
in cqdkium with bicyck[4.2OJocta-2.a at W? 
SblXt&thdXCapemdMMhpn’npocfcdthat 
benzoyks rcwzted with pbenyl- 
m8gnehm.bromide to give l$dipknyI-%4&8-mma- 
tetnxn-loae.AfterabriefBhtus~~vagesof 
cychtahEswithrpionicsubs~~toap- 
peu.ADet~sbow+at~ &atment of 7&liuxtoxybky- 
c&r4.201$M&=d~h ve z4e 

lltz feud that cyclo- 
~diMionre&ctswithscidchbri&sto~e 
I&tiucychtaMMEsinlowykld.Atabouttbesame 
time Aoevd found that treatment of 78 - dibromobicy- 
clo(4.20~ - 24 -&UK! with cyanide grve 1#8dkyano- 
l$S.7-o&t&aene, w&ik a l-cyeno &htive of the 

‘bicyclic dkln?, pduced pbutoc&mically, unravelkd 
slowly at lup to a open c.Imiu tetmeoc.’ That ring 
qEniQIs of cyclotatrknes are not inevitabk was iuus- 
tmtal by Mekter,’ who found that all c& 1,8dimetb 

. oxy-13$.5,7dat&ae= Oave 7&limdoxybicy- 
ek(4.2Olocta-24-dkne.Fii~beinQ1owaItbat 
partial hydu#e&on d 1*7+ctadkd&Iiyns gave 
135+hctabkoe, whik Roth and PddO otuaind a 
acries of products derived from ring cleavage of 13s 
cyclooctrtriene at 4slP. 

Justasthisbumtofadvitywascomin#tomend 
woodwanl ad Hoffman” pubhhal tbcir classic series 
ofpapersonthcc0nsudonofohitalsymmetry.llE 
dectrocydknrctioabetmen octatetrpeoe aBd cyck 
octatrklw was shown to follow the WLH protocd.‘2” 
andtbeelc@studyofHui##caadUestdhbalbotb 
thelMynpidntedtllk&bWcydiZ.dOnproaurod 
tbeprec&uuf&?eeaaOybalancebehveentbetwo 
*aCe~.~Witho9rinitLlS~Oathe . 
rtePeocbematryofthisekctrocyclkpnxus,’ mbad 
bC@lllabroaderstlldyoftbeil&eWXOfHhthnts 
tbcre&ion.Gurhopeldbocnto*velopa~ 
8cuuatcpictureoftlEtrdtknstatefurtbe8rdec- 
trocyclk reacha, but we ltnve SlECC&dOnlyinrhoa- 

ingthttlE-OfratcaaMleqailibriam 

cohstantsdedirectobaervatiouoftbc8wekctrocy- 
clization generally diiutt and often impossibk. Here we 
report on three different tctracoca cmch of which producer 
a d&rent obserdk reacth. 

Gfthethfcem~~wehavestdkd lb- 
dipbenyl - !EsZJZJE - s nc(1)wastI&stto 
bekoh?d8t.TIliscompomdwasrepoded~toisomeIize 
above, its melting point (191-1933 to tbc all tmru isomer. 
It seemed surprisii that the facik SW electrocyclization 
would not occur u&r these conditions, so we rein- 
v&atedtbetbcmdb&aviorof1,anflaprelimhary 
report of that work has been published.“ Compound 1 
was prep8Ed as hcribcd prevhsly.‘s and its physical 
prOp&sWedlWmpktefcootdWitbtbocrereported. 
Toavoidcoatpctitimwithbmokchrpraccsses1waa 
nothtcdnmt,butwasexaminedittdilutcsohtionin 
ethyl w!atc. To our mprisc the dution &owed no 
Ch@CwbrboeV~WbCObertedandanitrogeaIttab 

pemturesuptol2P!Atl+rtcmpetotlrnsinsolutiun1 
undergoes a Saks of thermal reactions kadii to at ht 
seven produds (eqn 1). The mixture of prducts was 
seporoted by prqmdve layer chromstogrppb 
953% of the mat&al was recovered.” lluee zf 2 
sevenwae~wnprod~.allrnur-18-dipbenyl- 
13J;r - datetmene, cis-. ad rruJu-stilbcnu, and were 
readily identided by their physical prop&es or by 
comparh with authentic sampks. The remaining four 
arenewcompouhahdtbeifidcnti6cationwillbe . 
c4nmked Dext. 

Iaituywcwiuconsidercompound3,iao~cdin205% 
ykIdandredilyobtaidpurebyrecrystaUidon, 
beaweitssymmetrynndcralitsNMRspectrumwm 
amMmbktoan8lysk.Averystroogmokculuionpcak 
in its mess specmlm at m/e 258 (rd. intens.=!xl%) 
sbowdtb8t3washmeric with 1. Cat&k bydID 

_~aswellastbeNMRspectnqs&waithe 
lwesenmofas&kdoubkbodTlumthebeskdght 
cafbonskektonoowcoatainedthreenewrings,tbe 
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pllcnyl graqm rcmainhg intact. For coovcniuace we will 
dkcusstheNMRspcdrumof3usingthnumberipsfor 
theprotonsaSSb0WIl.TlRSpC&Wlb8Sp&SWWl 
may be divided up into four groups; 1.6-21(3H), 3.0- 
35(3H), 4.8-6.1(W) and 7.1(1OH). The narrow bad at 
7.1skowSthatbothphcllylgraupsarcintactadare 
apparently sylnmetricauy Sitwed in the mokcuk. Tile 
very compkx multipkt between 1.6 aad 2.1 wan not 
immdatcly infomlative, but WaS eveotually asSiQKd to 
the three cycbprqyl protons. H,, Hr ad H,. IO the 
rcgionbctwecn3.Oartd3.Sthercaretwosimpkpattcnu, 
a doubkt (dative area= 2) at 3.4 and a tripkt (rd. 
area= I) at 3.15, both ckarly broadened by additional 
corrplipe Tbc triplet at 3.5 ** “dy;wed; 
approximately 4-5 Hz - 
at4.8ppmckadupbothdoubktandtriplctpattaw 
ad sbowcd J~~=JJ~=~JHz. Tbc okUnic ret+ lms 
two sin& mton nmltipkt~ at 4.83 ad 6.03. M 
expcrinwnts estabhkd t&at the proton responsibk for 
the4.83pattemiscuupkdtotkprotongivhgtbctripkt 
at3.15,whilethtproton~riretotbe6~03~t 
is coupled to OIK related to the 1.621 multipkt Coosi- 

Ph 
h 

Y 

H”y Y 
3 

a=- 

Ph 

\ m 

7 

6 
14.8% 

ttuatioaofbothchcmkalshiftsllndthchtarclationa 
wablihdbydecouplinp~nstbat3muStcoataina 
oroapino6. 

