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INTRODUCTION OF ANGULAR METHYL GROUPS
VIA RADICAL CYCLIZATION

Gilbert Stork* and Robert Mah
Department of Chemistry, Columbia University, New York, New York 10027

Summary: Cyclization of radicals formed on chains  temporarily tethered to allylic hydroxyl
groups in polycyclic systems can  be used for the regio-and stereospecific introduction of "angular”
methyl groups. As a corollary, the method  establishes  the stereochemistry of the relevant ring

junction.

Free radical cyclizations involving the temporary connection of a radical precursor to
the hydroxyl group of a cyclic allylic alcohol are the basis of a powerful method for the
construction of a variety of synthetic targets.] We now show that this process, which we
have used for the regio- and stereocontrolled insertion of functional carbon chains,2 can
further be used for the controlled introduction of "angular” methyl groups.

The possibility appeared realistic because of the relatively low sensitivity of radical
reactions, especially those involving cyclization, to steric hindrance (presumably as a
consequence of an early transition state3); and because we have previously demonstrated
the possibility of generating a methyl group from a cyclic siloxane, as shown in A to B4
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As our initial model, we used the readily available tricyclic alcohol 15 which was
converted, in the usual manner,!2to the mixed bromoacetal 2.
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Cyclization of bromoacetal 2 (Scheme 1) under the usual stoichiometric tin hydride
conditions (1.1 equiv Bu3SnH, 0.1 equiv AIBN, benzene, 0.02M, 80 °C) gave, after Jones
oxidation of the crude cyclic acetal 3, lactone 4 (82%; 3.8:1 mixture by 1H NMR). Of
several different routes explored for the desired formation of "angular” methyl groups
from cyclic acetals of type 2, photochemically-initiated transformation of hemiacetal § to
the iodomethyl formate 6 (1.1 equiv PhI(OAc)z, 1 equiv Iz, 0.01M in cyclohexane, 40 ©C,
irradiation with two 100W light bulbs) was found to be the most effective and most
generally applicable.6.7 Lithium aluminum hydride reduction (2.5 equiv) of the crude
iodoformate 6 then gave the required alcohol 7, in 84% overall yield from hemiacetal 5.

The tricyclic alcohol 7 is a mixture of ring junction isomers which are formed in the
initial cyclization leading to 3. The major isomer, formed in a ratio of nearly 4 to I,
proved to have a c¢is hydrindane ring fusion, as demonstrated by comparison with well-
gstablished values of the ITH NMR methyl signals for the alcohols® (major: § 1.04; minor: §
0. 65) and the corresponding ketones® (major: § 1.12; minor: 8 0.72).

Introduction of an angular methyl starting with the tricyclic allylic alcohol 1 was
also studied using a silicon-containing tether.4:10 Treatment of silyl ether 8 (Scheme 2)
with stoichiometric tin hydride, followed by oxidative desilylation!l.4 of the crude siloxane
9 resulted in the formation of diol 10 (91%) along with some recovered 1 (6%).
Alternatively, the crude cyclic siloxane 9 could be reductively desilylated, in DMF,12 (10
equiv BuaN+*F-, 5:1 v/v DMF/THF, 60 °C) to give the same alcohols 7 (84%) as were
prepared using the acetal tether. A similar (3.7:1) mixture of isomers was obtained, again
in favor of the cis-fused isomers.
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As a further test of the generality of these procedures, iodoacetal 11 (Scheme 3) was
prepared?a from the relevant hydroxyenonel3 and subjected to the stoichiometric tin
hydride conditions24 to produce cyclic acetal 12 (86%). The corresponding lactol 13 was
photolyzed, as before, to give iodoformate 14 (71%) which was then reduced under the
catalytic tin hydride conditions22 (0.1 equiv Bu3SnCl, 2 equiv NaBH3CN, 0.3 equiv AIBN,
tert BuOH, 0.02M, 83 °C) to give ketoformate 1514 (42% from 12). (The stereochemical
assignment was confirmed by the position of the methyl group in the !H NMR spectra at §
0.76, in agreement with expectations!3.16
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We conclude that the tethered radical cyclization method can lead to the
stereocontrolled introduction of "angular” methyl groups in polycyclic systems. A methyl
group is thus introduced, at the proximal olefinic carbon of an allylic alcohol,
stereospecifically cis to the controlling hydroxyl. An important corollary is that the
stereochemistry of the newly established ring junction can be made either cis or trans by
the proper choice of the allylic hydroxyl stereochemistry (cf. 11to 15).
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