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AIdwclbamr cyddbn of cycboctenc-cykwbox~ rid clbidc (5) and cycbbcpmw4yl-artwxyk 
wid chbdc (I@ yk&d mixtares d mdy ado ad cxo 2thbmbicycq33.l)noaonmc-Qonc (7 and 8). md 
mixlura of do aad a0 2dbfobicycq3.2.l)- (I2 and 13). mpcctivclY. Alclrcaulytsd CVdintioa 
dIOpvcIbcumr~comporitionu~hcunaulytcdrtrtion.InIbcAICl,aulyudcY~dS 
a3aenbk amaum of bicYcq33.1hlon-2-ea-eonc (6) 8ad @x0 khbrAcycq3.3.I)noMn&-on (9) YQC 
d88bxdbddicionlo78ndi. - - 

I&fiag the put IS years the slereocbemirtry of the 
FMd-Cnfts rcyktion of douhk bonds’ hu been in- 
ves&8tal us@ levenl bic~dic VU 
!&eos&ctiw intna&cul8r cis 8nd IfenS ddiins 
8sweU8sfoan8tionofepimcrshas~nobserval. 
dependipr on the ructbn amditions.U In cat8in axes. 
iatnmokcukr FrkdecCnfts ryttion mry compete 
with ketenc cycbadditbn~ Dtrpite the facl tb8t this 
reactbo cccms l0bc8vcfyusdul lwhod forthe 
peOuuiooOfbicyclkdaiv8ti~.pu(icllMyintbC 
bicyckj3.3.l)non8m suks.U systeol8tic xtudks on 
atal* 8od aotveot effects on v8fious model corn 
poumb h8ve not been reporad. Consequeotly. import8nt 
quutionarem8intolle8nswerl?d~tbeovenll 
mecburirolofthirraction. 

We hrve been intefutal for some time in the syn- 
thesis lad fr8gmtnt8tbn of function8lii hicydic 
aalpou&. p8rtkuMy thole of the haged bicyckt 
oct8ayi 8ad bkycbnomnyl type.“” In order to pt more 
&t&d inforomtbn coacaninp ration iatamcdiuer 
xuch8s28nd3weinitiuaircomprdunsiveuudyon 
cyclixatbn ractions of monocyctic m 8cid 
&k&s under d&rent re8ctioo conditbnr. The con- 
cCiV8bkitl~bkydkatiomUllk~tCd 
either by solvolyzi~ bicyclk ketoloxyktex”*” (I&&) 
orbyminaunokcukrekctmphilicractionof8n8cid 
brlidc to 8 dOUbk bold (-2).L’ 

ir0111Cfic nrction pfodwlr. hl lhC pE¶CncC Of W8lcr, 

norbommc 8nd hkyclo(3.2. I ~ dcrivativcs ulwkrgo 

h openial”-” to give the cotresponding unrrtur8ted 
monocyclic carboxylic rids. whcfe8s io the use of 
bicydo(3.3.l]non8ne - 9 - one - 2 - yl tosykte m fr8&- 
ment8tion is observed,” otbcr m proh8bly 
depend upon str8in f8ctor-a in tbc m arbonyl. The 
mukcd diflerence in rtactivity between bkyckoct8none 
urd biiycknonxnone compamds. however, mry be due 
to some imporunt vultbns in st8bility of possibk ionic 
intermalktes in these two ryuems. The rcriour com- 
plic8tbm in the interpret8tioa of the mcclmnirm of the 
salvdytk pncntion of conceiabk intennaiktes such 
u2or3kdusto,hdy~invundecuhr~tionof 
8cid chlorides to c< lkubk bonds. Enn8n and 
Kretschm8f 4a foundth8tcyckocl-4-ciJ-ene-I- 
cuboxylic 8cid chloride (5) can be cyctisal to give tb 
epimcfic chlofides 7 8lnl8 of bkyck’(3.3.l)noouK - 9 - 
one. Dtt8ikd investigtbns on the mechrnism of this 
reaction curid oul in ourlrbonlofy which include the 
extension of the rerction to cycloheptene 8cid chbridc (10) 
hrs ykklcd considenbk new inform8tion which WC now 
mpor(. 