Mofthecaltxmatomsof3arcacco4mtcdforinthe 
partidsBucture6.dthesemutbcBtedintoatricy- 
elk sylltau. In view of the formation of tricy- 
cb[3.2l.O9ct-3-cnt, lqlortd. by Rot!! ad Pdxcr,lO 
~~yge~Y&-t= - of h 

automa& H;wcvcr it is not im- 
diatelyobviousw&ththccxo,cxo-iSomcr3aits 
eJdocrrdocouatapPrththecomaPMi$mellt.Amore 
compktcanaly~i~oftbeNMRrpectrum’skowedJu= 
S.SHx, J,..-8.OHz, Ju-Ju=20Hz. J~=6..5Hzand 
J,~=J~,=45Hx,whiktbccouphgbctwwnH,~IG 
(or It and H,) was too small to be rwohd. Un- 
forhmatcly tbc Jsl dadt Seem to provide &chive 
iuforrmtIon~G~andStothenHfo4mdthrt 
for the bicyclo(222Ioct-2cn system coupliw3 between 
t&ebddgcbdandtllcao,oradoprotomwerequitc 
variabkandof&uilarmag&de.oforrptsr~waS 
tbcirobswwthtlmtJ,~(~~)bhrOc(~10Hz) 
rirhile ka (do, exe) is small (ca 2OHz). lluec pieces 

6 

4 
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ofevideIKcsupporttheas&lmcntof3astbcc4WW 
oae.FiithcvayMnallcouplhgbuwceoH,andIt 
indicaMtbe~augkbehreeothaetwo~bc 
amr9W.seconditbrrbu?afouDdtlmtforex0,ao-5. 
8-di4~ohy~3.21.0=~-3-a1cthechemk~i 
ShiftbCtWl?Cll&d&iS~diSdUCCdWbae 

onebromineisinanendopositio~~rpattmlfolh!d 
CxactlyiDtlKpreSUItcsrC.ltWtbC&~~0htW 
wouldhavetobcduivcdfrom7viaaninterltalDkl8- 
Akkrreactioa,anunlikclynrctioaonstcricgroumls. 

Compound2hsamokahrwei&tof238,andan 
NMRspcctrumwithovcrystnmgrasembkncetothatof 
3. Catalytic by_ &owed the plWcmr of a 
singkdoubkbo&conhingtbctrkyclknaturcofthe 
-skekton.Int&NMRspccbumof2therc 
arethrecsignifht~fromthatofITkcanMlatk 
region ban a ten protoo broad q altipkt exteadiag from 
6.9 to 7.4, indichg the two phcny! groups are no longer 
symmetrically situated. The rcsoaaoce at 4.83 in 3 ap 
pears at 5.48 in & and the 2.S3.5 region is notably 
altcred,ha~twobroaddoubktsatcfL24lmd3.22and 
ashgktat2.47.Thisquiteunexpectedkckofcouphg 
between the bri&&ad and an exe proton was 
also obscrvcd with ato.&-5&diitricyclo- 
[3.2.1.0zz)oct-3ene.a An of the spectral ClmlQes arc 
inaccordtbcnwithtboeexpcctedfora&iftofaphyl 
group from an exe to a0 a&-posit& Hence the 
assignmcot of StNcturc 2 to this low melting rdativcly 
*tproduct. 

TbefiMlproductwa8obtahedasanoilcoostituting 
14.846oftbereactionproduct.TbeoilbpdaUVmuot 

‘2S6nmwithanextiactioncoc.iUckntofB#HI,baedon 
a mokcuhr weight of 258. Catalytic hydro#umth 
requircdtllrcemoksofbydrogen,andthesamrated 
product had a molecular ion peak at mle=264, 
col&miItgtimokcukrwe~t~totheoil.llle 
NMRspectrumofthcoilWonlythresbroadmultipkts 
at 7.&7.4,5.4-65 and 3h3.7 with rdative areas 11:5:2 
respectively. These results &owed that the proauct must 
be monocyclic (exclusive of the phcnyls) and that it 
could not be 7$dipbcnyI-13$~ycloocWrh The 
rcducedmateialwasfoundtobcscpahkongk’giving 
twocompoundsiotheratioof5:l.TbeNMRspcctraof 
these two reduced material8 were virtuaay superimpos- 
abk and ux~tainal a tripkt at 2.35ppm (J=7SHx) 
assiglmbk to bcnxylic protons. Mcclmniatk CoIMidcra- 
tions and tbc need to 6t three doubk bonds into a 
monocyclic system with a chromopbore ho* a maxi- 
mum at 256 suggested tbc thermal products were 
isomericformsof5-pbcoyl-6-~l-l~-cy~ 
hadiine. Both propcnylbenxcnc2’ and cyclo- 
hsdhe= have maximaWarto256nm. 

Wbcnthcthnalproductwashcataiatl7Y+aportioo 
wastranaformcdto2,butno3wa11ob~avcd.pIlrtba 
hcathg of the residual oil at 17Y pradWd110 cllal@e. 
This result exchuks frons - 5 - pbcnyl - 6 - (trmu - 
styryl) - 13 - cyclobexadkac as a. constituent of the oil 
since it would form 3 readily when heata& Of the 
red three poIJs1hk isomers rmu -5-phyi-6- 
(cls - styryl) - 13 - cycbhcxadkoe (5) would be expected 
tobeconv&alinto2quitereadity,whik&-5-phenyi- 
6 - trenr - styryl) - 1.3 - cyckhexadkne (4) cudd 
co-y give 2, but would be expected to rafzt very 
dowlyaaarcsultofstakhihancc.Thc6ual~,7, 
would give the ulmhervcd &, endu-tricydic proda& 
ifi&cditcouMlIlhrgoanintnmdecuQr~Alder 
reaction at all. On the basis of the experimental evidence 

abne,tbcprcscnceof7asacousthntoftbetbcrmaHy 
StdhOiliUlOOtb~XChUkd. 

