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Large effects exerted by methoxyl and aryl substituents on the thermal rearrangements of
vinylcyclopropane are related to problems concerning the mechanisms of these reactions 1 Kinetic
and product studies of the 1,3-s1gmatrop1c3 rearrangements of vinylcyclopropanes to cyclopentenes
have led to proposals of pathways4 1n which the bond changes are concerted and, alternatively, of
pathways8 1n which diradicals are intermediates In a recent study10 of the stereochemistry of
the rearrangements of a set of stereoisomeric, substituted vinylcyclopropanes, 1t was shown that
the cyclopentene products could not have formed solely by the stereochemical pathway ptedlcted3
for concerted 1,3-s1gmatropic rearrangements Accompanying the isomerization of vinylcyclopropane
to cyclopentene 1s a cls-trans 1somerization, revealed by deuterium subsitution at C-2 9,11

Whether the pathways for cis-trans and sigmatropic 1somerizatiomsare related or 1independent 1s

not settled 9

12
Isomers 1, 2, and 3 were the only compounds detected in significant amounts 1n gas phase

(ca 30-150 torr) reactions of 1 and 2 in the range ca 220-250° Values of kl’ k2, and k3 that
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would best fit the changes with time of the concentrations of methoxyl isomers la, 2a, and 3a were

determined, k4 was shown to be negligible (k4 < 005 k3) and therefore was assumed to be zero in
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this analysis An Arrhenius expression k3 =330 002x 10 2 exp[(-38 7 T 0 2)/RT] was
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obtained Formation of an equilibrium mixture of 1b and 2b from either of these phenyl 1somers
was much faster than formation of 3b, precluding determination of k3 and k[0 However, if k4 18
assumed to be zero, then values of k3 can be obtained and furnish an Arrhenius expression k3 =
2411005 x 1013 exp{(-41 0 Tt 0 6)/RT] 14 Isomer 5 and small amounts (< 5%) of more volatile
materials were obtained from gas phase (ca 20-100 torr) reactions of 4 in the range 263-287° An
Arrhenius expression k5 =2711t016x 1013 exp| (=44 7 T 1 2)/RT] was obtained 13 The expression
for rearrangement of vinylcyclopropane to cyclopentene 1s 4 09 x 1013 exp(-49.7/RT) 6 Therefore,
E, for rearrangement to a cyclopentene 1s lowered ca 11 and 9 kcal/mole, respectively, by trans
2-methoxyl and 2-phenyl substituents, but only ca 5 kcal/mole by a2 l-methoxyl substituent For
the parent hydrocarbon, the ratio of the rate of cis-trans 1somerizat10n11 to that of cyclopentene
formation6 is ca 100 at 325° For the phenyl system, the comparable ratios (k1 k3 and k2 k3)

5

exceed 100 at 238° By contrast, in the methoxyl system, k. and k2 (2 4 x 10-5 and 9 1 x 10~

1

sec , respectively, at 237°), although accelerated by the substituent are comparable in magnitude
to ky (85 x 107 sec”! at 237°)

The much slower isomerization to 3a of la than of 22 can be attributed to steric effects in
the transition state For example, 1f 1t 1s assumed16 that planar17 diradicals are intermediates,

then formation of a cyclopentene requires a cis configuration around the interior allylic bond

(C==:C) as 1n 7, rather than a trams configuration as in 9 or 10 Interconversions of diradicals
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(1 and 9, for example) that require rotation around partial double bonds (C==C) should be too
slow to compete with ring closure to regenerate 6 Therefore, the rate of cyclopentene formation
will parallel the ease of forming 7 and 8 from 6 The cisoid transition states (intermediate
between 6a and 7 or 6a and 8) leading to 7 and 8 should be increased significantly 1in energy by
18

a cis substituent at C-2

The marked effect of trans-2-substituents on the rate of rearrangement to a cyclopentene

suggests much less bonding between C-1 and C-2 1in the transition state than in the reactants
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Such a transition state would occur along a concerted pathway only if the development of ¢-2—(C-2'
bonding lagged so far behind the loss of C-1—C-2 bonding that the transition state closely resem-
bled that for cleavage to an acyclic intermediate 20 Therefore, 1t is attractive to assume that
an acyclic diradical intermediate 1s formed The stabilization of the transition state by phenyl
is a substantial fraction of the stabilization that an ¢@-phenyl affords to (fully formed) alkyl
radicals (ca 22 and 15 kcal/mole to the methyl and ethyl radicals, respectively) 21 Stabiliza-
tion of the transition state by methoxyl is a comparable fraction of its stabilization of an

alkyl radical if the largest reported values (ca 22 kcal/mole stabilization of the methyl radi-
cal)22 are used 23 The extent to which an alkoxyl substituent placed at the "migrating carbon" of
a system undergoing a 1,3-sigmatropic rearrangement lowers Ea (or H*) has varied widely, values

observed for 4, la, anti-5-methoxybicyclo[2 1 1]hex-2-ene,24 and 7-t-butoxybicyclo{2 2 l]heptadi-

ene25 (11) are 5, 11, 11, and 15 kcal/mole, respectively It is unlikely that the rate-accelera-
ting effects of alkoxyl and phenyl are to be attributed to heterolyt1c26 rather than to homolytic
cleavages, since the rate of the system (ll) exhibiting the largest substituent effect does not
depend significantly upon solvent polarity Perhaps the relatively small effect in 4, a system in
which both the vinyl and methoxyl substituents are located on the same carbon, resides in such
factors as (a) a large steric inhibition to simultaneous conjugation of both substituents and (b)
a larger fraction of chemically unproductive reversion of an intermediate to the reactant 27
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