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CHAPTER I 

Over fifty .y-eJra ago phenyl. azide was reported tc react with 
I 

acety-lene to gl.ve l-pheeyltriazcle., . cm heating the reactant-, in an 

acetone· solution in a sealed tube at lOOC fer 20 hrol . Later it was 
' . ' 

found that bicyc;to(2o2.l)-2..;;heptene {I) and j,.ts derivatives reacted 

with phenyl azide in the cold t o f crm triazolines which u.suall.Y 
' 

2 cr,ystallized from the , s~lution after .only' a few minuteso Since only 

strained alkenes were found tc react readily with phenyl azidej the 

reaction s.oon became a di agrwstic test f cr angular strain d.n d!ll>uble 
' ' 

bondso . A cl.as.sic e.xample ~.f this is the preferential reacti®n ~f . 

phenyl ~de .with the double b©)nd in 1the bic;ycllc ring @f di.cycl©= 
.. > I 

pentadiene {II) t @ give tria.z@line I~L Recently, Huisgen .and his 

associ,ates.3 have fwnd that the azide-alkene reacti~n1 is @nl,y @ne 

member 0£ a large groUJ> or reactions which they refer t~ as 11~3= 

, dipcil.ar C]'CJ.C:»additli!llS.o II , Th~ &dditi\lm @f the J.,,~di~le t@ the 
' \ . I ' ' 

I 3 ' 
alkene 'occurs by a sim.ul.tanecus ·mul.ticen,ter process which 1u.aual.:cy 

involves only slight charge :j~~ce. in the t.ransiti@n sta~e o ~94 
. . I .. I .• 

The .azid.e-a.lkene reaC.tj.@n has, receive~ c@n~iderabl e attenti~n 
~. ' I . 

frolXl a numb.er cf investiga~~rs., TM.s1 interest stems» in ~rt, f ~m 
' . 

I I 

the potentW use ~f'. the t ~az@line pNldUit";ts in the synthesis @f 

l 



s~bstituted aziridines via loss of mlecul.ar nitrogen~~ - under the 

conqitions neees,ear.r for the addition of alkyl and ar.rl azides to 

alkenes possessing a high degree of angular strain, the tria.zcline 

adduct is usu.ally iselatedo However, as .has recentl.3", becOllle apparent, 
' 

when, i.zide~ c~ntaining at~ electron-withdrawingpru.ps ' such as 
· 6 7 · . 8 , 

pier,tl, benzt,)'.l, or. p-toluene~@nyl , r~act with bicycllc al.kenes 

the products obtained at room temperature or belo~ are us'U&l.ly not 

triazolines but rather co~re~nd to 1:1 ad~ucts minus mclecular 

nitrogen .. At the inception oI this work the only feport of the 
., 

reaction of an a.zide qont~ a .strong electron-withdrawing _gr,oup 

2 , 

with bicyclic alkenes was that. of Brupero 8 H~ \foUJ'ld, t.ba.t p-toluene

sul.fon;r.l azidEt reacted ,at, . room temperature with both 1 and II and with 

the bicyclic a.nhydrides IV and Vat h;t.gJler temperat'1?'eS t o give 

pl'.Oduets which in each case gave analyses qc~~~n~,to the tt-ddition 
. . ~ ~ 

Of a DIDle .cf. t;iie azide t @ ~ne mle !Of the aJJiene fcllewed by th~ loss 
I I. 

of a ml.e of nitrcge~ ll'Cl!l the .~dducto lie, how~ver, provided no 

,chemiQal e...vi~d,'ce t(l) s~rt structures $er ant cf the af cr~menticmed1 . . . 
• I 

prod.~~ys., ~u.t sugg•sted 1th.at the dicycl;<®pen-diene · 9,eri vati ve pqi.sses~ed 
. ·• \ - . 

the sulf cnimid.e C C&llsS~J.Wll ) structure o 
' . 

I II III IV 
7 

~ the course .cf work in our ~bcrat~l"J"'j lhdsgen repcrted 

that the reaction cf benz~yl ,azide and ~tcluenesuli'cnyl azide with 

I led to prodllcts. pc,issesaing the a.ziridihe structure~ but he pl'G.vided 
I ., 



·no supporting chemical evidence. 

In conjunction with the present investigation, other work in 

this laboratory has shown that benzenesulfonyl azide reacts with 

bicyclo(2.2.l)-5-heptene-~-~-2,3-dicarboJcy"lic anhydride (V) 

in refluxing carbon tetrachloride to ~ve predominantly the~ 

aziridine VII. 9 

+ 

VI 

V VII 

0 
~ c 
" . 0 ...... c.,... o-

The present investigation was ~dertaken in order to: l) study 

3 

the course of the reaction of benzenesulfonyl azide (VI) with bicyclic 

alkenes; 2) establish the structure of the ,addition products; 3) study 

the reactions of the addition products. 

The al.kenes chosen for this study were bicyclo(2. 2.1)=2- heptene 

(I), bicyclo(2.2.l)-2J5-heptadiene (VIII)~ dicrclopentadiene (II), 

bicyclo(2.2.2)-2-octene (IX), bicyclo(2.2.l)..j.5-heptene-~ ~.w-2,.3-

-dicarboocy-lic anhydride (IV), and its .!fildQ. isomer V. Ea.ch of these 

(except IX) possesses the bicyclo(2.2.l)heptane nucleus and they vary 

only in the electronic and steric factors surrounding positions 5 and 

6 of the carbon skel eton. Because of the rigiC!;l geometr.r of .-t,he 
,.. I !' I 

bicyclo(2~2.l)heptane ring s;ystem, e~ch olefinic linkage possesses 

very nearly the same a.m.:;,unt of angular strain and one is afforded an 

opportunity to study the directive· effects cf 5,6 substitution on the 
. '· 

course of the azide addition reaction without the serious complication 

of conformational effectso 
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VIII IX 

B. fiesyJ,ts AD.d. macus;±cn 
-

L tcb,e Stx:w;tpe and Reapt;i,Qns df the i.: 1 6dL1W;t 1 ·car B'12;en~ 
. I . . I • I 

I , ' 

!an1 tow A&i qe and, Bicyc1Q(2s~el)-2-heptene · 
' 

When,benzenesul.:fonyl azide was added to bicyclo(2o2ol)-2-heptene , 

(~) in benzene or petroleum 1ether at :room temperatur~, an exothermic 

reaction occurred with evolution of nitrc~en, and. the product,. which 
I 

could be isplated in quantitative yield, began to crystallize from the 

so1ution almst imm.ediatelyo '.L'he.1 infrared and noDloro spectra cf the 
I 

product of the reactimi, X,. showed ·that it contained the benzenesulfon- . 

am:l.do gro~p, but no N-H band appeared to be present .. The ·three 

structures · n, 1.XII, and XIII are consistent with the el emental and 

spectral _data. and JD81' .be expected on mec~stic and steric grounds. , 
I . 

Structure ~, howev~r, could be eJ1rn1nated by ~rn1:naticn ·c f the no&r. 

7 

CoHsS~\tt] ~ 
2 C,llsSO.N 

XI XII XIII 

,,ectrum of the prcductj X, which sh~wed tw, protons en carbon attached 

to the nitrog~ cf · the benzenesul.f@ruuni.do gN>UPo ' . 
' 11 i 

In order to · dete~e -:which of the r~ strµct~es (XI or. I 
I ' 

XIP:) was C!ll>rrect~ , a ~d:ei:; ieomporand was synthesized f icr direct n.m"r • 
• J ' 

I I I 



comparisono The triaz@line adduct (XIV) _@f I ;and benzyl azide was 

prepared by the µsual. method and \its noDL.ro spectrum.was essentially 

identical to tbat ~f the kMwn phenyl azide adduct @f I (XV) o In 

5 

XIV t}le C:2 and C:3 pNtlQ)nS appeared as 'a pair (i.)f d~ubl ets ( J = 908 CopoSo) . \ ' 

~t & 2o98 and 6 4o~5 respeotivelyo ' The nom.oro spec~n,un 1~! xv g~ve a 
I 

simila!r AB quart.e~ , (J = _905 Coposo) with the C2 pNJtl!)n 'centered at 
' ' . . . 

6 3o54 arid the C3 pNtil»n at 6 4o,42o Such large AB C@Upling o@nstants 

are e:xpe9ted f@r a 2,3""attaQhment ~f , the triazolil!le rings in XIV and 

XV but are clearly n~t e@nsistent, with the alte~~ive 2,7=arrangementol0 

Additional suppoirt fer the structure wf XIV was prcvidta by its 
,lt)j , 

ccnv~rsion (by Go Ao Cabat) t@W"'l,3""cyclcpentan~diq~rooxy;lic acid 
' 

by hydrogenation in the presence ~f Raney nickel fcll~wed by basic 

permanganate o.xidati\Olno UltravilQll .et ph~t <lll.y"sis @f XIV at :oo~m. 

teDpf'lrature in hexane gave XVIo ~ N@ ~lecula.r rearrangement w@w.d b~I 

expected in the ' ici®nversim ~f XIV .t lQ> XVI because @.f the k:n@Wl'l resist-
' 

C6H5CHa~ 

2 
XIV xv 

ance. .of J-ncrb@reyl .free radi~~s t ~ ,,rearrangement.o u , IIJ'he ..no moro 

spect:rum ~f the. bicyclic aziridine XVI s~@lwed _a s~_singl~t f @r the 

pN>t@ns lQ>n car~n a.ttfi,C!hed t @ rdtNJgen at 6 lo40.9 whereas ~ X the 

C(ll)rresP,On~ fJig.nal.s appeared as a sharp sil,lglet ,• at 6 2o84o If the 

correct structure @f X were XIlI.11 then it wu.ld be suprlsing that the 

C2 and C~ pN>t<@ns were equivalent and that the~ C2 pr®t@in was net 

split by the_~ C3 pr®t@n.o -In XVI the C7 pNt@ns appeared as a pai~ 
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I 
.. of the no,m..r~. spectrum IQlf X ~d indeed. r~v:eal f!J. ~ssibilitY, of an AB 

' ' 

type splitting s1m;Uar. to that ~bserved a~ ve fer th~ C1 prot~fs .. ·o~ XVI 

~ !this .was the ! ®llcwing: a d@ublet (J = 10 Coposo) cen~ered at. 6 Oo70 
"'· ' ' ' \1 . ' . ', ' . 

' oouJ.d be assumed to arise fN>m (Q)ne IQ)f the protons at .C1 l(J)f XI, and the 

seQcnd doublet arising fN>Dl the @ther c,, prot@n, since it was not 
) ' .\ 1 ' 

' .. 
. obvious, ccul,d be assumed t o pe, hidden h the, c~ex group @f peaks 

,. . I 

at 6 I lo 2-1~ 60 The Si~ &t 1 6, , ~;~ 70 in t}le SpeCtNll!, @.~r x may, arise 

from ci,ne of}the C3 pNt@ns cf XIII;
1
h@we~er, this ~ssibility would be 

expected t c .1ead t o a mre o@mp1ex pa.tterno Altll@ugh the nomoro 

spectrum of X did n@lt, allimiw ~ unamb:igwms decision betwe6fl structures 
~-J.4 ' I 

XI an~ XIII., . the similarity cf the nomoro spectrum of X and .XVI 

stNJrigly favored the a~signment of structure XI t@ ~o 

Inoz:der tig, distinguish chemioa.lly between st~tures XI and XIII, 
I , 

, I 

cle.avag~ of the ni,trogen=-e@nta.1¢.ng ring t@ g:Lve a benzenesu].f(Q)namidlQ) 
I , 

derivative seemed appr®piateo ~tro~ture XI W\®Uld lead t@ a 2=am:id1Ql 
.:,./' ;, . 

I 

der:l.vative:, whereas the ?=amid@ derivative wuld be expected from 
,, . I 

XIII, since displaioemen;..t wcul.<t,@cc~ at C2 rath~r than at C1 ol5 
8 . I •. , 

Brun.er ·repe~ec;l .that the adduct. f~rmed between dioycl@pentadiene and 

p-toluen~sulf'~myl a.zide was unchfD8ed by aJ.c~hclic p:®taesi'ltllD1 hy~de 
• •• • ,· • l,•h ,J.,t. ' 

and hot glacial ace.tic acid, whereas strong .mineral a@ids gave un-o 
• I . ' ' 

. i.d.entifia.b1e · pNdU!CltSo The nitr©ge~@nta.in.img ring \Qlf X was r eadily 
., . I 

opened with hydrogen .bromide and hydrog~n !Clhl.~ride in carb@n t etra= 

chlcr:l.de, with acetic acid and! with neutral.ll acidic.ll and alkaline 
... . 

aquews EJ@luti~~~o Opening @f the nitrogen=c@nta.ining ring @f X under 

acidic . cq.dit i@ns d@es n@t l pN>vi1~ ~tabl.e . evid,e,nce f @r use in 
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distinguishing betwee~, at!'.'Uctures XI and XIII, since under car~um

ion conct;ttions beth structur~s could l ead. t o the same 7-amido, deriv-
• N• :' '\ ' 

ati~es~, ~S.:SM'Wll , bel@Wo 

XI ., 

XIII 

. When the nitNigen=ccntaining ring <l1lf X was l®pened by neutral and 
. .,. 

alk&J 1ne aqueous soluti$in, the :maj~r pN>duct was the same al@@h©Jl 
1 ' ' ' ' . . 

I 

XVII B, mopo 142-144°, as is@lated in t he acid-catalyzed ring @peningo 
"r "· '°'I, I • 

This alc~hGl was als!G ~btained by treating X with acetif; acid f @llowed 
' ' 

I 

by sal>@nilfi.cati@no In .additi@n, a seclQlnd alc(Q)h~l (XVIIa.) was @btained 
' I ' ' I 

in the n~utral, ~eid~ and al~e hyd~is but only t@ a DIUl\Olr extent , 

exc~t in the acid bydNJly-sisQ Both Nc-H and (>a.ff ~ds were @l~arly .1 

' 
I .visibl e in the infrared, speotrwn @f XVII f3 o Oxidati@n @f XVII r, with 

_chr®,mic ~dride in acetic acid gave ket@ne XVIIIo The latter 
I 

ltetcne was .alS® ~bt.ained f rom. the br@mi.de Ill, it>self @b.tained by 

.treating l with lzy"dr@gen. bNmide .11 by bydr@lysis in aque@us lithium 
\ ' 

carbonate s~luticn f @l.l©Wed by @xi.dati~n with chr®mic a.nhydrideo 
. I . 

CompGund ~III sh@wed an N=-H ,band at .31.30 cim-:1· a.nd a @a.r~nyl band at · 

1725 em':'1 in it.a infrared spectrum indicating that ,the carooeyl !,unction 



was in a siJc-,JQelllbered ~ .. W~lff=Ki~hner reducti@n :Of ket(!li)n~ XVIII 

gave 7-benzene.sulfonfUPid~bic~c(2:2o~)heptane 1 (XXII)o That the 

benzenesulfonami.do. gNUp was attached at c, was shown as flQlllowso 

Both 2-~ and 2-~amin~bicy~lo(2o2ol)heptane were prepared by 

8 

!mown procedures and cQlnverted int!Ql their B.-benzenesulfciny1 derivativeso 
. ' I 

Me1ting pc~t c~so~~1 of the 1f-,benzeneSlilfcnyl derivatives were 

not found usefu1o However, thin lqer chromatography showed that XXIJ: 

we.~ net identical "With either 2:-~b~enesulfcnamid®bicyclc(2.2ol)-
, 

heptane .(XIXIII) er 2~~Qenzenesulfonamidobicyolo(2o2ol)heptane 
. I . . 

(XXIX) and ~s less polar than., either of ,these two iscmerso Sulfonamide 

XXII was hydrolyzed with ~queous hyd.Nchlcr:i.c acid by heating at 

150 -17.f' in a sealed t~be flfllr 12 hro The amine Dq:II thus ob\ain~d 

was CQ?lverted int!Cl its . .Iracetyl derivative .µII, which was C@mp&re~ 
. . ' \ 

with 2-~acetamid@bicycloi(2o2ol)heptane (XXVII} and 2~~~~cetamidO"" 

bicycl«l>(2o2ol).heptane (XXXI) _by melting :p®int and ga.~ chr@:mat@_gra.phyo 
' 

Again -melt~ p©>int Clt))JPPB,rlsons were :n@t c~nclusivea but gas chromat©-

graphic ~is sh@wed that XXIV was less ~lar than either the 2=~ 
' . 

or 2-~ is~mero 

The li-cbl~I'(l)acetyl derivatives of 2=~, 2=~:, and 7=a.min@= 
. ' . 

bicyc1o(2o2ol)heptane had been rei,@rted t @ have signifi©antly dif..ferent 
I . I 

me].~ pQJints;, ~heref@re this derivative was ala@ :~a.red in Ejla-Ch 

ca~eo. The melti.ng !>@int @f the ~ ~hl@r©a~.~tyl derivati ve @f XXIII 

(XXV)_ checlced cl fQ)Bely wit...li that rep:§lrted f @r t he 7=amin© derivative ., 

Mixture meltiµg p@in.ts with the -~-~ and 2=~ iai®merrs agains although 

slightly depressed, were ~@t c@~.~lu.si ve o Thin layer ch~mat@graph.v 

sh@wed that .XXV was n@t i dentical. with ~ (.X:X~II) @r ~1=2= 



VI 

XX.III~ i = H 
XXIV, R = CHJJCO 
XXV, R = ClCH2CO 

XXVI,i R = H 
XXVII9 .R = CB:31C:O 
~Vll!9 R = ClCH:aCO 
XX:ll,9 R = c,H.(;SOz ,, 

llI , 

XVII 

y 

XIX H __ C_:~STb 
XVIII 

l 
H t 

-1;--=~s~~b 
XXI 

XXX:,9 R = H, 
.XXX.19 R = ',CH~CO 
XXX!I,>' R =1 ClGH2CO 
.XXXI!I,9 R =,; CiH5S02 

9 



-chloroacetylaminobicyclo(2o2ol)heptane (XXXII)o This evidence con-

elusively established that the nitrogen-containing moiety of XXII and 

its derivatives was not attached at positions 2, 3, 5~ er 6 of the 

bicyclo(2o2ol)heptane nucl eus; this l eaves only positions 7 ~d the 

bridgehead positions as possibilitieso Mechanistically, att achment at 

the bridgehead position seems unlikely although one can visualize a l

-aminobieyclo(2o2ol)heptane derivative arising from structure XII as 

followso 

XII 

XXXIV 

That XXII was not represented by structure XXXIV was shown by its 

nomoro spectrum which clear.ly indi~ated that the nitr~gen=containing 

10 

moiety was attached to a carbon bearing one prot~no Thi~ proton appeared 

as a doublet (J = 5 CopoSo) centered at 6 3001, splitting arising from 

the hydrogen attached t o nitrGgen whi~h itself appeared as a d~ublet 

( J = 5 CopoSo) at 6 5o93o U~n the additiiDJn ©if deuterium ~de the 

former signal collapsed t~ a singlet and t he l atter disappeared fr~m the 

speetrumo 

These data .can be interpreted in twc wayso First , one ~an assume 

that the . correct structure 10f X is XI and that in neutral and even in 



alkaline solution the aziridine ring slowly opens in an Swl reaction 

with skeletal rearrangement to gi v'e XVIL In such a case th~ hydro::x;yl 

group of XVll may be either ~ or ~o If the correct structure of 

11 

Xis XI, the ring opening to yield XVII should not be base catalyzed 

(Sj) since this would lead not to XVII, but to 2=~~enzenesuJ.fonamido

-3-~hydro.xybieyclo(2o2ol)heptaneo The second interpretation is that 

the- correct structure of Xis XIII, and the azetidine ring is opened 

either by- Sr.rl or S.i2 soilvoly-sis to yield XVIIo In an SNl solvolysis the ' 

hyd.roxy-1 group in XVII might be eithtr ~or~' but in an Sn2 

solvol.ysis it would be ~o 

In ONer to test these two possibilities it was necessary first to 

examine carefully product XVII obtained in the hydrolytic ring opening 

of Xo The alcoholic products obtained in the neutral,11 acidic,11 and 
alkaline n,ydrol,yses were ~ampared by thin l ayer ~hromatograp}zy'o In each 

case JDiFtu.res were obtained,j but in neutral and alkalin~ s~luti<0>ns one 

producto.--1V.II 8 • was by far predomina.nto As mentioned earlier.ii basic 

hydNlysi:s 01· XIX gave XVII !3 0 The noiitoro spectrum @1 Xll showed the 

hydn,igem at Ca as a triplet (J = 5 Copoeo) .at 6 4o70o A similar triplet 

(J = 6 CoJ)oSo) :ls_ observed f lCl>r the 2-~ prot(O)n.. Of XXXV.ll strongly 

suggesting the acetiooty g~up in XIX ~sseeee$ the~ @@nfigQ.lration; 

thereflQ>re XVII 13 must pcasess a 2=~bydrox;yl gr©Upo A se©IOlnd ii!omer:i@ 

al~ohwl.-» XVJI ~ obtained tc ~nly a mi.n@r extent iin the neutral and 

alkaline s\llllVOJlyses~ was present in s@mewhat l arger ~unts in the aciid 

hydrolysis preduoto Ox:idatioD '€§>f XVII a. likewise gave XVIIIo The 

stru~tures Cl))f XVII a and XVII a. mot.~ theref@re j be 2=~ and 2=~ 

-hy~7-.§Il'l"'benzenesulf@nami.d@bi@~l©(2o2ol)heptanej respe~tively'o 



Base catalysis was indicated in the ring opening rea~ti~n by measuring 

the extinction of the N-H peak in pNllduct XVII by infrared. spectrosc~py, 

using various base c@ncentratioins and watero The ring eipening was f'@und 

tc be faster in mre cc:!ln@entrated. base, but the c0>n~~mitant forma.ticn 

of XVII 13 suggested slew SNl ring •n:ing G>f XI ~@elerated in 1'@re 

concentrated. base owiJl$ tc the in~reased ionic strength of the s~lvolytic 

medium (salt effect) o Although these data d® n~t allw an unambiguous 

assignment the total weight of eviden@e strongl,y suggests that the 

correct structure of Xis the a.ziridine llo 

Cenclusive preof that Xis represented by structure ll has recently 

been obtained in this laooratory by ~hemical ~orrelatim cof X with XVIo 

Thus, reduction of XXXVI, prepared as previc sly described,7 with 

lithium aluminum eydrlde.9 u.sing inverse additil!j)n of the l atter.I) aff@rded 

XXXVII wb.i©h was converted int@ ll.9 XVIll and XX.XVI by treatment with the 

appropriate ©hl~ride in pyridineo13 

Ibre recently, additi(!))nal chemical eviden~e ~@r the adrldine 

structure has been obtained by SN2 ~leavage @f the nitr©ge?F©@nta.ini.ng 

ring by p$tassium thioiphenoodde to yield 2=~thi@pihen~.3=~ 

=benzenesw.fenamidcbieyclo(2o2ol}heptane (XXXVIll)oJ.4 

Br~ 

BrV--J 
:xxxv 

llXVl, R = C.J{~CO 
xxxvtl: .,1 R*= H 

A seeond prcdu©t, f @rmed in small a.lml>unt~ when the r(ita@ti@n @f 

benzenesw.fon;yl azi de (VI) ed I was @~imdutelted at slightly higher 

temperatures (&040°) i was identified &$ XII by its ready }vdr©lysis 



to bieycl~(2o2ol)=2=heptancne and benzeneaalf@na.mideo13 

A recent kinetic study of substituent effe~ts by Scheiner and 

cawcrkers4 has shewn that the additi@n @f substituted phenyl azides t@ 

'bicyclo(2o2ol)=2=heptene pNceeds by a nmlti~enter mechanism involving 

a tram.sition state (XXi:IX) in whi©h c~nsiderable negative ©barge may 

reside Gin the a.-Qadd@ :nitrogeno In this respect it is nctewrtby that 

XXXIX 

13 

the addition cf P"'nitNphenyl azide p~eeds Dllltch faster than expected 

from. a simple Hammett treatment, suggesting that this substituent stablizes 

the transiti@n state in an e:iooepti@na.1 ma:nnero In a similar manner» 

the strongly electro!l'"'w:i.thdrawing pi@r,yl,> benz@yl» and benzenesulfioeyl 

groups 'W\®U.ld pe expected t~ stabilize su@h a transiti@n stateo One is .. 
then facied with the fa~t that andes @®nta:in::fng these S°tr@ng ele~tNlll"'> 

withdrawing groups rea@t with I with~ut giving the expe@ted trlaz@line 

even at N@m temperatureo 

It has been p0istu.1.ated14 that the additi®n @f bemeneruf@nyl azide 
. 

t© I d@es n@t proceed by a l,i.3=diP®lar additi@n (io eo, a triaz@line . 
• intermediate) but rat~er ixlwlvea an e~d~tn,»e tra:n:siti@n stateo 

The re~ent re~rt5 cf the dete@ti@n @f XL in the rea@ti~n or ethyl 
.. 

azid@f@rmate with Ill @wpled with it$ rep@:rled thermal instability 
@ . 

