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(i)

SUtr0vtARY

fwo approaches toward.s the synthesis of æ 13, a pentacyclic

alkal-oid. j-solated. from GalbuUmjma species¡ have been d.eveloped.

In the fj.rst approach, 1 -acetoxy-1 2 Jr{--tetralryclro-6-methor'¡'-

1O-oxo-1 2J-ethara-naphthalene v¡a.s prepared. by a novel recluctive

cyclisation of nethyl-1 t213 )+-tetrahycl"ro-/-methoxy-l¡.'oxo-naPhthafene-

2-acetate. The annel-ation of this interrned.iate v¡íth 1-acetylcyclo-

he>:ene Yra.s unsuccessful.

The second. ap¡rrnach was based on a preposed solvolysi-s of

isoGts 13t a rearx,algement product of æ 13. Hyclrocyanation of Jt 8¡

gt 1Q, 1Ca¡ lCib , 11 ,12-octatryd.rrc-2-methoxy-6(6aH)-chrx'senone 'ud-th

hyd.rogen cyanide-c-iethylaluninir¡n chl-orj-d.e gave 4þ-çyano-l¡b¡ 5, 7t It

9, 10¡ 1Oa, 1Cb, I 1 t 12Åecahyd.no-2-methoxy-6(6an)-chrysenone. this

keto-nitrile, vrhich lnssessed the -!g3¡g-anti-jgg¡5 backbone an<1 axial

substítuent at C-l¡b necessall¡ for the s¡mthesis of iscffi 1J t ):las been

el-aborated' to the important model intermed'iate, þ-d-j'azoacetyr'6'6r -

etþIenedioxy-l¡b, 5, 6, 6o, 7, B, 9r lor 10a, 1Ob, 11e l2dodecakryd'ro-

2-methoxychrysene.
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'Ihe chem:istry of tnrentyeight of the a-Lkaloids isolerted. from

the Ga1bulimi¡:a. species has been extensively inrresti.gated.l-9 "irr.e
tJney were fj.rst isolated" in 1955 by Hughes, R:itchier Taylorr and.

cov¡orkers.10'11 Stt.r"tural sj¡,ilarities a11olv the majority of these

alkal-oid"s to be grouped. into three cl-asses.

Cfass (1) contains four tri<:yclic lactonesl{ which are

sÍmple analogues of hj¡rba.cine (1), tne major aLkal,oid. of the genus.

Crass (2) consists of fjfteen hexacyclic estersh-6 of higþ

orcygen content which are typified. by the aJ.I:aJ-cj-C.s himandrid.ine (2"),

the major ¡nember of the Brcupr and hjma¡rd.rine (Zt).

The fi¡ral- groqp of alkaloi<ls, class (l) ¡ namely himbadine

(¡o)rB æ '13 (æ)rB and. himgaline (4)9 ha" fevrer substituents tha¡r

the ottrer classes. One j-nteresting feature of the members of this

class which initia-lly hind.ered. structural- stu.d-ies was thej.r skeletal

reamanger.rents; æ 13 for example, r,:ndergoes a postulated vinylogous

ketol rea-rrangement to i-soæ 1i (Scheme 1) for which the structure

(¡) fras been p"o1o""d..B Another imtrrcrtant featr:re is the simiJ-errity

of their basíc ring struciure with that of the alkaloid.s of ctass (Z)

arrd. this was em¡ùtasised. u,hen the structure of æ 13 was confi*"d.8

by partial s¡rnthesis f:rom the ester alkaloid hjmarrdrj.ne (Zl). Becanrse

of this sj¡njJ-arity the total s¡mthesis of any alkalojd in class (J)

wou]d. also senre as a usefr:l mod.el a¡Ê,/or intermed.iate for the
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s¡mthesis of alkal-oíds i¡r cla.sses (z) or (¡).

With this consid-eration fur rnirrd., attention wa.s focussecl- on

methods suj.table for the s¡rnthesís of B 1i by a scheme that cou]d.

be modified. la.ter to incorlnrate the functional.ity necessary for tbe

s¡rnthesis of the ester alkaloids in class (Z) " this thesis wjll-

I
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Scheme 1.

clescribe these initial apprrcaches.

Alkaloi.f m 1J was chosen a-s a suitable representa.tive of

c1a,ss (J) ¡ec"rrse of its rel-ative simplicity and its urr sua.I rearrange-

ment to iso6 1J. A s¡rnthetic scheme is outLj¡ed. later in v¡hich iscGts

1J is a proposed intermed,j-ate in the synthesis of Gts 13. Several

features of the m 13 strr:cturre are readiJy d.istingui-shecl as criti.cal

units in the design of a s¡zrrtÌ:etic plan. They are:

(1) the lability of the vinylogousi ketol system to miJ-dly

acid.ic and. basic cond-itionsnS

(Z) the establishment of the eigþt as¡rnrnetric centres irt

the natural configuration, arrd'

(¡)theincor¡nrationofabicycrol].2.1]octariesystern

c
I

H

I
I

H
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with a brüLgeliead/ h¡llr'oxyl gr.oup within the centre of

a pentacyclic carbon skeleton. This ring system is

r.:npreced-ented.

The d.jfficulties associated. wíttr the first problem ca¡r be

minjmised- by i-ntroducing the vinyl. ketol- system at the latest stage

pssible in the synthetic schemc.

the second problern, the intnod.uction of eight as¡mmetric

centres, is prubably not as forrni-d"able as it at fjrst seems because

of the relationships behueen th,e various centres. The B-9 and" 19'20
*

bonds are necessar.ily cis-oriented. at CU anå CZO *d this d.efines

the as¡nnnetry at these psitions. The anti-tra.ls backbone of the A-¡

B-, ard. C-ri-ngs as shovm in structure (3t) represents the nost stable

configuration with least HJI interactions and. is the nr¡st Iike1.y to

be forned. wd.er therrnodynamically contr-o1l.ed. cond.itions. If the

stereochemicaJ- relationsh-1p betrrreen CU ard C.O can be contrr¡lLed., Ít

/

R vrhere xt yt " + o

(. ( ( z),

Attbrid.gehead.rr grcup ín this thesis will refer to any group

R
I

c
I

c CH
x

21
20

9

The nrni¡ering system used. jn this thesís

for @ 1J derivatives is that of lfander 12
o

and. coworkers.e 13

I
9

t,

3

I
1

+
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should. be possible to intnotluce the correct as¡'nrnetry at cArbons

8r 9, 10, 15, ard.2on Fortunatel,y a si-npJ-e a¡d. attractive sol.ution

to ol¡viate the stereochemical d.iffi,culties of the E-ring is also

available¡ províåed. that the picoline intermed.iate (6) ís consi-d'ered.;

the rnolecular modef of (6) sugg,ests that ad'sorption and' hence

hyd-rogenation of the concave molecuf.e on an active catalyst mr:st

occur on the CIpf ace to give the d-esi-red- stereochen-i"stry at carbons

2t 5, and. 6o

OH OH

CH¡ 0cH3

0

( 6)

0

t7,

' Àlthough a useful pï.ecu:.sor to 6 1J stereociremically, the

picoline derivative wot¡ld. be a d.jfficrrlt syntheti-c objective' lhe

Crrhydrogens of 2-411qÉ p¡Eid.ines are vely r^eactive givi¡g rise to

prctotropic reactionsl2 - this reactivity worrld. imped.e the condensa-

tion reactions necessall¡ to builô a n¡clecule of this size' Horvever

thÍs pi-coline d.erivative reprresents a s¡rnthon that may be d.erived"
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frcm a less rea.ctive metho>:y1ated. aromatic ring such as that present

Ín compormd. (7). A proced.ure by vrhich this transf ormation mqy be

accomplished. is suggested by previous work by Tanabel3 uolEschen-

,no"""o14 Fragmentatj.on of the c¡þelnxyketo¡e (B) witrr ¡-tosyl-

hydrazi.ne t¡nder mild. cond.itions gave the cyclohexalone (g) in 35%

yield (scheme 2) .13

( 9)( 8)

Scherne 2o

Thus a Birch red.uction of the E-riIg of the anisole inter-

ned.iate (7), foU.owed. by acid. hycLrolysis, should- yield the orþ

rmsaturated. ketone (tO).15 Epxidation and fragmentation r:nder

Escherunoserts conditionsl4' should. give the acetylenic tcetone (11)

arrd. after hyd.rationrlS tl. d.jftetone (lZ). ò-Diketones, on condensa-

tion wj-th ïgrd rrcx¡¡lanr:ine ¡ yi-eId. pyríd-ine d'erivativ"".l 6

As the anisole d.erivafive (7) rvouJ-d. present fev¡er s¡mthetic

d.ifficulties than the picol:ne (6) , a consideration of the s¡rnthetic
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0 CH
3

( 10 ) ( 11 ) ( 12 )

routes to this intermed.iate is in orúer.

The construction of the bicyclol3"z.1]octanol lnrtion of the

slæleton offers an interestíng challenge. A logi-cal approackr to this

prrobl-em woul-d. be the preparation of the bícycl-o13.z.1]octanol nrith

the an.ç¡matic ring attached e.g. (ll)i this compor:nd. worrld. then only

require a ftrnctiolal g,:roup at either the C-! or C-10 psition to

d.evelop the A- and. B-rings. Either of the ketoh (14) or (t5) would.

be suitable for thÍs pu4nse, Uut (14) appear's to be the nnre attrac-

tive intermed.iate because cordensation with 1-ace1;yLcyclohexene17 t18

coul-cL be expected. to give the desired. a¡risole interrned'iate (7) in a

single step.

Ihere are no reported. benzobicycfol].2"1 ]octan-1 o-ones with

or without a l-hydrcryÌ gruup a¡rd- at first gJance there seems no

obvious or sinrple way to prepa-re them. Hov¡ever Gutsche and. cowork"""19

have ol¡tained. a re1ateC. acyloin system (tZ) Uy a ¡rove1 red.uctive
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OH OH

0cH3

OH

( 15)

0cH3

I 0
10

0cH3

( 13 ) ( 14 )

cyc1-isation of the keto-ester (16) (Scheme J). Althougb this

OH 0
c

( 16) 117'.l.

Scheme J.

r€action gave a lovi yield. of product¡ it appeared- suitable for the

preparation of the IætoI (th) fn¡m the keto-ester (18) which shoul¿

be read.ily availabLe in large quantities by following a sequence

si¡ui-r-ar to that used. by wjJ-kinsorr2o fo" the preparation of the keto-

acia (19).

o2cl{3
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0 0c 0H¡

cH30
c 02c H3

R

( 18 )

ct

(19) R:C

As there is no precedent for the forrnation of a brid,ged.

system by a red-uctive cyclisatiorr proced.une¡ the alternative approa-ch

via the ketof (t5) ca¡not be ignored.. A sunrey of the literature

revealed. one report of a preparation of a benzobícycto[J.2.1 ]octan-

9-on".21 unfortr¡rately this sequence gives the keto¡re in very low

yie1d. a¡d. car¡rtot be rnod-ified" for the introd.uction of a tertia:¡r

hyd.roxyl groupo However intramolecular condensation of the d-iketone

(ZO), which should be read.ily obtainable fnom the acid. (21), could.

be expected. to yÍeld. the ketol (t5¡.22'23 The elaboration of the

remaird.er of the skeleton by established *ethod.s2L would requi-rre the

transposition of a fr:nctional gnoup to the C-16 position.

A possibl-e approacb whÍch introcuces the carbonyl gncup

dírectl-y into thj.s trnsition could be based on the recluctive cycl-isa-

H2C0 H
2

( 19a ) R: CO'H
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c 0ct{3 c H30

00

c0 H
2c H3o

( 20) t21 I

tionÚ of a species of the general- structure (Zz).

OH

CH¡

0cH3

0

X:0rOTs, etc

( 22) ( 23)

Part À of this thesis will d.escribe the vari'ous applþaches

to the s¡rnthesis of GB 13 t]nat were developed.o Althougþ this rcute

proved. to be unsatisfactory, the synthesis of the ¡n¡st challenging

lnrtion of the rn¡lecul-e¡ the bicyclofJ.2.1]octa¡ol-, has been âccoil-

plished..

Perhapsthemostinterestingalrd'inforrnativeapproachto

0
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@ 1J would. be via j-sc$B 13t í.eo reve1.s€ the vinylogous lceto}

rþarrangenlent. Not only lvouLd. this introduce a rrêw approach to the

totaL sJmthesis, but it would. a-Lso corfirm the proposed structu're8

for iscGts 1J. As befor"e, j-n ord.er to sÍmpLi.fy the problems irrvolved.

in the formation of the heterocyclíc E-ring¡ it vrou-l.d. be preferable

to carrXr out investigations on the a¡isole d.erivativ" (23)'

Camphor (Z+), on treatnrent with trich.lorrcacetic arrhycLriclee

rearrarÌge=26 to i-trichl-oroacetorycanphene (26) as shov¡n i:r Scheme l¡.

0c0ccr3

( 25)( 2L)

Scheme I¡.

Reaction of the diketone (21) r:nd.er similar cond'j'tions shou-1d' r"esult

in the formation of (26) (Scfreme 5) a¡1d- careful basic hyd'rolysis of

ttris wor¡Id. then give the anisole mod.el of Gts E Q). A possÍb1e

altexnative cor:ld. be solvolysis of the tosyl zte (27) to the enone

(28). Oxidative coupling2T of the saturated æcial alcohol (29) wlttr
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R: COCCI
3

R

R

OR

0cH

0cH
3

0

(23)

0

(7)

OH

RO

RO

OR

V
OR

0cH
3 3

R

( 26)

Scheme þ o

c2o is geometrical-Iy J'avourable and. should. provide a useful method.

of oxygen fr:nctj-onalisation at the C-20 position'

The basic carbon skeleton of the mod.el compound- for iscÇB 1J

(*) is a dodecahydrrcehrysen-6-one diæria}ly sr'icstituted' in the C-þ
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Ts0

0

t27)

0cH3

0

( 28)

11

20

( 30)

C*,

ctg CH
3

1
3

H I
8

t,

0

( 29)

ard. C-11 positiofls êrgo (lO) r/ to enable the formation of thre clclo-

pentarrone bri-d-ge. Robi¡rson and. covi,orkers have describedlT *, "*".llent
rethocl of preparing a suj-tab1e precursor, the enone (lZ) , ín good. yie]d.

/ The chrysenone nr-unbering system shovrn in structr:re (lO) is

used. in this thesis for d-erivatives of isoGts 1J.

I
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by the condensation of 6-methox¡rtetralone (11) witfr 1*acetylcycl-o-

hexene (sctreme 6) '

R 0cH3
0cH

3

0

0

( 31 ) R: H ( 321 R: H

Scheme 6.

Thís enone has tl".e advantage tirat h¡nirccyanation with hyd-rogen cya¡:id.e

j¡r the presence of d.iethyla-h¡ninj-r.:m ch.lori-d"e should' give the keto-

nitriJ_e (3¡) witfr the nitrile group j¡r the d.esired" æcia1 configura-

¡iorr.4Erl+9 150

R

0

0cH3

N

0
( 33)
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Fncm this point two brrcad- alternatives a-re possible for the estab-

lishment of the necessar1r bridge.

The first is thc incnrl>oration of a suitabl-e substituent¡

êrgo acetic ester¡ in the C-11 posi-tionr Such a side chaÍn shou]-il

undergo a Dieclgnann t¡fpe cond.ensation with the nitril-e group to give t

after acid. hyc1,rrc1.ysis, the d.esired cycl"opentanone brid.ge. The

introd.uctj-orr of this C-11 substituent might be acccmplished- ej-ttrer

by choosing a su.itabl-y substituteil tetraJ-one¡ orgo Sche¡ne 6 v¡here

R- = CH'CO Ðt'- ary,r carrying out the arrrelation and- sticsequent hyö'r"o-

cyarration on this or by el-ahoratiol of the ketonitrite (fi) "

Another pssibjJity for the intrçd.uction of' the acetic ester sr¡lo-

stituent stroul.d. be an i-ntern'oLecular insertion of the carbene d'erivecl

frrom d.iazoacetic ""ir""42 
into a d.orùle bord. j¡r the Á11-position. Ring

cleavage of the cyclopropane should. then' give the d'esired' C-11 ester

sribstituent "

The second aird. more interesting alternative for the establish*

ment of the brid.g.e woulcl utiJíse the recent d.evelopments and- uses of

d.iazolcetone insertion rreact roru.29 '3o rntramolecular insertion of

the cliazoketone fr:nction of compound- (J4) j-nto the Al l d.otùIe bond'

shoul¿ give the brid.ged. cyclopnopa¡'e G5). Ring cleavage with Lgrd'ro-

gen blromide and. h¡ntnogenolysis should then yiel-d' the d.esired' d'iketone

(n). À s¡rnthesis of the olefinic diazo]ætone (J4) from the ketonitrjLe

Gù should be possible by corwentional metLroôs'
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0 cH3 0cH3

c0cHN2

0\J
(35)( 34 )

?art B of this thesis will ðescribe the application of th.ese

s¡mthetic routes toward's the preparation of iscffi 13' \¡Ihil-e the

s¡mthesis itself' was not completed, these investigations prolnr:rd' a

possibl.e route to the preparation of the olefinic diazol<etone (¡+).
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1) aration

c

1 and. its Reaction wíth 1-Àc

0 H0

cvclohexene.

Àlthougþ the s¡rnthesis of fuseö ring acyloins of the type

(f Z) ¡y the red.uctive cycl-ísation of ke'bo-esterse eogr Scheme J' is

welL establishecl¡19 no efforts to utilíse this reaction for the

formation of brid.gehead- acyloins like that requi:¡ecl j-n the s¡mthesis

of the æ 13 mod.e1 compound have been repor-ted'

azc

( 17 )

Scherne J.

the tetralone (18) ¡ which is the keto-ester necessarJ¡ for tlre fo:rna-

tíon of the acyloi.n (1t*) I was prepared frrcm m-methoxybenzyl brromid'e

by either of tr¡vo method's"

The first method, vuhich util,ised the homologation of the keto-

ac,ia (21) (Scneme J), proved useful because this tetralone also senred

a.s an inte¡med.íate in the attemptecl synthesis of the isomeric ketol

H
3



CH 0
3

-1 B-

( 18 )

ozc

CH 0

0

H
3

OH OH

CH 0
3

3

( 14 )
( 15 )

lff ) (see belcrutr). The prreparation ï¡as mod.elÌecl on a secluence usecl

by Mr:xfe1<l-tJ1 for the synthesis of B-chlora-1 e2¡3)+-tettahydro-5-meth-

oxy-l+-oxo -2-naphthoic acid- (l9a) .

B a.se-catalysed. cond.ensation of m-¡nethoxybenzyl bromide with

tríethyleth¿ure-l e1 e}-#icarboxylate in the presence of sod.ir¡n

ethoxid.e gave the triester (16). Sapnification of this witb potass-

irrn hydruxid-e yield.ed. the triacid. (17) wtúch was d'ecarbor'ylated' to

tile lsrovm&5 rrmethox¡rbenzylsuccin:ic acid (¡g) either by heating to

19Oo or by ref!-r:xing with Júl sr:Iphuric a.cid for one hour. The latter

methpd. also affo¡ded a slnall yield. of the keto-acicl (Zl) airectly.

This acid. was obtainecl in yfl" yie1.1, however¡ by treating rn"methoxy-

benzylsuccinic acid. with plyphosphoric acid. In order to prepare

the homologous acid it was first necessary to synthesise the dÍ'azo-

ketone (¡O) and. effect a Wolff rearrangement. The keto-acidt when
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cH30

CH 0
3

0

cHrBr
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c H30

CH
3

( 36)

c0

c0 H

zEt

c02Et

CO Et
2

2H

c02H

or, 0

c02 H

)38

I

V

t21 I

02cH3 cH30

( 37)

0

(39)

02c 02Et

0

oeH cH30

V
o0

CH
3

( 18 )

Sc heme 7

(40)

c ocH N2
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treated. with etiryl c[Lorofo¡rnate in the presence of triethylam:oJ' g^u"

a quantitative yiel¿ of the mixecl arùrydrid.e (lÐ. The d'iazoketone (40)

wa-s then obtained by alJ-owíng this a-rùryd'ride5? 
"o 

react w-ith d'iazo-

methane, Subsequent rearra¡gelrrent of (+O) in methanoL in tlre presence

of sllver oxid.e gave the desired keto-ester (te).

.Ihe same pr"oduct was obtaíned more corn¡eniently aJld- in better

yield. from the sequence outlj¡led. in Sche*e 8.20

C ondensation of m-me thoxyb enzyl b romid.e with d.ie thylmalonate

jn the presence of sod.iu"n ethoxid.e gave m-{nethoxybenzyld-iethylma-1-onate

(At). Red.uction of the diester with lithium ah¡ninir¡rn hyd.rid"e in

ether afford.ed a good yie1d. of the aiof (lZ) after the granuJ-ar pre-

cipitate of a}¡ninium oxid.e¡ obtained. jn work-up¡ had. been exhaustivel-y

extracted. with hot ethanol. lhe methanestrlphonate ester (+Ð , formed'

frpm the d.ioI and. metha¡esuLphorryl ch-1orid.e in the presence of pyridrne t

was treated. with potassiun cyarrid.e a¡rd. the prod'uct hyd'rolysed' with base

to þm-methozrybenzylglutaric acrd (4Ð. Íreatment of tiris d'iacid' with

concentrated. sulphuric acj-d. foll-ov¡ed. by esterification gave the d'esireil

keto-ester (t a) .

