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4-Vinyltricycl0[6,2,1 ,02'7]~ndec-9-ene : a Minor Adduct from the Diels- 
Alder Reaction of 4-Vinylcyclohexene and Cyclopentadiene 

By S. R. Wallis, Research and Development Laboratories, The International Synthetic Rubber Company Limited, 

The endocyclic double bond of 4-vinylcyclohexene can act as dienophile towards cyclopentadiene a t  240". 
4-Vinyltricyclo[6.2.1 ,02,7]undec-9-ene (11) (ca. 5%) is formed together with the known 5-cyclohex-3-enyl- 
bicyclo[2,2,1] hept-2-ene (I). 

Southampton SO9 3AT 

5-CYCLOHEX-3-ENULBICYCLO[Z,Z,1]HEPT-%ENE (I), the 
main product of the reaction between cyclopentadiene 
and 4-~inylcyclohexene,~ has been used lately as a 
termonomer in ethylene-propylene cop~lymerisations.~~~ 
It is accepted that the vinyl group is a more reactive 
dienophile than the cyclohexene double bond and 
Diels-Alder additions of the latter to simple dienes are 
uncommon. However we have found that this second 
mode of addition also occurs in this reaction and a small 
amount (ca. 5%) of the adduct 4-vinyltricyclo[6,2,1,02~7]- 
undec-9-ene (11) is always formed together with (I). 

(1) cnl 
The structure of (11) was based on its u.v., i.r., and 

n.m.r. spectra: the n.m.r. data was consistent with the 
expected endo-configuration. 
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EXPERIMENTAL 

G.1.c. was carried out with a Varian Autoprep 705 instru- 
ment [30% SE-30 Silicone on Chromosorb W column 
(3 in x 20 ft)]. 1.r. spectra were measured for films; peaks 
are strong unless stated otherwise. U.V. spectra were 
measured for solutions in hexane, no special precautions 
were taken for measurement a t  short ~ a v e l e n g t h . ~  N.m.r. 
spectra were measured for solutions in carbon tetrachloride 
with a 100 MHz instrument (tetramethylsilane as internal 
standard). 

Reaction of Cyclofientadiene and 4- Vinylcyclohexene.-The 
reaction was carried out in a 2-1 autoclave under conditions 
essentially as published.l, 39 Cyclopentadiene dimer was 
used to generate cyclopentadiene and hydroquinone was 
added as inhibitor. The best yields (95% by g.1.c.) of 
5-cyclohex-3-enylnorborn-2-ene (I) were obtained with a 
4-vinylcyclohexene to cyclopentadiene dimer ratio of 10 : 1 or 
20 : 1 for 0-25-1-0 h a t  230-240". The excess of 4-vinyl- 
cyclohexene was distilled off, the adduct fraction was col- 
lected between 40-80" a t  0-4 mmHg, and then separated by 
preparative g.1.c. In  eight runs, the minor Diels-Alder 
adduct (11) formed to the extent of 2-9-7.8% (by g.1.c.) of 
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the main product (I). In  addition, 2-8-7.8y0 of higher- 
boiling products were obtained. The retention times 
indicated that the b.p.s of these products at atmospheric 
pressure would be within 270-300" and the i.r. spectra were 
similar to that of (I). Thus, it is probable 6 that the higher 
boiling products consist of adducts of (I) [or (II)] with a 
second molecule of cyclopentadiene, and they were not 
examined further. 

5-CycZohex-3-enyZbicycZo [2, 2,1] hept-2-ene (I) .-The i.r. 
spectra of the main Diels-Alder adduct (I) agreed with 
published  value^,^ Amx. 206 nm (log E 3.35). In the n.m.r. 
spectrum, the octet at z 4-08 due to the olefinic protons of 
the bicyclic ring,' and the unsymmetrical triplet of the 
bridgehead protons8 at T 7-22 suggest the endo-con- 
figuration. 

4-VinyZt~icycl0[6,2,1,0~~~]undec-9-ene (11) .-The minor 
Diels-Alder adduct had Am= 206 nm (log E 3-39), vmx 700m, 
730 (cis-CH=CH 9,10), 910, 995m (vinyl CH=CH, 9), 1340m 
(characteristic of the bicyclo[2,2, llheptane skeleton lo), 
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146Om (CH,), 1578w (bicyclic C% stretch 11), 1640m (vinyl 
C% stretch0), 2870, 2940 (CH, CH,), and 3090m cm-1 
(%-H stretch O * l O ) J  T 3-98 (ZH, t, J 2 Hz, 9- and 10-H, 
multiplicity suggests endo-configuration at 2,7-ring 
junction7), 4.12-4.58 (lH, m, CHXH,), 5-21 (ZH, q, J 8 
Hz, CHXH,), 7-33br (2H, s, 1- and 8-H, chemical shift sug- 
gests endo-configuration a t  2,7-ring junction 8), 7.60br (133, 
s, 4-H), 7-8-8.2 (ZH, m, 2- and 7-H, chemical shift suggests 
endo-configuration la), 8.2-8.85 (6H, m, 3-, 5-, and 6-H), 
and 8-85-8.95 (2H, m, 11-H). It was eluted before the 
main adduct (I) on the g.1.c. 
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