(it de@®Dlp,0>$88 at 70 C) ~~mpared t@ a.r,-l=~betit~ted tria.z@line add'U@ts 

@f I (whi~h de@@JDP@se in ~ees @f 1.,o~CL> P®ints strwgly ti!)) a de@rease 

in stability ~f l=subrstituted !J. 2=1.112/,=trlaz@line as the l=:substitue:n.t 

,:• 



bee~s JDO)re electro>negativeo 

XLI 

A similar decrease in stability @f !-substit uted ~2-lj2j}->triaz@l.il:le 

is seen in the reaction of substituted aryl azides with enamineso16 

Th'ul while XLij formed upon additien of p=nitr@phenyl azide t@ XLII.11 

lmlSt be heated aoove 150® t@ give XLIII.11 the additi@n @f 2.114=dinitro-

phenyl azide ~r p-toluene:sulf~nyl azide t@ XI.II at room t emperature gave 
16 XI.IV and XLV directlyo 

°'=N-R + R-N.3 I 

C) 
0 

XLII 

These data indicate that nitrogen ewlllti@n,, upain the additi@n Qif 

azides l>@BSessing st?"©ng el e©tr©n=wi.thdra.wing gNups t@ I» is not duet@ 

a ©hange in the mechanism of additi@n b'at t@ instability @f the intel""' 

mediate 1-nbstituted tria~@lineo A @lue t@ the rea.e~n f@Jr this instability 

may lie in the moo.e ~f rearrangement @f XLl t@ XLillo This rearrangement 
16 . has been postulated t@ pro@eed thn»ugh the diaz@m.um_ beta..llle XLVIo 

Support f @r this Dilde @f rearrangement c«,nes from the is@lati@n (ru 

esterifi~ati@n ®f benz@i© a~id) @f the dia~@mettla.ne ar.1$1.ng fr@m the 

dec@mpositiM @f the trlaz@line intermediat e XLVII f @rmed upc»n the 



+ 

XLI 
Q0-: 

) XLIII + Nz 

C) 
0 

XLVI 

XLVIII 

TAe d.e©®lmp@)$iti@n. ©f @le.t'm:i@ aw;ide~ @©nt~ 1!.m.$8,tlll"ati,@n 2» 3» 

4» a:ind 5 b@nd~ away fr©m the a2oide gmup has bieen re@ffl.tl;y rep©rteidl.o 17 

To. these @aSJe$ the a2b:ide f'W@ti@n add!~ intralD@le@'Wl.arly t© the d@uble 

b©lnd t@ give a t:riaz@l:ine whi@h @pen~ ·i1rJJ. the rate dete~ ~tep9 

17 - .· -
presumably- m a. diar&@mli:mn betaine intermetiate t@ gi vie ~~11lJ1ti@n ®f 

mtNgen and imi:ne and a~irldine pr@du@t~., 

It appear$ {:see alt~\~rw($} that alLth@J\llJ,gh a~id@~ @@l.tlt~ $ltr@~g 

ele@tr®lmFwi thdra:rd.n.g gr@>UJ:§1 May' rea@t ld thl I at enlblaJn@ed ra:lti$$ @~ 
.. I 

t® del@@ali~atin @.f ~be ~egative @harge @n the a.=a~id@ nitr@gen a 
the tranrsiti@n mate» the ability @f a ~$titiment t@ ~;xtmirlv:el.I: de= 

1.5 



localize sucb a charge at N-1 ef the irJ©ipient tr.iazlQ)line may also 

result in its dedpmpcai.ti.Gn..:with simultaneous less of nitrogeno 

A priori,, it wtal.d seem that fl())rma.tioin @fa diaz~nilllll betaine in 

the case of the 1-benz@yl-(XLVIII) and l=benzenesul.f~eyl-(XLIX) tri-

azclines of I would be fa1l©>red by' the delocalizatJ.~n cf the electronic 

16 

charge on lf-1 by' these elect~negative groups as eh(Z)wn belowo The beta.me 
\ . \' 

LI 

XLIX LII LITI 

L wuld be expected tc give azir:l.di.ne XXXVI, while UB.ZiQlline LIV can be 

visual.i_zed as arising from res~nan(Cle f iQlrm L!o Indeed ooth XXXVI and 

LIV 

LIV are f~rmed during the addition ~f benz@yl azide tc I at ~m temperature$ 

c~diti~na which pre~lude the thermall;y indu©ed rearrangement @f XXXVI 

7 to L.IVo The absence of rearranged produ~te sooh as azetidinee (eogo 

XIII) is$ 1».12 fa.s;tp, inditCiati@n that nro, parti@ipati@n @f the Cae, 9 C.s 

~nds @f L -LIII is in-wlved in the d~cmpoieiti@n pN~eHlo Studies ~f 
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19 the decomposition of aliphatic diazonium ions and closely related 
18 diazo esters show that neither .sol.vent nor neighboring group participa-

tion play DDlch role in the breaking. of C-N:/ bonds~ The fate of the 
. 

"high-energy" carbonium ions developed during .these reactions is deter-

zqined by the relative proximity of the various neighboring groups and 
19 

solvent molecules. In the betaines in question the residual nitrogen 

is ideally suited both electronically and sterically for closure to 

XXXVI and XI respectively. 

The formation of XII from LII requires a 2,3 hydride shift. The 

fact that a hydride shift occurs under such mild conditions is also 

reason to suspect a highly reactive cationic type intermediate during 

the reaction This is apparently analogous to the formation of XLIV 

upon treat.~ent of XLII with 2.,4-dinitrophenyl azide under similar 

d ' t' l6 con 1. i ons. 

Acid,-,catalyzed decomposition of aryltriazolines derived from I to 
O I 

amino alcohol derivatives2 probably involves an intermediate similar 

to those discussed aboveo The acid-catalyzed decomposition of XIV would 

be particularly suitable for study in that the proposed intermediate 

LV could be generated by diazotization of LVI, which has been preparedl.3 

N :~~ 
C5H.5CH2N~ 

H 

LV LVI 

from XIV by hydrogenation in the presence of Raney nickel catalyst. 

Since both the acid-catalyzed decomposition of XIV and the diazotiza-

tion of LVI could be done under similar conditions a correlation of the 



products .obtained in ea~h case would pr@vide inf~rma.ticn useful in the 

evaluation of LV as an intermediatie in the acid decomposition ef XIVo 

2° The Struture and Rearrangement cf the 1:1 Addw.t If 
. ·, ' 

. . 

Be.nzenemaJfony1 A;ide and, Bicz,1o<2°2°1)=2a5-heptAQiene 

18 

The reaction of benze~esul.f@nyl azfde with bi~yclo(2o2ol)=2»5-heptadiene 
21 

(VIII) was recently reJ»rt.ed by Franz and ~.. On the basis cf the 

infrared and no:m.oro spectra <G>f the prodiwt LVII, they suggested stru~tures 

LVIII and I.IX but pNvided no definitive chemical evidence t@ support 

either struetureo 

? Jt_r_o.c.11s 
i+Y3 

' 5 4t, 

LVIII 

22 
The present investigation nas sh<Glwn that benzeneaul.f0>nyl azide 

reaets with excess VIII t@ yield initiaJ..ly the azirldine.l) LXo The 

nitrogen inserticn product (LVII) cf Franz and Oau~h has been sh@'Wll te 

arise by r~rangement @)f tx and the structure @f LID has been establish-

ed.o 

Wb.en a s@lutim ~f 'benzenesul.f~l ande (VI) and bi~~l@(2o2ol)= 

-2i5-heptadiene (VIII) in deuteN!©llu~rofoir.m. Cl% tetram.eteylsilane) 

was all~wed t @ stand at Niom tempera.tu.raj nitrogen was immediately 

that LX was .formed irdtiall;y and a8 time pr@greesed in@reasi.ng aJDlffilunt, 
~ 

@£ LVII appeared. as 1lC de@reasedo The nomoro spe~rum ~hwed. the f~ll@w=-
' ' 

ing signale arising fNm IX: an AB quartet (J = 805 ©oJlloSo) at 6 lo07 

and L66 arising frm. the C-w protoos.:1 a br@ad mwl.tiplet ~entered at 



5 2o96 due to the bridgehead prctons, a sharp singlet at 6 3olS f or the 

C2 and C3 protons, and a triplet (J = lo5 CopoBo) cent~red at 6 6035 

arising from the Cs and C& p~tmso After three days, rearrangement 

to LVII was e@mpl ete and the infrared and nolll.oro spectra were identical 
21 

t o those reported for this pmdu~to 

Hydrogenation ef the reacti~n mixture after the rearrangement 

was appN>Ximatel.y SO% e©mp1ete aff«>rd.ed ·a 1:1 mixture cf aziridine ll . 

19 

I 2]. 
and a second product I.XI (formulated by ethers ae either LXII er LXIII) 

which were separated by eb.Nma.tograp'.ey Q)n alumina.a Hydrogena.ti@n of 

LVII alsG gave LXIo 

The nolll.oro spectrum c,f the rearrangement proo:u.ct LVII indiea.ted 

t he presence cf four n~nequivalent @lefinic pmtcns and tW101 n~nequivalent 

bridgehead pNt~ns" Al.thMigh ooth ist~tures LVIII and LIX satisf;y 

these requirementsj the remaining features @f the nomoro spe©tl"Wll support 

the assignment of structure LVIII t \Ql the mlecew.eo The nomoro $J>e~trum 

~f I.VII (repNdueed in Plate I) revealed @nly t'W@ pr©toos at high f ield 

a.nd these appeared as an AB qua.rteto 0ne pr@t@n of the quartet gave a 

simpl e d@Ublet (J= 10 ~0J0So)9 h~weverj the @ther proton gave a pair ©f 

triplets (J = 4 Clo ploSo) having cienter signal.a 10 CopoSo apart. ll io ~O j 

the sere@nd pmt@n is e@upled in an equivalent manner with tw vi@i:n.al 

protonso These signals ~~wld arise either fr®a the pr®tio>ns atta~hed t @ 

Cs of LVIll @r c, @f LXIXo :&>le©Jula.r ~a.els (warped. Dreid.ing midels) 



indicate that in I.XIX the dihedral. angles between b©th pNit@na enc, 

and the adjacent protons on Cs and c., are essentially the same (ao 

55-60°)0 On the basis of the dependence @if the e~111pling @@nstant 

vicinal protons on the dihedral angle23 one wr.miuld expect b~th p~t~ns 
-

at C6 !Clf I.XIX to ctQlupl.e with proteins at Cs and C7 in a simil~ ma.nnero 

Models cf LVIII indicate the dihedral angle between the J001 C·g p~ten 
' IQ) ' 

(.am tc nitrogen) and the bridgehead pr©t«)ns t~ be n.,., 80 1 so that 

coupling cf the .un Cs proton with the bridgehead prot@ns ww.d be 

smal.lo Hcwever1 the anti Cs proton shows an angle of Qo 55-6cf with 
' . . 

the bridgehead protons and a C~upli.Dg constant of 4 CopoSo is therefore 

compatible with this orientaticno Thus the high-f ield dw.blet and 

sextet of LVII probably arise fNlm the .;m and .a.n.U Cs prot@ns cf LVIll 

respectivel.yo 

The infrared spectrum @f dieyd..NFLVII (Lll) ~edjl in additicn 
. -1 

t@ the. usual benzenesu.lf@namid® abs~rpti@ns ~ a band at 1625 cm 

20 

suggestive of an enamine-type stra~ureo The nomoro spe@t~ c»f I.XI 

(reprodu~ed in Plate II) indi@ated tw nwequivalent ~lefinic pr©tms 

with a splltt~ pattern that @©Uld be interpreted equally well in terms 

of either LXII er I.XIII and the remaining p:!l>rtim of the spectrum provided 

n~ basis of distin~ti@n between these tWll:)l l!t~tureso 

Chemi~ pNof that LVII is ~@rre@tl,y repreisented by stru~ture 

LVIll was pr@vided by the degradati@n o,f I.XI t@ }=-:methyley@l@pentan@neo 

Ozcnclysis @f W gave LXIV whi@h de©arb@:xylatea ~n T0>llens m:idati@n 

t @ give LXVo ~lyti~ reJBOJval @f the lt=f@HWl gr®Up @f I.XIV during 

red.u~ti©>n under Welff=Kishner @@nd.iti@inllll gave a mixture of ru and 



21 

rm with sodium in al.c@hcl gave .ru and trans=.3-metbylcy~l(!)pentylamine 

which on nitrous acid deamination gave a mixture cf 3-methiy"lcyclepentancl 

(62%) and clefins (29%)o ChNm.ic acid oxidatim ~f the deam:Jnati©Jn 

mixture gave as the only ketcnic pN>duct 3-methyleyclcpentancne (I.XVII) 

which was identified by gas chN>ma.toigrapby and mixAd melting point Gf 
.24 

.:.l.;Jt~nz,U.dene: derivative "with an .authentic gsmpleo 
I , 

Rearrangement 
\ . 

in the deamination reactioim t@ yield 3-metbyliey~loipentancl is ruled cut 

since ooth wand trans-2-methylcycl-.,,ent:,lamine are knmm n~t to 
25 

yield 3-methylcyelopentan((!)l on deamination under identical ccnditicnso 

The nitrogen-containing moiety in IXIV must theref\lil>re bey to the 

aldehyde group as required by structure LVIIL These results are clearly 

not compatible with structure LIXo 

LXIV LXVI LXVII 

LXV 

14 
As mentiaed earlier)) it has been suggested that the me~hanism 

~f aziridine f @rma.ti@n in the rea©ti@n @f benzenemili.'©nyl a~de with 

bicyc1o(2o2ol)=2-heptene (I) pa.rill.eh that of ep@Xidati@no In this 



regard it is nctewrthy that no deteetable a.m0>unt ef LXVIII was f ~rmed 

during the reaction of benzenesulfonyl azide wits bicycl~(2o2ol)-2,5-

~heptad1.ene (VIII), whereas the epooc:idati©ln26a ref VIIl gives an appre©iabl.e 

quantity of the corre~nding ~ imm@epood.deo It is alee interesting 

to note that LXVIII is quite stable.9 as is the CQlrrespo,nding .GSW. 

epexide, suggesting that the rearrangement of IX is facilitated by 

back-side participati@n of the ;.1>6-d~uble oond as in the recently 
· '26a,b 

reported. rearrangement of UIX to I.XX during the ~datimi of VIIIo 

02C5Hs 

~ LVIII 
6 

LX LXXI 

.h - -)-~ ~ 
LXIX LXX LX.XII 

The forma.ti@n @f LVIIl fr©m an intermediate sU©h as LXXI is anal@gous 

t~ the forma.ti@n of bicycl~(3o2ol)=2»6',~~~tadiene (LXXII) during the 
27 

Wittig reactioo @f Illo 

3° The §tni;we wr the 1.1 Addu.¢ ¢' Benz1nemAtmIYl Az:ide and 

Di£YAl@P§Dta,diene 

Diey@l.©pentadiene (II) rea~ted Slffl©th],y with beinzenesalf~ azide 

(VI) in ©bl.@Nf @rm s(ll)luti@in. at I'\OOm temperat'\\ll:"e t lOJ give a @rystal.line 

pNduct whi~h gave an elemental a.na.lye:is (c\l,Hu,,N~S} in.di@ating that one 

ioole of azide had rea@ted with @ne mle ®f the dieneo The infrared and 



nomoro spectra cf the product showed the presence of a d~uble bend and 

a benzenesul.fonamido group but the absence Gf N-H absorpticno The 

structures IllIIIj I.XXIV.s> LXX.V.11 and LXXVI are consistent with the 

LXXIII LXXV 

7 

LXXVI LXXVIII 

elemental a.nd .:spectral data and :may be expected ~n me©hani8'ti«:l a:nd/@r 

steric groundso The nomoro spe«:ltrmn ~f the prodU©t shmred tw prot@ns 

~n carb©n bearing the ni.tr©gen @f the benzeDesulf@namid~ groupo This 

observation eliminates the sulf~nimide stru~ture LXXV which mid been 

suggested f@r the prcduct ~f the reacticn @f di@y@l~pentadiene and 

8 p-teluenesulf@eyl azide hy' earlier W@rkerso The signals arising from 

the pr®tt>n:s on carbon atta©Jhed tlOl nitrogen appeared as a.n AB quartet 

(J = 5o5 ~oposo) centered at 6 2o62 and 20880 Catalyti~ b;y'dr®genati©n 

of the rea@ti@n product gave a di.hydro derivative (LXXVII) » the no:moro 

23 

spe<l::trwn @f whi~h shewed that the pr®t@ns w ©arl:>@n &tta~hed t@ nitNgen 

were nw eqmvalent and appeared aai a ~harp singlet at 6 2o90o These 

@bservati@ns are ~learly net ©@nsistent with 8trm~ture LXXVI but~ be 

interpreted. in terms cf LXXIII @r LXX111 o 

Alth@u.gh stra~ture LXXIV might be eli.mi.lnated @n the basie @f steri© 



arguments, the nomor. spectra of the product and its ~dro derivative 

provide a clear basis for distin~tion between LXXIII and LXXIV. The 

n.11or. spectrwa of the addition product showed an AB quartet at high 

field (J = 9.5 c.p.eo) centered at & 0.88 and 1.55 due to the protons 

at C7. An exandnation of the n.m.r. spectrwa of the dihydro product 

(LXXVII) alBO revealed an AB splitting of the C7 protons; a doublet 

(J = 9.5 c.p.s.) centered at 6 0.92 constituted half of the quartet, 

while the second doublet, since it is not obvious, may be buried in the 

methylene envelope .; An examination of Table I reveals that the n.mor. 

spectra of bicyclo(2.2.l}heptane derivatives possessing aziridine or 

epoxide rings exhibit an AB splitting pattern for the C7 protons , it 

is of particular interest that the n.m.r. spectra of compounds containing 

an mm aziridine ring (.L.&. Xlj XIVj and XCII) show the doublet signal 

for the fil1ti C7 proton at very high field ( 6 < 1 ) whereas the corresponding 

signal in the spectra of compounds containing an .IDdQ aziridine ring 

(.L.L, LXXVIII, LXXXVII, and the dimethyl ester from XCVI) appears at 

Dlllch lower field (6} lo5) . This observation clearly indicates LXXIII 

and. not LXXIV as the correct structure of the addition product .. The 

nonequivalence of the C2 and C3 protons in LXXIII is due to the shielding 

effect of the 8, 9-double bond of the §11Q.Q cyclopen·tene ring on the 

~ proton at C20 

4 .. l'll.e R~~r.LQU~.s~lfonyl_m.d~-lill1L~Yclo(2°2e2}

-2=Qctene 

In order to study the effect of decreasing angular strain in the 

olefinic linkage on the course of the azide reaction with bi oylic 

alkenes, bic7c1o(2.2.2)"";2=octene (IX) was treated with benzenesulfo11.Y'l 
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azide (VI) .. 

Under conditions whire benzenesulfc?J1'1 azide reacts with I., II, 

and VIII in a vigorous excthermi.~ reaicti~n with ev~luti~n of nitrogen: 

no detectable reaction of ewlution ~f nitrogen could be observed with 

IXo In refluxing benzene., however., benzenesulf~myl azide reacted. with 

bic7elc(2o2o2)-2-~ctene t~ give a :mixt.ure cf two ic:~:mpoundso 'ftle pr$sence 

of (5ca.a. .3~) LXXIX was established by the appearance in the infrared 

LXXX LXXll 

spectrum of the reacti~n mixture of an intense abscrpti®lll band at 
-1 

1612 em., (-C = N-) and by the fa@ile hydNly:sis ~f LXXIX tQl bi~~l~ 

(2o2o2)-2-~tancne and benzenesulf'@lJimlddeo 'l'be infrared spe@trum ~f the 

aet;©nd pN>du©t (-"o 5(),t) sh@w'ed the presen~e <lJ>f a benzenesulf@naDli.de 

pr«iu~t revealed signals arising fr@m t11m prot@ns on carb@>n attached to 

nitr®gen of the benzenesul...f~namid~ gr©lup as a nmltiplet ~entered at 

6 20880 The~e data are ~@naistent with ooth the expe~ted anrldi.ne 

U:XX and the azetidine LXXXIo 

When the nitNgen=-@mtaining rlng @f the se@@nd produ©t was ~leaved 

under s.; ~Mditioois in refluxing ~=ootyl al©@~l ©~ntain.ing ~tassium 

thi~phen~dea LXXXII was @bta.inedo Chemi@al @~l'lfirma.ti@n @f the 

skeletal stru©ture cf IXXX.II was pr®vi.ded. by its redu.©ti@n t~ 2=benzene= 

m:J.l.fo.uaid®bi~l@{2o2o2)@@tanel> wh:i©h was synthe!lized by an independent 



LXXXIII 

Structure---LXXXI is incompatible with the above observation and. 

additional evidence was provided to show that LXXXII possessed the 

trans stereochemistry expected of an Slf' cleavage of the nitrogen

containing ring of LXXXo 

the n.,.m.,ro spectrum of LXXXII in dil.ute trifluoroaeetic add solutiono 

Under these conditions the C2 , C3 protons were coupled to give a quartet 

with a coupling Of 605 CopoSo That this coupling reflects a trans 

relationship of the C2 , C3 protons may be seen from the following 
28129 

e.x.a.mpleso 

Cll\Jl 
H~s 

a , 6 

rn3oo:~ 
CH3C02C 

J 293 = 6 c.po So 

These data clearly eliminate structure LXXXI and indicate the correct= 

ness of the assignment of structure LXXXo 
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Cl eavage of the nitr0gen-conta.ining~ring of I.XXX by hydrogen bromide 

in carbon tetrachloride solution gave a separable mi:x:t.ure of LXXXIII 

and LXXXIV o The no mo r a spectrum of LXXXIII in dilute triflucroateeti~ 

acid s©'llluticn was very similar to that of LXXXII in the methylene envel@pe 

region and revealed a quartet splitting for the C2 , C3 protons with a 



coupling of; e.p.s. Comparison-of this value witll the above examples 

again indicates that the substituents in LXXIIII on C2 and C3 a.re trap•. 

Structure LXXXIV is assigned to the other cleavage product on the 

basis of mechanistic considerations and its n.m.r. spectrum. Assuming 
I I'• ,• 

protonation of the nitrogen of the benzenesul..fon.amido group to be the 
' ' 

initial step in the cleavage process, one could envision the formation 

of LXXXIII from IXXX by direct attack' at C3 • The 'formation of LXXXIV 

would involve a Wagne.z-Meenrein shift wi~h Cilisplac~nt by bromld.j ,at 

04 • That the benzenesul.fonamido group of the second cleavage product is 

un. at Cg of a bicyclo(3.2.1)ootane ring system is substantiated by the 

followingn.m.r. spectral comparisons. The n.m.r. spectrum, in dilute 

trifluoroacetic acid solution, of the compound in question reveal~d the 

proton attached. to carbon bearing the nitrogen of the benzenesulfonamido 
' 

group as a triplet (J = 4 c.p.s.) and the proton attached to carbon 

bearing the bromine atom as a :mre complicated mul.tiplet. The n.m.r. 

spectrum, under identical conditions, of the isomeric LXXXV, the pre
H 

b 
LXXX 

LXXXIII LXXXV 

C6H5S02 

Br~ 

,0-J 

LXXXVI 

27 
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paration of which is described lat.er in this thesis, revealed the proton 

at C2 as a s1m1Jar multiplet to that described above and the ~nti proton 

at Cs as a triplet (J = 4 c.p.a.}. A similar triplet (J = 4 c .p.s , ) 

has been reported.30 for the mU Cs proton in .a.wl.Q- 8- bromobicyclo(J.2.1)-

2'-octane "(:tUXVI) . 

s. tho BoacY,on or J3ouzNWPJJ9DY1 aide Jd:ti, B;icxs;1ol2,2,1)-;-

-heptene-endo-o~.s-2; 3-dical"boxylic Anhydride and .Bicyclo(~. 2.1 )-5-heptene -

~-ili-dicarbo:xylic Aneydride 

Recent work from this laboratory has shown that benzenesulfonyl azide 

reacts with bicyclo(2 . 2. l )- 5- heptene-iillQQ-~-2,3-dicarboxylic anhydride 

(V) in refluxing carbon tetrachloride t o give predominantly the~ 
9 

aziridine , VII . The present reinvestigation has revealed that smaller 

amounts of a second aziridine are also formed in this reaction. 

When a solution of benzenesulfonyl azide and Vin carbon tetra

chlori de solution was refluxed for 48 hrs. a gummy solid precipitated 

from the solution. Crystallization of this gum from benzene- acetone 

yielded (.s:.a,.30%) VII . Esterification of the mother liquors with 

methanolic diazomethane followed by chromatography on alumina gave 

(a. 30%} LllXVII and(~ . 19%) another isomer (LXXXVIII) along with 

minor amounts of unreacted starting materials. 

The infrared. spectrum of the second product (LXXXVIII) showed the 

presence of ester and benzenesulfonamido functions but the absence of 

N- H and )C = N~absorptions. The n. m,r. spectrum of LXXXVIII confirmed 

the absence of a sulfonimide linkage (C6H5 SO;aN = C{) in that it showed 

two protons on carbon attached to the nitrogen of the benzenesulfonamido 

group. The JUl.'1Q aziridine LIIXVII showed signals for the protons at Cs 



and c, as a triplet (J = 2 c.p.s.) centered at & 2.6.31 whereas in 

LXXXVIIl the corresponding signal appeared as a sharp singlet at & ,3.lJ. 

An examination of the n .. m.r. spectrum of LXXXIX also revealed the protons 

attached to carbon at C5 and C6 as a sharp singlet. The equivalence of the 

protons at C5 and C6 of LXXXVIIl clearly eliminates structures such as 

, 7 

3 

7 

~3 
COOCH3 

COOCH3 

C6H5 02S CO<?CH3 

LXXXVII LXXXIX 

XC and XCI which might be expected on mechanistic and steric grounds. 

It is notewortb;y that in the n.m.r. spectrum of LXXXVII the C7 protons 

appeared as an. AB quartet with one doublet at 6 lo54 and the other at 

C6HsS02~ .700CH3. 
SV-YOOCH3 
6 

xc XCI 

1.98; a similar situation was observed in the n.m .. r. spectra of LXXXIX 

and the iSOlller in question (LXXXVIII). However., in the latter two cases 

a larger difference in chemical. shift was observed for the C7 protons .. 

Thus, the n.m.r .. spectrum of LXXXIX showed a pair of doublets for the C7 

protons at & 0.,80 and lo50 and the n .. mor .. spectrum of LXXXVIII showed 

similar signals at 6 0.90 and 1o70., The larger difference in chemical 

shift of the C7 protons in the n.m .. r., spectrum of LXXX.IX compared with 

that observed in the n.m.r. spectrum of LXXXVII., is due., n.wl Jpfra., to 



JO 

the prox:i.m.ity of the GR oxygen to t~e C7 protons. The similarly large 

difference in chemical shifts exhibited by the c7 protons in LXXIVIll 

clearly indicates that LXXXVIII poss~sses an~ moiety which is in close 

proximity to the C7 protons. 

The azirid.ine structure XCII rather than XCIII is suggested for 

LXXXVIII because of the similarity of its n.m..r. spectrum. to that of 

I 
C5H5S02N COOCH3 

XCII XCill 

LXXXIX. The Jmd.2-w ~configuration is assigned to the di.ester fWlction 

since the mild conditions under which this product was isolated would 

preclude the otiserved difficult isomerization of the ester groups of 

LXXXVII and similar compounds. In support of this conclusion is the 

observation that the n.m.r. spectrum. of IXXXVIII shows a single signal 

for the two methyl ester protons. The assignment of the .Im configuration 

to the aziridine ring follows from the above and the assumption that a 

certain amount of the benzenesulfonamido intermediate would be expected. 

to react from the less hindered~ side of the double bond of V. 