I. C~/~~rrwcrionr.Cydooct-4-cL-w-I- 
carboxylic acid chbridc (5) an he wily cyclised 

Aa dekbed ark” the solvdytk ructivity of under ditYereot reaction conditiom (T8hk 1). Au 
bicyck(33.l~mdbicyJo(33.l~l~ne~ylter is productx bxve been isoktal rad purifkd by column 
lowawrcloondipltol.Roduct8Nlysusbowedmae chrocnuogrpbyonxilk8pl.Rdluxi4ofSinCC&8nd 
than8O%ofumeuna&r~mucrirlmdZO%of wortia(upbysimpkenpontiollofthexolveot(entry 

1)kulwithin l0dBysto8mixtureofado8adexo2- 
chkr~ - bicyck(3.3.1joomne - 9 - oa (7 lad 8) io 8 3:2 

tN_dQru: ~&&&&c~,F~~~. J&&w, 6 8c-q-ed by sd -u of bkycb[3*3.~1aoe 
F lW3Illurcillc.hmcc. -3-cnc-9-onc(o.TbtcoMcoftbe~tionmr 

:Ncuad&u~LduslublfOrOrpaiKbcChcmicdcr~ni- -byNm SpCWCOpy.WfbiCbwUf~ 
VdlIl II*, D7om saln#wl 10. Gemmy. comrpoa- bl!aneof#oodsepanthoftheo~po(oarinS 
dmceshouldkrcacIotilucba. udtkC~X~nsinfudLuwcU~bytbe1~ 
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thtottlysaull8mouatsof6wereformod.Wbencubon . 
tctncbbnde (b.p. 77.) wes replaced by l&Ii- 
cblaoccbuw (b.p. 8uW the reacthI time decree& 
druhully from IO dBys to l2hr or kss (entry 2). The 
mixtureshowedneulythes8aKpmductr8tio8ndtlle 
ado &bride (7) remeincd 8s the predominant produt. 
In cootnst to cyclization in CCL. tbe au& mixture must 
bepuriEedbysuMimrtioo8ftercvrpartiplofthedi- 
chbfahe sdvent in order to get a resolved and 
aaprabk NMR sgectrum. 

@ite d&rent results were observed when the cycl- 
izatioaw8scuriaio4awithstoichiometric8moontsof 
anhydrous Ala, in CCL. 7 mnained as the mein 
product,w&ntbefe8cthwasstoppedafterrsbort 
ahnr(5mintoIor2hr.cnuy3md8butiardditionto6 
and8AlCI,causedtbeformuionofroewcompound, 
aMdy9..TbirlllpoUdpEdomiNtl!d8f~23Ubrlimw, 
whik T d@peued nmrly completely (entry 5). Tbc 
fofomthofokfhQinaaWdwithinaar~8mouats 
~ddedded~~;~.~ =a MY k yv+ 

Krachmu wbcb 
bwc been idudd in T&k I (entry 7-9). The d&rent 
productntios&scriWincotry2compMdtoentry7 

ueprobeblyductodi!fereotwahiqupproc&raTbe 
AlCl~talyzed ractioo (traces of AlClJ in digtyme 
(catry 8) mry be ratio- as 8 thermal cydiition not 
completed after a I6 hr the. In our cxperimeots we were 
not8bktoand8nyreacth~totheaocbktidc 
(8)UtbelMhpodWt. 

krkedly d&rent results were obteinal with cyck 
hept-4-cir-cac-I-wboxy~~chkridt(IO):No 
diuerencemtbcprodlbctr8tioaIuldkdetectdbl!tween 
tllethemdmactioaxndtkrrrction*mohrqurn- 
tit& of Ala,. Both reactions pve l&b yiekls of mix- 
tures coasisti4 of 93% aldo 2 - cbbro - bicy- 
cw2.l)octaae - 8 - me (12) xnd 7% Lxochkridc W).” 
Atkrtrnccrdbicyck(33l)oct-2-mc-8-onc(ll) 
wcfe&ectab&.andrfactiontimeof24hrdidootdter 
tlEpMdUCtntiointkAlCltcrcrtyZdWWilWIcf8bk 
2). 

