
REACTIONS OF CYCLO-OCTATETRAENE AND ITS DERIVATIVE!+-VIII’ 

1,2,3& AND 1~3,~~CHLoRoCYCLo-ocTATETRAENE 

R J. ATKINS and G. I. FRAY’ 
Dc&wbmtofOrpnicCbemhtry,mUnivarity,BrirtolBS81Ts,~ 

The sytlu of l&&naphtb0-3$titutal 
&rivativea of cycIa-oc-, 1, from the cycb- 

Eb&ially aaf&pw route to 1JJ#8--y- 
-4hadbealllladeaafollow!3. 

Compound 5, availabk- from the [4+ 21 cycbad- 
ditioll of 12f,4 - t&mMonl - 5+5 - dimethoxycyclo- 
paItadiene to 2. was coaverted into the k&aene- 
dimethyiestex6byhydrolysiaoftheketalfunctionwith 
concentrated sutphuric al&l and SubaeqwaH dccarbonyl- 
ation at llO-12tP. Extrusion of diawhyl phthalate by 

[4+ 21 cycIorevemioo was then e&ted in re31& 
xylw, but at least six other pMducts wae formed (UC). 
Inanltra&sil&rtbermdysisoftheke~ 
compoandSiaacleannctionkadiqtothecyc~ 
butene 7, of proved atereochemistry,c’ and the proposed 
routetothecy -e4wp9modi6ed8ccoNl- . 

protecbon of the cyclobuWe double bond by 
EsaUyaaQ bromiution &ave the &d&romoketal8 
(see Ref. 7). which was hydroIysai aDd (bxuboaylated 
inthe11sualwaytoaffordthecis-dibromodieae9.A 
cis~ for the Br atoma was indkakd by the 
PMRspectraof8and9,andconfkmedbythespectnn 
of the N-phenyltriaz&edione adduct 10 [cf that of the 
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similar dduct derived from the comsponding tmw 
dihumodkne (see below)]. -II of the cis- 
dibfo~9waaexpecbdtofumillbttsetetra- 
chkfocycb-oct 4 via n?trtAa ckctrocyh- 
tionofitsvakncetantomer11.Treatmentof9withzinc 
dust ia rdhuing ethanol, howeva, resulted in a mixture 
oftheb@zocyc-dimer12dthebeb 
zobbhalvkne 13 hcc below). 

avoided-iy worLipe with the dibwylox&npound 14 
@repad fram 2 aDd 1#2&4-tetfacJIloro-5~diben- 
zykxycyclope0tadknc), which ckaval at co. lso” to 
ykld the cycbbutcae 15. Hyddysill of tbc dihllzyloxy- 
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lpoufiD15waSaCComlBliddWith9696~ 
acid, withontpliorpro~oftbecyckbutene&ubk 
bodalldthermd-yktknofthc~car- 
bonyhidgalcompomdthgaveapnxtuctwhichwaa 
i&nt&dasaca2:1mixtunof lU$-tetrachbrocy- 
cb - odawmcw 4 ad its boad-dift isoma, 1X+,4 - 
-yCb-octatetraene 16. Duriug the awMc of 
thkwoA#WalTalcrrtd’rquitcdtheprepsrationof 
tbebicyclktrkne11anditacoavasionatwiutotbe 
mowcydictctrecne1;atahight4mpcdw(150 
tiequilhtalwithitsbod&ftl6,butitwasnot 
foundpowibktoobtainapmeaampkofthelatW 