If the c~rrect structure of LXXXVIII were XC, XCI, or XCIII then 

it would be SlU"prising that the n.m.r. spectrum. of this compound revealed 

both protons at C2 and C3 as equivalent, both protons at c, and c.,.. 

as equivalent, and both protons at Cs and C6 as equivalent and as a 

sharp singlet. A similar equivalence of corresponding protons was exhibited 

in the n.m.r. spectrum of LXXXIX. 



The reaction of benzenesulfonyl azide with bieyclo(2o2.l)-5-heptene 

-~.w-2,rdicarbco:ylic a1w1:dride (IV) in refluxing carbon tetrachloride 

also led to the formation of tw isomeric products which could be 

isolated in a manner similar to that described above for VII and XCIIo 

The predominant isomer (XCIV, Ai.• 74%), which crystallized from the 

reaction mixture in benzene, is that for which structure XCV had been 
9 

suggested. The ~ configuration was assigned to the aziridine ring 

since the el.ectrophilic benzenesulfonamido intermediate would be expected 

to react with IV from the less l'li.ru!ered .s;;m side in the absence of 

electronic effects or the~ anhydride ring which is present in the 

isomer V. 

The n.m.r. spectrum. of the dimethyl ester fromXCIV showed striking 

similarity to that of U:XXVIL '!'he n.m..ro spectrum of each isomer showed 

an AB quartet for the C7 protonsj) a narrow mul.tiplet for the bridgeh.ead 

pn)tons, and a s:irnUar multiplet for the protons mi carbon at C2 and C30 

The signals arising from the protons on carbon attached to the nitrogen 

atom of the benzenesulfonamido group in beth isomers appeared as a triplet 

(J = 2 ~oposo).v whereas in the ,gQ. aziridines XCII, XI, and XVI the 

corresponding aignal appeared as a sharp singlet. If XCV is the correct 

structure or XCIV then it is surprising that the C5 and C6 protons in 

the dimethyl ester from XCIV appear as triplet instead of a singlet, 

in its n.m.r. spectrumo The multiplet structure of the signa.l.s arising 

from the pr®tons at G5 and C6 in the dimethyl ester i'Nm XCIV strongly 
, 

indicates that the aziridi.ne ring in XCIV possesses the ..IDdQ contigpration 

and thus is correctly represented in. structure XCVIo 

In order to di~ chemica.lly between structures XCV and XCVI 
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elimination. of the carboxylie anhydride moiety of xp1v seemed appropriate. 

Structure XCV would lead to the known ~ aziridine XI whereas the Jmd,Q 

azirid.ine LXXVIII would be e.xpected.froaXCVI. 'nle anhydride group of 

XCIV was readily opened in boiling water to give thew diearbox;ylic 

acid XGVII the dim.ethyl ester of which was identical with that obtained 

by treatment of XCIV with methanolie diazomethane. Qxidative bisde-

carbox;ylation of XCVII with lead t etraacetate in pyridine gave the 

unsaturated. aziridine LX.VIII which upon catalytic hydrogenation gave 

IllVIIIo Chemical. confirmation of the structure of LXX1III w~s provided 

by cleavage of the .nitrogen-containing ring by potassid thioph!'noxide 

to give XCVIII followed by reductive removal of the thiopheno:x;,y group to 

give 2- .ml!ilQ-benzenesulfenamidobicyclo(2.2.l)heptane (XXXIII). 

X,CV 

1 ~o 

XCIV XCVII ~ {]:] 

-C6Hs~ 

C5H5S02NH 

XCVIII 

\I 
Cl:!H5S02N 

I.XVIII 

LXXVIII 
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These data can be interpreted. in two ways. First, one can assume 

that the correct structure of XCIV is XCVI and that degradation to XXXIII 

involves no skeletal rearrangement. '.If such is the case, the carbons 

in positions 2 and .3 of XCVI will be in positions 5 and 6 of LIVIII 

(see below). The second interpretation is that the correct structure 

is XCV and that degradation to XXXIII involves a :molecular rearrange

ment. Since rearrangement during the conversion of LIVIIl to XXXIII is · 

excluded (SN2 reaction), skeletal rearrangement, if it occurs at all, 

must occur during the .decarboocy'lation of XCVII. In this respect, it 

should be pointed out that recent investtgati1>ns by a n~er of workers31 

have demonstrated that cationic intermediates are generated during 

oxidative bisdecarboxylations using lead tetraaeetate. The ability 

of the bicy-clo(2~2ol)heptane ring system to rearrange during reactions 

in which a nuclear cationic charge is generated is well known. 32 If 

skeletal rearrangement should occur during the decarboJcylation the 

carbons at positions 2 and .3 of XCV might be expected to be found at 

positions 1 and 7 of LXVIIl as shown below. 

0~ 9- · OAc 
.3 c //0 , . 

xcv ~ -0-Pb-OAc 

~ 
D 111 

LXVIII - lp 7-d · 



XCVI 

0 
II D OAc 

3 -o I ,-... 
O 1:,Pb .LOA.c 

~o ' D OAc 

D 

-hD 
C6HsS02N . 

LXVIII - S,6-d 

In order to test these two possibilities it was necessary to 

label the 2 and 3 positions of XCIV. This was done by synthesizing 

XCIV with deuterium (-"• 701,) in the C2, C3 positions. Hydrolysis of 

ICIV-2,3-d to XCVII-2,3-d was carried out in 801, deuterium 
1.4 1.4 

oxide, so as to preclude a.my- loss of deuteriUlll due to exc hange on the 

carbons attached to the car~o:xyl moieties of XCIW-2,3-di.4• Lead 

tetraacetate bisdecarbo:xylation of XCVII-2,3-d gave LXVIII which, 
1~4 

by n.m.r. analysis, was found to contain deuterium (.sc.L. 7($) at the 5 

and 6 positions. Thus no skeletal rearrangement occurred during the 

decarbo:xyla.tion and XCVI must be the correct structure of XCIV. 

XCIX 

7 

C5H5S02~~5~3.,/COOCH3 
~OOCH3 

1. 
6 2 

c 

The n.m.r. spectrum of the dimethyl ester of the minor isomer 

(~ 22%) from reaction of benzenesulfonyl azide with IV revealed 

the presence or only one methylene group and this appeared as an AB 

quartet (J = 11 c.p.s.) with doublets centered at 6 1.47 and 1.75; 

the remaining protons were :mnch further downfield. The protons at C1 , 

C2 , C3 , and C4 appeared as a narrow signal at 6 2.82 and the two protons 

on carbon attached to the nitrogen of the benzenesulfonamido group 



appeared a.ea sharp singlet a.t 6 3. 03. An examination of the n.m.r. 

spectrum of XCIX revealed a nearly identical situation; thus., the 

spectrum of XCIX showed an AB quartet for the C7 protons ( J = lO. 5 

Copo So) with doublets centered at 6 loJJ and 6 1.6,4., a single multiplet 

at 6 2.80 for the protons at C1 ., C2 ., e3 ., and c,.. and a sharp singlet for 
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the protons at C5 and C6 • On the basis of this spectral correspondence 

and since some of the benzenesulfonamido intermediate would be expected 

to attack IV from the ~ side structure C is suggested for this compound. 
' . 

Under conditions in. which I, II, and VIII reacted readily with 

benzenesulfon;rl azide no appreciable reaction with IV or V occurred. ' ' . It has been. ngg.ested that under the conditions necessary for benzene-

sulfonyl azide to react with IV and V the azide slowly decomposes to 

yiel d the benzenesulfo:nyln.itrene which then adds to the double bonds 

of IV and V .. The explanation offered for the predominance of .mQ.11 

at tack in the case of V was based on the reported electrophillc be

havior of this nit.rene . in aroma.tic substitution reactions .. 33 It was 
9 

postulated that the "elect:rc,n-rich" oocy-gen atoms of the ~ anlzydride 

group attract the ne1ectron-deficient 11 nitrene to the .fmd,Q. side of 

the double bend of V. 

The electronic effects of the~ 2,J-anhydride group of IV can 

be considered t o have a negl.igibl e effect on the electronic en:virolllllent 

in the .m:ldt, portion of the m l ecule. Addition of the benzenesulfonyl

nitrene frcm the ~ side (preSllllla.bly the least hindered) would then 

be expected since other el eetrophilic reagents invariably add from this 
· 34 35 

sideo ' I f one assumes tl:iat a nitrene intermedi4te i s involved 
36 37 

and t hat it behaves in the manner proposed for singlet carbenes, ' 



bonding i.n the transition state would originate from simultaneous 

overlap of both p orbitals on the carbon atODl.8 of the double bond with 

the sp2 orbital of the nitrene. Such overlap should be maximized if 

the nitrene lies over the olefin in a plane parallel to the plane of 

the double bond. In order for this criterion to be fulfilled a nitrene 
I 

approaching from the ~ side would encounter nonbonded repulsions 

between the lone-pair en nitrogen and the .om-7-hyd.rogen .. As the 

transition state passes on to the aziridine the repulsions between the 

lone-pair on nitrogen and the .a.n-7-hyd.rogen should decrease slightly 

owing to the change in lzy"dridizaticm at Cs and C6 from sp2 to sp3; on 

the other hand, the bond-tightening process would have an opposite 

effect. The ..=tni-7-hydrogen and the lone-pair on nitrogen in lf='sub=

sti tuted ~ aziridines occupy the flagpole positions of what amounts 

to a rigidly fused boat-form piperidine ring .. Although conformational 

36 

38 studies reveal thelone-pai.r en piperidin~s is sma.11 compared to hydrogen, 

the close proximity of the nitrogen to the .a:m-7-hydrogen in mfiQ 

aziridines is revealed by the deshielding effect exerted by the aziridine 

ring on the proton in question in the n.m.r .. spectra of these compounds 

(See Table I, and compare e .. g .. , bicyclo(2 .. 2 .. l)heptane with XI or XVI) .. 

Attack of the nitrene from the~ side should also occur in 

a plane paral.lel to that of the TT 'Jrbital of the. double bond.. Approach 

from this direction would product strong nonbonded interactions between 

the ~2,3-hydregens and the lone-pair on nitrogeno As in the case 

of~ attack, rehybridization of the C5 and C6 carbons durimg the latter 

stages ~f bond formation would relieve these repulsions and the resultant 

bend tightening would have an oppesite effect .. In the case of the 



~ azirid.ines the lone-pair on the nitrogen appears from molecular 

models to iDccupy a somewhat less crowded position in space than its 

.UR counterpart. This is substantiated (see below) by the fact that 

the Jm.d.Q:-5, 6-hyd.rogens of LXXVIII are not deshielded. by the .mda 

37 

nitrogen moiety. The pred.omi..nanc.e of~ aziridine would therefore 

imply that the repulsions present in the .Gm aziridine more than 

compensate for the bond-tightening process and that although the initial 
-4 

transition state arising from ~ attack may be more hindered. the 

bond-tightening process is more than sufficient to overcome any nonbonded 

repulsions remaining in the ,§Jlg,Q aziridine. Thus a val.id question 

arises: why sheul.d I, II, and VIIl yield J11Q addition products with 

benzenesul.fo:nyl azide (and for that matter epoxidizing agents) if a 

:rm>re strained product results? 

The formation of n from I and benzenesul.fonyl azide most likely 

involves decomposition of an unstable triazcline intermediateo Examina

tion of the molecular mdels of triazolines XIV and XV reveals no 

interactions between the JUn-7-hydrogen and any nitrogen of the tri

azolinenx:>ieties. This is confirmed (see below) by the fact that in 

the n.m.r. spectra of these compounds the signals arising from the C7 

protons appear in the usual methylene ztegion. I t is readily apparent 
32 

from the course of additions to the double bond of I that~ sub-

stituents at C2 an~ C3 are ~onsiderably less hindered. than their~ 

eounterparto This is also true in the case of J11Q (vs~) C2 , C3 

bonded tr':La.zolines. However, the decomposition of an .~ ·t,riazoline 
' 

intermediate would give rise to a sterica.lly mre l).indered .RR azicl.dine. 

Similar rea.mning may be extended to other .GD. additions in this 



ring sys-tem. Thus, if a group approaches the · TT ... ;,rbi tal of the double 

bond closer to one olefinic carbon than to the other, the sterical.ly 
r 

mre favorable approach parallel to the TT ·· cloud is from the .am side. 

The formation of an a epoxi.de, for ex.ample, would by this reasoning 

arise from a transition state in which one bond is formed to an appreci-

able extent before the other one is. The .Ga attack of dichlorocarbene 

on I to give the highly' strained dichlorocyclopropane CI has been 

CI 

attribu.ted.39 to such an unsy:metrical addition process. 

As has been inferred. above and elsewhere;4 the n.m.r .. spectra of 

Am etpoxi.d.es. am:l . ..a At.ziridines of bicyclo(2.2.l)heptane and its 

(i . ..irivatives possess common .distinctive characteristics. The mst 

apparent .of these is the divergence of the chemical shifts of the C7 

protons of' these derivatives as compared to those observed. in the 
40a 

parent compound.14,40a Tori, .Iii, • .aJ... have recently reported. that 

the introduction of an .ilm epo.x;r group into the norbornane system 

caused ~ked shieldimg of the mti C7 proton but slight deshielding 

of the 1fm C7 proton .. The shielding effect was ascribed to an epo:xide 

ring current., while the .deshield.ing of the AiJl C., pI"Cl>ton was attributed 

to a nonbonded interaction between the oxygen lone-pair electrons and 

this proton. The assjgnment.s of the .Im and anti protons at C7 in 

Table I are by. analogy with this work. This explanati,on differs 
.· 

somewhat from that. offered by Moore and coworkers39 to account for 



similar shielding of the .anti Gs proton and the deshield.ing of the 

nn Gs proton in CI o Moore reasoned that the severe repulsions of the 

nn C3 chlorine atom and the ,am Cs proton would cau.se bond distortion 

in such a manner that the Cs bridge would be bent toward C6 and C7 ., 

This would have the effect of pushing the .a.n.ti Cs proton into the 

mlecule and thus this proton would become JDl)re highly shielded. The 

deshielding of the Jtm Cs proton Gf CI was attributed to interaction 

of this proton w.i.th the chlorine atom. However, both of these inter

pretations poil'lt t o the close proximity of the .m:n methylene bridge 

proton to an .§.m substituent bonded simultaneously to C2 and C3 of the 

bicyclo(2.2.l)heptane nucleuso The fact that the n.moro spectra of 

J1AQ aziridines of bicyclo(2.2.l)heptane and its derivatives in Table I 

show the .ut,i c, proton to be highly shielded while the .am C7 proton 

is slightly deshielded indicates some nonbonded interaction exists 

between the nitJ;SOgen lone-pair and the ,am pn,ton .. 

39 

At this time the ex.a.ct origin cf the shielding of the C7 .a.nU 

proton in the above eases is open to question; however, similar dia

magnetic shifts in closely related systems are mst easily interpreted 

in terms of the ring current effect .. Of particular interest is the 

diamagnetic shift (0 .. 49 p .. p .. m .. ) exhibited by the vinyl protons of 

LXVIII with respect tc LX (Table I).. Since the 'Vieylic prot(l)ru o! 

IXVIII lie in the cone cir,nunseiribed by the nitrogen-containing ring 

and perpendi«ralar t o this ring it appears this effect ~ be attributed 

to a ring ~urrent effe~to The diamagnetic shift of the vinylic protons 

~f CII with respet"Jt t o CIII (Oo60 p.,p.,m.,) and of CIV with respect to I 

(0 .. 30 popomo) have been explained by others in terms of a ring current 



OII 

0 
u 

C2Hs0- ·. 

CIV 

u ., . , __ 
effect. Of' greater interest is the diamapet.ic shift \JiiAo 0.69 P•PolL) 

· .. ( . 3,5) • ( ) of the Cv: proton or triqcl@·2o2ol.o0 -2-heptan.ene CV with respect 
u· 

to CVIo This has also been explained in terms of a ring current err ect .. 

The pesitiom er the Cv: protG:n with respe<'Jt to the eyclopropane ring in 

CV parallels that of tb.e smiJ._ C7 pN>ton in the .&Q asiridimes in question 

CV CVI 

t@ the nitrogen-©eta:i.Jrl:ng. ring. In ooth ~ases the rel.evnt proton 

is in the ccme ®irc'wm:l@ribed by" the three-membered ring and perpendicular 

to the plane @f the ri:mg as shown below. 



TABLE I 

fflE. GHEfilCAI. SHIFTS .OF C7 AD vmLIC PROTOl'S OF CORPGmJDS 
. CONTAINING EP.OIIDE OR AZIRIDINE R:mGS 

! 

XI 

XVI 

6a Solvemt 

·( .. 40b lo20 s) CDCl3 
lo20(a) 

1 .. 2- CDGl3 
lo6(s) 
o .. 7o(a) 

N 
C1H3SOa 

LX 

LXVIII 

a ··& Sol.vent 

lo44(s) C6H6 l4 
Oo4.3(a) 

lo35{s) CDCl340a 
Oo70{a) 
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TABLE I ( Continud) _ 

·& 
I Solvent 6 J Sol ,rent 

l •. SO(a) CBCl3 OalfsS>.a~. . ·.1.70(11) CDCl3 ~a«~ I ~9«~ 
I . , . . .... 

COOCH3 . . POOCH, . 

n~H COOCH3 vvvv · 3 
l·flII XCII 

XCIX 

txxnx 

COOCH3 
OOOOH3. 

(J 

c,11sso, 
l.46(s)C04 
0.87(a) · 

LIXVII 

~=i:;1:~mm/ 
B 

c,HsSOa 

d.illetby1 ester from 
XCVI 

In :molecules cont~n:!ns epcm..de or az.1r!dine ~s .am (a) and J1Bti 
(a) refer to these rd.ngs and .v = ~lie protons. *The assigrment of · 
signals to .am and ~.protons:in. theiae cases 4.s based on the observed · 
long range splltt,ing .. ot .the .6. l.92 a1gn,al in the dimethyl ester .troa XCVI 
which ls aasmaed to a.riae by. coupling with the .fmWl C2 and C~ protons as 
observed. by othera40 in fdJJdJ ar cases. · . 



C , Experimental. 

Melting points were taken on a Fishez-Johns apparatus and are 

uncorrected. Infrared spectra were recorded with a Becklla.n IR-5 

spectrophotometer; n.m.r. spectra were obtained with the Varian A-60 

n.m.r. spectrometer, using tetramethylsilane (TMS) as an internal 

standard (6 0). Carbon and hydrogen analy-ses were performed by Midwest 

Microlabs, Inc., Indianapolis, Ind., and nitrogen a:nalyses were pez-
42 

formed by a previously- described procedure. All thin layer chroma.to-

grame were developed in iodine vapor unless otherwise stated. 

1. The Reaction of BenzenewilfQllVl Azide ;with Bicyclo(2,2.1)-

-2-hgptene: 

Preparation of N:::Benzenes11] fonyl,-8-azatricyclo{2e2°Ll2 '3-~)-

octane ex =XI) 

Benzenesulfonyl azi de (VI) was prepared as previously- described, 

but with the modification that the liquid benzenesulfonyl chloride was 

added directly- t o the ethanolic sodium azide solution. When the 
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benzenesulfonyl chloride was dissolved in ethanol before addition to the 

ethanolic sodium azide solution, as done by previous workers,33b 

appreciable a,DK)unts {up to 25%) ~f ethyl benzenesulfonate were formed 

as shown by the presence of the characteristic ethyl group signals in 

Bicyclo(2.2.l)-2-heptene (I) was prepared by a well established 

43 procedure. 

Benzenesulfonyl ~zide (VI, 4.7 g.) was added to a solution of 

5 g. of I in benzene 'or petroleum ether. at room temperature with 

stirring. The evolution of nitrogen, which began immediately-, ceased 



after 1.5 hr. The cl78'talline product, which precipitated in quati-

tative yield as the exothermic reaction proceeded, was filtered out and 

recrystallized three times from 95% ethanol to give 5.3 g. {7<J%) of 
-1 

X, m..p. 105°; v ~ 1310, 1155, 1090, 975, 910, 72G, and 690 emo ; 

n.m.r. (in CC4), 6 2.42 (protons at C1 and C.i,.), 2.84 (protons at 

C2 and C3 )., 7.3-s.0{5 aroma.tic protons). 

Anal. Caled. for C1 3H15N02S: C, 62.62; H, 6.06; N, 5.62. Found: 

C, 62.<)6; H, 6.()5; N, 5.41. 

Premar&Yn of XII BP@ xy 

A solv.ti~n of 2.6 g. of benz,-1 azide and 1.9 g. I were stirred 
0 

in 15 cc. of petroleum. ether a.t 50 fer 12 hr. Removal of the solvent 

.in vacuo gave 91% of IV, m.p. 70-71°. The a.na.l.yt.ical sample, prepared 
, o KBr 

by recrystallization from petroleum ether., had m.p. 72-73;" max 
. -1 

1455, 1352, 1091., 948, 742. and 700 cm. ; n.m.r. (in cc4) 6 0.9--1.5 

(6 protons), 2.08 (proton at C1t), 2.57 {proton. at C1), 2.98 (proton 

at C2, doublet, J = 9.8 e.p .. s.). 4.25 (proten at c,, d@ubl.et J = 9.8 

e.p.s.), 4.72 (benzylie protons, doublet, J = 4 e.p.s.) and 7.30 
., 

(5 aroma.tic protons) .• 

Amal. Ca.led. for C14H17N3: C, 73.,97; H, 7.54. Found: __ C, 74.29; 

H, 7.70. 

The preparation of XV was carried eut using the same procedure .. 

After recrysta.l.lizaticm from petroleum. ether XV had mop. 103-105° 

(lit .. I+ m. P• 101-1026 ) .. 

. Th.e. n .. m.r. spectrum ef XV in CS2 shGWed the following signals: 

6 1-l.6 (6 protons), 2.57 (protons at G1 and c.,.., bread multiplet), 

3.54 (proton at C3, doublet, J = 9.,5 c.p .. s.), 4 .. 42 (proton at C2, 



doublet, J = 9.5 c.p.s. ), and 6. 8.3-7.34 (5 aro11atic protons). 
. 2,.3-.am 

Prepar~tion of 1f-benzyl-8-azatricyclo(2.2.l.l )octane 

{XVI) 

A solution of 3.45 g. of XIV in 350 cc. of hexane was irradiated 
0 

for 5 hrs. at 25-40 with a 200-watt Hanovia mercury lamp using a 

quartz filter. Evaporation of the solvent gave an oil which was 

fractionally distilled under reduced pressure to give 1.29 g. of XVI 

(b.p. 115-120°) and 0.610 g. 0f an unidentified oil (b.p. 
. 0. 3 mm.. 0.1 mm.. 
150-1600). 

Anal. Calcd. for Cy~H17N: C, 84.37; H, 8.60. Found: C, 84.95; 

H, 8.61. 

The n.m.r. spectrum of XVI in CS2 revealed the following signals: 
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6 0.63 (ami, proton at C7 , doublet, J =10 c.p.s.), l.Cr-1.2 (4 protons), 

1.40 (protons at C2 and C3 ), 1.63 (.un proton at 07 1 doublet, J = 

9 c.p. s . ), 2.25 (protons at Ci and C4) , 3.19 (benzylic protons), 

and 7.23 (5 aromati c protons) . 

Preparation of 2-~Hydro:,cy--7-~ - benzenesulfonamidobicyclo-

12°2,l}heptane (XVII) 

A, Acid~cata1;xzed Hydrolysia or x 

A solution prepared by adding 0.92 g. of X to 10 cc. of water 

contajning 10 drops of concentrated hydrochloric acid was refluxed for 

15 min. Th.e solution was evaporated to yield an oil which was taken 

up in ether. After drying over anhydrous magnesium sulfate, the ether 

was evaporated t o yiel d 0.92 g. of oil (XVII) which partially crystallized 

after two distillations (m.po o.07 nun. 160°) and standing in the re

f r igerator for 2 weeks . Three re~ryst allizations from ethanol gave 
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o KBr 
XVII f3, m.p. 142-lM ; ".max 3450 (CH), Jll6 (RH), 1310, U6J, 767, 

-1 721, and 691 cm •• 

Anal. Calcd. for C13H17N03S: N, 5.24. Found: N, 5.22. 

Preparative thin layer chromatography on Silica Gel-Gin chloro

form-ethyl acetate (J:1) was used to separate a small ~unt of the 

oily acid-catalyzed hydrolysis product into alcohols XVII oc;- and XVIt f3. 
'1 . ' . 

Oxidation of these alcohols with chromic anhydride in acetic acid gave 

the same ketone XVIII, as detected by thin layer chromatography (de

tection by 2,4-dinitrophenylhydrazone). 

B, Hy;dration of x 

A suspension of 3 g. of X in 25 cc. of water was refluxed for 

24 hr. and the solution was extracted with ether. The ether extract 

was dried over anhydrous magnesium sulfate, deeolorized with Norit and 

evaporated. to give 2. 8 g. of an 011, identical in infrared spectrum 

with the prod.act obtained by the acid-catalyzed hydrolysis of X. This 

sample of alcohol, on oxidation, gave the same crystalline ketone 

XVIII as obtained by the oxidation of alcohol prepared by procedure A. 

c, Alkaline H:y;droly:sis or x 
To a solution of 3.94 g. of XI in 10 cc. of 5°" aqueous potassium 

hydroxide was added 10 cc. of ethanol and the entire solution was re

fluxed for 2 days. After extraction with ether, the remaining aqueous 

solution was acidified with dilute hydrochloric acid, then extracted 

again with ether. This latter ether extract was washed with an aqueous 

sodium carbonate solution, dried over anhydrous magnesium sulfate, and 

evaporated t o yiel d 0.81 g. of an oil which after oxidation gave c~ 

stalline ketone XVIII identical in all respects with ketone XVIII 



prepared from the alcobol as obtain~~ by procedure A. On evaporation, 

the ether extract of the alkaline solution gave 2.35 g. of unchanged X. 

Basic catalysis in the conversion of X to XVII was demonstrated 

as follows. Four 20-cco ethanolic solutions each containing 0.81.32 g. 

of X were prepared. To one was added 10 cc. of 1.0 I sodium hydroxide, 

to a second was added 10 cc. of OolO I sodium hydroxide, to a third 

was added 10 cc. of 0.01 I sodium hydro.xi.de, and to the fourth 10 cc. 

of water was added. The four solutions were refluxed under identical 

conditions for 4 days and at intervals of 6 to 12 hours, 1 cc. aliquots 

were removed from each solution, diluted to 4 cc. with water, and 

carefully neutralized, in the cold., with dilute hydrochloric acid. 