Initial, irrvestigations j-nto the red"uctive cyclisation of the

keto-ester were carried out using the cond'itions d-evised' by Gutsche and'

,to
coworkers.l) It was for.rnd-, horever¡ that this reaction proceed'ed' in

/ ü -treto aclds are krio*.'rn to forn chloro-lact.nes on treattnent with

thíony1 clr-torici"e;51 *i*"d arrkSrd.rid.es avoid. this conplication because they

are forrneq.l r:nd.er essentialJ-y neutral conditions'
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slightly higher yield. by usíng dimethoxyethame a.s sol'¡ent in place of

tetrdqird.r-ofuran" Another useful nro.J.ifícation rvas the quenching of the

reaction mjxtune with acet¡'I chlorid.e, instea.rl of acetic acirlr to give

the more stable crystallíne keto-acetate (+6). Thus, treat'ment of the

keto-ester (f a) vuith soctiun anrJ. naphthalene in d.i:nethoxyeth¿¡ne (Scheme

9), fouowecl by work-up with acetyl ch.i-oride, gave an oily mixture

which coul-d. not be completely separated int't its compcrrents by cohmn

chn:rna'tograph,f. Fortr:nately a solicl crystallised- fron some of the

0

( l8 )

ozc*¡
cH30

0Ac

+
cl{

3
0

(46)

Scheme 9.

CH
3
0

( t7l

0Ac
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fractionsn The infrared spectrun of thj-s materiâ.l showecl the absence

of the aror:ratic ketr¡ne bary-l at 167O qf1 arrl the prlesonce of bancls at

lT¡¡O ançr 1755 crfl corresponcling to the carl¡or¡rl frequenciesi of afi a,ce-

tate a¡cl a cJ¡clopentantoneo Mass spectrornetly¡ nrm. I'r¡ â.¡td. analysls

confirmed. the st:rrcture as that of the keto-acetate (+6). The yielil-

was on7-y 6/". Other impur.e fractj-ons, exhibiting carbonyl frequencies

at 17O ancL l 67O cnll in the infrared. spectrr.rn, were l¡elieved to contain

the conpountl, (47).

In explaining the mecharrism for this reaction, Gutsche u""=*,"d.19

grat the reductive cyclisatj,on of keto-esters was initiated" by the ad-d-i-

tion of an electron to the ketone glþup. He postulated. that it rvas

easier to ad.d. a second elect::on to the ketone radical a¡rlon than to

the ester, which had. a higþer redox ptential t a-nd that the coupling

step proceeded. via a nucleophiJ-ic d.isplacement by the ketcne d'ianion

on the carbo4yl gloup of the es'ber. Holvever the for¡ation of prod'ucts

of the typ" (+7) j-n the red.uctive cyclisation of the keto-ester (tB)

suggested- that the mecha¡rism for this reaction tool< a d-ifferent coüÌ'siêr

The presence of both acyloin (46) arrl r:ncyclised keto-acetate (+7)

ind.icated. that the ad.ilitíon of eleetrons r'¡as occurring at both the

ketone ancl ester groups. Tn this series¡ then, the presence of a11 a'ro-

matic ring with an electron-d.onating methoxyl sulcstituent ha^s incr:eased

the va¡:e of t¡e red.ox ptential of the ketone and. equated. it with that

of the ester group. Although the ad"d.ition of two elect*"J to either

/ An equal-ly feasibl-e mechanism irnrolving one el-ectron arSdit5on may

also be lnstulated..
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fr¡rctj-on shoul-d give the acyloin product, it wogld' be d'ífficult for

the ester d.ia'.ion to cyclíse with the ketone f'nction (Scherne 10)

because of the d.ecreased electmphiJ-icity of the aryl letoneo Instea'd¡

prctonation of the ester rl.ianion and further reduction worrlcL yielcl the

obsewed. uncJrclised- Produets'

ç22e
0 0

ll

0

c-0c H,

0 0
il

0

cHs

cH 
30

lr'2e
0

(Ë-o.n

0

0

c

o-
I

c-0
0

CH,

H¡
3

c H30

Scheme 10o
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l.hese observaticns posed a].l interesting questir:n; whether

removal of the methoxyl group would jncrease the amount of acylcin

obtained.? Ío ansrvor tlris, it v¡as first necessâry to prepare tho ben-

zene keto-sster (¡+).

This ester vras pr.epared. by methods sjmilar to those useå for

the metho:cyl d-erivaiive (ta) Uut wj.th a fe'rv minor mod.ifications'

Ilaworth and cowork"""32 have s¡mthesised. the keto*acid- (51) in 3q6

overall yiell frr¡m diethylacetylsuccinate and benz¡rl chlori'le, but the

method. outlined. j¡r Scheme 11 g ve (51) i" tnf" yj-eld.. Benqyl bnornj'd'et

on cond.ensation with triethyletha¡e -1 ,1 ,2-tricarbo-1y1ate in the

pt¡esence of sod.ium ethoxi-d.e¡ yielåed. the triester (48). Basic hyclroly-

sis of this¡ follorved. by acid.ification¡ gave benz¡'lsuccinic acid. (+g).

Hov¡ever in contra.st to the metho4yl series, treatment of (49) with

plyphosphoric acid. afforrled onJ-y a 1o'w yield" of the keto-aci¡1 (¡t)'

It was preferable to fol-lovv Hasrortht s conditions for the eyclisat-iorr

a¡d converb the d.iacid. to the a¡liyd.rid.e (!0) ancl then carry out a

llriedel Craft intra¡nolecular acylation with al¡niniun ch-loride. A

seconcl, ísomeric acid, id.entified. as the inclar:one (SZ¡ , was also iso-

lated from this reaction in low yielf,. îreatment of the keto-acid'

6t) witir oxalyl cllorid"e¡ follorved. by d.iazometha¡e, gave the clíazo-

ketone (¡5) v¡fricfr u'clerwent a WoLff reaxrangernent with sj-lver oxid'e

and mettranol to the keto'*ester (54).

Thesameesterwasalsopr:epared.bythesequenceout]-ined'i:l

scheme I using benzyl br"omid.e in place of m-methoxybenz¡'I brc¡nide'
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+
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Red.uctive cyclisatio¡r of this ester, employing the sa¡ne corxli-

tions as for the methoxyl species' gave a much improvecl yield' (1f") of

the acyloitr (¡¡) (Scheme 1Z)" lhcrcfore¡ it would. âppear that the

redox potential of the ar.omatic ketone furction is ftrnd.a¡¡ental in d'e-

ternrining the srrccess of this reaction.

c 02c H3

( 54) ( 55 ) R: COCH
3

( 55a ) R: H

Scheme 12.

Althougþ this cyclisation prrcceeded. in low yielcl., it reprcsented.

a corn¡enient preparation of the requ:i:red. bicyclo[J.2.1 ]octanol¡ because

of the reaqy avoi]abili.ty of the starting material and. the si.rnplicity

of the red.uction.

Since the keto-acetate (¡¡) *"" availab]-e in larger quantities

tharr the anisyl d.erivative¡ its condensation with 1-acetyLcyclohexene

in the presence of sod.iun amid.e18 to elr¡orate the mod.el enone (¡6) was

irwestigated. first. U¡fortunately this reaction was unsuccessful, a-s

it wa-s fou¡y1 that proLonged. ref|:x æ (Sf) vrj-th sod'ium amid'e in ether¡

0
R0
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0Ac

0Ac

( 55)

0

( 56)

follorved by ad.d.itÍon of 1-zcetyþ¡rclohexene resr¡-lted' in the recovery

of the 1-acetylcyclohexene and. an impu::e product¡ pssibly the acyloin

$Eù. This failure to effect the conclensation is probably d'ue to

rreact:lon of the base wj-th the acetate grroup to form the alkoxid'e which

wor¡lcL inhibit the fonnation of the enolate anion. T\Iith this in mind¡

the preparation of the tricyclic ketone (52) witir no brid.geheac1

hyd.roxyl fr.¡nction was i¡ritiated. If the condensation of this with 1-

acetyLcyclohexene proved. successfrtl ¡ the hyclroxyl group miglrt be

introduced. at a later stage.

one possible way to s¡rnthesi-se this ketoue vras by a Diecls'narm

condensation of t¡e d.iester (¡A) which was prepared. by the sequence

shovrn in Scìreme 1J. A Ïrittig reaction on the keto-ester (54) with

triphenylmethylphosphonir¡n iodi.d.e jn the presence of potassir¡n t-butoxid'e

0
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H0 c ozc
3

0cH23

( 57) (58)

gave the methylene ester (¡g).

Hyd.roboz.ation of this olefin at ncom temperature r fol.l-owed by

ocid.ative work-up with hyd"rrrgen peroxid.e-sod.ir¡n Ì5nJ.r<.rxid.e gave a mix-

ture of the d'io1 (60) and some lSrd'noxy-ester (61)' trvhen the Ïqyd'::o-

boratio¡ was carried. out at Oor the tqfC.roxyester was the maidr product'

The mixture wa.s not separated. but oxid.isecl with Jones reagent arrcl then

esterified. with methanol- arrl a trace of acid' A mixtr:re of esters was

obtaj-ned. a¡d. this was chrcmatographed. on silica ge]-. Partial' separaF

tion was achieved. ard. the required. diester (58) was obtained' in 21i%

yielrl, together with a much higþer yield' ( :5Vù of the keto-ester

(¡+). This byproðuct presumably a-rose from oxid.ation of the enol form

of the aldehyd.e, i.e. (63) - the interrned.iate in the oxid'a'tion of the

primary alcoho] to the acid. Treatment of the crud'e diester (58) with

sodir¡n hyd,rid.e gave the cycli.sed, keto-este r (62) rvhich' was hyd'rolyseÉl
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0 CH

59)

c

2
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3

c02c H3

( 60)

(61 )

R

R:CH OH
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V

( 62)

c 02cH3

Sc heme I 3
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H ,/OH
c

c0 H
2

( 63 )

and. d.ecarboxyl-ated. to the tricyclic lçetone (El) " This was oharac-

ter.ised. a.s its semj.carþazone derirative. The infrared. stræctrrrn of

(¡Z) i,"a the required carborryl frequency at 1715 cm-1 for a cJrclo-

penta¡one and. the rtrtrtrr¡ spectrun was consistent lvith the proposecL

structure.

All attempts to condense the enolate anion of this ketone with

1-acetylcyclohexene failed.r and. only starting rnaterials were recover€d-"

Tlrerefore¡ althouglt 1-acetylcyclohexene is a useful comlÞrùld for the

annelation of some ketonesrl7rl8 it wor:Id. seem fncm this work a:rd. that

of others that such conùensations are impractical when the ketone is

hi¡r1ered.17 or strai n&.33

Ttith this effort frustrated., attention was concentratecl on

the alternative route to the model compowrd of '@ ß Q) via the

ketol (15).
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2) Attemnted- Pre¡aration of' Keto1 (tl) '

OH

0

CH 0 oz*
3

cH30 c H30 c0cH3

( 15 ) ( 20)

An ol¡rious way to s¡mthesise the ¿iketone (ZO), whic¡ was

rec¿uired. for the preparat:lor: of the ketol (t¡) Uy an intramolecular

ald.ol cyclisationr22'23 *^t fr"om the alr'ead.y available keto-a.cicl (Zl).

0

(¿0)

OCHN

0

c H30
2

( 21 )

All attempts to protect the arcmatic ketone guol¡p in (Zt) as

the ettgrlened.ioxyacetal both in the methoxyl and. the benzene series
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failed.¡ because of the low reactivity of these ketones to nucleophific

att^ck.3l+ Therefore¡ to convert the aci-d. to a metÏ¡rl ketone gr-oup, it

was necessary to empl-oy a method which wouId. al.low tJ:e suwiva-L of the

an>matic ketone Broupr a¡¿ to this end¡ the d-íazoketone (AO), prepared'

previously¡ .!vãs treated. with tgrd.riod-ic u.ird35 to afford. an excellent

.yield. of the d.iketone (ZO).

OH
OH

0

02Et

cHct2
c02Et

c Hctz

( 65)

V

0t{

( 6¿)

C HCI
2

+

c Hctz

0

( 66)

Scheme 1l¡o

( 67)



-3*t"

Vlenkert ancl Steven 25 nuu" ca¡riecl out art intramolecular a}Lol

cyclisation on the tetralone (64) a¡d. obtained. the aldol (65) Lrr 35'lÁ

yield. (Scneme 14). Acid. hydrolysis of (65) yield-erL a¡ equilibrir:rn

mjxtr:re of d.iketone (66) a*1d. ketol (6/) in the ratÍo J:1" The attemptecl

atd.ol cyclisation in the present case using potassiurn h¡nlroxid'er22

potassíun t-butoxirle or boruntrifluorid.e etherate-acetic acitl-acetic

ar,:,ryariaeJ6 fajJ-ed. both for the diketone (20) and- its desmethoxy

analogue (tZ¡, The last set of corxlitions whi-ch was successful in the

s¡mthesis of the highly strained. trvistanone (68) ,36 nuu. o11y the enol-

acetate (6!) ar¡d. starting material. Intramolec*Lar condensation crf

0
Ac c0c H¡

c H30 ..'o\c c H3o

CH,

(68) ( 69) ( 70)

the horndogous methyl ketone (70) also failed.. The success or failure

of this aId.oI cyclisation would appear to d.epend. on a nr¡nber of factors"

Wenkertr s work illustrated. tha.t the aromatic ketone fr'mction¡ at least

jn the benzene series¡ wâs sufficientì-y reactive to urdergo thi-s t¡rpe

of reaction. From this it seemed that other factors were irn¡olved. in

the fajJ-ure of the t<etof (71) to fonn.
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HO 0

c0cH
3

( 71) ( 72l-

' The isolation of an equilibrium mixt,¿;e of d.iketone (66) and.

aldoL (61) , which favoured. the open form, suggested. that these ald-ol

coryfensations were thennod.¡rna:nica1l"y contrrclJ-ed; in tJlre present câs€ ¡

the d.iketone (72) wor:J-d be the nucre stable, and, thereforer the expected

p:rod.uct. Another possible explanation was that the reaction d.id- not

proceed at a.Ll becar:se of a combination of two effectsr steric com-

pression a¡rd. the 1o¡v reactivity of the aryI lætone. Whatever the

correct ex¡Lanatlc.rn¡ the liJrelihoocl of an a1clol condensation prrcceed-ing

Ín the arÉsoLc dih-etone (ZO) seemed. very remote.

This phase of the work was terminated. when the isoffi 1J

approach, which is d.escribed in the next section¡ showed. parbicular

promiseo
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The basic c:ìrbon skeleton of the mod.el compound. for isoÉ 1J

(Zl) *u" a d.o<Leca\ydrrochrysene dia¡ri-al-1y substituted' in the C-þ attlJ'

C-1,1 
'þsiti.ons 

and wlth a ketone gnoup in the C-6 positione e.g. (lO).

0cH3 0cr-l
11

( 23 ) ( 30 )

Ihe key reaction to ttre s¡mthesis of this skeleton wa.s the annel-ation

of an ø-tetral.orle¡ €.g. (73)¡ wi-th 1-acelylcycLoirexene in the presence

of sod.ir¡n amidelT'18 to give the enone (74) (sctreme 15). it wa's

R

0

0

(73) R=R=H (71,) R=R=H

3

H

¡
I

H 00

RR
R

( 31 ) R = 0CHr, R'=H

Scheme 15 o

(32) R=0CH3, R=H
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reasonabl€ tç a.sslllrle that this reaction¡ because of the cond'itions

used, would. be thermodynamically controlled. a¡rd' therefore lead' tc thc

most stairle p::oduc'b. The molecular mo'3e1 of struct'.re (Z+) showed

urat the a¡ti-trans backbone not only represented. the most stable con-

figuration with the most favourable non-boruled ínteractionsr but also

all-owed. mæcimurn overlap of the li-orbitals of the conjugated" enone¡

Fortwrately this anti-trans backbone rvas the one required for the model

compor.rnrl of isoffi ß (ú).

The work d.escribed- i¡r this section is concerned. with the method's

that were d.eveloped for the construction of the rings B a¡d' c sub-

stitution patte'rns, i:n:ltially on the mo¿el compor:nd (ZU) t but l-ater on

the anisyl derj-vativ e (52) . '

one lnssibility for the construction of the c-11 sicechai¡i

involved. attachment of a srritable group Rl to the tetralone and' cor¡-

d.ensation of this with 1-acetylcyclohexene to give the substitutecL

enone (Sctreme 15). A pri'nary alcoholr protected. as the tetral5rd'ro-

pyrar\yI ether, was chosen as a suitable group Rr becanrse of its stabil-

ity to base arul also the ease with which it cor:ld. be oxid-ised" to a more

useful carboxylic acid. function.

Red.uctlon of the teto-acid (i+5) from the previous section wit¡

lithir¡n aluninir¡n hydricle ga"re the a:-o1 (D) (Scherne 16) " Selective

oxicration of the benzylj.c alcohol **un37 with activated' manganese

dioxid.e in acetone produced the t€tof (76) arrd. subsequent treatment
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of this with di¡ydrrcpyran arrd a trace of acid yielded the tetralSrd"ro-

pyrÐyI ether (n).

OH

OH

c H

0

0
c H30 c H302

(45)

c

(75)

( 76 1

00

H0

c H30 *ro

177 t

Scheme 16.

ALl attempts to condense the enol-ate anion of this tetra-lone

with 1-acetylcyclohexene fa'i] ed ancl only starbing materials were
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recovereð. In accortance vfith the observations in Part A of the Ðis-

cussionr this faÌlure would. be d.ue to the tetrah¡rrlropyrarlyl ether sid'e-

chal-n hintl.er.irrg the approar:h of the 1-acetyfcyclohexene to th.e enol.ate

artic¡n.

[he stereosefectivity of the hyd.rocyanation of ûrþr"msaturate'L

ketones with a]l allryl aluminiun coml:ound. a¡d' hydrugen cyasid'e or a

d.iaufyl ah¡njniurm cyaníd-e has been demonstrated- by Nagata a¡d- co-

*orL"r";4'8,49'5o their results suggestecl that this reaction woul-d' be

suitable for the intrçd.uction of the c-l¡b substituent in the mod'eI

enone (7¡*) wfrich lvas s¡mthesised. f¡'om the read-i-ly available q-tetra-

ron" (73).18 Difficllties were expected, however, i¡ the k¡rd'nocyana-

tion of this enone with triethylaluninÍr¡n a¡¡à hyd'rogen cyanid'e because

of the presence of the ar¡omatic ring. Not orrly would" this a¡Ld'itional

conjugation decrease the electrrrphilicity of the 4b carbon ato:n¡ but

it wouJ-d. also increase the base-ind.uced. reverse reaction of the keto-

nitriJ-e (p) to the enone (74) leca'se of the stabllity of this system'

Fortunateþ Nagata fount22 that the less basic diethyla-h¡ninir¡n chlori¿e

overúalne these d.ifficulties a¡]d. he oþtained nitrile compound's from

sjmilar aromatic enone systems in good' yields. Tühen this mod'ification

wa-s tried on the enone (l+), the keto-nitrjle (7a) was o¡taine¿ in 6fl"

yi-eld.. An inspection of a mol-ecular rrod'eI of the }<eto-nitrile with

t}red.esired.t{3qg-antialgg¡gbackboneshowed.thatthisconfiguration

placeil one of t¿ine c-5 methylene hyclrogen atoms in the plane of the

aro¡natic ring. In accord.ance with this requirementr the nril'fr
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speetrun of ttre keto-nitriJ-e obtained. fr.om the kSrd.rtcyanation showecL an

.0ts quartet at ó 2.55 and 1.38, J = Il¡fi,'z for the C-l metk5rlene' At

this stage thenr the C-lab axial substituent for the formation of the

cycLopentanone brid.ge ha.d- been realisecl and. the next obiective was the

íntr"oiluction of the C-11 frxrctional gr"ouP.

0

NN

0

(78)
0

(79)

0

0

CN

(80)

Scheme l7o
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Benzylic oxid.ation of the keto-nitrife (ZB) to ihe d'iketo-

nj-tri1e (Zg) vrith chrrcmiun trioxid.e in 95% acetic acid-¡ fo11owed" by

sel,ective protectíon of the alfphatic keLone as the ethylcnc dioxy-

acetaJ,, gave compo'na (BO) (Scheme 1/). Attempts to formylate (BO)

by mod.ification of the method. of rr:rner and. colvorl**J8 with etþyl

formate and. sod-ir¡n ethoxid.e failed., as d.id. sjmilar attempts lvith sod"ir¡¡

hyd.ride ud.er forcing conåitions. Moreover, on-ly starting materials

were recovered when ttre enolate anion of the ketone grcuPr formed' by

treatment of (BO) with sod.iurn arnid.e¡'ïtfâs a1Iowe¿ to react v¡ith ethyl-

b::omo-acetate" The failure of this ketone to react r:nd.er these cond-i-

tions may be compared. with the inability of the tetrahyd'r'opyra¡yl ether

Qò to condense with 1-acetylcyclo¡exene. In the present ca'se, the

arcial nitrile grþup v¡or)ld. further hinder the c-11 psition¡ which may

be compared with the hind.ered. c-11 psition of stercid moleculeso

Having fajJ-ed. i¡r these attempts to j¡rtrod.uce a c-11 fwrctional group

in the mod.eL series¡ it was considered. d.esirabl-e at this stage to

attempt the hyd.rocyanation of the less reactive anisyl enone (lZ1 '

0

(32)
0

( 33 )

0c H3

N

0cH3
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Treatment of this enone with hyd.rogen cyanide-d'iethylah:rninir¡n

chloride unrler tlte sa¡ne conrlitíons as those r:seô for the benzene enone

(Z+) (ctrart 1, reacLíon 1), gave the keto-nitrtLe (53) in orüy 5tÍ"

yi-e1il.