The mixture of the two tdIachlorocyc~~ 
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4md16obtaiBedintbepmentworkreectedsbwly 
withbmminem&rtbeidwaceofUVlighttoyidda 
separaMemixturcoftwodibromides,fomlulatcdaal7 
and18(PMRspectra).Furtk6zvihcefofthe~- 
cxm&don of the Br atom in 17 wan provi&d by the 
P” .spe+m of its &duct 19 with N-pbmyl- 
-.AswitlltheciJdibromodiene9,rssction 
0ftbefmnsdii17withzincledtotbc 
ltldwa 12 and 13, identical with lIamp4m 8yn~iacd’” 
iu this Dqmrtmcnt by the route outhal iu Sclnme 1.” It 
isN!aaoMbleto8ap9oacthattbcdii9alld17 

gave t&8 bkyclic trh 11 an zinc dsbromination, but 
fJmttiRhitidpfodwteqpilibntsdwithtilc~2)via 
tbecy~~iutbe~ofancx~of 
zinc,thctrha~t3msuu~~togive . 
tbev 21,whichdimakltolhrd 
1~fWtkdeCJhUhOfwbicbreSUlt4!dilIthebenzo- 
lip!&?wel3@cbcmc2).supportf~thhvicww 

treabmtoftbe~cb-acta- 
tmmemixturc(4+1()withziuc,whichllgaiuprovidsd 
12 ad 13. 

Attempted debmddon of the aaxnd lnlll8- 
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Reagents: (1) CLC-CHCI; (2) KOBu’; (3) Zn. EtOH 
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diimodiene 18 gave a product which could be for- 
muhtedastbeB-bromostyrene22(pMRspectrum).Thi8 
could have been formed by themmUy-allowed con- 
rotatory fin&opening of an iutermedhte 23.” 

1thnsbeen8bowll~thatthecy-traeoea4and 
16 add N-pltettyl&hhdhe to ahd the products 24 
and 25 rcspcctively, m the ittvoh!utK!nt of the 
valence tatamen a at~I 26 in these [4+21 cycload- 
ditions.Wefouttdthattlteco.2:1mixturcof4ttnd16 
nGtalwitbmakkatthydridcittrchxingxykttctoyield 
theadduct27t(79%),andwithacenaphthyleoeinthe 
same solvent to give tbe adduct 28t (6096). Thus, under 
these l-e&&n c43nditiona, the two cyclo-octaWWnes 4 
and 16 and tk bicyclic trienea M and 26 must ail have 
been io equilibrium (S&me 3), and while maleic aohy- 

scbane 3. 

dtidc preferred 20 as a Diels-Alder partner, acenapbthy- 
he reacted faster with 26. Tbe latter reaction ha8 ‘in- 
verse” electron-dema~&‘~ and receives a ready explana- 
tion in terms of frontier orbital theory’* (the other pos- 
sable valence tautomers, l&29 and 30, if present, would 
all offer even more electronde5cient 13diene systems, 
but steric factors might be expected to intervene). 

-AL 
unkasa&tedotlXYwk,tightpetnhmrefemtothefraction 

of b.p. 60-8(P, and PMR ~tStOthZlOOMHZZpCCtlZ 
of Ccl, aoh. IR ape&a wete detemhd for Nojol q ufie, and 
U.V. apectro for WIM io EtoH. 

Ilu hime-kdal-dimethyl ester 5 [with Kettkwell’l. Tbix wea 
prqmred (52%) from 2 aod l&3,4 - tehaoro - 5$5 - 
dind~x~c~clo#ntadieae" io mhiua tohoe (16hr); m-p. 
18O.S181:s”(lit.- 186”:’ 182Sl85~~. - 

7k tdmme-dimthvl ester 6 Iwith KettkweU’l. Fhel~ DOW- 
dsred5(8.5g)in~ii~,(~~)warLreptfor~v~-~~rt 
roomtemp.witb occahBeiIh&iugTberuldthgaalnw8a 
5hen?dtbroughsintaedglearaodtbetutratew8apouredonto 
ice.TllesolidprodoctwalcoIkc@wukdtboro&lywitb 
wster.anddried,givinlthecntdecarbonyl_bridgbdproduct~ 
V, 1814 cm-‘). This was then heated io rykae (u)ml) at 
110-120’ for 45 min. Removal of tbc solveat rod cryrhlhtioo of 
the raidue from Meg0 &r&d 6 (4.3& 59%). lap. 19s19p. 
(Four& C. 49.4; H. 3.0; Cl 32.8. C,,H,,Cl,O4 rut&: C. 49.6 
If, 3.2; Cl, 32.5%): IR v.., 1723,170O. 1640.1610 cm-‘; W Au 
295om (c 4360); PMR T (CDCl,) 3.4-3.6 (2Hh 5.75-595 0, 
6.31 (s, 6H). 7.35-7.55 (4H). 