The aqueous solutions were extracted twice with 5 eco portions of 

benzene; the benzene solutions were dried over anhydrous magnesium 

sulfate and evaporated 111 YaiOC to yield an oily residue of 25:!: 5 mg. 
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in each case. After drying overnight under reduced pressure, each sample 

was weighed and diluted t @ Oo20 cc. with dry chloroform. The infrared 

spectrum.was then obtained in a 0.96-cmo cell in the region 2.5-3.5 ~· 

Using weighed reference samples of X and XVII 13, the extinction of the 

N-H abs~rptiom in the various samples was determined, and the percent 

conversion in each sample was determined. A plot of concentration in 

~les/liter @f X vs. hours of reaction time gave the following times 

for 50% conversion of X: 0.3 I sodium hydroxide, disregarded because 

of precipitate formation during reacti0n; 0.03 Ji soditun hydroxide, 

27 hr.; 0.00.3 .li sodium hyd:rorldell .32 hr.; water, 45 hr .. 

The vari@us samples from. the ldneti!C :nms were compared by thin 

l ayer ohN:llB.tcgraphy~ and a.12 shned the same spots but increasing 



amounts of XVII were present with increasing reflux time and with 

increasing basic strength. The unused solutions from the kinetic runs 

were combined and after working up as described previously, the 
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residues were chromatographed on Merck acid-washed alumina. Crystalline 
0 . . 

XVII f3 (m.p. 143-144) was obtained from the eluent. 

Thin layer chromatographic c.omparisons of the acid, alkaline, and 

neutral hydrolysis products gave the comparisons shown in Table II. 

TABLE II 

DISTRIBUTION OF PRODUCTS FROM HYDROLYSIS OF X 

Products 

Benzenesulfonamide 

Unkn@wn 

Unlmown 

XVII f3 

XVIIcr. 

x 

Ra 
f 

0.10 

.20 

022 

.40 

.57 

.63 

Relative intensities and 
conditions 

l:> b b 
A B C 

1 

1 1 1 

1 1 1 

4 4 4 

l 1 3 

2 1 3 

aAll.. thin-1ay.:ar cbmma.tog.rama we.re :ru.n. cm Silica Gel-G in 3:1 
chlorof Qrm-.etby,1. .a.c.etate.., .. al.lowing_ the :solvent. fro.nt to advanc.e 15 cm.. 
bA, 96 hr • . _r.efiu:dng .water.; B, 96 hr • . ~eflmclng O.OJ .li sodium hydroxide; 
c, 30 min .. refluxing dil.ute hyd:r@ehloric acid. Intensities were de
termined. 1;>y visua.l.ly estimating .. the. darkness of the iodine-developed 
spots: d.$rkest spot, 4; lightest, L 



Preparati n of 2-Keto-7-.2Dl-benzenesulfonamidobicyclo(2.2.l)-

b.e12tane_!XVIII} 

To a solution containing 0.63 g. of oily XVII in 3l cc. o! glacial 

acetic acid was added a mixture of 0.17 g. of chromic anhydride, 5 cc. 

of acetic acid, and 2 cc. of water. After stirring at room temperature 

for 48 hr., methanol was added to destroy excess chromic anhydride and 

the soluti n was diluted with 200 cc. of water. The aqueous solution 

was extracted with ether, and the extract washed with sodium carbonate 

solution, dr ied over anhydrous magnesium sulfate, and evaporated to 

yield 0.54 g. of ketone XVIII as an oil which crystallized from ether 

to give m.p. 147-148°; v !: .3130 (N-H), 1725 {C=O), 1335, ll63, 
-1 1090, 887, 773, 761, 719, and 691 cm •• 
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Anal. Calcd. for C13H17N03S: C, 58.85; H, 5.70. Found: C, 58.80; 

H, 5.62. 

The 2,4-dinitrophenylhydrazone readily formed upon the addition 

of acidified, methanolic 2,4-dinitrophenylhydrazine solution to the 

ketone. Recrystallization from 95% ethanol gave m.p. 240-242°. 

51.12; H, 4. 73. 

Alcoholic mixture XVII was also oxidized as follows. To a solution 

containing 0.,36 g. of XVII in 10 cc. of acetone was added 2 cc. of Jones 

reagent44 (1 cc . = 0 .• 004, mole of alcohol) After standing at room 

temperature for 1 hr., the solution was diluted with excess l{),t sodium 

carbonate solution and extracted with ether. The ether extract, after 

drying over anhydrous magnesium sulfate, was evaporated to yield 0.34 g. 

of oi:.. '1hich after crystalli zation from ether gave 0.19 g. of XVIII, 



0 0 
mopo 146-147 (2,4-dinitrophenylilydrazone, m.p. 2.42 ), identical in all 

respects with XVIII prepared as previously described. 

Preparation of 2-~Aceto:xy-7-lflll-benzenesulfonamidobicyclo-

{2,2,l}heptane (XIX) 

A solution containing 2.16 g. of X in 10 cc. of glacial acetic 

acid was heated on a steam. bath for 0.5 hr. The solution was then 

poured on ice and extracted with ether. The ether extract was washed 

with aqueous sodium carbonate solution, dried over anhydrous magnesium 

sulfate, and evaporated to give 2.37 g. of an oil which distilled at 
0 134-135 at O.ff'/ lllll. The distilled oil was crystallized from ethanol-

o KBr . 
water and had m.p. 135-136 ; v max 3200 (N-H), 1700 (C""=O), 1260, 

-1 
1160, 1~8, 1052, 900, 853, 760, 723, and 689 em. ; n.m.r. (in CHC13 ) 

6 0.9-2.2 (8 protons), 2.04 (acetate methyl protons), 3044. (proton at 

C7, doublet, J = 8 e.p.s.), 4.74 (proton at C2, triplet, J = 5 e.p.s.), 

5.42 (N-H, doublet, J = 8 c.p.s.), and 7.5-8.l (5 aroma.tic protons). 

Anal. Calcd. for C1sH190~S: C, 58.23; H, 6.19; N, 4.53. Found: 

C, 58.15; H, 6.30; N, 4.56. 

Hydrolysis of XIX 

A solution of 4.42 g. of XIX in 30 cc. of ethanol and 10 cc. of 

2~ aqueous potassium hydroxide was heated on the steam bath for 2 hr. 

After cooling to room temperature, the solution was diluted with 50 cc. 

of water and carefully neutralized with 5% hydrochloric acid. The 

neutral aqueous solution was extracted with ether, which after drying 
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over anhydrous magnesium sulfate was evaporated to yield 3.42 g. of 

crude alcohol from which crystalline XVII ~ , mo po 142-143°, was obtained 

as previously described. 



Preparation of 2-Chloro-7-~I"n-benzenesulfonamidobicyclo(2.2.l)------------·-·----------------
heptane {XX) 

Dry hydrogen chloride gas was passed through a refluxing solution 

of 0.46 g. of X in 25 cc. of dry carbon tetrachloride for 1.5 hr. The 

solvent was removed under reduced pressure and the residue distilled 
0 

to give 0.48 g. of oil, b.p. 0 rv, 160. Crystallization of the oil 
•Vf Dlllle 

o o film 
from ethanol at O gave 0.37 g. (7~) of XX, m.p. 114-115; v max 3300 

~ 
(N-H), 1450, 1320, 1162, 890, 758, 720, 690, and 1092 cm •• 

Anal. Calcd. for C13H16ClN().zS: C, 54.63; H, 5.64; N, 4.90. 

Found: C, 54.45; H, 5.8J; N, 4.96. 

Preparation of 2-Brom:>-7-Alll""benzenesulfonami.dobicyclo(2.2.l)-

heptane {XXI) 

Dry .hydrogen bromide was passed through a solution of 2.2 g. 

of X in 15 cc. of carbon tetrachloride at room temperature for 1.5 hr. 

The solution was then swept with nitrogen and the solvent evaporated 

to yield 2.3 g. of oil from which 1.2 g. of crystalline material 

precipitated after standing at o0 for 1 week. The analytical sample 

XXI was prepared by recrystallization from ethanol, m.p. 99-100°; 

v = 3200 (N-H), l485, 11+45, 1325, ll60, noo, 918, 760, 720, and 
-1 691 cm. • 

Anal. Calod. for C13H16BrN02S: C, 47.28; H, 4.88. Found: C, 

47.50; H, 4.82. 

Qonversion of XXI to XVII 
A solution prepared by adding 2.3 g. of XXI and lg. of lithium 

carbonate to 5 cc. of methanol and 25 cc. of water was refluxed for 

3 days. The aqueous solution was extracted with ether. The ether 
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extract was dried over anhydrous magnesium sulfate and evaporated to 

yield an oily residue. Distillation of the residue gave 0.98 g. of a 

liquid, boP•o.o5 mmo 160°, the infrared spectrum of which showed the 
-1 -1 

presence of N-H (3300 cm. ) and 0-H (3520 cm. ). 

Jones oxidation44 of 371 mg. of this alcohol gave 220 mg. of 
0 

XVIII, mop. :U..6-147 , identical in all respects with ketone XVIII 

prepared as previously described. 

Treatment of ru with Pyridine 

A solution containing 0.18 g. of XXI in 2 cc .. of dry pyridine 

was refluxed for 48 hr. After the pyridine was reiooved ill vacuo 

the residue was analyzed by thin layer chromatography (Silica Gel-G, 

chloroform) and found to contain starting material (Rf Oo50), benzene

sulfona.mide (Rf 0 .. 06), and a new product (Rf 0.43). Chromatography 

on alumina gave the new product ~s an oil the n .. m.ro spectrum of which 

indicated the presence of an alkene, the product is presumably 7-II1IJJ;" 

benzenesulfenami.dobi~ycl~(2.2.1)-2-he~tene; n .. m.r. (in CS2) 6 5 .. 85 

( triplet :with.. . .sl .=:= 2 ~.p. s • .)) t~ p:rot@ns). Under similar conditions 

the olefi:nie protons of bicycl~(2.2.1)=2- heptene appeared at 6 5 .. 85 

{triplet with J = 2 c.p.s.). 

Pre,pa.ratii)ln of 7-Benzenesulfonam·j dobicyclo(2e2el}he;ptane (XXII) 

Ketone XVIII (1.77 g. ) was added t o a s~luti@n of 3.5 g. ~f 

potassium hydroxide in 206 g. of 95+% hydrazine and 15 ce. of ethylene 

glycol, and the rea~ti@n mixture was refl uxed f or 3 hr. The excess 

hydrazine and water were remved by distillation until the pot tempera

ture reached 185@j and the soluti@n wa:5 then refluxed an additional 
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17 hr. After eo@>li.ng t'-' ro@:m temperaturej 50 ca . of water was added and 
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the solution neutralized with 5% hydrochloric acid. The neutral solution 

was extracted with ether, and the extract dried over anhydrous magnesium 

sulfate and evaporated to yield 1.16 g. of XXII, which, after recry-
o KBr 

stallization from ethanol-water, had m.p .. 104-105 ; "max 3028 (N-H), 

-1 
1450, 1438, 1341, 1325, 1160, 1095, 905, 751, 719, and 688 cm. ; n.m.r. 

(in CS2 ), 6 0.8-1 .8 (10 protons), 3.10 (proton at C7, doublet, J = 

5 c.p.s.), 5.93 (N-H, doublet, J = 5 c .. p.s.), and 7.2-8.0 (5 aromatic 

protons). 

62.53; H, 7.13. 

Preparation of 7-Aro1uQbicy;clo{2.2,l)heptane (XXIII) and Deriva-

A suspension of 0.59 g. of XIII in 2 cc. of 10% hydrochloric acid 

0 
was heated in a sealed tube at 150-175 for 12 hr. Concentrated 

hydrochloric acid (10 cc.) was added to the solution after the tube 

was opened, and the solution was extracted with ether. The remaining 

aqueous solution was made basic with 20% sodium hydroxide and extracted 

with ether. The latter ether extract was dried and evaporated to 

yield 0.12 g. of 7-aminobicyclo(2.2.l)heptane which was converted 

into the B-acetyl dedyative by heating a few minutes with excess 

acetic anhydride. The excess acetic anhydride and acetic acid were 

removed by distillation under reduced pressure. The residue was 

crystallized from hexane three times to give 7-acetamidobicyclo(2.2.1)
o KBr 

heptane (XXIV), m.p. 130-131; v max 3280, 2925, 1620, 1540, 1315, 
-1 

1300, and 1290 cm . .. The crystalline derivative and the hexane- free 

mother liquor from which it was obtained were found to giv.a ·· si .. 6le 

i dent ical peak when analyz~d by gas chron:atography 



and to differ fr011. the corresponding 2-Jm.Q.2 and 2-~ isomers by gas 

chromatography. 

Anal. Calcd. f or C9HisNO: C, 70.55; H, 9.87. Found: C, 70.49; 

H, 9.98. 

The Ji-chlorcacetyl derivative (X:XV) was prepared by heating the 

amine with chloroacetyl chloride in pyridine-benzene and had m.p. 

80° after recrystallizati@n from petroleum ether (lit.45 m..p. 84-85°). 

Preparati~n of 2-~Aminobicyclo(2.2.l)heptane (XXX) 

A suspen5ion of 30 g. of I in 75 cc. of cold 6<:JI, sulfuric acid 

was shaken with Gccasional cooling until the soluticm became homo-

geneou.s. After neutralization., the aqueous solution was extracted 

with ether which in turn was dried and evaporated to yield 18 g. of 
46 

b:tcy11;!,j)(2.2.l)-2=heptanol. 

The bi~ycl~(2.2.l)-2-heptan@l was ~xidized to give bicyclo(2.2.l)

-.2-heptanmi~ (CVl) as previously des©ribed.47 The bi~;yclc(2.2.l)-2-

-hepta.noo.e ( CVI) wa.s ~txr!verled int@ 2-~ ·.mi.nciibi~ycl@{2.2.l)heptane 

by preparati@~ ~f the oodJn.e and subsequent catalytic reducti@n as 

described by Alder and Stein.48. The lf-a@etyl derivative which had 
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m.p. 130~1.32® (lito 49 mopo 131-·132°) was prepared by the utfflal :methQd 

and was i'®und by gas chromatography (see later section) to be u.nco:ntami-

nated by the~ isomer. 

When bi©7©Jl.l1))(2.2ol)~·2-heptan~ne @.rl.m.e was reduced with sodium in 

ethal'J.c.(il. :, the rest!lting a.mine wae the~ amitie @@ntaminated with~ 

is~mer, a$ ~h@wn by gaa @h1~ma.t@graphi© analysis ~f the a~etylated 

a.mineo 
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heptane was prepared using benzenesulfonyl chloride in pyridine. The 

analytical sample was obtained by three recrystallizatimis from methanol 

and had m .. p. 10:5-1~0 0 

Analo Calcdo for CusH~7N02S: c, 62.12; H, 6.820 Found: C, 

62.63; H, 6.76. 

The chl.oroacetyl derivative was prepared as previously described 

and had mopo 1or.,-105" (lit .. 45105-1~0 ). 

Preparation of 2-~AminobicyclG(2.2ol)heptane (XXVI) 

A mixture of~ and ~2-cyanbicyclo(2o2.l)-5-heptene was 

prepared by the Diels-Alder reactiGn of acrylonitrile and cyclopentadiene 

as previously described~O ~2-CarbaJJUlbicyclo(2.2.1)-5-heptene was 

prepared from the mixture of cyanides by the action of sodium amide in, 

liquid a.n:iamn:ia as de~cribed by Boehme, ~t. .aJ..51 Hydrogenation of the 

unsaturated amide with platinum oxide catalyst in ethanol gave the 

previ@~sly re~rted51 saturated amide, lnopo 192° (lit.51 mope 19205-

193050), whi.~h was ~@nverted L?1t<0 2-~amin@bioycl~(2o2.l)heptane by 

the Hofmann reaoti@n a~c@rdi.ng t o the pro~edure of Berson and Ben

Efriam. 49 The lf-acetyl derivative, prepared with acetic anhydride, ~d 

mopo 132-133@) (lito49 :m.po ]AQ-..JA.3°). The gas (:hremat@gram of this 

derivative :indicated a slight ~onta.mination with the ,smsiQ isomer. 

The bem:enesul.f oeyl derivative of the .§Q. amine was prepared by 

treating the amine in pyridine with benzenesulfonyl chloride. The 

a.na.lytical sample was ~btained after four recrystallizatiiims from 
(t;) 

aque~us metha.'l'lcl and had :m.. po 89-91 .. 

A.11alo Cal©d. f @~ CvsHv1N~S: C, 62ol2; H, 60820 Found: C, 

62.54; H9 7 .. .20. 



The lf-chloroacetyl derivative> prepared as described previously, 
0 45 0 

had m.p. 120-121 (lit. m.p. 126-127 ). 

Ga,s Qhroatographic Qoa,risons of Acetyl,ated, Aw:J nes, mv, 
XXUI, And, XXXI. 

All gas chrolllatographic analyses were performed on a 0.25-in. 
0 

x 10-ft. Craig polyester column at 210 using a helium flow rate of 

59 cc. per min. The foll.owing retention times were observed: 7-

-acetamidobicyclo(2.2.l)heptane (XXIV), 12 min.; 2-.mld.2-acetamidobicyclo

(2.2.l)heptane (XXXI), 13.3 min.; 2-~aceta.midobicyclo(2.2.l)heptane 

(:XXVII), 14. 0 min. 

Thin Layer Chromatographic Qop risons ot Amine Derivatives 

Thin layer chromatograms were obtained by ascending (15 cm.) 

chromatography on glass plates coated with a 50 ~ thick layer of 

Silica Gel G. The reported Rf values shown in Table III are for 

leading edges. 

Solvent 

Chl@l"\l')fOrm 

TABLE III 
\ 

THIN LAYER CHROMATOGRAPHIC C~ARISONS OF 
.AMIN.OBICYCL0(2.2.l)HEPTANE DERIVATIVES 

Rr 

J-Benzenesul.fo:aamido Ji-Chloroacetamido 

2-~ 2-~ 7 2-~ 2-~ 7 

XVIII XIX VIII XVII XIV XI 

0.25 0.20 0.32 0.16 0.14 0.24 
l.::l Chl@roforJ:ll"'" 

benzene .29 .23 .32 
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Infrared Spectral Comparisons of l{-Chloroacetyl Derivatives of 

I§.Ollleric 4rn1 pes 
-1 

In the 1500-4000 cm. region of the infrared spectrum all three 

lf-chloroacetyl derivatives (XXV, XXVIII, and XXXII) exhibited essentially 
- 1 

identical bands at .3.330, 2790, 1800, and 1600 cm. • 

The following differences were noticed in the infrared spectra 
-1 

of the three isomers. In the 9()(}.1500 em. region, the 2-.tm isomer 
- 1 

showed a mderately strong band at 1107 cm. which was shifted t o 1320 
-1 -1 

and 1235 cm. in the 7-isomer; a moderately intense band at 1200 cm. 

in the spectrum. of the 7- isomer was not pr esent in the spectra of the 
-1 

2-,§D and 2-.§.Wi2 · isomers. In the 75()-900 cm. region a moderately 
-1 -1 

intense band at 878 cm. in the 2- ~ isomer was shifted to 888 cm. 

i n the 2-~ isomer, and the 7-isomer showed a weak doublet at 873 
-1 

and 890 cm. ; the ?-isomer showed a m>derately intense doublet at 805 
- 1 

and 788 cm. , whereas in the 2-~ isomer, a single band appeared at 
- 1 -1 

788 cm. with a very weak band at 813 cm •• 

Melting PQint Conma,ri,1011 of ApJ'ine Derivatiye.s 

All mixture melting pi.,;:ints, indicated by numbers at pcints of 

lines j oining two melting points as shown below 9 were determined after 

mixing, mel ting, .and all.owing the s@lid mixture t o res©lidify. 



TABLE IV 

MELTDI& POIN"l' COMPARISONS OF AMIMOBICYCL0(2.2 .. l)BEPTANE DERIVATIVES 

Amine Melting Points of Derivatives 

2-~(XXVII) 

2-.smga(XXXI) 124-125 
0 

7 (mv) 

2-.@m.(XXVIII) 

2-.GDU;(XXXII) 

7(:XXV) 

7(XXII) 

)-Chloroacety-1 
0 

120-121 

. . 0 --------- 0 8&-89 104,-10, 

·~86° 

o~ 
80 
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2.. Reaction o,( Ben;enemtsmxl Az;ide wit;, Bicye10<2,2,1)-2,5-

'""'.heptadiene: 

Freparatien of ,I-Benzenesulfo:nyl-2-azabieyclo(.3o2 .. l)-.3,6-octadiene 

( LVII = LVJII} . 
A S(l)lution of 22 g .. of benzenesulfonyl. azid.e (VI) and .32 g .. VIII 

in 200 ~e. of benzene was stirred overnight at N>C>m temperature.. The 

benzene was remved ia ya.cm,. and.the .residue chroma.tographed on 750 go 

of Merck acid-washed. alumina.. Elution with 2 lo of benzene gave 18 .. 3 g .. 

of LVII as an oil which deeolDp(l)sed on standing. Elution with.21 .. of 

ethyl ether gave 5 .. 7 g. of a mixture of several unidentified polar 

components which shewed. If-II, 0-li, and carbonyl abS(l)rption in the infrared 

spectrum.. An a.na.lyt.ical sample of LVII, was prepared by distillation 
() 

at 100 and 0 .. 03 :rmn. .. ; n .. m .. r .. (in CHC:13 ) 6 1 .. 23 (.an Cs preton, doublet, 

J = 10 e .. p.s .. )., 1.. 70 (.mtJ,. Gt prcton, sextet, J~L !HI 8 = 10 
D""'.aB:l\&•)l -.uB 

c .. p.se, JS-aa:ti., l,f.= 4 c .. p .. s .. ), 2 .. 65 (proton at CJ$, q\lintet) 4 .. 80 

(prote at C11), 5,,27 (protons at C.1t, and C6), 6.15 (pNto:n at c,, 

quartet, J7,l = 2 .. , c .. p .. so, J7,6 - 5 .. 7 Copos .. ), 6 .. 35 (proton at C3, 

quartet, JJ,4 = 7o5 c .. p.s., J3,5 = 1.,5 CopoSo).11 atld 7o4,~o0J (5 

aromatic pNt~:ns). See Plate I. 

Anal. Calcd .. f&r C11sH1.3NOzS: Cl, 63 .. 13; H, 5 .. .30. Fcrtmd: C, 

63 .. 64; H., 5.53. 

N,M .. R, study er ;the Re,urt;ion or Benzene®Jfpny:l Azide with 

BicycloC2,2,1)-2,_5-w;pta.¢i.ene. 

A solution of 0 .. 244 g., VIII and 0 .. 2.40 g .. benze:nesu.lfo:nyl azide 

(VI) in 1 cc .. deutero©hl()mf()rm (1% tetramethylsilane) was placed in 

an n.m .. r. tube at 26@ and. th.e .spectrum reeordeo perl,@di~a.l.cy-, Based 
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on the integration of total aromatic protons in the mixture and selected 

non-aroma.tic proton:s in LX and LVII, the percentage(:!: 2%) of each 

component at a given time after mixing is shown in Table V 

Time (hrs.) 

2 
4.5 
8.5 

19 
48 
72 

TABLE V 

REARRANG»IENT OF LX TO LVIII 

LI 

53% 
5~ 
54% 
43% 
21% 
(1% 

LVIII 

13% 
25% 
31% 
45% 
6~ 
81% 

The following signals in the n.m.r. spectrwa at 2 hr. were 

attributed .to LI: An AB quartet (J = 8.5 c.p.s.) at 6 l.<J'/ and 1.66 

arising from the C7 protons, a broad multiplet centered at 6 2.96 due 

to the bridgeh.ead protons, a sharp singlet at 6 3.18 for the C2 and C3 

protons and a triplet (J = 1.5 c.p.s.) centered. at 6 6.35 arising from 

the C5 and C6 protons. 

Pr§RB:rat!on or N-Bep.enesyJfonvl-S-azatricy;clo(J,2,lel2 '.3-..1;1Rl~ 

octane CU} from LX 
A solution of 32 g. of VIII and 21.4 g. of benzenesulfonyl azide 

(VI) in 300 cc. of benzene was stirred ovemight .. Removal of the 

benzene ill yaqµp. left 28.7 g. of an oil which n.m.r .. analysis showed 

to contain 33± 2% IX and 4(JI: 2% LVII. A solution of 5.8 g. of this 

mixture in 50 cc. of ethyl acetate was hydrogenated in the presence of 

0.7 g. platinum oxide. After the uptake, of ~drogen ceased, the catalyst 

was removed by filtration and the sol vent evaporated to give 5. 9 ,..8'• 

of an oil. Analysis ef the hydrogenated mixture by n.m.r. showed the 



pres.ence of 33± 2% XI and 42± 2% I.XI. The hydrogenated mixture was 

ehromatograpb.eci. directly .on 700 g. Merck acid.-wa.shed alu:ina. Elution 

with l l .. of 'benz'1i• .. ga:ve.1 .• 232 g. of UI., DloP• 47-51 °. Mixture 

melting point with an.a.uthc,ntic sample of XI (m.p. lali.-105°) was 

und.epressed. 

Preparation Qf .• lr.Benzenesul.fonyl-2""'.aZabicyclo(3.2 .. l)-3-octene 

( LXI = r.rr;p from LVII 

A solutiom of 18 g. of LVII in 250 cc .. methanol was stirred for 

24 hr. under hydrogen.at atmospheric pressure in the presence of 2 g. 

of 5% palladium on charcoal. After hydrogen. uptake ceased, the reaction 

mixture was filtered and.the methanol was remved frem the filtrate 

ill vaeuo. . The by'drogenated .... product _ was chroma.tographed on 750 g. of 

Merck acid-washed alumina. •... ___ Elution __ with 2 1. of benzene gave 15.3 g. 

of LXI whi.elll crystallized. and had.m .. p. 47-519 • This material showed 

on:Ly one spc,t (Rf 0 ... 45).apon.thin. layer chro:matograph.y on Silica Gel-G 

(20 cm.) in chloroform .. 'I'b.e.a.nalytical sample was prepared by sab

limation thrice at ;o! at ©.03 mm .. and had m .. p. 51-528 (U.t .. 21 m .. p. 