Chart 1.

Reaction
mole ratjo Tjme % Yj"eld.

rËN Et2A1C1
(tto'urs)

enone

1

1

1

2

5

2.6 2.7

hB

120

7 5l+

B9

The recovery of a considerable amount of sta'tj-ng materl^l (-Sç?6) in

a reaction where a large excess of reagents was used., suggested that

the reaction may have been interrupted- before comple-bion. Tlhen the

enone was allo'recl. to react rvith considerably less reagent (reertion 2)

for a much l.lnger time, an e):cellent yield. of the keto-n:Ltrj'1e was

obtained..

With the keto-rjtrile av.tilabl-e in large quantities by this

nrod.ified. kSrd.rncyanatiorr reaction¡ o-r,her method-s were sought for the

introd.ucti-on of the C-11 substituento

Sinceafr,nctiorralgrr:upcould'notbeintraduced"intothe

hind.ered. lnsition by conventional- conc.ensation reactions¡ it was thougþt

thatasuitab]-esubstj.tuentmigþtberealised.bythej.nsertionofa
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rractive carbene species into a d.ouble bonrJ- in the A1l-positi'op"

Recently House achieved algular a]þ1atio1 in an intlane systtem by

the insertj.on of ethyl dLazo-acetate into a d.oticle 'borrl in the presence

of copper sulpirate;À'2 srbsequent cleavage of thre cyclopropyf ester

gave the clesired eurgular acetic acid. residue. This sequence seemed

ideally suited. for the j.ntrod'u.ction of an acetic ester functional

group at C-11. Ihe oLefinic lactone (84) was chosen as a su1table

sr-icstrate for this insertion because the lactone grcup would not only

conveniently protect the C-4b aJ"rl C-6 fu-ictional grcupsr but also

serve as a usefr:l grcup to urrd.ergo a Dieclcmamcond.ensa.tion with a c*11

acetic ester substituent. This shor:]-d' give the d'esired c¡rc1çn"ntanone

brid-ge.

A successful appro¿¡ch to t¡e olefi¡ric 1actone (Btt) was

jnitiated. by the red.uction of the keto-nitrtte (13) v¡ith soclirzn boro-

h¡nlrid-e. the lol.fer'energy transition state for this red'uction shoul'1

involve approach of the k¡ydri.d.e ion frrcm the side opposite the nitrile

gfþup to yield. the þaIcohol. This wotll.d then ad-d- to the nitril-e

gïþup to give the imi¡.c¡-lactone (gt). In fact, reductio¡ of the keto-

nitrile (¡¡) witf, socliun bor-o¡yd.ri¿e yield.ed. the jmino-lactone (81)

exclusively (Scheme 1S) . Acid.ic hy<Lrolysis of (Bt ) prod-uced- the

lactone (BZ). Benzylic b:rornination of this to the bromo-lactone (Bl)

with N-bromosucci-rLjJnide, arÉ. subsequent d.ehyd-robrornination of (Br)

with calcir:m canùonate in reflucing d.imethylformamid-e, gave the olefi¡ric
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lactone (84) ¡n %lt ove::all yield f¡om the lactone'

TÍhen the olefinic lactone (S4) was treated. vrith ethyl diazo-

acetate i¡ the presence of copper powder, onJ-y rmreacted. starting

materia] anC. a mjxture of ethyl funarate and' maleate were isolatecl,

suggesting that the All-ol-efin was too hird.ered for an i¡rterrnolecular

insertion reaction.

Nevertheless, prþspects of an intramolecular insertion29

occurring in the compound (i4) appeared exce.l.l.ent¡ beca'"use the carbene

species would. be positioned. d.irectly ebov'e the d.oulcle bond. This inser-

tion shoul¿ give the bricl-ged cyclopropane (lS). Ring cleavage with

h¡nlrogen bromide folLovred. by hyd.rogenoJ-ysis should tiren yield the moclel

compouncl for iscCß 1J. The nost 1ike1y precursor of the d'iazoketone

0

0cH3
0 cH3

R

R=COCHN(34)
( 85 )

000\J

( 35)
R=C OrH

(lA) *u" the olefinic acetal- ac:¿ (S5) and. this beca¡ne the next s¡m-

2

thetic objective.
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IrÉtia_l investigations in.to the \ydrolysis of' the nitrile

group of the benzene keto-nitrife (28) èemonstrated. that this reaction

was t¡nsuitak,le for the preparation of the carboxylic acjd ftmction.

Some eljminatiorl of hyd.rcgen cyar::i-d-e occurred, presuttably vi-a the

enolate anion (S6) , to give the enor¡e (Z+). The other procluct was

the very steÌ:le lactamol (87) (Sctreme 19). Since the C*6 lcetone

gr:oup infLuenced. the fonnation of both these und.esira.ble prorlucts, it

was prrctected as the ethylene dioxyacetal' Holvever, ttre nitrile group

j¡r ttre conçorura (BB) of the anisyl series corrld. not be hJ'drolysed- even

und.er tlre extæme conditions of pota.ssir,ln byd.roxid.e in ethylene glycol

at 1900. In contrast to this, the ea.se of tgrch"olysis of the keto-

nitrile (78) nay be rationalised. in terms of the add.ition of Ï¡yd'rcxy]

ipn to the C-6 ketone and. intramolecular attack of the nitrile grcup

a.s shor¡vn in Sclrene 20 o

Another possible preparation of tÏre carboxylic acid' fr¡nctj-on

at the c-þ position should. be by oxid.ation of an aldehyd.e group.

ZO
NagataJ> has successfully recluced a hindered nitriJ"e grcup to the

ald.imine with lithir¡n alumin-iun hydriô.e" Sirrce complete red.uction to

the amine would. have involved. the corn¡ersion of an sp, hybri'd'ised'

aldinine to a more bu1]ry sp, species¡ the reaction stopped at the

al¿1mine. HJ¡ùrolysis of the aldimine foIlowed. by oxid'ation should" then

yieId. the d"esi::ed acid function.

Red.uction of the ar;eta]- nitrile (æ) witfr lithir¡¡l aluniniun
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hyd.rld.e proC.uoed the aldimine (89) and sttbsequont h¡yti'rolysis of this

with sod.iur acetate-brrf'fered. acetic acid gave t]ne acet"al a.Id-ehyd"e

(rc¡ (scheme 21). Attempts to oxidise this ald.ehyde group und.er

basic conditions using ei1;her silver o*j-.1"L0 or potassium pennang*'ot"L1

failed. It became obvious that more forcing condi-tions were rec¡u'ireclt

but first it was consid-ered. prefera"ble to remove the acetal group.

An attenpt to carry this out by exchange rvith acetone using ¡-

toluenesulphonic acid. as catalyst gave a surprising productr belj"eved'

to be the keto-acetaf (gf ), i.s. acetal exchange be'h''"een tlre ketone

and. the ald.ehyle group ha,å occurredo The infrared. spectrurn of ttre

product shov¡ed. the absence of the ald.ehyd.e C -H 
b¿rnd- at z680 cm-1

arnl the ald'ehyd'e carbonyl band' at 1720 cr-l but ind'icated' the presence

of a car.bon¡'l barrd. at 1700 
"*-1 

. The pnccluct was too j¡soluble fc¡r an

ltctrroIt" spectn.rn to be determined., but 'bhe mass spectrum shov¡ed an

**SnSorpeakr i.e. Ioss of the whole acetal sid.e chaino In comparj'-

son¡ the mass spectn¡rr of the acetal ald'eh¡¡cte (90) shov¡ed the preserrce

of ar¡ intense (frt-f ) peak follovred. by loss of carbon monoxide.

' No sound explanation can be offered to apcou,t for the transfer

of the acetal to the more hindered. ald.ehyde group as the reaction could'

not be repeated. Later reactions of the acetal a-ld'ehyd-e with acetone

shswed. no acetal exchange ej-ther with the ald.ehyd.e group or with the

acetorte.

Treatment of the acetal aldehyd.e (gO) with 3/" Iryôsochloric
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acid- in tetrah¡rcl¡oflìr.an d.iil not yield" t"Ìre expectecl keto-al-rlehycie but

j¡stead' gave the aldo'L pn:duct (92) (s'thente 21) 
""hích 

was thotu'**

'berised. as i-ts aceta.ten The contpounå propos:eci' as the keto-a'cetal (!1)

also gave the sa¡nc: aJ-c1ol. 1>rod.uct tu:dez' 'bhcse corxLj.tions"

A-succesEifrù approach to the ol-efj"rrj.c acetal" acid- (&5) wa's

achj.eved by el.aborating the rea-d jJ-y âvâ-ilåbl,e olefinic l-actone (S+)'

Using the saturateå la.ctone (82) a.s a model, it was fourd. tlrat treat-

ment of thj.s wj.th scdjum þ-Jrroxider follovied. by careful acj"d"ifica'tion

at Oo¡ gave the hyd,roxy acid. (91) (Scheme 22). Àn inspectio' of its

i¡-fra"::ed spectnuu sholved the required- barrcls al 32AA arñ' 1660 cm-1 for

the tpd-roxyl and acÍd f'unctions respectively' gxid-ation of (%)

with Jones reagent at 0or a¡rd- stiesequent ca¡ef1l work-uP¡ &1cl not

give the desired keto-acid (g+) but the lactol (f). No equiJ.ibrimr

between the laetol a¡rd- keto-aci-cl wa's obserwed'' 'A' moC"jficatiorr of

this seqr:ence '¡,hlch avoided. this lactol fornatlon was then carried' out

on the olefinj.c l-actone (8,+).

Cle avag"e of the lactone ring of (84) wíth base follovred' by

-ca:.ef,ul acirtification,.gave the hyrlroxy-a-ci¿ (96) røich v¡as i:lnrediately

esterifierl with cli.azomethane to the hyclroxy-este:: (!/) (Sctreme 23)'

oxidation of this vrith. Jones reagent gave e mixturle of proclucts,

Some keto-ester (98) crystall-ísed.'f'lþm the mjxture; 'the reniairxler

was treated rrith etb,ylene glycol and ¡-'toluenesr:lphonic acid' caÏeful

chrorn;rtography of the resultíng rú-xture on a^].unína gave the acetal
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ester (99) ard. tJro other products' The maior b¡ryrrrd-uct had' infra¡ed'

absoqption barxds at 1725, 1655, and. 163O qf1, whi-ch suggested" the

presence of the ester ard. a conjugated. ketone grow. The n.¡n.To sfi€c-

t:r¡m shoìfed. the presence of an ethylene d.ioxyacetal group at òl¡ and'
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a d.onblet at ö6.5 , J. = 1"5 Í12' (a11yf1" couplÍng) integrating for one

h¡rc1rogen. This spectral d.ata is consi.stent with the pncposed" strruc'

tu:r,e (1OO), arrd. the mass sIlectnrn aod' analysls confirmed' it" The

structure of the minor byproduct was not investigated. one plansible

reaction seggence for the surprising formation of (tOO) from tlre keto-

ester (98) is outline¿ in Scheme 2lao À1ly1ic oxjdation5S of tlne c-1gb

Çon,
0cH 0cH

c 02c

c02c

ozc

3

0cH

3 (H0)3Cr0

H H
33

->

0 cH^
J

<-<-

0 0
(101)( 98)

V

OH0

H
3

H
3

0
( 102 )

( 100 )

Scheme 2,1ç.
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position of (g8) wor:Id yield the chncmate species (tOt). Nucleophtlic

attack on the Â11-oIefi¡ric bond- by water might then give the benzylic

al-cohol (f OZ) whj-o¡ wou1d. undergo frrther oxid.atj.on to the enone (tOO).

TÍhen the olefinic lactone (Btç) was treated. with Jones reagent

under simíIar cond.itions, no reaction occurred. This suggests that

the mechanism prolnsed. in Scheme 2+ is oversimpljJieil a¡id that the

ester grcup mr¡st be implicated" in the formation of (100) either by

coord-ination with the chromic acj-d' or by d.irect involvement in the

reaction itself.

0cH
3

N

\-/
(88)

. The failure of the nitril-e group of the acetal-nitrite (BB)

to ltydrolyse even ur:der forcing cond.iti-ons d.id. not augur wel-l for the

funlrolysis of the ester (99) æd d.ifficr:lties were expeeted. I{o'wevert

treatr¡:ent of the ester with potassiun hydroxid"e in ethylene glycol at

1B0o ard. careful aciclification gave the d.esirecl olefinic aceta-l aci¿

(8t) tn 6?í yield (scrreme 2þ) .
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Scheme 25.

Atthough the hj¡rd.ered nature of the carbonyl function attached' to C-þ

dict not affect this hyd.rolysis, frrcm here on it presented. ::epeated'

d.iff iculties.

,
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Treatment of the soCitr¡r sal-t of the acid (85) wÍ-th oxalyl

chlorid.e at Oo for one hour showed no appreciable formation of acid

c¡lorid.e (f C¡) . lVhen the reaction tj¡'g was increased- to three hotrrs

at room temperatrrer some acid chlgrid.e r-as obsen¡ed (Uana at 17BO cm-1

in the infr.ared s¡ectrr:rc) together with rmreacted acid' a¡d a consider-

able amount of prod-uct believed to be the result of opening of the

acetal a¡¡d. further reaction with oxalyl chlorj-de. lvhen this mjxture

was a-Llowed. to react with d.iazomeiharre for periocls of up to 96 hor'rr'st

onry trace amounts of d.iazoketone were isotate# Treatment of the

acid. with ocafyl chlorid.e in the presence of pyrid'J-ne wrder rnore

forcing conc.itions gave sjmilar rx¡d.esirable pnoc-ucts which v¡ould' not

undergo ar¡r reaction with d.iazomethane. T'¡ith this effort fn:strated¡

a search for other methocs of d.iazoketone for¡iation was initiated'

The nucst promising approach seemed to be that of 'rtloLf and'

Hendrickson& 
",iro 

preparecl d"iazaketones by treatment of activated' rneth¡"l

ketones with tosyi azid'e (Scheme Z6) .

/ This result is in d.irect contra-st to the attempted' f'¡¡¡ration

of the d.iazoketone from the hind.ered ca¡boxyl gror4> in o-nethyl-

¡ndocarpic acid. Tn this ca.ser the acid. chloride forms read'i1y but

wilt not u::dergo reaction v¡ith d'iazo*"tha""'hJ



48-

t1qî
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Scheme 26o

The feasibility of utilising this method v¿as tesi;ed. on the more read'iJ'y

available acetat aldehy¿e (gO). To this encl, treatment of (90) with

nethyl ma"gnesiun ioclicle gave the alcohol which was jmmed'iately oxid-ised'

to the metþI ketone (f O+) with Jones reagent (Sctreme 27). Iormylation

of the methyl ketone with etkryl formate in the presence of sod'ir:¡n
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tydride gave the c-k-eto-aldehyde (1cb) ' The prEsence of the er¡ol

grcup wa.s corrfirmed. by a trrcsitive ferric chloli3e test and' an inspec-

tj-on of the infrared spectrun. The cn¡d.e d-keto-a1d'ehyd'e was treated

d.irectly¡ without frrrther purification, with tosyt azide and' sod'iura
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hydrid-e a¡r1 the crystalline d.iazoketone (106) was obtained.

lhe preced-ing work d.emonstrates ân efficient method- for the

introduction of a diazo-acetyl ftnctíon into the hj¡¡dereð c-lþ positSon

of a rnodel comlnund. for iscGB 1J. This method. shor:Id. be read.ily adap-

table to the olefj¡ric methylketone (tO7) to al'lovr for the s¡tnthesis

of the d.j-azoketone (JJ+), a useftf precu¡sor in the s¡rnthesis of the

isoGB 1J mod.e1 comr,ound. (ü).

0cH3 0cH3

c0cH c 0cHN2
3

00LJ
(34)( 107 )

0

0cH
3

0

( 23)
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gWAL.

Melting points were detelmined. on a Kofler heating stage and-

were uncorrected¡ Analyses were carried' out by the Austral'iar¡ Micro-

analytical Se:¡¡ice¡ Melbounre.

Infrared. spectra were deterrnined with Perkin-Elmer JJI arÊ-

Unicam SP2OO instrwnents a¡rd. the infrared" absoqption maxjma r'efer to

Nrqjol mul-ls, un-less otherwi.se specified.. ultraviolet spectra were

recorrded in etha¡o} on a Perkin-El:neî 157 instrr¡nent. Al-1 mass spectra

were detenn'ined. with an Hitachi Perkin-nlmer RlvlU 6n d.outle focussing

ma.ss spectrometer. The nucl-ear magnetic resonance spectra r/ere reconl-

ed. on Varian DA-60-IL ¿,1¿ T60 spectnometers operating at 60 mc/s r'rsing

apprrcximat ely 1Ú/o soLutíons i-n deuteroctt-loroform unless stated' other-

w'ise. Each signal is d.escribed. in terms of multiplicity¡ intensity'

che¡nical shift in pop.m. f¡'om tetramethylsi'lane¡ a'ssignment ard' coupling

constarrts in Hz in that order r'çith the use of the follovring abbrevia-

tions: s¡ singlet; d., d.or:blet; t¡ triplet; q¡ quartet; m¡ multi-

plet; (U), b"oaa. Signals d-ue to OH d'isappeared' with DrO'

whatman s.G J1 silica gel was used. for cc¡lwnn chrornatograPhy

a'd. light petrcleun refers to the fraction of b,p. 60-800.

Compound.s v¡ere identified' by m.p' ¡ mixed' rnrP¡ r and' a cornparison

of their infrared spectra. The expressj.on rrrvork-uF j¡i the nolrral

ma¡nedr implies that the organic layer n¡as washed" with water, d'ried'

over arùrydrpus magnesitun sulphate, and. concentrated r¡rder red'uced
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pIr9SSUre r

Thepreparationsarrðreacti-onsdescrj.bed.j-rrtheexperjmental

are listed. i¡r their order of appearance in the d'iscussion'
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P48T-é"

1. ation of a¡d its R wi.th 1-Ace

cyclokexene.

îriethv.l-å t .

A solution of sodium ethoxid.e (prepared fncm 8.8 g of sodj-un)

ín ethanof (ZOO ml) was slowly ad.d.ed. clro¡lrise to a vigorously sti:=ed-t

ice-cooled solution of m-methoxybenzyl brrcrnid-e (51"7 g, A.26 mole) ard

triettrylethane-1 ,1 Q.-tricarboxylate (Ø g, O.26 mole). Stirrlng was

continued for one hour at room tempratu:¡e befo¡e water (7OO mf) was

ad.d.ed- ard. the orgartic layer separated.. The aqueous solution was êx-

tractetL with ethe r (3 x 2OO m1) a¡rd. work-up in the normal- mafliler

afforrled. a ye11ow oiJ" DistiLlation und.er reduced. pressure gave the

triester (16) (86"1 e, 93?Ð a-s a clear ojJ¡ b.p. 17zo ut 0.8 nrn

(nonnd.: c, 62.3i H, 7.2. clfze% r'eqrr:ires c, 62.1; H, 7'd()n tr**

Z23r 27B nm¡ € BIOO, 1800; Vmâx (film)'t73O et-1 (ester)i rl¡Illorr

spectrr.rn lccr')! IIrr I#, 6.1¿2-7.10, aromatic H; m, 6H, 3.87-4'35,

J x {,cHrCHr; st 3Ht 3.68t -Elt s2 2fI2 ).23r cfrz, st Nt 2.7Ot

C1-112t tt 9ÍL, 1.23t J x {CH^QU'|¡ l"

sLlCCl-nl-c

The triester (56) (96.0 gt O.?)+ mole), potassiun hyd,roxid.e

(66.0 Et 1o18 mole) and absolute ethanol (6CO ml) were refh¡<ed- with

stirrj-ng for 16 hourso The reaction mi.xtur"e was then cooled, diluted'
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with water (ff) a¡d. the ethanoL distjJ-Ied off at atmospheric pressür€r

.Acid.ification with concentrated. hyd.rochloric acid. a¡cl cooling d"eposited'

a white solid. Recrystallisatíon from aqueous ethanol gave 56'4 E

(e6/") of the triacid. (ll) as colourless needlos¡ lìlepc t68-'t7oo; Àru*

zoLt 221 , 2T, 281 DIII¡ t 1oooo, 8OOo, JI+OO, l00O; u,n* lToo cm-1

(acid.)i rrrrrrrrr spectrum (ae unso): s(t) r 3Ht*11.5:3 x c0€; mr l+Hr

650-7.37, aromatic H; s¡ JÉI , 3.73, 4C45; s, ZÍIt 3.23, C3-tIy se tT¡

2o8, C1år2o

The triacirf (37) (5.0 d wa.s heated. at 1!Oo i:n'ti1 the evolu-

tion of carÌ.¡on d.ioxid'e ceãseå¡ The oily residue vras crystallised' fncm

acetone-light petroler¡m to give a quantitatl'¡e yield. of m-rnethoxy-

benzylsucciníc acid m.p. 13b151or(Lit.L5 *.p. l3l-l3zo) (Fou'd-: cn

6O"8; H, 5.8. CtZHtl¡O5 reqnires C r 6O.5i Ht 5.f"). Àmú2O8, 221 ,

2Ttt 281 nm, ¿ 79OO' 7OO0r 1900, ISOO; u'n* 17OO cm-1 (acid");

rrrrnrro s1æctrr-m (a6 u,ao): s(u) ¡ ÅI, -11.5t 2 x aO$,; m, åHr

6.53-7.t+O, arornatic H; s, JH, 3.77, {,Æ.,t mt 5H: 2'2Ù'J'3O, al-i-

¡*ratic H.