Atnmtgknccitappcarathtthccntiresaksof 
productshformcdwithtt&intavcnthofao8r 

boxykte @MAD) (cqn 2). At W no rtactioll between 1 
andDMADwas~in68hr,butatlOO“aslow 
rcacthoc~urswbicbwasnotcompkteafter6days.An 
adduct (l2) was o&a&d as a viscousoilwbidlwa!? 
separated from the reach0 mixture with great diUWty 
by preparative UC. A mokcukr ion peak appeara in the 
massspccbumatm/r=4aI,aadabove2Wthcadduct 
decomposed with the formation of din&ylpbthalatc. 
TbcIRspcctrumsbowsthcprcscnceofco@gatcd~r 
(1710, 126Ocm-‘), mono-subhuted phcnyl (1595, 722, 
6% cm-‘) ond oklinic (1620 cm-‘) functions. Tbe NMR 
spectnlm shows - for th pbenyl goups 
(parthuy resolved doubkt at 7.15, 7.17, area 10). the 
methyl esters (sin&t at 3.67, area 6). and ei@ additional 
proton!S. The latter cao be dividl!d into four sets of 
bands, each set having two very similar ODC rotoo 
multipkts. The spectrum is sullkkotiy compkx tLt, 
coupling mtn can be derived from lht order 
amllyds,llencethpositioMandspaciugsoftJK 
muupktsaretistcdbMe.Furthcstdownikldarctwo 
tripkta of doubkts at 6.30 and 5.58 with 6.5 aad 1.5 Hz 
spacb A secod pair of multipkts show up at 4.18 and 
4.02, the bw 6dd group be@ reasonably inte~retal an 
an overlapping tripkt of triplets with 4.5 aod 2.OHx 
spaciogs. Tbc higbcr fkld mult$et is not fully resolved 
and appears to be a septet with 2.0Hz intervals. A 
compkx set of peaks between 3.2 and 3.8, p&ally 
obscured by the methyl ester sin&t, could not be dis- 
cntangkd.Fiiyattbcupfkldeodarctwomorc 
multipkts at 294 and 268. both tripkts of daubkts with 
9.1, 4.0 and 10.0. 3.2 Hz spachgs nspcctivdy. Dccaup 
ling expcrhnts sbowed couphg between the 4.02 aad 
the 6.30 and 2.94 bamlx, whik tbe 4.18 proton is coupkd 
totbe5.58and2.68protons.Therrensuhsareiaoccord 
WiththeOSSigfKdS-l2,8lthOUghtbepSitionOf 

the cycbtutaac ring was assigned on stcric grounds 
only. 

As a second exampk for study we cbosc d&thy1 
hnS, cis, CiJ, tmnr - 24,6Jl- dccawmnc - I.10 - dioate 
(16) because the stroug de&on attrscting suba-ts 
would provide a valuabk contrast to the phcnyl subnti- 
tucnts, pad because the dcsii starting m0taial for its 
syotksiawfuakoowncompot&“ShorUyafterour 
work was Sated CantreP discussal with us his work 
on the carboxyktion of cyc loodrtetnencdknionwhicb 
cdipscdapartofourstudy.SincetbcworkbyCantrdl 
ispublkhcd,onlytheresldtswhicJlextcMlhisfiadines 
wiUbercpMcdbae.Tbctetraene16wasprcparaIfrom 
tmnr-2-pcntco4ynoic acid ia three steps (qn 3). The 
propcrtks of our sampk were in essential agreement 
with the reported by Canudl except that our sample 
exWtaladihctthrcc~pcakintbcUVspec- 
bumPccomprnialbyawcakcirpa&Thrqughtbelne 
s&ucturcc&lbcattriito~bysome 
all tm~s-isomer, we have found no otbcr evidence of tbc 
praenceoftlmti8omcr. 

Adhtesohhonof16inbcnzencundc~aalow 
auwcrsiootoanewcompoudwithaUVmaxat272mn 
whenbmtalto4lP.ThisnewcompoPndhasbcensbown 
byCanaUtobe~mns-7~-diarbomethoxy-2,4- 
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bicycl44.2.OJoctadkne (l8). Tlu& we OUPM thatthe 
rl!actiollprocuXkviarmM-78-dkahmeh 
5 - cyckacuhe (17). we have not been abk tya 
any evidence of its presence (cqn 41. The rate of forma- 
tionof18isrcadilyfollowcdbytbe~oft& 
stropsbdat328nmintllc8pMNmof16,andthe 
reaction fouowr clean &at order kinetic& At 4v the rate 
unwtant b 3.01 x lo-‘ad, but the reaction doca Dot 
lxoc@tocompktioll.Aftcr94lu(ca15~liva)tbe 
ratioiI of. luu WII 14.4, tbougb it appeara thnt CquiJi- 
bfiummaynotbavebccnrcacbuLAt500thefatcof 
redoa was 8.16X lo-’ $cc-‘, and at the following 
tempcmturH~htioofl8/l6afterlooluine&cJJcasc 
was 500 16.0.750 10.0, lo(r 7.47 and 1XP 4.16. No attempt 
wasma&toapproachcqdibfiumffoml8,buta8sumhg 
cquilibhm wax rcacbcd the data give AH’--86Ocal. 
and A!F=deu. 

A8 a third example we chose cis, cirdicyclobcx-l- 
enyl-lJ-but&kne (19). since it aced reaaonabk to 
expect that direct ob8eMha..of the 8s ckctrocy- 
dixationcouldbe~iqthisatxc.Tbcex~nwas 
basal on the prl!sumption that the extndy ldncd 
bicyclo(4.20] form 21 would not appear in any pcrccp- 
tibkamountatcquilibhm.Onccagaintktctrac~l9 
wasappradicdbyacctykoiccoaphgdLimitar 
duction, this time stprtiqo with lctbynylcyclo- 
hexene.m However th r&ction step gave only two 
product8 aside from the reactan& 21% of a polyenc 
presumed to be either. a mono or di-tmas isomer of 19, 

and tiYcwwJP"~-1sJhisoe. (28). Tk 
voduct 28. wu identi8cd by its .mokcukr we@t (m/e- 
2143,0nw~withm~~4,2~2d269~, 
ami tbc presence of two sipdetr at 539 ad 5.65 
compricislonlyfour~intbedeBnic~dtbe 
N~spechum.~~~of~~thrce 
mole8 of hydrogen and pve tricyclo(10Ao#qhc& 
cafE (221, famihrly hwn a8 mousancino4Erkbor& 
tory.!hcattanpt8toexamhc-tbeLinlk.ndpctioll’ 
mixtmdhctlytoacewhdba~~of1)~ 
beocCurriagduriqowOIhpprovoclhftiVC.WChd 
bopedtofc&cetbchdkrpmductovapktiuumoxilk 
toproduccrtabksuturaMcompou&,hcctoi&ntify 
tk pmeace of 19 th@b the thKmaQy #t&k. 1.4 
dicydohexylkrlme. unfmy by_ ovcx 
pktiwn! lmceuw so abwly tht if.l9 hd been 
pment,itcydixcdfastcrtbanitruhalaodonly22was 
obtained. 