50-53°); v ~t 1625, 1318,. 1165., 1100., ,os., and 726 cm. -l; :n .. m.ro 

(in CHCl3) 6 0 .. 9:;-2 .. o {.6 protons), 2o29 (proton at Cs), 4.48 (proton 

at C1), 5.25 (proton atC4., sextet, J4 , 3 = 7.2 c .. p .. s .. , J4.,5 =l.5 e.p.s .. ), 

6 .. 47 (proton at C3 ., quartet, J3,4 = 7o2 c.p .. s .. ., J3, 5 = L5 c .. p.s .. ), 

and 7.49-7.99 (5 aroma.tie protons) .. See Plate II .. 

Anal. Ca.led .• for C13H1.5N~S: C, 62 .. 62; H, 6.06.. Fnn.d: C, 

63.01; H., 6.30. 

Qzcmolzsi,s ,r LXI p.xr = LXII) 

A stream.of OJEYgen eo:m.ta.ining ozone was passed through a solution 



0 of 15 g. of LU b 50 ec. of met:bylell,e chloride maintained. at -70. 

After tJae u.ptake of ozone ceased (.Q&.2 Jar.), the solutton was poured 

into 50 ce. of 5~ acetic acid containing apprexi.matel,7 2 g. of zinc 

dust and Ute slurry stirred overnight. The a.eidie aqueous lqer was 

neutralized. witk sod.ium carbonate and· the organic layer was decanted. 

The aqueous lqer was extracted. with additional methylene chleride .. 

The methylene chloride extracts were combined, dried over anhy"drou.s 

magnesium sulfate, and eo:ncetrated ill yagu. Chroma.tograp)q or the 

concentrate on 500 g. Merck acid-washed alumina yielded 7 .1 g. of 
film 

I.XIV as an oil eluted with benzene-ether (9:1). "max. _ 2775, 1725, 
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1365, 1230, 1177, a.nd 1100 em. -l; n.m .. r. (in GDCl3) 6 1.,40-2 .. 74 (7 

protons), 4 .. .34 (proton at C3), 7.59-s.09 (5 aroma.tie protons), 9.22 

(.1-forivl protea), and 9 .. 71 (aldel:lydie proton, doublet, J = 1 .. 5 e.p.s.). 

Pra&rat.4,ta pf 3::Beuea,wr•naIP1 d,agy;cl,qentaneoa,rb&xylic Acid, 

( LIV) and, it1 B,thxl Ester from µI ( LXI = LUI) 

A stream of OJcy"gen contaim.ng ozene was passed through a solution 
0 

of 9o"l g. I.II in 20 ee. ef methtlene chloride maintained at -70 .. 

After the uptake of ozQne c.eased (£&.o 1 hr. ) the selution was treated 

witlll 2.5 cco of .30,C llydrcgen perm.de and. stirred fer 4 hr. The excess 

peroxide was than destroyed by the addition of pla.tin:wa oxide a:nd tae 

metllylene ehleri(le solution was treated directly with exeess Tellens 

reagent (16 g. AgN03 in .320 cc. ef water mixed with l&Q cc. of l°" 

NaOO: a.nd 160 CCo dilute NlLi,©EI just before use)o After 24 hr. the excess 

Toll.ens reagent was destre7ed by addition of formaldehyde .. The aq11.eeus 

basic solution was washed. with ether and. acidified.. Tile acidic aqueous 

solu.tien was extracted with ether wnich, after drying over anhydrous 



:ma.gneaiUJR sulfate, was evaporated to give 8.2 g. of LIV as an oil. 

0 Cr,ystallizatiom of LIV from ether in the cold gave m.p. 117-119; 

KBr -l 
" max 3280 (N-H) and 1715 (C = 0) CJL O 

Anal. Calcd. for Cy2H15IO.,..S: C, 53.31; H, 5.97 .. Found: C, 

53.20; H., ;.;6. 

The methyl ester was prepared by treatment of LIV with excess 

ethereal ,:iiazomethane. Thin layer chromatography of the methyl ester 

prepared from unpurified LIV., on Silica Gel-G (15 cm .. ) in chloroform

acetone (9:1) showed a major component (Rf 0.45). v ~ 3250, 1730, 

1320, and ll.60 cm.-1; n.m.r .. (in CHCl3) 6 1 .. 47-2.1; (6 protons), 

2.45-3.12 (proton at Cy), 3.65 (4 protons, methyl ester protons super

imposed on·protcm. atC3), 5.,95 (li-H, doublet, J = 8 c.p .. s.), and 

7. 55-8·.,10 (; aroma.tic protons). 

Conversien of LIIV to l-3-(methylc7clopentyl)-benzenesulfonamide 

{LIYI) 

To a solutia of 3.9 g .. of I.XIV in 45 cc. of ethylene glycol wer'e 

added 10.; g. potassium hydroxide and 5 cc. of 9.,+ % by"drazine. The 

reaction mixture waa refluxed for 4 hr., then the temperature was 

· raised to 2109 b7 <U.stlllaticm .. of water and excess hydrazine. More 

hydrazine (5 cc~) waa.a.cid.8Cl.·Uld. the solution refl.uxed at 190° for 

an additiona.l. ltl .. ar.. 1'h.e .. reaction Dd.xt11re was, cool.eel, poved onto 

100 cc. water, neutralized with dilute sulfuric acid,. and extracted 

with ether. The ether extract was washed twice with 100-cc. portions 

of water and then dried ever aneydrous magnesium.Jsul.fate. Evaporation 

of the ether gave an.oil which was chromatographed tm 250 g. of Merck 

acid-washed alumina. Elution with l 1. of benzene-ether (9:1) gave 
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2.0 g. C!)f LIVI as an oil. Thin layer chro11a.tography of the eluate on 

Silica Gel-G (15 cm.) in chloroform shewed that successive chro11a.to

graphic fractions containe.d two poorly resolved components (Rf 0.40, 

0.42). An ana.1.ytical sample of LIVI was prepared by distillation of 
' ' 

0 
the eluate at 150-160 and 0.05 na.; n.m.r. (in CDC13 ) 6 o.7s-1.o 

(3 pretons, methyl protons as 2 overlapping doublets), lo0-2.0 (7 

pro.tons), 3.64 (proton at C1, sextet), 6.01 (N-H, doublet, J = 7.5 

c.p.s.), and 7.44-8.17 (5 aro11a.tic protons). 

Anal. Calcd. for C12H17N~S: C, 60.22; H, 7.16. Found: C, 60.31; 

H, 7.13. 

Qonve,r§iqn of LXVI to 3::Methy1cvc1Qpentxlam1 ne 
. I 

To a solution of L 5 g. o.f LIVI in 20 cc. of .us:,-butyl alcohol was 

added 2 g. of metallic sodium over a pericd of 15 min. The solution 

was refluxed overnight, cooled, diluted with water, and acidified with 

dilute hydrechloric acid. The reaction mixture was then concentrated 

in vacuo to re:move the alcohol and then extracted several times with 

chloroform. The aqueous portion was rendered basic and extracted with 

ether. The ether extract, aft.er drying over anhydrous magnesium sul.f ate, 

was slowly evaporated through a Vigreux col'Wll'l to give 450 mg. of the 
) 

amine as a fou1-smelling oil. The amine was converted into 1,.ts HCl salt 

b7 the addition of excess dilute hydrochloric acid followed b7 evapora

tion in vacuo of the excess hy-drogen chloride and water. The ,HCl salt 

thus prepared was used without further purificationo 

Nitrous Acid D,aa1 wrt,ion of 3::Methylgocclopmrt;yl aa1 ne 

A solution of 405 JDgo of the HCl salt of the amine prepared above 

in 2 cc. of water was heated at 60° for 4 hro with Oo32 g. of sodium 



nitrite and seven drops of glacia+ acet:f,.c acid.. After this time tl'le 

solution waa neutraJ.ized with aqueous sodiwn carbonate solution and 

st,eam di-stilled. The steam distillate was ext.racted with ether which, 
' . 

after drying over a.nhydrous magnesium sulfate, wa.s slowly evaporated 

throllgh a Vigreux column leaving,200 mg. of a mixture of .3-methy-1-

cyclepentanol. .. and ale.fins., . Gas. chromatography of the mixture on a 

0,.25-in. x 10-ft.. DEGS col'W'lll'l at l20° using a helium flo'W""'rate ef 

115 CCo per min .. showed the following peaks: 0.,5 mi.no (29%, elef:ins), 

L. 75 min .. _ _(6%), 4 mi.n .. (3%), and 6 .. 5 ndn .. (62%, .3-methylcyclopentanol)., 

Cyolop~ta.nol had a relem.tian.. t!m.e ... of 5.5 min., under these conditions,. 

F!nmarattu --~ l:MethJlcyc1opentamme CIXVII) 
. . \ . 

( ., 

A portion (160 mg . .,) of the deamina.tion mixture from above was 

stirred. for 24 hr. with 300 mg .. of chromic ~dride j.n 3 cc .. of 

90% acetic acid .. The reaeti.Qll mixture was diluted with 5 CCo Of water 

and neutraJ.ized with sodium. carbonate .. The neutral solution was eJC--

tracted with ether. The ether ext.ract was dried. ever a:nbydrou.s magnesium 

sulfate and evaporated. slowly through a Vlgreux. eol'UDin to give 102 mg., 

of IXVII.. Gas chromatography of the o.xidatien mixture using the same 

conditions described above except for a flow rate of 86 cc.,/mn .. showed 

IXVII as the. maj.or component (Tr= 6.,5 nd.n.,), identical with an authentic 

sample of Iiv:r~ wh:teh under these conditions nad a retention tbte 

of 5.5 m:µi.. Th.e dibenzylid®YA@ derivative of LI.VII .had mopo 156=-157° .. 

after recrystallization from methanol and shewed no depression upon 

mixture melting point with.an au~he:ntie sa.n;,le24 which had m .. p .. 156-1570'., 

3., Rea,ct,ion, of Bew;enesul,fonyl Azid,e with Diqy:e1openta.d,iene: 

Prema,ration of IXXIll 



A solutien er 4.3 g. or dicyclopenta.diene (II) and 7.0 g. benzene

sulfoDYl az;lde (VI) in 10 cc. ef chloroform was stirred at room tempe.z

ature for 3 hrs. During this time nitrogen was smeothly evolved and 

a white solid precipitated from the reaction solution. The solid. was 

reeeystaJ..Uzed from benzene-petreleum ether (1:1) to give 9,.49 g. 

or 1XXIII, m.p. 138°; v !: 1310, 1160, 1090, 885, and 750 cm., -l; 

n.m.r. (in CCL,.) 6 0.88 (~ C7 proton, doublet, J = 9.5 c.p.s.), 

1.55 (.1m C., proton, doublet, J = 9 • .5 c.p.s.), 2 .. 62 {proton at C2 , 

doublet, J = 5.5 c.p.s.), 2.88 (proton at C3 , doublet, J = 5.5 e.p.s.), 
\ . ' 

2.2-3 .. 2 (6 protons, broad multiplet), 5.4-5.9 (2 v.inylic protons), ~ 
.•· \ 

7.4-7.9 (5 aroma.tie protons) .. 

.Anal. Caled. for C1,H17NOaS: C, 67.37; H, 5.,96; .N, 4.91. Found: 

C, 67.27; H, 5.92; N, 4.68. 

lmrs>gepti.Qn of IXXIII 
A solution of 0.560 g. of LXXIII in 20 cc. of 95% ethanol was 

eydrogenated in a Parr hydrogenation apparatus with 0.5 g. er Raney Ni 

(wet weight) utlder an initial pressure or 40 p.s.i.g. After 48 hr. 

the solution was filtered and. the hydrogenated pn>duet was precipitated 

(0.526 g.) from the alcoholic filtr~te by the adding or water. The 

o KBr -1 product, 1XXVII, had m.p. 144-145 ; v max l.310, lJ.60, and 878 cm. ; 

n.m.r. (in CS2) 6 Oo92 (Amt.1 C7 proton, doublet, J = 9.5 c.p.s.), 

1.35-1.72 (9·protons), 2.21-2.40 (protons at C1, C4, Cs, and c,), 

2.90 (protons at C2 and C3 ) and 7.23-7.s2 (.5 aN>:mat!c protons) .. 

Anal. Calcd. for C1,H19NOzS: C, 66.40; H, 6.62. Found: C, 

66.54; H, 6.66. 
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4° Reaction 9t Benzenesw.ronv1Azi4e with Biczs;leC2e2e2)-2-qctene: 



Prmw:atign of LXXIX yd rm 
A solution of 12.4 g. of benzenesulfonyl azide (VI) and 7.3 g. 

of bicyclo(2.2.2)-2-octene (IX) in 30 cc. benzene was heated on a 

steam bath for 3 days. .Analysis of the reactian mixture by infrared 

spectroscopy at 24 hr. intervals showed an increase in absorption at 
-1 · , -1 

1612 cm. as the azide absorption at 2108 cm. decreased in intensity 

(no absorption for N-H_was observed). Relllll)val of the benzene under 

vacuum left 18.5 g. of semisolid residue. 
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The infrared spectrum of a portion of the reaction residue exposed. 

to Jll)ist air overnight showed N-H absorption in the 3300 cm.-l region 

and a carbonyl absorption at 1730 cm.-l but no absorption at 1612 cm.-1• 

A 2.05 g. portion of the reaction mixture was finely ground and 

exposed to moist air overnight. Chromatography of this portion on 

100 g. of silica gel gave 1 .. 41 g. of solid upon elution with 0.8 1. 

of benzene-petroleum ether (1:1). Thin layer ehromatography of the 

solid on Silica Gel-G (10 cm) in benzene-petroleum ether (1:1) showed 

this eluate to be a mixture of LXXX and bicyclo(2.2.2)-2-octanone. 

These two components were separated by addition of excess acidic, 

ethanolic, 2,4-dinitrophenyllzy:drazine followed by fractional recrystall-

ization. The 2,4-dinitrophenylby'drazone derivative and LXXX were 

separated by repeatedly adding water to ethanolic solutions of the 

mixture; the hydra.zone precipitated immediately and the aziridine only 

upon standing. In this manner 0.685 g. of bicyclo(2.2.2)-2-octanone 
0 

2,4-dinitrophenylby'drazone, m.p. 165-166 (lit. 30 m.p. 165-166°), and 

1.102 g. (54%) of LI.XX, m.p. 88-90°, were obtained. The analytical 

KBr . -1 sample of LXXX gave v max 1300, U60, 1092, and 990 cm. ; n.m.r. 



(:Lm CS2 ) & l.l.,3 (2 protons at c., and c,, doublet, J = 9.5 e.p.s.), 

1.53 (6 protons as broad mo.l.tiplet), 1.82-2. 0, (pmons at C1 and c,..),, 

2.88 (protons at C2 and C3, nmlti,plet), and 7.47-7.84 (5 aromatic 

protons). 

Anal. Cal.eel. fer C1,.Jl17BQaS: c, 6.3.8<]; H, , .. ,1. Fownd: e, 

6.3.95; I, 6.90. 

Elutien of the siliea gel column with 150 cc. of 95% ethanol gave 

0.8 g. of brown soUd from which 0.4 g. (.3.3%) of benzenesw.fonami.de, 

m.p. 150-1529 , was sublimed; m1xt.ure melt~ point with an authentic 

sample was lll!ld.epressed. .. 

<2,2,2)9etane (LIXIII) 

A selutien of l.'1 g. of LXXX and. 1 • .3 g. ef thioplleaol in 1.3 g. of 

.t,m-but7l alcobel. ( 0.1 1[ in potassium .'tc.ti:i-n.toxid.e) was refluxed for 

12 hr. The reaction mixture was diluted. wi.ta water and carefu.l.J.y 

neutralized with dilute hyd.rechl.orie acid. The mixture was extracted 

with ether which was then dried over an.hydrous magnesium sw.fate al'ld. 
o· 

evapc,rated to give 2.17 g .. (89%) of l.XIXII, m.p .. 1.35-136 ; :n .. m..r. 
l 

(in CHC13 } & 1..29-1 .. 82 (10 protons), 3.10 (2 protons, mdtiplet; 

sharpened to AB quart.et upon addition oi' CF3CO(!)H with doublets centered. 

at 6 2 .. 82 and 3 .. 02, J2, 3 = 6.5 e.p .. s.), and 6.00 (H-1, doublet, J = 

5.5 c.p.s.; disappears 111pcm addition ef CF3CGOH). An ana.lTtieal sampl.e 
. e 

was prepared by recrystallizattan fN>m etker and. had lllopo l.35-136 .. 

Anal. Caled .. for C20H23NOaS2: C, 64 .. 31; B, 602.l. .. F011Rd: C, 

64.ll; H, 6.35. 



A suspension of 12 g. of Raney nickel in 25 co. of isopropyl 
14 

alcohol conta.iliing 1.7 g. of LXXXII was refluxed for 12 hr. The 

reaction mixture was then filtered and the nickel washed several times 

with i~opropyl alcohol. Evaporation of the filtrate gave 1 g. of 

2-benzenesu.1.fonamidobicyclo(2.2.2)octane, m.p. 95-90°. An analytical 

sample was prepared by recrystallization from ether and had m.p. 
o KBr 1 

97-98; v max 3282, 1330, and 1165 cm.-. 

Anal. Calcd. for C14H19N~2S: C, 63.36; H, 7.22. Found: C, 

63.72; H, 7.37. 

An authentic sample of 2-benzenesulfonamidobicyclo(2.2.2)octane 

was prepared from bicyclo(2.2.2)-2-octanone oxime, m.p. 11.3-116°, 

(lit.52 m.p. 114-118°) by catalytic reduction with Raney nickel in 

methanol to the amine and subsequent _treatment of the amine with 

benzenesul.fonyl chloride. The sample prepaz:-ed in this manner had m.p. 
0 

of 96-97 and mixture melting point with that prepared from LXXXII 

was undepressed. 

Treat-,ut or LXXX with Hydroeen Brom;ida 

Dry hydrogen bromide was passed through a solution of 4.7 g. of 

1XXX dissolved. in 25 cc. of carbon tetrachloride at room temperature 

for 1 hr. '.l'he solution was allowed to stir overnight and th~n swept 

with nitrogen and washed with aqueous sodium carbonate solution. The 
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carbon tetrachloride s~l~tion was dried over anhydrous magnesium. sulfate 

and evaporated. The residue was chromatographed directly on JOO g. 

of Merck acid-washed alumina. Elution with benzene-chloroform mixtures 

gave initial eluate (l.6 g.) containing two components (thin layer 

chromatography) from which LXXXIV crystallized from petroleum ethez-
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o KBr -1 
ether solution, m.p. 129-130 ; v max 3300, 1318, ll70 and l(YJ7 cm • . ; 

n.m.r. (in ~HCl3) 6 1.10-2.31 (10 protons), 3.49 (proton at Cs llllll.tiplet; 

sharpened to a triplet, J = 4 c.p.so, upon addition of CF3COOH), 4.28 

(proton at C2 , multiplet), and 6.C,, (N-H, doublet, J = 9 c.p.s.; 

disappeared t1pon addition of CF3COOH). 

Continued elution with henzene-chloroform :mixtures of increasing 
o · KBr 

polarity gave 2 • .3 g. of LXXXIII, m.p. 136-137; v max 3230, 1310, 
-1 U60, and 1080 cm. ; n.m.r. (in CHC13-CF3 COOH) 6 1.27-2.0 (10 protons), 

3,70 (proton at C2, doublet, J = 5 c.p.s.), 3.96 (,roton at C3, doublet, 

J = 5 c.p.s.), and 7.50-8.15 (5 aromatic protons). 

Anal. Calcd. for C1~H1sBrNOzS: C, 48.84; H, 5.27. Found: C, 

49.18; H, 5.35. 

5~ Boasticm, of Bon;opofPJCgnyl Azido yith B;Lcyc:;10<2,2,1)-5-hoptono-

-.a.mls;t-.a.11-2,3-dicarbaxylic ~ride 

Prmra,tion qr VII And, LXXXVIII <r.xxm;II :XCII) 

A solution of V (4.4 g., 26.8 mmole) and be11ZeneSlll.fonyl amide 

(V) (6.0 I•, ,32.8 DIDOle) in 65 CCo carbon tetrachloride was refluxed 

for 48 hr. '!h• solvent was removed in va,cuo and VII (4.132 g., 13.0 

mmole) crystallized from benzene-acetone to give m.p. 2C1r210°. The 
0 9 0 

crystalline product had m.po 215-216 (lit. m.p. 215-216.5) after 

recrystallization from acetone. The moth.er liquors were combined 

and concentrated. The concentrate was treated with excess diazometh.ane 

in ether-methanol. The esterified mixture was concentrated and chroma.to-

graphed directly on 250 g. of Merck acid- washed alumina. Elution with 

0. 5 lo of benzene gave 0. 714 go of benzenesulfonyl azide. Elution with 

11. of benzene-chloroform (9:1) gave the dimethyl ester from V (0.252 g., 



1.2 lllll'>le). Elution with l 1. (8:2), 0.5 1. (7:3), and 0.7 1. benzene-

chloroform (6:4) gave LXXXVIII (1.76 g., 4.8 DDDle). The analytical 

ea:mple, prepar&d by crystallization frem methanol, had. m.p. 113-lJ.4°; 

v KBr 1740, 1325, 1200, ll60, and 880 cm.-1 ; n.m..r. (:iJl CDCl3) 6 
max 

0.90 (Anti C., proton, doublet, J = 10.5 c.p.s.), 1. 70 (.1m C,. proton, 

doublet, J = 10.5 c.p.s.), 2.83 (protons at C1 and c...,), 3.13 (protons 

at C2. and C3), 3.53 (protons at Cs and c,), 3.67 (6 protons of dimethyl 

ester), and 7.5-8.l (5 aroma.tic protons). 

Anal. Calcd. for C11H19°'NS: C, 55.88; H, 5.24. Found: C, 

56.22; H, 5.45. 
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Continued elution with 0.4 1. of benzene-chloroform (6:4) gave 
0 LXXXVII (0.858 g., 2.4 D11110le) which had m.p. 129-130 after recrystalliza-

9 0 
tion from ether (lit . m. p. 130-1.31 ). Elution with 2 l. of chloroform. 

gave 0.771 g. of an unidentified oil containing N-H a'bsorption in the 

infrared. and whose n.m.r. spectrum showed several methoocyl signals. 

Thin layer chromatographic analysis sh.owed this material to be a mixture 

of several very polar coq:,onents. 

6. Reaqtipn of. B,nzen,eoJ ron:ri Azid,e with W,cyc1Q(2.2,1)-s-hepteno:: 

-~_w-2,3-dicar'bo:x;ylic Anhydride: 

Pr~ration of XCIV {XCIV;:XCJI) and c 
A solution of IV (4.77 g., 29 mn»le) and benzenesul.fonyl azide 

(5.95 g.) in 62 cc. of carbon tetrachloride was refluxed. for 48 hr. 

during which time a gumDG'" solid. precipitated. The solvent was stripped 

.1a yacµp. and the precipitate partially crystallized from benzene to 

give XCIV (4.18 g., 13.1 Dlli!Q1e), m.p. 167-8°, (lit.9 16$-168.5°). 

The moth.er liquors were conc.entrated and treated with excess cij.azo:methane 
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in ethe~thanol. The esterified mixture was chronatographed on 

500 g. of Merck acid-washed alumina. Elution with 0.5 l. benzene gave 

0.69 g. of benzenesulfo:nyl azide. Continued elution with 1.5 1. of 

benzene gave 0.65 g. (3.1 mmole) of the dimethyl ester from IV. Elution 

with 11. (9:1), 11. (8:2), and 11. (7:3) benzene-chloroform gave 

0.245 g. of a mixture which was shown by n.m.r. analysis to contain 

1.51 DIIIOle of the dimethyl ester from IV and 0.6 mm:>le of the dimethyl 

ester fromXCIV. Elution with l 1. (6:4) benzene-chloroform gave 

2.937 g. of a mixture of 4.3 mmole of the dimethyl ester fromXCIV and 

3.7 nmole of C. Elution with 11. (1:1) benzeme-chloroform gave 1.12 g. 

of a mixture of 1.05 mmole XCIV dimethyl ester and 2.05 DIDIOle c. 

Crystallization of the last mentioned eluate from ether gave 0.347 g. 
o KBr · -1 

of c, m.p. 148-149 ; v max 1740, 1365, 1322, 1220, and 1160 em. ; 

n.m.r. (in CDCl3) 6 1.47 (~ C7 proton, doublet, J = 11 c.p.s.), 

1.75 (A'2]1 ~ proton, doublet, J = 11 c.p.s.), 2.82 (protons at C1, 

C2, C3 and c.,.), 3.03 (protons at C5 and C6 ), 3.,68 (6 protons of di.methyl 

ester), and 7.5-8.0 (5 aromatic protons). 

Anal. Calcd. for C17H1906NS: C, 55.88; H, 5.24. Found: C, 

56.11; H, 5.(J'(. 

Elution with 11. {1:9) benzene-chloroform gave 0.347 g. of an 

unidentified oil which showed N-H absorption in the infrared and several 

methoxyl signals in the n.m.r. spectrum. Th.in layer chN>ma.tographic 

analysis showed this to be a mixture of several polar components. 

Decarbaxylation of XCVII: Preparation of lf-Benzenesulfo:nyl-8-

-azatricyclo{2,2eLl2'3 fil!fL)~· 2- 2ctrene (LXVIIll 
I 

Aziridine XCIV (2.37 g.) was dissolved in 100 cc. of hot water over 



a period of 20 :min. Upon cooling 2.00 g. of aziz1_dine diacid XCVII 

precipitated and had m.p. 180-182°. The dimethyl ester of XCVII was 
prepared. using diazoaethane and after crystallization from petroleum. 

ether had m.p. l<X2-103° (lit. 9 m.p. l~-103°). 

The aziridine diaeid XCVII (1.487 g.) was dissolved in 50 cc. dry 
0 

pyridine at 50 under nitrogen. Lead tetra!cetate (4.33 g.) was added 

and the temperature was raised to 80° over a period of 20 min. The 

reaction mixture was cooled and the pyridine evaporated under vaeUWR. 