1 .?.1 -,t,-Tetrah-¡rlro-7-r¡e LC ¡.cia ( z1) .

The triacicr (¡z) (5.0 e) wa-s heated. at 19oo wrtrl the evolu-

tion of carbon d-ioxid.e ceaseil. After cooling, the syrupy diacid. (JB)

was mjxed with polyphosphoric acid. (20 g) a¡rd heated- to 9Oo for one

horr '¡,rj-th occasional stirringo The d-ark-brovn mixture was then cooled'

to 600 an¿ d.igested in wat:r (tOO mf) " tr'qrther cooling in an ice-
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bath depositeô 3.1+ g of d.ark yel-low solid" which wa$ reclrystallised'

frorn aqueou-s ethanol (charcoal-) " The keto-acia (21) (3.2 g, B{") was

obtained. as colourless needl-es¡ In¡p¡ 20l+-2060 ' An analytical sample'

m"p. 206-2080, lvas recrystaLtised. trvice frrcm ether (I'ound': C , 65 '8i

fit 5.6. clzrl12o4 reeuines c, 65.5i Hr 5.5%). Ào,o 211' 226t 277 nm'

e 12OOO, 12000, 1.t0OO; ur* 1710 (acid.) t655 cttr1 (i<etone)i nernrfo

spectrtrn (a6 nrrnso): s(t), 1iI, 8.7 4qlli d, 1H,7.92' c5ål' 10; d'

1fi, 6"83, c6'iÉ1, 1Qi s, 1H, 5.78t CB-ü; st 3Tlt 3'82, -6Ël; mt 5Ht

2.1+-3 "r+, aIi1ùrati-c H.

I 0

À solutio' of the keto-aci,l (21) (5.0 g, O.O23 nc3-e) i-n

ether (tOO mf) a¡d. triethyla'ine (2.3 e, O.O23 mole) was cooled to

oo wittr stinj-ng anå a sol.ution of ethyl ck¡-Loroformate (2.6 g, O.o2ta

rnle) i-n ether (f O mf) add.ed. dropvrise cver 1J minutes. The rúxture

was stirred. at Oo for 10 rninutes more, then at::oo,l telnperature for

onehour.Ihetriethylarninek¡rd'-rrcchlcridewa,sfiltered.offland.the

fil_trate concentrated uncler reduced pressure at roorn temperature. the

resid.ue slovrly crysiallised. on starrd.ing to yield 6.5 g of the mj-xerl

arùryclrid.e (J9) *"p. 57Áoo; u*o 1@ot 1T¿5 (r'O'oflont)' lSlo of1

(icetone)i flolnrre spectn'rn (cclt: d¡ 1H, 7'Ú, CJ-He B'5i d- of d-r

1H, 6nn, c6-H, J516 8"5, J6182.5i sr 1Ír, 6'53¡ cBJl; qt al' l+'25

-ocHocH"r 7i sr frrt 3.8o¡ 4%Jt m, JLLt 2'57-3'33' aliphatic lI; tt
-¿)
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i'I|, 1.35, âCfi,2ü3r 7. The rÉxed" anhyrS-rid-e vIâs l)sed ín t',tre ne*t step

without furthe r purificat:ion"

A cooled solution of the mjxed. arùrydrid-e (6.+ g) in ether

(fOO nf) aryJ. chloroform (tO rnf) was ad.Ced. to a solrrtiou of d'iazo-

methane (prepared frrcrn 8 g of ¡I-nitnosorneth4Âurea) i:r ethe:: (tOO rnf)

at 0o ancl the reaction ¡ai;¡ture allowed. to reach r^oon temperature ovell-

night (t6 nours). The pale yello'w precipitate was fíltere¿ off ancL

recrystallised. from acetone-l-ight petroleum to yieì-d. 4.2 E (TF,'/" tr(tn

acid.) of tbe d.iazoketone (40) as a white crystalline compounå¡ m.p'

j2j-1?5o. An analytical sample rnelted at 1Z+.5-1Ð.5o, (Foturd-: C,

63-8; He I¡.8; N¡ 1ln5' 
"lflf r% requires c' 63'9; Tr' 5'Qi N' 11'5fù'

V*ux z10o (ùiazo), 167o (ar"omatic ketone) , 1620 c.rr-l (d'iazol<etone);

rrdnrrc spectrr'l"n : ð¡ 1lI ,7.93¡ CJ-tlr Bi cl of d'' 1H' 6'67' 6'8l' C6-H'

,5 
16 

u, JUru 2" .5; s, 1H, 6'70, oSJI; s¡ 1I{' 5'17 t aqË${z; se JHt

,.80, *OEb; mt 5H, 2.57-5.2?-, aliphatic H'

ae.etate (ta) .
---<-#

SÍlveroxid.ewaspl.epare.lbytreatj.nga.solutionofsilver

nitrate (t.O g) in water (f O mf) v¡ith an excessj of 1Ú11" soåium hyd¡cxid"e

solution. The brorvn sllver oxid'e wa's filtered' off r washed well with

water, and d-ried. at 35o for l¡ hor:rs at Oo$ nn'

A solution of the d'iazoketone (¿+O) (t'o g) in absolute

¡netha.rþl (t¡ *f) was gently refltxed. lor 2 hours with the d'ry silver
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oxid.e prepared. above' She silver oxide was then filtered' off , the

filtrate concentrated. t¡l.1er reduced. pressurrl , aïd. the resiðue chromato-

graphed. on silica ge1 (2, g). The keto-ester (lS) (6ZOng,61/"),

m.p. 6Z-6Jo, was elute¿ w-ith benze¡e and. recrystallj-saÙion frrrn ether-

light petroleun gave a,' analytical sarnple mnp. 63-64.50 (Found: C,

67"91 H, 6.6.

e 5500, 121XO;

tn¡n: clr 1H, J.93t c5-fl, 8.5; d' of d', 1H, 6'93, C6-Ht'516 B'5'J6rB

Z.5i s, 1[I¡ 6.67rC8-H; srflLr3.82, {Ë¡; srÍI ,3.67t -ô009];

m¡ 5H¡ 2.33-3.23¡ aliPhatic H.

tr,fr .O. rr:quires Cr 67,7i Hr 6"57á).o4
17Jo (ester), 1680 crn-l (tetonev

t\ 226, 278 rtm,
mâx

); fIeIIlo I'¡ SPOC-
manc

m-L{e 1 a

lreshly-d.isti11ed. r1iethylrnalonate (98 e, 0"61 mole) ** ad.d'ed'

to a stined. sol-ution of sod.ir¡n'ethoxid-e (prepared. frr¡m 10 .2 g of

sodir.nn) in absolute ethanol (¡OO mf) a¡d the solution stirred' for J0

mÍnutes at r.oom temperature before cooling to 50. m-Methoxybenzy1-

brrcmid.e (82.5 g2 O.!a2 mo]-e) was slorr¡ly ad'd'ed' d'nop'rise and the mixture

stÍrred. at nrom temperature ove:'igþt (16 hours). Water (5OO mf) was

then add.ed. arrL the ¡eaction mixture acid'ified' ard' extracted with ether

(¡ x ZOO mf). Work-up jn the normal ma¡ner gave a yellori' o'jJ- whiclrt

wtpn d.istil-Ied. unåer red.uced pr€ssure , gàve the dlester (4t) (79 g,

69Ð as a clear oÍ.1 b.p. 1l+5-148o at 0.7 mn (Forxrd: Cr 64"Q; Ht 7'5'

"ljl-zoo. 
requirres c, 64.3; H, 7.Ú"). Vm"n (rii¡n) 1:.5o crfl (ester);
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frrrn¡fr spectnm: m, 1H, 6"83-7"271 X arpmatic H; mr $, 6"47-6"8A,

J x arnmatic H; Qr lüIr l+o08, 2 x "{IAÍIZCH1 7, sr fI ' 3'7Ot 4Æ3;

mr ]H t 2193-3.62-, alípttatic I1; t, ffi, 1.3J¡ 2 x 4,cLl,#lt 7'

2 1 a

A solution of the diester (41) (78 e, Oo2B mole) in ary ether

(ZOO mf) was ad.c1ed., under an atmosphere cf ¿ry nit¡'gen, to a stirred'

suspension of lithir:rn ahminiur:r t¡rd'ride (1 6,2 g, O'J+J mole) in ary

ether (¡OO r¿) at such a rate as to maintain genti'e reflg.xing. Tire

mjxtu're was then reflr¡<ed. for a fu::ther ,la hours before the excess of

littriwnalr¡ninir¡nhy<lrid.ewasdestroyed'bythed.ropvrj-sead.clitionof

water (16 rîù) ,15l;, soclirur hydroxi-¿e solution (16 ¡r-t) a¡vl rn¡ater (+8 n¿)"

The granular precipitate of a-li.miniun hyd.roxide was filtered' off and'

the filtrate concentz.ated. tutder reduced pressure to yield- 1 "1 g of

d.iol (V). Exhaustive extraction of the a-tr¡niluiur hyd'roxide wittt

hot ethanol gave a further )+5'o g (toi';-j- a6/") of the dior m'p' 76-780 '

RecrystaltisatÍon fn¡m benzene ralsed. the lûopr to Bo-Bzo; Vr*x

32oo crl-1 (rryaro;aYr).

-bi. th:-¡ne2
3

A solution of the a:-o:- (+z) (¿*¡ g, oe21 nole) in dcr benzene

(øO *f; and. pyridine (54 g¡ 0.68 mole) was cooled to Oor Methane-

sulphoryl ctrlorid.e (lg gi O.5l+ mole) ** added, with stirring, over

a one hour period.; the temperature of the reaction mixture being
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mai-ntained. bet-y¡een 5-'150. After the nuixture had been stored at 60 for

2lç hours, the pzecipitatc was filtered. off and washed' with benz'ene

$ x 5O *r). The combj.ned. washings and filtrate were washed- with 1N

sod.ir¡n bica'rl¡onate solution (f ø *f) and work-up in the nornal manner

gave /O g of cr.'1e diester (Ð) . The product 'lva.s recrystalliseô fncm

egrarrol to yie1.d. 61 g (7'r/") of white needles ¡ tnrpr 92-93o . Further

recrystallisation from ethanol gave an alalytical sarnpì-e m.p. 93o

(Fornrd: C2 pa.5; He J.9. Cl¡nrOOf, reQuires Cr Iy'¡'J" Ht 5'TÁ);

oonorr spectrum : m¡ 1H¡ 7.OO'7.\2, 1 x an>matic H; mr 3iI ' 6'57-

6"9Ot J x aromatic H; se ?J72 L¡.22s C1-Ht C,-H; d' N' 4'1Lt C1+It

a311¡ 1.5i st frt 3"T, 4Æ3; s, 6H t 2'98t 2 x -oso ^c43; m¡ lilt

2.11-2"93¡ a-liPhatic H'

Aci'J. ap

A solution of potassir-rn cyanid.e (27.O g¡ o.l¡1 mole) in water

(16O rnf) was ad"d.ed. to a solution of the diester (I+l) (60.5 g' O"17

mole) in ethanof (¡OO nf) ard. the mjxtrre ref¡:xed. fot 5 hours' A

solution of 1CÐ{ soùium LSrd.roxid.e (tZO *f) was add'ed' a'd' the mixture

refluced., with stirril1g, for a furbher 16 hou::s. After most of the

ethanol had. been distilj-ed off, the solution was acidified' with con-

centrated- t¡d.rochloric acid, charrcoal added., and- the mixture evaporated

to tr¡¡o-thirrls of its volune. Ihe cha-:rcoal v¡as fiJ-tered off a¡rd' a pale

yellow ojl-, whj-ch sIowly crystallised on stand.ingr precipitated' froln
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the filtrate as it cooled. The diacirl (l¿) (36.3 er BIr/ù wâs recrys-

tallised. from acetone-ether¡ Íbpo g5-97o; À*"* 2fo (acid' OIf) , 17oo

øn-1 (aci-d.)! ror'oro strrcct*.m (a6 OfvfSO)! sr ?JI' 12.Os 2 x -C00H; n¡

1Il,7.O7-7.57s 1 x aromatic H; m, JHe 6.70'6"97r i x aromatic H; s¡

fr, 3.8Or -OC.IIJi mr Vf , 2,0-2.8, aliphatic H'

e-2- Acid. a

þrlethoxybenzylglutaric acj-d. (t¿u g) was treated with corICêrI-

trated- sulphuric acia (70 mf) and the mjxture allowed. to stand' at n¡om

temperatrrre for 16 hours. The reaction rLjxture was then poured onto

ice and the pale yellolv sol:icl collecteil. Recrystal-Iisation from aqueous

et¡ano1 gave the keto-aciô (þ) as pa-1e yellorv needles m.p. 1[6-1500.

An analytical sample ¡ m.p. 15o-1i2o was recrystallised- fr^om etirer

(r'ouna: c, 66.3i H, 6o0o ctfl'On reeuires c e 66'6; H, 6'QA ' Vr"rc

1720 (zrcíd) , t64O crn-1 (nyarogen bonded a-no4atic ketone) i rrllrrrr

spectrrrn (a6 nr,nso) s, 1II¡ 8.,+, 4o0gi dr 1Ir' 7.63, C5-\T,9i d' of d''

'1H, 6.U t c6-.H, J5 
16 

9, J6rB 2.5! sr 1H, 6'7'l, cB-Hi sr frt 3'BJ2

aË¡; m2 fH¡ 2.2-3.2r alinhatic H'

acetate (t B) .

A solut1on of the keto-acid. (þ) (6.0 g) j¡r metha¡rof (ZO mf)

was cautiously treated. with concentrated. sulphu.ric acid (¡.¡ *f) ard

the reaction mixture refh¡ced. fot 2 hours. TÍater (¡OO nf) wa's ad-d'ed'
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arrd. the aqueous solution extracted. witln chlc¡rpforn (z x loo ü]1).

TÍorlc-up in tlre normal maïÌner gave 6.5 I of pale yellow oil whiclr slowly

crystallised on cooling. RecrystallÍsatio¡ fnrm ether-liglrt petroleun

gave the keto-ester (f A) (5,8 g, 9fl.) n.p,6Z430 which rvas i-dentical

irr a-ll respects to that obtained. from the Wolff real:raflgenent of the

d.iazoketon (¡.0).

".Aceto 1 te

naohthal,ene (16) '
So<i.ir¡n (t .BZ Er O.OB g atorn) v¡as arlded to a stj-rred sol'ution

of naphthalene (tO.Z g, O.OB moJ-e) in dry d'imethoxyethane (aOO mf) jrr

an atmosphere of nitrogeno The solution, which turned. a d'ark gree¡l

colour after approximalÜely 1i mi¡rutes, was stirred- at rocm temperature

for I¡ hours a¡rd. then a solution of the keto-ester (tg) (+,9 g, O'O2

mole) j¡¡ dry dimethoxyethane (f¡O mf) add.ed. d.rop'rdse over 7 hourso The

reaction nr:ixture was stirred. a¡ ad-d-itiona-l lJ hoqrs a¡d' then qgr:nched

with acetyt chlori¿e (9.5 g, 0.12 mcle). After it had been stir¡ecl for

a further hour, l¡ater (fOO ot:,¡ was ad.ded. a¡rd- the aqueous solution ex-

tracted. with ether ß * IOO n'1) n The ethereal- extracts were washed

with saturated. sod.ir:m bicarbonate solution (Z x IOO il), water (1OO

n¿), an¿ d.ried over anhyd.rcus magnesium sulphate. Evaporation of the

ether unt1er reduced pressure gave a yel1ow semi-solid' residue v¡hich

was chromatographed. on siu.ca gel (¡oo g). Elution with flo elu;ner-
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liglrt petroleun (l"l f) removetl the naphthalene and. a cl-ear oj-L was

eluted wítin 2úl ether.-light petrroleun" The keto-acetate (46) crys-

taLlise¿ from these fractions a¡d the crrrd.e p,roduct was coll-ected- afld-

recrystall-ised frrcm acetone-light petrolermr to give 31O ng (6i'Ð of white

plates m"p" 155.5-1570, (l'oiur,a: c, 69.0; H, 6.2o 
"$nrrO' 

reQuires

ar 69.2; Hr 6.ú). À** 2161 241 t 293 r]trxt e 112oo' 7000' 22ooi Vro*

1:¿iO (a.cetate) 1þ5 ,rn-1 (cyclopentanone) i rlolllrro sp,ectrun: d.r 1H,

7.4Ot CB-HI 8.5; d. of d-, 1TI, 6.Ðt C7-H, J7rB8'5, J5r7 2"5; s¡ 1H¡

6.68, c5¿r; sr JH, 3,77t {9Ël; st 3H¡ 2.23r -OcOcHJ; ma^ss spectn¡n :

parent ion m/e z60"

The infrared. strnctrun of a¡other product, pssibly (+z) r which

was eluted" with the keto-acetate¡ showed bard.s at 1750 (acetate) ærd.

1670 en-l (aromatic ketone). This compourxl coul-d. not be separated'

frpm other lrnprrrities.

ate a

A solution of sod.iun ethoxid.e (prepared. fn¡m 15.6 g sod.ir-l'n)

Ín absol-ute etb.anol (ZOO mf) was slowly add-eå d'rcp'rise to a vigorously

stirred, ice-cooled solution of ben4r1 bn>mÍd-e (tOO g, 0.58 ¡ru¡Ie) anA

triethylethane-1 e1 e2-trícarboxylate (t4a gr0.60 mole). Stirring was

conti¡rued. for a further 45 minutes at r¡om temperature, before water

(+OO mf) was ad.d.ed. and- the nuixture extracted. with ether (l x ZOO mf) .