conjugatujtctrae~~c8ntnldoubk~ 
otZC!Od@dDO~poteatLny~8broadrerie, 
of ekctrocyclic reactha (scllcmc 1). Prior to tbe 
preseot worh acyclic mm of propa &di@mthn 
lNdbceoobservedtoulKkrgoonlyan8rdcc&acy- 
clidontoocyclooctrtriencfolbwedinrmmtca8ubya 
6r ckctrocyclixath~ to a biiyclo[4.2.OJoctadh. Iht 
thkwasanar&ialrwtrktitmimpodbytbecboii 
ofrcactiontem~wassbownbythestudyof 

HC=c-cH=atCOOH cI*)A$b \ 
PY 

b-+ooc-cH=cltc~ 

5. 

6. I6 c 

b 
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rbe nh’oelcctrocyclixatkm of cycloochtriene.'" con- 
sequently with the rever&itiQ of the octltetneae- 
c~clo~tatrkne-bicvcW4.2.Obctadk~ series it is 
p&ibk for a trk&&&xpdieae rearroDpement to 
axxtr iftbc temperature i!? high enough. Fiy cis-rmn.l 
i8umerihooofd.kne8ilaabceoshowntotakeplacevia 
a cyclobutene,~ but the process has not been shown to 
Wcur with tctraenes. The present studies sbow that 
many, if not all. of these ekctrocyclic processes can 
occur witb tetraenes, but the directly observabk reac- 
tions are abarply dcpendeot on the subatitutioo pattems 
and the reaction Wtditioos. 

The most complex behavior of the tctmencs io- 
vest&al by us was exhibii by 1, the complexity 
obviowly resulting from the necwsarily high reaction 
temperature. The temperahue required to bring about an 
obaervabk reaction of 1 (>12o=J is typical for tliene 
ckctrocyc-F bt moat atypkal for tctmenl?s.‘~” 
Atflrst@anccitappcarsthataUreactionsof1occur 
without the interveotioo of an 81 ekctrocyclic reaction, 
a totally unanhipated and indeed almost incomprebeb 
ibk result. It is in fact possibk to devise a scheme 
which will ‘hxxnmt for all of the product3 witbu4U 
- to an 8r ekctrocychtioo (Scheme 2). The 
unu!Jual step in this sequence involves tbc loss of bell- 
zenc from 4,s and 8 to form stilbene, aad tbugh we 
hsveobsmdtbelossofmethanetromSb-dimethyl- 
13 - cyclobexadkne at 3WP we do not know of a 
precedent for the has of benzene under the conditbs 
usalhere.Analtanateroutetotbeatilbenesvia1Oand 
11 (eqn 4) requires ckavage of the cyclobubx rig of a 
&ycl~2.O~tadiene. Thh ckav~ does have prec- 
edeots, andaroughcalculatiuobfa6edoothestabib- 
tioo energy of a cycbhexadkayl radical of 24 kcal/moP 

my-h . - 

iOdhtCSSOCOthSlp~OfaCtiVatio0iotbepreseotcpseof 
cu. 24 kcal@l. To distiquisb between the two routes _ . . - 
we prepared 1-%45.6-D, and fouod *#Wction of the 
lab&d sampk gave ~m~~-stilbe~ &main& no &a- 
terium.ThuatllepMcessvin4,5aDd8ambee~. 
Further evidence fav* the route through 10 sod 11 
was obtained by tmpping 11 with DMAD. That evideace 
does not prove that 10 and 11 are the 8oWce of the 
stilbene since both could be present as the result of an 
uopIDd&ve equili~. 

wbatevertbcsourceoftbeluilbeaesithckarthatthe 
8r ekctrocyclizatioo dces proceed faster than the 6r 
reactioa.At~tbcu.neofDMADasatmpg&tgreageot 
fr3edtoprovideevideaceforthepnse~ofllintbe 
reaction mixture. At 1W bowever tnppjqf 11 doe.9 
occur, albeit very slowly. The reach an&r these 
coaditionsdidnotappeutobeackanproceas,andthe 
SddUctwrSdil&UlttoilWkteaadpWify.ThU8nOkh& 
study was attempted even tlmu& the rate of conversion 
of 1 to 10 would be of co-k interest,” since two 
pbeoyl groups have bee0 found to a&crate a )a ekc- 
trocyclizatioo quite markullyp whik they have verJ 
littki&enceootbcrateofa6rekctrocy&atioo. 

wbetbertbe4Wekctrocychtiooparticipetcaintbe 
sequence of reactions cannut be given a compktely 
unequivocal answer hen, but hots for its inter- 
vention will be given. Because of ita symm@y 1 can 
m CiJ-rnuu isomaizrtioo via two cycbbuteoes 
only (eqns 7 and 8). MIMI the coo1otato~ proaxa must 
intercoovert isomers at two bond8 simultrmeouay. If an 
doubk bod iaomhzatiuor occur via such a route, the 
sequcWofeqo@)mustnsuhThatis,nokomerwith 
tbrcelikeconf@ationscanbeformcd.A8sumefora 
moment that only normal singk rotatiuo geometric 
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kadii the0 the sequmcc of 
Scbane3toe~tbcobscrvedresultsNotc5rstthat 
tbcprucncc0f5and2nquircthe~nce0ftbetr, 
cir, cis, c& (or cis, tmn.9, a-8, cis) iaomcr ill tbc mixture. 
cmtly we cao conclude tbat some ilmahah 
routcot&xtbanvhacycbbutewbrl!quirai. 

