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Abstract: The title compound 1, when subjected to gas-phase pyrolysis at 275°C, undergoes predominantly
fragmentation to cyclopentadiene and 2-methyl-1-butene.

We wish to report on the thermal behavior of 7-ethyl-7-methylbicyclo[3.2.0]hept-2-ene (l),1 which was
prepared from 7-(:thyl-7-methylbicyclo[3‘2.0]hept-2-c:n-6-ont‘,2 via our standard cyclobutanone reduction3 in
typical yield. Because all attempts at epimeric separation of compound 1 have proven futile when 1 was
prepared by low-temperature Wolff-Kishner reduction of the ketene cycloadduct of cyclopentadiene and ethyl
methyl ketene, we have synthesized each separate epimer of 1 (1a and 1b, see Scheme 1) from the
corresponding ketone diastereomer.2 We have conducted a rigorous kinetic investigation4 of the gas-phase
(2759C.) pyrosylate of the title compound using nonane as an internal standard. The rate constant for overall
loss of 1 (kq) as well as the relative distribution of products among three rearrangement modes (see Scheme 1),
direct [1,5]-hydrogen shift (k1,5), indirect [1,5]-hydrogen shift (k1,5'), and retro-[2+2] cycloreversion or
fragmentation (kg),6-7 are reported in Table 1.
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Scheme 1. Thermal rearrangement of 1

1755



1756

The most favorable rearrangement mode for compound 1 is regiospecific fragmentation to 2-methyl-1-
butene and cyclopentadiene. However, two [1,5]-hydrogen shifts also occur. The direct [1,5]-hydrogen shift,
formally a retro-ene reaction, involves migration of a hydrogen from the endo-ethyl methylene (in 1a) or from
the endo-methyl (in 1b) on C7 to C3 with concurrent migration of the pi bond and cleavage of the sigma bond
between C] and C7 to form 2a and 2b, respectively. The indirect [1,5]-hydrogen shift we attribute to a
diradical-mediated process involving homolysis of the sigma bond between C1 and C7 followed by a hydrogen
shift from a methyl or methylene on C7 to C1. The formation of only one of the two possible indirect [1,5]-
hydrogen shift products from either 1a or 1b, a different 1,5’ product in each case,8 suggests that the resultant
diradical is not equilibrated, which we attribute to steric hindrance to rotation about the bond between Cg and C7
while the rotating arm is close enough to the five-membered ring to yield rearrangement rather than
fragmentation.

Table 1. Kinetic Data for 1a and 1b at 2750C.

kgx105 s k1,5/kd k1,5'/kd§ ke'kd
compound 1a 2.0 2.3)F 0.16 <0.02 0.82
compound 1b 1.6 2.0t 0.25 <0.01 0.74

¥ Nonlinear least squares values, where different from linear least squares data, are given in parentheses.
§ Thisis presumably an indirect diradical-mediated [1.5]-hydrogen shift product.

Kinetic data from disubstituted vinylcyclobutane systems related to compound 1 are reported in Table 2.
Chickos and Frey have previously concluded that a [1,5]-hydrogen shift in 2,2-dimethylvinylcyclobutane
analogous to the direct [1,5}-hydrogen shift in 1 is concerted.? The fact that la yields 2a10 exclusively whereas
1b affords only 2b is consistent with a concerted process. However, the distance between the migrating
hydrogen and the carbon terminus in the bicyclic compounds (compound 1, Table 1 and 7,7-
dimethylbicyclo[3.2.O]hept-2-ene,11 Table 2) is roughly 1 A greater than in substituted monocyclic
vinylcyclobutanes such as 2,2-dimethylvinylcyclobutane (Table 2). An alternative explanation for the different
direct [1,5]-hydrogen shift products obtained from 1a and 1b is that a short-lived biradical generated via C1-C7
bond cleavage collapses to form the [1,5]-hydrogen shift product while the endo-substituent R resides in the
vicinity of the allylic radical unit. This interpretation is similar to Gajewski's rationalization of preferential
(although not exclusive) deuterium migration in syn-7-(trideuteriomethyl)-o-pinene involving the intermediacy
of a nonequilibrated diradical spccics.12 It also links the direct and indirect [1,5]-hydrogen shift products that
result from either 1a or 1b to the same intermediate, separated only by the extent of bond rotation, a function of
the discrete lifetime of the species.

Table 2. Kinetic Data for Related Disubstituted Vinylcyclobutanes at 275°C
kgx105 s Ky 5/kg k1,5'/kq kp/kd
2,2-Mep-vinylcyclobutane? 16.5 0.21 0.01 0.73
7,7-Me2-bicyclo| 3.2.0]hept-2-ene! | 1.75 0.15 < 0.01 0.84
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The dominance of fragmentation can also be accounted for by the formation of a diradical intermediate.
Although fragmentation can proceed either directly via [2+2]-cycloreversion or indirectly via the intermediacy of
S—ethyl-S-mcthylnorborm:nc,13 which can then undergo a successive retro-Diels-Alder reaction, we have
observed none of the product that would result from [1,3]-carbon migration.14 From the GC detection limits,
we extrapolate that the [1,3]-carbon shift can at most represent only 10% of the total fragmentation pathway.

In compound 1 fragmentation proceeds exclusively along the C1-C7 and C5-Cg axes (an obvious entropic
benefit), parallel to MS fragmention.! The observation of regiospecific fragmentation, in contrast to the report
by Cocks and Frey15 for bicyclo[3.2.0]hept-2-ene, the parent system, of competition from cleavage along the
C1-Cs and Cg-C7 axes, is consistent with a diradical intermediate that is stabilized by an allyl unit and a tertiary
center at C7. The large kf/kq ratios (see Tables 1 and 2) can also be rationalized on the basis of diradical
intermediate stability.

The lack of epimerization, formally a [1,1]-sigmatropic rearrangement, between 1a and 1b also implicates
a nonequilibrated diradical intermediate. In contrast, 2 number of related monocyclic vinylcyclobutanes undergo
facile epimerization (see Table 3), presumably via a diradical intermediate. Reclosure to the vinylcyclobutane is
apparently sterically prohibited in 1a and 1b.

Table 3. Kinetic Data for Related Monocyclic Vinylcyclobutanes at 290°C

kdx105 s kl,l/kd k1,5/kd ke'kg
cis-2-ethylvinylcyclobutane16 47. 0.13 0.66 0.18
cz’s-Z—Me-l-trans-propenylcyclobutanc16 20. 0.30 0.27 0.36
cis-2-Me-1-cis-propenylcyclobutane 16 15. 0.37 0.03 0.57
cis-2-(1-MeO-ethyl)vinylcyclobutane 17 23.% 0.35 0.20 0.35

*Rate constant at 290°C was calculated using the Arrhenius parameters provided by the authors.
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