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Abstract: A free radical approach to fused cyclopropane derivatives is described. Homolytic decomposition of
thiochydroxamic esters 4a-e in the presence of dimethyl acetylenedicarboxylate affords bicyclo[3.1.0Jhex-2-

enes 6a-e in moderate yields. © 1997 Elsevier Science Ltd.

Free radical reactions have found widespread application in the synthesis of 5-, 6-membered rings, and
macrocycles.1 However, small ring compounds are not considered as suitable synthetic targets for the
application of radical cyclization methodology. The strain associated with cyclopropane ring formation lowers
the rate of 3-exo-cyclization (k¢ ~ 104 s=1),2 and accelerates 3-exo-fragmentation (k¢ ~ 108 s~1)3 thus shifting
the equilibrium between the reaction intermediates strongly in favour of butenyl radical (Scheme 1). Rare
examples of cyclopropane formation by 3-exo-cyclization are restricted to geometrically constrained butenyl
radicals possessing strongly activated double bonds, and giving rise to highly stabilized cyclic intermediates.4
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Scheme 1

Some time ago we reported a more general free radical approach to cyclopropanes, relying on the 3-exo-
cyclization/p-elimination reaction sequence, where the efficient quenching of cyclopropylcarbinyl intermediate
was effected by a fast elimination of a suitably positioned radical good leaving group.5 Recently, a related
approach was used in the synthesis of fused cyclopropane derivatives.6

We now wish to report an extension of this method, based on the combination of the aforementioned 3-
exo-cyclization/B-elimination cascade with free radical annulation procedure,” which allows the construction of
bicyclo[3.1.0Jhex-2-ene derivatives in a single sequential radical reaction, from two acyclic molecules. The
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retrosynthetic analysis of the target structure 1, outlined in Scheme 2, relies on 3-exo-cyclization/B-elimination

sequential reaction of cyclopentenylmethyl radical 2, which in turn could be created by an addition/cyclization
reaction of a suitably substituted 3-butenyl radical 3 with an acetylene acceptor.
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For the generation of radicals we chose the Barton method. From the known parent acid,8 the
thiohydroxamic ester 4a was prepared via the corresponding acid chloride. When 4a was submitted to the
photolytic conditions in the presence of 10-fold excess of dimethyl acetylenedicarboxylate, the expected
bicyclic compound 6a was obtained in 52% isolated yield (Scheme 3). Substituted precursors 4b-e behaved
similarly, affording in all cases cyclopropane derivatives 6b-¢.9
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The reaction proceeds through bicyclic intermediate S, which was earlier indicated as a reactive species
that might be responsible for cyclohexene formation in alkenylvinyl radical cyclization.!0 While the
intermediacy of a fused bicyclic intermediate in the cyclization of related 1,6-heptadien-2-yl radical was well
established on the basis of kinetic data,10 the mechanism of cyclohexene formation (6-endo-cyclization vs.
cyclopropylcarbinyl rearrangement) in 1,5-hexadien-1-yl radical cyclization remained uncertain. 102 Qur
findings provide the first direct experimental evidence for the intermediacy of endo bicyclic
cyclopropylcarbiny! radicals of type 5, by their efficient quenching to the corresponding unsaturated products.

Schematic representation of the reactants (Scheme 2),11 reveals that 5 of 6 carbon atoms that form the
skeleton of the target structure are involved in the reaction as temporary reactive centers, 3 of them having a
"double role”, ie. acting as radical donors, and acceptors as well, depending on the step of the propagation
sequence.12 This allows for a relatively complex structural transformation to be accomplished starting from
simple precursors with a small number of carbon atoms, and more generally, illustrates the potential of free
radical reactions as mechanistic transforms, according to the recently established terminology.13
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