ovemi&t gave 7 (93%). q .p. 8w (lit. 80-8l’jJ 83.5-k?‘). 
7kecix-dib~~al8[withAkbEar7.Almxture0f6(2.90) 

mle iuusbnted adoatcreochcmktly h unpmvea. 

mdBr~(1.45p)inCC4(5ml)~hrdirtednitbrWhmprt 
room temp. until the uptake of Brz wu comdctc (ca 5hr). 
Evq7ofat& of the aoiient &eIlb~vee.~~ m.j 
119.5-120~. from liaht&rokum. . . . : . : _ _ _ . 
H, 2.1; Br, 32.9; Cl, 30.1. C,,H,&Cl& repllinr: C. 27s; H. 
2.1; Br, 33.0; Cl, 29.9%); fR v- 1600 cm-‘; PMR I 5.7-5.9 0. 
6.45-6.65 (8H). 

cia - anti - 7.8 - JXbrcvno - 2.3.4.5 - tetnuhfo~ - 
bkycb[4.2.0k~cta - 2.4 - dlate 9 [with Akhtar’). Reaction of 
dnely powdered 8 (6.00) with cuac HkSO4 (9 ml), eaeahfly 
axhcribaJfortbeprepathof(,folbwedbytreatmmtof 
thelulott&(clwde)arbonycbridledproduct(IRv~~~ 
cm-‘) in retlux& xykae for 8 hr, ah&d 9 (3.8a 75%), 
m.p. llbl2tP, from l&M p&ok.om. (Poami: C. 33, H. 095; Br, 
40.1; Cl, 35.0. C,H&Cl, reqoim: C, 239; H, 1.0; Br, 39.8; Cl. 
35.3%): IR v, 1608 an-‘; PMR z 4.9-5.2 (2H), 6.0-6.25 cur). 
lbe adduct 10 (prepad in Ma at mom temp.) had m.p. 
153-15Y I&c.) from AhOH. (Poandz C. 33.4: H. 1.7: Br. 27.5: Cl. 
24.3; N. i.4. &H&Cl& reqnirai C, i3.3: H..1.6.Br, 27.7: 
Cl. 24.6; N. 7.3%): fR v- 1806, 1752 cm-‘; PbfR z (CIlCld 

#UMd&M9WithZ&U[witbAkht&.A 

-,mdcbnwrtoOnpb yOftkddUCOllitiC&fllddd 
the foliowin# producb (both ehlted with hexone). (a) ccmpound 
13 aa OnnLc needlea (ltt7ma 14%). m.p. 135~1Tp. fhnn bex- 
a~. (Founii C. 71.2; H, 3.1-U, 26296 M (mesa F), 270. 
C&t& requirea: C, 709; H. 3.0; Cl, 26.1%; M ( CO, 270); W 

229, 266, 291 303, 386, lolnm (loge 4.37,4.66, 4.40.4.43, 
:;;; 3 65). PMR’ r (CD&) 2.5-275 (4H) 3.3-3 4 (4H) (b) 
&kind 12 (l73mx. 18%). ma. ti2l(r. ‘from ii&t 
petr&m. (Pcuui: C, ij.5, H;i4 kl, 41.45%: Ai (mass L+- 
km), Uo. C&Cl, requira: C. 55.8; H. 2.3; Cl, 41.396; M (“Cl). 
340): IR v- 1618.1%. 1560 cm-‘: PMR 7 (CDCM 2629 (8H). 

