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In recent years, evidence has emerged of the involvement of
free radicals in the coenzyme B12-dependent carbon skeleton
rearrangement reactions.1 However, the rearrangements pro-
moted by coenzyme B12 are multistep sequences, and it
continues to be worthwhile to ask whether nonradical steps
accompany the radical reactions. We have shown for a model
of the methylmalonyl-CoA carbon skeleton rearrangement that
no radical intermediates are trapped by a pendant 4-pentenyl
side chain.2 Accordingly, the permissible lifetime of any radical
intermediate associated with the model rearrangement must then
be not greater than 10-5 s, corresponding to the rate of
cyclization of the 5-hexenyl radical.
To develop probes that can be examined as models, as well

as potential substrates for the enzyme, we have begun to explore
the chemistry surrounding the cyclopropylmalonate1 and others
of its class.3 Treatment of the bromide1 in ethanol at 25°C
with vitamin B12s yielded the rearranged succinate2 in 62%
yield, with the cyclopropyl group intact(eq 1).4

The structure of2 was established by spectroscopic means
and by independent synthesis of an authentic sample. That was
accomplished by alkylation of3 with ethyl bromoacetate (eq
2). Although we did not observe the UV-visible spectrum of

an intermediate carbon-cobalt bonded adduct that might have
been formed from1, such species are often unstable and difficult
to detect.2,5,6

When the rearrangement of1 was carried out in EtOD,
deuterium was incorporated into the product, yielding2-d (eq
3). This suggests that the final intermediate leading to2 is an

organometallic species that could be formed as a primary
product of rearrangement or as a product of electron transfer.2,5

Treatment of the bromide1with tri-n-butyltin hydride yielded
(97%) the direct reduction product4; no succinate2 was
detected. The structure of4 was established spectroscopically
and by preparation of an authentic sample.

It was a surprise that the cyclopropyl group in the intermediate
leading to2 had not undergone ring opening as one might have
expected for the intervention of a free radical intermediate. To
establish that ring opening is the expected course for a free
radical in this series, we prepared the phenylselenocyclopro-
pylsuccinate5 and reduced it with tri-n-butyltin hydride in
ethanol at 70°C (eq 4). This experiment yielded the allyl-

carbinyl derivative6 and demonstrated that the intermediate
radical does undergo ring opening of the cyclopropyl group to
6 upon tin hydride treatment. Treatment of5 with Bu3SnD in
benzene yielded the expected monodeuteride6-d (eq 5). In this

series, there was no discernible difference between the yields
and products of the tin hydride reactions (eq 5) in ethanol or
benzene.
The advantage of the present experimental approach is that

the permissible lifetime of any free radical intermediate arising
during the B12s-promoted rearrangement of1 must now be
placed7 at∼10-7 s or less.8 This series of experiments provides
another example of a coenzyme B12-like carbon skeleton
rearrangement that apparently does not require the intermediacy
of free radical intermediates.
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