The residue remainjng was taken up in 50 cc. of chloroform which was 

washed with 30 cc. of dilute llyd.rochloric acid a.md filtered. The 
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chloroform portion was decanted, dried over anhydrous magnesiua sulfate, 

and evaporated to give .slil..• 0.9 g. of a dark oil. Thin layer chromato

graphy c;.n Silica Gel-G (15 cm.) in chlorCl>form gave three small spots 

below Rf 0.25 and one large spot at if r.60. Chromatography of this 

residue cm 29 g. Cl>f Merck acid-washed alwn:ina. gave 0.667 g. (58%) of 
0 

I.XVIII, m.p. 90,..92, eluted in benzene. The analytical sample of I.XVIII 

was prepared by recrystallization from ethanol and had m.p. 92-93.5°; 

v = 1305, 1155, and 715 cm. -l; n.m.r. (in CDCl3) 6 1.76 (2 protons 

at C7), 2.8"{ (protons at Cv and C4), 3.55 (protons at C2 and C3 , 

triplet, J = 1.8 c.p.s.), 5.86 (protons at C5 and c6 , triplet, J = 

1.5 c.p.s.), and 7 • .3-S~l (5 aromatic protons). 

Anal. Calcd. for C13H13N~S: C, 63.13; H, ;.30. Found: C, 

63.04.; H, 5.29. 

Preparation of }I-Benzenesulfonyl-8-azatricyclo(2o2olol2 ' 3 .mlS2)-

octane {LXXVIII) 
The unsaturated aziri.dine I.XVIII (0.22'7 g.) was hydrogenated in 



the presence of 0.2 g. of 10% palladium-on-charcoal catalyst in 50 cc. 

or methanol under hydrogen at atnospheric pressure. "nle the~retical 

volume of hydrogen. was absorbed in 15 min. Removal of the catalyst 

by filtration foll~ed by evaporation of the methanol gave 0 .. 21 g. of 

~ 0, film, L , . . . -1, LXXVIII, b.p. 0•03 nm. 15v,;.5 , " max 1.310, lloO, and 910 cm. , n.m.r. 
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(in CS2) 6 1.2-1.5 (5 protons), 1.83 (1 prot(>ll, doublet, J = 9.5 c.p.s.), 

2.31 (protons at C1 and C~), 3.29 (protons at C2 and C3 , triplet, 

J = 2 c.p.s.) and 7.4-8.0 (5 aromatic protons). 

Preparation of 2-~Thiopheno:x;,r-3-~benzenesulfonamidobieyclo-

(2,2,l}heptane (XCVIII) 

A solution of 0.83 g. of LXXVIII and thiophenol (0.70 g.) in 

7 cc. of 0.11 potassium 1m.- buto.xide in 1m,-butyl alcohol was 

refluxed overnight. The reaction mixture was poured onto water and 

neutralized with 5% hydrochloric acid. The aqueous solution was aJC-

tracted with ether whicb .. w.as then dried over anhydrous magnesium sulfate. 

Evaporation of the ether extract gave 1.15 g. of XCVIII which, after 

washing with petroleWR ether, had :m.p. lJ.4- 115°; n.m.r. (in n:itro

benzene containing CF3COOH); 6 1.1-1.9 (6 protons), 2.00 (proton at 

C1, broad multiplet) , 2.25 (proton at G4, bread nml.tiplet), 2.98 (proton 

at C2, quart.et.,-. .12 , 3 = 4 c.p. s., J2, 7-a.n:tJ. = 2 c.p .. s.), and 3.54 

(proton at C3, triplet, J2, 3 = JJ,I+ = 4 c.p. s.). 

Anal. Caled. for C19H21NO:aS2 : C, 6Jo48; H, 5.89. Found: C, 

63.37; H, 6.05. 

Conversion of XCVIII to 2-~~enzenesal.fonam:i.dobicyclo(2.2.1)-

heptane {XXXIII) 

The thiophenol addition product XCVIII (Oa705 g.) was refluxed 



for 15 hr. with a slurey of 6 g. of Raney nickel (W-2) in 15 cc. of 

isopropyl alcohol. The solution was filtered and the catalyst was 

washed several t:I.Jles with ethamol. EYaporation of the alcohol filtrate 

• g&Te 0.175 g. of IXXIII, m,.p. l<lii.-105. Mixture melting point with 
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0 
authentic IXXIII wh:l.ch had a. p. 10,..-10, , prepared as described previously, 

was undepresaecl. Mixture mel.ting point with 7-benzenesulfonamidobic;yclo-
o 

(2.2.l)heptane (XIII), m.p. 10.3-10,., prepared as described earlier, 

gave m.p. 90-93°. Authentic 2-.ua-benzenelltllfoD&Jlidobic;yclo(2.2.l)
o 

heptane (XXIX) gave a. p. 89-91 , well below that of the isomer pre-

pared from .XCVIII. 

Preparation of I-Benzeneaul.foll7l-8-azatri<:7clo(2.2.l.12' 3 .l,Dg2)-

ectane-5,6-.tmio:-dideuterio-5,6-.smr-dicarboocy'lic .Anhydride (.XCIV-2,3-

A mixture (3.9 g.) of 2,.3-~dideuterio-2,.3-.ms;lQ-dicarbox;ybic:,clo

(2.2.1)-5-heptene ann,d.ride and the protio species V were prepared by 

the reaction of Jl8.leic 8lUJ1'drid.-maleic &JUJTd,ride-d2 and cyclopentadiene 
53 

according to the procedure of Van Sickle and Rodin. Analysis of the 

mixture by n.m.r. showed 7Qt5% deuterium. in the 2,3 positions. 
0 

Heating 3.3 g. V-2,.3-~.4 in. an open flask at 200 for 2 hr. gave 

a mixture of V-2,J-di.4 and IV-2,.3-dlo4 from which 0.715 g. of IV-2,-

54 3-d crystal.Uzed. in benzene. Gas chroma.tograpq using a 0.25-ino -1..4 
x 10-ft. colwm of 5% S•30 on acid-washed Chromosorb W at 180° with 

helium flow rate of 80 cc. per min. showed IV-2,.3-\04 to be uncon

taminated with V. ~sis by n.m.r. showed IV-2,.3-di.4 to contain 

71±2% deuteriUJI in the 2,.3 positions. 
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A solution of 0.648 g. IV-2,3-\04 and 0 .. 59 g. benzenesulfomyl 

azide in 10 cc. of carbon tetrachloride was refluxed. 36 hr. 'l'he carbon 

tetrachlori<ile was decanted and the residue was crystallized thrice 
0 

from benzene to give 0.4 g. of' XCIV-2,3-~ .. 4 , m.p. 167-168 • .Analy-sis 

by n.m.r. showed 71.!2% deuterium at C5 and C6 • 

. 2,3 .1D'i1. 
Preparatton of lf-BenzeneSllllfony-1-8-azatricyclo(2.2 .. l .. l )-5,6-:' 

-dideuterio-5-octene (UVIII-5,6-d104) 

Aziridine XCIV-2,3-d1 •4 (0 .. 4 g.) was dissolved in 15 cc. of hot 

80% DzO over a period of 30 min.. Evaporation of the aqueous portion 

iD vacuo gave 0.406 g .. of XCVII-2,3-~ 04• After drying over phosphorw, 
o KBr -1 

pentmq.de for 12 hr. XCVII-2,3-di..4 had m .. p .. 181-183 ; v max 1750 cm. • 

The aziridine diaeid. XCVII-2,3-~ .. 4 ( 0.406 g .. ) was dissolved in 

13 cc. dry pyridine U?lder nitrogen at 50° and 1 .. 19 g., of ·lead tetra

aeetate was added. The reaction. mixture was stirred at 75° for 20 min. 

and then worked up by the usual procedure. Chromatography of the 

reaction Dd:xture directly on Merck acid-washed alumina gave 35 mg. of 
0 

LXVIII-5,6-d , m .. p .. 90-91, eluted in benzene. Analysis of LXVIII-5,6-
1.4 · 

-~.4 by n.m.r. showed 72±2% deuteriWll on Cs and C6 ; 



CHAPTII II 

THE REACTION OF li,lt-DIBRCJIOB!JiZfflESULFONAMIDE 
WITH BRIDGED BICYCLIC ALKENES 

"A. Historical a.w1 Introduction 

The reaction of 1:-halo imides and 1-tuu..o amides with alkenes to 

55 produce allylic substitution and addition ot halogen is well lcnown. 

Likewise the use' of lf-halo compounds as a source of positive halogen 

in polar solvents is well documented. 56 Although the literature 

contains a number of examples in which addition of B.-halo imides and 

N-halo amides to alkenes has been observed, this reaction has not been 

extensively studied. The extent to which ·addition competes with 

halogenation and th~ direction of addition vary with seemingly subtle 

changes in the structure of the lf-halo compound and the alkene. For 

example, both 1:-bromotrichloroacetamide and 1:-bromotrifl uoroacetami.de 

are reported to give addition products with cyclohexene, but the 

unsubstitu,ted., DIPDOChloro, and dichloro lf-bro:moacetamides give only 

allylic substitution and addition of bromine. This was attributed to 

the increased positive character of the lf-bromine in the trichloro 
-57 and trifluoroacetaaidea. Dihydropyran has been reported to add N-

-brom>phthalimide in carbon tetrachloride solvent but in a reverse 
. 58 

direction to that observed with .H-bromosuccinillide (NBS) . In sub-

stituted. clibyd.ropyrans, the position of the substituent appears to 

influence the type of products produced. with NBS. Although NBS has 

77 
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been used extensively as an allylic brominating agent under free-radical 

conditions it reacts abnormally with bicyclo(2.2.l)heptene and its 

derivatives in which the only allylic hydrogen atoms are at bridgehead 

positions. This was first reported by Roberts and coworkers, who 
60 

studied the reaction of NBS with camphene (CVII) and bicyclo(2.2.1)-
61 

Under free radical conditions, 

lti~. ltic~ Brrl) ~ cf 
I __.....o 

cvrr CVrrr CIX CX o -:;:;.C 

(CVIrr) was formed from err and 2-bromotricyclo(2o2.lo03' 5)heptane 

(CIX) was formed from I. Recently bicyclo(2.2.2)-2-oetene (IX) was 

found to react with NBS t o give ~8-bromobicyclo(J.2.1)- 2-octene 

(LXXXVI). 30 All of the bromo compounds CVIrI, CIX, and r.xxxvr were 

produced under conditions identical with those used in normal allylic 

brominations with NBS. More recent work in this laboratory has shown 

that under free-radical conditions NBS adds to V to give thew adduct 
62 

CX. In view of the unusual results obtained in the reaction of NBS 

with bicyclic alkenes under free-radical conditions, the present 

investigation was undertaken t o study the course of ionic additions 

of li-bromo compounds to bicyclo{2.2.l)-2-heptene (I) and bicyclo(2.2.2)

-2-octene (IX). Kharasch and Priestly63 found that N,.N-dibromoarene

sulfonamides (CXI) gave addition products (CXII) with unsymetrical 

alkenes such as styrene, in which the bromine atom assumed the position 

expected in an ionic process. The second active bromine atom of the 

N,N.-dibromoarenesulfonamide simultaneously bromina.ted a second mole of 



the alkene giving a vinyl bromide (CXIII)o In contrast, lf-broioo-lf

-methylarenesulfonamides {CXIV) gave addition products (CXV) in which 

the bromine atom assumed the position expected for a radical process. 

Because of the reported ionic mode of addition of l,lf-dibromoarene-
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sulfonamides {CXI) to alkenes it was decided to investigate the reaction 

off lf-dibrombenzenesulfonamide with I and IXo 

2RCH -= CH2 + ArSO;aNBr2 ~ R - CH- CH2Br + RC2H2Br 
I 

HNSO;aAr 

CXI CXII CXIII 

Br CH3 
RCH ==== CH2 + ArSO;aNCH3 --r R - CFIBr-· CH2NSO;aAr 

CXIV cxv 
64 

The course of ionic addition:s to I is well k:nowno The ionic 

addition of li,lf-dibroDi)benzenesulfonamide to I is seemingly analogous 

t o the addition of bromine to this al.kene which yields en:, CXVI, and 

rc!Vo65 Likewise the addition of hypobromous acid to I yields CIX, 
66 

CXVII, and CXVIII. 

CXVI x:xxv CXVII CXVIII 

The ionic addition of bromine to bieycl0(2o2o2)-2-octene (ll) 

also gives rearranged products. In this case the principal monobromide 
JO 

f ormed is LXXXVI, and the di bromides · formed are CXIX and CXX. The 

aforementioned ionic additions t o I and IX all involve initial formation 



2 

CXXIII 

Br~ 

Br 
CXIX 

! attack at C2 

(CH2)n=1,2 

1fJ 
y 
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c:xx 

CXXIV 

t attack at C1 

of a bromonium ion (CXXIII) which under the conditions of the reaction 

may be cleaved by displacement at C2 or C3 to give trans C2 , C3 products 

or rearrange to the carbon-bridged ion (CXXIV) which itself can undergo 

displacement at C2 to give~ C2 , C3 products or at C1 to give rearranged 

products as showno The formation of the monobromo products CIX and 
64 

LXXXVI arise from loss of C6 and a C7 proton from CXXIV respectively. 

Concurrently with the investigations reported in this chapter an 

investigation was made concerning the reaction of li,lrdibromobenzene-

sulfonamide with V. The addition of li,lrdibro-benzenesulfonamide 

to Vin refluxing carbon tetrachloride solution leads to the formation 

of c:xxv. 67 This is analogous to the formation of C:XXVI in the bromina-
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tion of v68 and may involve front-side cleavage of the .=xQ Cs, C6 

bromomiu ion initially formed .. 

c::::-O 
' \ 

o:::-
C_o 

ex.xv 

B. Results &W1 Discussion 

The Reaction of X,lt-Dibromobenzenesulfonamide with Bicyclo(2.2.l)-

-2-hurt,ene 

When li,lt-dibromobenzenesulfonamide was added to I in benzene at 

room temperature, an exothermic reaction occurred and benzenesul.fon

amide began t~ precipitate from the solution al.most immediatelyo69 

Chromatography of the benzene-soluble portion of the reaction mixture 

on alumina yielded three major fra.ctionso The first fraction (65% 

based on I censumed) , eluted in petroleu ether, consisted of 86!3% 

CIX and the remainder dibremobicyclo{2.2.,l)heptuie, {probably CXVI 

and :XXXV:). The second fraction (l9o5%} eluted in benzene-chloroform 

yielded a crystalline product (CXXVII) the infrared and nom.r. spectra 

of which indicated the presence cf a sec~dary bromine and a secondary 

benzenesulfonamido gro·11p. The third fraction (8.5%) eluted in chloroform 

yielded a second crystalline product (CXXVllI} having infrared and 

n.m.r. spectra very similar to those of CXXVII .. 

By analogy with the addition of bromine66 and hypobromous acid67 

to I, structures CXXIX, C.XXX, and possibly GXXXI would be expected 

and are consistent with the elemental and spectral data. 



~ C6H5S02:m 7 

3 

CXXIX ex.xx CXXXI 

The n.m.r. spectrum of CXXVII showed a proton 011 carbon attached 

to the nitrogen atom of the benzenesuJ.fonamido group as a multiplet. 

Upon addition of trifluoroacetic acid the multiplet sharpened to a 

triplet (J = 6.7 c.p.s.) indicating that the benzenesulfonamido group 

was located on one of the ethyleneic carbons. The n.m.r. spectrum of 

X1J.V showed a similar triplet (J = 6.0 e.p.s •. ) at 6 3.92 for the 

2-~ proton. The n.m.r. spectrum of CXXVII also revealed unresolved 

coupling in the signal due to the proton en carbon attached to the 

bromine at()m. It is notewcrthy . that the width of this signal. is only 

4o0 CoPoSo at half-height. On the basis of lmown vicinal coupling 
10 

constants in bioyclo(2.2.l.)heptane system:, and the similarity in 

width (' 'v~ 'J.= .AoO CopoSo) to the signal of the An:U. c., proton in 

XXXV, this signal was considered indicative of the presence of C7 

bromine atom. 
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The ~ iiticn and stereochemi.stry of the benzenesul.fonami.do group 

in CXXVII were sh©Wn by reduction with sodium. in alcohol to a !mown 

aminobiCJy@l@(2.2.l)heptane. The amine thus obtained was converted. 

into its }racetyl derivative, which was shown to be identical with 

2=.A'm'"acetamidobicyclo(2.2.l)heptane (XXVII) and different from 2-Jmd.2-

=acetamidobi~yelo(2.2.l)heptal'le (XXXI) by melting point comparisons 
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and gas chromatiographyo The possibility that CXXVIl originally contained 

a 2~~benzenesulfonamido group, which underwent epimerization during 

the sodium,,,alcohol reduction to the therlOO!dynamical.ly more stable~ 

isomer, was excluded in the following :mannero Reduction of 2-~ 

- benze:nesulfonamidobicyelo(2o2ol)heptane (XXXIII) with sodium in alcohol 

under conditions identical to those used for the reduction of CXXVII 

yielded a. single amine. This a.mine was shown to be 2-.s:md2-a.minobicyclo-

·(2o2.l)heptane (XXX) by gas chromatographic analysis and melting point 

of its It=acetyl derivative (XXXI). In order tc establish the position 

and stereoehemistry ~f the bromine atom i.n CXXVII hydrolysis of the 

benzenesulfonami.do group seemed appropriateo 'The sulfenamide linkage 

was hydmlyzed by heating CXXVII with aqueous hydrochloric acid in a 

sealed tube at 175e f@r 24 hr. The bro:m a.mine (CXXXII) thus obtained 

was orldized by a knmm procedur/0 t o 7-~bron&bicyclo(2.2.1)=2-
66»7l 

=heptan~e (CXXXIII)o This establishes the structure of CXXVII 

as c:x:x:n. 

The llomoro spectrum of CXXVllI alsc:JJ showed a. pNton on carbon 

attached t© the nitNigen @f the benzenesulf@na.mi.do group as a mul.tipleto 

Upon additi@n of triflucroacetic acid the multiplet sharpened to a 

quartet (Jl = 3o9 C opoSo.v J2 = 8.1 CoJ)oSo,) indicating that the benzene

sulfruuun:id~ group in CXXVIII was ala® at C2 a The prot~n on ciarbon 

atta@hed t@ the br@Jlline atom sh~ed unresolved couplings and wl/2 h = 
,4a0 Copo!S o .v a.gain indicative @f a C7 bromine at®Dlo 

Reduction fi»f CXXVIII with SQldium in alcohol gave am amine which 

gave an lt=a~etyl derivative identical to XXVII and different f rom XXXI 

by melting p.»int and gaa ~hromat@graphy. Thirs establishes the position 
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and stereoche:mi:st:ry of the benzenesulfonamido group as 2-s;a;a and allows 

assigmaent of J as the coupling of the 2,3-traps protons and J as 
1 10 2 

the coupling of the 2,3-,gia, protonso Hydrolysis of the su.lfonamido 

linkage of CJCXVIII was accomplished by heating in an aqueous hydrochloric 

0 acid solution in a sealed tube at 175 for 48 hr. The resulting bromo 

amine, GXXXIV, was oxidized to 7-ABti-brombicyclo(2.2.l)-2-heptanone 

(CXXXV} which was synthesized by an unambiguous procedure as desc~bed 

below. 

Kwart and Miller have reported the react:J,.on of 2,4-dinitrosulfenyl 

72 bromide and I to yield CXXXVL Treatment of an acetic acid slurry 

of C:X:XXVI with gaseous chlorine led to a mixture of CIX, CXXXVII, and 

CXXXVIII, which were separated by fractional distillation at reduced 

pressure. 72 Reducti~n of CXXXVlII with lithium allJllllllum hydride afforded 

2=~byd.rmy-7=.iD1J..-bro:mobieyclo(2o2ol)heptane (CXXXIX)o Jones 

fl>xidation of CXXXIX gave C:XXX.V identical in all respects with that 

obtained by <OOCidaticm of GXXVIlI and different from CXXXIII, CXL, and 

ClJ.J: by gas chroma.tographyo These data establish the structure of 

CXXVIII as CXLIIo 

It is interesting that the 2-.md.Q proton in C:XXIX gives rise to 

a triplet in the nomoro spectrwn, whereas the ccrrespomdimg signal in 

CXLII gives a quartet. As pointed wt in Chapter I nonbonded repulsions 

between 2(3)-.ca. substituents and 7-IIm hydrcgens i.n bicyclo(2o2ol)-

heptanes appears to be :neglibleo This evidently is not the case for a 

2(.3)-.§D substituent and a 7-IaIJ. bromine atomo The fact that the 

2-JmaQ pmt~n in CXXIX gives rise to a triplet points strongly to a 

nonbonded repulsion between the 2-~benzenesulfon&Jlidc gn,up and the 



7-§J!I!. bromine atom. Such a repulsion would be relieved by rocking 

of Cz about the Cz, C3 bond as shown. This would have the effect of 

increasing the dihedral angle between the 2,3-trans pr otons. On the 

basis of the dependence of vicinal coupling constants on dihedral 

angles one would expect this type of distortion to result in a decrease 

in the coupling constant between the 2,3-cis protons and an increase 
10 

in coupling constant betweeen the 2,3-trans protons. The n.m.r. 

spectrum of CXLII reveals a 2,3-cis coupling of 8.1 c.p.s. and a 2,3-

-trans coupling of 3.9 c.p.s. whereas in the n.m.r. spectrum of CXXIX 

both couplings are 6.0 c.p.s. This type of deformation also accounts 

for the triplet signal given by the 2-endo proton in XIX and XXXV. 

* 
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The formation of CXLII and the apparent absence of any appreciable 

amount of 2,3-trans product of structure CXXX in the reaction of 

ifrrhin layer chromatography of the crude reaction mixture did reveal 
a third addition product in the reaction. This isomer and CXLII were 
poorly resolved (TLC) and it was not isolated. The amount of this 
third i somer could not have exceeded 6% since 94% of I consumed was 
accounted for. 



N,N-dibromobenzenesulfonamide with I is of particular interest. 

Mechanistically, the formation of CXXIX and CXLII can be visualized 

as occurring as outlined below: 

~tb 
CXLIV 

I 

CIX 
!II Ill 

.Lb. 
Br 

.cb ,( 1,6-H 

CXLV CXLIII CXXIX 

Brrb 
1 .. .,. ... ,., .,. __ ., ___ 6 

.. ' .,.-1- / 
'.1;1 ' / 

3rl 
Ts0\{J0 

1 

CXLII CXLVII CXLVI 

It is postulated that the carbon-bridged cation CXLIII is the 

reactive intermediate formed rather than the halogen-bridged cation 

CXLIV since the latter would be expected to lead to product CXXX. 

Attack of CXLIII at C1 would lead to CXXIX and 1,6-hydride shift of 

CXLIII would lead to intermediate CXLV which by attack at C6 would give 

87 
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C.XL!Io The lack of reactivity of CXLIII and CXLV at C2 would arise 

from the unfavorable influence of the adjacent C3 halogen dipole. 

The apparently inconsequential formation ef C2 , C3 nbstituted products 

from the corresponding chlorine-substituted. cations generated during 

the s0lwlysis of C.XLVI has been ratio~zed. on the basis that nucleo

philic attack would occur preferentially at C1 since the C2 position 

would have but slight . cationic character because of the proximity of 
· 73 ... ·. 

the adjacent carbon-halogen dipole at C3 • Intermediate CXLVII would 

likewise satisfactorily account for products CXXIX and CXLII, but if 

it were the sole product-forming intermediate it would be difficult 
-· . · - 73 

to explain the almost 2:1 yield ratio of CXXIX to GXLIL Although 

1,6-hyd.ride shifts, as required in the formation of CXLII, are well 

established in sclvolysis reactions they are virtually unknown during 

addition reactions cf I, especially under the non-polar conditions used 

in this reaction. 32 (For an example cf how reactions conditions 

affect the course cf additions t o CVII see fosf . 74) 0 An explanation for 
' ' 

the 1,6-hydride shift may be found in the relative sluggishness of the 
R_ 73 

nuole~phile (c,H5S~N ) involved which would allow the slow hydride 

shift to occur before attack on the cati0no 

As pgiinted out earlier the addition of reagents containing positive 

halogen (ioeo Br2.) t o I is believed to prcceed via the halogen-bri~ed. 

i@n CXLIVo That ooth CXVI and X:XXV are formed in appreciable a:mounts 

during the b:romtnation of I has been construed by others to indicate 

that CXLIII and. CXLIV are of comparable stabilityo More specific~ 

64 they have proposed that an equilibrium exists between these two ions., 

An eq11a.lly attractive explanation would be that the relative a.mounts 



of C2, C3 and C2, C7 products formed from these intermediates is a 

function, not of the eqldlibrium concentrations of CXLIII and CXLIV 

(as is implied. above), but of the rate of attaclc of the nucleophile 
R 

(Br-, otr ;11s0:ac6 H5 etc •. ) at C3 on CXLIV compared to its conversion 

into CXLIII. At this time there appears to be no data available which 

would permit a differentiation of these two explanations. In any 

event, the cati0n CXLIV does not appear to be a major product-forming 

intermediate in the present instance. 

The possibility of ,amis2 attack by a bromonium. species should not 

be overlooked, especially since it is possible that both bromine atoms 

are attached to the benzenesul.fonamido moiety when addition occurs. 

This situation could pre8UDl8.bl.y allow electrophilic attack from both 

sides as shown below in CXLVIII. The formation of CXXIX and CXLII 

would then occur by attack of the benzenesulfona.mido group at C1 of 

CXLVII!a. and CXLVIIIb respectively with concomitant skeletal rearrange

ment . Because the nitrogen function llllst attack C1 through the .AJ». 

bromrm.i:wn. ion in CXLVIII a and because the formation of CXUI from 

CXLVIIIb involves front-side cleavage of the .l'Wisl bromonium ion, 

this mechanism is presently considered. the less likely of the two 

to represent the true sequence of events. 

CXXIX+-
.,. 

~r ~ 
C6H5so2(~ 

I 11 
11 I Br 

CXLVIIIa CXLVIIIb 

--+ CXLII 



The point at which the second bromine atom in li,lt-dibrombenzene-

6.3 sulfonamide is lost is not clear at present. Kharasch and Priestley 

first pointed e>ut that li,lrdibrollObenzenesulf onamide reacted. with two 

moles of an alken.e in an ionic manner to give the vicimal brom-benzene-

sulfonamid• derivative and a v!J:o"l bromide in relatively equal amounts. 

In the present case GIX is formed rather than an unsaturated bromide 

and its much larger yield as compared to that of the addition products 

(CXXIX and CXLII) indicates that it is formed, at least partly, independ

ently of CXXIX and CXLII presumably via intemedia.tes CXLIII and CXLV. 

When CXLII was refluxed for 25 hr. in an aqueous methanolic solution 

conta.ir4ng excess sodium carbonate, there was obtained 2-hyd.ro.x;r-7-

- ~benzenesulf ona.midobicyclo(2.2.1) heptane (XVII) as the minor product 

75 and .3-cyclopentenylacetaldehyde (CXLIX.) as the major product. 

