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Abstract - The acid-catalyzed isomerization of the title compound (2) to the thermodynamical-
ly-favored Z isomer i proceeds first to the E-isomer KR

During the past five years, we have used diene Z as a key reactant in a variety of Diels-
Alder reactions designed to construct tetracyclic intermediates for the synthesis of triter-
penes. Preparation of 2 from trans-1,6~dimethylbicyclo[4.3.0]nonane-2,7~dione LL)] was
accomplished in two steps (>75% overall yield) by addition of yinyImagnesium chloride followed
by dehydration (copper sulfate in refluxing benzene solution), Strong Bronsted acids must be
avoided in the latter reaction because they induce isomerization of 2 to a mixture of stereo-
isomeric dienes 2 and 4.
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In the course of this work, we observed an interesting kinetic selectivity in the acid-
catalyzed isomerization of 2. Since the corresponding isomerization of 6,6-dimethyl-T-vinyl-
cyclohexene (,@)2 to § did not exhibit this phenomenon, the possibility that it reflected
unexpected differences in conformer equilibria was considered. Our evidence and arguments
are presented here.
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Treatment of 2 with 0.1 equivalent of p-toluenesulfonic acid in refluxing benzene for
1 hour gave the Z-isomer 4 in 85% yield (after purification). The isomerization of 2 tof
also proceeded smoothly under similar conditions. When the acid-catalyzed isomerization
of g was monitored by ]Hnmr, a new set of signals appeared, reached a maximum after 20 min-
utes at 75°C and then faded as the spectrum of 4 grew stronger. Finally, careful treatment
of g with p-toluenesulfonic acid in chloroform enabled us to isolate the intermediate in
this isomerization as a crystalline product to which the E configuration 3 has been as-
signed.3 Some of the important ]Hnmr assignments for these compounds are shown in the
accompanying formulas. A nuclear Overhauser effect for the §1.8 methyl doublet and the
§6.4 multiplet was observed in the spectrum of 4, but no equivalent effect was found for
these signals in 3. A1l efforts to observe and/or isolate an equivalent intermediate in
the isomerization of 5 to § failed.

856(m) 0 85.65(m) 0 85.70(m)
H H H
8595H 86.40H 3
(brd, J=93) (brd,J=i0.) I (br.d: o-101)
H™ "CH, CH, H CHy "H
856(m) 3190 3180 3535 3160 3535
(d, J=7.8)  (0,270) (q,J=70) (d,J=7.0) (q,4=70)
R 2 2

Scheme I illustrates our explanation for the rapid formation of the thermodynamically
less-stable diene 3 from 2. The barrier for conformational interconyersion in simple
dienes is low (<6 kcal/mole), and in the absence of steric hindrance effects, the s-trans
conformer is more stable than the s-cis or s-skew conformers by ca. 2.1 kcal/mole.
Allylic carbocations, on the other hand, have conformational barriers in the 38 to 43 kcal/
mole range” and such intermediates exhibit strong structural integrity. Indeed, the kinetic
selectivity reported here requires that the deprotonation of cation X{t) be faster than its
isomerization to KAR&' Furthermore, the low energy barrier for conformational isomerizatign
of the diene demands that the activation energy 2(t] —> 3 be lower than for 2¢ — 4.
Since this does not appear to be true for the corresponding isomerization of 5, we haye
Tooked for a unique conformational factor in 2 (or X) that might contribute to this differ-
ence. Evidence for such a factor has been found in the UY absorption spectra of 2, 5 and
related dienes.
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2(c) X(c) 4

The s-trans conformer of acyclic dienes generally has a larger molar absorptivity (e)
than the corresponding s-cis conformer.4b’7 From the examples cited in Table I, we see that
the UV absorption of % is similar to that of 1-vinylcyclohexene, indicating a similar
s-trans : s-cis equilibrium for these compounds (presumably s-trans predominates). Diene
é, on the other hand, appears to assume chiefly the s-cis (or s-skew) conformation.

Table I

Absorption Maxima and Molar Absorptivities of Some Conjugated Dienes

Compound A E;gg (nm) c Ref.
3-methylenecyclohexene 231 (hexane) 21,000 8
1-vinylcyclohexene 231 10,600 9
1,2-bismethylenecyclohexane 220 6,400 10
1,3-cycloheptadiene 246 7,500 1

2 235 11,900 This Work

» 237 6,600 This Work
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The unexpected similarity of the molar absorptivity of g to that of 1-vinylcyclohexene
rather than 5 may be attributed to structural distortion in 2, introduced by the trans-
fused five-membered ring. Molecular models indicate that the six-membered ring in g is
forced into a boat (or twisted boat) conformation. This permits the s-trans diene conforma-
tion to experience less steric crowding than it does in R+ We suggest that this factor
helps to lower the activation energy of the %@EL —_— % reaction relative to that for
compound é.
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