Work-up in the nonnal manner gave a yellow oiJ- which was distil-Ied'

r.urd.er reduced pressure to yie1d. the triester (48) (16l e, Ð%) as a
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clea:r oiJ.e b.p. 2OQ'205o at 10 nm (formf: c, 64'J; Hn 7'1' 
'TFUOC

requires c, 64.J; H, 7"{"). À** ?-1J rm, e 66oa3 vmax (film) llzo

(ester)i rrernerr spectrurn (CCfU) ¡ rt¡ JfIe 6.92-7"53, aromatic H; m¡

ffi , 3 "8J-!0"37, J x Ã-llrc$ t;
t, 9H, 1.23¡ J x 4CH^9].Itr 7.

s, ?J1¡ 3.28¡ C3-HZI s, ?Jlt 2.7ot C1Ã2,

B eee4,sue9¿48 iså+LkÐ. "

A solution of the triester (r¡8) (167 er 0.5 mole) in ethanol

(r r) ard. potassir-rn hy<Lroxid.e (1 39 e, 2.5 mole) rvere heateå rurder

ref¡x for 16 hours with stirringn Water (ZOO rnf) was aild'ed' to the

cooled- mixtr.rre ar¡d. the ethanol d'isti1led offo The mixture vra;s acid'i-

fied. with a large el(cess of concentrated. ÌSrd.rochloric acid, and' refLr¡ced

for J hot:-rs. 0n coolirrgr the acidic solution d-epositcd' a white pre-

cipitate which was fi1teled. off r washed. welt with cold water, a¡d- d'riecì'o

Benzylsuccjnic acjd. (101 e, 98)4) had a melting point oi 161-1620 after

recrystallisation from acetone-light petrolerm, (rit o32 ^'p' 117'160o)'

Bena4-quwsgAlbrÊ':9g.-(50-'

A rnixt,.re of benzylsucci-nic acia (7t g, o.3l+ mole) a'd re-

d.istilled. acetyl chlori¿e (82 g, 1.02 mole) was gently ref¡¡xed' for

!0 minutes. .[fter the solution had. teen cooled in an ice-bath, the

white soli¿ was fiJ-tered. off and. wa-shed with ether (Z x 0O mf) to

give 60 e Oî/a") of the arrhy¿ri¿e (¡O), m.p" 96-98o 1f :-t.JZ ^.p. 5-

g7o) 
"
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1
c Acid ae

lhemethodwasad.apted.fmmthatused.byHaworthandco-

*ork "r.32 Benzylsuceinic a¡*ryd.rld.e (50) ((.O g, O.J1 mole) was slowl¡l

arlded to a solution of aJ-r¡ninitun chlorid-e (86 g, 0.65 mote) in nitro-

benzene (¡OO *f). After 2Ja hour:s, the d'ark mixture was poureil j¡tto

concentrated. hydrochloric acia (JOO mf) i-n ice (1 kB), a.d' the nitro-

benzene steam d.istilled. off. After the acid'ic solution had been

cooled¡ the crud-e product was filtere,l off arrtl recrystallised' from

water (charcoal). The keto-acid (51) (17't e, 61%) was obtained a's

colourless plates¡ m.p. th5-1&7o (]-it.52 *'pn 1lrl-u*f); Lrno 213t

b1 t 296 ru,*tt e 11BoOr lo9oOr 1600; V**,

irnposed.)! rlolrlrc spectnrn (d'6 acetone),

,516 6'J5r7 2i mr fl r 7.17-7.7Qt C6-H' C7-H, CB-FI; "(b)' 1H' 6o00'

.cogE.

concentration of the fjJ-trate d.eposited 1.".2 g of ütre isomeric

j¡åanone acetic acid (52) which, after recrysta'l'lisation f'r'om water,

melted. aN 1L¡2-11ú"5o (nouna: c, 69"2i Ht 5.4' ct1Htoo, retuires c'

69.5i fl,5"fr). À*o 212s 2t;7t 294 mt e 11tt-00' 11000' 21oo; V*o

1715 (cyclopentarione) 1680 crn-l (aci'd)! nrlrlorr spectnm: s¡ 1H¡

9.93t aO$; mr $Ir 7.16-7.Bgt l+ x aromatic H; mt 5flt 2'31-3'83'

alipùratic H.

t6go (ketone¡ acid. suPer-

d. of d,, 1H, 7.97t C5-Hr
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A solution of the t<etc;*a.cid (51) (ZO.O g¡ 0.11 mole) j-n pyri-

aine (1 O.5 g, Oo12 rucle) ."rd benzene (tOO rirf) was slo',vly ad-d'ed't with

stirring¡ to an iee-cooled" solubion of o>laì-yl chlorid-e (27.O g2 O.21

roole) in benzene (50 mf). The mjxtr:re Ìlras stirred' at room temperat"rre

for 2 hours a¡d- then refluxed. for a further hour. The pyridine tSrd'ro-

chloride was then fil-tered off, washed. v¡ith :Denzer:ie (tOC mf) ard the

filtrate a¡rd. washi¡rgs collcentrated ur.cler red'uced pressure to renrcve

the benzene arrd- excess oxalyI chlorid-e. Further portions of benzene

(Z * tOO mf) were added and. d.istiJ-Ied. to ensure the complete removal

of all oxalyl clr-lorid.ej The pale yellolv solid wâ's recrystal-lised' from

benzene to yield. 2Oo2 g (lly,¡ of the acid chloridee T'.pn 72-Þog V*u*

1770 (acùd. c¡-loride) , 1675 ",,-1 
(¡etoræ)o The acid chlo'i¿e was used'

in the next reaction without further purifi-catj.cn.

Ð-ce thale a

A solution of the acirl chlo-rid.e (20 e) i¡ ether (ZCO nrL) was

slorvly ad.d.ed. to an ice-cooIed. solution of d.iazornetlrane (prepared frorn

60 g of N-n-itrosomethyl urea) i-n ether (6OO mf) o The mixtu¡e wa's kept

at room tenperature overnigþt (16 houss) a'd- then the excess of diazo-

methane renroveil by wanming on a steanr-bath. The pale yellow precipitate

of d.iazoketone (13.5 g) was filtere¿ off an¿ the filtrate chrrcrnato-

gralùred. on a¡¡nina (too g). Elution with iff, benzene-1ight petrole';rrn

gave a further 3.e g ot (fi) (totaf 16.5 e, B1%) as pale yellolr needles
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m.p. Bl-B!o; vmÐc 2O9O (ai-aao) , 167r (arornatic ketone) 1615 cr,j1

(d.iazoketone); ïrrril¡r" spectnun: A, 1H¡ BoO¡ A5å1, 7; m1 JH2 J'1-

7.7, c6Å1, C7Å1, C8-H¡ s, 1H t 5.4i, -coqlN,i mr 5I1t 2'6'3'3t al-i-

trùratic I{ o

th ate
1

a

Silver oxÍde \¡íâ"s prepared by treatirrg a solution of sílver

nitrate (5.0 e) j¡r water (lO *f¡ with an excess o'f 1Çi; soctir¡n k¡ydrnx-

icle solution. The brol,,¡n silver oxid'e lr'as fil-tered' off ¡ wa'shed wel].

with water, and. d¡ied. at 4Oo for l¡ hours a't 0'1 nrno

A solution of the d'iazoketone (>Ð (4'5 g) in absolute

methanol (f OO mf) was gently ref¡-uced for 2 hor'rrs with the d'ry siJ-ver

oxide prepared. above. the mjxture was filtered', concentrated wrder

reduced pressurer md the d"ark oif- chr"omatographed' on sil-ica gel"

The keto-ester (!t¡) (3.5 g, 76%) , m'!' 5 2{,40 r wâs elrrted' wjtln 2V"

ether-Iigþt petr13lerm. An anal-ytical sanple ¡ Ír.po 5l+o t was recrX¡s-

tallisecl from ether-light pet¡oleum (louna: Cr 71,3i Í1, 6'5'

ctf t+ol requires C, 71.5i H, 6.5%)o À*rx 213t 2l+9, 297 mt e 1C500t

v 1 720 (ester) 168o crn-l ( ar-omatic ketone) ;
max112æ, 1l0o;

spectrun: d. of d., 1Ht 7.92t C5-H, J516

c6Å1, c7{I, CSJI; st 3H¡ 3.61, 'C00gg,

fIrIL o I c

2; mt fr, 6.83--l.lB27t J5r7
a

B en zvl.d j.e t'ÌrYlm 4þ-44þ'
---::¿-tÈ'j 

+-

Red.istilled.d'iethy}malonate(tLoe,O'BJrrole)rvasad.d.ed'

d.ropwise to a refluxing solution of sodirm etlioxj'd'e (prepared' fr.m
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20 g of sod.ir.un) j¡r absolute etha¡rol- (6OO mf). A solution of benzyl

bromide (tCO g, O.5B mole) :-r, atrsolrrte ettra¡rof (ZOO mI) was then ad'd'ed

at such a rate as to keep the reaction r:nd.er control. the mixture was

refluxed. for a further l¡ ¡crr:rs before water (6OO r¿) was add-edo Vtrorl"-

up as for compound (+r) gave 82.5 g $v¿J of the d.iester as a clear

oiJ, bap. 11Ao at oo5 nm (l'oura: c, 67'1i H, 7'2n t.,rnn,[,04 æcNireg

c, 6J.2; H, 7.4ù. Vo,a)c (rim) 17Jo cr'il (ester)i rl¡In¡r¡ spectrun

(ccfr): sr 5H, 7"1J, atrcmatic H; 9, l+II, 4'cÉ ' 2 x -acldrcfrt; m¡ JHt

2.974.6J, alilhatic II; tt 6H¡ 1.17t 2 x 'OCHÆSJr 7'

2.Ð et"¡4PrPlgn:1"74åql'

.[ solution of benz,ylcliethylmalonate (Be"O * O'33 mole) in

d.ry ether (loo o,r¡ was add.ec, dropvrise, with stiffing¡ to a. suspension

of lithiwn a¡nriniun Lryd.rid.e (t8.6 g¡ O.[B mole) i¡r dry ether (7OO rrf)

unrler arr atrnosphere of rritrogen. The mixtr-re wa's stirred' and" reflu<ed'

for 5 hours before wet ether was ad.d"ed' to d'estroy the excess of ilydrüle'

The solution vras filtered., d.ried. over arÏ5rd.rous sod.ir¡n sulphater arld'

concentrated und.er reduced pressure to give 5t+'4 g' Olù of the d'ioI

a,sapaleyellowojJ-whichwasused.vithoutfurtherpurificationj¡l
4

the next reaction; Vmæc (film) 33AO cr{t (fryaroxyl); rlclnrro spec-

trurr: s, !H, 7.17, aromatic H; m, JH, 3'33-t+'O7' C1-H¡ C3-Í12i s(b) '

zilt 5"OOt 2x {lH. d,2F,,2.57¡ 2xbenzyf:j:cÍI' J; m, 1H, 1.67-2.33,

C2-H.
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24 enzvlprìf,Pâll-1 "l-diol--.bi snetha¡esrrlphollâtc r

A solutíon of 2-benzylpropan-1 rj-dio1 (SZA g, O.32. mole) in

d.ry benzene (Z5O mf) anl pyriiline (-ÞoO Et 0.95 mol-e) ** c6oled' to

5o. l{ethanesufphonyl chloride (90"0 ú O.78 mote) was added¡ 'rvith

sti-rringl over a one hour pe::íoc[; th.e temperature of the reaction

mixtr:re being maintailed. betv¡een 5 anô- 15o " The mixture was stored'

at 60 for 16 hours and then 'work-up arrC. purification as for comtrnur:'d'

(te) gar,,e /B g (7Vù of the diester as white need.les¡ lr.pr B7-88o.

Recrystallisation frorn etha¡io] gav'e an anal¡rtical sample mop' Bgor

(Fowrô: C, )l¡.9; H¡ 5.9. 
"pnlgO6S'Z 

requires C' l+\'7i H¡ i'6"/Qi

rrrrrlrrr spectn:nt: s, !H, 7.22t aromatic H; s, ?J1t 4'22' c1-H ' CJÃ;

d, ?fr., I+.13, c1-H' C,-H, 1"ri s, 6Hr 2.97t 2 x 4sfgli mt ftI'

2.Ð-2.87¡ aliPhatic I{'

@"
A solution of pota-ssiurn cyaniÃe (J5nO B, O.54 mole) i-n water'

(zoo mr¡ was ad.ded to a solution of the d.iester f¡'om the previous

experiment (78.0 g, O"2|mole) in ethanof (¡¡O mf) a¡rct the mjxtr.ire

reflwced. for J hours. A solution of 1CI{ sod-ir:ni hyd'roxj-d'e (ZOO mf)

was ad.d.ed. ard. the mjxture refl-wced, with stirring¡ for a. fuÏther 16

hor:lso lïor.k-Lr-pr a^s clescribed. for compourirl (4¿J , gave a pa-1.e yellorv

oiI which slowly crystallised. on stanc.ing. Recrystallisati'on fr:'}m

benzene afforded. J6.1 g (6-í") of the diacid.¡ In¡pø 1CO-1Olo lfit'h6

VmoPo 101o; mâx
2610 (erci.d. oH) , 17'5 cÑ1 (ac:r-d-).
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Aci.d n

Thorpe.

The method was ad.apted" from that used' by Stevenson and'

I+6

P.+renzyl4utaric acid ( Ú ù was treated wj-th concentraJed

sulphuric acid. (115 ml) a'd the mjxture kept at rcom tempera'turr= for

16 hours. The reaction mixture was then 1rcured' onto ice anrl the pale

yelIow solid. co]lected.. Recrxrstallisation fr"om aqueous ethanol gave

the keto-acid as a white crystalli¡e so].id' (t9'O g' 9qù ¡ Inrp' 110-

1110 (1it.L6 *.no 110-1tlo); vmÐc 17Q5 (acia) , 16V æn-1 (a:romati'c

ketone).

tat

t

tr

Asolu;tionoftheketo-acidfr.omtlrepreviousexper5-rrrent

(tS.O g) in metha¡o:- (ZOO n¿) was cautiously treated' with concentratecl

sulphuric aci-6. (10 mf.) and. the mjxture ref¡¡xed fot 2 hours' Ylater

(¡OO nf) was then ad.d.ed. a¡d. work-uP i¡r the norrnal manner gave 20 g

of a pale red oil whj-ch was chromatographed. on alurnina (4oo g). Elu-

tion with J(" el'Jlnet-Ligþt petroleum gave 18'B g (gVù of the keto-

ester (¡+), m.p.52öl+or which was identical in all. respects to that

prepared. fr.om the Vlolff rearrarlgement of the d-iazoketone (El) 
"

a

I th
1

Sod'i'un (zzo ng' 9'6 mg atom) was ad'd'ed' to a stirred solution

of naphthalene (1.21 Et 9.5 nrnole) in ¿ry cì.Í:nethoxyetha¡e (lO ^f¡ in

a
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an afunosphere of nitrogen. The mjxture was stirred. ab room temperature

for J hor:rs arrd. then a solution of the keto-ester (54) (54O r.gt 2.5

mnole) ln dirnethoxyetha.ne (f O t¿) was added. d-ropwise over 5 hours.

The reaction uúxture was sti-rred. for an a.d.d.itiona1 16 hours and. then

quenched with acetyl cli-loriae (1.0 Br 1J nrnole)n After one hour,

water (ZOO mf) was ad.d.ed. a¡d. the aqueolrs solution extracted with ether

(l x 5O mf). The ethereal extracts were v¡ashed with saturated. sodium

bicarbonate solution (Z * 50 ¡¿)r water (tOO nf)r ard d.ried- over arùry-

d.r"ous magnesiun strlphateo Removal of the solvent rxrder reduced pressure

gave a yellour ojJ- which was chncmatographed. on aJ-r¡nina (40 g). El-ution

y,rith light petrolewn (¡OO mf) removed the naphthal-ene and- frrrther elrp

tion with ettlyt acetate (roo nr¡ gave the monomeric prod'ucts. The

keto-acetate (r5) (tOB mg, 1V,), a white crystalline solid' mop' 11!-

1160, Ìvas sepâJfated. frcm this uúxture by preparative scale vâpour phase

chnomatography on a ! foot¡ zq"BÐ.S. co¡¡rrn at ar¡ oven temlæratr:re

of 2OOoo (For:nc.: Cr 72.9i H¡ 6.J. cUlt+ol requires C, JJ'O; H' 6'11/')'

U*o 1 7rO (acetate) , 173i cm-1 (cyclopenta¡one) i rtelnrrr spec+.run: mr

$r, 6.83-7.53, aromatic H; sr .nI t 2.17, O}ocTJti mass spectn'm :

parent ion rn/e 23O.

À Ke ate 1:Ace

I9r9t9.
ïIhen sod.ir¡n arnj-d.e (5O tg, 1 .J nunole) wr's ad'd'ed' to a solution of
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the keto*acetàte (5r) (1CO mg, O,$ mmole) in ether (¡ n'f) in an at-

mosphere of nitrogêrl¡ â¡1 exothermic reaction ensl'ed' a¡cl the njxture

j¡nmediately turned. a dark brovr:rt colotlr¡ The reaction mjxture wa's

stirreil for J krours at roo¡n temperatgre arcl ',chen a solution of 1-

acetylcycfohexerre (55 ^g, O.l¡l¡ mmole) in ether (Z 
",:-¡ 

ad-d.ed. Àfter it

had. been refl-r.nced. for l¡ hours, the mjxture TIas acid'ified' wj'th d"jl-ute

hyd-rochloric acid" arid extra.cted. with clr.loroforrn (Z x ¡O mf). Work-up

in the no¡:nal mânner gave 1 32 ng of a d.arkJy coloured" ojJ-. An in-fra-

red- spectrun of this ot1 strc¡l¡ed the presence of the enone systenr of

1-acetylcyclohexene a+ 1655 ard. 1620 gJlL-1 and" other ba¡rds aI; JLeOO

(tryd.r.o:yf) ana 1fii ,m-1 (possibly cyclopentanone) o The acetate bard'

,l

a+; 1750.*-1 ** absento Chronratograply of thj-s oiJ. on alt¡nina (6 g)

gave orrly the one prod.uct - uareacted. 1-acetylcyclohexene (41 mg)'

A suspension of tripher¡ybnethylphosphonium iod.ide (78.0 g,

0.19 mole) anù lntassir.m t-butoxiô.e in dly benz,erte (Z5O nr1) rva's stimed'

at 50 for 30 minutes in an 'atmosphere of nitrogen. A solution of the

keto-este t (5t+)' (t¿u"O g, 0.064- mole) in benzen" (50 ml) wa-s ad'd'ed' a'd"

the m:jxtr-re stirred. at, 50 for 3 hours and- then at rç'om temperatu¡e

for 1J hours. Hexa¡re (f OO mf) a,,fl þ% methanol-water (ZOO m1) were

added¡ the mixture shaken, ard. the layers separatecl" The aqueou^s

l4yer was extracterl again with hexa.ne (too mr) and work-up of the

combined. hexane extracts in the norrnal maflner gsfye 31.2 g of yeIlow

t a
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oiA. This wa-s filtered. througþ a silica ge1 colunn (6OO g) trrder re-

d.uced. pressur€ wirtin 2úl etlier-ligþt petroleum as elutant. The olefj¡ic

ester (59) Ulú e, B1%) was isolated. as a pale yel1ow oi-1" An analyti-

cal sample cli.sti1l.ed. at 7B-BOo at 0.1 rrn (nc,ur,a: C, JB.ai fI¡ 7.8.

at,un,no, regui.res c,77.8; Hr 7.5%). Vmrx (rilm) nb (este::) r 16Ð

or-1 (olefin)! nernrrr spectrun (ccru) m¡ 1H r 7,33-7.67, c5-n; m¡ ftI,

6.83-7,23, C6-I1, C7åI¡ CB-H; s1 1II t 5.t+2¡ nrethylene H; sr 1He Ia"9Ot

methylene H; sr 3H, 3.60, -c00ËJ.

a.cetate (58) 3

A solution of bon¡n trifluorid"e etherate (35o0 g'o'U; morg) irr

d.ry' tetral¡rrlrr¡furan (¡,O *f) was slowly ad'd-ed. over,one hour to a stirred

suspension of sodium borohyd'rid'e (7"o r, o'1&l rnole) in dry tetrahyc'rn-

furan (lOO mf) at Oo in a¡ atrnosphere of nitro$êIlo The mjxture was

stirved. for a further 2 hours at Oo before a solution of the olefin:ic

ester (59) (tO"O g¡ 0.046 mole) 5:r d-ry tetrahyd.r'ofuran (tOO r'11) was

ad.d.ed.. The reaction mjxture was then warmed to 25o *rd kept at thi-s

tenrperature for 3 hon"". The excess of d'iborâfle wa,s clestroyed- by the

d.ropnr5-se ad.d"ition of water and. the orgartoborane oxid-ised' at JOo ¡y the

ad"d.ition of jri sod.ir.rn l¡ytlroxid.e solution (ZO tnf) followed AV 3Ú/,

Lryd.rcgen percxid.e solution (ZO mf) n After one hor:r, tlre reaction mjx-

tune was saturated. with sod.iun ch-loride a¡d. the organic layer separatedt

washed. v¡ith saturated. soôit¡¡l cl:,lorid"e solution (tOO mf) ¡ and dried over
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arrlrydroq-s sod.ir¡n sulphateo Evaporation of the solvent under reduced'

pressure yield.ed" 11.0 g of crud.e aiol (61) lvhich rvas dissolved' in

acetone (f¡O mf) and cooled. to Oo. Jones reagent was ad.d.ed. d.rop''ise

rurtil the orange colour persisted. ( ,-, 35 nf). After the additj.on of

water (zOcl mr) the mixture ìffas extracted r"¡ith chloroform (z x IOO ml)¡

ar¡d. work-up in the nonnal manner gave 12"2 g of an oily mixture of

acidsn A solrrtion of the cnrde mixtr:re in metlranol (120 ml) was

cautiously treated. with concentrated sulphuric acid- (B n¿) a¡d' the

m:ixture refluxed. for J hours. ll/ater (;oo *r) wa-s ad-cred' and. the m:jxture

extracted wlth ether (1 * IOO ¡¿) e Work-up in the normal manner

yield.ed. 10.1 g of a' oiJ- whj.ch was chromato¡;raphed. on silica get (500

e). Dlution wirtn 2Ú/í, ether-Iigþt petroleurn gâve 2'5 I Qt\¡ of the

diester (lB) as a clear oil¡ vm* (fj-]m) llZO or-1 (ester)i nerB¡r¿

spectrun lCCfn)! sr 4lI, 7.00, aromatic H; s¡ frr 3"63t -COOgli sr

frt 3.60t -CoogJ.

Further elution ytig;¡ 2ú ettrerligir.t petroJ-eum affonleð- 5.7 g

of the keto-ester (54) m.p. 53-54o.

'l .2.3 -r,-T trahvd.rci-1 O-oxo-1 .3-el a-Lene Gl\.

A solution of the diester (18) (1"77 Et 4"5 nrnole) in clry

tetralrydrof'ura¡ (qO o¿) r and. sod.ir¡n hydrid"e (O.66 8, 27"5 mniole) were

stirred. in a¡r atmosphere of nitrcgen at room temperature for 16 hours

a¡d. then at neflux for t¡ hours. After the a.d.clition of water (too mf),

the solution was acid.ified. v¡ith d.iJ-ute hyd-rochloric acid' and' extracted
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wlth ether (3 x 50 mf)o Yiork-up in the normal maru¡¡er gave 1.6 g of

þketo-es ter (62), V*ur" (fifr) 1T5 (cyclopentanone) , 17ZA crr-l

(ester) .

