
dx&A 
I 6 6 

A& 
6 6 

Tbc exo-23J~ctboxYatrblm*~l 
ocG7ene (7) wa8 obtahd (EtoIiltolr#le, pera- 
tOklMtfOllicecidldlUX)tromthCcomSponding 
+anh_ydrkk6(95%).Tbeall-cu,tetreestcr7was 
lsoammdintoalleqnilibratsdmixturcofthcwus 
stabh? staeoisomas tzooehg 8096.d the alhrw 
isoma8.‘0withwtpurificatioathismixtlucwas 
r&cedwithIAHioTHF(fcUq2days)andyieldcda 
mixturcoftctrolsfknllwhich75%(lmsulon7)ofthe 
pureiaomcr9anddbcisolatcdinacrystallhform. 
Treatmeat with !SOClz in dry pyridk (8096.2hr) fur- 
ni!3bcd t&e corresponding teakis(cbloromcthyl)_bicy- 
&(2.2.2Joct-2cne lo. Epoxidath with metachloroper- 
bCIK.0kWidillAC!OEtaWdU.lthCepoXi&l1.Tbis 
rcacthlrsquindre~~drastic~(80”,3 
days, high cone), probably because of stcric bin- 
draQcedlk?tothetwoex0cbloromethy1groupsin10. 
t&&upleelimhathofHClwasacbicvcdbyhcating 
1OiaTHFinthepeacnccof1OcqhakntsoftW0K 
(u”, 3 days) and yickkd the epoxy-tchacnc 5 0496). The 
tChC~1OCan8lSObCdtOpnpanthepentaene 
4,oraftercatalyticllydrogwth(4atm,aatoae.1096 
Pd/C)ofthcwbcyclicdoubkhd,tbctctraene3by 
tntmcntwithexcesscsoftbutOKinTHF. 

lk shwtmes of 5, 7-11 were deduced from their 
mode of format+, by thir e+tal analysis and by 
thl?ir~~(seeexpcrimcntal 
part).Aswasfolmdfortbetetrawa1~,5sbowuian 
inlporwtrrrnsemwlarinteractioabetwcalthctwo . w a-cir- chnwoph0ns.m 
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TCE: 16 17 19 

E-C-C-E: 19 20 21 

dCIC\E: E\ / = * 24 

E-COOCy 

lllthcprl?wl~oftwocquivakntaofTcE,5turnialKd 
the bia-dduct 18 qudbtively. However, wba.~ the 
tctTaeMswaamixedwitbolteeqlliI&altofTCEin 
bcnzem?, a 8515 mixture of the moMl&w& 16.17 was 
formed. None of tbe~bis&duct 18 could be dckctai in 

K)OOO- tbcseconditions(Q%,tk,NMR),tbaailldial!ingan 
imporhtrca&ity~ofthedicaesl6,17toward 
TCE compd with that of 5. The ptoauct ratio lU17 
was not a!Tccted by the change of aolvcot(aceto~!, 
M&N, JZtOH, CHxClz. CHCl,) or by adding 0.02 

!lOM- equivalent of zoCl1. Contrastingly, no sigr&aot 
fcgioscm (50*6/54k6) was obsclvd in tbc 
cyclogdditions of 5 with dimctbylacethyl~xyI- 
ate (DAD) and dimctbylfumank yield& the car- 
rc8polMIiltgmixturcsof~ 19, a aad rcspec- 

I . I , I 
290 270 280 230 210 

tively, 22,23. The SW of tbc fc&wmcm 16, 17 

nm wa-c indicated by their ‘H- and ‘?XWR spectra and 

Fiil. uv&ofpGonspectniuirooctrme with tbc help of LIS n?agultP (compk& of the 
01tbem5(--) cpoxi&appcaedtobcfavoredovathatoftkcyano andoftbecpoxydkDel36-J. groups. They were confin& clwnicany ill the fouowing 

cpoxydime W with that of the paumtdb 12.” A 
8omewwlafger’8hift(-llnm)waaobsavcdonamP 

Wbcntwtaiwitb3equivoftbutOKin~~(50”, 
12hr) the tctracbloridc 11 (10% in THFJ ekmakd 
s&ctively 2 moles of HCl from the cblorometbyl groups 
ontitotbecpoxi&~alKlykklaitkdknc2!J(6s%, 
aftcrp&cationona!s&cdmml)toeetherwithsomc 
tctrwlcs(12%).Tbestructmeof25wasdaI~from 



eliminaG000fHC!Ifrom25ykIding5occured20-40 
tinn%mofeslowIytbanthe&&ationsyieIding26from 
10.Thl?refore,if2!Yweregene&ed,ithada~chaace 
toyieldSndiIy.lEehigbsekctivityobservediuthe 
lea&n 10+25tzs can be att&&ed to steric hill- 
deranceduetotbeo~ring,inhiitheappraach 
ofthebaseonthesyn-atosideof10.Thisauumesthat 
mdo attack by the base is udikely. Another inter- 
p&ationcouIdbetoiovokeane&ancedacidityoftbc 
C-Hhydngensontitotbeepoxidering.,duetothelong 
raoge e&t of the ekctrophiI.ic chancter of this function 
(see b&w).” 

