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[2+2] CYCLWDDITICN OF ENZYNE TO CIS,TRANS- AND CIS,CIS-1,5_CICLOOCTADIENE 
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Abstract: The relative ratesof fmrnatiarof@andtrans C2+21cyclcadductS of- ti 

g,tmns-ande, cisl,5_cycloodadiene,trans_andcis_cycl~~arediscussedaTd 

properties of the adducts (e.g., their ln-lLmlal hydmgmdion)aredescribea. 

Benzy~~~,~,(generatedinsituby~ting berlzwdiadw2 -czdnxyhtesuspendedFnan 

aprotic solutimtoca.50°CI hashfdby GasSnanandBenecke’) tDaddtotrans-qclo- 

octene (lb) to give [2+2hyckadhcts 3b amI 4b in a ratio of 3.5 : 1. 
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Fran la 13 : 1 !&run lb') 3.5 : 1 a-. 
FIUII% 1 : 6.4 E'rcm ;;j 1 :40 ..,w __ 
Table: [2+2]cycloadduct ratios obtained from 

l(a, b) and 5_(+ PI- -,_ . 

Yi9xseauthmsalsa foundthatci*cycloaztem - (5b)l.lr&rthesamemditionsgave~inlythe 1.., 
enetypsprodwt 6bandscm4b. .v- . ..- 

weffindthata, tJms-1,5_qclooctadiene (~~1 mae.rthesaIEcxmaitionsgivestheana- 

logcm [P+P]cycldmts 2 ard f$ in a ratio of 13 : 1 and that=, g-1,5-cyclomdaiene (%I, 

inanalogyto 5b,givesaElixture~consistsnainlyof6aand~~,besFdescolsiderable 
_v _w 



amountsofbiphenylerae,alsocontainssmali amxplfs of 3a ard 4a in a ratio of 1 : 6.4. We have -"_ I- 
alsodeterr&&theverysx&l amounts of 3h formed fran 5b in addition to 6band 4b. The 

sxararised in the Table. -- 
I_ .-._ __ 

ratios 3: 4 are I _ 

3a and $5, obtained from the react&x of ?a, were isolated by preparative g.1.c.. Ebth 

-w=d 
-.* 

s were liquids which ana&&. for C,4H,6 (requked: C 91.25, H 8.75, 1101. wt. 184; 

foti: 3a, C 90.30, H 8.95, ml. wt. &E) 184; 4a, C 90.81, H 9.35, mol. wt. (MS) 184) and .-.U .-_.... 
hadWabsorptions characteristicof the benzocycl~tene moiety 1,2) [A _llWE) :g, 

273 (3.31). 266 (3,33), 260 (3.14), 215 mn (3.75); 4a, 273 (3.3O), 266 (3.31), 260 (3.15), _., 
213 nm (3.80)). The IoOiMHz 'H-m spectraof both es display twofold nolecular syame- 

try. 3a (in CC14) shaws.multiplets centered at 6 = 1.5 (2H), 2.0 (2h), and 2.2 (4H), an ",1 
a~oximately syrrmetric signal, 20.5 Hz wide, at 3.18 (2 benzylic CR), the % part of an 

k&Y ~ystemtithJ~,=1l.l,J~=J~Y=8.3,J~,=J~Y,=-O.6,J~,=-O.1,J 
s 

xx' = 

JYYl -Ocps, andJxy u&etermFned ~vaLuesobt.ainad byuicxDm analysis), at 5.64 (-CE=CH-), 

and dn Z$B2 systgm at 6.89 and 6.98 (4 arczn. H). 4a (in 0214) shaws a multiplet betxen 6 = yl 

1.75 and 2.5 (8H), an unsymnetric signal, 26 HZ wide, at 3.64 (2 benzylic CH), the A2 part of 

an %X2Y2 system at 5.66 (-CH=CI+), and an A2B2 system at 6.82 and 6.97 (4 arun. H). TIE ole- 

finic 3 parts of 3a and 4a differ sbongly; that of 3a is superimposable with that of 1,8- _- _- VW 
tran~bicyclo[b.Z.Oldecir4,~~~e (which contains an eight ring structure identical to that 

in 3a) andthatof 4aisvery similar to thatof thecorreS~ingcis aompourd 3), The cis _Y . -- 
ccMigurati.ons of the dauble MS in 3a and 4a follow both frun the unreactivity of both _y _I 
ccmpounds towards cyclopentadlene (lb at xun tepnp. gives the Diels-FUder adduct ixr&iately) -,._ 
andfrOm*& value of 11.1 cp (ca. 16 cps are found for various trans-cyclcxcter~es~)). 

