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The isomeric vinyl iodides cis- and iraras-4-iodo-3-heptenes have been synthesized, and their comparative solu
tion phase photochemistry has been investigated using chloroform and pentane as solvents. Both isomers gave
3-heptyne and cis- and ir<ms-3-heptenes as major products; the iodides isomerized; and 3,4-heptadiene was ob
served as a product under certain conditions. The product distributions were isomer and solvent dependent.
The results are discussed in terms of the primary formation of vibrationally excited cis- and irares-3-hepten-4-yl 
radicals and their secondary reactions.

The photochemistry of vinyl iodides has received Organic monoiodides absorb light in the near-ultra" 
relatively little attention although these compounds violet [Amax ~  250 mp (e ~400)], and photolysis in 
are potential photolytic sources of isomeric vinyl radi- this region leads to efficient carbon-iodine bond homoly-
cals (reactions la  and lb ). The configurational sta- sis. 11 I t  has been proposed that photolysis at shorter

R I  R wavelengths can lead to a primary /3-molecular elimina-
\  /  hv \  tion ° f  hydrogen iodide (e.g., reaction 2); however,

C = C  — >  C = C  +  I -  ( la )  hv
/  \  /  \  C H 3C H 2I  — >  C H 2= C H 2 +  H I (2)

x i -LV2 x l I t  2

R R r  r  the evidence is sparse, and the process seems to be
/  * hv l\  /  2 relatively inefficient. 11’ 12 Two secondary reactions

C=C — >- C=C +  I  • (lb) following C -I homolysis can lead to products identical
R/  with those expected from a /3-molecular ehmination

(reactions 3 and 4). Cage disproportionation of the 
bility and relative chemical reactivity of such isomeric hv ________
radicals are subjects of current interest, 3-10 and this R3CCR2I — >R,CCR2 I- — > R2C=CR2 +  RI (3)
prompts us to report the results of studies of the com- hv
p a ra t iv e  so lu tion  ph ase photochem istry  o f iron s- R 3C C R 2I >  R 3C C R 2* +  I - — >■ R 2C = C R 2 +  R - (4)

an d  m -4 -io d o -3 -h e p ten es  (1 an d  2 ). in it ia lly  fo rm ed  gem inate  rad ic a l p a ir  (reac tion  3)

CHjCEh I  C H 3C H 2 G H 2C H 2C H 8 w o u ld  b e  expected  in  so lu tion  w h e n  the  ab stracted  R
\  /  \ __/  was hydrogen, and fragmentation of a vibrationally
/  \  \  excited radical (reaction 4), produced from the primary

H CH2CH2CH8 H I  scission process, might occur in vapor phase experi-
1 2 ments. Evidence is available for both reactions for

(trans) (cis) vinyl iodides and iodoalkanes. 1“ ’ 11,12

Previous studies of vinyl iodides have been restricted 
*? 1 - ^ « ^  w  ¡0 ^  2 . ^ ^ ,  a»d

at the Pacific Conference on Chemistry and Spectroscopy, Anaheim, Calif., CIS- itIICl tV(L7lS-\ 10u.0pr0p6D.GS. -K/GSUlts I fO ID  t ilG  p IlO “

Oot 30-N o v  1 , 1967. tolysis of 1-iodoethylene in carbon tetrachloride indi-
(2) Support by the National Science Foundation (GP-4287 and GP-7349)

is gratefully acknowledged. (8) (a) R. M. Fantazier and J. A. Kampmeier, ibid., 88 , 5219 (1966); (b)
(3) (a) L. A. Singer and N . P. Kong, J. Amer. Chem. Soc., 89, 5251 (1967); J. A. Kampmeier and R . M . Fantazier, ibid., 88, 1959 (1966); (c) J. A. Kamp-

(b) L. A. Singer and N. P. Kong, ibid., 88, 5213 (1966). meier and G. Chen, ibid., 87, 2608 (1965).
(4) (a) E. I. Heiba and R. M . Dessau, ibid., 89, 3772 (1967); (b) E. I. (9) P. S. Skell and R. G. Allen, ibid., 86, 1559 (1964).

Heiba and R. M. Dessau, ibid., 89, 2238 (1967). (10) A. A. Oswald, K . Griesbaum, B. E. Hudson, Jr., and J. M . Bregman,
(5) G. D. Sargent and M . W. Browne, ibid., 89, 2788 (1967). ibid., 86, 2877 (1964).
(6) O. Simamura, K . Tokumaru, and H. Yui, Tetrahedron Lett., 5141 (11) (a) J. R. Majer and J. P. Simon, Advan. Photochem., 2, 137 (1964);

(1966) . (b) J. G. Calvert and J. N . Pitts, Jr., “ Photochemistry,”  John W iley & Sons,
(7) G. M . Whitesides and C. P. Casey, J. Amer. Chem. Soc., 88, 4541 Inc., New York, N . Y ., 1966, pp 522-528.

(1967) . (12) R . C. Neuman, Jr., J. Org. Chem., 31, 1852 (1966).
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cated that C -I homolysis was the only photoreaction T able I
of the iodide and that cage disproportionation to form Chemical Shifts of the Vinyl Proton Resonance Signals 
acetylene (analogous to reaction 3) competed with for a Series of Vinyl Iodides0
diffusive separation of the initially formed geminate vmyi hydrogen

vinyl radical and iodine atom.13 Pertinent conclusions Vmyl lodlde chemical shift, cps6 »
from a vapor phase study of cis- and irans-l-iodopro- l-Iodocyclopentene1* —361
penes were that C -I homolysis was probably the major l-Iodocyclohexene«* —376
primary process followed by some fragmentation a>3-Iodo-3-hexene« -373
(analogous to reaction 4), that some molecular elimina- cis-4-Iodo-3-heptene (2) - 3 7 1

tion may have occurred at wavelengths less than 2400 (ran.s-3-Iodo-3-hexene« -333
A, and that the product distributions were isomer inde- trans-4-lodo-3-heptene (l) -328
pendent.12 Less detailed results from the solution ° Neat samples. 1 Reference, TMS. ' Resonance signals were 
phase photolysis of ¿rans-l-iodopropene15 agreed with basically triplets in all cases. d Synthesized from the correspond-
the data for 1-iodoethylene.13 Vapor phase pho- lllg cycloalkanones. Structure proof based on microanalytical,
, , c 0 • , ., ., , , , chemical, and spectral data. Unpublished work of G. S. H.
tolysis of 2-iodopropene gave both methylacetylene « Spectral data kindly furnished by Professor G. Zweifel. 
and allene.14

The solution phase photochemical studies of 1 and 2
which constitute the subject of this paper have demon- a series of vinyl iodides are given in Table I .20 The
strated a marked isomer dependence of the product cyclic compounds force a cis relationship between the
distribution. For this reason we feel that the following vinyl proton and the neighboring iodine atom (4). The
description of the syntheses of these new vinyl iodides
and the bases for their isomeric assignments are neces- H I
sary. V - r 7

Synthesis and Structural Assignments.— The syn- /
thentic sequence used to prepare trans- and m-4-iodo- 4

3-heptenes (1 and 2) is outlined in Scheme I. The
procedure was a modification of that reported for 1,1- . .
d i i o d o n e o p e n t a n e  b y  B a r t o n . 13 A n  u n s u b s t i t u t e d  c o r r e s p o n d e n c e  m  c h e m ic a l  s h i f t s  b e t w e e n  t h e  v i n y l

hydrazone synthesis involving the intermediate N ,N - proton ° f  and t]108® of th® °yclic lodldes and the
dimethylhydrazone16 was used in place of the more ¡ f ge iupfi? d s,hlft for the jm y l proton m 1 agree with
difficult direct hydrazone synthesis from 4-heptanone. . e „s rucpural assignments. Additional confirmation

is offered by the nmr data for cis- and <ra/is-3-iodo-3- 
s T hexenes (Table I ) whose structures were based on dif

ferent evidence.21’22 The C -I absorption band in the 
(RCH2)2CO +  (CH3)2NNH2— > - (RCH2)2C=NN(CH3)2 u v  spectrum for /rans-l-iodopropene (253 m/i), which

has the geometry represented by 4, is shifted by 5 
N H 2N H 2 mu to a longer wavelength than that for cts-l-iodopro-

----- (RGH2)2G-NNH2 <---------------- pene (248 m/i).12 Similarly, the C -I band for cis-
h, EtiN , ether 4-iodo-3-heptene (2) (249 npi), having the geometry of

„ mpri s PT vnT] nrntr «  4> shows a 6-m/j. longer wavelength shift compared with
^  ( 3 >2 2 ~ ^  i~ „d  2 that of /mns-4-iodo-3-heptcne (1) (243 m/x).

R = CH3CH2
Results

Attempts to purify 4,4-diiodoheptane (3) by glpc Solutions of 1 or 2 in chloroform or pentane were 
led to its efficient conversion into 1 and 2 in the ratio vacuum degassed and photolyzed at room temperature
4:1.17 Sodium-liquid ammonia reduction18 of 1 or 2 with stirring under nitrogen or oxygen atmospheres
gave trans- or eis-3-heptene, respectively. Since these using the Vycor-filtered light (X >2400 A ) la of a me-
reductions proceed with retention of configuration,19 dium-pressure mercury arc. The same quartz vessel
the results offer confirmation of the isomeric assign- and physical arrangement of the experimental appara- 
ments. Further proof of structure was derived from tus were used in all runs, and the vapor phase region
nmr and uv spectral data. The chemical shifts of the of the vessel was shielded from irradiation. Pho-
nmr resonance signals of the single vinyl proton in tolyzing mixtures were sampled at various time inter

vals, and the loss of starting material and formation
(13) C. Roberge and J. A. Herman, Can. J. Chem., 42, 2262 (1964). p r o d u c t s  W e r e  m o n i t o r e d  b y  g lp C .
(14) r . c. Neuman, Jr., and s. Moje, unpublished work. The only detectable products formed from either 1
(15) (a) D. H. R. Barton, R. E. O’Brien, and S. Sternhell, J. Chem. Soc., (W r i t  1 — nr- 7 ( o v n t  A QI m ™  „ „ J  j__ „  „  o r  ,

470 (1962); (b) see also A. J. Fry and J. N. Cawse, J. Org. Chem., 32, 1677 ~  V '  W CTe ClS~ a i ld  ¿ W S - 3 - h e p t e n e S ,
(1967); (c) see also r . c . Neuman, j r „  and m . l . Rahm, ibid., s i,  1857 3 - h e p t y n e ,  3 ,4 - h e p t a d ie n e ,  a n d  t h e  g e o m e t r i c  i s o m e r

(1966)- o f  t h e  s t a r t in g  i o d id e  ( T a b l e  I I ) .  T h e s e  p r o d u c t s
(16) G. R . Newkome and D. L. Fishel, ibid., 31, 677 (1966). „ „ „  . j  r  V  , . ,, F  . 0
(17) Base-catalyzed dehydrohalogenation of 3 led to the same products. - P a Y RCCOUnted for about 60 65% of the Starting 

Since 1 and 2 were to be purified by glpc subsequent to their preparation, we
saw no need to use the base-catalyzed dehydrohalogenation for synthetic (20) The iodocycloalkenes were synthesized from the corresponding cyclo
purposes since the desired elimination of H I from 3 occurred efficiently in alkanones. Proof of structure is based on microanalytical, chemical and
the injector block of the gas chromatograph (see Experimental Section). spectral data. G. Holmes, M.S. Thesis, University of California at River-

(18) H. O. House, “ Modern Synthetic Reactions,”  W . A. Benjamin, Inc., side, Riverside, Calif., 1967.
New York, N. Y „  1965, p 77. " (21) G. Zweifel and C. C. Whitney, J. Amer. Chem. Soc., 89, 2753 (1967)

(19) M . C. Hoff, K. W . Greenlee, and C. E. Boord, J. Amer. Chem. Soc., (22) The authors are grateful to Professor G. Zweifel for copies of the nmr
73, 3329 (1951). and ir spectra of cis- and frons-3-iodo-3-hexenes.
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T a b l e  I I

P r o d u c t  D a t a  f o r  P h o t o l y s e s  o f  1 a n d  2 a'h

.------------------------------------------------ M ol % -------------------------------------------------
Time, Convn, Yield, Isomerization, •----------- 3-Heptene----------- - Isomerized

Exptc min % % % cis trans 3-Heptyne 3,4-Heptadiene iodide**

1- 1 C N  3.2 10 8 62 1.0 11 10 61 0 17
20 14 52 2.8 10 9 52 0 29
30 18 63 3.8 11 10 54 0 26
40 21 66 5.4 11 10 51 0 29

2-  1 C N  6.3 3 1 [8 ] [8] [45] [19] [20]
5 2 [8 ] [8 ] [50] [14] [20]

3- 1 C N  3.2» 10 8 52 1.0 9 9 46 15 21
N aO H  26 22 48 2.4 11 11 46 15 17

4- 1 C O  2.9 20 11 68 2.6 4 4 64 0 29
5- 1 P N  2.1 10 1.9 [5] [10] [56] [0] [29]
6- 2 C N  1.7 10 17 68 6.0 14 21 26 0 39

20 27 64 9.9 13 20 26 0 41
33 38 60 15.4 14 20 26 0 41

7- 2 C N  5.0 3 1 [14] [22] [24] [0] [40]
8-  2 C O  1 .8  10 16 45 4.3 12 24 23 0 41
9- 2 P N  3.1 10 3.5 [2] [40] [18] [0] [40]

“ A  description of the various column headings is given in the text. 1 Bracketed numbers based on assumed yields of isomerized 
iodide. c The first number in the experiment code refers to the experiment number; 1 and 2 stand for trans- and cis-4riodo-3-heptenes, 
respectively; N  and O stand for nitrogen and oxygen, respectively; C  and P  stand for chloroform and pentane, respectively; the last 
numbers are the molar concentrations of starting iodide X 102. <* 2 in expt 1-5; 1 in expt 6-9. 6 Chloroform solution (5 ml) stirred in
contact with ~ 2  ml of 0.1 N  aqueous sodium hydroxide solution.

iodide which disappeared.23 The individual mole T a b l e  I I I
percentages of each product, based on the total number Su m m a r iz e d  P r o d u c t  R a t io s  f o r  P h o t o l y s e s  o f  1 a n d  2° 
of moles of detectable products formed, are given as Heptyne +
the unbracketed numbers in the last five columns of ... _ ,.t. . 3-HepW cVs-Heptene/ heptadiene +
Table II. The bracketed numbers m these columns x CHCl3 N? _ 2 7 _ X 1

are the mole percentages based on an assumed yield of c h c r  N j, NaOH ~ 2 A  ~ i .o ~ 4

isomerized iodide. POTtene°N2 t  ~o 5 ~12
The code used in column 1 to describe the experi- 2 ghcIiTn ; * ~0-8 ~0 7 ~2

mental conditions is explained in the footnotes of c h c u ! o. ~o.7 ~o.s ~ 2

Table I I. Columns 2 and 3 contain the photolysis Pentane, n2 ~ o .4 < o . i

time and corresponding per cent consumption of the “ Data extracted from Table II. 6 See text and Table II.

starting isomeric iodide. The true over-all product
balances are given in column 4, and column 5 indicates . ( , __
, , , • , • . . . • , q columns. This may have been a source of the large

the per cent contamination of the remaining 4-iodo-3- ^  somewhat random variation in the over.all yield
heptene by the geometric isomer opposite that of the ^  ^  .q thg fourth column of Table n  28

starting ma en a . . , 1 The allene 3,4-heptadiene was detected as a reaction
Examination of the product data for expt 1 and 6  ct from ^  lmns iodide j and only at low

shows that their per cent yields are relatively msensi- convergions (compare expt j  and 2). However, in the 
tive to photolysis time or extent conversion within nce of dilute ug sodium hydroxide (expt 3 )
each experiment This was also observed in the other ^  wag & gignificant reaction product even at high con.
experiments (with t e excep ion o exp ), a oug versions of starting iodide. No dark reactions occurred
not all of the data have been reported. Thus, some .q the ^  riment.
characteristic product ratios have been summarized ^  rateg f hotol ig of x and 2  in chloroform were 
in Table I I I  according to the starting vinyl iodide and esgentially thePgame under nitrogeu 0r oxygen atmo-
the reaction conditions wit out re erence o p  o o ys spheres, and the per cent iodide isomerization and cis-/
time or extent conversion of iodide. frans-3-heptene ratios (Table I I I )  were also unaffected.

Accurate analyses of the « .?-/fmnS-3-heptene ratios How cauged a marked increase in the hep-
were difficult because the two peaks were incompletely t /h tene ratio from i  (Table I I I ) ,  while the prod-
resolved by the gas chromatographic column. Sim- ^  digtribution from ph0t0lysis of 2 in chloroform
ilarly, base line resolution of 3,4-heptadiene and 3- rg tQ be insensitive (Tables I I  and I I I ) ,
heptyne was not accomplished. However, the large Insufficient data are available for an adequate corn- 
differences between the product distributions arising ^  q£ th(j ntane ex riments with those using
from 1 and 2  in comparable experiments (Tables I I  and ^hloroform HoweVer, the product ratios in Table
I I I )  are well outside of experimental error as determined m  show ^  a major difference was in the relative
from duplicate studies. It  was necessary to monitor amountg of ds_ and tmns-3-hcptenes formed. The
loss of iodide and product formation on separate glpc percentage of lmns olefin increased markedly

(23) No other products with molecular weights similar to the starting for both 1 and 2 Using pentane aS Solvent.
iodides or to the hydrocarbon products were detected by glpc. The origin C o n tro l experim ents USing a  chlorOIOrm  llgu t tilter
of the low product balance is not definitely known; however, it could have Jn a c t i o n  to the VyCOr filter show ed  no detectab le
been due in part to addition of S • (most often • CCh) or HI to starting differences in product distribution, rates of product
iodide and to experimental inaccuracies m the glpc analyses (see text). H
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formation, or yields compared with those without the decreased when aqueous base was present (expt 1  and
chloroform filter. The color of all of the photolyzing 3).2'4"  Similarly, if a part of the 3-heptyne arose by
solutions under a nitrogen atmosphere turned light allene isomerization (reaction 14), the heptyne/heptene 
yellow with the exception of those for 1 in pentane ratio would be lower in the presence of aqueous base,
which became purple. Under an oxygen atmosphere, and a comparison of these ratios (Table I I I )  shows
all solutions rapidly turned dark purple. such a trend. 25

. With the exception of 3,4-heptadiene, the insensi-
Discussion tivity of the other product ratios to the extent of con-

The most likely primary photochemical processes of version of starting iodide and photolysis time within 
1  and 2  under these experimental conditions would each experiment indicates that significant secondary 
seem to be the formation of the geminate radical pairs reactions involving the products did not occur. In
shown in reactions o and 6  (R  =  CH3CH2). Sec- particular, a comparison of expt 2 and 7, in which

r  I r  j .  product data were obtained when the per cent con-
\  /  hr \  version of the starting iodide was less than one, seems
/ G==G\  / C=C\  ®  to confirm that the isomer dependence of the product

H CH2R h  CH2R distribution was not due to secondary reactions in
1 these systems, and, although H I could conceivably

R CHjR R CH2R react with all of the products including the starting
\  /  hr \  /  vinyl iodides,23’24 the absence of any significant dif-

>  *-6) ferences (with the exception of 3,4-heptadiene) be-
H I H I - tween the product distributions of expt 1 and 3 suggests

2 that this did not occur.
. ,. , ,. .. ., , ,  A ,. . j In previous studies of isomeric vinyl radicals, a

ondary reactions potentially available to the geminate wide range of results hag been obtained for the ^
pairs could include reactions 7-11 and cis-trans isom- of cis/trans olefin arising from vinyl radicai hydrogen

1— >  RCH=CICH2R (7) abstraction from solvent or other hydrogen donor. 3“ 10

/  ? r c = c ch2R +  HI (8 ) *n most cases> no 1S0mer dependence has been observed
/ /  2 indicating that isomerization was much faster than

rnpii ppTi t> T. 1 hydrogen abstraction, but, recently, in studies by
2 \\ Singer3 and Sargent,5 the cis/trans olefin ratio has been

\ \  > r c h =C=CH R  +  HI (9) found to be isomer dependent implying that the radi-
\  . cals produced in these cases were trapped prior to

X r c h =CCH2R +  I- (10) complete isomerization. I f  isomerically distinct vinyl
[RCH=CCH2R I-] +  SH — >■ RCH=CHCH2R +  I* +  S- radicals arise from separate sources represented by X

l11) and Y  in Scheme I I ,  the ratios of cis/trans olefin from

erization of the vinyl radical prior to separative dif
fusion of the geminate pair. Reactions 10 and 11 Sc h e m e  II
represent diffusion and cage scavenging, respectively. x  Y
The most probable reaction of either isomeric vinyl 1 1

radical subsequent to diffusion is hydrogen abstraction 1  \
from solvent (reaction 1 2 ). « .  w  p S S t .

RCH=CCH2R +  SH — >- RCH=CHCH2R +  S- (12) i kt° .
I fcH(SH) I faH(SH)

The similarity of the rates of formation of products “  »
and product distribution with or without an external ct's-H tram-H
chloroform filter suggests that initiation of detectable
reactions due to photolysis of chloroform did not occur, either source, designated as (cis-H/trans-K)x and (cis-
and this was expected to be largely precluded by the H/trans-K)y, will be given by eq 15 and 16. Since
use of the Vycor filter. 111 The possible existence of
chain reactions leading to the observed products also {cis-'R/trans-R)x = (keu/ktn)\[k,c +  ^ih(SH) +  kt)}/kct) (15)
seems to be unlikely, at least in chloroform, in view of (os-H/irans-H),, = {km/kts)[ku/[kc( +  fccH(SH) +  kc\J (16)
the ready availability of easily abstractable solvent
hydrogen atoms. these individual ratios will depend not only on the

The stability of 3,4-heptadiene in the presence of ratio kcn/km but also on the relative magnitudes of the
aqueous base and its disappearance at conversions ra ê constants for reactions in competition with hydro-
above 5% in the absence of base (vide supra) indicate 
that it was destroyed by hydrogen iodide produced
during the course of the photolysis of 1 . Possible re- traces, the retention time of this compound is unknown and might be identi-

actions are represented in eq 13 and 14 shown below. cal,"’lth t,hat of 1 or 2- 1To"'ever’ St 18 kno'VI1 that addition of h i  to aiiene
yields only 2-iodopropene and 2,2-diiodopropane.2)l> I f  4,4-diiodoheptane

RCH=C=CHR +  H I--->■ RCH=CIOH2R (13) (S) was formed in these Systems by HI addition to 1 or 2, its major photolysis
products would have been 1 and 2.*» (b) K . Griesbaum, W. Naeeele

RCH==C=CHR +  H I--->  RCeeeCCHsR (14) G. G. Wanless, J. Amer. Chem. Soc., 87, 3151 (1965).
t , ,. 10  u  • . . . .  . (25) The low per cent conversion in expt 2 precluded a determination of
.R e a c t io n  l o  c o u ld  g i v e  b o t n  S t a r t in g  i o d id e  a n d  i t s  the yield of isomerized iodide. However, making the assumption that it was
g e o m e t r i c  is o m e r ,  a n d  t h e r e  is  a n  in d ic a t i o n  t h a t  t h e  the same, as, that in expt 3 KiVKS product distributions for these two exPeri-

p e r  c e n t  y i e l d  o f  t h e  i s o m e r i z e d  i o d id e  w a s  s l i g h t l y  support our proposals
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gen abstraction, they may vary considerably from if hydrogen abstraction was competitive with isomeriza-
system to system.26 However, it becomes clear from tion of the ground-state radicals. Excluding the pos-
an examination of the kinetic expressions given in eq sible occurrence of secondary reactions (vide supra),
17 and 18 that the ratio (cis-ft/trans-]l)x/(cis-]l/  the different m-/irans-3-heptene ratios from 1 and 2
trans-H)y cannot be less than unity. Based on the a support the latter contention. While no firm evidence
. . r, . , , , /C!TJs . , , can be cited to support the proposal that the excited
m-H/ mns-Hh = [t> +  W  +  J fe, +  fafSH) +  t j , radicals WQuld tition as suggested above, the likely

{cis-R/trans-R)v ktckct energy relationships E 2 >  E ,N  E(cis.) >  E(trans.)/*
. T , TTN and [E  (trans■*) — E i] =  [E(cis-*) — E 2]n do not pre-

TT/fawS"H ‘  = elude such an occurrence.33
(ns rang y The apparent absence of an oxygen effect on the
U  +  [ktu(SH)/k(J +  (kt/klc) 1 (1 +  tfcH(SH)/fcJ +  ( fe / M l y ie ldg o f^ om erized iod ide  from  eith^ r  j  or 2 (com pare

expt 1 and 4 and expt 6 and 8 , Table I I )  indicates 
priori assumption that reactions 5 and 6 represent the that they were formed by radical recombination (re-
respective primary processes of 1 and 2, the radical action 7) during the initial geminate encounter prior
sources Y  and X  (Scheme I I )  are 1 and 2, respectively, to separative diffusion (reaction 10).33 Additionally,
and thus the ratio defined by eq 17 and 18 is (cis-/ the absence of an apparent oxygen effect on any of the
frans-3-hoptene) %/(cis-/trans-3-heptene) *. However, products from 2 (expt 6 and 8 ) implies that all were
an inspection of the data in Table I I I  shows that this formed prior to diffusion. However, the data for 1
ratio was always less than unity under comparable re- (expt 1 and 4), while supporting a cage disproportiona-
action conditions. Although these results could in- tion source for 3-heptyne (and presumably 3,4-hepta-
dicate incorrect structural assignments of 1 and 2, the diene; reactions 8 and 9), indicate that a portion of
supporting structural evidence is strong (vide supra). the 3-heptenes was formed from scavengeable radicals.
Rather, we propose that this seeming anomaly may be While these differences in the effect of oxygen on the
due to the initial production of vibrationally excited product yields of 1 and 2 may be significant, it is con-
trans- and m-vinyl radicals from 1 and 2, respectively. ceivable that other unanticipated reactions were in-

The value of D (C -I) for the vinyl iodides is probably troduced by the addition of oxygen and thus we hesitate
between 55 and 60 keal/mol,27 while the energy of the to speculate on their meaning without additional sup-
light corresponding to their Amax is on the order of 110 porting data.
keal/einstein,28 indicating that excess vibrational The significantly larger 3-heptyne/3-heptene ratios 
energy may have remained in the vinyl radicals after arising from 1 compared with those from 2 suggest that
C -I homolysis. This is supported by earlier ob- disproportionation was a more facile reaction for the
servations that photolysis of methyl iodide at 2537 A  geminate pairs produced from the former than from
produced methyl radicals with *~32 keal/mol of excess the latter. I f  it is assumed that all of the products
vibrational energy29 and that propenyl radicals formed arose from “ cold”  vinyl radicals, these data and our
from vapor phase photolysis of cis- or trans-] -iodopro- previous discussion concerning the partitioning of the
pene (Vycor-filtered light) apparently possessed suf- excited radicals into ground-state radicals suggest that
ficient vibrational energy to fragment relatively ef- disproportionation (reactions 8 and 9) was more
ficiently into methyl radicals and acetylene, a process facile for cis- than for irans-vinyl radicals; however,
requiring energy on the order of 30 keal/mol.12 Al- we can offer no explanation for the apparent absence
though the barrier to vinyl radical isomerization seems of 3,4-heptadiene in photolyses of 2. While both of
to vary with structure, it is reasonable to assume that these products could have been formed by fragmenta-
it is less than 15 keal/mol in these systems,30 and thus tion of the initial vibrationally excited radicals, such
it is likely that the vinyl radicals initially produced processes would require on the order of 40 keal/mol
from 1 or 2 had an energy content in excess of that of energy12 and, in view of our previous work,12 seem
corresponding to the inversion-transition state. I f  unlikely under these experimental conditions,
a portion of this energy found its way into the reaction Hydrogen iodide is an excellent hydrogen donor to 
coordinate for isomerization, prior to collisional de- carbon radicals, and its presence in these systems could
activation, the initially formed cis or trans excited have led to its participation in this role. Since dis-
vinyl radicals could have each produced both cis and proportionation was a more significant process for
trans ground-state radicals. I f  the excited trans and photolyses of 1 compared with those of 2, the differences
cis radicals from 1 and 2, respectively, partitioned to in hydrogen iodide concentration in the respective
give different ground-state radical distributions such systems might have led to some of the observed dif-
that (cis-/trans-)i was greater than (cis-/trans-)2, ferences in product distribution. However, the sim-
the experimental results can be qualitatively justified ilarity of the cis-/trans-3-heptene ratios from 1 in

chloroform in the absence and presence of dilute aque-
(26) The rate constants kc and fc< (Scheme I I )  represent, respectively, . . . .

aggregates of all other possible reactions (not specifically shown) of the cis- (31) The relative stabilities of 1 and 2 have not been determined; however,
and (rans-vinyl radicals. it is generally found for simple internal alkenes of the structure R iC H =C H R s

(27) (a) D (C -I) for methyl iodide is 56 keal/mol,»«> and the bond dis- that the trans isomer is more stable than the cis isomer. Additionally, the
sociation energies for vinyl carbon-X bonds are similar to those for the cis isomers of 1-halopropenes (C H iC H = C H X ) appear to be thermody-
analogous CHs-X bonds.»b (b) S. W . Benson, J. Chem. Educ., 42, 502 namically more stable than the trans isomers.*2 Both of these observations
/,Q0K\ suggest that Ett >  Eu

(28) See J. G. Calvert and J. N . Pitts, Jr., “ Photochemistry,”  John W iley (32) This assumes the same excess energy input into 1 and 2 beyond that
& Sons, Inc., New York, N. Y „  1966, p 12. required to break the C -I bond.

(29) D Lewis and G. Mains, Abstracts, 149th National Meeting of the (33) Alternative explanations involving isomerization m electronically
American Chemical Society, Detroit, Mich., April, 1965, p 8S. excited states prior to homolytic scission or the direct production of vinyl

(30) Assuming a frequency factor of 10» see-*, such a barrier corresponds radicals of the configuration opposite that of the starting iodide cannot be

to a rate constant of 10! s e c '1; see ref 3a. excluded.
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ous sod ium  h yd rox id e  ind icates th a t  h y d ro gen  iod ide  Anal. Calcdfor C 7H 18I : 0,37.52; H ,5.85; 1,56.63. Found:

w as  not in vo lv ed  as a  free -rad ica l h y d ro gen  don o r to  Separation of the two isomers was accomplished by lowering
the v in y l rad icals. In  the less reactive  so lvent pentane, the column temperature to 85°. The previously purified mixture 
it  w a s  o bse rved  th a t ph oto lyz in g  solutions o f 1 becam e was rechromatographed at this temperature, and the separate
iod ine co lored  in  the absence o f oxvgen , an d  this SUg- components were collected. The shorter and longer retention
gests th a t h y d ro gen  iod ide d id  act as a  h y d ro gen  donor. isomers 1 and 2 respectively (see synthesis), were present

J t • i t  r  4-* • m the approximate ratio 4:1. The nmr spectrum of 1 showed a
Since it w as  present m  m uch  lo w er concentrations m  triplet ( i )  at T 4 .5 5 , multiplets ( 1 2 ) at 7 .7 9 , 8 .49 , and 9.08; of 2

p h oto lyz in g  pentane solutions o f 2, it  ap p a ren t ly  d id  showed a triplet (1) at 3.83, multiplets (12) at 7.80, 8.50, and
not pa rtic ipate  as seen b y  the absence o f an y  iod in e - 9.08. The uv spectrum of l showed x„a* 243 mM (« ~4 0 0 ); of
co lor fo rm ation  (see R e su lts ). T h e  m ost no tab le  d if- 2 showed Xmax 249 mu (e ~400 ).
. , , in m e ^  „ „u  The identical vinyl iodides were formed by base-catalyzed
ference betw een  the ch loro form  experim ents an d  those dehydrohalogenationyof cmde 4,4-diiodoheptane.11
u sin g  pentane is seen in  a  com parison  OI th e  CIS-/ oraus- Sodium-Liquid Ammonia Reduction of 1 and 2.18’19— Sodium
3 -heptene ratios fo r  1 or 2 in  the tw o  d ifferent so lvents (1.5 g ) was added in small pieces to liquid ammonia (20-25 m l)
(T a b le  I I I )  S ince the g ro u n d -sta te  (ra n s -v in y l rad i- in a 50-ml round-bottom flask fitted with a serum cap and D ry
cal is p ro b a b ly  m ore  stab le  than  the g ro u n d -sta te  CIS- I<* «»d e n se r  « i d  immersed in a Dry Ice-isopropyl alcohol slush.

• P  , r 7-1/ • \ ^  et/v m  ii, -r, ,, About 1011I of 1 dissolved m 30 m1 of pentane was injected into the
V in y l rad ica l [h i(c is •) >  h i t r a n s - ) ] ,  the S ignificantly  flask, and the solution was stirred with cooling for 30 min. A  10-ml
lo w er c is -/ (rans-3 -h epten e ratios in  pen tan e  m ay  reflect sample of pentane was added, and the reaction mixture was
the poorer com petition  o f hyd rogen  abstraction  w ith  quenched by dropwise addition of saturated aqueous ammonium
isom erization  in  this m ed iu m  o f lo w er h y d ro gen -d o - chloride solution. The pentane layer was removed, washed

,. , m. 1 ■ i • /,___  o with water, dried over magnesium sulfate, and analyzed by
n a tm g  ab ility . T h e  h igher cis -/ ti ans 3 -heptene ra tio  flame ionization glpc on a 21 ft x  0.125 in. column of 2 0%  SE-30
fro m  1 com pared  w ith  th a t  fro m  2 cou ld  h ave  been  du e  on Chromosorb W  at 115°. The sole detectable olefinic product
to the intervention of H I as a hydrogen donor in the was irarcs-3-heptene. Analogous reduction of 2 gave pre
former case as discussed above. dominantly cfs-3-hexene. The cis- and inms-3-hexenes were

, v  , i c i.u „ „„„ identified by retention time comparison with authentic samples
O th e r less com plicated  _ sources o f these rad ica ls  a re  ^  in/ra)yby mixing the know£ compounds with the reac£ on

u n d e r  investigation , an d  it is hoped  th a t these studies mixtures.
w ill assist in  c la rify in g  the  resu lts repo rted  here. Analysis of Photolysis Reaction Products.— The hydrocarbon

products from the photolyses of 1 and 2 were analyzed by flame 
ionization glpc at 115° using a 21 ft X  0.125 in. column containing 

Experimental Section 20% SE-30 Chromosorb W . The disappearance and isomeriza
tion of the vinyl iodides were followed by thermal conductivity

4 -Heptanone-N,N-dimethylhydrazone. A  mixture of 240 g glpc at 70° using a 6 ft X  0.125 in. column containing 20%
(4.0 mol) of anhydrous N,N-dimethylhydrazme (Maoheson SE-30 on Chromosorb W . The products were identified by
Coleman and Bell), 114 g (1 mol) of 4-heptanone (Mameson comparison with authentic samples described below.
Coleman and Bell), and sufficient absoute ethanol to give a cis- ¿rQjjs-3 -Heptenes.— irans-3-Heptene was a commercial
homogeneous solution was refluxed for 3 hr ,16 and the excess sample (Matheson Coleman and Bell) and gave only a single
dimethylhydrazine was stripped from the reaction mixture. peak on a glpc trace. Pure cis-3-heptene was not isolated, but
Vacuum distillation yielded 156 g (1.0 mol) of 4rheptanone-N,N- ¡ts retention time was obtained from a commercial mixture
dimethylhydrazone: bp 55-57 (8 mm), lr 1635 cm 1 (C — N ) ,  0f and p-a7ls-3 -heptenes (Matheson Coleman and Bell),
nmr multiplets at r  7.78 (2), 8.50 (2), and 9.08 (3) and smglet its identity was further confirmed by iodine-catalyzed photo-
at 7.74 (3). isomerization of the cis-trans mixture in which that peak identi-

4 -Heptanonehydrazone. The purified 4-heptanone-N,N-di- fied as jrans-3-heptene increased simultaneously with the loss of 
methylhydrazone was refluxed for 24 hr with a fivefold molar the peak identified as eis-3-heptene.
excess of anhydrous hydrazine (Matheson Coleman and Bell) 3-Heptyne.— A  2-ml sample of crude 4,4-diiodoheptane in 20
in sufficient absolute ethanol to give a homogeneous solution.16 ml 0f jo M  solution of potassium hydroxide in ethylene glycol
The excess hydrazine and resulting N,N-dimethylhydrazine Was slowly heated to 180°, and the distillate was collected during
were stripped from the reaction mixture along with the ethanol the course of several hours. Purification of this distillate by
at 50° in  vacuo. The crude hydrazone was not purified because glpc gave a fraction containing cis- and /raws-4-iodo-3-heptenes
such attempts led to azine formation. and a fraction identified as 3-heptyne: ir 2175 cm -1 (w ) (C = C ) ;

4 ,4 -Diiodoheptane.— The crude hydrazone and a twofold nmr multiplet at t 8.19 (4) and two overlapping multiplets at 
molar excess of triethylamine were dissolved in 100 ml of anhy- 8 .6- 9 .5  (8 ).
drous diethyl ether, and a saturated ether solution of iodine was Anal. Calcd for C 7H i2: C, 87.42; H , 21.57. Found: C,
added dropwise with stirring over a period of about 1 hr until a 87.57; H , 12.65.
dark red-brown color persisted indicating an excess of iodine.16 3,4-Heptadiene.— Treatment of fraras-l,2-diethyl-3,3-dibromo-
After additional stirring for 1 hr the solution was decanted off cyclopropane34 with magnesium metal36 or with methyllithium
the resulting triethylammonium iodide. This residue was washed in ether36 gave as the major product a compound whose retention
with ether, and the combined solutions were washed successively time fell between those of 3-heptyne and the 3-heptenes. The
with 100-ml portions of 2 N  hydrochloric acid, water, sodium acetylene 3-heptyne was also formed in these syntheses. A l-
bisulfite, water, and saturated sodium bicarbonate solution and though this compound proposed to be 3,4-heptadiene was not
dried over anhydrous calcium carbonate (Drierite) (magnesium isolated and characterized, the synthetic origins (particularly
sulfate led to apparent decomposition of the product). The ether the methyllithium preparation) are strong proof of structure,
solvent was stripped off on a rotary evaporator. The nmr spec- The glpc characteristics of the compound identified as 3,4-
trum of this product showed multiplets at r 9.0, ~8 .4 , and ~ 7 .8 heptadiene in the photolysis experiments were identical with
in the approximate ratio of 3 :2 :2 ; the uv spectrum showed Xmax those of this compound,.
285 and 295 (shoulder). The over-all yield from 4-heptanone
was about 55%. Registry No.— 1, 17497-50-6; 2, 17497-51-7; 1-

cis- and frans-4-Iodo-3 -heptenes.— On attempted purification of iodocyclopentene, 17497-52-8; 1-iodocyclohexene
the crude 4,4-diiodoheptane by glpc using a 4 ft X  0.375 in. 17497-53-9; 1-iodocyclooctene, 17497-54-0; cIs-3-iodo-3- 
ahmnnum column packcdvnth 2U% d1decyl phthalate on Chromo- h  16403-09-1; fratlS-3-iodo-3-hexene, 16403-13-7- 
sorb W  at 110 (injector block 120 ), the chromatogram showed . ’ AT AT i- .1 n 1 °  *>
only a partially resolved doublet with a retention time anoma- 4-heptanone-N,N-dimethylhydrazone, 14090-58-5. 
lously short for the diiodoalkane. The nmr spectrum of this ,,,, w  _  K „
mixture collected from the column showed two triplets corre- (1954).
sponding to vinyl protons at r  3.83 and 4.53 anticipated for a  (35) W. von E. Doering and P. M . La Flamme, Tetrahedron, 2, 75 (1958)
spectrum of a mixture of cis- and lroras-4-iodo-3-heptenes. (36) L. Skatteb0l, Acta Chem. Scand., 17, 1683 (1963).
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The photochemical reaction of benzophenone imine ( I )  with 2-propanol yields ammonia, benzhydrylidenebenz- 
hydrylamine (I I ),  and acetone. The ammonia and I I  are formed by a condensation reaction of benzophenone 
imine with benzhydrylamine (I I I ),  which is produced in the photoreduction of I  with concurrent oxidation of 
2-propanol to acetone. The quantum efficiency of the photoreduction of benzophenone imine relative to that of 
benzophenone in 2-propanol is approximately 0.03. The rate of the photochemial reaction is markedly retarded 
by the presence of naphthalene, an effective triplet quencher, indicating the intermediacy of a triplet species in the 
reaction. Reduction of benzophenone imine to benzhydrylamine with 2-butanol in f-butyl peroxide induced 
reactions also results in formation of the condensation product II.

The photochemical reduction of benzophenone in 2- chloride salt of benzhydrylamine by saturating an
propanol yielding benzpinacol (1,1,2,2-tetraphenyl- ethereal solution of a reaction mixture yielded only the
ethylene glycol) with concurrent oxidation of the alcohol hydrochloride salt of the unreacted benzophenone imine.
to acetone4 suggested that benzophenone imine (I ) Reduction of benzophenone imine with M g-M gl in
might undergo a similar photochemical reduction benzene-ether solution, a mixture which reduces
yielding 1,1,2,2-tetraphenylethylenediamine (IV ) as benzophenone to benzpinacol,7 also yields the con-
the reduction product. Recently Fisher reported that densation product I I 8 rather than the reductive dimer
illumination through a Pyrex filter of benzophenone IV. Benzyhydrylamine is presumably produced as the
imine in 2-propanol with ultraviolet light (450 W, initial reduction product in this reaction also and it
Hanovia No. 679A-36) yielded a basic product (iso- reacts rapidly with unreacted benzophenone imine
lated as the hydrochloride salt), purportedly benzhy- yielding the condensation product II. Similarly, re-
drylamine, in high yields (80%) after short periods (2 duction of benzophenone imine with aluminum amalgam
hr) of illumination.5 Our experience with this reaction yields largely I I  and I I I .8
had been quite different both in the efficiency of the The photochemical reduction of benzophenone imine 
photochemical reduction and the nature of the isolated in 2-propanol to benzhydrylamine quite possibly occurs 
reaction product. by a mechanism similar in many respects to that of the

After 2 hr of illumination of a solution consisting of photochemical reduction of benzophenone.41* Since 
10 mol %  I in 2-propanol sealed in a Pyrex tube, with hv „
a 450-W  Hanovia No. 679A-36 lamp, comparatively I — >  (C6H6)2C=NH — >■ (CeHshC NH (3)
small amounts of acetone (about 19-20% of theory) (C6H6)2C—NH +  CH3CHOHCH3 — =»
were formed. Approximately 28% of the theoretical (C6H5)2CNH2 +  CH3COHCH3 (4)
amount of acetone was formed after 4.5 hr of illumina- A- B-
tion. The odor of ammonia was observed when the B +  j  >- CH3COCH3 +  A- (5 )
tubes were opened and, upon cooling, benzhydryl-
idenebenzhydrylamine (I I )  crystallized from the re- 2A' <—  (C6H5)2C C(C6H5)2 (6)
action mixtures. The ammonia and I I  most likely n h 2 NH2

hv I V

2(C6H5)2C=NH +  CH3CHOHCH3 — >■ or 2A- — > I +  III (7)
I

CH3COCH3 +  (C6H5)2C=NCH(C6ll5)2 +  NH3 (1) the reactions were performed in Pyrex tubes, essentially
II all irradiation below 300 m/r is filtered out and the

resulted from the condensation reaction of benzo- photochemical reaction is caused by absorptions of light
phenone imine with benzhydrylamine ( I I I ) ,6 the by benzophenone imine above 300 mM. The spectrum
photochemical reduction product of the imine in 2- of benzophenone imine m hexane showed an absorption
propanol. Illumination of solutions of benzophenone at 345 mp (e ~15) which is likely the n-»- it* transition.

This absorption maximum was shifted to 340 nip in 2- 
I  +  (CeHshCHNHi -*• I I  +  NH3 (2) propanoi and methanol. Absorption of light by benzo

phenone imine would yield the excited singlet species 
imine in 2-propanol by other means (see Experimental which could decay to a triplet species in a manner
Section) also yielded ammonia, acetone, and the con- analogous to that proposed for benzophenone. Ab-
densation product II. Attempts to isolate the hydro- straction of a hydrogen atom from the alcohol (reaction

-T .. , T 4) yielding the a-aminobenzhydryl radical A- and
(1) This work was supported in part by a grant from the National Insti- , m i  v  i 4.

tutes of Health (AM -08517-02). the a-hydroxyalkyl radical B- is similar to that pro-
(2) Taken in part from the thesis submitted by r . h . s. w. ¡n partial fui- posed for the benzophenone reaction as is the hy-

fillment of the requirements for the Ph.D. degree from the University of Kan- ¿rOgeil atom transfer from B • to I  (reaction 5) yielding

(3) Undergraduate National Science Foundation participant, 1966-1968. acetone and another Qi-aminobenzhydryl radical. Al-
(4) (a) G. Ciamiaoian and P. Silber, Ber., 33, 2911 (1900); 34, 1541 (1901).

(b) J. N. Pitts, R. L. Letsinger, R. P. Taylor, J. M . Patterson, G. Reoten- (7) M. Gomberg and W . E. Backmann, J. Amer. Chem. Soc., 49, 236
-wald, and R. B. Martin, J. Amer. Chem. Soc., 81, 1068 (1959). (1927).

(5) M . Fisher, Ber., 100, 3599 (1967). (8) H. Thies, H. Schonenberger, and L. H. Bauer, Arch. Pharm., 293, 67
(6) R. Cantarel, Compt. Rend., 210, 403 (1940). (1960).
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T able I
Quantum Efficiency Determinations

,------ Acetone (mmol/ml)-------* Quantum
Item Reaction mixture Time, hr Found Theoretical“ efficiency

1 Benzophenone and 2-propanol 2 0.352 0.349 1.01
( 1: 10)

2 2 0.372 0.349 1.07
3 2 0.354 0.349 1.02
4 Benzophenone imine ( I )  and 9.5 0.046 1.65 0.028

2-propanol (1 : 10)
5 9.5 0.051 1.65 0.031
6 19 0.093 3.29 0.028
7 19 0.110 3.29 0.033
g 30 0.185 5.19 0.035
9 30 0.178 5.19 0.035

10 60 0.333 10.38 0.032
11 Benzophenone imine, naphthalene, 8.75 ~ 0  1.57 ~ 0 .0

and 2-propanol ( 1 :0.1 :10)
12 24.75 0.019 4.29 0.0049

“ Based on an absorption of 0.1745 mEinsteins/hr/ml of solution (see Experimental Section).

T able I I

¿-Butyl Peroxide I nduced Reductions of Benzophenone I mine in 2-Butanol at 125°
,----------------------------Products, mmol'----------- -——-—— ------—.

-̂---------------- Reactants, mmol------------------- > i-Butyl
R un I  Peroxide 2-Butanol I I  alcohol Acetone 2-Butanone

1 7.07 7.04 70.1 0.52 11.8 1.0 6.7
2 6.99 7.00 70.0 0.50 11.5 1.1 6.5

though formation of the reductive dimer IV  by reaction tration of this reactant was high enough in these
6 cannot be excluded, IV  may be thermally unstable determinations to ensure complete absorption of the
and disproportionation of radicals A  • (reaction 7) may illumination. Inefficient intersystem crossing from
be the preferred route to stable products.9 Once the first excited state to the triplet state is likely re
formed, benzhydrylamine would react with benzo- sponsible for the low quantum yields in these reactions,
phenone imine yielding the observed condensation Evidence for the participation of the triplet species in
product I I  and ammonia. these photochemical reactions is found in the observa-

The photoreduction of benzophenone imine in 2- tion that the rate of formation of acetone is markedly
propanol is considerably less efficient than that of retarded by naphthalene (items 11 and 12, Table I),
benzophenone under similar conditions (temperature, which can act as a triplet quencher.10
concentration of reactants, and illumination). The Reaction of benzophenone imine with 2-butanol and 
quantum efficiency for the photoreduction of benzo- (-butyl peroxide yielded the condensation product I I
phenone in 2-propanol, measured against a benzo- in small amounts. In this reaction, the radical A -,
phenone-benzhydrol actinometer,10 was found to be which eventually yields benzhydrylamine by the path
very close to unity11 (see items 1-3, Table I). Under outlined above, is produced in reaction 10, the hydrogen
similar conditions, the quantum efficiency for the atom transfer reaction to benzophenone imine from the
photoreduction of benzophenone imine in 2-propanol 2-hydroxy-2-butyl radicals (C -), which are formed in
relative to the same actinometer was approximately the reactions of the alcohol with the i-butoxy radicals
0.03 (items 4-10, Table I). Although the extinction (reaction 9). The data given in Table I I  indicate that
coefficient of benzophenone imine is low, the concen- ( C H 3)3C O O C ( C H 3)3— >- 2 ( C H 3)3C O -  (8 )

(9) Disproportionation products (benzhydrol and benzophenone) are also (C H g)sC O  • +  C H 3C H O H C 2H 5 ----->
observed in the photochemical reaction of benzophenone at temperatures \ /'"'XT tt /n\
above 100° [E. S. Huyser and D. C. Neckers, J. Amer. Chem. Soc., 85, 3641 +  O H sO U M U -H b (9 )
(1963) ]. The very marked temperature dependence on the relative amounts I *
of pinacol and benzhydrol produced in the photochemical reaction of benzo- Q , 1 J __ ^  1 Q j j  C O C  H  (10)
phenone (essentially all pinacol at room temperature and all benzhydrol at ~r  T ~ 3 2  5 (W )
135°) is indicative of a process other than competition between coupling of C -  -f- (C H g h C O O C X C E h ^ ____>■
two a-hydroxybenzhydryl radicals leading to benzpinacol and dispropor
tionation of the radicals yielding the benzhydrol. A crude estimation of the CH 3COC2H 5 +  (C H ^ sC O * +  (C H a ^ C O H  (1 1 )
activation energy difference for the formation of the pinacol relative to the
benzhydrol is about 30 kcal/mol, a difference much larger than could be ex- hydrogen atom transfer from C • to peroxide, producing
pected to exist for two bimolecular radical reactions. Somewhat more prob- 2-butanone by the chain Sequence 9 and 11,12 is faster
able is that coupling occurs very rapidly yielding benzpinacol but the pinacol J ^  ,
decomposes at a high enough rate at elevated temperatures to establish a than hydrogen atom transfer to benzophenone imine as
finite concentration of a-hydroxybenzhydryl radicals which disproportionate evidenced by the Comparatively large amount of 2- 
in a slower, but irreversible, reaction. Support for thermal instability of u , c j  i , • x xu  j  j.* ,
compounds such as benzpinacol can be found in the observation that the di- butanone formed relative to the condensation product
methyl ether of benzpinacol decomposes readily at temperatures above 100° II. In both runs, the amounts of ¿-butyl alcohol and
[G. Hartzell and E. S. Huyser, J. Org. Chevu, 29, 3341 (1964) ] and that benz- acetone found indicate that approximately 90% of the
Dlnacol was shown to decompose at 126° (D. C. Neckers, personal commum- ,
aation) peroxide decomposed, ih e amounts of 2-butanone

(10) W. M . Moore and M. Ketchum, J. Amer. Chem. Soc., 84, 1369 (1962).
(11) Reported quantum yield is also very near unity: J. N . Pitts, H. W . (12) E. S. Huyser and C. J. Bredeweg, J. Amer. Chem. Soc., 86 , 2401

Johnson, and T. Kuwana, J. Phys. Chem., 66, 2456 (1962). (1964).

4324 Huysee, Wang, and Short The Journal of Organic Chemistry



p ro d u ced  are, h ow ever, som ew h at la rg e r  th an  can  be 72 hr yielded 0.046 g (0.80 mmol, 19% of theory) of acetone,
accounted  fo r  so le ly  on  the  b as is  o f the chain  sequence 9 and ° - 155  8 (°-43 mol> 10 .3 %  of theory) of the condensation
an d  11 w h ich  pred icts  th a t  the am ou n t o f ketone should  Product 1 1  was isolated. In  another reaction illumination with
i __+ * ii, - j  j  mi i i -  the same light source for 72 hr, 1.44 g (7.9 mmol) of benzophenone
be equivalent to the peroxide consumed. The addi- imine anfi .5.20 g (86.6  mmol) of 2-propanol yielded 0.039 g
tional ketone likely results from participation of a -  (0.67 mmol, 17% of theory) of acetone and 0.153 g (0.44 mmol,
hydroxyalkyl radicals C- with benzophenone imine, 11% of theory) of I I .
a  reaction  in  w h ich  2 m o l o f 2 -bu tan o n e  is p ro d u ced  fo r  , Treatment of a reaction mixture obtained in a similar manner
each mole of neroxide consum ed by dlssolvmg in ether and saturating the solution with dry
eacn mole OI peroxide consumed. hydrogen chloride yielded a hydrochloride salt (mp 270-275° dec)

the infrared spectra (Nujol mull) of which was identical with that 
■PxnerimcntQl «SocHoti of an authentic sample of the benzophenone imine hydrochloride.

T The infrared spectra of benzhydrylamine hydrochloride, which
Benzophenone imine ( I )  was prepared by the method described melts with decomposition in the same temperature range, was

by Pickard and Tobert13 [bp 142° (2.7 mm), n20d 1.1665]. markedly different.
2-Propanol (Baker Analyzed Reagent Grade) was used without Quantum Efficiency Determinations. The apparatus used for 
further purification. The ultraviolet spectrophotometric analyses these determinations was a Rayonet photochemical reactor
were performed on a Beckman D U -2  and the gas chromatographic equipped with 16 Rayonet 3500-A lamps and a “ merry-go-round”
analyses on an F  & M  Model 700 gas chromatograph and traced devlce for 9uantum yield determinations. The extent of reaction
on a Barber-Coleman recorder equipped with a Disc integrator. a henzophenone-benzhydrol actinometer mixture in benzene
The photochemical sources and equipment are described in the after illumination in Pyrex tubes for 5-, 10-, 15-, and 20-min 
following experiments. intervals was measured by the spectrophotometric determination

Photoreduction of Benzophenone Imine in 2-Propanol.— A  ^ lf' benzophenone remaining in the solution. A  linear eorrela-
solution consisting of benzophenone imine and 2-propanol in a tion between time and extent of reaction was observed and, as- 
1 :1 0  molar ratio was sparged with nitrogen for about 20 min. suming unity quantum efficiency for the actinometer, the re-
The solution was placed in a Pyrex tube; the tube was sealed action mixtures received 0.174 mEinsteins of irradiation/hr/ml
with a rubber septum and bound directly to a quartz thermal solution. The extent of reaction of mixtures consisting of
well through which water was passed. A  450-W Hanovia No. benzophenone and 2-propanol (1:10 molar ratio) after illumina-
679A-36 lamp placed in the thermal well was positioned such that tion for 2 hr was determined by gas chromatographic analysis
the illumination arc was about 1 in. from the Pyrex tube contain- .e acef ° ne produced per milliliter of solution. The quantum
ing the reaction mixture. This device allowed the photochemical efficiency in this case was found to be very close to unity (see
reaction to occur at about 25-30°. After 2 hr of illumination, a Table I ) .  Determination of the extent of reactions of benzo-
sample of the reaction mixture was removed and the acetone phenone imine in 2-propanol both with and without naphthalene
content was determined by gas chromatographic analysis to were also performed by ascertaining the amount of acetone
be 18.5% of the theoretical amount based on complete reaction produced by gas chromatographic analysis of portions of the
of the benzophenone imine. Another sample was removed after reaction mixtures.
4 hr and 30 min and analysis showed that approximately 27% Peroxide Induced Reductions of Benzophenone Imine in 2- 
of the theoretical amount of acetone had been formed. Butanol. Mixtures of benzophenone imine, 2-butanol, and

At the end of the illumination, the reaction mixture had the f-butyl peroxide in the amounts shown in Table I I  were sealed
characteristic odor of ammonia. After cooling at 0° for 2 days, in Pyrex tubes and heated in an oil bath at 125 for 36 hr. The
benzhydrylidenebenzhydrylamine (mp 152°, lit.14 mp 153°) solid condensation product I I  was allowed to crystallize from the
crystallized from the mixture. reaction mixtures by cooling. The amounts of 2-butanone,

Illumination with a 275-W  Sylvania sun lamp at 80° of a f-butyl alcohol, and acetone were determined by gas chromato
mixture consisting of 1.51 g (8.3 mmol) of benzophenone imine graphic analyses of aliquotes of the supernatent liquid. The
in 5.22 g (87.0 mmol) of 2-propanol sealed in a Pyrex tube for solid condensation product was isolated by filtration and weighed.

The quantities of the products are given in Table I.

(13) P. L. Pickard and T . L. Tolbert, J. Org. Chem., 26, 4886 ( 1961). Registry No. I, 1013-88-3; II , 5350-59-4; 2-
(14) W. Schlenk and E. Bergmann, Ann., 463, 313 (1928). propanol, 67-63-0.
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Evidence is presented that the anodic methoxylation of N,N-dimethylbenzylamine (D M B ) in alkaline metha- 
nolic solution occurs by direct charge transfer of adsorbed D M B  at the anode followed by the reaction of the 
resultant cation radical with solvent. A  recent alternative proposal suggesting that electrochemically generated 
methoxy radicals attack D M B  to give the cation radical is considered to be less tenable.

O n  the b as is  o f the n a tu re  o f the p ro d u cts  fo rm ed , w e  m eth ox ide  to  m eth oxy  rad ic a l acco rd in g  to  eq  1-4 
p ro posed  in  a  recent p a p e r1 th a t  an od ic  m eth oxy la tio n  be low .

of amines probably occurs via discharge of adsorbed CHsO -  >CH 30- + e  (1)
amine, followed by reaction of the resultant cation 3
radical with solvent. The major products derived C H 30 - +  C 6H 5C H 3N (C H 3)3 >
from the methoxylation of N,N-dimethylbenzylamine C H 3

(D M B) at constant current in a one-compartment cell C 6H 5C H N (C H 3)2 or CeHsCEbNCH,- +  C H 3O H  (2)
were a-methoxy-N, N-d imethy lbenzy lam me (1) and N- m  jy
methoxymethyl-N-methylbenzylamine (I I ),  obtained CH
in a ratio of 1:4, respectively. The unexpected pre- + | 3
ponderance of N-methyl over N-benzyl substitution I I I  or IV  — >■ CeHsCHNXCIbh or C 6H 5C H 2N C H 2+ +  e (3)
was attributed in part to the effect of adsorption of V  V I

D M B  on  th e  an od e  p r io r  to  ch arge  transfe r. Sub- V  or V I  +  C H 30 -  — >-1 or I I  (4 )
sequently we demonstrated2 that the methoxylation
and dimerization of the related amine, N,N-dimethyl- Believing that the mechanism of methoxylation of 
aniline, in methanolic KO H  and N H 4N 0 3 solution, D M B could be similar to that established for N ,Ir
respectively, occurred via a one-electron oxidation of dimethylaniline,2 we have again examined the electro-
the adsorbed amine. The subject of anodic oxidation oxidation of DM B both potentiostatically and galvano-
of amines has been reviewed recently.3 statically in both one- and two-compartment electrolysis

cells.
CeH6C H N (C H 3)2 C H 2O C H 3

I I Results and Discussion
6 c h 3 c 6h 5c h 2n c h 3

I  I I  Tafel plots (log current density against potential)
for anodic oxidation of DM B in 0.5 M  KO H -C H 3OH

Smith and Mann4 have reexamined the anodic me- are shown in Figure 1. In the linear region (slope,
thoxylation of DM B using both KOH and KOCH3 255 mV/decade) an increase in the concentration of
electrolytes. Carrying out the reaction potentiostat- D M B lowers the current density markedly from that of
ically in two-compartment cells (anode and cathode background (slope, 300 mV/decade). A t more positive
compartments were separated by a fritted-glass dia- potentials the curves merge and become indistinguish-
phragm), they found that a 5-10% yield of methoxyl- able from background. The reaction order plots (log
ation product was formed with KOCH3 as electrolyte. current density against log concentration of amine)
In their hands, no methoxylated product was obtained shown in Figure 2 suggest that the electrochemical
with KO H  electrolyte, but only N-methylbenzylamine process occurring below 1.1 V is  increasingly inhibited,
and DMB, despite the use of 3-5 faradays/mol.6 with a limiting current being reached as the D M B con-
Studying current-voltage curves they found that centration is increased.
addition of amine to a 1 M  KOCH3-C H 3OH solution While the above results provide qualitative informa- 
failed to produce an increase in current. On the basis tion concerning amine adsorption, no conclusions may
of these and other observations the following con- be drawn about a suitable mechanism of oxidation of
elusions were made: (i) methoxide ion is necessary DMB. A  more direct approach to the mechanism may
for methoxylation of D M B ; (ii) since the limiting cur- be taken by examination of the products formed in a
rent for methoxide ion discharge had apparently not series of electrolyses carried out under controlled
been exceeded the current efficiency for the amine potential conditions. The method is an extension of
reaction would accordingly be very low; (iii) the initial the technique applied by Parker and Burgert6 to
step in anodic methoxylation of aliphatic amines in- establish a mechanism for anodic cyanation of aromatic
volves, not anodic oxidation of amine, but discharge of compounds.

The results of electrolysis of DM B in 0.5 M  K O H -
(i) n . l . Weinberg and e . a . Brown, j . Org. chem., s i,  4058 (1966). CH3OH are summarized in Table I. No amine methox-
ro\ N  L. Weinberg and T. B. Reddy, J. Amer. Chem. Soc., 90, 91 (1968). . , , , j  u l 1 nn  t r
(3) N . L. Weinberg and H. R. Weinberg, Chem. Rev.. 68, 449 (1968). ylatlOn products are observed below 1.00 V  VS. SCe
(4) p. j. Smith and c. k . Mann, j . Org. chem., 33, 316 (1968). (expt 1 and 2). Under the same conditions, but at
(5) The formation of dealkylation product rather than ethers with KOH potentials more anodic than 1.10 V  (expt 3 and 4),

is believed to be caused by hydrolysis of I and I I , due, at least in part, to ^  . j r n i  i
inadequate drying of the crude product. Smith and Mann used a 3-A  amine-derived products are formed. Ihe Same prod-
Molecular Sieve, while we have employed anhydrous magnesium sulfate as the
desiccant. (6) V. D. Parker and B. E. Burgert, Tetrahedron Lett., 4065 (1965).
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T a b l e  I

P r o d u c t  D is t r ib u t io n  i n  E l e c t r o l y s is  o f  D M B *
D M B  Anode Faradays
concn, potential, m ol-1 of ,------------------------------------------------- Area per cent of components®-------------------------------- — ------ --

Expt m o ll.-1 V  vs. see D M B l d D M B I  I I  5 6 7 8 9

l b 0.20 0.90 0.516 100
2b 0.20 1.00 0.516 100
&  0.20 1.10 0.516 3.2 78.3 0.3 14.0 0.2 0.2 0.1 0.1 3.7
4» 0.20 1.20 0.516 2.2 84.0 1.0 9.4 1.0 1.0 0.1 0.1 1.2
5' 0.20 1.30 0.516 >99 +  +
&>■' 1.00 1.30 1.55 35.8 0.8 41.0 0.7 2.6 2.7 0.6 15.8
7' 0.10 1.40 2.00 9.7 50.2 26.8 1.1 2.2 0.2 1.0 8 .8

8* 0.50 1.85 2.00 6.5 22.0 42.2 3.4 8 .6  1.7 3.1 12.5
9® 0.50 1.9-2.3» 3.00 4.9 12.1 0.7 48.5 2.3 18.0 1.8 1.2 8.3

10* 0.40 2 .1 -2.4* 0.50 1.0 88.7 +  6.3 +  +  +  +  4.0
“ Electrolyses carried out in 0.5 M  K O H -C H sO H  at 12° using Pt (10 cm2) electrodes, except for expt 10, where a pyrolytic carbon 

button (0.39 cm2, geometrical area) replaced the Pt anode. b Two-compartment cell. '  One-compartment cell. d Shown by retention 
time to be benzaldehyde. Components 5, 6 , 7, and 8 are unknown. ® Determined by gas chromatography on 0.2 %  SE-30 on glass 
beads; see Experimental Section for further detail; +  value implies trace. > Five additional components were observed. A  small 
amount (0.4 g ) of I I  added to the cathode compartment was converted almost entirely into D M B . » Constant-current electrolysis at 
1.0 A. h Constant-current electrolysis at 37.5 mA.

ucts are produced at both Pt and C anodes (expt 10) 1 1 1
indicating that platinum oxides are not involved in the *
oxidation of DM B.7 These experiments, taken to- s '
gether with the further observation that the half-wave i o - ,*
potential of D M B (at a rotating platinum microelec- /
trode in 0.5 M  LiC 10 4-C H 3CN) is 0.92 V  vs. see, present _/
strong evidence that D M B is oxidized by the dis- j r
charged amine mechanism (eq 5-7 and 9). Since _
solvent discharge occurs simultaneously, the possibility "e _ 
of radical abstraction of DM B cation radical (V II ) 1 //
cannot be ignored (eq 8 ) .  £ 7* / o ' /

I  / / / / “
D M B  Dm b  (adsorbed) (5) I  /  / o '/

S /  / >
CH 3 3  .1.0 - /  ///

D M B (adsorbed) — ► QHsCHzN;^ +  e (6)  g  /  ///
■+ CH3 -i /  J / f

'+ +  + + +" /  .o//

™  A

H ^ 0H"  —  -2,. / / /
/  CHs (o r  CH30 - )  / / /

~  + T  + + , ° /
V I +  H20  (or CH3OH) +  e (7 ) *

0.2 0.6 1.0 1.4

C e H s C H ^ ^ T ^ - O H  — VI +  H20  (or CH30H ) e (v ,ssce)

___________________  ôr Figure 1.— Tafel plots of oxidation of D M B  in 0.5 M  K O H -
+ + + + + 1°' C H 3O H  at 12°. Concentration of D M B : • ,  0.00 M ;  X ,

V I +  CH3OH — *■ H +  H+ (9) °-00244 M ; °> °-00476 M ;  A ’ °-0130  M -

Figures 1 and 2 may be rationalized in terms of “ . for solJ en}  oxidation favoring the radical-ab-
these results: below 1.1 V  specific adsorption of fa c t io n  ™ te ^  ^  J.hf  V could be argued
, , . T-.Tv.ru> that only above the potential of the inflection areelectroinactive DMB, which is highest at less positive ,, , . , ,. , w  , TT

, , ,, , f j - u  r i . methoxy radicals (or hydroxy radicals) formed. How-potentials, decreases the rate of discharge of solvent . a .. , I  ;7 , , n a , r , . , . „
t , , , , s , , , , ■ I . ,  ", A i i .  ever, the inflection begins at about 0.9 V which is well(or electrolyte) by blocking electrode sites. As the ’ , „ r
v , , ,1 removed from the transition potential for forming
anode potential is increased the curves converge pos- . , , T j j -d a 1 •• j 1 <,_,2, V  , c ,. 1 , m , -j • amine products. Indeed Bagotzkn and coworkers9 12sibly owing to preferential adsorption of hydroxide 10ns. , , , ,  , ,. , , , ,

, a „  > u j r > 1 , have studied the adsorption and electrochemical kineticsThe effect of specifically adsorbed, uncharged, electro- r  • w  j
, , 1 . 1 • 1 1 • 4.- 1 of methanol oxidation on Pt in aqueous solutions andinactive substances on electrochemical kinetics has , . , ,, , ,, . , , , .  .

, . 1 . T-, 1 l » have found that there is no change ol mechamsm of
eenreymwe y e a ay.  ̂ solvent oxidation with potential. Their experimental
The inflection (0.9-1.1 V ) in the curves of Figure 1 1 1

c o u ld  b e  in t e r p r e t e d  a s  s u g g e s t in g  a  c h a n g e  in  m e c h -  (9) v .  s. Bagotzkii and y . b . Vasilyev, EUcrncUm . Acta, 12 ,13 2 3  (i967).
(10) O. A. Khazova, Y . B. Vasilyev, and V. S. Bagotzkii, Elektrokhimiya,

(7) There is considerable evidence which implicates platinum oxides 2, 267 (1966).
(formed electrochemically on the anode surface) in certain oxidations.3 (11) S. S. Beskorovainaya, O. A. Khazova, Y . B. Basilyev, and V. S.

(8) P. Delahay, “ Double Layer and Electrode Kinetics,”  Interscience Bagotzkii, ibid., 2, 932 (1966).
Publishers, New York, N. Y ., 1965, pp 228-233. (12) V. S. Bagotzkii and Y . B. Vasilyev, Electrochim. Acta, 11, 1439 (1966).

a DTDo 71 y irt-usm?
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10-------1-------------- 1-------------- 1-------------- 1----------- products I, II, and V I I I  (or IX )  to DM B occurs almost
( as rapidly as these are formed. Support for this con-

1 • •— — *------•---------------•- elusion was derived from expt 6 carried out at 1.30
tr i---- f i l l— •________ _ ,______ t V  using a two-compartment cell. Addition of com-
1  oo v pound I I  to the cathode solution provided almost pure
v DM B after work-up. On forcing the reaction to occur
| ^ ^ otov '  •___ *______ #_______ by passage of larger amounts of current (expt 7 and 9;
I  see also ref 1) at higher potentials, amine-derived
| ^  *  •—------- t . ______  products may be formed in a one-compartment cell in
g -i.o • . good yield.

The above procedure should be helpful in establishing 
the mechanism(s) of oxidation in a number of other

~— v—«— *----•— cases where voltammetric data is inconclusive, namely,
------^------------- jL-------------a------------- j_---------- the alkoxylation of olefins,14-16 of aromatic com-

logconcentration(mH> pounds,17-21 and of amides.22

Figure 2 .— Log-log plots of current density against concentra
tion of D M B  at constant potentials from 0.50 to 1.20 V  vs. see, E xp erim en ta l Section
in 0.5 M  K O H -C H 3OH  at 12°.

The electronic equipment used for controlled potential elec
trolyses has been described previously. 2 The constant-current

results have been explained by considering that dis- electrolysis (Table I, expt 9) was earned out-with a Harrison
. ,. , , . , J , , V . , „  Laboratories Model 881 A  (±1 0 0  V , ±1 .2  A )  dc power supply,

sociatively chemisorbed alcohol residues are chemically Two types of glass electrolysis cells were used which allowed
oxidized by adsorbed hydroxy radicals (formed as the positioning of an aqueous saturated calomel reference (see)
result of discharge of hydroxide ions in alkaline solu- cl°se to but isolated from the anode by a small external frit 
tions) in the slow step of the process. separated compartment. The cells were either one-compartment

An-air, in f avn r fUp rad ical abstraction  m u te  it (anode and cathode in the same compartment) or two-compart-A g a m  m  fa v o r  oi tne rad ica l ab straction  route, it ment cellS( pr0vided with smooth platinum electrodes (each 10

could be argued that the above results may be ex- cm2), nitrogen gas bubbler, thermometer, and magnetic stirring
plained in terms of current density. (For example, the bar. Polarization curves and reaction order data were obtained
Kolbe reaction is known to require high current densities Wlth tbe one-compartment cell.
fo r  successful cou p ling  o f a lk y l rad ica ls ) . 13 T h u s  at | chromatographic analyses were conducted with an F  & M
1 -4- /1 , , ,. r , ,, / Model 5750 research gas chromatograph using stainless steel
lo w  curren t d en s ity  (lo w  an ode  po ten tia l) m eth oxy  (o r  coiumns (10  ft x  0.25 in.) packed with 0 .2 %  SE-30 on glass
hydroxy) radicals would preferentially react with sol- beads (mesh size 60-80). Infrared spectra were determined with
vent rather than DMB, while at high current density a Perkin-Elmer Model 137 spectrophotometer.
(more positive anode potential) DM B would be . Electrolysis of D M B . A. The following is a typical descrip-
attacked. Adsorbed amine, however, would be ex- T  procedure (Table I  expt

’ ’ o ). Into the anode compartment of a two-compartment cell
pected to be attacked by electrochemically generated was introduced 100 ml of 0.5 M  K O H  in distilled reagent grade
radicals in the low current density region where cover- methanol. An equal height of the same solution was added to
age by DM B is greatest. A  current density argu- tbe cathode and reference compartments. Freshly distilled
ment is thus in disagreement with the experimental (2f °  s, 0.020 mol) was added to the anode solution and

,, i j n j r n L i T  electrolysis was carried out potentiostatically at 1.10 V  vs.
resu lts o f Figures 1 an d  2 an d  Table I.  ̂ see. The cell was externally cooled at 1 2 °. After 0.510 fara-

The major products found in the electrolysis of DM B days/mol had been passed, the anode solution was concentrated
(Table I, in order of increasing retention time) are at reduced pressure ( 10 -2 0  mm) and 30-35° until most of the
benzaldehyde, the ethers I  and II, and an unisolated solvent had been removed. The residue was taken up in 100 ml

compound, peak 9, believed to be N-M eoxym ethyl-
N -m e th y lb e n z y  lam m e (V I I I )  or the ether IX . G a s  nesium sulfate. Filtration and reconcentration at reduced
ch rom atograph ic  analysis  o f a  m ix tu re  o f fo rm a ld eh y d e  pressure below 35° provided 2.65 g of an almost colorless oil.
(excess) an d  N -m eth y lb e n zy lam in e  show ed  o n ly  one The product distribution for this residue is shown in Table I.
h ig h -b o ilin g  com ponent w ith  a  reten tion  tim e cor- B .— The crude product of expt 9, worked up in a similar man- 

, , r, 1 TT nor, was distilled, and a heart-cut of a fraction with bp 40-46°
respo n d in g  to peak  9. O n ly  I I  cou ld  b e  iso lated  b y  « , .3- 0 .4  mm) was obtained. According to gas chromatographic
d istillation . C o n tra ry  to  the obse rva tion s  o f S m ith  analysis, the fraction consisted of N-methoxymethyl-N-methyl-
an d  M a n n , the y ie ld  an d  curren t efficiency fo r  fo rm a - benzylamine containing about 5%  the compound correspond-
tion  o f am in e -derived  p ro d u ct u sin g  K O H  as e lectro lyte  lng tP Pea^ The infrared spectrum (neat) of I I  had char-
is un ite  e-ood T h e  current efficiencies fo r  form  at inn n f acterlstlc bands at ld05 (w ), 1595 (w ), 1500 (m ), 1460 (s), 1390is quite good. I  lie; current efficiencies lor formation of (m)> i 370 (s ), 1175 (s), 1115 (m ), 1105 (s), 1070 (s), 1015 (s)
the major compounds in expt 3 are estimated as follows: ___________
benzaldehyde, 15.5%; I  and II, 45.7%; V III, 12.4%.

(14) T. Inoue, K . Koyama, T. Matsuoka, K. Matsuoka, and S. Tsutsumi, 
Tetrahedron Lett., 1409 (1963).

C H 3 C H 3 (*5) T . I noue and S. Tsutsumi, Bull. Chem. Soc. Jap., 38, 661 (1965).
| I (16) T. Inoue, K. Koyama, T. Matsuoka, and S. Tsutsumi, ibid. 40 162

C eH sC H iN C H aO H  (C 6H 5C H 2N - C H 2- ) 20  <1967>- ’ ’
Y J IJ  ( 17) T - Inoue, K. Koyama, T. Matsuoka, K. Matsuoka, and S. Tsutsumi,

Kogyo Kagaku Zasshi, 66 , 1659 (1963).
(18) T. Inoue, K. Koyama, and S. Tsutsumi, Bull. Chem. Soc. Jap., 37

Significantly at 1.30 V  in a one-compartment cell 15n7Qi1t64li , ,, , „ „„
_ °  . i * j. £ i / E‘ Juday- ° r0‘ Chem., 22, 532 (1957).

only traces ol amine-derived product are formed (expt (20) K. Sasaki, H. Urata, K. Uneyama, and S. Nagaura, Electrochim. 

5). I t  is believed that cathodic reduction of the Acta' 12’ 137 (1967)-
(21) K. E. Kolb and C. L. Wilson, Chem. Commun., 271 (1966).
(22) S. D. Ross, M . Finkelstein, and R. C. Petersen, J. Amer. Chem Soc

(13) A. K. Vijh and B. E. Conway, Chem. Rev., 67, 623 (1967). 88, 4657 (1966).
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930 (s), 870 (m ), 743 (s), 702 (s) cm "1. The nmr spectrum in Registry No.— N ,N -D im e th y lb e n z y la m in e , 103-83-3;
CCI4 was consistent with the structural assignment.23 tt 1 QAK7  1 4  o

Anal. Calcd for C 10H 15N O : C , 72.69; H , 9.15; N ,  8.48. ’ '
Found: C, 72.53; H , 9.16; N ,  8.51. Acknowledgments.—The author wishes to thank

. , ., . A. K. Hoffmann and T. B. Reddy for valuable dis-(23) The r values for the ArCEh and N C H 2O groups were incorrectly re- . J
versed in the earlier work.1 CUSS10I1.
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The major crystalline products from permanganate oxidation of N-aryl-2-naphthylamines are 1,1'-coupling 
dimers. Structures were determined by instrumental methods and by degradation to known 7-aryIdibenzo[c,^]- 
carbazoles. Also formed are significant quantities of carbon-nitrogen coupling products, believed to be the 
o-semidines. 7-Aryldibenzo [c,g] carbazoles are formed in minor amounts. N o  evidence was found for stable 
symmetrical tetraarylhydrazines.

The oxidation of diarylamines to tetraarylhydrazines assigned by Rehner and coworkers to a crystalline
is well known from the classic work of Wieland and co- product of the permanganate oxidation of N-phenyl-
workers.5 Wieland’s views on the reversibility of 2-naphthylamine. 11 Somewhat later, Lieber and So-

masekhara12 oxidized a series of dinaphthylamines
Ar2N H  ^  Ar2N N A r 2 —  2Ar2N  • — ► decomposition w it lJ. P ° tassium  pe rm an gan ate . C o m p le te ly  d isre -

products garding the previous work of Wieland10 and Rehner, 11

and without any valid experimental evidence, they 
diarylamino radical formation and on the nature of assigned symmetrical hydrazine structures to all
the decomposition products have been modified by crystalline products. The hydrazine structure has also
more recent work. Neugebauer and Fischer6 have been suggested for the oxidation product of N-phenyl-
shown that no stable radicals are detected from tetra- 2-naphthylamine. 13 The oxidation of N-phenyl-1 -
phenylhydrazine at temperatures as high as 90°. naphthylamine and di-l-naphthylamine with a variety
Diarylamino radicals were detected, however, when of oxidizing agents produces p-semidine polymers, 14

the benzene rings contained electron-supplying sub- similar to those formed by decomposing tetraphenyl-
stituents. Contrary to Wieland’s original results, the hydrazine. 9

major decomposition product of tetraphenylhydrazine The present work deals with the products resulting 
was shown not to be 5,10-diphenyl-5,10-dihydro- from permanganate oxidation of two N-aryl-2-naph-
phenazine.7 The hydrazine decomposes irreversibly thylamines.
at 90° with a half-life of about 10 min.8 Musso9 re
cently showed the major decomposition product to be Results and Discussion
an oligomer containing an average of five diphenyl- ^  N _phenyl.2_naphthylamine or di_
amino umts, formed by nitrogen-carbon coupling. , . , , , , . ,

These several facets of the oxidation of diphenyl- 2 -naphthylamine by neutral potassium permanganate
amine may be considered reasonably well established. “  acetone leads to the dehydrogenated 1 , 1  dimer as
In contrast, no aspect of the oxidation of secondary ^  ma^  crysfiallme product. Structure proof is
naphthylamines is well understood at this time. N- s iR RT6 IRe ',  0 , , ,  , • w-> \ <• ,» i . . .  i ,. , , , , ■, i ■ {• , 1,1-Bis(N-phenyl-2-naphthylamine) (2a) was foundArylnaphthylamino radicals have not been identified ’ c J , . , ,1 J , , , , by nmr and infrared spectroscopy to have one aminounambiguously, and there seems to be no agreement . J , ,, , . .,
on the products ot oxidation ot secondary naphthyl- hydrogen per phenyl-2 -naphthylam.ne residue ,.e

. F two ammo hydrogens per molecule. 1,1-Bis(di-2-
arnmes. , naphthylamine) (2b) was too sparingly soluble for

Wieland and Susser10 showed that the permanganate 1 /  • . Y- c ■ 7. , ,. . . .  . „  , ,, , . .. . . • , ,  ? , accurate nmr integration oi the amine hydrogen peak,
oxidation of di-2-naphthylamine did not yield a hydra- "  & i  & ^F A . However, its infrared spectrum indicated the presence
zine, and tentatively assigned to the crystalline product N -H  bonds per molecule. Both dimers gave
an o-semidine structure. An analogous structure was diacetates (nQ N _H infrared absorption band and three

( 1) T o  whom enquiries regarding this paper should be addressed: Mobil a c e t a t e  p r o t o n s  p e r  a m in e  r e s id u e ) .  E a c h  o x id a t i v e
Research and Development Corp., Central Research Division Laboratory, d jm e r  w a s  d e g r a d e d  in  e x c e l l e n t  y i e l d  t o  t h e  C O rreS p o n d -
Research Department, P. O. Box 1025, Princeton, N. J. 08540. . , r l i-n u 1 /,\ , • f

(2) Applied Research and Development Division Laboratory, Paulsboro, i n g  7 - a r y ld ib e n Z O \C,(jJ d lb en Z O C arb aZ O le  (3), W h ic h  W a s

n . J. synthesized by standard methods.
(3) N RC C  Fellow, 1965-1967.
(4) NRCC  Fellow, 1968-1969.
(5) (a) H. Wieland and S. Gambarjan, Ber., 39, 1499 (1906); (b ) H. (11) J. Rehner, Jr., F. W. Bancs, and S. B. Robison, J. Amer. Chem. Soc.,

Wieland, Ann., 381, 200 (1911). 67. 605 (1945).
(6) F. A. Neugebauer and P. H. H. Fischer, Chem. Ber., 98, 844 (1965). (12) E. Lieber and S. Somasekhara, J. Org. Chem., 24, 1775 (1959).
(7) H. Gilman and J. J. Dietrich, J. Amer. Chem. Soc., 79, 6178 (1957). (13) See P. Schneider, Proc. Rubber Technol. Conf., 3rd, London, 1964,
(8) C. K . Cain and F. Y . Wiselogle, ibid., 62, 1163 (1940). 309 (1954), footnote 29.
(9) H. Musso, Chem. Ber., 92, 2881 (1959). (14) R- L. Peeler, Amer. Chem. Soc., Div. Petrol. Chem., Preprints, 10 (2),
(10) H. Wieland and A. Susser, Ann., 392, 169 (1912). D-119 (1965).
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Scheme I cipitate 2a relatively free from the other components
of the mixture by passing anhydrous hydrogen chloride 

nh—Ar KMnOi — NH—Ar through a benzene solution of the crude reaction mix-
0.5o “■ T  ture. After evaporation of the solvent, the mixture

— nh Ar was dissolved in ether, and la was likewise precipitated
as the hydrochloride. The remaining material, after 

la, Ar = c6 h5 2a Ar = c h washing and drying, was an amorphous solid, which
ib, Ar = 2~CioHr 2 b' Ar = 2 -Ci0Hr was f°und to contain a small amount of 7-phenyl-

dibenzo[c,gr]carbazole (3a) and a major fraction which 
will be designated as the semidine fraction 4a. The 
quantities in the first column of Table I  are based on 

i l l  y || q crude yields of the isolated products.
oq HCI k A A

Js. 240°*" J N~ Ar + ArNH2
r ^ j ^ j ----NH-Ar (Ar0H) T able I

Products from the Permanganate Oxidation 
of N-Phenyl-2-naphthylamine

2 3a, Ar - C6 Hs % yield based on amine consumed
3b, Ar = 2"C,oH7 Compd Isolated Nmr

2a 63 66
3a 0.56
4a° 32 34

I I  I | | ]  “ Semidine fraction; see text. 6 Determined by thin layer
Cu chromatography (tic) and ultraviolet (uv) absorption.

I N-H + Arl -  “ !! -  T N—ArK2W 3

After repeated chromatography, the semidine frac
tion remained amorphous. Analysis and molecular 

3 weight determination showed it to be isomeric with 2a.
,n , . . . The thin layer chromatogram gave a single spot with

Although Wieland and Susser“  had sound expen- only traces of j 2a, and 3a discernible. A  single
mental evidence for eliminating a hydrazine structure ton resonance at T 3.78 (CDC13) indicated one N -H

heiroCfiroyS S o116 dr r dl' 2_naPhthylamine (mp bond per molecule; as did the infrared spectrum. Upon
273 vs. 282-283 in the present work), they also dis- long standing) seed crystals of 4a were finally obtained,
carded structure 2b without serious consideration m and the amorphous material was converted (77%
favor of the o-semidine 4b. Rehner and coworkers11 recovery) into a crystalline substance which had an

infrared spectrum identical with that of the original 
l  J  X  amorphous fraction.

^  The results in the second column of Table I  were
NAr obtained by integrating N -H  peaks appearing at t

p Vs| p !!%|/  4.52 (la), 4.45 (2a), and 3.78 (4a) in the freeze-dried
crude reaction mixture dissolved in chloroform-d.

4a, Ar= CgHg From the close agreement between the isolated per-
b, Ar = 2-C10H7 centages and the nmr results we conclude that no

change occurred during the isolation procedure. Fur- 
also favored an o-semidine structure, 4a, for the crystal- thermore, the thin layer chromatograms of the
line dimer from N-phenyl-2-naphthylamine (mp 164- crude reaction mixture and a sample reconstituted
165° vs. 168° in the present work). Their experi- from the isolated fractions were identical,
mental evidence included the formation of aniline on The composition of the semidine indicates that it 
hydrolysis (see Experimental Section) and the forma- is a product of nitrogen-carbon coupling. The chemical
tion of a dipicrate and a monoacetate (a gray-white shift of the amino proton— 0 .7 4  ppm downfield of
powder, mp 170-175°). In contrast, using their ex- la— suggests an o-diamine structure, i.e., the o-semidine
perimental conditions, we were unable to obtain a 4a. Attempts to synthesize 4a by coupling la with
picrate and obtained a crystalline diacetate (mp 283- l-iodo-N-phenyl-2-naphthylamine failed because the
284°). There seems no reason to doubt that the iodo compound could not be prepared by any of the
crystalline dimers found in the present work are the standard methods.
same as those previously isolated. The earlier struc- The products of the oxidation of di-2-naphthylamine 
tural assignments must therefore be considered in- were isolated by crystallization, and the results in 
correct. Table I I  probably include appreciable overlap be-

With 1 equiv of permanganate the amount of la tween fractions. Again the semidine fraction 4b was
unreacted varied from 4 to 25% in different experi- found to be isomeric with 2b and was originally non-
ments. The yield of 2a was always about 63% based crystalline. By slow crystallization from benzene
on the amount of la consumed. Several methods were solution, it was possible to obtain a small quantity
used to obtain a material balance on the crude product of a crystalline product from the semidine fraction
from the oxidation of la. (5% based on the semidine formed). The infrared

By utilizing the solubilities of the hydrochlorides of spectra showed both the crude semidine and the crystal- 
la and 2a in different solvents, it was possible to pre- line product to have one N -H  bond per molecule.
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T a b le  I I  T ab le  IV

P roducts from  the  P e r m an g an ate  Ox id a t io n  N m r  of  A romatic A m in e s  a t  60 M e
of  D i -2-n a ph t h y la m in e  Area of N_H/ N_H per

% yield based Compd N -H , r ° area of C -H  molecule
Compd on amine consumed 4 52 0 0826 1 1

2b 45 2a 4.45 0.0820 2.0
3b 66 4a 3.78 0.0430 1.0
4b“ 49 “ Ca. 40% w/v in CDC13.

° Semidine fraction; see text. b B y  tic and uv absorption; iso
lated yield 3%.

Chromatography.— Thm layer chromatograms on silica gel 
a n u  , , . plates were developed with carbon tetrachloride or carbon tetra-
A lth o u g h  the stru c tu ra l assignm ents o f  4a an d  4b chloride-cyclohexane mixtures and were visualized with 260-nm 

m ust b e  considered  ten ta tive  a t  this point, it  is ev iden t light. Compounds 3a and 3b were determined quantitatively
that s tab le  h ydraz ines  a re  n o t fo rm ed  from  la an d  lb. from reactlon mixtures by removing the spot, washing out the

S ince the th in  la y e r  ch rom atogram s o f fre sh ly  ox id ized  ethano1, and measuring the ultraviolet absorbance

solutions g iv e  no  in d ication  o f  p rodu cts  o th er th a n  Woelm neutral aluminum oxide of activity grade I  was used
1-4, w e  conclude th a t  the h a lf-liv e s  o f  the te traa ry lh y - for column chromatography with benzene as eluent unless other-
d razines m ust be  m u ch  less than  1 h r at 2 5 °. wise specified. A  2-ft silicone gum rubber column was employed

T h e  poss ib ility  o f  a  h y d raz in e  in term ed iate , h o w - fo rgaf  phase ^romatography.
_ rpi ____, c c ,  Molecular Weights.— When solubility and availability of

eve  , rem ains. T h e re  IS p receden t fo r  fo rm ation  o f sample permitted, molecular weights were measured by vapor
com pounds 2 an d  3 via a  th e rm a l ben zid in e re a rra n ge - pressure osmometry (vpo). A  vapor pressure osmometer, Model
m en t o f a  h y d raz in e  in term ed iate . T h e  y ie ld s  o f d i- 302, Mechrolab, Inc., was used at 37° with benzene as solvent,
ben zocarbazo les  o b se rve d  in  the presen t w o rk , how ever, Because of the low solubility of 2b, its molecular weight was de-

a re  too lo w  to  consider th is as  a  sign ificant m o d e  o f “  ” /‘  " "  b i

reaction . T h e  sim p lest ration a lization  o f the m a jo r  Materials.— N-Phenyl-2-naphthylamine (Matheson Coleman
products ap pea rs  to  b e  fo rm ation  b y  c a rb o n -c a rb o n  and Bell) was vacuum distilled, mp 108-109°. Di-2-naphthyl-
an d  ca rb o n -n itro ge n  rad ic a l cou p ling  reactions. amine (Aldrich Chemical Co., Inc.) was purified by chromatog

raphy over alumina, followed by  recrystallization from benzene, 
mp 171.5-172.5°. Acetone was refluxed overnight with K M nO , 

Experimental Section and distilled prior to use as a solvent for oxidations.
7-Phenyldibenzo[c,g\carbazole (3a).— The standard proce- 

Infrared Spectra.— The frequencies and extinction coefficients dure16 was modified slightly. 7H-Dibenzo[c,p] carbazole17 ( 1.00
(« ) of the fundamental N - H  stretching band are given in Table g ), finely divided potassium carbonate (0.54 g ), iodobenzene
I I I .  Since all amine peaks were narrow and of equal half-width, (3.64 g ), and freshly prepared18 copper powder (0.05 g ) were
the linear absorbance was used to calculate t { M~l cm“1). refluxed in 10 ml of nitrobenzene with vigorous stirring for 18 hr.
Calculating the number of N - H  bonds per molecule by e/60 seems After removal of nitrobenzene by  steam distillation, the residue
well justified by the results for compounds la , 2a, and lb . A ll was dissolved in a minimum amount of benzene and eluted from
amine hydrogens exchanged in less than 1 min on shaking with alumina with 1:1 benzene-petroleum ether (bp 30-60°). A  pale
D 20 . yellow glassy solid was obtained which crystallized upon stirring

with a small amount of diethyl ether. Recrystallization from a 
T a b le  I I I  diethyl ether-alcohol mixture yielded 1.11 g (87% ) of 7-phenyl-

I nfrared  Spectra  of  A rom atic  A m ines  dibenzo[c,p]carbazole, mp 142.5-143° (lit.19 mp 144°).
7-(2-Naphthyl)dibenzo[c,g\carbazole (3b) was prepared from 

« molecule 7H-dibenzo[c,p] carbazole (0.963 g ) and 2-iodonaphthalene (1.37
Compd N -H a M -i ’cm -1  e/60 ’ N -D 6 g ) by the procedure described above. After two treatments with

1 o . ,  n alumina and recrystallization from heptane-benzene the yield of
la  3440 bU‘°  1>0 2540 3b was 0.766 g (54%), mp 216-217°.
2a 3420 122 2 - °  2530 Anal.  Calcd for C3„H19N : C , 91.57; H , 4.87; N ,  3.56;
4a 3410 67 1.1 2520 mol wt, 393.5. Found: C , 91.62; H , 4.89; N , 3.50; mol wt
lb  3440 60.7 1.0 2550 (m/e), 393.
2b 3410 123 2.0 2530 Oxidation of N-Phenyl-2-naphthylamine ( la )  with Potassium
4b 3400 59.6 1.0 2520 Permanganate.— A  solution of la  (0.5 mol, 109 g ) in 1 1. of

• Positions are given in cm“1; solutions 1.25% w/v in CD Cb. acet° ne WaS cooj edto  ° \  K M n0 4 (26.3 g, 1 equiv) was added in
» Positions are in cm “ 1 after exchange with D 20 . SI* a11 Portions during a 5-hr period to the cooled solution under

a blanket of nitrogen. 1 he solution was allowed to warm to room 
temperature and stand overnight. Filtration to remove M n 0 2 

Ultraviolet Spectra. Only minor differences were observed produced a colorless solution, which was evaporated at reduced
among the spectra of la , 2a, and 4a. The spectra of lb , 2b, and pressure. The residue was dissolved in benzene, washed with
4b are similar also. The spectra of 3a and 3b are nearly identical water, dried over K 2CO3, filtered, and finally freeze dried from
and agree with the published11 spectrum of 3a. The extinction benzene. The freeze-dried crude mixture (101 g ) was used for
coefficient at 365 nm (2.7 X  104, 95% ethanol) was found to be the operations described below.
somewhat higher than the published value. A. l,l'-Bis(N-phenyl-2-naphthylamine) (2a).— To a benzene

Nuclear Magnetic Resonance (Nm r) Spectra. Peak positions solution (200 ml) of the crude reaction mixture (11.9 g ) anhy-
and integrations are summarized in Table IY . Chloroform-d was drous H C1 was introduced with stirring for 20 min. The white
used as solvent. Crude reaction mixtures of la , 2a, and 4a were precipitate (6.6 g ) was collected by filtration and hydrolyzed by
analyzed by direct integration when the quantity of unreacted la  stirring in a mixture of 100 ml of benzene and 100 ml of water for
was small. For larger amounts of la  overlap between la  and 2a 30 jnin, Upon evaporation of the benzene and drying, the crude
was appreciable, and analysis was done by expanding the N - H  yield 0f 2a was 5.65 g (44% yield), mp 160-167'° (oil bath),
region of the spectrum and integrating by plainimeter. Com
parison with synthetic mixtures and independent determination
of l a  by gc showed a simple graphical correction to be sufficiently ( 16)  F. D. Hager, “ Organic Syntheses,”  Coll. Vol. I, 2nd ed, John Wiley
accurate. All peaks assigned to amine protons disappeared on & Sons, Inc., New York, N. Y., 1961, p 544.
shaking with D 20  and were immediately regenerated on adding (17) J. Meisenheimer and K. Witte, Ber., S6, 4153 (1903).
JJ20 .  (18) R. Q. Brewster and T. Groening, “ Organic Syntheses,”  Coll. Vol. II,
______________ _ John W iley & Sons, Inc., New York, N. Y ., 1961, p 445.

(15) H. J. Shine and J. C. Trisler, J. Amer. Chem. Soc., 82, 4054 (1960). (19) H. Walder, Ber., 15, 2166 (1882).
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After two recrystallizations from diethyl ether, the melting chloroform to give 0.55 g of crystalline 4b, mp (sealed tube) 
point was 167.5-8.0. 287-289° (depressed on admixture of 2b).

Anal. Calcd for C32H 24N 2: C, 88.04; H , 5.54; N , 6.42; mol Anal. Calcd for C 40H 28N 2: C, 89.52; H , 5.26; N ,  5.22;
wt, 436.5. Found: C, 88.13; H , 5.51; N , 6.37; mol wt mol wt, 536.6. Found: C , 89.56; H , 5.26; N , 5.13; mol wt
(vpo), 442, (m/e), 436. (m/e), 536.

B . N-Phenyl-2-naphthylamine ( la ) .— The remaining benzene The crystalline substance obtained was apparently identical
solution from the HC1 treatment was evaporated, and the residue with the amorphous material. The amorphous fraction gave a
was dissolved in 200 ml of diethyl ether. Anhydrous HC1 was satisfactory elemental analysis and a molecular weight of 560 by
introduced with stirring for 20 min to yield 3.6 g of hydrochloride, vpo and m/e 536. Both crystalline and amorphous materials had
which was hydrolyzed as before to give 3.0 g (25% yield) of la , identical infrared spectra.
identified by mixture melting point and comparison of infrared D . 7-(2-Naphthyldibenzo[c,p]carbazole (3b).— During chro- 
spectrum with that of an authentic specimen. matography of the 3.4 g of amorphous 4b described above, the

C. Semidine Fraction 4a.— The remaining ether solution first two fractions (0.62 g ) eluted with 1:1 benzene-petroleum
described above was washed, dried, and evaporated to give 2.9 g ether were found to contain about 50% 3b by uv absorption.
(24% yield) of the amorphous semidine fraction. Seed crystals Boiling with diethyl ether for 5 min and cooling gave 3b in 1.9%
were obtained by treating 0.3 g of amorphous 4a with diethyl yield (0.14 g), mp 215-216° undepressed on admixture with an
ether, allowing the solution to evaporate at room temperature, authentic sample. Determination of 3b in the crude oxidation
and leaving the residue in an open flask for 35 days. Crystalliza- mixture by tic and uv absorption indicated a 6 %  yield based on
tion of a larger quantity was induced by seeding 6.9 g of amor- the amount of lb  consumed.
phous 4a in the presence of 2 ml of diethyl ether for 48 hr. The Acetylation of l,l '-B is (d i-2-naphthylamine) (2b ).— Under the 
resulting solid was triturated with ether and filtered to give 3.4 g conditions described for 2a above, 2b gave a diacetate (nmr) 
of crystalline 4a, mp 134-136°. After evaporation of the filtrate, which could not be crystallized and was obtained as a gray-white
the residue was crystallized from absolute ethanol to yield an powder from aqueous acetone, softening at 90-95°. The analysis
additional 1.9 g (77% recovery) of crystalline 4a. The infrared suggests that it may contain a molecule of water,
spectra and elemental analyses of the crystalline and amorphous Anal. Calcd for C44H32N202-H20 : C, 82.73; H , 5.37; N ,  
materials were identical. 4.38. Found: C, 82.36; H , 5.59; N , 4.40.

Anal. Calcd for C32H 24N 2: C, 88.04; H , 5.54; N , 6.42; Reaction of l,l'-Bis(N-phenyl-2-naphthylamine) (2a ) with 
mol wt, 436.5. Found: C , 87.99; H , 5.52; N , 6.35; mol wt Concentrated Hydrochloric Acid.— The amine (2.5 g ) and 10 ml
(vpo), 440, (m/e), 436. of concentrated hydrochloric acid were sealed in a heavy-walled

D . 7-Phenyldibenzo[e,p] carbazole (3a).— During column chro- Pyrex tube. The tube was enclosed in a stainless steel pipe which
matography of semidine fraction 4a, early fractions eluted with was securely capped at both ends and placed in an autoclave at
1 : 1  benzene-petroleum ether were fairly rich in 3a as shown by an initial nitrogen pressure of 1200 psi.20 The autoclave was
the uv absorption at 365 nm. Efforts to crystallize 3a from these rocked for 6 hr at 240-250°. When cooled, the contents of the
fractions were unsuccessful. The yield in Table I  was obtained tube had separated into a brown mass and a clear acid layer,
by tic and uv absorption. which were separated by decantation. The acid layer was

Acetylation of l,l'-Bis(N-phenyl-2-naphthylamine) (2a).— The neutralized, and aniline was extracted with a known volume of
dimer (1.0 g ) was refluxed overnight with acetic anhydride (10 ether. The yield determined by gas chromatography was 98%.
ml) in acetic acid (20 ml). The cooled solution was poured into After drying, the solvent was evaporated to give 0.47 g of aniline
aqueous methanol, and the resulting emulsion was coagulated (88%  yield), identified by its infrared spectrum. The brown mass
with calcium chloride (1.0 g ). The precipitate was dried and was dissolved in a minimum amount of ether, washed with water,
recrystallized from benzene-hexane to give l,l'-b is(N -phenyl-2 - and diluted to a known volume with ethanol. The ultraviolet
naphthylamine) diacetate (0.9 g) as cubes, mp 284-285°. absorption at 365 mm indicated a 94% yield of 7-phenyldibenzo-

Anal. Calcd for C 36H 2SN2O2: C, 83.05; H , 5.42; N , 5.38. \c,g]carbazole (3a). In  a separate experiment the product was
Found: C, 82.86; H , 5.25; N , 5.35. purified by eluting from alumina with 1:1 benzene-petroleum

Oxidation of Di-2-naphthylamine ( lb )  with Potassium Per- ether to give 86.5% yield of 3a, identified by comparison of
manganate.— K M n 0 4 (1.2 equiv, 2.4 g ) was added in small melting point (143.5-144°), mixture melting point (143-144°),
quantities during 3 hr to a solution of lb  (0.037 mol, 10 g ) in 400 ultraviolet spectrum, and infrared spectrum with those of the
ml of acetone at 0° under nitrogen. A t  the end of the addition, authentic specimen described above.
the reaction mixture was allowed to warm to room temperature From three previous attempts, a product melting at 122-123°
and stand for 1 hr. The precipitated M n 0 2 was removed by was obtained. The mass, nmr, infrared, and ultraviolet spectra
filtration to give a colorless solution. Isolation of products is were identical with those of authentic 7-phenyldibenzo[c,(/]carba-
described below. zole. Elemental analysis and ultraviolet extinction coefficients

A. l,l '-B is (d i-2-naphthylamine) (2b ).— The acetone solution revealed the low-melting material to be pure. The mixture melt-
was successively reduced in volume and filtered until no more 2b ing point was 142.5-143°. The low-melting form could be con-
precipitated. The crude yield of 2b was 2.8 g (28% yield). verted into a solid melting at 143-144° by equilibrating the melt
Once isolated, 2b was sparingly soluble in most solvents. Re- at 125° for 1 hr. This behavior is similar to that reported by
crystallization from xylene (1 g/25 ml, recovery 70-80% ) gave Shine and Trisler for 7H-dibenzo[c,p] carbazole.16
colorless 2b, mp 282-283°. Reaction of l,l'-Bis(di-2-naphthylamine) (2b ) with Hydro-

Anal. Calcd for C40H 28N 2: C, 89.52; H , 5.26; N , 5.22; mol chloric Acid.— The procedure described above yielded 92% of
wt, 536.6. Found: C, 89.58; H , 5.32; N , 5.11; mol wt 3b as determined by uv spectroscopy. The isolated yield of 3b
(vpo), 550, (m/e), 536. was 70%, mp 214-216° undepressed on admixture with authentic

B . D i-2-naphthylamine ( lb ).— The acetone filtrate described 3b. Infrared and uv spectra were identical with those of the
above was evaporated, and the residue was dissolved in benzene. authentic specimen. The 2-naphthylamine formed in the reaction
The benzene solution was successively evaporated and filtered did not survive, but was converted into 2-naphthol— 60% by gc,
until no lb  could be detected in the solution by gc. The yield of 30% isolated and identified by mixture melting point and infrared
recovered lb  was 3.7 g, identified by mixture melting point and spectrum.
infrared spectrum.

C ‘ Semidine Fraction 4b. Upon evaporation of the benzene Registry No.— la, 135-88-6; lb, 532-18-3; 2a,
filtrate described above, 3.4 g of amorphous 4b was obtained. a ^ j - , , . „ ;  _ _  ’ ’
This was later shown to contain about 0.3 g of 3b. Crystalline 17704-02-8, 2a, diacetate , 17704-09-5; 2b, 17704-01-7;
material was obtained from the semidine fraction of a large-scale 2b, diacetate, 17704-10-8; 3b, 17704-03-9; 4a, 17704-
run (30 g of lb ).  The semidine fraction (9.7 g ) was chromato- 04-0; 4b, 17704-05-1.
graphed twice, and the center fractions (8.0  g ) were stored in
benzene (15 ml) under nitrogen for 2 months. White crystals (20) This procedure helps to avoid shattering of the tube, which was
(1.17 g ) were removed by filtration and washed with boiling observed on occasion.
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Reactions of Aryldiazonium Fluoroborates with Isopropyl Fluorocarbamate
and with Difluoramine1

K urt Baum
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Received May 31, 1968

The reaction of isopropyl fluorocarbamate with aryldiazonium fluoroborates, in the presence of a mild base, 
gave aryl azides, isopropyl fluoroformate, and diisopropyl N-fluoriminodicarboxylate. Difluoramine and 
benzenediazonium fluoroborate gave o-fluorophenyl azide, p-fluorophenyl azide, and benzene. Difluoramine and
2,4,6-trimethylbenzenediazonium fluoroborate gave 2,4,6-trimethylphenyl azide. The products are rationalized 
on the basis of fluorotriazene intermediates.

Reactions of aryldiazonium ions with nucleophilic natively, Sn2 attack by fluoride on the carbonyl carbon
nitrogen species generally result in direct coupling prod- could give the fluoroformate and the N -F  anion which
ucts, as in the case of amines, 2 or nitrogen displacement would lose fluoride to give the azide (eq 1 ). 
products, as in the case of sodium nitrite. 8 Aromatic
azides are formed from coupling products to nitrogen ArNî HNFC0 2R +  base
compounds with substituents that readily undergo a ?
elimination, such as hydroxylamine,4 arylhydrazines,6 ArN=NNC02R +  base-HBF, (l)
sulfonamides,6 and chloramine.7 I t  was of interest p
to determine the effect of N F  groups on diazonium re- |
actions. Alkyl fluorocarbamates have been shown ArN=NNCOR — >  ArN3 +  FCOR
to be sufficiently acidic to form anions under mild con- ^ ^
ditions;8 so either coupling or nitrogen displacement
might be expected. Difluoramine has not been re- Diisopropyl N-fluoriminodicarboxylate was most 
ported to give a stable anion, but its hydrogen is suf- likely formed from the reaction of isopropyl fluoro-
ficiently labile to undergo electrophilic substitution. 9 formate with isopropyl fluorocarbamate. The acyl-

No reaction took place when isopropyl fluorocar- ation of N-fluorocarbamates with chloroformâtes has 
bamate was added to a suspension of an aryldiazonium been reported8 (eq 2 ). 
fluoroborate in methylene chloride; a mild base was p
required to effect condensation. The addition of po- [
tassium fluoride to isopropyl fluorocarbamate and ROCNHF +  ROCF >  ROCNCOR (2)
benzenediazonium fluoroborate in methyl chloride at O 0  0  0

0-5° gave a 71.5% yield of phenyl azide, an 18% yield
of diisopropyl N-fluoriminodicarboxylate, and iso- Benzenediazonium fluoroborate, which has low solu- 
propyl fluoroformate, which codistilled with the sol- bility in common solvents, including water, was found
vent. The addition of ammonia to the solvent fraction to be very soluble in liquid difluoramine at its boiling
gave a 61% over-all yield of isopropyl carbamate. point ( — 23°). No reaction took place, and the diazo-
Higher reaction temperature^ resulted in increases nium salt was recovered quantitatively when the difluor-
in yields of diisopropyl N-fluoriminodicarboxylate. amine was removed. However, the addition of pyri-
Similarly, o-nitrobenzenediazonium fluoroborate, m- dine or potassium fluoride to remove fluoroboric acid re-
nitrobenzenediazonium fluoroborate, and p-nitroben- suited in the formation of o-fluorophenyl azide, p-fluoro-
zenediazonium fluoroborate were converted into the phenyl azide, and benzene. These azides, as well as
corresponding azides in yields of 79-98%. The use of the meta isomer, were synthesized independently by
pyridine instead of potassium fluoride to remove fluoro- the nitrosation of the corresponding fluorophenylhy-
boric acid gave the same results. drazines and comparison of the fluorine nmr spectra of

The formation of aryl azides by this reaction repre- the three with that of the product showed that only the
sents another example of diazonium coupling to a nitro- latter was absent. Yields in the difluoramine reaction
gen compound with a elimination, the first such example were variable, and considerable amounts of tars were
in which an acyl halide is eliminated. The coupling formed. In several instances two unidentified products
product could lose fluoride and acylium ions or, alter- were formed with 19F signals indicative of N F  com

pounds: a 1 : 1 : 1  triplet at <f>* —32.510 and a broadened
(1) This work was supported by the Office of Naval Research and the singlet at <j>*  26.2.

AS r p ! dGriessaAt n ! ’ U862) ; h . Von Peohmann and L. Frobenius, S o d iu m  f lu o r id e  w a s  n o t  s u f f ic ie n t ly  b a s ic  t o  e f fe c t  th e  
Ber., 28, 170 ( 1895); b . f . Day, t . w . Campbell, and g . m . Coppmger, c o n d e n s a t io n  o f  th e  d ia z o n iu m  s a lt  w ith  d iflu o ra m in e , 
j .  Amer. chem. Soc., 7¡p 4687 ( 1951). a n d  th e  s ta r t in g  m a te r ia l  w a s  re c o v e r e d . C e s iu m  flu o -

(1960). r id e , o n  th e  o th e r  h an d , g a v e  v io le n t  d e c o m p o s it io n  e v e n

(4) j. Mai, Ber., 2 5 , 372 (1892). when methylene chloride was added as a diluent.
(5) T. Curtins, M i ), 26,̂ 1̂263 (1893) ; E. Fischer, a ™., 190, 67 (1878) ; 0_ F lu o r o p h e n y l a z id e  a n d  p - flu o r o p h e n y l a z id e

P. Gness, Ber., 9, 1659 (1876). ^  \  ,
(6) p . k . Dutt, h . r . whitehead, and a. Wormaii, j . Chem. Soc., 1 1 9 , could b e  formed irom  the expected coupling product, 

2088 (1921); A. Key and P. V. Dutt, ibid., 2035 (1928); H. Bretschneider and l-phenyl-3,3-difluOrotriaZene, b y  loSS of fluoride ion to
H. Rager, Monatsh. Chem., 81, 970 (1950). . , i - i -  j  ,* i i

(7) M. o. Forster, j .  chem. Soc., 10 7,26 0  ( 1915). g i v e  a  r e so n a n c e -s ta b iliz ed  c a t io n  h a v in g  c a rb o n iu m
(8) V. Grakauskas, Third International Fluorine Symposium, Munich,

Sept 1965. (*0) F °r definition of <t>*, see G. V. D. Tiers and G. Filipovich, J. Phys.
(9) W. H. Graham and J. P. Freeman, J. Amer. Chem. Soc., 89, 716 (1967). Chem., 63, 761 (1959).
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ion character at the ortho and para positions. The .C-H,
addition of fluoride at these positions would give semi- n \
quinoid intermediates which would give the observed 
fluoro azides by the elimination of HF. The absence of
the meta isomer is consistent with this mechanism (eq J
3)- |

CH 3 c h ,

C6H5N = N N F 2 -------- V C6H5N = N N F + / = (  ./ = ■ <
CH3— ^ > - N = N N F 2 CH3- t< ^ ) = N N = N F

1+ ^ C H 3 CH3

< ^ J ) = N N = N F  -<-► H - j < ^ J ) = N N = N F  jjF_ (4)

J r  _ CH, ^  CH,

H  (3) CH3 $  \ — N 3 Y ) = N N = N F
\ F H ^ = {  C H /\=<

/  \ = N N = N F  V  \ = N N = N F  CH3 c h >

. ^ further by a variety of mechanisms, depending on sub-
I HF _HF stituents.

/  \ _ N r _ A = K i Experimental Section
\ = /  Reaction of Isopropyl Fluorocarbamate with Benzenediazo-

nium Fluoroborate.— Benzenediazonium fluoroborate1,1 (5.73 g,
Diazonium salt reductions generally take place by a 9-030 mol) was added to a solution of 3.63 g (0.030 mol) of 

, . . .  , . ,, n ,, i , . isopropyl fluorocarbamate8 m 30 ml of methylene chloride,
homolytic mechanism,11 and the above difluorotri- The resulting slurry was cooled to 0°, and 6.0 g (0.104 mol) of
azene would be expected to react readily in this manner potassium fluoride was added in small portions over a 10 -min
by loss of the stable12 difluoramino radical. The re- period. After the mixture was stirred an additional 2.5 hr at
suiting diazoaryl or aryl radicals could abstract hydro- 0-5°, it was pressure filtered, and the solids were washed with

gen from dm uoram m etogweben«™  ?
Blocking the oitho and paia positions of the dia- distillation [25° (300 m m )], and the residue was vacuum distilled

zonium salt with methyls should alter the above path to give 2.55 g (0.0214 mol, 71.3% yield) of phenyl azide, bp 49-
in two ways. The diazonium coupling product should 50° (5 mm ),16 and 1.13 g (0.0055 mol, 18% yield) of diisopropyl
lose fluoride more readily because of methyl stabiliza- N-fluonmmodicarbo^late, bp 68 (0.02 mm).

. ... , . TT . , Anal. Calcd for CsH 14N 0 4F: C, 46.38; H , 6.77; N , 6.77;
t ion  o f positive  ch arge  m  the ring. H o m o ly tic  decom - f , 9.19. Found: C, 46.14; H , 6 .92 ;'N , 7.01; F, 9 .2 2 .
position should therefore consume a smaller portion of The 19F  nmr spectrum consisted of a single peak at <j>* 68.7. 
the intermediate. However, addition of fluoride ion to The proton spectrum showed only isopropyl groups (doublet at 
ortho or para positions in the cation cannot lead to  5 1.38 and septet at s 5.10).

fluoro azides without the rupture of a C-C bond; so this d o T 'o  S “in‘

Step should be reversible. column of 5%  Carbowax 4000 on Fluoropak 80 at 60°).
The reaction of 2,4,6-trimethylbenzenediazonium Anal. Calcd for C 4H ,0 2F : C, 45.28; H , 6.60. Found: C,

fluoroborate with difluoramine in the presence of po- 45.39; H , 6.85.
tassium fluoride was found to give an 86% yield of 2,4 6- rr .Til1oT?infrared sPectrum showed carbonyl absorption at 5.5 m- 
, . , , . - i  i /  - u i  the 19F nmr spectrum consisted of an octet (/  =  1.5 cps), with
tnrnethylphenyl azide and a trace of mesitylene. outer members barely detectable over background. Fluorine
The azide could not be distilled without decomposition, spectra of other fluoroformates have been reported in this region.16
but an analytical sample for comparison was prepared The proton spectrum consisted of a doublet (T Hh =  6.3 cps) of
independently from the diazonium salt and sodium doublets (T Hf =  1.5 cps) at s 1.41 for the methyls and a septet
azide. The formation of 2,4,6-trimethylphenvl azide ~  6.3 cps) of doublets (/hf -  1.5 cps) for the C H  An-

1 1  } r  w _ hydrous ammonia was bubbled through the methylene chloride
cou ld  tak e  p lace  b y  loss of fluo ride  from  the t n -  solution for several minutes. The solvent was removed under
azene, fo llo w ed  b y  arom atiza tion  b y  loss o f e lectropos- vacuum to give 1.87 g (0.0182 mol, 61% yield) of isopropyl car-
it iv e  fluorine to  an  a v a ila b le  fluo rination  substrate , bamate, mp 93° .17
i.e., difluoramine. An example of the fluorination of Reaction of Isopropyl Fluorocarbamate with Nitrobenzene- 

. , , , i .ja . , , , diazonium Fluoroborates.— Potassium fluoride (1.2 g, 0.020 mol)an anion by a neutral difluoramino compound has been wag added during a 10_min period with stirring to a mixture of
reported13 (eq 4). 10 ml of methylene chloride, 2.37 g (0.01 mol) of o-nitrobenzene-

T h e  p rodu cts  ob ta in ed  in  the reactions o f d iazon iu m  diazonium fluoroborate, and 1 .2 1  g (0.01 mol) of isopropyl
salts with isopropyl fluorocarbamate and with di- fluorocarbamate at 0°. The flask was allowed to warm to room
fliinrnm ine thus ind icate  that nitrooen counlim r takes temperature, and stirring was continued for 45 min. The
n u o ram m e thus ind icate  tn a t n itrogen  cou p lin g  takes solution was filtered, and the precipitate was washed with 25
place to give unstable fluorotnazenes, which can react

(11) P. A. S. Smith, “ Open-Chain Nitrogen Compounds,”  Vol. I I , W . A. (14) D. T. Flood, “ Organic Syntheses,”  Coll. Vol. II , John W iley & Sons,
Benjamin, Inc., New York, N. Y., 1966; H. Zollinger, “ Azo and Diazo Inc., New York, N. Y ., 1943, p 295.
Chemistry,”  Interscience Publishers, New York, N. Y., 1961. (15) R. O. Lindsay and C. F. H. Allen, “ Organic Syntheses,”  Coll. Vol.

(12) F. A. Johnson and C. B. Colburn, J . Amer. Chem. Soc., 83, 3043 I I I ,  John Wiley & Sons, Inc., New York, N. Y., 1955, p 710.
(1961). (16) K . O. Christi and A. E. Pavlath, J. Org. Chem., 30, 1639 (1965).

(13) R. E. Banks and O. E. Williamson, Chem. Ind. (London), 1834 (1964). (17) J. Thiele and F. Dent, A nn.t 302, 269 (1898).
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ml of methylene chloride. Solvent was removed from the com- ml of methylene chloride was then added. Excess difluoramine
bined methylene chloride solutions under vacuum. The residue, was vented off, and the remaining solution was filtered. The
an oil, was crystallized from pentane to give 1.61 g (98% yield) filtrate was kept at ambient temperature while the solvent was
of o-nitrophenyl azide, mp 51-52° (lit .18 mp 53°). removed by distillation into a —80° receiver as the pressure

The identical procedure with m-nitrobenzenediazonium fluoro- was gradually reduced to 100 mm. The pressure was then lowered 
borate gave 1.40 g (85% yield) of »i-nitrophenyl azide, mp 51-53° to 0.01 mm to yield 0.1 g of distillate. The 19F  nmr spectrum
(lit.19 mp 55°). Similarly, p-nitrobenzenediazonium fluoroborate showed p-fluorophenyl azide (</> 118 ppm ) and o-fluorophenyl
gave 1.3 g (79% yield) of p-nitrophenyl azide, mp 6 8 ° (lit .20 azide (</>* 127 ppm) in a ratio of 62:102.
mp 70°). The three azides gave satisfactory elemental analyses. In two of six similar experiments, two additional 19F  signals

The above reactions were also conducted with pyridine rather were observed, a 1:1:1 triplet (J  =  46 cps) at <t>* —32.5 and a
than potassium fluoride as the base. Thus, 2.37 g (0.03 mol) of broadened singlet at <fi* —26.2. Benzene was also formed in
pyridine was added, dropwise with stirring at 0 -5°, to a stirred variable amounts.
mixture of 3.63 g (0.03 mol) of isopropyl fluorocarbamate, The use of potassium fluoride instead of pyridine gave similar
5.73 g (0.0242 mol) of p-nitrobenzenediazonium fluoroborate, and results. Sodium fluoride, however, did not effect condensation,
30 ml of methylene chloride. The mixture was kept at 0 -5°, and the benzenediazonium fluoroborate was recovered quantita-
with stirring, for 30 min. A  precipitate, identified as pyridine tively. The use of cesium fluoride resulted in an explosion when
fluoroborate by its infrared spectrum, was filtered off and washed no diluent was used and a fume-off when methylene chloride
with methylene chloride. Solvent was removed from the com- was added.
bined solutions to yield 4.6 g of crude p-nitrophenyl azide, mp Reaction of 2,4,6-Trimethylbenzenediazonium Fluoroborate
55-60°. Recrystallization from methylene chloride and pentane with Difluoramine.— To a solution of 2.34 g (0.01 mol) of 2,4,6-
gave 2.5 g (63% yield) of product, mp 70°. trimethylbenzenediazonium fluoroborate22 in 3 ml of refluxing

Starting with o-nitrobenzenediazonium fluoroborate, the same difluoramine, 2.0 g (0.034 mol) of potassium fluoride was intro-
procedure gave 4.8 g of crude product, mp 25-40°. Recrystal- duced by means of an addition tube. The mixture was stirred
lization as above gave 2.2 g (55% yield) of o-nitrophenyl azide, under reflux for 1.5 hr, and 5 ml of methylene chloride was added,
mp 52-53°. Unreacted difluoramine was vented and the solution was filtered.

Fluorophenyl Azides.— Sodium nitrite (0.43 g, 0.0062 mol) was The precipitate was washed with 50 ml of methylene chloride, 
added dropwise to a stirred suspension of 1 .0  g (0.0062 mol) of and the combined solutions were stripped of solvent in a rotary
p-fluorophenylhydrazine hydrochloride in 5 ml of water while evaporator. The residue consisted of 1.4 g of oil, the infrared
the reaction temperature was held at 0 -5°. The mixture was spectrum of which indicated that it was 2,4,6-trimethylphenyl
kept at this temperature for 15 min, and the product was ex- azide (8 6%  yield) containing a trace of mesitylene. Attempted
tracted with 3 ml of carbon tetrachloride. The solution was vacuum distillation of the material resulted in decomposition,
dried over sodium sulfate and was filtered. The 19F  nmr spectrum A  sample of 2,4,6-trimethylphenyl azide for comparison was
showed a “ quintet”  at 0* 118.1. prepared by adding a solution of 0.28 g (0.0043 mol) of sodium

The same procedure was used to prepare solutions of o-fluoro- azide in 5 ml of water to a solution of 1.0 g (0.0043 mol) of 2,4,6-
phenyl azide and »»-fluorophenyl azide in carbon tetrachloride, trimethylbenzenediazonium fluoroborate in 20 ml of water at 5°.
employing the corresponding fluorophenylhydrazine hydro- An oil separated; after 15 min it was extracted with 10 ml of
chlorides as starting materials. The 19F  signal of o-fluorophenyl methylene chloride. The solution was dried over sodium sulfate,
azide was an almost symmetrical multiplet at <t>* 127.5. That and the solvent was removed under vacuum,
of m-fluorophenyl azide exhibited a general quartet profile Anal. Calcd for C 9H u N 3: C, 67.1; 11,6.83; N , 26.1. Found: 
with additional splitting of the inner members; its position was C , 67.27; H , 6.74; N , 25.41.
0 * 112.0. The infrared spectra showed strong azide bands at The infrared spectrum contained peaks at n 3.40 (w ), 4.72 (s),
4 .7  6.2 (w ), 6.8  (m ), 7.6 (m ), 7.8 (m ), 9.1 (w ), and 11.7 (m ).

Reaction of Benzenediazonium Fluoroborate with Difluoramine.
— Difluoramine was generated as described previously. 21 Explo- Registry No.— Isopropyl fluorocarbamate, 17603- 
sion shields and remote handling devices are required, and air 82-6; difluoramine, 10405-27-3; diisopropyl N-fluor- 
m u s t  be excluded from the system. . . .  iminodicarboxylate, 17603-84-8; isopropyl fluorofor-
toS l e 0? ! : » 0“  ^  461-71-2; 2,4,6-trimethylphenyl aside, 14213-
borate and 4.5 g of difluoramine at —40°. The reaction tern- 00-4. 
perature was allowed to rise to — 10 ° over a 1 -hr period, and 10
---------------  Acknowledgment.— The author is indebted to Mr.

f f i  l  S S S A o S S t f U »  »>.« 0 8» » .  L. A. Maucieri for nmr analysis and to Mr. K. Inouye
(20) h. Rupe and k . v. Majewski, ibid., 3s, 3408 (1900). for elemental analysis.
(21) V. Grakauskas, Abstracts, 140th National Meeting of the American

Chemical Society, Chicago, 111., 1961, p 23M; K . Baum, J. Org. Chem., 32, (22) F. Brown, J. M . A. deBruyne, and P. Gross, J. Amer. Chem. Soc., 56,
3648 (1967). 129 ! (1934).
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The Addition of N,N-Dichlorosulfonamides to Unsaturates
F r a n c i s  A. D a n i h e r 1 a n d  P e t e r  E. B u t l e r 2 

Central Basic Research Laboratory, Esso Research and Engineering Company, Linden, New Jersey 07036

Received February 8, 1968

The addition of N,N-dichlorosulfonamides to olefins and conjugated dienes has been examined. The reaction 
of these reagents with propylene and styrene gives high yields of N-chloro-N-(,8-chloroalkyl)sulfonamides which 
have predominantly anti-Markovnikov orientation. The reaction with isobutylene takes a different path to 
give 3-chloro-2-methyl-l-propene as the major product. Addition to 1,3-butadiene and chloroprene proceeds 
rapidly and exothermically to give high yields of 1,4 adducts. Reduction of the N-chloro adducts with sodium 
sulfite solution affords good yields of the corresponding sulfonamide derivatives.

In a study of the efficiency of N-chloramide deriva- The reactions were spontaneous and quite exother- 
tives as chlorinating agents, Ziegler3 noted that N ,N - mic when conjugated dienes were used. After ar_
dichloro-p-toluenesulfonamide rapidly lost about 50% equimolar amount of diene had been introduced the
of its active chlorine when treated with cyclohexene. exotherm abated. The reaction mixture was then
The major product was not 3-chlorocyclohexene but an warmed slowly to room temperature; the solvent was
oil which was not further characterized. The major removed at aspirator pressure. The crude products
component of the oil was probably a 1:1 adduct since were analyzed for isomer content by nmr spectroscopy.
Thielacker4 has reported that the addition of N ,N - The reaction with olefins was rapid, but not so exo-
dichlorobenzenesulfonamide (Dichloramine B) to cy- thermic as the diene reactions. Again the crude prod-
clohexene gives an 80% yield of addition product. ucts were analyzed for isomer content by nmr spectros-

x __/ \__so,NCI, +  | |  __* An examination of the nmr spectra of the N -C l ad-
\ —V " 2 __  duct and its corresponding reduction product clearly

■y—J  \__so N (  \  indicates the mode of addition to the unsaturate (Table
\ —/  21 \___/ I). The chemical shift of the hydrogens on the carbon

Cl ^  a  to the sulfonamide group are very sensitive to changes
X=p-CH3,H. in chemical environment. Upon reduction of the N-

chloro function upfield shifts of approximately 0.3
Russian workers have examined the reaction of

Dichloramine B with alcohols,6,6 carboxylic acids,7 and >CH—NCI-----*■ >CH—NH-
phenols8 as a method of generating hypohahte deriva- are observed for ^  meth lenfi h y d r o g e n s 9 o ad_
tives zn situ. The reaction of these hypohahtes with jacent to the nitrogen. In Edition , an increase in
olefins or dienes produced chloro ether or ester denva- multiplicity of this group is observed due to coupling

,. , , T , T ,. , ,  ., ... with the sulfonamide proton. This -C H — N H - cou-
The reaction of N  N-dichlorosulfonamides with H be removed b treatment of the sample m

s t y r e n e ,  p r o p y le n e ,  i s o b u t y le n e ,  ^ - b u t a d i e n e ,  a n d  ^  w i t h  d e u t e r iu m  o x id e ;  t h e r e b y  e x c h a n g in g  t h e
chloroprene has been examined. With the exception „ ■.___r™ ... f °. . A , , , , ,  . .. . ,, . . , amide proton. Ihe position of the hydrogens on the
of isobutylene where chlorination is the principal re- u , ,, , , , ' , . „,. , . u  i  i 1 i j  x , , .  , m, carbon a to the chloro group does not change sigmfi-
action, good yields of 1:1 adducts are obtained. Ihe xi u-fx- c u  if r A M  , A
u v  • t xu w m  j '  u  if •, i , cantly, shifting upfield anywhere from 0.01 to 0.20 ppm behavior of the N, N-dichlorosulfonamides closely , x- , ,

„  , ,, x- -x r xi. i at at j- i-i depending upon the particular compound.parallels the reactivity of the analogous IN,N-dichloro- __. A i a m, , . ,.... . ,F , , .., , r, j  • , , ,r  , Addition to Olefins.— The drop wise addition of sty-carbamates with olefins and coniugated dienes.9 . , rAT at T- i i i , JJ & rene to a chilled solution of N,N-dichlorobenzenesulfon-
p . amide in methylene chloride proceeded spontaneously

esu S and exothermically to give the adduct I I  in nearly
Generally, the reactions were performed by the drop- quantitative yield. In the nmr spectrum of I I  the

wise addition of the N,N-dichlorosulf on amide in CsIfiSCbNCb +  C6H5CH=CH  >■
methylene chloride solution to a cooled solution of un- " „ „ „  „  r,rr „
saturate in the same solvent. With gaseous unsat- 6 s 2 ^  2 ' 6 5
urates it was convenient to distil the reactant with
nitrogen dilution into a cooled solution of the N,N-di- protons of the methylene group are nonequivalent
chlorosulfonamide. and appear as an A B X  pattern due to further coupling

with the low field methine proton.
(X) xAddress inquiries to this author at Corn Products Co., Argo. 111. T r n o fr v m u f r\f TT «r i+U  ~(2) Analytical Research Division. treatment of I I  with aqueous sodium sulfite gave
(3) K . Ziegler, A. Spath, E. Schaat, W. Schumann, and E. Winkelmann, the reduction product I I I .  Because of magnetic 

Ann., 551, 80 (1942).
(4) W. Thielacker and H. Wessel, ibid., 703, 34 (1967). II +  Na2S03--->  C6H5S02NHCH2CH(C1)C6H5
(5) B. A. Arbuzov and V. M . Zoroastrova, Compt. Rend. Acad. Sei. USSR, X II

53, 225 (1946).
(6> m . v. Likhosherstov and t . v. shaiaeva, j . Gen. Chem. ussR, s, 370 symmetry the protons of the methylene group in I I I
(7 ) ^m . v. Likhosherstov and a . a . Petrov, M d., 9 , 2000 ( 1938). a r e  e(fuivalent and now appear as a triplet due to
(8) M . V. Likhosherstov and R. A. Arkhangel’skaya, ibid., 7, 1914 (1937). a p p r o x im a t e l y  eC[U.al C o u p lin g  w i t h  b o t h  t h e  m e t h in e
O ) (a) t . a . Fogiia and d . Swem, j . Org. chem., 3 i, 3625 (1966); 33,766 proton and the N H  proton. This signal changes to a

(1968). (b) K . Schräge, Tetrahedron Lett., 5975 (1966); Tetrahedron, 3033, ii* ■ i , . ,
3039 (1967). (c) F. A. Daniher and P. E. Butler, J. Org. Chem., 33, 2637 d o u b l e t  a l t e r  e x c h a n g e  OI t h e  S u l fo n a m id e  p r o t o n  W it h

(1968). deuterium oxide. The spectral data are consistent
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T able I
N mr Parameters of N ,N-D ichlorosulfonamide-U nsaturate A dducts“

Propylene6

'----------------- N-Chloro amides'----------------- - ,------------------Reduced N-chloro amides"------------------,
R  RSOr-NCl CH2 CH(C1) CHs RSOj N H  CH2 CH(C1) CHj

C6H 5 7.72 m1* 3.47 d 4.26 h 1.60d / ch3- ch =  6.5 7.55m  5.54 t 3 .17m c 4.05 h 1 .4 4 d / chj- ch =  6 .5
8 ■ 00 m / 0Hs_ ch =  6.7 7.92m

P-C1C6H 5 7.57 m ' 3.46 d 4.22 h 1.60d / ch3- ch =  6.5 7.49m  5 .3 8 1 3.17m  4.08 h 1.47d / Ch3- ch =  6.5
7.90 m / ch3-  ch =  6 .7

(C H 3)2N  3.03 s 3.48 dd 4.25 h 1.58s / ch3--ch =  6.5 2.81s 5.28 1 3 .28m  4.16 m 1.53d / ch» - ch =  6 5
3.61 dd / ax  =  6.0

/ bx =  6.5 
J Bem =  14.0

Styrene

RSO2 N -C H 2CI CH(C1) CeHs RSO2 N  CH 2 CH(C1) C«HS

C6H 5 7.58 md 3 .6 6  dd 5 .1 5 t  7.39m  /„;„ =  7.0 7.49m  5 .6 7 1 3 .47t 4.92 t 7 .27m  J „ c =  7 0
7.89 m 3.93 dd J gem =  14.0 7.90m  / NH_ CH =  6.4

(C H 3)2N  2 .7 9 s 3.90 d 5 .1 6 t 7.37m  / „ «  =  7.1 2.74s 4 .9 8 b  3.54t 5.98 t 7 .41m  /„,-„ =  7.0
Butadiene

R-SO 2N C I CH j C H = C H  CH2CI R  SO2N H  CH2 C H = C H  CH2CI

C H 3 3 .12s 4 .1 3 m  5 .98m  4.12m  3.01s 5 .3 2 t 3.80m  5 .94m  4.11m  / nh- h =  6.0
C 6H 6 7.66 m d 4 .01m  5.83 m 3.90m  7.63m  5.60 b 3.60m  5.70 m 3.90m

7.95 m 7.92m
p-C lC 6H 6 7.58 de 3.93 m 5.86 m 4 .03m  7.54m  5.10 b 3.63m  5.73 m 3.96m

7.93 d 7.87m
Chloroprene

R-SO 2NCI CH 2 C (C 1 )=C H  CH 2CI R  SO2N H  CH2 C (C 1 )=C H  CH 2CI

C H 3 3 .1 6 s 4 .2 3 s 6 .1 9 t 4 .27d  /„,■„ =  7.5 3.02s 5.29 b 4 .02d 6 .1 7 t 4 .24d  J vic =  7.5

/ nh- h =  6.2
C 6H 6 7.80 m 4 .01s 6.05 t 4 .16d J vie =  7.3 7.75m  5.70 1 3.84 d 5.94 1 4 .00d  J vic =  7.5

7.87 m / nh- h =  6.5
p-CICeHs 7.62 de 4.08 s 6 .1 0 t 4 .22d /„,■„ =  7.3 7.53m  5.62 t 3 .88d 5.96 t 4 .05d  /„,-„ =  7.5

7.87 m / nh- h =  6.5
(C H 3)2N  3 .0 6 s 4 .2 2 s 6 .1 8 t 4 .28d /„•„ =  7.0 3.03s 5 .3 2 b  3 .96d 6 .1 8 t 4 .20d  J vic =  7.5

/ nh- h =  6.5
“ Notation: s =  singlet, d =  doublet, t =  triplet, q =  quartet, h =  heptet, b =  broad, m =  multiplet. Chemical shifts are in 

parts per million from T M S ; coupling constants, hertz. 6 The corresponding Markovnikov adducts of propylene were identified by the 
characteristic methyl doublets [C H 3CH (N C 1R )] at 1.22 (R  =  p -C lC 6H 4), 1.12 (R  =  C 6H 5), and 1.37 [R  =  (C H 3)2N ] ppm. c On D 20  
treatment the N H  proton is replaced and the N H -C H  coupling is removed. This simplified the methylene-methine region to an A B X  
system with / =  7.3, 5.3 Hz and / iem =  13.8 Hz. d The ortho protons appear at lowest field. * These protons appear as a typical 
p-disubstituted benzene pattern (A A 'B B ')-  '  Respective registry numbers: 17396-55-3; 17448-28-1; 17396-56-4; 17414-51-6; 17396- 
57-5; 17396-58-6; 17396-59-7; 17396-60-0; 17396-61-1; 17396-62-2; 17396-63-3; 17396-64-4. " Respective registry number: 17396-65-5' 
17396-66-6; 17396-67-7; 17396-68-8; 17396-69-9; 17396-70-2; 17396-71-3; 17396-72-4; 17396-73-5; 17396-74-6; 17396-75-7; 17414-52-7.

only with the anti-Markovnikov orientation for the room temperature, and all attempts to obtain a pure 
adduct. sample of one of the isomers were unsuccessful.

The reaction of N , N-dichloro-N ', N  '-d imethyIsu If- In the nmr spectra of IVa and IVb the methylene 
amide10 with styrene gave a quantitative yield of groups appear as doublets, while an A B X  pattern is ob-
crystalline adduct. Examination of the nmr spectra served for the same group in IVc. Upon reduction the
of both the N-chloro adduct and its reduction product methylene group of IVa changes to a complex multiplet
indicated that anti-Markovnikov addition had occurred. which simplifies to an A B X  pattern when the sulfon-

The reaction of propylene with the N,N-dichloro- amide proton is exchanged with deuterium oxide,
amide derivatives of benzenesulfonamide, p-chloro- When the addition to isobutylene was examined, the 
benzenesulfonamide, or N,N-dimethylsulfamide af- reaction took a completely different course. The ma-
forded a mixture of anti-Markovnikov (IV ) and Mark- jor product did not arise from addition but from chlo-
ovnikov (V ) adducts. With these reagents, the anti- rination. The chlorinated product was identified as
Markovnikov adducts predominated in a ratio of 3-ehloro-2-methyl-l-propene (V I) by comparison of its
about 85:15. ir spectrum and vpc behavior with those of an authen-

^„ .T_„ , „T, „ „  tic sample. This product was accompanied by the for-
XLDO21A1OI2 " r  (^.0 .3 0 x1  Vj it 2 ^   ̂ * 1 4 . 2 r  1 11? *a

R S O ,N (C i)C H ,C H (C l)C H , +  R S O ,N (C l)C H (C H ,)C H ,C l r a a t K ” 1  o f “  « U ' ™ ! « “  bem enesu lfcm am ide.
IV a -e  V a-c  (H 3C )2C = C H 2 +  C 6H 5S0 2NC12 — >-

R  =  (a ) C 6H 5; (b ) p -C l-C 6H 4; (c) (C H 3)2N  C1CH2C (C H 3) = C H 2 +  C 6H 6S0 2N H 2 +
V I

Pure samples of the anti-Markovnikov adducts IVa C 6H 6S0 2N H C (C H 3)2C H 2C1
and IVb were obtained by fractional crystallization. V II

The dimethylsulfamide derivative existed as an oil at FurtheI. a small amount of another material was

, , , also isolated and has been assigned the structure
(10) V. M . Cherkasov, T . A. Dashevskaya, and L. X. Baranova, Ukr, . . , , , . ,

Khim. Zh„ 32, 861 (1966); chem. Abstr., 66, 2155 ( 1967). of N-(2-methyl-3-chloropropyl-2)benzenesulfonamide
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(V II). The assignment is based upon elemental analy- and the methylene doublet reverts to a singlet, while
sis, the failure of V I I  to give a positive potassium the multiplicity of the other signals remains un
iodide-starch test, and spectral data. In the nmr changed. These data are consistent only with a 1,4 
spectrum of V II, the signals for the gem-dimethyl and adduct, 
methylene groups occur as sharp singlets at 1.25 and
3.60 ppm, respectively. The N -H  proton appears as a Discussion
broad singlet at 5.61 while the aromatic hydrogens With simple olefins such as propylene and styrene, 
occur as a pair of multiplets centered near 7.61 an addition of N,N-dichlorosulfonamides is predom-
8.00 ppm. inantly anti-Markovnikov and consistent with a radical

Addition to Conjugated Dienes. In this phase of the mechanism. The complete selectivity for anti-Mark-
study, butadiene and chloroprene were chosen as t e ovnikov addition observed with styrene reflects the
conjugated diolefins for examination. In addition o enhanced stability of the benzyl radical. The propyl- 
the N,N-dichlorosulf onamide derivatives employed m ene adductK are predominantly anti-Markovnikov.
the propylene case, a simple aliphatic sul onamide, The presence of some Markovnikov adduct may re-
N,N-dichloromethylsulfonamide, was also examined. flect fact that the difference in stability of the two

In all of these cases the addition reactions proceeded possible radicals is not so great that one is formed to
spontaneously and exothermically to afford high yields the virtua] exclusion of the other. Conversely it is
of the corresponding 1:1 adducts (V I ). e Pre' possible that the Markovnikov adducts are being
dominant mode of addition m each case was , wi a formed v{a a competing ionic mechanism.11
selectivity of >95%. The high selectivity for 1,4 The propensity for isobutylene to undergo chlorina- 
CH2=C(R')CH=CH2 +  RS02NC12 — >  tion instead of addition with positive halogen com-

RS02N(C1)CH2C(R')=CHCH2C1 pounds is well documented. Treatment of isobutylene
VIII with phenyl hypochlorite has been reported to yield8 a

R' = H, Cl large amount of chlorination product and a small per-
addition is unusual since the addition of N,N-dichloro- centage of adduct, 
carbamates to butadiene afforded significant amounts
(15%) of 12 adducts.9c (CH3)2C=CH2 +  C6H60C1 — >  VI +  C6H50C(CH3)2CH2C:

The addition of N,N-dichlorobenzenesulfonamide to , . , , , .,, , , , , , .. , , •,' ,,.„n j „ i. t t , lhe reaction of isobutylene with elemental chlorinebutadiene proceeded equally well in the dark. Mow- . ■ n A  c  n r ui •
ever, when the reaction was performed in the dark Jas been shown to give an 87% yield of a hylic chlorina-
under an oxygen atmosphere, the adduct formation tion product (V I) and a 13% yield of addition product.1̂

s inhibited 1 he formation of V II may arise by the interception
W The reduction of V I I I  with sodium sulfite solution of ,th,e chloronium ion (X ) by benzenesulfonamide13
proceeded smoothly to give the reduced sulfonamides and then subsequent proton loss as shown m Scheme I.

(IX ) in high yields.
VIII +  Na2S03 — RS02NHCH2CH=CHCH2C1 Scheme I

IX Reaction of Isobutylene with
„ , ,, , N,N-Dichlorobenzenesulfonamide

The structure of each of the adducts was established
by nmr spectroscopy. The butadiene products (IX , C6H6S02NC12 +  (CH3)2C=CH2 — >-
R ' =  H) are characterized by their nmr spectra which ,C1
display proton signals (2 H apiece) for the methylene (CH3)2C- ■̂ ■■■■'ch2 -(- C6H6S02N“C1
groups adjacent to chlorine and nitrogen (~4 .0  ppm), x
respectively, and by the two-proton multiplet for the __  VI +  H +
nearly equivalent olefin protons (~5.9 ppm). On re- > +
duction, the resonance position of the methylene group C6H6S02NHC1 C6H6S02NC12 +  C6HsS02NH2
next to nitrogen moves upfield approximately 0.35 X +  C6H5S02NH2— *-VII +  H +
ppm and becomes more complicated owing to coupling
with the amide proton. This coupling as well as the .
N H  signal may be removed by treating the sample da ,̂a untamed, however, do not rule out the
with deuterium oxide possibility of the formation of V II  by reaction of X

In the nmr spectra of the chloroprene adducts (V III, with the N-chlorobenzenesulfonamide anion to give
R ' =  Cl), the signal for the methylene group next to . „  ,, ,

y  i -  l i ' J *  i p ( 1 1 ) The reaction of propylene with N,N-aichlorobenzenesulfonaraide has
nitrogen is 81 Dron'd, singlet indicating the nbsence OX &n been examined both in the dark and in the dark under an oxygen atmosphere,
adjacent olefinic proton. The olefinic proton of the T ^e nmr spectra of the crude reaction mixture in both cases are identical and
resultant internal olefin is a triplet near 6.10 ppm and are significantly different from the spectrum of the crude product obtained
ico u iu a u u  aaauv/j. ^  trtr in this study. In both of these cases the ratio of the C -C H 3 groups foranti-
is COUpled to the adjacent methylene group which Markovnikov (1.60 ppm) and Markovnikov addition products (1.09 ppm) is
appears as a doublet at about 4.2 ppm. These assign- about 1:1; in addition, the presence of other C-CHa groups is also noted.

, r* i • • i i  i p The structure of these other materials has not as yet been firmly established.
mentS are confirmed hy examining the nmr spectra OI j n any event it  is apparent that the course of the reaction changes drastically
the reduction products (IX , R ; =  Cl). The position when performed under nonradical conditions.

of the methylene group adjacent to nitrogen moves The l0" 0 addi*ion of N,N-dichlorobenzenesulfonamide to olefins will be
upfield approximately 0.2 ppm and now appears as a (12) m . l . Poutsma, j .  Amer. chem. soc., 8 7 , 2172 (i965).
doublet due to coupling with the amide proton. The ( I 3) The disproportionation two molecules of N-chlorobenzenesulfon-

• j  . TTr^^n + r*cvo + rv>/ntn + amide into N,N-dichlorob.enzenesulfonamide and benzenesulfonamide hasamide proton appears as a triplet. Upon treatment been di8cussed by T Higuchi K Ikeda and A Hussaint ,7. C7iem. Soĉ  B
with deuterium oxide this latter signal disappears, 546, 549 (1967).
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X I  and subsequent reaction of X I  with isobutylene to C9H nCl2N 0 2S: C , 40.32; H , 4.13; N , 5.22; S, 11.96. Found: 
give V I I  and V I I I .14 C, 40.00; H , 4.40; N , 5.45; S, 12.47. p-C lC 3H 4S02N (C l)-

C H 2CH (C1 )CH 3 (carbon tetrachloride), 54%, mp 90-92°. 
X  +  C 6H 5S 0 2- N C 1 — C 0H 5SO2N (C l )C (C H 3)2C H 2Cl Anal. Calcd for C9H ]0Cl3N O 2S: C, 35.72; H , 3.33; N , 4.63;

S, 10.60. Found: C, 35.66; H , 3.47; N , 4.78; S, 10.87. 
X I  +  (C H 3)2C = C H 2 — >  V I  and V II  The N,N-dimethylsulfamide adduct, (C H 3)2N S 0 2N (C I )C H 2CH -

. (C1)CH3, existed as an oil at room temperature. Anal. Calcd
I  he d a ta  ob ta in ed  fo r  the  ad d itio n  o f N ,N -d ic h lo r o -  for C6H 12C12N 20 2S: C, 25.53; H , 5.14; N , 1 1 .9 1 ; S, 13.64.

su lfonam ides to  co n ju ga ted  d ienes ind icate  th a t  the Found: C, 25.53; H , 5.30; N , 11.91; S, 13.59.
reaction  is occu rring  b y  a rad ic a l chain  m echanism . , Styrene (0.1 mol) was added dropwise to a stirred solution of

The preference for 1,4 over 1,2 addition has been ob- “ 10° J“1 ^ e t h y le n e  chlo-
j  . r at at v  i i  i n ride cooled to 0 m an ice-water bath. After addition was com-

served in the reaction of JN,lN-dlchlorocarbamates, 0 plete the solution was warmed to room temperature, and then 
protonated N-chlorodialkylamines,16 and chlorine16 the solvent was evaporated at aspirator pressure at ambient 
with conjugated dienes. In all of these cases a radical temperature. Recrystallization gave the following adducts:
chain mechanism has been proposed for the addition C 6H 5S02N (Cl)C H 2C II (COCsih , 91%, mp 69-70°. Anal.

.■ ii ,, , c % ,. , , . Calcd for C i4H i3C12N 0 2S: C, 50.92; H , 3.97; N , 4.24; S,
reaction . F u rth e r  su p p o rt fo r  the rad ic a l m echan ism  9 .7 1 . Found: C, 50.62; H , 4.07; N , 4.12; S, 9.80. (C H ,),’
is the inh ib ition  o f the reaction  b y  oxygen . N S 0 2N (C1 )CH 2CH (C1)C6H 6, 88% , mp 63-65°. Anal. Calcd

S ince rad ic a l in itiations a re  n o t req u ired  fo r  the for Ci0H 14Cl2N 2O2S: C , 40.40; H , 4.75; N , 9.42; S, 10.79.
ad d itio n  to  occur, th e  gen era tion  o f the rad ica ls  m a y  b e  Found: C, 40.46; H , 4.99; N ,  9.52; S, 10.82.

*  *  T 688 initia‘tion. I  h e  reaction exhibits all of the character- (o.i mol) in 100 ml of methylene chloride cooled to —15°.
istics which have been observed in other “ spontane- During addition benzenesulfonamide crystallized out of solution, 
ously” initiated reactions, i.e ., lack of initiators, mild After addition was complete the reaction mixture was warmed to
reaction conditions, and spontaneous reaction. ro° m temperature and then filtered to give 4.5 g of benzene-

sulfonamide, mp 149-151 . The filtrate was evaporated at re
duced pressure, and the volatiles were collected in a D ry  Ice - 

E xp erim en ta l S ection  acetone trap. The residue was triturated with carbon tetra-
^  chloride to give 4.2 g of crude benzenesulfonamide, mp 140-148°.

Nuclear magnetic resonance spectra were run on a Varian The volatiles were distilled at atmospheric pressure to give, 
A-60 spectrometer as ca. 50% solutions in deuteriochloroform ln addition to methylene chloride, 3.6 g of 3-chloro-2-methyl-l-
with tetramethylsilane as an internal standard unless otherwise propene, bp 67-70°, n 2So  1.4245. This material was identified
noted. by comparison of its glpc retention time and ir spectrum with

Infrared spectra were recorded on a Beckman Model IR-10 those of an authentic sample, 
infrared speetrophotomer. The carbon tetrachloride solution was concentrated to a small

Melting points were obtained using a Mel-Temp melting point volume and then taken to the cloud point with pentane. The
apparatus and are uncorrected. crude solid which crystallized was recrystallized from carbon

Unsaturates.— The propylene used was Research Grade tetrachloride-cyclohexane to give 3.0 g, 10%, of N-(2-methyl-3-
obtained from the Phillips Petroleum Co. The isobutylene and chloropropyl-2)benzenesulfonamide, mp 68-69°. Anal. Calcd
butadiene were C P  grade (99% ) obtained from the Matheson f ° r C h>Hi4C1N02S: C, 48.47; H , 5.69; N ,  5.68. Found: C,
Co. The styrene was obtained from Matheson Coleman and 48.94; H , 5.89; N , 5.51.
Bell and was distilled prior to use. The chloroprerie was obtained Butadiene (0.1 mol) was condensed into a Pyrex pressure tube
as a 50% solution in xylene from the E . I. du Poiit de Nemours fitted with a Teflon needle valve. The tube was then connected
and Co., Inc., Elastomer Chemicals Department, Wilmington, by way of a T-joint to a nitrogen source. The butadiene con-
Del. It was separated from the xylene by fractional distillation tainer was opened and distilled with nitrogen dilution into a
and then used immediately. stirred solution of N,N-dichlorosulfonamide (0.1 mol) in 100 ml

N,N-Dichlorosulfonamides.— N,N-Diehlorobenzenesulfona- of methylene chloride cooled to -1 0 ° .  The addition rate was
mide was obtained from Matheson Coleman and Bell. Before such that the internal temperature remained between 0 and 5°.
each run the appropriate amount of reagent was dissolved in After addition was complete the solution was warmed to room
methylene chloride and filtered through a bed of Filter A id to temperature, and the solvent was removed at aspirator pressure
remove dirt and other suspended particles. The clear filtrate *1 ambient temperature. The adducts were generally recrystal-
was then used without further purification. The N,N-diehloro- lized from carbon tetrachloride, chloroform, or a benzene-
amide derivatives of methyl-18 and p-chlorobenzenesulfonamide19 pentane mixture. The following adducts were prepared: Cells-
and N,N-dimethylsulfamide10 were prepared according to litera- S 0 2N (C 1 )C H 2C H = C H C H 2C1, 77%, mp 53-55°. Anal. Calcd
ture procedures. for C 10H „C l2N O 2S: C, 42.87; H , 3.96; N , 5.00; S, 11.44.

General Procedure for the Addition of N,N-Dichlorosulfon- Found: C, 43.01; H , 3.92; N , 5.13; S, 11.47. p -C lC 9H 4S0 2N -
amides to Unsaturates. Propylene.— Propylene (0.3 mol) was (C1)CH 2C H = C H C H 2C1, 85%, mp 126-127 . Anal. Calcd
condensed at —78° into a Pyrex pressure tube fitted with a I ° r C ioH ioC13N 0 2S: C , 38.17; H , 3.20; N , 4.45; S, 10.20.
Teflon needle valve containing a solution of 0.1 mol of N ,N -  Found: C , 38.16; H , 3.26; N ,  4.61; S, 10.18. C H 3S0 2N -
dichlorosulfonamide in 100 ml of methylene chloride. The (C1)CH2C H = C H C H 2C1, 85%, mp 48-51 . Anal. Calcd for
needle valve was closed and the tube warmed to 0° and main- C 5H 9C 12N 02S: C, 27.53; H , 4.16; N , 6.42; S, 14.70. Found:
tained at that temperature for 3 hr. The excess propylene was C> 27.74; H , 4.05; N , 6.46; S, 14.73.
vented, and the solvent was removed at aspirator pressure at Chloroprene. A  solution of N,N-dichlorosulfonamide (0.1
ambient temperature. The residue was then examined for isomer mol) in 75 ml of methylene chloride was added dropwise to a
content by nmr spectroscopy. Recrystallization afforded the stirred solution of freshly distilled chloroprene (0.1 mol) in 25
following anti-Markovnikov adducts: C 6H 6S0 2N (C 1 )C H 2C H - ml of methylene chloride cooled to - 1 0 ° .  After addition was
(C1)CH3 (cyclohexane), 53%, mp 69-70°. Anal. Calcd for complete the reaction was processed as above to isolate the addi

tion products. The following adducts were prepared: C 6H 5S 0 2N -  
-------------------- (C1)CH 2C(C1)==CHCH 2C1, 82%, mp 49-50°. Anal. Calcd

(14) W. Thielacker, Angew. Chem., 79, 63 (1967). for CioHioCl3N 0 2S: C, 38.17; H , 3.20; N , 4.45; S, 10.20.
(15) R. S. Neale and R. L. Hinman, J. Amer. Chem. Soc., 85, 2666 (1963). Found: C , 38.46; 11,3.43; N , 5.28; S, 10.61. -("iCrI i4S( )¿N-
(16) M. L. Poutsma, J. Org. Chem., 31, 4167 (1965), and references cited (C1)CH 2C (C 1 )= € H C H 2C1, 85%, mp 87-88°. Anal. Calcd

therein. for C i0H 9C14N O 2S: C , 34.40; H , 2.60; N , 4.01; S, 9.18.
(17) C. Walling, L. Heaton, and D. D. Tanner, J. Amer. Chem. Soc., 87, F ou n d : C , 34.89; H , 2.56; N , 4.09; S, 9.17. C H 3S 0 2N -

1715 (1965). There is a strong possibility that the addition to styrene also (C1)CH 2C (C 1 )= C H C H 2C1, 89%, m p 72-73°. Anal. Calcd for
proceeds via a “ spontaneous initiation process although this has still to be '  '  '  '  _  OQ Vr w  k k w . a  t o  vn
demonstrated experimentally OslisOIsJN U 2b . 0 ,2 3 .7 8 ,  11 ,3 .19 , IN, O.OO, S , 1 2 .(U . found .

T i8 )  A  c Newcdmbe, Can. J. Chem., 33, 1250 (1955). C, 24.28; H , 3.30; N , 5.61; S, 12.80. (C H 3)2N S 0 2N (C I )C H 2C-
(19) R. R. Baxter and F. D. Chattaway, /. Chem. Soc., 107, 1814 (1915). (C 1 )= C H C H 2C1, 84%, mp 38-40°. Anal. Calcd for C 6H U-
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#
CI3N 2O2S: C, 25.59; H , 3.94; N , 9.95; S, 11.39. Found: C , 49.10; H , 4.96; N , 5.71; S, 13.38. p-C lC 6H 4S 0 2N H C H 2-
25.64; H , 3.91; N , 10.65; S, 11.39. C H = C H C H 2C1, 78%, mp 78-79°. Anal. Calcd for Ci0H n-

General Procedure for the Reduction of the N,N-Dichloro- CI2N O 2S: C, 42.87; H , 3.96; N , 5.00; S, 11.44. Found: C,
sulfonamide—Unsaturate Adducts.— A  solution of 0.1 mol of 42.71; H , 3.88; N , 4.98; S, 11.23. C H 3S0 2N H C H 2C H =
adduct in 100 ml of methylene chloride was vigorously stirred C H C H 2C1, 87%, mp 26-27°. Anal. Calcd for CsHioClNOiS:
at ambient temperature with a solution of 0.3 mol of sodium C, 32.69; H , 5.49; N , 7.63; S, 17.46. Found: C, 32.51; H ,
sulfite in 150 ml of water for about 0.5 hr, or until the organic layer 5.60; N , 7.47; S, 17.96. C6H 5S0 2N H C H 2C (C 1) = C H C H 2C 1,
failed to give a positive test with potassium iodide-starch paper. 81%, mp 83-84°. Anal. Calcd for C ioH hC12N 0 2S: C , 42.87;
The layers were then separated; the aqueous layer was extracted H , 3.96; N , 5.00; S, 11.44. Found: C, 42.96; H , 3.93; N ,
with methylene chloride. The organic extracts were combined 5.02; S, 11.50. p-ClC6H4S0 2N H C H 2C (C l )= C H C H 2Cl, 78%,
and dried over sodium sulfate. The solvent was evaporated at mp 78-80°. Anal. Calcd for C ioH i0C13N 0 2S: C, 38.17; H , 
aspirator pressure and ambient temperature to give the reduced 3.20; N , 4.45; S, 10.19. Found: C, 37.99; H , 3.05; N , 4.47;
sulfonamide. These materials were recrystallized from one or S, 10.20. C H 3S0 2N H C H 2C(C1)==CHCH 2C1, 84%, mp 157-158°.
more of the following solvents or solvent pairs: benzene, carbon Anal. Calcd for C 5H 9C12N 0 2S: C, 27.53; H , 4.16; N , 6.42;
tetrachloride, cyclohexane, ether, and benzene-pentane. The S, 14.70. Found: C, 27.49; H , 4.33; N , 6.47; S, 14.65.
following sulfonamides were prepared: C6H 5S0 2N H C H 2C H (C 1)- (C H 3)2N S 0 2N H C H 2C (C 1 )= C H C H 2C1, 84%, mp 25-26°. A n il.
C H 3, 89%, mp 79-80°. Anal. Calcd for C 9H 12C1N02S: C , Calcd for C 6H 12C12N 20 2S: C, 29.16; H , 4.99; N , 11.34; S,
46.25; H , 5.55; N , 6.00; S, 13.72. Found: C, 46.50; H , 12.97. Found: C, 29.65; H , 4.90; N , 11.24; S, 13.03.
5.55; N , 6.43; S, 13.55. p-C lC 6H 4S 0 2N H C H 2C H (C l)C H 3,
87%, mp 105-108°. Anal. Calcd for C9H 11C12N 0 2S: 0,40.32; Registry No.— T rop y len e , 115-07-1; styrene, 100- 
H , 4.13; N , 5.22; S, 11.96. Found: C, 40.09; H , 4.40; N , 42_5 ; bu tad ien e, 106-99-0; chloroprene, 126-99-8; iso-.

o-2 o’c ° S ’ 412 f 4 'n  butylene, 115-11-7; 3-chloro-2-methyl-l-propene, 563-
25—26°. Anal. Calcd for C5H 13C IN 2O2S: C , 29.92, H , 6.53, TrTT o n i 0 nri n a t  a t  u i u • j
N  13 95- S, 15.98. Found: C, 30.09; H , 6.69; N , 14.06; 47-3; V I I ,  2948-79-0; N,N-dichlorobenzenesulfonamide,
s , ’ 15.97. C 6H 5S0 2N H C H 2CH (C1)C 6H 5, 95%, mp 45-47°. 473-29-0; N,N-dichloromethylsulfonamide, 17396-47-3;
Anal. Calcd for C i4H i4C1N02S: C, 56.85; H , 4.77; N , 4.73; N,N-dichloro-p-chlorobenzenesulfonamide, 17260-65-0;
S, 10.84. Found: C, 56.31; H , 4.97; N , 4.61; S, 10.54 N,N-dichloro-N,N-dimethylsulfamide, 13882-13-8. 
(C H 3)2N S 0 2N H C H 2CH (C1)C 6H 6, 92%, mp 69-70°. Anal. ’ ’
Calcd for C i0H i5C1N2O2S: C, 45.71; H , 5.75; N , 10.66; S, Acknowledgment.— The authors w ish  to thank Miss

SO^Hi^H^CH^c'HCHjil^'s^^oil^'Ano^' Cakd for' cSfcr M ' M idf k and Mr' J' J' ClemenS f° r their comPetent
C1N02S: C, 48.88; H , 4.92; N , 5.70; S, 13.05. Found: C, techn ical assistance.
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The stereochemical course of the reactions of Chloramine-T with 4-i-butylthiane and of N-sulfinyl-p-toluene- 
sulfonamide, p-toluenesulfonyl isocyanate, and p-toluenesulfonyl azide with 4-i-butylthiane 1-oxides was ex
amined. The stereochemistry of the N-tosylsulfilimine grouping was correlated with the known configurations 
of the sulfoxide group in the 4-i-butylthiane system by N  alkylation of the sulfilimine, followed by hydrolysis of 
the adduct salt to sulfoxide. New  compounds prepared in this series include the isomeric N-tosylsulfilimines, 
the “free” sulfoximines, and the N-tosylsulfoximines.

The potential asymmetry at the sulfur atom in reaction is reported to proceed with inversion of
sulfilimines and sulfoximines has been established by configuration at the sulfur atom.7 The most direct
the resolution of appropriately substituted examples.3 method for the synthesis of sulfoximines would appear
A  number of methods are now available for the prepara- to be the oxidation of sulfilimines. I t  is noteworthy
tion of sulfilimines and sulfoximines. Those of interest that, at the present time, only potassium per-
to the present work are briefly described. The well- manganate and the salts of per acids are known
known reaction of sulfides with chloramines, especially to effect this oxidation and, then, in the large majority
Chloramine-T, has been used in a typical preparation of cases, only in low yield.7b’8 A  general method for
of sulfilimines by Leandri and Spinelli.4 Recently the production of sulfoximines is given by the reaction
the reactions of sulfoxides with p-tolucnesulfonyl of sulfoxides with hydrazoic acid (sodium azide in a
isocyanate6 and N-sulfinyl-p-toluenesulfonamide to mixture of sulfuric acid and chloroform).9 Horner
produce6 sulfilimines have been described. The latter and Christmann10 have obtained N-benzoyldimethyl-

sulfoximine from the reaction of dimethyl sulfoxide 
(p  (a) Part X I I  in the Series Chemistry of Sulfoxides and Related Com- and benzoyl azide Under the influence of light. Very

" • " # > '  I W t  W  Kh» “ "  >">™ fn p tn A  N-ben-
tions of this work were presented at the Second International Symposium on Zenesu lfony ld im ethy lsu lfox im ine b y  the USe o f d i-  
Organic Sulfur Chemistry, Groningen, The Netherlands, M ay 1966.

(2) (a) W e gratefully acknowledge support of this work by The National
Science Foundation (G P 5944). (b) Alfred P. Sloan Research Fellow, 1965- (7) (a) J. Day and D. J. Cram, J. Amer. Chem. Soc., 87, 4398 (1965). (b)
1968. (c) Supported by the Economic Development Administration, Com- Shortly after this article was submitted a communication appeared describing
monwealth of Puerto Rico. stereospecific interconversions of optically active sulfoxides, sulfilimines, and

(3) (a) S. G. Clark, J. Kenyon, and H. Phillips, J. Chem. Soc., 188 (1927); sulfoximines [D. R. Rayner, D. M . von Schriltz, and D. J. Cram, ibid., 90,
(b) G. Kresze and B. Wustrow, Chem. Ber., 95, 2692 (1962). 2721 (1968)].

(4) G. Leandri and D. Spinelli, Ann. Chim. (Rome), 50, 1616 (1960). (8) H. R. Bentley and J. K . Whitehead, J. Chem. Soc., 2081 (1950).
(5) C. King, J. Org. Chem., 25, 352 (1960). (9) J. K . Whitehead and H. R. Bentley, ibid., 1572 (1952).
(6) G. Schulz and G. Kresze, Angew. Chem. Intern. Ed. Engl., 2, 736 (10) L. Horner and A. Christmann, Chem. Ber., 96, 388 (1963).

(1963). (11) H. Kwart and A. A. Khan, J. Amer. Chem. Soc., 89, 1950 (1967).

4340 Johnson and R igau The Journal of Organic Chemistry



Scheme I
0

I  V a  Vb Va +  TsNHCH2CH3

« 1  r -  L .
Etom TsNCO/^ NTs NTs I

—  , - B ^ /  „
na nb mb vj Ts BF<

\  (CHoOUO+BF,- J  /
K M n O ,--------------------------------------------- ------------1------------------------ ------- '

TsCl
' ’ pyr

0 ?  ^

IVa IVb Va and/or Vb

methyl sulfoxide as a trap for the nitrene produced the case of an optically active sulfoxide, to proceed
by the copper-catalyzed decomposition of benzene- with inversion of configuration. Since the present
sulfonyl azide. In this paper we report our findings system is relatively strain free and uncluttered, it is
concerning the stereochemical course of certain of reasonable to assume inversion to occur here also,
these reactions12 in the 4-f-butylthiane system. Our Treatment of the irons-4-i-butylthiane 1-oxide (Vb) 
results are summarized in Scheme I. with N-sulfinyl-p-toluenesulfonamide in benzene af-

Reaction of 4-f-butylthiane (I ) with Chloramine-T forded a single sulfilimine ( l ib ) ,15 mp 150-151.5°,
in ethanol afforded, in 95% yield, an N-p-toluenesul- which was isomeric with that (Ha) previously obtained
fonyl-(or N-tosyl-) sulfilimine. The trans structure H a (mp 187-188°). After standing for 2 days at room
was assigned to this material based on the three temperature the melting point of l ib  had changed
lines of evidence detailed below. to 173-175°. After recrystallization, this material

(1) Alkylationlb of the sulfilimine with triethyl- had a melting point and a mixture melting point identi-
oxonium fluoroborate gave, in excellent yield, the cal with those of Ila . I t  thus appears that the axial
N-ethyl salt (V I). Hydrolysis of the salt with aqueous sulfilimine is unstable with respect to isomerization
base gave the sulfoxide Va13 and N-ethyl-p-toluene- to the equatorial sulfilimine. I t  should be noted
sulfonamide. Based on analogy with the hydrolysis that insufficient difference was found in the infrared
of alkoxysulfonium salts13 it can be safely suggested (ir) spectra of the isomers I la  and l ib  to render the
that this hydrolysis occurred with inversion of con- spectra useful for identification of the individual
figuration at the sulfur atom. isomers. Qualitative ultraviolet (uv) spectroscopy

(2) Oxidation of the sulfilimine with potassium revealed a relatively strong band at 228 m/* in 95%
permanganate gave a single sulfoximine ( I l ia )  which ethanol or cyclohexane for compound I la  and a cor-
was isomeric with that ( I l lb )  obtained upon treatment responding absorption at 229 (95% ethanol) and 230
of cfs-4-f-butylthiane 1-oxide (Vb) with p-toluene- mp (cyclohexane) for compound lib .
sulfonyl azide in the presence of Raney copper. This A  mixture of the isomeric “ free”  sulfoximines was 
reaction proceeded in poor yield (10%), the major obtained by reaction of sulfoxides Va and Vb with
material obtained being starting sulfoxide of unaltered sodium azide and sulfuric acid in chloroform. From
configuration (Vb). a 50:50 mixture of the isomeric sulfoxides Va and Vb

(3) The identical sulfilimine was obtained by reaction a 53% yield of a mixture of sulfoximines consisting
of sulfoxide Va with p-toluenesulfonyl isocyanate or of 63% IVa and 37% IVb was obtained. The un-
N-snlfinyl-p-t.nliienesiilfona.mide. The latter reaction, reacted sulfoxide was recovered and found to consist
which we examined in both benzene and pyridine as of an equilibrium mixture of isomers Va (95%) and
solvents, has been shown by Day and Cram,14 in Vb (5%). Apparently, equilibration of the sulfoxides

(12) The stereochemical relationships of some sulfoxides, sulfilimines, and was conducted in pyridine which catalyzes the dimerization of N-sulfinyl-
sulfoximines derived from optically active methyl-p-tolyl sulfoxide and the sulfonamides: W. Wucherpfenning and G. Kresge, Tetrahedron Lett., 1671
p-chlorophenylthiane 1-oxides have been examined by M . A. Sabol, R. W. (1966).
Davenport, K . K . Andersen, Tetrahedron Lett., 2159 (1968). We thank these pyridine
authors for informing us of their results prior to publication. RSC>2N = S O -----RSC>2N = S = N S O R  +  SO2

(13) C. R. Johnson and D. McCants, Jr., J. Amer. Chem. Soc., 87, 1109,
5404 (1965). (15) A  reieree has suggested the possibility that the compound reported as

(14) Day and Cram (ref 7a) have suggested “ a mechanism involving a l ib  is, in actual fact, a crystalline modification of Ila . This possibility can
trigonal- bipyramidal intermediate or transition state in which the entering not be entirely ruled out because of the strong similarity in the ir and uv
and leaving groups occupy radial positions . . In  the formulation of the spectra, as well as the mobility on tic of the two materials. The two sub-
intermediate of transition state two molecules of N-sulfinylsulfonamide were stances, however, were obtained under identical chromatographic conditions,
implicated. Their preliminary results, indeed, suggested that the reaction is and it would not appear likely that two different crystalline modifications
second order in N-sulfinyl-p-toluenesulfonamide. However, their reaction would form.
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T a b l e  I  sulfmylsulfonamide in 2 ml of benzene. The solution was stirred

N m r  R e s u l t s  o p  Su l f o x im in e  I s d m e r s  a t  ° °  fo r  15 m in  and th ea  a t  roon l temperature overnight The
TV TVK fin MTT products were separated by column chromatography (silica

a A AT z gel-ethyl acetate). An intermediate fraction was isolated con-
Concentration, N -H  taining 27 mg (8 % ) of the corresponding sulfilimine ( l ib ),  mp

Compound Solvent mg/ml resonance, 5 i 50-151.5°, uncrystallized, which gave a single spot on tic.
IV a  C D C I3 300 2.83 Remaining fractions consisted of p-toluenesulfonamide and un-

CD CI3 150 2.71 reacted sulfoxide.
DMSO-de 100 3.43 Anal. Calcd for Ci«H25N 0 2S2: C, 58.71; H , 7.64. Found:

IV h  CDCL 300 2 42 C ’ 58‘44; H ’ 7 ‘60-
iv b  i — A  parallel reaction with the eis-sulfoxide (V a ) gave 6 %  of

t-® C l3 150 2.33 the corresponding sulfilimine H a , mp 178-180°, uncrystallized.
DMSO-de 100 3.27 When the reaction mixture was refluxed for 10  hr, the yield in

creased to 8 % .

under the reaction conditions occurs faster than sulfox- C “ A  T ? 1™ , 1 «  of P-toluenesulfonyl iso-
. . , . - ,. £ . . . . cyanate and 0.68 g of Va in 15 ml of dry pyndme was stirred for
lmine production; the ratio of isomeric sulfoximines 12  hr at room temperature. The elimination of the pyridine was 
is almost independent of the isomeric composition of partially effected by azeotropic distillation with toluene before
the starting sulfoxides. As expected, it was found resolving the mixture by  column chromatography. Sulfilimine
that the sulfoximines, once formed, show no isomeriza- I la  was obtained in 13% yield.

tion or decomposition when resubjected to the reaction borate and Hydrolysis of the Resulting S a lt .-P u re  ¿ r e 
conditions. The free sulfoxmunes were separated sulfilimine I la  (0.326 g, 1 mmol) was added to a solution of
on silica gel thin layer plates developed with isopropyl triethyloxonium fluoroborate (0.190 g, 1 mmol) in 10 ml of
alcohol, isomer IVb showing the lower R f  value. The methylene chloride. The reaction was maintained at room
isomers IVa and IVb were converted into the previously temperature for 3 hr The solution was filtered and anhydrous

prepared N-tolylsulfoximmes ( I l ia  and I l lb )  on oily precipitate was washed with ether. Recrystallization from
reaction with p-toluenesulfonyl chloride in pyridine. methylene chloride-ether afforded the pure salt V I: 75%; mp

A n  ir s tu d y  o f the “ fre e”  su lfox im ines IVa an d  IVb 175-176°; »emeu 811, 862, and 873 cm-1  (S— N ).
in  m eth y len e  ch loride revea led  an  N -H  b a n d  a t  3328 Anal. Calcd for CiSH 3oBF4N 0 2S2: C , 46.50; H , 6.79.

cm“ 1. In the nmr spectra the N -H  resonance was tv r  , ,, ,. . .. . .  %  . . . .  Hydrolysis of the pure adduct V I  was effected by dissolution ;n
found to be sensitive to structure and concentration water and adding 0.1 N  sodium hydroxide to a phenolphthalein
(T a b le  I ) .  endpoint. The reaction mixture was extracted with methylene

The reaction of sulfonyl azides with 4-i-butylthiane chloride, and the solvent was evaporated. Analysis of the re-
and its 1-oxides under photolytic conditions gave f ci ion. mixture by gas chromatography and preparative tic

, ,. . , mi • , , (alumma-ethyl ether) revealed an almost quantitative yield of
complex reaction mixtures. The instability of the cis-4-i-butylthiane l-oxide (V a ), N-ethyl-p toluenesulfonamide,
products of interest under these conditions make this and trace amounts of the parent sulfilimine Ila .
approach unsuccessful. No sulfoximines or sulfilimines Reaction of 4-i-Butylthiane 1 -Oxides with Hydrazoic Acid.— To
were isolated from these reactions. § ° f  a 50:50 mixture of cis- and trans-sulfoxides Va and Vb

in 8 ml of chloroform was added 2.73 g of sodium azide and then 
3 ml of concentrated sulfuric acid. The reaction was heated at 

Experimental Section 48-55° for 60 hr. The reaction mixture was poured into a
separatory funnel; water was added; and the chloroform layer 

Microanalyses were performed by Midwest Microlab, Inc., was separated. The aqueous layer was again extracted with
Indianapolis, Ind. Separation and purification of all substances chloroform. Both the aqueous and organic layers were retained,
were accomplished or monitored by thin layer or gas phase The combined chloroform extracts were dried over sodium
chromatography. Melting points were determind by the open sulfate. Evaporation yielded 1.005 g of unreacted sulfoxides
capillary method and are uncorrected. Spectra were obtained on (95:5 ratio, cis-trans). Sodium hydroxide solution was added
a Perkin-Elmer Model 621 ir spectrophotometer, a Cary-14 uv to the aqueous phase until slightly basic. The solution was ex
spectrophotometer, and a Varian A-60A nmr spectrometer. traeted several times with chloroform. The combined chloroform

The preparation of 4-<-butylthiane has been previously re- extracts were dried over sodium sulfate. Evaporation of the
ported. The cis- and ira?is-4-i-butylthiane l-ox:des were prepared chloroform provided 1.174 g of a mixture of the isomeric free
by the i-butyl hypochlorite oxidation method and by hydrolysis sulfoximines IV a  and IV b . Column chromatogaphy on silica
of the corresponding alkoxysulfonium salts. Synthesis of p - gel with ethyl acetate followed by isopropyl alcohol gave a 1 .6 :1
toluenesulfonyl azide was accomplished by a variation of the ratio of sulfoximine IVa, mp 179.5-180.5°, to sulfoxhnine IVb,
literature procedure.16 N-Sulfinyl-p-toluenesulfonamide was mp 157-157.5°. Neither isomer appears to be hygroscopic;
prepared according to Kresze and Maschke.17 Raney copper both can be sublimed (65° at 0.1 mm) or recrystallized from ethyl
(Raney Catalyst Co., Inc.) and p-toluenesulfonyl isocyanate acetate-hexane.
(The Upjohn Co., Carwin Organic Chemicals) are commercially Anal. Calcd for C 9H 19N O S: C , 57.10; H , 1 0 .1 2 . Found 
available. _ (IV a ): C , 56.84; H , 10.07. Found (IV b ): C , 57.09; H , 10.07.

Reaction of 4-i-Butylthiane with Chloramine-T.— The reaction N o  equilibration or decomposition of the sulfoximines was found 
was carried out according to the general procedure of Leandri after refluxing with sodium azide-sulfuric acid-chloroform
and Spinelli.4 The product was isolated by elution from a mixture at 60° for 36 hr.
silica gel column with chloroform, followed by ethyl acetate. Oxidation of irans-Sulfilimine Ila  with Basic Permanganate.—  
Thelatter fraction contained the pure iraws-N-p-toluenesulfilimine To 500 ml of distilled water was added 0.46 g of potassium
(I la ): 95%; mp 187-188°; »cmci! 963 and 980 cm “ 1 ( S = N ) .  permanganate, 10 ml of sodium hydroxide (3% ), and 0.76 g of

Anal. Calcd for Cudl25N02S2: C , 58.71; H , 7.64. Found: sulfilimine Ila . The heterogeneous reaction was stirred under
C , 58.58; H , 7.58. _ reflux for 2 hr. Sodium sulfite was added to destroy any re-

Reactions of  ̂4-i-Butylthiane 1 -Oxides with N-Sulfinyl-p- maining permanganate, and the mixture was filtered. The
toluenesulfonamide and p-Toluenesulfonyl Isocyanate. A .— To residue was washed with methylene chloride, and the combined
0.174 g of pure irares-4-i-butylthiane 1-oxide (V b ) dissolved in 2 filtrates were extracted with methylene chloride. The combined
ml of dry benzene was slowly added 0.235 g of the p-toluene-N- methylene chloride extracts were dried over sodium sulfate and
--------------------  evaporated. The product mixture was fractionated by chromato-

(16) O. C. Dermer and M . T . Edmiaon, J. Amer. Chen. Soc., 77, 70 (1955); graphic elution on silica gel with ethyl acetate. The N-toSyl-
W. Lwowski and E. Scheiffele, ibid., 87, 4359 ( 1965). sulfoximine I lia  was recrystallized from ethyl acetate-cyclo-

(17) G. Kresze and A. Maschke, German Patent 1,117,566 (1961); CTiem. hexane: 13%; mp 167-167.5°. Unreacted sulfilimine (67% )
Abstr., 57, l l l lO e  (1962). and some p-toluenesulfonamide were also recovered.
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Anal. Calcd for C I6H 23N 0 3S2: C , 55.99; H , 7.34; S, 18.97. Anal. Calcd for C 16H 25N 0 3S2: C, 55.99; H , 7.34; S, 18.97. 
Found: C, 56.39; H , 7.47; S, 18.70. Found: C, 56.24; H , 7.37; S, 18.76.

Conversion of Sulfoxhnines IVa and IVb into N-p-Toluene- Reaction of irons-4-i-Butylthiane 1-Oxide with p-Toluene- 
sulfonyl Derivatives I lia  and 111b.— To 3 ml of dry pyridine, 0.1 sulfonyl Azide.— Following the method of Kwart and Khan,
g of p-toluenesulfonyl chloride and 50 mg of free sulfoximine IV a  ¿ram-sulfoxide Vb (80 mg), p-toluenesulfonyl azide (90 mg), and
were added; the mixture was stirred at room temperature for Raney copper (10 mg) in 5 ml of methanol were refluxed for 15 hr.
12 hr. The mixture was poured into water and extracted with Chromatography of the reaction product revealed unreacted
chloroform; the solvent was evaporated; and the pyridine was starting sulfoxide and an N-tosylsulfoximine identical in all
removed by azeotropic distillation with toluene. Column respects with I l l b  obtained above,
chromatography (silica gel-chloroform, then ethyl acetate) 
provided 92 mg (96% ) of the N-tosylsulfilimine Ilia , identical in
all respects with that obtained above by oxidation. .__ »r  T on a  tt m nnt nn n TT,

An analogous reaction with the free sulfoximine IV b  gave the , N T0; ~ ' 1» I f ; 30; 9 ! 17604-09-0; lib ,
N-tosylsulfilimine I llb : 95%; mp 172.5-173.5° (benzene- 17659-00-6; Ilia , 17604-10-3; I llb , 17659-01-7; IVa,
cyclohexane). 17604-11-4; IVb, 17604-12-5; V I, 17604-13-6.

A Study of Aliphatic Sulfonyl Compounds. IX. Polar Effects in Ethylene-
and 2-Propene-l-sulfonyl Chlorides1“1

J. Prestonlb and R obert B. Scott, Jr .2

Departments of Chemistry, University of Alabama, University, Alabama 35486, 
and The University of Mississippi, University, Mississippi 38677

Received May 21, 1968

Rates of ethanolysis of ethylenesulfonyl and 2-propene-l-sulfonyl chloride were found to be significantly 
faster and only slightly faster, respectively, than that of a saturated sulfonyl chloride. Although infrared and 
mass spectra suggest that in the case of the former there may be some allylic participation by the a double bond 
to give the resonance stabilized sulfonylium ion intermediate, enhancement of ethanolysis is not that great and 
probably is largely polar in origin. There is no evidence in the latter case for homoallylic enhancement to form 
the conjugated unsaturated sulfonylium ion, and the small increase in rate of ethanolysis probably is entirely due 
to a polar effect. From the activated state parameters of AH* =  15.4 and 17.7 kcal and AS* =  —7.5 and —5.9 
eu for ethanolysis of ethylenesulfonyl chloride and 2-propene-l-sulfonyl chloride, respectively, it is clear that the 
lower enthalpy of activation is responsible for the faster rate of ethanolysis. Alkylation of ethanolic hydrogen 
chloride with ethyl ethylenesulfonate is somewhat faster than with ethyl 2-propene-l-sulfonate, the former react
ing at substantially the same rate as the ethyl ester of a saturated sulfonic acid. There was no spectral evidence 
for participation of either double bond in the case of these esters. From activated state parameters of AH* =
21.0 and 23.1 kcal and AS* =  +4 .0  and +9 .3  eu, respectively, for ethyl ethylenesulfonate and 2-propene-l-sul- 
fonate, it appears that the considerably greater increase in activation entropy in the case of the latter is more 
than offset by the increased enthalpy of activation. It was shown that a “polymeric vinylsulfonyl chloride”
(obtained from ammonium ethylenesulfonate and phosphorus pentachloride) reported in the literature probably 
was only 2-chloroethanesulfonyl chloride with an impurity of ethyl ethylenesulfonate.

Previously3-7 the steric requirements of several T ab le  I
branched-chain sulfonyl compounds were compared by R ates of  E thano lysis  of  Selected

a study of the ethanolysis of saturated aliphatic sul- Su lfo n y l  Chlorides  at  84°
fonyl chlorides and alkylation by the corresponding i°v-, a h *, kcal a s *, cai
ethyl esters. However, all of the aliphatic compounds Sulfonyl chloride m in-. ™ i->  deg ->m oi-i

studied were saturated and were compared only with b 15-4 7,5
analogously branched primary alkyl halides as to Brazene T  °r‘  145 16 , _ 10 9
steric effects; no important polar contributions could 2-Propene-l- 102 17.7 - 5 .9
be correlated with those of alkyl halides. In other i-Octane-11 89
work, the polar effects of a carbonyl group in dl-10- 3-Chloro-l-propane-* 70 8.2 -3 5 .2
camphorsulfonyl chloride8 and of a chloro group in 3- «-Toluene-6 63
chloro-l-propanesulfonyl chloride9 upon ethanolysis 2,3-Dimethyl-l-butane-/ 48
(Table I )  have been studied but these are rather special 2-Octane-^ 14
cases. T h u s , in  the  case o f the fo rm er, the h a lo gen  a Calculated for 84° (see Table I I I  for experimentally deter- 
m ay  b e  d isp laced  b y  anch im eric assistance fro m  the mined values of k). 6 See ref 8 . c See ref 7. d See ref 3. • See

keto  g ro u p  o r its hem iacetal, w h ile  in  the  la tte r  the re ' eere

chain chlorine probably is too far removed to have a j n ^  present report the effect of unsaturation was 
significant polar effect on sulfonyl reactivity. gtudied ethanolygis of ethylene_ and 2-propene-l-

(1) (a) From the Ph.D. Dissertation of J. Preston, University of Alabama, Sulfonyl chlorides. The relative activity of the COF-
1957. (b) Chemstrand Research Center, Inc., Durham, N. C. responding ethyl esters aS alkylating agents also Was

(2) To whom inquiries should be addressed at the Department of Chem- lnvestiffated 
istry, The University of Mississippi, University, Miss. 38677.

(3) R. B. Scott, Jr., and R. E. Lutz, J. Org. Chem., 19, 830 (1954). _> , ,
(4) R. B. Scott, Jr., and M . S. Heller, ibid., 20 , 1159 (1955). Results and DlSCUSSlOn
(5) R. B. Scott, Jr., and M . J. Gordon, ibid., 21, 385 (1956). . ,  , , ,  , . «
(6) r . B. Scott, Jr., and h . l . McLeod, ibid., 2 i, 388 ( 1956). The previous studies3 9 of the ethanolysis of all-
(7) r . b . Scott, Jr., and j . b . Gayle, aid., 2 i, 391 ( 1956). phatic sulfonyl chlorides have led to the conclusion that
S substituents sterically affect alcoholysis in the same
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general way that they do aliphatic halides, the —5.9 eu for 2-propene-l-sulfonyl chloride) indicates a
best analogy being drawn by considering the tetrahedral more highly ordered activated state than is necessary
sulfo group as a pseudomethylene group, but about for the larger molecule.
one-third larger. Probably the increased rates with which these un-

An analogy between unsaturated sulfonyl chlorides saturated sulfonyl chlorides undergo ethanolysis simply
and alkenyl chlorides also might be anticipated, i.e., reflect an inductive withdrawal effect of the unsatura-
the analog for ethylenesulfonyl chloride being allyl tion on the highly electronegative chlorosulfonyl group,
chloride and for 2-propene-l-sulfonyl chloride, 4- The closer proximity of the double bond of ethylene-
chloro-l-butene (homoallyl chloride). Thus during sulfonyl chloride to the chlorosulfonyl group compared
solvolysis a resonance-stabilized sulfonylium ion might with the positions of the corresponding groups of 2-
be expected. propene-l-sulfonyl chloride probably accounts for the

+CI I2Cn—SO, approximately tenfold greater rate of reactivity of the
former sulfonyl chloride over the latter.

| Although it is perhaps an oversimplification to
estimate the rate constants for ethylene- and 2-propene- 

CH^CHSOjCl rate determmin8 CHs=Qj.-gQ2+ _|_ Q - sulfonyl chlorides from other rate data by making some
rough assumptions, it was nevertheless interesting that 

fast I r o h  the estimated and determined rate constants were in
good agreement.

CH2=CHS020R +  H+ The estimate of the rate constant for ethylenesul-
Although formation of the ethylenesulfonylium ion on fonyl chloride at reflux was made by consideration of

bombardment of the sulfonyl chloride in the mass steric and polar effects. Thus as benzenesulfonyl
spectrometer cannot be used to prove its existence in chloride (k =  0.14 min-1) reacts ten times as fast at
solution, this does provide evidence for the possibility. ^4° as 2-octanesulfonyl chloride (k =  0.014 min-1),
A  large peak at m/e 91 in the mass spectrum10 of then ethylenesulfonyl chloride might be expected to
ethylenesulfonyl chloride indicates fragmentation to react that much faster than an unbranched primary
form CHs=CH — SO2U Also, the infrared spectrum sulfonyl chloride (k =  0.089 min-1). Thereby, the
shows the double bond shifted to a slightly higher wave- ra( e constant for ethylenesulfonyl chloride may be
length (6.20 g) than for a normal double bond, which estimated to be 0.89 min-1, assuming as a first ap-
might be interpreted as contributing to the resonance proximation equivalence of the double bonds of the
stabilization of the sulfonylium ion, rather than simple phenyl and vinyl groups. The experimental rate
resonance with the sulfonyl group. constant for this compound, calculated for 84° from

However, ethylenesulfonyl chloride undergoes at l°wer temperatures by means of the Arrhenius
ethanolysis (Table I )  only about ten times as fast as equation, was 0.88 min-1, agreeing very well with the
a saturated normal sulfonyl chloride, which is not nearly estimated value and confirming the earlier prediction
the enhancement expected11 from appreciable resonance that this sulfonyl chloride would be quite reactive, 
participation in the formation of a sfflfonylium ion in- ^ y  a similar method an estimate of the rate constant 
termediate. for 2-propene-l-sulfonyl chloride was made. As a

As the double bond of homoallyl halides does not saturated sulfonyl chloride having an unbranched
participate in bimolecular displacement of their halo- chain, such as 1-octanesulfonyl chloride (k =  0.089
gens, it would not be anticipated that the double bond of min-1), reacts 1.94 times as fast at 84° as one having a
2-propene-l-sulfonyl chloride would participate in a /3-methyl group, such as 2,3-dimethylbutane-l-sulfonyl
bimolecular displacement. In fact, even less evidence chloride4 (k =  0.48 min-1), it might be predicted that
exists for a stabilized sulfonylium ion from this sulfonyl 2-propene-l-sulfonyl chloride will react 0.089/0.063
chloride than for one from ethylenesulfonyl chloride.12 times as fast as a-toluenesulfonyl chloride (k =  0.063
Thus no peak in the mass spectrum of 2-propene-l- min-1), if it is assumed that the double bonds of allyl
sulfonyl chloride is noted at m/e 105 due to fragmenta- an4 groups have approximately equivalent effects, 
tion to a sulfonylium ion, and the infrared spectrum This estimated value of k =  0.118 min-1 agrees within
shows no shift in the double-bond absorbance (6.09 experimental error with the observed rate constant of
m)- Upon ethanolysis (Table I), 2-propene-l-suifonyl °T02 min-1.
chloride reacts only about 10% faster than its saturated Alkyl sulfonates are known to be good alkylating 
counterpart. agents; e.g., the ethyl esters are attacked by hydrogen

The faster rate of ethanolysis of ethylenesulfonyl chloride and ethanol to form free sulfonic acid and,
chloride can be attributed to its lower enthalpy of respectively, ethyl chloride and ethyl ether. Solvoly-
activation (AH * =  15.4 kcal compared with 17.7 kcal S1S constitutes a minor part of the reaction when an
for 2-propene-l-sulfonyl chloride) since the smaller excess of hydrogen chloride is present. Most previous
activation entropy (AS* =  —7.5 eu compared with solvolysis studies reported in the literature have focused

(10) The authors wish to express their appreciation to Dr. R. M . Guedin, pq/A ATT 4- TT+A1
Celanese Corp. of America, for mass spectral data. 2

(11) J. Hine, “ Physical Organic Chemistry,”  2nd ed, McGraw-Hill Book / f
Co., Inc., New York, N . Y., 1962, pp 167, 168. U /

(12) I t  has been shown, however, that the double bond does participate in
reactions with stronger bases than ethanol, this sulfonyl chloride and the RSĈ OEt
isomeric 1-propene-1-sulfonyl chloride undergoing reaction with triethyl- v
amine to give the same products from ketene diethyl aeetal, evidently via a EtOH
common sulfene intermediate, CH2= C H — C H = S 0 2: W. E. Truce and ^
J. R. Norell, J. Amer. Chem. Soc., 85, 323 (1963). RSO 2O H  +  E t  O
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on the alcohol moiety, except possibly in the study of Experimental Section
aromatic substituent effects, the choice of sulfonic acid TTli. . ,

,n i • 1 , s Ultimate analyses were made by the Clark Microanalytical
ap p aren t ly  be in g  la rg e ly  one o f convenience. F ro m  Laboratory, Urbana, 111. Infrared spectra were determined on a
the w o rk  o f Scott an d  cow orkers, it  has becom e a p - Perkin-Elmer Model 21 instrument.
parent that the sulfonic acid moiety also plays an im- Sodium Ethylenesulfonate.— An aqueous solution of sodium 
portant role where steric considerations are involved.3-9 ethylenesulfonate,16 prepared from 46 g (1.0 mol) of ethanol by

In the present work, it is seen that unsaturation has ‘he me,tho? of Bredow "  et al., and treated' 6 to remove partially

little  effect on  the rates W ith  w h ich  the  e th y l esters o f under vacuum, the temperature being kept below 55°. The
eth y lene - an d  2-p ro p en e -l-su lfo n ic  acids a lk y la te  re - residual paste of salts was extracted with hot absolute ethanol,
flux ing ethanolic  h y d ro gen  ch loride, the  rates b e in g  an<f the crystallized product was dried at 50° in a vacuum oven
slightly slower than that of an analogous saturated f°r 2 j Tlle mass crushed to a fine powder and fur- 

■ . - , ,, i , , ir x /rn ther dried tor 4 hr more. The yield of crude sodium ethylene-
sulfomc acid ester, e.g., ethyl 1-octanesulfonate (Table sulfonate obtained was 107 g (82% of theory based on ethanol).
I I ). That there is no enhancement in the rate of Attempts to remove the ethanol more rapidly often resulted
alkylation of these esters is consistent with their mass in a hard, glassy, polymeric material.
spectra and infrared spectra. Unlike the corresponding Ethylenesulfonyl Chloride. Following a slightly modified 

sulfonyl chlorides, ethyl 2-prepeee-l-sulfonate . „ d
ethyl ethylenesulfonate have very similar mass spectra, chloroform. Neither Landau13 nor Snyder18 described the distil-
and no resonance stabilization is indicated. lation of the sulfonyl chloride, but from our experience with other

aliphatic sulfonyl compounds it is unlikely that either used a 
packed column. W e used a 32 X 3 cm Vigreux column with 

T ab le  I I  total condensation stillhead and stabilized the distilland with
R ates of A lk yla t io n  of E th ano lic  H ydrogen  Chloride  potassium carbonate.19 It  was found necessary to redistil to

w it h  Selected  E th y l  Sulfo nates  a t  84° - separate the pure product: ra“ d 1.4680 (lit. n20d 1.4686,13
ait* v i as* i 1.468018); bp 49-50° (10 mm), from a higher boiling fraction.20

Ethyl sulfonate min A m ol-“  deg . mol-> Ethyl Ethylenesulfonate.-Ethyl ethylenesulfonate, bp 73.5-
6 74 (3 mm), was prepared m 40% yield from free ethylenesulfomc

1- Octane- 51 acid21 and ethyl orthoformate according to a previously reported
Ethylene- 47» 21.0 4.0 procedure:22 rt28d 1.4289; rP\ 1.180; n»D  1.4295 (lit.23 n26d
2-  Propene-l- 39 23.1 9.3 1.4316); k 20d 1.4316 (lit.21 b md 1.4300); M d 30.3 (calcd 30.1).

“ Calculated for 84° (see Table V  for experimentally determined Discrepancies between these data and previously published data
values of k). b See ref 3. probably can be accounted for by the fact that previous investiga

tors did not stabilize19 the distilland (we used potassium car
bonate) and doubtless some decomposition occurred.3

Although the activated state is much less highly Attempts to prepare this compound by the reaction of ethylene- 
ordered for ethyl 2-propene-l-Sulfonate (A S*  =  +9.3 sulfonyl chloride with sodium ethoxide led to a mixture of esters, 
eu compared to + 4 .0  eu for the ethylenesulfonate), the probably including ethyl 2-ethoxyethanesulfonate, which could 

.. r, i ,i , , rr- not be separated by fractional distillation,
activation energy of ethyl ethylenesulfonate is suffi- Sodium 2-Propene-l-su lfonate.-The original synthesis of 
ciently lower (A H  — 21.0 kcal compared w ith  23.1 kcal Belous,25 et al., was modified as follows. A  solution of 125 g
for the 2-propene-l-sulfonate) that the smaller molecule (1 mol) of sodium sulfite in 500 ml of water was heated under
is slightly more reactive reflux with 121 g (1.0 mol) of freshly distilled allyl bromide for

During the synthesis of ethylenesulfonyl chloride
from ammonium ethylenesullonate an d  phophorus a  derivative, the benzylisothiouronium 2-propene-l-sulfonate, 
pentachloride, Landau obtained a  high-boiling fraction was prepared with considerable difficulty as follows. A  hot
which he called “ possibly a polymeric vinylsulfonyl solution of 4.6 g of benzylisothiouronium chloride in 14 ml of 

chloride.” 13 From Landau’s work, Kern14 inferred --------------
this to be a dimer. No elemental analysis was re- (16) W. F. Whitmore and E. F. Landau, J. Amer. Chem. Soc., 68, 1797 

ported by Landau, and the saponification equivalent D g Brealow R R Hough> and f T Fairclough, ibid _ 76 5361
reported was somewhat higher than should have been ( 1954).
obtained for a ^ p o l y m e r . (18) H. R. Snyder, H. V. Anderson, and D. P. Hallada, ibid., 73, 3258

Based on the evidence of mass spectra, infrared c (19) g. g. Roaaander and c. s. Marvel, aid ., so, 1491 ( 1928).
spectra, physical properties, and saponification equiv- (20) The higher boiling fraction, referred to as a polymer of ethylenesul- 

alent of similar material obtained by us, it is believed fony] chloride Landau-seems t0 have been a “re of f-chioroethane-
. .  . - i i i ?  i sulfonyl chloride, produced by HC1 addition to ethylenesulfonyl chloride,

that t h e  p o l y m e r i c  V in y l s u l i o n y l  C h lo r id e  r e p o r t e d  ancj e£kyl ethylenesulfonate, possibly produced from residual ethanol used in
by Landau was in fact a mixture of 2-chloroethane- recrystallization of the salt of ethylenesulfomc acid before conversion into
sulfonyl chloride and ethyl ethylenesulfonate. For- thesulfonyl chionde Thus rcdisunation of the fraction gave

J J £  a substance [bp 73-74° (4 mm), n26D 1.4848, d264 1.5169] having a sapomfica-
mation of these substances can be attributed to any tion equivalent consistent by chance with the sulfonyl chloride or its poly-
ethanol still present in the recrystallized salts of mer, but too high a chloride content. [Anal. Calcd for (C2H 3CIO2S)«: Cl,

, ,2, , 1 1  - 1  Tri„ „ J j n : ____ „ (  • , 28.1; sapon equiv, 63.3. Found; Cl, 34.0; sapon equiv, 63.1.] The analysis
ethylenesulfonyl chloride, r  acile additions ol this *s consiStent with a mixture of roughly 80- 90%  2-chioroethanesuifonyi chio-
sort are well documented.16 ride and 10-20% ethyl ethylenesulfonate. No attempt was made to refine

this mixture, but its mass spectrum was nearly identical with that of an 
PCb authentic sample of 2-chloroethanesulfonyl chloride: bp 68-70° (6 mm);

C H 2= C H S 0 2 0 N a  — >■ C H 2 = C H S 0 2C1 nv,D 1.4910 ( l it .»  n!«o 1.4920).
(21) J. Preston and J. K . Lawson, Jr., J. Polym. Sci., Part A, 2, 5364 

EtOH (1964')
C H 2= C H S 0 2C 1 ----->- C H 2 = C H S 0 20 E t  +  HC1 (22) J p reston and H G . Clark> H I, U. s. Patent 2,928,859 (1960);

H p , Chem. Abstr., 66, 3522 (1961).
q j j  _ _ Q j jg Q  C10JJ2C H 2SO'>C1 (23) V. V. Alder and W. E. Hanford, U. S. Patent 2,348,705 (1944); Chem.

2 2 2 2 Abstr., 39, 711 (1945).
-------------------- (24) S. M . McElvain, A. Jeline, and K . Rorig, J. Amer. Chem. Soc., 67,

(13) E. F. Landau, J. Amer. Chem. Soc., 69, 1219 (1947). 1578 (1945).
(14) W. Kern and R. C. Schulz, Angew. Chem., 69, 153 (1957). (25) M. A. Belous and I. Ya. Postovskii, J. Gen. Chem. USSR, 20, 1701
(15) A. Lambert and J. D. Rose, J. Chem. Soc., 45 (1949). (1950).
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10 ic in a constant-temperature bath at selected temperatures for
10-20 min. The ampoule was crushed, and the mixture quickly

8 - \  was made homogeneous by rapidly swirling the flask. Time was
recorded from the crushing of the ampoule to subsequent quench- 

j  6 - ing ° f  the sample by plunging the flask into an ice slurry,
s  - The analytical procedures for analysis of the reaction mixtures
1 4 - were described earlier.7 The amount of unreacted acid chloride
■§ - was obtained by determination of chloride ion produced upon

2 - ---------- saponification of the isolated acid chloride. The rate constants
- are summarized in Tables I, I I I ,  and IV  while the distribution of

° o ‘ 2 '— 4 1— 4 1 8 ' 10 ' 12 ' 14 ' !6 products from the ethanolysis of the acid chlorides are shown in
Figures 1 and 2 .

M INUTES x I0 2

Figure 1.— Ethanolysis of ethylenesulfonyl chloride at 0°: T able I I I
O, C H 2= C H S 0 2C1; □, C H 2= C H S 0 20 H ; A ; C H 2= C H S 0 20Et. Ethanolysis op Ethylenesulfonyl Chloride“ '6

Temp,°Cc k, min“ 1

l0K  0.0 1.12 X I O “ 3
20.2 7.27 X  10“ 3

«  . 35.1 2.90 X 10“ 2UJ \
o  6 - “ Molar ratio of sulfonyl chloride to ethanol initially 1:25 ±  1.
*  - * n/  6 Average value of k calculated from a least-squares solution,
o  4 -  '  ± 0.1 °.

2 ‘ Tablb jy
o l z C + - r r L u  i i—i—i—i—i—i—i—i Ethanolysis of 2-Propene-1-sulfonyl Chloride“-6

0  2 4 6 8 10 12 14 :6
Temp, °C  k, m in-1

MINUTES ^ „
0.0C 4 32 X  10~5

Figure 2.— Ethanolysis of 2-propene-l-sulfonyl chloride at on oe c; cc v  m -4
84°: O, C H 2= C H C H 2S 0 2C1; □, C H 2= C H C H 2S 0 2G H ; A , f ' , r , ,  C
C H 2= C H C H 2S0 20Et. 3oJ  1.52 X  10 3

84d 9.92 X 10" 2

. . , , , . , .. , „ .  . , ° Molar ratio of sulfonyl chloride to ethanol initially 1:25 ±  1.
water was added to a hot solution of 2.9 g of sodium 2-propene-l- , Average value of k caiculated from a least-squares solution,
sulfonate m 10 ml of water; an oily layer separated which crys- c j - q i ° d R eflux
tallized when chilled and stirred. Recrystallization from dilute 
ethanol gave material melting at 121-122°. Further recrystal
lization from acetone containing a little water gave long needles, The rate constants were determined by least-squares solutions
mp 130-131°. of t*me vs- logarithm of the concentration of residual sulfonyl

Anal. Calcd for C hH 16N 20 3S2: C, 45.81; H , 5.58; N , 9.71. chloride calculated on the basis of 10.00 mmol initially
Found: C, 45.63; H , 5.64; N , 9.88, 9.66, 9.51. present. The data collected at a number of temperatures are

2 -Propene-l-sulfonyl Chloride.— The procedure of Belous, 26 summarized in Tables I I I  and IV . 
et al., was used to prepare crude 2-propene-l-sulfonyl chloride: Determination of Rates of Alkylation of Ethanolic Hydrogen
bp 60-61° (4 mm); n20d 1.4768. This material was fractionally Chloride with the Ethyl Sulfonates. The solvent for the alkyla- 
distilled in the presence of potassium carbonate as a stabilizer study was an ethanolic solution of dry hydrogen chloride
through a 32 X 3 cm Vigreux column equipped with partial con- which is more nearly representative of the reaction product 
densation stillhead. The heart cut had the following physical medium on ethanolysis of the sulfonyl chloride than ethanol
properties:26 bp 61-62° (6 .5  mm); n26d 1 .4 7 4 3 ; w14d 1.4788 alone> additional hydrogen chloride being used so that its con-
flit.26 ?i14d 1.4730); d26, 1.318; M d 30.0 (calcd 29.97). centration change would be minimized. An amount of the solu-

Anal. Calcd for C 3H 5C102S: C, 25.63; II, 3.58; Cl, 25.22; tion was added to the sample such that the molar proportions
S, 22.81. Found: C, 25.58; H , 3.61; Cl, 25.56; S, 23.23. of ester to hydrogen chloride to ethanol were initially 1:5:50.

Ethyl 2-Propene-l-sulfonate.— Ethanolic sodium ethoxide was Unreacted ester was determined by stoichiometric difference
prepared from 8.33 g (0.36 g-atom) of sodium and 200 ml of from the quantity of sulfonic acid produced; the latter was 
absolute ethyl alcohol. This solution was added in small in- determined from differential titrations for total acid and chloride
crements with stirring and cooling to 46.27 g (0.33 mol) of 2- ’on- Data for the esters are shown in Tables I I  and V.
propene-l-sulfonyl chloride in 100 ml of ether. The reaction
product was poured into cold water, and the ether layer was T ab le  V
washed three times with 50-ml portions of cold 20% sodium T, , „  TT „
chloride solution. The ethereal solution of ester was dried R ates op Alkylation of Ethanolic Hydrogen Chloride

overnight with calcium chloride. After the ether had been BY D ™ YL Ethylene- and 2-Propene-I-sulponate“ '6
removed under vacuum, the ester was distilled in the presence Temp, "C k. m in“ 1
of potassium carbonate as stabilizer from a 50-ml Claisen flask Ethyl Ethylenesulfonate
having a Vigreux side arm to give a 41-g yield (82% based on or 1c q v  in -4
sulfonyl chloride): bp 90-92° (1-2 mm); n20D 1.4420. 50 0C 1 86 X  in - 3
Fractional distillation through the previously described Vigreux ' .so x  IU
column gave a heart cut having the following physical properties: Ethvl 2-ProDene-l-sulfonate
bp 92-93° (2-3 mm); »%> 1.4415; d \  1.1442; M d 34.7 (calcd 35 p  1 58 X  10~4

Anal. Calcd for CsH.oOaS: C, 39.98; H , 6.71; sapon equiv, 9.58 X 10“ 4
150.2. Found: C , 40.20; H , 6.67; sapon equiv, 150.3. ^ X  10 4

Determination of Rates of Ethanolysis of Sulfonyl Chlorides. “ The molar proportions of ester to hydrogen chloride to 
— An ampoule of the sulfonyl chloride and the calculated amount ethanol initially 1:5:50 ±  2 . 6 Average value of k calculated
of ethanol in molar proportions of 1:25 were enclosed in a flask from a least-squares solution. c ±0 .1 °. d Reflux.

(26) The elemental analysis reported by Belous,25 et al., was quite poor, R e g i s t r y  N o . — E t h y l e n e s u l f o n y l  c h lo r id e ,  6 6 0 8 -4 7 -5 ;
indicating an impure product. Their material was not stabilized with potas- 2 - p r o p e n e - l - S l l l f o n y l  c h lo r id e ,  1 4 4 1 8 -8 4 -9 ; b e n z y l is O -  
sium carbonate during the distillation and some decomposition probably __o _____ -t it  i  * i-v , 1  i
occurred, accounting for physical properties which do not correspond to «aOUromum 2-pTOpene-l-SUlfonate, 17704-11-9; ethyl 
those found by us in the present study. 2-propeiie-l-Sulfon&te, 10602-27-4.
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The Formation of p-Benzoquinones in the Oxidation of Polyphenylene Ethers
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A  number of oxidizing agents attack polyphenylene ethers in acetic acid solution to produce either 4-acetoxy- 
phenols or p-benzoquinones. The nature of the final product depends on the ratio of oxidizing agent to polymer 
since 4-acetoxyphenols are initially formed and subsequently oxidized to the benzoquinone. A  mechanism is 
proposed for the reaction.

During the course of work on the stability of diphenyl OH
ether group in 2,6-dimethylpolyphenylene ether,1 an qj3 I CH
attempt was made to carry out a redistribution of the j +  HOAc pyCuC10CIh , 3 +
xylenol dimer, 4-(2,6-dimethylphenoxy)-2,6-dimethyl-
phenol (1), in refluxing acetic acid using chloromethoxy- j
(pyridine)copper2 as the initiator. The expected prod- OAc
ucts were 2,6-xylenol (2), xylenol trimer (3), xylenol 4

tetramer, and higher oligomers as shown in eq 1. OH

-X- c r CHi Y
| pyCueiocH, > Y  CH3̂ I . C H 3

ty* * T  *-*
1 f ch3Y ^ ch3

oh °Ac i n r

w
nrr I Results and Discussion
Y o

® V v ® 3 CH 1 CH Xylenol dimer 1 readily undergoes redistribution re-
3 + ' ^  actions with itself to produce an oligomeric series1,3

LvJJ which severely complicated the study of the formation
2 | of 4 and its subsequent redistribution with 1. White4

0  has shown that, while poly-2,6-dimethylphenylene
CH J CH ether does not redistribute with itself to produce any

3'v d?~\'r/  3 low-molecular weight products, it readily coredistri-
butes with a variety of phenols. These products form 

3 an oligomeric series whose ultimate group is derived
from the added phenol and the remainder of each mole- 

Although the expected reaction did occur, vapor cule from the polymer. This suggested to us that high
phase chromatography showed a second set of products polymer would be ideally suited for determining if ace-
which was identified by mass spectrometry and nmr toxyxylenol 4 is produced by a direct copper-catalyzed
spectroscopy as an analogous oligomeric series having oxidative coupling of acetic acid and hydroxy-termi-
an acetoxy group in the ultimate para position as shown nated phenylene ethers rather than from one of the re-
jn eq 2  distribution products of 1.

Although the formation of this series of products can Poly-2,6-dimethylphenylene ether (prepared by the
be explained as the coredistribution of 4-acetoxy- method of Endres3) was dissolved m toluene; acetic acid
2,6-dimethylphenol (4) with the xylenol dimer 1, a type was2 added followed by chloromethoxy(pyndine)cop-
of reaction that had been previously demonstrated for P f ; ’ This mixture ,was refluxed until the green color
a number of other phenols,1,3 the origin of 4 remained of ,th® copper complex was discharged. Vpc showed
to be determined. This paper reports the formation of ° nly th? f  * () Pr<)duat's ^  2 ’ ^ggestmg that
acetoxyphenols from a number of polyphenylene ethers he ^ toxyxyleno l had been directly formed from ace-
and their subsequent oxidation to p-benzoquinones. icaci an lepoymer.

Frevious work1,4 had shown that a variety of oxidiz
ing agents such as tetramethyldiphenoquinone and ben-

(1) G. C. Cooper, A. R. Gilbert, and H. Finkbeiner, Polymer Preprints, 7, i • i i i • , ,1 i* , -i ,• ? •,
166 ( 1966). z°y l peroxide would initiate the redistribution or xylenol

(2) H. Finkbeiner, A. S. Hay, H. S. Blanchard, and G. F. Endres, J. Org.
Chem., 31, 549 (1966). (4) D. M. White, Polymer Preprints, 7, 178 (1966).

(3) D. A. Bolon, ibid., 32, 1584 (1967). (5) G. F. Endres and J. Kwiatek, J. Polym. Sci., Part A, 58, 593 (1962).
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polymer. When experiments similar to the one de- When the above reaction was repeated, except that a 
scribed above were carried out with these two oxidizing total of 3 g of lead dioxide were used, only 2,6-dimethyl-
agents, essentially identical results were obtained. The benzoquinone was detected. In a separate experiment,
formation of 4-acetoxyxylenol can be explained in each acetoxyxylenol was oxidized to dimethylbenzoquinone 
of these cases as the attack of acetate ion on a pheno- (7) (eq 4).
nium ion formed by the oxidation of the phenolic end oh  q

group of the polymer chain, as shown in eq 3. Since ^  f  cH cH Y CH

OH 0 " T O T  K J  +  Ac20 (4)
CH3V y / C H 3 1 H°AC T

^ Q j  Y j T  0Ac °

O O AcO~
| +  [OJ —► V " The discovery that poly-2,6-dimethylphenylene ox-

CH3v A / C H 3 CH3 N i / CHJ ide could be oxidized to 2,6-dimethyl-p-benzoquinone
i Q J  [ O J  prompted an examination of other 2,6-disubstituted
Y  N p  polyphenylene ethers. The oxidation of six different

^ polymers using a stoichiometric amount of lead dioxide
j | gave the p-benzoquinones described in Table II.
' A l l  o f the po lym ers  used  in  T a b le  I I  w ere  p rep ared

0 b y  the m eth od  o f E n d re s  an d  K w ia te k 6 from  the a p -
CH3 \ J L ^ C H 3 p rop ria te  phenol. M c N e lis 6 has reported  the p o ly m -

CH I I erization  o f 2 ,6 -d im ethy lph eno l w ith  lead  d iox ide  as
I 3 ^  the ox id iz ing  agent. I f  the  p o ly m er p rep a red  in  this

A j / 0  0Ac fash ion  also  undergoes  fu rth e r ox id ation  to b en zo -
J K ) L  quinone, then  it shou ld  b e  possib le  to go  d irec tly  from

the phenol to the benzoquinone without isolating the 
polymer. On attempting a reaction of 2,6-dimethyl- 

0* q . phenol with lead dioxide in acetic acid, only 3,3',5,5'-
CH 1 CH I tetramethyldiphenoquinone was produced (see eq 5).

Y  +  W  ‘ <3» OH C H  CH,

o  OAc CHi y f C H 1 (5)

* 5 CH3 CH3
6

However, when the lead dioxide oxidation of 2,6- 
each of the products, 5 and 6, formed in such a sequence dimethylphenol was carried out in toluene, polymeri-
should be capable of oxidizing phenolic end groups and zation took place readily. Acetic acid was then added
the net oxidation state of the products was unchanged and, after further oxidation, a 45% yield of 2,6-di-
from that of the starting materials, it was expected that methylbenzoquinone was obtained, 
the redistribution reaction would be catalytic as in pre- Several other solvents have been examined for the 
viously studied cases.1,4 Quantitative examination of oxidation of high polymer with lead dioxide. Under
the product showed, however, that the amount of 4- identical conditions, the lead dioxide oxidation of poly-
acetoxyxylenol formed was only slightly greater than 2,6-dimethylphenylene ether gave a 54% yield of di-
the number of moles of oxidizing agent used. Indeed, methylbenzoquinone in acetic acid, a 41% yield in
as the amount of oxidizing agent was increased, the chloroacetic acid, and a 12% yield in propionic acid,
yield of 4-acetoxyxylenol quickly reached a steady-state A  mixture of refluxing chlorobenzene and benzoic acid
concentration suggesting that it was being formed and gave an 18% yield of 2,6-diphenylbenzoquinone from
consumed at about equal rates. Table I  shows the re- the polymer, almost identical (19%) with that ob-
sults obtained when lead dioxide was used to oxidize tained in acetic acid. The oxidation in the chloro-
1.0 g of polymer. Further examination of the reaction benzene-benzoic acid mixture was much faster, but
mixture showed that 2,6-dimethylbenzoquinone was this was probably largely due to the higher temperature 
being produced from the acetoxyxylenol. Since benzo- used.
quinone is in a higher oxidation state than the starting As might have been expected, phenol ethers such as 
material, its formation also explains why the acetoxy- 4-phenoxyphenol did not give identifiable products, no 
xylenol formation is not catalytic. doubt because of the reactive ortho positions of the

phenolic group. It  was also shown that neither 1,4- 
Table I diacetoxy-2,6-dimethylbenzene nor acetate-capped

Total Pb02, mg 4-Acetoxyxylenol, mg p o l y m e r  r e a c t .

200 167 In addition to lead dioxide, nickel peroxide, active
400 415 manganese dioxide, and manganic acetate were used
600 410 in the oxidation of 4'-(2,6-dimethylphenoxy)-2',3,5,6'-
800 420

1000 405 (6) E. McNelis, J. Org. Chem., 81, 1255 (1966).
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T a b l e  I I

0

P_  y

o
Registry Yield, --------- Caled, % ---------- ,-------Found, % ------- . ,----- — Mol wt-------- ,

R l R í no- % Mp, °C  C H  C H  Caled Found

C6H 5 C «H h 17603-87-1 47 100-105 81.17 6.81 81.1 7.0 266 293
i-C 3H 7 C H 3 17603-88-2 16 120-121 73.14 7.37 72.1 8.5 164 171
C 6H 6 C 6H s 2887-97-0 19 133-135 83.06 4.64 83.0 4.7 260 265
C 6H 6 C H 3 17603-89-3 76 51-54 78.77 5.09 78.8 5 .2  198 204
C 6H 5C H 2 C H 3 17603-81-5 b 79.22 5.70 79.0 5.6 212 230
C H 3 C H 3 527-61-7 62 70-72

o In each case, the nmr and mass spectrum was in agreement with the assigned structure. b This benzoquinone is apparently a liquid 
and was isolated by thin layer chromatography.

tetramethyl-4-hydroxydiphenyl ether (8) (2 ,6-dimethyl- The oxidation of hydroquinone monoaeetates to the 
phenol trimer). The reaction with nickel peroxide and corresponding benzoquinones can be viewed as pro
active manganese dioxide proceeds smoothly at acetic ceeding through a similar mechanism forming first the
acid reflux temperature to produce 2  mol of 2 ,6 -di- 4,4-diacetoxycyclohexadienone as shown in eq 7  for 
methylbenzoquinone, 0.5 mol of 3,3',5,5'-tetramethyl-
diphenoquinone, and acetic anhydride. When xylenol _
trimer 8  redistributes, the terminal group appears as CHss. ^ ^ L ^ C H j ii

free xylenol (eq 6 ). In these experiments, the xylenol ^  _0Aĉ

OK I
/~!TT I nn  OAc OAcA .  ^*^^3XT

I  c a y U c H ,

CH3 \ X / CH3 - >  > <
\ C J ]  A c t r N ) A c

? “ n X / C H ,  O

X X  CH3V I / C H 3 ̂  ̂ X X  + AC2°(7)
o  c h 3/ C ^ " C' x c h 3 o

0 ch3. I  /CH3
1 CH II If 2 ,6-dimethy 1-4-acetoxyphenol. The diacetate would

3 . then rearrange to benzoquinone and acetic anhydride.
l ^ J  ^  IT +  ^  The recent work of Thanassi and Cohen7 has shown

|| 1 1 1  that. 4-acetoxyphenols can be oxidized by N-bromo-
O succinimide in acetic acid to produce the benzoquinone

3 If 3 and acetic anhydride. Thanassi and Cohen feel that
0  the acetic anhydride is formed by oxidation of the

. . . phenol to a phenonium ion followed by ejection of an
is oxidatively coupled to diphenoquinone by the man- acylium ion which combines with acetate (eq 8 ). In
gañese dioxide or nickel peroxide. Acetic anhydride support of this view, they cite the work of Snyder and
formation was established by vpc and conversion into o-
bromoacetanilide. OH O

Manganic acetate was examined as an oxidizing agent I ||
for 2 ,6 -xylenol trimer since it is soluble in acetic acid. ' Y y ’ O
The reaction of 1 g of trimer with a stoichiometric LvvJ | I J  II
amount of manganic acetate was complete in less than |
2 hr at room temperature. A  93% yield of benzo- O ------ > 0+ —*■ I I  +  Ac+ (8)
quinone was obtained. I | ||

The displacement of a phenoxy group from a hydroxy- 0 = 0  C= 0  O
polyphenylene ether either by a phenol1 -3  or by acetate ^ ^
almost certainly proceeds by prior formation of a 3 3

cyclohexadienone derivative as in eq 3, followed by
homolytic cleavage to form two phenoxy radicals. (7) J. W. Thanassi and L. a . Cohen, J. Amer. Chem. Soc., 89, 5733 (1967).
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Rapoport8 on quinones in cell-free oxidative phos- polymer. After filtering, the product was isolated by distillation
ph ory la tion  w here in  it w as  estab lished  th a t neither o f a" d PUI)fied by recrystallization from ra-hexane. Table I I  gives
,, . . . . . . .  . , the analytical data for the 1,4-benzoqmnones prepared.
the oxygens of the original qumone are exchanged Direct Polymer Preparation and Oxidation.— After preparing 
during the oxidation—reduction cycle. This argument a solution of 10  g of 2-methyl-6-phenylphenol in 50 ml of toluene,
has the difficulty that conditions are certainly con- a total of 32 g of lead dioxide was slowly added. An exothermic
ceivable that would require the decomposition of a di- reaction took place and, after the mixture had cooled to room

. ,i , i i  temperature, 50 ml of glacial acetic acid was added. The re-
phosphate always to proceed by a route that would acJ n mixt,;re was ref4 ed for 12 hr and poured into 200 mi

of water, and the toluene layer was removed. After extracting 
0  the aqueous phase with two 50-ml portions of toluene, the ex-

'% ;p = (> A ---------- P = 0  II I | tracts were combined, dried over magnesium sulfate, and distilled
"V n  I „1 to yield 5.1 g (45% ) of 2-methyl-6-phenylbenzoquinone, bp 103°

0 < >  I  JL +  (0-1 mm), mp 51-54°.
|| | ^  ll ^  Preparation of Manganese(III) Acetate, M n (0 A c )3-2H 20 .—

0 0  Manganic acetate was prepared by adding 98 g of M n (O A c )2-
|  u  4H20  (0.4 mol) to 500 ml of glacial acetic acid. The mixture was
q  heated to reflux and K M n 0 4 addition was started. A  total of

16 g of permanganate was added to the refluxing mixture in 
, , • • i . . r , ca. 1 -g portions. When the addition of the permanganate was
leave the original oxygen intact. A t present, Vie feel complete (20-30 min), the solution was refluxed for an additional
that the formation of a cyclohexadiene such as 9 25 min and cooled to 15° with an ice bath, and 85 ml of water
followed by immediate decomposition to benzoquinone was added. On stirring overnight, the M n (0 A c )3-2H20  crys-
takes into account the observations made in the present tallized. After filtering, the solid was washed with 100 ml of

s tu d y  and, m  add ition , the fact th a t, w h ile  2,2 -d iace toxy - M  a red-brown powder in 90-95% yield (120-125 g). The
3 ,5 -cyclohexadienones are  w e ll k n o w n , 9 the  4 ,4 -d i- manganese(III) content was determined by iodine or ferrous
acetates h a ve  never been  prepared . sulfate titration as 19.5-20.2% (theory 20.5%).

Oxidation of 4'-(2,6-Dimethylphenoxy)-2',6',3,5-tetramethyl- 
4-hydroxydiphenyl Ether (2,6-Xylenol Trimer) with Manganic 

Experimental Section Acetate.— A  solution of 1.0  g of 2,6-xylenol trimer and 4.5 g of
M n (0 A c )3-2H20  in 25 ml of glacial acetic acid was stirred at 

Unless listed below, all starting materials were commercially 30°. After 2 hr the dark color of the manganic acetate had been
available and used as received. The nmr spectra were determined replaced by the pale yellow of 2,6-dimethylbenzoquinone.
using a Yarian A-60 and the mass spectra were obtained using a The reaction mixture was filtered to remove the precipitated
General Electric MS600 monopole mass spectrometer. manganous acetate and poured into 50 ml of benzene. After

2,6-Dialkylpolyphenylene Ethers.— All of the polymers used extracting the acetic acid by washing the solution four times with
were prepared by the method of Endres and Kwiatek using the 20-ml portions of water, it was dried and the benzene was
appropriate phenol. The phenols in turn were prepared by removed on a rotary evaporator. The 2,6-dimethylbenzoquinone
conventional synthetic methods. was dissolved in 50 ml of rr-hexane and filtered to remove the

Oxidation of 2,6-Dimethylpolyphenylene Ether with Lead 3,3',5,5'-tetramethyldiphenoquinone. The yield of crude 2,6-
Dioxide. A — To a refluxing suspension of 1 g of 2,6-dimethyl- dimethylbenzoquinone was 700 mg (93% ) and of diphenoquinone
polyphenylene ether (¿i =  0.52) in 20 ml of acetic acid was added 188 mg (57% ).
300 mg of lead dioxide. After 30 min, the brown color of the 2',3,5,6'-Tetramethyl-4-hydroxydiphenyl ether ( 1 ) and
lead dioxide had disappeared, and an additional 700 mg of lead 4'-(2,6-dimethylphenoxy)-2',3,5,6-tetramethyl-4-hydroxydiphenyl 
dioxide was added. The mixture was refluxed for 1 hr and cooled ether (8 ) were prepared by the redistibution of 2,6-xylenol with
to room temperature, and 50 ml of benzene was added. The 2,6-xylenol polymer according to the method of W hite .4
benzene solution was washed several times with water, dried Oxidation of 8 with Nickel Peroxide.— Nickel peroxide was
over magnesium sulfate, and distilled. A  total of 300 mg of 4- prepared according to Nakagawa, et a l.,n  and an oxidation of
acetoxy-2,6-dimethylphenol, mp 93-95° (lit .10 mp 94-95°), was xylenol trimer 8 was carried out by adding 2.78 g of nickel
obtained. The nmr spectrum showed the expected peaks, and the peroxide to a solution of 1.0 g of trimer in 25 ml of glacial acetic
mass spectrum had prominent peaks at 180 (M )  and 138 (M  -  acid. After the mixture was refluxed for 2 hr, black nickel per-
42) with the base peak at 43. oxide was replaced by a pale green solid. After filtering off

Anal. Calcd for Ci0H 12O3: C, 66.65; H , 6.71; mol wt, the solid, it was washed with 100 ml of benzene; the benzene
180. Found: C, 66.4; H , 6.7; mol wt, 184. was added to the acetic acid solution; and the mixture was

B — The above experiment was repeated using 3.0 g of lead extracted three times with 25-ml portions of water. After drying
dioxide. After drying the benzene extract, the solvent was over magnesium sulfate, the benzene was removed on a rotary
removed and the residue was sublimed at 20 mm. The 2,6- evaporator, and the product was sublimed at 20 mm. The yield
dimethylbenzoquinone was recrystallized from benzene, mp of crude 2 ,6-dimethylbenzoquinone was 186 mg (25% ).
70-72° (lit .11 mp 71-72°). The nmr and infrared spectrum were Manganese Dioxide.— The manganese dioxide was prepared
m agreement with those of authentic 2 ,6-dimethylbenzoquinone. by dissolving 20 g of potassium permanganate, 15 g of sodium
The parent ion in the mass spectrum was 136, and the fragmenta- bicarbonate, and 20 g of potassium carbonate in 400 ml of water,
tion agreed with the cracking pattern of 1,4-benzoquinones. On the addition of 100 ml of 95% ethanol, the temperature rose

General Method of Oxidizing Polymers with Lead Dioxide.—  to 50°. The mixture was vigorously stirred until the temperature
A  solution of 24 g of the polymer m 200 ml of toluene was prepared had dropped to 25°, at which point the manganese dioxide was
by refluxing the toluene. To the hot solution, 100 ml of glacial filtered off. After slurrying in a solution of 20 g of potassium
acetic acid was slowly added. A  total of 40 g of lead dioxide carbonate in 400 ml of water, the product was again filtered,
was added in small portions over about a 3-hr period. The re- washed with 400 ml of water, and dried by pulling air through
action mixture was cooled and poured into 600 ml of water, the filter cake for 10 min. The filter cake was then powdered
the toluene phase was separated, and the aqueous phase was and dried at 1 1 0 ° for 3 hr.
extracted with two additional 200-ml portions of toluene. After Oxidation of 8 with Manganese Dioxide.— Manganese dioxide 
approximately 400 ml of the toluene was distilled, the remainder (1.5 g) was added to a solution of 1.0 g of xylenol trimer 8 in
was poured into 500 ml of methanol to precipitate any unreacted 25 ml of glacial acetic acid. After 2 hr at reflux, the manganese
______________  dioxide had dissolved and the work-up was as described for nickel

peroxide. The yield of crude 2,6-dimethylbenzoquinone was
(8) C. D. Snyder and H. Rapoport, J. Amer. Chem. Soc., 89, 1269 (1967). 718 mg (96% ).
(9) G. Billek, J. Swoboda, and F. Wessely, Tetrahedron, 18, 909 (1962).
(10) E. Zbiral, F. Wessely, and E. Lahrmann, Monaish. Chem., 91, 331

t. , _  ,  _ _ ( 12) K - Nakagawa, R. Konaka, and T. Nakata, J. Org. Chem., 27, 1597
(11) G. R. Bacon and D. J. Munro, J, Chem. Soc., 1339 (1960). (1962).
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The Synthesis of 2-Methyl-3-vinyl-l,4-naphthoquinones1
W illiam  E. Bondinell,2 Samuel J. D iM ari,2 Benjamin Frydman,3 K ent M atsumoto,4

and Henry Rapoport

Department of Chemistry, University of California at Berkeley, Berkeley, California 94720

Received June 17, 1968

Chlorobiumquinone, previously isolated from Chlorobium thiosulfatophilum and characterized as a 2-methyl-
3-vinylmultiprenyl-l,4-naphthoquinone, is unique among natural multiprenylquinones in being a vinyl- rather 
than an allylquinone. Various approaches to the synthesis of 2-methyl-3-vinyl-l,4-naphthoquinones have been 
studied, and two general syntheses have been developed, both constructing the substituted vinyl side chain via 
the W ittig reaction. A  primary requirement for both methods was a protecting protocol for the 1,4-oxygen func
tions which would be inert to the ylide yet would allow generation of the quinone without destruction of the vinyl 
group. Such functionality was provided by the 1-pivalate ester—4-methyl ether. These groups do not react 
with the ylide, and removal of the ester with lithium aluminum hydride and oxidation of the l-hydroxy-4-methoxy 
compound with ferric chloride gave quinone while leaving the vinyl side chain intact. One synthesis proceeded 
via 3-chloromethyl-4-methoxy-2-methyl-l-naphthol pivalate which was converted into its triphenylphosphonium 
salt and thence to vinyl derivative by generation of the naphthalenic ylide and reaction with a carbonyl compo
nent. The other synthesis utilized the 3-naphthaldehyde, prepared from the chloromethyl compound and potas
sium 2-propanenitronate, in reaction with the appropriate ylide. To avoid isomers, some secondary ylides were 
prepared by alkylation of primary ylides. The relative advantages and disadvantages of both methods are con
sidered. The separate, isomeric vinyl compounds were obtained, and cis and trans stereochemical assignments 
were made by relating their nmr absorptions to those of unambiguous synthetic models. Various vinyl substitu
tion patterns can be easily distinguished from the ultraviolet absorption of the resulting 2-methyl-3-vinyl-l,4- 
naphthoquinones.

We have reported the isolation and structure deter- The syntheses reported in the literature have been 
mination of chlorobiumquinone (I), a novel 2-methyl-3- designed for the preparation of vinylhydroquinone
vinylmultiprenylnaphthoquinone isolated from the diesters or diethers with vinyl moieties bearing no
anaerobic, photosynthetic sulfur bacterium, Chlorobium substitutents, the object being the preparation of
thiosulfatophilum, strain P M .6,6 Chlorobiumquinone monomers from which a redox polymer might be
is unique7 among the menaquinones, ubiquinones, and obtained. 10

plastoquinones found in nature in that it has a double Most of the vinylhydroquinones and vinylhydro- 
bond conjugated with the ring moiety and the side quinone derivatives have been prepared by ( 1 ) syn-
chain contains one carbon less than the multiples of five thesis and decarboxylation of a 2,5-dihydroxy cinnamic
found in all other natural multiprenylquinones. Hence, acid, (2) reduction of the ketone moiety of an acetyl-
chlorobiumquinone may be visualized as menaquinone-7 hydroquinone diacetate and dehydration of the resulting
( I I ) , 8 which also occurs in C. thiosulfatophilum, minus alcohol, or (3) metalation or formation of the Grignard
the 1  '-methylene, rather than as a double-bond isomer. reagent of a hydroquinone diether followed by reaction

Our interest in the chemistry of chlorobiumquinone, with ethylene oxide or acetaldehyde and dehydration
especially as it relates to a possible role for the quinone of the resulting alcohol. The reverse of 3, formation
in photosynthesis and oxidative phosphorylation in C. of the diether of a 2,5-dihydroxybenzaldehyde followed 
thiosulfatophilum9 and the fact that vinylquinones are by reaction with methyllithium or a Grignard reagent, 
a little studied class of compounds (except for their use is also known. In only one case did the vinyl group
in polymerizations) have led us to develop general contain a substituent and that was an «-methyl group. 11

methods for the synthesis of vinylnaphthoquinones, Several 2-hydroxy-3-(l-alkenyl)-l,4-naphthoquinones
which is the subject of this paper. (IV ) have been prepared by heating 2 -hydroxy-l,4-

naphthoquinone ( I I I )  with a variety of straight-chain,
( 1) Sponsored in part by Grant AI-04888 from the National Institutes of aliphatic aldehydes and hydrochloric acid in acetic

Health, u. s. Public Health Service. acid. 12 Under these conditions 1,4-naphthoquinones
(3) Facultad de Farmacia y  Bioquimiea, Universidad de Buenos Aires, (V ) do not yield (1-alkenyl)-1,4-Iiaplith o q U lIlO Iie S  (V I) 

Buenos Aires, Argentina. but give instead pigments of the anthocyanidin type,13
v n .  By ^ « ¡ „ 8 ^ ¡ « 0 » ,  h o w » » ,  2 -

menaquinone-7 also was isolated. methyl-1,4-naphthoquinone (V I I I )  was successfully
(6) r . Powis and e . r . Redfeam [Biochem. j., 102, 3c (1967)] also have condensed with acetaldehyde and hydrogen bromide to

isolated chlorobiumquinone and menaquinone-7 from C. thiosulfatophilum. o  q  (1 -L rr .rn r ip + tw l') 1 4  n n n t it t in m iin n n p
(7) A quinone detected apectrophotometrically in Sarctna lutea also may a f f o r d  2 - m e t n y l - o - ( l  b r o m o e t n y l ;  1 ,4  n a p n t n o q U in o n e

be of this type: D. H. L. Bishop, K . P. Pandya, and H. K . King, ibid., 83, 606 „  .,
(10) For a review of the synthesis of vinylhydroquinones, see H. G. Cassidy

(8) IU P A C -IU B  Commission on Biochemical Nomenclature Tentative and K . A. Kun, “ Polymer Reviews,”  Vol. 11, Interscience Publishers. New
Rules, Arch. Biochem. Biophys., 118, 505 (1967). York, N . Y  1965, Chapter 2.

(9) I. Chmielewska IBiochem. Biophys. Acta, 89, 170 (I960)] has postu- (11) J. M. Bruce and P. Knowles, J. Chem Soc. C 1627 (1966).
lated the intermediacy of a vinylquinone in the mechanism of the quinone’s (12) S. C. Hooker, J. Amer. Chem. Soc 58, 1163, 1168 ( 936).

role in oxidative phosphorylation. U3> M - Fieser and L ‘ F ’ Fleser- 1b li”  63> 1572 {1941)‘
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Sc h e m e  I  of 2-methyl-3-vinyl-l,4-naphthoquinone (X ), isobutvr-
0  aldehyde was condensed with 2-methyl-l ,4-naphtho-
1 quinone (V III ),  but no 2-methyl-3-(l-bromo-2-methyl-

|| I , 1 propyl)-1,4-naphthoquinone (X I I )  could be isolated.
The only product was a small amount of 2-methyl-3- 

f  '  76 bromo-1,4-naphthoquinone (X I I I ) . 16
0

I o  0 0 0

°TCT<^- c f c  OyC
n xi xii xm

o o o 9R

Cy0H ss- oaOH cy Oy
O 0 CHR 0 OR

ttt IV V XIV, R -H
XV, r = ch3

RCH2cho XVI, R  =  COCH(CH3)2

HCI-HOAc
A  second approach which was investigated for the 

direct introduction of the entire vinyl side chain was 
9H alkenylation with an a,/3-unsaturated diacyl peroxide.

0  .¿x^Jx The preparation of 2-methyl-3-(l-hexadecenyl)-l,4-
II L X  X  R naphthoquinone by this method has been reported;16

l l l l l  however, parallel reactions with other a,|3-unsaturated
k y y j L  +0\ JL acyl peroxides were reported to fail. 16,17 We carried out

J | -q  | jl the reaction with /3,/3-dimethylacryloyl peroxide and
O CHR A A qh 2-methyl-l,4-naphthoquinone (V III ).  No alkenyla-

V I (I J tion product was obtained and only starting quinor.e
was recovered.

Our third approach was to introduce the vinyl side 
0  0  chain precursor by preparing the acyl derivative which

JL /  could then be reduced and dehydrated. This was first
f  Y  || _CH3CH0 > I || || A<V attempted by acylating l,4-dimethoxy-2-methylnaph-

HBr-HOAc thalene18 (X V ) with isobutyryl chloride and aluminum
^ i I chloride. Acylation occurred, as indicated by the

Br nmr signals for one isobutyryl group, but it had entered
IX the unsubstituted ring since the C-3 proton signal was

0  undiminished. Fries rearrangement of 2-methyl-l,4-
jl naphthalenediol diisobutyrate (X V I) also failed.

/ Y V  Building the Vinyl Side Chain on a Substituted 
Naphthohydroquinone.— Inability to introduce the

1 | vinyl side chain directly led us to approach the syn-
O thesis by first inserting a functionalized carbon at C-3

X and then building the vinyl side chain on this carbon.
As a model, the 2-aminoethyl compound X IX  was 

(IX ) which was dehydrohalogenated to 2-methyl-3- prepared, since success in eliminations with this com- 
vinyl-1,4-naphthoquinone (X ) . 14 See Scheme I. pound could be translated to secondary and tertiary

While some of these methods are not applicable to amines for the corresponding substituted vinyl deriva-
the preparation of ^-dialkylvinylnaphthoquinones of tives. The 2-aminoethyl compound X IX  was pre- 
the chlorobiumquinone type, others held promise, and pared from 3 -chloromethyl-l,4 -dimethoxy-2 -methyl-
suitable modifications were studied, as well as new naphthalene (X V II ) by treatment with aqueous sodium
methods. cyanide to give the nitrile X V I I I  followed by lithium

Direct Introduction of the Vinyl Side Chain.— We
first investigated those reactions which would allow (IS ) R. H. Thomson [./. Chem. Soc., lto e  (1953)] has reported that formal- 

direct introduction oi a vinyl side chain or of a vinyl ' S S t S S S S :
side chain precursor. Our initial goal was the synthesis 2-naphthaidehyde, and 2-formyithiophene instead gave only traces of 

of 2-methyl-3-(2-methyl-l-propenyl)-l,4-naphthoqui- 2-methyl-3-ehloro-l,4-naphthoquinone.
/-«-r\ - 1 . . .  , ,  .  1 (16) L. F. Fieser and A. E. Oxford, J. Armr. Chem. Soc., 64, 2060 (1942);

none (X I )  which contains many of the features present L. F. Fieser, v . s. Patent 2,398,4 i 8 ( 1946).

in I. Following the method used for the preparation (17) L - F. Fieser, M. T . Leffler, and coworkers, J. Amer. Chem. Soc., 70,
3175, 3195 (1948).

(14) G. Manecke and W. Storck, Ber., 94, 300 (1961). (18) S. Ansbacher, E. Fernholz, and M . A. Dolliver, Hid., 62, 155 (1940).
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aluminum hydride reduction to amine X IX . Exhaus- 4-methyl ether 1-pivalate X X IIe . Acetylation of the
tive méthylation to the quaternary methiodide followed dihydroxyaldehyde X X IIa  by heating with acetic
by heating in alkali gave a good yield of 1,4-dimethoxy- anhydride and either sulfuric acid or sodium acetate or
2-methyl-3-vinylnaphthalene (X X ). However, ether pyridine led to excellent yields of the tetraacetate

X X II I .  Although treatment with methanol-HCl or
OCH3 OCH3ryV rYU ?Rl
OCH3 OCH3

XVII XVIII or4

OCH3 OCH3 XXIIa, Ri = H ; R4 = H
b, Ri = C H sCO; R4 = H 
C, Ri =  C H 3CO; R4 =  C H 3CO

I ff T II d, Ri = CHaCO; R4 = CH3
e,R I =(CHa)aCCO;R4 = CHa

OCH3 CH30 ?Rl

xix xx i ^ i r Y ^
0

fiY^ X X I I I ,  Ri = CHaCO; R4 = CH3CO; R3 = CH(OCOCH3)2 
I l  XXIV, Ri = CHaCO; R4 = H; R3 = H
À 1 XXV, Ri = CH3CO; R4 = CH3; R3 = H
u XXVI, R, = CHaCO; R4 = CH3; R3 = CH2C1

XXI XXVII, Ri = H; R4 = CH3; R3 = H
XXVIII, Ri = (CHa)aCCO; R4 = CH3; R3 = H

cleavage with acidic reagents19 proceeded in very poor XXIX, Ri = (CH3)3CCO; R4 = CH3; R3 = CH2C1 
yield and subsequent oxidation gave the vinylquinone
X  in only 10% yield from dimethoxy compound X X . acetic acid did convert this tetraacetate into diacetate
Significant by-products in this reaction were 2 -methyl- X X IIe , the product always contained the difficultly
1,4-naphthalenediol (X IV ) and the ethylquinone removed 1 -acetoxy compound X X IIb . A  superior
X X I, which may be considered as a tautomer of the preparation of the pure aldehyde diacetate X X IIe
intermediate 2-methyl-3-vinyl-l,4-naphthohydroqui- directly from dihydroxy aldehyde X X IIa  was then 
none. Loss of the entire vinyl side chain in such ether- found using milder acetylation conditions, 
cleaving reactions has been observed previously19 with To prepare the 4-methoxyaldehyde acetate X X IId , 
benzohydroquinones; however, conversion into the 2-methyl-l,4-naphthalenediol 1-acetate (X X IV ) 22 was 
ethylquinone has not been heretofore reported. methylated with dimethyl sulfate. The l-hydroxy-4-

Although this Hofmann elimination approach was methoxy-2 -methyl-l-naphthol acetate (X X V ) formed 
abandoned because of its complexity and the poor yield was always accompanied by some of the dimethoxy
in the ether cleavage step, it clearly established that a compound (X V ). This troublesome side product
protecting protocol other than methylation-demethyla- could be removed by treatment with Claisen alkali
tion had to be developed for a successful, general syn- which hydrolyzed the ester and removed the resulting
thesis of vinylquinones. 4 -methoxy-2 -methyl-l-naphthol (X X V II) as its salt;

Synthesis of Vinyl Side Chain Using Wittig Reaction. reacetylation gave X X V . This separation was avoided
.—The failures and limitations of the various methods by direct conversion of 2-methyl-l,4-naphthalenediol
considered above directed our attention to the use of into the same 4-monomethyl ether X X V II  in practi-
the W ittig reaction. This method has been used to cally quantitative yield using methanol and hydrogen
prepare a number of vinyl-1,4-dimethoxybenzenes, 19,20 chloride.28 Conversion of X X V  into the aldehyde then
but conversion into the corresponding quinones was followed by chlorométhylation to X X V I and trans-
thwarted at the ether cleavage stage. Thus the prob- formation of the chloromethyl to an aldehyde group
lem became one of finding protecting groups compatible using 2 -nitropropane and potassium i-butoxide in t-
with the W ittig reagent and removable without destruc- butyl alcohol. These conditions reduced deacetylation
tion of the vinyl side chain. Approaches both through to <20%, but reacetylation was still necessary for a
the naphthaldehyde and the naphthalenic ylide were good yield of the l-hydroxy-4-methoxy-2-methyl-3-
explored in detail. naphthaldehyde acetate (X X IId ).

A. Via the Naphthaldehyde.—Three protected de- Esterification of the 4-monomethyl ether X X V II  
rivatives of l,4-dihydroxy-2-methyl-3-naphthaldehyde with pivalic acid in trifluoroacetic anhydride24 gave the
(X X IIa ) 21 were prepared and tested for their efficacy pivalate ester X X V III .  Because of limited solubility,
in the W ittig reaction and for ease in subsequent chlorométhylation was carried out using formalin-
conversion into quinone. These were the diacetate acetic acid saturated with hydrogen chloride, and the
X X IIe , the 4-methyl ether 1 -acetate X X IId , and the

(22) B. R. Baker,.T. H. Davies, L. McElroy, and G. H. Carlson, ibid... 64, 
(19) L. I. Smith and J. J. Baldwin, J. Org. Chem.. 27, 1770 (1962). 1096 (1942); B. R. Baker and G. H. Carlson, « „  64, 2657 (1942)
20) M . Hashimoto, K . Uno, and H. G. Cassidy, J. Polym. Soi., Part (23) Patterned after the procedure M. Tishler, L. F. F.eser, and N. L.
, L QQo co ati Wendler [tbid., 62, 1982 (1940)] used to prepare the monoethyl ether.
(2P L. I. Smith and I. M. Webster, J. Amer. Chem. Soc., 69, 662 (1937). (24) R. C. Parish and L. M. Stock, J. Org. Chem., 30, 927 (1965).
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chloromethyl derivative X X IX  was converted into ester was required, and we turned to the 1-pivaloyloxv-
l-hydroxy-4-methoxy-2-methyl-3-naphthaldehyde pi- 4-methoxyaldehyde X X IIe .
valate X X IIe  with potassium 2-propanenitronate in the When X X IIe  was treated with isopropylidenetri- 
usualway. phenylphosphorane, reaction occurred rapidly and

Construction of the vinyl side chain was now under- practically quantitatively to give the corresponding
taken first with the diacetate aldehyde X X IIe  by adding 4-methoxy-2-methyl-3-(2-methyl-1 -propenyl) -1 - naph-
to its suspension in tetrahydrofuran 1 ecuiv of the ylide, thol pivalate (X X X IIa ). The pivaloyl group was
isopropylidenetriphenylphosphorane, and refluxing the removed with lithium aluminum hydride, and the inter
mixture for several hours. Analysis of aliquots by mediate naphthol was oxidized to the vinylquinone X I
nmr indicated a substantial loss of acetyl groups while in 88% over-all yield from aldehyde X X IIe . Again,
the aldehydic proton signal remained. To simplify this procedure applied to X X IIe  and n-butylidenetri-
product analysis, lithium aluminum hydride was added phenylphosphorane gave a cis-trans mixture (the
at the conclusion of the reaction (indicated by the dis- stereochemistry of these compounds is treated in detail
appearance of the ylide) to remove all ester groups and in a later section) of the vinylquinone X X X II Ia  in
reduce any remaining aldehyde, which surprisingly was good yield. Clearly, an excellent protecting pa ttern -
converted into a methyl rather than a hydroxymethyl l-pivaloyloxy-4-methoxy— had been found which al-
group. The hydroquinones were then oxidized with lows synthesis of vinylquinones in high yield with
silver oxide, and the mixture of quinones was analyzed respect to naphthaldehyde and ylide.
by glpc.

Three quinones, 2,3-dimethyl-l,4-naphthoquinone nmrwwn
(X X X ), 2-methyl-3-(2-methyl-l-propenyl)-l,4-naph- I "  33
thoquinone (X I), and 2-methyl-3-isobutyl-l,4-naphtho-
quinone (X X X I),  were obtained in the ratio of 4:1:2. [ Jl I
When the ratio of ylide to naphthaldehyde X X IIe  was
increased to 3:1, the product ratio now changed to CHsO
2:3:5 for dimethyl-, 2-methyl-l-propenyl-, and iso- Rl ^
butylquinones. An authentic sample of the isobutyl- X X X IIa , R, =  r 2 =  C H 3

quinone (X X X I) was prepared by the reaction of 2- JJ1 I  pARVT cut

methyl-1,4-naphthoqumone (V II I )  and diisovaleryl d, R, = R 2 = C H 2C H 3

peroxide. ! ’ r 1 = p ’ =
The source of the isobutylquinone X X X I  is not clear. ’ 1 ~ Hs> _  m-C6Hi3

Using a mixture of methylene chloride and tetrahydro- I
furan, in which the starting diacetate aldehyde X X X IIc  g> Rl = CH3> Rj = C H 2(C H 2C H 2C H C H 2)3H
is completely soluble or carrying out the reaction at 0°
caused no change in the product ratio. Also, the 0
action of lithium aluminum hydride on the vinylquinone Jl
X I  or on the corresponding vinylhydroquinone diace- 
tate under the conditions of the isolation procedure
followed by silver oxide oxidation gave only recovered T Jl
vinylquinone X I  and no isobutylquinone X X X I. ° R ( V R2
However, lithium aluminum hydride must be involved 1
in some way in its formation, since treatment of the XXXIIIa, Ri, R2 = H, CH2CH2CH3

reaction mixture with Claisen alkali and then silver c,’ lij r 2 = H, C6H5 2 2 3
oxide gave the vinylquinone X I  in 60% yield and no d> Ri> Rs = CH3, n.-C6H,3

isobutylquinone X X X I. C H 3

Q  e, R,, R 2 =  C H 3, C H 2(C H 2C H 2C H C H 2)3H

f Y Y  To extend the scope of this synthesis, we next investi-
gated its application to unsymmetrical secondary ylides,

II Jl 1  since tbis would be needed for the synthesis of chloro-
0 0 /  \  biumquinone (I ) and presumably other natural vinyl-

XXX XXXI quinones. For this purpose, a secondary alkyltri-
phenylphosphonium halide would be needed. Six such 

As a method for synthesizing vinylquinones, this compounds have been reported in the literature, pre
procedure may be useful when the ylide is readily avail- pared by heating triphenylphosphine and the halide,
able since the diacetate aldehyde X X IIe  is easily neat. Two of these (cyclopentyl,and cyclohexyl2̂>2®)
obtained. However, the reaction of one or both of the offer no complications, since only one salt can be
ester groups with the W ittig reagent, necessitating the formed; the obtention of isomers is possible with the
use of at least 3 equiv of ylide, makes this procedure others (isopropyl,27 2-butyl,26’28 2-octyl,28 and a-
prohibitively expensive with difficultly available ylides. phenylethyl26).

On the assumption that the 4-acetoxy group might be 
the major source of the ester-ylide reaction, the same ™  matzer' R?r.!1996,5i899 uses),
procedure was applied to X X IId  in which the 4-methoXy (27) (a) U. H. M . Fagerlund and D. R. Idler, J. Amer. Chem. Soc., 79 ,

group has replaced the acetoxy, but the results were 6473 (1957); (h) G- witti<iand D- Wittenberg, Ann., 606, i ( 1957).

essentially the same. Clearly, a much more hindered B« Z  /! L' Mi'e3' M' A' Raym°nd' and B'
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We pursued the synthesis of 2-pentyltriphenylphos- RCH=P(C H ) R'X 
phonium bromide by heating triphenylphosphine and 6 5 3 >
pure 2-bromopentane,29 and the best yield of phospho- R '
nium salt was obtained with excess phosphine at 170° RCHP(C6H6)3, RCH2P(C6H6)3, RCP(C6H6)3,
m a sealed tube for 48 hr. However, glpe showed the |
recovered bromopentarie to he a 2:1 mixture of 2- and R/
3-bromopentanes, and this was true also for lower 0f ethylidenetriphenylphosphorane with either 1-
temperature and shorter time reactions where conver- bromopropane or 1-bromobutane led to 80% the
sion into salt was less. . secondary and 20% the regenerated primary phos-

This result strongly suggested that the phosphomum phonium salt; no tertiary salt was formed. The
sa t was also a mixture, and this was established as the distribution between secondary and primary could be
case by conversion into ylide and reaction with the easily determined by the ratio of the a-methinyl proton
1- pivaloyloxy-4-methoxyaldehyde X X IIe  as above. peak at about 8 5 to the «-methylene proton absorption
The product was a mixture of cis- and ¿rans-2-methyl-l- at about 8 4. Although this method results in a mix-
pentenylhydroqumones X X X IIc  and 2-ethyl-l-butenyl- ture,33’34 it may have useful applications where the
hydroqumone X X X IId . Again, when the triphenyl- alkylating group is large, making for a ready separation
phosphomum salt of 6,10,14-trimethyl~2-pentadecyl of the salts or the subsequent products.
bromide30 was used similarly and the reaction carried In summary, the preparation of vinylnaphthoqui- 
through to quinone, at least four products were isolated nones via l-hydroxy-4-methoxy-2-methyl-3-naphthal-
by tic, and none was the vinylquinone which would dehyde pivalate (XX lTe) and an alkylidenetriphenyl-
have resulted from unrearranged bromide. phosphorane is an excellent method. No difficulties

This formation of rearranged bromide undoubtedly are encountered when the alkylidene group is primary
occurs by elimination and readdition of hydrogen or secondary, if no isomeric secondary structures are
bromide. For^ example, when 2-bromopentane was possible for the latter. Other pure secondary ylides
heated at 170 for 24 hr, a 1:9 mixture of 3- and 2- may be prepared if the branching group is methyl via
bromopentanes was obtained; in the presence of 10 mol alkylation with iodomethane. However, for larger
%  triphenylphosphine or pentylphosphonium salt, the branching group mixtures are encountered,
isomer ratio became 1:2. In both cases, hydrogen B. Via the Naphthalenic Ylide.— Because of the 
bromide and olefin also were formed. Similar observa- slight limitation in scope of potential side chains and
tions obtained with 2-bromooctane, but in no case was the fact that in many cases the corresponding aldehyde
any primary bromide or its phosphomum salt formed. 0r ketone would be readily available, the alternate
The phosphonium salt, once formed, appears to be approach using the naphthalenic ylide was investigated,
stable to these conditions since the triphenylphos- Treatment of 4-methoxy-2-methyl-3-chloromethyl-l-
phonium salts of 3- and 2-bromopentanes, heated with naphthol pivalate (X X IX ) with triphenylphosphine in
2- bromooctane, gave only octenes and bromooctanes. refluxing benzene gave the naphthylmethyl salt X X X IV

Attempts to prepare phosphonium salts under milder, jn quantitative yield. The naphthalenic ylide X X X V
nonrearranging, conditions failed. The same results was generated by adding butyllithium to a suspension
were obtained with 2-iodopentane at 130°, and the of this salt in toluene, and the addition of benzaldehyde
2-pentyl tosylate gave entirely olefin and no phos- caused immediate reaction at room temperature; an
phonium salt. Clearly, this direct formation of phos- essentially quantitative yield of the styrylnaphthalene
phonium salts from secondary halides is useful only X X X IIe  was isolated.
when no other secondary or tertiary isomers are possi- w ith  2-octanone and ylide X X X V  reaction was much 
ble- . . slower. The course of the reaction could be followed

An alternative route to 2-alkylphosphonium salts is by titration of aliquots with standard benzaldehyde
available by alkylation of the n-alkylidenephosphorane. solutions to disappearance of the orange-red ylide color;
This can be quite successfully accomplished with 72 hr at 110° was required for complete consumption of
iodomethane with which we alkylated w-butylidenetri- ylid. The reaction product consisted of the desired
phenylphosphorane to pure 2-pentyltriphenylphos-
phonium iodide;31 we also prepared other secondary OCOC(CEy3 O'C0C(CH3)3

phosphonium salts in this way. The only drawback to 1̂  . 1^
this method might be residual primary salt which was l i t '  1̂  J j
not converted into ylide and which would lead to a PfCsH)
difficultly removed impurity; however, care in the I 2 '  6ils' 3 I II
stoichiometry should eliminate this possibility. CH3O ^ 3<~)

Alkylation with other than iodomethane leads to XXXIV XXXV
mixtures because of dehydrohalogenation of the halo- OCOC(CH3)3

alkane. Formation of the tertiary salt by transylida- I
tion followed by alkylation of the secondary ylide is also 
a possibility. 32 In tetrahydrofuran at 25°, alkylation

(29) J. Cason and J. S. Correia, J. Org. Chem., 26, 3645 (1961). CH30
(30) Prepared from 6,10,14-trimethyl~2~pentadecanone [S. J. DiMari, XXXVI

C. D. Snyder, and H. Rapoport, Biochemistry, 7, 2301 (1968)] by reduction ------------------
to the alcohol and conversion into the bromide via the tosylate. (33) H. J. Bestmann and E. Kranz, Angew. Chem., 79, 95 (1967).