10 11 12 13 

2. Idau#calbn of readon pmducts. colnpoundB 6.7 
end 8 have been described and well chuactaki by 
hmn.“Addiinally7and8arehhbkbyracth 
Of~,Witb8llliXtlUCdthCCOM~+lKZiC 
8lCoboh 14 ill 8nhydrous pyfidinc” The smrture of 9 as 
8 3 - ChbfO - hkydo(3.3.l]nnun - 9 - one WU d&Cd 
from ckaial and specs propertk. Treatment 
of 9 with Ia NxOH in methuml QIVC bicycb(3.3.llnoa 
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-2-m-9-oatQ.Antbucompkxs~facbc 
C~CI-proton of 9 in the ‘H-NMR spectnun with a hand 
width of 1MS Hz (W,, I8 Hz) ti 4.93ppa1 ai@ be 
resolvalasmuymmctricnioelincpmttun.correspond- 
~toan&B~aM’BB’Xspecttum.FurWmaetbe 
symmetric rtnrture of 9 is suppomd by six “C xbsap 
tions in tbc ‘C-NMR spectrum (T&k 3).“ These dxtx 
8re in rcocdlllce with a Ch symmetry of the bicy- 
clo(I3.l)nunsne skeleton indicating thxt the chlorine 
rtom is ettxched to C,. At present we caanot establish 
the s-mirtry of 9 unequivocally witbout hxviru 
bothposstMcisomersrttmnd.Becauseoftheshat 
distancebetweenC,radC7in8nidmlchxir&8ircon- 
font&on” en& hubstituted derive&s of bky- 
clo(3.3.l]noNae show 8 chair-bust a@brium (cf. 
M; IsS=lS)? Per&r” hxs estimsted thxt al& 
hkyclo[3.3.l]1~1xnc-301 (ISI exists predominxntly (86%) 
xs a chxir-boxt form IS in the c4Awmxtion a@lihrium 
I-IS. Tbc “bow sprit WW interWion open* 
inlSb,irrelkvedinstructun)rwhichbanrCOlroup 
8tC.instudofCH~.TInTeforewes&ukifitld9xnendo 
isomer in the boat&eir form )r LI tbe erchuive can- 
fomer. Ilkis f8ct hplks thu the multipkity of lhc 
‘HMRsiqulforH,in)rsbouldneulyberberuneuin 
)C.I.e.~udkcrnnotkdis~sbedfromcrcborba 
by ‘H-NMR. Ia” 

ISa 1Sb 

Asomewh8tbettadesc+oaisrv8ikbkffomt& 
“C-NMR q~~tra.” The +kct b supposed to be x 
sensitive Sator fa SW effects.= end in 
tbs case xt hand it involves the chlaine 8tom at C,,, of 
-1.8 ppm (T&k 3). This vrhw iodiata littk steric 
i&n&n betweco C&l and CI-H&H). For this u 
wdluformekcmaidy-(w-type)intcr- 
8ctioobotbmo&cukskdkabowliltkanodif- 
f~Iks&ifaGat20.9ppm.howeva,endthe 
sm8ndilfefencetothecoImpondillg~hlbicy- 
clu(3.3.l]na4unc - 9 - one of 0.5 ppm, kxd us to assume 

Talk 3. ‘C-8bifls hfl compouod r 

C If’ GM Cl c, G G 

b) 44.6 43.3 53.2 34.1 20.9 217.6 
ICI -Id 9.3 328 -0.1 OJ 4.0 

‘In CDCI,. vahlel bwd 00 CDCI, S&ml, Md tnnr- 
formed feluiw lo TMS uSil# a@00 &- 
4&7.lpptn: 1 oc#uiw Sk0 demlta 1 b&6dd 

Gelalive to TMS. 
‘R&tin lo bicyclnj3.3.l)noarac-eonc.” lbe v&a 

UC cued by the odat (CJ. fledat CC& md 
rtual KJ. mp.. of fhc &briar s&stiwnI. 

the stnrture comspoodi~ to 8 stericxuy kss hindcfed 
uo isomer 9a?’ 