The formation of XVII can be visualized as occurring by back-side 

displacement of the 7-mi bromine by the 2-.la""'benzenesul.fonanddo 
,,· 

\ 

group to give the intermediate azetidine (XIII) which under the reaction 

conditions is ring-opened by bydrQ.xide ion to give XVII. Participation 

of a suitable 2-,§D group in the solvolysis of 7-&ti substituents 

might be expected in view of the known pronounced acceleration of 

solvol.ysis shown in 7-.a,nti-bicyclo(2.2.l)heptenyl systems.32 However, 

the 2-methylene substituent was ineffective in this regard.76 Chemical 

confirmation of' the structure of XVII was provided by its conversion 

t o the knGWn XVIII upon Jones exidation.44 

The major product CXLIX undoubtedly arises by hydrolysis of CL, 

t he l atter preSUJD&bl.y being formed by cleavage of the C1, C2 bond as 

depicted, or from intermediate XIII, which may auffer collapse of the 



CXLII XIII 
.J, 

,( 

XVIII XVII 

strained azetidine ring under the reaction conditions. The former 

path is analogous to sol volytic fragmentation reactions of f3-bromo 

77 amines recently studied by Grob. Aldehyde CXLIX was identified by 
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melting point78 and elemental analysis of its 2,3-dinitrophenylh;rdrazone 

derivative. The n.m.r. spectrum of this derivative showed six methylene 

protons (6 1.2-2.6), one methine proton (6 ).O), two olefinic protons 

(& 5.75), and one aldehydic proton (& 8.Bi.). 

7 Br 

CXLII 

XIII 

""'--· 
C•HsS02N~~ 

CL 

CXLIX 



Formal cleavage of a bicyclo(2.2.l)heptane has been reported in 

only a few cases32,79 and this is believed to be the first example in 

which cleavage occurs by displacement at C7 giving a double bond at 

the C1, C7 position of the original skeleton. 
80 

The reported conversion 

of n-pinene oxide (CLI) to campholen:i.c aldehyde (CLII) is somewhat 

analogous, but involves displacement at C6 • Internal displacement at 

C7 has been observed in the hydrolysis of CLIII to yield CLIV. 81 

In the latter case, the formation of a stabilized intermediate allylic 

carbonium ion provides a strong driving force for the ring cleavage. 
/ 

-';;,,· ~ ----+- L 0 6 .~ -
.•· :....znBr2 

L 
CLI CLII 

1fars 
I O:JJ ~ c8 --+ cqH ' I 
L 

CLIII CLIV 

In. contrast to the solvolysis of CXLII, as described above, the 

isomeric CXXIX was quantitatively recovered unchanged after refluxing 

in 5% aqueous alcoholic sodium hydroxide for 60 hr. ; thus it is apparent 

that participation by the benzenesulfonamido group mu.st occur in the 

cleavage of the C-Br bond in CXLII • 

. 2. The Reaction of 1,1-Dibromobenzenesulf ona.mide with Bicyelo-

.(2.2.2)-2-octene 

The reaction of li,N-dibromobenzenesulfonamide with IX in benzene 
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at room temperature also led to the formation of bromination and additton 

products. The brominatic;,n products consisted primarily of LXXXVI., 

although minor amounts of dibro:mobicyclooctanes (probably CXIX and Cil) 

were- detected by gas chromatography. Thill layer chromatography of the 

crude reaction mixture revealed. the presence of four addition products., 

three of which were isolated by repeated chro:ma.tegraphy of the reaction 

mixture on alumina. '!'he infrared. and n.m.r. spectra of the three 

addition products isolated indicated that they each possessed a secondary 

bromine and a secondar,r benzenesulfonamido group. 
· 30 

By analogy . with the addition of bromine to IX, structures 

LXXXIll and LXXXV would be expected and are consistent with the elemental 

and spectral data. 

~;b 
C5H5S02NH 

LXXXIII LXXXV 

'!'he n.m.r. spectrum of the least polar addition product (CLV:) 

showed a triplet (J = 4 c.p.s.) for the proton on carbon bearing the 

bromine atom, suggestive of an 8-.§m-brombicyclo(3.2.l)octa.ne derivative 

(See Chapter I). The skeletal structure of CLV was established by its 

reduction with sodium in alcohol to a 2-am:inobicyclo{3.2.l)octa.ne 
82 

(CLVI) which upon oxidation gave the known b:icyclo(.3.2.1)-2-octanone 

(CLVII). The stereochemistry of the nitrogen function in CLVI was 

deduced in the following manner. Acetylation of CLVI gave CLVIII 

which wa.s different from the 2-a.ceta.midobicyclo(3.2.l}octa.ne (CI.IX) 

obtained upon acetylaticm of the.a.mine (CIJC) der;l.ved from lithium 



aluminum. hydride reductton of CI.XI. Since reduction of CLVII with 
82 

lithium. aluminum bydri.de yields the OQ11At,orial alcohol GIXII, the 

2-acetamidobicyclo().2.l)octane (CLIX) derived from CLXI can be asswned 

to be the gat@riA1 isomer. This requires CLVIII to be the u:fa] 

isomer. 

CLV 

CLVI CLVIII 

i 

RO~ 
ili- RONtb 

CLXI CLVII CLXI CLX 
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That the bromine atom in CLV was indeed at Cs and ,m:n to the 

trim.ethylene bridge was shown as follows. Treatment of CLV with aqueous 

hydrochloric acid in a sealed tube at 175° for.24 hr. gave a bromo 

a.mine which was converted into the dimethyl.amine o.xide, CLXIII. 

fyroly'sis of the latter at 135° under partial vacuum gave the previously' 

reported LXXXVI~ 30 F.arlj,.er workers30 had established the skeleton of 

LXXXVI by chemical means, but the position of the bromine atom iJ'l 

LXXXVI was determined indirectly' by n.m.r. and dipole moment stu~es. 

In. order to firmly establish the position of the bromine atom in LXXXVI 
66 

its synthesis from I was llllderta.ken. 

Treatment of I with bypobromus acid gave CXVIII as the major 
83 product. Roberts, Johnson, and Carboni had previously shown that 



hypochlorous acid adds to I to give the corresponding chloro analog 
71 

of CXVIII and mre recently Sauers and Hawthorne have confirmed the 

correctness of the structure of CXVIll. Jones44 oxidation of CXVIII 

Br 

CLV --+ --+ 

CI.XIII 

LXXXVI CI.XVI CLXV 

l 

~:~+ Hib 
CXXXIII CLXIVa CLXIVb 

gave ketone CX:XXIII which on treatment with methyl.magnesium iodide 

95 

gave a :mixture of CLXI\Ta and its C2 isomer CLIIVb. The n.m.r. spectrum 

of CLIIVa showed a sign.al at 6 1.2.3 for the C2 methyl group, whereas 

in the n.m.r. spectrum of CLXIVb the corresponding signal appeared at 

6 la55. The mixt;ure of alcohols CI.XIV was distilled in the presence 

of iodine to give the bromoolefin CLXV which en hydroboration84 gave 

a mixture of 7-.§.!Jrbromobicyelo(2.2.l.)heptane-2-:methanols, CI.XVI. 

Heating of mixture CIXVI in the :presence of phosphorous acid gave 



LXXXVI, identical in all respects with that previously reported.30 and 

that derived from CLV. This firmly establishes the position of the 

bromine atom in CLV and the correct structure of this com:po,md :amst 

therefore be LXXXV. 

A second addition product formed upon the reaction of 1,1-di'broao

benzenesul.fonamide with IX was identified as LXXXIII by comparison to 

that obtained from the cleavage of the aziridine LIII with hydrogen 

bromide. Chemical confirmation of the skeletal structure of LXXXIII 
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was provided by its reduction with sodium in alcohol to 2-aminobicyclo

(2.2.2)octane, which was identified by gas chromatography of its B-acetyl 

derivative. 

Structure CI.XVII is suggested for the third addition product isolated 

from the reaction of l,B-dibrombenzenesul.fonamide with IX. This 

product undoubtedly arises from the reaction of li,B-dibromobenzenesw.fon-

amide with bicyclo(J.2.1)-2-octene (CI.XVIII) which is formed from IX 

under the Diels-Alder conditions necessary to produce IX from ethylene 
.30 

and 1,3-cyclohexa.diene. 

Repeated attempts to analyze the starting alkene IX for CI.XVIII 

contaminant by gas chromatography failed, but it is estimated. (See 

ref. 30) that CI.XVIII does not account for more than 5-10% of the 

olefinic starting material. Since CLIVII was net a major product, it 

may safely be assumed to arise from CI.XVIII. 

Reduction of CI.XVII with sodium in alcohol gave an amine which 

upon o.xidatiom gave a ketone. The ketone thus obtained was identified 

as bicyclo(J.2.1)-3-octanone (CI.XIX) by gas chromatography comparison 

and by :melting point of its 2,4-dinitrophenylhyd.razone derivative. 39 
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The stereochemistry of the benzeneeul.fona:mide group and the position 

of the bromine atom in CI.XVII are assigned on the assumption that initial 

attack of CI.XVIII occurs from the less hindered~ side to give CI.XX; 

attack of CI.XX at C3 would give the true bro:mo 5Ulfo:namide CI.XVII. 

The f orma.tion of LXXXIII and LXXXV is postulated occurring through 

ionic intermediates CI.Ill and CLXXII as shown below. 

{I:]+ B~tb Br ID '+ 
C6H5S02NBr2 

I ------,.. 
~ I ..- -1, 

? - .:I- - -~ 
2 1 2 

IX ;f;I 
1-11 

' LXXXVI 

7~ rb 1 _ ,:.._ 6 

< 
8 4 5 

NHS02C6Hs LXXXV CLXXII 
LXXXIII 

Attack of CI.XX! at C2 would lead to LXXXIII and attack of CLXXII at C1 

would gi ve LXXXV .. Loss of a C7 proton from CLXXII would produce LXXXVI. 

The formation of LIXXIII, LXXXV, and LXXXVI in the reaction of N,N-

-dibrom:>benzenesulfonamide with IX is exactly analogous to the formation 



<l\lf cx.rx,.cxxj and LXXXVI upo• the addition of bromue to IX. The 

observation that LXXXV possesses an axi&l, benzene~onamido group 

at C2 is evidence against CIJCXIII as a product-forming intermediate 

since tl:lts would be expected to be attacked from the less hinuered 

eqµa.toriiJ. side .. 

CLXXIII 

Co Ex;pecl,meptal 

lo Reaction of 1,1-Dibromobenzeriesulfonamide with Bicyclo(2o2ol)-

Pr@p;w.ticn ef en, CJDMI (CXXVII :CXXIX) ,W CXXVIII (CXXVIII~ 

_CXLII) 

To a solution of 20 go {0 .. 213 mle) of I in 80 cc .. of dry benzene 

was slowly added 39 .. 2 g .. (0 .. 124 mle) of 1,lf-dibromobenzemesulfona.mide.85 

The addition ef the 1,1-dibromo co~d was continued until aliquots 

withdrawn from the r~actio• did not decelorize bromim.e in carbon tetra

chlcmi.de.. After the e.xethermio reaction subsided (15 Ddn .. .) the benzene-

sulf@na.mide which had precipitated was reD'M)ved by filtration and washed 

0 
with benzene (9:1 go, 0 .. 058 m .. , m .. p .. 151-152 .)., The combined benzene 

' ' 

filtrate and wash was removed throu.gh a Vigreux column and the residue 

~~matographed on 500 g., of Merck acid-washed alwn:ima .. 

Elutien wit;tl 700 c~ .. of petroleum ether (bopa ;0-70°.) gave 25 g .. 

Q)f brembiey<i:lo(2 .. 2 .. l)heptanes .. The mixture of bromides was analyzed 



by gas chromatography with a 0.25-in. x 9-ft, column containing 10% 
0 

Silicone 550 on acid-washed firebrick at 150 using a helium flow rate 

of 63 cc. per min. The mixture contained 86!3% en: (o .. 124i"o.004 mole), 
-L 

identified by mixed injection, and 15~3% d.:.tbromobicyclo(2.2.1}-

heptanes ( O. 014:!:"o. 003 mole). The b,:n:'; n , removed :Crom the :coaction 

contained another 1-2 g. of CDC as detected by gas chronw.tography. 
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Elution with 2 1. of benzene and 0/3 L (19 :1), 0.9 L (9 :1), and 

0.6 L (1:1) benzene-chloroform gave 13,4 g. (O.Oli-1 mole) of CXXVII which 

. o KBr 
crystallized from ethanol and had m.p. 92-93; v max 3225, 1315, 1160, 

and 1090 cm. -1; n.m.r. (in CDCl3) 6 1.0-2.0 (4 protons), 2.11 (proton at 

C.1t,), 2.30 (proton at C1), 3.,42 (proton at C2 , multiplet; sharpened to 

a triplet, J = 6.7 c.p.s., upon addition ef CF3 COOH)., 3,80 (proton at 

C7), 5.38 (N-H., doublet, J = 10.5 e.p.s.; vanished upon addition of 

CF3COOH), and 7.6-8.l (5 aromatic protons). 

Anal. Calcd. for C13H16BrN02S: c, 47.28; H, 4,88. Found: C, 

47.33; H, 5.44, 

Elution with 0.6 1. of chloroform gave 2,29 g. ( O. 007 mole) of 

an oil which thin layer chromatography (10 cm. on Silica Gel-G in 

chloroform) showed to be a mixture of CXXVII and CXXVIII, Continued 

elution with 0.4 1. of chloroform gave 6.1 g. (0.018 mole) of CXXVIII 

as an oil which crystallized from aqueous methanol and had m.p. 90-91°; 

KBr . 6 . . -1 (. ) v max .3300, 1332, 11 O, and 1090 cm. ; n.m.r. in CHCl3 6 1.0-2.5 

(6 protons), o 3,22 (proton at C2 , multiplet; sharpened to a quartet, 

J2. 'l • = 8.1 c.p.s., J2 3 t = 3,9 c.p .. s.), 4,16 (proton at C7 ), 
1 ;,, ~is ., rans . 

and 5,96 (N-H, doublet, J = 7 c.p.s.; vanished upon addition of CF3COOH.). 

Anal. Calcd. for C13H16BrNOaS: C, 47 .28; H, 4,88. Found: C, 
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The :rdxt.ure Mltj.ng point et CXXVII (m.p. 92-93~) ad CXXVIII 

(m.. P• 90-91 ".) was 75-808 • 

Cenvers4,cm of CIXVII to 2•.ta-Acetanddebicyclo(2.2.l)heptane (XXVII) 

was treated with 2 go cf metal.l.ic SGd;tum over a peri,ed of 15 min. '!'he 

reactia mixture was heated to uo0 over a perl.ed of 2 hr. and. tllen 
0 

stirred. at llO fer 6 hr. '!'he solution was then cNled:, acidified with 

10% hyd.rechlor!i.c acid, and waslted with. ether. '1'he acidic aqueous Hlutien 

was then renclered baste by add.itie of sodiwa hydrm.d.e solution and. 

ex.traeted with ether.. The ether ex.tract, after drying over auydrous 

:ma.gnesi'WD. sulfate, was evaporated to g4.ve 0.21 g. (45%) of IlVI. The 

1-acetyl derivative (XXVII} was prepared by treatment ef the a:m:i.ne with 

acetyl chloride in pyridine and had m.p .. 138-1408 after crystallization 

~sis tlf the acetyl derivative by gas ebNatograph;r was per

f9rmed cm a 0.25-ino x 10-ft. Craig p>ly"ester celll'I.DID at 200° using a 

helium. flew rate of .56 CCo per Dllllo The mixed iajeetien of the 2-_ae

=.Meta.mid.~bi~l~(2 .. 2 .. J.)heptue ebtained !rem exIVII U1d the 2-,&2-

-acetamidcb!cyc:l~(2.,2 .. l)hepta.ae prepared by knewm procedures (See 

Exper:lmental secti@n @f Chapter I) gave a single peako Mixed injectin 

c,f' 2-Jmllr'&~etamldG!»biqclo(2o2ol.)heptane (XXXI) ud tlle 2-.at, acetyl 

derivative ~bta:µaed fr@JI.mm gave tw peaks at 18.0 Dino and l.8.7; 

min. respe~ttvel,y .. 

·· Preparati®R ~f 2-~Acetam:id•bicyc::l.@{2 .. 2ol)heptue (XXXI) from 



Sul.fenamid.e XIX.III was re.fluxed 6 hr., i.n 25 cco of d.ry AU,-'butyl 

alcohol ccm.taiming 1 .. 4 g .. ef metallic sediWJ1 .. The an$le was isolated 
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by th.e pro~edure described above and the ,1-acetyl derivative was prepared 

wtth acetic a.nbydride,, The crude aeetamid11bicyel.0(2 .. 2.,l)hepta.ne thus 

prepared was sh@Wll to be the 2-~ isomer, XXXI, and to be free of 

2-~ac:etamid~bieyclo(2o2ol)heptane (XXVII) by gas chromatography. 

Ccysta.llizati@m @f :X:XXI prepared. from XXXllI frem. hexane gave m .. p .. 

129-130®> .. 

Jum:tane (c;mg:I~ 

A suspensi.11>1tt ef 2.,010 g .. of CXXVII :bl 15 cc .. of 10% hydrochloric 

acid was heated in a sealed tu.be at 1759 for 24 hr., The reaction 

mixt'W'e wa& c\1MJled. SJJ.d washed with ether., The ether extra.ct was de-

eva:,®rated t@ give Ll.27 g .. ~f GXXVIIo Eva.perati@m. of the acidic 

ether t~ give a 46% yield. @f the hydrQ©lhl.@ride of CX:XXIIo The a.mine 

C:XXXII wa,i, liberated by a.dditi@n cf dilute aqueeus s@dium. hydroxide to 

an aque@us ~@lili.ti,®J)n @f the hydro~hl@rl..de., The ba.si~ s~lutiem was ex-

tra~ted w:lth ether which, after drying ~ver ~s magnesilllll sulfate, 

.fi:@m QmII 

T@ 215 mgo (lolA JlDQ)le) ~f CXXXII and ll mgo (O"Ofi. mmle} of 

N•2 M®O~ 0 2H2 0 a 1 ®@ o @If water od 1 ~@" ~f 30% byd.rim>gem. perextd.e 

· . 70 
WS.$ added em©Juigb, metho@l. t® make the mixture h®>•gne~us .. · The 
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s~lutt@n wa.s stirred over.night, acidified., d:U:ated 14th 15 cc. c,f 

water, ad extracted. w.:i,tll ether .. !d.dj.tion of acidic, m.et~Ue, 

2»4-d:.LnitNPhenyl.byd.rame Hlutien tt> the etber extract gave a fine 

~rystal.lhe pr•i:,itate •• atUldingo After recr;rstallization of the 
• • deli,vattve thrice fro. petroleum ether it nad. m..po 20,-203.5 • M:µ:l;ure 

melting :pi,1at wttll the 2,4-dimitNphenylhyd.razone ef autlaentie66, 7l 

(see bel.w) 7-.un-brGll'll)'bic7icle(2.,2 .. l)-2-neptanone (CXXXIII) was un-

d.epressed ad the tw dezi,vat:l.ves gave tden.tical Wrared. spectra. The 

tw brom't4eycle(2 .. 2 .. l.)hepta.nees were al.so· :$.den.tical by gas chroma.to

grapq .. 

C•versia of CXXVIll t•.~-,ga-~cetami~b1cyelo(2 .. 2 .. l.)heptane 

The reducrtia cf CXX:VIII with Mdium. ~. al..col!lol was ca.med. eut 

in 50% yield!. in the JU.m1er desieri.becl aNve for the re4uotion ef OllVII. 

The a.mm.e prepared. in. this mum.er frma CIXVIII gave a •a.cety'l derivative 

(Lp .. l:38""']4~) whi~h was 111!\fflffl. by gas ~hremat·ography., as de.scribed 

a'oo>ve, t® be i.d.entiri:.uu. t® the 2-.AD. iMmer.\) XXVII, and different from 

the 2 ... .smu. isa.er, XXXIo 
,. 

C®m.ver~i®m. ~f CXXJlII t@ 7-~-~2-.~~b1cyel@(2o2ol}-

hgt.ye (QW;n;i 

A nspen!t!l!mt @f 2 .. 009 g·°-· ®lf CXXVllI ta 15 Cello ~f lo,t; ~hleri.c 
i 

@ 
a@i.d. we heated at 175 f®>r 48 hr .. in a sealed tube.. The reaction was 

\ 

Qrked up by the pN@edure des~;r!bed a.Wve f~r the hydroqsis of CXXVII. 

N~ CXXVIII wa:1 re@@vered and the yield of CXXXIV ~~~ride was 
. - €) 

1.2 .. 6% after re©rystallizatin f.N):m; aquens :m.ethu.l@l (m .. p .. 235-21+5 

with de©o)o ~e amine CXXXIV waas liberated by additio of dilute aquens 
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ba~e t® an aqueous s@lutiGn of the hydrochloride. The aqueous baste 

solution was extracted with ether which, after drying over anhydrous 

magnesium sulfate, was eva.pGrated to give C:XXXIV as u oil .. 

Preparati001 of 7-~-Bremobieycl@{2o2 .. l)-2-heptanone from GXX:XIV 

Qx:ida.tien of 745 mg .. of C:XXXIV by the procedure described above 

for C:XXXII gave about 50 mgo of crude brom ketoneo A porti~n of the 

crude product was treated. with excess a@idic metha.m.olie 2,4-dinitro-

phenylbydrazin.e solutiono The 2 94-dinitNphe:nylhydrazone prepared. in 

this manner was purified by chromatei>gra.phy on Merck .acid-washed a.lumi.na 

using benzene as the eluen.t foll~ed by preparative thin layer ehre:rna.to

graphy €vn Silica Gel-G (19 emo.) in benzeneo Finally, the derivative was 

©rystalJLi~ed frem petroleWD. ether to give a sglid which melted at 116 .. 5-

J.~1''7 .,5@> wld@h s®lid.ified and remelted agail:l at 15L.5=152.,;0 ,. Mixture 

melti..~ piwint with the 2,4-dinitNphenylhydraz0ne of authentic 7-.inil

=br®m'l:d.©y©l@{2o2ol)=2=hepta:n@:ne9 prepared a.s descr:tbed below, was 

15L5=152o5®o 'Tne 'br@~bi@y@l@(2o2ol}hepta.nones prepared. by these two 

p:ro@ed:ures were a.ls@ :identi®al by gas «:}h.N>matggraphy., 

The rea@ti@n @f 2 94-dinitr~be:nzenesulfeny-l br~mide with I te> give 
72 .. .@) 

CXXXVI (m .. p .. 171=173'\ lit., m.opo 173 .. a...174.,8 .) was carried out in 
72 

87% yi,eld a©©®~ t@ the pro@edure ~f Kwart ar!d MilJ.er., The n.,m.r .. 

spe©trum ®f CXXXVI in nitriwbenzene sh@wed the pr®t~n on carbon bearing 

the br®m:i.tae at 6 4..,14 as a triplet (J = 4ol ©oposo.) a:nd. the proton on 

©arb@ID bea:r:ing t~ ~uJ.fu.r at 6 3o&i,2 as a quartet (J~ ~ t = 4•1 c.p.ao; 
d:;,.9.,1 -'-rps 
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261 c~. of 96% acetic acid for 1 hr. 72 The mi.x:t.ure wa.s stirred overnight 

and Ulll'eacted CX.XXVI (about 15 g.) was removed by filtration. The 

filtrate was diluted with. 250 cc. of ice water a:nd extracted with 

:p9troleum. ether. The petroleum ether extract was washed with. aqueous 

sodium carbonate solution, dried over anhydrous magnesium sulfate, and 

evaporated. The resique was .fractionally distilled under vacuum to give 

0 . . 0 
2.1 g. en (b.p. ··. . ·.· L . 35-40 ), 10.5 g. cxxxvrr (b.p. 0 ... 7 . 50-52 , 

O. 7-0. o mm. ·• :mm. 
lit. 72, b.p. 40-42°), 10.2 g. of a mixture of CXXXVII and CXXXVIII 

0.55 mm. ·· .. · 72 
(b.p. 52-70°), and 4.8 g. of CXXXVIII (b.p. 0 ? 70-72°, lit. 

o. 7 mm... • nnn. 
• 0 

b.p. 61-67 ). The n.m.r. spectrum of CXXXVII in CS 2 showed the 
o.6 mm. 

signal for t~e 2-endo proton at 6 .3.86 ·as a quartet (J2 ':l t . . = 4.3 ,.., .rans 

c.p.s., J2, 3 cis = 7.5 c.p.s.) and the 7-§J[Jj proton appeared as a tall 

narrow muitiplet. The n.m.r. spectrum of CXXXVIII in CS 2 showed the 

signal for 2-end.f) proton at 6 4 .15 as a quartet ( J 2, 3 trans = .3. 0 c. P• s • , 

J 2 3 cis = 7.5 c.p.s.) and the 7-§;[Jl proton appeared as a ta.11 narrow , -
nmJ.:t.iplet. 

Preparation of 2-!2&Q-Hydroxy-7-~-bromobicyclo(2.2.l)heptane 

( C.X:XXIX l from CXXXVIII 

A solution of 1.5 g. of CXXXVIII and 0.15 g. of lithium aluminum 

hydride ·t.1 25 cc. or dry ether was refluxed for 4 hr. The solution was 

diluted with wet ether, acidified with aqueous 10% hydrochloric acid, 

and finally extracted with ether. The ether extract, after drying over 

anhydrous magnesium sulfate, was evaporated to give an oil. The oil 

was distilled under vacU.1lll1 to give 1.1 g. of CXXXll, b.p. ·. . 75-80°; o. 7 mm. 
n.m.r. (in CS2) 6 3.68 (proton at C2 , quartet, J 2. '.l t ... = 2.9 c.p.s., 

· :,.J .rans 

J2, 3 eis = 7.1 c.p.s.), 3.76 (O-H, vanished upon addition of D20), and 
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4.14 (pl"oton at C79 triplet, J 79 1_4 = 1.4 c.p.s.). 