(31) H. J. Bestmann and F. Seng, Tetrahedron, 21, 1373 (1965). (34) The recent alkylation of a-lithiophosphonic acid bisamides may offer
(32) S. Tripett, Advan. Org. Chem., 1, 83 (1960); D. Seyferth and G. Singh some advantage: E. J. Corey and G. T. Kwiatkowski, J. Amer. Chem. Soc.,

J . Amer. Chem. Soc., 87, 4156 (1965). 88, 5652 (1967).
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2 -methyl-l-octenylnaphthohydroquinone X X X I I f  in methyl group which grew to 70% of the total. This
about 30% yield, but the 2,3-dimethyl compound represents the irons acid X X X IX  which can be isolated
X X X V I was isolated as well. by acidification whereas the cis acid immediately reverts

This undoubtedly results from aldol-type condensa- into coumarin. Therefore, a pure sample of each isomer 
tion of the less reactive ketone, catalyzed by ylide and can be readily obtained.
liberating water or hydroxide ion, which in turn reacts These isomerically pure acids (salts), X X X V II I  and 
with ylide to give the dimethyl compound X X X V I and X X X IX , were then methylated under mild conditions, 39

triphenylphosphine oxide. 36 To test this interpreta- a single, pure isomer of the 1,4-dimethoxy methyl ester
tion, 2-octanone-do-l, 1,1,3,3 was prepared36 and used (X L  and X L I ) being obtained in each case thus
in the condensation with naphthalenic ylide X X X V . establishing stereochemical integrity. The methyl
The 2,3-dimethyl compound X X X V I now obtained ester X L  contains a irans-methyl group which appears
contained about 70% deuterium in the C-3 methyl, as at 5 2.15, whereas the methyl ester X L I  contains a cis-
would be anticipated if two atoms of deuterium were methyl appearing at 8 1.8. Each isomer was reduced
incorporated from the ketone. to the corresponding allylic alcohol (X L I I  and X L I I I )

With 6,10,14-trimethyl-2-pentadecanone, a 21% and the irans-methyl signal in X L I I  appears at 8 2.08
yield of the vinyl compound X X X IIg  was obtained, while the cfs-methyl signal in X L I I I  is at 8 1.58. Thus
and again the 2,3-dimethyl compound X X X V I was shielding by the aromatic ring current for the cis-
formed. The amount of the latter compound fluctuated methyl is established in each case, A8irans- Cis being 0.35
in the various condensations, but it could not be for the methyl esters and 0.50 for the allylic alcohols,
eliminated. Apparently, it will always be formed to See Scheme II.
some extent when less reactive ketones, which can self-
condense, are used. Although this leads to a decreased Sc h e m e  II
yield, no vinylhydroquinone by-products are formed, OCH3

and the naphthalenic ylide procedure is a good method !
for synthesizing the vinyl side chain when the carbonyl oh“

component is available. 7— h
Stereochemistry.— In all of the syntheses described [ |1 H+

above where cis and trans isomers are possible, both 
isomers were indeed found and definitive stereochem- ^
istry was assigned on the basis of nmr spectra.

For the /3-monosubstituted compound, 1-pentenyl- XXXVII
hydroquinone X X X IIb , stereochemical assignment 0CH qCIj
relied on the splitting constants for the vinyl protons. | |
By glpc, the synthetic olefinic product was separated 1 h
into two fractions in the ratio 2:3, the first of which in 11 ,1 L II
the vinyl proton region of the nmr shows an AB |j 2'H |1

quartet, J  =  11 Hz, with the doublet due to the /3-vinyl H O / %  RO / \ , n(TR
proton split into triplets, J  =  7 Hz, by the adjacent
methylene. The second fraction had a similar pattern XXXVIII XXXIX, R = H
w ith / =  17 Hz. From these values and by comparison 1 XLI, R = CH3
with the spectra of cis- and trans-isoeugenos,37 the \ I
isomer (J =  11 Hz) eluted first is assigned the cis con
figuration and the isomer (J =  17 Hz) eluted second the OCH3 OCH3
trans. In addition, the signals due to the w-propyl I I
group are shifted upheld to lower 8 values in the cis
isomer relative to the trans, as would be expected if the L II A. L
cis-alkyl group is shielded by being held in the 7r-electron I |] I 1
cloud of the aromatic ring. C l?O O c ''' CIb °  ^^CHoOH

Since the stereochemical assignments for the /3,/3- J 2
dialkylvinyl compounds would rest solely on the inter- XL XLIII
action with the aromatic nucleus, an unassailable iso-
meric pair was needed as models. These were derived OCH3

from the coumarin X X X V II  with its fixed, iraws-vinyl .1
methyl. Ring opening with alkali led to the salt I II
X X X V II I  which on acidification quantitatively re-
cyclized to the coumarin. However, if this salt was II
irradiated with a low-pressure mercury lamp, 38 nmr HOCih'
analysis revealed the appearance of a second vinyl ^ ¡ j

(35) G. Wittig, W. Boll, and K. Krtiek [Ann., 95, 2514 (1962)] have ob
served similar behavior in the condensation of cyclopentanone with metaoxy-
methylenetriphenylphosphorane. The 2-methyl-l-propenylhydroquinone X X X IIa

(36) Following the procedure of A. C. Cope and D. M. Gale, J. Amer. shoWS tWO vinyl methyl signals, One at 8 1.95 (traUS to

(37) H. Rottendorf, S. Sternhell, and J. R. Wilmshurst, Aust. J. Chem., ring) and ^le Other at 8 1.55 (ds to the ring) (A5tmns-cU
18, 1759 (1965); G. P. Newsoroff and S. Sternhell, ibid., 19, 1667 (1966).

(38) F. A. Haskins and H. J. Gorz, Arch. Biochem. Biophys., 81 204
(1959). (39) R. Kuhn and H. Trischmann, Ber., 94, 2258 (1961).
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0.40), completely consistent with the above correla- 251 i i--------1--------1--------1--------1------- 1—
tion. In the other vinylhydroquinone compounds ^
(X X X IIc  and f) the isomers were separated by glpc, and AA '> ^ 8 ,
in each instance the isomer eluted first has a vinyl 2 0 -  f  Uk/k Uk/C
methyl signal at S 1.95 and therefore is the cis isomer l/~\\\\ 0 chchcic
(trans methyl). The second fraction has its vinyl ¥ \A\ 2 ____ r k ___
methyl at S 1.55 and thus is the irons isomer. Signals „ 1 5 -  /V \\Vl 0

due to the other /3-alkyl groups show similar shifts. o  V ( ^ W  (i?W
The 3-styrylhydroquinone X X X IIe  is tentatively - K V  \\t A A  « A

assigned irons stereochemistry by analogy with the ^ _  \\\ ch2ch2ch3 0 -A
stilbenes where the vinyl protons appear as singlets at 10 \ Trons'Jtxxm-a,----  2 1 •-----
5 6.55 and 7.10 for the cis and trans isomers, respectively. i\'»—■'" V
In X X X IIe  all vinyl and aromatic absorption falls \\ \ \
in a multiplet from 5 7.1 to 7.8; however, there is a 5 — \ ____\ \
sharp singlet at S 7.15 which is presumably due to the __JWA;—
trans vinyl protons. The remaining vinylhydroquinone '
(2,6,10,14-tetramethyl-l-pentadecenyl-) X X X IIg , was 0 --------1--------1--------1--------1--------1______ 1______t r :
separated into isomers at the quinone stage. 220 240 260  28(3 n^ °° 320 340 360

Preparation and Properties of the Vinylnaphtho-
quinones.— In every case, the pivaloyl group was re- Figure 1.—Ultraviolet absorption spectra of 2-methyl-3-vinyl- 
moved by reductive cleavage with lithium aluminum l,4-naphth°quin°M  (X ), cis-2-methyl-3-(l-pentenyl)-l,4-naph-

hydnde to the hydroqumone 4-monomethyl ethers. naphthoquinone (trans X X X II Ia ) ,  and 2-methyl-3-(2-methyl-l- 
A  single isomer was obtained each time, and the nmr propenyl)-l,4-naphthoquinone (X I )  in isooctane, 
spectra were essentially unchanged except that the
pivalate signal was absent, showing maintenance of it • + 1 c +■ 40

stereochemistry during this removal. Oxidation to the
quinones was then easily accomplished with ferric chlo- 2-Methyl-3-vinyl-i,4-naphthoquinone (X ) was prepared by  
ride in aqueous acetonitrile or ethanol-ether, as required heating 3-(l-bromoethyl)-2-methyl-l,4-naphthoquinone (IX )  
<• , , with sodium acetate in glacial acetic acid to 120-125° as pre-
ior SOlUDllliy. viously described:14 mp 79.5-80.5° (lit.14 mp 81-82°); Xms*

The nmr spectra of the vinylquinones are similar to 330 nm (« 3300), 278 (10,400), 246 (19,400); nmr (CC14) s 5.57
those of the pivalate esters and hydroquinone mono- (d, / = 2 H z), 5.7 (t, J  = 2 H z), 6.0 (d ,J  = 2 Hz) A r C = C H 2;
methyl ethers from which they were derived, showing 6-45 6-74 7 = 11 H z ) A rC H = C .
the sum o d istinctive  v in v l m eth v l resonances w h ich  (3,/3-Dimethylacryloyl Peroxide.— A  solution of 2.4 g of (3,(3-
tne sam e d istinctive  v in y l m eth y l resonances w h ic h  dimethylacryloyl chloride, bp 60-61° (30 mm) [lit.41 bp 59-61°
allow stereochemical assignment and show that no (30 m m )], dissolved in 8 ml of ether was converted into /3,d-
isomerization had occurred in the conversion. The dimethylacryloyl peroxide in 50% yield following the general
cis- and irans-2,6,10,14-tetramethyl-l-pentadecenyl- procedure for the preparation of diacyl peroxides.17
vinylquinones X X X II Ie  were separated by tic at this + Z-Methyl-iA-naphthalenediol Diisobutyrate (X V I).-B o ro n  

. , . f  ,, trifiuoride was bubbled through a suspension of 5 g of 2-methyl-
stage and assigned stereochemistry on the same nmr 1,4-naphthalenediol (X IV ) in 30 ml of isobutyric acid cooled in 
basis. an ice bath. When the internal temperature reached 80° (several

In their uv absorption all the vinylnaphthoquinones minutes) and the hydroquinone dissolved, the solution was poured
are similar; however there are sufficient differences to onto crus.hed ice aild allowed to stand overnight at 0° The upper

.. n p ,i • i .* ,, , , v aqueous layer was decanted, and the remaining oil crystallized
allow all of the various substitution patterns to be dlS- on addition of ethanol. Recrystallization from ethanol gave 4 g
tinguished. A ll types (unsubstituted, /3-mono-, and (44%) of 2-methyl-l,4-naphthalenediol diisobutyrate (XVI), mp
/3,/3-disubstituted) have their most intense absorption 75° (lit.18 mp 73-74°).
around 250 nm. The unsubstituted and /3-monosub- 3-Cyauomethyl-l 4-dimethoxy-2-methylnaPhthalene (X V III) -

t ,i i ! i , oorv To a solution of 2.2 g (33 mmol) of potassium cyanide m 8 ml of
stituted compounds then have a lesser peak at ~280 water was added 5 5 g (22 mmol) of 3-chloromethyl-l,4-di-
nm and a still weaker maximum at 330 nm. The methoxy-2-methylnaphthalene (X V I I )42 dissolved in 27 ml of
frons-/3-monoSubstituted compound shows the longest 95% ethanol. The solution was heated on a steam bath for 45
wavelength absorption of the group with another peak min; the ethanol was evaporated; and the residue was diluted

at 365 nm, probably the result of substitution which fivefold with water and allowed to stand at °°* The resulting
Still allows COplanarity and full conjugation between All melting points are corrected; microanalyses were performed by the
vinyl and naphthoquinone chromophores. In the Microchemical Laboratory, University of California at Berkeley; uv spectra
d,/3-disubstituted compounds (cis and trans isomers were obtained in ¡¡»octane unless otherwise noted on a Cary 14 spectro-
. : • , . . , , , . , - i i  photometer; nmr spectra were obtained on a A-60 Vanan Associates mstru-
identical) the 28u-nm peak is shifted mpsocnromically ment in deuteriochloroform unless otherwise stated with internal TM S, 5 0;
to a shoulder at 264 nm, this effect probably being the all evaporations were in  vacuo using a rotary evaporator, and all reactions
rP S lllt  n f  d  p e r  e a s e d  n la n a r i t v  b e t w e e n  t h e  n a n h t h o -  were carried out in a nitrogen atmosphere. Glpc analyses were performed on
r e s u l t  OI a e c r e a s e a  p la n a r i t y  o e t w e e i l  m e  n a p im io  a 5 {t  x  i/t in column, 5 or 10% SE-30 on acid-washed, DMCS-treated
quinone and the /3,/3-disubstituted vinyl group. The (60-80 mesh) Chromosorb P, at 200- 2S0° and a flow rate of 60-100 ml of
four types of UV absorptions are shown in Figure 1. He/min. Preparative work was performed on a 8 ft X Vs in. column, 10%

, . , , , . , 0  SE-30 on acid-washed, DMCS-treated (60-80 mesh) Chromosorb P, at 200-
III their m&SS spectr&, both the C IS - a n d  tV& TlS-Z- 250° and a flow rate of 200 ml of He/min. Glpc analysis of alkyl halides and

methyl-l-pentenylvinylnaphthoquinones (X X X IIIb ) olefins was carried out on a 10 ft X  */* in- column, 10 or 20% polypropyl-
■ j  a* i £ 1 «• T h e  w trvlnnnlet. ene elycol on (60-80 mesh) Chromosorb P, at 60-100° and a flow rate of 60

give identical fragmentation patterns. T he molecular ^  0gfyHe/mî . Some J ploratory experiments were performed by j. h .
ion, m/e 254, is also the base peak. Other strong peaks supple and o. Muscio, to whom we are grateful.
are at m/e 239 (M  —  15), 225 (M  —  29), and 211 (M  —  ( « )  L. I. Smith and V. A. Engelhardt, J. Amer. Chem. Sac., 71, 2671

43), probably arising from loss of alkyl groups from the (19(2 j' L h Smithi s. wawzonek, and h. c. Miner, j . org. chem., e, 229 

vinyl side chain. (1941).
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crystals were filtered, washed with water, dried, and recrystallized (e 43,000); nmr (CS2) S 3.85 (s, O C H 3), 4.0 (s, O C H 3), 10.7 
from petroleum ether to give 4 g (75% ) of 3-cyanomethyl-l,4- (s, A rC H O ).
dimethoxy-2-methylnaphthalene (X V II I ),  mp 105°. Anal. Calcd for Ci4H i40 3: C, 73.0; H , 6.1. Found: C,

Anal. Calcd for CieHisOsN: C, 74.7; N , 5.8. Found: C, 72.8; H , 6.2.
74.4; N , 5.8. l,4-Dihydroxy-2-methyl-3-naphthaldehyde (XXIIa) was pre-

3-(2-Aminoethyl)-l,4-dimethoxy-2-methylnaphthalene (XIX). pared by treatment of 2-methyl-l,4-naphthalenediol (X IV ) with 
— A  solution of 4 g (17 mmol) of 3-cyanomethyl-l,4-dimethoxy-2- zinc cyanide and hydrogen chloride in ether as previously de- 
methylnaphthalene (X V I I I )  in 60 ml of ether was added slowly scribed:21 mp 159.5-161° (lit.21 mp 158-160°). 
to a stirred suspension of 4 g (0.105 mol) of lithium aluminum l,4-Dihydroxy-2-methyl-3-naphthaldehyde 1-Acetate (XXIIb).
hydride in 60 ml of ether. Stirring was continued an additional — A  suspension of 9.6 g (33.6 mmol) of l,4-dihydroxy-2-methyI-
15 min, and excess hydride was destroyed with ice followed by 3-naphthaldehyde diacetate (X X IIc ) in 70 ml of 50% aqueous
200 ml of a 25% solution of sodium bitartrate in water. The acetic acid was refluxed for 90 min to give a clear yellow solution,
solution was extracted three times with 200-ml portions of ether, Cooling gave 7.4 g (90% yield) of l,4-dihydroxy-2-methyl-3-
and the combined ether extracts were washed with 1.5 N  hydro- naphthaldehyde 1-acetate (X X IIb ) ,  mp 126-127°.
chloric acid. After being made alkaline with 30% aqueous so- Anal. Calcd for C 14H42O4: C, 68 .8 ; H , 5.0. Found: C,
dium hydroxide, the acid washes were extracted with ether, and 68.9; H , 5.3.
the combined ether phase was washed free of alkali, dried, and l,4-Dihydroxy-2-methyl-3-naphthaldehyde Tetraacetate
evaporated to give 2.9 g (72% yield) of 3-(2-aminoethyl)-l,4- (XXIII).— A  suspension of 1.4 g of l,4-dihydroxy-2-methyl-3-
dimethoxy-2-methylnaphthalene (X IX ).  naphthaldehyde (X X IIa ) in 4 ml of pyridine-acetic anhydride

The hydrochloride was recrystallized from absolute ethanol, (1 :1 ) was heated at reflux for 30 min. The solution was poured
mp 270°. into water and extracted with chloroform which was washed,

Anal. Calcd for C 15H 20O2N CI: N , 5.0. Found: N , 4.9. dried, and evaporated. The crystalline residue was recrystallized
1.4- Dimethoxy-3-(2-dimethylaminoethyl)-2-methylnaphthalene twice from methanol to give 1 g (23% ) of l,4-dihydroxy-2-

Methiodide.— A  solution of 5.3 g (21 mmol) of 3-(2-aminoethyl)- methyl-3-naphthaldehyde tetraacetate (X X I I I ) ,  mp 169-171°.44
l,4-dimethoxy-2-methylnaphthalene (X IX )  in 300 ml of absolute Anal. Calcd for C20H 20O8: C, 61.9; H , 5.2. Found: C,
ethanol containing 25 ml of iodomethane and 24 g of anhydrous 61.8; H , 5.0.
potassium carbonate was refluxed for 6 hr, 25 ml of iodomethane l,4-Dihydroxy-2-methyl-3-naphthaldehyde Diacetate (XXIIc). 
was added, and the solution was refluxed for 24 hr. Then 25 ml of — A  solution of 13.5 g (67 mmol) of l,4-dihydroxy-2-methyl-3-
iodomethane and 24 g of anhydrous potassium carbonate were naphthaldehyde (X X IIa )  in 10 ml of pyridine and 12 ml of
added, and the solution was refluxed for 24 hr. The resulting acetic anhydride was stirred at 25° for 1 hr. The precipitate
suspension was evaporated, the residue was dissolved in water which formed was removed, washed with water, and dissolveed
and cooled to 0 °, and the crystals which formed were removed. in methylene chloride. Evaporation of the dried methylene
Recrystallization from ethanol gave 3.7 g (43% ) of 1,4-dimethoxy- chloride and crystallization of the residue twice from chloroform-
3-(2-dimethylaminoethyl)-2-methylnaphthalene methiodide, mp petroleum ether gave 12.7 g (65% ) of l,4-dihydroxy-2-methyl-3-
265°. naphthaldehyde diacetate (X X IIc ): mp 202-204°;“  nmr 5

Anal. Calcd for C i8H 260 2N I :  C, 52.1; H , 6.3; N , 3.4; 2.45-2.52 (s, s, s, 2 A rO C O C H 3, A rC H 3), 10.5 (s, A rC H O ).
I, 30.6. Found: C, 52.0; H , 6.3; N , 3.2; I, 30.3. Anal. Calcd for CieHuCh: C, 67.1; H , 4.9. Found: C,

1.4- Dimethoxy-2-methyl-3-vinylnaphthalene (XX).— A  solution 6 6 .8 ; H , 4.9.
of 3.7 g of l,4-dimethoxy-3-(2-dimethylaminoethyl)-2-methyl- 2-Methyl-l,4-naphthalenediol 1-acetate (XXIV) was prepared
naphthalene methiodide in 490 ml of ethanol and 300 ml of 30% by selective hydrolysis of 2-methyl-l,4-naphthaIenediol diace-
aqueous potassium hydroxide was refluxed for 2 hr. The ethanol tate36 in methanolic ammonia in the manner described:22 mp
was evaporated; the remaining solution was extracted with ether; 124-125° (lit.22 mp 124.5-125.8°).
and the ether extracts were washed with water, dried, and 4-Methoxy-2-methyl-l-naphthol (XXVII). A. O4 Methyla- 
evaporated. The residue was crystallized from methanol to give tion of (XIV).— A  solution of 50 g of 2-methyl-1,4-naphthalene-
1.3 g (62% yield) of l,4-dimethoxy-2-methyl-3-vinylnaphthalene diol (X IV ),  dissolved in 500 ml of methanol containing 20 g of
(X X ):  mp 42°; XS!« ‘0H 290-295 nm (sh), 243 (t  58,000); nmr hydrogen chloride, was stirred at room temperature for 24 hr.
(CS2) S 5.5 (d, J  =  3 H z), 5.67 (t, J  =  3 H z) 5.95 (d, /  =  3 H z) Threefold dilution with water caused the product to precipitate
A r C = C H 2; 6.75 (d, J  =  11 H z), 7.05 (d, /  =  1 1  H z ) A rC H = C . as a mass of fine needles. The mixture was extracted with ether.

Anal. Calcd for C i5H i60 2: C, 78.9; H , 7.1. Found: C, washed, dried, and evaporated giving 50 g (98% ) of 4-methoxy-
78.9; H , 7.2. 2-methyl-l-naphthol (X X V II ) ,  mp 101-102.5° (lit .22 mp 101-

3-Ethyl-2-methyl-l,4-naphthoquinone (XXI) and 2-Methyl-3- 103°). Glpc showed the product to be >95 %  pure, the chief
vinyl-1,4-naphthoquinone (X).—A mixture of 200 mg (0.9 mmol) impurity being 1 -2%  l,4-dimethoxy-2-methylnaphthalene (X V ).
of l,4-dimethoxy-2-methyl-3-vinylnaphthalene (X X )  and 1 .2  g B. Methylation of XXIV and Hydrolysis to XXVII—A suspen- 
(10.5 mmol) of pyridine hydrochloride was heated at 220° for sion of 50 g (0.23 mol) of 2-methyl-l,4-naphthalenediol 1-acetate
8 min, after which it was cooled, diluted with 5 ml of water, and (X X IV ) in 246 g (1.95 mol) of dimethyl sulfate was cooled at
extracted with ether. The ether extract was dried and evapo- 0° and stirred vigorously as a solution of 193 g (3 .5  mol) of
rated, and the residue was dissolved in 20 ml of ether; 1 g of potassium hydroxide in 200 ml of water was added dropwise over
anhydrous sodium sulfate and 1 g of silver oxide were added, and 90 min. Toward the end of the reaction the oily organic layer
the mixture was shaken in the dark for 30 min, filtered, and the solidified, and it was removed, washed, and dried to give 50 g
ether evaporated. Chromatography on Decalso and elution with of solid. B y  glpc it consisted of 80-85% 4-methoxy-2-methyl-
isooctane gave (fraction 1)30 mg (15% yield) of starting material 1-naphthol acetate (X X V ) and 10-15% l,4-dimethoxy-2- 
and (fractions 2 -5) 20 mg (14% ) of impure 3-ethyl-2-methyl-l,4- methylnaphthalene (X V ).
naphthoquinone (X X I ) :  mp 72-73° after crystallization from The solid was dissolved in 500 ml of pentane and cooled to 
methanol (lit .43 mp 72—72.6 ); Amax 327 nm (e 3100), 268 (17,000), 0°, Claisen’ salkali (200 ml) was added slowly with stirring, and
259 (16,900), 248 (18,600), 243 (23,600). Fractions 5-7 gave the two-phase system was allowed to warm to room temperature,
on evaporation 30 mg which was crystallized from acetone giving Repeated washing with pentane removed all the 1,4-dimethoxy-
15 mg (10% ) of 2-methyl-3-vinyl-l,4-naphthoquinone (X ). 2-methylnaphthalene (X V ). Cooling to 0° and neutralizing by

1.4- Dimethoxy-2-methyl-3-naphthaldehyde.— To a solution of dropwise addition of concentrated hydrochloric acid followed by
10.2 g (0.45 g-atom) of sodium dissolved in 300 ml of anhydrous extraction with ether which was washed, dried, and evaporated
ethanol was added 54 ml (0.6 mol) of 2-nitropropane followed by gave 30 g (70% yield) of 4-methoxy-2-methyl-1-naphthol
a solution of 7.5 g (0.03 mol) of 3-chloromethyl-l,4-dimethoxy-2- (X X V II ) ,  mp 102-103°.
methylnaphthalene (X V I I )  in 600 ml of absolute ether. After ______________
24 hr at 25° the solvent was evaporated; the residue was dis
solved in water and extracted with ether; the ether extract was (44) J. Madinaveitia [Rev. Acad. Cienc (Madrid), 31, 617 (1934)] reports
washed, dried, and evaporated; and the residue was crystallized an unspecified acetate derivative of l,4-dihydroxy-2-methyl-3-naphthalde- 
from ethanol giving 3 g (43% ) of l,4-dimethoxy-2-metkyl-3- hyde with mp 168°.
naphthaldehyde: mp 92-93°; X ? "t0H 285-292 nm (sh), 258 (45) G. Carrara and G. Bonacci [Qazz. Chem. Ital., 73, 225 (1943)] report

mp 154—155° for the aldehyde diacetate. We have found the following melt-
-------------------  ing points in this series: aldehyde, 159-161°; 0 Lmonoacetate, 126-127°;

diacetate, 202-204°; and tetraacetate, 169-171°.
(43) L. F. Fieser and F. C. Chang, J . Amer. Chem. Soc., 64, 2043 (1942). (46) R. J. Anderson and M. S. Newman, J. Biol. Chem., 103, 405 (1933).
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4-Methoxy-2-methyl-l-naphthol Acetate (XXV).— A  mixture of with authentic samples are 12.6 min =  2,3-dimethyl-l,4-
40 g of 4-methoxy-2-methyl-l-naphthol (X X V I I )  and 5 g of naphthoquinone (X X X ),  24.2 min =  3-isobutyl-2-methyl-l’,4-
anhydrous sodium acetate was suspended in 80 ml of acetic naphthoquinone (X X X I ),  and 29 min =  2-methyl-3- (2-methyl-
anhydride and heated to 100° for 1 hr. The hot solution was l-propenyl)-l,4-naphthoquinone (X I ).
then poured onto crushed ice, and the resulting solid was washed, 3-Isobutyl-2-methyl-l,4-naphthoquinone (XXXI) was prepared
dried, and crystallized from methanol to give 46 g (95% ) of as described for similar compounds.17 This material has been
4-methoxy-2-methyl-l-naphthol acetate (X X V ): mp 68.5- reported16 as melting at 123°. However, we find it to be a clear
70° (lit.22mp 67-68°); nmr 8 2.22,2.32 (s ,s ,A rC H 3,A rO C O C H 3), yellow oil, molecularly distilling at 60° (5 M): nmr (CC14) 8
3.8 (s, A rO C H 3), 6.5 (s, C-3), 7.3-7.8 (m, C-5, -6 , -7), 8.05-8.3 0.92 (d, A r— C— C H (C H 3)— C H 3), 2.5 (d, Ar— C H 2— C H < );
(m, C -8 ). mass spectrum m/e 228 (M + ).

3-Chloromethyl-4-methoxy-2-methyl-l-naphthol Acetate Anal. Calcd for Ci5H 160 2: C, 78.9; H , 7.1. Found: C
(XXVI).— A  suspension of 4.6 g (20 mmol) of 4-methoxy-2- 78.8; H , 6.9.
methyl-1 -naphthol acetate (X X V ) in 15 ml of 36% formalin and 2-Methyl-3-(2-methyl-l-propenyl)-l,4-naphthalenediol Diace-
20 ml of concentrated hydrochoric acid was stirred in an ice tate.— Zinc dust (2 g ) and pyridine (1 ml) were added to a solu-
bath, and hydrogen chloride was bubbled through at a rate such tion of 2 g of 2-methyl-3-(2-methyl-l-propenyl)-l,4-naphtho-
that the internal temperature did not rise above 10°. After quinone (X I )  dissolved in 20 ml of acetic anhydride, which was
1 hr, the ice bath was removed, and hydrogen chloride addition stirred 20 min at 0 ° and then at room temperature for 24 hr.
was continued for 12  hr. The mixtue was poured onto ice, and Acetic acid (20 ml) was added; the mixture was heated to reflux
the resulting solid was dried and crystallized twice from ether- and filtered; the precipitate was washed with hot acetic acid; and
hexane to give 3.6 g (65% ) of 3-chloromethyl-4-methoxy-2- the combined filtrates poured onto crushed ice. The product
methyl-l-naphthol acetate (X X V I ) ,  mp 103-103.5°. solidified and was crystallized from ethanol-water to give 1.95 g

Anal. Calcd for CisHisClOs: C, 64.7; H , 5.4; Cl, 12.6. (70% yield) of 2-methyl-2-(2 - methyl- 1  -propenyl)-l,4 -naphtha-
Found: C, 64.7; H , 5.2; Cl, 13.0. lenediol diacetate: mp 161-161.5°; nmr 8 1.54 (d, / =  1 Hz, cis

l-Hydroxy-4-methoxy-2-methyl-3-naphthaldehyde acetate A r C = C — C H 3), 1.9 (d, J  =  2 Hz, trans A r C = C — C H 3), 6.0 
(XXIId) was prepared from the corresponding chloromethyl (b, A r C H = ) .
compound X X V I ,  using the 2-nitropropane procedure described Anal. Calcd for C 19H 20O4: C, 73.0; H , 6.4. Found: C,
in the preparation of l,4-dimethoxy-2-methyl-3-naphthaldehyde, 72.8; H , 6.2.
except that potassium f-butoxide in ¿-butyl alcohol was used and 4-Methoxy-2-methyl-3-(2-methyl-l-propenyl)-l-naphthol Piva- 
the reaction was conducted at 35°. The partially deacetylated late (XXXIIa).— Butyllithium (4.6 ml, 1.3 A ,  6 mmol) was added
naphthol aldehyde was acetylated in acetic anhydride-pyridine dropwise to a stirred suspension of 2.32 g (6 mmol) of isopropyl-
and an 82% yield of l-hydroxy-4-methoxy-2-methyl-3-naphthal- triphenylphosphonium bromide in 20 ml of tetrahydrofuran, and 
dehyde acetate (X X IId )  was obtained: mp 99-100°. after 2 hr this solution was added dropwise to 1.5 g (5 mmol)

Anal. Calcd for C 15H 14O4: C, 69.7; H , 5.5. Found: C , of l-hydroxy-4-methoxy-2-methyl-3-naphthaldehyde pivalate
69.4; H , 5.4. (X X IIe ) in 6 ml of tetrahydrofuran. The solution was stirred

4-Methoxy-2-methyl-l-naphthol Pivalate (XXVIII).— A  solu- for 1 hr and evaporated. Then the residue was chromatographed 
tion of 13.5 g (0.13 mol) of pivalic acid in 84 g (0.40 mol) of on silica gel, eluting with benzene, to give 1.5 g (92% yield) of
trifluoroacetic anhydride was added to 25 g (0.13 mmol) of 4- 4-methoxy-2-methyl-3-(2-methyl-l-propenyl)-l-naphthol piva-
methoxy-2-methyl-l-naphthol (X X V II ) .  After 4 hr at room late (X X X IIa ),  pure by tic and glpc: nmr (CC14) 8 1.55 (d,
temperature, benzene was added, and the solution was poured J  =  1 Hz, cis A r C = C — C H 3), 1.95 (d, J  =  1 Hz, trans A r C = C —
into ice water and extracted with benzene which was washed with C H 3), 6.2 (b, A r C H = ) .
10% aqueous sodium hydroxide and then with water. Evapora- cis- and ¿rons-4-methoxy-2-methyl-3-(l-pentenyl)-l-naphthol
tion of the benzene and crystallization of the residue from hexane pivalates (XXXIIb) were prepared from ra-butyltriphenylphos-
gave 29 g (80% yield) of 4-methoxy-2-methyl-l-naphthol pivalate phonium bromide47 and l-hydroxy-4-methoxy-2-methyl-3-naph-
(X X V I I I ) ,  mp 90.5-91°. thaldehyde pivalate (X X IIe ) in the same manner as described for

Anal. Calcd for CnH 2o03: C, 75.0; H , 7.4. Found: C, the preparation of 4-methoxy-2-methyl-3-(2-methyl-l-propenyl)-
75.1; H , 7.3. 1-naphthol pivalate (X X X IIa ).  A  mixture of 1.55 g (88%
3-Chloromethyl-4-methoxy-2-methyl-l-naphthol pivalate (XXIX) yield) was obtained of cis- and ¿rares-4-methoxy-2-methyl-3-(l- 

was prepared by chloromethylation of the naphthol pivalate pentenyl)-l-naphthol pivalates. The cis and trans isomers were 
X X V I I I  in the same manner as described for the chloromethyl present in a ratio of 2:3 and were separated by glpc: F t cis
acetate X X V I  at 40° in acetic acid-HCl instead of aqeuous IIC1. 35 min, trans 55 min.
A  90% yield of chloromethyl compound was obtained: mp cis XXXIIb: nmr (CCI4) 8 0.83 (t, J  =  7 Hz, C H 2C H 3),
92-93° from cyclohexane. 5.72 (t, J  =  7 H z), 5.9 (t, J  =  7 H z), trans A r C = C — H , 6.38

Anal. Calcd for C 18H 21C103: C , 67.4; H , 6 .6 ; Cl, 11.1. (d, /  =  11 Hz, A r C H = C ).
Found: C, 67.0; H , 6.7; Cl, 11.1. trans XXXIIb: nmr (CC14) 8 0.95 (t, /  =  7 Hz, C H 2C H 3);

l-Hydroxy-4-methoxy-2-methyl-3-naphthaldehyde pivalate 5.92 (t, ./ =  5 H z), 6.2 (t, J  =  5 H z) cis A r C = C H — ; 6.45
(XXIIe) was prepared from the chloromethyl compound and 2- (d, J  =  17 Hz, A rC H = C ).
nitropropane as described for the corresponding acetate X X IId . cis- and ¿rares-4-methoxy-2-methyl-3-(2-methyl-l-pentenyl)-l-
The naphthaldehyde pivalate was obtained in 97% yield: mp naphthol pivalates (XXXIIc) were prepared from 2-pentyl triphenyl-
81-82° after sublimation at 80° (6 m). phosphonium iodide and l-hydroxy-4-methoxy-2-methyl-3-naph-

Anal. Calcd for CisH2o04: C, 72.0; H , 6.7. Found: C, 71.9; thaldehyde pivalate (X X IIe ) in the same manner as described
H , 6.9. for 4-methoxy-2-methyl-3-(2-methyl-l-propenyl)-l-naphthol pi-

Reaction of l,4-Dihydroxy-2-methyl-3-naphthaldehyde Diace- valate (X X X IIa ). A  mixture of 1.6 g (85% yield) was obtained
tate (XXIIe) with Isopropylidenetriphenylphosphorane.— Butyl- of cis- and ¿rares-4-methoxy-2-methyl-3-(2-methyl-l-pentenyl)-l-
lithium in hexane (3.0 ml, 1.6 N )  was added to a suspension of naphthol pivalates. The cis and trans isomers were present in
I . 87 g (4.85 mmol) of isopropyltriphenylphosphonium bromide28“ a ratio of 1 : 1  and were separated by glpc: F t cis 30 min, trans
in 20 ml of tetrahydrofuran. The ylide solution was stirred 90 42 min.
min; 13 ml (2.5 mmol) was removed and added dropwise to a cis XXXIIc: nmr (CC14) 8 0.78 (t, J  =  7 Hz, C H 2C H 3), 
suspension of 0.7 g (2.45 mmol) of l,4-dihydroxy-2-methyl-3- 1.95 (d, J  =  1 Hz, trans A r C = C — C H 3), 6.15 (b, A r C H = C ).  
naphthaldehyde diacetate (X X IIe ) in 20 ml of tetrahydrofuran; trans XXXIIc: nmr (CC14) 8 1.0 (t ,  J  =  7 Hz, C H 2C H 3),
the solution was refluxed 3.5 hr; 0.3 g (8.0 mmol) of lithium 1.55 (d, /  =  1 Hz, cis A r C = C — C H 3) 6.15 (b, A r C H = C ).  
aluminum hydride was added; and the mixture was refluxed 2-and 3-Pentyltriphenylphosphonium Bromides.— A  mixture of
an additional 3 hr. It was cooled to 0°; wet ether was added 20 g (76 mmol) of triphenylphosphine and 11.5 g (76 mmol) of
followed by saturated aqueous ammonium chloride; the ether 2-bromopentane29 was sealed in a glass tube in a nitrogen
phase was removed; the aqueous phase was extracted with atmosphere and heated at 170° for 48 hr. The tube was
several portions of ether; and the combined extracts were washed cooled to room temperature; the contents were dissolved in etha-
and dried. Silver oxide was then added to the ether, and the nol and decolorized with carbon; and the salt was precipitated by
suspension was stirred for 30 min, filtered, and evaporated to give addition of ether. Solution in ethanol and reprecipitation by
a mixture of quinones. Glpc analysis showed three peaks at --------------------
12.6, 24.2, and 29 min in the ratio of 4:2:1 based on peak areas. (47) R. Mechoulam and F. Sondheimer, J. Amer. Chem. Soc., 80, 4386
The assignments based on uv, nmr, tic, and glpc comparison (1958).
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addition of ether gave 18 g (57% ) of a mixture of 2- and 3- The last fractions contained 700 mg (2.5 mmol) of 2,3-dimethyl- 
pentyltriphenylphosphonium bromides: mp 208-211°; nmr S 4-methoxy-l-naphthol pivalate (X X X V I )  pure by tic and glpc:
0.75-2.0 (t, /  =  6 Hz, C H 3-C -5 ), 1.6 (d, /  =  7 Hz, > P +— C- nmr (CCU) ¿ 2.15 (s, 2 -ArCH3), 2.32 (s, 3 -ArCH3).
(C H 3)< ,  m, 5*P— C— C H 2— ), 4.7-5.25 (b, > P — C H < ),  2-Octanone-l,l,l,3,3-dr,.— A  solution of 500 mg of anhydrous
7.65-8.3 (m, Ph3P +— ). potassium carbonate in 25 ml of deuterium oxide and 12 ml of

Anal. Calcd for C23H 26B rP : C, 66.8; H , 6.3. Found: C, 2-octanone were refluxed for 24 hr; the organic phase was then
66.3; H , 6.3. removed; and fresh K 2C 0 3- D 20  was added to it. Three such

Glpc analysis of the unreacted bromopentane showed two exchanges were carried out after which the organic layer was
distinct peaks (H i 60 and 64 min) in the ratio of 2:1, shown to distilled to give 10 ml of 2-octanone-l,l,l,3,3,ds, bp 170-171.5°.
be 2- and 3-bromopentanes. The signals present in the nmr spectrum of 2-octanone at ¿ 2X5

2-Pentyltriphenylphosphonium Iodide.— Butyllithium in hex- (s, C H 3CO— ) and 2.38 (t, J  =  6 Hz, — C O C H 2— ) were absent,
ane (18.5 ml, 1.6 N , 0.3 mol) was added dropwise to a suspension cis- and ¿rons-4-Methoxy-2-methyl-3-(2,6,10,14-tetramethyl-I-
of 12 g (30 mmol) of ra-butyltriphenylphosphonium bromide in pentadecenyl)-l-naphthol Pivalates (XXXIIg).— The triphenyl-
90 ml of tetrahydrofuran. The solution was stirred for 2 hr, phosphonium salt of 3-chloromethyl-4-methoxy-2-methyl-l-
and then the clear red supernatant was added dropwise *o a solu- naphthol pivalate (X X X IV )  was converted into ylide and then
tion of 0.85 g (60 mmol) of iodomethane in 10 ml of tetrahydro- treated with 6,10,14-trimethyl-2-pentadecanone as previously
furan. Reaction was immediate, and a white solid precipitated described. The solution was refluxed for 72 hr; the solvent was
from solution. The solvent was evaporated after stirring for evaporated; and the residue was chromatographed on silica
1 hr, and the residue was purified by solution in ethanol and gel, eluting with benzene-hexane (1 :1 ). Triphenylphosphine
precipitation with ether to give 7.5 g (53% ) of 2-pentyltriphenyl- was eluted first. Intermediate fractions contained a 21% yield 
phosphonium ioidide: mp 172-173° (lit.31 mp 172°); nmr ¿ 0.8- of a mixture of cis- and irans-4-methoxy-2-methyl-3-(2,6,10,14-
2.0 (t, J  =  6 Hz, 5-CH3; two d, J  =  7 Hz, — P +C H C H 3, tetramethyl-l-pentadecenyl)-l-naphthol pivalates: nmr (C C L )
— P +— C— C H 2CH 2), 4.6-5.05 (b, — P+— C H ), 7.65-8.2 (m, ¿ 1.56 (cis A r C = C — C H 3), 1.95 (Irans A r C = C — C H 3), 6.15-
Ph3P +— ). 6.28 (b, A r C H = ) .

Alkylation of Ethylidenetriphenylphosphorane with n-Bromo- The last fraction contained a small amount of 2,3-dimethyl-4-
butane.— Butyllithium (6.3 ml, 10 mmol, 1.6 N ) in hexane was methoxy-l-naphthol pivalate (X X X V I ) ,  pure by glpc and tic. 
added dropwise to a suspension of 3.71 g (10 mmol) of ethyltri- 1,4-Dihydroxy-«,2-dimethyl-3-naphthaleneacrylic Acid 6-
phenylphosphonium bromide27b suspended in 20 ml of tetrahydro- Lactone 1-Propionate.— A  suspension of 500 mg (2.5 mmol) cf
furan. The mixture was stirred 1 hr; the suspended salts were l,4-dihydroxy-2-methyl-3-naphthaldehyde (X X I Ia )  and 275 mg
added to settle; and the clear orange-red supernatant was added (3 mmol) of sodium propionate in 1 g (7.5 mmol) of propionic
to a solution of 3 ml of n-bromobutane in 10 ml of tetrahydro- anhydride was heated at 195° (bath temperature) for 8 hr; the
furan. Complete loss of ylide color required 3 hr as a white pre- solution was cooled; water was added; and the the solid organic
cipitate formed. The mixture was evaporated to dryness; phase was removed, ground, and washed with water. Crystal-
the residue was dissolved in chloroform, filtered, and again lization from absolute ethanol gave 470 mg (63% yield) of 1,4-
evaporated to dryness; and the residue was triturated with ether dihydroxy-«,2-dimethyl-3-naphthaleneacrylic acid ¿-lactone 1-
to give a white solid. Comparison of the nmr signals due to the propionate: mp 184.5-185.5°; nmr ¿ 2.2 (d, A r C = C C H 3). 
«-methylene protons of ethyltriphenylphosphcnium bromide at Anal. Calcd for CisH^Ch: C, 73.0; H , 5.4. Found: C,
S 3.5-4.0 and the a-methinyl proton of 2-pentyltriphenyl- 73.0; H , 5.4.
phosphonium bromide at S 4.6-5.2 indicated that the product 1,4-Dihydroxy-«, 2-dimethyl-3-naphthaleneacrylic Acid 5-Lac-
was 20% ethyl salt and 80% 2-pentyl salt. tone.— A  suspension of 7.5 g (25 mmol) of l,4-dihydroxy-«,2-

Triphenylphosphonium salt of 3-chloromethyl-4-methoxy-2- dimethyl-3-naphthaleneacrylic acid ¿-lactone 1-propionate in
methyl-l-naphthol pivalate (XXXIV) was prepared from tri- 125 ml of absolute ethanol containing 3 g of sodium was refluxed
phenylphosphine and 3-chloromethyl-4-methoxy-2-methyl-l- for 2 hr; the solution was then cooled in an ice bath, diluted with
naphthol pivalate (X X IX )  in refluxing benzene, giving 9 g water, neutralized with concentrated hydrochloric acid, and
(77% yield) of the triphenylphosphonium salt of 3-chloromethyl- evaporated. The residue was washed with water to give 1,4-
4-methoxy-2-methyl-l-naphthol pivalate, mp 185-186° id ). dihydroxy-«,2-dimethyl-3-naphthaleneacrylic acid 6-lactone: mp

Anal. Calcd for C36H 36C103P : C, 74.2; H , 6.2; Cl, 6.1. 224-227°; nmr (D M S O ) ¿ 2.12 (d, A rC = C C H 3).
Found: C, 74.0; H , 6.4; Cl, 6.0. a,2-Dimethyl-4-hydroxy-l-methoxy-3-naphthaleneacrylic Acid

4-Methoxy-2-methyl-3-(2-styryl)-l-naphthol Pivalate (XXXIIe). ¿-Lactone (XXXVII).— To a suspension of the crude 1,4-di-
— To a suspension of 2.9 g (5 mmol) of triphenylphosphonium hydroxy-«,2-dimethyl-3-naphthaleneacrylic acid ¿-lactone in
salt of 3-chloromethyl-4-methoxy-2-methyl-l-naphthol pivalate 19.5 g (155 mmol) of dimethyl sulfate was added dropwise over
(X X X IV )  in 15 ml of toluene stirred under nitrogen was added 30 min a solution of 13.0 g (233 mmol) of potassium hydroxide
butyllithium (3.3 ml, 1.5 N ,  5 mmol) in hexane. The resulting in 30 ml of water. The solid was removed, washed with water,
orange-red solution was stirred for 1 hr and 0.5 ml (5 mmol) of and dried to give 4.0 g (63% yield) of a,2-dimethyl-4-hydroxy-l-
benzaldehyde was added. After 1 hr, the solvent was evaporated, methoxy-3-naphthaleneacrylic acid ¿-lactone: mp 163-164.5°
and the residue was chromatographed on silica gel, eluting with after crystallization from absolute ethanol; nmr ¿ 2.15 (d,
benzene, to give 1.7 (90% yield) of 4-methoxy-2-methyl-3-(2- A r C = C C H 3), 3.8 (s, A rO C H 3).
styryl)-l-naphthol pivalate pure by tic: nmr (CC14) ¿ 7.1-7.75 Anal. Calcd for C j6H u0 3: C , 75.6; H , 5.5. Found: C
(11 H , m, C-5, -6, -7, -8, A r— C H = C H — Ph). 75.3; H , 5.5.

cis- and fnros-4-Methoxy-2-methyl-3-(2-methyl-l-octenyl)-l- ¿rms-4-Hydroxy-l-methoxy-«,2-dimethyl-3-naphthaleneacrylic
naphthol Pivalates (XXXIIf).— To a suspension of 8.74 g (15 Acid (XXXIX).— A  solution of 3 g (12 mmol) of «,2-dimethyl-
mmol) of triphenylphosphonium salt of 3-chloromethyl-4- 4 -hydroxy -1 - methoxy - 3 - naphthaleneacrylic acid ¿-lactone
methoxy-2-methyl-l-naphthol pivalate (X X X IV )  in 50 ml of (X X X V I I )  in 250 ml of 3 N  methanolic potassium hydroxide
toluene was added 8.5 ml (1.6 N ,  13.5 mmol) of butyllithium was irridiated for 48 hr with a low-pressure mercury lamp with a
in hexane. The resulting orange-red solution was stirred 1 hr Vycor filter. The contents were then diluted with water, cooled
at 25 and then was centrifuged. To the clear supernatant 1.54 in an ice bath, neutralized with concentrated hydrochloric acid,
g (12 mmol) of 2-octanone was added and the solution was and extracted with ether. The residue from the combined'
heated at reflux for 72 hr. The solvent was evaporated, and the washed, dried, and evaporated ether extracts was taken up in
residue was chromatographed on silica gel, eluting with benzene- ether and washed with 1% aqueous sodium bicarbonate. The
hexane (1 :1 ). Initial fractions contained 800 mg (3.05 mmol) of combined bicarbonate washes were extracted with ether, and the
triphenylphosphine and intermediate fractions contained 1.45 g combined ether extracts were washed with water and evaporated.
(3.6 mmol, 30% yield) of a mixture of cis- and iraras-4-methoxy- leaving a residue which was sublimed at 100° (20 m) to give 500
2-methyl-3-(2-methyl-l-octenyl)-l-naphthol pivalates in a ratio mg (16% ) of recovered lactone X X X V II .
of 35:65. The isomers were separated by glpc: R t cis 65 min, The combined bicarbonate extracts were acidified with hydro-
trans 113 min. chloric acid and extracted with ether. Evaporation of the eom-

cis XXXIIf: nmr (CO L) ¿ 0.78 (t, J  =  5 Hz, A rC = C (C )s -  bined ether extracts left a residue which was chromatographed
C H 3), 1.95 (d, /  =  1 Hz, trans A r C = C — C— C H 3), 6.15 (b, on silica gel, eluting with ether-hexane (1 :1 ). The fractions
A r C H = ) .  containing the acid were pooled and evaporated. Crystallization

trans XXXIIf: nmr (CC14) ¿ 0.95 (t, J  =  5 Hz, A r C = C (C )5- from chloroform gave 400 mg (12.5% conversion) of trans-
C H 3), 1.55 (d, ./ =  1 Hz, cis A r C = C — C H 3), 6.2 (b, A r C H = ) .  a,2-dimelhyl-4-hydroxy-l-methoxy-3 -naphthaleneacrylic acid
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(X X X IX ) :  mp 140° dec (very sensitive to rate of heating); (sh), (14,000), 249 (23,000); nmr 8 1.58 (d, /  =  1 Hz cis 
nmr (D M S O ) 8 1.72 (d, A r C = C C H 3). A rC = C C H 3), 1.98 (d, /  =  1 Hz, tram  A rC = C C H ,)  6 08

Anal. Calcd for C,6H 160 4: C, 70.6; H , 5.9. Found: C, (b, C H = C ) .
70.5; H , 5.4. Anal. Calcd for C 15H 140 2: C , 79.6; H , 6.2. Found: C,

Methyl c?'s-1,4-Dime thoxy-a, 2-dime thy 1-3-naph thalene acrylate 79.6; H , 6.1.
(XL).— A  solution of 508 mg (2 mmol) of 4-hydroxy-a,2-dimethyl- cis-2-Methyl-3-(2-methyl-l-pentenyl)-l,4-naphthoquinone
l-methoxy-3-naphthaleneacrylic acid 6-lactone (X X X V I I )  and (XXXIIIb): 50% yield from pivalate ester; mp 79-80° after 
2.3 g (16 mmol) of iodomethane in 7 ml of N,N-dimethylform- chromatography on silica, eluting with hexane-ether (19:1)
amide was stirred with 2 g (6.3 mmol) of barium hydroxide and sublimation at 50° (10 n); Xraax 315 nm (broad) (« 3200)’
octahydrate for 50 hr at 25°. Volatiles were then evaporated, 265 (sh) (13,000), 249 (23,000); nmr (CC14) 6 0.8 (t, J  =  7 H z ’
and the remainder was diluted with water and extracted with — C H 2C H 3), 1.95 (d, .7 =  2 Hz, trans A rC = C C H 3), 5.85 (b ’
ether. The combined ether layers were washed and evapo- A r C H = ) ;  mass spectrum m/e 254 (M + ), 239, 225, 221.
rated to give a yellow oil which was purified by preparative glpc Anal. Calcd for C nHiS0 2: C, 80.3; H , 7.1. Found: C
on 10% SE-30 to yield 580 mg (96% yield) of methyl ci's-1,4- 80.2; H , 7.3.
dimethoxy-ff,2-dimethyl-3-naphthaleneacrylate: nmr 6 2.15 iros-2-M ethyl-3- (2-methyl- 1-pentenyl) - 1 ,4-naphthoquinone
(d, J  =  2 Hz, A r C = C C H 3), 6.75 (b, A r C H = ) .  (XXXIIIb): 60% yield from pivalate ester; mp 64.5-66° after

Anal. Calcd for C i8H 20O4: C , 72.0; H , 6.7. Found: C , sublimation at 50° (10 n)', Xma% 315 nm (broad) (e 3150) 265
72.2; H , 6.9. (sh) (13,500), 249 (23,000); nmr (CC14) 6 1.0 (t, J  =  7 Hz,

Methyl iraras-l,4-Dimethoxy-a,2-dimethyl-3-naphthaleneacry- — C H 2C H 3), 1.55 (d, J  =  1 Hz, cis A rC = C C H 3), 5.95 (b,
late (XLI).— The ¿rares-methyl ester was prepared exactly as A r C H = ) ;  mass spectrum m/e 254 (M +), 239, 225, 221.
described for the cts-methyl ester above. Purification by prepara- Anal. Calcd for C nHi80 2: C, 80.3; H , 7.1. Found: C,
tive glpc on 10% SE-30 gave a 63% yield of methyl trans-1,4- 79.8; H , 7.1.
dimethoxy-a,2-dimethyl-3-naphthaleneacrylate: mp 45-46°; ci's-4-Methoxy-2-methyl-3-(l-pentenyl)-l-naphthol was oxidized 
nmr 6 1.8 (d, J  =  2 Hz, A r C = C C H 3), 7.62 (b, A r C H = ) .  to quinone which was chromatographed on silica gel, eluting

Anal. Calcd for CiSH 2o04: C , 72.0; H , 6.7. Found: C, with ether-hexane. The quinone so obtained contained 10% of
71.7; H , 6.8. the trans isomer ( R f  cis 0.28, trans 0.34 on tic, Kiesel gel G , 15%

c?s-l,4-Dimethoxy-2-methyl-3-(2-methyI-l-propen-3-ol)naph- butyl ether in hexane) which was removed by crystallization from 
thalene (XLII).— A  solution of 100 mg (0.33 mmol) of methyl methanol. Pure cis-2-methyl-3- (1 -pentenyl)-1,4-naphthoquinone 
cis-l,4-dimethoxy-a,2-dimethyl-3-naphthaleneacrylate (X L ) dis- (XXXIIIa) had mp 68.5-69°; Amax 330 nm (e 3000), 285 (4400),
solved in 20 ml of ether was added slowly to a solution of 100 mg 250 (21,200); nmr (CCU 6 0.86 (t, J  =  6 Hz, — CH 2C H 3),
(2.5 mmol) of lithium aluminum hydride in 15 ml of ether main- 5.65 (t, J  =  5 H z), 5.85 (t, .7 =  5 H z ) A r C = C H ; 6.1 (d , ,/ =  10
tained at — 15°. After addition was complete, the solution was Hz, A r C H = ) .
stirred 1 hr a t — 15° and then treated with wet ether followed by Anal. Calcd for C i6H i60 2: C, 80.0; H , 6.7. Found: C,
saturated aqueous ammonium chloride. Extraction with ether 80.0; H , 6.8.
which was then washed and evaporated left an oil, purified by irans-2-Methyl-3-(1 -pentenyl)-1,4-naphthoquinone (XXXIIIa),
preparative tic on Kiesel gel G  (eluting with ether-hexane, 1 :1) purified by tic (Kiesel gel G , benzene), remained an oil: Xmax 365
and sublimed at 60° (20 m) to give ci's-l,4-dimethoxy-2-methyl-3- nm (« 2300), 330 (3150), 285 (8150), 250 (23,000); nmr (CC14)
(2-methyl-l-propen-3-ol)naphthalene: mp 69-70°; nmr 8 2.08 8 1.0 (t, J  =  7 Hz, — C H 2C H 3), 6.3 (s, A r C H = ) ,  6.35 (t, J  =  6
(d, J  =  1 Hz, A rC = C C H 3), 3.8 (s, A rO C H 3, = C C H 20 ),  6.15 Hz, A rC = C H ).
(b, A r C H = ) .  Anal. Calcd for CicH160 2: C, 80.0; H , 6.7. Found: C,

Anal. Calcd for C i7H 20O3: C, 75.0; H , 7.4. Found: C, 80.0; H , 6.8.
74.6; H , 7.5. 2-Methyl-3-(2-styryl)-l,4-naphthoquinone (XXXIHc) crystal-

frans-l,4-Dimethoxy-2-methyl-3-(2-methyl-l-propen-2-ol)naph- lized from methanol and had mp 97-98°; Xm!lx 400 nm (e 8150), 
thalene (XLIII).— Prepared from 100 mg (0.33 mmol) of methyl 280 (24,200).
ircms-1,4-dimethoxy-a,2-dimethyl-3-naphthaleneacrylate (X L I )  Anal. Calcd for Cj9Hi40 2: C , 83.2; H , 5.2. Found: C,
exactly as described for the cis isomer. Purification by tic (Kiesel 83.3; H , 5.4.
gel G , eluting with ether-hexane, 2:1) and sublimation at 75° cis-2-Methyl-3-(2-methyl-l-octenyl)-l,4-naphthoquinone
(20 y.) gave ira«s-l,4-dimethyl-2-methyl-3-(2-methyl-l-propen-2- (XXXIIId): oil; Xmnx 315 nm (broad) (e3200), 265 (sh) (13,500),
ol)naphthalene: mp 49-50°; nmr 8 1.58 (d, A r C = C H 3), 249 (22,400); nmr (CC14) 8 0.75 (t, J  =  5 Hz, — C H 2C H 3), 1.9
4.25 (b, = C — C H 20 ),  6.45 (b, A r C H = ) .  (d, ./ =  1 Hz, trans A rC = C C H 3), 5.88 (b, A r C H = ) .

Anal. Calcd for C 17H 20O3: C , 75.0; H , 7.4. Found: C , Anal. Calcd for CMH M0 2: C , 81.0; H , 8.2. Found: C,
74.7; H , 7.1. 81.2; H , 8.0.

Conversion of Pivalate Esters into Quinones. A. Removal trans-2-Methyl-3-(2-methyl-l-octenyl)-l,4-naphthoquinone
of Pivaloyl Group.— A  solution of 1 mmol of the 4-methoxy-l- (XXXIHd): oil; Xmal 315 nm (broad) (e 3150), 265 (sh) (13,500),
naphthol pivalate in 5 ml of ether was added dropwise to 145 249 (23,000); nmr (CC14) 8 0.92 (t , J  =  5 Hz, — C H 2C H 3),
mg (3.5 mmol) of lithium aluminum hydride in 5 ml of ether. 1.55 (d, /  =  1 Hz, cis A rC = C C H 3), 5.95 (b, A r C H = ) .
After being refluxed for 1 hr, the solution was cooled to 0°; Anal. Calcd for C2oH240 2: C , 81.0; H , 8.2. Found: C,
wet ether followed by saturated aqueous ammonium chloride 81.4; H , 8.1.
was added; the ether layer was removed; and the aqueous phase 2-Methyl-3-(2,6,10,14-tetramethyl-l-pentadecenyl)-l,4-naph-
was extracted several times with ether. Evaporation of the thoquinone (XXXIIIe) was obtained as an oily cis-trans mixture
combined, washed, and dried ether extracts left the 4-methoxy-l- which was separated by tic on Kiesel gel G , developing with butyl
naphthol. ether-hexane, 1:12 (R f cis 0.84, trans 0.92).

B. Oxidation of the 4-Methoxy-l-naphthol to Quinone.—A  cis XXXIIIe: Xmnx 315 nm (broad) (e 3300), 263 (sh) (14,100),
solution of 680 mg (2.5 mmol) of ferric chloride hexahydrate in 248 (23,100); nmr (CC14) 8 1.95 (d , ./ = 1  Hz, trans A rC = C C H 3),
40 ml of 50% aqueous acetonitrile was added to a solution of 1 5.87 (b, A r C H = ) .
mmol of the 4-methoxy-l-naphthol in 40 ml of 50% aqueous Anal. Calcd for C3oH440 2: C , 82.5; H , 10.2 Found: C,
acetonitrile. The solution was stirred for 15 min, diluted with 81.9; H , 10.1.
two volumes of water, and extracted several times with ether. trans XXXIHe: Xm»x 315 nm (broad) (e 3300), 263 (sh) (13,600),
Evaporation of the combined, washed, and dried ether extracts 248 (23,100); nmr (CC14) 8 1.55 (d, J  =  1 Hz, cis A rC = C C H 3), 
left the quinone. 6.0 (b, A r C H = ) .

This procedure was used for the 4-methoxy-l-naphthols with Anal. Calcd for C 3oH440 2: C, 82.5; H , 10.2. Found: C,
shorter chains, soluble in the 50% aqueous acetonitrile. For the 82.1; H , 10.0. 
longer chain methoxynapththols, insoluble in this medium, an 
ether-ethanol mixture (1 :1 ) was used as solvent, and 30% _
aqueous ferric chloride was added. Registry No. —X, 5571-10-8; X I, 17827-37-1; XV-

The following quinones were prepared by the above procedure. j n  17838-73-2; X IX  HC1, 17827-38-2; 1,4-dime-
2-Methyl-3- (2-methyl-i-propenyl)-l,4-naphthoquinone (XI): thoxy-3- (2-dimethylaminoethyl) - 2 - methylnaphthalene

88% yield from pivalate ester; mp 42-43° after chromatography ■ m eth iod id  l 7827-57-5; X X , 17827-39-3; 1,4-dimeth-
on silica gel, eluting with benzene-hexane (1 .1 ), and crystalliza- J , ,, , V  1(7007 i a p . v y t t  k
tion from methanol at —20°; Am»* 315 nm (broad) (« 3300), 264 oxy-2-methyl-3-naphthaldehyde, 17827-40-6, X X IIb ,

Vol. 83, N o. 12, December 1968 Synthesis of 2-Methyl-3-vinyl-1,4-naphthoquinones 4361



#

17827-41-7; X X IIc , 17827-42-8; X X IIa , 17827-43-9; 52-0; X X X IIg  (cis), 17831-26-4; X X X IIg  (trans),
X X IId , 17827-44-0; X X IIe , 17827-45-1; X X I I I ,  17831-27-5; 1,4-dihydroxy - a, 2 - dimethyl - 3-naphtha-
17827-56-4; X X V I, 17827-46-2; X X V III ,  17827-47-3; leneacrylic acid 5-lactone 1-propionate, 17838-75-4;
X X IX , 17827-48-4; X X X I, 2397-62-8; 2-methyl-2- l,4-dihydroxy-a,2-naphthaleneacrylic acid 5-lactone,
(2-methyl-l-propenyl)-l,4-naphthalenediol diacetate, 17838-76-5; X X X II Ia  (cis), 17831-16-2; X X X II Ia
17827-58-6; X X X IIa , 17827-59-7; X X X IIb  (cis), (trans), 17831-17-3; X X X II Ib  (cis), 17831-18-4;
17831-10-6;X X X IIb  (trans), 17831-11-7;X X X IIc  (cis), X X X II Ib  (irons), 17831-19-5; X X X IIIc , 17827-50-8;
17831-12-8; X X X IIc  (trans), 17831-13-9; 2-pentyltri- X X X II Id  (cis), 17831-09-3; X X X II Id  (trans), 17831-
phenylphosphonium bromide, 17827-53-1; 3-pentyltri- 08-2; X X X II Ie  (cis), 17838-74-3; X X X II Ie  (trans),
phenylphosphonium bromide, 7333-53-1; X X X IIe , 17831-14-0; X X X IV  chloride, 17866-64-7; X X X V II,
17827-51-9; X X X I I f  (cis), 17831-25-3; X X X I I f  17827-55-3; X X X IX , 17831-20-8; X L , 17831-21-9;
(trans), 17831-15-1; 2-octanone-l,l,1.3,3-d5, 17827- X L I, 17831-22-0; X L II ,  17831-24-2; X L II I ,  17831-23-1
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The direct a butylation of tertiary amines with n-butyllithium and 1-iodobutane was investigated by inter- 
and intramolecular competition reactions. Structure changes at the a position in the reacting amine were used 
as the competition variables. The intermolecular competition of N,N-dimethylaniline with N,N-diethylaniline, 
N-methyldiphenylamine, N-methyl-N-ethylaniline, triethylamine, or triethylenediamine showed that reactivity 
per a hydrogen was significantly greater for methyl than for ethyl groups. This effect of alkyl structure was 
much greater than the conjugative or resonance effects caused by increasing or decreasing the number of aromatic 
rings attached to nitrogen. Intramolecular competition in N-methyl-N-ethylaniline and in N-m ethyl-N-(2- 
butyl)aniline extended the reactivity order to methyl >  ethyl >  sec-butyl or primary >  secondary >  tertiary.
The quantitative alkyl reactivity ratios closely parallel hydrocarbon acidities and a* values for cumulative induc
tive effects. A  model is therefore suggested for the reaction transition state which is compatible with previous 
a alkylation results and with tw o . other simultaneously occurring reactions, halogen-metal interchange and 
Wurtz coupling.

The direct a-carbon alkylation of tertiary amines at an a-alkyl site followed by a “ Wurtz”  coupling with 
takes place when these amines are used as solvents for the available halide. Metalation studies of both
the reaction of organolithium reagents with alkyl or N,N-dimethylaniline6 and triethylamine4 failed to com-
aryl halides2 (eq 1). Either the bromo- or iodoalkanes firm such a pathway, although the aniline reactivity

N(CH y was in reasonable agreement with hydrogen-deuterium

0  ' 2 exchange data.7 A  second route for product forma
tion, amine quaternization with a subsequent Stevens 

+  n-C3H7X +  n-C4H9Li ► rearrangement, was also eliminated in these same

studies.
n-C3H7CH2NCH3 re-C4H9CH2NCH3 Although the reaction is described as a direct a

JL JL alkylation because of the initial lack of a cogent mech-
N~Y| 4- f r y ]  anism, it seemed desirable to attempt to clarify this

situation. Since steric effects and the relative re

will participate in the reaction, but the former are less fbi^+vnl gl011ps ,are re âte,̂  ln lnany
reactive while the latter also undergo extensive halogen- nr in fra  <=;+• ^  P e i e ® lnvo. ve as in erme la es
mntal intnrrbano-n a s or in transition states, we have investigated the com-

rp • „  , - 4  „  M u i T  i n  petition of a reaction sites in direct alkylation of ter-
Trialkylamines4 as well as N-alkylanilines2',’ii can T ,1 + , • , . , .± ., tt ,, .. ., , tiary amines. In order to ascertain comparability of

undergo substitution. However, the reaction is limited f „ 1 1  ,. ., , ,,
to an «-alkyl position as demonstrated with triethyl- “  ‘ r ?  reaCtlI ! ty ’ both lnler-
amine* and N,N-diethylaniline.‘  s S trS *  competition reactions were con-

These observations seemed to be in agreement with a 
simple mechanism involving metalation of the amine Results

(1) (a) Presented in part before the Division of Organic Chemistry, 154th T h n  d ir o o t  „ c  . . •
National Meeting of the American Chemical Society, Chicago, 111., Sept 1967, 1  he «'Substitution reaction of tertiary amines
Abstracts S161; A. R. Lepley and W. A. Khan, Chem. Commun., 1198 (1967). was Carried OUt On Compounds Or mixtures of COm-
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(2) A. R. Lepley and A. G. Giumanini, Chem. Ind. (London), 103.5 (1965). (6) A. R. Lepley, W. A. Khan, A. B. Giumanini, and A. G. Giumanini,
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substituting for an a hydrogen was limited to butyl in cases except that of triethylenediamine, where only 
all reactions; cf. eq 1. Gas chromatography (gc) of the the product of N,N-dimethylaniline butylation was ob-
ice-quenched reaction mixtures was used to determine served. Gc retention ratios on these products were
product retention ratios and to isolate preparative generally adequate for identification as confirmed by
samples. The gc data were compared with retention the infrared and pmr spectra. However, with N -
ratio values of available or independently synthesized methyl-N-ethylaniline, the isomeric products were not
compounds to establish tentative product identifica- separated but their distribution was determined by
tions, Table I. The final product structural assign- pmr analysis of the product from the intermolecular
ments were based on the infrared spectra and proton competition reactions; see below. The over-all yields
magnetic resonance (pmr) chemical shifts, Table II, of a-tertiary amine alkylation were determined by
of the materials separated by preparative gc. The comparison with a known amount of added gc standard,
quantitative evaluation of relative and absolute product The relative amounts of the competition products
yields was made by gc, using an internal standard were determined by the ratios of peak areas. All data
method,8 and from pmr integral ratios, Table III. were reduced to absolute yields and compared both

on the basis of products from each amine and in terms 
Table I of the number of a protons for the individual reactants,

m  i i  T T T  '

Gas Chromatographic Retention Ratios“ of Reactants, t '
Products, and Standards in the Inter- and Intramolecular Intramolecular competition reactions were carried 

Competitive Tertiary Amine «-Alkylation Reactions ou  ̂ with N-methyl-N-ethylaniline or N-methyl-N-
.— -— -—Retention ratios------------- . (2-butyl)aniline. In  both cases only a single peak

. Calibration, deg-. Reaction for products was evident from gc. As before, no other 
compound 100 lss  products peaks were evident from other reactions with the amine

Tnethylamine 0.194 nor was there a multiplicity of peaks in the region of
Aniline3 1 000“ interest. Thus the product mixture was readily col-
N,N -D iethyl-2-hexylamine 1.42 1.42 l?CtC j '- r r In the ° aSe ° f N-methyl-N-ethylaniline (eq 2 ) ,
N,N-Dimethylaniline 2.04 0.146 the difference in retention ratios for N-methyl-N-
N-Methyl-N-ethylaniline 0.194 (2-hexyl)aniline and N-ethyl-N-(1-pentyl)aniline was
N,N-Diethylaniline 0.208 „ „
N-Methyl-N-(2-butyl)aniline 0.330 | 3 n-CiHsLi
N -M eth y l-N -( 1-pentyl)aniline 0.524 0.525 C 6H 5N C H 2C H 3 ° >
N -Ethyl-N -(l-pentyl)aniline 0.615 0.618 n-C»H»I

N -M ethyl-N - (2-hexyl )aniline 0.622 0.618 C H a C H 2(C H 2)3C H 3
N-Ethyl-N-(2-hexyl)aniline<i 0.694 0.695 I I
N-Methyldiphenylamine 0.946 C 6H oN C H (C H 2)3C H 3 +  C 6H 5N C H 2C H 3 (2)
N -(2-Butyl)-N -(l-pentyl)aniline 0.961 0.959 14.6%
Benzhydryldimethylamine3 1.00' 4  40^
o-(Diethylamino )biphenylli 1.27
N-(l-Pentyl)diphenylamine 2.70 2.73 m u ch  less th an  th a t  req u ired  fo r  p eak  re so lu t io n ;3 cf.

» 0.25 in. x  10 ft column of 20% GE-SF96 on 40-60 mesh Table I. However, quantitative analysis of the two
Chromosorb W , 160-170 cc/min of He flow at indicated tempera- product mixture was possible by pmr or preparative gc

T i 't  Tf ? r tl,yI “ d » "  nitp Ben ^
ratio at 10 0 ° ; retention time, 9 .1  ±  0.4 min; peak width at half- of fbe first of the compounds was adequately separated 
height, 0.86 ±  0.03 min. d Alternate standards for quantitative from the overlapping methylene on nitrogen bands of
analysis and retention ratios; values measured with respect to the second to give readily determined integral ratios
these compounds are scaled to benzhydryldimethylamine as a wMch a ] lo w ed  calculation of the yields, 
primary standard. e btandard for retention ratio at 18o : reten- -vt ^  1 at /n u j. i\ -v j  •
tion time, 14.6 ±  0.7 min; peak width at half-height, 1.07 ±  0.05 N-Methyl-N-(2-butyl)aniline gave predominantly
min. N-(2-butyl)-N-(l-pentyl)amhne on a alkylation, eq 3.

C H 3
The several tertiary amines needed for product I n-c.TLLi

identification were synthesized in 30-40% yield by the 6 5 i 2 3  n-CiH»i> 

reaction of a secondary amine and an alkyl halide. C H 3

N-Methylaniline reacted with 2-bromobutane or 2- C H 2(C H 2)3C H 3 C H 3

bromohexane to form N-methyl-N-(2-butyl)aniline9 I I
and N-methyl-N-(2-hexyl)aniline, respectively. N - C 6H 5N C H C H 3C H 3 +  C 6H 5N C (C H 3) (C H 2)3C H 3 (3)

Ethyl-N- ( 1-pentyl) aniline was prepared from N-ethyl- C H 3 C H 3C H 3

aniline and 1-bromopentane, while the more sterically ^ 22 .2 %  < 1 -2 %
hindered N-(2-butyl)-N-(l-pentyl)aniline was formed „ . , ,  , , , „„ , ,,
from N-(2-butyl)aniline and 1-bromopentane. The over-all yield of products was 23.4% for the

Intermolecular competition in the «-alkylation re- reaction Qualitative features of the pmr and ir
action was run with a mixture of N,N-dimethylaniline sf ctra from preparative gc samples were essentially
and of an equimolar amount of a second tertiary amine identical with those of N - ( -buty )- -(1-pentyl)am-
acting as the solvent and reactants, Table III. The gc Ime except for a very weak pmr singlet at 2^5 ppm.
of the reaction mixture showed two products in all Such a pmr singlet is characteristic1« of a N C H , group

on an aniline with steric inhibition of conjugation
(8) A. R. Lepley, Anal. Chem., 34, 2365 (1962).
(9) T. C. van Hoek, P. E. Verkade, and B. M . Wepster, Rec. Trav. Chim., (10) A. R. Lepley and V. C. Dohm, Proc. W. Va. Acad. Scu, 39, 382

77, 559 (1958). (1967).
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T a b l e  I I

P h o t o n  M a g n e t ic  R e s o n a n c e  Sp e c t r a  o p  T e r t ia r y  A m in e s  A s s o c ia t e d  w i t h  t h e  I n t e r -  a n d  I n t r a m o l e c u l a r

C o m p e t it iv e  « - A l k y l a t io n  R e a c t io n s

---------------------------------------------------------- 'Chemical shift0-— — -------- --------------- —— ——— — ----—-
Registry ------------ CH r——-----» ✓--------------------- C II2----------------- —>■ '------------CH------------- <■---- -H — — *

Compound no. C N A r C, C C, N  C, N A r C, C, N  C, CN ArN  Ar

N -(2-Butyl)-N-(l-pentyl)aniline 17692-89-6 1.11 m (16)* 1.11m (16)* 3.05 m (2) 3.71 qc ( l )  6.69 m (3)
7.14 m (2)

N,N-Diethylaniline 91-66-7 1 .08 t(6 ) 3.21 q (4) 6.53 m (3)
7.01 m (2)

N,N-Dimethylaniline 121-69-7 2.78s (6) 6.61m (3)
7.09 m (2)

N,N-Diethyl-2-hexylamine 17692-90-9 0 .9 7 t\  1.05m (18)* 2.41m (5)® 2 .41 m (5 )e
1.05 m j

N-Ethyl-N- (2-hexyl) aniline 3299-40-9 l . i O t l  . . . j  1.15 m (15)* 3 .16 q (2 ) 3.7 m (1) 6.62 m (3)
1 .15 m /1 1 7.03m (2)

N-Ethyl-N-(1-pentyl) aniline 17693-26-4 1 .0 8 t1  1.17m (12)6 3 .2 8 q\  . . d 6.59.m (3)
1 .17 m /1 1 3 .18 m /11 7.08m (2)

N-Methyl-N-(2-butyl)aniline 17693-27-5 1 .02m (8 )i 2.61s (3) 1.01 m (8 )6 3.71 qc (1) 6.66 m (3)
7.07 m (2)

N-Methyldiphenylamine 91-00-9 3 .16 s (3) 6.96 m (10)
N-Methyl-N-ethylaniline 613-97-8 1 .0 5 t(3 ) 2 .78 s (3) 3.29 q (2) 6.60 m (3)

7.09 m (2)
N-Methyl-N-(2-hexyl)aniline 17693-29-7 1.10 m (12)J 2 .59s(3 ) 1.10 m (12)6 3 .7 8 m (l) 6 .63m (3 )

7.05 m (2)
N-Methyl-N-(1-pentyl)aniline 3299-39-6 1..30 m (9)6 2.82 s (3) 1.30 m (9)6 3.211 (2) 6.58 m (3)

7.06 m (2)
Triethylamine 121-44-8 0 .931 (9) 2 .43q (6 )
Triethylenediamine 280-57-9 2.60s (12)

“ All shifts are 5 values relative to tetramethylsilane in parts per million (ppm); splitting, s singlet, t triplet, q quartet, m multiplet; 
J  values are 6.9 ±  0.1 cps unless otherwise indicated; values in parentheses are relative integrated peak ratios in compound. b Total 
of CH3 and CH2 protons attached only to other carbon atoms in particular compound. c Probably sextet inadequately amplified, more 
complex splitting not evident. d Total of all CH2 protons attached to NAr in a particular compound. c Total of all CH2 and CH proton 
attached to N of aliphatic amine; cf. ref 4.

T a b l e  I I I

I n t e r m o l e c u l a r  C o m p e t it io n  i n  a  B u t y l a t io n  o f  N ,N - D im e t h y l a n il in e  w it h  O t h e r  T e r t ia r y  A m in e s

------------------ -Yield/or-H---------------------- .
Over-all ------------ Competition product yields------------- «-IT  in B,& Ratio of

Competing amine % yield % A “ % B6 Ratio of B/A N  %  A/6 %  B/N (B/N)/(A/6)

Triethylenediamine (TED) 5.8 5.8 <0.1 12 0.97
Triethylamine 22.0 13.1 8.9 0.69 6 2.2 1.5 0.68
N,N-Diethylaniline 21.1 15.2 5.9 0.39 4 2.5 1.5 0.58
N-Methyl-N-ethylaniline 31.0 18.8 12.2' 0.65 5 3.1 2.4 0.78
N-Methyldiphenylamine 29.6 19.5 10.1 0.52 3 3.3 3.4 1.04

“ A, N-methyl-N-(l-pentyl)aniline from reaction with N,N-dimethylaniline. b B, product from reaction with the competing amine. 
c N-Ethyl-N-(l-pentyl)aniline plus N-methyl-N-(2-hexyl)aniline; relative amounts of the two products were determined in intramolecu
lar competition experiments; see text.

between nitrogen and the aromatic ring. Although include group reactivity at the a position, steric effects
we were unsuccessful in attempts to synthesize N- in this position and in the tertiary amine as a whole,
methyl-N-(3-methyl-3-heptyl)aniline, the pmr band at and conjugative effects on the amine nitrogen. These
2.65 ppm was quite reasonable for this product. Fur- qualitative and quantitative factors and the mech-
ther support of this assignment was seen in the 2.61- anisms of analogous reactions aided in the formulation
ppm location for the NCH 3 singlet of N-methvl-N- of a model for the transition state of a-amine alkylation.
(2-butyl)aniline, which was absent in the separated In  particular, comparisons of measured yields were
products as determined by gc. Analysis of the pmr made with the ease of carbanion formation from hydro
integrals for the products indicated a maximum pos- carbons and with carbene insertion selectivity on
sible yield of 1.2% for N-methyl-N-(3-methyl-3-heptyl)- hydrocarbons. These results, in conjunction with
aniline which corresponded to a minimum of 22.2% reaction routes in metalation, Wurtz coupling, and
for N-(2-butyl)-N-(l-pentyl)aniline. halogen-metal interchange were used in model devel-

The several intramolecular competition yields were opment. 
converted to a comparable scale by dividing the yields Complexes readily form between tertiary amines and 
by the number of a hydrogens per group and normaliz- organolithium reagents.11 The insolubility of the
ing them with respect to the methyl hydrogen value. triethylenediamine-n-butyllithium complex12 probably
This gave the relative values 1.0, 0.45, and <0.16 for accounts for the very low yields in the competition
the methyl, ethyl, and sec-butyl groups, respectively. reaction involving this amine.

DisCUSSlOn (11) J. F. Eastham and G. W . Gibson, J. Amer. Chem. Soc., 85, 2171
(1963); Z. K . Cheema, G. W. Gibson, and J. F. Eastham, ibid., 85, 3517

Several factors influencing the a alkylation of tertiary (1963); F. a . Settle, M . Hagerty, and J. F. Eastham, ibid., 86, 2076 (1964);

amines were apparent from the chosen set of compounds age/)2™™’ R L Gerteis’ D' A' Bafus’ and J' A' Ladd’ Md" 86, 2135
for inter- and intramolecular competition. These a 2) c. g . Screttas and j . f . Eastham, aid., 87, 3276 ( 1965).
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Triethylamine alone4 undergoes a alkylation much displayed an increased reactivity for the all alkyl 
less readily than dimethylaniline,5 eq 4. The larger compound.
value for competition may well be associated with the Intramolecular competition in N-methyl-N-ethyl-

aniline helped to place the intermolecular competition 
CH3 of this compound with dimethylaniline in perspective,

_______ nU,H9Li I eq 2. The ratio of reaction, although similar to the
2 5 2 2 3 n-c(Hsi> (C2H5)2NCH(CH2)3CH3 previous B/A value, was slightly less than that of

> 14% diethylaniline vs. dimethylaniline. Reduction of these
Í 8.9% values to the per cent a H  gave 2.5 and 1.1 for methyl

> t +  (4) and ethyl, respectively. 17 Both these absolute ethyl
and methyl yields and their ratio, B/A =  0.45, were 

CH3 lower than in the intermolecular experiments. Appli-
I   cation of the intramolecular reaction distribution to the

6 5 3 6 5 1 2 2 3 3 intermolecular competition with dimethylaniline gave
¿jj3 the distribution from N-methyl-N-ethylaniline alone

of %  B/A as 3.1 on methyl and 1.4 on ethyl. Since 
a 3.1% A / 6  value for dimethylaniline was also ob
tained in this experiment, a 1 : 1  ratio for methyl 

milder reaction in dialkylanilines3,6 than in tri- group reactivity in the two compounds was maintained
ethylamine, where significantly higher yields, up to and ethyl results were consistent with other ethyl
25%, were achieved when lower temperatures were substituted compounds.
used to control the vigorous initial reaction. 4 The 2-butyl group was compared only in intra-

A  comparison of compounds with equal numbers of molecular competition, eq 3. Per cent yield per a
ethyl and methyl groups as in N,N-diethylaniline and hydrogen for the methyl group in this case gave B / 3  of
N,N-dimethylaniline decreased the ratio of A/B seen 3 .7.17 The very low value for the 2-butyl group might
with triethylamine by 0.30. This change was small be cause for suggesting appreciable steric hindrance
with respect to the exponentially related effect in steric at this tertiary carbon atom. However, the methyl
requirements with thermodynamic stabilities in going reactivity is quite comparable with that in most of the
from an ethyl to a phenyl group. 13 A  distinct major intermolecular experiments. Since there is no obvious
variation normally observed in conjunction with these reason to assume that the alkylation reaction process
two groups is decreased basicity with conjugation. A  differs in mechanism for the methyl and ethyl groups,
factor of 6  decrease in pAb occurs when going from a ft may well be considered to be similar in this case as
trialkylamine to the comparable dialkylaniline. 14 The well. Based on the statistical a-hydrogen activity as
availability of the lone pair on nitrogen is directly normalized to 1 .0  for methyl, the order of substitution
associated with organolithium-amine complex for- ease for the three groups was methyl >  ethyl >  sec-
mation. Participation of base in related organometallic butyl or more generally primary >  secondary >
reactions including Wurtz coupling has recently been tertiary.
reported in tetrahydrofuran solutions involving an Tor irreversible reactions, the relative reactivities of 
RLi-solvent complex. 15 The extent of structural groups from competition processes are equivalent to
effects on complexes or other reaction intermediates the ratios of rate constants when comparable ratios of
should be clearly distinguishable from normal statistical product yields are present at all times; i.e., the reaction
variations in the number of each type of reaction site as orders are the same. The intramolecular values
given by the yield per equivalent a hydrogen; see Table normalized to the methyl group then compose a short
I I I .  set of relative rates, k/k°. Qualitatively, the order

Methyl group reactivity with structure variation was (decreasing) of structural class reactivities is not
evident from the methyldiphenylamine and dimethyl- comparible with carbene insertion (increasing)
aniline competition. The yields per a hydrogen were reactions, 18 but is comparable with hydrocarbon
within 0.1. In  the range 3.3-3.4, this represents 3% acidities. 19

which is comparable with the gc reproducibility and Although dimethylaniline ring and alkyl group 
hence the optimum precision. I t  should be noted, acidities have been Studied,7 the alkyl carbon attached 
however, that a 1:1 reactivity ratio occurred in this case to nitrogen has such a low acidity that in general only
where a pKb decrease from phenyl to diphenyl is to the the effect of nitrogen on aromatic ring protons has been
order of 4. 16 considered. Alkyl structural effects are more com-

Yields per a hydrogen for N,N-diethylaniline and pletely available, particularly with respect to the
triethylamine remained significantly lower than the groups of interest, for the a positions of alkyl-
competitive methyl results. The normalized ratio

(17) Since only a single tertiary amine was employed in the reaction mix-
(13) The relative values from cyclohexane eonformer studies are AG* of ture for intramolecular competition and yet the same quantities of n-butyl- 

1.8 and 3.1 for ethyl and phenyl, respectively: E. L. Eliel, N. L. Allinger, lithium and 1-iodobutane were used as in the intermolecular cases, it was
S. J. Angyal, and G. A. Morrison, “ Conformational Analysis,”  Interscience necessary to divide B/N  values by 2 to obtain these values which are eom-
Publishers, New York, N. Y., 1965, p 44. parable with those in Table I I I .  . . . . .

(14) D D Perrin, “ Dissociation Constants of Organic Bases in Aqueous (18) a dehydrohalogenation of the alkyl halide participating in the
Solution,”  Butterworth and Co. Ltd., London, 1965. reaction could give a carbene; however, the order of CH insertions called for

(15) C. G. Screttas and J. F. Eastham, J. Amer. Chem. Soc.. 88, 5668 by the reactivity ratios is the reverse of that required for this reaction: J. 
jjgggj Hine, "Divalent Carbon,”  Ronald Press Co., New York, N. Y ., 1964, Chap-
1 (16) N-Alkyldiphenylamines have not been reported, but the decrease ter 7; W. Kirmse, "Carbene Chemistry,”  Academic Press, New York, N. Y.,
from aniline or N-alkylated anilines to diphenylamine is of this order of 1964, p 252.
magnitude u (19) I* Shatenshtein, Tetrahedron, 18, 95 (1962).
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benzenes.19’20-23 While the absolute magnitude of Similar states represent the halogen-metal inter- 
these values greatly exceeds that of CH8 in N,N-di- change and Wurtz coupling. In terms of the simpler
methylaniline, the qualitative order primary >  four-membered ring, these are
secondary >  tertiary is in agreement both for H
lithium20’21 and cesium22’23 cyclohexylamides. \  R/ X' ' . R R/ XX M

The quantitative a-alkylation results are in best /  \  ^ R  '\ M/ K
agreement with the more ionic cesium base as an M
attacking reagent in hydrogen abstraction, Table IV . metalation interchange coupling

As suggested by Streitwieser and Young,28 results of Rather than ionic species, these models seem to be
this type should be predominantly carbanionic in reasonable transition states in such solvents as ethers
character. Inductive effects must then play a major or tertiary amines. However, the participation of
role and the log fc/fc° may well relate to a* for the additional R L i in any of the states may not be evident
collective groups if the C6H 5N  effect is assumed to be since the (R L i)2-solvent complex may mask this
constant. Although the three groups considered here secondary role as Screttas and Eastham16 have pointed
constitute too small a set for statistical treatment, a out in considering literature data on the Wurtz reaction,
quantitative direct proportionality with the inductive Both halogen-metal interchange and Wurtz coupling 
constant does seem to hold. compete with a alkylation of tertiary amines. Our

earlier studies3,6 indicated that a complex between the 
Table IV base and amine was involved in the alkylation, and that

«-Proton Exchange in Alkylbenzenes and the group forming the carbon-carbon bond came with
Relative Reaction Rates of a Alkylation equal ease from either the alkyl halide or organolithium

in Tertiary Anilines reagent even when halogen-metal interchange was
,—Alkylbenzenes“—. limited. A  transition state in which halogen-metal

Group f / l  Alky“ / ^  interchange occurs on the amine complex is then a
10 Q 0 qq strong possibility. This intermediate can either un-

C H 2 0 . I T  0.49 0.45 -0 .3 5  -0 .1 0  R— X X R
C H  0.0089''* 0.13» >0 .16  > - 0 .7 9  -0 .2 0 »’1 \  i i \  j i
“ From proton-exchange studies using lithium or cesium cyclo- —--N :---L i— R ___N:— Li— R

hexylamide. b «-Alkylation data from this work. « Calculated by ^  ^
additivity of inductive effects neglecting N C 6H 5 and/or C 6H 6 as
constants in the reactions considered; cf. J. E. Leffler and E. dergo exchange and then dissociate, or be involved in
Grunwald, “Rates and Equilibria in Organic Reactions,” John alkylation. Alternatively the Complex might par-
Wiley & Sons, Inc New  York, N . Y., 1963, pp 222, 224. ticipate in Wurtz coupling or a alkylation.
d Reference 23. «Reference 20. •'Reference 2 1 . »V a lu e  for J,, . , . , , ,. , • ,
isopropyl. h sec-Butyl value may be calculated as 0.003 from the The close relationship between coupling and mter-
data of ref 22 , assuming the same primary isotope effect as in ref change suggests that a simpler model may relate to
2 1 . i sec-Butyl value is —0.215 by the method in footnote c. both. I f  the groups of interest occupy the corners of a

tetrahedron, slight variations in the attractive forces 
Previous alkylation studies,3-5 metalation exper- could give either of these reactions or interchange

iments,6 and the measured acidities in dimethylaniline7 followed by coupling. Now if we have the lithium
indicate that metalation is not important on the
N-alkyl group. The current structural data and their /  p^L i \  /  t 'AR
relationship to carbanionic character are not in con-
flict with this evidence. A  carbanionic intermediate ' R
indicates the existence of a thermodynamic state of atom associated with nitrogen of the amine in such a
some sta i i y  wi respec o e over a reac ion fashion that the a hydrogen and carbon form a second
profile t.e., a definite species. The carbanionic approximate tetrahedron having a common r _ r  edge
c arac er m e a-a cy a ion process, owever, is with the first, a transition state allowing a alkylation is
based on a kinetic relationship Thus the transition ted_ The carbanionic character relationship to
state rather than any intermediate species is under ^  model would indicate that the CH bond ig C()t)_
consideration. Certain simple analogs may help us to giderabl weakened in the configuration for reaction.
construct a model tor this state. . ,  , , ,. , qA , , , ,. Although such a model seems exceedingly complex,

The transition states lor the related reactions, ,, c ,?• l. ™ ,,,,■, . ,. , , , , . , , j  -nr j. the use of Fisher-1aylor-Hirshfelder space falling
metalation, halogen-metal interchange, and Wurtz , , , , -c , ,, n, R.. , ,. P ’ . i n  models shows that, it reaction of the alkyl halide occurs
coupling aided in the construction ol a model tor a ,, ,, AT „  ,, ,. , . , • , - on the amine complex, the a JN -alkyl hydrogens are veryalkylation. Streitwieser in his extensive studies of r ’» , r j  i

c j  near the alkyl groups from halide or lithium compound, reaction kinetics for hydrocarbon acidities has found a m.- • . . .  , , . , , , , ^ r
. , , . /  -t, /r I  his is particularly true in the tetrahedral confor-
four-membered-rmg transition state,21’22 where 1VL is mation
cesium or lithium and R  is cyclohexylamide, to be in best . / /  . ,. . , , , ,,

, , . ,• i  , lVIuch more information is needed on both aagreement with the kinetic data. ,, , ,. , ,. ,,
°  alkylation and competing reactions ol the other
(20) A. Streitwieser, Jr., D. E. Van Sickle, and W. S. Langeworthy, J. partdpating reagents to justify this model. However,

Amer. Chem. Soc., 8 4 , 2 4 4 ( 1962). -¿he model provides & fundamental basis for further
(22) A. Streitwieser, Jr., k . a . Caldwell, r . g . Lawler, and g . r . Ziegler, understanding of these several reactions. The stereo-

ibid., 87, 5399 ( 1965). chemical implications represented by such a transition
(23) A. Streitwieser, Jr-, and W . R. You°8. Abstracts, 153rd National s t a t e  m a y  W e ll  fu r n is h  t h e  m e a n s  o f  c l a r i f y i n g  th is

Meeting of the American Chemical Society, Miami Beach, Fla,, April 1967, J ,
0 19t situation . W h ile  som e oi this ste reochem istry  m a y  be
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in evidence in the current inter- and intramolecular The infrared spectrum had bands at 3.30 w, 3.39 s, 3.49 m,
competition results, a more extensive study including 6-25 s> 6-36 w> 6,67 s*’ 6-88 w> 7-20 w> 7-41 w> 7-58 m> 8-00 vw>
o rean om etallie  an d  h a lid e  structu res is needed  fo r  a  8-17 w ’ 8-29 w ’ 8-38 w ' 8-66 v w ’ 8-83 m’ 9-20 vw> 9-34 vw ’ 9 '65organ om eta in c  a n a  n a n a e  structu res is n e ea ea  tor a  w, 10.08 w, 10 .79 vw, ii.60vw, 13.32 s, 14.08 vw, and 14.48 m ju.
th o rou gh  analysis . N-Ethyl-N-(l-pentyl)aniline.—N-Ethylaniline (12.6 ml, 0.1

mol) was mixed with 1 2 .1 g (80 mmol) of 1-bromopentane and
Experimental Section24 treated as in the preparation of N-methyl-N-(2-hexyl)aniline.

Distillation gave 9.3 g (61% yield) of a chromatographically pure
Physical Constants.—Proton magnetic resonance (pmr) product: bp 74° (0.1 mm); n i l -l n 1.5221, dM4 0.911.

spectra were measured on a Varian A-60 spectrometer as 20% v/v A n a l. Calcd for Ci3H2iN: C, 81.61; H, 11.07; N, 7.32.
solutions in carbon tetrachloride with approximately 1% tetra- Found: C, 81.57; H, 11.06; N, 6.97.
methylsilane as an internal standard and are reported as 8 values Infrared analysis showed bands at 3.29 w, 3.40 s, 3.49 m, 6.27 
in parts per million. Infrared measurements were made on the s, 6.38 w, 6.67 s*, 6.82 w, 7.19 w, 7.30 m, 7.40 m, 7.70 vw, 7.89
pure liquids using a Perkin-Elmer Model 137 spectrophotometer. m, 8.08 vw, 8.21 w, 8.41 m, 8.62 w, 9.08 w, 9.30 vw, 9.61 w,
Wavelengths are given in microns; intensities relative to the 10.04 w, 11.6 vw, 1 1 .8  vw, 12.6 vw, 13.39 s, and 14.46 m /t.
most intense peak (*) as equivalent to 100% are s = strong 76- N-Methyl-N-(2-butyl)aniline.9—Freshly distilled N-methyl-
100%, m = medium 51-75%, w = weak 26-50%, and vw = very aniline (44 g, 0.41 mol) was mixed with 54 g (0.40 mol) of 2-
weak 10-25% (very weak bands are given only when quite sharp bromobutane and heated at 120° for 36 hr. The mixture was
and characteristic). Refractive indices were measured with a made strongly alkaline with potassium hydroxide solution. The
Bausch and Lomb Abbé refractometer. Ethylbenzene was used oil which separated and several ether extracts of the aqueous
as the standard in determining specific gravities with a Fisher- solution were combined and dried over sodium sulfate. The
Davidson gravitometer. solvent was stripped off and the reaction product was refluxed

Gas Chromatography.—Retention ratios, resolution, and prod- with 25 ml of acetic anhydride for 2 hr. The mixture was poured
uct yields were determined using an internal standard method.3’8 into about 480 ml of ice cold 4 N  hydrochloric acid. The acid
An F & M Model 500 gas chromatograph was used with 0.25 in. layer was extracted with ether for several days in a continuous
X 10 ft column of 20% GE-SF96 on 40-60 mesh Chromosorb W. extractor. The acid layer was made alkaline with sodium hy-
The flow rate was maintained between 160 and 170 cc/min of droxide and repeatedly extracted with ether. The latter ether
helium for analyses at either 100 or 185°. Retention ratio re- solution was washed with water, dried over sodium, and distilled,
producibility was ±0.2-1.0% of the reported values with the Gas chromatographically pure product, 20 g, 31% yield, distilled
lower value applying at only very high retention ratios. Quanti- at 61-62° (0.1 mm) [lit. 121° (20 mm)9], n21-5i> 1.5360, d ^ i0.934,
tative analyses were accomplished by adding 1.0 ml of the organic and had a gc retention ratio of 0.475 vs. N-ethyl-N-(2-hexyl)-
layer from a reaction mixture to a accurately weighed amount of aniline as a standard.
the appropriate standard. The mixture was shaken well and a The infrared spectrum had bands at 3.30 vw, 3.37 m, 3.48 w, 
specific volume (usually 25-50 ¿il) was injected into the gas 3.58 vw, 6.27 s, 6.39 w, 6.67 s*, 6.89 w, 7.21 w, 7.42 w, 7.59 m,
chromatograph. Areas of peaks, calculated from peak heights 7.78 w, 7.79 w, 8.27 w, 8.39 vw, 8.66 vw, 8.87 m, 8.95 w, 9.10
and peak widths at half-height, were used to determine the vw, 9.48 vw, 9.68 vw, 9.83 vw, 10.09 w, 10.44 vw, 10.91 vw,
weight of product formed and its yield.3 11.5-11.6 vw, 13.33 s, 14.09 vw, and 14.48 m n-

Chemicals.—Methyl-and dimethylanilines, N-methyldiphenyl- N-(2-Butyl)-N-(l-pentyl)aniline. N-(2-Butyl)aniline (14.9 g,
amine, 1-iodobutane, 2-bromobutane, and 1-bromopentane were 0.1 mol) was mixed with 22.6 g (0.15 mol) of 1-bromopentane
obtained from Eastman. Ethyl- and diethylanilines, N-methyl- and heated at 100° in a sealed flask for 2 days. The reaction
N-ethylaniline, triethylamine, triethylenediamine, and 2-bromo- mixture was then cooled, treated with concentrated sodium
hexane were products of Matheson Coleman and Bell. N-(2- hydroxide solution, and extracted with ether. Since gc analysis
Butyl)aniline was from Chemicals Procurement Laboratories. of this ether solution showed a small amount of starting amine,
Monofree dimethyl- and diethylanilines and triethylamine were the ether was evaporated and the residue was shaken with benzoyl
dried over sodium wire before use. Commercial N-methyl-N- chloride and sodium hydroxide solution. The mixture was 
ethylaniline was purified using benzoyl chloride in the Schotten— poured into ice water and extracted with ether, the combined
Baumann reaction, dried over KOH, distilled, and stored over ether layers were extracted with several portions of 6 N  hydro
sodium wire; material treated in this fashion did not give an chloric acid. This acid solution was washed once with ether and 
immediate precipitate formation with n-butyllithium. The then made strongly alkaline with sodium hydroxide. The amine
active lithium content of n-butyllithium (Foote Mineral, 20% in was picked up in ether, washed with water, and dried over
hexane) was determined by the double titration method25 before anhydrous sodium sulfate. Pure N-(2-butyl)-N-(l-pentyl)- 
use Benzhydryldimethylamine,26 N,N-diethyl-2-hexylamine," aniline, 8.7 g, 40% yield, distilled at 90-93° (0.1 mm), n21-5D
N-ethyl-N-(2-hexyl )aniline,6 o-(diethylamino)biphenyl, 26 N- 1.5140, dx t 0.898, and had a retention ratio of 1.376 relative to
methyl-N-(l-pentyl)aniline,6 and N-(l-pentyl)diphenylamine26 N-ethyl-N-(2-hexyl)aniline.
were available from previous studies. A n a l. Calcd for C15H25N: C, 82.13; H, 11.48; N, 6.39.

N-Methyl-N-(2-hexyl)aniline.—N-Methylaniline (5.4 ml, 50 Found: C, 82.21; H, 11.55; N, 6.27.
mmol) was mixed with 5.9 ml (40 mmol) of 2-bromohexane and Infrared analysis showed bands at 3.30 vw, 3.38 s, 3.49 m, 6.28 
heated on a steam bath in a sealed flask for 2 days. The reaction s, 6.38 vw, 6.67 s*, 6.88 w, 7.20 w, 7.28■ w, 7.42 w, 7.76 w, 7.97 w,
mixture was treated with concentrated sodium hydroxide solution; 8.09 vw, 8.23 vw, 8.49 w, 8.63 vw, 8.81 w, 9.10 vw, 9.61 w, 10.04
the oil was separated; and the aqueous solution was extracted vw, 13.38m, 13.8vw, and 14.48m/t.
twice with ether. The oil and ether extracts were combined and General Procedure for Competitive «-Substitution Reactions.—
washed several times with water. The ether solution, which Equimolar amounts (50 mmol) of dried monofree N,N-dimetnyl-
showed gc peaks for starting amine and product, was evaporated aniline and a second tertiary amine were mixed in a dry glass
to remove the solvent. The residue was shaken well with stoppered 100-ml round-bottomed flask containing a Teflon-
benzoyl chloride and aqueous sodium hydroxide. This mixture coated stirring bar and cooled to -10 in an ice-salt bath. In
was poured into ice water and extracted with ether; the product the case of intramolecular competition reactions, no N ,IN-
was removed from the combined ether layers by repeatedly dimethylaniline was used but 0 .1 mol of a tertiary amine with 
extraction with 2 N  hydrochloric acid. The acid solution was two different reactive alkyl sites was employed, 
cooled in ice and made strongly alkaline with sodium hydroxide. n-Butylhthium, 20 mmol of 1.6 N  in hexane, was added
The separated oil and several ether extracts of this aqueous solu- rapidly with stirring and cooling to the amine mixture. I his
tion were dried over sodium sulfate and distilled. The pure solution was allowed to reach bath temperature, approximately
product, 2.3 g, 30% yield, was collected at 73° (0.3 mm). 5 min, and 20 mmol of 1-iodobutane was added, either rapidly or

Anal. Calcd for CisHaN: C, 81.61; H, 11.07; N, 7.32. over a 5-min period in the case of an immediate vigorous reaction.
r* si sa* TT 11 9 1 * N 7 46 The reaction was continued by allowing slow melting ot the

* d'___ ’ ’ ’ ’ ’ cooling bath. After about 1 hr, the mixture had attained room
(24) Analyses were performed by Crobaugh Laboratories, Cleveland, temperature and the bath was removed. After 1.5 hr the

Ohio. Melting and boiling points are uncorrected. temperature reached 32° and this temperature ±2° was main-
(25) H. Gilman and A. Haubein, J. Amer. Chem. Soc., « 6, 1515 (1944); ta in ed  d ur ing the rem ainder o f th e reaction  pe r iod ; over-a ll

H. Gilman and F. K. Cartledge, J. Organometal. Chem., 2, 447 (1964). ■ • , ■ 9 .
(26) A R  Lepley A. G. Giumanini, A. B. Giumanini, and W. A. Khan, reaction  tim e  Was Z Ur.

j  Ore CAern., si, 2051 (1966). The reaction was terminated by adding crushed ice with rapid
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stirring. The reaction mixture was allowed to stand for 15 min (2.3 ml, 20 mmol) was added rapidly and the reaction was carried
and then 1.0-ml samples of the organic layer were withdrawn for out following the general procedure. The reaction was quenched
qualitative and quantitative gc analysis. The products were after 2 hr, and the organic phase was analyzed by gc at 185°.
isolated by preparative gc and characterized by their gc retention The two product peaks observed (Table III) were determined
ratios and infrared and pmr spectra. Comparisons of these using o-(diethylamino)biphenyl as an internal standard, 
properties for the products were made with those of synthetic Intramolecular Competition Reactions. A.—N-Methyl-N-
materials. In intermolecular competition reactions, N,N- ethylaniline (14.7 ml, 0.1 mol) was mixed with 13 ml of 1.6 N  (20
dimethylaniline, ra-butyllithium, and 1-iodobutane were common mmol) ra-butyllithium at —10°. 1-Iodobutane (2.3 ml, 20
reagents. mmol) was added rapidly and the reaction was carried out

Intermolecular Competition Reactions. A. Triethylenedi- according to the general procedure. The reaction was quenched
amine.—N,N-Dimethylaniline (6.1 ml, 50 mmol) was mixed after 2 hr and the organic phase when examined by gc at 185°
with 5.7 g (50 mmol) of triethylenediamine and the mixture was showed only one product peak with a retention ratio of 0.618 vs.
treated with 13 ml of 1.6 N  (20 mmol) ra-butyllithium. 1-Iodo- benzhydryldimethylamine as an internal standard. This peak
butane (2.3 ml, 20 mmol) was added slowly to control the vigorous corresponded to a 19.0% yield of Ci3H2iN products. Preparative
reaction which was accompanied by the immediate formation of a gc was used to collect this material for infrared and pmr analysis,
precipitate. The reaction was continued for 2 hr as described The infrared spectrum corresponded to that of N-ethyl-N-(l-
above and quenched with ice, and the organic phase was analyzed pentyl)aniline except for very weak bands at 7.58 and 8.83 m
by gcat 100 and 185°; see Table III. which are characteristic of two medium-intensity bands in N-

B. Triethylamine.—N,N-Dimethylaniline (6.1 ml, 50 mmol) methyl-N-(2-hexyl)aniline. In the pmr spectrum, S values of
was mixed with 7.0 ml (50 mmol) of dry triethylamine. ra-Butyl- the NCH3 singlet at 2.59 ppm and NCHRR' multiplet centered
lithium (13 ml, 20 mmol) was added to the cooled mixture with at 3.78 ppm in N-methyl-N-(2-hexyl)aniline were adequately
stirring. 1-Iodobutane (2.3 ml, 20 mmol) was added slowly over separated from the NCH2R overlapping quartet (/ = 6.9 ±  0.1
a period of 5 min since the reaction was very vigorous on rapid cps) of ethyl and multiplet of ra-pentyl (centered respectively at
addition. On slow addition, the reaction proceeded controllably 3.28 and 3.18 ppm) in N-ethyl-N-(l-pentyl)aniline to allow
and was completed as described in the general procedure. The quantitative determination of the two isomeric products. The
organic products reported in Table III were determined by gc absence of a NCH3 singlet at 2.78 ppm showed the separated
analysis at 100° using aniline as a standard and at 185° with a product to be free of starting N-methyl-N-ethylaniline. The
benzhydryldimethylamine reference. ratios of products as determined from pmr integral ratios was

C. N,N-Diethylaniline.—N,N-Dimethylaniline (6.1 ml, 50 3.3:1.0 methyl to ethyl position reaction for yields of 14.6%
mmol) was mixed with 8.0 ml (50 mmol) of anhydrous monofree N-ethyl-N-(l-pentyl)aniline and 4.4% N-methy 1-N-(2-hexyl )-
N, N-diethylaniline and 13 ml (20 mmol) of ra-butyllithium. 1- aniline.
Iodobutane (2.3 ml, 20 mmol) was added rapidly and the reaction B. N-Methyl-N-(2-butyl)aniline.—N-Methyl-N-(2-butyl)-
was carried out as in the general procedure. After 2 hr, the aniline (12.2 ml, 75 mmol) combined with 10 ml of 1.6 N  (15
reaction was quenched and the organic phase was analyzed by mmol) ra-butyllithium and 1.6 ml (14 mmol) of 1-iodobutane was
quantitative gc at 185° using benzhydryldimethylamine as the rapidly added to the mixture at —10°. The reaction was carried
internal standard. Two product peaks were observed, Table III. out as before and quenched after 2 hr, and the organic phase was

D. N-Methyl-N-ethylaniline.—N,N-Dimethylaniline (6.1 ml, examined using N-ethyl-N-(2-hexyl)aniline as a gc standard at
50 mmol) was mixed with 7.3 ml (50 mmol) of purified anhydrous 185°. Only one product peak was observed with a retention
N-methyl-N-ethylaniline and 13 ml (20 mmol) of ra-butyllithium. ratio of 1.37 relative to this standard. The infrared spectrum of
After stirring briefly, 2.3 ml (20 mmol) of 1-iodobutane was added. a preparative gc sample was comparable with that of N-(2-butyl)-
When the reaction mixture was worked up as described in the N-(l-pentyl )aniline but the pmr spectrum had a very weak
general procedure, two product peaks (Table III) were observed singlet at 2.65 ppm. The integral ratio of this singlet and the
in the gc of the organic phase at 185° with retention ratios of NCHR2 multiplet centered at 3.71 ppm was used for quantita-
O. 525 and 0.618 using benzhydryldimethylamine as a standard. tive analysis indicating a maximum of 1.2% N-methyl-N-(3-

E. N-Methyldiphenylamine.—N,N-Dimethylaniline (6.1 ml, methyl-3-heptyl)aniline in the over-all yield of 23.4%. The
50 mmol) was mixed with 9.0 ml (50 mmol) of N-methyldiphenyl- bulk of the product, at least 22.2%, was N-(2-butyl)-N-(l-
amine and 13 ml (20 mmol) of ra-butyllithium. 1-Iodobutane pentyl)aniline.
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The synthesis of the title compound (2a) is described, and its reactions with several nucleophiles are described.
Amino acid esters underwent addition-cyclization with 2a giving imidazolidones, while cyclohexylamine and 
sodium azide afforded a guanidine and tetrazole, respectively. The condensation of N-carbobenzyloxyglycine 
with 2a required a high temperature and gave only pyrolysis products.

Carbodiimides (1) are of considerable interest be- phosgenation procedure we have synthesized N -p-
cause of their use as agents in peptide synthesis1 and toluenesulfonyl-N'-cyclohexylcarbodiimide (TsCC) (2a)
more recently as oxidizing agents in dimethyl sulfoxide from the corresponding thiourea (3a) in 65% yield.
solution.2 Our interest in sulfonylcarbodiimides (2) R N =r=N R ' RSON=r=NR'
derived from the expectation that this highly polar 1 2 2a
diimide might have interesting uses in peptide chem- r  = 4-ch3C6H4; R' = cyclohexyl
istry. Ulrich3 and coworkers have reported most
completely on the synthesis of sulfonylcarbodiimides i
and some of their reactions. Using the Ulrich thiourea TsNHCNH^ ^

(1) F. Kurzer and K. Douraghi-Zadeh, Chem. Rev., 67, 107 (1967).
(2) K. E. Pfitzner and J. G. Moffat, J. Amer. Chem. Soc., 85, 3027 (1963); 3a, X  =  S

87, 5661, 5670 (1965). b, X =  O
(3) H. Ulrich, B. Tucker, and A. A. R. Sayigh, Tetrahedron, 22, 1565 _  ’

(1966). Ts = d-CHsCeĤ SĈ
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TsCC is a white crystalline solid and is quite stable at intermediate ester and imidazolidone, respectively. 
5° under anhydrous conditions over a period of at The spectral data are also consistent with these struc-
least 3-4 months. The urea (3a) was most conveniently tures, but we feel that 4a and 5a are to be preferred,
prepared from p-toluenesulfonamide and cyclohexyl Certainly 4a can be considered thermodynamically 
isothiocyanate. Alternatively, p-toluenesulfonyl iso- more stable than 6 since the resonance form 8 which
thiocyanate could be prepared by the method of Hartke4 contributes to 4a should be considerably more stable
followed by treatment with cyclohexylamine to form than the corresponding 9, which has a positive charge 
3a, but the procedure was more lengthy. Even less re
warding was the attempt to convert the urea 3b into TsN C = n (  )  TsN=CN( )
3a with phosphorus pentasulfide. | H\— / H | \— /

When TsCC was allowed to react with molar equiva- — NH — NH
lents of N-carbobenzyloxyglycine and L-phenylalanine 8 9
methyl ester, the product corresponded to the combina- , , ,, , , ,. , , .
tion of only the amino ester with TsCC. The same d ° Se t0 +tbe electronegative tosyl group.« The same 
compound was obtained in the absence of the glycine h? ds f° r the+ relationship between
derivative. It  has been assigned the imidazolidone ?  7' I f  7 "  aCi ept f  e mtermediacy of he ester
structure 5a (Scheme I ) on the basis of spectral data " ¡ 5 “  extre“ f y Unhkf y  that+ the rmf  clof re to

^ imidazolidone might occur at the nitrogen atom having
Scheme I the lower nucleophilicity, giving 7. For these reasons,

O we assign the structure 5a to the imidazolidone.7 
+  R'NHCHCOOCH3 — *• When glycine and sarcosine are allowed to react with

I TsCC, imidazolidones 5b and 5c were formed. The
N-methyl compound 5c showed an intense azomethine

0 | |  absorption within 8 cm-1 of this same absorption peak
TsisV ___ 4n 5a. Since 5c must have an ezo-azomethine grouping,

R'NCHCOOCth *  jjj this similarity between 5a and 5c supports the exo-
| 3 /  Y ^ O  azomethine structure for 5a.
R r  In a further attempt to make use of TsCC in amino

4a,R = C6H5CH2;R' = H 5a,R = C6H5CH2; R '= H a(ad couplings, we examined the conditions necessary
bR  = R' = H b R = R' = H 1° cause it to react with N-carbobenzyloxyglycine.
c R = H R' = CH c R = H-R'=CH No react40n occurred in methylene chloride, and the

3 3 higher boiling solvents dimethyl sulfoxide (DMSO)
and elemental analysis and by analogy to a report« and dmethylfo ide (D M F) could t be used

which showed that glycine p-nitrophenyl ester hydro- becauf  TsCC.w“  skf l y conf ume? by the” Leven,in
bromide slowly reacted with dicyclohexylcarbodiimide he absf;nc(; of N-carbobenzyloxyglycme When the
to give an imidazolidone. When this reaction mixture 7 °  reactar(ts f^ re  fused at ca. 140 , an almost quanti-
was worked up immediately after the TsCC had been ta f e yie'd ° foN-(N-caAobenzyloxyglycyl)-p-toluene-
consumed, a gummy product showing two N H  ab- sulfonamide (12) was obtained. Cyclohexyhsocyanate
sorptions and a carbonyl peak at 30-cm- higher 7 aS 1fo5med S'mU aneoUsly and isolated as N ,N  -
frequency than that in 5a was isolated. This material dicyclohexy urea after reaction with cyclohexylamine
also showed an nmr peak at 5 3.59 ppm corresponding T °  explain these results we propose that the expected
to a methyl ester and was undoubtedly the intermediate intermediate 10 formed and rearranged rapidly4 to the
4a in which cyclization had not yet occurred. When acylurea 1L The Pyrolysls of 11 (Scheme at 140 
4a was heated in methanol solution, 5a was formed Scheme II
in excellent yield. I t  was interesting to note that 4a
showed [a ]27D +  49.3°, but that the cyclic product 5a |
was completely racemic whether formed at room TsCC +  QHsCHjOCNHCHjCOOH
temperature or above. Enolization of the carbonyl 0

function in 5a must therefore be occurring. Since the H . || ,— ,
infrared carbonyl absorption was of the expected in- TsN=CN( \ TsNCNH^ \
tensity, a ferric chloride test for enol content was I '— ' __*. '— '  __>.
negative and 5a was insoluble in dilute alkali; the 9 9 9
enolization equilibrium was apparently established 0=(X1H2NHC0CH2C6H5 0==€CH2NHCOCH2C6H5
very rapidly but strongly favored the carbonyl form.
Alternative structures 6 and 7 can be visualized for the 10 11

0 O

T sN H C = N < ^ ) %  C6H5CH2OCNHCH2CNHTs +  < ^ ) n = C = 0

HNCHCOOCHs o^ Y NH ___________ 12
| I (6) In ref 3, Ulrich and coworkers established the position of the N-H
CHsCeHs CHAH5 proton in a similar system by chemical shift analogy with N-sulfonyl-N'-
^ y  alkylureas. In 4a, strong absorption by the aromatic protons in the 8 7.22-
°  7.82-ppm region overlaps the absorption of NH protons and thus makes the

----------------- detection of N -H  absorption difficult. Lack of absorption of >8.5 ppm in
(4) K. Hartke, Arch. Pharrn., 299, 174 (1966). 4a makes probable the absence of an N -H  proton adjacent to the tosyl group.
(5) D. F. TeTar, R. Silverstein, and F. F. Rogers, J. Amer. Chem. Soc., (7) For a discussion of a sulfonylamidine structural investigation, see S. J.

88, 1024 (1966). Angyal and W. K. Warburton, Aust. J. Sci. Res., 4A, 93 (1951).
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might then afford the observed products.8 It  would sulfonyl-N'-cyclohexylthiourea in 30 ml of dry chlorobenzene wa.s
b e  m ost in teresting if  the O -ac y lu rea  10 cou ld  b e  iso - “  a solution of 3.0 g (30 mmol) of phosgene in 20 ml of dry
uc ^ J , chlorobenzene during 30 mm at 3-5 and the mixtue was stirred
la ted , b u t  a ttem p ts  to  ca rry  out the reaction  a t  lo w er  room temperature for 3 hr. A  tic (C 6H 6-C H C l3, 1 :1) plate 
tem peratu res  o r in  the presence o f ca ta lysts  fa iled . indicated the complete absence of thiourea in the reaction mix-

in  1963, A u m u e lle r9 suggested  th a t T s C C  m igh t b e  ture. It was refluxed for 2 hr during which time a slow stream
interm ed iate  in  the fo rm ation  o f N ,N '-b i s -p - t o ly l -  of dry nitrogen was bubbled through the clear solution to expel

, . v , , v i * • i unreacted phosgene. The chlorobenzene was removed m  vacuo
N  -cy c lo h exy lgu am d m e w h en  cycloh exy l isocyan ide  re - to give a ^  *  oil to which 25 ml of pentane was added. The

acted with Chloramine-T in aqueous acetone solution. solution was evaporated at room temperature to give 7.3 g (100%)
We have found that TsCC is very rapidly hydrated in of slightly impure TsCC. Crystallization from a mixture of 250
this medium10 giving the urea 3b. TsCC was also ml of pentane and 20 ml of benzene at 0-5° yielded 6.2 g (83%),
converted very readily into the guanidine 13 and M r ,-  “ « S
zole 14 by reaction with cyclohexylamme and sodium 2180 (N=C=N)) 1332) 116 0  cm-1 (S02); nmr (CDC13), «
azide, respectively. Both of these compounds showed 7.88-7.00 (q, 4, Jab = 8 Hz, p-tolyl), 3.70 (s, l), 2.40 (s, 3, Ar-
the characteristic strong absorption (c a . 1610 cm-1) for CH3), 1.96-1.00 (m, 10 H).
the tosylimino group. The ease with which these Cv lcda°r ^ j A o 10'07’, . ,. > i ■ ' x x  • 11 . i i ,  S, 11.50. Found: G, 60.78: H, 6.75; JN, 9.74; b, 11.38.
derivatives were formed is consistent with the electro- i-Cyclohexyl-2-p-tolueneSuHonimido-4-benzyl-5-imidazolidone
philic character of the central carbon atom of TsCC. (5a). In the Presence of Carbobenzyloxyglycine.—To a stirred

It  occurred to us that this enhanced electrophilicity solution of 617 mg (3.44 mmol) of freshly prepared L-phenyl-
might cause TsCC to have some utility as an oxidizing alanine methyl ester and 720 mg (3.44 mmol) of carbobenzyloxy-
agent in DMSO solution since dicyclohexylcarbodi- ^ m e  in 15 ml of methylene chloride was added 1 07 g (3.84

. . . . ,, r  r mi mmole) of TsCC in one lot, and the solution was stirred 3 hr
lmide (DCC) has been used in this medium, lh e at room temperature. A tic plate (CeHe-CHCh, 3 :7 ) indicated
proposed mechanism2 of this reaction requires an the complete absence of TsCC in the reaction mixture. Evapora-
intermediate formed by addition of the nucleophilic tion of the solvent in  vacuo yielded 2.06 g of a gum which was
oxygen atom of DMSO to the central electrophilic dissolvedl ini5CIml of ethyl acetate, and the solution was washed

i ..TAnn mi - i .  j. m„nn j. £ with 1 N  NaOH (two 10-ml portions) and water (two 10-ml
carbon of DCC. Thus we might expect TsCC to form portions) and dried. Removal of solvent furnished i.36 g of a
such an intermediate quite readily because of its err- sticky mass which on crystallization from aqueous methanol
hanced electrophilicity. We examined the oxidation yielded 961 mg (6 6%) of 5a as colorless cubes, mp 185-189°.
of benzhydrol to benzophenone and found that oxida- Two recrystallizations from methanol furnished an analytical
tion nrooeeded readilv both in the presence and absence samPle: mP 193-194.5°; ir (CHC1„) 3372 (NH), 1700 (C=0),ti°n proceeded readily notn in tne presence ana absence 16 12  cm-i (so2N=C); nmr (CDC1„), s 8.17 (s, 1, NH), 7.90-
of acid catalysis. Yields, however, were not high even 7 _32 (q> 4> j AB = 8 Hz, p-tolyl), 7.24 (s, 5 , CeHsCHO, 4 .3 7 (t,
in the presence of excess TsCC. As previously men- l, J  =  5 Hz, 0=C—CH-), 3.16 (d, 2 , J  = 5 Hz, -CH—CH2-
tioned, we have observed that both DMSO and D M F C6H5), 2.47 (s, 3, ArCH3).
destroy TsCC rapidly at room temperature. These ^
rapid side reactions may explain the low oxidation Isolation of intermediate 4a.-A freshly prepared solution of 
yields. 303.6 mg (1.7 mmol) of L-phenylalanine methyl ester, [<*]27d

+  13.7 (c 5, CHC13), in 6 ml of chloroform was added to 474 mg 
(1.7 mmol) of TsCC, and its rotation was observed at various 

Experimental Section intervals. After 5 min the observed rotation was +6.40° and
, „ , . . , , , . , ,T , i , , , did not change on standing for 720 min. On the assumption thatAll melting points were determined on a Nalge hot stage and ^  reaction wa_g let [a]„D + 49.30 wag calculated. Re_

are uncorrected. Infrared spectra were obtained with Perkm- moyal of golyent {n  mcuQ at room temperature yielded a .
Mmer grating spectrophotometers Models 237B or 257, m KBr ir (CH a) 3420; 3320 (NH) 17 3 5  (ester c= 0 ) 1595 om-!

Nm r spectra were obtamed on a Varian Associates (gQ N = C )  nmr (C D C l3), 8 3 .59  (s> 3> C O O CH 3). The gum
Model A-60 or HA-100 spectrometer using tetramethylsilane as wag diggolved in 12  ml of methanoI and tl refluxed for 12
internal standard Tic analyses were carried out on Eastman hr RemoyaI of solyent furnighed a white solid which wag twice
precoated silica gel sheets Type 6060, with fluorescent indicator. tallized from methanoi to give white cubes, mp 192-194°,
Microanalyses were performed by Midwest Microlab, Inc., identified as 5a by ir> tlo> and mixtllre meiting point.
Indianapo is, n . l-Cyclohexyl-2-p-toluenesulfonimido-5-imidazolidone (5b).—

N'P'Tol^onesulfonyl-N'-cyclohexylthiourea (Sa)-To a solu- TgCC ' L12 4 £mol) was allowed to react wRh 4 ^  of
tion of 8.56 g (0.05 mol) of p-toDen^ulfonamide m 35 ml of j ycine raethyl ester prepared from 502 mg of the hydrochloride
aqueous sodium hydroxide containing 2.0 g 0.05 mol) of NaOH ugi og ml of triet̂ /amine in 15 ml £  methylene chloride.
was added a solution of 7.06 g (0.05 mol) of cyclohexyl isothio- m, _a . r u , . j  u j £A i r x m. - I .. j The product was obtained by the procedure outlined for 5a:cyanate in 20 ml of acetone, lhe mixture was stirred mag- . ■  ̂ on m n c v \ .__«no or»co e. , ,• f
J u j a a • *i i 11 + • a 4 co _i_ oo £ yield, 1.20 g (90%) mp 203-205 after crystallization fromnetically and refluxed in an oil bath maintained at 63 ±  2 for ,, , , «. A * J r - , ,„ x r • i ui x • i oi. j ,i methanol. Jtiecrystallization from aqueous methanol furnished15 hr. A small amount of insoluble material was filtered; the 7 7 , - orvAO. . x a x in i • a •a 'c a • Iv an analytical sample of 5b as colorless needles: mp 205-206 ;filtrate was concentrated to ca. 10 ml m  vacuo and acidified with ■ \ ooan wcc /r< rw /oa at

concentrated HC1. The precipitated thiourea was filtered, ir ¡ 1 ^  {CT ,16,15
washed with a little cold water, and recrystallized from 75% n,m A § (d’
aqueous EtOH to give 9.5 g (61%) mp 173-175 of pure product ^  ^  Ci6H2iN303g; c ; 57-3’0. H> 6;.31; N> 12.53;
m two crops, ir (Nujol) 3318 (NH), 1375,1160 cm (S02), 9>54_ Found: c> 57.33. H> 6.55; N> 12.51; S, 9.60.
r'rnr o tj3 ’ + i n A ri r k a ’ i p h  m i t i qV. , !?,’ l-Cyclohexyl-2-p-toluenesulfonimido-3-methyl-5-imidazolidone
J ab = 8 Hz^-tolyl), 4.06 (s, broad, 1, -CH-NH-), 1.95-1.01 (Sc)_ZTo a " „ s i o n  0f 580 mg (4.15 mmol) of sarcosine

N-p-ToluenesSfonyl-N'-cyclohexylcarbodiimide (TsCC) (2a). methyl ester h r̂ochloricie in 15 ml of dry methylene chloride
m ,• a • too /oc c n c xT x i was added 0.64 ml of triethylamme. The mixture was stirred•—To a stirred suspension of 8.3 g (26.6 mmol) of N-p-toluene- f OA . . , . , .. , ̂ &  ̂ for 30 mm at room temperature, and to this clear solution 1.20 g

> (4.30 mmol) of TsCC was added. After stirring for 20 min the
(8) F. Zetzsche, H. E. Meyer, H. Overbade, and H. Lmdlar [Chem. Ber<, solvent was removed in  vacuo, and the residue was worked up

71. 1512. 1516 (1963)] reported that 2-benzamidopyridine was formed when j__-u ^a • it,„  „i____________ • , , • u  i rr» cM ’ , .. % j n u j• • • j , . - A £ , , OAn0 as described m the above experiment to yield 1.59 g of a gum.N.N -bis(2-pyndyl)earbodiimide and benzoic acid were fused at ca. 200°. T, % ,, . J &
This result parallels that just discussed. It was dissolved in 20 ml of methanol, and the solution was

(9) R. Aumueller, Angew. Chem. intern. Ed. Engl., 2, 616 (1963). refluxed for 18 hr. The methanol was evaporated to a volume
(10) It  has been reported that TsCC also hydrates readily in dioxane- of Ca. 8 ml and then allowed to  cool. T he  crystalline product

water mixtures; cf. Chem. Abstr., 64, 19506a (1966). was filtered, washed w ith a little  methanol, and dried (weight,

4370 Gtjpta and Stammer The Journal of Organic Chemistry



I .  14g). From the mother liquors another 0.07 g of the compound washed with cold water, and dried to give 920 mg (96% ) of
was obtained: total yield, 1.21 g (74% ); mp 179-181°. Re- crude tetrazole 14. Two recrystallizations from chloroform fur-
crystallization from methanol provided an analytical sample as nished an analytical sample: mp 232-233°; ir (N u jo l) 3120
colorless needles: mp 180-181°; ir (CHC13) 1754 (C = 0 ) ,  (N H ), 1628 cm " 1 (S0 2N = C ) .
1620 cm" 1 (S0 2N = C ) ;  nmr (CDC13) S 7.93-7.22 (q, 4, J ab =  8 Anal. Calcd for Ci4H I9N 50 2S: C, 52.33; H , 5.94; N , 21.79; 
Hz, p-tolyl), 4.00 (s, 3, N C H S), 2.42 (s, 3, A rC H 3). S, 9.96. Found: C, 52.28; H , 5.94; N , 22.07; S, 10.24.

Anal. Calcd for CnH^NsOsS: C, 58.44; H , 6.64; N , 12.03; Oxidation of Benzhydrol Using TsCC. A. Pyridinium Tri- 
S, 9.16. Found: C , 58.61; H , 6.92; N , 11.96; S, 9.30. fluoroacetate2 As Catalyst.— A  reaction medium was prepared

N-(N-CarbobenzyloxyglycyI)-p-toluenesulfonamide (12).— A by adding 3 ml of D M SO  to a mixture of 0.16 ml of dry pyridine
mixture of 418 mg (2 mmol) of carbobenzyloxyglycine and 556 and 0.08 ml of trifluoroacetic acid in 3 ml of benzene. To 184
mg (2 mmol) of TsCC was stirred for 90 min at 140 ±  2 ° under mg (1 mmol) of benzhydrol, 3 ml of this mixture was added fol-
anhydrous conditions. The melt was allowed to attain room lowed by 556 mg (2 mmol) of TsCC. The mixture was stirred for
temperature; the solid cake was broken up and extracted with 36 hr at room temperature in a stoppered flask. Tic analysis
20 ml of refluxing hexane for 15 min. After cooling, the precipi- (C 6H 6-C H C l3, 1:1) of the reaction mixture indicated that after
tated product was filtered, washed with a little hexane, and dried 8 hr there was no further progress of the oxidation. The re-
to give 740 mg of a powder, mp 134-136°. It was dissolved in 25 action mixture was diluted with 30 ml of ether and washed succes-
ml of benzene treated with a pinch of charcoal and filtered. sively with water (three 10-ml portions), 1 N  N aO H  (two 10-ml
The filtrate was concentrated to ca. 10 ml and diluted with an portions), and water (one 10 -ml portion) and dried. Removal
excess of hexane. The precipitate was filtered and recrystallized of solvent in vacuo furnished 139 mg of an oil which showed at
from benzene-hexane giving 527 mg (73% ) of pure 12 as a least four spots on a tic plate. Two of these spots had the same
white solid: mp 139-140°; ir (CH C I3) 3420 (N H ), 1720-1700 R i as benzhydrol and benzophenone. The total mixture was
(0 = 0 ) ;  nmr (DMSO-de), 5 7.94-7.36 (q, 4, J ab =  8 Hz, dissolved in 5 ml of benzene-hexane (1 :1 ) mixture, treated with
p-tolyl), 7.35 (s, 5, C6H5C H 20 ),  5.05 (s, 2, C 6H 6-C H 2- 0 - ) ,  decolorizing carbon, and filtered, and the filtrate was evaporated
3.74 (d, 2, J  =  6 Hz, -C H 2- N H - ) ,  2.40 (s, 3, A rC H 3). in  vacuo to yield 70 mg of an oil. This was dissolved in 1 ml of

Anal. Calcd for CiiHisNOsS: C, 56.35; H , 5.01; N , 7.73; ethanol and treated with a slight excess of ethanolic 2,4-dinitro- 
S, 8.83. Found: C, 56.19; H , 4.96; N , 7.80; S, 8.76. phenylhydrazine containing HC1. After 2 hr at room tempera-

To the hexane extracts of the reaction mixture, cyclohexyl- ture, the orange 2,4-dinitrophenylhydrazone (D N P )  was filtered,
amine was added. Within a short time a white precipitate formed washed, and dried: yield, 39 mg; mp 242-244°. There was no
and was filtered, washed with little hexane, and dried to give depression in melting point when on admixture the authentic
340 mg (76% ) of a white solid, mp 234-235°. This was identified 2 ,4 -D NP of benzophenone.
as N,N'-dicyclohexylurea by mixture melting point and ir B. Without Catalyst.— To a stirred solution of 834 mg (3
spectrum. mmol) of TsCC in 5 ml of D M SO  was added 552 mg (3 mmol) of

Reaction of TsCC with Aqueous Acetone.— A  solution of 53 mg benzhydrol. The stirring was continued for 22 hr at room
(0.19 mmol) of TsCC  in 1 ml of acetone and 0.15 ml of water temperature; however, tic analysis indicated that no further
was stirred at room temperature. After stirring for 2 hr the tic oxidation occurred after 4 hr. The mixture was diluted with 50 
(C 6H 5-C H C l3; 3 :7 ) spot corresponding to TsCC had disap- ml of ether and worked up as described in part A  to give 668
peared; however, stirring was continued for another 6 hr. mg of an oil containing a small amount of solid. Upon acidifica-
Upon addition of 5 ml of water, a white precipitate was formed tion the sodium hydroxide washing gave 346 mg (39% ) of the
and filtered, yield 52 mg (93% ). Recrystallization from aqueous urea 3a. The oily product was found by tic to be a mixture of at
acetone gave white needles, mp 175-177°, identified as 3a by tic least four compounds. It  was chromatographed on an alumina 
and mixture melting point. column (6.6  g, Woelm “neutral” alumina, activity I ) ,  and the

N,N'-Dicyclohexyl-N"-p-toluenesulfonylguanidine (13).— To a column was developed by successive elution with hexane and
stirred solution of 99 mg (1 mmol) of cyclohexylamine in 5 ml of ether. The first hexane eluate (260 ml) was evaporated in  vacuo 
methylene chloride was added 278 mg (1 mmol) of TsCC. After to give 345 mg of an oil. A  tic (C 6H 6 solvent) of this oil indicated
the mixture was stirred for 1 hr at room temperature, a tic plate the presence of two close spots, the major one corresponding to
(C6H6-CH C13; 1:1) indicated the complete absence of TsCC. benzophenone. The oil was dissolved in 15 ml of ether, washed
Evaporation of solvent in  vacuo furnished 376 mg (100%) of a with water (two 5-ml portions), and dried, and the solvent was
white amorphous solid, mp 160-165°, which was crystallized removed to give 290 mg of a liquid: ir (liq film) 1655 cm -1
from benzene-hexane to give 345 mg (94% ) of the guanidine 13, (C = 0 ) .  It was converted into its 2 ,4 -D NP  giving 250 mg (23% )
mp 164-166°. Recrystallization from benezne-hexane yielded of impure 2 ,4 -D NP which on crystallization from acetic acid 
an analytical sample of 13 as fine needles: mp 165-166°; ir furnished 150 mg (14% ) of pure 2 ,4 -D NP , mp 243-244°, identi-
(C H C I3) 3444 and 3320 (N H ), 1590 cm“ 1 (S0 2N = C ) .  fied as in part A.

Anal. Calcd for C 2oH3,N 30 2S: C, 63.64; H , 8.28; N ,
I I .  13; S, 8.47. Found: C, 63.66; H, 8.10; N, 11.47; S, 8.77. Registry No.— 2a, 5287-13-8; 3a, 5530-82-5; 4a,

l-Cyclohexyl-5-p-toluenesulfonimido-2(4)-H-tetrazole (14).— 17703-97-8; 5a, 17719-27-6; 5b, 17703-94-5; 5c,
A  mixture of 834 mg of TsCC, 195 mg (3 mmol) of sodium azide, 17703-95-6; 12,17719-28-7; 13,908-18-9; 14,17703-
and 20 ml of dimethoxyethane was stirred for 12  hr at room tem- „ „  „
perature. To this suspension 1 ml of water was added, and stirring " '
was continued for another 2 hr. Evaporation of the solvent in  Acknowledgment.— We are grateful to the National
vacuo gave 8. white solid which was dissolved in 15 ml of 1 JV -»■ ,*i , _ c TTrt„u i, tvt̂ v k a i a a /ti ia v a
sodium hydroxide. The solution was filtered, the filtrate was Institutes of Health, Grant No. 501 A M I 1070, for
acidified with concentrated HC1, and the precipitate was filtered, financial support of this research.
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Reaction of N,N'-Biisomaleimide with Butylamine.
Amine-Catalyzed cis-trans Isomerization
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Reactions of N,N'-biisomaleimide with n-, sec-, and ¿-butylamine in dimethyl sulfoxide solution produce the 
anticipated ring-opened adducts, but different geometric isomers were obtained. An amine-catalyzed cis-trans 
isomerization is believed to have taken place. In the presence of a primary or a secondary amine, but not a terti
ary amine, the N,N'-biisomaleimide-butyIamine adducts were found to undergo simultaneous complexation and 
isomerization. Using a given butylamine as catalyst, the extent of isomerization decreases in the order N,N'-bi- 
isomaleimide-?i-butylamine adduct > N.N'-biisomaleimide-sec-butylamine adduct > N,N'-biisomaleimide- 
¿-butylamine adduct. When different butylamines were used as catalysts, the extent of isomerization for a given 
adduct decreases in the order re-butylamine > ¿-butylamine. Because of the small differences in basicity among 
these butylamines, our results suggest that steric interactions are responsible for the differences in the extent of 
isomerization. The occurrence of complexation during the isomerization provides a useful correlation for under
standing the catalytic behavior of these amines. The mechanism proposed by Nozaki and Ogg for an acid- or 
salt-catalyzed isomerization of maleates to fumarates is extended to include amine-catalyzed isomerizations.

It  was recently reported by Hedaya and his col- was concluded that organic bases are only effective 
laborators1' 2 that N,N'-biisomaleimide (I), similar to as catalysts when they contain amino or imino hydro- 
other isomaleimides, 3 reacts readily with nucleophiles gen. A  mechanism was proposed by these authors 
to yield ring-opened adducts illustrated by II. These involving the formation of a coordinate link between 
0  q the hydrogen atom of the base and the carbonyl oxygens
\ r '° ' 'C = N — N = ( j f K 'C f  2RNHi of the maleic ester. Isomerization occurs as a result

\=/  of rotation about the electron-deficient double bond.
I f  h  H H We have examined the amine-catalyzed cis-trans

j  isomerization of various N,N'-biisomaleimide-butyl-
amine adducts. The catalytic activity of the three 

0  0  0  0  isomeric butylamines and the extent of isomerization
II II II II of various adducts with a given amine were investigated.

RUNG CNHNHC ONHR \ye have also studied the complexation of amine with 
y— ^ y — \ these adducts and the correlation of the complex forma-

H H H H tion with the isomerization. A  reconsideration of the
jj mechanism for an amine-catalyzed isomerization is

presented.
Ila, R = n-Bu

b, R=sec-Bu Results and Discussion

c, R ¿Bu Reaction of N,N'-biisomaleimide (I ) with n-butyl-
adducts were suggested to assume a cis configuration amine in dimethyl sulfoxide (DMSO) solution at 25°
with respect to the carbon-carbon double bond. Re- was found to yield products consisting of both cis-
actions of I  with aliphatic amines were shown in the cis adduct (I la ) and cis-trans adduct (I l ia ). Under
present work to form in certain instances different the same reaction conditions either sec-butylamine or
geometric isomers. An amine-catalyzed cis-trans isom- ¿-butylamine produced only the corresponding cis-cis 
erization is believed to have taken place. adduct l ib  and lie , respectively.

The base-catalyzed isomerization of maleic acid 
and its esters has received only limited attention. 9 9 9
Meerwein and Weber4 found that potassium in ether H CNHNHC CNHR
converted methyl maleate into methyl fumarate. \ __/  \ __/
Tanatar6 and Pfeiffer6 reported the isomerization of RUNC^ YL 'N r
maleic acid to fumaric acid by means cf ammonia and H
pyridine, respectively. Clemo and Graham7 inves- q
tigated systematically the catalytic action of various jUa r  = n.fju
amines and found that only primary and secondary b R * sec.Bu
amines were effective; tertiary amines, even though R=¿-Bu
they were stronger bases than many primary and
secondary amines, did not lead to isomerization. I t  Amines are known to effect the isomerization of

maleic acid and its esters to the fumaric forms.4-7 
i3ii (1966). this leaves unanswered, however, the question of why

(2) E. Hedaya, R. L. Hinman, and S. Theodoropulos, ibid., 31, 1317 isomerization did not OCCUr in the reactions involving
(19661 ■ _ _ _ „  „ , T ,, either sec-butylamine or ¿-butylamine.

(3) R. J. Cotter, C. K . Sauers, and J. M . Whelan, J. Org. Cnem., 26, 10 , , _ , . .
(X96D. ln e isomerization of these adducts by various butyl-

(4) h . Meerwein and j. Weber, Ber., »8,1266 (1925). amines was investigated using the nmr method. Fig-
(65! p. “ ’¿ r f “« ;  i Z u m Z  S0C" i3’ 1742 (1911)‘ ure 1 sh» ws the nmr spectra in the ethylenic proton
(7) g . r . ciemo and s. b. Graham, j. chem. Soc., 213 ( 1930). regions of three N,N'-biisomaleimide-butylamine ad-
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ducts after being heated at 60° for 10 min in the pres- q

ence of 0.5 mol of n-butylamine/mol of adduct. The 
czs-ethylenic protons, which exhibit a singlet signal in 
DMSO solution, are observed as an AB  quartet (JAB =
13 Hz) in the presence of '«-butylamine. This phe- i
nomenon is associated with a complexation of the J I I
hydrazide group of the adduct with the n-butylamine. I 1
Of specific interest, however, is the observation tnat all I i I I i
three of these adducts (Ila , b, ai d c) show absorption j  A I I ll
characteristic of iraws-ethylenic protons (collapsed AB J i/ L j J  r\.
quartet, about 6.9 ppm) after being heated for 10 min I »
with n-butylamine.

The results are summarized in Table I. I t  is seen I
that the extent of isomerization noticeably increased u H
when the butyl group in the adduct was changed from l|
¿-butyl to sec-butyl to n-butyl. /’

T a b l e  I  J

I s o m e r iz a t io n  o f  N,N '-B i is o m a l e im id e - B u t y l a m in e  A d d u c t s  I
C a t a l y z e d  b y  « - B u t y l a m in e  i n  DMSO So l u t io n  I I

w  w «  u  y
--------- Conditions---------. H ^ H ’ H ^  V I

Adduct T, °C  t, min % %

Ila 60 10 75 25
lib 60 10 83 17
lie 60 10 86 14 c

The relative extents of isomerization of l ib  by dif- I
ferent butylamines were determined in a similar man- I

As seen in Table I I, 85% isomerization was observed 1 jl I 1 11
on treatment with 0.5 mol of n-butylamine for 10 min / ll J ^  Jl
at 100° while only 8% isomerization occurred on treat- uJAhl UlAKilJ ^  * WIN
ment with ¿-butylamine under the same conditions. W y v  WWyr \

I I
T a b l e  II 6.9 6.2

C a t a l y t ic  A c t iv it ie s  o f  So m e  B u t y l a m in e s  Figure i . _ Nmr Spectra of (a) Ila, (b) lib, and (c) lie in
i n  t h e  I s o m e r iz a t io n  o f  lib DMSO solution containing n-butylamine measured after 10

. , . H min at 60°.
\__I

, r~\  t
.------Conditions-------- . H I I ’ H *

Catalyst T, °C  t, min °̂ ° I I  N I tT t "

n-Butylamine 100 10 15 85 | !
f-Butylamine 100 10 92 8 0 & f 6  H O O

11 II I II II
R H N C ^^C — N— NH— C ^ C N H R

The ionic intermediate proposed by Clemo and s+/ — \  \
Graham7 seems not to be present in our system. Our H H H H
data suggest that only the carbonyl of the hydrazide IV
group participates during the isomerization. H—-NR'R"

In DMSO solution, the amide protons of l ib  were I |
observed as a doublet at 8.66 ppm. Addition of O O H 0 O
0.5 mol of ¿-butylamine shifted the absorption due to | | || ||
the amide protons to 10.72 ppm, but did not change RHNC^ ^ p = N  NH C CNHR
either the multiplicity (d, J  =  8 Hz) or the relative S+ / — \  s / = ^
intensity. In contrast, the addition of ¿-butylamine H H H H
caused a disappearance of the 11.7-ppm hydrazide V
signal, and in its place was observed a singlet at 8.68
ppm having double the original intensity. This Infrared spectral changes were also consistent with 
absorption is believed to result from a rapid exchange these postulated complexes. The N H  stretching ab- 
of the hydrazide protons with the protons of the added sorption at 3170 cm-1 was converted into a very broad
amine and indicates a complex of the type shown band extending from 3430 to 2520 cm-1 on addition of
by IV  or V. ¿-butylamine. This type of change has previously been
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ascribed to the occurrence of a chelated hydroxy group In our view, the mechanism postulated by Nozaki 
through hydrogen bonding.8 and Ogg9 can be extended to include an amine-catalyzed

Let us assume that the initial step of an amine- isomerization with some modifications. As illustrated
catalyzed isomerization involves a nucleophilic attack by Scheme I, the initial step, which is believed to be
of amine at the as-ethylenic double bond to generate
an intermediate V I where R ' is alkyl and R "  is alkyl Scheme I
or hydrogen. This is analogous to the initial step in o o o o  o o  o o
the Nozaki and Ogg mechanism for the acid- or salt- rhnc (cnhnhc cnhr rhnc c=n- nhc cnhr
catalyzed isomerization of maleic acid and its esters.9 V-d/ \— / ^  \ jy  /
We would then predict that the catalytic activities of / h h ' h (h h h h
the butylamines should parallel their nucleophilicities. , „ •• . «-R R NH R R

fr 1y- SLOW
O O O O  H
II I II II 9 9 9 9,

RHNC. .C— NH— NH—  .̂CNHR RHÎ 'g^ ~NHNH ̂  /CNHR

hV h  H H r'r"n h h/ 'lh
/ \  SL

R/ R"  FAST
VI

A  correspondence generally exists between the order 
of basicities and the order of nucleophilicities for a *9 9 ^ NHR
group of nucleophiles having the same attacking atom.10 ^  ^ 4C nhnhc

Thus the following order of catalytic activities would R’R"NWg—
be expected for these amines (the p A b values are in rhnci h h h
parentheses): n-butylamine (3.39) >  sec-butylamine ■ sm
(3.44) >  ¿-butylamine (3.55). Although the order is FAST i
consistent with our observations, it is doubtful that I
the small differences in basicities between these three
primary amines could account fully for our results. nr +  r' r" nh
Additionally, the data shown in Table I  cannot be i
satisfactorily explained in terms of nucleophilicity of »
the n-butylamine. 9 * 9

It  is conceivable that the initial attack at the cis- Hw “ w
ethylemc double bond could be hindered substantially y— \ y— y
when bulky species are involved. The dependence of rhnc h h cnhr
rate of isomerization on the bulkiness of the neighboring o w  o
butyl groups in a cis-cis adduct is consistent with the
data shown in Table I. This result suggests that the the rate-determining step, involves a 1,4 addition of
incoming butylamine molecules encounter steric inter- amine at the conjugated double bonds to generate the
actions of different degrees with the butyl groups intermediate V I. In V I, bond 1-2 can rotate freely
present in the cis-cis adducts during the formation of about the axis of bond 2-3 forming either a trans con-
the intermediate V I. Following this line of reasoning former, V II, or a gauche conformer (such as V I) with
one would expect that the rates of isomerization of a respect to bond 3-4. A  trans-cis adduct, I I I ,  results
given adduct should also be different when amines of when a rapid elimination of amine from the unstable
different steric nature are employed as catalysts. This intermediate V I I  occurs. An elimination of amine
consideration is in agreement with the results shown in from a gauche conformer would regenerate the original
Table II. w-Butylamine was found to be a much more cis-cis adduct, I I . Further isomerization of I I I  would
effective catalyst than ¿-butylamine in spite of their form eventually the trans-trans adduct V III.
relatively close base strength. This observation is Intermolecular hydrogen bonding to give complexes 
parallel to the result found in the reaction of amines such as IV  and V  probably results in a polarization of
with alkyl halides.11 The effect of steric hindrance the maleic carbon-carbon double bond, and thus
on the catalytic activity of a cyclic secondary amine would be expected to facilitate greatly nucleophilic
was also observed by Janssen12 in the isomerization of addition to this unsaturated site. This consideration
maleic acid based polyesters. appears to explain the ease with which the isomeriza-

Isomerization of these adducts could also be catalyzed tion can proceed under appropriate conditions. The
by a secondary amine, but not by a tertiary amine actual rate of addition of amine to the double bond in
regardless of the base strength. Such behavior is this system, however, is strongly influenced by steric
similar to that of maleic acid and its esters.7 considerations.

(8) R . S. Rasmussen, D. D. Tunnicliff, and R. R. Brattain, J. AmeT. _  .
Chem. Soc., 7i, 1068 (1949). Experimental Section

(9) K . Nozaki and R. Ogg, Jr., ibid., 63, 2583 (1941).
(10) E. S. Gould, “ Mechanism and Structure in Organic Chemistry,”  In s tru m en ta l. A  Varían Model A-60 instrument was used fo r

Henry Holt and Co., New York, N. Y ., 1959, p 259. th e  n m r m easurem ents. T e tra m eth y ls ila n e  and D M S O  (J . T .
(11) H. C. Brown and N. R . Eldred, J. Amer. Chem. Soc., 71, 445 (1949). B ak er, red is t illed ) w ere  em p loyed  as th e  in tern a l stan dard  and
( 12) B. Janssen, Chimia, 19, 154 (1965). so lv en t, re sp ec tiv e ly . F o r  in fra red  spectra , a  P e rk in -E lm er
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Model 221 was used with either potassium bromide pellets or Reaction of N,N'-Biisomaleimide (I ) with sec-Butylamine.—  
D M SO  solution in K B r cells. Melting points were taken with a The reaction was carried out in the same manner as described 
Thomas-Hoover capillary apparatus and were corrected. above. There was no insoluble product formed by the end of

N,N'-Biisomaleimide (I )  was prepared according the pro- the reaction. Two fractions of product were obtained. The
cedures previously described.6 The crude product was recrys- DMSO-soluble, water-insoluble fraction was a greenish yellow
tallized from dimethylformamide to yield a yellow solid (61% ), solid, mp 204°, yield 3.16 g (93.3%). This product was shown
mp260° (lit.1 mp 260°). to be the c is -d s  adduct l ib :  nmr (D M S O , 70°), S 11.4 (s, 2,

Anal. Calcd for C 4H 2N 0 2: C , 50.00; H , 2.08; N , 14.58. hydrazide), 8.66  (d, /  =  8 Hz, 2 , amide), and 6.19 (s, 4, cis-
Pound: C, 50.19; H , 2.29; N , 14.41. ethylene); ir (K B r ), 1625 cm “ 1 (medium, amide-amide I ) ,  1596

Reaction of N,N'-Biisomaleimide (I )  with n-Butylamine.—  (very strong, hydrazide-amide I ) ,  1555 (strong, amide-amide I I ) ,
Into a 50-ml three-necked flask, equipped with a condenser, and 1493 (strong, hydrazide-amide I I ) .
thermometer, nitrogen inlet, rubber cap, and a magnetic stirrer Anal. Calcd for CsHi302Nj: C, 56.80; H , 7.69; N ,  16.57.
was placed 1.92 g (0.01 mol) of I  and 10 ml of redistilled D M SO . Found: 0 ,56.13; H , 7.78; N ,  16.53.
While under cooling with an outside water bath, 1.61 g (0.022 The water-soluble, ether-acetone-insoluble fraction was a red- 
mol) of re-butylamine was introduced into the reaction vessel dish brown, resinous substance, yield 0.041 g (1.2% ). 
with a syringe. An exothermic reaction occurred immediately Reaction of N,N'-Biisomaleimide (I ) with ¿-Butylamine.— The 
and an orange solution was obtained. The reaction was allowed reaction was carried out in the same manner as described above,
to proceed at room temperature for 23 hr. The white solid There was no insoluble product formed by  the end of reaction,
formed in the flask was collected by filtration. It was washed Two fractions of products were isolated. The DMSO-soluble,
successively with dimethoxyethane and ether and was dried under water-insoluble fraction was a greenish yellow solid, mp 2 2 2 °,
vacuum: white solid, mp >335°; yield 0.82 g (24.3%). This yield 3.08 g (91.1%). This product was shown to be the cis -cis
product was shown to be the cis-trans adduct I l ia :  nmr (D M S O , adduct lie : nmr (D M SO , 100°), S 8.6  (broad s, 4, hydrazide and
100°), S 8.7 (s, 2, hydrazide), 8.18 (t, 2, J  =  5 Hz, amide), 6.93 amide), and 6.20 (s, 4, cis-ethylene); ir (K B r ), 1625 cm -1
(s, 2, frans-ethylene), and 6.23 (s, 2, cfs-ethylene); ir (K B r ), (medium, amide-amide I ) ,  1590 (very strong, hydrazide-amide
1625 cm“ 1 (medium, amide-amide I ) ,  1591 (very strong, hydra- I ) ,  1556 (strong, amide-amide I I ) ,  and 1490 (strong, hydrazide-
zide-amide I ) ,  1556 (strong, amide-amide I I ) ,  1473 (strong, amide I I ) .
hydrazide-amide I I ) ,  and 996 (medium, iraws-disubstituted Anal. Calcd for CsHi30 2N 2: C , 56.80; H , 7.69; N , 16.57.
ethylene). Found: C, 56.00; H , 7.80; N , 16.18.

Anal. Calcd for CgHjsChlL: C , 56.80; H , 7.69; N ,  16.57. The water-soluble, ether-acetone-insoluble fraction was a red- 
Found: C, 56.56; H , 7.75; N , 16.75. dish brown, resinous material, yield 0.034 g (1 % ).

The above filtrate was poured into 50 ml of water and the Isomerization Measurement.— Appropriate amounts of a 
pinkish solid which precipitated was collected, washed with an m ,as-N,N'-biisomaleimide-butylamine adduct and an amine
acetone-ether mixture, and dried under vacuum: pale yellow were dissolved in dimethyl sulfoxide and transferred into a thin-
solid; mp 150°; yield 3.02 g (65.1%). This product was walled nmr tube which was sealed under an argon atmosphere,
assigned to be the c is -d s  adduct H a : nmr (D M SO , 70°), 5 11.4 The tube was then placed in the nmr cavity which was preheated
(s, 2, hydrazide), 8.81 (t, 2, J  =  5 Hz, amide), 6.17 (s, 4, cis- to the desired temperature, and held for 10 min. The spectra
ethylene); ir (K B r), identical with that of I l i a  except no 996- of the ethylenic proton regions were immediately recorded.
cm“ 1 absorption was observed. Amounts of the cis- and iraras-ethylenic protons were determined

Anal. Calcd for CgHi302N 2: C , 56.80; H , 7.69; N ,  16.57. by both area integration and weighing.
Found: C , 56.55; H , 7.57; N , 16.47.

The aqueous solution was combined with the acetone-ether Registry No.-—I, 6990-21-2; Ila , 17954-86-8; l ib  
washings and concentrated to less than 5 ml with a rotating 17954-87-9- l ie  17954-88-0" I l ia  17954-89-1 
evaporator. The solution was diluted with a small amount of ’ ’ ’ ’
acetone and was poured into 50 ml of ether. A  reddish brown, Acknowledgment.— We are indebted to Professor 
resinous material was obtained: yield 0.061 g ( 1 .8 % ). This R  j  c  of Harvard University and to Professor 
resinous material exhibits m the nmr weak ethylenic proton ^  t c tt • r  n  i t  • a t
signals but a broad signal at about 8 ppm which is presumably n *  J- Oram of the University of California at Los
due to the presence of various amido and amino protons. Angeles for helpful discussions.
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Azabicyclic Alcohols. Y. Synthesis and Stereochemistry 
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Both epimers of the l-azabicyclo[3.2.1]octan-3-, -4-, and -6-ol isomers have been synthesized and their stereo
chemistry has been assigned. The alcohols were obtained by reductions of their corresponding ketones, except for 
the exo-6-hydroxy isomer, which was obtained by Raney nickel catalyzed epimerization of the endo isomer, or'(to- 
gether with its epimer) by cyclodehydration of 3-piperidylethylene glycol. Attempts to prepare this exo alcohol 
by oxidative epimerization of the endo isomer were unsuccessful. Unexpectedly, several condensation products 
with the oxidized solvent were formed. Structures of two of these products have been assigned as 7-ethylidene- 
and 7-ethyl-l-azabicyclo[3.2.1]octan-6-ols (IS and 16), respectively.

We have been investigating the synthesis and stereo- Thorpe condensation into an iminonitrile, which was
chemical correlations of pharmaceutically useful aza- not isolated, but was hydrolyzed and decarboxylated
bicyclic alcohol epimers. Previous papers in this directly to the ketone.
series have discussed fused bicyclic, bridgehead nitrogen The structure of 3, established by its method of 
systems.1 We now report the results of a study of the synthesis, is confirmed from the fact that it was hydro-
1-azabicyclo [3.2.1 Joctanols, a bridged bicyclic system genolyzed to 1-azabicyclo [3.2.1 [octane (4), the ir spec-
that differs from its fused analogs in that inversion trum of which was identical with that obtained by
of the nitrogen atom is no longer possible. Apart hydrogenolysis of the corresponding 4-one and 6-one
from presumably unstable carbinolamines, there are analogs.4 Reduction of 3 with lithium aluminum
three pairs of epimeric secondary 1-azabicyclo [3.2.1]- hydride gave a 40:60 mixture of epimeric alcohols,
octanols, of which only a 6-ol isomer (c/. 4) of un- designated A  and B according to their order of glpc
known configuration has been previously reported.2 elution. Hydrogenation of 3 over platinum dioxide

The six isomers have been synthesized; their stereo- gave epimer A  (5), while reduction with sodium in
chemistry has been assigned. Pertinent physical ethanol-benzene gave epimer B (6), each greater than
data are listed in Table I. As expected on the basis 95% epimerically pure.

Table 1 er j —\4
Physical Data for the 1-Azabicyclo[3.2.1]octanols V  / 3 \ N  \  \ N  \

Glpc retention Nmr, carbinolH ?'—N — i
Compound Mp, °C  time, min° pK &b tc W, cpsd / ^ H  / ^ O H

3-OH; A (5) 175-177 5.0 10.30 6.27 10 0H H
3- OH; B (6) 132-135 5.4 9.55 6.13 22 4 5 6
4- OH; A (10) 180-182 6.4 10.04 6.27 21
4-OH; B ( l l )  184-185 6.7 10.35 6.19 10 The stereochemistry of these alcohols may be assigned
6-OH; A (13) 177-179 3.7* 10.30 5.54 18'  by analogy to reductions of the isosteric 3-tropinone
6-OH; B (14) 157-159 4.0* 5.76 12» system.6'6 Thus, catalytic hydrogenation would be

- From the air peak on a 10 ft x  7« in. column of 13% Carbo- expected to occur more readily from the less hindered
wax 20M on 60-80 mesh Gas-Chrom P at 230° and a helium flow eXo side of the molecule, giving rise to the axial alcohol
rate of 110 ml/mm. 6 Ionic strength, 0.0050 p. * In 20% CDC13 /e\ „ , i , • , ,, , ,.
solution, from TMS as internal standard. Width of the carbinol ^  w^lle a thermodynamically controlled sodium in
proton multiplet at one-half the peak height. * From the air ethanol reduction should give a predominance of the
peak on a 5 ft X *A in. column of 4% QF-1 on 60-80 mesh more stable equatorial hydroxyl isomer (6). Relative
Chromosorb W at 135° and a helium flow rate of 55 ml/min. glpc retention times (Table I ) and pKa values correspond
’ Quintet- " Quartet. to those previously observed for epimeric axial and

equatorial alcohol pairs.7,8
of their molecular geometry, none of these isomers These assignments are confirmed by the dilute 
shows any infrared absorptions below 2850 cm-1 (Bohl- solution ir spectral data, given in the Experimental
mann bands) which are characteristic of two or more Section, which reveal that the axial hydroxyl epimer has
C -H  bonds being trans  diaxial to a nitrogen electron a symmetrical free O-H  stretching band envelope, of
pair.3 greater extinction coefficient and smaller half band

l-Azabicyclo[3.2.1]octan-3-ols.—These were obtained width than that of its equatorial hydroxyl epimer,
from the corresponding ketone 3, which was syn- which has an unsymmetrical band.9 It  may be noted
thesized in four steps from the known 3-pyrrolidine- that the O -H  stretching maximum occurs at the same
methanol (1). Here, the dinitrile 2 was converted by a

(4) L. P. Reiff and H. S. Aaron, Tetrahedron Lett., 2329 (1967)
C H 2O H  |— r - C H 2C N  r——t —y  (5) L. C. Keagle and W. H. Hartung, ./. Amer. Chem. Soc., 68, 1608

\  3 ,  I \  ___^  I \  \  (1946); A. Nickon and L. F. Fieser, ibid., 74, 5566 (1952).
» j it  steps __ , (  r w  J , /  (8) A. H. Beckett, N. J. Harper, A. D. J. Balon, and T. H. E. Watts,
1(11 -N---- CH2C N  N - 7 Tetrahedron, 6, 319 (1959).

1 2  ' 3  (7) H. S. Aaron, G. E. Wicks, Jr., and C. P. Rader, J. Org. Chem., 29, 2248
-------------------- (1964), and references cited therein.

(1) Paper IV ; H. S. Aaron, C. P. Rader, and G. E. Wicks, Jr., J. Org. (8) (a) C. P. Rader, R. L. Young, Jr., and H. S. Aaron, ibid., 80, 1536
Chem., 31, 3502 (1966). (1965); (b) H. S. Aaron and C. P. Rader, ibid., 29, 3426 (1964).

(2) L. H. Sternbach and S. Kaiser, J . Amer. Chem. Soc., 74 , 2215 (1952). (9) H. S. Aaron, C. P. Ferguson, and C. P. Rader, J. Amer. Chem. Soc.
(3) F. Bohlmann, Chem. Ber., 91, 2157 (1958). 89, 1431 (1967).
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frequency in both epimers, in exception to a general A A A
rule9'10 that the axial epimer will absorb at the higher ___ J\ HQ J\
frequency. Nmr spectra showed a half band width Ji \  A
of the carbinol proton signal of epimer A  to be 10 cps, H  w /  A
which suggests an equatorial hydrogen (axial alcohol), 12 13
while that of epimer B (22 cps) is typical of a strongly
coupled axial hydrogen, hence equatorial alcohol.7’8“ these reductions should all take place from the relatively 
The observation that the equatorial carbinol hydrogen unhindered exo side of the molecule.14
(epimer A ) absorbs at higher field than that of its axial Attempts to epimerize the endo alcohol with alu- 
epimer is unusual.11 minum isopropoxide or sodium ethoxide under equil-

1-Azabicyclo [3.2.1 ]octan-4-ols.—The parent ketone ibrating conditions6’15 were unsuccessful. The latter
(9) was synthesized12 by a Dieckmann condensation reaction, however, led to some interesting and unusual 
of 8, obtained in turn from the known ethyl 3-pyr- results. Glpc analysis of the product revealed four 
rolidinecarboxylate (7). Compound 9 was reduced major components, which were separated by chromatog

raphy on alumina. None proved to be the exo alcohol
0  14. The major component was the endo alcohol 13.

____ _ C00Et r̂ — cOOEt i- 7 — (  T w o  o f the Products were assigned from their spectral
/ \ —> f  )  —► / \ data and elemental analyses as 7-ethylidene-and 7-ethyl-

N N CH2CH2COOEt >— N—' 1-azabicyclo [3.2.1 ]octan-6-ols (15 and 16), respectively.
H 8 9 The structure of the fourth component was not estab-

7 lished. The relative configurations of 15 and 16 are
depicted as deduced below. Compound 15 apparently 

both chemically and catalytically under a variety of was obtained as a near equal mixture of cis and trans 
conditions to mixtures of epimeric alcohols, as given isomers, judging from the appearance in the nmr of 
in the Experimental Section. In every case, epimer two (split) methyl peaks of slightly different chemical
A  was obtained as the predominant product. The shift. I t  appears that 15 and 16 are the products of a
pure epimers were obtained by column chromatography .
on basic alumina. H A  H A

The structure of the ketone 9 was established by its \ \
method of synthesis, and by its hydrogenolysis to 1- Hf> Y ' '^ N— A  „ — A
azabicyclo[3.2.1]octane.4 The stereochemistry of its ph o h  3 2~/
derived alcohols may be assigned as 10 (epimer A ) 3 H
and 11 (epimer B) from the reduction data, since for 15 16
steric reasons, the equatorial alcohol (10) would be sequence of reactions, which start with an air oxidation 
expected to predominate by either a chemical reduction 0f the ethanol solvent to acetaldehyde, followed by an 
or a catalytic hydrogenation route. I t  may be noted aldol condensation with the ketone 12, and subsequent

dehydration (to 17) and reduction.

ch3ch ch3ch2
that the relative glpc (Carbowax) retention times 17 18
(Table I), which are very close for these two epimers, To confirm these structural assignments, the parent 
are the reverse of that usually observed for an axial- ketone 12 was treated with acetaldehyde. The main
equatorial alcohol pair. Structures 10 and 11 how- product was an ^ _ unsaturated ketone, 17, which
ever, are confirmed by their pK values and their upon reduction with sodium borohydride gave the
nmr spectral data( (Table 11. Both the relative chem- identical product (15) isolated above. From thig
ical shifts and half band widths of the carbinol protons mode of synthesis and by analogy to reductions of 12,
are in agreement with these assignments.11’13 compound 15 would be expected to have an endo-

1-Azabicyclo [3.2. l]octan-6-ols.—Catalytic hydro- hydroxyl group. Catalytic hydrogenation of 15 gave a
genation or hydride reduction of 1-azabicyclo [3.2.1]- saturated amino alcohol 18, isomeric with 16. The
octan-6-one (12) gavetheknown 6-olisomer, apparently stereochemistry of 18 is assigned on the basis that
epimencally pure. The configuration of this alcohol catalytic hydrogenation of 15 should proceed from
is assigned as endo (13), based on the assumption that the less hindered exo side of the molecule, while the

(10) a . r . h. Cole, p. r . Jefferies, and G. t . a . Muller, j. chem. Soc., configuration of the hydroxyl group, of course, would
1222 (1959). remain unchanged. The configuration of 16, there-
hednmLett"7« le(’i962)H Gianm’ T' H‘ Wllham8’ and J’ B- stother8> Tetra- fore, i§ assigned as the C-7 epimer of 18 on the assump-

(12) First synthesized by C. A. Feit and coworkers at Regis Chemical tion that the Configuration at C -6 ,  shown above to be
Co., Chicago, 111., under a U. S. Army Chemical Research and Development the Same in 15 and 18, should also be the Same in 16,
Contract. An additional quantity subsequently was prepared in our labora
tory from 7, obtained from Regis. Some of the physical data for 8 and 9 were (14) By analogy, the isosteric tropan-6-one molecule is stereospeeifically
supplied by Regis. reduced to the 6-a-ol isomer: H. 8. Aaron and L. P. Reiff, J . Heterocyd.

(13) N. C. Franklin and H. Feltkamp, Angew. Chem. Intern. Ed. Engl., 4, Chem., 5, 423 (1968).
774 (1965). (15) M . Balasubramanian and N. Padma, Tetrahedron, 19, 2135 (1963).
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since 15 appears to be the precursor of 16 in the re- hydrogenations were carried out as previously described.1'
,• r _  „ 1 - 1  v T?ivrih or  pv Pierates were prepared m ether and recrystailized trom the

action  fro m  w h ich  b o th  w ere  iso la ted  F u rth e r  ex - Melting and boiling points are uncorrected.
perimentation to establish unequivocally the stereo- 3 -Hydroxymethyl-l-pyrrolidineacetonitrile.— 3-Pyrrolidine-
chemistry of these condensation products was not methanol20 (1), 24 g (0.24 mol), was treated with sodium bi-
pursued. Based upon these results, the unidentified sulfite, formaldehyde, and potassium cyanide essentially as
higher boiling impurities often observed in sodium and described for the synthesis of pyrrohdineacetonitrile,21 except that
, t £ i* t __i ea the product was extracted with chloroform and dried over potas-

alcohol reductions of azabicychc ketones '8a suggest gium carbonate) to give 22 g (66% ) of product: bp 105-106°
that side reactions with oxidized solvent may commonly (0 05 mm); ir (neat) 3350 (O H ) and 2235 cm“ 1 (weak, C N ).
occur under these conditions. Anal. Calcd for C 7H 12N 20 : C, 60.0; H , 8 .6 ; N , 20.0.

The desired exo alcohol (14) was finally obtained by Found: C, 59.6; H , 8 .8 ; N , 19.4. 

a Rane, nickel catalysed ephneria.tion of the enio S i
isomer.16 The configurational assignments ol the 45 g of p_toluenesulfonyl chloride in 200 ml of pyridine was
epimeric alcohols 13 and 14 are supported by the nmr placed in the refrigerator overnight, then concentrated under
data (Table I ), which reveal the carbinol proton signal reduced pressure at room temperature. The residual oil was
of 13 to be considerably broader than that of 14. In- dissolved in chloroform washed with 5 %  sodium hydroxide

,. c T-a - j -  1 , • solution, then concentrated to give 35 g (77% ) of tosylate, a
spection of Dreidmg models indicates tnat the onenta- v;gcolls brown 0ii that could not be induced to crystallize [ir
tion of this proton relative to that of the two protons (neat) 2230 (c n ) and 1360) 1160  cm - 1 (S0 2 of tosylate)]. This
at C-7 is the same in both isomers. Thus, no difference product was stirred with 23 g of sodium cyanide in 200 ml of
in the band widths of the epimeric carbinol proton dimethyl sulfoxide for 1 hr at room temperature, then 2 hr at

signals d u e  to coupling with these protons would be J ^ t h e r i  cooled, ^  "
expected. To a. first approximation, therefore, tne washed with water and brine, then dried, concentrated, and dis-
difference in the band widths of the two carbinol proton tilled to give 15 g of 2 , a slightly yellowish oil, bp 120-123°
signals should be due to the difference in coupling (0.16 mm), which gave a single glpc peak (1.5 min) on a 5-ft
constants between them and the C-5 proton. The cohirnn of L A C  44w^tM\750'1 / '111' sPecf'(llm show'ed/in m*e“f e
dihedral angle between the carbinol proton in 13 and 2245 cm' 1 fCN) and lacked bands charactenstlc of the
the proton at C-5 is about 30°, whereas in 14 this angle l-Azabicyclo[3 .2 .l]octan-3 -one (3).— Compound 2 (14 g,
is approximately 100°. In general, the magnitude 0.093 mol) was added dropwise over 3 hr to are fluxing slurry
of the coupling constant between vicinal protons is a (drying tube) of 31 g of potassium i-butoxide (M S A  Research
function of their dihedral angle, being a maximum near Corp.) in 700 ml of sodium-dried benzene The mixture was
_ t i • . aao  17 T4 refluxed for an additional hour, then allowed to stir overnight
0 and 180 , and a minimum near 90 . It  w ould be at room temperature, cooled, and acidified with 10  ml of sulfuric 
expected, therefore, that 13 would have the larger acid in 25 ml of water. After distillation of most of the benzene,
coupling constant between the protons at C-6 and C-5, the solution was again cooled, and 200 ml of 50 vol %  sulfuric
and thus have the larger carbinol proton band width. acid was added. The remaining benzene was removed as an

T , • , , 1 ,• ___ azeotrope, and the solution was refluxed for 3 hr, then set aside
. Just P ™ r t o ,the Preparation of 14 by the epimeriza- {or 4g P ’before the w o r k . u p  was compieted. The solution was

tion reaction, above, a synthesis which aid. not proceed cooled, brought to pH  12  with 20% sodium hydroxide solution,
through the ketone 12 was carried out. Here, 3-py- filtered, and extracted with chloroform. The chloroform solution
ridinecarboxaldehyde cyanohydrin (19) was hydro- was dried and concentrated, and the residual brown oil was
lyzed and esterified to ethyl 3-pyridylglycolate (20). to give 5̂ 5 g (47%) of 3 a waxy hygroscopic white

 ̂ ! , 1  , 1 J* i - \ „ i solid, which solidified during the distillation, and only an ap-
The latter was hydrogenated (rhodium on alumina) and proximate bp 89° (4 mm) was obtained. The product showed
redu ced  (lith iu m  a lu m in u m  h y d r id e ) to  3 -p ip e r id y l- a single glpc peak (4 8 mjnj 2 10 °, ioo ml/min) and melted at
eth y lene g lyco l, w h ich  w a s  cy c lo d e h y d ra te d 18 in  p o o r  83-87° after two recrystallizations from pentane: ir (neat)
y ie ld  to  an  im p u re  m ixtu re  o f 13 an d  14, w h ich  ap p ea red  1720 cm “ 1 ( C = 0 ) .  Its picrate was obtained as orange needles
(ir , a fter  co llection  b y  g lp c ) to  b e  m a in ly  14. Op- ora,lgu P ™ ™  from ethyl acetate-hexane: mp

t im u m  cond itions fo r  th is synthesis w ere  n o t e s tab - AngL  ¿ dcd for Cl3H 14N 408: C , 44.1; H , 4.0; N , 15.8. 
lished , h ow ever, in  v iew  o f the success o f the a lte rn ate  Found: C, 44.3; H , 4.2; N , 15.7.
m ethod . l-Azabicyclo[3.2.1]octan-3-ol, Axial Alcohol, Epimer A  (5).—

An ethanol solution of the ketone 3 was hydrogenated over
__ CHCN -^ _^ C H C O O E t platinum dioxide for 0.5 hr, filtered, and concentrated under

I (| I reduced pressure to give 5, mp 175-177°, which contained (glpc)
Ik ¿J OH OH only a trace, if any, of epimer B . A  dilute solution showed these

N  N  ir data :9 * *’22 ^ h1* 3624 cm "1; A»i/S 16 cm“1; t 76; oc/p 1.0. Its
19  20 picrate melted at 230-232° dec (isopropyl alcohol).

Anal. Calcd for C I3H ,6N 408: C , 43.8; H , 4.5. Found: C, 
43.8; H , 4.6.

E xp erim en ta l S ec tio n  l-Azabicyclo[3.2.1]octan-3-ol, Equatorial Alcohol, Epimer B
(6 ).— A  benzene solution of the ketone 3 was reduced with sodium 

The following instrumentation was used, unless otherwise ¡n gthanol as described,10 except that chloroform was used for
indicated. Nm r analyses were obtained on a Varian A-60 spec- the final extraction. The product was obtained as a yellow oil,
trometer, with tetramethylsilane as an internal standard. Ir which contained about 3%  epimer A . It was taken up in hot
spectra were obtained on a Perkin-Elmer 237B grating spectro- hexane and cooled to give a yellow solid, mp 127-134°, from
photometer. Glpc analyses were carried out on a 10 it X  0.25 which pure 6 was collected by preparative glpc as a white
in. column of Carbowax 20M, 13% on Gas-Chrom P , at the solid, mp 132-135°. A  dilute solution showed these ir data :9’22
indicated temperatures and helium flow rates. Reductions and

(19) C. P. Rader, G. E. Wicks, Jr., R . L. Young, Jr., and H. S. Aaron,
(16) E. L. Eliel and S. H. Schroeter, J. Amer. Chem. Soc., 87, £031 (1965). ibid., 29, 2252 (1964).
(17) M . Karplus, J. Chem. Phys., 30, 11 (1959); L. M . Jackman, “ Appli- (20) Y.-H . Wu and R. F. Feldkamp, ibid., 26, 1519 (1961).

cations of Nuclear Magnetic Resonance Spectroscopy in Organic Chemis- (21) R. H. Reitsma and J. H. Hunter, J. Amer. Chem. Soc., 70, 4009
try,”  Pergamon Press Inc., New York, N. Y ., 1959, p 84. (1948).

(18) H. S. Aaron, O. O. Owens, P. D. Rosenstock, S. Leonard, S. Elkin, (22) Recorded by C. P. Ferguson on a Perkin-Elmer 521 grating spec-
and J. I. Miller, J. Org. Chem., 30, 1331 (1965). trophotometer.
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koh* 3624 cm "1; Am/, 26.5 cm -1; «5 8 ; a/p 0.64. Its picrate described.2 Hydrogenation over palladium on carbon in aqueous
melting point, 198-205°, did not sharpen on recrystallization acid or ethanol or ruthenium on carbon in aqueous acid gave
from acetone-pentane. little or no reduction, while use of platinum dioxide produced

Anal. Calcd for C i3H i6N 40s: C , 43.8; H , 4.5; N ,  15.7. considerable hydrogenolysis product (4), isolated by preparative
Found: C, 43.8; H , 4.5; N ,  15.7. glpc and identified by  ir analysis. 4 Reduction with lithium

1-Azabicyclo[3.2.1]octane (4 ) by Hydrogenolysis of 3.— The aluminum hydride, or hydrogenations over platinum dioxide in
ketone 3, 0.1 g in 5 ml of 0.2 N  hydrochloric acid, was hydroge- ethanol, or rhodium on carbon in ethanol or 0.2 N  hydrochloric 
nated over 0.05 g of platinum dioxide at 3 atm of hydrogen for acid gave the endo alcohol 13, mp 177-179° (cyclohexane) 
1 hr and worked up in the usual manner.19 The product (4) was (lit .2 mp 177-179°), apparently epimerically pure, as judged 
obtained as a soft, hygroscopic solid of strong ammoniacal odor, from the identity of these ir spectra. The picrate melted at 224- 
which gave a single glpc peak (0.9 min, 220°, 120 ml/min). 225.5° (lit .2 mp 224-226°). A  tosylate, mp 107-109° (hexane),
Its ir spectrum contained no carbonyl or hydroxyl absorption, was prepared by the Schotten-Baumann procedure at 10° . 26
and was identical with that obtained by hydrogenolysis of the Anal. Calcd for Ci4H 19N 0 3S: C , 59.8; H , 6 .8 ; S ,' 11.4. 
corresponding 4-one and 6-one analogs. It spicrate melted at Found: C , 59.6; H , 6 .8 ; S, 11.4.
280-284° dec (methanol) (fit. 23 mp 294r-295°). rao-l-Azabicyclo[3.2.1]octan-6-ol (14).— An aqueous slurry of

Anal. Calcd for C ^ H ic N ^ :  C , 45.9; H , 4.7; N ,  16.5. sponge nickel catalyst (Davison Chemical C o .) was washed by
Found: C , 45.7; H , 4.7; N ,  16.6. decantation with distilled water until neutral, then three times

A  chloroplatinate was prepared, mp 214-216° dec (lit .23 mp each with ethanol and benzene. The residual alcohol was dis- 
215-215.5°). tilled as an azeotrope from the benzene suspension of the catalyst,

1-Azabicyclo[3.2.1]octan-4-one (9 ).12— Ethyl 3-pyrrolidinecar- and 1 g of the resultant slurry was added to 0.5 g of the endo
boxylate (7 )20 (18 g, 0.13 mol) and ethyl acrylate (16 g, 0.16 mol) epimer (13) in 40 ml of benzene, then refluxed (drying tube) for
were refluxed for 3 hr in 125 ml of ethanol, then concentrated to 24 hr, filtered, and concentrated. Glpc analysis revealed the
give (according to the cognate procedure of Leonard)24 30 g product to consist of a 60:40 mixture of the ketone 12 and what
(99% ) of diethyl pyrrolidine-3-carboxylate-l-/3-propionate (8). proved to be the exo alcohol (14). The epimeric alcohols have
The undistilled product gave a single glpc peak (11.5 min, 237°, identical retention times on Carbowax, but partially separated
110 ml/min) and was used directly in the next step. An earlier on QF-1. A  third of this solution was chromatographed on 12 g
sample, prepared at Regis, had bp 93-97° (0.08 mm), n30D of basic alumina (Woelm, grade IV )  using successively hexane,
1-4529. ether, and methanol for elution. The ketone was obtained from

Anal. Calcd for C i2H 21N 0 4: C , 59.2; H , 8.7; N , 5.8. the ether fraction. The methanol fraction was concentrated,
Found: C , 59.0; H , 8 .8 ; N ,  5.7. and the residue was crystallized from cyclohexane to give 26 mg

The diester 8 was converted into 9 by the Dieckmann proce- of the exo alcohol (14), mp 157-159°, mass spectrum mol wt
dure, 24 except potassium isopropoxide in toluene (potassium 127.137 amu (theory 127.140 amu). Its ir spectrum differed from
t-butoxide, at Regis) was used for the condensation. The that of the endo epimer, most notably by  the absence of a strong
product (9), which was difficultly distilled owing to its tendency band at 1100 cm ' 1 and the appearance of a new band at 1040
to solidify in the condenser, gave a single glpc peak (3.6 min, cm ' 1 (probably C -O ). A  picrate was obtained as small orange
245°, 120 ml/min) and was obtained as a waxy solid: 9.5 g prisms, mp 240-241.5° (from ethyl acetate-cyclohexane), mmp
(61% ); mp 84-86°; bp 116° (co. 27 mm); ir (C H C I3, Infracord) 213-223° (with 13 picrate).
1700 (C O ), with a shoulder at 1690 cm-1; picrate mp 233-235°. Reduction of l-Azabicyclo[3.2.1]octan-6-one (12) with Sodium  

Anal. Calcd for C 13H 14N 4O8: C , 44.1; H , 4.0; N ,  15.8. in Ethanol. Attempted Epimerization of 13.— The ketone 12
Found: C, 43.9; H , 4.0; N , 15.5. (5. g, 0.04 mol) in 80 ml of ethanol was added dropwise over 1 hr

1 -Azabicyclo[3.2.l]octan-4-one Reductions.— Catalytic hydro- with stirring to 10 g of freshly cut sodium in 80 ml of sodium-
genations of the ketone 9 gave the following percentages of dried benzene, then refluxed for 1 hr with stirring. The remain-
epimer A  (10) in an A /B  mixture: ruthenium on carbon in ing sodium was then destroyed by the addition of 40 ml of ethanol,
acid, 6 6% ; rhodium on carbon in acid, 76%; platinum dioxide Additional ketone (0.5 g ) was added, and the solution was re
in ethanol, 89%. Palladium on carbon in acid and ruthenium fluxed for 16 hr. W ater (100  m l) was added, and the aqueous
on carbon in ethanol gave little or no reduction, while platinum phase was extracted with five 100-ml portions of chloroform. The
dioxide in acid gave only the hydrogenolysis product (4 ).4 combined organic phase was dried (M gS 0 4) and concentrated
Lithium aluminum hydride and sodium in ethanol-benzene under reduced pressure to give 4.9 g of a viscous brown oil,
reductions gave 74 and 82%, respectively, of epimer A  in an which was found (glpc) to contain four major components”
A -B  mixture. designated B  (smallest), C  (largest), D , and E , in order of in-

Epimeric l-Azabicyclo[3.2.1]octan-4-ols (10 and 11).— A  mix- creasing retention time. (A  small amount of a product, observed
ture (5.0 g ) of the epimeric alcohols, obtained from hydrogenation as component A  in an earlier small scale run, was not observed
of 9 over ruthenium on carbon, was dissolved in a little chloro- in this experiment.) When the product mixture was triturated
form, then chromatographed on 500 g of neutral alumina (W oelm ) with hot benzene-cyclohexane, the major portion dissolved and
which had been packed in chloroform. The progress of the separa- left a solid residue (1.0 g ), which appeared to be mainly the hydro-
tion was monitored by glpc, and the eluent, containing the in- chloride of 13. The solution was concentrated under reduced
dicated product, was collected in the following order: 4 1., pressure to 3.0 g of a brown oil, which was chromatographed on
chloroform (epimer A );  5 1., chloroform-methanol (9:1) (A  and 250 g of basic alumina (Woelm, IV ),  prepared in benzene, and 
B mixture); and 41., methanol (epimer B ).  In  addition, some of eluted with ether (1300 m l) and methanol (800 ml), respectively,
the hydrochloride of epimer B  was obtained as a chloroform- The eluent was collected in 100-ml fractions, concentrated, and
insoluble brown gum on evaporation of the methanol fraction. analyzed by glpc. The order of elution from the column was A , 
Therefore, the column was washed with 2 1. of 5%  sodium (position determined from the previous run), D , B , E , and C.
hydroxide solution, from which an additional quantity of epimer Although most of the fractions consisted of mixtures, each com-
B  was eventually recovered. The eluent fractions were evapo- ponent was obtained essentially pure by  evaporation of selected 
rated and the respective residues recrystallized from hexane to fractions. Component C  was found (glpc, ir, melting point, and
give epimer A  (10), 1.4 g of white needles, mp 180-182°, and picrate) to be identical with the endo alcohol 13, obtained by hy-
epimer B  (11), 0.2 g of white crystals, mp 184—185°. A  mixture drogenations of 12 above. Component D  was recrystallized 
melting point was undepressed. Picrates (from isopropyl alcohol) from cyclohexane to give 7-ethylidene-l-azabicyclo[3.2.1]octan- 
melted at 244.5-246° (A )  and 220-221° (B ), respectively. A  mix- 6-0I (assigned endo), 15: mp 91.5-93°; mass spectrum mol wt 153 
ture of these two picrates melted at 230-235°. (theory 153); ir (CCU ) 3627 (O— H ), 3012 (weak, vinylic C— H ),

Anal. Calcd for C i3H 18N 408: C , 43.8; H , 4.5. Found for 1688 (H C = C ,  exo to a five-membered ring), 1450 (C H 2 and C H 3),
epimer A : C , 43.5; H , 4.3. Found for epimer B : C , 43.9; and 1380 cm -1 (C H 3); nmr (20% CDC1S) r  8.28 and 8.31 (two
H , 4.6. d of near equal intensity, 3, J  =  7 cps for each, C = C H — C H 3,

1-Azabicyclo[3.2.l]octan-6-one (12) Reductions, endo- 1-Aza- ______________
bicyclo[3.2.1]octan-6-ol (13).— The ketone 12 was prepared26 as , ,

(25) Synthesized by Dr. A. Y . Garner and coworkers, Monsanto Research 
—"  ' “  Corp., Dayton, Ohio, from intermediates supplied by Mr. F. F. Frulla and

(23) V. Prelog, S. Heimbach, and E. Cerkonikov, J. Chem. Soc., 677 coworkers, Olin-Mathieson Chemical Corp., New Haven, Conn., under U. S.
(1939). Army Research and Development Contracts.

(24) N . J. Leonard, S. Swann, and J. Figueras, J . Amer. Chem. Soc., 74, (26) A. I. Yogel, “ Practical Organic Chemistry,”  3rd ed, John Wiley &
4620 (1952). Sons, Inc., New  York, N . Y ., 1956, p 784.
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cis/trans), 8.1 (m, 5, C H 2 and C H  not adjacent to N ) ,  7.0 (m, 4, trated ammonium hydroxide solution (1 ml) was added, and the 
C H = adjacent to N ), 5.68 (s, 1, O H ), 5.28 (m, 1, C H — O H ), and product was extracted with chloroform, which was dried (M gS 0 4)
4.73 (q, 1, J  =  7 cps, C = C H — C H ,). A  picrate was obtained and concentrated. Glpc analysis revealed a single volatile
as bright yellow needles, mp 172.5-175° (from ethyl acetate- component, mp 85-91° (as collected from the column), whose ir 
benzene). spectrum was identical with that of 15, obtained above as com-

Anal. Calcd for C I5H 18N 40 8: C, 47.1; H , 4.8; O, 33.5. ponent D.
Found: C, 47.0; H , 4.9; O, 33.4. 3-Pyridinecarboxaldehyde Cyanohydrin (19).— 3-Pyridinecar-

Component E  was recrystallized from hexane to give 0.09 g boxaldehyde (Aldrich Chemical Co.), 22 g (0.21 mcl), was treated
of needles, assigned as 7-(eco)ethyl-l-azabicyclo[3.2.1]octan-6- with hydrochloric acid and aqueous potassium cyanide as de-
(endo)o\ (16): mp 95-96°; ir (CC14) 3628 (O— H ), 1465 (C H 3 scribed for the 5-methyl analog.27 The product was filtered and
and C H 2), and 1385 cm -1 (C H 3). A  picrate was obtained as used as the moist precipitate in the next step. In  another run,
iridescent yellow needles, mp 192-194° (from ethyl acetate- a 92% yield of 19, mp 38-52°, was obtained as unstable white
benzene). crystals, which yellowed on standing and had the odor of hydro-

Anal. Calcd for CisH2oN40 8: C, 46.9; H , 5.3; O, 33.3. gen cyanide.
Found: C, 47.0; H , 5.2; 0 ,33 .6 . Ethyl 3-Pyridylglycolate (20 ).— The crude 19 was refluxed with

Component B  was purified by sublimation (60-75°, 0.015 mm) 100 ml of concentrated hydrochloric acid for 18 hr, then concen-
to give 5 mg of a waxy solid, mp 100-132°, which showed OH , trated, and finally dried on the steam bath under reduced pressure
C H 2, and C H 3 bands in the ir spectrum. However, insufficient for 1 hr. The salt mixture thus obtained (37 g ) was refluxed
material was available for further purification and characteriza- (drying tube) with 125 ml of ethanol and 2.5 ml cf sulfuric acid
tion. for 18 hr, concentrated, cooled, and made basic with saturated

Hydrogenation of 7-Ethylidene-l-azabicyclo[3.2.1]octan-6-ol sodium carbonate solution. The product was extracted with
(15).— Component D  (15), 0.10 g in 5 ml of ethanol, was hydro- chloroform, dried (M gS 0 4), concentrated, and distilled to give 19 g
genated over 0.05 g of platinum dioxide at 40 psig for 0.5 hr, (50% over-all) of 2 0 : bp 86° (0.05 mm); n2Sd 1.5156. Its picrate
filtered, and concentrated to give 0.09 g of an oil which solidified was obtained as yellow needles, mp 103-104° (methanol),
on standing overnight. The oily crystals were triturated under Anal. Calcd for C i5H i4N 4O i0: C, 43.9; H , 3.4; O, 39.0.
hexane to give a product assigned as 7-endo-ethyl-l-azabicyclo- Found: C, 43.8; H , 3.2; O, 38.5.
[3.2.1]octan-6-mdo-ol (18): mp 85-90°; ir (CC14) 3630 cm-1

(O H ), no olefinic stretching absorption. The compound gave Registry No.— 3-Hydroxymethyl-l-pyrrolidineaceto- 
a single glpc peak of identical retention time with 16. However, -i 1 7 an A OP. 1 ■ 9 17(?nzL 97 9- *  17003. 98 q . a
their ir spectra differed in the fingerprint region. Its picrate nitrile, I tW A -A o - l  Z, U W A r Z t -Z  3, 1/6U4-28-3, 3
melted at 213.5-215°. Pirate, 17604-29-4; 4, 279-92-5; 5, 17628-91-0;

Anal. Calcd for Ci5H20N4O8: C, 46.9; H, 5.3; O, 33.3. 5 picrate, 17629-14-0; 6, 17628-92-1; 6 picrate,
Found: C, 46.6; H, 5.2; 0 ,33 .1 . 17629-15-1; 8, 17604-85-2; 9, 17604-77-2; 9 picrate,
,o7m thylVfnnn t 1 ‘a i f 17vCn l3^2 ' 1m n i^ 1"6i r f i l 7 );T iP r ^ OUnd 17604-78-3; 10, 17629-13-9; 10 picrate, 17628-84-1;12 (0.5 g, 0.004 mol) with 0.35 g (0.008 mol) of acetaldehyde was oc o . 1 1  ; + 1 vcoc no o . i i  i vcoo  on o
kept in a pressure bottle in a 53° oven for 7 days and at room i i o Z o - o o - Z , 11 picrate, L iv Z o -\ )o -Z , 13, l/ o 2 o -o b -o ;
temperature for 2 1 days, then concentrated under reduced 14, 17628-87-4; 14 picrate, 17628-88-5; 15,17628-89-6; 
pressure. Glpc analysis (227°, 43 ml/min) revealed a small 15 picrate, 17628-90-9; 16, 17603-93-9; 17, 17604-71-6;
amount of 1 2 , three minor unidentified components (possibly 17 picrate, 17604-72-7; 18, 17604-73-8; 19, 17604-74-9;
acetaldehyde self condensation products), and a major component _ _ -t^nnA • , 1 t7pn0 A ^
of longer retention time, 17, whose ir (neat, sample collected 20> 17604-75-0; 16 picrate, 17603-94-0; 18 picrate,
by glpc) spectrum showed strong bands at 1732 ( C = 0 )  and 1660 17603-95-1; 20 picrate, 17604-76-1.
cm -1 (conjugated C = C ) .  Attempts to crystallize the product
were not successful, even after chromatography over basic Acknowledgment.— We thank Messrs. G. E. Wicks,
aluiri ‘nAa with ether. A picrate was obtained as yellow plates, j  C . A  Andreasen, and R. L. Young, Jr., for experi- 
mp 160-161 (from ethyl acetate-benzene). ’ , . , A  „  „  T? ’ ^ .

Anal. Calcd for C 16H 16N 40 8: C , 47.4; H , 4 .2 ; O, 33.7. m en ta l assistance; C. P . Ferguson, H . Klapper, and 
Found: C. 47.7; H , 4.2; O, 33.4. L. W. Daasch for some of the spectral data; and C. A.
7-Ethylidene-i-azabicyclo[3.2.1]octan-6-ol (15).— Crude 17,0.40 Feit, Regis Chemical Co., for certain experimental data, 

g (0.0025 mol), was added to 0.10 g (0.0026 mol) of sodium ag ind icated  
borohydride in 5 ml of water plus 1 drop of 20% sodium hydroxide
solution, then placed on the steam bath for 0.5 hr. Concen- (27) W . Mathes and W. Sauermilch, Chem. Ber., 93, 286 (1960).
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Heterocyclic Studies. 29. Photoisomerization of 2,3-Dihydro-l,2-diazepine Ketones 
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Irradiation of the 2,3-dihydrodiazepinones (1) and the carbinols (3) gives in high yields the 1,2-diazabicyclo- 
[3.2.0]-6-hepten-4-ones (2) and -4-ols (4 and 5 ), respectively. The major photoalcohols in each case were shown 
by nmr analysis to be the exo isomers. The endo alcohols were the minor photoproducts of 3 and were obtained 
exclusively on reduction of the ketones (2) with N a B H 4. The alcohols and tosylates are thermally stable, and 
elimination reactions have not been observed. Hydrogenation of derivatives of the endo alcohols gives mainly 
the ereito-phenyldiazabicyclo [3.2.0] heptanols; in the exo alcohol series, equal amounts of exo- and credo-phenyl 
compounds are obtained. The rates of the photocyclization of the diazepinones (1) at 313 or 390 m/i decrease 
in the order R  =  C H 3 ^  C H 2CH 2C N  >  H  »  COC6H s =  COCH ,. Under the same conditions at 313 m/j, the 
reverse order of substituent effects is obtained with the diazepinols 3: R  =  C O C H 3 •= COCeH5 >  C H 3 =  H.

The photocyclization of seven-membered cyclic Scheme I
dienes and dienones to bicyclo [3.2.0]heptene dériva- cH3

tives is a generally useful reaction and has been applied JL CH3

to a variety of carbocyclic3 and heterocyclic4 systems. ^ --------- ¿D
As noted previously,6 the diazepine ketones 1 and car- J3 ~ > l n  J
bmols 3 readily undergo this photocyclization to give n — N 2 N '
the bicyclic ketones 2  and alcohols 4 and 5 (Scheme I). | I
We now report the results of a study of several aspects R R
of this cyclization and the novel bicyclic products. i a_ d  2 a -d

For preparative purposes, exposure of the ketones 1 , 
which absorb strongly in the 400-mpi region, to sunlight
in Pyrex vessels is the most satisfactory procedure for ,,NaBH<
photocyclization. Cyclization of the colorless car
binols 3  requires higher frequency radiation and these
reactions were carried out with a 200-W medium-pres- c6H5 CIÎ3 H
sure arc in a quartz envelope, usually with a Corex Nj--------- <
filter. CH ILNx  o r '

Under optimum conditions, essentially complete con- I 3 ^
version into the photoisomers was achieved with small CeHsv s V V ' 0* ' /  i
amounts of impurities. In kinetic experiments de- j --------\
scribed in a later section, good isosbestic points were N-N *  5a-f
observed when the photocyclization was followed i CH3

spectrophotometrically. From the acetyl ketone lc, R 5\ .--------- /
the crystalline bicyclic ketone 2 c was isolated in yields ||_N J 'H
of 80-90% in gram-scale runs. Ketones 2 a and b were 3a-e x Ijr
obtained as unstable oils; a crystalline hydrochloride I
was obtained from 2 a. R

The structure of the photoketones 2 was apparent 4 a - f
from spectral data and several interconversions. A ll of a, R = H; R' = H
the compounds showed singlet methyl peaks at 5 1.63- b, R=CH3; R' = H
1.72, AB methylene patterns with |J gem\ =  18 Hz, and c, R=COCH3; R' = H
a singlet one-proton peak at 6.73-6.78. The ketone d, R = COC6H5; R'=H
carbonyl band in 2c appeared at 1767 cm- 1  (CCh). e, R = COCH3; R' = COCH3

The acetyl ketone 2c was obtained both by cyclization f, R=COCH3; R'=S02C7H7

of lc  and by acetylation of 2 a. The semicarbazone of 
la  also underwent cyclization, and subsequent acetyla
tion gave the N-acetyl bicyclic semicarbazone, also ob- With the bicyclic alcohols 4a-e, the possibility of 
tained from 2 c. Finally, isomerization of the photo- stereoisomers arises, and two isomeric alcohols were in
ketones 2 a and b on warming regenerated the respective fact obtained in unequal amounts by photocyclization
diazepinones. of the diazepinols. These mixtures could be separated

by crystallization or chromatography, and, as dis
ci) Supported by Grant GP-5219 from the National Science Foundation. CUSSed below, the major Cyclization product in each Case
(2) On leave, 1967-1968, from the Laboratoire de Chimie Organique I I , wag ghown to be the CXO alcohol and the minor product

Faculté des Sciences, Université de Caen, France. . t-» i a * h ,1 u • r  i x
(3) (a) O. L. Chapman, Advan. Photochem., 1, 323 (1963); (b) R. N. t l l©  B ïld o  lSOIUGr. R C Q U C tlO Il O l LilG D lCyCllC  KGlOIlGS 

Warrener and J. B. Bremner, Rev. Pure Appl. Chem., 16, 117 (1966). 2 a ~ d  w i t h  S o d iu m  b o r o h y d r id G  gaV G  c lG a i l ly  s in g le  p r o d -

u X t r a n d  E.-DBTo“; n t m T d . ^ ^  ucts which were identical with the minor photocycliza-
l. a. Paquette, ibid., 86, 500 (1964); (d) j. M. Hoiovka and p . d . Gardner, tion products, providing a convenient source of the end,0 

ibid., 89, 6390 (1967). alcohols.
C o Z l i ^ Z I ) n0te °f 8°me °f thU W°rk haS ^  : The bicyclic alcohols 4a and 5a were stable, high-
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Table I
Nmr Data for Bicyclic Alcohols and K etones

--------------5, ppm (CDCI3)------------- - ,---------------------- J, Hz---------------------- .
Compd R  R ' 3ex 3en 4en 3ex-3ena 3ex-4en 3en-4en CHa H-7

exo Alcohols (M ajor Photoisomers)

C,Hi v  , < *
|j f  "4 e n

/ V -3 e x  

| '3en 

R
4a H  H  3.23 3.86 4.48 -1 3 .5  0 3.0
4b C H 3 H  3.17 3.80 4.52 -1 2 .5  0 4.1 1.78 6.50
4c Ac H  4.58 3.82 4.58 -1 3 .5  0 3.6 1.72 6.40
4d Bz H  4.71 4.00 4.58 -1 3 .5  0 4.0 1.64 6.45
4e Ac Ac 4.69 3.85 5.66 -1 4  0 4.5 1.59 6.45
4f Ac Tos 4.54 3.73 5.25 -1 5  0 4.5 1.70 6.40

mdo-Alcohols (Hydride Series)

C6H5x  C H s /4 ex

p  r 0R'
> ~ 3 e x  

j 3en 

R
5ab H  H
5b CHa H  3.46 3.07 4.45 -1 1 .5  8.7 10.3 1.79 6.70
5c Ac H  4.59 3.46 4.00 -1 1 .3  6.3 8.5 1.69 6.57
5d Bz H  4.79 3.67 4.09 -1 0 .7  6.5 9.0 1.62 6.64
5e Ac Ac 4.91 3.47 5.01 -1 1 .7  7.4 8.75 1.77 6.66
5f Ac Tos 4.55 3.45 4.66 -1 1 .7  7.1 8.7 1.66 6.56

Ketones
c h 3

cd p  Y 3 .0Li >3ex
y  '3en 

R
2b C H 3 3.13 4.33 - 1 8  1.70 6.78
2a H  3.53 4.35 - 1 8  1.63 6.73
2c Ac 4.71 4.39 -1 8 .5  1.72 6.78

» Negative value assumed for all J opposite sign from J shown by calculation in 5e and 5f. b Compound insoluble in CDCls. 
c Spin decoupling of the spectrum of the N-acetyl alcohol 5c with an irradiating frequency of —74 Hz caused the upheld multiplet to 
collapse to a doublet, S 3.46, J  =  8.5 Hz.

melting solids. The nmr spectra of the alcohols and with aqueous acetone or acetic acid-sodium acetate at
several derivatives (Table I )  contained methyl, phenyl 50°; higher temperatures did lead to decomposition,
and vinyl singlets very similar in position to those in An attempt to methylate 4a by the Clarke-Eschweiler
the ketone spectra and three-proton A B X  or ABC mul- method (H CHO-HC02H, 90°) caused extensive de-
tiplets for the -C H 2CHOR protons. Acetylation of composition, and correlation of configuration of the
the alcohols 4a and 5a or the N-acetyl alcohols 4c and 5c N-methyl alcohol 4b with the other exo alcohols rests
gave diacetyl derivatives also obtained by cyclization of on nmr data.
the N-acety 1-4-acetoxydiazepine, and tosylates were The isomer distributions in the photocyclization of 
also prepared from 4c and 5c in the usual way. The several of the diazepinols were determined by area
interconversions of individual isomers in each series measurement of the C-7 (vinyl) proton peaks and other
established configurational correlation of the major well-separated peaks for the two isomers in the nmr
photocyclization products and hydride reduction prod- spectra of the total photolysis product mixtures (Table
ucts. I I ) .  The relatively minor differences in amounts of the

Preliminary study of the chemical properties of these 
compounds revealed no obvious differences in reactivity T able II
of the two isomeric series and no notable instability or Isomer D istribution in Photocyclization of D iazepinols 
susceptibility to rearrangement or elimination. The ,— Per cent isomer— .

alcohols were unchanged on prolonged refluxing in “ -Diazepmoi - — Major Minor
ethanol; some decomposition of 4a occurred in refluxing H ^  R (“ o) Undo)
butanol but the diazepinol 3a was not detected. Alka- 3b h  g0 20

line hydrolysis of the diacetyl derivative 4e gave first 3c C O C H 3 H  65 35
the N-acetyl alcohol 4c and then 4a. The N-acetyl 3 d C O C6H 6 H  60 40
tosylates in both series were unaffected by treatment 3e C O C H 3 C O C H 3 65 35
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T a b l e  I I I

Cyclization of D iazepines at 313 

Ketones

CTs CH3

-  ' i t /
N-N N

R R
•------------------------Methanol solution------------------------- • . ■ ■ ' Hexane solution--------------------------------- -
Absorption n X  10s, % diaz- n X  108, % diaz-
maxima of Concn /:i X  mol epine at Concn ki X  mol epine at
diazepinone, X 104, 10s, i1 P, m in-4 equilib- Absorption maxima of X  104, 103, min-1 equilib-

R  R ' X, ma (e) mol/1. min-1 min l . -1 rium diazepinone. X, mu (<) mol/1. min-1 min l. i rium

C H 3 410(4400) 1.46 38 18 410 18 406(3480) 1.70 35 19 450 27
315 (5000) 321 (4220)

(C H 2)2C N « 406(3900) 1.40 39 17 410 13 402(3040) 1.55 30 23 340 25
315 (5150) 316 (4640)

H  398(2900) 1.43 28 25 280 6 388(2050) 1.59 17 40 200 47
312 (5020) 310 (4530)

COCeHj 393(2860) 1.00 9.6 72 69 9 399 (2700) 1.20 6.9 100 60 37
298 (7160) 330,297

(5330, 6770)
C O C H 3 393(2240) 1.30 8.7 80 81 5 399 (2100) 1.43 7.3 95 75 50

315 (5520) 326,314
(5000, 4940)

Semicarbazone, 345(6700) 0.99 5.8 120 41
R  =  H  305 (7300)

Semicarbazone, 360(8300) 0.74 3.6 190
R  =  COCHs 298 7100)

Carbinols
ch3 ch3

C6Hs n 1 / O H  C6Hs\ ________ ^ 0H

w ~ 1 nV
E *

CHa H  320(6150) 1.17 2.1 330 17 316(5300) 1.36 2.6 270 25
H  H  306(4650) 1.55 1.1 660 13 299 (4380) 1.64 0.8 840 10
COCeHs H  313(8240) 0.87 41 17 250 316(8620) 0.83 41 17 240
COCHs H  308(5820) 1.23 44 16 390 309(4610) 1.56 32 22 350
C O C H 3 C O C H 3 312 (7160) 1.00 35 20 250 316(7220) 1.00 33 21 240

“ W . J. Theuer and J. A. Moore, J. Org. Chem., 32, 1602 (1967). The bicyclic product from this diazepinone was not characterized.

two isomers reflect very small energy differences in the different nonplanar conformations of the diazepinol.
transition states for the two modes of cyclization, which As discussed below (cf. Table I I I ) ,  cyclization of the
must arise by disrotatory movement of the C-5-C-6 N H  and N C H 3 alcohols 3a and 3b, which give the
and C-7-N-1 bonds from opposite faces of the ring, as highest exo/endo ratio (4:1), is slower by a factor of
shown in Scheme II. The cyclizations are arbitrarily 20-40 than the photocyclization of the N-acyl alcohols
represented in these drawings as proceeding from two 3c-e which give more nearly equal amounts of the two

isomers. Thus the degree of stereoselectivity in these 
cyclizations seems clearly to be inversely related to the 

Scheme I I  rate or efficiency of the photocyclization process.
0  (>CH* f H3 The significance of this relationship, and the extent to

p -4 0 \  Cd-i* _x/\  x ° ,M which the ground-state geometry of 3 determines the
Q / a '-'' _________*. // / ! /  product structure, cannot be assessed until more is

_ _ _ H known about the photochemical mechanism.
w Q \  '  ( I t  should be mentioned that, in representing the

(racemic) exo and endo alcohols formed in the photo
cyclization by the single projection structures 4 and 5, 
and in naming these compounds, the same configuration 

cy-% 0 Q/CH 3 Q4? OH of the ring junction at C-5 is implied for both epimers.
a  Jxp, This cannot be the case, however, since the configura-

_________*- /  /ciis \  tion at C-4 does not change during the cyclization. As
N i  illustrated in Scheme I I  for the (4<S) enantiomer, the

Q / V J  \  exo-bicyclic alcohol has the (4S,5R) configuration, while
endo the endo epimer is (4iS,5jS).
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In assigning the configuration of the hydride reduc- found with exo and endo protons at C-5 and C-6 in 
tion products and the major photoisomers, the direction norbornenes.15-19 However, the reverse chemical-
o f attack of hydride on the ketones 2a-d was first con- shift relationship of H 3en and H3ex is seen in the
sidered. The same alcohol (5c) was also obtained ex- N H  and N -C H 3 derivatives 4a and b. The chemical
clusively on reduction of 2c with diisocampheylborane, shifts of these protons are influenced by three factors:
confirming that the highly selective isomer formation in (a) the diamagnetic anisotropy of the double bond (as
these reductions stems from steric approach (“ steric noted above, H 3en should experience positive shielding
strain” ) control.6'7 The question then depends upon because of its position above the plane of the double
the relative steric importance of the ethylenic bridge bond),19 (b) proximity to OH or OR at C-4, and (c) the
and the adjacent axial methyl group. effect of N-acyl or N-methyl at N-2.

The parent bicyclo[3.2.0]heptanone is reduced by In these folded molecules, the N-2 substituent must 
hydride reagents to the endo alcohol,8 but information assume an exo configuration to avoid nonbonding inter-
about the stereochemistry of substituted bicyclo- actions with the C-6-C-7 bridge,20 and any difference
[3.2.0] -6-heptenols is rather sketchy. Photocycliza- due to proximity of the carbonyl group in the N-acyl
tion of 2,4-cycloheptadienol9 and the 2,6,6-trimethyl derivatives vs. N -C H 3 would therefore be reflected more
derivative (eucarvol)10 have been reported to proceed strongly in H 3ex than in H 3en. This conclusion is borne
in good yield, but the stereochemistry of the bicyclic out by the relatively small differences in S3eil in N-acyl
alcohols was not specified. Several dimethylbicyclo- and N-methyl derivatives in both series. In each pair
[3.2.0] -6-hepten-2-ones have been reduced with lith- of epimeric alcohols, the H3en signal in the endo isomer,
ium aluminum hydride to give sterically homogeneous i.e., the proton cis to the hydroxyl group, is at 0.33-0.6-
alcohols, but again the configuration has not been ppm higher field than H8en in the exo isomer. In the
definitely established.11 Reduction of bicyclo [3.2.0]- epimeric 2-norbornenols, the corresponding difference
3,6-heptadien-2-one with L iA lH4 gives nearly equal in H3en in the endo and exo alcohols is 0.45 ppm, with the
amounts of the exo- and endo-dienols. With a more signal in the endo isomer again at higher field.17
bulky reagent, conjugated addition of hydride predom- The signals of the ?>-exo protons in the diazabi- 
inates, but endo-bicyclo[3.2.0]-6-heptet:-2-ol was iso- cyclo[3.2.0] alcohols, however, are strongly dependent
lated as a minor product.12 In view of these limited on the substituent at N-2, and the N -C H 3 group in both
data, assignment of stereochemistry from the course hydride and photoisomers is seen to cause a large dia-
of reduction of the ketones 2, containing two substitu- magnetic shielding of H 3ex in 4b and 5b which outweighs
ents and two heteroatoms, seemed unjustified. the influence of the 6,7 double bond and causes H3ex to

Stereochemistry of Alcohols.—-A firm basis for the resonate at higher field than H 3en in the N H  and N -C H 3
hydroxyl configurations was provided by analysis of the exo alcohols. In the N-acetyl and N-benzoyl com-
C-3 and C-4 protons in the nmr spectra of 4a-f and 5a-f pounds, the deshielding of H3ex by the adjacent car-
(Table I). In the spectra of the major photoisomers bonyl and the shielding of H 3en by the double bond are
(4 ), one of the coupling constants was zero in each case, mutually reinforcing, leading to a difference 83ex — 83en
and all values of 5 and J  could be measured directly from of 1.1 ppm in the endo alcohols and 0.7 ppm in the exo
the spectra. In the hydride isomers 5 the signals for epimers. These differences between exo and endo C-3
these protons contained three spin-spin interactions; protons in the two series may be compared to differences
exact values of 83ex, 83en, and J gem for the hydride isomers of 1.1 and 0.5 ppm in the exo and endo C-3 protons in
were obtained from the A X  spectra of the 4-deuterio endo- and ea;o-2-norbornenol, respectively.17
compounds prepared from 2a-d with NaBD4. In the A  similar effect of the N-2 substituent is observed also 
spectra of the N-acetyl esters 5e and 5f, one proton was in one of the H-3 chemical shifts of the ketones 2a-c,
sufficiently deshielded to permit analysis by the stan- whereas the other signal remains practically unchanged
dard calculation for A B X  spectra,13 but the A  and B throughout the three compounds. The exo and endo
lines overlapped heavily because of the very small assignments of these protons is of necessity based en-
value of (8a — 8B) and required reference to 100-MHz tirely on this parallel behavior to the alcohols, in the
spectra.14 absence of additional data from coupling constants.

Identification of peaks due to the 3-exo,3-endo and 4 Final confirmation of the alcohol configurations was 
protons in the N-acetyl photoisomers (4c-f) follows the achieved in the hydrogenation of the epimeric N-acetyl
assignments \J\iem =  12-14 Hz and J c(s =  3.6-4.5 >  tosylates and acetates. Catalytic reduction of the exo-
Jnans =  0 Hz. On the basis that 4 represents the exo tosylate 4f gave a mixture of two dihydro compounds
series, H 3en is then upheld from H 3ex in 4c-f, as usually 16 and 7. The nmr spectrum of the total product

showed no vinyl protons. The signals due to the six 
(6) h . c. Brown and h . r . ue.ck j  Amer Chem Soc., 87, 5620 (1965). secondary and tertiary protons were hopelessly mixed

(8) s. winatein, f . Gadient, e . t . Stafford, and p. e . Kiinedinat, aid ., so, in four overlapping ABC patterns, but there were two
5895 (1958). clear methyl singlets at 8 0.91 and 1.55 ppm with an
s^m o a962h)aPman’ D' J‘ PaSt°’ W' B°rden’ Snd A' GriSW°Id' iUd" area ratio of 55:45. These isomers were not separated,

(io) o. l. chapman, Adcan. Photochem., i, 323 (1963). but analysis corresponded to 6 or 7. The higher field
dp r . l. Cargill, m . e . Beckham, a  e . siebert, and 'CDom J-Org- signal is assigned to the methyl group of the exo-phenyl

Chem., 30, 3647 (1965); R. L. Cargill and D. M . Pond, ibid., 31, 2414 (1966). & b  J °  ^
(12) P. R. Story and S. R. Fahrenholz, J. Amer. Chem. S o c 87, 1624

(1965). (15) K . L. Williamson, J. Amer. Chem. Soc., 85, 516 (1963).
(13) J. A. Pople, W . G. Schneider, and H. J. Bernstein, “ High Resolution (16) P. Laszlo and P. R. Schleyer, ibid., 86 , 1171 (1964).

Nuclear Magnetic Resonance,”  McGraw-Hill Book Co,, Inc., New York, (17) J. C. Davis, Jr., and T. V. Van Auken, ibid., 87, 3900 (1965).
N. Y ., 1959, p 132. (18) F. A. L. Anet, H. H. Lee, and J. L. Sudmeier, ibid., 89, 4431 (1967).

(14) W e are indebted to Dr. G. Reddy, Central Research Department, (19) R. R. Fraser, Can. J. Chem., 40, 78 (1962).
E. I. du Pont de Nemours and Co., Inc., for the 100-MHz spectra and for (20) There was no indication of splitting in the N-COCHa methyl peaks
helpful discussions. arising from population of two “ invertomera.”
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isomer 6 , in which methyl and phenyl groups are rates of photocyclization were measured in a simple
eclipsed and the methyl group is strongly shielded by apparatus in which solutions of the diazepines of the
the aromatic ring. This result shows that in hydroge- same initial transmittance at the 300-315-mju absorp-
nation of the exo-tosylate there is negligible discrimina- tion maximum were irradiated under standardized con-
tion of the two sides of the 6  7 double bond. ditions. The source was a 100-W medium-pressure

Hydrogenation of either the endo-tosylate or endo- mercury arc with glass and solution filters which pro
acetate, on the other hand, led to greater than 90% vided irradiation primarily by the 3126-3132-A band,
one isomer, in which the C-5 methyl peak appeared at and prevented absorption of the ketones at the longer
1.50 and 1.18, respectively. These products must be wavelength maximum. 21

the endo-phenyl compounds 8 e and 8 f  (Scheme I I I ) .  Data on the disappearance of the diazepines with
time were plotted as first-order reactions (Table I I I ) .

S c h e m e  I I I  Since the transmittance of the solutions increased dur-
ing the reaction, these plots became nonlinear after 

CeHj 3 .OTos about one half-life; rate constants were measured from 
|XH the initial slopes. For convenience in measurement,

L— the irradiations were carried out with a fixed initial 
I CH3 | optical density of 0.72-0.74 at the wavelength of the

--------- /  os /  COCH, main absorption maximum in the 300-315-m/t region.
I ''H  Hz /  6 Because of variations in the extinction coefficient of

v'IjT Pd these maxima, the initial diazepine concentrations dif-
I Hv 3 .OTos fered from compound to compound; in order to compare
COCH) „Aj N the number of moles of diazepine reacting in a given

4 f t '6il5 Nx  y  time, the quantity n mol/1. min was derived by dividing
i  one-half of the initial concentration by U/r
¿qqjj Cyclization of the diazepinols 3a-e was complete

under these irradiation conditions, but an equilibrium 
was reached with 8-18% of the diazepine in the case of 

jj h  CH3 ^  the ketones 1 in methanol; in hexane solution cycliza-
VN'n--------- ------------------------------------tion was even less complete, and proceeded only to the

L Nx 'OR Q H 5'  'OR extent of 50% with the N-acetyl ketone lc. The same
^  equilibrium compositions were reached when solutions

I I of the bicyclic ketones, obtained by unfiltered irradia-
3 tion, were exposed to the 313-mg source. The rate of

5e, R -  COCH3 8e, R =  COCH3 the reverse reaction was measured directly for the crys-
f, R = SOjCjHj {, R -  S02C,H; talline bicyclic ketones 2c and 2d in hexane and the

values of fc-i, 72 X 10- 4  min- 1  for lc  and 42 X 10- 4  

The spectrum of the dihydro acetate 8 e contained acetyl min- 1  for Id, agreed very well with those calculated,
peaks at 1.61 and 2.16 ppm which are assigned to the ^3 X  10- 4  and 41 X  10 4, respectively, from the rate
endo-OCOCHs and -N -C O C H 3, respectively, the h. of the forward reaction and the measured equilibrium
acetoxy methyl group evidently experiencing consider- concentrations,
able shielding from the juxtaposed endo-phenyl ring. h
In the hydrogenation of the endo alcohol derivatives, diazepine bicyclic ketone; fc_i =  Keq/h
therefore, approach to the catalyst surface occurs ex
clusively on the outer face of the four-membered ring The concentrations of diazepinones given in Table 
because of crowding on the inside of the bicyclic system. I l l  thus represent a true photoequilibrium due to exci-

Rates of Photocyclization.— In the initial experi- tation of the bicyclic ketones. I t  is not surprising that
ments on solar photocyclization of the diazepine a significant reverse reaction occurs, since these ketones
ketones, it was noted that the reaction was appreciably possess strong end absorption at 315 m^ (e.g., 2a, e3i6

faster with the 2-methyl derivative lb than with the 2400; 2 c, e3i5 900). With the N-methyl bicyclic ketone
2 -aeetyldiazepinone lc. These diazepinones and di- 2b, but not the other compounds, the reverse reaction
azepinols comprise a fairly extensive series of com- occurs at a measurable rate in the dark at 25°; the rate
pounds in which the reacting cyclic diene chromophore of the dark reaction in methanol (ki =  21 X  10- 3  sec-1)
is modified by a variety of substituents. This situation was about one-fourth that of the photoreaction. In
is one that cannot readily be achieved with carbocyclic hexane, the dark reaction of 2b was 30-fold slower, in
compounds, and prompted us to study the effect of dicating a polar transition state. The lability of the
substituents on the photoreaction in somewhat more bicyclic system in 2b, which appears to stem from the
detail. presence of an electron-releasing N-2 alkyl group, in-

The electronic spectra of the ketones and carbinols vites comparison with the rapid cleavage of 5-methoxy- 
are quite similar in the ultraviolet, with maxima at 230- bicyclo[3.2.0]-6-hepten-2-one in alcohol solution, at- 
240 and 300-315 m/i. The ketone spectra also contain tributed to the bridgehead methoxy group. 9 

a third maximum at 390-410 m^, and it is presumably Although the rate of the reverse photoisomerization 
this latter band which enables photocyclization of the of the bicyclic ketones is considerably enhanced in hex-
ketones to proceed rapidly in Pyrex vessels in ordinary ane, as seen in Table I I I ,  the solvent polarity has a
daylight. In order to compare directly the effect of (21) K. R. Kopecky, G s. Hammond. and p. a . in m a te ™ , y. a ™ .  

substituents in the carbinols and ketones, the relative chem. soc., 8« ,  1010 (1962).
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negligible effect on the rate of the diazepine cycliza- cyclizations can be viewed in terms of a polar excited 
tions. A  significant decrease in the photocyclization state as shown in 9. 
rate of the ketone was observed, however, in 10- 2  M
methanolic HC1. The rates of the -N H  and N C H 3 dia- CH3

zepinones la  and lb  were reduced to 12 and 23%, re- I n i
spectively, of the values in methanol; a somewhat
smaller decrease to 40 and 25% of the methanol rate was 1 —► | J 2

observed with the acyl ketones lc and Id. The larger N—N
effect of acid on la  and b is in line with the higher basic- |
ity of the latter. R

A  similar comparison of the rates of cyclization of the 9

three ketones la, b, and c was also made by irradiation
at the long wavelength maximum (393-408 mj*) using The opposite effect of acyl substitution at N - 2  in the
the same source with a narrow band-pass filter (T max diazepine carbinols 3  was unexpected, and cannot be
390 m ^); the light intensity was about one-tenth that explained with the data now available. I f  excitation 
available in the 313-mM runs Rates and values of n of the alcohols at 313 mM involves a n n ^ x *  transition
mol/1. min are given in Table IV . In this series, the 0f tTie C = N  group, cyclization via an excited state hav-
maxima and extinction coefficients differ considerably, jrlg a reverse polarity from that depicted in 1 1  could
and there is a correspondingly large difference m the conceivably benefit by electron withdrawal at N-2. It
ratios of h  and n. is entirely possible, however, and perhaps more likely

th a t the  d ifferences in  ph otochem ica l efficiency in  the  

Table IV  acy ld iazep in o ls  arises fro m  the  o peration  o f d iffe ren t
Cyclization of Diazepinones at S90 mn  exc itation  processes in  the acy l d e riva tive s  a n d  th e  n on -

n x io®, acylated compounds 3a and b.
Amax, mp Concn X ki X 103, ri/2, mol

Ketone (c) 104, mol/1. min-4 min m in"11.“ '

lb (R = CH3)“ 410(4400) 1.60 3.6 190 42 Experimental Section23' 24

la (R = IT)" 398(2860) 2.46 2.0 340 36 2-Ace yl-5-me hyl-6-pheny -l,2-diazabicyclo [3 2.0]-6-hepten-4-
lc ( R = Ac,“ 393 (2240, 3 08 0.35 1980 7.8

° Methanol solution. b Hexane solution. Brewster fermentation flask (Pyrex), and the flask was placed in
direct October sunlight for 3 hr. The nearly colorless solution 

. , • m i i v  xi ,• <■ i/i • o was evaporated and the solid residue was crystallized from ether-
As shown m Table V, the ratios of n mol/1. mm for hexane to give 0.53 g (88%) of colorless prisms of 2c: mp 122-

three diazepinones in methanol at the two wavelengths 123°; rKBr 1767, 1678 cm-1; nmr, see Table I.
correspond tolerably well, considering the limitations of Anal. Caled for ChHhCXN./: C, 69.40; H, 5.82; N, 11.56. 
the photolysis procedure. This correspondence and Found: C, 69.22; H, 5.89; N, 11.29.
,, 4 , ,i , ,i , j, r ,i i- A solution ot 73 mg of the unsubstituted diazepinone la  in 10
the fact that the rates of disappearance of the dia- mj 0f methanol was exposed to sunlight in a Pyrex erlenmeyer 
zepinones at 390 and 313 mp were proportional to the flask for 2 hr and then evaporated to give 5-methyl-6-phenyl-l,2 - 
source intensity lead us to feel that the variation in diazabicyclo[3.2.0]-6-hepten-4-one (2a) as a yellow oil. This oil
values of n mol/1. sec for the differently substituted was treated with acetic anhydride and pyridine and the resulting
diazoninps reflects at least annroximatelv the relative Product (2c) was crystallized to give pale yellow crystals, mpdiazepmes reflects, at least approximately, tne relative n 9_i2o°, identical (ir) with material obtained by irradiation of
quantum efficiencies. jc (above).

The semicarbazone of the acetyl bicyclic ketone 2c was pre- 
pared in the usual way26 and recrystallized from methanol to 

Table V give white prisms: mp 189-191°; X“°°H 250, 278 mp.
Comparison of Diazepinone Cyclizations at 313 and 390 m/x Anal. Caled for CisHnChNs: C, 60.19; H, 5.72; N, 23.40. 

Ratio of n 313 m/. 390 m »  Found: C, 60.01; H, 5.78; N, 23.21.
, 42 i 17  Hydrochloride of la .— To an 87-mg sample of the unsubstituted

. bicyclic ketone 2a was added 1 .8  ml of 6 N  HC1 and then 0.5
c  ' ' ml of concentrated HC1. Tan crystals separated which were

la/ lc '* ’ 5 4 ” collected and washed with a small volume of cold water to give
93 mg of the hydrochloride, mp 136-137 dec. Recrystallization

• ,, • ,, . from methanol containing a trace of HC1 gave tan prisms:Perhaps the most striking result m these compan- mp 139- 14 0°; xKBr 1760 cm.-1.
sons o f photochem ica l reac t iv ity  is the opposite  effect Anal. Caled for C21HU0N2C1: C, 60.88; H, 5.53; N, 11.84. 
o f su bstitu tion  a t  N-2 in  the  ketones an d  carb ino ls. It  Found: C, 60.48; H, 5.36; N, 11.58.
is ev iden t fro m  the ra te -re ta rd in g  effect o f acy l su b - Semicarbazone of la . A  solution of 30 mg of the semicarba-
stitntinn and of acid that electron release hv N  9  in the zone of dlazePlnone la m 36 ml of methanol was irradiated in astitution and ol acid that electron release by N 2  in the cyiindricai Pyrex cuvette (1 cm thick x 5 cm diameter) for 2 .5

ketone series enhances the photochemical efficiency. hr with a Hanovia 510C1 xenon arc. Evaporation of the solution
The facilitation of photocyclizations of this type by gave 28 mg of white prisms of 2a semicarbazone: mp 136-137°
methoxyl groups situated at the terminus of the react- (to yedow melt); x”« ’H 253, 281 On crystallizing the melt
ing diene system is familiar in the photochemistry of or recrystallization of the product'from methanol, the diazepinone

, , 9 , , , , . ,, , semicarbazone, mp and mmp 188-190°, XlfH 305, 350 mu, was
cyc loh eptad ien on es,9 cyc loh eptatn en on es  (tropo lon e  obtained. The bicyclic semicarbazone, mp 136°, was also ob-
a- and 7 -methyl ethers),3a and cyclcheptatrienes. 22 __________
The role of an electron-donating group at N-2 in these

(23) General procedures are given in paper X X I I  of this series.24
(24) J. A. Moore, R. W. Medeiros, and R. L. Williams, J, Org. Chem., 31, 

(22) G. W. Borden, O. L. Chapman, R. Swindell, and T. Tezuka, J . Amer. 52 (1966).
Chem. Soc., 89, 2979 (1967). (25) J. A. Moore and J. Binkert, J. Amer. Chem. Soc., 81, 6029 (1959).
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tained by irradiation of la  followed by treatment with semicarba- The eredo-N-acetyl tosylate 5f was obtained by treatment of 
zide acetate.^ Acetylation gave the acetyl bicyclic semicarbazone, 130 mg of 5c with 130 mg of p-toluenesulfonyl chloride in 1 ml of
mp 189-190 , identical with that prepared from 2c. pyridine for 24 hr. After pouring into ice, 125 mg of beige solid

2-Benzoyl-5-methyl-6-phenyI-l,2-diazabicyclo[3.2.0]-6-hepten- mp 165-170° dec, was collected and recrystallized from benzene
4-one (2d).— A  solution of 300 mg of the 2-benzoyldiazepinone and then ethanol to give 100 mg of 5f, mp 170° dec 
Id in 300 ml of methanol was irradiated in sunlight for 2  hr and Anal. Calcd for C 21H 22N 204S: C , 63.31; H , 5.57; N , 7 03 
evaporated. The light yellow solid was recrystallized to give Found: C, 63.39; H , 5.66; N , 7.03.
150 mg of nearly colorless crystals, mp 112-114°. Repeated 2-Acetyl-5-methyI-6-phenyl-1,2-diazabicyclo[3.2.0]-6-hepten-4-
crystalhzation caused some yellow color to appear; this compound exo-ol (4c).— A  solution of 250 mg of the 2-acetyldiazepinol in
appeared to be significantly more sensitive to heat than the acetyl 200 ml of methanol was irradiated at 0° using a 200-W Hanovia
derivative. medium-pressure mercury arc with Pyrex filter. After 30 min

Anal. Calcd for Ci9H i60 2N 2: C, 74.98; H , 5.30; N , 9.21. the uv spectrum showed no further change, and the solution was
Found: C , 74.77; H , 5.26; N , 9.12. evaporated and the residue was crystallized from benzene, giving

5-Methyl-6-phenyl-l ,2-diazabicyclo [3.2.0] -6-hepten-4-endo-ol lOOmg of white crystals, mp 158-165°. Several recrystallizations
(5a). A  solution of 65 mg of diazepinone la  in 20 ml of methanol from benzene gave white prisms of 4c, mp 167—168°. 
was irradiated (xenon lamp) until nearly colorless and evaporated Anal. Calcd for C i4H i6N 20 2: C , 68.83; H , 6.60; N , 1 1 .4 7  
to an oil. The oil was dissolved in 4 ml of ethanol, and a solution Found: C, 69.27; H , 6.79; N , 1 1 .4 3 .
of 38 mg of N a B H 4 in 2 ml of water-ethanol (1 :2 ) was added. The mother liquor from the first crop of 4c was evaporated to 
The solution became turbid and a white precipitate separated. an oily residue (130 m g) which showed two spots on tic (alumina
After stirring for 1 hr, several drops of glacial acetic acid was coating, ether solvent). The slower moving spot corresponded
added and the mixture was diluted with water. The colorless to the crystals from the first crop ( exo isomer). The two zones
solid was collected in two crops to give a total of 60 mg of 5a, containing the separate spots [as shown by a control plate (I2)
mp 208-214°. Recrystallization from ethanol gave glistening and subsequent separate spotting of the zones] were scraped
white plates, mp 215-220° dec. from the plate and eluted with methanol. After dilution to equal

Anal. Calcd for C i2H i4N 20 : C, 71.26; H , 6.98; N , 13.85. volumes, the eluates from the upper and lower zones showed A 270
Found: C , 71.20; H , 6.95; N , 13.72. 1.07 and 0.50, respectively, corresponding to 6 8%  endo and 32%

Acetylation gave the N,O-diacetyl derivative, 5e, mp 124-125°, exo alcohol. Nm r examination of this mother liquor mixture gave
identical mixture melting point and ir) with that obtained by values of 72 and 28%, respectively. Assuming that the first crop
acetylation of the N-acetyl endo alcohol (vide infra). of crystals was 90% exo isomer, the ratio of exo/endo in the total

5-Methyl-6-phenyl-l,2-diazabicyclo[3.2.0]-6-hepten-4-ea;o-ol reaction mixture would be ca. 60:40. The value of 65:35 de-
(4a).— A  solution of 250 mg of the diazepinol 3a26 in 250 ml of termined by nmr analysis of the total mixture (Table I I )  is
methanol was placed in two semicylindrical quartz cuvettes and undoubtedly more accurate because of mechanical losses in the
irradiated at room temperature, with a slow stream of nitrogen, above isolation.
using a 200-W Hanovia medium-pressure arc with Corex filter. Acetylation of the N-acetyl-exo alcohol gave the O.N-diacetyl 
The uv spectrum of the original solution had Xmin 280 m/x, derivative, mp 146-147°, identical with that obtained by acetyla-
Xmax 306 mu (e 5000); after 260 min the spectrum had Xma% 273 tion of the exo alcohol 4a.
mM (14,000), X 306 m^ (e 1200), and the irradiation was dis- The ezo-N-acetyl tosylate 4f was obtained as described for 5f 
continued and the solution evaporated. as a viscous oil which crystallized after several days. Recrystal-

Crystallization of the residue gave a first crop of 23 mg of the lization from benzene-hexane and then methanol-water gave 4f
endo alcohol, 5a, mp 217-221° dec (one spot, tic), and as a second as white crystals, mp 144r-145°.
crop, 106 mg of the exo isomer, mp 167-170° dec. The tic of Anal. Calcd for C2iH22N 20 4S: C , 63.31; H , 5.57; N , 7.03. 
the second crop showed the presence of a slower spot representing Found: C, 63.67; H , 5.93; N , 6.94.
about 10-20% endo alcohol. The oily mother liquor from the 2,5-Dimethyl-6-phenyl-2,3-dihydro-4H-l,2-diazepin-4-ol (3b).
second crop showed a major tic spot corresponding to exo alcohol — A  solution of 700 mg of the 2-methyldiazepinone ( l b )  in 70 ml
and three smaller spots corresponding to the diazepinol la , of ethanol was treated with 140 mg of sodium borohydrides and
endo isomer and one other compound. Recrystallization of the allowed to stand 2 hr. Acetic acid was added and the solution
first crop from methanol gave large prisms of endo alcohol 5a, mp was evaporated. The ether solution of the residue was washed,
220-225° dec; the ir spectrum contained 29 bands at the same dried and concentrated to give 320 mg of white crystals of 3b,
position and relative intensities as those in the spectrum of 5a mp 110°; recrystallization from methanol-water gave needles,
obtained by reduction of the ketone. Recrystallization of the mp 114-116°.
second crop from methanol gave 8 mg of 5a, mp 210-213°, and Anal. Calcd for C i3H i6N 20 : C, 72.19; H , 7.46; N , 1 2 .9 5 .
then 60 mg of exo alcohol, 4a, mp 166-169° (one spot, tic). Fur- Found: C, 72.12; H , 7.50; N , 13.29.
ther crystallization from methanol-ether gave rhombs, mp 168- 2,5-Dimethyl-6-phenyl-l,2-diazabicyclo[3.2.0]-6-hepten-4-ol.
171°. A  sample was sublimed for analysis. endo Isomer (5b).— A  solution of 0.37 g of 2-methyldiazepinone

Anal. Calcd for C j2H i4N 20 : C, 71.26; H , 6.98; N , 13.85. lb  in 650 ml of ethanol was irradiated in sunlight for 30 min.
Found: C, 70.79; H , 7.00; N , 13.93. The nearly colorless solution was then treated with 0 .1 g of

Acetylation of 40 mg of the exo alcohol (0.3 ml of A ^ O , 0.3 N a B H 4 and the solution kept in the sunlight for 2 more hr to
ml of C6H 5N , 16 hr, 20°) gave 48 mg of the erro-O.N-diacetyl avoid reverse reaction. After adding a few drops of acetic acid,
derivative 4e: mp 145-146°; vKBl 1740, 1665 cm-1 . the solution was evaporated to a solid residue. Addition of 10

Anal. Calcd for C i6H i8N 20 3: C, 67.11; H , 6.34; N , 9.78. ml of water gave a clear solution. A t pH  7 some turbidity de-
Found: C, 66.79; H , 5.98; N , 9.66. veloped, but the compound remained dissolved. The aqueous

2-Acetyl-5-methyl-6-phenyl-l,2-diazabicyclo[3.2.0]-6-hepten-4- solution was evaporated and the residue was extracted with hot 
endo-ol (5c).— A  solution of 114 mg of the 2-acetyl bicyclic ketone benzene. The dried benzene solution was concentrated to give
2c in 9 ml of ethanol was treated with 56 mg of N a B H 4 dissolved a white crystalline solid, mp 153-158°. Recrystallization from
in 1 ml of water. After 1 hr, 1 ml of acetic acid was added and benzene gave 290 mg of 5b, mp 158°.
the solution was evaporated, treated with water, and extracted Anal. Calcd for C i3H i6N 20 : C, 72.19; H , 7.46; N , 12.95.
with ether; evaporation of the washed (N a H C 0 3) and dried Found: C, 72.40; H , 7.19; N , 12.77.
ether solution gave 93 mg of 5c as a colorless oil which showed one exo Isomer (4b).— A  methanol solution of 0.26 g of the 2- 
spot on tic: vccu 3400, 1670 cm-1. Material prepared in this methyldiazepinol 3b was irradiated with a 450-W Hanovia
way was used for nmr. On one occasion, crystals, mp 75-80° medium-pressure lamp for 65 min and then evaporated to dryness,
dec, were obtained on evaporation of a carbon tetrachloride solu- Tic (silica, ether-methanol 1% ) showed two spots; the larger
tion; this sample contained chlorine, and analysis indicated a spot (exo alcohol) was faster moving. The slower, small spot
solvate. corresponded to the endo alcohol. The composition of the mixture

Anal. Calcd for (C i4H i6N 20 2)3■ CC14: C , 58.24; H , 5.45; was determined by nmr and the material was then chromato-
N , 9.48. Found: C, 58.39; H , 5.52; N , 9.53. graphed on 6 g of silicic acid. Initial fractions eluted with ether

Acetylation of the oil (Ac-A), pyridine) gave an oil which crystal- contained brown oil; fractions eluted with ether-2% methanol
lized from ether, giving the endo-N,O-diacetyl derivative 5e: contained exclusively exo alcohol; the nmr spectrum of material
mp 124-125°; vKBr 1770, 1675 cm-1. from these fractions was used for detailed analysis. Evaporation

Anal. Calcd for Ci6H]8N 20 3: C, 67.11; H , 6.34; N , 9.78. gave a solid residue; recrystallization from carbon tetrachloride 
Found: C, 66.92; H , 6.33; N , 9.87. gave crystals, mp 145-147°; analytical data were not obtained.

\
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2-Benzoyl-5-methyl-6-phenyl-l ,2-diazabicyclo [3.2.0] -6-hepten- and the average values were used to derive the ratios given in
4-ol (4d and Sd).— A  solution of 306 mg of the 2-benzoyldiazepinol Table I .  The same procedure was applied also to the N -C H 3 or
(3d ) was irradiated as described for the N-aeetyl derivative. N -C O C H 3 peaks in the mixtures from 3b, 3c and 3e. The ratios
After evaporation and nmr analysis of the crystalline residue, from these measurements differed by less than 2%  from those 
the mixture was triturated with ether and the insoluble material calculated from the H-7 peaks.
(85 m g), together with the first crop of crystals from the ether 4-exo d-4-endo Alcohols. Reductions of the bicyclic ketones 2b,
(25 m g)’, was recrystallized from benzene to give 98 mg of the 2c, and 2d were carried out using 400-mg samples of 2 and 80 mg
exo isomer (major product by nmr), mp 174-176°. Recrystalliza- of N a B D 4 (Merck Sharp and Dohme) by the procedures described
tion from ethanol gave colorless crystals of 4d, mp 174-175°; for the N a B H 4 reductions. The ir spectra of these 4-d, alcohols
a satisfactory analysis was not obtained. showed several distinct differences from those of the 4-1H  eom-

Anal. Calcd for Ci9H 18N 20 2: C , 74.49; H , 5.92; N , 9.15. pounds in the 800-1200-cm-1 region. The spectra (K B r ) con-
Found: C , 73.57; H , 6.55; N , 8.75. tain about eight to ten strong or medium bands in this region,

The 200 mg of solid remaining after removal of 25 mg of 4d and most of these differed in position and relative intensity,
from the ether-soluble fraction was crystallized several times from In  the spectra of the 4-d. derivatives of 4b, 4c, and 4d, there
ethanol to give 67 mg of the emfo-N-benzoyl alcohol 5d, mp 188- were strong bands at 1120-1150 and 820-860 cm-1 which were
lg y °4 either extremely weak or shifted by as much as 50 cm-1 in the

Anal. Calcd for CisHisNjCh: C , 74.49; H , 5.92; N ,  9.15. spectra of the 4-‘H  compounds.
Found: C , 74.75; H , 5.93; N ,  9.02. Photocyclization Rate Comparison. Apparatus.— A  Hanovia

Photocyclization of 4-Acetoxy-2-acetyl-5-methyl-6-phenyl-2,3- 100-W utility lamp with U-shaped quartz arc tube 616A-13
dihydro-4H-l,2-diazepine (3e).— A  solution of 286 mg of 3e24 was mounted horizontally. Directly in front of the lamp were
in 200 ml of methanol was irradiated as described for 3c and placed in sequence a Pyrex heat shield, a  1-cm Pyrex cuvette
after removal of solvent and nmr analysis, the solid mixture was with circulating water, a 7-54 Corning glass filter, and a 1-em
crystallized from ether-hexane. The first crop of crystals, 130 Pyrex cuvette containing a filter solution of 145 g/1. of N iS 0 4
mg, mp 145-150°, was recrystallized from ether to give the and 44.5 g/1. of CoS04. The uncollimated beam was passed
exo-acetate 4e, mp 149-150° (major product). From the more through a 1.3 X  1 cm shuttered aperture in a box with a re
soluble fractions, a sample of the endo-acetate 5e, mp 125-126°, movable lid. The solution to be irradiated was placed in a
was isolated. standard 1-cm quartz cuvette mounted about 1 cm from the

4-Acetoxy-2-benzoyl-5-methyl-6-phenyl-2,3-dihydro-4H-l,2-di- aperture. A  stirring bar was placed in the cell and positioned
azepine was prepared in 83% yield by acetylation of the N -  over a rotating magnetic stirrer. The temperature inside the
benzoyl alcohol 3d (acetic anhydide, pyridine, 90°, 2 hr) and box was maintained at 24-25° by means of a circulating air
crystallized from ethanol, mp 162-163°. stream. The lamp output with this filter system was measured

Anal. Calcd for C2iHa>N20 3: C, 72.39; H , 5.79; N , 8.04. by the standard potassium ferrioxalate system26 to be 70‘ =  7.6 X
Found: C , 72.32; H , 5.85; N ,  7.89. 1014 quanta/sec.

Irradiation of this compound was qualitatively similar to that For irradiation at the long wavelength maximum of the ketones 
of 3e; the bicyclic products were not isolated. (Table IV ),  the same lamp was used with heat shield and water-

2-Acetyl-5-methyl-6-e?wfo-phenyl-l,2-diazabicyclo[3.2.0]-hep- cooled cuvette and a narrow band pass (CS-5-62) filter with 30%
tan-4-endo-yl Acetate (8e).— A  solution of 130 mg of N-acetyl transmittance at 390 m/x. The intensity In' was 9.8 X  1013
endo-acetate 5e in 10 ml of ethanol was injected into a flask con- quanta/sec.
taming 20 ml of ethanol and 30 mg of 10% palladium on charcoal Procedure.— A  solution of the diazepine was diluted in the
serving as the hydrogenation vessel in an Brown hydrogenation quartz cuvette with the appropriate solvent (Spectrograde 
apparatus (Delmar Scientific Co .). After passing in hydrogen methanol or hexane) to a measured optical density of 0.72-0.75.
generated from N a B H 4 until uptake ceased, the solution was The cuvette was then placed in the holder and irradiated for ap-
filtered and concentrated to a solid residue. Recrystallization propriate time intervals; optical density was measured with a
from ether-hexane gave 120 mg of crystals, mp 100°. Further Cary Model 14 spectrophotometer. In  general, ten readings
recrystallization gave 80 mg of 8e, mp 107°. were made during the first half-life time. For all ketones except

Anal. Calcd for Ci6H 2oN20 3: C , 66.64; H , 6.99; N ,  9.72. the 2-aeetyldiazepinone lc, the reaction was followed using the
Found: C , 66.88; H , 7.30; N , 9.60. 390-410-m/i maximum, and concentrations were derived directly.

2-Acetyl-5-methyl-6-e?ido-phenyl-1,2-diazabicyclo[3.2.0]heptan- For the 2-acetyl ketone lc and the 2-unsubstituted and 2-methyl-
4-mdo-yl p-toluenesulfonate (8f) was obtained by hydrogenation diazepinols 3a and 3b, the concentrations were calculated by
of 5f as described above. The nmr spectrum of the crude product measurements of the maxima of the diazepine at 300-315 my
contained peaks corresponding to about 10% the exo-phenyl and of the bicyclic product at 260-270 my.. For the remaining
isomer. Several recrystallizations from benzene-hexane gave diazepinols 3c, d, and e, the bicyclic alcohol absorption at 315
pure 8f, mp 166-167°. my was neglected.

Anal. Calcd for C n H a im S :  C , 62.99; H , 6.04. Found:
C , 63.28; H , 5.84.

A  mixture of 6-endo and 6-exo isomers of 2-acetyl-5-methyl-<5- Registry N o — la, 1706-26-9: la-HCl, 17838-72-1; 
phenyl-l,2-diazabicyclo[3.2.0]hePtan-4-ezo-yl p-toluenesuhonate semicarbazone, 17827-16-6; lb, 4084-21-3; lc,
was prepared by  similar hydrogenation of the exo-tosylate 4f. ’ . in  n in on n
Evaporation of the filtered solution gave a colorless oil whose 4134-95-6; lc semicarbazone, 17827-19-9, Id, 17827-
nmr spectrum showed methyl peaks corresponding to two isomers 20-2; 2a, 17827-21-3; 2a semicarbazone, 17827-22-4;
in a ratio of 55:45. A  hexane solution of the oil crystallized on 2b, 17827-23-5; 2c, 3988-19-0; 2c semicarbazone,
scratching to give a white solid, mp 105-108°; the nmr spectrum 17827-25-7; 2d, 17827-26-8 ; 3a (e x o ), 17827-63-3;
resembled that of the oil. Further crystallization gave a mixture / non -?  a a a / v -  , ,
of the exo- and emdo-phenyl-4-exo tosylates 6 and 7, mp 111-119°. (en d o ), 17827-64-4, 3b (e x o ), 17827-65-5, 3b

Anal. Calcd for C 21H 24N 20 4S: C , 62.99; H , 6.04. Found: (en d o ), 17827-66-6; 3c (e x o ), 17827-67-7; 3c (endo) .
C, 63.60; H , 6.31. 17827-68-8; 3d (e x o ), 17827-69-9; 3d (en d o ), 17827-

Determination of Isomer Ratios in Diazepinol Cyclizations.—  70_2; 3 e  (exo) 17827-71-3; 3e (en d o ), 17827-72-4;
Solutions of 200-300 mg of the diazepinols 3a—e in 250 ml of , 1*7001 oq a . >lk 1 7 q q i on n* Ar* 1 *7CQ1 on *7 •
Spectrograde methanol were irradiated with a 200- or 400-W 17 0 0 1 1 1  l ’. f j  1 7 0 0 1  9 9 9 ’. 17821 9 0  9
medium-pressure lamp until A 3i5 was constant; ihe time required ’ a > 1 /0 0 1 - 0 1 - 1 , '±e, 1 1o o i -o z -z ,  * 1 , l/ o o l -o o -o ,
varied from 10 min for 3e to 100 min for 3a (cf. Table I I I ) .  5a, 17831-34-4 ; 5b, 17831-35-5; 5c, 17831-36-6;
The solutions were then evaporated to an oily or solid residue; 5d) 17831-37-7; 5e, 17831-38-8; 5f, 17831-39-9; 6 ,
after removal of all solvent at 0 .1  mm, the residues, exce^  for 17831-40-2; 7,17831-41-3 ; 8 e, 17831-42-4 ; 8 f, 17831- 
that from 3a, were dissolved completely m 1.5-2.0 ml of CD O I3. .o r  . , 0
The mixture from 3a was dissolved in acetic acid. 43-5; 4-acetoxy-2-benzoyl-5-methyl-6-phenyl-2,3-dihy-

The nmr spectra of these mixtures contained negligible peaks dro-4H-l,2-diazepine, 17827-27-9. 
for the diazepinols. The scans were made at 250 sweep width 
over a 27-Hz region containing the H -7 signals of the photo
alcohols (6 .4 -6 .8  ppm). Areas of the peaks from each isomer (26) C. G. Hatchard and C. A. Parker, Proc. Roy. Soc. (London), A23S,
were calculated from height and W '/2 (about 2 H z ) for each scan, 618 (1956).
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1,3-Dipolar and Diels-Alder Cycloaddition Reactivity of Lumisantonin1
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Some double-bond derivatives of lumisantonin (1) were prepared by its 1,3-dipolar and Diels-Alder cyclo
addition reactions. Benzonitrile oxide, a.N-diphenylnitrone, and diazomethane afforded the corresponding 
1:1 adducts 2, 3a, 3b, and 4, respectively, but diphenylnitrilimine, phenyl azide, and tosyl azide did not give 
any adduct. The pyrolysis and photolysis of 4 afforded 1-methyl lumisantonin (S) and 1,2-methylene lumisan
tonin (6), respectively; 6 was surprisingly stable on heating at 250°. The Diels-Alder reactions with cyclo- 
pentadiene, furan, isoprene, and myrcene were investigated, but only cyclopentadiene gave the corresponding 
1:1 adduct 8a. In the reactions with isoprene and myrcene, pyrolumisantonin was produced in very low yields 
as a by-product.

Although a number of double-bond derivatives of known. 3 In aiming to prepare some double-bond
santonins and their derivatives have been reported, 2 derivatives of 1 , its 1,3-dipolar and Diels-Alder cyclo-
only little about those of lumisantonin ( 1 ) has been addition reactions were investigated. As the 1 3

dipoles were utilized, benzonitrile oxide, a,N-diphenyl- 
\jo g nitrone, diazomethane, diphenylnitrilimine, and phenyl

I \ j |8 1 V and tosyl azide, the former three gave the corresponding
=  ft 4 — gr— ---- 4 — adducts, 2, 3a, 3b, and 4, respectively, but the latter

1 h  / * "  \  '  \ /  tj N.°i x  -h, !LV-\ \ y\
1 , v l  W ^ ~H. V  P ---v I '^ N  o A
y 4______ ___________ *  v

I  ° — \  y
2 q  0  ^ - ^ 4  250°

", ; ^  W

3 0  0

3a 8a 8b

" M P t  $ $ù f\  0  P
1 \  / 0

oi (3) For pioneering works on lumisantonin and its stereochemistry, see (a)
D. Arigoni, H. Bosshard, H. Bruderer, G. Buchi, O. Jeger, and L. J. Krebaum, 
Helv. C h im . A c ta , 40, 1732 (1957); (b) W . Cocker, K. Crowley, J. Edwards,

(1) Part I I I  in the series of “ Studies on the Reactions of Isoprenoids.”  T . B. H. McMurry, and E. R. Stuart, J .  Chem . Soc., 3416 (1957); (c) D H
Part I I :  T . Sasaki and S. Eguchi, Bull. Chem . Soc. J a p ., 41, 2453 (1968). R . Barton, P. de Mayo, and M . Shafiq, ib id ., 140 (1958) ; (d) D. H. R . Barton^

(2) See, for example, J. B. Hendrickson and T . L. Bogard, J .  Chem . Soc., and P. T . Gilham, ib id ., 4596 (1960); (e) D. H. R. Barton, J. T . Pinhey and
B, 1678 (1962). R. J, Wells, ib id ., 2518 (1964).
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three did not. The pyrolysis and photolysis of 4 assigned from the following spectral evidence: 1-
afforded 1-methyl lumisantonin (5) and 1,2-methylene pyrazoline structure has been shown by the infrared
lumisantonin (6 ), respectively. absorption band of N = N  stretching frequency at

In the Diels-Alder reactions, cyclopentadiene, furan, 1560 cm- 1  and by the lack of N H  band, and a typical
isoprene, and myrcene were applied as the diene, in azoalkane n-ir* ultraviolet absorption at 322 my
which only cyclopentadiene gave the corresponding (e 535) . 8 In the nmr spectrum of 4, the signal due to
Diels-Alder adduct 8 a in a low yield. 3' proton appeared at r 4.60 in a doublet (./ =  8.0

Hz) which was further split into a quartet (J  =  2.5
Results and Discussion and 1.5 Hz) by the long-range coupling with 5'-

... , methylene protons, those of 5' protons at r 4.92 and
the reaction of lumisantonin ( 1 ) with benzomtrue <- , A „„ .. t * u v  ,, . , . , v. i , , a . w  ,, , . ,. 5.14 as Ars portions ol an A B X  pattern, m which a X

oxide was carried out by refluxing an ethereal solution tion due to 4, proton red at T 7 . 1 8  in a broad
of 1 and benzohydroxamoyl chloride« m .he presence of rtet s The si als due to C - 6  H  and three methy;
tnethylamine Purification of the reaction products tons appeared at T 6 .3 0  ( i  H, d, J  =  10.3 Hz),
aflorded a 1:1 adduct in a 51% yield as colorless o ai o a o t>\ tj .• , , ,,

ji i.- u j • c , , ,. , , o.bl, 8.64, and 8.74 (9 H, s), respectively, at the
needies which exhibited infrared absorption bands at similar itions to those of j and 2  This structure
1770 (7 -lactone) 1710 (cyclopentanone conjugated with was a]s() supported by its pyrolytic deComposition to
a cyclopropane) 1602 and 710 (phenyl) cm A  As- i_meth yl lumisantonin (5); 4  on heating at 210-220°
summg principally the occurrence ol a 8 side addition + , i A i • , u. ,. , & ^ . ,  , . , P 7., „ lor several minutes yielded a brownish mass which was
of benzomtrile oxide to 1 because of the presence of ified ()n a gilica d  column to ive needles with a
C_1o “ -methyl group in 1 , the structure was assigned melti point of 1 5 5 - 1 5 7 ° in a 54% yield. This
“  ? baf  d on the nmr data which had signals at r com d was characterized as 1 -methyl lumisantonin
4.41 and 5.71 (a pair of d, J  =  6.5 Hz assignable to (s) by the analytical and the spectral data. The in-
protons at 4 and 5 positions of a oxazolme ring), and frared abso rption bands at 1 7 6 8  1 6 8 8  and 1 5 9 5  cm- i
those at r  2.07-2.70 (5 H m phenyl protoms), 644 and the ultraviolet absorption maxima at 215.5 mg

g  HA ( ’ j  =  8 i2  Hz;  C ; 6  S ’ S S  ’ J r TT (« 6182) and 257 (3448) were compatible with the 
i  n 7  ! 1'0, ’ a (e 3 ’ S’ structure 5. The nmr spectrum had signals at r

C-4 and C-10 methyl protons) 4 .2 7  ( 1  H, q, J  =  1.5 Hz) assignable to C- 2  H, and
Reaction of 1 with «,N-diphenylnitrone m refluxing m  (3  H  d j  =  L5 Hz) assignable to C -l methyl

benzene afforded two kinds of 1:1 adducts, 3aand 3b, t begides those due to c _6  H  at T 6 . 1 2  (d j  =
m 24 and 8 %  yields respectively. The nmr spectrum 1 0 .0 Hz) and three methyl groups at C-4, C-10, and 
of the mam product 3a had two doublets at r 4.83 (J  C. n  at T 8 .7 7  (s)> 8 .8 3 (s)> and g.72 (d, J  =  6.0 Hz),

, / r f  alJ ' i  ' . Z ’ aR„ll|t)ia, TQ 0 respectively. In the above pyrolysis, no trace of a
an^ f n  TT f °  ’ K w a u Tart+et t  T.6-52.(J r  i  cyclopropane derivative 6  could be isolated, and the 
and 6.0 Hz) assignable to 4 proton besices signals due minor ibilit that 6  had been produced at first as
to two phenyl protons at r 240-2^81 (10 H, m) and an intermediate in the decomposition, followed by its
three methyl protons at r 8.72 (3 H, d, J  =  6.5 Hz, rearra nt to 5  was excluded b the fact 6
C-H  methyl protons , 8.99 and 9.33 (each 3 H, s C- wag gtable in the pyrolytic conditions4 This com-
i0 and C-4 methyl protons). The fact that the d 6  on the other hand wag obtainable in a 50%
chemical shift of C-4 methy protons was considerably yie]d on the photolytic decompositions of 4  at 20°
lg er an ose o an may e expaine y  a The presence of a cyclopropane structure in 6  was

diamagnetic anisotropy of 3 -phenyl ring8 supporting indicated by its nmr spectrum, which had the signals
the structure 3a. 1 he structure of the minor product, + o oa n on • , °,, f , , ,  , at r 8.34-9.20 m a complex multiplet for four protons,
therefore, could be assumed reasonably to be 3b which T+ u ™ +• a u f %. .. 1 . o OA n oo /ir> should be mentioned here that the formation ofwas supported by the nmr signals at r 2.30-2.88 (10 e , • , , , , , . , , . ,
tj i, “ , ■ . B v 0 Ci tt r 5 on pyrolysis and 6  on photolysis both from 4 mightH, m, two phenyl ring protons), 3.61 (1 H, slightly / , e T  ... r , °
. , n r , n  (  & r ,■ • , _ j supply an example of decomposition of 1 -pyrazolinebroad s, C-5' H  of a oxazolidme ring), 5.63 (1 H, d, J  • , , , J. , . , % . ,
=  5.8 Hz, C-3 ' H  of a oxazolidine ring), 6.47 (1 H, d, ^ , v™ ght Proceed vm a dipolar intermediate on
J  =  8.5 Hz, C- 6  H ), 6.57 (1 H, d, J  =  5.8 Hz, C-4' H  P^ ° I0y and a diradlcal intermediate on photol-
of a oxazolidine ring), 8.72 (3 H, d, J  =  5.5 Hz. C - ll ,, , , . • /-A , , , , , , ,

,, , , n a a A „ tt a, ,a , 1-lvlethyi lumisantonin (5) had been treated also
methyl protons), 9.00 and 9.42 (each 3 H, s, C-10 and ,, , . ., ,. ,
C-4 methyl protons) 7 W th diazomethane to examine its reactivity m the

n  , y C. , ' .. ., ., , tvtj- t. i cycloadditions. However, an adduct 7 melting at
Contrary to benzomtrile oxide and a,N-diphenyl- Ooo oqq° a a a ■ , • , ,■+ , i , 1 . /  , 229-232 dec was produced m a very low yield, sug-mtrone, diazomethane reacted very smoothly with 1 „  ,• „  „ •, J r % , ’; , , , ... gestmg considerable stenc hinderance of C -l methvleven at room temperature to give a 1:1 adduct (4)

almost quantitatively, the structure of which was , ..
(®) For spectral properties oi 1-pyrazohnes, see R. J. Crawford, A. Mishra, 

and R. J. Dummel, J. Amer. Chem. Soc., 88, 3959 (1966), and references
(4) M. H. Benn, Can. J. Chem., 42, 2313 (1964), and references cited cited therein. The observed geminal coupling constant of 5'-methylene

therein. protons in 4 was ca. 16 Hz.
(5) The chemical shifts of C-4 and/or C-10 methyl protons have been re- (9) Compound 6 was stable and unchanged on heating in  vacuo even at

ported as t 8.77 and/or 8.88. J. T . Pinhey and S. Sternhell, Aust. J. Chem., 250° for 2 hr, though 1 has been known to decompose on heating at 200° •
18, 543 (1965). see ref 3a.