~tric;u-itcrol-dbndl*l~~14.Amof2(200)~ 
lD,4 - tchclhu - 55 - diizycy“ (24.1 s) 
~lseatedin~ae(50ml)lmdern~for20hr.Removalof 
the wlvent pad cryatahtion of the ruklne from CHCl&bt 
p&ohm eve the adduct 14 (16r). Evaporah of the moth 
liquonMdfurkllatiagoftbercaiduciu~tohlene 
@ml) for 20br yielded ao addhhal quantity (60) of 14 (total 
.ykld 228,57%), m.p. 170-171’. (Pout: C. 5935; H, 4.2; Cl. 21.1. 
C,,H,,C!LOa requires: C. 59.8: H. 42: Cl 21.4%); IR v- 1727, 
lii2i607 cu?: PMR 7 (CD&) 2629 (lOH), 3.45-3.55 (2Hh 
5.05 (2H, a), 5.09 (2H. a), 5.85-6.05 (2H). 6.28 (6H. 8). 7.55-7.6 
(2H).7.9-8.0 (2H). 

‘Jk &eta/-dhe 15. A soin of 14 (21.8 n) ia xvkne (60 ml) was 
hatcdunder~for#)hr.AftaremovPloitBe~lvlvent,the 
n?sidoe wxa chro~ OllZhUUiM.EMionWiIhbZlraae 

RaveanoilwhichclYstaltkdfromlightpetrokumtogivetbe 
~etxl-dkoe I$ (10.8R70%). m.p. 80-8p. (pouod: C. 58& H. 3.9; 
Cl, 29.9. C&&l& mquires: C. 59.0; H, 3.9; Cl, 30.3%); fR 
v, 1605 cm-‘; PMR I 27-2.85 (lOH), 3.93 (W. a). 5.05 (2H. a), 
5.09 (W. 8). 6.48 (W, a). 

Hwfmlvsir and decahmvlation of the ketal-aIae 15. A mix- 
ture-of li (10.80), t&or&h iid (25ml). aud weter (1 ml) 
WZSktC?d00tbC- fofl5min.waterwMaddd.Md 
tbeoroductanscokctedioCHsCk.Tkaolnwaeanrbcd~ 
Ivat&, dried (MgBo.), ad evapmted to give the (crow car- 
bonvkbkhed noduct (IR vu 1818 cm-‘). which wax then 
h&d in ktluiiog xykie for Smin. The solveot waa removed. 
aodtber&hc.waxcbromatosrspbedonrilicaEhltionwab 
bexaoc atTor&d xn oil, which cryatallkd from MeOH to yield a 
mixtue of 4 and 16 (4.75 g, 85%), m.p. 5Mf. (PO& C. 39.7; 
H, 1.7; Cl, 58.25. Cak. for C&Cl,: C. 39.7; H, 1.7; Cl, 58.6%); 
tbePMRspcctNmwrscwristentwiththtofrcp2:1alixture 
of4aod16? 

tru - 7.8 - JXbnnwo - 2.3.45 - tdnu~~[4.2Olocta - 
24’- d&?#e 17 and trana - 78 - JXblomo - 1$23,4 - tdm- 
ch&fobkyc&[4.2O)octa - 24 - dkne 18. The ca 2 : 1 mixture of 4 
Md16(2.50)walbro&&duintbepnpurtion0f8.Cry~ 
lisation of the prodoct from MeOH gave 18 (0.589, 
14%). m.p. 119-121’. (Pouudz C. 239; H. 1.0; Br. 39.45: C&35.4. 
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C,H,Br~l, requhsz C, 239; H, 1.0; Br, 39.8; Cl, 35.3%); IR D.,, 
1615 cm-‘; PMR I (CDCQ 3.89 OH. d, I 6 Hz). 5.13 (IH. d, J, 
9H& 6.01 (IH. dd, J 9 wi 9Hz). 625 (IH. dd. J 9 and 6H2). 