TreatmentwithKOtbu in dhetiylmlfoxide at150°C converted 4a to 3a T*ichconfirmsthat ."_ __ 
bothcompounds are eptis abcutthe kenzylic mathine groups. Oncooling balaWO°C, the 

olefinic and benzylic pcnrtions in the TOO MHZ m of 3" broaden and balcriv -50 0C the 

olefinic portion forma a complex nailtiplet 50 Hz wide and the henzylic portion splits into two 

signals of equal intensity at ca. 3.07 and 3.29 pFm. Warming to room tee. restores ths ori- 

ginalspectrum. Thischar~gecorrespcndstoa freezingof thering fl.ipprocessketvlRen two 

equivalentconformationsof the trans-fusedcyclocctenering as shcxm in the Fiw.The 

m of 42, on the ather hand, reins unchanged m cooling to -70 "C; this r.eflectS the 

fact t_hat the cis fused cyclooctene ring has only a single preferred confmticol. 

Figure 



Remark.ably,thebenzeneringsin carprxlnds ~aTd4~erapidlyh~~~undermildcon- 

ditions (10% Ed on charcoal P'LLJKA), et&ml, 1 ai H2 , roan tenp.) which mnmlly vmuld not 

attackbsnzms ringsandwhichareeven usedtoprepareUnSubstitutedbenz0cyclcbubme frmits 

halogematedderivatives 2'6). Thus, 3a twkup 4nulH2 to give a liquid C,4K24 product (required: _"# 
C 87.42, H 12.58, mol. wt. 192; faund: C 87.55, H 12.47, ml. wt. (MS} 192) showing only a broad 

bandat6= 0.9-2.2 in its 'H-NMR qxctrum, and 4b took up 3 ml H2 to give a different liquid 

c,4K24 product (fourd: C 87.52, H 12.47, mol. wt:-(MS) 1921, 'H-KM: 6 = 1.0-1.9 (20 H), 2.2-2.5 

(4H). This hydrogemtion occurred so readily that, e.g., ~ccxlldnotbeprsparedbypartial 

hmcgenation of 3a. _._ 

Pure 4b was isolated fran the Cole C14H,6 .,- fracticn (1 g), obtained fran 6 g 5b and 1.7 g -__ 
bsnzer&iazonim2-oarboxylats, by sbakingovernightwitha solutionof7,S g NaIO4 and 1 g 

KM04~300mlH20and30mlacetone, exWactingtherfMxlretith20mlcyc1chexaue , shaking 

the cyd- solutionwithEeveralportionscmc. H2so4 (th?lastportionmreimdcolorless), 

and Kugelrchr distlllatice (103 OC, 0.05 Torr) to give 0.1 g of a mixture of 4b and 3b f.rcm 

which 4b readily crystallized; it had the ?qorted mp. (58 OC) and spectral data').-& was not _I 
isolate3 pure; its constitution hmaver isevid~tfrcmthe 'H-M spectrum of the crude C,4H,6 

fraction obtalned frcm 5a which according to g.l.c. contained me nain product: 6 (in ~~14) = Y.W 
1.4-3.0 (ca. 6H), 4.0 (ca. IH), 5.2-6.0 Ica. 4H), 7.1 (ca. 5H). 

The 3:4 ratios in the raw reactian mixtures, as given _W 
pillary g.1.c. usirq the pure ccqmrds as referencss. All 

undex the reacticn aTvl g.l.c. conditicms. 

in the Table, were de- by ca- 

prcduct~3and4arecrrrpletelystat~le 
U 

Discussion: The partial loss of steric cmfiguration during the cycloadditim reaction, as 

evidencedby the formtionasby-products ofaddmts 4 fran 1 andofadducts 3 from5 (see Table), .,, 
is consistfmtwithadiradicalmechanimtfor this qcloadditim -. 1,7,8), _& - 

a and 9, while 

showing retention indioes8)of the same order of rragnitryle (a: 13 x 6.4 = 83; b:-3.5 x 40 = 140) 

differ in tht,bothwithl ardwith 5, ahas astronger tendency to fomtians fusedrings 

(E~c&laverage = (13/6.4P2 = - - 

This tendency parallels the relative 

1.43) than b ([trms,'cisl_age = (3,5/40)1'2 = 0.3). 

thermd --, 
-- 

a vs. b as evidenced 

ynarrm~stabilities of ccmpomds 2 and 4, in systfm3 

byequilibrationexperimnts ,eventhough3and4lmderthereaction 

amditionsdonot interconvert. This indicates tbatthegreaterstabilityofthetrans con- 

former of theC3 ringascanpxedto the~confmrner in systema, but&so insystemb, 

is notonlyaproperty of theadduzt~ 3 and 451 but also of the intermdiate diradimls. A, 

Aclmc~ledqe.mnt: Theauthor isgrateful toMrs. E. Frohn for her expsrimntal ccqeration. 
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