(6) An inspection of the Drieding stereomodel indicated obviously that the (10) In  extrusion reactions of nitrogen from 1-pyrazoline, two different
carbonyl group hindered sterically a free rotation of 3'-phenyl ring. intermediates (nitrogen-free diradical and dipolar or ionic) have been postu-

(7) A  larger steric hindrance for a free rotation of 3'-phenyl ring with a lated depending on reaction conditions and on the substituents: (a) B. P
lactone ring in 3b was suggested by the Dreiding model inspection, and this Stark and A. J. Duke, "Extrusion Reactions,”  Pergamon Press Ltd., Oxford" 
steric hindrance may cause to lower Sb’s yield more than 3a’s. The higher 1967, pp 116-134; (b) D. E. McGreer and W-S. Wu, Can. J. Chem., 45 461
chemical-shift values of C-4 methyl protons might be ascribable to a diamag- (1967); (c) R. J. Crawford and L. H. Ali, J. Amer. Chem. Soc., 89, 3909
netic anisotropy of the 3'-phenyl ring. (1967); and references cited in lOa-c.
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group for cycloadditions. 11 1-Pyrazoline structure of santonin by  the method of Arigoni, et al.*a) and 187 mg ( 1.20

7 was evidenced by its spectral data (see Experimental of benzhydroxyamoyl chloride* in 20 ml of ether was added
~ .. v rT,1 . ~ .... » 1 V , , A slowly a solution of tnethylamme (140 mg) m 10 ml of ether in
Section). The stability of 1-pyrazoline structure in 4 ca q  ̂hr< Refluxing was continued for further 2 hr, and the
an d  7 m igh t com e fro m  th e ir  characteristic  r in g  system , reaction mixture was washed with water, dried over anhydrous
even  th o u gh  th ey  h a v e  an  en o lizab le  h y d ro gen  at the sodium sulfate, and dried up to give a white solid which was
3' position  12 purified on a silica gel (Mallinckrodt, 100 mesh) column. The

-A. i i -r  ■ i i o j -  , e first fractions eluted with chloroform gave 100 mg of diphenyl-
Diphenyl nitnlmune, known as a 1,3 dipole of furoxanj mp 1 1 5 _ 1 1 7 o (from ethanoi, lit.ie mp 115. )f and the

nucleoph ilic  ch arac te r , 13 d id  n o t react W ith  1 at all. second fractions gave 50 mg of the recovered 1 . The third frac-
This lower reactivity might come from the steric tions afforded 185 mg (51% ) of 2 , mp 263-265° (from chloro-
hindrance of bulky phenyl group as observed in the form-n-hexane). ^  TT „

reaction of a ,N-diphenylnitrone with 1. Since organic Found-' C  71 9 2 -^H  ^  22■ * N  3 58 ’ ’ ' ’ ’ ' '
azides are known to be 1,3 dipoles of rather electro- Reaction of 1 with a,N-Diphenylnitrone.— A  mixture of 248
philic ch aracter an d  th e ir  reactiv ity  to w a rd  som e mg (1.00 mmol) of l and 197 mg (1.00 mmol) of «.N-diphenyl-
strained olefins are relatively higher, 13 1 was treated nitrone17 in 10 ml of benzene was refluxed for 15 hr, and the crude
With phenyl azide and tosyl azide, but no addition had products were chromatographed on a silica gel column. From

the fractions eluted with chloroform, 34 mg (8 % ) of 3b was 
occurred .  ̂ obtained as needles (from chloroform-n-hexane): mp 201-203°;

The Diels-Alder reaction of 1 with cyclopentadiene ir (K B r), 1763 (7 -lactone), 1725 (cyclopentanone), 1601, 1590, 
was carried out by heating a mixture of 1 and dicyclo- 765, and 700 (phenyl) cm-1.
pentadiene in a sealed tube at 180-185° for 24 hr. A n a . Calcd for C28H 290 4N : C , 75.82; H , 6.59; N , 3.16.

The product was purified on a silica gel column to theTactions eluted ’with 'chloroform-methanol (2 %
afford a 1 :1  adduct in a 2 8 %  yield. The structure was methanol v/v), 105 mg (24% yield) of 3a was obtained as
assigned as the endo isomer 8 a rather than the exo needles (chloroform-re-hexane): mp 210-212°; ir (K B r),
isomer 8 b from its nmr spectrum; a comparison of the 1770 (7 -lactone), 1725 (cyclopentanone), 1600, 760, and 700 

chemical shifts due to two methyl groups at C-4 and (phenyl) cm >.
C-10 (r 9.05 and 8 .8 6 ) of this adduct with those ( r  Found; c> 75-53; H , 6 .6 6 ; N , 2 .9 7 .
8.85 and/or 8.90) of a dihydro derivative 9, indicated Reaction of 1 with Diazomethane.— To a solution of 1 (496 
the presence of a diamagnetic shift due to a double mg, 2.0 mmol) and a few drops of triethylamine in a minimum
bond for one of the two methyl groups. In 8 a, C-4 amount of chloroform (ca. 3 ml) was added an ethereal solution

,, . , T .  _____ ____  . ,1 of diazomethane (prepared from 2.0  g of mtrosomethylurea in
m eth y l pro tons a re  h e ld  in  the sh ie ld in g  cone o f the mi 0f ether). The mixture was kept standing in a dark place
d o u b le  bo n d , w h ereas  in  8 b, b o th  m eth y l p ro ton s at at. room temperature for 24 hr. Large needle crystals were sepa- 
C-4 an d  C-10 are  rem ote  fro m  the  d o u b le  b o n d  an d  rated which was almost pure 4, melting at 203-207° dec, and
thus the S ignal a t  r  9.05 cou ld  b e  ass ignab le  to  C-4 amounted to 560 mg (97% ). An analytical sample was recrystal-

m eth y l protons, su p p o rt in g  th e  s i g n e d  e rio  stru ctu re  “  f f S o

8 a..14 cm 1.
Diels-Alder reactions of 1 with furan (at 100° for Anal. Calcd for CieHsoOsISb: C, 66.64; H , 6.99; N , 9.72.

3 days), isoprene (at 145° for 40 hr), and myrcene (at Found: C, 67.04; H , 7.02; N , 10.06.

150° for 64 hr) were all unsuccessful, recovering the /Of yrol3isis ? i4 '“ |H®a*mg °^.300 ™g °f 4
. T '  , ,, , (25-em length and 1.5-cm diameter) at 210-220 completed

starting 1 . In the latter two reactions, however, a nitrogen extrusion in a few minutes, and the resulting dark brown
compound with a melting point of 126-128° was iso- masg was purified on a silica gel column. From the fraction
lated in low yields in addition to the recovered 1 by eluted with chloroform, 140 mg (54% yield) of 1-methyl luminsan-
chromatography. This product was identical with tonin 5 was obtained asneediesi(from methai1101 )> mP 155-157°.
, , . . . • oo i * » __ u" Anal. Calcd for C 16XI20C 3' C , 7o.oZt xl, /«<4. .round. C ,the known pyrolumisantonm3a by the mixture melting 7g 5g. H 7 g 7

point determination and the perfect superimposition Photolysis of 4.— Irradiation of a suspension of 320 mg ( l . l l  
of the infrared spectrum with an authentic sample’s. mmol) of 4 in 200 ml of ether at room temperature (ca. 20°) 

As a conclusion, it can be stated that lumisantonin through a quartz cooling jacket with a 100-W high-pressure

is a good 1,3 dipolarophile with nucleophthc 1,3 I T S t f . 3
d ipo les  in v o lv in g  no  b u lk y  substituents, bu t  Its d ien o - 0f tdljs period the suspension became to a clear solution which 
ph ilic  reac t iv ity  seem s to  b e  co n s iderab ly  low . was dried up to give a yellowish residue. Purification on a silica

gel column using chloroform as an eluent afforded 143 mg 
(50% yield) of 6 as plates (from chloroform-re-hexane): mp

Experimental Section16 253-256° (the crystal form changed at ca. 200° ) ;  uv max
(E tO H ) 273 m/u (e 126); ir (K B r ) 3055 (cyclopropane C -H ),  

Reaction of 1 with Benzonitnle Oxide. To a refluxing mixture 1770 (7 -lactone), and 1710 (cyclopentanone conjugated with
of 248 mg (1.00 mmol) of lumisantonin (prepared from a- cyclopropanes) cm“1; nmr r  6.44 (1 H , d, J  =  9.0 Hz, C -6  H ),
------------------- - 8 .34- 9.20  (complex m, superimoposed with the signals of three

(11) A  nonbonded interaction of C -l methyl with C-10 methyl in the prod- methyl groups but total area for this region corresponded to
uct as well as C -l methyl’s steric hindrance for the approach of a attacking 9 H  +  4 H  =  13 H ; this indicated the presence of 4 H  attached
molecule may cause lower the yield. . to a cyclopropane), 8.72 (d, J  =  7.5 H z), 8.76 (s) (each ca. 3 H

(12) A  facile isomerization of 1-pyrazoUnes to 2-pyrazohnes is known as a ^  ^  e ^  fo rm er ^  c _n  m eth y l p rotons and th e  la tte r

general trend of 1-pyrazohnes with an active hydrogen at the 3 position, see Q ^  ^  protons) and 8 .92 (ca. 3 H , s, C-4 methyl protons),
also ref 13a.

(13) (a) For a recent review, see R. Huisgen, R. Grashey, and J. Sauer, 
in “ The Chemistry of Alkenes,”  S. Patai, Ed., Interscience Publishers, New 
York N. Y ., 1964, pp 806-878; (b) R . Huisgen, H. Knupfer, R . Sustman,
G. WAllbillich, and V. Weberndorfer, Ber., 100, 1580 (1967). on a Jasco Model ORD/UV-5 spectrophotometer. Nmr spectra were ob-

(14) In  the Diels-Alder reactions of a cyclic dienophile with cyclic dienes, tained in CDCls with a Varian A-60 or a Hitachi H-6013 spectrometer and
the endo-addition rule is well established; see ref 13a, pp 910-912. are reported in r values relative to tetramethylsilane as an internal standard

(15) All melting points were determined on a Yanagimoto micromelting and singlet peaks are designated as s, doublet as d, triplet as t, quartet as q, 
point apparatus and are uncorrected. Microanalyses were carried out on a and multiplet as m.
Yanagimoto C. H. N. Corder Model MT-1. Infrared spectra were recorded (16) H. Reinbolt, Ann., 451, 164 (1927).
on a Jasco Model IR-S infrared spectrophotometer and ultraviolet spectra, (17) A. H. Wragg and T . S. Stevens, J. Chem. Soc., 461 (1959).
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Anal. Calcd for Ci6H 2o03: C, 73.82; H , 7.74. Found: C, from chloroform-n-hexane: mp 198-200°; ir (K B r ) 1770 (y-
73.86; H , 8.10. lactone), 1713 (cyclopentanone), and 1640 (as shoulder, double

Reaction of 5 with Diazomethane.— A  mixture of 290 mg (1.11 bond) cm-1; uv max (M eO H ) 283 m^ (e 72); nmr r  3.81 and 4.01
mmol) of 5 and a few drops of triethylamine in 3 ml of chloro- (each 1 H , A B  q, /  =  5.5 Hz, each peak was further split into
form was treated with an excess of diazomethane in ether, and doublet, J  =  3.0 H z) assignable to C -2 ' and C -3 ' H , 6.40 (1 H ,
the mixture was kept standing in a dark place for 1 week at broad s, C -4 ' H , superimposed with the signal due to C -6 H ),
room temperature. After removal of the excess diazomethane 6.50 (1 H , d, J  =  10 Hz, C -6 H ), 6.84 (1 H , broad s, C - l '  H ),
and the solvent, the residue was chromatographed on a silica 7.18 and 7.28 (2 H , A B  q, J  =  5.0 Hz, C - l  and C-2 H  =  C -5 '
gel column. Fractions eluted with chloroform afforded 190 mg and C-6 ' H ), 8.76 (3 H , d, /  =  7.0 Hz, C - l l  methyl protons),
of the starting 5, and the fractions eluted with ethyl acetate gave 8.86 and 9.05 (each 3 H , s, C-10 and C-4 methyl protons).
65 mg (21.5% yield) of the adduct 7 as fine needles from chloro- Anal. Calcd for C 20H 24O3: C, 76.89; H , 7.74. Found: C, 
form-n-hexane: mp 229-232° dec; ir (K B r ) 1780 (7 -lactone), 76.88; H , 8.25.
1710 (cyclopentanone), and 1557 ( N = N )  cm“1; nmr r  4.60- Hydrogenation of 8a.— A  mixture of 94 mg (0.30 mmol) of 
5.50 (3 H , these signals were very weak because of low solubility 8a and 300 mg of prereduced P d -C  (10% ) in 20 ml of ethyl ace-
in CD CI3, 1 -pyrazoline ring protons), 6.45 (1 H , d, /  =  10.0  tate was hydrogenated at 2 1 ° for 5 hr. After work-up product
Hz, C -6 H ), 8.69, 8.76, and 8.93 (each 3 H, s, three methyl pro- was recrystallized from dichloromethane-re-hexane to afford 74
tons at C -l, C-4, and/or C-10), and 8.80 (3 H , d, J  =  7.0 Hz, mg (79% yield) of 9 as prisms: mp 208-210°; ir (K B r ) 1770
C - l l  methyl protons). (7 -lactone) and 1720 (cyclopentanone) cm“1; nmr t 6.30 (1 H ,

Anal. Calcd for CnH 220 3N 2: C, 67.52; H , 7.33; N , 9.27. d, /  =  9.6 Hz, C -6 H ), 7.05 (1 H , broad s, C -4 ' H ), 7.47 (3 H ,
Found: C, 67.95; H , 7.73; N , 9.41. broad unsymmetrical s, C - l ',  C -l, and C-2 H ), 8.75 (3 H , d,

Reaction of 1 with Diphenylnitrilimine.— To a solution of 496 J  =  6.0 Hz, C - l l  methyl protons), 8.85 and 8.90 (each 3 H , s,
mg (2.00 mmol) of 1 and 450 mg (2.00 mmol) of benzphenyl- C-4 and/or C-10 methyl protons).
hydrazidoyl chloride18 in 25 ml of benzene was added 0.5 ml of Anal. Calcd for C 20H 26O3: C , 76.40; H , 8.34. Found: C,
triethylamine, and the mixture was stirred for 15 hr at 40°. 76.36; H , 8 .88 .
After being washed with water and dried over sodium sulfate, the Reactions of 1 with Furan, Isoprene, and Myrcene.— An
mixture was evaporated to dryness, which, on purification by  equimolar amount of 1 and furan, isoprene, and myrcene was
chromatography, gave 300 mg of the starting 1 (mp 155-157°) heated in the presence of a catalytic amount of hydroquinone
but no other crystalline products. in a sealed tube at 100° for 3 days, 145° for 40 hr, and 150° for

Reactions of 1 with Phenyl and Tosyl Azides.— 1 was treated 64 hr, respectively. After work-up and chromatography on a
with an equimolar amount of phenyl19 and tosyl azide20 in benzene silica gel column the product was only the starting 1 , respectively,
solution at 40° for 2 weeks, and the product was examined on but in the reactions with isoprene and myrcene, pyrolumisan-
tlc, only a spot corresponding to the starting 1 being observed, tonin was also obtained in 3-13%  yields as needles (from n-
which was recovered in 80-90% yield. hexane), mp 126-128° (lit.3® mp 126-127°), which was identified

Reaction of 1 with Cyclopentadiene.— A  mixture of 496 mg with an authentic sample by no depression of a mixture melting
(2.00 mmol) of 1, 200 mg (1.5 mmol) of dicyclopentadiene, and point and a superimposition of the infrared spectra.
10  mg of hydroquinone was heated at 180-185° for 24 hr in a Anal. Calcd for Ci5Hx80 3: C, 73.14; H , 7.37. Found: C,
sealed tube (under reduced pressure of 30 mm). The product 72.69; H , 7.30. 
was purified on a silica gel column, using chloroform as an eluent. .
The first fractions gave the excessd icyclopentadiene, and the Registry No. 1, 467-41-4 ; 2, 17668-46-1; 3a,
second fractions afforded 175 mg (28% yield) of 8a as needles 17603-79-1; 3b, 17658-99-0; 4, 17603-80-4; 5, 17668- 
-------------  48-3; 6 , 17668-47-2; 7, 17668-49-4; 8 a, 17668-50-7;

(18) R. Huisgen, M . Seidel, G. Wallbillicht, and H. Knupfer, Tetrahedron, 9, 17668-51-8.
IT, 3 (1962).

(19) R. O. Lindsay and C. F. H. Allen, "Organic Syntheses,’ ’ Coll. Vol. Acknowledgments.----W e  w is h  t o  t h a n k  N lD D O n
I I I ,  John Wiley & Sons, Inc., New York, N . Y ., 1955, p 710. rji.* r r'i T  4-J r  xi, i c

(20) W. von E. Doering and C. H. De Puy, J. Amer. Chem. Soc., 75, 5955 b h l l i y a k u  Co., Ltd., f o r  t h e  gen e rO U S  S u p p ly  o f  S a n -
(1953). t o n in .
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The Crystal Structure of Photoisopyrocalciferyl m-Bromobenzoate1
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Department o f Chemistry, St. O laf College, Northfield, Minnesota 55057, 
and the Chemical Crystallography Laboratory, Oxford University, Oxford, United Kingdom

Received March IS, 1968

The molecular structure of photoisopyrocalciferol has been determined by a crystallographic investigation of 
the m-bromobenzoate ester. The unit cell is described by space group P2i with dimensions a 21.20, b 7.38, c
10.34 A , 0 92.77° containing two. CasH^ChBr molecules. The B  ring of the sterol nucleus is in the form of two 
fused four-membered rings, one of which contains a double bond. The cyclobutene ring is cis to the C-19 methyl 
group on one side of the cyclobutane ring, while on the opposite side the A  and C  rings are attached in cis con
figuration. The sterol configuration may be described as 3j8-OH, 9/3-H, 10/S-CH3, 13/3-CH3, and 17/3-C9IIn.

The structural formula of photoisopyrocalciferyl m- lumisterol, irradiation induces ring opening between
bromobenzoate was proposed by Dauben and Fonken,2 C-9 and C-10 to form the triene precalciferol now be-
and it has been confirmed by this analysis. Photo- lieved to be the precursor of calciferol in its formation
isopyrocalciferol is a member of the vitamin D  series from ergosterol. In the case of the two syn isomers,

9a-H, lOa-CHs in pyrocalciferol and 9/S-H, 10/3- 
CH3 in isopyrocalciferol, the irradiation products are 

is | | 3 j6 those formed by ring closure with a single bond across
l3 ]i7 34___ a /  the B ring between C-5 and C-8 and with a double bond

lt "p ^27 in the position between C-6 and C-7.
i J _____ ||s 28 Dauben and Fonken have proposed the structures of

0 the photo compounds based on chemical and spectro-
35 | I scopic studies.2 The present study was undertaken to

determine the stereochemistry of photoisopyrocalciferol 
1 ■' *  6 by independent means.

3 3 ^ > 3 ,
32̂
J Experimental Section

The crystals used in this study were kindly supplied by D r. 
of sterols derived from ergosterol.8 If calciferol is Dauben and D r. Bauman. They prepared crystals of the ester
heated at 188° in a sealed tube a 1 :1  mixture of pyro- of photoisopyrocalciferol and m-bromobenzoic acid with mp

calciferol and isopyrocalciferol is produced.8 The 9417°794B*/  * 2 S ?  J  S f k S
latter compounds contain the conjugated diene struc- The crystals form flat colorless needles with the long dimension 
ture as does ergosterol.8 parallel to the 6 axis (Table I ) .  The a axis is perpendicular to

Ultraviolet irradiation of these pyro compounds 
gives, respectively, photopyrocalciferol and photo- T a b le  I
isopyrocalciferol.6 The compounds with the con- a, A 2 1 .2 0  ± 0 .0 4

jugated diene bonds in the B ring undergo rearrange- A 10 34 ± 0  02

ment when irradiated with ultraviolet light. The 92^77 ± 0 ’25°
products which form depend on the configuration at Space group P2,
C-9 and C-10.2 When the C-9 and C-10 substituents M ^^g/m ““ * t . n

are in the anti configuration, in particular 8a-H, Caicd d,g/mi 1 .1 9

10/3-CH3 in ergosterol and 9/3-H, 10a-CH3 in Observed reflections 1342

R the flat sides of the crystals. Weissenberg photographs show
■ I monoclinic symmetry with systematic absences only of the type

OfcO for k odd. For assymmetric molecules the only space group
r  I_____ I possible is P2,. Quartz-calibrated photographs of the hOl and
I 1 hkO were used to determine the cell dimensions. Multifilm

/ n . ontL—^  I I T  equiinclination Weissenberg photographs of the layers hOl
1 ] --------  d through h6l were taken with Cu K a  radiation. The intensities

---------' 0 | of the reflections were measured by  visual comparison with an
[ 10 || I Jl intensity standard. Absorption corrections were not made.

JL B p | The reflection intensity cut off sharply at high angles indicating
0  I 1 large thermal motions or possible radiation damage to the

A  ■ ' N A  crystals. A  fresh crystal was chosen for each long exposure to
I ^ —  I minimize the effects of the latter.

Determination of the Structure.— The structure was de- 
--------------------  termined by  heavy-atom electron-density methods followed by

(1) This investigation was supported by U. S. Public Health Service nine cycles of least-squares refinement. The listing of atomic
Grants A-5382 and G M  10941-02 and by a special postdoctoral fellowship parameters, isotropic temperature factors, and observed and
1-F3-GM-28,496-01. calculated structure factors has been deposited with the American

(2) W. G. Dauben and G. J. Fonken j .  Amer.Ckem. Soc 81, 4060 (1959). Documentation Institute.’ The final F  =  2 |F„| -  |F„||/2|Fo| =
(3) L. F. Fieser and M . Fieser, ‘ Steroids, Reinhold Publishing Corp., 11 1 1

New York, N. Y . 1959, Chapter 4. O.ZUO.
(4) P. Busse, Z .  P h y s io l. C hem .f 214, 211 (1933).
(5) A. Windaus and J. Naggatz, A n n ., <42, 204 (1939); A. Windaus and (7) Document NAPS-00022 from ASIS National Auxiliary Publications

K. Bucholz, Z .  P h y s io l. C hem ., 2 « ,  273 (1938). Service, % COM Information Sciences, Inc., 22 West 34th Street, New
(6) K . Dimroth, Ber., 70, 1631 (1937). Y o rk .N .Y . 10001; remit $1.00 for microfiche or 33.00 for photocopies.
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Figure la .— The bond distances in photoisopyrocalciferyl ro-bromobenzoate.
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Figure lb .— The bond angles in photoisopyrocalciferyl w-bromobenzoate.

The isotropic temperature factors fall in the range 2.9-11.6 the opposite side of the cyclobutane ring the C-19 
with the lower values for carbon atoms in the sterol framework tyuR -W I „ „ „ „ „  „ „ u  +u„ ■ • .
and the highest values for B r (11.2) and C-26 (11.6 A2). N o  T  S the ^ b u t e n e  ring are m CTS con-
dispersion corrections were applied to the B r scattering which figuration. 1 he bromobenzoate phenol group is planar 
may be an explanation for this high value. The large value for within a maximum deviation of 0.04 A. The plane of
C-26 may be caused by large thermal motions of this methyl the carboxyl group is tilted 8 °  with respect to the plane
p-oup at the end of the carbon side chain. The over-all tempera- o f the bromobenzene ring. The A  ring shows the 
ture factor determine by intensity statistics is 7.2. From the , ■ ® ® , u le
determined positional standard deviations the expected average cnair Configuration with the oxygen atom attached to 
standard deviation for a carbon-carbon bond length is 0.05 A, 'n the equatorial position as has been found for
and the average standard deviation for a bond angle about a car- calciferol.8 The cyclobutane ring and the cyclobutene
bon atom is 4° (see Figures la  and b ). ring make an angle of 110°. The angles about the

C-5-C-8 bond show distortions up to 2 0 ° from tetrahe- 
Discussion dral owinS to the necessary bending of this bond. The

four-membered rings appear to be twisted out of square 
The rearrangement of atoms is in agreement with shape by as much as 8 °. Such a distortion places the

the structure proposed by Dauben and Fonken. 1 The atoms in the cyclobutene double bond more distant
configuration of the sterol nucleus is 3/S-OH, 9/3-H, from the C-19 methyl group, and it allows ring A  to
10/3-CH3, 13/3-CH3, and 17/3-C9Hn. The novel fea- adopt a less strained chair arrangement. Ring C
ture of this sterol is the system of two fused four-mem- which is usually in the chair form in this series of
bered rings, one of which contains a double bond. One sterols is in this case flattened with C-9 lying in the
of these rings containing C-5, C-8 , C-9, and C- 1 0  joins plane of atoms C-8 , C -ll, C-1 2 , and C-14 in order to 
ring A  and ring C in cis configuration giving a right-
angle bend in the over-all shape of the molecule. On j. cLm.' 9 7 t 9 7 9 9 f9 immer’ D’ Dumtz’ and K' N' TruehIood>
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The reactions of trivalent phosphines with certain 1,2-dichloroperfluoroeycloalkenes or perfluorocycloalkenes 
give the corresponding phosphobetaines in fair to excellent yields. Ample physical data are presented to sub
stantiate the assigned structures. This includes ir, 19F  and 31P  nmr, and analytical data. Although the litera
ture is voluminous with possible mechanistic paths of various nucleophiles with the above type olefins, there exists 
no proof of the suggested first intermediates involved. This paper describes the isolation and experimental re
sults of the initial 1 :1 adduct of triphenylphosphine and perfluorocyclobutene, as well as discussing a plausible 
mechanism for the formation of the phosphobetaine. The betaine 4,4,5,5-tetrafluoro-2-(triphenylphosphoranyl- 
idene)cyclobutane-l,3-dione undergoes several crystal structure changes and two melts before its final melting 
solid. This interesting and novel polymorphism is discussed.

When trialkyl phosphites and 1,2-dichlorohexaflu- butene, perfluorocyclohexene, perfluorocyclopentene,
orocyclopentene (DCHFC) are heated together, the and perfluorocyclobutene. In the 1,2-dichloro series an
corresponding tetraalkyl perfluoro-l-cycloalken-l,2 -yl- interesting but not altogether unexpected trend was
enediphosphonates are formed as the major products. 1 observed. The cyclobutene derivative was by far the
Owing to the extreme reactivity of trivalent phosphorus most reactive, followed by the cyclopentene as depicted
compounds towards electron-deficient olefins, we con- in Figure 1. The cyclohexene derivative does not give
sidered the possibility of preparing phosphobetaines any phosphobetaine under these reaction conditions,
by treating 1,2-dichloroperfluorocycloalkenes and per- Instead, only triphenylphosphine oxide and tars are
fluorocycloalkenes with trivalent phosphines. This found. Even under more strenuous conditions, using
was based on our previous work involving the reaction an auto-clave at temperatures above 125° under a slight
of certain tertiary amines with DCHFC, which gave nitrogen atmosphere, identical results were observed,
nitrogen betaines under hydrolytic conditions, 2 and In the perfluoro series a similar trend was observed,
some unreported work involving the reaction of where perfluorocyclobutene and perfluorocyclopentene
l-chloro-2 -methoxyhexafluorocyclopentene with tri- reacted readily, and perfluorocyclohexene remained un-
phenylphosphine. In the latter case the phosphobe- reacted. No effort was made to compare the reactiv-
taine was obtained in fair yields. ities of the 1 ,2 -dichloro and perfluoro cyclic olefins

Our experimental approach was devised from a recent A  plausible explanation for this observed deviation 
communication which illustrates the use of acetic acid can be rationalized from Table I .4 This shows a notice- 
and water for the preparation of the betaine l-(3,3,4,4-
tetrafluoro-2-hydroxy-5-oxo-l-cyclopenten-l-yl)pyri- T a b l e  I
dinium hydroxide, inner salt. 3 By adopting this Excess strain of

procedure for our own work we were able to prepare cycio olefin,

various phosphobetaines in fair to excellent yields de- Rmg slze kcai/moi

pending on the particular olefinic substrate. 5 4 -3

Reactions Studied.—Although the reaction of several ^ g
tertiary phosphines are included in this paper, only tri- q 0‘
phenylphosphine was extensively investigated with all q, 5 2
of the halo olefins studied in this paper. These olefins
include 1 ,2 -dichlorooctafluorocyclohexene 1 ,2 -dichloro- abJe reduction of the double_bond strainincyclohexene,
hexafluorocyclopentene, 1 ,2 -dichlorotetrafluorocyclo- By applying ^  reasoning to the perhalo olefins it

( 1) A. w. Frank, j . Or,, cum., so, 3663 ( 1965). becon?es aPParent ^  tbe six-membered cyclic com-
(2) F. h . Megson, m . t . Beachem, and r . f . stoekei, Abstracts, 149th pounds are less reactive than tile corresponding four-,

National Meeting of the American Chemical Society, Detroit, Mich., April five-, and Seven-membered Compounds. Although this
1965, p I IP .

(3) S. E. Ellzey, Jr., and W . A. Guece, J. Org. Chem., 31, 1300 (1966). (4) N . S. Zefirov and V. I. Sokolov, Russ. Chem. Rev., 36 (2), 90 (1967).
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> / | \  Figure 3.

— (r~ ~y— ( "  Structure assignment of the adduct is based on
X  X  —► X  X  +  vC6H5)3P — ► 0  analytical results and ir and nmr spectroscopic data.
( y T \  L —  J The XH spectrum [(CH3)4Si as the internal standard]
0 shows only aromatic absorption. The 31P  spectrum

' [(CH 3CH2) SP 0 4  as the internal standard] shows a broad
Figure 2. peak at —5.6 ppm, which is in the correct region for a

. . .  , , , . . T , . . , tetravalent positively charged phosphorus atom . 11 In
order is m contrast to the scheme of 7 strain 3 a number fact this value ig ve close to that found for the hos_

t r e n S "  ^  V"  phobetaine product of this adduct. The 19F nmr spec-
. ' . , . . , , trum (CC13F as the internal standard) shows two clus-

An alternate possibility which cannot be ruled out ters of peaks at *  8 6 1  and 124.2. Usi allyl trifluoro-
because of the observed facts involves the intervention acetate as an internal standard the H . F(86.1 ). F(124.2)
of a intramolecular W ittig reaction.3 In this case the ratio ig 15:4;2. These multiplets give symmetrical
six-membered ring, more sc.thanthe other homologs, is spin.coupling patterns, but the coupling constants

ldeai y  SeVuP StenCf ! Iy, “ d f lectr0mCf Uy f?r ihls P.os- could not be measured because of their complexity,
sibihty. This would lead to an extremely reactive Further probes in the area of 19F nmr studies are cur- 
cyclohexyne intermediate as illustrated in Figure 2 , ^  in Drogress These include low-ternnemtore
which would result in a variety of products. Thus far P , , ■ , • , P , ., • . , , , ,, examination and a study involving computer analysis,
trapping experiments have failed to reveal the presence We hope to report shortly Qn thege findings Rg g0/n ag

o is species. meaningful information is ascertained.
During the course of this study we were able to Supplementary proof is derived from the analysis of 

isolate under anhydrous conditions a 1:1 adduct of c 22H 16F6P  (Anal. Calcd: C, 62.26, H, 3.53; P, 7.31.
perfluorocyclobutene and tnphenylphosphine Recent Found; c  62.75; H , 3.55; P, 7.50.) and the ir spec-
investigators have been trying to prove that that carb- trum. The latter gives strong b a n d g l2  at 7 .0  13P 2 2

anions are the first formed intermediates in the re- and 1 4 .5 4  due to P_phenyl> and st band’ at 8 ’

0« r r l  H  T w v l°  f In r r n  d” * *  CF2 absorption. There was no absorptioncases it appears that the stability of the postulated centered around 1 6 6 5  cm- ,  due to the

n^th 9 7  Th S thetlreaCt10? functional group. 13 Final support is the ease in which
L - ’ n i V  t  f  f P To w  appareT ly 13 n0t the 1 : 1  adduct readily reacts with water to give the
so important as other factors.1» However, the forma- phosphobetaine II.
tion of a carbamon as he first step has been a hypothe- Analogously, tributylphosphine and butylidiphenyl- 

exSisUted Pr6Se ’ “  n 0  eXpenmental Pr° ° f  Phosphine give the corresponding betaines with DCH-

The 1:1 adduct which we have succeeded in isolating ^ ‘ comparable yields as indicated “  Table I I

can perhaps be best explained by an equilibrating 1,3- Reaction Mechanism.-The 1 : 1  adduct supports an
dipolar species I  -although a nonelassical structure I I  addition-elimination path similar to that of other
cannot be excluded. We feel that this lends credibility . , , , ", , , . T J nucleophiles studied using this substrate. However

¡ T '  11 ha SenSe , LTa T rb* in this instance the addition product happens to beanion stabilized electrostatically by a positive P  atom. isolable as has been found with some alic PPlic perhalo

/F 2 F2. Fj Fj. F2 olefins. Even when excess phosphine is present the
-s _  ]—J or fp j major product is still the phosphobetaine. This is in

p P---- F— W — F sharp contrast to other nucleophiles studied on these
, P+ p+ P P\i+ halo olefin substrates. With perfluorocycloalkenes,
l / | \  / | \  ) the products are 1 , 2  disubstituted. 14’ 16 The same types

_  f f  (11) K. Moedritzer, L. Maier, and L. C. D. Groenevegh, J. Chem. Eng
1 Data, 7, 310 (1962).

,,, it  «  t. „  _  (^2) N. B. Colthup, L. H. Daly, and S. E. Wiberly, “ Introduction to
®  Br°wn, liec. Chem. Progr., 14, 83 (1953). Infrared and Raman Spectroscopy,”  Academic Press, New York N  Y
(6) K . Ziegler and H. Froitzheim-Kilhlhorn, Ann., B89, 157 (1954). 1964.
(7) J. G. Traynham and M . F. Sehnert, J. Amer. Chem. Soc., 78, 4024 (13) R. F. Stockel, M . T. Beachem, and F. H. Megson J  Org Chem 30

(1956). 1629 (1965). "  '
(8) A. Maercker, Org. Reactions, 14, 378 (1965). (14) J. D. Parks, M . L. Sharrah, and J. R. Lacher, Amer Chem Soc
(9) J. D. Park, J. R. Lacher, and J. R. Dick, J. Org. Chem., 31, 1116 71, 2337 (1949).

(1966). ( 15) R. F. Stockel, M . T. Beachem, and F. H. Megson, Can. J. Chem 42
(10) D. J. Burton and R. L. Johnson, Tetrahedron Lett., 2681 (1966). 2880 (1964).
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T a b l e  I I

P h y s ic a l  D a t a  on  P h o sp h o b e t a in e s

Yield, Ir,a ,----------- Anal., %----------- ,
Compound % Mp, °C  n Nmr6 C H  P

A, 4,4-Difluoro-2-(triphenylphosphoranylidene)- 42' 228-229 5.68 3‘P —4.1 ppm Calcd 69.47 3.94 8.15
cyclobutane-1,3-dione 6 0 6 . 0 3  18F  4> +118 .4  Found 69.29 4.10 8.18

C22H 15F 2O2P  6.16
B, 4,4,5,5-Tetrafluoro-2-(triphenylphosphoranyl- 81* 173-174 5.85 31P  — 10.2 ppm Calcd 64.18 3.48 7.20

idene)cyclopentane-l,3-dione 75/ 5.98 19F  <t> - f  128.3 Found 64.1 3.46 7.18
C 23H 15F 4O2P  6.10

C, 4,4,5,5-Tetrafluoro-2-(butyldiphenylphos- 72» 148-149 5.82 81P  — 12.8  ppm Calcd 61.46 4.63 7.56
phoranylidene)cyclopentane-l,3-dione 5.95 19F  <j> -f-128.5 Found 61.46 4.68 7.61

C21H 19F 4O2P  6.08
D , 4,4,5,5-Tetrafluoro-2-(tributylphosphoranyl- 60* 68-69 5.75 31P  — 21.7 ppm Calcd 55.13 7.28 8.38

idene)cyclopentane-l,3-dione 5.85 19F  ¡p +128 .4  Found 54.90 7.31 8.37
C 17H 27F 4O2P  6.08

0 Mineral oil mulls on a Perkin-Elmer Model 317 spectrophotometer. 6 Yarian H IL60 compounds were measured as 10% solutions, 
F  in CFCI3, and P  in (E t)jPO i as internal standards. c Reactants: triphenylphosphine and 1,2-dichlorotetrafluorocyclobutene. d Re
actants: triphenylphosphine and perfluorocyclobutene. * Reactants: triphenylphosphine and 1,2-dichlorohexafluorocyclopentene. 
1 Reactants: triphenylphosphine and perfluorocyclopentene. » Reactants: butyldiphenylphosphine and 1,2-dichlorohexafluorocyclo- 
pentene. * Reactants: tributylphosphine and 1,2-dichlorohexafluorocyclopentene.

of disubstituted products are observed with 1,2-di- the tributyl derivative the band at 6.82 n is blocked
chlorofluorocycloalkenes when the nucleophiles are out by the mineral oil.
phosphorus, sulfur, and arsenic,16 but otherwise these The microanalyses for C, H, and P  were all satis- 
latter types of olefins give 1,3,3-trisubstituted deriva- factory.
tives.17’18 The reason for this difference with phos- The ability of a compound to exist in at least two 
phines is probably due to electronic and steric factors. distinctly different crystalline phases is actually a com-
Once the initial addition-elimination is complete C-2 mon occurrence in organic chemistry. However, un
becomes susceptible to attack by water because of the like most polymorphic compounds, crystals of B in
positive phosphorus atom. Furthermore this course Table I  show two phases stable below the melting
of events are probably the only possibility that could point, and two quite different phases are obtained on
occur because additional attack by phosphine would be cooling the melt. Table I I I  lists transition tempera-
inhibited at C-l or C-2 due to steric hindrance. Finally tures for the polymorphs of B. Further microscopic
water reacts a second time at C-4 to give the final investigation is in progress with similar type corn-
stable phosphobetaine. See Figure 3. pounds.

Recent studies indicate that once the initial carban- T a b l e  I I I
ion is formed elimination can occur at two different „  . .. , „  ... ,
Sites.19'20 The mode of elimination depends on the 1 — 2 164-168
effect which the a substituents have on the stability of 2 178-179 melts
the carbanion.9’21 In our studies, the elimination of 3 - . 4  124.0-124.5
the halogen vicinal to the phosphorus atom appears to 4  181-182, melts
be the predominant leaving group. This is actually
what one would predict. Experimental Section

Physical Data.—Nuclear magnetic resonance con- , ,
firms the assigned structures of the betaines prepared. . ®eneral ?rof  ̂  !or the ^ ep1arat,10fin 0 Betames.-Equ.va-
mi . 1 - n * j. ,i • vj. £ i j  x xi lent amounts of phosphine and halo olefin (usually 0.1 mol were
T h e  P  s igna l m  a ll cases is ox the r igh t  fie ld s trength  used) were added to 100 ml of glacial acetic acid and 10 ml of
expected  fro m  a te trava len t  phosphorous a to m .11 water. (Similar results are obtained with commercial D M F ).
F u rth e rm o re  th e  19F  n m r com plem en ts  the p roposed  The solution was refluxed from 8-15 hr. After the reflux 300
structure by indicating the equivalency of the fluorine ^  of wate* was added .winch caused precipitation. The precipi-

J f  & ^  . tate was then recrystallized from methanol-water,
atoms due to the molecules symmetry. Th<e Preparation of the 1:1 Adduct of Perfluorocyclobutene and

The ir spectra are also diagnostic because of the Triphenylphosphine.—Into a three-necked flask equipped with a
characteristic O— C— C— C— O system.13 In each D ry  Ice-acetone condenser was added 20 g (excess) of perfiuoro-
case three bands are evident as shown in Table I I. butene. Then with stirring 26 g (0.1 mol) of triphenylphosphine
A x  11 £ u j  u 1 j x-yxtyy dissolved in 150 ml of ethyl ether which was added to the flask.
Actually, four bands should be present due to the two A white precipitate immediateiy was formed. This was filtered
C— O and two C— C bands; however, one of these cff an(j washed with more ethyl ether. Approximately 42 g of
centered around 8 fi is not observed owing to C— F the adduct was isolated.
absorption. Other bands observed were due to P- . A „  , ,  TT .
phenyl, 7.0,13.22, and 14.54 however, in the caee of ?

(16) w. r . Cuiien, d. s. Dawson, and p. s. DhaUwai,. Hid.,« ,  683 (1967), Acknowledgment.—The authors wish to acknowledge
(17) J. D. Park, C. M . Snow, and J. R. Lacher, J. Amur. Chem. Soc., 78, °  t  m  t  j. j  tv,t

2342 (i95i). the assistance of Dr. J. E. Lancaster and Mrs. M.
(is) a . l . Henne and k . a . Latif, j . Indian Chem. Soc., so, 809 (1953). N o glia, for the fluorine, phosphorus, and hydrogen nmr
(19) A. B. Clayton, J;  E o y t a e ,  D. R. Sayers, R. Stephens, and J. C. ^  The authorg are als0 grateful to Dr. A.

Tatlow, J. Chem. Soc., 7358 (1965). r  . • xl_
(20) W. J. Feast, D. R. A. Perry, and R. Stephens, Tetrahedron, 22, 433 M o h a n  f o r  h lS  h e lp fu l  dlSCUSSlOIlS CO XlCerm tlg t h e

(1966). perfluoroeyclobutene-triphenylphosphine adduct and
(1968)/ ' D' Park' R' J' M°Murtry' and R' SuUiva“ ' ° r0' to Mr. R. E. Stevens for the microscopic analysis.
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Oxidation of s-Dodecahydrotriphenylene with Peroxytrifluoracetic Acid-Boron 

Fluoride and the Photoisomerization of the Resulting Cyclohexadienones1
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Oxidation of symmetrical dodecahydrotriphenylene (3) with peroxytrifluoroacetic acid and boron fluoride 
etherate at 0° afforded cross-conjugated cvelohexadienone 4 rather than the anticipated conjugated dienone S.
At —65°, however, both dienones were produced. Dienone S isomerized to 4 unusually rapidly (when com
pared with similar hexaalkyl-2,4-cyclohexadienones) in the presence of trifluoroacetic acid. Irradiation of cross- 
conjugated dienone 4 in methanol gave the bicyclo[3.1.0]hexenone 9, but in ether 4 or 9 were further converted 
into the conjugated dienone 5. Possible reasons for the difference between the photochemical behavior of these 
fused ring dienones and that of the related hexaalkyldienones are discussed.

Peroxytrifluoroacetic acid-boron fluoride has proved S c h e m e  I
to be an excellent electrophilic oxidizing agent which 0
can convert aromatic compound directly into phenols,3 .. . Jl J __ 11
alkenes into ketones1 and certain aromatics into 2,4- | | j CF3co3H-BF3-Et;0  ̂ | |T ''I
cyclohexadienones.4 In the present work, our goal was x A jA .  cnfik
to extend this reaction to the preparation of a 6-spiro- I I  -3to+i°

2,4-cyclohexadienone, and to investigate its photo- 3 \__ /
isomerization. I t  is now known6 that hexamethyl-2,4- 4
cyclohexadienone (1) photoisomerizes to a ketene
w h ic h , in  th e  a b sen ce  o f  a  s tr o n g  n u c le o p h ile , th e r m a l ly  CF3co3H BF3Et2o

CH A

0  0  -65° 0  CFsC° 2H

X  / ^  X  ii r \  BFVEti°

^  »  '* 0 #)
5

rearranges either to the starting dienone or to a bicyclo-
[3.1.0]hexenone (2). These thermal reactions of the The structure of 4 follows from its analysis, spectral
diene-ketene are influenced, amongst other factors, properties, and mode of formation (Scheme I). Spectro-
by the substituents, although our present state of scopic data are summarized in Table I. 
knowledge about the reaction does not permit many
predictions. We were interested in determining T a b l e  I
whether the spirodienone 5 behaved photochemically „  „  ABLE
in a manner analogous to that of the hexamethyl- (and p e c t r a l  r o p e r t ie s  o f  t h e  D ie n o n e s

hexaethyl-4b) dienones.
Oxidation Studies.— s-Dodecahydrotriphenylene (3) Compd shift“ Assignment6 era“1 cm-1 X, mg e

is readily available through the trimerization of cyclo- 4 7 79 Aiiyiio methylenes 1655 1627 253 18,300
hexanone.6 A  methylene chloride solution of 3 a ll ®piro ring methylenes 280 (sh) 6,soo

. . .  , , . °-40 Nonallyhc methylenes
W8)S OXlulZed O tiO "p1 j using EL more "th&Il 100̂ )̂ in six-membered
excess of peroxytrifluoroacetic acid and 47% boron rin«s
fluoride etherate. Under these conditions, all of the 5 ¡ ¡ E S S S « .  * “  « •  “  “ ■ ™
starting material was consumed, which simplified a Measured in CC14, relative to TMS as an internal reference, 
product isolation. There was obtained in 45% yield 6 All areas are consistent with the assignments. c Measured in
a crystalline product, mp 115-117°, which was not the CCh solution; calibrated against polystyrene. d In methanol, 
desired 6-spiro compound, but whose structure is
considered to be that of the 4-spiro-2,5-dienone 4.7 The ultraviolet absorption maximum and conjugated

C = 0  and C = C  absorptions in the infrared spectrum
(1) Paper x  m a series on oxidations with peroxytrifluoracetio acid-boron a re  c o n s is ten t  w i t h  th e  a s s ign ed  s tru c tu re  a n d  a re

fluoride; for paper IX , see H. Hart and L. Lemer, J. Org. Chen., 32, 2669
(1967). typical tor 2,5-eyclohexadienones.8 In particular, the

(2) Taken from the M.S. Thesis of D. C. L., Michigan State University, UV m a x im u m  a p p ea rs  a t  m u ch  s h o r te r  W a v e le n g th  th a n

(3) C. A. Buehler and H. Hart, J. Amer. Chem. Sac., 85, 2177 (1963); W °u ld  b e  e x p e c te d  f o r  th e  a n t ic ip a te d  2 ,4 -C yd o h eX a -
H. Hart and C. A. Buehler, J. Org. Chem., 29, 2397 (1964); H. Hart, C. A. d ie n o n e  5. I  h e  UV m a x im u m  o f  4 d o e s  a p p e a r ,  llOW -
Buehier, a . j.  Waring, and s. Meyerson, ibid., so, 331 (1965). e v e r ,  a t  a  s l ig h t ly  h ig h e r  w a v e le n g th  th a n  h as  b e e n  re -

(b) h . Hart, p. m . Coiiins, and a . j . Waring, ibid., 88, 1005 (1966); (c) ported tor other 2,5-cyclohexadienones,8 but this can
H. Hart and R. M. Lange, J. Org. Chem., 31, 3776 (1966); (d) P. M. Collins
and H. Hart, J. Chem. Soc., 895 (1967); (e) H. Hart and R. K. Murray, Jr., (7) Named spiro[l,2,3,4,5,6,7,8,9,10-decahydroanthracen-10-one-9,l'-cy-
J. Org. Chem., 32, 2448 (1967). clopentane]; see “ Definitive Rules for Nomenclature of Organic Chemistry ’ ’

(5) J. Grifliths and H. Hart, J. Amer. Chem. Soc., 90, 3297 (1968). J. Amer. Chem. Soc., 82, 5545 (1960).
(6) C. Mannich, Chem. Ber., 40, 153 (1906). (8) A. J. Waring, Advan. Alicyclic Chem., 1, 184 (1966).
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readily be accounted for by comparison with model concentrated (and more rapidly by fuming) sulfuric 
compounds. 9 -12  acid. 12 For some reason, in the present instance,

The nmr spectrum of 4 consists of three rather broad further migrations occur in preference to proton loss, 
and unstructured bands, equal in area. The lowest
field band (t 7.79) is assigned to the allylic methylene 0  0

protons. 13 The high-field band (r  8.40) is due to the ^ 1 /
remaining protons in the six-membered ring, whereas j  fumingHaso,  ̂ j| |j
the protons in the spiro five-membered ring appear at o°
r 8.17.14 1 6

This the first case we have observed where the major 1

product of aromatic oxidation is a 2,5- rather than a . .  , , ,, . . .  ,,
2 ,4 -cyclohexadienone. Even hexaethylbenzene, which To Provide «uPPort, for thf  mechamsm, the oxidation 
is closely related structurally to 3 , but without the was corned out at a lower temperature, with the hope
“ ears”  pinned back, gave only the conjugated dienone.4» tbat the conjugated dienone nught be isolated When
It  is likely that 4  is formed by a sequence of three 3 was oxidized a t - 6 7  to -6 5  there was obtained m
Wagner-Meerwein rearrangements as shown in Scheme addf  ° f  to unchanged 3 and 2,5-dienone 4, a third
II. Normally the carbonium ion from the first of Product ewhlJ  Proved *° .b® the desir+ed conjugated

dienone 5. It  was isolated by preparative thm layer
Scheme II chromatography, and, though the yield was not deter

mined, substantial amounts were produced.
jjq OH The structure of 5 follows from its spectral properties

(see Table I), mode of formation, and reactions. Ele- 
3 —^°3H f  J  j f  —*■ f  T  mental analysis and mass spectrum confirm that the

3 3 Ss* ^ > ^ Sv| product is an isomer of 4. The uv and ir data are
typical for a 2,4-cyclohexadienone.8 In the nmr 
spectrum, the spiro five-membered ring protons have 

| shifted upfield relative to their position in the spectrum
of 4 . 15 Thus there are only two broad bands centered 

Oh  OH at t 7.78 and 8.37, assigned to the allylic protons and
T T all the remaining methylene protons, respectively.

^ t - h+ ^ T o  seek evidence that protonated 5 is an intermediate
in the formation of 4 when the oxidation is performed 

/ n. T \  at 0° or above, samples of 5 were treated, in separate
\__ / experiments, with either boron fluoride etherate or

trifluoroacetic acid in methylene chloride at room 
these migrations would be expected to lose a proton to temperature. Rearrangement of 5 4 was complete
give conjugated dienone 5. With hexamethyl-2,4- in 3 hr and in 20 min, respectively. Thus protonic
cyclohexadienone, further rearrangement to the 2,5- acids are more effective than Lewis acids in bringing
dienone is not observed under oxidation conditions, about the rearrangement, and the results are consistent 
although the rearrangement can be brought about by with the proposed Scheme II.

A t the moment, we have no satisfactory explanation
(9) The maxima of i and ii appear at 234.5“  and 242 n W 1 respectively. f Qr t h e  fact t h a t  5 r e a r r a n g e s  t o  a  C TO SS -C O n juga ted

The difference, 7.5 mi., is attributed to the spiro ring.® I f  this value is added ., , ., ,
dienone so much more rapidly than 1 or its hexaethyl 

0 analog. The only related observation is the formation
0  JL of 7 (7% yield) as a minor product during the oxidation
11 | j  of pentamethylbenzene.4d Presumably the precursor

| |  is 8 , one of the major oxidation products.

\— / 0

1 11 II 1 ,

to 246 mu reported“  for 6, one predicts a Am ax of 253.5 m/i for a tetraalkyl- jT^ || [
spirodienone such as 4. Agreement with the experimental value (Table I )
is excellent. H  / x  I

(10) E. W. Garbisch, J .  O rg . C hem ., 30, 2109 (1963). 7  g
(11) S. Winstein and R. Baird, J .  A m e r. Chem . Sec., 84, 788 (1962).
(12) H. Hart and D. W . Swatton, ibid., 89, 1874 (1967). , . . j .  r r  • , v m  i,  .
(13) D. W. Mathieson, “ Interpretation of Organic Spectra,”  Academic P h o t o c h e m ic a l  S t u d ie s .— Since it W aS difficult to

Press, New York, n . y ., 1965, p p  51-58. obtain appreciable quantities of the conjugated spiro-
( 14) The spiro protons in u appear as a weakly split singlet at T 8.17 (S. d ie n o n e  5 d i r e c t l y  f r o m  t h e  O x id a t io n  o f  S -d o d e C a -

Winstein, private communication); similarly, those m iu  occur as a narrow # . / * i  \
band at r 8.13 (P. J. Kropp, private communication). h y d r o t r ip h -G I iy le i ie  ( VtuC S U p T & j, W e  f i r s t  S tu d ied , t i l e

0  photoisomerization of the more readily available cross-
y conjugated dienone 4. Irradiation of 4 in methanol

using a Vycor filter lead to a smooth and steady de
ll II crease in the absorption at 253 m/t and the appearance

of three new maxima. The photoproduct is considered

/  ( 15)  A  similar upfield shift, from r 8.79 to 8.89, is observed in the gem -
i l l  dimethyl group of 1  relative to 6*
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Sc h e m e  I I I  of the reactions are worth noting. Whereas the con-

xs. version 1 -*• 2 is favored by polar solvents, 413’5 the
it V / reverse type of reaction, 9 —► 5, proceeds only very

hv h> slowly in methanol and is particularly favored by non-
‘ 1 ch ,oh , Vycor ” I I ___ F  ]  Et.o.vycor ” 5  polar solvents. The effect is sufficiently large that the

^  X photolysis of 4 to either 9 or 5 can be controlled by
9 choice of solvent.

____________________ /l>,.Et;0’vyc°r____________________  There are several alternative mechanisms which one
can envision for the photochemical conversion of 9 —► 

to be 9, spiro[tetracyclo[7.4.1.01’903’8]tetradec-3-en-2- 5. Perhaps the most plausible is the isomerization of
one-14,1'-cyclopentane] (Scheme I I I ) .  an excited state of 9 (9*) to a ketene (11), followed by

The structure of 9 rests on its spectral properties, cyclization to 5. 18 The closure of highly substituted
method of synthesis, and further conversions. The diene-ketenes such as 1 1  to 2,4-cyclohexadienones in
mass spectrum showed a parent peak at m/e 256, con-
sistent with formulation of 9 as an isomer of 4. The 0 ^
carbonyl and carbon-carbon double bond bands at *  /— \
1685 and 1639 cm-1, respectively, may be compared [ I K l /  I  *• | —*■ 5
with similar bands at 1680 and 1638 cm- 1  reported for ¿JI
the closely related 1 0 .4b The ultraviolet spectrum of . 1 ^ 1
9 [Xmax 240 mg (e 6440), 275 (2735), and 330 (580)]

o  (  !  11
| \-~J nonpolar solvents is particularly facile,6’ 19 whereas their

reaction with nucleophiles can be quite slow.6,19 In 
this mechanism the 5,6 bond of the three-membered 

IQ ring in 9* is broken. Thus atoms 6  and 1 interchange
positions during the reaction (i.e., in 9, atom 2 is con- 

also closely resembles that of 10 [Xmax 239 my (e 5300), nected to atom 1, whereas, in 5, atom 2 is connected
270 (2660), 332 (850)]. The nmr spectrum of 9 was to atom 6 ). I t  is not essential that the ketene
complex and not helpful in the structural assignment. be a discrete intermediate to accomplish the same re-
The formation of 9 from 4 has ample precedent. 16 suit; cleavage of the 5,6 bond followed by acyl mi-

Compound 9 was relatively inert to further ir- gration and rebonding has the same net effect, 
radiation in methanol; i.e., it was a simple matter to There are several examples in the literature where 
obtain 9 in high yield from 4 without having to be over- the exocyclic bond (5,6) of a bicyclo [3.1.0 ]hexenone 
cautious about the irradiation time. Irradiation of 9 breaks in a photochemical reaction, 16,20,21 but much 
in ether, however, proceeded smoothly; the bands at more frequently it is the endocyclic or 1,5 bond which 
240 and 275 my diminished in intensity, and the band breaks. 16 I f  this were to happen with 9 , one could en-
at 330 m^ grew and shifted slightly. The reaction vision the sequence given in Scheme IV  to complete the
was worked up after the band at 332 m.u reached max
imum intensity. The crystalline product was the con- Sc h e m e  IV
jugated dienone 5. The same product was obtained
by irradiation of 4 in ether, and, if this photoisomeriza- | ii W j  9~ A 9
tion was monitored by uv, 9 could be detected as an r ^ vY i N ,/ vi r/ vV i ! Tc:C Ssi
intermediate. The structure of 5 was established by I M* ] —► f F  +/ 1 — ► f J A l
comparison with an authentic sample prepared by the
low temperature oxidation of s-dodecahydrotriphenyl- 9* 12 13
ene. i

Continued irradiation of 5 in ether resulted in a r
gradual decay of the band at 332 my until eventually Cr ̂    Or
the only remaining band of any significance had a
maximum at 205 my. The product had ir bands at 5  -<—  | + -<—  j jF +lC |
1720 and 1705 cm-1. The ir data suggest that the
product was an acid, 17 probably from reaction of the I I  l  J
diene-ketene with water present in the ether used as „
solvent.

The contrast between the photochemical reactions reaction. Three Wagner-Meerwein rearrangements 
in the hexamethyldienone series (1, 2 , and 6 ) and the follow the initial ring opening (9* —► 1 2 ). Atoms 2,1,
fused ring series (4, 5, and 9) is striking. Whereas the and 6  which are joined consecutively in 9 remain in the
conjugated dienone 1 is converted into bicychc ketone
2, the analogous ketone 9 is under similar conditions, (18) For a related example, see J. S. Swenton, E. Saurborn, R. Srinivasan,

converted into the conjugated dienone 5. The reasons “nd F: r' Sonnthag' J- * mer-? hT\ S°c7 9°’ ! f °  aT l'-  In? low tempf rJ ® ture study, we have observed a ketene from the irradiation of a tetramethyl-
for this difference are not yet clear, but several features bicyclo[3.1.0]hexenone; unpublished observation of J- Griffiths and H. Hart.

(19) J. D. Hobson, M. M. A1 Holly, and J. R . Malpass, Chem. Commun.,
(16) For a general discussion, see P. J. Kropp in “ Organic Photcchemis- 764 (1968).

try,”  Vol. I, O. L. Chapman, Ed., Marcel Dekker, Inc., New York, Chapter 1. (20) H. E. Zimmerman and D. I. Schuster, J. Amer. Chem. Soc., 84, 4527
(17) K . Nakanishi, “ Practical Infrared Absorption Spectroscopy,’ (1962).

Holden-Day, Inc., San Francisco, Calif,, 1964, p 43. (21) B. Miller and H. Margulies, ibid., 89, 1678 (1967).
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same sequence throughout the mechanistic scheme. (8.7 g, 4.15 X  10~ 2 mol) in 15 ml of methylene chloride, cooling
Thus one could, by a carbon-labeling experiment, dis- ® ’ ™ d  with vigorous stirring adding 98% hydrogen peroxide

. ,, ,, ,. v .  , , (2.9 g, 8.3 X  10 2 mol) until a homogeneous solution was ob-
tmguish between these alternatives. Only carbon tained. (2) 15  ml of distiUed 47% boron fluoride etherate. The
labeling will do, however; the spiro ring m 9 becomes temperature was maintained at -6 7  to - 6 5 °  using a D ry  Ice-
the spiro ring in 5 by either path. Thus the labeling acetone bath. Addition of the oxidant and acid catalyst was corn-
experiment will be quite difficult indeed pleted in 35 min after which the reaction mixture was immediately

I t  will be noted that the first intermediate ( 1 2 ) in the hyd/ olyf d P °™ n g  into 750 ml of cold saturated sodium bi-
v '  carbonate solution. The organic layer was successively washed

la tte r m echan ism  contains fiv e  sp  h y b rid ize d  ca rbon s  with two 300-ml portions of water, two 200-ml portions of satu-
in a bridged system with six-, seven-, and nine-mem- rated sodium bicarbonate solution, and two 200-ml portions of 
bered rings. Two of these carbons are at bridgehead water and dried (N a«S04). The reaction mixture was analyzed
positions. Although models of 12 (and 13, which at tlc aT'd shown/ °  consist of three components. A  portion of
r, °  the reaction mixture was separated by preparative tic and the
first glance also seems unduly strained) can be con- three oomponents were identified. Two were shown to be un-
structed we currently are inclined to favor a mechanism reacted 3 and dienone 4 by comparison of tic R i values and ir and
in which bond 5,6 (rather than 1,5) is broken. One nmr spectra with those of authentic samples. The third com-
reason for this preference (other than that it is simpler) ponent, obtained as pale yellow crystals, mp 69-71 (M eO H ),

1S that the reaction IS favored by nonpolar solvents; ! '-cyclopentane], 5. Spectroscopic data are given in Table I.
this would seem to be inconsistent with the dipolar in- The compound showed a parent peak in the mass spectrum at
termediates 12-15. I t  may be the strain in 1 2 , as m/e 256.
contrasted  w ith  the  co rrespon d ing  in term ed iate  d e riv ed  Anal.^  Called for C iJffiO : 0 , 84.32; H , 9.43. Found: C,

from 2, which causes the two bicyclo [3.1.0 jhexenones to 8%3̂  ^ id -c L ly z e d  Isomerization of 5 to 4. A. With Tri
exhibit different photochemical behavior. 2,22 fluoroacetic Acid.— To a stirred solution of 5 (100 mg, 3.9 X  10~4

mol) in 30 ml of methylene chloride was added 2 ml of trifluoro- 
. acetic acid. The reaction mixture was stirred at room tempera-

E xp erim en ta l Section  ture for 45  min. The reaction was monitored by tic after 5, 10,
_  , _  r, , , . , , ,, and 20 min, at which time no detectable trace of 5 could be ob-
General Procedures.-Spectra were determined as follows: gerved The mixture wag h ydrol d with 150  ml o{ water> ex.

£ C C U  solution Umcam SP200; uv, C H 3O H  solution, Unicam tracted tions q{ saturated sodium bicarbonate
SPSOO' ™ r ’ CC14 solution Vanan HA-100; mass spectra, golution and 50.mf  portions of water, dried (N *S O .),  and 
CE C 21-103C operating at 70 V  Elemental analyses were concentrated. The residue was dissolved in 5 ml of methanol,
performed by Spang Microanalytical Laboratory, Ann Arbor, ^  analysis of the methanol solution indicated the presence of
Mich Melting pomfs are uncorrected. Analysis by tic m- compound. Crystallization afforded 71.4 mg of 4.
volved 1 X  4 m. microscope slides coated with Brmkmann ^  melti ¿¡nt and /ctral properties of the rearrangement 
silica gel H  as the ^sorbent, eluted with C H C  3 and developed duct wer/ identical with those of authentic material,
with iodine vapor Separations by  preparative He used 8 X  8 in. F B With Boron Fluoride E th erate .-T o  a stirred solution of
glass p la te  coated with Brmkmann silica gel P F » ,  2 mm thick, 5 (100  mgj 3 0  x  1 0 - 4 mol) in 30 of methylene chloride was
eluted with CH CI3. , , added 3 ml of distilled 47% boron fluoride etherate. The re-

Oxidation of s-Dodecahydrotriphenylene (3). To a coo ed, acti0n mixture was stirred at room temperature and monitored
vigorously stirred solution of s-dodecahydrotnphenylene (3, . After 3 h no detectable trace of S could be observed.
4.59 g, 1.9 X  10-* mo m 200 ml of methylene chloride was ^  reaction mixture was hydrolyzed with i 50 ml of water, the
simultaneously added ( 1 ) a solution of peroxytrifluoroacetic layers were separated, and the organic layer was extracted with
acid prepared by dissolving tnfluoroacetic anhydride (9.0 g, two 50-ml portions of water, dried (N a2S 0 4), and concentrated.
4.3 X  10 2 mol) m 15 ml of methylene chloride, cooling to 0 , The resjdue wag dissolved in 5 ml of methanol and analysis of the
and with vigorous stirring adding 1.1 ml of 98% hydrogen per- methanol solution by tic indicated the presence of only one corn-
oxide until a homogeneous solution was obtained, (2 ) 20 ml of pound. Crystallization afforded 56.9 mg of 4, with melting point
distilled 47% boron fluoride etherate. The temperature was and spectral properties identical with those of authentic material,
maintained at —3 to + 1  . Slow addition of Hie oxidant and General Photolysis Procedure.— A ll irradiations were con- 
acid catalyst was completed after 1.5 hr and the reaction was ducted with a Hanovia Type S 200-W mercury vapor lamp placed
stirred for an additional 1.5 hr, during which time the tempera- -n a qUar4z water jacket which was fitted into a Pyrex container
ture rose to 20°. The reaction mixture was analyzed by  tic ()j sbgbq y larger diameter. The effective volume of the inter- 
and it was determined that all of 3 had reacted. The reaction vening space, which held the solution being irradiated, was 450 
mixture was hydrolyzed with water (200 m l) and the organic mj solution could be agitated with a moderate flow of
layer was successively extracted with two 200-ml portions of nitrogen. A  Vycor filter was fitted between the lamp and the
water, two 200-ml portions of saturated sodium bicarbonate qUartz jacket. The entire system was immersed in a dewar 
solution, and two 200-ml portions of water, dried (N a 2S04), and flagk fiUed with cold ( 1 5 o) water.
concentrated. The residue was dissolved in 20 ml of methanol, Irradiation of 4 in Methanol.— A  solution of 4 (691.6 mg, 2.70
concentrated to 5-10 ml, and cooled overnight. Crystallization mmol) in 400 ml of methanol was irradiated and the reaction was
afforded 2.21 g (45% ) of spiro[l,2,3,4,5,6,7,8,9,10-decahydro- followed by decay of the 253-mu band. Reaction was complete
anthracen-10-one-9,l'-cyclopentane], 4, mp 115-117 , as color- jn 50 m;n . Overphotolysis for several hours brought about no
less crystals. Spectral properties are given in Table I. The significant change in the spectrum. The methanol was evapo-
compound showed a parent peak in the mass spectrum at m/e rated, affording 672 mg (9 7 % ) of a slightly colored transparent
256. In  several experiments it was necessary to treat the metha- od w(lich sboWed only a single spot on tic, with a different Rt
nol solution with Norit, as the solution was dark and did not from that of 4. The product is considered to be spiro [tetracyclo-
lighten during work-up. [7.4.1.01SI03’8]tetradec-3-en-2-one-14,1 '-cyclopentane], 9.

Anal. Calcd for Ci8H 240 : C , 84.32; H , 9.43. Found: C, AngL  Calcd for c 18H 240 : C , 84.32; H , 9.43. Found: C, 
84.26; H , 9.26. . 83.11; H , 9.29.24

Low Temperature Oxidation of 3. To a cooled, vigorously rp|1(. compound showed a parent peak at m/e 256. It  had
stirred solution of 1 (4.74 g, 1.97 X  10-2  mol) in 175 ml of methy- principle ir bands (liquid film) at 1685 and 1639 cm -1 and a
lene chloride was simultaneously added (1) a solution of peroxy- spectrum with maxima [mu (e'}\ at 211 (5950), 240 (6440), 275
trifluoroacetie acid, made by  dissolving trifluoroacetic anhydride (2735), and 330 (580). The nmr spectrum consisted of a broad
— ---------------- complex between t 7 and 9, with principle peaks centered at

(22) W e thank one of the referees, who encouraged the somewhat ex
panded mechanistic discussion presented here, over that in the original -------------------

m^23)°Prepared according to ref 6. The nmr spectrum of S showed two (24) Analytical samples were purified by tic or column chromatography;
broad singlets centered at r 7.55 and 8.3 with areas in the ratio 1:1. These despite several attempts, we could not get a sample which gave an entirely
correspond to the benzylic and remaining alicyclic methylenes, respectively. satisfactory carbon analysis.
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t 8.02, 8.43, 8.38 (sh), and 8.72. The peaks overlapped too Irradiation of 5.— A  solution of 5 (107 mg, 0.42 mmol) in 300 
much to obtain accurate integrations. ml of ether was irradiated through a Pyrex filter with a 200-W

Irradiation of 9 in Ether.— A  solution of 9 (448.9 mg, 1.78 Hanovia Type S mercury lamp. The photolysis, followed by the
mmol) in 350 ml of anhydrous ether was irradiated. Thephotoly- disappearance of the band at 332 m/i, was complete in 6.2 hr. 
sis was followed by the appearance of a maximum at 332 npi, Evaporation of the solvent gave an oil different (ir, uv, tic)
which reached maximum intensity in 2 hr. The ether was evapo- from 9. The oil, which had characteristic ir bands at 3500, 1720,
rated and the residue was dissolved in methanol and concentrated 1705, and 1452 cm“1 and x“^ H 205 npi (e 12,300) in the uv, was 
to a volume of 5 ml. On cooling, crystals (347 mg, 77% ) of an acid which was not further characterized. 
spiro[l,2,3,4,5,6,7,8,9,10-decahydrophenanthren-10-one-9,l'-cy- Dark Reactions.— A  solution of dienone 4 (14 mg) in either
clopentane] (5) separated, mp 69-70°. The compound was 5 ml of methanol or 3 ml of ether was stored in the dark for 27
identical (ir, nmr) with material obtained from the low tempera- and 36 days, respectively. Analysis by tic showed that no re
turn oxidation of 3. N o  other photoproduct was detected (tic). action had occurred, and evaporation of the solvent afforded

Irradiation of 4 in Ether.— A  solution of 4 (770.7 mg, 3.00 quantitative recovery of the starting material. Similarly, a
mmol) in 400 ml of anhydrous ether was irradiated, the reaction solution of 9 (15 mg) in 3 ml of ether kept in the dark for 15 days
being followed by the decay of a maximum at 253 and the gave a quantitative recovery of unchanged starting material, 
appearance of a new band at 332 m/u. After 4.9 hr the latter
band reached maximum intensity, and the reaction was termi- Registry No.— 3, 1610-39-5; 4, 17790-43-1; 5,
nated. The ether was evaporated, and the residue, taken up in 17790-44-2; 9, 17790-45-3; peroxytrifluoroacetic acid- 
15 ml of methanol, showed no unreacted 4 ana only one product b o ro n  fluorid  17790_4 6_4- 
(tlc). The solution was concentrated to 5 ml, cooled, and ’
afforded 438.4 mg (57% ) of dienone 5, identical (melting point, . , . . _  . AT ,
ir, nmr) with an authentic sample. During the photolysis, Acknowledgment. We are indebted to the National 
maxima attributable to 9 appeared, then decayed. Science Foundation for financial support.

Nitrogen Photochemistry, syn and anti Isomers of Semicarbazones1-4
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The syn and anti sets of isomers of several different phenyl ketone semicarbazones have been isolated, and the 
structural formulas have been assigned. Evidence is presented which demonstrates that the phenyl ring is re
stricted from rotation in the sj/ra-phenyl isomers of the semicarbazones as shown by a diminished amount of con
jugation of the phenyl group with the imine double bond. The syra-phenyl isomers also have a decreased thermal 
stability, and, with these isomers, the nmr data clearly portrays that one of the hydrogens of the ureido group is 
strongly shielded by the phenyl ring confirming the structural assignments.

Although the existence of syn and anti isomers of a and b, Figure 1). The “ forme absorbante”  refers to
semicarbazones has been recognized for some time, those semicarbazones which absorb at longer wave-
there are few cases where both isomers of a semicarba- lengths. Acetophenone, p-methylacetophenone, p-me-
zone have been isolated. In these instances, the struc- thoxyacetophenone, and deoxybenzion semicarbazones
tural assignments given are open to question. How- have uv spectra approximating that of curve a; and a,a-
ever, from these earlier experiments certain facts have dimethyldeoxybenzoin, /3-phenyl-p-methylpropiophen- ‘
been learned. The early works of Heilbron and one, and /3-phenyl-p-methoxypropiophenone semicarba-
Wilson6 and of Wilson and Macaulay7 have clearly zones have spectra similar to that of curve b. The semi-
demonstrated that syn and anti isomers of semicarba- carbazone of a-methyldeoxybenzoin is composed of two
zones exist and can be interconverted by the agency of isomeric forms which were separated by fractional crys-
ultraviolet light. tallization from the reaction solution. One of the iso-

Another significant contribution to the history of mers has an uv absorption spectrum similar to that of
semicarbazones is the work of Ramart-Lucas and curve a in Figure 1, and the other to curve b. A  conju-
Bruzau.8 Semicarbazones of phenyl ketones were gated phenylimine structure of the semicarbazone was
categorized into two types by means of their uv spectra postulated for the compounds absorbing with longer 
characteristics, i.e., the “ forme absorbante”  and the wavelengths, and either of two nonconjugated cyclic 
“ forme transparente.”  The phenyl ketone semicarba- structures were proposed for the other, 
zones studied had uv spectra which nearly superimposed A  third important contribution to the background of 
on one of two general type absorption curves (curves semicarbazones is the n m r studies of Karabatsos,

a ) Presented before the 154th National Meeting of the American chemi- Graham, and Vane. 9 The nmr spectra were obtained
cai Society, Chicago, in., Sept 1967, Abstract No. s i8 i. f r o m  so lu tio n s  m a d e  b y  d is s o lv in g  tb e  c r y s ta l l in e  iso -

(2) Taken in part from the Ph.D. Dissertation of D. V. Rao, University mer mixtures in tlifluorOaCetic acid. No Senaration of
of North Dakota, 1965. • ,, , ^

(3) Taken in part from the senior thesis of D. D. Hammargren, Uni- hQe ISOmerS W as a t te m p te d .  i- i ie  r e la t iv e  c h e m ic a l
versity of North Dakota, 1967. shielding of the protons on positions adjacent to the

(4) This investigation was supported in part by a Public Health Service K p m irn rh n zn n e  Q i ih s f i t i io n l  /XJ T\ ______ j
Research Grant GM  01012-13 from the National Institute of General Medical SCTOKarDaZone SUbStltUent (tt a on i) Was measured.
Sciences, u. s. Public Health Service. -Liie necessary assumption was made that the pro-

(5) Author to whom requests for reprints should be addressed tons syn to the ureido group are more shielded than
Abstr., 7, 331 (1913). tuose o/nti to it. 1 he mixtures of isomeric semicarba-

(7) F. J. Wilson and R. M. Macaulay, J. Chem. Soc., 125, 841 (1924).
(8) M . Ramart-Lucas and M . Bruzau, Bull. Soc. Chim. Fr., 1, 119 (9) G. J. Karabatsos, J. D. Graham, and F. M . Vane J  Amer Chem Soc

(1934). 84, 753 (1962). ’ "
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zones all exhibited two absorption bands for the H„ 
protons, and the relative concentrations of the isomers
present in solution could be determined by measuring ___________
relative absorption peak areas. a

NNH CONH 2 \

R— CHaCCH„— R'" ,  3 -
I I  9  \
R' R" »3 \  b

1 \

Thus, it was evident, on tracing the background of \
semicarbazone chemistry, that there was a need for the 
actual isolation of the semicarbazone isomers, and the 4

correlation of the uv spectra studies with the later nmr
work. Then more positive statements could be made | , , > ■ ■ ■
about the structure of the semicarbazones. 240 260 280

The only structure which is in common to the nmr Wavelength, mg.

work of Karabatsos, et al.,9 and the uv spectral work of Figure 1.— General shapes of ultraviolet absorption spectra 
Ramart-Lucas and Bruzau8 is acetophenone semicar- of the two types of phenyl ketone semicarbazones found by
bazone. Potentially it was a structure which could Ramart-Lucas and Bruzau.® Curve a is the “forme absorbante”

, ,, r .v „r and curve b is the forme transparente.”
give the proper answer to the cause oi the two types oi
uv spectra of the phenyl ketone semicarbazones and NNH CO C H
augment the nmr structural assignments. || 2 2 5

The melting point of the crystals ( I I )  which result ^ . C C H 3
in the preparation of the semicarbazone from the aceto- 'X

NNHCONH2 111
||

a C as an alternate because it was one of the better solvents
aSHs for the semicarbazone though admittedly poor. Be

cause the phenyl ketone semicarbazones have only 
II one principal uv absorption band (Figure 1) and the

medium-pressure mercury arc lamps have^a diminished 
phenone and semicarbazide hydrochloride is sharp. amount of light emmision close to 2000 A  where both
These give evidence of being homogenous on analysis isomers absorb equally well, the optical pumping irra-
with thin layer chromatography. The nmr study of diations were done without filters.
Karabatsos, et al.,9 assigned the concentration of the The acetophenone semicarbazone irradiation solution 
minor isomer at 10% in a trifluoroacetic acid solution gave a white crystalline compound (IV ) in high yield,
of the crystals. However, since the nmr spectrum was This photoproduct gave the correct carbon, hydrogen,
obtained in an acid solution, the major isomer might and nitrogen analysis for an acetophenone semicarba-
have equilibrated. As a consequence, isolation of the zone and had the proper molecular weight. The photo
minor isomer from I I  was not promising and not at- product readily hydrolyzed to acetophenone with
tempted. aqueous HC1, and it was converted into the 2,4-dinitro-

Hence it was desirable to enrich the acetophenone phenylhydrazone of acetophenone by the 2,4-dinitro-
semicarbazone crystals with the second isomer before phenylhydrazine reagent solution. The photoproduct
attempting the isolation. The uv spectrum of I I  isomerized to the starting semicarbazone at its melting
showed that these were of the longer wavelength ab- point and upon exposure to anhydrous hydrogen chloride
sorbing type, i.e., “ forme absorbante,”  in confirmation when dissolved in an ether solution. I t  was more
of the work of Ramart-Lucas and Bruzau8 (curve a, soluble in organic solvents than II. From these data,
Figure 1). The second isomer was presumed to be the it was obvious that the photoproduct was chemically
“ forme transparente”  or of the shorter wavelength not very far removed from the starting material, and
absorbing type (curve b, Figure 1). This is the ideal that it most probably was the desired isomer of the
situation in which the optical pumping principle oper- starting material.
ates, and irradiation with uv light of the appropriate The uv spectrum of IV  is exhibited in Figure 2 . The 
wavelengths was expected to produce an increased photoproduct clearly has a more transparent uv spec- 
concentration of the second isomer. trum than the starting material I I ,  and, as expected,

Since the irradiation was to be done in liquid solution, the spectrum conformed to the second of the two types
the limited solubility of acetophenone semicarbazone (curve b, Figure 1) of uv spectra observed by Ramart-
in organic solvents was one of the principal problems. Lucas and Bruzau.8
Although it was soluble in 95% ethanol, irradiation of The interpretation of the uv spectra was mstru- 
this solution produced the undesirable product I I I ,  mental in the assignment of the appropriate stereo-
and, as a consequence, ethanol could not be used as a (10) This product can be formed in the solution by heat in the absence of 
solvent.10 Anhydrous tetrahydrofuran was chosen light.
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~I be directly over the aromatic ring and immersed in or ’
.----- - near the x electrons of the ring. This is a condition

/  \  a in which the proton is expected to be heavily shielded.
4.2 . /  \  The same proton in the anif-phenyl form does not have

/  \ such shielding (see structure I I ) .  This was expected
/  '  to influence position of the Hp band on the nmr spectra

N. / of the two isomers.
» 4 1 ’  The expectations in regard to the nmr spectra did
g> / >». indeed materialize. The Hp proton of the starting
J / \  semicarbazone I I  occurs at 8 9.38 and the Hp of the

/ \  syn-phenyl semicarbazone is 8 7.82, at a difference of
4 0 ’  / \  1.56 units. Thus the nmr data further supplements

/ \  b the stereochemical assignments made on the basis of
/ \ the uv spectral and stability data.

3.9 . / \ The only remaining feature of acetophenone semicar-
s j  \ bazone chemistry to be discussed is the stereochemical

i i i i i i I assignments made by Karabatsos, et al.9 In trifluoro-
240 260 280 acetic acid solution it was stated that the syre-phenyl

wavelength, mn. isomer IY  was present to the extent of 90% and the
Figure 2 .—The ultraviolet spectra of (a) the starting material emif-phenyl form at 10%. The hydrogen-bonded

and (b) the photoproduct of acetophenone semicarbazone. structure V  was suggested to account for the un
expected results. This assignment was made on the

. basis that the H „ hydrogens syn to the ureido group
chenustry to the two isomers. The difference in the are always more shielded than the Ha hydrogens whicb
absorption between the two isomers is essentially that are anti to it. This assignment we now believe to be
of the same magmtude difference between the uv max- 0pen to qUesti0I1

ima of styrene and benzene. This implies that, in the I n tetrahydrofuran, the Ha hydrogens of anif-phenyl 
shorter wavelength absorbing isomer IV, the imine bond acetophenone semicarbazone I I  are shielded slightly
is not conjugated with the aromatic ring. The uv more than the S2/n_phenyl form IV . This unexpected
spectrum of IV  can be explained on the basis of steric result can be attributed to the shieiding effect of the
hindrance. In a study of molecular models a restricted phenyl ring on the ^  hydrogens in the syn-phenyl
rotation of the phenyl group m thesyn-phenyl aceto- isomer. T he ring is held in a fairly rigid position, and
phenone senncarbazone model (IV ) was apparent. the protons are affected by the shielding zone of the
The x orbital of theimine bond is nearly perpendicular phenyl ring. This shielding by the aromatic ring ig
to t e x orbita s of the phenyl ring in the model. This somewhat more pronounced than that of the ureido

C0NH2 group. This is most probably true in trifluoroacetic
I acid solutions also. To check this, anti-phenyl aeeto-

phenone semicarbazone was dissolved in trifluoroacetic 
|i acid, and the sample was allowed ample time to equili-

brate. The mixture was quenched by pouring it into 
^  water, and the precipitated solid consisted of the anti-

phenyl isomer of acetophenone semicarbazone as the 
predominant product. This is a strong indication that 

IV the major isomer present in trifluoroacetic acid is the

is expected to result in a diminished amount of reso- i ™  9and not the «^-phenyl form as
nance interaction of the two x-bonded systems, and the P^^ous y  assigne •
molecule should have a uv maximum at a shorter wave- T.able 1  summanze® ^  nmr data for other semi
length than the anff-phenyl isomer. This is true of the « arbaZ(f e 1S™  isolated in our laboratories. The
photoproduct; as a consequence, its structure is most ,A  ° n.® ex 1 e a c emical shift m the order of 
probably si/n-phenyl acetophenone semicarbazone. 1  /a 5 ^ s .  In every case the compounds which

si/n-Phenyl acetophenone semicarbazone IV  should nowcou e assigned t e syn-phenyl form on the basis
be less stable thermodynamically than jhe anrf-phenyl 2 - e l̂V SPei! ra bave b̂e shielded proton,
semicarbazone because of steric strain. The equilibra- mce benzophenone semicarbazone must have the
tion with anhydrous HC1 in an ether solution provides sVn~V eiiyl orm by virtue of its structure, it acts as a
the more stable I I .  This, together with the conversion standard for the shielded proton. The position
of the photoproduct IV  into starting material I I  at its 1̂ s resonance absorption is in the same vicinity as
melting point, clearly portrays the photoproduct as otber s?/re~phenyl isomers.
the least stable of the two isomers. This correlates Although the two benzaldehyde semicarbazones 
nicely with the predicted lesser stability of the syn- provide the expected relative chemical shifts of the Hp
phenyl isomer and supplements the structural assign- protons in the nmr spectra, the absolute values are at a
ments based on uv spectral data. lower field than expected. The anti-phenyl isomer

By further observing molecular models of the syn- proton resonance frequency is at lower field possibly
phenyl isomer of acetophenone semicarbazone IV , it because of the relative shielding ability of the hydrogen
was obvious that the ureido group position is such that in comparison with other substituents attached opposite
the N H  hydrogen of the NNHCO group (H fl) should on the imine group.
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T ab le  I  ----------------------------------------------- -——

Sem icarbazo ne  N mr B ands  / -----------"v. a

Semicarbazone H /3 (5) H a (S) 4 3 - /  \

1 Benzaldehyde (si/n-phenyl) 9.09«.' /
2 (anil-phenyl) 10.33“ ° /
i  Acetophenone (sj/ra-phenyl) 7.82*’.' 2 .2 (f-c /
4 (anii-phenyl) g.SS'’.' 2.216.' 4.2 - /
5 a-Methyldeoxybenzoin (syn-phenyl) 7 .67“.d 4.026-<i /
6 (anii-phenyl) 9.50«'d 4.83'n' /
7 Deoxybenzoin (anii-phenyl) 9.85«>' 4.29*'.' /
8 Benzophenone 7 ,87b’c ^ 4  l - /

° Recorded in D M SO . 6 Recorded in D M SO -d6. ° Recorded ^  s.
at ambient temperature. d Recorded at 40°. / z' \

The reason for the si/n-phenyl isomer proton reso- 4.0  - / /  \
nance being at lower field is more complex. In view of /  /  \
the fact that the difference in the uv spectra of benz- / / \
aldehyde semicarbazone isomers (Figure 3) is less / I  \
pronounced than that of either the two isomers of 3 9 \ l  /  \
acetophenone or a-methyldeoxybenzoin semicarba- /  \
zones, the implication is strong that both the ureido ---- 1------1----- 1----- 1----- 1-----1----
group and the third substituent on the imine group, 240 260 280
i.e., the hydrogen in this case, are instrumental in Wavelength, mu.

restricting the movement of the phenyl ring in the Figure 3.—-The ultraviolet spectra of (a ) the starting material and
syn -p h en y l isom ers ( V I ) .  T h is  is fu rth e r im p lied  b y  (b ) the PhotoProduct of benzaldehyde semicarbazone.

the fact th a t the H a’s are  sh ie lded  in  the anti-p h en y l irradiation of Acetophenone Semicarbazone II  in Tetrahydro-
isomer oi acetophenone semicarbazone, a measure of furan.— Acetophenone semicarbazone (5.0 g), mp 217-218°,
the interaction of the methyl group with the v  orbitals in 200 ml of anhydrous tetrahydrofuran was placed in a quartz
of the aromatic ring. When the third substituent is round-bottomed flask provided with a condenser and an inlet
small such as a hydrogen atom in the case of syn-phenyl *5? for nitrogen. The solution was deoxygenated for 5 min
, u v .  . , ,, , with a nitrogen stream and then irradiated with a 140-W mercurv
benzaldehyde semicarbazone, the phenyl ring has less arc lamp for 24 hr. A  white crystalline solid IV  separated upon
restriction to movement, and this allows more reso- cooling which showed two spots on thin-layer chromatography,
nance interaction of the aromatic ring with the amine Fhe solvent was carefully distilled off and the crystalline solid
b oncJ_ thus obtained also showed two spots on tic. These two fractions

rr i , , , . , . j - . - i  i ,  were combined and continually extracted (24 hr) on a steam bath
he photochem ica l conversion  o f arait-phenyl ben z - with a Soxhlet extracter using Skellysolve B  as the solvent,

a ld eh yde  sem icarbazon e  into  the syn -p h en y l isom er is The white solid that precipitated out from Skellysolve B  was
com plicated  b y  a  com petin g  side reaction . P ro d u c ts  recrystallized from aqueous alcohol to give 2.3 g (85.1% yield),
w h ich  in corpo rate  so lven t m olecu les are  fo u n d  in  the provided an analytical sample: mp 173.5-174.5°; xm„  (95%

t i 1 t  , ethanol) 240 m/i (e 12,640); ir (chloroform) 2.81, 2.94, and 5.94
reaction  solu tion . T h is  im plies a  second reaction  A  corresponding dark reaction gave only recovered starting
p a th w a y  o ccu rring  w h e re  the im ino  h y d ro gen  a tom  is material.
lost to the medium. Anal. Calcd for C 9H n N 30 : C , 60.99; H , 6.26; N , 23.71.

Found: C, 60.96; H , 6.31; N , 23.52; mol wt (by Rast 
+ method), 190.

H Hydrolysis of Photoproduct IV  from Acetophenone Semicarba-
/ N H C O N H 2 zone.—The photoproduct (100 mg) was refluxed with 25 ml of 10%

N  HC1 for 1.5 hr. The solution was cooled and extracted several
|| times with ether. After drying over anhydrous MgSCh, the
Ck ether solution was evaporated to give a colorless liquid with an

CH3̂  odor resembling that of acetophenone. It was recognized as
7 acetophenone by comparing its retention time with an authentic

sample by vpc.
To an alcoholic solution of the liquid was added a few drops 

v  of 2,4-dinitrophenylhydrazine solution. This resulted in the
separation of an orange crystalline solid. It was filtered and 

j .  H  washed with alcohol, mp 249-250°. Mixture melting point with
y  f  the 2,4-dinitrophenylhydrazone of an authentic sample of aceto-

H2NOC— N  C— phenone was undepressed.
\  I XH  Treatment of Photoproduct IV  from Acetophenone Semicarba-
H  zone with Anhydrous Hydrogen Chloride.— The photoproduct

( )1  (100 mg) was dissolved in 10 ml of anhydrous ethanol, and a
gentle stream of anhydrous hydrogen chloride was bubbled 
through the solution. A  white crystalline solid slowly settled 

V I out (0.5 min) which was filtered and washed with a few milli
liters of aqueous alcohol, mp 200-201°. Mixture melting point 
with an authentic sample of acetophenone semicarbazone I I  

Experimental Section was undepressed.
Irradiation of Benzaldehyde Semicarbazone in Tetrahydro- 

The nmr spectra were done on an A-60 machine and the uv furan.— Benzaldehyde semicarbazone (3.0 g ) in 200 ml of an-
spectra were made using a Bausch and Lomb Spectronic 505. hydrous tetrahydrofuran was irradiated for 24 hr with a 140-W
The melting points are uncorrected. The photochemical lamps lamp. The resulting solution showed two spots on tic, one corre-
used were 140 and 550-W medium-pressure Hanovia mercury arc sponding to the starting material. The filtrate was further
lamps. The yields are corrected for recovered starting material. concentrated and cooled in the refrigerator, and the precipitated
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»
solid was filtered. Partial melting occurred at about 140° and and then was poured into an ice-water mixture. The white
the semisolid resolidified. The latter crystals had mp 217- precipitate was filtered immediately with a Büchner funnel,
218°. The former crystals were dissolved in hot ethanol, and washed with an ice-sodium bicarbonate solution and later with
the first crop of crystals that separated out was shown to be a water. The air-dried white solid melted at 194-197°. After
mixture by tic. The second and third crops were shown to be recrystallization from 95% ethanol three times, it had the melting
pure by tic. They were combined and dissolved in tetrahydro- point of 201.5-202.0° and the mixture melting point with the
furan to which Skellysolve B  was added dropwise resulting in a starting material was undepressed,
precipitation of 0.5 g of a white solid (yield 71.4%). In  a pre
viously heated silicone oil bath a small sample of this solid in a Registry No.— Table I, 1 , 17539-52-5; Table I, 2 , 
capillary was introduced It melted then slowly resolidified, 1 7 5 3 9 .5 3 .6 ; Table I, 3, 17539-54-7; Table I, 4 , 17539- 
and melted at 217-218°: Xmax (95% ethanol) 275 mM (« 11,860); T  , j T -  ’ ’ „ T  ' T ’ ’ „  n
ir 2.87, 3.05, and 5.94 p. A  corresponding dark reaction produced DO-o, laute x, D, i / Ooa-oo-J, laute X, O, X t Oou-Ot-U , 
only starting material. Table I, 7,17539-58-1; Table I, 8 , 14066-73-0.

Anal. Calcd for C8H 9N 30 : C, 58.88; H , 5.82; N , 25.80.
Found: C , 5 8 .60 ; H , 5.69; N , 26.21. Acknowledgment.— 'The support of the National

The hydrolysis of the photoproduct of benzaldehyde semi- Science Foundation through its College Teacher Re- 
carbazone with aqueous HOI to benzaldehyde and the isomeriza- , . . .  ,. „  ,, ,  . %. . ,, . . .  ,
tion of the initially prepared semicarbazone was accomplished ®ef ch, Participation Program (P. A. B.), the High
in the same manner as described for acetophenone semicarbazone. School Teacher Research Participation Program

Preparation of the Two Semicarbazones of ar-Methyldeoxy- (D. B.), and the Undergraduate Research Participation
benzoin.— This was accomplished through the published pro- Program (D. D. H.) is sincerely appreciated. We also

Trifluoroacetic A c id . -  acknowledge the aid of the National Science
Acetophenone semicarbazone (1.2 g ) was dissolved in 10.4 g of fo u n d a t io n  tor the pu rch ase  o f the n m r m ach in e  used
trifluoroacetic acid. The solution was allowed to stand for 2 hr in these experiments (Grant No. GP-3642).
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Reactions of ynamines with acidic carbon compounds such as malononitrile and ethyl cyanoacetate gave cyano- 
enamines, whereas acidic nitrogen compounds such as arylsulfonamides gave saturated amidines. The con
densation of several arylsulfonylimides with ynamines and electrocyclic opening of the adducts led to unsaturated 
amidines while 2-pyridal-p-toluenesulfonimide gave a pyrrocoline. Reactions of diphenylketene and dimethyl- 
ketene with ynamines furnished aminocyclobutenone and four-membered cyclic enol ether products. Similarly, 
sulfenes and ynamines formed cyclic sulfones. Aryl isocyanates and ynamines gave 4-amino-2-quinolones and
2-amino-4-quinolones. An example of a 1,3 dipolar addition and a reaction with tetraphenyleyclopentadienone, 
which gave a pentaphenylaniline, are also described.

Ynamine chemistry has been investigated only in the yltrichlorovinylamine, butyllithium, and methyl chlo- 
last 4 years and remains largely unexplored. During rocarbonate.
the course of our studies in this area, preparative meth- Since electrophilic substitution adjacent to a car- 
ods for this new class of compounds became avail- boxyl group often presents a serious synthetic obstacle,
able, 2-8 and some reactions of these compounds were formal activating derivatives of carboxylic acids, such
described.9 -1 1  This report presents further aspects of as ynamines, are of potential synthetic interest. How- 
ynamine chemistry. ever, ynamines do not parallel enamines in their broad

Two of the ynamines used in this work have not been utility for substitution reactions. 12 In contrast to the
described previously. N,N-dipropylheptynylamine ( I )  formation of aliphatic imonium salts, which one ob-
was prepared by a displacement reaction from an tains on nucleophilic reactions of enamines, ener-
acetylenic ether,6 whereas N,N-diethylearbomethoxy- getically less favorable allenic imonium functions are 
ethynylamine (2 ) was obtained from N,N-dieth- generated by electrophilic attack on ynamines. Thus

(C3H,)2NLi one Can expect ynamines to be less reactive toward
CH3(CH2),C=COC2H5 — — — CH3(CH2)4C=CN(C3H,)2 monofunctional electrophiles than enamines and to

1 undergo preferentially reactions in which addition takes
Cl place at positions a and ß to the nitrogen. Ynamines

Cl2C=CN(C2H5)2 BuLl > CH302CC=CN(C2H5)2 should thus be good substrates for reactions with di-
CICO2CH 3 ,

/
-------------------- R C = C — N  +  A — B  — >-

(1) Alfred P. Sloan Fellow. \
(2) H. G. Viehe, Angew. Chem., 75, 638 (1963). s
(3) J. Ficini and C. Barbara, Bull. Soc. Chim. Fr., 871 (1964).
(4) J. Ficini and C. Barbara, ibid., 2787 (1965). +//  \ s  v
(5) P. P. Montijin, E. Harryvan, and L. Brandsma, Rec. Trav. Chim. Pays- Q — Q— ____ >• Q  Q  ^

Bas, 83, 1211 (1964). /  \ / \
(6) H. G. Viehe and M . Reinstein, Angew. Chem., 76, 537 (1964), A B “ A  B
(7) R. Buijle, A. Halleux, and H. G. Viehe, ibid., 78, 593 (1966). r ,
(8) J. Ficini, C. Barbara, S. Colodny, and A. Dur^anlt, Tetrahedron Lett., avoreu  p rod u ct

943 (1968).
(9) For a summary, see H. G. Viehe, Angew. Chem., 79, 744 (1967). (12) For a summary of enamine chemistry with 630 references, see M  E
(10) J. Ficini and A. Krief, Tetrahedron Lett., 2497 (1967). Kuehne in “ Enamines: Their Synthesis, Structure and Reactions,”  A.' g ’
(11) J. Ficini and A. Krief, ibid., 947 (1968). Cook, Ed., Marcel Dekker, Inc., New York, N. Y., 1968.
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r  AC=CN(C2H5)2 +  ArCH=NS02C6H4CH3 —

\ = C /  X  +  A -B  — T A\  / n (C2H5)2 1 A. /N(C2H5)2

/  \  i— if

R N7  R R . / — ^NS02C6H4CH3 J  nso2csh4ch3

I /  \  1 1 /  l-Ar J Ar
r _ C _ C ^  B - - > R - i _ 6 _ N ^  5 a - i

f . v L p r l o t  ^ B C A .  l

, , ,  • „  . , , ,  f ®  J K d l t t
polar or electrically opposing bifunctional molecules, 7  C^CH-CH— Cr
particularly if a concerted addition to the acetylenic ||
system is possible. +  NS0 2C6H4CH3

The hydration and addition of amines and alcohols to CH3C6H4S02NH2 6

ynamines under acid catalysis has already been de- A = C H CO CH CH •
scribed. 9’ 13 We have found that acidic carbon and ni- A r-Q H * 2-pyridyl, 3-pyridyl, 2-furfuryl
trogen species will add spontaneously to ynamines to 
give ketone-related enamines and amidine derivatives, ,, . ... .. .
respectively. Thus ethyl cyanoacetate and malono- J „  lmt,1̂ lyJ onf i(1 four-membered-ring adduct may 
nitrile added readily to phenyl- and pentyl-substituted , °.W Woodward-Hoffmann15 selection rules for 
ynamines to give vinylogous cyanamides, 3a-d, through 6 eCtr0CyC1C, transformations. (The required trans
double-bond rearrangement of the initially formed en- arrangement of the aryl and sulfonyl substituents on
amines. Similarly, benzene and p-toluenesulfonamides * four-mfmbered ring can be assumed.) 
gave adducts which rearranged to arylsulfonamidines, , remarkable departure from the reaction path fol- 
4 a_c lowed by the other sulfommides was found with the 2-

pyridalsulfonimide in its reaction with the methyl-sub
stituted ynamine. Here, formation of a pyrrocoline 8

A f e C N R ,  +  B C H 2C N  — >

NR2 "I NR2 ■/'N

A C H = C '/  — > A C H 2C = C B C N  k j j A ^ N S O j C A C H a   ^
\  3a-d " >  7L CHBCNj (C2H5)2NC=CCH3

A C fe C N R , +  A rS02N H 2 — >- 0 * 1  NS02C6H4CH3

NR, "I NR, ~ *

A C H = C X  — >- A C H 2i = N S 0 2Ar _(C2H5)2N ^  X H 3

N H S O ,A rJ  4a^  S O C J IC H
R  =  C ,H 5, re-C3H 7; A  =  C6H 6, n-C6H „ ; B  =  C N , CO ,C ,H 5; A r =  I  1  NH

C6H 5, C 6H 4C H 3

(C,H5) ,N ^  x h 3

Ketones and imines have also been found to react 8

with ynamines, particularly in the presence of Lewis
acids such as boron trifluoride. 9 Substituted amides indicates that the relative nucleophilicities of the
and amidines were thus obtained, presumably by re- nitrogens in the pyridalsulfonimide, rather than in a
arrangement of initially formed four-membered-ring zwitterionic cyclization precursor, may govern the
adducts. Arylsulfonylimines1* showed an expected course of the reaction. This result would then be a
greater reactivity with ynamines and led to the cor- direct reflection of the preferred concerted addition re
responding unsaturated arylsulfonamidines Sa-i. actions of ynamines. Formation of a pyrrocoline from
The structures of these products were established by the least polarized ynamine is consistent with this pos-
catalytic and chemical reductions. While the phenyl- tulate.
ynamine-derived product 5a was stable to refluxing The addition of diphenylketene to ynamines led to 
acid or alkali and resistant to hydrogenation at atmo- both of the possible four-membered-ring cyclization
spheric pressure, its stilbene double bond was reduced products, 9 a-c and 1 0 a, b. Allenic amide structures,
over a palladium catalyst at 850 psi, giving the which could have arisen from opening of the hetero-
saturated sulfonamidine 6 . Lithium aluminum hy- cyclic adducts 1 0  in analogy to the opening found with
dride reduction of the sulfonamidine group in 5a led to cyclic sulfonamides (above) were excluded by the ab-
the aminomethyl-m-stilbene 7 and p-toluenesulfon- sence of characteristic allenic absorption in the infrared,
amide. Ultraviolet, infrared, and nuclear magnetic resonance

The formation of a m-stilbene system in 5a is spectra also excluded aminophenol structures analo- 
especially interesting since it indicates that opening of

(15) R. B. Woodward and R. Hoffmann, J. Amer. Chem. Soc., 87, 395
(13) J. Ficini and C. Barbara, Tetrahedron Lett., 6425 (1966). (1965). Of two possible eonrotatory eyclobutene openings one expects to
(14) G. Kresze and R. Albrecht, Angew. Chem., 74, 781 (1962). favor the process which avoids eclipsing of initial trans substituents.
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gous to the quinolones formed with aryl isocyanates quinolines 16a-c displayed an nmr singlet at 5 8.5 -8.7
(below). An aminocyclobutenone 9d was also obtained for the C- 2  proton, downfield17 from the other aromatic
with dimethylketene and N,N-diethylphenylethynyl- proton signals, while the isomeric 4 proton of the 2- 
amine. aminoquinoline 17 was found at 7.6. 17 In the quino

lines 15a, b the C-2 proton was again seen downfield, but 
A\  / N(CA )2 Av -N(C2H5)i. as a doublet.

The isomeric aminoquinolones could also be differ- 
p n +  / R  entiated by infrared spectra, which showed strong max-

o r  Nr  ima at 1640, 1600, and 900 cm- 1  for the 4-amino-2-
quinolones 13a-c vs. 1615 and 1570 cm- 1  for the 2- 

10a b + 9a-d amino-4-quinolones 14a, b. The ultraviolet spectra of
I the isomeric compounds could be consistently distin-

. . _ __n guished by their general shapes but showed the same
( 2H5I2 positions and relative intensities of maxima.

GH, IbNC^CA ^ V V A

R \  I +  ^ ^ 1  0
> = C = C C N ( C 2H5)2 i l l  c6h5n = c = o  I

R II

0  N(C2H5) 13a~d

A = C6Hf„ C02CH3, CH3; R= Q ft. CH3 i

Analogous to the addition of ketenes, sulfenes were |- yA~\ ^
also found to give adducts with ynamines. The four- | — |
membered cychc sulfonamide structures l la -e  and 1 2 a, i  jf I
b were assigned on the basis of nmr spectra. Double- L-ORs— N------
bond isomerization from type 11 to 12 was only ob- 1 16a-c
served in the products derived from the methyl-sub- t

stituted ynamine. 9 +

BCHp; OyC - C X X +OCC
AC=CN(C2H5)2 +  [BCH=S02] — *• H 15a’ b 17

Av ,N(C2H5)2 An. ,N(C2H5)2 14a’ b
\ = f  >------ (  A = Cr,H5, C5Hu, C02CH3, CH3; R=C2H5, C3H7

+
0ag____ I Q2g____ I The reaction of 1-naphthyl isocyanate and ynamines

qj T3 also led to 1,4-addition products 18a-c in acetonitrile,
lla e 12a b and a rearranged 1,2-addition product 19 could be iso-

_  ’ lated from a reaction in cyclohexane. Reduction of the
A -  C6H5, C02CH3, CH3; B -H , CRj benzo-2-quinolone 18a with lithium aluminum hydride

In contrast to the preceding reactions, ynamines re- £?ve desoxyproduct 20 with an nmr singlet at 5 8.56. 
acted with phenyl isocyanate to give 4 -amino-2 -quino- b^-addition products 18a-c could again be cor-
lones 13a-d by 1,4 addition as well as 2-amino-4-quino- O
lones 14a, b by initial 1,2 addition, subsequent opening ^ 0  1 142 ^
of the four-membered-ring adduct, and cyclization to +  q __^
the 4-quinolone products. The relative extent of 1,4 | |J | jfl
vs. 1,2 addition was found to depend on solvent polarity. C L T  J
Thus 2-quinolone formation was favored in acetonitrile I
while more 4-quinolone isomer was produced in ben- A 18a-c
zene. 16 Infrared absorption at 1755 cm-1, which was | .
seen in the course of the reactions, may be assigned to I
the intermediate unsaturated four-membered lactams. 1 442

Structural assignments for the aminoquinolones H N ^ V ^ A Y ||
were based on complete reductions with lithium alumi- |!ii#Ss! [ 5V ^ VsNR2

num hydride to the quinolines 15a, b, common to each f ^ l T ^ ^ I ^
isomer pair, as well as partial reductions to the respec-
tive aminoquinolines 16a-c and 17. The 4-amino- 19 20

(16) Recently,11 the addition of phenyl isocyanate to two ynamines was A =  C5HU, C02CH3, CH3; RsaC2H5, C3H7
reported to give the 4-amino-2-quinolones 13a and d. However, the products ----—------ ------
obtained correspond in physical properties to our 2-amino-4-quinolones 14a (17) R. F. M . White in “ Physical Methods in Heterocyclic Chemistry,’ ’
and b. A. R. Katritzky, Ed., Academic Press, New York, N . Y ., 1963, p 143.
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re la ted  b y  in fra red  spec tra  (1625, 1600, a n d  850 c m -1 )  formate, 2.16 g, in 5 ml of dry ether was added dropwise while
an d  d iffe ren tia ted  fro m  the isom er 19 (1600 an d  1545 ‘:he temperature of the reaction mixture was kept at - 1 0 °.
c m - n  After addition of methyl chloroformate, the mixture was left

. , j .  . ,  . . at room temperature for 45 min. Centrifugation and distillation
A d d it io n s  ot 1,3 d ip o la r  species to  y n am in es  w ere  0f the centrifugate gave 2.5 g (70% yield) of the ynamine:

desc ribed  d u r in g  the course o f o u r w o rk . 18 A  fu rth e r  bp 91° (2.5 mm); ir 2200, 1695 cm“1; nmr (neat with external
exam ple , le ad in g  to  com pou n d  21, is fo u n d  in  the  reac - T M S ) s 1.20 (t, 6 H ), 2.97 (q, 4 H ), 4.35 (s, 3 H ).
tion  o f ben zon itrile  ox ide  w ith  the p h en y l-su bstitu ted  * ® actiT  °,f N.N-Dmthylphenylethynylamine with Malone-

*  J nitrile.— A  solution of 0.51 g (3.0 mmol) of the ynamine in 2 ml
y n am in e . of dry  acetonitrile was added dropwise to a stirred solution of

0.2 g (3.0 mmol) of malononitrile in 10 ml of dry acetonitrile, and 
V  the mixture was stirred for 22 hr. The solvent was removed under
I___ vacuum, and recrystallization of the residue from ethyl acetate-

CRsC NOH  petroleum ether (bp 30-60°) gave 0.3 g (51% yield) of adduct
jEtjN O H ». JN(C2H5)2 3a, mp 1 10 - 1 1 1 °. A  reaction in dry benzene gave a 1 0 %  yield:

rrwrxrm -u > = 1  11 1575> 2175> 2200 208> 293 nmr (m CDC1S
LC6H5CNOJ +  C6H5C==CN (C2H5)2 — ► JL 0  with internal T M S ) S 1.23 (t, 6 H ),  3.60 (q, 4 H ), 4.00 (s, 2 H ),

O H / ' 1'1''' 7.33 (m, 5 H ).
„  Anal. Calcd for Ci5H nN 3: C , 74.07; H , 7.55; N , 18.51.
Z1 Found: C, 73.98; H , 7.32; N , 18.25.

T h e  ph en y l-su bst itu ted  y n am in e  w a s  also  fo u n d  to  Reaction of N,N-Dipropylpentylethynylamme with Malono- 
, 1 , , ,  , , . . , , . nitrile.—  this reaction was carried out under the conditions of

u n dergo  a  D ie ls—A ld e r  ad d itio n  to  te trap h en y lcyc lo - the previous reaction, except that benzene was used as a solvent,
pentad ienone . T h e  co rrespon d in g  deca rbo n y la t io n  Distillation of the reaction mixture gave a light brown oil, bp
p ro d u c t  22 w a s  iso la ted  in  lo w  y ie ld . H 0 °  (0.005 mm). This compound, 3b, 3.35 g (84% yield), was

homogeneous by thin layer chromatography (tic) on Eastman 
Q C6H5 silica gel plates in dichloromethane and also in benzene: ir
V  | 2200, 2 2 10 , 1565 cm -1; X®°xH 2 10 , 295 m/i; nmr (in C D C 1, with

C A O k / C R *  , C internal T M S  at sweep width of 250 cps) 5 0.75-2.50 (m, 21 H ),
T  T  +  III ~ 2. 50 (m, 2  H ), 3.47 (t, 4 H ).

S --------\  C Anal. Calcd for C 16H 27N 3: C , 73.51; H , 10.41. Found: C,
CeHs CeHs | 7 3 .4 4 ; h , 1 0 .6 6 .

N (C 2H5)2 Reaction of N ,N-Diethylphenylethynylamine with Ethyl Cyano-
acetate.— This reaction was carried out in acetonitrile and gave 

Q H 5 N(Q>H5)2 ”| a 42% yield of the product 3c which crystallized from ethyl
\ ___ /  b,(C2H5)2 acetate-petroleum ether (bp 30-60°): mp 74-75°; ir 1690,
/ o \  CJi, 1  C H  1560, 2205 cm“h > w H 210, 307 mM; nmr (in CDC13 with in-

_ __ 5 ternal T M S ) S 1.2 (m, 9 H ), 3.55 (q, 4 H ), 4.2 (q, 2 H ), 4.4
C6H5— C6Hs — *■ II I (s, 2 H ), 7.3 (m, 5 H ).

\  /  C6Hs y ^ C 6H3 Anal. Calcd for C „H 22N 20 2: C, 71.39; H , 7.75; N , 9.80.
y — (  I Found: C , 71.54; H , 7.79; N , 9.60.

Q H j 6115 Reaction of N  ,N-Dipropylpentylethynylamine with Ethyl
22 Cyanoacetate.— This reaction was carried out in dry benzene to

give a 51% yield of product 3d: bp 105° (0.005 mm); ir 1695, 
1535, 2205 cm“1; ?C°H 220, 311 m^; nmr (in CDC13 with ex- 

Experimental Section ternal T M S ) S 0.8-1.6 (m, 24 H ), 2.78 (m, 2 H ), 3.43 (t, 4 H ),

The proton magnetic resonance (pmr) spectra were recorded 2^ ; d f<jr C i8h 32N 20 2: C , 70.09; H , 10.46; N ,  9.08.
on a Varian Associates Model A-60 spectrometer as 10% solu- Found' 70 31* H  10 54' N  8 95
tions in carbon tetrachloride or deuterated chloroform. Chemical Reaction of N.N-DiethJlphenylethynylamine with p-Toluene-
shifte for the compounds are «po rted  as «  (parts per million) sulfonamide . - A  solution of 0.5 g (3.0 mmol) of the ynamine in 
relative to tetramethylsilane (T M S ), internal or external g ml of d acetonitrile was added dropwise to a solution of 0.5 g
Infrared (ir) spectra were recorded on a Perkm-Elmer Model of ̂ toluenesulfonamide in 20 ml of dry acetonitrile. The mixture
237B infrared spectrometer. Solids were recorded as potassium was gtirred for 72 hr> and the solvent taken off under a vacuilm.
bromide discs and liquids as films on sodium chloride plates Recrystallization of the residue from ethyl acetate-petroleum
Ultraviolet (uv) spectra were recorded on a Perkin-Elmer Model ether (. afforded 0.82 g (80% yield) of N-p-toluene-
202 spectrometer, and extinction coefficients were determined on sulfony].N ' ,N'-diethylphenylacetamidine (4a): mp 134-135°;
a Cary 14 spectrometer. A ll reported me ring points are corrected ir 1 S55) i 280, 1145 cm“1; 250 mM; nmr (in CDC13 with
but boiling points are uncorrected. A ll reactions were carried internal T M S ) s 4.00 (pentet, 6 H ), 2.35 (s, 3 H ), 3.35 (m, 4 H ),
out in a nitrogen atmosphere. 4.40 (s, 2 H ), 7.0-7.5 (m, 7 H ), 7.83 (d, 2 H ).

Preparation r f Ynam ines.-T he  N,N-diethylphenylethynyl- dnaL  Calcd for C I9H 24N 20 2S: C , 66.33; H , 7.03; N ,  8.14; 
amine used in the following reactions was prepared by the method g g g2 Found" C  66 11; H , 6.95; N ,  7.90; S, 9.26. 
of Ficini.3 . . Attempts to reduce this N-p-toluenesulfonyl-N',N '-diethyl-

The N,N-dipropylpentylethynylamine, 1, previously un- phenylacetamidine in dry dioxane with palladium on charcoal 
reported, and the N,N-dipropylethylethynylamine were pre- and hydrogen at atmospheric pressure or with platinum dioxide 
pared from the corresponding acetylenic ethyl ethers by the jn . ethanol failed.
method of Montijin .6 TheN.N-dipropylpentylethynylaminehad Reaction of N,N-Dipropylpentylethynylamine with p-Toluene-
the following physical constants: bp 93-94^ (4.7 mm), ir sulfonamide.— This reaction was carried out in dichloromethane
2240 cm 1. This amine could be hydrolyzed to the N ,N -d i- and gave a 79% yield of the N-p-toluenesulfonyl-N',N '-dipropyl- 
propylamide of heptanoic acid by dilute aqueous acid. The heptamidine (4b ): bp 190° (0.001 mm); ir 1550, 1275 (S0 2 as),
amide was compared with an authentic sample by matching ir 115{J cm-i  (So 2 s). xe«oh 24g mM; nmr (in C D C l3  with

spectra. . , , t  t  internal T M S ) S 0.90 (t, 9 H ), 1.35 (m, 12 H ), 2.39 (s, 3 H ),
Preparation of N,N-Diethylcarbomethoxyethynylamme (2).—  2 g8  2  H)> 3 30 (q> 4  H ) > 7  2 5  (d> 2  H ), 7.90 (d, 2 H ).

N,N-diethyl-l,2,2-trichlorovinylamine,19 5.0 g (23 mmol), was AnaL Calcd for c 20H 34N 2O2S: C , 65.53; H , 9.35; N ,  7.64; 
cooled t o -1 5 °  under a nitrogen atmosphere, and n-butyllithium g ; g.7 3 . Found: C, 65.37; H , 9.52; N , 8.16; S, 8.91.
(50 mmol) in hexane (diluted with one-third volume of dry ether) Reaction of N,N-Diethylphenylethynylamine with Benzene-
was added dropwise at — 10 . The mixture was left at room sulfonamide.— This reaction, carried out in dry acetonitrile,
temperature for 45 min, then cooled to -1 0 ° ,  and methyl chloro- gaye & 67% yield of the N-benzenesulfonyl-N',N'-diethylphenyl-

(18) R. Fuks, R. Buijle, and H. G. Viehe, Angew. Chem., 78, 594 (1966). acetamidine (4c), mp 68-69°, after recrystallization from cyclo-
(19) A. J. Speziale and L. R. Smith, J. Amer. Chem. Soc., 84, 1868 (1962). hexane-ethyl acetate: ir 1550, 1270 (S0 2 os), 1145 cm 1 (S0 2 s);
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X »«H 247 mp; nmr (in CDC13 with internal T M S ) S 1.00 (pentet, The singlet at S 6.58 disappeared when the solvent was C H 3O D ,
6°H ) 3 35 (m 4 H ), 4.42 (s, 2 H ), 7.30 (m, 8 H ), 7.90 (m, 2 H ). indicating exchange of the N -H  hydrogen of the sulfonamide.

Anal Calcd for C,»H22N 20 2S: C , 65.51; H , 6.72; N , 8.49; Reaction of N,N-Diethylmethylethynylamine with 2-Furfural
S, 9.72. Found: 0 ,65.74; H , 6.56; N , 8.28; S, 9.72. p-Toluenesulfonimide.14— This reaction was carried out m dry

Reaction of N,N-Diethylphenylethynylamine with Benzal benzene and gave a 65% yield of product 5g, mp 127-128°, after
p-Toluenesulfonimide.14— A  solution of 0.50 g (3.0 mmol) of the recrystallization from ethyl acetate: ir 1530, 1280, 1150 cm >;
ynamine in 5 ml of dry benzene was added dropwise to a stirred X®1°H 257 m^; nmr (in CDC13 with internal T M S ) 5 1.16 (t, 6 H ),
solution of the benzal p-toluenesulfonimide, 0.78 g (3.0 mmol) in 2.18 (s, 3 H ), 2.36 (s, 3 H ), 3.36 (m, 4 H ), 6.00 (s, 1 H ), 6.40
20 ml of dry benzene. The mixture was stirred for 20 hr. Evapo- (m, 2 H ),  7.16 (d, 2 H ), 7.45 (s, 1 H ), 7.75 (d, 2 H ).
ration of the solvent under a vacuum and recrystallization of the Anal. Calcd for C 19H 24N 2O3S: C , 63.32; H , 6.71; N , 7.77;
solid from ethyl acetate gave 0.93 g (75% yield) of product 5a, S, 8 .88 . Found: C , 63.03; H , 6 .86 ; N ,  7.74, S, 8.62.
mp 163—164°. W ith acetonitrile as a solvent a yield of 70% was Reaction of 14,N  Diethylcarbomethoxyethynylamine with
obtained: ir 1540, 1280, 1145 c m '1; X®1™ 247 mp; nmr (in CDC13 2-Furfural p-Toluenesulfonimide.14— This reaction was carried 
with external T M S ) 5 0.72 (t, 3 H ), 1.16 (t, 3 H ), 2.35 (s, 3 H ), out in dry benzene and gave a 57% yield of the adduct 5h, mp
3 33 (q, 4 H ), 6.63 (s, 1 H ), 7.1-7.3 (m, 12 H ), 7.71 (d, 2 H ). 146-147°, after recrystallization from ethyl acetate: ir 1550,

Anal. Calcd for CisHisNiOiS: C, 72.20; H , 6.53; N , 6.48; 1620, 1720 cm "1; X*‘°H 222, 245, 325 m^; nmr (in CDC13 with
S, 7.40. Found: C, 72.18; H , 6.74; N , 6.37; S, 7.48. external T M S ) S 1.20 (m, 6 H ), 2.38 (s, 3 H ), 3.50 (m, 4 H ),

Reaction of N,N-Diethylcarbomethoxyethynylamine with 3.73 (s, 3 H ), 6.46 (s, 1 H ), 6.63 (m, 1 H ), 7.1-8.0 (m, 6 H ).
Benzal p-Toluenesulfonimide.14— This reaction was carried out Anal. Calcd for C 2oH24N 205S: C, 59.40; H , 5.98; N , 6.93;
in benzene to give a 60% yield of product 5b, mp 113—114°, S, 7.91. Found: C , 59.14; H , 5.93; N , 6.72; S, 8.02. 
which was recrystallized from ethyl acetate. W ith acetonitrile Reaction of N,N-Diethylmethylethynylamine with 2-Naphthal
as the reaction medium an 18% yield was obtained: ir 1725, p-Toluenesulfonimide.— This reaction was carried out in dry
1610, 1525, 1140 cm-1; X®1°H 253 mp; nmr (in CDC13 with benzene and gave a 94% yield of product 5i: mp 137-138°;
internal T M S ) S 1.16 (m, 6 H ), 2.36 (s, 3 H ), 3.2-3.7 (q and s, ir 1535, 1275, 1145 cm -1; X »°H 213, 248, 294 mp; nmr (in
7 H ), 6.78 (s, 1 H ), 7.1-7.85 (m, 9 H ). CDC13 with internal T M S ) 5 1.20 (t, 6 H ), 2.20 (s, 3 H ), 2.31

Anal. Calcd for C 22H 26N 20 4S: C , 63.74; H , 6.32; N , 6.76; (s, 3 H ), 3.43 (m, 4 H ), 6.36 (s, 1 H ), 7.1-7.9 (m, 11 H ).
S, 7.74. Found: C, 64.00; H , 6.28; N ,  7.00: S, 7.82. Anal. Calcd for C25H 28N 20 2S: C, 71.41; H , 6.71; N ,  6 .6 6 ;

Reaction of N.N-Diethylmethylethynylamine with Benzal S, 7.61. Found: C, 71.24; H , 6.80; N , 6.84; S, 7.63.
p-Toluenesulf onimide.14— This reaction was carried out in ben- Catalytic Reduction of the N-p-Toluenesulfonyl-N',N'-diethyl-
zene and gave a 95% yield of product 5c, mp 142-143°, which stilbylformamidine (5a).— A  solution of 0.1 g (0.22 mmol) of the
was recrystallized from ethyl acetate: ir 1535, 1275, 1150 cm-1; formamidine in 20 ml of dry ethanol was shaken with 15 mg of
X®°H 252 mp; nmr (in CDC13 with internal T M S ) S 1.18 (t, 6 H ) 10% palladium on charcoal under 850 psi of hydrogen for 24 hr.
2.11 (s, 3 H ), 2.33 (s, 3 H ), 3.45 (ro, 4 H ),  6.21 (s, 1 H ), 7.0-7.9 The catalyst was filtered, and the solvent taken off under vacuum,
(m, 9 H ). Recrystallization of the residue from ethyl acetate-petroleum

Anal. Calcd for C 2iH 26N 20 2S: C , 68.27; H , 6.82; N , 7.58; ether (bp 30-60°) gave 30 mg of the dihydro compound 6 : mp
S, 8 .68 . Found: C, 68.25; H , 7.01; N , 7.69; S, 8.69. 125-126°; ir 1550, 1260, 1135 cm“1; X“ f  210, 252 mp; nmr

Reaction of N,N-Diethylphenylethynylamine with 2-Pyridal (in CDC13 with internal T M S ) S 0.78 (m, 6 H ), 2.35 (s, 3 H ),
p-Toluenesulfonimide.14— This reaction was carried out in dry 3.33 (m, 6 H ), 5.95 (t, 1 H ), 7.1-7.9 (m, 14 H ). 
benzene and gave a 54% yield of product 5d, mp 145-146°, Attempts to reduce the formamidine at atmospheric pressure
after recrystallization from ethyl acetate-petroleum ether (bp failed. The starting material was recovered in all cases.
30-60°): ir 1530, 1280, 1145 cm-1; X®*„°H 235, 295 mp; nmr (in The compound was also stable to refluxing 10% aqueous 
CD CI3 with internal T M S ) 5 0.68 (t, 3 H ), 1.16 (t, 3 H ), 2.35 hydrochloric acid and 10% sodium hydroxide.
(s, 3 H ), 3.40 (m, 4 H ), 6.70 (s, 1 H ), 7.25 (m, 11 H ), 7.83 (d, Anal. Calcd for C26H 30N 2O2S: C, 71.85; H , 6.96; N -  6.45;
2 H ). S, 7.38. Found: C, 72.01; H , 7.22; N , 6.33; S, 7.43.

Anal. Calcd for C 25H 27N 30 2S: C, 69.26; H , 6.28; N ,  9.69; Lithium Aluminum Hydride Reduction of N-p-Toluenesulfonyl-
S, 7.38. Found: C, 68.98; H , 6.15; N ,  9.47; S, 7.40. N',N'-diethylstilbylformamidine (5a).— A  solution of 0.1 g

Reaction of N,N-Diethylcarbomethoxyethynylamine with (0.22 mmol) of the formamidine in 20 ml of dry dioxane was
2-Pyridal p-Toluenesulfonimide.14— This reaction was carried refluxed for 48 hr with 60 mg of lithium aluminum hydride,
out in dry benzene to give a 41% yield of product 5e, mp 132- The excess lithium aluminum hydride was hydrolyzed with a
133°, after recrystallization from ethyl acetate: ir 1735, 1620, few drops of 50% sulfuric acid. The mixture was then made
1550, 1280, 1150 cm-1; X®1°H 215, 250 mp; nmr (in C D C I3 with basic and extracted with three 20-ml portions of dichloromethane.
internal T M S ) S 1.18 (t, 6 H ), 2.35 (s, 3 H ), 3.58 (m, 4 H ), The extract was dried over magnesium sulfate, and the solvent
3.65 (s, 3 H ), 6.88  (s, 1 H ), 7.16 (m, 4 H ), 7.73 (m, 4 H ). was removed under vacuum. Distillation of the remaining

Anal. Calcd for C 2]H 25N 304S: C, 60.71; H , 6.07; N ,  10.12; oil gave 50 mg (83% yield) of the amine 7, bp 83-88° (block
S, 7.70. Found: C, 60.69; H , 6.26; N , 9.92; S, 7.58. temperature) at 0.005 mm. The hydrobromide salt was crystal-

Reaction of N,N-Diethylmethylethynylamme with 3-Pyridal lized from isopropyl alcohol: mp 176-177°; ir spectrum (hydro-
p-Toluenesulfonimide.— This reaction was carried out in dry bromide salt) 2475-2560 cm-1; X®*°H 225 mp (e 22,000), 270
benzene to give a 72% yield of product Sf, mp 168-169°, after (13.000);20 nmr (in CC14 with external T M S ) (free amine) S
recrystallization from ethyl acetate: ir 1540, 1275, 1145 cm-1; 1.06 (t, 6 H ), 2.30 (q, 4 H ), 3.20 (s, 2 H ), 6.51 (s, 1 H ), 6 .8-
X™ H 247 mp; nmr (in CDC13 with internal T M S ) S 1.16 (t, 7.2 (m, 10 H ).
6 H ), 2.13 (s, 3 H ), 2.33 (s, 3 H ), 3.41 (m, 4 H ) ,  6.21 (s, 1 H ), Anal. Calcd for Ci9H 24B rN : C, 65.89; H, 6.98; N ,  4.05;
7.23 (m, 3 H ), 7.66 (m, 3 H ), 8.50 (s, 2 H ). Br, 23.08. Found: C, 66.12; H , 6.94; N ,  4.07; Br, 23.30.

Anal. Calcd for C 20H 25N 3O2S: C, 64.67; H , 6.78; N ,  11.31; The solution was then made acidic and extracted with three
S, 8.61. Found: C, 64.79; H , 6.53; N , 11.04; S, 8.38. 20-ml portions of chloroform. This extract was dried over

Reaction of N,N-Diethylmethylethynylamine with 2-Pyridal magnesium sulfate, and after removal of the solvent gave 23 mg
p-Toluenesulfonimide.14— A  solution of 0.33 g (3.0 mmol) of the of p-toluenesulfonamide, mp 134-137°, identical with the known
ynamine in 5 ml of dry acetonitrile was added dropwise to a compound by mixture melting point and ir spectrum, 
stirred solution of 0.78 g (3.0 mmol) of 2-pyridal-p-toluene- Reaction of N,N-Diethylphenylethynylamine with Diphenyl- 
sulfonimide in 20 ml of dry acetonitrile, cooled to 5°. The ketene.— A  solution of 0.51 g (3.0 mmol) of the ynamine in 2 ml
ynamine was added dropwise over a 30-min period, and the mix- of dry benzene was added dropwise to a stirred solution of 0.58 g
ture stirred another 2 hr at 5° and 16 hr at room temperature. (3.0 mmol) of diphenylketene in 15 ml of dry benzene. The
The solvent was removed under a vacuum, and the black-green mixture was stirred for 24 hr. Evaporation of the solvent and
oil was treated with Florisil and dichloromethane to give, after re- crystallization of the residue from ethyl acetate gave 0.7 g
crystallization from ethyl acetate-petroleum ether (bp 30-60°), (64% yield) of 2,2-diphenyl-3-N,N-diethyl-4-phenylcyclobuten-
0.5 g (45% yield) of product 8: mp 120-121°; ir 3300, 1345, one 9a, mp 192-193°. W ith acetonitrile as a solvent the same
1150 cm-1; X®*a°H 235 mp; nmr (in CDC13 with internal T M S ) S yield was obtained: ir 1743, 1608, 1585 cm-1; X®‘,°H 272 mp;
0.86 (t, 6 H ), 1.73 (s, 3 H ), 3.06 (q, 4 H ), 6.4-6.6 'm , 3 H ),
7.3-7.7 (m, 3 H ), 7.16 (d, 3 H ), 7.60 (d, 2 H ), 8.00 (m, 1H).

Anal. Calcd for C 2oTf2.'>N30 2S : C, 64.67; FI, 6.78; N , 11.31; (20) For a comparable uv absorption of cis-stilbene see M . Calvin and
S, 8.62. Found: C, 64.57; H , 6.93; N , 11.03; S, 8.80. H. W. Alter, J. Chem. Phys., 19, 765 (1951).
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nmr (in CDC13 with internal T M S ) 8 0.44 (t, 3 H ), 1.01 (t, 3 H ), Anal. Calcd for CisHigNChS: C, 58.24; H , 6.19; N , 4.54;
3.35 (m, 4 H ), 7.43 (m, 15 H ). S, 10.37. Found: C, 58.08; H , 6.19; N , 4.60; S, 10.24.

Anal. Calcd for C26H 26N O : C, 84.98; H , 6.86; N , 3.81. Reaction of N,N-Diethylmethylethynylamine with Phenyl-
Found: C, 85.06; H , 6.68; N , 3.84. sulfene.— This reaction was carried out in dry benzene and gave

Attempts to isomerize this cyclobutenone to the amino- a 54% yield of product 12a, mp 108-109°, after recrystallization
naphthol with B F 3 etherate, p-toluenesulfonic acid, or methanolic from isopropyl alcohol: ir 1635, 1255, 1085 cm-1; 236,
hydrochloric acid failed. The starting cyclobutenone was re- 247 mu; nmr (in CDC13 with internal T M S ) 8 1.03 (t, 6 H ), 1.66
covered in all cases. (d, 3 H ); 3.16 (q, 4 H ), 4.63 (q, 1 H ), 7.35 (s, 5 H ).

Reaction of N, N-Diethylcarbomethoxyethynylamine with Di- Anal. Calcd for CuHi9N 0 2S: C, 63.38; H , 7.22; N , 5.28;
phenylketene.— This reaction was carried out in dry benzene S, 12.06. Found: C, 63.14; H , 7.21; N , 5.17; S, 11.98. 
for 2 hr and gave a 15% yield of the cyclobutenone 9b, mp Reaction of N,N-Diethylcarbomethoxymethylethynylamine
216-217° (turned blue at the melting point), after recrystalliza- with Sulfene.— Methanesulfonyl chloride, 0.34 g (3.0 mmol),
tion from ethyl acetate: ir 1755, 1685, 1612 cm“1; xS «H 247, in 5 ml of dry benzene was added dropwise to a stirred solution
275 mu; nmr (in CDC13 with internal T M S ) 5 0.45 (t, 3 H ), 1.38 of the ynamine, 0.46 g (3.0 mmol), and 0.3 g of triethylamine in
(t, 3 H ), 3.39 (q, 2 H ), 3.68 (s, 3 H ), 4.14 (q, 2 H ), 7.36 (s, 10 H ). 20 ml of dry benzene. The mixture was stirred for 20 hr, and the

Anal. Calcd for C22H 23N 0 3: C, 75.66; H , 6.64; N , 4.01. triethylamine hydrochloride was filtered. Evaporation of the
Found: C , 75.80; H , 6.51; N ,  4.01. * solvent under vacuum and crystallization of the residue from

Crystallization of the ethyl acetate soluble material from carbon ethyl acetate gave 0.21 g (30% yield) of product 11c, mp 144-
tetrachloride-petroleum ether (bp 30—60°) gave a 53% yield of 145°. W ith dioxane as the reaction solvent a yield of 23% was
the cyclic ether 10a: mp 114—115°; ir 1720, 1625 cm-1; x (^ H obtained: ir 1700, 1625, 1285, 1125 cm 1; Xmax 277 mu; nmr
265 mu; nmr (in CDC13 with internal T M S ) 8 0.90 (t, 3 H ), (in CDC13 with internal T M S ) 8 1.28 (t, 6 H ), 3.43 (q, 2 H ),
1.17 (t, 3 H ), 3.37 (m, 4 H ), 3.82 (s, 3 H ), 7.43 (s, 10 H ). 3.78 (s, 3 H ), 3.98 (q, 2 H ), 4.41 (s, 2 H ).

Anal. Calcd for C22H 23N 0 3: C , 75.66; H , 6.64; N , 4.01. Anal. Calcd for C9H 15N 0 4S: C, 46.35; H , 6.48; N , 6.01.
Found: C, 75.29; H , 6.41; N , 4.04. Found: C, 46.51; H , 6.35; N , 5.86.

Reaction of N,N-Diethylmethylethynylamine with Diphenyl- Reaction of N,N-Diethylphenylethynylamine with Sulfene.—
ketene.— This reaction gave an 11% yield of the substituted This reaction was carried out in dry tetrahydrofuran and gave
cyclobutenone 9c, mp 116—117°, which was crystallized from a 60% yield of product lid, mp 132—133 , after recrystallization
ethyl acetate—petroleum ether (bp 30-60°): ir 1740 cm-1; from ethyl acetate: ir 1640, 1270, 1115 cm *; Xmax 229, 284
X®*«H 228, 287 m^; nmr (in CDC13 with internal T M S ) 8 0.48 m^; nmr (in CDC13 with internal T M S ) 8 1.00 (t, 6 H ), 3.15
(t, 3 H ), 1.31 (t, 3 H ), 1.85 (s, 3 H ), 3.33 (m, 4 H ), 7.30 (s, (q, 4 H ), 4.43 (s, 2 H ), 7.40 (s, 5 H ).
10  H ). Anal. Calcd for C13H „ N 0 2S: C , 62.14; H , 6.82; N , 5.57.

Anal. Calcd for C21H 23N O : C , 82.58; H , 7.59; N , 4.59. Found: C , 62.39; H , 6.70; N , 5.73.
Found: C, 82.39; H , 7.74; N , 4.67. Reaction of N,N-Diethylmethylethynylamine with Sulfene.—

Recrystallization of the ethyl acetate-petroleum ether (bp This reaction was carried out in dry tetrahydrofuran and gave a
30-60°) soluble material from ligroin (bp 90-120°) gave a 27% 66%  yield of an oil> bP 120-125° (block temperature) at 0.001
yield of the cyclic ether 10b: mp 88-89°; ir 1620 cm“1; X®” H mm, which was a 1:1 mixture of double-bond isomers, lie and
215, 271 mu; nmr (in CDC13 with internal T M S ) 8 0.98 (t, 6 H ), 12b (the mixture was not formed by thermal rearrangement,
o  11 q t j \ q on (n d T n  7 m (* 10 since th e  n m r spectra  b e fo re  and a fte r  d is t illa tion  show ed the

Whek this r e a c t s  w i ’ cfrried out in dry acetonitrile at -m e  1:1 ratio): ir 1610
- 2 7 °  only the cyclic ether was obtained in 48% yield. ^  nmr (in CC14 with external T M S ) 81.18 (t 6 H )  1.50 (d 15

, 1 r™ r  TT N O - r  ss- H  7  HQ. n  4 59 H ). 1-83 0 ’ 1-5 H )> 3-21 (o. 4 H ), 4.18 (d, 1 H ),  4.53 (q, 0.52
Anal. Calcd for C 2i 23 • > • > ’ ' ’ ’ H ), 5.08 (s, 0.53 H );  mass spectrum, m/e 189 (molecular ion),

Found: C, 82.75; H , 7.32 N , 4 51 96, 68 (major ions).
Reaction of N N-Diethylphenylethynylamme with Dimethyl- Reaction N;N.Diethylphenylethynylamine with Phenyl

ketene -D im ethylketene was generated by pyro ly s iso f tetra Igocyanate _ A  solution of 0.50 g (3 .0 mmol) of the ynamine in
methylcyclobutanedione and trappe i y  y 2 ml of dry acetonitrile was added dropwise to a stirred solution
at -7 5 ° .  The ynamine 0.5 g (3 0 mmol), was added dropw se ^  *  Q mm of isocyanate in 10 ml of dry aceto-
to the stirred solution of the dimethylketene at 0 . The mixture ^  ^  ^  ig  ^  ^  ^  white precipi.
was then warmed to room temperature and stirred for an addi- was ffltered_ R  tallization from iSOpropyl alcohol-
tional 2 hr. The solvent was removed under vacuum, and the acetate Q 15 yieid ) of the carbostyril 13a:
mixture was chromatographed on 35 g of neutral alumina with mpy238_239° .g ir 1640) 3450 cm- i ; x^ h 233; 275> 335 mju; 
these solvents: (1) benzene; (2) benzene 30% dicMorometh- P CDC1S with internal T M S ) g i . 00 (t, 6 H ), 2.90 (q,
ane; and (3) benzene-40% dichloromethane. The 30% fraction . n i  7  in_7 on im 9 H I 12 99 is 1 H I
gave 0.12 g (17% yield) of substituted cyclobutenone 9d: bp 4 „ )l \  7 ,  h  ■ , ,
103° (0.05 mm); mp 51-52°; ir 1725 cm "1; X®a°xH 210, 280 mM; N o  additional carbostyril could be obtained even after chro-
nmr (in CDC13 with external T M S ) 8 1.06 (t, 6 H ), 1.30 (s, 6 H ), matography on Flonsil.
3 33 la 4 H ) 7 20 (s 5 H )  When the reaction was carried out m mtromethane and di-

, , „  A  TT ATri. p  70 Q7 - -r  s 7 9 - N  5 76 chloromethane the yields of 13a were 15 and 9% , respectively.
Anal. Calcd for C i6H 2i1NU: C , 78.97, ±1, 8./U, IN, o. 10 . tt , j t n  rr at n . n  -tq 1 c. w  a on- H  o co

Found: C , 79.23; H , 8.95; N , 5.53. A ™ 1- nCal®d_0for„Cl9RH “ N2^  QC ’ 78'15’ H> 6'90’ N ’ 9 '59'
Reaction of N,N-Diethylphenylethynylamine with Phenyl- bound. O, 77.12, H , b./d, iN ,y .o i. . . . .  ,

sulfene.— A  solution of benzylsulfonyl chloride, 0.57g (3.0 mmol), A  solution of 0.51 g of the ynamine m 5 ml of dry benzene was
in 5 ml of dry tetrahydrofuran was added dropwise to a stirred added dropwise to a stirred elution  of 0.36 g of phenyl isocyanate
solution of triethylamine, 0.39 g, and the ynamine, 0.51 g (3.0 in 25 ml of dry benzene The temperature of the reaction was
mmol), in 20 ml of dr^ tetrahydrofuran. The mixture was kept at 45° during the addition, and the mixture was stirred at
stirred for 20 hr, and the triethylamine hydrochloride was room temperature for 24 hr after the addition. The precipitate
filtered. Evaporation of the solvent under vacuum and crystal- solid 14a was filtered and recrysUto^zed from ethand: 0.25 g
lization of the residue from ethyl acetate afforded 0.40 g (42% (28% yield); mp 258-259 ; ir 1620, 1575 cm h Xmax 230, 267,

yield) of product l la :  mp 143-144°; ir 1620, 1275, 1100 cm >; 325 m^- n  70 1 =. H  6 99- 1ST o 59
XE,0H 227 272 mu; nmr (in CDC13 with internal T M S ) 8 0.88 Anal. Calcd for C i9H 20N 2O: C , 78.15, H , 6.90, N , 9.59.
( t “6 H ), 3.06 (q, 4 H ), 5.72 (s, 1 H ),  7.44 (m, 10 H ). Found: C , 78.30; H , 6.94; N , 9.86.

Anal Calcd for C 19H 21N 0 2S: C , 69.70; H , 6.47; N , 4.28; Reaction of N,N-Dipropylpentylethynylanune with Phenyl
S 9 77 Found: C , 69.96; H , 6.49; N ,  4.09; S, 9.48. Isocyanate— This reaction was carried out for 96 hr m dry aceto-

’ Reaction of N,N-Diethylcarbomethoxyethynylamine with nitrile to give a 50% yield of the carbostyril 13bwhich recrystal-
Phenylsulfene.— This reaction was carried out in benzene to give hzed from e f t y i “ P ^
a 32% yield of product lib, mp 185-186°, after recrystallization 120°; ir 1650 3450 cm h X 223, 282, 355 373 mu, nmr 
from ethyl acetate. W ith  tetrahydrofuran as a solvent the re- (m CDC13 with internal T M S ) ii0d)5 (t 9 h -67 ( , 10 H  ,
action gave a 16% yield of the product: ir 1615, 1710, 1283 2 95 (s 2 H ) 3.30 (t, 4 H ), 7.50-8.10 (m, 3 H ), 9.50 (d, 1 H ),
1 1 7 0  cm -1; X®"“ 2 22 , 279 mu; nmr (in CDCls with internal T M S ) 13.70 (s, 1 H )  N  8 90
8 0.86 (t, 3 H ), 1.26 (t, 3 H ), 3.08 (q, 2 H ), 3.82 (s, 3 H ), 4.00 Anal. Calcd for C20H 3oN20 . C,,76.37, H , 9.62, N, 8.90.
(q, 2 H ), 5.65 (s, 1 H ), 7.43 (m, 5 H ). Found: C, 76.09; H , 9.80; N , 9.17.
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Reaction of N,N-Diethylcarbomethoxye~hynylamine with methane-20% chloroform as solvents gave, in fraction 1, an oil
Phenyl Isocyanate.— This reaction was run in dry acetonitrile that was a mixture of 3-methylquinoline 15a and 3-methyl-4-
for 20 hr to give a 51% yield of the carbostyril 13c, which crystal- N,N-diethylaminoquinoline 16a. This oil was distilled to give
lized from ethyl acetate: mp 191-102°; ir 1735, 1650, 1605 0.3 g of 3-methylquinoline 15a, bp 74-76° (block temperature)
cm-1; X®1™ 233, 330 mp; nmr (in CDC13 with internal T M S ) 5, at 1 mm. This quinoline formed a picrate, mp 186-187° (lit .21
1.16 (t, 6 H ), 3.35 (q, 4 H ), 4.00 (s, 3 H ), 7.0-7.50 (m, 3 H ), mp 187°), after recrystallization from ethanol: ir 2700, 1625,
7.83 (d, 1 H ),  12.95 (s, 1 H ). 1555, 1315 cm“1; x“ °H (picrate) 210, 229, 233, 360 mp; nmr

Anal. Calcd for Ci5H I8N 20 3: C , 65.82; H , 6.62; N ,  10.22. (in CC14 with external T M S ) (free amine) 8 2.11 (t, 3 H ),  6.7-7.1 
Found: C , 65.71; H , 6.52; N , 10.13. (m, 4 H ), 7.91 (d, 1 H ), 8.45 (d, 1 H ).

Reaction of N,N-Diethylmethylethynylamine with Phenyl Anal. Calcd for C 16H 12N 4O7: C, 51.62; H , 3.25; N , 15.05. 
Isocyanate.— This reaction was carried out under the same condi- Found: C,51.34; H , 3.67; N , 14.26.
tions and gave a 63% yield of carbostyril 13d, which crystallized The second fraction of 0.2 g, bp 57-61° (block temperature)
from ethyl acetate: mp 122-123°; ir 1640 cm“1; X®°H 215, 271 at 0.005-0.001 mm, was 3-methyl-4-N,N-diethylaminoquinoline
mp; nmr (in CDC13 with internal T M S ) 8 1.08 (t, 6 H ), 2.30 16a. It formed aperchloratesalt, which crystallized from ethanol:
(s, 3 H ), 3.33 (q, 4 H ), 7.0-8.0 (m, 4 H ), 12.83 (s, 1 H ); (inhexa- mp 237-240°; ir (perchlorate salt) 3250, 1115 cm“1; X®2H 208,
methylphosphortriamide) 8 11.83 (sharp s) for N H . 230, 265, 388 mu; nmr (in CC14 with external T M S ) (free amine)

Anal. Calcd for C 14H 18N 20 : C, 73.01; H , 7.88; N , 12.17. 8 0.90 (t, 6 H ), 2.21 (s, 3 H ), 3.18 (q, 4 H ), 7.2-7.5 (m, 2 H ),
Found: C, 72.78; H , 7.83; N , 12.17. 7.8-8.1 (m, 2 H ), 8.45 (s, 1 H ).

The reaction of the N,N-diethylmethylethynylamine with Anal. Calcd for C i4H 19C1N20 4: C , 53.41; H , 6.09; N , 8.90;
phenyl isocyanate in benzene gave a 31% yield of the 2 -N ,N -d i- Cl, 11.27. Found: C , 53.27; H , 5.87; N ,  8.78; Cl, 11.41. 
ethylamino-3-methyl-4-quinolone 14b: mp 294-295° (from Reduction of 3-Methyl-2-N,N-diethylamino-4-quinolone with
ethanol); ir 1620, 1580 cm-1; x“ °H 230, 263, 324 mp; nmr in Lithium Aluminum Hydride.-— Reduction of quinoline 14b wi h
hexamethylphosphortriamide showed the N -H  at 8 11.50 as lithium aluminum hydride in refluxing N-ethylmorpholine for
a very broad singlet. 6 hr gave 2-N,N-diethylamino-3-methylquinoline (17). This

Anal. Calcd for C i4H 18N 20 : C, 73.01; H , 7.88; N ,  12.17. quinoline could be separated by  tic on silica gel with chloroform-
Found: C , 73.06; H , 7.87; N , 12.25. ethanol (98:2) as the eluent. The 2-N,N-diethylamino-3-

Recrystallization of the alcohol-soluble material gave a 20% methylquinoline formed a perchlorate which was recrystallized
yield of the 3-methyl-4-N,N-diethyl-2-quinolone 13d, mp 122- from ethanol: mp 188-189°; ir (perchlorate salt) 3400, 1635,
123°, from ethyl acetate. 1100 cm“1; X®“ H 215, 253, 340 him; nmr (in CC14) (free amine)

Reaction of N,N-Dipropylpentylethynylamine with a-Naph - 8 1.15 (t, 6 H ), 2.38 (s, 3 H ), 3.33 (q, 4 H ), 7.2-7.9 (m, 5 H ).  
thyl Isocyanate.— This reaction was carried out in dry aceto- Anal. Calcd for C ]4H i9C1N20 4: C, 53.41; H , 6.09; N , 8.90.
nitrile for 5 hr. A  6 6%  yield of the addition product 18a was Found: C , 53.94; H , 6.22; N , 8.53.
obtained. The compound recrystallized from ethyl acetate: Reduction of the quinolone 14b in dioxane gave only 3-methyl-
mp 199-201°; ir 1625, 3260 cm“1; x“ ° H 232, 282 355, 373 mp; quinoline 15a.
nmr (in CD CI3 with internal T M S ) 8 0.95 (t, 9 H ), 1.67 (m, 10 H ), Reduction of 3-Phenyl-4-N,N-diethylamino-2-quinolone with
2.95 (s, 2 H ), 3.30 (t, 4 H ), 7.50-8.10 (m, 5 H ), 9.50 (d, 1 H ), Lithium Aluminum Hydride.— This reduction gave a mixture
13.70 (s, 1 H ). that could be separated by tic on silica gel with dichloromethane-

Anal. Calcd for C24H 32N 20 : C , 79.08; H , 8 .8 6 ; N ,  7.70. ethanol (49:1) as the eluent. The 3-phenyl-4-N,N-diethyl-
Found: C, 79.06; H , 8.60; N , 7.87. aminoquinoline 16b was recrystallized from petroleum ether

Reaction of N,N-Diethylcarbomethoxyethynylamine with a- (bp 30-60°): mp 117-118°; X®*°H 229, 276, 355 mp; nmr (in
Naphthyl Isocyanate.— This reaction was carried out under the CDC13 with internal T M S ) 8 1.00 (t, 3 H ), 3.00 (q, 4 H ),  7.2-8.1
same conditions and gave a 92% yield of the adduct 18b, mp (m, 9 H ), 8.66  (s, 1 H ).
250-251°, which was recrystallized from dichloromethane-ethyl Anal. Calcd for C i9H 20N 2: C , 82.57; H , 7.29; N ,  10.14. 
acetate: ir 1620, 1735 cm“1; X®0"  230, 283 mp; nmr (in CDC13 Found: C, 82.80; H , 7.13; N , 9.80.
with internal T M S ) 8 1.20 (t, 6 H ), 3.40 (q, 4 H ), 4.0S (s, 3 H ), Reduction of 3-Pentyl-4-N,N-dipropylamino-2-quinolone with 
7.4r-7.90 (m, 5 H ), 9.06 (m, 1 H ), 12.92 (s, 1 H ). Lithium Aluminum Hydride.— This reduction gave an oil that

Anal. Calcd for Ci9H 2oN20 3: C , 70.35; H , 6 .2 2 ; N , 8.64. on distillation gave 3-pentylquinoline 15b, bp 69-72° (block
Found: C , 70.09; H , 6.32; N , 8.78. temperature) at 0.005-0.001 mm. This oil formed a picrate,

Reaction of N,N-Diethylmethylethynylamine with «-Naphthyl which was recrystallized from ethanol: mp 155-156°; ir (pic-
Isocyanate.— This reaction was carried out in dry acetonitrile rate) 2550-2750 cm“1; X™°H 210, 230, 235, 362 mp; nmr (in
for 24 hr and gave a 73% yield of product 18c, mp 199-200°, CCI4)  (free base) 8 0 .8- 1 .8  (m, 9 H ), 2.71 (t, 2  H ), 7.4r-8.1 (m,
after recrystallization from ethyl acetate: ir 3140, 1625 cm“1; 5 H ), 8.53 (d, 1 H ).
X™°H 240, 285, 355, 372 mp; nmr (in CDCls with internal T M S ) Anal. Calcd for C2oH20N 407: C , 56.07; H , 4.71; N , 13.08. 
8 1.11 (t, 6  H ), 2.41 (s, 3 H ), 3.36 (q, 4 H ), 7.4-8.0 (m, 5 H ), Found: C, 56.32; H , 4.95; N , 13.23.
9.15 (d, 1 H ), 12.90 (s, 1 H ), (in hexamethylphosphortriamide Distillation of the remaining oil gave the 3-pentyl-AN,N-di- 
with external T M S ) 8 12.5 (broad singlet, 1 H ).  propylaminoquinoline: bp 80-82° (block temperature) at 0.001

Anal. Calcd for Ci8H 2<,N20 : C, 77.10; E , 7.19; N , 9.99. mm; X®‘°H 229, 262 mp; nmr (in CC14, external T M S ) 8 0.83
Found: C, 76.62; H , 7.65; N , 9.56. (t, 9 H ), 1.1-1 .8 (m, 10 H ), 2.75 (t, 2 H ), 3.21 (t, 4 H ), 7.3-8.1

Alternatively, this reaction was run in cyclohexane to give an (m, 4 H ), 8.65 (s, 1 H ). A  hydrobromide formed in ethyl
immediate precipitate of the 3-methyl-4-N,N-diethylamino-7,8- acetate: mp 133°.
benzo-2-quinolone (18c). Removal of the solvent under vacuum Reduction of 3-Methyl-4-N,N-diethylamino-7,8-benzo-2-quinc- 
gave a yellow oil, which, on heating at 100° for 3 hr and cooling lone with Lithium Aluminum Hydride.— Reduction of this quinc-
gave 0 .12  g of 2-N,N-diethyl-3-methyl-7,8-benzo-4-quinolone lone gave 3-methyl-4-N,N-diethylamino-7,8-benzoquinoline (20 )
(19) [mp 2 10 - 2 1 1 °, ir 1600, 1545 cm“1; X®“ H 225, 246, 275 in essentially quantitative yield. This quinoline formed a
mp; nmr (in hexamethylphosphortriamide with external T M S ) hydrobromide salt, which was recrystallized from isopropyl
8 11.0 (broad singlet, 1 H )] after recrystallization from ethanol. alcohol: mp 215-216°; ir (salt) 2700-2800 cm“1; X®„ 2 1 1 ,
A  mixture of compounds 19 and 18c melted at 165-185°. 233, 270 mp; nmr (in CC14 with external T M S ) (free base) 8 0.91

Anal. Calcd for C 18H 20N 2O: C, 77.10; H , 7.19; N , 9.99. (t, 6 H ), 2.30 (s, 3 H ),  3.16 (q, 4 H ),  7.4-8.0 (m, 5 H ),  8.56 (s,
Found: C , 77.21; H , 7.40; N , 9.86. 1 H ), 9.16 (m, 1 H ).

Reduction of 3-Methyl-4-N,N-diethyl-2-quinolone.— A  solution Anal. Calcd for Ci8H 2iB rN 2: C, 62.55; H , 6.13; N ,  8.11;
of 2.0 g (8.7 mmol) of the 2-quinolone 13d in 60 ml of dry dioxane Br, 23.13. Found: C , 62.29; H , 6.03; N , 8.20; B r, 23.37. 
was refluxed with 1 g of lithium aluminum hydride for 24 hr. Reaction of N,N-Diethylphenylethynylamine with Benzonitrile 
The excess lithium aluminum hydride was hydrolyzed with a Oxide.— A  solution of 1 ml of triethylamine in 10 ml of anhydrous
few drops of 50% sulfuric acid; the dioxane was taken off under ether was added dropwise to a stirred solution of 0.43 g of phenyl-
vacuum and 15 ml of 10% N aO H  solution was added. The chlorohydroxamic acid and 0.45 g of N,N-diethylphenylethynyl-
basic solution was then extracted with three 20-ml portions of amine in 20 ml of anhydrous ether. The triethylamine hydro-
dichloromethane; the extract was dried over magnesium sulfate; chloride was filtered, and the residue on crystallization from
and concentrated to an oil. Chromatography of this oil, 1.8 g, petroleum ether (bp 30-60°) afforded 0.47 g (42%  yield) of the
on 40 g of neutral alumina, activity I, with (1) petroleum ether- --------------------
20%  dichloromethane, (2 ) dichloromethane, and (3) dichloro- (21) W. P. Untermohlen, Jr., J. Org. Chem., 18, 544 (1953).
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I, 3 dipolar cycloaddition product 21: mp 87-88°; ir 1615, 3d, 17691-79-1; 4a, 17691-80-4; 4b, 17691-81-5'
775 cm“ 1 (N -O );  X®‘°H 245, 293 m^; nmr (in CC14 with external 4  17AQ1 S9  A- So 17AQ9 7 s fl- sn I 7 f t o o o c o ’
T M S ) 5 1.1 (t, 6 H ), 3.2 (q, 4 H ), 7.23 (m, 10 H ). * C’ 5 a ’ i 7 « y ^ '9 - U ,  5b, 17692-86-3;

A nal. Calcd for C 19H 20N 2O: C, 78.15; H , 6.90; N, 9.59. 5c> 17692-87-4; 5d, 17692-88-5; 5e, 17692-76-1;
Found: C, 77.93; H, 6.87; N, 9.35. 5f, 17693-46-8; 5g, 17693-47-9; 5h, 17693-48-0;

Reaction of N,N-Diethylphenylethynylamme with Tetraphenyl- 5 } 17693-49-1- 6 17693-50-4' 7 1769^-77-2' 7 HBr'
cyclopentadienone. Tetraphenyleyclopentadienone, 0.5 g (1.5 1 4 q9 70 o . o ’ 17(\,;n 00 7 . Q ’ 17r;Q: a4 o .~ 0K 17,,m ’
mmol), and the ynamine, 0.25 g ( 1 .5  mmol), in 3 ml of dry di- i/ by 2 -/8 -3 , 8, 1 / b y i-S c W , 9a, i fb y i -8 4 -8 ,  9b ,17691-
glyme were heated in a sealed tube at 180° for 12 hr. Filtration 85-9; 9c, 17691-86-0; 9d, 17691-87-1; 10a, 17691-
of the mixture and recrystallization of the solid from toluene gave 88-2 ' 10b 17691-89-3' 11a 17691-90-6' l ib  17691-
50 mg (7%  yield) of pentaphenyl-N,N-diethylaniline (22): 7 ! i i r ’ l7AQ1 0 9 « ’ 1 1 A i 7aqi n on ’. , , ’ 1 7001
mp 326-328; nmr (in CDC13 with internal TM S) 5 0.55 (t, 6 H ), y i  ‘ ’ n c ,  x io y i -y z -S ,  lid , l/o yx -y rf-y , l ie ,  i/ b 9 1 -
2.5 (q, 4 H), 6.80 (m, 15 H), 7.10 (10 H). 94-0; 12a, 17691-95-1; 12b, 17691-96-2; 13a, 17691-

Anal. Calcd for C40H35N: C, 90.69; H, 6 .6 6 ; N, 2.64. 97-3; 13b, 17691-98-4; 13c, 17691-99-5; 13d, 17692-

FT h d: rnn O m u : '  00-1; 14a, 17692-01-2; 14b, 17692-02-3; 15a, 612-
2-Naphthal- and 3-Pyndalsulfom m ides.— T h e  2-naphthal-p- ic:u  i ^ n o  (\a c . t e u  • + nc c

toluenesulfonimide was prepared in 90% yield according to the 58-8, 15b, 1/692-U4-5, 15b piciate, 1769^-05-6; 16a,
method of Kresze .14 This sulfonimide was recrystallized from 17692-06-7; 16a perchlorate, 17692-07-8; 16b, 17692- 
ethyl acetate and had mp 114-115°. 08-9; 17 perchlorate, 17692-09-0; 18a, 17692-10-3;

Anal. Calcd for C 18H 15N O 2S: C, 69.89; H , 4.89; N , 4.53, ,ov. 17AQ9 1 1 4 -  IR r 17AQ9 19 5 ' 10 17AQ9 7Q 4 -S, 10.34. Found: C, 69.69; H , 5.04; N , 4.57; S, 10.33. 18b> Db92 11 4 , 18c> D b y ^ - l i - S ,  19, 17692-79-4,
The 3 -pyridal-p-toluenesulfonimide was prepared in the same 20 HBr, 17692-80-7; 21, 17692-81-8; 22, 17692-82-9;

manner in 40% yield and had mp 131-132° after recrystalliza- 3-pentyl-4-N,N-dipropylammoquinoline, 17692-83-0;

HBr, m « .
S, 12.29. Found: C, 59.53; H, 4.78; N, 10.30; S, 11.99. 99-6; 2-naphthal p-toluenesulfonimide, 17692-84-1;

Registry N o — 1, 17691-74-6; 2, 17691-75-7; 3-pyridal p-toluenesulfonimide, 17692-85-2; 15a, pic-
3a, 17691-76-8; 3b, 17691-77-9; 3c, 17691-78-0; rate, 17693-31-1.

Formation of Pyrazoles from 3,3-Disubstituted 2,4-Pentanediones.
Evidence of a Novel Claisen-Cope Type of Rearrangement

David T. M anning, Harold A. Coleman, and R. A. Langdale-Smith

Research and Development Department, U nion  Carbide Corporation, Chemicals and Plastics,
South Charleston, West V irg in ia  25303

Received M ay  28, 1968

Reaction of monosubstituted hydrazines with 3,3-disubstituted 2,4-pentanediones having one or more allylic 
or propargylic groups at C-3 afforded high yields of pyrazoles bearing, respectively, 5-CH 2C H (R )C H = C H 2 or
5-CH2C (R ) = C = C H 2 substituents. A ll evidence points to formation of an intermediate 5-methylene pyrazoline 
whose allylic or propargylic groups undergo a novel type of Claisen-Cope rearrangement, becoming attached to 
the enaminic methylene group with synchronous pyrazole formation. Treatment of 3-aIlyl-3-(2-propynyl)-2,4- 
pentanedione (17) with methylhydrazine leads to condensation and propargyl allene rearrangement even at 
0 ° and the relative rearrangement rates of allyl to propargyl were about 1 .6 :1  under the conditions studied.
Similar reaction of methylhydrazine with 3-benzyl-3-methyl-2,4-pentanedione (13) produced the exo-methylene 
enamine 14 which was relatively stable under its conditions of formation. The enamine 14 underwent thermal 
rearrangement at 175° to 5-(2-phenylethyl)-l,3,4-trimethylpyrazole (16), evidently by a different type of process.

While the reaction of 3,3-disubstituted 2,4-pentane- ethanol containing aqueous acetic acid gave a 72%
diones with hydrazine to give isopyrazoles is well yield of a crystalline base, Ci2H i4N 2, corresponding to a
known,1'2 reaction of such substituted diketones with loss of 1 mol of water from the hypothetical carbinol-
substituted hydrazines is imperfectly understood. Bis- amine 2.9 The infrared (ir) spectrum of the product
2,4-dinitrophenylhydrazones3 4 5“ 6 and bisphenylhydra- 
zones6 are usually formed, although 1; 1 addition7 and _
lack of reaction8 have also been reported. Condensa- 3 \  /  2 +  CH NHNH __*■
tions with monoalkylhydrazines have apparently not ^TT „__„ „  3
been studied. CIi3C0 CH2C=CH

Reaction of 3,3-di(2-propynyl)-2,4-pentanedione (1) 1
with methylhydrazine (ca. 1:1 mol ratio) in refluxing T

(1) I. I. Grandberg, A. P. Krasnoshchek, A. N. Kost, and G. K. Faizova
J. Gen. Chem. USSR, 33, 2521 (1963). ^  ~ Hi°  > C„H,2N,

(2) K. Auwers and F. Bergmann, Ann., 472, 287 (1929). CH3N ^ /  r̂ TT r  PTT
(3) M. F. Ansell, W. J. Hickinbottom, and A. A. Hyatt, J. Chem. Soc., GjatiO OH

1592 (1955). CH3 0H
(4) T. A. Favorskaya, A. V. Marshueva, and T.-Y. Hsil, J. Gen. Chem.

USSR, 30, 2499 (1960).
(5) J. J. Bloomfield, J. Org. Chem., 26, 4112 (1961). *
(6) A. E. Favorskii and A. S. Onishchenko, J. Gen, Chem. USSR, 11, 1111 ................ .....

(1941)*
(7 ) C. E. Inman, R. E. Oesterling, and E. A. Tyczkowski, J. Amer. Chem. (9) P. Bouchet, J. Elguero, and R. Jacquier [Tetrahedron, 22, 2461 (1966)]

Soc 80 6533 (1958). describe preparation of a related carbinolamine by reduction of the corre-
(8) G. T. Morgan and C. J. A. Taylor, J. Chem. Soc., 127, 797 (1925). sponding 5-pyrazolone.
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indicated propargyl and cyclic C = C C = N  functions ÇH; CH3
and, most interestingly, the presence of an allenic group I I
(5.1, 11.58 g). The latter was shown by the nmr spec- N ' n. q .
trum to be a butadienyl group H 2C==C=CH CH 2-—- CH3NX^'/ 3 CH3N \ /  3
giving three multiplets at 5 3.29-3.45 (CH2), 4.59-4.84 ^ C H 2C— C=CH2 ^C H 2CH2C=CCH3
(= C H 2), and 4.94-5.39 ppm (= C —H) and the presence |
of one propargyl and two methyl groups was also evi-
dent. A  maximum at about 225 m/i (« 814) was seen G 7
in the uv, while the mass spectrum showed a parent
peak at 186. The appearance of an unconjugated Ç*h
aliéné group together with evident aromatization to a 1
pyrazole (ir, uv, nmr) indicates that a cyclic migration- fi i — CH2C=CH
rearrangement of one propargyl group has taken place. \ /

Catalytic reduction of Ci2H i4N 2 required 4 mol of hy- CH2CH=C=CH2
drogen and produced a base, identified by spectral and 8
combustion analyses as 5-butyl-l,3-dimethyl-4-propyl- 
pyrazole (3). This information, along with the spectral
data of C12H MN 2, indicates the structure of the product reaction of methylhydrazme with 3-allyl-3-methyl- 
to be that of 5-(2,3-butadienyl)-l,3-dimethyl-4-(2-pro- 2,4-pentanedione (9) and with 3-crotyl-3-methyl-2,4- 
pynyl) pyrazole (4) 10 pentanedione (10) was investigated. Smooth forma-

The formation of a 2,3-butadienyl side chain in 4 tion of Pyrazoles 11 and 12 occurred with the exclusive
suggests the occurrence of a new variant of the Claisen- appearance of the product (12) of crotyl inversion in-
Cope rearrangement involving the intermediate en-
amine 5 as follows. CH3CO CH2CH=CHR

\  /  ch3nhnh2

A  *
1 +  CH3NH NH 2 — > 2 CH3C0 c h 3

9,R= H
CH3 "I 10,R=CH3

nA , C H 2C=CH CH3

C H .N y C '™  1? 'V - C H

CH*N- <  •
III x ch2chch= ch2
CH I

L  J  R
5 11,R=H

12,R =  CH3
ch3

4H2 dicating the occurrence of a cyclic intramolecular rear-
CH3N CH2« H  Fd-c> rangement mechanism. Of additional interest was the

>^CH en ç pu reaction of methylhydrazine with 3-benzyl-3-methyl-
2 2 2,4-pentanedione (13), since the expected enamine 14

4 should be potentially capable of (a) benzyl cleavage11’12
by an ionic or radical mechanism and (b) Claisen rear- 

I 3 rangement to the 5-o-tolyl product 15. Action of
methylhydrazine on 13 in refluxing ethanol, in fact, 

u y — CH2CH2CH3 afforded 14 in 60% yield with no evident products of
CH3i\%/ benzyl cleavage. When 14 was heated to 170-175°,

CH2(CH2)2CH3 however, an exothermic reaction occurred producing
3 16 in 85% yield. No trace of the hypothetical Claisen

product 15 could be detected. I t  is thus apparent thaï 
In similar fashion, methylhydrazine reacted with R a t i o n  of benzyl groups involves a process quahta-

3-(2-butynyl)-3-methyl-2,4-pentanedione giving only lively distinct from the rearrangement of allyhc or pro-
6 (ca. 98% yield) with no evidence of the acetylenic iso- pargy ic groups.
mer 7. When the diketone 1 was treated with the less The Pres®nt aHyhc and propargyhc rearrangements
basic phenylhydrazine, the same rearrangement oc- f.re ®vic ênt y  facilitated by enamimc electron dona- 
curred giving 8 tlon irorn a methylene group and can be visualized

Since Claisen rearrangements of olefinic functions are asu involving a six-membered cyclic transition state
better known than those involving propargyl groups, w energy is decreased by synchronous formation of

a stable pyrazole ring. While it might seem, a priori,

(10) The spectroscopic data of 3 and 4 do not preclude alternative attach- (11) Y. Makisumi, Tetrahedron Lett., 6413 (1966). The possibility that
ment of the C3 and C4 chains at pyrazole positions C-5 and C-4, respectively. thermal rearrangement of an allyloxypyrazole occurs by a dissociation-
In the absence of known reference derivatives for comparison our structural recombination process rather than by a concerted mechanism has also been
assignment is based upon a consideration of the structures of the possible considered by O’Brien and Gates.12
pyrazole products and of their known intermediate precursors. (12) D. F. O’Brien and J. W. Gates, Jr., J . Org. Chem., 31, 1538 (1966).

4414 M anning, Coleman, and Langdale-Smith The Journal of Organic Chemistrÿ



• Vol. S 3, No. 12, December 1968 Pyrazoles from 3,3-Distjbstituted 2,4-Pentanediones 4415
•

CH3CC\ /CHi (34%), and 2 0  (25%). Upon refluxing the mixture for
C ch3n h n h 2) 1 hr in ethanol, a decrease in 20 with a corresponding

CH3CO CH /  \  increase in 19 was observed. Both 18 and 19 were ther-
3 2 \ = /  mally stable at the temperature (175°) of the gas chro-

23 matograph; hence the product ratio of 1.6:1 evidently
represents a ratio of rate constants.16 Final verifica- 

CH3 tion of the intermediate enamine (20) was obtained by
! CH repeating the reaction at 0° after which the pure picrate

f ¡ r \ /  3 (21) of 20 was readily isolated. While structural as-
CHaN^ f i \  signments of 18 and 19 are made without recourse to

\ H 2 \— / independent syntheses, it would be difficult to postulate
2 the formation of other products from 20.

14 Although the ability of the propargyl group to com-
i75°| Pete so well with allyl in the rearrangement is surpris-

ing, consideration of the rotational modes of allyl and 
propargyl groups suggests an explanation. In orienta- 

Ch3 qjj tion 20a leading to propargyl rearrangement the rigidT I 3 propargyl group can swing out of the bond-forming

A h. - Ü  A ch, - ^  A / C H Í - C H

15 I h. ,6 cvx y  c w y V

difficult to accommodate such a transition state to linear 2 jjí CÍÍ2
propargyl and allenyl groups, similar propargylic re- CH CH2
arrangements have been observed, although at tem- 2n
peratures higher than those presently employed.13-15 a 20b

Since both propargyl and allyl groups rearrange position only by rotation about the propargylpyrazoline
readily under our present conditions, the reaction of sp3 bond at C-4, while rotation about the linear C— C =
methylhydrazine with 3-allyl-3-(2-propynyl)-2,4-pen- C axis has no effect upon sp availability. A llyl rear- 
tanedione (17) was studied in order to obtain some idea rangement orientation (20b), however, requires correct

CHS CH3

a v »  CH.C-CH f ^ c - C H  Q >

^  V C H - C H ,  CĤ a tc H _ CKi

17 20 \  »
1 CH.

«  1  CHj A - CH-CH“ CH'

2jíA ^ C H 2C==CH ° 2N\ A vA N° 2 CH2CH=C=CH2

CH3N ^ / nCH2cH==Cjj2 L J  19

CH3 no2
21

of the relative abilities of the two groups to rearrange. rotational orientation about the two sp3 bonds of the
When the diketone 17 was treated with methylhydra- more flexible allyl group. Therefore, it may be argued
zine at room temperature, vpc analysis of the reaction that any steric disadvantages existing for propargylic
mixture at intervals showed concurrent formation of Claisen-Cope rearrangement should be mitigated by an
the products of allyl (18) and propargyl (19) rearrange- entropy factor favoring propargyl.
ment in the approximately constant ratio of 1.6:1. An While Claisen-type rearrangements of allyl deriva- 
ir spectrum of the reaction mixture after 23 hr showed tives of pyrazoles12 and of other nitrogen hetero
strong bands corresponding to 18 (C = C — H at 3.05 /x), cycles17-18 have been reported, formation of heteroaro-
to 19 (> C = C = C <  at 5.15 n), and to the enamine 20 matie systems via a carbon to carbon Claisen-Cope-type
(C = C H 2 at 6.1 ju), and the composition of the mixture, 
estimated fMm its nmr spectrum, was 18 (41%), 19

suit from decomposition of 20 in the chromatograph. Hence the 1.6:1
(13) D. K . Blaek and S. R . Landor, J .  Chem . Soc., 6784 (1965). ratio represents a composite ratio for temperature ranging between 25 and
(14) R. Gardi, R . Vitalii, and P.  P.  Castelli, Tetrahedron  L e tt., 3203 (1966). 175°.
(15) B. S. Thyagarajan, K . K . Balasubramanian, and R. Brima Rao, ib id ., (17) J. K. Elwood and J. W . Gates, Jr., J .  O rg. Chem ., 32, 2956 (1967).

1393 (1963). (18) B. S. Thyagarajan, Advan. H eterocycl. C hem ., 3, 143 (1967).



rearrangem en t ap pea rs  to  b e  n o ve l as does the m igra - > (C H ,C H , )C C -C < ] ,  2.15 <», 3, C H , - C _ N ) ,  '
t ion  o f a lly l g rou ps  to  an  enam m ic 0  ca rbon  fro m  a  site 2.26-2.72 [m, 4, > (C H 2)C = C (C H 2)< ] ,  3.69 (s, 3, C H 3- N < ) :
o th er th an  n itrogen .19 T h e  present rearrangem en t o f The picrate of 3, recrystallized from methanol, melted at 91.5-
p ro p a rgy lic  grou ps  u n der extrem ely  m ild  cond itions is 93° and gave the following analysis. Anal. Calcd for C 18H 25-
seem in g ly  w ith o u t p receden t.20 21 22 N 50 7: C, 51.06; H , 5.95; N , 16.54. Found: C, 51.00; H ,

Pyrazo les  w ith  allenic substitu tion  h a ve  ap p aren t ly  5-99, N , „ , ,  . ,. ,, , ,
, "L , i-, , rnl 11 , J 5-(2-Methyl-2,3-butadienyl)-l,3,4-trimethylpyrazole (6).—

not been  described  m  the literature. T h e  present reac - Methylhydrazine (2.4 g, 0.052 mol) and 3-(2-butynyl)-3-methyl-
tion  p rov ides  a  synthetic  rou te  to such  C -5  allen ic de - 2,4-pentanedione (6.64 g, 0.04 mol) were allowed to react as
riva tives  an d  to o ther u n sym m etrica lly  substitu ted  described previously, employing a 7.5-hr reflux period. The
pyrazo les . residue product was dissolved in ethyl ether and dried (M gS 0 4),

and ether was removed to give a product which crystallized on 
standing. Recrystallization from pentane (cooling to —80°) 

E xp erim en ta l Section  gave 5.6 g of pure 6 (100% purity by vpc): mp 41.5-43°;
nmr (CDC13) S 1.61 (t, 3, /  =  3 Hz, C H 3C = C = C H 2),

Nuclear magnetic resonance spectra were determined with 1.89 (s, 3, C H 3C = C < ) ,  2.15 (s, 3, C H 3C = N ___ ), 3.20
Varian A-60 and HA-100 instruments employing T M S  as the [t, 2, J  =  3 Hz, —  (C H 2)C = C = C H 2] ,’ 3.69 (s, 3, C H 3— N ),
internal reference. An Aerograph Model 202B dual-column gas 4.58 [sextet, 2, /  =  3 Hz, H 2C = C = C (C H 3)C H 2— ]; ir (K B r )
chromatograph was used for vpc analysis. Ordinary molecular 3.44, 3.5 (C H 3, C H 2), 5.10 (C = C = C ) ,  6.35 (C = C — C = N )  
weight determinations were performed by a modification of the 7.24 (C— C H 3), 11.65 M ( C = C = C H 2 wagging). Anal. Calcd
thermistor method of Neumayer.21 A ll melting points are for CuH I6N 2: C , 74.95; H , 9.15; N , 15.89. Found: C, 74.79;
corrected. H , 9.35; N , 15.96. A  second crop of product, 1.4 g (96.3%

Preparation of 3,3-Disubstituted 2,4-Pentanediones.— Step- purity by vpc), brought the total yield to 98.0%.
wise alkylation of 2,4-pentanedione by  the method of Johnson, 5-(2,3-Butadienyl)-3-methyl-l-phenyl-4-(2-propynyl)pyrazole
et a l.,n  proved highly effective in preparing 3,3-di(2-propynyl)- (8 ).— Phenylhydrazine (11.9 g, 0.11 mol) and 1 (17.6 g, 0.10
2,4-pentanedione ( l ) , 23 3-allyl-3-methyl-2,4-pentanedione (9 ),1 mol) were allowed to react as above but employing butanol as
3-benzyl-3-methyl-2,4-pentanedione (13),1 and other starting the solvent with a reflux period of ca. 13 hr. An ether solution of
3,3-disubstituted 2,4-pentanediones.  ̂ the stripped residue was dried (M gS 0 4) and chromatographed on

3-(2-Butenyl)-3-methyl-2,4-pentanedione (10) had bp 58° alumina giving 20.45 g of crude 8 which crystallized from pentane
(0.75 mm). Anal. Calcd for C10H i6O2: C , 71.39; H , 9.59. on cooling to —80°. The solid (11.3 g, 45.3%) melted near
Found: C, 71.70; H , 9.65. room temperature to a red oil which was recrystallized (pentane)

3-(2-Butynyl)-3-methyl-2,4-pentanedione had bp 76° (1.8 to give 5.3 g of pure 8: ir (N aC l) 3.0 (C = C — H ) 3 25 3 4
mm). Anal. Calcd for C i0H i4O2: C , 72.26; H , 8.49. Found: (C — H ), 4.7 (C = C ) ,  5.1 ( C = C = C ) ,  6.25, 6.65, 6.95 ( 0 = 0 -

8'44' , , , o C = N ,  phenyl C = C ) ,  7.22 (C  - C H 3), 11.78’ ( C = C = C H 2),
3-Allyl-3-(2-propynyl)-2,4-pentanedione (17) had bp 98 13.1, 14.4 ̂  (monosubstituted phenyl). Anal. Calcd for CnHnr

(5.8 mm). Anal. Calcd for CnH140 2: C, 74.13; H , 7.92. N 2: C, 82.22; H , 6.49; N , 11.28. Found: C, 82 30- H  6 55-
Found: C, 73.81; H , 7.99. N  \ \ A l. ’ ’ ’

5-(2,3-Butadienyl)-l,3-dimethyl-4-(2-propynyl)pyrazole (4). A  5-(3-Butenyl)-l,3,4-trimethylpyrazole (11).— 3-AUyl-3-methyl- 
solution of 3,3-di(2-propynyl)-2,4-pentanedione (2.64 g, 0.015 2,4-pentanedione (15.4 g, 0.1 mol) and methylhydrazine (5 06
mol), methylhydrazine (0.78 g, 0.017 mol), glacial acetic acid g, 0.11 mol) were allowed to react under conditions identical
(0.025 ml), and water (5 ml) in 75 ml of ethanol was refluxed with those described in the preparation of 4 giving, after evapora
tor 3.5 hr, then evaporated under a stream of nitrogen. Crystal- tion of volatiles, an oil. An ether solution of the latter was
hzation of the residue from hexane at - 8 0 °  gave 2.02 g (72.3%) dried (M gS 0 4) and chromatographed on alumina giving 13 0 g

yell0W crystals: mp 40- 40-5°-: ir (K B r ) 3.05 (71.4%) of 11: ir 6.05 (C = C H 2), 6.35 m ( C = C — C = N ) .
^  b_3.35, 3.41 (CHs, C T 2), 4.73 ( C = C ) , 5H  ( C = C = C ) ,  A  1.64-g (0.01 mol) portion of 11 yielded 3.34 g (85% ) of a 

6_4 (O— C < ^ N ) ,  7.25 (C  C H 3) 1L5 m ( - ^ H 2 aflene wag- recrystallized (ethanol) picrate: mp 140.5-142.5°; nmr (CDC13)
ging);nm r (CDC13)S  1.94(t, 1 ,J  -  2 .8 H z ,C = C — H ),2 .2 0 (s ,3 , s 2.04 (s, 3, C H 3C = C < ) ,  2.39 (s, 3, C H 3C = N ___) 2.15-

C— C— H1Z’ C W C^ V }i 2'57 [skewed 9uartet> 2> > (C H 2) C = C < ] ,  2.68-3.00 (t, 2,
£  2, ™ F i c T % % ,i i4 ™ .3 9 ’ <%> C H -C - N < > ' “  »• C H - 7 < ) -  » »  (>■ 2. W t - > .  1« 1.
m/e 186 (parent), 147 (loss of C H 2C = C H ) ,  132 (loss of C H 3 exchangeable). Anal. Calcd for C i6H ,9N 50 j: C, 48.85; H ,
from 147), 51 (C 4H 3 ion). Anal. Calcd for C ]2H i4N 2: C , 77.38; 4.87; N , 17.80. Found: C, 49.17; H , 4.69; N , 17.54.
H, 7.58; N , 15.04; mol wt, 186. Found: C ; 77.12; H , 7.58; 5-(2-Methyl-3-butenyl)-l,3,4-trimethylpyrazole (12).— Methyl-
N , 14.85; mol wt, 182. hydrazine (1.5 g, 0.033 mol) and 3-crotyl-3-methyl-2,4-pentane-

Compound 4 was sensitive to air at room temperature and dione (10, 5.0 g, 0.03 mol) were treated as before, employing
sintered to a dark gum unless stored under nitrogen. Upon butanol as solvent with a reflux period of 3.5 hr. The reaction
treatment with HC1 in pentane, 4 gave a monohydrochloride, residue was distilled under reduced pressure giving 3.25 g of 12 
mp 112-114° (from ethyl acetate). Anal. Calcd for Ci2H i3N 2Cl: in the main fraction (95.7% by vpc), bp 64-65° (0.6 mm), and
C, 64.71; H , 6.79; N , 12.58. Found: C, 64.55; H , 7.04; an additional 1.0 g in the forerun and in a final fraction as esti-
N , 12.98. mated by vpc. The total yield was 82.2%. The following spec-

The salt possessed an ir spectrum similar to that of 4 but with tral data were obtained: nmr (CDC13) S 1.00 (d, 3, J  =  6.5 Hz,
N H + bands at 3.83 and 3.95 n. The nmr spectrum was essentially C H 3C < ) ,  1.88 (s, 3, C H 3C = C < ) ,  2.14 (s, 3, C H 3C = N __) '
that of 4 with an additional proton (exchangeable) appearing at „ „
S 14.6. 2-49 (d < 2. C H 2C N < ) ,  2.4-2.6 (m, 1, tertiary H ), 3.68 (s, 3,

5-Butyl-1,3-dimethyl-4-propylpyrazole (3).— A  solution of 2.0 4-7775.15 (m, 2, C H 2= C < ) ,  5.5-6.08 (m, 1,
g (0.0107 mol) of 4 in 50 ml of ethanol was hydrogenated at 25° l p r/K B r -) 6-1? (C = C H 2), 6.35 (C = C —
(ca. 760 mm) in the presence of 5%  Pd on carbon (0.1 g) causing •’ 10-05 '  trans waSglng)> 10.94 n ( = C H 2 wagging),
uptake of about 4 mol of hydrogen. Distillation of the crude Ihe picrate, mp 103.5-104.5° (from ethanol), gave the following
product gave 0.88 g of 3: bp 155° (12 mm); m/e 194 (parent); ??a: » sls‘ 4,naZ- Calcd for CnHaiNsO,: C, 50.12; H , 5.20;
ir (K B r ) 6.35 m (C = C — C = N ) ;  nmr (CDC13) 5 0.71-1.12 (t 6 N ’ 17-19- Folmd: C ’ 50-17; H - 5-16i N - 17-26.
C H 3C H 2C H 2, C H 3C H 2C H 2C H 2), 1.12-1.70 [m, 6, > (C H 2)C C - . 4-B enzyl-5-methylene-l,3,4-trimethyI-2-pyrazoline (14).— A
______________  mixture of methylhydrazine (5.06 g, 0.11 mol), 3-benzyl-3-

(19) R. K. Hill and N. W. Gilman, Tetrahedron Le tt., 1421 (1967). mD^water (25^m D^anTethanol^OO10!)110̂ ’
(20) Propargyl ^  allenyl migration of 20 19 is actually observable, by o f b  & 1 +-i “  ethano1 (200 WaS refluxed for 4 hr,

ir analysis, after 17 hr at 0“. alter which volatiles were removed giving 20.9 g of crude 14
(21) J. J. Neumayer, Anal. Chim. Acta, 20 (6), 519 (1959). as resi<*ue. A  5.0-g portion of the latter was dissolved in ether
(22) A. W. Johnson, E. Markham, and R. Price, O rg. S y n ., 42, 75 and chromatographed on an alumina column giving 3.1 g (60.5% )

(1962). of pure 14: nmr (CDC1*) 5 1.17 (s, 3, C H 3C < ) ,  1.86 (s, 3
(23) K. E. Schulte, J. Reisch, and A. Mock, Arch. Pharm. (Weinheim), C H 3C = :N ) ,  2.73 (s, 2, CgHs— O H 2) 2 89 (s 3 C H __

295’ 627 (1962)’ 3.67 (d, 2, J  =  12 Hz, = C H 2), 7.11 5, C * ) ;  ir (K B r ) 6.1
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¡i (N — C = C H 2). Anal. Caled for Ci4H ]8N 2: C, 78.46; H , B. In Ethanol at Room Temperature.— The above-described 
8.47. Found: C, 78.12; H , 8.29. reaction of methylhydrazine and 17 was performed at room

5-(2-Phenylethyl)-l,3,4-trimethylpyrazole (16).— A  10.0-gsam- temperature with subsequent vpc analysis (5%  Carbowax 1540
pie of 14 was placed in a small distillation flask and heated to on 60-80 mesh Chromosorb W . A W , column temperature 175°)
172° under nitrogen. An exothermic reaction occurred with of the mixture at 0-, 1-, 2-, 3-, 4-, 5-, 6-, and 23-hr intervals,
increase of the temperature to 210°, whereupon the heat was The t =  0 sample showed substantial formation of 18 (7.1 min
removed and the temperature fell to 165° in 17 min. An ether peak) and 19 (5.5 min peak) in an area ratio of about 1.62:1
solution of the cooled residue was chromatographed (alumina) which remained essentially constant as 18 and 19 increased over
giving 8 .5  g (85.0%) of pure 16: bp 120-125° (0.15 mm); nmr the 23-hr interval. A t the end of the reaction, the mixture was
(CDCls) 5 1.80 (s, 3, C H 3— C = C < ) ,  2.14 (s, 3, C H 3- rapidly evaporated at ca. 25° under reduced pressure. Infrared
C = N — ), 2.80 (s, 4, —  C H 2— C H 2), 3.51 (s, 3, C H 3— N ),  7.02- analysis showed, in addition to 18 and 19, a C = 0  band (5.85 n)
7.40 (m, 5, C 6H 5); ir (K B r ) 13.32, 14.35 n (monosubstituted and strong enamine absorption at 6.1 n- Column chromatog-
phenyl). Anal. Caled for C i4H ,8N 2: C, 78.46; H , 8.47; N , raphy (alumina) of an ether solution removed most of the car-
13.07. Found: C , 78.40; H , 8.58; N , 13.20. bonyl component with essentially no effect upon the other con-

Reaction of Methylhydrazine with 3-Allyl-3-(2-propynyl)-2,4- stituents as indicated by ir analysis. An nmr spectrum of the
pentanedione (17). A. In Refluxing Ethanol.— Methylhydra- mixture showed the enamine 20 as a distinct singlet at S 3.05
zine (5.06 g, 0.11 mol) and 17 (17.8 g, 0.1 mol) were allowed to (C H 3— N < ) .  Compound 19 showed a distinct multiplet at
react under the usual rearrangment conditions, but employing 4.59-4.76 (C  C==CH2), and the corresponding integrals enabled
ca. a 15-hr reflux period. The solvent was evaporated, and a the following estimate of composition: 20 (25% ), 19 (34% );
16.5-g portion of the resulting oil (18.3 g) was chromatographed 18 (41%, by difference).
(ether elution) on alumina giving 14.6 g of 18 containing some A  sample of the chromatographed reaction product was re-
of the allenic isomer (19) as indicated by absorption at 5 .1  and fluxed in ethanol for 1 hr, and, after removing solvent, the ir
11.75 ¿u. Additional ir bands appeared at 3.0 ( = C H ) ,  3.4 spectrum was again determined. The enammic 6.1-M band was
(q __U )  4  7  ( C = C )  6 4 (C — C__C— N ),  7.2 (C__C H 3), 10.05 n still present although notably weaker than before reflux, while
( = C H — ), and 10.45 ( = C H 2). A  sample of product was converted a corresponding intensification of the aliene (5.1, 11.8 m) bands
into a picrate, mp 88- 9 3 ° (51.2%), which, on recrystallization had occurred.
from ethanol, gave the picrate, mp 93.5-95.5°, of pure 18 show- In Ethanol at 0 .— The above reaction was repeated at
ing no allenic absorption in the ir and nmr spectra: nmr (CDC13) °°< stormS the mixture under nitrogen for a 17-hr period. Evapo-
8 2 13 (t 1 J  =  2 8 Hz H __C = C )  2.47 (s, 3, C H 3__C = N ) ,  ration of volatiles left 19.0 g of material showing a strong enamine
2.44 (m ,’ 2 ,’ c H 2— C H = C H ),  2.90 (t, 2, J  =  7.5 Hz, C H 2—  band (6.1 /*)• Alumina chromatography afforded a 16.3-g
CH 2C H = C H — ), 3.41 (d, 2, /  =  2.8 Hz, C H 2Ce= C ),  4.06 fraction of oil showing very weak allenic absorption (5.1 m) and
(s 3 CHs— N ) , ’4.9-5.4 (m, 2, C H 2= C ) ,  5.46-6.1 (m, 1, C =  and intense band at 6.1 n. Treatment of 5.64 g (0.03 mol) of
C H — ), 8.90 (s, 2, CeH2), 14.08 (s, 1, exchangeable). Anal. the material with picric acid (7.60 g, 0.03 mol) in ethanol at
Caled for C 18H 19N 50 7: C , 51.80; H , 4.59; N ,  16.78. Found: 0° gave 9.95 g of a crude picrate, mp 105-119°. A  1.75-g
C 5187' H  4 48’ N  16 73 portion of the latter was recrystallized twice from ethanol giving

’Free 18 wLs isolated from ‘its picrate by stirring 1.0 g of the ^ ( 2 2 . 7 % )  £  pure ^ c ^ t e 2 1 : mp 135-136°; nmr (C D 3-
latter with excess aqueous-ethereal HC1 for 15 min followed by S P  p f l ’p a T U 4 o o í r «  i '  r w  p — ^ ' 1  9 os rm o 
basification with N aO H  and recovery by ether extraction. H z - ° = ° — H '> (s> ^ H 3— G— JN<), 2.98-3.12 (m ,^2 ,
The yield of pure 18, a yellow oil, was 410 mg (90.8% ): ir C H 2— C H = C H ),  3.20 (m, 2, C H 2C = C ) ,  4.16 (s, 3, C H 3— N ),
(N aC l) 3.0 m ( = C — H ), 4.7 (C = C ) ,  6.07 (C = C H 2), 6.36 5.02-5.6 (m, 3, C H = C H 2), 8.60 (s, 2, C 6H 2); ir (K B r ) 3.03
(C = C — C = N ) .  ( = C — H ),6 .1  (C = N ,  C = C ) ,  6.44, 7.35 (N 0 2), 7.05 (N — C H 3),

From a similar reaction of methylhydrazine with 17, a reaction 7 .1 8  M (C— C H 3). Anal. Caled for C^H^NsO?: C, 51.80; H ,
product was obtained, as above, consisting of 18 and 19. A  4 .5 9 ; N , 16.78. Found: C , 51.93; H , 4.29; N ,  16.70.
vpc analysis (5%  Carbowax on 60-80 mesh Chromosorb W . A W , . • x i -t e i o o e o
column temperature 175°) revealed peaks at 6.2  min (3 5 .9 %  Registry N o . 3, 17512-04-8, 3 picrate, 17512-05-9, 
area) and 8 .1  min (5 7 .8%  area). Enrichment of the mixture 4, 17512-06-0; 4 HC1, 17512-07-1; 6, 17512-08-2;
with pure 18 (from picrate, above) caused enlargement of the 8, 17528-40-4; 10, 17512-09-3; 11 picrate, 17512-10-6;
major (57.8%) peak. A  sample of the minor (35.9%) component 12 picrate, 17512-11-7; 14,17512-12-8; 16,17512-13-9;
was collected by preparative vpc and shown to be the allenic ^ i ^ r i o  14 . n . iq  1 7 p;9 Q 4.1 K* IR n ie ra fp  17598 4 9 -fv
isomer (19) by the following ir (K B r ) data: 3.35, 3.42 (C H 3, 1 7> 17512-14-0, 18, 17528-41-5, 18 picrate 1/528-42-b,
C H 2), 5.11 ( C = C = C ) ,  6.4 (— C = C — C = N — ), 7.25 (C— C H 3), 19, 17512-15-1; 21 picrate, 17528-43-7; 3-(2-butynyl)-
11.85 m (allenic = C H 2). 3-methyl-2,4-pentanedione, 17512-16-2; 12,17512-17-3.

The thermal stability of 5-(3-butenyl)-l,3-dimethyl-4-(2- Acknowledgment.— The authors are indebted to Dr.
propynyl)pyrazole (18) was tested by heating a sample at 172- * , ,  , t> j r xi. cu ¿ tt • -x c tvt xr i
175° for a 1 -hr period followed by vpc and ir analyses. A l- Albert Padwa of the State University of New York
though apure sample of 4-allyl-5-(2,3-butadienyl)-l,3-dimethyl- and to Dr. Herbert 0. House of the Massachusetts
pyrazole (19) was not available, a mixture containing ca. 66.5% Institute of Technology for their valuable discussions
19and28.9% 18 was recovered from a mixture of the correspond- anr]  interest in this work and to Mr. C. B . Strow, Jr.,
ing picrates and similarly subjected to the thermal treatment. „  T , laboratories for their nmr
Neither 18 nor the 19 +  18 mixture showed any change in ir or an d  .M r - 0 0  “  ° u r  ^oratories ior tneir nmr
vpc following thermal treatment. and infrared spectral studies.
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Cyanoacetic acid reacts with 2,6-diphenyl-4-pyrone (1) under neutral conditions to give a salt (2), and under 
basic conditions to give 4-(cyanomethylene)-2,6-diphenyl-4H-pyran (4). In hot acetic anhydride the same 
reactants give l,3-dicyano-l,3-bis(2,6-diphenyl-4H-pyranylidene-4)acetone (7). A  proof of structure and a 
proposal for the formation of 7 is given.

The product obtained by the reaction of 2,6-diphenyl- Scheme I
4-pyrone (1 ) and cyanoacetic acid in ethyl acetate has O Cft q
been assigned structure 2a on the basis of the electronic |
and nmr spectra. The electronic spectrum of 2a is al- ll I (ch ) so i f l l
most identical with that of 2,6-diphenyl-4-hydroxy-
pyrylium perchlorate (2b) (see Table I), and the nmr 6 5 4 ^eft ' A ft

c i o r  1

3
T ablb 1 | ncch2co2h

Electronic Spectra“ ’
Com- YYTT
pound -̂------------------------------Xmax, mp (e X 10 _s) ------------------------------- s V  n

no. Xi X2 Xs X4 X5 I

1 263 (20.6) 340(12.4) ( l l
2a 252(21.5) 280 (25.3) NCCHCOH X X X  R>
2b 252 (20.2) 282(24.5) NCCH2L02H C M . ' ® T  H
3 270(15.0) 280 (14.5) 327(7.4) ~350 (6 .0 ) 6 5
4 253 (18.5) 261 ( 18 .6) 288(21.3) 341 (23.6) 2a, R =  NCCftCO,

293 (20.0) b R  =  C O
B 232 (24.8) 274 (35.7) 392 (32.4) 537(87.0) '  4
6 262 (12.6) 366 (17.6) 406 (32.0) 422 (28.4)
7 333 (38.5) 465 (54.7) 480(57.5) „. POClj
8 257 (30.2) ~295 (8.7) 409 (21.4)
9 263 (15.0) 376 (12.1) 460 (57.6) A ft  r N  A ft

10a 259 (19.9) 308 (15.7) 388 (24.1) ~415(14.7 ) H LU N  LIN /
10b 259 (20.5) 316 (20.2) 390(34.4) 400(35.5) II ft— \ | / = (
11 256 (15.2) 318 (22.0) 386 (28.0) ~406 (17.0) ( i l l  1 > 0+ J---- C = \  0
12 258(15.8) 333 (20.9) 393 (35.4) ~420(30.0) II |[ POCI3 \----- /  \ ----/
13a 260(12.4) 378(32.3) c u / ' O ' A p , ,  \
13b 250 (18.0) 388 (46.3) 6 5 A ft  A ft
14 258(53.0) 280(64.7) 4  g
15 235(37.8) 275 (42.0) 400 (52.5) 575 (77.0)
17 230 (21.0) 268 (26.4) 379 (27.2) 543 (120.8)

“ All spectra were determined in acetonitrile using a Cary w-butylamine gave 8 and 9, respectively, a reaction 
Model 15 spectrophotometer. which is typical of 4-dehydro-4H-pyrans.2’3 These re

actions are illustrated in Scheme II.

spectrum of 2a shows the methylene protons as a sin- „
glet at r 6.49 (2 H ), the protons at the 3,5 positions of cheme
the pyrylium ring as a singlet at 3.18 (2 H ), the hy- 1 +  NCCH2C02H —C; > 
droxyl proton at —4.6 (1 H ), and the aromatic protons
as a multiplet at 2.2-2.8 (10 H). m

Thermolytic decomposition of 2a in the heated inlet NCCftCOCCN NCC_______ C_______ CCN
of the mass spectrometer occurs to give 1, acetonitrile, I I*. I  II
and carbon dioxide. I l l l  ( i l l  1 1 1

Treatment of 2a with phosphorus oxychloride gave Jl
the dye 5. Dimethyl sulfate converts 1 into the py- A ft  A ft  A f t '  O c6ft
rylium salt 31 which was isolated as the perchlorate, and 6 7
reaction of 3 with cyanoacetic acid under basic condi
tions gave 4. A  mixture of 4, 1, and phosphorous oxy- I c,hsnh2 |c.hsnh2
chloride gave the dye S. These reactions are sum- ’ ’
marized in Scheme I. 9

The pyrone 1 and cyanoacetic acid react in acetic an- NCCftCOCCN NCC________E_______ CCN
hydride at reflux temperature to give 6. A  similar II 1 I
compound has been prepared from 2,6-dimethyl-4- | f | |  ( i l l  ( i i
pyrone and cyanoacetic acid.2 To demonstrate the / '-N - 'n i
presence of a reactive methylene group in 6, the latter ^ ft  | A f t ' i ftft C6H5'  ^  C6f t

compound was condensed with an equivalent of 3 under C„ft C4f t  C H
basic conditions to give 7. The reaction of 6 and 7 with g 9

(1) G. Traverso, Ann. Chim. (Rome), 46, 821 (1956). (3) F. Eiden, Naturwissensha/ten, 47, 61 (1960); Arch. Pharm. (Wein-
(2) S. Yamamara, K . Kato, and H. Herato, Tetrahedron Lett., 1637 (1967). heim), 295, 607 (1962).
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f

Cyanoacetamide and cyanoacetanilide both react Scheme IV
with 1 in boiling acetic anhydride to give 7. One pos- 0
sible route to 7 from these components is shown in || /COCH3
Scheme I I I .  10b +  (CH3C0)20 NCCCNC6H5 CHscor

SCHEME III ( l^ il

1 + NCCH2CONHR ^  NCCCONHR —  rw
R = H or C6H5 J i 4 ° 6" 5

x X  $  ìociì3
C6H5 0 C6H5 NCC— C—

A 1  I
HCCN I  1  oc° ch3 —  ̂ 12 +  C6H5NHCOCH3A w ° \ Hs

c h A A h + rnco „  t
6 5 6 ■’ On the basis of the data presented above, the reaction

B path outlined in Scheme I I I  has been shown to be
QH wrong, and that presented in Scheme V  is consistent
| with the experimental data.4

NCC-------- C---------CCN
II j I  Scheme V

A + B —► f j l  HNR j i i  0 COCH3

C6hA 0 A 6H5 NCCC-NR
j II NCCHjCOOH,,

1 +  NCCH2CONHR ^  J | |  ncch;cqnhr

7 +  RNH* C i , / o A C ils  - 2o

As a test of the reaction sequence shown in Scheme R H or CfiiÌ5
I I I ,  the compounds 10a and 10b were prepared by the q-  qqCH
reaction of 3 with cyanoacetamide and cyanoacet- T/H 3 II
anilide, respectively. However, it was found that NCC--------- C— NR NCCC CHCN

NCCCONHR A 9HC0R' A
A  1  1  CN f i

3 +  NCCH2CONH;R —> ¡ I  c6h/ 0 X c6h5 c6h3 ° ^ c6h5

R = H, C6H5 C e H A ° " A 6H5 R' = NHC6H5 or OH

10a,R = H n \  7
b, R = C6H5

heating 10a in acetic anhydride gave 11 rather than 7, Compounds 10a and 10b were converted into the pyr- 
and 10b under the same conditions gave 12. Com- 1 lmum saR;s 3a an<̂  by means of n-butylamine. 
pound 11 is known and is probably formed by the de- NCCCONHR
hydration of the amide group of 10a. II

ncccn nccco2coch, Xi
a o A A C e H ^ N ^ C R ,

10a f  i  lob | j | l  ¿«H,
A A A . *  *  „ „ A A  13a’ R = HC6Hs C6Hs cjgf u CjHs b, R = C6H5

11 12
Table I  contains the absorption spectra of the com- 

The structure of 12 was established by the electronic pounds described in this paper. A ll of the compounds
spectrum which is similar to that of 10a: the infrared with the exception of 1, 2, and 5 contain the conjugated
(ir) spectrum shows strong absorption at 5.65 and 5.78 system A. The basic absorption pattern of the corn
ai which is assignable to the anhydride function; and pounds of type A  is similar but modified by substituents
mass spectrometric data show a parent peak at m/e 357 in the following manner. The long-wavelength band
and a fragmentation typical of an anhydride group. of 4 (341 mg) is shifted to about 388 mg, and shoulders
The probable reaction path leading to 12 is shown in appear at about 415 mg in 10a and 10b. The cor-
Scheme IV. responding nitrogen analogs 13a and 13b absorb again

I f  an equivalent of cyanoacetic acid or cyanoacetani- at about 388 mg, but no shoulders were observed. The 
lide is heated with 10b in acetic anhydride, the product

, _ rp-r • , 4- •, i (4) A referee has suggested another process for the formation of 6 through
IS O r&tll6r tilclll Lc,. 1ms result IS Clue to  eitlier tile  the formation of l,3-dicyanoacetone from cyanoacetic acid or cyanoacetani-
Stronger nucleophilic character o f cyanoacetic acid lide and acetic anhydride. Dicyanoacetone and 1 would give 6. We were
and cyanoacetanilide compared w ith  that o f acetate unable to isolate dicyanoacetone from the reaction of cyanoacetic acid with

 ̂ . .. .... . 1 acetic anhydride, but this does not prove that dicyanoacetone is not an
or to a favorable equilibrium. unstable intermediate.
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ketones 6 and 7 show absorption at 422 and 480 mu, Experimental Section5
which may arise from the charged species B and C, re- 4-Hydroxy-2 ,6-diphenylpyrylium Cyanoacetate (2a).— A  solu-
spectively. The nitrogen homologs of 6 and 7 show tion 0f 5 g (0.02 mol) of l and 1.7 g (0.02 mol) cyanoacetic acid
absorption at 409 and 460 mM, respectively, again SUg- in 75 ml of ethyl acetate was refluxed for 15 min. The mixture
gesting some contribution from a dipolar form. The was cooled, and the sol'd was collected and recrystalhzed from
8  , ,, . . ., . . . - j - . -  .1 , eomo ethyl acetate to give an 80% yield of product: mp 141 , mass
spectrum of 12 is similar to 11, indicating that the same spe' trum thermaiiy decomposes in the heated inlet (235°) to l,
bas ic  structu re  is present in  bo th  com pounds. c 0 2, and c h 3C N .

Anal. Calcd for C20H l5N O 4: C, 72.2; H , 4.5; N , 4.2.
Found: C , 72.2; H , 4.3; N , 4.2.

0 “ 4-Hydroxy-2,6-diphenylpyrylium Perchlorate (2b).— A  solution
| of 5 g of 1 in 50 ml of acetonitrile was mixed with 3 ml of 70%

' q '  N C C = C C H 2CN perchloric acid, and the precipitate was collected and recrystal-

A l lized from acetonitrile, giving a 94% yield of 2b: mp 237-238c.
/As*. Anal. Calcd for C „H 13C106: C, 58.6; H , 3.7; Cl, 10.6.

|  + I Found: C, 58.7; H , 3.7; Cl, 10.4.
p  o t r / ' O ^ p t i  4 -Methoxy-2 ,6-diphenylpyrylium Perchlorate (3 ).— A  mixture

v'6115 6 5 6 5 of 15 g of 1 and 35 ml of dimethyl sulfate was heated on the steam
A  B for 3 hr and cooled, and ether (100 ml) was added. The

I precipitate was collected, washed with ether, and dissolved in
I methanol. The addition of 7 ml of 70% perchloric acid caused

N C C = C  CCN 3 to separate, and the solid was collected and recrystallized
I 1 from acetonitrile; yield 83%; mp 257-258°.

A  f A  Anal. Calcd for C 18H 15C105: C, 59.7; H , 4.1; Cl, 9.7.
I + A  A n X  Found: C , 59.3; H , 4.5; Cl, 9.9.

C6H.5 u  C6H5 C6H5 u  C6H5 4-(Cyanomethylene)-2,6-diphenyl-4H-pyran (4).— A  solution
C of 3.6 g (0.01 mol) of 3, 2 g of cyanoacetic acid, and 4 ml of N ,N -

diisopropylethylamine in 30 ml of acetonitrile was heated under 
reflux for 2 hr, poured into water, and the precipitate collected

T h e  reaction  o f 2 ,6 -d iph en y l-4 -py ron e  (1 ) has b ee n  and “ f  itnoZed yield 45%;

extended  to  m alom c acid. In  a  s im ilar fash ion  to AnaL Calcd for C i9H 13N O : C, 84.1; H , 4.8; N , 5.2. Found: 
cyanoacetic  acid, m alon ic ac id  reacts w ith  1 in  e th y l c ,  84.7; H , 4.7; N , 5.4.
acetate to  g iv e  d i(4 -h y d ro x y -2 ,6 -d ip h e n y lp y ry liu m ) 4-[Cyano-(2,6-diphenyl-4H-pyran-4-yl)methyIidene]-2,6-di-
m alon ate  (14). W it h  phosphorous oxych loride , 14 phenylpyrylium Perchlorate (5). A .— A  solution of 2.0 g of 2
y ie ld s  the dye  15 w h ich  m ay  also b e  o b ta in ed  fro m  16 j? 4 ml of phosphorous oxychloride was heated for 3 hr at 95-100 
^iciuo u ic  J , The reaction mixture was poured into methanol, and 2 ml of
an d  1 in  the presence o f phosphorous oxych loride . 70% perchloric acid was added. The precipitated dye was

collected and extracted with methanol in a Soxhlet extractor. 
The dye 5 crystallized from the extract: yield 33%; mp 321- 

Schem e  V I  322°.
r  ^ TT Anal. Calcd for C 36H 24C1N06: C, 71.8; H , 4.0; N , 2.3.

9 H Found: C, 71.4; H , 4.1; N , 2.2.
JL B .— Alternatively, a mixture of 1.4 g of 4 and 1.4 g of 1 in 5 ml

. nlr z^ATT, o i i  (’flu  m  w - of phosphorous oxychloride was treated in the same manner to
1 +  CH2(C02H )2 ^  I (LH 2C02) give 5 in 77% yield.

%H 5 C6H5 4-(Cyanoacetylcyanomethylene)-2,6-diphenyl-4H-pyran (6 ).—
A  solution of 5.0 g (0.02 mol) of 1 and 3.0 g (0.035 mol) of cyano- 

14 acetic acid in 15 ml of acetic anhydride was heated at 90-95°

/’ \ PqCI for 3 hr and then cooled to give 6 : mp 261-262° from 1,2,3-
* \  1 trichloropropane; yield 75%; m/e 338, 298, 105, 102, 77.
base Anal. Calcd for C22H 14N 20 2: C, 78.0; H , 4.3; N , 8.3.

C6H5 CeH C6H5 C H  Found: C, 77.9; H , 4.5; N , 8.1.
\ ___  /  \  /  The mother liquors were concentrated, and the solid which
/  \ ___q h = <  o  <j+ \ ___ C = \  0  was obtained was recrystallized from N,N-dimethylformamide,
\ = /  \ = /  \ = J  I _ \ = /  giving 1 g of 7.

Cm /  m  C A l/  / A  l,3-Dicyano-l,3-bis(2,6-diphenyl-4H-pyranylidene-4)acetone
_  J| | (7). A .— A  solution of 1.7 g of 6 and 1.8 g of 3 in 30 ml of

4 acetonitrile was heated to reflux, and 2.0 ml of N,N-diisopropyl-
17 m R s C6H5 ethylamine was added. After 2 hr at 90-95°, the mixture was

2C104 cooled and 7 was collected and recrystallized from N,N-dim ethyl-
je formamide: mp 344-345°; yield 86% ; m/e 568, 298, 270, 105,

77.
Anal. Calcd for C39H 24N 20 3: C , 82.4; H , 4.2; N , 4.9.

P0C1’ Found: C, 82.1; H , 4.5; N , 5.1.
B and C.— A  solution of 5.0 g of 1 and 3.5 g of cyanoacetanilide 

V“ 3 (or 2.5 g of cyanoacetamide) in 30 ml of acetic anhydride was
heated at reflux for 4 hr. The mixture was cooled, and the solid 

(| I was collected and recrystallized to yield 78% from cyano-
1 acetanilide and 69% from cyanoacetamide.

c 6H T  u  x Hs l-n-Butyl-4-(cyanoacetylcyanomethylene)-2 ,6-diphenyI-l,4 -di-
q 0 4~ hydropyridine (8 ).— A  solution of 2.0 g of 6 and 4 ml of n-

16  

(5) The mass spectra were obtained by using either a 60° sector-type mass 
spectrometer, or a Consolidated Electrodynamics Model 21-110B mass spec- 

The magenta dye 17 is formed by the reaction of 14 trometer. The heated inlet was of the type described by V. J. Caldecourt

with 3 under basic conditions. These reactions are [A/  Chfmr 27' 167° but constructed entirely of glass. The com-
pounds which were not volatile in the heated inlet system were analyzed via 

sum m arized  m  Schem e V I  abo ve . the direct probe of the c e c  21-1 iob.

4420 VanA llan , Reynolds, and M aier The J o u rn a l o f O rga n ic Chem istry .



butylamine in 10 ml of ethoxyethanol was heated to 90-95° and recrystallized from nitromethane, giving a 74% yield of 11:
for 3 hr. The solvent was evaporated, methanol was added to mp 267°; m/e 296, 267, 240, 105, 102, 77.
the residue, and the product 8 was collected and recrystallized Anal. Calcd for C20H i2N 2O: C, 81.0; H , 4.0; N , 9.5
from butyl alcohol: yield 72%; mp 295-296°; m/e 393, 392, Found: C, 81.4; H , 4.0; N , 9.5.
364, 350, 337, 77. B .— A  solution of 7.0 g of 3 and 2 g of malononitrile in 50 ml

Anal. Calcd for C 26H23N 30 : C , 79.3; H , 5.8; N , 10.7. of acetonitrile was heated to reflux, and 5.0 ml of N ,N -diiso-
Found: C, 79.5; H , 5.9; N , 10.9. propylethylamine was added. The mixture was chilled, and the

l,3-Dicyano-l,3-bis(2,6-diphenyl-l-n-butyl-l,4-dihydropyridyl- solid was collected and recrystallized giving a 70% yield of 11. 
idene-4)acetone (9 ).— A  mixture of 1.0 g of 7 and 6 m l of n- 4-(Cyanoacetoxycarbonylmethylene)-2,6-diphenyl-4H-pyran
butylamine was heated under reflux for 2 hr. The excess butyl-' (12).— A  solution of 4.0 g of 10b and 25 ml of acetic anhydride
amine was removed by vacuum distillation, the residue was was heated to reflux for 16 hr and cooled, and the solid was
dissolved in methanol, and the product was precipitated by the collected and recrystallized from acetonitrile: yield 59%;
addition of 3 ml of acetic acid in 10 ml of water. The solid was mp 229-230°; m/e 357, 315, 298, 271, 105, 102, 77, 43. 
collected and recrystallized from acetonitrile giving a 50% yield Anal. Calcd for C22Hi5N 0 4: C, 74.0; H , 4.2; N  3 9
of 9, mp 310°. Found: C, 74.2; H , 4.0; N , 4.1.

Anal. Calcd for C47H42N 40 : C, 81.9; H , 6.1; N , 8.1. Di(4-hydroxy-2,6-diphenylpyrylium) Malonate (14).— A  mix-
Found: C, 82.0; H , 6.3; N , 8.3. ture of 10 g of 1, 4.2 g of malonic acid, and 200 ml of ethyl acetate

4-(Cyanocarbamoylmethylene)-2,6-diphenylpyran (10a).— A  was heated for 5 min on a steam bath and cooled, and the solid
solution of 14.5 g of 3 and 7.2 g of cyanoacetamide in 100 ml of was collected and recrystallized from ethyl acetate: yield 98%;
acetonitrile was heated to reflux and 12 ml of N,N-diisopropyl- mp 125°. This compound thermally decomposed to 1 and acetic
ethylamine was added. The product which separated im- acid.
mediately was collected and recrystallized from 1,2,3-trichloro- Anal. Calcd for C 37H280 8: C , 73.1; H , 4.7. Found: C,
propane: yield 95%; mp 290°; m/e 314, 298, 105, 77. This 73.4; H , 4.9.
compound slowly decomposed in the heated inlet system to 4 meso-(2,6-Diphenylpyrylium-4)bis(2,6-diphenylpyrylium-4)mono-
and 11. methinecyanine Diperchlorate (15). A.—A  solution of 3 g (0.005

Anal. Calcd for C20Hi4N 2O2: C , 76.4; H , 4.5; N , 8.9. mol) of 14 and 3 ml of phosphorous oxychloride was heated on
Found: C, 76.1; H , 4.3; N , 8.9. a steam bath for 2 hr, and 15 ml of ethyl alcohol was added to

4-(Cyanophenylcarbamoylmethylene)-2,6-diphenylpyran (10b). the reaction mixture. The mixture was chilled, 3 ml of 70%  
— The compound was prepared by the method described for perchloric acid was added, and the solid was collected and re-
10a and was recrystallized from chlorobenzene: yield 93%; crystallized from acetonitrile: yield 47%; mp 315°; explodes,
mp 240°; m/e 390, 298, 105, 77. Anal. Calcd for C62H 36Cl2On : C , 68.6; H , 3.9; Cl, 7.9.

Anal. Calcd for C26H I8N 20 2: C, 80.0; H , 4.6; N , 7.2. Found: C , 68.2; H , 4.1; Cl, 7.9.
Found: C, 80.0; H , 4.6; N , 7.1. B .— A  mixture of 2.5 g (0.01 mol) of 1, 1.73 g (0.005 mol) of

4-(Cyanocarbamoylmethylene-l-n-butyl-2,6-diphenyl-1,4-dihy- 4-methyl-2,6-diphenylpyrylium perchlorate (16), and 9 ml of
dropyridine (13a) and 4-Cyanophenylcarbamoylmethylene-2,6- phosphorous oxychloride was heated for 2 hr on a steam bath,
diphenyl-1,4-dihydropyridine (13b).— These compounds were diluted with 100 ml of methanol, and chilled, and the solid was
prepared from 10a and 10b, respectively, by the method de- collected and recrystallized to give a 56% yield of product,
scribed for the preparation of 9. Compound 13a was recrystal- Bis(2,6-diphenylpyrylium)monomethinecyanine Perchlorate
lized from methanol and melted at 194-195°: yield 71%. (17).— A  mixture of 3 g (0.005 mol) of 14, 3.5 g (0.01 mol) of
This compound thermally decomposed in the heated inlet system 3, 2 ml of N,N-diisopropylethylamine, and 25 ml of acetonitrile
to l-butyl-4-cyanomethylidene-2,6-diphenyl-l,4-dihydropyridine was refluxed for 3 hr and cooled, and the solid was collected and
and cyanic acid. recrystallized from acetonitrile: yield 51%; mp 310-311°.

Anal. Calcd for C24H 23N 30 : C, 78.2; H , 6.2; N , 11.4. Anal. Calcd for C35H 25C106: C, 72.8; H , 4.3; Cl, 6.2. 
Found: C, 77.9; H , 6.5; N , 11.5. Found: C , 72.8; H , 4.6; Cl, 6.1.

Compound 13b was recrystallized from ethanol and melted
at 185-186°: yield84%. This compound thermally decomposed Registry No. 1, 1029-94-3; 2a, 17605-20-8; 2b, 
to the same dihydropyridine derivative as 13a plus phenyl 17539-76-3; 3, 17539-77-4; 4, 17539-78-5; 5, 17558- 
isocyanate. 09-7; 6, 17533-57-2; 7, 17533-58-3; 8, 17533-59-4;

Anal. Calcd for C a o H ^ O : C , 80.6; H , 6.0; N , 9.4. 9 17533-60-7; 10a, 17558-05-3; 10b, 17533-61-8; 11,

T(Dicy;nom ;thyiene)-2,6-diphenyl-4H-pyran (11). A .-A  ^33-62-9; 12, 17558-06-4; 13a, 17533-63-0; 13b,
solution of 4.0 g of 10a in 24 ml of acetic anhydride was heated 17605-21-9, 14, 17558-07-5; 15, 17558-08-6; 17,
for 18 hr, the mixture was cooled, and the solid was collected 17558-10-0; cyanoacetic acid, 372-09-8.
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The reaction of N-methyl-p-dimethylammothiobenzamide (3) with a number of a-halo ketones and one a-halo- 
aldehyde gave stable 4-hydroxythiazolinium salts (4) which could be subsequently dehydrated to the thiazolium 
salts (S). When the intermediates were also substituted in the 5 position, both possible diastereoisomeric forms 
were detected by nmr spectroscopy. The effects of acidification and temperature variation on the nmr spectra 
indicated that the diastereoisomeric 4-hydroxythiazolinium salts are in dynamic equilibrium via the open-chain 
a-thio ketone.

The reaction of a thioamide or a thiourea with an or the addition of a base to the reaction mixture was
a-halocarbonyl compound in the Hantzsch synthesis recognized as necessary to prevent the acid-catalyzed
usually proceeds smoothly to yield the desired thiazole. 1 elimination of the elements of water from the inter-
Although the reaction has been postulated to be step- mediates. Since the publication of this work, a number
wise, reports of the isolation of intermediates in this of similar intermediates have been isolated from anal-
reaction have been infrequent. In some early ex- ogous reactions.7' 8 I t  is interesting to note that in
amples2 intermediates of varying stability were isolated each of these cases3“ 8 only one intermediate, either
by working at low temperatures. These substances the a-thio ketone or the hydroxythiazoline, was isolated
were characterized solely by elemental analysis (before from the reaction mixture.
the advent of spectroscopic techniques) and were al- In the present work, the reaction of N-methyl-p- 
ways assumed to be the open-chain a-thio ketones (for dimethylaminothiobenzamide (3 ) with a number of a- 
example, see ref 3). halo ketones and one a-halo aldehyde was found to

Recently, Kochergin and Shchukina4 isolated an give stable 4-hydroxy-2-thiazolinium derivatives 4 a-f,
intermediate from the reaction of chloroacetone with which were isolated as the iodide salts.
2-mercapto-4-phenylimidazole which was shown by
both chemical evidence and ir spectroscopy to be A—\
2-acetonylmereapto-4-phenylimidazole (1). However, R'CHXCOR +  CH3NHC(S) )  N(CH3)2 ►
the analogous reaction6 between bromoacetaldehyde 3

and 2-mercapto-4-phenylimidazole unexpectedly af- H R'
forded the cyclized intermediate 2,3-dihydro-3-hy- ^— S
droxyimidazo [2 ,1 - 6  ]thiazole (2 ). Both 1 and 2 could R i
be dehydrated in acidic media to the corresponding HO | \ / 3,2

thiazole derivatives. CH3 j-

H H 4a—f
CeH5 I C6H5 I a, R  =  C H 3; R ' =  H
S - N  S - N  b, R  =  C H ,; R ' =  n-C4H 9

} — sh +  ch3coch2ci ) - sch2ooch3 £ R I
N N , e,’ R  =  p-BrC6H4; R '  = 3H
H * f, R  =  H; R ' =  ra-CsHn

CJt5 |
|Tn. c-ft,Nv .S^ The 4-hydroxy-2-thiazolinium salts were stable
|]_ // SH +  CH2BrCHO —► | T  | in neutral and basic media, but they could be dehy-

^  2  drated to the thiazolium salts 5a-d by treatment with
methanolic hydrogen chloride. Dehydration could 

In a series of papers by Murav’eva and Shchukina,6 also be accomplished, although less conveniently, by
the isolation of hydroxythiazolines from the reaction treatment with methanesulfonyl chloride containing
between a-halo ketones and a variety of thioureas is sulfur dioxide in the presence of collidine. 9

reported. The use of a reagent bearing a basic center
r>/ ___ g

(1) R. H. Wiley, D. C. England, and L. L. Behr, Org. Reactions, 6 , 367 4  _ j  ___ I ___________________
(1951). a  R v, 711011 \

(2) It. C. Elderfield, “ Heterocyclic Compounds,’ ’ Voi. 5, R. C. Elderfield, | ®  \^= /
Ed., John Wiley & Sons, Inc., New York, N. Y., 1957, p 496. I tt

(3) A. R. Todd, F. Bergel, and Karimullah, Ber., 69B, 217 (1936). 4
(4) P. M . Kochergin and M . N. Shchukina, J. Gen. Chem. USSR, 26, 483 5a—d 

(1956).
(5) P. M. Kochergin and M . N. Shchukina, ibid., 26. 3233 (1956).
(6) (a) k . m . Murav’eva and m . n . Shchukina, zh. obshch. Khim., 30, The reaction of 3 with 3-bromo-2-pentanone yielded

<f hem- A,‘xtr- 66. 93760 (1961). (b) k . m . Murav’eva and a mixture of the intermediate (4d) and the thiazolium
M. N. Shchukina, ibid., 30, 2334 (1960); Chem. Abstr., 66, 9376p (1961). v J
(c) K. M. Murav’ eva and M . N. Shchukina, ibid., 30, 2340 (1960); Chem. (7) A. Takamizawa, K . Hirai, T. Ishiba, and Y . Matsumoto, Chem.
Abstr., 65 , 93776 (1961). (d) K. M . Murav’eva and M . N. Shchukina, ibid., Pharm. Bull. Jap., 16,731 (1967).
30, 2344 (1960); Chem. Abstr., 66, 9377e (1961). (e) K. M . Murav’eva and (8) B. M . Regan, F. T. Galysh, and R. N. Morris, J. Med. Chem. 10 649
M. N. Shchukina, Dokl. Akad. Nauk SSSR, 126, 1274 (1959); Chem. Abstr., (1967).
64, 498f? (1960). (9) q _ q  Hazen and D. W. Rosenberg, J. Org. Chem., 29, 1930 (1964).
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HOO DMSO-dj OMSO-d, F

Figure 1.— The nmr spectrum of 5-»-butyl-2-(p-dimethyl- Figure 3 — The nmr spectrum of 5-n-butyl-2-(p-dimethyl- 
aminophenyl)-3,4-dimethyl-4-hydroxy-2-thiazolinium iodide (4b) aminophenyl)-3,4-dimethyl-4-hydroxy-2-thiazolinium iodide (4b) 
at 60 M H z  in DMSO-de. at 60 M H z in DM SO-d« after the addition of 1 drop of tri-

fluoroacetic acid.

-s. C6H<NMtj The effect on the nmr spectrum of adding trifluoro-
h! \ V  ' * 1 | L acetic acid to a solution of 4b in DMSO-d6 is shown in
"°4 V  Figure 3. The most striking change observed in the

1 spectrum after acidification was the appearance of two
. , U v « L  separate methyl singlets at S 1.57 and 1.80 symmetric-

m' <* "  '***' ally located about the position of the broad singlet
j u .  I 1 which was present before acidification.

»• ^  V  The sharpening of the methyl peak indicated an
. m' _**W’ equilibrium which affected the environment of this

” ,," ‘ l group. The addition of acid effectively retarded the
Figure 2.— The partial 60-MHz nmr spectrum of 5-n-butyl-2- rate of the equilibrium responsible for the original 

(p-dimethylaminophenyl)-3,4-dimethyl-4-hydroxy-2-thiazolinium broadening, and allowed the observation of the individ- 
iodide (4b) at various temperatures in DMSO-de. ual species participating.

These observations may be accounted for by the 
salt (5d). The mixture was readily resolved by crystal- equilibria outlined in Scheme I. 
lization.

The importance of the quaternary nitrogen in stabi- S ch em e  I
lizing the intermediates was shown by the fact that re- w'Buv ^ S ^ +  M K n-Bu^ Snl+ r  w >jM 
placement of 3 by p-dimethylaminothiobenzamide in T~ ^  H"j T ~ 62 +  H+
the reaction with 3-bromo-2-heptanone resulted in a '  ^CHj ® '  ^CHs
normal Hantzsch reaction with no evidence of forma- 3 3

tion of a stable intermediate. (trans) |
The cychc nature of the intermediates was estab- B.gu

lished by means of nmr and ir spectra, and, in those C^NMe^
cases where diastereomers were possible, both forms o = l
were detected and the existence of a dynamic equilib- 'SCH3
rium between them, via the open-chain keto form, 0b
could be observed. The absence of carbonyl and N H  .
absorptions coupled with the presence of hydrogen- f
bonded -OH  bands in the ir spectrum indicated the n-Buv ĝ  + n-Bu. g 4_
cyclized rather than the open-chain structure for the H-'j ] CsĤ NMeg H~J  CANMea ^  jj+
intermediates. The nmr spectrum of 4b in dimethyl CH3"7 CH3 ; 'r a .
sulfoxide-d6 (DMSO-d6) (Figure 1) showed, in addition OH 3 0  3
to the expected aromatic, n-butyl and N-methyl res- 4b (cis)
onances, a broadened singlet at 5 1.67 (relative area 3)
assigned to the ring methyl, and a multiplet at 4.17 The equilibrium between cis 4b and trans 4b (cis and 
(relative area 1 ) assigned to the ring methine group. trans are defined with reference to the orientations of
The chemical shift of the methyl group was inconsistent the 4-methyl and 5-n-butyl groups), which proceeds
with an acetyl moiety and thus excluded the ketonic via the open-chain ketone 6 b, is sufficiently slow on
structure. The -O H  proton was not visible owing the nmr time scale to cause broadening of the 4-methyl
to exchange with the D20  present in the solvent. signal in untreated DMSO-d6 solution. Raising the

Attention was focused on the broadening of the 4- temperature of the sample increases the rate of equili-
methyl peak in 4b. A  variable-temperature experi- bration, thereby sharpening the methyl signal. In the
ment was performed on this compound with the results proposed scheme, the addition of acid is postulated to
shown in Figure 2. The broad methyl peak sharpened shift the equilibria (K\ and K 2) to the left and thus to
with increasing temperature until at 150°, the peak retard the interconversion of the two isomers. The
had the same width at half-height exhibited by other 4-methyl signals of both cis 4b and trans 4b are therefore
sharp singlets in the spectrum. No other peaks were detectable in the nmr spectrum. Since the chemical 
affected by the increase in temperature. shift of the dimethylamino group does not change after

. Vol. S3, No. 12, December 1968 I ntebmediates in  the Hantzsch T hiazole Synthesis 4423
0



ft
"" authors on the rearrangement of 4-hydroxy-2-acyl-

a / >vv c.«.N».1 iminothiazolidines6d’e induced by acetylation agents
"A__may also be accounted for by the intermediacy of an

open-chain compound.
/ In the work described by Fefer and King12 a series
__________ of para-substituted phenacyl halides was condensed

'  with 2-thioimidazolidine and the resulting intermedi-
__________________ates were isolated. The Hammett u values of the

A  T I substituent on the phenacyl halides were correlated
— ..__________L awA---------------------------- J[ with the presence or absence of carbonyl absorption in

—;.... L : ■ u - .'.i. J the ir spectra of the reactive intermediates. The
t̂ .  ̂ rm. - „ , , TT , authors postulated that these results were evidence of

phenyl)-3,4-dimethyl-4-hydroxy-2-thiazolinium iodide (4a) in enolization induced by unfavorable resonance mter- 
DMSO-+. actions. The present work, however, shows that

enolization of ketonic intermediates of this type is not
,, r , a , ■ •, ■ , , , , demonstrable. The results of Fefer and King may bethe addition of trifiuoroacetic acid, 4b is not protonated , , , , . , , & .... .
i a,;., „  rp, • , , \ , more adequately explained by the proposed equilibriam this medium, ihis is probably a consequence of u , , . 1 , ,■ • , , 1

t pi ■ , .. . ,, 1 between open-chain and cyclic intermediates,unfavorable resonance interaction in the coniugate *i , m • ,, , ,, , ., ,
SiCid of 4b Aipor iincl J- 8/uxins iirvg recently described. tiiG

Further evidence in agreement with the proposed PreParation- P f P f f -  and ,n[ f 9 sPectra
explanation was obtained by examining the nmr spec- ° f  3-hydroxy-2-methyl-2,3-dihydrothia
trum (Figure 4) of the simple analog 4a. The absorp- ™,ldaZ° 11e 9 , and the T  ( -0) Wlth
tion of the 4-methyl group at S 1.75 appeared as a ° ther rekted comPounds- 0n the basls of the nmr
sharp singlet which was uneffected by either tempera-
ture variation or acidification. The slow equilibrium Y  ^l-CHa ^  oh
between enantiomers was evidenced in the room tem- ---- N---- OH ----N----
perature spectrum by the appearance of the absorption
of the C-5 methylene protons as an AB quartet centered 9 10
at S 3.75 which coalesced when the spectrum was de
termined at 110°. spectrum in DMSO-c4 acidified with trifiuoroacetic

Nmr evidence rules out the possibility that 4b may acid> 9 was shown to be a mixture of the cis- and trans-
ha an enol form (7b or 8b) of the ketone 6b. alcohols, which could not be separated by thin layer

chromatography. The nmr spectrum of 10 indicated 
n-Bu. s> ,C6H4NMe2 n-Bu. s ,C6H4NMe2 that in solution the cyclic structure and the tautomeric

| H'n 'll open-chain a-mercapto ketone are present in a 1:2
HnA  Nv  H O -\  Nv ratio-

CH3 CH3 CH2 CH3 The nmr Spectra of 9 and 10 in DMSO-de, in the
7b 8b absence of acid, were investigated in these laboratories

to determine whether equilibria were involved similar 
Although enolization of carbonyl groups causes a to those in the present work.14 The nmr spectrum of

paramagnetic shift of vicinal methyl groups,10 the 9 exhibited a significant temperature dependence, and
magnitude of such a shift (S +0.17) is not sufficient to at 180°, the pair of methyl doublets of the diastereo-
account for the observed shift of S +0.41 from the meric alcohols coalesced to a single doublet. Complete
normal acetyl resonance. In addition, the proton in- coalescence of the C-2 and C-3 protons did not occur
volved in the enolization would be rapidly exchange- even at 190°. This is not unexpected because the
able with D20 ; however, no evidence of the rapid ex- methyl doublets have a smaller chemical-shift dif-
change of the proton at C-5 was found.11 No vinyl ference (A5 =  0.02) than either the C-2 or C-3 protons
proton resonance was observed in the nmr spectrum (AS =  0.48, and 0.17, respectively), and the coalescence
of any compounds in the present series. Further, temperature is a function of the lifetimes of the protons
the AB quartet of the C-5 methylene protons in com- at both sites and the chemical shift differences between
pound 4a is consistent only with the cyclic 4-hydroxy these sites.16 The nmr spectrum of 10 was also tern-
compound. Finally, the nmr spectrum of the struc- perature dependent as the AB quartet and singlet
turally related 3-methylmercapto-2-heptanone (pre- arising from the C-2 methylene protons of the cyclic
pared by treating 3-bromo-2-heptanone with sodium and open-chain forms coalesced to a single sharp reson-
methyl mercaptide) gave no evidence of enolization. ance at 150°. The same behavior was noted for the

The existence of equilibria of the kind outlined in methyl signals of both isomers. These results are
Scheme I may account for the acid-catalyzed rearrange- consistent with those obtained with our compounds,
ments of 2-imino-3-phenyl-4-thiazolines to 2-anilino- and support the proposal that the hydroxythiazoline
thiazoles observed by Murav’eva and Shchukina,60 open-chain form. The observations by the same
since the 2-anilinothiazoles can readily arise from the

(12) M . Fefer and L. C. King, J. Orff. Chem., 26, 828 (1961).
(10) J. R. Dyer, "Applications of Absorption Spectroscopy of Organic (13) A. E. Alper and A. Taurins, Can. J. Chem., 45, 2903 (1967).

Inc., Englewood Cliffs, N. J., 1965, p 91. (14) We are indebted to Dr. A. Taurins for kindly supplying us with these
(11) The proton at C-5 did exchange after prolonged standing in DMSO- samples.

de/D20 solution, but this is thought to be due to the proximity of the ring (15) J. A. Pople, W. G. Schneider, and H. J. Bernstein, “ High-resolution
sulfur. See P. Beak and E. McLeister, Abstracts, 155th National Meeting of Nuclear Magnetic Resonance,”  McGraw-Hill Book Co., Inc., New York,
the American Chemical Society, San Francisco, Calif., April 1968, No. P127. N. Y., 1959, p 218.
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intermediates in the Hantzsch synthesis are in equilib- Anal. Calcd for C lsH 20B rIN 2OS: C , 41.63; H , 3.88; Br, 
rium with the corresponding a-thio ketones. 15.39; 1,24.44; N , 5.40. Found: C, 41.65; H , 4.11; Br,

15.23; I, 24.42; N , 5.42.
5-re-Amyl-2- (p-dimethylaminophenyl )-4-hydroxy-3-methyl-2- 

Experimental Section thiazolinium Iodide (4f).— A  solution of 3 (6.0 g, 0.02 mol) and
a-bromoheptaldehyde (6.0 g, 0.02 mol) was refluxed in methanol 

Melting points were determined using a Thomas-Hoover (50 ml) for 5 hr. The solution was evaporated and the residue
apparatus and are corrected. Nm r spectra were obtained on was dissolved in water. The aqueous solution was washed with
Varian A-60 and HA-100 spectrometers. Tetramethylsilane ether, neutralized with ammonia, and treated with potassium
(S 0) was used as an internal reference standard. Ir spectra were iodide (5 g). The thiazolinium salt melted at 108-115° after
determined in potassium bromide using a Beckman IR -8  spectro- recrystallization from methanol-ether: yield 4.5 g (54% );
photometer. 3200 (O H ), 1602 (C = N ) .

4- Hydroxy-2-thiazolinium Salts (4a-e ). 3,4-Dimethyl-2-(p- Anal. Calcd for Ci7H 27IN 2OS: C, 47.00; H , 6.27; I, 29.22;
dimethylaminophenyl)-4-hydroxy-2-thiazolinium Iodide (4a).—  N , 6.45. Found: C, 46.95; H , 6.07; I, 29.04; N , 6.65.
A  suspension of N-methyl-4-dimethylaminophenylthiobenz- Dehydration of the 4-Hydroxy-2-thiazolinium Salts. 2-(p- 
amide16 (3) (6.0 g, 0.03 mol) in methanol (25 ml) containing Dimethylaminophenyl)-3,4-dimethylthiazolium Iodide (5a).—
chloroacetone (4.5 g, 0.05 mol) was shaken at room temperature 2-(p-Dimethylaminophenyl)-3,4-dimethyl-4-hydroxy-2-thiazolin-
for 6 days. The solution was evaporated and the residue was ium iodide (7.7 g, 0.02 mol) was dissolved in 100 ml of saturated
partitioned between water (75 ml) and ether (50 ml). Addition methanolic hydrogen chloride and the solution was allowed to
of excess potassium iodide (15 g ) to the aqueous layer gave the stand for 1 day. The methanol was evaporated and the residue
product as the iodide salt: yield 10.3 g (90% ); mp 157-158° was dissolved in water and filtered clear. The filtrate was
(recrystallization from ethanol-ether raised this to 164°); rmajt neutralized with ammonium hydroxide and an excess of potassium
3170 (O H ), 1605 (C = N ) .  iodide was added to give the thiazolium salt: mp 212-213°

When the reaction was performed at 100° for 1 hr in dimethyl- (from ethanol-ether); yield 4.3 g (63% ); rmax 1605 (C = N ) .
formamide, the same product was obtained in 80% yield. Anal. Calcd for Ci3H 17IN 2S: C, 43.34; H , 4.76; N , 7.78.

Anal. Calcd for C 13H I9IN 2OS: C, 41.27; H , 5.06; I, 33.55; Found: C, 43.28; H , 5.05; N , 7.81.
N , 7.41; O, 4.23; S, 8.48. Found: C , 41.09; H , 5.11; I, 5-n-Butyl-2-(p-dimethylaminophenyl )-3,4-dimethylthiazolium
33.27; N , 7.60; 0 ,4 .29; S, 8.40. Iodide (5b).— The dehydration of the 4-hydroxy compound was

5- re-Butyl-3,4-dimethyl-2-(p-dimethylaminophenyl )-4-hydroxy- performed by refluxing for 20 min in methanolic hydrogen chlo-
2- thiazolinium Iodide (4b).— The thioamide (3) was shaken with ride. The solution was evaporated, the residue was dissolved in
3- bromo-2-heptanone in methanol as described above and the water, and the aqueous solution was neutralized with ammonium
iodide salt, mp 130-133°, was obtained in 78% yield (recrystal- hydroxide. Addition of potassium iodide caused the precipita- 
lization from methanol-ether raised the melting point to 134- tion of the product: mp 119-120° (from methanol-ethyl acetate); 
135°): > w  3180 (O H ), 1605 (C = N ) .  yield 70%; rmax 1594 (C = N ) .

When the reaction was performed in refluxing ethanol a less pure Anal. Calcd for Ci7H 26IN 2S: C, 49.04; H , 6.05; 1,30.48;
product was formed. N , 6.73; S, 7.70. Found: C , 49.34; H , 6.30; I, 30.77; N ,

Anal. Calcd for C i,H21IN 2OS: C, 47.01; H , 6.27; N , 6.45. 6.59; S, 7.86.
Found: C, 47.37; H , 6.20; N , 6.59. 4-re-Amyl-2-(p-dimethylaminophenyl)-3-methylthiazolium 10-

4-re-Amyl-2- (p-dimethylaminophenyl )-4-hydroxy-3-methyl-2- dide (5c).— 4-re-Amyl-2- (p-dimethylaminophenyl )-4-hydroxy-3- 
thiazolinium Iodide (4c).— l-Bromo-2-heptanone (6.5 g, 0.033 methyl-2-thiazolinium iodide (0.47 g, 0.002 mol) was dissolved in 
mol) was added to a suspension of 3 (6.0 g, 0.03 mol) in 25 ml of dimethylformamide (5 ml) containing 1.6 ml of collidine. Meth-
methanol. The temperature rose spontaneously to 50° and the anesulfonyl chloride (0.8 ml) containing 4%  sulfur dioxide was
solution was allowed to stand for 2 days. The methanol was added in portions at 20-25°, and the mixture was allowed to
evaporated and the residue was dissolved in water. The aqueous stand for 1 hr. Dilution with water gave a brown solid which
solution was neutralized with ammonium hydroxide and treated was crystallized from methanol-ethyl acetate to give 0.8 g, mp
with excess potassium iodide: yield 11.1 g (85% ); mp 145° (from 123-130°. The analytical sample obtained by repeated recrystal-
methanol-ether); rma* 3150 (O H ), 1604 (C = N ) .  lization from the same solvents had mp 134°, ymax 1600 (C = N ) .

Anal. Calcd for C nH 27IN 2OS: C, 47.01; H , 6.27; I, 29.22; Anal. Calcd for C „H 25IN 2S: C, 49.04; H , 6.05; I, 30.48;
N , 6.45; O, 3.68; S, 7.28. Found: C , 47.26; H , 6.28; I, N , 6.73; S, 7.70. Found: C, 48.99; H , 6.31; I, 30.43; N ,
29.49; N , 6.38; O, 3.70; S, 7.44. 6-71; S, 7.44.

3,5-Dimethyl-2-(p-dimethylaminophenyl)-4-ethyl-4-hydroxy-2- 3-Methylthio-2-heptanone.— Methanethiol (2.4 g, 0.05 mol)
thiazolinium Iodide (4d) and 3,5-Dimethyl-2-(p-dimethylamino- was added to a solution of sodium ethoxide (from 1.2 g of sodium) 
phenyl)-4-ethylthiazolium Iodide (5d).— A  solution of 3 (44.7 g, in 40 ml of ethanol. 3-Bromo-2-heptanone (10.0 g, 0.05 mol)
O. 23 mol) and 2-bromo-3-pentanone (58.8 g, 0.36 mol) in ethanol was added dropwise with stirring, and the mixture was refluxed
(150 ml) was refluxed for 4 hr. The ethanol was evaporated and for 2 hr. The precipitated sodium bromide was removed by
the residue was dissolved in water. The solution was neutralized filtration, and the filtrate was fractionated to yield 2-methylthio-
to pH  7 and potassium iodide (57 g ) was added to precipitate a 2-heptanone: bp 72-75° (20 mm); rmax (in chloroform) 1700
mixture of the thiazolinium and thiazolium salts (90 g ). The (C = 0 ) .
mixture was crystallized from chloroform-ether and methanol- Anal. Calcd for C8H i6OS: C, 59.96; H , 10.06; O, 9.98; S,
ethyl acetate to give the less soluble thiazolium salt (5d): mp 20.00. Found: C, 59.92; H , 10.21; O, 9.70; S, 20.23. 
198-200°; yield 25 g, 28%; rma* 1610 (C = N ) .  5-re-Butyl-2-(4-dimethylaminophenyl)-4-methylthiazole.— A

Anal. Calcd for Ci5H 2II N 2S: C , 46.39; H , 5.45; I, 32.68; solution of 3-bromo-2-heptanone (3.9 g, 0.02 mol) and p-di-
N , 7.22; S, 8.26. Found: C , 46.22; H , 5.46; I, 32.64; N , methylaminothiobenzamide (3.6 g, 0.02 mol) in re-butyl alcohol
7.23; S, 8.16. (20 ml) was heated at 100° for 2 hr. The solution was evaporated

The 4-hydroxy-2-thiazolinium salt (4d) was obtained from the and the residue was crystallized from ether, giving the thiazole
mother liquors: yield 9 g (9% ); mp 148-150° (from methanol- hydrobromide, mp 160-165° dec. The salt was dissolved in
ether); rmax 3190 (O H ), 1610 (C = N ) .  water and basified, giving the free base: mp 50-51.5° (from

Anal. Calcd for Ci5H 23I N 2OS: C, 44.34; H , 5.70; N ,  6.90. petroleum ether; rmal 1608 (C = N ) .  Recrystallization from
Found: C , 44.78; H , 5.61; N , 7.04. petroleum ether (bp 30-60°) raised the melting point to 50-51.5°.

4-(p-Bromophenyl)-2-(p-dimethylaminophenyl)-4-hydroxy-3- Anal. Calcd for C i6H 22N 2S: C, 70.03; H , 8.08; N , 10.21;
methyl-2-thiazolinium Iodide (4e).— A  solution of p-bromophen- S, 11.68. Found: C, 69.75; H , 8.23; N , 10.41; S, 11.65. 
acyl bromide (2.8 g, 0.01 mol) and 3 (1.9 g, 0.01 mol) in dimethyl
formamide (10 m l) was heated at 100° for 40 min. The solution
was evaporated and the residue was extracted with hot water. Registry JNo. 4a, 17790-29-O; 4b ( trans) ,  17796- 
The product separated on addition of potassium iodide: y ie ld l.5  6 6 -6 ; 4b ( cis ) ,  17797-05-6; 4c, 17790-30-6; 4d, 17790-
g (32% ); mp 164-165° (from methanol); > w  3160 (O H ), 1612 3l-7; 4e, 17790-32-8; 4f, 17790-33-9; 5a, 17790-34-0;
(C =N )- 5b, 17790-35-1; 5c, 17790-36-2; 5d, 17790-37-3; 3-

, _ x „  . „  „  . . . . . .  methylthio-2-heptanone, 17790-38-4; 5-n-butyl-2-(4-(16) D. L. Garmaise, C. H. Chambers, and R. C. McCrae, submitted for , . , ’ ’ „ „ V
publication. dimethylammophenyl)-4-methylthiazole, 17790-39-5;
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A  wide variety of 5-hydroxy-l,3-benzoxathiol-2-ones were prepared in excellent yields by a one-step synthesis 
from readily available quinones and thiourea. Depending on the nature of the substituents and the reaction 
conditions, the intermediate S-(2,5-dihydroxyaryl)thiouronium salts and 5-hydroxy-2-imino-l,3-benzoxathioles 
could also be readily isolated. Reactions of thiourea with unsubstituted, disubstituted, or trisubstituted quinone 
gave only one end product. However, monosubstituted quinones gave one or more of the three possible isomeric 
end products, the 4-, 6-, and 7-substituted 5-iiydroxy-l,3-benzoxathiol-2-ones. The directive influence of the 
substituent groups on the addition of thiourea and their effect on the ease of cyclization of the resulting thio- 
uronium salts are described.

Although several methods have been reported in the Table I
literature1,2 for the synthesis of 5-hydroxy-l,3-benzoxa- Effects of Amount of Acids, Thiourea, and Quinones
thiol-2-ones, these methods are, in general, characterized on the Y ield of 5-Hydroxy-1,3-benzoxathiol-2-one

by low yields or by cumbersome preparative pro- Q g
cedures. JL ||

In this paper we describe a method whereby a wide I 1 +  H2NCNH2 +  HX —*• |  I \ = o
variety of 5-hydroxy-l,3-benzoxathiol-2-ones can be 
prepared rapidly and in excellent yields by a one-step ^
synthesis from readily available quinones and thiourea. Benzoquinone- Thiourea6

Molar molar molar Yield,
0  Acid ratio ratio ratio %

J L  ll ...................  1,0 1,5 o
R— (j—  ¡I +  H2NCNH 2 —  P  T  V o  HC1 3 0  1 ’°  1,5 92

HC1 1,0 1,0 1,5 60 
If HU HC1 0.5 1.0 1.5 21
0  HC1 3.0 2.0 1.0 10

T , , . . . . .  , H 2S04 3.0 1.0 1.5 94In general, the procedure consists m mixing a solution „ in  OK
»  , 1  • * ' L l  L l '  ' J  ’ i i  1 i * U r  J . U. U X . U  A . O  o D

of thiourea in aqueous hydrochloric acid with a solution H OAc 10 0 1 0 1 5 45
of a quinone in glacial acetic acid and heating for 1 hr
on a steam bath. The product, which crystallizes from “ Solution in HOAc. 6 Solution in aqueous 2 N  HC1 or H 2S 0 4 

solution on cooling, is essentially pure. As can be seen
from Table I, the reaction is best run with a large Scheme I
excess of thiourea and aqueous hydrochloric acid. qH
Good results are also obtained with sulfuric or trifluoro- jf S' SH
acetic acid. When a weak acid such as acetic acid is ^ n l  , ru J, m „  P __xthi __►
used, the yield is considerably lower, and the product "  p J  +  L 2 2 -< 2 J ■*
is generally contaminated with colored impurities which J
are difficult to separate. No product is formed in the O
absence of acid. OH

These observations strongly suggest that the reaction JT g ^  2 x~
involves a 1,4 addition of thiourea to the protonated ^  || P f  ''M h  —*•
quinone, giving first an intermediate S- '2,5-dihydroxy-
aryl)thiouronium salt (1), which cychzes to a second I
intermediate, 5-hydroxy-2-imino-l,3-benzoxathiole (2). 0H ^
This, in turn, is hydrolyzed to the final 5-hydroxy-l,3- j>
benzoxathiol-2-one (3) (Scheme I). The formation of V v 9\
each intermediate, and the final product, during the //= = N R H X  *■ =
course of the reaction can be readily detected and HO ® HO
followed by thin layer chromatography (tic). Several 2 3
of the thiouronium salts (Table I I ) and imino salt

were isolated and characterized. Upon being heated
(1) h. Burton and s. B. David, j. Chem. S o ,, 2193 (1952). in str0I1S aqueous acid, they were rapidly and quan-
(2) h. Fiedler, chem. Ber., 95, 1771 (1962). titatively converted into the corresponding products.
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T a b l e  I I

S-(2,5-DlHYDROXYABYL)THIOURONIUM ChLOBIDES

OH +

Bs n J v / S C '  c r*xX NH-
OH

Registry Mp,  dec, .---------------- Calcd, %---------------- . ,---------------- Found,  %---------------- .
R  Ri  R2 no. ° C“  C H S  C H S

H  H  H  6274-93-7 156 38.2 4.1 14.5 38.3 4.0 14.2
H  H  Ph 17630-82-9 112 52.6 4.4 10.8 52.4 4 6 11 0
H  H  CHa'I* 17630-83-0 lo1 , n A
H  C H S H  J 17630-84-1 121 40,9 4,7 13' 6 40' 5 4 ' 5 13-8
H  H  PhS 17630-85-2 160 47.5 4.0 19.5 47.5 3.9 19.3
H  H  C H 3CO 17630-86-3 195 41.2 4.2 12.2 41.1 4 3 12 2
H  H  O C H 3\* 17630-87-4 QO „ _ , o
H  O C H 3 H  J 17630-88-5 170 38-3 4-4 12,8 37‘9 4 3  13-2‘
H  H  C l 17630-89-6 140 33.0 3.1 11.0 32.7 3.2 11 0
H  Cl H i*  17630-90-9 , „„ . 0 , „  „
Cl H  HJ 17630-91-0 145 33-0 3-1 11 0 33,3 3 ' 2 1 1 3
H  C H 3 C H s 17630-92-1 110 43.5 5.3 12.8 43.5 5.4 12.5
C H 3 C H s H  17658-48-9 198 43.5 5.3 12.8 43.8 5.6 12.9
Cl H  C l 17630-93-2 160 29.3 2.4 11.1 29.0 2.8 10.8
.N—N

I K
N f  H  H  17630-94-3 149 42.4 3.3 16.2 42.3 3.4 16.0

Cft,

“ The temperature at which the salt turned color was taken as the decomposition point. 6 Isomeric mixtures as analyzed by nmr spec
troscopy. c Analytically pure samples were not obtained.

Contrary to previous reports, 1' 3 the thiouronium IV, show that, when R  is -C WH 37 and -C 8Hn, the thio-
salts do not decompose to colored products when heated urea adds meta to the substituents to give exclusively
in strong acid. Only when the salts were heated in the 7-substituted 5-hydroxy-l,3-benzoxathiol-2-one (6 ).
weak acids or failed to undergo cyclization (e.g., 4 and With groups such as CH3, C6H 5S, and C6H 5, a small
5) did we observe extensive decomposition. amount (3-10%) of the 6 -substituted isomer (7) is also

obtained. I f  the position meta to these substituents is 
° H  /N H 2 OH /N H 2 -  blocked, as in 2 ,6 -dimethylbenzoquinone, the yield is

CH3C° \ J ^ S <  c1- C1 considerably lower (Table I I I ) .
I ll [ I  J NH2 The reaction of thiourea with 2-acetylquinone, which
S ^ c O C H  contains an electron-withdrawing group, also gave a

I ¿jj mixture of two isomeric products, shown by nmr and
4  5  vpc to consist of 83% 9 and 17% 1 0 . The forma-

Reactions of thiourea with an unsubstituted, a disub- COCH3

stituted, or a trisubstituted quinone gave only a single
product (Table I I I ) .  No difficulty was encountered in /  ^  JT ^ / = 0

controlling the reaction in order to obtain the mono- H O ' ^ y ^ ' S  H0 /V^^ '''S
addition product with thiourea. However, when a COCH3
monosubstituted quinone was used, the reaction was 9 10

more complex. Depending on the nature of the sub
stituent, one or more of the three possible isomers (6 - 8 ) tion of these isomers was convemently followed by tic.
is obtained. The results of this study, listed in Table The thiouronium chloride (11) was converted com

pletely into its cyclized product (9), when the reaction 
R mixture was heated on a steam bath for 40 min, while

J L  0  R v ^ s ^ O  the thiouronium chloride ( 1 2 ) remained practically

HoXIs^ 0 „ o W -  A . A ,
•  ’  ?  ?  c r  ™ . v ,  ? ?

| ^ V ° \  f j f C ^ C H 3 N H ^  V j  Cn c H,

HoXXŝ °  C1_ X
I OH OH
R H 12

8
unchanged. Only upon prolonged heating was 12 

(3) m . Schubert, j . A m e r .  c h e m . S o 69, 712 (1947). converted into product 1 0 . This striking difference
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Table I I I
Unsubstituted, Disubstituted, and Trisubstituted 5-Hydroxy-1,3-benzoxathiol-2-ones

H O ^ V ^ S ^

R
Registry Yield, ,-------- Calcd, % ---------, ,-------- Found, %-------- ,

R  Ri R 2 no. Mp (lit.“ ), °C  % C H  S C H S

H  H  H  174-175 (175-176) 92 50.0 2.4 19.0 49.9 2.7 19.0
H  C H 3 C H 3 17631-06-0 164-165 73 55.1 4.1 16.4 55.1 4.2 16.1
C H 3 C H 3 H  7735-65-1 145-146(147-147.5) 38* 55.1 4.1 16.4 55.3 4.2 16.2
C H 3 H  C H 3 205-206 (205-206) 95 55.1 4.1 16.4 55.1 4.4 16.6
Cl H  Cl 174-175 (177-178) 90 35.5 0.9 13.5 35.3 1.0 13.5
Cl Cl H  161-162(162-162.5) 87 35.5 0.9 13.5 35.5 1 . 1  13.8
Ph H  Ph 17630-96-5 181-182 98 71.2 3.7 10.0 71.3 4.0 10.3
C H 3 C H 3 C H 3 17630-97-6 159-160 72 57.1 4.8 15.2 56.9 4.7 15.2
C H 3 H  C H (C H 3)2 156.5-157.5 (158.5-159) 96 58.9 5.4 14.3 58.8 5.3 14.5
C H 3CO H  C H 3 217-218 82 53.6 3.6 14.3 53.6 3.9 14.0

“ Reference 2. b A  large amount of 2,5-dimethyl-4-cMorophenol was also isolated.