The þketo-ester wa.s refluxe¿ with b% nyð'tpchloric ac:'d' (50

rù) for 16 hours then cooled.¡ basified.¡ and. extracted. with ether (Z x

1OO ,,¿)o ïIork-up in the normal martner gave 1.J g of a d.ark ojJ- whj.ch

was chromatographed on a1r¡nina (40 g). Slution wítin 5% ether-light

petroleurr yielded 1.1 g (95%) of the tricyclic ketone (57) as a clear

ojlr Vmax (film) 1735 qrì-1 (cyclopentanone) i relrl¡r¡ spectrun (CCfO):

sr 4H t 7.o1, aromatic H; m, &I , 1"6U1.10t alipkratic H; mãss spec-

tn¡n: parent ion m/e 1J2.

The semica-rbazone of tkre tricyclic ketone formed. rvhíte neeûIes

f¡r¡m eürano1¡ rrrrp. 211-212o, (Found: C, 68.1 ; H¡ 6.'7. C1f 
1|5N30

reqlri.res c, 68.1 i H, 6.6iù.

of with 1-Ace
Á. AnneI

cvclohexene.

A solutíon of the tricyclic ketone (57) (tOo mg, 0"58 nrnole)

jn dry ether (f rf¡ was treated. with sod.ir¡n amjrle (J4 ^e, 
g.BJ nrnole)

ar¡d. the mixture reflr¡ced. in all atmosphere of nitrogen for ! hourso

After the ad.d.ition of a solution of 1-acetylc¡'clohocene (80 mg, O'65

rnmole) in dry ether (Z nf), the m'jxture was refl-r¡ced' for a fqrther 16

hoursr Water (:O "rf; was add.ed- a¡rd. the aq'eous solution acid'ified" and"

extractecl with ether (Z x 50 nù). T'Iork-up in the norrnal manner gave



-85-

1)6 ngof pa-[e ye]jlow oj.l rvhich was chromatogratri:red on a silica ge1-

thj-ck plate 'sing f/" 
ef,her-Light petrul-er¡n as elutarrt" Impure tri-

cyclic ketone (57) (BZ *e), Vrnrx (rilm) 1735 cm-î' was recoverecl'
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2. At ed. PreÞ

1 tha]- a

Hyd.riod.ic acið, (55% i:r rvater) was addcd" d.ropn'ise to a solutÍon

of the d.iazotcetone (40) (0.5 e) ín chloroforrn (10 il) u'til the evolu-

tion of nì-'brogen ceaseil. The mixture was allowed. to stan'J- fot JQ

¡nj¡utes ancl then water (¡O ¡nl.) arld.ed.. The clrloroforu layer was

separated., vrashed with 1Of socì.ium thiosr:lphate solution r.rrtil l1o rnore

colourr,ya,s relnoved.¡ atrl work-up in the normal filanner ga;ve a pala yellow

oil 'u¡hich was chromatog::a¡hed" on aLunina (ZO g) " Elution with benzene

yiel-ded l¡20 mg Qey"¡ of tlre rnethyl ketone (20) as a white solj-d"¡ rìoPo

1O6-1O70, Recrystall.isation frpm benzene-Iight petroleum gave an

arralytical sarnple as rvhite needles¡ m"pr 107"5-1OPo (l'owrcl: C, 71 '7i

f|r 6.6. clf'0, reQuires C, J1.5i Í1r 6.5%). Ì\mü215r 2261 278 twt

e 99OO, 11100, l5OOOi Vo'* 16)0 (rne,thyt ketone) , 1 660 crrL'l (ancmatic

ketone)! r¡rll¡rq spectrwn: d.r lH ¡ Jo92t C5-Ht 8.5i cL of dr 1'Å't 6"77,

c6-{lr r516B.5tJ6rg2.5i s, 1Hr6.68, cB-H; s'trl'3'81 '4Æ3t In¡

lfr, 2.50-3.27t aliphatic H; sr .Ï t 2.2Ot 4OCH3'

A À1d-o1 -ion of L(eih.¡I Ketone (ZO).

f) A. solution of the methyl ketone (tOO mg) in ethanof (tO mf)

was reflt¡ced. with 1N pta-ssir.ln hydroxid.e sol-ution (11+ ¡tù) for J¡ hourr;'

riVork-up in the norrnal marrner gave a crysta-l].ine residue which was lden-

tified as the rxrc¡anged methyl l<etone (ZO), il"p. 106-1070.
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Z) A solutio¡ of the methyl ketone (tOO mg) in Cry tetrahyd.rofuran

(l n'f) was add.ed. to a solution of lnta.ssi-i-nr t-butoxid'e (prepared' fr"onr

J9 ¡ng of potassirm) j¡r dry t-butanol (¡ *f) in a¡ atmosphcre of nitrrc-

gefrr The mjxti.:re 1\¡as Wan:ned. to 600 for )1 hours, then cooled, and'

d.iluterL with w¿rte:: (60 mf). T{ork-up j-n the norítal marlner gave unchanged'

methyl ketone (87 rng) .

Ð A solutio¡ of the methyl ketone (tOO me) j¡ acetic ac1.d' (2.5

rr.1) and. acetic ar:]ryd.ríAe (2.5 ml) vra,s treated. with bon¡n trjJ1uoride

etherate (0.75 rf) and. allowed. t<¡ sta:rd. at 
'oom 

temperatutu fot 2)ç

hours" Water (zO mf) was then arld-ed. a¡vJ. the åqueoÌrs solution extractod-

with c1üorrefcnn (Z x lO n¿). Tlork-up in t¡e norrna-l martner gave a pale

yel1ow oil (60 mg) lelieved. to be a ¡njxture of the enol acetate (69) t

v*o (fim) 1760 (a.cetate) ,',560 (aromatic ketone) , 1630 crfl (olefin);

rr¡rrror¡ spectrr.rn: ò1.+3 f )a*(4r)æCOCÍ13), ald. metlSrl ketone (ZO)

un* (ffu) lígo (methyl tcetone) 1660 círL-I (arornatic ketone)! rrltror'

spectnun ò2.2o (-coglL) .

H'
Hyclriod.icaeia(551/"i.nwater).wa*sslovrlyadd.ed.d.ropwisetoa

solution of the d.ia:zoketone (5J) (t.O e) in chloroform (20 mI) r¡ntil

the errol-ution of nitrogen ceased. The mixture wa.s allowed' to sta¡rd'

for JO minutes and- then vrork-up, a.s d.escribed- for comporrrd' (ZO), g"ve

a pale yellow oi1. DistjJ-Iation of this rxrd.er reduced- pressure gave
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!l¡-0 mg (6111:,) of the ¿iketone (72) as a clear oil which s1owly clys-

tal-lised. on sta:r,-lirlg¡ lllopr 5lv-56o. An analytical sample ¡ rlopo 56-t)7o '

was recrystalliseð frorn etht:r-ligþt trretroleun (founa: C, 76't¡; IIe

6.J. c1ztt1ro, reQui-¡-es c, J6.6; Hr 6.l*'l')u Àrn"rí 213' 252' 2-97 wnt

t 11500, 1cÐoo'r 1þoo; ur rr.* 
IJOO (rnethyl ketone) ' 1575 of1 (arornatic

ketcne); ."*"t. spectrun (cclr{): d of d', 1Il , 7'81' c1'+l' t516 Bt

,5r7 ,, mt fr2 J.OO*J"1;Or C6l¡ , C'l-H, CB+I; sr JH t 2'1Jt -/)018;-À'

*1 thâ1

fzÐ.
A. siirreù suspension of thc t<eto*acld (45) (Z.O g, B.þ urrnol'e),

in benzene (50 ml) wa^s cooled to I+o and- oxalyl c5l.or:lùe (Z'2 g, 1J'2

nrnole) slow1y a.d.d.ed.n Stirring was cort'úinued fo:r J hou::s at room

temperature before the benzene arxl excess of oxalyl chloride were

d.istjJ-led" off ruder reduced pressure o Further portions of benzene

(Z x 5O ml) were ad.d.eci. a'¿ d.istilled to ensure the cornplete n¿trurval- of

oxaly1 ch1.oride. The resulting yellow oil was dissolved' in ether (50

o¿) ancl slov¡Iy poured. into a solution of d.iazometharre (prepared' frurn

5 g of N-nitrosornetlrylrrrea) in ether (fO *f¡ ' lhe mixtr:re was kepb

at r.oorn temperabure overnight (16 trours) before the ether was reinoved"

r.¡nåer reduced" pressure alrå the d.iazoketone dissofved in chlorcform

(zo *r). Hyd.rj-oclic aciå (s016 to rvater) was aCdecL dnrpivíse tc¡ this

solution r:ntil the evolution of nitrogen ceased. lvork-uPr as d'escribed

for compouna (ZO) gave a pale yellow ojf v¿Ìrich crystaiJ-i'seci frr¡¡n ether

I
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as white needles (1.6 g, 81l'6) , m.p. 1OO-101o. An analytical sample¡

mop. 100.5-1Q1o¡ wâs recrystallised frrorn benzene-Iigþt petroleurn

(tsor:nd.: C, 72.7i H¡ /'0" Ci.,uH1'0, reQuires O t '72'4; fi' 6'7ft) ' Vna,..

1700 (methyl ketcle), t1-lb on'1 (arornatic ketone)i rlcïne¡r spectrun:

d., 1H, 7.95e Ai-fIe ); d. of d, 1H, 6.78, C6-H,'5169r'6183t s¡ lHt

6.67, oSJI; sr JH , 3.g), =9Sl; mt 7fl, 2'l+n3'3¡ a-liphatlc iI; s' fi't

2.17, *0g,5.

rnoted. Àld.ol Cvclisation of the Holno].cg.o us lvlethvl KetoneAtte

lzgl.
A solution of the methyl ketone (tOC mg) j¡r dry ethanol (¡ ^f)

was ad.d.ed. to a solution of sodiun ethoxj-de (prepared. frorn lþ mg of

sodiun) j¡r dry et¡.ranol (¡ n¡.) r:'d.er an atmosphere of nitrogen' After

l¡B hours¡ water (iO ntf¡ was ad.d.ed- a'cl the aqueous solution extracted

with chloroforrn (Z x 5O mf). Work-up in the normal manner $ave un-

charrged. methyl ketone (g6 *g) r lrioP. 99-1c}o '
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PART B "

-A.noro tow the swthes is of isc#B 13"

th

naph-ttlsl,eqql-ä).

The keto-acid. (þ) (3.o gr 0.016 rncJ.e) wa-s add.ed' in small lnrn-

tiorrs to a stirred suspensj-on of lithium a¡¡ninium hyci-ride (0.71 g,

0.018 mole) in dry tetrakgnl'ofura¡ (lO o,f¡ at rrcom temperature in an

ahnosphere of nitrogen. The mixture rn¡as then refluxed', with stirringt

for J hours before water ('O.Z mf) , 15% sod-ir¡n hyd'roxid-e solution (O.J

¡¿) arrd finally water (Z.Z nL) were ad.d.ed. dropwise to d.estroy the excess

of lithir¡n alwninir¡n h¡n1r:id.e. The granula:: precipitate v¡as filterefl

off , washed with tetraLryd.rof\ra¡, and" the co¡nbined' washings ald' filtrate

d.ried. over anh¡re1roi:s sod.ium sulphate. Removal of tire solven'b under re-

dr.¡ced. pressure gave J.f g (qua"rtitative) of clea-r o1] which slowly

crystr:-ltised on standirg. An analytical sary>Ie, recrystallised' twice

frora ethanol-etherr melted at 97-9Bo (ti'o1n'l: C, fQ.3; H, B'2'

Cf ff.go¡ requir:es C, JO.Z; Iln 8.4%)o Vmæ,( JJOo crn-1 (nyaroxyl). The

d.iol was too insoh:l¡}e for ârI rl¡Irlcre spectrr-un to be determined"

| -O1

Actj.vated mariganese aioxi¿e h7 (,zooo g) was ad'ded to a solrr-

tion of the diol (Þ) (2.O g, O.OO9 rnole) in pr.rre acetone (tZO mf) a.'ð

the mixture stirred at room temperature for 21 hours in an atmosphere

a
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of nitrogenn The manganese d-ioxide lvas filtered' off , washed' with ace-

tone (J x 50 IIù) , atd the combined rvashj¡rgs and- filtrate concentrated'

unåer reduced pressul:e. crystallisation of the resr.'rlting ojJ- frr¡m

ether gave 1.88 g (gt{") of t}re ketol as rT}rite needl-es¡ m'p' 1OO-101o

(Forurrl: c, 70.57 I1e J.2' "r'n,nO, 
r"etuiv:es C ' Jo"9i TI' 7Õ%) ' V,nu*

lhOO (hydrcqfl) , 16GO qf,1 (aromatic ketone)i nrlltrro spectrurn: d.t

1lît 7.95, c541, 8.5; d. of d', 1H, 6'T¡t c6-H'JD16 8'J' JUrU2'5i s¡

1fi., 6.68, c8l{! sr 3Ít, 3.81, aÆ'i t, N, 3'73, #roH' 6"5'

Ethe a

À solution of the ketol (/6) 1t.7 e) in d'inyd'roP)rran (tO mf)t

anô ¡-toluenesulphonic acid (zo mg) were allowed. to stand at noorn

temperature for one hour arul then ether (lO ol¡ 'was add'ed'' The etherr-

eal sorution was wa,shed" with 1ff1 sod.itrn þyd.roxide sol-ution (z x z5 v;r)

beforework-upjnthenorma].mânnergave2.lgofcrrdeether.whích

was chromatographed. on a¡¡nina ( 70 g) . Elutio' with benzene yield'ed'

1.36 g (Sg,ö of (77) as a clear ojL' An anaJ-ytica1- szunple wa's dis-

tjl.Ied. at 15Oo at 0.02 nrn (founaz Ct 7O,6; II¡ 8"1. Cldte+g+ recluires

C, 71o0; H, B.t1). V**)c (fifr) 1670 crn*1 (ar^omatic ketone) ! rrïìorr

spectnm: d., 1H, BoOB, Cl-ì|¡ 8.J; d. of d.¡ 1Hr 6.90, C6'H, J5r6B'5t
I

J6rB 2.5i sr 1H, 6.80, c8-H; s, 1H, I+'63' 4984i sr J-tr¡ J'9ot

"lþ3i 
mr 4H ¡ 3.3'l+"1 c 2 x 4W¡: '
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Atte ed Anne]-ation of the Tetrab E ther (77) with

1 -Àce t'¡Icvclohexene .

--..€-- A mjxture of the etfier (77) (1.0 g, J.J nrnole)r finety 1nwôered'

sod.amicle (O"2 tl, J.4 nsnole) ¡ anl d'ry ether (¡O tf) rvas refh¡red' in a¡r

atmosphere of' nitrogen for 6 hours. 1-Acetylcyclohexene (0o45 &¡ 3'6

mnr,cle) was add-ed. ard. the nr-ixtr:re kept af ruorn temperature for 16 Ìrours

a¡d. then reflucerl for one hour. The mjxture ìffa's then diLuted' with

water (f O nn¡ , carefully acid.ified. to þ1 7 t a¡:À extracteå :'1th cli-l-oro-

form (Z x lO ¡¿) r \York-up in the nonna-l maÍuæ1. gave a pale yeÏlow ojl

lrûrich was chromatographed" on alunina (40 g) " Elution with benzene

yield.ed only 1-acetyLcyclohexene (0.¡7 e) ancL rxrcha¡ged- ether (0.65 e).

7"8.9 O "1Oa.1Ol¡ 11 1 2-o ro*6 ( 6aH) Jlhrvsenone (7¡r) .
1

,Ihi-s compourad wa^s prepared. usil:lg the nethoð of Peak a¡d' RobÍn-

son.1B Annel-ation of q-tetralone with 1-acetylcyclohexene, in the

presence of sod.ir¡n amid"e, ga\¡e two isomeric enones Ä and B"

Isomer A, the major prod"uct ar¡l the one used in this s¡nlthesis¡

harl a mrpo 19g-19g"5o (titol8 *.n, ZOO-ZOO.59) (Uouna: C, 85.9; H,

8.0o ct#zoo requires C, 85.7i fl, 8,qù. V*.?c 166ot 15BO crn-1 (enone);

rrornrro spectrtm m, 1H r 7.53-7.97, C|¡;It¡ mt 3H, 6.9O-7.47t C1-!7-e C2J:I',

cJ-Tt; d-, 1H, 6.60, C5-H, 2i "ABq¡ ãIr 2.83' 2.98t C12ÅI¿ 3.

ïso¡nerB¡ the rni¡ror pn:duct ha¿ a m.p. 1! 2-1530 çtit.18 tn.n.

llZ-lfio) (Foulrd': C, V.9; H' 8.1. cldlzoo reclu-ires C' 85'7; I{ ' 8'V")'
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vrn"* 16601 15Bo crn-1 (enone); rrrmor¡ s1æctrun: rt2 1II'e 7.57-B.O3t

CI+-H; mr 5Il , 7"OO-7.1i7, C1-Tï' C2*H, Ç311i

,ABqr ãÍr 2"91 t 3"080 C12-Tl¿ 3.

a, 1H, 6.5J, CJÅI, 2;

lìaJ) .5 .7.8 n9 "10 .1 0a. 
" 

1 Ob .1 1 '1?.-ð-ec
ahvd'ro-6 (6aH) -

arrytrl'q¡gjJÐ."

À solution of hydncgen cyanid" (7ú g, 0.26 mole) in d'ry

tetrakrydrofurar: (f O *f) was slowly ad.d.ed- to a stirred' solution of

d.iethylah¡ninir¡n chloride (37.5 8, O.31 mole) in dry tetraìrydrrcf ura¡r

(lOO mf) at Oo in an atmosphere of nitnogen. This solution of Lryd'ro-

gen cyanid-e-d"ietftylatuminir¡n ch-lorid.e in tetrahydrofuran lvas then

trnured slowly into a stirred suspensjon of the enone (74) (12.5 C,

0.Ø mole) :n tetrahyd.rofuran (t5O mf) i¡¡ a nitrogen afunospherer

After JO minutes, the enone had. all d-issolved- but the mjxture was

stírred. for a further 65 hours at room temperature" The d.ark solution

was then sIowly poured. ontg a mjxture of 5Ø" pota's'siun lSrclroxid'e solu-

tion (ZOO mf) a'd. ice (¡OO e), the precipitate collected' a¡d the

filtrate extracted with chlorcform (Z * 500 *1). The precipitate was

successively vrashed. with water (ZOO rrf"), methanof (tOO nLl) t ard' ether

(Z x IOO n¡). Vfor:k-up of the chloloforrn extract jn the ponna-l manner

and. crystallisation of the yellow oil f'rr¡m acetone gave more keto-

ni.brile; totaJ- yie1d. g.Qrcg/ùe Inopo 166-1680. Recrystallisatjon

from etha¡rol-ether gave white plates m.pr 169.5'17Oo (nouna: C, 81.5i

LIr 7.1+i N¡ !-.9. c19HztN0 rec¡uires Ct 81 '7i LIr l'6i N' 5'Ú/l')' V*ux
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Z2LO (nitrile) , 1710 
",rn-1 

(tetone) i nrltloro spectrum: s, laH, J.22t

aromatic IJ; i$q, 2II ¡ 2.55, 3"38, C5-t12t 1tr^i m¡ ÜIt 2"774.12, C12¿!2.

Lb*¡lv arro-l¿b "5 o7 'B r9 n10 r10a .1 1 -octahyd ïÐ cllÏvsen- 6,t Z-( 6 Al"1 O-ÐH) -

d.ione ( Zg) .

Theketo.nitrire(78)(3"o"no.o11mote)wasad"r].ed.toaso1u-

tion of chromir¡n trio:cid.e (4ú e, o.Q4t nole) LrL 95% acetic acia (1oo

¡¿) a¡d. the mjxture sbirred. for 72 iror¡rs at room temperature. Water

(lOO nf¡ was add.ed., a-rid. the pale yelIow precipitate filtered- off ¡ d.ried-,

and recrystallised. frrom ethanol-chlorofonn to yield. 2"O g (Cl"/ù of

d,iketo-nitrife (79) a-s rnhite crysta-lsr û!.pr U2-Wo (nowra: Ce J-/.6i

H, 6.6; N' t+.8. 
"lgnlflOZ 

*qtires C, 77.8; H, 6.6i N, l+'g/')' Vro

1ZLO (nítrile) , 17ZO (aUpfratic ketone), 1680 cvn:1 (aromatic Ìcetone);

rror¡¡Tc spectrr.m: m¡ 1Hr B'O-8.J, C1-H7 mc fr, 7.3-7'75, az¿I, C3-Il''

c[al; ABqt ?]T¡ 2"68, 3.52t C5-Lry 1l+.

6l edi 6 B 10 10 -d.ec

1 z ( 1 @rÐ*irrysq4glq -LQù.