Cycliutionproduclrofcydokpt-4-cL-enc-I- 
arboxylk acid chloride (IO) have been cburccaitsd by 
NMR ush doubk resoaance xad chemical reactiuns. 
Base clavrge of the endo chloride (12) with methawlic 
KOH pve cyclohept - 4 - CL - eoe cuboxylk rid (cf. 
Ref. 3). Exo chkride (131 is stxbk under these cob 
ditiuns, hut conversion to bkyclo(3.2.ljoct - 2 - ene - 8 - 
oIK (IlP ouxus using mat drxstic c4Xld&s. The 
NMRpmcmofC~CIofbothtkmctionmixtureof 
10, contxining mxinly I2 (cndol, xnd of the isokted com- 
pound 13 are shown in Fu. 1. Si 13 was formed to 
tbc cxteot of up to 7% duI& cyctizatioo re&ons 
CrrMt 2). 12 md 13 were prepucd by treatmeat of an 

Twotnech8nismsh8vebt!eopropoWdby&anaand 
Kretschmu~fatbecychthofcycboct-4-&-I- 
cuboxylic dd chloride (5): Bmcd 00 tbe producl me0 
mbkl)8ndtbedilT~ncektwecnthetbamrl(aminly 
chddiho) 8od tbc AK&at8lyxed (traces of AllIla 
reWion(msinlyrmn+additWtheioopaifs17.18ar 
frl!eioa198resq#ested8sructiooinWmaGtes 

Iflthe6fstasetbeproductRtiOdependsootb;mte 
ratio fa ramppmcot It-, I8 xad the cdhp8cpf yf;; 
(aoproduct)8ftl!fkiuuiany~f~ 
neprescnceofm,-morc~iddbrocirtior; 
and~ntofexochbrideioopairIttom& 
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Fe I. ‘If-NMR specmn (66 MHz) of CljCl pxttem of I2 xnd 13. A: Mixture of cyctixxha pmdwr I2 (92%) xad 
12 (7%) from I& 8: 13. isolxtcd from A by fnqncnmtion pro&we. 

17 w-a w d-0 n 

cllba(7)thmgbionp8irI$.Incon~thc8blencc 
ot atalyst f8Vom the mpid CdhpK of 17 to a0 

producj 8. A second possii atcdmism involves 8 free 
arkmum ion 19 which is suktitutai much easier from 
tkcxoshduripl&umalcychth,whikAlCI,in 
amtpkx8tioowithtkCOgoupnvcnc8tkattackof 
a- 01 AM&- towuds tk rndo side. 

chrmultsoatktlWthsofSpermitustoconchdc 
tkttkmcckdsticputcrnpro9o&byErnunskuld 
k mod&d in lomc respects. h may k sell from 
Tab&Iitsccmsraso&ktoconsirkrsepamtdytwo 

.ThustbercisrpurcIbemulfcuxiOn 
urrmnJditioaintbcnlmrttimeAlCI,- 

lvdonyieldislm8iniyaldochkridtCI).”mtkolbu 
hand chc bnpr time AlCl,eaction causes tk formation 
of 3 - chbm - bicydlq3.3.llnoamnc - 9 - one (9?, (I”” 
MyerO)uagroductduivedfrombydrWhtftmtk . 

lamedvte nisstandsioamtr8attotbtrcsuitsof 
Luld. Kreuchu~wbodonotrcport9ur 
poducL~y8nytwcb8nhta~o~ 
procallnuurbo~thircoalpouedintocoardaraon 
zipasdly. the di&rence ia prodlKu bclweca Ibi 
tbermrl rod AKIxaactioa is not repmaP only in 

rtcrcockmistryatC~butfaanatbaofanisomcrnmaAy 
9. Tkrefore we conch& tkt 8 hydride shift is im- 
portantintkproccssudskddkinchdcdintk 
nucknixticdctuiplion. 

sincetktotdamountde%Oclhbhdc0)andhicy- 
cb(33.l]non-2-eac-9-oacQit#ulyconrtrntinrll 
cxpuinwnts, 8nd 6 is easily de&d from a then 9 
aems to k formal to tk expcose d 7. In order to 
kunsoInE~mon8bouttkr(lbilityoftkrtrctioo 
producu under cyclization lx&ions, coalpoundr 6.7. B 
8nd9wcrctrcuaiwithAKl,.Ibcrcsultswbicharc 
s~inT~4sbowc)erulytktdlchkrinrSsd 
cychtionproducuuc in~vcttib&. &R&I chloide 
(7)hfcamdtokv+ebwesttcadc~ytohnuize.8 
and9yicldprubauoMtlytkdiipfoduct&Tbh 
bwteo&ncytoundcrgoseuctunl~indiata.u 