Table IV
M onosubstituted 5-Hydroxy-1,3-benzoxathiol-2-ones

f V °> = 0
4 3

Coupling Product
Yield, constant,b ratio, ,------------- Calcd, %------------- . .------------- Found, % ------------- ,

R  Registry no. Mp, °C % “ cps % ' C H S C H S

7_Ph 176-177 90 2.5 93) 63.8 3.4 13.1
6-  Ph 7735-69-5 144-145 3 <1 .0  7/ 3 3  1 3 1  63 g 3 3  13  0

7- C H 3 17631-00-4 164-165 82 2.5 9oi 52^4 3 A  17 A
6-  C H 3 17631-01-5 143-144 7 <1 .0  10/ 5 2 ’ 7  3 3  1 7 ' 6 5 2 .4  3 .0 17.3
4-CH 3CO 187-188 79 9.0 8 3 I 51.6 2.9 15.6
7- C H 3CO 209-210 1 1  2.6 17 5 1 ' 4  2 ' 9 1 5 ' 3 5 1 . 5  2 .7 15.3
7-C l 180-181 53 2.5 62] 41.5 1.6 15.6

128-130 25 < 1 ' °  20[ 4 1 ' 5  1 -5  1 5 -8 41.6 1.7 16.1
4-C1J 9.0 1 8 1
7-PhS 17630-67-0 167-168 96 2.3 971
6-  PhS 17630-68-1 118-119 2 <1 .0  3 / 5 6 -5  2 ' 9 23 2 56  4 3 - °  2 3 -4

7- n-Ci8H 37 17630-69-2 122-123 96 2.5 100 71.4 9.6 7.6 71 5 9 7  7 7

7-n-C8Hi7 17630-70-5 108-109 99 2.5 100 64.2 7.2 1 1 . 4  64.3 7  2 1 1  4

“ Isolated yield. 6 L. M . Jackman, Applications of Nuclear Magnetic Resonance Spectroscopy in Organic Chemistry,” Pergamon 
Press, N ew  York, N . Y., 1959, p 85. c Product ratio of isomeric mixture as analyzed by nmr spectroscopy and vpc.

in reactivity, which made the separation of the cyclized amount of each isomer present in the mixture was
products easy, may be attributed to hydrogen bonding determined by nmr spectroscopy and vpc to be in the
between the carbonyl oxygen and the hydroxyl group ratio of 62% 13, 20% 14, and 18% 15.
of the thiouronium salts. Although reaction of thiourea with 2-acetyl-5-

With a quinone containing a substituent such as methylbenzoquinone would theoretically yield two
chloro, which can withdraw as well as donate electrons, isomeric products, only one product, identified as the
all three isomeric products were obtained. Of these, 4-acetyl-5-hydroxy-l,3-benzoxathiol-2-one (16), was iso-
only the 7-chloro isomer (13) was obtained in a pure

0*. X H 3
Cl 9H3

HOxx°s>° :xk>°aO“° „ô c>°
13 n U ®

£X>°H C r j I S  lated in excellent yield. This result again demonstrates
qj the directive influence of the methyl and acetyl groups.

15 Structure assignment of the product was made in favor
of the intramolecularly hydrogen-bonded 16 over 17 

condition. The position of the chloro substituent in on the basis of its nmr spectrum, which shows that the
the ring was established by nmr spectroscopy, and the chemical shift of the hydroxyl proton is far downfield
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at 12.4 ppm, indicative of hydrogen bonding. The Most of these salts have no definite melting point; they de-
very slight upheld shift on changing temperature from compose without melting over a wide range of temperatures.
35 to 60 ° and the absence of any shift on dilution sue- The,ir structures are confirmed by elemental and spectral

gest an intramolecular hydrogen bond,- a phenomenon 4,7-Dichloro-5-hydroxy-2-imino-l,3-benzoxathioles and 4 ,7 -Di- 
Which IS possible only for compound 16. methyl-5-hydroxy-2-imino-l,3-benzoxathioles.— To a solution of

The addition of thymoquinone to thiourea afforded 5-7 g (0.075 mol) of thiourea in 30 ml of 2 N  hydrochloric acid was 
only the 5-hydroxy-7-isopropyl-4-methyl-l 3-benzoxa- added 8.9 g (0.05 mol) of 2,5-dichlorobenzoquinone in 100 ml of

thiol-2-one (18). That the other isomer (19 ) was not f lacial acetic af L kTh? T ix,tu^  was stirred fof 30,min at roomu  r . ,, temperature, then heated slowly in a water bath to 50-55°.
ormed probably results from the stenc effect of the The precipitated thiouronium salt redissolved to give a clear,

isopropyl group. This is further supported by the faintly yellow solution. After about a 10-min stirring at this
p temperature, a mass of white solid crystallized out of solution.
LH(CH3)2 CH:: Stirring was continued for 20 min more, until tic indicated that

the thiouronium salt had been completely converted into the imino 
| |[ \ =_ q  | || \  q product. The solid was collected by suction and washed with

alcohol to remove the small amount of 4,7-dichloro-5-hydroxy- 
HU y  a HO j b l,3-benzoxathiol-2-one present in the reaction product: yield,

CHs CH(CH3)2 7-5 K (64% ); mp 213-214° dec. Its ir and nmr spectra were
jg 19 consistent with the structure.

Anal. Calcd for C7H 3CI2N O 2S: C , 35.6; H , 1.3; S, 13.6. 

observation that, when 3-bromothymoquinone or 2,5- Fo“nd.; 35-3; H> 1-5; s> 13-9- 
di-i-butylbenzoquinone ™  used, no reaction occurred. h “ S i ,
Instead, the qumones were reduced quantitatively to Anal. Calcd for C 9H 10C lN O 2S: C, 46.7; H , 4.7; S, 13.8. 
their respective hydroquinones. This procedure was Found: C, 46.9; H , 4.6; S, 13.7.
also useful for reducing duroquinone to durohydro- Preparation of Unsubstituted, Disubstituted, and Trisubsti- 
quinone tuted 5-Hydroxy-1,3-benzoxathiol-2-ones. General Procedure.

rpi , , . ,. , . — To a solution of 0.15 mol of thiourea in 100 ml of 2 N  hydro-
The observations made m this study indicate that, m chloric acid was added, with stirring, a solution of 0.1 mol of

general, strong electron-donating groups direct the quinone in 50-70 ml of glacial acetic acid. The mixture was
addition of thiourea primarily meta and secondarily stirred at room temperature for 30 min, during which time a
para  to the substituents. Electron-withdrawing groups, I?ass °.f crystalline thiouronium salt precipitated (with most of

„ „  the „.her hand, direct » A ,  to thesubst i tu te .  Z « 7 Z g ,  . " C t t , r % h T Z , b„ t
A d d it io n  is Stericaliy  exc luded  a t  the ovtho position b y  1 hr, then chilled in an ice bath until crystallization was complete,
bulky substituents such as the isopropyl or (-butyl The solid was collected, washed with water, and dried. For
groups. I t  is interesting to note that these reactions elemental analysis, the product was recrystallized from ethanol-

somewhat resemble the Thiele acetylation of quinones,4 5 A ,,
• a  i  a .  , ., . , , , , 1 . , ’ Compounds prepared by this procedure are reported in Table
in that they are both acid-catalyzed reactions, and that I I I .  The structures were confirmed by elemental and nmr
they both give only monoaddition products. How- spectral analyses or by comparison of the melting point and
ever, they differ from each other in the orientation infrared spectra with those of known authentic samples,
effects of strong electron-donating groups and in the S-(2 5-Dihydroxy-4^6-dimethylphenyl)thiouronium Chloride
d istribu tion  o f is o m e rs « and 4,6-Dimethyl-5-hydroxy-l,3-benzoxathiol-2-one.-To a
a  t IDUtlon OI isomers. stirred solution of 5.7 g (0.075 mol) of thiourea in 50 ml of 2 N

hydrochloric acid was added, at room temperature, 6.8 g (0.05 
t- . + i o  +• mol) ° f  2,6-dimethylbenzoquinone* dissolved in 50 ml of glacial
Experimental section acetic acid. The mixture was stirred for 30 min, during which

All melting points were taken on a Thomas-Hoover Unimelt a mas® ° f  crystalline white needles precipitated. The
apparatus and are uncorrected. Infrared spectra were measured sokd c°ikp(®d by filtration and dried to give 4.7 g (38% ) of
on a Perkin-Elmer Infracord spectrometer. Nuclear magnetic f  product which was identified by elemental analysis and in
resonance spectra were determined with a Varian A-60 spectrom- rared and nmr spectroscopy as the S-(2,5-dihydroxy-4,6- 
eter in deuterated chloroform (CDC13) or dimethyl sulfoxide dimethylphenyl)thiouronium chloride. The purified colorless
(D M SO -d,). Chemical shifts are reported in parts per million salt became orange at 198 and, after progressive darkening,
relative to an internal tetramethysilane standard. Thin layer ecompose to a b ack solid at 245 •
chromatography (tic) was run on silica gel plates containing a „  Ana} ' Calcd for CsHiaClH^aS: C, 43.5; H , 5.3; S, 12.8.
uv indicator and developed in a solvent mixture of equal volumes 3'8’ ,5 .6 , ¡5, 12.9.
of ethyl acetate and chloroform. Vapor phase chromatography T1\e fi™  from1the1 isolation of the thiouronium salt was
(vpc) was done on a 0.25 in. X  10 ft column of 20% OV-17 on ™ xed wkh an equal volume of concentrated hydrochloric »a d .
80-100 mesh Anakdrom ABS, with a helium flow of 70-75 cc/min. Tke re,sultl”S precipitate was collected and recrystallized from
Samples were run as trimethylsilyl derivatives, and product ethanol-water to give 2.6 g (33% ) of white needles, mp 80-81°.
ratios were determined by a comparison of peak areas. Unless ^  infrared and nmr spectra were identical with those of an
specified otherwise, all reagents were Eastman Kodak Co. authentic sample of 4-chloro-2,6-dimethylphenol, and a mixture
chemicals melting point was not depressed.

Preparation of S-(2,5-Dihydroxyaryl)thiouronium Chlorides. , A  2:? ;£ (Q m S  mol) sample of S-(2,5-dihydroxy-4,6-dimethyl-
General P rocedu re .-T o  a solution of 0.15 mol of thiourea in phenyl)th,ouronium chloride prepared as just described was
100 ml of 2 N  hydrochloric acid was added, with stirring, a suspended m a mixture of 20 ml of 2 N  hydrochloric acid and 20
solution of 0.1 mol of quinone in 50-100 ml of glacial acetic acid. ^ of f laclal a<*t.c acid The slurry was heated for 2 hr. The
The mixture was stirred for 30 min at room temperature. If kot f kAlon was diluted with 25 ml of water and allowed to
the thiouronium chloride did not precipitate at this point, con- stand at temperature The crystals which separated
centrated hydrochloric acid was added to the mixture. The colle1ctqed and d™ d i ° / ield 1'6 *  ( 190% > of 4 6-dimethyl-5-
precipitated salt was removed by suction filtration and washed kJ * ^ -b e n z o x a t h io 1 -2 -o n e  mp 145-146 (lit.’ mp 147-
with a little cold 2 N  hydrochloric acid. The salt was purified _>• “m r ( C D C h )  showed three singlets at
bv Hissolvinp’ it in cold water filtering the solution and re 2'24 (CH3’ 3 H )> 2‘28 (CHs’ 3 H )> and 6'92 PPm (ar°matlC, 1 H ).  by dissolving it in cold water, filtering the solution, and re Calcd for C9H 80 3S: C, 55.1; H , 4.1; S, 16.4. Found:
precipitating it with concentrated hydrochloric acid. Pertinent C  55 3* H  4 2* S 16 2
data concerning these compounds are reported in Table I. * ’ ’ ‘ * ’

(4) J. Thiele, Chem. Ber., 31, 1247 (1898). (6) L. T . Smith, J. W. Opie, S. Wawzonek, and W. W. Prichard, J. Org.
(5) H. S. Wilgus, I I I ,  and J. W. Gates, Jr., Can. J. Chem., 45, 1975 (1967). Chem., 4, 318 (1939).



4- Acetyl-5-hydroxy-7-methyl-l,3-benzoxathiol-2-one.— A  solu- ones from 2-phenylmereaptobenzoquinone.8 For pertinent physi- 
tion of 6.6 g (0.04 mol) of 2-acetyl-5-methylbenzoquinone7 in 30 cal and analytical data, see Table IV .
ml of glacial acetic acid was added to a stirred solution cf 4.6 g 7-Chloro-, 6-Chloro-, and 4-Chloro-5-hydroxy-l,3-benzoxa-
(0.06 mol) of thiourea in 50 ml of 2 A  hydrochloric acid. The thiol-2-ones— To a stirred solution of 5.7 g (0.075 mol) of thio-
mixture was stirred at room temperature for 30 min, then heated urea in 100 ml of 2 A  hydrochloric acid was added 7.1 g (0.05
on a steam bath for 60 min. After cooling, the mixture was mol) of 2-chlorobenzoquinone9 in 25 ml of glacial acetic acid,
poured into 100 ml of ice-water. The yellow precipitate was The mixture was stirred for 30 min, then heated for 1 hr. Water
collected, washed with water, and dried; it weighed 7.4 g (82% ) was added to the cloud point; after crystallization was complete,
and had a melting point of 215-217°. Recrystallization from the solid was collected, washed with water, and recrystallized
aqueous ethanol yielded crystalline white needles, mp 217-218°. from ethanol-water to give 5 g (53% ) of white needles, mp
The nmr spectrum (CDC13) showed four singlets at 2.43 (CH3, 180-181°. This material was identified as the 7-chloro isomer
3 H ), 2.63 (CH3CO, 3 H ), 6.83 (aromatic, 1 H ), and 12.4 ppm by its nmr spectrum (DMSO-Ts) which displayed two doublets
(OH, 1 H ). In  addition, the hydroxylic proton peak at 12.4 of an A B  quartet centered at 6.83 and 7.11 (aromatic, 2 H , T ab =
ppm showed no shift upon dilution and a very slight upfield 2.5 cps) and a singlet at 13.4 ppm (OH, 1 H ).
shift to 12.27 on raising the temperature from 35 to 60°. These Anal. Calcd for C7H3CIO3S: C, 41.5; H , 1.5; S, 15.8.
data are consistent with the structure of 4-acetyl-5-hydroxy-7- Found: C , 41.5; H, 1.6; S, 15.6.
methyl-l,3-benzoxathiol-2-one in which the hydroxyl group is The filtrate from the crude mixture was diluted with 500 ml
intramolecularly hydrogen bonded to the o-acetyl group. more water and set aside. The solid which separated was re-

Anal. Calcd for C i0H 8O<S: C, 53.6; H , 3.6; S, 14.3. Found: crystallized from benzene to give a product which has a meltir.g
C, 53.6; H , 3.9; S, 14.0. point and infrared spectrum identical with those of the 7-chloro

5- Hydroxy-7-octyl-l,3-benzoxathiol-2-one.— To a stirred solu- isomer. The benzene filtrate was concentrated to one-half its
tion of 5.7 g (0.075 mol) of thiourea in 100 ml of 2 A  hydrochloric volume. The solid which precipitated was recrystallized from
acid was added 11.0 g (0.05 mol) of 2-octylbenzoquinone sus- ethanol-water to give 2.5 g of white needles, mp 128-130°.
pended in 50 ml of glacial acetic acid. The mixture was stirred Nuclear magnetic resonance analysis indicated a mixture of both
until solution was complete, then heated for 40 min. During the 4- and 6-chloro isomers. All attempts to separate these two
this time the mixture became cloudy, and an oil separated. isomers by fractional crystallization were unsuccessful. The
The mixture was poured into 500 ml of water, and the solid nmr spectrum (D M SO -d6) showed two sharp singlets at 7.37
which separated was collected by filtration to give 13.9 g (99% ) (aromatic, 1 H ) and 7.56 (aromatic, 1 H ), and two doublets of
of dried product, mp 97-100°. Thin layer chromatographic an A B  quartet centered at 6.97 and 7.30 ppm (aromatic, 2 H ,
analysis indicated only one product, which was identified by Tab =  9.0 cps).
nmr spectroscopy to be the 5-hydroxy-7-octyl-l,3-benzoxathiol- Anal. Calcd for C7H3C103S: C, 41.5; H , 1.5; S, 15.8.
2-one. Recrystallization from ethanol-water containing Norit Found: C, 41.6; H , 1.7; S, 16.1.
gave 12 g of light brown prisms, mp 108-109°. Its nmr spectrum To obtain the product ratio of the isomers, the crude mixture
(DMSO-de) showed a multiplet at 0.65-0.9 (C H 3, 3 H ), a broad was analyzed by vpc and found to consist of 62% 7-chloro
singlet at 1.25 ( -C H 2- ,  12 H ), a multiplet at 2.49-2.78 (P h - isomer, 20% 6-chloro isomer, and 18% 5-chloro isomer.
C H 2- ,  2 H ), and two doublets of an A B  quartet centered at 7-Isopropyl-5-hydroxy-4-methyl-l,3-benzoxathiol-2-one.— Asol-
6.64 and 6.97 ppm (aromatic, 2 H , Tab =  2.5 cps). lution of 8.2 g (0.05 mol) of thymoquinone in 50 ml of glacial

Anal. Calcd for Ci5H2o03S: C, 64.2; H , 7.2; S, 11.4. Found: acetic acid was mixed with a solution of 5.3 g (0.07 mol) of thio-
C, 64.3; H , 7.2; S, 11.4. urea in 50 ml of 2 A  hydrochloric acid. After a 30-min stirring,

Preparation and Isolation of Isomeric Monosubstituted 5- at room temperature, it was heated on a steam bath for 30 min.
Hydroxy-1,3-benzoxathiol-2-ones. General Procedure.— This Upon cooling, a mass of large white platelets crystallized and
procedure may be illustrated by the preparation and isolation were collected. There was obtained 10.8 g (96% ) of a solid, mp
of 5-hydroxy-7-methyl- and 5-hydroxy-6-methyl-l,3-benzoxa- 156.5-157.5° (lit.2 mp 158.5-159°). The nmr spectrum (CDC ls)
thiol-2-ones. showed a doublet centered at 1.25 (C H 3, 6 H ), a singlet at 2.10

A  solution of 12.2 g (0.1 mol) of 2-methylbenzoquinone in 70 (P h -C H 3, 3 H ), a quartet centered at 3.07 (C H , 1 H ), and a
ml of glacial acetic acid was added, with stirring, to a solution of singlet at 6.79 ppm (aromatic, 1 H ).
11.4 g (0.15 mol) of thiourea in 100 ml of 2 A  hydrochloric acid. 2,5-DiT-butylhydroquinone, Durohydroquinone, and 3-Bromo-
After a 30-min stirring, the mixture was heated on a steam thymohydroquinone.— A  suspension of 11.0 g (0.05 mol) of 2,5-
bath for 1 hr, then diluted with 100 ml of hot water. The product di-f-butylbenzoquinone in 100 ml of glacial acetic acid was
was allowed to crystallize at room temperature, collected, washed stirred for 30 min with a solution of 5.3 g (0.07 mol) of thiourea
with water, and recrystallized from ethanol-water, giving 14.9 g in 100 ml of 2 A  hydrochloric acid, then heated on a steam bath
(82% ) of 5-hydroxy-7-methyl-l,3-benzoxathicl-2-one, mp 163- until the reddish brown suspension became colorless (2 hr).
164°. The nmr spectrum (D M SO -d6) showed a singlet at 2.28 The solid was collected, washed with water, and dried, giving
(C H 3, 3 H ), two doublets of an A B  quartet centered at 6.64 and 11 g (99% ) of pure white prisms, mp 212-214°. The melting
6.91 (aromatic, 2 H , Tab =  2.5 cps), and a singlet at 13.2 ppm point, Rt value, and infrared spectrum were identical with those
(OH , 1 H ). of an authentic sample of 2,5-di-i-butylhydroquinone.

Anal. Calcd for C8H 60 3S: C , 52.7; H , 3.3; S, 17.6. Found: Similarly, reaction of duroquinone or 3-bromothymoquinone10
C, 52.4; H , 3.4; S, 17.4. with thiourea resulted in nearly quantitative yields of the corre-

The filtrate from this procedure was diluted with 1 1. of water sponding hydroquinones. 
and allowed to stand overnight in the refrigerator. The solid 7-Acetyl- and 4-Acetyl-5-hydroxy-l,3-benzoxathiol-2-ones.— A
which separated was collected and recrystallized from ethanol- solution of 7.5 g (0.05 mol) of freshly prepared 2-acetylbenzo-
water (1:10) to give 1.4 g (7% ) of small needles, mp 143-144°, quinone11 in 50 ml of glacial acetic acid and a solution of 5.7 g
identified as the 6-methyl isomer. The nmr spectrum (CDC13) (0.075 mol) of thiourea in 100 ml of 2 A  hydrochloric acid were
showed three sharp singlets at 2.27 (C H 3, 3 H ), 6.89 (aromatic mixed and stirred at room temperature for 30 min. Thin layer
1 H ), and 7.03 ppm (aromatic 1 H ). chromatographic analysis indicated a mixture of two compounds,

Anal. Calcd for CsHeOsS: C, 52.7; H , 3.3; S, 17.6. Found: one of which fluoresced strongly under a uv lamp. After being
C, 52.4; H , 3.0; S, 17.3. heated for 40 min, the fluorescent compound was completely

To obtain the product ratio of the two isomers in the crude converted into a new product, but the other compound remained
mixture, the reaction was repeated as just described. A t the unchanged, as indicated by tic. The mixture was diluted with
end of the reaction, the mixture was diluted with 1 1. of water 50 ml of water and cooled. The solid was collected, washed with
and refrigerated overnight. The solid was collected, washed with water, and dried; it weighed 8.3 g (79% ) and had mp 185-
water, and dried. Analysis of the crude mixture by nmr spectros- 187°. Recrystallization from ethanol-water yielded a product,
copy and vpc gave a product ratio of 90% 7-methyl isomer and mp 187-188°, which was identified by nmr spectroscopy as the
10% 6-methyl isomer. 4-acetyl-5-hydroxy-l,3-benzoxathiol-2-one. The nmr spectrum

Similarly prepared were 5-hydroxy-7-phenyl- and 5-hydroxy- ______________
6-phenyl-l,3-benzoxathiol-2-ones from 2-phenylbenzoquinone; .„ T 0 , , _. „J _ V  , , , „ , . . , 0 1  , . , _ (8) J. M. Snell and A. Weissberger, J. Amer. Chem. Soc., 61, 452 (1939).
and 7-phenylmercapto- and 6-phenylmercapto-l,3-benzoxathiol-2- (9) j  Conant and L F Fieser> 45 2201 (1023)
_______________  (10) F. Kehrmann, Ber., 22, 3264 (1889).

(11) M . C. Kloetzel, R. P. Dayton, and B. Y . Abadir, J. Org. Chem., 20, 
(7) E. Kurosawa, Bull. Chem. Soc. Jap., 34, 303 (1961). 38 (1955).
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K S 3 Sf ° W6AP sharp singlet at 2.75 (C H , 3 H ) and two The product ratio of the crude mixture was analyzed by nmr
m flie 9 H  T  A B  centered at 6.99 and 7.28 ppm (aro- spectroscopy and vpc to be 83% 4-acetyl isomer and 17% 7-
matic, 2 H, J ab =  9.0 cps). acetyl isomer. ,0

Anal. Calcd for C 9H 60 4S: C , 51.4; H , 2.9; S, 15.3. Found:
C, 51.6; H , 2.9; S, 15.6. .

The filtrate was combined with the washings and heated on a Registry No. 4,7 -D im e th y l-5 -h y d ro x y -2 -im in 0- 1 ,3 -  
steam bath. After 1 hr of heating, no change was detected by ben zoxa th io leh y d ro ch lo rid e , 17630-80-7; 9 ,1 7 63 1 -0 2 -6 '
tic. Only upon prolonged heating (3 hr) did a reaction occur. 10, 17631-03-7; 13, 17631-04-8 ' 14 17631-05-9 '
The mixture was poured into 500 ml of water, and the precipitate 1 5  1 7030-66-9 ■ Ifi 17630 7 1 6 - ’ i 7 j ; „ n  -  , ’
was collected and recrystallized from ethanol-water to give 1 .5  H rnvv 9 1 9 K ’ 1 °  , o ^ ’
g (11% ) of yellow needles, mp 209-210°. This material was d ro x y  2 im m o -l,3 -b en zoxa th io l-2 -o n e , 17630-72- .
identified by nmr spectroscopy as the 7-acetyl isomer. Its nmr
spectrum (D M SO -d6) showed a sharp singlet at 2.64 (C H 3, 3 H ) Acknowledgment.—T h e  au th o rs  e ra te fu llv  nehnnwl
and two doublets of an A B  quartet centered at 7.21 and 7.42 . .1 ■ + , „  „  ors g ra te fu lly  ac k n o w l-
ppm (aromatic, 2 H, Jab = 2.5 cps). edge tbe asslstance of Dr- T. H. Regan and Mr. R. L.

Anal. Calcd for C 9H 60 4S: C, 51.4; H , 2.9; S, 15.3. Found: Young in the preparation and interpretation of the
C, 51.5; H , 2.7; S, 15.3. nmr spectra.

Base-Induced Cyclization of 2-Oximinophosphonium Salts. Synthesis 
and Spectroscopic Properties of l,2,5-Oxazaphosph(V)ol-2-ines
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Several l,2,5-oxazaphosph(V)ol-2-ines (4) have been prepared in high yield by basic treatment of 2-oximino- 
phosphonium salts (3). These salts were easily obtained either by reaction of a halo ketoximes with triphenyl- 
or tri-ra-butylphosphine, by oximation of the corresponding 2-keto phosphonium salts, or finally by reaction of 
nitrile oxides with phosphonium ylides in dimethyl sulfoxide. The reaction of desyl bromide with triphenylphos- 
phine in benzene gave a mixture of the keto (8) and enol phosphonium (8a) salts. Treatment of 8 with hydroxyl- 
amine gave the corresponding ylide (9) instead of the expected oxime. The ring of l,2,5-oxazaphosph(V)ol-2- 
ines can be opened by treatment with acids in the cold, affording the corresponding 2-oximinophosphonium salts.
Thermal decomposition of 3-(4-bromophenyl)-5,5,5-triphenyl-l,2,5-oxazaphosph(V)-ol-2-ine (4d) gave 2H-3-(4- 
bromophenyl)azirine (10) together with triphenylphosphine oxide. The comparison of the mass spectra of 1,2,5- 
oxazaphosph(V)ol-2-ines with the spectra of the corresponding phosphonium salts confirmed the cyclic structure 
of the former. *H nmr spectra of the title compounds and of the corresponding salts (3) were measured in several 
solvents and discussed. From the chemical-shift and coupling-constant values it can be deduced that the P -0  
bond in the cycles (4) has high covalent character. The effect of substituents on chemical shifts and coupling 
constants are discussed.

In a recent paper2 two of us reported the reaction be- formation of 3a into the corresponding cyclic compound
tween benzonitrile oxide (la ) and a few phosphonium 4a by means of base, and the reverse reaction which
ylides (2). The reaction of la  with triphenylphos- leads from 4a to 3a with hydrobromic acid. We
phonium methylide (2a) and ethylide (2b) in di- pointed out that such a cyclization could be the final
methyl sulfoxide (DMSO), after the work-up in acidic step of an easy route to l,2,5-oxazaphosph(V)ol-2-ines 
medium, gave the 2-oximinophosphonium salts 3a (4), starting from a-halo oximes (5) and phosphines (6),
and 3b (eq 1). We also reported the successful trans- through the phosphonium salts (3) (eq 2).

R— C N O  +  R'—C=PR3" '
| xl it

“R "  I I + base

la, R = C6H5 2a, R' = R "  = H; R " ' = C6H6 R—C—C—X +  PR."' »- R—C—C—PR3' ' ' - X - ^ :
b, R = (CHshCeH, b, R' = H; R " = CH3; A  R”  A R "

R ' "  =  CeHs i I
c. R ' = R " = CH6 R " '=  ¿ h  ¿ h

6 | 5, X =  halogen 3, X =  halogen
i  HBr

*  '  R '
R' R ' i
I ba9? I + R—C-----C—R " (2)

R—C------ C— R " R— C— C— PR3" '  • Br ~ (1) || i K ’
II I HBr II I N  P R , '"

N  PR3'"  A  R " \  /
\  /  I (/

o  OH 4
4a, R =  R '"  =  C 6H 6; 3a, R =  R '"  =  C 6H 5; R' =

It/ =  R // =  II  It-,/ =  II
a', R = (CH3)3C6H2; b, R = R '"  = C6H6; R ' = H; The only members of this class of cyclic compounds 4

5 I r _ Rn H; b p3w • r ' -  so far known are 4a and its mesityl analog 4a' obtained
d, R = 4-NOaI h 4; R' = ’ R R " = H; R '"  = C6H5 by Huisgen and Wulff3 directly from la  and lb, respec-

R " = H; R '"  =
n  tj (2) A.. Umani-RoncM, M . Acampora, G. Gaudiano, and A. Selva, Chim.

_________ 6 5 Ind. (Milan), 49, 388 (1967).
(1) In  alphabetical order. (3) R. Huisgen and J. Wulff, Tetrahedron Lett., 917 (1967).
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Table I
2-Oximinophosphonitjm Salts (3)

Compd Method of Yield,® ------------------ Reaction conditions-------------------
no. Formula preparation6 % Solvent Temp, °C  Time, hr Mp, °C

3a C6H 5C (N O H )C H 2P +(C 6H 5)3'B r - ' . ' i A  40 231
3a' C 6H 5C (N O H )C H 2P +(C 6H 5)3-C l -  B  100 CHC13 Reflux 2 215
3b C 6H 5C (N O H )C H (C H 3)P + (C 6H 6)3- B r - '  A  65 157
3c C 6H 5C (N O H )C H (m -C sH 7)P + (C 6H 6)3-B r -  A  45 191
3d p-BrC 6H 4C (N O H )C H 2P +(C 6H 5)r B r -  B  51 E tO H  20 72 219
3e /3-Ci0H 7C (N O H )C H 2P +(C »H 6)3-B r - *  B ' 81 Aq. M eO H  Reflux 30 226
3f C H 3C (N 0 H )C H 2P + (C 6H 5)3-C1- B  57 CHC13 20 72 223

I---------------------- 1 B ' 56 Aq. E tO H  Reflux 10
3g (C H 2)4C (N 0 H )C H P + (C 6H 5)3-C 1-  B  55 Ether 20 72 198
3h C 6H 5C (N O H )C H 2P+(?i-C 4H 9)3-C ; -  B  87 Ether 20 46 197
3i p -B rC 6H 4C (N O H )C H 2P +(n-C4H 9)3-B r_ B  85 Ether 20 48 168

“ No systematic attempt was made to improve yields by modification of the reaction conditions. 6 A, from the corresponding nitril 
oxide2; B, from the a-halo oxime; B ', from the corresponding 2-oxophosphonium salt by oximation. c See ref 2. d An attempt to 
synthesize 3a by method B, using the oxime obtained from oi-bromoacetophenone and hydroxylamine hydrochloride, according to 
H. Korten and R. Scholl [Ber., 34, 1901 (1901)], resulted in a mixture of 3a and 3a' (revealed by the mass spectrum). Evidently, 
according to the observation of Masaki,6 the oximation of w-bromoacetophenone by N H 2O H  • HC1 affords a mixture of the w-bromo- and 
w-chloroacetophenone oximes by halogen exchange. e C i0H 7 =  naphthyl.

tively, and 2a in benzene.4 In addition, in a more re- ides,7 which usually are less easily obtained than a-
cent paper, Masaki, et a l, reported the basic cyclization halo oximes (5) and the evident difficulty of obtaining
of 3a and 3d to 4a and 4d.5 They stated that the 7H by this method cyclic phosphonium salts like 3g (see
nmr and the analytical data of the dehydrohalogenated Table I ) and the corresponding l,2,5-oxazaphosph(V)-
compounds could also suggest an open betainic struc- ol-2-ines (4g) (see Table I I ). Moreover the reaction
ture (7a and 7d) analogous to that (7c) proposed by requires the use of phosphonium ylides instead of simple
Bestmann and Kunstmann6 for the product obtained phosphines,
from la  and 2c. On the other hand Huisgen and Wulff
discarded the betainic structures 7a and 7a' for their Table I I

products on the basis of the chemical-shift value in the 1,2,5-Oxazaphosph(V)ol-2-ines from
31P nmr spectra. In this paper we report the synthesis 2-Oximinophosphonium Salts

R ' R'

R — C— C— R "  R— C-------C — R"
I! I II I
N  P R 3' "  N \ / P R :i" '
1 + °
0 _  4,R ' =  H

7a, R  =  R ' "  =  C6H 5; R ' =  R "  =  H  Compd Yield,
a', R  =  (C H 3)3C6H 2; R ' =  R ' ' =  H ; R ' ' '  =  C 6H 3 no. r  r "  r -  % m p, °C
c, R  =  R ' "  =  C 6H 6; R ' =  R "  =  C H 3 , p  tt h  r  h  qs6 19Q 1Qn
d, R  =  4 -N 0 2C 6H 4; R ' =  R "  =  H ; R ' "  =  C 6H5 4a CeH5 H  ° 6H5 98 129-130

4b C 6H 6 C H 3 C 6H 6 85" 100
of several members of this new class of heterocycles (4) 4c C 6H 5 n -C 3H 7 C6H 6 70,6 98c 96
by the methods outlined in eq 1 (method A, through the 4d p-B rC 6H 4 H  C 6H 5 91,6 100c 157
phosphonium salts) and eq 2 (method B), and discuss 4e p-CioH^ H  C 6H 5 906 142

the nmr and mass spectra of these compounds which 4f ® / ¡ j 5 74” 116
support the cyclic covalent structures shown. We also 1 /  2 4 ‘ ® 102
report the synthesis and spectral data of the cor- ,• „  ,• tt ir ,,

0 . . , , . . 4i p -B rLstL  H  W-O4H 9 85'' 96
responding 2-oximmophosphomum salts (3), none of . Q , „ ,,, ,, T, ,,, . ., , r .. ,T

, ■ , , , „ .. ,1  See ref 2 and 3. 6 B y  the resm method. e B y  N aO H  or K O H .
which was known before our earlier report.6 a C 10H , =  naphthyl. « Liquid.

Method A .—This method (eq 1) was only used in
three cases by running the reaction in DMSO. The M  „ ,  u w . , , , ,r|1 ", r. . . .  . ,. , . Method B.— When an a-halo carbonyl compound
salts obtained (see 1 able 1) were cyclized as indicated , ,• 0 , , . ,,

j ii. j  -r, a 4 11 ¿I „ .. ., . reacts with phosphines either a 2-oxophosphomum saltunder method B. Actually the use of nitrile oxides for , T  T • ij. / , .iG , , ,,, ,, . , , ; , ... . . .  or an enof phosphonium salt (or both) can be formed,
the synthesis of such heterocycles, even if useful m ’
some cases, offers a more limited route of synthesis,
when compared with the reaction depicted in eq 2. path a „  „ „  1 +__
This is because of the limited availability of nitrile ox- | *" ® ^  9

___QQ___Q___ - -
(4) A  few species of l,2,5-oxazaphosph(V)olidines, the dihydro deriva- j i

tives of the title compounds, have been recently synthesized by the same I pathB I
authors [J. Wulff and R. Huisgen, Angew. Chem. Intern. Ed. Engl., 6, 457 X “ *ll3 lo£en  ~ ^ ^  C — C~~~
(1967)]. 6 |

(5) In this paper, M , Masaki, K . Fukini, and M . Ohta, J. Org. Chem., 32, O ----*X""
3564 (1967), the preparation of four 2-oximinophosphonium salts (3) is re- +
ported. The cyclization of two of these salts (3a and 4a) was performed by -------------------
the authors by basic treatment, as already reported by us.2 Evidently, (7) A. Quilico in “ The Chemistry of Heterocyclic Compounds,”  Intersci-
because of the close timing, the authors did not notice our earlier paper on ence Publishers, New York, N. Y ., 1962; C. Grundmann in Houben-Weyl’s
this subject. “ Methoden der organischen Chemie,”  Vol. 10/3, G. Thieme Verlag, Stutt-

(6) H. J. Bestmann and H. Kunstmann, Angew. Chem., 78, 1059 (1966). gart, 1965.
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depending on the nature of the a-halo carbonyl com- solvents. These compounds are opened by acid treat- 
pound, the phosphine, and the solvent.8 ment in the cold, affording the corresponding salts by

It has been found that when the reaction is run in a the P -0  bond fission2'5 (eq 2). They are thermally un-
protic solvent the formation of the enol salt is favored. stable giving an azirine and/or ketenimine by loss of
Since a similar behavior might be expected for the reac- OPR3' " . 3’6 Accordingly, from 4d, by thermal decora
tion of the a-halo oximes with phosphines, in order to
obtain the quaternary C salts (path A ), we choose an R' R'
aprotic solvent.9 Actually when an a-halo oxime re- I |
acts with triphenyl- or tributylphosphine in ether or R ^ ^ R" __„ R— C—-C— R" + opR
chloroform in the cold or at reflux, the quaternization of N ^ P R / "  N 3
the phosphine takes place smoothly, giving a good yield <-’r® 10

of 2-oximinophosphonium salt.10 R/
An alternative route to the phosphonium salts (3) |

based on the oximation of the corresponding 2-oxophos- R— C—¡-C— R"
phonium salts can also be used and is recommended pR "/ ” R N = C = C ^  + OPR3'"
when the a-halo oxime is not easily obtained or its re- £  ON 3 R"
action with phosphine gives unsatisfactory yields. The
oximation of the 2-oxophosphonium salts is usually position, we isolated a solid azirine (10, R  =  p-BrC6H4;
performed by using hydroxylamine in a slightly acidic R ' =  R "  =  H ): ir (Nujol) 1730 cm“ 1; nmr (CDC13),
medium to avoid the formation of the ylide correspond- S 1.80 (s).
ing to the salt. Under these conditions, however, the Nmr Spectra.— Since few nmr data concerning penta- 
oximation requires many hours at water-bath temper- covalent phosphorus-containing molecules are avail-
ature, and in some cases, does not occur at all. An able,12’13 we will discuss here in some detail the 'H  nmr
attempt at oximation of the phosphonium salt (8 )11 by spectra of this class of new compounds, the 1,2,5-oxaza-
hydroxylamine hydrochloride failed even after 6 days phosph(Y)ol-2-ines (4), together with their correspond- 
at 80°, and attempts with free or partially free ing oximinophosphonium salts (3). 
hydroxylamine resulted in the formation of the ylide (9). Huisgen3,4 has shown the phosphorus atom to be 

+ pentacovalent in 4a and 4a' and in some 1,2,5-oxaza-
CeH«—CO—CH—PfCsHsh-Br- — >- phosph(V)olidines, because of the positive chemical

jj shift value of 31P  signals. Comparing the T I nmr
g parameters of l,2,5-oxazaphosph(V)ol-2-ines and the

O- corresponding oximinophosphonium salts, we have
tt \ , found some interesting features.

65 | 6 5 3 +  First it is noteworthy that even from the T I chemical
C6Hs shifts and coupling constants it can be deduced that the
9 P -0  bond in l,2,5-oxazaphosph(V)ol-2-ines has a high

rp, , , . i, ,, , , covalent character.
1 he phosphonium salts that we have obtained by these ™ , , , , ,. „  . , ,, 1 ,l 1 . v . j  ■ m li T J The two hydrogens at C4 are magnetically equivalent
wo me o s are is e m a e . jn both salts and cyclic compounds; indeed the latter

The cychzation of the 2-oximmophosphomum salts have a lane of symmetry identified with the plane of
3 to the corresponding 1,2 5-oxazaphosph(V)ol-2-ines the het clic ri assuming rapid flipping of this 

(4 can be best performed by percolating an alcoholic and free rotation of the h l The
solution of the salt through a basic ion exchange resin, tra are not temperature dependent over a range from
whereby the cycle is obtained m high yield and purity. +30 to —50° 14
Alternatively the cyclization can be accomplished chemical Shifts.-Comparing the chemical-shift
by using cold aqueous NaOH or KOH The use of yalueg of lic compounds with that of the correspond-
cold pyridine as base is not adequate for the cychzation. j oximinophosphonium salts, 15 a marked difference in
In fact the nmr spectra of the salts can be measured in ^  a value of the protons on c 4 can be observed; the
Pyndme. The cycles obtained by basic treatment of localized itiye ch on the p  atom in the salts pro_ 
the corresponding salts are listed m Table II. duceg a gt deshieldi on these tons which ap_

l,2,5-Oxazaphosph(V)ol-2-ines (4) are in general pear at a lower field than the corresponding 1,2,5-oxaza-
crystalhne solids with melting points rather ower than phosph(V)0l-2-ines [A5 =  -  (1.3-1.7)« ] .
the corresponding salts. When R  and R  are aro- I t  is intereSting to note that such an effect in the salts
matic they are scarcely soluble in the common organic ig exerted through three) four> and even five bondg

(8) For a recent review on this subject, see A. J. Kirby and S. G. Warren, For example the OH3 signals (three bonds away) in the
“ The Organic Chemistry of Phosphorus,”  Elsevier Publishing Co., 1967, p 3b-4b pair show A5 =  —0.14;16 the CH3 signals (five

*S”  •> «>* » W )  <* * .  *> + >  f d r  give U  -  - # . 1 0 ; and
(10) The reaction of some 2-bromoacetophenone oximes with PtCsHsJa in

acetonitrile has been recently investigated by Masaki.5 (12) G. Mavel in “ Progress in Nmr Spectroscopy,”  J. W . Emsley, J*
(11) This salt, according to the report of H. Hoffmann and H. J. Diehr Feeney, L. H. Sutcliffe, Ed., Pergamon Press Ltd., Oxford, 1966.

[Angew. Ckem., 76, 944 (1964) ], based on unpublished results (Hoffmann and (13) See, for example, F. Ramirez, A. V. Patwardhan, and C. P. Smith,
Beller), can be obtained in high yield from desyl bromide and triphenylphos- J. Org. Chem., 31, 3159 (1966); R. Burgada, D. Houlla, and R. Wolf, C. R.
phine in benzene. Actually in our hands the reaction afforded essentially the Acad, Sci,, Paris, Ser. C, 264, 356 (1967); F. Ramirez, K . Tasaka, N . B.
corresponding enol salt (8a), CeH6C (=C H C 8H s)O P +(CeH6)3 * Br~, together Desai, and C. P. Smith, J. Amer. Chem, Soc., 90, 751 (1968).
with a minor amount of the keto salt 8. In fact the mixture of the salts ob- (14) This measurement was performed on 4i in CDCI3 solution,
tained from desyl bromide and PiCeHeJa, after treatment with water, gave a (15) N o effect of halide ion on either chemical shift or J  was observed in
large amount of PCRCeHsJa and desoxybenzoin, both compounds being indica- the salts.
tive of the formation of the enol salt8 (see Experimental Section). (16) A5 =  5cycie ~  SaaitJ chemical shifts are compared in CDCla.
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T a b l e  I I I

N m r  Sp e c t r a l  D a t a  f o r  2-Ox im in o p h o s p h o n ic m  Sa l t s 0 

R '

R— C— ¿H — PR3"  • X -

l o H
,-------------------------- J, cps--------------------------- * Group- r—-— — Chemical shifts, 8 , ppm—--------

Compd R  R ' R "  CDClj D M S O -* Pyrid ine-* ing CDC1, D M S O -* Pyrid ine-*

3a C.H* H C .H , V P,„ 16.8s 15.0° CH ,P+ 5 .16 (d )6 5 .37 (d )0
OH 12.16 (s)s d

3d p-BrCtHi H CtHs !J p.h 16.5 14.7° C H 2P+ 5 .20 (d ) 5 .2 3 (d )0
OH 12.40(a) d

3e 2-C10H 7* H  C «H i 2J p,h 16.5 15.5° CH 2P + 5.27 (d ) 5 .72 (d )0
OH 12.33 (s) d

3f CHs H  C .H . V p h  14.0 13. Bf  CH .P+ 4 .99 (d ) 5.76(d)/
CH. 1.84(a) 2.29(a)
OH 11.05 (s) d

3h CeHt H (CH j) jCH 3 V PH 16.7 16.9 16.8 CH iP+ 4 .20 (d ) 4 .04 (d ) 4 .80 (d )
CH 2»  1.9-2.5 1.8-2.5 2.4-3.0
Ohs '1 0.82» 0.82* 0.82*
OH 12.56(a) 12.63(a) d

3i p-BrCsH, H  (CH2),C H j V P,H 16.7 16.8 CH2P+ 4 .21 (d ) 4 .04 (d )
CH 20 1.8-2.5 1.7-2.5
C H ,6 0.85*' 0.83*
BrCtH ,' 7.44,7.73 7.65,7.83
OH 12.71(a) 12.65(a)

3b C«H« CH i C.Hs V PH 13.5 13.5s 10.5-10.8 CH P+ 4.91 (qd) 5 .16 (qd )s 5.26 (qd)
V PM. 19.0 18.5s 19.0 C H 3 1.80 (dd) 1.83 (dd)s 2.01 (dd)
•Jh.m , 7.0 7.0s 7.1 OH k 12.50(s)s d

3c C«Hs CH 2A-C H aB-C H 8 C«Hs V  p.h 12.5-13.0 13.0 C H P+ 5.01s 5.21! 5.46/
>Jh.ha 13.5-11.0 10.5-11 m CH2A 2.41,1.84** 1.8-2.6 2.1-2.8
• J u n ' 3.5 4.0 CH2B 1.53° 1.1-1.7 1.3-2.0

CHs 0.83 (t) 0.86 (t) 0.78 (t)
OH 12.05(a) 12.58(a) d

0 A few data are missing because of either low solubility or scarcity of some products. s See ref 2. 0 Concentration 0.05 M. d To
gether with H20  signal. e C i0H 7 = naphthyl. / Concentration 0.1 M . »Broad, six protons (CH2P +) of butyl groups. h Three 
equivalent CH3 of butyl groups. ’ Strongest transition of the A3B2 pattern, part A. > A2B2 pattern, 5a and 5B values are given. k Not 
visible. 1 Eight-line pattern. ”* Not analyzed. ” Centers of broad absorptions, measured by decoupling experiments. 0 Quintet, 
J = 7 cps.

even the aromatic protons meta to Br (five bonds away) of the P  atom in the latter compounds (hybridization 
in the3i-4i pair show a A5 =  —0.18 (protons ortho to ~ s p 3d).12 The value of Vp.H is found to be indepen-
Br, AS =  +0.02).17 A  model inspection shows that the dent of substituents on the phosphorus atom in
influence of the anisotropy of phenyl groups is com- both phosphonium salts, as already observed by
parable in each salt-cycle pair, so that it can not be re- Griffin,19 and cyclic compounds. However this geminal
sponsible for this effect. I f  fact the deshielding is also coupling is sensitive, as expected, to change in sub
observed when phenyls on P are replaced by butyls stituents on C4. I t  is interesting to note that, while the
(3i). change of 2,/PiH upon alkylation at C.t in the phospho-

As for the effect of substituents at P  on the 5 value of nium salts falls in the same range as reported by Mavel12
the C4 protons, we have found the same behavior in {e.g., 3a (J  — 16.8 cps) 3b (J  — 13.5 cps)], in the
both salts and cyclic compounds. Inspection of the cyclic compounds this change is drastic [e.g., 4a (J  =
data in Tables I I I  and IV  shows that, when butyl groups 11.9 cps) 4b (/ =  3.5 cps) ].
instead of phenyls are attached at the phosphorus, the It  has not yet been possible to determine the sign of 
methylene protons shift more than 1 ppm upfield. The these constants. 20 From the available data12 we could 
effect of substitution at C3, as expected, is not so strong; assume that the large couplings are negative, but, con-
on going from CiHs to CeH4Br and C 10H 7 only a very cerning the small ones, no assumption can be made. In
slight deshielding is observed, whereas the presence of a any case such a variation (positive shift) is strong and
CH3 causes C4 protons to shift upfield, as expected. cannot adequately be explained solely in terms of a
This effect is a fit tie more marked in the cyclic deriva- change of the s character of the bonding orbitals of car-
tives [S (4a) — 5 (4f) =  +0.4 ] than in the salts. bon to phosphorus due to the effect of the electronega-

Coupling Constants. The two-bond coupling con- tivity of the substituent.12 This is because of the
stant 2Jp ,h in oximinophosphonium salts16 is always small difference in electronegativity between hydro
higher in modulus than in cyclic derivatives. The gen and alkyl and also because in several cases reported
positive shift18 on going from polar structures (P  hy- in the literature an opposite trend has been observed.21
bridization ~ s p 3) to cyclic ones is in agreement with a In the salt series, but not in cyclic compounds, Vp,H 
view of a high contribution of pentacovalent character is also sensitive to change in the nature of the substitu

ent on C3; it decreases in modulus when aryl substitu-
(17) There are only two exceptions in this trend, for the CHs signals in the 

4f-3f pair (A5 =  - f  0.12 in DMSO-de) and for the CHs signals in the 4i-3i
pair (A5 ~  +0.08). However, a model inspection can explain these excep- (19) C. E. Griffin and M . Gordon, J. Organometal. Chem., 3, 414 (1965).
tions on the basis of a shielding effect of the phenyls which can operate only (20) In a more recent decoupling experiment, made on 4b, Vp,n and Vp.H
in the salts, where free rotation is allowed at Cr-C* and C i-P . appeared to be of opposite relative sign. Further investigations are in prog-

(18) The sign of the Vp,H  for the phosphonium salts is assumed negative; ress.
see ref 12 and S. L. Manatt, G. L. Juvinall, R. I. Wagner, and D. D. Elie- (21) J. B. Hendrickson, M . L. Maddox, J. J. Sims, and H. D. Kaesz,
man, J. Amer. Chem. Soc., 88, 2689 (1966). On account of their large modu- Tetrahedron, 20, 449 (1964); D. W . Allen, I. T . Millar, and J. C. Tebby,
lu8 we assume the V p ,h  to be negative also in the cyclic compounds. Tetrahedron Lett., 745 (1968).
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T a b le  IV

N mh Spectbal  D ata  for 1,2,5-Ox azaph o sph (V )ol-2-in e s «
R '

R — C------C H

N  PR a"
\  /  

o
„  ' '/■ °PS ’ Group- .-------------- Chemical shifts, 5, ppm---------------,
Compd R R ' R "  CCU CDCls DMSO-d« Pyridine-ds ing CCU CDCla DMSO-dt Pyridine-d5

4a CaHa H  C «H 6 V p,h 11.9*’ 11.9 CH iP 3.406 3.88
4d P-BrCeHi H  CeHs V PlH 12' 11.84 C H 2P 3.90 3 884
4e 2-CioH7e H CeHs V PH 11.8 11.84 CHsP 3.98 i .0 5 d
4f CHs H  CeHs Vp.H 11.2 11.5/ 11.5-12.0 CH iP 3.03 3^39 3^29

y E,M. 0.7 CHa 2.08 1.96 2.11
4h CeHs H  (CHaJaCHa V P,H 12.0 C H jP 2.50

CHa“ 1.3-1.7 
CHa* 0.93

4i p-BrCsHe H (CH 2) 3CHa 2J  p,h 11.9 12.0 12.4 CH 2P 2.40 2.51 2.73
CH 20 1 .2- 1 .7 1 .2- 1 .8  1 .2- 1 .8
CHa'1 0.93 0.93 0.88
BrCsHi*’ 7.38,7.48 7.46,7.55 7.54,7 62

4b CsHs CHa CeHs V PlH 3.5 3.6 3.5 C H P 3.34 (qd) 3.78 (qd) 3.70 (qd)
V P.Me 19.7 19.5 19.8 CHa 1 .6 6  (dd) 1.54 (dd) 1.67 (dd)
SJ  H.Me 7.3 7.3 7.2

4c CeHs C H 2A-C H 2B-CHa CeHs 2J p,ir 3.5-4 4.0 C H P 3 55? 3.96 3.93J
!/h,hA 4.0* l 4.0 C H ;4 1 .8-2 .4“  2 0-2 6
*Jb , ha' 8.0* 8.0 CH2B 1.27’* 1.36n

CHa 0.73 (t) 0.66 0.62 (t)
“ A  few data are missing because of either low solubility or scarcity or decomposition of some products when dissolved. b See ref 3.

'  Very little soluble. d Concentration 0.1 M. ‘ C i0H 7 =  naphthyl, t Partially overlapped with the H 20  signal. » Six protons (C H 2P )  
of butyl groups. h Strongest transition, A 6, of the A 3B 2 pattern, part A. *' A A 'B B ' pattern, SA and 6b values are given. ' Five-line 
pattern. * The 3/ h ,ha of the not equivalent C H 2A protons were assigned by decoupling. 1 Not analyzed. ”* Broad absorption cen
tered at 6 2.1. ” Slightly broadened quintet.

T a b le  V  .

M ass Spectra  of Com pounds  3h, 3i, 4h, a n d  4i
'—  ----------------------------------------------- Significant peaks—----------------------------------------------------■>

------------ 3h— —— ,----------- 3i------- — 8 d—  ------ 4h---------- , ,----------4i-------—>
m/e %  m/e %  m/e %  m/e %  Fragmentation Product

335 7 413« 0.5 M  — H X  (X  =  Cl or B r) a
318 6 396* 3 a -  O H  b
306 5 384* 0.3 a -  C2H 6 c
290 0.5 368“ 0.5 b -  C2H 4 d
278 2 356* 1 a -  C4H 9 e
276 1 354* 0.5 b -  C3H 6 f
262 11 340« 3 b -  C4H 8 g
218 6 218 4 218 7 218 4 P O (C 4H 9)3 h
189 30 189 36 189 37 189 26 h -  C2H 6 i
176 9 176 7 176 9 176 7 h -  C3H 6 j
162 19 162 17 162 24 162 18 h -  C4H 8 k
161 17 161 18 161 17 161 12 h -  C4H 9 1
147 20 147 18 147 22 147 18 i -  C3H 6 m
134 22 134 24 134 26 134 22 k -  C2H 4 n
120 35 120 30 120 40 120 38 k -  C3H 6 o
104 7 182“ 7 104 36 182“ 13 Y C 6H 4C H = C H 2 (Y  =  H  or B r) p
92 100 92 100 92 100 92 100 Z*> q
77 73 155* 10 77 25 155“ 5 Y C 6H 4 (Y  =  H  or B r ) r

“ Values corresponding to ions containing one 79Br. 6 This fragment, whose structure has not been formulated, should contain part 
of the P (C 4H 9)3 grouping inasmuch as it is absent in the corresponding P (C 6H 6)3 derivatives.

ents (J  =  16.5-16.9 cps) are replaced by methyl (J  =  hydrohalogenated compounds (4h and 4i) do not show
14.0 cps). The zJp,Me in 3b and 4b have the normal any peak above m/e 218. This is indicative of the for-
value expected for a three-bond coupling in a saturated mation from the salts, before or upon electron impact,
fragment PCCH. of a species (M  — H X ) different from the dehydrohalo-

Mass Spectra.— Further support of the cyclic (4) genated compounds (4h and 4i). Moreover, the com-
against the betainic form (7) of the dehydrohalogenated parison of the spectra suggests an open form for this
compounds is found when the mass spectra of these species (M  — H X ) and clearly indicates a cyclic struc-
substances are compared with the spectra of the ture, with a preformed P -0  bond, for 4h and 4i.
corresponding salts (3). In fact the mass spectra of In the case of the triphenylphosphine salts (3a-3g) the 
the tributylphosphine salts (3h and 3i) (see Table V ) spectra are often rather similar to those of the cor-
exhibit the peak corresponding to the parent ion less responding dehydrohalogenated compounds (4a-4g),
HX, together with other peaks over m/e 218 [P+O- whose dominant features are given by the peaks cor-
(C4H 9)3], whereas the spectra of the corresponding de- responding to the P+0 (C 6H6)3 ion (the heaviest frag-
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ment) and its fragmentation species. This is probably was washed three times in the flask with hexane, and 150 ml of
due, for the salts, to the easy formation, before or upon D M SO  (distilled over CaH 2) was added. The mixture was then
,, , , . ’ . ^  . kept at 75-80 for 45 mm. After cooling m an ice bath, 100 ml
the electron impact, of the P —O  bond, presumably in 0£ tetrahydrofuran (T H F ) and 26 g of butyltriphenyl-
the same cyclic pentaatomic structure as in 4, followed phosphonium bromide23 were added while stirring. In  the mean-
by the fragmentation time a solution of benzonitrile oxide was prepared by dissolving

10.0 g of benzohydroxamyl chloride24 in 50 ml of dry T H F  at 
R' "1+ —20°, by adding 9.0 ml of triethylamine and filtering from the
| triethylamine hydrochloride. The solution was immediately

___q_____q___ +  added to the phosphorane, while stirring and cooling at 0°,
|| — ► IV 'T O  during 5 min. The mixture was then kept for 2 hr at room tem-
N ^ o P R s  perature with continuous stirring and then poured into a cold

-  J  (ice) dilute solution of H B r in water. After three washings with
ether, the solution was left for a long time at room temperature. 

In  fact, the mass spectrum of the phosphonium salt 11, The salt 3c began to separate after several hours, but the pre
cipitation was complete only after 2 weeks. The salt (14.5 g, 

^  + . 45%) was collected, dissolved in ethanol-ether, and crystallized
| || | P(CeH5)3 by cooiing £0 —40°: mp 191° dec; uv max 262 mjn (s) (e 9800);

ir 1470, 1450, 1105, 1100, 995, 950, 750, 725, 695 cm -1.
Anal. Calcd for C29H 29B rN O P : C, 67.2; H , 5.6; Br, 15.4; 

11 N , 2.7; P , 6.0. Found: C , 67.1; H , 5.3; Br, 15.8; N , 2.8;
P  6.3.

where the formation of a P - 0  bond through a cyclic 2-Oximinophosphonium Salts. Method B Illustrated for the 
four-membered intermediate is much less probable,. Oxime of Phenacyltriphenylphosphonium Chloride (3a')-—A
does not show any peak corresponding to P + 0 ( C 6H 6)3. mixture of u-chloroacetophenone oxime26 (2.0 g), triphenylphos-
The evidence for a cyclic structure of the dehydrohalo- Ph“ e <3; 23 gl.and chloroform (70 ml) was refluxed for 3 hr

gen ated  com pounds (4a—4g) is less straightforward than crystallized from a little ethanol. The pure salt (3a ') showed
for the tributylphosphine analogous derivatives (4h and mp 215° dec; uv max 226 (s) (e 33,300), 258 (s) (11,000); ir
4i). However, even in this case the mass spectral data 1435, 1310, 1110, 960, 757, 750, 695 cm -1.

at least appear more favorable to a cyclic rather than a -P8!“ ! fo£, C26? 23CtN9 i>:„ U  72-3; 5,’ 50‘t ’ 91’
J N , 3.2; P , 7.2. Found: C, 72.0; H , 5.4; Cl, 8.5; N , 3.4;

betaimc structure. P  7 7

The same procedure was followed for the other salts but vary- 
1-, . + 1 o  f  ing the solvent, time, and temperature, according to the data
Experimental section reported in Table I . Other data and modifications of the standard

All melting points are uncorrected. Infrared spectra were de- procedure, if any, are reported below,
termined in Nujol, unless otherwise specified, with a Perkin- , The oxune of P-bromophenacyltriphenylphosphonium bromide
Elmer Model 137 Infracord spectrophotometer. Only prominent Was from p-bromophenacyl bromide oxime26 and
peaks are reported. Ultraviolet spectra (95% ethanol as solvent) triphenylphosphine. Owing to its solubility in the reaction
were recorded on a Beckman DK 2 spectrophotometer. Proton medium, after elimination of most of the solvent at reduced
nmr spectra were recorded with Varian HA-60 and HA-100 pressure, the salt 3d was isolated by precipitation with ether,
spectrometers; decoupling experiments were performed in After crystallization from a little ethanol it melted at 2X9
“ frequency sweep.”  Chemical shifts were measured in parts deo' uv max 225 (s) (c 21,600), 263 (15,100); ir 1430, 1135,
per million (5) from TM S  as internal standard, with a Hewlett- ^62, 748, Gm *•
Packard frequency counter. No  appreciable variation in chemical Anal. Calcd for C26H 22Br2N O P : C, 56.2; H , 3.9; Br, 28.8;
shift and J  was found within the range of concentration 2-®’ R  5-6- Found: C, 56.8; H , 4.1; Br, 29.5; N , 2.5;
used (0.15-0.25 M ),  unless otherwise specified. Chemical ^1?'. . .
shifts are reported either in Table III and Table IV or in 2-Oximmopropyltriphenylphosphonium chloride (3f) was ob-
the Experimental Section. Mass spectra were measured on a tai(led from chloroacetone oxime27 and triphenylphosphine:
Hitachi-Perkin-Elmer R M U 6 D  (single focus) spectrometer with white crystals from ethanol; mp 223°; yield 57%; uv max 224
the inlet system at 250° and an electron ionizing voltage of 70 ^  26,100), 269 (3200), 277 (2600); ir 3500, 1110, 820, 755,
eV (80 n A ). The values of significant peaks are reported in the 72d’ \
General or in the Experimental Section. Anal. Calcd for C2]H 21C1N0P: C, 68.2; H , 5.7; Cl, 9.6;

Starting Materials.— The a-halo oximes 6 were prepared by 8*8’ Found: C, 67.9; H , 5.8; Cl, 9.6; N , 3.6;
the methods reported in the literature, as indicated below under P , 8.5.^
the corresponding phosphonium salts. Commercial samples of 2-Oximinocyclohexyltriphenylphosphonium chloride (3g) was 
triphenylphosphine and tributylphosphine22 were used in the obtained from 2-chloroeyclohexanone oxime28 and triphenyl- 
preparation of the salts 3; no purification was needed. phosphine: mp 198° (from ethanol-ether); yield 55%; uv

;3-Naphthacyltriphenylphosphonium Bromide (11).— A  mixture max 22® 20,000), 269 (3000), 277 (2400); ir 3400, 1465,
of (J-naphthacyl bromide (5.0 g), chloroform (40 ml), and tri- 1110, 1005, 998, 750, 728, 698 cm-1.
phenylphosphine (5.2 g ) was refluxed for 30 min. The filtered Anal. Calcd for C24H25C lN O P : Cl, 8.6; N , 3.4; P , 7.6.
solution was added to 300 ml of anhydrous ether. The precipitate Pound: Cl, 8.5; N , 3.5; P , 7.5.
was collected and crystallized from ethanol, giving 8 g (78% ) of ^be oxime phenacyltri-n-butylphosphonium chloride (3h)
11: mp 251°; uv max 228 (s) (e 51,100), 327 (14,000); ir was obtained a-chloroacetophenone oxime26 and tri-ra-
2680,1670,1465,1220,1195,1120,995,940,840,810,753 748 butylphosphine: mp 197° (from ethanol); yield 87%: uv
721, 690 cm -1; nmr (D M SO -d6) C H 2P+ S 5.26 (J P.H =  16.5 max 248 mM ^.SOO); ir 2950, 1470, 1405, 1300, 1045, 965,
cps); mass spectrum m/e (relative intensity) 430 (100), 429 8d2, 748, 7d^ om
(75), 401 (24), 303 (95), 277 (42), 228 (27), 202 (39) 201 (23). ,The ?3dme of P-bromophenacyltri-n-butylphosphonium bro-

Anal. Calcd for C30H 24BrOP: C, 70.5; H , 4.7; Br, 15 7; mide (3i) was obtained from p-bromophenacyl bromide oxime26 
P, 6.1. Found: C, 70.6; H , 4.5; Br, 15.7; P , 6.0. ’ and tri-n-butylphosphine: mp 168° (from ethanol); yield

2-Oximinophosphonium Salts. Method A Illustrated for the ------------
Oxime of 1-Propylphenacyltriphenylphosphonium Bromide (3c). _ .. , , „ „  „ ,
— A  solution of benzylidenetriphenylphosphorane was prepared (lg(^  R ' Meohoulam and F - Sondhenner, J. Amer. Chem. Soc„ 80, 4386

as follows. A  50% NaH-paraffin oil mull (3.2 g) was introduced (24) ' O. Piloty and H. Steinbock, Ber., 35, 3101 (1902).
into a dry round-bottomed flask equipped with a mercury sealed (25) See Korten and Scholl, Table I, footnote d.
stirrer, a dropping funnel, a reflux condenser, and an inlet tubing (26) A. Collet, Bull. Soc. Chim. Fr., 27 [3], 539 (1902).
for nitrogen, to exclude oxygen during the reaction. The N a H  (27) R. Scholl and G. N. Matthaiopoulos, Ber., 29, 1550 (1896).

(28) W e thank Dr. A. Nenz (Istituto G. Donegani, Novara) for the kind 
(22) Fluka AG, Buchs SG, Switzerland. gift of this compound.
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85%; uv max 259 mM (« 15,500); ir 1460, 1400, 1300, 1045, 960, 3,5,5,5-Tetraphenyl-4-n-propyl-l,2,5-oxazaphosph(V)ol-2-ine 
920, 845, 725 cm-1. (4c) showed the following characteristics: mp 96° (from ben-

Anal. Calcd for CmH mB ^ N O P :  Br, 32.3; N ,  2.8; P , 6.3. zene-hexane); yield 70%; uv max 223 (s) (<s 29,000), 259 (s)
Found: Br, 32.5; N ,  2.9; P , 6.5. (8400); ir 1455, 1430, 1080, 980, 765, 755, 743, 725, 700 cm -1.

2-Oximinophosphonium Salts. Method C Illustrated for the Anal. Calcd for CmH ^N O P : C , 79.6; H , 6.4; N , 3.2;
Oxime of/3-Naphthacyltriphenylphosphonium Bromide (3e).— To P , 7.1. Found: C , 79.4; H , 6.4; N ,  3.3; P , 7.3.
a solution of 11 (6.0 g ) in methanol (60 m l) was added 10 g 3-p-Bromophenyl-5,5,5-triphenyI-l,2,5-oxazaphosph(V)ol-2-ine 
of N H 2O H -H C l dissolved in the minimum amount of water. (4d) showed the following characteristics: mp 157° (from hot
The mixture was refluxed for 30 hr and then poured into water; ethyl acetate); yield 91%; uv max 261 mp (e 12,900); ir 1475
The precipitate was collected and crystallized from ethanol- 1425, 1080, 1040, 985, 805, 745, 692 cm“1,
water, giving 5.0 g (81% ) of 3e: mp 226°; uv max 230 mM Anal. Calcd for C26H 2,B rN O P : C , 65.8; H , 4.5; B r, 16 9- 
(« 46,000), 277 (13,000), 287 (11,600), 297 (10,400); ir 3000, N , 2.9; P , 6.5. Found: C , 66.3; H , 4.7; Br, 16.6; N ,  2 7- 
1430, 1300, 1105, 975, 925, 820, 742, 692 cm“1. P , 6.5.

Anal. Calcd for C 30H 25B rN O P : C , 68.4; H , 4.7; Br, 15.2; 3-/3-Naphthyl-5,5,5-triphenyl-l,2,5-oxazaphosph(V)ol-2-ine (4e) 
N , 2.6; P , 5.9. Found: C , 68.6; H , 4.5; B r, 14.6; N ,  2.6; showed the following characteristics: mp 142° (from warm ben-
P . 5-9. zene); yield 90%; uv max 229 (e 37,700), 287 (10,300), 298

2-Oximinopropyltriphenylphosphonium chloride (3f) was pre- (9800); ir 1435, 1080, 1045, 985, 945, 810, 760, 742, 700 cm“1, 
pared by the same procedure from 2-oxopropyltriphenylphos- Anal. Calcd for C30H 24N O P : C, 80.9; H , 5.4; N , 3.1; P, 
phonium chloride,29 using ethanol instead of methanol; reflux 7.0. Found: C, 80.5; H , 5.4; N , 3.2; P , 7.2. 
time was 10 hr; yield was 56%. 3,4-Tetramethylene-5,5,5-triphenyl-l,2,5-oxazaphosph(V)ol-2-

1-Benzoylbenzyltriphenylphosphonium Bromide (8 ).11— Desyl ine (4g) showed the following characteristics: mp 102°; yield
bromide30 (9.0 g, 32.7 mmol) dissolved in 100 ml of dry benzene 53%; uv max 263 (e 2800), 269 (2800), 276 (2100); ir 1480,
was refluxed for 5 hr together with 8.6 g (32.7 mmol) of triphenyl- 1430, 1080, 990, 952, 760, 737, 720, 696 cm -1,
phosphine. After cooling, the whole mixture was shaken with Anal. Calcd for CmH mN O P : C , 77.2; H , 6.5; N ,  3.7; 
water. The undissolved solid, collected and crystallized from P , 8.8. Found: C , 76.8; H , 6.4; N ,  3.8; P , 8.7. 
ethanol, gave 2.9 g (5.4 mmol, 17%) of 8: mp 237-239°; uv 3-Phenyl-5,5,5-tri-ra-butyl-l,2,5-oxazaphosph(V)ol-2-ine (4h)
max 268 myu (e 11,000); ir 1675, 1445, 1220, 1115, 997, 760, showed the following characteristics: liquid; yield 80%;
708 cm“1. uv max 249 m/i (e 9500); ir (neat) 2950, 1460, 1085, 1055, 1010,

Anal. Calcd for C32H 26B rO P : P , 5.8; Br, 14.9. Found: P , 990, 918, 760, 698 cm-1.
6.1; B r, 15.4. Anal. Calcd for C 20H 34N O P : N , 4.2; P , 9.2. Found: N ,

The benzene solution, after elimination of the solvent, gave 4.1; P , 9.0. 
a solid residue which was triturated with ether. The undissolved 3-p-Bromophenyl-5,5,5-tri-n-butyl-l,2,5-oxazaphosph(V)ol-2-
portion (6.8 g, 24.5 mmol, 75% ) was shown to be essentially ine (4i) showed the following characteristics: mp 70° (from
pure O P (C 8H 5)3 from its ir and tic comparison with an authentic petroleum ether, bp 30-60°); yield 85%; uv max 259 m#» (e
sample. From the ethereal solution were obtained 5.1 g (26.0 11,700); ir 2950, 1530, 1465, 1400, 1075, 1005, 918, 810 cm“1,
mmol, 80%) of desoxybenzoin, identified by its ir spectrum and Anal. Calcd for C20H 33B rN O P : C , 58.0; H , 8.0; B r, 19.3; 
by  tic comparison with an authentic sample. Only traces of N , 3.4; P , 7.5. Found: C, 58.1; H , 7.9; Br, 19.4; N ,  3.3; 
unreacted triphenylphosphine were detected by  tic. P , 7.6.

Attempt at Oximation of 1-Benzoylbenzyltriphenylphosphonium B. By Treatment with Aqueous Alkali. 3,5,5,5-Tetraphenyl- 
Bromide. 1-Benzoylbenzyltriphenylphosphonium Benzylide (9). 4-«-propyl-l,2,5-oxazaphosph(V)ol-2-ine (4c).— 3c (1.0 g ) was
A .— A  mixture of 0.61 g of 8 and 1.0 g of N H 2O H -H C l in 95% dissolved in 10 ml of ethanol; the solution was made alkaline
ethanol was refluxed for 6 days. After dilution with water the by  drop wise addition of a few milliliters of aqueous 1 N  K O H  at
filtered solid showed an ir spectrum identical with that of the 0°. The white precipitate (0.84 g, 98% ), collected and crystal-
starting material. lized from benzene-hexane, melted at 95-96°. Its ir spectrum

B. A  mixture of 1.1 g (2 mmol) of 8, 0.7 g (10 mmol) of was identical with that of 4c prepared from 3c by the resin method. 
N H 2O H -H C l and 0.8 g (8 mmol) of potassium acetate was 3-p-Bromophenyl-5,5,5-triphenyl-1,2,5-oxazaphosph(V)ol-2-ine
refluxed in an aqueous alcoholic solution for 1.5 hr. After (4d) was prepared by the same procedure as 4c: yield 100%. 
dilution with water the filtered solid (0.88 g, 93% ) was identified 3-Methyl-5,5,5-triphenyl-l,2,5-oxazaphosph(V)ol-2-ine (4f).—  
as the ylide 9, mp 188-190° (lit.31 mp 191-192°); in fact its 3f (0.46 g ) was dissolved in 50 ml of water and the solution was
mass spectrum showed an intense peak at 456 m/e (M +) and no made slightly alkaline by the addition of the stoichiometric
peaks corresponding to B r+ or (H B r )+ . The ir spectrum showed amount of 0.5 M  N aO H . The solution was immediately ex
bands at 1510, 1480, 1430, 1380, 1250 1105, 970, 848, 725, tracted several times with ether and the extracts were dried over
705 cm“1. N a2S04. After removal of the solvent under vacuum at room

l,2,5-Oxazaphosph(V)ol-2-ines (4). A . By Ion-Exchange temperature, 0.31 g (74% ) of 4f was obtained as a white solid,
Resin.— The appropriate 2-oximinophosphonium salt (1 mmol) mp 116° dec. The compound is very unstable expecially in
was dissolved in about 30 ml of ethanol and the solution was solution even at room temperature, giving P O (C 6H 5)3. It  could
slowly percolated through a few grams of a basic ion-exchange not be purified by crystallization: uv max 224 (s) (e 26,000),
resin32 previously treated with 2 N  K O H , then with water, and 268 (2800); ir 1430, 1080, 1025, 945, 747, 717, 698 cm“1,
finally with ethanol. The less soluble 1,2,5-oxazaphosph(V)ol-2- Anal. Calcd for C2iH 2oN O P : C , 75.5; H , 6.1; N ,  4.2.
ines (4 ) precipitated in pure form from the eluates and could be Found: C , 76.5; H , 6.1; N ,  3.9.
collected by filtration. For the more soluble 4 concentration Thermal Decomposition of 3-p-Bromophenyl-5,5,5-triphenyl- 
under reduced pressure in the cold was necessary. Owing to the l,2,5-oxazaphosph(V)ol-2-ine (4d). 2H-3-p-Bromophenylazirine
thermal instability of these compounds, • the crystallization, (10).— 4d (20 mg) was placed in a small test tube under vacuum
when necessary, was performed most effectively by dissolving the (0.5 torr) and the bottom of the tube was gradually heated in an
compound in the appropriate solvent at room temperature and oil bath up to 148-150°.33 The azirine (10, 3 mg, 31% ) con-
then cooling to about —30°. This general procedure was used densed in the cold portion of the test tube as white crystals:
for the following compounds. mp 78°; uv max 257 mp («  11,600); ir 1730, 1590, 1480, 1470,

3,5,5,5-Tetraphenyl-4-methyl-l,2,5-oxazaphosph(V)ol-2-ine 1400, 1075, 1000, 832, 818 cm“1; nmr (CDC13) 8 1.80 (s).
(4b) showed the following characteristics: mp 100° (from ben- Anal. Calcd for C8H 6B rN : C , 49.0; H , 3.1; Br, 40.8; N ,  
zene-hexane); yield 85%; uv max 269 mM (e 11,900); ir 1460, 7.1. Found: C, 49.4; H , 3.3; Br, 41.0; N , 7.1.
1080, 970, 830, 773, 760, 740, 722, 698 cm“1.

Anal. Calcd for C27H 24N O P : C , 78.3; H , 5.9; N ,  3.4; R e g is try  N o .— 3a, 14264-66-5: 3 a ',  14181-79-4: 3b, 
P , 7.7. Found: C , 78.6; H , 6.0; N ,  3.5; P , 8.0. 15055-54-6; 3c, 17631-10-6; 3d, 17631-11-7; 3e,

______________ 17658-49-0; 3 f, 17631-12-8; 3g , 17631-13-9; 3h,
17631-14-0; 3i, 17631-15-1; 4a, 14264-70-1; 4b ,

(29) F. Ramirez and S. Dershowitz, J. Org. Chem., 22, 41 (1957). 1 *7/201 1 7  9 , a  «  I ' i c o i  1 0 4 , a  A  1'7/201 1 0  t  j .
(30) H. Limpricht and H. Schwanert, Ann., 155, 68 (1870). 17631-17-3; 4c, 17631-18-4; 4d, 17631-19-5; 4e,
(31) S. Trippett and D. M. Walker, J. Chem. Soc., 3874 (1959).
(32) Dowex 2,8 X 50-100 mesh, supplied by Fluka AG, Buchs SG, Switzer- (33) When the sublimation was carried out at higher temperature a mix-

jancj ’ ture of 10 and PCKCsHs)* was obtained.
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17631-20-8; 4f, 17631-21-9; 4g, 17631-22-0; 4h, Acknowledgment.—We are indebted to Dr. A. Selva
17631-23-1; 4i, 17631-24-2; 8,1530-47-8; 10 (R  =  p- for the mass spectra. We wish to thank Mr. A. Arnone
BrCeH4; R ' =  R ”  =  H ), 17631-26-4; 11,2689-60-3. for his assistance in taking the nmr spectra.
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of Some N-Oxides
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Quinazoline 3-oxides 1 are photoisomerized to benzo[/]-l,3,5-oxadiazepines 2. 6-Chloro-2-methyl-4-phenyl- 
quinazoline 1-oxide (4) gives l-acetyl-5-chloro-3-phenylindazole (6 ) on irradiation. 7-Chloro-2-methylamino-5- 
phenyl-3H-l,4-benzodiazepine 3-oxide (9 ) gives a mixture of 9-chloro-5-methylamino-2-phenyl-4H-benzo[g]-l,3,6- 
oxadiazocine (11) and l-benzoyl-7-chloro-l,2-dihydro-3-methylaminoquinoxaline (12a). These transformations 
are believed to proceed by rearrangement of the oxaziridines formed as primary isomerization products.

Aromatic N-oxides are quite generally labile to ir- since it has been shown that 7, synthesized by non
radiation with ultraviolet light,2 as illustrated by the photochemical means, gave 8 on exposure to light
photoisomerizatian of quinazoline 3-oxides 1 to benzo- (Scheme I ) .6 
[/]-l,3,5-oxadiazepines 2.3 We wish to report two
further examples of this isomerization as well as the S ch em e  I
photochemical behavior of two related N-oxides. 9

r f y V CH3

î y nv r r r N=\  cî V n
R'x^ Y N^ 0 r, J ^ A 0 J  QH5

C6H5 2 C*  4
la, R=CH3;R'=C1 I |
b, R = C6H5;R' = H *
c, R=H;R' = C1 NHCH3

I I  >-<»
ci' ^ A ° X X  ? X I  p

L CsHj J ¿ells
The irradiation products 2a and 2b were obtained in g 7
excellent yield; however, irradiation of lc  gave only a . ,
low yield of 3. Presumably 3 was formed from 2c 1 { NHCH
during work-up of the reaction mixture.4 C0CH3 q= c^  3

In an attempt to obtain evidence for the presence of I |
isolable intermediates in the photoisomerization of la,
the ultraviolet spectrum of an irradiated acetonitrile ---- X  f  II II
solution of la  was measured at intervals. These C1 ^«*1
spectra showed isosbestic points at 298, 332, and 345 6 8
mp which would indicate the absence of stable inter
mediates. The photochemistry of the benzodiazepine 4-oxide

The quinazoline 1-oxide 45 was also irradiated. By 9, which may be considered to be a homoquinazoline
analogy with the quinazoline N-oxides the formation N-oxide, was reinvestigated. I t  has been reported
of 5 was expected.20 The product, however, displayed that irradiation with sunlight gives the oxaziridine
a prominent carbonyl band at 1720 cm-1 and was 107 which is reconverted into 9 on heating (Scheme I I ) .
readily identified as 6 by comparison with a sample Irradiation of 10, formed as primary product,7 or more
obtained by acetylation of 5-chloro-3-phenylindazole. vigorous irradiation of 9 led to the formation of two
Its formation via 5 as an intermediate is not ruled out new photoisomers 11 and 12a. Direct crystallization

of the reaction mixture gave 11 which was shown to be 
CD Paper x l i: a . stempei, i. Douvan, and l . H. stembaeh, j .  org. isomeric with the starting material by elemental analy-

CA(2?'(a) a l X d t , ' B. Jensen, and I. K. Larsen, Acta. Ckem. Scan*., 21, f f  ^  ”f SS Spectrometry. M ild add hydrolysis of
1841 (1967); (b) o. Buchardt and j . Fenney, ibid., 2i, 1399 (1967); (o) H  gave 13a whose structure was proved by dechlorina-
C. Kaneko, S. Yamada, I. Yokoe, and M. Ishikawa, Tetrahedron Lett., 1873 Ron to 13b.8 In addition, Structure 11 Was Supported
(1967); (d) O. Buchardt, ibid., 6221 (1966); (e) O. Buchardt, C. Lohse, A. M .
Duffield, and C. Djerassi, ibid., 2741 (1967). (6) W. Metlesica, G. Silverman, and L. H. Sternbach, Monatsh. Chem.,

(3) C. Kaneko and S. Yamada, ibid., 5233 (1967). 98, 633 (1967).
(4) See ref 2 for a similar ring contraction. (7) L. H. Sternbach, B. A. Koechlin, and E. Reeder, J. Org. Chem., 2 7 ,

(5) L. H. Sternbach, S. Kaiser, and E. Reeder, J. Amer. Chem. Soc., 82, 4671 (1962).
475 (1960). (8) J. L. Abernathy and G. L. Leonardo, J. Chem. Educ., 41, 53 (1964).
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Scheme II j j e
.nhch3 ,nhch3 ¥ e

j f Y  )  ^  j f Y  )  \ N/ “ Me — * U - C O C H s

P H  0  I 0  0
g CtH  16

* pa rt ic ip a t io n  o f the  1,2 d o u b le  b o n d  in  the r in g  ex -
/  | pan s ion  o f 15 to  2 is in d icated  since w h e re  its p ro x im ity

r  to  th e  n itron e  fu n ction  is decreased  b y  insertion  o f a
v j _ /  3 | m eth y len e  g ro u p  as in  9 a  second ty p e  o f p ro d u c t  12a

jCQ r r " r  appeara'
u  \  „  Cl'^  ̂ N  E xp erim en ta l S ec tio n 11

t/6ri5 |
11 CO Irradiation of Quinazolines.— A  solution of 10 g of the quin-
I | azoline 1 in 1.41. of benzene was irradiated with a Hanovia200-W
t C6H5 medium-pressure lamp in a quartz immersion well until thin layer

. NHCOCH2 chromatography indicated the disappearance of starting material.
\  12a, R —H___  Times were 16-96 hr. The solution was then concentrated inI l  NH  b, R =C 0C H 3

R ^ ^  X OH I |h+ 6-Chloro-2-phenylbenzoxazole (3).— Crystallization of the
Ç0 r residue from irradiation of lc from methanol gave 2.5 g of crude
I „ 3 .  Three recrystallizations from ethanol gave a pure sample,
CfrHs .. £  o  mP 106-108° (lit.12 mp 98-100°), undepressed on admixture of

13a, R=C1 (l 1^ [  authentic material.
j)> R = H  J  8-Chloro-4-methyl-2-phenyl-l,3,5-benzoxadiazepine (2a).—

Ci Crystallization of the residue from irradiation of la  from ether
I gave 8.3 g of 2a, mp 133-138°. Recrystallization from ethanol
ÇO gave yellow needles: mp 137-140°; ir 1642 cm-1; uv max 323
I mM (« 5500), 248 (23,000).
C6H5 Anal. Calcd for C I5H„C1N20 : C , 66.55; H , 4.10; N , 10.35.

14 Found: C , 66.37; H , 3.87; N ,  10.18.
2,4-Diphenyl-l,3,5-benzoxadiazepine (2b).— Crystallization of 

the residue from irradiation of lb  from ether gave 8.3 g of 2b, mp 
b y  the in fra red  spec tru m  w h ic h  show s a  b a n d  at 3460 130-137 °. Recrystallization from 2-propanol gave yellow
c m -1  (consistent w ith  an  N H  g ro u p  b u t  not w ith  an  needles: mp 135-137.5°; ir 1642 cm "1; uv max 343 mft (e
O H  g ro u p ) an d  th e  n m r spectru m  w h ich  show s a  d o u - 30(’°)> 266 (36,500); mass spectrum m/e 298, J95 167.
1 1  , , / o r  r TT ATTT/-ITT \ j  • i . . Anal. Calcd for C2oHi4N 20 : C, 80.52; H , 4.73. hound:
b le t  a t  S 2.84 (3, J  =  5 H z ,  - N H C H 3) an d  a  s inglet a t  c> g a 7 0 . H  4 97

4.03 ( 2 , - C H 2- ) .  l-Acetyl-5-chloro-3-phenylindazole (6). A. From Photolysis
T h e  o ther ph oto isom eriza tion  p ro d u ct 12a w a s  of 6-Chloro-2-methyl-4-pheiiylquinazoline l-Oxide (4 ).— A  solu-

iso lated  a fte r  m ild  ac id  hyd ro lys is  o f the w h o le  re - tion of 7 g of 4 in i .  41. of benzene was irradiated with the Hanovia
,. . , rp, • j  1 1  ■ , , „Vil/iVi woo lamp for 6 days and then concentrated m  vacuo. I  he residue

action  m ixture . T h is  con verted  11 in to  13a w h ic h  w a s  wa/ slurried w fth a mixture of hexane and ether> collected> and
inso lub le  in  acid  w h ile  12a rem a in ed  in  solution . I n e  .̂jien washed w ith methanol to give 2.1 g of crude product, mp
stru ctu re  o f 12a w a s  p ro v ed  b y  acety lation  to  12b 120-135°. Recrystallization from ethyl acetate gave off-white
w h ich  on  m ild  ac id  h yd ro lys is , g a v e  th e  k n o w n  14.9 needles: mp 157-159°; ir 1720 cm-1; uv max 313 m^ (e 13,500),

I t  has been  po stu la ted  th a t  the isom erization  o f 247 (sh)J26,000), 228 (30,400); mass spectrum m/e 270 <M+),

qu in azo lin e  3 -oxides 1 to  ben zoxad iazep in es  2 proceeds AnaL Calcd for c 15H uC1N20 : C , 66.55; H , 4.10; N , 10.35.
b y  w a y  o f the u n iso la ted2 oxazirid ines 15. Iso la tio n  Found: C , 66.79; H , 4.02; N , 10.26.
o f the oxaz irid in e  107 an d  its  ph oto isom eriza tion  thu s B. From Acetylation of 5-Chloro-3-phenylindazole.— A  solu- 
su p p o rt the a b o v e  postu late , a lth ou gh  15 w a s  n o t tion of 4.6 g of 5-cWoro-3-phenylindazole12 in, 20 ml of pyridine
. , , . , ., . • , i , r Q- „„ i r. was cooled in an ice bath and treated with 2 ml of acetyl chloride.
iso lated  o w in g  to  its ap p a ren t  in stab ility , o n e  After standing at room temperature for 2 hr the reaction mixture
reverts  to  9 on  h eatin g  w ith o u t  g iv in g  11 o r 12a, an a lo gy  was dduted to 100 ml with water and the solid collected. Re
suggests th a t  th e  r in g  expansion  o f 15 to  the  b en zo x a - crystallization from ethyl acetate gave 3.5 g of 6, mp 155-159°,
d iazep ines 2 is a  photochem ica l process. identified by mixture melting point, infrared spectrum, and thin

layer chromatogram.
Irradiation of 7-Chloro-2-methylamino-5-phenyl-3H-l,4-benzo- 

diazepine 4-Oxide (9).— A  solution of 10 g of 9 in a mixture of 400 
[  I  T  ml of ethanol and 1 1. of benzene was irradiated for 18 hr with

the Hanovia lamp. The solution was concentrated in  vacuo, 
P " 0  and the residue crystallized from ether to give 5 g of a mixture of

CeU two photoisomers 11 and 12a as judged by tic, mp 165-170°.
jg Recrystallization of a portion of this mixture three times from

(11) All melting points were determined in capillaries and are corrected. 
T h e  s tab ility  o f the oxaz irid in e  10 perm its an  a d d i-  The ultraviolet spectra were determined in 2-propanol on a Cary Model 14

, _ -, i j. £ u 4. * * 19o  spectrophotometer, the nmr spectra on a Varian A-60 instrument, and the
tional possib le  ty p e  OI pn oto isom en zation  to infrared spectra (in chloroform solution unless otherwise noted) on a Beck-
T h is  second p a th  is an a logou s  to  the  tran s fo rm ation  man IR-9 spectrophotometer. Thin layer chromatography was done on
o f the a liphatic  n itrone 16 in to  17.10 F u rth e rm o re , •»“<» gel G plates using 5% methanol in chloroform or ethyl acetate as

r  developer.
(12) J. T. Edward, J. Chem. Soc., 222 (1956).

(9) S C. Bell and S. J. Childress, J. Org. Chem.. 29, 506 (1964). (13) K. Dziewonski and L. Sternbach Bull. Intern. Acad. Polon. Set.,
(10) L. S. Kaminsky and M. Lamchen, J. Chem. Soc., C. 2295 (1966). Claeee Med., A33S (1935); Chem. Abstr., 30, 2972* (1936).

,Vol. S3, No. 12, December 1968 Qtjinazolines and 1,4-Benzodiazepines 4439
«



ethanol gave 9-chloro-5-methylamino-2-phenyl-4H-l,3,6-benzoxa- sodium acetate, and 200 ml of acetic anhydride was warmed on a
diazoeine (11) as beige needles: mp 240-243° dec with sintering steam bath until a clear solution was obtained and then stirred
at 180°; ir 3460, 1660, 1620, 1480 cm-1; uv max 245 m/t (« without further heating for 1 hr. The residue left on removal of
23,000); mass spectrum m/e 299, 230, 196 ( -C 6H 5C N ), 167, 154; the acetic anhydride in  vacm was crystallized from ether and
nmr (D M S O ), 5 2.48 (d, 3, J  =  5 Hz, -N H C H 3) and 4.03 (s, 2, then recrystallized from benzene-hexane to give 23.6 g (84% ) of
-C H 2- )  ppm. 12b: mp 123-126°; ir 1690, 1660,1615 cm“1.

Anal. Calcd for C,«H14C1N,0: C, 64.11; H , 4.71; N , 14.02. Anal. Calcd for C i8H I6C1N30 2: C , 63.25; H , 4.71. Found: 
Found: C, 64.14; H , 4.79; N , 14.16. C, 63.26; H , 4.91.

To a solution of 5 g of the above mixture of 11 and 12a in 125 4-Benzoyl-6-chloro-3,4-dihydroquinoxalin-2(lH)-one (14).9— A  
ml of hot ethanol was added 25 ml of 1 A  hydrochloric acid, and mixture of 8.54 g (25 mmol) of 12b, 125 ml of dioxane, and 25 ml
the mixture was heated on the steam bath for 5 min. Dilution of 1 A  hydrochloric acid was allowed to stand at room tempera
te 375 ml with water and cooling gave 2.8 g of crude 2-benz- ture for 2.5 hr, and then diluted with ice water to 500 ml. The
amido-4'-chloro-2'-hydroxyacetanilide (13a), mp 228-234° dec. precipitate was collected and washed with ether to give 5.4 g
Recrystallization from methanol gave grayish prisms: mp (80% ) of 14, mp 259-263°, identified by mixture melting point
233-236° dec; ir (K B r ) 1665, 1540 cm-1; uv max 290 m/t (e and infrared spectra.
7400), 257 (sh) (14,200) and 248 (19,000); mass spectrum m/e Irradiation of 9 with Isolation of 10.— A  solution of 2 g of 9 in 
304, 286, 268, 162 (C6H5C 0 N H -C H 2C +0 ),  143, 134, 105. 150 ml of ethanol was irradiated for 55 min through a Pyrex

Anal. Calcd for CI5HI3C1N20 3: C , 59.12; H , 4.30; N , 9.20. filter. The solution was concentrated in  vacua and the residue
Found: C, 59.49; H , 4.31; N , 9.20. crystallized from ether to give 1.3 g of the crude oxaziridine 10

The aqueous mother liquors left after separation of 13a were which was purified by filtration of a solution in ether-methylene
neutralized with concentrated ammonium hydroxide, and 2.2 chloride through 60 g of Florisil and elution with ether. The
g of 4-benzoyl-6-chloro-3,4-dihydro-2-methylaminoquinoxaline residue obtained on concentration of the filtrate (reduced pres-
(12a), mp 216-222° dec, precipitated. Recrystallization from sure, 40°) was crystallized from ether to yield 0.9 g of 10 which
ethanol gave colorless needles: mp 220-230° dec; ir (K B r ) showed on tic (silica gel G-ethyl acetate) only a trace of 9. A
3430, 1630, 1575 cm-1; uv max 320 him  (sh) (e 5100), 290 (sh) solution of 0.6 g of this material in 150 ml of ethanol was then
(13,500) and 262 (21,000); mass spectrum m/e 299, 194, 165, irradiated as before and aliquots were removed at 5 min intervals. 
153. Examination of these aliquots by tic in the above system showed

Anal. Calcd for Ci6Hi4C lN 30 : C , 64.11; 3 ,4 .7 1 ; N ,  14.02. that the trace of 9 disappeared in 10 min. This was followed by
Found: C, 63.92; H , 4.97; N , 13.84. a gradual formation of 11 and 12a until after 3 hr 11 and 12a were

Thin layer chromatography (10% M e O H -C H C l3 on silica gel the main components contaminated only by a trace of 10.
G ) showed that 11 was converted into 13c while 12a remained

(13b).— A  m i , t ™  of 1.2 17853-20-7; 2b, 17953-21-8; 6,
g (4 mmol) of 2-benzamido-4'-chloro-2'-hydroxyace',anilide 17953-22-9; 10, 17953-23-0; 11, 17953-24-1; 12a,
(13a), 8 g of Raney nickel slurry, 1 ml of triethylamine, and 200 17953-25-2; 12b, 17953-26-3; 13a, 17953-27-4; 13b,
ml of ethanol was hydrogenated at room temperature and 17953-28-5.
atmospheric pressure until 105 ml of hydrogen was taken up.
The catalyst was filtered, and the filtrate acidified with acetic
acid. This solution was concentrated in vacua, and water was Acknowledgment. We thank Mr. S. Traiman for 
added to the residue to give 1 g of 13b, mp 199-203°. Recrystal- the infrared spectra, Dr. T. Williams for the nmr spec-
lization from ethanol gave 0.6 g, mp 202-204°, undepressed on tra, Dr. V. Toome for the ultraviolet spectra, Dr. F.
admixture with a sample prepared from hippuryl chloride* and y ane for the masg ct Dr R  Scheidl for the micr0_ 
o-aminophenoi. 1 he infrared spectra were also identical. . . ,  1, ’ , .

l-Benzoyl-7-chloro-l,2-dihydro-3-(N-methylacetamido)quin- analyses, and Mr. T. Flynn for his skillful technical 
oxaline (12b).— A  mixture of 24 g (80 mmol) of 12a, 1.6 g of assistance.

Reaction of N,N-Dichlorourethan with Indole and Derivatives1
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Contrary to literature reports, the major product of reaction of N,N-dichlorourethan (D C U ) with indole and 
indole-2- or -3-carboxylic acid is 3,3,5-trichlorooxindole (5). Reaction of the methyl esters with D C U  yields
2-carbomethoxy-2,5,7-trichloroindoxyl (8 ) and 3-carbomethoxy-3,5-dichlorooxindole (10), respectively. Struc
tures have been assigned by physical and chemical methods.

The report of Chabrier4 that reaction of N , N -  _^C1 C l \ / \ _ _ 3 i
dichlorourethan (DCU) with indole-2-carboxylic acid ~LO T (^ )T  Jro
yields 2,3,5-trichloro-2,3-epoxyindole (1), a high melt-
ing, stable compound, aroused our interest. By I
neutral dehalogenation 1 might, hopefully, be converted H
into the corresponding oxirene, an unknown small-ring 2
compound. P

Aside from the apparent failure of 1 to undergo facile I C j l  T "0H
halogen migration, as 2-chloro epoxides are prone to

I C1
(1) Pseudohalogens. X I I .  Part X I :  H. C. Hamann and D. Swern, J. H

Amer. Chem. Soc., 90, 6481 (1968). _
(2) Eastern Regional Research Laboratory, U. S. Department of Agri-

culture, Philadelphia, Pa. 19118. do,6 it was surprising that reduction was claimed to
T W i the «h yd ro  product, 5-ehloro-2,3^po*yindolme

Grants No. CA-07803 and CA-07174 from the National Cancer Institute. (5) R. N. McDonald and P. A. Schwab, J. Org. Chem ., 29, 2459 ( 1904).
(4) P. Chabrier, A n n . C h im ., 17, 353 (1942). J .  A m er. Chem . Soc., 85, 4004 (1963). ’

4440 Foglia and Swern The Journal of Organic Chemistry•
I



, Vol. S3, No. 12, December 1968 N , N - D i c h l o r o t j r e t h a n  4441
I

(2), cleanly and in high yield without destruction of the tion of 8 with zinc-copper couple in glacial acetic acid
epoxide function. Furthermore, reaction of the methyl removed only one chlorine atom and gave 5,7-dichloro-
ester of indole-2-carboxylic acid with DCU under indoxyl (9), mp 242-243°, in 80% yield. Its ir spec-
similar conditions was also reported to yield a product trum showed absorption at 3300 (NH ), 1725 (C = 0 ) ,
with three chlorine atoms, assigned the improbable and 1610 cm-1 (aromatic). The nmr spectrum
structure 2,3,5-trichloro-2-carbomethoxy-3-hydroxyin- (signal at 7.38 ppm, 2 H, J  =  3 cps) indicated meta
doline (3), but only one chlorine atom could be removed substitution of the chlorine atoms in the aromatic ring
by reduction to yield an unidentified product. and, in addition, the nmr spectrum contained two

The reaction of positive halogen sources, such as the weakly split singlets (2 H  and 1 H, J  <  1 cps) at 3.62
hypohalous acids, with N-alkylindoles has long been and 3.24 ppm, respectively. Treatment of 9 with
known to yield 3,3-dihalooxindoles (4).6~8 The dis- deuterium oxide and a trace of trifluoroacetic acid 
crepancy between these results and those of Chabrier caused the singlet at 3.24 (N H ) to disappear and the
prompted us to reexamine the reactions of DCU with methylene protons at 3.62 ppm to coalesce to a sharp
indole, indole-2- and -3-carboxylic acids, and their singlet.
methyl esters. In contrast with the identical behavior of indole-2-

and 3-carboxylic acids on reaction with DCU, methyl
|^N -----^  indole-3-carboxylate (10a) behaved differently from the

2 isomer and gave 3-carbomethoxy-3,5-dichlorooxindole 
y  0 (10), mp 195-196°, in about 75% yield. Its structure
r  was confirmed by its ir spectrum and facile reduction to

4, R = alkyl; X = Cl, Br 5-chlorooxindole (6) in 89% yield.
The products of reaction of DCU with indole and its

„  . derivatives can be rationalized by a single assumption,
Results and Discussion , ,, , r..r ,TT . , ,namely, that DCU m aqueous acetic acid generates

Reaction of 2 mol of DCU (four atoms of positive electropositive chlorine which is the reactive species.12®
chlorine) with 1 mol of indole (5a), indole-2-carboxylic It  is of interest that DCU in acetic acid is an excellent
acid (5b), or indole-3-carboxylic acid (5c) in 80:20 source of positive halogen, whereas in benzene DCU
acetic acid-water at 25-35° gave 3,3,5-trichlorooxindole behaves as a free-radical source.12b
(5), mp 191-192°, as the major product (40% yield The reactions that have been described proceed 
from indole; 85-90% from the carboxylic acids). extremely rapidly at about 30° and are complete
Although the melting point of 5 (191-192°) agreed usually within 30 min thus precluding the isolation of
essentially with that reported by Chabrier (188°) and intermediates. With the exception of indole as starting
its elemental analysis was also consistent with the material yields of products are high. Although we
molecular formula of 1, C8H4C13N0, the ir spectrum visualize that chlorination of the aromatic ring occurs
showed strong carbonyl absorption, thus eliminating 1 as the last step in the chlorination process, it may be
as a possible structure. Absorption at 1760 (C = 0 ),  occurring concurrently. The exact time such chlorina-
3480 (NH ), and 1630 cm“ 1 (aromatic) permitted a tion occurs is not relevant to the major argument that
tentative structural assignment of 5 as a halo-sub- Cl + is the sole active species required to rationalize the
stituted oxindole,9 confirmed by chemical evidence. products obtained.
Reduction of 5 with zinc-copper couple in glacial acetic Reduction of 8 and 10 to 9 and 6, respectively, by 
acid gave the known 5-chlorooxindole (6),10 mp 195- zinc-copper couple in acetic acid, should proceed via
196°, in 75% yield. Hydrolysis of 5 in refluxing the dehalogenated species, 11 and 12, respectively,
aqueous methanol yielded 5-chloroisatin (7) (85% which undergo acidolysis in refluxing acetic acid fol-
yield), which on reduction with zinc-copper couple in lowed by facile decarboxylation, as expected of /3-keto
glacial acetic acid also gave 6 (65% yield).11 acids.

Reaction of 1 mol of methyl indole-2-carboxylate CI „
(8a) with 2 mol of DCU as described for the free acid ----- r ''C° 2CH3
gives 2-carbomethoxy-2,5,7-trichloroindoxyl (8), mp ^ ;]NJ — C02CH3
203-204°, in almost 90% yield, not 3 as claimed.4 The T | |
structure of 8 was determined by elemental analysis and CI H H
spectral and chemical means. Besides ir absorption at 11 12
3450 (N H ) and 1620 cm“ 1 (aromatic), two carbonyl
bands were obtained at 1750 and 1720 cm-1 corre- Experimental Section
sponding, respectively, to ester and ketone function- N,N-Dichlorourethan (D C U ) was prepared by chlorination of 
ality. The nmr spectrum showed absorption at 7.52 urethan in buffered aqueous solution.12b Indole and indole-2-and
(2 H J  =  3 cps), consistent with meta substitution of indole-3-carboxylic acids were obtained from Aldrich Chemical
the chlorine atoms in the aromatic nucleus, 3.28 (1 H, Co. and were used as received Ir spectra were obtained on a

. J /rp,  rQ n\ / o n  ru 'TT  \ Perkm-Elmer Infracord 137. Nm r spectra were obtained on a
JN—H) and 3.88 ppm (IlVlb, U) (3  xl, UCxi3). iteuuc- Varían A-60A spectrometer using tetramethylsilane as internal

standard. Microanalyses were performed by Microanalysis,
(6) E. Fischer and a  Ues^ 17, (1884,. In c , Wilmington, Del

(8) A.' Michael/ier.”3o', 28i’l  (1897). 3,3,5-Trichlorooxindole (5). A . Indole-2-carboxyhc acid
(9) A. E. Kellie, D. G. O'Sullivan, and P. W. Sadler, j .  Chem. Soc., 3809 (5b) (3.22 g, 0.020 mol) was suspended m acetic acid-water

(1956). (80:20) (60 m l) in a 100-ml three-neck flask equipped with a
(10) W. B. Wright, Jr., and K. H. Collins, J. Amer. Chem. Soc., 78, 221 stirrer, thermometer, and dropping funnel. D C U  (6.32 g, 0.040

(1956). The melting point given by Chabrier for the reduction product of 1 --------------------
was 192°. (12) (a) J- C. Powers, J. Org. Chem., 31, 2627 (1966); (b) T . A. Fogiia and

(11) W. C. Sumpter, Chem. Rev., 34, 393 (1944). D. Swern, ibid., 31, 3625 (1966).



mol) was added dropwise to the stirred suspension maintained Reduction of 7 (1.40 g, 0.008 mol) with zinc-copper couple as
at 30-35° by an ice-water bath. The mixture became homo- described for 5 also yielded 6, mp 194^196° (0.85 g, 65% ),
geneous when D C U  addition was complete, and it was stirred identical in every respect (ir, melting point, mixture melting
for an additional 0.5 hr. The reaction solution was poured into point) with an authentic sample.
water (300 ml), and the precipitate of 5 was altered and dried Methyl Indole-2-carboxylate (8a).— This was prepared in 90%
(4.32 g, 92% yield): mp 186-190° (lit.4 mp 188°). yield from 5b by conventional esterification with methanol (sul-

Analytically pure 5, mp 191-192°, was obtained by recrystal- furic acid catalyst), mp 151-152° (lit.16 mp 150-151.5°). 
lization from benzene: ir (CHC13) 3480 (N H ), 1760 (C = 0 ) ,  Methyl Indole-3-carboxylate (10a).— As described for the 2 
1630 (C = C )  1480, 1190, 1180, 970, 850, 825 cm-1. isomer 5c was converted into analytially pure 10a in 60% yield:

Anal. Caled for C8H 4C13N 0 :  C , 40.63; H , 1.70; Cl, 44.97; mp 146-147° (lit.16 mp 147-148°).
N ,  5.92. Found: C, 40.49; H , 1.66; Cl, 45.10; N ,  5.71. 2-Carbomethoxy-2,5,7-trichloroindoxyl (8).— 8a (3.50 g, 0.020

B __ Indole-3-carboxylic acid (5c) (3.22 g, 0.020 mol) was mol) was treated with D C U  as previously described for 5a-c to
treated with D C U  as just described to give 5 (4.20 g, 89% yield), give crude 8 (4.3 g, 90% yield), mp 191-195° (lit.4 mp 184°).
mp 180-185°, identical in every respect (melting point, mixture Analytically pure 8, mp 203-204°, was obtained after two crys
melting point, ir, nmr) with that obtained from the 2 isomer. tallizations from ethanol: ir (CHCls) 3450 (N -H ) ,  1750 and 1720

C.— Indole (5a) (2.34 g, 0.020 mol) yielded crude 5 (4.20 g ), ( C = 0 ) ,  1620 (C = C ) ,  1470, 1220, 1170, 1040, 875 cm-1,
mp 150°, containing considerable colored tarry material. Re- Anal. Caled for C ioH 6C13N 0 3: C , 40.78; H , 2.05; Cl, 36.11;
crystallization failed to yield the pure product. Chromatography N , 4.76. Found: C , 40.53; H , 2.35; Cl, 36.03; N ,  5.07. 
on Florisil (1 g of crude 5/40 g of adsorbent) and elution with 5,7-Dichloroindoxyl (9).— A  solution of 8 (1.50 g, 0.005 mol)
75% ether-pentane yielded analytically pure 5, mp 188-191° was reduced with zinc-copper couple (3.25 g ) in acetic acid (35 
(0.4 g, 40% ), identical in every respect with that obtained from ml) as described for the reduction of 5 to give 9 (0.8 g, 80% yield),
5b and c. mp 241-242°. Analytically pure 9, mp 242-243°, was obtained

5-Chlorooxindole (6).— To a stirred solution of 5 (2.36 g, 0.01 by recrystallization from ethanol: ir (Nujol)3300 (N -H ) ,  1725
mol) in hot glacial acetic acid (20 m l), zinc-copper couple13 (C = 0 ) ,  1610 (C = C ) ,  1450, 1305, 1215, 1170, 945, 875, 860,
(7.0 g in 25 ml of acetic acid) was added, and the mixture was 715 c m '1.
refluxed for 18 hr. After filtration, the filtrate was poured into Anal. Caled for C8H 5C12N 0 :  C , 47.56; H , 2.50; Cl, 35.09; 
water (250 ml) and the precipitated solid was filtered and dried: N , 6.93. Found: C , 47.79; H , 2.54; Cl, 34.81; N ,  6.74.
yield of crude 6, 1.32 g (75% ); mp 190-195°. Analytically 3-Carbomethoxy-3,5-dichlorooxindole (10).— 10a (3.50 g, 0.02 
pure 6, mp 198-198.5° (lit. mp 192° 4 and 195-196° 10), was mol) was treated with D C U  as previously described for 5a-c and
obtained by two recrystallizations from ethanol: ir (CHC13) 8a to give 10 (3.70 g, 75% yield), mp 192-195°. Recrystalliza-
3480 (N -H ) ,  1740 and 1710 (C = 0 ) ,  1640 < C = C ), 1480, 1160, tion from ethanol yielded pure 10: mp 195-196°; ir (C H C U )
1100 870 cm“1. 3400 (N -H ) ,  1760 and 1740 (C = 0 ) ,  1620 (C = C ) ,  1470, 1445,

Anal. Caled for C8H 6C1N0: C, 57.33; H , 3.61; Cl, 21.15; 1290, 1190, 1170, 855 cm“1.
N  8 36. Found: C, 57.23; H , 3.73; Cl, 21.03; N , 8.31. Anal. Caled for C ioH 7C12N 0 3: C , 46.18; H , 2.71; Cl, 27.26;

5-Chloroisatin (7).— A  solution of 5 (1.18 g, 0.005 mol) in 50% N , 5.39. Found: C, 46.44; H , 2.78; Cl, 27.02; N ,  5.27. 
aqueous methanol (50 m l) was refluxed for 6 hr, and the cooled Reduction of 10 (1.30, 0.005 mol) with zinc-copper couple
solution was poured into water (250 ml). The precipitated red (3.25 g ) in hot acetic acid gave 5-chloroxindole (6 0.75 g, 89%
solid was filtered and dried: yield of crude 7, 0.80 g (85% ); yield), mp 191-193°, identical with an authentic sample (melting
mp 250-252°. Analytically pure 7, mp 251-252° (lit.14 mp 246- point, mixture melting point, ir).
247°), was obtained by two recrystallizations from ethanol:
ir (CHC13) 3460 (N -H ),  1760 (C = 0 ) ,  1620 (C = C ) ,  1470,1445, Registry No.— N,N-Dichlorourethan, 13698-16-3; 5,
1290, 1190 1170 965,845 cm-1 • 17630-74-9; 5a, 120-72-9; 6, 17630-75-0; 7, 17630-

Anal. Caled for C8ÍÍ4Clr>02* C, oZ.vZ, ri, Z.ZZ, Cl, 1 9 . in1 o rv a ia  i ^ííoa o
N, 7.71. Found: C, 52.46; H, 2.40; Cl, 19.60; N, 7.67. 76-1; 8,17630-77-2; 9,17630-79-4; 10,17630-78-3.

(13) E. LeGoff, J. Org. Chem., 29, 2048 (1964). (15) C. Zatti and J. Ciaician, Ber., 21, 1929 (1888).
(14) N. Buu-Hoi, Rec. Trav. Chim. Pays Bas, 73, 197 (1954). (16) C. Zatti and A. Ferratini, ibid., 23, 2296 (1890).
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p-Toluenesulfonyl isocyanate reacts readily with carboxylate salts at room temperature to give N-acyl-p-tolu- 
enesulfonamides. Benzenediazonium-2-carboxylate, however, gives a more complex reaction leading ultimately 
to N-(o-azidobenzoyl)-p-toluenesulfonamide. The mechanism of this reaction is discussed.

The reaction of benzyne with phenyl isocyanate was This led us to decompose benzenediazonium-2-
studied by Sheehan and Daves,2 who found only carboxylate (I ) in solutions of aliphatic isocyanates and
products derived from 1,4 addition, phenanthridone of tosyl isocyanate ( I I )  in the hope of obtaining benz-
and 6-phenoxyphenanthridine. In view of the ten- azetinone products via 1,2 cycloaddition. Although 
dency of isocyanates (and other cumulated double- no such 1,2 cycloadditions were found, a reaction of 
bond systems) to give 1,2 cycloadditions in some cases3 tosyl isocyanate with I  and with other carboxylate
we felt that investigation of the reaction of benzyne salts was found. This reaction constitutes the major
with isocyanates incapable of reacting by 1,4 addition portion of this paper,
would be of interest as a route to benzazetinones4 via
1,2 cycloaddition. Experimental Section

(!) Presented in part before the Division of Organic Chemistry 154th Infrare(j tra recorded on a Perkin-Elmer Infracord,
Meeting of the American Chemical Society, Chicago, 111, Sept 13, 1967. a t  j  i , o-t t T ... , , , ’

(2) J. C. Sheehan and G. D. Daves, Jr., J. Org. Chem., so, 3247 (1965). Model 137"B > calibrated with a polystyrene film. Proton mag-
(3) H. Ulrich, “ Cycloaddition Reactions of Heterocumulenes,”  Academic netlC resonance Spectra Were obtained on a Varian A-60 Spec-

Press, New York, N. Y ., 1967, pp 135-189. trometer and are reported as r  values relative to tetramethyl-
(4) E. M. Burgess and G. Milne, Tetrahedron Lett., 93 (1966). silane as internal standard (r 10.00). A ll melting points are un-
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corrected. Magnesium sulfate was used as drying agent through- leaving a homogeneous solution. The solvent was stripped; 
ou„  . . .  , water was cautiously added to destroy any excess I I ; and more gas

Benzenediazonium-2-carboxylate (I ).6- A  250-ml two-necked was evolved. Chloroform was added, and the layers were sepa-
flask fatted with dropping funnel and drying tube was charged with rated. The water layer was washed with chloroform and the
6.0 ml of butyl nitrite, 30 ml of tetrahydrofuran (T H F ) (freshly combined chloroform layers were extracted with 10% aqueous
distilled from L iA lH 4), and a few crystals of trichloroacetic acid. sodium bicarbonate solution until no more material was extracted
I  he solution was cooled m ice and stirred magnetically while a (about 200 ml). The bicarbonate layers were acidified with
solution of 6.85 g (0.050 mol) of anthranilic acid in 30 ml of T H F  concentrated hydrochloric acid and extracted with four 40-ml
was slowly added from the dropping funnel. After the addition portions of ether. Evaporation of these ether layers left material
was complete (45-60 mm), stirring was continued at 0° for 15-30 A . Extraction of the chloroform layers with 1% sodium hy-
min. The resulting suspension was filtered rapidly; the pre- droxide followed by acidification left 5.13 g of a red solid B.
cipitate was washed with fresh T H F  and carbon tetrachloride, The chloroform solution remaining was dried and evaporated
and rapidly transferred while wet to a stirred solution of the leaving material C . Recrystallization of B  from cyclohexane’
desired reactant in methylene chloride. ethanol-water, and carbon tetrachloride yielded a material of

Reaction of I  with Butyl Isocyanate.— Benzenediazonium-2- mp 153.5-154.5° with gas evolution. The infrared spectrum of
carboxylate, I, prepared by the above procedure, was suspended this material in Nujol showed bands at 3.02, 4.65, 5.92, 6.23
in a mixture of 9.90 g (0.10 mol) of freshly distilled butyl iso- 7.40, 8.53, 11.15, 11.8, 12.3 and 13.3 p. Thé nmr’spectrum in
cyanate, w“ d 1.4048, and 100 ml of methylene chloride. The CDC13 showed resonances at t -0 .2  (s, 1), 1.7-2.0, (m, 3), 2.4^2.9
mixture was refluxed for 1.5 hr, then allowed to stand at room (m, 5), and 7.58 (s, 3). Titration of the material in 50% aqueous
temperature for 6 hr. It  was cooled in ice, and 9.30 g (0.10 ethanol with 0.02 N  sodium hydroxide gave a neutralization
mol) of aniline was added dropwise to destroy excess isocyanate. equivalent of 306 ±  12. These data suggested that the material
After standing overnight the solvent was stripped, and ether was N-(o-azidobenzoyl)-p-toluenesulfonamide, I I I .
was added to the residue, leaving a tan solid (A ) and a brown Anal. Calcd for Ci4H 12N 4S03: C, 53.2; H , 3.79; N ,  17.7; 
solution (B ). The solid A  was recrystallized from ethanol, which S, 10.1; mol wt, 314. Found: C , 53.0; h ’ 3.74-’ n ’ T ô ’
gave 13.30 g of l-butyl-3-phenylurea: mp 129-131° (74% ) S, 9.8.
(lit.6 mp 129-130°); infrared bands at 2.95 (N -H ) ,  6.05 (C = 0 ) ,  Hydrolysis of a 0.093-g sample by refluxing for 24 hr in 5%
13.3 and 14.1 p (C6H 6). The mother liquors and solution B  aqueous hydrochloric acid, followed by extraction of the solu-
were combined and evaporated, and the residue was chromato- tion with ether, and drying and evaporating the ether left 0.053 g
graphed on silicic acid, which yielded, in addition to small of p-toluenesulfonamide, mp 126-131°, (100%); mixture melting
amounts of unidentified materials, some unreacted aniline and an point with authentic material, mp 136-138°, was 128-132°.
additional 1.99 g (12% ) of crude l-butyl-3-phenylurea, mp 120- Chromatography of the material A  on silicic acid yielded (1) 
125°. A  quantity of black material was not eluted from the 0.082 g (1% ) of p-tolyl p-toluenethiolsulfonate, mp 70-72° 
column, even using more polar solvents. (lit.“  mp 75°), infrared and nmr spectra identical with au-

In  another run, I  was decomposed in a suspension of 20.0 ml thentic;11'12 (2) an additional 0.083 g of I I I ,  mp 145-147°; (3) 
(19.80 g, 0.20 mol) of neat butyl isocyanate by warming gently 0.47 g of light yellow oil whose spectra were uniquely consistent
for 2.5 hr. The excess butyl isocyanate was stripped off at with the structure13
reduced pressure. Chromatography of the residue on silica gel
again faded to give usable quantities of recognizable products; 0
the major portion of the material appeared as a brown tar eluted /T-TX II
only with methanol. Similar results were obtained with methyl CH3— ( C j A — S02NHC0CH2CH3
isocyanate, neat or in methylene chloride solution. '— '

Reaction of I  with Phenyl Isocyanate.— I was decomposed by , , , , . , ,  ,
refluxing in a stirred solution of 25 ml of methylene chloride and 1C Wy^A_foao T x  °  Jt~ ° .uenesu^ ° ° ami^®> mP 133-
10.00 ml (10.95 g, 92.4 mmol) of phenyl isocyanate. After 4 hr, ^ 5  (mmp 134-136 with authentic sample), on 3 hr boiling
25 ml of water was added, and the mixture was stirred overnight. . ,  a<Iueou.:® ^  r0C , qI1C, qqÔ ’ fan W  ^-43 g of crude p-
The resulting mixture was filtered, and the precipitate was washed . u n su onami e, mp a recrystalhzation from
with 50 ml of water and four 25-ml portions of ether. Drying benzene-heptane, mmp 135-137° with authentic material,
left 7.16 g of 1,3-diphenylurea, mp 238-240° (lit.7 mp 238-240°). Similar chromatography of the residue from the mother liquors
The infrared spectrum was identical with an authentic spectrum.8 T ’A  a T J ? 11 °r ttt^ o " t at® °  uP" î ° ^  P-toluene-
The two-layer filtrate was separated, and the aqueous layer was ‘“ ^ t e ,  0.167 g of I I I ,  0 467 g of N-carbethoxy-p-toluene-
washed with two 50-ml portions of ether. The combined ether & t f  g+ °  Chromatog-
layers were dried and evaporated, leaving a brown oily residue, i b f  ? . ,e neH ra . ei,la , gaJ e n0 P^°^ucts-
which was chromatographed on Florisil Elution with 50% The totai crude yieids of products are I I I  (5.30 g, 16.8 mmo ,
benzene-hexane vielded 0 76 ir of crude 6 nhenoxvnhenanthridine 56%)’ P‘ tolyl P-toluenethiolsulfonate (0.94 g, 3.9 mmol, 6%);benzene-hexane yielded 0.76 g ol crude b phenoxyphenanthridme and p_toluenesulfonamide (4 28 g; 25.0 mmol, 41%).
(2.8 mmol, 11%), mp 116-118 after recrystalhzation from etha- ^  ttt \ - a  u ■ -j ,
nol (lit.2 mp 118-119°); the ir spectrum showed bands at 6.3 . “  A f l  u TA fTT oT
(C = N ) ,  6.85, 7.38, 13.2, 13.8, and 14.5 Benzen^ether mix- P T t h t T '  a The “ « d  (0.56 g 3.4 mmol) was
tures of increasing polarity yielded in turn 0.71 g of ethyl carba- 1 , T  a h  a lf rea.e ,W1 ‘ 56 g (3.2 mmol)

■I. /. o , Arry -j j  u . £ j  . .,i of lithium hydride. After a few minutes gas evolution ceased,mlate (4.3 mmol, 4%, identified by infrared comparison with A i no f t  m  „  a  nn e tt m -,A  ... , /u,flA za r.,» r i o c 4. • u iu* * r ana then 1.00 ml (1.19 g, 6.00 mmol) of I I  was added. Thean authentic spectrum9) 0.25 g of 1,3,5-tnphenylbiuret [mp . . v , , . '  - .
. .n 1CAo n■. 2 lt:A m o i  • l A *- o fu /at Tj\ r ok mixture was stirred at room temperature for 18 hr, then poured148-150 (lit.2 mp 150-151 ), ir bands at 3.01 (N -H ), 5.85, • row  a - u- u x mt u . n
coc  o it  ' i o o a 4 a a 1 a aa-4.- i i k*  J e  i q into 75 ml of 3%  sodium bicarbonate. The resulting solution was6.25, 8.45, 13.2, and 14.4 u ] ,  and an additional 1.57 g of 1,3- .___, »  & . . ,

v i  t non ooeo • .j x- i vu iu v  i • extracted with ether to remove p-toluenesulfonamide, thendiphenylurea (mp 230-235 , ir identical with authentic8), making a  a  * . a  vu ^  :
xx i • i A  e o n o  /At o i onw \ e vUza « t?i x’ acidified and reextracted with ether. Drying and evaporation ofa total yield of 8.73 g (41.2 mmol, 89%) of the urea. Elution i ,, n  a o  e  a  x u- u>xl .r 1 i r, i i  i  . ii- +. r i - i  . 1 pao the latter ether extracts left 0.68 g of product, which was re- with methanol left a black tar, sublimation of which at 160 , . r ^  ,knnA, + „■ n  a o  e t t t  ,0 \ n A ,c r t .  xi .-j  nnn Oofto /iv 2 crystallized from ethanol-water to yield 0.43 g of I I I ,  mp 146-

^ A x m o  gaVT ' (45 f  A Ph6? r A  T ® ' mP ( 149°- 140- 151° with H I obtained as describéd above.285-290 ); ir identical with authentic. » The and nmr fa h f both samples.
Reaction of I with p To uenesul ony lsocyana e ( H ) . - I  was Reaction of Benzenediazonium-4-carboxylate with I I . -A  250- 

added to a solution of 10.0 ml (11.9 g 0.060 mol) of I I  m 25 m ^  three_necked flask fitted with st dropping funnel, and 
of methylene chlonde. Reaction began immediately with d tube wag ch ^  g m  ml of but f nifrite, 30 ml of 
vigorous gas evolution, which was complete within 15 mm, T H p ; and a few crystais of trichloroacetic acid. The solution

, , , was ice cooled, and a solution of 6.85 g of p-aminobenzoic acid
(5) L. Friedman, J .  Amer Chem. Soc 89, 3071 (1967). We are grateful (0,050 mol) in 50 ml 0f THF was slowly added while the mixture

to Professor Friedman for describing this very convenient method of pre- . , . n . -, .
paring I to US before publication. was stlrred magnetically. After addition was complete, stirring

(6) T. L. Davis and N. D. Constan, J. Amer. Chem, Soc., 58, 1800 (1936).
(7) G. Young and E. Clark, J. Chem. Soc., 73, 361 (1898). (11) H. Rottendorf and S. Sternhell, Aust. J. Chem., 16, 647 (1963).
(8) Sadtier Standard Spectrum No. 3899, Sadtler Research Laboratories, (12) Sadtler Standard Spectrum No. 15579; cf. ref 8.

Inc., Philadelphia, Pa., 1967. (13) K. Lanyi and Z. Szabo, Acta. Chim. Acad. Sci. Hung., 29, 85 (1961);
(9) Sadtler Standard Spectrum No. 23619; cf. ref 8. Chem. A&sir., 56, 7194/ (1963).
(10) Sadtler Standard Spectrum No. 21101; cf. ref 8. (14) E. Bamberger and E. Demuth, Ber., 37, 1337 (1901).
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was continued an additional 75 min, then the mixture was filtered, solid, mp 153.5-154.5° with decomposition. Its spec- 
and the yellow precipitate was washed with fresh T H P  and added tra  its analysis, and its neutralization equivalent SUg-
t °  a solution of 10.00 ml (11.9 g, 0.060 m °li of I I  m 25 ml of gested that this material was N-(o-azidobenzoyl)-
methylene chloride. After 19 hr, the reaction mixture was & v J '
filtered, and the precipitate was washed with methylene chloride, p-toluenesulfonamide ( I I I ) . This was confirmed by
and dried under vacuum. This yielded 1.02 g of white solid, its hydrolysis to p-toluenesulfonamide on boiling in
mp 148-160° with gas evolution. The infrared spectrum showed 5 %  aqueous hydrochloric acid, and synthesis of an au-
bands at A 3 5 , 6.25, 6.4, 7.5, 7.95, 8.5, 8.75, 12.05, 12.35, and thentic sample by treating lithium o-azidobenzoate
13.1 II. The nmr spectrum m 5%  aqueous N aO H  solution „  1 J °
showed only aromatic protons at t 1.7-3.0 and methyl protons W ltn  11.
at 7.5 (relative areas about 3:1 ). Addition of a small quantity A  small quantity of p-tolyl p-toluenethiolsulfonate 
of this material to an alkaline solution of /3-naphthol gave an was also obtained, presumably from disproportionation
instantaneous wine-red color. These data suggested that the Qf  p-toluenesulfinic acid.
material was I n order to ascertain whether conversion of the dia-

0 zonium group into the azide group is a result of the
II -  proximity of the diazonium and carboxylate groups

+N2 u ) )  c ^Ts in I  or is a general reaction of I I  with diazonium salts,
the reaction of I I  with the isomeric benzenediazonium- 

. , „ ,. ,, ,, , . „ 4-carboxylate was run. This reaction produced in
A  sample of this solid (0.914 g, 3.04 mmol) was added in small . ,, , • . /lvr

portions to a solution of 100 ml of 50% hypophosphorous acid at low y leld the lnner salt- benzenediazomum-4-(N-p-
0°, containing a few crystals of cupric sulfate. Gas was evolved toluenesulfonyl)carboxamidate. The structure of this
slowly as the solution was stirred for 4.5 hr at 0°, then allowed to material was shown by its spectra, its coupling reaction
warm to room temperature. The solution was diluted with 100 with sodium /1-naphthoxide, and its reduction by
C L " d,  ‘S i T D i  S S  hypophosphorous acid18 to N-beuroyl p-t„luenesulfon-
portions of 10 %  aqueous sodium bicarbonate solution; the result- amide. Neither the crude reaction mixture nor any
ing solution was acidified with hydrochloric acid and reextracted fractions showed any evidence of azide groups in the
with three portions of ether. Drying and evaporating the final infrared spectrum, before or after treatment with
ether extracts left 0.716 g of red solid, mp 124^135° (85% crude base
yield of N-benzoyl-p-toluenesulfonamide). Recrystallization T * r TT ... . ,
from ethanol-water gave pink needles, mp 144-147°, mmp 144- Lastly, the reaction of I I  With some Simple car-
147° with authentic material (vide infra). boxylate salts was shown to produce excellent yields

The filtrate from which the above solid was obtained showed of N-acyl-p-toluenesulfonamides.19 
no evidence of azide groups in the infrared, either before or after
extraction with base, nor did any of the base-soluble products. _ .
Consequently further work with these materials was abandoned. D iscu ss io n

Reaction of II with Sodium Benzoate.— Solid sodium benzoate rpi . ___ i___ _ . ,i • +_________ . _ .
(1.74 g, 1 2 .1  mmol) was slowly added to a solution of 2.00 ml T ,h e tendency of the isocyanate group to react with 
(2.38 g, 12.1 mmol) of I I  in 10 ml of methylene chloride. The nucleophiles at the central carbon atom is greatly
mixture was magnetically stirred for 15 hr, then water was enhanced in the sulfonyl isocyanates.20 This is clearly
added. N o  gas was evolved. The material was dissolved in illustrated by the facile reaction of tosyl isocyanate
ether and 10 %  aqueous sodium bicarbonate solution, and the with the weakly nucleophilic carboxylate salts, even
layers were separated. The ether layer was extracted with , , , J I... ’ ,
another portion of sodium bicarbonate, and the combined under heterogeneous conditions. The products, N-acyl-
aqueous layers were acidified with hydrochloric acid. The p-toluenesulfonamides, have frequently been prepared
resulting white precipitate was collected by filtration and re- heretofore by reaction of I I  with the carboxylic acid at
crystallized from ethanol-water to yield 3.02 g of white needles, high temperatures.20 The procedure presented herein

additional recrystallization brought the melting point to 147- of converting the acid into the salt and adding excess
148° (lit.16 mp 147°). The infrared spectrum was identical with tosyl isocyanate at room temperature is rapid and
an authentic one.16 proceeds in high yield. This therefore represents an

Potassium acetate reacted similarly, giving a 99% yield of improved method for the synthesis of N-acylsulfon- 
N-acetyl-p-toluenesulfonamide, mp 136-138° (lit .11 mp 139°). amideSi which can readily be isolated by extraction

from the reaction mixture with aqueous sodium bi- 
esu s carbonate. Acidification cleanly regenerates the prod-

No evidence of direct reaction between phenyl iso- uct. 
cyanate or the aliphatic isocyanates and benzene- The reaction of I I  with a carboxylate salt presumably 
diazonium-2-carboxylate (I ) was obtained. The phe- proceeds by attack of the nucleophile at the central
nyl isocyanate reacted with benzyne from decomposi- carbon of the isocyanate group, followed by loss of
tion of I  to give 6-phenoxyphenanthridine and phen- C02 (eq 1).
anthridone, in yields of 11 and <1% , respectively,
based on I .2 The aliphatic isocyanates did not yield h
characterizable products under these conditions. RC02~ +  TsNCO — >■ RC—O — >

In contrast, the more electrophilic p-toluenesulfonyl __TgN__¿ = q
isocyanate (I I )  reacted immediately and vigorously
with I. Addition of I  to a methylene chloride solu- i H
tion of I I  resulted in immediate reaction, with evolu- R—C—O — >■ R C N T s~  +  C02f ( l )
tion of gas; the reaction was complete in 15 min. Tg__^ __¿ = 0
Work-up yielded as the principal product a white -------------

(18) N. Kornblum, Org. Reactions, 2, 294 (1944).
(19) This reaction has also been observed by Dr. Henri Ulrich of the

(15) A. D. Kemp and H. Steven, J. Chern. Soc., 110 (1948). Upjohn Co., North Haven, Conn. We are grateful to Dr. Ulrich for ccm-
(16) Sadtler Standard Spectrum No. 3643; cf. ref 8. municating this information to us.
(17) E. Mundlos and R. Graf, Ann., 677, 108 (1964). (20) H. Ulrich, Chem. Rev., 65, 369 (1965).
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A  s im ila r process has been  fo u n d  to  occu r w ith  som e + m = N

am ides20^ 2>- [ f 5 T  2 +  TsNCO ( f ¥  T  (4)

0  + N H R ' ^ C - N T s -  i T f ^ 0

R C — N H R ' +  T sN C O  — >- R — C— O — *  0  0  Ts

— T sN — ¿ = 0  ___ V
N H R ' N H R ' N ^ N — Ts | ^  q

R — O — >  R (l l= N T s  +  C 0 2 f (2) ^ x k c _ N ^ C = = = 0

0  Ts H
mi ■ e xt * i i  / —v / N — N  NTs
I  he reaction  of I I  w ith  ben zen ed iazo m u m -2 -ca r- K ) T  +  C02t (5)

b o x y la te  ap p a ren t ly  is in it ia ted  in  the  sam e m an n er ^ ^ X J N H T s
as the  reaction  w ith  o th er c a rb o x y la te  salts  to  p ro d u ce  ||
the  inn er salt, I V  (e q  3 ). T h is  species m a y  react w ith  0

+ . t^ N = N — N H T s

0 [ ^ N2 +  TsNCO 2 0 C CNHTs ^  O C c n h T s +  ^  (6)
^ N l O f  ^ ^ C N T s-  (3) || ||

II o  0
o  m

IV
vers ion  o f d iazon iu m  salts  in to  azides b y  use o f su lfo n - 

an oth er m olecu le  o f  I I  to  p ro d u ce  a  re la t iv e ly  s ta b le  am ides , 22 an d  reaction  o f su lfo n y l azides w ith  a ry l
in term ed iate  V , 21 h y d ro ly s is  o f  w h ich  on  w o rk -u p  p ro - G r ig n a rd  reagents to  g iv e  a ry l az ides . 23

duces the  o b se rve d  p ro du ct, I I I  (e q  4 -6 ) .  T h e  last

step  (e q  6 ) ,  loss o f  p -to luenesu lfin ate  ion  fro m  the A rN 2+ +  A r 'S 0 2N H 2-^ > -
sulfonyltriazene anion, is also a key step in the con- - at'so«h
-------------------  A r— N = N — N H S 0 2A r ' ------- -— U -  A rN 8

(21) An alternative scheme for the formation of III may be formulated, A rM gB r -f~ A r^ S O ^ a --
involving cycloaddition of tosyl isocyanate to the ring-closed tautomer of

-A r'SO sM gBr
XT Ar— N = N — N S 0 2A r ' ------------------- ^  A rN 3

/ V %  M gB r +
Q  | +  TsNCO — ►

— Ts T h e  cyclic n a tu re  o f the reaction  p ro posed  herein  is
I I  fu rth e r  su p ported  b y  the fa c t  th a t  ben zen ed iazon iu m -
0  4 -ca rbo xy la te  fa ils  to  y ie ld  an y  p rodu cts  conta in ing

0  az ide  grou ps  on  reaction  w ith  I I ,  a lth ou gh  reaction  at
|| the ca rboxy la te  g ro u p  is rap id , as ev idenced  b y  evo lu -

/Cv-N — Ts H  tion  o f C 0 2.

0 / N V  +h2o ( 0 0 N 0 — NH Ts -HTs R e g is try  N o — I ,  1608-42-0; I I ,  4083-64-1; I I I ,
1 0 1  I --------- ► 1 0 1  I --------- 17953-93-4; P h N C O ,  103-71-9; ben zen ed iazon iu m -4 -

Ts - 00* Ts ca rboxy la te , 1837-05-4; B u N C O ,  111-36-4; sod ium

II II ben zoate , 532-32-1.
O O

N3 A ck n o w led gm en t.— T h is  w o rk  w as  su p p o rted  b y
| 0 x |  g ran ts  fro m  the P e tro leu m  R esea rch  F u n d , adm in is-

1 0 0 ^ C n h t s  te red  b y  the  A m eric an  C h em ica l Socity , a n d  the R e -  
|| S search  F o u n d a tio n  o f the S ta te  U n iv e rs ity  o f  N e w  

0  Y o rk . W e  g ra te fu lly  ack n ow ledge  this support.

RI (22) H. Bretschneider and H. Rager, Monatsh., 81, 970 (1950).
(23) P. A. S. Smith, L. B. Bruner, and L. O. Krbecheek, unpublished re-

IV. However, work being conducted in these laboratories by Mr. Thomas suits, quoted in P. A. S. Smith, “The Chemistry of Open-Chain Organic
Ryan has shown no evidence of cycioaddition reactions between azo com- Nitrogen Compounds," Vol. II, W. A. Benjamin, Inc., New York, N. Y.,
pounds or triazenes and II. 1966, p 248.
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Nitrene. II.1 Novel Conversion of l-(2-Nitrobenzyl)isoquinoline Derivatives
into Benz[a]carbazoles through Nitrene
T. Kametani, T. Yamanaka, and K. Ogasawara 

Pharmaceutical Institute, School of Medicine, Tohoku University, Kitayobancho, Sendai, Japan

Received May H , 1968

Novel conversion of l,2-dihydro-2-methyl-l-(2-nitrobenzyl)isoquinoline (3) into benz[o]carbazole (4) by  
treatment with triethyl phosphite was established. Furthermore, 6 '-nitrolaudanosine (S) was also converted 
into the corresponding dihydrobenz[o]carbazole derivative ( 6 ), but, in case of its methiodide (7) and 6 '-nitro- 
papaverine (9), benz [o] carbazole derivatives were not obtained.

Although many investigations of the reductive J  =  8  cps) and 4.13 (2  H, triplet, J  =  8  cps), four O-
cyclization of nitro compounds ( 1 ) to indoles (2 ) with methyl protons at 3.87 (3 H ), 3.90 (3 H ), and 3.92 (6  H ),
triethyl phosphite have hitherto been carried out (eq four aromatic protons at 6.74, 6.80, 7.08, and 7.20 as
l ) , 1-8  the above-titled novel cyclization has never been singlets, respectively, and a characteristic N H  proton
investigated. We now wish to report our results at 6.62 as singlet, which disappeared with D 20. Fur-
which demonstrate the conversion of 1- (2-nitrobenzyl)- thermore, the mass spectra of 4 and 6  showed its mo-
isoquinoline derivatives into the corresponding benz- lecular ion peaks at m/e 217 (M +) and 339 (M +) as
[ajcarbazoles by heating with an excess of triethyl its base peak, respectively. The other strong ion
phosphite under a current of nitrogen. peaks were not detected. This fact shows that both

compounds 4 and 6  are stabilized owing to their con
jugation.

/ V X __ft On the other hand, application of this novel con-
L \ ^ Jl (1) version into 6 '-nitrolaudanosine methiodide (7) gave

none of the expected benz[a]carbazole; reduction of 
2 the 6 '-nitro group by triethyl phosphite occurred to

1 2 give 6 '-aminolaudanosine methiodide (8 ). The same
R =  H; alky- acyl- aryl treatment of 6 '-nitropapaverine (9) 12 afforded no

’ ’ benz[a]carbazole, but an unknown compound of
\ || ] C20H 18O5N 2 ( 1 0 ) having two nitrogens was isolated in

| |J J | 4.5% yield.
5^2 I — (2) These facts reveal that the unshared electron pair at

p | |  H the N 2 position participates in the formation of benz-
[ajcarbazole and it seems to be necessary that the 1 ,2-

3 4 dihydro- and 1,2,3,4-tetrahydroisoquinolines should be
used as starting materials for this novel conversion.

f t-u ,, ,  , • ,, , , In this reaction the nitrene intermediate, which wouldtreatment of the compound9 3 with triethyl phos- . , , , , , , , , ,icn mro ,, , r n , , . be assumed to be formed by treatment with triethylphite at 160-165 gave the benzlalcarbazole (4) m , .. . J , , , , , f
ancr .r4„m 0\ mu ,1 , . , , , phosphite, would attack the saturated carbon atom to
¿ ‘  7 0  yield (eq 2). Ihe product 4 was completely • . , , ,, . , .
;riQrGi„oi „ +u +• • m , ,, . , give the indole derivatives, but the precise mechamsmidentical with an authentic specimen10 from the point ■„ A ■ ,■ ,a , T\

,1 , u . . / . ,r;, .. . , 1 ,. is under examination (Scheme I).of the mixture melting point, lr (KBr), and nmr (m
M e2SO) spectra. Secondly, similar treatment of 6 '-
nitrolaudanosine (5) 11 with triethyl phosphite also c h e m e  I
afforded 5,6-dihydro-2,3,8,9-tetramethoxybenz[a]car-bazole (6), mp 202°, in 38% yield, whose structure was T JT I
elucidated from spectral data as follows; the nmr M e O ^ ^ V V 'NMe p(OEt)3
spectrum (parts per million, in CDCI3) showed the MeO ^ | |l
C6- and/or C6-methylene protons at 3.08 (2  H, triplet, | (1

Me O— ] OMe
(1) T . Kametani, K . Ogasawara, and T. Yamanaka, J. Chern. Soc., C, 1006 T OMe

(1968)- OMe
(2) J. I. G. Cadogan and M . Cameron-Wood, Proc. Chem. Soc., 361 (1962). 6
(3) J. I. G. Cadogan, M . Cameron-Wood, R. K . Mackie, and R. J. G. 5

Searle, J. Chem. Soc., 4831 (1965).
(4) R. J. Sundberg, J. Org. Chem., 30, 3604 (1965).
(5) J. I. Cadogan, R. K. Mackie, and M . J. Todd, Chem. Commun., 491 I || ] + -Me II I

(1966)- J L 1  J ;
(6) G. Smolmsky and B. I. Feuer, J. Org. Chem., 31, 3882 (1966). M eO y  T  ^ M e  M e O ^  f jn
(7) R. J. Sundberg and T. Yamazaki, ibid., 32, 290 (1967). .X J \
(8) J. I. G. Cadogan and M. J. Todd, Chem. Commun., 118 (1967). I ll *
(9) J. A. Weisbach, C. Burns, E. Macko, and B. Douglas, J. Med. Chem., JJ

6, 91 (1963). Their assignment of compound 3 as l,2,3,4-tetrahydro-2- M e O ^  MeOX”/̂ T ^
methyl-l-(2-nitrobenzal)isoquinoline was incorrect. One of the referees I j
kindly showed that our results were closely similar to J. L  Neumeyer, J. OMe OMe
Org. Chem., 33, 2890 (1968). 7 X  =  NO

(10) C. S. Barnes, K . H. Pausacker, and W. E. Badcock, J. Chem. Soc., R Y  =  w u  9
730 (1951). A  iNtl2

(11) R. D. Haworth, W . H. Perkin, Jr., J. Rankin, Hid., 127, 2018 (1925); --------------------
F. Faltis and E. Adler, Arch. Pharm., 284, 281 (1951). (12) R. Pschorr, Ber., 37, 1927 (1904).
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Experimental Section recrystallized from ethanol-dimethylformamide to give 7 .2  g
. (89% ) of the methiodide (7) as colorless prisms, mp 240°.

The nmr spectra were determined on a Hitachi H-60 spectrom- Anal. Calcd for C22H MN 2OfJ: C , 48.54; H , 5.39; N  5 15 
eter with deuteriochloroform as solvent and tetramethylsilane Found: C , 48.72- H  5 47- N  5  40
as an internal reference. The mass spectra were obtained on a 6 '-Ammoiaudanosine Methiodide (8 ).— A  mixture of 5 44 g 
Hitachi .R M U -6D  mass spectrometer, using an all-glass inlet (0.01 mol) of O'-nitrolaudanosine methiodide (7) and 8.3 g (0.05
system heated to 300 . The ionizing energy was maintained at mol ) of triethyl phosphite was heated under reflux in an oil bath at

?  8V  r i a m on, , w  i o 16° - 165° for 20 hr- After ^m oval of excess reagent, the residue
Benz[a]carbazole (4). A  mixture of 1.4 g (0.005 mol) of 1 ,2 - was crystallized from a small amount of benzene. Recrystal-

^ T f >2 ',me^ f - - ^ 2f lrO bT .!yl)lS0q,,l" 0lln"  • 3 an,d, 2 ',5 g lization from ethanol gave 4.1 g (80.1%) of the methiodide (8) as
l f  hy tP OSP ,lte Was refluxed, m, ol1 bath at a yellow powder: mp 231 ° dec; (K B r ) 3400 cm "“ (N H 2 and

6 u lfor.,20l,r' ,  Afte'coohng, excess triethyl phosphite was H 20 ) ;  S (C F3C 0 2H ) 7.85, 7.50-6.60 (4 H , multiplet, aromatic
removed by distillation and the residue was purified by silica gel protons), 4.28 (1 H , multiplet, Ci H ), 4.05 3 99 3 97 (12 H
chromatography using benzene as an eluent. Removal of the three singlets, 4-OCH3), 3.70-3.00 ppm (6 H , multiplet C 3 H 2’
benzene fraction and recrystallization from benzene-hexane af- C4 H 2, and 1-benzylie proton). ’
forded 0.4 g (37% ) of the benz[a]carbazole (4) as colorless Anal. Calcd for C 22H 31N 2O4l-0.5H2O: C, 50 44- H  5 92- 
needles: mp 227-228° (lit.1» mp 228°); mass (m/e) 217 (M + );  N , 5.16. Found: C, 50.45; H , 6.28; N ,  5.58. ’ ’ ’
*Wx (K B r ) 3430 cm 4; S (M e2SO ) 7.10-8.65 (10 H , multiplet, Reduction of 6'-Nitropapaverine12 (9) with Triethyl Phosphite 
aromatic protons), 12.12 ppm (1 H , singlet, N H  proton, disap- _ A  mixture of 5 g of 6'-nitropapaverine (9) and 11.2 g of triethyi
peared with D 20 ).  phosphite was heated under reflux in an oil bath at 160-165° for

Anal. Calcd for Ci6H n N : C , 88.45; H , 5.10; N , 6.45. 20 hr. After removal of the excess of the reagent, the residue
Found: C , 88.62, H , 5.14; N ,  6.36. was dissolved in a small amount of ethanol, whose solution was

5,6-Dihydro-2,3,8,9-tetramethoxybenz[a]carbazole (6). A  allowed to stand to separate the crystals. Recrystallization from
mixture of 1 g (2.7 mmol) of Ô'-nitrolaudanosine11 (5) and 2.24 g chloroform gave 0.2 g (4 .2% ) of deoxygenated product (10) as
(13.5 mmol) of triethyl phosphite was heated under reflux in an yellow prisms: mp 277-278°; mass (m/e) 366 (M + ) (basepeak)
oil bath at 165—170 for 20 hr. After cooling the excess reagent (no characteristic patterns were observed); vmax (K B r ) 1618
was distilled off in  vacuo and the residue was chromatographed on cm- i ; s (CDC13) 4.00, 4.04, 4.15 (6 H , 3 H , 3 H , three singlets),
silica gel using benzene as an eluent. Evaporation of the benzene 6.99, 7.07, 7.73 (each 1 H , singlets), 7.48, 8.37 (each 1 h ’
eluate and recrystallization from ethanol gave 0.35 g (38.5%) of doublets, /  =  7 cps), 10.35’(1 H , singlet). None of these dis-
the benz[a]carbazole derivative (6) as colorless scales: mp 202°; appeared with D 20 .
mass (m/e) 339 (M + );  Vnax (K B r ) 3400 cm ' 1 (N H ) ;  S (C U C i3) Anal.13 Calcd for C 20H 18O 5N 2: C , 65.56; H , 4.95; N , 7.65. 
3.08 (2 H , triplet, J  =  8 cps, C 5 or C 6 methylene protons), 3.87 Found- C 65 67- H  5 00- N  7 68 
(3 H , singlet, O C H 3), 3.90 (3 H , singlet, O C H 3), 3.92 (6 H , ’
singlet, 2-OCH3), 4.13 (2 H , triplet,/ =  8 cps, C 5or C6methylene _ ____
protons), 6.62 (1 IT, singlet, N1I proton, disappeared with D 20 ),  R e g is try  N o .  4 ,2 3 9 -0 1 -0 , 6 , 17953-40-1; 7, 17953-
6.78, 6.80, 7.08, and 7.20 ppm (4 H, four singlets, aromatic 41-2; 8 , 17953-42-3.
protons).

Anof. Calcd for C20H 2IN O 4: C  70.78; H , 6.24, N , 4.13. Acknowledgment.— We wish to express our grati-
round. V_/, il.UU, Jtl, b.o2, IN, 4.42. , -, , ■««-. tt  u i i\/r* m  \ r  , . « ,

b'-Nitrolaudanosine Methiodide (7 ).-— A mixture of 6 g of 6 '- .de to Hiss R. Hasebe and Miss T. Yamaki for the
nitrolaudanosine (5), 30 ml of methanol, and 10  g of methyl iodide m icroana lyses a n d  M is s  Y .  T a d a n o  fo r  the nm r  
was heated on a water bath for 10 min, crystals of 5 being thus determ inations, 
dissolved and then those of 7 separated in turn. After an addi
tional 10-min heating, the crystals were collected by filtration and (13) The structure of compound 10 could not be determined.

Reissert Compound Studies. XVIII. Analogs Derived from Chloroformâtes1,2“
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The reaction of quinoline or isoquinoline and potassium cyanide with a variety of chloroformâtes has given 
rise to the formation of the Reissert compound analogs of the types 6 and 7. The reactions of these analogs are 
compared with the reactions of Reissert compounds and other Reissert compound analogs.

In connection with our studies of Reissert com- We now wish to report on the use of chloroformâtes 
pounds ( 1  and 2 ) 3 we have previously prepared analogs in this reaction. Reaction of isoquinoline, potassium
of the types 3, 4 4,5 and 51 from the reaction of iso- cyanide, and a variety of chloroformâtes in methylene
quinoline and potassium cyanide with carbamoyl chloride-water gave compounds of the type 6 . These
chlorides, sulfonyl chlorides, and chlorophosphates, compounds are included in Table I. Under these
respectively. The corresponding analogs could not be same conditions quinoline reacted to give products of
isolated in the quinoline series. the type 7 which are also included in Table I. I t  is

o f in terest to  note th a t in  con trast to  R e issert com -
(1) Part xvii: D. m . Spatz and F. D. Popp, j. H e te r o c y d . c h e m . , 5, pounds3-6 and Reissert compound analogs 3-51’ 4-5 sev-
(2) (a) Supported in part by a Research Grant (T-329) from the American era l o f  these n ew  an a logs  exh ib ited  W eak  abso rp tion

Cancer Society. Portions of this material were presented at the 1st Inter- in  the  n itrile  reg ion  o f the in fra red  a t  220 C m - 1 .
national Congress of Heterocyclic Chemistry, Albuquerque, N. M „ 1967, and S in c e  1 U n d e r g o e s  a  V a r i e t y  o f  r e a c t io n s  SUCh SS
the 155th National Meeting of the American Chemical Society, ban Francisco, __ . . j /  ,
Calif., 1968. (b) National Science Foundation Undergraduate Research R lX y lR t lO Il R IlC l/O f TCRFFRIlgGniG Ilt 111 tu G  pFGSGIlCG OI
Participant, (c) National institutes of Health Predoctorai Fellow. base, 1,6,7 3 was unreactive in base, 4 4 underwent élimina-

(3) F. D. Popp, A d v a n . H e te ro c y c l.  C h e m ., 9, 1 (1968).
(4) F. D. Popp, J. M . Wefer, and A. Catala, J .  H e te ro c y c l.  C h e m ., 2, 317

(1965). (6) W . E. McEwen and R. L. Cobb, C h e m . R e v ., 55, 511 (1955).
(5) J. M . Wefer, A. Catala, and F. D. Popp, J .  O rg . C h e m ., 30, 3075 (1965). (7) F. D. Popp and J. M. Wefer, C h e m . C o m m u n . , 207 (1966).
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T a b l e  I

R e is se r t  A n alo g s

CQ-L OQc“
NC H  I

0 = C 0 R
6 7

Yield, --------------------- Calcd, % ---------------------. ,---------------------Found, % ---------------------.
Type R  Mp, °C “  % C H  N  C H  N

6 CHs 83-85 24 67.28 4.71 13.08 67.43 4.70 12.91
7 C H 3 72-73 56 67.28 4.71 67.30 4.74
6 C 2H 6 84-86 57 68.41 5.30 12.28 68.43 5.32 12.39
7 C 2H 6 70-72 43 68.41 5.30 12.28 68.44 5.31 12.29
6 CHjCCla 104-106* 82 47.09 2.74 8.45 47.11 2.85 8.41
6 C 6H 5C H 2 84-85 18 74.47 4.86 9.65 74.48 4.92 9.66
6  C 6H 6 156-158 99 73.90 4.38 10.14 73.91 4.36 10.14
6 p -CH 3O C 6H 4 182-183 99 70.58 4.61 70.62 4.71

° Recrystallized from ethanol, unless otherwise noted. * Recrystallized from ethanol-water.

S ch em e  I

[ j l  I L I  J c H la ,R = C 6H5 6a,R =  CeH5

^ X N  b ,R = O R ' b,R =  OR'

NC H i  \  X

1, X  =  0 = C R  2 ,X = 0 = C R  O
3, X = 0 = C N R 2  7 ,X = 0 = C 0 R  [  T  1 II
4, X  =  S02R 'S ^ k ^ N C R
5, X =  P (0 )(O R )2 or P(S )(0R )2 |
6 , X = 0 = C O R  NC

Q Q v °  n n  ^hscho
k J k / N C 0 2C2H5 ------O > S X N |  |

NC CH, C6H5 C6H5CHOH € R

8  9 13 NC C— 0 “

h  \ h ,
^ N

k / J L i ^ o  C = N 0 H  I O Ly N C 0 2C2H5 “ b R = o ? 5

m H E CO / + R'o_14 17 15, R = N H 2C = N O H  9 T  K U
16,R =  CONH2 9
1 8 ,R = N H 2C = N 0 C 0 2C2H5 C6H5CO| r  +  CN_

H

tion in base,6 and 5 underwent alkylation or elimination 12

in base; 1 it was thought to be of value to examine the tained, although in one case 14 was isolated and easily
behavior of 6  in the presence of base. Treatment of hydrolyzed by base to 13.
6  (R  =  C2H 5) with methyl iodide and sodium hydride Hydrolysis of 6  (R  =  C2H5) with hydrobromic acid 
in N,N-dimethylformamide7 gave 8 in good yield. in glacial acetic acid yielded isoquinoline which was
Confirmation of structure 8 was available since the identified as its picrate. This hydrolysis is similar
compound could be readily hydrolyzed to 1 -methyl- to that reported for 4 6 and 5 1 but differs from the
isoquinoline. normal hydrolysis of a Reissert compound.6 Treat-

Treatment of 6  (R  =  CH 3, C2H 5, or P-CH3OC6H 4) ment of 6  (R  =  C2H 5) with sodium hydride gave rise to
with benzaldehyde in the presence of n-butyllithium at isoquinaldonitrile. This is analogous to the behavior
-3 0 °  gave 9. This differs, as shown in Scheme I, 0f 4 and 5 but differs from 1 which undergoes rearrange-
from the reaction of 1 with benzaldehyde. This dif- ment under these conditions.
ference is easily explained, however, when one con- Reaction of 6  (R  =  C2H5) with hydroxylamine by 
siders that 1 1 a (from 1 via 1 0 a) can only reasonably the method of Rupe and Gassman8 yielded the ami-
lose a cyanide ion to give 1 2 , whereas l ib  (from 6  via doxime 15 together with a small amount of the amide
1 0 b) can also lose alkoxide and the reactions proceed 16. Excess base caused the formation of 16 to be
through this latter route. When the reaction of 6  and favored and none of the amidoxime was isolated,
benzaldehyde was carried out with sodium hydride in Hydrolysis of 16 with base gave isoquinaldamide.
N,N-dimethylformamide at room temperature with no Reaction of isoquinaldonitrile with hydroxylamine
attempt to control the heat of the react.on, 13 was ob- (8) H. Rupe and A. Gassman, H e lv .  C h im .  A c ta , 22, 1241 (1939).
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NOH to the same methylated product 25. The spectra of
II 25 was again consistent with the 1,4-dihydro structure,

j f  f  I 2 and hydrolysis of 25 yielded the known benzo [/]-
C02 C2H5 lepidine. 12 I t  should be noted that alkylation of the

L J I J  L 1 J  quinohne Reissert compound (2 ) with methyl iodide
19 20 occurs in the 4 position. 13

Reaction of isoquinoline, potassium cyanide, and 
|| ethyl chlorothioformate gave 26 which is the sulfur

—CNH2 î i— CN analog of 6 . Treatment of 26 with methyl iodide and
^ x ^ L ^ N O J A H s  sodium hydride in N,N-dimethylformamide gave rise

Y T  [ I J t °  the methylated product 27 in good yield. Acid-
catalyzed hydrolysis of 26 gave isoquinohne.

21 22

m  Experimental Section14

^  ^  Preparation of Reissert Analogs from Chloroformâtes.— To a
| I mixture of 0.16 mol of isoquinoline (or quinoline) in 150 ml of
CN CN methylene chloride and 0.48 mol of potassium cyanide in 40 m l of

2 3  24 water was added 0.32 mol of the appropriate chloroformate over
a 2-br period. After an additional 4 hr of stirring, the solution 

CN V was wast e(i with water, dilute H C 1, water, dilute N aO H , and
3 1 ilirn  n u  I I  I II water. Concentration of the methylene chloride and recrystal-

^ \ Z = 5̂ / N C 02C2H5 CSC2H5 lization yielded the products indicated in Table I.
L 1 J x t g ' p  Alkylation of 6 (R  =  C2H 5).— To a mixture of 0.01 mol of 6

NC K (R  =  C 2H 5) and 0.02 mol of methyl iodide in 40 ml of N ,N -
25 26, R =  H dimethylformamide was added with stirring 0.01 mol of a 30%

2 7 ,R =C H 3 sodium hydride in oil dispersion. Stirring was continued for 90
min, and the mixture was poured onto 500 g of crushed ice to give 

_  , „ . a 92% yield of solid, mp 69-70°. Recrystallization from ethanol
yielded an amidoxime 17. Both 15 and 17 gave a  gave 8, mp 72-73°.
p u rp le  co lor w ith  ferric  ch lo ride  in  ethanol, an d  the  Anal. Calcd for C 14H 14N 2O2: C, 69.40; H , 5.83; N ,  11.56. 
fo rm ation  o f m eta l com plexes fro m  these am idox im es Found: C, 69.41; H , 5.82; N , 11.69.
is being studied further in this laboratory. Reaction Hydrolysis of 8 with alcoholic potassium hydroxide gave 1- 

* -  i at- r\ 4. l „  me thy liso quinoline m 89% yield. The picrate, mp 231-233 ,
of 15 with acetic anhydride gave the O-acetylamido -  was identical with an authentic sample.
ime, but reaction of 15 with benzenesulfonyl chloride Condensation of 6 (R  = C2H 5) with Benzaldehyde.— To a 
yielded a product identified as the O-carboethoxy- solution of 0.005 mol of 6 (R  = C 2H 6) in anhydrous ether and 
amidoxime apparently resulting from intermolecular sufficient anhydrous dioxane to cause solution a t - 3 0 °  under a 
, ,, f  i ,• „ t  i s  -ndiL otlvirl mtrogen atmosphere was added with stirring sufficient ra-butyl-
transethoxycarbonylation. Reaction of 15 with ethyl ljthufm golution to generate a permane„t red color. To the red
ch lo ro fo rm ate y ie lded  18 thus con firm ing this structure . solution was added 3.0  ml of benzaldehyde, and the mixture was

As previously reported9 benzo[/]quinoline reacted Stirred a t —30° for 1 hr. After stirring for an additional 13 hr at
with potassium cyanide and ethyl chloroformate to room temperature, the solution was washed with water, dilute

give the bento analog of 6 (19). Reaction of 19 with t 'p "  l ï -
hydroxylamme (this reaction diners Irom the reaction 1 6 7 o. nmr (DMSO-A) t 2.9  and 3.6  (doublets of the olefinic
of 6  with hydroxylamine in that N,N-dimethylform- H ’s), 3.4 (singlet), 2.4 [multiplet, (9 H ), of the aromatic H ’s ] .
amide was added to improve solubility) gave a mixture Anal. Calcd for C 18H 12N 2O2: C, 74.99; H , 4.20, N , 9.72.

of four products. The expected amidoxime (2 0 )  was Foyyid: c > 75-°,6; J1, 4-2̂  N ’ !,K66: ,, , . ,
. , . -  1fw . , ,  K _____„  . O Knn,n The same product was obtained using other analogs of 6 .

o b ta in ed  in  11% y ie ld . A  sm all am ou n t o f b en zo - Treatment of 0.01 mol of 6 (R  =  C 2H 6) with 0.01 mol of
[/ ]q u in a ld am id e  w h ic h  ap p a ren t ly  resu lted  fro m  h y -  benzaldehyde and 0.02 mol of sodium hydride as described above
drolysis of starting material was isolated. A  third for the alkylation in N,N-dimethylformamide gave a 47% yield
produ ct, o b ta in ed  in  6 %  y ie ld , w a s  21 w h ich  ap p a ren t ly  of 13, mp 107-109°, which was identical with an authenticsample.
1 1 . J  r 41, i.rc l.n lw cL  tmJ r,vbhitinri o f 20 T h e  Use of 0.01 mol of sodium hydride in this procedure led to theresu lted  fro m  the  h y d ro lys is  an d  ox id ation  o l2 0  I h e  a n %  yield of 14> mp 166_ 168o (hexane-ethyl

structu re  21 w a s  con firm ed b y  treatin g  benzo [j jq u m -  acetate). The nmr spectrum lacked the singlet present in the
aldon itrile  w ith  h y d ro xy lam in e  to  y ie ld  a  com pou n d  nmr spectrum of 9.
iden tica l in  a ll respects w ith  21. T h e  m a jo r  p ro d u ct Anal. Calcd for CnHnNCh: C , 78.15; H , 4.24; N , 5.36.
(3 5 %  -yield) o f th e  h y d ro xy lam in e  reaction  w a s  id en - Found: C , 78.22; H , 4.07; N , 5.39.
. ? ' ?  y le lu '  A ,, y \  f  w  A o t  it Hydrolysis of 14 with alcoholic potassium hydroxide gave an

tified as 2 2 . The nmr spectrum of 2 2  showed that it 88%yyiel(|of 13.
was indeed the 1,4-dihydro compound by its A X 2 Acid Hydrolysis of 6 (R  =  C2H 5).— A  mixture of 0.5 g of 6 (R  =  
splitting pattern. Bramley and Johnson10 have studied C 2H 6), 10 ml of acetic acid, and 10 ml of hydrobromic acid was
fl similar series o f compounds, 23 and 24, and the nmr heated on the steam bath for 3 hr. The solution was cooled,
a Similar senes OI compouno^, «  ’ th j_ made basic, and extracted with ether. Concentration of the
spectrum reported by them is consisten et}ier gave a 7 4 % yield 0f isoquinoline which was identified as its
series. Seeley and coworkers11 have studied the ultra- picrate.
v io let  spectru m  o f 23 an d  24, an d  the  spec tra  fo u n d  in  Treatment of 6 (R  =  C2H 5) with Sodium Hydride.— A  mixture
this w o rk  fo r  19 an d  22 a re  consistent. M é th y la t io n  of 0.01 mol of 6 (R  =  C2H 5) and 0.01 mol of a 30% sodium

f  .,i -41. A(-i.,,i i-H idp  in the nresence o f hydride oil dispersion was stored for 90 mm and poured onto 500
o f either 19 o r 22 w ith  m eth y l iod id e  m  the presence 01 s e isoquinaldonittoe, mp 87-89°,
sod ium  h y d r id e  in  N ,N -d im e th y lfo rm a n u d e  g a v e  rise g *

(fl) L  E Katz and F  D Popp, J. Heterocycl. Chew... 5, 249 (1968). (12) K . N. Campbell and I. J. Schaffner, ibid., 67, S6 (.W i5).
( 10)  R  Bramley and M . D. Johnson, J. Chem. Soc., 1372 (1965). (13) V. Boekelheide and J. Weinstock, M ), 74, 660 1952).

1 M  GT e e le y , R. E. Yates, and C. R. Noller, J. Amer. Chem. Soc., 73, (14) All melting pomts are corrected and taken rn capdlaneB. Analyses by
' '  ’ Spang Microanaiytical Laboratories, Ann Arbor, Mich.

772 (1951).
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which was identical with an authentic sample. Substitution of « 4.34), 243 (4.63), and 319 (3.63)] ; nmr (CCh ) a quartet (2 H )  
dimethyl sulfoxide for the N,N-dimethylformamide gave an 84% and triplet (3 H ) at t 5.6 and 8.6  (ethyl), a multiplet at 2.0-2.8
yield of the nitrile. (6 H , aromatic), and an A X 2 pattern at 3.6 (1 H ) and 6.3 (2 H ).

Reaction of 6 (R  =  C2H 5) with Hydroxylamine.— To 6.35 g Anal. Calcd for Ci7H 14N 20 2: C, 73.45; H , 5.07; N , 10.05. 
(0.0278 mol) of 6 (R  =  C 2H 5) in 140 ml of absolute methanol at Found: C, 73.28; H , 4.98; N , 10.24.
— 8 ° was added a cooled solution of 0.64 g (0.0278 g-atom) of N a  The next component further elution with benzene had mp
and 1 .2 2  g (0.0278 mol) of hydroxylamine hydrochloride in 40 239° and was identical with an authentic sample of benzo]/]-
ml of absolute methanol. The mixture was stirred at — 8 ° for quinaldamide.
50 min and filtered to give 2.24 g of starting material. The Elution with ethanol gave 0.145 g (6 % ) of solid 21, mp 211- 
filtrate was evaporated, and 3.64 g of solid was obtained. Re- 213° from benzene. This sample was identical with the material
crystallization from ethanol gave 15: mp 153-155°; ir (K B r ) described below.
3480, 3430, 3345, 1680, 1662, 1030 cm-1. Further elution with ethanol gave 0.33 g (11% ) of solid 20,

Anal. Calcd for C 13H 15N 3O3: C, 59.80; H , 5.79; N , 16.10. mp 182-183° from ethanol.
Found: C, 59.74; H , 5.83; N , 16.16. Anal. Calcd for C i,H i7N 30 3: C, 65.65; H , 5.50; N , 13.50.

After the isolation of 15, 0.02 g of 16, mp 183-185°, was Found: C, 65.49; H , 5.48; N , 13.70. 
obtained from the filtrate: ir (K B r ) 3420, 3300, 3220, 1715, Preparation of 23.— To a mixture of 0.715 g (0.0035 mol) of 
1670, 1030 cm-1. benzo[/]quinaldonitrile and 20 ml of methanol was added a solu-

Anal. Calcd for C i3H i4N 20 3: C, 63.66; H , 5.75; N , 11.42. tion of 0.08 g (0.0035 mol) of sodium and 0.25 g (0.0035 mol) of
Found: C, 63.61; H , 5.67; N , 11.33. hydroxylamine hydrochloride in 10 ml of methanol. After

Use of 0.01 g-atom of N a  to 0.0046 mol of 6 gave only 16. stirring in the cold for 30 min, 0.47 g (56% ) of solid was collected
Hydrolysis of 16.— A  mixture of 0.02 g of 16 and 0.10 g of and recrystallized from ethanol to give 23, mp 211-212°, 

potassium hydroxide in 5 ml of ethanol was refluxed for 15 min identical with that reported above.
and concentrated. The residue was dissolved in water and Anal. Calcd for Ci4H n N 30 : C, 70.97; H , 4.68; N , 17.72. 
extracted with ether. Concentration of the ether gave iso- Found: C, 70.97; H , 4.71; N , 17.69.
quinaldamide which was identical with an authentic sample. Méthylation of 19 and 2 2 .— To a solution of 0.133 g (0.0005

Preparation of 1-Amidoxamidoisoquinoline (17).— To a solu- mol) of 22 in 5 ml of N,N-dimethylformamide at 0° was added 
tion of 0.62 g (0.0044 mol) of isoquinaldonitrile in 20 ml of 0.10 g (0.012 mol) of 30% sodium hydride in oil with stirring,
methanol at — 10° was added with stirring a cooled solution of To the purple solution was then added a few drops of methyl
0.305 g (0.0044 mol) of hydroxylamine hydrochloride and 0.11 g iodide. After disappearance of the color, the solution was poured
(0.0044 g-atom) of N a  in methanol. The mixture was stirred on ice, and 0.11 g (78% ) of solid 25, mp 152-153° from ethanol,
at — 10° for 30 min and concentrated to give a solid which was was obtained: nmr (CC14) r 2.0-2.7 (multiplet, 6 H , 3.5
washed with water. Crystallization of the solid from a minimum (doublet 1 H , H 2), 5.8 (multiplet, 3 H , Hi and C H 2 of ethyl), 8.5
of ethanol and then methanol gave 0.185 g (23% ) of 17, mp (multiplet 6 H , two C H 3).
126-128°. Anal. Calcd for C i8H i6N 20 2: C, 74.00; H , 5.58; N , 9.58.

Anal. Calcd for Ci0H 9N 3O: C, 64.20; H , 4.85. Found: Found: C, 74.02; H , 5.60; N , 9.60.
C, 64.32; H , 4.95. In  a similar manner 19 gave the same product.

Reaction of 15 with Acetic Anhydride.— A  mixture of 5 ml of Hydrolysis of 25 to Benzo[/]lepidine.— A  small amount of the 
acetic anhydride and 0.11 g (0.0004 mol) of amidoxime 15 was methylated compound 25 was refluxed with alcoholic potassium
heated for 30 min at 100° and then concentrated to give a solid. hydroxide. Concentration gave a solid, mp 98-100° from hexane
Recrystallization from ethanol gave the O-acetylamidoxime, mp (lit.14 mp 100-101° for benzo[/]lepidine).
135-136°. Preparation of Sulfur Analog 26.— Use of ethyl chlorothiol-

Anal. Calcd for Ci5H n N 30 4: C, 59.40; H , 5.65; N , 13.87. formate and isoquinoline in the preparation of 6 described above 
Found: C, 59.45; H , 5.61; N , 13.82. gave a 44% yield of 26, mp 107-108° from ethanol.

Reaction of 15 with Benzenesulfonyl Chloride.— A  mixture of Anal. Calcd for C i3H 12N 2OS: C, 63.91; H , 4.95; N , 11.47.
0.62 g (0.0024 mol) of the amidoxime 15, 10 ml of pyridine, and Found: C, 63.89; H , 4.90; N , 11.41.
0.65 g (0.0035 mol) of benzenesulfonyl chloride was stirred at 0° Alkylation of 26.— Reaction of 26 with methyl iodide as 
for 5 hr and then concentrated. Treatment of the residue with described above for the preparation of 8 from 6 gave a nearly
hexane and methylene chloride caused a solid to form, and re- quantitative yield of 27, mp 79-81° from ethanol,
crystallization from toluene gave 0.055 g (7% ) of a solid (18): Anal. Calcd for C i4H 14N 2OS: C, 65.09; H , 5.46; N , 10.84.
mp 133-134°; ir (K B r ) 3430, 3375, 1765, 1710, 1635, 1577, 1020 Found: C, 65.16; H , 5.61; N , 10.71.
cm-1. Acid Hydrolysis of 26.— Hydrolysis of 26 with acetic acid-

Anal. Calcd for Ci6Hi9N 30 5 : C, 57.50; H , 5.75; N , 12.60. hydrobromic acid as described above for the hydrolysis of 6 gave 
Found: C, 57.74; H , 5.76; N , 12.55. isoquinoline, isolated as its picrate.

This same product 18 was obtained in 74% yield by the reac
tion of 15 and ethyl chloroformate in pyridine at 0°.

Reaction of 19 with Hydroxylamine.— To a mixture of 2.75 g Registry N o .— 6 (R  =  Me), 17954-40-4 ; 6 (R  =  Et), 
(0.001 mol) of 19,9 50 ml of methanol, and 50 ml of N ,N -d i- 17954-22-2; 6 (R  =  C H 2C C 13) ,  17954-24-4; 6 (R  =
methylformamide was added a cooled^ solution of 0.23 g (0.001 C H 2P h ) ,  17954-25-5; 6 (R  =  Ph), 17954-26-6; 6
mol) of sodium and 0.80 g (0.001 mol) of hydroxylamine hydro- /T> \/r r\r^ tt \ a rr w /-A \
chloride in 20 ml of methanol. The mixture was stirred a t —8° ^  — p-MeOCgHi), 17954-27-7, 7 (R  — Me), 17954-
for 80 min and concentrated in vacuo. When all of the methanol 21-1; 7 (R  =  Et), 17954-23-3; 8, 17954-28-8; 9,
was removed, the solution was added to 450 g of ice, and a crude 17954-29-9; 14, 17954-30-2; 15, 17954-31-3; 15 (O -
solid collected. Chromatography of this solid on alumina gave acetylamidoxime, 17953-94-5; 16, 17954-32-4; 17,
four components. Elution with benzene gave 0.98 g (35% ) of a l7 Q t;i 3“i s . i s  1 7 Q W q i f i .  on  l 7 Q « q « s .  o\
solid (22): mp 135-136° (ethanol); ir (K B r ) 2250, 1715, 1030 , r ’ o - A ’
cm-1; uv 218 m/u (log e 4.68), 238 (4.63) [the starting material 17954-41-5; 22, 17954-35-7; 25, 17954-37-9 ; 26,
19 had no ir peak at 2250 cm-1 and had uv peaks at 207 mp (log 17954-38-0; 27, 17954-39-1.
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Product Ratio Analysis of the Reaction of 
Methyl c is - and £rans-/3-(Acetylthio)acrylates with Diazomethane1

D o n a l d  T .  W i t i a k  a n d  M a t t h i a s  C .  L u

Division of Medicinal Chemistry, College of Pharmacy, The Ohio State University, Columbus, Ohio 43210

Received May 9, 1968

The relative yield of methyl cis-/3-(methylmercapto)acrylate (5), l-methyl-5-carbomethoxypyrazole (6), 3-ear- 
bomethoxypyrazole (7), and l-methyl-3-carbomethoxypyrazole (8), when methyl cis- or irares-/?-(acetylthio)- 
acrylate undergo reaction with excess diazomethane in ether, was determined by means of gas-liquid partition 
chromatography. The analysis shows product formation to be dependent upon the stereochemistry of the start
ing methyl /3-(acetylthio)acrylate. Competing reaction pathways are proposed to account for the different 
yields of products.

A  number of syntheses have been developed for but the reaction was not studied stereochemically.7

pyrazoles ( l ) 2 and pyrazolines (2 and 3) . 3 One Availability of both methyl cis- and irons-/?-(acetyl-
method involves condensation of aliphatic diazo thio) acrylates ( 4 )  prompted study of their reaction
compounds with olefins containing an activated double with diazomethane in ether to determine the mecha-
bond. Substituted 1 - and 2-pyrazolines (R  =  elec- nism of formation of pyrazoles and the dependence of
tron-withdrawing group in 2 and 3), for example, are their formation upon the configuration of the starting

.R II X R  X\ _ / R 0lefin

\ n / N  V N H  V N  V N  C lh C S II +  H c J o C H s  — >- C H 3I s — C H = C H ~ ^ O C H 3
H 4

1 2 3 Results and Discussion
formed from a,/?-unsaturated aldehydes, ketones, and . . , , . , , . , , ,
esters by concerted reaction with diazomethane.2-  .mixture of cis-and iraws-d-(acetylthio)acrylates is
1 1 . i 1 .i • , 1 c obtained by tree-radical addition ol thiolacetic acid toAlternatively, pyrazoles are synthesized when one ol . , , « ™  , . . . P
the vinyl carbon atoms is substituted with a suitable “ Cthyl proP1«  f te' WhJ et S geometncal isomers of 
leaving group 2'6 4  are. reportedly separable by spmnmg-band distilla-

tu, .  i. • , c c , • 3 , ,• tion, in our laboratories pure samples could only beI  he stereochemistry of formation of 1 -pyrazolmes , , , 1 . , , ,
(2 ) has been elucidated.40 Reaction of diazomethane °  al|nC 7,, co umn c roma ograp y  (c oro orm 
with ^-substituted «,/?-unsaturated esters affords 1 - «n silicic acid). Pure cis 4 elutes first followed by a 

,, , ,, , ,. mixture of cis and trans, and pure trans last. Analysispyrazolines with the same geometry as the starting , J .
, c tTt, v  ■ ,  - , , . of the nmr spectra m the vinyl proton region agreedolefin. When X  in 2 or 3 represents a leaving group , , , r b

,■ , , f  . , ,, j- with the reported values ol chemical shifts and couplingpyrazolines may be converted into the corresponding , , N  ■ , . . „ ' 0, , ,. . TT , • , , constants lor cis and trans 4 .
pyrazole by elimination of H X . 2 Use ol appropriately T> r, , „  tjv  , Reaction ol cis 4  with excess distilled diazomethane
substituted pyrazolines shows elimination of H X  to . ,, , _ , „ 0 c 0 1. i  n , , , ,., , r , , , . R „  ,. m ether at —5 to 0  lor 8  hr, followed by standing atbe most facile by a trans mechanism. Tor reactions , , ,, _ , ,

, . 1 . ,. , ,. room temperature lor 3.5 days, affords, by gas-hquidpreviously studied the intermediate pyrazohne was .... , , , , • n , ,f  , , , i . . , ,, r , partition chromatography, methyl cis-/?-(methylmer-
lsolated and conversion into the corresponding pyrazole , , , , . /, , .. , J ,

. , -i , , , . ■ j  capto)acrylate (5), l-methyl-5-carbomethoxypyrazolerequired either acid or base catalysis or warming de- ,, , \ , , ,, , „
1 ,, , z  (0 ), d-carbomethoxypyrazole (7), and l-methyl-3-

pendrng upon the nature ol X . Under reaction condi- , ,, , f 0 o 1 o 1 n \  r,f. ? , . ,, . . ,. carbomethoxypyrazole (8) m a ratio of 3.6:1.8:1.7:1.2,
tions similar to those described in this communication ,. , xT , , , , , ... I,. , ,  , . 1 , , - ,. j. ,, , a respectively (figure 1).1U No detectable quantity of
pyrazolines could be isolated irom reaction ol ethyl /?- . , , • f,' ,  , , , , , ,2 . •L,,, /. , T methyl cis-/3-(methylmercapto) aery late (5) or the
bromoacrylate with diazomethane. On standing the ; . , .  - , , . ,,,. , , rTT, nn ,. ,, , corresponding trans isomer was obtained during the re
isolated pyrazohne lost HBr, affording the pyrazole, acti(m of lmns 4  under identical con(Jitions. The

(1) Presented at the 1st Central Regional Meetings of the American major product, l-methyl-5-CarbomethoxypyraZole (6), 
“  Hueroovd. cuem., 6 , 347 in nearly 50% yield, is found along with 7 and 8
(1966). in a ratio of 4.8:0.8:1.9, respectively (Figure 2).10

(3) (a) r . Huisgen, Angew. chem., 67, 439 ( 1955); (b) r . Locquin and M e t h y l  t h io la c e t a t e  w a s  fo u n d  g a s  c h r o m a t o g r a p h ic a l l y .
R. Heilmann, C. R. Acad. Sci., Paris, 181, 120 (1925); (c) I. A. D ’yakonov, . ‘7 , f  , , ■ , • , . , ,
“ Aliphatic Diazocompounds,” Goshimisday, Leningrad, 1958. A  number of uncharacterized minor products (peaks

(4) (a) T . L. Jacobs in “ Heterocyclic Compounds,”  Vol. 5, R. Elderfield, l a b e le d  B  in  c h r o m a t o g r a m s ,  F ig u r e s  1 a n d  2 )  a r e  o b -
Ed„ John Wiley & Sons, inc., New York, n . y ., 1957, p 45 f f ; (b) k . d  t a in e d  d u r in g  t h e  r e a c t i o n  o f  b o t h  cis a n d  trans 4  w i t h

k . l . Rinehart, Jr., j . Amur. chem. Soc., 84, 3736 ( 1962); (d) w . r . Brown d is t i l l e d  d ia z o m e t h a n e .  1 h e  u n id e n t i f i e d  c o m p o n e n t s
and J. P. Mason, J. Chem. Eng. Data, 11, 265 (1966).

(5) (a) W. E. Parham and J. L. Bleasdale, J. Amer. Chem. Soc., 72, 3843 (7) (a) E. Buchner, Ann., 273, 214 (1893); (b) E. Buchner and M . Fritsche,
(1950); 73, 4664 (1951); (b) K . von Auwers and O. Ungemach, Ber., 66, 1198 Ber., 26, 256 (1893); (c) G. P. Rice, J. Amer. Chem. Soc., 52, 2094 (1930);
(1933); (c) A. N. Nesmeyanov and N. K . Kochetkov, Dokl. Akad. Nauk (d) A. N. Nesmeyanov and N. K. Kochetkov, Izv. Akad. Nauk SSSB, Old. 
SSSR, 77, 65 (1951); (d) N. K . Kochetkov, I. Ambrush, and A. I. Usov, Zh. Khim. Nauk, 686 (1951).
Obshch. Khim., 29 2578 (1959). (8) L. N. Owen and M. U. S. Sultanbawa, J. Chem. Soc., 3109 (1949).

(6) (a) I. L. Finar and K . E. Godfrey, J. Chem. Soc., 2293 (1954); (b) (9) W. H. Mueller, J . Org. Chem., 31, 3075 (1966).
H. Jorlander, Ber., 49, 2782 (1916); (c) N. H. Cromwell and G. Mercer, (10) The reactions studied were run for 3.5 days to ensure completion.
J. Amer. Chem. Soc., 79, 3815, 3819 (1957); (d) N. H. Cromwell and R. However, gas-liquid partition chromatographic analysis showed the same
Mohrbacher, ibid., 76, 6252 (1953); (e) N. H. Cromwell, N. Barker, R. ratio of products to be formed after 6 hr at - 5  to 0° and all reactant to be
Wankel, P. Vanderhorst, E. Olson, and J. Hill, ibid., 73, 1044 (1951). consumed.
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| l

ABC /GV _  '

r Figure 2.— Gas chromatograph of the reaction products of
A methyl ¿raras-/3-(acetylthio)acrylate in distilled diazomethane in

/ f\ ether: A, solvent ether plus methyl thiolacetate; B , uncharacter-
v I V  l \  ____„ ized minor products; C, l-methyl-5-carbomethoxypyrazole (6):

ABCDE F G H E, 3-carbomethoxypyrazole (7); F, l-methyl-3-earbomethoxy-
, , , . , , . pyrazole (8); G, uncharacterized.

Figure 1.— Gas chromatograph of the reaction products of
methyl m-(3-(acetylthio)acrylate in distilled diazomethane in ..
ether: A , solvent ether plus methyl thiolacetate; B, unchar- the medium. The result would be intermediate 9
acterized minor products; C, l-methyl-5-carbomethoxypyrazole whose stability is enhanced by intramolecular hydrogen
(6); D, methyl os-/3-(methylmercapto)acrylate (5); E, 3-carbo- bonding. Similar structures for ¡3 diketones have been 
methoxypyrazole (7); F, l-methyl-3-carbomethoxypyrazole (8); ghown exigt Q5% ^  the intramolecularly hydrogen 
G, uncharacterized; H, uncharacterizea. . , , , - . n -r, «• /  ^ -j.

bonded cis-enol iorm m ether.11 .Reaction oi 9 with

(G in Figures 1 and 2) are by-products of the reaction H—0
of 3-carbomethoxypyrazole (7) and diazomethane under ds or tmns 4  v g/ \ — qCH3 Ng> ds 5
the same conditions (Figure 3).10 \==/

CH3S C02CH3 C02CH3 h h
v / f  , 9

ds 4 ----►  j----v  +  /  \  *
H H \  /NCH3 diazomethane by insertion between the S and H atoms

5  of the thiol group would afford cis 5. Support for the
6 interpretation of these data was provided by gas-

C02CH3 C02CH3 liquid partition chromatographic analysis of the re-/=\ //—\ , y, nj action mixture containing trans 4 and distilled diazo-
\  >N 6 ° methane in ether to which 10 mg of KOH powder was

^  added.10 Methyl cis-(/3-methylmercapto) acrylate (5)
7 3 was produced. Further work is needed, however,

8 before the differences in reaction of cis and trans 4 in
trans 4 — ► 6 + 7 + 8 +  MeSAc distilled diazomethane in ether can be interpreted

„ , , . , .. , and the nature of the intermediates (cis 4 cis 5)
I f  the diazomethane m ether was not distilled, both nroDosed

cis and trans 4 afforded methyl cfs-d-(methyhnercapto)- tqie reaCfiorl 0f trans 4 with distilled diazomethane
acrylate (5) in 20% isolated yield. Gas-liquid parti- ^  ether a imatel 75% of the total reaction 
tion chromatography of the reaction mixture showed duct arg leg 6 7j and 8. With cis 4 they
that neither the m  nor trans isomer ot 4 affords any account for Qnl 4?%  of the reaction products. Corn- 
detectable quantity of methyl tra ns-H methylmercap- ti formation of methyl m-/?-(methylmercapto)-
to) acrylate. Pure 5 was obtained by column chro- rc (s) satisfactorily explains the lower yield of
matography of the reaction products usmg chloroform leg when c -s 4 ig the reactant. Gag chromat0-
on silicic acid. Its as configuration was confirmed by analysis of the reaction of trans 4 in distilled
partial isomerization to the thermodynamically more diazomethane in ether to which 10 mg 0f KOH powder 
stable trans isomer during distiUation. Coupling was added showed the same product ratio of pyrazoles
constants were in agreement with the configurational formed ag in the reactiong containin distilled diazo.
assignment; J AX for the vinyl protons of the as isomer methane .q ether free of K 0 H  Therefore, concurrent

1S '. '. c.^s an ;vx °gr e vmy pro ons o e formation of methyl cis- (fi-methylmercapto) acrylate
transusomer is 15 0 ±  0.5 cps ° (5) has little or no influence on the ratio of pyrazoles

When undistilled diazomethane m ether is used 9 is f0j.med
a most likely intermediate since cis 5, free of trans r. ,. . J „ . ,, , , . On one occasion, when the reaction was run at room
isomer, is formed from both cis and trans 4. I  be un- , , , . r  ,, • , ,,, . .. . . . , j. temperature, without previous cooling, a small yielddistilled diazomethane m ether is decanted from KOH , . . b ^ ,  , \ , , ,, , ,, , /. nr

, . r, , , , , , , . . (<1.0% ) of l-acetyl-3-carbomethoxypyrazole (10) was
pellets. Base-catalyzed hydrolysis of the thiolacetate \  r  , ■ , • ,*  . . . .  , . i i  • i j  ,i • i , obtained. When diazomethane entrained in a streamgroup of either cis or trans 4 would yield the thioenolate
ions which rapidly isomerize and abstract a proton from ( l l )  B. Eistert, F. Arndt, L. Loewe, and E. Ayca, Ber., 84, 156 (1951).
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of nitrogen was added to a stirred mixture of as and 
trans 4 at 85°, l-acetyl-3-carbomethoxypyrazole (10) 
was isolated in 21% yield. This compound results from 
acetylation of 3-carbomethoxypyrazole (7) by either 
as or trans 4. Heating 3-carbomethoxypyrazole (7) 
with 4 affords 10 in quantitative yields.

C02CH3

O
T i
Ac

10

Pyrazoles 6, 7, 8, and 10 were synthesized by an 
alternate method and characterized by means of their
nmr spectra. Reaction of methyl propiolate with diazo- A \
methane in ether by a modified method of Reimlinger12 \J \J \__I _____
yields 3-carbomethoxypyrazole (7). Acetylation of 7 A B C E F  G
in refluxing acetic anhydride yields 10. Reaction of Figure 3.—Gas chromatograph of the reaction products of 3- 
7 with excess diazomethane in ether14 at 5 to 0 carbomethoxypyrazole in distilled diazomethane in ether: A, sol- 
affords 6, 7, and 8 in a ratio of 5.9:1.2:1.2 (Figure 3).10 vent ether; B, uncharacterized minor products; C, l-methyl-5-

Assignment of the substituent position for pyrazoles carbomethoxypyrazole (6 ); E , 3-carbomethoxypyrazole (7); F,
6, 8, and 10 was determined by nmr.12.«  The chemical 1-methyl-,3-carbomethoxypyrazole (8); G, uncharactenzed.

shift for the H 4 proton in 1,3,5-trisubstituted or 3,5-
disubstituted pyrazoles may be calculated«* according pathway and/or a common intermediate such as the
to eq 1, where 5,f (S) is the chemical shift for the H„ 2-pyrazohne 13 which could result from isomerization

H of either 11 or 12 (Scheme!).16
Sf =  64 (S ) +  «1 +  «3 +  «5 (1)

1 ■ „  , Schem e  I
proton of 1,3,5-tnmethylpyrazole in solvent b, and ah
a3, and as are empirical constants representing the . ° \  /  2 3 CQ2CH3

effect of replacing a methyl group by another substit- m  *" Hc7  ^  *" ft \
uent at position 1, 3, and 5, respectively. The calcu-
lated and experimental results (Table I) are in excellent jg
agreement. Coupling constants are also in accord with CQ CH
those reported in the literature for N-methyl-substi- SN. Ac®\__ ✓  2 3
tuted pyrazoles.16a,c ^

'N /
T able 1“ H

*4, s,, Ji.i, J*.». CH3 ^
Compd calcd found 83 85 8n—ch3 °Ps cpa \ _ q  q q  qjj

10 6.94 6.92 8.32 3.0 u  ___ /  2 3
6  6 .6 6  6 .6 8  7.42 3.72 1.9 ___ P  ____  /  \
8 6.62 6.64 7.42 3.82 2.2 trm s  4  H c ^ - ^ C 0 2CH3 \ ^ N

“ Coupling constants and chemical shifts were taken in deu- \
teriochloroform at 10% concentrations utilizing trimethylsilane N
as an internal standard. 12

More data are necessary before all of the possibilities When either trans 4 or 3-carbomethoxypyrazole (7) 
concerning intermediates in pyrazole formation from serves as the reactant, the same ratio of pyrazoles is
as and trans 4 may be sorted out and the differences in obtained. This is evidence that 6 is an intermediate
pyrazole product ratio explained. However, by con- in the reaction of trans 4 with diazomethane. Subse-
sidering these results in conjunction with similar reac- quent methylation of 7 by excess diazomethane would
tions, some tentative proposals can be made. Con- afford 6 and 8. Apparently, as 4 undergoes a con
certed addition of diazomethane to as and irons 4 is peting reaction pathway since N-methylpyrazoles 6
expected to yield intermediate 1-pyrazolines 11 and 12, and 8 are formed m nearly equal amounts and in a dil-
respectively.40 Since as and trans 4 yield different ferent ratio than when trans 4 serves as starting ma-
product ratios of N-methylpyrazoles, the results terial.
cannot be accounted for on the basis of a single reaction One explanation for the exclusive formation of inter

mediate 7 from trans 4 and not cis 4 is that the 1-
(12) h . k . Reimlinger, Ber., 93,1857 (1960). p y r a z o l in e  12 u n d e r g o e s  a  r e l a t i v e l y  f a s t e r  cis e lim in a -
(13) J. K . Williams, J. Org. Chem., 29, 1377 (1964). . . .
(14) (a) K . von Auwers and H. Hollmann, Ber., 59, 1282 (1926); (b) (16) l-Pyrasolines were isolated even when the 2-pyrazohnes contained

K. von Auwers and T. Breyhan, J. Prakt. Chem., [2] 143, 259 (1935). conjugated systems. Rearrangement to 2-pyrazoUnes occurs on recrystal-
(15) (a) L. G. Tensmeyer and C. Ainsworth, J. Org. Chem., 31, 1878 lization or brief heating with halogen acid. See (a) L. I. Smith and W. Pings,

(1966); (b) J. D. Albright and L. Goldman, ibid., 31, 273 (1966); (c) C. L. J. Org. Chem., 2, 23 (1937); (b) L. I. Smith and K . L. Howard, J. Amer.
Habraken and J. A. Moore, ibid., 30, 1892 (1965). Chem. Soc., 65, 159, 165 (1943).
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t io n  (1 2  -►  14 ) o f  th io la c e t ic  a c id  (d e t e c t e d  g a s  c h r o -  chromatographically on silicone gum  rubber (U C -W 9 8 )23 on  

m a t o g r a p h ic a l ly  a s  m e t h y l  t h io a c e t a t e )  t h a n  d o e s  th e  Chrom osorb W  (80-100 m esh), 4 ft  X  0.25 in glass column w ith  
. i- - -  -_,v . xl_ , , column temperature of 125 , detector temperature of 210 , m jec-
1 -p y ra z o lin e  11 ( i .e . ,  11 —*■ 1 5 ) s in ce  t h e  p r o t o n  a  t o  th e  tion port temperature of 275°, inlet pressure o f 35 psi, and carrier
c a r b o m e th o x y  g r o u p  in  t h e  fo r m e r  c a se  is  m o re  a c id ic . gas (H e ) flow  rate of 50 m l/min gave a  retention time o f 0.9 m in
A p p a r e n t ly ,  c is  e l im in a t io n  (1 2  —► 1 4 ) a lso  is  fa s t e r  for l-m ethyl-5-earbom ethoxypyrazole (6 ), 1.12 m in for m ethyl
th a n  iso m e r iz a t io n  (11  o r  12 1 3 ) u n d e r  th e se  r e a c t io n  0-(m ethylm ercapto)acrylate (5 ), 1.5 m in for carbom ethoxy-
ennH itinno  w In t e rm e d ia t e  14 c o u ld  (rain  a ro m a t ic  Pyrazole (7 ), 2.3 min for l-m ethyl-3-carbom ethoxypyrazole (8 ),
c o n d it io  . _ . E it j  i , and 3.5 and 6.2 min for other uncharacterized compounds (F igure
s ta b i l iz a t io n  b y  r a p id ly  t a u t o m e n z m g  t o  7 .17 A l t h o u g h  j )

small quantities o f impure compounds having physical Reaction of Methyl iran-s-/3-(Acetylthio)acrylate (4) in Distilled 
properties expected for 13 were obtained b y  chro- Diazomethane in Ether.—The same reaction and gas chromatog-
m atography o f the cis  4  reaction mixture, failure to  ™phy conditions were used as in the reaction with 4 above »
• i .i i i  j i j ,i • ,. I  he retention times observed were 0.9 mm for 6 , 1.5 mm for 7,
id en tify  these substances and study their reaction 2.3 min for 8 , and 3.5 min for an uncharacterized product (Figure
w ith  diazomethane precludes further speculation on 2 ).
th e  p r o d u c t  r a t io  d iffe ren ce s . Reaction of M ethyl cis-/3-(Acetylthio)acrylate (4 ) w ith D iazo 

m ethane at 85°.— M eth y l cis-/3-(acetylthio)acrylate (1 g , 6.3 X  
10" 3 m ol) w as heated to 85°. T o  this liquid w as bubb led  di- 

Experimental Section18 19 azomethane entrained in N 224 for approxim ately 3 hr. T h e  re
action mixture was further heated for 6 hr at 85 °. T h e  residual 

M ethy l fJ-(acetylthio)acrylate (4 ) was prepared b y  a  modifi- oil was chromatographed on silicic acid w ith  chloroform yield-
cation of the method of Owen and Su ltanbaw a.8 A  mixture of ing methyl ras-0-(methylmercapto)acrylate (5 ), 200 m g (2 0 % ),
64 g  (0.81 m ol) of methyl propiolate and 138 g  (1.81 m ol) o f and  l-acetyl-3-carbomethoxypyrazole (10 ), m p 77 -78 ° (e th e r-
thiolacetic acid was allowed to stand for 1 week at room tempera- chloroform ), 203 m g (2 1 % ) {Ana l. Calcd for C 7H 8N 203: C ,
ture and then heated on a  steam bath  for 2 hr. R em oval of excess 50.00; H , 4.80; N ,  16.65. Found: C , 49.70; H , 4.77; N ,
thiolacetic acid along w ith unreacted m ethyl propiolate under 16.92.).
reduced pressure followed b y  fractional distillation of the resi- 3-Carbomethoxypyrazole (7 ) was prepared b y  a  modification of 
due gave 35.7 g  (2 8 % ) of methyl 0-(acetylthio)acrylate. Repe- the method of Reim linger.12 M ethy l propiolate (8.4 g, 0.1 m ol)
tition o f this procedure utilizing recovered m ethyl propiolate and was treated w ith d ry  ethereal diazomethane solution at - 5  to
thiolacetic acid in two consecutive runs increased the over-all o ° .  The  reaction product immediately precipitated from  the
yield to 75% . Colum n chrom atography on silicic acid 4 0%  ether solution. Concentration under reduced pressure fo l-
chloroform in Skellysolve C  afforded the respective cis and trans lowed b y  recrystallization from  ether afforded 11.3 g  (9 0 % ) 3-
isomers. Recrystallization from  methanol yielded the cis com - carbomethoxypyrazole, m p 136-138° [lit .28 m p 138° (14 0 °)] .12
pound, m p 58 -59° (lit.8 m p 58 -58 .5 °), and the tram  compound, Anal. Ca lcd  for C 5H 5N 20 2: C , 47.63; H ,  4.80; N ,  22.21.
m p 82-83.5° (lit.8 m p 84 .5 °). The  nm r spectra indicated each Found: C , 48.06; H ,  4.82; N ,  21.84.
isomer to be free o f the other and the parameters were in agree- l-Acetyl-3-carbom ethoxypyrazole (10 ) from  3-Carbom ethoxy- 
m ent w ith  those reported in the literature.» In frared absorp- pyrazole (7 ) and Acetic Anhydride.— 3-Carbom ethoxypyrazole
tion spectra showed characteristic bands at 1362, 997, 810, and (7, i  g> 7.2  x  10 “ 3 m ol) was refluxed w ith  2 m l of acetic anhydride
785 cm 1 for the cis isomer and at 1312, 1010, 978, 850, and 825 for 48 h r. The  excess acetic anhydride and acetic acid were re
ran 1 for the tram  compound. m oved under reduced pressure. The  residue was recrystallized

Reaction of M ethyl c«s-/3-(Acetylthio)acrylate (4 ) in Undistilled from  methanol yielding 1.2 g (9 0 % ) of l-acetyl-3-carbom ethoxy- 
Diazom ethane in Ether.— T o  undistilled diazomethane in ether,19 pyrazole (10).
decanted from  K O H  pellets, was added 1.0 g (6.3 X  10“ 3 m ol) l-Acetyl-3-carbom ethoxypyrazole (10) from  3-Carbom ethoxy- 
of m ethyl cis -P -(acetyIthio)acrylate. T h e  temperature was pyrazole (7 ) and M ethyl cis- or trans-f}-(Acetylthio)acrylate.—
m aintained at — 5 to 0 fo r approxim ately 8 hr and then allowed M eth y l cis- or trans-ft- ( ace ty i th i< >) aery late (0.48 g, 3 X  10“ 3
to w arm  to room  temperature. A fter standing for 3.5 days10 moi )  and  3-earbomethoxypyrazole (0.41 g, 3 X  1 0 -*  m o l) were
the solvent ether20 was removed under reduced pressure. The  heated for 24 hr at 85°. The  crude product was recrystallized
residue w as chromatographed on silicic acid w ith chloroform from  methanol affording 0.4 g  (9 0 % ) of l-acetyl-3-carbom ethoxy-
yielding the following compounds: m ethyl cis -p -(m ethylm er- pyrazole (10 ).
capto)acrylate (5), bp 43-45° (0.5 mm) [lit.9 bp 35-38° (0.25 l-Methyl-3(5)-carbomethoxypyrazole (6 and 8 ).— 3-Carbo- 
m m )l, 208.4 mg (21% ) {Anal. Calcd for C5IIs02S . C , 45.45, methoxypyrazole (1 g, 7.2 X  10“ 3 mol) was treated with excess
H , 6.06; S, 24.24. Found: C , 45.63; H , 6.17; S, 24.19.); distilled diazomethane in ether at —5 to 0° for 8 hr. The mix-
l-methyl-5-carbomethoxypyrazole (6), bp 49-51 (0.5 mm) [lit. 21 22 ture was allowed to warm to room temperature and after standing

bpr [ ° 3“ ^04 (7  mm)1’ 185-6  mg (19% ) (AnaL Calcd for C<,Hir for 3 -5 days the solution was filtered and the solvent removed
N 2O2: C , 51.35; H , 5.75; N , 19.99. Found: C, 50.87; H , under reduced pressure. The residual oil was chromatographed
5.76; N ,  19.54.); l-methyl-3-carbomethoxypyrazole (8 ), bp 126- 0n silicic acid with chloroform affording 328 mg (32% ) of 1-
127° (1.4 mm), 34 mg (3.5% )n  (Anal. Calcd for C 6H sN i02: C , methyl-5-earbomethoxypyrazole (6 ). A  small amount of 1 -
51.35; H , 5.75; N , 19.99. Found: C, 50.81; H , 5.71; N ,  methyl-3-carbomethoxypyrazole (8 ) was detected gas chromato-
19.81.). graphically.

Similar yields were obtained for 5, 6, and 8 when m ethyl tram - i n another reaction the mixture was analyzed b y  gas-liqu id
/3-acetylthioacrylate (4 ) was employed in the above reaction. partition chrom atography under the same conditions em ployed

Reaction of M ethyl ras-0-(Acetylthio)acrylate (4 ) in D istilled  for analy Sis of the reactions involving cis and tram  4. T h e  re-
D iazom ethane in Ether. A  procedure analogous to the above tention times observed were 0.9 m in for 6 , 1.5 m in for 7, 2.3 min
reaction was utilized.20 T he reaction mixture was analyzed gas for 8, and 3.5 m in for an  uncharacterized product (F igu re 3 ).

(17) The well-established tautomerization of pyrazcles is assumed during n  • j, rt t \*
this discussion. See ref 2 and 15c. ^CglStry I lO . Di&ZOm6t-3l&.I16, 3 3 4 -8 8 -3 ; 4

(18) Nmr spectra were recorded utilizing a Varian A-60A spectrometer. 17830-98-7; 4  ( t r a n s ) ,  17830-99-8; 6 , 17827-60-0*
Infrared spectra were recorded utilizing a Beckman IR-5a and IR-IO. Gas o -i7 GO7 A I 1 . in  1 7 Q 0 7  AO 9  7 7
chromatographs were taken using an F & M Model 402 gas chromatograph , 1 j /O /-0
equipped with flame ionization detector and glass columns. Melting points
are corrected and were taken with a Thomas-Hoover melting point appa- Acknowledgm ent*---W e  RFe gratefu l to the N a tion a l
ratus. Analyses were run by Clark Mieroanalytical Laboratory, Urbana, 111. Center fo r Radiologica l H ealth, N ationa l Institu tes o f

(19) H. A. Blatt, Ed., “Organic Syntheses,” Coll. Vol. II, John Wiley & tt „ u l  r> i -n i r ,  c  , . . . .  , ,
Sons, inc., New York, n . Y„ 19 5 5, p 16 5 . Health, R ockville , M d ., for support o f this work through

(20) A small amount «1 % ) of white polymeric material separated from G rant N o . RH-00529.
the ether solution during the reaction.

(21) V. F. Vasil’eva, V. G. Yashunskii, and M. N. Shchukina, Z h .  O b s h c h . (23) Hewlett-Packard, Moseley Division, Pasadena, Calif.
K h i m . ,  32, 2888 (1962). (24) F. W. Breitbeil, J. J. McDonnell, T. A. Marolewski, and D. T.

(22) Gas chromatographic analysis shows l-methyi-3-carborn ethoxy- Dennerlein, T e t r a h e d r o n  L e t t . , 4627 (1965).
pyrazole is formed in 7% yield. (25) H. von Pechmann and E. Burkard, B e r . , S3, 3594 (1900).
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Reaction of 5-bromo-5-deoxy-l,2-0-isopropylidene-3-0-methyl-a-D-xylofuranose or 5-0-p-tolylsuIfonyl-3-0- 
methyl-a-D-xylofuranose with triethyl phosphite yields the corresponding diethyl phosphonate. Reduction of 
the phosphonate with lithium aluminum hydride gives, presumably, 5-deoxy-5-phosphine-l,2-0-isopropylidene-
3-0-methyl-a-D-xylofuranose, which upon treatment with acid followed by air oxidation produces a mixture of 
stable crystalline 5-deoxy-3-0-methyl-5-(phosphine oxide)-D-xylopyranose and 5-deoxy-3-0-methyl-5-(phos- 
phinic acid)-D-xylopyranose. The former is converted into the latter by oxidation with bromine.

As a part of a program to examine the behavior of essentially oxygen-free water. Only one component
carbon-bonded phosphorus in sugar derivatives,1 our is initially present in the ether solution as shown by
interest has been directed toward the preparation of thin layer chromatography.
sugar analogs wherein phosphorus replaces the oxygen On acid treatment, the furanose ring in IV  shifts to 
heteroatom in the D-xylopyranose ring. D-Xylose has a cyclic six-membered ring containing a secondary
served previously as a satisfactory starting material phosphine group. This compound, 5-deoxy-l,2-0-
for the introduction of sulfur into the pyranose ring.2 isopropylidene-3-0-methyl-5-phosphine-D-xylopyranose
Phosphorus is introduced at position C-5 through (V ), reacts readily with oxygen. I t  is converted im-
application of the Michaelis-Arbuzov reaction. The mediately by air oxidation into the stable crystalline
ester obtained is reduced with lithium aluminum hy- secondary phosphine oxide, IV , and phosphinic acid,
dride to the phosphine3 which reacts intramolecularly V I I  (Scheme I).
with the aldehydic function to form a phosphorus Secondary phosphine oxides and phosphinic acids 
hemiacetal4 5 with phosphorus in the sugar ring. are readily obtainable by air oxidation of secondary

The starting compound for the Michaelis-Arbuzov phosphines.6,7 Rauhut and Currier,6 on oxidizing
reaction requires a reactive leaving group, such as secondary phosphines with air, produced phosphine
halogen or tosylate,6 at C-5. The hydroxyl group at oxides, but found no phosphinic acids among the
C-3 is blocked with a methyl group to prevent its products. Other workers,8 on the other hand, have
participation in the displacement reaction. As can be oxidized certain secondary phosphines in air directly
anticipated, substantially higher yields of desired to phosphinic acids without obtaining secondary phos-
product are obtained when the C-3 hydroxyl is blocked phine oxides.
with a methyl than with an acetyl group. 5-Deoxy-3-0-methyl-5-(phosphine oxide)-D-xylopy-

Methylation of l,2-0-isopropylidene-5-0-p-tolyl- ranose (V I) and 5-deoxy-3-0-methyl-5-(phosphinic
sulfonyl-a-D-xylofuranose with methyl iodide and acid)-D-xylopyranose (V II ) are obtained in an over-all
silver oxide in V,V-dimethylformamide affords 1,2- yield of 15 and 3.5%, respectively, from the phos-
0-isopropylidene-3-0-methyl-5-0-p-tolylsulfonyl-a-D- phonate ester. The phosphinic acid is obtained also 
xylofuranose (I). This compound is converted into 5- from the oxide by bromine oxidation9 at 25°. 
bromo-5-deoxy-l,2-0-isopropylidene-3-0-methyl-a-D- The 'H  nmr spectra of compound V I in deuterium
xylofuranose ( I I )  by nucleophilic displacement of the oxide is shown in Figure 1. The spectrum determined
tosyloxy group using tetraethylammonium bromide at 40° shows a triplet centered at t 5.40, which rep-
in N,N-dimethylformamide. 5-Deoxy-5-(diethyl phos- resents only half of the H -l proton resonance. The
phonate)-l,2-0-isopropylidene-3-0-methyl-a-D-xylofu- signal of another half-proton is only partially observ- 
ranose ( I I I )  is obtained in nearly quantitative yield able because of interference by the HOD signals. The
by treating I I  with a large excess of triethyl phosphite. latter signal is shifted upfield10 in the spectrum mea-
The same phosphonate ester is obtained in lower yield sured at 80° and the triplets appeared at r 5.15 and
when the corresponding tolylsulfonyl ester, I, is treated 5.30.
with an excess of triethyl phosphite. Hydrolysis of The splitting pattern of the signals suggests that 
the phosphonate ester with aqueous acetic acid yields compound V I has phosphorus in the ring. H -l is split
5-deoxy-5-(diethyl phosphonate)-3-0-methyl-D-xylofu- by phosphorus into two peaks, each of which is further
ranose (V III ),  which is characterized as the osazone. split into two peaks by the phosphorus-bonded deute-

Reduction of I I I  with lithium aluminum hydride in rium. Each of these four peaks are again split by H-2
ether furnishes, presumably, 5-deoxy-l,2-O-isopropyl- to give eight peaks. Only six (two triplets) of the
idene-3-0-methyl-5-phosphine-a-D-xylofuranose (IV ), theoretical eight peaks (two quartets) are observed,
which rapidly produces acidic materials during isola- The wide coupling (8.5 Hz) is assigned to the phos-
tion, but is relatively stable in ether after washing with phorus and H -l interaction on the basis that it was not

affected when decoupling was attempted at —220 to
(1) For example, see R. L. Whistler, C. C. Wang, and S. Inokawa, J. Org. _ 44Q Hz and at + 4 7 to +160 Hz. Because of COm-

(2) (a) R. L. Whistler, M. S. Feather, and D. L. Ingles, J. Amer. Chem. pleX SeCOl 1 d-order effects from long-range COUpHng,
Soc. 81, 122 (1962); (b) T . J. Adley and L. N. Owen, Proc. Chem. Soc., 418
(1961)- (c) J C P  Schwarz and K. C. Yule, ibid., 417 (1961); (d) J. K . N . (6) M . M. Rauhut and H. A. Currier, J. Org. Chem., 26, 4626 (1961).
Jones and W. A. Szarek, Can. J. Chem., 41, 636 (1963). (7) K. D. Berlin and G. B. Butler, Chem. Rev., 60, 243 (1960).

(3) F Pass and H. Sehindbauer, Monateh. Chem., 90, 148 (1959). (8) (a) C. Dorken, Ber., 21, 1505 (1888). (b) A. W. Hoffmann, ibid., 4,
(4) (a) H. Heilman and O. Schumacher, Angew. Chem., 72, 211 (1960); 605 (1871); 6, 292 (1873). (c) S. A. Buckler and V. P. Wystrach, J. Amer.

(b) S. A. Buckler and M . Epstein, J. Org. Chem., 27, 1090 (1962); (c) S. A. Chem. Soc., 83, 168 (1961).
Buckler and M . Epstein, Tetrahedron, 18, 1231 (1962). (9) P. Nylen, Z. Anorg. Allg. Chem., 23B, 161 (1938).

(5) L  Homer H. Hoffmann, and P. Beck, Ber., 91, 1583 (1958). (10) R. U. Lemieux and J. D. Stevens, Can. J. Chem., 44, 249 (1966).
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Figure 1.— ¿H nmr spectra of 5-deoxy-3-0-methyl-5-(phos- ®
pMne oxide)-D-xylopyranose in deuterium, oxide at 40° (upper) |
and 80° (lower). CH2P(OEt)2 H

______ -P ^
the line-spacing values for J lt2 (2.5 Hz) and J iiD (2.0 \0CH3 /oCH3 OH
Hz) are only rough estimates. Two one-proton mul- \l /  Kl /
tiplets at t 7.24' and 7.54 might be assigned to the 5 I w I
hydrogens. 0H

The signals for the phosphorus-bonded hydrogen11 VHI V
appear when the spectrum is determined in water. a /
They are observed as two half-proton multiplets cen- s C
tered at r —1.42 and 6.88, which shows a coupling N.
constant of 498 Hz for the interaction between phos- 0  0

phorus and its proton.12 _____ v— cm
Although the two half-proton triplets at r  5.15 and / „ \  Br, /  \

5.30 and the absence of mutarotation indicate that 3 J  3 /  H
compound V I constitutes only one anomer both in the HCV [ HCK (
crystalhne form and in solution, it is not possible to OH OH
assign the configuration of the anomeric carbon. On y j y jj
the assumption that the ring adopts a C l conformation, 
the sugar would have, most likely, an a -D  configura
tion, since the coupling constant J i>2 is relatively small. Although the nmr spectral results obtained with the 
On the other hand, if a 1C conformation should pre- phosphinic acid, V II, are difficult to interpret because 
dominate, the small coupling constant could account of their complexity, a spectrum in methyl sulfoxide-d6 
for both a -D  and /3-d  configurations, since H-2 bisects shows that, while other signals remain at about the
the hydrogen and hydroxyl on C-l producing about same regions as those of V I, the signals of both C -l and
the same dihedral angle for both a -D  and /3-d  forms. C-5 protons become evident because they occur farther

The infrared spectra of compound V I in a Nujol upheld. C -l proton signals appear at r 7.07 and 7.20
mull shows a P -H  stretching vibration13 at 2430 cm-1 (5.70 and 5.85 for V I) and C-5 protons appear at 7.85-
which disappears on deuteration. A  strong absorption 8.14 and 8.17-8.50 (7.55-7.76 and 7.80-8.10 for V I).
at 1237 cm-1 is attributed to the phosphoryl group. These observations are consistent with the structures as-

The secondary phosphine oxide structure of V I is signed since the protons on C -l and C-5 would be those
supported also by its neutrality and relative stability most affected by the substitution of P-O H  (V II ) for
toward air oxidation.8 On exposing to a dry atmo- P -H  (V I).
sphere at 25° for several weeks, compound V I does not The infrared spectra of this acid shows a broad 
show a change in melting point. shallow absorption at 2260 cm-1 which is clearly to be

associated with the phosphinic acid group as it dis-
(11) d . d . Magneiii, g . Tesi, t . u. Lowe, jr., and w. e . McQuistion, appears on salt formation.14 The phosphoryl group

.., . „ „  was observed at 1224 cm "1. Such characteristic
( 12) J. K . Dyer, Applications of Absorption Spectroscopy of Organic Com- „V» „ „ l ,  1 j  r  i  • • • i  .

pounds, Prentice-Hall, Inc., Englewood Cliffs, N . J., 1965, p 96. p H O S p ilO ry l gTO U p 3J1U. p llO S p illI llC  ctClu. gTO U p V lb ra / t io il
(13) L. J. Bellamy, “ The Infrared Spectra of Complex Molecules,”  John

Wiley & Sons, Inc., New York, N . Y ., 1958, p 320. ( 14) Reference 13, p 319.
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positions ind icate  an  enhanced  h y d ro gen -bo n d in g  was extracted four times with 60-ml portions of chloroform. The
effect 14 chloroform extracts were combined and washed with water, dried

, T7T , iTTT i -  , j  . v  over sodium sulfate, filtered and the last trace of A ,A-dim ethyl-
W h e n  com pounds V I  an d  Y I I  are  su b jected  to sod iu m  formamide was removed by evaporation at 90° (6 m m ). The

metaperiodate oxidation at room temperature, the remaining residue was then distilled at 100° (bath temperature)
former consumes 3 mol of oxidant with the liberation of (0.2 mm) to give a pure product, yield 3.5 g (90% ), [a] “d —94.8°
0.79 mol of formic acid, and the latter consumes 2 mol <c 1-80> ethanol).
of oxidant with the production of 0.77 mol of formic Anal. Calcd for C 9Hi60 4Br: C, 40.48; H , 5.66; Br, 29.92.

acid. T h e  y ie ld  o f fo rm ic  ac id  agrees rea so n ab ly  w ith  S-Deoxy-5-(diethyl phosphonate)-l,2-0-isopropylidene-3-0-
the theoretica l v a lu e  o f 1 m ol. T h ese  resu lts ind icate  methyl-a-o-xylofuranose (III ).— A  mixture of 4 g of 5-bromo-5-
th a t tt-h ydroxy  phosph in ic  acids a re  susceptib le  to  deoxy-l,2-0-isopropylidene-3-0-methyl-a-D-xylofuranose and 12
periodate  c leavage . S ince V I  can  b e  read ily  con verted  “ l1 of freshly distilled triethyl phosphite was refluxed gently under
f  T7TT . ,, , , . , , nitrogen for 7 hr at 165 . Excess phosphite was distilled at 70
into  V I I  b y  ox idation , the  ex tra  m o le  o f pe riodate  con - (0.3 mm) and the desired phosphonate ester was obtained as a
SUmed b y  V I  can  b e  accounted  fo r  b y  the ox id ation  o f the colorless oil in nearly quantitative yield which was sufficiently
P - H  bon d . T h ese  resu lts g re a t ly  substan tia te  the as - pure for subsequent conversion. An analytical sample was
signed structures obtained by distillation at 140° (5 X  10_ 3mm): [<*]26d —36.3°

The titration curve and neutralization equivalent of ^Anal^Calcd°for C13H25O7P: C, 48.09; H, 7.72; P, 9.56.
V II are consistent with a monobasic acid. Its p i s  Found: C, 47.64; H, 7.71; P, 9.08.
calculated from apparent dissociation constants, un- The phosphonate ester was also obtained in 30% yield by sub
corrected for activities, to be 1.61. This indicates that stituting l,2-0-isopropylidene-3-0-methyl-5-0-p-tolylsulfonyl-a-
it is a Stronger acid than orthophosphoric acid which D-ytofuranose for the bromoxylose derivative above. ‘H  nmr
, rr i k  mi • . . t , i data (chloroform-a) were as follows: r 4.16 (one-proton doublet,
has a pKi of 2.1. The increase m acidity can be ra- / 12 — 3 .5  Hz, H - l ) ,  5.41 [one-proton doublet, partially overlaps
tionalized in terms of internal hydrogen bonding of the with P (O C H 2~) signals, H -3 ], 5.86 [four-proton multiplet,
phosphinic acid group with an adjacent hydroxyl group J p .h“ =  7.5 Hz, / H“,h*3 =  7.0 Hz, P (O C H 2- ) ] ,  6.56 (three-
in a manner analogous to the sugar phosphates. 16 proton smglet, OCHs), 7.61, 7.93 (two-proton multiplete, / 6.p =

. Although a phosphorus atom cannot be proven to be 8 68> 8 7 9  [six_prolon tripletg) ,/lM =  0 Hz, P (O C H 3)2] . 
in the ring in compound V, the isolation and character- 5-Deoxy-5-(diethyl phosphonate)-3-0-methyl-D-xylofuranose
ization of V I and V II  indicate that V  has the structure (V III).—5-Deoxy-5-(diethyl phosphonate)-l,2-0-isopropylidene-
shown. 3-O-methyl-D-xylofuranose (1 g ) was dissolved in 50 ml of 20%

acetic acid. After heating for 6 hr at 80°, the solvent was 
_  . + 1 c  +1 n evaporated to a syrupy residue. Examination by thin layer
•Experim ental oectio  chromatography showed a single component, R i 0 .1 in solvent a.

Melting points were determined by a Fisher-Johns apparatus. The product was dissolved in 20 ml of 50% ethanol and, by
Infrared spectra were measured on a Perkin-Elmer 521 grating addition of 2 g of phenylhydrazme hydrochloride and13 g of
spectrophotometer. Nuclear magnetic resonance spectra were sodium acetate, was converted into the yellow osazone which was
recorded at 40° unless otherwise stated on a Varian A-60A recptalhzed  from methanol: mp 86-88
spectrometer, with tetramethylsilane as an external or internal Anal. Calcd for C 22H 31O5N 4P . N , 1 2 .1 1 . Found. N ,
reference; the samples were saturated solutions. The first-order H .94. . . . .  „ ,, , , .
coupling constants recorded are the measured peak spacings and 5-Deoxy-12-0-isopropyhdene-3-0-methyl-5-phosphino-a-D-xy-
are considered accurate to ±0 .5  Hz. Deuteration of the samples lofuranose (IV ).-5 -D eoxy-5 -(d iethy l phosphonate)-12-0-iso- 
was performed by double evaporation in deuterium oxide. propyhdene-3-O-methyl-a-D-xylofuranose (1.0 g ) was dissolved 
Evaporation was performed in a water bath at 40° unless other- m 10 ml of ether and the solution was cooled to 0 m an ice bath
wise stated. Thin layer chromatograms were run on silica gel in A  suspension of 0.4 g of lithium aluminum hydride m 10 ml of
(a ) ethyl acetate-Skellysolve B  (1:1 v/v), (b ) isopropyl alcohol- ether was added and the reaction mixture was stirred at 0 for 15
ethyl acetate-water (7 :1 :2  v/v), and (c) ethanol-ammonium mm m a nitrogen atmosphere. The ice bath was removed and
hydroxide-water (5 :3:1  v/v ). Compounds on the chromato- reaction was continued for an additional 15 mm. At this point,
grams were detected by spraying with 5 %  sulfuric acid in ethanol tic revealed one product at an approximate f t  of 0 82 m solvent a
nd heatin but no starting material was detected. Excess lithium aluminum

8,11 l,2e-OTsSopropylidene-3-0-methyl-5-0-?.-tolylsulfonyl-«-D-xylo- hydride was cautiously destroyed with dilute sulfuric acid while
furanose (D.-l^-O-Isopropylidene-S-O-p-tolylsulfonyl-a-n-xylo- maintaining the reaction mixture at 0 The ether layer was
furanose17 (2.0 g ) was dissolved in 20 ml of dry A,ft-dimethyl- washed with nitrogen-saturated water 10 ml) three times and
formamide18 and to this was added 3.0 g of silver oxide and 2 ml then dried over anhydrous sodium sulfate. It  was used im-
of iodomethane. The mixture was shaken in the dark at 25° for mediately for the following conversion.
20 hr. It  was then filtered and the residue extracted several v 5-Deoxy-3 -0 -methyl-5-phosphmo-D-xylopyranose (V ) . -T h e
times with chloroform. The combined chloroform extracts were ether solution obtained above was filtered m a nitrogen atmo-
filtered to remove a white precipitate and were concentrated to a sphere into a flask e9™PPed with a gas inlet tube w  lc e^t
thick syrup which crystallized readily from ethanol-Skellysolve to near the bottom of the flask and 25 ml of 2.4 A  hydrochloric
-d mvT * ia oc07 i iq  11 a ° r^l25n _ 0 7  rt° (r i C7  acid, previously saturated with nitrogen, was added. The flask
B  The yield was 95%, mp 113-114 , M  n -27..0 (c l  87, at in a water bath for 3_7  hr, whiie a stream 0f
chloroform). The following e x t e n t s  for this compound, P wag d ^  ^  golution_ The water ^  .r
prepared by another procedure/ 8 have been recorded- mp 114 , ^  ^  wag ^ aintained at about or bel0w  the same height as

[“ ]D ^Bromo-SMeoxyA'^-Odsopropylidene-a-O-methyl-a-D-xylo- that inside the reaction flask. Compound IV  gradually went
o Ttti i o n  t ri o n  mp+Lvl H O 1) tolvl- into the aqueous layer as ether was carried away by the nitrogen

furanose ( I I ) . - l s t r e a m .  A t the end of the reaction tic showed one spot at the 
suifonyl-a-n-xylofuranose (5.0 g ) « »  t e M  i n 100 ml of A  A -  bage ^  ^  solvent & but ^  an Rf of 0 .8 in solvent b . This
dimethylformamide and to this was added 10 g of tetraethyl could be isolated without contaminating oxidized

s z t s t r t r ite ”  „6 r/ i p4 * . s™ «1» iT , wT „» ,»d
oatn ior xo m ■ wauei mi; ™ ®  & easier to handle, procedures were developed to isolate the oxi-

(15) J. R. Van Wager, "Phosphorus and Its Compounds,” Vol. I, Inter- dized products as described below. N o  special effort was made
science Publishers, New York, N. Y., 1958, p 360. to characterize the unoxidized product.

(16) (a) J. X. Khym, D. G. Doherty, and W. E. Cohn, J.  Amer. Chem. 5-Deoxy-3-0-methyl-5-(phosphine oxide)-D-xylopyranose (V I).
Soc., 76, 5523 (1954); (b) W. D. Kumber and J. J. Eiler, ibid., 65,2355 (1943). M ethod  A.— The solution obtained above was cooled, diluted

(17) P. a . Levene and A. L. Raymond, J.  Biol. Chem I®2. 1117 (194^ ’ w ith  200 m l of water, and neutralized b y  passing through a
U8) M L. Wolfrom, Y -U  Hung P. Chakravarty, G. U. Yuen, and D. ^  of Amberlite m _45. The column was

TioT g . T.rRobenson and D. Gall, j .  Chem. Soc.. 1600 (1937). then washed w ith  800 ml o f water and the effluent was evaporated
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to dryness under reduced pressure in a rotatory evaporator at was dissolved in methanol and precipitated by adding acetone and
40-50°. The yellow residue was taken up in 20 ml of methanol. cooling. The fluffy precipitate was centrifuged, washed with
Examination by thin layer chromatography in solvent b  showed methanol-acetone, redissolved in water, and passed through
the presence of one major spot at Ri 0.8, one minor spot at Rt Amberlite IR-120 (5 ml). The column was washed with water
0.6, corresponding to the phosphine oxide V I, a very light streak to neutrality. The effluent was evaporated to a syrup which
centered around Rt 0.2, corresponding to the phosphinic acid crystallized upon scratching. It was recrystallized from meth-
V II ,  and a trace spot at the base line. The methanolic solution anol-ether: yield 0.12 g, mp 192° dec, [a ]28d  —25.8° (c 1.02,
was filtered and made cloudy by adding ether. Traces of per- water, no mutarotation in 48 hr).
oxides contained in the ether solution were sufficient to catalyze Anal. Calcd for CcIIuOeP: C , 33.97; H , 6.18; P , 14.60; 
the oxidation. It was then kept a t —5° for 2 days. Crystalline neut equiv, 212. Found: C, 34.35; H , 6.33; P , 14.17; neut 
material was collected and washed with cold methanol. A  equiv, 210.
second crop was obtained from the mother liquor by similar The same phosphinic acid was obtained also from 5-deoxy-3-0-
treatment. The products were combined (0.1 g ) and recrystal- methyl-5-(phosphine oxide)-D-xylopyranose (V I )  by  bromine
lized from hot methanol: mp 208-210°, [a ]Mo +3 5 .0 ° (c 1.10, oxidation. V I (100 mg) was dissolved in 10 ml of water, to
water, no mutarotation in 48 hr). which was added 3 drops of bromine and 100 mg of barium car-

Anal. Calcd for CcH130 5P: C, 36.73; H , 6.68; P , 15.79. bonate. The mixture was shaken until a clear yellow solution 
Found: C , 36.50; 11,6.71; P , 15.50. resulted and was stored at 25° in the dark for 2-5 days. Excess

Method B .— The solution was cooled, diluted, neutralized, and bromine was removed by aeration. The solution was neutralized
washed in the same way as described above. The effluent was with silver carbonate, filtered, and passed through a column con-
evaporated in a glass circulating evaporator20 under reduced taining 10 ml of Amberlite IR-120. The effluent was evaporated
pressure (6 mm) to about 50 ml. The solution was removed and to a colorless syrup which crystallized upon scratching. The
further concentrated under reduced pressure in a rotatory compound was recrystallized from methanol-ether: yield 93 mg
evaporator at 40° to produce a brown residue. The residue was (90% ). It  had the same decomposition point and infrared spec-
dissolved in 10 ml of methanol and the compound was crystallized trum as the compounds indicated above.
at 5°, yield 0.095 g. Melting point and infrared and nmr spectra On periodate oxidation23 the compound consumed 2.0 mol of 
proved that compounds obtained by methods A  and B  were periodate and produced 0.77 mol of formic acid/mol of sugar in 
identical. 11.5 hr.

Method B  was convenient for larger scale preparations in ‘H  nmr data of V II  in solvent a, deuterium oxide, follows,
which solvent could be removed readily. V I had an approxi- T 5.50-7.00 (seven-proton multiplets, H -l ,  -2, -3, -4, -O C H 3),
mate Ri value of 0.6 in solvent b and 0.73 in c on thin layer 7.18-8.30 (two-proton multiplets, H-5, -5 '); b, methyl sulfoxide-
chromatograms. It had an approximate Rlyi value of 0.90 by ck, 3.49 (four-proton singlet, disappears on deuteration and shifts
descending chromatography on Whatman No. 1 in pyridine-ethyl with change in concentration, OH-1, -2, -4, P -O H ). 6.48
acetate-acetic acid-water (5 :5 :1 :3  v /v );21 ammoniacal silver (three-proton singlet, O C H 3), 7.07, 7.20 (broad half-proton
nitrate was used as the indicator.22 On periodate oxidation23 it singlets, H - l ) ,  7.85-8.14, 8.17-8.50 (one-proton multiplets,
consumed 3.0 mol of periodate and liberated 0.79 mol of formic H-5, -5 ').
acid/mol of compound in 12 hr. Acid Strength of 5-Deoxy-3-0-methyl-5-(phosphinic acid)-D-

'H  nmr data of V I  in solvent a, deuterium oxide at 80°, follow, xylopyranose.— Titration was made at 25°. Several points
t  5.15, 5.30 (half-proton triplets, ./i,2 =  2.5 Hz, Jui, =  2.0 Hz, near the middle of the curve were used and the variation of the
H - l ) ,  6.72 (three-proton singlet, O C H 3), 5.84-6.66 (three-proton pK *  values gave an estimate of their accuracy. The over-all
multiplet, H-2, -3, -4), 7.24, 7.54 (one-proton multiplets, error was perhaps greater than the differences indicated. Results
H-5, -5 '); in b, water, — 1.42, 6.88 (half-proton multiplets, are presented in Table I.
P -H , / P,H =  498 H z); in c, methyl sulfoxide, — 0.60 (half-proton
multiplet, P -H ) ;  in d, m ethyl sulfoxide-dr„ 5.09 (three-proton T a b le  I
broad singlet, disappears on deuteration and shifts w ith  change
in concentration, OH-1, -2, -4), 5.70, 5.85 (half-proton singlets, Molality [N +^x  Average
H - l ) ,  6.51 (three-proton singlet, O C H 3), 7.55-7.76, 7.80-8.10 x  10"3 10“3 pH pKa pX*
(one-proton multiplets, H -5 ,-5 ')- 1.47 0.19 2.30 1.63

5-Deoxy-3-0-methyl-5-(phosphinic acid)-D-xylopyranose (V II). 0.84 0.40 2.50 1.57 1.61
-—The mother liquor obtained above from either method A  or 0.55 0.47 2.70 1.61
method B  could be used. As a typical example, the mother 0.27 0.54 3.00 1 63
liquor obtained from method B , [starting from 5 g of 5-deoxy-5- 
(diethyl phosphonate)-l,2-0-isopropylidene-3-0-methyl-a-D-xylo-
furanose] was evaporated to a syrup which was taken up in 20 Registry No.— I, 17954-92-6; II, 17954-93-7; III  
ml of water and passed through a column containing 20 ml of 17968-56-8; VI, 17954-42-6; VII, 17953-91-2; V III
Amberlite IR-45 ion-exchange resin. The column was washed 17953-63-8 
successively with 50 ml of water, 25 ml of 5%  N H 3 and finally 
water to neutrality. The effluent was evaporated to a brown
residue. Water (10 ml) and cyclohexylamine (1 ml) was added. Acknowledgment.'— This work was supported by the
A  white amorphous solid resulted upon evaporation. The solid Agricultural Research Service, U. S. Department of

(20) m . Beroza, A n a l, ch em ., 26, 1251 (1954). Agriculture, Grant No. 12-14-100-7662(71) (Journal
(2p f . g . Fischer and h . j. Nebei, z .  P h y s io l, ch em ., 302, io (1955). Paper No. 3376 of the Purdue Agricultural Experiment
(33) r . D°.UGh;thrieTn  ‘“ ’e Z d s  ’carbohydrate chemistry,”  r . l. Station, Lafayette, Ind.) administered by the Northern

Whistler and M . L. Wolfrom, Ed.t Academic Press, New York, 1962, p 432. R e g i o n a l  R e s e a r c h . L a b o r a t o r y ,  P e o r i a ,  111.
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Rotatory Dispersion of Sugar Derivatives. III.1 Aldose Benzylphenylhydrazones
W. S. Chilton
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Optical rotatory dispersion and nmr spectroscopy have been used to examine the structure and conformation 
of two pentose and four hexose benzylphenylhydrazones. The compounds exist in solution as imines rather than 
iV-glycosides. Compounds with R  configuration at C-2 are dextrorotatory at long wavelength and have posi
tive Cotton effects at about 300 nm. Acetylation removes intramolecular hydrogen bonding and shifts the con
formational equilibria toward conformations of opposite rotatory sign. Acetates with R  configuration at C-2 
are levorotatory at long wavelength, and all but penta-O-acetyl-D-mannose benzylphenylhydrazone have strong 
negative Cotton effects at 300 nm. The same relationships apply to three other aldose arylhydrazones which 
have been shown previously to have the imine rather than the V-glycoside structure.

Despite availability of a large number of optically rotation for sugar benzylphenylhydrazones, based on
active phenylhydrazones from sugars, no systematic the observation that 11 sugar benzylphenylhydrazones
work has been done on the relationship of their optical are dextrorotatory at the sodium d  line if C-2 has R
rotatory dispersion to structure and conformation. chirality (1), or levorotatory if C-2 has S chirality.11
The detailed structure of sugar phenylhydrazones The six sugar benzylphenylhydrazones prepared sub
involves cis-trans isomerism about the imine bond in sequently have been found to have long wavelength
acyclic cases and a and /3 stereochemistry at the ano- rotations of the expected sign.12 The validity of
meric center as well as pyranose vs. furanose ring size in Hudson’s correlation suggests that aldose benzylphenyl-
cyclic cases. Observed mutarotation of sugar hydra- hydrazones do not exhibit the isomeric complexity of
zones indicates existence of more than one isomer in aldose phenylhydrazones. Consequently the series of
solution. Some aldose phenylhydrazone mutarotation benzylphenylhydrazones is a logical starting point for
curves indicate the presence of at least three isomers in investigation of the relationship between stereochem-
the approach to equilibrium.2 Chemical methods3'4 istry, conformation, and rotatory properties of aldose
have been used to distinguish cyclic from acyclic forms hydrazones by ORD and nmr.
in favorable cases. Nmr spectroscopy has been used The optical rotatory dispersions of sugar benzyl- 
to examine solution structure of a few aldose phenyl- phenylhydrazones in methanol show plain curves in the
hydrazones5 and X-ray crystallographic structures or region 350-600 nm, conforming throughout that region
partial structures are available for several aldose p- to the Hudson correlation (Table 1). The shape of the
bromophenylhydrazones.6 Crystalline arylhydrazones curve is controlled by an electronic transition in the
with acyclic structure are known for mannose,7 galac- vicinity of 300 nm (Figure 1). The Cotton effect of
tose,3'5 rhamnose,4 and ribose.8 Arabinose p-bromo- this transition has the same sign as the long wavelength
phenylhydrazone is cyclic.9 Both cyclic and acyclic rotation. The rotatory dispersions were generally not
forms of glucose phenylhydrazone are known.6,10 measured so far as the first extremum because of the
Information is available on the equilibrium concentra- unfavorable rotation to absorption ratio. Qualitative
tions of cyclic and acyclic forms in solution in only a differences appear when the dispersions are measured
few cases.4,5 Little is known of the structure of the in pyridine. The magnitude of rotation was found in
other common aldose arylhydrazones. general to be appreciably greater in pyridine than in

CHCJi methanol. Acetylation in pyridine inverted the sign
c tj N/ 2 6115 relationship and further enhanced the magnitude of the

CH =NN^ 2 5 | ^CjRs rotation. The long wavelength rotation of mannose
I KK-ssN benzylphenylhydrazone changes sign on acetylation,

AcO^X^w but the shift is not so marked as for the other examples.
(CHOH) trun\ \ The rotatory dispersions of acetylated fucose, galactose,

| (CHOAc;re and arabinose benzylphenylhydrazones in methanol
CH2°H CH2OAc are qualitatively similar to dispersions measured in

j 2  pyridine. Several aldose arylhydrazones of known
acyclic structure are initially dextrorotatory at long

Hudson proposed an empirical correlation between wavelength and have positive first Cotton effects if 
absolute stereochemistry and long wavelength optical C-2 has R chirality (Table I I ) .  Their acetates are

(1) Part II: W. S. Chilton and R. C. Krahn, Amer. Chem. Soc, 90, levorotatory at the Sodium D line.
1318 (1968). There is no obvious pattern in the long wavelength

(2) C. L. Butler and L. H. Cretcher, ibid., 53, 4358 (1931); G. H. Stempel, optical rotation of most SUgar hydrazones for which

(3) m . l . Woifrom and c. c. Christman, ibid., os, 3413 (1931); a. Gereos, data are available. Only benzylphenylhydrazones
Tetrahedron, 19, 1455 (1963).

(4) L. Mester, Advan. Carbohyd. Chem., 13, 105 (1958). (11) C. S. Hudson, J. Amer. Chem. Soc., 39, 462 (1917).
(5) M . L. Woifrom, G. Fraenkel, D. R. Lineback, and F. Komitsky, Jr., (12) D-Ribose benzylphenylhydrazone, [ « ] d —26.5° (ethanol): P. A.

J . Org. Chem., 29, 457 (1964). Levene and W. A. Jacobs, Ber., 42, 1198 (1909). D-Altrose benzylphenyl-
(6) S. Furberg, Svensk Kem. Tidskr., 77, 175 (1965). hydrazone, [a]D 13° (ethanol): P. A. Levene and W. A. Jacobs, ibid., 43,
(7) K. Bjamer, S. Dahm, S. Furberg, and C. Schiander Petersen, Acta 3141 (1910). n-Xylose benzylphenylhydrazone, [<*]d —20.3° (methanol);

Chem. Scand., 17, 559 (1963). 7-deoxy-L~glycero-L-galacto-heptose, [a]D —15.8° (methanol), and d-glycero-
(8) K. Bjamer, S. Furberg, and C. Schiander Petersen, ibid., 18, 587 D-0«Zo-heptose, [<x]d —22.2° (methanol): E. Votocek, F. Valentin, and

(1964). O. Leminger, Collect. Czech. Chem. Commun., 3, 250 (1931). Lactose benzyl-
(9) S. Furberg and C. Schiander Petersen, ibid., 16, 1539 (1962). phenylhydrazone, [c*]d —25.7° (methanol): W . A. van Eckenstein and
(10) T. Dukefos and A. Mostad, ibid., 19, 685 (1965). C. A. Lobry de Bruyn, Rec. Trav. Chim. Pays Bas, 15, 225 (1896).
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T a b l e  I
R o t a t o r y  D is p e r s io n s  o p  A ld o s e  B e n z y l p h e n y l h y d r a z o n e s

,------------------- -----------------------Molar rotation at wavelength------------------------------------------
Benzylphenylhydrazone of Solvent“  589 nm 550 nm 500 nm 450 nm 400 nm 350 nm

D-Ribose M  -9 3 .5  -1 1 5  -1 5 8  -2 3 3  -3 9 8
P  -1 7 6  -2 1 7  -3 0 0  -4 5 1  -7 9 3

D-Arabinose M  37.9 47.4 61.7 89.0 149
P  44.7 60.3 80.3 129 246

D-Glucose Al —61.8 —73.5 103 157 —276 650
P  -1 8 0  -2 1 5  -2 9 5  -4 3 0  -7 3 0  -1730

D-Mannose A l 70.5 87.4 123 186 314
p  152 188 264 404 692

L-Fucose M  43.7 53.4 72.0 104 182
P  37.5 48.0 64.0 103 202

Lactose M  —87.2 — 106 — 145 208 336 — 723
P  -1 8 4  -  215 -  271 -3 7 5  -  577

Tetra-O-acetyl-D-ribose P  550 653 845 1060 1640 2880
Tetra-O-acetyl-D-arabinose P  —362 —444 —581 —821 — 1300 —2710
Penta-O-acetyl-D-glucose P  522 618 800 1085 1580 2760
Penta-O-acetyl-D-mannose P  —34.3 —38.4 —44.0 — 48 .16 —27.4 196
Tetra-O-acetyl-L-fueose P  —361 —438 —577 —801 — 1260

M  -3 5 3  -4 2 3  -5 5 5  -7 8 3  -1230  -2730
Penta-O-acetyl-D-galactose P  511 613 812 1140 1750 3580

M  450 545 708 980 1510 3050

“ Solvent: P  =  pyridine, M  =  methanol. 6 Trough, [$ ]2|7 —48.5°.

T a b l e  II
R o t a t o r y  D is p e r s io n s  o f  So m e  A l d o s e  H y d r a z o n e s  i n  P y r id in e

y-----— -------------------------------Molar rotation at wavelength------------------------------------ -—■>
Compound 589 nm 550 nm 500 nm 450 nm 400 nm 350 nm

D-Galactose methylphenylhydrazone — 10.1 — 10.2 — 15.9 —26.0 —54.0 — 173
Tetra-O-acetyl-D-galactose methylphenylhydrazone 148 181 222 260 288“ 97
D-Mannose p-bromophenylhydrazone 102 204 310 546 1790
D-Ribose p-bromophenylhydrazone —71.3 —94.7 — 138 —216 —429 — 1470

“ Peak, [0 ]&  290°.

] 25 r 4.5 to ca. 5.0. The chemical shift of the terminal
methylene hydrogen is unaffected by cyclization. The 

‘ zo - __ go lack of methine proton resonances above r 5.0 and the
/', presence of the H -l doublet at r 3.5 in the nmr spectra

■o *io - / 1 _ IK „ of acetylated aldose benzylphenylhydrazones (Table
* / \ 15 b I I I )  is consistent with acyclic structure 2. The acyclic

S  l / \ £ structure of penta-O-acetyl-D-galactose benzylphenyl-
i / \ ‘ 10 hydrazone has already been established by unambiguous

\ synthesis from aMeAydo-D-galactose pentaacetate.3
0 - f t  \  \ 5J \ \  T a b l e  III

-5 250 300 350 400 CHEMICAL SHIFTS AND COUPLING CONSTANTS OF ACETYLATED
A ld o s e  B e n z y l p h e n y l h y d r a z o n e s  i n  C h l o r o f o r m

Figure 1.— U v (-------) and O R D  (------- ) spectra of tetra-O- Derivative H-i, t h -2, t h -3, t H z * , , ,  Hz
acetyl-L-fucose benzylphenylhydrazone in methanol. Ribose 3 51 4 37 4 57 5 5 5

Arabinose 3.59 4.34 Ca. 4.6 4.8 5
and substituted benzylphenylhydrazones show a readily Galactose 3.58 4.36 Ca. 4.6 4.8 1
discernible relationship.13 This indicates that for Fucose 3.57 4.34 4.64 4.5 2
benzylphenylhydrazones, unlike most aldose hydra- Mannose 3.47“ Ca. 4.5 Ca. 4.5 a
zones, the acyclic isomer predominates independent of Glucose 3.49 Ca. 4.4 Ca. 4.6 4.5
stereochemistry. Cyclic and acyclic acetylated aldose ° Unresolved, broak peak,

phenylhydrazones are readily distinguished by nmr.
In the acyclic compounds the C -l aldimine proton Structures of cis and trans isomers about the imine 
resonance occurs in the region r 0.5-3.8 while in the bond of hydrazones can be assigned on the basis of the
cyclic isomer the C -l anomeric proton resonance occurs deshielding of the aldimine hydrogen by about 30-40 Hz
at r 5.6.5 The shielding resulting from the conversion when the /3 nitrogen is cis to H -l.14 However, the 
of the imine into a glycosylamine is also detectable to a chemical shift of the aldimine hydrogen is strongly
lesser extent in the shift of resonances of methine dependent on the nature of substituents on the d
hydrogens at C-2 from r 4.4 to ca. 5.0 and at C-3 from nitrogen and the solvent. A  range of 3.3 ppm has been

observed for monosubstituted arylhydrazones. To
(13) E. Votoiek, F. Valentin, and O. Leminger, Collect. Czech. Chem.

Commun., 3, 250 (1931); E. Votoòek and Z. Allan, ibid., 8, 313 (1936); E. (14) G. J. Karabatsos, F. M. Vane, R. A. Taller, and N. Hsi, J. Amer-
Votocek and O. Wichterle, ibid., 8, 322 (1936). Chem. Soc., 86, 3351 (1964).
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make assignment of cis and trans structures on the basis sign. A  very shallow trough occurs displaced to 450
of chemical-shift difference it is necessary to have both nm and a maximum, not observable in pyridine, occurs
isomers, cis or trans structures cannot be assigned to below 335 nm. The dominance of negative rotation
the aldose benzylphenylhydrazones on this basis because at wavelengths above 450 nm suggests that a positive
only one isomer is obtained from each aldose. Since Cotton effect is superimposed on a stronger negative one
no mutarotation was detected by ORD or by nmr, the centered at somewhat shorter wavelength. Presum-
set of isomers obtained are probably the sterically more ably both Cotton effects contribute to the long wave-
stable isomers with H -l and /3-N cis (2). The conforma- length rotation of the other benzylphenylhydrazones
tion about the bond between C-l and C-2 is unknown; examined as well, but the shorter wavelength effect is the
however, the coupling constant, Ji,2 =  5 Hz, is com- dominant of the two. Failure to take the weaker effect
parable with the coupling constant between H -l and into account in a one term Drude equation may explain
H-2 of acetaldehyde phenylhydrazone16 consistent with the range in values found for X0 (300 ±  20 nm).
a time average of appreciable contribution from several 
conformations.

As found for other acyclic imine derivatives of xpenmenta ection
sugars,1’6,16 deshielding of the proton resonance de- Rotations were determined on a Cary Model 60 spectro- 
creases systematically with the number of bonds inter- polarimeter at temperatures between 21 and 24° using a 10-cm
vening between the proton and imine group, reaching a lenKtllabove 40? nm and 10- and 1-cm path lengths below
r  ... , , V i r-T 400 nm. Concentrations between 0.1 and 0.2% were used for
limiting value of ca. r 5.0 for methme hydrogen. Con- all measurements above350nm. Solutions of benzylphenylhydra-
sequently nonfirst-order effects are more marked in zones were allowed to stand 24 hr before rotations were measured,
hexoses than in pentoses. The terminal methylene No mutarotation was observed after this period. Nmr spectra
signal for the ribose, arabinose, mannose, and glucose ?! acetylat]e'-1 benzylphenylhydrazones were measured on a
j  • .- : rn  j • . f  Varian Model A-60 spectrometer at 10% concentration m chloro-
derivatives occurs at ca. r 5.9 and IS a typical A B X  form with tetramethylsilane as internal standard.
pattern with Jab =  12 Hz and Jab/Sab =  1; for the Acetylation of Aldose Benzylphenylhydrazones.—Aldose ben-
galactose d e riva tive  J a b /^a b  =  2. C h em ica l shifts zylphenylhydrazones were acetylated at room temperature by
between H-2 and H-3 for the mannose and glucose adding 1 ml of acetic anhydride to 50 ml of 0.1% aldose benzyl-
d e riva tives  are  insufficient of fifl VTTTz tn nerm it dete r phenylhydrazone m pyridine. Progress of acetylation was
ae riva tive s  are  insuffic ient at bU IVlMz to  pe rm it d e te r- followed polarimetrically. The rotation became constant after
mmation ot J2,3* Virtual coupling 01 the aldimine 12 hr. Rotatory dispersions were measured 24 hr after addition
hydrogen of the mannose derivative to three other of acetic anhydride. The O R D  remained constant over a period
hydrogens is responsible for filling in of the expected of at *east 48 hr- Acetylated aldose benzylphenylhydrazones
doublet. Each acetate methyl resonance of proper were recovered by removal of pyridine under vacuum and freed 

• , , , o r w  , f, of traces of pyridine by repeated solution in chloroform and
area could be distinguished at ca. r 8.0 for many of the removal of chloroform under vacuum. Penta-O-aeetyl-D-
compounds. This is further evidence of the presence glucose benzylphenylhydrazone, [<*]24d 92° (c 0.2, pyridine), and
of only one geometrical isomer in the equilibrated penta-O-acetyl-D-galaetose benzylphenylhydrazone, mp 128-
chloroform solution. The wide variation in J23 and ( 30 w 24|) (methanol), («123D 90 (pyridine), had proper- 
T . . - i i !  r , • i i  ’ ties similar to those previously reported.17

J 3,4 indicates considerable conformational homogeneity Tetra-O-actyl-L-fucose benzylphenylhydrazone was crystal-
for at least some stereochemistries of the polyacetoxy- lized from ethanol: mp 135-136°; [ « ] 23d -69.0° (c 0.2metha-
alkyl chain. nol), H 28d -71° (c 0.2, pyridine).

The unacetylated aldose benzylphenylhydrazones ^ Anal. Calcd for C27H32N2O8: C, 63.72; H, 6.29; N, 5.47.
are also acyclic since acetylation of equilibrated pyridine ben^phenylhydrazone was ob-
solutions at room temperature gives acyclic products. tained as an oil, [«] 22r> -6 ° (c 0.2, pyridine).
The fact that configuration at C-2 has the dominant Anal. Calcd for C 29H 34N 2O10: mol wt, 570.2214. Found:
effect on the optical rotation of both acetylated and mo1 wt> 570.2237 (mass spectral).
unacetylated aldose benzylphenylhydrazones means Tetra-O-acetyl-n-arabinose benzylphenylhydrazone was ob-
, ,  . ,, , , , •  1 1 11 i tamed as an on which crystallized after a few days: mp 85-88 :
th a t it  is the closest asym m etric  center to the ch rom o- [a ]**D —73° (c 0.1, pyridine).
phore. This excludes a cyclic structure in which the Anal. Calcd for C26H 30N 2O8: C , 62.64; H , 6.07; N, 5.62.
new center of asymmetry at C-l, being closer to the Found: C , 62.34; H , 5.94; N , 6.02.
chromophore, would have the dominant effect on the Tetra-O-acetyl-o-ribose benzylphenylhydrazone was obtained

optical rotation. The ORD fits a Drude equation be- AnaL Calcd for C26H3„N208: mol wt, 498.2002. Found:
tween 350 and 600 nm with X0 =  300 ±  20 nm for both moi wt, 498.2006 (mass spectral), 
acetylated and unacetylated aldose benzylphenyl- _  . , __ , ,
hydrazones with the exception of penta-O-acetyl-n- Registry No.-Penta-O-acetyl-D-glucose benzylphen- 
mannose benzylphenylhydrazone. An optically active ylhydrazone, 17693-40-2; ^ffia-O-acetyl-D-galactose,
electronic transition at about 300 mM is consistent with benzylphenylhydrazone 17693-41-3 ; tetra-0-acetyl-
an acyclic hydrazone structure. The absorption band ^ fuc(f e, benzylphenylhydrazone 17693-41-4; penta- 
for a pyranosylhydrazone would be expected at shorter O-acetyl-D-mannose benzylphenylhydrazone 17693-43- 
wavelength. Neither the rotation data nor the acetyla- ^-O-aoetyi-D-arabmos.3 benzylphenylhydrazone,
tion evidence precludes the presence of some cyclic 17693-44-6, tetra-O-acetyl-n-nbose benzylphenylhy- 
isomer in equilibrium with acyclic hydrazone. razone,

Penta-O-acetyl-D-mannose benzylphenylhydrazone Acknowledgment.—The Cary Model 60 spectro-
has a rotatory dispersion which appears to be a com- polarimeter was purchased with funds from Public 
posite of two close-lying Cotton effects of opposite Health Service Grant GM-11966 of the National

( 15) g . j . Karabatsos, r. a . Taiier, and f . m . Vane, j. Amer. chem. Soc., Institute of Medical Sciences and from National Science
88,2327 (1963). Foundation Grant GP-2125.

(16) H. S. El Khadem, D. Horton, and T. F. Page, Jr., J. Org. Chem., 33,
734 (1968). (17) A. Hofmann, Ann. Chem., 366, 277 (1909).
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Hydroxylation of Some Dehydroabietanes with Corticium sasakii
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Incubation of methyl dehydroabietate (1) with C. sasakii gives methyl 30-hydroxydehydroabietate (2) and 
methyl 3j3,7/3-dihydroxydehydroab etate (3). Incubation of 2 or methyl 7/3-hydroxydehydroabietate (4) also 
gives diol 3. Incubation of methyl 7-oxodehydroabietate (12) gives methyl 3/3-hydroxy-7-oxodehydroabietate 
(10) as an intermediate to methyl 3(3,60-dihydroxy-7-oxodehydroabietate (15). Similarly, incubation of methyl 
7,18-dioxodehydroabietate gives methyl 3/3,6/3-dihydroxy-7,18-dioxodehydroabietate. Hydroxylation appears 
to occur first in the C-3j3 position, then in the C-6;3 or C-7/3 position of the dehydroabietanes. Oxygenation of 
dehydroabietanes at C-3, C-6, or C-7 by this fungal oxidase(s) is analogous to the positions of oxygenation of 
dehydroabietanes obtained from Juniperus trees.

Hydroxylation and oxidation of steroids and alkaloids of synthetic methyl norisopropyl-3-oxodehydroabietate.
with fungi is well known; however, diterpenes have not I f  keto ester 6 possess a carbonyl at C-3, then the cor-
received similar attention2 even though numerous responding keto acid should readily decarboxylate to
highly oxygenated diterpenoids, i.e., the gibberellins, give ketone 8. Treatment of 6 with base and then with
are produced by fungi. The abietanes are one of the strong acid gave a compound to which we assign struc-
most abundant diterpenoid families found in higher ture 8 on the basis of its nmr and mass spectral data,
plants. The nmr spectrum of 8 shows a doublet for the C-4a

Incubation3 of methyl dehydroabietate (1) with C. methyl at 5 1.26 (J  =  7 cps). 
sasakii (Lilly C-616) for 96 hr gives alcohol 2 and diol 3 Assignment of a d configuration to the C-3 hydroxyl 
(Scheme I ) . The assignment of the hydroxyl in 2 to in 2 is based upon chemical and nmr evidence. Reduc-
C-3 is based upon the following argument. The nmr tion of ketone 6 with sodium trimethoxyborohydride
spectrum of 2 shows the proton attached to the carbon gives only alcohol 2. Even less bulky hydrides have
bearing the hydroxyl as a multiplet at 4.03 ppm indica- been used8 to reduce triterpenoid 3-oxo-4-^em-dimethy 1
tive of an axial proton next to a methylene. The spec- systems to give the corresponding 30-hydroxy com-
trum of 2 also shows the narrow envelope of the A-ring pound. I t  will be shown below that the C-3 hydroxyl
methylene protons in 1 split into a complex multiplet group in compound 19 is identical with the hydroxyl
overlapping the 5a and C-6 methylene multiplet. The group in 2. Analysis of the nmr spectrum of compound
C-17 methyl signal in the nmr of alcohol 2 is not shifted, 19 gives A-ring proton coupling constants which would
and in 5, the corresponding acetate, it is shifted only be expected only if the C-3 hydroxyl were in the equa-
0.06 ppm from the position of the C-17 methyl signal in torial position. The accuracy of these spectral assign-
the nmr spectrum of methyl dehydroabietate. See ments was verified by their use in a computer calcula-
Table I  for nmr data. Oxidation of 2 gives ketone 6 tion of a theoretical signal for the 3a proton of com-
whose infrared spectrum shows a nonconjugated car- pound 19. Using the chemical shifts and coupling
bonyl. The position of the C-17 methyl group in the constants shown below, the f r e q in t  IV 9 program gives
nmr spectrum of 6 is 0.24 ppm downfield from that of a spectrum of 210 lines. The contour of the plotted
methyl dehydroabietate. Based upon steroid models,4’6 spectrum closely matches the signals of the A-ring
such a downfield shift of the C-17 methyl group could protons in the observed spectrum of 19, especially in
only be explained if the carbonyl is located at C-l or the width and multiplicity of the C-3a proton (Table
C-3. This conclusion is supported, as deuteration6 of I I ) .  The downfield shift of 0.29 ppm for the C-15
ketone 6 gives compound 7 whose mass spectrum and methyl in the nmr spectrum of 2 obtained in pyridine
nmr spectrum indicate the gain of only two deuteriums. is also indicative of the 0 configuration10 of the hydroxyl
The ketone is assigned to C-3 because of the near in 2. The C-15 methyl shifts downfield only 0.05 ppm
identity of the nmr spectrum7 of 6 with the nmr spectrum in the pyridine nmr spectrum of 1.

, s 0 .. TT „ . .. .■ , t The nmr spectra of diol 3 and of the corresponding(1) Mycology Section, U. S. Army Natick Laboratories, Natick, Mass. ^  ^  i
(2) Biellmann, et al. [Chem. Commun., 168 (1968)], have recently reported GlBCGta-tC 9  bo th . SlLOW t w o  p r o t o n s  B tt& C llcd . t o  C&FboilS

the isolation of the bacterium Flavobacterium resinovorum from the soil of a b e a r in g  h y d r o x y l  (OF a c e t o x y l )  gFOUpS. T h e  c h e m ic a l  
Pinus maritima forest which is able to use the nonvolatile portion of eleoresin r*/», i £ i i  > ♦ i i l
from pine trees as the sole carbon source for its growth. Incubation of dehy- s h i f t  a n d  a p p e a r a n c e  o f  t h e  l o w e r  f i e ld  p r o t o n  in  b o t h
droabietic acid with this organism gave them ketone 8. They propose that 8 S p e c t r a  a r e  id e n t i c a l  w i t h  t h e  C - 7  a  p r o t o n  o f  m e t h y l
arises via enzymatic hydroxylation of dehydroabietic acid at C-3 and oxidation 7 0 - h y d r o X y d e h y d r o a b ie t a t e  a n d  m e t h y l  7 0 -a C e to X y -
of the resulting alcohol to a ketone, which then undergoes decarboxylation. i i  i , . . , . »  , .

