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Radical Cyclization of 1-Allyloxy-2-halo-1-silacyclopentane.
Application to. Stereoselective Synthesis of 1,4,6-Triols
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Abstract: Treatment of 1-allyloxy—1-phenyl-2-bromo-1-silacyclopentane with n—
BuySnH in the presence of catalytic amount of Et3B provided 1-sila—2-oxabicyclo[3.3.0]-
octane which was converted into 1,4,6—triol.

Radical cyclization reactions developed in the last years represent a breakthrough for synthetic radical
chemistry.l Silylmethyl radical cyclizations have been widely used as an indirect method for acyclic
stereocontrol.2 Recently we have rcported3 that an addition of lithium carbenoids such as LiCHX, (X = Br,
I) to 1,1-dimethyl-1-silacyclobutane provided the corresponding 2-halo-1-silacyclopentanes. Here we
wish to describe stereoselective cyclization of silylmethyl radicals derived from 1-allyloxy—-2-halo-1-
silacyclopentanes.

Intramolecular cyclization of 2-bromo~—1-silacyclopentane 1a (1.0 mmol) with n~Bu;SnH (1.1
mmol) in the presence of a catalytic amount of tricthylborane (0.2 mmol)* afforded the cyclized product 3a
which was converted into an isomeric mixture of triacetate 5a and 6a (5a:6a = 86:14)5 by direct oxidation®
followed by acetylation in an overall yield of 32% from 1a. Treatment of 1b or l¢ with n—Bu3SnH-Et;B
and successive oxidation also gave an isomeric mixture of the corresponding triacetate Sb and 6b (5b:6b =
82:18) or Sc and 6c¢ (Sc:6¢c = 64:36) in 60% or 72% overall yield, respectively. Atom transfer cyclization’
reaction of 2a, 2b, or 2c with a catalytic amount of Et;B gave the cyclized product 4a, 4b, or 4¢c which was
transformed into the same isomeric mixture of triacetate Sa:6a = 88:12, 5b:6b = 88:12, or Sc:6¢c = 70:30 by
successive treatment with }:—Bu3SnH, H202—KF—KHCO3, and Ac,0-pyridine in 37%, 35%, or 22% overall
yield based on the starting silacyclopentane 2.
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The cyclization of 2-bromo-1-silacyclopentanes prepared from secondary allylic alcohols proved to
proceed with high stercospecificity. An addition of LiCHBr, to allyloxysilacyclobuianc 19d (See infra)
provided a mixture of two diastercomers® 7a and 11a in a 1:1 ratio which were separated each other by
silica-gel column chromatography. Treatment of a benzenc solution of 7a with n-Bu;SnH-Et;B at 25 °C
gave 1-sila-2~oxabicyclo[3.3.0]octanc 8a and 1-sila~2-oxabicyclo[4.3.0]nonanc 9a in 65% and 9% yields.
In addition to the formation of cyclized product, the reduction product 10a was obtained in 15% yield. In
contrast, the diastercomer 11a provided 12a (41%), 13a (9%), and 10a (16%) upon treatment with
n-Bu3SnH-Et3B. In these reactions, the 5-exo mode cyclization predominated, but the 6~endo mode could
also be observed. Meantime, cyclization reaction of 7b or 11b gave only 5-exo mode product, 8b or 12b.
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It is worth noting that the product 8a, 8b, 12a, or 12b was obtained as a single stereoisomer without
any contamination by other diastercomers. Whereas the oxidative cleavage of carbon-silicon bonds of 8a
with HyO,-KF-KHCO; provided (4R*,58*,6S*)-5,7,7-trimethyloctane-1,4,6~triol 14a,% oxidation of 12a
afforded a stereoisomeric (4S*,58*,65*)-triol 15a.
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Intermolecular reaction of 2-halo-1-silacyclopentane with carbon-carbon multiple bonds was
examined. An addition of Et3B to a hexane solution of 1,1-dimethyl-2—iodo—1-silacyclopentane 16 and
phenylacetylene or trimethylsilylacetylene provided iodoalkene 17a (E:Z = 24:76) or 17b (E:Z = 13:87) in
41% or 55% yield. The reaction of 16 with other carbon—carbon multiple bonds such as 1-dodecyne, methyl
acrylate, and 1-dodecene resulted in a recovery of the starting material along with reduced 1,1-dimethyl-1-
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silacyclopentane.
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1-Allyloxy-2-halo-1-silacyclopentanes were prepared as follows. Treatment of 3—chloro-
propyldichlorophenylsilane with magnesium gave 1-chloro—1-phenyl-1-silacyclobutane 18 (bp 54 °C/0.5
Torr, 59% isolated yield) according to the reported proccdure.11 An addition of allylic alcohols to a benzene
solution of 18 in the presence of pyridine afforded allyloxysilacyclobutanes 19. Treatment of 19 with lithium
carbenoid LiCHBr, or LiCHI, provided the corresponding silacyclopentanes 1, 2, 7, and 11.12
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a: R'=zR2=R®z=H 73% X=1 47% X =Br 44%

b: R'=H R®=n-Pr RR=H 82% X=1 58% X =Br 66%

c: R'=n-Pr RZ=R3=H 77% X=1 73% X=Br 41%

d: R'=R2=H R}*=tBu 48% X = Br 74%

e: R"=H R2=CHs R®=1Bu 66% X=Br 76%
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1.77 (m, SH), 2.06 (s, 3H), 2.07 (s, 6H), 3.89 (dd, J = 6.4, 11.0 Hz, 1H), 4.00 (dd, J = 7.1, 11.0 Hz, 1H),
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