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Summary: Cis-fused bicyclic compounds are synthesized
from simple monocyclic enone precursors. The key step
involves a tandem radical-mediated epoxide fragmentation,
radical translocation, and cyclization.

In 1963 Sabatino and Gritter! reported the first example
of an epoxide C-O bond fragmentation (1 — 2) caused by
a radical on the a-carbon, a process that resembles the
cyclopropylcarbinyl® radical rearrangement.? The salient
feature of the epoxide fragmentation reaction is the for-
mation of a highly reactive oxygen-centered radical from
a carbon-centered one,! precisely the reverse of the more
common process.® This is a fast rearrangement® and is
undoubtedly propelled by the relief of ring strain (ca. 27.5
kcal).” Despite the relative ease with which an alkoxy
radical is produced, this rearrangement appears to have
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received relatively little attention,® especially from the
synthetic viewpoint.? We have looked into the synthetic
potential of the epoxide fragmentation reaction and report
here a powerful reaction sequence which uses this reaction
to generate cis-fused bicyclic systems.
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The general reaction design is outlined in Scheme I
The initially formed radical (3) was expected to rearrange
rapidly to the alkoxy radical. This oxygen centered radical
(4), like other highly reactive radicals,® was expected then
to abstract an H* from the 8-carbon.?® The resulting sta-
bilized radical (5) was then set up for cyclization onto the
olefin produced from the fragmentation, to generate a
bicyclic system (6).191!

Scheme II outlines the preparation of the precursor for
testing this reaction sequence. Addition of the Grignard
salt of trimethyl 4-bromoorthobutyrate!? to 3-ethoxy-
cyclohexenone followed by an acid quench gave enone-
ester 7 in 69% yield. Reduction of the enone under the
Luche conditions,!® followed by epoxidation, yielded epoxy
alcohol 9 in quantitative yield. Reaction of the epoxy
alcohol with thiocarbonyldiimidazole, in the presence of
a catalytic amount of DMAP,! produced a >90% overall
yield of thionoimidazolide 10, the key precursor for the
fragmentation—cyclization sequence.!®
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The cyclization sequence was triggered under standard
radical generation conditions (n-Bu;SnH, AIBN, PhH,
reflux) and afforded the expected product, 11, in 69% yield
(Scheme III). The rings were expected to be cis-fused for
stereoelectronic and geometric reasons, and literature
precedent.’® The product was, however, a mixture of two
epimeric esters, as evidenced by the presence of two methyl
peaks in the proton NMR spectrum, in a ratio of ap-
proximately 2.7:1. The epimer balance can be tilted fur-
ther to one side, to 9:1, by stirring the mixture with a
catalytic amount of ¢-BuOK. The ester group of the major
product was assigned exo () orientation.!?

An unexpected side product of the reaction was 12, the
imidazolide of methyl 4-mercaptobutyrate (5-10%). This
substance is believed to arise from fragmentation of the
intermediate alkoxy radical (such as 4) to the ketone by
expulsion of the butyrate side chain. Attack of the
thionoimidazolide by the butyrate radical then generates
a new oxiranylcarbinyl radical (3), which continues the
chain. A very small amount of the simple epoxide frag-
mentation-reduction product (13) was also isolated (<3%).
The proportion of 13 increased when the reaction tem-
perature was lowered. It is important to note that the
radical cyclization sequence produces a cis ring juncture
containing a tertiary hydroxyl group, a substitution pattern
found in many biologically important natural products,
such as the toxic lactone picrotoxinin!® (14), furan-con-
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(18) de Mayo, P.; Williams, R. E. J. Am. Chem. Soc. 1965, 87, 3275.
Synthesis: Corey, E. J.; Pearce, H. L. J. Am. Chem. Soc. 1979, 101, 5841.



Communications

J. Org. Chem., Vol. 55, No. 18, 1990 5183

Table 1. Fragmentation—Cyclization of Epoxythionoimidazolides

entry substrate

product ratio % yield
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sComplex mixture of diastereomers.

taining terpene furoscrobiculin D (15),'® Botrytis derived
plant growth regulator (16),20 as well as a whole class of
steroids, many of which exhibit potent cardiotonic (e.g.,
17)% or cytotoxic?? properties.

16 17

To better understand the scope and limitation of the
fragmentation—cyclization methodlogy, we have examined
the reaction of a number of related systems, shown in
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Table I. The substrates for entries 1 and 2 were prepared
along parallel lines to that used to synthesize 10. Pre-
cursors for entries 3 and 4 were prepared by the reaction
of the appropriate Grignard reagent with cycloheptenone
and cyclopentenone, respectively. The resulting tertiary
allylic alcohols were oxidized with PDC? to the three-
substituted enones, which were then converted to the cy-
clization precursor by the steps described above. The
cyclizations were carried out under the standard tin hy-
dride conditions and afforded the products as a mixture
of isomers. The first entry, which represents a simple
model for natural products such as 15 and 16, is particu-
larly interesting since it does not contain a radical-stabi-
lizing group on the side chain. The oxygen-centered radical
intermediate is highly reactive and the H* abstraction—
cyclization sequence proceeds efficiently. The second
example illustrates the formation and cyclization of a
benzylic radical, a system which normally does not cyclize
well. A related unit, having a furan or pyrone terminus,
would be required for the synthesis of cardenolides. Bi-
cyclo[5.3.0]decane and bicyclo[3.3.0]octane systems are
generated in the third and fourth examples, demonstrating
the flexibility of the strategy. The last example shows the
application of the chemistry to acyclic systems.

These results demonstrate that the radical-induced ep-
oxide fragmentation reaction can be taken advantage of
for the synthesis of a variety of carbocyclic systems. We
are also investigating analogous fragmentation—cyclization
chemistry of azidirine and cyclopropane containing sys-
tems.
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