IfwenowMrumethatthedonbhbondiaonhz&n 
ilJfastcnouglltoc8~~tbcatcccrercts 
faateMughtogive35%of5,tcctgivm20%af&buttct! 
piVgodyS%ofI.If7isprereottcttmiObtproduceka 
th5%of4.Butitba8bceowcUeatablihd~stht 
bhe8ofthetcttypecyclizcabout1alxfasterthBo 
t&o¶c0ft&tcctype!Heececqldtibrh8mo~the 
tctrwx iaomerscoukiaotlmvebeeoreackd.Nowif 
wemakcthrwonabkwuunptiontbatvht&aormal . . 
t8omuuhotcctllboaldcoavattotcttatIwtulfut 
astotccc,theo4shoaklbl?cometbcm8jorproduct.we 
coochKkthadontliattitcttclDaotbc~otto 
anymajorexteotintbcracthmixture,aaulootbcan 
intcrmedhte io the formation of tbc all tmns tctracnc. 

wepropo8ctbcrcfofcthattbeapccialroutcI#diag 
from1Mccciutbatshowninl?q0(10).ThistKoaxscan 
intcfcoovc!ft only thcac two stcrcoisocnm, and these UC 
tkcsourceofovl?r8O%oftheobservaipmductaTkcan 
rmnstctwletheocaobeformeddirsctlyfrom1viatbe 
mateofeqo(9),sndtbeincompktelykkntitkdminor 
productpreviouslyconsidaedtobcmrinly4amldbe 
citbcf4formedfromtc&of7forawdfromthetctc 
obt8h8dfrom1viaeqo(8).Tbisscqucnceissbownill 
scheme 4. 

Two objectha might be rained to this acqwocc. Fit 
tbeamoantofproductadaivcdfromtccccap8n?dwitb 
the8mountofstilbena~t&ttlledindicrlofeqo 
(10) must recloac much faster thnn it ckavea to give the 
stilbencs. However B@mooy hn fouod that tmwl& 
dipropenykycMutaaa undergo caavaaion to the c& 
isomet about four times f8atcf thul ckwqc to 
peotadheawhik~dotaaotcouBtatiobje’ctioa 
compktdyitdomsbowthtasbbihaldindialun 
teclosetprtathpait~lltaspcopdOlIClMyqWS- 
thuw!mtbcrtbcgeomctricisoWmbmcMoccurviB 
thccyclobuhcroutefast~to~fotamacin 
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/ 
IO - ’ .‘= - - II .- - 24 

11 11 
I e tm tax -4 

I - tctc 

I 

2 1 
c 
5 -2 

1 7 

3 
scbwx 4. 

!khcmc 4. Geneally AH’ for 8kctrocyclizath of tee 
trkocs i!3 about 33 kcal/moLp Frc~ found AH* for the 
cir-tmRs-of+metky~13pea~tobe 
45 kca4moI. However pbcoyl oroups reduce the AH- for 
cyclobmepe ripr open& by 5 kadhol acb oo c&-3,4- 
dipbcoykycbhtane.~ Also tmns disubstinnecl cycle-. 
butenrsnsudlyhweaAH*aomc4Wmolka8th 
cis~men.~ThPseveoiftbes~glwpsueM,mon 
active thl pbcoyls. th AH* for the pfcncot 
3l%WIkisomeriutionrcollldlXC&30&8UmO1.~ 

ooctw&cgrotitbecyckbuteae~isaViabk 

caDdidafortbcrok~toaillsckme4. 
Tbctbumalbebrviorofl6ismuchsimpkrthantlmt 

Of1,8WdtpartlyOftbCStdtiQOfl28BdpPrtlyOftbe 
tanpammItcedinoars~.~tbcrtPdiesat 
1XPtlWIKWpfodWtSbeplltorppeuhVaysmrll 
~8ftCXpldOl#DdlWiljg.TbaebdV~much 

lInmIkr1pIvrloecoa~~tlmlll6orIImldonlyuv 
spectrawl?re~Itbclcartb8ttbnscBowt 
camupondtoaIldlpouible~m~mrleic 
fulmicattau,otba~~ of 16 or tbc’ 
trkyclkldpbQof2or3.!sinwno@klEaotaatb8ntbe 
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ocxmin&Ilolillgclowreofthe6rtypcwrsexpectedat 
thistempcratm.ItisantMtllnrtetlJ8ttbcratc!3tudks 
cammtpro~aIlyinf~aboutthcr8tuofthc . . . 
=I. 

!%tqm U-B17 w 17+la Huia#eo ad hia 
&OWcdtbattbctcctil3omeofdecrtctneae 

form dimethykyckoctatrkatrieae faster than the monocy- 
clicgoestotbebkyclicvakllceisomr.Ifthatisakotbe 
cesewith16,thenourf~unto~~emy17evenaca 
tmskotrt@n?stbat17nvertto16mtifasterthurit 
fomts II. That thin mte differential is correct is shown by 
the finding of Antkowiak and schecbtep that cycle- 
OctatmWQe dialion reacts with methyl ChbrofW to 
give some 16 but w 18. In vkw of our equilibrium data 
thatrcsultiacompatiikontywithfomutionof17md 
rapidnvmiollto16.lllcuapredk~oatlucoftlt8ae 
raturandcqdibria,whichbaabcenckarlyaotcdby 
Huisgenezd”isnkclyilhutrataibytbcreactionof 
cycloo&Wmne dimioll with kctonmm muJ beo- 
mpbeme kads to 1,1,10,10 .‘ tctnqhenyl - 2,4.6,8 - 
liecatctIaep - 1.10 - dial whik acctooc gives 24 - bicy- 
ck(4.20Joctadkn-7#8 -his-dimetJlyicxrbid. 

-AL 

l-fJhy/-I-b&s-3-yne Thil enylw ‘110 tKq!ad fnMll 4 - 
c~-4-pkayi-l-butyacbyi~ofr~ 
&co by Akhtu U OL” To a solo watumua 39.Or (0.61 mol) 

ptatanetiremovu~bydi&ih.Tkptuductwudhtilhd. 
b.b. +w (05 mm). m” b.D. %’ (1 mm)] aivim 24.1 I: m 
&at) 3300,3iMO, 2liiI,-9SO, 72$69S cm-‘; Niili(CclJ 8 2.5; (6 
IH, I=JHz). 6.00 (d of d. lH, J-3, 18Hz). 630 (6 IH. 
J = 18 Hz), 1.2 (m, SH). 