A mixture of diketo-nl-trile (7!) (1 .4 g, L.B upnole), ethylene

glycol (O.355 E, 5"/ nrnole), a.rrd.I-tolueiresulphonic acid (!o *g) jrl

benzene (60 mf) was heated. und.er refLu< in a Dea' Stark r¡¡ater separator

for 16 hours. Chloroform (tO rú) wa-s adder1 to the cooled solution and'

the orga¡ic layer .washed. wj-th saturated so'fÍr¡n bi-carbonate solution

(Z x 3O n). Work-up j¡r the normal ma''ner and- recrystallisation of the
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resirlue frotn ethanol.-chl.oroforrn gave white crysta-ls of the acetal- (AO)t

mnp. 1 n-17go (louna: c t 74.Qi H, 6.9i N, J'Bo' 
"zlÏi,zfo 3 

requirres

C , 74.7; H, 6 "9; N , t+.1i¿) '
ketoræ) ! rr.rt.r' sPectrr"uo:

v 22t+o (níNri]-e) n 1680 crn-1 (anomatic
max

m, 1H , 7.9-8.11, C1-H; mt JTlt 7'A-7"7g

cz-H, CJÃl, c4+r; "(b), åII, t*.08' a$1$,o-r 'ABQt ?ÍIr 5',4o' 5'72t

a5+r2t 1t+i me ?Jl, 2,6-1.0r C11-Hr'

at f Keto- a-1

The conrlitions outlined i:r cha¿t 2 for the fonnylaticln or (Bo)

were 
.unsuccessful.

Chart 2.

Molar Ratio

Reactíon B a.se acetú- þa"se ethYl
fo¡rnate

N¿OEt

NaII 5

3 Na0llt 1 3 3

Solvent Cond.itions

1

1

1

2

5 5

5

E1flH

T.HtF.

benzene

16 hours at 2Oo

18 hor:rs at 2Oa ;
t hour at

ref].rx
16 houv's at 2Oo

À ed" A1 tion of Keto-acetaA-nit with E

@.
A mixtune of keto-acetal-nitrile (AO) (1OO ng' O'J rmole) r

finely powd.ered. sod"amid.e (44 *g,, 0.9 nmoLe) , arn d-ry ether (¡ mf) was

refluxed.inanatmosphereofnitrogenfor!hor.us.Ethylbrpmo-

acetate (t5O rng, 0"9 mmole) ** ad.d-ed. ancL the mixture refl'xed" for a
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furbher l¡ hours" Work-rrp of tÌ¡s reaction niixture gave orrly unchaflged.

keto-acetal-nitriJ-e (91 mg). I¡iore forsing corditions using tetrahyd.ro-

fura¡r as sclvent and. longer reactian tjmes afso fai-Led.

is of lie o

pota,ssir¡n hyrlroxid.e (ZOO mg) was ad.cle,L to a solution of the

keto-nitr:.fe (78) (toO mg) in ethanof (¡ mf) and- the nrixture refluxed

for 20 hours. Àcid.i-fication of the reaction rnixture with 1Úf nyato-

chloric acid. d-eposited. )+3 ng of white soli¿, m.po 198-2OU)r jdentified'

as the enone (l+). Con'centration of the filtrate gave 51 mg of the

Iactamol as vrhite needles¡ m.p.231-233o, (¡'orm'a: Cr 75'3; H, J'5;

N¡ þ.5. C1 frf}, requires C, 76"7i H, 7.8i N, t+"7/"), V** f300

(rryaroxyl) ¡ Szoo (amid.e N-H), 1680 <rn-1 (lactam); the lacta¡nol was too

insoluble for an Dclrl¡To spectrum to be d'ete:rnined'; masË spectrum:

parent ion n/e 29-1"

I 0¡.r. 1O'D 11 ct

ßz\-t

Ihis compound was prepared. by the annelation of 6-¿nethoxy-

tetralone with 1 -acetyLcyclohexene in the presence of sodir¡ln amid'e

accord.in'S to the method of Rapson and. Robin"nt;17 *.p. ZZ6-ZZ8} 1f':-'U'17

mop. 228- ZZgo)i V*rx 16tþ, l6li cnil (enone) i rrrlnrro spectnm: At

1Hr 7"67, cladr¡ B; d", 1H, 6"7Jt cl'Ír, 8i s, 1H¡ 6.67, c1-H; d'r 1Ht

6.t+7, C5-tI¡ 2; st 3H¡ 3.BOr aËJ.
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,,b-di "5.'7"u 1 0 "10a .1Ob 11 "12*ð.e vd.ro-2-Írethoxy-c,

6(6au)-chqysenone (SÐ 
"

A. so-l.ution of Ìrydrogen cyâr')id-e (22-.8 gn O"Bl¡ moJ'e) in ary

tetrahyd-rofuran (¡uO r^f) was slowfy ad.cled. to a stirrecl sol'ution of

d.iethylalurnin-¡¡n chlor1clc (tO6.A g, O,BE mole) in d-ry tetralryctrnfuran

(eO mf) at Oo in a' atmosphere of nítrrcgen. This solutio' was then

s1ow1y poured" into a stirred suspension of the enone (JZ) (91.0 g,

o,32 moLe) in ary tetr:ahyrlrnfuran (t"+ r) i-n a nitrogen atmosphere'

stirring was conti¡rued. for ! d.ays at room temperature and. then the

d.arkly coloured. soluti<¡n wa.s Pollled cautiously, vrith vigoraus stirring,

into ice-water: (1.2 kg) containing sod-Ítm hycl'rrcxicLe (lZO g) ' lhe

ye11.olv preci.pifate was collected. a¡d. successively was;hecl r'¡j-th 'water

(¡OO mf) ¡ g hy,1::ochlorj-c acia (5CO m1) , wate:: (6 x 5OO r¿) , methanol

(ZOO mf)¡ â'f, et¡er (3 x ZOO nr.f), The crystal..l.i.ne keto*nitrl1e (87"5

g, BY")¡ Íìo'pc 189-1910, dicl not rec¡uire fu.rtlrer p'rif1cat1on. An

arral.ytical sample was recll'stalhsed. frnm acetone as shiri¡r rvh:lte TilaÍ'e*

lets, n.p" 192-1930 (I..or:ncl: C, 77Ja.i He 7"5; If t |nl+' CeOtIrIO Zr"*

quires C, JJ.6; Hr 7.5; Nr 4.5f6)' Àrn* 21 t+r 253' 279e 286 m' E

91OOr B50O' 19oQ r 1!OO; vm' 2220 (nitrile) e 1/00 c'nr-1 (ice tor"c);

rrrnero spectrtrn: d., 1FI, 7.27, C4.-H, B; dr 1H , 6.71, CJ-I\"1 8; s, 1II,

6.7, C1-tl; s: -fr' 1.82, AQll; IBqr ZJl , 3'l+2' 2'58t C5-Hy llt*
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lJ¡ "5 o6 ,6a,7 "B "9 ,1 O.1Cìa-1Ckr'11 .12Æod-ec

alnll'toc airbox"tr-2-me 1. -Ia.ctcne (81) 
"6

SocLj.rxn bom):ryd-i-,id.e (6.7 f'-t O.1B mo1"e) .vu." slo','¡l.y aclcled to a

stirred-'suspensiorr of the keto*nj.'i,r1Le Ql (ZO g, 0'065 mole) ín

abscrlute etli¿urol (t.Z :.). After tlie ¡nixtu'e harl" been sti'rrecL at roorn

temperatr-rre overni.gl:t (16 Ìrours), water (¡ l) \'¡as ad'cl'ed' and' the solrr-

tion extracted. v¡ith chl.oroform (5 x ZOO n:.) ' Ïiork-up j¡r the rrorrna'l-

***.*" gave a pale yellorv oily rosiclue v,¡hich cr¡'stallised fro¡n ether

to yield- 18o1 g (9Al) of the imi.nolactcne (81) " An analytical sarnple,

mepr .1 67"0-16B0, vras recrystallj.sed. from acetone-ligJrt petrole'umr (Fcu:ril:

C, 77.1+i H, Bnl¡; N¡ /¡n8o Cz#z5NO, reQuires C, 7-l'1; II¡ B'1¡ N' 4"5Íí)'

L*o211 , 2'l-8' 27g, 286 n^, ? 139OO' 9BO0' 1500, 1!00; vrnav 3230

(irr,ino NII), 1665 "o-1 
(i:nine); r6tìrrI'e spectrurn: d.r 1H , 7,1¡ Cl¡-iIe 8;

d, 1H, 6.-l?-, cJ-H¡ B; s, 1I1 , 6"61, C1*H; s5 ',îI-Ì r 6'tt5, )C=U; d',

lïrt 4"3'7r C6Å1e 6; ú, JHr 3"75r -oSJ'

."c 6 a a 1 1Ot¡. 1Cì¡ 11 1

ene B

A solrrtion of tlie iminol-actone (At) (t¡.t g) in tet::al¡rd-m-

fu::arr (l.Zt) and 1df t¡rcl-rocÌüorrc acid. (60O yÛ-) lvas heated unðcr re-

fl-uy, foi: l¡B how.s. T{ater (Z f) rvas arlc]ed- a;P;l t)ren rnost of the tetr¿L*

hycÌ:.ofuran d.istille<i. off at atmospheric pr:e'ssure" After it lrad been

stored at Oo overnight¡ the mixt'-re was filtere¿ arrL the white

p:reci-pitate v¡ashed welJ- with lvatel" Recrystall.isabiou fron acctone
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gave 14..1 g Qqù of the tactone (tìZ) as white needlesr m"po 1BB-190o.

An æralytical sample rnel.ted at 18ì9.5*1900 (founf : Cr 76"Bi Ht 7o7o

Çzffz+ol requires c, J6.91 H, 7.7;) o Ànur, 2o9' ?-31r 2Bc, 2BJ nmt

e 112OOr'/800, 1500, IJOO: Ur* 1 765 cr{1 (lactone)i n¡IneÏ'r spectrtun:

d.r 1H, 7.A7, Cr¡-{'I¡ B; d. of d, 1H, .6"73, C34r tjr,*8, J1 ,t 3i d-' lH''

[.[B¡ C6Å1, 6; s, Ji{, 3.Þ, 49ËlJi d. of d', ftI' 3'O3' C5-H, J"em12'

t516 6t d't 1H' 1'93: C5-Ht 12'

12Æ -carboxv-¿b 5 "6"6a"-7.8.9,10 .1 Oa.1 0b.1 1 .1 2l-.d.odc;ca-

apto a

' A rnjxture of the lactone (Bz) (t¿*"8 g¡ O.ol¡J mole)¡ N-bromo-

succinjmiae (9.4 g, O.Ø3 mole) r âfrd dibenzoyl 1æroxide (EO *g) in d'ry

carbon tetrachloriae (JOO '¿) was heated. rmder reflux for o¡le hour ariè

then cooled. The sr¡cci¡rj¡}i-åe was filtered off , wa,shed wj-th ¡¡ore car-

bon tetrachloride (ZOmf), and. the conrbined. filtrates collcent,rated'

unðer reducerl pressure. Crystallisation of the pale yetlolv ojl- frum

ether yield-ed. the bromolactone (ta"O g, qr::ntitative) as a whj-te soli'd-

m.p. 1 68-1720 . Recrystallisation from acetone gave arl anal.ytical

sample as white plates¡ mope 169-1720 (Fowrcl: C, 61 .1i 11, þ.8; Br,

Zo.5o "zflzffr 
requires c, 61.4; H t 5.9i Br', 2o'1+%) " xmax 215 t 2Bo,

288 nm¡ r 13800, 14.00, 1t¡00; u** 1760 cm-t (la.ctone)i Ïrrlnrrr spec-

trr.¡n: mt 3Ht 6167*7.22, anrmatic H; 1,2 1I1¡ 5"57¡ C12'He 2; d-' 1Ht

4.5')t C6+t, 6; s, 3TI, 3,Tlt {E¡; d' of d'; 1H' T'qi' c5'11 'J5r5 
6'

J
gem

11i d, 1H t 2oQB: C5-H, 11.
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J,b-C a.rb ox v -),b .5 . 6 "6 a.7. 8 . 9 . 1 0 . 1 Oa. 1 Ob -cLe cahr¡d.ro-6-hvd.roxv*2-

A mjxture of the brrc¡nolactone (e3) (t8"o g,e o.OIaß mole) ard.

dry prvdereõ- calcit¡n carbonate (tþ ge Ont15 mole) in d.ry d.Ìnethyt-

formar¡rid-e (¡OO mf) v,¡¿rs heated. r:nd.er refl.ux for l¡ hours. The cal-ciur

carbonate was then filtered. off , washed well. with d.j¡nethylforniamiåe

(Z x IOO m1), an<l the combined. washings and. filtrate poured. into coló.

water (¿.f). The pale pinì.- precipitate wâ.s fj.ltered off, washed. welJ-

with w¿rter, and- recrystallised from acetone. The olefinic lactone

(g+) (15.6 g, %"1) was obtained as colourl-ess prismsr InrP. 169-1720.

An analytical sample melted at 174-1750 (for:rn: C, 77.6; H1 1.1.

CZ#ZZO' recluir.es Cr 77.4i Hr 7.1%). À,nu* 22Br 27O' 3O3 runt ¿ T7QOAI

47OOr 18OO; uro 1760 (factone) 1Øo cuil (orefin)i Dolrloro spectrrrn:

d., lHr 7oOB" C[-H¡ p; mt N, 6.53-6,80r C1-H, C'J-rIi d. of d-, 1H,

6.50, c11-H, J11 ,121a, J1ctrr11 3; d. of d, 1Hr 5.T, c12-H, J

10, J1Chr121.5; d., îH, 4"t+5, c6-Ht 6; sr fI , 3.78, {ËJt

d'' 1H, 3.17t C5-H, Jgr.m 12, JD16 6i d't 1H, 1n87, c5-Ht 12'

11 ,12

d. of

Attemoted. Ins of Ethvl- Diazo-aceta.te into the Olef:i:iic

L,acto¡re ( Bl) .

A solution of the olefinic tactone (84) (2OO ng, 0o64 nmole)

j.:n dry tetreh¡nJ.rcrfuran (Z rnf) was ljluted wj.th dry cyclohexane (¡ tf).

Copper pord.er (t"O g) rva$ add.ed. and- the mjxtur.e heated. to refl.r:xo A

sol-ution of ethyl diazo-acefafu (Y3 mgr 1.þ6 nrnole) in cycloirexane
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(fO *f) ,was slorvl.y ad.d"ect to this ¡njxturt over a periocl of S hours ¿url'

then it was ::efluxed for a further 18 hours, the mjxbure was then

coolecle filtered., and concen',,r'atecl unåer :'ed.uced prestsure to yielcl a

clear oi] rvhich was chrumatographecl on s:llica gel (tf g) ' Eluti-on

w:ith 5-1 Qá et;her*light petroleurr gaive a nrixtu.re of ethyl funarate ard-

etliyl mal-eate anct further elution vrj-th 2A/' ethert-fight petr=olerun

yield.ecl 1EB mg of white solid¡ rì.p. 168*1720 rvirich was iclentified. as

unchanged" olef inic lactone (S¿*) ¡y infrared antd. n'm.re spÇctrÞscoplr

Lb-Cva¡o*6 . 6 | -etb v]-ened.i-o:rv-l,b ^5. 6 "6¿.7.8.9.1 C.1 Ca.1 C]r;,,11'1 2-

d.odecahvdrÐ-2-rne thox.ychr:rserte ( BB) .

A mjxture of keto-nitrile (lÐ (Z.O gr 6.5 rnmole), eth¡'l.ene

gly.col (1.6 g, 25"8 rwrroLe), and. ¡-tolu.enesulphonic ¿rcid (SO *g) in

benzenr: (60 ni.) was heated. uncler reflux for 16 hout's in a Dean Starl<

'lvate:: separator" .¡\fter j-t had. been cooleðo the benzene solution waEi

vrashecl w"ith saturated socliun bicarboi:ate solrrtion (tOO nif) r arxl ucrk*

up in the normal maïlner gave a clear oil,vrhiclr crystallj.sed. frr¡m ether'

to yietd. 2.2 g (96?i) of tl¡e acetaluj-trile (88) as a rvhite soud., m"pn

176-1780. Recrystallisartiol flom ether gave shi'ny plates¡ m"p. 1JB-

figo (Irorud-: ct 7lv*5i 11, 7o7; N' 4"1. azflz-fal requires C' 7lt"'7;

H, 7.7; N, l".O/,). À*u* 21oi 231 , 278, 2tJ-2 rvne e 137oO, 9l+00¡ 1à'00t

1l¡.0c: v -- 2220 crf,1 (nitr-ire)i rromor" spect::um: d"t 1H , 7n17p CLrÃIt
Inax

B; d", 1fr, 6.J0¡ OJ*II¡ B; s¡ 1i{ , 6"60, C1-{r' 
"(b) r l1H, )1-'Q"l2

{gliz$Izo-; st 3Ht 3J75n {Ç.ll¡; lsq, ãI , 1.57t 2,8o' c5-Trrt 1Ll"
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6 "6t-"lt
thvl,encrli -f'or¡n'rl-/lb ,5,6 "6¿r*7nBr9 "1Oo10ao1ClT¡ 111 '12-

c 0 O

A solubion of flre a.ce'bat--nj.trile (BB) (5"27 g, 0*015 mole) in

d-ry tetrahyclrof'uren (fOO tnf) v¿as added. d.ropruise over a periocl of 15

minu-tes to a stirr-ed. suspension of lithium aluniniuur hyclri"d.e (1"12 g,

o.oJ mole) :r, ary tetrah¡,clrofura¡. (too nu") r.r:id.er an atmosphere of

nitrogen. The mixture was stirred. at room temperature for: 2 houi's

' 
and. then water (t "Z n¿) , 1yft sod.ir¡rn hyclroxid.e solution (t.4 mf) , anð

rvater (¡.6 *f) we;'e adcled. clropvrise to destroy the excess of lithium

al-r¡ninium h.yclrid-e. Tlre granular precipítate 'lvas filterecl off ¡ r''¡ashed

vr.ith tetrahyd.rof'uran (Z x 50 n¿) and. the ccmbj.ned. wash:i:rgs alrJ- filtrate

dried. over arrkryd-rous magnesíurt sulphateo Dist;i]l-ation of the solv'ent

turder red'uced' pressurîe gave þ"'+ g (quantitative) of Lhe acetal-*i¡rine

(89) a.s a ctean. oi.Ln v** (fitrn), JSAO (irni.ne llll), 1650 cm-1 (::nine)"

A solution of the crtde jmine (5,2 g, 0.015 mole) in tetra-

hyclrnfuran (Z-OO mf¡ was refl-rxec1 for ! minutes ruibh a solution of

acetíc acid (¡O gr 0"5 mole) and. sodir¡n acetate ?A g,0.12 rrole) in

water (gO rrf.) o Th.e cooleå reactiop miv;ture vras d'iluted- with v¡ater:

(¡OO mf), extra-cted. rvi.th chJ-oroform (¡ x t¡O *f) ar:rd rvork-tr"p in the

rro¡mal manner gave a clear oj_le which crystallised- on the aûclition of

acetone-hexâÍLe as v¿hite needfes of the acetala-lcle¡yde (90), m"p'

169.5-17Q,5o (tr'ound": Ü, Jt¡"C; I{¡ B'0" 
"rilr*,n 

requires c1 lI¡'"1;

Hr 7.7ii,)" Àrr* 213t 2t+2r 2-79¡ 286 nm, e 1I*600o'/000e 2o0o' 1900;
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v-^^-- z68o (araerryae c-tt) lTzo cxî1 (araenvae);-mâx

1fi., g,taJ2 {jHA ¡ 2i d., 1H, 7.23r Cl¡-H; B;

1H, 6"67, c1-H; s, l¡ll n 3n77, {tHfSZo-;

J1¡rllo r. sPectrrfn: c1,

de 1H, 6.73, CJ-Ír¡ B;

s¡ fiI, 3"75t aSlJ"

S1

Attemoted. ion of the Àcetal al-clehvd.e (gO) .

.4. solution of soclir..m hyclraxi¿e (!O ng) in rvater: (t *f) and.

ethanol (f C tf)'rvas aclded over a priod- of 10 minutes to a stirred

,.solution of tlre acetalaldehyde (lO¡ (tOO mg, O.2B rrnole) a¡rd silver

¡ritrate (1OO rng, O.þ! umole) j¡ ethanof (ZO mf) at room temperature

uncl-er an atmosphere of nitrogen. Âfter 64 hours, the silver oxld'e was

fíltered. off a¡¡d- v¡ashed wel-I with eth¿rnol-o rlhe filtrate ancl washings

were cornbined.¡ concentrated under red.uced pressuret ard. water (¡O tf)

arJ.d.ed." The aqueor.r.s solution wa-s coole& to Oo and carefully acid.i:fied.

with d.ilute hyd.recl¡.1orir: acj.d.. The white precipitate (% mg) was

collecte¿ but wa.s fourid. to be id.entical in a1I respects to the acetal-

ald.ehycle (gO).

HvclrrIysis of the Àeetalald"ehyde [gg]-.

1) A solrrtion of the acetaJ-alcLehycle (tOO mg) ard 3-to1üere-

sulphonic acid (! mg) in acetone (1O il) was heated. under reflux for

la hoprs. 'trVater (lO *f¡ was a.dd.ed- a'd" the aqueorl.s solutiol extracteð

with chtoroform (Z x 3O mf). Worlc-up in the nonnal maflner gave a

resi.lue v,¡hj.ch crystallisecl frrcm ether to give 95 ng of the keto-

acetaL (gt)' white need'les¡ m'P' 2o5-2o7o ' 
n'vere obtained' v¡hen the

sarnple wa.s recrystallisecl from chloroforrrpacetone. (S*ti=factory
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analytical fi.gurres coul.d no1; be obtainecl because of a srnaJ-l- amount of

ketol (92) present). Vmax 'l7OO on-1 (tcetone); mâss slrectrtlo: parent

íon {e JJ6i (tr,t-cruror_) ion 2[ìJ.