Preparation of 7-~-Bromobieyclo(2.2.l)-2-heptanone (C.XXXV) from 

A solution of 806 mg. ot CXXX:IX in 8 ec. of dry acetone was treated 

with a o.; molar excess of Jones reagent.44 The solution ns allowed 

to stir 4 hr. after which ti.me it was diluted with 40 cc. of water and 

extracted several times with petroleum ether. The petroleum ether extract, 

after d.:cying over anhydrous magnesium sw.fate, was evaporated to give 

450 mg. of CXXXV; n .. m.r. (in CS2) o 4,.19 (proton at C7, triplet, 

J71 1_4 = L4 c.p.s. ). The 2,,4-dinitrophenylhydrazone was prepared by 

addition of excess acidic, methanolic 214-d:initrophenylhydrazine solution 

to GXXXV. The derivative was purified. by chromatography on Merck acid-

v.rasbsd al:wn:i.na u.sing benzene a.s the eluent followed by preparative thin 

layer ~hramatography (19 mn. on Silica Gel-G in benzene). The 2,4-

-dim.ta"'oph~eylh:ydrazone of CXX.XV prepared in thi:s manner crystallized 
0 

fran petroleum ether and had m.p. 116.5-ll7.5. The analytical sample 

was pNpared by c:cystalliza.tion from ether and had m.p. 152-153°. 

c , 

Pt>@pa.rat.ion of CX.1. and CXLI 

Bicyelo(2.2.l)-2=heptanone (CVI) was bromina.ted according to the 
86 

proced'\!)llr® of Woods and Roberts. The bromo ket.ones obtained were 

spiral. ©oh.mm to giw p!llN ,3-exo-bromobieyclo(:2.2.1)-2-heptanone (CXL), 

© 0 ( . 86 . ~ £ Q m.p. 25 9 b.p.1 80-82 lit. m.p • .30 » b.p. 12"'·5-128.5 ); 
mm. 23 mm. 

n.m.r.87 (n~a~) ~ 3.86 (proton at C3 9 doublet, J39 7 anti= 3 c.p.s.). 



H@a:tin.g CXL with 10 g. of glacial acetic acid containing 10 g. of 

:potassi'lJlID. acetate for 24 hr. according to the procedure of Krieger88 

gave a 1:1 mixture of CXL and CXLI. 

Gas Chromatographic Comparisons of Bromobicyclo(2.2.l)heptanones 

.GXXXIII.2 CXXXV 2 CXL 9 and CXLI 

All gas chromatographic analyses were performed on a 0.25-in. x 
0 

1.0-f't. Silicone 550 column at 165 using a helium !low-rate of 120 cc. 

106 

per :min. The following retention times were observed: 7-anti-bromo

bi@'Y'clo(2.2.l)-2-hepta.none (CXXXV), 15.0 min.; 7-§.J!n-bromobicyclo(2.2.l)

-2-heptanone (CXXXIII) and .3-endo-bromobicyclo(2.2.l)-2-heptanone (CXLI), 

20.8 min.; and 3-~-bromobicyclo(2.2.l)-2-heptanone (CXI), 18.5 min. 

H;ygrobsis of CXLII 

A sol:!:!.tion of 603 mg. of CXLII in 12 cc. of aqueous 80% methanol, 

©©I:!taimng an excess of sod.immi carbonate 1 was refluxed for 25 hr. The 

sol~tion was dilut~d with 15 cc. of water and extracted with chloroform. 

Th@ @hl©rofor.m extract was evaporated under vaewmn into a dry ice trap 

t© whi@h acidic, .methanoll~ 294-dinit.rophenylhydrazine solution was added. 

The residu® left by evaporation of the chloroform contained a 

F@@ipi'tatce or 24 mg. of benzenesulfonamide (m.p. 151-152°), which was 

@olle©ted by filtration. The precipitate was washed with benzene and 

th@ latter was retttrned to the residue. The residue was concentrated 

and anru.yzed by thin layer ~hromatography on Silica Gel-G (15 em.) 

in ©il©rofoxm. Major spots were found at R108 or 0.0.53 (benzenesulfon

amid@)9 0.30, o.;39 and 0.60. The above mixt'Ull"e was arldized by the 

J©:l,"l<§l.S PJ)rO©~d~..r$ 44 without fllll"ther purifi©.atien. The oxidized mixture 



~1-G (15 cm.) in 3:1 chloro.t'orm-ethyl acetate. S:pots were evident at 

Rrus Ool09 0.30, 8l!ld 0.60. 

The major spot (Rr 0.20-0.35) was removed and the Siliea Cel-G 

<eluted with chloroform. Evaporation or the chloroform elt1ent and 

recrystallization or the eluate from ether gave 51 mg. of 2-keto-7-

-!l:n-benzenesul.fonamidobicyclo(2.2.l)hepta.ne (XVIII), m.p. 146-147°. 

Mixture melting point with an authentic sample (See Chapter I) was 

undepressed. 

The contents of the dry ice trap were concentrated and the con-
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~ntra.te chromatographed directly on Merelc acid-washed alumina. Elution 

with benzene gave the 294-dinitrophenylhydrazone Qf CXLIX. Crystalliza-
0 

tion of' the eluate from hexane gave 215 mg. of the 2,4-DNP, m.p. 100-101 

(lit. 7S 98-99°); n.m.r. (in CS2 ) 6 1.17-2.13 (2 protons), 2.13-2.58 

{4 p:rr~tons)9 2.8)-3.22 (1 proton), 4.05 (2 protons)., 7.42-s.33 (3 

p~otons), 8088 (1 proton, doublet, J = 2 c.p.s.), and 10.97 (1 proton) • 

.Anal. Cal.rod.. for CuH1~404: c, 53. 79; H, 4.86. Found: C., 

53.94; H, 5.34. 

Attsmpted Alkaline H.ydrol.ysis of CXX:IX 

A solution of 2.10.3 g. ot CXXIX. i:n 20 cc. of 5% NaOH and 5 cc. of 

95% et,ha.>aol wa.s refi'UX.ed. for 60 hr. The react.ion mixture was acidified 

lil1.th dil:ute bydrochloric acid and extracted with ether. The ether 

extra©t9 after drying over anhydrous magnesi'tflll. sw.fat.e9 was evaporated 

to giw back 2.010 g. of CXXIX (m.p. 90-91G). 

2. Reaction of H,N-Dibromobenzenesul!onamide with Bicyclo(2.2.2)-

l'Nparatien of LXXXVL CLV ( CLV=-LXXXV) 9 LXXXIII 2 and CI.XVII 
•·' 
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To 30 g. of IX il'1 300 cc. of dry benzene were slcnrl.7 adcled. 44 g. 

or }!91[-dibramobenzenes'Ul.fo:nami.de. The sol11.tien was stirrecl overnight 

and the benzene carehl.ly removed throu.gh a Vigreux col'UJll!l. The reaction 

mixt'U?'8 was chranatographed directly on 750 g. of Merck acid-washed 

alumina. Elution with benzene-petroleu ether (1:1) gave 21 g. of 
0 

endo-S-bromobicycl.0(3.2.1)-2-octene (LIXXVI) b .. p.5 mm. 65-70 (abo11.t 

9.5% pare b7 gas chromatography). Elution with benzene and benzene

chJ.orof'orm mixtures gave 47 g. or a ndxture ot adducts. Thin layer 

chromatographJr of this ndxtve on Silica Gel-Gin cblorotorm showed 

spots at Rr 0.40, 0 .. 30, 0 .. 27, and 0.17. Elution with ,:1 chlorofc,rm-
o 

methanol gave 7.1 g. benzenesulf'onamide (m.p. 151-152 ). The crtlde 

mixture of adducts obtained above was chrcnatographed. repeatecll.y' on 

alumina varying the polarity of the elunt trm. petroleum ether to 

°b®nHne to chloroform. The benzene el•tes were oils .frcm which er.v 
o lCBr 

(Rf Oo40) crystallized from cold ether and had m.p. 99-100 ; v max: 

32309 1325, ll60, 753, 721, and 792 cm.-1; n.m.r. (in CHC'J.3) 6 3.45 

(proton at C2, multiplet)., 4.08 (P1"~ton at Cs, triplet J =4 c.p.s.) 

allld 6.32 (N-H, dou.blet, J = 5.4 o.p.s.). 

Anal... Cs.led. for C1"'1{uBrN02S: C, 48.$4; H, 5 .27. Found: G, 

49.U,; H, 5.67. 

Thin ~r chranatography of the benzene-chloroform el11B.tes on 

Silica Gel-Gin chloroform showed ~II (R.r 0 .. .30) and CI.XVII (Rr 0.27) 

poorly rrasolved. Fractions consisting mostly of LXXXIII were combined. 

and upon standing in the cold LIXXIII crystal.lized from ethanol • .After 

seiwn.1 Ncrystalllzations LXXXIII had m.p. 1.35-1369 and mixed melting 

point with. a sample ot trans-2-bromo-3-benzenesuU'onamidobicyclo(2.2.2)-



octane (m.p. 136-137°) prepared as described earlier (See Chapter I) 

was undepressed. The third isomer CLIVII (Rf 0.27) ceystallized from 

fractions rich in CI.XVII upon standing in the cold in ethanol. Re-

o KBr 
crystallization thrice tram ethanol gave CI..XVII., m. p. 189-190 ; v max 
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-1 
3270., 1310, 1160, 1080, 970, 753, 725, and 6S8 cm.. ; n.m.r. (in CICl3) 

o 1.42-2.50 (10 protons)., 3.2; (proton at C3, multiplet; sharpened to 

triplet., J = 6.5 c.p.s., upon adcflition of CF3C00H), 3.9, (proton at C2, 

m.utiplet) and ;.62 (N-H, doublet, J = 5 c.p.s., disappeared upon 

addition or CF 3 COOH). 

Anal. caJ.cd. for C1'f,li13BrN02S: C, 48.84; H., 5.2,7. Found: C, 

49.29; FI, ;.39. 

The chlorof0rm ellll.8.tes gave mixtures of LXXXIII., CI.XVII, and. a. 

third minor component (Rr 0.1.7) which could not be separated by chromato

graphy or crystallization. 

Conversion or CLV to ax;tal.-2-Acetami.dobicyalo(3.2.l)octa.ne (CLVIII) 

A solution or 1.42 g. CLV in .30 co. or dry ~buty-1 alcohol was 

treated with :) g. of metallic sodi:mn O'V6r a period of 0.5 hr. The 

riaactiw mixture was refiux:ecl for 4 hr. and worked up in the usual ma.nner 

to 1ield 452 mg. o:t. atj.al-2-aminobicyclo(:3.2.l)octane (CI.VI) as a WaJcy 

sc.lid. The N-a.cetyl derivative, CLVIII, was prepared. with acetic a.nhydri.d® 

a.ind af'ter crystallization from ether-petro1eum etll.er had m.p. 122-123°0 
KBr R!ipeated recrystallizations did not raise the melting point; v max 

-1 
3280, 1645., 156;., 119;, and l.040 cm. • 

Anal.o Ga.led. for C10Hn·NO: C, 71.Sl; FI, 10.24. Foimd: C, 7L64; 

H, 10.43. 

Pireparat:ton or e_g;u.tor1al-2-Acetamid.obicyclo(3. 2.1 )octane ( CLll) 
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A suspension of 0.4 g. of lithium aluminum hydride in 40 cc. of 

ether containing 0.8 g. of bicyclo(J.2.1)-2-octanone o:xime (CI.XI), 
52 

prepared by a known procedure, was stirred overnight. After the excess 

hydride was destroyed, the solution was made acidic with dilute hydro-

chloric acid. The acidic aqueous solution was washed with ether, then 

made basic and extracted with ether. The ether extract, after drying 

over anhydrous magnesium sulfate, was evaporated to give 271 mg. or 

equatorial-2-aminobicyclo(J.2.l)octane (CLX) as a waxy solid. The 

K-acetyl derivative, prepared with acetic anhydride, after crystalliza

tion from ether-hexane CLIX had m.p. 137-138°. Repeated recrystalliza-

tions did not raise the melting point; \I !! 3280, 1646., 1550, 1122, 
-1 

1085, 944, and 910 cm •. The infrared spectra of CLVIII and CLIX 

were different. 0 The mixture melting point of CLVIII and CLIX was 128-131. 

Gas chromatography.of CLVIII and CLIX on an ECNSS-S, 0.02-in. x 

150-ft. column and a 0.25-in. x 10-ft. Craig polyester column showed 

single peaks for both CLVIII and CLIX but failed to resolve a mixture 

of the two. 

Pr~naration of Bicyclo(3.2.l)-2-octanone (CLVII) from CL~rI 

Oxidation of 10l~ mg. or CLVI by the procedure described earlier 

gave a low yield of crude ketone. A portion of the crude product was 

treated with excess acidic, methanolic 2,4-dinitrophenylhydrazine soluti.on. 

The derivative was purified by chromatography on Merck acid-washed 

alumina using benzene as the eluent. The hydrazone crystallized from 
0 

ether and had m.p. 137-138. Mixture melting point with the 2,4-dinitro-
o 89 0 phenylhydrazone of authentic CLVII (m.p. 139-140, lit. 137,5-139 ), 

prepared by an established procedure, 89 was 138-139°. 
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D®~ad.ation of CLV to ~S-Bromobiqelo() .. 2.l)-2-octene (LXXXVI) 

A supension of 2.05 g. of CLV in 15 cc. or 10% lzydrochloric acid 

was h®a.t.M at 175° in a sealed tu'l.)e for 2.4, mr.. The N&ction mixture was 

icoo1ed ud the a~idic solution washed twice with chloroform. Evaporation 

ot the acidic aqucms sol11.ticm &a,ve 125 mg. of bremo amine eydro<m.lorl.d®. 

The bram.o amine was :i.s0lated by treatmemt of the hyd.ro@hlorl.de salt 

nth dilute aqueous base follGnd by ether extraction of the basie 

aqm<i>US solution .. The etur extract, af'tl!!lr drying °"r Ulbydrou 

magnesi'D sw.f'ate, was careM.ly evaporated to gt ve 105 mg. or bromo 

amine which was 't'I.Sed without furth.®r purification.. The bromo m.m 

(105 :mg. ) was stirred with 120 mg. 90% formic acid and 90 mg. of 40'/o 

formaldehyde for ~ hr. at roc:m temperat'W."e and then for 2 hr. on a 
90 sti.eui bath. Dilm.e bydrochlorl~ acid was added to the sol.ution and 

the ~~ss .tor.mi~ aaid and for.mald.<S!Jhyd® weN rem.oved by distillation .. 

Tb.® eionc@:ntrate was d.il:a.ted with ; cc. or wat@r am washed with. s®wiral 

portions of cbl.orofom.. Thei a@id.ie aq.uou solution was madte basi@ ud 

th® aq•Olil.s aiodir.m hydroodde solution was e:rtra.ct@d with iether. Th~,.. 

@wporat®d to g:j.va 53 :mg. of N9;M-d.i:mlath:,l bram.~llli~ as a llpt brow 

oil. The ~e IJ>.r!-clim.etbyl bromoamim was tNJateid. nth l @c. 0f )0% 

lzycllrogen ~rox:l.de in l @~. of mthanol for 12 :hr. at r~ tR:p'®ratlll"®. 

The u~ss p$r0Jd.d.e was destro~d b;r tnatm®nt of th~ al~111>holi@ solu't.i@n 

Y'lth a s:ma.ll am.O"®.t of 5% platin:mn @n @:har@oal. Th@ ©atalyst was Nm.Mr®d. 

by filtration and. 19va,pora.t.:ll.on of the filtrate in va~o gave 39 :m.g. of 

C-UIII as a tlsieous oil. 
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period of Oo75 hr. to 13;0 and maintained at that temperatve for 0.5 hr. 

under 30-40 mm. pressure, during which time 12 mg. o:r an oil distilled. 

Gas chromatographic a.na.lysis of the distillate on a O. 25-in. x 10-ft. 

Craig polyester collllD.Il at 135° using a helium nw rate of 74 cc. per min. 

showed endo-S-brom.obieyclo(3.2.l)-2-octene (I.XXXVI) as the major c•ponent 
.30 (95%), identified by mixed injection with an authentic sample. Analysis 

on a 0.125-in. x 10-ft. Silicone Rubber column at 80° using a nitrogen 

now-rate of 40 cc. per min. also showed LilXVI as the major component 

by m.i.xiad injection. 

Preparation or CXVIII 

N-Bran:osuccd.nimide (140 g.) was added to 60 g. e:r I dissolved in 

1.2 1. of l ]! sul!'urie acid and SOO cc. of tert-butyl alcohoL After 

stirring at room temperature overnight, the solution was diluted with 

®Xtiract was washed with sodi'.l:il'll carbonate solution9 dried over anhydrous 

magn1$sil1111. suJ.fate, and ~on(llentrated. FratCitionation of the reside 

gave 18.l g. of CIX (b.p. 0. 7 45-55°) and 55.8 g. of the branonor-• mm. 

analysis of the latter fraction on a 0.25-in. x 10-.fto 10% Silic_one 550 
\\) 

on firebrlek column at 190 with a heli\lJID. now--rate of 55 c@. per :mino 

Sib.and that it contained two @omponents in a ratio of ,3:1. The compo:Mnt 

in larger amaimt was identified as CX.VIII and th$ minor component as 

CXVII by n .m. r. The bromonorborn~ol fra@\ion had m. p. 40-4."J O afterr two 

~'W>l.imations and was ued without f'wrt.her seiparat.ion for the next st~p. 

Pir'i&parati&n of 7-~-Brt>OO!@bi@;r©lo(.2.2.1)-2-h<eptanone (CI.XX.III) from 

CXVIII 
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The above mentioned bromonor~,om~ol fra<etion na; oxidized in dry 

44 
acetone using a molar eqttivalent of Jwnes reagent. The reaction mix.tt1re 

after washing with l::il~.:il:m Clarbonate solution.9 was dri~ over anhydrous 

magnesium. sulfate and eon"ntra:t.ed. The residue was fractionally 

distilled to yield 72% of CXXXIII9 bop • .,. ,. . . 68-70°; v film 1750 cm. -l 9 
Ool>f> JDm.. m&'X: 

n.m.r. (in CS2) o 4o4 {C7 proton9 quartet» J = 1 @.p.so ). 'I,'he gas 

chromatogram (same conditionlSJ as abo'\f\e) lSlhOffllld 5% impurities. The 29 4-

-dinitrophen;ylJzydrazone was pt"®pared by the addition of an aciidi©9 

metha.nolic 2p4-dinitrophenylhydrazine solutien and after chromatography 

on alumina. and recrysta.llization from pertrol@um ether had m. p. 201. .5-202. ; 0 • 

Preparation of CLXIV 

A solution of ketonis CXXX:III (0.185 mol®) in ether was slowly added 

to 0.190 mole of methylmagnss:ll:wn iodide in 250 ©@o dry ether. After 

stil"rl...vig for .3 hr • .9 aqUfelO'!ll.$ ammonia :sui.lf'at, was added.11 and the solution 

was ~l".&©tsd with (ither. Th® eth®r ~ra©t was drl®d over anhydrous 

magn@sium. sru:ta.te and evapo:rat®d to yiield 37 g. of :reisid.m the n.:m.ro 

s~@trmn or whi©h indi©at®d th@ pr®s®n@e of about 30% ~f ~~a@ted CXXXIII 

a.boot 50% CLXIVa and abo'!1t 20% CLXIVb. A ~ sampl@ of CIXIVb was 

obtained a.:f't®r chromatography on Mer©k: a@id-wa:sh@d.al~ and had 

o KBr 
m.p. 74-75 a.ft®:!!" th.r®<e r@@eystallizations from p,$t.rol@m. eth®r; v rM.X 

-1 
3)20 .<) ll.88 .9 and 930 C?no O 

Ana.J.. Cal.oo. for CsHuOBr: c,, 46.85; H'.9 6.39. F@\l!nd: C9 47.07; 

Hp 6.62. 

Pr@pa,ration of 7-~-Brom~-2-~thyl@n~bi@y@l@{2.2.l)h@ptan® {CLXV) 



0 
was slowly distilled at 85-llO (20-55 Diil.) in the presence of a few 

crystals of iodime. The distillate was fractionally distilled to give 

11.4 g. ot 7-§m-bromo-2-methylenebicyclo(2.2.l) heptane (dete~ted- _ . . 

by n.m.r.) and 9.23 g. of a fraction containing ketone CXXXIII (unreacted 

from Grignard reaction) and olefin CI.XV. The latter traction was separated 

into 2.8 g. of CLX.V md 4.s g. at GXXXIII by use of Girard's T reagent. 

The analytical sample of CI.XV was obtained by preparative gas chromato-
film 

graphy on a 3/S-in. x 20-tt. Silicone nitr:Ue column. v max 3090., 1630, 

and 882 cm.. -l; n.m.r. (in CS 2) 6 'J.87 (C:7 proton, doublet., J = 1.5 

e.p.s. ), and 4.85 (virl;rlie protons, doublet, J = 10 c.p.s. ). 

Anal. Calcd. for C8H11Br: c, ;1.36; H, .5.93. Fond: e, 51.29; ·

H, 5.96~ 

Conversion of CLXV into ~-S-Bromobieyclo().2.1)-2-octene (LXXXVI) 

A solution of sodilll1l borohydride (0.37 g.) amd boron trifluoride

etherate (2.5 cc.) in 10 cc. or tetra.hydrofuran was added to 2 • .3 g. of . . 

0 
CLXV in 2G cc. dry tetrahydrofuran and the solution stirred at 60 for 

84 · · -
3. 5 hr. After destroying the excess borohydride., 1. 3 cc. of 3 B sodium 

hydraxide and 1 • .3 cc. of 30% hydrogen peroxide were eautiou.sly added 

and after stirring at 50° for 1 hr. the sol.ution was ti!uted with 150 cc. 

of water. Extraction with ether and removal of the ether gave an oily 

residue which on distillation gave 1..3 g. of the isoot.eric 7-n:n-bromo

bieyclo(2.2.l)heptane-2-methanols (CI.XVI) in a ratio of 3:1 (gas chromato

graphy on Silicone 550 column). Tbe isomeric mixt.lll"e (1.3 g.) was heated 
0 90 at 160 with 85% phosphoric acid (Oo5 g.) for 30 min. at 50 mm. 9 during 

which period. water and a dark-colored orga.ni~ liquid distilled :frOO'l the 

reaction mixture. The residtJ.e and distil.late were cctmbinedv diluted with 



u; 

water., and extracted with petroleum ether. Arter washing and dry:i.ng the 

extract was concentrated to give 352 mg. of residue. Gas chromatographic 

analysis (Silicone ;;o colmm) indicated that this residue contained 

25% of'. the desired brmo olefin LXXXVI. A sample of LXXXVI was obtained 

by preparative gas ebrcmatography- (Silicone 550 column) and the sampl.e 

so obtained was identical in infrared and nuclear magnetic resonance 
.30 

spectra with a sample of LXXXVI prepared as previous]Jr described· 

and that which was prepared .t'rom CLV. 

Reduction er LXXXIII with Sodi:um. in Alcohol 

A solution of 2.1 g. or LXXXIII in 42 cc. dry !!!-butyl alcohol was 

slew]Jr treated with 3.4 g. of metallic sodium.. The reaction mixture was 

heated to 11@0 and refluxed for 6 hr. After cooling, the reaction mixture 

wa.s acidified with 10% hydrocllloric acid and washed with ether. The 

acidic aqueous solution was made basic and the product extracted with ether. 

The ether extract, after drying over an.hydrous magnesium sul..fate, was 

evaporated to give a m:i:x:ture of amines. The amine mixture was treated 

with acetic anhydride and the a.mine acetates (mixture) isolated in the 

usual manner. The n.m.r. spectrum of the crude acetylated mixture 

showed that ): 90% of the aeetylated product possessed a secondary halogen 

function .. Gas chrCJIQ8.tography of the erwle acetylated. mixture on. a 0025-in. 

0 x 10-ft. Silicone nitrile coltmm at 220 using a heli'Wll now-rate of 

iQO cc. per m:im. showed only a single peak with a retention time less than 

25 min. Under these conditions 2-acetam:i.dobicyclo(2.2.2)octane (See 

Cl_lapter I for preparation of the corresponding amine) had a retention time 

identieal to the acetyl compound derived from LXXXIII .. Neither GLVIII nor 

CI.IX were separated tran 2-acetamidobieyclo(2.2.2)octane or the acetyl 



compotmd derived from LXXXIII under these conditions. The .3-acetamido

bicyclo(3.2.l)octane derived. from CLXVII and the 8-acetamidobicyclo(.3.2.l)

octane derived from LXXXIV were separated f'rom 2-aeetamid.obicyolo(2.2.2)

octane and the aeet:rl derivative derived from LIXXIII under the abeve 

conditions. A nwnber of different polyester and Silicone col\DllllS under 

varied con.di ti.ons failed to separate the acetyl com.pound derived from 

LXXXIII trom 2-aoetaml.dobicyclo(2,2.2)octane, CLVIII or CI.IX.. 

Conversion of' CLXVII to Bic;vclo(J.2.l)-3-octa.none {CLXIX) 

Reduction of' 430 mg. of' CI.XVII with sodium in alcohol b:, the usual 

procedure gave 102 mg. or amble as a wa:x;y solid. The amine thus obtain.ed. 

was oxidized with .30% hydrogen perox:tde in the presence o:t Na2Mo04 

2H20 in aqueeu.s methanol. After acidification et the ood.dation reaction 

solution with dilute hydrochloric acid the aqueous solution was extracted 

with ether. The ether extract, after drying over anhydrous :magn.esi'tml 

sulfate, was evaporated to give 15 mg. of CLXIX. Ge.s chromatographic 

anal.;ysis of the crude ketone om a 0.02-in. x 1;0-rt. ENSS-s eolwm showed 

one major component (about 95%). Mixed. injection ef a mixt.ure of CLVII 
92 - · · 

and CLXIX prepared by hydroboration ef' CI.XVIII showed the ketone 

derived from. CLXVII to be identical with CI.XIX. and different. from CLVII. 

The ketone derived tram. CLXVII was also identical to CI.XIX and different 

frcm bieyclo(2.2.2)-2-oeta.none by mixed injection on a Oo25-i:m. x 10-ft. 

Silicone nitrile co1umn at 220° using a heli'tlm flow-rate of 115 cc. per 

min. 

The 2,4-dinitrophenyl.hydrazone of CLXIX. derived. from CI.XVII had 

m.p. 16.3-164° (lit.39 165-166.2°)0 
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Plate I 

Nuclear Magnetic Resonance Spectrum of !!:-Benzenesulfonyl-2-azabicyc10(3.2.1)-3,6-octadiene (LVIII) 
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Plate II 

Nuclear Magnetic Resonance Spectrum of !-Benzenesu1fonyl-2-azabicyclo(3.2.l)-3-octene (LXII) 
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