18 - arphmyi - rnna - I. tnm - I- uctadka - 35 - 
&ur.PqmrathwuankdoutbytbtprocuhofAkhtuu 
OL” A soIn couth& 48.66 ammo&m cidlx&k and 30.98 

.,aproucLhidciu6f~Ordwaterwuacid&dtopHCSwitb 
HCl, rad 6.06 (0.047 mol) of l-pkayLlhtc~3-yac wu dded. 
Tketitlueruslmhiolaaolpbueof~fofItTbe 
li&tpeeopptwrrdinolvcdwithdiLHCl,andthercmaiu& 
*WSOSdWUkOhtCdbyBlhrtioa.Tbc~WUCxtnctsd 
Wilhalkrin8sOxhktexlncta&rudtbc~Wuevrponted 
~urc.aidwmrayctrllizcd~m CHCl,/i-PrOH m.p. 13S-13S5 
g, , waJL$ (2;; “I~bw&Cua 73 (s. 1oR). 7&S (6 

l&Dfpkayian8-1, &3:&S. tmn-l~U~ (1). The 
rbovcdissediyre,356(131mmol).rodiuolvcdipEtoAclad 
h~O~SOO~dhdlUCdYStlQNiltWOC@iVSd 
H~irtahup.TbeatalystwurearalutdwoawubaJ 
withCHCl,.TLeocgaaicsohawsncambimaiandthanolveats 
moved uada’rcdwd pleaswe. The kdual SoJid was wubcd 
witJ18mlofetherliviyti&ty&wuyuah,26~(73%),m.p. 
l&l* ma’ mp. 191-lprl; WV mu (cycbbexanc) mmu 
(4.15), 369 om (4.88), 3SO wn (4a uo am (45s). 

(3’ chabeac. I6 w (05%), w mu OH) 221 nm (4.zzz). 
279 nm(399) W” 222 (436h 2m (4.1311: NMR (CC0 6,655 (r. 
W), 1.15 (1. 1OH). 

(b) rmmatamc. Ss6mS (24%). m.p. 12&w mixed m.p. 
with mltkntk SBmpb lW, UV mu @OH) 22nnm (426-h 
29S nm(4JQ 308 6m (4.46). 3a 11111 (sh) (4.26): NMR (CC&) 8 
1.03 (s, 2H), 1.1-1.6 (m. IOH). 

(c) 4+s, 77Om# if oil (lS96); uv mu (BtoH) 2S6aal (a- 
20.006. bawd on MU’- 7iS8k NMR (CCL) 8 7.0-1.4 (at. IlH). 
S.i-65 (m, SIi). 3.1-3.0 (il. iif). 

. . ~~.. 

(d)i.134omloithicLoil~),N)rlR(CCW469-1.4(m. 
lOrr),&~(ddhof~lH,1-8,S,l5Ht),S.~(dddold,lH, 
J-8.6. MHz). 3.22 &road d. 1H. I-SHz). 247 (s. 1H). 2.4 
(kodd,iH,J_sHzj,i~~~(m,3H).Ap;;;ibsd~bl2 
teptiot&rc&mtofcrysU7d8ftauvaflmoftlthm.p. 
$344'. (Tbd: C, 92.6.5: H, 634. Cak. for C&i,,: C. 92%. H, 
1.02). 

S,2Hz).483(dddofd,lR,J=8.6,l~Ht),3A(brord6ZA. 
je4Ri), 3.1s (bred t. IA. J-S&). 1.M.l (m, 3H); lima 
smc. de- 29 tIM)i Wmdz C. 9289: H. 6.88. Cak. for 
t&H”: c, 9298; H. IbL): 

nMa-35-mphen@ic)do~oTmlneAArola 
~120~(0.46mmol)ot1inSmlEKlAewub~rt 
dKdpbkpeumeWilhZ5~F+l&llQOXidC.AftatbCUl8- 
lyrtLdkcafWDOved,tbCdVCUtWWCWpM8tCdrPdthC 
maiducwupeFaaiby#k(lO%sE3Oooa/wckomoab0 
8t2#).ncmainpmdPct02%)wurcobrkasKwm.p. 
61*, after rwya&ah from l&OH. NNR (CC&l 40.9-1.6 
(m, 3H), 1.6-21 (m, SH), 3.3 (I, IH)). 3.4 (had d, 18). 1.6-1.4 
(al. IOH); mua tpec. m/e 260 (52%). (pormd: c, 921t: H? 158. 
Cak. for CrH,: C, W H, 1.14.) 

exo-cis-35-Bpho1~fbicy&[~aaaAwmpb 
(lSOOml.O58mmdc)of3mLydrolsartcduldtlm~ 
wnpd&dudtkbcdfat&&ovemo&cuk.Ilcprodnct 
YI( rcaydiuc didm.p.!34.5-!lF.NMR (CO 405-IAC, 
3H), 1.420 (m, 48). 20-24 (m, IH), 3.6 (d, 2H. I=SW), 
1.1-1.6 (m, 1OH); ppu QCC. m/r 260 (61%). (paundz C. 9213; 8. 
1.5X Cdc. fa C& C, m, H. 1.14%). 

Cka~dtn1n-1-~yl-2-/3-phm&ikykycfohueA 
nmpk (lormg, 0.4mmol) of the mixture of 4+s wal llydre 
6enaalovapwieumoxidtudtrcribcd8bow.lnepodpa 
wnpurifbdootbeSE3okxthn8twMdrciadrm8jor~ 
WUCOk&d(6S%).ThhmrtahllW~ocl~20J) 
PPAPcoJumnat220’6iviog70%ofan&NYR(CCl446.8-13 
(m,l~O~29(mwith~tIt23S,J=15~1~); 
maal Ipec. m/Jr @cl. iat@ 26403%). I3w8%). 1110. 
104(S3%), 91(1m). (Poumk C. 9057i A, 931. Cak. la CrtIw; 
C. 9O.M; It. 9.M). A tccod fiacth (30%) recovered from the 
PPAP cohu vu ao oil, NMR (CC&) 8 6.W2 (m, lOHI l&29 
(m w&b m t at 23S,l=lJHt. 14H): mass rpsc. de 
x4. 