2) A solution of tùre aceta-1al'd'ehyd'e (J'1 g) i¡r tetrahydrofuran

(f CO mf) was heated- r¡nC.er r'ç¡flux with 1Úf nydrachloric acia (50 mf)

for 2 hor:rs. After the coolerl solution had" been d.jJ.uted. with water

(¡OO mf), i-t was extracted with chlo¡oform (¡ x ¡O n¡-) arxl the chloro-

form extracts wa.shed. with s¿Lurated sodir¡n bicar'oonate solution (50 rtif).

$rork-up in the normal manner yielóed J.1 g of the t<etol (92) as a crr:de

oj-l- which crystallised", after prolonged. scratching¡ as a whi.te solid¡

rn.p. 86-900; V,nalc JJSO (hyd.roxyl) , 17ZO srrr-l (t<etone). The ketol

was characterised as its acetater il¡P. 157.5-159o (I..owid': C, 7L+"7i

Ht 7o3. czzïze)4. requi::es C, Jtç.6; H, 7"rbqù o Àr"x 2O9' 228, zBOt 286

nm, e 11goo, B5OO, 1600, 16co; v^u* 1735 (acetate) , 1720 qn-1 (Icetorre);

frorn.fr spectrum: d., 1H r 7.23n Cl¡-H¡ B; c1, 1Hr 6.72t CJ'H, B; s, 1H,

6.63, c1-H; s, 1H, 5.22t )cH-ococnr; sn .JHt 3.77, âÆ.ut s' frr'

1.88, -OCoCH3.

livclrolv'sis of Keto-a.cetal (9t).

Treatmc.:nt of the keto-acetof (gt) with d.jLute hyd.rrcchloric acid

j:n tetraJlylrofuran as j¡r the previous experiment¡ part 2) , gave the

sarne ketot (gz) as tkre acetalatdehyd-e (fo¡ '
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Ll¡*C arjlooty-àþ .6.6a,7 n8,9.1 0"1 0a,1 0b,11 
"1 

2-dodecah,ydro-

I t 6 ne a

The lactor,e (BZ) (Z.Z g, 0.007 mole) was dissotved. in ethanol

(fO n:.¡ containing 1çt7" aqueoì.ts sod.iun hydroxid.e solutíon (À..1 tf r 0.014.

mole) by warming on a steám-bath" Heating 
"'¡as 

conti¡ueð for a further

hour to evaporate most of the etha¡rol, arrd. after the add.ition of water

(f O nn¡ , the aqtì,eous solution rvaS extracterl with chloroform (f O *f¡ to

remove ar¡/ neutral ma.terial. The alkaljne solution was cooled to 50,

chlorrcforrn (fO ol¡ add.ed., and" the stirr€d. mixture caref'ully acid.ified"

to pH2 by the d-ncpwíse add.ition of 5% hydrochloric acid. Àfter separa-

tion fronr the chloroforrn layer¡ the aqu€olrs solution was extracted. lvith

mor.e chloroform (Z x 5O mf) and work-up of the combinecl ciloroform ex-

tracts in the nornal malner gan'e 2.1 g of the hydroxy aeið. (%) as a

white solid; vm# SZOO (rryctro4yf), t660 m"t (acid.). The k¡r<lroxy

acid was d-issolv'ed- in acetone (lO *f) a¡rà Jones reagent ad.d.ed- d.ropwise

¿ntit an orange colour persisted. After d.ílution with water (eOO *f)t

the whi.te precipi.tate was filtered. off , washed well rvith water¡ a:rd. re*

crystallised from acetone to yie1.d. 1.8 g (tø7¡ of the ractor (95) as

white plates¡ mop" 202-2CI¿{-o. An zuralytical saniple melted at 2O3-2O5o

(l'or:nd": C, -/3.1; H, 7o3. CZðIZTC 
U 

requires C, 73.1; H , 7.tS). À*u*

2o9t 226,ZBQ. 2BJ nms e 135oo,79oo, 1goo, liooi V^* fi3o (]rlyð':ro>iyl)r

-417¿+0 cm-' (l-actone). lhe lactol was too i:rsoluble for âYì rlolll¡rr

spectrurn to be determineå.
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I'b.r¡ '7 .B.g .10.'î 0a,1 Oh'-Octahvdr¡* 2-rnethox thoxyca.rbonyl-

6(6an) -chflrserione ( 98) .

A solu.Liorr of the olefinic lactone (84,1 (13.6 g, 0.049 mole)

in ebharrol- (1OO ml) was treated. with 16f aqteous potassiun hydroxicle

soLrrtion (37 ,A", 0"066 mole) arrd. the mjxture heated. on a steam-bath

for orie hour to eva-por:ate most of the ethanol . Ytlork-tlPr as descri-bed"

for compound ())), gave 14"3 e of tk¡e ¡yd'noxy acia (96); vmâx J500

(rrydroxyl¡ , 168o *,-1 ( acid) .

A solution of the try¿roxy acid. in c¡-lo'oform (ZOO mf) was

slowly add.ed, to an excess of diazomethane (prepared fr"om 18"0 g of

N-nitr¡osomethyh-rrea) jn ether (ZOO mf) to give 1¿u.B g of the h¡nlroxy

ester (97) as a clear oi1; vnìax (filn) 3430 (nyarnxyl) , 1720 (ester),

1625 "oi1 
(olefin) . .

A, solption of the hy¿ruxy ester in acetone (t5O n¿) was treated'

wi-th Jon-es reagent r¡nti1 the orange colour persi-sted- (t2.4 mt)" The

mixture was 1,Lren cuJ-uted. with water (AOO n'ü-), ard. extracted' with cllono-

form ( Z x 1OO ]llf) r Y{ork-up in the nor:nal rnarrner gave a yellow oi1,

some of which crystalli.sed on the ad"d.ition of ether. The keto-ester

(gg) (2.5 e)r rn¡pr 135-1400, vras collected ard- the filtrate corc€n-

trated. to 1O.O g of an oily crystalline mixture' An analytical sample

of the keto-ester¡ rrtrpr 149-1520, was recrystallised. from benzene-

Iiglt petnrleun (founa: C,7+.1; FI¡ /'0' CZlÉr'O,nrequires C' la'1;

H, 7.1%)o Àru* 2z7t 267t JOI+ r¡nr e 2OOOO, 52oot 22ooi u*u* 1720
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(ester.) , 1Tú¡ (t etone) , 161O cnÏI (olefin) i roltror" s;pectrr:rn:

1H, 7"23¡ Cl¡-iI, B; ô of cl' 1Ht 6,78, Cit-\lt 
'3r,*8, ', 13',

6"67, c1-FI; d, oli d, 1H, 6"55, c11-H' J11 /z 10r. J1oþr11 3;

1II, (,"112, c12-lr, J11 ,12 nO, J1 ciþr12 
2i s, JÍre J.BO' 4Æ3;

3.\"7 ¡ -COOllir; ABcl, 2J{, 2"68-i"2?-' c5-r1r, 1\..

d",

s, lH,

d. of c1,

^ 7l¡
Ð t )LL t

6.6r -Ðthr¡l ned-i ,h.5 .(:, "6a " 7-8.9 . 1 0.10 1O"bl"ec ahvd::o*2-

me o

1) Crystall-ine keto-ester (98) (z.l-,' g', 6.2 mmoles) from the

prrevious erper:imentr ¡-toluenesulphonic acj.d' (tOO rng), ethylene ¡fycol

(t "gl Et jA mmoles) ¡ md benzene (tOO mt) were heated- together r-tnd"er

refþ:x in a Dean stark'rvate:: separator for 16 hor:r:s. The add'j'tion of

socliunt bicarbonate solutiol ** rvork-up in the nonnal mallner affortlecl

the acetal-ester (99) whi.ch crystalfise<1 fro¡n ether as color¡rl-ess

cubes (2"6 g, %?¿), Ì'op. 187-189o. Recrystallisation frrrm benzene

gavg an analytical sa;nple¡ lïìcpo 189.5-19Oo (Fourd': C, ';,1.7i Hi J,3'

özf zAo5 
requires Ç, 71.8; H , 7,5tr). À*Ðc 236, 2-72 ilr¡ Ë 208o0t

35o}i V** 1 7z.o çester') , 1610 6,{1 (olefin) i ncllìoro spectrun: dt

1H,7.23, C,¡dI¡ B; mn 2T,6.J7Á"87t O1*II, CJ-II; s' ?Jr' 6"30' C11ll'

C1p'41; s(b), tÌJ, 3"88, .oCIl.#ZO-; s, Jtlo 3.770 Ã9iJ3, s, 3Hn

3"1+B* -coo$r; ,18q, 2II t 1.72c 3"o2e c5-Írr:1!+"

2) crucle oily keto-,sste;: (to.o g) from the previous t?xperjÍent'

ethylene g1_ycol (l"i g)r ¡¡-toluenesulphr:nic acj-d. (zoo mg) ¡ arx"1 benze'rr¿
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(lOO r¿) we::e heaied uncler refl-r¡,-x in a De;art Starl< water separator: fc;r

16 hourso The arl-d.iL:Lon of satr:::a'cerf sorli-um bicarT.¡onate solut:ir:n arxl

rvorl5-up in the norroaf- maìanel: gave a pal-e ora^ir¡ie oi1." Aceta-l-ester

(gg) (t.Z g) crystallised. on the arJ.dition of ethl:: anct tlie remai.niltg

9.8 g of oiJ v¡as chror'ratographed on alr¡ni'na ( z5o g'\ " Er'uticrn rvi'th

benzei:e affcrctecl a f'r:rther 5.1 g of ace;t¿rl-este::¡ f¡urther eLution

vtil:h 51i ethyl acetate-benzene gave two plroclur:ts; the minor product

(O.tZ g) wa,s not chalacterised. but 'r,he major prod-uct ('¡ "e g) w''s

j¡Jentified. as the enone (f OO)¡ nopr 22O-223o (¡'ound: Q, 69.2i 11, 6"tç,

c 
z;rz606 

recluires; c, 59 "3i H, 6.6?4) . vm:Æ 1725 (ester) 1655, 1630 qi1

(enone) i rrrltìoro spe ctr:un: d., 1Hr 7.75 , C4-II, 8.5; d"t 1H , 7 '63 ,

c1-fr5 J; m' 1H ' 
(i.93-7,53t C3-H; d., 1H, 6-5, Cl1Ãr, 1,5¡ =(ir)'

t]le ).p.Ø, ÃÆi_.ZO^, s, \LI, 3.87, U%1, s, JH, 3.63, -COOCH,;

ABq, ãI ,1.57r 3.27, C5-H* 1t+i mass spec'br:u¡n: paretrt ionm/e 39Bn

üo-Carl:ro -6t -ethvleni¡fl":io-:.;y-!¡b rj e6 2 oil B 4 11

The acetal est-'r (99) ([.0 g, O.O1 mole) ancl potassium

hydrcxirle (tç"7 er 0"OB¡+ mole) in ethylene glycol (tOO mf) were he¡rted'

at lEOo for l¡ hour:s. After the ad-dj.tion of v¡ater (6OO r,f) to the

coolecl mj;cture, it was extracted. vritþ chl.oroform (Z x ¡O nr:-) to rr:move

ar¡r neutr.al material" The al-kafine solutj-on was then coc¡lerL to !o¡

chloroform (ZOO mi) arld-ed, arrl the mi:cture carefull.;y acj-,L1f:Led" to fII¡,

wiifu stj-r.ri.rrg¡ by 1lr.e dropwise ar'Ld.ition ci 9Ii' hycLrochloric aciclo
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.þ,fl"er separal,ion froln the cL¡-Lorof<¡rrn layer, the a.queous sol-utioll lvas

exbracted vrj.th more chloroform (Z x IOO rrl-) and work-up of the col'n-

bj:re¿ chLorpf.orrn extracts in the norrrra-l mann(Ìr gave â resid-rr whiclt

crystalJ-i.sed" frum ethcr a..s the acetâ-l*acriô (85) GJ g, B(í/"), m"p"

22O-22?-o, (u snral-l anxru¡t of lactoi¡ fonted" by hyclrolysis of the

acetaL BrþuF¡ could. not be separateå frurn the ace-:ta1-acj-r1 a¡'rl' the C

arralysi-s was ai,.rays too foÐ; ur^*,2620 (acid' OH) 1690 cr{1 (acid);

frrm¡rîo spectrrln (a6 OUSO) "(b)r 1H., ^'1Or'COOH; dr lIlt 7.55¡ Cl¡{ip

B; mr JH, 6a5-6.9, c1-lI, cJ+I , c12-Å1; s(b)r 1Hr 5.B1 c11-$; nr l#r

3"&-t+.2, {9]1ÆZO-; s, ')H, 3.73r 'O9Il5; ABq, 2i e 1"\'1 3.-l7r C5¿12,

LIçi mass spectn¡n: pa-renb Lon m/e JlO"

A'Ltemni;eù Prep
#.€

aration of 0 lefi-nic IJ:Lazolcetr:ne ( J¿r) .

The a-cetal ac:tc1 (85) (4tO rg, 1"1 rnmcl.r) ivas clissol-"reâ j:r a

rnin-i-mrm of ethanol a¡d. the soluti.on d.iluted rvith water (¡ t"f) ' AnhY-

d.n:us so¿.ir.:rn carbonate (60 mg, 0"!6 rmnolc;) roras add'etl- a¡d- the mjxtu::e

wanned- untj,l the evolution of carbon dioxid.e ceasecl. The solvent rvas

remov.ecl qncler r¿d-uced. pres.sure a¡rl tire sodiurn sal-t clriecl at l¡Oo at

O"Qþ mm f'clr 15 hour.s. Tlre d.ry sal-t rvas coverc;d- lvith benzene (10 *1)

contaj-ni-ng pyrid.ine (O.t mf) I the mixture cooi-ed- until the benzene

just started- to freeze, md then oxalyl chloriae (210 rng, 1"6 mmole)

O

ad.c.Lr:cL. The reaction nrjxtr.rre 1¡as st:lrrerl fo:: one horrr at 0 a¡rd" then

for J hours at room ternperaLure, befcire it v¿¿rs fLltercd- an'J the sol--

Vetrt rexroVed uxler reCluced- pïcssure' I¡ur-bher bcuzene was arfclecl to
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cccl.istill. the excesjs of oxalyl cþl.orid"e. An irrspection of the

infr¡¡red slrlctrurn of the pale yel,lc¡r',r oil (À56 rng) revealerl the

presence of urreacte,J" acid. (f e9O ",n*tr¡, 
possibly the acið' chlorj-êo

(tZAo on-1) and. impurities (t6¿,.0, 1670 crn-1) . lhe mj:<tu::Q wâs r€-

d.issolved. in benzene (ZO mf) arvl por*-ecl in'l;o aJÌ excess of d.ia-zo¡nethane

(prepared. fr^om 1 g of N-rrj-t;rosornr:thylur.ea) in ether (¡o ntr) , Àfter

16 hours an a-liquot rn¡as removed from the reaction mixture a¡rrl' the

infrared spectrrrr.o. of this shov,¡ed. the presence of some cliazoketorre

(barrds at 2100 ard. 1630 (jJj-1) *d other band.s at; 1fOO, 17+Ot arr:-

1160 c1¡-l o No frrrther react:Lon harL occurrcô' at 9(> hou::s alxl the m-ix-

tur.e was chrornatographed. on alunjna (ZO g) a'd the J:npyre d.iazo-

keto¡e (ZO mg) eluted. with bepzene. An irrspection of the i¡rfrared

spectrr:rn strowed banrfs a1; 21OO (d.i.azo), l7Z-O (cster)r ard 1.63O crrfl

(ketone); the rroïltøre spectlrrn shov,¡ecl the d.Íe,zoltetole hyclrogen at

ö5.1+ and. the acetal grcup as a rnultiplet at 3'Lt+o1'

1e L) I 1 1û) ,t
u

a1c

A so1-ut1o' of the acetaLald.ehy,le (90) (2"2 g,6"2 nrnole) in

d.ry tetrakr¡d rofuran ( f O rnf) was slorvly ad.d-ed- to a solution of methyl-

magnesirl;r ioclid.e (pr.epared- frsm 6.0 g of methyliodid.e ¿u-r1 0uB2 g of

ma¡nesirrn) in ether (¡O o¿) uncler an atntospherre of nítrogr:nn The

mixture rvas stirr-ed. or¡emíght ab room ternper¿i;ute arul then hycrcll.yscd'

by the add.ition of satr.uateà a¡runoniurn c¡-lori-d.e s.lutio' (3 rnl-)"
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-A.rü¡ydrcus socliurn su-L¡;hate was a-l,so a.r]d.etl aw11 after J0 minutesr the

soli¿ was fj.Iterecl- off ¡ v¡ashecl r'¡eII lrith, ethe:'-tetralry'J"rof :;Jen (3'1,

2 x 50 nrl-) and. the f iltrate concentrated" The pale yeJ-lorv o:-]- (Z-"1 g)

was dissolved. j-n acr:toue (:O nit¡ an'å treated' wj-th a sligirt excess of

Jones reagent at Oon The mixture vras then d-iluted" wj'th water (150

ml), ext:.acted vrith chlorofornr (Z x 5O mf.), and- work*qp in the norrna'l'

manner gave 1.8 g of a clear oiln Chrornatography on aAunina (+O g)

ar.d. elution with Jlâ ethylace'tate-benzene afforcled. the metl yI ketone

(l.Z g, 546) as whil;e plates¡ In,p. 1 6Z-165o. Recrystallisation from

benzene-'Light petroleum gave an arralyiical sarnple e Ìrìrpo lØ-1650

(!'ounl: Ç ¡ JIa"6; llr 8.5 " ,rl\ro, require:i C, fla"6¡ H, B'f,'á) ' v*o

1690 ql-1 (methyl lcetorre)þ rlelïrcro slnctr:un: d', 1H, 7"2-1, Cl¡-Iìe B;

d. of d.e 1I{, 6.73, C3+,, J3r,to8, J1 
o3 

?-i s¡ 1H r 6.67, O1-{J; s¡ laÏf¡

3.97t JoËIZWZô-.; sn Jiì, 3"7'l' -Ð!li¡; s, JTJ' 1"87, *OEJ'

6t ened"io 6 Õ 1 10b

11 '1 2-dociecah-¡c1rtl*2 -rnrjtìro)(vchfl¡sens (t Og) .

À mixtur.e of t¡:e methyl ke'Lone (tOl,) (ZBO mg, 0.16 rmnole) j:r

dry tetra.tr.yclrofura' (ZO n¿) n e'Lh.y] forrnate (560 mg, 7n6 mrnole), and

sorlir¡n hyd'::ide (t8z mg, 7'6 mmole) ** s'birred" for 16 hours at room

ternperature in an atmcspÌ:ere of n:Ltrogeno The resulti-ng recl solubion

v,¡as then heated. uniter reflux f'or 2- hours, cooled, a¡id' carefully ercid'i-

fied. wittr oxalic aci<J- sofutiono The yelÌow solutiori lvas extr¿rctecL

with chloroforrn (Z x ¡O mf) and rvork*ri' irr the nonn¿¡-I ¡IlâIuler yi'alcled'
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the c-keto-aJ.c1ehyc1e (1C5) (ZB7 rng) a.s a pale yellow oil which gave a

positive enol test with ferric chlorid.e solution; vmax (fjfnl) 1-lzo

(ataerryae), 169o (netc,rre) , 153a cn'1 (enol) "

A solutÍon of the crucLe keto-aldehyde ( ZeO ^g, On7 nrnole) jn

dry tetrallydrofuran (ro nr) was stirred with sodi-r¡n llyc}rid-e (73 
^et

J.O nrnoLe) for 2 hou::s at room temperatrrre in an atmosphere of nitro-

geno Tosyl azLde (6OO mg, )o0 m'nol-e) ** arLd.ed. a'd- the mjxtu:re stirre¿

overnigþt (15 frours) . After d-ilution w-ith water (5O nt) , tne solution

was extracted with ci,ùoroform (Z x ¡O mf) ar¡d work-up 1n the nonnaJ-

manner gave a pale yellow oil 'rvhicll ivas chromatographed- on ah'rni.l1a

(¡o e). Elution with benzene afforded. a cl-ear oü (to! rng) which

crystallised on the ad.d.ition of ether. The d-iazoketone (tOe) melted'

at 15O-15!o with decomposition (-l'ouna: C¡ Jo"O; H,7.t+i N,6n8o

Czitzdlzo4requires C, 69.7i H, 7'1i N, 7'11'")' vmax 21oo (diaao)

16ZO ."n-1 (t<eto'e) i Dorìrrrf o spectrun: d.r 1FI , 7"2e AI¡'4I2 8¡ d- of clr

1H, 6"7J, CJ-tr, J3rt- B, J1 ,3 2i s, 1H, 6,670 O1-H; s' 1H¡ 1"0¡

4og]IN2; s(b), !H¡ l¡.0¡ a.feszo-; st 3T1, 3nB, a$l; IlEq' ?Jr'

1 ,þ, Z.Ti t C5-HZ, 14; ¡Tlass spectrultr: parent i-:on rn/e 396; iU-'wr)

n/e J68'
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