(3) A preliminary account of this work has been published: Chem. Com- d e h y d r o a b ie t a t e ,  r e s p e c t i v e l y .  1 h e  a s s ig n m e n t  OI th is

mun., 681 (1968). hydroxyl of 3 to the C-70 position is supported by the
M-IW ***» »' ‘he aromatic protons in the nmr

(5) See e . Wenkert, et ai., j. Org. chem., so, 713 (1965), for a comprehen- spectrum of 3 and methyl 70-hydroxydehydroabietate,
sive study of the nmr spectra of tricyclic diterpenic substances and a discus- relative to the aromatic proton signals of methyl dehy-
sion of the conformation of 3-oxodehydroabietates. , . , , i * i  n i l *  i r  , x

(6) A  convenient and efficient procedure was used tc deuterate ketones 6, d r o a b ic ta tG .  1 h© h ig h e r  h e ld  S ig n a l Oi a  p r o t o n  a t -
10, ii, and 12. Approximately 20 mg of the ketone has dissolved in CDCh tached to a carbon bearing a hydroxyl (or acetoxyl)
in an nmr tube and 100 mg of 38% DG1 in D2O added. The tube was shaken at 
room temperature and nmr spectra were periodically obtained until deuter
ation appeared complete. Shaking for 2 hr was required for the above (7) Kindly furnished by Professor Ernest Wenkert, Indiana University,
ketones. After removal of the DC1 solution, the CDCL solution in the nmr Bloomington, Ind.
tube was washed with H2O, then concentrated under vacuum. Mass spec- (8) W. Lawrie, J. McLean, and J. Watson, J. Chem. Soc., 1776 (1967).
tral analysis of the resulting crystalline deuterated product showed greater (9) Obtained from A. A. Bothner-By, Mellon Institute, Pittsburgh, Pa.
than 90% exchange of all enolizable protons. (10) P. V. Demarco, et al., submitted for publication.
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Scheme I

C02CH3 7 \  H  C02CH3
1 \ ™ 6 2

X  C-616

C02CH3 ^  ° H 6  C0̂ Ha £

4 3

r A sJ > x x j R , ' ' y ^ / r 2

co2ch3 ’ 8 co2ch3
5, R=/J-0ac,a-H 9,R1= R 2 =  /3-Oac, « -H
6, R  =  = 0  10, R j=  /3-OH, a-H; R2 =  0

11, R! =  R2 =  = 0

Table I
Chemical Shifts“

Compd C-17 M e C-15 M e C-3a C-5a C-6a C-7a C - l l  C-12 C-14

1 1.20 1.26 7.13 7 -00 6-88
1* 1.16 1.31
2 1.20 1.26 m, 4.03
2d 1.21 1.55
3 1.26 1.26 m, 3.98 t,4.80, /  =  8 7.11 7.11 7.38
5 1.23 1.30 m, 5.21
6 1.44 1.32
8 1.26 d, 1 .2 6 ,/ =  7
9 1.31 1.31 m, 5.21 t , 6 .0 5 ,/ =  8 (7 .02 ,7 .16 )

10 1.26 1.31 m, 4.08
11 1.53 1.46
12 1.26 1.35
13 1.30 1.38
15 1.53 1.68 m, 4.00 d ,2 .4 5 ,/  =  4 d,4.15
16 1.55 1.55 m, 5.16 d ,2 .8 8 ,/  =  5 d,5.65
17& 1.65 1.65 m, 4.00 d ,2 .3 5 ,/  =  4 d,4.08
18 1.56 1.56 m, 5.16 d ,2 .8 7 ,/  =  5 d,5.68

Methyl norisopropyl-3-oxo- 
dehydro abietate 1.41° 1.30

4 (1 .26 ,1 .28 ) t, 4.83, /  =  8 7.11 7.11 7.40

Methyl 7/3-acetoxydehydro-
abietate 1.28 1.28 t , 6 . 0 8 , / - 8  (7 .01 ,7 .01 )
“ Obtained in CDC13. Expressed as parts per million from TM S . /  values are in cycles per second. 6 D M S O  added for solubility. 

« See ref 7. d Obtained in pyridine-ds.

group in the nmr spectrum of 3 and of diacetate 9 is Selective chromate oxidation of 3 gives hydroxy 
identical in position and appearance with the C-3 a ketone 10 and dione 11. Further chromate oxidation
proton in the nmr spectrum of 2 and 5, respectively. of 10 affords 11. Mass and nmr spectroscopy show
Incubation of 2 under the same conditions as incubation that compound 19, the deuterium exchange product of
of methyl dehydroabietate affords diol 3, which con- hydroxy ketone 10, contains two deuteriums, and
firms the identity of the C-3/3 hydroxyl group in 3 with compound 20, the deuterium exchange product of dione
that of 2 No methyl 7 /3-hydroxydehydroabietate is 11, contains four deuteriums. The downfield shift of
found in the crude chloroform extract of the methyl the C-17 methyl group in the nmr spectrum of 11 rela-
dehydroabietate conversion. However, incubation of tive to 10 is similar to the 3-keto-mdueed shift of the
methyl 7fl-hydroxydehydroabietate with C. sasakii does C-17 methyl of ketone 6 relative to compound 2.
afford diol 3, which verifies the assignment of the C-7/3 Considerable starting material is recovered from 
hydroxyl in 3. incubation of methyl dehydroabietate. However, m-

Vol. S3, No. 12, December 1968 Hydroxylation of Some Dehydroabietanes 4463



Sc h e m e  II
OH

C02CH3 \ )  H CO2CH3 \

12 \  15
\ C 61 6

C-616

CDC13 \

19 «  1X3

£ co2ch3 \ )

10

T a b l e  II and 5, respectively. Incubation of 10 with C. sasaki
I D gives 15. Thus the sequence of enzymatic hydroxyla-

_____ y ~ f ~ ^ = = \̂ /  tion of 12 to 15 is analogous to the dihydroxylation of
/ ,____ /  L y " — * ^  methyl dehydroabietate to diol 3, i.e., hydroxylation in

\ ^  the C-3/3 position followed by hydroxylation in ring B.
H ¿ocH  D 0  This conversion also verifies the assignment of one of

2 3 19 the hydroxyl groups of 15 to the C-3/3 position. A  thin
,, layer chromatogram developed three times shows a

Proton s, ppm cps small amount 01 10 present m the crude chloroform
3« 4.08 /sa-ta = 5 broth extract from incubation of 12.
2a 1.96 Jta_20 =-io Incubation of methyl 7,18-dioxodehydroabietate (13)
2d 1.78 j'M-ip = - 1 0  with C. sasakii for 48 hr gives metabolite 17. The
la 1-92 Jza-ia = 5 argument for assignment of the structure depicted in
1/3 2 40 Jta-iff = 3 Scheme I I I  for 17 is analogous to the proof of structure

•A/s-io- = 10 for 1 5 . After allowing for the different C-13 sub-
A 0-10 -  5 stituent and its effect on the C-17 methyl group, the
ia—1/3 -  11 nmr gpectra of 17 and the corresponding diacetate 18

„ .„ „ „ „ j  ■ . . .1  .• ■■ . , ,  are similar to those of 15 and 16, respectively,
creased incubation time did not result m higher vields +■ t ,1, , 1D , , f  . . .
of 2 or 3, but did diminish the .mount of starting Sate- . . .  T  1“h “ f

i l x “  X  ck~ ,on' 13* “ tme “ •*3 “ - ly t t t  hmtZ .

< ? =  « £

bflthochrnmip «hlft in tin  „ 1 1  • ,  ’ ’ , squalene. However, Barton and Moss14 have proposedDamocnronuc slult m the ultraviolet spectrum of 15 + W  „„„i- .■ f , ,
upon addition of base and the instability of 15 to ^  W  H + fT  ? ° m p 0 ™ d 8

alumina chromatography led us to postulate that one of 8  b< ^  f  /  A  f  ° ' 3

the hydroxyls of diol 15 is in the C- 6  position. This i f  u  1 V  hydroxylatlon-
assignment was verified by the nmr spectrum of 15 J; S1S would explain the isolation of numerous
Analogous to the introduction of a 6/3 hydroxyl into a ^ 6  . w " “  f ° XySen n o t
5a steroid, 11,12 the C-17 methyl signal in the nmr K bydr° xylatl0n of dehydroabietanes at C-3 by
spectrum of 15 is shifted downfield 0.27 ppm relative funf 1 0Xldf  f  18 ,C° n818tê  wl,th. the hypothesis of
to the same methyl signal for monohydroxy ketone 1 0  cycllzatl°n [olll,owed. by hydroxylation. Three Jump-
The nmr spectra of 15 and the corresponding diacetate n  dehydroabf tanes cogeneric with ferrugm ol-
14 show both the expected doublet for the 5 «  proton ^ c t i o l  S  the’c f  T 1 ^ ° '  t I
coupled to the 6 «  proton and a low-field proton which [  ? ■ h 1 °  positlon8; The fun§al
is identical with the 3 «  proton in the nmr spectra of 2 bydroxyktl™  of dehydroabietanes m the same posi-

P tions which bear oxygen m dehydroabietanes obtained
(ii) d . r . Brannon, et ai., j .  Org. chem., 32,1521 (1967). from Juniperus trees provides an example of a fungus

(284 mown u«traI io.!f ab8orption “ “  of 16 and 17 and a higher plant possessing the same oxidase selec-
(.254 m/x) to the calculated (A. Scott, Interpretation of the Ultraviolet Spec- t i v i f v  
tra of Natural Products,”  The MacmilHan Co., New York, N. Y., 1964, p o lV l iy .
109) value of an o,m-dialkyl-substituted acetophenone (252 m/u) implies the

tnoeanried-nnarit^ f  th\ C' 7 Cartbonylwith the aromatic C ring. According (13) P. C. Cherry, E. R. H. Jones, G. D. Meakins, Chem. Commun., 587
to JJneding models, such a conformation of the B ring makes the C-6/3 posi- (1966).
tion of 17 analogous to a 5a steroid with respect to the A/B angular methyl. (14) D. H. R. Barton and G. P. Moss, ibid., 261 (1966).
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S ch em e  I I I

. ---------X  n  . O H  _ _
\  > U  C-616 I / ^  \  . 0

h o . / j ~ / T N ___
C 0 2CH 3 \ )  ¿  C 0 2CH3 ^ \ )

13 17

E xp erim en ta l Section  6 hr, a thin layer chromatogram (ethyl acetate-benzene, 1 :3 )
Tvr u . . , . , . . . , , , showed no starting material remaining. The acetone was
Melting points were corrected Analysis were performed by removed under vacuum, and the resulting residue was partitioned
. George Maciak and associates of these laboratories. In - between ether and water. The ether portion was washed with

frared spectra were recorded with a Beckman IR-7 spectrometer, water, dried over M gS 0 4, and then concentrated to give 71 mg
ultraviolet spectra were determined with a Cary 14 recording 0f ketone 6 which crystallized upon addition of hexane: mp
spectrometer, nmr spectra were obtained with a Yarian A-60 99-100°; ir (K B r ) 1745 cm "1. The mass spectrum of 6 shows the
spectrometer with T M S  (5 0.00 ppm ) as internal standard, and parent ion peak at m/e 328.
mass spectra were taken on a C E C  21-110A using 70 eV with a Anal. Calcd for C2IH 280 3: C , 76.79; H , 8.59. Found: C  
direct source inlet system. Thin layer chromatograms were run 76.82' H  8.60. ’
on Merck silica gel G F  precoated plates, with detection by iodine To 27 riig of ketone 6 in CDC13 was added 100 A  of 38% DC1 
vapor. Grace 950 silica gel was used for column chromatography. jn d 20  in an nmr tube. After shaking at room temperature for

^ eit^ 0<̂ s Incubation. Flasks (500 ml) containing 2 hr, the nmr spectrum showed greater than 90% exchange of
200 ml of sterile solution consisting of 30 g of Difco malt extract, two protons. Concentration of the chloroform portion after
j?  g reaSent dextrose, 1 g of Bacto peptone, and 1000 ml of briefly washing with water gave a crystalline material, 7 , whose
distilled water were inoculated with C. sasakii Lilly C-616 and mass spectrum showed the parent ion at m/e 330. Greater than
incubated at 25 for 96 hr on a 250-rpm 2-in. rotary shaker. 90%  0f dideuterio exchange of ketone 6 occurred as calculated
A solution of 100 mg of terpene dissolved in 0.8 ml of dimethyl- from the mass spectra of 6 and 7.
formamide was then added and incubation was continued for the Saponification and Decarboxylation of Ketone 6 .— To 25 mg
number of hours indicated below. The flask contents were com- of 6 in 2 ml of ethylene glycol was added 22 mg of K O H  in 1 ml
bmed, and the mycelium was filtered off. The aqueous filtrate 0f water. After refluxing for 6 hr, the mixture was poured into
was extracted by stirring for 3 hr with a high-speed mechanical 10 ml of water and repeatedly extracted with ether. The re
storer and with one-half of its volume of chloroform. The maining aqueous solution was concentrated to 3 ml, 1 ml of
mycelium was extracted by the same procedure, and the ex- ethanol was added, and the solution was acidified with con
tracts were combined unless otherwise indicated below. centrated HC1 solution. After stirring for 3 hr, the solution was

Incubation of Methyl Dehydroabietate ( 1 ). Methyl dehydro- extracted with ether. Concentration of the ether gave 15 mg of
abietate (8 g ) was incubated for 96 hr as described above. 8 which could not be crystallized, ir (film) 1700 c m '1. The mass
Removal of the chloroform from the crude broth extract gave spectrum of 8 gave a parent peak at m/e 284.
4.6 g of material. Extraction of the mycelium gave 1.2 g of Reduction of Ketone 6 .— To 100 mg of ketone 6 in 10 ml of 
chloroform soluble material. A  thin layer chromatogram (ethyl ether was added 75 mg of sodium trimethoxyborohydride.
acetate-benzene, 1:1 ) of the broth extract showed methyl de- After stirring at room temperature for 2 hr, the reaction mixture
hydroabietate and 3 as major components. Compound 2 and was filtered and the filtrate washed repeatedly with water. The
some very polar material appeared as minor components. A  ether portion was dried over M gS0 4 and concentrated to give
thin layer chromatogram of the mycelial extract showed methyl 7 5  mg 0f material. A  thin layer chromatogram (ethyl acetate-
dehydroabietate and 2 as major components compared with diol 3. benzene 1 : 1 ) showed alcohol 2 to be the only component. Addi-
N o  spot corresponding to methyl 7/3-hydroxydehydroabietat.e was tion of ethyl acetate-hexane (1 :1 ) to the material gave crystal-
detected in either chromatogram. Chromatography of the broth line 2 , which is identical in all respects with that obtained from
extract on 500 g of silica gel gave 2.4 g of methyl dehydroabietate incubation of methyl dehydroabietate as described above,
upon ethyl acetate-benzene (1 :1 ) elution. Acetylation of Diol 3.— Diol 3 (50 mg) was acetylated by the

Further elution with ethyl acetate-benzene (1 :1 ) gave 220 mg same conditions as described above for the acetylation of 2 .
of 2 which crystallized upon addition of hexane: mp 120-122°; Addition of hexane-ether (1 :1 ) to the reaction product gave 22
ir (K B r ) 3230, 1730, 830 cm -1. The mass spectrum of 2 shows mg 0f crystalline 9: mp 128-130°; ir (K B r ) 1730, 1750 cm -1,
a parent ion at m/e 330 and a large P  — H 20  peak at m/e 312. The mass spectrum of 9 gave a parent ion peak at m/e 430.

Anal. Calcd for C 21H 30O3: C , 76.32; H , 9.15. Found: C, Anal. Calcd for C25H 340 6: C, 69.74; H , 7.96; 0 , 22.30. 
76.29; H , 9.25. Found: C, 69.70; H , 7.89; O, 22.43.

Further elution with ethyl acetate-benzene (1 :1 ) gave 1 20 g Oxidation of Diol 3 . - T o  200 mg of 3 in 10 ml of acetone was 
of diol 3 Recrystallization from ethyl acetate-hexane (1 :3 ) ad(Jed dr wise 75  of C r0 , dissoived in 4 ml of acetone. After
gave niP 169-171 ; ir (K B r ) 3430, 1700 cm 'A  The mass spec- gtirri at room temperature for 3 hr, a thin layer chromatogram
trum of 3 showed a parent ion at m/e 346 and a large P  -  H 20  (ethyl acetate_ benzene 1 : l ) o i t h e  reaction mixture sbowed start-
peak: at m/e 3 8 . ^  TT ,, j  ing 3 and dione 1 1  as minor components compared with a pre-

72 95 H  9 00 ’ ’ ’ dominent am0Unt ° f hydr0Xy k« tone 10' The acetone was
' ir, ’ . ’ ,, , , , removed under vacuum and the reaction residue partitioned

Elution with ethyl acetate gave 210 mg of noncrystalline ma- between ether and water_ The ether tion> after wafihi with
tenal whose composition is still under investigation Chromatog- water and dr ing over M gS0  gave i 60 mg of material which
raphy of the mycelial extract under the same conditions gave 310 was chromatographed on 50 g of silica gel. Elution with ethyl
mg of methyl dehydroabietate, 440 mg of 2, and 215 mg: of diol acetate-benzene (1:10) gave 30 mg of dione 11: mp 140-142°;
3, whose melting point and infrared and nmr spectra are identical ir (K B r ) |68()) 1720j 1745 cm-i. The mass spectrum of 11
with those described above. . . . gave a parent ion peak of m/e 342.

Acetylation of Alcohol 2 , - T o  120 mg of 2 in 3 ml of acetic Calcd Found;
anhydride was added 3 drops of pyndme. After stirring at room 73  68- H  7 58
temperature for 1 hr, the excess acetic anhydride was removed ’ * . 1 . * . . , , , P
under vacuum, and the resulting residue was partitioned between Elution with ethyl acetate-benzene (1 :3 ) gave 140 mg of 10
ether and water. The ether portion, after washing with water wrh/ch could not be crystallized but formed a gel upon addition
and drying over M gS0 4, was concentrated to give 90 mg of of h®x“ e0’0 Vacuum mtration of the ge gave a low-melting solid:
crystalline 5: mp 158-160°; ir (K B r ) 1730, 1750 cm“1. The mP 7° - 72 i lr (K B r ) 32,3° .  1630 ' The mass sPectrum of
mass spectrum of 5 gives a parent ion peak at m/e 372. i °  gave a parent ion peak at m/e 344

Anal. Calcd for C23H 320 4: C, 74.15; H , 8.66; O, 17.19. Anal. Calcd for C2IH 280 4: C, 73.22; H , 8.19. Found: C,
Found: C, 74.08; H , 8.39; O, 17.34. 72-91; H , 7.99.

Oxidation of Alcohol 2 — To 100 mg of 2 in 10 ml of acetone To 35 mg of hydroxy ketone 10 m CDC13 was added 100 /A 
was added dropwise 200 mg of C r0 3 in 5 ml of acetone. After of 38% DC1 in D 2Q in an nmr tube. After shaking for 3 hr,
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the spectrum showed approximately 90% deuterio exchange of Incubation of Hydroxy Ketone 1 0 — Hydroxy ketone 10 (90
the C-6 protons. Concentration of the chloroform portion, mg) was incubated for 48 hr as described above. A  thm layer
after briefly washing with water, gave a crystalline material, chromatogram (ethyl acetate-benzene, 1 :9 ) developed three
19, whose mass spectrum showed the parent ion peak at m/e 346. times showed that the mycelial extract contained 15. The
Approximately 95% of dideuterio exchange of hydroxy ketone broth extract contained considerable starting material. Chro-
10 occurred as calculated from the mass spectra of 10 and 19. matography of the mycelial extract on 25 g of silica gel gave 35 mg

Oxidation of Hydroxy Ketone 10.— To 50 mg of 10 in 3 ml of of crystalline 15, mp 182-183°, whose infrared spectrum was
acetone was added dropwise 25 mg of CrOs in 2 ml of acetone. identical with that of 15 obtained above from incubation of 12.
A  thin layer chromatogram (ethyl acetate—benzene 1:1) of the Acetylation of 15. To 50 mg of metabolite 15 in 3 ml of acetic 
reaction mixture showed complete conversion of 10 into dione 11 anhydride was added 3 drops of pyridine. After stirring for
after stirring at room temperature for 3 hr. The usual work-up 12 hr at room temperature, the acetic anhydride was removed
afforded 31 mg of dione 11 whose spectral and physical properties under vacuum and the residue was partitioned between water
are identical with those of 11 described above. To 20 mg of and ether. The ether portion gave 52 mg of material which
dione 11 in CDC13 was added 200 pH of 38% DC1 in D 20  in an was chromatographed on 25 g of silica gel. Elution with ethyl
nmr tube. After shaking for 2 hr, the nmr spectrum showed acetate-benzene (1 :9 ) gave 16. A ll attempts to crystallize
the loss of four protons. Concentration of the chloroform portion 16 gave only amorphous material.
gave crystalline 20 whose mass spectrum showed the parent Incubation of Diketone 13.— Diketone 13 (5 g ) was incubated
ion peak at m/e 346. Approximately 95% tetradeuterio for 2 days as described above. Analogous to the incubation of 
exchange occurred as calculated from the mass spectrum. 12 described above, tic showed that the mycelial extract (1.10

Incubation of Alcohol 2.— A  total of 169 mg of 2 was incubated g ) contained largely starting material, whereas the broth extract
for 48 hr as described above. Chromatography of the combined (3.2 g ) contained 17 as the major component. Chromatography
broth and mycelial chloroform extracts on 20 g of silica gel gave of the combined extracts on 250 g of silica gel gave 1.22 g of
21 mg of starting alcohol 2 upon elution with ethyl acetate- starting diketone 13 upon elution with ethyl acetate-benzene 
benzene (1 :1 ). (1:1)-

Further elution gave 117 mg of crystalline 3, mp 165-167°, Further elution with the same solvent gave 2.1 g of crude
whose spectral properties are identical with those described above metabolite 17. Crystallization from ethyl acetate gave pure 17:
for 3 . mp 193-195°, ir (K B r ) 3340, 3480, 1717, 1605 cm“1; uv max

Incubation of Methyl 70-Hydroxydehydroabietate (4).— A  total (E tO H ) 254 mp (e 15,000), which shifted to 375 mp upon addi-
of 250 mg of methyl 7/3-hydroxydehydroabietate was incubated tion of base. The mass spectrum of 17 gave the parent ion peak
for 4 days as described above. Chromatography of the combined at m/e 360.
broth and mycelial chloroform extracts on 50 g of silica gave Anal. Calcd for C 20H 24O 6: C , 66.65; H , 6.71; O, 26.64.
80 mg of starting material upon elution with ethyl acetate- Found: C , 66.57; H , 6.98; O, 26.64.
benzene (1 :1 ). Further elution with the same solvent gave 90 mg Acetylation of 17.— Diol 17 (50 mg) was acetylated under the
of crystalline 3, mp 167-168°. Elution with ethyl acetate gave same conditions as described above for the acetylation of 17. 
30 mg of unidentified polar material. Addition of ether to the crude reaction product gave crystalline

Incubation of Ketone 12.— Ketone 12 (5 g ) was incubated for 18, mp 199-200°.
2 days as described above. Chloroform extraction of the broth Anal. Calcd for C24H2808: C , 64.85; H , 6.35; O, 28.80.
gave 2.6 g of material whose thin layer chromatogram (ethyl Found: C , 65.11; H , 6.41; O, 28.50. 
acetate-benzene, 1 :1) showed starting ketone 12, diol 15, and 1 7 7 C1 on 0 .
several minor components more polar than 15. A  thin layer R e g is try  K o . 1, 1235-74-1, 2, I / / 0 I - 0U-0 , 3,
chromatogram of the mycelial chloroform extract (980 mg) 17751-32-5; 4, 17751-34-7; 5, 17831-48-0; 6, 17831-
showed the same components, except ketone 12 was the most 49. !  • 8,16898-96-7; 9,17831-51-5; 10,17751-38-1;
predominant component. Chromatography of the combined n  17831_5 3 _7 ; 12 17751-36-9; 13, 5335-63-7; 15,
extracts on 250 g of silica gel gave 800 mg of starting ketone 12 ’ ’ 1 7 0 0 1  1 . 1 7  1 7 0 0 1  c o o .  1«
upon elution with ethyl acetate-benzene (1 :1 ). I7 8 IU -49 -U , 10, I / 0 0 I - 0 / -I ,  17, l/ o o i-O o -2 , la ,

Further elution with the same solvent gave 2.3 g of crude 15. 17831-59-3; methyl norisopropyl-3-oxodehydroabietate,
Two recrystallizations from ethyl acetate gave an analytical 1686-52-8; methyl 78 acetoxydehydroabietate, 17901-
sample: mp 187-188°; ir (K B r ) 3340, 3480, 1710, 1605 cm-1; 36-9
uv max (E tO H ) 254 m,u (e 11,400), which shifted to 375 mp upon
addition of base. The ultraviolet spectrum cf 12 gave uv max Acknowledgments.— We are indebted to Dr. Thomas
(E tO H ) 254 n *  (e 10,600), which did not shift upon addition R  S an derson  Hercules Inc, Wilmington, D el, for
of base. The mass spectrum of 15 gave a parent ion peak at ’ ’ ,
m/e 360. numerous diterpene samples and to the Physical

Anal. Calcd for C 21H 28O 5: C , 69.97; H , 7.83; O, 22.20. Chemistry Department of these laboratories for spectral
Found: C , 69.86; H , 8.00; 0 ,22.22. measurements. We also thank Professor Ernest

A  thin layer chromatogram developed three times (ethyl W e n k e rt  Indiana University, Bloomington, Ind , and
acetate-benzene, 1 :9) of the crude transformation mixture run ^  £ , i i r u i r i
along with 10 showed 10 present in the mixture as a minor D r - Marvm Gorman of these laboratories for helpful 
component. discussions.
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Solvent Effect in a Sterically Controlled Synthesis of Optically Active 
a-Amino Acids from a-Keto Acids by Hydrogenolytic Asymmetric Transamination1

Kaoru Harada and Kazuo M atsumoto2
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The solvent effect of the hydrogenolytic asymmetric transamination of a-keto acid with optically active a- 
alkylbenzylamine was studied by the use of various solvent systems. The possible steric course of the asym
metric synthesis was discussed.

Several nonenzymatic asymmetric syntheses of formation of intermediate chelate structure I I  under 
«-amino acids from their corresponding a-keto acids the reaction conditions.
have been reported.3-9 Hiskey and Northrop6 re- In the present study, in order to clarify further the 
ported the syntheses of optically active «-amino acids steric course of the catalytic hydrogenation reaction of
from the Schiif bases of a-keto acids with (S )(  — )~ and the Schiff bases of a-keto acids with optically active
(A ) ( + ) -a-methy Ibenzy lamine by catalytic hydrogena- a-alkylbenzylamines, the solvent effect of the reaction 
tion and subsequent hydrogenolysis. Harada7 reported was studied. The keto acids used were pyruvic acid, 
R—CO—COOH R—C—COOH benzyl pyruvate, phenylglyoxylic acid, oxaloacetic

*  — H 2O II hydrogenation acid, and «-ketoglutaric acid. Optically active amines
Ph—CH—NH2 ------>• N -------------used were ( $ ) ( - ) -  and (R ) ( + ) - a-methy Ibenzy lamine,

¿ IIs Ph—CH—CHa hydrogenoIy81s (£ ) (—)- and (K )(+)-a-ethylbenzy lamine, and (R ) (+ ) -
* a-(l-naphthyl)ethylamine. Summarized results are

shown in Table I.
r —CH—COOH Optically active alanine was synthesized from pyruvic

I acid (R/ =  H ) or benzyl pyruvate (R ' =  C6H 6CH2) by
Ph NCHa CH the use of various optically active alkylamines (reac

tions 1-23 in Table I). Summarized results show that 
the syntheses of several optically active amino acids the optical activity of the synthesized alanine depends
from a-keto acids by the use of ($ ) (+ ) -  and (R ) (—)-a- on the solvent used. When a less polar solvent was
phenylglycine in alkaline aqueous solution. Recently, used, the optical activity of the resulting alanine was
Kanai and Mitsui8 reported the synthesis of optically found to be higher (60-80%) and, when a polar solvent
active phenylglycine by the Hiskey method4 and pro- was used, lower optical activity (30-50%) of alanine
posed a steric course for the asymmetric synthesis. In resulted. In reactions 10-15 in Table I, higher optical
a recent study in this laboratory,10 many Hiskey-type activity was obtained by the use of hexane and ethyl
reactions were carried out in order to study the steric acetate and lower optical activity resulted from the use
course using several a-keto acids and using optically of an aqueous dioxane solution (reaction 15). In the
active «-methyl-and a-ethylbenzylamine. From these synthesis of glutamic acid by the use of (S ) ( —)-
results, it was proposed10 that the possible conformation methylbenzylamine, when less polar solvents were used
of the reactants could be structure I  and that structure (reactions 27-29), ($ )(+ )■-glutamic acid was formed as
I  would be a five-membered cyclic complex with the predicted by the intermediate substrate-catalyst corn-
catalyst, as shown in structure II. Thus the sterically plex. However, when polar solvents were used (reac

tions 30-33), (R ) ( —)-glutamic acid resulted under the 
9 9 9 9 0  same conditions. Optical activity of the resulting

J. k 0 a  yc— (?  glutamic acid decreased dependent on the increase of
R''y S"N/ '''C^ R /  ^0  polarity of the solvent used and finally the configuration

Ph 0 Ph \  /  of the resulting glutamic acid was reversed to the oppo-
(Pd)„ site structure. In other words, the configuration of

I II glutamic acid prepared by the use of (f? )(+ )-ethyl-
benzy lamine and (S) ( — )-ethy Ibenzy lamine using eth- 

controlled syntheses of «-amino acids from the Schiff anol and a methanol-water-NaOH mixture (reac-
bases of corresponding a-keto acids with optically tions 33 and 34, respectively) was found to be the same,
active a-alkylbenzylamine would be explained by the ig  ( # ) ( _ ) _ glutamic acid

.............  ........................... . . . . Figure 1 shows the relationship between the optical
(1) StencaUy controlled synthesis of optically active organic compounds . . .  \

VI. Part V: K . Harada and K . Matsumoto, J. Org. Chem., 32, 1794 (1967).. a c t i v i t i e s  OI t h e  £11111110 RC lds a n d  t h e  d i e l e c t r i c  C o n s ta n ts  
Contribution No. 105 of the Institute of Molecular Evolution, University of 0 f  t h e  s o lv e n t s  U sed . B e c a u s e  o f  t h e  d i f f i c u l t y  in

(2) Research Laboratory, Tanabe Seiyaku Co., Ltd., Osaka, Japan. estimating the dielectric Constants of the mixed Solvents,
(3) f . Knoop and c. Martius, z. physiol, chem., S58, 238 (1939). only a few reactions using rather simple systems are
S! aA: ! » ,  „ »  Plotted in * * »  L  , Generally, optical activities of the

(i96i). resulting amino acids decreased dependent on the
(6) K. Matsumoto and K  Harada, J O r g  Chem. 31, 1956 ( ! « » ) ■  increase of the dielectric Constant.
(7) K. Harada, Nature, 212, 1571 (1966); J. Org. Chem., 32, 1790 (1967).
(8) A. Kanai and S. Mitsui, Nippon Kagaku Zasshi, 89, 183 (1966). T h e  ODSCrVGQ f& C t t h a t  th.6 O p t ic a l  a c t i v i t y  OI t llG

(9) r . g . Hiskey and r . c. Northrop, j . Amer. Chem. Soc., 87, 1753 resulting amino acid decreased (alanine) or the sign of

(10) K. Harada and K. Matsumoto, J. Org. Chem., 32, 1794 (1967). the activity inversed (glutaHUC add) SUggeStS that the
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C* 40

Figure 1. Relationship between optical activities of synthe- the increase of structure I I I  so that the resulting optical 
sized amino acids and dielectric constants of the solvents used. a* *4. £ i • j j *xi xi •
Alanine was prepared from benzyl pyruvate and (S) ( - ) - « -  activity of alanine decreased with the increasing polarity
methylabenzylamine. Glutamic acid was synthesized from a- “ ie solvent. In the synthesis of glutamic acid,
ketoglutaric acid and (<S)(— )-a-methylbenzylamine; O means structure I I  could also be the major conformation in
that the reaction mixture was not homogeneous in the alanine the less polar solvent. However, in the polar solvent
syntheses. structure I I I  might be the major conformation. In

the synthesis of aspartic acid, structures I I  and I I I  
con ormation of the substrate molecule changes de- might be the major conformations in the less polar and
pen mg on e so vent used. As was discussed in the polar solvents, respectively, as in the glutamic acid
ear er study, structure I I  could be the preierred con- synthesis. Therefore, in the polar solvent, (£ !)(—)-
formation under conditions using a less polar solvent aspartic acid could be obtained by the use of (S) ( - ) - « -
( exane, ethyl acetate, alcohol). The reasons for methylbenzylamine (reaction 26). However, oxalo-
c oosmg structure I I  are (1) electrostatic attraction acetic acid also resulted in ( $ ) ( + ) -alanine. The

e ween su strate and catalyst in such less polar sol- alanine could be assumed to be synthesized from pyruvic
yen s is stronger than that m polar solvents and (2) acid which is a/3-decarboxylation product of oxaloacetic
the solvation of the substrate m these less polar solvents acid. Accordingly, structure I I  could be the major
is wea , so t at the substrate could react easily with conformation in the optically active alanine formation
the catalyst to form the intermediate complex. On the from the resulted pyruvic aci(1
other hand, when polar solvents were used, (1) electro- Free amino acids shown in Table l  were isolated 
static attraction between substrate and catalyst is by ion.exchange resin. The optical activities were
weaker and (2) the strong solvation of the substrate measured without further purification because such
interferes with the attraction between substrate and procedures resulted in fractionation of the optical
catalyst to form the intermediate complex. Therefore, isomers. Tbe isolated free amino acids were converted
it could be assumed that the more polar the solvent into DNP-amino acids in the usual manner“  and the
used, the greater the chance the substrate might exist D N p derivatives were purified by Celite column chro-
m free forms m the solution. The inversion of sign of matography“  without fractionation of optical iso-
the optically active glutamic acid suggests that struc- mera.«,uo Therefore, the optical purity of the D NP-

t 'oIar solventd ^  ^  ^  conformatlon m the amino acids is more reliable than that of isolated crude
-r-.- „ j ,, , , , . „ . „ , free amino acids. In some experiments (in Table I),

« „ E f 1?  T  ,P0S¥ ated confonnationfl of the optical purity of the free amino acid is much lower than
substrate m polar and m less polar solvents In the that of the correSponding DNP-amino acid, probably
polar solvents the proportion of nonchelate con- because of impurities.

E E E '+ E  X / r f  could increase. When the Optical purities of amino acids prepared by the use of 
substrate, the Schiff base of «-keto acid with ( + ) -(l-naphthyl)ethylamine were found to be very
H ; 3t/Ve, “ - f la m m e ,  is hydrogenated in the high (78-86%). The assignment of the configurations
on S f i l l T E ’ J T J a n d  IV  cou d be adsorbed of ( - ) - a-( i-naphthyl)ethylamine and (-)-a -e th y l-
molecnlc a ^  ®SS bu!.ky slde of the benzylamine have been made already by the use of the
T ^ r e S p  ï °  i m  1 T \ P optical rotary dispersion method.“ -“  Chemical evi-Iherefore, when (<S)-alkylbenzylamine was used, struc
tures II, I I I ,  and IV  resulted in the (S )-, (R )-, and ( i l )  F. Sanger, Biochem. J., 39, 507 <1945); F. C. Green and C. M . Kay, 
(/S)-amino acid, respectively, after catalytic hydroffena- Anal. Chem., 24, 726 (1952); K . R. Rao and H. A. Sober, J. Amer. Chem. 

tion and hvdrogenolvsis Soc" 76,1328 (igs4)-
T T u  ' . (12) J- c - Perrone, Nature, 167, 513 (1951); A. Court, Biochem. J., 68, 70
In the synthesis of alanine, structure I I  could be the ( 1954).

major conformation throughout the synthesis. How- (13) H"Wolf- E- Bunnenberg, and C. Djerassi, Ber., 97, 533 (1964). 
OTrof. i  1 ' 4. r ,1   ̂ M. E. Warren, Jr., and H. E. Smith, J. Amer. Chem. Soc., 87, 1757ever, the increase of polarity of the solvent resulted m (i965).
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T a b l e  I

O p t ic a l l y  A c t iv e  A m in o  A c id s  P r e p a r e d  b y  t h e  U s e  o p  V a r io u s  So l v e n t s

[a]D of isolated Optical purity, [ « I d of D N P- Optical 
Confign of Reac- Yield, Confign of amino acid4* %, of amino amino arid'" purity,*

R— CO— COOR' amine“ tion Solvent* % amino acid (c, 5 N  HC1) acid* (c, 1 N  NaOH) %

Ala R  =  M e (S ) ( - ) - M e  1 T H F  33 (S )(+ )-A la  + 9 .0 (3 .0 9 ) 62 +  94.4(0.22) 66
R ' =  H  2 EtOH 78 (S ) (+ )  + 9 .2 (3 .5 5 ) 63 +96 .9  (0.33) 67

3 H 2O, pyridine 78 (S )( +  ) +4 .1  (3.17) 28 +56 .9  (0.36) 40
4 H 2O, NaOH 69 (& ) (+ )  + 3 .8 (3 .1 4 ) 26 +47 .3  (0.53) 33

(S ) ( - ) - E t  5 EtOH 76 (S ) (+ )  + 7 .5  (3.46) 52 +72 .8  (0.57) 52
6 EtOH, H 2O, NaOH 65 (<S)( + )  +4 .1  (3.51) 28 +53 .5  (0.40) 37
7 M eO H :H 20  (1:4), 75 (S ) (+ )  + 2 .2 (3 .4 7 ) 9 + 2 8 .4 (0 .4 9 ) 31

NaOH
CB )(+ )-Naph 8 EtOH 76 ( K ) ( - )  -1 1 .6 (3 .7 5 ) 80 -12 0 (0 .40 ) 83

9 EtOH, H 2O, NaOH 65 (K )(  —) —10.7 (3.13) 74 —105 (0.47) 73
R  =  M e (S ) ( - ) - M e  10 Hexane* 75 (S ) (+ )  + 7 .9  (3.48) 55 +10 .3  (0.45) 72
R ' =  Benzyl 11 AcOEt 49 (S ) (+ )  + 6 .4  (2.92) 44 +87 .0  (0.55) 60

12 i-PrOH 56 (S ) (+ )  + 5 .0 (4 .6 3 ) 34 +65 .7  (0.47) 46
13 D M F A  47 (S ) (+ )  +72 .1  (0.52) 50
14 MeOH 61 (S ) (+ )  + 1 .4 (5 .5 8 ) 10 + 5 5 .0 (0 .5 2 ) 38
15 Dioxane:H20 (45:55) 71 (S ) (+ )  + 4 1  2 (0 49) 29
16 M eO H :H 2O (2:1)* 75 (S )( +  ) +50 .1  (0.46) 35
17 MeOH :H 20  (1:2)* 63 (S ) (+ )  + 5 5 .8 (0 .4 8 ) 39
18 M eO H :H sO (1:4) 76 (S ) (+ )  + 3 .4 (3 .1 6 ) 14 +27 .0 (0 .5 1 ) 29
19 H 2O ' 45 (S ) (+ )  + 3 .0  (3.40) 21 +59 .6  (0.45) 41

(K ) (+ )-M e  20 Dioxane 72 (K )(  —) + 4 .2  (1.95) 29 -8 3 .3  (0.56) 58
(B ) (+ )-E t  21 Hexane* 66 ( E ) ( - )  - 5 .7  (2.83) 39 -10 7  (0.49) 74
(R )(+ )-N a p h  22 Hexane' 31 ( R ) ( - )  - 8 .9  (2.22) 61 -124  (0.47) 86

23 AcOEt 31 ( R ) ( - )  -6 .8 (1 .7 3 ) 47 -11 2 (0 .52 ) 78
Ph-gly R  =  Ph (S ) ( - ) - M e  24 EtOH 73 (S )(+ )-P h -g ly  +47 .6  (2.51) 28 -3 6 .0  (0.89)» 30

R ' -  H  25 IDO, NaOH 60 (S ) (+ )  +38 .6  (2.10) 23 -2 8 .3  (0.90)» 24
Asp R  =  CH 2COOH (S ) ( - ) - M e  26 EtOH, HjO, NaOH 38 (S )(+ )-A la  +7 .56  (2.99) 50 + 8 4 .0 (0 .3 8 ) 58

R ' =  H 11 (R )( —)-Asp -1 1 .1  (2.84) 44 -4 1 .0 (0 .3 9 ) 45
Glu R  =  (C H i)e  (S ) ( - ) - M e  27 i-PrOH, (C 2Ht)sN 82 (S )(+ )-G lu  + 3 .7  (3.57) 12 -1 1 .5  (0.85)» 14

COOH
R ' =  H  28 EtOH 74 (S ) (+ )  + 4 .2 (3 .5 5 ) 13 - 9 .6  (0.68)» 12

29 MeOH, tri E t amine 78 ( £ ) ( + )  + 1 .9 (2 .6 8 ) 6 —4.1 (1.27)» 5
30 Dioxane:H2O (2:8), 60 ( R) (  — ) —5.9 (3.46) 19 +14 .8  (0.75)» 19

tri E t amine
31 M eOH:H jO  (1:2), 68 ( R ) ( - )  - 8 .3  (2.75) 26 +21 .9  (0.67)» 27

NaOH
32 H 2O, pyridine 55 (/ ? ) (- )  —8.6 (2 .27 ) 27 +21 .9  (0.57)» 27

(R )  (+ ) - E t  33 EtOH 75 ( « ) ( - )  -0 .4 7 (2 .8 2 ) 2 + 5 .1 7 (0 .7 2 )» 6
(S ) ( - ) - E t  34 H 2O :M eO H  (2:1), 56 ( R ) ( - )  -7 .7 (3 .0 4 ) 25 +24 .1  (0.65)» 30

NaOH

“ ( S ) (— )-M e, (S ) (  — )-«-methylbenzylamine ( [ « P d  —42.3°, benzene); (R ) (+ ) -M e ,  (/ £ )(+ )-a-methylbenzylamine ([< *P d  +41 .5 °, 
benzene); ( S ) ( — )-Et, ( S ) ( — )-«-ethylbenzylamine ( [ a ] 2̂  —21.0°, benzene); (A ) (+ ) -E t ,  (R )(+)-a-ethylbenzylam ine, ( [« ]% >  +21 .7 ° 
benzene); ( ! ? ) (+ )-Naph, (/¿)(+  ) - « - ( 1-naphthyl)ethylamine ( [ « P d  +88 .0 °, benzene). * TH F , tetrahydrofuran; D M F A , dimethyl- 
formamide. When free «-keto acids (1 mol) were used, 2 mol of optically active amine were added. Pyridine, sodium hydroxide, and 
triethylamine were also used to neutralize the keto acids. * The reaction mixtures were not homogeneous solutions. d Optical rota
tions of amino acids which were isolated by the use of ion exchange resins were listed. * Defined as ( [ « ] d obsd/[a]D lit. X  100. (S )-Ala
[ « P d +14 .6 ° (5 N  HC1); (S)-Ph-gly, [ « ] “ d +168° (5 N  HC1); (S)-Asp, [ « P d +25 .4 ° (5 N  HC1); (S)-GIu, [ « P n  +31 .8 ° (5 N  HC1):
J. P. Greenstein and M . Winitz, “Chemistry of Amino Acids,” Vol. 3, John Wiley &  Sons, Inc., New  York, N . Y ., 1961 (alanine, p  1819; 
phenylglycine, p 2694; aspartic acid, p 1856; glutamic acid, p 1929). f Dinitrophenylamino acids were isolated by column chroma
tography. » Optical rotations were measured in glacial acetic acid. * Defined as [ « ] d ob.sd/[«]o fit. X  100. DNP-(<S)-Ala, [ « ] “ d 
+143.9° (1 N  N a O H ); D N P -(S )-A sp , [ « P d +91 .9 ° (1 AT N a O H ); D N P -(S )-G lu , [ « ] “d  +80 .8 ° (A cO H ): K . R. Rao and H. A . Sober,
J . Amer. Chem. Soc., 76, 1328 (1954); D N P -(« )-P h e -g ly , [ « P d +119.2° (AcOH ).

dence ob ta in ed  in  th is s tu d y  also  su p ports  the  fa c t th a t  (R ) (— )-Alanine.— A  solution of pyruvic acid, 0.88 g (0.01
the con figu ration  o f (+ - ) - ( l -n a p h t h y l ) -e th y la m in e  an d  m o l)in 3 0 m lo f ethanol, was mixed with a solution of ( R ) ( - ) - a - 
, x i • u  u j  ct i • i (naphthyl)ethylamme, 3.42 g (0.02 mol) in 40 ml of ethanol, and
( — )-« -e th y lb e n z y la n u n e  cou ld  b e  R  an d  S , respective ly . thePsoluiion was kept standfng for 30 ^ in at room tempera’ture
I t  w as  fo u n d  in  this s tu d y  th a t  the  a - (1 -n a p h th y l)e th y l-  To this was added 1.0 g of 10% palladium on charcoal, and the
am ine is also  h y d ro gen o lyzed  to  « -e th y ln a p h th a le n e  solution was hydrogenated for 10 hr at room temperature (initial
an d  am m o n ia  as a -a lk y lb e n z y lam in e6,10 an d  p h en y l- pressure, 40 psi). The catalyst was removed by filtration and

glyc iB e’  b y  th e  u se  o f  p a llad iu m  h y d ro x id e  on  charcoal. „“ Z e d t l “ " “

under reduced pressure. Water was added and the solution 
TTxmorJtnonf-Ql «SectirmR evaporated to dryness to minimize free hydrochloric acid. The

residue was dissolved in 60 ml of water and the pH  was adjusted 
Optically active amines are as follows: ( S ) ( -  )-«-methylbenzyl- to about 4.5 by the use of sodium hydrogen carbonate. Palladium

amine 16>17 [«]% > —42.3° (benzene); ( R ) ( +  )-a-methylbenzyl- hydroxide on charcoal,6 3.0 g, was added to the solution and
amine’16'1'' [ « P d +4 1 .5 ° (benzene); ( + ) ( - )-«-ethylbenzyl- hydrogenolysis was carried out for 24 hr. After hydrogenolysis
amine’14'18 [ « P d -2 1 .0 °  (benzene); (R )(+ )-a -ethy lbenzy l- was completed, the catalyst was removed by filtration. The
amine’14'18 [ « P d +21 .7 ° (benzene); (R )(+ )-< *-(l-n aph thy l)- solution was then acidified by hydrochloric acid and evaporated
ethvlamine [ « P d +88 .0 ° (benzene). to dryness and the residue was extracted with absolute alcohol.

y ’ The alcoholic solution was evaporated to dryness under reduced
pressure and the residue was dissolved in 10 ml of water. The

(15) All optical rotation measurements were carried out by the use of the solution was applied to a Dowex 50-X2 column (hydrogen form)
Rudolph Model 80 polarimeter with PEC-101 photometer AU hydrogena- an{J &lanine w&g d  d ^  1 N  amm0nia. Fractions which con-
tions and hydrogenolyses were earned out by the use of Parr 3910 shaker- . . , . , ,, . . .  u u l
™ , , * * ______ .... tamed alanme were combined and evaporated to dryness vn vacuo.type hydrogenation apparatus.

(16) W . Theilacker and H. Hinkler, Chem. Ber., 87, 690 (1954). '
(17) W . Leithe, Ber., 64, 2831 (1931). (18) A. J. Little, J. McLean, and F. J. Wilson, J. Chem. Soc., 337 (1940).
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Alanine (680 mg, 76% ) was obtained, [a ]KD -11.6° (e 3.75, Registry No.— ($ )(+ )-a la , 56-41-7; (i2 )( — )-ala,
5 N  HC1), 80% optically pure. The alanine was converted into 338-69-2; (<S)(+)-ala benzyl ester, 17831-01-5; ( R ) -
DNP-alanine in the conventional manner,31 and the resulting / \ i u i 170o i no a.  /m / . \ i
D N P  derivative was purified by  the use of a Celite column "  N f  benzyl ester, 17831-02-6; (£ )(+ )-ph-gly,
treated with pH  7.0 citrate buffer.12 The DNP-alanine was (<S) (+)-asp, 56-84-8; (Æ )(-)-asp, 1783-96-6; (8)-
extracted and crystallized: mp 170-173°; [al^D — 120° .{c (-f-)-glu, 56-86-0; (/? )( — )-glu, 6893-26-1.
0.40, 1 N  N aO H ), 83% optically pure. , . , ,

Optically active aspartic acids were prepared in the same way Acknowledgment. This work was supported by 
as above from oxaloacetic acid (reaction 26). The resulting Grant No. NsG-689 o f the National Aeronautics and
aspartic acid and alanine were separated by the use of a Dowex Space Administration. The authors wish to express
2-X8 column (formate form) by eluting with water The aspartic their thanks to Dr. Howard B. Powell and Dr. Cecil M. 
acid combined with the resin was eluted with 1 formic acid. ^ » i i t j - • j  j. ix/r ™  i t »

Other experimental procedures used in this study were similar C n s s  fo r  valuable discussion and to Mr. Charles R .  
to those which were reported already.10 Windsor for amino acid analysis.

Novel 1-Thiovinyl Phosphates and Related Materials
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Phosphites react with aryl and aralkyl chlorothiolacetates to give principally 1-thiovinyl phosphates; simple 
alkyl chlorothiolacetates give mixtures containing appreciable amounts of the isomeric phosphonates. D i- and 
trichlorothiolacetates give almost exclusively phosphates. Several of the phosphates were oxidized to the corre
sponding 1-sulfinyl and 1-sulfonylvinyl analogs. Proof of structure and mechanisms are given.

The literature on the reaction of halothiolacetates 1-Thiovinyl Phosphates.— Our work independently 
and trialkyl phosphites has been confusing. As early showed that alkyl esters of monochlorothiolacetates
as 1951, S-ethyl,1’2 S-carbethoxymethyl, S-phenyl, gave mixtures while the corresponding aryl esters
and other S-aryl trichlorothiolacetates2 with triethyl gave predominantly the 1-thiovinyl phosphates. All
phosphite were claimed to give phosphonates. Mel’- of the di- and trichloro esters used in this work gave the
nikov, et aZ.,3,4 claimed the phosphonate structure for vinyl phosphates as the only detectable product,
the products from ethyl, p-chlorophenyl, and 2,4,5- The S-substituted 1-thiovinyl phosphates,16 yields, 
trichlorophenyl chlorothiolacetates similar to the prod- analyses, and properties are shown in Tables IA  and IB.
ucts obtained from alkyl and aryl chloroacetates.5 Yields in general were high. The phosphates generally
Patent literature6-8 available after most of the work are high-boiling liquids, not well purified by distillation,
reported herein had been completed has disclosed 1- In one case where the thiovinyl phosphate (1) and the
thiovinyl phosphates and the corresponding 1-sulfinyl- isomeric phosphonate were separated by distillation,
vinyl phosphates having only— C = C H C la n d — C = C - the phosphonate was the higher boiling. Elemental
Cl2 groups. The — C=CC12 compounds might be ex- analysis does not distinguish the 1-thiovinyl phosphates
pected since the structure of the reaction products ob- from the isomeric phosphonate; however, infrared
tained from trialkyl phosphites and trichloroacetates has spectra clearly established the 1-thiovinyl phosphate
been shown9-11 to be that of the vinyl phosphate; how- structure and were also used to detect the presence of
ever, the corresponding phosphonate structure from the phosphonate. Calibrated infrared spectra were not
trichloroacetates has also been indicated in some earlier obtained, and a minimum of 5-10% of the phosphonate
literature.12,13 More recently, Gololobov14 reported a could probably be detected.
series of 1-thiovinyl phosphates obtained from S-ethyl Proof of Structure.— It  was noted early in this work
mono-, di-, and trichlorothiolacetates and phosphites. that the infrared spectra did not confirm the phos-
Gololobov reported obtaining mixtures with the mono- phonate structure, primarily owing to the absence of a
chloro ester and only vinyl phosphates with the di- and carbonyl band in the 5.5-6.0-/Z region. The phosphate 
trichloro esters. structure was assigned on the basis of the presence of

(1) Ciba A.-G., Switzerland Patent 310,409 (1955). a C = C  band in the 6-6 .2-/1 region and a S p l i t  P— O
(2) Farbenfabriken Bayer A.-G., German Patent Application F10.391 band characteristic of phosphates.16

(1ï ï 0v  M r>:i , , The spectrum of 1, like those of all of the 1-thiovinyl
(3) N. N. Mel mkov, ei aL, USSR Patent 116,879 (1958). , , , , , /n r\ ,• • ,
(4) N. N. M el’nikov, Ya. A. Mandel’baum, and V. I. Lomakina, J. Gen. pn O S p llR t6 S , ilR u  IlO vy O  R D SO rptlO Il £lt 0 .8 9  f l  w h ich .

Chem. u s s b  (Engi. Transi.), 29, 3252 ( 1959). was present in the spectra of the phosphonates of this
(8) Sumitomo Ch^emical^ndustries C m fu d ^J^p a n  Patent Publication ^ p e .  A  m o d e r a t e l y  S t r o n g  C = C  a b s o r p t io n  a t  6.21

No. 4998 (1960). M w a s  p r e s e n t  m  1 b u t  a b s e n t  in  t h e  p h o s p h o n a te s .
(7) Sumitomo Chemical Industries Co., Ltd., Japan Patent Publication Also, 1 had a Split P—»0  absorption at 7.7 and 7 8

No. 13148 (1960); see also 17015 (1960). J .  r  , , , .
(8) Sumitomo Chemical Industries Co., Ltd., Japan Patent Publication ^ 14111,1 111 characteristic of a phosphate group, while

No. 16438 (1960). the phosphonates had a single P-»-0 absorption at
i9L Pi M“eller(ÎÎ.J‘ ^ '? leeJyA’ -G')5SwiÎZjrla?dPat ,̂nt326’94?e19®8)' 7.95 y characteristic of a phosphonate grouping.17(10) Sumitomo Chemical Industries Co., Ltd., Japan Patent Publication ^  ^  0

No. 13147 (1960).
(11) F. W . Lichtenthaler, Chem. Rev., 61, 607 (1961). (15) L. F. Ward, Jr., and D. D. Phillips (to Shell Chemical Co.), U. S.
(12) R. Sallmann (to Ciba Ltd.), U. S. Patent 2,830,927 (1958). Patent 3,069,313 (1962).
(13) R. Sallmann (to Ciba Ltd.), U. S. Patent 2,861,914 (1958). (16) J. Hine, “ Physical Organic Chemistry,”  McGraw-Hill Book Co.,
(14) Yu. G. Gololobov, J. Gen. Chem. USSR  (Engl. Transi.), 35, 1246 Inc., New York, N. Y., 1956.

(1965). (17) F. S. Mortimer, Spectrochim. Acta, 9, 270 (1957).
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T a b l e  I A

St r u c t u r e  a n d  P r o p e r t ie s  o f  1 -T h io v in t l  P h o s p h a t e s  U n s u b s t it u t e d  i n  2 P o s it io n

R 1 0

^ O C S R 8

RC/ 7  C H 2

Hydrolysis, 38°, 
^-half-life, hr—>

Yield, d ,---------- Anal., % ----------. pH  pH
Compd R  R 1 R » % Bp, °C  (mm) n»D (25°) Found Calcd 1.1“ 9.1»

1 C H 3 C H 30  C H 3 34 67-68 « 0 . 0 2 )  1.4695 1.2 P  15.7 15.7 7 60
S 16.4 16.2
Cl <0 .1  0.0

2 C H a C H 30  C6H 5 68  95-98(0.018) 1.5320 1.2 P  11.8 11.9 <7  170
S 11.7 12.3
Cl 0 .2  0.0

3 C H 3 C H 30  2-C ioH , 75 145-150(0.001) 1.6000 1.3 P  9.5 10.0 7 70
S 10.7 10.3
Cl 0.46 0.0

4 C2H 5 C6H 5 C 6H 5 72 145-150(0.001) 1.5684 1.0 P  9.8 9.7 7 10
S 10.1 10.0
Cl 0.26 0.0

5 C2H 5 C2H 5O C 6H 5 81 110-120(0.001) 1.5182 1 .1  P  10.8 10.8 <5  >100
S 11.0 1 1 .1

Cl <0 .1  0 .0

6  i -C 3H 7 ¿-C3H ,0  C6H 5 72 90(0.001) 1.5032 1.1 P  9.6 9.8 9 120
S 10.3 10.1
Cl 0.39 0.0

7 C4H 9 C4H 90  C 6H 5 80 125(0.001) 1.5028 1.1 P  9.0 9.0 9 120
S 9.0 9.3
Cl 0.35 0.0

8  C H 3 C H 30  ¡o-C1C8H 4 78 100-105(0.001) 1.5442 1.3 P  10.6 10.5 <7  110
Cl 12.3 1 2 .1

9 C2H 5 C2II5O p -C lC 6H 4 76 115(0.001) 1.5302 1.2 P  9.1 9.6 < 7  >300
S 9.9 10.5

10 CHa C H sO  C13C6H 2 90 Crude 1.5610 1.5 P  8.5 8.5 24 35
S 8.3 8 . 8

Cl 28.8 29.3
11 C2H 5 C2H 5O Cl3CfiH2 85 Crude 1.5568 1.4 P  7.1 7.9 14 115

S 7.7 8.2
Cl 27.7 27.2

12 C H 3 C H 30  p -N 0 2C 6H 4 76 M p  70-71   P  10.3 10.2 24 75
S 11.0 10.5
Cl 0.25 0.0

13 CHa CHaO p-CHaC6H 4 71 118-122(0.001) 1.5328 1.2 P  11.3 11.3 11 58
S 11.8 11.6
Cl 0.4 0.0

14 CHa CHaO C 6H 5C H 2 67 135-140(0.001) 1.5295 1.2 P  11.8 11.3 12 35
S 11.5 11.7
Cl 0.64 0.0

15 C 2H 6 C2H 60  C 6H 6C H 2 6 8  125 (0.001) 1.5197 1.2 P  10.5 10.3 13 36
S 10.8 10.6
Cl 0.27 0.0

“ 0.2-2.0 ppm in aqueous HC1. 6 0.2-2.0 ppm in aqueous K 2B 40 7.

With these exceptions and a band at 10.0-10.2 n in the in all of the 1-thiovinyl phosphates containing either a
spectra of 1, tentatively assigned to the C = C H 2 group, C = C H 2 or C=CC12 grouping had been eliminated,
the spectra were otherwise very similar. The nmr Bromination of 2 also appeared to give the similar di
spectra were also obtained for four 1-thiovinyl phos- bromoethyl phosphate. Both the chlorinated and
phates, and the nmr parameters are shown in Table II. brominated products decomposed to two immiscible
These confirmed the presence of olefinic protons and materials shown by infrared spectra to be dimethyl
absence of a saturated methylene group. In the case halophosphate and S-phenyl halothiolacetate, pre-
of 16 and 17 the presence of two doublets near 3.6 and sumably as shown in eq 1. Even though the halo-
6.5 ppm indicated the presence of isomers around the o  puY o
double bond. f i 2 j | 2 .—-

Halogenation of 2 and 5 afforded additional evidence (CH30)2P0CS— f  / (CH30)2P0CSqr-/ \  ---- *
of structure. Addition of 1 mol of chlorine (from |
sulfuryl chloride) to each of these materials gave the x
dichloroethyl phosphates. The infrared spectra of a 0
these two products no longer contained the C = C  band (CH,0) PX +  XCH CS— f ~ \  (1)
at 6.2 n. In addition, a band at about 10.2 n present  ̂ 3 22 2 \ = /
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T a b l e  IB
St r u c t u r e  a n d  P r o p e r t ie s  o f  1 -T h io v in y l  P h o s p h a t e s  Su b s t it u t e d  in  2 P o s it io n

O
t

(RO)2POCSR‘

XCY
Hydrolysis, 38°,
✓—half-life, hr—■»

Yield, d r------- Anal., % — ^ pH pH “
Compd R  R* X  Y  % Bp, "C  (mm) n»D (25°) Found Calcd 1.1“ 9.16

16 CH3 CHa H Cl 90 80-81 (0.02) 1.4892 1.4 P 13.6 13.3 45 35
S 13.9 13.8
Cl 15.4 15.3

17 CHa C6H5 H Cl 84 110(0.001) 1.5468 1.3 P 10.6 10.5 120 28
S 11.0 10.9
Cl 11.7 12.0

18 C2H6 C6H6CH2 H Cl 65 125 (0.001) 1.5269 1.2 P 9.2 9.2
S 9.8 9.5
Cl 10.0 10.5

19 CaHj C6H5 Cl Cl 77 110(0.001) 1.5402 1.4 P 8.6 8.7 140 70
S 8.7 9.0
Cl 20.1 19.9

20 CHa C6H5 Cl Cl 75 95(0.001) 1.5565 1.4 P 9.3 9.4 77 14
S 9.7 9.7
Cl 21.4 21.6

21 CHa CHa Cl Cl 87 94(0.02) 1.5030 1.4 P 11.5 11.6 93 17
S 12.0 12.0
Cl 26.5 26.6

22 CHa C6H5 F F 75 75-82(0.001) 1.5023 1.3 P 10.9 10.5 170 13
S 11.1 10.8
Cl <0.1 0.0

“ 0.2-2.0 ppm in aqueous HC1. 6 0.2-2.0 ppm in aqueous K 2B407.

genation was not a simple process, the intermediate T a b l e  II
and final products nevertheless substantiate the vinyl N m r  P a r a m e t e r s

phosphate Structure assigned. Chemical shift Coupling No. of

Hydrolysis, described in more detail later, also Compd Group *■ppm constant, Hz Multiplicity protons 

afforded additional evidence of structure. In  both 2 -O C H 3 3.6 J = 11 Doublet 6
acidic and basic solutions, the simple thiovinyl phos- = C H 2 5.0 J  =  2 trip let 1

phates 2 and 5 hydrolyzed first at the POC bond fol- . Ij'jL ~ npet *
lowed by hydrolysis of the resultant thiolacetate x -S C lT  ^ 2 31 3
(eq2). This was demonstrated both by infrared spectra -O C H 3 3 82 J = n  Doublet 6

= C H 2 4.76 J  =  2 Quartet 1
?  CH2 5.10 J  =  2 Quartet 1
T II f ~ A  r r n  H+or 16 -SCHa 2.4 3

(RO)2POCS— ? ___7 +  H 20  oh- > -O C H 3 3.86,3.87 J  =  11 Two doublets 6
— '  = C H —  6.11 J  =  1 Doublet 0.4
«  6.38 /  =  3 Doublet 0.6
V  0  17 -O C H 3 3.60,3.67 J  =  11 Two doublets 6

_  I II 0  \  H+or OH“ = C H —  6.38 J  =  1.5 Doublet 0.3
(RO)2POH +  CH3CS 6.6 /  =  3.0 Doublet 0.7

Aromatic 7.36 5
O

CH3COH •+ ^  ^  SH (2) were drawn for the S-esters and phosphites reacted:
(1) with S-phenyl chlorothiolacetate and different 

and by glpc during the first 10-20% of hydrolysis in phosphites C6H6P(OCH3)2 >  (CH30 )3P >  (C2H60 )3P 
which essentially all of the material was present either =  (CH30 )2PN (C H 3)2 >  (¿-C3H70 )3P =  (ra-CiHgO^P 
as the 1-thiovinyl phosphate or as the thiolacetate. (CH30 )2P0C6H6: (2) with trimethyl phosphite
The thiolacetate was converted into benzenethiol and with variation in the R  group of ClCH2C =O S R
during the later stages of hydrolysis. (a) p-N02C6H 4 >  C6H5 =  p-ClC6H4 =  2,4,5-Cl3C6H2

Selectivity of Reaction.—'Many variations were >  p-f-C-iHgCelR >  p-CH3C6H4 »  o-CH3C6H4, (b)
made both in substituents of the S-ester group as well CeH6 >  2-Ci0H7 >  C6H6CH2 »  C6H5CHCH3, (c)
as in the groups attached to phosphorus. The various C6H6CH2 »  CH3O C =O CH 2 »  CH3.
changes affected the rate of reaction as followed by S-Aryl Analogs.— S-Aryl monochloro-, dichloro-, 
infrared spectroscopy. Conditions required for com- and trichlorothiolacetates were all found to yield 
plete reaction varied from 1 hr at 60° to 14 hr at 110- only the corresponding S-substituted 1-thiovinyl
130°. From the reaction times and temperatures, phosphates as detected by infrared spectroscopy,
the following general conclusions concerning reactivity This is in direct contrast to the product obtained from
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T a b l e  I I I

St r u c t u r e  a n d  P r o p e r t ie s  o f  1-Sü l f i n y l v in y l  a n d T - S u l f o n y l  v i n y l  P h o s p h a t e s

0

(R O )2Î o C S (0 )„R >

¿ x 2
Hydrolysis, 38°,

Precursor half-life, hr-^
(1-thiovinyl Yield, d  ,-------Anal., % — -, pH pH

Compd R  R 1 X  n  phosphate) %  Bp, c C (mm) n ^ n  (25°) Found Calcd 1.1e 9.1,l

23 C2H 6 C 6H 6 H  1 5» 69 115-120 (0.008) 1.5173 1.25 P  10.5 10.2 100 14
S 10.5 10.5

24 C H 3 p-C lC6H 4 H  1 8« 44 120(0.001) 1.5431 1.4 P  10.0 10.0 29 9
S 10.8 10.3

25 C 2H 6 C 6H 6C H 2 H  1 15» 66 125(0.001) 1.5205 1.22 P  9.9 9.8 170 12
S 10.2 10.1

26 C H 3 C H 3 H  1 1« 51 75-80(0.001) 1.4709 1.28 P  14.6 14.5 26 <7
S 15.4 15.0

27 C2H 6 C 6H 6 H  2 5» 66 130-135(0.009) 1.5045 1.25 P  9.8 9 .7  40 8
S 10.6 10.0

28 C H S p-C lC6H 4 H  2 86 53 128(0.001) 1.5321 1.4 P  9.2 9.5 17 <7
S 10.3 9.8

29 C 2H 6 p-C lC6H 4 H  2 9» 68 125-130(0.008) 1.5140 1.3 P  9.0 8.7 13 <7
S 9.3 9.0

30 C H 3 C13C 6H 2 H  2 10" 79 Crude 1.5560 . . .  P  7.8 7.9 30 < 8
S 7.8 8.1

31 C 2H 6 C 6H 6C H 2 H  2 15» 61 120-125(0.001) 1.5082 1.24 P  9.3 9.3 46 <7
S 9.9 9.6

32 C H 3 C H 3 H  2 1» 80 Crude 1.4545 . . .  P  13.6 13.5 13 <7
S 13.7 13.9

33 C 2H 6 C 6H 6 Cl 2 19'* 92 Crude 1.5322 . . .  P  7.8 8.0 ...............
S 7.9 8.2

» Peracetic acid used as oxidizing agent. 6 Monoperphthalic acid used as oxidizing agent. ° 0.2-2.0 ppm in aqueous H Cl. d 0.2-2.0 
ppm in aqueous K 2B 40 7.

phenyl chloroacetate (eq 3) which was only the phos- allyl ester gave the phosphonate as the only isolable 
phonate shown by the absence of any bands in the material. The methoxycarbonyl group when sub- 
C = C  region of the infrared spectra. stituted on the methyl group of methyl chlorothiol-

acetate acted much like the phenyl portion of the benzyl 
9 group, discussed above, in that the vinyl phosphate was

(CH30)3P +  C1CH2C0— __*■ obtained in high yield. A  consequence of this ob-
3 3 \ = /  servation is discussed in the section devoted to the

9 0 mechanism of the reaction.
J I / = \  The dichloro- and trichlorothiolacetates with S-alkyl

(CH30)2PCH2CQ y  (3) ester groups reacted similarly to the corresponding 13-
aryl and S-aralkyl esters; e.g., only 1-thiovinyl phos-

S-Aralkyl Analogs.—Aralkyl esters, i.e., S-benzyl phates were detected or isolated. The S-alkyl dichloro-
chlorothiolaeetate, like the aryl analogs, also normally and trichlorothiolacetates had about the same reactivity
gave thiovinyl phosphates. These thiolacetates were requiring abouti hr at 100°, whereas the corresponding
in general less reactive than the S-phenyl materials, monochloro derivatives were much less reactive re
but gave the same high yields. However, the S-p- quiring 13-14 hr at 100° for complete reaction,
methylbenzyl and S-a-methylbenzyl chlorothiolacetates Other Chemistry of 1-Thiovinyl Phosphates. Oxi- 
reacted with trimethyl phosphite very slowly, and both dation.—Several of the 1-thiovinyl phosphates were
products contained some inseparable isomeric phos- oxidized to the corresponding sulfoxides and sulfones.18
phonate. These exceptions might indicate that more These compounds and their properties are shown in
of the 1-thiovinyl phosphates contain small amounts of Table I I I .  The reaction with 2 equiv of oxidant ap-
the isomeric phosphonates, not detected with the parently went stepwise via the sulfoxide. This was
methods used. evidenced by the absence of the sulfone (S02) bands

S-Alkyl Analogs.—All of the simple S-alkyl chloro- (7.4, 8.7 m) in the infrared spectra of products obtained
thiolacetates gave mixtures of phosphates and phos- when exactly 1 equiv of oxidant was used. Thus, h
phonates. The S-methyl ester gave about a 1:1 ratio must be many times faster than fa (eq 4).
of the 1-thiovinyl phosphate 1 (Table I  A ) and phos- n o  o
phonate. These two materials were separated by dis- 9 p (0) 9 9 {0) 9
tillation, with the phosphate being the lower boiling (R O )2P O C S R ' — >- (R O )2P O C S R ' — >■ (R 0 )2P 0 C S 0 2R ' (4) 
component. Infrared spectrum of the mixture from the *1 1 ** jlH
S-butyl ester indicated a predominance of phosphate. ___._______  2 2
In Contrast, although infrared SpectrOSCOpy indicated ( jg )  ]J_ Phillips and L. F. Ward, Jr. (to Shell Chemical Co.), u. s.
the presence of phosphate during the reaction, the S- Patent 3,151,147 (1964).

J
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Hydrolysis.— The hydrolysis studies of the vinyl With halothiolacetates, however, attack on the carbonyl 
phosphates and related materials were carried out on oxygen is most likely.
aqueous solutions containing 0.2-2.0 ppm of the phos- This mechanism involves the ability of the sulfur 
phate, using HC1 for pH 1.1 and potassium tetra- atom to expand its outer valence shell to ten electrons
borate buffer for pH 9.1. In general, diethyl phos- by use of the d orbitals, thus making the carbonyl
phates were more stable than the corresponding di- oxygen somewhat positive (eq 5, step a). The electron-
methyl compounds. Under strongly acidic conditions, withdrawing character of the SR group is demonstrated
hydrolysis was extremely rapid, especially with phos- by the infrared studies of Baker and Harris22 who show
phates containing the C = C H 2 grouping, and very that in thiolacetates, 0 + = C = ~ S R  is present. This
little difference in stability of ethyl-methyl pairs was electron-withdrawing character of the SR groups is
noted. also evidenced by the contrasting reactions of ethynvl

Except for the 1-thiovinyl phenylphosphonate (4) ethers and thio ethers with nucleophilic reagents.23
and the methoxycarbonylmethyl compound shown I t  will be noted that reaction of the unpaired electrons
below, all of the phosphates containing an unoxidized of trimethyl phosphite with the positive oxygen (step
sulfur (CSR ') and an unsubstituted a-methylene group b) can give the phosphate bond directly; then the
(C = C H 2) were much less stable at pH 1.1 than at 9.1. normal bond shifts (steps c and d) produce the 1-
This could be expected in view of their resemblance to thiovinyl phosphate. The type of resonance depicted
acetals. However, when one of the a-methylene in step a becomes especially attractive when there is
hydrogens was replaced by a methyl group, the stability attached to sulfur a group which acts as an electron
at the two pH ’s was about the same. When one or sink such as phenyl and substituted phenyl groups,
both hydrogens were replaced by chlorine, the stability This allows the negative charge to be delocalized to a
picture was reversed, and these halogenated derivatives greater extent and thus stabilizes the resonance hybrid,
were more stable at pH 1.1 than at pH 9.1. In general,
the dichloro compounds were less stable than the cor- 0
responding monochloro analogs. Oxidation of the I OD step a. 5

1« • i i , -]/» • j  -l £ 1 -ii -1 • vlvfl2vw lV i -K r  v lv l l2 w  Olv
sulfur either to sulfoxide or sulfone also resulted in |
greater stability in acid solution, with the sulfoxide lfO+
being the most stable. These results were expected ' :P(OCH3)3
owing to an inductive effect caused by the electron- ^
withdrawing power of halogens and sulfoxide or sulfone
groups which would tend to make the displaced anion + + ^—
and subsequent alcohol more stable as noted by (CH30)2P0CSR <8tepc (CH30)3P0C=SR (5)
Vernon.19 There was no obvious reason for the in- II K
stability of 4 in base, but the electron-attracting char- _/'H2
acter of the benzene ring might make the P — 0 — C = C  ^̂ Oj —CH3 cr
bond more susceptible to attack by bases. ®

In the case of the methoxycarbonylmethyl compound, step a
an additional site is provided for hydrolysis. Car
boxylic esters are rapidly hydrolyzed in base.16 Con- 0  qj

sequently, under basic conditions, the hydrolysis of f  ||
the 0 = C 0 C H 3 group was probably the rate-deter- (CH30)2P0CSR +  CH3C1
mining step, whereas in acid the hydrolysis of the
P O C =C  bond determined the rate as shown. Hydroly- The chemistry discussed earlier lends support to this 
sis of one or both of the methyl ester groups on phos- mechanism. Attack on carbonyl oxygen can account
phorus was also possible. However, as discussed for the formation of the vinyl phosphate from S-alkyl
earlier, only starting phosphate and thiolacetate were chlorothiolacetates. Simple alkyl groups are not elec-
detected in the early stages of hydrolysis. tron sinks; in fact, they are somewhat electron do

nating.24 However, the electron-withdrawing capacity 
0 ! CH 0 ! ° f  the sulfur apparently is still strong enough to produce
| j || 2 || I some positive charge on the carbonyl oxygen. Thus,

(C B jO)2P— ■— OCSCH2C— {— OCH3 the reaction proceeds partly by this path when R  is
‘H11 qi methyl and almost completely by step a when R  is aryl.
p ' P The structural effect on reactivity of the aryl and

Mechanism of Reaction.—The mechanism of the aralkyl chlorothiolacetates mentioned earlier also lends 
reaction of trialkyl phosphites with a-halocarbonyl support for attack on oxygen. Thus, substitution in
compounds to give vinyl phosphates has not been j  Pam position with a very strong electron-with-
established. Attack of the carbonyl carbon by drawing group such as nitro increases the reactivity
phosphorus followed by intramolecular rearrangement whereas substitution with electron-donating groups
has been proposed to be the most likely mechanism su~- or ^'hutyl decreases the reactivity,
with attack at the carbonyl oxygen less likely.11,20,21 acichtion to the electron-attracting properties of

the sulfur, one must consider the inductive effect of the
(19) C. A. Vernon, “ Phosphoric Esters and Related Compounds,”  Special

Publication No. 8, The Chemical Society, London, 1957, p 31. (22) A. W . Baker and G. H. Harris, J. Amer. Chem. Soc., 82, 1923 (1960).
(20) E. L. Getter, “ Organophosphorus Monomers and Polymers,”  Asso- (23) B. A. Raphael, E. C. Taylor, and H. Wynberg, Advan. Org. Chem., I ,

ciated Technical Services Inc., Glen Ridge, N , J., 1962, pp 31-36. 151 (1960). ’ *
(21) B. Miller, “ Topics in Phosphorus Chemistry,”  Vol. 2, Interscience (24) A. E. Remick, “ Electronic Interpretations of Organic Chemistry,”

Publishers, New York, N . Y ., 1965. John W iley & Sons, Inc., New York, N . Y ., 1947, p 149.
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halogens. Additional chlorines as in di- and trichloro- Anal. Calcd for PO 5C i0H ]3: P , 12.7; Cl, 0.0. Found: P , 
thiolacetates cause the carbonyl oxygen to become even 12,6; C1> °-5-
more positive and account for the increased rates of *7  *',. r  , ti T_ t , -  . “  thiovinyl phosphate S (57.6 g, 0.20 mol) m 150 ml of chloroform
reaction  noted . it  v e il w h en  K. is m eth y l, o n ly  tw o  was added 136 ml of a solution of peracetic acid in chloroform
chlorines are required to shift product formation en- (15.9 g, 0.21 mol) over a 2.25-hr period at 20-30° with ice-bath
tirely over to the vinyl phosphate 16 cooling as needed. The mixture was stirred for an additional 1 hr

Thus, based on the chemistry above and the work at 25~30° w! f n titrati,on ^ icatf  "nly the ex(f * (0:7<J >  °f. j  . , go oq ,, i , peracetic acid remained. The solution was washed with cold
reported on thio esters, ’ attack on oxygen appears to aqueous 10% sodium bicarbonate solution until the washings
be the most reasonable mechanism for thiolacetates. were slightly basic to pH  paper, separated, dried with mag

nesium sulfate, and stripped to remove solvent. The residual 
liquid was stripped and molecular distillation gave 42 g (69%  

Experimental Section yield) of 23 as a yellow liquid: bp 115-120° (0.008 mm); ra25d
_ , . . , . , . _  , 1.5173; infrared spectrum, similar to 5 except bands at 8.4,
Instn im ents.-The infrared spectra were obtained on a Beck- 9>15 and gA5 new or stronger; S- 0  near normal with smaller 

man IK -4 spectrophotometer, using carbon disulfide or methylene band near 8 5 m

chloride as solvent and a 0 1-mm sodium chloride cell Certain AnaL Calcd'for P S 0 5C 12H „ : P , 10.2; S, 10.5. Found: P ,
spectra were obtained with a Beckman IK -5 spectrophotometer. 10 5’ S 10 5
The nmr spectra were obtained in a VarianA-60 instrument with Dimethyl' l-(Methylsulfonyl)vinyl Phosphate (32). Method
tetramethylsilane as internal reference standard. Chemical j .  Monoperphathalic Acid.— To the phosphate 1 (4.95 g,
shifts are reported m parts per million (a) from tetramethylsilane 0.025 mol) in 30 ml of ether was added 156  ml of an ethereal
and coupling constants are reported in cycles per second (cps). solution of monoperphthalic acid (9.55 g, 0.053 mol). The

Preparation of Chlorothiolacetates. A ll of the chlorothiol- temperature rose spontaneously to 35°. The mixture was refluxed 
acetates used m the preparation of the thiovinyl phosphates and for x hr when titration showed 0.08 g of per acid remaining. The
related materials were made from the appropriate thiols and golution was filtered and washed with a 5 %  aqueous sodium
haloacetyl chlorides fol owing the procedure described by bicarbonate solution until washings were basic to pH  paper.
Dalgleish and Mann. Yields generally were m excess of 70 /0. The wasbings were saturated with sodium chloride and extracted

Preparation of 1-Thiovinyl Phosphates and Isomeric Materials fiye times with 5Q ml of methylene chl0ride each. The ether and
Two examples are given: (1) a preparation which gave vinyl methylene chloride solutions were combined, and the total was

phosphate cleanly, and (2) a preparation from which both 1- dried with magnesium sulfate. The solvent was removed, and 
thiovinyl phosphate and the isomeric phosphonate were isolated. the residuai liquid was stripped to a final temperature of 50° (0.2

Diethyl l-(Phenylthio)vinyl Phosphate (5). To S-phenyl mm) to give 4.5 g (80% yield) of 32 as a yellow liquid: n25D
chlorothiolacetate (259 g, 1.39 mol) at 90-100 was added tri- 1 .45 4 5 ; infrared spectrum, some changes from 1, with the most
ethyl phosphite (266 g, 1.60 mol), heated for a total of 4.5 hr at prominent being the S 0 2 bands at 7.5 and 8.8  fi.
110-120° and stripped to 125 (0.05 mm) (kettle temperature) AnaL Calcd for P S 0 6C 5H „ : P , 13.5; S, 13.9. Found: P ,
to remove lower boiling materials. Molecular distillation of the 13.6- S 13.7.
residue gave an 81% yield of 5 as a pale yellow liquid: boiling Method 2. ’ Peracetic Acid.— To 1 (45.5 g, 0.23 mol) in 20 ml 
range 110-120 (0.001 mm); n^D 1.5182; it 3^23 (-—O H ), 6.2 0f chloroform was added 385 ml of a solution of peracetic acid
(C = C ) ,  7.62, 7.7 (P—»-O) (phosphate), 10.1 M (41 g, 0.54 mol) in chloroform, and the temperature was main-

Anal. Calcd for PSO 4C 12H 17: P , 10.8; S, 11.1, Cl, 0.0. tained at 25-35° by ice-bath cooling as needed. The mixture was
Found: P , 10.8; S, 11.0, Cl, <0-1- stirred for an additional 1.5 hr at 25-30° when titration showed

Dimethyl l-(Methylthio)vinyl Phosphate (1) and S-Methyl only the excess (6.2 g ) per acid remained. Work-up similar to
(Dimethoxyphosphinyl)thioacetate. Trimethyl phosphite (97% method l and molecular distillation gave 32 g (60% yield) of
pure) (119 g, 0.92 mol of 100% purity) was added over 1 hr to 32 as a very pale yellow liquid: bp 85° (0.002 mm); w“ d 1.4552;
the chloro ester (100 g, 0.80 mol) at 90-95 . The mixture was infrared spectrum, similar to that in method 1 above, 7.49 and 8.78
then heated for 13.5 hr at 90-115 , checking by infrared spec- for Sq 2 bands.
troscopy periodically to determine the extent of reaction. The AnaL Calcd for P S 0 6C5H n : P , 13.5; S, 13.9. Found: P,
mixture was then Claisen distilled to give two mam fractions: jg  g. g pj ; _
(1) 58 g; bp 76-78° (0.02 mm); infrared, strong C = C ,  weak l,3-Dichloro-2-(phenylthio)ethyl Diethyl Phosphate.— To the
C = 0 .  (2) 31 g; bp 95-105 (0-02 mm); infrared, very weak phosphate 5 (10.3 g, 0.036 mol) in 25 ml of methylene chloride
C = C ,  very strong C = 0 .  Redistillation of fraction 1 through cooled to 5° was added sulfuryl chloride (4.7 g, 0.035 mol) in 10
an 8-in. Bantam-ware unpacked column gave 41 g (26% yield) mj 0f methylene chloride. The temperature was maintained at
of 1 as a yellow liquid: bp 73 (0.02 mm); w25d 1.4710. Fraction 5-10° by use of a D ry  Ice-acetone bath as needed. The resultant
2, above, gave 31 g (20% yield) of the isomeric phosphonate, a solution was warmed to ambient temperature over a period of
yellow liquid, which was not further purified, bp 95-105 3o m;n and then gtr;pped at 25° (1.0 mm) for 2 hr to give 12.6
(0.02 mm); « “d 1.4770. Infrared analysis indicated that little if g (9 9%  yield) of l,2-dichloro-2-(phenylthio)ethyl diethyl phos-
any phosphonate was present in 1. phate as a yellow oil: w* d 1.5196.

Anal. Calcd for PSOiCsHu: P  15.7; S, 16.2; Cl, 0.0. Anal. Calcd for PSOiCl2C12H „ : P , 8.6; S, 8.9; Cl, 19.8.
Found for 1: P , 16.0; S, 15.5; Cl, 0.2. Found for crude Found: P  8.5‘ S 9.1- Cl 19.8.
phosphonate: P , 16.6; S, 13.6; Cl, 0.5.

Phenyl (Dimethoxyphosphinyl)acetate.— Trimethyl phosphite Registry No.— 1, 17604-41-0; 2, 17604-42-1; 3,
(27.5 g, 0.22 mol) was added to phenyl chloroacetate (34 g, 0.20 17604-43-2 ; 4,3661-33-4; 5, 2274-95-5; 6, 17604-
mol) at 35°. The resultant mixture was heated over 1.25 hr . „ ^  q a a i  o q 7 . q 1 • q 984.9 84. O*
to a kettle temperature of 140°. Heating was continued for an ffa-5 , 7, 3W> 1-28-7, 8 2595-53-1, 9, 3342-84-0,
additional 7 hr at 115-140°. The crude product was stripped 12, 17604-50-1, 13, 17604 51 2, 14, 17604-52-3,
at 9 5 ° (0.001 mm) and molecularly distilled at 105-110° (0.001 15, 2595-51-9; 16, 17604-16-9; 17, 17604-17-0; 18,
mm) to give 28 g (58% yield) of the phosphonate: 1.5011; 17604-18-1; 19, 17604-54-5; 20, 17604-55-6; 21,
ir 3 .50  (O— CHa), 5.65 (C = 0 ) ,  7.82 ( P ^ O )  (phosphonate), i 7604-56-7; 22, 17604-57-8; 23, 17659-02-8; 24,
9.6 fi (P̂  O C ). The mfrared spectra of samples taken during a a a  Q- 17(104. O* 9 fS 17004 00 97
the reaction and also prior to stripping showed no vinyl phosphate 17604-58-9, 25, 17604-59-0, 26, 17604-60-3, 27,
formation as evidenced by the absence of bands in the 6 .0 - 6 .2-n 17604-61-4; 28, 17604-62-5; 29, 17604-63-6; 31,
region. 17604-64-7; 32, 17604-65-8; 33, 17604-66-9; phenyl
__________  (dimethoxyphosphinyl) acetate, 17604-67-0; 1,3-di-

chloro-2-(phenylthio)ethyl diethyl phosphate, 17604-
(25) C. E. Dalgliesh and F. C. Mann, J. Chem. Soc., 559 (1947); Chem.

Abstr., 41, 5445 (1947). Ob-1.
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Peptide Synthesis via Oxidation of N-Acyl-a-amino Acid Phenylhydrazides.
III. Dialanyl-Insulin and Diphenylalanyl-Insulin1

H. Bayard M ilne and Frederick H. Carpenter

Department of Chemistry, Washington State University, Pullman, Washington 99163, 
and Department of Biochemistry, University of California at Berkeley, Berkeley, California 94720

Received June 24, 1968

f-Butyloxycarbonylamino acid phenylhydrazides were prepared by a papain-catalyzed reaction between the 
f-butyloxycarbonylamino acids and phenylhydrazine. These phenylhydrazides were oxidized with N-bromo- 
succinimide to give f-butyloxycarbonylamino acid phenyldiimides which were used in peptide syntheses. f-Butyl- 
oxycarbonyl-L-phenylalanine phenyldiimide reacted with glycine phenylhydrazide to give f-butyloxycarbonyl-L- 
phenylalanylglycine phenylhydrazide. f-Butyloxycarbonyl-L-alanine phenyldiimide and f-butyloxycarbonyl-D- 
phenylalanine phenyldiimide reacted with insulin in N,N-dimethylformamide and imidazole to give di-f-butyl- 
oxycarbonyl-L-alanyl- and di-i-butyloxycarbonyl-L-phenylalanyl-insulin. Upon treatment of the insulin deriva
tives with anhydrous trifluoroacetic acid, the i-fcutyloxycarbonyl groups were removed to yield diaminoacylinsulins.
These diaminoacyl-insulins were treated with 2,4-dinitrofluorobenzene. Amino acid analysis of the resulting 
product indicated that the two aminoacyl groups were on the N  terminals of the A  and B  chain and not on the 
«-amino group of lysine 29 of the B  chain. These diaminoacyl-insulins showed about the same biological activity 
which amounted to about 50% of that of bovine insulin in the mouse convulsion assay.

Previous communications have demonstrated that amino acid phenyldiimides with insulin in dimethyl-
the oxidation of acylamino acid phenylhydrazides to formamide using imidazole as the base. The f-BOC
yield phenyldiimides may be used as a procedure for groups are then removed in anhydrous trifluoroacetic 
carboxyl activation in peptide synthesis.2 In the acid, 
earlier studies the benzyloxycarbonyl group was used
to protect the amino function. In view of recent „  . , , „  Q
, , , • , .  , Experimental Section910

deve lopm en ts  in  pep tide  chem istry  in v o lv in g  extensive
use of the f-butyloxycarbonyl (f-BOC)3-5 group for Materials.— Bovine zinc insulin was obtained from Eli Lilly
amino protection, it was of interest to determine whether an<̂  Co. no- 0LV000). f-BOC-amino acids were obtained 

this protective group could be used successfully iu the
ph en y ld iim ide  activation . distillation under vacuum.

There have been several procedures reported for the f-Butyloxycarbonylamino Acid Phenylhydrazides.— The t- 
addition of amino acid residues to the amino groups butyloxycarbonylamino acid phenylhydrazides were prepared
of insulin. Fraenkel-Conrat6 and Virupaksha and by a papain-catalyzed method similar to that previously reported
rro 7 j . i i  , for other acylamino acids.11 the i-butyloxycarbonylamino acid
Tarver7 treated aqueous solutions of insulin with (5. mmol) and 35 mmol of sodium acerate were dissolved in a
carbamino anhydrides of amino acids (Leuchs’ an- minimum volume (20-200 ml) of pH  4.7, 2 mol/1. acetate
hydrides). Although the anhydrides reacted to some buffer. To this solution was added 20 mmol of phenylhydrazine
extent with both of the a-amino groups at the hydrochloride, 10 mmol of cysteine hydrochloride, and 0.2

N-terminus of the iueuliu ch ins ss well f  with the l u h . “  ¿ S J & d
¿-ammo groups of lysine, m no case did all o f the ammo was filtered, dried, and recrystallized from ethanol-water or
groups react completely. Levy and Carpenter have ethyl acetate-petroleum ether (bp 30-60°). The yields, melting
recently reported a procedure by which new amino points, and elemental analyses are shown in Table I.
acid residues can be attached to all of the amino groups f-Butyloxycarbonylamino Acid Phenyldiimides.— To a solution 

v i r i • , , , . of f-butyloxycarbonvlamino acid phenylhydrazide (0.01 mol)
m insulin m such a fashion as to put only one ammo and pyridine (0.Oil mol) in 100 ml of dichloromethane was added
acid residue on each amino group.8 The procedure 0.01 mol of N-bromosuccinimide. The mixture was stirred for
involved the reaction of f-butyloxycarbonyl- (f-BOC-) 15 min. The resulting red solution was washed with 100 ml of
amino acid p-nitrophenyl esters with insulin in di- water, 100 ml of 1% citric acid, 100 ml of 5% sodium bicarbonate,
methylformamide, followed by removal of the f-BOC and 100 ml of wate,r; dichloromethane solution was dried

. l j  -n . . over magnesium sulfate; then the solvent was removed under
groups m anhydrous trifluoroacetic acid. vacuum to give a red oil. This material was used directly in

I t  was of interest to see if N-acyl-a-amino acid further reactions without purification, 
phenyldiimides could also be used as reagents for Reaction of f-Butyloxycarbonyl-L-alanine Phenyldiimide with 
adding amino acid residues to insulin. We now wish (—)-2-Amino-4-methylpentane.—f-Butyloxycarbonyl-L-alanine
, , , , , .  , . . . . .  phenyldiimide, prepared from 0.0279 g (0.1 mmol) of f-BOC-L-to report a procedure by which new ammo acid residues
C an  be attached to the two cr-amino groups of insulin (9) The melting points are corrected. The microanalytical work was done
leaving the e-amino groups largely unsubstitued. The by the Chemistry Department, University of California at Berkeley, Berkeley,

procedure involves the reaction of f-butyloxycarbonyl- C,alitf' T(he infLared spec‘rauwere ^ erminted with * Beckman ir -s spectro-
r  j  j  j  photometer. Visible and ultraviolet spectra were determined with a Cary

(1) Supported in part by U. S. Public Health Service Research Grants A M  Model 15 recording spectrophotometer. Biological assays by the mouse con-
00608 and GM  11835 from the National Institutes of Health. For I and I I  vulsion test and immuno assays were performed at Eli L illy and Co. Amino 
of this series, see ref 2. acid analyses were performed on a Beckman-Spinco Model 120B automatic

(2) (a) H. B. Milne and W. D. Kilday, J. Org. Chem., 30, 64 (1965); (b) amino acid analyzer.10 All hydrolyses were carried out in 6 N  HCl in sealed
H. B. Milne and Clark Most, Jr., ibid., 33, 169 (1968). evacuated tubes for 6 hr at 120°. Analysis for N-t-DNP-lysine was per-

(3) L. A. Carpino, J. Amer. Chem. Soc., 81, 955 (1959). formed on the short column using a pyridine (0.21 M ) containing buffer at
(4) F. C. M cKay and N. F. Albertson, ibid., 79, 4686 (1957). pH 5.28 according to an unpublished procedure of B. Africa.
(5) R. Schwyzer and H. Kappeles, Helv. Chim. Acta, 44, 1991 (1961). (10) D. H. Spackman, W. H. Stein, and S. Moore, Anal. Chem., 30, 1190
(6) H. Fraenkel-Conrat, Biochim. Biophys. Acta, 10, 180 (1953). (1958).
(7) T . K . Virupaksha and H. Tarver, Biochemistry, 3, 1507 (1964). (11) E. L. Bennett and C. Niemann, J. Amer. Chem. Soc., 70, 2610 (1948);
(8) D. Levy and F. H. Carpenter, J. Amer. Chem. Soc., 88, 3676 (1966); H. B. Milne and C. M . Stevens, ibid., 72, 1742 (1950); H. B. Milne and C. H.

Biochemistry, 6, 3559 (1967). Peng, ibid., 79, 645 (1957).
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T a b l e  I

¿-Bu t y l o x y c a r b o n y l a m in o  A c id  P h e n y l h y d r a z id e s  

O O

(CH3)3COCNHCHCNHNHC6H5
I

R

f-BOC amino acid Registry Yield,“  ---------- Calod, %--------- —  ,------------- Found, % __________
phenylhydrazide no. %  Mp, °C  Formula C H  N  C H N

i/-Ala 17790-84-0 74® 151-152 C 14H 21N 30 3 60.17 7.58 15.04 60.25 7.53 15.34
Asp-/3-benzyl ester 17790-85-1 57® 109-110 C22H 27N 30 s 63.89 6.58 10.16 63.98 6.59 9 .9 5

Gly 17790-86-2 56“ 122-123 Ci3H 19N 30 3 58.83 7.22 15.84 58.52 6.89 16.09
i^Leu 17790-87-3 74' 134-135 C „H 27N 30 3 63.53 8.47 13.07 63.39 8.33 12 99
R-Phe 17790-88-4 68® 134-135 C 20H 25N 3O3 67.59 7.09 11.82 67.87 6.87 12.03
B-Trp 17790-89-5 66® 168-169 C 22H 26N 40 3 66.94 6.65 14.20 66.82 6 .6 8  14.42
L-Phe-Gly 17790-90-8 48' 145.5-146.5 C 22H 28N 40 4 64.06 6.84 13.58 63.99 6.77 13.82

“ After one recrystallization. ® Recrystallized from ethanol-water. '  Recrystallized from petroleum ether-ethyl acetate.

alanine phenylhydrazide in the usual manner, was mixed with Anal. Calcd for C 22H 28N 40 4: C, 64.06; H , 6.84; N , 13.58. 
a solution of 0.05 g (0.2 mmol) of ( — )-2-amino-4-methylpentane Found: C , 63.99; H , 6.77; N , 13.82.
tartrate and 0.04 ml of triethylamine in 10 ml of dichloromethane. Insulin Derivatives.— ¿-Butyloxycarbonyl-L-alanine phenyl- 
After 15 hr the light yellow solution was diluted to 20 ml with hydrazide (0.1-1.2 mmol), 1 equiv of pyridine, and 1 equiv of
dichloromethane. This solution was washed with 30 ml of water, purified N-bromosuccinimide were mixed in 100 ml of dichloro-
30 ml of 1% citric acid, 30 ml of 5%  sodium bicarbonate, and methane. After the reaction was complete (10-20 min) the
30 ml of water. The solution was then dried with anhydrous solution was washed with 100 ml of water, 100 ml of 1% citric
magnesium sulfate. The dichloromethane was removed under acid, 100 ml of 5%  sodium bicarbonate, and 100 ml of water,
vacuum and the residue was redissolved in 5 ml of dichloro- The solution was then dried over magnesium sulfate. The
methane. This solution was analyzed by the glpc method of solvent was removed under vacuum to give a red crystalline
Halpern, et of.12 The chromatogram indicated the presence of solid. This solid was added to a solution of 60 mg of insulin
a large amount of f-BOC-L-alanine ( — )-4-methyl-2-pentylamide hydrochloride13 and 0.01 ml of triethylamine or 50 mg of imidazole 
and showed no evidence for i-BOC-D-alanine ( — )-4-methyl-2- in 5 ml of purified dimethylformamide. The mixture was allowed 
pentylamide. to react at room temperature for the time indicated in Table I I .

Reaction of f-Butyloxycarbonyl-L-leucine Phenyldiimide with A t this time the insulin was precipitated and washed with ether. 
( — ) -2-Amino-4-methylpentane.— ¿-Butyloxycarbonyl-l - leucine The resulting product was dried over phosphorus pentoxide
phenyldiimide, prepared from 0.0323 g (0.1 mmol) of ¿-BOC-l - under vacuum and then dissolved in 2.0 ml of anhydrous tri
leucine phenylhydrazide in the usual manner, was mixed with a fluoroacetic acid. The solution was kept for 2 hr at room tempera-
solution of 0.05 g (0.2 mmol) of ( — )-2-amino-4-methylpentane ture; then the insulin derivative was precipitated and washed
tartrate and 0.04 ml of triethylamine in 10 ml of dichloro- with ether and dried. The residue was dissolved in 7 ml of
methane. After 15 hr the yellow solution was diluted to 20 ml 0.5 mol/1. acetic acid (containing 1 mg of zinc acetate/ml)
with dichloromethane and washed with 30 ml of water, 30 ml of and precipitated by adjusting the pH  to 5.0 with ammonium
1% citric acid, 30 ml of 5%  sodium bicarbonate, and 30 ml of hydroxide. The final precipitate was collected by centrifugation,
water. The solution was dried over anhydrous magnesium sul- washed with 10 ml of water, 25 ml of acetone, and 25 ml of ether,
fate, and the dichloromethane was removed under vacuum. and dried over phosphorus pentoxide under vacuum.
The residue was dissolved in 5 ml of dichloromethane, and the Acid hydrolysis and amino acid analysis revealed the incorpora-
resulting solution was analyzed by Halpern’s glpc method. The tion of 2.0 to 3.0 alanine residues and the disappearance of 0 to 1
resulting chromatogram showed the presence of ¿-BOC-L-leucine histidine residues as indicated in Table I I .
( _  )-4-methyl-2-pentylamide but showed no evidence of t-
BOC-D-leucine ( — )-4-methyl-2-pentylamide. T a b l e  I I

i-Butyloxycarbonyl-L-phenylalanylglycine Phenylhydrazide.—
To a solution of 3.55 g (0.01 mol) of i-butyloxycarbonyl-L- I n s u l in  A l a n y l  D e r iv a t iv e s

phenylalanine phenylhydrazide and 0.81 ml of pyridine in 100 Reaction Triethylamine,
ml of dichloromethane was added 1.78 g (0.01 mol) of N-bromo- Sample Diimide, g time, ml Amino acid analysis
succinimide. The mixture was shaken for 15 min. The resulting no- (/¿mol) hr (imidazole, g) Alanine Histidine

red solution was washed with 100 ml of water, 100 ml of 1% 1 0.10(300) 18.5 0.01 5.25 1.62
citric acid, 100 ml of 5%  sodium bicarbonate, and 100 ml of 7  0.40(1200) 60 0.01 5.5 1.00
water. The solution was dried over magnesium sulfate; then the 14  0.279 (1000) 4.0 (0.10) 4.90 1.97
solvent was removed under vacuum to give a red oil. This oil 12  0.20(600) 4.5 (0.05) 5.00 1.85
was added to a solution of 2.70 g (0.0165 mol) of glycine phenyl- u  0.20(600) 8.5 (0.05) 5.53 1.93
hydrazide2b in 75 ml purified diox&ne. After 15 min tne color «  nn /¿»han or» /a ok\ c 7  0 1 0
had turned from red to yellow. A t this time the solution was 1U U.2U(bUUJ 2U (U .2 5 ) 5 .7  2.12
evaporated to dryness. The residue was dissolved in 100 ml of
dichloromethane and washed with 100 ml of water, two 100-ml Dinitrophenyl-insulins.— Insulin hydrochloride or the insulin
portions of 1% citric acid, and 100 ml of water. The dichloro- derivative (1 mg each) along with 10 mg of sodium bicarbonate
methane solution was dried over magnesium sulfate, 250 ml in 1 ml of water was added to drawn out combustion tubes,
of petroleum ether (bp 30-60°) was added, and the solution was Dinitrofluorobenzene in ethanol (2 ml of 5%  w/v) was added
stored overnight in a refrigerator. The mixture was filtered, to each tube. The tubes were shaken at room temperature for
yielding 1.53 g of white crystals, mp 144-145°. The filtrate was 21 hr. A t this time 0.1 ml of concentrated hydrochloric acid
evaporated to dryness and the residue was dissolved in 30 ml of was added to each tube. Each solution was extracted with two
dichloromethane. About 200 ml of petroleum ether was added 7-ml portions of ether. The remaining ether was removed from
and the solution was stored in a refrigerator. An additional crop the aqueous solution with an aspirator. Concentrated hydro-
of crystals was obtained (0.48 g ), total yield 2.01 g (50.2%). chloric acid (1 ml) was added to each tube and the contents were
The f-butyloxycarbonyl-L-phenylalanylglycine phenylhydrazide frozen and degassed. The tubes were sealed under vacuum,
was recrystallized from dichloromethane-petroleum ether to give The hydrolysis proceeded for 6 hr at 120°. The results of the
a product: mp 144-145°; X 280 mu (e 1480), 235 (10,700). amino acid analysis are shown in Table I I I .

(12) B. Halpern, L. F. Chew, and J. W . Westley, Anal. Chem., 39, 399
(1967) (13) F. H. Carpenter, Arch. Biochem. Biophys., 78, 539 (1958).
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T a b l e  I I I  In s u l in  D e r iv a t iv e s .— T h e  ¿ -B O C -L -a la n in e  p h e n y l -

A m in o  A c id  A n a l y s e s  of  I n s u l in  D e r iv a t iv e s  d i im id e  w a s  u se d  fo r  th e  in it ia l  r e a c t io n  w i t h  in su lin .
d n p - A  la r g e  excess  o f  ¿ -B O C -L -a la n in e  p h e n y ld i im id e  w a s

Control Di-Aia- Di-Phe- d n p - di-Aia- a l lo w e d  to  r e a c t  w i t h  in s u lin  h y d r o c h lo r id e  in  d im e t h y l -
Aminoacid Insulin insulin insulin insudn insulin insulin f o r m a m id e u s in g  t r ie th y la m h ie  US th e  b a s e . A f t e r  a n

Asp 3 8•’f  ^  I ' l l  appropriate time the coupled product was separated
 ̂ 3 2 gg 2 90 2 93 2 55 2 69 from the reaction mixture by precipitation with ether.

7 7 15 6 ’ 85 6 g j  6 7 qq A m in o  a c id  a n a ly s is  o f  th e se  p r o d u c t s  in d ic a t e d  t h a t

P ro  j  i  06 0.78 0.87 0.79 0.81 w h e n  th e  t im e  o f re a c t io n  w a s  lo n g  (6 0  h r )  th e re  w a s  a

G ly  4 4 .05 4 .18  4.15 3 .08  3 .98  lo ss  o f  h is t id in e  e q u iv a le n t  to  o n e  r e s id u e  (T a b l e  I I ) .
A la  3 3.01 5.01 3.06 2 .78  2.86 T h i s  p r o d u c t  w a s  l ig h t  b r o w n . T h e  ¿ -B O C  g r o u p  w a s

Cys 6 5.50 5.60 5.53 4.60 4.55 r e m o v e d  in  T F A  a n d  th e  d e r iv a t iv e  w a s  p r e c ip it a t e d

V a l 5 4.75 4.77 4.81 4.75 4 .80  a t  p H  4 .9 . A m in o  a c id  a n a ly s is  o f  th e  r e s u lt in g  in s u lin
He 1 0.75 0.80 0.91 0.69 0 .68  s h o w e d  a  t o t a l  o f  5 .5  re s id u e s  o f  a la n in e  a n d  1 r e s id u e

Leu  6 6 03 5 85 5 ' 83 6 07 6 05 o f  h is t id in e  w h ic h  in d ic a t e d  th e  a d d it io n  o f  2 .5  r e s id u e s

i  ! 'n n  I  k  1 o i  2 « 2  o f  a la n in e  a n d  th e  lo ss  o f  1 r e s id u e  o f  h is t id in e . T h is
x 1 Q 4  1 06 1 09 0 0Q 0 ' 20 m a t e r ia l  a s s a y e d  a t  3 .6  ±  0 .7  u n it s / m g  in  th e  m o u s e

H is 2 1 90 2 01 1.99 c o n v u ls io n  a s s a y  (T a b l e  I V ) .

A rg 1 i .0 6  0.94 .93 0.73 1.04 B e c a u s e  i t  s e e m e d  p r o b a b le  t h a t  th e  lo s s  o f  h is t id in e

N -< ^ D N P -L y s  l . o i  0.85 in  th is  r e a c t io n  w a s  e ith e r  d u e  to  a  r e a c t io n  b e t w e e n  th e

a c y la m in o  a c id  p h e n y ld i im id e  o r  s o m e  a c t iv e  sp ec ie s  

D is c u s s io n  fo r m e d  in  th e  r e a c t io n  w i t h  th e  im id a z o le  r in g  o f  h is 
t id in e , th e  r e a c t io n  b e t w e e n  ¿ -B O C -L -a la n in e  p h e n y l -  

¿ -B u ty lo x y c a rb o n y la m in o  A c id  D e r iv a t iv e s .  ¿ -B u ty l -  d i im id e  a n d  im id a z o le  w a s  s tu d ie d . T h e  u lt r a v io le t

o x y c a r b o n y la m in o  a c id  p h e n y lh y d r  a z id e s  w e r e  u se d  in  s p e c t ru m  o f  a  m ix tu re  o f  ¿ -B O C -a la n in e  p h e n y ld i im id e

th e se  s tu d ie s  b e c a u s e  L e v y  a n d  C a r p e n t e r 8 h a d  d e m o n -  a n d  im id a z o le  in  d im e t h y lfo r m a m id e  w a s  u n c h a n g e d

s t r a t e d  t h a t  th e  ¿ -b u ty lo x y c a rb o n y l g r o u p  m a y  b e  a f t e r  24  h r  in d ic a t in g  t h a t  a n y  r e a c t io n  b e t w e e n  t -

c o u p le d  to  in s u lin  a n d  th e n  r e m o v e d  b y  t r e a t in g  th e  B O C -L -a la n in e  p h e n y ld i im id e  a n d  im id a z o le  w a s  to o

in s u lin  d e r iv a t iv e  w it h  a n h y d r o u s  t r if lu o ro a c e t ic  a c id  gjo w  |0 in t e r fe r e  w i t h  th e  r e a c t io n  w i t h  in s u lin  a n d  th a t

w i t h  v e r y  l it t le  r e d u c t io n  in  th e  a c t iv i t y  o f  th e  r e -  im id a z o le  c o u ld  b e  u se d  as  a  b a s e  in  th e se  re a c t io n s . I t

g e n e ra t e d  in su lin . w a s  h o p e d  th a t ,  i f  th e re  w e r e  a n  a c t iv e  sp ec ie s  fo r m e d  in

T h e  ¿ -B O C -a m in o  a c id  p h e n y lh y d ra z id e s  w e r e  p r e -  th e  re a c t io n , it  w o u ld  r e a c t  w i t h  th e  im id a z o le  a n d  n o t

p a r e d  b y  a  p a p a in -c a t a ly z e d  r e a c t io n 1* b e t w e e n  th e  t -  th e  h is t id in e  in  th e  in su lin . T h is  p r o v e d  to  b e  th e  case .

B O C -a m in o  a c id s  a n d  p h e n y lh y d ra z in e . T h e  ¿ -B O C -  W h e n  im id a z o le  w a s  u s e d  as  a  b a s e  th e re  w a s  n o  lo ss  o f

a m in o  a c id s  p r o v e d  to  b e  e f fe c t iv e  s u b s t r a t e s  fo r  th is  h is t id in e  in  th e  a m in o  a c id  a n a ly s is  o f  th e  r e s u lt in g  in 
r e a c t io n . I n  e a c h  ca se  th e  r e a c t io n s  w e r e  r a p id , th e  s u jjn  d e r iv a t iv e s .

y ie ld s  w e r e  h ig h , a n d  th e  r e s u lt in g  i -B O C -a m in o  a c id  H o w e v e r ,  th e  u se  o f  im id a z o le  as  a  b a s e  in  th e se  r e a c -  

p h e n y lh y d ra z id e s  w e r e  e a s i ly  p u r if ie d . t io n s  s h o u ld  b e  u s e d  w i t h  c a u t io n . B e n z y lo x y c a r b o n y l -

T h e  i -B O C -a m in o  a c id  p h e n y lh y d ra z id e s  w e r e  o x i-  g ly c in e  p h e n y ld i im id e  r e a c t e d  w i t h  im id a z o le  in  d io x a n e  

d iz e d  w i t h  N -b r o m o s u c c in im id e  in  d ic h lo ro m e th a n e  to  g jy e  a  i ; i  a d d it io n  p r o d u c t  r a t h e r  t h a n  th e  e x p e c te d  

g iv e  i -B O C -a m in o  a c id  p h e n y ld i im id e s  w h ic h  w e r e  u s e d  N -b e n z y lo x y c a r b o n y lg ly c y l im id a z o le .  T h e  n a t u r e  o f  

d ire c t ly  in  th e  c o u p lin g  r e a c t io n s  w it h o u t  p u r i f ic a -  th is  r e a c t io n  is  b e in g  in v e s t ig a te d  fu r th e r .

tlon' , _  . rn, ., . The reaction between i-BOC-alanine phenyldiimide
Absence of Racemization. The recently developed and insulin wag followed b precipitating the insulin 

gas chromatographic technique developed by Halpern from les of the reaction mixture with ether and 
Chew, and West ley - was used to determine the extent ^  the resulting insulin with ninhydriri. The re-
of racemization when i-BOC-amino acid phenyldiimides gultg indicated that two amino groups of the insulin were
were used m peptide synthe^s. i-BOC-L-alamne phen- covered within 45 hr and that further reaction was
yldnmide and i-BOC-L-leucme phenydiimide were much glower_ The ¿_B ()C  was removed with
allowed to react with (-)-2-amino-4-methylpentane m anh drous XFA from the insulin which had reacted for
dichloromethane and the reaction mixtures were used 4 g hr with the ¿.BOC-L-alanine phenyldiimide. After
m the glpc analyses. The ana yS1S indicated that the an isoelectric precipitation the amino acid analysis of
resulting -BOC-L-alamne -  -4-methy -2-penty amide ^  duct indicated the addition of two alanines with
and the ¿-BOC-l- eucme (-)-4-methyl-2-pentylamide nQ logg of higtidine (Table n )
w e r e  u n c o n ta m in a te d  w i t h  a n y  o f th e  d - ( - )  d ia s t e r e o -  T . , ¡. ,, , ,. c ,, ,

T-r , , , , , I n  o rd e r  to  o b t a in  e v id e n c e  fo r  th e  lo c a t io n  o f th e  t w o
iso m ers . H a lp e r n ,  et al.. h a v e  s h o w n  t h a t  m  th is  . . . ^  ,. , , .
method 2% of the d- ( - )  diastereoisomers could be de- new alamnes m the dialanyl-msulm, the derivative was 
tected treated with 2,4-dimtronuorobenzene. Ammo acid

6 I n  o rd e r  to  d e m o n s t r a t e  th e  u se fu ln e s s  o f  th e  ¿ -B O C -  ^  ^
• ,  • ,, • , Tjn/-! P h e , 0 .2 0  L y s ,  a n d  0 .8 5  N - e - D N P - L y s .  i t  th e re  w e r e  a

a m m o  a c id  p h e n y ld i im id e s  m  p e p t id e  sy n th e s is , ¿ -B O C -  ’ .. f  .1 , .  , . J ,,
, , , • (  , • .  n i , , r a n d o m  d is t r ib u t io n  o f t w o  a la m n e s  o n  th e  t h r e e  a m m o

p h e n y la la m n e  p h e n y ld i im id e  w a s  a l lo w e d  to  r e a c t  w i t h  ... ,, , . ,
, . , i t  j  - j  j. • , v i , i g r o u p s o f  in s u lin , th e  v a lu e s  e x p e c te d  w o u ld  b e  3 .6 6  G ly ,

g  y c m e  p h e n y  h y d r a z id e  to  g iv e  ¿ -B O C -L -p h e n y la la n y l -  «  ‘p h  0 .66 L y s , a n d  0 .3 3  N - e - D N P - L y s .  O n  th e
g ly c in e  p h e n y lh y d ra z id e  m  5 0 %  y ie ld .  ,, , ’ , , . , .,
°  o th e r  h a n d , i f  th e  a n a lm e s  w e r e  e x c lu s iv e ly  o n  th e

i -B O C -L -P h e -N = N -C 6H 5 +  H 2N -G ly -N H N H C 6H 6 — s- a -a m in o  g ro u p s , th e  e x p e c te d  v a lu e s  w o u ld  b e  4  G ly ,  3

i-BOC-L-Phe-Gly-NHNHC6H5 +  C6H6 +  N2 Phe, 0 Lys, and 1 N-e-DNP-Lys.
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T a b l e  IV  

B io l o g ic a l  A s s a y s

Amino acid Histidine residues Mouse assay, Immuno assay,
Amino acid added Reaction conditions residues added in product units/mg units/mg

Control 0 1.83 21.4 ± 4 . 3  23.8
Alanine 60hr (triethylamine) 2.5 1 .0 2  3.6 ± 0 . 7  10.38
Alanine 4 hr (imidazole) 2 .2  2.06 11.8 ± 2 . 1  15.6
Phenylalanine 5 hr (imidazole) 1.8 2.00 10.2 ± 1 . 7  15.4

The above results indicate that about 90 ±  5% of the dialanyl derivatives prepared here, which involves 
two added alanines are on the a-amino groups of the in- primarily the substitution of the N-terminal amino
sulin and about 10 ±  5% on the e-amino group of the groups with very little reaction on the e-amino group,
insulin. Also little or no substitution took place on have approximately the same biological activity as the 
tyrosine or histidine which were lost on dniitrophenyla- trialanyl-insulin indicates that the N-terminal groups
tion. I f  they had been substituted with alanine, they are relatively more important for biological activity
would have been recovered upon hydrolysis of the D N P  than the «-amino group. However, as the dialanyl-
derivative. insulin was prepared by the phenyldiimide method and

The biological activity of the dialanyl-insulin was the trialanyl-insulin was prepared via p-nitrophenyl
11.8 ±  2.1 units/mg by the mouse convulsion assay. ester, one or the other reaction could have caused a
This value may be compared with 10 ±  0.8 units/mg change in the insulin which would be reflected in the
reported by Levy and Carpenter for the trialanyl- assay but not in the amino acid analyses. Diphenyl-
insulin.8 alanyl-insulin prepared by the same method assayed

In the trialanyl-insulin, amino acid residues were 10.2 ±  1.7 units/mg. 
added to the e-amino group as well as to the N-terminal
a-amino groups. I t  was impossible to ascertain Acknowledgment.—The authors are grateful to Dr.
whether the decreased biological activity' exhibited by B. Halpern for the glpc determination of the extent of
this derivative was due to covering the N-terminal racemization in the reaction of ¿-BOC-amino acid
groups or of the «-amino group of lysine at position 29 or phenyldiimides. We also wish to thank Anna Lisa
perhaps to a combination of both. The fact that the Valentine for aid with the amino acid analyses.

Aromatic Boronie Acids. Synthesis of o-Boronophenylalanine1
J. R. Kuszewski, W. J. Lennarz, and H. R. Snyder 

Noyes Chemical Laboratory, University of Illinois, Urbana, Illinois 61801 

Received May 27, 1968

Syntheses of N-acetyl-o-boronophenylalanine, a-amino-o-boronobenzylmalonic anhydride, and o-boronophen- 
ylalanine anhydride are described. Alkylation of diethyl acetamidomalonate with o-(bromomethyl)benzenebo- 
ronic anhydride yields o-(2-carbethoxy-2-acetamidoethyl)benzeneboronic acid rather than the expected o-(2 ,2-di- 
carbethoxy-2-acetamidoethyl)benzeneboronic acid. It  is postulated that decarbethoxylation occurs through 
participation of the boronie acid function in ester hydrolysis. Decarboxylation of a-amino-o-boronobenzyl- 
malonic anhydride requires an unusually high temperature; this observation is interpreted in terms of a bridged, 
polycyclic structure. The decarboxylation product, the boronie anhydride related to o-boronophenylalanine, 
gives no indication of the zwitterionio structure, presumably because of interaction between the nitrogen and 
boron atoms.

The synthesis of p-boronophenylalanine (IV ) has dicated the zwitterionic structure common to amino 
been reported.2 p-(Bromomethyl)benzeneboronic acid acids.

The above procedure has now been applied in an at- 
CH2CHC02 tempt to prepare o-boronophenylalanine. Condensa-
.1 NH3+ tion of o-(bromomethyl)benzeneboronic anhydride

(| | with sodio diethyl acetamidomalonate does not yield
the expected o-(2,2-dicarbethoxy-2-acetamidoethyl)- 

I benzeneboronic acid, but rather o-(2-carbethoxy-2-
' 1 acetamidoethyl)benzeneboronic acid (IX ). Evolu-

N  tion of carbon dioxide occurs when the alkylation mix-
(I )  was condensed with sodio diethyl acetamidomalo- ture is acidified and warmed to 50°. Decarbethoxyl-
nate, and the product ( I I )  was saponified and decar- ation, with concomitant formation of diethyl car-
boxylated to give the acetyl derivative ( I I I )  which was bonate, is known to occur sometimes as a side reaction
hydrolyzed. The general method was that of Snyder, in the alkylation of malonic esters;4 however, decar-
Shekleton, and Lewis.3 The infrared spectrum of IV  in- bethoxylation via diethyl carbonate formation is con-

’ sidered unlikely, since alkylation of the p-bromomethyl
( 1) This work was supported in part by a grant from the Atomic Energy p ro c e e d e d  n o r m a l ly ,  a n d  a lso  s in ce , U n d e r  the

Commission, Report No. COO-314-11. °  r  *  1 1
(2) H. R . Snyder, A. J. Reedy, and W . J. Lennarz, J. Amer. Chem. S o c . ,

80 835 (1958). (4) A. C. Cope, H. L. Holmes, and H, O. House, O r g .  R e a c t io n s , 9, 107
(3) H. R. Snyder, J. F. Shekleton, and C. D. Lewis, i b id . , 67, 310 (1945). (1957).
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conditions employed, diethyl carbonate has been shown .^ ^ C H 2CHC02H ^ ^ . C H 2CH C02~
not to give rise to rapid generation of carbon dioxide. | J nHCOCH3 ■Na°H>- í  T  I .
An alternative explanation is based on participation 1n^ SvB(OH)2 3

of the boronic acid group in the ester hydrolysis reac
tion. In ethanol, the initially formed boronic anhy- x
dride V  could give the half-acid ester V I, which, after
cyclization to the boronic carboxylic acid anhydride hydroxide, X  was recovered in 30% yield; the only other
V II, followed by hydrolysis and decarboxylation, would product isolated was phenylalanine. These results in
yield the observed product IX  (Scheme I). Boronic dicate that the rate of hydrolytic deboronation is com

parable to the rate of amide hydrolysis.
Scheme I Alkylation of diethyl formamidomalonate with o-

CH C(CO Et). ” (bromomethyl)benzeneboronic anhydride, with a

a 2 1 2 2  EtOH smaller excess of base than had been employed in the
NHCOCH3 ” alkylation of diethyl acetamidomalonate, proceeded

in normal fashion to give the dicarbethoxy compound

I
l.HC(C02Et)2

L J. r V CH,B, i-CHO r V C«-CS«>"E‘>-H B CLOH)nhcho
I / B \ 0  B(OH)2

CH,CC NHC0CH, I XI

(A  A0 -*■^  43— OH OEt
I X I. It  was hoped that the N-formyl derivative could
OEt be hydrolyzed readily; Heilman7 accomplished the

VI one-step hydrolysis and decarboxylation of the analo-
C02Et gous tryptophan derivative under mild Conditions.
I When X I  was treated under the same conditions, a

a  2 ^  boron-containing mixture was obtained which gave a
------ *■ positive ninhydrin test; however, this mixture resisted

B— 0 OEt all attempts at purification.
^ An alternative route to o-boronophenylalanine which

would not require hydrolysis steps is one based on 
i 2 hydrogenolysis and decarboxylation of an appropriate

CH2— C— NHCOCH3 benzyl ester. Kissman and Witkop8 synthesized
I j 85̂  h20  ̂ tryptophan by condensation of dibenzyl carbobenzyl-

__ y  oxyaminomalonate (X I I )  with a substituted Mannich
j base, followed by hydrogenolysis and decarboxylation.
OEt When o-(bromomethyl)benzeneboronic anhydride was

y jj treated with X I I  in the presence of sodium i-butoxide,
PQ Et the benzyl ester X I I I  was produced. Hydrogenolysis

^ . C H 2C ^  NHCOCHj h+ ^ . C H 2CHC02Et

CX c°2H fX nhcoch3 fVCIÍ!Br ncfco cue in 1Na0i'Bu)^ ^ B (O H )2 ^ A ( O H )2 +  HC(C02CH2CcH5)2 — — *

vm  ix / B^ o  nhco2ch2C6H5

L I J, xn
half-acid esters analogous to V I have not been isolated, rTT r
but it is probable that they are intermediates in the / ^ A J 4 24 U )2CH2C6H5;2

preparation of boronic esters by the alcoholysis of [I J. NHC02CH2C6H5

boronic anhydrides.6 Acyl borates are known to hy- ^ '^ \ B (0 H )2

drolyze readily,6 and it might be expected that an acyl XIII
boronate such as V I I  would exhibit similar properties.
A  comparable example of intramolecular participation of X I I I  in the presence of paiiadium-charcoal catalyst
m ester hydrolysis is the facile hydrolysis of acylsah- proceeded withPevolution Pf j. mol of carbon diox4
group“  participation of the ortho carboxyl recrystallization of the product by addition of tetraI

The carbethoxy group in IX  was saponified to give hydrofuran (TH F ) to a concentrated aqueous solution
f v  t i , nt / 1  - v  Save a material whose analysis corresponded to that

the carboxylic acid X . The N-acetyl group in X  calculated f o r a l : 1  complex ,)f TH F  wiJh adehydrated
proved unexpectedly resistant to alka me hydrolysis. form of the aminomalPnic aGld. Infrared nmr
When refiuxed for 11 hr with approximately 1N  sodium „ , f “J spectra further indicated the presence of THF. Struc-

(5) M . F. Lappert, Chem. Rev., 66, 959 (1956).
(6) F. Kagan and R. D. Birkenmeyer, J. Amer. Chem. Soc., 81, 1986 (7) H. Heilman, Z. Physiol. Chem., 284, 163 (1949).

<1959)- (8) H. M . Kissman and B. Witkop, J. Amer. Chem. Soc., 76, 1967 (1953).
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ture X IV  is favored for this complex, because of the C02H
similarity of its infrared spectrum with that of the non- l~ qjj2__C(C02H)2-| CH__
complexed anhydride XV , whose preparation and i j ^ V ” 2 \ jH 2 nh ^ 0 = 0
structure determination are described below. L  2 /  2 /

B-----0

.C02H (/ I L ?  J , OH
1. H2, Pd/C, p t r ___rr ' ----

-co2 i r ^ V 'CH2 / c\  XVa XVbxiii — | T nh2 ) c= o
2-THF __ q/  particles as a monomer and hence the apparent molecu-

| lar weight would correspond to a monomeric anhydride.
OH The infrared spectrum of X V  had absorption peaks

XIV at 654 (medium, broadened), 734 (strong, sharp) and
764 cm-1 (medium, sharp). Snyder, Konecky, and 

When ¿-butyl alcohol was used in the recrystalliza- Lennarz10 found that boroxines possess a characteristic
tion of the hydrogenolysis product, a similar complex peak, invariably strong and sharp, in the region 680-
formed. However, upon drying overnight in  vacuo, 7 0 5  cm-1. Hawkins11 found this band as low as 672
some of the ¿-butyl alcohol was lost from this complex, cm-1 for two o-dialkylaminomethylbenzeneboronic
as indicated by the slightly low percentage of carbon anhydrides. Serafinowa and Makosza12 have sug-
in the sample. The nmr spectrum of this complex gested that the region of absorption characteristic of
possessed a strong signal at r 8.78, providing further boroxines be extended to 736-688 cm-1. The strong,
evidence for the presence of ¿-butyl alcohol. sharp peak at 734 cm-1 in X V  might be ascribed to a

The TH F  proved unexpectedly difficult to remove boroxine, but it is more likely due to ortho disubstitution 
from the complex X IV . After the complex had been 0f the aromatic ring.18
heated in vacuo overnight at 100 , the elemental The carbonyl stretching frequencies at 1730 and 
analysis indicated that some TH F  was still present. 1685 cm-1 are consistent with structures XVa and
Heating at 180 for 30 min in vacuo proved suf- XVb; un-ionized carboxylic acids absorb in the range
ficient to remove the TH F ; surprisingly, no decarbox- 1725-1700 cm-1,13 and acyloxy boron compounds at
ylation took place during this treatment. 1786-1700 cm-1.14

For larger scale syntheses, the hydrogenolysis prod- The difficulty of decarboxylation of X V  provides a 
uct could be recrystallized from a minimum amount of basis for favoring structure XVb over XVa. Gener-
water. After drying at 100 , the product was the ally, malonic acids lose carbon dioxide fairly readily;
same aminomalonic anhydride X V  that had been ob- the para-substituted acetamidomalonic ester II, for
tained by heating the TH F  complex to 180 . instance, after saponification with dilute base, was de-

Several possible structures were considered for this carboxylated by refluxing in dilute acid for 1 hr. De
anhydride. The nuclear magnetic resonance spectrum carboxylation of XV, on the other hand, took place at
of XV , obtained in deuterated dimethyl sulfoxide, was 180-220°. An explanation for this extraordinary dif-
of value in ruling out most of the proposed structures. ficulty of decarboxylation can be derived from struc-
Multiplets at r 2.95 (relative area 3) and at r 2.45 ture XVb. The polycyclic skeleton present in XVb
(relative area 1) were assigned to the aromatic protons. extremely rigid, and the carboxyl group may be con- 
A  singlet at r 6.75 (relative area 2) was attributed to sidered as attached to a “ bridgehead”  carbon atom,
the aliphatic -C H 2-  group. Only two other peaks Bridgehead carboxylic acids such as X V I16 may be de-
were present in the spectrum, each having a relative carboxylated only with extreme difficulty. On the
area of 2, the first at t 1.30 (broad) and the second at basis of chemical and spectral characteristics, XVb is
r 6.18 (broad). One of these two peaks represents therefore considered the most likely structure for the
protons of X V  which are either of the carboxylic acid aminomalonic anhydride,
or hydroxyl variety (or both, since the hydrogen atoms
of carboxylic acids and hydroxyl compounds are known CH3
to undergo rapid exchange9). The other peak must,
therefore, represent the two protons of the N H 2 group. 3
Amines do not undergo rapid exchange unless a base C02H ^
is present to promote it. The broadness of the two
peaks at r 1.30 and 6.18 may be ascribed to slow ex- XVI
change between the amine hydrogen atoms and the Qn standing for a few days in an atmosphere satu- 
carboxylic-hydroxylic hydrogen atoms. rated with water vapor, the anhydride X V  absorbed

Since two hydrogen atoms are present on the nitrogen 2  mol of water. The infrared spectrum of the resulting
atom, only structures X Va and XVb need be considered acid did not differ greatly from that of its anhydride 
for the aminomalonic anhydride. A  molecular weight -n ^he regions attributed to boroxine absorption and 
measurement in 95% ethanol was m agreement with h ] ab=orntion
that calculated for a monomeric species; however, the C& X P '
boroxine XVa cannot be ruled out on this basis, since J 10>0H3* i M’ S' Konecky’ and w' J’ Lennarz' J' Amer' c w  
in 95% ethanol a boroxine could be converted into a (% T. Hawkins and h. r. Snyder, ibid., 82, 3863 (i960).
boronate ester, which process would furnish as many (12) B. Serafinowa and M. Makosza, Rocz. Chem., 35, 937 (1961).

(13) L. J. Bellamy, “ The Infrared Spectra of Complex Molecules,”  2nd 
ed, John Wiley & Sons, Inc., New York, N. Y., 1959.

(9) L. M . Jackman, “ Applications of Nuclear Magnetic Resonance Spec- (14) L. A. Duncanson, W. Gerrard, M . F. Lappert, H. Pyszora, and
troscopv in Organic Chemistry,”  Pergamon Press, Inc., New York, N. Y ., R . Shafferman, J. Chem. Soc., 3652 (1958).
1959_ (15) F. S. Fawcett, Chem. Rev., 47, 219 (1950).
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T h e  p ro d u c t  o f d e ca rbo xy la t io n  o f X V  w as  the  am in o  and used without further purification in the preparation of o-
ac id  an h yd ride . T h e  bo ro x in e  stru ctu re  X V I I  is (2-carboxy-2 -acetamidoethyl)benzeneboronic acid

, . c i i , nnrk Irom  a small sample of the hrst crop of crystals an analytical
suggested  b y  the stron g  in fra red  abso rp tio n  a t  660 sample> mp 147_ 150° ; was prepared by twofold recrystallization

from water and subsequent drying in vacuo over calcium chloride

ar  CH2—  CHC02H  for 10 hr.
| Anal. Calcd for C 13H 18B N 0 5: C , 55.94; H , 6.50; N ,  5.01.

Found: C, 56.20; H , 6.47; N , 5.28. 
o-(2-Carboxy-2-acetamidoethyl)benzeneboronic Acid.— A  solu- 

0  tion prepared from 8.39 g (0.03 mol) of crude o-(2-carbethoxy-2-
| _  3 acetamidoethyl)benzeneboronic acid and 70 ml of 5%  sodium

j^y jj hydroxide was refluxed for 4 hr and then concentrated in vacuo
to ca. 50 ml and the solution acidified with 25 ml of 4 N  hydro-

c m -1 ; o th er structu res  a re  conceivab le . A  strong , chloric acid. A  white precipitate formed. The mixture was 
, J  i. i , i*7in  i , . r stirred and heated to ca. 50-70 for 30 mm, during which time
b ro a d  b a n d  a t  1710 cm  , characteristic  o f an  u n - no carbon dioxide evolution was observed. The mixture was
ion ized  ca rboxy lic  ac id , w a s  presen t in  the  in fra red  cooled, then partially neutralized by the addition of 8 ml of
spectrum . T h e  pa ra  isom er o f X V I I ,  p -b o ro n o p h en y l- 10 %  sodium hydroxide, and chilled for several hours to give 3.00
a lan in e , 2 existed  as the  no rm al zw itterion ic  fo rm , I V .  g  y ield ) of product, mp 192-193°.

T h e  b o ro n  . t o m  in  close p ro x im ity  to the n itrogen  8

a to m  of X V l l  p ro b a b ly  reduces the bas ic ity  o f the An analytical sample was prepared by twofold recrystalliza- 
am in e  fu n ction  suffic iently  to  p reven t p ro to n a tio n  b y  tion from 50% ethanol and drying in vacuo over calcium chloride
ca rboxy lic  ac id . B o ro n ic  acids a re  m u ch  w ea k e r  ac ids (mP 203-204°).
th an  ca rboxy lic  acids, an d  it  is su rp ris in g  th a t the Ana!~ Calcd for CnHHBNOs: C, 52.60; H , 5.62; N , 5.59. 
, . i j  . , - ’ ,. , „ , * 7  , Found: C , 53.06; H , 5.50; N , 5.54.
bo ro n ic  an h y d rid e  fun ction  o f X V I I  can  com pete Attempted Hydrolysis of o-(2-Carboxy-2-acetamidoethyl)- 
effective ly  w ith  the ca rboxy lic  g ro u p  fo r  th e  bas ic  benzeneboronic A c id— A  solution prepared from 500 mg (0.0020
center, th e  n itrogen  atom . E v id e n t ly , the fa v o ra b le  mo1) of o-(2-carboxy-2-acetamidoethyl)benzeneboronic acid and 
steric o rien tation  o f the b o ro n  an d  n itrogen  atom s in  mg (0.0136 mol) of sodium hydroxide in l l  ml of water was
y -w tt _________ _ . „ f  „ , ,.r refluxed for 11 hr and then cooled and acidified to pH  2-3 by
X V I I  m ore  th an  com pensates fo r  the  n o rm a l d i f -  dropwise addition of concentrated hydrochloric acid. The
terence in  ac id ity . resultant white precipitate (ca. 150 mg) was identified as impure

I n  contrast to  the  am in om alon ic  an h y d rid e  X V ,  th e  o-(2-carboxy-2 -acetamidoethyl)benzeneboronic acid from its
am in o  acid  an h y d rid e  X V I I  d id  not ab so rb  w a te r  infrared spectrum.
rea d ily  w h en  a llow ed  to  stand  in  an  atm osphere  sa tu - , The pH  ° f. thteJ i r° m acidified mixture described 

, . , rl r  above was adjusted to 6.8-7.0 with dilute ammonium hydroxide,
ra ted  w ith  w a te r  v ap o r . S om e w a te r  w a s  tak en  u p  a  small amount of white, flocculent precipitate formed. The
v e ry  s lo w ly ; it  is possib le  th a t  on  p ro lon ged  s tan d in g  mixture was concentrated in vacuo to ca. one-half the original
a  h y d ra te d  species w o u ld  form . volume. The flask was cooled in an ice bath and the precipitate

T h e  am in o  ac id  de riva tives  I X ,  X V ,  an d  X V I I  are  o f collected and dried. This material (ca 70 mg) reacted with
• , , • ,* •, i ! nmhydrin and was identified as phenylalanine from its infrared
in terest in  connection  w ith  a  p roposed  cancer th e ra p y  spectW  Another 30-40 mg of phenylalanine was obtained
based on nuclear disintegration of the B 1 atom upon by further concentration of the filtrate.
cap tu re  o f a  n eu tro n . 16 S o lo w a y 17 h as fo u n d  th a t  o-(2,2-Dicarbethoxy-2-formamidoethyl)benzeneboronic Acid.
com pou nds w h ich  possess a  h igh  w a te r  to  ben zene A  solution of sodium ethoxide was prepared from 0.41 g (0.0180

p a rt it ion  coefficient sh o w  the greatest ten den cy  to  ° f i f ' l Z  T ? ?  ml ° f efthanoL 3Y  gf  . . . _  J (0.0186 mol) of diethyl formamidomalonate was added. After
localize se lective ly  m  m ouse b ra in  tum ors. O rg a n o - the malonate dissolved, 2.96 g (0.0050 mol) of o-(bromomethyl)-
b o ro n  com pou nds such as I X ,  X V ,  an d  X V I I ,  w h ich  benzeneboronic anhydride19 was added. A  white precipitate
conta in  p o la r  fu n ction a l groups, m a y  o ffer possibilities began to form almost immediately. The mixture was stirred and
fo r  m eetin g  som e o f the  requ irem ents o f th e  p roposed  heated to reflux for 5 hr, then cooled to ca. 40°, and acidified with

i- r  2 ml of 4 iv hydrochloric acid. After 20 mm, the inorganic salt
m e  ap y . was removed by filtration and the filtrate concentrated in vacuo.

Recrystallization of the residue from 70 ml of boiling water af- 
Experimental Section18 forded 1.68  g (33.4%) of crystals, mp 115-124° dec.

_  , .. „ . , ,, ...................... ........ An analytical sample prepared by twofold recrystallization
o-(2-Carbethoxy-2-acetanndoethyl)benzeneboronic Acid. To from water melted at 125-131° dec.

a solution of sodium ethoxide prepared from 0.92 g (0.040 g- AnaL C alcd for C ,5H 20B N O 7: C , 53.43; H , 5.96; N ,  4.16; 
atom) of sodium and 75 ml of absolute ethanol was added 12.96 g B , 3.22. Found: C  53.47- H  6.02- N  4 31- B  2 93 
(0.045 moi) of diethyl acetamidomalonate. After the malonate Attempts were made to improve the yield in the synthesis of 
had dissolved, 5.92 g (0.010 mol) of o-(bromomethyl)benzene- o-(2,2-dicarbethoxy-2-formamidoethyl)benzeneboronicacid;how- 
boromc anhydride was added- A  white precipitate began to ever, condensations carried out in benzene with sodium hydride, 
form almost immediately. The mixture was stirred and heated jn benzene-ethanol mixture with sodium ethoxide and in di-
to reflux for 6 hr, cooled to ca. 50 , and acidified with 4 ml of 3 methylformamide with sodium hydride led only to oily or gummy
t i  o/fC -a a  j ' The solution was then maintained at materials which resisted attempts at purification.

,/ °r /nml’ W;hich tl.me carb °n dioxide evolution Preparation of o-(2,2-Dicarbobenzyloxy-2-carbobenzyloxyami-
was followed by bubbling the evolved gases into calcium hy- noethyl)benzeneboronic Acid.— A  solution of sodium i-butoxide 
droxide solution. A t  the end of this period, gas evolution was in i-butyl alcohol was prepared by dissolving 4.06 g (0.176 mol) of
very slow. The pH  was adjusted to ca. 4-5 with 10% sodium sodium in 310 ml of dry i-butyl alcohol. The solution was stirred
hydroxide and the solution was concentrated in vacuo. The under nitrogen and heated nearly to boiling; then 78.00 g (0.180
resulting semisohd residue was recrystallized from 95 ml of mol) 0f dibenzyl carbobenzyloxyaminomalonate was added,
boi mg water. The crystals (4.31 g ) melted at 135-145 . To the clear, yellow solution was added 37.20 g (0.063 mol) of
,. Concentration of Ihe mother liquors afforded a second crop o-bromomethylbenzeneboronic anhydride (prepared according
(4.26 g, mp 65-175 ), which was combined with the first crop to the method of Kurz19). After refluxing for 1 hr, the reaction

(16) P. G. Kruger, Proc. Natl. Acad. Sci. U. s.. 26, 181 (1940). mixture was no longer alkaline. The mixture was cooled and
(17) A. H. Soloway, Science, 128, 1572 (1958). poured onto 300 ml of a mixture of ice and water; the resulting
(18) Microanalyses and molecular weight determinations were performed slurry was extracted with one 500-ml and three 100-ml portions

by Mr. Josef Nemeth and associates. of chloroform. The combined chloroform extracts were washed
(19) R. K . Kurz, Ph.D. Thesis, University of Illinois, 1961. with water, dried, and evaporated in vacuo to give 108.4 g of
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white crystals. These were taken up in a mixture of benzene Anal. Calcd for C hH ,8B N 0 6: C, 54.75; H , 5.91; N , 4.56.
and petroleum ether (bp 60-70°), applied to a column of 2 lb Found: C, 54.89; H , 5.96; N , 4.63.
of alumina, and chromatographed. Elution with benzene gave Preparation of a-Amino-o-boronobenzylmalonic Anhydride 
25 g of impure dibenzyl carbobenzyloxyaminomalonate. Further Complex with f-Butyl Alcohol.— A  concentrated aqueous solution 
elution with ether and absolute ethanol gave 47.2 g (47% ) of of a-arnino-o-boronobenzylmalonic acid was treated with ten 
o- (2 ,2 - dicarbobenzyloxy- 2 - carbobenzyloxyaminoethyl)benzene- times its volume of ¿-butyl alcohol and allowed to stand at 5 °
boronic acid as an oil, which was crystallized from aqueous t- for 3 days; the crystals which separated were dried at room
butyl alcohol. An analytical sample was prepared by threefold temperature in vacuo overnight, mp 250-253° dec, with gas
recrystallization from 1 ,2-dichloroethane-petroleum ether, mp evolution at 170-180°.
110-111°. Anal. Calcd for Cu H z0B N O 6: C , 54.39; H , 6.52; N , 4 .5 3 .

Anal. Calcd for C 32H 30B N O 8: C, 67.73; H , 5.33; N , 2.47; Found: C, 53.91; H , 6.48; N , 4.42.
B, 1.92. Found: C, 67.89; H , 5.33; N , 2.59; B , 1.83. Preparation of a-Amino-o-boronobenzylmalonic Acid Hydrate.

Preparation of a-Amino-o-boronobenzylmalonic Anhydride.—  — a-Amino-o-boronobenzylmalonic anhydride (0.2588 g, 0.0011
The 30% palladium-on-charcoal catalyst used in this experiment mol) was allowed to stand for 7 days in a desiccator saturated
was washed with distilled water and absolute ethanol and dried with water vapor. A t the end of this time, the sample weighed
in  vacuo. Thus treated, the catalyst was highly pyrophoric. 0.2997 g. The calculated value for the addition of 2 mol of water
To a solution of 15.00 g (0.026 mol) of o-2,2-dicarbobenzyloxy-2- was 0.2992 g.
carbobenzyloxyaminoethyl)benzeneboronic acid in 200 ml of Anal. Calcd for C i0H hB N O 7: C, 44.32; H , 5.21; N , 5.17.
ethyl acetate under nitrogen, 3 g of 30% palladium-on-charcoal Found: C, 44.28; H , 5.16; N , 5.09.
catalyst was added. The mixture was stirred while hydrogen Preparation of o-Boronophenylalanine Anhydride.— a-Amino-
was passed through rapidly for 7.5 hr. During this time, a o-boronobenzylmalonic acid hydrate (2.271 g, 0.008 mol) was 
precipitate of barium carbonate formed in a barium hydroxide heated at 220° (0.1 mm) for 3.75 hr. The yellow powder was
trap connected to the apparatus; after being washed and dried extracted with 125 ml of hot water and the insoluble residue re-
in  vacuo, this precipitate weighed 5.22 g (0.026 mol). moved by filtration. The filtrate was treated with Darco and

The hydrogenolysis mixture was filtered and washed with 100 evaporated in  vacuo to give 1.178 g (73.5% ) of white crystals,
ml of ethyl acetate. The residue remaining on the filter was An analytical sample was prepared by twofold recrystallization
extracted with 250 ml of water; the resultant aqueous solution from a minimum amount of water, followed by drying at 100°
was freed of a small amount of insoluble material by filtration in  vacuo overnight, mp 252-262°.
through a fine sintered-glass funnel and evaporated in vacuo, Anal. Calcd for C 9H 10B N O 3: C , 56.59; H , 5.28; N , 7.33. 
giving 6.668  g (99.7%) of white crystals which could be recrystal- Found: C, 56.49; H , 5.22; N , 7.44. 
lized from water, mp 249-262°.

Anal. Calcd for C I0H I0B N O 6: C, 51.11; H , 4.29; N , 5.96; . __ T„  of. „ v  , . 0
B, 4.60. Found: C, 51.09; H , 4 .4 9 ; N , 5 .9 4 ; B , 4.27. Registry No.— IX , 17604-89-6; X , 5115-46-8; X I,

Preparation of a-Amino-o-boronobenzylmalonic Anhydride 17604-90-9; X I I I ,  17604-91-0; X IV , 17659-05-1;
Complex with Tetrahydrofuran.— A concentrated aqueous solu- XVb, 17604-92-1; a-amino-o-boronobenzylmalonic an-
tion of a-amino-o-boronobenzylmalonic acid was treated with h y d rid e  complex with i-butyl alcohol, 17604-93-2; a-
one-fourth its volume of tetrahydrofuran; the crystals which . u u 1 1 • • 1 m  o
separated were dried overnight at room temperature in  vacuo, ammo o-boronobenzylmalomc acid, 77604-94-3; 0-
mp 248-264°. boronophenylalanine anhydride, 17604-95-4.

Arylboronic Acids. Imino Derivatives from o-Formylbenzeneboronic Acid1
H o w a r d  E. D u n n , 2 J o s e p h  C. C a t l i n , a n d  H. R. S n y d e r  

East Chemistry Laboratory, University Of Illinois, Urbana, Illinois  

Received May 27, 1968

o-Formylbenzeneboronic anhydride reacts with aniline, p-toluidine, benzylamine, and n-propylamine to give 
Schiff bases which are isolated as the trimeric boronic anhydrides. These substances react with catechol to 
give the catechol derivatives of the boronic acids, in which the boron atom interacts with the neighboring nitrogen 
atom and becomes tetracovalent. When the free acid, o-formylbenzeneboronic acid, reacts with methoxyamine, 
the expected oxime ether is formed. Attempts to convert the product, N-o-boronobenzalmethoxyamine, into the 
boronic anhydride are complicated by the occurrence of a transformation of the Beckmann type, by which 
oximino ether groups are converted into nitrile groups, some of which are hydrolyzed to amide groups, with the 
result that a complex mixture of simple and mixed trimeric boronic anhydrides is formed. The previously known 
heterocyclic substance, 4-hydroxy-4,3-boroxaroisoquinoline, formed from the formylboronic acid and hydroxyl- 
amine, likewise undergoes a Beckmann transformation on heating and yields a mixture of trimeric simple and 
mixed anhydrides containing nitrile and amide groups.

Because of the ease of formation and the stability of acids.6'6 It  is surprising to find that the trimeric an-
the lactone ring in boronophthalide, I, one might expect hydride of I I  reacts with primary aromatic and ali-
o-formylbenzeneboronic acid, or its anhydride II, to phatic amines, such as aniline, p-toluidine, benzylamine,
react with primary amines to form substituted amino- and n-propylamine, to give Schiff bases, readily ob-
boronophthalides rather than simple Schiff bases. tained as the trimeric boronic anhydrides, I I I .  The
The lactone ring of I  forms so readily that the hydroxy- structures I l la -d  are indicated by the analyses, by the
boronic acid is unknown,3'4 and the carbon-boron bond occurrence of - C = N -  absorption in the region of 1622-
of I  is stable to strong acids or strong bases4 under con- 1648 cm“ 1, and by the occurrence of the boronic anhy-
ditions which effect the deboronation of most boronic dride7B—O absorption in the 1315-1390-cm-1 region, as

well as by the absence of absorption due to OH or N H
(1) This work was supported in part by a grant from the Atomic Energy 

Commission, Report No. COO-314-12.
(2) Phillips Petroleum Fellow, 1962-1963. (5) M. F. Lappert, Chem. Rev., 56, 994 (1956).
(3) K. Torssell, Arkiv Kemi, 10, 509 (1957). (6) A. D. Ainley and F. Challenger, J. Chem. Soc., 2171 (1930).
(4) H. R. Snyder, A. J. Reedy, and W. J. Lennarz, J. Amer. Chem. Soc., (7) See R. L. Letsinger, Advances in Chemistry Series, No. 42, American

80 835 (1958). Chemical Society, Washington, D. C., p 3.
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groups or to the boronophthalide ring system.8 All of solid by heating in cyclohexane gave a mixture of l i 
the compounds react readily with catechol to give the phenylboronophthalimidine and its dimeric anhy-
catechol esters IV. The catechol derivatives exhibit a hydride (V I I ) . Hawkins and Blackham9 have noted
broad absorption band centered at 1220 cm“ 1, some- the difficulty of isolating compounds of type V I and
times a resolved doublet, which may be due to B -N  have suggested that they are to be formulated as shown
stretching, and which does not occur in the spectra of rather than with an additional dative bond between the
Illa -d . I t  appears that the interaction of nitrogen and nitrogen and boron atoms (borazaindene structure),
boron is a more prominent feature of the structures of The rapid dehydration of V I in boiling cyclohexane
the catechol esters IV  than of the boronic anhydrides would not have been predicted from the behavior of
I I I  (Chart I). the oxygen analog (boronophthalide), since the latter

is converted into its anhydride (V II I )  only under more 
C h a r t  I severe conditions.11

0 OC
m  Vv U > H‘

I II 0  0  V

O i - N B  V  VI

__ /-v \ )  r qh 1 r  CH "1 ̂ ^ x 1 g g o  - a> »
Ilia, R =  C6H5 IVa, R =  C6H5 L I L I Ja

b, R =  p-CH3C6H4 b, R=p-CH:)C(iH 1 VII VIII
c, R =  C6H5CH2 c, R =  C6H5CH2

d, R = CH3CH2CH2 d, R =  CH;CH2CH, Reedy4 obtained a cyclic product, 4-hydroxy-4,3-
boroxaroisoquinoline (IX ), by reaction of hydroxyl-

Part of the interest in the Schiff bases lies in their amine hydrochloride with o-formylbenzeneboronic
possible utility as intermediates for aminoboronic acids, acid. He observed the substance to melt at 150-155 .
to which they should be convertible by chemical or Dewar and Dougherty12 reported that on slow heating
catalytic reduction. Since Hawkins and Blackham9 IX  was observed to melt much higher (264-265 ), with
have recently studied the more direct synthesis of such a change in crystalline form at 164 In some of our
amino compounds by alkylation of aliphatic and aro- experiments with slow heating, melting was observed
matic amines with o-bromomethylbenzeneboronic 148-150 , followed by decomposition (bubbling) at
anhydride, this possible utilization of the Schiff bases about 158 , with resolidification occurring at about
has been tested only in connection with the aniline I®4 •_ I t  would appear possible, therefore, to prepare 
compound (I lia ). The fact that pyridine and aryl- dimeric anhydride of IX  by simply heating at tem-
boronic anhydrides form 1:1 adducts which are nicely peratures near 160 . However, a number of attempts,
crystalline compounds of low solubility10 suggested that performed under a variety of conditions, gave products
the benzylamine derivative obtainable by reduction of which were obviously mixtures and which, according to
I l ia  might be an easily isolable solid, possibly poly- Bie infrared spectra, contained nitrile groups and usu-
meric since the interaction between the nitrogen atom a ŝo amide groups. Evidently the formation of
and the boroxole ring could be intermolecular rather the dimeric anhydride is accompanied or followed by a
than intramolecular. In a hydrogenation over 30% transformation of the Beckmann type, introducing
palladium-on-charcoal catalyst, conducted in THF, cyano groups, some of which are converted into amide
o-boronobenzalaniline anhydride (I l ia )  consumed al- groups by water liberated as trimeric boronic an-
most the theoretical amount of hydrogen. The prod- hydrides are formed.
uct, however, proved to be an oil, characterized as the I f  Beckmann transformation in the decomposition 
nicely crystalline catechol derivative V. of IX  or its dimeric anhydride depends on the existence

From a reduction of I l ia  with lithium aluminum hy- ° f  boron-oxygen-nitrogen bonds in the molecule, 
dride in ether and THF, followed by treatment with th® thermal behavior of o-boronobenzalmethoxy-
water and eventual precipitation from ether with dry amine (X ) might be entirely different. The oxime
hydrogen chloride, the hydrochloride of o-boronobenzyl- ether (X ) was easily prepared in excellent yield, and
aniline (mp 167° dec, lit.9 mp 169-171° dec) was ob- analysis of the first crop from recrystallization from
tained. From a reduction with lithium aluminum hy- chloroform was in excellent agreement with that ex-
dride in THF, there was obtained a solid the composi- pected. However, all attempts to convert the oxime
tion of which indicated it to be largely N-phenylborono- ether (X ) into the trimeric boronic anhydride with the
phthalimidine (V I) contaminated with a little o- oximino ether groups intact failed. As in the dehydra-
boronobenzylaniline. Further dehydration of this faon of IX , complex mixtures containing cyano, amide,

and probably oximino ether groups were formed and
(8) R. R. Haynes, Ph.D. Thesis, University of Illinois, Urbana, 111., 1963.
(9) R. T . Hawkins and A. U. Blackham, J .  O r g .  C h e m ., 32, 597 (1967). (11) R . R . Haynes and H. R. Snyder, J .  O rg .  C h e m ., 29, 3229 (1964).
(10) H. R. Snyder, M . S. Konecky, and W. J. Lennarz, J .  A m e r .  C h e m . (12) M . J. S. Dewar and R. C. Dougherty, J. A m e r .  C h e m . Soc., 86, 433

Soc., 80, 3611 (1958). (1964).
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the mixtures resisted attempted separation (there can It  would not be surprising if 4-hydroxy-4,3-boroxaro- 
be ten different simple and mixed trimeric anhydrides isoquinoline (IX ) were unreactive toward catechol
with three different substituents on the benzene ring). under the conditions employed in the preparation of the
Evidently the Beckmann transformation can result other catechol derivatives reported here, because of the
from the coordination of the ether oxygen atom of X  greater aromaticity of the system and the resulting loss
with the boron atom. of Lewis acidity at the boron atom.12 Nevertheless,

Evidence for an unstable dimeric semianhydride of X  the substance (IX ) did react rapidly to give a derivative
was obtained from the nmr spectral examination of of the expected composition in good yield. The infra
crystals from a second crop in the chloroform recrystal- red spectrum of the derivative reveals no strong band
lization. The nmr spectrum of the first crop showed in the 1315-1390-cmr1 region; there is strong absorp-
peaks at r 1.71, 2.55, and 6.00, with relative areas of tion at 1200 cm-1, and also a broad band at 2680 cm "1.
4:3:3. When the sample was shaken with deuterium The spectrum seems best accommodated by structure
oxide, the relative areas reduced to 2:3:3. The spec- X II ,  with the proton located either on the nitrogen
trum of a sample from the second crop had peaks cen- atom as shown or, less probably, on any of the three
tered at r 1.75, 2.55, and 6.00, with relative areas of oxygen atoms.
2:4:3. When the sample was shaken with water, the +
spectrum became identical with that of the first-crop
sample, and the spectrum after exposure to deuterium L  l x _^0
oxide was indistinguishable from that of first-crop ma- B '
terial treated with deuterium oxide. These results can or \ )
be explained on the assumptions that the second-crop \—_/
material is the dimeric semianhydride (X I), and that /  \
the resonances near 1.71 are due to boronic acid protons, \  //
the proton on the carbon atom adjacent to the aromatic 
ring, and one of the aromatic protons, the resonances at
2.55 are due to the remaining aromatic protons, and _
those at 6.00 are due to the methyl protons. Experimental Section

Preparation of Schiff Bases. o-Boronobenzalaniline Anhy-

a C H = N O C H 3 _ H 0 ^ X H = N O C H 3 dride.— A  mixture of 4.50 g of o-formylbenzeneboronic acid16
— f  || O and 100 ml of benzene was refluxed for 2 hr in a flask fitted with

+H,0 a Dean-Stark water separator, during which time the theoretical
B(OB )2 B  amount of water was removed. To the remaining solution was
X  I added 2.79 g of freshly distilled aniline. The mixture was again

L  0H  J 2 refluxed and the theoretical amount of water codistilled. A
Xi white solid separated and the reaction mixture was allowed to

cool to room temperature. The product weighed 4.64 g (74.7%

The mass spectrum of X  obtamed with uo heath* of
the sample exhibits the parent mass at 1/9 along witn a chi0roform-cyclohexane and drying (0 .1 mm over phosphorus
mass peak at 147 and a metastable peak at 121.13 The pentoxide) at 52.6° for 20 hr.
aDDearance of these peaks suggests this ionic reaction. Anal. Calcd for (C 13Hi0B N O )3: C , 75.43; H , 4.87; N , 6.77.

Found: C, 75.36; H , 4.97; N , 6.87._1+ r p v  1+ o-B oronoben za l-p -to lu id ine an h ydride , mp 232-235°, was

a CH JNUTlis prepared similarly but in much more dilute solution. An analyt-
— *  [  !  +  CH3OH ical sampie was prepared by recrystallizing twice from nitro-

methane, with heating for 10  hr at 0 .1 mm to remove residual 
15(Uri;2 J L v y2-l nitromethane

Anal. Calcd for (C 14H 12B N O )3: C , 76.06; H , 5.47; N , 6.36. 
As the sample of X  is heated, the mass peak at 179 dis- Found: C, 75.65; H, 5.48; N , 6.36.
aDDears and peaks corresponding to molecular ions of o-B oron oben za lben zy lam in e an h ydride , mp 181-185°, was
appears a n a  pea  F ” .. . f • , prepared similarly and recrystallized from toluene for analysis,
tnmers appear, but there is no indication 01 tne simple v  /lnaL Calcd for ( c 14H 12B N O )3: C, 76.08; H , 5.47; N ,
trimeric anhydride (mass 483) of X ; only mass peaks g 3 4 . moi wt;j 663. Found: C, 76.28; H , 5.63; N, 6.26;
corresponding to trimers which have lost one, two, or moi wt (mass spectrum), 663.
three molecules of methanol are observed (mass peaks o-B oronoben za lpropylam ine an h ydride mp 168-178°, was

7  ! g i n A A «  pvneeted there is no indica- prepared similarly and recrystallized from toluene for analysis,at 451, 419, and 387). As expected, tnere is no mama p ^  Calcd f(jr (CioHi2BNO)3: c, 6 9 .4 2 ; H, 6.99; N, 8.10.
tion in the mass spectra of the very unstable semian- Found: q , 69.37; H , 6.93; N , 8.12.
hydride X I. The mass spectrum of 4-hydroxy-4,3- Reactions with Catechol. Catechol Derivative of o-Borono- 
boroxaroisoquinoline IX , obtained at low ionizing volt- benzalaniline.—A mixture of 3.00 g of o-boronobenzalamlme

,, ,i 1 ,, 1 d „„ pnntoin n npak (mass 276) anhydride, 1.59 g of catechol, and 15 ml of absolute ethanol
age, on the other hand, doe P immediately turned orange. It was heated to reflux for 1 min,
corresponding to a dimeric anhydride as well as one fiitered) and chilled. A red-orange crystalline product (3.36 g)
(mass 147) corresponding to the monomer. Even the was obtained (yield 77.5%). After recrystallization from absolute
catechol derivative of X  undergoes loss of methanol in ethanol and drying (0 .1 mm) over calcium chloride at 56°
the mass spectrometer, the spectrum showing the par- for 3 hr, brilliant orange crystals (mp 156-159°) were obtamed.

ent mass at 253, a mass peak at 221 (loss of methanol), (14) Microanaiy8i8 wa8 performed by Mr. Josef Nemeth and his associ-
and a metastable peak at 193. I  he tragmentation &teg_ A11 melting points are uneorrected. Infrared spectra were determined

nettern evidently is the same as the first stage of that of by the staff of the Spectroscopy Laboratory of the Department of Chemistrypattern eviuem, y and Chemical Engineering using a Perkin-Elmer Model 21 infrared spectro-
X. photometer (with sodium chloride optics). The mass spectra were deter-
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Ana l. Calcd for C 19H 14B N O 2: 0 ,76 .29 ; H , 4.72; N ,  4.68. a stirred slurry of 0.38 g of L iA lH 4 in T H F . Upon completion of
Found: C, 76.13; H , 4.69; N , 4.75. the addition, the reaction mixture was heated at reflux for 1 hr;

The catechol derivative of o-boronobenzal-p-toluidine, yellow- the excess L iA lH 4 was decomposed (water); and the mixture ob-
orange crystals, mp 161-163°, was prepared similarly. tained was filtered. The residue was washed with T H F .

Ana l. Calcd for C2oH 16B N 0 2: 0 ,7 6 .6 9 ; H , 5.15. Found: The filtrate and the wash solution were combined and evaporated.
C , 76.84; H , 5.18. The solid thus obtained was extracted with three 50-ml portions

The catechol derivative of o-boronobenzalbenzylamine, yellow of ether which upon evaporation gave 0.59 g of product. Re
crystals, mp 164-166°, was prepared similarly. crystallization from benzene-hexane gave a compound whose

Anal. Calcd for C 2oH16B N 0 2: C , 76.69; H , 5.15; N ,  4.62. analysis (C , 73.47; H , 5.91) indicated it to be a mixture of 0-
Found: C , 76.72; H , 5.16; N ,  4.40. boronobenzylaniline (C , 68.78; H , 6.22) and N -(phenyl)-

The catechol derivative of o-boronobenzalpropylamine, pure boronophthalimidine (C , 74.70; H , 5.79). Azeotropic distilla-
light yellow crystals, mp 154-155°, was prepared similarly. tion of cyclohexane-water gave a mixture of the N -(phenyl)-

Anal. Calcd for Ci6Ni6B N 0 2: C , 72.48; H , 6.09; N ,  5.29. boronophthalimidine and its anhydride {Ana l. Calcd for
Found: C , 72.51; H , 6.19; N , 4.99. C mH bBJIW ): C , 78.07; H , 5.54. Found: C , 76.72; H ,

Catalytic Reduction of o-Boronobenzalaniline Anhydride.—■ 5.61.). The mass spectrum indicated a molecular weight of 400
From 4.00 g (6.44 mmol) of o-boronobenzalaniline anhydride, which is that calculated for the anhydride of N-(phenyl)borono-
150 ml of tetrahydrofuran, and 0.4 g of 30% palladium on carbon phthalimidine.
(Engelhard Lot C03051), shaken in a Parr apparatus (initial Preparation of the Catechol Derivative of 4-Hydroxy-4,3- 
pressure 21.4 psi at 27°) for 33 min, there was obtained a gold boroxaroisoquinoline.— A  solution prepared from 0.147 g  of
oil indicated to be a mixture of o-boronobenzylaniline anhydride 4-hydroxy-4,3-boroxaroisoquinoline, 0.11 g of catechol, and
and tetrahydrofuran by its nmr spectrum in carbon tetrachloride; 2  ml of absolute ethanol turned yellow as it was heated to reflux,
hydrogen consumption was 94%. The product was characterized The hot solution was filtered, then cooled to give yellow crystals
as the catechol derivative (mp 197-200°). (0.145 g, yield 60.6%), mp 207-211° dec. The analytical sample

Preparation of o-Boronobenzylaniline Hydrochloride by was recrystallized twice from absolute ethanol and dried at 0.1
Lithium Aluminum Hydride Reduction of o-Boronobenzalaniline mm at 56° for 2 hr, then at 100° for 1 hr.
Anhydride.— To 20 ml of dry ether and 0.038 g (1 mmol) of Ana l. Calcd for C i3H mB N 0 3: C , 65.33; H , 4.22; N ,  5.86.
lithium aluminum hydride was added a slurry of 0.500 g (0.805 Found: C, 65.15; H , 4.32; N , 5.66.
mmol) of o-boronobenzalaniline anhydride in 20 ml of ether, Preparation of N-(o-Boronobenzal)methoxyamine.— The p H  of 
and the mixture was refluxed for 2 hr. Since it appeared that a solution prepared from 3.95 g of o-formylbenzeneboronic acid,
no reaction had taken place, 12 ml of dry tetrahydrofuran was 3.00 g of methoxyamine hydrochloride, and 100 ml of water was
added and the mixture was refluxed for 2  hr and cooled. After adjusted to 7 by  adding approximately 10  ml of 10% sodium
treatment with water and 50 ml of a 20% solution of sodium hydroxide solution. This mixture was refluxed for 15 min,
potassium tartrate, the mixture was separated and the aqueous cooled to room temperature, stoppered, and placed in the refrigera-
layer extracted with three 100-ml portions of ether. The solvent tor overnight. The beautiful long -transparent needles weighed
was removed in  vacuo from the dried extract to give a yellow 4.38 g (yield 93% ). An analytically pure sample was obtained
oily emulsion which could not be induced to crystallize. To the by recrystallization from chloroform (mp 87-87.5°).
oily emulsion was added 10 ml of ether. D ry  hydrogen chloride Ana l. Calcd for C8H i0B N O 3: C , 53.68; H , 5.63; N ,  7.83;
was bubbled through the solution and 0.53 g of a white precipitate mol wt, 179. Found: C , 53.55; H , 5.61; N ,  7.72; mol wt 
formed (mp 167° dec, lit.9 mp 169-171 ° dec). The nmr spectrum (mass spectrum) 179.
in deuterium oxide indicated that reduction had taken place and Preparation of the Catechol Derivative of N-(o-Boronobenzal- 
that the product was the hydrochloride of o-boronobenzylaniline. methoxyamine.— In  an apparatus equipped with a Dean-Stark

Preparation of the Catechol Derivative of o-Boronobenzyl- water separator, water and benzene were codistilled from a solu-
aniline.— To 0.200 g (0.318 mmol) of o-boronobenzylaniline tion of 2.56 g of N-(o-boronobenzal)methoxyamine in 100  ml of
anhydride which contained a small amount of tetrahydrofuran benzene. The reaction mixture was allowed to cool to 70° and
were added 2  drops of water, 5 ml of absolute ethanol, and 0.105 1.57 g of catechol was added. Codistillation was continued for
g  (0.954 mmol) of catechol. The reaction mixture was heated 1.25 hr. The remaining solvent was removed in vacuo, and 2.7 g
1 min, then cooled and chilled. The clear quartzlike crystals (yield 75% ) of crude product was obtained. It  was dissolved in
which formed weighed 0.025 g. On cooling 48 hr, the mother toluene, treated with Darco, filtered, and caused to crystallize
liquor deposited a second crop (0.039 g, total yield 2 2 % ). by  the addition of low petroleum ether (bp 30-60°). The white

The analytical sample was obtained by drying the first crop needles obtained melted at 98-99°.
(0.1 nun) over phosphorus pentoxide at 56.2° for 1 hr (mp An analytical sample was obtained by  recrystallizing the 
197-200 ). white needles twice from toluene and drying at 0.1 mm at 56°

Ana l. Calcd for C i9H I6B N 0 2: C , 75.78; H , 5.36; N ,  4.65. over calcium chloride for 8 hr (mp 102-103°).
Found: C , 75.76; H , 5.38; N , 4.39. Ana l. Calcd for C14Hi2B N 0 3: C , 66.43; H , 4.78; N ,  5.54.

The infrared spectrum (K B r ) showed no absorption at 1620 Found: C , 66.76; H , 4.82; N ,  5.30. 
cm-1, confirming the absence of the C H = N  group. The N — H
stretch appeared at 3155 cm-1, substantially lower than the Registry No.___I l ia  17604-35-2’ Illb 17604-69-2’
range 3300-3500 characteristic of most secondary amines. 16 TTT„ 1 7 7 /iq no V  TTTVI 1 7 0 - 0  hq  o . T-vr„’ 1 7 c m  in  o !

N-(Phenyl)boronophthaIimldine and Its Anhydride by Reduc- 17604~19' 2;
tion of o-Boronobenzalaniline Anhydride.— A  T H F  solution of l V b ,  17604-20-5; IV c , 17604-21-6; IY d ,  17604-22-7;
1.04 g of o-boronobenzalaniline anhydride was added slowly to V, 17692-14-7; X , 17604-70-5; X II ,  17668-52-9;

" ( 16) L. J. Bellamy, “ The Infrared Spectra of Complex Molecules,”  John Catechol deivative of N-(o-boronobenzal)methoxyamine,
W iley & Sons, Inc., New York, N . Y ., 1958, p 249. 17604-34-1.
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Arylation by Aromatic Nitro Compounds at High Temperatures.
V. Reactions of Nitrotoluenes

Ellis K. F ields
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Received May 31, 1968

At 600°, m- and p-nitrotoluenes arylate benzene and chlorobenzene to give methylbiphenyls and methylchloro- 
biphenyls, respectively; o-nitrotoluene shows a markedly different behavior. It interchanges its oxygen and 
methyl hydrogen atoms to form anthranilic acid. W ith methanol, it gives methyl anthranilate; in benzene, it 
decarboxylates to aniline. Methyl anthranilates and anilines containing meta substituents are produced by  
reaction at high temperature of substituted o-nitrotoluenes with methanol and benzene, respectively. W ith  
benzene-d6, o-nitrotoluene gives an appreciable amount of aniline-ds, indicating transfer of the nitro group in a 
complex where the nitro oxygens and toluene hydrogens react. 2,4-Dinitrotoluene with mixtures of methanol 
and arenes give aryl-substituted methyl anthranilates.

In the first three papers of this series we described bination2 also employing a Model 21-103c instrument with an
the formation of free radicals from aromatic nitro com- electron multiplier in place of the Faraday cup detector; and by

, 1q j , 1  c gas chromatography, usually on a column of polyethylene glycol
pounds at high tem peratures,1- and the reactions o f gebacate on chromosorb w . other types of columns were used
rad ica ls  fro m  n itrobenzen e w ith  ben zen e 1 an d  nuo in special analyses. Mass spectra were measured at the eon-
r in ated  a ren es .lc ventional 70 ionizing V  and at low voltage— 7.5 V , uncorrected.

The fourth paper was concerned with the products of For the low-voltage measurements, the repellers were maintained
the reaction of nitrobenene with toluene and toluene- at an average P °tential 3 V , the exact values being selected to

ot-dz, as well as of nitrobenzene-tt5 With toluene at 600 . Relative intensities in the low-voltage (7.5 V , uncorrected)
The results were compared with those obtained in the mass spectra of product mixtures were taken as a first approxima-
pyrolyses of toluene and toluene-a-d3 alone; the com- tion to relative concentrations. Sensitivity, i.e., the propor-
parison gave strong evidence that, in the absence of bonality factor between parent-peak intensity and concentration
v °  . , , , i i i  i , differs from one compound to another. However, closely related
added free radicals, toluene pyrolyzed largely by a non- compounds have roughly equal sensitivities at the ionizing voltage
radical mechanism. employed in our work .3 For example, in the same sample

This paper describes the reactions of the nitro de- analyzed by both low-voltage mass spectrometry and gas chro-
rivatives of toluene at 400-600° with benzene, ben- matography, the ratios of peak intensities and areas, respectively,

, 1 , 1  .......... i _____ t a of a series of compounds were those given in Table I. In any
zene-de, chlorobenzene, n . ' case, the use of relative intensities is perfectly valid for intercom-
ference showed for the ortho as against the meta and parison of concentration ratios of identical components in
para isomers; this has led to a one-step synthesis of separate samples, 4 within the limits of reproducibility of the low-
methyl anthranilates and anilines containing meta voltage data,

substituents from substituted o-nitrotoluenes. T ab le  I

/------------------------Ratios------------------------•
E xp erim en ta l S ection  Low-voitage Gas

* Compounds mass spectrometry cnromatograpy

Procedure.— Chemicals were reagent grade. Arylations were Biphenyl:fluorene 6.0 6.16
run in a Vycor tube filled with Vycor beads in an electric furnace C hH «  isomers: biphenyl 2.39 2.89
maintained at 600 ±  1 ° under pure dry nitrogen with contact Toluene:C i4H I4 isomers 1.37 1.30
times indicated in the tables. Solutions of reactants were fed to
the Vycor tube by a syringe whose needle fitted toough  a rubber Analysis by the two methods of the products from the reaction
septum m a glass adapter connected with the Vyco tube by a 0_niti otoll?ene with benzene are shown in Table II.
24/40 joint; the syringe was pumped by a diffu on pump B 0.Nitrotoluene with M e th an o l.-A  solution of 3.68 ml

(? a7 ,ao l ^ PPAar " f  a0"  f l ’ ’ J 1  Z Z  (0-03 mol) of o-nitrotoluene in 12.1 ml (0.3 mol) of methanol was
Model 975) at a rate to give the required‘ ™ ^ a * passed through the Vycor tube at 600° with a contact time of 16
were reproducible to 1%  or better. The vaP° r s sec. The condensate was distilled to recover 8.7 ml of methanol, 
in a bulb at 60 , econ  ensa ® „ tvniral and tFe resldue boiling above 130° (3.8  g ) was analyzed with the
reacted material, an e resi u y • yp results shown in Table I I I .  Considerable care should be taken
experiments are descn e . 1 A i m  in the reactions of 2,4-dinitrotoluene and 2,4,6-trinitrotoluene;

A o-Nitrotoluene with Benzene.—A  solution or 6.14 ml (0.05 . .  . , , • ,, ,
. . . . .  i/ o r^ j^ fU rw m rm n ro cn Q ^  although no difficulties were encountered m the vapor phase

mol) of o-mtrotoluene in 44.44 ml (0.5 mol) of benzene was passed rportionq oome exDlosions occurred during work-up of the liquidthrough a Vycor tube filled with Vycor chips, at 600° under reactions, some explosions occurred during worK up oi tne liquid
nitrogen flowing at 20 cc/min. Contact time was 20 sec. The pro uc s’
vapors were condensed in a bulb at - 6 0 ° ;  the condensate was R e su lts  an d  D iscu ss io n
distilled to recover 37 ml of benzene and leave a residue boiling
above 165° of 5.3 g, which was analyzed both by mass spec- N itro to lu en e  Is o m e rs .— The products of reaction of

tir<An^lTO^nwereSj^erformed^with^a Consolidated Model 21-103c the three nitrotoluenes with benzene and chlorobenzene 
mass spectrometer with the inlet system at 250 or 325°; with a are shown in Table IV. A t the temperature and con-
directly coupled gas chromatograph-mass spectrometer com- ^  R g ^  ^  s l _ 535 (1969). L . P. Lindemann and j.

L. Annis, ibid., 32, 1742 (1960); J. T. Watson and K. Bremann, ibid., 36,
* 1135 (1964).

( 1) (a) E. K. Fields and S. Meyerson, J. Amer. Chem. Soc., 89, 724 (1967); (3) G. F. Crable, G. L. Kearns, and M. S. Norris, Anal. Chem., 32, 13
fb) ibid 89, 3224 (1967); (c) J. Org. Chem., 32, 3114 (1967); (d) ibid., 33, (1960).
\ > (4) S. Meyerson and E. K. Fields, Chem. Commun., 275 (1966).
¿ 0 1 0  (lyo o ;.
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T a b l e  I I  T a b l e  IV
Analysis by R e a c t io n  PRODUCTS OF NlTROTOLUENES

Estimated by gas chromatography—  WITH BENZENE AND CHLOROBENZENE“
mass spectrometry Yield, . , T

Product ion % Area % mol % N itro to lu en e  isom er N o n e ' Ortho rneta para
_ I  otal weight of

Toluene 2.8 3.4 3.9 products, g 0.06 5.3 8.0 6.3
Aniline 56.4 37.8 43.1 -------------Rel concn' with benzene------------ .

Phenol 5.6 6.2 7.0 Products
o-Cresol 7.9 9.9 9.7 Toluene 15 11 15
Biphenyl 18.9 19.7 13.6 Aniline 300
Fluorene 1.1 1.7 1.1 Phenol 30 12 8
2-Methylbiphenyl 3.4 4.0° 2.5 Cresol 42 15 7
Stilbene 1.1 1.8 1.1 Biphenyl 100 100 100 100
Bibenzyl and isomers 2.8 3.2“ 1.9 Fluorene 6

“ Overlapping peaks, as described in ref Id. There were addi- Methylbiphenyl 18 49 67
tionally eight unknowns of higher boiling point than bibenzyl. Stilbene 6 2 2
b Calculated on the basis of 0.05 mol of o-nitrotoluene giving 0.05 Bibenzyl and isomers 15 6 5
mol of product if the yield were quantitative. „T. _T j

N itro to lu en e  isom er N o n e “ ortho meta para
T o ta l  w e igh t  o f

T a b l e  I I I  products, g 0.75 4.25 4.1 6.5
Analyzed by '—----- -Rel concnc with chlorobenzene ——-

Estimated by /—gas chromatography—> Products
mass spectrometry Yield,0 Aniline 9

Product Ion % Area % mol % Cresol 4 28 8

o-Toluidine 10.5 7.4 5.3 Chlorophenol 28
Aniline 40.3 26.4 19.4 Carbazole 22
o-Cresol 7 8.9 7.6 Methylbiphenyl 8 31 18
N-Methyl-o-toluidine 3.3 1.9 1.8 Chlorobiphenyl 23 33 120 64
Methyl anthranilate 38.7 45.2 37.8 Methylchlorobiphenyl 20 51 104
Bibenzyl and isomers 0.3 0.6 0.9 Chlorocarbazole 53

“ Calculated on the o-nitrotoluene. Dichlorobiphenyl 100 100 100 100
“ Conditions: 600°, 20-sec contact time, nitrogen at 20 cc/min,

, , ,• j  • ,i • i • .__. -i „ „ ■ „ j  moles of nitrotoluene:benzene or chlorobenzene 0.05:0.25.tact times used in this work, no nitrotoluene survived. . „  , ,, _ , ,■ ■ , ... • ,
~~ , i - i - i  n  b B enzene a lone (0.25 m o l). 'R e l a t i v e  in tens ities  in th e  low -
The products from m -  and p-mtrotoluenes are generally voltage (7.5 V  nominal) mass spectrum normalized to biphenyl
similar, although the relative amounts differ somewhat. = 100 for the reaction products from benzene, and dichlorobi-
Other then biphenyl, which also formed from benzene phenyl = 100 for the reaction products from chlorobenzene.
alone, methylbiphenyl is the major product and this d Chlorobenzene alone (0.25 mol).

results from arylation of benzene by the tolyl radical
The products of mass 182 from the three nitrotoluenes, 

CH3 CH3 bibenzyl and isomers, may include bitolyls from dimer-
I I ization of tolyl radicals; however, as shown in the

|< i |j __+ Nqz earlier papers of this series,1 dimerization of aryl radicals
at high temperatures, as well as in the liquid phase,145 

I is a minor reaction compared with addition to aromatic
N®2 j compounds. The formation of stilbene from all three

nitrotoluenes in about the same concentration ratio to 
9^3 ?H3 “ bibenzyl and isomers”  may be taken as evidence than

J-s. _jH] bibenzyl is formed in all cases. The other dehydro-
I +  O ft —*- [  J ------*■ f  J dimers of toluene are probably also present, as in the

U reaction of nitrobenzene with toluene.ld
AiT. o-Nitrotoluene behaved markedly differently from

(j J - H  M  the other two isomers. With benzene it gave only
small amounts of o-methylbiphenyl and its dehydro- 

ff genation product, fluorene. Aniline was the major
/T, , - . , , , , product, evidently as result of reduction of the nitro
( I ) . The tolylcyclohexadienyl radical I I  is presumably and logg of the methyl groupg
restored to aromaticity by N 0 2, itself a free radical, To clarify thig reaction, we pyrolyzed solutions of 
which goes to H N 0 2 and its decomposition products, the nitrotoiuenes in methanol with the results shown
ultimately water, N 2, and NO.1» . , in Table V. Methyl anthranilate was formed from

Toluene results from hydrogen abstraction by I ; the the oriho igomer in yield about equal to that of aniline.
cresols, from the mtro-mtrite rearrangement observed A t high temperatures, o-nitrotoluene apparently under-
in the high-temperature reactions of nitrobenzene.111 goeg intramolecular oxidation and reduction to give

anthranilic acid; in the absence of methanol to esterify 
| 3 9H3 9H* 9Hs and stabilize it, the carboxyl group is lost to yield

( | )  ^ f ^ l l  \ (5) J* K. Hambling, D. H. Hey, S. Orman, and G. H. Williams, J. Chem.il Jl II Soc., 3108 (1961); J. D. Burr, J. M. Scarborough, J. D. Strong, R. I. Akawie,
jf and R. A. Meyer, Nuclear S c i.  Eng., 11, 218 (1961); G. W . Taylor, Can. J .

A mta A Au Chem., 35, 739 (1957); J. E. Bennett, B. Mile, and A. Thomas, Chem.
iNU2 y lX V  U* UI1 Commun., 265 (1965).
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Table V  .. Substituted methyl anthranilates result under the
Reaction Products of N itrotoluenes with Methanol- same conditions from o-nitrotoluenes containing nuclear 

Nitrotoluene isomer ortho meta para substituents, as shown in Table V I .11 The yields, al-
T °ofprodiJcts, g 3.8 1.65 1 .7  though not high, are sufficient to be of interest for

,_____________ Relative conca11 synthetic use, especially as they were obtained in one-
Products step reactions.

Toluidine 100 100 100
Aniline 385 6 4 Table V I

(-'resô  ^  38 Methyl Anthranilates from o-Methylnitroarenes
N-Methyltoluidine 31 29 17 and Methanol-
Methyl aminobenzoate 369 Y .
Bibenzyl and isomers 3 73 17 o-Methylnitroarene Product mol %
“ Conditions: 600°, 16-sec contact time, nitrogen at 20 cc/min, 0-Nitrotoluene Methyl anthranilate 38s

moles of nitrotoluene:methanol 0.03:0.3. b Relative intensities 4-Chloro-2-nitrotoluene Methyl 4-chloroanthranilate 366
in the lowwoltage (7.5 V  nominal) mass spectrum normalized to 4-Fluoro-2-nitrotoluene Methyl 4-fluoroanthranilate 2 1 -

0 U1 ne ' Nitro-p-xylene Methyl 4-methylanthranilate 25-
5-Nitropseudocumene Methyl 3,4-dimethylanthranil-

aniline.6 No methyl aminobenzoate was formed from ate 20-
m- or p-nitrotoluenes. Methyl 3-nitro-4- Dimethyl 2-aminoterephthalate 6-

A  complex mixture of products containing inter alia methylbenzoate 

anthranil and anthranilic acid has resulted from treat- . Methyl anthranilate 37-
ment of o-nitrotoluene with concentrated alkali.7 The 2-Methyl-l-m tro- Methyl l-ammo-2-naphthoate 11-

7 , ,i i_. i , . ,i i naphthalenemechanism at the high temperature may thus involve i  .

“ * of a caib“ i"  speciv  «tr?hy » serir  - s rof hydrogen, and oxygen shifts. * In our work, mated by low-voltage mass spectrometry.

9 Methyl 3-nitro-4-methylbenzoate gave only a small
A amount of dimethyl 2-aminoterephthalate; the major

— N02 - h* y*0 i f P  __► product evidently results by loss of the original C 02-
CH3 ” a *" Me group, possibly as CO and CH 20.

H2 H n
Hx H, CH3 cf c ^ °

I  J > C H 3 pO CH :i ̂ -* - CU (¿r0- ¿j-®. ^ ¿p™.
%0 T >  T >

c \  c \
the proton and carbon or nitrogen anions are pre- OCH3 3
sumably never separated to any extent as the In an attempt to increase the yield of methyl an. 
reaction occurs m the gas phase. Evidence has been thranilat we passed O.nitrotoluene with methanol 
reported for interchange of hydrogen and oxygen atoms 1;10 at 525o over activated alumina. Only 0.5% 
in the sequential loss of OH, CO, and C rom o- methyl anthranilate formed; the major products were
nitrotoluene under electron impact m the mass spec- N_methylaniline (13%), N,N-dimethylaniline (14%),
trometer;» the two processes thus resembleleach other and N !N .dimethyl-0-toluidine (6%). Evidently the
closely. Numerous examples of parallel behavior m alUmina promoted decarboxylation of anthranilic acid
pyrolysis and under electron impact have been found and cadaiyzed methylation of the resulting aniline,
in other contexts.41 a The high-temperature ormation Formation of aniline from o-nitrotoluene in the ab- 
of anthranilic acid also resembles to some ex ent t e sence 0f methanol suggested that this reaction might be 
thermal elimination of sulfur dioxide from o-methyl- utilized tQ prepare substituted anilines. 0.N itro-
diarylsulfones to give diarylmethanes. toluene was heated at 600°, 11-sec contact time, alone

(6) w. Lob [Z. Elektrochem., 8, 715 (1902) ] found that o-nitrotoluene ex- and at a 1 :3 mole ratio with various hydrocarbons to
ploded when passed through a metal tube heated until it glowed light red. determine 8> Set OI Conditions to be USed With. Substituted
By diluting the nitrotoluene with steam, he obtained 8% crude and an un- 0-nitrOtoluenes. The yields of aniline are given in
SP(7 )̂ i  ̂L̂ Kukhtenko, Doki. Akad. Nauk sssr, 132, 609 (1960); g. a . Table V II. As benzene gave the highest yield of
Russell and E. G. Jansen, J.  Amer. Chem. Soc., 89, 300 (1967), and earlier a n i l in e ,  i t  W a s  U S ed  f o r  t h e  p r e p a r a t i o n  o f  S u b s t i t u t e d

references cited therein. anilines, with the results shown in Table V III.
(8) When a formally charged species is written m a gas phase reaction, it 

should be understood, of course, that the counterion is assumed to remain in
close association with the charged species. As noted by a referee, a similar TABLE V II
mechanism can be written to explain the interchange of O and H atoms via Hydrocarbon Yield “ mol %
a free-radical process, by initial abstraction of H atom and half-arrows to
denote 1-electron shifts. The carbanion scheme proposed formally parallels None 33
that apparently occurring under electron impact.9 Cyclohexane 35

(9) S. Meyerson, I. Puskas, and E. K. Fields, J. Amer. Chem. Soc., 88, Toluene 36
4974 (1966). Ttonvono r,7

(10) (a) For example, E. K . Fields and S. Meyerson, Chem. Commun., 474 D enzene oi
(1966); E. K. Fields and S. Meyerson, J.  Amer. Chem. Soc., 88, 2836 (1966). a g y  gas chromatography,
fb) H Drews, E. K. Fields, and S. Meyerson, Chem. Ind. (London), 1403 --------------------
(1961)* (11) E. K. Fields and S. Meyerson, Tetrahedron Lett., 1201 (1968).
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T a b l e  V I I I  T a b l e  IX

A r o m a t ic  A m in e s  f r o m  o- M e t h y l  N it r o  A r o m a t ic s “ R e a c t io n  P r o d u c t s  o f  N it r o t o l u e n e s  w it h  B e n z e n e -ĉ “

Yield, r-------------Relative concn*1------------- -
o-Methyl nitro aromatics Amine mol % '  -Nitrotoluene isomer '

, . ... r «  Products ortho m eta p a ra  e
o-Nitro toluene Aniline 57'9
Nitro-p-xylene m-Toluidine nil'1 Benzene-d4 1-2 .8

4-Chloro-2-nitrotoluene m-Chloroaniline 156 "®6 15  •5 ‘
4- Fluoro-2-nitrotoluene m-Fluoraniline 27' . . 7 9 ,7
5- N  itropseudoeumene 4-Amino-o-xylene 19' Aniline-do 100
Methyl 3-nitro-4-methyl- Methyl 3-aminobenzoate 32c ^

benzoate
2-Methyl-l-nitronaphthalene 1-Nap hthylamine 70b "®3 l ’’

“ Conditions: 600°, 20-sec contact time, mole ratio o f nitro com- ®
pound: benzene 1:4. b By gas chromatography. 'E s tim a ted  by J
low -voltage mass spectrometry. "^6

Phenol-do c 10 10

No attempt was made to find optimum conditions; ^  c ^  4
the large variation in yields suggests that these probably c 2 3
differ considerably among the nitro compounds. Our c 5 6
novel preparation gives amines in one step, in most c 18 7

cases with a meta  substituent. These are usually the Cresol-d0 d 30 14
most difficult to synthesize by other methods. -di d 19 7

To determine the mode of formation of the products -d2 d 17 3
with benzene shown in Table IV , nitrotoluene isomers Biphenyl-do 0.4 1 1 490
were allowed to react separately with benzene-c4 at 0.4 2 3 50
600°. The products and their isotopic compositions 9 j   ̂ ^
are listed in Table IX . 7 u  450

The major aniline species from o-nitrotoluene were _J 13 34 48 850
do, di, and cfe. Aniline-di and -ck may arise by a _̂ a 10 35  48  50
rapid exchange of the reactive carboxyl and amino _d, 3 15  27 25
hydrogens with benzene-d6. The high reactivity of -d8 5  10  14 125

0 -d9 33 37 47 278
j|— n o 2  ^ — NH 2 -d l0 100 100 100 100

*— CH3 — C - O H  Methylbiphenyl-do 5 3 6

%  -di 7 6  10
m  -di W  7 10

nr\ XTTT “<¿3 29^ 6  9
m  -  °%  f ^ i p NH2 -dt W  16 24

\  S /  -d6 19  ̂ 75 92
-d6 24/ 50 57

— I -- -dr 15/ 20 21
\ || _  I I I  Bibenzyl -f- isomers 5 6 5

— C r f  — D Terphenyl-di 1
X °  . -d. 4

+  +  -do 0.7 4

C ii—NHD —NHD i 7 i t
| L c - O H  [  J  ~d& 9 3

-do 9 6 9
_l_ 4- -dio 6 11 17

-dn 1 6 10

Oil— NH D i ^ V - N H D  -dn 0.8 4
IL -C - 'O D  L J - D  —dn 0.8 3

%  -dn 4 5
+  “ Conditions: 600°, 8.5-sec contact time, mole ratio of nitro-

0 jtt-) toluene: benzene-d6 1:5; isotopic composition of initial benzene,
¡1 „_J:QH f  J 2 96.4% d6, 3.6% d5. 6 Relative intensities in the low-voltage (7.5

Y , uncorrected) mass spectra normalized to biphenyl-dio =  100 .
'  Overlapping peaks with aniline. d Overlapping peaks with o-

amino and carboxyl hydrogens in solution presumably toluidine. • From nitrobenzene-d5 with toluene.ld /M ain ly  
, , r , ■ , , . i , . deuterated carbazole and diphenylamme (see text),carries over to the gas phase provided that the pressure is

high enough to permit solvation. The exchange may
be by way of the anthranilic acid zwitterion before it in only trace amounts in the reaction of nitrobenzene 
loses carbon dioxide. and nitrobenzene-d6 with toluene, as well as that of

Aniline-dg could be similarly rationalized, but the nitrobenzene with toluene-a-d3.ld Transfer of the
di, do, and dt species, which almost certainly came nitro group from o-nitrotoluene to chlorobenzene or
from benzene-d6, are not so easily explained. The benzene-d8 seems thus to occur in a complex involving
formation of these aniline species parallels the forma- a concerted reaction with the methyl group (eq 1 and 2).
tion of chlorocarbazole from o-nitrotoluene and chloro- The 167-169 mass region of the products from o-
benzene shown in Table IV . Likewise, aniline formed nitrotoluene with unlabeled benzene shows relative
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intensities of 19, 5, and 13 for carbazole, methylbi- From total weights of products and relative proportions
phenyl, and diphenylamine, respectively. Therefore, of biphenyl shown in Table IV , appreciably more bi-
the region of masses 168-175, shown in Table IX  under phenyl is formed in the reaction with benzene from the
the methylbipheny 1 species, probably involves for m- and p-nitrotoluenes than from the ortho isomer, as
o-nitrotoluene mainly deuterated species of carbazole would be expected. The nitro group in the ortho
and diphenylamine, with only a minor contribution isomer is involved in the intramolecular reaction with 
from o-methylbiphenyl. Thus the major isotopic the methyl group rather than in cleavage of the aryl- 
species of carbazole is d4 and that of diphenylamine is nitro bond. Much biphenyl is formed from a benzene
d6, which fit neatly into the proposed scheme (eq 1 ring derived from both benzene-d6 and nitrotoluene;
and 2). the nearly equal amounts of dr, and d6 species indicate

reactions 4 and 5. The almost complete absence of

j ^ V CH3 j| (1) CH3C A N 0 2 — ► CH3C6H4- +  N 0 2 (4)

"  J IV  +  c 6d 6 —

I D D D D
-c°2 r 2H2 D u  h u

------- | ^ S  CH3C6H4- V ^ Y - D  *=fc CH3C6H3d V ~ V - D  (5)

D D D D

’/ V ® 3 d ^ d !  “ [D] ~ [H]II A IL —- | t'D'ti 1 (2) -[CHJ -[CHJ
^ no/ 'dV J  L ^ c''N' ' S r DJ

H* C6H — CeD5 C6H4D — C6D5

- c O j / - 2H2or I biphenyl-do and -d\ in this work contrasts with the con-
2HDor D siderable amount from the reaction of nitrobenzene-d5

D *  2d, with toluene,ld shown under column e in Table IX .
f ^ |  |^'sjD P [ | |  D This indicates that loss of a methyl or CH2 group

D HzN D from toluene or its derivatives probably occurs from
H  P I the intermediates of radical addition or abstraction,

^ rather than as a primary process in pyrolysis as postu
re, , . c ,. j  . r ., , i lated by previous workers (see ref 12 and referencesI  he analysis of reaction products from o-nitrotoiuene ., , ■ .. 0. ■, , , , , .,J , , Jr , . , . cited therein), Similarly, we have reported evidence

with benzene-dr,, because of overlapping peaks m the
167-177 region, is not perhaps so clear-cut as one would C6H6—CH3 — >■ C6H5- +  -CH3
like; however, taken together with analysis of the
same reaction with unlabeled benzene and chloro- for different dominant mechanisms in thermal de
benzene, it enables us to derive a fairly coherent re- composition of toluene alone and in the presence of
action pattern. fpee radicals.ld

The biphenyl region is free from overlapping species Some of the products in Table IV  and Table IX  may 
of other products and is therefore relatively uncompli- be derived by transfer of a nitro group from nitrotoluene
cated. Almost no biphenyl arises from two benzene to benzene (reaction 6). A t first glance the widely

rings derived solely from nitrotoluenes. The main Ch 3c6H4N02 +  C6D6 CH3C«H4D +  C6D6N02 (6)
component, biphenyl-dio, comes from benzene-d6, pre-
sumably by abstraction of a deuterium by N 0 2 (eq 3). differing concentrations of biphenyl species in Table

IX  under column e and the other columns would seem 
CH3 CH3 to render this reaction unlikely. However, reactant
J. ratios were considerably different in the two studies;

j |1 — ► [  I  +  N 0 2 furthermore, phenol-eft and -dr, shown in Table IX
appear to demand a nitro-nitrite rearrangement of 

j[jq nitrobenzene-dr, from reaction 6.
2 The main terphenyl species are d9 and d10, with as

V y  much ds as d9 in the o-nitrotoluene reaction. These
P D p p evidently arise from the combination of biphenyl-d8,

N02 +  f  | —*■ I  I ¡1 +  DNO2 (3) -rf9, and -d10 with a molecule of nitrotoluene as shown in
v  u the scheme for biphenyl formation. Terphenyl-dn

^ V may be the result of deuterium-protium scrambling,
jy  although somewhat more formed from to- and p-nitro-

j-j j-j j) jj toluenes than might be anticipated from the complete
I_I I___ I absence of other species in the to- and much lower

TV +  V ~[pI „ j) f i  \  k S  D amounts in the p-nitrotoluene reactions. Some or
\_/ \— / most terphenyl-dn might be the result of nitrobenzene-

D D D D (12) G. B. Badger and T. M. Spotswood, J. Chem. Soc., 4420 (1960).
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df, attack on methylbiphcnyl-de with subsequent or Scheme I
concerted loss of the methyl group. CH3 C02H

Carbazole shown in Table IV  probably arises by JL
reaction of aniline from o-nitrotoluene with chloro- \ \ l  N<̂ 2 __► \ || -co%
benzene (reaction 7). Carbazole results both from

—hci N 0 2 N 0 2
CeH5NH 2 +  Q H 5CI ---------------v  C6H5NH — C6H5 — ►

^  i* * V - n h 2 - NQ>,

f l i  1  +  H2 (7) \J KJ
H N02

diphenylamine13 and 2-aminobiphenyl14 at high tern- C6H5NH2 +  OBs-
peratures. Chlorocarbazole, however, indicates trans-
fer of a nitro group from o-nitrotoluene to chlorobenzene ^  +  \ - [h]
reduction to chloroaniline, and reaction with another \ 1
molecule of chlorobenzene (reaction 8). Additional *^T

.. c 6h 6 +  n o 2 — ► C6H5. +  h n o 2

Cl
abstraction to addition products might change appreci- 

_ _  _ _  ably at lower temperatures to give more arylated methyl
' n r r i  (8) anthranilates.

Cl Ci T able X
R eactions o f  2,4-Dinitrotoluene“

evidence for formation of nitrochlorobenzene is chloro- Reactant, mol Methanol, Methanol, Methanol,
phenol, about half as much as chlorocarbazole, most 1,2 0.625; 0.625;

readily accounted for by a nitro-nitrite rearrangement U°r° g gZene’
(reaction 9). With benzene, o-nitrotoluene gave an Total weight
appreciable amount of phenol, presumably also by of products’ § 275 2-5
transfer of its nitro group to benzene. Products

Aniline 20 93 45
— N 0 2 f ^ i r — ONO -NO Biphenyl 185

L B  v  L U  +[Hj * Difluorobiphenyl 4
Methylbiphenyl 133

— OH /q\ Fluoromethylbiphenyl 15
Cl- f  I) Methyl anthranilate 100 100 100

Methyl phenyl-
, , anthranilate 25

2,4-Dimtrotoluene with benzene both at 500 and 550° Methyl fluorophenyl-
gave mainly biphenyl, and about one-fourth as much anthranilate 8
each of aniline and aminobiphenyl. The m-amino- “ Conditions: 600°, 10-sec contact time, N 2 at 20 ec/min, moles
phenyl radical (V II) evidently abstracts hydrogen of dinitrotoluene 0.05. 6 Relative intensities in the low-voltage
almost as readily as it adds to aromatic systems (7.5 V, uncorrected) mass spectrum normalized to methyl anthra-
(Scheme I). nilate = 100 .

The reaction products of 2,4-dinitrotoluene with
methanol alone, with methanol plus benzene, and with 2>'4,6-Trinitrotoluene.—The products from the re
methanol plus fluorobenzene are shown in Table X . action of 2,4,6-trinitrotoluene (T N T ) with benzene
Methyl anthranilate and aniline were major products at various temperatures are listed in Table X I. The
from the anthranilic acid rearrangement followed by predominant product in all cases was biphenyl. Ben-
esterification or loss of carbon dioxide. The aryl zene alone under these conditions gives only a trace of
radical formed by cleavage of the second nitro group biphenyl; therefore, the relatively large amounts from
evidently abstracts hydrogen more readily than it adds the T N T  reactions probably arise from phenyl radicals
to benzene or fluorobenzene, at least at 600°. The by way of hydrogen abstraction. The products in the
ratio of methyl anthranilate to aniline from the meth- tablo indicate the series of reactions in Scheme II.
anol reaction is much higher than in the same reaction Interchange of oxygen and hydrogen atoms probably
of o-nitrotoluene; apparently, 4-nitroanthranilic acid occurs before or at the same time as loss of nitro groups;
esterifies faster than anthranilic acid. The ratio of were it to take place appreciably more slowly, we would

anticipate finding some products that retain the methyl
(13) c. Graebe, Ber., 6,3 7 7  (1872); Ann., 16 7 ,12 8  (1873); 17 4 ,18 0  (1874). Sr0UP (or at least the corresponding fluorene by de-
(14) a. Blank, Ber., 2 4 , 306 (1891). hydrogenation), which is not the case.

4492 F ields and M eyerson The Journal o f Organic Chemistry



Scheme I I  Table X I
Qjj CO jj ' PfettoucTS from 2,4,6-Trinitrotoluene with Benzene
| I at Various Temperatures0

W - A - N O ,  0 2N — r ' sll— NH 2 -C02 Total weight
2 I | ,U2 2 | -------U  of products, g 2.75 3.7 3.92 4.0

S j /  Temperature, °C  400° 450° 500° 550°
I j -̂------- ----- -—Relative concn&----------------

N 0 2 N 0 2 Products
^  Aniline 5 7 20 19

0 2N — — NHz ~N0S  ° 2N — l l T N H 2 ~[H] > Biphenyl 100 100 100 100
Aminobiphenyl 13 29 29 27

T  ‘ Dinitroaniline 8 3 1 1
N 0 2 Nitroaminobiphenyl 2 3 0.4 0.3

q 2n __ i ^ s>i__NH 2 Aminoterphenyl 3 5 6

L B  ° Conditions: 20-sec contact time, N 2 at 20 cc/min, moles of
TNT:benzene 0.05:0.5. 6 Relative intensities in the low-voltage 
(7.5 V, uncorrected) mass spectrum normalized to biphenyl =

n  ioo.

v& y/ _NQ taining nitro groups, dinitroaniline and nitroaminobi-
, / - hno2 2 phenyl, decreased, as would be anticipated. Even at

6 \  Nil the lowest temperature, 400°, no trinitrotoluene ap-
\ _ /  f J 2 r  J 2 parently survived; it is therefore considerably less

stable than o-nitrotoluene, 50% of which was recovered 
after 20 sec at 500°.r J [  J The present work has shown a striking difference in
the reactions of o-nitrotoluene and substituted o-nitro- 

CeH toluenes from those of the meta and para isomers. We
N 0 2 + C6H 6 —*■ H N 0 2 + C6H5- C6H5— C6H5 are pursuing this study further by examining the be

havior of labeled and unlabeled o-nitroethylbenzene,
, . . . . .  , o-nitrocumene, and o-nitro-Lbutylbenzene at 600°.

Aminobiphenyl is present in appreciably greater
amount than aniline. This may be because the radical Registry No.—Benzene, 71-43-2; benzene-d6, 1076- 
from dinitroaniline must participate in two hydrogen 43-3; chlorobenzene, 108-90-7; methanol, 67-56-1;
abstractions rather than one as in the case of the amino- o-nitrotoluene, 88-72-2; m-nitrotoluene, 99-08-1; p-
biphenyl radical. nitrotoluene, 99-99-0; 2,4-dinitrotoluene, 121-14-2;

With increasing temperature the products still con- 2,4,6-trinitrotoluene, 118-96-7.

Acid-Catalyzed Cleavage of 1-Methylnortricyclene1
James H. Hammons, Elizabeth K. Probasco, Lee A. Sanders, and E. Joyce W halen 

Department of Chemistry, Swarthmore College, Swarthmore, Pennsylvania 19081 

Received January 22, 1968

The preparation of 1 -methylnortricyclene (7) was accomplished in good yield from l-methyl-2-norbornanone 
p-toluenesulfonylhydrazone (6 ). The kinetic product from reaction of 7 with acetic acid was 2-eredo-methyl-2- 
ezo-norbornyl acetate (9), which was slowly converted into l-methyl-2-ezo-norbomyl acetate (3), and 2-ezo- 
methyl-2-mdo-norbornyl acetate (10) under the reaction conditions. Cleavage with acetic acid-O-d gave a 
mixture of 3, 9, and 10 containing up to five deuteriums per molecule. Treatment of the acetates with alumina, 
ozonolysis, and washing with aqueous alkali gave monodeuterated 2-norbornanone (1). The infrared spectrum 
of this material showed that the deuterium was 62 ±  3%  6-endo and 38 ±  3%  6-exo, demonstrating that cleavage 
of the cyclopropyl C -C  bond by the electrophile, D  +, occurs with predominating retention of configuration. The 
results are accounted for in terms of a carbonium ion intermediate which can react by any of five paths; qualita
tive conclusions are presented on the way in which the intermediate partitions among these paths.

Studies of cleavage of the cyclopropane ring in tri- pounds such as apoeyclene2 (3,3-dimethyltricyclo-
cvclo[2 2 1 02,6]heptanes with acetic acid have been [2.2.1.02,6]heptane) and epicyclene3 (3,3,4-trimethyl-
concerned for the most part with the question of product tricyclo [2.2.1.02'6]heptane), which have hydrogens
distribution. In the case of unsymmetrically substi- on all three cyclopropyl carbons, give mixtures of
tuted tricyclo [2.2.1.02’6]heptanes, any one of three isomeric acetates on reaction with acetic acid. In con-
bonds may cleave, and each can add an unsymmetrical trast, derivatives of 1-methylnortricyclene (7) have
reagent like acetic acid with either of two modes of been reported to be converted cleanly into substituted
orientation. Thus, as many as six different products l-methyl-2-norbornyl acetates;4 1-methylnortricy-
can be formed, neglecting stereochemistry. Com- (2) S. S. Nametkin and z. Alexandrova, J. Russ. Phys. Chem. Soc., 57, 395

(1926); S. S. Nametkin and Z. Alexandrova, Ann., 467, 191 (1928).

(1) This research was supported in part by a National Science Foundation (3) S. S. Nametkin and L. Bryusova, J. Buss. Phys. Chem. Soc., 62, 333
tt j Rpqoareh Participation grant to the Department of Chemis- (1930).Undergraduate Research Participation g a g> Moycho and F. Zienkowski, Ann., 340, 17 (1905).
try, Swarthmore College.
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c le n e  it s e lf  is  a  t y p ic a l  e x a m p le , g iv in g  o n ly  1 -m e t h y l - 2 -  m e n t  o f  1 w i t h  m e t h y lm a g n e s iu m  io d id e  g a v e  2 -e x o -

e x o -n o r b o r n y l  a c e ta te  (3 ) .6 H o w e v e r ,  2 -e n d o -m e th y l -  m e th y l-2 -e n d o -n o rb o rn a n o l (2 ) .  S im u lta n e o u s  r e -

2 -e x o -n o rb o r n y l  a c e ta te s  a re  n o w  k n o w n  to  r e a r r a n g e  to  a r r a n g e m e n t  a n d  a c e ty la t io n  o f  2 w i t h  s u l fu r ic  a c id

l - m e t h y l - 2 -e x o -n o rb o r n y l  a c e ta te s  u n d e r  c o n d it io n s  in  a c e t ic  a c id  y ie ld e d  l - m e t h y l - 2 -e x o -n o rb o r n y l  a c e ta te

c o n s id e r a b ly  le ss  v ig o r o u s  th a n  th o se  e m p lo y e d  fo r  (3 ) ,  w h ic h  w a s  s a p o n ifie d  to  th e  c o r r e s p o n d in g  a lc o h o l

c y c lo p r o p y l  r in g  c le a v a g e .6'7 T h e  s e c o n d a ry  a c e ta te s  (4 ) .  C h r o m iu m  t r io x id e  o x id a t io n  o f  4  g a v e  1 -m e t h y l -

o b t a in e d  m a y  h a v e  b e e n  k in e t ic  p r o d u c t s ;  a lt e r n a t iv e ly ,  2 -n o rb o r n a n o n e  (5 ) .  T h e  p -t o lu e n e s u lfo n y lh y d r a z o n e

t e r t ia r y  a c e ta te s  m a y  h a v e  fo r m e d  firs t  a n d  s u b s e -  o f  5  r e a c t e d  w i t h  s o d iu m  m e th o x id e  in  r e f lu x in g  d ig ly m e

q u e n t ly  r e a r r a n g e d  to  th e  s e c o n d a ry  iso m e rs . N o  e v i -  t o  g iv e  a n  8 8 %  y ie ld  o f  1 -m e th y ln o r t r ic y c le n e  (7 ) .  

d e n c e  h a s  p r e v io u s ly  b e e n  p r e s e n te d  o n  th is  p o in t . A n a ly s i s  b y  g a s  c h r o m a to g r a p h y  s h o w e d  7  t o  b e  9 9 %

A  s e c o n d  p o in t  o f  in te re s t  is  th e  s te re o c h e m is t ry  o f  p u re , a n d  th e  in f r a r e d  s p e c t ru m  s h o w e d  c y c lo p r o p y l

a d d it io n  o f  a c e t ic  a c id  to  n o r t r ic y c le n e  d e r iv a t iv e s .  C - H  s tre tc h in g  a b s o rp t io n  a t  3055  c m - 1  a n d  c h a r a c t e r -

C le a v a g e  o f  n o r t r ic y c le n e  b y  a c e t ic  a c id -O -d  o ccu rs  is t ic  1 -s u b s t itu t e d  n o r t r ic y c le n e  a b s o r p t io n 10 a t  849
w i t h  c o m p le te  la c k  o f  s te re o sp e c if ic ity  fo r  th e  d e u t e r a -  a n d  785  c m - 1 .

t io n  a n d  c o m p le te  exo s p e c if ic ity  fo r  th e  a c e ta te , im p ly -  Ring Cleavage in Acetic Acid.—A d d i t io n  o f  a c e t ic  

in g  t h a t  th e  r e a c t io n  p ro c e e d s  t h r o u g h  a  c a r b o n -b r id g e d  a c id  to  1 -m e th y ln o r t r ic y c le n e  ( 7 )  c o u ld  le a d  t o  a n y  o f

n o r b o r n y l  c a t io n  (o r  th e  e q u iv a le n t  w i t h  re s p e c t  to  e ig h t  p o s s ib le  p r o d u c t s  (S c h e m e  I I ) .  C le a v a g e  o f  th e

th e se  e x p e r im e n ts , a n  e q u i l ib r a t in g  p a ir  o f  c la s s ic a l C - 2- C -6  b o n d  w o u ld  g iv e  l -m e t h y l - 2 - e x o -n o rb o r n y l

c a t io n s ) . 8 I f  th e re  is a  p r e fe r r e d  s te re o c h e m is t ry  fo r  a c e ta te  (3 )  o r  its  2 -e ra !o -a c e to x y  e p im e r  ( 8 ) .  C le a v a g e

d e u te ra t io n , in  th e  u n s u b s t it u t e d  n o r b o r n y l  s y s te m  it  is  o f  th e  C - l - C -2  b o n d  c o u ld  o c c u r  b y  e ith e r  o f  t w o

u n o b s e r v a b le  b e c a u s e  o f  th e  s y m m e t r y  o f  th e  b r id g e d  o r ie n ta t io n  m o d e s . M a r k o v n ik o v  a d d it io n  w o u ld

io n . In t r o d u c t io n  o f  a  g r o u p  o th e r  t h a n  h y d r o g e n  a t  y ie ld  2 -e n d o -m e th y l-2 -e x o -n o rb o rn y l a c e ta te  ( 9 )  o r

th e  1 p o s it io n  w o u ld  d e s t ro y  th is  s y m m e t r y  a n d  a l lo w  its  2 -e x o -m e th y l-2 -e n d o -a c e to x y  e p im e r  ( 10 ) .  A n t i 

d e te rm in a t io n  o f  th e  s te re o c h e m is t ry  o f  d e u te ra t io n . M a r k o v n ik o v  c le a v a g e  o f  th is  b o n d  c o u ld  g iv e  a n y  o f  

O u r  in v e s t ig a t io n  o f  a c e t ic  a c id  c le a v a g e  o f  1 -m e t h y l -  fo u r  6 -m e t h y l -2 -n o r b o r n y l  a c e ta te s : 6 -e x o -m e t h y l -2 -

n o r t r ic y c le n e  w a s  u n d e r t a k e n  to  sh e d  l ig h t  o n  th e se  t w o  exo a c e ta te  ( 1 1 ) ,  6 -e x o -m e t h y l -2 -en d o  a c e t a t e  ( 1 2 )

q u e s t io n s : ( 1 )  id e n t if ic a t io n  o f  th e  k in e t ic  p r o d u c t  o f  6 -e rad o -m e th y l-2 -exo  a c e ta te  (1 3 ) ,  o r  6 -e n d o -m e th y l -

c le a v a g e , a n d  ( 2 )  d e te rm in a t io n  o f  th e  p r e fe r r e d  s te re o -  2 -endo a c e ta te  (1 4 ) .

c h e m ic a l c o u rse  fo r  th e  d e u te ra t io n  s te p . T h e  r in g -c le a v a g e  e x p e r im e n ts  w e r e  c a r r ie d  o u t  a t

24 .5  ±  0 .1 °  in  th e  p re se n c e  o f  0 .0 0 5  M  s u l fu r ic  a c id .  

Discussion and Results A f t e r  2  h r  1 -m e th y ln o r t r ic y c le n e  (7 )  w a s  15 ±  5 %  co n 

c e r n . , , . ; , ,  * , I»«- , , • . o  at i. v e r t e d  in to  a c e ta te . T h e  p r o d u c t  w a s  i s o la te d  b ySynthesis of 1-Methylnortncyclene.— 2 -N o r b o r n a -  ___. , , ,• , ,. J
„  *1 / ,n , , • , , , o  i. p e n t a n e -w a t e r  e x t r a c t io n  a n d  v a c u u m  d is t i l la t io n ,
n o n e  ( 1 )  w a s  c o n v e r te d  in to  l - m e t h y l - 2 -n o r b o r n a n o n e  n  ■ t  a .  ■ * > •
/ e \ . • f , x- m  i T\ □ m  i C o m p a r is o n  o f th e  in f r a r e d  ( l r )  s p e c t ru m  o f  th is  m a t e -
(5 )  b y  a  se ries  o f  k n o w n  re a c t io n s  (S c h e m e  I ) . 9 T r e a t -  - n t  , x ,  J  n

v '  r ia l  w i t h  s p e c t r a  o f  a c e ta te s  3, 8 , 9, a n d  10 e s t a b lis h e d

Sc h e m e  I  t h a t  th e  c le a v a g e  p r o d u c t  w a s  2 -e n d o -m e th y l-2 -e x o

x . n o r b o r n y l  a c e ta te  (9 )  c o n ta in in g  n o  d e te c t a b le  3, 8 , o r

1 0 . E x a m in a t io n  o f  s p e c t ra  o f  a r t i f ic ia l m ix tu re s  o f  9 

/ % -L  /  — — wi t h  3, w i t h  8 , a n d  w i t h  10, s h o w e d  t h a t  as  l i t t le  a s

|| | ^ CH3 ch=co ĥ  2 .5 %  o f  a n y  o n e  o f  th e se  th re e  iso m e rs  c o u ld  h a v e  b e e n

O OH  d e te c te d  w i t h  c e r ta in ty . T h u s ,  th e  k in e t ic  p r o d u c t  o f

1 2 a c e t ic  a c id  a d d it io n  to  7 is  p u re  o r  n e a r ly  p u r e  t e r t ia r y

N  N e x o -a c e ta te  (9 ) ,  th e  p r o d u c t  o f  C - l - C -2  c le a v a g e  a n d

NaOH CrO, M a r k o v n ik o v  a d d it io n . T h e  fa c t  t h a t  o n ly  exo
OCOCH  OH ”  a c e ta te  is  fo r m e d  su g g e s ts  t h a t  th e  r e a c t io n  p ro c e e d s

CH3 3 c h 3 t h r o u g h  a  2 -n o rb o r n y l  c a t io n ; th e se  io n s  a re  w e l l  k n o w n

3 4 t o  re a c t  w i t h  a c e ta te  fr o m  th e  exo s id e  u n d e r  c o n d it io n s

by o f  k in e t ic  c o n tro l. T w o  o th e r  re a c t io n s  w h ic h  p ro c e e d

p -ch3c5h ,so2n h n Hj h y  w a y  o f  th e  s a m e  ca t io n , a c e to ly s is  o f  l -m e t h y l -2 -e x o -
*" n o r b o r n y l  p - t o lu e n e s u lfo n a t e lla  a n d  n it r o s a t iv e  d e a m i-

CH3 || n a t io n  o f  2 -e w d o -m e th y l-2 -e x o -n o rb o rn y la m in e  in  a c e t ic

acid .,llb  w e r e  r e p o r t e d  to  g iv e  9  as  th e  k in e t ic  p ro d u c t .

5 7 W h e n  th e  c le a v a g e  r e a c t io n  w a s  c o n t in u e d  fo r  42  h r ,

K ,  c o n v e rs io n  o f  7 in to  a c e ta te s  w a s  n e a r ly  c o m p le te . T h e

NaQCH^ i r  s p e c t ru m  o f  th e  p r o d u c t  m ix tu re  r e v e a le d  th e

p re se n c e  o f  th re e  ac e ta te s , l - m e t h y l - 2 -e x o -n o rb o r n y l  

CH3 l jN w « n  r  rr c n  PH  a c e ta te  (3 ) ,  2 -e n d o -m e th y l-2 -e x o -n o rb o rn y l a c e ta te
2 6 4 3 3 (9 ) ,  a n d  2 -e x o -m e th y l-2 -e n d o -n o rb o rn y l a c e ta te  ( 10 ) ,

_______________  6 7 a n d  c o m p a r is o n  o f  th is  s p e c t ru m  w i t h  s p e c t r a  o f  a r t i f i -
(5) j . Paasivirta, Suomen Kemistiiehti, B33 (2), 57 ( 1960). c ia l m ix tu re s  o f  th e  th re e  iso m e rs  in d ic a t e d  t h a t  th e

<1922) H ' Meerwein and K - van Emster' Ber■■ 53’ 1815 H920); 65, 2500. p r o d u c t  c o n s is te d  o f  55 ±  5 %  th e  k in e t ic  p ro d u c t ,

(7) J. A. Berson, J. H. Hammons, A. W. McRowe, R. G. Bergman, A.
Remanick, and D. Houston, J. Amer. Chem. Soc., 89, 2590 (1967). (10) H. Hart and R. A. Martin, J. Org. Chem., 24, 1267 (1959)

(8) A. N.ckon and J. H. Hammons, ibid., 86, 3322 (1964). ( 1 1 ) (a) j .  A . Berson, A. W. McRowe, and R. G. Bergman, J. Amer.
(9) J. A. Berson, J. S. Walxa, A. Remanick, S. Suzuki, P. Reynolds- Chem. Soc., 89, 2573 (1967); (b) S. Beckmann, R. Schaber, and R. Bam-

Warnhoff, and D. Willner, ibid., 83, 3986 (1961). berger, Ber., 87, 997 (1954).
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Scheme II

- * 4 ? .
OCOCHj

Maikovnikov ^ ^ ^ O C O C H 3 +

7 CH3 OCOCH,
9 10

CH3—f^^^OCOCHs +
H H H OCOCH3

C-l-C-2 H 12
---------------------------- — yanti-Markovnikov K K

H— 0  COCH3 +  H— H 
CH3 H CH3 OCOCH3

13 14

9, 28 ±  5% 3, and 17 ±  5% 10;12a none of the sec- Scheme III
ondary endo acetate 8 appeared to be present. The 3 4- 9 +  10
four 6-methyl-2-norbornyl acetates, 11, 12, 13, and 14,
were not prepared and therefore could not be demon- --------------,------------ 1—i -3—-■--------------- r
strated with certainty to be absent from the reaction I I  I I
mixture. However, the superimposability of the in- k n

frared spectrum of the product on that of an artificial —>
mixture of 3, 9, and 10 argues against the formation of 7 + /  +  +  ?
any of these isomers, and this argument is supported by ft \
the gas chromatograph of the acetate mixture which CH2 CH3
showed that no substance of retention time longer than 15 16
that for 9  was present.12b Io„tcne

Degradation of 2 -ewio-Methyl-2 -exo-norbomyl Ace- \
tate to 2-Norbomanone.— The second purpose of our 1
investigation was to determine the stereochemistry of 5 6 %  of the mixture, was identified both by its ir spec-
the deuteration step in reaction of 1-methylnortri- trum and by vpc retention time as the desired alkene,
cyclene (7) with acetic acid-O-d. No direct method Two of the minor components had retention times
was available for analysis of the stereochemistry of the identical with those of 7 and 2-methyl-2-norbornene
deuterium at C-6 of 2-endo-methyl-2-ezo-norbornyl (16); the remaining product was not identified. Chro-
acetate (9). A  possible indirect method involved deg- matography of 10 gave some unchanged 10, together
radation of 6-deuterated 9 to 6-deuterated 2-nor- wpb p e same four low-boiling compounds previously
bornanone (1) and analysis of the stereochemistry of obtained from acetate 9; 15 constituted 49% of the more 
the deuterium by comparison of the ir spectrum of this volatile fraction obtained from the endo acetate, 
compound with spectra of the known 6-exo-d- and 6- Ozonolysis of 15 in the usual way gave primarily oxi- 
endo-d-2-norbornanone.13 Our plan of attack was to dation products other than 1, but ozonolysis in the
separate 9 from 3 and 10 by chromatography and to presence of an equimolar amount of tetracyanoethyl-
convert 9 into 2-methylenenorbornane (15), which enei4 resulted in successful conversion of 15 into 1; 1 was
would be readily oxidized to 1 (see Scheme III). Ohro- readily purified by sublimation.
matography of pure 3 on alumina of activity grade I jn yjew (Jf -^e fact that an adequate yield could be 
let to recovery of unchanged 3. In contrast, 9 was obtained from the ring cleavage only with reaction 
cleanly converted into a mixture of four lower boiling times long enough to produce substantial amounts of 
compounds. The major component, which constituted thermodynamic products 3 and 10, it was necessary

to decide in the later experiments with deuterated ace- 
(12) (a) Analysis of this mixture by  vapor pha.se chromatography whether to separate the acetate mixture before

W»» not satisfactory for two reasons. First, partial pyrolysis of 9 lowered the tnuco vvucu ^ . , , , , ,,
r^iuracy etmsiderably; second, 3 and 10 were not resolved on any of our t r e a t m e n t  W it h  a lu m in a  Or t o  c h r o m a t o g r a p h  t h e  m iX -
columns. (b) Acetate^ 3, 9, and 10 are known to have markedly shorter re- t u r e  d i r e c t l y .  O u r  d e c is io n  W a s  t o  S u b je c t  t h e  m ix t u r e
tention times on a triscyanoethoxypropane column than any of 13 isomeric

mTl^^"A"nmckon^V?CH.aHammons!TL  L. Lambert,^nd O. WilUams, J. (14) ^ ^ w t h o d  was reported Jor osonolysis of camphene by R. Criegee

Amer. Chem. Soc., 85, 3713 (1963). and P- ant er' eT’'
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itself to chromatography. This choice was made for 2-norbornanone (1). Chromatography on alumina
the following reasons. First, no anomalous results of activity grade I  gave a mixture of four components
would be observed as a consequence of the presence of (7, 15, 16, and the unidentified one) containing up to
3, as this acetate was shown not to be converted into four deuterium atoms per molecule, and ozonolysis of
alkenes on alumina. Second, although 10 is partially the alkene mixture in the presence of tetracyanoethyl-
converted into alkenes on alumina, there are sound ene yielded 2-norbornanone (1) which was 96% corn-
reasons for thinking that the stereochemistry of the posed of un-, mono-, and dideuterated molecules. Deg-
deuterium at C-6 in 10 would not be significantly differ- radative removal of the methyl group of acetate 9, then,
ent from that in the exo epimer 9. As the arguments in was accompanied by loss of three deuterium atoms,
the concluding section of the Discussion indicate, the The fragmentation patterns of 1 and dideuterated 
stereochemistry of the deuterium at C-6 is determined 1 gave a clue as to the location of the remaining extra
when D + adds to 7 to form carbonium ion 17, and it is deuterium. The base peak for 1 appeared at mass 67.
unchanged by subsequent events. Acetate 10 is formed By analogy to the fragmentation of camphor, which
by endo attack of acetic acid on deuterated ion 17 after loses ketene and a methyl radical to give a base peak at
the deuteration step is complete. The possibility that mass 95, attributed to an allylic dimethylcyclopentenyl
endo acetate is formed from 7 by a completely different cation,15 we attribute the base peak of 2-norbornanone
path involving different stereochemistry for the C-6 to an allylic cyclopentenyl cation formed by loss of
deuterium is ruled out by the facts that the promnation ketene and a hydrogen atom from C-7. In our deu-
step is irreversible and that the amount of endo acetate terated 1 the base peak appeared at mass 68. This re
in the kinetic product is too small to be detected. suit was consistent with the presence of one deuterium

The conversion of deuterated alkene 15 into 2-nor- at C-6 and a second at C-3. Treatment of dideuterated
bornanone (1) was also accomplished by direct ozonoly- 1 with methanolic aqueous alkali to remove enolizable
sis of the four-component mixture produced by chro- deuterium gave a sample of 1 which was 83% mono-
matography and not by isolation of pure 15 followed by and 17% undeuterated, thus demonstrating that the
ozonolysis. This approach is justified on the ground last of the extra deuterium atoms had been incorporated
that none of the three minor components of the mix- in the 3 position of 9.
ture would give 1 on ozonolysis. These deuterium incorporation results are readily

Cleavage in Deuterated Acetic Acid. Deuterium explained in terms of a bridged methylnorbornyl cation
Incorporation.—The acetic aeid-O-d used in these (W ) or a pair of classical cations interconvertible by
experiments was prepared from distilled acetic anhy- Wagner-Meerwein rearrangement (Scheme IV ).
dride and a slight excess of D 20  (99.77% D) and
contained 0.5% water by Karl Fischer analysis. The S c h e m e  IV
ring cleavage mixture, consisting of 0.12 M  1-methyl- y
nortricyclene (7) and 0.0061 M  sulfuric acid-d2 in 
acetic acid-O-d, was maintained at 24.5 ±  0.1° for 
39 hr. Work-up of the reaction mixture and fractional
distillation of the recovered materials gave a small N.
amount of a low-boiling fraction, shown by gas chro- 15 ,
matography to contain 96% starting material and "  16
4% 2-methylenebornane (15), and a large higher '+H
boiling fraction which consisted of 58 ±  5% 2-endo- ,  ®
methyl-2-ezo-norbornyl acetate and 42 ±  5% isomeric Y  \ .
acetates 3 and 10. /  'v

When a portion of the acetate fraction was converted 3 10
into alcohols and analyzed by mass spectrometry, the
alcohols were found to contain not just the one deute- 9
rium to be expected on the basis of simple addition of one
molecule of acetic acid-O-d to 7, but instead up to five Deuteration of 1-methylnortricyclene (7) gives a
deuterium atoms per molecule. Thus, the original ob- cation (17) which is labeled at C-6. Loss of a proton
jective of determination of the stereochemistry of from a carbon a to the charged site yields an alkene,
the 6-deuterium could be accomplished only if the extra which can add D + and regenerate the carbonium ion!
four deuterium atoms could be located and removed. Repeated loss of a proton from the methyl to form 2-
Examination of the fragmentation patterns for the methylenenorbornane (15), followed by addition of
deuterated alcohols and for undeuterated 2-endo- D + to the methylene carbon, results in introduction of
methyl-2-ea;o-norbornanol ( 1 8 ) yielded useful informa- three deuterium atoms into the methyl of the carbonium
tion. A  major fragmentation peak for 18 occurred at ion (17). Loss of a proton from C-3 yields 2-methyl-2-
mass 111 (M  — 15), corresponding to loss of the methyl norbornene (16), which can regenerate the carbonium
group. For the deuterated sample the major peaks ion by addition of D + to C-3. As the 2-norbornanone
appeared at mass 112 and 113 (mono- and dideuterated from ozonolysis contained up to two deuterium atoms
ions), and the peaks at mass 114, 115, and 116 were per molecule and as only one deuterium could be re-
barely greater than that calculated for natural isotopic moved by treatment with alkali, evidently only one
abundance. Clearly three of the deuterated positions deuterium atom in acetate 9 was located at C-3
were in the methyl group. Therefore, proton loss and deuteration at C-3 are ap-

This conclusion was confirmed by the results of
degradation of the mixture of deuterated acetates to Dimiund ^  (1966): R'
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parently highly stereoselective. Similar stereoselectiv- these acetates reverts to cation 17 under these con- 
ity has recently been reported in base-catalyzed deu- ditions.
teration of 2-norbornanone, camphor, and isofen- The 2-methyl-2-norbornyl cation (17) can be con- 
chone,16a and in addition of deuterium chloride to nor- verted into either of two alkenes and to any one of three
bornene in methylene chloride ;16b nmr data indicated acetates. The above observations, together with sev-
that exo deuteration was the preferred path in each eral additional experimental results, provide much in-
cag6i formation on the way in which the cation partitions

Rationalization of the incorporation of three extra among the five paths. Acetic aeid-O-d treatment of
deuterium atoms per molecule in terms of the inter- 2-methylenenorbornane (15) converted it into acetate
mediate formation of 2-methylenenorbornane (15) re- 9, which gave 2-endo-methyl-2-e:ro-norbornanol (18) on
quires that 15 should react substantially faster than 1- reaction with lithium aluminum hydride; mass spec-
methylnortricyclene (7) does under the cleavage con- trometric analysis of the alcohol showed that it was
ditions, and that it should give the same product dis- 6.7% d0, 84.4% dh and 8.9% d2. As reversible forma-
tribution as 7, namely, clean conversion into 2-endo- tion of either alkene would lead to multiply deuterated
methyl-2-exo-norbornyl acetate (9).17 In fact 15 acetate, the fact that 18 was only 8.9% multiply deu-
reacted with a half-life approximately 1/3o that of 7, and, terated implies that carbonium ion 17 is converted into
when the addition reaction was interrupted after about 2-endo-methyl-2-exo-norbornyl acetate (9) roughly
one half-life, the product was pure 9. Further eonfir- ten times faster than it is to either of the alkenes. The
mation of the role of this alkene as an intermediate was rate ratio may in fact be much larger than ten, as the
obtained by actual isolation of a trace of it from a large- acetate 9 may be rapidly reconverted into the car-
scale cleavage of 1-methylnortricyclene (7) in acetic bonium ion under these conditions; deuterium incor-
acid-O-d. Fractional distillation of the product poration and rearrangement of 9 to the isomeric ace-
mixture permitted separation of the low-boiling alkene tates 3 and 10 provide ways to measure a minimum rate
and starting material from acetates, and preparative for the reconversion, but no way to prove that the
gas chromatography yielded a small amount of pure actual rate of reconversion is not very much faster than
alkene (15). The compound contained up to four deu- this minimum.19
terium atoms per molecule. The amount of material Qualitative conclusions can also be drawn about 
was too small to permit location of these deuteriums by the partition of cation 17 between alkene formation and
degradation, but the ir spectrum provided evidence that combination with acetic acid to yield 1-methyl-2-exo-
up to two deuterium atoms per molecule were on the norbornyl acetate (3) and 2-exo-met hy 1 -2-endo-nor-
methylene carbon. The significant peaks were the bornyl acetate (10). The extent of alkene formation
following: 3055 (vinyl H stretch), 2305 and 2255 can be estimated from deuteriumin corporation, and,
(vinyl D stretch), 2170 (alkyl D stretch), 1660, 1645, because of the stability of acetates 3 and 10 in the reac-
and 1630 (assigned to C = C H 2, C =C H D , and C = C D 2 tion medium, the product distribution gives the total
stretch, respectively), 870 (vinyl H out-of-plane bend), amount of conversion of the carbonium ion (17) into
and 800 cm-1 (possibly due to vinyl D out-of-plane these acetates directly. In the acetate mixture from
bend). These results are all readily accounted for on the acetic acid-O-d cleavage of 1-methylnortricyclene
basis of reversible formation of 2-methylenenorbornane. (7) or from acetic acid-O-d treatment of 2-endo-methyl-

Examination of the stability of 2-endo-methyl-2- 2-exo-norbornyl acetate (9), the deuterium content of
exo-norbornyl acetate (9) under the cleavage conditions the deuterated positions approached a value eorrespond-
gave the following results. After 40 hr 9 was more than ing to equilibrium with the solvent pool. Thus, con-
50% rearranged to l-methyl-2-exo-norbornyl acetate version of the cation 17 into alkenes 15 and 16 must be
(3) and 2-exo-methyl-2-endo-norbomyl acetate (10). fast compared with irreversible formation of acetates 3
When 9 was subjected to the cleavage conditions in and 10.
acetic acid-0-d and the mixture of deuterated 9, 3, and Although conversion of 2-methyl-2-norbornyl car- 
10 was converted into alcohols with lithium aluminum bonium ion (17) into 2-methylenenorbornane (15) and
hydride the alcohols contained up to four deuterium 2-methyl-2-norbornene (16) is clearly slow relative to
atoms per molecule Clearly conversion of 9 into 2- formation of the tertiary exo acetate (9) and fast
methvl-2-norbornyl cation (17) does occur, and the with respect to formation of the secondary exo or
cation can revert to 9, incorporate deuterium by tertiary endo acetate (3 or 10), our results give no in-
wav of alkenes 15 and 16, or undergo conversion into formation as to whether the cation loses a proton more
either of the two isomeric acetates, 3 and 10. In con- rapidly from the methyl, giving 15, or from C-3, giving
trast to the behavior of 9, neither l-methyl-2-exo-nor- 16. Unlike these alkenes, acetates 3 and 10 are stable
bornvl acetate (3) nor 2-exo-met,hyl-2-endo-norbornyl in the reaction medium, and the way in which cation 17
acetate (10) was detectably rearranged after 170 hr, and partitions between the two paths can be readily eval-
3 was shown to have incorporated no deuterium after uated from the product distribution. Isomerization of
40 hr with acetic acid-O-d.18 Apparently neither of 2 -endo-methyl-2 -exo-norbornyl acetate (9) to 28 ±  5%

l-methyl-2-exo-norbornyl acetate (3) and 17 ±  5% 
(16) (a) a . f. Thomas and b. wiiihaim, Tetrahedron Lett., 1309 (1965); 2-e£o-methyl-2-endo-norbornyl acetate (10) indicates

see also J. M . Jerkuniea, S. Borcic, and D. E. Sunko, ibid., 4465 (1965); (b)
tt r  Brown and K . T. Liu, J. Amer. Chem. Soc., 89, 3900 (1967). , „

0 7 )“ same conditions hold for 2-methyl-2-norbornene (16) if it is to be (19) Only observable changes can be used to measure the rate of conver-
I  „s In t e r m e d ia te  Preliminary experiments have shown that 16 sion of 2-endo-methyl-2-e*0-norbornyl acetate (9) into the carbonium ion, and 

proposed as an ' P B  96 503 (1962) j is there is no way to prove that the rate of the fastest observable process is the
[prepared as described by K  Alder ¿ g o ,  a)  2 4 8 a m e  as the actual rate of this conversion. Acetate 9 might be intercon-
converted into pure 9 . id than cleavage of 7. verted with the cation many times without any observable change. In  this

— * ■ » — - — — -  < -  » * •  -  -  -  < -  > “
. , in the etherlike oxygen.

(10) was not examined.
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that acetate attacks 17 on the ezo side of the secondary shift of hydrogen would not reverse the stereochemistry
carbon 1.1-2.8 times faster than it attacks the endo side of the 6 deuterium, but would give a l-d-2-norbornanone
of the methyl-bearing carbon. The low accuracy of after degradation. With respect to 6,1 shifts of deu-
our ir analytical method does not permit more precise terium, four types are conceivable: exo,exo, endo,endo,
determination of the rate ratio. A  sixth and final re- exo,endo, and endo,exo. Berson and Grubb recently
action of carbonium ion 17 which must be considered is presented evidence that the preferred path for 6,2 shift
loss of a proton from C-6 to regenerate 1-methylnortri- is the endo,endo one,22 and the results of Benjamin and
cyclene (7).20 Two deuterium incorporation results Collins provide support for this conclusion.23 The
show that this path does not compete successfully with direct conversion of optically active 2-ea:o-methyl-2-
the five observed reactions of the cation. First, the endo-norbornanol (2) into l-methyl-2-e;ro-norbornyl
2-norbornanone from acetic acid-O-d cleavage of 7 was acetate (3), which proceeds through the 2-methyl-2-
cleanly monodeuterated at C-6. Second, 1-methyl- norbornyl cation (17), is accompanied by substantial,
nortricyclene recovered from incomplete cleavage con- though not complete, racemization;9 presumably the
tained less than 0.2% monodeuterated molecules in racemization results from endo,endo 6,2-hydride shift
excess of the natural abundance. Therefore, protona- in the cation. As our cleavage of 1-methylnortri-
tion of 7 is apparently irreversible under these condi- cyclene was run in the same medium and led to the
tions. same cationic intermediate, a significant amount of

The Stereochemistry of Deuteration at C-6.—The endo,endo 6,2 shift may have occurred in our experi-
monodeuterated 2-norbornanone (1) obtained from ments as well. Neither this process nor the corre-
ring cleavage, degradation, and treatment with alkali, sponding exo,exo shift produces a stereochemical change,
was used to investigate the stereochemistry of attack however. Only the stereochemically unfavorable pro
of D + on 1 -methylnortricyclene (7). The ir spectrum cess of exo,endo (or endo,exo) shift of deuterium would
of this sample, consisting of 17% 1-do and 83% 1-di, was reverse the orientation of the 6 deuterium. I f  this
compared with spectra of known mixtures of 6-ea:o- process were a major one for the cation, 6,1 shift of
d- and 6-endo-d-2-norbornanone.21 It  proved to be hydrogen would also become a major process; the re-
superimposable in all significant regions on a spectrum action product would be partially deuterated at C-l
of a mixture of 12% l-d0 and 88% l-d1( the monodeu- and should lead to 2-norbornanone with deuterium at
terated portion of which was 62.2% 6-endo-d and 37.8% C-l. The spectrum of our 2-norbornanone from
6-exo-d; the only detectable differences were in regions cleavage appeared to be the spectrum of a mixture of
of strong absorption by undeuterated 1. Mixtures l-d0, 6-endo-d-l, and 6-ezo-d-l. There was no indica-
composed of 6-endo-d- and 6-ea:o-d-2-norbornanone in tion of the presence of a fourth component. For this 
the ratios 57.6:42.4 or 66.8:33.2 gave spectra which reason we feel that no more than a minor amount of
differed appreciably from that of the ketone derived 6,1 shift of the endo,exo or exo,endo type could have
from ring cleavage. The deuterium at C-6 in this ke- occurred. The stereochemical purity of the 6 deute- 
tone, therefore, is 62 ±  3% endo and 38 ±  3% exo. rium in our 2-norbornanone (1) is an accurate measure

We believe that these percentages accurately reflect of the stereoselectivity of D + attack on 1-methyl-
the stereoselectivity of attack by D + on 1-methylnortri- nortricyclene (7).
cyclene (7). One way in which the apparent stereo- I t  is now evident that the stereochemical course of 
selectivity could be lowered would be through repeated electrophilic substitution at saturated carbon can range 
conversion of the carbonium ion back into 7. Occur- from complete retention to complete inversion of con-
rence of this process is ruled out by the absence of figuration. In a number of cases of substitution with
deuterium in the recovered starting material; further retention, it has been suggested that the initial step is
confirmation comes from the fact that none of the 1 formation of a bond between the attacking electro-
derived from acetic acid-O-d cleavage is doubly deuter- phile and the leaving group, and that the electrophilic
ated at C-6. substitution is a cyclic, internal process. Winstein and

The second process which could lower the apparent Traylor hypothesized that cleavage of di-4-camphyl-
stereoselectivity is 6,1- or 6,2-hydride shift. This step mercury by acetic acid, a reaction which cannot occur
could occur in the cation during the cleavage reaction; with inversion, occurs by formation of a bond from
the same cation may be formed in alumina in the chro- mercury to an oxygen of acetic acid, followed by intra-
matographic conversion of 2-endo-methyl-2-exo-nor- molecular conversion into camphane and 4-camphyI-
bornyl acetate (9) into alkenes 15 and 16, and hydride mercuric acetate.24 Nickon, et al., found that 1-hy-
shift may occur at this point. Examination of the droxynortricyclene and 1-acetoxynortricyclene undergo
consequences of each possible mode of 6,2 shift makes cleavage of the cyclopropyl ring in acetic acid-O-d to
it possible to establish that the stereochemistry of the yield 6-cF2-norbornanone in which the deuterium is at
6 deuterium in our compounds is not changed by re- least 90% endo.13 Cram suggested that the high degree
arrangements of this type. The unlikely process of of retention at the electrophilic substitution site can be
6,2 shift, which in this system converts a tertiary cation rationalized in terms of protonation of the hydroxyl
into a secondary one, would lead to 6-methyl-2-nor- oxygen, providing an internal electrophile for attack on
bornyl acetates, none of which was found. A  6,1 the 6 carbon from the more accessible endo side.25

The same argument can be used to account for the re-
(20) There are several other paths which the carbonium ion might take. tention of Configuration which has been observed in 

Of these, loss of a proton to give 1-methyl-2-norbornene can be ruled out on
the basis of the deuterium incorporation results. Various 3,2- and 6,2-hy- (22) J. A. Berson and P. W. Grubb, J. Amer. Chem. Soc., 87, 4016 (196-0
dnde shifts either are ruled out by the evidence or are not required to explain (23) B. M . Benjamin and C. J. Collins, ibid., 88, 1556 (1966).

t  %rn Uw '  * , <24> S- Winstein and T. G. Traylor, ibid., 78, 2597 (1956).
(21) We are most grateful to Professor A. Nickon for supplying samples of (25) D. J. Cram, "Fundamentals of Carbanion Chemistry,”  Academic

o-enao~d- and 6-6ir<?-d-2-norbornanone; see ref 13. Press, New York, N. Y,, 1965, p 115.
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other acid-catalyzed cleavage reactions of cyclopro- was stirred  and re fluxed  fo r  3 hr. T h e  m ix tu re  was d is tilled  to

panols.26,27 I f  this reasoning is correct, one might rem ove  th e  low -b o ih n g  7 and m eth an o l plus 25 m l o f  d ig lym e .
^ i , A n  add itiona l 58 g o f 6 and 200 m l o f d ig lym e  w ere  added  to  the
expect cyclopropane cleavage to take quite a different reac tion  m ix tu re j w h ich  was aga in  re flUXed fo r  3 hr. T h e  p rodu ct

stereochemical course when no heteroatom substituents 7 , together with methanol and diglyme, was removed by distilla-
are present on the ring, and in fact LaLonde recently tion as before, and the two distillates were combined and ex-
reported that sulfuric acid-d2 in acetic acid-O-d cleaves tracted with pentane and water. The dried (MgS04) pentane
t h e  r  9_ r  A b n n rl n f  c ™  t r i o v c ln H  9 1 (U .U n H -n n p  w i t h  ex tra c t was concen tra ted  and fra c tio n a lly  d is tilled  to  g iv e  36.5 g
t h e  C - 2  C - 4  b o n d  o t  exo t r i c y c lo [d .2 .1 .U  j o c t a n e  w i t h  (8 8 % ) o f 7 . bp  i 10- i i 2 ° ;  h 20d  1.4516 ( l i t . 30 bp 114-114 .5 °;

essentially complete inversion lor the deuteration n2oD 1 .4555); 99% homogeneous by vpc; ir (neat) 3055 (cyclo-
step.28 However, this hydrocarbon is not a typical propyl H  stretch) and 840, 785 cm -1 (lit .10 850, 785 cm "1).
case, as the authors point out, in that protonation with 2-endo-Methyl-2-exo-norbomanol (18).— Reaction of alcohol 2
retention is subject to severe steric hindrance. and tre®,tmen* ^ ^  cruf® chloride with N aO H  accord-

Interpretation of our stereochemical result is not 84 0° (lit29 mp 86°).
complicated by the presence of a heteroatom substitu- 2-erado-Methyl-2-exo-norbomyl Acetate (9).— Alcohol 18 was
ent on  the three-membered ring, but steric effects may acetylated with acetyl chloride and dimethylaniline in ether:31
well play a part. The methyl at C-l hinders attack of hp 95-98° (29 mm); n20d 1.4606 [lit.29 bp 93.4° (22 mm); » 20d

a proton on C-6 from the C-l side, whereas the hydrogen 1 f  ̂ -M e th y l-2-cndo-norbomyl Acetate (lo ).-A cety la tio n 31 of
at C-2 is less of an obstacle to attack irom the 0 - 2  Side, alcohol 2 gave 1 0 : bp 106.0-106.5° (50 mm); n25d  1 .4 5 7 5
steric effects would favor electrophilic attack with in- [lit.29 bp 88.5-89.0° (22 mm); n20D 1.4587].
version Although the degree of stereoselectivity is l-Methyl-2 -e?ido-norbomyl Acetate (8 ).— Ketone5 was reduced 
low, the dominating path is the sterically unfavorable to l-methyl-2-cndo-norbornanol with lithium aluminum hydride

one of retention. Apparently the stereoelectromc in pyridine: bp 91-93 (21 mm); « 20d 1 .4 5 5 4 .
preference for front-side attack is large enough to 2-Norbornanemethanol.— Reaction of lithium aluminum hy-
override the opposing steric hindrance by a small mar- dride with methyl 2-norbornanecarboxylate (Aldrich Chemical 

• Co .) in the usual way gave the alcohol in 91% yield: bp 106-
S 108° (25 mm); n*>D 1.4884.

E xp erim en ta l Section  2-Methylenenorbomane (15).— 2-Norbornanemethanol was
converted into the methyl xanthate, which was pyrolyzed to give 

Infrared spectra were recorded on a Perkin-Elmer Model 337 alkene 15:33 bp 120-121° (lit. bp 123°); ir (neat) 3065 (vinyl H
spectrophotometer. Band positions are expressed in cm "1. stretch), 1665 (C = C  stretch), and 874 cm -1 (gem-disubstituted
Gas chromatograms were done on an Aerograph Model A-90-P alkene); 100% homogeneous by vpc.
instrument, and the column used was 0.125 in. in diameter with Cleavage of l-Methylnortricyclene (7) in Acetic Acid.— A  solu-
tris-/3-cyanoethoxypropane as the liquid phase, unless otherwise tion of 2.0 g of 7 (99% pure) and 0.0052 M  sulfuric acid in 20 ml
indicated. Mass spectra were run at the Chemistry Department 0f glacial acetic acid was kept at 24.5 ±  0.1° for 122 min. The
of the University of Pennsylvania by M r. Robert Graff on a solution was poured into 100 ml of pentane, and the pentane
Consolidated Electrodynamics Corp. Model 21-130 spectrom- extract was washed with water and aqueous N a H C 0 3, dried
eter, with an ionizing potential of 76 eV. (M gS 0 4), and concentrated. The relative absorptions of the

2-exo-Methyl-2-eredo-norbomanol (2).— The alcohol 2 was pentane solution in the ir spectrum at 1745 (C = 0 )  and 850 cm " 1
prepared from 2-norbornanone (1, 490 g; Aldrich Chemical Co .) (due to 7 only) indicated that the cleavage was 15 ±  5%  com-
and methylmagnesium iodide by the procedure of Toivonen, plete. Bulb-to-bulb distillation gave 0.44 g (14% ) of acetate,
et al. , 29 to yield 395 g (70% ), bp 166-172°. bp ~97-103° (22 mm). The ir spectrum of this product was

l-Methyl-2-exo-norbomyl Acetate (3).— Alcohol 2 (370 g) was superimposable in all regions with that of pure 2-cndo-methyl-2-
rearranged and acetylated with sulfuric acid and acetic acid by exo-norbornyl acetate (9) and differed markedly from the spectra
the method of Toivonen, et ah , 29 to yield crude acetate 3, 451 g 0f acetates 3, 8 , and 10 in the fingerprint region. Solutions of the
(9 1 % ). four acetates (200 mg of acetate in 10 ml of CS2) were used to

l-Methyl-2-exo-norbomanol (4).— This alcohol (4) was pre- prepare artificial mixtures, and comparison of the ir spectra
pared by saponification of the corresponding acetate (3). A  of these mixtures with that of the cleavage product 9 showed that
mixture of 207 g of 3, 375 g of sodium hydroxide, 500 ml of the latter contained less than 2.5% 3, 8, or 10.
water, and 2 1. of ethanol was refluxed for 16 hr on a steam bath. A  second cleavage run, with 0.5 g of 7 and 0.0052 M  iff SO., in
The solution was cooled and extracted with two 1-1. portions of 5  mi 0f glacial acetic acid, was continued at 24.5 ±  0.1° for 42
pentane. The pentane layers were combined, washed with four hr. Bulb-to-bulb distillation gave 0.45 g (59% ) of acetate
2-1. portions of water, and dried over magnesium sulfate and product, bp 100-104° (22 mm). The ir spectrum (CS2) of this
charcoal. Evaporation of the pentane through a Vigreux product was superimposable on that of a mixture of 55% ace-
column left 1 1 8  g (76% ) of crude 4. tate 9, 28% l-methyl-2-ezo-norbornyl acetate (3), and 17%

l-Methyl-2-norbomanone (5).— Oxidation of 236 g of alcohol 2-ezo-methyl-2-endo-norbornyl acetate (10).
4 w ith  chrom ium  tr iox id e  and su lfuric acid  in  acetone, b y  the Stability of Acetates 3 and 10 in H2S04-H0Ac.— A  solu tion  o f
m eth od  o f Berson , et al.,* ga ve  120 g  (5 2 % ) o f k etone 5, bp 168- 0.5 g  o f l-m eth y l-2 -exo-n orborn y l aceta te  (3) and 0.0052 M
1 y 5 o_ H 2SO 4 in  5 m l o f g lac ia l acetic  acid was k ep t a t 24.5 ±  0 .1 ° fo r

l-Methyl-2-norbomanone p-Toluenesulfonylhydrazone (6).—  194 hr. T h e  aceta te  was recovered  and pu rified  b y  the sam e
A  m ixtu re  o f 109 g  o f k eton e  5, 170 g o f p -to lu en esu lfony lhydra - m eth od  used fo r  the c leavage  experim ents. T h e  ir spectrum
zine, 9 m l o f acetic  acid , and 900 m l o f e thanol was re fluxed  fo r  (C S 2) o f th e p rodu ct was superim posab le on  th a t o f pure 3,
90 m in  on  a  steam  b ath . T h e  m ix tu re  was coo led  a t 0 °  o ve rn igh t and com parison  w ith  spectra  o f a rtific ia l m ixtu res o f 3 w ith  10
and filte red . T h e  filte r  cake was washed w ith  300 m l o f cold  etha- show ed th a t less than  5 %  10 had been  fo rm ed . 2 -ezo -M eth y l-
no i and  d ried  to  y ie ld  205 g  o f 6, m p 146 .5 -148 .0 °. C oncen tra- 2-endo-norbornyl aceta te  (10) was trea ted  w ith  H 2S 0 4 in  acetic
tio n  o f th e  m oth er liqu or to  100 m l y ie ld ed  an ad d ition a l 28.5 g , acid  in  the id en tica l m anner. T h e  spectrum  (C S 2) o f th e re-
m p  146 .0 -148 .5 ° (to ta l y ie ld , 9 1 % )-  covered  aceta te  w as superim posab le on  th a t o f pure 10, and the

Anal. C a lcd  fo r  C i5H 20N 2O 2S: C , 61.61; H ,  6.89. F ou n d : am ou n t o f 3 present was show n to  be less than  5 % .
C 6161; H , 6.88. Conversion of Acetates 9 and 10 into Alkene 15 on Alumina.—

'l-Methylnortricyclene (7).— A  mixture of 54 g of 6 , 115 g of Chromatography of acetate 9 on Woelm basic alumina of activity 
freshly prepared sodium methoxide, and 500 ml of diy diglyme .-------------- _—

~ ^ T T w h a r t o n  and T. I. Bair, J. Org. Chem.. 31, 2480 (1966). (30) M. Blanchard and J. Eh Germain, Compt. Rend 254 3351 (1962).
07 r  W EePuv and F W  Breitbeil, J. Amer. Chem. Sac., 85, 2176 (31) C. R. Elauser, B. E. Hudson, B. Abramovitch, and J. S. Shivers,

(27) C. H. DePuy • “ Organic Syntheses,”  Coll. Vol. I l l ,  John Wiley & Sons, Inc., New York,

(1® S ’ r  T  LaLonde J. Ding, and M . A. Tobias, ibid.. 89, 6651 (1967). N. Y „  1955, p 142.
U )  N. L  Toivonen, E. Siitanen, and K. Oia.a, Ann. Aead. « .  * » - * «  (32) S. h

Ser. A I I ,  64 (1955).
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grade I gave a product which was eluted readily with 5%  ether- bornanone (1). Mass spectrometric analysis showed the product 
95% pentane and which decolorized bromine. Vpc analysis on contained up to two deuteriums per molecule: 110 (34), 111
the Ucon column showed that the product mixture consisted (100), 112 (81), 113 (14), and 114 (2.6).
of four components. The first three of these, constituting 2, 27, A  500-mg portion of this sample was mixed with 11.0 ml of
and 56% of the mixture, had retention times identical with those methanol, 1.1 g of K O H , and 5.0 ml of water, and the resulting
of 1 -methylnortricyelene (7), 2-methyl-2-norbornene (16), and solution was stirred for 100 hr at room temperature. The mixture
2-methylenenorbornane (15), respectively; the fourth component was poured into 100 ml of pentane, and the pentane layer was
(15% ) was not identified. Chromatography of acetate 10 in washed twice with water, dried (M gS 0 4), and concentrated,
the same manner led to recovery of the same four products in The residual 1 was purified by sublimation; mass spectrometric
the proportions 9, 14, 49, and 28%, together with some unreacted analysis showed it to be 17% undeuterated and 83% mono-
10. Chromatography of acetate 3 gave no alkene; elution with deuterated: 110 (29), 111 (100), and 112 (8.9).
100% ether yielded unchanged 3 nearly quantitatively. Analysis of the Stereochemistry of the 6-Deuterium.— Samples

Ozonolysis of 2-Methylenenorbomane (15).— Alkene 15 was of %-exo-d-l and 6-endo-d-l were generously supplied by Professor 
ozonolyzed in ethyl acetate in the presence of an equimolar A . Nickon .35 The 6-exo-d-l was 89.7% monodeuterated and
amount of tetracyanoethylene, according to the procedure of 10.3% undeuterated, and the deuterium was at least 90% exo;
Criegee and Gunther.14 Fractional distillation up to 77° and the 6-endo-d-l was 8 6 .6 %  monodeuterated and 13.4% un
vacuum distillation of the residue gave a brown semisolid, which deuterated, and the deuterium was at least 94.5% endo. Two
was chromatographed on alumina. Concentration of the 20% standard solutions were prepared; one contained 198.8 mg of
ether-80% pentane fraction and sublimation of the residue gave 6-endo-d-l in 10.0 ml of Spectrograde CS2, and the other con-
pure 2 -norbornanone (1): 100% homogeneous by vpc; ir tained 205.1 mg of 6-exo-d-l in 10.0 ml. Artificial mixtures
(CS2) identical with that of authentic 1. were prepared from these standard solutions with a 100-/4

Acetic Acid-O-d from Acetic Anhydride.— Distilled acetic syringe, and their ir spectra were recorded in matched 0.5-mm 
anhydride (953 ml, 10.1 mol, bp 138.5-140.0°) and deuterium K B r cells with CS2 as a reference. Monodeuterated 1 (94 mg),
oxide (210.6 g, 10.5 mol, 99.75% deuterium; E . Merck, Darm - from ozonolysis and alkaline removal of enolizable deuterium,
stadt) were stirred at room temperature for 163 hr, and the solu- was dissolved in 4.58 ml of CS2, and the ir spectrum of the solu
tion was dried over N a 2S04. Titration with Karl Fischer re- tion was recorded in the same way. This spectrum was super
agent34 indicated the presence of 0.5% water. imposable in all significant regions on that of a mixture contain-

Cleavage of 1-Methylnortricyclene (7) in Acetic Acid-O-d.— A  ing 6-endo-d-l and 6-exo-d-l in ratio 62.2:37.8; the only dif-
solution of 26.4 g of 7 (99% pure) and 0.307 g of D 2S0 4 (0.00614 ferences were in regions of strong absorption by undeuterated
M ) in 500 ml of acetic acid-O-d was kept at 24.5 ±  C .l° for 39 1 , and could readily be accounted for on the basis of the slightly
hr. The reaction mixture was poured into 1 1. of pentane, and larger amount of undeuterated 1 in our product. Mixtures of
the pentane extract was washed with 1 1. of water and 1 1. of 6-endo-d-l and 6-exo-d-l in the ratios 57.6:42.4 or 66.8:33.2 gave
aqueous N a H C 0 3, dried (M gS 0 4), and concentrated. Molecular spectra which differed appreciably from that of our product, 
distillation on a vacuum line gave a highly volatile fraction of Incorporation of Deuterium in Acetates 3 and 9.— A  solution
6.5 g, shown by vpc to consist of pentane, starting material (7), of 1.61 g of acetate 3 in 20 ml of acetic acid-O-d (99.7% deu-
and a trace of 15, plus a less volatile fraction of 27.5 g. The major terium) containing 0.0065 M  H 2S0 4 was kept at 24.5 ±  0.1 ° for
fraction was distilled (12 mm) to give 2 1 .75 g (53% ) of deuterated 40 hr. The reaction mixture was poured into pentane, and the
acetates; vpc indicated that the mixture contained 58 ±  5%  pentane was washed with water and aqueous N a H C 0 3, dried
9 and 42 ±  5%  3 and 10. A  portion of the mixture was con- (M gS 0 4), and concentrated. The acetate was purified by bulb-to-
verted into alcohols with L iA lH 4; the mass spectrum showed bulb distillation under vacuum. Conversion of the acetate into
that the alcohols (mol wt 126) contained up to five deuteriums alcohol with L iA lH 4 and analysis by mass spectrometry showed
per molecule: 126 (15), 127 (40), 128 (65), 129 (90), 130 (100), that less than 2%  monodeuterated 3 had been formed: 126
131 (60), and 132 (5). (100) and 127 (11.9).

