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Abstract

Treatment of cycloalkanones, each bearing b-iodo a,b-unsaturated ester or nitrile side chains, with
tributyltin hydride and AIBN effected a 1,5-hydrogen atom transfer/radical cyclization sequence to afford
the fused- or spiro-cyclic ketones. © 2000 Elsevier Science Ltd. All rights reserved.
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1,5-Hydrogen atom transfer and subsequent radical cyclization have been shown to be highly
efficient for the construction of five- and six-membered carbo- and hetero-cyclic compounds.1 As
an extension of our work on a-carbonyl radical cyclizations,2 we were interested in employing
1,5-hydrogen atom transfer to generate a- or b-carbonyl radicals for subsequent radical
cyclizations. Our idea is depicted in Scheme 1. Vinyl radical 1, generated from the corresponding
vinyl iodide, would undergo 1,5-hydrogen atom transfer to give either a- or b-carbonyl radical,
2 or 3, via pathway a or b depending on the length of the side chain in 1. Subsequent 5-exo-trig
radical cyclization of 2 or 3 could afford spiro- or fused-cyclic ring system 4 or 5, respectively.
In this letter, we report preliminary results obtained from the study of these reactions.

We began our study with the preparation of cycloalkanones 8 and 9 each bearing a side chain
with a vinyl iodide group. Treatment of N,N-dimethylhydrazones 6 and 7 with n-BuLi followed
by alkylation of the resulting anions with 5-iodo-1-pentyne and then hydrolysis of hydrazone
moieties gave cycloalkanones, each having an acetylenic side chain, which were treated with
NaI/TMSCl/H2O/CH3CN3 to give compounds 8 and 9 (Scheme 2). However, when 8 and 9 were
treated with tributyltin hydride and AIBN, the expected product 10 was not obtained and 11
was formed only in poor yield.
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Scheme 1.

Scheme 2.

Therefore, we decided to introduce an electron-withdrawing group onto the vinyl iodide side
chain. The required radical precursors 12, 13 and 15–18 (Table 1) were prepared from
hydrazones 6 and 7 by adopting the known procedures.4 We also prepared radical precursor 14
(Table 1), having a methyl group on the b-carbon of the cyclohexane ring, according to
conventional methods.5

We first treated iodo compound 12 with tributyltin hydride and AIBN by slow addition with
a syringe pump. However, the cyclized product 19 was produced in only 14% yield (Table 1).
Under the same reaction conditions, compound 13 furnished cyclized product 20 in 22% yield.
Both 19 and 20 were formed as a single diastereomer. When iodo compound 14, having a methyl
group on the b-carbon of the cyclohexanone ring, was treated with tributyltin hydride and
AIBN by slow addition, cyclized product 21 was obtained as two diastereomers in higher yield
(46%). In the above experiments, the major side products were formed from the reduction of
vinyl iodide moieties in 8, 9 and 12–14 by tributyltin hydride. Therefore, at this point, we
decided to study the spiro-cyclization (path a in Scheme 1). We envisaged that 1,5-hydrogen
atom transfer/radical cyclization in pathway a, via the more stable tertiary a-carbonyl radical 2,
would be more efficient. To our delight, when iodo compounds 15–18 were treated with
tributyltin hydride and AIBN, 1,5-hydrogen atom transfer/radical cyclization indeed occurred
smoothly to give spiro-cyclic products 22–25 in 70–84% yield. Each of these products was
formed as two diastereomers which were separated and isolated by silica gel column chromato-
graphy.6 Ratios of the diastereomers are listed in Table 1.

In summary, we have developed a 1,5-hydrogen atom transfer/radical cyclization sequence,
using cycloalkanones bearing a b-iodo a,b-unsaturated ester or nitrile side chain as precursors,
for synthesis of fused- and spiro-cyclic ketones. It is interesting to find that the 1,5-hydrogen
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Table 1
1,5-Hydrogen atom transfer/radical cyclization

atom transfer/radical cyclization occurred more readily with substrates having an electron-with-
drawing group on the vinyl iodide side chains. Application of this reaction sequence toward the
total synthesis of spiro-cyclic natural products is currently under investigation in our
laboratories.
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