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ABSTRACT

Radical cyclization of the â-alkoxymethacrylate obtained from 5-benzyloxy-1-iodohexan-3-ol led to the stereoselective preparation of the benzyl
ether of (+)-methyl nonactate, demonstrating “2,5-cis” selectivity in the radical cyclization step in forming a tetrahydrofuran ring system and
“threo” selectivity in the hydrogen abstraction step.

Radical cyclization ofâ-alkoxyacrylates is a highly useful
method for stereoselective preparation of cis-2,5-substituted
tetrahydrofurans and cis-2,6-substituted tetrahydropyrans.1

Radical cyclization reactions of differentâ-alkoxyacrylates
were employed as key steps in the total synthesis of
dactomelynes,2 kumausyne,3 and kumausallene,4 demonstrat-
ing the generality of these reactions.5

One of the more difficult problems concerning these types
of reactions would be the control of the stereoselectivity
outside of the oxacycle whenR-substitutedâ-alkoxyacrylates

are employed in the radical cyclization (Scheme 1). In this
context, reported work6 by Guindon and co-workers on
radical-mediated reduction ofR-halo carboxylates is highly
pertinent; it is reported that radical-mediated reduction of
R-substitutedâ-alkoxy-R-halo carboxylates resulted in high
threo selectivity. Theoretical studies6b indicate that the
stereoselectivity originates primarily from the preference for
“outside alkoxy” conformation of the intermediate radical
species. In this model, both allylic 1,3-strain and electrostatic
repulsions are minimized, and an early transition state for
hydrogen abstraction in which attack occurs from the least
hindered face of the radical is apparently operative.

We were thus encouraged that the “2,5-cis” selectivity
encountered in theâ-alkoxyacrylate radical cyclization
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reactions in forming tetrahydrofuranyl ring systems may be
coupled with the “threo” selectivity at the exocyclicR sites,
which will offer easy access to a number of oxacyclic natural
products on the condition that appropriatelyR-substituted
â-alkoxyacrylates are prepared with relative ease. Herein,
we wish to describe results of our recent efforts along these
directions, which resulted in a short synthesis of (+)-methyl
nonactate.7

(R)-3-Benzyloxybutanal(1)8 was treated with allyltri-
methylsilane in the presence of titanium tetrachloride ac-
cording to Reetz’s procedure9 to give the alcohol2. It was
converted into the tosylate3 of 5-benzyloxyhexane-1,3-diol
by ozonolysis, NaBH4 reduction, and selective tosylation of
the primary hydroxy group. When the tosylate3 was reacted
with excess methyl 3,3-dimethoxy-2-methylpropanoate(4)10

in benzene under reflux in the presence of pyridinium
p-toluenesulfonate, conversion to the correspondingâ-alkoxy-
methacrylate was reasonably efficient. The radical cyclization
precursor5 was then obtained via routine iodide substitution
(Scheme 2).

Cyclization of 5 was studied under different reaction
conditions. A chromatographically separable 9:1 mixture of

the threo product6 and the erythro product7 was obtained
when the substrate5 was allowed to react with tributylstan-
nane in the presence of triethylborane and air in toluene at
-20 °C. At -78 °C, the hydride abstraction became a little
more selective, producing an 11:1 mixture of6 and7. The
best result was obtained when tris(trimethylsilyl)silane was
employed as the hydride source as the reaction in toluene at
-20 °C resulting in an almost exclusive formation of the
product 6. The reaction of5 with tributylstannane in
dichloromethane at-20 °C proceeded to yield a 4:1 mixture
of 6 and 7. Addition of magnesium bromide did not alter
the ratio of the products.11 Finally, hydrogenolysis of the
benzyloxy group in6 proceeded uneventfully to yield (+)-
methyl nonactate(8)12 in high yield (Scheme 3).

The stereoselectivity observed in the key step may be
rationalized by invoking the conformational preference of
the intermediate radical as discussed above. Future investiga-
tions from these laboratories will focus on further develop-
ments in stereoselective radical reactions as applied in natural
product synthesis.
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