Thediene2!5addedoneequivakntofTCEandyiel&d 
tbeadduct#.Mourattcmpts(thutOKinTHFar 
DMSO,KOHinF!tOH)toeIimi&eHCIfrom#kadto 
poIymerisatio0, except wbell using tbc “luJk~ lhK&e 
anionasabase.“H~~#inDMP(110”.15hr)intbe 
preseoce of a 8-10 fold excess of CsF yiekled the dine 
27 (CsF was found to work better thaa Kpt M-crown-6 
etber).UndcrthesecQndGlstbedoIlbIeelimin&oof 
HCIfromtbecbbromcthyIlpoPpsamIthedoubkeIi- 
miNonofHCNfromtheTCEresi&were~ . . 
petitive. D of the addub 16, 17 occwred 
aIso m& similar co&ions (4 fold excess of CsF, MO@, 
15br)ykIdingamixtureof28,27whosespe&aldata 
sbowedtIBt2awasthemajorpfoductwherals27was 
themhKnmpolmd.Thesametrcatmeotnpeatedwith 
thepureadduct16yieIdedoaIythedieoetll,thus 

co$$+e StnrtureJ of the ngSomen 16,17. 
~oftIRTCEadditbOtotIX 

te&aeneScanbeattriitosevezalfactors.Onone 
bandonecaninvokeapn+q&&nwiththefor- 
mationofacharg&a&ercompkximplyiqttbe~ 
bondingn(0)ekctronsofthe0xinuleallddire&gthe 
llttWkiUgdhOphikOlltOtbCSpCWJsideOf5.TilC 

higbUeleCtNmaflPnityafTCEcomparedwiththatof 
d&thyIacetyleln&aboxyIate and dimethyIfuu&ate 
c&d explain the varyiqt re&sek&vities of the cycb 
add&msoftlK?sed&@biksto5.OntbeotIn%haad, 
oaecouklinvokeabug-~effectofthccpoxide~ 
ontIletwodknefun&us,makingtbe0Jluknekss 
reactive tbao the ryndiene toward TCE’. We have 
expIoruItbclatterhypot&iiwithMOada&bns. 

Accord&to~~MOtbmry”aodtoa 
flrstapproximatkm, tbesbapeandeIrtrgyofthefro@ 

tkrMO’softhedieoesshouIdenabIeustopredkttbcir 
reIativeDkl+Akkrreactivitytowarda6ivea+nophik. 
Ioourcase,onepredictsthatthecycbaddttronofa 
stroug(electronpoor)dieapphiksuchas’REinthe 
syn-exe or syn-cndq face of. 5 wiII be favored because 
thep,coemckntoftbc~occupiedM0(HOM0) 
arelarger(Fii2)atthecarbonsoftbespndiene(air- 
bans c-‘xrXY) tbao at the carbons of tin! fulzidielR 
(C-S.Y.6.6’). This might arise from the st&&iog LUMO 
@ox&)-HOMO (dkae) homoconju@ive intuactkm 
tbatisexpectedtobeIargcrforthe&i~thanfor 
the syndkoe because of a more favorable 0verIap be- 
tweeotlKSeMtYsiatbeformeralsetIlantheIatter(see 
F& 3). ‘Ibe LUMO(epoxkk)-HOMO(dkne) homocon- 
jugatioocouldbensponsiie,iupartatkast,ofthexate 

k&: WI m8 l/4 lfiatp:toIwl+= 

k&D:(l.Oj l/l@ lll.6 rl2s,ca4= 

Theaboveio~omyweIlprovetobetoo 
oaive.Io&edthesynjegiowkctivityoftheCycbsd- 
ditbosofswithstrongdiempqilespnpidedfromthe 
LUMO(dkaq&ik)-HOMO(S) m&a&on is cerGdy 

eigenvectorsareIargeXatthecarbonsofthe~-biene 
tbanattkc&onsoftber~dieee(Fig.2).A&ndink 
toourbypoth&,theepoxi&ring8houIdtihavea 
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fcsulta 8t-c tlchitcly fapimd to exphin our DbQer- 
vrtioas. In p9rtidu, lhc stersosclactivity (UKJ RI. ado 
8H8CkOftbCdkCtDphik)DftbCDiClS-&dditiottSd 
Smttstbcwtablish9d. 

CvQontad Lr. and &id ir. ov& P&-yidd: 3ao~). ate 
parda. ED. 12bl21’ mHk IRfKBrk 3000.1710.1360: ‘H 

ur), lmi in 12HI; wm: 3Mi33). 35202). ur(lw). 3230% 
277wh 2sa3n. 231(19). 2mm. 20402). mm 149m. . _ . . . . ._ , . . . ,. 
131(32) (Paul: C, 6osI; H. 7$1. CJIC. for C,,H,&396.44): C, 
609; H. 7.12%). 