Fractional distillation of the volatile 6.5-g fraction, followed Identical treatment of 1.07 g of acetate 9 in 13 ml of H 2S04-
by preparative vpc on a Ucon column of 0.25-in. diameter, DO Ac and treatment of the recovered acetates with L iA lH 4 gave a 
gave unreacted starting material (7) plus 55 mg of a substance mixture of alcohols containing up to four deuteriums per molecule:
with retention time identical with that of alkene 15. Each mass spectrum 126 (25), 127 (35), 128 (70), 129 (100), 130 (70),
substance was 100% homogeneous by vpc. The mass spectrum and 131 (7).
of the recovered 7 showed that it had incorporated no deuterium: Addition of Acetic Acid to 2-Methylenenorbomane (15).— A
105 (100) and 109 (9.0). Mass spectrometric analysis of the solution of 1.01 g of 15 in 10 ml of acetic acid containing 0.0052
second component showed that it contained up to four deuteriums M  H 2S0 4 was kept at 24.5 ±  0.1°. Aliquots were withdrawn
per molecule: 108 (100), 109 (40), 110 (46), 111 (53), 112 (36), and poured into pentane, and the pentane was washed with
and 113 (3.4). _ _ water and aqueous N a H C 0 3 and dried (M gS 0 4). The progress

Conversion of Deuterated Acetate Mixture into Alkenes.—  of the reaction was followed by the disappearance of the ir
Chromatography of 13.0 g of the deuterated acetate mixture from peak (pentane) at 1665 cm “ 1 (C = C  stretch) and the appearance
ring cleavage on 360 g of Woelm basic alumina of activity I  and 0f the 1745-cm-1 peak (C = 0  stretch) of the acetate. Reaction
concentration of the pentane eluate through a fractionating was virtually complete after 50 min, and the spectrum of the
column left a residue of 4.6 g. Distillation of this residue gave purified product was superimposable on that of acetate 9 and
2.7 g of product, bp 113-125°. The alkene mixture contained distinctly different from spectra of acetates 3, 8, and 10.
up to four deuteriums per molecule by mass spectrometric Addition of Acetic Acid-O-d to 15.— A solution of 0.81 g of 15
analysis: 108 (15), 109 (76), 110 (100), 1 1 1  (75), 112 (13), and in 10 ml of acetic acid-O-d containing 0.0065 M  H 2S0 4 was kept 
113(2).  ̂ _ at 24.5 ±  0 .1 ° for 50 min. The usual work-up gave acetate which

Ozonolysis of Deuterated Alkene Mixture.- The mixture was converted into alcohol with L iA lH 4. Mass spectrometric
(2.46 g ) of deuterated 7, 15, 16, and the unidentified component analysis showed that the alcohol was mostly monodeuterated:
was ozonolyzed in the presence of tetracyanoethylene, 14 as 126 (20 ), 127 (10 0 ), 128 (2 1 ), 129 (2 .1 ).
described for undeuterated Î5. Concentration of the solution
by fractional distillation gave a residue of 6 ml. Chromatography Registry N o — 2 3212-16-6' 3 17410-98-9' 5
9n^50t!  0f « ^ elm T tral alumi?  (tactiviftyi } w;th27°° rfnl of 1021S-04-9; 6,13533-72-7; 7, 4601-85-8; 8,17410-99-o’;
2 0%  ether-80% pentane, concentration of the eluate by frac- 1 7 4 1 1  no s ’ m  1 7 4 1 1  in  0 . 1 e «  o o
tional distillation, and sublimation of the residue gave 2-nor- lu , 1/411-iU  8 , 15, 497-35 -8 , 2-nor-
----------- 7- bornanemethanol, 5240-72-2.

(34) J. Mitchell, Jr., and D. M . Smith, "Aquametry: Application of the
Karl Fischer Reagent to Quantitative Analyses Involving Water,”  Inter- (35) A. Nickon, J. L. Lambert, R. O. Williams, and N . H. Werstiuk, J.
science Publishers, Inc., New York, N. Y., 1948, pp 19-38, 71-82. Amer. Chem. Soc., 88, 3354 (1966).
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Thermal Rearrangements of Benzonorcaradiene, Benzonorbornadiene,
and 1,2-Benzotropilidene

M artin  P omerantz and Gerald W. Gruber 

Department of Chemistry, Case Western Reserve University, Cleveland, Ohio 44106

Received June 10, 1968

The thermal rearrangement reactions of 7,7-dideuteriobenzonorcaradiene ( 1 ), 5,6-dideuterio-2,3-benzonor- 
bornadiene (7), and 3,5,7,7-tetradeuterio-l,2-benzotropilidene ( 1 1 ) have been studied. Pyrolysis of 1 produced
1,2-benzotropilidene with 0.33, 0.5, 0.5, and 0.66 deuteron in positions 3, 4, 6, and 7, respectively, presumably 
via either a 1 ,2- or a 1,5-hydrogen shift mechanism. Pyrolysis of 7 gave 1 ,2-benzotropilidene with, initially,
0.5, 1, and 0.5 deuteron in positions 4, 5, and 6, respectively, ruling out 6 ,7-benzobicyclo[3.2.0]hept-2,6-diene 
as a possible intermediate. Further thermal rearrangement of 7 or 11 showed that positions 3, 4, 6 , and 7 com
pletely equilibrated their hydrogens. Three mechanisms are postulated for this rearrangement; 1,2- and/or
1,5-hydrogen shift or methylene group rearrangement. In  all of these thermal reorganizations 1,5-hydrogen 
shift, between positions 3 and 7, occurs very rapidly, even below 250°.

During the course of our study of the photochemical Two possible mechanisms can be formulated to 
rearrangements of 1,2-benzotropilidene and 3,4-benzo- account for the observed labeling pattern. First is a 
tropilidene,1 we required a specifically deuterated 1,2- cyclopropane to propylene, 1,2-hydrogen migration to
benzotropilidene to rule out a possible mechanistic produce 3 (eq 1) followed by a series of rapid 1,5-
pathway. We therefore looked at the known thermal hydrogen shifts (between positions 3 and 7). Such 
rearrangements of benzonorcaradiene2 and benzonorbor
nadiene3 to 1,2-benzotropilidene. D

7,7-Dideuteriobenzonorcaradiene ( l ) 4 was prepared H - w / P  0.66D
by Doering’s method of the photolysis of dideuteriodi- ~1>5.h
azomethane6 in the presence of naphthalene.6 Upon L J L J  L J L  )  -.1)5.D> L II 7
heating 1 at 270-280° (gas phase) for 1 hr, 1,2-benzo- j ’ 033D 0,5D
tropilidene was formed with deuterium labeling as 3 2
shown in structure 2. In addition, partial rearrange
ment at 260° gave 2 with the same deuterium labeling, d)

D 1,5-hydrogen shifts are known to be quite rapid at these
06gD temperatures. With tropilidene itself the activation

o energy for this shift is 31 kcal/mol and with 7-phenyl-
f  £ 280 > [  Y  \  tropilidene it is 27 kcal/mol; the reaction therefore

^ v ^ Ss===05D occurs very fast at temperatures below 150°.7
1 °-33D ' The alternative mechanism is valence tautomeriza-

2 tion of 1 to produce 4, followed by 1,5-hydrogen shift
while recovered 1 showed no scrambling. Therefore to give 5. This in turn would undergo the rapid 1,5- 
2 is the first observable product. The location of hydrogen shifts already discussed with the production
deuterium in the product (2) was accomplished by ° f  the observed product, 2 (eq 2).
nmr spectroscopy after assigning the various ab-
sorptions in 1,2-benzotropilidene. The doublet (./ =  p
6 Hz) at r 7.05 ppm was assigned to the methylene ..
hydrogens, at the 7 position. Spin decoupling of the \ /> ~1,5~D>-
methylene hydrogens indicated that the hydrogen at
the 6 position (to which the methylene hydrogens were 1 4
coupled) was at t 4.3 ppm. The aromatic hydrogens D
appeared at r 2.9 ppm and partially obscured the peaks - / S ?  o.sd

at t 3.05 ppm. This latter absorption was shown, by \ \ /> __> [ f j  y (2)
spin decoupling, to be coupled only to the hydrogen at % / \  /  ~i,5-d
7  3.55 ppm. Therefore, the peak at t 3.05 ppm must H p  0330
be due to the hydrogen at position 3 and the one at r 2
3.55 ppm is due to the hydrogen at position 4. The
additional hydrogen, at the 5 position, appears at r The intermediate 4 (without the deuterium atoms)
3.9 ppm. This result is completely consistent with the has been previously implicated in the “ ring-flipping”
nmr spectrum of what was proven previously to be 0f benzonorcaradiene (eq 3) by Vogel. This reaction
3,5,7,7-tetradeuterio-l,2-benzotropilidene.1

(1) M . Pomerantz and G. W . Gruber, J. Amer. Chem. Soc., 89, 6798, 6799 /  \  y i  /  \  /  \

(2) E. Müller, H. Frieke, and H. Kessler, Tetrahedron Lett., 1525 (1964). j y  ^  { _ /  \  —  W  X (3 )
(3) R. K. Hill and R. M. Carlson, J. Org. Chem., 30, 2414 (1965); S. J. '  /  || /  \ ___/

Cristol and R. Caple, ibid., 31, 585 (1966).
(4) The deuterons here shown to be in the 7 position by nmr spectroscopy. 6 ®
(5) W . von E. Doering and P. P. Gaspar, J. Amer. Chem. Soc., 85, 3043 *

(7) A. P. ter Borg, H. Kloosterziel, and N. Van Meurs, Proc. Chem. Soc.,
(6) W. von E. Doering and M. J. Goldstein, Tetrahedron, 6, 53 (1959). 359 (1962).
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occurs quite readily at low temperatures with an acti- N.
vation energy of 19.4 kcal/mol.8 It  should also be ^
pointed out that phenylcyclopropane, a compound 4 ^ . " * * "  I. II h y  —*■
analogous to benzonorcaradiene, undergoes thermal D / f
ring opening very much more slowly than 6 and ap- 7  D D
parently not by a cyclopropane to propylene rearrange-
ment. The major products here were shown to be n- \ ~i.5-h
propylbenzene and 2-phenyl-l-propene and were pos- L l l - l  L II J  *"
tulated to arise by a free-radical pathway.9 I t  is D
therefore tempting to speculate that the second D D D
mechanism (eq 2) is more reasonable, but a clear-cut 0.66D

choice cannot at present be made.
As a second approach to a suitable deuterated 1,2- ^

benzotropilidene we examined the thermal rearrange- 033D °-5D
ment of 5,6-dideuterio-2,3-benzonorbornadiene (7). 10

The starting deuterated compound (7) was prepared 
by a series of metalations of benzonorbornadiene with
n-butylsodium followed by quenching of the vinyl The apparent 1,2 shift of hydrogen in compound 9 
carbanion with D20 .10 Six such reactions gave 7 with (and 8) is rather interesting. Exactly the same phe-
1.8 deuterons in the vinyl positions and 0.2 deuteron nomenon was observed in the pyrolysis of 3,5,7,7-
in the benzene ring. Pyrolysis of this compound at tetradeuterio-l,2-benzotropilidene ( l l ) . 1 Heating 11
370-380° for ~  1 hr resulted in 85% conversion into at 380° for 1.5 hr resulted in the scrambling of deuterium
8 with the labeling as indicated (eq 4). In addition, among positions 3, 4, 6, and 7 to give 12.

^  o cs» -s- ccs»
7 8 D 12

11

the recovered starting material (7) had not scrambled
any deuterium. When the reaction was allowed to Three mechanisms can be postulated for these hydro- 
proceed for 1.5 hr at 380° there was essentially total gen rearrangements. First is a simple propylene to
scrambling among positions 3, 4, 6, and 7 as indicated cyclopropane ring closure with 1,2-hydrogen migration

followed by rapid rearrangement by the known benzo
norcaradiene to 1,2-benzotropilidene reaction (vida 

N  . o.35D supra) to give a partially scrambled 1,2-benzotrop-
j  ilidene (13). This would then undergo a series of rapid
/i.8D -15̂ > I ^ J l _ _ y 090D 1,5-hydrogen shifts and additional propylene to cyclo-

D j  380 o no" °,19D propane ring closures and reversals to give, finally, the
7

(11) A  referee has pointed out that these results also rule out the following
/ f-\ m i f  . . _ _ possible mechanism.
(eq 5). I  here! ore compound 9 is the first-formed
product and this subsequently goes on to scramble N K

C O " “D
'0.5D

D \  D D
D

deuterium. While the results of these labeling experi-
™ „ « i n  __ _ j. •_____  e j * 7 , However, at least two additional mechanisms are allowed by our data:ments are not unique for one particular mechamsm, oleavage of the 1>7 bond followed by reclosure Bt either position 3 or position 
they do serve to rule out 6,7-benzobieyclo[3.2.0]hepta- 6 to produce i or ii, respectively. These processes might be diradical or con-

2,6-diene as an intermediate.11 As shown in eq 6, the .
anticipated product from such a pathway would have
been 10 and not 0. k A A . D U U s „

(8) E. Vogel, D. Wendisch, and W. R. Roth, Angew. Chem. Intern. Ed. i  i i
Engl., 3, 442 (1964).

(9) P. A. Leermakers and M . E. Ross, J. Org. Chem., 31, 301 (1966). certed, but in either case these intermediates would lead to the 1,2-benzo-
(10) T . Goto, A. Tatematsu, Y . Hata, R. Muneyuki, H. Tanida, and tropilidene with the deuterium labeling that we have observed. Experi-

K . Tori, Tetrahedron, 22, 2213 (1966). ments to distinguish between these possibilities are in progress.

4502 Pomerantz and Gruber The Journal of Organic Chemistry



P D P  11, has already been ruled out. A  similar mechanism
has been proposed for the thermal rearrangement of 

[ jj \ — p —- | 1[ ^ ~1,2-H> l,6-methano[10]annulene to 1,2-benzotropilidene.13 A
^ ^ v -= = /  choice between these three alternatives cannot be made

/ I at present.
D D I t  should also be pointed out that the three thermal
11 n D reorganization reactions discussed were run with and

E\ l /  without powdered Pyrex present. In all cases the
 ̂ extent of reaction for a particular rearrangement and

1 for a given reaction time was the same with and without 
¡1 the glass. The reactions, therefore, are not surface

D catalyzed.
13

observed product (12 in the case of 11, eq 7). I t  should Experimental Section
be pointed out that the deuterium distribution in 13 7,7-Dideuteriobenzonorcaradiene ( l ) .6 6— To a mixture of 95
might be different depending upon the exact mechanism g / naPhthalene in 300 ml of benzene and 45 ml of 40% K O H  

, j .  °  solution, m an erlenmeyer flask cooled m ice, was added slowly,
of the benzonorcaradiene to 1,2-benzotropilidene re- with magnetic stirring, 15 g of N-methyl-N-nitrosourea. The
arrangement; the end product, however, would still be diazomethane solution was decanted onto K O H  pellets and the
the same (12). Also, rather than, or in addition to, aqueous layer extracted with an additional 50 ml of benzene.
structures such as benzonorcaradiene it is possible that ^  ro^bm ed organic solution was dried over solid K O H
,, • , . , , (ice bath, 20 mm), it was treated with 85 ml of 20% K O D  in
their valence tautomers are the intermediates. D 20 , whiie stirring (ice bath) for 7 hr. This solution was then

The second mechanism involves 1,5-hydrogen shifts irradiated (100-W G E  H g  lamp; Pyrex filter) for 4.5 hr and 
as indicated in eq 8 . Once again, norcaradiene or filtered and the benzene distilled through a 30-cm Heli-pak

column until ca. 150 ml remained. Crystallization afforded a 
D D solid which was filtered and washed with cold pentane. The

\  combined mother liquor and pentane solution was distilled
~ 15.D - 1,5-H through a 30-cm Heli-pak column until ca. 40 ml remained,

r Jl J— D v r | J— D ^  Crystallization afforded additional solid which was filtered and
washed with cold pentane. The mother liquor and the pentane 

/ /  \ solution were combined and the concentration-crystallization
D D "  procedure was repeated four additional times. A t this point
j l  14 the mother liquor (ca. 2 ml) contained about 40-50% of 7,7-

dideuteriobenzonorcaradiene. Further purification was by vlpc 
Dv / (2 m X 0.25 in., 15% triisodecyl trimellitate on 60-80 mesh

Chromosorb P  column). Nm r analysis indicated 82% deutera- 
I II V— D — ► 12 ( 8) tion of the cyclopropylmethylene hydrogens.

t ' 5,6-Dideuterio-2,3-benzonorbomadiene (7 ).10— In a 500-ml 
J \  three-necked flask equipped with a mechanical stirrer, reflux

-q D condenser, nitrogen inlet and a dropping funnel was placed 6 g
(0:26 g-atom) of dispersed sodium and 300 ml of pentane. To this 

tropilidene valence tautomers might be the inter- was added 12 g (0.13 mol) of «-buty l chloride at 0° with rapid
m ediates In  add ition  the ben zon orcarad iene  va len ce  stlrnng’ followed by 9 g (0.063 mol) of benzonorbornadiene.14m ediates, i n  add ition , tne B enzonorcarad iene va len ce  The resulting glurry was refluxed for 8 hr, cooled, cautiously
tautomer of 14 might rearrange by a 1,2-hydrogen shift quenched with 25 ml of deuterium oxide, refluxed for 30 min,
to  g ive  a  d iffe ren t in term ed iate  b u t  u lt im ate ly  the sam e and further diluted with 100 ml of water. After separation, the
product (12) aqueous layer was extracted five times with 100-ml portions of

T h e  th ird  a lte rn ative  in vo lves  the va len ce  tau tom er ether‘ . T »«; c« mbin“ l organic material was dried (MgSO<) and 
,, , x . . . . ., , concentrated to ca. 40 ml. lh is was then allowed to react, as

Oi 11 (15) rearrang in g , in  a reaction  sim ilar to th a t above, with butylsodium and the procedure repeated an addi-
d iscovered  b y  B e rso n  an d  W i l lc o t t 12 to  16 w hich , b y  tional five times. The resulting solution was fractionally distilled
p a th w a y s  p rev io u s ly  d iscussed , w o u ld  y ie ld  the o b - through a 6-in. Vigreux column, pure 7 (3.5 g, 39% ) being col-
served  p ro d u ct  (eq  9 ). T h e  reverse  reaction , 16 -*■ lected at 30-31 (0.2 mm). Nm r analysis indicated 90% two

r  vinyl deuterons and 5%  four aromatic deuterons.
3,5,7,7-Tetradeuterio-l,2-benzotropilidene (11).— In a 15-ml 

D n  v  test tube was placed 1 ml of ¿-butyl alcohol-O-d and enough
l>0 ( potassium to make a saturated solution of potassium ¿-butoxide.

Xo this was added 800 /il of D M SO -d6 and ca. 250 ^1 of 1 ,2- (or 
L II )  ®  I J  *■ 3,4-) benzotropilidene.3'16 The resulting solution was allowed

to stand at room temperature for 8 hr before being quenched 
/ with 2 ml of water and extracted three times with 3-ml portions
D D of pentane. The combined pentane solution was dried (M gS 0 4)
11 15 and concentrated to ca. 500 ,ul under a stream of nitrogen. Pure

j ,  11 was obtained by preparative vlpc .16
\ In  addition to four aromatic hydrogens (r  2.9 ppm) the nmr

— D spectrum showed two broad singlets (r  3.55 ppm, 1 H, and r
D 4.3 ppm, 1 H ) as well as a trace (ca. 3%  2 H ) absorption at t(̂ ---

I (13) Y . Rautenstrauch, H. J. Scholl, and E. Vogel, Angew. Chem. Intern.
D  Ed. Engl., 7, 288 (1968).

(14) W e wish to thank Professor L. Friedman and Mr. D. Smith for a
--------------------- generous gift of benzonorbornadiene.

(12) J. A. Berson and M. R . Willcott, I I I ,  Rec. Chem. Progr., 27, 139 (15) G. Wittig, H. Eggers, and P. Duffner, Ann., 619, 10 (1958).
(1966); J. Amer. Chem. Soc., 88, 2494 (1966); J. A. Berson, Accounts Chem. (16) An 8 ft X 0.25 in. 20% Carbowax 20M on 45/60 mesh Chromosorb
Research, 1, 152 (1968). P column at 160° was employed.
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7.05 ppm confirming the presence of a dideuteriomethylene tion) afforded the following protium ratio for positions 3-7, 
moiety. respectively: 0.40:0.40:0.03:0.40:0.80.

Pyrolysis of 7,7-Dideuteriobenzonorcaradiene (1 ).— In a Surface Catalysis Experiments.— Samples of 1, 7, and 11 were 
partial rearrangement reaction 100 ¿4 of 1 was sealed in an evacu- partially pyrolyzed in the presence of powdered glass, simul
ated 50-ml Pyrex vessel, heated at 260-270° for 2 hr (40% rear- taneously with samples without added glass. Gas chromatog-
rangement), and cooled; it was then opened. Preparative vlpc16 raphy revealed that the ratio of reactant to product in the pyroly- 
afforded a pure sample of 2. Nm r analysis provided this ratio sis of 1 and 7 was the same with and without the powdered glass,
for the hydrogens at positions 3-7, respectively: 0.73:0.59:1.0: Preparative vlpc16 afforded pure samples in each case, which by
0.59:1.46. In  the same reaction, recovery of unreacted 1 nmr analysis were shown to have scrambled, within experi-
allowed an nmr demonstration that no deuterium scrambling mental error, the same amount of deuterium (Table I ). 
occurred in the starting material.

Pyrolysis of 5,6-Dideuterio-2,3-benzonorbomadiene (7 ).— In T able  I
typical reactions to completion, 100-200 mg of 7 was sealed in an
evacuated 50-ml glass vessel and heated at 370-390° for 50-70 T Ti x en 0 . enzotropu ene

, T , b . . lemp, lim e, reaction, -̂---nmr ratios by position— ^
mm. JNmr data were m some eases obtained directly from the Compound °C min %  3 4 5  6 7

crude reaction mixture. Alternatively, purification was achieved j »  400 5 g0 o 69 o 65 l o o 65 l 38
by preparative vlpc .16 In  either case, nmr analysis showed that x +  powdered
the ratio of hydrogens at positions 3-7, respectively, was glass“ 400 5 80 0.68 0.66 l.o  0.68 1.36
0.83:0.81:0.10:0.81:1.65 . 7 400 14 89 0.87 0.75 0.1 0.75 1.74

A  partial completion reaction (375°, 30 min, 70% rearrange- 7 +  powdered 
ment) showed that deuterium scrambling into positions 3 and 7 glasa 400 14 87 0 87 °-75 0.1 0.75 174
lagged considerably behind rearrangement. The ratio of hydro- n  +  powde ed 380-400 20 0 10 0 85 0 0 0 85 0 20
gens at positions 3-7, respectively, was 0.94:0.65:0.10:0.64:1.87. ¿ 'J ™  “  380-400 20 O.il 0.83 0 0 0 83 0 22

Starting material recovered from this reaction was shown by „ ___ ,, ,. , . . . .  ,
„  , • , , , , , . J “ since these reactions were run at 400° partial equilibration

nmr analysis to have undergone no deuterium scrambling of positions 4 and with 3 and ? occurred ^  sameqmechanism
Pyrolysis of 3,5,7 7-Tetradeuterio-l,2-benzotropdidene ( 1 1 ) . -  which accounts for deuterium Berambling S e r v e d  in 7 and 11.

In a typical run, 30 /¿I of 11 was sealed in an evacuated 50-ml
glass vessel and heated at 380-400° for 80 min. The vessel was Registry Nos. 1, 17790-63-5; 7, 17818-07-4; 11, 
then cooled and opened. Pure l,2-benzotropilidene-d4 was then 17790-64-6; benzonorcarad iene, 3463-79-4; b en zon or-
obtained by preparative vlpc .16 An nmr spectrum (CCh solu- bo rn ad iene, 4453-90-1; 1 ,2 -benzotrop ilidene, 264-08-4.

Retro Diels-Alder Reactions. IV.1
Kinetics of the Thermal Decomposition of Rornylene and the 
Thermal Rearrangement of 1,5,5-Trimethylcyclopentadiene2

W illiam  C. Herndon3 and Jerold M. M anion4

Departments of Chemistry, University of Mississippi, University, Mississippi, and Texas Technological College, Lubbock, Texas 79409

Received June 11, 1968

The temperature dependence of the gas phase rate of decomposition of bornylene to produce 1,5,5-trimethyl- 
cyclopentadiene and ethylene has been determined. The rate equation for this homogeneous first-order reaction
is log k — 14.1 — (46,000/2.3R T ). Comparisons are made with other retro Diels—Alder reactions, and the results
are considered to support a concerted cycloaddition mechanism. The thermal rearrangement of 1,5,5-trimethyl- 
cyclopentadiene is interpreted as involving a rate-determining 1,5-sigmatropic methyl shift. This reaction is 
also first order and homogeneous; the rate equation is log k =  13.7 — (45,100/2.3R T ).

Over 30 years have elapsed since the classic paper by the reaction of styrene with trans,trans-2,4-hexadiene
Alder and Stem on the mechanism of the Diels-Alder (eq 1) gave the all-m  adduct 1 and the trans adduct 2
reaction.6 Hundreds of Diels-Alder reactions have in an 8:5 ratio, respectively, and Williamson, et al.,7
been carried out in the laboratory since that time; yet reported that pentachlorocyclopentadiene undergoes
the precise details of the mechanism are still obscure, reactions with various dienophiles (eq 2), in most cases
and the lack of detail still continues to beguile the P H  pm O It• 1 • J Y1A3 Piiqorganic chemist. I i |

One of the perplexing features is the effect of sub- p  
stituent groups on the course of the reaction. The spe- L  I' I j  +  M  ^
cific problem that we refer to is evident in two recently |
reported investigations. Korver, et al.f found that CIh CH3 CH3

1 2
(1) Previous papers: (a) W. C. Herndon and L. L. Lowry, J. Amer. Chem. Cl „

Soc., 86, 1922 (1964); (b) W. C. Herndon, W. B. Cooper, and M. J. Cham- ~  I Cl
bers, J. Phys. Chem., 68, 2016 (1964); (c) W. C. Herndon, C. R. Grayson, U  J R  p , C i v /
and J. M. Manion, J. Org. Chem., 32, 526 (1967). Y  +  || ___*. ----^  ^  (0 )

(2) Taken in part from a dissertation by J. M. Manion submitted to the H  \
faculty of the University of Mississippi in partial fulfillment of the require- I 14 ) ------
ments for the degree of Doctor of Philosophy. Cl p . Cl \

(3) Author to whom inquiries should be addressed at Texas Technological R
College.

(4) National Defense Education Act Fellow, 1962-1965. -------------------
(5) K . Alder and G. Stein, Angew. Chem., 60, 510 (1937). (7) K . L. Williamson, Y.-F. Hsu, and R. E. Lacko, Abstracts, 155th
16) O. Korver, T . L. Kwa, and C. Boelhouwer, Tetrahedron, 24, 1025 National Meeting of the American Chemical Society, San Francisco Calif

l 1968)- April 1968, P-45.
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to yield a preponderance of the anti-7-chloro adduct 3. Quantitative product analyses were carried out by  gas chro-
In  both cases the predominant product is that which matography. An Aerograph H y-Fi gas chromatograph with
would be formed via the more sterically crowded transi- detector, fitted with a 1-m column packed with
+• _ mi i • j  c ,, , o% ol-yo silicon oil on Chromosorb W support was used.
, _  P s ■ ese ^ln(?S results are general; The detector was calibrated with known samples synthesized by
both iito v  and oauer cite numerous examples in independent methods. Peak areas were integrated with a Disc 
their respective review articles. integrator.

We are interested in obtaining quantitative measures Product Isolation and Identifications. The primary products

of substituent effects like those described above Ac- °\ f®  pyroys,sof bo™ylene wf e is°lated bJ  r“ s tbe ̂ action
, ... 1 *1 i • • . l ° w conversion and separating the products by gas chroma-

cordingly, we will now describe a kinetic study of the tography (Aerograph Autoprep) using a 25-ft column of 25%
gas phase retro Diels-Alder reaction of bornylene butanediol succinate on Chromosorb maintained at 9 5 °. One
(l,7,7-trimethylbicyclo[2.2.1]heptene-2), and the re- of tbe Pr>mary products was identified as 1,5,5-trimethylcyclo-
sults Will be compared with our previous studylb of P^tadiene from its uv ir, and nmr spectra. The other primary

,, , j  ... r ^  , ... . , product was confirmed as ethylene by comparing the retention
the thermal decomposition of the unsubstituted nor- times of the product and an authentic sample of ethylene, 
bornylene (bicyclo [2.2.1 ]heptene). In principle, stud- The rearrangement products of 1,5,5-trimethylcyclopentadiene 
ies of retro Diels-Alder reactions can reveal informa- w .e r e  obtained by carrying out the pyrolysis of bornylene to very
tion about the forward reactions. In the present case, b! fb  extent® of conversion and trapping the products in liquid
i •__ * «• i • p 11 n j  f .  ; nitrogen. Ihe  product mixture was then separated into three
kinetic investigation of the forward reaction was not fractions by  preparative gas chromatography using a 12 -ft
even feasible, since the cyclopentadiene moiety under- silicon oil (SF-96) column at room temperature. The two major
goes self-condensation much more easily than it under- products were identified as 1,2,3-trimethylcyclopentadiene and
goes reaction with dienophilic ethylene. 3-methylene-2,4-dimethylcyclopentene by  comparing their re-

Anticipating the results, we found that bornylene
undergoes a clean decomposition in the gas phase to third fraction had a uv spectrum consistent with a tentative 
yield ethylene and 1,5,5-trimethylcyclopentadiene (eq identification as a mixture of 1 ,2 ,5-trimethylcyclopentadiene and 
3 ). The trimethylcyclopentadiene which is produced 1,4,5-trimethylcyclopentadiene. A  sufficient quantity for post-

then undergoes further reactions (eq 4), and the kinet- X “ 'the kinetic analysis it was
ICS 01 this secondary process were also investigated. necessary to analyze gas samples taken directly from the hot

reactor in order to obtain consistent and precise results.

/ T 7  - *  ( V  +  « > .  o ) Resul,s
' ' The thermal decomposition of bornylene and the sub-

4 5 sequent rearrangement of 1,5,5-trimethylcyclopenta
diene were investigated over the temperature range
328.7-429.1°. Preliminary experiments indicated that 

\ ff — *• at least two consecutive unimolecular reactions were
taking place as indicated in eq 5. In our stirred flow

pr * p: * » ;t“r
6 8 9 7 . . . . .

reactor system the kinetic equations are simple alge
braic expressions which can be derived from material 

Experimental Section balance equations;13 for the present system a material
Kinetic Experiments.— Bornylene, prepared from borneol by  balance equation for product 5 leads to the kinetic ex-

a Chugaeff reaction,10 was allowed to flow in a stream of nitrogen pression (eq 6) where k, and k% are first-order rate con-
through a gas phase, stirred flow reactor which has been de
scribed in detail previously.1“ '11 A  Pyrex flow reactor with a , f/.-w/t-o _  > =
volume of 60.06 ml was used in this work. A t least four flow m   ̂ '  2 v  ̂ '
rates and two partial pressures of reactant were studied at each
temperature. Flow rates varied from 0.1 ml/sec at lower stants, and u and v are the flow rate of the gas and the
temperatures to a maximum flow rate of 3.4 ml/sec at the highest volume of the reactor, respectively. An excellent ad-
temperature investigated The reactions are investigated under herence o f the rate data at each temperature to this
the conditions (relatively slow flow rate, high temperature) , . . . 7 , , ,
where the contents of the reactor are well mixed and time in- kinetic expression confirmed the postulated reaction
variant concentrations result. The reactor was immersed in a scheme. The rate constant for the first reaction
molten lead bath constructed from a stainless steel beaker. (bornylene decomposition) could also be calculated by
The major part of the heat required for the reaction temperature determining the fraction of bornylene which underwent
was provided by a heating mantle ancl variable ^  at a particular flow rate and reactor volume.
Fine temperature control was maintained by a proportional 1 , . . . ,
temperature controller (Bailey Model 104) and a cartridge heater. In the same manner, a determination of the mole ratio of
The temperature of the reactor was constant to within ±0 .0 5 ° all rearrangement products to 1,5,5-trimethylcyclo-
as determined with a Bureau of Standards calibrated Chromel- pentadiene can yield the rate constant for the second
Alumel thermocouple inserted in the reactor. reaction. Rate constants determined in this way are in
-------------  satisfactory agreement with those determined by using

(8) Yu. A. Titov, Russ. Chem. Rev., 31, 267 (1962). e q  6 .
(9) J. Sauer, Angew. Chem. Intern. JEd. Eng., 6 , 16 (1967).
(10) H. R. Nace, Org. Reactions, 12, 87 (1962). (12) V. A. Mironov, E. V. Sobolev, A. N . Elizaro, Tetrahedron, 19, 1939
(11) W. C. Herndon, M . B. Henley, and J. M . Sullivan, J. Phys. Chem., (1963).

67, 2843 (1963). (13) W . C. Herndon, J. Chem. Educ., 41, 425 (1964).
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More than one series of experiments was carried out, tion parameters are listed. The error limits are stan- 
some ascending in temperature, some descending in dard deviations from a least-squares regression line, 
temperature, and in two experiments the reactor was One other experimental result is of interest. The 
packed with Pyrex tubing in order to ascertain the effect relative ratios of the rearrangement products of 1 ,5 ,5 - 
of a different surface to volume ratio. The first-order trimethylcyclopentadiene were found to be flow rate in
rate constants, from eq 6 , are given in Table I. In a dependent at each temperature, and also to be tempera-
few earlier experiments only one of the two consecutive ture independent. The approximate yields are 6 , 83%; 
reasons was quantitatively analyzed. 7,13%; and8  and9,4%.

Table I Discussion
Rate Constants for Gas Phase Thermal Decomposition

of Bornylene (ki) and Thermal Rearrangement The two reactions which we are reporting on in this
of 1,5,5-Trimethylcyclopentadiene (fc2) paper are separate and distinct even though they are

Temp, ki x lo*, kt x io», studied simultaneously in the same system. We will
°K sec~‘ scc ‘ therefore discuss each reaction in a separate section.

®P8-2 0.378 0.314 The kinetic parameters for the thermal decomposition of
®jy3 jj'3®4 0,372 bornylene also raise a question about the so-called
617'7 0 578 0 709 “ quasi-heterolytic”  gas phase pyrolyses14 of bornyl and
023 5 0 906 isobornyl halides and esters. This question is discussed
626.0 1.16 i ’ i i  briefly in a separate paper.16
632.0 1.17 1.00 Retro Diels-Alder Reaction of Bornylene.— Bornyl-
634.3 1.93 1.50 ene undergoes the retro Diels-Alder reaction at a
640.1 2.01 2.41 slower rate than does norbornylene. Rate constants at
640.4» 2.83 2.29 350° are, for bornylene, 8.51 X 10~ 3 and, for norbornyl-
6 4 1 1  2 28 2 34 ene, 66.1 X 10~ 3 sec_1.lb The order of magnitude dif-
®4̂ P 4 23 ference in rate is primarily due to a 3-kcal/mol difference

3,56 3'3‘ in energy of activation, the Arrhenius equation for nor-
655;7 4 90 3 g0 bornylene being log fc =  13.78 — (42,750/2.3 fiT ).lb
664 0 8 44 5'g2 Straightforwardly we might assign this 3-kcal/mol
669.0 11.7 difference to a steric factor which increases the activa-
670.3» 12.0 9.57  tion energy in the methyl substituted bornylene. We
670.4 10.8 13.4 take as our model for the transition state the model
679.8 17.7 which was described by Herndon and Hall,16 which has
680•2 24.4 17.0 recently received some additional support.17 The elec-
6816 18 3 23 0 tronic nature of the transition state corresponds to that

3 3 4 3  3 0 ' 1 of the separated diene and dienophile but the two mole-
702 ’ 1 00 g cules are oriented in a state closely resembling the gross

a l>„„ + , , , , ,. skeleton of the adduct. The rationale for this picture of
the activated complex is described m the earlier paper. 16

Imprecise and erratic results were obtained at tern- fl i ! ° W’ aS bornylene molecule begins to dissociate, 
peratures higher than those listed in Table I. Above flatt?mng of tbp ^  «pentadiene and ethylene moiety
about 710 °K  a surface catalysis of both reactions was T l T T  , 7  7  / gT P,
evident; so we have not included such results. In the if- d ° Ser *  ^  departmg ™ *eculc than
temperature range of Table I, the reported reactions ^  is in the ground state. Assuming bond distances and
were not affected to a significant degree (over 1 0 %  vari- w 'l T  j ° w  ^  y/ ,° i ? t f  sys4em rePorted $
ation) by seasoning of the reaction vessels or by a ten- ^  f ^ y g o r d s k y ■ »  the distance from the
fold change in the partial pressure of introduced reac- f  f  ,°f  the methyl f ° " p } °  the center of the double
tant bornylene. However, the precision of the data, bond .1S aPPr°ximately 3 A. Assuming a transition
especially the variation with temperature of the ratio of “  “  w4u?.h the diene portlon 18 Planar and breaking
h  to h , is not so good as those results which we have re- bonds. bave.been extended 10%  Conger extensions are
ported in earlier papers.1 Even so, by carrying out the llkely smce entroPies of activation for retro Diels-
large number of experiments summarized in Table I, we -Alder reactions are close to zero), the methyl group-
were then able to obtain activation parameters with double-bond distance is shortened to 2 A. The calcula-
reasonably small error limits. In Table I I  the activa- tion. is.very crude> but does indicate an increase of

steric interference of the methyl group as progress is 
Table II made along the reaction coordinate.

Activation Parameters for Thermal Decomposition Our original expectation was that the methyl group
of Bornylene (h) and Rearrangement of might have an accelerating effect upon the retro Diels-

1, 5,5-Trimethylcyclopentadiene (fe) Alder reaction, analogous to that found by Williamson,

Preexponential factor ^0i4.l±o.3 j()13.7± o.4 (1^) For the most recent review, see A. Maccoll and P. J. Thomas, “Prog-

Energy of activation 46.0 ±  0.9 45.1 ±  1.2 m ^ i  w!*“ “ Kinetics'" VoL 4' Porter' Ed” Pergamon Press- Oxford,
kcal/mol kcal/mol (15) W. C. Herndon and J. M . Manion, Tetrahedron Lett., in press.

Entropy of activation 2.3 ±  1.3 eu 0.7 ±  1.9 eu (16) w - c ' Herndon and L- H. Hall, ibid., 3095 (1967).
E n th a lp y  o f a c t iva tion  44 7 ±  0 9 43 8 -I- 1 9 (17) D - C- F - Law and s - w - Tobey, J. Amer. Chem. Soc., 90, 2376 (1968).

, . , f  l  f  (18) C. F. Wilcox, Jr., ibid., 82, 414 (1960).
kca l/m ol kca l/m ol ( 19) a . I. Kitaygordsky, Tetrahedron, 14, 230 (1961).
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et al.,‘ for the chlorine atom at position 5, in the reaction compensated for by the more positive entropy for activa-
of pentachlorocyclopentadiene with ethylenic dieno- tion. De Haan and Kloosterziel did not publish the de-
philes (eq 2). The effect in that case is ascribed to tails of their kinetic work ;22 so it is difficult to resolve the
stabilizing dispersion interactions between the closely discrepancy. They also studied the thermal rearrange-
held partners in the transition state. However, the ments of 2,5,5-trimethylcyclopentadiene,22 reactions
effect of the methyl group is destabilizing rather than very similar to the reactions of 5. In this case they
stabilizing. One possible explanation is related to the found activation enthalpies of 44.4 and 44.2 kcal/mol
relative van der Waals sizes of the substituent chlorine (for methyl shift in the two different possible directions),
atom and methyl group (1.8 and 2.0 A, respectively).20 These figures could be construed as supporting our re-
It  is possible that, in the transition state, the methyl suits.
group position may be close enough to the dienophilic The rearrangement reactions of 5 can be formulated 
ethylene moiety to be in the repulsive part of the van as a rate-determining allowed suprafacial 1,5-sigma-
der Waals potential. The chlorine atom, being smaller, tropic methyl shift23,24 to produce 1,2,5-trimethyl-
could still be in the attractive part of the potential. I f  cyclopentadiene. At the elevated temperatures re-
the role of dispersion forces is a major one in stabilizing quired for the rate-determining step, further allowed
the transition complex, the distance from the C-7 sub- 1,5-sigmatropic shifts of hydrogen atoms would occur
stituent to ethylenic moiety might be delineated within immediately to produce the other cyclopentadiene mole-
0.2 A. More experimental measurements with sub- cules which are observed. 1,5-Sigmatropic hydrogen
stituents in various positions will be useful in this re- shifts have been studied extensively,12,25 and activation
gard. energies are on the order of 20 kcal/mol. The magni-

The discussion till now has assumed a concerted cyclo- tude of the activation energy for rearrangement of 5
addition mechanism for the Diels-Alder reaction and its seems quite reasonable, and is comparable with the in
inverse. We believe that our results support the con- creased activation energy found for carbon shifts vs.
certed cycloaddition mechanism. I f  only one carbon- hydrogen shifts in the tropilidene series.24
carbon single bond were severed in the rate-determining The formation of the exocyclic isomer 7 is more diffi- 
step, and if a diradical intermediate were formed, such a cult to explain. Superficially, 7 can arise from either 6
diradical could become free of steric interaction with or 8 (eq 7). However, the 1,3 shift is not a supra- 
substituents at C-7 by rotation around carbon-carbon
single bonds. A  substituent at the 7 position might N s/V  Sv /Ss 's / X .
even be expected to accelerate the reaction if such a X  /  ?,3shlft> T )  -A581”0;, \ / (y)
mechanism is functioning. The observation of the steric i / \  r  \  1A = \
effect seems more consistent with a transition state in g 7 g
which both dienophile-diene bonds are partially broken.

In summary, anti-methyl substituents at C-7 in the facially allowed reaction, and is inconceivable in an
bicyclo [2.2.1 jheptane series destabilize the transition antarafacial manner. The allowed 1,5-shift 8 —► 7 also
state for the Diels-Alder reaction. anff-7-Chloro (joes not seem to be sterically possible. Compound 7 is
substituent seems to stabilize the transition state. normally produced during acid- or base-catalyzed de- 
Both of these effects are probably steric m origin, and hydration of 2,3,4-trimethylcyclopent-2-en-l-ol, along
concerted cycloaddition mechanisms are thereby sup- with the major product, compound 6.12 Because of this
Ported. _ . fact, we believe that 7 may be formed through a hetero-

Rearrangement of 1,5,5-Trimethylcyclopentadiene geneous mechanism, perhaps catalyzed by the walls of
(5)*’ The thermal lability of 5 was noted by Alder the flow reactor. A t this time we have no information
and Muders in 1958,21 and they reported rearrangement on thjg pojnt_
to 6 at 400°. De Haan and Kloosterziel22 later reported We conclude that the gross nature of the rearrange- 
a kinetic study of the thermal isomerization with results ment of 5 is well explained as an intramolecular 1,5 shift
differing from ours in some respects. They do not re- 0f a methyl group in general agreement with previous 
port the obtention of 7, and their activation parameters, WOrkers.
AH* =  40.3 kcal/mol, A S * =  — 4 eu, are much different
from those which we find, A H *  =  43.8 kcal/mol and Registry No. 4, 464-17-5; 5, 4249-09-6.
A S * =  0.7 eu. However we do note that these two Acknowledgment.— The support of the National
different sets of activation parameters give very similar Science Foundation (Grant No. GP-247) is gratefully 
rate constants over a large range of temperature, I  he acknowledged,
more positive enthalpy of activation in our results is

(23) R. Hoffmann and R. B. Woodward, Accounts Ckem. Res., 1, 17 (1968).
(20) L. Pauling, "Nature of the Chemical Bond,”  2nd ed, Cornell U ni- (24) J. A. Berson, ibid., 1, 152 (1968).

versity Press, Ithaca, N. Y ., 1948, p 189. (25) D. S. Glass, J. Zimer, and S. Winstein, Proc. Chem. Soc., 277 (1963);
(21) K. Alder and K. Muders, Ber., 91, 1083 (1958). S. McLean and P. Haynes, Tetrahedron Lett., 2385 (1964); S. McLean and
(22) J. W . De Haan and H. Kloosterziel, Rec. Trav. Chim. Pays Bas, 84, P. Haynes, Tetrahedron, 21, 2329 (1965); W. R. Roth, Tetrahedron Lett.,

1594 (1965). (1964).
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The Reaction of 2-Methoxybutadiene with Enols 
and Phenols, a Novel Claisen Rearrangement1“

L. J. D olby, lb C. A. Elliger ,10 S. E sfandiabi, and K. S. M arshallld 

Department of Chemistry, University of Oregon, Eugene, Oregon 97403 

Received M ay 13, 1968

The reaction of 2-methoxybutadiene with highly enolic compounds such as the cyclopentenone 2b and dimedone 
gives products 10 and 14, respectively, in which a four-carbon side chain bearing an enol ether function has been 
introduced. It  is thought that the enolic hydroxyl adds to the diene to produce an allylic enol ether (e.g., 13).
Claisen rearrangement then gives the observed product. Phenols also react with 2-methoxybutadiene to yield 
rearranged products. However, the products are methoxy chromanes which are formed by closure of the initially 
formed allyl phenols. These reactions proceed in high yields with the formation of monosubstitution products.

For the preparation of certain multiply substituted O l NaH g]yme
perhydroindandiones (e.g., la  and lb ) it was attractive II —— >

RCCH2COOEt 2‘ BrCHLCHjCOOMe

V COOMe 4a,R=CH3 0
b, R= CH2CH2CN

Ï  I ^  2a and b (2)
I *  RCCHCH2CCH2COOMe
COOEt j

la ,R -C H 3 COOEt
b, R =  CH2CH2CN 5a, R =  CH3

to examine the reaction of the highly activated dieno- b,R=CH2CH2CN
philes 2a and 2b with 2-methoxybutadiene. Diels- , , , . . , . ,
Alder reaction would be expected to yield the enol ,.e °  ,an enA  °™1R w^'c^ may be separated by frac-
ethers 3a and 3b,2 which would give the desired ketones tl0nal f ^ “ mn. The spectral properties (ir and
upon hydrolysis (eq 1). nmr) of the tautomeric forms differ; however, the nmr

spectrum in pyridine of keto and enol 2a as obtained 
0 from the extract showed a simple pattern (as opposed
A-COOMe to that in CDCls).

A  jT  + —> The following transformations (Scheme I )  were
' V ' A r ^^OM e carried out on 2a. Catalytic reduction gave the cyclo-

¿00Et pentanone 6, clearly showing normal five-membered-

2a, R = CH3 0 pQQsi
b, R = CH2CH2CN Scheme I

—*■ la and b (1) 9 Q 0

Y r  0M e A  A r ' C 0 0M e H, A r ' C 00M *

C00Et diglyme 1>d' c> \ A m3a, R =  CH3 [ CH3 hOAc- j  CH3 [  CHj

b, R=CH2CH2CN COOEt COOEt COOEt
The required cyclopentenones were prepared in high 7 2’* 6

yields by condensation of the sodium enolates of the MVK.Eyi /  \
/3-keto esters 4a and 4b with methyl 4-bromoaceto- \  l.NaH.glyma
acetate in 1,2-dimethoxyethane (eq 2). The initial /  * *r \^CH3I
reaction is undoubtably formation of the linear diketo 0 \
diesters 5a and 5b, followed by cyclization. The Jl coOMe *
latter step is favored by formation of the sodium enolate V m nif
of the highly acidic product, and a twofold excess of \ A k pH. ¡ . C O O M e
starting keto ester and sodium hydride was commonly O ' CO O Et \  jA CHs
employed. The cyclopentenones prepared in this way /
are soluble in dilute bicarbonate solution, and they 0 = \  COOEt
may be conveniently separated from less acidic im- 9
purities by extractive work-up. Material obtained by
acidification of the bicarbonate extracts is a mixture of ring carbonyl absorption (1765 cm -1) in its ir spectrum.

(1) (a) The authors gratefully acknowledge financial support from the Décarbométhoxylation of 2a was conveniently carried
National Science Foundation (Grant 1266 GP3822) and a Public Health OUt by Sodium iodide in boiling diglyme-acetic acid to
Service Career Program Award (1-R3-NB-28, 105) from the National Insti- rrivp 7 w tinsp  ir  (1770  1 7 0 0  1 Ron _ i\  j
tute of Neurological Diseases and Blindness, (b) Alfred P. Sloan Research &l v e  / WHOSO ir  (1  / oU, 1/2U, lb o l )  Cm 1)  a n d  n m r
Fellow, (c) National Institutes of Health Postdoctoral Fellow (Fellowship S p ec tra  (3  5 .92 p p m , 1 H )  in d ic a te  p r e s e r v a t io n  o f  th e
1-F2-GM-39, 115-01). (d) NDEA Predoctoral Fellow, 1966-present. A 2-CVCloD PntenonP svs tp m  R7>rmatir>n f t -

(2) In  analogy, the reaction of 2-methoxybutadiene with acrolein gives a r  ^  i r, A ' c atlOIl Of the anion
single product having the proper orientation [H. L. Holmes, Org. Reactions, 01 111 b - U im e tn O X y e t i ia n e  IO liOW ed b y  t r e a tm e n t
4,04 (1948)1- ’ with methyl iodide gave 8 in which the position of
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• methylation is shown by the ir spectrum (1755 cm“ 1, takes place at position 2 4), the possibility was con- 
unconjugated five-membered-ring carbonyl). Con- sidered that the enol form of 2 b adds normally a t  t h e

firming evidence for the position of unsaturation is e n o l  o x y g e n  to give 13, and that subsequent Claisen re
provided by the nmr spectrum, which indicates homo- arrangement leads to 1 2  (eq 6 ). 
allylic coupling between the methyl group attached to 
C-3 and the two protons of C-5 (J  =  2  cps). Reaction OH
of 2a with methyl vinyl ketone gave 9 which bears the I cOOMe \
newly introduced side chain at position 4 as shown by /  +  v
ir and nmr (Experimental Section).

The reaction of cyclopentenones of this type with 2 - I
methoxybutadiene does not lead to the desired per- COOEt JL^OMe
hydroindanones as postulated in eq 1. Treatment of 2b 9-k I
2 b with 2 -methoxybutadiene in refluxing benzene, /%CcOOMe —*• 12 (6)
followed by hydrolysis with dilute hydrochloric acid, I
gave a substance shown to be 10 (eq 3). The high-

0  COOEt

J L  COOMe .  13,R=CH2CH2CN
/  ip f 1. A, benzene ^

+  2. h +, h ,o A  test ° f  this suggestion lies in the reaction of 2 -
| R ®Me methoxybutadiene with other highly enolic substances.
COOEt To this end, dimedone was permitted to react with the

2b, R=CH2CH2CN COOMe diene in refluxing benzene to give an excellent yield of
0 0  the enol ether 14 (eq 7) which was identified by ir and

COOEt x N
10,R=CH2CH2CN M e O ^  0 ^ /

frequency (1770 cm-1) carbonyl absorption of 1 0  in q J f  q  ̂ 0  JT Q ^
the ir spectrum points to an unconjugated five-mem-
bered-ring carbonyl group, and the nmr spectrum shows L J  I J
the presence of a methyl group adjacent to a carbonyl / \  / A
(5 2.12 ppm). 14 15

Although the formation of 10 might be considered to
proceed v i a  lb  in a reverse Michael reaction (eq 4), nmr spectra and by hydrolysis to the triketone 15.

The reaction of dimedone with methyl vinyl ketone 
0  0  COOMe gives 15 along with disubstituted material;6 however,
u COOMe ii I the diene pathway leads to the formation of essentially

^ pure monoadduct.
rvL  i  (4) Phenols also react with 2-methoxybutadiene to yield

Yp\ i ® j R rearranged products. In the case of phenol it was
COOEt COOEt found that polymerization of the diene took place in

K, 10 the absence of base. However, the addition of a
trace of triethylamine inhibited polymerization; and 

such a reversal is not precedented for the mild acidic the desired reaction was effected at a temperature of 
conditions employed during hydrolysis. 3 I t  appeared 1 5 0 ° to give the chromane 17. This material is pre- 
far more likely that one of the two possible enol ethers sumably formed by closure of the initial rearrangement
1 1  or 12 was formed directly by reaction of 2 b with 2- product, 16 (eq 8 ). The reaction of o-cresol with 2-
methoxybutadiene (eq 5), and that subsequent hydrol-

J ,O M e
"S  OH O ^ S

2b +  ► 1 fl

9 COOMe ?Me ?COOMe?Me O  + X a b  ^

< t ^  - < J L ^  «  OH _ 1
V ^ R  V N t  1 J  V 0 Me

COOEt COOEt ( Q ]  — ► J < 0Me (8)
11,R=CH2CH2CN 12, R=CH2CH2CN ^ '^ O '^ 'C H s

16 17
ysis gave 10. Since it is difficult to explain addition --------------
of 2b to the diene at position 4 (addition of ROH, e . g . ,  W R- O. Noni., J. J. Verbanc, and G. F. Hennion, J .  A m e r .  C h e m .  S o c . ,

60, 1159 (1938).
m  E D Bergman D. Ginsberg, and R . Pappo, O rg. R ea ctions , 10, 187 (5) I. N. Nazarov and S. I. Zav’yalov, Z h . Obshch. K h im ., 23, 1703 (1953);

0 ^  ‘ ‘ ’ Chem . A bstr., 48, 13667 (1954).
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methoxybutadiene takes place less readily. Addition Filtration of the resulting mixturefollowed by removal ofsolvent 
. , x1 • • , • x and evaporative distillation at 70° (0.005 mm) gave 1.81 g (7.9

of tnethylamme to this reaction mixture is not necessary mmol> f 9 % ) of reduction produet: ir 1765, 1730 cm->;
or desirable as the base exerts a very pronounced in- nmr (QCh) 8 1.17 and 1.34 (t and d superimposed, J  =  7 cps,
hibitory effect. In the absence of base at 160° chro- 6 H ), 2.3-3.4 (complex, 5 H ), 3.72 (s, 3 H ), 4.16 (q, J = 7
mane 18 is formed in good yield after 21 hr (eq 9). cps, 2 H). TT

Anal. Calcd for CuHi606: C, 57.89; H , 7.07. Found: C, 

57-80; H ’ 7 *-29‘
f r y )  q. 1 — »- I f )  I L,OM e (9) 4-Carbethoxy-3-methyl-A2-cyclopentenone (7 ).— In a 250-ml

lVip flask equipped with stirrer and reflux condenser were placed
| 3 I 3 100 ml of diglyme, 10 ml of acetic acid, 60 g (400mmol) of sodium
OH CH3 iodide, and 25.5 g (113 mmol) of 2a. The mixture was refluxed

Ig until gas evolution ceased (ca. 15 min) and then was cooled to
room temperature. The mixture was added to 250 ml of water 

In conclusion it may be pointed out that these re- and was extracted with one 200-ml and two 100-ml portions of
actions o f 2 -m eth o xy bu tad ien e  p ro v id e  a  m eth od  fo r  Th f. combined ethereal extracts werewashed with one
. 1 . . . £ , • n  , , 100-ml portion of water followed by two 100-ml portions oi 5%
introduction, o f the elem ents of m eth y l v in y l ketone to  sodium bicarbonate solution. After drying over magnesium
enols an d  pheno ls th a t d iffe r g rea t ly  in  reactiv ity  an d  sulfate the solution of product was concentrated under reduced 
specificity  fro m  the reactions o f the u n satu rated  ketone. pressure and distilled under vacuum to give 8.81 g (52.5 mmol,
T h e  fo rm ation  o f m o n o addu ct 14 in  the d im edon e re - 46.5%) of substance: bp 70-75° (ca. 0.5 mm ); ir ^ ^  lJ.T), 1720,

. . .  . n ,, , • • ,i , ji i ■ i 1630 cm 1; nmr (C C h ) <5 1.28 (t ,  J  — 7 cps, 3 H ), 2.13 (s, 3 H ),
action  is especially  a ttrac tive  m  th a t  m o n o m eth y l v in y l 2>51 (d> j  *=  g ^  2 ^  ca ¿ 7 (complex, x H ), 4.23 (q, J  =  7
ketone condensation  p rodu cts  are  less easily  ob ta in ed  m  cpS; 2 H ), 5.92 (complex, 1 H ); uv x®l°H 272, 221 m/t (emax 561,
good  y ie lds. 8740).

Anal. Calcd for C 9H 12O3: C , 64.27; H , 7.19. Found: C,
. 64.15; H , 7.17.

Experimental Section The 2 ,4-dinitrophenylhydrazone was prepared in the usual way:

Methyl 4-Bromoacetoacetate. Bromination of methyl aceto-
acetate m carbon tetrachloride solution in a manner analogous n ^  flagk ^ with a stirrer, addition funnel,

0 i- ^ rgeL 8fi°° gave.metK c t “ r “  and drying tube were placed 48 mg (2.0 mmol) of oil-free sodium m 64% yield: bp 78-86 (2 mm); ir 1740, 1720 cm a on i T i o j - xi? n „„„„uin,,
0 o va  /« o m  a nc; /o o Vf\ hydride and 20 ml of 1,2-dimethoxyethane. To the resulting

nmr (CC14) 5 3.67 (s, 2 H ) 3.74 (s, 3 H ) 4 .05 (s 2 H ). suspension was added with stirring 452 mg (2.0Q mmol) of 2a
4-Carbeftoxy-2-carbomethoxy-3-methyl-A2-cyclopentenone (2a . ^  f 1 )2.dimethoxyethane. When hydrogen evolution had

— In a 1-1. flask equipped with reflux condenser, addition funnel, , ,7 , . ^ 0 1X aa a „ a tho
J x- x-  ̂ A ™ a 1 r o A- Ik Ik ceased methyl iodide (1.0 g, 6.8 mmol) was added, and theand magnetic stirrer were placed 700 ml of 1,2-dimethoxyethane . , u 00 rr ,
j n /- c\r\ x \ £ a ' . i rfv n i i , mixture was allowed to stir 23 hr at room temperature, ln eand 23.0 g (1.00 g-atom) of sodium metal. I  he flask was cooled . , , , • j  t i /  „

x rxo j  Vo a /i nn n  r xi i x x x a a a -xi, solvent was removed, and the residue was taken up in 4U ml ofto 0 , and 130 g (1.00 mol) of ethyl acetoacetate was added with ,, w i fn V k  mr • , ... a a _  ether. Extraction with two 15-ml portions of 2%  sodium hy-
stirrmg over 0.5 hr. The mixture was then permitted to come , , , f  . . . ___• i n„A xi%. , & , rn0 xi_ i x r xu a- a• i j  mi i- droxide solution removed unchanged starting material, and theto about 50 as the last of the sodium dissolved. Ihe  cooling ,, , , ,. A n u, ,, i j j a /n itaa n  r ,u i A , ethereal solution was then dried over magnesium suit ate. l^vapo-
bath was replaced, and 98.0 g (0.500 mol of methyl 4-bromo- ti of golyent ye m  {Q ^  4 g% ) of duct;
acetate was added m one portion. After stirring for 2.5 hr the m 5  1730jS1710) i 640 cm-q  nmr (CC14) S 1.1-1.5 (s and
reaction mixture was concentrated by removal of most ol the , ™ ~ „ n \ 0 d  T o a o xt\ o io  t o ai x j a a n / i  i e i ,i t, J  — 7 cps, 6 H ), 2.12 (t, J  =  2.0 cps, 3 H ), 3.18 (q, J =  2.0
solvent under reduced pressure. Water, ca. 1.5 1., was then it \ o 7 n /  q tt\ \ 99 / t — 7 ma 9 TTV 11V aEioh
added until a homogeneous mixture was obtained, and the ma- 919 ^ , 7   ̂ ’0- , ^ ’ ^ * * max
terialwas then washed with three 300-ml portions of ether. Acidi- / , n  1 ^ x  0  u  r\ n  cm tj c 71 i? a nn .. r ,1 , .. f  ^ 1 , , .. .,1 , „ Anal. Calcd for C i2H i60 5: C, 59.99; H , 6.71. Found: G,
ncation of the aqueous solution followed by extraction with two 60 29 * H  6 67
300-ml portions of ether afforded 66.4 g of crude substance ' * 7 u ,, w u  i t,, a ■ • ir 1 a 1 r , - 4-Carbethoxy-2-carbomethoxy-4-(3-ketobutyl)-3-methyl-A2-after drying over magnesium sulfate and removal of solvent. . . ^  \ A rrt /oa a i \ t
t-v x’ii x* C4 c /a 04 1 i 4007 \ t a x • cyclopentenone (9).— To a solution of 4.52 g (20.0 mmol) ofDistillation gave 54.5 g (0.241 mol, 48% ) of product as a semi- . v A , - ,v jj j -» ^a /no n f ,, , • ,

1. j  • x f i x a it  , Art 1 cao /a - \ 2a m 50 ml of ether was added 1.60 g (23 mmol) of methyl vinylsolid mixture of keto and enol forms: bp 140-150 (O.o mm). , , j a a  i r x - x i . i  • An  , A x x
4 7 n i A T  a  n  a  . a  co 4 a . tx c o 4 it a . ca ketone and 0.2 ml of tnethylamme. After standing at room tem-Anal. Calcd for C 11H 14O5: C, 58.40; H , 6.24. Found: C, , - c . ,, J .. . , , %  a *xk x

58 36- H  6 34 perature for 5 mm the reaction mixture was extracted with two
A ’ * i r t  ux ■ a u x ir x* t xu 50-ml portions of 5%  sodium bicarbonate solution to remove un-ru re  enol form of 2a was obtained by crystallization of the , 5 , ,. /v, , ,, , , x*

,• x-ii x t  xi. . ix- . x • ui j  -n j  n a reacted starting cyclopentenone. The ethereal solution was distillate from ether: melting point variable and ill denned; . . .  & r 1r , , x x j j  a a
cHcu ooaa /  ̂ a \ 1 toa ■ icoH icAA icca  dried over magnesium sulfate and concentrated under reducedir vmax 3200 (very broad), 1720, 1680, 1600, 1550 cm nmr , . 1on0

(C D C h ) a 1.30 (t, J  =  7 cps, 3 H ), 2.15 (t, J  =  2.5 cps, 3 H ), Pres™ re‘ . T ^ . re81̂ eQ WaS 7  ^
3.40 (q, /  =  2.5 cps, 2 H ), 3.87 (s, 3 H ), 4.23 (q, J  =  7 cps, 2 H ), £  ^ n4 '7 1  8 ( 1 5 ‘9 80%  ° ffiPrtod^ct: 7lr "““ V 73,0
11.34 (broad singlet, 1 H ); uv X™ “ 350, 300, 226 } 630 7° m "  „n™  (C D ? 1?)
1650, 2200, 9330); x“ °H‘N*0H 353, 298 mM (emal 11,700, 13,300). 4.20 (q, J  -  7 cps, 2 H ) smglets at 2.17, 2.30 and 3 . ^  (3 H

Nearly pure keto form of 2a was obtained as an oil by distilla- f  J o rn  ( ); UV
tion of the residues left from crystallization of the enol: ir /  i f”S  A . ’ . .  „  , „
r “ C11 1720 (broad), 1640 cm’ *; nmr (C C h ) 8 1.28 (t, J  =  7 A  C “ H “ ° 6: C - 60'80; H - 6 '80- Found: C >
cps, 3 H ), 2.33 (s, 3 H ), 2.58 (d, J  =  5 cps, 2 H ), 3.77 (s, 3 H ) bU;7^  b,b . - ^  , .. . „  . ,
^  x ^  _t o va a„g\ ’a + • i^x i tjx 4 it  / r 4 /3-Cyanopropionyl Chloride.— T o  a solution of thionyl chloride
cps 2 H  ’ (q ’ J  =  7  (143 ml, 2 0 mol) in 500 ml of ether maintained below 2 0“ was

A  mixture of keto and enol forms showing sets of overlapping added l 21 f  J1 ’00 mol) anh7 drous sodi“m ^cyanopropionate’
3 ?  1 j • : f. over about 15 mm. Ihe mixture was then allowed to stir atbands in the nmr spectrum (m C D C h ) was dissolved m pyndme. , , „„„ . , „ _ , , ,  , ,

The nmr spectrum in this basic solvent became greatly simplified about 30 for an addltional 0.5 hr. Celite, 10 g, was added, and
corresponding to one form: in C6H 5N  8 1.20 (t, J  =  7 cps, 3 H ), lhe suspension of solids was removed by filtration through a
2.41 (s, 3 H ), ca. 2.8 (multiple!, 2 H ), 3.80 (s, 3 H ) and 4.20 (q, 7 -cn\ siatef d fnu™ el T ° n whlch had bef "  pQrne;
J  =  7 cps, 2 H ) superimposed on multiple! (1 H ) centered at ca. PT?d a bf d ° f Cehte> ?° g ‘ l h+l filtrat5 concentrated to 200 
3 9 m m  ml by rotary evaporator, and the residual thionyl chloride was

' 4-Carbethoxy-2-carbomethoxy-3-methylcyclopentanone (6 ) . -  then r1e” °nved at ofl-pump pressure. Distillation of the residue 
In  50 ml of ethyl acetate was dissolved 2.26 g (10.0 mmol) of ■ 1007 ° .g & ” ol> 85,% ) °  llght ° ll: 9bfiP ^
2a, and 0.1 g of 10% P d -C  was added. Hydrogenation was (° ' 5 “ m ); 22f  • 179 5  C+m *5 « «»■ 2-6 and 3.2,
carried out at atmospheric pressure until gas uptake ceased. comP ex mu ip e o equa in nsi y ( 2 2).

(7) T. L. Gresham, J. Amer. Chem. Soc., 74, 1323 (1952). Anhydrous
(6) A. Burger and G. E. Ullyot, J. Org. Chem., 1 2 , 346 (1947). material was obtained by drying the monohydrate under vacuum at 100°.
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The product decomposed slowly upon standing even at - 1 0 °  50 ml of 5%  sodium bicarbonate solution and then dried over
an™  Wlth° ut further treatment. magnesium sulfate. Evaporation yielded a viscous oil which

Ethyl S-Cyano-d-ketovalerate (4b). In a 1000-ml flask was evaporatively distilled at 130° (5 n) to give 6.12 g of product
equipped with stirrer addition funnel, and drying tube were (18.3 mmol, 71% ) which solidified upon standing: mp 98-100°
placed 400 ml of 1,2-dimethoxyethane and 26.2 g (1.09 mol) of (benzene-isooctane); ir 2250, 1770, 1730 (sh), 1715 1630 
oil-free sodium hydride. The suspension was cooled to about cm -1; nmr (C D C h ) 8 1.37 (t, J  =  7 cps, 3 H ), 2 12 (s ’ 3 H )
-2 0 ° ,  and 102.2 g (0.544 mol) of ethyl ¿-butyl malonate* was 2.25-3.45 (complex, 10 H ), 3.75 (s, 3 H ), 4.33 (q, J  =  7 cps, 2
added over 15 mm. To the stirred, cooled solution was then H ); uv X*‘°H 285, 225 mM (emax 625, 7800). 
added over 30 min 70.5 g (0.600 mol) of /J-cyanopropionyl chlo- Anal. Calcd for C „H 21N 0 6: C , 60.89; H , 6.31; N , 4.18. 
ride. Precipitation of a solid was noticeable after a few minutes. Found; C , 60.91; H , 6.13- N  4.23.
After 1 hr the cooling bath was removed, and the mixture was 5,5-Dimethyl-2-(3-methoxy-2-butenyl)cyclohexane-l,3-dione
allowed to stir and additional 16 hr. An ice-cold solution of 50 (14).— In a 50-ml flask equipped with stirrer and condenser were
ml of concentrated HC1 in 250 ml of water was added to the re- placed 25 ml of benzene, 7.00 g (50 mmol) of 5,5-dimethylcyclo-
action mixture with stirring. The resulting material was trans- hexane-1,3-dione, and 4.62 g (55.0 mmol) of 2-methoxybutadiene
ferred to a separatory funnel, and two layers separated upon The mixture was refluxed for 16.5 hr, and the solvent was then
standing. The bottom layer was removed and discarded, whereas removed under reduced pressure. Evaporative distillation of
the upper was concentrated under reduced pressure. This residue the crude substance through a short-path apparatus at 80°
was taken up in 250 ml of ether which was then washed with (5 M) gave 10.23 g (45.7 mmol, 91.5%) of pure product which
three 300-ml portions of 5%  sodium bicarbonate solution and solidified upon standing; mp 55-58° (hexane); ir r“ *1 3010,
dried over magnesium sulfate. After removal of solvent the 2990, 2920, 2850, 1630 (broad), 1380, 1082, 1060 cm“»; nmr
crude substance was pyrolyzed under aspirator pressure (150- (C C h ) 8 1.05 (s, 6 H ), 1.45 (s, 3 H ), 1.7-2.3 (complex, 8 H ),
170°) to give a distillate consisting mainly of ethyl ¿-butyl malo- 3.26 (s, 3 H ).
nate and the desired product. Fractionation of the material Anal. Calcd for C i3H 20O3: C, 69.61; H , 8.99. Found: C,
through a 70-cm Podbielniak spiral column gave 45.7 g (0.270 69.23; H , 9.13.
mol, 49.6%) of ethyl 3-cyano-/3-ketovalerate: bp 128-138° A  small amount of 14 was hydrolyzed by shaking a dilute 
(ca. 1 mm); ir 3300 (very broad), 2250, 1740, 1725, 1650 ethereal solution with 3 N  HC1 to give 5,5-dimethyl-2-(3-keto-
cm x; nmr (C C h ) 5 1.28 (t, /  =  7 cps, 3 H ), ca. 2.6 and 2.8 butyl)cyclohexane-l,3-dione: mp 101-102° (lit .5 mp 100-101°).
(A 2B 2, 4 H ), 3.48 (s, 2 H ), 4.17 (q, J  =  7 cps. 2 H ). 2-Methoxy-2-methylchromane (17).— In  a 20 X 600 mm thick-

Anal. Calcd for C8H uN 0 3: C, 56.80; H , 6.55; N , 8.28. walled Pyrex tube were placed 9.40 g (100 mmol) of phenol, 50
Found: 0,57.06; H , 6.60; N , 7.82. ml of dry benzene, 0.1 g of 2,5-di-I-butylhydroquinone, and 0.15

4-Carbethoxy-2-carbomethoxy-3-(2-cyanoethyl)-A2-cyclopente- ml of triethylamine followed by 9.24 g (110 mmol) of 2-methoxy- 
none (2b ).— In a 1000-ml flask equipped with stirrer, addition butadiene. The contents of the tube were degassed in the usual
funnel, and drying tube were placed 6.48 g (240 mmol) of oil-free way, and the tube was sealed under vacuum. After heating at
sodium hydride and 500 ml of 1,2-dimethoxyethane. Thesuspen- 1 5 0 ° for 11.5 hr, the tube was opened, and most of the benzene
sion was cooled to - 1 0 ° ,  and 45.6 g (270 mmol) of ethyl 8- was removed on the rotary evaporator. The crude product was
cyano-/3-ketovalerate was added with stirring over 15 min. taken up in 150 ml of ether and washed with two 50-ml portions
To the resulting light brown solution was added 26.3 g (135 0f 5%  sodium hydroxide solution. The organic phase was dried
mmol) of methyl 4-bromoacetoacetate over about 5 min. The over potassium carbonate and evaporated to give a light yellow
cooling bath was removed, and the mixture was allowed to come oil which was distilled through a 70-cm Podbielniak spiral column
to room temperature during which time precipitation of solid under reduced pressure to yield 14.62 g (82 mmol, 82% ) of 2-
took place. After 2 hr, the solvent was removed by rotary methoxy-2-methylchromane: bp 108-112° (14 mm); ir (CCh )
evaporator, and the residue was taken up in 500 ml of water. shows no hydroxyl or carbonyl absorptions; nmr (CCh ) 8 1 .4 7
The aqueous mixture was washed with three 150-ml portions of (s, 3 H ), 1.6-3.1 (complex, 4 H ), 3.20 (s, 3 H ), 6.4-7.2 (complex,
methylene chloride, then acidified to pH  2, and extracted three 4  H ).
times with 150-ml volumes of methylene chloride. After drying Anal. Calcd for C n H „0 2: C, 74.13; H , 7.92. Found: C,
over magnesium sulfate and removal of solvent, the residual 74.01; H , 8.17.
semisolid substance was crystallized from ether to give 24.23 g 2,8-Dimethyl-2-methoxychromane (18).— In a 20 X  250 mm 
(93 mmol, 68% ) of the enol form of 2b: ir 3200 (very thick-walled Pyrex tube were placed 2.70 g (25.0 mmol) of o-
broad), 2250, 1730, 1700, 1665, 1550; nmr (CDC13) 8 1.32 (t, cresol, 2.31 g (27.5 mmol) of 2-methoxybutadiene, and 10 ml of
J  =  7 cps, 3 H ), 2.62 (broadened triplet, J  =  7 cps, 2 H ), dry benzene. The contents of the tube were degassed in the usual
a broad singlet at 3.48 partly superimposed on a broadened way, and the tube was sealed under vacuum. After heating at
triplet (J  =  7 cps) centered at 3.40 (4 H  over-all), 3.92 (s, 3 H h  160° for 21 hr, the tube was opened, and its contents were taken
4.24 (q, J  — 7 cps, 2 H ), 11.25 (broad singlet, 1 H ); uv xS «H up in 60 ml of ether. This solution was washed with two 30-ml
353 (broad sh), 302, 268 m/r (emax 15,000, 15,300). portions of 5%  sodium hydroxide solution. The combined

N o  satisfactory elemental analysis for this compound could be aqueous basic solutions were washed once with 30 ml of ether and
obtained; however, the mass spectrum exhibited a parent peak then acidified to give upon extraction 0.54 g (5 mmol, 20% ) of
at ro/e 265 with the base peak at 233 (corresponding to loss of crude recovered o-cresol. Removal of solvent from the dried 
M eO H ) having respective relative intensities of 51:100. neutral fraction followed by distillation under reduced pressure

4-Carbethoxy-2-carbomethoxy-3-(2-cyanoethyl)-2-(3-ketobu- gaVe 3.64 g (19.0 mmol, 76% ) of 2,8-dimethyl-2-methoxychro- 
tyl)-A3-cyclopentenone (10).— In a 100-ml flask equipped with mane: bp 78-85° (ca. 1 mm); ir (CC14) shows no hydroxyl or car-
reflux condenser and provision for nitrogen atmosphere were bonyl absorptions; nmr (C C h ) 8 1.47 (s, 3 H ), 1 .6- 2 .1  (complex,
placed 6.88  g (25.9 mmol) of 2b, 3.63 g (43.2 mmol) of 2-methoxy- 2 H ), 2.16 (s, 3 H ), 2.2-3.1 (complex, 2 H ), 3.18 (s, 3 H ), 6.5-
butadiene, 50 ml of dry benzene, and 75 mg of 2,6-dW-butyl- 7.0  (complex, 3 H ).
hydroquinone. Air was excluded from the flask, and the mixture Anal. Calcd for Ci2H 160 2: C, 74.97; H , 8.39. Found: C,
was refluxed for 19 hr. The benzene solution was cooled and ex- 74.66; H , 8.34. 
tracted with 30 ml of 5%  sodium bicarbonate solution to remove
unreacted starting material and then dried over magnesium sul- Registry No.— 2-Methoxybutadiene, 3588-30-5; keto
fate. Evaporation of solvent under reduced pressure gave 2a, 17790-69-1; enol 2a, 17790-70-4; enol 2b, 17790-
9.49  g of crude enol ether which was dissolved in 50 ml of dioxane. 71 -5 - 4b  17790-72-6’ 6  17790-73-7’ 7 17790-74-
Concentrated hydrochloric acid, 1 ml, was added, and the mix- „  «  _  . , • •,rnni,pm -lhvi 1 myrmn 17700 75 CD 8
ture was warmed to ca. 80° for 5 min. The dioxane solution was 8 > 7  2,4-dinitrophenylhydrazonc, 17790-75-9, 8,
concentrated on the rotary evaporator, and the residue was taken 17790-83-9; 9, 17790-76-0; 10, 17790-77-1; 14,
up in 100 ml of ether. The ethereal solution was washed with 17790-78-2; 17, 17790-79-3; 18, 17790-80-6; methyl
-------------  „  , „ ,  T x _ 4-bromoacetoacetate, 17790-81-7; fl-cyanopropionyl(8) R. E. Strube, “ Organic Syntheses,”  Coll. Vol. IV , John Wiley & Sons, QO _
Inc, New York, N. Y . . 1963, p 417. chlonde, 17790-82-8.
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Carboxylation by Alkali Salts and Carbon Monoxide. II.1 A Selective Preparation
of p-Hydroxybenzoic Acid
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The reaction of potassium phenoxide with carbon monoxide and potassium carbonate was studied in detail.
The effects of reaction variables on the yield and the selectivity were investigated. The reaction proceeds very 
smoothly at a temperature above the melting point of potassium formate (167°) even under low pressure of carbon 
monoxide to afford dipotassium p-hydroxybenzoate and potassium formate in very high yield. The carboxyla
tion occurs mainly at the para position to the hydroxyl group. When the molar ratio of potassium carbonate to 
potassium phenoxide is larger than unity, tripotassium 4-hydroxyisophthalate is also formed by the subsequent 
but rather slow carboxylation.

p-Hydroxybenzoic acid (or its potassium salt) has liquid phase in the reaction mixture. A t temperatures
been prepared by various procedures. One of the above 210°, the change of carbon monoxide pressure
most practical is the Kolbe-Schmitt reaction.2'3 indicated that the reaction rate depends considerably

On the other hand, the carboxylation of potassium on the temperature (Figure 2). 
benzoate by carbon monoxide and potassium carbonate The effect of the carbon monoxide initial pressure 
to give dipotassium terephthalate was reported by on the yield of p-hydroxybenzoic acid was examined at
Murase, et alJ Although the mechanism of the re- 240° (Figure 3). When the reaction was carried out
action is not clear, the reaction probably proceeds in the absence of carbon monoxide, no carboxylated
through the following steps: potassium carbonate product was obtained. When carbon monoxide was
reacts first with carbon monoxide to form potassium present enough for the amount of potassium phenoxide
oxalate6 as an intermediate, and then the potassium (0.050 mol of carbon monoxide corresponds to a pres-
oxalate converts potassium benzoate into dipotassium sure of about 15 atm, at room temperature in our
terephthalate.6 system), the yield of p-hydroxybenzoic acid was nearly

The carboxylation reaction of potassium phenoxide quantitative irrespective of the carbon monoxide initial
with carbon monoxide and potassium carbonate was pressure. This shows that the reaction proceeds even
reported in the previous paper.1 The reaction is under low pressure. Figure 4 indicates clearly that
investigated in detail in this paper. the reaction rate is affected by the initial pressure.

The effect of the molar ratio of potassium carbonate 
Results and Discussion to potassium phenoxide was studied at 240° (Figure 5).

x -r, . , The yield of p-hydroxybenzoic acid corresponded to
Effects of the Reaction Variables - T h e  equimolar the tion of potassium carbonate up to the ratio

mixture of potassium P ^ i d e  and potassium car- of unit When 15 or 2 0 times as much potassium
bonate was heated under fairly high pressure of carbon carbonate was used a small amount of 4-hydroxyiso-
monoxide at an appointed temperature for 5 hr (4 igure 
1). Even at 125°, the carboxylated products, though
the conversions were very low, were detected. The OK OK OK
yield and the selectivity of p-hydroxybenzoic acid 1 I c02K
increased slowly with temperatures up 170°. A t above 1 1 1  rapid , | | j  slow , || (2)
170°, near the melting point of potassium formate k2co3,co Kjco ĉo
(167°), an abrupt increase of the yield was observed. T I
A t temperatures above 210°, the yield of p-hydroxy- C02K 2
benzoic acid was almost quantitative. The almost
stoichiometrical absorption of carbon monoxide and hthalic acid wag obtained. The formation of it is b
the almost quantitative formation of formic acid show the subsequent carboxylation of dipotassium p-hydroxy-
the reaction to be formulated as . „ , Y , ,2 . 1, v  . ,benzoate, but the reaction rate was so slow that usually

OK OK p -h y d ro xyben zo ic  ac id  can b e  o b ta in ed  p re fe ren tia lly

0 J T  (Table I).

+  • K2C03 +  CO — > f j  +  HC02K (1)

Table I
C02K Carboxylation of Dipotassium p-Hydroxybenzoate0

„  ,  , . Solvent, Initial Time, .— Yield of product,6 % .
Une of the reasons of the low reaction rate at a h • co2k, moi co, atm hr 4-hipa htma p-hba

tem peratu re  b e lo w  167° is p re su m ab ly  th a t  there is no 0  50 5.0 0  0 9 7

(1) Y . Yasuhara and T. Nogi, Chem. I n d .  (London), 229 (1967), may be ^  ®
considered as part I in this series. 0.050 50 24.0 43 4 50

(2) H. Kolbe, J .  P r a k t .  Chem., [2] 10, 100 (1874). 0.050 10 5.0 0 0 97
(3) A . S. Lindsey and H. Jeskey, Chem. R e v ., 57, 583 (1957). 0.050 10 24.0 3 0 95
(4) T . Murase, I. Mikami, and M . Tamura, British Patent 1,003,72S . . , . „  .

(1965); Chem. A b s tr . , 64,655& (1966). ° A mixture of 0.050 mol of dipotassium p-hydroxybenzoate
(5) C. Matignon and C. Faurholt, C . R .  A c a d . S e i . ,  P a r i s ,  179, 273 (1923). and 0.050 mol of potassium carbonate was heated at 240°.
(6) W . Stein and H. Schütt, German Patent 1,042,568 ( 1958) ;  Chem. 6 4-HIPA, 4-hydroxyisophthalic acid; HTMA, hydroxytrimesic

Abstr., 64, 18444® (1960). acid; p-HBA, p-hydroxybenzoic acid.
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Figure 1.— Over-all yield of hydroxybenzoic acids (— • —•) and Initial pressure of CO, atm.
selectivity of the para isomer (- -O - - )  as a function of tempera- Figure 3.— Yield of p-hydroxybenzoic acid (-— • — ) and recov- 
ture. A  mixture of 0.050 mol of PhO K  and 0.050 mol of K 2C 0 3 ery of P h 0 H  (.  _ o  _) as a function of initial pressure of CO. A
was heated under the initial pressure (80 atm) of CO  at an ap- mixture of 0.050 mol of PhO K  and 0.050 mol of K 2CO 3 was heated
pointed temperature for 5 hr. under an appointed initial pressure of CO  at 240° for 3 hr.
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s<i.\

120 - / —O—O—-o—o—o-
140 -  A  J /

^ /
9  | 80 4

a 120 -  »  *------“ *■ %
«  if  —---- 0-----------O- £  / ° "X X ,
| jj * * *■ 40 u ^ - O —

j  0 L - l ----------- 1----------- 1----------- 1-----
/ 0 1 2  3SO « Time, hr.

Figure 4.—Reaction velocity expressed by change of CO pres-
1______ I______ 1______ 1_____ 1_______sure as a function of the initial CO pressure (—•—, 20 atm;

60 - - O - 40 atm; - • -3--- , 80 atm). For the reaction conditions,
0 1 2 3 4 5 see Figure 3.

Time, hr.

Figure 2.—Reaction velocity expressed by change of CO pres- 100 6------------------
sure as a function of temperature (—•—, 210°; - - O - 220°; \ ^ ______
- ■ -9- ■ 240°). For the reaction conditions, see Figure 1. ^  / "

SS Q J
T h e  fa c t th a t  4 -h y d roxy iso ph th a lic  ac id  w a s  n o t x  \ /

detected  in  the  reaction  o f d ipo tassiu m  p -h y d ro x y -  | 60 ~ \  /
ben zoate  w ith  ca rbon  m onox ide  in  the absence o f  | V
potassiu m  fo rm ate  m a y  b e  u n dersto od  in  term s o f the g 40 L /  \
absence o f liq u id  ph ase in  the reaction  m ixture . “  /  \

M e c h a n is m  o f the C a rbo xy la t io n  R eac tion .— T o  3  J  \
e luc idate  the course o f  reaction  1 , the b eh av io r  o f d i- 20 “ /  o\
po tassiu m  sa licy la te  u n d e r  the p resen t reaction  cond i- /  \  _____o - ---------- -
tions w a s  exam ined  (T a b le  I I ) .  0 g.------------1------------ ----------------6— -------6

0 0.5 1 .0  1 .5  2.0
TA BLE I I  Molar ratio K2CO3/PI1OK.

Carboxylation of Dipotassium Salicylate“ Figure 5.—Yield of p-hydroxybenzoic acid (—•—) and 4-
Solvent Temp, Time, .—Yield of product,1d %—. hydroxyisophthalic acid (- -O- -) and recovery of PhOH (-•-»-•-)

HCOiK, mol °C hr SA p-HBA 4-HIPA as a function of molar ratio of K2C03 to PhOK. A mixture of
’ q- 0 o 0.040 mol of PhOK and an appointed amount of K2C03 was

U 240 0 4 4 90 2 heated under the initial pressure (50 atm) of CO at 240° for 5 hr.

0.025' 170 5  0 86 5̂ 7 A t  tem peratu res  b e lo w  175°, the y ie ld  o f  p -h y d ro x y -
170 20.0 57 25 16 ben zoic  ac id  o b ta in ed  b y  the rea rran gem en t o f d i-
240 0.4 0 93 2 potassiu m  sa licy la te  w as  m u ch  lo w e r  th a n  th a t  b y  the
240 5.0 0 92 4 ca rboxy la tio n  o f po tassiu m  phenoxide , irrespective  o f

a xhe reagents were 0.050 mol of dipotassium salicylate and the  presence o f po tassium  fo rm ate . T h ese  resu lts
0.050 mol of potassium carbonate. 6 The initial pressure of CO }ea(j  to  the conclusion  th a t  m ost o f p -h y d ro xy ben zo ic
was 80 atm. '  The initial pressure of CO was 60 1atm. d SA, wag fo rm ed  b y  the d irect pa ra  ca rboxy la tion , at
salicyhc acid; p-HBA, p-hydroxybenzoic acid; 4-HIP A, 4-hy- “ i 7 r°
droxyisophthalic acid. • Mainly hydroxytrimesic acid. least a t  tem peratu re  b e lo w  175 .
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At 240°, where dipotassium salicylate rearranges consist of carbon monoxide with only a trace amount of carbon
rapidly to the para isomer in the Kolbe-Schmitt re- dioxide.
action, 7- 9 the rapid rearrangement was also observed The glasf, vessel was weighed and the increase of the weight

accompanied with small extent of the polycarboxyla- The crude product under the typical reaction conditions (0.050
tion. Since the rearrangement is inhibited at the same mol of PhOK , 0.050 mol of K 2C 0 3, 50 atm of CO, 240°, 5 hr)
temperature in the presence of 1 mol of potassium showed practically the same ir spectra and also the same titration
hydroxide10' 11 (or methoxide8'10) in the Kolbe-Schmitt curve as an equimolar mixture of dipotassium p-hydroxybenzoate

reaction , the ca rboxy la tio n  w as  exam ined  also in  the “ soTation a n d Z a l^ s is  of P rodu ct.-T h e  reaction mixture was
presence o l potassium  hydrox ide . T h e  potassium  dissolved in 50 ml of water and neutralized to pH  9.0  with 6 N
hydroxide, however, reacted smoothly with carbon sulfuric acid, and the regenerated phenol was extracted with
monoxide to give potassium formate. 12’ 13 Therefore, ether. The solid phenol (identified by the ir spectra), obtained

at 240° a possibility of the initial ortho carboxylation the t ry[ng’ w? fwei^ ed-
, ,1 1 1 - 1 1  J After acidification with 12 N  sulfuric acid to pH  1.0, the

w a s  n o t th o rou gh ly  avo ided .  ̂ _ aqueous solution was extracted again with ether. The crude
The assumption that potassium oxalate is an inter- p-hydroxybenzoic acid, obtained from the ether extract, was

mediate carboxylating agent of potassium phenoxide weighed, and its melting point and ir spectra were determined, 
should be abandoned, because both were recovered on T *le !irude f ld an a lly  melted at 208-212°, and showed the
bootinn- H iotyi „+ o-AO r n , practically identical ir spectra with that of the pure acid,
heating them together at 250 for 6  hr. After recrystallization of the crude acid from water and drying

in  vacuo (N 2) 10 mm) at 130° for 8 hr, p-hydroxybenzoic acid 
„  . . , „  ^  ,, melted at 213-214° (lit.16 mp 213-214°).
Experimental Section14 AnaL Calcd for C7H 60 3: C, 60.86; H , 4.38. Found: C,

Reagents.— Potassium phenoxide, dipotassium p-hydroxy- , i, ,, ■ , e , , ,
benzoate, and potassium formate were prepared by neutralization •, P-f 0n of tbe otber a.cld fr° m crude p-hydroxybenzoic 
of aqueous «-propyl alcohol or aqueous «-buty l alcohol solutions, a“  ’ . “ ece.s®ary> was carried out as follows. Salicylic acid was
followed by distillation of solvents to yield crystals, and drying extraoted with 160 ml of chloroform16 from 50 ml of an aqueous
the crystals at 130° in  vacuo (N 2, 20 mm). Dipotassium sali- susPensl° n the crude acid, and 4-hydroxyisophthahc acid was
cylate was difficult to crystallize, and so was prepared by drying f P arated from the aqueous solution of p-hydroxybenzoic acid
an aqueous methanol solution at 150° in  vacuo The absence by ff Gtl,on ^crystallization .” .16 Salicylic acid and 4-hydroxy-
of p-hydroxybenzoic acid which may be formed by the thermal K0?.. a lc a c ld  ^hus obtained were identified by the mixture
rearrangement on drying was confirmed by extraction of the f e ln? .pomts wddl authentic samples^ and by the ir spectra,
regenerated acid with chloroform.16 High purities (97-98% ) were A r f  ^cXPleb dlIS ! ^ 1S1T̂ m n?,nrAdr0X1ybe^ 0ate’
proved by potentiometric titration (and gravimetry of the regen- ° i ° 50oSi°1’ o?nC? 3v, 9 '060 f i 01’ H C 9 jK ,  mol> C 0 ’ 50 
erated acid) in all cases. Potassium oxalate was used after drying ,a , 40 ’ 24 b r ’̂ Xytrl f f 0\C acld’ ,mp 30f - 306 (crystal-
the commercial monohydrate at 160° in  vacuo. Potassium car- bzf \ 1from. wâ ’ } i t '\  “ P 306°)> was isolated A e th e r  with
bonate and carbon monoxide (Matheson Co.) were used without ydroxyisophtha!llc aicid.
further purification. AnaL Calcd for CsHsO,: C, 47.80; H , 2.67. Found: C,

Procedure.— The pulverized reagents (usually 0.050 mol of 48.23; H , 2.81. ,
potassium phenoxide and 0.050 mol of potassium carbonate) ln  s° me_ cases, formic anid was titrated potentiometncally in 
were mixed well, and then put into a glass vessel having a coiled the following manner. The aqueous solution of the reaction
capillary vent together with a steel ball. The vessel, after evacua- f 0 „  after removal of the regenerated phenol, was acidified
tion (N 2, 2-20 mm) at 150° for 5 hr, was placed in an autoclave to P1* 1'® an d .®x1tracited exhaustively with ether. The extract
(« » . 100 ml). The autoclave was filled with carbon monoxide to i f  “ ed f 1« 1 . 0 -5 N  s° dlum hydroxide in aqueous ethanol,
an appointed pressure at room temperature. Then the autoclave ,ih e  yi<;!d ¡°i'mlC aGld was calculated from the difference be-
was settled in an aluminum block heater regulated within ± 2 ° tw.®en total amount of formic acid and p-hydroxybenzoic
and agitated vigorously. About 20 min were required to bring acf  which was determined from the end point of the titration,
the temperature of the autoclave constant. an(* amoun  ̂°* p-hydroxybenzoic acid weighed by the above

After heating for an appointed time, the autoclave was with- Pu°?e<rUI\  p enera^y of formic acid was equal to
drawn and the gas pressure was recorded. The pressure drop that of p-hydroxybenzoic acid. Formic acid (bp 100-101°) was 
reflecting usually the extent of the carboxylation. The gas was j u  A ° m the aqueous solution, from which p-hydroxybenzoic
submitted to gas chromatography [column of activated charcoal acid had been removed, by exhaustive extraction with ether and
(2 m, 90°), carrier gas, He (50 ml/min)] and proved usuallv to iractlonal distillation; the ir spectra was consistent with that of
______________ an authentic sample; the anilide19 had mp 46-48° (lit . 20 mp 50°).

(7) A. J. Rostron and A. M . Spivey, J. Chem. Soc., 3093 (1964). Found'" c" ' 6 9 * 2 5 ? !  62 ^  H ’ 5’83’ N ’ l l 'S7'
(8) S. E. Hunt, J. I. Jones, A. S. Lindsey, D. C. Killoh, and H. S. Turner, * ° U nd- 69 '25 ’ H ’ 5 '89 ’ N > U -62 ’ 

ibid., 3152 (1958).
(9) C. A. Buehler and W. E. Cate, "Organic Syntheses,”  Coll. Vol. II , R e g is try  N o .  C a rb o n  H lO nO X lde, 6 3 0 -0 8 -0  J pO-

John Wiley & Sons, inc., New York, n . y „  1943, p 341. tassium  carbon ate , 5 8 4 -0 8 -7 ; potassiu m  ph enoxide

6 5 9  m s s ) . ' Jones’ A ' S' Lindsey’ and H - s - Turner' Chem- Im L  (London), 1 0 0 -6 7 -4 ; p - h y d r o x y b e n z o i c  a c id ,  9 9 -9 6 -7 .

fl21 M  Bwth 'lPr kA Chem " l o l  (1875)‘ (16> L  Heilbron' “ Dictionary of Organic Compounds,”  Vol. 3, Eyre &
(12) M . Berthelot, Ann,, 97, 125 (1856). Spottiswoode Ltd., London, 1965, p 1652.

n !  tn  u  and ° ‘ Fr0f ° h’ i m -  2° 2’ 288 (1880)' ( 17> J- Walker and J- K - Wood, J. Chem. Soc., 73, 622 (1898).
(14) All melting points were determined by the capillary method and were (18) H. Ost, J. Prakl. Chem., [2] 14, 103 (1876).

corrected. (19) G. Tobias, Ber., 16, 2443 (1882).
(15) H. Kolbe, J. Prakt. Chem., [2] 10, 120 (1874). (20) See ref 16, p 1456.
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Side-Chain Amination of Aryldialkylmethines with Trichloramine- 
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P e t e r  K o v a c i c , 2a J o s e p h  F. G o r m i s h , 2b R o g e r  J. H o p p e r ,

Department of Chemistry, Case Western Reserve University, Cleveland, Ohio 44106 

a n d  J e r o m e  W. K n a p c z y k 3 

Department of Chemistry, Ricker College, Houlton, Maine 04370 

Received M ay 1, 1968

Various aryldialkylmethines were aminated on the alkyl side chain to form f-benzylamines in the system trichlo
ramine-aluminum chloride-l-butyl bromide. p-Alkyl- and p-halocumenes gave the corresponding para-sub
stituted cumylamines in yields of 61-80% based on trichloramine. W ith p-cyclohexyltoluene, l-(p-tolyl)cyclo- 
hexylamine was produced. Amination of 3-(p-tolyl)pentane took place with rearrangement forming 2-(p-tolyl)- 
2-pentylamine, the same product as was obtained from 2-(p-tolyl)pentane. More highly alkylated benzenes pro
duced poor results attributable to unfavorable steric influences, isomerization, and disproportionation. It  was 
demonstrated in some cases that amination followed a single pathway even when isomeric mixtures comprised 
the starting material. Relative rate studies provided evidence for involvement of intermediate ¿-benzyl cations.
The reaction possesses synthetic utility. Dealkylation of certain p-alkyl-i-benzylamines was effected smoothly.

In prior investigations we have shown that the com- of trichloramine to a mixture of the methine, aluminum
bination of trichloramine and aluminum chloride is chloride, and ¿-butyl bromide at 0-10°. Those experi-
capable of aminating various types of organic com- ments which met with success are summarized in Table
pounds. The orientation of the entering group and I. The basic products were characterized by elemental
varied nature of the organic substrates are of particular analyses, ir and nmr (Table I I )  spectra, and amide
interest. For example, alkylbenzenes were found to be derivatives (Table I I I ) . The p-alkylcumenes re-
mein directing;4 i-alkanes yielded i-carbinamines;6 sponded nicely producing the corresponding cumyl-
and f-alkyl halides were transformed into f-alkylamines.6 amines in yields of 61-80% based on trichloramine.
Recently, the conversion of p-cymene into 8 -amino-p- Similar findings were realized with the p-halocumenes.
cymene was reported to proceed smoothly on exposure We observed essentially the same outcome (high yields
to trichloramine-aluminum chloride-i-butyl bromide.7 of the para-substituted product) even when 2 0 %  of the

The purpose of the present study was to investigate o-bromo or o-chloro isomer was present in the aromatic
the scope and theoretical aspects of the amination re- starting material. Also, it was necessary to operate
action with aryldialkylmethines as substrates. Our near room temperature with p-chloro- and p-fluoro-
principal attention was devoted to the mechanistic cumene to achieve optimum results. Of the two routes
features in relation to substituent effects and relative possible with 2 -chloro-l,4-diisopropylbenzene, the one
rates, as well as the synthetic utility. leading to 3-chloro-4-isopropylcumylamine was followed

almost exclusively. In contrast, p-isopropylanisole re- 
Results sisted amination, and a number of other cumene deriva-

tives (4-chloro-4'-isopropylbiphenyl, isopropylxylenes,
Since only a few of the requisite aryldialkylmethines 2 ,5 -diisopropyl-p-xylene, 1 ,3 ,5 -triisopropylbenzene, and 

are commercially available, literature procedures were isopropylmesitylene) gave low yields of basic material 
generally followed for their preparation. Several of containing two to nine components, 
the hydrocarbons, namely, p-i-butylcumene, isopropyl- Methine side chains, other than isopropyl, are also 
mesitylene, and 5 -isopropyl-m-xylene, were readily ob- capable of undergoing amination. For example, R e 
tained by Friedel-Crafts alkylation. However, in tolyl)cyclohexylamine was formed in 57% yield from
many instances this method proved unsuitable because p-cyclohexyltoluene. A  more complex picture with
of the formation of isomeric mixtures which were diffi- interesting ramifications emerged from our investiga-
cult to separate into the component parts. Multistep tions with the 2- and 3 - (71-tolyl) pentanes. In the case
procedures were then employed, involving addition of Qf the 2  isomer, reaction apparently proceeded in a
a Grignard reagent to the appropriate ketone, de- straightforward manner to provide 2-amino-2-(p-
hydration of the resulting alcohol, and finally reduction tolyl)pentane. Quite unexpectedly, the same amine
of the olefin. Several miscellaneous procedures are also was formed as the major product from the 3 isomer,
described. p-Ethyltoluene gave a gross mixture of basic products

The aminations were carried out by adding a solution jn jf)W
Cumylamine, and presumably its m eta  derivatives,

CD Paper xi: chemistry of N-Haiamines. pa n nnt be synthesized directly according to the general

»he « - 1 »  ■ » * > « « > *
(b) National Defense Education Act Fellow, 1964-1967. undergoes disproportionation and nuclear amination,

(3) Supported by the National Science Foundation Research Participa- wifh the side chain being leSS SUSCeptible to attack.

theReSearCh COrPOratl°n Thus, cumene gave rise to a complex mixture including
(4) p. Kovacic, k . w. Field, p . d . Roskos, and f . v. Scaizi, j . O r g .  c h e m . , m-cumidine, cumylamine, and p-isopropylcumylamme.

32, 585 (1967), and earlier papers in the series.
(5) P. Kovacic and S. S. Chaudhary, T e tra h e d ro n , 23, 3563 (1967). . . , . _  _  „  T , „
(6) P. Kovacic and M . K . Lowery, C h e m . C o m m u n . , 651 (1966). (8) P. Kovacic, J. A. Levisky, and C. T. Goralski, J. A m e r .  C h e m . Soc.
(7) P. Kovacic and R. J. Hopper, T e tra h e d ro n , 23, 3977 (1967). 88, 100 (1966).
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m o  in .2 t  h  However, these types can conveniently be brought to
tj ^ ^  ^  ^  5 J ”  hand since certain of the substituted Pbenzylamines

r iN M rt g 0 serve as suitable precursors, I  or example, on ex-
. 1  posure to aluminum chloride-hydrogen chloride, p-

£ 5 ! oo$?Si 2 §io?q isopropyl- and p-Pbutylcumylamine were converted
6° » n n o >c o o ® n  i- o into cumylamine in good yield by dealkylation in the
H gg * «  presence of toluene. In an analogous manner, m-
! „  ® § o § w “ ° §  ® |  -S | chlorocumylamine was formed almost quantitatively

W o  -§ g ■§ from3-chloro-4-isopropylcumylamine.
S o  5 Several attempts were made to reduce the amount

m o o o c H u j ^ i o  ^  J  3  of aromatic substrate without adversely affecting yield,
o ^  '-fj g e Since some of the aromatic reactant is being consumed

co oo go t-» co io co co oo |  S «  through nuclear chlorination, part of the excess p-
§ I  cymene was replaced by several candidates, namely p-

f «  ° § “ n  1 , xylene and mesitylene, which hopefully would suffer
| * °0 halogenation and, at the same time, participate to
s little or no extent in animation.8 The experiments did
<§ oooiNTt.coTt.-HO o ^ - g 'g  not prove fruitful.
g ^  “ •§,§'§ In the initial studies9 evidence was obtained for the
g ^  J  » -f presence of N-chlorinated 8 -amino-p-cymene under
Pg •s t - o t - o t o H O N  0  certain conditions in the amination of p-cymene. Sub-

§ S s sequent work-up resulted in conversion into ar-chloro-
g -h -hth ^ d;« ^  8-ammo-p-cymene of unknown orientation. We have
S m 2 now characterized the product as the 2  isomer. Iden-
0  0  §  ® g g tification was based upon reductive deamination of the
g SSo o o n S S S x  ao S '■§ "S ar-chloro-8-amino-p-cymene to a mixture of 2 -chloro-p-
5 1 cymene and, presumably, 3-chloro-4-methyl-a-methyl-
g a | -g ’!  styrene. The results point to an intermolecular path-
<J | £ -S g 8 way for the nuclear halogenation. 10

K g  W g" ® "§
1 d d d d d d d d  o  o D i s c u s s i o n

1-1 S .2 w a
3 °  ^ 1 g The mechanistic scheme7 for rationalization of side-
^  g — “9 ^  “9 “g J  chain amination is illustrated with »-cymene (eq 1 and

H | P  ^  M c i i o o  J, a-g , *)• Alkyl groups para to the methine functionality
g n n  S' ek
£ » . S g j S p  c 13N  +  AlCls Cl!+(Cl2NAlCl3)i_ (1 )

6  L 2 1 I 1 N M i O O O p . ® ^  \ + /  ^^32a cOOiOCOb-rH(MCOC<»Oo h d°° \ UH N H ® n n o ) h h h h h  3 i T
B ft b£ I
I  t§  -Q A1C1, I..NCI2”  , ,
1 ■» » » - ■- * ~ p-cymene — > [ Q  ■ > [ 0 ]  (2)
h is o i n h c o n q ^ o n o i c o  c o a ^  * BuBr kX -oJ 2. +H+ kV-^JM ^ COOOcONiONXkJiOf l  N /  . X /
< p  I " CI 1
9 ® -S » -S
& * § ■ * . - §  would be expected to afford resonance stabilization11 of
t  ® o> ^  .3 s -g the intermediate Pbenzylic cation. Halogen atoms,
°  „ ® I  1 1  I  «8 S-l | although capable of effecting delocahzation, 12 also
2  !  „ s ® S • .£?’•§ g possess an unfavorable inductive influence which ap-
I  0. !  I  H a 1  i  1  O !  -a 1 “ f  T5 3  8 parently accounts for the increased temperatures re-
S | quired for optimum results with the more electro-

<5 I  negative members.
o |  oT>g  | o o B S S  I o | !  In a number of cases (4-isopropyl-m-xylene, 2 -iso-
l l ' g ' l  !• §  y  H H H  propyl-p-xylene, 2,5-diisopropyl-p-xylene, isopropyl-

11 g t  ^  mesitylene, and o-chlorocumene) the decreased sus-
00 as . s i . s<s.s,coTH(N(N ̂ | .| ro  ceptibility to amination can be interpreted by steric

§ ,T  §-| inhibition11’ 12 of resonance including the participation
| | 01 a  g  of less favorable o-quinoid structures. This hypoth-
|  |  ¿ " 0  esis nicely accounts for the preferential formation of

a, H g ^ g ~ 3-chloro-4-isopropylcumylamine from 2-chloro-p-diiso-
2  I  « « E g ® ®  ■5’j  | | propylbenzene. The importance of resonance stabili-
| ffi® g ® i ) 4 . | J | J  ® § T > 1  zation of the carbonium ion is further pointed up by
I  S f , ! § I ! ^ | l l ! ~ i T >  the poor results obtained when the para position is un-
m 2  ft 3 B ^ S f̂t f̂t Q  °  "rt

(9) p - Kovaoio and U ’ J. Hopper, Tetrahedron, 23, 3963(1967).
® h g A  (10) L - ° -  BrowaandF. G. Soper, J. Chem. Soc., 3576 (1953).

^  ^  i i  W  h  2  S 2  1 1 0 2 0  Brown, J. D. Brady, M . Grayson, and W. H. Bonner, J. Amer,
a Chem. Soc., 79, 1897 (1957).

^  4  -S ( 12) H. C. Brown, Y . Okamoto, and G. Ham, ibid., 79, 1906 (1957).
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T a b l e  I I

P ro to n  M a g n e t ic  R e so n a n c e  D a t a 0-1’
-.....................................— Chemical shifts, 8 (ppm)--------------------------------

Compound Registry no. ArH  ArCH R C H  N C C H  N H  Rel intensities

p-Ethylcumylamme 17797-07-8 6.61 (dd) 2.29 (q ) 1.01 (t) 1.17 (s) 3 .9 :2 : 1 1 «
p-Isopropylcumylamine 17797-08-9 7.28 (dd) 2 .8 2 (h ) 1 .1 7 (d ) 1.33 (s ) 1.36 (s) 4:0.9:14«
¡»-¿-Butylcumylamine 17797-09-0 7.05 (d ) 1.15 (s) 1.26 (s) 3 .9 :9 :7 .9^
p-Flucrocumylamine 17797-10-3 6.42-7.25 (c) 0.98 (s) 1 .0 8 (g ) l : 2 d
p-Chlorocumylamine 17797-11-4 7.02 (dd ) 1 .04 (g ) 1 .17 (g ) 1 : 1 ,9 <*
p-Bromocumylamine 17797-12-5 7.32 (bs) 1.32 (bs) l :2 d
3-Chloro-4-isopropylcumyl-

amine 17797-13-6 6.81-7.32 (c) 3 .1 1 (h ) 0 .9 2 (d ) 1.02 (s) 3 .5:0.9:14«
1- (p-Tolyl)cyclohexylamine 17797-15-8 6.94 (dd) 2.00 (s) 1 .3 3 (c ) 0.89 (s) 3 .9:2.7:10«: 1 .8
2- (p-Tolyl)-2-pentylamine 17797-14-7 6.93 (dd) 1.93 (s) f
m-Chlorocumylamine 17790-50-0 6.77-7.39 (c) 1.01 (s) 1 . 1 :2d

° Tetramethylsilane as external reference. ,J s, singlet; d, doublet; t, triplet; q, quartet; h, heptet; dd, two doublets; c, complex; b, 
broad. « R C H , N C C H , N H  combined. d N C C H , N H  combined. • R C H , N C C H  combined. 1 A  complex pattern from 0.56 to
1.48 with overlapping singlets at 1.06 (3H ) (C H 3C ) and 0.91 (2H ) (N H 2). The remainder of the pattern, assigned to then-propyl group, 
is similar to that obtained from 2-hydroxy-2-(p-tolyl)pentane (see the Experimental Section). The spectrum is consistent with that pre
dicted for 2-(p-tolyl)-2-pentylamine. If the amino group is attached at some other position, the peak at 1.06 would be a doublet. I f  an 
isopropyl group, instead of n-propyl, were present, a doublet at about 0.9 and a heptet near 2.0 would be expected.

substituted (no steric inhibition of resonance since of 1 no other isomers were detected in the neutral
ortho positions are open) (cumene, 5-isopropyl-m-xylene, fraction, whereas with 3 the isomers, 3, 1, and 5, were
and 1,3,5-triisopropylbenzene). Lack of amination in present in the ratio 81:17:2. The presence of rear-
the case of p-isopropylanisole is apparently due to in- ranged products points to the formation of carbonium
activation of the catalyst by coordination with the ether ion intermediates which would be susceptible to capture
oxygen. by an appropriate nucleophile. Control experiments,

Data resulting from variation in the nature of the in which trichloramine was omitted, also demonstrated
side chain proved to be informative. The satisfactory that 3 is more prone to rearrange than 1. Starting with
response from p-cyclohexyltoluene is in accord with 3 we obtained 3, 1, and 5 in the ratio 58:40:2; under
prior studies with related systems. Thus, solvolysis at the same conditions 1 is altered only to a slight extent,
a tertiary position which is part of the cyclohexane 1:3 =  95:5. These findings are in accord with earlier
structure proceeds at about the same rate as for the observations with related systems.14
acyclic analog.13 Previous investigations14 on isom
erization of the analogous pentylbenzenes serve as a _H~ +
useful basis for discussion of our findings with the p- CH3CH2CH2CHCH3 CH3CH2CH2CCH3
tolylpentanes. 2-Phenylpentane (A ), 3-phenylpentane JL JL
(B ), and l-phenyl-2-methylbutane (C ) exist in mobile f Q ]  f C j l
equilibrium in contact with aluminum chloride at 80°.
After 24 hr, the composition was 50% A, 35% C, and ^  I
15% B, with C being much more stable toward re- 3 3
arrangement. A  and B were interconverted rapidly, 1 2
whereas production of C from either of these isomers H H
was slower. The mechanistic features, which appar- r u r w r w r w r u  L u
ently include a phenonium ion intermediate, have been 3 2 1 2 3 ? 2 \ Y  3
treated in some detail by Roberts and Fonken.14

With 2-(p-tolyl)pentane (1) abstraction of hydride IQ J  K iJ j
to form the (-benzyl cation (2) would be followed by "j
combination with the nitrogenous nucleophile. The CH3
rather low yield (28%) can be rationalized by steric in- 3
terfence involving the /3-alkyl group. In the case of ch3
the 3 isomer (3), we believe that abstraction of the |
tertiary hydrogen, which is hindered by two sub- CH2CHCH2CH3
stituents /3 to the reaction center, is less likely than re- j
moval of a secondary hydrogen with formation of 4, f f ) |
since steric blocking is diminished through anchimeric lk>!J
assistance by the aryl group.14 Subsequently, 4 is |
converted into 2. The better yield (52%) of 2-(p - CH3
tolyl)-2-aminopentane from 3-(p-tolyl) pentane indicates 5
that 2 is more readily obtained from 3 than from 1.
Support for these conclusions is derived from an ex- The unsatisfactory behavior of p-ethyltoluene, in 
amination of the neutral products. In the amination contrast to p-cymene, probably reflects the greater

„ m .................... * r, *• - m difficulty in forming a sec-benzylic carbonium ion on(13) A. Streitwieser, Jr., Solvolytic Displacement Reactions, McGraw- . ^ . 6  J
Hill Book Co., New York, n . y ., 1962, p 96 . h y d r i d e  a b s t r a c t io n .

(14) R. M . Roberts and G. J. Fonken in “ Friedel-Crafts and Related Additional evidence for participation of positively
“ 7 ^ ; Jpol83i ° 3A- ° lah’ Ed > Int™ c6 PubU8hera- New York' charged intermediates in the amination sequence was

Vol. 33, No. 12, December 1968 Side-Chain Amination of Aryldialkylmethines 4517



. .n .____ Table IVH © N H CO
m . 2 9 9 9 Relative Rates of Side-Chain Aminationn ®  <0 H  rt co

T ^  ’ 1 A H  =  BH  =
P-YC6H4- p-ZCtHi- Molar [ANH j]:

i - i i o o o o o o j o c o b -  CH(CHa)2 CH(CHa)2 ratio [B N H 2] fcAH^BH

C H 3 Cl 1:8 0.766 6.13
Tf Cl C H (C H 3)2 8:1 1.54 0.385“
I  C H 3 C H (C H 3)2 1:2 0.395 1.58“

C H 3 C H (C H 3)2 1 : 1  0.845 1.69“
N c o o o i o d i o N N c o r j  C H 3 C H (C H 3)2 1 : 1  0.620 1.24“

C H 3 C H (C H 3)2 2:1 1.34 1.34“-»

, , » o o o 2 o n 2 o o  P®r isopropyl group in the case of p-diisopropylbenzene.
u o r t r t i l e i H i N - i o d  b ^CH3:A:cH(CHa)2 =  1-46 (av ); average deviation, 12%. “ ftcrn:

o o t o o o i o N o o c o t -  fccH<cH3)2 =  2.36, calculated from (&ch3: kci) X  (&ci:&chcch3)2).

provided by a study of relative rates (Table IV ). The 
© H N fairly large average deviation (12%) in the data can

X o s h ' h  d  b(; explained in part by the limited occurrence of dis-
^ ”  rH rH proportionation reactions under the Lewis acid con

ditions. Our findings with p-ZC6H4C H (CH 3)2, CH3: 
^ § £ 2 3 2 3 2 8 2  CH (CH 3)2:C1 =  1.46-2.36:1:0.38, fall in the same

&N lOLOTht-coaoTiwioao order as for solvolysis11’12 of para-substituted cumyl
■ 3 chlorides in aqueous acetone at 0°, CH3:C H (C H 3)2:C1

=  1.48:1:0.012. Lack of precise agreement is not 
n o o o o m d «3s n c o i o  surprising since the media differ quite appreciably.

In comparison, decomposition of para-substituted azo- 
m cumenes, which exhibits the characteristic earmarks16
g [ ooSoSoSSSSsSSBi? of free-radical transformations, provided the indicated
| order,16 C l:C H 3:CH (CH 3)2 =  2.72:1.46:1.
J Finally, a summary of the synthetic aspects is ap-
§ propriate. When the aromatic substrate is readily

m m « o O g p  o  available by halogenation or Friedel-Crafts alkylation,
H h  l  e-g’ ’ P-isopropyl-, p-Lbutyl-, and p-halocumenes, the
j  °  present technique comprises the most convenient route
J  | c5c5dc5c5cSc5oc5c5 to the corresponding Lbenzylamine. An additional

| advantage, as demonstrated with the halocumenes, is
S that the starting material need not be isomerically pure.
q io Conceivably, the Ritter reaction might be the method of
g o  ”  g  2 2 §1 choice in certain cases from the standpoint of over-all
J  & 2 2 § A 2 A 2 2 - A  yield based on the aromatic substrate. For example,

^ ¿NOiNCTDiOOOHfi Christol and coworkers17 prepared «-methyl-a-iso-
2 2 2 2 2 2 2 2 2 2  propylbenzylamine in 60% yield from the requisite t-

benzyl alcohol. However, a, «-dimethyl- and « , « -  
diethylbenzylamine were produced in low yield (5-10%) 
by the prior procedure. Conversion of alkylamines into 

1 I  i  a a i  a § i  various derivatives via the diazonium salt is discussed
ln review articles.18Q d } a > < D c > o c > : x > ( 3 5 p a >« p q p q < j ^ < j p q p q p q p q

Experimental Section19

§ S S a I S a S a S a  Materials.— Most reagents were high purity commercial ma-
> • 2 2 2 2 2 9  2 2 2 2  terials which were used as received. Purchased p-chlorocumene

.3 f f i § § § § 2 ° § § §  (Eastman, practical) and p-bromoeumene (Columbia, practical)
Jf con ta ined  ab ou t 2 0 %  ortho isom er. O th er requ ired  substrates,

h h h h h h h h h  prepared as described, were checked for purity by glpc, and for
the expected substitution pattern in the ir spectrum. 1,2-Di- 

0 chloroethane was distilled from calcium hydride.
■S Analytical Procedures.— Infrared spectra of the starting ma-
| „  terials and products were obtained with a Beckman 1R-5A or
7 .9  ? 1R-8 spectrophotometer on neat samples, or dilute solutions in® s a -a ________■a a s  a

§ » S f i d t f d ' l & l g  05 ) J- R - Shelton, C. K. Liang, and P. Kovacic, J. Amer. Chem. Soc., 90,
8, .3 4  |  |  |  - I  H I 11  . 354 (1968).
| I s — §  <46) p - Kovacic, R. R. Flynn, J. F. Gormish, A. H. Kappelman, and J. R.

Shelton, unpublished data.

S 3 I  I  I  '.f ^  H  (17> H* Christol> A- Laurent, and M. Mousseron, Bull. Soc. Chim. Fr.,

S & v i s s l S S S t  2319 (1961)-
O O B O 11 <18> R- J- Baumgarten, J. Chem. Educ., 43, 398 (1966); S. Streitwieser,

S  g  3  I I 3  X  Jr., J . Org. Chem., 22, 861 (1967).
* (19) Elemental analyses were performed by Galbraith Laboratories,

§  Knoxville, Tenn. Melting points and boiling points are uncorrected.

4518 K ovacic, Gormish, Hoppeb, and K napczyk The Journal of Organic Chemistry



carbon disulfide or carbon tetrachloride. _ The amine products Examination of the neutral layer after reaction revealed the 
gave the expected pattern in the aromatic and amine regions. presence of about 3 %  disproportionation products (based on
Nuclear magnetic resonance spectra (Table I I )  were obtained with the aromatic substrate): cumene from p-diisopropylbenzene
a Varian A-60 instrument and on the same solutions as in the and toluene from p-cymene. N o  isomerization products were
it study. When necessary, samples were purified by glpc. Gas found.
chromatographic work was carried out with a Matronic instru- Dealkylation of Alkylcumylamines.— D ry  hydrogen chloride

OHM ? mdlpf;ted colu™ nJtl 1 ^ 3 .  ft was bubbled through a mixture of p-isopropylcumylamine (4.9 g,
20M (20% ) on Chromosorb W  (30 60 mesh) (5%  K O H ); (B ) 0.027 mol), toluene (58 m l) and anhydrous aluminum chloride
same as column A  except 2 ft in length; (C ) 6 ft by 0 25 in (18.5 g, 0.138 mol) during 0.5 hr. After 25 hr of stirring at

k n o f  - ° n^ o T ^  ( ° : 6°  N a ° ? ^  r° ° m temPerature addition to ice-hydrochloric acid and sub-
m  25 m’’ on acid-washed Chromosorb P  sequent work-up gave cumylamine (75% yield), bp 62-64° (5mm).
(30 -60  mesh). . , , The ir spectrum was identical with that of material prepared
j  P r « 1>ara l,On10i, Trichloramine Solutions. A  published proce- by a literature method. 22 The same procedure was used with 
dure (method B )  was used with 1 ,2-dichloroethane as solvent. p-t-butylcumylamine to give cumylamine (70% yield), and with 
Analysis for positive halogen was performed by an iodometric 3-chloro-4-isopropylcumylamine to form m-chlorocumylamine
method m acetic acid.2» Caution: exercise the necessary pre- (96% yield), bp 10 1 - 10 2 ° (7.5-7.8mm). The ir spectrum showed
cautions when working with N-halammes. Excess trichloramine characteristic absorption at 785 and 695 cm~i in the meta region
can be destroyed by slow addition with stirring into a cold solu- Anal. Calcd for C9H 12C1N: C , 63.71- H  7 13- N  8 26- 
tion of sodium metabisulfite. _ Cl, 20.89. Found: C, 63.56; H , 7.33; N,’ 8.38; Cl, 21.16. ’ ’

Amination with Trichloramine—Aluminum Chloride / Butyl Amide Derivatives.23— Benzamides were prepared by treating 
Bromide. A  published procedure (B2 )7 was used except for p- the amine in pyridine with benzoyl chloride. Acetamides were 
fluoro- and p-chlorocumene, in which cases the temperature was formed with acetic anhydride (Table I I I ) .
increased to 25 after trichloramine addition was complete. ¡»-¿-Butylcumene.24— Cumene was alkylated with ¿-butyl
The results are listed in Table I. Microanalyses were performed alcohol and 85% sulfuric acid according to a literature procedure. 24 
on samples collected by glpc. Isopropylmesitylene.— To a cold (5- 10 ° )  mixture of isopropyl

Some of the substrates produced a mixture_ of bases in low alcohol (47 ml, 0.615 mol) and mesitylene (416 ml, 3 mol)
yield [substrate (%  crude yield, number of basic components)]: was added a cooled mixture of concentrated sulfuric acid (500
4-isopropyl-TO-xylene (32, 7); 5-isopropyl-m-xylene (18, 6 ); m l) and water (110 ml) during 3 hr. After being stirred at 24°
2-isopropyl-p-xylene (20, 5); 2,5-diisopropyl-p-xylene (20, 4 ); for 19 hr, the mixture was worked up yielding 79 g (79% ) of a
isopropylmesitylene (24, 9); p-ethyltoluene (11, 10); 1,3,5- fraction boiling at 82-84° (5.4-5.6 mm) [lit. bp 82.5-83.5°
triisopropylbenzene (3, 3 ); p-isopropylanisole (0); 4-chloro-4'- (5.5 mm ) ,26 220° "J. The ir spectrum was identical with that
isopropylbiphenyl (26, 2 ; crystallization of the crude product of authentic material prepared by an alternate route. 27-28
from heptane resulted in a 50% recovery of material, mp 152- p-Ethylcumene.— Attempts to prepare this compound by  
185°, containing two components by glpc analysis); cumene21 alkylation29 gave a product which contained substantial amounts
(39, 4; p-isopropylcumylamine, 6 6% ; cumylamine, 14%; to- of other isomers. Better quality material was obtained by the
cumidine, 12%; unidentified, 8 % ). indicated procedure. Cumene was acylated by an established

The neutral layer from amination of p-cymene contained technique30 to give p-isopropylacetophenone from which p-
chlorination products in the ratio, ar-chloro-p-cymene/p-cymene ethylcumene was synthesized in 77% yield by a modified Wolff-
=  0.41 (theory, 0.48). Analysis was carried out by comparison Kishner reduction:31 bp 194-196° (742 mm) [lit . 29 bp 193° (744
with an authentic mixture of ar-chloro-p-cymene (80% 2 isomer, m m )].
20% 3 isomer; glpc column D ).  Isopropyl-p-xylene.— To a mixture of p-xylene (375 ml) and

The experiments in which part of the excess p-cymene was isopropyl alcohol (50 ml) at 15° was added cold 85% sulfuric
replaced by p-xylene or mesitylene are described in Table V. acid (250 ml) during 2 hr. After 20 hr at 23-25°, work-up pro

vided a 56% yield of product, bp 196-199° (745 mm) [lit. bp 
T ab le  V  111.9-113.4° (60 mm ) ,26 195-196° « ] .

_  . . 5-isopropyl-m-xylene.— This preparation is described by Night-
E ffect of A romatic A dditives  on ingale and Carton .32

P -C y m e n e  A m in a t io n  4-Isopropyl-m-xylene.— Since an attempt to prepare this
p-Cymene, ^-8-Aimno-p-cymene-^ material by a literature route32 gave a mixture of products, an

mo1 Additive Mol Yield, % Purity, % alternate multistep procedure was used. Acylation of m-xylene
0.5 p-Xylene 0.5 61 94° in the conventional manner30 yielded 2,4-dimethylacetophenone,33
0.3 p-Xylene 0.7 58 94“ bp 97-99° (8.5 mm) (88%  yield). The ketone together with an
0.2 p-Xylene 0.8 60 95“ equimolar amount of methylmagnesium iodide produced 2,4-
0.1 p-Xylene 0 .9  34 86“ dimethylcumyl alcohol. Dehydration was effected by the method
0 5 Mesitylene 0.5 40 786 of H ibbert.34 A  crystal of iodine was added to the crude alcohol

, • i „ r j - i -i- i ... and distillation at atmospheric pressure was continued until the
“ The remainder was mainly 2,5-dimethylanilme along with calculated amount of water was C0nected. The residue was corn-

small amounts of unidentified material. The remainder was un- bined with the distillate; the organic phage was geparated)

known material. washed with a dilute solution of sodium thiosulfate, and further
worked up to give 2,4-dimethyl-a-methylstyrene, bp 71-75° 

Glpc determinations of the p-tolylpentanes were made with (7.4-8 mm) (71% yield based on the ketone). Subsequently, 
column C  at 150°.

Competitive Animations.— A  mixture of the two substrates
(0.2 mol total) in 100 ml of 1,2-dichloroethane was cooled to 0°, (22) A. C. Cope, T. T . Foster, and P. H. Towle, ibid.. 71, 3929 (1949).
and aluminum chloride (5.32 g , 0.04 mol) was added in one (23) R. L. Shriner, R. C. Fuson, and D. Y . Curtin, “ The Systematic Iden-
portion followed immediately by ¿-butyl bromide (6.7 ml, 0.06 tifieation of Organic Compounds,”  4th ed., John W iley & Sons, Inc., New
mol). A t this point, the reaction mixture became homogeneous York, N. Y., 1956, p 226.
except for a very small amount of solid, presumably undissolved (24) We wlsh to thank Mr- J- T- Uchic for carrying out this preparation,
aluminum chloride.. Then, while a nitrogen purge was main- (lg(2«> G• F- Henn!on' A- J- Driesoh' and p- L- Dee' J- 0r°- Chem-  17■ 1102

tained, trichloramine solution (40 ml, 0.02 mol) was added (26) B . y . i 0ffe and T. H. Yang, Zh. Obshch. Khim., 33, 2196 (1963).
dropwise during 10 mm at 0 to 5 . After an additional 5 mm, (27) R. M Roberts and D . shiengthong, J. Amer. Chem. Soc., 86, 2851
the reaction mixture was poured over ice-hydrochloric acid and (1964).
worked up. The amine products were analyzed by glpc (column (28) W e wish to thank Professor R. M . Roberts for kindly supplying the
A, 190°) with calibration by standard mixtures of pure materials spectrum of isopropylmesitylene.
(Table IV )  (29) C. E. Welsh and G. F, Hennion, ibid., 63, 2603 (1941).
______________  (30) C. F. H. Allen in “ Organic Syntheses,”  Coll. Vol. I I ,  A. H. Blatt,

(20) P. Kovacic, C. T. Goralski, J. J. Hiller, Jr., J. A. Levisky, and R. M . Ed., John W iley & Sons, Inc., New York, N . Y ., 1963, p 3.
Lange, J. Amer. Chem. Soc., 87, 1262 (1965). (31) Huang-Minlon, J. Amer. Chem. Soc., 68, 2487 (1946).

(21) In  the absence of ¿-butyl bromide, a 27% yield of m-cumidine (85% (32) D. Nightingale and B. Carton, Jr., ibid., 62, 280 (1940).
pure) was obtained in contrast to the 53% yield previously reported (see ref (33) G. Marino and H. C. Brown, ibid., 81, 5929 (1959).
8). (34) H. Hibbert, ¿¿nU, 37,1748 (1915).
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it was found that addition of about 1 g of hydroquinone to the The solid which separated together with that obtained by
crude alcohol and washing the dehydrated product with dilute evaporation of the organic liquid phase was recrystallized from
sodium hydroxide improved the yield somewhat, while decreasing 95% ethanol to give 70.3 g (81% yield) of the carbinol, mp
the amount of high-boiling residue. The olefin (124 g ) was 130-133° (not further purified).
hydrogenated on a Parr low-pressure apparatus with 10% palla- The alcohol was dissolved in benzene, and gaseous hydrogen
dium on charcoal (0.5 g ) to yield 4-isopropyl-ra-xylene, bp 72- chloride was passed into the solution for 0.5 hr. After work-up
7 5 ° (7 - 7 .4  mm) (81% yield). and removal of the solvent, the crude product was dissolved in

p-Cyclohexyltoluene.— A  modification of a published procedure ligroin. Filtration and solvent evaporation gave the chloride,
was used36 (dehydration was accomplished with iodine as de- mp 98-100° dec (not further purified). A  mixture of the chloride
scribed in the preceding section). with excess pyridine was refluxed for 10 min. The hot solution

p-Chlorocumene.— Synthesis from p-chloroacetophenone was was poured into water, and the resulting solid was collected by
accomplished by an adaptation of the method of Benkeser and filtration. Purification, including repeated recrystallization
coworkers36 (dehydration was performed with iodine; see 4- from heptane, afforded 4-chloro-4'-isopropenylbiphenyl, mp
isopropyl-m-xylene). 147-148°.

3-(p-Tolyl)pentane.— The sequence involved reaction of 3- Anal. Calcd for C 16H 13CI: 78.77; H , 5.73; Cl, 15.50.
pentanone with the Grignard reagent from p-bromotoluene, Found: C , 78.60; H , 5.75; Cl, 15.36.
dehydration of the carbinol with iodine (see 4-isopropyl-m- Hydrogenation was accomplished on small portions of the olefin
xylene), and subsequent hydrogenation of the olefin. The (10-15 g ) in benzene (350 ml) with 10% palladium on charcoal
product boiled at 83-85° (8.5 mm) (lit . 37 bp 205°). (0.1 g ). Work-up gave 4-chloro-4'-isopropylbiphenyl (88%  yield

2 -(p-Tolyl)pentane.— The method was identical with that for from the chloride), mp 135-137° from ethanol.
3-(p-tolyl)pentane, except that 2-pentanone was used. The Anal. Calcd for C 15W 5CI: C , 78.08; H , 6.55; Cl, 15.36.
intermediate alcohol was collected by glpc. Found: C, 77.85; H , 6.40; Cl, 15.36.

Anal. Calcd for C^HigO: C, 80.85; H , 10.18. Found: C, p-Isopropylanisole.— Alkylation of p-isopropylphenol, 43 with
80.92; H , 10.08. methyl sulfate was carried out according to a literature pro-

Examination of the nmr spectrum revealed the indicated sig- cedure.44 
nals: A rH , S 6.9-7.35 (two doublets); A rC H , 2.29 (singlet); N,N-Dichloro-8-amino-p-cymene.— To a stirred suspension of
OH , 2.03 (broad singlet); C -C H , 1.43 (singlet superimposed on “ H T H ”  (70% calcium hypochlorite, 6.21 g, 0.03 mol) in methyl-
a complex pattern at 0.78-1.67). The end product was obtained ene chloride (30 ml) and water (20 ml) cooled to —5° was added
in 60% over-all yield, bp 80-83° (7.5-7 .8 mm) (lit.38 bp 70.5-72° over a period of 15 min a solution of 8-amino-p-cymene (4 g,
(4 m m )]. 0.027 mol) in water (100 ml) and concentrated hydrochloric acid

1- (p-Tolyl)-2-methylbutane.— The synthesis was accomplished (33 ml, 0.04 mol). The mixture was stirred at — 10° for 15 min;
from a-chloro-p-xylene and 2 -butanone by means of a slightly the organic layer was separated, washed three times with water,
modified published procedure.39 Dehydration o: the intermediate and then dried. Iodometric titration indicated a 50% yield.
l-(p-tolyl)-2-methyl-2-butanol with boric acid was incomplete N o  N -H  band46 was present in the ir spectrum.
after 17 hr at reflux. The olefin was isolated by distillation, 2-Chloro-8-ammo-p-cymene. Preparation.— A  published pro
bp 94-96° (7.5 mm) [lit. 39 bp 102-104° (13 m m )], and then hy- cedure was followed.9
drogenated with palladium catalyst to give the desired material, Reductive Deamination.— The method46 of Nickon and Hill
bp 90-91° (7.8 mm) [lit. 39 bp 92.5° (12.5 m m )]. yielded a mixture. One component (20% ) was 2-chloro-p-

This material was used for characterization (glpc retention cymene which was identified by glpc comparison with authentic
time) of the corresponding substance present in the neutral material9 prepared by iodine-catalyzed chlorination of p-cymene.
layer from amination of 3-(p-tolyl)pentane. The major product (80% ), apparently 3-chloro-4-methyl-a-

2 - Chloro-l,4-diisopropylbenzene.— Chlorine was passed into methylstyrene, gave a positive test with bromine.
a solution of p-diisopropylbenzene in carbon tetrachloride at Anal. Calcd for CioHuCl: C, 72.11; H , 6.60; Cl, 21.29. 
10-15° in the presence of a small amount cf powdered iron Found: C , 72.01; H , 6.40; Cl, 21.42.
catalyst. The reaction was terminated when about 90% of the The nmr spectrum possessed the indicated characteristics:
hydrocarbon was consumed (glpc analysis). Work-up, according ArH , S 6.53-6.81 (multiplet); C = C H ,  4.48 and 4.76 (singlets);
to a published procedure40 for bromination of triethylbenzene, A rC H , 1.92 (singlet); C = C — C H , 1.66 (singlet),
afforded the desired compound in 51% yield, bp 100-104°
(6.9 mm) [lit.41 (impure material) bp 131-135° (35 m m )]. Registry No.— Trichloramine, 10025-85-1; aluminum 
Our product contained about 5%  impurity. chloride, 7446-70-0; i-butyl bromide, 507-19-7; 4-

prepared from magnesium (8 .75  g, 0.36 mol) and methyl iodide chlorO-4''-isopropenylbiphenyl, 17790-60-2; 4-chloro-
(22.42 ml, 0.36 mol) in 400 ml of anhydrous ether. Then a 4  -isopropylbiphenyl, 17790-61-3; 3-chloro-4-methyl-a-
solution of 4-chloro-4'-acetylbiphenyl42 (81 g, 0.351 mol) in 250 methylstyrene, 17790-62-4.
ml of warm benzene was added during 1 hr. After 0.5 hr at reflux,
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The 4-(Methylthio)phenyl and 4-(Methylsulfonyl)phenyl Esters in the Preparation 
of Peptides and Polypeptides.1 Synthesis of the Protected Heptapeptide (A82-A88)
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The syntheses of some N-i-butyloxyearbonyl-L-amino acid pentachlorophenyl esters, prepared for facile peptide 
synthesis, are described. Their use is illustrated by the synthesis of the protected tripeptide N,N '-dicarbobenz- 
oxy-L-lysyl-D-leucyl-e-N-carbobenzoxy-L-lysine 4-(methylthio)phenyl ester which corresponds to the sequence 
(A 82- A s4) of bovine chymotrypsinogen A. Oxidation of this tripeptide derivative yielded the protected tripeptide
4-(methylsulfonyl)phenyl activated ester without rupture of the protecting groups or peptide bonds. By a simi
lar method the protected tetrapeptide L-isoleucyl-L-alanyl-c-N-carbobenzoxy-n-lysyl-L-valine 4-(methylthiol- 
phenyl ester hydrochloride, sequence A 85- A 88 of the same material, was prepared. The protected heptapeptide 
sequence (A 82- A 88) of bovine chymotrypsinogen A, N,N'-dicarbobenzoxy-L-lysyl-L-leucyl-e-N-carbobenzoxy-L- 
lysyl-L-isoleucyl-L-alanyl-e-N-carbobenzoxy-n-lysyl-L-valine 4-(methylthio)phenyl ester, was obtained by cou
pling the protected tripeptide (A^-AsO  with the tetrapeptide derivative (A 85- A 88) through the 4-(methylsulfonyl)- 
phenyl activated ester.

The use of a protective ester which can be converted esters were used.6 They are easily prepared from the
into an ester activated toward aminolysis should be of N-f-butyloxycarbonyl-L-amino acid and pentachloro-
great utility in peptide and polypeptide synthesis. phenol by the use of N,N'-dicyclohexylcarbodiimide. 3

For this purpose we have suggested1 the use of the 4- The resulting esters are far more stable than the cor-
(methylthio)phenyl ester (M T P ) as a carboxyl pro- responding N-hydroxysuccinimide esters and are of
tecting group which can be easily converted into the higher melting point than the p-nitrophenyl esters, both
4 -(methylsulfonyl)phenyl activated ester (M S02P). of which have been used for rapid peptide synthesis.6-7

The M T P  esters have the following important proper- The physical constants of a number of N-i-butyloxy-
ties: they can be easily prepared by the N,N'-dicyclo- carbonyl-L-amino acid pentachlorophenyl esters are
hexylcarbodiimide (DCC) method;8 the N-carbo- given in the Experimental Section,
benzoxy and N-t-butyloxycarbonyl protecting groups N-f-Butyloxycarbonyl-e-N-carbobenzoxy-L-lysine 4- 
can be easily removed in their presence; and mild (methylthio)phenyl ester (4) was prepared in good 
oxidation, even in the presence of the N-carbobenzoxy yield from N-f-butyloxycarbonyl-c-N-carbobenzoxy-L- 
and f-butyl ester protecting groups, yields the activated lysine and 4-(methylthio)phenol by condensation with 
M S02P esters. N,N'-dicyclohexylcarbodiimide. Treatment of 4 with

To extend the utility of this method for peptide 1 N  hydrogen chloride in glacial acetic acid afforded
synthesis, it was necessary to see if the conversion of the e-N-carbobenzoxy-L-lysine 4-(methylthio) phenyl ester
protective M T P  ester into the M S02P activated ester hydrochloride (5). N-Z-Butyloxycarbonyl-L-leucine
could be achieved on a larger peptide, and also to pentachlorophenyl ester was coupled to 5 in methylene
utilize this activated ester to couple blocks of peptides chloride to yield the protected dipeptide N-f-butyloxy-
together. To this end the synthesis of the protected carbonyl-L-leucyl-e-N-carbobenzoxy-L-lysine4-(methyl-
heptapeptide N,N'-dicarbobenzoxy-L-lysyl-L-leucyl-e- thio)phenyl ester (6). The N-i-butyloxy carbonyl pro-
N-carbobenzoxy-L-lysyl-L-isoleucyl-L-alanyl-e-N-carbo- tecting group was removed from 6 by treatment with 
benz oxy-L-lysyl-L-valine 4-(methylthio) phenyl ester (1), I N  HC1 acetic acid to give L-leucyl-e-N-carbobenzoxy-

L-lysine 4-(methylthio)phenyl ester hydrochloride (7). 
N,N'-Dicarbobenzoxy-L-lysine pentachlorophenyl ester6 

Z-Lys-Leu-Lys-Ile-Ala-Lys-Val-0 T was coupied to 7  to y ;eid the blocked tripeptide N ,N '-
Z Z Z dicarbobenzoxy-L-lysyl-L-leucyl-e-N-carbobenzoxy-L-

1 lysine 4-(methylthio) phenyl ester (8). Oxidation of 8
using 30% hydrogen peroxide in glacial acetic acid for a 

, rv_ ,  period of 12 hr gave, without appreciable decomposition, 
corresponding to the sequence A «r A *  of bovine chymo- ^  protected tripeptide activated ester N,N'-dicarbo-
trypsmogen A, is described. , , benzoxy-L-leucyl-e-N-carbobenzoxy-L-lysine 4-(methyl-

The approach used was to prepare the Protected sulf()ny]')phenyl egter (2) in good yield. For the syn-
tnpeptide (A 82-A 84), N ,N  -dicarbobenzoxy-L-lysyl-L- thegig ^  protected tetrapeptide, 4-(methylthio)- 
leucyl-e-N-carbobenzoxy-L-lysme -(me y s ony )" phenyl ester hydrochloride 3, N-i-butyloxycarbonyl-L-
phenyl ester (2) and couple it to the tetrapeptide P ^  M T p  J ter (9) was prepared by the DCC con-
derivative (A85 Ass), 1f 1,so e,VCy,. -̂’ a. e7 .Cari °  densation of X-/-but.yloxycarbony 1-l-valine and 4-
benzoxy-L-lysyl-L-vahne4-(m ethylth io )phenyl ester hy- (m ethy lthio)phenol. Th e  blocking N-bbutyloxycar-
drochloride (3). For the¡facile syn esis o 0 > bonyl group was removed by treatment with 1 N
protected tripeptide and tetrapeptide blocks of XI-
i-butyloxycarbonyl-L-amino acid pentachlorophenyl (5) j .  Kovaos, m . q . Cepnni, c. a . Dupraz, and g . n . Sohmit, j . Org.

^  " Chem., 32, 3696 (1967), and other references cited therein. These authors
(1) This is the second article in this series. See B. J. Johnson and P. M . have suggested and used N-carbobenzoxy-i-amino acid pentachlorophenyl

J a c o b s C e ». C o « . ,  73 ^  V . ^ “C f l r  a n d t .T m o u t ,  J. A w .  Chem. Sac, 89, 1246 (1967).

3 J °C  Sh“ ehan and Cb P. Hess, J. Amer. Chem. Soc., 77, 1067 (1955). (7) M . Bodanszky, M . A. Ondetti, S. D. Levine, and N. J. William s, ibid.,
(4) B. S. Hartley, Nature, 201, 1285 (1964). 89. 6753 C1» 67)-
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hydrogen chloride in glacial acetic acid to give L-valine of preparation of these esters is illustrated by the preparation 
M T P  ester hydrochloride (10) in good yield. The N-i-butyloxycarbonyheN-carbobenzoxy-L-lysme pentachloro-

i i  - i  i i , tvj . i j. phenyl ester. To a solution of N-i-butyloxycarbonyl-e-N-
hydrochloride 10 was coupled to - - y  y  y carbobenzoxy-L-lysine10 (11.5  g, 30.3 mmol) and pentachlorc-
«-N-carbobenzoxy-L-lysine pentachlorophenyl ester to phenol (8.06 g, 30.3 mmol) in methylene chloride (100 m l) was
give the blocked dipeptide N-i-butyloxycarbonyl-e-N- added dicyclohexylcarbodiimide (6.86 g, 33.3 mmol). The
carbobenzoxy-L-lysyl-L-valine M T P  ester (1 1 ) .  Treat- mixture was stirred at room temperature overnight. The solid
ment of 11 with 1 N  HCl-acetic acid gave e-N-carbo- N,N'-dicyclohexylurea was filtered off and the filtrate was
, , _. n rm n  , , _? , , . ,  /10n concentrated under reduced pressure. The solid product was
benzoxy-L-lysyl-L-vahne M T P  ester hydrochloride (1 2 ) .  dissolved in ethyl acetate (300 ml), and the insoluble urea was
The protected dipeptide was lengthened by treating it filtered off. The filtrate was washed with 10 %  citric acid solution
first with N-f-butyloxycarbonyl-L-alanine pentachloro- (100 ml), water (100 ml), 1 N  sodium hydrogen carbonate solu-
phenyl ester to give N-f-butyloxycarbonyl-L-alanyl-e- tion (100 mp, and water (two 100-ml portions) The solution

, , , , ,• T\TmT> „4.______________ i was dried (JNIa^Oi), and the solvent was removed under reducedN-carbobenzoxy-L-lysyl-L-vahne M T P  ester (13) and pressure to give the golid pentachiorophenyl ester. u  was crystal-
then 1 N  HCl-glacial acetic acid to produce L-alanyl-e- lized from methanol (yield 14.0 g, 7 3 .5 % ), mp 140-141°.
N-carbobenzoxy-L-lysyl-L-valine M T P  ester hydro- Further recrystallization from ethyl acetate-hexane increased
chloride (14). Further reaction of 14 with N-i-butyl- the sharpness of the melting point to 141°, [« ]  29d -1 5 .0 °  (c

oxycarbon y l-L -iso leu c in e  pen tach lo rop h en y l ester p ro - c 25H 27C15N 20 6: C , 47.8; H , 4.3; N ,  4.5.
du ced  the b locked  tetrapep tide  JN -f-buty loxycarbonyJ- Found: C , 47.7; H , 4.5; N , 4.7.
L-isoleucyl-L-alanyl-e-N-carbobenzoxy-L-lysyl-L-valine The following compounds were also prepared by  the same 
M T P  ester (15). Finally, reaction of 15 with 1 N  method: f-butyloxycarbonyl-L-alanine pentachlorophenyl ester
HCl-glacial acetic acid gave the protected tetrapeptide [“ ] “ » _ ■ 5 . 1 2 ,  chloroform) (Anal Calcd for
u J ui -J • , , 1 1 AT u 1 C 14H 14CI5N O 4: C , 38.45; H , 3.2; Cl, 4.05. Found: C, 38.7;
hydrochloride, L-isoleucyl-L-alanyl-e-N-carbobenzoxy- H> 3.4 . cl> 40.3 ) ] . ¿.butyloxycarbonylglycine pentachloro-
L-lysyl-L-valme 4-(methylthio)phenyl ester hydrochlo- phenyl ester [mp 142° (Anal. Calcd for C,3H 12C15N 0 4: C, 36.8;
ride  (3 ), in  good  y ie ld . H , 3.0; Cl, 41.8. Found: C, 37.0; H , 2.9; Cl, 42.0)]; i-butyl-

To prepare the protected heptapeptide corresponding oxycarbonyl-L-isoleucine pentachlorophenyl ester [mp 119°,
t o  th e  seo u e n c e  A » - A « »  o f  b o v in e  c h v m o t rv D s in o s e n  W  D ~ 28' °  (c 5 ' 18, ethyl acetate) (A n a l- Calcd for C i7H 2C-
* AT M ^ , UenC,e  , 2 Ass 0t , 0V ! e c n y m o t ry p a in o g e n  C I5N O 4: C , 42.6; H , 4.2; C l, 36.95. Found: C , 42.6; H ,

A , N , N  -d lc a rb o b e n z o x y -L -ly sy l-L -le u c y l-  e- IN - ca roo - 4.25; Cl, 37.05)]; i-butyloxycarbonyl-L-leucine pentachloro-
b en z o xy -L -ly sy l-L -iso leu cy l-L -a lan y l-6-N -c a rb o b e n z o x y -  phenyl ester11 [mp l l l ° ,  [ « ] 29d -3 5 .3 °  (c 4.95, ethyl acetate)
L - ly s y l -L -v a l in e  M T P  es te r  (1 ) ,  i t  w a s  n e c e s s a ry  to  (Anal. Calcd for C i7H 20C15N O 4: C , 42.6; H , 4.2; C l, 36.95.

couple the blocked tetrapeptide hydrochloride 3 to the F°und.: . °* 42-6’ H- 4-25; a t 37;°S>h
f  , . , • ,. , at at/ v  n u i i phenylalanine pentachlorophenyl ester11 [mp 148 , [a] 29d —47.1

p ro te c t e d  t r ip e p t id e  N ,N '- d i c a r b o b e n z o x y -L - l y s y l -L -  (c 4.82, ethyl acetate) (Anal. Calcd for C 2„HI8C15N 0 4: C,
l e u c y l -e -N -c a r b o b e n z o x y -L - ly s in e  M S 0 2P  e s te r  (2 ) .  46.8; H , 3.5; Cl, 34.5. Found: C, 46.8; H , 3 .4 ; Cl, 34.5)];
W i t h  o th e r  m e th o d s  o f  p r e p a r in g  p e p t id e s , th e  p re s e n c e  i-butyloxycarbonyl-O-benzyl-L-tyrosine pentachlorophenyl ester
o f  s a lt s  o f  t e r t ia r y  a m in e s  h a s  b e e n  s h o w n  t o  in c re a s e  ^ P 142 2®-8° (c 4 -98> chloroform) (Anal. Calcd for

th e  d e g r e e  o f  r a c e m iz a t io n  o f  th e  a m in o  a c id  re s id u e

c a r ry in g  th e  a c t iv a t e d  m o ie ty .8 T h u s  to  m in im iz e  th is  phenyl ester [mp 126°, M 29d -3 8 .1 °  (c 5 .00, ethyl acetate)
p o s s ib i l i t y  o f  r a c e m iz a t io n  o c c u r r in g  th e  fr e e  a m in e  o f  (Anal. Calcd for C i6H i8C15N 0 4: C , 41.3; H , 3.9; Cl, 38.1.
3 w a s  a d d e d  to  th e  p ro te c te d  t r ip e p t id e  2 to  g iv e  th e  Found: C, 41.5; H , 4.0; Cl, 38.4)]; N,N '-di-f-butyloxycar- 
fu l l y  p ro te c t e d  h e p t a p e p t id e  1. T h e  o p t ic a l  p u r i t y  o f  bonyhLdysine pentachbropheny1 ester [mp 148°, [ « P n  - 20^ °
,, + 4- J L . . •J , , , J , , F , (C 4.6, dimethylformamide) (Anal. Calcd for C 22H 29C15N 20 6:
th e  p ro te c t e d  h e p t a p e p t id e  w a s  c a lc u la t e d  to  b e  97.1 ±  c ,  44.4; H , 4.9; Cl, 29.8. Found: C, 44.7; H , 4.9; Cl 29 8 )]
5% by determining the optical activity of the acid N-t-Butyloxycar’bonyl-e-N-carbobenzoxy-L-lysine’ 4 -(Methyl-
hydrolysate and comparing it with that of a control. thio)phenyl Ester (4).— To a solution of N-t-butyloxycarbonyl-e-

I t  would appear from this work that the N-i-butyl- N-carbobenzoxy-L-lysine (9.0 g, 0.0237 mol) in methylene chlo-

o xy c a rbo n y l de riva tives  o f am m o  ac id  pen tach lo ro - at room temperature 3.32 g o f
p h en y l esters are  use iu l in term ed iates fo r  the facile  The reaction mixture was stirred overnight. The precipitated
synthesis o f pep tid e  b locks. I t  has also  been  show n  urea was filtered off, and the solvent was evaporated to give an
th a t the p ro tective  4 - (m e th y lth io )p h e n y l ester can  b e  od- 441(1 od was dissolved in ethyl acetate and washed with
converted  into  the ac tiva ted  4 -(m e th y lsu lfo n y l)p h en y l sod!um bicarbonate sdution (100 ml) and water (two 150-mi
Dolan ^ -a- rxw  /  x j x * portions), dried (Na^SCh), and evaporated under reduced pressure
ester w ith o u t decom position  o f the  fu lly  p ro tected  t n -  to give a solid. This was recrystallized from ethyl acetate-
p ep tid e  to  w h ich  it  w as  attached . A lso , the 4 -(m e th y l- hexane to yield the 4-(methylthio)phenyl ester ( 1 0 .1  g, 85% ):
su lfo n y l)p h en y l ester is o f use fo r  the cou p lin g  o f b locks mP 96-97°; [a] %> —21.6° (c 2.4, dimethylformamide). 

o f peptides  together w ith o u t app rec iab le  racem ization  j ,  ^nd - 0 ^ 62*2 f°H (i 28(? 34̂ 206S: C> 62-1; H > 6-8; N > s -6 . 

occu rring u n d e r the  cou p ling  conditions used I t  is ^N-Carb’obenzioxy-’L-lyiine 4-(Methylthio)phenyl Ester Hydro- 
an tic ipated  th a t th is m eth od  o f ac tiva tion  W ill be  of chloride (5).—N-f-Butyloxycarbonyl-e-N-carbobenzoxy-L-lysine 
little  use fo r  peptides  w h ich  inc lude the am ino  ac id  4-(methylthio)phenyl ester (9.5 g, 0.0189 mol) was added to 57
residues, m eth ionine, cysteine, cystine, an d  poss ib ly  ml of l  N  hydrogen chloride in glacial acetic acid and left at
tryp to ph an . room temperature for 30 min. The hydrochloride was precipi

tated by the addition of anhydrous ether and filtered off. It was
E xp erim en ta l S ec tio n 3 1'e(f ’J stf lllf=ed from methanol-ether to yield 7.9 g (95% ): mp

147 ; [a] " d +18.0  (c 4.8, methanol).
General Procedure for the Preparation of N-t-Butyloxycarbonyl- AnaL Calcd for C2iH 27C1N20 4S: C, 57.4; H , 6 .2 ; N ,  6.4. 

L-amino Acid Pentachlorophenyl Esters.— The general procedure Found: C , 57.1; H , 6.3; N , 6 .1 .

m  AU W ' i T liams atnd T - Young’/- cl em[ Soc"  3701 (1064)- i -

e h w  m . i T  s rr Moridhe (3 i65 ^  ° - 008 m o l) rMass., or the Galbraith Laboratories, Inc., Knoxville, Term Optical rota- added to a solution of N-i-butyloxycarbonyl-L-leucine pentachlo-

W a n h T  taI7 n °s Q-,Carl ^  P"eoision Polarimeter. Thin layer chroma- (10) R. Schwyzer, P. Sieber, and H. Kappeler, Helv. Chim. Acta. 42, 2622
toaraphy employed Sihcar TLC-7G as support, methanol-chloroform (1:9) (1959).
as solvent, and iodine for detection purposes. (11) A. J. Corcoran, this laboratory.
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rophenyl ester (4.0 g, 0.008 mol) in methylene chloride (50 m l) con- thio)phenyl ester hydrochloride in 50 ml of methylene chloride
taining 0.85 g of triethylamine. The solution was stirred at was added 1 g of triethylamine. The solution was stirred over
room temperature overnight and then evaporated under reduced night at room temperature. The solvent was evaporated, and
pressure to give a solid. This solid was suspended in ethyl the residue was suspended in ethyl acetate and washed with
acetate and washed with 10% citric acid solution (50 m l) and 10% citric acid and then water. The organic extracts were
water (three 200-ml portions), dried (N a 2S04), and evaporated dried (N a 2S04) and then evaporated to give a solid. This ma-
to yield a solid. Recrystallization of this crude material from terial was crystallized from ethyl acetate-hexane to give 5.1 g
ethyl acetate-hexane yielded the dipeptide 4-(methylthio)- (85% ) of the protected dipeptide: mp 93°; [a] “d —5.3° (c
phenyl ester (3.9 g, 77% ): mp 87°; [a ]24D —21.3° (c 6.7, di- 1.1, methanol); fit 0.78.
methylformamide). Anal. Caled for C 31H 43N 3O7S: C, 61.85; H , 7.2; N ,  7.0.

Anal. Caled for C 32H 45N 30iS: C , 62.4; H , 7.4; N ,  6 .8 . Found: C, 62.1; H , 7.3; N , 6.9.
Found: C , 62.3; H , 7.55; N ,  6 .6 . c-N-Carbobenzoxy-L-lysyl-L-valine 4-(Methylthio)phenyl Ester

L-Leucyl-c-N-Carbobenzoxy-n-lysine 4-(Methylthio)phenyl Es- Hydrochloride (12).— To 3.0 g (0.005 mol) of N-f-butyloxy-
ter Hydrochloride (7).—-N-f-Butyloxycarbonyl-L-leucyl-e-N-car- carbonyl - e - N  - carbobenzoxy - l  - lysyl - l  - valine 4 - (methyl thio)-
bobenzoxy-L-lysine 4-(methylthio)phenyl ester (3.5 g, 0.00568 phenyl ester was added 14 ml of 1 N  hydrogen chloride in glacial
mol) was added to 17 ml of 1 N  hydrogen chloride in glacial acetic acid, and the solution was left at room temperature for 30
acetic acid and left at room temperature for 35 min. Addition min. Addition of dry ether precipitated the hydrochloride which
of anhydrous ether to the reaction mixture precipitated the was recrystallized from methanol-ether to yield 2.5 g (93% ) of
hydrochloride (2.9 g, 92% ): mp 185°; [a] 24d — 7.7° (c 5, meth- pure product: mp 145°; [a] 26d —8 .6 ° (c 4.1, methanol),
anol). Anal. Caled for C 26H 36C1N30 6S: C, 58.0; H , 6.7; N ,  7.8.

Anal. Caled for CnHaClNjOsS: C, 58.7; H , 6.9; N ,  7.6. Found: C, 57.8; H , 7.0; N , 7.75.
Found: C, 58.9; H , 7.1; N , 7.6. N-f-Butyloxycarbonyl-L-alanyl-e-N-carbobenzoxy-L-lysyl-L-

N,N'-Dicarbobenzoxy-L-lysyl-L-leucyl-e-N-carbobenzoxy-L- valine 4-(Methylthio)phenyl Ester (13).— To N-f-butyloxycar- 
lysine 4 -(Methylthio)phenyl Ester (8 ).— To a solution of N ,N '-  bonyl-r-alanine pentachlorophenyl ester (1.63 g, 0.00305 mol)
dicarbobenzoxy-L-lysine pentachlorophenyl ester6 (3.03 g 0.00457 dissolved in 50 ml of methylene chloride was added 2.0 g (0.00373
mol) in dimethylformamide (20 m l) containing 0.5 g of triethyl- mol) of e-N-carbobenzoxy-L-lysyl-L-valine 4-(methylthio)phenyl
amine was added 2.5 g (0.00453 mol) of L-leucyl-e-N-carbobenz- ester hydrochloride and 0.4 g of triethylamine. The solution
oxy-L-lysine 4-(methylthio)phenyl ester hydrochloride. The was stirred overnight at room temperature. The solvent was
mixture was stirred overnight at room temperature and then removed in  vacuo, and the residue was suspended in ethyl acetate,
poured into 300 ml of water. The precipitated material was This was washed with 10% citric acid solution and then water,
filtered off, dried, and crystallized from ethyl acetate-ether to dried (N a 2S04), and evaporated under reduced pressure to give a
yield the protected tripeptide (2.9 g, 70% ): mp 153°; [ « P d solid. This material was run through a short column of Silicar
— 34.5° (c 5.8, dimethylformamide). CC-7 using chloroform as eluent to yield 2.1 g (84% ) of the pro-

Anal. Caled for CwHeiNsOioS: C , 64.5; H , 6.7; N , 7.7. tected tripeptide: mp 151°; [<*]26d —35.0° (c 7, dimethyl-
Found: C, 64.5; H , 6 .8 ; N , 7.5. formamide); Rt 0.71.

N,N'-Dicarbobenzoxy-L-lysyl-L-leucyl-e-N-carbobenzoxy-L-ly- Anal. Caled for CmH ^ N A S :  C , 60.7; H , 7.2; N ,  8.3.
sine4 -(Methylsulfonyl)phenyl Ester (2).— To N ,N '-D icarbobenz- Found: C , 60.8; H , 7.5; N , 8.2.
oxy-L-lysyl-L-leueyl-e- N  - carbobenzoxy - l  - lysine 4-(methylthio- L-Alanyl-e-N-carbobenzoxy-L-lysyl-L-valine 4-(Methylthio)-
phenyl ester (2.5 g, 0.00274 mol) dissolved in 100 ml of glacial phenyl Ester Hydrochloride (14).— N-f-Butyloxycarbonyl-L-
acetic acid was added 10 ml of 30% hydrogen peroxide solution. alanyl-e-N-carbobenzoxy-L-lysyl-L-valine 4-(methylthio)phenyl
The mixture was left at room temperature for 12 hr and then ester (2.0 g, 0.00297 mol) was added to 9 ml of 1 N  hydrogen
evaporated under reduced pressure to a small volume. Addition chloride in glacial acetic acid. The solution was left at room
of water afforded a white precipitate, which was filtered off, temperature for 35 min. Addition of dry ether precipitated 1.5 g
dried, and chromatographed on a column of silicic acid (pH  7) (83% ) of the hydrochloride: mp 193°; [a ]2,D —33.1° (c 4.9,
using chloroform as eluent. The major fraction was crystallized methanol).
from ethyl acetate-ether to give the protected tripeptide active Anal. Caled for C 29H 4iC1N40 6S: C , 57.2; H , 6 .8 ; N ,  9.2.
ester (2.0 g, 77% ): mp 179°; M 24d -3 3 .0 °  (c 3.8, dimethyl- Found: C , 57.2; H , 6.9; N , 9.0.
formamide)" Rs 0.69. N-f-Butyloxycarbonyl-i.-isoleucyl-L-alanyl-t-N-carbobenzoxy-L-

Anal. Caled for C 49H 61N 60 i2S: C , 62.3; H , 6.5; N ,  7.4. lysyl-L-valine 4 -(Methylthio)phenyl Ester (15).— N-f-Butyloxy-
Found: C, 62.2; H , 6 .8 ; N ,  7.4. carbonyl-L-isoleucine pentachlorophenyl ester (0.8 g, 0.00166

N-i-Butyloxycarbonyl-L-valine 4-(Methylthio)phenyl Ester (9). mol) was dissolved in 50 ml of methylene chloride and 1.0 g
— To a solution of N-f-butyloxycarbonyl-L-valine (8.7 g, 0.04 (0.00165 mol) of L-alanyl-e-N-carbobenzoxy-n-lysyl-L-valine 4-
mol) in 100 ml of methylene chloride was added 8.3 g of D C C ; (methylthio)phenyl ester hydrochloride was added. To this
solution was stirred at room temperature for 10 min. 4-(Methyl- mixture 0.17 g of triethylamine was introduced, and the solution
thio)phenol (5.6 g ) was added to the solution, and stirring was was stirred overnight. The solvent was removed, and the residue
continued overnight. The precipitated urea was filtered off, and was dissolved in ethyl acetate and washed with 10%^ citric acid
the filtrate evaporated to give an oil. The oil was dissolved in and then water, dried (N a 2S04), and evaporated to give a solid,
ethyl acetate, washed with sodium bicarbonate solution and This material was crystallized from ethyl acetate-hexane to give
water, and then dried (Na-BCh). Removal of the solvent under 0.9 g (76% ) of the protected tetrapeptide: mp 188-189°;
reduced pressure gave an oil. This oil was chromatographed on [a] 24d 28.9 (c 2.6, dimethylformamide), Ri 0.65.
a column of Silicar C C -7 (pH  7) using chloroform as the eluent. Anal. Caled for C 4oH59N 60 9S: C , 61.1; H , 7.6; N , 8.9.
The major fraction was collected and evaporated to give the 4- Found: C, 61.2; H , 7.7; N , 9.1.
(methylthio)phenyl ester as an oil (8.5 g, 62.5%): M 25d - 6 .1 °  L-Isoleucyl-L-alanyl-e-N-carbobenzoxy-L-lysyl-L-valme 4-Meth-
(c 8.2, in dimethylformamide); 1755 cm ' 1 ( C = 0  ester). ylthio)phenyl Ester Hydrochloride (3 ).— To 2 ml of 1 A  hydrogen

Anal. Caled for Ci7H 26N 0 4S: C , 60.2; H , 7.4. Found: C , chloride in glacial acetic acid was added 0.5 g (0.00064 mol)
60 35" H  7.7. of N-f-butyloxyearbonyl-n-isoleucyl-L-alanyl-c-N-carbobenzoxy-

L-Valine 4 -(Methylthio)phenyl Ester Hydrochloride (10).— To L-lysyl-L-valine 4-(methylthio)phenyl ester, and the resulting
N-f-butyloxycarbonyl-L-valine 4-(methylthio)phenyl ester (8.6  g, mixture was left at room temperature for 50 mm. Addition of
0.0254 mol) was added 76 ml of 1 IV hydrogen chloride in glacial dry ether precipitated 0.41 g (89% ) of the hydrochloride: mp
acetic acid. The solution was left at room temperature for 230° dec; [ « ] 26d -3 8 .6 °  (c 5.8, methanol).
30 min and then poured into anhydrous ether. The precipitated Anal. Caled for C 35H mC1Ns0 7S: C , 58.2; H , 7.3; N , 9.7.
hvdrochloride was collected and crystallized from methanol- Found: C .58.1 ; H , 7.4; N , 9.4.
ether to give 5.5 g (79% ): mp 220° dec; [« ]% ) +1 8 .9 ° (c 1.3, N,N'-Dicarbobenzoxy-L-lysyl-L-leucyl-6-N-carbobenzoxy-L-
methanol) lysyl-L-isoleucyl-L-alanyl-e-N-carbobenzoxy-L-lysyl-L-vahne 4-

Anal. Caled for C 12H 18C1N02S: C , 52.3; H , 6 .6 ; S, 11.6. (Methylthio)phenyl Ester ( 1 ).— L-Isoleucyl-L-alanyl-e-N-carbo-
Found’ C  52 3 ’ H  6 75* S 11.8. benzoxy-L-lysyl-L-valine 4-(methylthio)phenyl ester hydroemo-

N-f-Butyloxycarbonyl'-e-N-carbobenzoxy-L-lysyl-L-valine 4- ride (0.4 g, 0.000554 mol) was suspended in 10 ml of ethyl acetate
(Methylthio)phenyl Ester ( l l ) . - T o  a solution of 6.29 g (0.01 and 0.05 g of triethylamine was added. The precipitated tri-

N A  -1st i butvloxvcarbonyl-e-N-carbobenzoxy-L-lysine penta- ethylamme hydrochloride was removed by filtration. The filtrate
+ i ! i i h S ^ a n + ? ? 6  g ® .01 mol) of L-valine 4-(methyl- was added to a solution of 0.55 g of N,N '-dicarbobenzoxy-L-
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lysyl-L-leucyl-e-N-carbobenzoxy-L-lysine 4-(methylsulfonyl)- Registry No.— 1, 17693-03-7; 2, 17693-04-8• 3,
phenyl ester in 10 ml of dimethylformamide, and the resulting ly en o  nc q . a i 7 aqq  hr n - c 1 7 ROQ 0 7  1 . *  i4 a n o  
solution was stirred overnight. This was poured into 300 ml of . f f ’7741 Qfi 8 8  17 « V  f o  ’l i n ft'
water containing 50 ml of 10% citric acid solution and stirred yo o , o, 1 < b93 U9-3, 9, 17693-10-6,
for 2  hr. The precipitate was filtered off, dried, and crystallized 10» 17693-11-7; 11, .17693-12-8; 12, 17693-13-9;
from chloroform-ether to yield 0.6  g (73% ) of the fully protected 13,17743-97-4; 14,17693-14-0; 15,17693-15-1; N -

t e m a m id e ^ l i f ^ g 118-1200’ _ 2 5 ° ^  1’° ’ dimethyl" ¿ -bu ty lo xyca rbo n y l-e -N -ca rbo ben zoxy -L -ly s in e  p e n ta -
T T  Calcd for C77H 104N 1„O16S: C, 62.1; H , 7.0; N , 9.4. ch lo roph en y l ester, 17693-16-2; ¿ -bu ty loxycarbon y l-L -

Found: C, 62.4; H , 7.1; N , 9.3. a lan ine pen tach lo rop h en y l ester, 17693-17-3; ¿ -buty l-
Optical Purity of N,N'-Dicarbobenzoxy-L-lysyl-L-leucyl-e-N- oxycarbon y lg ly c in e  pen tach lo rop h en y l ester, 17693-18-

carbobenzoxy-L-lysyl-L-isoleucyl-L-alanyl- e- N - carbobenzoxy-l - 4; ¿ -buty loxycarbony l-L -iso leuc in e  pen tach lo rop h en y l
lysyl-L-valme 4~( Methylthio )phenyl Ester (1).— The protected 1 7 AQ3 in  k . * t i ,
heptapeptide 1 (0.078 g, 5.237 X 1 0 “ 5 mol) was dissolved in 10 +  ’ 3~n19+  b ° ,  y l ' L, 'leUCme P en ta"
ml of 6 N  hydrochloric acid-glacial acetic acid (1 :1 ) and heated cn lo ropn en y l ester, 17693-20-8 * ¿ -bu ty loxycarbon y  1- l -
under reflux at 100-105° for 24 hr. The solution was evaporated ph en y la lan in e  pen tach lo rop h en y l ester, 17693-21-9;
to dryness, and the residue was dissolved in 6 N  hydrochloric ¿ -bu ty loxycarbony  1 -O -benzy  1-L-tyrosiiie pen tach lo ro -
acid-glacia! acetic acid (4 :1 ) so that the final volume was 2 p h en y l eSter, 17693-22-0; ¿ -bu ty lo xycarbo n y l-L -va lin e
ml. [aj^D +28.69 (calculated on the basis of the expected _  , 1 1  T  , -inn™ ,
amounts of lysine, leucine, isoleucine, alanine, and valine). p en tach lo rop h en y l ester, 17693-23-1; N , N  -d i-^ -bu ty l

A  control of 0.0073 g of 4-(methylthio)phenol, 0.0287 g of o xycarbon y l-L -ly s in e  pen tach lo rop h en y l ester 17693- 
lysine hydrochloride, 0.0069 g of L-leucine, 0.0069 g of L-iso- 24-2. 
leucine, 0.0046 g of L-alanine, 0.0061 g of L-valine, 0.0056 g of 
benzyl alcohol, and 10  ml of 6 A  hydrochloric acid-glacial acetic

“ n d S  i '  1 Z  Acknowledgment.— T h e  a u t h o r  a re  in d e b ted  to  the
24 hr the solution was evaporated to dryness and made up to 2 . a t io n a l ocience F o u n d a tio n  w h ich  su p p o rted  this
ml with 6 N  hydrochloric acid-glacial acetic acid (4 : 1 ), [a]®D investigation , an d  also  the C ro w n  Z e lle rb a eh  C o rp . fo r
+29.54°, to give an optical purity of 97.1 ±  5% . sam ples o f 4 -(m e th y lth io )p h en o l.

___________ Notes______________________________________ ______________

T h e  4 - (M e t h y l s u l f o n y l )p h e n y l  A c t i v a t e d  E s t e r .  d a tio n  o f 3 w ith  excess h y d ro gen  perox ide  in  g lac ia l

S u s c e p t ib i l i t y  t o  R a c e m iz a t i o n 1 acetic acid  fo r  12 h r g a v e  N -b en zo y l-L -leu c in e  4 -
(m eth y lsu lfo n y l) p h en y l ester (4). U n d e r  these ox i- 

B r ia n  J. Johnso n 2 a n d  P a u l a  M . Jacobs d a tiv e  conditions the 4 - (m e th y lth io )p h e n y l ester is
converted  co m p lete ly 3 into  the 4 -(m e th y lsu lfo n y l)-  

Department of Chemistry, Tufts University, p h en y l ester as show n  b y  in fra red  data . T h e  presence
Medford, Massachusetts 02165 o f the  o p tic a lly  ac tive  4 - (m eth y lsu lfin y l) p h en y l ester

r, . . .  w a s  in ferred  to  b e  absent. T h u s  it  w as  considered  th a t
eceive p n l 17,1968 a  com parison  o f the optica l a c t iv ity  o f the to ta l ac id

t • , , hydrolysate of compounds 3 and 4 would indicate the
i j ™ “  communication3 it was shown hat N- amount of optical retention during this conversion
protected ammo acid or peptide 4-(methylthio) phenyl To this end N-benzoyl-L-leucine 4-(methylthio) phenyl
es ers could be converted by oxidation mto 4-(methyl- ester (3) and N-benzoyl-L-leucine l(m e th y lsu lL y l)-  

i+ers,whic:h were sufficiently activated phenyl ester (4) were hydrolyzed using 6 N  hydro- 
to be used m peptide synthesis. However, to evaluate chloric acid-glacial acetic acid (1:1) mixture under 
the utility of this method, it was necessary to investigate identical conditions. Comparison of the the specific
the susceptibility of the activated ester to racemization. rotations of the hydrolysates of 3 and 4 showed thaJ
Since the most common mechanism is thought to be npnriv  inn or u • , 7
racemization through the oxazolone, Young’s model* t 7 T  i  7 ha+ been ? ! nb llf d'
was chosen for study, because it i, especially L c e p t fb t  ° f
to racemization in this manner. sulfonyl)phenyl-actiyated ester to racemization m the

S T r o t a w e r e

benzoyl-L-leucine 4-(methylthio) phenyl ester (3). Oxi- P

(1) This is the third article in this series. For the previous paper see B. J. m == ^ i [b ] ( [L ]  — [D ] )
Johnson and E. G. Trask, J. Org. Ckem., 33, 4521 (1968). ______________

(2) To whom any correspondence should be sent. (5) M. Goodman and L. Leyine, J. Amer. Chem. Sac., 86, 2918 (1964)
7;  Jf,rJ<i nS,0n and P ' M ' Ja°0bs’ Chem■ Commun-  73 (1968>■ M. Goodman and W. J. McGahren, ibid., 87, 3028 (1965)

(4) M. W. Williams and G. T. Young, J. Chem. Sac., 881 (1963). (6) M. W. Williams and G. T. Young, J. Chem. Soc. 3701 (1964)
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Since the base concentration was in a large excess it can Experimental Section9

be considered as a constant, thus integration yields N-i-Butyloxycarbonyl-L-leucine4-(methylthio)phenylEster ( l ) .
— N ,N  '-Dicyclohexylcarbodiimide (8.7 g, 0.0042 mol) was added

jn ___m  _  ^ jg . j  to a solution of N-i-butyloxycarbonyl-L-leucine (9.3 g, 0.004
[L ] — [D ] 1 mol) and 5.6 g of 4-(methylthio)phenol in methylene chloride

(150 ml). After stirring or 12 hr at room temperature, the 
where hi[B ] is the pseudo-first-order rate constant fci solvent was removed under reduced pressure to give a solid. 
„ 1 ? • ,i „ „ j j  , . i t  mi 1 his was dissolved m ethyl acetate, filtered, washed successivelyand h  is the second-order rate constant k a . Thus a with 10% citric acid and water> and dried (Na2so 4). Evapora-
p lot oi In. ([L J  |DJ) or In <20bsd w ill g iv e  a straight tion of this solution afforded a solid which was crystallized from 
line o f slope — &i i [B ]. hexane to yield 7.7 g (54.5%) of the 4-(methylthio)phenyl ester:

Th e  half-tim e of the pseudo-first-order reaction is mp,68769 A {“ l 31“  ~ 49'6° (e 1.19 in methanol),
tbon mvpn b o  A n a L  Calcd for C18H27N 04S: C, 61.2; H, 7.65; S, 9.1.
then g iven  by Found: c , 61.4; H, 7.6; S, 8.8.

n-Leucine 4-(Methylthio)phenyl Ester Hydrochloride (2 ) . -  
b/! — In 2/fci — In 2/fcn[B] To 40 ml of 1 A  hydrogen chloride in glacial acetic acid was

added 4.5 g of N-<-butyloxycarbonyl-L-Ieucine-4-(methylthio)- 
Experim entally, p lots of In aobsd v s - tim e gave straight- phenyl ester. The solution was left at room temperature for 20

line curves; thus pseudo-first-order kinetics are followed ^he oil wt/t l iStwi<v!*?nh v^educe  ̂pre ŝure to ĝ ve ^. o ,1 , ! , , ., , „ _ Ihe oil was triturated with anhydrous ether to give 3.4 g (93%)
at a ratio OI the activated  ester to the base of 1.2. of the hydrochloride, mp 197° dec. Recrystallization from
The results are shown in Table I. As expected,7 the methanol-ether raised the melting point to 201° dec; [a ]31D
reaction was found to be faster in dioxane-water than +20.4° (c 0.24 in methanol).
in chloroform A n a L  Calcd for C,3fl20ClNO2S: C, 53.9; H, 6.9; Cl, 12.2.
m  cnioroiorm. Found: C, 54.0; H, 7.05; Cl, 12.0.

N-Benzoyl-L-leucine 4-(Methylthio)phenyl Ester (3).— l - 
Table I  Leucine 4-(methylthio)phenyl ester hydrochloride (2 ) (2.1 g,

R acemization of N-Benzoyl-l -leucine ? n112,n m io 88 silf pefnded in f °  ^  ethy] ac®tate containing
4 iMFTnvrsTUFONYr.lpHENYi. Estfr in  thf P resence 1,6 g (0-0112 mo1) of benz°yl chloride. A  solution of 3.6 g
4 -(M etiiylsulfonyl)phenyl Ester in  the Rresence (0.0336 mol) of sodium carbonate in 25 ml of water was added,

of I ertiary Amine and ^he two-phase mixture was stirred vigorously for 30 min.
*i X 'C1. *n X 10J, 0 /2, The aqueous layer was extracted with 100 ml of ethyl acetate;

Amine0 Solvent T ,  °C sec-1 sec-1' min'* the combined organic phases were washed with 0.5 N  hydro-
TEA Chloroform* 24.0 0.63 ± 0 .0 9  1.26 ±0.17 18.3 chloric acid, dried (Na^SO,), and concentrated under reduced

Chloroform 33.7 l . l  ±0.15 2.2 ±0.29 10.4 pressure to give an oil; upon addition of hexane, 3.9 g (95%) of
80% dioxane-water 32.l 6 .8 2  ±  0.10 13.64 ±  1.99 1.7 the ester was obtained, mp 135-136°. Recrystallization from

i oro orm . o reac ion a er r ethyl acetate-hexane gave 3.2 g (78%) of pure product: mp 134-
° TEA =  triethylamine; TB A  =  tnbenzylamine. Amine con- 136o. [a]3oD _ 34 6° (c 0.68 in acetic acid), 

centration 0.5 M ,  ester concentration 0.25 M .  »Pseudo-first- A n a L  CaIcd for c 20H23NO3S: C, 67.2; H, 6.4; S, 9.0.
order rate constant. * Second-order rate constant =  fci/[B], Found: C, 67.4; H, 6.4; S, 9.0.
d Time for optical rotation to drop by one-half. * Contains 0.75% N-Benzoyl-L-leucine 4-(Methylsulfonyl)phenyl Ester (4).—N-
ethanol. Benzoyl-L-leucine 4-(methylthio)phenyl ester (4.9 g, 0.0137 mol)

was dissolved in 50 ml of glacial acetic acid, and 15 ml of 30%
Bodanszky,8 studying the p-nitrophenyl ester, used hydrogen peroxide was added. The solution was left at room 

_ c  x u temperature for 12 hr and then poured into 600 ml of water,
the same ratio of ester to base, but at lower concen- The precipitated 4-(methylsulfonyl)phenyl ester was collected 
tration. Since the pseudo-first-order half-life is in- and dried (5.1 g, 98%): mp 134-138°; v l l ?  1310, 1150 cm-‘
versely proportional to the base concentration, it was (sulfone10); there was no absorption at 1050 cm-1 attributable to
necessary to convert the half-times of racemization +  sulfoxide.“  It  was recrystallized from methylene chloride-

i i i -  • hexane which raised the melting point to 146°, [a]31D — 30.0° ( cinto the same base concentration in order to compare 0 65 in acetic acid)
the 4-(methylsulfonyl)phenyl ester to the p-nitrophenyl 'Anal. Calcd for C2oH23N06S: C, 61.7; 11,5.9; N, 3.6.
ester. Bodanszky8 reported a half-time of 30 min at Found: C, 61.6; H, 5.9; N, 3.7.
24° for the racemization of the p-nitrophenyl ester in Optical Purity of N-Benzoyl-L-leucine 4-(Methylthio)phenyl 

chloroform in the presence of 0 1 M  tnethylamine; at £ £
this base concentration, the 4 -(m ethylsu lionyl)phenyl (0.5 g, 0.00136 mol) was dissolved in 4 ml of glacial acetic acid-6
ester would have a half-life o f approxim ately 90 min. N  hydrochloric acid (1:1) and heated to 100-105° for 24 hr.

The high stability of the N-benzoyl-L-leucine p -  The solution was evaporated to dryness, and the residue was
nitrophenyl ester in the presence of tribenzylamine has df  oivedin 8laci;d 0acetNi" acld s°  that the fi" al vdume t o . 5

also been  reported . W e  there fore  in vestiga ted  the  phenyl ester (4 ) (0.5  g, 0.00129 mol, mp 146°) was hydrolyzed
effect o f tr iben zy lam in e  on  the racem ization  o f N -  concurrently with and under exactly the same conditions as
ben zoy l-L -leuc in e  4 -(m e th y lsu lfo n y l)p h e n y l ester. A t  those used for the ester 3. After 24 hr, the solution was evapo-
3 3 ° a  so lu tion  o f the tw o  sh ow ed  no ch an ge in  o p tic a l roted to dryness and made up to 5 ml with glacial acetic acid,

, Y rrvi • i -y a , i L nTTYAftirnw [ a ] 25d  +12.18°, to give an amount of optical purity retained ofrotation after 24 hr. This can be ascribed to the weaker g8 ±  3%. F
basicity and steric hindrance of the amine. From Kinetic Studies on Racemization.—To 3 ml of a 0.5 M  solution
these results it has been concluded that the conversion of N-benzoyl-L-leucine 4-(methylsulfonyl)phenyl ester in a 1-dm
of the 4-(methylthio)phenyl ester into the activated 4- polarimeter tube was added 3 ml of a 1.0 M  solution of a purified

(methylsulfonyl)phenyl ester is not aoeompamed by
racemization. H ow ever, the resulting activated, ester, £or Readings on the polarimeter were begun after suffi-
like other commonly used activated esters, are subject -------------
to racemization in the presence of excess strong base. (9) Microanalyses were carried out by Dr. S. M. Nagy, Massachusetts

Institute of Technology, Cambridge, Mass. Melting points were taken with 
a Mel-Temp apparatus. Optical rotations were taken with a Carl Zeiss pre-

(7) M. Goodman and W. J. McGahren, J . A m e r .  C h e m .  S o c . , 88, 3887 cision polarimeter.
(1966). (10) L. J. Bellamy, “Organic Sulfur Compounds,” Vol. 1, N. Kharasch,

(8) M. Bodanszky and A. Bodanszky, C h e m . C o m m u n . , 591 (1967). Ed., Pergamon Press, New York, N. Y., 1961, p 48.

Vol. 33, No. 12, December 1968 N otes 4525



cient mixing to ensure homogeneity. The half-shade angle on ioor—e _________—9-
tbe instrument was set at 5°, which normally gives an error of ^ — * "  tp——
± 0 .0 2 ° in «obsd; since the readings had to be made rapidly, 0O . (AI
an error of ±0 .0 4 ° was assigned. Error in the pseudo-first-order y 'w
rate constant was evaluated by the method of limiting slopes. y  )
Results are summarized in Table I. .  60 / a®

A. Triethylamine in Chloroform.— Runs were made at two | /
temperatures: 33.7° ±  0.3 and 24.0° ±  0.1. | 40 I iF®

B. Triethylamine in 80% Dioxane-Water.—In  this case the </
ester was dissolved in pure dioxane and the amine in 60% 5 j '
dioxane-water; the temperature was 3 2 .1 °± 0 .2 .  I  20 I f

C. Tribenzylamine in Chloroform.— There was no change in
optical rotation after 24 hr at 33°. _

D. Tribenzylamine Hydrochloride in 20% Methanol-Chloro- o 5 io is so as
form.— There was no change in optical rotation after 24 hr at hr
33° Figure 1.— -Decarboxylation during the reductive amination of 

Registry No.— 1, 17659-10-8; 2, 17659-11-9; 3, oxaloacetic acid (A) oxaloacetic *c id (1 .3 2  g, 0 01 mol) +
1-70 CO IO C  1 1 -7-TOA no o (S ) (  -  )-a-methylbenzylamme (3.63 g, 0.03 mol). (B )  Oxaloacetic
i/ b o y - ls -o ;  4 , 1< r o l l  yZ-O. acid (0.66 g, 0.05 mol) +  pyridoxamine dihydrochloride (1.2 g,

0.005 mol). (C) Oxaloacetic acid (1.32 g, 0.01 mol) +  (R)(~)- 
Acknowledgment.— This work was supported by a phenylglyeine (1.51 g, 0.01 mol). O, determined by amino acid

grant from the National Science Foundation. We analyzer; 0 , determined by D N P  method,
thank the Crown Zellerbach Corp. for samples of
4-(methylthio) phenol. in an alcoholic solution, the same as the optically active

________________  a-methyl- and a-ethylbenzylamine did. When opti
cally active (S ) (+ )-o r  (R ) ( —)-a-phenylglycine was used 

Synthesis o f  Optically Active Alanine in the reaction with oxaloacetic acid in aqueous solution,
. . . . . . .  the products were found to be a mixture of 0S)(+)-ala-
from  Oxaloacetic Acid by nine-(1S)(+)-aspartic acid or (/7 )(- )-a lan in e-(R )(- )-

Hydrogenolytic Asym m etric Transam ination1 aspartic acid. The decarboxylation rate in this reac
tion is relatively slow compared with that in the reac- 

K a z u o  M a t s u m o t o  a n d  K a o r u  H a r a d a  tion with a-alkylbenzylamine in alcohohc solution.
The observed results are shown in Figure 1 , in which the

Institute of Molecular Evolution, and. Department of Chemistry, ratios of the resulting alanine and aspartic acid, de- 
Umversity of Miami, Coral Gables, Flonda 33181 . ,,

pending on time in the reaction, are presented. The
Received December 2,1967 summarized results of yield and optical purity are

presented in Fable 1 .

Hiskey and Northrop published a method for syn- T T ^e i" ferreid rout® of thf  reaf i« n is s,hown in Scl]eme
thesizing optically active «-amino acids from the corre- L  0xaloacetic acid reacts with benzylammes to form
sponding a-keto acids. They employed optically ac
tive a-methylbenzylamine and subsequent catalytic Sc h e m e  I
hydrogenation and hydrogenolysis.2 In the previous COOH COO- COOH
study from this laboratory, the possible steric courses
of the asymmetric synthesis have been studied.8-4 I +  NH2CHPh — > I R — >■ j 2
Also, the formation of optically active amino acids L_ i  L I I
from a-keto acids and optically active a-phenylglycine i i H HNH2
in alkaline aqueous solution by catalytic hydrogenation COOH COO- COOH
and subsequent hydrogenolysis has been studied.6 I II aspartic acid

In this investigation, reactions of oxaloacetic acid i
with (jS)( —)-a-methylbenzylamine and with (S)(—)-a- | ~ c° !
ethylbenzylamine in alcohohc solution were used to CH
obtain optically active aspartic acid. However, the | r  i 8
resulting amino acid was found to be only optically ac- i, M1 p, I
tive a-alanine (optical purity 69 and 52%, respectively). i ~  C H N H 2

No aspartic acid was identified in the reaction product. C O O -  COOH
Therefore, very fast decarboxylation of oxaloacetic alanine
acid during the reaction is inferred.

To clarify the decarboxylation during the asym- the Schiff base (II ). The structure I I  might lose its 
metric synthesis, several amines and solvent systems j3-carboxyl group easily to convert it into the Schiff base
were used. Benzylamine resulted in racemic alanine of pyruvic acid (structure I I I ) .6 In the reaction with

benzylamine, a-alkylbenzylamine, or a-(1-naphthyl)- 
(p stericaiiy controlled synthesis of optically active organic compounds ethylamine, the decarboxylation rate seems to be very

V II. Part V I: K. Harada and K . Matsumoto, J. Org. Chem., 33, 4467 <♦ • • i i -i • i ± *  * ,
(1968). Contribution No. 079 from the Institute of Molecular Evolution, fa S t  111 a lc o h o l ic  S o lu t io n . W h e n  a n  aqu eO U S  S o lv e n t
University of Miami. was used, decarboxylation was not so fast that the re-

(2) R. G. Hiskey and R. C. Northrop, J. Amer. Chem, Soc., 83, 4798
(1961). (§) The decarboxylation reaction mechanism could be similar to those of

(3) K . Harada and K . Matsumoto, J. Org. Chem., 32, 1794 (1967). enzymatic /3-decarboxylation proposed by A. Meister, J. S. Nishimura, and
(4) Part V I.1 A. Novogradsky, “ Chemical and Biological Aspects of Pyridoxal Catalysis,”
(5) K. Harada, Nature, 212, 1571 (1966); K . Harada, J. Org. Chem., 32, E. E. Snell, P. M . Fasella, A. Braunstein, and A. Rossi Fanelli, Ed., The

1790 (1967). Macmillan Co., New York, N . Y ., 1963, p 229.
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Table I
Formation of Optically Active Alanine from Oxaloacetic Acid

Isolated amino Optical DNP-amino acid, Optical 
Reac- Confign Confign of acid, [a ]MD, deg purity,d [ a ] ^ ,  deg purity/
tion of amine® Solvent Y ield/ % amino acid (c, 5 N  HC1)C % (c, 1 iV NaO H )* %

1 0S)(— )-M e E tO H  78 (30min) (8 )-A la + 1 0 .8 (3 .3 0 ) 74 + 9 8 .6 (0 .4 4 ) 69
2  ( S ) ( - ) - M e  H 20, E tO H  (1:1), N aO H  60(30m in) (<S)-Ala + 7 .4 (2 .9 9 ) 50 + 7 3 .8 (0 .4 0 ) 51

(E )-A sp  -1 1 .1 (2 .8 4 ) 44 -4 1 .0 (0 .3 9 ) 45
3 ( S ) ( - ) - E t  E tO H  75 (30min) (fi+A la  + 6 .2 (3 .4 7 ) 42 + 7 4 .6 (0 .4 5 ) 52

4 (S )( — )-E t H 20, E tO H  (1:1), N aO H  56(30m in) + 5 .5  (2.80) 38 + 5 2 .9 (0 .3 1 ) 37
' l(K )-A sp  - 6 .8  (2.50) 27 -2 3 .0 (0 .3 7 ) 25

6  (R ) (+ ) -N a p h  E tO H  75 (R )-A la  -1 1 .1  (4.10) 76 -1 2 0 (0 .3 5 ) 83
6 (E ) (+ ) -N a p h  H 30, E tO H  (1:1), N aO H  65(30m in) (fl)-A la  -1 0 .9 (3 .1 3 ) 74 -1 0 5 (0 .4 5 ) 73

7 0S)( +  )-Ph-gly H 20, N aO H  40 / + 8 . 2 ( 3 . 0 0 )  56 +8 5 .3 (0 .3 9 ) 60
1 (S )-Asp +1 2 .3 (2 .5 1 ) 48 + 4 8 .9 (0 .6 0 ) 53

8 (R ) ( - ) -P h -g ly  H 20, N aO H  38 ( - 7 . 9 ( 3 . 9 1 )  54 -8 9 .5  (0.57) 62
\ (E )-Asp -1 2 .8 (3 .1 4 ) 53 -4 9 .1  (0.56) 53

9 Benzylamine E tO H  78 ( ± ) -A la
10 Pyridoxamine H20, NaOH 20 (±)-Ala,-asp

* ( S) (— )-Me, (S)(—)-a-methylbenzylamine ([a],sD —42.3° benzene); (S)(—)-Et, ( S ) ( — )-a-ethylbenzylamine ( [« ]“d —21.0° ben
zene); (S)(+)-Ph-gly, [« ]“ d+ 164.2° (5JVHC1); («)(->Ph-gly, [« ]“ d -168° (5 N  HC1); (R)(+)-naph, (E)(+)-«-(l-naphthyi)ethyla- 
mine, ([<*]“ d +88.0° benzene). h Reaction time, 2 hr except reactions mentioned. ' Optical rotations of first isolated amino acids were 
listed. <« Defined as ([a]pobsd/[«]D lit.) X 100. (<S)-Ala, [« ]“d +14.6° (5 VHC1); (<S)-asp, [« ]24d +25.39° (5VHC1). J.P.Green- 
stein and M . Winitz, “Chemistry of the Amino Acids,” Vol. 3, John Wiley & Sons, Inc., New York, N. Y., 1961: alanine, p 1819; as
partic acid, p 1856. ‘ DNP-amino acids were isolated by column chromatography. Specific rotations were measured without fur
ther purification. 1 Defined as ([<*]d obsd/[a]D lit.) X 100. DNP-(iS)-ala, [<*]d +143.9° (1 N  NaOH); DNP-(S)-asp, [« ]“ d +91.9° 
(1 N  NaOH). K . R. Rao and H. A. Sober, J.  Amer. Chem. Soc., 76, 1328 (1954).

suiting ketimine could be a mixture of I I  and I I I  which The optical purity is almost the same as that of the
would give a mixture of aspartic acid and alanine. original ( R ) ( —)-phenylglycine, [a ]25D —168.0° (c 1.11,
The decarboxylation reaction also took place in the re- 5 N  HC1). 
action of oxaloacetic acid with pyridoxamine in aqueous
solution. The rate of decarboxylation was found to be Experimental Section7

lower than that from the use of a-alkylbenzylamine in (8 )(+ )-A lan in e  from Oxaloacetic Acid and (S )( - ) -a -M e th y l-  
alcohol, but faster than with phenylglycine in aqueous benzylamine.— Oxaloacetic acid (1.32 g, 0.01 mol) in ethanol
solution. I t  was found also that structure I I  combined was added to a solution of ( — )-a-methylbenzylamine8-9

with pyridoxamine could be hydrogenated and hydro- (3, 63 g.’ t0'03 mo1’ ,[“ ] *D, - + ° b e ^ e n e )  in ethanol (30 ml).
. . . . The mixture was allowed'to stand for 30 mm at room tempera-

genolyzed by the use of palladium hydroxide on char- ture. Hydrogenation using 10% palladium on charcoal (1.5 g )
Coal, as could N-benzyl, N-cr-alkylbenzyl,2-4 or N-a- was carried out for 6 hr at room temperature. The catalyst
carboxybenzyl5 groups. After hydrogenolysis, struc- was removed by filtration and then washed with hot water.
ture II, combined with pyridoxamine, gave a mixture of T !1'f was concentrated to 30 ml m  vacuo. Ethanol was

. . ’ , ,. . .  ,. „ “  added to the concentrate until the suspended material was dis-
alanine and aspartic acid in a ratio of 63.37. solved completely. Palladium hydroxide on charcoal (2.0 g )

N-Benzylideneaspartic acid was prepared to check was added to the mixture, and hydrogenolysis was carried out at 
whether the compound was decarboxylated. The N- room temperature for 10  hr. The catalyst was filtered and washed
benzylidene compound did not evolve any carbon water, The combined solution was evaporated to 10 ml.

, , ,, j . . .  ____i i • . i • The concentrate was applied to a Dowex 50 X 2 column (hy-dioxide under the same conditions employed in this drogen fomij 100_200 ^ sh> L5 x  18 cm). Acidic nonami„0
study. This fact suggests that this type OI compound. acid components were eluted with water; then alanine was eluted
is not a suitable structure for the decarboxylation reac- with 1 N  aqueous ammonia. Fractions containing the amino
tion and also that the N-benzylidene compound does acid were evaporated to dryness. (S ) ( + ) - Alanine was obtained
not convert into a structure I I  by migration of the [0.70 g (78% ); [ a ] MD + 10 .8  (c 3.30, 5 V  HC1)] . The expected
j  ui / J aspartic acid was not found by paper chromatography m the
double bond. butanol-water-acetic acid system nor by  the automatic amino

It  is known that optically active phenylglycine is one acid analyzer (Phoenix Model K-5000). A  part of the product
of the most easily racemizable amino acids, and it is (0.10 g ) was treated with l-fluoro-2,4-dinitrobenzene. The re-
also known that in general amino acids racemize more ?«1-ting DNP-alanine was separated in the same way ^  described

i _ i  j  m previous reports:3-10 [aI^ d +98.6  (c 0.44, 1 N  N a O H );
e a s i ly  w h e n  t h e y  c o m b in e  w i t h  a  c a r b o n y l  c o m p o u n d . mp dec.

Therefore, it was necessary to examine the race- Isolation of N-(a-Methylbenzyl)alanine.— A  mixture of oxalo- 
mization of optically active phenylglycine during acetic acid (1.32 g, 0.01 mol), (-)-a-m ethylbenzylam ine (3.63 g,
the decarboxylation reaction. After allowing the 0 03 mol), and ethanol (70 m l) was allowed to stand for 1  hr.

.. . , c , __,. „ • i /n\/ \ Hydrogenation using 10% palladium on charcoal (1.5 g ) was
reaction mixtures of oxaloace c carried out for 6  hr. The catalyst was removed by filtration
phenylglycine to stand for 2, 12, and 24 hr, hydrogena- and washed with water and ethanol. The filtrate was evaporated 
tion and hydrogenolysis were carried out. Specific to dryness. The residue was washed with a small amount of
rotations of resulting DNP-alanine were -89.5, water. The crude crystals were purified by sublimation: mp
—88.9, and -89.5°, respectively (in 1 N  NaOH). 265° dec; M « d -5 0 -5 °  (c 0.455, 50% E tO H ) [lit . 3 mp >275°;

These results suggest that the racemization of phenyl (7) All optical rotation measurements were carried out by the use of the
glycine during the reaction is very small or none. Free Rudolph Model so poiarimeter with pec-ioi photometer.
(fi)(-).phe„ylg lycm e, H » d -166.8" (c 1 10,5N  HCI), m »•  “ “  " * £ '' S , ' ” " * *  " • *
was also isolated from the reaction mixture m 9 < .A/o (10) K. Matsumoto and K. Harada, J. Org. Chem., 81, 1959 (1966); K.
yield after standing at room temperature for 24 hr. Harada and k . Matsumoto, »6id., si, 2985 (1968).
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[ a ] “D +87 .5 ° (c 1.02, 50% E tO H ) from (+)-a-m ethylbenzyl- (a-methylbenzyl)alanine, 17791-40-1; ( R ) (  — ) - aspartic
aminel • T _  , XT(T„„ acid, 10333-84-3; (<SY)(+)-aspartic acid, 10353-31-8.

Anal. C a lcd forC n H 15N 0 2: N , 7.27; Found: N , 7.23. ’ ’ v
( jR)( — )-Alanine and (7f)( — )-Aspartic Acid from Oxaloacetic

Acid and )-Phenylglycine.6— A  mixture of oxaloacetic acid Acknowledgments.— This work was supported by
(1.32 g, 0.01 mol), (-)-phenylglycine [1.51 g, 0 .0 1 mol; [ « P d G ra n t  N o  NsG-689 of the National Aeronautics and 
- 1.68 ° .(,5 '^H C T )] and water (5 m bw as d i s s o l v e d ^ Space Administration. The authors wish to express
hydroxide (15.5 ml). The mixture was allowed to stand for 2 nr
at room temperature. To the mixture, 10% palladium on char- their thanks to Mr. Charles R. Windsor tor ammo 
coal (2.5 g ) was added, and hydrogenation and hydrogenolysis acid analyses, 
were carried out at room temperature for 24 hr. The catalyst 
was filtered and washed with water. To the solution, 6 A  hydro
chloric acid was added to bring the pH  to about 2. Ether extrac
tion was carried out to remove the phenylacetic acid. The 
aqueous solution was evaporated to dryness. Absolute alcohol 
(50 ml) was added to the residue to extract the amino acid
hydrochloride. Sodium chloride was removed by filtration. . ™  . ,.  . D . c  ,  __
The alcoholic solution was evaporated, and the residue was dis- A  N e w  Thiadiazepme Ring System
solved in water (15 ml). The aqueous solution was treated with
a Dowex 50 X 2 column in the same way described above. A  H e in o  A . L u t s 1
mixture of alanine and aspartic acid was obtained (0.46 g, 38% ).
(Yields of amino acids at various times are almost constant: Horizon, Inc., Cleveland, Ohio, and
12  hr, 36%; 24 hr, 35% .) The amino acid mixtures (0.36 g ) Bristol Laboratories, Syracuse, New York
were separated into alanine and aspartic acid by the use of an 
A G  1 X 8  column (formate form, 100-200 mesh, 1.5 X  16 cm).
Alanine was eluted with water; then aspartic acid was eluted with Received February 5, 1968
1 A  formic acid. (R ) {  — )-Alanine (0.09 g ) and ( R ) ( — )-aspartic
acid (0.26 g ) were obtained, respectively: (iS )( — )-alanine, [ « [ “d In connection with investigations dealing with the
7 7„ 9°. (c \N  T|TĈ ’ (B^ “".basParty  [“ l25® ~ 12-8 preparation of compounds for diuretic activity, we wish
(c 3.14, 5 N  HC1); alanine: aspartic acid =  35:65. f  f, . r n .

Separation of DNP-Alanine and DNP-Aspartic A c id .-T h e  to report the synthesis of a new thiadiazepme ring
alanine and aspartic acid mixture (0.10 g) was treated with 1- system by two different methods, A  and B. In method
fluoro-2,4-dinitrobenzene (0.4 g ) and sodium hydrogen carbonate 
(0.4 g ) by the usual method. Crude DNP-am ino acid was
separated by Celite column chromatography by the method 11 N  Qd2
described in previous reports:3'10 D N P-(72i( — )-alanine, yield n —« —n  xt ur
0.073 g, [ « P d -8 9 .5 °  (c 0.57, 1 N  N a O H ); D N P - ( f l ) ( - ) -  U - b - U  N— H
aspartic acid, yield 0.184 g, [a P D  —49.1° (c 0.56, 1 N  N a O H );
D NP-a lan ine: DNP-aspartic acid =  33:67. K y T v j l

Alanine from Oxaloacetic Acid and Pyridoxamine.— A  mixture 
of oxaloacetic acid (0.66 g, 0.005 mol), pyridoxamine dihydro
chloride ( 1 .2  g, 0.005 mol), 2 N  sodium hydroxide (10 ml),
and water (10  m l) was allowed to stand for 2 hr at room tern- A  (Scheme I ) the N-acetyl (I I )  compound was prepared
perature. To the mixture, palladium hydroxide (2.0 g ) was from N-phenyl peri acid (I ) by refluxing with acetic
added, and hydrogenation and hydrogenolysis were performed anhydride in pyridine solution, and I I  was converted

in',KtT,r.<T°Î eSp^1l(1ing4sulfoI1t l  chloride I I I  by refluxing 
The ratio of alanine and aspartic acid was determined by the With v d s  in f  t p .  Ammoniation of 111, using 10%
use of the automatic amino acid analyzer: alanine:aspartic ammonia solution, gave amide IV, and the acetyl group
acid =  63:37. Separation of DNP-am ino acids was carried out
as above: D NP-a lan ine:DNP-aspartic acid =  65:35. Scheme I

Isolation of Barium Carbonate.— In a three-necked flask with 
a nitrogen gas inlet tube, outlet tube, and dropping funnel, a 0
mixture of oxaloacetic acid (1.32 g, 0.01 mol), a-methylbenzyl- II
amine (3.63 g, 0.03 mol), and ethanol (70 m l) was placed. The R  NH 2 C— CH3
carbon dioxide evolved was collected in traps containing 0.2 M  I / P ~ \  l. Ac20 Pyr I I / / -N
barium hydroxide. After 30 min, 6 A  hydrochloric acid (10  m l) H03S N  \ { J )  -------------- p  S02 N — ( (  j )
was added to the mixture. Then nitrogen gas was passed through I I  '— '  PC12 I I \— /
until the evolution of carbon dioxide ceased (30 min). Precipi- 3.NH.OH
tated barium carbonate was collected by filtration and washed K T K J J
with water repeatedly. After the residue was dried, barium ^
carbonate (1.90 g, 96.4%) was obtained. I  j y

Examination of Racemization of Phenylglycine.— A  mixture
of oxaloacetic acid (0.66 g, 0.005 mol), (/£)( — )-phenylglycine NH 2 H  w___m ___pu-
[0.75 g, 0.005 mol; [ a ] “ d  -1 6 8 ° , (5 A  H O D ], water (2.5 ml), | | Me0H /  \ 2 , — ,

and 2 A  sodium hydroxide (7.8 ml) was allowed to stand at S02 N — \ \ % j) „ Q > S02 N  ( C j )
room temperature. After 2 hr of standing, 6 A  hydrochloric j I 2 \ J  v -A /
acid was added to the mixture to decompose the Schiff base.
The mixture was evaporated to dryness in  vacuo. The dried [ ( F K ) J  [ ( ) ] ( )J
residue was extracted with absolute ethanol (50 m l). The
ethanolic solution was kept in a freezer overnight, and the V  y j
precipitated inorganic salt was removed by filtration. To the
filtrate pyridine was added to precipitate phenylglycine. The was then hydrolyzed by methanolic sodium hydroxide
precipitating solution w ^  allowed to stand in a freezer overnight. tO give V. The ring closure to V I2 was effected by con-
The crystals were filtered to yield 0.73 g (97.3%): [ « P d — 166.8° , • , ,  , , .... ,  r r m  ,
(c 1 .10 , 5 A  HC1). roj l j densmg V  with equal molar quantities of 55% Methyl

Formcel in methanol.

Registry N o , -(N)(+)-alanine, 10333-82-1; ( « ) ( - ) -  (1) Eastern Kentucky University, Richmond, Ky.
alanine, 10oOo-oO~7 \ oxaloacetic acid, 323~42-7 J N- (2) The Harshaw Chemical Co.
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In method B (Scheme I I )  the intermediate V I I I  was 8-Nitro-l-naphthalenesulfonyl chloride (V III).— This compound
obtained (as reported by Joy and Bogert3) and ammo- was prepared by the method of Joy and Bogert:3 yield 17%;
niated to compound IX  which was then reduced with mp ^ 3~156° 161-162°).

o JNitro -l-naphthalenesulfonamide (IX ).— This was prepared 
from compound V I I I  by boiling the latter in methanolic 

Schem e  I I  ammonia: yield 95%; mp 188-190° (lit .3 mp 190.5-1.5°).
8-Amino-l-naphthalenesulfonamide (X ).— The compound IX  

R ( t -5 g> 0.0060 mol) was reduced catalytically over Raney nickel
| in ethanol. The solvent was removed, giving a crystalline product

■4 H — N — CH which was then recrystallized from 3 ml of benzene-methanol-
I l.HN03,Ac20 /  \  petroleum ether (bp 40-60°): yield 1.0 g (75%); mp 189-191°.

I 2. NH,0H S02 N — H _ Anal. Calcd for CioH10N 20 2S: 0 , 54.45; H , 4.53; N , 12.60;
X J L  “T i b  JL  S, 14.42. Found: C, 54.41; • H , 4.56; N , 12.62; S, 14.38.

f / ~ W ) l  4 CH 0 MeOH ( i Y f f l l  Naphthalene- [ 1,8-e,/] -2,3-dihydro-4-H-U ,2,4]-thiadiazepine
I X T I W J  1,1-Dkmde (X Ia).— A  solution of 958 mg (0.0044 mol) of 8-amino-

1-naphthalenesulfonamide (X )  in 450 ml of M eO H  was refluxed
VII, X = C 1 ;R = H  XIa, R =  H with 15 drops of Methyl Formcel2 (55% ) for 10 min. The

VIII, X  =  Cl; R =  N 0 2 b, R =  C6H5CH2 reaction mixture was then reduced to a 70-ml volume, and, on
IX, X  =  NH2; R =  N 0 2 cooling, crystals formed which were collected and recrystallized
X X  =  NH2-R  =  NH, from 4 ml of benzene: yield 750 mg (75% ); mp 214-216°.

Anal. Calcd for CnHi0N 2O2S: C , 56.39; H , 4.30; N , 1 1 .9 5 ;
. s > 13-68- Found: C , 56.23; H , 4.46; N , 11.83; S, 13.75.

hydrogen in the presence of Raney nickel catalyst. 3-Benzylnaphthalene- [ l  ,8-e,/] -2 ,3 -dihydro-4-H - [ 1 ,2 ,4 ] -thiadi-
Compound IX  was identical with that reported by azepine 1 , 1-Dioxide (X lb ).— To a solution of 2 .0  g (b.0090 mol)
Heller.4 The ring closure was performed as described ° j 3"^m4no"1 ' " aPkthalenesulf°namide (X )  in 50 ml of ethanol was
in Tnnthnd A 4 ml of Phenylacetaldehyde in ethanol (50% ). The mix-
in  m e m o u  a . ture wag reflUXed for 1.5 hr. This mixture was concentrated to

one-half volume, and, on cooling, crystals formed which were 
Fxnprim entfll Sertinn  collected, washed twice with 1 ml of methanol and petroleum

^  ether, and finally recrystallized from 130 ml of methanol: yield
Pyridinium 3-(N-Acetylanilino)-l-naphthalenesulfonate (II ).—  F5 g (71% ); mp 176-176.5°.

8-Anilino-l-naphthalenesulfonic acid ( I )  (100 g, 0.31 mol) was Anal. Calcd for C i8H i6N 20 2S: C , 66.64; H , 4.97; N , 8.63;
suspended in 200 ml of pyridine and refluxed in 400 ml of acetic 9-88- Found: C, 66.25; H , 5.06; N , 8.83; S, 10.15.
anhydride for 2 hr. The crystals were filtered and washed with
acetone: mp 217-219°; yield 87 g (63% ). R e g is try  N o — I I , 16888-87-2; I I I ,  16888-81-6-

Found: C ^ H ^ S n  H ’ ^  N ’ # '82' I V ,  16888-82-7; V, ’ 16888-83-8; VI, 1 6 9 S W M ;  X ,’
8-(N-Acetylanilino)-l-naphthalenesulfonyl Chloride (H I).— 16888-84-9, XIa, 16888-85-0; X lb , 16888-86-1.

Pyridinium 8-(N-acetylanilino)-l-naphthalenesulfonate ( I I )  (42 g,
0.09 mol) and 21 g (o .l mol) of P C 18 wih 50 ml of PC13 were mixed Acknowledgment.— Thanks are due to G  Robertson
and refluxed for 5 min The syrupy mass was poured into ice Jr F lo rh am  P a rk  N -  J fo r  the microanalyses. 
with good stirring, and the formed crystals, after recrystallizmg ’ J
from benzene, had mp 140-141°; yield 23.0 g (71%).

Anal. Calcd for CisHuNChSCl: C , 60.08; H , 3.92; N , 3.90; (5) R- E. Steiger, Helv. Chim. Acta, 17, 701 (1934).
S, 8.92; Cl, 9.86. Found: 59.92; H , 3.87; N ,  3.92; S, 8.81;
Cl, 9.92. — --------------------------

8-N-Acetylanilino-l-naphthalenesulfonamide (IV ).— 8-(N -ace- 
tylanilino)-l-naphthalenesulfonyl chloride ( I I I )  (23 g, 0.064 mol) T ,  T 1 ,•  _
was bofled with a mixture of 300 ml of 10 %  ammonia solution l n e  I s o la t lo n  a n d  Structural Elucidation
and 200 ml of methanol for 2  hr and allowed to stand for 2  hr of 4-Demethylhasubanonine, a New Alkaloid 
at room temperature. The fine crystals were then filtered off and ,
washed with 150 ml of water and twice with 50 ml of methanol. f r o m  S te p n a n ia  h e r n a n d i f o l ia
After recrystallizing from 50% methanol, the product had mp
212-214°; yield 21.0 g (96% ). S. Mourns K u p c h a n ,1» M atth ew  I. Stiffness,1“

Anal. Calcd for C i8H i6N 20 3S: C, 63.49; H , 4.74; N , 8.24 D . N . J. W h ite , 111 A. T. McPHAiL,,b a n d  G  A  SiMlb
S, 9.24. Found: C, 63.25; H , 4.80; N , 8.23; S, 8.70.

S-Anilino-hnaphthaienes^fonamide (V ).-S -(N -A ce ty lam - Department of Pharmaceutical Chemistry,
lmo)-l-naphthalenesulfonamide ( IV ) _ ( 2 1  g, 0.062 mol) was University of Wisconsin, Madison, Wisconsin 63706
hydrolyzed with 350 ml of 5%  N aO H  solution for 17 hr The and Chemical Lahoralor% University of s
mixture was filtered, and to the filtrate 75 ml of 50% N H 4C1 Brighton, Sussex, England
solution was added. The formed crystals were collected, washed
twice with 25 ml of water, and recrystallized from M eO H  with .
the aid of a charcoal decolorizing agent. The yield was 13 g Received July 8, 1968
(67%).

Anal. Calcd for C i6H i4N 20 2S: C , 64.63; H , 4.41; N ,  9.42; Stephania hernandifolia Walp. is a menispermaceous 
S, 10.78. Found: C , 64.43; H , 4.43; N ,  9.28; S, 11.00. slender twining shrub found in India on the west and

^ S ' i  < - *  r S f .  “  F “ 1“ ' Bengal, and As-
anilino-l-naphthalenesulfonamide (V )  70 ml of absolute M eO H  sam. l n e  roots are reported to have use in  the treat-
and 2 ml of 55% Methyl Formcel was refluxed for 8 min. The ment of fever, diarrhea, dyspepsia, and urinary diseases.3 
mixture was cooled and allowed to stand at room temperature
overnight. The formed crystals yielded 2.5 g (48% ); the product (1) (a) University of Wisconsin. The investigation at the University of
had mp 178°. Wisconsin was supported by Public Health Service Grant No. HE-02952

Anal. Calcd for CnHi4N20 2S: C, 65.78; H , 4.54; N, 9.02; from the National Heart Institute. M. I. S. was an National Institutes of
S, 10.33. Found: C, 65.51; H , 4.27; N ,  8.47; S, 10.15. Health Predoctoral Fellow, 1966-1968. (b) University of Sussex.

(2) R. N . Chopra, L. C. Chopra, K . L. Handa, and L. D. Kapur, “ Indig-
-------------------  enous Drugs of India,”  2nd ed, U. N . Dhur and Sons, Calcutta, 1958.

(3) R. N. Chopra, S. L. Nayar, and I. C. Chopra, "Glossary of Indian
(3) H . V. Joy and M . T . Bogert, J. O rg .  Chem., 1, 236 (1936). Medicinal Plants,”  Council of Scientific and Industrial Research, New Delhi,
(4) J. Heller, J. P r a k t .  Chem., 2, 121, (1940). 1956.
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An examination of S. hernandifolia from the eastern (mp 209-211°; [ a ] 29D —149°, M + m/e 576). The
coast of Australia revealed the presence of Z-quercitol amorphous free base showed nmr signals at r 3.32 and
and a mixture of alkaloids. 4 In 1959,5 Tomita and 3.45 (2 H, q, J  =  9 cps, 2 aromatic H), 3.88 (1 H, OH),
Ueda reported on the alkaloids of S. hernandifolia 5.92, 6.18, and 6.32 (9 H, 3 OCH3), 7.48 (3 H, N C H S).
purchased as crude drug on the Bombay market. They The infrared and nmr spectra indicated the presence
isolated the alkaloid isotrilobine, a new tertiary phenolic of the partial structure A. Characterization of the
base, and ^-sitosterol. Moza, et al.. have reported
t h a t  t h e  p l a n t  c o n t a in e d  a lk a lo id s ,  s t e r o id s ,  a n d  f a t s ,6a H

and have partially characterized three alkaloids.613 —C—C = = C —
A  recent communication has described the partial
characterization of an alkaloid of empirical formula * 3 3

C20H25NO 6.7

In an earlier report from this laboratory, the isolation hydroxyl group as a phenolic hydroxyl group with an
from S. hernandifolia from India of the alkaloids dl- unsubstituted para position was supported by the
tetrandrine, fangchinoline, d-tetrandrine, and d-iso- positive reaction toward Gibbs reagent,
chondrodendrine was reported.8 Subsequent biolog- Methylation of the alkaloid with diazomethane gave 
ical studies demonstrated that all four alkaloids hasubanonine (Ic), characterized by comparison of the
showed significant cytotoxicity against human car- physical constants of the alkaloid and its methiodide
cinoma of the nasopharynx carried in tissue culture derivative with those reported in the literature. 14-15

(K B ) , 9 and that dZ-tetrandrine and d-tetrandrine The foregoing data established the demethylhasubano-
showed significant inhibitory activity in  vivo against nine nature of the new alkaloid.
the Walker 256 intramuscular carcinosarcoma in the A  comparison of the nmr signals for the methoxyl 
rat. groups of the new alkaloid with those of hasubanonine

The present communication concerns an investiga- (Ic), cepharamine (Id), homostephanoline (Ha), and
tion of a new sample of roots of S. hernandifolia, col- O-ethylhomostephanoline ( l ib ) 16-17 (see Table I ) lirn-
lected in India in Jan 1965.10 Careful examination ited alternative assignments of the free hydroxyl group
of the alkaloid mixture revealed that this plant sample to C-3 or C-4. Since the alkaloid was different from
contained none of the alkaloids found earlier. We the C-3 phenolic isomer, homostephanoline (Ha), the
report herein the isolation and structural elucidation of 4-demethylhasubanonine structure (la ) appeared most
4-demethylhasubanonine (la ), a new phenolic alkaloid plausible. Structure la  was supported also by the
of the hasubanan series. 11 fact that the alkaloid reacted positively toward Gibbs

A  concentrated methanolic extract of the defatted reagent, 
roots of S. hernandifolia Walp. was triturated with 6 %
hydrochloric acid, and the acid solution was basified T a b l e  I
with ammonium hydroxide and extracted with chloro- N m r  M e t h o x y l  R e s o n a n c e s  i n  t h e  H a s u b a n a n  Se r ie s “ 

form to yield the crude nonquaternary alkaloids. 12 Compound c-3 c-4 c-7 c-8
The crude alkaloids were fractionated by continuous la  6.18 6.32 5.92
ether extraction. The ether-soluble alkaloids were Ic 6.19 6.09 6.36 5.92
chromatographed on silica to yield a fraction rich in Id 6.15 6.35
the new alkaloid. Treatment with oxalic acid in Ha, 6.14 6.40 5.92
methanol and repeated recrystallizations from meth- IIb 6 -05 6-35 5.93
anol-ether yielded 4-demethylhasubanonine (la ) oxa- ° AU values are in r for CDC13 solutions, 
late salt, C2oIB5NO 5 • C2H 20 4 ; mp 198—199°; [a ]32D
— 123°; m/e 359; 13 X®°H 266 m/x (e 8400). The Unequivocal proof of structure la  was achieved by 
infrared spectrum (KBr) showed absorption at 5.95 X-ray crystallographic analysis of the brosylate lb.
M, indicative of a,/3-unsaturated ketone. The alkaloid The brosylate crystallized in the orthorhombic system,
was also characterized as the perchlorate salt (mp space group P 2 i2 i2 i, with four molecules of C26H 28N 0 7 -
229-230°; [ « ] 32d  —145°) and the brosylate ester (lb ) SBr in a cell of dimensions a — 8.52 A ,  b =  24.23 A ,

(4) J. Ewing, G. K . Hughes, and E. Ritchie, Aust. J. Sci. Res., 3A , 514 C =  1 2 ‘ 6 0  ,.T h ® d i f f r a c t i o n  d a t a  W e r e  r e -
( 1950). corded on equiinclination Weissenberg photographs,

ifii « aildSr' ^ed%J't>shar\ o OCioJ? fz l3’l 77J 1959l' and visual estimation of the intensities gave a total of
d . K. Basu, ibid., 28, 338 (1966). 1878 independent \F0 values.

(7) 1 . 1 . Fadeeva, a . d . Kuzovkov, and t . n . irinskaya, Khim. PHr. Preliminary coordinates of the bromine and sulfur 
^  P»™ . * ,  atoms were obtained from a Patterson synthesis, and
so, 819 (1961). the carbon, mtrogen, and oxygen atoms were then

Kuu°han’ A' c ' Pate1, and E ' Fuii ta' 6 4 , 580 (1965)- located in three-dimensional electron density distri-
(10) The authors acknowledge with thanks the receipt of the dried plant . , • ,, • , ,  , . J . . ,

material from Dr. Robert E. Perdue, Jr., U. S. Department of Agriculture, DUtlOnS Calculated With Weighted Fourier Coefficients. 18
Beltsville, Md., in accordance with the program developed with the U. s ’ Two Fourier Syntheses Completed the elucidation of the
Department of Agriculture by the Cancer Chemotherapy National Service
Center (CCNSC), National Cancer Institute, National Institutes of Health. (14) M . Tomita, T. Ibuka, Y . Inubushi, Y . Watanabe, and M . Matsui,

(11) 4-Demethylhasubanonine is the sixth hasubanan alkaloid; cf. T . Chem. Pharm. Bull. (Tokyo), 13, 538 (1965).
Ibuka and M . Kitano, Chem. Pharm. Bull. (Tokyo), la , 1944 (1967). (15) M . Tomita, A. Kato, and T. Ibuka, Tetrahedron Lett., 1019 (1965).

(12) W e thank Riker Laboratories for the large-scale preparation of the (16) T . Ibuka and M . Kitano, Chem. Pharm. Bull. (Tokyo), 15, 1939
alkaloidal extract, and the Cancer Chemotherapy National Service Center (1967).
for arranging for the extraction, under Contract SA-43-PH-3764. (17) M . Tomita and M. Kozuka, Tetrahedron Lett., 6229 (1966).

(13) W e thank Dr. R . D. Brown and Dr. F. W. McLafferty of the Purdue (18) G. A. Sim in “ Computing Methods and the Phase Problem in X -Ray
Mass Spectrometry Center, supported under U. S. Public Health Service Crystal Analysis,”  R. Pepinsky, J. M . Robertson, and J. C. Speakman, Ed..
Grant FR-00354, for the mass spectral data. Pergamon Press, Oxford, 1961, p 227.
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m olecu lar s tru ctu re  as lb ,  an d  an  ad d it io n a l syn thesis  Anal. Caled for C 20H 25N O 5 C 2H 2O4: C , 58.79; H , 6.06; N ,
g a v e  im p ro v e d  atom ic  coord inates. A t  this stage  w e  3-12- Found: C, 58.91; H , 6 .02 ; N ,  3.58.
inc luded  an om alous d ispersion  corrections in  the stru c - 4-Demethylhasubanonine Perchlorate. 4-Demethylhasubano-

__„ 1 . 1 ,; , ,. . nine oxalate (60 mg) was treated with excess 5%  aqueous K 2C 0 3
tu re  fac to r ca lcu lations, an d  w ith  coord inates a p p ro p n - and extracted three times with chloroform (30 m l). The chloro-
a te  to  the ab so lu te  con figu ration  sh ow n  in  l b  the v a lu e  form extracts were combined, dried (NaaSCh), and evaporated
o f R  w a s  19-1% w h ereas  w h e n  the  opposite  con figu ra - in  vacu0 to yield 48 mg of 4-demethylhasubanonine. A  dilute
tion  w a s  tested  R  w a s  19.3%. T h ese  resu lts a re  con - methanolie solution of perchloric acid was added until the re-

^  con figu ration  o f  S l S i J t  S S
nasu banonm e. of water. The crystalline material was filtered and recrystallized

twice from chloroform-ether to give colorless needles (37 mg): 
r u n  2 n  mp 229- 230°; [a ]32»  — 145° (c 0.51, methanol); x“ °H 262 mp

R _ ° V f!>S5l h  8360); O  2 -95, 3.25, 3.36, 5.95, 6.15, 6.69 p.
jL  II JL II 4-Demethylhasubanonine Brosylate ( lb ).— To p-bromoben-

R— Q L I  C H a O ^ V ^ l  zenesulfonyl chloride (2.71 g ) in pyridine (dried over K O H ) was
\C~~JJ  h added 236 mg of 4-demethylhasubanonine (liberated from oxalate

___qjj I t ^ - N  CH sap as above) and the mixture was allowed to stand for 15 hr.
jL  J® 3 -I 3 The reacti°n mixture was taken up in 50 ml of chloroform and

O-’ t] it' 0 ' ^ y ^ vOCH3 shaken with a saturated solution of N a H C 0 3 to pH  8 . The
¿CH A ™  chloroform layer was removed and the aqueous phase extracted

3 _  3 with three more portions of chloroform. The combined, dried
Ia,R =  H ;R '=  OCH3 IIa ,R — H (Na^SCh) chloroform solution was evaporated and residual
b, R =  S02C6HtBr;R' =  0CH3 b,R =  C2H5 pyridine was azeotroped with dry benzene to give a pale yellow
c, R =  CH3;R '=O C H 3 oil which crystallized on trituration with Skellysolve B. Three
d, R =  R' =  H crystallizations from acetone-Skellysolve B  gave colorless needles

(57 mg): mp 209-211°; [ « P d -1 4 9 °  (c 0.42, CHC13); XEl°H 
„  . ental ~ 233 him (e 21,750), 269 (14,650); X̂ “1 3.41, 6.00, 6.21, 6.72,
Experimental section 7.29, 8.50 p ; m/e 578, 576, 358, 301, 300, 299, 158, 156.

Melting points were determined with a Thomas-Hoover Uni- Anal. Caled for C26H28NS07Br: 0 ,53.97; H , 4.88; N ,  2.42; 
melt apparatus and are corrected. Ir spectra were determined on Br, 13.82. Found: 0,54.06; H , 4.94; N , 2.39; Br, 13.72.
Beckman double-beam recording spectrophotometers, Models Hasubanonine (Ic).— A  solution of diazomethane prepared
IR -5A  and IR-9. U v  spectra were determined in 95% ethanol on from Diazald (4 g, Aldrich) was added to 280 mg of 4-demethyl-
a Beckman recording spectrophotometer, Model D K 2A . Optical hasubanonine in methanol (5 m l).  ̂ The reaction was kept in
rotations were measured with a Zeiss-Winkel polarimeter and are ,e . room temperature overnight. The resulting colorless 
approximated to the nearest degree. Nm r spectra were de- solution was evaporated, dissolved in benzene, and chromato-
termined on a Varian Associates spectrometer, Model A-60A. graphed over 20 g of acid-washed alumina (M erck) in benzene.
Skellysolve B  is that fraction of petroleum ether boiling from Elution was carried out with 25% chloroform-benzene and the
60 to 6 8 °. fractions were monitored by tic (5%  methanol-chloroform on

Extraction and Preliminary Fractionation.12— The dried root silica plates visualized by spraying with Dragendorff reagent)
(41.4 kg) of S. hernandifolia was extracted twice with hexane urdd n°  more product was eluted. The combined fraction from
(4 l./kg) and the hexane extracts were discarded. The defatted 25%  chloroform-benzene gave pure hasubanonine (Ic, 162 mg),
root was then extracted three times with methanol (3 l./kg) and Subsequent elution with chloroform gave 125 mg of unreacted
twice with 70% methanol (3 l./kg) and the methanolie extracts starting material. Oxalic acid dihydrate (54 m g) in methanol
were combined and concentrated in  vacuo to a volume of 8 1. was a ,®. t() a methanolie solution of the hasubanonine. Two
This material was triturated five times with 6 %  HC1 (total of recrystallizations of the product from methanol-ether gave
200 1.) to give an acid solution and 1.3 kg of residual gums. The colorless needles^(93 m g). mp l92 193  ̂; [o ] 32d 134 (c 0.82,
acid solution was extracted with ether (58 1.) to give 16.5 g of ’ « V f 1 ^  ^  8390)i 2.90, 3.38, 4.08, 5.78,
ether-extractable solids. The remaining acid layer was basified 5.9 , 6.17, 6.71 ii. .
to pH  9.1 with N H 4O H  and extracted twice with 80 1. of chloro- . T 7 ‘T V t‘ ' „ 59-60; H ’ 6 '31;
form. The chloroform-soluble material yielded on evaporation N ,  3.02. Found. C , 59.45, H , 6.51, N ,  2.98. 
the nonquaternary alkaloids (486 g ). The aqueous solution was Hasubanonine Hydrochloride.-Hasubanonine (55 mg) in 
acidified to pH  1.8 with HC1 and treated with ammonium chloro orm (20 ird) was treated with HC1 gas bubbled through
Reineckate to precipitate the quaternary alkaloids (658 g, as the solution for 2 min. The solution was evaporated and the
Reineckates) and the remaining aqueous solution was then dis- resl^  crystallized twice from chloroform-ether to give colorless

carded. Continuous ether extraction of a portion of the non- ?“ °H268 ’7 3 m v  xNuio1 3 41 ° 4
quaternary alkaloids (172 g ) for 21 days gave 96 g of ether- * = «  268 m^ (e 7300) X 3.41, 4 36, 5.96, 6.15, 6.72 m/e

.n d  left .  « i d » ,  of 75.5 g ol „ h e r -h - lu b le  ^  ^

a 4 -Demethylhasubanonine (la ).— The ether-soluble alkaloids Found:. C ’ 61; 08; H , 6.92; N , 3.58.
(96 g ) were chromatographed over 3.4 kg of SilicAR CC-7 , Hasubanonine> Methiodide.-Hasubanom ne (65 m g) m anhy-- 
(100-200 mesh, Mallinckrodt) in chloroform. After elution with drous benzene (2 m l) was treated with 0.5 ml of C H 3I (Aldrich) 
\ \ \ ,v 1 or and the reaction was maintained at reflux for 2 hr. The crystal-chloroform (7 L ),  the solvent was changed to 1% methanol- v , . , , , , , 1V , £
, ,  r v , 'V  , ? +v ■ * ' . / line material which was separated was recrystallized, first fromchloroform and after eluting with 4 1. of this solvent (ca. one ,, , ,, , ^ ^  i , , . * , ,

retention volume) the crude 4-demethylhasubanonine was methanol-ether and then methanol-water, to  ̂give ̂ colorless

eluted with the next 9 1. of solvent. Fractions containing this o w fo o  TT,(,thannl'1̂ 1IxE‘0H 264 m ' i  ll^qnnv 1“  o a i  o qq
material were combined to give 18.96 g of crude material which 0^  6 1 «  6  71 n ^  ’ 89>
was dissolved in methanol (30 m l) and treated with 6.7 g of M-
oxalic acid dihydrate in 30 ml of methanol. The resulting "
solution was heated to boiling on the steam bath, anhydrous (20) H. Kondo, M. Satomi, and T. Odera, Ann. Rept. Itsuu Lab., 2, l
ether was added to turbidity, and the mixture was allowed to (1951); H. G. Boit, “Ergebnisse der Alkaloid-Chemie Bis 1960,” Academie- 
crystallize. Two subsequent recrystallizations from methanol- Verlag, Berlin, 1961.
ether gave pure 4-demethylhasubanonine ( la )  oxalate (12.32 g ): f  > No™+ tPE00^T,Since,, sf T sio": of ‘he “ « ¡ pb
mp 198-199°; [a ] 22d -1 2 3 °  (c 3.46 methanol); X 266 mM mp 116_U9o (chloroform_ether). [a]!sD _ 219o (e 1Mi methanol);
(e 8400); X IB( 2.90, 3.39, 4.02, 5.85, 5.96 m; m/e 359, 344, 328, 266 m,» (e 11,750); 3.02, 6.02 M 4, m/e 345. Oxalate: mp 192-193°
301, 300, 245. (methanol-ether); [al^D —159° (c 1.34, methanol); Xm̂PH 232 mp sh
______________  (€ 11,185), 264 (9320); \£?xr 2.89, 5.86, 5.98 N-Methylation with

methyl iodide gave la, characterized by ir, nmr, and tic comparison with 
(19) M. Tomita, T. Ibuka, Y. Inubushi, Y. Watanabe, and M. Matsui, 4-demethylhasubanonine. The melting point of the oxalate salt was not 

Tetrahedron Lett., 2937 (1964). depressed by admixture of authentic la oxalate.
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Registry N o — la  oxalate, 17968-59-1; la  HC104, and ( - )  forms from ( - ) -  and (+)-linalool, respec- 
18026-68-1; lb, 17968-58-0; Ic oxalate, 18006-26-3; tively.13
Ic HC1 18006-27-4; Ic M el, 18006-28-5. For the small-scale preparation of radioactively

labeled 2a or 2b, each of the above sequences suffers
------------------------  from one or more of the following deficiencies: (a)

three or more steps in the reaction scheme, (b) relatively 
A  Sm all-Scale Synthesis o f Mevalonolactone ]0w over-all conversion, (c) commerical unavailability

and Its 3-Ethyl-2-14C Hom olog of one of the starting materials. In addition, the final
product is distilled in each of these procedures, thus 

W illiam F. Gray, Gary L. Deets, and Theodore Cohen making it desirable to devise another method of
purification for small-scale work. W e have therefore 

Department of Chemistry, University of Pittsburgh, developed the procedure described below.
Pittsburgh, Pennsylvania 15213 Compounds 2a and 2b have been prepared by the

sequence shown in Scheme I. Where It =  Et, the
Received July 15, 1968

Mevalonic acid (or its lactone, 3,5-dihydroxy-3- Scheme I

methylpentanoic acid f-lactone, 2b) has long been gr i.zn i.oh-, d m f

recognized as a precursor of the isoprene unit used by \  2-NiLĈ  r ^ S  2.h+ ,
living systems in biosynthesis.1 Analogs of mevalon-
olactone, however, have not been extensively tested in O OEt v l  EtO O Cl
biological systems. Tamura, et al.J and Stewart and la,R=Et
Woolley3 have synthesized several homologs and tested b,R = Me
them for antimetabolic activity, but the question ^ ^
whether 3,5-dihydroxy-3-ethylpentanoic acid f-lactone ' x '
(2a, the 3-ethyl homolog of mevalonolactone) is metabo- j j
lized by living systems was left unanswered. In order Q i 'C l
to obtain material for such a study,4 we undertook the
synthesis of 2a labeled with 14C in the 2 position. 2*’ _ Et

Compound 2a has been synthesized by Tamura and b,R-Me
Takai6. by the method used for mevalonolactone.6
The tetrahydropyranyl ether of the appropriate 3-keto . w  of purified product in each step is generally about 
alcohol was treated with allylmagnesium bromide, the 65-70%.14 This procedure has the advantages that
protecting group was removed; the terminal olefin was t^e seqUence consists of only two steps, the starting
cleaved by ozonolysis; and the lactone was obtained materials are commercially available, the use of tic in
upon work-up, during which cyclization of the dihy- purification permits very small-SCale reactions, and
droxy acid occurred. the product can be labeled at the 1 or 2 positions

Several other mevalonolactone syntheses have been ^  ^  ethyl bromoacetate and at the 3 position or
reported. Those based on Hoffmans synthesis involve ^  \ group v{a the acid chloride used in preparation
a Reformatski reaction between ethyl bromoacetate of the chloro ketone.16'16
and 4-acetoxy-2-butanone. 10 After sapomhcation of 
the resulting diester, the lactone forms upon acid
ification. Hulcher and Hosick11 reported an internal Experimental Section
Reformatski reaction of 4-(bromoacetoxy)-2-butanone Infrared spectra were determined with a Beckman Model 
prepared from bromoacetyl bromide and 4-hydroxy-2- IR-8 or a Perkin-Elmer Model 237-B spectrophotometer. The
butanone. Cornforth and coworkers have reported ™  spectra were determined with a Varian Model A-60 spec-

syntheses of mevalonolactone labeled in both the 4 ^  t() tetramethylsilane as an internal standard. Gross ap-
position and methyl group, and the 4 position alone. pearance of the peaks is reported, though some signals show 
They have also synthesized stereospecifically the ( + )  higher order splitting. Mass spectra were obtained with an

LKB-9000 combined gas ' chromatograph-mass spectrometer.17 
All spectra reported, with the exception of the ir spectrum of 2a,

(1) R. B. Clayton, Quart. Rev. (London), 19, 168, 201 (1965). are 0f  nonradioactive materials. Preparative tic was conducted
(2) S. Tamura, G. Tamura, M . Takai, S. Nakamura, and T. Shiro, Bull. ugj[ng a ir_dried ) Unactivated18 Mallinckrodt T LC -7 G F 19 silicic

JaX ' 22̂  2m2 w-95w  n r j m, a a. aom acid. The l-chloro-3-pentanone and 4-chloro-2-butanone were(3) J. M . Stewart and D. W . Woolley, J. Amer. Chem. Soc., 81, 4951 , , „ , ,  , . . , _  , T .
p959i purchased from Aldrich and Chemical Procurement Labora-

(4) This study is being carried out by Dr. C. C. Sweeley and his students. ____________ .
(5) S. Tamura and M . Takai, Bull. Agr. Chem. Soc. Jap., 21, 394 (1957).
(6) S. Tamura and M. Takai, ibid., 21, 260 (1957). (13) R . H. Cornforth, J. W . Cornforth, and G. Popjak, ibid., 18, 1351
(7) C. H. Hoffman, A. F. Wagner, A. N. Wilson, C. H. Shunk, D. E. (1962).

Wolf, F. W . Holly, and K . Folkers, J. Amer. Chem. Soc., 79, 2316 (1957). (14) In  the single preparation of mevalonolactone (R  =  M e), the hy-
(8) O. Isler, R. Rilegg, J. Wilrsch, K. F. Gey, and A. Pletscher, Helv. drolysis step went in lower yield (52%).

Chim. Acta, 40, 2369 (1957). (15) F. Sondheimer and R. B. Woodward, J. Amer. Chem. Soc., 75, 5438
(9) J. Cornforth, R. Cornforth, C. Popjak, and I. Youhotsky-Gore, (1953).

Biochem. J., 69, 146 (1958). (16) F. F. Blicke and F. J. McCarty, J. Org. Chem., 24, 1376 (1959).
(10) A. L. Remizov and G. A. Tsvetkova, Sintez Prirodn. Soedin., ikh (17) W e wish to thank the National Institutes of Health for the grant with

Analogov i  Fragmentov, Akad. Nauk SSSR, Otd. Obschi. i  Tekhn. Khim., 129 which this instrument was purchased, and Dr. C. C. Sweeley and Mr. John
(1965); Chem. Abstr., 65, 614a (1966). Naworal for the spectra.

(11) F. H. Hulcher and T. A. Hosick, U. S. Patent 3,119,842 (1964); (18) The use of freshly prepared and activated layers can cause extensive
Chem. Abstr., 60, 10554g (1964). dehydration during attempted purification of the lactone.

(12) J. W , Cornforth, R. H. Cornforth, A. Pelter, M . G. Horning, and (19) In  this system, cleaner products are obtained from Mallinckrodt
G. Popjak, Tetrahedron, 5, 311 (1959). TLC-7GF silicic acid than from Merck silica gel G.

4532 N otes T/ie Journal of Organic Chemistry



tories, respectively,2» and were evaporatively distilled and stored ml of Spectro-Grade C U C I, which contained a large amount of
in a freezer over type 5A molecular sieve prior to use. Gas magnesium sulfate, and stirred vigorously for a few minutes
chromatographically analyzed ethyl bromoacetate-2-14C (1.5 The M gSO, was filtered on a fine sintered-glass funnel and washed
me, 2.09 mc/mmol) was purchased from Mallinckrodt Nuclear. with chloroform. On a rotary evaporator the filtrate was
Syringes were dried, when necessary, by flushing with ether stripped of chloroform at 27° (ca. 20 mm) and then of D M F  dur-
which had been dried over type 4A molecular sieve. The molecu- ing 0.5 hr at 59-60° (0.2-0.8 mm); an ir spectrum (between salt
lar sieve was heated for at least 6 hr at 180° m a vented oven be- plates) of the 66.6 mg of light yellow material remaining showed
fore use. . no ban<1 for D M F  at 1664 cm“1. After recovery of the material

Ethyl 3-Ethyl-3-hydroxy-5-chloropentanoate-2- C ( la ) .  A  mi- from the salt plates, the crude lactone was purified by tic using
ero stirring bar and 69.5 mg (1.06 mmol) of freshly treated zinc21 ether for development. The plate was scraped from the product
were introduced into a 3-ml flask blown from 8-mm tubing. front, which was easily visible under a uv light or as a dampness
The flask was stoppered with a silicone rubber gas chromato- of the layer, to the top of the origin. The silicic acid was washed
graphic septum and dried by flushing via hypodermic needles with Spectro-Grade CHC13 (14 5-ml portions), and the solution
with dry nitrogen while it was heated at about 70° with a hot was concentrated. The product consisted of 49.6 mg (71% ) of
air blower for about 6 hr. The ethyl bromoacetate-2-14C (0.718 light yellow liquid.
mmol, calculated from the specific activity assuming quantitative Spectra of the homomevalonolactone: ir (between salt plates) 
transfer— not actually realized) was diluted with 300 jul of dry 3440 (O H ), 1741-1717 (C = 0 ) ,  1269 and 1236 (O— C ), and
ether and transferred by syringe onto approximately 0.5 g of type nothing from the carbonyl to 1500 cm“1; nmr (CD C I3) 5.’3-6.1
4A molecular sieve in a serum-cap-stoppered 5-ml dry pointed (2 H , multiplet, O C H 2C H 2), 7.18 (1 H , s, O H ), 7.57 (2 H , s,
flask. Ether rinsings (four 300-/d portions) from its vial were R 3C C H 2C 0 2), 8.1-8.7 (4 H , multiplet, C H 3C H 2C (O H )(R )C H 2-
similarly injected. About 82 /J (87.6 mg, 0.727 mmol) of 1- C H 20 ),  9.08 (3 H , t, C H 3C H 2) ±  3 ppm; mass spectrum (70
chloro-3-pentanone was injected into a flame-dried septum- eV ) molecular ion at m/e 144, abundant fragment peaks at 126
stoppered pointed test tube, weighed, diluted with 100 jd of dry 115, 85, 71, 57, 53, and 43.
ether, and transferred by syringe onto the molecular sieve. One Radioanalysis of the Homomevalonolactone.23— In a liquid 
100-iil rinsing from the test tube was also injected. The reagent scintillation counter 1 /d of a 1:10 diluted solution of homomeva-
mixture was allowed to dry for 3 hr22 and was then injected into lonolactone in CHC13 gave 3.43 X  105 dpm. An autoradio-
the reaction flask. The molecular sieve was rinsed with dry gram of 2 id of this solution chromatographed on a 10% A g N 0 3-
ether (two 250-id portions), and the rinsings were injected into Kieselgel G  plate using chloroform-acetone (9 :1 ) for elution
the reaction flask. The septum was sealed with a few drops of showed a single spot. This system separates the hydroxy lac-
melted paraffin wax, and the reaction mixture stirred at room tone from unsaturated lactone and open acid. A  radiochromato
temperature for 18 hr. A t the end of this time the solution was gram of 1 id of the above solution on a Packard Tri-Carb liquid
clear and the zinc was noticeably depleted. A  further 48 hr of scintillation spectrometer equipped with a 6-ft glass column
stirring produced no visible change. The reaction mixture was packed with 3%  OV-1 on Gas Chrom Q showed no detectable 
quantitatively transferred to a 5-ml flask, and hydrolyzed by  impurity except for a small amount of radioactivity which came
magnetically stirring it for 0.5 hr with 300 /d of saturated ammo- off the column with the solvent and is attributed to decomposition
nium chloride solution and 200 /«I of water. The mixture was in the instrument. Since the product peak on the vpc trace was a
extracted 20 times by stirring with small portions of ether, the factor of 33 off scale, and we should be able to see a peak 1% of
ether being withdrawn by syringe. The ether solution was dried full scale, the maximum amount of impurity is estimated by vpc 
(M gSO ,) and concentrated, leaving 115.4 mg of light yellow to be less than 0.03%.
liquid. This was purified by tic using chloroform-carbon tetra- Comments on Gas Chromatography of the Homomevalonolac- 
chloride (36:14) for development. The plate was scraped from tone.— The presence of impurity peaks between the solvent and
just above the product front, visible as a light yellow line, to the product peaks seems to be a function of instrumental conditions,
top of the origin. The silicic acid was washed in a fine sintered An injection of a chloroform solution of reasonably pure homo
funnel with several small portions of ether and the ether stripped, mevalonolactone onto a 10 ft X  V s  in. steel column packed with
leaving 101.3 mg (68% ) of purified product. 3%  OV-1 on Gas Chrom Q (glass-lined injection port at 200°,

Analysis of the tic-purified product by the combination vpc - column at 110°) showed a small impurity peak of 5%  of full
mass spectrograph shows the presence of a small amount of the scale, while the product peak was off scale. Successive identical
dehydrochlorinated compound, whose mass spectrum (70 eV ) injections introduced two new impurity peaks which grew rela- 
shows m/e 172 (molecular ion, small) and abundant fragment tively larger with each injection. Upon conditioning the col-
peaks at m/e 154, 143, 126, 109, 97, 81, 55, and others. umn for 10 min at 280°, reestablishing the operating conditions,

Spectra of the chlorohydroxy ester: ir (between salt plates) and reinjecting the same solution, the cycle was repeated. In-
3497 (O H ), 1720 (C = 0 ) ,  1193 (O— C ), 715 (C— C l) cm-1; nmr jection onto a freshly conditioned column followed by program
e d , )  t 5.82 (2 H , quartet, J =  7 cps, O C H 2C H 3), 6.28 (1 H , ming to 285° showed no spurious impurity peaks and only nor-
s, O H ), 6.48 (2 H , t, C H 2C H 2C1), 7.57 (2 H , s, R 3C C H 2C 0 2), mal baseline rise. Another similar OV-1 column did not exhibit
7.9-9.3 ppm (10 H , multiplet); mass spectrum (70 eV ) no this behavior, but instead gave the above impurity peaks per-
molecular ion peak, chlorine-containing ion peaks in approxi- sistently; they were only slightly reduced upon reconditioning,
mate 1:3 ratios at m/e 211, 209, 193, 191 (these high mass ions The fully silanized glass column in the LKB-9000 combined vpc-
are visible only when the spectrum is off scale), 181, 179, 165, mass spectrometer did not exhibit this anomalous behavior.
163, 135, 133, 123, 121, abundant fragment peaks at m/e 145, Ethyl 3-Methyl-3-hydroxy-5-chloropentanoate ( lb ) .— Com- 
99, 91, 63, 57, and others. pound lb  was prepared in 66% yield by the method given above

3,5-Dihydroxy-3-ethylpentanoic Acid f-Lactone-2-14C (2a).— A  for compound la  from 0.645 mmol of ethyl bromoacetate and
solution of 101.3 mg (0.485 mmol) la  in 180 /d of N,N-dimethyl- 0.70 mmol of 4-chloro-2-butanone. Analysis of the tic-purified
formamide and 40 /¿I water was stirred magnetically and heated product by the vpc-mass spectrograph showed relatively more
at ca. 50° in a water bath, and 182 ¡A of ca. 5.4 N  K O H  solution dehydrochlorinated impurity than was present in its homolog
(0.97 mmol) was added dropwise from a syringe. The first 90 la . The impurity’s mass spectrum (70 eV ) shows m/e 158
id was added at a rate of 1 drop/30 sec, the remainder at 1 drop/5 (molecular ion, small) and abundant fragment peaks at m/e 143,
min. After addition of the base, the solution was stirred at 50° 140, 131, 112, 97, 95, 88, 71, 55, and others. The mass spec-
for 2 hr, during which a small amount of white solid formed. trum of the chlorohydroxy ester lb  shows no molecular ion peak,
The mixture was cooled, and acidified to ca. pH  3 with 18% HC1, but abundant fragment peaks in approximate 1:3 ratios at
then acidified to ca. pH  2 with 5%  HC1 (short-range indicator m/e 181,179 and 109, 107, and other fragments at m/e 143, 131,
paper was used). The acid solution was stirred for 10 min, trans- 113, 107, 91, 85, 71, and others.
ferred by means of three D M F  and three ether washes into 10 3,5-Dihydroxy-3-methylpentanoic Acid 5-Lactone (2b).— Meva- 
-------------------- lonolactone (2b) was prepared by the method given above for

(20) "Chem Sources,”  8th ed, Directories Publishing Co., 1967, lists compound 2a from 80.7 mg of chlorohydroxy ester lb  which con-
Fnnton Laboratories, S. Vineland, N. J. 08360, as anad ditional source of tained a significant amount of dehydrochlorinated impurity.
4- ° ^ 2-butanon,e- ... Assuming pure lb  for purposes of calculation, the yield of the tic-(21) Zinc granules were washed successively with dilute HOI, water, ace- , , , enrrr * i
tone, absolute ethanol, and absolute ether. Traces of solvent were removed Punfied mevalonolactone was 52%. The ir and nmr spectra 
in a vacuum desiccator.

(22) I f  the ether (1800 /*!) is saturated with water rather than predried, the (23) W e wish to thank Miss Sandy Baumann of Dr. C. C. Sweeley’s re
solution is sufficiently dry at the end of 10 hr. search group for these results.
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match Sadtler No. 2140224 and Varian Associates No. 46626 stan- Using the method described by Cope, et al.,& for 
dard spectra, respectively. acid-catalyzed condensation of ketones with active

methylene compounds, the desired starting materials,
Registry No.— la (2-14C), 17923-95-4; lb, 17943- ethyl2-cyano-3-cyclopropyl-2-butenoate (compound 1), 

79-2; 2a (2-14C), 17923-96-5; 2b, 503-48-0. CR ^

(24) Sadtler Standard Spectra, Sadtler Research Laboratories, Inc., Phila- A  I ___/ r r . r  tt

delphia, Pa., 1967. . C - C C 0 2C2H 5
(25) N. S. Bhacca, D. P. Hollis, L. F. Johnson, and E. A. Pier, N M R  -

Spectra Catalog,”  Vol. 2, Varian Associates, 1963.

________________  2-cyano-3-cyclopropyl-2-butenenitrile (compound 2),

9H  ̂ CN
Participation  o f a Cyclopropane R ing A —q— qqjj

in  Extension o f Conjugation 2
John M. Stewart and Donald R. Olsen and 2-cyano-3-cyclopropyl-2-butenamide (compound 3)

Department of Chemistry, University of Montana, 9Hs 9 ^  q

Missoula, Montana 59801 A  q__ q y

X N H 2
Received December 15, 1967

An earlier report from this laboratory1 described were prepared in good yield from methyl cyclopropyl
ring-opening addition reactions between nucleophilic ketone. Compound 1 was apparently a mixture of the
reagents and cyclopropanes which were substituted on geometrical isomers, a liquid and a crystalline solid,
one carbon atom of the ring by two electron-with- in approximately a 3:4 ratio. Both had the same
drawing groups. infrared and near-infrared spectra and essentially the

In one simple extension of this work, the study re- same elemental analysis. The liquid could be partially
ported here was made of the reactions of nucleophiles converted into the solid by heating at 140°. An
with structures of the type equilibrium was apparently involved, for, if some of the

solid was removed, more would form on further heating.
| Y The structure in which the methyl group is cis with

A __ c = c ' '  respect to the nitrile group has been assigned to the
A z  solid isomer on the basis of nmr data. The methyl

group singlet of the solid appears at the same point 
where Y  and Z represent electron-withdrawing groups (« i-83) as observed in the spectrum of 2, whereas in
such as ester and nitrile. In such reactions, extension the liquid isomer this methyl group singlet appears at
of conjugation by participation of the cyclopropane 1-73. The nitrile group thus apparently exerts a
ring would result in ring-opening 1,6 addition, whereas greater anisotropic deshielding effect than does the

carboethoxy group.
Compound 3 also appeared to be a mixture of geo- 

a | metrical isomers. However, both were solids and
+i C=C Cx  +  B-  —*■ separation was not so easily effected as in the case of 1.

A  OR The higher melting isomer was the major component
q. (_) of this mixture and was obtained pure by repeated re-

___I ____ / "  b h  crystallizations. Attempts to prepare ethyl 2-carbo-
2 2 | ° \ 0R ethoxy-3-cyclopropyl-2-butenoate from methyl cyclo-

CN propyl ketone and diethyl malonate, using a variety of
| | catalysts and reaction conditions, failed to give any of

BCH2CH2CH2C=CC02R +  B-  or BCH2CH2CH==CCHC02R the desired product.
^  Reaction of 1 with benzenethiol and with 1-butane-

thiol in the presence of sodium ethoxide gave only one 
. . . .  . . product in each case, resulting from exclusive 1,6 addi-

lack of participation by the ring would result in simple tion. The nmr spectra showed a complete absence of
addition to the carbon-carbon double bond. ethylenic protons in these products, indicating that the

There are conflicting reports writh respect to the carbon-carbon double bond was entirely in a conjugated 
ability of a cyclopropane ring to participate in con- position. There were also no signals in the cyclopropyl
jugation (see typical ref 2-7, and references cited hydrogen region of the spectra. (The complete nmr
therein). data are listed in the Experimental Section.)

(1) J. M . Stewart and H. H. Westberg, J. Org. Chem., 30, 1951 (1965). C H 3 QN
(2) R. C. Fuson and F. N. Baumgartner, J. Amer. Chem. Soc., 70, 3255 A  | /  NaOC H

(1948). ¿ ^ C = C C 0 2C2H 5 +  R S H  ---------- LJL*
(3) L. I. Smith and E. R . Rogier, ibid., 73, 3840 (1951). C H 3 C N
(4) R. H. Eastman, ibid., 76, 4115 (1954). j j
(5) A. Pawda, L. Hamilton, and L. Norling J. Org. Chem., 31, 1244 (1966). R S C H s C ^ C ^ C ^ C C O iC s H .;
(6)  W . G. Dauben and E. J. Deving, ibid., 31, 3794 (1966). --------------------•
(7) T . A. Wittstruck and E. N. Trachtenberg, J. Amer. Chem. Soc.. 89, (8) A. C. Cope, C. M. Hofmann, C. Wyckoff, and E. Hardenberg, ibid.,

3810 (1967). 63, 3452 (1941).

4534 N otes The J ou rn a l ° f  Organic Chemistry



Characteristic absorption bands at 1.62-1.65 and to elucidate further the structure of this dimer by 
at 2.22-2.25 n in the near-infrared spectra have been means of chemical degradation.
reported by several investigators9'10 as providing good Reactions of 2 with benzenethiol or 1-butanethiol in 
evidence for the presence of a cyclopropane ring. In the presence of sodium ethoxide apparently gave only
the near-infrared spectra of the addition compounds of polymeric material.
1 and thiols, neither of these characteristic absorption Reactions of 3 with secondary amines failed to yield
bands was present. This confirms the nmr evidence any simple addition products, and attempts to carry
and again indicates a 1,6-addition product. In the in- out base-catalyzed additions of thiols resulted only in
frared region these compounds gave a strong absorption polymers.
band at 6.22 n for the conjugated C = C  group.