mrdiiunedbyEnnm.~tb8t7md88reprim8ry 
cyclidoa pmducts. In amtr8nt 9 8riscs from 8 rcu- 
rrpgsd iowmodkte by intnmokch hydride shift. 
!Jincethefem~krdiUerenceintkpathw8ytorthe 
6fXtintamedpteiothetbum8l8odAlcllarrlyEed 
cydintioac. we propme tk folkwhy llledmh: In 
thctbl!nmlcyclintiocl~oftbc~cbbcidc 
fun&Da to fhe c-c &xlbk bond of 5 &ives 8 wee” . 
cubawmioa19*which~-togive7 
8nd8inrr8tiofelkct&theirrektivet&nnodyaunic 
St8bilii.6IMy8fiW8ithdiY&yffOml9aby 
dimihon of HCI from 8. The rt&dy f8voufed for- 
m8tbaofal&~r7over~couldkntionJitsdio 
term8 of noach~shl ion U 8nd subquent staaw 
2peciik 8tuc.k by cbkride ion. 

24 ? 

However, 8baence of my daiv8tivw of bicy- 
clo(4.2.l]oonuw 8s well 8s the extemive hydride rhift 
(I+91 in tbc pmence of AK& is b8rdly comiucnt with 
Utiscoaception.~7~tttstokvuyrfrbk 
tow8rdl Ala,. 8tbd to rarr8a@oalyto9uptol3%,tbe 
8mountof7&c2e8sufromoverSO%tonarlyzao 
dwingthecycliX8tbopnwdufewithint&24lwractiml 
time.Tbism8yredccttbef8cttbU24iriovohxd8280 
ill!WW!di8teilltbeWthtO8~CXrcattb8ll13%. 
I)urppeumccofnarly8llof7duiu#tbefofm8thof 
9mi#btk8co~uenceoft&f~Intbe 
pmenceoflwl8r8mo4mtlofUCI,tbe8cidchkride5 
cycliXutosbuuure wkuisltbc 8hlmin+moiqio 
tbeJy,pOSithbl!C8WOftbc8kctrorlrtr 
fofcesbetweeauleDeetive~radtbe~ 
cente2.From~theprodwt2(.7,~8nd98refamod 
throu&diUefentintermuUu21.Z28odU:tnasferof 
chlailk ioo to c-2 river exocbkridc 21; the inter- 
muJi8te23raultsfromardo8tt8ckofAlCL-iooto~. 
Reversibk u8eBforrmljon of 21 to 23. bowever, Qwot 
berukdootcompktely.Iocoatr8utothaekiwially 
coat2onedp8thw8ysthefam8tioaofz2fnxn2#by 
hydride8hift~ms~bcf8voural~~bpp 
tilD2SkauceOftbehi&h!ftbUlDOdyarmicWilityOf 
22comp8rafto218nd23.Theomrlycompktedbrp 
par8nceof7dutia#tbe2shrcydiX8thtime,witbt& 
8mountof~re~8lmostcoart8ltt,uweuutbe 
ilW8S&formrtiood9inthiSrrrrioo,PnybcductO 
tbebwerrt&itityofintermalh23rektiveto2~. 
lotamedhe23annotbefamatfrom7byrextko 
withAlcI,8bne,8adthweforeitisoadauradrbletb8t 
7iskss8eectedthmnBinthiXrexthl(-hbk4). 

A2 8nticiial8bove the cyclhtioa of 8cid c&ride 5 
proceahin8tn8nIwveryrimikrtothelolvoty2kof 

cyclooct-~-4-cae-l-ylcubinylloryhtcU.Iof~ 
pW’iOUBiD~nadcritVayUtikdyt&t8 
aoock2sialkoi2involvalinthecy~of2!?8stbe . . 

tl!mldh~ofthelii~ in 

nNIstbeinvolvai8kointbefe8cthof25~~iInow 
suppor@dbytheNsultswhicbmobt8h!dincycliXil@s 
a rama&tg 7.8 a 9. 

AatiUmofettrik&fe8tufeistokfoundiothe 

of8oybydrideshiftdlIrin#the~timeCUlK)AKIJ- 
fewion offer 8ddiin8l mot2 for tbc involvement 
Of 27. ffOWW8t. thi.2 iOIl c8llWt be tbc Ody lQchiOn 
iUtUlW4ih,bCc8W0187%f~OfCIO&kWi& 
I3whkhc8noalykformedthmu&chssicdion2). 
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