~ya&ofmLa~rtof4+S.AsmaUampkaftbt~ 
mixttued4+Srubratedatll~iaEtOAchramkdtpkfa 
18k.TkdtbCdXtWC~*#dtlUWtima~rirh 
hcxaacpvetwo@ota.t&majoroaecorrtrpoadialmtbc1pId 
llureudamrliugmrtahl8lldtb8recoldtothtdZ 

Fymlyh of 1-3,45,&D,. A rrmple of l-3.45hD4 obhid by 
lwhtioaoll~-dipbmyl-1,l-octdim-35-diywwah 
findhrataiyst(reducedoverdcmtckm)ti~ru 
battdudmaiWfahrm8lmcticmd1.Tbepmductaw~ 
aepmedudedbaiaboveaodthef~NLBlrpechr 
wm deNed (Ccu a: 

(a) cMitbene 65s (a, 28). 1.1s (8. loHI 
(b) mUr4thM 1.03 (h a), 1.1-1.6 (p, IOH). 
(c) 4 + S I.&IA (m, 1 lH), S.4-65 (m. ur). 3.0-3.1 (m, 111). 
(d) 2 6.9-1.4 (m, IOH), 3.22 (d, 2Hh 247 (a. ItI). 1.9 (h 1s). 
(~)31.1(m.IOH).$.4(628.J-4Ar),3.1S(1.1H.~-4~). 

1.8 (I, la). 
lnmetw3.4-eyf:79- -adIm -lb- 

dbotr(li).Ada~J00m1(1.16mmol)041ud#Omg 
cwmmd) diaabyl rstgbnsdiarboxyhte &I 19ml tohae 
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wubeatedat10Qfor6dxyx.ThewheetaodexusxDMAD 
wereremovedbydistifhtbooudervwum.aodtbemidwvm 
~bytk(riliagslaetb~ckbkkdorst-tWh 
devhped).-flletipr@ctlvuablowmoil. 163m&&=0.66. 
TIihpnldoctwurechrolwouwkd 8x8bovegivilultumo 
(2!6%jof a yeBow oil. nt (CO 3100, 1710. lti, 15% lti 
1260. m. 69S cm.-‘: NMR KCLI 7.16 I aooareot d. lOHI. 6.38 Im. 
lHiS.%~(m. 1Ii). iI8 (m, iHLkT2 (& iif). 3.67 ix. 6Jij, 3.2&i 
(a. 2Hh 2.94 (m, IH). 268 (m. ltl). 

28-~~-4~-diF-l.lO-dioL~-2-Penten-4- 
yn - 1 - of” (70.6r.O.86md) was added over 2Smio to a 
welhkedsolncaotai+uLogunmoniomchbtidcxod312g 
cupr0luchbhdeioI258mlvmter.TIkeaolow8xol&takdet 
5P8od4wxsbubbkdthroughtbemixtufefor211b.Ibc 
orpaic products were removed by ether exbaction sod afta 
mponboaoftketbtXdblW~~xhh!4JfTom~rta.m.p. 
M-157 Ilit.” mg. 155-1561. IB (KBr pelk). 3450.1620.1870, 
955cm-‘: NMR (CC&l 4 3.12 (1. OH). 4.16 (d of d, 4ff. J-J. 
1Ht).S~3(fAB.mplit.2H,J=lU,-lHz).642~Aemplit, 
2Ff,J=l%SHt). 

2.8 - lkcdiu - 4.6 - dyn - I,10 - dfofc acid (14). Ttds 
compotmdwuprepwaivi8twomutes.oxhiationofthe8bove 
dbf’ Md caup&if fmw-2-peatea-4-yooic acid.y 

A. OltdoribnOl28-hcadia-4$-~~-l.lO-didArdn 
c&ahi~~ 99.61 (I.0 mol) 00, aid 154.88 i&SO4 acid end 

s7smlrctoac.Addithwaxmadeatrr8tewhichkpttbe 
temp.bebww.aQdtbemixtluelvaxxthedfor2tlrafter 
addithlmdbee0compkted.Tbelohvaspouredioto1hrge 
excexscddwatcr.8odtkxolllwuextractedexlnnxtuywitb 
etkr.TbcetberextnctxwerewaxhedwithNaHCO,4,aodtk 
queotueolnwaxxciditIedwitb6NH#OcTbe+nicacidwea 
extr=tedwitheh!faodtbexok!ntlvMevapowd~13.0g 
(36%) of tbe desired acid. 

B. CoupI& of 2-pmta+ynok acid The reach was ar- 
iedootacawdhgtotbrlitenhrrryio9356yidduvomx 
@toHI 255,265,294.313 11111 W” 258.265.29s. 315.337 nml; IR 
(fCBr pelkt) 1700.1680.1655,%5 cm-‘; NMB @hfw d 6.31. 
6.72 (AB, I - 16 Hz). 

&dhyi 2,8 - dccadim - 46 - diyn - I,10 - d&we (38). ‘he 
dkidxbove, 13~(0.07mol).w8sdiawlwdioaboot 1Jletbu 
aodianetkealloblofdiaxomethewiradlleduat8theye8ow 
cobrjutpehted-AfewdropsAcDHwaxaddedaaltbe 
dventwaxdhtilkd.Tbefesihlxdidwaxreuyxmllhdfrom 
&OH dvipr 8.3 g (5556) of yellow cry&ah, q p. lO6-187 [lit.“ 
m.0. 103-1041: UV mex IMeOHl. 338(241#)0). 3lSf26AtlO). 
29&7,400), 2&2$880); IB (iur peh) liO.5I 16h.i. Inb, hi; 
r&y-‘: NMR (Ccl,) 6. 3.72(x, 6H). 6.33, 6.75 (AB, 4H, J= 

JJfm*&f 5468 - decaluma - 1,lO - d&we (16). A xampk of 
IS. 1.475~ (6.8mmd), io 25 ml her wax bydroparted ova 
0.79~dIhdlMC&l~t-Tbc&lh~cooWiOlailXb& 

MeOH. 1.148 (75%) of yeflow priamr. m-p. 111.0-111.9 [rit= 
113-114’). UV max (&OH 328(37,tHM). 344(31,880)), 317ah, 
US am; NMR (CDCl,) 3.74 (8. 6H). 5.96 (d, J= IUHx). 6.& 
7.8(m), 7.76 (d of d. J = 13, 18 Hz). 

JnMhyI u - bkycb[4.2.O)oddia - 71- dicahuyfate (lo. 
Adilute8oloof%iuCCLwasbr&dondwr&xfor2.5h 
under N,. Tk aolveot wxs removed ud the mhc vu 
xnbhcd~wcro8odlwyauhdfrorcbbrof~. 
m.p. M-36’ @Rx’ m.p. 34-351. UV mu (MeOH) 2720880). NMB 
(Ccu 4 3.0-3.8 (ml 4H). 3.az 3.66 D, 6Hh u-6.1 (m, 4a). 