Reactions between various secondary amines and 1 Experimental Section
failed to give any of the desired addition products. ™ . , , . T ,
c, , ,. ,. . Elemental analyses were performed by Galbraith Laboratories
Short reaction, times, using a solution of the reactants Knoxville, Tenn. Nuclear magnetic resonance spectra were
in ethanol in a sealed tube at 100—120°, gave mainly recorded on a Varían A-60 spectrometer and on a Varían HA-60
Starting materials plus some polymer. Longer re- spectrometer, using tetramethylsilane as the internal standard,
action times gave mainly polymers. Some of these Near-infrared spectra were obtained with a Hitachi Perkin-

, • ,, . i • a ■ i j  Elmer Model EPS -3T  spectrophotometer, and the infrared spec-
reactions were attempted in refluxmg butanol, and a tra were obtained with p Beckman Model IR-5.
new liquid compound was isolated which was the same Condensation of Methyl Cyclopropyl Ketone12 with Active 
regardless of which secondary amine was used. This Methylene Compounds. Preparation of l, 2, and 3.—The
compound proved to be 71-butyl 2-cyano-3-cyclopropyl- condensation procedure followed the method described by Cope ,8

2-butenoate, resulting from an amine-catalyzed trans- mflwh\ch a mitxture °f,the reactant? in fb“ e was heated at
esterification  reaction , ir ie th y la m in e  failed, to  ca ta ly ze  acetate and with a water separator.
this exchange. Such transesterifications involving A. Ethyl 2-Cyano-3-cyclopropyl-2-butenoate (1). Condensa- 
arnine catalysts have been reported previously.11 tlon with Ethyl Cyanoacetate.—After the initial reflux period of

The addition reactions of 2 were first attempted with 21 ̂  tlie ®ollJtlon cooled; an volume of ether was

secondary amines. Use of dimethylamme, diethyl- was then dried (CaCll) and concentrated on a steam cone, and
amine, and piperidine all resulted in the isolation of a the residue was recrystallized (70% ethanol), giving a 48%
single reaction product. This was a slightly yellow yield of the solid geometrical isomer of 1. After six recrystalliza-
crystalline solid which gave the same elementary Jib 's isomer melted at 81-82°: nmr (CHC13) s 4.13 (q, 2 ,

analysis as the liquid stating ntaerial. A  molecular g S f K  S . <S b k a ñ 3 ,0 ^ ,¿ f S4.<̂ ^ ¡
weight determination and integration ol the nmr methylenes).
spectru m  ind icated  th a t  th is substan ce  w a s  a  d im er o f Anal. Caled for C i0H i3N O 2: C, 67.01; H , 7.33. Found; C,
2. E v id en c e  fo r  a  po ssib le  stru ctu re  fo r  th is d im er is 6 6 .68 ; H , 7.21.
mainly based  on  th e  ir  an d  n m r spectra . A  b ro a d  The mother liquor from the first alcohol crystallization was 
. . . _ __ .,i - ,  ., . diluted with water; the solution was saturated with sodium

Signal in  the n m r spec tru m  a t 5 5.70 W ith  an  in ten sity  o f  chloride and was extracted twice with ether. The ethereal ex-
2 was assigned to an —N H 2 group, and this was con- tract was dried (MgSCh), concentrated under reduced pressure,
firmed by absorptions at 2.88 and 2.96 n in the ir spec- and distilled, giving a 35% yield of the liquid isomer of l : bp
trurn. A  split singlet with intensity of 1 at 5 4.52 and 98-99° (0 1 mm); w25d 1.5117; nmr signals were identical with
A r r  . v v  4- ,1 i i  .   those of the solid isomer except for a C H 3— C = C  peak at 1.734.55 is believed to be due to a hydrogen attached to a ppm F p
carbon-carbon double bond, the splitting being due to Anal. Caled for C 10H 13N O 2; C , 67.01; H , 7.33; N , 7.81. 
cis-trans isomerism. This assignment is supported by Found; C , 66.84; H , 7.37; N , 7.91.
an absorption band at 10.82 ¡x in the ir spectrum. The The infrared spectra of the isomers were identical in most 

remaining 13 hydrogens all gave signals appearing as a
com plex  m u ltip le t  be tw een  the  lim its o l o 0.2 an d  l .b o  definitive cyclopropane C -H  absorptions: 1.635 (w ) and
p lu s  one sh arp  singlet im posed  on  th is m u ltip le t  a t  1.23 2 .220  (s) n.
(intensity 3). This indicates only one remaining B. 2-Cyano-3-cyclopropyl-2-butenenitriIe (2). Condensation 
methyl group. The compound’s light yellow color witb Malononitrile .-Following the reflux period, the initial

, ., °  r . . i i • , i , crude product was isolated as described for 1 above. Jtiecrystal-
and its very intense absorption in the uv spectrum lization (70% ethanol) gave an 88% yield of 2> after three
centered at 323 m/t indicate a very highly conjugated recrystallizations: mp 65.0-66°; x£S4 4.46 (s, C = N ) ,  6.36
system. Based on these observations an d  o ther con- (s, conjd C = C )  near-ir (CC14) 1.627 (m ) and 2.222   ̂ (s,
firming spectral evidence listed in the Experimental cyclopropyl); nmr (C H C fi) 5 2.25 (m, 1 , cyclopropyl methine),

Section, the tentative structure 3’ CH3“ C^ C)’ and 1J5 ppm (m’ 4’ cyclopropyl methy‘
CH rxr Anal. Caled for CgHaNi: C , 72.69; H , 6.11. Found: C,

A I / / CN 72,76; H>6-36-/ \ .ç^CC=CC==C C. 2-Cyano-3-cyclopropyl-2-butenamide (3). Condensation
1 I / I A qN with Cyanoacetamide.— Following the heating period of 8 hr
“  H A " ñ  at 115°, the mixture was chilled, diluted with an equal volume of

NH 2 ligroin, and filtered to give slightly yellow crystals (73% ), mp
125-155°, as a mixture of geometric isomers. Two recrystalliza- 

ÍS proposed. The primary enamine grouping would tions from benzene, followed by one from 95% ethanol, afforded
be stabilized by the highly conjugated system. It  is the higher melting isomer as colorless long needles: mp 167-

anticipated that further work will be done in an effort c = C )  nem’Æ “

(9) W  H. Washburn and M . J. Mahoney. J. Amer. Chem. Soc, 80, 504 1-625 (m , cyclopropyl), and 2 .2 +  fi (absorption obscured by
( 1958). solvent).

(10) P. G. Gassman, Chem. In i .  (London), 740 (1962).
(11) D. W . Woodward, U. S. Patent 2,970,986 (1961); Chem. Abstr., «8, (12) G. W. Cannon, R. C. Ellis, and J. R. Leal, "Organic Syntheses,”

12921 (1961) Coll. Vol. IV , John Wiley & Sons, Inc., New York, N . Y ., 1963, p 597.
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Anal. Calcd for C 8H i0N 2O : C , 63.97; H , 6.72; N ,  18.66. I s o m e r i z a t i o n  o f  T e r p e n e s .
Found: C , 64.12; H , 6.71; N ,  18.80. _ _  T . . f  ,

Reaction of 1 w ith Benzenethiol.— T o  a  solution o f 0.05 g  The Isomerization of (  )-Perillaldehyde
(0.0022 g -a tom ) of sodium in 20 m l of absolute ethanol was added t o  p _ M e n t h a - l , 3 - d i e n - 7 - a l
3.3 g  (0.03 m ol) of benzenethiol and then 4.5 g (0.025 m ol) of 1, .
and the mixture was heated at reflux for 7 hr under argon. The w i t h  A q u e o u s  S u l i u r i c  A c i d
ethanol was distilled under reduced pressure, and an ether solu
tion of the residue was washed three times w ith  water and once H ir o s h i  K a y a h a r a , H ir o o  U e d a , I t s u o  I c h im o t o ,
w ith  saturated sodium chloride solution and dried (C aC U ). AND q h u j i  T a t s h m i

Concentration under reduced pressure left 4.5 g  of crude product
which was distilled to give 3.5 g  (4 8 % ) of colorless liquid (ethyl , , , . . ,,, . n
2-cyano-3-methyl-6-phenylthio-2-hexenoate): bp  167-168° (0.2 Department o f Agricultural Chemistry College o f Agriculture,
m m ); » ■  d  1.5558; near-ir X™* 1.72 (s ), 1.79 (m ), 2.18 (s ), University of Osaka Prefecture, Sakai, Osaka, Japan

2.29 (s ), 2.33 (s ), 2.38 (m ), 2.44 (m ), 2.50 (s )  n; ir x£2‘ 4.5 (m ,
C = N ) ,  5.76 (s, ester C = 0 ) ,  6.21 (s, C = C ) ,  13.6 and 14.5 (s, Received June 26,1968
C 6H 5) m; nm r (C D C h ) 8 7.25 (m , 5, C 6H 5), 4.22 (q , 2, O C H 2C H 3),
2.78 (m , 4, S C H 2C H 2C H 2C = C ) ,  2.17 and 2.27 (each a singlet, Isomerization of some terpenoid compounds w i t h  
cfs^and iranS-C H 3- C = ( ^ )  1.86 (m, 2, S C H 2C H 2C H 2C = C ) ,  ^  Qr a lk a l i  h a g  b e e n  o b s e rv e d  b y  several
and 1.28 ppm  (t, 3, O C H 2C H 3). u  , ,

Anal. Calcd for C 16N I9N S 0 2: C , 66.39; H , 6.63; N ,  4.84. workers. (-)-Penllaldehyde (1), however, has not 
round: C , 66.28; H ,  6.71; N ,  4.88. yet been included in these investigations.

Reaction of l  w ith l-Butanethiol.— T he reaction was carried j n  f^e present paper, a monoterpene a/î,7 Ô-dienal,
out as described for thiophenol, using 2 75 g  of 1-butanethiol. p_mentha-l,3-dien -7-al ( 2 ) ,  was obtained from 1 on
Final distillation gave 2.2 g of colorless liquid ethyl 2-cyano-3- f  . . , mv.
m ethy 1-6-bu ty lthio-2-hexenoate: bp 142-143° (0.2 mm); treatment with aqueous sulfuric acid. The same
ji^ d  1.4992. dienal structure as 2 has been assigned by Goryaev1

Ana l. Calcd for C j4H 23N 02S : C , 63.36; H , 8.73. Found: C , to an oxidation product of sabinene with selenic acid
63.19; H , 8.50. . and also by Matsuura2 to one of the oxidation products

B oth  m frared and near-infrared spectra showed absorptions r , . , , , , , , • , 1 ______1 , 1
Similar to the thiophenol product except fo r the absence of peaks o f  « T e r p m e n e  w i t h  ( - b u t y l  c h ro m a te , in d e p e n d e n t ly  
due to the aromatic ring. T h e  a p p a r e n t  d is c re p a n c ie s  in  p h y s ic a l  p r o p e r t ie s , 1' 2

Reaction of 2 with Secondary Am ines. Form ation of D im er.—  h o w e v e r ,  w e r e  fo u n d  b e t w e e n  th e  p re s e n t  a u t h o r s ’ d a t a
A  secondary amine ( 0.022 m ol) was added at a  fast rate dropwise a n d  th o se  b y  M a t s u u r a  a n d  G o r y a e v .  B a s e d  o n  th e
to a  solution of 2 g  (0.015 m ol) of 2 in 10-15 m l of absolute etha- e v id e n c e  to  b e  p r e s e n te d  b e lo w ,  i t  m a y  b e  c o n c lu d e d
nol. D im ethylam ine, diethylamme, or piperidine were used. . . .  , , , . . , , c / \
A  reaction occurred immediately, and after 1 hr, concentration t h a t  a c id -c a t a ly z e d  iso m e r iz a t io n  p r o d u c t  o f  (  ) -
under reduced pressure left a  thick red oil which crystallized to p e r i l la ld e h y d e  is  a  m o n o te rp e n e  a ld e h y d e , p -m e n t h a -
a  large extent after standing in the refrigerator for several days. l , 3 -d ie n -7 - a l ,  d i f fe re n t  f r o m  th e  p r o d u c t s  d e s c r ib e d  b y
Recrystallization (50 %  ethanol) gave yields of 0.5-1.3 g  of light M a t s u u r a  a n d  G o r v a e v  
yellow  crystals, m p 115-116°. A  final recrystallization for an m . ■ . . .  c , , , , •
analytical sample was best accomplished from  heptane: mol w t, T h e  is o m e r iz a t io n  o f  1 w a s  c o n d u c te d  m  1 0 %  a q u e o u s  

calcd 264, found (benzene) 278; ir X™ CI3 2.88 (w , N H 2), 2.96 s u l fu r ic  a c id  a t  1 2 0 -1 3 0  fo r  3 h r  a n d  a f fo r d e d  2 in  a
(m , N H 2), 4.55 (m , conjd C = N ) ,  6.1-6.16 (s ), 6.34 (m , conjd 9 0 %  y ie ld .
C = C ) ,  9.75 (m , broad, cyclopropyl), and 10.82 M (w , broad, T h e  a b s o rp t io n  b a n d s  a t  1666, 2700 , a n d  2800  c m “ 1

?m r / C H C l3 ) 5 5 -71  (s > broad, 2, - N H 2) 4.62 jn  t b e  j r  Sp ec t r u m  of 2 a r e  a t t r ib u t a b le  t o  a/3 ,y5 -un - 
and 4.65 [two smglets due to geometric isomers, 1 , - ( N H 2) C H =  , , . .  , ,
C ],  1.23 (s, 3, C H 3— C = C ) ,  and 0.2-1.66 ppm  (m , 10, two cy- s a t u r a t e d  a ld e h y d e . 2
clopropyl). In general, as the number of double bonds in con-

Ana l. Calcd fo r C i6H 16N 4: C , 72.69; H ,  6 .1 1 ; N ,  21.20. jugation increases, the C = C  vibration tends to shift
Found : C , 72.91; H , 6.02; N ,  21.37. progressively toward lower frequencies and enhance

Transestérification of 1 with 1-Butanol in the Presence of , -, B ,, , ,, , , ,• , , rnn
A m ines.— Diethylam m e, piperidine, and morpholine all catalyzed ^ in te n s ity ,«  so that the strong absorption at 1570
this reaction to give the same single product in yields ranging c m  1 1S reasonably attributed to double bond
from  32%  for morpholine to 59%  for the other two. The amine conjugated with carbonyl group. Matsuura, how-
(0.048 m o l) was dissolved in 20 m l of 1-butanol and added drop- ever, has reported no absorption band in this region,
w ^ e  to a  refluxing solution of 7.1 g  (0  04 m ol) of 1 in 30 m l of I n  a d d it io n  to  th e  i r  d a t a  th e  spectral assignment of
1 -butanol, lh e  mixture was heated at reflux fo r an additional . . . ’ f  , , , °
2 hr and concentrated under reduced pressure, and the residue these chromophores is demonstrated by the maximum
was distilled to give a  colorless oil, n -buty l 2-cyano-3-cyclo- absorption at 315  m/t (e  1 5 ,600 ) which is Comparable
propyl-2-butenoate: bp  109-110° (0.1 m m ); n n d  1.5022. with the accepted absorption maximum at 3 20  mp. for

Ana l. Calcd fo r C 12H 17N O 2: C , 69.52; H , 8.28; N ,  6.76. th e  c o n ju g a t e d  d ie n o n e  s y s te m  a c c o rd in g  to  t h e  F ie s e r  
Found: C , 69.34; H , 8.41; N ,  6.90. , rfn , ,. J . , .. ,

The  same transesterification could be effected b y  use of T riton  r u le ' T h e  a b s o r P tlo rl m a x im u m  a n d  in t e n s it y  a t
B  (ratio, 17 m ol of compound l / l  mole Triton B )  in 22%  yield. 3 0 5  ( «  4 5 0 0 ) o f  th e  c o m p o u n d  r e p o r t e d  b y  M a t s u u r a

. are not only inconsistent with the authors’ , but also
N O ' T ™ SOi ^ ’ 1 ( l i q u id ) ,  lo w e r  t h a n  th e  v a lu e s  to  b e  e x p e c te d  f r o m  t h e  s t ru c -

1 7 4 0 7 -2 9 -3 ; 2 , 1 7 4 0 7 -3 0 -6 ; d im e r  o f  2 , 1 7 4 0 7 -3 1 -7 ; t u r e  2 .

t b !7'407"32' 8 ’ 3 £ % NS° 2 ^ ) n 17407;33-9; CieHl9" Further evidence to support the structure of 2 was 
NS02 ( t r a n s ) ,  17407-34-0; Ci4H23N 0 2S, 17407-35-1;
C12H17N 0 2, 1740 7 -3 6 -2 . , „  „

(1) M . I. Goryaev and G. A. Tolstikov [Izv, Akad. Nauk SSSR, Ser.

Acknowledgment. This rese“ ch S“  BUpporleil in " Î Æ ‘L T Ü T Î t P'”1“  " "
p a r t  b y  a  g r a n t  f r o m  th e  P e t r o le u m  R e s e a r c h  F u n d  o f  (2) t . Matsuura and t . Suga [./. Org. Chem., so, 518 (i965)] reported that 
t h e  A m e r ic a n  C h e m ic a l  S o c ie ty . G r a t e fu l  a c k n c w le d g -  physical constants of the product were 2750, 1070, 1375,1357 cm->;

A  t i l  - c J  , ,  T 1 305 mg (e 4500) ; 2,4-DNPH mp 230-231°, x“ « OH 405 ma (e 28,000).
ment is made to the donors of this fund. We are also (3) A . p ozefsky and n . d . Coggeshaii, Anal. Chem., as, i6ii ( 195p .
grateful to Dr. Graeme Baker of Montana State (4) A - Ashdown and t . a . K ie tz ,./. chem. soc., 1454 ( 1948).
University, Bozeman, Mont., fors ome of the nmr (s) R. b . Turner and d . m . Voitie, j . Amer, cfcem. s»c., 7 3 ,14 0 3  ( 1951).

, J (6) R. N . Jones, P. Humphries, E. Packafd, and K . Dobriner, ibid., 72.
spectra. 86 (1950).

4536 N otes The Journal o f Organic Chemistry



• provided by the nmr spectrum (CC14). The methyl extending the carbon chain of olefins and leads to
protons of the isopropyl group afford doublets at $ several otherwise difficultly accessible molecules.2 In
0.99 and 1.10 ppm,7 and the sharp band at S 9.40 ppm a previous paper2 it was shown that a variety of
unequivocally shows the presence of a CHO group electrophilic reagents readily react with grem-dihalo-
carrying no a hydrogen. The line at d 2.25 ppm con- cyclopropanes to yield allyl derivatives or dienes,
sisting of four protons is assigned to CH2 group in the Since no data exists in the literature on the reaction of
ring. The signal at S 5.92 and 6.68 ppm (each doublet basic nitrogen compounds with ^em-dibromocyclo-
J  =  6 cps) can be assigned to vinyl protons of (3 and propanes to give N-substitution products, it was of
7  positions, respectively. interest to investigate the reaction of morpholine in the

Compound 2 may be of synthetic interest from the above reaction, 
viewpoint of its possessing the possibility of further The results of this investigation indicate that re
transformations and it is fascinating that the com- fluxing a morpholine solution of substituted £?em-di-
pound can be obtained quantitatively by a simple bromocyclopropane for 1-154 hr yields /3-bromoallyl-
procedure. morpholines or the 3-bromo-l,3-diene as described in

Tables I  and II. The thermal ring opening of the 
Experimental Section8 neat gem-dibromocyclopropanes yielded in some cases

Acid Treatment on (—)-Perillaldehyde.—A mixture of (—)- isolable /3-bromoallyl bromides or the 3-bromo-l,3- 
perillaldehyde (10 g ) and 10% aqueous sulfuric acid (150 m l) diene.
was refluxed for 3 hr at 120-130°; then the resulting solution This ring-opening reaction takes place readily with 
was extracted with ether The ether solution was neutralized the more highly alkylated ^ero-dibromocyclopropanes 
washed with water, dried over anhydrous sodium sulfate, and j  r n ,, , - . . . .  , . . .
distilled in  vacuo to give 9 g of 2, bp 81-82° (6 mm), in a 90% aind foll™ S the same order of reactivity observed With
yield: cP4 0.9795; nMi> 1.5283, Md 47.18° (calcd 45.06°); electrophilic reagents.2 In the case of 1,1-dibromo-
rma* 2700, 2800, 1666 (C H O ), 1570 (a/3,vi-conjugated diene), 2,2,3,3-tetramethylcyclopropane (V II), 3-bromo-2,4-di- 
1360, 1380 (isopropyl), 780, 840 cm “ 1 (double bond); x“« 11 methyl-1,3-pentadiene (V I I I )  is obtained in 82% yield

d Q o ’ 6f i ° f i o  a ° ‘9/9, V1? (di f  ?  ’ fi'40 ^9 m 1*’ 2'25 even in the absence of any solvent by heating to 160-
t b i o n .  ‘ = I « 8“ lor 2.5 hr. The r e g io n  of M -d ib rom o^M i-

Anal. Calcd for C i,H i,O N 3: C , 63.74; H , 8.27; N ,  20.27. methylcyclopropane (I ) with morpholine yielded 3-bro- 
Found: C , 63.95; H , 8.49; N ,  2 0 .2 1 . mo-2-methyl-4-morpholino-2-butene (I I ),  whereas in

the absence of morpholine l,2-dibromo-3-methyl-2- 
Registry N o — 1, 18031-40-8; 2, 1197-15-5; semi- butene ( I I I )  was obtained. The thermal ring opening 

carbazone of 2,18039-53-7; sulfuric acid, 7664-93-9. of other neat grm-dibromocyclopropanes does not
, , always lead to the isolation of clearly defined prod-
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performed on a Yanagimoto CHN-oorder. Ir  spectrum was obtained with a after a longer period of refluxing. Both CIS- and trans-
Hitachi e p i -2 spectrophotometer using sodium chloride liquid film ceil. U v butene-2-dibromocarbene adducts yielded the same
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Recently2 it was reported that these same cis- and
________________  (rans-dibromocarbene adducts also yield one isomeric

product upon reaction with aqueous silver nitrate or
Reaction o f  gem -D ibrom ocyclopropanes silver acetate-acetic acid.

, M  , .. In the case of cis- and (rans-l,l-dibromo-2,3-di-
w it  orp o m e methylcyclopropane the transition states obtained by

„ the favored disrotatory process3-8 can be formulated as
Stanley R. Sandler* shewn in Scheme I, p 4539.
~ J , r , . In agreement with the above predictions it is found
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T a b u : I

T h e  T h e r m a l  R in g -O p e n in g  R e a c t io n  o f  Su b s t it u t e d  gem-DiBROMOCYCLOPROPANES 
in  t h e  P r e s e n c e  a n d  A b s e n c e  o f  M o r p h o l in e

oem-Dibromo- Morpholine, Temp, Time, Y *e'd’ ,
cyclopropane, mol mol °C  hr Product« % Bp, °C  (mm) m> (»C )

CH3
| B r  _  /  V
K p "  0 207 128 72 (CHi),C=C-CH,N_/0 84 110(5) 1.5121 (23)

chm  ' A,
B r

i n
0.0527

0.0615 0 195-210 3 (C H 3)2C = C — C H 2B r 60 62-63 (3 .5 ) 1.5471 (21)

B r

I I I

k^Tp| 0.207 128 24 CHsCH=C-CH-rfj> 55 103 (4.0) 1.5113 (20)
Br CH3 

Br

I Y  V
0.0527  

I V
0.0527 0 150 3 T a r

CH3
0.207 128 24 V  88 108 -1 1 0 (5 .0 ) 1.5080 (23 )

CHj 1 
B r

V I
0.0527

V I
0 .0527. 0 150-170 3 T ar

CH3 CHj
L _ h l J  0.207 128 1 (C H 3)2C = C — C = C H 2 36 4 6 -4 7 (1 3 .0 ) 1.4921 (20 )

C R j  CH3 B r  ¿ H 3
Br

V I I  V I I I
0.0277

VII 0 160-162 2 .5  V I I I  82 47-48 (1 5 .0 ) 1.4938 (19)
0.100

ctH5 ^
k f p  0.207 128 154 ( C A t c - c - o w ^ j )  78 M p  90_ 91

CsH(J Br
Br
I X  X

0.0284
I X  0 150-170 24 T a r

0.0284

« T h e  glpc analyses of the products were obtained on a  3- and 6-ft column packed w ith 25%  silicone DC 200 on Celite at concentration  
( P )  obtained from  The Burrell Corp., P ittsburgh, Pa .

the presence of pyridine and ethanol to give the same observed in compound V  (S 5.78); hence by analogy we
trans product as shown below. assign a trans configuration to the methyl group and

the carbon bearing the morpholinyl group. The fact 
CH3 OC2H5 that none of the cis isomer is produced may be due to
I 91 | either isomerization of the cis product during this re-
9x q / 9 action or to a preferred attack by a nucleophile (mor-
I | ' pholine) on carbonium ion (B) to give only the trans

Cl CH Cj product. The direction of ring opening using mor-
X .  pyridine  ̂ 3\ q = q /  phohne is identical with that observed with electro-

c ,h 5oh  h /  ' n CH(OC2H5)2 philic reagents2 and with pyridine-ethanol.6 Skatteb0l 
| | 2 tmns found that l,l-dichloro-2-ethoxy-3,3-dimethylcyclo-

I j. '  propane gives a product similar to I I  on reaction with
pyridine-ethanol which has the structure (CH 3) 2- 

ChJ  C=CC1— CH(OC2H6) 2. This compound shows a dou-
¿ 1  blet in the nmr at 5 1.87 [(CH3)2C = ]  similar to that

found for I I  at 1.83.
The vinyl proton for ¿rans-2-chloro-l, l-diethoxy-2- The mechanism given above is shown only to il- 

butene absorbs at S 6.1 (= C H ) which is similar to that lustrate the Woodward-Hoffmann rules3 and is not
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T a b l e  I I  Sc h e m e  I

E l e m e n t a l  a n d  Sp e c t r a l  A n a l y s is  o f  P r o d u c t s  f r o m  CH3n  /  f  CH3
t h e  T h e r m a l  a n d  M o r p h o l in e  I n d u c e d  R in g  O p e n in g  / B r  V _ y  Ç . g r

o f  Su b s t it u t e d  ¡/em-DiBROMOCYCLOPROPANES — B r — — — i + ; JJC ---B r — »

/—Calcd, %—> /—Found, %—  / '  Ç f '
Compd C H  C H Spectral data“  CH 3̂  X  [ C H '  ^

I I  46.20 6.85 46.03 6.90 Ir  (neat) 6.05 (C = C ), 9.0 g (mor- I V  V
pholino group); nmr doublet at 5 
1.83 (CH 8C = C ), singlet at 3.25
[CH 2— C (B r )= ],  and the eharac- y O W 3 CH3
teristic absorption for the morpho- — 0  \  / \ /
line hydrogens @ 'p___-n o  ©  morpholine

I I I  26.45 3.51 26.69 3.54 Ir  (neat) 6.07 n (C = C );  nmr doublet *  r  DT Q— g r
at 5 1.83 (CH 3C = C ) and a singlet k  çf*
at 4.32 (— CH 2Br) \ }| j  /  \

Vs 46.20 6.85 46.47 6.96 Ir  (neat) 6.03, 11.59 (C = C ), 8.98 g 3 '  qjj

(morpholino group) ; nmr doublet at —* 3
S 1.13 (CHaCH— N — ), doublet at A  trans p rodu ct V
I .  69 (CH 3C H = ),  quartet at 2.72
(N — CH— CHs), quartet at 5.98 C H 3s . Q k  /
(C H 3—-C H = ), and characteristic y v .  heat Ç Ns . ^,Br ^
absorption for the morpholine hy- ----g r neal > | ___►
drogen

Ve 46.20 6.85 46.37 6.99 Same as for compound V
V I I I d 48.00 6.28 48.02 6.33 Ir (neat) 6.05, 6.12, 11.07, 11.35, L H 3

I I .  75 (C = C ), 7.26 g (CHs); nmr V I
singlet at 5 1.76 (CH3C=C), singlet
at 1.84 (CH 3C = C ) , singlet at 4.80
(— G H = C ), and singlet at 4.91 y
(— C H = C ) QH

V I I I e 48.00 6.28 48.39 6.26 Same as for compound V I I I  3 ___td r> ©
X  63.80 5.59 63.96 5.73 Ir  (KBr) 3.30, 6.26 (CeHi), 3.45, *** morpholine

3.50, 3.57 (CH ), 6.18, 11.48 — Q
(C = C ),  and 9.0 p (morpholino 'CH
group); Xmox (CHaOH) 235 mg 3
(«max 12,400); nmr singlet at 8 3.25 *- —
[= (B r )C — CHaN] singlet at 7.18 
[CsHs— C = C (B r )— ], and charac-
teristic absorption for the morpho- [ i

line hydrogens \  / N ^  , n
“ The integrated spectra were consistent with the assigned CH3—Cv q j  _ ç/

structures. 6 Compound V  obtained from compound IV . e Com- C— Br +  3 V  ;t>
pound V  obtained from compound V I. d Compound V I I I  ob- ( f  / \ r
tained from V I I  in the presence of morpholine. e Compound /  \  \___y
V I I I  obtained from V I I  in the absence of morpholine. CH3 '  NÇH3

trans product V  cis product

meant to rule out the possibility of product formation
through the thermally formed /J-bromoallyl bromides. Sc h e m e  I I
The results shown in Table I  with compound I  indi
cates that such a possibility might exist (Scheme I I ) .  \y  C— Br /-\ C— N 'b
In addition, it has been reported7 that the solvolysis in ^  heat | HV_y° | \— /
80% ethanol of 6,6-dibromobicyclo[3.1.0]hexane pro- / ^ c\  >  S — Br y — Br
ceeds simultaneously by its direct reaction with solvent ^ Ç Br / c\  A
and with the thermally produced 2,3-dibromocyclo- I *
hexene. \  __x /

\ H \__/° /
Experimental Section8

The dibromocarbene adducts were generally prepared by a
procedure similar to those described earlier.9 11 The results of periodically and analyzed by glpc to determine the extent of 
these preparations are presented in a previous paper.2 _ reaction. Where morpholine was used, the samples were acidi-

General Procedure for the Thermal Ring-Opening Reaction f)e(j  an(]  extracted with ether, dried, concentrated, and distilled 
of Substituted gem-Dibromocyclopropanes in the Presence and under reduced pressure to obtain the product. The experimental 
Absence of Morpholine.— To a single-neck round-bottom flask conditions and products are described in more detail in Tables 
was added the particular pem-dibromocyclopropane with or j  ancj 
without morpholine, and the contents were heated under a
nitrogen blanket for the specified time. Samples were removed _

Registry No.— Morpholine, 110-91-8; I I , 17853-41-7; 
-------------  I l l ,  17853-42-8; V, 17853-43-9; V II I ,  4773-87-9;

(7) L. Gatlin, R. E. Gliok, and P. S. Skell, Tetrahedron, 21, 1315 (1965). X ,  1 7 8 5 3 -4 4 -0 .
(8) (a) The elemental analyses were obtained by Dr. Stephen M . Nagy,

Belmont, Mass, (b) Melting and boiling points are uncorrected. The nmr . , , , .
spectra (in CCI.) were recorded on a Varian Associates A-60-A spectrometer Acknowledgment.— The author Wishes to express hlS
and the S values are in parts per million from tetramethylsilane. The ultra- appreciation to ProfeSSOr P. S. Skell of The Pennsyl- 
violet spectra were obtained on a Beckman DK-1 recording spectrophotome- Vania State University for his generOUS help thrOUgh-

tCr(9) W. von E. Doering and A. K. Hoffman, J. Amer. Chem. Soc., 76, 6162 O U t this investigation; to Mr. O. LaUVer of the Penn-
( 1954). sylvania State University and to Professor D. Swern of

m) p. s.Bwia n da. y . t o S n , « » »  Temple University for obtaining thé nmr spectra.
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P r e p a r a t io n  o f  3 ,3 ,6 ,6 -d 4- C y c lo h e x a - l ,4 - d i e n e  w a s  n o t pu rsu ed  fu rth e r since th e  ad d itio n  o f iod id e
e ffective ly  so lved  the  p ro b lem  o f p ro d u ction  o f 1,4- 

W i l l ia m  P. N o r m s  cyclohexad iene.
T h e  o v e r -a ll y ie ld  o f I  b ased  on  l , l ,4 ,4 -d 4-b u t a - l ,3 -  

Chemistry Division, Naval Weapons Center, d iene (neg lectin g  recovered  s ta rtin g  m ate ria l) w a s  4 5 % .
China Lake, California 93555 T h e  p ro d u ct  a fte r  one t ra p -to -t ra p  d istilla t ion  w a s

a b o u t  9 8 %  I  as ju d g e d  fro m  n m r a n d  v p c  d a ta . T h e re  
Received June 28,1968 w a s  ab o u t  0 .1 %  o f d2-ben zen e  (p ro b a b ly  1 ,4 -dr-ben

zen e ), an d  the rem a in der o f th e  im pu rities  w e re  h igh er  
3,3,6,6 - i irC y c lo h e x a -1,4-diene ( I )  w as  requ ired  in  bo ilin g  m ateria ls  in c lu d in g  som e h exam eth y lp h o sp h o r-

connection  w ith  som e h y d ro ca rbo n  py ro ly s is  studies. am ide. T h e re  w a s  no  1 ,3 -cyclohexad iene de tected  b y
T h e  w e ll-k n o w n  m eth ods o f p rep a rin g  1 ,4 -cyclohexa- y p C o r n m r P u rific a t ion  b y  v p c  e lim in ated  th e  im -
d iene b y  reduction  o f ben zen e 1 w ere  not ap p licab le  in  p u r ities w ith in  the detection  lim its o f the  v p c . T h e
this case n o r  w ere  the m eth ods2 u sed  fo r  the p rep a ra t ion  n m r spectrum  o f I  show s a  single  v in y lic  p ro to n  peak
o f som e o ther d eu te ra ted  1 ,4 -cyclohexadienes. T h e re - a f, r  4 .3 5  an d  a  v e ry  sm all peak  (a b o u t  1 %  o f th e  v in y lic
fore, a  n ew  1 ,4 -cyclohexadiene synthesis w a s  devised . p ro to n  p e ak ) at 7.40, the position  o f th e  p e a k  fo r
It s  genera lity  has not been  investigated , b u t  b y  p ro p e r  m eth y lene p ro ton s o f 1 ,4 -cyclohexadiene. T h is  is
choice o f substituents on  th e  bu tad ien e  o r the  /3-chloro- eq u iva len t to  the isotrop ic p u r ity  o f the l , l ,4 ,4 -d 4-b u ta -
acrylic  ac id  the p rep a ra t ion  o f a  v a r ie ty  o f substitu ted  1 ,3 -diene sta rtin g  m ateria l. H en ce , no  h y d ro g e n  ex -

ch an ge a t  the m eth y lene  positions occurred . T h e  v in y l

h ^ C D 2 ^  HY ^ f CH 2H KHCO^ H A  H

h (A d 2 h ^ c o 2h  80hr h J L A j  h’°  X X

II H iy  Ha

jj Q2 .C02- K + * =  13C (natural abundance)

Jj T *  [_'CHa\N]3po, Nai  ̂ p r o t o n -13C  in teraction  g ives J h « c  =  158 H z  an d , fo r
50°,0.5 mm the cis v in y l pro tons, ./12 =  10 H z . T h e  m ass spec -

t ru m  o f I  sh ow s a  s tron g  p a ren t  ion  peak  a t  m /e  84.
IE

H vA / H  Experimental Section

I I 4 - C02 4- KC1 2-Chlorocyclohex-4-ene-l-carboxylic Acid.— A  mixture of 11.7
g (0.11 mol) of ¿r<ms-/3-chloroacrylic acid and 5.4 g (0.10 mol) of 

D2 1,3-butadiene was degassed and sealed in a glass ampoule on a
vacuum line. The ampoule was heated in a bomb (partially

1 ,4 -cyclohexadienes shou ld  be  possib le . O n e  reason  filled with liquid trichlorofluoromethane to act as a heat-transfer 
.1 , x___ 1 - u  medium and to pressurize the outside of the ampoule) to 98° ±  2°that this synthetic route was chosen is because 1,1,4,4 -a4-  f on , . rp, „ 1  , ,, 1 ' ,j 7. . “  ’ ’ > . for 80 hr .6 The ampoule was opened on the vacuum line and
b u ta -l,3 -d ie n e  is re a d ily  ava ilab le , an d  the  reaction  0.014 mol of gaseous material was evolved, at least 75% of which
cond itions are  sufficiently  m ild  so th a t  h y d ro gen  was butadiene (by  nmr analysis). The other volatile constituents
scram b lin g  is un like ly . were not identified. There was 15.8 g of solid remaining in the

O p tim u m  reaction  conditions w e re  first estab lished  ampoule. The solid was added to 50 ml of H 20  containing l l  g
i i ,  j i ,  i* mi „ ,, p ,  01 K.HUO3, faltered to remove small amount of polymer, and

u sin g  u n labe led  butad ien e . T h e  p rogress o f the  first extracted with two 50-ml portions of ether. The aqueous phase
step (D ie ls —A ld e r  reaction ) w a s  fo llo w ed  w ith  nm r. was acidified with 6 N  HC1; the crystalline solid was filtered
I n  the last step  o f the reaction  it  w a s  fou n d , b y  u sin g  a  off, washed with 20 ml cold water, and dried on the filter by
h igh -bo ilin g  p o la r  so lvent, th a t  the reaction  occurred  drawing air through the filter for 1 hr. This gave 11 g (68%

at a reasonable temperature and that the 1,4-cyclo- A  °f A  f P A  A  A  reffystal1llzat!°ns 1from, i i i  i i  *7 hexane gave o.5 g or 2-chloroeyclohex-4-ene-l-carboxylic acid,nexadiene could be removed under reduced pressure as mp no-1120.
fa st  as it  w a s  generated , p rac t ic a lly  e lim in ating  an y  Anal. Calcd for C 7H 9C102: C , 52.35; H , 5.65; Cl, 22.08.
d isp ropo rtion a tion  an d  oxidation . S od iu m  iod id e  w a s  Found: C, 52.16; H , 5.64; Cl, 22.02.

ad d ed  because th e  reaction  in  th e  la st  step  p roceeds , A A A f  A £ A A k,hex~4t neA A A i cacid!

y  ttt ♦ .COmPletion  w ith o u t it. T h is  m a y  N a H C 0 36 in 2.5 ml of water. After the acid was neutralized,
m ean  th a t  I I I  is a  m ix tu re  o f cis  an d  trans  isom ers (w ith  the water was removed under reduced pressure keeping the
respect to  C l  an d  C 0 2H )  an d  since the  trans  isom er is temperature below 25°. The dry salt along with 4.9 g (0.032
the one th a t  u ndergoes e lim in ation 4 then  th e  c is  isom er mol) of N a l  was added to 50 ml of vacuum-distilled [(C H 3)2N ]3-
rem ains unreacted . Io d id e  w o u ld  d isp lace ch loride  P 0  in a 250-mll round-bottomed iflask and[heated to,70° at 1 mm

c .1 . . . . , . . r  , , _ _ pressure for 4 hr and then to 75° for 1 hr while stirring with a
oi, the cis  isom er g iv in g  a  trans  isom er w h ich  w o u ld  th en  magnetic stirrer. The flask was connected to the vacuum pump
elim inate  iod id e  an d  ca rbon  d ioxide. T h is  p ro b lem  through a trap cooled with D ry  Ice and acetone. Two trap-to-

trap distillations under vacuum gave 1.8 g (70% yield) of 1,4-
(1) E. A. Benkeser, M. L. Burrous, J. J. Hazdra, and E. M. Kaiser, J. Org. cyclohexadiene of about 9 8 %  purity. The impurities, benzene

Ch™ " ,28, 1094 ( i963), and references therein. an(j  hig}jer boiling materials, were removed by vpc using a  Vs-in.
(2) 1,4-cfe-, 1,3,3,4,6,6-^6-, and l,2,3,3,4,5,6,6-d8-cyclohexa-l,4-dienes were ------------------- -

prepared by dehydration of the appropriately deuterated 1,4-cyclohexan- (5) The optimum conditions for the reaction were determined by sealing
diols: M . I. Gorfinkel and V. A. Koptyug, Izv. Sib. Otd. Akad. Nauk SSSR, equimolar amounts of the reactants into 5-mm standard walled-glass tubing 
Ser. Khim. Nauk, 109 (1967). and observing the change of the nmr spectrum with respect to time and tem-

(3) Available from Isotopic Products, Merck, Sharp & Dohme of Canada perature. The temperature was kept as low as practicable to minimize
Ltd. scrambling of hydrogens of the reactants or the product.

(4) S. J. Cristol and W. P. Norris, J. Amer. Chem. Soc., 75, 632 (1953). (6) Either the sodium or the potassium salt may be used.
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by 20-ft aluminum column packed with 20% Apiezon L on Chro- 0f one of the carbonyl groups. 3 Both ketones were
mosorb W. Helium was used as the earner gas. The infrared recently4 formed by an acyloin cyclization of aleuritic
absorption spectrum of the gaseous product shows bands m u at . , . , . rrr/ . , , , ,
3.2 (> C H — ), 3.4 and 3.45 (> C H 2), 6.1 ( > C = C < ) ,  and 6.9 acid m about 5%  y ield" The odors  o f b ° th  ketones
(> C H 2) with two broad and complex bands centered at 10.2 and were reported as musklike.
1 1 .2 . The nmr spectrum shows a triplet due to vinyl protons The disadvantages of ring-closure methods to give
at t 4.36 and a triplet due to methylene protons at 7.26 with unsaturated ketones have been realized for some time.

i l n } , « : t h e  synthesis of ,  large-ring nneafnrated 
same values as above. compound has been demonstrated by the olefin metathe-

Preparation of 3,3,6,6-d4-Cyclohexa-l,4-diene (I ).— 1,1,4,4-dr sis reaction6 of cyclo olefins, which suggests the present
Buta-1,3-diene (0.10 mol) and £rems-/3-chloroaerylic acid (0.11 approach, in which a large ring is used as the starting
mol) were reacted and the product was worked up in the same material. The macrocyclization of cyclooctene pro-
manner as with the unlabeled material, except that the product . . „ , . . TT ,
was not recrystallized from hexane. 3 ,3 ,6 ,6-d4-2-Chlorohex-4- vldes a mixture of large-ring compounds. 6 Under 
ene-l-carboxylic acid ( 1 1 .7  g, 0.071 mol) was neutralized with suitable conditions7 the reaction can be directed to ap-
7.1 g of KHCOa dissolved in 50 ml of water. The water was preciable ica. 20%) amounts of the dimer, 1,9-cyclo-
removed under reduced pressure, and the dried salt along with hexadecadiene (1), which occurs as a mixture of the
11 g of N a l  was added to 100 ml of vacuum-distilled hexamethyl- . . . /roq/') 9nd trnvo trnw* (1 9 ^ )
phosphoramide. The system was evacuated through a D ry  , > '  ’ '  ' c ' ’ ’ '
Ice-acetone trap to 0.5-mm pressure and heated to 50° for 4 hr. isomers.
One trap-to-trap distillation under vacuum of the volatile ma- T h e  conversion  o f the la rg e -r in g  d iene b y  h y d ro -
terial gave 3.8 g (45% based on butadiene) of I  of about 98% b o ra t io n  in to  the C i6 m usk  com pou n d  seem ed especia lly
purity as shown by vpc and nmr analysis There was about 0.1% a ttrac tive  if a  reason ab le  am o u n t o f m o n o h y d ro -  
a2-benzene (presumably l,4 -a2-benzene), and the remainder oi . ^  ^
the impurities were higher boiling materials. Final purification b o ia t io n  w o u ld  occur. T h e  ad d itio n  o f 1 eq u iv  o f d l-
was effected with preparative vpc using the column and the condi- bo ran e  ( V 6B 2H 6) w a s  expected  to  g iv e  ap p ro x im ate ly  
tions used for the purification of unlabeled I in the previous 5 0 %  m on o - an d  25% d ih y d ro b o ra te d  com pounds
experiment. The infrared absorption spectrum of I  (gas phase) d  reacd;on  w en t to  com pletion . T h e  cyclic diene
shows bands in p at 3.25 (> C H — ), 4.62 and 4.76 (> C D 2), , X\ , , .
6 .1  ( > C = C < ) ,  and a poorly resolved triplet centered at 9.3  0 )  was treated ™ th dlborane (Scheme I ) generated m
( > C D 2), with two broad bands centered at 10.4 and 11.3. There s itu  by the addition of boron tnfluoride etherate to
is no detectable methylene (> C H 2) absorption at 3.4 or 6.9 p as. sodium borohydride in diglyme. 8 The distribution of
there is in the unlabeled compound. The nmr spectrum shows alkylboranes varied with the proportions of diborane.
a singlet at r 4.36 due to the vinyl protons and at 7 25, the methy- Thg ungaturated intermediate 2, may be formed by 
lene proton region, there is a peak of about 1 %  the area ol the , ’ J
vinyl proton peak .7 Hence there is no detectable exchange of addition of boron to either end of the double bond. The
hydrogen at the 3,3,6,6-positions during the synthesis. The dihydroborated intermediates, 3 and 4, may form in
mass spectrum shows a molecular ion peak, which is the base equal amounts if not affected by conformational
peak, at m/e 84. preferences. The possibly of boron-bridged intermedi-

„  . . „  T , , . ates (from 3 and 4) is presently under investigation.
R e g is t r y  No.—I, 17791-27-4; 2-chlorocyclohex-4- ,, : , ,. , , , ,, & ,.

, , t -i r.o r 1 4 1 7 ,• Oxidation of organoboranes to the correspondingene-l-carboxylic acid, 17791-28-5; 1,4-cyclohexadiene, , , 0  , ■ , , , , , ,, ,
628 41 1  ketones with aqueous chromic acid added to ethyl

e t h e r  h a s  b e e n  r e p o r t e d . 9,10 T h i s  t y p e  o f  c h r o m ic  a c id  

(7) The manufacturer (ref 3) claimed at least 98% isotopic purity, and a O x id a t io n ,  w h ic h  is  k n o w n  t o  b e  S e le c t iv e  f o r  S e c o n d a r y
check by nmr indicated that the 1 ,1 ,4,4 positions of the labeled butadiene had a lc o h o ls  in  t h e  p r e s e n c e  o f  C a rb o n —C a rb o n  d o u b le

about 1 % m . b o n d s 11 w a s  fo u n d  in  t h is  w o r k  t o  b e  s e l e c t i v e  a s  w e l l

________________  for the alkylborane group in the presence of a carbon-
carbon double bond, as is shown by the desired un-

j. r saturated ketone 5 (Scheme I). Oxidation also gives
The Selective Oxidation o f Large-R ing the diketones g and i 0) from the dihydroborated com-

Organoboranes w ith  Chrom ic Acid. The pounds, but in much lower yield (Table I ) than initially
Synthesis o f  M acrocyclic Musk Compounds predicted for addition of 1 equiv of diborane to the

diene. This may be attributed to the insolubility of 
Lawson G. Wideman the dialkylborane which precipitates and resists further

alkylation.
Contribution No. 408 from The Goodyear Tire and Rubber Company, Gas chromatographic and ir analyses of recovered

Research Division, Akron, Ohio 443I 6 starting materials showed that when the diene was
treated with 2 or 3 equiv of diborane the cis ,cis  isomer 

Received June 4,1968  aiway S reacted to a greater extent than the trans,-

The Cw musk compound, 8 -cyclohexadecen-l-one
—̂ x 1 1 • i • i - i t  / r f r f  \ u (3) A. T. Blomquist, J. Prager, and J. Wolinsky, J. Amer. Chem. Soc., 77,
^ S ) , 1 w a s  o b ta in ed  m  v e ry  lo w  y ie ld  ica. o / c ) b y  1804(1955); a . t . Blomquist and j. woimsky, *6«.,77 , 5423 (1955).

p y r o l y t i c  c y c l i z a t i o n  o f  t h e  y t t r i u m  s a l t  o f  t h e  c o r -  (4) H. H. Mathur and S. C. Bhattacharyya, T'efra/tedron, 21, 1537 (1955).
- r e s p o n d in g  CH d ia c id .2 T h e  s a t u r a t e d  k e t o n e ,  c y c lo -  < «  k . .w -. Boo«-. nr. C a id ««.» e . a  ofstead, w . a . Judy, and j . f  ward,

*  0  . , . . , Abstracts, 155tn National Meeting o f the American Chemical Society, San
hexadecanone (9), was obtained i n  a Slightly higher Francisco, Calif., April 1968, No. L54; Advances in Chemistry Series, in press,
yield (ca. 16%) by cyclization (twofold condensation) (6) N. Calderon, E. a . Ofstead, and W. A. Judy, /. Polymer Sci., B, 2209

o f  t h e  d i c h lo r id e  o f  a z e la ic  a c id ,  f o l l o w e d  b y  r e d u c t io n  ( Cafdenm and E. A. Ofstead, unpublished data.

(8) H. C. Brown and P. A. Tierney, J. Amer. Chem. Soc., 80, 1552 (1958).
(1) E. H. Rodd, “ Chemistry of Carbon Compounds,”  Vol. I I , part A, (9) H. C. Brown and C. P. Garg, ibid., 83, 2951 (1961).

Elsevier Publishing Co., New York, N. Y., 1953, p 277. (10) H. C. Brown and C. P. Garg, ibid., 83, 2952 (1961).
(2) L. Ruzicka, M . Stoll, W. Scherrer, H. Schinz, and C. F. Seidel, Helv. (11) K . Bowden, I. M . Heilbron, E. R. H. Jones, and B. C. L. Weedon,

Chim. Acta, 15, 1459 (1932); L. Ruzicka, M . Stoll, and H. Schinz, ibid., 9, J. Chem. Soc., 39 (1946); P. Bladon, J. M . Fabian, H. B. Henbest, H. P. 
249 (1926). Koch, and G. W. Wood, ibid., 2402 (1951).
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Sc h em e  I has a musky odor almost identical with that of the un-
-- saturated compound.

| I | | T h e  p re s e n c e  o f  t h e  s a t u r a t e d  k e to n e  9  w a s  u n -

/  \  b 2h6 ; /  \ [o ] e x p e c te d ; h o w e v e r ,  it s  fo r m a t io n  is  e a s i ly  e x p la in e d

\ ___  ___/  lequiv’ \ ____ ___ /  * '  s in ce  th e  o x id a t io n  is  c a r r ie d  o u t  in  th e  p re s e n c e  o f

1 J  I J  m in e ra l a c id .12 R e d u c t io n  o f  c a r b o n -c a r b o n  d o u b le

b o n d s  v ia  h y d r o b o r a t io n  h a s  b e e n  r e p o r t e d  in  g o o d  

1 B  y ie ld  u s in g  o rg a n ic  a c id s , a n d  in  f a i r  y ie ld  w i t h  m in e ra l

/  ^  a c id s .12 P r o t o n a t io n  o f  o n e  p o s it io n  o f  t h e  d ih y d r o -

2  b o r a t e d  in t e rm e d ia t e ,  w i t h  o x id a t io n  a t  t h e  o th e r ,

/ V  w o u ld  a f fo r d  th is  s a t u r a t e d  k e to n e . T r a c e s  o f  t h e

__1 1  ____I 1  saturated hydrocarbon 7 presumably arise by pro-
/ \  4. /  \ tonation of both hydroborated positions, while the
V-|. |— > \—| j— f  trace of alkene 6  may arise from the monohydroborated

J  l J intermediate.
If T h e  is o m e r ic  d ik e to n e s  h a v e  a  n o m in a l  m o le c u la r

0  6 race'  w e ig h t  o f  252. G a s  c h r o m a to g r a p h ic  a n a ly s is  s h o w e d

5 t h e  p re s e n c e  o f  th e  t w o  iso m e rs  w i t h  th is  m a s s , a n d

th e ir  f r a g m e n t a t io n  p a t t e rn s  o n  t h e  m a s s  s p e c t ro m e te r  

0  c a n  b e  u s e d  t o  d is t in g u is h  b e t w e e n  th e m . T h e  p r o -

JL p o s e d  f r a g m e n t a t io n  p a t t e r n  o f  t h e  1,8  d ik e to n e  is

I | s h o w n  in  S c h e m e  I I .  T h e  f r a g m e n t a t io n  p e a k  a t  m /e

V  C>
A  V  r i t  r j t

"YAe. RTO
f  0  7 ( trace)  1 1

__i L— 9 r . t r t

A ' A [a] ■* K
A A t Q  m/e 140 m/e 112

10 140 is  n o t  r e a d i ly  a c c e s s ib le  f r o m  t h e  s y m m e t r i c a l

d ik e to n e  a s  i t  w o u ld  r e q u ir e  c le a v a g e  0  t o  th e  k e to  

T a b l e  I  g r o u p ,  w h ic h  d o e s  n o t  n o r m a l ly  o c c u r .13 T h e  p re s e n c e

P ro d u ct  D ist r ib u t io n  pro m  V a r ie d  A m o u n ts  o p  D ib o r a n e » a  m e t a s t a b le  io n  a t  m / e  77 A  (1 4 0 2/2 5 2  =  7 7 .7 ) is  in
Diborane a g r e e m e n t  w i t h  th is  p a t t e rn . A  p e a k  a t  m / e  112

dien*’ w h ic h  is  b e l ie v e d  t o  b e  a  s e c o n d a ry  f r a g m e n t  f r o m  th e

"q™T % 9 % (8 and 10) r n /e  140, a s  w e l l  a s  f r o m  th e  m / e  252 , w a s  a ls o  p re s e n t .

2  26 19  44 T h e  s y m m e tr ic a l  d ik e t o n e  h a s  a  b a s e  p e a k  a t  m /e
3 20 26 45 126, w h ic h  in d ic a t e s  s y m m e tr ic a l  a  c le a v a g e  a t  b o t h

c a r b o n v ls  13» 14
“ Yields are based on glpc analysis utilizing an internal stan- r™ T. .

dard. b The  diketones were shown b y  glpc analysis to be in a e  c h a n g e  in  o v e r -a l l  y ie ld  ( T a b l e  I )  in  g o in g  f r o m
equal amounts. 2  to  3 e q u i v  o f  d ib o r a n e  p e r  m o le  o f  d ie n e  is  n e g lig ib le .

T h e  o v e r -a l l  y ie ld ,  h o w e v e r ,  ju m p s  a b o u t  4 0 %  w h e n

tran s  or cis ,trans. However, of the six products ob- T „ _.
x • j  xv . j v , , (12) J. R. Johnson, H. R. Synder, and M . C. Van Campen, Jr., J .  A m e r .tamed, the two that possess carbon-carbon double c k e m .S o c ., 60,115 ( 1938).
b o n d s  a r e  th e  c y c lic  a lk e n e  (6 )  a n d  th e  u n s a t u r a t e d  0 3) H - Budzikiewicz, C. Djerassi, and D. H. Williams, “ Interpretation of 

k e t o n e  (5 ) ,  w h ic h  a r e  p r e d o m in a n t ly  th e  tran s  is o m e rs  caw . .w e t  p  i t A ““ 0 Compounds-" Holden- Da^  Ino-  San ^ancisoo,

a s  s h o w n  b y  i r  a n a ly s is . (14) F. W. McLafferty, “Mass Spectrometry of Organic Ions,” Academic
T h e  d ik e to n e s  p o sse ss  a  v e r y  m ild  o d o r  s im i la r  t o  Press, Inc., New York, N. Y„ 1963, pp 471-473; K. Biemann, “Mass Spec-

camphor instead of musk. The saturated monoketone H A A n .T, McGraw-Hul Book Co” Inc”

4542 Notes The Journal of Organic Chemistry



going from 1 to 2 equiv of diborane per mole of diene. spectral analysis: m/e 222; v max 3010, 2990, 2910, 1450, 1470,
I t  is apparent that when an excess of diene is available 975  (strong), and 720 cm-1.
the m a io r  n rodnct a fte r  ox idation  is the  desired lin - Cyclohexadecane (7) was separated by preparative glpe for
tne m a jo r  p ro d u ct  a lte r  ox id ation  IS tne  desired  u n  spectral analysis: m/e 224; v max 2990, 2910, 1460, 1470, and
saturated ketone 5. 1385 cm-1.

Experimental Section Registry No. Chromic acid, 7738-94-5; 6, 6568-
44-1; 7,295-65-8; 10, 17853-46-2.

Diglyme and boron trmuoride etherate were purified according 
to procedures previously described.15 The sodium borohydride . . , , . . .
(minimum 98% pure) was used as supplied by the Fisher Scientific Acknowledgment. The author Wishes to acknowl-
Co. edge Dr. Nissim Calderon and Dr. Eilert A. Ofstead,

The melting points were determined on a Fisher-Johns ap- for providing the 1,9-cyclohexadecadiene and SUg-
paratus and are uncorrected. Elemental analyses were performed gesting its potential use as a musk precursor,
by the Analytical Section, Goodyear Tire and Rubber Co.,
Research Division. Infrared spectra, obtained on a Perkin- _____________________
Elmer Model 137 spectrometer, are reported for liquids as films;
as solids were melted on N aC l plates. The nmr spectrum was P  __,  n - . ,  . 0 0 ,.  i- <
obtained on a Varian A-60 spectrometer and the mass spectra F o r m a t i o n  o f  l , l -D ,m e t h y I - 3 , 3 - d . p h e n y l i n d a n
on an A E I  MS-9 spectrometer. Glpc analyses were performed from  the Triphenylm ethyl Cation
on a F  & M  instrument (Model 500), equipped with a 12 ft X  J T K i - i
0.25 in. (o.d .) copper column containing 1 0 %  silicone rubber ana Isobutene
(SE-30) on Diatoport W . A  column containing Carbowax 20M
(10% ) on Column Pak was used for preparative glpc. H e r m a n  G. R ic h e y , J r .,2 R o n a l d  K . L u s t g a r t e n ,8

Hydroboration.— A  flask was fitted with a reflux condenser a n d  J a n e  M . R ic h e y

sealed with a calcium sulfate drying tube (indicator Drierite),
a nitrogen inlet tube, and a dropping funnel containing 9.2 g Department of Chemistry
(65 mmol) of boron trifluoride in 50 ml of diglyme. The flask The pennsyhania State University,
contained 44.2 g (200 mmol) of 1,9-cyclohexadecadiene and University Park, Pennsylvania 16802
1.89 g (50 mmol) of sodium borohydride in 400 ml of diglyme.
The B F 3 solution was added with stirring at a rate to maintain .
the temperature at 25-45° (1 hr). The reaction mixture was Received April 26, 1968
stirred after addition for 2 hr at room temperature.

Oxidation.—Ethyl ether (800 ml) was added for mild oxidation Addition of isobutene to solutions of salts of the tri
conditions and ease of separation. A  solution Of 26.6 g (266 mmol) phenylmethyl cation (1) in organic solvents led to
of chromium trioxide and 39.2 g (400 mmol) of sulfuric acid in £ , • c 1 1 j .  r* 1 o o v  i r  1 mi •
100 ml Of water ( « , .  8 N )  was added with stirring over a l-h r formation of l,l-dimethyl-3,3-diphenylindan (3 ). This
period to maintain the temperature at 25-35°. The green r- -.
chromic sulfate began to form upon addition of the oxidant.
Refluxing was maintained for 3 hr after addition. Water (500 y -  \ s
ml) was added, and the ether layer was separated. The aqueous | |) +  T  ► [ [ " >  ___►
layer was extracted twice with 200-ml portions of ether, and the ^ / k  + A ’h
extracts were combined. Excess oxidant in the ether portion was 7
destroyed with solid sodium bisulfite, and the organic layer was ph Ph
then washed with a sodium carbonate solution. The organic
material was dried over calcium chloride, and the solvents were 1 2
removed, ethyl ether at 25 mm and diglyme by washing with \
water after removal of ether. The weight of the crude material
was 43.0 g. The hydrocarbons were separated from the ketones L  JL /  +  HX
by eluting them with petroleum ether (bp 37-46°) from a 1.5 X
36 in. column packed with activated alumina. The monoketones, Ph ^
5 and 9, were eluted with ethyl ether and were separated from
each other by preparative glpc. The diketones, 8 and 10, were 3
eluted with methanol and further separated by glpc. X  =  C104_  or BF4_

8-Cyclohexadecen-l-one (5 ).— A  sample was prepared for
analysis by vacuum distillation at l mm (bp 180°); mp 18-19° reaction represents a direct intermolecular addition of
(lit.2 mp 17-22°); j-m« 2990, 2910, 1710 ( 0 = 0 ) ,  1469, 1375, a  carbonium ion to an aliphatic alkene to form a new
and 974 (h -a n s -C H = C H - )  cm“1; m/e 236; nmr (CC14) s ri T h e re  hag previously been evidence for indan
5.32 (broad triplet, olefimc), 2.37 (triplet, a-keto H), 1.32 (strong £ 0  . . . . . . .  ,. ,
singlet, internal methylene H ). The semicarbazone from aqueous formation as a termination step in catiomc polymeriza-
methanol had mp 183-184° (lit .3 mp 180-181°). tions of a-methylstryene and of other aryl olehns.4’6

1,9-Cyclohexadecadione (8).— A  sample was prepared for analy- In addition, indans have been observed as products of
sis by recrystallization from petroleum ether melted at 78-79° cationic dimerizations of a-methylstyrene and of other
(lit .2 mp 80-82°); v max 2990, 2910, 1715 (C = 0 ) ,  1470, 1375, , , 6
1121, 1025, and 717 cm-1; m/e 252. The disemicarbazone from •? .
aqueous methanol had mp 228-229° (lit .2 mp 225-227°). V a r y in g  a m o u n t s  o f  a n  o il, p r e s u m a b ly  o lig o m e r ic  is o -

Cyclohexadecanone (9 ).— A  sample recrystallized twice from b u te n e , a lso  w e r e  o b t a in e d  f r o m  th e  re a c t io n s . T h e
petroleum ether for analysis melted at 57-59° (lit .2 mp 59.5 - a m o u n t  o f  th is  m a t e r ia l  r e la t iv e  to  th e  in d a n  s e e m e d  to

6°/e 238 V maX 2" 0’ 291° ’ 1707 'C  1 4 8 and 730 Cm 1; d e c re a se  w i t h  d e c r e a s in g  r a t e  o f  a d d it io n  o f  is o b u te n e .
™ 1,8 Cyclohexadecadione (10) was recrystallized twice from T h e p o ly m e r iz a t io n  o f  is o b u te n e  w a s  p e rh a p s  in it ia te d

petroleum ether before analysis: mp 7 5 -77 °; ir identical with Taken ^  part frQm ^  ph D The8is of R. K. L„ The Pennsylvania
that of 8; m/e 252 r  State University, 1966.

Anal. Calcd fo r  O 16O.28O 2. Ay, 7 o . l ,  x i,  I l . i .  x1 o u n a . O , 2̂) Alfred P. Sloan Foundation Research Fellow, 1964-1968.
75.9; H , 11.1.  ̂ (3) National Institutes of Health Predoctoral Fellow, 1964-1906.

Cyclohexadecene (6 )  was separated b y  preparative glpc for (4) D. C. Pepper in “ Friedel-Crafts and Related Reactions,”  Vol. 2, part
2, G. A. Olah, Ed., Interscience Publishers, New York, N. Y ., 1964, Chapter

-------------------  30.
(5) S. By water in “ The Chemistry of Cationic Polymerization,”  P. H.

(15) G. Zweifel and H. C. Brown, Org. Reactions, 13, 28 (1963). Plesch, Ed., The Macmillan Co., New York, N . Y ., 1963, Chapter 7.
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by the triphenylmethyl cation itself. Salts of this bond formation steps: addition of the triphenylmethyl
cation are thought to initiate polymerizations of re- cation to isobutene to form 9, the same intermediate
active olefins.4 Alternatively, the initiation may have _
been by the acid generated in the cyclization reaction 3 2 3 2
o r b y  cata lysts  generated  b y  h y d ro lys is  o f the ca r- [Ph3C C H 2C +(C H 3)2] [2] ■ >  3

bo n iu m  ion  salts ( 1 )  d u e  to  ad ven tit iou s  traces o f w a te r .6 9

Little oligomer was obtained from a reaction mixture carbonium ion presumably responsible for the cycliza-
which contained equimolar amounts of collidine and of tions of 7 and 8> f0n0wed by cyclization of 9 to 2. It
1. Indans similar to 3 were not obtained from pre- is also conceivable that both new C -C  bonds are formed
liminary experiments with m-2-butene or with 2,3- simuitaneously in a concerted cycloaddition. Such a
dimethyl-2-butene. . reaction would be analogous formally to the unknown

Indan 3 was also a product of reactions of salts of the concerted cycloaddition of an allyl cation to an alkene,
triphenylmethyl cation with ¿-butyl ethers. In fact, an addition that is predicted on the basis of the orbital
3 was first obtained from a reaction of 7-i-butoxy-
norbornadiene (4) and triphenylmethyl fluoroborate. ^   ̂ ^

OC(CH 3)3 + +

+ . symmetry arguments of Woodward and Hoffmann to be
w OC(CH3)3 unfavorable thermally (if “ cis-cis”  in stereochem-

X ™  Ph3CH + «try) A 9

ph3c + BF4~ +  3  Experimental Section10

4  Reaction of Triphenylmethyl Fluoroborate with 7-f-Butoxy-
^ norbornadiene (4).— Triphenylmethyl fluoroborate11 (7.80 g,

0.024 mol) and 4 (1.50 g, 0.091 mol) were dissolved in 90 ml of 
It was hoped that hydride transfer would lead to the acetonitrile and the solution was allowed to stand at 50° for 24
7-norbornadienyl cation (5) or products derived from hr. Dilute sodium carbonate solution was added, and the re-
its decomposition. However, triphenylmethane was suiting mixture was extracted with six 20-ml portions of water

, • , . i j  . j, ■ ,• t , „ 1 , and three 10 -ml portions of saturated sodium chloride solution,not isolated as a product of this reaction Presumably The golution wa/ dried (Na2S04)) and the residue obtained after
3 was formed by reaction of the triphenylmethyl cation evaporation of the solvent was extracted exhaustively with
with isobutene that was generated from 4 (or species petroleum ether (bp 30-60°). The petroleum ether was evapo-
derived from 4) by attack of the triphenylmethyl cation rated leaving 1.85 g of solid which was dissolved in 5 ml of warm

or of acids. Triphenylmethyl perchlorate and methyl ^ orof°ri? and chromatographed 0I\a2'5;C1
. . .  . ^  \  A i  t  ? 100 g of alumina (Fisher A-540, acid washed). Elution with 500

¿ -buty l ether also reacted  to lo rm  3. ml of petroleum ether afforded 0.74 g (0.0025 mol, 10%) of 3.
The spectral properties of the hydrocarbon product Two recrystallizations from 95% ethanol and sublimation at 60°

of these reactions were consistent with the assignment (5 mm) gave a sample of mp 105.5-107.5°; nmr (CCU ) r  2.91
of structure 3, though 6 was not rigorously excluded. (m> 15> arH H’s), 7-15 -«■  2> and 8.85 (s, 6 , C H 3) ppm;

uv (95% ethanol) 272 m¡x max (log e 3.09), 265 max (3.12), 
263 shoulder (3.09), and 259 shoulder (3.05); mass spectrum 

" (70 eV ) m/e (rel intensity) 298 (100), 283 (86 ), 221 (95), 205
L  X .  (33), 143 (38), 105 (26), 91 (92), and 77 (60).

Anal. Calcd for C 23H 22: C, 92.57; H , 7.43; Found: C, 
Ph Ph 92.75; H , 7.43.

Further elution with 150 ml of petroleum ether gave 0.30 g of 
b resinous material. Elution with 150 ml of benzene-petroleum

ether ( 1 : 1 ) gave 0.20 g of material which displayed a phenyl 
The assignment of structure 3 was confirmed by an in- absorption pattern between 5 and 6 n, and elution with 200 ml of
dependent synthesis. A  reaction of 4,4,4-triphenyl-2- ethyl ether gave 0.30 g of triphenylcarbinol and 0.05 g of an

methyl-2-butanol (7) in trifluoroacetic acid led to 'T eX ion  with Methyl t-
quantitative formation of 3. Heating benzene solutions Butyl Ether.— A  solution of 2 .1  g (0.024 mol) of methyl i-butyl

ether in 6 ml of acetonitrile was added over 60 min to a solution 
OH  maintained at 65° of 4.0 g (0.012 mol) of triphenylmethyl per-
I H + chlorate11 dissolved in 50 ml of acetonitrile. The reaction mixture

Ph3C C H 2C (C H 3)2 — >- 3 +  Ph3C C H = C (C H 3)2 was stirred for 16 hr at 70°. A  further quantity of 0.9 g (0.010
7 8 mol) of the ether in 5 ml of acetonitrile was added in one portion

and stirring was continued for another 10 hr. Water was added,

of 7 containing small amounts of p-toluenesulfonic acid arid t!?f mixture ^as extracted with four 20-ml portions of ether, 
x • i j  . , . . .  the ether extracts were washed with water and with a saturated
furnished reaction mixtures which contained both 3 sodium chloride solution. Evaporation of solvent from the dried
and olefin 8, a  dehydration product of 7 ; olefin 8 w as  (N a 2SC>4) extracts afforded 2.85 g of material which was chro-
slowly converted into 3 under these reaction conditions. matographed on a 2.5-cm column packed with 80 g of alumina
Formation of indans by cyclizations of alcohols or (Fisher F-20 , neutral grade). Elution with pentane gave 0.71 g

olefins such as 7 and 8 is well known.7 (8) R. Hoffmann and R. B. Woodward, J. Amer. Chem. Sac., 87, 2046
The mechanism of indan formation from isobutene (1965); R. Hoffmann and R. B. Woodward, Accounts Chem. Res., t, 17 (1968). 
i i r  i • -I i t , • i i i *  i , (9) Apparent examples of the cis-cis eyeloaddition of an allyl cation to a

E n d  tu 6  t r i p h e n y im e t h y  1 CEtioiX p r o b a b l y  in v o l v e s  t w o  conjugated diene considered favorable8 have recently been observed [H. M .
R. Hoffmann, D. R. Joy, and K. A. Suter, J. Chem. Soc., B, 57 (1968)].

(6) P. H. Plesch in The Chemistry of Cationic Polymerization,”  P. H. (10) Melting points were determined in capillary tubes with calibrated
Plesch, Ed., The Macmillan Co., New York, N . Y., 1963, Chapter 4. thermometers. Analyses were done by Midwest Microlab. Nm r spectra

(7) L. R. C. Barclay in Friedel—Crafts and Related Reactions,”  Vol. 2, were calibrated with internal tetramethylsilane.
part 2, G. A. Olah, Ed., Interscience Publishers, New York, N . Y ., 1964, (11) H. J. Dauben, Jr., L. R. Honnen, and K. M. Harmon, J. Org. Chem.,
Chapter 22. 25,1442 (1960).
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(0.0024 mol, 20% ) of crude 3, which after recrystallization was The solution was washed with 1 ml of a sodium chloride-sodium
identical with that obtained from the reaction with 4. Elution carbonate solution. The solution was dried (M gS 0 4), and the
with benzene gave 0.13 g of a yellow oil; elution with ether gave solvent was evaporated. The solid residue was recrystallized
1.37 g of triphenylcarbinol; and elution with chloroform gave twice from 95% ethanol to give 8 as white plates: mp 141-144°;
0.08 g of an oil from which N-i-butylacetamide sublimed on stand- nmr (C C h ) t 2.90 (s, 15, aryl H ’s), 3.75 (m, 1, = C H — ), 8.15
ing. Triphenylmethane was not noted. (m, 3, C H 3), and 8.95 (m, 3, C H 3) ppm. Since elemental analy-

Reaction of Triphenylmethyl Cation Salts with Isobutene.—  ses were not obtained, the physical constants may be slightly off.
Isobutene (40 g, 0.71 mol) was bubbled slowly over 6 hr into a The ir and nmr spectra of the crude product before recrystalliza-
solution of 4.1 g (0.012 mol) of triphenylmethyl perchlorate11 in tion also exhibited absorptions of 3. The spectra of the crude
45 ml of acetonitrile in a flask equipped with a gas inlet tube, a solid obtained from a similar reaction in which the solution was
D ry  Ice-acetone condenser, a magnetic stirrer, and a drying refluxed for 16 hr showed it to be a mixture of 3 and 8 containing
tube. The solution was maintained at 30° during the first significantly more 3 than the mixture from the preceding reaction;
hour and subsequently at 60°. Dilute aqueous sodium carbonate nearly pure 3 was obtained as a second crop during recrystalliza-
was added, and the solution was concentrated on a steam bath. tion of the crude product from 95% ethanol. Refluxing a
The aqueous mixture was extracted with three 20-ml portions of similar benzene solution of p-toluenesulfonic acid and 8 led to
petroleum ether and five 20-ml portions of ether. The extract slow formation of 3.
was washed with two 10 -ml portions of water and three 10-ml _  . . „  T i i c i i v .  i -m  «n o  o i q .
portions of saturated sodium chloride solution. The solution was Registry N o.-Isobutene, 115-11-7; 1, 14699-91-3;
dried (NaiSCh), and the solvent was evaporated, leaving 3.4 g 3, 10271-32-6.

neutral grade). Elution with pentane gave 1.5 g of 3 eon- this research b y  the National fecience Foundation
taminated with a small amount of a viscous liquid. Recrystal- and by funds made available by the Alfred P. Sloan
lization from 95% ethanol gave 1 .0  g (0.0034 mol, 28% ) of 3. Foundation. We are pleased to acknowledge the as-
Further elution with ether gave a mixture (1.2 g) of tnphenyl- sigtance o f the National Science Foundation in pro-

More rapid addition of the isobutene led to formation of much Vldmg funds to aid m the purchase of the Varian A-60
more of the liquid product without altering significantly the nmr spectrometer and the Nuclide Analysis Associates
yield of 3. The liquid material was isolated free of 3 by careful 12-90-G1 mass spectrometer used in this research,
chromatography: nmr (neat) r 8.2 (m, 1, C H 2), 9.0 (m, 3, CH„), H  R  w ;sbes to  thank the John Simon Guggenheim

In^nother^reaction, isobutene was bubbled slowly into an M e m o r ia l F o u n d a tio n  fo r  a  F e llo w sh ip  an d  m em bers
acetonitrile solution containing equimolar portions of triphenyl- o f the D e p a rtm e n t  o f C h em istry  at the U n ive rs ity  ot
methyl perchlorate and of collidine. Little of the liquid oligomer C a lifo rn ia  a t  B e rk e le y  fo r  the ir h o sp ita lity  a t  the tim e
was isolated, though 3 still was formed in about the same yield. th a t  th is N o te  w as  p rep ared . W e  th an k  Jean  M a rt in

Slow addition of isobutene to acetonitrile and dichloromethane an d  g a m u e l w i ]g o n  fo r  exp erim en ta l assistance,
solutions of triphenylmethyl fluoroborate also furnished com- v
parable yields of 3. _____________________

Attempted Reactions of Triphenylmethyl Perchlorate with 
Other Olefins.— m-2-Butene (15 g, 0.27 mol) was added slowly „
to a solution of 3 .9  g (0 .0 11  mol) of triphenylmethyl perchlorate T h e  F o r m a t i o n  a n d  K e a c t io n s
in 50 ml of acetonitrile as described for the reaction with iso- 0 £ F e r r o c e n y lp h e n y lg ly o x a l 1
butene. The reaction mixture was worked up in the same man
ner, but little material was obtained by elution with pentane- _  _  . „
, ’ M . D . R a u s c h  a n d  A. S ie g e lbenzene.

A  reaction was attempted with 2,3-dimethyl-2-butene in the
same manner except that the olefin was introduced through a Department of Chemistry, University of Massachusetts,
dropping funnel and the acetonitrile solution of triphenylmethyl Amherst, Massachusetts 01002
perchlorate contained an equimolar amount of collidine. N o
material was eluted with pentane-benzene. Received July 29, 1968

4,4,4-Triphenyl-2-methyl-2-butanol (7 ).— A  solution of 1.82 g
(0.0058 mol) of methyl 3 ,3 ,3 -triphenylpropionate12 in 20 ml of . . — , . . .  , ,, ,
ether and 20 ml of benzene was added to a Grignard solution In  this Note, we Wish to report the preparation and
prepared from 0.4 g (0.0016 mol) of magnesium and 7 g (0.0049 characterization of ferrocenylphenylglyoxal (1) and to 
mol) of methyl iodide in 40 ml of ether. The mixture was discuss briefly some of its chemical reactions, 
stirred and warmed for 1 hr and then left overnight at room
temperature. The mixture was poured onto 100 g of ice. The O O O O O H
layers were separated, and the ether layer was washed several -evil il-pe rv.i' T'TT p i, PpP PTTP1,
times with a saturated sodium chloride solution and then with FcC CPh ° °  2
water. The solution was dried (N a 2S04) and evaporated, leaving 1 2
1.16 g (0 037 mol, 64% ) of crude product Recrystallization T h e  ox id ation  o f b en zy l fgrrocenyl ketone (2 )  with

( h t ^ ^ 0 6 - 1 1 9 % ;  “L T *  2 .7 5  (m T m .V iy l IT's)??. 12  (s, 2 , activated manganese dioxide2 in refluxing methyl-
C H i), 9.08 (s, 6 , CHs), and 9.28 (broad singlet, 1, O H ) ppm. cyclohexane produced variable yields (20-50%)d ot

Preparation of l,l-Dimethyl-3,3-diphenylindan (3) from 7.—  diketone 1. A  more satisfactory synthesis (95%) of 1
A  sample of 7 (50 m g) was added in small portions to 4 ml of involved the oxidation of mandeloylferrocene (3)

r “ hnad Z d o t t  (from a mixed benzoin condensation of formylferrocene
night at room temperature. The nmr spectrum of the crude, and benzaldehyde)4 with activated manganese dioxide
solid residue was identical with that of pure 3. Recrystallization in refluxing chloroform solution. Although the oxida-
from 95% ethanol gave 3, mp 109.5-110.5°. The ir and nmr tion of the acyloin 3 proceeded in uniformly higher
spectra of this solid were identical with those of the solids obtained
from  reactions o f triphenylmethyl cation salts with isobutene (l) Organometallic ir Complexes. XV . Part X IV : M . D. Rausch and

A UK f Kilt-id e tlip r« A - sieSe1' J - Organometal. Ohem., 11, 317 (1968).
and With i-butyl etners. . 17 _ _  nf (2) J. Attenburrow, A. F. B. Cameron, J. H. Chapman, R. M. Evans,

In an alternate reaction, a solution o f 0.36 g o f 7 and 17 g o f R  A H A B A Ja and T Walker> j_ chem, Soc_t 1094 ( 1952).
p-toluenesulfonic acid m 5 ml of benzene was retiuxed lor z.b nr. (3) The yields of diketone 1 were dependent upon the activity of manga-

-------------------- nese dioxide used. Samples of the latter which remained exposed to air for
(12) S. M . McElvain and H. F. McShane, Jr., J. Amer. Chem. Soc., 74, prolonged periods resulted in diminished yields of 1.

2662 (1952) (4) G. D. Broadhead, J. M. Osgerby, and P. L. Pauson, J. Chem. Soc., 650
(13) N . C. Deno and E. Sacher, ibid., 87, 5120 (1965). (1958).
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yields than the oxidation of 2, precursor 3 is less readily that a closely related pinacol, l,2-diferrocenyl-l,2-
available than 2, since the latter is formed easily via a diphenylethanediol ( 1 0 ), also undergoes facile oxidative
Friedel-Crafts reaction between ferrocene and phen- cleavage to 9 when solutions of it are exposed to air. 9 

acetyl chloride.6 The infrared spectrum of 1 exhibits Attempts to effect rearrangement of 8  or its dilithio
two carbonyl absorptions at 1660 and 1680 cm- 1  as salt under a variety of acidic conditions again led to the
well as bands characteristic of ferrocenyl and phenyl formation of 9 and benzophenone. 
substituents. Attempted oxidations of ketone 2 with
freshly sublimed selenium dioxide in a variety of sol- Experimental Section
vents6 led to extensive decomposition.

T rea tm e n t  o f 1 w ith  o -nhenvlenedinm ine in a m elt A11 meltmg Pomts are uncorrected. Infrared spectra wereTreatm ent; or 1 w itn  o pn eny lened iam ine  m  a  m elt reCorded on Beckman IR-10 and Perkin-Elmer 237 spectro-
phase reaction produced an 8 o% yield OÍ 2-lerrocenyl- photometers, and nmr spectra were determined on a Varían A-60 
3-phenylquinoxaline (4). Reactions of this type are spectrometer using tetramethylsilane as an internal standard.

Elemental analyses were performed by Schwarzkopf Micro- 
■p P h . .Ye analytical Laboratory, Woodside, N . Y .

C ¡I \  Oxidation of Benzyl Ferrocenyl Ketone (2).— The ketone6
I | I Ph— — Ph (3-1 g, 10 mmol) and activated manganese dioxide2 (9.0 g ) were

P refluxed in methylcyclohexane (75 m l) for 24 hr. The mixture
Q was cooled to room temperature and filtered. The residue was

washed with two 50-ml portions of chloroform and the latter 
4 8 combined with the original filtrate. Concentration of the solvent

i- j- i ', , i i • , c, followed by chromatography on alumina using hexane as eluent
d iagnostic  fo r  «  d iketones an d  acylom s, an d  o ften  produced 1 .5  g (4 7 % ) of l,  which formed ruby red plates, mp
constitute a test for their presence. 85—86°, when recrystallized from hexane: nmr spectrum (C D -

A  reaction of 1 with dibenzyl ketone in refluxing Cl3), r  1.7-2.5 (m, 5, C 6H 5), 5.06 (t, 2 , 2,5 protons), 5.30 (t, 
ethanolic potassium hydroxide afforded 3-ferrocenyl- 3 ,4  PTOt°ns), 5.69 (s, 5, v  C 5H 6).

2,4,5-triphenylcyclopentadienone (5) as a light blue e s ls f  H ^ *57  ̂  Cl8Hl4Fe° 2: c > 67-96i H-4-44- Found: c <
amorphous solid in 81% yield. Its infrared spectrum Heiane-benzene ( l : 1 ) was used to elute l. l g of 2 , mp 128-129° 
exhibited a carbonyl band at 1710 cm-1, which is (lit.6 mp 129-130°).
characteristic of cyclopentadienone systems. Oxidation of Mandeloylferrocene (3).— Mandeloylferrocene4

The reduction of 1 with sodium borohydride in (5.0 g, 16 mmol) and activated manganese dioxide (20 g ) were 
,, , , j  , M frr  . i t /  , refluxed m chloroform (100 ml) for 6 hr. The mixture was

methanol-water produced a 93% yield of 1-ferrocenyl- cooled to room temperature and filtered. The residue was
2 -pheny lethaned io l (6). S eve ra l a ttem p ts  to rea rran ge  extracted with chloroform until the extracts were colorless.

The extracts and the filtrate were combined and were evaporated 
OH  O H  O to dryness. Recrystallization of the residue from hexane pro-

t' __rr____ J,, r__Tii, VnT'Tr c1__duced 4.7 g (95% ) of the diketone 1 as ruby red plates, mp 85.5—
L 8 6 °. The infrared and nmr spectra of this product were identical
7  with the spectra of 2 obtained from the previous oxidation.

, , , - j .  . 2-Ferrocenyl-3-phenylquinoxaline (4).— Into a 10-ml Pyrex
g lyco l 6 u n der acid ic conditions resu lted  in stead  m  test tube were placed 1 .5 9  g (5.0  mmol) of ferrocenylphenyl-
conversion of 6 into phenacylferrocene (7). The latter glyoxal (1) and 0.5 g (5 mmol) of o-phenylenediamine; the latter
was identified in each instance by its infrared and nmr had been freshly recrystallized from water. The mixture was
spectra, and by mixture melting point determina- heated to a melt phase on a steam bath for 15 min, and then

tions w ith  an  authentic  sam p le .7 T h e  fo rm ation  o f ^ T f l ™  fcryste l-
„  %  • ! , , , .  , llzed from ethanol to give 1.62 g (83% ) of deep purple plates:
7 fro m  6, w h ich  lik e ly  p roceeds via d eh y d ra t ion  an d  mp 208-209°; nmr spectrum (CDC13) , t 2.15 (m, 9 , aryl protons),
tau tom eric  rea rrangem en t, m igh t b e  expected  to  b e  a  5.37, (t, 2, 2,5 protons), 5.62 (t, 2, 3,4 protons), 5.90 (s, 5 ’
fa v o re d  process, since the d eh y d ra t io n  o f a -fe rro c en y l- *--C5H 5).
carbinols and the conversion of these carbinols into a- c  H ^ go^  C24HlsFeN2: C’ 73-87’ H. 4.65. Found:

ferrocenylcarbonium ions under acidic conditions are Wmcenyl-2,4,5-triphenylcyclopentadienone (5 ) . -T h e  di- 
known to be facile processes. 1’8 ketone 1 (1.59 g, 5 mmol) and dibenzyl ketone (1.0 g, 5 mmol)

I t  was also of interest to attempt the synthesis of were heated to reflux in 20 ml of 95% ethanol. A  solution of
pinacol 8, in order to investigate the relative migratory potassium hydroxide (0.2  g) in 2 ml of ethanol was added and

refluxing was continued for 30 min. Upon cooling, the blue 
O H  O H  O O H  O H  solid which separated was filtered and washed with 50 ml of
I I  II 1 1  cc4d hexane. Recrystallization of the residue from hexane af-

Fc y  y F b  Fc h' Th  Fc C (P h )C (P h ) Fc forded 2.0 g (81% ) of 5 as a light blue amorphous powder:
1, 1, mP 217-217.5° (N 2); nmr spectrum (CDC13), r  2.30 (m, 15,

0 C 6H 6), 5.73 (t, 2, 3,4 protons), 6.00 (s, 5, jt-C 5H 5), 6.10 (t, 2,
8 9 10 2,5 protons).

i*, i n . , . , , . . /Iti.OjI. Caled for C33H 24FeO: C, 80.49; H  4 91 Found" C
ap titudes o f the fe rroceny l an d  p h en y l substituents 80.18; H , 5.26. ' ’
under conditions of the pinacol rearrangement. Addi- l-Ferrocenyl-2 -phenylethanediol (6 ).—To a stirred solution of 
tion of an excess of phenyllithium to an ethereal solution diketone 1 (1.5 g, 4.7 mmol) in 20 ml of methanol was added 10
of 1 , followed by hydrolysis, produced a yellow solution ml of a solution of sodium borohydride ( 1 .0  g, 26 mmol) in water.

w h ich  g ra d u a lly  d a rk en ed  on  stan d in g  in  air. B e n z o y l-  j eteKp "ed ,soflutiotn bec,a“ (; The “ ix-
t  /„s i ,  , ,, , , ture was diluted with 50 ml of water and filtered. The residue-
ferrocene (9) an d  ben zoph en on e w ere  the o n ly  p rodu cts  was recrystallized from heptane to produce 1 .4  g (9 3% ) of golden 
iso la ted  d u rin g  an  a ttem p ted  ch rom atograph ic  sep a ra - yellow needles of 6 , mp 114-115° (N 2). 
t ion  o f the reaction  m ixture . I t  is o f in terest to  note  Anal. Caled for Ci8H18Fe02: C , 67.10; H , 5.63. Found: C ,

67.30; H , 5.45.
(5) N. Sugiyama, H. Suzuki, Y . Shioura, and T. Teitei, Bull. Chem. Soc. Attempted Rearrangements of 6 . A. With Hydrogen Chlo-

ride.— Glycol 6 (1.6 g, 5 mmol) was dissolved in 50 ml of dry 

% b—  w ith  ^  « w -  h y ^  0^
(8) M . Cais, Organometal. Chem. Rev., 1, 435 (1966). (9) N. Weliky and E. S. Gould, J. Amer. Chem. Soc., 79, 2742 (1957
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bubbled through the solution for 5 min. The solvent was re- the  therm olysis  depends in  g rea t  p a rt  u p o n  the su b -
moved under reduced pressure, and the oily green residue was stituents attached to the carbon of the aziridine ring,
extracted with two 50-ml portions of ethyl ether. The combined r™ 1 * -j - . . . .  6
extracts were concentrated and chromatographed on alumina. dnus l~aroyIaziriaines unsubstituted on the aziridinyl
Hexane eluted 1.0 g (67%) of yellow crystals of phenylacyl- carbons,1-3 l-aroyl-2,3-diarylaziridines,4 and a few 1-
ferrocene (7), mp 81-82° (lit.7 mp 80-82°). A small amount of aroylaziridines fused to another ring system6'6 isomerize
highly polar material was not removed from the column. How- on heating to 2-oxazolines. l-Acyl-2-alkylaziridines,
ever, its Rf value was identical with that of glycol 6. , , , , , , , , ,  , . ’

B. W ith Aluminum Oxide.— Glycol 6 (1.6 g, 5 mmol) was other hand, almost always pyrolyze into N-
intimately mixed with alumina (4.0 g ) and placed in a vacuum allylamides and l,3-diaroyl-2-arylaziridines in reflux-
sublimer equipped with a water-cooled probe. The system was ing p-xylene from a-benzamidobenzalacetophenones.4
evacuated and partially submerged in an oil bath for 8 hr at We have now observed that l-p-nitrobenzoyl-2-
150° (12 mm). A ir was then admitted slowly and the yellow __a . • „  i r n J
sublimate removed from the cold finger of the sublimer. The ^   ̂ J*® to luene fo llow s  Still
infrared and nmr spectra of this material were identical with an oth er th e rm a l p a th w ay . T h e  p ro d u ct o f therm o l-
those of phenacylferrocene (7) obtained in A . The total amount ysis  is 2 -p -n itroph en y l-4 ,7 -d ih yd ro -l,3 -O X azep in e  (2 ).
of 7 collected amounted to 1 .0  g (67% ), mp 80-81°. A  tic test T e t ra h y d ro - an d  h exah y d ro -l,3 -o xa zep in e s  h a v e  been
of the alumina residue indicated a very small amount of 7 described , b u t  2 ap pears  to b e  the first exam p le  o f a
together with trace amounts of diketone 1 . v i , ’ . ~  p  , .

C. With Aqueous Sulfuric Acid.— The glycol 6 (1.61 g, 5 dihydro-l,3-oxazepme. Compound 1 also reacted with
mmol) in 50 ml of acetone and 10 ml of 5%  aqueous sulfuric acid iodide ion in acetone solution to give 2-p-nitrophenyl-5-
solution was refluxed under nitrogen for 8 hr. The solution viny 1-2-ox azoline (3 ). The iodide ion-catalyzed rear-
was cooled to room temperature diluted with water and ex- rangement of 1-aroylaziridines to 2-aryl-2-oxazolines is
tracted with ethyl ether. Ih e  ether portion was washed with „ „  ii i____  __ ,• m  , . n -
water, 5 %  sodium bicarbonate solution, again with water, and n ac ion. 1 he structure of 3 was con-
was dried over anhydrous magnesium sulfate. Concentration of firmed by an alternate synthesis involving the reac-
the solvent followed by chromatography on alumina using hexane tion of l-amino-3-buten-2-ol with ethyl p-nitroben-
as eluent produced l . l  g (72% ) of phenacylferrocene (7), mp zimidate. Imido esters are known to react with amino
80n82/  ♦ N °  ° f Z ferroc< f  contain ing products were detected. alcohols to form 2-oxazolines.9

Oxidation of Phenacylferrocene (7).— Phenacylferrocene (1.0 .
g, 3.3  mmol) and activated magnanese dioxide (5 g ) were re- -̂4le nmr spectrum of 2  m C D C I 3 showed the p-nitro-
fluxed in methylcyclohexane (50 ml) for 2  hr. The mixture was phenyl group as a quartet centered at 8.15 (4 H ) ,  the
cooled to room temperature and filtered. The residue was washed olefinic protons as a multiplet at 5.95 (2  H )  and two
with two 10-ml portions of chloroform The combined organic other multiplets at 4.40 (2  H )  and 4.80 p0m (2  H )  The
portions were concentrated and the residual red oil was crystal- , . . . .  )  ' ,. , ,
lized from hexane as ruby red plates ( 1.0  g, 96% ), mp 85-85.5°. sP ec™  ls s lm lla r to that of 4,6-dloxacycloheptene10
A  mixture melting point (on admixture with authentic 1) was which shows the olefinic protons as a multiplet at 5.74
undepressed. ppm and the methylenes in the 3 and 7 positions as a

Addition of Phenyllithium to l .— The diketone l (2 0 g, 6.3 m u ltip ]et  at 4.32 ppm . O n  th is basis  the m u ltip let  at 
mmol) was added m one portion to a stirred solution of phenyl- 4 ar\ • ,1 , <, „ , . , ,
lithium (80 mmol) in 100 ml of ethyl ether under nitrogen. The 4 ‘4?, P f m  111 the spectrum  o f 2 can  b e  assigned  to  the
mixture was allowed to stir for 3 hr, during which time the color m eth y lene next to  the  o xygen  atom ,
changed from red to green and finally to gray. Water was
added dropwise, and the mixture turned yellow. A  tic test (1 :1 ^
hexane-benzene) indicated a yellow band, which gradually O ( Y '  2\
transformed into a red band of lower Rt, and a colorless band of || ^/CHCH==CH2 ,  o h

higher R {. The ether portion was separated, dried over anhy- p-02NC6H4CN A > p -0 2NC6H4C 1
drous magnesium sulfate, and evaporated to a red oil. Chroma- \  I \
tography on alumina yielded the following products in the order
cited. (1) Hexane eluted benzophenone, 1.0 g, mp 48-49°. A  I CH2
mixture melting point (on admixture with an authentic sample)
was undepressed. (2) 1:1 Hexane-benzene eluted benzoyl- 2
ferrocene, 1.20 g, mp 108-109°. A  mixture melting point (on NaI
admixture with an authentic sample) was undepressed. I

When the gray solution was treated with methyl iodide, dry 
hydrogen chloride, or aqueous hydrochloric acid, benzophenone NH
and benzoylferrocene were the only products isolated. j|

/, pTipir— pyx p-02N O R , COC2H5
Registry No.— 1, 12310-13-3; 4, 12310-15-5; 5, | ,

12310-16-6; 6, 12310-14-4. p02NC6H4Cv | ^  +
N -C H 2 o h

3 I
H2NCH 2C H C H = C H 2

Aziridines. X X . Isom erizations 

o f l-p-N itrobenzoyl-2-vinylazirid ine
*  (1) S. Gabriel and R. Stelzner, Ber., 28, 2929 (1895).

(2) A. A. Goldberg and W. Kelley, J. Chem. Soc., 1919 (1948).
P. G . M ENTE, H a r o l d  W . H e in e , (3) C. W. Woods, A. B. Borkovec, and F. M . Hart, J. Med. Chem., 7, 371

AND GAMAL R . SCHAROUBIM (1964).
(4) H. W. Heine and M. S. Kaplan, /. Org. Chem., 32, 3069 (1967).

. . . (5) R. Huisgen, L. Mobius, G. Muller, H. Strangl, G. Szeinies, and J. M.
Department of Chemistry, Bucknell University, Vernon, Ber., 98, 3992 (1965).

Lewisburg, Pennsylvania 17887 (6) p, E. Fanta and E. N. Walsh, J. Org. Chem., 31, 59 (1966).
(7) P. E. Fanta, “ Heterocyclic Compounds with Three and Four-Mem-

Tulit 8  1 Qf!8 bered Rings,”  part 1, A. Weissberger, Ed., Interscience Publishers, New York,
tieeewea July s, ivov  y  ̂ lg64j pp 524_575<

(8) H. W. Heine, Angeiv. Chem. Intern. Ed. Engl., 1, 528 (1962).
1-ArOy]aziridines have been shown to undergo ther- (9) H. W. Heine, D. C. King, and L. A. Portland, J. Org. Chem., 31, 2062

mal rearrangements to 2-oxazolines, N-allylamideS, H i g h T e X t n 'N M R  Spectra Catalog, Vol. 2, Varian Associates,
and a-benzamidobenzalacetophenones. The course of spectrum 437.
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R e ce n t ly  it  has been  dem on strated  th a t  1 -carbe th oxy - Alternate Synthesis of 3.— A  mixture of 0.108 g of ethyl p-
2 -m eth y l-2 -v in y laz ir id in e  ( 6 )  isom erizes w h en  sub jected  mtrobenzirnidate» and 0 044 g of l-amino-3-buten-2-ol« was 
, J o heated at 90-100° for 1.5 hr and then at 130-140° for 2 hr.
to  gas  ch rom ato g rap h y  a t  100 to  l-c a rb e th o x y -3 - T he mixture solidified on cooling. Recrystallization from 95%  
m eth y l-3 -p y rro lin e  (5).11 ethanol gave 0.070 g of 3.

l-p-Nitrobenzyl-3-pyrroline (6 ) was prepared in an analogous 
Q \ ■ . manner as 1. After several recrystallizations from ethanol an
II I J analytical sample of 6 melted at 138-140°.

EtOCN^J — ► NNT Anal. Calcd for CnH I0N 2O3: N , 12.84. Found: N , 12.82.

4 ¿0Et Registry N o — 1, 17659-06-2; 2, 17659-07-3; 3,
5 2 17659-08-4; 6, 17659-09-5.

Although the nmr of 2 precluded the possibility of a Acknowledgm ent-W e thank Dr. E L. Stogryn for 
symmetrical 3-pyrroline being formed during the ther- a/ampR of 2-vmylazmdine and the National Institutes 
molysis of 1, an authentic sample of l-p-nitrobenzoyl-3- of Health for Grant GA-10015.
pyrroline (6) was prepared. Compound 6 was different (14) g. e . MeCasiand and d . a. smith, j . Amer. chem. Soc., 72, 2190 

from the product of rearrangement 2 in respect to nmr (19(i5) m . Q. Ettlingeri i6id n> 4792 (1950).
spectrum, infrared spectrum, and melting point.
Compound 6 was also stable under the conditions of ---------------------
thermolysis of 1.

The thermal isomerization of 1 to 3 resembles the Pseudohalogens. X I I I .1 Preparation and
thermal rearrangement of l-[l,2-bis(trifluoromethyl)]- Properties o f  N-M onochlorourethan
vinyl-2-vinylaziridine (7) to 2,3-bistrifluoromethyl- and i ts M eta llic Salts
3,4-dihydro-7H-azepine (8 )12 and the rearrangement of
l-p-bromophenyl-2-isopropenylaziridine (9) to 7-bromo- Daini Saika and D a n ie l  Sw e r n 2

4-methyl-2,5-dihydro-lH-l-benzazepine (10).13
Fels Research Institute, Department of Chemistry, 

f  \ Temple University, Philadelphia, Pennsylvania 19122

N N =/ CF3
I \  Received May 31, 1968

/ \  CF3
CF3 CF3 8 Attention is being given in our laboratory to the de-

7 velopment of new and improved methods for the gen-
I eration of nitrenes, and,-in this connection, we have

X ~ p \  ?  studied nitrene production from N-monochlorourethan
Y Jr (M CU) and its metallic salts by «-elimination reactions.
J. _  > ~A M CU was first prepared by Datta and Gupta3 and sub-

[ |j sequently by Traube and Goekel,4 and by Chabrier,6
Br who also prepared some metallic salts, but explicit de-

^ 3 tails concerning yields, methods of isolation, purity, and
r physical characteristics of the products were not re-

9 ported.
In this Note we describe an improved method of prep- 

Experimental Section aration and the properties of M CU and several of its
l-p-Nitrobenzoyl-2-vinylaziridine (1).—A  solution of 1.86 g metallic salts, such as the sodium, potassium, and silver 

(0 .0 1 mol) of p-nitrobenzoyl chloride in 20 ml of dry ether was salts, and also attempts, unfortunately unsuccessful,
added to a solution of 0.691 g (0.01 mol) of 2-vinylaziridine and to generate carbethoxynitrene by thermolysis of the
1.01 g (0.01 mol) of triethylamine in 150 ml of ether The mix- salts in cyclohexene solution.
ture was allowed to stand at room temperature for 2  hr and was ^  j  a.
filtered. The filtrate was evaporated to give 1.76 g of crude l. Preparation and Properties of MCU and Its Metallic 
Recrystallization three times from low-boiling petroleum ether Salts.-—M CU can be readily prepared in about 50%
gave 1 melting at 69-70°. yield by reaction of the calculated quantity of chlorine

Anal. Calcd for CnHioNaOs: C ,60.54; H, 4.61; N , 12.84. with an aqueous solution of ethylurethan at 5-10°

The Thermal Isomerization of 1 into 2 . - A  solution of 125 mg ^  G • Sm ce M C U 18 “ so lu b le  in  w ate r, it p rec ip ita tes
of 1 in 10 ml of toluene was refluxed 4 hr. Evaporation of the O O
solvent gave 121 mg of 2 . Recrystallization of 2 from 95% [| ||
ethanol formed crystals melting at 110-120°. C 2H 5O C N H 2 +  Cl2 — >- C 2H 5O C N H C I +  HC1 ' ( 1 )

Anal. Calcd for CnH 10N 2O3: C , 60.54; H , 4.61; N ,  12.84. M C U
Found: C, 60.51; H , 4.72; N , 12.78.

The Iodide Ion Catalyzed Isomerization of 1 to 3.—A as an oil, denser than water. Crude M CU  is a pale
mixture of 312 mg of l ,  300 mg of sodium iodide, and 15 ml of yellow oil having a sharp odor; it contains a small
acetone was kept at room temperature for 5 hr. The solvent amount of N,N-dichlorourethan (DCU). Assessment 
was evaporated, and the residue was mixed with water. The
crude 3 (305 m g ) was filte re d  and rec rys ta llized  fro m  95% eth an o l. (1) Paper x n : t . a . Foglia and D. Swem, j .  Org. Chem., 3 3 ,4440 (1968).
P u re  3 m elted  a t  94—96 . (2) To whom inquiries should be addressed. The authors acknowledge

Anal. Calcd fo r  C 11H 10N 2O 3: C, 60.54; H , 4.61; N , 12.84. with thanks support of this investigation by U. S. Public Health Service 
Found; C , 60.10; H , 4.57; N ,  12.85. Grants No. CA-07803, CA-07174, and CA-10439 of the National Cancer
—------------------ Institute.

(11) A. Mishra, S. N . Rice, and W. Lwowski, J. Org. Chem., 33, 481 (1968). (3) R. L. Datta and S. D. Gupta, J. Amer. Chem. Soc., 36, 386 (1914).
(12) E. L. Stogryn and S. J. Brois, J . Amer. Chem. Soc., 89, 605 (1967). (4) W . Traube and H. Goekel, Ber., 56B, 384 (1923).
(13) P. Schemer, J. Org. Chem., 32, 2628 (1967). (5) P. Chabrier, Compt. Rend., 214, 362 (1942).
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of the purity of M CU by iodometry gives a value 205 (e 267) but the potassium salt absorbs much
slightly over 100% because of the DCU impurity. more strongly at 211 mjtt (e 1030).
MCU of analytical purity, mp 9° and bp 44-45° (0.2 Nmr spectral data of M CU and of its sodium and 
mm), is a colorless liquid obtained by distillation under potassium salts are given in the Experimental Section,
high vacuum. High vacuum is very important in ob- Since M CU reacts violently with DMSO-d6 and the
taining fair yields and high purity as it permits the dis- salts are insoluble in CCh, we could not directly com-
tillation temperature to be as low as possible thus min- pare the chemical shifts of M CU with those of its salts
imizing the disproportionation reaction shown in eq in the same solvent.
2. Although separation of DCU from M CU is a facile Reaction of Metallic Salts of MCU with Cyclo
process, ethylurethan sublimes with and contaminates hexene.— Thermolysis of the sodium and silver salts 
the MCU. of M CU for 48 and 24 hr, respectively, in boiling cyclo-

Q O O hexene gives only about 50% decomposition. Many
|| II II side reactions occur, as shown by glpc. Some of the

C2H 50 C N H C 1 — >-C 2H r)O C N C l2 +  C2H 6O C N H 2 (2) reaction products are ethylurethan, 1,1,1-trichloro- 
DCU ethylbis(carbamate) (I ) and azabicyclo[4.1.0]heptane

(I I ),  the last two in very low yield. These salts react 
Iodometric analysis of crude and distilled M CU gives with acetone to give diacetone alcohol and ethyl-

the total content of active chlorine. Composition of urethan; the nature of the oxidation product (s) is un
mixtures is readily determined by neutralization analy- known,
sis as only MCU is a sufficiently strong acid to be
titratable according to eq 3. »

/ NHCOC2H5

V ii ci3cch r  p m
C2H 5O C N H C I +  N aO H  — >- C 2H 50CNC1 +  H 20  (3 ) N NHCOC2H5

N a

I II
The analytically pure sodium or potassium salt of 

M CU can be obtained in quantitative yield by reaction Experimental Section
of M CU with sodium or potassium hydroxide in meth
anol solution at 0 ° . Both salts are hygroscopic white Material and Equipment. Ethylurethan was reagent grade

crystalline solids which do no. decompose on heating
below 250 ; contrary to literature reports. When metallic sodium before use. Ir spectra were obtained on a
these salts are prepared from aqueous bases, anhydrous Perkin-Elmer Infracord, Model 137; uv spectra on a Perkin-
products are not obtained as water of crystallization is Elmer ultraviolet-visible spectrometer Model 202. Nm r were

tightly bound. The analytically pure silver salt is ob- 0+btT e  ̂° V  7*1“  A‘1°A spectro“ eter “ n * ™ 8 “  P ™ '
tamed m quantitative y ie ld  by reaction o f the  sodium refractometer. Melting and boiling points are uncorrected,
salt with silver nitrate in dilute aqueous solution at Microanalyses were performed by Micro-Analysis Inc., Wilming-
room temperature. When freshly prepared, it is a ton> Del-
white crystalline solid which darkens on exposure to Iodometric Analysis—  Sufficient compound (0.1-0.2 g ) was
i- 1.4. j  j  • i 4.1 4. i, i j- io t o  accurately weighed m an iodine flask to give a 10-15-ml titrationlight and decomposes violently at or above about 127 . with 01 N sodium thiosulfate. The sa„ lple was dissolved in 25
Attempts to isolate the lithium salt were unsuccess- ml of water, and saturated sodium iodide solution (3 m l) was
fu l. immediately added, followed by glacial acetic acid (5  ml).

The ir of neat M C U  shows bands at 3300 (m) ( N — H )  The solution was then titrated to a starch end point with 0.1 N
and 1730 cm "1 (s) (0 = 0 ) .  In contrast, the ir of the thlosulfate' A blank determination was run on the re-

metallic salts (KBr pellets) show no N  H  absorption Neutralization Analysis.— M C U  (0.2-0 .3 g ) was accurately 
and the carbonyl shifts to 1600 cm-1 (s). The shift of weighed and dissolved in 50 ml of methanol. An excess of 0 .1
the carbonyl absorption suggests that the metallic salts N  N aO H  was added, and the solution was back titrated with
have the ionic structure N  HC! tusing a pH ™eter' _ The neutralization points were

determined from the usual graph.
q  Preparation of M C U .— An aqueous solution of ethylurethan
, : X -  (100 g, 1.125 mol) in water (500 m l) was placed in a 1-1. flask
|! \  equipped with a stirrer, thermometer, and gas inlet tube. Chlo-

C2H5O C ^ ^ = N  M + (M + =  metal ion) rine gas (76 g, 1.07 mol), condensed from a cylinder, was al-
| lowed to distil slowly into the stirred solution over 4 hr at 5-10°.
Cl When chlorine addition was complete, the reaction mixture was

allowed to separate into two phases and the lower organic phase 
analogous to the carboxylate ion was drawn off and washed successively with 2 0%  aqueous sulfuric

acid solution (two 100-ml portions) and water (two 100-ml 
C K  _  portions). The crude M C U  (69 g; 50 and 52% yield based on
|j T, ethylurethan and chlorine, respectively), a pale yellow oil with
II__ __S a sharp odor, was then placed in a rotary vacuum evaporator

HD D to remove the last traces of water. The crude product contained
a small quantity of D C U ; iodometric analysis indicated a 

whose carbonyl band is at lower frequencies (about 150 purity of 103% calculated as M C U . The oil was distilled through
Cm-1) than that o f the esters. a Vigreux column (100 X  4 mm) under high vacuum. The main

The uv of M C U  in methanol shows weak end absorp- fraction,/56 s )  v( as c° ’!ected at 44.0-45.0° (0 .2  mm): mp 9°;
.. . , n , , 0/l_ ,, 0 ,.s / r , n A  n o  1.4435. Iodometric and neutralization analyses indicated
t io n  a t  206 m u  (e  118) a n d  245 (186) (C = 0 ).  t h e  apurity greater than 99 .4% : ir (neat) 3300 ( N i l ) ,  1730 ( C = 0 ) ,
s o d iu m  s a lt  s h o w s  a s in g le  p e a k  o f  m e d iu m  in t e n s it y  at 1440, 1380, 1330, 1240 (ester), 1070 (ester), and 765 (C— Cl)
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r r «  9e PW  r d 2/ «  o1,86): ( ° ? M  R e g is try  N o . - M C U ,  16844-21-6; sod iu m  sa lt  o f '
} ,  N H )  (q ’ ’ 2)’ and 6 '95 Ppm ( W d  s’ M C U ,  17510-52-0; po tassiu m  salt o f M C U ,  17510-53-1;

Sodium Salt of M C U .— To a methanol solution of sodium silver sa lt  o f M C U ,  17510-54-2; I ,  17528-34-6. 
hydroxide (0.8 g, 0.02 mol), M C U  (2.5 g, 0.02 mol) was added 
dropwise with stirring at 0°. When addition was complete, the 
reaction mixture was evaporated to dryness in a rotary vacuum
evaporator at room temperature. The crude residue was washed The Addition of  Dimethylketene
with ether, and the residue was again evaporated to yield the ,  T  . ■ , . ,
anhydrous sodium salt, a hygroscopic white solid (2 .7  g, 98.7% t 0  T™chloroacetyl Chloride,
yield). Purity by iodometric analysis exceeded 99%. The salt A /3 -K eto  Acid Hal ide1
did not decompose on heating to 250°: ir (K B r pellet) 1600
(C = 0 ) ,  1360, 1260 (ester), 1080 (ester) and 770 (C — C l) cm -1; w  t o
A .»» (CHaOH) 205 mM (« 267); nmr (DMSO-de) 8 1.07 (t, 3 W ill ia m  T. B rady  a n d  L arry  Sm ith

C H 3) and 3.83 ppm (q, 2 H , C H 2).
Potassium Salt of M C U .— Prepared from equimolar quantities Department of Chemistry, North Texas State University,

of M C U  and potassium hydroxide, as just described for the Denton, Texas
sodium salt, except that it was purified by  pouring the half
evaporated methanol solution into ether. The anhydrous potas- Received May 27, 1968
sium salt, a hygroscopic white solid, was obtained as a precipitate
(yield 96%; purity >9 6 % ). It did not decompose on heating __ „ a  i ,, £
to 250°: ir (K B r pellets) 1600 ( 0 = 0 ) ,  1360, 1270 (ester), 1075 b tau d in g e r  an d  cow orkers w ere  the first to  desc ribe  
(ester) and 770 cm- 1  (C— C l); xmiix (C H 3O H ) 2 1 1  m/t (e 1030); the  ad d itio n  o f an  ac id  ch loride to  a  ketene to  p ro d u ce  a
nmr (D M SO -d6) s 1.05 (t, 3, C H 3) and 3.78 ppm (q, 2 , C H 2). /3-keto ac id  h a lid e 2 (e q  1 ). W h ile  th is reaction  h as

Silver Salt of M C U .— A  1%  aqueous solution of silver nitrate 
(1.2 g, 0.007 mol) was added dropwise to a 1% aqueous solution R  O O O
of the sodium salt of M C U  (1.0 g, 0.007 mol) with stirring at \  II || II
room temperature in the dark. The precipitate was filtered, C = C = 0  +  R '— C— Cl — >■ R '— 6 — CR*— C— Cl ( 1 )
washed with methanol and dried under vacuum in the dark. /
A  white crystalline solid unstable to light was obtained (yield R
100%; purity >99 .0% ). The anhydrous silver salt decomposed
violently on heating to 127°: ir (K B r pellets) 1600 (C = 0 ) ,  b een  investiga ted , in  m ost cases th e  /3-keto ac id  h a lid e  

'es!,er'> and 768 (C — C l) cm-1. w as  not iso lated  b u t  converted  into  an  ester . 3,4 T h e re -

, s *  i r - T t r sh* ? ? * « « * * * -
droxide in methanol yielded an unstable colorless liquid that txlG &dclltl0 ll of dimGtnylketGilG to  tricn lo rouccty l ch lo -
decomposed at room temperature with evolution of a  gas over a r id e  a n d  the iso lation , characterization , p roperties, an d
period of several days. The freshly prepared oil gave a precipi- chem ical rea c t iv ity  o f the  resu ltan t /3-keto ac id  halide.

sugf stinf  tba* Dimethylketene readily reacts with trichloroacetylsome lithium salt may have formed (M C U  does not react with 7 . , , , . . . . . .  . 7
Silver nitrate). Similar results were obtained on reaction of ch loride a t  roo m  tem peratu re  to  p ro d u ce  4,4,4 -tn ch lo ro -
M C U  with ra-butyllithium at - 7 6 °  in tetrahydrofuran with 2 ,2 -d im eth y l-3 -k e to bu tan oy l ch loride ( I )  in  6 1 %  y ie ld
cyclohexene present. (e q  2 ). T h e  structu re  o f  I  w a s  p ro v en  b y  a  eo m b in a -

Reaction of Metallic Salts of M C U  with Cyclohexene.— A  mix
ture of the sodium salt of M C U  (10  g, 0.069 mol) and cyclohexene qjj n  O O
(282 g, 3.45 mol) was placed in a 500-ml flask equipped with a 3\  11 11 11
stirrer, thermometer, condenser, and gas inlet tube. The mixture C = C = 0  +  CC13CC1 — >  CC13C— C (C H 3)2CC1 (2 )
was then refluxed under nitrogen for 48 hr. The insoluble matter /
was filtered, washed with ether, and dried under vacuum. It  C H 3
was shown by  analysis to be a mixture of sodium chloride and the I
unreacted sodium salt of M C U . (B y  iodometric analysis, only
60% of the sodium salt of M C U  had decomnosed.) After re- +• _  - r  „ 1 a • r , ,. . .
moving ether and unreacted cyclohexene from the filtrate, the t  on  °^ .e em enta  analysis  an d  in fra red  (ir )  a n d  p ro to n
liquid residue was cooled to 0 ° to precipitate a very small yield m agnetic  resonance (p m r ) spectra. A n  ir  b a n d  a t  1785
of colorless needles. They were recrystallized from n-hexane revea led  th a t  the  ad d u ct w as  an  ac id  h a lid e  a n d  a  b a n d

bo bbl-fnchloroethylbis(carbam ate) ( I ) :  mp a t  1740 c m - 1  verified  the presence o f the /3-keto grou p .

T h e  p m i  spectrum  revea led  th e  m etliy l pro tons 1 7 7  5.56 (broad, d, 2, N H ),  and 6.61 ppm (d, 1, C H ). ppm .
Anal. Calcd for I :  C , 31.24; H , 4.26; Cl, 34.58; N , 9.11; C o m p o u n d  I  re a d ily  u ndergoes the  expected  n u c leo -

0 ,2 0 .8 1 . Found: C , 31.42; H , 4.07; Cl, 34.85; N , 9.41; ph ilic  substitu tion s as illu stra ted  in  eq  3.
O, 20.15.

The hexane filtrate was washed with water to remove ethyl- 0  0
urethan and then distilled under vacuum. A  main fraction, n 11

o r n 1o?ol0mk1 ‘0]hT ta" eb WaS obtained in very iow yield at I  +  H N u — >  CC13C C (C H 3)2C N u  (3 )
31.0-32 (0.4 mm): ir (neat) 3350 (N H ),  2920, 2850, 1440, tt N l, =
1020 and 882 cm *; nmr (CCI4) S 1.37 (m, ring C H 2), 1.79 (m, I I I ’ N u  =  O H  3
ring C H ,), 3.65 (broad s, ring C H ), and 4.28 ppm (broad s, i y ’ N u  =  N H C H 2C6H 5
N H );  singlet at 4.28 ppm disappears when the solution is treated V, N u  =  N H C 6H 5
with D 20  solution containing a trace of trifluoroacetic acid.
The ir and nmr were identical with those of an authentic sajumle T+ ; c. ; f  : _  . , ,, , , . ,

Reaction of the Sodium Salt of M C U  with Acetone;— A  mixture ?  18 “ “ f * 0  n ? t0  that,  1  rea « ts  W \th  a n  ^ q m -  
of the sodium salt (13 g, 0.089 mol) and acetone (254 g, 4.45 “ (T a r  an?0 U at o i b en zy lam m e to  p ro d u ce  th e  exp ected
mol) was refluxed for 18 hr; 96% of the sodium salt decomposed. N -b e n z y la m id e  ( I V ) ,  bu t, w h en  treated  w ith  an  excess
After sodium chloride was separated by filtration, the liqtiid o f am ine, N j N ’-d iben zy ld im eth y lm a lo n am id e  ( V I )  is
product was distilled under reduced pressure; after removal of
acetone a fraction was obtained as a colorless liquid (12 g ) at ^  Thls wor*c waa supported by a National Science Foundation Grant

nmr~6 T h I i S d T i J i s S v l l ^ ^ T T  81001x01 by  lr alxd G ® " h .'Staudinger, O. Gohring, and M. Scholier, Her., 47, 40 (1914).

S  e thv lu rethan  ( 4 ^  v  w t v i d ) n ’ h e X m e  and C° ° led  t0  (3) F ' Sorm- j ‘ Smrt- “ d J- Lisly., 48, 679 (1954).y ie ld  e tn y lu re th an  (4 .9  g , 6 2 %  y ie ld ) .  (4) F. Sorm, J. Smrt, and J. Beranek, ibid., 49, 73 (1955).
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produced. Also, treatment of IV  with benzylamine Registry No.— I, 17953-83-2; I I ,  17953-84-3; I I I ,  
will produce V I (eq 4). Apparently, this reaction is 17953-85-4; IV , 17953-86-5; V, 17953-87-6; VI,

0 Q 17953-88-7; MeaCCO, 598-26-5; ChCCOCl, 76-02-8.
benzylamine I |l

1 or I V ---------------->  C 6H fiC H 2N H C C (C H 3)2C N H C H 2C 6H5 (4) ------------------------------
(excess)

V I  Reactions o f Phenyl Isocyanate

analogous to the familiar iodoform reaction of methyl and Phenyl Isothiocyanate w ith  Indole
ketones. and M eta l Derivatives o f  Indole

Experimental Section p  P a p a d o p o u l o s  a n d  S. B . B e d r o s ia n

Dimethylketene was prepared by the pyrolysis of the com
mercially available ketene dimer, tetramethyl-l,3-eyclobutane- Department of Chemistry, American University of Beirut,
dione, and then distilled just prior to the addition reaction.6 Beirut, Lebanon
All of the solvents used in this study were dried by refluxing and
distilling from lithium aluminum hydride through a 30-plate TteceineO Tutu 10 190ft
Oldershaw column. The pmr spectra were recorded on a Varian ’
A-60 instrument. _  . . , , , ... , , .

4j4j4-Trichloro-2,2-dimethyl-3-ketobutanoyl Chloride. (I).— Pyrrole is known to react with phenyl isocyanate
A  solution of 2.6 g of dimethylketene (0.037 mol) in 25 ml of and phenyl isothiocyanate to form 2-pyrrolecarbox-
hexane was added slowly to a stirred solution of 10 ml (0.0912 anilide1 and 2-pyrrolethiocarbanilide,2 respectively,
mol) of trichloroacetyl chloride in 50 ml of hexane at room ^  the sam e reagents, pyrrolylpotassium forms the
temperature. After standing overnight, the solvent was removed , ,
under reduced pressure, and the residue was fractionated to 1-carboxanillde and l-thiocarbanillde, whereas pyr-
yield 5.7 g (61% ) of I at 68-70° (0.7 mm). The spectral data rolylmagnesium bromide gives mixtures of the 1 and 2
were given above. derivatives.3,4

Anal. Calcd for CeHeChCh: C, 28.55; H , 2.20. Found: W e  w ish  to  rep o rt n o w  on  the an a lo go u s  reaction s o f
C  28 55 ’ H  2 10 1 °

Methyl 4,4,4-Tri'chloro-2,2-dimethyl-3-ketobutanoate. ( I I ) . -  indole> indolylpotassium, and indolylmagnesium bro-
A  2-g (0.0079 mol) portion of I  was added dropwise with stirring m ide. W h e n  trea ted  w ith  p h en y l isocyan ate  o r  p h en y l
to an excess of dry methanol at room temperature. The excess isoth iocyanate  in  te trah yd ro fu ran , in do ly lpo tass iu m
methanol was evaporated, and the residue was recrystallized y ie lds 1 -indo lecarbo xan ilid e  ( 1 )  o r  1 -in d o le th io ca rban -
from hgroin to yield 1 .7  g (91% ) of I I .  mp 42-43 , ir 1755 and hide (2 ).  i t  is noteworthy that the same compounds
1740 cm-1; pmr (C C h ) a singlet at 3.75 and 1.60 ppm. The ,, J .. .
peak areas were in the ratio of 1:2. are obtained from the corresponding reactions of

Anal. Calcd for CtH sCIsOs: C , 33.90; H , 3.63. Found: indolylmagnesium bromide in tetrahydrofuran, despite
C, 33.75; H , 3.72. the general tendency of this reagent to give 3-sub-

4 ,4 ,4-TricMoro-2 2-dimethyl-3-ketobutan0ic Acid (III).-The stituted indole derivatives.8 Comparison of the in-
dropwise addition of I  to an excess ot water resulted, in a quantita- « 1 f  ,L i • n i j  , v
tive conversion into I I I  which was recrystallized from ligroin: fra red  spectra of the crude and purified products shows
mp 115-116°; ir 1710 cm-1. that these reactions lead to the formation of 1-sub-

Anal. Caicd for C ,H 7CliOi: C, 30.86; H , 3.02. Found: stituted indole derivatives only. The structure as-
C , 30.95; H , 2.72. ___  signed to 1 is consistent with its infrared spectrum,

N-Benzyl-4,4,4-trichloro-2,2-dimethyl-3-ketobutanamide (IV ).
— A  solution of 0.75 g (0.00297 mol) of I  in 25 ml of dry hexane
was added dropwise to a stirred solution of 0.318 g (0.00297 mol) [ ( j T o l
of benzylamine in 10 ml of dry hexane. A  white precipitate
formed upon addition. The reaction mixture was washed with 1 ~
dilute hydrochloric acid solution, followed by a water wash. K+(M gBr+)
Drying and evaporation of the solvent yielded 0.4 g of IV . This , ,
material was recrystallized from 70% ethanol: mp 100.5-102°; l. PhNCOy/ H q+ 2HO* \
ir 1745 and 1635 cm-1. /  3 \

Anal. Calcd for C 13H 14CI3N O 2: C , 48.40; H , 4.34. Found: _____
C, 48.45; H , 4.51. f O T O l  O l O l

N-Phenyl-4,4,4-trichloro-2,2-dimethyl-3-ketobutanamide (V ).
— The anilide was prepared in the same manner as described 1 I
above for the N-benzamide, except ether was used as the solvent. ^  q

Recrystallization from ligroin yielded crystals with mp 146- o^ ^ n h p i , 'S'NHPh
147°; ir 1745 and 1635 cm-1. U JNtl™

Anal. Calcd for C 12H 12CI3N O 2: C , 46.6; H , 3.89. Found: 1 2
C , 46.86; H , 3.61. \  H A ’ Na0H /

N,N'-Dibenzyldimethylmalonamide (V I ).— A  3.5-g (0.0139
mol) portion of I was added dropwise with stirring to a solution which shows a carbonyl absorption at 1710 cm-1, but
of 5 g (0.0467 mol) of he“ ^ “ 6 jn ¿50 ml of benzene^ The ^  the characteristic  indo le  N _ H  band in the 3400-
reaction mixture was washed with dilute hydrochloric acid soiu- nr-rm  ̂ • & -n j_i_ n t  n j  i *
tion, followed by water. The benzene solution was dried over 3500-cm region. Furthermore, alkaline hydrolysis
anhydrous m agnesium  sulfate, filtered, and cooled to yield 3.5 g of 1 yields a mixture of indole and aniline. The struc-
(81% ) of V I. The crude product was recrystallized from 70% ture 0f 2 is confirmed b y  its smooth oxidation to 1 with
ethanol to yield small white needles, mp 166-167°. A  mixture a lk a lin e  hydrogen peroxide,
melting point with an authentic sample of V I  prepared from
dimethylmalonyl chloride and benzylamine showed no depression. ( p  A . Treibs and W . Ott, Arm., 577, 119 (1952).

Anal. Calcd for C 19H 22N 2O 2 : C , 73.50; H , 7.10; mol Wt, (2 ) E. Bullock and R. J. Abraham, Can. J. Chem., 37, 1391 (1959).
310 Found: C , 73.50; H , 7.18; mol wt, 310 (mass spectrum). (3) E. P. Papadopoulos and H. S. Habiby, J. Org. Chem., 81, 327 (1966).

Com Dound V I  cou ld  also b e  p repared  b y  trea tm en t o f  IV  w ith  (4) E. P. Papadopoulos, ibid., si, 3060 (1966).
”  - , l * (5) M . H. Palmer, “ The Structure and Reactions of Heterocyclic Com-

an excess O enzy ami . pounds,”  Edward Arnold Ltd., London, England, 1967, p 324.
-------------------  (6) L. J. Bellamy, “ The Infrared Spectra of Complex Molecules,”  2nd ed,

(5) W. E. Hanford and J. C. Sauer, Org. Reactions, 3, 136 (1946). John W iley & Sons, Inc., New York, N . Y ., 1962.
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When a mixture of equimolar amounts of indole and Scheme I
phenyl isocyanate is allowed to stand at room tern- ____
perature for several hours, a solid mass is obtained, K J iO J L ^  ¡̂>0 In JJLOJL^ ^ 0
which, however, does not contain any of the 1-, 2-, and ?  ? V ?
3-indolecarboxanilides. So far, we have been unable to ^  NHPh H  OEt
determine the nature of this product, purification of \ ,
which is made difficult by its low solubility in the 3 NaoH\vhNC° ’Et3N 2PhNC°/j.^N
common solvents. The 2-(3), and the 3-indolecarbox- *
anilide (4) have been prepared from the corresponding |?JI Q  I
acids via the acid chlorides. The infrared spectrum of
3 has the indole N -H  band at 3440 cm“ 1 and a carbonyl ^ — N \
band at 1660 cm-1; that of 4 shows corresponding Cr
absorptions at 3460 and 1655 cm“ 1. There is good *
agreement between the relative positions of carbonyl p,s,0,/VH,o2, h2°>, 'APiS|°'.
absorption of N- and C-indolecarboxanilides and those dloxanV / H 0 Ac, NaOAc hoac, NaOAc\^ xyiene

of the corresponding derivatives of pyrrole3 and imida-

zoie.7 OtPl S fOlol
Indole reacts sluggishly with phenyl isothiocyanate

to give, after prolonged heating and in low yield, a ^ i —
product which must be the 3-indolethiocarbanilide 0 S ' Ph
(5), as shown by its oxidation to 4 with alkaline hydro- 7 8
gen peroxide.

of 8, as expected, shows no absorption in the carbonyl 
i f j I  Q  I PhNCS.> region. Both 7 and 8 are oxidized to 6 by hydrogen
^—''TSr peroxide, in the presence of acetic acid and sodium

| acetate.
H

| ^  Experimental Section

|— Cv H202 — c x  Melting points were determined on a calibrated Fisher-Johns
O  J ^ N H P h  j^aOH* U  J X NHPh melting point apparatus. Infrared spectra were run on a Perkin-

V' ' ,' S'N Elmer Model 257 infrared spectrophotometer.
| I 1-Indolecarboxanilide (1). A . From Indolylpotassium.— A

H H solution of 11.7 g (0 .1 mol) of indole in 100 ml of tetrahydro-
g 4  furan was stirred at reflux with 3.9 g (0.1 g-atom) of potassium

until all the metal had reacted. To the resulting solution of
In complete analogy with the corresponding pyrrole indolylpotassium diluted with 100 ml of tetrahydrofuran and 

. . .. ,r , • i i i ... , , cooled to room temperature, was added dropwise over 0.5 hr
derivative,3 2-mdolecarboxamhde (3) reacts with phenyl n .9 g (0.i mol) of phenyl isocyanate dissolved in 100 ml of
isocyanate in the presence of triethylamme to form tetrahydrofuran. After the reaction mixture had been stirred
2-phenylindolo[l,2-c]hydantoin (6 ) and N,N'-diphenyl- at room temperature for an additional 15 hr, the solvent was
urea (Scheme I). The infrared spectrum of 6  shows removed by  distillation under reduced pressure and the residue
, „ , i ,  i , i , ■ i i . r » . was cooled and treated with 200 ml of water. Acidification with
two carbonyl bands at relatively high frequencies dilute hydrochloric acid and filtration yielded 24.0 g of crude
(1785 and 17o5 cm ) ,  consistent with the hydantoin product, which was recrystallized from petroleum ether (bp 100-
structure6 and in good agreement with those observed in 115°) to give 13.2 g (56% ) of 1-indolecarboxanilide ( l ) ,  mp 121-
the spectra of 2-phenylpyrrolo[l,2-c]hydantoin,3 and 123°- Upon further recrystallization the melting point became

2,5,6-triphenyfimidazo[12-c]hydantoin.7 The struc- Calcd for Ci5Hi2N20; Q 76.25; H> 5.12; N> n .86.
ture assigned to 6  is further supported by its conversion Found: C,76.38; H , 5.13; N ,  11.96.
into 3 by alkaline hydrolysis an d  by its formation in B. From Indolylmagnesium Bromide.—Indolylmagnesium  
excellent yield from 2-ethoxycarbonylindole by the bromide was prepared by dropwise addition of 11.7 g (0 .1 mol)
action of phenyl isocyanate and triethylamme The of, indole dissolved in 50 ml of tetrahydrofuran to a solution of

„„ ,.1  1 r ,  i-rr . . . . .  ethylmagnesium bromide made from 13.6 g (0.125 mol) of ethyl
two carbonyls of 6  exhibit a difference in reactivity bromide and 2 .4  g (0 .1 g-atom) of magnesium in 100 ml of tetri-
toward phosphorus pentasulride analogous to that hydrofuran. A solution of 10.8 g (0.09 mol) of phenyl isocyanate
observed for the corresponding pyrrole derivative.4 in 50 ml of tetrahydrofuran was introduced dropwise (0.5 hr) into
Whereas refluxing with phosphorus pentasulfide in the stirred reaction mixture, and the resulting solution was stirred
dioxane readily converts 6 into a monothiohydantoin, at ? ° m te“ p®rat” e for 17 hr' Hydrolysis with 50 ml of water

/  ,  . , 0 , .. , . r-. ^ i containing 10.7 g of ammonium chloride was followed by separation
conversion of 6 into 2-phenylmdolo [1,2-cJdrthiohy- of the layers and extraction of the aqueous layer with ether,
dantoin (8) requires prolonged refluxing of the reagents The combined organic solutions were treated with animal char-
in xylene. Compared with the infrared spectrum of coal and dried over anhydrous magnesium sulfate. Evaporation
6, that of its monothio derivative retains the carbonvl of i 6 soluiioi  under reduced pressure yielded 20.7 g of crude
, i _____ .• , i - i  r r-tnnr , , , , product, which was recrystallized from methyl alcohol to give
absorption at higher frequency (1775 cm“ 1), but lacks o.g g of 1, mp 122.5-124.5°, as a first crop, and 2.1 g, mP 1 2 1 .5 -
the band at lower frequency. The high frequency 122.5°, as a second (total yield 56% ). The infrared spectra of
carbonyl absorption is consistent with the 2-phenyl- the crude and the pure product of this reaction, respectively,
indolo [1,2-c ]-l-thiohydantoin (7) structure, which finds were the same 88 those of the preceding preparation. There was

its parallel in the thiohydantoin obtained in the pyrrole producte.^ ^  depression on admixture of the two Pure
series by the same sequence of steps.4 The spectrum Hydrolysis of l-Indolecarboxanilide.— To a solution of 0.5 g

of 1 in 15 ml of ethyl alcohol was added 2 g of potassium hydroxide 
(7) R. Gompper, E. Hoyer, and H. Herlinger, Her., 92, 550 (1959). dissolved in 5 ml of water and the mixture was refluxed for 3 hr.
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Cooling of the solution was followed by ether extraction and Anal. Calcd for C i5H i2N 2S: C , 71.41; II, 4.80; N ,  11.11; 
evaporation of the extract to a small volume. Gas-liquid partition S, 12.69. Found: 0 ,71.53; H , 4.85; N ,  10.97; S, 12.83. 
chromatography showed that the extract contained equimolar Oxidation of 3-indolethiocarbanilide (5) to 3-indolecarbox-
quantities of indole and aniline. anilide (4) was run as described for the oxidation of 2 to 1,

1- Indolethiocarbanilide (2). A . From Indolylpotassium.— A  except that the alcoholic solution of the product was allowed to
solution of 13.5 g (0.1 mol) of phenyl isothiocyanate in 100 ml of stand at room temperature for 0.5 hr prior to its dilution with 
tetrahydrofuran was added dropwise over 0.5 hr to a stirred water. From 1 g of 5 there was obtained 0.8 g of 4, mp 178-180°,
solution of indolylpotassium prepared as described earlier from raised to 178.5-180° by recrystallization from 50% ethyl alcohol.
3.9 g (0.1 g-atom) of potassium and 11.7 g (0.1 mol) of indole in There was no melting point depression upon admixture with an
200 ml of tetrahydrofuran. The reaction mixture was stirred at authentic sample of 4.
room temperature for 15 hr, the solvent was removed by distilla- 2-Phenylindolo[l,2-c]hydantom (6). A . From 2-Indolecar- 
tion under reduced pressure, and the residue was dissolved in boxanilide (3).— A  mixture of 2.4 g (0.01 mol) of 3, 2.4 g (0.02
200 ml of water. The resulting solution was washed with ether mol) of phenyl isocyanate, and 3 ml of triethylamine was heated
and was acidified with dilute hydrochloric acid to yield 20 g of at 90° for 2 hr. The solid product was cooled, washed with
crude 1-indolethiocarbanilide (2), mp 125-127°. Evaporation petroleum ether (bp 40-80°), and mixed thoroughly with 150
of the ether washings to dryness, treatment of the residue with ml of chloroform. Filtration of the mixture yielded 1.9 g of a
petroleum ether (bp 40-80°), and recrystallization from 95% solid, mp 238-240°, identified as N,N '-diphenylurea on the
ethyl alcohol afforded a further 1.7 g of product, mp 125.5-128.5 basis of its infrared spectrum and a mixture melting point with
(total yield 86% ). Recrystallization from 95% ethyl alcohol an authentic sample. Evaporation of the chloroform solution
gave pale yellow crystals of the pure compound melting at 128- under reduced pressure gave 2.5 g of solid material, which was
129°. recrystallized from «-propyl alcohol to yield 1.9 g (72% ) of 2-

Anal. Calcd for C i6H i2N 2S: C , 71.41; H , 4.80; N , 11.11; phenylindolo[l,2-c]hydantoin (6), mp 212-213°.
S, 12.69. Found: C , 71.57; H , 4.70; N ,  11.16; S, 12.73. Anal. Calcd for C 16H 10N 2O2: C, 73.27; H , 3.84; N ,  10.68.

B . From Indolylmagnesium Bromide.— Indolylmagnesium Found: C , 73.46; H , 3.78; N ,  10.71.
bromide was prepared as described earlier from 11.7 g (0.1 mol) B . From 2-Ethoxycarbonylindole.— A  mixture of 2.4 g 
of indole, 2.4 g (0.1 g-atom) of magnesium, and 13.6 g (0.125 (0.0125 mol) of 2-ethoxycarbonylindole, 3.0 g (0.025 mol) of
mol) of ethyl bromide in a total of 150 ml of tetrahydrofuran. phenyl isocyanate, and 1.5 ml of triethylamine was heated at
After dropwise introduction of a solution of 10.5 g (0.09 mol) of 100° for 4 hr. Cooling and washing of the solid product with
phenyl isothiocyanate in 100 ml of tetrahydrofuran, the reaction four 10-ml portions of ethyl alcohol yielded 3.0 g (91% ) of a
mixture was stirred at room temperature for 21 hr. Hydrolysis solid, mp 211-213°, the infrared spectrum of which was identical
with aqueous ammonium chloride and the usual work-up yielded with that of 6 obtained from the preceding reaction. There was
16.2 g of crude product, which was recrystallized from 95% ethyl no melting point depression when the products of the two re-
alcohol to give 13.4 g (59% ) of 2, mp 125-127°. The infrared actions were mixed.
spectra of the crude and the purified product of this reaction were Hydrolysis of 2-Phenylindolo[l,2-c]hydantoin (6).— A  mixture
identical with those of the preceding one, and no melting point of 0.2 g of 6, 1 ml of 10% aqueous sodium hydroxide, and 4 ml
depression was observed upon admixture of thetwo pure products. of ethyl alcohol was heated for a few moments, until the original

Oxidation of 1-Indolethiocarbanilide (2) to 1-Indolecarbox- yellowish solid had gone into solution and a colorless precipitate
anilide (1).— An ice-cold solution of 1 g of 2 and six pellets of had started forming. Cooling and dilution with water yielded
sodium hydroxide in 35 ml of ethyl alcohol and 2 ml of water 0.1 g of a solid, mp 202-204°, identified as 2-indoleearboxanilide
was mixed with 6 ml of hydrogen peroxide (30% ) and the mixture (3) on the basis of its infrared spectrum and a mixture melting
was kept at 0° for 1 hr and, subsequently, in a refrigerator point with authentic 3.
overnight. Dilution with water yielded 0.8 g of a solid, mp 122- 2-Phenylindolo[l,2-c]-l-thiohydantoin (7).— To a solution of 1 
123°, the infrared spectrum of which was identical with that of 1. g of 6 in 30 ml of dioxane 2 g of phosphorus pentasulfide was added
One recrystallization from ethyl alcohol raised the melting point and the mixture was refluxed for 4 hr. After addition of a further
to 123.5-125°, and a mixture with authentic 1 melted at 124- 2 g of phosphorus pentasulfide, refluxing was continued for an
125°. additional 4 hr. Filtration of the hot mixture and removal of the

2- Indolecarboxanilide (3).— A  mixture of 4.0 g (0.025 mol) of solvent by distillation under reduced pressure gave a dark residue,
2-indolecarboxylic acid and 5.0 g (0.042 mol) of thionyl chloride which was refluxed with 100 ml of petroleum ether (bp 100-
was heated at 70-75° for 4 hr. After the excess of thionyl chlo- 115°). A  new filtration of the hot mixture yielded a solution,
ride had been removed by  distillation under reduced pressure, evaporation of which gave 0.6 g of crude product, mp 168-173°.
the residue was treated with two 20-ml portions of petroleum After several recrystallizations from 95% ethyl alcohol, there
ether (bp 40-80°), and each time was evaporated under reduced was obtained pure 2-phenylindolo[l,2-c]-l-thiohydantoin (7),
pressure. The final residue was treated with 300 ml of ether and orange-red crystals, mp 182-183°.
the resulting solution of the acid chloride was filtered into a Anal. Calcd for C i6H i0N 2OS: C , 69.06; H , 3.62; N ,  10.07;
solution of 10 g of aniline in 100 ml of ether. The mixture was S, 11.50. Found: C, 69.20; H , 3.51; N ,  10.08; S, 11.48. 
allowed to stand for 2 hr, then it was filtered, and the filtrate Oxidation of 2-Phenylindolo[l,2-c]-l-thiohydantoin (7) to 2-
was washed successively with water, dilute hydrochloric acid, Phenylindolo[l,2-c]hydantoin (6).— A  mixture of 0.3 g of 7, 3
water, aqueous sodium bicarbonate, and water. After treatment ml of acetic acid, 0.3 g of sodium acetate, and 2 ml of hydrogen
with animal charcoal and anhydrous magnesium sulfate, the peroxide (30% ) was stirred at room temperature for 24 hr.8
ether solution was evaporated to dryness under reduced pressure The addition of hydrogen peroxide was repeated twice, followed
to yield 4.0 g (68% ) of 2-indolecarboxanilide (3), mp 198-202°. each time by a 24-hr stirring period. Dilution with water gave
Recrystallization from 95% ethyl alcohol raised the melting point a  precipitate which was separated by  filtration and washed with
to 202-203°. water to give 0.1 g of product, mp 205-209°, the infrared spectrum

Anal. Calcd for C i5H i2N 20 : C , 76.25; H , 5.12; N ,  11.86. of which was identical with that of 6.
Found: C, 76.14; H , 5.04; N ,  11.91. 2-Phenylindolo[l,2-c]dithiohydantoin (8 ).— A  mixture of 0.6 g

3- Indolecarboxanilide (4).— Starting with 4.0 g of 3-indole- of 6, 2.4 g of phosphorus pentasulfide, and 20 ml of xylene was
carboxylic acid and following the procedure described for the refluxed for 36 hr. After filtration of the hot mixture, the solvent
preparation of 3, there was obtained 4.5 g (76% ) of 3-indole- was removed by distillation under reduced pressure and the
carboxanilide (4), mp 176.5-177.5°. After recrystallization from residue was refluxed with 50 ml of petroleum ether (bp 100-115°).
50% ethyl alcohol, the pure compound melted at 178.5-179.5°. Evaporation of the extract to dryness yielded 0.5 g of crude

Anal. Calcd for C i6H i2N 20 : C , 76.25; H , 5.12; N ,  11.86. product, mp 185-188°. After several recrystallizations from
Found: C , 76.05; H , 5.12; N ,  11.73. 95% ethyl alcohol, the melting point of pure 2-phenylindolo

3-Indolethiocarbanilide (5).— A  mixture of 11.7 g (0.1 mol) of [l,2-c]dithiohydantoin (8), dark purple crystals, was 195-196°.
indole and 13.5 g (0.1 mol) of phenyl isothiocyanate was heated Anal. Calcd for Ci6HioN2S2: C , 65.30; H , 3.43; N ,  9.52;
at 80-90° for 8 days. The dark, tarry product was refluxed with S, 21.75. Found: C , 65.36; H , 3.41; N ,  9.35; S, 21.61.
100 ml of petroleum ether (bp 100-115°) and the resulting solid Oxidation of 2-Phenylindolo[l,2-c]dithiohydantoin (8) to 2-
residue was recrystallized from 95% ethyl alcohol to yield 9.7 g Phenylindolo[l,2-c]hydantoin (6).— The reaction was run as 
(38% ) of crude product, mp 180-185°. Further recrystallization --------------------
from 95% ethyl alcohol gave pure 3-indolethiocarbanilide (5), (8) G. Bianchetti, P. Dalla Croce, and D. Pocar, Gazz. C h im . I t a l . ,  94, 606
yellow crystals, mp 188-189°. (1964).
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described for the conversion of 7 into 6 . From 0.2 g of 8 , 2 ml of S ch em e  I
acetic acid, 0.2  g of sodium acetate, and a total of 6 ml of hydro- T„
gen peroxide (30% ) there was obtained 0.1 g of product, mp
208-210°, the infrared spectrum of which was identical with that | __NOH
of 6 - I  +  I I I  — >  C 6H 5C = N O C (C sH 5)NH C 6H 5 -------- >-

Registry No.— 1, 16036-21-8; 2, 17954-04-0; 3, NHC6H5
17954-05-1; 4, 17954-06-2; 5, 6954-17-2; 6, 17954- C6H5 C6H6

P h 'N r J  h ’ r T o t y ? «  P h N C ° ’ 103' 71' 9 ; c 6h 5c = n o ( U c 6h 5 — h^ U c 6h 5c = n o < UPhNCS, 103-72-0; indole, 102-72-9. | —c«h5nh2 |
. , . , , , , n h c 6h 6 n h c 6h 5
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a grant from the Arts and Sciences Research Committee C6h 6C(NHC6h 6) = N -  which may be present during 
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The authors are grateful to Dr. C H. Issidondes for An ind dent synthesis of V  (75.6% yield) was 
his constant help and encouragement. developed from a new reaction between benzonitrile

________________  oxide and the oxime (I). In addition to V, benzanilide

Nitrosoazomethine Derivatives. I +  cBH5C=NO —*-

Oxidation of Amidoximes1 V + C6H5CONHC6H5 + C6H5C-CC6H5

J. H. B o y e k  a n d  P. J. A. F r in t s  ®
0  © ©

Department of Chemistry, University of Illinois,
Chicago Circle Campus, Chicago, Illinois 60680 and diphenylfuroxan were formed. Although there is

no direct positive evidence to support it, the pos- 
Received July 1,1868 sibility that benzonitrile oxide may be generated during

an oxidation of I  has been recognized.
To investigate deoxygenation of nitrosoazomethine Both oxidation and dehydrogenation may proceed 

derivatives ( I I I )  as a method for the generation of from the tautomeric hydroxylamine (I I ).  Facile
azomethine nitrenes (IV ), a preparation of these vir- oxidation of hydroxylamines to nitroso compounds is
tually unknown nitroso compounds2® by the oxidation wed established; however, dehydrogenation of the 
and dehydrogenation of secondary amidoximes has hydroxylamino function by ethyl azodicarboxylate was 
been sought. unknown heretofore. By this reagent phenylhydroxyl-

C6H5CNHC6H6 C6H3C=NC6H5 C6H5C=NC6H6 amine has been dehydrogenated to nitrosobenzene in
¡1 I I 71% yield.2b An explanation for the reaction is based

NHOH NO upon a concerted or stepwise dissociation of a proposed
1 11 111 cyclic adduct, V I (Scheme II ) .  Ethyl hydrazocar-

C6H5C=NC6H5
. . S ch em e  I I

IV HO^ .̂OCjHs

A t room temperature or below, the oxime (I ) of c2hso2cn=nco2c2h5 R— n/ l n
benzanilide reacts readily with lead tetraacetate, N - RNHOH --------------- *- r  v ll —
bromosuccinimide, or diethyl azodicarboxylate. The 0-%A-N
O-benzoyl derivative (V ) of the oxime of benzanilide /  \
is produced in yields of 15.6, 13, and 57.7%, respec- OC2H6
tively. Its formation is consistent with an initial VI
oxidation or dehydrogenation of the amidoxime into . n .
l,2-diphenyl-2-nitrosoazomethine ( I I I )  and subsequent 2 5 2 2
condensation between I  and I I I  followed by hydrolysis ,
during the work-up (Scheme I). R = C6H5 C6H5N=CC6H5

As alternative reactions leading to the formation of 6 5’ 6 65
V, the condensation of I  with either itself or benzanilide , , , . , , . , ,  . , ,
at the temperatures employed was eliminated by sep- boxylate is produced m a comparable yield of 72%. 
arate experiments which revealed no reaction in either Conceivably this new preparation of a nitroso compound
event. A  small amount of benzanilide isolated from ma^ va ue w^en carne(i out in the presence of
each oxidation or dehydrogenation may be attributed other groups sensitive to oxidizing or reducing reagents,
to hydrolysis of anyone of the several derivatives of Closely  related dehydrogenation of other compounds,

e.g., primary and secondary alcohols and primary 
14  ̂ oi2-oo4 n°iâ  as81stance was reoelved from NASA Grant N°- NGR amines and mercaptans, by diethyl azodicarboxylate

(2) (a) P. A. S. Smith ["Open-Chain Nitrogen Compounds,” Vol. II, W. A. has been reported.3
Benjamin, Pasadena, California, 1966] discusses nitrosolic acids, RC(NO)= In low yield a by-product, 3,4-diphenyl-l,2,4-OXa-

di azolone-fi(VII) is ako formedin the reaction between 
& Sons, inc., New York, n . Y., 1959, Voi. 7 , p 428] discusses cHsNiCsHs)- I  ^  I I  and ethyl azodicarboxylate. I t  was independ-
N=C(CH3)NO. (b) Our work on the dehydrogenation of phenylhydroxyl-
amine was carried out before a similar report appeared: E. C. Taylor and (3) F. Yoneda, K. Suzuki, and Y. Nitta, J. Amer. Chem. Soc., 88, 2328
F. Yoneda, Chem. Commun., 199 (1967). (1966).
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en tly  estab lished  th a t  V I I  is not p ro d u ced  u n der com - The carbon tetrachloride solution was extracted with 5%  
p a ra b le  cond itions b y  the in teraction  o f e th y l h y d raz o - sodium carbonate, washed with water, dried over calcium chlo-
c a rboxv la te  an d  I  __  ̂ I I  ride, ®^ere< ’̂ and evaporated. A  dark oil residue was chromato-

J ' graphed over silica gel. A  small quantity of an unidentified
q  q  jj yellow oil was eluted with benzene followed by a colorless solid

___^ dH 5Q;N=NC02C;H5 6 5// \ 6 5 which recrystallized from carbon tetrachloride as needles, mp
I "  II N. C = 0  162-163°, 50 mg (0.25 mmol) of benzanilide (4.2%  yield based

N0  on recovered I ).
v  Benzene-chloroform (4 :1 ) eluted a light yellow solid which re-

1 crystallized from hexane-benzene as fine colorless needles, mp
116-117°, 120 mg (0.379 mmol) of the O-benzoyl derivative (V )

Experimental Section f  the 0xime of benzanilide (13% yield based on recovered I ).
In  comparison with an authentic sample lr and nmr, respec- 

The oxime (I )  of benzanilide was prepared by refluxing an tively, were identical and a mixture melting point was unde
alcoholic solution of thiobenzanilide, mp 98-100°, and equivalent pressed.
amounts of hydroxylamine hydrochloride and sodium carbonate Further elution gave a dark unidentified oil and ether-chloro-
for 12  hr4 or from an ether solution of benzonitrile oxide and a form (1:1 ) eluted a brown solid which recrystallized from ben- 
large excess of aniline on standing for 12  hr .6 Average yields of zene-hexane as colorless I, mp 133-135°, 50 mg (0.23 mmol)
70% of colorless solid were obtained after recrystallization from (3% )- Further elution with ether gave a dark tar.
hexane-benzene (2 :1 ), mp 136-137°. c - Diethyl Azodicarboxylate.— An orange solution of 1.80 g

Addition of benzoyl chloride to I  afforded the O-benzoyl (8-4 mmol) of the oxime (I )  and 1.46 g (8.4 mmol) of diethyl 
derivative (V ) as a colorless solid: mp 116-117°;4 infrared azodicarboxylate8 in 50 ml of chloroform was kept at room
absorption in chloroform, 3450, 3010, 1755 vs, 1620, 1610, temperature in a 125-ml erlenmeyer flask for 12 hr as the color
1580, 1510, 1455, 1400, 1260-1200, 1080, 1060 and 1025 cm“1; deepened to red-brown. Combined 2 N  hydrochloric acid ex
in deuteriochloroform V  gave nmr for two sets of aromatic tracts were carefully neutralized by the addition of potassium
protons at 5 8.10-7.86 and 7.60-6.69. hydroxide pellets. From the slightly basic solution a white

Oxidation of the Oxime (I )  of Benzanilide. A. Lead Tetra- solid separated from which ether extracted 0.16 g (0.75 mmol),
acetate.— From a closed dropping funnel, a solution of 2 .1 2  g mP 135-136°, of recovered oxime ( I )  (8.9% ).
(0.01 mol) of the oxime ( I )  in 50 ml of methylene chloride6 was The chloroform layer gave a brown-red oil after drying over
added slowly over a period of 2 hr with stirring to a solution of magnesium sulfate, filtering and evaporating. On addition of
4.43 g (0.01 mol) of lead tetraacetate7 in 40 ml of methylene 50 ml of ether a bght yellow solid separated which deposited as
chloride in a closed 125-ml erlenmeyer flask in an ice bath to colorless needles, 340 mg (1.93 mmol) (25.2% based on re
maintain the reaction mixture at 0°. As the addition progressed covered I ) ,  mp 129-131°, on recrystallization from carbon tetra-
the solution turned dark and a colorless precipitate of lead acetate chloride and identified as diethyl hydrazodicarboxylate.8 An
appeared and was removed by filtration after standing at room unidentified brown solid, 15 mg, mp 280-290°, remained in
temperature for 12 hr, 2.9 g (0.0089 mol), 89.1%. After sue- soluble in hot carbon tetrachloride and was separated,
cessively washing the dark filtrate with water and sodium bi- T he ether solution was chromatographed over 70 g of silica
carbonate solution, drying over magnesium sulfate, filtering, and Sel- A  few milligrams of unidentified yellow oils were eluted
evaporating, a dark tarry residue was obtained and chromato- by benzene-hexane. A  colorless solid was then eluted with
graphed over silica gel. Following elution of an unidentified chloroform-benzene (1 :6 ) and recrystallized from benzene-
yellow oil by hexane and benzene mixtures, 100 mg (0.5 mmol) hexane as 3,4-diphenyl-l,2,4-oxadiazolone-5, mp and mmp
of benzanilide (5%  yield) was eluted by benzene-chloroform 166-167°,4 35 mg (0.14 mmol), 1.9% yield. Its ir spectrum
(6 : 1 ) and recrystallized from carbon tetrachloride as colorless from chloroform was identical with that obtained from authentic
needles: melting point and mixture melting point with an au- material: 3060, 3020, 1785 vs, 1605, 1595, 1565, 1510, 1455,
thentic sample, 162-163°. 1415, 1330, 1320, 1150, 1075, 1030, 1010, 1000, 975, 890, 610

A  very dark oil (1.0 g ) was eluted with benzene-chloroform cm *■
(2 :3 ) and slowly solidified, mp 90-95°. W ith a Rodder streaker Next benzene-chloroform (6 : 1 ) eluted a colorless solid, mp 
instrument 250 mg was deposited on a thin layer (2 mm thick) 160-161°, identified as benzanilide, 75 mg (0.38 mmol, 4.9%
chromatographic silica gel plate. Plate development with ben- yield)- w ith  an authentic sample the melting point was unde-
zene-ethyl acetate (5 :1 ) produced eight colored bands, only pressed and an identical ir spectrum was obtained. Continued
one of which, R{ 0.5, consisted of an appreciable amount of ma- elution produced 0.70 g (2.21 mmol, 57.7%) of pale yellow
terial from which 80 mg of light yellow solid, mp 108-111°, was needles, mp 112-115°, which recrystallized from benzent^hexane
isolated and recrystallized from benzene-hexane (1 :4 ) as color- 85 c°l°rless needles, mp 116-117 , of V . Comparison with
less needles, mp 116-117°. Combined product from different authentic material produced identical ir spectra and an unde-
tic runs at this stage gave 248 mg (0.78 mmol) (15.6% yield) of pressed mixture melting point.
the O-benzoyl derivative (V )  of the oxime of benzanilide. Com- Chloroform-benzene (3 :1 ) then eluted a brown oil, apparently 
parison with an authentic sample revealed an identical ir spec- a uuxfure ° f  V  and diethyl hydrazodicarboxylate according to
trum, an identical nmr spectrum, and undepressed mixture 4 0 and lr ’ followed by a colorless solid, mp 130-132 , 450 mg
melting point. Hydrolysis of V  in 5%  sodium hydroxide pro- !ri1m<)! ’ 33.3% yield based on recovered I ) ,  identified as
duced the oxime I  in 87% yield and benzoic acid in 81% yield. diethyl hydrazodicarboxylate.8 Ether eluted a dark red band

B. N-Bromosuccinimide.— To a stirred solution of 1.6 g as an unattractive black oil and ethyl acetate eluted an addi-
(7.5 mmol) of the oxime ( I )  in 50 ml of CH Ch cooled in an ice tional dark brown oil.
bath to 0° a solution of 1.35 g (7.5 mmol) of N-bromosuccinimide Oxidation of N-Phenylhydroxylamine by Diethyl Azodicar-
in  50 m l o f  carbon te trach lorid e , m p  169-171°, was added  drop- b ox y la te . T o  an orange  so lu tion  o f 8 .70 g  (0 .05 m o l) o f d ie th y l
w ise as a b row n  color d eve lop ed  and colorless crystals separated . a zod ica rb oxy la te  in  50 m l o f e ther ex tern a lly  coo led  to  — 30
S tirr ing  was con tinued  fo r  1.5 hr a t 0 °  and 12 hr a t room  tem pera- b y  a  D r y  Ic e -a ce to n e  b ath , a  so lu tion  o f 5.45 g  (0 .05  m o l) o f 
tu re. Succin im ide, 227 m g  (2 .3  m m o l), 3 0 .6 % , m p  124°, was N -p h en y lh yd ro x y la m in e9 m  50 m l o f e th er was added  dropw ise
separated  b y  filtra tion . T r itu ra t io n  w ith  carbon  te trach lo r id e  W lth  m aSn,e tlc  s tirr in g  o ve r  a p eriod  o f 1 hr during w h ich  tim e
o f  a  dark  o il ob ta in ed  fro m  th e  filtra te  on  eva p o ra tion  b rou gh t a Sree,n c<4« r raP ld ly  d eve lop ed  and  a  odorless  p rec ip ita te  ap-
ab ou t the separation  o f a colorless so lid  w h ich  a fte r  separa tion  b y  P ea red ‘ T h e  so lu tion  was s tirred  an ad d ition a l 2 hr a t room
filtra tion , was d isso lved  in  w a te r  and trea ted  w ith  excess sod ium  tem peratu re . In fra red  absorp tion  id en tica l w ith  th a t fo r  an
carbonate. F ro m  an ether e x tra c t a fte r  d ry in g  o ve r  m agnesium  sam ple and an undepressed m ix tu re  m e ltin g  p o in t
su lfate  and eva pora tion , the colorless ox im e ( I )  was recovered : id en tified  the separate  colorless so lid  as d ie th y l h yd razod i-
m p  134-136°; y ie ld  300 m g (1 .4  m m o l, 1 8 .7 % ). ca rb oxy la te , 6 .4  g  (0.0363 m o l, 7 2 %  y ie ld ),  m p  131-133 .

(4) H. Muller, Ber., 19, 1669 (1886).
(5) C. Grundmann, J. Org. Chem., 31, 157 (1966). (8) J. C. Kauer, "Organic Syntheses,”  Coll. Vol. IV , John W iley & Sons,
(6) Distilled from phosphorus pentoxide. Inc., New York, N. Y., 1963, p 411. Commercial sample had n%> 1.4245.
(7) Recrystallized from acetic acid and washed with hexane immediately (9) O. Kamm, "Organic Syntheses,”  Coll. Vol. I, John W iley & Sons, Inc.,

before use. New York, N . Y ., 1941, p 445.
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A  green solid remained after evaporation of the ether filtrate Scheme I
and was steam distilled. Combined ether extractions of the i i CHn
distillate were dried over calcium chloride, filtered, and evapo- X. X .  HN^
rated leaving a green liquid which solidified to colorless crystals, | | Br% [ | CHq
mp 63-65° (green melt) of nitrosobenzene, 3.8 g (0.0356 mol,
71% yield). In  comparison with authentic material, identical | u  ^ B r
ir spectra were obtained and a mixture melting point was unde- / \  / \ g r
pressed. j

Benzonitrile Oxide and the Oxime (I )  of Benzanilide.— After 2
12  hr at room temperature a solution of 2 .1 2  g (0 .0 1 mol) of the O O O
oxime (I )  in 30 ml of chloroform and 0.0042 mol of benzoni rile I II qjj I II qjj I II
oxide10 in ether added dropwise became pale yellow. Combined / v A f / '  3
2 N  hydrochloric acid extracts were carefully neutralized by the |___ I ^ C ^  +  |_____ I CH3 +  |_____¡1 CH3
addition of potassium hydroxide pellets whereupon a colorless A /
precipitate separated and was extracted with ether. The ether I I I
extracts were dried over magnesium sulfate, filtered, and evapo- g 4  5
rated leaving a residue of 1.60 g (0.0075 mol) of recovered I , v------------------------ ------------ ..-------------------------------------- '
m p 135-1 36 °. LiAlH,

The ether-chloroform substrate after acid extraction was dried or
over magnesium sulfate, filtered, and evaporated to leave a brown LiAlD,
oil which was chromatographed over silica gel. Hexane-
benzene (3 :1 ) eluted a colorless solid, mp 112-114°, 110 mg 1 R R | R R 1
(0.46 mmol, 21.9%) identified as diphenylfuroxan.11

Next benzene-chloroform (6 :1 ) eluted 45 mg (0.22 mmol) of [ [ p ' \ ™ ,  | |j ^ C H
benzanilide, mp 160-161° (8 .8%  yield based on recovered I or '--------3 -------  3 3
5.2% based on benzonitrile oxide). T I T

Continued elution with benzene-chloroform (6 : 1 ) removed
0.60 g (1.89 mmol) of V , mp 114-116°, as colorless needles (75.8% (—)-6a,R  =  H (+ )-7 a ,R = H  8
yield based on recovered I  or 45.0% based on benzonitrile oxide). b, R =  D b, R =  D
A  brown band remained on top of the column.

Registry No.— I, 3488-57-1; lead tetraacetate, 546- advantages in using Scheme I  are a low yield of 8 and
67-8; N-bromosuccinimide, 128-08-5; diethyl azodi- the formation of 6a as the major product (6a :7a:8 =
carboxylate, 1972-28-7; N-phenylhydrcxylamine, 100- 11:7:1) in three steps from 1. In comparison, Scheme
65-2; benzonitrile oxide, 873-67-6. I I  requires five steps, and if carried out on pure 9, does

. ,, .. , .. not provide 6a in significant yield and does produce
(10) From 0.65 g (0.0042 mol) of benzhydroxamoyl chloride and alkali • i i i  ° . t i i d i T  tt

according to p. Rajagopaian and b . g . Advani, j .  O rg . C hem ., 30, 3369 considerable unwanted 8. In our hands, Scheme 11 
d965)- provided 7a:8 =  5:1.

(11) A . Werner and H. Buss, B er., 27, 2193 (1894).

Scheme I I

1 - C 0 2H
Synthesis of ( —) - ( l  R ) - c i s -  and (+ )- ( lS )-t ra n s - 2  10R , __*-

2-Isopropylidene-(5ii)-N,N-trimethylcyclo- 20H k /
pentanemethylamines and Their

Dideuterio Derivatives1 0  O

I II I II .CHj
K . S. Schorno , G. R . W aller , and  E . J. E ise n b r a h n 2 Jh ,'ACC1 .A . XC1 h n .

L X  +  [ I T  -------^  4 and 5
Departments of Chemistry and Biochemistry, LiAlH I

Oklahoma State University, Stillwater, Oklahoma 74074 | |
IQ II 7a and 8

Received February £6, 1968 |
1 brijU rl

( —)-(lR)-ds-2-Isopropylidene- (522)-N,N-trimethyl- I I
cyelopentanemethylamine (6a) and (+ )- (lS )-tra n s - 2 3 L l T "  2 3
2 - isopropylidene - (5/2) - N ,N - trimethylcyclopentane- ■-----L /  +  -----L /
methylamine (7a) and their dideuterio derivatives | |
(6b and 7b) provided excellent model compounds for l2 13

instrumental and chemical reaction comparisons with
the elimination products obtained from Hofmann w  „„ j  c l  tt r. ,, ,. , , , ,i , - . . We used Scheme 11 to prepare authentic (+ )-trans
elimination reactions applied to a-, 8-, y-, and S- „  , c ,, , , ,, ,. c 7a to serve as a reference compound in the assignmentskytanthmes. We now report the preparation of £ , , • , , , , , ® ,
jc ~t .t r  m. j o r  , T\ i /f\ i of stereochemistry and absolute configuration to ( — )-
6a, 6b, 7a, 7b, and 8 from (+)-pulegone (1) as shown 6a fib> ( + ) .7a; and 7b from Schem|s I  and II. A
m ocneme i. , , • . , , , , £ . * . ,

a , T . r , i, , , , ,, stereochemical and absolute configuration assignmentScheme I  is a useful alternate route to the earlier «  , , , ,
• r »  j o l • c , tt i mi. • to ( + )-trans  7a had not been made. However, the synthesis of 7a and 8 shown in Scheme I I .4 The major , , '  i f  0 u T j tt j ’ ,‘ data obtained from Schemes I  and I I  are adequate to

(1) Supported by the National Science Foundation Grant GB-560-7. m a k e  t h i s  a s s ig n m e n t .  T h e  m a jo r  p r o d u c t  o f  F a V O r -
(2) Address correspondence and repnnt requests to tins author at the g k i i  r e a r r a n g e m e n t  o f  2 w i t h  aqU eO U S a lk a l i  h a s  b e e n

Department of Chemistry. 5* . . .
(3) H. Auda, H. R. Juneja, E. J. Eisenbraun, G. R. Waller, W . R. Kays, SllOWIl to be CtS-pulegeillC RC ld . By analogy, the 

and H. H. Appel, J .  A m er. Chem . Soc., 89, 2476 (1967).
(4) J. Wolinsky, B. Chollar, and M . D. Baird, ib id ., 84, 2775 (1962). (5) S. A. Achmad and G. W . K . Cavill, A u s t. J .  C hem ., 16, 858 (1963).
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Favorskii rearrangement of 2 in dimethylamine (Scheme and the salts were filtered out and washed with ether. The
I )  can be expected to give mainly cis 3. C IS  products ether fractions were combined, washed with three 50-ml portions
3, 6a, and 6b were shown by gas chromatography to ?! dls,tllled water, dried over anhydrous magnesium sulfate,
be present in the product derived from Scheme I but S“ ¿ “ K i S S —  ” “ ,»d
not among those from bcheme I I .  Scheme I I  was 15.5-min retention times, respectively, on a 15 ft X  0.25 in.
shown to give the expected trans products 4, 7a, and 12 column of base-washed Chromosorb W coated with 15% Carbo-
by comparing 12 with an authentic sample,6 obtaining wax 20M °P erating at 120°.
the n m r spectru m  o f th e  m ix tu re  o f  4 a n d  5, an d  co m - T he fra.ctlon dl!e to 6a ,was separated by preparative gas chro- 
_ n • „  »t * ,, n l  , j  , i • i i i matography on the previously mentioned gas chromatography
p a rin g  th is w ith  a  rep o rted  n m r spec tru m  w h ich  sh o w ed  column and collected; it showed nmr (CC14) a 2.15 (6 H  s)
a single  - N ( C H 3) 2 g ro u p  8 2.85 (6  H ) .  H o w e v e r , th e  1-65 (3 H , s ), 1.59 (3 H , s), and 0.91 ppm (3 H , d, J  =  6 H z);
n m r spectru m  o f the m ix tu re  o f  3, 4, an d  5 fro m  Sch em e 2950> 2850, 2800, 2775, 1460, 1380, 1330, 1290, 1265,
I  show ed  tw o  d ifferen t - N ( C H 3) 2 g ro u p s  a t  8 3.18 a n d  12f ' J ? 00’ \16S* U 2 5 ’ 1100’ 104°-  1005> 995- 865, »35, »05,

2.85 in  the ratio  3:4 =  3 :2 . T h is  ra tio  is m a in ta in ed  ^  ^  ^  58 (1° ° % ): la ]U°
in  the reduction  p ro d u cts  6a an d  7a. I t  is o f  in terest Anal. Calcd for 3C 12H 23N : C , 79.49; H , 12.79; N ,  7.73. 
th a t the ratio  o f  12:13, 4:5, an d  7a:8 rem a in ed  5 :1  Found: C , 79.63; H , 12.50; N , 7.54. 
th rough ou t the reactions in  Sch em e I I .  T h ese  d a ta  fracf 'on due to 7a was also collected and it showed nmr
support the  stereochem ical assifrnm pnts show n in (C C ,,) S 2 ' 15  <14  H > envelope), 1.60 (6 H , broad s), and 0.90 
S e w !  T TT S 11 g  ;  !  u , 1 ppm (3 H , d, J  =  6 H z); 2950, 2850, 2775, 1450, 1370,
sch em es I  an d  i i  a n d  a llo w  ass ignm ent o f  ab so lu te  1265, 1180, 1170, 1155, 1100, 1060, 1045, 1030, 895, 862, 840,
con figuration  to  ( — )-cis 6a an d  cis 6b as 1R ,  5R , an d  and 785 cm "1; m/e 181 (parent ion) and 58 (100%); ’[« ]  “ d

(+ )-trans  7a an d  trans 7b as  IS ,511.7 + 6 8 ° (c 9-17> CHCfi).
T h e  presence o f the p a re n t  ions m/e 181 in  the m ass ( lR )-c is - and (IS)-(rara.s-2-Isopropylidene-(5R )-N,N-trimethyl-

spec tra  o f  6 .  an d  7 .  a n d  8  an d  « / .  183 f o r t h  a n d  7 b  £ ISSt
conhrm s the m o lecu la r w e igh ts . mol) of a mixture of the amides 3 and 4 and 0 .4  g (0.01 mol) of

lithium aluminum deuteride in 20 ml of tetrahydrofuran to 
_  . . _  give 1-5 g (82% ) of deuterated amines 6b and 7b. These were
Experimental section separated by preparative gas chromatography as described for

Pulegone Dibromide (2 ).9— To a well stirred solution of 76 g an<! 7a' sfrac„tion (20-min retention time) due to 6b
(0.5 mol) of (+ )-pu legone at ice-bath temperature in 200 ml of ™ °3 e ” mr S eaveloP®)’ 1 -65 (3 H , s), 1.55
glacial acetic acid was added dropwise 80 g (0.5 mol) of bromine lonn ^ ^  =  ^ Hz) ;  2950, 2850,
during 30 min. The reaction mixture was stirred for another ??00, 2775, 2200, 2150¡, 2000, 1460, 1380, 1265, 1120, 1110,
30 min and then poured onto 100 g of crushed ice, and extracted loo0/ 1989, . 943 ’ 993, 919> 895, 830, 820, and 775 cm *; m/e
with eight 100-ml portions of low-boiling petroleum ether. 183 (parent ion) and 60 ( 10 0% ).
The combined petroleum ether fractions were washed with a , }  ,  fraction due to 7b (15.5-mm retention time) was also col- 
dilute sodium bicarbonate solution, dried over anhydrous and nmr 8 2 -15  (12  envelope), 1.61
magnesium sulfate, and filtered. The resulting solution con- L  ’ U L H o »l’c.an™ 9l99  (3 H , d, J  =  7 H z);
taining crude 2 was used without further treatment. 29®9, 2839, 2899’ 2 773  ’ 2200, 2070, 1465, 1380, 1285, 1270,

cis- and Zrans-2-Isopropylidene-(5fl’ )-N,N-trimethylcyclopen- *249, i i 9,9, ^ 29.’ 1050, 1000, 895, 825, and 815
tanecarboxamides (3 and 4).— A ll of the solution containing Cm ’ m ê (parent ion) and 60 (100%).
crude 2 (estimated 156 g, 0.5 mol) was added in one portion to 'Retrictrv N n ___a 1 7 0 4 8  s i  ft. a  1 7 0 4 Q oo 7  e.
100 g (2 .1  mol) of dimethylamine, which was previously cooled 17£ ? S T  1  u  a ’J ’ S a S t t n ’ S ’
in a D ry  Ice-acetone bath. Precipitation of dimethylamine l< "4 d  83 8, 6b, 17943-84-9, 7a, 17943-85-0; 7b,
hydrobromide occurred immediately after the addition. The 17943-86-1. 
flask was stoppered and allowed to come to room temperature, 
and the contents were stirred for an additional 5 hr. The stopper
was removed and the excess dimethylamine was evaporated. , ,  . c  » ,  , , ¥TT ri„  „
The resulting mixture was stirred with 200 ml of ether and filtered, reactions ol JNitro Alcohols. III. The Reaction
and the ether was washed with three 50-ml portions of 5%  solu- of 2,2,2-Trinitroethanol and Phosgene
tion of hydrochloric acid and then with distilled water until the , .
washings were neutral to litmus paper. The ether solution was l n  Presence ol Some Tertiary Amines
dried over anhydrous magnesium sulfate, filtered, and distilled
to yield 80 g (82% ) of a mixture (3:4:5 =  64:33:3): bp 75° T homas N . H a ll
(0 .2  mm); nmr (CCU ) 8 3.10 and 2.85 (6 H , 2 s, two -N (C H 3)2 in
ratio 3:2 ), 1.59 (3 H , s), 1.49 (3 H , s), an envelope centered at U. S. Naval Ordnance Laboratory,
2.2 (6 H ), and 1.02 and 0.90 ppm (3 H , 2 d, J  =  6 H z); White Oak, Silver Spring, Maryland 20910
2950, 2900, 1655, 1490, 1460, 1400, 1310, 1290, 1270, 1165,
1125, and 1060 cm *. Received March 26, 1968

( — )-cis- and (+)-irans-2-Isopropylidene(5fi)-N,N-trimethyl- 
cyclopentanemethylamine (6a and 7a).— To a well-stirred solu- . . ,
tion of 4  g (0 .1 1  mol) of lithium aluminum hydride in 100 ml of 4 . Esterification of 2 ,2 ,2 -t rm itroe th an o l ( 1 )  b y  acy l
anhydrous ether was added dropwise 1 1  g (0.06 mol) of a mixture ch lorides has been  repo rted  to  p roceed  b o th  w it h 1 an d
of amides 3, 4, and 5 prepared above. The solution was heated w ith o u t2 a ca ta lyst. S ince none o f these m eth ods is
at reflux temperature for 4 hr. The solution was cooled; the p a rt icu la r ly  su itab le  fo r  the  p rep a ra t ion  o f b is (2 ,2 ,2 -

______________  t r im t r o e t h y l )  c a r b o n a t e  ( 2 )  f r o m  1 a n d  p h o s g e n e ,  i t  w a s

(6) W e thank Dr. C. Brandenburg for a sample and nmr spectrum of pure decided  to  USe the p y rid in e -ca ta ly s is  m eth od  deve lo ped

(TAa") E 8J. Eisenbraun and S. M . McElvain, J .  A m er. Chem . Soc., 77, ^  K is s in g e r ,  et al.,3 f o r  t h e  e s t e r i f i c a t io n  o f  2 ,2 -d i-
3383 (1955); (b) R. S. Cahn, V. Prelog, and C. K . Ingold, A ngew . Chem . m t r o p r o p a n o l  b y  p h o s g e n e .
in te rn . E d . E n g l., 5 , 385 (1966). T h e  d e s ir e d  b is c a r b o n a t e  w a s  in d e e d  o b t a in e d  b y

(8) The analyses of the amines were made on the combination mass spec-
trometei-gas chromatography apparatus (prototype of the LKB-9000) using (1) (a) M . H. Gold and K. Klager, Tetrahedron , S u p p l. 1, 19, 77 (1963);
a 16 ft X 0.25 in. glass column packed with 120-mesh, base-washed firebrick (b) M . B. Frankel, J .  O rg. Chem ., 27, 331 (1962).
coated with 20% Carbowax 20M. The operating conditions were column at (2) (a) H. Feuer, H. B. Haas, and R. D. Lowery, ib id ., 28, 2070 (1960);
120°, injection port at 200°, and helium flow of 45 ml/min. The nmr spectra (b) N. S. Marans and R. P. Zelinsky, J .  A m er. Chem . Soc., 72, 5329 (1950). 
were obtained on a Varian A-60 spectrometer. (3) L. W . Kissinger, T . M . Benzinger, H. E. Ungnade, and R . K . Rowher,

(9) J. Wolinsky and D. Chan, J. O rg. C hem ., 30, 41 (1965). J .  O rg. Chem ., 28, 2491 (1963).
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this method in a yield of 5 1 % , using a molar ratio of Anal. Calcd for C i5H i4N 80 i5: C, 32.97; H , 2.58; N ,  20.51. 

pyridine to 1 of one. Since the crude product was Fo“nd:„ C’ 32'83’ 2-58, 2-43; 2,°'31\2(?'60;
contammated by pyndmmm trmitromethide (3) the tion expected. 3 m * S067> and S05S Qm- ,  for c ^ H  stretching
use of a base weaker than pyridine seemed desirable.4 of the pyridine ring; 29% and 8841 cm -1 for the methylene C— H
As expected the use of 4-nitropyridine or pyridine 1- stretching; 1773 cm-1 for C= 0  stretching of a carbonate;
oxide in place of pyridine eliminated 3 and increased 1640> 1632> and 1540 cm -1 for C = C ,  C = N  stretching of the

the yield of 2 to 59 and 72%. teepee lively. Increasing
the m o la r  ra tio  o f  p y rid in e  to 1 w a s  fo u n d  to cause 1210 cm 1 for C— H  deformation of the pyridine ring; 737, 785,
nucleoph ilic  a ttack  o f p y rid in e  on  1 an d  resu lted  in  the 870,1155,1265,1414, and 1540 cm -1 for a carbanion of the type
fo rm ation  o f a n ew  com pound, 4, w ith  the structu re  Z (N 0 2)C _ .
[ ( C 6H 6N + — C H 20 — ) 2C = 0 ]  [ ( N O s) * C - ] s (see Exper- Str° nS evidence that 4 contains the quaternized pyridine ring

was obtained from the pmr spectrum, t values in parts per 
im en ta i s e c t io n ). million and relative intensities for 4 in acetone were 0.88 (2),

. . 1.72 (2 ), 1.19 (1), and —0.10 (2 ) .11 For comparison, 1-methyl-
Expenmental Section pyridinium iodide in acetone-d6 gave 0.70 (2), 1.72 (2), and 1.27

A ll chemicals were reagent grade except the phosgene gas (1) for the 2-, 3-, and 4-ring H , and 5.23 (3) for the methyl H . 
(99%, The Matheson Co.) and the pyridine 1-oxide (technical Equivalent Weights. Aqueous solutions of 4 were
grade, Reilly Tar and Chemical Co.). 4-Nitropyridine was made analyzed spectrophotometrically for (N 0 2)3C , using e 14,418,12
by deoxygenating 4-nitropyridine6 1-oxide with PC13.6 The cita- and for formaldehyde, using the method developed by Nash , 13 e
tion in ref 4 gives the methods for preparing 2 ,2 ,2-trinitroethanol based on a sulfite-standardized14 C H 20  solution and an optical
and trinitromethane. The following instruments were used: a denslty corrected for absorption by  (N 0 2)3C  . The amount of
Yarian HR-100 nmr spectrometer, a Bendix time-of-flight pyridine distilled from a basic solution of 4 was determined spec-
mass spectrometer, Beckman D U , Beckman IR -4, and Cary trophotometricallyd3 _and the amount of gas generated by the
Model 14 spectrophotometers. The Cary was used for the C H 20  acidification of a basic degassed solution of 4 was determined m
equivalent weight a v ° lume-cahbrated system by the ideal gas law. Mass spectro-

B is (2 ,2 ,2-trinitroethyl) Carbonate (2).— Following the method graphic “ alysis of the gas generated showed it to be at least 
of Kissinger, 3 10.0 g of 2,2,2-trinitroethanol (0.0552 mol) was ,®Pulva|®nf fkus determined were
dissolved in 6 ml of methylene chloride and 13 ml of chloroform; (N 0 2)3C , 276, pyridine, 273, C H 20 , 283, C 0 2, 543.
4.44 g of pyridine (0.0561 mol) was added; and phosgene was ^  single crystal of 4 was shown to have a density of 1.70 g/cc,
bubbled into the stirred solution at 18 cc/min until 40% excess a unh  ced volume of 1097 A , 3 and a unit cell molecular weight
had been introduced, keeping the temperature near 27°. The of 112 3  ■ These data required that the molecular weight of 4 be
reaction mixture was allowed to stand for 1 hr at ambient tem- 2§1 or 562. A  molecular weight of 562, the molecular weight
perature. The crude product was precipitated by the addition of required by the empirical formula C isH hN sO is (546), in addition
n -hexane and was then stirred with water for 16 hr to remove to the spectral data and equivalent weights justify the structure
3 ,7 collected and air dried. The yield of 2, mp 113-115°, was given for 4.
5.44 g (51% ). Two recrystallizations from chloroform raised ht . m o  r .  n i -  r „
the mp to 116-117°. A  mull of 2 showed the expected absorption: Registry N o . - l ,  918-54-7; phosgene, 75-44-5; 2 ,
a C = 0  doublet at 1783s and 1795 cm 0 — O stretching at 1235 17943-76-9 ; 3,17943-77-0; 4,17943-78-1.
cm - 1 ,9 asymmetic and symmetric N 0 2 stretching in nonsalt . , , . . .
gem-dinitro compounds at 1595 and 1345 cm-1, respectively, Acknowledgments.' Grateful appreciation is ex- 
and C— H  stretching at 2882 and 2967 cm -1. pressed to Dr. J. R. Holden for determining the mo

using this procedure, with a reduction of the stirring period to lecular weight of the unit cell; Dr. J. R. Holden and
1 hr, 6.96 g of 4-nitropyridine (0.0561 mol) in place of the pyri- M r . C . W. Dickinson for the X-ray powder diffraction
dme gave 6.29 g (59% ) ot 2, and 5.34 g of pyridine 1-oxide m place , ta m  -n mr • i -n* ^  a i
Of the pyridine gave 7.6 8  g (72% ) of 2. measurements; Dr. W. B. Moniz and Dr. F. E. Saal-

Anal. Calcd for C 5H 4N 60 15: C, 15.47; H , 1.04; N ,  21.65. feld, of the U. S. Naval Research Laboratory, Wash-
Found: C, 15.45, 15.50; H , 1.28, 1.41; N , 21.48, 21.54. ington, D. C., for the nmr and mass spectrographic

Pyridinium Trinitromethide (3). Reaction of equimolar analysis, respectively; Professor M. A. Aldridge,
quantities of pyridine and trinitromethane in chloroform gave a __• _  tt • w t v  j. t \
yellow precipitate which had the absorption, as a mull, expected Amf rlCan University, Washington, D. C ,  for the micro- 
for 3: 1900 and 2400 cm-1  for C = N +H  of the pyridinium ion, analyses.
1613 and 1640 cm -1 for C = C ,  C = N  stretching, 1050 and 1203 . . .  . , ,

r r* tj a c , • j  , ,  T t  , , , • (11) A  value of —0.10 for the methylene protons is unusual, but not un-
T . r .  ° r  ° % H  d e f° r“ ^ 10? i  “ i 3060 f ° r  Stre,tch lng  reasonable, for 4 if one considers that both oxygen and positively charged
of the pyridine ring, 737, 787, 870, 1128, 1260, 1410, and 1544 nitrogen are strongly deshielding,
cm 1 for a carbanion of the type Z (N 0 2)2C - . l° ( 12) See footnote c, Table I, in citation of ref 4.

Anal. Calcd for C 6H 6N 406: C, 31.31; H , 2.63; N ,  24.35. (13) T. Nash, Biochem. J., 56, 416 (1953).
Found: C, 31.49, 31.32; H , 2.77, 2.83; N , 23.91, 24.17. (14) j. F. Walker, “Formaldehyde,” 3rd ed, Reinhold Publishing Corp.,

Compound 4, [(C 6H 6N +— CH 20 — )2C = 0 ]  [ (N 0 2)3C - ]2, Data. New York' N - Y -  p 4» 6- 
A. Preparation.— Phosgene (0.11 mol) was bubbled at 18 ec/ (15) IL D- LeRo8en and J- T. Wiley, Anal. Chem., ai, 1175 (1949). 
min into a stirred solution of 4.00 g of 1 (0.020 mol) in a mixture of 
20 ml of pyridine and 0.40 ml of water, keeping the temperature of
the solution near 27°. Stirring the reaction mixture into 80 ml of .
ice-water caused the precipitation of a yellow solid which was Conformations o f
collected, washed with 35 ml of ice-water, and air dried. The c is .  a n d  t r a n s -2 ,5-Diphenyl-l,4-dioxanes
yield was 3.85 g of 4 (64% ). The analytical sample, made by
recrystallizing the crude product twice from acetonitrile, de- T y
composed over a wide range (co. 130-175°). Jacob Schaefer

(4) increasing the basicity of the solvent increases the extent to which l  Centra l Research D epartm en t) ATonsanto C om pany ,
is dissociated into (N O j)iC -an d  CHiO. See T. N. Hall, /. Org. Chem., 29, St. L ou is , M is s o u r i  63166
3587 (1964).

(5) Made by nitrating pyridine 1-oxide according to E. Ochiai, ibid., 18, Received, June 13 1968
534 (1953). 1

(6) M . Hamana and H. Yoshimira, J. Pharm. Soc. Jap., 72, 1051 (1952). _
(7) shown to be present by X-ray powder diffraction. Bryan, »medley, and Summerbell1 obtained two com-
(8) A  L iF  prism assembly was used for the italicized frequencies and a pounds melting at 122 (I ) and 173° ( I I )  from the

NaCl prism assembly for the frequencies not italicized.
(9) J. L. Hales, J. I. Jones, and W. Kynaston, J. Chem. Soc., 61S (1957). (1) L. A. Bryan, W. M . Smedley, and R. K . Summerbell, J. Amer. Chem.
(10) M . J. Kamlet, R. E. Oesterling, and H. A. Adolph, ibid., 5838 (1965). Soc., 77, 2206 (1950).
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J  I There is little possibility that the bulky phenyl
c groups cause the cis isomer to assume twist-boat 

] j i . conformations6 in which both phenyls are exclusively in
ii . ------ ryJV\------■— ■ equitorial orientations with respect to the ring. I f
111 this were the case, the cis isomer would display a large

vicinal coupling constant. However, only one vicinal 
.. n (ji I I  ll coupling constant greater than 6  Hz is observed so that

__ if a twist-boat conformation is adopted for the cis
isomer, the trans structure must be either in a twist- 
boat conformation itself or undergoing rapid chair

L . | . interconversions. Either situation is unlikely. Fur-
thermore, any room-temperature dynamic equihbrium 

s»r involving substantial amounts of boat and chair forms
Figure 1.—The 60-MHz aromatic proton spectra of (a ) I  unlikely since the spectra of both isomers are

and (b ) I I . The 100-MHz ring-proton spectra of (c ) I  and (d ) unchanged at higher temperatures.
II. The 60-MHz ring-proton spectra of (e ) I I . Magnetic field Thus, the original structural assignments given by
increases left to right. A ll sweep scales are equal. Summerbell are correct and the cis- and trans-2,5-

diphenyl-l,4-dioxanes are, in fact, an example of the 
reaction of phenylmagnesium bromide with 2,5- higher melting of two geometrical isomers being the one 
dichloro-l,4-dioxane. (These same two compounds with the greater molecular symmetry, 
can be obtained using styrene oxide as a starting
material and anhydrous stannic chloride as catalyst.2) Registry No.—1 ,13217-26-0; I I , 5888-95-9.
They identified the compounds as the two isomeric (6) R. D. Stolow and M. N. Bonaventura, 8B, 3636 (1963). E. w
2 ,5 -d ip n e n y l- l ,4 -d lO X a n e S  a n d , on the basis of the Garbisch, Jr., and D. B. Patterson, ibid., 85, 3228 (1963); H. Booth and

melting points, assigned the cis structure to I  and the E ' ° ’ GidIey- Tetrahedron Lett., 1449 (1964). These authors discuss this
trans structure to I I  possibility for cyclohexane derivatives with large cis substituents at C -l and

The 60- and 100-MHz proton spectra of I  and I I  as ________________
their 10% solutions in CDC13 are shown in Figure 1.
The aromatic region of I  at 60 M H z is a broad, com- Ion ization  Constants o f  Squaric A cid 1

plicated multiplet while that of I I  is much narrower
and simpler (Figures la  and b) indicating the phenyl David J. MacDonald2

rings in I  may be more hindered that in II, although
neither spectrum was temperature dependent. The Department of Chemistry, University o f Nevada,
ring protons of I  at 60 M H z form an ABC system which Reno, Nevada 89607
has been analyzed in detail to yield the two vicinal
coupling constants of 5.8 and 3.1 Hz and a geminal Received June 28, 1968

coupling constant of —11.9 H z . 3 These values are
consistent with the 100-MHz spectrum shown in . Squaric acid, C4H 2O4 (1,2-dihydroxycyclobutene- 
Figure lc. The ring protons of I I  form an A B X  dione), is an unusually strong organic acid, so strong
system (by comparison of 100- and 60-MHz spectra in ^hat its first ionization constant cannot be easily mea-
Figures Id  and e) with vicinal coupling constants of sured, and until now there seems not to have been any
10.4 and 2.9 Hz and a geminal coupling constant of serious attempt to do so. Its second ionization con-
— 11.5 Hz (the choice of signs being made by analogy stant has been variously reported as pK 2 =  2.23 and as
to the assignments for I). The values for the vicinal P^ 2 =  -̂O. 4 The availability of a digital-computer
coupling constants obtained from ring-proton spectra program6 designed for the precise evaluation of the pK
of I  and I I  in dimethyl sulfoxide at 30 and 140° are values of a dibasic acid from experimental titration
the same. data made it feasible to do an accurate determination of

Making the reasonable assumption of a chair geom- ^he pK  values of squaric acid, the results of which are
etry for both I  and I I 4 and using the fact that for reported in this communication,
vicinal coupling constants in these kinds of rings
J e» ~  </ae -he <  </aa,6 the observed nmr data are Experimental Section
consistent with the assignment of cis (Phe, Pha *=* Pha, .... , ,  , ■ ™ ,, T. , , . , ,
Phe) to I  and trans (Phe, Phe) to I I ,  SO that the Vicinal measuring with a Radiometer pH meter (using a type G202B
coupling constants are given by (./aa +  J ee)/2 =  5.8 glass electrode and a type K401 calomel reference electrode) the
Hz and (,/ea +  >/ae)/2 =  3.1 Hz in I ,  and J aa =  10.4 Hz pH of a 0.173 F  aqueous solution of squaric acid (squaric acid
and Jea =  2.9 Hz in II .  The only other way to assign 'supPli?d ^ ™ 3C,he WeT̂  P f* 1 after

. . .  ,. , ,, . ,  .%  for 1 hr at 110 ) thermostated to 25.0 ± 0 . 1 °  as successive
chair conformations to the isomers consistent with increments of 2.00 N  K O H  were added to it from a micrometer
the nmr data involves the unreasonable assumption of a syringe buret. The pH  meter and electrodes were calibrated
rigid cis structure and a rapidly interconvering trans -------------
s t r u c tu r e  ( ! )  This work was sponsored by the Air Force Office of Scientific Research,

AFOSR (SRC)-OAR, USAF, under Grant No. AF-AFOSR-994-66.
(2) Address correspondence to U. S. Bureau of Mines, Reno Metallurgy 

(2) R . K . Summerbell and M . J. Kland-English, J. Amer. Chem. Soc.t 77, Research Center, Reno, Nev. 89505.
5095 (1955). (3) S. Cohen, J. R. Lacher, and J. D. Park, J. Amer. Chem. Soc., 81, 3480

(3) C. Altona and E. Havinga, Tetrahedron, 22, 2275 (1966). (1959).
(4) G. Gatti, A. L. Segre, and C. Morandi, ibid., 23, 4385 (1967). (4) J. D. Park, S. Cohen, and J. R. Lacher, ibid., 84, 2919 (1962).
(5) See, for example, E. L. Eliel and C. Knoeber, J . Amer. Chem. Soc., 90, (5) A  copy of the program, written in foetran I I ,  with a description of how

3444 (1968). it works, will be sent on request to interested individuals.
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T a b l e  I 0.240/3 for each of two x electrons. I f  it is assumed
T i t r a t io n  o f  296 mg o f  Sq u a r ic  A c id  i n  15.00 ml o f  A q u e o u s  that /3 is about IS kcal/mol, then the delocalization

So l u t io n  w it h  2.00 iV KOH energy of squarate would be about 9 kcal/mol. I f
Equiv o: k o h  per delocalization energy were the major energy factor in the

pH mo1 of 8 ,uarlc a0ld ionization of squaric acid, then the difference [(pK i +
° °°° squaric ~  (p # i +  pA 2)„xaiio] should equal 6.05.

l og 0 154 I f  is remarkable that this difference is actually only
j Y l 0 232 0.85 ±  0.2. This discrepancy can be explained on the
1 14  0.308 basis of a difference in the hydration energy of the two
1 .2 0  0.386 types of dianions. Ionization of oxalic acid is relatively
1.24 0.463 favored by the concentration of negative charge on the
1.30 0.540 oxygen atoms of the oxalate ion, a concentration of
1-38 0.617 negative charge which results in a relatively large
1 4 6  0.695 hydration energy. In the squarate ion, however, the
1 5 8  0.772 hydration energy should be relatively smaller, to the
I 'g g  0 325 extent that the charge delocalization extends over a
2 04 1 303 larger region of space, i.e., over the four-carbon ring in
2 25  1 080 addition to the four oxygen atoms. I f  this analysis is
2 42 1.158 correct, then the hydration energy for the squarate ion
2 .5 9  1.233 must be less than that for the oxalate ion by about 7.0
2.73 1.311 kcal/mol. 11

2.87 1.389
3 .0 0  1.466 Registry No.— Squaric acid, 2892-51-5.
3.12 1.542
^ 2 7 i  620 (11) N ote A dded in  P roof.— I t  has recently come to the author’s atten

tion that another paper has been published [by D. T . Ireland and H. F. Wal- 
3.40 1 .698 ton, J. Phys. Chem., 71, 751 (1967)] containing data in agreement with those
3 .5 9  1 - 774 described here. The author regrets that his literature search was no5
g   ̂ g g j  thorough enough to permit location of Ireland’s and Walton’s work prior
^  2 Q g29 to ^ me this Note was submitted for publication.

against standard buffer solutions6 having pH 's  of 1.68 and 4.01
at 25°. Duplicate titrations done in this manner yielded nearly ~  . 1 .
identical results, from which the following values (and their Catalyzed Rearrangements of 2-Alloxypyndine
standard deviations) were calculated: p/ii =  1 .2  ±  0.2 and and 2-Crotoxypyridine
p i?2 =  3.48 ±  0.02 (at 25.0 ±  0.1° and corrected to zero ionic
strength by use of the Davies equation7 for activity coefficients). TT
The sum of these pK  values, i.e., pK , +  p e q u a l s  4.7 ±  0.2. H - F r a n k l1n  St e w a r t 7 a n d  R ic h a r d  P. Se ib e r t

In principle, a more precise measurement of pK , could be
obtained by using a larger concentration of squaric acid, but its Organometallic Research Laboratory, Dow Corning Corporation,
limited solubility (about 2 wt %  or 0.176 F  at 20°) makes that Midland, Michigan 4864-0,
approach impracticable. and the Department of Chemistry, University of Wisconsin,

Madison, Wisconsin 53706

Discussion
Received May 3, 1968

The acidity of squaric acid is similar to that of oxalic
acid, a substance which squaric acid resembles struc- The rearrangement of alloxypyridine has been the 
turally. For oxalic acid at 25°, pAi =  1.28,8 pK 2 =  subject of several recent investigations. 2 -4  These
4.27,9 and pK i +  pK 2 =  5.55. reactions, carried out above 240°, were generally

For both acids, a part of the free-energy change characterized by low yields of all possible “ Claisen 
during ionization reflects an entropy effect caused by type”  rearranged products.
the change in symmetry number, i.e., a =  4 for the We found that several Lewis acids facilitated rear- 
oxalate ion and a =  8  for the more symmetrical squarate rangement of 2 -alloxypyridine (I ) exclusively to 1 - 
ion. This rotational entropy effect therefore contrib- allyl-2-pyridone (I I )  in high conversion at moderate
utes to the difference in pK i +  pA 2 between oxalic reaction temperatures,
acid and squaric acid, an amount TAS  =  298 R  In 2 =
0.4 kcal/mol of free energy, a relatively small but not
insignificant quantity ...................  . O  1%catidyst9o° l NX n

Alargerpartolthediffereneeinaciditybetweensquanc n r^O C H ch__CH --------9hr---- I
acid and oxalic acid depends on the extra delocaliza- 2 2 r CHCH=CH
tion energy possessed by the squarate ion. According I 2 2

to West and Powell, 10 molecular orbital calculations ^
indicate that this delocalization energy amounts to The thermal rearrangements2’ 3 of I  were classified

(6) Prepared as described by R. G. Bates, “ Electrometric pH Determina- n s  O P t llO -C la iS e n  r e a r r a n g e m e n t s  US a  r e s u l t  o f  t h e
tions,”  John w iiey&  Sons, inc., New York, n . y ., 1954, p 74. n a t u r e  o f  t h e  p r o d u c t s  f o r m e d  a n d  t h e  e x p e r im e n t a l

(7) J. N. Butler, “ Ionic Equilibrium: A  Mathematical Approach,”  Addi-
aon-Wealey, Reading, Mass., 1964, p 437. (1) To  whom all correspondence should be addressed at the Department

(8) L. S. Darken, J. Amer. Chem. Soc., 63, 1007 (1941). of Chemistry, University of Wisconsin, Madison, Wis. 53706.
(9) G. D. Pinching and R. G. Bates, J. Res. Nat. Bur. Stand., A, 40, 405 (2) R. B. Moffett, J. Org. Chem., 28, 2885 (1963).

(1948). (3) F. J. Dinan and H. Tieckelman, ibid., 29, 892 (1964).
(10) R. West and D. L. Powell, J. Amer. Chem. Soc., 85, 2577 (1963). (4) B. S. Thyagarajan, Advan. Heterocyd. Chem., 8, 143 (1967).
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• conditions required.6 Our catalyzed reactions differed These results suggest that other types of Claisen 
in several respects from previously reported results: rearrangements might be catalyzed by metal complexes
(I )  lower reaction temperatures were permitted for to afford conversion to fewer isomeric products using
rearrangement, 90 vs. 240°; (2) only the N-allyl moderate reaction conditions.
rearrangement product was formed; (3) a high degree
of conversion to the rearranged product was obtained, ~ . , , „
90 vs. 30-60%; (4) the rearrangement proceeded well, xperxmen ec on
even with impure I ,  to afford clean reaction mixtures 2-Alloxypyridine (I )  was used as obtained from K  &  K  Labora-
from  w h ich  the  p rodu cts  w e re  easily  iso lated . tones, Inc., Plamview, N . Y . 11803. Glpc analysis7 of I  showed

__ f  i i , . , that 2-chloropyndme (5 % ) was present as an impurity. Its pres-
The catalysts which performed best in the neat re- ence did not affect our experimental results.

arrangement of I  to I I  were soluble Lewis acids. 2-Crotoxypyridme (n i) was prepared using the procedure of 
Platinum complexes, boron trifluoride etherate and tin- Dinan and Tieckelman.3 Its ir and nmr spectra were consistent 
(IV ) chloride gave excellent conversions into I I  during the Pr°P ° sed structure, bp 92° (11 mm),

the reaction period. Insoluble species such as alumi-
num chloride, platinum(0 ) black, alumina, and nickel- a 4.2%  H 2PtCl6-isopropyl alcohol solution (4.8 g, 4.9 x  10 ~4
( I I )  chloride (anhydrous) were poor catalysts when used moJ) were heated at 90-150° in a nitrogen atm for 9’ hr. The re
in a similar manner. action was followed by glpc analysis and at the end of this period

The reaction mechanism was investigated by study- L n u v h ^ L L dv ^ ted' p istiIlatlon ))f t̂ e reaction mixture
•__ ,1 , ,  0 , .J. /Ttt\ through a 30-cm Vigreux column gave I I  (289 g, 85% of theory)

the rearrangement o f 2-crotoxypyndme ( I I I )  in good yield. The identity of I I  was confirmed b y ir  and nmr 
(scheme I). I t  was established that different products analysis.3

Rearrangement of I  to I I  in Sealed T u b e s— I  (2.0 g ) was 
S c h e m e  I  heated at 140° in sealed 6-mm glass tubes with 1 %  catalyst for 40

a  hr. The catalysts which gave excellent conversions to I I  (> 8 5 % )
were H 2PtC l6, N a2PtC l<> B F 3- E U )  and SnCl,; and Pd on C  gave 
55% II .  Less than 15% I I  was obtained with A lCL, alumina, 

v  0  N iC l2 and Pt (black). Compound I  alone did not rearrange
HPirl /  I „  under similar reaction conditions. Analyses of the reactions were

o 2 V  CH3CHCH CH2 obtained by glpc using internal standards. Area percentages
_12S°, 36 hr /  j y  were taken as a measure of the degree of conversion.

n^ VOCH2CH=CHCH3 BF3Oe\  , Rearrangement of 2-Crotoxypyridine (I I I ) with H 2PtCl6.— I l l
^  (1.5 g, 0.01 mol) and a 4.2% H^PtCle—isopropyl alcohol solution

111 |l I l0 -1 g. 1 X  10-« mol) were mixed under nitrogen and sealed in a
6-mm glass tube. The cloudy, light yellow solution was heated at 

I 125 ± 1 ° for 36 hr. A  glpc of the clear light orange reaction
CH2C H = C H C H 3 mixture showed only one peak eluting above 100°. A n  nmr8

of this crude sample revealed a large doublet at r  8 .55  (.7 =  7.0  
V  cps) and a smaller upheld doublet at 8.80 (.7 =  6.0 cps). The
+  former is consistent with that found for l-(l-m ethylallyl)-2-pyri-

___ done ( IV )-3 The latter may be due to a complex formed between

a CH2CH CHCH3 IV  and platinum. The reaction mixture was distilled to dryness
with only one pure component being isolated ( 1 .4  g ), bp 9 7 °

3  (1-2 mm). The mnr spectra of this material was identical with
I IV . The ir spectrum was also consistent with this proposed

structure.
Rearrangement of 2-Crotoxypyridine (II I ) with BF3 Et20 .— I l l  

V I (1.5 g, 0.01 mol) and freshly distilled B F 3-Et20  (0.1 g, 7.0 X
10 4 mol of B F 3) were mixed under nitrogen and sealed in a 6- 

cou ld  b e  o b ta in ed  fro m  th e  reaction , d epen d in g  on  the mm glass tube. This clear solution was heated at 125 ±  1 ° for
n a tu re  o f  the oatn lvst naed R pnctinn « o n ta lw erl W  . , , . gp o  of the crude reaction mixture showed two peaks,n a tu re  o i m e  ca ta ly st  used . K eaction s  ca ta ly zed  b y  both elutlng after m  or IV ; with relative areas of 82-18 8 (The
chloroplatimc acid provided essentially quantitative 82% component was the first to elute.) This solution was dis-
conversion  to  the  n o rm a l C la isen  p rodu ct, l - ( l -m e t h y l -  filled to dryness with the main fraction taken at ( 1 .3 5  g ) 105°
allyl)-2-pyridone (IV ). The formation of this com- mm)- The area ratio of the compounds in the distillate

pound suggests that platinum complexes with I I I  in a a L i v e V w ^ n r i Th<- °omPounds were separated by prep- 
v  , * o u i - j -  j  t>x/tt\ b • arative glpc and examined by nmr and ir analysis. The data
manner analogous to 2-aUylpyndme and P t (I I )  ,6 in for the larger component were found to be consistent for 1 -crotyl-
which the allylpyridine acts as a bidentate ligand. 2-pyridone (V )3 with the methyl protons appearing as distorted
Such a  complex could facilitate the intramolecular quartet (due to independent splitting by two vinylic protons) at
allyl rearrangement to nitrogen by a pseudo-Claisen ’-8.28 (J  =  3 -8 ,1.0  cps ) . The smaller component was identified

, 6 . t3 , • , , , , • as 3-crotyl-2-pyridone (V I ),̂ 3 via the distorted methyl quartet at
cyclic mechanism. Reactions catalyzed by boron tn- T 8.32 (J  = 3 .3 , 1 .1  cps), and the absence of the ring L e e  pro-
fluoride etherate proceed by an entirely different ton doublet at t  3.40. The ir spectra of both compounds were
mechanism, because the two abnormal Claisen products, consistent with these structures.

l-crotyl-2-pyridone (V ) and 3-crotyl-2-pyridone (V I),
were obtained in yields of 82 and 18%, respectively. „  ^ 0l 5831-77-6; I I I ,  17953-65-0;
A  possible explanation for the formation of these H2PtC l6, 16941-12-1; BF3-Et20,109-63-7. 
products is that the boron trifluoride coordinates with .
f ,  , f  TTT • i- . i  c  1 0  (7J All glpc analyses were done using a a/« in. X 20 ft 25% Dow Corning
the ether oxygen of I I I ,  providing a pathway for a 1,3- DC 200 fluid on 40-60 mesh, Chromosorb W  column. The temperature was
allyl shift, preferably to nitrogen. programmed from 75 to 300° at 150/min with a helium flow rate of 200 ml/

min.

(8) A ll nmr spectra were obtained using a Varian A-60A spectrometer.
(5) For an excellent review of the Claisen rearrangement, seeS. J. Rhoads, Solution samples were made with chloroform or deuteriochloroform ...lug 

"Molecular Rearrangements," P . de Mayo, Ed., Interscience Publishers, tetramethylsilane as an internal standard.
New York, N . Y ., 1963, p 655. (9) Other small peaks were detected which represented less than 10% of the

(6) R. E. Yingst and B. E. Douglas, Inorg. Ckem., 3, 117 (1964). total area.
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3350; 4-demethylhasubanonine, isolation and structure of, on, 3165
4529 d iterpene, nm r d eterm ina tion  o f C - 8  ester groups in, 2497; A lu m in a-ca ta lyzed  reactions, o f hyd roxyaren es  and h yd roarom a- 
fro m  greenheart bark  (Ocotea rodiaei), structure o f, 1229; t ic  ketones, 1480, 1489,1495
indole, sem pervir in e  synthesis, 3985; peta line, synthesis o f, A lu m in u m  a lcohola te  o f a  hem iaceta l, in te rm ed ia te  in  th e  T ish c - 
2500; re la ted  to  crin ine, ta ze tt in e  and m anth ine, abso lu te  henko reaction , 3657
con figu ration  of, 3105; o f Stephania glabra, abso lu te  con figura- A lu m in u m  chloride, in  c leavage  o f ferrocene, 3312
tions o f, 2785; s tru ctu re  e lu c ida tion  and  syn th es is  o f d eh y - A lu m in u m  haloalcoholates, in  ch lora l reaction , 3310
dro tha liearp ine, 1052; o f  Tabernaemontana crassa, 3350; o f A lu m in u m  hydrides, a lk oxy-, in redu ction  o f  epoxides, 1132
Tabemaemontana riedelii an d  T . rigida, 1055 A m ary llid aceae  alkaloids, w ith  [2 ] -b en zop yrano  [3,4-c] in do le

A lk enes , chrom yl ch lorid e  ox ida tion  of, 3970; reac tion  w ith  a  nucleus, 3749
l,3 -d iazab icyc lo [3 .1 .0 ]h ex -3 -en e , 1097 A m b ie n t b eh av io r, to  bases, o f d ith iin iu m  salts, 3771

cis- and  ¿rares-alkenes, m o lo zon id e  in te rm ed ia te  in, 1629 A m id e  anion as le a v in g  group, 234
A lk o x id e  c leavage , o f  3 ,6 -d ib en zoy l- l,8 -d ip h en y l-4 ,5 -d ith ia -l,8 - A m ides, a licyc lic , m icrob io log ica l o xygen a tion  o f, 3182; o f 

octanedione, 2734; o f  l,6 -d iphenyl-3 ,4 -d ith ia -l,6 -hexaned ione, a lky lp iperid ines, con form ations o f, 3627; a roy la tion  o f, tw o -
563 fo ld , 894; 0 -hydroxy-, synthesis o f, 4275; substitu ted , rou te

2 -A lk oxy - and 2 -a lk y lth io te trah yd ropyran s , anom eric  e ffec t in , to , 2385; b y  use o f  hosphon itrilic  ch loride as a c t iv a to r  o f
3 7 5 4  . ca rb oxy lic  acids, 2979

A lk oxya lu m in u m  hydrides, in  redu ction  o f epoxides, 1132 A m id ines, cyclic , synthesis and reactions o f, 2109; syn thesis  of,
2 -A lk oxy-l,3 -d ioxan es , anom eric  e ffec t in, 3754 1679; fro m  yn am ine reaction , 4406
2 -A lk oxy tetrah yd rop yran s , con fo rm ationa l analysis o f, 2572 A m id in iu m  salts, fo rm a tion  of, 2385
A lk y la t io n , o f 1 -acety l an 1-cyano d e r iva t iv e s  o f 4 - ( i-b u ty l)-  A m id oa lk y la tion s , in tram olecu lar, a t  carbon, 3779

cyclohexane, 943; o f th e  am b ien t p -to luenesu lfin iate  an ion, A m id o  esters, borane redu ction  o f, 3637
3422- o f  a lk y lid en eb isd im eth y lam in es, 2385; o f benzene, w ith  A m idox im es, ox ida tion  o f, 4554
dodecenes, 1523; o f  benzene, lon g-ran ge  e ffects  in , 1517 A m in a tion , asym m etric  redu ctive , in  a lan ine synthesis, 4526;
bridgehead  via cyclop ropan e  in term ed ia tes, 47; o f  4 -i-b u ty l- o f 1, X -n a ph th yn dm es , 1385; redu ctive  o f a -k e to  acids,
Dnugeueau, via oyoiupiupa, , 9  asym m etric, 4467; side-chain, o f a ry ld ia lky lm eth ines , 4515
cyclohexanone, stereoc m  y  , , . J  ^ ’ j  A m in e -ca ta lyzed  cis-trans isom erization , 4372
napthoqu inone, 576; o f  k etone enolates, o r ien ta tion  m  and  A m ine-exchange reactions in  th e  indanone-indenone series, 1907
kinetics o f, 2222; a t  lo w  tem peratu res, b oron  flu orid e  ca ta lyzed . A m in e  m eta llo id  fluorides, d eh yd ro flu orin a tion  o f, 1392
275; o f p h en y l o- and p - to ly l sulfones, 2228; o f p yrro le  a lk a li A m in e  oxides, fro m  ox ida tion  o f  te r t ia ry  am ines, 588; te r t ia ry ,
m eta l salts w ith  a lly l and n -p rop y l tosy la te , 1299; redu ctive , iron -ca ta lyzed  d ea lky la tion  o f, 3493
o f im ines and esters, 2388; r in g  open ing, o f  azetid in iu m  cat- Am ines , ad d ition  to  p ro p a rgy l su lfone, 549; a liphatic, reactions 
ions, 523; a o f te r t ia ry  am ines, 4362 w ith  perm anganate, 1649; a lky l-, d irec t flu orin ation  o f, 1008;
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aromatic tertiary,  ̂dealkylation with formates, 318; base- 3,5-Anhydro-l,2-0-isopropylidene-/3-L-idofuranose and -a-D-loxy-
ca ta lyzed  e lim in a tion  reactions o f 2 -(4 -p yrid y l)e th y lam in es , furanose, nucleoph ilic  open ing o f oxetane rings in, 396
1290; cyc lop rop y l- and l-b ie y c lo [r a . l.O ]a ly k l-  synthesis and A n h yd rom eta th eb a in o l, s tructure of, 1264
nm r analysis o f, 419; flu oroa lky l-, nm r and H a m m ett a values, An ilin e , ap ro tic  d iazo tiza tion , w ith  iodine, 1636
correla tion , 1 0 0 2 ; h indered, reactions o f p ic ry l ethers w ith , An ilines, N -a cy l- , nm r of, 3763; benzy lidene-, e ffects  o f  te rm in a l
4262; lo w  boilin g , conven ien t p reparation  of, using lith iu m  group substitu tion  on the m esom orph ic b eh av io r  of, 3501
alum inum  h yd ride  and deu teride reductions, 1254; n itro - A n ilin iu m  perch lorate, in  az irin e reaction , 827
arom atic , flu orin ation  o f, 1387; p rim ary , in  F a vo rsk ii re- 3 -An ilino-l-ph en yl-2 -pyrazo lin -5 -on e, 15N  isotope  tracer s tu d y
arrangem ent o f cis- and irans-carvone tr ibrom ides, 407 ; on, 3336
prim ary , ozone ox ida tion  to  n itroa lkanes, 313; oxon a tion  o f, An ils , m é th y la tion  of, 2915; 4 -n itro  substitu ted , in  sm ectic  
2675, 2680; reaction  w ith  3 -brom o-2 -benza l-l-indanone, 1900; m ixtures, 591
reaction  w ith  substitu ted  ketonaphthalenes, 1895; te rt ia ry , A n ion ic  properties, o f 1 ,3-dith iane 1-oxide, 2596 
a  a lk y la tion  of, 4362; te rt ia ry , anod ic  m é th oxy la t ion  o f, 316 A n ion  radical, cyclopropane, 2532

A m in im ides, synthesis, 1374 A n isa ld eh yd e-l-d , p reparation  of, 1274
A m m o  acid  deriva tives , re la t iv e  in fluence o f e lec tron -w ith draw - An isole, rad ia tion -induced  h yd roxy la tion  of, 2755 

in g  fu n ctiona l groups on  basicities of, 154 An isoles, rearrangem en t ions in th e  mass spectra  of, 124
a -A m in o  acid  d eriva tives , N -o x a ly l, c yc liza t ion  o f, 3980 A n isom ycin , con form ationa l studies o f th e  p yrro lid in e  ring, 2136;
A m in o  acids, from  a,/3-unsaturated n itriles, 1686 structure of, 166
a -A m in o  acids, o p tica lly  ac tive , so lven t e ffe c t in  steric  con tro l ¿ra »s-4 -A n isy l-5 -m ethy l-l,3 -d ioxane, fo rm a tion  o f, 1873 

in  synthesis of, 4467 1 -p-A n isy l substituent e ffec t in  c yc lop rop y lca rb in y l p -to lu en e-
A m in o  alcohols, fro m  d isod iod iary lketones and sod ium  am ino- su lfonate so lvo lys is  ,2712 

m ethanesu lfonates, 2167 ; r in g  expansion  of, 2069 A n od ic  m é th oxy la tion  o f te r t ia ry  am ines, 316
a-i-A m in oa lk an one  oxim es, syn-anti isom erism  of, 2598 A n od ic  ox idation , o f organ ic  com pounds, 4326
a -A m in oary lm eth y lph osp h on ic  acids and esters, synthesis, 3090 A n om eric  effect, in  2 -a lk oxy- and 2 -a lk y lth io te tra h yd rop y ra n s
3 - (2 -A m in oben zoy l)in d o les , synthesis and transform ations o f, and 2 -a lkoxy-l,3 -d ioxan es, 3754

2868 A n the lm in tic , 6 -pheny l-2 ,3 ,-5 ,6 -te trahydroim idazo [2 ,l-6 ]th iazo le ,
2 -A m in oben zy lid enam in oaeetic  ac id  N -ox id e , rearrangem en t of, synthesis, 1350

828 A n th racen e  rings, tw o , p h o tocyc liza tion  o f, 254
cis- and iran s~3 -am in ob icyc lo [2 .2 .2 ]oe tan e-2 -ca rb oxy lic  acid, Anthracenes, 9 -a ry lm ethy l-, fo rm a tion  o f, 3935 

nm r and synthesis, 2371 An th ran ilam ide , reaction  w ith  d im eth y l a ce ty len ed ica rb oxy la te
a -A m m o-o-boron oben zy lam alon ic  anhydride, synthesis, 4479 to  fo rm  l,4-benzod iazep ine-3 ,5-d iones, 3997
9-Am in o-6 -eh loro -9H -pu rin -8 (7H )-on e, p reparation , 530  ̂ A n thran ilam ides, reaction  o f k e to  acids w ith  2402
8 -A m in o-8 -ch loro -s-tr ia zo lo [4 ,3 -c ]p yr im id in -3 (2H )-on e, rorm a- A n th ran ilic  ac id , self-condensation  o f, 3358; reac tion  o f k eto  

tion  and rearrangem en t o f, 530 acids w ith , 2402
A m in oeyc lito ls , synthesis o f mî/o-inosadiamine-1,3 and its d ér iva - A n thraqu inone, 1,5- and 1 ,8 -d im eth y l, p rep ara tion  o f, 2020;

tives, 2831 form ation , k in e tic  isotope e ffec t in, 1500; reac tion  w ith  tr i-
5 -Am inodecahydro isoqu ino lines, d eam ination  o f, 2510 m e th y l phosph ite, 20
lD -4 -0-(6 -Am ino-6 -deoxy-^ -D -g lu copyranosy l)-3 -0 -m etliy l-c f»iV o- 9 -Anthrones, 10-benzylidene-, h yd rob o ra tion  of, 3935

inositol, synthesis, 3163 A n tib io tics , am inoglycos ide  analog, synthesis of, 3163; e ry th ro -
2 -A m in o—2—deoxyglycoses, nucleosides of, 4227 m ycin , chem ica l m od ifications o f, 665; g lu tar im ide , 904; lin co-
5 -Am ino-5 -deoxy-l,2 -0 -isop ropylid ene-a-D -g Iu eo fu ran ose , syn - m yc in  acetals, k inetics and synthesis, 2349

theses of, 3582 A n tih yp erten s ive , p oten tia l, (± )- l-d e a za th ia re s e rp in e ,  1556
2 -A m m o-l,2 -d ip h en y le th an o l system , nm r s tu d y  o f con form a- A p orp h in e  alkaloids, r in g-D  indoline ana log  of, 1663; fro m

tion a l equ ilib r ia  of, 3480 Slephania glabra, 2785
2 -A m m oethaneth io l, d er iva tives  o f, 636 A p orp h in e  bases, from  Cassytha americana, 2443
4- Am ino-7 -eth oxy-2 ,6 -d iph en ylp terid in e , fo rm a tion  of, 3339 Aporph ines, redu ction  products o f n itrob en zy lisoqu in o lin iu m
5- Am m ofu ranose  sugars, synthesis of, 3582 salts, 2890
Am inofu rans, in  4 -oxog lu tara ldeh yd ic  acid  synthesis, 2552 A p ro tic  d iazo tiza tion , o f arylam ines, 1633, 1636
A m in og ly cos id e  an tib io tics , analog, synthesis of, 3163 1-^-D -Arabinofuranosyluracil, p a r t ia lly  m e th y la ted  d e r iva tiv e s
11-Am ino groups, in trodu ction  in  8 -aza  steroids, 4180 o f  ,466
A m in o  heterocycles, reaction  w ith  rea c tiv e  esters, 3015 A rab inosylu racils, 5-halogeno-, conversion  in to  im id azo lin e
4 -A m m om d ole  nucleosides, synthesis o f, 192 nucleoside 3593
2 -Am ino indo lin e, indo le  fo rm a tion  b y  fragm en ta tion  o f stra in - A ra lk y l hydrodisu lfides, reaction  w ith  te r t ia ry  arsines, 4133

barrier d e r iva tiv e s  of, 2051 A ren eca rboh yd roxam ic  acids, ortho substitu ted , in  azo lone  syn-
a-A m in o isob u ty r ic  acid, N -o x a ly l d e r iv a t iv e , cyc liza tion , 3980 thesis, 2543
¿nm s-2-Am inom ethyl-2-deca lols, rin g  expansion  of, 2069 Arenes, d in itro  substitu ted, spiro M eisen h eim er com plexes o f,
1- A m in om e th y l- l,4 -d ih yd rop y rro lo [3 ,4 -6 ]in d o le  d eriva tives , 2051 4141
"■A m in on itr iles , cyclic , p reparation  of, 2109 A renesu lfonates, so lvo lys is  o f, 3060
0- A m inon itr iles , in  synthesis o f d iaza  steroids, 1719 Aristolochia indica, aristoloch ic  acid  d er iva tives  from , 3735
2- A m ino-3 -(3 -p rop ion ic  ac id  gu an id ine )-6 -oxy-3 ,4 ,5 ,6-tetrahy- A r is to loch ic  acid, d eriva tives , iso la tion  and structures of, 3735

dropyrim id in e , fo rm a tion  of, 3354 A rom a tic  halides, in lith iu m  alum inum  h yd ride  reaction , 619
6 - A m inop u rin e  d er iva tives , substitu ted, cyc liza tion s  of, 3355 A rom a tic  hydrocarbons, p o ly a lk y l, synthesis of, 2000; p o ly cyc lic ,
2-A m inop yrid in es , reactions o f, 3015 stepw ise redu ction  of, 2206; s tu d y  o f th e  deu terium  iso tope
1- A m in op y rid in iu m  salts, p reparation  and use of, 3767 e ffec t o f the ir-electron  system  of, 457
A m inoqu ino lones, from  yn am ine reaction , 4406 A rom a tic  nucleoph ilic  rearrangem ents in  fluorosu lfon ic  acid, 2664
2- Am ino-2-selenazolines, r in g  open ing of, 884 A rom a tic  nucleoph ilic  substitu tion, sa lt effects, 3510
1- Am inosp irohexane, - [2 .4 ]heptane, and - [2 .5 ]o c ta n e , synthesis A rom a tic  oxygenation , b eh av io r o f to lu ene in th e  o rgan ic  p er-

and d eam in ation  of, 3828 ox ide -cu pr ic  ch loride system , 1950; o f to lu ene w ith  d iiso-
A m in o  sugars, synthesis and spectroscopic data , 1586 p ro p y l p eroxyd ica rb on a te -m eta l salt, 266
2- Am ino-2 -th iazo lines, r in g  open ing of, 884 A roy la tion s , o f am ides, tw o fo ld , 894; o f N ,N -d im e th y lg y e in o -
/3-Amino-a,/3-unsaturated esters, h yd rogen a tion  of, 1287 n itrile , 2562
A m m on ia , liqu id , reaction  w ith  h yd rogen  cyan ide, 642 A r o y l iodides, ca ta ly tic  d ecarb on y la tion  to  a ry l iodides, 1928
a -A m m on iu m  anils, m ethod  o f obta in ing, 827 Arsines, reaction  w ith  hydrosu lfides, 4133
A m m ono lys is , o f  cyc lop rop y lca rb in y l esters, 4054 /9-Arylacrylic acids, p reparation  via W it t ig  reaction , 4306
A n d rostan e  tetrazoles, p reparation  of, 4294 A ry la ld eh yd es, use in  a -h yd roxya ry la ce tic  acid  synthesis, 2565
Androsta-4 ,6-d iene-3,17-d ione, 19-hydroxy-, acid  trea tm en t o f A ry lam in es, ap ro tic  d iazo tiza tion , and e ffec t o f s tron g  acid  

eno la te  anions of, 1750 add ition , 1633, 1636; reaction  w ith  e th y l 2 -ke tocyclop en tan e-

A n drostan e, d er iva tives , synthesis of, 2801; 5-oxo d e r iva tiv e , carboxy la te , 833
photolys is  o f 1272 A ry la t ion , b y  a rom atic  n itro  com pounds, 2315; 4487; p h o to -

5a-A n drostan e i 17,3-acetoxy-, A -r in g -con ju ga ted  enones and ™ t ia te d , o f tr ia lk y l phosphites, 632 
a S -enoxv ketones o f  3 3 4 7  6  J K e u  ues anu A ry lazop yra zo lon es , tau tom en sm  m, 513

! , u i u ■ • • N -A ry l benzanilides, from Chapman rearrangement, 2245
Androstanes, oxygenated, carbon 1 -carbon 1 1  interactions in, Arylboronic acids, 4483
. j  . . Aryl chloroformâtes, reaction with D M F , 1084

Androstene, derivatives, synthesis of, 2801 1 -Arylcyclopropyl acetates, acid-catalyzed hydrolysis of, 1460
Anethole, in Prms reaction with formaldehyde, 1873 Aryldialkylmethines, side-chain amination of, 4515
Angelic acid, p A  value, 2354 Aryldiazonium fluoroborates, reactions of, 4333
Angular méthylation of 4-methyl-A4(10>-l-octalone, 4255 7-Aryldibenzo [c,g] carbazoles, formation of, 4329

Anhydrochloralurethane, synthesis and reactions of, 2887 3-Aryl-l,2-dithiolium salts, 3352
A  ’ -A n h yd rocoron op ilin , fro m  d eh ydra tion  o f C oronop ilin , 2807 A r y l  iodides, ca ta ly tic  d ecarbon y la tion  o f  a roy l iod ides to , 1928
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3-Aryl-2 -m ethylserines, a new  synthesis o f, 1758; inversions a t su lfon ic acid—difluoram ine, 2667; W a lla ch  tran sform ation
carbon  3 of, 1762 rates of, 1918

N -A ry l-2 -n aph th y lam in es , perm anganate  ox ida tion  of, 4329 2 -A zoxyb en zo ic  acids, as b en zyne precursors, 855
5 -A ry l-3 -s tyry l-2 -cyc loh exen -l-on es , form ation , 3264 A zoxyb en zo ie  acids, fro m  rearrangem en t o f m e th oxy la ted
A xcarid o le , k inetics  o f th e  th erm a l rearran gem en t o f, 4285 phenylan tran ils  in  the presence o f n itrous acid, 2880
Asparagine, reaction  w ith  phosgene, 1258 A z u le n o [l , 8 -cd]azepine, form ation , 823
A sp ara g in y l residues o f bacitracin , con figu ration  of, 1309 A z u le n o [l , 8 -i>c] th iapyran , form ation , 823
A sp a rty l residue o f bacitracin , con figu ration  o f, 1309
Aspergillus tam'arii, in  19-nortesto lo lactone synthesis, 660 . . . . .
A sym m etr ic  reduction, o f k e to  ether, 2181 B acitrac in , con figuration  o f asparaginyl and asp arty l residue of,
A sym m etr ic  red u ctive  am ina tion , in  alan ine synthesis, 4526 „  1 3 0 9  „ „  , , .  A
A sym m etr ic  synthesis, o f cc-amino acids,4467; in  th e  S im m on s- B a ey e r -V ilh g e r  reaction  o f a lk y l a ry l ketones, 4231

Sm ith  reaction  2141 B a m fo rd -S teven s  reaction , aprotic , a lcohol fo rm a tion  in, 4267;
A u tox ida tion , in  h yd roperox ide  decom position , 1416 “ ap ro tic ,”  o f n orborn en e-l-ca rb oxa ld eh yd e  tosy lh yd razon e,
5- A za  ana log  o f A^DOaJ-tetrahydrocannabinol, 2995 694 .
A zab icycloa lkan es, m icrob io log ica l oxygena tion , 3195 B a rb itu ra tes , redu ctive  r in g  open ing w ith  sod iu m  boroh yd n de ,
1 -A za b ic yc lo [3 .2 .0 ]heptane, re in vestiga tion  o f, 2365 206
7- A z a b ic y c lo [2 .2 .1 ]hep tane system , synthesis o f pseudo-4- B ase-ca ta lyzed  decom position  o f p e ro x yp iva lic  ac id  m  aqueous

norcocaine 3435 solu tion , 445
6- A z a b ic y c lo [3 . 2 .1 ]octane, 6 -benzy l-2 -oxo-, synthesis of, 2968 B ase-ca ta lyzed  isom eriza tion  o f v in y lcyc loh exan e  and d ipen tene,
3- A z a b ic y c lo [3 .2 .1 ]o c ta n e , synthesis of, 3639 „ 2 2 1  , , . , . ,
1- Azabieyclo[3.2.1]octanols, synthesis and stereochemistry of, Base-promoted reactions, of epoxides, 2375 . .

4376  Basic decomposition of N,N-dimethyl-N-phenylhydrazmium
A zacyc loa lkan es , m icrob io log ica l o xygen a tio n  o f, 3187 chloride, d iim ide  fo rm a tion , 322
A z a d is p iro [5 .1 .5 .2 .  Jpentadecenes, cyc liza tion s  an d  reactions o f, B a s ic ity , o f am m o acid  d er iva tives , re la t iv e  in fluence o f e lec tron - 

360 w ith d ra w in g  fu n ctiona l groups, 154; o f  th e  m onoxides and
Azaindenes, d i-  and tr i-, mass spectra  o f, 1379; p o ly -, d eu te r iu m - d ioxides o f p -d im eth ylam in oazoben zen e, 4115; o f  s te r ica lly  

p ro tiu m  exchange in, 1087 h indered p yn d in es, so lven t e ffects  on, 1922

4 -  and 6 -azaindoles, substitu ted , synthesis, 3762 B eckm an  fisSlon ° f  a  T ' k  ox lm e to sy la te  o f l a n o s t e r o 1  a t rm S
A za lactam s, m edium -sized  unsaturated, transannu lar cyc liza - 4 3 4  , ,  ,, . rc i c + a ~ ~

t ion  in 2379 B eckm ann  rearrangem ent of th e azad isp iro  [5 .1 .5 .2 )pen tadecen e
3 -A za p y rro  colines, synthesis o f, 2062 series, 360; 2660; o f n orcam phor oxim e,
A z a  steroids 833 3639; o f 2 -oxim m oeholesta-4,6-d ien-3-one, 2440
8 - A z a  steroids, in trod u ction  o f 11 -h yd roxy 11-am ino groups in, ¿rans-Benzalacetone, p h o tod im er o f, 2604

B enzalazm e, photoch em istry  o f, 2311

A zec in o [2 ,1 -a ]te trahydro isoqu inolin es, p rep ara tion  o f, 4010, 4015 B en za^ ek y^e acf a ls ’ I l f  alum inum

th" “ 1
con ven ien t e y n t h « »  ot, 2123; b im o leoo lar reduction  o f, 2145; fro m  n itra te  « » m  585;

reaction^ of, ¿ 4 « ;  « U  and S te v e n , r „ r r „ se „ e „ t  o f,

A re t id m iu m  cation ,, l , l - d i « lk y l - 3  ,n b ,t itu te d , r in g-open in E , * . n , l i d , i n t e r m e d i a t e , 871

alkylations ot, 523 , . , Benzaldimine, photochemical precursor of benzaldehyde, 2311
Azetidmium salts, 1,1,2,2,-tetrasubstituted, synthesis and reac- airii_B enzaldoxime, improved synthesis of, 4270

t ion so t, 1322 . ,, . t oaQa t _  2 -B en za l-l-in dan on e  oxide, reactions o f, 1890
A zid es  acyc lic  m do and v in y l,  synthesis o f, 2686 a lly lic , fro m  B en zam ide  a lka line hyd ro lys is  of, 573

reaction  o f azinnes w ith  d iazom ethane, 212, aryl, 4333, v in y l B en zam ide ’ ; alk y lp ip eridine, nm r of, 3627

chem istry  ot, 2411 i j „ „ „ m r ,o o i t m n e f  9QZA B enz [a] anthracene, m e ta l-am m on ia  redu ction  of, 2206
o-Azidoazobenzenes, th e rm a l decom position  of, 2954 B en zazacyc lo tetradecin e  deriva tives , p repara tion  of, 4015
N - (o -A z id o b en zo y  1 )-p -to luenesu lfonam ide, fo rm a tion  of, 4442 R pn7aZonines synthesis 3779
o-A zidod iph eny im eth an e, th erm a l decom position  in to  azepm o- | enz [a ] carbaL o L  , via nitrene, 4446

n i 2 ’ !  U  l  n ° r  Ik  t Hrar.ramu^;tir,n B enzene, a lk y la tion  w ith  dodecenes, 1523; a lk y la tion  of, lon g-
2 -  2f " ' o n ) - 5 -m ethylbenzotriazo:le , th erm a l d ecom position  range e ffects  in, 1517; donors, substitu ted , charge-transfer

o f, 2951 com plex fo rm a tion  w ith , 3878; and m ethylbenzenes, k inetics
Azidoqu inones, rearrangem en t of, 4019; th erm a l and p h o to ly t ic  o f b rom ination  in  acetic  and tr iflu oroacetic  acids, 439; -reso r-

decom position  of, 1100 , . . c c in o l-ph th a le in an h ydride  o f v . Pechm ann , 1300; m eth y la ted ,
fnm s-0 -A z id o v m y l p - to ly l sulfone, photo lys is  and p yro lys is  ot, n itra t iv e  coupling of, 4237; m eth y l-, p a llad iu m -ca ta lyzed

3^18 _ . synthesis from  b en zy l esters, 4123
Azines, ox ida tion  w ith  lead  te traace ta te , 1294; a,/3-unsaturated, B enzened iazon ium  ion, redu ction  to  benzene in  a lka line alcoholic  

pyro lys is  o f, 212 __ solvents, 1924
lH -A z ir id in e-2 -ca rboxan ilid es , synthesis, 887 Benzene-induced  shifts in nm r o f ethers and epoxides, 998
2-A zir id ineethanol, a-phenyl-, reaction  of, 1350 B en zenesu lfenyl chloride, adducts w ith  con ju gated  d iolefins,
A z ir id in e  ketones, cis-trans equ ilib ria  in, 516 2642; in m ercuric ca rb oxy la te  reaction , 2242
A zirid ine , reaction  w ith  d iph eny liod on iu m  iod ide, 1317 Benzenesu lfonam ides, N -su bstitu ted , ortho m eta la tion  o f, 900
A zirid ines , fro m  earbeth oxyn itren e  ad d ition  to  isoprene, 481; N -B en zen esu lfon y l-N -ben zy lam in e, p reparation  of, 133

isom erizations o f, 4547; reaction  w ith  benzo ic  anhydride, 3344; B en zensu lfon yl isocyanates, k inetics  o f th e  reac tion  w ith  tr i
reactions o f a l,3 -d ia z a b ic y c lo [3 .1 ,0 ]hex-3 -ene w ith  alkenes, phenylm ethanol, 3514; p reparation  of, 340
alkynes, and d ie th y l azod icarb oxy la te , 1097 B enzeno id  hydrocarbons, cyc lia lk y la tion  w ith  isoprene, 2000

A z irid in iu m  in term ed ia te  in  conversion  o f theba ine in to  1- B en zh yd ry l d ih a lom eth y l sulfone, reaction  w ith  bases, 2030 
m e th y l-3 a - (3 'h yd ro x y -6 '-m e th y lp h en y l)-4 ,2 '-o x id o o c ta h yd ro -  B en zh yd ry l halides, para,para' disubstitu ted , solvo lys is  of, 2595 
indole, 3556 B en zh yd ry l hydrodisu lfide, reaction  w ith  triphenylars ine, 4133

A zirin e , in  an ilin ium  perch lorate  reaction , 827 B en zh yd ry lid en eben zh yd ry lam ine , fo rm a tion  o f, 4323
Azirin es, reaction  w ith  d iazom eth ane to  p roduce a lly lic  azides, B en zil, in fo rm a tion  o f p yridopyrazin es, 2393; reaction  w ith  

2121; from  v in y l azides, 2411 m eth y lsu lfin y l carban ion  generated  b y  phenoxide ion, 1077
9 ,9 '-A zoan th racene, p h o tocyc liza tion  o f, 254 B en zilic  acid  rearrangem ent o f 3 ,3 ,6 ,6 -te tra m e th y l- l- th ia cy c lo -
A zo b ic y c lic  alcohols, 4376 _ heptane-4,5-d ione, 4025
A z o  com pound, d i(p h en y lsu lfon y l)h yd raz in es , 1537 1 -B en ziloy lim id azo le , p reparation  and decom position  of, 899
A z o  heterocycles, tau tom eris im  in, 513 2-Benzim idazolinones, from  n ove l rearrangem en t o f certa in
Azo lones, fused, synthesis, 2543 _ qu inoxa line N -ox ides , 201
Azom ethanes, cyc lop rop y l substitu ted, synthesis o f, 4054; Benznorbornadiene, copper-ca ta lyzed  reaction , w ith  b en zoy l 

rou te to , 2518 . p erox ide  and ¿-butyl perbenzoate, 324
4 a-Azon iaanthracene ion, reac tion  w ith  D ie ls -A ld e r  d ienoph iles, Benzocyclobutenes, n itra tion  of, 3327

390 B en zocycloocten e  and -diene, 1,4-diphosphorus d er iva tives  of, 579
A zon ia  arom atic  com pounds, D ie ls -A ld e r  reac tion  w ith  nucleo- B en zo  d er iva tives  o f n itrocyclopen tad iene, 1169

philic  d ienophiles, 390 1 ,4-Benzodiazepine, 3-acetam ido-, fo rm ation  of, 216; d er iva tive ,
1 -A zon iab icyc lo [3 .3 .0 ]octan e perch lorate, 5 -ace toxy -l-b en zy l-, 3-carbam ate, fro m  rearrangem ent, 828

preparation  of, 4269 l,4-Benzodiazep ine-3 ,5~diones, fac ile  synthesis of, 3997
4-Azon iasp iro [3 .’ 5 ]nonane b rom ide, fo rm a tion  of, 1322 1 ,4-Benzodiazep ine N -ox ides, p hotoch em istry  of, 4438
Azoxybenzenes, reaction  w ith  fluorosu lfon ic acid, and flu oro - 1 ,3 -and 2,4-benzodiazepines, d ihydro-, synthesis o f, 670
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l,4 -B en zod iazep in -2 -on e 4-oxide, l,3 -d ih yd ro -2 H -, p rep ara tion  4-B enzylisoqu ino lines, as k ey  in term ed ia tes to  com pounds re la ted  
01.2962 to  chelerythrine, 2861

1.3- Benzod ioxane, 6 ,8 -d in itro-, rin g  open ing o f, 2557 B en zy l m ercaptan , s im ple synthesis of, 1275
B en zo ic  acid, 2-substituted, p i t a o f, 3873 B en zy lm eth y lp h en y ls lu fon iu m  salts, k inetics o f h yd ro lys is  of,
B en zo ic  acid  lactones, m edium  ring, 2457 2534
B en zo ic  anhydride, in  azirid ine reaction , 3344; tr ich lo rom eth y la - 6 -B enzy l-3 -oxo-6-azab icyclo  [3 . 2 . 1 ] octane, synthesis o f, 2968 

tion  rection  of, 1011 B en zy loxyca rb on y l p ep tid e  phenylhyd razides, p rep ara tion  o f, 169
B enzonorbornad iene, ad d ition  reactions o f, 3428; th erm a l re- N -B en zy l-N -p h en y l-N '-b en zy lid en e -p -p h en y len e  d iam ine, fo r -  

arrangem ent o f, 4501 m ation  o f 3891
Benzonocarad iene, th erm a l rearrangem en t o f, 4501 B en zy ltr im eth y lam m on iu m  m eth ox ide  in  m ethanol, sa lt e ffects
B en zo [/ ]-l,3 ,5 -oxad iazep in es , fo rm a tion  of, 4438 on k inetics o f, 3510
Benzophenone, add ition  o f d im ethylm agnesium  to , 929; conden- B en zyn e, form ation , b y  desu lfam ylation , 2547; precursors, 2 - 

sation  o f d ilith iosu lfonam ides w ith , 4278; tr im ethyla lu m inu m  azoxyben zo ie  acids, 855; reaction  w ith  indene, 1678 
add ition  to, 3398; in  tr ity llith iu m  reaction , 1509 Beta ines, p reparation  of, 443

B enzophenone im ine, photochem ica l and perox ide  indu ced  B ia c e ty l- t r im e th y l phosph ite  adduct, reaction  w ith  a lip h a tic
reductions of, 4323 acid  chlorides, and phosgene, 1193

Benzophenones, fro m  oxygen  reaction  o f oxindoles, 1640 B ia ry l products, from  ary lam in e  d ia zo tiza tion , 1633
[2 ]B en zop yra n o [3 ,4 -c ]in do le  nucleus, a lka lo ids w ith , 3749 B ic y c lic  alcohols, equ ilib ra tion  w ith  alum inum  isop ropox ide, 2154
2 H -l-B en zop y ra n s , synthesis, 2416 B ic y c lic  ketones, unsaturated, m eth y len e  tran sfer to , 2188
lH -B en zo [6 ]q u in o liz in -2 (6 )H -o n es , 3 ,4 ,l l , l la - te t r a h y d ro - ,  syn - B ic y c lic  system s, h igh ly  stra ined, synthesis and  so lvo lys is  o f 

thesis of, 2958 1 ,5 ,5 -tr im ethylb icyc lo  [2 .2 .1 ] hex-2-yl p -to luenesu lfona te , 99
1.4- Benzoqu inone, 2 -carbom ethoxy- and 2 -acetyl-, b eh av io r  B ic y c lo  [x. 1.0] alkanes, chem ical sh ifts o f  c yc lop ropan e  H C H  in, 

in  th e  N en itzescu  indo le  synthesis, 198; 2 ,5 -d im ethyl-, reac- 2587
tio n  w ith  sod ium  azide in  tr ich lo roacetic  acid, 4019; 2 -halo- 1 -B icyclo  [n . 1 .0 ] alkylam ines, synthesis and nm r ana lysis  of, 419
and 2 -trifluoro  m eth y l-, b eh av io r  in  N en itzescu  in do le  syn - B ic y c lo [5 .2 . l ]d e c a n - 1 0 -one, 4 -tosy loxy-, red u ctive  c yc liza t ion
thesis, 2064 of, 4312

0 -  andp-benzoqu inonem eth ides, synthesis, 3297, 3306 B icyc lo [2 .2 .1 ]h ep ta -2 ,5 -d ien e -2 ,3 -d iea rb oxy lic  an h ydride, 3808
p-Benzoquinones, fo rm a tion  from  po lyph en y len e  ethers, 4347; B ic y c lo [2 .2 .  l]h ep tad ien es , 2 -organosilicon  d e r iv a t iv e s  o f, 1983

photolysis  of, 2512; substitu ted, in condensation  w ith  en- B ic y c lo [2 .2 . 1 ] heptane, 7-aza-, studies of, 3435; 2 -ca rbom eth oxy- 
amines, 3346 7-oxa-, con form ationa l analysis of, 4302

p -Benzoqu inone te tra m e th y l keta l, k inetics o f h yd ro lys is  o f, B ic y c lo [2 .2 . l ]h e p ta n e - l- c a rb o x y lic  acids, 4 substitu ted , p rep - 
1652 ■ aration , 877

1.2.4- B en zo th iad iaz in e  1,1-dioxides, 2382 B ic y c lo [3 .1. l]h ep ta n es , nm r param eters in, 1703
1.4- B enzoth iazine, in den o [2,1-6]-d eriva tives , 3308 B ic y c lo [2 .2 .1 ]h e p t-5 -e n e , 2 -carbom ethoxy-7 -oxa-, con form a-
B en zo th iazo le  series, m eth y len e  bases of, actin g  as enam ines, 2858 tion a l analysis of, 4302
B e n zo [6 ] th iophene 1,1-dioxides, substitu ted, in  p iperid ine  reac- B ic yc lo [2 .2 .1 ]h ep t-5 -en -2 -on e , op tica l p u r ity  and O R D  of, 2924 

tion , 3226, 3233, 3236, 3226 B ic yc lo  [2 . 2 . 1 ] hept-2-ene exo-oxide, 2 -ch loro-, rearrangem en ts

B e n zo [6 ] th iop h en -3 (2 H )-on e  1,1-dioxide, 2 ,3 -d ihydro-, reac tion  ° f > , ,, . „  „  ... , . .. , ln o o
w ith  electrophiles, 3938 B ic y c lo  [2 .2 .1  ] hept-2-enes, 2 -organosilicon  d e r iv a t iv e s  o f, 1983

B e n zo [6 ] th iophenes, fo rm ation  of, 2218 B ic y c lo [3 .1 .  l]h e p te n e - 2  system , nm r o f, 1728
B en zotria zo les , 2  substituted, synthesis of, 2954 B ic y c lo  [3 .1 .0 ] hexanes, o f sabm ane group, 1656
1.2- B enzotrop ilidene, th erm a l rearrangem ent o f, 4501 B ic y c lo [3 . 1 . 0 ]hexene, fro m  photo isom eriza tion , 3679
1.4- Benzoxath ians, n ove l synthesis of, 456 B ic y c lo [3 . 1 . 0 ]hexenone, fo rm a tion  of, 4398
1.3- Benzoxath io l-2 -ones, 5 -hydroxy-, synthesis, 4426 B icycle. [ 3 . 1 . 0 ] h exy l and -h exyhdene system s, re a c tiv e  m ter-
lH -2 ,3 -B en zoxazin e , 4 -phenyl-, synthesis, 1372 m ed ia tes in, 1448
1- Benzoxep in , 2 ,3 -d ihydro-, p reparation  of. 336; synthesis, B ic y c lo [2 .1 .  l]h e x -2 -y l p -to luenesu lfonate, 1 ,5 ,5-trunethyl-, sol-

phosphon ium  salt in, 2590 ’ vo ly s is  of, 99
B en zoy la tion , o f 3 -O -m ethylsu lfonyl-D -fructose, 181 B ic y c lo  [3 .3 .1 ]  nona-2,6 -d iene, fro m  d eh yd ra tion  o f d iol, 2655
3 -B en zoy l-en co-a zab icye lo [3 . 3 . l ]n o n a n - 6 -ol, fo rm a tion  of, 3195 B ic y c lo [3 .3 .1 ]nonane, 1 -chloro-, so lvo lys is  of, 1237; system s,
0- Benzoylbenzaldehyde, condensation with aliphatic diamines, bridgehead reactivity m, 1239 .

2874 Bicyclo [3 .3 .1 ] nonane-2,6-diols, dehydration of, 2655
1- Benzoyl-7-chloro-l,2-dihydro-4-methylaminoquinoxaline, for- S-Koycio [3 3 .1  Inonanone, 3,3-dimethyl-, conformational equilib-

mat-ion o f 4438 ’ ria and rates or bridghead proton exchange, 3393
2- B en zoy l- l-cyc lop rop a n eca rb oxy lic  e th y l-ca rb on ic  anhydrides, « s -  and irons-b icyc lo  [6 . 1 , 0 ]nonan-2 -one, synthesis, 3326

therm al d ecom position  o f 1877 7 -B icyc lo  [3 .3 .1 ]n on en -2 -on e , 3 ,3 -d im ethyl-, con form ationa l equ i-
1-BenzoyI-frans-decahydroqu inoline, m icrob io log ica l h yd roxy la -  lA n a  and rf,t e s of  b ridgehead  p ro ton  exchange, 3393 

tion  o f 3207 J B ic y c lo [3 .2 .  Ijo c ta d ien e , p hoto isom eriza tion  of, 799

B en zoy ld ife rrocen y lp h en y lm eth ane , redu ction  of, 2568 B ic y c lo  [2 . 2 . 2  octane, precursor, 2564
N -B e n zo y l-L - le u c in Î4 - (m e th y lsu lfo n y l)p h en y l ester, racem iza - B ic y c lo [2 . 2 . 2 ]o c t - 2 -ene-2 -ca rb om tn le , reaction  w ith  p yrro lid in e , 

tion  study, 4524 t , . " , 1  rn „
o -B en zoy l oxim es, reactions w ith  sodium  h ydride, 150 B ic y c lo [2 . 2 . 2 ]oct-2-en-5-one, synthesis, 2 2 1 1

an ii-7 -B enzoy loxybenznorbornad iene, p repara tion  of, 324 B ic y c lop rq p y l 2 -brom o-, synthesis, stereochem istry , and

Benzoyloxy radicals, decomnosition of, solvent effects in, 3885 ysls0°o’ , A . ,. n
Benzoyl peroxide, cupric chloride decomposition in toluene, 1950- ^ , i m r t s - 2  8-fmns-Bicyclo[8 .4 .0 ]tetradecadiene, Cope rear-

m reaction with diphenylphosphinous chloride, 2325 ’ rangement ot, 4^58
Z-Benzylamines, formation of, 4515 Bicyclo-9-thia[3.3. l ] - 2 ,6-nonademe, preparation of 2627
9- B enzylanthracenes, fo rm ation  of, 3935 B jd isu lfid e  p ep tid e  d er iva tives , 559
Benzylated sugars, partial synthesis with, 1806,1810,1816 S n V  “B.1isomaleimide, reaction with butylamme, 4372

O-Benzyl-N-i-butyloxycarbonyl-L-threonine, synthesis, 903 B l !  aC' ds’. d lrec t i . °  allocho/.lc ac i;d  an , f  ^
Benzyl chloromethyl sulfides, directive effects in the chlorination R  Y nl°kel m th® PreParatw>r of allocholamc

of, 1080 acids,

S d & Œ rîrr r ,̂ îtb,̂ -i030 v
o f 350™ ’ k  0  erm al decom P ° sltlon  qu inolines in to  e ith er 2 -a lk y l-3 -(in d o l-3 -y lm eth y l)-3 ,4 -d ih yd ro-

j-  , , , ,, . , . isoqu inolin ium  salts o r in do lop av in e  d er iva tives , 3605
y  o ? ’ P allad lum - ° a ta ly zed synthesis fro m  m eth y lb en - B iosyn thesis  o f th yrox in e , m od el reactions for, 157 

„  ’ , , • . ,  , , , . . B iphenylene, th erm olys is  reactions of, 451
W B en zy lg ly cm e , ac id -ca ta lyzed  cyc liza t ion  of, 491 B iphenyls , fro m  h igh  tem peratu re  a ry la tion , 4487
B en zy l G rign a rd  reagent, factors govern in g  reaction  of, 2203 /3-Bisabolol, sesqu iterpene alcohol, structure, 909
B e n zy l iiabdes, reactions w ith  n ickel carbonyl, 869; ring  sub- 3 ,6 -B is (am in oxym eth y l)-2 ,5 -p iperazin ed ion e, reactions of, 3908 

s titu ted  and th e ir « -m e th y l d eriva tives , so lvc lys js  of, 2194 9 ,9 -B is (ca rboxye th y l)flu oren e, synthesis, 2577
B e n zy l iiyd rod isu lhde, a lka lin e decom position  and its  com petition  B iscyc lop en ta d ien y l transition  m eta l d ich loride, in  h yd rogen a - 

w ith  nucleophiles, 1179 tion , 1689
B en zy lid en e  acetals, as p ro te c t iv e  groups, 2349 B is (d ie th y lth io ea rb a m oy l)d isu lfid e , in  m ercuric  ca rb o xy la te
B enzylidenean ihnes, effects o f term in a l grou p  substitu tion  on  th e  reaction , 2242
i ™ esom o.1’p h 1c b eh av io r of, 3501 ; fo rm a tion  of, 3891 2 ,2 '-B is (4 ,4 -d im eth y l-5 -oxazo lon e ), fo rm a tion  of, 3980
10- Benzylidene-O-anthrones, hydroboration of, 3935 Bis(fluoroformyl) peroxide, preparation of novel peroxides from,
21-Benzylidene-16-dehydropregnenolone acetate, acid-catalyzed 2095

9 D on vS iÎio 11 ° q . . .  ,. . . 1.2,9,10-B ism eth ylen ed ioxyd iben zo  [de, gr] qu inolin -7-one, iso la tion
2-B en zy liden e-3 -m eth ylben zoth iazo lm e, reactions of, 2858 o f, 2443
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1,2,9,1 0 -B ism eth y len ed ioxy -3 -m eth oxyd iben zo  [de,g] qu inolin -7- B u n te  salts, a ry l, in cyan ide  ion  reaction , 3331 
one, isolat ion of, 2443 B u tad iene, deu terated , in cyc loh exa -1 ,4-d iene synthesis, 4540

23,24-B isnorcholan-22-oic acid, 3(3,5a,6/3-trihydroxy-, d egrada- Butadienes, s te r ica lly  h indered, synthesis and  p roperties  of, 2214
t.ion o f s tigm astero l to , 2143 1-Butaneth iol, free-rad ica l add ition  to  h indered  styrenes, 94

B is (l-p h e n y lc y c lo p e n ty l) ketone, fo rm a tion  o f, 1666 1 ,4-Butanedith io l, s im ple  synthesis of, 1275
B isphosphates, ened iol, p repara tion  of, 25 2-Butanone, a ce ta te-ca ta lyzed  eno liza tion  of, 1301
B isth iazo le, 2,6 -d iam i11obenzo  [ 1,2-d : 4 ,ii-d ' |-, synthesis and p ro o f cis- and iroras-2-butene, ch lorination  of, 2345

o f stru ctu re of, 2132 Butenes, from  therm a l decom position  o f tr i-sec-bu ty l phosphate,
B is th io  carbanions, reaction  w ith  2-cyclohexenone system s, 298; 1065

use in p rep ara tion  o f cyc lic  m on o -a n d  d iketon e d eriva tives , 300 A «.M B uteno lides, 7 -a lky lidene-, fo rm a tion  of, 4019; synthesis 
B is tr ia lk y l(a ry l)t in  sulfide, fo rm a tion  of, 3896 of, 3662
7 ,7 -B is (tr iflu o rom eth y l)qu in on em eth ide , fo rm a tion  of, 3306 ¿-Bu tylam ine, ozon ation  of, 2675
B is (2 ,2 ,2 -tr in itroeth y l)c .arbon ate, fo rm a tion  of, 4557 B u ty lam in e, in reaction  w ith  N ,N '-b iis o m a le im id e , 4372
B isu lfite , ad d ition  to  olefins, 4158 N -f-B u ty lben zam id es , p repara tion  o f 1 -deuteriobenzaldehydes
B lanco ic  acids, stru ctu re of, 4185 b y  lith iu m  alum inum  deu teride reduction  of, 1274
B on d  deform ations, in con ju gated  m olecu les, 3964 ¿-Butyl chloride, so lven t e ffects  in th e  ch lorination  of, 1231
B orane reduction  o f am ido esters, 3637 4 -(i-B u ty l)cyc loh exa n e , 1-acetyl and 1-cyano deriva tives , stereo-
Bornylene, k inetics o f th erm a l d ecom position  of, 4504 chem istry  o f a lk y la tion  of, 943
B orazaro  d eriva tives , salt fo rm a tion  mechanism , 1353 4-/-Butylcyclohexanone, stereoch em istry  o f a lk y la tion  of, 935
B oric  acid  catalysis, o f a ld ehyde  and k eton e  condensations, 775 l-i-B u t.y l-2 ,4 -d iphenylpyrro le , synthesis of, 454
B oron ic  acids, arom atic , 4479 ; a ry l, 4483 1,2 -B u ty len e  oxide, tw leve -m em bered  r in g  polyethers  of, 388
B oron ic  anhydrides, tr im eric, in term ed ia te , 4483 ¿-Bu tyl h ydroperox ide , rad ica l-induced  decom position  of, 1421
0- B oron oph eny la lan in e  synthesis, 4479 rc-Butyllith ium , in m eta la tion  at m e th y l grou p  o f N -su b stitu ted
B oron  tr iflu or id e  etherate , as cyc liza t ion  m ed iu m  in p repara tion  o-t.oluenesulfonam ides, 4278; in 2 -pen tene m etathesis, 3794;

o f p y ry liu m  salts, 1 1 0 2  and sec- reaction  w ith  cis- and ¿ra6s-l,2 -d im ethoxy-l-ch Ioro-
B oron  tr iflu or ide  rearrangem ent, o f sp iroep oxy  ketones, 1890 ethylenes, 1991; use in fo rm a tion  o f 1,3 d ian ions o f  2- and 3-
B oron  fluoride ca ta lyzed  a lk y la tion , e th y la t ion  w ith  e th y l flu orid e  acetam idopyrid inas, 2116; use in th e  p repara tion  o f d ilith io

a t low  tem peratures, 275 salts o f m e th y l-2 (lH )-p y r id o n a s , 2083
Boron-su bstitu ted  pyrim id ines, synthesis, 3055 _ B u ty lm e th y lt in  d ich loride, p reparation  of, 1119
1 0 ,9 -B oroxarophenenthrene, 10-hydroxy-, a L ew is  acid, 3324 N -i-B u ty lo xyca rb on y l-L -am in o  acid  p en tach lorophen y l esters,
(± )-a -B o u rb o n e n e , to ta l synthesis of, 162 synthesis, 4521
B rev ilin  A , structure of, 2780 ¿-Bu tyl peroxide, effects o f so lven t on th e  un im olecu lar decom -
1,3-Bridged  a rom atic  system s, 1476 position  of, 3524
B ridgehead  a lk y la tion  via cyclop ropan e in term edia tes, 47 ¿-Butylphenols, isom erization  using zeo lite  cata lysts, 3415
B ridgehead  carbonium  ions, question  o f, 3977 4-t-B u ty lth iane, sulfilam ines and su lfox im ines from , 4340
B ridgehead  proton  exchange, 3393 (± )- f-B u ty ltr if lu o ro m e th y lca rb in o l,  resolu tion  of, 4242; absolu te
B ridgehead  re a c t iv ity  in  b icyc lo  [3 .3 .1 ] nonane system s, 1239 con figuration  of, 4245
B rom in a tion , o f acenaphthene, 1497; o f a lk y lid en e  2 ,4-d in itro-

phenylhydrazones, kinetics of, 753; allylic, in a bicyclic system, Cacalia floridana, alkaloids isolated from, 3570
1235; o f benzene and m ethylbenzenes  in  acetic  and tr iflu oro - C age  com pounds, hom ocubane synthesis, 1454
acetic  acids, k inetics, 439; o f an fi-7-b rom obenzonorbornad iene, C age  ketones, im p roved  synthesis o f  p en tacyclo [5 .3 .0 .0 2 ’6 .0 3 ' 9.04'8]
stereochemistry of, 4111 ; of 1,2-cyclononadiene, 3943; of 1,5- decan-5-one, 1280
d im ethylnaphthalene , k inetics, 1160; -h yd ro lys is , in specific  Calophyllum products, structure o f  b lanco ic  acids, 4185; st.rue- 
d eb en zy la tion  o f a lk y la ted  carbohydrates, 4292; o f isoprene, ture o f papuanic and isopapuanic acids, 4191
2342; o f l,X -n ap h th yrid in es , 1385; p h en y l m igra tion  during, Cam phene, ezo-6 -ch loro- and ¿rons-8 -eh loro-, perm anganate oxi-
3221; o f cis- and trans-A B  ring fused steroids, 2804; o f sali- d a tion  of, 1996; - fo rm a ld eh yd e  reaction , 2462
cyla ld im ine  chelates, 1693; o f th iophenes, acid  cata lyzed , 2902; Cam phen ilone, p reparation  of, 1996
o f th e 2 ,2 ,2 ,-trioxy-2 ,2 -d ihyd ro-l,3 ,2 -d ioxaphospho lene  r in g  Cam phor, dehydronor-, op tica l p u r ity  and ord  o f, 2924
system , 25 C a rb a m oy l chlorides, reactions w ith  th iocyan ate  ions, 2073

Brom ine, action  on a chol-7-en ic acid  d e r iv a t iv e , 2804; reaction  C arbam oyld ipheny lphosph ine, reactions of, 308
w ith  h indered  o le fin ic  bonds, 1243; reaction  w ith  o -p h en y l- Carban ion , tr iden ta te , reactions o f, 3050
cinnam ic acid, 874; te lom eriza tion , 3859 Carban ions, ad d ition  o f  d im eth jdm agnes iu m  to  benzophenone,

2-B rom oacetophenone, reaction  w ith  tripheny lphosph ine, 3504 929; add ition  o f m e th y l o rganom eta llic  reagen ts to  cyclohexe-
a -B rom o  a c ry lic  com pounds, reaction  w ith  e th y l (d im eth y lsu l- none d er iva tives , 949; bist.hio, reac tion  w ith  2 -cyclohexenone

fu ran y lid en e )ace ta te , 1285 system s, 298; b isth io , use in  p rep ara tion  o f cyc lic  m ono- and
2- Bromoacrylonitrile, reaction with ethyl (dimethylsulfuranyli- diketone derivatives, 300; intermediates in electrochemical

dene)acetate, 1285 reduction of alkyl tosylates, 2716; salts, 1,1-dinitro, fluorination
¿3-Bromoallylmorpholines, formation of, 4537 of, 3073; solvent effects on activity of, 2222; stereochemistry
3- Bromo-2-benzal-l-indanone, reaction with amines, 1900 of alkylation of the 1-acetyl and 1-cyano derivatives of 4-(i-
antf-7-Bromobenzonorbornadiene, stereochemistry of the bro- butyl)cyclohexane, 943; stereochemistry of alkylation of 4-t-

m in a lion  and deu terobrom in a tion  of, 4111 bu ty lcyc lohexanone, 935
1- (a -B ro m o b en zy l)- l-c y c lo a lk a n o ls , m agnesium  salts, r in g  en- Carbazo le , l-m e th oxy -3 -fo rm y l-, m urrayan ine, synthesis of,

la rgem en t b y  decom position  of, 453 1265
a -B rom ob en zy l sulfone, reaction  w ith  sodium  m ethox ide, 2026 C arbene insertion on v in y len e  carbonate in  synthesis o f 1,2-cyelo-
2- B rom ob icyc lop rop y l, synthesis, s tereochem istry  and solvo lys is  p ropaned io l carbonates, 3389; in tram olecu la r cyc liza tion  of,

of, 1173 in  stra ined  rin g  com pound synthesis, 1441; reactions from  a
/3-Bromocarboxylate anions, raection of, 3247 diazomethyl triazole, 1145; reaction with hexafluorobenzene,
2a-Bromo-5a-chlostan-30-ol, ring contraction of, 834 2536
1 4 -B rom ocodeinone, e le c tro ly t ic  redu ction  of, 3000 o -(2 -C arb eth oxy-2 -ace tam idoeth y l)b en zen eb oran ic  acid, form a-
0- Bromocyclooctene, preparation of, 3643 tion of, 4479
a -B rom od ip h en y la ce ty l b rom ide, tr ipheny lphosph ine  dehalo- 6 -C arb eth oxy -l,4 -ben zoxa th ian , synthesis o f, 456 

genation  of, 3974 2 -C arb eth oxycyc lopen tane-l,3 -d ione , p reparation  of, 460
2 - and 4 -b rom oestrad io l, synthesis, 1654 C arbeth oxyn itren e, ad d ition  to  1,3-dienes, 481
a -B rom o-a -k e to i phosphates, p reparation  of, 25 9 -C a rb e th o xy -3 H -p y rro lo [l,2 -a ! indole, synthesis, 3050
a -B rom o  ketones, reaction  w ith  tr iphenylphosph ine, 3686 5 -C arbeth oxy th ien o  [3,2-b] pyrro les, 6  substitu ted , h yd ro lys is  and
1 -  Bromomethyl-l-cyclohexanol, magnesium salt of, synthesis decarboxylation of, 1355

and decomposition, 3953 Carbinolamine derivatives, from condensation of aliphatic dia-
Bromoperfluoroalkanecarboxylic esters, irradiat.ive coupling, 442 mines and o-benzoylbenzaldehyde, 2874
«-Bromophenylacetate ions, kinetics of the solvolysis of, 4165 Carbobenzoxy groiq), selective reduction of, 2418
2H-3-(4-Bromophenyl)azirine, formation of, 4431 Carbohydrates, aldobiouronic acid methyl esters, acetylated,
N-Bromosuccinimide, in bromination of salicylaldimine chelates, 1559; alicyclic, epimerization of pseudo-a-DL-talopyranose to

1693 pseudo-a-DL-galactopyranose, 2841; alicyclic, synthesis of
8-Bromo-9-(2,3,5-tri-0-aeetyl-/3-D-arabinofuranosyl)adenine, 1600 pseudo-/l-DL-gulopyranose, 2831 ; debenzylation via bromina-
Bromotrichloromethane, addition to dibenzobicyclo[2.2.2]- tion-hydrolysis, 4292; poly-O-acetyl, molecular rotations of,

octatriene,4075 185, 1819; reaction with methylsulfonyl, chloride in N,N-di-
Bromotrichloromethane, free-radical addition to hindered methylformamide, 1074; sulfonic esters of, reactions on alu-

sytrenes, 94 mina, 3165; synthesis of proto-quercitol, 4220; two syntheses of
l-Bromo-4,4,4-triphenyl-2-butene, formation of, 3221 5-amino-5-deoxy-l,2-0-isopropylidene-a-D-glucofuranose, 3582
Bracca sumatrana Roxb., constituents of, 429 2-Carbomethoxyalkyltetrahydropyrans, equilibrations and
Brusatol, structure of, 429 methyl “size” in, 3272
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2 -  C a rb o m e th o x y - l,4 -benzoquinone, b eh av io r in th e  N en itzescu  C h lorine add ition  to  olefins w ith  iodobenzene d ich loride, m ech-
in do le  synthesis, 198 . anism  of, 38 .