(*)+x0 - 2 en&- 3*x0 - s#m& - 6 - ramki#(rrhcuy- 
c~~-~1od-7-u(n.~~ol7rad~g 
mhydK$O,hukdundcrr&xia3OOdabsEtOHfor3Olw. 
Aftercoo&thcKlCqwasllltemdllndthcEtOHmcutrd 
is. ne miduc wu &ied ia over P,o, md mmik yield: 
r)~l~),oilcolnbis(~ol((vpcoclrjdmru;;rlm 
alham CSILTSE 30.224. let. time: 3m. mma): 2990.173s. 
la, I*, iik lir iah( b4k ki 4ad 8~); 
3am. 3.h IHI, 1.3h 1zH); mm: 3wO.m. 351e-n 
3SO(l5). 322(6), 277(12), 2X(28), 177(32). 1760). 17wz0), l%lO@, 
ls33)e 149m 

(f~-2mdo-3Exo-s#mb-6- ntmkfr(k_fl 
Mry&[22tl af - 7 - w (9). Uda N,. 350~1) sat h 
of LAH h aba THF was uhbd dropwise to a stirral 
smpceh of 501 (O.l26mof) all& 8 ia 4aOd rb THP. 
AfkTh?athgmlk*for2dly&Mdtbalcao&to~, 
40dofrutrdaofN~,imH~wuad&dportioawk 
Aftcr&a~totheb.p.ituuUtcredmpidiyoaSiQ 
(SO&. Tbc -+I& rac extracted with ti @tOH (2x. 
4wdl.2b.~ua&rr&xdbota!mtilm).nlccxmct 
rucvqmtedaadtberai&ecxyat&taifm~EtOHrt-15’. 
yidd: 21.4~ (7S%), a&wh uyablr, m.p. HS-IW; IR(KBr): 
33% 2900# 2Ju. 14sO. 1380,13so, ms, 1120: uv(EmH). emd 
abmph 91a= 120: ‘H NMmo): am w). 4.60. OH). 
3.61P. w), 3.*.r, 2H), 3.m.r, 2H). 3.13 (b.s. W). 2Jym. 2Ji). 
lAl(e 2H), I.WaL 2H); Mstcfk Ps(l4). 227(r), 212(12).21 I(55), 
ml,), 19yl2). 194(m), lnrl3). 181(11). 177(10,, I7~ltlO), 
14m); (Famd: c. 63.14.H. 8.01. c!ak. far C,&t&22JJ.29~ c. 
63.13: lf. 6.83%) 

(k)-e.xo-2&o-3,exo-J,mdo-6- Tabktk@Uumwth 
ky&(2.2.21- od - 7 - Y (IQ Aaw Plrillrr (Z 
RO62ml)ruddsdadaN,&~Itirqto 
ffultly &t&d 9ocI, (9.38 aQ”molh Thea m 9 
(4.7L 0.02 moo wu aed patawe. Afta kaiu to )Q 

ndexceuSOC&b&b~~2SdwUa.ibeaixlure 
W8SCXtWtfJdlV3hC!HfiQX.#d)MdtkaluirJlbUC8 

wubsd*itbrtN31C44qQx.‘lOJ).tLcrritb3NHCIQx. 
4Od) md hlty dried (wcso3. Ache chfalal (O-53 wu 
ad&d with rtirriol for 2ti. Afrm y tk&oImImn~ 
evapontaito&yncuaodtheraidncrecrJIhPued 3: 
pmtame m 51 ao%), c&mksI ayaw. ml+ lIT-llr; 
LqKBr): 3010, 2a0, 2960, 2910, MO, 1440, 1375, 1330, 13Qs. 
129a 1160, 1100. 1020, 940. 915. 6% m, 720, 80. 690. 
IJV@OH-): emd &mph azIoc loo; ‘H NMR @DC&): Wm, 
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16 ooom& 1Ymmoo ‘lad mhyd cams. 6.6lumol) in 85ml 
aahYdDMFwatlKataito1oQfa15hr.AftaMcpltionfJf 
tbesdv*ltiR(10-‘Tar)the~wu~with30ml 
acetmc.Theaolnw&3- mdpurikdbydutimwa 
cohmu (rncm, I 4cm) of sioJ (CHfi: kxaBc: THF S:kl). 
YiJd: 95 n&23%), wkite Powder, m.P. 209-21~.(da$ IB(KBr): 
3Q5o,2990,2970*2920, 22401 1625,1485, 14001 1344 luq 1185, 
IoJ5,97& 920. m5, eco; W(~xme): 243(rh, 22ooo). 223(4umo); 
UV(BtOH 95%); 247(16000), 223(m); ‘H NhfB(acetomQ: 
7.S. w), 5.7(4 w), 5.3k w). 4&4 w). 3.7(m. w): mm: 
2460. usc23). 231(69), 218(19), 2170, 2160, 2lYaz). 
203(64). 20203). 19105). 19O(lW) (Found: C, 78.15; H. 4.14. 
cak for c&dIN (ubn): C, 78.03; H, 4.0996.) 
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