ThemotbwliquorsfromtbecryMlhtionofl8yiclded.aftcr 
chromptoenphyon6itica(clotioowithllexaoc),tbc~ 
17 (1.45& 35%). m.p. w &nn MeoH), fpolmd: c, 
23& H. 1.05; Br. 40.15: (X, 34.95%): IR F- 1610 cm-‘: PldR 1‘ 
5.11 (IH, ddd, J 8,6 awl IJ Hz), 5.30 (IH, kid, J 6.6 and 1 Hz), 
S.~(lH,ddd,Jl~8wilAz).6~(lH,~~l~6nnd 
l.fHE).The~l9(pmRndiaM~O~rpamtemp.)~ 
q .p. i66-16F (dw). fr&‘McOH. (p&d: C, 33.13 if; 1.6; 
Br. 27.4~ Cl. 24.3: N. 7.1. CAi.lhCLNtO, rcauhw C. 333: H. 

followed by chum@+& aquation of the pwdnctr (ace 
above). 3kldfd 13 flOmr) ald 12 MOnuk i&&al with the 
rpec&oMphwdpn~. -- 

Jlcatba of the tetmchlorvcyc~o mixfluE (4+ 16) 
witkhc.&nilarsimilvtoftheca2:l4dxtueof4lad16 
(l.Og) gave 13 (loOlll& 8nd 12 exhII& ida&d with the pre- 
viousaampk3. 
~0ftkmtdib-~adth~.~mixtun0i 

~r(O~r)ladZndrut(O.UII)in~HQmn~~~~~ 
~~f~~~.~~E~~ 
rcdtluewuchrormtoqrpbedonrilia~nwith~ 
aeldai 22 (IMIll& 36%), I&p. 77-w, from MCOH. (Pouodz 
C, 33.65; H, IJ; Br, 28-R Cl, 37.45. C,ii&Cl, requires C, 3355; 
H. 1.4; Br, 27s; Cl, 37.I%k lR P- 1603 cm-‘: UV A, 224, 
269 IN0 (bs c 4.34,4m PMR z (CDCl~ 2.66 (IH, d I 14 Hz), 
272 (IH, d, I SHz), 2.84 (IH, d, J8Hz). 3% (lH, d. I 14Hz). 

~~~~~~~.~c~2:1~~~4~ 
16~~~~~~~~~y~~~~~~ 
xyklle (1.5 ml) for 3lu. on cooliq the aohl. cry&la of the 
adduct 27 (270 m& 79%), wpwatcd; m.p. ?M-226’. from CHCI,. 
(hulnk c. 42.1: H, 1.7; Cl, 41.4. c&Cl& reqh c. 42.4 H, 
1.8; Cl, 41.7%); IR v, 1870,1790cm-‘; PMR T (CDCI,) 3.6-3.75 
(2H). 6.1-6.2 (2H), 6.M5 (2H). 

77UOCWtdUh~hOddUCt28.AsimibrCX~iQ~b 

tbeokxtlueof4aDdl6cu2al&wubc8talwithauxulplltlJylenc 
(152lD&iurdhxiDgxykw(3mQf0r 18llrgavctheaddpct29 
fuirn& 60%). m.p~2SW6O’(dcc), from CH&MeDH. (-Found: 
C. 60.8: H. 31: Cl. 36.3. CaHnCL reuuha: C. 609: H. 3.1: Cl. 
w.O%,;-IRv, lti cm-‘;Pti g!D& w-28 (6H), i.17 i1ii; 
d, J 8 Hz), 4.43 (IH, dd, I 8 and 6 Hz), 5.41 (lH, d, I 7 Hz), 
15.8-6.0 flH), 6.42 (IH. 6 I 35 Hz), 6.SM.75 (IH). 
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