3- C a rbom ethoxy-3 ,5 -d ich loroox indole , fo rm ation  o f, 4440 C h lorine-substitu ted  d er iva tives  o f 2 -tetra lone, synthesis ot,
C a rb om eth oxy  group, con form ation  o f, 1677 ; so lvo lys is  ro le  of, 4288

2 , 9 4  C h loroacetic  acid, k inetics o f reaction  w ith  am m onia in  aqueous

1- (2- and 4 -ca rb om eth oxyp h en y l)e th y l brom ides, 2194 solu tion , 1107
2- C a rbom eth oxy-2 -p rop y l rad ical, reactions o f, 3527 T -a n d  ^-ohloroalkanesulfonam ides, synthesis, 3066
3 -  C a rbom eth oxyp yrazo le , fo rm a tion  of, 4451 /3-Chloroalkylsulfenam ides, p reparation  o f, 2111
2 -C a rbom eth oxy -2 ,5 ,7 -tr ich lo ro in doxy l, fo rm a tion  of, 4440 p-C h loroam sole , fo rm a tion  of, m  supposed «-ch lo roam so le  p rep -
C arbon  a lk y la tion , o f ketim ines and aldim ines, 2388 aration , 3335
Carbon-carbon bond cleavage, in lithium aluminum hydride «-Chloroamsole, supposed preparation of, o33o

oq4 i Chlorobenzene-i, synthesis in a radiofrequency discharge,ie a -tu u n , d < j - t i a . ç-. _ c-y
Carbonates, cyclopropane, synthesis and physical properties of, . too11. , 0 ,  9Q.v.

ooqa ' ea:o-3-Chlorobicyclo[2.2.1]heptan-2-one, formation ot, 2934
C arbon ation  o f ( +  )-m e „th y llith iu m , 1983 2 -C h lorob icyclo [2 .2 .1 ]h ep t-2 -en e exo-oxide, rearrangem ents of,

C arbon  1-carbon  1 1  in teractions, m  oxygen a ted  5/3-pregnanes „ . [ u l l H o n a n e ,  soivo lys is  of, 1237

C a A on Tc  t r h y T id e f ,  carboxy lic  th iol-, d ecom position  of, 1884; 2-exo- and endo-chlorob icyclo [3 .3 .1 ]'nonan-9-one, fo rm a tion  of, 

m ixed , assisted therm a l d ecom posm on  o f j 7,  . . . C h lorobiu m qu inone, v in y lqu in on e  synthesis 4351

^ a^ t h y in o r t r ib ^ l® 1̂ ® ^ ® ^ ' i ^  4493 ; salts, 2567 ^

, °  , . , ... 1( - ,  N -C h lo ro -w -ch lorocro ty l carbam ates, p repara tion  o f, 2637
C a rb on y l com pounds, condensation  w ith  d ihth iosu lfonam ides, 3 -Ch lorocoum arin  photod im er, p reparation  and reactions of,

900; d irec t d iazo  transfer to, 3610; extended , synthesis, 867; 2 g j i
photoch em ica l cyc loadd ition  to aliénés, 2774, p reparation  «-C h lorocreso ls , a  fac ile  in situ synthesis o f, 1084 
fro m  alkenes, 3970 Ch loroethanes, deh yd roch lorin àtion  and dech lorina tion  on

C a rb on y l o lefination  reaction , 780 . chrom ia ca ta lyst, 2163
C arbostyrils , 6 - and 7-hydroxy-5 ,8-d ioxo-, syntnesis o f, 1089 1 -C h loroethylenes, cis- and frem s-l,2-d im ethoxy-, reac tion  w ith
2 -C arboxam ido-l,3 -bu tad ienes , fo rm ation  of, 3036 a lk y llith iu m  reagents, 1991
p -C arboxyben zen esu lfony l a z id e -tr ie th y lam in e , use in  d irec t 2 - ( 2 -C h lo ro e th y l)- 3 -isop ropylidene-5 ,5 -d im eth y l- l-p y rro lin e , cy-

in trodu ction  o f the d iazo  function  m organic synthesis, 3610 c liza tion  of, 2365
C a rb oxy la te  salts, in  reaction  w ith  tosy l isocyanate, 4442 C h loro form âtes , analogs from , 4447; aryl, reaction  w ith  D M F ,
C arboxy la tion , b y  a lka li salts and carbon m onoxide, 4512 , 9 3 4

C a rboxy lic  acid, reaction  w ith  hydrazines, 851 C h lo ro fo rm y la tion , free-rad ica l, o f b ic y c lo [3 .1 .0 ]hexane, 1448
C arb oxy lic  acid  esters, in am ininude synthesis, 1374 w -C hloro ketones, reaction  w ith  m ethylenetriphenylphosphorane,
C arb oxy lic  acids, ac tiva ted  b y  phosphon itrilio  ch loride, 2979; 2975

acyclic, a lky l, op tica lly  active , 3321; from  a -n itro  ketones, 2 -C h loro-5 -m ethoxypen tane, absolu te  con figuration  of, 3797
836; olefin ic, structura l and a c id ity  relationships, 2354 4 -C h lo ro -8 -m ethoxyqu ino lin e , reaction  w ith  h yd rogen  peroxide,

C a rboxy lic  th io lcarbon ic  anhydrides, decom position  of, 1884 3 9 9 4

C aro  acid, in a ld ehyde ox idation , 2o2o 3-C h loro-8 -m ethoxy-4-qu ino linol, p reparation  of, 3004
C arvon e  tribrom ides, cis- and irans-, F a vo rsk n  rearrangem en t o f, 9 -C h lo ro - 5  - m eth y lam in o  - 2 - p hen y l - 4 H  - benzo [g] - 1,2,6 -  oxad i-

4 0 7  . t t ' t i , t / - o .  y x-, , azocine, fo rm ation  of, 4438
Casimiroa eduhs L la v e  et L ex  (liu ta e e a e ),  constituents ot, 3-Ch loro~2~m ethyl-l-propene, fo rm ation  of, 4336 _

3577 2 -C h lorophenoxaphosph ine d eriva tives , p reparation  of, 474
Cassam edine, alkalo id , isolation , 2443 3 -C h loroprop iophenone, reaction  w ith  m eth y len etriph en y lph os-
Cassam erid ine, a lka lo id , isola tion , 2443 phorane, 2975
Cata lysis , boric  acid, o f a ld ehyde and ketone condensations, 8 -C h loropu rinc  nucleosides, synthesis of, 1070

775 N -C h lorosu lfonanrides, p hotorearrangem en t of, 3066
C ata lysts , com plex, syn thetic  reactions by, 544 C h lo rosu lfon y lace ty l chloride, reactions w ith  nucleophiles, 2113
C a ta ly t ic  decarbon y la tion  o f a roy l to  arjd  iodides, 1928 C h lorosu lfon y l isocyanate, add ition  to  b i- and tr icy c lic  olefins,
C evine , syn th etic  approach  to, 1060 370; reaction  w ith  aliénés and olefins, 3036; reaction  w ith
Chalcols, ac id -ca ta lyzed  equ ilib ra tion  of, 3486 m eth y la ted  cyclopropanes, 3448
Chalcone, as h yd ride-abstracting agen t in p repara tion  o f p y ry -  1 0 -C h loro tricyc len e , perm anganate ox idation  of, 1996

lium  salts, 1102; p reparation  of, 2008 C h lo ro tris (tr iph en y lph osph in e)rh od iu m , as ca ta lys t in th e  de-
Chapm an rearrangem ent, steric  ra te  enhancem ent in, 2245 carbony la tion  o f a roy l to  a ry l iodides, 1928
Charge-transfer com plex, form ation , accep tor strength  in, 3878 Cholanates, 3 ,7 -d iketo m ethyl, p reparation  of, 2814
Charge-transfer com plexes, cata lysis o f aceto lys is  o f 2 ,4 ,7-tri- C h o lan ic  acid, 3 «,7 a ,1 2 a -tr ih yd ro x y -5 «- ,  d irec t synthesis of,

n itro -9 -fluoreny l p -to luenesu lfonate b y  m eth oxyn aph th a lene  4 7 5

and d im eth oxyn aph th a len e  donors, 1935 C holan ic  acids, alio-, R a n ey  n ickel in the preparation  of, 2814
Charge-transfer properties , o f qum ones w ith  donor substituents, C hol-7-en ic acid, action  of b rom ine on, 2804

3698 5«-Cholestan-2,3-diol, 2,3-seco-A-nor-, a novel synthesis, 2996
Chelate ring, aromatic character of, 680 Cholestane 3-oxetanones, 2427
Chelates, salicylaldimine, bromination of, 1693 Cholestan-2-one, »10 2-nitrocholestan-3-one, 1733
Chelerythrine, synthesis of llH-indeno[l,2-c]isoquinoline com- Cholestan-4-one-3-spiro(2,5-oxanthiolane), crystal and molecular 

pounds related to, 2861 structure of, 3535
Chemiluminescence, from reactions of electrophilic oxamide 5«-Cholestan-3«-ylamine, di-, preparation of, 3538

w ith  h yd rogen  perox ide and fluorescent com pounds, 250; Cholest-5-ene, 3 « ,  19-d ihydroxy-, synthesis and ca ta ly t ic  hydro-
from  reaction  o f ph th a lim ido  oxa la te  w ith  h yd rogen  perox ide genation  of, 468
and fluorescent com pounds, 4266 _ Chrom an  deriva tives , 4 substitu ted, 1202

C h ira lity  o f d isu lfide group, correla tion  w ith  m olecu lar e llip t ic ity , Chrom anes, m ethoxy, fo rm ation  of, 4508 
3966 Chrom ans, te trah yd ro-, preparation  of, 2013

C h lora l, reaction  w ith  hydrazine, 2076; T ishchenko reaction  of, C h rom ia -a lu m ina , “ nonacid ic ,”  d eh yd ro isom eriza tion  over, 602 
3310 Chrom ia, cata lyst, in dehyd roch lorin ation  and dech lorina tion

C h lora l 0 ,N -  and N ,N -aeet,a ls, fo rm a tion  of, 2887 o f chloroethanes, 2163
N -C h loram in es , m onoa lky l-, free-rad ica l ad d ition  to  olefins, 3 -Chrom ene, 2 -m ethyl-, p reparation  of, 336

3457 C h rom ic  acid, ox idation , o f organoboranes, la rge  ring, 4541
/3 -Ch loram ines, synthesis of, 3457 C h ro m iu m (II )  com plexes, in redu ctive  cyc liza t ion  o f a,o>-
C h lorin ated  s ilacyclopen tanes, pyro lys is  of, 1966 dihalides, 1027
C h lo rin a ted  sulfones, p reparation  of, 1080 C hrom iu m  oxide, supported, in o lefin  ox idation , 616
C h lorin a tion , and b rom in ation  o f d im eth y lph en y lsu lfon iu m  and C h ro m y l ch loride oxidations, 3970

selenonium  m eth y l su lfate, 230; o f b en zy l ch lo rom eth y l C hrysan them ic  acid, studies on, 676
sulfides, 1080; o f b u ty l chlorides, so lven t e ffects  in, 1231; o f C h u gaev  reaction , m od ifica tion  of, 2214; therm al, e lec tron
d ie th y l a ce ty len ed ica rb oxy la te  w ith  ferr ic  ch loride, 1292; im pact induced analog to, 1612; xan th a te  and ester p yro lys is ,
o f 1,3-dioxolane, 2126; free  rad ica l, o f b icyc lo [3 .1 .0 ]h exan e, exam ination  of, 1625
1448; o f isoprene, 2946; o f olefins, w ith  cupric ch loride, 2345; C h ym otryp s in ogen  A , bov in e, h ep tapep tid e  (Aaa-Ass) synthesis, 
studies o f sim ple aliénés, 4080 4521
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Cinerolone, conversion of cinerone into, 3660 Crassanine, an oxindole alkaloid, 3350
Cinerone, conversion into cinerolone, 3660 Cresols, a-chloro-, a facile synthesis of, 1084
Cinnamaldéhyde azine, pyrolysis of, 212 Crinine, alkaloids, related to, absolute configuration of, 3105
cis-Cinnamic acid, by base decomposition of N ,N -dim ethyl-N - Crivelline, rearrangement artifact, 3749 

phenylhydrazinium chloride, 322 2-Crotoxypyridine, rearrangement of, 4560
Circular dichroism, of dithianes, 3966; of osotriazole derivatives Crystal structure, of choiestan-4-one-3-spiro(2,5-oxathiolane), 

of sugars, 2478; of steroidal ketones, 3119 3535; of photoisopyrocalciferyl m-bromobenzoate, 4393;
Citraconic acid hydrobromide, solvolysis of, 3247 of 1,1,2,2-tetracarbomethoxyethane, 1677
Citraconic anhydride photodimer, structure and stereochemistry Cumenes, free-radical hydrogen atom abstraction from, 332 

of, 920 Cupric chloride, in chlorination of olefins, 2345; -organic
Citrus flavanoids, 1571 peroxide system, behavior of toluene in the, 1950
Claisen-Cope rearrangement, novel type of, 4413 Cuprous chloride-amine catalyzed oxidation, 2516
Claisen rearrangement, catalysis by metal complexes, 4560; Curtins rearrangement, in 1,1-diarylhydrazine preparation, 3963

para, of l-(3,3-dimethylallyloxy)-3,5,6-trimethoxyxanthone, Cyanide ion, in dimethylformamide, interaction with 9-nitro-
mechanism, 1259; novel, from 2-methoxybutadiene reaction, anthracene, 403
4508 3-Cyaniminostannacyclobutanes, l,l-dialkyl(aryl)-2,4-dithia-,

Cleavage, of cyclopropanes by solutions of sodium in liquid formation of, 3896 
ammonia, 4102; of 3,6-dibenzoyl-l,8-diphenyl-4,5-dithia-l,8- Cyanoaeetamide, reaction with 2-acetylcyclohexanone and
octanedione, 2734; and formylation of nitrones, concomitant, malononitrile, 3648
4270; of the glycosidic bond in acetylated 2-acetamido-2- Cyanoacetic acid, reactions with 2,6-diphenyl-4-pyrone, 4418 
deoxy-fî-D-glucopyranosides by a chemical transglycosylation, l-Cyanobenzoeyclobutene, nitration of, 3327 

„  3585 2-Cyano-3-cyclopropyl-2-butenoate, butenenitrile, and buten-
Cleland reagent [(  ) - l ,4-dithio-L0-threitol], optically active, amide, preparation of, 4534

2171 „ , , , , , , Cyanodithioimidocarbonate anion, organotin chloride reaction
Cobalt hydrocarbonyl, addition to 1,2-diphenylcyclobutene-l, gggg
„  1281 . „  . . , . . ,  . , , i D11 Cyanoenamines, from ynamines, 4406
Compression effects,ral,4-di-i-buty naphthalenes, 811 . Cyanoguanidine, fluorination of, 2522
Co" i " ° * n’ o-benzoylbenzaldehyde with aliphatic diamines, 2-(Cyanomethyl)anilinomethylenemalonate, cyclization of, 1345

2874; of 6- 4-, and 3-methyl-2(lH)-pyndpnes and their sulfur 4.  Cyanomethylene)-2,6-diphenyl-4H-pyran, formation of 4418
analogs at the methyl groups through ddithio salts, 2083 _ 9-Cyano-lO-nitroanthracene, formation of, 403

Configuration, of the aspaiagmjd and aspartyl residues of baci- 3-Cyanopyridine, dimeric dihydropyridines derived from, 137 
tracin, 1309; and conformation, of ¡rmetasantonin, 3988; C ycl[3.3 3]azine,precumorsto, 1313,
of diene anion radicals and diamons, 1975; of as- and Ivans- Cyclialkylation of benzenoid hydrocarbons with isoprene, 2000
3-isopropylcyclobutylamine, 3841, retention, in cyclopropyl Cyclic amidines, synthesis and reactions of, 2109 
cleavage by D electrophile, 449o . , , Cyclic fr/S'-dichlorosulfides, formation of, 2620

Conformational analysis, m 2-alkoxy- and 2-alkylthiotetrahydio- Cydic olefins, radical reaction with tetrafluorohydrazine, 2634 
pyrans, and 1,3-dioxanes, 37i>4, of--alkoxytetrahydiopyrans. Cyclic organic peroxides, mass spectrometry of, 1931
t 572b r f * ^ ^ m r t h o x y -7 ^ M b iw d o [2 .2 .1 ]h ^ t a n e  and Cyclic polyols, studies on, 1604
2-carbomethoxy-7-oxabicyclo [2 .2.1 ] hept-5-ene 4302 ; of car- C^ clic £ilaneS; 597

bon oxygen bon °  a 0 s iKmg Hcom • > o an Cyclization, with acetophenone, 2562; acid-catalyzed, of 14-hy- 
y ’ l-methylcyclohexanol, droxy-14-azadispiro [5 .1 .5 .2]pentadec-9-ene-7,15-dmne, 360;

Coiiformational and configurational correlations, of polyhy- ^

Confor^arionalEquilibrium, in the 2-amino-l,2-diphenylethanol methylketone phenylhydrazone, direction of, .4283; of N -
syttem, nmr studies, 3480; of trans-l,2-dimethyl-3-isopropyl- ep lyl-a-am m o acid derivatives, 3980; of 2-oximinophospho-
aziridine, 3904; and rates of bridgehead proton exchange for mum sa s, 6
3,3-dimethyl-2-bicyclo[3 .3 .1 ]nonanone and 3,3-dimethyl-7- reductive, of 4-tosyloxybicyclo[o.2. l  decan-10-one, 4312

‘Î  1 lnnnpn-2-nne 3303 Oycloaddition of carbonyl compounds to aliénés, photochemical,
Conformational preferences, in diastereomers, 3252; in diastereo- dipolar, mechanism of, 2285, 2291; photochemical,

mers, addition products from unsaturated nitriles, 1128 of thiobenzophenone to conpigated dienes, 1240; possibly
Conformational ‘‘size” of methyl group, 3272 . concerted, of cation to alkene, 4o43; reactions of chlorosulfonyl
Conformational studies, of the pyrrolidine ring of anisomycin, isocyanate to olefins, 370, 1,2- and 1,4-, leactions competing,

2136 application of perturbational molecular orbital method to, 417;
Conformation, of alkylpiperidine amides, 3627 ; of carbomethoxy reactions, of isocyanates, 3928, 3931

group 1677; of 3,7-dialkyl-3,7-diazabicyclo[3.3. l]nonanes, Cyc oa kanones, nitration m liquid ammonia, 3622
355; of cis- and iranS-2,5-diphenyl-l,4-dioxanes, 4558; of Cycloalkenes rates of hydrogenation, on platinum-alumina
a-D-idopyranose pentaacet,ate, 2884; of inosadiamines, 1604; catalysts, biu
of pentofuranose derivatives by nmr data, 1799; in pyrazolone en£-13,16-Cycloatisane compound, synthesis of, 4210
azomethine dyes, 2120; significance in product determination, Cyclobutane, 1,3-dimethylene-, nmr of, 1956; nonplanar, 3841;
3841; of substituted cyclohexenes, in hydroboration, 1468 pyrolysis, unusual, 3650; 1,2,3,4-tetrasubstituted, preparation

Coniferyl alcohol, hj-droformylation and cyclization into 3-(3- of, 1018 . ,  . o , , , . , . .
methoxy-4-hydroxyphenyl)tetrahydrofuran, 3601 Cyclobutaneearboxylie acid, czs-3-phenyl-, synthesis and lomza-

Coniugated dienes, addition of B,N-dichloro carbamates to 2637; tion constants of, 1959; thermal and photochemical decar-
disilylation of, 1975 boxylation of, 2746

Coniugated diolefins, monoadducts with conjugated diolefins, Cyclobutene, formation, in photoaddition reaction, 2200; 1- 
2g42 methyl-3-methylene-, nmr of, 1956

Conjugated ketones, photochemistry of, 4060 Cyclobutenes, and cyclopentenes, 1,2-dihalotetrafluoro-, synthesis
Conjugated molecules, bond deformations in, 3964 of, 33
Conjugation extension, by cyclopropane ring, 4534 Cyclobutylcarbinyl radical, reactions of, 2531
Cope rearrangement of irans,£rans-2,8-iraras-bicyclo[8.4.0]tetra- Cyclobutyldiazonium ion, implication of, 3841 

decadiene, 4258 Cyclodecanone, convenient synthesis of, 2157
Copper-catalyzed reaction, of benznorbornadiene with benzoyl Cyclocodimerization, of conjugated dienes with acetylenic 

peroxide and i-butyl perbenzoate, 324; of thiol and alcohols hydrocarbons, 3948
with diazoacetate, 544 1,3-Cycloheptadiene, 1-ethoxy-, synthesis, of, 3651 ; 1- and 2-

Cordycepin, isomer of, synthesis, 2488 methyl-formation of, 771
Coronophilic acid, from dehydration of cornoopilin, 2807 Cyclohaptanones, 5-substituted 2-methyl-, synthesis and stereo-
Coronopilin, dehydration of, 2807 chemistry of, 4090
Corticium sasakii, hydroxylation of dehydroabietanes with, 4462 Cycloheptatriene, fluorinated, 2536; -tetracyanoethylene, D iels- 
Cotton bud, constituents of, 909 . , Alder adduct structure, 2158 .
Coumarin 3-chloro-, photodimerization of, 2811; derivative, 8-Cyclohexadecen-l-one, synthesis ol, 4o41 

new isolated from Murraya paniculala (Linn.) Jack., 3574 1,4-Cyclohexadiene, 1,2-diphenyl-, synthesis, 3948
Coumarins 4-hydroxy-, 5-aroyl-, and 5-acyl derivatives of, 2966; 3,3,6,6-ch-Cyclohexa-l,4-diene, preparation of, 4540

new route to 2446; preparation of, 1202; 3-substituted 4- 1 ,3-Cyclohexadiene, photosensitization of, 2528
hvdroxy- reversible removal of carbon 2 of, 437 1,4-Cyclohexadiene-l-alanine, a new inhibitor of phenylalanine

Counling of cyclohexenone cyclic ketals, 4305; of monobromo- for the rat and Leuconostoc dexlranicum 8086, 1774
nerfluoroalkanecarboxylic esters, 442 Cyclohexadiene-hexatriene valence isomerizations, reversible,

CouolinK constants, first order, of some pentofuranose derivatives, in photochromie 1,2-dihydro-9-xanthenones, 3469
1799 b Cyelohexadienes, phenyl-, preparation and structure determina-

Coupling reaction, of vinylcarbinols with ̂  diketone, 3126 tion of, 1116
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2 5-Cyclohexadienone, 4-methyl-4-trichloromethyl-, peroxide- Cycloserine peptides, synthesis, 2421 
’ ’induced reductions of, 3645 ' Cycloundecanone, convenient synthesis of, 21f>7

Cyclohexadienones, neutral and protonated, nmr and ur of, 413 Cysteine sulfones, vinylic, base eyclization ot, 3397
1.2- Cyclohexanedicarboxylates, diethyl, reaction with methyl- Cytidine nucleosides, 6-methyl-, synthesis of, 2822

magnesium iodide, 3950 . oori
1 4-Cyclohexanediol, acid-catalyzed dehydration-condensation Dakin-West reactions,on 2-(purin-6-ylthio)propionic acid, 880 
’ of, 2146 Dealkylation, of aromatic tertiary amines with formates, 318;

Cyclohexane-1,3-diones, 2-acetoxy-2-methyl-, pyrolytic ring of tertiary amine oxides, iron-catalyzed, 3493; N-, using
contraction of, 3369 . phosgene, 1367 .

Cyclohexane epoxides, enantiomeric, absolute configuration ot, Deamination, of 5-ammodecahydroisoqumolines, 25111; ot 2- 
4045 benzoylaziridines, 1317; of cis- and ZîYTO.s-3-isopropylcyclo-

C v c l o h e x a n e s ,  1,2-oxido-, diaxial ring opening of, 3385 butylamine, 3841; of spiroamines, 3828; in synthesis of
1 3 5-Cyclohexanetricarboxylic acid, preparation of epimers of, styrene and trons-stilbene from 2-phenylethylamme and JN-
’ 297g 1,2-diphenylethylamine, 234

Cyclohexanols, cis- and irans-2-alkyl-, -2-phenyl-, and -3-i- 7-Deazaadenine ribonucleosides, degradation of, 726
butyl-, dehydration with alumina catalysts, 2C35 Deaza analogs, of methotrexate, 533

Cyclohexanone, 2-acetyl-, reaction with malononitrile and cyano- ( d= )-l-Deaza-1-thiareserpine, total synthesis, loot) .
acetamide, 3648; 2-dimethylamino-, mass spectra of, 1140; Débenzylation of alkylated carbohydrates via brommation
2-, systems, reaction with bisthio carbanions, 298 hydrolysis, 4292 ,,Qn9

Cvclohexene, in addition with nitrosyl chloride, 3957; radical Denominations of thiophenes, acid catalyzed -902
reaction of tetrafluorohydrazine with, 2634 Debromodecarboxylation reactions, direct observation of reac-

Cyclohexens, substituted, steric effects in additions to, 1468 tion intermediates in, 3-47
9-Pwlnheven-l-ol absolute configuration of, 927 9-Deealols, 1,10-dimethyl-, synthesis, 2;>93
Cydohexenone, derivatives, addition of methylorganometallic hares-2-Decalone, electrochemical oxidation o 0- y loxycai- 

reagents to, 949 ; cyclic ketals, coupling of, 4305 boxylic acids derived from, 2704; ring expansion of, 2069
Cyclohexenone-4-acetic acid derivatives, formation, 3261 Decarbonylation catalytic, of aroyl to aryl iodides,, 19-8, palla-
2-Cvclohexenones, alkyl-substitution effects in photochemistry dnim catalyzed, of 0 phenylisovalei aldehyde, 9-3

fin f in  Decarboxylation, of acids by lead (R  ) and copper(II), oxidation
3-, , , , , , , • , 0,-01 of alkvl radicals from, 83; of acids photochemically m presence

2-  (A 2-Cyclohexenyl)ethyl system, solvolyois o f ,-o81 . f tbàilium(I I I ) ,  75• acylative, in purine derivatives, 880;
3-  (3-Cyclohexenyl)propyl p-toluenesulfonate, acetolysis of, 2991 °» cvc obutanecarboxylio acid, thermal and photochemical,
N'-Cyclohexylcarbodumide, N-p-tolylsulfonyl synthesis and s W e f o f " a c T w h h  lead okide, 2008

reactions oi; 4ooo . iaoo Dechlorination, of chloroethanes on chromia catalyst, 2163
Cyclohexylmetal compounds, preparation of, 1983 Decomposition of alkyl nitronic esters of 2,6-di-Z-butyl-4-nitro-
g.ig-Cydoanostan-dd-ylpalmitate i^ -liqu id crys taU ggo  pS l  226 base catalyzed, of peroxypivalic acids, 445;
1.2- Cyclononadiene, brommation of, 3943 benzoyloxy radicals, solvent effects in, 3885; of i-butyl
1 ,5-Cyclooctadiene, free-radical addition of hydrogen bromide to, peroxide, effects of solvent on, 3524; of dimethyl 2,2'-azobis-

3643 .. ... ,, , , ■- ORO-  isobutyrate, 3527; of magnesium salts of l(a-bromobenzyl)-2-
Cyclooctatetraene, reaction with suitui dichloiice, 2627 cycloalkanols, 453; of per esters and mixed peroxides, 3888;
Cyclooct-4-as-ene-l-carboxylic acid chloride intramolecular reactions of 1-phenyl-1-cyclohexyl peracetate, 3647; of some

eyclization of, 1545 carboxylic thiolcarbonic anhydrides, 1884; of unsaturated
Cyclooligomerization, of aliéné, 38o8 esters of diazoacetic acid, copper catalyzed, 53
Cyclopentadiene, Diels-Alder addition of alkynylsdanes to 1983 Dediazoniati0n in alkaline alcoholic solvents, substantiation of 
Cyclopentadienylidene addition to hexafluorobenzene, 2538; aradical mechanism(s), 1924

from photolysis, 3816 3 '-De(dimethylamino)erythromycm A  and B, formation of, 66o
Cydopenta[e,/1heptalene, ^-equivalent heteroanalpgof, 823 Dehalogenation, of «-bromodiphenylacetyl bromide, 3974;
Cyclopentane-l,3-dione, formation of denvatives of, fiom  of meso- and m^S-dibromobutane with zinc, stereochemistry

oxazolones, 1645 of, 427; with triphenylphosphine, 3686
Cy dopent anediones, synthesis by addition of methanol to DehVdration, of bicyclo [3 .3.11 nonane-2,6-diols, 2655; -con- 

hexynedioicesters, 3374 . . , . . dènsation’ reaction of 1,4-cyc.lohexanediol, acid catalyzed,
Cyclopentanes, chlorinated silane denvatives of, pyrolysis of, 2146: of coronopilin, 2807; kinetics of, of a-methyl-d-hy-

1966 „  , . droxy-/3-arylpropionic acids, 843; of substituted cyclohexanols
A2-Cyclopentenones, 2-alkyl-, formation ot, o369 over alumina 2035
Cyclopentanones, and -hexanones, perhalogenatlon of, 2692 Dehydroabietanes, hydroxylation with Corlicium sasakii, 4462
Cyclophanes, medium-sized, 3277 Dehydrochlorination, of ‘ alkyl 1,2,2,2-tetrachloroethylcarba-
Cyclopropane, anion radical, substituted, formation ot, 2oo2; mates 2887' and dechlorination of chloroethanes on chromia

HCH chemical shifts, in bicyclo[x. 1.0]alkanes, 2587; com- catalyst 9163
pounds, optically, active cyclopropylsodium, 1962; derivatives, Dehydrocholesterol, thermal isomerization of, 438
from diazoacetic ester, 3261, cis- and ¿?&ns-l,l-dichloio~2,3- Dehydrodimerization of methyl isobutyrate, 3527
dipropyl-, steric effects in solvolysis of, 3947 ; ring, participation Dehydroelsholtzione, synthesis of, 1227
in conjugation extension, 4534; 'ring-opened analogs, Dehydrofluorination, of amine metalloid fluorides, 1392
synthesis, 3007: ring cleavage, electrophilic, 1460 Dehydrogenation, of hydroxylamino group, by ethyl azodicar-

Cyclopropanecarboxylic acid fluoride, synthesis, 1690 boxylate 4554
1.2- Cyclopropanediol cyclic carbonates, synthesis and physical Dehydrohalogenation of «-chloralkyl sulfones; 43

properties of, 3389 Dehydroisomerization, of l-met,hyi-314-l-phenylcyclohexane, 602
Cyclopropanes, chemistry of, 38o8; cleavage by solutions of Dehydronorcamphor, methylene transfer to, 2188; optical purity 

sodium in liquid ammonia, 4102; gem-dictnoro-, alkyl sub- and ord of 2924- synthesis 2211
stituted, pyrolysis of, 607; ffcm-dihalo-, in morpholine reac- Dehydro-fl-peltat.in methyl ether, synthesis of, 1268 
tion, 4o37; dihalo-, stereoselective electrochemical reduction 16-Dehydropregnenolone acetate, 21-benzylidene-, acid-catalyzed 
of, 1283; inductive and participation effects m the addition eyclization of 3544
of trifluoroacetic acid to, 968; methylated, reaction ot ehloro- Dehydrothalicarpine, isolation, structure and synthesis of, 1052 
sulfonyl isocyanate, 3448; partial asymmetric synthesis via Demerarine structure of 1229
the Simmons-Smith reaction, 1767; from reductive eyclization Déméthylation, selective, of 6,7- and 7,8-dimethoxy-2,3-dihy-
of y-dihalides, 1027 dro-4(lH)-isoquinolines, 504

Cyclopropanesulfonic acid esters, and amides, 3849 4-Demethylhasubanonine, isolation and structure of, 4529
Cyclopropyl acetates, pyrolysis of, 2198 Deoxyphylloerythrin, intermediate in porphyrin synthesis, 3144
p-Cyclopropylacetophenone, formation of, 3800 Deoxophylloerythroetioporphyrin, preparation, 3144
Cyclopropylamines, synthesis and nmr analysis of, 419 Deoxyad'enosine, N 43'-0 disubstituted, 2589
Cyclopropylcarbinyl p-toluenesulfonate solvolysis, 2712 Deoxybenzoin, ratio of diastereomeric pinacols formed in the
Cyclopropylidene compounds, preparation of, 336 ultraviolet-promoted bimolecular reduction of, 1271
Cyclopropylmethyltriphenylphosphomum bromide, reactions of, Deoxygenation, of organic nitrites, 3329

3082 6-Deoxy-D-glucopyranose derivatives, molecular rotation change
Cyclopropylpyridines, reaction with acid and hydrogen, 3007 by group change at carbon 6, 1819
Cyclopropylsodium, optically active, 1962 6-Deoxyglycosides, methyl 6-chloro-, preparation of, 1074
Cyclopropyl-substituted azoalkanes, reactions of cyclopropyl- Deoxyguanylyldeoxyguanosine, synthesis of, 708

carbinyl cyanates, isocyanates, benzoates, and p-nitrobenzo- 5-Deoxy-3-0-methyl-5-(phosphinic acid)-D-xylopyranose, syn- 
ates, 4054 thesis, 4455

Cyclopropyltriphenylphosphonium bromide, preparation and 3-(3-(3'-Deoxy-D-ribofuranosyl)adenine, synthesis, 2488
reactions of, 336 '  ’ r 20-Deoxysteroids in the 3a-hydroxy-5/3-pregnane series, prepara-

D-Cycloserine dimer reactions, kinetics of, 3908 tion and optical rotation studies, 1707
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( ±  )-Desoxypodocarpic acid, stereoselective synthesis of, 3560 Diazo function, direct introduction in organic synthesis, 3610 _
Desoxycorticosterone, 18,19-dinor analogs of, 109 Diazomethane, by base-catalyzed reaction of hydrazine with
Des-A-pregnanes, formation of, 509 chloroform, 4272; reaction of azirines to produce allyhc
Desulfamylation, in benzene formation, 2547 azides, 2121; reaction with hindered phenols, 223
Desulfurization, of trichlorothioxanes, 1643 Diazomethyl triazole, carbene reactions from, 1145
Detoxification mechanisms, scope and mechanism of the iron- Diazomum ions, reduction m alkaline alcoholic solvents, 1924 

catalyzed dealkylation of tertiary amine oxides, 3493 Diazo reaction, in preparation of phenoxaphosphine derivatives,
Deuterations of thiophenes, acid catalyzed, 2902 474 . , „  , . .
1-  Deuteriobenzaldehydes, preparation by lithium aluminum Diazotization, aprotic, of arylammes, and effect of strong acid

deuteride reduction of N-f-butylbenzamides, 1274 addition, 1633, 1636
2- (2'-Deuteriobenzoyl)benzoic acid, anthraquinone rate of Di(benzenesulfonyl)hydrazmes, structure of, 1537

formation from, 1500 Dibenzobicyclo[2.2.2]octatriene, addition of bromotnchloro-
Deuteriodiazomethane, by base-catalyzed reaction of hydrazine methane and carbon tetrachloride to, 4075

with chloroform, 4272 Dibenzo[6,ff] [l,5]naphthyridine-6,12(5,HH)-dione, synthesis of,
Deuteriohalogenation, of 7-norbornenone, 1542 4004
Deuterio-2-methylquinoline 1-oxide, reaction with acetic an- Dibenzopentalenoquinone, study of, 2529 

hydride, 2762 Dibenzopyrrolizidines, synthesis, 3779
Deuterium bromide and hydrogen bromide, isotope effect toward Dibenzothiophene, electron-impact decomposition, of, 847

aromatic hydrocarbons, 457 Dibenzotropylium and diliydrodibenzotropylium ionSj stable,
Deuterium isotope effect, in anthraquinone formation, 1500; preparation and reactions of, 1304

in a nonaqueous acid-base system, 457 N,0-Dibenzoylaminopropanols, formation of, 3344
Deuterium-protium exchange of polyazaindenes, acid and base Diborane reduction, of amido ester, 3637; ot 10-benzylidene-9- 

catalyzed, 1087 anthrones, 3935
Deuterobromination, of emíi-7-bromobenzonorbornadiene, stereo- Dibromides, from bromination of isoprene, 2342

chemistry of, 4111 meso- and DL-2-dibromobutane, dehalogenation with zinc, stereo-
Deuterolysis of tetraethylorthosilicate, in facile and economic chemistry, 427

synthesis of ethanol-OD, 1257 cis- and irans-2,3-dibromocyclononene, 3943
Dextran, extracellular, structure of, 3136, 3139 _ <?em-Dibromocyclopropanes, reaction with morpholine, 4537
3,17/3-Diacetoxy-2-acetylandrosta-2,4-diene, formation, 3109 l,2-Dibromo-l,3-diphenylbutane, conformations of, 3252
3' 170-Diacetoxy-6-acetylandrosta-3,5-diene, formation, 3109 .1,2:5,6-Di-O-bromoethylidene-D-mannitols, 3714
Diacetoxybutadiene, synthesis of pseudo-/3-DL-gulopyranose 10,10-Dibromo-9(lOH )-phenanthrone, preparation of, 25

from a, 2835 3,5-Di-l-butylbenzoquinone monoxime, formation of, 226
Dialanyl-insulin, formation of, 4476 2,6-Di-i-butyl-p-cresol, oxidation of, 2516
Dialkylaminoalkanols, in 2-oxazolidinone formation, 1367 3,3-Di-i-butyl diperoxyphthalid, synthesis and thermal decom-
2-a-Dialkylaminoalkyl-3-dialkylaminothietane 1,1-dioxides, in position of, 848

synthesis, 3020 . o-Di-i-butyl heteroaromatics, synthesis of, 3337
Dialkylcyclohexenes, rhodium-catalyzed hydrogenation of, 3258 Dibutyl iodomethaneboronate, displacement reactions of, 3055 
D i a l k y l  phosphorofluoridates, new source, 1664 Di-i-butylketene, preparation of <*,a-di-f-butyl-/3-propiolactone
Diamines, aliphatic, condensation with o-benzoylbenzaldehyde, and methyldi-i-butylacetic acid form, 2144

2874; metal oxide oxidation of, 2407 1,4-Di-i-butylnaphthalenes, synthesis and compression effects in,
4,4'-Diaminoazobenzenes, preparation of, 2667 811
2,6-Diaminobenzo [ 1,2-d: 4,5-d'] bisthiazole, synthesis and proof 2,6-Di-i-butyl-4-nitrophenol, alkyl nitronic esters, synthesis

of structure of, 2132 and decomposition of, 226; reaction with diazomethane, 223
2 .4- Diamino-6-[(N-methylanilino)methyl]pteridine, 1- and 3- a,a-Di-i-butyl-|3-propiolactone, preparation from di-i-butyl-

deaza analogs of, 533 ketene, 2144
3.5-  Diaminopyrazole, synthesis, 2606 . Di-i-butylthioacetic acid esters, preparation of, 2738
2,7:3,4-Dianhydro-d-n-oHo-heptulopyranose, formation of, 2844 Di-i-butylthioketene, preparation of, 2738
Dianion, nucleophilic displacement of one by the other, 2167 2,3-Dicarbethoxy-7,7-dihydroxy-2,3-diazabicyelo[2.2. ljheptane,
Dianions, 1,3, of 2- and 3-acetamidopyridmes and condensations a gtable ketone hydrate, 2368

with carbonyl compounds and nitriles, 2116; configuration 7,7-Dicarbomethoxycycloheptatriene, synthesis and properties 
of, 1975 . of, 1669

Di-9-anthryl carbonate, photocyclization of, 254 1,2-Dicarbomethoxyindene, Diels-Alder reaction with butadiene,
9,10-Diaryl-9-acridanols, formation of, 3031 961
1.3- Diarylallyl alcohols, acid-catalyzed equilibration ot, 3486 l,2-Dicarbomethoxy-7-methylindene, Diels-Alder reaction with
1,1-Diarylhydrazines, preparation of 3963 butadiene, 957
Diaryliodosyl salts, synthesis ot, 2981 0-Dicarbonyl compounds, in tetrakis(dimethylamino)titanium
2.4-  Diarylpyrroles, N  substituted, synthesis of, 454 H reaction 1506
Diastereomeric glycals formed in ultraviolet-promoted^bimolec- 2 , 3_]3 icarb0xy-6,ll-d ihydro-6,ll-ethanoacridizmium perchlo-

ular reduction of acetophenone-7-»C and benzaldehyde-7- k tes and derivatives, 519
C 14, solvent and basicity effects on ratio ot, zyl DicUoroalkanes, in benzene alkylation, 1517

Diastereomeric pinacols, ratio, formed m electrolytic bimoleeular ĉ _  an(j ¿rans-1,4-dichloro-2-butene, reactions with sodium
reduction of acetophenone-7-C14, 294 amide, 2571

Diastereomers, fr9™ alk$ ™ ag^  N,N-Dichloro carbamates, addition to conjugates dienes, 2637
phenylcmnamonitrile, 1128, 1,2,3, contormational preierences D ichlorocarbene,new source, 1664
in, 3252 , , qooK oewi-Dichlorocyclopropanes, alkyl substituted, pyrolysis of, 607

^ E f a S k y S ^ ' ’ i jh e p fa t  d e r iv X e s / 7  substituted, syn- 2’3̂ ^  in oxidation of thali-

l ’^-Di^z^Acyclo [3 .2 .0]-6-heptenes, formation of, 4381 l,DDi(chiorodifluoromethyl)ethylene, migrations of fluorine in,

t3-D iazabicyclo[3.1 “l ^ ^ lnA J S actlon wlth alken6S’ alkyn6S’ Dichloro(0,0'-l,4-dioxane)zinc(II), 2551
3,7-dialkyl-, synthesis and «V an d ^ -l.l-d ich lo ro -a^ -d ip rop y lcyc lo p rop an e , stenceffects

i Js°IVnthesis 3946 Dichloroethylidene trichloroacetic acid hydrazide, from reaction

Ph0tOlySÍS ° f ’ 38165 Ph0t0lySiS 111 heXa_ l - ° a n ! i02̂ (dShl^romethyi^i^!tamethyltrisilane, synthesis and
D i- and tnazamdenes m^s spectra of, 1379 1 ¿DFchloroperfuorocycloalkenes, reactions with trivaient phos-

° í azan ífp°ifh ‘ia m w  ring systems, 4528; 1,2-, ketones and phines,4395 . . .
D “ , C í . , l : a ¡ h y d ^  p ^ o m = * . t i „ o f , 4 3 8 1  ' t í S P í o C ó F ? ™ “ ' P ° “ >‘

T h e lr a P a n d  photulytie de- N,N-Diohlorosidf¿tiamides, addition to unsaturates, 4336
2,3-Diazido-l,4-naphthoquinone, thermal ana pnoroiyr c u , Dichlorotetrafluoroacetone, reactions with allylic olefins,

composition of, 1100 lann
Diaznidmes, fluorine contaimn^prepara ion o , 3,5-Dichlorotyrosines, preparation of d and l  forms, 1665

D i” Sate in copper-catalyzed reactions of thiol and alcohols, N,N-Dichlorourethan, addition to unsaturated compounds, 766;
kka ’ reaction with indoles, 4440

r. „maturated esters of, preparation and decom- Di-5a-cholestan-3a-ylamine, preparation of, 3538
Diazoacetic acid, unsaturatea , , p  p Dicumenechromium, reaction with reducing agents, 1847

Diazoacetie ester, addition to ft 7-unsaturated ketals, 3261 Dicyanoacetylene, synthesis of, 541
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1.3- Dicyano-l,3-bis(2,6-diphenyl-4H-pyranylidene-4)acetone,for- 9,10-Dihydroanthracene, substituted, in triptycene system
mation of, 4418 synthesis, 3934

4.5- Dicyano-l,3-dithiol-2-one, thermolysis of, 541 mcso-Dihydroanthracene chemistry, preparation of 1,5- and 1,8-
4.5- Dieyanoimidazole, synthesis of, 642 dimethylanthraquinones, 2020
Dicyclopentadienedicarboxylic esters, dissociation and D ie ls- 2,3-Dihydroazepinones, and carbinols, photoisomerization of, 4381 

Alder reactions of, 626 4,5-Dihydro-lH-2,4-benzodiazepines, synthesis, 670
Dicyclopentadienyl iron, reaction with reducing agents, 1847 4,5-Dihydro-3H-l,3-benzodiazepines, synthesis, 670
Di(cyclopropanecarbonyl)furoxan, preparation of, 866 l,3-Dihydro-2H-l,4-benzodiazepin-2-one 4-oxide, previously de-
Dieyclopropylketazine, oxidation with lead tetraacetate, 1294 scribed as l,3-dihydro-2H-4,l,5-benzoxadiazocin 2-one, 2962
4.6- Dideoxy-4-(A,lV-dimethylamino)-D-talopyranose hydrochlo- 2,3-Dihydrobenzofuran, eis- and irans-2-isoamyl-3,4-dimethyl-,

ride, 1586 synthesis of 399
5.6- Dideoxy-l,2-0-isopropylidene-6-phosphine-a-D-xÿio-hexofu- 2,3-Dihydro-4H-l,2,4-benzothiazidazin-4-ol 1,1-dioxides, 2382

ranose, formation of, 2495 2,3-Dihydrobenzo[6]thiophen-3(2H)-one 1,1-dioxide, reaction
Dideoxyzearalane, total synthesis of, 4173 with electrophiles, 3938
exo,exo-5 ,6-Dideuterio-s j/n-7-acetoxy norbornene and exo,exo-5,&- 3,4-Dihydrocoumarin-melilotic acid series, investigations of, 

dideuterio-2-norbornene, synthesis of, 1288 1202
9.10- Dideuteriotriptyeene, mass spectrum of, 3977 Dihydrodesoxycodeine E , structure of, product of electrolytic
Dieckmann cyclization, in isoquinoline synthesis, 494 reduction of 14-bromocodeinone, 3000
Diels-Alder addition, of alkynylsilanes to cyclopentadiene, 1983; 2,5-Dihydro-2,5-dimethoxyfuran, reaction with thiols to form 

of elements of ketene to dienes, 2211 2-furyl thioethers, 1869
Diels-Alder adducts of cycloheptatrienetetracyanoethylene, 2,5-Dihydrofurans, general synthesis, 583

structure, 2158; from formaldehyde and levopimaric acid, 918; 10,10a-Dihydro-lH-imidazo[3,4-6] [l,2]benzothiazine 5,5-dioxide
of a-iminoperfluoronitriles, 3625 synthesis, 3342

Diels-Alder cycloaddition reactivity, of lumisantonin, 4389 Dihydroimidazole, attempted preparation of, 3932
Diels-Alder products, of 7-nitroisochromenes, 1823 Dihydroisoeoumarins, from Sporormia fungus, 1577
Diels-Alder reactions, of acridizinium ion with dienophiles, 519; 3,4-Dihydroisoquinolines, reaction with nonenolizable /3 dike- 

of azonia aromatic compounds and nucleophilic dienophiles, tones, 4010
390; of deuterated butadiene, 4540; of dieyclopentadiene- 2,3-Dihydro-4(lH)-isoquinolines, synthesis, 491,494
dicarboxylic esters, 626; with 7-methylinc.ene derivatives, 1,4-Dihydro-l-ketonaphthalenes, 2-(a-bromo-substituted benzyl)-
957 ; with 6-methoxyindene derivatives, 961 : of 1-nitro- and 4,4-dimethyl-, synthesis and reactions with amines, 1895
1,2-dinitroacenaphthylene, 114; retro, comparisons with, 4,7-Dihydro-l,3-oxazepine, 2-p-nitrophenyl-, formation of, 4547
4504; synthesis of dehydro-ftpeltatin methyl ether, 1268; 2,5-Dihydrophenylalanine, a new inhibitor of phenylalanine for
in synthesis of 1,5- and 1,8-dimethylanthraquinones, 2020; the rat and Lenconostoc dexlranicum 8086, ] 774
of two dimethyl 10-methoxyanthryl phosphates, 2942 5,6-Dihydropteridine, 6,6  disubstituted, attempted synthesis,

Diels-Alder reactivity, of norbornadiene-2,3-dicarboxylie an- 3339
hydride, 3808 AVDihydropyran, hydrogen and oxygen exchange over hot

Diene anion radicals, configuration of, 1975 alumina, 3408
Dienediamines, formation of, 1506 2,3-Dihydropyran, in photocycloaddition, 1653
Diene-phosphonous dihalide addition products, structure of, 3,4-Dihydro-2fl-pyran, reaction with methyl a-D-glucopyrano- 

1034 side, 3990
Diene-quinone epoxides, reaction with acidic reagents, 427 Dihydropyrazines, from vinyi azides, 2411
Dienes, addition of elements of ketene to, 2211; 1,3-, in carb- Dihydropyridines, dimeric, derived from 3-cyanopyridine, 137̂

ethoxynitrene addition, 481; conjugated, addition of N ,N -  1,4-Dihydropyrrolo [3,4-6] indoles, 1-carbamoyl- and 1-amino-
dichloro carbamates to 2637 ; conjugated, cyclocodimerization methyl-, preparation of, 2051
with acetylenic hydrocarbons, 3948; conjugated, photochemi- Dihydroquinine, commercial, isolation and identification of 
cal cycloaddition of thiobenzophenone to, 1240; 1,6- photolysis contaminants found in, 3005 
of, 162 Dihydrotazettine methine, structure of, 3096

Dienetriamines, formation of, 1506 1,2-Dihydroxycyclobutenedione, ionization constants of, 4559
Dienones, isomeric, of homoproaporphines, 690 2,2'-Dihydroxydiphenyl sulfone and its monoethers, preparation
Dienophiles, in addition to acridizinium ion, 519; addition of of, 446 

oxime anions to, 3669; Diels-Alder reaction with azonia (4S,5E)(+)-4,5-Dihydroxy-l,2-dithiane, synthesis of, 2171 
aromatic compounds, 390 3,5-Dihydroxy-3-ethylpentanoic acid f-lactone, synthesis, 4532

Diepoxide, formation of, 3291 6,7-Dihydroxy-4'-methoxyisoflavone, the structure of texasin, 462
Diethyl acetylenedicarboxylate, chlorination with ferric chloride, 3,4-Dihydroxyphenylalanine, L-a-methyl-, synthesis of, 1209 

1292 _ irans-l,2-Dihydroxy-2a,3,4,5-tetrahydroacenaphthene, 3283
Diethyl azodicarboxylate, reaction with a 1,3-diazabicyclo- Diimide formation in the basic decomposition of N,N-dimethyl-

[3 .1.0 ] hex-3-ene, 1097 N-phenylhydrazinium chloride, 322
Diethylbenzenes, isomerization of, 1513 /3-Diisobutylene oxide, reduction with alkoxyaluminum hydrides,
Diethyl 1,2-cyclohexanedicarboxylates, reaction with methyl- 1132

magnesium iodide, 3950 ( + ) -  and ( — )-Diisopinocampheylborane, use in asymmetric
Diethyl phenylphosphonate, reaction with phenylmagnesium reduction, 2181

bromide, 4201 2,3-Diisopropyl-l,3-butadiene, synthesis, 2214
Diethyl phosphonate, reaction with Grignard reagents, 3690 Diisopropyl peroxydicarbor.ate-metal salt, oxygenation of
Diethyl tricMoromethylphosphonate, fluoride-induced cleavage toluene with, 266 

in, 1664 3,5-Diketo acids, in synthesis of 2-pyrones, 2399
N,N-Difluoroalkylamines, by direct fluorination of alkylamines, Diketo alcohols, new synthesis of, 1193

1008 Diketones, ft in coupling with vinyl carbinol, mechanism, 3126;
Difluoramine, reactions of, 4333 /3, nonenolizable, reaction with 3,4-dihydroisoquinolines, 4010;
Difluoroamines, nitroaromatic, 1387 ; preparation of, 3675 sterically hindered, chemistry of, 4025; 1,4, synthesis by  the
Difluoroamino compounds, F 19 nmr and formation of, 2330, 2336 reaction of lithium aroyltricarbonylnickelates with acetylenes,
3-Difluoraminocyclohexadiene-l,4-preparation of, 2984 2159
a-Difluoroamino ethers, saturated and unsaturated, synthesis, Dike top iperazines, sterically pure, route to, 864 

2521 Dilitbiosulfonamides, condensation with carbonyl compounds,
Difluoramino radical, attack on allylic bromides and iodides, 1861 900
N-Difluoroamino-substituted hydrazines, synthesis, 2336 Dilithium acetylide, in éthynylation of ketones, 779
t*-(Difluoramino)toluene derivatives, rearrangement of, 2664 Dimeric dihydropyridines derived from 3-cyanopyridine, 137
N,N-Difluorocyclohexylamine, preparation of, 1008 “Dimeric” 2-oxazolidones, preparation, 379
3.3- Difluoro-2,4-dialkyloxetane system, synthesis and stereo- Dimer of 1-indenone, preparation of, 4304

chemistry of, 3784 Dimerization, hydrolytic, of ethyl 5-amino-2-furoate, 1105;
Difluoroketene, formation of, 817 of nitrile oxides, 1464
2.2- Difluorovinyllithium, preparation and reactions of, 286 Dimer f t 7 -monoketones, formation, 2436
4,5-Diformyl-3-hydroxy-2-methylpyridine, synthesis, 1337 Dimesitylfurazan oxide, formation, 1464
a,«-Dihalides, reductive cyclization with chrcmium(II) com- 6H-3,4-Dimethoxybenzo[6]-5a,7,8,9,10,10a-hexahydrocyclohepta- 

plexes, 1027 [djfuran, formation of, 3316
gem-Dihaloacetoxycyclopropanes, ring-opening reactions of, 1476 cis- and Zrans-l,2-dimethoxy-l-chloroethyIenes, reaction with 
Dihalocyclopropanes, geminai, stereoselective electrochemical alkyllithium reagents, 1991* 

reduction of, 1283 6,7- and 7,8-Dimethoxy-2,3-dihydro-4(lH)-isoquinolines, selec-
1.2- Dihalotetrafluorocyclobutenes, synthesis of, 33 tive déméthylation of, 504
4,4'-Di-n.-hexyloxyazoxybenzene, smectic mixtures with, 591 1,2-Dimethoxyethane, participation in the trichloromethylation
6.11- D ih ydroacridizium salts, preparation of, 1296 reaction with benzoic anhydride, 1011
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Dimethyl acetylenedicarboxylate, reaction with sodium ben- Diolefins, reaction with sulfur dichloride to form cyclic sulfides, 
zaldoximate, 3669 2620

Dimethyl acetals, role in methyl glycoside formation, 740 1,5-Dioxadispiro [2 .0 .2 . l]heptane, derivative, formation of, 3291
2.4- Dimethyl-3-acetylthiosulfenyl-l,3-pentadiene, formation of, 1,3-Dioxanes, 2-alkoxy-, anomeric effect in, 3754

1533 1,4-Dioxanes, cis- and trans-2,5-diphenyl-, conformations of, 4558
1.1- Dimethylallene, chlorination in nonpolar solvents, 4080 1,3,2-Dioxaphospholanes, 2,2,2-trialkyl-2,2-dihydro-, 3787
N,N-Dimethylamines, tertiary, preparation, 1647 1,5- and 2,5-dioxaspiro [3,3] heptane derivatives, photochemical
Dimethylaminoacetone, mass spectra of, 1140 formation of, 2774
p-Dimethylaminoaniline, formation from hydrolysis, 2253 5,8-Dioxocarbostyrils, 6- and 7-hydroxy-, synthesis of, 1089
p-pimethylaminoazobenzene, monoxides and dioxides of, bas- 1,3-Dioxolane, chlorination of, 2126 

sicities, 4115 18,19-Dioxygenated steroids, synthesis, 1562
2- Dimethylaminocyclohexanone, mass spectra of, 1140 Dipentene, base-catalyzed isomerization of, 221
a-Dimethylamino-/3-ketonitriles, formation of, 2562 Dipeptides, cyclic, syntheis, 862, 864
p-Dimethylaminophenyl isocyanate, hydrolysis kinetics for, 2253 Diperoxides of ketones,mass spectrometry of 1931
3- pimethylamino-2-pyridones, formation of, 2562 Diperoxyphthalid, 3,3-di-i-butyl, synthesis and thermal decom- 
Dimethylaminosulfenyl chloride, addition to unsaturated hydro- position of, 848

carbons, 2111 Diphenylacetylene, photoaddition to 1,4-naphthoquinones, 2200;
1.5- and 1,8-dimethylanthraquinones, preparation of, 2020 photocycloaddition to 2,3-dihydropyran, 1653; sequence of
Dimethylanthrones, syntheses of, 2020 addition-metalation in reaction of, 3286
5.6- Dimethylbenzimidazole, comparison of the condensation Diphenylalanyl-insulin, formation of, 4476

with 2,3,5-tri-O-benzoyl-D-ribofuranosyl bromide and 2,3,5- Diphenylcarbamoyl thiocyanate, preparation of, 2073 
tri-O-benzyl-D-ribofuranosyl chloride, 1806 1,2-Diphenylcyclobutene-l, stereochemistry of addition of cobalt

N,N-Dimethylbenzylamine, anodic méthoxylation of, 316; electro- hydroca rbonyl to, 1281
chemical méthoxylation of, 4326 l,2-Diphenyl-l,4-cyelohexadiene, synthesis, 3948

3.3- Dimethyl-2-bicyclo[3.3. l]nonanone, conformational equilib- 2,2-Diphenylcyclopropane derivatives, optically active, 1962
ria and rate of bridgehead proton exchange for, 3393 Diphenyldiazomethane, reaction with p-toluenesulfinic acid, 4267

Dimethylcarbamoyl isothiocyanate, preparation of, 2073 2,2-Diphenyl-2,3-dihydrothieno[2,3-6]pyridine, preparation of,
Dimethyl eyclohexa-l,3-diene-l,4-dicarboxylate, preparation of, 2083 

2564 cis- and irans-2,5-diphenyl-l,4-dioxanes, conformations of, 4558
as -an d  iraras-dimethylcyclohexanes, relative stabilities of, 784 l,6-Diphenyl-3,4-dithia-l,6-hexanedione, alkoxide cleavage of,
l,10-Dimethyl-9-decalol isomers, synthesis, 2593 563
1.2- Dimethyl-5,7-di-£-butylspiro[2.5]oeta-l,4,7-trien-6-one, syn- 1,2-Diphenylethanol, 2-amino-, nmr in conformational equilibria

thesis and chemistry of, 2152 of, 3480
Dimethyl and diethyl phosphine oxides, formation of, 3690 N-1,2-Diphenylethylamine, preparation of irans-stilbene from,
2.2- Dimethyl-l,3-dinitropropane, Michael-type additions with, 234

2106 2,3-Diphenyl-2-heptenoic acids, isomeric, stereochemistry of, 3286
1.1- Dimethyl-3,3-diphenylindan, formation of, 4543 £raiis-l,6-Diphenyl-l,3,5-hexatriene, formation of, 3955
3.6- Dimethylene-2,5-piperazinedione, kinetics of formation, 3908 3,3-Diphenylindan, 1,1-dimethyl-, formation of, 4543 
4,5^Dimethylene-3,3,6,6-tetramethyl-l-thiacycloheptane, synthe- Diphenyliodonium iodide, reaction of aziridine and oxirane

sis, 2214 derivatives with, 1317
Dimethylformamide, reaction with aryl chloroformâtes in syn- Diphenylketene, 3974

thesis of «-chlorocresols, 1084 Diphenylketene-p-tolylimine, reaction with hexafluoroacetone to
2.5- Dimethylfuran, reaction with tetrafluorohydrazine, 2330 form an oxetane, 1844
1.1- Dimethylhydrazine, in lH-aziridinesynthesis, 887 ( — )-(i2)-l,l-Diphenyl-2-methylcyclopropane, via the Simmons-
irons-l,2-Dimethyl-3-isopropylaziridine, conformational equilib- Smith reaction, 2141

riumof, 3904 p-(Diphenylmethyl)diphenylhydroxymethylbenzene, formation
9a,10a-Dimethyl-7/3-isopropyl-l-decalone, synthesis, 3913 of, 1509
Dimethylketene, addition to trichloroacetylchloride, 4550 S-Diphenylmethyl group, use in purinethione synthesis, 3776
Dimethylmagnesium, factors influencing the rate of addition to 7,8-Diphenyl-2-oxabicyclo[4.2.0]oct-7-ene, formation and spec- 

benzophenone, 929 tra of, 1653
Dimethyl 10-methoxyanthryl phosphates, synthesis and D ie ls- 2,2-Diphenyl-l,3-oxathiolane, synthesis of, 2133

Alder reactions of, 2942 4,4-Diphenyl-l,2-oxazetidin-3-ones, synthesis and ring fissions
1.5- Dimethylnaphtbalene, kinetics of bromination of, 1160 of, 3619
Dimethyloxosulfonium 2-(methylamino)benzoylmethylide, a new 3,4-Diphenyl-4-oxazolin-2-one, reaction with organic nitrites,

ylide and use in heterocyclic syntheses, 66 2884
Dimethyloxosulfonium methylide, reaction with dehydronorcam- Diphenyloxetane derivatives, of chrysanthemic acids, 676 

phor, 2188 l,5-Diphenylpentadien-3-ol, preparation of geometrical isomers
N,N-Dimethyl-N-phenylhydrazinium chloride, diimide forma- of, 4309

tion in the basic decomposition of, 322 9,10-Diphenylphenanthrene, from thermolysis of biphenylene,
Dimethylphenylsulfonium and selenonium methyl sulfate, chlor- 451

ination and bromination of, 230 l,3-Diphenyl-4-(phenylimino)-2-uretidinone, reactions of, 1913
Dimethylsulfonium methylide, reaction with estrone, 2789; Diphenylphospinous chloride, reaction with benzoyl peroxide, 

reaction with irons-2-phenylethenesulfonic acid esters and 2325
amides, 3849 1,3-Diphenylpropene, selenium dioxide oxidation of, 2647

Dimethyl sulfoxide, reaction with benzil, 1077 2,6-Diphenyl-4-pyrone, reactions of cyanoacetic acid with, 4418
Dimethyl sulfoxide-DCC oxidation, to 1,3-diaminoacetones, 533 2,4-Diphenylpyrrole, synthesis of, 454
Dimethylsulfoxonium methylide, reaction with conjugated Di(phenylsulfonyl)diimide, synthesis and characterization of,

nitro olefins, 1164 1537
1.2- Dinitroacenaphthylene, Diels-Alder reaction and photo- 2,3-Diphenylthiirene 1,1-dioxide, preparation of, 2026

dimerization of, 114 1,4-Diphenyltriazole, 5-diazomethyl-, carbene reactions of, 1145
2.4- Dinitroanisole, in reversible reaction with piperidine, 2320 1,4-Diphosphacyclooctatetraenes, attempted formation, 579 
trans-2,2 '-Dinitro-irans-azodioxycyclohexane, formation of, 3957 1,4-Diphosphoniacyclooctene and diene salts, 579
2.4- Dinitrobenzenesulfonyl chloride, addition to aliénés, 2988 1,4-Diphosphorus derivatives, of benzocyclooctene, 579
2.4- Dinitrobenzenesulfenyl group, block for 5'-oxygen of deoxy- 1,3-Dipolar cycloaddition, mechanism of, 2285, 2291

adenosine, 2589 1,3-Dipolar reactivity, of lumisantonin, 4389
6,8-Dinitro-l,3-benzodioxane, ring opening of, 2557 Dipole moments, benzene-induced shifts in five-membered hetero-
Dinitrogen tetroxide, reaction with acenaphthylene, 114 cycles, 2555; of 3,7-diazabieyclo[3.3. ljnonanes, 355; of
Dinitrogen trioxide, addition to norbornene, 2586 cis- and irans-vinylenebisfdiphenylarsines), 1681
2.4- Dinitronaphthalenes, 1-alkoxy-, Meisenheimer complexes Diradical, spin paired, intermediate in 1,3-dipolar cycloadditions,

of, 977 2285,2291
2.4- Dinitrophenol, kinetics of formation of, 2320 _ Disiloxane, l,3-bis(m-bromophenyl)- and l,3-bis(p-chlorophenyl)-,
2.4- Dinitrophenylhydrazones, kinetics of syn-anti conversions synthesis of, 1277

of, 753 Disilylation of conjugated dienes, configuration of diene anion
2.4- Dinitrophenylpiperidine, kinetics of formation of, 2320 radicals and dianions, 1975
2.4- and 2,5-dinitrophenyl sulfates, hydrolysis of, 3852 Displacement reactions, of dibutyl iodomethaneboronate, 3055
1.3- Dinitropropane, 2,2-dimethyl, Michael-type additions with, Dissociation, of dicyclopentadienedicarboxylie esters, 626

2106 Disulfide group, chirality of, correlation with molecular ellipticity,
Dinitro-substituted arenes, spiro Meisenheimer complexes of, 3966

4 14 1  Disulfide interchange during alkoxide cleavage of 6,7-dibenzoyl-
18,19-Dinor steroids, partial synthesis of, 109 3-carboxyl-4,5-dithiaheptanoic acid, 2734
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Disulfides, SS -  2 - acetaminoethyl-0 ,0 -  dialkylthioperoxymono- Enol ether dimers, 2436
phosphorthionates, 1651; aliphatic, chemistry of, 559, 563, Enolization of 2-butanone, acetate catalyzed, 1301
2734; conversion into sulfinyl chlorides, 2104; organic, alka- Enols, in reaction with 2-methoxybutadiene, 4508 0047
line decomposition of, 568; thiocarbamoyl and imidocarbamoyl, Enones, A-ring conjugated, of 17^-acetoxy-5a-androstane, 4841
3805 Enthalpies, of hydrogen bonding of alcohols, with peroxide and

Diterpenes, synthesis of methyl 13,16-cycloatisan-18-oate (methyl ether groups, 3882
„n li-tra rhvlobanatel 4210 Enureas, neutral N  acylated, formation of, 2357

Diterpenoid synthesis, by A B  —  A B C  approach, 712 Epichlorohydrin, twelve-membered-ring polyether of, 388
1.3- Dithiacyclobutanes, tetraacyl-, from carbon suboxide and 3-Epiisotelekm, isolation and structure 01,3743 ,

sulfur dichloride, 3642 Epimerization of pseudo-a-DL-talopyranose to pseudo-a-DL-
1 .3-  Dithiane 1 -oxide, synthesis and anionic properties of, 25S6 galactopyranose, 2841 , .  , . , .,7A
Dithianes, 1 ,2-, chair conformation of, 3966; in preparation of Epimers, l-azabicyclo[3.2 . l]octan-3-, -4-, an d -6-0I isomers, 43/6

bisthio carbanions, 298; 1,3-preparation and reactions of, 300 Epindolidione, synthesis of, 4004 . oon,
4 ,5-D ith ia-l,8-octanedione, 3 ,6-dibenzoyl-l,8-diphenyl-, alkoxide Episulfides, orientation effects m ring-opening reactions of, 2895

cleavage of 2734 Epoxidation of 2a,3,4 ,5-tetrahydrocenaphthylene, 3283
1 .4-  Dithiinium salts, l-alkyl-2,5-diphenyl-, 3771 Epoxides, base-promoted reactions of, 2375; derived from the
Dithiocarbamates, thioalkylation of, 3865 side chain of 50-pregnan-3a -9l, carbon 20, 169o; ol diene
Dithiocarboxylates, 1-pyrazole-, preparation, 890 qumone adducts, reaction with acidic reagents, 42/ , 2 ,3-,
Dithiole ring system, synthesis of compounds containing, 1850 of 1,4-naphthoqumone, kinetics of the reaction with 1-pheny -
1.2- Dithiolium cation, methylation of thiothiophthene no-bond lH-tetrazole-5-thiol sodium salt, 262; reaction of potassium

resonance compounds and their nitrogen isosteres, 2915 cyanate with, 379; reduction with alkoxyaluminum hydrides,
1.2- Dithiolium salts, 3-hydroxy- and alkoxyaryl derivatives of, 1132; synthesis and reactions of a 4-methylene-l-oxaspiro-

3352 [2.2] pentane derivative, 991
( _ ) - l  4-Dithio-ng-threitol(optically active Cleland reagent), 1,2-Epoxydodecane, reaction of potassium cyanate with, 379 

synthesis of 2171 Epoxy ketones, «,(3-, of 17/3-acetoxy-5<*-androstane, 3374, a,p-,
1.2- Di-p-toluenesulfonylethene, addition-elimination reactions in reaction with diphenyliodonium iodide, 1317; stereochemis-

of 985 fry of, 1890 . ,
2.3- Di-p-toluenesulfonylaziridine, from photolysis of irans- 1,2-Epoxy-l-phenylcyclohexanes, enantiomeric, synthesis and

d-azidovinyl p-tolyl sulfone, 3418 absolute configurations of, 4045
Ditrophenyl ether, preparation, 2567 Equilibration data of 1-methylcyclohexanol system, 3319
s-Dodecahydrotriphenylene, oxidation of, 4398 Equilibria, in 2-alkoxy- and 2-alkylthiomethyloxanes and 1,3-
Dodecenes, in benzene alkylation, 1523 dioxanes, 3755; cis-trans, of azindine ketones, 516, , s

ring chain, substituent entropy controlled, 523
ortho Electrical effect, variation with solvent 3872 Equilibrium constants, for charge-transfer complex formation,
Electrochemical methoxylation, of N,N-dimethylbenzylamine, 3878 . ,

4320 Ergosterol, thermal isomerization ot, 438
Electrochemical oxidation, of epimeric ^-hydroxycycloalkylacetic Erythromycin antibiotics, chemical modifications of, 665

acids 2704 Esr spectra, of 4-hydroxy-3 ,5-dnodophenylpyruvic acid autoxi-
Electrochemical reduction, of alkyl- and arylacetylenes, 2727; dation, 157; of tetrazolinyl radicals, 2744, use m ra ica

of alkyl esters of p-toluenesulfonic acid, 2716; of geminal reactions of Grignard reagents, 2148
dihalocyclopropanes, stereoselective, 1283 Ester free radicals, 2-carbomethoxy-2-propyl radical, 3o2/

Electrochemistry, of quinones, 3968 Esterification and ethinylation reaction, concomitant, 16/3
Electrolytic bimolecular reduction, of acetophenone-7-C14, 294; Esters, a-halo, reaction with organocadmium reagents, 16/5, 

of benzaldehyde and propiophenone, 2145 a-keto, Stobbe condensation of, 838; nature of polar enect
Electrolytic reduction, of 14-bromocodeinone, 3000 in hydrogen atom abstractions, 3972 ; of nitric acid, 580, oi
^-Electron densities, of 1-naphthol and 1-naphthoxy anion, 1480; co-mtroso periluorinated carboxyhe acids, 2102 ; reaction witn

of naphtyyridines, 1385 hydrazines, 851; reductive alkylation of, 2388; unsaturated.
Electronic spectra, of air-sensitive phosphorus ylides, 2993; of diazoacetic acid, preparation and decomposition ot, 33,

of deoxophylloerythroetioporphyrin, 3144; of indeno[2,l-b]- unsaturated, iron carbonyl catalyzed isomerization ol, 103U,
1,4-benzothiazine derivatives, 3308; of lithium salts of sub- ¿3, Y-unsaturated, by photochemical isomerization, lu 7 l ^
stituted fluorenes, 1123; of 2-nitroanilines, correlation with Estra-4,6-diene-3,17-dione, acid treatment of enolate anions ot, 
acidity, 1947; -structure studies of nitroanilines, 3498 1750 . , _ . . .

Electron-transfer polymers, 2539 _ , , Estradiol, 2- and 4-bromo-, synthesis and properties of, 165 ,
Electron-withdrawing functional groups, influences on basicities 2 -and 4-fluoro, synthesis, 2469; metabolites ot, 3133

of amino acid derivatives, 154 Estra-l,3,5(10)-triene-3,15a,16a,17£-tetrol, synthesis, 3133
Electrophiles, reaction with imines, 2357 Estra-l,3,5(10)-triene-3,15/3,16ff,17d-tetrol, synthesis, 3133
Electrophilic cyclopropane ring cleavage, 1460 Estrogen catechols, isomeric aryl monosulfates ot, 662
Electrophilic oxamides, reaction with hydrogen peroxide and Estrone, reactions of dimethylsulfomum methylide and di- 

fluorescent compounds, chemiluminescence, 250 methyloxosulfonium methylide with, 2789; synthesis, 3126
Electrophilic substitution, in acenaphthene and related com- 8a,9^-Estrone methyl ether, synthesis of, 1754 

pounds, 1497 Ethanethiolic acid, addition to alkenylsilanes, 2915
Elimination, irons, predominant in dehydration of cyclohexanols Ethanol-OD, facile and economic synthesis of, 1257 

over alumina catalysts, 2035; from /3-iodo azides, stereochemis- Ether formation, stereospecific, of tropanes, 2601 
try, 2686 Ether and peroxide groups, comparison as proton acceptors, 3882

Elimination reactions, of halides, effect of enolate basicity in, Ethers, alkyl vinyl, reaction with methyl a-D-glucopyranoside, 
3477; of hydrogen chloride from 1,1,2-trichloroethane on ion- 1067; a-difluoroamino,synthesis, 2521; and epoxidp, benzene
exchanged molecular sieves, 2161; of 2-(4-pyridyl)ethylamines, and pyridine solvent shifts m nmr of, 998; fluonnated, iorma-
base-catalyzed, 1290; novel, of partially benzylated sugars, tion in a modified halohydrm reaction, 1839, hindered, reac-
1816; use of the term regiospecificity in, 2684 tions with hindered amines, 4262; nature of pplar effect in

Enamides, neutral N  acylated, formation of, 2357 hydrogen atom abstractions, 3972; unsaturated, iron carbonyl
Enamine reactions in synthesis of 6-ketononolides, 6- and 7- catalyzed isomerization of, 1550 _

ketodecanolides, and 7-ketoundecanolide, 2013 Ethinylation and esterification reaction, concomitant, 1673
Enamines, comparison with imines in electrophile reaction, 2357; l-Ethoxy-l,3-cycloheptadiene, synthesis of, 3651

condensation with p-benzoquinones, substituted, 3346; methy- Ethyl acetate, effect of ground-state solvation on the n —̂ -n- 
lene bases in the benzothiazole series as, 2858; oxidation with transition of, 416 . r , .
thallium triacetate to form a-acetoxy ketones, 3359; reaction Ethyl acrylate, reaction with ethyl (dimethylsuliuranyiiaene)- 
with methyl/3-vinylacrylate, 2959 acetate, 1284 . . .

Encelia farinosa Gray, farinosin from, 3743; sesquiterpene Ethyl 5-ammo-2-furoate, hydrolytic dimerization of, 11U5 
lactones from 656 Ethylation with ethyl fluoride at low temperatures, 27o

Encelin, sesquiterpene lactone structure, 656 Ethyl azodicarboxylate, in dehydrogenation of hydroxylamino
Enediamines, alkylation of, 2385 group, 4554
e:co-cis-3,6-Endoxo-4-methyl-A4-tetrahydrophthalic anhydride, Ethyl carbamate, reaction with glyoxal, 3937

bromination of, 1235 Ethyl 7-chloro-l,3-dihydro-2-oxo-5-phenyl-2H-l,4-benzodiaze-
Enediol bisphosphates, preparation of, 25 pine-3-carbamate, from rearrangement, 828
Enol acetylation, of steroidal A4-C  ketones, 3109 Ethyl diazoacetate, reaction with enol acetates, 47
Enolate anions, alkylation of, preparation of perhydroindanyl- Ethyl N,N-diethylsuccinate, diborane reduction of, 3637

acetic acids, 47; of estra- and 17-hydroxyandrosta-4,6-diene- Ethyl6,7-dimethoxy-l,2,3,4-tetrahydro-l-isoquinolineacetate,op-
3,17-dione and related reactions, acid treatment of, 1750 tical resolution of, 3993 .

Enolate basicity effect in elimination reactions of halides, 3477 Ethyl (dimethylsulfuranylidene)acetate, miscellaneous reactions
Enolates, chemistry of, 2222 of, 3514; reaction with a-bromo acrylic compounds, 1285;
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reaction with a,/3-unsaturated esters in ethanol solutions, 1284 Fluorine-containing diaziridines, preparation of, 3489 
inms-Ethylene-cfc, chlorination of, 2345 Fluorine-containing vinyllithium compounds, reactions with
Ethylenediaminechromium (I I  ), in reductive cyclization of ethylchlorosilane, 472

a,w-dihalides, 1027 Fluorine-containing vinyl organometallic compounds, reactions
Ethylene oxide, cochlorination of 1,3-dioxolane with, 2126 of, 286
Ethylene- and 2-propene-l-sulfonyl chlorides, polar effects in, Fluorine, effect on photoelimination reactions in ketones, 2523 

4343 Fluorine migrations in l,l-di(chlorodifluoromethyl)ethylene,
Ethylene- and propylenediamine, reaction with trihaloacetic acid phenylmagnesium bromide induced Sn 2' reactions, 2173

esters, 3932 Fluoroacetone hemiketal esters, mechanism of thermal decomposi-
Ethylene thioketals, preparation and properties, 1466 tion of, 4169
Ethyl 8-hydroxy-p-menth-3-en-9-oate, dehydration of, 2466 2-Fluoroadenosine, convenient synthesis of, 432
cis- and frans-3-ethylidenecyclohexene, from isomerization of 4- Fluoroalkylamines, nmr and Hammett a values, correlation of, 

vinylcyclohexene, 221 1002
7-Ethylidene- and 7-ethyl-l-azabicyclo[3.2. l]octan-6-ol, forma- Fluoroalkylpyridines, formation of, 3343

tion of, 4376 Fluoroalkylquinonemethides, formation of, 3297
2-Ethyl-3-isopropylidene-5,5-dimethylpyrrolidine, formation of, Fluoroaromatic nitriles, reaction with sodium pentafluoropheno- 

2365 late, 1658
Ethyl 2-ketocyclopentanecarboxylate, in arylamine reaction, 833 Fluoroborates, aryldiazonium, reactions of, 4333
Ethyl thionbenzoate, two tetrasubstituted intermediates in the Fluorocarbon difluoramines and nitriles, preparation of, 3675

alkaline hydrolysis of, 1022 Fluorocarbon peroxides, preparation of, 2095
Ethylurethan, formation of, 4548 Fluorocarbonyl trifluoromethyl peroxide, properties of, 2099
Ethynylation of ketones, 779 Fluoro compounds, preparation of trifluoromethyl trifluorovinyl
4-Ethynylpyridine, synthesis, 3007 ketone and pentafluoroethyl trifluorovinyl ketone, 1016
Eudesmane, side-chain stereochemistry in, 3156 Fluorocyclobutenes, dihalo-, preparation of, 33
7 -Eudesmol, 10-epi-, in synthesis of agarofuran, 435 Fluorodiazirines, preparation of, 1847

Fluorodinitroacetamide, preparation of, 1257
Factor F, synthesis of an anomer of the nucleoside from, 2828 Fluorodinitroacetonitrile, preparation of, 1257
Farinosin, revision of structure of, 3743; sesquiterpene lactone Fluorodinitromethyl compounds, synthesis and properties of, 

structure, 656 3073
Fatigue mechanism for thermochromism in leucosulfites of tri- 2- and 4-Fluoroestradiol, synthesis, 2469 

phenylmethane compounds, 1945 Fluoroformyl perfluoromethyl peroxide, properties of, 2099
Favorskii rearrangement of cis- and trans-carvone tribromides, Fluoroketones, 817

407 Fluoro ketones, reaction with a-iminoperfluoronitriles to form
Ferric chloride, use in chlorination of diethyl acetylenedicarboxy- oxazolines, 3625

late, 1292 5a-Fluoro-6-nitrimines, of steroids, formation of, 3699
Ferrocene, aluminum chloride cleavage and alkylation of, 3312 Fluoronitroaliphatics, 3073; preparation of negatively substi- 
Ferrocenes, allylic oxidation of 1-ferrocenylcyclopentene, 2926; tuted halonitromethanes, 4296

olefinic, ozonations of, 2971 gem-Fluoronitro compounds, synthesis of, 3080
[1. l]Ferrocenophane, formation of, 3312 Fluoronitrogen compounds, preparation of, 1847
1- Ferrocenylcyclopentene, allylic oxidation of, 2926 Fluoro olefins, isomerization of, 1854; reaction of sulfuryl
2- Ferrocenyl-2-cyclopenten-l-one, preparation of, 2926 fluoride and sulfonyl fluoride with, 344
Ferrocenyl esters, reactions of, 4301 5a-Fluoro-6-ones, of steroids, formation of, 3699
Ferrocenylmethyl acetate, preparation of, 4301 4-Fluorosulfatoazobenzenes, preparation of, 2667
1- Ferrocenyl-2-phenylethanediol, formation of, 4545 Fluorosulfonic acid, aromatic nucleophilic rearrangements in,
Ferrocenylphenylglyoxal, formation and reactions of, 4545 2664; reaction with azoxybenzenes, 2667
2- Ferroeenyl-3-phenylquinoxaline, formation of, 4545 Fluorotriazene intermediates, 4333
3- Ferrocenyl-2,4,5-triphenylcyclopentadienone, formation of, 1-Fluorovinyllithium, preparation and reaction of, 286

4545 F olic acid antagonists, potential, 533
Ferrous metals, inhibition of metal-ammonia reduction, 2570 Formaldehyde, addition to levopimaric acid and methyl levo-
Ferulicacid, hydrogenation products of, 3601 pimarate, 918; reaction with d-limonene, 1156
Fischer indole synthesis, direction of cyclization of isopropyl- Formamide, condensation product with N-(p-Methoxyphenyl)- 

methyl ketone phenylhydrazone, 4283 anthranilic acid, revised structure of, 2540
Five-membered rings of restricted mobility, rearrangements in, Formamides, and formanidines, reaction of aryl isocyanates with, 

1042 3928,3931
Flavanoids, of citrus, 1571 ; isomeric N-pyrrolidinomethyliso- Formates, in dealkylation of aromatic tertiary amines, 318 

flav-3-enes, synthesis and structure of, 2998 N-Formylacetamides, pyrolysis of, 4050
Floricaline, new alkaloid from Cacaliafloridana, 3570 Formylation and cleavage of nitrones, concomitant, 4270
Floridanine, new alkaloid from Cacaliafloridana, 3570 o-Formylbenzeneboronic acid, imino derivatives from, 4483
Florosenine, new alkaloid from Cacaliafloridana, 3570 Four-membered cyclic dipolar intermediate, trapped by allyl
Fluoramines, rearrangement of, 2664 glycidyl ether, 1400 .
Fluorene, base-catalyzed reaction with lactones and hydroxy Free-radical addition, of alkyl-N-chloramines to substituted ole- 

acids, 2575 fins, 3457 ; of hydrogen bromide to 1,5-cyclooctadiene, 3643
Fluorenes, electronic spectra of lithium salts of, 1123; prépara- Free-radical alkylations, of 2-hydroxy-l,4-naphthoquinone, 576

tion of, 4237 Free radical in autoxidation of 4-hydroxy-3,5-diiodophenyl-
9-Fluorenylalkanoic acids, formation, 2575 pyruvic acid, nature of, 157
9-Fluorenyl p-toluenesulfonate, 2,4,7-trinitro-, acetolysis of, 1935 Free-radical chlorination and chloroformylation, of bicyclo- 
Fluorescent compounds in peroxyoxalate chemiluminescence, [3.1.0] hexane, 1448

4266 Free-radical hydrogen atom abstraction from substituted cumenes,
Fluoride-induced cleavage, of carbon-phosphorus bond, 1664 332
Fluorides, acyl, cyclic, synthesis, 1690; metal, adducts with Free-radical 1 ; 5 rearrangement, of trichloromethyl group, 2338 

hexafluoroacetone, 1837; Free radicals, addition to sterically hindered styrenes, 94; 2-
N-Fluoriminodicarboxylate, diisopropyl, 4333 carbomethoxy-2-propyl radical, 3527
a-Fluorimino esters, preparation from N-fluoriminonitriles, 2660 Free-radical substitutions, steric requirements, 3221 
a-Fluoriminoimidates, preparation from N-fluoriminonitriles, Friedel-Crafts alkylating agent, indole, 1663 

2g60 Friedel-Crafts méthylation of acenaphthene, 3404
N-Fluoriminonitriles, reactions of, 2660 Friedel-Crafts reaction, in preparation of phenoxaphosphine
Fluorinated acetylenic alcohols, and aliénés, 819 derivatives, 474 . - .. f QQQ
Fluorinated cyclic sulfides, formation of, 1850 Fumagillm, synthesis of intermediates for preparation of, 399
Fluorinated oewi-diols, metal derivatives of, 2100 Fumanc acid photodimers, chemistry of, 1018 .
Fluorinated ethers, formation in a modified halohydrin reaction, C - ^  Functional steroids, synthesis of androstane derivatives,

Fluorinated ketone-metal fluoride adducts, 1837 oxidase(s), C. sasakii, in dehydroabietane hydroxylation,
Fluorinated nitroso carboxylic acids, esters of, 2102 4462

i s a s a f i i s s s -  .
^aîk^am^nés l̂MS^^F'ET-dinitro^arbanion^alts^SOTS^0̂  2(5H)-Furanones, 5-phenyl-3-(substituted anilino)-, synthesis,

fluoroperoxides, 2095; of methyl isobutyrate with perchloryl 3991 ,
fluoride, 4279; of nitroaromatic amines, 1387; of mtronate Furanose forms of D-arabmose, D-lyxose, D-nbose, and D-xylose, 
salts, 3080; of sodium dicyanamide and cyanoguanidine, 2522 nmr of 1799
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Furanoside synthesis, novel, 3731 «-H a lo  esters, reaction with organocadmium reagents, 1675
Furans, hydrolytic dimerization of ethyl 5-amino-2-furoate, 1105 Halohydnn reaction, modified, m the formation of fluonnated 
Furo [2,3-c] pyridine derivatives, synthesis of, 133 ethers, 1839 . . , , , , . Qaba
Furoxan, di(cyclopropanecarbonyl)-, preparation of, 866 a-Haloisobutyrophenones, m tnphenylphosphine reaction, 3b86
Furoylacetonates, metal, synthesis and SE reactions, 680 a-Halo ketones, reaction with tnphenylphosphine, 3504
2- F u ry l th ioethers, new  synthesis b y  reaction  o f th io ls  w ith  2,5- H a lon itrom ethanes , n eg a tiv e ly  substitu ted, p rep ara tion  ot, 429b

d ihydro-2 ,5 -d im ethoxyfu ran , 1869 N -H a losu ccm im ides , sulfide ox ida tion  w ith , 3976
3- F u ry l th ioethers, tetrahyd ro-2 ,5 -d im ethoxy-, p rep ara tion  of, 5-H alouraeils, k inetics  o f hyd ro lys is  of, 3460

186g Hammett equation, extended, pK„ of 2-substituted benzoic
Fusarium  species, isolation of norjavanicin and fusarubin from, acids correlated with, 3873; in hydrogen abstraction from

4299 cumenes, 332 ; in substituent constant correlations of quinohne-
Fusarubin, isolation of, 4299 . carboxylic acids, 1504
Fu sed  a rom atic  heterocycles , synthesis b y  1 ,3-dipolar ad d ition  H a m m ett <r values o f fluoroa lkylam ines, corre la tion  w ith  *  nm r

reactions 2062 shifts, 1002.
5 Hantzseh thiazole synthesis, intermediates in, 4422

Gaillardia Aristata Pursh., 3-epiisotelekin from, 3743 Hasubanan alkaloid, phenolic, 4529 . .,
Gas chromatographic method, for activation energies of first- Hayashi rearrangement of 3-methylbenzoylbenzoic acids to 

order reactions, 3334 6-methyl acids, reversibility of, 2020 „ Q
Gas chromatography, optical analysis, using ( -  )-menthyl chloro- Helemum alternifohum sesquiterpene lactones, Z i*iu

formate, 3978 Hemiacetal, aluminum alcoholate of, intermediate in the lisn -
Gas-liquid partition chromatographic product ratio analysis, in chenko reaction, 3657

methyl /3-(acetylthio)acrylate reaction, 4451 Hemiketal esters of fluoroacetone, mechanism of thermal decom-
Gentiobiouronic acid, synthesis, 1559 position of, 4169 . , . ,
Geometrical isomers of l,5-diphenylpentadien-3-ol, preparation 3,3',4',5,5',6,7-Heptamethoxyflavone, isolation from Murraya

of 4309 paniculata, 3574
(±)-G eosm in , synthesis, 2593 Hepta- and octamethyleneimines, transannular reactions in,
Glucagon, synthesis of a tetrapeptide sequence (A i-A < ) of, 4251; 3187 . , . .

synthesis o f a te tra p ep tid e  sequence ( A 9- A 12) c f, 1261 H ep ta p ep tid e fA g i-A ss ), o f b o v in e  ch ym otryp sm ogen  A , sy  ,
a-D -G lucofuranose, 5 -am in o -5 -deoxy-l,2 -0 -isopropy lid en e, tw o  4521 . , .Q17

syntheses o f 3582 c fs -a n d  irans-3-hepten-4-yl radicals, fo rm a tion  0 1 , 4311 _
D -G luconam ide, 2,3,4,6 - te lra  -  O - b en zy l - N , N  -  d im eth y l - 5 - 0 -  0-D -aM o-Heptulopyranose, 2 ,7 :3 ,4 -d ianhydro-, fo rm a tion  ot,

(m e th y lsu lfon y l)- , unsaturated  sugars from , 1816 2844 , C9o
D-G lucopyranose, d e r iva tiv e , m olecu lar ro ta tio n  change b y  grou p  H eteroan a logs , w equ iva len t, o f cyc iop en ta [eJJhep ta ien e, 5 2 3  

change a t carbon  6 ,1819 ; units, in  dextran , 3136 H e te roa rom a tic  com pounds, 1353
a-D -G lucopyranoside, 6 -d eoxy -6 -n itro-, conversion  in to  fu rano- H e te ro a ro m a tic ity , studies on, 680 _ 0 0 0 - 7

side, 3731; m eth y l-, reaction  o f a lk y l v in y l ethers w ith , 1067 H eteroarom atics , o -d i-f-bu ty l, synthesis ot, 3337
6-  and 8-C -S -D -G lucopyranosyld iosm etin , iso la tion  and struc- H e te ro a to m ic  m esocycles, rou te  to , 2379 Qn1K .

ture, 1571 Heterocycles, amino, reaction with reactive esters, 3 0 10 , 4-
Glutamine, reaction with phosgene, 1258 and 6-azaindoles, synthesis, 3762; azo, tautomensm m, 513-
Glutarimide antibiotics, 904 bridgehead nitrogen, 3766; five-membered, benzene-induced
Glutarimides, reductive ring opening with sodium borohydride, nmr and dipole moment shifts in, 2555; fused aromatic, syntne-

206 ses of, 2062; from hydrazino alcohols, 3941
Glutethimide, reductive ring opening with sodium borohydride, Heterocyclic amines, 3 ,5-diaminopyrazole, 2606; synthesis, 3779 

206 Heterocyclic ring-expansion reaction, radiotracer study 01, ru«3
Glycal with an endocyclic double bond, l,4,5-tri-0-benzyl-2,3- Heterocyclic studies, 4381 . . 9 9 ,,7

dideoxy-D-eri/ikro-hex-2-enulopyranose, 181 Heterocyclic sulfoxides, uv configurational assignment m, 223/
Glycine, kinetics of formation from chloroacetic acid and am- Heterocyclic syntheses from o-ammonitnles, synthesis ot diaza 

monia, 1107 steroids, 1719; use of dimethyloxosulfomum 2-(methylammo)-
Glycols, aliphatic, trimethylsilyl ethers of, mass spectra of, 2271; benzoylmethylide in, 66 .

esterification with phthalic anhydride, 2930 Heterocyclic systems, with bridgehead nitrogen, 888; containing
Glycopyranosides, molecular rotations of, 185 N , O, and S atoms, synthesis of, 2402; polyaza-, str}^JJr®n97
Glycosidation, of pentoses, effect of configuration on rate of, 740 termination of, 2910; unsaturated, four membered, 3U2U,
Glycoside, isoflavone, from Baptisia australis, 462 Heterogeneous photosensitization, 2528
Glycosidic bond in acetylated 2-acetamido-2-deoxy-/5-D-gluco- Hexadiene-1,5, addition of sulfur dichloride to, 2620

pyranosides, selective cleavage by a chemical transglycosyla- Hexafluoroacetone, addition to ketemmines, 1844; adducts wi 
tion, 3585 different metal fluorides, 1837; reaction with allylic olefins,

C-Glyeosylflavones, from citrus species, 1571 1400; in reaction with tertiary phosphines, 3787
Glyoxal, reaction with ethyl carbamate, 3937 Hexafluorobenzene, in carbene reaction, 2536; cyclopentadienyt-
Glyoxal aldoxime semicarbazones, cyclization and rearrangement idene addition, to, 2538

to 6-substituted as-triazine-3,5(2H,4H)-diones, 4281 2,2,2,2 ',2 ',2 ',Hexafluorodiacetamide, preparation of, 441
Grignard compounds, composition in triethylamine, 3821 Hexafluoro-2,2-propanediol, metal salts of, 2100
Grignard reagent, benzyl, factors governing reaction of, 2203; 3,4,6,7,8,9-Hexahydro-2H -pyrim ido[l,2 -o]pynm idm e-2,8-di- 

in diethyl phosphonate reaction, 3690; radical mechanisms in imine, formation of, 3354
reactions of, 2148 2,2,6,6,7,7-Hexamethyl-l,5-dioxadispiro[2.0.2.1]heptane, forma-

Ground-state solvation, effect on the n —*■ x* transition of ethyl tion of, 3291 . ,
acetate, 416 irans-2-Hexenoic acid, 3,4,4-trimethyl-5-oxo-, preparation and

Guanidine, formation of, 4368; reactions of alkyl acrylates and mass spectra of, 351
acrylonitrile with, 3354 Hexopyranoside, methyl 3-deoxy-3-mtro-, self-addition to tn-

Guanidinecarboxylic acid, triphenyl-, formation of derivatives of, cyclic Diels-Alder products, 1823
1913 D-iyto-Hexos-5-iilose 6-phosphate, formation of, 3723

Guanidines, acyl, preparation and properties of, 552 Hexynedioic esters, addition of methanol to, 3374
Guanosine, 8-bromo-2 ',3 ',5 ',-tri-0 -acetyl-, new synthesis of, Hispidin, partial, 2399

1070 H o m o a lly lic  alcohols, synthesis of, 423
5-/3-D-Gulitoluracil, fo rm a tion  of, 140 D -H om oan n u la tion  o f 5a-pregnane-3fl,20/3-diol 3 -acetate, 3632,
9-/S-D-Gulofuranosyladenine, synthesis of, 1780 3635
d-DL-Gulopyranose, pseudo-, synthesis of, 2831 Homocubane, and derivatives, synthesis, 1454

Homolytic decompositions of hydroperoxides, 1416, 1428, 1430, 
Haemanthidine, structure and stereochemistry cf, 3749 1436
Halfordinol derivatives, isolation from Aeglopsis chevalieri Swing., Homoproaporphines, synthesis of, 690 .

3658 Horiuti-Polanyi mechanism, in cycloalkene hydrogenation, 610
Halides, aromatic, in lithium aluminum hydride reaction, 619; Hiickel calculations of idene photodimers and related compounds, 

benzyl, reactions with nickel carbonyl, 869 3441
3-(a-Haloalkyl)benz [6] thiophene 1,1-dioxides, kinetics of re- Hydration, of 1-phenylpropyne, kinetics of, 845

arrangement of, 3236 Hydrazides, by use of phosphonitrilic chloride as activator 01
Halogenated acetic acids, addition to vinyl ketones, nmr study carboxylic acids, 2979 . .

of the kinetics of, 3542 Hydrazine, reaction with chloral, 2076; reactions with dinalo-
5-Halogenoarabinosyluracils, conversion into imidazoline nucleo- cyclopropanes, 1476; reactions with uracil-5-carboxyaldehyde,

sides, 3593 892
Halogen substitution in imidazoles, reinvestigaticn of the orienta- Hydrazine heterocycles, bridgehead, 3941

tion by nmr, 1307 Hydrazines, 1,1-diaryl-, preparation of, 3963; N-difluoroammo-
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substituted, synthesis, 2336; metal oxide oxidation of, 2407; a-Hydroxy (3 diketones, and phosphate esters of, new syntheses of, 
reactions with esters and carboxylic acids, 851 1192

Hydrazinium hydroxides, as aminimine hydrates, 1377 6-  and 7-hydroxy-5,8-dioxocarbostyrils, synthesis of, 1089
Hydrazino alcohols, heterocycles from, 3941 3-Hydroxy-l,2-dithiolium salts, 3352
Hydrazoic acid, in reaction with pseudooxa,zolones, 2541 15-Hydroxyestriols, epimeric, synthesis, 3133
Hydrazones, N,N-disubstituted, bromination of, 753; oxidation 17a-Hydroxy group, introduction in 20-keto steroids, 3294 

of, 763 11-Hydroxy groups, introduction in 8-aza steroids, 4180
Hydrindacenes, synthesis of, 2000 Hydroxylamino group dehydrogenation, by ethyl azodicarboxyl-
Hydriodic acid, reaction with tertiary ketols, 1196 ate, 4554
Hydroboration, of 10-benzylidene-9-anthrones, 3935; of sub- Hydroxylation, of anisole, radiation induced, 2755; of dehydro- 

stituted cyclohexenes, 1468 abietanes, with Cortidum sasakii, 4462; microbiological, 3207,
Hydrodisulfides, aralkyl, alkaline decomposition and their com- 3217; of nitrobenzene in dilute aqueous solution, radiation in

petition with nucleophiles, 1179 duced, 1865
Hydroformylation, and cyclization of coniferyl alcohol into 3- Hydroxyl blocking group, 3,4-dihydro-2J7-pyran, 3990

(3-methoxy-4-hydroxyphenyl)tetrahydrofuran, 3601; reaction Hydroxyl group, neighboring, effect in solvolysis reactions of 
of ( +  )-tris[(iS)-l-methylpropoxy]methane, 3653 common ring p-toluenesulfonates, 118

a-Hydrogen abstraction from cumenes by  bromine atoms and Hydroxyl groups, nucleoside, use of /3,/3,/3-tribromoethyl chloro- 
and trichloromethyl radicals, 332 formate in protection of, 3589

Hydrogenation, of ^-amino-a,¿-unsaturated esters, 1287; cata- Hydroxyl replacement, by chlorine, with triphenylphosphine, 
lytic, of 3a,19-dihydroxycholest-5-ene, 468; catalytic, of a 3797
vinylcyclopropane, 1311; of conjugated diolefins with transi- 6-  or 8-hydroxy-7-methoxyisoquinoline derivatives, by selective 
tion metal t  complexes, 1689; of cycloalkenes, rates of, on déméthylation, 504
platinum-alumina catalysts, 610; of dialkylcyclohexenes, with 8-Hydroxymethylcamphene acetate, formation of, 2462 
rhodium, 3258; of 4,4-diphenyl-l,2-oxazetidin-3-ones, 3619 Zrans-2-Hydroxymethylcyclohexyl brosylate, optically active, 

Hydrogen-bond formation by phenols, effect on conformational solvolysis of, 3060
equilibrium, 3904 (Hydroxymethyl)ferrocene esters, 4301

Hydrogen bonding, intermolecular, in epindolidione, 4004; intra- 8-Hydroxymethyltrieyclene acetate, formation of, 2462 
molecular, of alcohols, with peroxide and ether groups, 3882 2-Hydroxy-l,4-naphthoquinone, alkylations of, 576

Hydrogen bromide addition to 1,5-cyclooctadiene, 3643 0-Hydroxymtnles, by condensation of acetonitrile with ketones
Hydrogen chloride, elimination from 1,1,2-trichloroethane on and aldehydes, 3402

ion-exchanged molecular sieves, 2161 12«-Hydroxyobacunone, structure of zapoterone, 3577
Hydrogen cyanide, in liquid ammonia reaction, 642 /3-(p-Hydroxyphenyl)cinnamomtnles, formation of, 2446
Hydrogen exchange in A2-dihydropyran over hot alumina, 3408 Hydroxyphosphonmm ylides, reaction of, 2590
Hydrogen peroxides, reaction with electrophilic oxamides in 17«-Hydroxy-15-pregnen-20-ones, preparation and reactions of,

presence of fluorescers, 250 , , . .. .
1,5-Hydrogen shift, in thermal rearrangement, 4501; use of lla-Hydroxyprogesterone, degradation of, 509 

trapping reagent in, 1400 Hydroxyprogesterones, mass spectra of, 1740
Hydrohalogenation, of 7-norbornenone, 1542 N-H ydroxy protecting group in pyndone syntheses, 2118
Hydrolysis, acid, of indolyl-/8-D-glucopyranosides, 3174; acid 3-Hydroxypyndines, orientation in nitration of, 478

catalyzed, of 1 -arylcyclopropylacetates, 1460; alkaline, of N-Hydroxypyndones, 6 substituted-, synthesis of, 2118
acyl- and aryl-substituted phenyl benzoates, 127; of 6-aryl- 4-Hydroxy-l,2,3,4-tetrahydroisoquinohnes, synthesis, 856
tetrahydro-l,3-oxazin-2-ones to 3-substituted propylamines, 4-Hydroxythiazohnium salts, formation of, 4422
2134; of cyclic pentaoxyphosphoranes and phosphate esters, 2-Hydroxy-2,6,6-tnmethylcyclohexylideneacetic acid -y-lactone, 
1185; of ethyl thionbenzoate, evidence of two tetrasubstituted isolation from tobacco and synthesis of, 2819
intermediates in, 1022; of 5-halouracils, kinetics of, 3460; Hydroxytropenyhum salts, preparation, 2567 , . f
kinetics of, of p-benzophenone tetramethyl ketal, 1652; ki- 2-(10-Hydroxyundecyl)benzoic acid lactone, total synthesis of,
netics, for p-dimethylamino phenyl isocyanate, 2253; kinetics, 4173
of lincomycin acetals, 2349; of nitrophenyl and dinitrophenyl

0-u-Idofuranose, 3,5-anhydro, nucleophilic oxetane ring opening,

r l m a t S ^  «-n-Idopyranose pentaacetate, conformation, 2484
o ^  o f ^ o d i ^ 1W b X t e d  Imidates, Chapman rearrangement of, 2245
suham jes £  aqueous perchloric acid, 1295; of sulfonium 10,10a-dihy-

TTSar , f  j-  • t +1. i fr - O f (  n n s  dro-, synthesis, 3342
Hydrolytic dimerization of ethyl 5-ammo-2-furoate, 1105 I midazo[ ! ,2-a]indolo[3,2-C]quinoline, formation of, 2868
Hydroperoxide oxidations, catalyzed by metals, 588 Imidazole, 1-benziloyl-, preparation and decomposition of, 899;
Hydroperoxides, homolytic decomposition of, 1416, 1421 1428, i_methÿl-, methiodide salt, nmr of, correction, 2971

1430, 1436; primary and secondary, radical-induced decom- Imidazole nucleoside, synthesis of a purine nucleoside by ring 
position of, 1421 closure of an, 2828

17-a-Hydroperoxypregnan-20-ones, rearrangement of, 1566 Imidazoles, orientation of halogen substitution by  nmr, 1307;
Hydrophenanthrenes, synthesis and stereochemistry of, 882 1 4  substituted, synthesis, 3758
Hydropyrazine intermediates, evidence for, m ring méthylation, Imidazolidones, formation of, 4368

1333 Imidazoline nucleosides, preparation from 5-halogenoarabinosyl-
Hydrostannations, photocatalyzed, 802 uracils, 3593
a-Hydroxy acids, optical glpc analysis of, 3978 Imidazolines, from reaction of iminonitriles and hydrogen cya-
2-Hydroxy-2'-alkoxydiphenyl sulfones, preparation of, 446 nide, 3625
/3-Hydroxyamides, synthesis from phenylacetamides and ketones Imidazolium iodides, 1,3 disubstituted, reductive ring cleavage 

or aldehydes, 4275 of, 860
Hydroxyaminimides, structure of, 1377 Imidazopurine derivatives, substituted, formation of, 3355
2-Hydroxyamino-a,a,a-trifluoro-p-toluenesulfonamide, prépara- Imidazo[l,5-a]pyridine, mass spectra of, 1379

tion, 2382 Imidazo[l,2-o] pyridine and pyrimidine, mass spectra, 1379
Hydroxyarenes and hydroaromatic ketones, alumina-catalyzed Imidazo[l,2-a]pyridines, substituted, synthesis, 1638 

reactions of, 1480, 1489, 1495 Imide anion as leaving group, 234
a-Hydroxyarylacetic acids, synthesis, 2565 Imide-isoimide rearrangement, pyrolysis of N-formylacetamides,
p-Hydroxybenzoic acid, selective preparation of, 4512 4050
5-Hydroxy-l,3-benzoxathiol-2-ones, synthesis, 4426 Imides, /3-keto, formation of, 894
o-Hydroxybenzylamine, ring-chain tautomerism in condensation Imidocarbamoyl disulfides, 3865

with aldehydes and ketones, 1, 8 Imine photoalkylations, papaverine and phenanthridine, 1136
10-Hydroxy-10 ,9-boroxarophenanthrene, a Lewis acid, 3324 Imines, aldose benzylphenylhydrazones, in solution, 4459; reac-
20-Hydroxyconopharyngine, structure, 3350 tion with electrophiles, 2357; reaction with a-nitro-w-halo-
4-Hydroxycoumarins, 5-aroyl- and 5-acyl derivatives of, 2966; alkanes, 2079; reductive alkylation of, 2388

3 substituted, reversible removal of carbon 2 of, 437 Iminocoumarins, route to, 2446
(8-Hydroxycycloalkylacetic acids, electrochemical oxidation of, 2,3'-Imino-l-(2-deoxy-(3-D-iAreo-pentofuranosyl)thymme, 1592 

2704' electrolysis of, 2704 Imino derivatives, from o-formylbenzeneboronic acid, 4483
as-5 9 Î0 -H - and irans-9,10 -irons-5-H -5-hydroxydecahydroiso- Iminodiacetic acids, kinetics of formation from chloroacetic acid 

quinolines, 2510 and ammonia 1107
4-Hydroxy-3 5-diiodophenylpyruvic acid, nature of a free radical Imino lactones, from Favorsku rearrangement of carvone in 

formed in autoxidation of, 157 bromides, 407
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a-Iminoperfluoronitriles, synthesis and reactions of, 3625 and metallic salts, 4548; of naphthalenes, m eth^ substituted,
Immonium ions, nmr of, 8 I f O ;  of oxetanones, 2428; of perfluoroaza compounds 2518,
1-Indanone, 3-bromo-2-benzal-, reaction with amines, 1900 of 5-phenyl-3-amhno-2(5H)-furanones, 3991, of p e y
Indanone -indenone series, amine-exchange reactions, 1907 and p-tolyl sulfones, and condensation products, 2228 ot
1-Indanone oxide, 2-benzal-, reactions of, 1890 phosphine derivatives of sugars, 2495; of phosphobetaines,
1-Indanones, 3-substituted amino-2-benzal-, formation 4395; of o-phthaladehydes, 787, of pyrans, 2416, of pyrido-

from 2-[a-(substituted amino)benzyl]-l-indenones, 1907 pyrazines, 2393; of pyrrolobenzoxazmes- “ doloqumazolmes
Indans, synthesis of, 2000 and qumazolones, 2402; o qumonemethides, Auoroalky1-,
Indene, base-catalyzed reaction with lactones and hydroxy acids, 3297; of sesquiterpene alcohol, 0-bisabolol, 909; of spiro acids,

2575; photodimers, preparation and characterization, 3441; spiroamines and derivatives, 3828; of steroidal 0 ketones and
in reaction with benzyne, 1678; synthesis of vinyl azide of, enol methyl ethers, 3119; of toiuene-ethy1 fluoride-boron
2686 fluoride complexes, 275; of tncyclo[4.2.1.02'6]nonane, 2175,

Indeno [2,1-5] -1,4-benzothiazine, derivatives of, 3308 of triptindan, 621; of zinc chloride -dioxane complex, 2551
HH-Indeno [1,2-c] isoquinoline compounds related to chelery, mt/o-Inosadiamme-1,3 and derivatives, synthesis ot, zhoi

thrine, synthesis of, 2861 Inosadiamines, syntheses of, 1604 , , A99n.
1-Indenone, preparation of, 4304 Inositol, ( )-, indirect removal of position 2 hydroxy , ,
1 lH -Indeno [2,1-a] phenanthrenes, synthesis of, 3322 myo-, postulated biosynthetic intermediate ol, 3726
3-Indenylalkanoic acids, and 1,3-indenedialkanoic acids, for- Insulin, dialanyl- and diphenyalanyb, formation oi, 4416

mation 2575 Intermolecular addition, of carbomum ion to aliphatic alkene,
Indole alkaloids from Tabemaemontana riedelii and T. rigida, 4543 , ofi,

10 55  Intermolecular condensation, of «,/3-unsaturated ketones, 3264
1-Indolecarboxanilide, and 1-indolethiocarbanilide, formation Intermolecular and Intramolecular competition, m a alkylation 

of 4551 ° f  tertiary amines, 4362
Indole-3-carboxylates, alkyl 5-hydroxy-2-methyl-, preparation of, Intramolecular alkylation as an approach to cyclic sulfones and 

2064 sulfides, 43
Indole, derivatives, in condensation with 3-acyl-2-piperideines, Intramolecular amidoalkylations, at carbon, 3779

747; derivatives, from vinyl azides, 2411; formation, by frag- Intramolecular cyclization, of cyclooct-4-as-ene-l-carboxyiic
mentation of strain-barrier stabilized 2-aminoindoline deriva- acid chloride, 1545 . , . ,, .
tives, 2051; as Friedel-Crafts alkylating agent, 1663; and Intramolecular displacement by neighboring thiolbenzoate,
metal derivatives of, reactions of phenyl isocyanate and iso- 3727; by neighboring O-thionobenzoate, synthesis ot 6 -
thiocyanate with, 4551; reaction with methyllithium and thioadenosine, 1783
methylene bromide, radiotracer study of, 1093; synthesis from Intramolecular nucleophilic participation, ¿ly4 Q
ketone phenylhydrazones, 4283; synthesis, Nenitzescu, be- Intramolecular radical processes, m synthesis oi l»,iy -a ioxy - 
havior of 2-carbomethoxy- and 2-acetyl-l,4-benzcquinone, genated steroids by, 1562
198  Inversions at carbon 3 of 3-aryl-2-methylsermes, 1762

Tndnlp nuclensidps svt.hesis of 192 Iodide ions, m acid solution, in reduction, 2234
Indoles, acyl-, synthesis and transformations of 3-(2-amino- Iodides, aryl and alkyl, by decomposition of peroxides, 3670

benzoyl)indoles, 2868; in N,N-dichlorourethan reaction, Iodine exchange between zinc iodide and »-propyl and »-bu ty l
4440; from o-nitrostyrenes, 487; preparation from 2-halo- iodide in acetonitrile, 4146 07t;a
and 2-trifluoromethyl-l,4-benzoquinones, 2064; simple, mass Iodine isocyanate, addition to unsaturated compounds, 210» 
spectrometry of, 2044; 5-trimethylsilyl, synthesis of, 1348 /3-Iodo azides, stereochemistry of elimination from, 2b»b

Indolines, oxidation to indoles in sugar nucleosides, 192 Iodobenzene, and p-dnodobenzene, from aniline diazotization,
Indolizines, benzo-, dibenzo-, and thieno-, synthesis, 3779 1636; preparation of, 3670 , .  . ,
Indolobenzoxazines, synthesis, 2402 . Iodobenzene dichloride, use in addition of chlorine to olenns,
3H-Indol-3-ols, 2-(substituted amino )-3-phenyl-; preparation of, mechanism of, 38 , , . t ,0 1 7

4274  cis-  and ¿rans-4-iodo-3-heptene, synthesis and photolysis ot, 4ul/
Indolopavine derivatives, from 2 -alkvl-l-(indol-3-ylmethyl)- Iodonium salts, aliphatic, effects toward synthesis of, 1251

1,2-dihydroisoquinolines, 3605 " Iodosyl salts, diaryl-, synthesis of, 2981
Indoloquinazolines and qumazolones, synthesis, 2402 9-Iodotriptycene, preparation of, 1251
Indolo[3,2-c] quinolines, formation of, 2868 Ion catalysis of sulfite radical-ion addition to olehns, 410»
Indolo [3,2-c] thiapyrylium perchlorate, preparation, 1306 Ion-exchanged molecular sieves, in elimination 01 hydrogen
Indolyl-^-D-glucopyranosides, kinetics of acid hydrolysis, 3174 chloride from 1,1,2-trichloroethane, 2161
1- (Indol-3-ylm ethyl)-l,2-dihydroisoquinohnes, selective con- Ionic chlorination of simple allenes, 4080

version of, 3605 »teso Ionic s-triazole derivatives, ring fused, 2559
2- Indolyl 4-piperidylmethyl ketone, synthesis and reactions of, Ionization, of an a hydrogen of acetonitrile by n-butyllithium

487 and alkali amides, 3402
Indoxyls, endocyclic unsaturated, 2548 Ionization constants, of squaric acid, 4559; of meta- and para-
Inductive effect, of vinyl group, 694 substituted efs-3-phenylcyclobutanecarboxyhc acids, 1959
Inductive and participation effects in the addition of trifluoro- a-Ionone, ¿-butyl chromate oxidation of, 3566.

acetic acid to cyclopropanes, 968 Iridolactones, conformations, 3149
Infrared, of SS-2-acetaminoethyl-0,0-dialkylthioperoxymono- Iron carbonyl catalyzed isomerization, 1550

phosphorthionates, 1651; of alkoxysilanes, 3959; of amine-phos- lron(0) complexes, oligomerization catalyst, 3948
phorus pentafluoride adducts, 1392; of air.inimides, 1374; Irradiation of 3-chlorocoumarin, 2811
of a-aminoarylmethylphosphonic acids, esters and oximes, Irradiative coupling, ethyl 3-bromoperfluorobutanoate, 442
3090; of amino-2-pyridones, 2562; of aroyl N,N-dimethyl- 2-Isoamyl-3,4-dimethyl-2,3-dihydrobenzofuran, cis- and trans-, 
glycinonitriles, 2562; of 5-aryl-3-styryl-2-cyclohexen-l-ones, synthesis of, 399 .
3264; of 1,3- and 2,4-benzodiazepines, dihydro-, 670; of 7,7 Isobutenyl group, in chrysanthemic acid, reactions ol, 67b
bis(trifluoromethyl)quinonemethide, 3306; of borazarophen- Isobutyl chloride, solvent effects in the chlorination of, 1231
anthrene derivatives, 1353; of brominated salicylaldimine Isobutylene sulfide, ring-opening reactions of, 2895
chelates, 1693; of carbinol sulfonamides and sultams, 900; 4-Isobutylquinoline, peri interaction in mass spectral fragmenta-
of N-chlorosulfonamides, 3066; of cholestane a-hydroxy ke- tion of, 2962 .
tones and 7a-bromo derivatives, 2428; of coumarins, 2446; ( — )-(3S )-a n d  ( + ) - ( 3i?)-3(ii-isocaproic acids, synthesis, 2181
of crassanine, 3350; of dialkyl S-aryl pho.sphorothiola~.es, 907; Isocoronopilie acid, stereochemistry of, 2807
of diaryliodosyl salts, 2981; of dibenzenesulfonylhydrazine, Isocoumarin, ll-ketoindeno[ 1,2-c]-, formation, 896
and di(phenylsulfonyl)diimide, 1537; of N-difluoroamino- Isocyanate-carbodiimide adducts, formation of, 1913
substituted hydrazines, 2336; of 2,3-dihydro-4H-l,2,4-benzo- Isocyanates, aryl, reaction with N,N-dimethylformamide, 3928, 
thiadiazin-4-ol 1,1-dioxides, 2382; of dihydrotazettine methine 3931; organic, hydrolysis kinetics for, 2253; tosyl, reaction
and derivatives of, 3096; of 1,3,2-dioxaphospholanes and with carboxylate salts, 4442
dioxaphospholenes, substituted, 3788; of 8«,9/3-estrone methyl Isocyanic acid, reaction with trifluoroacetic anhydride, 441; use
ether, 1754; in ethanolysis of aliphatic sulfonyl compounds, of, 3088 _ .
4343; of ferrocenylphenylglyoxal, 4343; of 9-fluorenylalkanoic Isoflav-3-enes, N-pyrrolidinomethyl-, isomeric, synthesis and
acids, 2575; of fluorodinitromethyl compounds, 3073; of [1,2- structure of, 2998
cjhydantoins, 4551; of hydrogen bonding of alcohols, with Isoflavone glycoside from Baptisia australis, 462
peroxide and ether groups, 3882; hydrogen bonding of phenols Isoindolobenzothiadiazin, synthesis, 2402
to amines, 3904; of 2-hydroxyamino-a,a,a-tri£uoro-p-toluene- Isokhusenic acid, sesquiterpene of oil of vetiver, structure of,
sulfonamide, 2382; of indolecarboxanilides, 4551; of indolo- 1771
benzoxazine and isoindolobenzothiadiazin, 2402; of meso Isomaltodextrins, in dextran, 3139
ionic s-triazoles, 2559; of iridomyrmecin-type cis and trans Isomaltose, from dextran, 3139 .
lactones, 3149; in syn-anti isomerism study, of oximes, 2598; Isomaltouronic acid, fully acetylated methyl ester, synthesis, 
of p-mentha-l,3-dien-7-al, 4536; of N-monochlorourethan, 1559
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Isomer distribution in ring polymers of propylene oxide, 384 ethylene ketals of chlorinated cage ketones, 1280; cyclic, via
Isomeric vinyl radicals, photolytic formation of, 4317 bisthio carbanions, 300; a,/3-epoxy, in reaction with diphenyl-
syn-ardi isomerism, of a-i-aminoalkanone oximes, 2598 iodonium iodide, 1317; éthynylation of, 779; hindered mono-
Isomerization, cis-trans, of cts-/S-acetylacrylic acid, 3922; cis - and di-, chemistry of, 4025; nitration in liquid ammonia, 3622;

trans, amine catalyzed, 4372; attempted, of 3-piperideines, a-nitro, reactions with mineral acids, 836; perfluoro, multiple
747; base catalyzed, of vinyl cyclohexene and dipentene, 221; multicenter reactions of, 2302; photoelimination reactions in,
of £rans-bicyclo[6.1.0]nonan-2-one, 3326; of i-butylphenols fluorine effect on, 2523; reaction with 2-mercaptoethanol to
using zeolite catalysts, 3415; of diethylbenzenes, using zeolite form 1,3-oxathiolanes, 2133; reaction with organocadmium
catalysts, 1513; of olefins in sulfuric acid, 3453; of oleic acid reagents, 1675; in tertiary a-ketol formation, 3294; a,/3-
with perchloric acid, 2697; of ( — )-periallaldehyde, 4578; unsaturated, intermolecular condensation of, 3264; unsatu-
of ras-stilbenes, acid catalyzed, 4260; of ^-substituted per- rated, reaction with polynitro addends, 1247
fluoro olefins, 1854; thermal, of ergosterol and dehydrocho- 6-Ketononanolides via enamine reactions, 2013
lesterol, 438; thermal, of trisubstituted pyrroles, 2057; y-Keto oxime tosylate of lanosterol, Beckmann fission of, 434
of tricyclics, acid catalyzed, 4085; of unsaturated ethers and /3-Ketophosphonium bromide, formation of, 3686 
esters, 1550; syn and anti isomers, of semicarbazones, 4402 a-Ketophosphonium salts, effect of base on formation from

Isopapuanic acid, structure and stereochemistry of, 4191 «-halo ketones and triphenylphosphine, 3504
Isoprene, aziridines from, 481; bromination of, 2342; chlorina- Ketose-related glycal, with endocyclic double bond, 181

tion of, 2946; cyclialkylation of benzenoid hydrocarbons with, 3- and 17-keto steroids, oxiranes of, 2789
2000 A5-4-Keto steroids, new synthesis of, 3699

cis- and iraras-3-isopropylcyclobutylamine, deamination of, 3841 /S-Keto sulfones, use as synthetic intermediates, 61 
Isopropyl N-fluoroearbamate, reaction of, 4381 /3- and y-keto sulfones, photochemical reduction of, 2730
3-Isopropylidene-5,5-dimethyl-2-vinylpyrrolidine, formation of, 7-Ketoundecanolide, synthesis via an enamine reaction, 2013 

2365 Khusenic acid, sesquiterpene of oil of vetiver, structure of, 1771
Isopropylidene sugar derivatives in synthesis of nucleosides, Kinetic isotope effect, in anthraquinone formation, 1500

1780 Kinetics, acetate-catalyzed enolization of 2-butanone, 1301;
l,2-0-Isopropylidene-a-D-:n/Zo-hexofuranos-5-ulose dimethyl ace- acetolysis of l - (A 4-pentenyl)cyclohexanol and -cyclopentanol,

tal 6-phosphate, salt of, 3723 1970; of cis-/S-acetylacrylic acid isomerization, 3922; of acid-
( — )-(5R )-cis - and ( +  )-(liS)-£rares-2-Isopropylidene-(5/î)-N,N- catalyzed equilibration of 1,3-diarylallyl alcohols, 3486; of

trimethyleyclopentanemethylamine, and dideuterio dériva- acid-catalyzed hydrolysis of 1-aryleyclopropylacetates, 1460;
tives, 4556 activation energies of first-order reactions, gas chromato-

Isopropylmethyl ketone phenylhydrazone, direction of cycliza- graphic method for, 3334; of addition of dimethylmagnesium
tion of, 4283 to benzophenone, 929; of addition of halogenated acetic acids

( +  )-2-Isopropyl-2-methylsuccinic acid, formation of, 1661 to vinyl ketones, nmr study of, 3542; of addition of iodine
Isopyridoxal, dimethyl acetal, formation of, 1337 isocyanate to unsaturated compounds, 2758; of alkaline hy-
Isoquinines, isolation, synthesis, and hydrogenation of, 3005 drolysis of benzamide and derivatives, 573; of alkaline hy-
Isoquino[2,l-a][l,5]diazacycloundecine derivatives, preparation drolysis of ethyl thionbenzoate, 1022; of alkylation of ketone

of, 4015 enolates, 2 22 2 ; of amine-exchange reactions in the indanone-
Isoquinoline, reaction with chloroformâtes, 4447; series, synthe- indenone series, 1907; of arylsulfinyl sulfone solvolysis, 793;

sis in, 491, 494, 504 of benzyltrimethylammonium methoxide in methanol, salt
Isoquinolines, decahydro-, 2510; by  reaction of piperidoneen- effects, 3510; of bromination of benzene and methylbenzenes

amines with methyl /3-vinylacrylate, 2959; synthesis of, 856; in acetic and trifluoroacetic acids, 439; of bromination of
synthesis of 3,4,ll,lla-tetrahydro-lH-benzo[6]quinolizin-2- 1,5-dimethylnaphthalene, 1160; of Chapman rearrangement
(6H)-ones, 2958 of imidates, 2245; of chloroacetic acid with ammonia in aque-

Isothiocycanates, sulfonyl, chemistry of, 340 ous solution, 1107; of competitive reaction of indole and ska-
Isothiouronium salt, of l-vinyl-l-hydroxy-6-methoxy-l,2,3,4- tole with methyllithium and methylene bromide, 1093; of

tetrahydronaphthalene, 3126 syn-anti conversion of 2,4-dinitrophenylhydrazones, 753;
Isotope effect, p secondary, in the photochlorination of 2-methyl- of cyanide ion reaction with aryl Bunte salts, 3331; of cyclo

propane-24,1233 alkene hydrogenation, on platinum-alumina catalyst, 610;
Isotopic rearrangement of 2-phenyl-2-14C-butane, 4259 of D-cycloserine dimer reactions, 3908; of decomposition of
Isoxazole, 4-benzoyl-3,5-diphenyl-, preparation of, 150; dériva- benzoyloxy radicals, 3885; of decomposition of ¿-butyl peroxide,

tive, o-di-i-butyl heteroaromatic, 3337 3524; of decomposition of carboxylic thiolcarbonic anhydrides,
Isoxazoles, preparation of, 150; quaternization of, 2397 1884; of decomposition of l,4-diphenyl-5-diazomethyl-l,2,3-
Isoxazolidone ring, blocked by  trityl group, 2421 triazole, 1145; of dehydration of <*-methyl-/3-hydroxy-ft-
Isoxazolium salts, formation of, 2397 arylpropionic acids, 843; of dehydronorcamphor-oxosulfomum

ylide reaction, 2188; of deuterium-protium exchange of poly- 
Jervine, conversion to C-nor-D-homoestrone, 911; degradation azaindenes, 1087; of dissociation of l,3-diphenyl-4-(phenyl-

to C-nor-D-homoprogesterone analogs, 649 imino)-2-uretidinone, 1913; vs. equilibrium control in isomeri-
Jesaconitine, pyrolysis and structure of, 2497 zation of ^-substituted perfluoro olefins, 1854; of ethanolysis

of aliphatic sulfonyl compounds, 4343; of formation and de- 
Ketals, cyclohexenone cyclic, coupling of, 4305; ft y-unsaturated, composition of Meisenheimer complexes of l-alkoxy-2,4-

reaction with diazoacetic ester, 3261 dinitronaphthalene, 977; of free-radical alkylations of 2-
Ketene, addition of elements of, to dienes, 2211; di4-butylthio-, hydroxy-1,4-naphthoquinone, 576; of glycosidation of pen-

preparation of, 2738; difluoro-, formation of, 817; in ynamine toses, 740; of 2-halo-3-methylbenzo[b] thiophene 1 ,1-dioxides
reaction 4406 with piperidine, 3233; of hydrogen exchange in trifluoroacetic

Ketenimines, addition of hexafluoroacetone to, 1844 acid, 2580; of hydrolyses of trimethylsulfonium and benzyl-
Ketimines, N-nitroso-, chemistry of, 2852 methylphenylsulfomum salts, 2534; of hydrolysis of acetals,
S-Keto acid halide 4550 4136; of hydrolysis of p-benzophenone tetramethyl ketal,
a-Keto acids, asymmetric reductive amination of, 4467 1652; of hydrolysis for p-dimethylaminophenyl isocyanate,
Keto acids, reaction with anthranilic acid, anthranilamides, 2253; of hydrolysis of 5-halouracils, 3460; of hydrolysis oi

orthanilamides, and salieylamide, 2402 lincomycm acetals, 2349; of hydrolysis of pseudo:ethyl ester
5- Keto allvl halides, reaction with amines, 1895 of as-ftacetylacrylic acid, 2708; of hydroperoxide decom-
Ketoaminonitriles, cyclization of, 2562 positions, 1421, 1428, 1430, 1436; of mdolyl-ftn-glucopyrano-
Ketocarbohydrazones, preparation of A3-l,3,4-oxadiazolines sides hydrolysis, 3174; of lodme exchange between zinc iodide

fro m  2089 and w -p ropy l and n -b u ty l iod id e  m  aceton itrile , 414b; o i
6- and 7 -ketodecanolides via enamine reactions, 2013 méthylation of 4-methyl-A«'°>-l-octalone, 4255; of Newm an-
cc-Keto esters, Stobbe condensation of, 838 Kwart rearrangement of thiocarbamates, 2249; of nitric acid
fl-Keto-a-hvdroxv acid chlorides, and their phosphated esters, oxidation of mtrosophenol, 3179; of norbprnenyl tosylate hy-
p new«vrdheieinf 1192 drolysis, 694; of permanganate reaction with aliphatic amines,
/S-Keto hnides, formation of, 894 1649; of 1-phenylpropyne hydration, 845; of pipendme-
11-Ketoindeno [1,2-c] isocoumarin, formation, 896 nitro-substituted fluorobenzcne reactions, 1411; of piperidine
«  Ketnk tertiarv DreDaration of 3294 reaction with 2,4-dimtroamsole, 2320; of polyhalomethane
Krtols tertiary,yreactFon with hydriodic acid, 1196 oxidation of phenylhydrazine, 3901 ; of Prins reaction m acetic
1-Ketonaphthalenes, 2-(a-bromo-substituted benzyl)-4,4-di- acid, 1873; of racemization of «-methyl-a-acetamidonitnles,

methvhl 4-dihydro-, synthesis and reactions with amines, 1 2 1 3 ; of reaction of 3-bromo-2-benzal-l-mdanone with amines,
l«qt; ’ J 1900; of reaction of a-bromobenzyl sulfone with sodium meth-

Ketnne enolates alkvlation of, 2222  oxide, 2026; of reaction of 2-methylquinoline 1 -oxide and
Kptone hvdrate' stable 2368 acetic anhydride, 2762; of reaction of 1 -phenyl-lH-tetrazole-
Ketones acidity scale for, 3477; alkyl aryl, Baeyer-Villiger reac- 5-thiol sodium salt with 1,4-naphthoqumone 2,3-epoxides,

tk>n of 4231 aziridiné, cis-trans^equilibria in, 516; bicyclic, 262; of reaction of sulfonyl isocyanates with tnphenylmetha-
exo or syn attack on, 2188; cage, improved synthesis via cyclic nol, 3514; of 1:5 rearrangement of tnchloromethyl group,
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of reduction of alkyl aryl sulfoxides, 2234; of solvolysis of Malononitrile, reaction with 2-acetylcyclohexanone and cyano-
2-bromocyclopropyl and related structures, 1173; of solvolysis acetamide, 3648 
of a-bromophenyl-acetate ions, 4165; of solvolysis of l-(2 - Maltouronic acid, synthesis, 1559
and 4-carbomethoxyphenyl)ethyl bromides, 2194; of solvolysis Manganese dioxide oxidation, of diamines and hydrazines, 2407 
of 2 -(A 2-cyclohexenyl)ethyl system, 2581; of thermal decom- Mannich bases, reaction of phosphoranes with, 4306 
position of bornylene, 4504; of thermal decomposition of solid D-Mannitols, l,2:5,6-di-0-bromoethylidene, 3714 
benzyldimethylsulfonium salts, 3507; of thermal dissociation 5-a-D-Mannitoluracil, formation of, 140
of dimethyl dicyclopentadienedicarboxylate, 626; of thermal Manthine, alkaloids related to, absolute configuration of, 3105 
rearrangement of ascaridole, 4285; of thermal rearrangement Mass spectra, of acetylenic sugars, 728; of alkyl methanesul- 
of 1,5,5-trimethylcyclopentadiene, 4504; of thiolsulfinate- fonates, 2261; of alkyl tetrahydropyranyl ethers and thioethers,
mercaptan reaction, 1940; of trimethylaluminum addition to 2266; of amides, unsaturated, 3448; of amino sugars, 1586;
benzophenone, 3398; of tropine methanesulfonate reaction of azido urea, from pseudooxazolones, 2541; of chromium(III)
with base, 2601; of Wallach transformation of azoxybenzenes, chelates, 680; of crassanine, 3350; of di- and triazaindenes,
1918 1379; of dibenzenesulfonylhydrazine, and di(phenylsulfonyl)-

Kinetic studies of the Prins reaction of styrenes, 4155 diimide, 1537; of dibenzothiophene and naphthothiophene,
Kojibiose, from dextran, 3139 847; of dihydrotazettine methine and derivatives of, 3096,
Kostanecki-Robinson acylation and cyclization of 3-acvl-4- 3105; of dimesitylfurazan oxide, 1464; of dimethylaminoace-

hydroxy-2-pyrones, 1746 tone and 2-dimethylaminocyclohexanone, 1140; of 4,4-di-
phenyl-l,2-oxazetidin-3-ones, 3619; in ethanolysis of aliphatic 

/3-Lactams, from chlorosulfonyl isocyanate, 3036; preparation sulfonyl compounds, 4343; of ferrocene alkylation products,
from methylated cyclopropanes and chlorosulfonyl isocyanate, 3312; of fluorine-containing diaziridines, 3489; of homocu-
3448 bane, 1454; of hydrobenz [a] anthracene compounds, 2206;

Lactone, C„, isolated from tobacco, 2819 of hydroxyprogesterones, 1740; of 4-isobutylquinoline, peri
Lactones, benzoic acid, medium-ring, 2457 interaction, 2962 of /3-lactams, 3448; of AJ(7)-menthenone-2 and
y-Lactones, stereochemistry of side chain, 3156 A8<9>-methenone-2, 1249; of 2-methylenethiete, 1,1-dioxide
Lactone synthesis, dideoxyzearalane, 4173 derivatives, 3020; of S-methyl xanthates and esters, 1612;
Lanosterol, opening of ring B, by Beckmann fission of a y-keto of l,2,5-oxazaphosph(V)ol-2-ines, 4431; of phenylcyclohexa-

oxime tosylate, 434 dienes, 1116; of phenyl methyl ethers, rearrangement ions in,
Lead tetraacetate, oxidation of azines, 1294; oxidation of 4,4,4- 124; of 3-pheny 1-2-thioureas, 243; of propylene oxide poly-

triphenyl-l-butanol, 3,3,3-triphenyl-l-propanol, and 4,4,4- mers, 384; of steroidal A4-3 ketones, polyacetylated, 3109;
triphenylbutyric acid, 2767 reaction with malonic acid, 1276 of sterols with unsaturated side chains, 305; of tetrahydro-

Leuckart reaction, in tertiary N,N-dimethylamine preparation, pyranyl ethers, 2181; of thiacyclohexane and 4-thiacyclo-
1647 hexanone, saturated and unsaturated derivatives, 4070; of

Leuconostoc mesenteroides strain C  dextran, structure, 3136, thiete sulfones, 1364; of 3 ,4 ,4-trimethyl-5-oxo-irans-2-hexenoic
3 139  acid and related compounds, 351; of trimethylsilyl ethers of

Leucosulfites of triphenylmethane compounds, thermochromism aliphatic glycols, 2271; of triptycene, and 9,10-dideuterio-
in, 1945 triptycene, 3977; of ubiquinones, 905

Levopimaric acid, in formaldehyde addition, 918 Mass spectral analysis of decomposition of peroxypivalic acid, 445
Levopimaric acid methyl ester, ring openings of, 3718 Mass spectral data of 1,4-benzodiazepines, 2962
Lewis acid, 10-hydroxy-10,9-boroxarophenanthrene, 3324 Mass spectrometry of cyclic organic peroxides, 1931; of simple
Lewis acid-catalyzed rearrangement of 2-phenyl-2-14C-butane, indoles, 2044

4259 Mass spectrum, of 4,6-dideoxy-4-(AvV-dimet,hylamino)-D-talo-
Limettin, 8-isopentenyl-, isolation from Murraya paniculata, pyranose hydrochloride, 1586; of 8«,9/3-estrone methyl ether,

3574 1754
d-Limonene, reaction with formaldehyde, 1156 Mechanistic classification, of abnormal allylic substitution, 3240
Lincomycin acetals, hydrolysis kinetics and synthesis, 2349 Meisenheimer complexes, of l-alkoxy-2,4-dinitronaphthalenes,
Linear free-energy relationship, for acceptor strength in charge- 977; of dinitro-substituted arenes, spiro, 4141

transfer complex formation, 3878; between partition coeffi- Melilotic acid, investigations of, 1202
cients and water solubility of organic liquids, 347; substituent p -M  e nth a -1,3-d i en-7-al, formation of, 4536
effects and thermodynamic consequences of, 3961 1,8(10)-p-Menthadiene, 9-acetoxymethyl-, preparation of, 1156

Linifolin A, structure of 2780 p-Mentha-2,4(8)-dien-9-ol and -lO-ol, formation of, 2466
Liquid crystals, 591; effects of terminal group substitution on ( — )-Menthyl chloroformate, for optical glpc analysis, of acid-

the mesomorphic behavior of benzylideneanilines, 3501; of labile alcohols and «-hydroxy acids, 3978 
24e-methyl-9,19-cyclolanostan-3/3-yl palmitate, 3995 (- ) -M e n th y l esters, unsaturated, Simmons-Smith reactions of,

Lithium aluminum deuteride reduction of N-t-butylbenzami les, 1767
preparation of 1-deuteriobenzaldehydes, 1274 (+)-Menthyllithium , carbonation of, 1983

Lithium aluminum hydride, in carbon-carbon bond cleavage, Mercaptan—thiolsulfinate reaction, mechanism of, 1940
3941; and deuteride, in preparation of low boiling alcohols Mercaptoacetate, dipotassium, in reaction of 2-(2',3',4'-tri-
and amines, 1254- reaction with aromatic halides, 619; reduc- methoxyphenyl)cycloheptyl methanesulfonate, 3316 
tion, of benzoyldiferrocenylphenylmethane, 2568; of pro- 2-Mercaptoethanol, in reaction with ketones in facile synthesis 
pargyl derivatives to allenes, 3655; in sulfonium salt reduction of 1,3-oxathiolanes, 2133 
2526 Mercaptoles, cyclic, photochemistry of, 2297

Lithium aroyltricarbonylnickelates, reaction with acetylenes to a-Mercaptophenylacetic acid, preparation, resolution, and ab- 
form 1,4-diketones, 2159 solute configuration of, 1831

Lithium derivatives of trifluoropropene and trifluoropropyne, Mercuric carboxylates, reactions with bis(diethylthiocarbamoyl)- 
280 disulfide and benzenesulfenyl chloride, 2242

Lithium dimethylamide and nickel carbonyl, reaction with Mercury salts, addition to norbornenes, 2607, 2614 
phenylacetylene 2973 Mesitylene, reaction with isoprene, 2000

Lithium salts of substituted fluorenes, electronic spectra of, 1123 Mesomorphic behavior of benzylideneanilines with terminal 
Long-range effects, in alkylation of bekzene, 1517 * group substitution, 3501
Long-range spin coupling in the cyclobutyl system, 1956 «-Mesyloxy.sobutyrophenone, m tnphenylphosphine reaction,

Lessen rearrangement, using sulfonyl halides, 2543 [2 2 ] Metacyclophanes, 4,14-disubstituted, synthesis, 3277
I f k^ 6  d p 0 a r  and Diels-Alder cycloaddition re- Metal-ammonia redaction, of benz[a]Anthracene, 2206; in-
T ,„- °  ’ f ocr-7 hibition by ferrous metals, 2570
9 ^L y xo fu ra n o sy la d 4 in e?  synthesis of, 1780 ^ o u ^ ? 0!  N ’ substituted «'toluenesulfonamides at methyl

t „  i „  j  ,, . , . r , ,  ortho Metalation, of benzenesulfonamides, N-substituted, 900

Macronme, structure and stereochemistry of, 3749 Metal fluoride-fluorinated ketone adducts, 1837
Magnesium halides, effect on the reaction of phosphonates with Metal furoylacetonates, synthesis and Se reactions, 680

phenylmagnesium bromide, 4201 Metal ion precipitation, Co2+, N i2+, Cu2+, Zn2+, with 1-pyrazole-
Maleic acid photodimers, chemistry of, 1018 dithiocarboxylates 890
Maleic anhydride, reaction with furyl thioethers, 1869 y-Metasantonin, configuration and conformation of, 3988
Maleylacetoacetic acid, isomerization, model for, 3922 Metathebainol, anhydro-, structure of, 1264
Malonate, 2-(cyanomethyl)anilinomethylene-, cyclization of, Metathesis, of 2-pentene, 3794

1345 Methanesulfenyl chloride, adducts with conjugated diolefins,
Malonic acid, p-methoxybenzylidene derivatives of, 448; reac- 2642 

tion with lead tetraacetate, 1276 Methanesulfinyl chloride, superior method of preparing, 2104
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Methanesulfonates, alkyl, mass spectra of, 2261 Methyl ethyl ketone, reaction with carbon disulfide in the pres-
Methanobenzofuro [3,2-d] azocines, preparation from thebaine, ence of ammonia, 2877 

3551 Methyl 4-fluoro-3-oxo-2,2,4-trimethyl pentanoate, preparation
Methanolysis, of l-benzyl-l,2,2-trimethylazetidinium perchlo- of, 4279 

rate, 1322 Methyl a-n-glucopyranoside, reaction of alkyl vinyl ethers with,
A 1'7)- and A8(9)-methenone-2, mass spectra of, 1249 1067; in reaction with 3,4-dihydro-2ff-pyran, 3990
Methines, aryldialkyl-, side-chain amination of, 4515 Methyl glycosides, dimethyl acetal role in formation of, 740
Methotrexate, deaza analogs of, 533 Methyl group, conformational “size” of, 3272
p-Methoxybenzylidene derivatives of succinic and malonic acids, DL-3-Methylhistidine, synthesis, 3758 

448 Methylhydrazine, reactions with uracil-5-carboxaldehyde, 892
2- Methoxybutadiene, reaction with enols and phenols, 4508 a-Methyl-/3-hydroxy-j8-arylpropionie aeids, dehydration of, 843
Methoxy chromanes, formation of, 4508 1-Methylimidazole methiodide, nmr of, correction, 2971
(±)-13-Methoxydesoxypodocarpic acid, stereoselective synthesis 7-Methylindene, 1,2-dicarbomethoxy-, Diels-Alder reaction with

of, 3560 butadiene, 957
l-Methoxy-3-formylcarbazole(murrayanine), synthesis of, 1265 Methylindoles, mass spectrometry of, 2044
3- (3 -M ethoxy- 4 -hydroxyphenyl)tetrahydrofuran, preparation Methyl isobutyrate, fluorination with perchloryl fluoride, 4279

from coniferyl alcohol, 3601 Methyl 9-(m-isopropylphenyl)-2,6-dimethyl-cfs-6-nonenoate, for-
6-Methoxyindene derivatives, Diels-Alder reaction with 1,3- mation of, 3718

butadiene, 961 Methyl 9-(m-isopropylphenyl)-2,6-dimethyl-irons-6-nonenoate,
Méthoxylation, anodic, of tertiary amines, 316; electrochemical, formation of, 3718

of N,N-dimethylbenzylamine, 4326 Methyl 2-[2'-(m-isopropylphenyl)ethyl]-l,3-dimethylcyclohex-
1 -  Methoxynaphthalene, methanol reactions of, 1489 ane carboxylate, formation of, 3718
Methoxy- and dimethoxynaphthalene donors, catalysis of ace- da- and Zrares-l-methyl-2-isopropylspiro[2.4]heptadiene-4,6, for- 

tolysis of 2,4,7-trinitro-9-fluorenyl p-toluenesulfonate by, 1935 °/> 3816 ,
6'-Methoxy-7-oxo-8-rubene, synthesis and reactions of, 2504 ( — )-4-Methylisopulegone, degradation of, 1661
4- Methoxyparacotoin, synthesis, 2399 Methyl levopimarate, m formaldehyde addition, 918; ring open-
N-(p-Methoxyphenyl)anthranilic acid, formamide condensation ings of, 3718

product, revised structure of, 2546 Méthylmagnésium iodide, reaction with diethyl 1,2-cyclohexane-
( — )-/3-Methoxysynephrine, synthesis of, 471 dicarboxylates, 3950
Methyl cia- and Zrans-/3-(ace tylthio [acrylates, product ratio analy- Méthylmagnésium reagents, addition to 5-methyl-2-cyclohexe-

sis in diazomethane reaction, 4451 „ i ? n?’ , , , , „ , , , , , , , ,, ,
2- Methyladenosine, and 5'-phosphate, synthesis, 2583 2-Methyl-, 4-methyl-, and 2,4-dimethyl-l-naphthols, methanol
2'-C-Methyladenosine, synthesis, 2490 reactions °f,1494
3'-C-Methyladenosine, synthesis of, 1789 Methyl O-methyldihydroblancoate, synthesis of, 4185 .
N -M ethyl-N  '-alkylbispidines, synthesis and conformation study M ethyl l-methyl-4- and 5-imidazolecarboxylate, synthesis, 

of 355 3758
Methyl 5-(6-aminopurin-9-yl)-2,5-dideoxy- a  -  d  -  ribofuranoside, formation-.of> 445}  .

synthesis 3169 (+)-N -M ethyl-l-(l-naphthyl)ethylam ine, preparation and de-
Méthylation, angular, of 4-methyl-A4<1<»-l-octalone, 4255; of termination of optical purity by  nmr, 1142

10-methyl-1 (9)-octal-2-ones, 840; O and S, of the ambident ®t^ 1"“ rÎrlcyPlene’ ^id-catalyzed cleavage of, 4493

.. .  ,, • , , rR assignment of, 3382.
? '^ eÎ y  u ’f ^ enZ0^aohlitn’rS/ n hf 1S'i0f’ i ♦„ oi nr: 1 -Methyl-l-phenylcyclohexane, phenyl migration in, 602
? ' « eÆy b,Utad;eiie A  ’ addltl° n i° 7 trosyl.cUorflde H  2 16 5  l-Methyl-4-phenyl-2(lH)-quinazolinone, p r é p a r a i  of, 4263
î ’ ^ eîny 1 ' CarK0meîn0XyPyraZ0  6’ ÎormaHon oit ’ H H  Methyl phosphite-quinone condensations, 2942
t  confor- P-Methylphospholene and oxide of, preparation and structure

r A r 6 ^  metY in’ -3, 2 72  +■ f 1074. Methyl dZ-podocarpate, synthesis, 719
Methy 6-chloro-6-deoxyglycosidœ, preparation of, 1074 2-MethyIpropane-2-Z‘, (3 secondary isotope effect in photochlori-
Methylcopper(I) derivatives, addition to 5-methyl-2-cyclohexe- nation of 1233

none, 949 . Methylpyrazines, reaction with organolithium reagents, 1333
Methyl 13,16-cycloatisan-18-oate, synthesis of, 4210 2-Methylquinoline, kinetics and mechanism of reaction of acetic
Methylcyeloheptadienes, formation of, 771 anhydride with, 2762
2-Methylcycloheptanones, 5-substituted, synthesis and stereo- 2-C-Methyl-D-ribofuranose, preparation of, 2490

chemistry of, 4090 21-Methyl steroid series, organoborane rearrangements and
1- Methylcyclohexanol, conformational analysis of, 3ol7, 3oiy novel synthesis of, 1715
dor and 2^di-2-methylcyclohexyl-B-methyl xanthates and ace- Methylsulfinyl carbanion, reaction with benzil, 1077

tates, epimeric, pyrolysis of, 1625 . . Methylsulfonyl chloride, reaction with carbohydrates in D M F ,
24«-Methyl-9,19-cyclolanostan-3/3-yl palmitate, liquid crystal, 1074

3995 4-(Methylsulfonyl)phenyl activated ester, susceptibility to
5- Methylcytosine, nucleosides of, 4227 racemization, 4524
Methyl deisopropyldehydroabietate, synthesis, 712 4-(Methylsulfonyl)phenyl esters, in peptide and polypeptide
Methyl 3-deoxy-3-nitrohexopyranoside derivatives, self-addition synthesis, 4521

to tricyclic Diels-Alder products, 1823 2-Methylthiazole, nitration of, 2544
Methyl 3-deoxy-3-nitro-/3-n-ribo- and -arabinofuranosides and 4-(Methylthio)phenyl esters, in peptide and polypeptide synthe- 
corresponding amino sugars, 3731 . sis, 4521
Methyl 2-deoxy-D-ribofuranoside anomers, stereochemistry, Metnyl p-tolylsulfone, from alkylation of the ambident p-toluene-

3169 sulfinate anion, 3422
Methyldi-Z-butylacetie acid, preparation from di-i-butylketene, Methyl 0-tosyl-(S )(+ )-m andelate, reaction with sodium hydro- 

2144 sulfide, second-order rate constants, 1831
2- Methy 1-1,3-dithiane, reaction with 2-cyclohexenone, 298 6-0-(Methyl 2,3,4-tri-O-acetyl-a-D-glucopyranosyluronate)-
L-a-Methyldopa, synthesis from asymmetric intermediates, 1209 tetra-0-acetyl-/3-D-glucopyranose, synthesis, 1559 .
3- Methylene-6-aminoxymethyl-2,5-piperazinedione,- discrete in- 4-Methyl-4-tnchloromethyl-2,5-cyclohexadienone, peroxide-in

termediate 3908 duced reductions of, 3645
Methylene bases in the benzothiazole series as enamines, 2858 1-Methyltricyclo [4.4  0.0 V ] decan-8-one, pyrolysis of , 3650
Methylene compounds, active, alkyl nitrate nitration of, 3622 4-Methyl-, 5-methyl, 6-methyl-, and 4,5,6-trimethyl-3-penta-
2-Methylenecycloalkanols, route to, 2375 . dwylcatechol, synthesis, 2451
4- M eth y len e -l-ox a sp iro  [2.2] pentane derivative, synthesis and 2-Methyl-3-vmyl-l,4-napthoquinones, synthesis, 4351

reactions of 991 S-Methyl xanthates and esters, mass spectra of, 1612
Methylene position of carbonyl compounds, introduction of Mevalonolactone, and 3-ethyl-2-14C homolog, synthesis, 4532 

diazo function to 3610 Michael reaction, of acrylate salts, 2577
5- Methylene pyrazoline, intermediate, in rearrangement, 4413 Michael-type additions with 2,2-dimethyl-l,3-dinitropropane,
2-Methylenethiete 1 ,1 -dioxide derivatives, precursors and reac- 2106 , , ,

tionsof 3020 3027 Microbiological hydroxylation, of 1-benzoyl-Znms-decahydro-
Methylenetriphenylphosphorane, reaction with «-chloro ketones, quinoline, 3207; stereochemistry of, 3217

2975  Microbiological oxygenation, of 1-adamantanamines, acyclated,
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3201; of alicyclic amides, 3182; of azabicyeloalkanes, 3195; Nickel peroxide, oxidation with, 3891 
of azaeycloalkanes, 3187 Nigerose, from dextran, 3139

Microbiological transformation of steroids, 660 “ N  isotope tracer study, on 3-anilino-l-phenyl-2-pyrazolin-5-one,
Mills Nixon effect, 2580 3336
Mills’ rule, of absolute configuration, verification in alkaloids, Nitrate esters, reactions of, 585 

3105 Nitration, of 1-cyanobenzocyclobutene, 3327; of 3-hydroxy-
( +  )-Minovincine, isolation from Tabema.emontG.na riedelii, 1055 pyridines, unprecedented orientation, 478; of ketones in
Molar conductances, of enolates, 2222 liquid ammonia, 3622; of 2-methylthiazole, 2544; «-olefins in
Molecular ellipticity, correlation with chirality of disulfide group, noncomplexing solvents, 237

3966 Nitrative coupling of methylated benzenes, 4237
Molecular orbital method, perturbational, application to com- Nitrene, 4446; alkoxy, attempt at formation of, 3329; azo- 

peting 1,2- and 1,4-cycloaddition reactions, 417 methine, possible precursor of, 4554; carbethoxy, attempt to
Molecular orbital-SCF calculation, introducing minimum strain generate, 4548; singlet and triplet, 481

energy, 3964 Nitrile oxides, dimerization of, 1464; preparation from aldoximes,
Molecular oxygen, reaction with 3-phenyloxindoles and 3-phenyl- 476

2-cumaranone, sodium salts of, 1640 Nitriles, addition of alkylmagnesium halides, conformational
Molecular rotation, of amino sugars, 1586; of cholestane a- preferences in diastereomers, 1128; of asparagine and glut-

hydroxy ketones and 7a-bromo derivatives 2428; of 4,6- amine, via reaction with phosgene, 1258; fluoroaromatic,
dideoxy-4-(jV,7V-dimethylamino)-D-talopyranose hydrcchlo- reactions of, 1658; «,/8-unsaturated, reaction with concentrated
ride, 1586; of poly-O-acetyl carbohydrates, 1819; of poly-O- sulfuric acid, 1686
acetyl carbohydrates in relation to their structures, glyco- Nitrites, organic, deoxygenation of, 3329; reaction with 3,4- 
pyranoside, 185 diphenyl-4-oxazolin-2-one, 2884

Molozonide as intermediate, in ozonolysis, 1629 1-Nitroacenaphthylene, Diels-Alder reaction and photodimeriza-
N-Monochlorourethan, and metallic salts, preparation and prop- tion of, 114

erties, 4548 Nitroacetophenones, Baeyer-Villiger reaction of, 4231
Monomeric monoozonide of pyrene, 2149 Nitro alcohols, reactions of, 4557; reaction with sulfur tetra-
Monoozonide, monomeric, of pyrene, 2149 fluoride, 1293
Monoterpenes, dl-sabinene and df-frans-sabinene hydrate, 1656 Nitroalkanes, from ozone oxidation of primary amines, 313
Monoxides and dioxides of p-dimethylaminoazcbenzene, basici- Nitroanilines, structure-acidity and structure-electronic spectral 

ties of, 4115 studies of, 3498
Morphans, phenyl-, synthesis of, 3551 2-Nitroanilines, 5-substituted, correlation of electronic spectra
Morphine derivatives, structure of anhydrometathebainol, 1264; and acidity of, 1947 

structure of dihydrodesoxycodeine E, product of electrolytic 9-Nitroanthracene, reaction with sodium cyanide in dimethyl- 
reduction of 14-bromocodeinone, 3000 formamide, 403

Morphine series, conversion of thebaine into methanobenzofuro- Nitroaromatic amines, fluorination of, 1387
[3,2-djazocines, 3551; conversion of thebaine into 1 -methyl- Nitrobenzaldehydes, adducts with trisdialkylaminophosphines, 13 
3a-(3'-hydroxy-6'-methylphenyl)-4,2'-oxidooctahydroindole Nitrobenzene, radiation-induced hydroxylation of, 1865; reac- 
via rearrangement of an aziridinium intermediate, 3556 tion with toluene, 2315

Morpholine, in jem-dibromocyelopropane reaction, 4537 p-Nitrobenzoic <-butyIthiolcarbonic anhydride, decomposition of,
Muconates, synthesis by addition of methanol to hexynedioic 1884 

esters, 3374 l-p-Nitrobenzoyl-2-vinylaziridine, isomerizations of, 4547
Multicenter reactions, multiple, with perfluoro ketones, 2302 l-(2-Nitrobenzyl)isoquinoline derivatives, conversion to benz-
Multiple structure-reactivity correlations, alkaline hydrolyses [ajcarbazoles, 4446

of acyl- and aryl-substituted phenyl benzoates, 127 Nitrobenzylisoquinolinium salts, potassium borohydride reduc-
Murrayanine, synthesis of, 1265 tion products of, 2890
Murraya paniculata (Linn.) Jack., constituents cf, 3574 Nitroborazarophenanthrenes, mechanism of salt formation in,
Musk compound, C «, synthesis of, 4541 1353
Myrtenal, geometry of, 1728; nmrof, 1730 Nitro compounds, aromatic, arylation by, 2315; hydrogenation

to hydroxyamino compounds, 2382
Naginata ketone, synthesis, 1227 Nitrocyclopentadiene, benzo derivatives of, 1169
Naphthalene, 1,5-dimethyl-, kinetics of bromination of, 1160 Nitrocyclopropanes, from reaction of nitro olefins and dimethyl-
Naphthalene[ 1,8 - e j ]  -2 ,3 -d ih y d ro -4 H -4 -p h en y l- [1.2.4]-thia- sulfoxonium methylide, 1164

diazepine 1 ,1 -dioxide, synthesis, 4528 9-Nitrofluorene, protonation of potassium salt of, 1169
Naphthalenes, ozonolysis of, substituent effects in, 787 Nitroform, reaction with unsaturated ketones, 1248
1,8-Naphthalic anhydrides, methoxy and methyl substituted, Nitrofurans, in 4-oxoglutaraldehydic acid synthesis, 2552 

synthesis of, 3404 Nitrogen dioxide-dinitrogen tetroxide mixture, in nitration of
1- Naphthol, reactions with methanol, 1480 a-olefins, 237
3H-Naphtho[2,l-6]pyran, synthesis, 2416 Nitrogen photochemistry, 4402
1.4- Naphthoquinone, 2-hydroxy-, alkylations of, 576; 2 -phenyl- Nitrogen radicals, free-radical addition of alkyl-N-chloramines to

5,8-methano-5,6,7,8-tetrahydro-, preparation of, 427; syn substituted olefins, 3457
and anti photodimers of, 464 o-Nitro group, activation by, in nucleophilic aromatic substitu-

1.4- Naphthoquinone 2,3-epoxides, reaction with 1 -phenyl-lH - tion, 1411
tetrazole-5-thiol sodium salt, kinetics, 262 a-Nitro-w-haloalkanes, reaction with imines, 2079

Naphthoquinones, reaction with trimethyl phosphite, 20 1-Nitroindene, protonation of potassium salts of, 1169
1.4- Naphthoquinones, photoaddition of diphenylacetylene, 2200 7-Nitroisochromenes, Diels-Alder products of, 1823 
lH -Naphtho[2,l-6]thiete 2,2-dioxide, synthesis and properties of, «-N itro  ketones, reactions with mineral acids, 836

2130 2-Nitro ketones, transposition of ketones via, 1733
Naphthothiophene, electron impact decomposition of, 847 6 '-Nitrolaudanosine, conversion to benz [ajcarbazoles, 4446
2- Naphthylamines, N-aryl-, permanganate oxidation of, 4329 Nitromethanes, halo-, preparation of, 4296
/3-Naphthyl ethers, photochemistry of, 259 Nitronate salts, fluorination of, 3080
1-(1-Naphthyl)ethylamine, (+ )-N -m eth y l-, preparation and Nitrone formation, from reaction of nitrosobenzene and tetra- 

determination of optical purity by nmr, 1142 methylallene, 2848
Naphthyridine chemistry, 1385 Nitrones, concomitant cleavage and formylation of, 4270
Neber rearrangement products, formation of, 150 Nitronic acid derivatives in cyclohexane systems, protonation of,
Nebularine, facile synthesis of, 1796 4098
Neighboring group effect, on the oxymercuration of strained Nitronic ester formation in reaction of diazomethane with 

olefins, 2607, 2614; in the solvolysis of substituted a-bromo- hindered nitrophenols, 223 
phenylacetate ions, 4165 Nitronic esters, decomposition of, 226

Neighboring hydroxy group effect in solvolysis reactions of Nitro olefins, reaction with phosphoranes to give ylides, 1164;
common ring p-toluenesulfonates, 118 reaction with dimethylsulfoxonium methylide to give nitro-

Nenitzescu indole synthesis, behavior of 2-carbomethoxy- and cyclopropanes, 1164
2-acetyl-l,4-benzoquinone, 198; behavior of 2-halo- and 2-  Nitrophenol, kinetics of nitric acid oxidation to, 3179 
trifluoromethyl-l,4-benzoquinones, 2064 Nitrophenols, from irradiated solutions of nitrobenzene, 1865

Neoabietic acid, from thermal isomerization, 1683 2-p-Nitrophenyl-4,7-dihydro-l,3-oxazepine, formation of, 4547
Neomenthyllithium, carbonation of, 1987 p-Nitrophenyl diphenyl phosphate, hydrolysis of, 29
Neophyl rearrangement, diminution of, 923 4-Nitrophenyl ethers, 2,6-dialkylphenyl-, synthesis from highly
Newm an-Kwart rearrangement, steric rate enhancement in, 2249 hindered phenols, 1245
N ?F 4, allylic displacements by, 2984 0-, to-, and p-nitrophenyl sulfates, hydrolysis of, 3852
Nickel carbonyl, and lithium dimethylamide, reaction with 2-p-Nitrophenyl-5-vinyl-2-oxazoline, formation of, 4547 

phenylacetylene, 2973; reactions with benzyl halides, 869 3-Nitropiperidines, synthesis of, 2079
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Nitropolymethylbiphenyls, reactions of, 4237 derivatives, 1441; of cis- and trans-2,5-diphenyl-l,4-dioxanes,
3-Nitropyridinepyruvates, substituted, reductive cyclization of, 4558; of 1,4-diphosphoniacyclooctene and diene salts, 579; of

3762 1,3-dithiane 1-oxide, 2596; of 3-epiisotelekin derivatives, 3743;
3-Nitropyrrolidines, synthesis of, 2079 of epoxides and ethers, benzene and pyridine solvent shifts,
Nitrosoazomethine derivatives, 4554 998; of epoxy esters, 3514; of esters of «-nitroso perfluorinated
Nitrosobenzene, reaction with tetramethylallene, 2848 carboxylic acids, 2 10 2 ; of estradiol metabolites, 3133; of
N-Nitrosoketimines, chemistry of, 2852 estrogen cathechols, aryl monosulfates, 662; of ferrocene
w-Nitroso perfluorinated carboxylic acids, esters of, 2102 alkylation products, 3312; F 19, of fluoroalkylamines, 1002;
Nitrosophenol, kinetics of nitric acid oxidation of, 3179 of products from perfluorophenolate reactions, 830; of farino-
o-Nitrostyrenes, indoles from, 487 sin and derivatives, 656; of fluorenes, 4237; of fluorinated
p-Nitro-substituted aromatic compounds, in smectic mixtures, acetylenic alcohols and allenes, 819; 19F  of fluorocarbon di-

591 fluoroamines and nitriles, 3675; of srerre-fluoronitro compounds,
Nitrosyl chloride, addition to cyclohexene, 3957; addition to 3080; of glycosides from erythromycin degradation, 665;

3- methylbutadiene-l,2, 2165; reaction with ketimines to form halogenation of imidazoles, reinvestigation of orientation, 1307;
N-nitrosoketimines, 2852 of hasubanan alkaloids, 4529; of homocubane derivatives,

Nitrosyl fluoride, reaction with steroid 4 - and 5-enes, 3699 1454; of hydrobenz[o] anthracene compounds, 2206; of o-
Nitrotoluenes, reactions of, 4487 hydroxybenzylamine tautomers with aromatic aldehydes, 1, 8 ;
Nmr, of acetylenic sugars, 728; of acetyl protons in carbo- of 3-hydroxypyridines, nitrated, 478; of a-D-idopyranose

hydrates and cyclitols, 1604; of N-acylanilines, effect of sub- pentaacetate, 2484; of imidazo[l,2-a]pyridines, substituted,
stituents on the chemical shift of the ortho proton, 3673; of 1638; of imino-l-(2-deoxy-/S-D-2Areo-pentofuranyosyl)thymine,
aldose benzylphenylhydrazones, 4459; of alkoxysilanes, 3959; 1592; of immonium ions, 8 ; of indolobenzoxazine and isoin-
of 1 -alkyl-2,5-diphenyl-l,4-dithiinium salts, 3771; of alkyl- dolobenzothiadiazin, 2402; of inosadiamines, 1604; of irido-
piperidine amides, 3627; of allene-sulfenyl chloride'adducts, myrmecin-type cis and trans lactones, 3149; of cis- and trans-
1533; of 7r-allylic palladium chloride complex, from vinyl- 2-isoamyl-3,4-dimethyl-2,3-dihydrobenzofuran, 399; of ^-iso-
cyclopropane derivatives, 876; 19F, of amine-phosphorus maltose octaacetate, 1559; in syn-anti isomerism study, of
pentafluoride adducts, P -F  coupling constants, 1392; of a- oximes, 2598; of syn and anti isomers of semicarbazones, 4402;
aminoarylmethylphosphonic acids, esters and oximes, 3090; of jesaconitine and pyrolysis products, 2497; of /3-keto imides,
of cis- and irans-3-aminobicyelo[2.2.2]octane-2-carboxylic 895; of the kinetics of the addition of halogenated acetic acids
acid, 2371; of 2-amino-l,2-diphenylethanol system, 3480; vinyl ketones, 3542; of p-mentha-l,3-dien-7-al, 4536; of methyl-
of amino sugars, 1586: of l,6-anhydro-6'-0-tritylpenta-0- lithium in various solvents, 1983; of [2.2]metaeyclophanes, and
benzoylmaltose, 1559; of 3-anilino-l-phenyl-2-pyrazolin-5-one, 4,14-disubstituted-, 3277; of y-metasantonin, 3988; of 2 '-C-
3336; of anisomycin, 2136; of aristolochic acid derivatives, methyladenosine, 2490; of methyl-2-deoxy-5-0-triphenyl-
3735; of O-aryl and S-aryl dimethylthiocarbamates, 2249; methyl-D-ribofuranosides, 3169; of 2-methylenethiete 1,1-diox-
of arylazopyrazolones, tautomerism in, 513; of 5-aryl-3-styryl- ide derivatives, 3027; of methyl hepta-O-acetylmaltouronate,
2-cyclohexen-l-ones, 3264; of azetidinium salts, 1,1,2,2- 1559; of 1-methyllimidazole methiodide, a correction, 2971; of
tetrasubstituted, 1322; of benzalacetonedimer, 2604; benzene- methylisomaltouronate, and acetylated compound, 1559;
induced shifts in five-membered heterocycles, 2555; of anti- of methyl levopimarate ring opening products, 3718; of ( +  )-
7-benznorbornadiene derivatives, 324; of benzocyclobutenes, N-methyl-l-(l-naphthyl)ethylamine, 1142; of cis- and trans-
3327; of 1,3- and 2,4-benzodiazepines, dihydro-, 670; of 2-methyl-2-pentenoic acid and corresponding esters, aldehydes,
benzonorbornenes, substituted, 3428; of benzo[6] thiophene and alcohols, 3382; of 2-methyl-3-vinyl-l,4-naphthoquinones,
1 ,1-dioxides, substituted, 3226; of 1,3-benzoxazines, 2-sub- 4351; of N-monochlorourethan, and metallic salts, 4548;
stituted 3,4-dihydro-2H, 1, 8 ; of benzyne-indene adduct, 1678; of naphthalenes, methyl substituted, 1480; of naphthyridines,
of bicyclo[3.1.1]heptene-2 system, 1728; of a bicyclo[3.1.0]hex- brom o-and amino-, 1385; of 2-p-nitrophenyl-4,7-dihydro-l,3-
ene, from photoisomerization, 3679; of 7,7-bis(trifluoromethyl)- oxazepine, 4547; of norobornadiene-2,3-dicarboxylic anhydride
quinonemethide, 3306; B 11, of borazarophenanthrene deriva- and its Diels-Alder products, 3808; of C-nor-D-homoproges-
tives, 1353; "B , of boron acids, 3324; of brominated salicylal- terone analogs, 649; in optical resolutions, as monitor, 921;
damine chelates, 1693; of butanol and propenol acetates, of organotitanium compounds, 1506; of l,2,5-oxazaphosph(V)-
1476; of i-butyl compression effects, 811; of carbazoles, 4237; ol-2-ines, 4431; of 2-oxazolidones, 4029; of oxetanones, 2428;
of carbohydrate derivatives, 1823; of 2-carbomethoxytetra- of ozonolysis of cis and trans alkenes, 1629; of papuanic and
hydropyrans, alkyl-substituted, 3272; chemical shifts of cyclo- isopapuanic acids, 4191; parameters in bicyclo[3.1.1]heptanes,
propane H C H  in bicyclo[a:.1.0]alkanes, 2587; of 2-exo- and a-pinene, myrtenal, verbenone, 1730; of pentofuranose de-
erwfo-chlorobicyclo[3.3.1]nonan-9-one, 1545; of (3-chlorocar- rivatives,1799;ofperfluoroazacompounds,2518;phenolichy-
bamates, 766; of chloromethyl-and dichloromethyl-substituted droxyl resonance, function of aziridine concentration, 3904;
silanes, 1527; of N-chlorosulfonyl-/3-lactam cycloadducts of 1-phenylcyclobutene, deuterated, 425; of phenylcyclohex-
and 2-carboxamico-l,3-butadiene, 3036; of cholestane bromo adienes, 1116; of p-phenylenediamine aromatic protons and
ketones and 3-acetoxy-5 £i-ol-6-ones, 2428; of citraconic acid methyl substituents, 2120; of 1-C-phenylglycerols, 2473;
hydrobromide solvolysis, 3257; of citraconic anhydride photo- of phenylosotriazoles, 735; of phenylphosphonates, para-
dimer, and C 13- H  use, 920; of cobalt(III) chelates, 680; substituted, 632; P 31, of phosphite-quinone reaction products,
conformational analysis of alcohols using J hcoh, 1303; in 20; 19F, of phosphobetaines, 4395; 31P, of phosphobetaines,
conformational analysis of 2-alkoxytetrahydropyrans, 2572; 4395; of pnospnolenes, 1034; of o-phthalaldehydes, 787;
in conformational analysis of 1-methylcyclohexanol, 3317; of polymethylindans, 2000; of propylene oxide polymers, 384;
of conformations of isomeric thioxanthenol sulfoxides, 2237; of pseudo-a-Dn-galactopyranose, 2841; of pyrans, 2416;
of cyclobutyl compounds, long-range spin coupling, 1956; of pyrazolo[l,5-a]pyridine derivatives, 3767; of pyridopyra-
of cycloheptatriene derivative, 1669; of 3,3,6,6-d4-cyclohexa-l,- zines, 2393; of pyridoxal 5'-phosphate fat-soluble analogs,
4- diene, 4540; of cyclohexadienones, neutral and protonated, 3983; of irans-pyrrolidinobicyclo[2.2.2]octane-2-earbonitrile,
413; of cyclopentane-1,3-dione derivative from oxazolones, 2371; of 1-pyrrolines, 2365; of pyrrolobenzoxazines, indolo-
1645; of cyclopropyl- and 1-bicyclo[ra.l.0]alkylamines, 419; quinazolines and quinazolones, 2402; of (+)-proio-quercitol,
des-A-9-en-5-one substituent effect, in steroids, 509; of dias- 220-MHz with a superconducting solenoid, 4220; of quinone-
tereomeric 1,4-diacetoxy-l,3-butadienes, 2831; of 1,2-diaza- methides, fluoroalkyl-, 3297; of sesquiterpene alcohol, /3-bis-
bicyclo[3.2.0]-6-hepten-4-ols, 4381; of 3,7-diazabicyclo[3.3.1]- abolol, 909; of silanes, 1966- cyclic and noncyclic, 597;
nonanes, 355; of dibenzenesulfonylhydrazine, and di(phenyl- of spiro acids, spiroamines and derivatives, 3828; in stereo-
sulfonyl)diimide, 1537; of N.O-dibenzoylaminopropanols, chemistry related to podocarpic acid, 712; in stereochemistry
3344- of cis- and irans-2 ,3-dibromocyclononene, 3943; of of side chain of 7 -lactones, 3156; of stereoidal- C-17 allene
1 2 -5 ,6-di-O-bromoethylidene-D-mannitols, 3714; of 12,13- acetates, 3113; of steroidal enol methyl ethers, 3119; of
dicarboxy-6 ,1 l-dihydro-6,11-ethanoacridizinium perchlorates steroidal A4-3 ketones, polyacetylated, 3109; of steroids, methyl
and derivatives, 519; of N,N-diehloro carbamate-diene ad- protons, 2794; of steroids from 17-a-hydroperoxypregnan-20-
ducts, 2637; of inms-2,2'-diehloro- and dinitro-irans-azodioxy- ones, 1566; in strained organic molecules, 1441, 1445; of sul-
cyclohexane, 3957; of 4,6-dideoxy-4-(iV,iV)-dimethylamino)- fenyl chloride-diolefin adducts, 2641; sulfone amino acids,
D-talopyranose hydrochloride, 1586; of dienediamines and 3739; of sulfur ylides, 3514; in tautomerism of 1,2,4-trizaole,
dienetriamines, 1506; differentiation of 6- and 8-C-glycosyl 2956; of tetrahydropyranyl ethers, 2182; of thiazolinium
isomers 1571’ of difluoramines, aromatic, 1387; of ,N ,N - salts, 4422; of Thiele diester, 626; of thieno[3,2-6]pyrroles,
difluoroalkylamines, 1008; F 19, of difluoroamino compounds, 6-substituted, 1355; of thiete sulfones, highly unsaturated, 1364;
2330 2336- Fluorine, of 3,3-difluoro-2,4-dialkyloxetane system, of tricyclo[4.2.1.0s'6]nonane, 2175; of triptindan, 621; P 31, of
3784’ of 6 ’ll-dihydroacridizium salts and acridizines, 1296; of 2,2,2,-trisammo-l,3,2-dioxaphospholanes and derivatives, 13;
2 3-dihydro-4H -l ,2 ,4-benzothiadiazin-4-ol 1,1-dioxides, 2382; use in conformation of 1,2,3-diastereomers, 3252; 3lP, I9F  and
of 2 3-dihydrobenzo [6 ] thiophene 1 ,1-dioxides, substituted, variable temperature ’H , of tertiary phosphines, tnsdialkyl-
3226-’ of dihydroisocoumarins from fungus, 1577; of dihydro- aminophosphmes, and trialkyl phosphites, and adducts with
tazet’tine methine and derivatives of, 3096; of 3,6-dimethylene- hexafluoroacetone and phenanthrenequmone, 3787; of zinc
2 ,5-piperazinedione, 3908; of 2 ,4-dinitrobenzenesulfenyl chlo- chloride-dioxane complex, 2551
ride addition products of allenes, 2988; of diphenylbicyclobutyl No-bond resonance of thiothiophthene, 2915
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Nonafluorodiphenyl ethers, 4-substituted, formation of, 1658 telomerization of, 3859; from carbonyl compounds, 780;
Nonapeptide sequence, in adrenocorticotropins, 1581 chlorination with cupric chloride, 2345; conjugated, hydrogen-
Norbornadiene, and 7-aeetoxynorpornadiene, competitive reduc- ation with transition metal w complexes, 1689; cyclic, radical

tion of, 1288; addition of chlorosulfonyl isocyanate to, 370; reactions with tetrafluorohydrazine, 2634; reaction with
benzo-, addition reactions of, 3428; oxymercuration-demer- nitrosyl chloride, 3957; cycloaddition of chlorosulfonyl iso-
curation of, 4105; reaction with tetrafluorohydrazine, 2330 cyanate to, 370; equilibria, effect of carbomethoxy and

Norbornadiene-2,3-dicarboxylic anhydride, 3808 methoxy groups on, 1550; fluorinated, reaction with sulfide
Norbornene, addition of chlorosulfonyl isocyanate to, 370; ion, 8105; halogenated, reaction with tetrafluorohydrazine,

dinitrogen trioxide addition to, 2586; oxymercuration of, 2330; internal, organotin hydride addition to, 802; ion cataly-
2607, 2614; reaction with iodobenzene dichloride, 38; 7- sis of sulfite radical ion addition to, 4158; multiple multicenter
substituted, oxymercuration-demercuration of, 4105: tri- reactions of perfluoro ketones wity, 2302; oxidation, by sup-
methylene-, addition of acetic acid to, 106 ported chromium oxide, 616; oxides, tetramers, preparation

2-Norbornene, exo,exo-5,6-dideuterio-, synthesis of, 1288 of, 388; perfluoro, isomerization of, 1854; photochemical
5-Norbornen-2-one, anomalous sodium hydride, reduction of, addition of, 805; reaction with chlorosulfonyl isocyanate,

3425 3036; selenium dioxide oxidation of, 2647; stereochemistry
7-Norbornenone, hydrohalogenation and deuteriohalogenation of, of acyl halide addition to, 1545; strained, effect of neighboring

1542 groups on oxymercuration of 2607, 2614; substituted, free-
1-Norbornenyl and norbornenyl-l-carbinyl derivatives, prépara- radical addition of alkyl-N-chloramines to, 3457 

tion and study of, 694 a-Olefins, nitration in noncomplexing solvents, 327
Norbornyl compounds, spiroeyclopropyl-, preparation of, 2154 irares-Olefins, from electrochemical reduction of acetylenes, 2727 
Norcamphor, anomalous sodium hydride reduction of, 3425 Oleic acid, isomerization with perchloric acid, 2697
Norcamphor oxime, Beckmann rearrangement of, 3639 Oligomerization catalysts, 3948
A-Nor-5/3-cholestane-2-carboxaldehyde, formation of, 834 Optical gas chromatography analysis, with ( — )menthyl chloro-
4-Norcocaine, pseudo-, synthesis of, 3435 formate, 3978
C-Nor-D-homoestrone, 911 Optically active, acyclic, alkyl carboxylic acids, 3321
C-Nor-D-homoprogesterone analogs, synthesis and stereochemis- Optically active alanine, synthesis, 4526 

try of, 647 Otically active a-amino acids, solvent effect in steric control
Norjavanicin, isolation and structure of, 4299 in synthesis of, 4467
N or steroids, 834 Optically active cyclopropylsodium, 1962
19-Nortestololactone, microbiological synthesis, 660 Optically active 1 -C-phenylglycerols, 2473
Nuclear Overhauser effect, with pen-f-butyl groups, 811 Optical purity of dehydronorcamphor, 2924
Nucleophiles, reaction of chlorosulfonylacetyl chloride with, 2113 Optical resolution, nmr as monitor, in 921; with tetranilic acids, 
Nucleophilic addition-elimination reactions of 1 ,2-di-p-to uene- 3993

sulfonylethene, 985; Optical rotation studies of 20-deoxy steroids in the 3 a-hydroxy-
Nucleophilic aromatic substitutions, Meisenh aimer complexes 5/S-pregnane series, 1707 

of l-alkoxy-2,4-dinitronaphthalenes, 997; o-nitro group O R D , of aldose benzylphenylhydrazones, 4459; of benzyloxy- 
activation by, 1411; spiro Meisenheimer complexes of dinitro- carbonylamino acid phenyldiimides, 169; of dehydronorcam-
substituted arenes, 4141 phor, 2924; of dihydrotazettine methine and derivatives of,

Nucleophilic attack, on benzyl hydrodisulfide by cyanide ion, 3096; of dithianes, 3966; of isomeric d sugars, comparison of,
competition with alkaline decomposition, 1179; ethylfdi- 3727; of nebularine and related purine nucleosides, 1796;
methylsulfuranylidene)acetate on various compounds, 3517 of C -N  or -D-homoprogesterone analogs, 649; of osotriazole

Nucleophilic displacement, of one dianion by another, 2167; derivatives of sugars, 2478; of oxetanones, 2428; of petaline, 
in propargyl p-toluenesulfonate, 872; a to sulfonyl groupings, 2500; of steroidal C-17 aliéné acetates, 3113; of streptovitacin- 
1182 '  A  and E -73 ,904

Nucleophilic opening of oxetane rings in 3,5-anhydro-l,2-0- Organoborane, large-ring, selective oxidation of, 4541 ; rearrange- 
isopropylidene-/3-L-iodfuranose and -«-n-xylofuranose, 396 ments and novel synthesis of 21-methyl-19-nor steroids, 1715

Nucleophilic rearrangements in fluorosulfonic acid, 2664 Organocadmium reagents, 1675
Nucleophilic substitution, on 1,2-dihalotetrafluoro olefins, 33; Organocopper reagents, in méthylation of octalone derivative, 840 

at sulfenyl sulfur, 3331 Organolithium compounds and acetylenes, 3286
Nucleoside, anchor, deoxyguanosine as, 708; antibiotics, syn- Organolithium reagents, reaction with methylpyrazines, 1333

thesis of, 1796; hydroxyl groups, use of /3,/5,/3-tribromc ethyl Organomteallic alkylation reactions of trimethylaluminum
chloroformate in protection of, 3589; “reversed,” 2-deoxy- to benzophenone, 3398
ribose derivative, 3169 Organometallic compounds, fluorine-containing, 286

Nucleosides, adenine, of 4-thio-D-xylose and 4-thio-D-arabinose, Organometallic reagents, addition to cyclohexenone derivatives, 
189; anomeric 2-amino-2-deoxy-D-glucofuranosyl, of adenine, 949
4227; 8-chloropurine, synthesis, 1070; conversion of 5-halo- Organometallic, silyl-substituted, in carbonyl olefination, 780 
genoarabinosyluracils into imidazoline nucleosides, 3593; Organotin chlorides, reactions with cyanodithioimidocarbonate
3'-deoxyribofuranosyl, synthesis, 2488; indole and 4-amino- anion, 3896
indole, 192; via isopropylidene sugar derivatives, synthesis Organotin halides, mixed preparation by the redistribution
of 9-/3-D-gulofuranosyladenine and 9-a-n-lyxofuranosyladenine, reaction, 1119
1780; 2'-C-methyladenosine, 2490; pyrimidine, synthesis of Organotin hydrides, addition to internal olefins, 802
6-methylcytidine, 6-methyluridine, and related 6-methyl- Organotrisilanes, preparation, 1527
pyrimidine nucleosides, 2822; quinazoline, synthesis of, 1219; Orientational effects, in polynuclear systems containing a pyrid-
selectively methylated derivaties of spongouridine, 466; azine ring, 2910; in ring-opening reactions of episulfides,
8-substituted purine, 1600; synthesis, 1592: of 6-amino-2- 2895
methylthio-7-(/3-D-ribofuranosyl)purine, 2828; of 3'-C-methyl- Orientation in nitration of 3-hydroxypyridines, 478 
adenosine, 1789; use of 3,5-di-O-benzyl-fi-D-ribofuranose in, Orthanilamides, reaction of keto acids with, 2402 
1810 Osotriazoles, of sugars, structure of, 734

Nucleotides, 2-methyladenosine, and 5'-phosphate, synthesis, 2-Oxa-l-aza-6-azoniabicyclo[5 .3 .0 ]decane ring system, forma- 
2583 tion of, 1322

9-Oxa-2,6-diazabicyclo [3 .3 .1 ] nonane, reductive cleavage of, 3946 
Ocoteamine (sepeerine), structure of, 1229 A 3-l,3,4-Oxadiazolines, preparation of, 2089
Octaethylporphyrin, synthesis by a simple procedure, 2169 Oxadiazolo[3,4-d]pyridmine 1 -oxides, preparation of, 2086
Octahydroanthracene, acid-catalyzed isomerization of, 4085 17a-Oxa-D-homopregnan-20-ones, from rearrangement, 1566
Octahydroindole compounds, synthesis from thebaine, 3556 Oxaloacetic acid, asymmetric reductive amination of, 4526
A4<10)-1-Octalone, 4-methyl-, angular méthylation of, 4255 N-Oxalyl-a-amino acid derivatives, cyclization of, 3980
Octalone derivative, méthylation of, 840 Oxamides, chemiluminescence from reaction with hydrogen
Octant rule, reversed, rise of, 927 peroxide and fluorescent compounds, 250
Octatrienes, isomerization and cyclization of, 771 Oxanorbornadiene, cyclopropenyl derivatives, formation of, 2720
Octynes, electrochemical reduction of, 2727 1,3-Oxathiolanes, facile synthesis from ketones and 2-mercapto-
Oil of vetiver, terpene constituents, khusenic and isokhusenic ethanol, 2133 

acids, 1771 l,2,5-Oxazaphosph(V)ol-2 -ines, synthesis and properties of, 4431
Olefinic bonds, hindered, reaction with bromine, 1243 1,3-Oxazepine, 2-p-nitrophenyl-4,7-dihydro-, formation of, 4547
Olefinie carboxylic acids, structural and acidity relationships, l,2-Oxazetidin-3-ones, 4,4-diphenyl-, synthesis and ring fissions 

2354 . . .  of, 3619
Olefinic intermediates in the reaction of 1 ,1 -dimethyl-, 1 ,1 ,2-  Oxazetidone, stable, formation of, 3088

trimethyl-, and 1,1,2,2,-tetramethylcyclopropanes with chloro- Oxazoles, 2,5-diaryl-, synthesis of, 1317
sulfonyl isocyanate, 3448 2-Oxazolidones, 5-alkyl-, preparation of, 379 ; 5-carbomethoxy-

Olefins, addition of chlorine with iodobenzene dichloride, mecha- and 5-cyano-, formation of, 766; formation, 1367; synthesis
nism of, 38; behavior in 73% sulfuric acid, 3453; bromine and nmr of, 4029

4614 Subject Index The Journal of Organic Chemistry



Oxazolines, from aziridines, 481; preparation from iminonitriles Pelargonyl peroxide, reactions of, 3670
and fluoro ketones, 3625 /3-Peltatin methyl ether, dehydro-, synthesis of, 1268

4-Oxazolin-2-one, 3,4-diphenyl-, reaction with organic nitrites, Pentaaryl-l,3,6,8,10-pentazasprio[4.5]decane-2,4,7,9-tetranone, 
2884 formation of, 3928, 3931

Oxazolones, in formation of cyclopentane-1,3-dione derivatives, Pentacyclo[5.3.0.02’6.03’9.04'8]decan-5-one, improved synthesis 
1645 of, 1280

Oxetane, formation in the addition reaction of hexafluoroacetone Pentacyclo(4.3 .0 .02-6.03’7.04>8]nonane, synthesis, 1454
to ketenimines, 1844; photochemical formation of, 2774; 3-Pentadecylcatechol, methyl homologs of, 2451
rings in 3,5-anhydro-l,2-0-isopropylidene-/3-L-idofuranose and Pentadiene-1,4, addition of sulfur dichloride to, 2620
-a-o-xylofuranose, nucleophilic opening of, 396; system, 3,3- Pentafluorobenzenes, substituted, reaction with perfluoro-
difluoro-2,4-dialkyl-, synthesis and stereochemistry of, 3784 phenolates, 830

3-Oxetanone ring system, highly substituted, 2427 Pentafluoroguanidine, reaction with alkali metal fluorides, 3489
Oxidation, of 3/3-acetoxy-14d-methyl-5ai-cholest-7-ene, 1684; Pentamethylene sulfone, mass spectrum of, 4070

of aldehydes with Caro acid, 2525; of alkenes to carbonyl 2,4-Pentanediones, 3,3-disubstituted, pyrazoles from ,4413
compounds, 3970; of alkyl radicals, from decarboxylation of Pentaphenylaniline, from ynamine reaction, 4406
acids by lead (IV ) and copper(II), 83; by lead (IV ) and copper- Pentaphenylethoxide ion, formation of, 1509
(I I )  complexes, 2746; of amidoximes, 4554; of amines, 1649; 2-Pentene, metathesis of, 3794
of azines with lead tetraacetate, 1294; of 10-chlorotricyclene, l - (A 4-Pentenyl)cyclohexanol and -cyclopentanol, acetolysis of,
eso-6-chlorocamphene, and irans-8-chlorocamphene, 1996; 1970
of diamines and hydrazines, 2407; of l,3-diamino-2-propanols Pentofuranose derivatives, nmr spectra of, 1799
to 1,3-diammoacetones, 533; of 2 ,6-di-i-butyl-p-cresol, 2516; Pentoses, glycosidation of 740
of s-dodecahydrotriphenylene, 4398; of epimeric /3-hydroxy- 1-Pentyne-D-erj/ifiro- (and n-threo-) 3,4,5-triol, derivatives of, 728
cycloalkylacetic acids, electrochemical, 2704; hydrazones, Peptides, O-benzyl-N-i-butyloxycarbonyl-L-threonine, synthesis,
763; with lead tetraacetate, m preparation of A -1,3-4, oxa- 903; cycloserine, synthesis, 2421; derivatives, bidisulfide,
diazolmes, 2089; of morpholine enammes with thallic acetate, 5 5 9 - and polypeptides, 4-(methylthio)- and 4-(methylsul-
3359; with nickel peroxide, 3891; nitric acid, of nitrosophenol, fonyl)phenyl esters in synthesis of, 4521; selective reduction
kinetics, 3179; of olefins, with selenium dioxide, 2647, by 0f carbobenzoxy group, 2418; sequences, in adrenocortico-
supported chromium oxide, 616; of oximes to nitrocycloal- tropins, protected, 1581; synthesis, via oxidation of N-acyl-
kanes with peroxytrifluoroacetic acid, stereochemistry ot, 4098, a-amino acid phenylhydrazides, 169, 4476; of a tetrapeptide
periodate, in nucleoside degradation, 726; permanganate, of sequence (A1-A 4 ) of glucagon, 4251; of a tetrapeptide sequence
N-aryl-2-naphthylammes, 4329; of phenylhydrazme with ( A 9- A 12) of glucagon, 1261
polyhalomethanes, 3901; of polyphenylene ethers, 4347; Perchloric acid, in hydrolysis of some sodium N-substituted
of primary amines, to nitroalkanes with ozone, 313; selective, sulfamates, 1295; isomerization of oleic acid, 2697; in is-
of organoboranes, large-ring, 4541; sulfide, with N-halosuccm- oxazole quaternization, 2397
imides, 3976; of tertiary amines, to amine oxides, 588; 4,4,4- Perchloric acid catalyzed acetic anhydride, enol acetylation, 
triphenyl-l-butanol, 3,3,3-triphenyl-l-propanol, and 4,4,4- 3 1 q9
tr iph en y lbu tyr ic  acid  w ith  lead  te traace ta te , 2767 P e rch lo ry l fluoride, in  flu orin ation  o f m e th y l isobu tyra te , 4279

O x id a tiv e  d ecarb oxy la tion  o f 7 - 0 x 0  acids using lead  d iox ide, 2008 P erd u eterio trop ilid en e, reactor colum n in  synthesis o f, 3001
1.2- O x idocyclohexanes d iax ia l r in g  open ing of, 3385 P e r  esters and m ixed  peroxides, decom position  o f, 3888
1.2- Oxiod-4,4-diphenylcyclohexane diaxial ring opening of, 3385 Perfluoracyl fluorides; photolysis of, 2518
Oxime anions, addition to dienophiles, 3bb9 Perfluoroalkanesulfonyl fluorides, preparation of, 344
Oximes, of diethyl aroylphosphonates, aluminum--amalgam reduc- p erflu0roalkenes, in fluoroalkylpyridine syntheses, 3343

tion of, 3090; syn-anti isomers, differentiation, 2598, oxida- Perfluoroalkyl trifluorovinyl ketones, preparation of, 1016
tion to nitrocycloalkanes with peroxytrifluoroacetic acid, 4098 Perfluorocycloalkenes, reactions with trivalent phosphines, 4395

2-Oximinocholesta-4,fr-dien-3-one, rearrangement of, 2440 Perfluorocyclohexene, reaction with perfluorophenolates, 830
5-Oximinooxazolidm-2-ones 4-alkoxy-3,4-diphenyl-, from reac- p erfluorodialkyl sulfones, preparation of, 344

t ion  o f 3 ,4 -d iphenyl-4 -oxalom -2  one, 2884 Perflu oro-2 ,3 -d iazabu ta -l,3 -d iene, photo lys is  o f, 2518
2 -O xim inophosphon ium  salts, cyc liza t ion  of, 4431 Perfluorod iaz irid ines, p reparation  of, 1847
O xm d ole  alka lo id , crassamne, do5U Perflu oro  ketones, m u ltip le  m u lticen ter reactions o f, 2302
Oxm doles, mass spectrom etry  of, 2044 . . . . .  _  P erfluoron itr iles , add ition  o f h yd rogen  cyan ide  to, 3625
O xirane d er iva tives , reac tion  w ith  d iphenyhodom u m  iod ide, 1317 Perfluorophenolates, reactions w ith  pen ta fluorobenzenes, sub- 
Oxiranes from  3 - and 17-keto steroids, 2789 stitu ted , and perfluorocyclohexene, 830
7 -Oxo acids, oxidative decarboxylation with lead oxide, 2008 Perhalocyclopentanones and -hexanones, preparation and reac-
5-Oxoandrostane derivative, photolysis of, 1272 tjons Qf 2692
O^aporphine b^es, isolation, 2443 m ,, n , .« r f in n s  Perhalo ketones, 3306; preparation and reactions of, 2692;
1 " ° f 0i"asQ"dlmethy "1’2' dlhydr0naphth ’ ^  1 1 reaction with silanes, 3959 F
, °*> , , , ,. ■, , . .. „ or.-o  P erh yd ro in dan  d er iva tives , D ie ls -A ld e r  reac tion  w ith  7 -m ethyl-

4 -O xog lu ta ra ldeh yd ic  ac id  d er iva tives , synthesis, 55 indene d er iva tives , 957; w ith  6 -m eth oxy in den e  d eriva tives ,
0 -O xon itriles, reaction  o f phenols w ith , 2446 g 6 1  ’ ’

^O xo -2-phenylinc^lenine, c h e m i s t r y , Deroxv(ji. Perhydroindanylacetic acids, preparation of, 47

“ S M S  1m 'X d .M r .iS C !1 r s S i  ‘f i s h  1>rep*r“ i“ ' 3941

Oxygen, exchange in A2-dihydropyran over hot alumina, 3408; quinoline, 2yo2
rooptmn with oxindoles 1640 Periodate oxidation, m nucleoside degradation, 726

Oxymercuration-demercuration of 7-substituted norbornenes Permanganate oxidation, of N-aryl-2-naphthylammes, 4329 
and nonbornadienes 4105 Permanganate reactions, with aliphatic amines, 1649

Oxymercuration of strained olefins, effect of neighboring groups, Peroxide and ether groups, comparison »  proton ■acceptors, 3882 
9AH7- pffWt of wii-7 substituents 2614 Peroxide-induced reductions, of benzophenone mime, 46Z6,

Oxyphosphorane carbon7carbon condensation, a,/3-unsaturated of 4-methyM-trichloromethyl-2,5-cyclohexadienone with sec-

fl-o l^su ffoxW e^reactta^of acetic anhydride wity, 4150 Peroxides, cupric chloride decomposition of, 1950; cyclic, mass
Ozonation of amines competition between amine oxide forma- spectrometry of, 1931; mixed, and per esters, decomposition
0  tion and side-chai^ oxidation, 2675, 2680; of olefinic ferro- of, 3888; preparation of aryl and alkyl iodides b^decomposi-

cenes 2971- of pyrene, a monomeric monoozonide formed m tion of aroyl and acyl peroxides in the presence of iodine, 3670,
cenes, ¿9 <r, 9 w  > prepared from bis(fluoroformyl)peroxide, 2095; reaction with

O zon e o x °d It io n  o f p r im ary  am ines to  n itroa lkanes, 313 tr iv a len t phosphorus com pounds, 2325
Ozonolysis, of as and t r im  alkenes, 1629; of cross-conjugated Peroxymonosulfuric acid, m oxidationtof aldehydes, 2525

914; of naphthalenes, .«b s .i.n .n « effect, 1» ,  787 . 1 ,4 4 5

Palladium-eat.lyaed decarbonylation, of i.phenyli.ovaler.ld»- " i ° '

Pa iu str ic  acid  fro m  th eram l »o m e r ita t io n , 1683 P ertu rb a tion a l m olecu lar o rb ita l m eth od , ap p lica tion  to  eom -

41,1 P e C lta l ¿ “ y n i t o T i u S “
reaction,

b’twe“  5 = ’£ & i8 £ g % !“ + 1136
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Phenazine di-N-oxide, 1,2,3,4-tetrahydro-, reactions with acetic Phenylmethyltin dichloride, preparation of, 1119 
anhydride, 2127 Phenyl migration, during bromination, 3221

Phenolic oxidative coupling, homoproaporphine synthesis by, 690 1 ,2-, 1,3-, and 1,4-Phenyl migrations, in 1-methyl-l-phenylcyclo-
Phenols, in cyclic dipeptide formation, 862; highly hindered, in hexane, 602 

synthesis of 2 ,6 -dialkylphenyl 4-nitrophenyl ethers, 1245: Phenylmorphans, synthesis of, 3551
hindered, reaction with diazomethane, 223; hydrogen-bona Phenylosotriazole derivatives, of aldo sugar family, 2478
formation by, effect on conformational equilibrium, 3904; 3-Phenyloxindoles, sodium salts, reaction with molecular oxygen, 
radiation-induced hydroxylation of, 2755; in reaction with 1640
2-methoxybutadiene, 4508; reaction with /?-oxonitriles, 2446 1-Phenylpentafluoropropanone, reaction with triphenylphosphine 

Phenoxaphosphine derivatives, preparation by Friedel-Crafts and sodium chlorodifluoroacetate, 1854
and diazo reactions, 474 2-Phenyl-l-phenylcarbamoyl-2-pyrroline, formation of, 2361

Phenoxide ion, generation of methylsulfinyl carbanion, 1077 P-Phenylphospholene and oxide of, preparation and structure
Phenylacetamides, in synthesis of 0-hydroxyamides, 4275 of, 1034
Phenylacetylene, from reaction of benzyl dibromomethyl sulfone 1-Phenylpropyne, kinetics of hydration, 845

and base, 2030; reaction with nickel carbonyl and lithium 2-Phenyl-l-pyrroline, reaction with phenyl isocyanate, 2361 
dimethylamide, 2973 a - (6-Phenyf-2-p-quinoyl)iosbutyr aldehyde, formation of, 3346

Phenylalanine antagonist, 2,5-dihydrophenylalanine, 1774 5-Phenyl-3-(substituted anilino)-2(5H)-furanones, synthesis, 3991
N-PhenylaJlylamines, from thermal rearrangement of allylic 6-Phenyl-2,3,5,6-tetrahydroimidazo[2,l-6]thiazole, synthesis, 

phenylurethans, 1111 1350
Phenylanthranils, methoxylated, rearrangement of, 2880 2-Phenyl-N,N,N',N'-tetramethylsuccinamide, preparation of,
a-Phenyl-2-aziridineethanol, reaction of, 1350 2973
N-Phenylbenzimidates, in Chapman rearrangement, 2245 l-Phenyl-lH-tetrazole-5-thiol sodium salt, reaction with 1,4-
Phenyl benzoates, acyl- and aryl-substituted, alkaline hydrolyses, naphthoquinone 2,3-epoxides, kinetics, 262 

127 Phenylthioethenes, photocyclization of, 2218
2-  and 3-phenylbenzo [b] thiophene, formation of, 2218 3-Phenyl-2-thioureas, mass spectra and thermal fragmentation,
4- Phenyl-lH-2,3-benzoxazine, synthesis, 1372 243
3- Phenyl-l,2-bis(a-hydroxymethyl)cyclopropanes, ring opening Phenyl o- and p-tolyl sulfones, condensations at methyl groups

of, 3804 of, .2228
2- Phenyl-2-u C-butane, isotopic rearrangement of, 4259 ( ±  )-Phenyltrifluoromethylcarbinol, resolution of, 4242; absolute 
Phenylbutenes, modified aromatic <r values in addition of tri- configuration of, 4245

fluoroacetie acid to, 972 Phenylurethans, allylic, thermal rearrangement of, 1 1 1 1
a-Phenyleinnamic acid, in bromine reaction, 874 Pheophytin, use in porphyrin synthesis, 3144
a-Phenylcinnamonitrile, diastereomers from addition of alkyl- Phosgene, in N-dealkylation, 1367; in reaction with asparagine 

magnesium halides to, 1128 and glutamine and derivatives, 1258; in 2,2,2-trinitroethanol
3- Phenyl-2-cumaranones, sodium salts, reaction with molecular reaction, 4557

oxygen, 1640 Phosphate esters, hydrolysis of, 1185; of /9-keto-a-hydroxy acid
as-3-Phenylcyclobutanecarboxylic acids, meta- and pom-sub- chlorides and a-hydroxy /3-diketones, new syntheses of, 1192 

stituted, synthesis and ionization constants of, 1959 Phosphates, a-bromo-a-ketol, preparation of, 25; dimethyl 10-
1-Phenylcyclobutene, mechanism of formation from reaction of methoxyanthryl, synthesis and Diels-Alder reactions of, 2942;

1-phenyl-1,4-dichloro-l-butene with magnesium, 425 and phosphonates, 1-thiovinyl, 4470; triaryl, hydrolysis of, 29
Phenylcyclohexadienes, preparation and structure determinations Phosphine oxides, dimethyl and diethyl, formation of, 3690 

of, 1116 Phosphines, addition to 5,6-dideoxy-l,2-0-isopropylidene-a-D-
cis- and irans-2-phenylcyclohexanols, dehydration over alumina — xj/lo-hex-5-enofuranose, 2495; tertiary, reaction with hexa-

catalysts, 2035 fluoroacetone and o-quinones, 3787; trisdialkylamino-, adducts
Phenylcyclohexene derivative, noncoplanar, 3096 with nitrobenzaldehydes, 13; trivalent, reactions with 1 ,2 -
1-Phenyl-l-cyclohexyl peracetate, decomposition reactions of, dichloroperfluorocycloalkenes and perfluorocycloalkenes, 4395 

3647 Phosphinites, halomagnesium dimethyl- and diethyl, 3690
1-Phenylcyelopentanecarbonitrile, reaction of, 1666 Phosphites, mixed trialkyl, synthesis and acetolysis of, 4205
Phenylcyclopropane, acetylation of, 3800 Phosphobetaines, formation of, 4395
3-Phenylcyclopropanes, acid-catalyzed ring opening of, 3804 Phospholene, P-methyl-, preparation and structure of, 1034
Phenyl derivatives, of transition metals, reaction with acetylene, Phosphonates, aryl- and substituted phenyl-, synthesis of, 632;

3955 dialkyl acyl-, reaction with thiazolium salts, 4038; effect of
endo-Phenyldiazabicyclo[3,2 .0]heptanols, formation of, 4381 magnesium halides on the reaction of phenylmagnesium
1- Phenyl-l,4-dichloro-l-butene, reaction with magnesium, mech- bromide with, 4201

anism, 425 Phosphonic acids and esters, 632
Phenyldiimides of benzyloxycarbonyl-a-amino acids, formation Phosphonitrilie chloride, as activator of carboxylic acids, 2979 

of, 169 Phosphonium salt, in 1 -benzoxepin synthesis, 2590; 2-oximino-,
Phenyl esters, 2,4-disubstituted, photorearrangements of, 4127 cyclization of, 4431
2- Phenylethenesulfonic acid esters and amides, in reaction with Phosphoranes, cyclic pentaoxy-, hydrolysis of, 1185; preparation

dimethylsulfonium methylide, 3849 and reaction with Mannich bases, 4306; preparation of, 13;
2- Phenylethylamine, preparation of styrene from, 234 reaction with nitro olefins to give ylides, 1164 
9-Phenyl-9-ethyl-10-methylene-9,10-dihydroanthracene, in trip- Phosphorofluoridates, dialkyl, new source, 1664

tycene system synthesis, 3934 Phosphorothiolates, 0,0-dialkyl S-aryl, synthesis, 907
1-Phenylethylpyrroles, optically active, thermal rearrangement Phosphorus, analogs, of aminocarboxylic acids, 3090; attack on 

°£>4033 carbonyl oxygen, 3787; heteroatom, in sugar analogs, 4455;
5- (2-Phenylethyl)-l,3,4-trimethylpyrazole, formation of, 4413 ylides, ari-sensitive, electronic spectra of, 2993
5-Phenyl-2-formylalkylquinone, error in structure of, 3346 Phosphorus compounds, with sec-butyl groups, thermal decom-
1- C-Phenylglycerols, optically active, 2473 position of, 1065; preparation and reactions of cyclopropyl-
cis- and iraws-2-phenylheptafluoro-2-butenes, reaction with triphenylphosphonium bromide, 336; reactions of, 583, 2416;

alkali metal fluorides in diglyme, 1854 3082; trivalent, reaction with peroxides, 2325
Phenylhydrazides, of benzoylcarbonyl-a-amino acids, oxidation Phosphorus pentafluoride, in primary amine reaction, 1392 

of> 169; peptide synthesis via oxidation of, 4476 Phosphorylated sugars, by displacement, preparation, 1584
Phenylhydrazine oxidation, with polyhalomethanes, 3901 Photoaddition, of diphenylacetylene to 1 ,4-naphthoquinones,
3- Phenyl-2-(a-hydroxydiaryImethyl)diphenylmethylenecyclopro- 2200; of tetracyanoethylene to 3-benzoyl-2-benzylchromone,

panes, ring opening of, 3804 3469
2- Phenylindblo [l,2-c]hydantoin, formation of, 4551 Photoalkylation, of cyclic acetals, 805; of papaverine and phena-
3- Phenyl-3H-mdol-3-ol, 2-(substituted amino)-, preparation of, thridine, 1136 F

i • . , . , , , , , . Photocatalyzed hydrostannations, 802
Uhenyi isocyanate, reaction with indole, and metal derivatives, Photochemical addition, of phosphines, 2495 
to, 5^ V  ,m reaction with 2-phenyl-l-pyrroline, 2361 Photochemical cycloaddition, of carbonyl compounds to allenes,
Phenyl yothiocyanate, reaction with indole, and metal denva- 2774; of thiobenzophenone to conjugated dienes, 1240 
a D k ® ’ i- i , ,  , , „  , , , , , . Photochemical decarboxylation, of acids with thallium (III), 75;
£-Phenylisovaleraldehyde, palladium-catalyzed decarbonylation of cyclobutanecarboxylic acid, 2746
■nu , ? , , . „ Photochemical formation, of N-difluoroamino-substituted hydra-
Phenyl ketone semicarbazones, isomers of, 4402 zines, 2336
Phenylmagnesium bromide, effect of magnesium halides on Photochemical induced reductions, of benzophenone imine, 4323 

reaction of phosphonates with, 4201 Photochemical isomerization, of a,/3-unsaturated acids and
Phenylmagnesium bromide induced Sn 2' reaction and migra- esters, 1671 

tions of fluorine in I, l-di(chlorodifluoromethyl)ethylene, 2173 Photochemical reaction of acetylenedicarboxylic ester tetramer, 
Phenyl methyl ethers, mass spectra of, 124 2720
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Photochemical reduction of/3-and y-keto sulfones, 2730 of borazarophenanthrene derivatives, 1353- of dibenzene-
Photochemical transformations, of alloocimene, 3679 sulfonylhydrazine, 1537; of imino-l-(2-deoxy-/3-D-i/im>-pento-
Photochemistry, of alkyl-/3-naphthyl ethers, steric inhibition furanosyl)thymine, 1592; of quinolinecarboxylic acids 1504 

m the dimerization reaction, 259; of benzalazine, 2311; of p ifi values of amino acid derivatives, influence of electron-with- 
cyclic mercaptoles, 2297; of 2-cyclohexenones, alkyl-substitu- drawing groups on, 154
tion effects, 4060; of quinazoline and 1,4-benzodiazepine N -  Platinum-alumina catalysts, rates of hydrogenation of cvclo- 
oxides, 4438; ultraviolet-promoted bimolecular reduction of alkenes on, 610 J
acetophenone in amine media, ratios of diastereomeric pinacols Podocarpic acid, (± )-d esoxy - and (±)-13-methoxydesoxv- 
formed, 1270; reduction of deoxybenzom, 1271 stereoselective synthesis of, 3560; synthesis, 719

Photochlormation, of bicyclo [3.1.0] hexane, 1448; l-ehloro-2- Poison ivy urushiol, synthesis of compounds related to 2451 
methoxyperfluorocyclohexene, 2692; of 1,3-dioxolane, 2126; Polar effect, in ethylene- and 2-propene-l-sulfonyi chlorides 
of 2-methylpropane-2-f1, /3 secondary isotope effect in, 1233 4343; nature of, in hydrogen atom abstractions 3972

Photochromic l,2-dihydro-9-xanthenones, example of reversible Polyamino acids, selective reduction of carbobenzoxy group 2418 
cyclohexadiene-hextriene valence isomerizations, 3469 Polyazaindenes, deuterium-protium exchange in 1087

Photocyclization, of compounds containing two anthracene Polycyclic aromatic hydrocarbons, stepwise reduction of 2206 
rings, 254; of phenylthioethenes, 2218 Polycyclic fused [1 ,2-a]pyrroles, synthesis, 1359

Photocycloaddition, of cis- and ¿rares-chrysanthemic acid, 676; Polyester preparation with o-phthalic anhydride 2930
of diphenylacetylene to 2,3-dihydropyran, 1653; stereoselec- Polyhalomethanes, in phenylhydrazine oxidation 3901
tive, of 2-methylenethiete 1 ,1 -dioxide derivative, 3027 Polyhydroxyalkyl chain, conformational and ’ configurational

Photodecomposition of bis(fluoroformyl) peroxide, 2095 correlations of, 734
Photodimer, of irans-benzalacetone, 2604; of citraconic an- Polyisoprenoids, studies of the biosynthesis of 2181

hydride, structure and stereochemistry of, 920; of indene, Polymeric vinylsulfonyl chloride, corrected formulation of 4343
preparation and characterization, 3441; of maleic and fumaric Polymers, electron-transfer, 2539; of propylene oxide ’isomer 
acid derivatives, chemistry of, 1018; of 1,4-naphthoquinone, distribution, 384; of steroidal ketones, 2436 ’
syn and anti, 464 Polymer support, insoluble, in deoxyguanylyldeoxyguanosine

Photodimerization of a 3-chloroeoumarm, 2811; of 2-cyclo- synthesis, 708 
hexenones, alkyl substituted, 4060; of 1 -nitro- and 1 ,2-dinitro- Polymethylnaphthalenes, sequential pathways to, 1494 
acenaphthylene, 114 Polymorphism, of phosphobetaine, 4395 ’

Photoelimination reactions in ketones, fluorine effect on, 2523 Polynitro adducts of unsaturated ketones 1247
Photo-Fries rearrangements of 2,4-disubstituted phenyl esters, Polynuclear systems containing a pyridazine ring orientational 

4127 effects, 2910
Photomitiated arylation, of trialkyl phosphites, 632 Polyolefins, cyclic, reaction of sulfur dichloride with, 2627
Photoisomerizations, of alloocimene, 3679; of bicyclo[3.2.1]- Polyphenylene ethers, oxidation of, 4347 ’

octadiene, 799; of cyclohexadienones, 4398; of 1,4-dichloro- Porphyrin, deoxophylloerythroetio-, preparation of, 3144-
spiropentanes, 2741; of 2,3-dihydro-l,2-diazepine ketones and octaethyl-, synthesis of, 2169 ’
carbinols, 4381; of oxetanes to cyclobutanones, 2774; in Potassium borohydride reduction products of nitrobenzyliso-
quadricyclane-2,3-dicarboxylic anhydride formation, 3808 quinolinium salts, 2890

Photoisopyrocalciferyl m-bromobenzoate, crystal structure of, Potassium cyanate, reaction with epoxides, 379 
439? . 5«-Pregnane-3/3,20/3-diol 3-acetate, D-homoannulation of, 3632,

Photolysis, of irans-0-azidovmyl p-tolyl sulfone, 3418; of diaza- 3635 
cyclopentadiene, in hexafluorobenzene, 2538; of diazocyclo- 5/S-Pregnane, 3a-hydroxy-, preparation of 20-deoxy steroids 
pentadiene, 3816; of 1,6-dienes, 162; of 2,3-diphenylthiirene derived from, 1707; oxygenated, carbon 1-carbon 11 inter-
1 ,1-dioxide, 2026; of lumisantonin, 1 -methyl and 1 ,2-methyl- actions in, 3118
ene, 4389; of a 5-oxo steroid derivative, 1272; of perfluoro- Pregnanes, 17<*-20-keto-, ring B  modified, synthesis of, 2794
acyl fluorides in presence of tetrafluorohydrazine, 3675; of 5/S-Pregnan-3a-ol, synthesis of side-chain epoxides epimeric at
perfluoro-2,3-diazabuta-l,3-diene and perfluoroacyl fluorides, carbon 20 derived from, 1695
2518; in 1 :5 rearrangement of tnchloromethyl group, 2338 17a-Pregnenolone acetate, use in synthesis of 17a-20-ketopreg-

Photolytic decarboxylation of w-nitroso perfluorinated carboxylic nanes, 2794
acids, 2102 15-Pregnen-20-ones, 17<*-hydroxy-, preparation and reactions of,

Photolytic decomposition of 2 ,3-diazido-l,4-naphthoquinone, 3695
1100 Pretazettine, and conversion to its rearrangement artifact

Photolytic formation, of vinyl radicals, isomeric, 4317 tazettine, 3749
Photolytic reaction, of triphenyltricyclohexanone, 1441 Prins reaction, kinetics and produet composition in acetic acid,
Photopinacolization of para-substituted acetophenones, 412 1873; mechanism of, 3060; of styrenes, kinetic studies of, 4155
Photorearrangement, of alkyl-p-benzoquinones, 2512; of N -  Proaporphines from Stephania glabra, 2785

chlorosulfonamides, 3066; of 2,4-disubstituted phenyl esters, Product ratio analysis, of methyl /?-(acetylthio)acrylate reaction
4127 with diazomethane, 4451

Photoreduction of acetophenone-7-C14 and benzaldehyde-7-C14, Progesterone, analogs, C-nor-D-homo-, 647; 18,19-dinor analogs 
solvent and basicity effects, 291 of, 109; hydroxy-, mass spectra of, 1740; 17a-hydroxy-,

Photosensitization, heterogeneous, 2528 reaction with hydriodic acid, 1196
o-Phthalaldehydes, synthesis, 787 9/3, lOa-Progesterones, total synthesis of, 3548
o-Phthalate esters, macrocyclic, synthesis of, 2930 Propargyl, to aliene, rearrangement, 4413; derivatives, allenes by
Phthalimido oxalate, reaction with hydrogen peroxide and lithium aluminum hydride reduction of, 3655

fluorescent compounds, chemiluminescence, 4266 Propargyl chlorides, steric effects in reaction with sodium meth-
Phthaloyl cyanide, preparation by thermal and photolytic de- oxide in methanol, 2986

composition of 2,3-diazido-l,4-naphthoquinone, 1100 Propargyl sulfone, in amine addition, 549
2-Picoline N-oxide, reaction with trichloroacetyl chloride, 1530 Propargyl p-toluenesulfonate, nucleophilic displacement in, 872
Picramides, N -alkyl- and N,N-dialkyl-, absorption spectra of, Propenide formation, 2532 

3070 Propiophenone, electrolytic bimolecular reduction of, 2145
Picryl ethers, reactions with hindered amines, 4262 Propylamines, 3-substituted, by hydrolysis of 6-aryltetrahydro-
Pinacols, formed in ultraviolet-promoted bimolecular reduction l,3-oxazin-2-ones, 2134

of acetophenone-[7-14C] in amine media, 1270; reduction of Propylene- and ethylenediamine, reaction with trihaloacetic acid 
deoxybenzoin, 1271; from photochemical reduction of /3- esters, 3932
and y-keto sulfones, 2730; ratios formed in ultraviolet bi- Propylene oxide, 1,1-disubstituted, prepared from N-nitroso-
molecular reduction of acetophenones, 412 ketimines, 2852; ring polymers of, isomer distribution, 384;

a-Pinene, nmr of, 1730 twelve-membered ring polyethers of, 388
2,5-Piperazinediones, synthesis, 862 Propylene sulfide, ring-opening reactions of, 2895
Piperazinium dichloride, 1,1,4,4-tetraethyl-, direct synthesis of, 1,3-Propylene thioketal derivatives of cyclic ketones, synthesis of, 

460 300
2- Piperideines, 3-acyl-, formation of, 747 n-Propyl iodide, iodine exchange with zinc iodide, kinetics, 4146
Piperidine, 3-nitro-, synthesis of, 2079; reaction with 2 ,2 ,2- n-Propyl tosylate, in alkylation of pyrrole alkali metal salts, 1299

trifluoroethyl thiolacetate, reinvestigation, 422; reversible Protected C-terminal 5-aminovaleric acid analog, 1581
reaction with 2,4-dinitroanisole, 2320 Proton acceptors, peroxide and ether groups, 3882

Piperidoneenamines, reaction with methyl /3-vinylacrylate in Protoberberine alkaloids, stepharine and stepholidine, 2785 
preparation of quinolines and isoquinolines, 2959 Protonation, of nitronic acid derivatives in cyclohexane systems,

3- (l-Piperidylmethylene)-2,3-dihydrobenzo[6]thiophene 1,1- 4098; of potassium salts of 1-nitroindene and 9-nitrofluorene,
dioxide, formation, 3233 1169

Piperylenes, photosensitization of, 2528 Pseudo halogens, 766, 4548
Pivaloyloxymethyl protecting group, application of use, 2488 Pseudo-4-norcocaine, synthesis of, 3435
piCa, of acylguanidines, 552; of benzoic acid, 2-substituted, 3872; Pseudooxazolones, reaction with hydrazoic acid, 2541
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Pseudo-a-DL-talopyranose, epimerization to pseudo-a-DL-galacto- tosylate, 1299; optically active, thermal rearrangement of, 
pyranose, 2841 4033; trisubstituted, thermal isomerization of, 2057; 2,3,5-

Pteridine, 6,6-disubstituted 5,6-dihydro-, aromatization during trisubstituted, formation of, 2057 
attempted synthesis, 3339 Pyrrole-2-carboxylate, ethyl 4-acetyl-3-ethyl-5-methyl-, syn-

Pugelone, preparation of, 2008 thesis of octaethylporphyrin from, 2169
Pummerer reaction, scope of, 4150 [l,2-a]Pyrroles, polycyclic fused, synthesis, 1359
Purine nucleoside, nebularine, synthesis of, 1796; 8-substituted, Pyrrolidine, addition, to bicyelo[2.2.2]oct-2-ene-2-carbonitrile, 

1600; synthesis of 6-amino-2-methylthio-7-(/3-D-ribofuranosyl)- 2371; 3-nitro-, synthesis of, 2079; ring of anisomycin, con-
purine, 2828; synthesis of 8-chloropurine nucleosides and formational studies of, 2136
related derivatives, 1070 fraras-3-Pyrrolidinobicyclo [2.2.2] octane-2-carbonitrile, formation

Purines, substituted, N-vinyl derivatives of, 1341 of, 2371
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Pyrazole, derivatives, o-di-i-butyl heteroaromatic, 3337; 3,5- Pyrrolobenzoxazines, synthesis, 2402

diamino-, synthesis, 2606; 3,4- and 3,5-disubstituted, forma- Pyrrolo[l,2-a]indole chemistry, 3050
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Pyrene, ozonation of, 2149 tion, 3808
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o7  syntheses, N-hydroxy protecting group in, 2118 acrylate, 2959; reaction with chloroformâtes, 4447; substituent
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4-(4-Pyridyl)-l,l-diphenyl-l-buten-4-°l, derivatives of, 3007 Quinones, with donor substituents, charge-transfer properties
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■^~(4pPyndyljethylamines, base-catalyzed elimination reactions 2-(2-Quinuclidinyl)indole, formation of, 487 

OI; 1290
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JN-vinyl derivatives of, 1341; 5-substituted, synthesis of, 140 aqueous solution, 1865

£ynmidme 1-oxides, oxadiazolo[3,4-d]-, preparation of, 2086 Radiation-induced substitution of aromatic compounds in dilute
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methyl xanthates and acetates, 1625; in 1:5 rearrangement of Radicals, alkyl, oxidation by lead (IV ) and copper(II) complexes, 
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2-Pyrones, 3-acyl-4-hydroxy-, 1746; naturally occurring, syn- Radioprotective compounds, related to spermine and spermidine, 
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[2.2.l]hept-2-ene exo-oxide, 2934; Claisen-Cope, novel type Schmidt ring expansion, of azabicyclic ketones, 2379
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Reductive alkylation, of imines and esters, 2388 Silyl-substituted organometallic compounds, in carbonyl olefina-
Reductive amination, of a-keto acids, asymmetric, 4467 tion, 780
Reductive cleavage of cyclopropane rings, 4102 _ Simmons— Smith reaction, partial asymmetric synthesis in the,
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Reissert compound studies, 4447 with, 2086
Resin acids, dienoic, in thermal isomerization, 1683 Sodium borohydride, reduction, of cross-conjugated 1-pyrrolines,
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Resorcinol, 4 ,6-bis(3-phenylphthalidyl)-, preparation of, 1300 Sodium dicyanamide, fluorination of, 2522
Retroprogesterones, total synthesis of, 3548 Sodium hydride reduction of norcamphor and 5-norbornen-2-one,
Rhodium catalysts, in dialkylcyclohexene hydrogenation, 3258 anomalous, 3425
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arsines), 1681 mandelate, second-order rate constants, 183l
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effects in the addition of triluoroacetic acid to cyclopropanes, Sterically hindered styrenes, reactivities toward addition of free 
968; addition to phenylbutenes, 972 radicals, 94
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2175; of irans-2-hydroxymethylcyclohexyl brosylate, optically Steric enhancement, of resonance, 3070
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q • ro ci a ,. c , 0 ,1  (2,5-oxathiolane), 3535; degradation of stigmasterol to 3/3,5a,-
Spiro[2.o]octan-6-one, preparation of, 1311 6/3-trihydroxy-23,24-bis-norcholan-22-oic acid, 2143; 20-deoxy
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¡ypororrma fungus, dihydroioscoumanns from, 1577 isomeric aryl monosulfates of, 662; 2- and 4-fluoroestradiol,
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btereochemical consequences, of methoxyl participation, 3797 progestérones, 1740; nitrite ester, formation of, 2469; nor,
btereochemistry, of acyl halide addition to olefins, 1545; of addi- 834; 19-nortestololactone, microbiological synthesis of, 660;

ot iC0,, , Bydrocarbonyl to 1,2-diphenylcyclobutene-l, organoborane rearrangements and novel synthesis of 21-
1281; of alkylation of 1-acetyl and 1-cyano derivatives of 4- methyl-19-nor steroids, 1715; oxiranes from 3- and 17-keto
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2-methyl-2-pentenoic acid and related compounds 3382; Stigmasterol, degradation to 3/3,5«,6/3-trihydroxy-23,24-bis-
of microbiological hydroxylation, 3217; of oxidation of oximes norcholan-22-oic acid, 2143
to mtrocycloalkanes with peroxytrifluoroacetic acid, 4098; «rans-Stübene, from deamination reaction, 234
hw Pyrr°  s i? « a<Idition product, 2371; of side chain of y- as-Stilbenes, solvent isotope effect in the acid-catalyzed isomeri-
lactones, 3156; of spiroepoxy ketones, 1890; of streptovitacm- zation of, 4260
anond 9° 4,’ ° f ^.-substituted 2-methylcycloheptanones, Stobbe condensation, of a-keto esters, 838 
aQxn t 4 lerma reactions, 925; of N-tosylsulfilimme group, Strained organic molecules, 1441, 1445

u Tapor S? dehalogenation of meso- and dl-2,3- Streptovitacin-A and E-73, stereochemistry of, 904
427 , • i . Styrenes, kinetics of the Prins reaction of, 4155; via novel

btereoisomers, of tetrahydrocannabino1 congener, synthesis, 684 deamination reaction, 234; sterically hindered, reactivities
synthesis, of 4,14-disubstituted [2.2]metacyclo- toward addition of free radicals, 94; «,o,o,p-tetramethyl-,

pnanes, 6 z n  . reaction with bromine, 1243
btereospecific cycloaddition, of chlorosulfonyl isocyante to cis- Styrene oxides, reduction with alkoxyaluminum hydrides, 1132 

and trans-P-methylstyrene, 3036 Styryl methyl and ethyl ketones, self-condensation of, 3264
btereospecific ether formation, of tropanes, 2601 Substituent effects, among aromatic disulfides, 568; in the mass
btereospecific vinyl halide substitution, 1681 spectra of phenyl methyl ethers, 124; in naphthalene ozonol-
btericaliy hindered butadienes, synthesis and properties of, 2214 ysis, 787; on photoaddition of diphenylacetylene to 1,4-
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naphthoquinones, 2200; of positive poles in aromatic substitu- Sulfuryl fluoride, reaction with fluoro olefins, 344 
tion, chlorination and bromination of sulfonium and seleno- Sulfur ylides, formation of, 3514
nium salts, 230; in quinoline, transmission of, 1504; and Sultams, formation of, 900
thermodynamic consequences of linear free-energy relations, Symmetrical diaryl sulfoxides, preparation of, 846 
3961 Synephrine, ( — )-/3-methoxy-, synthesis of, 471

cine-Substitution, benzyne intermediate in, 2547
N-Substitution products, from gm-dibromocyclopropanes, 4537 Tabemaemontana crassa, alkaloids of, 3350
Substitution reactions, at sulfinyl sulfur, 793 Tabemaemontana riedelii and T. rìgida alkaloids, 1055
Succinic acid, p-methoxybenzylidene derivatives of, 448 a-Dh-Talopyranose, pseudo-, epimerization to pseudo-a-DL-
Sugars, amino, synthesis and spectroscopic data, 1586; analogs, galactopyranose, 2841

with phosphorus, 4455; with carbon-phosphorus bond, 2495; Tautomerism, in arylazopyrazolones, 513; ring-chain, of o- 
chains, extension through acetylenic intermediates, 728; hydroxybenzyl amine with aldehydes and ketones, 1, 8;
dimethyl acetal role in glycoside formation, 740; episulfides, of 1,2,4-triazole, nmr study of, 2956
formation of, 3727; methylated, in dextran, 3136; methyl Taxogens, telomerization by bromine telogen, 3859
3-deoxy-3-nitro-jS-L-ribo- and arabinofuranosides and corre- Tazettine, alkaloids related to, absolute configuration of, 3105; 
sponding amino compounds, 3731; nucleosides, branched- methine, dihydro, structure of, 3096; rearrangement artifact, 
chain, 2490; synthesis of 3'-C-methyladenosine, 1789; oso- 3749
triazole derivatives of, 2478; osotriazoles of, structure, 734; Telogen, bromine, in telomerization of olefin taxogens, 3859
phosphates, preparation by sulfonoxy group displacement, Telomerization, with bromine, 3859
1584; thio, adenine nucleosides of, 189; unsaturated, via a Terpene alcohols, monocylic, 2466
novel-type elimination reaction, 1816 Terpene-formaldehyde reactions, 2462

Sulfamate, ester rearrangement, mechanism of, 443; N -sub- Terpenes, isomerization, 4536; reaction of d-limonene with 
stituted, hydrolysis in aqueous perchloric acid, 1295 formaldehyde, 1156; stereoselective synthesis of (± )-d esoxy -

Sulfenic anhydride-mercaptan reaction, mechanism of, 1940 podocs^pic acid and (±)-13-methoxydesoxypodocarpic acid,
Sulfenyl carboxylate, trapped intermediate, 2242 3560
Sulfenyl chlorides, monoadducts with conjugated diolefins, 2642; Terpenoids, mono-, stereoselective synthesis of iridolactones, 3149 

reaction with aliene, 1533 Tertiary N,N-dimethylamines, preparation, 1647
Sulfenyl sulfur, nucleophilic substitutions at, 3331 Testosterone, 18,19-dinor analogs of, 109
Sulfide-catalyzed thiolsulfinate-sulfinic acid reaction, mechanism Tetraacyl-l,3-dithiacyclobutanes from carbon suboxide and

of, 1940 sulfur dichloride, 3642
Sulfide ion, reaction with fluorinated olefins, 1850 Tetraaminopyridines, reaction with pyruvaldehyde and benzil,
Sulfide oxidation, with N-halosuecinimides, 3976 2393
Sulfides, benzyl chloromethyl, directive effects in the chlorina- 1,1,2,2-Tetracarbomethoxyethane, crystal structure of, 1677 

tion of, 1080; cyclic, formation of, 2620; intramolecular Tetrachloroethylcarbamates, dehydrochlorination of, 2887
alkylation as an approach to, 43; fluorinated, formation of, 1,1,4,4-Tetrachlorospiropentane, reduction of, 2741
1850; preparation by base-catalyzed conversion of thiol- Tetracyanodimethan derivative, of dibenzopentalenoquinone, 
carbonate esters, 4290 radical-anionic salt of, 2529

Sulfilimines, from 4-i-butylthiane, 4340 Tetracyanoethylene, Diels-Alder adduct with cycloheptatriene,
Sulfinyl chlorides, superior method of preparing, 2104 2158
1-Sulfinyl and 1-sulfonylvinyl phosphates, 4470 Tetracyclo[4.3.0.0*’4.03,3]nonan-8-one, synthesis, 2211
Sulfinyl sulfur, substitution reactions at, 793 Tetraethylorthosilicate, deuterolysis, in facile and economic
Sulfite radical-ion addition to olefins, ion catalysis of, 4158 synthesis of ethanol-OD, 1257
Sulfoacetic acid derivatives, reactions of chlorosulfonylacetyl 1,1,4,4-Tetraethylpiperazinium dichloride, direct synthesis of, 

chloride with nucleophiles, 2113 460
Sulfonamides, cyclic, formation of, 900; derivatives, formation of, Tetrafluoroformamidine, reaction with alkali metal fluorides, 3489 

4336 Tetrafluorohydrazine, chemistry of, 2330, 2336; radical reactions
Sulfone amino acids, cyclic, formation of, 3739 of, 1861; radical reactions with cyclic olefins, 2634
Sulfones, chlorinated, preparation of, 1080; cyclic, intramolecular 4,4,5,5 -  Tetrafluoro -  2 -  (triphenylphosphoranylidene)cyclo-

alkylation as an approach to, 43; from sufienes and ynamines, butane-1,3-diones, betaine isolation, 4395 
4406; 2,2'-dihydroxydiphenyl, preparation of, 446; halo- 2a,3,4,5-Tetrahydroacenaphthylene, synthesis and epoxidation 
methyl and a-halobenzyl phenyl, nucleophilic displacement of, of, 3283
1182; 0-keto, use as synthetic intermediates, 61 ; 2-methylene- 3,4,ll,la-Tetrahydro-l-H-benzo[b]quinolizin-2(6H)-ones, syn- 
thiete 1,1-dioxide derivatives, 3020, 3027; phenyl o- and p- thesis of, 2958
tolyl, condensations with, 2228; propargyl, reactions with ASa<IOa)-Tetrahydrocannabinol, 5-aza analog, preparation of, 2995
nucleophiles, 549; reaction with bases, 2026, 2030; vinylic Tetrahydrocannabinol congener, synthesis of eight stereoisomers
cysteine, base cyclization of, 3739 of, 684

Sulfonic esters, of carbohydrates, reactions on alumina, 3165 Tetrahydrochromans, preparation and chromic acid oxidation of,
Sulfonium halides, triaryl-, synthesis and reactions of, 2671 2013
Sulfonium salts, aromatic, chlorination and bromination of, 230; Tetrahydroisoquinolines, azecino-, preparation of, 4010, 4015 

lithium aluminum hydride reduction of, 2526 Tetrahydro-l,3-oxazin-2-ones, 6-aryl-, preparation and hydrolysis
Sulfonium ylides, methylene transfer from, 2188; a new re- 3_gubstituted propylamines, 2134

arrangement of, 70; use in heterocyclic syntheses, od 1,2,3,4-Tetrahydrophenazine di-N-oxide, reactions with acetic
1-Sulfonyl chloride, ethylene- and 2-propene-, polar effects m, anhydride, 2127

4343 Tetrahydropyrans, 2-alkoxy-, conformational analysis of, 2572
Sulfonyl fluorides, reaction with fluoro olefins, 344 Tetrahydropyranyl ethers and thioethers, alkyl, mass spectra of,
Sulfonyl groupings, nucleophilic displacements a to, 1184 2266
Sulfonyl halides, use in Lossen rearrangement, 2543 Tetrahvdropvridines 747
Sulfonyl isocyanates, kinetics of the reaction with tnphenyi- Tetrahydroquinolizinium salts, synthesis and reactions of, 1313 

methanol, 3514 Tetrakis (carbamate), formation of, 3937
Sulfonyl isotmocyanates, chemistry of, 34U Tetrakis (dime thy lamino) titanium, reactions with 0-dicarbonyl
Sulfonylium ion intermediate, 4343 . , 1 . compounds, 1506: reaction with tetramethyloxamide, 1246
Sulfonyoxy group, primary, displacement of, m sugar phospnate Tetrakis (hydroxymethyl )phosphonium chloride, neutralization

J»reparation, 1584 0f gggg
ulfopropionimide, s^ h e s i s ,  99o4 . , id t: 0* suifides 2-Tetralone, chlorine-substituted derivatives of, synthesis, 4288

sulfoxides alky1 aryl, reduction of, 2234 by oxidation of sulfides Tetramers of acetylenedicarboxylic esters, 2720
N-halosuccmimides 3976 reaction of acetic anhydride Tetramethylallen* reaction wi&  nitrosobenzene, 2848 

with> 4150; symmetrical diaryl, preparation of, 8 . 2,2,5,5 -  Tetramethyl -  4 -  isopropylidene -  1 -  oxaspiro[2.2]-
xanthenol, behavior m trifluoroacetic acid, 3641, isomeric, pentane, synthesis and reactions of, 991
conformations o f , , q .n 1,4,7,7-Tetramethylnorbornene, oxymereuration of, 2614

Sulfoxmmes, from 4-i-butylthiane, 4340 Tetramethyloxamide, in reaction with tetrakis(dimethylammo)-
Sulfur atoms, 1,3-diaxial, interaction m, 1466 . titanium' 1246

SU|2V S X o ^  of?226ierCUnC Tetramethylurea, formation of, 1246
Sulfur-containing derivatives of methyl-2(’lH)-pyridones, 2083 Tetramisole, anthelmintic, synthesis, 1350

POly° 1' S” ' S S W  of, 425.

SUi i l S “  Chi° r‘“ li0n ° f  b“ ‘ yl CMOr° ” ‘1,il of, 4294
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Tetrazolinyl radicals, esr spectra and assignment of structure, Thiolate anion, from nucleophilic attack on disulfide, 568 
2744 Thiolbenzoate, intramolecular displacement by, 3727

Texasin, isoflavonoid identical to 6,7-dihydroxy-4'-methoxy- Thiolcarbonate esters, base-catalyzed conversion into sulfides,
isoflavone, 462 4290

Thalictrum alkaloids, structure elucidation and synthesis of Thiols, reaction with 2,5-dihydro-2,5-dimethoxyfuran m syn- 
dehydrothalicarpine, 1052 thesis of 2-furyl thioethers, 1869; simple synthesis of, 1275

Thallium (III) carboxylates, photolytic decarboxylation of, 75 Thiolsulfinate-mercaptan reaction, mechanism of, 1940
Thallium triacetate oxidation of enamines to a-acetoxy ketones, Thiosulfonates, in thioalkylation of dithiocarbamates, 3865 

3359 Thione, cyclic, from mercaptoles, 2297
Thebaine, conversion into methanobenzofuro [3 ,2-d] azocines, Thion esters, two tetrasubstituted intermediates in alkaline 

3551; conversion into l-methyl-3a-(3'-hydroxy-6'-methyl- hydrolysis of, 1022
phenyl)-4,2'-oxidooctahydroindole via rearrangement of an 0-Thionobenzoa,te, neighboring, intramolecular displacement by, 
aziridinium intermediate, 3556 1783

Thermal decomposition, of o-azidodiphenylmethane into azepino- N,N'-Thionyldumidazole, m symmetrical diaryl sulfoxide 
[2,1-a] -11 H-indole, 4286; of 1 -carbamoylpyrroline, 2361; preparation, 846
of carboxylic thiolcarbonic anhydrides, 1884; of o,o'-diazido- Thiophenes, acid-catalyzed brommations, deuterations, re
azobenzene, 2951; of 2 ,3-diazido-l,4-naphthoquinone, 1100; arrangements, and debrommations of, 2902; aryl, mass
of 3,3-di-i-butyl diperoxyphthalid, 848; of fluoroacetone spectra of, 847
hemiketal esters, mechanism of, 4169; of hydroperoxides, 1436; Thiophenoxide ion, in displacement of halogen a  to sulfonyl 
of mixed carbonic anhydrides, 1877; of solid benzyldimethyl- group, 1182
sulfonium salts, 3507; of tri-sec-butyl phosphate, 1065 Thiopyran 1,1-dioxide, derivatives, 549

Thermal elimination processes, electron impact induced analogies Thio sugars, synthesis of adenine nucleosides of 4-thio-D-xylose 
to, 1612 and 4-thio-D-arabinose, 189

Thermal fragmentation, of 3-phenyl-2-thioureas, 243 Thiotetrahydropyrans, 2-alkoxy- and 2-alkyl-, anomeric effect
Thermal isomerization, of abietic acid, 1683; of ergosterol and in, 3754

dehydrocholesterol, 438; of trisubstituted pyrroles, 2057 Thiothiophthene no-bond resonance compounds and their
Thermal loss of methoxyl group, from ubiquinones, 905 nitrogen isosteres, methylation of, 2915
Thermally induced reactions, of vinyl azides, 2411 Thiourea, derivatives, from 2-amino-2-thiazolines and 2-selen-
Thermal rearrangement, of ally lie acetoacetates, stereochemistry azolines, 884; reaction with quinones, 4426

of, 925; of ally lie phenylurethans, 1111; of benzoncrcaradiene 2-Thioureas, 1-substituted 3-phenyl-, mass spectrometric and 
benzonorbornadiene, and 1,2-benzotropilidene, 4501; of thermal fragmentation of, 243
optically active pyrroles, 4033 Thiourethans, sulfonyl, preparation of, 340

Thermal ring opening, of grewt-dibromocyclopropanes, 4537 Thiouronium salts, cyclization of, 4426
Thermal stability, of semicarbazones, syn and anti isomers of, 1-Thiovinyl phosphates, 4470

4402 Thioxanes, trichloro-, synthesis and desulfurization of, 1643
Thermochromism in leucosulfites of triphenylmethane com- Thioxanthen-9-ol 10-oxides, behavior in trifluoroacetic acid and 

pounds, fatigue mechanism for, 1945 its anhydride, 3641
Thermodynamic data, on 1 -methylcyclohexanol system, 3319 Thioxanthenol sulfoxides, behavior in trifluoroacetic acid, 3641;
Thermodynamic consequences, of linear free-energy relations, isomeric, conformations of, 2237

3961 4-Thio-D-xylose, adenine nucleosides of, 189
Thermodynamics, of cis- and ¿rans-dimethylcyclohexanes, 784; L-Threonine, O-benzyl-N-i-butyloxycarbonyl-, synthesis 

of ring-opening alkylations of azetidinium cations, 523 Thymine, nucleosides of, 4227
Thermolysis, of 4,5-dicyano-l,3-dithiol-2-one, 541; of diepoxide, Thymoquinone, reaction with sodium azide in trichloroacetic 

3291; of a 4-methylene-l-oxaspiro [2.2] pentane derivative, acid, 4019
991; of l-p-nitrobenzoyl-2-vinylaziridine, 4547; of poly- Thyroxine, model reaction for the biosynthesis of, 157 
(dipropylene o-phthalate), 2930; reactions of biphenylene, 451 Tischenko reaction, aluminum alcoholate of a hemiacetal present 

Thiacyclobutenes, derivatives of, 1364 in the, 3657; of chloral, 3310
l-Thiacycloheptane-4,5-dione, 3,3,6,6-tetramethyl-, 4025 Tobacco, isolation of 2-hydroxy-2 ,6,6-trimethylcyclohexylidene-
l-Thiacycloheptan-4-one, 5-diazo-3,3,6,6-tetramethyl-, rearrange- acetic acid 7 -lactone from, 2819

ment of, 4025 Tocopherol, compounds related to, 2539
Thiaeyclohexane, saturated and unsaturated derivatives, mass Toddaculine, isolated from Murraya paniculala, 3574 

spectra of, 4070 Toluene, aromatic oxygenation with diisopropyl peroxydicar-
4-Thiaeyclohexanone, saturated and unsaturated derivatives, bonate-metal salt, 266; boron fluoride alkylation of, 275; in

mass spectra of, 4070 nitrobenzene reaction, 2315; oxygenation in the organic per-
Thiadiazepine ring system, new, 4528 oxide-cupric chloride system, 1950
A3-l,3,4-Thiadiazoline, preparation of a, 2089 p-Toluenesulfenyl chloride, addition to benzonorbornadiene, 3428
Thiamine, reaction with dialkyl acylphosphonates, 4038 p-Toluenesulfinate anion, ambident, O and S methylation of, 3422
Thiapyrylium perchlorate, indolo[3,2-c]-, preparation ot, 1306 o-Toluenesulfonamides, N  substituted, metalation at methyl
1- Thiareserpine, ( ±  )-l-deaza-, total synthesis, 1556 group with n-butyllithium, 4278
Thiazine, and diazine compounds, from reaction of acetone with p-Toluenesulfonates, of 3-(3-cyclohexenyl)propyl and 4-(3-

carbon disulfide in the presence of ammonia, 2877 cyclohexenyl [butyl alcohols, acetolysis of, 299; neighboring
Thiazines, preparation of, 4038 hydroxyl group effect in solvolysis reactions of, 118
Thiazole, 2-methyl-, nitration of, 2544; synthesis, Hantzsch, p-Toluenesulfonylacetonitrile, from pyrolysis of trans-fS-azido- 

intermediates in, 4422 vinyl p-tolyl sulfone, 3418
2- Thiazolines, 2-amino-, ring opening of, 884 cis- and irans-2-o-tolylcyclohexanol, optical resolution, 921
Thiazolinium salts, reaction with diethyl acetylphosphonate, 4038 N-p-Tolylsulfonyl-N'-cyclohexylcarbodiimide, synthesis and re- 
Thieno [3,2-b] pyrroles, 6 substituted, synthesis, 1355 actions of, 4368
Thietane dioxide, preparation of a, 2130 3-0-(p-Tolylsulfonyl)-/3-D-aftro-heptulopyranose, synthesis of,
Thiete sulfones, highly unsaturated, synthesis, 1364 2844
3'-Thioadenosine, synthesis of, 1783 Tosylates, alkyl, electrochemical reduction of, 2716; organic,
Thioalkylation, by thiosulfonates, 3865 solvolysis of, 2712
Thiobenzophenone, photochemical cycloaddition to conjugated Tosyl azide-sodium hydride, use in direct introduction of the 

dienes; 1240 diazo function in organic synthesis, 3610
Thiocarbamates, O-aryl dimethyl-, rearrangement of, 2249 Tosyl isocyanate, reaction with carboxylate salts, 4442
Thiocarbamoyl disulfides, 3865 4-Tosyloxybicyclo[5.2.1]decan-10-one, reductive cyclization of,
Thiochroman-4-one 1,1-dioxides, monosubstituted, preparation 4312 

.of, 2730 N-Tosylsulfilimines, isomeric, 4340
Thiocyanate-catalyzed isomerization, of as-/3-acetylacrylic acid, N-Tosylsulfoximines, formation of, 4340 

3922 Trachylobane compound, synthesis of, 4210
Thiocyanate ion, reactions of carbamoyl chlorides with, 2073 Transannular cyclizations, in azalactams, 2379
Thioethanes, photochemical behavior of, 2218 Transannular nitrogen-carbonyl interaction, generation of an
Thioethers, 2-furyl-, from reaction of thiols with 2,5-dihydro- a-acetoxy quaternary ammonium salt, 4269

2,5-dimethoxyfuran, 1869 Transannular N  —► O acyl migration in formation of a 1-iso-
Thioketals, ethylene, preparation and properties, 1466 quinolineoctanoic acid f-lactone, 4015
Thioketene, di-i-butyl-, preparation of, 2738 Transannular reactions, in hepta- and octamethyleneimines, 3187
a-Thio ketone, equilibrium with thiazolinium salts, 4422 Transformation rates of azoxybenzenes, 1918
Thiol, 2-aminoethane-, derivatives of, 637; and alcohols, copper- Transglycosylation in selective cleavage of the glycosidic bond 

— catalyzed reactions with diazoacetate, 544 in acetylated 2-acetamido-2-deoxy-/3-D-glucopyranosides, 3585
Thiolacetate, 2,2,2-trifluoroethyl-, reaction with piperidine, n —*■ ir* transition of ethyl acetate, effect of ground-state solva- 

reinvestigation, 422 tion on, 416
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Transition metal w complexes, in hydrogenation of conjugated 1,3,5 triketones, preparation, 867 
diolefins, 1689 Trimer and tetramer, of anthranilic acid, formation of, 3358

Transition metals, phenyl derivatives of, reaction with acetylene, Trimesic acid, hydrogenation of, 2978 
3955 2-(2',3',4'-Trimethoxyphenyl)cyeloheptyl methanesulfonate, re-

Transposition of ketones via 2-nitro ketones, 1733 action of, 3316
Trapping reagent, allyl glycidyl ether, 1400 Trimethylaluminum addition to benzophenone, 3398
2.2.2- Trialkyl-2,2-dihydro-l,3,2-dioxaphospholanes, 3787 1,3,3-Trimethylazetidine, synthesis of, 2123
Trialkyl phosphites, mixed, synthesis and acetolysis of, 4205 l,5,5-Trimethylbicyclo[2.1.1]hex-2-yl p-toluenesulfonate, solvol-
Trialkylthiomethyl ions, chemistry of, 3333 ysis of, 99
Triarylalkyl ammonium salts, synthesis, 2554 2,6,6-Trimethylcyclohexylideneaeetic acid lactone, 2-hydroxy-,
Triarylsulfonium halides, synthesis and reactions of, 2671 isolation from -obacco and synthesis of, 2819
Triazetidine, alleged, structure of, 3663 1,5,5-Trimethylcyclopentadiene, kinetics of thermal rearrange-
as-Triazine-3,5(2H,4H)-diones, 6 substituted, preparation from ment of, 4504 

glyoxal aldoxime semicarbazones, 4281 Trimethylenenorbornene, addition of acetic acid to, 106
as-Triazino[3,4-&]-benzothiazol-3-ones, 2-alkyl-3,4-dihydro-, syn- 1,4,7-Trimethylenespiro[4.4]nonane, formation of, 3838

thesis, 888 3,4,4-Trimethyl-5-oxo-frans-2-hexenoic acid, preparation and
s-Triazole derivatives, ring fused meso ionic, 2559 mass spectra of, 351
1.2.4- Triazole, nmr study of tautomerism of, 2956 Trimethyloxonium tetrafluoroborate, in triarylamine alkylation,
1.2.4- 4H-Triazole, 3 substituted amino-4,5 disubstituted, forma- 2554

tion of, 858 Trimethyl phosphite, reaction with p - and o-quiriones, 20
1.2.4- Triazoles, 143 Trimethylsilyl ethers, of aliphatic glycols, mass spectra of, 2271
5H-s-Triazolo [5,1 -c] -s-triazole and derivatives, synthesis of, 143 5-Trimethylsilylindoles, synthesis of, 1348
1.4.5- Tri-0-benzoyl-2,3-dideoxy-D - erythro - hex - 2 -  enulopyranose, Trimethylsulfonium salts, kinetics of hydrolysis of, 2534

synthesis of, 181 2,2,2-Trinitroethanol, in phosgene reaction, 4557
1.2.3- Tribromo-l,3-diphenylpropane, conformations of, 3252 2,4,7-Trinitro-9-fluorenyl p-toluenesulfonate, acetolysis of, 1935
/3,/3,/3-Tribromoethyl ehloroformate, use in protection of nucleo- 2,2,2-Trinitrofluoroethane, preparation of, 1293

side hydroxyl groups, 3589 3-Trinitromethyicyclohexanone, preparation of, 1248
Tri-n-butylamine, ozonation of, 2675 Triphenylamine, and acylated, conversion into 9,10-diaryl-9-
Tri-sec-butyl phosphate, thermal decomposition of, 1065 acridanols, 3031
Trichloramine-aluminum chloride-i-butyl bromide, in amination Triphenylarsine, reaction with benzyl or benzhydryl hydro

reaction, 4515 . disulfide, 4133
Trichloroacetyl chloride, in addition to dimethylketene, 4550; 4,4,4-Triphenyl-l-butanol, lead tetraacetate oxidation of, 2767 

reactions of, 1530 - 4,4,4-Triphenylbutyric acid, lead tetraacetate oxidation of, 2767
4.4.4- Trichloro-2,2-dimethyl-3-ketobutanoyl chloride, a /3-keto Triphenylchromium, reaction with acetylene, 3955

acid halide, 4550 _ (l,2,3-Triphenylcycloprop-2-enyl)acetyl azide, rearrangements of,
1.1.2- Trichloroethane, elimination of hydrogen chloride on ion- 1445

exchanged molecular sieves, 2161 l-(l,2,3-Triphenylcycloprop-2-enyl)-3-diazapropan-2-one, rear-
Trichloroethylidene trichloroacetic acid hydrazide, from reaction rangements of, 1445 

of chloral with hydrazine, 2076 2,4,5-Triphenylfuran, 3-benzoyl-, preparation of, 1077
Trichloromethylation reaction, with benzoic anhydride, 1011 Triphenylguanidinecarboxylic acid derivatives, formation of, 1913
Trichloromethyl group, 1:5 rearrangement of, 2338 Triphenylmethane compounds, thermochromism in leucosulfites,
3.3.5- Triehlorooxindole, formation of, 4440 1945
2.3.3- Trichloro- and' 2,2,3-trichlorothioxanes, synthesis and Triphenylmethanol, kinetics of the reaction with sulfonyl iso

desulfurization of, 1643 cyanates, 3514
Tricyclazine, precursors to, 1313 Triphenylmethyl cation, addition to isobutene, 4543
Tricylenic acid, preparation of, 1996 Triphenylphosphine, dehalogenation of a-bromodiphenylacetyl
Tricyclics, acid-catalyzed isomerization of, 4085 bromide, 3974; in peroxide reduction, 787; reactions with a-
Tricyclo[4.2.2.02’6]deca-3,7-dien-9-one, synthesis, 2211 haloisobutyrophenones and a-mesyloxyisobutyrophenone,
Tricyclo [4.2.1.02's] nonane derivatives, synthesis and chemistry 3686; reaction with a-halo ketones, 3504; use in hydroxyl

of, 2175 replacement by chlorine, 3797
exo-andendo-tricyclo[4.2.1.02'6]non-7-enes, intermediates, 2175 Triphenylphosphonium salts, eyclopropylmethyl and C4-, reae-
Tricyclo[3.2.2.0M ]non-6-en-8-one, synthesis, 2211 tions of, 3082
Tricyclo [5.1.0.05-8] oct-2-ene, formation of, 799 3,3,3-Triphenyl-l-propanol, lead tetraacetate oxidation of, 2767
Trieyclo[3.2.1.02’7]oct-3-ene, formation of, 799 2,4,6-Triphenylpyrylium salt, 3-benzyl-, formation of, 1102
Tricyclo [3.3.3.01-6]undecane, tribenzo derivative of, 621 Triphenyltin hydride, radical-trapping agent, 2531
Tridentate carbanion, reactions of, 3050 l,5,6-Triphenykricyelo[3.1.0.02'6]hexan-3-one, synthesis, 1441
Triene intermediates, in Grignard reaction, 2203 Tripotassium 4-hydroxyisophthalate, formation of, 4512
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addition to cyclopropanes, 968; kinetics of hydrogen exchange Trityl group, block of isoxazolidone ring, 2421 
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of, 2822 Voacristine hydroxyindolenine, isolation, structural elucidation,,
Urushiol, synthesis of compounds related to, 2451 and synthesis from voacristine, 1225
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pyridinium salts, 3767; of 5-aryl-3-stvryl-2-cyclohexen-l-ones, WaUach rearrangement of azoxybenzenes m fluorosulfomc acid,
3264; of 1,3- and 2,4-benzodiazepmes, dihydro-, 670; of f . , ... , , , 1Qia
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Vinylcyclohexene, base-catalyzed isomerization cf, 2 21 Zinc ehloride-dioxane complex, study of, 2551
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