RauBlllequ80hlswks.Batesoftbe 

0.13beduvmu(MeDH)27@4280.290&Mdtksecood 
(If,-O.l7IxbowedUVmu(MeDH)282-292. 
. is-li&&Tbkenyf)~I3-~A8dll_ll 
30#(0.300) alprous chbrae. 488 rmmoama 
lalu~~.HClia2OOmlwaterwahtedtoSP,aod;xolo 
coo- 10.6 g (0.10 awl) ethynykycbkxeoe im 58 ml MeOH 
wuaddedsbwiy.Airwasbllbbkdtbroybtbewhlthfor2hl, 
aodrgreeapptaccnmuhteddlaiqtbemwioo.Thepptwax 
removedbyf8trhoamlmrwaxbedwith1NHClaodtheowitb 
hexMe.llIe4neollx6ltnteaDdw8sbexwereextractrdwitb 
bexene end the coolbiDed hexaoe extrwts wele dried (&so’). 

ncbexlnewuev amJtksolidmiduEw8sau~. 

ap. 62.5-631; 9.9Og (%%); UV mu 
@ewe) 310(18200), 291(23.080), 27YUsoO). 2@26,008)). 
236(31,OW); IB (Ccl,) 3150,2135,1638an-‘: NMB (Ccl,) 8 1.71 
(m. UH), 2.19 (m. UH), 620 (m. 2H). 

7kicyc/0(10,4P,lF”)haadeca - 135 - t&w (20). l&e above 
dhdiyoe, 0.3871 (IMmmol). wax r&ced over 48m fiodh 
ataiyatiohMeamtmih#0.01mls~~.Wlien 
approxhtely2eqnivxofH,hmdbeenabwbed,tberesctbo 
wutwbatedaodtheproductwassqwatedby&.496SE30 
oochmaMxb0.llm!ecooQowdxaacobtrioed.14%of 
rtutiqlmateri&l8%ofwlmtqleafedtobemwJ.rmRs-l~- 
dicycb-bexeayl-IS-brtditaclad6896oti).A~rrmple 
of 88 yu collected by preperxtive & from a 5% OV-17 on U/68 
Chmowrb G (6ftxB columo, UV (mu) 288(13,4W), 
w(487tJ). m4590), 269(4S30); IB (neat) 3OM, 1645. 162Ocm-‘; 
NMB (CC&) d 156 (m, IW). 2.15 (m. 4H), 267 (m, W). 5.59 (s. 
2HA 5.65 (I, W); mus apec. m/r (rel. hem). 214(7096), 
91(10096). (pounk C, 89.81; H. 10.16 Calc. for Cap: C. 89.65; 
H. 1035%). 

~[10,4,O~“]kx&cane (22). Hydrogenation of t) 
(0-g. 185mowl) over 1Wmg plathum oxide atalyxt in 
bexxneat1oomtemp.rcqokdl8ltrtoproceedtowmpktion. 
lbeproduct,95%pureby@c,xbowedtbefdbwiogpropeti. 
IB (CCI,) 2920,2E52,1448cm-‘; NMB (Ccl,) d 0.9-21 (had 
q ); mus apec. m/e (ret. ioteoc) 22M44%). 122(108%). 

‘Put&ant in NSF Umkqadwe BcseuchPartkip&a~ 
m at ctIe#oa Shte univmity (SuoKeer 1968). 

‘A. C. Cape, A. C. Hwca Jr., F. L Bamp amI R R Trumbull, 1. 
AWL chun. sot. 74.4867 (1952). 

‘A. C. Cope ami D. J. Muabak hf. 71,3#)8 (1953). 
a Anet, Z’d- htters 720 (1%1). 
‘T. S. CanmU and H. Sckhter, I. Am. C~I. Ser. 88.3300 
w3). 

‘H.Hoeva. Tdmhednm Ltnm 255 (lwz). 
‘J. 0. Atkiosoo. D. E Ayer. G. Bdchi ud E. W. Bobb. J. Am. 
chm. SIX. Is. 22s7 (1963). 

Q. Meister, Chem. hr. s, 1688 (1963). 
w. zk@nbeio. Ibid. 98.1427 (1%). 
“W. R Both aml B. Pehr, Lie&s Ann. OS. 56 (MS). 
“R B. Woodward sod R Hoffman, I. Am. Ckm Sot. 87.395, 

2046 2511(1%5A 
1% , N. Ma&II rod J. Seubat, Ibid 89.3377 (1967). 
‘R Ho&en. A. Rbwo sod H. Hober. Ibid I). 7130 (1%7). 
“R Ho&o, A. D&mea sod H. H&r. Tdmkdnm Leuer~ 

1461 (1%9). 
“M. Akhtar, T. A. Bicbuds and B. C. L. Weedon, I. Ghan. .%c. 

933 (1959). 
“E. N. Marvell end J. Seubat. TdmWm LUters 1333 
ww. 
'VW0 of the pnhctx, ctr- unt mur-sthoe. baw a Iowa 

lnok&u+lltthmtbefeachotrsqtheperMtrecove?ed 
uuJmextfmt8oeqnhkat~ofbalxeneweso&eioed 
lWStbO@itWUDOt4tUdlYWWCU!d. 

“Weueh&btedtoW.JukowxkfoftbeVuhoNMftap 
phtk’mhbontoryforrl8OMHxxpectNmMdcxtsarive 
d=ow’he 

‘a and 1. B. Stotlw, Caw. J. akan 4.3515 (1969)._ 
W.E~O.LOmannld,RM.PUdUMdMA. 
sbnia.J.hL~&C.9l,2330(1%9). 
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“L3.AdrewsMds.LLidmfbu6B,2@1(190. 
Pp. Y. elns Hdv. aim A@4 4 687 (l%f). 
DaN.YmeB.f3.C@kC.DE4&y,J.PtBt&N.PdrtadJ. 
Tanhim. Tdmhdmn 1). 2791(1973). 

YP.J.AdwrthE.RH.Jaar,O.li.UudkUK.ScMbd,J. 
16TboqoaaadM.c.Wbit&J.chmsw950(19m. 

~.s.Cmrd,TumMnmhrtm563S(l%RkJ.Am.C&m 
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