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ABSTRACT

When carbonyl compounds were allowed to react with phenyl trimethylsilyl selenide and tributylstannyl hydride in the presence of a catalytic
amount of AIBN as a radical initiator, the hydrosilylation of the carbonyl compounds efficiently proceeded to give the corresponding silyl
ethers in moderate to good yields.

The development of new methods for the generation of
organosilyl radicals such as the trialkylsilyl radical (R3Si•)
and the utilization of these radicals in organic synthesis is
one of challenging problems in organic chemistry.1 Up to
now, some generation methods for the organosilyl radical
have been reported. However, the efficient utilization of these
silicon radicals in organic synthesis is very limited, because
the recombination to the disilane or the disproportionation
to the trialkylsilane of the silyl radicals by side reactions
easily occurred during these preparation methods.2 New
efficient and convenient generation methods for the trialkyl-
silyl radical are desired.

Clive has reported a method for the efficient generation
of carbon centered radicals by using the reaction of orga-
noselenide (RSePh) with tributylstannyl hydride under radical
conditions.8 Since then carbon centered radicals thus gener-

ated have been widely used in various transformations.9

When organoselenium compounds having the selenium-
heteroatom bond are reacted with tributylstannyl hydride in
the presence of a radical initiater, it is expected that the
organoselenium compounds would become excellent precur-
sors for the various heteroatom radical species. We then
examined the preparation of the trialkylsilyl radical by the
reaction of a small excess of PhSeSiMe3 with tributylstannyl
hydride under radical conditions, in the presence of carbonyl
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compounds as a trapping agent of the silyl radical, and found
that the hydrosilylation of carbonyl compounds efficiently
proceeded to give the corresponding trimethylsilyl ethers in
moderate to good yields (Scheme 1).10,11

The reaction of benzaldehyde (1) with small excess
amounts of phenyl trimethylsilyl selenide (PhSeSiMe3) (2)
(1.3 equiv) and tributylstannyl hydride (3) (1.3 equiv) in the
presence of a catalytic amount of AIBN at 80°C for 18 h
afforded benzyl trimethylsilyl ether, the hydrosilylated
product of 1, in 78% yield (entry 1, Table 1).12 When
azobisisovaleronitrile (AMVN) instead of AIBN was used
as a radical initiator, the hydrosilylation of1 occurred at a
lower reaction temperature (60°C) (entry 2). To determine
the scope and limitation of this hydrosilylation method,
various carbonyl compounds were reacted with a small
excess of2 and3 (1.3 equiv) in the presence of a catalytic
amount of AIBN at 80°C; the results are shown in Table 1.
Methyl-substituted benzaldehydes gave the corresponding
silyl ethers in 65-80% yields (entries 3-5). 4-Methoxy
benzaldehyde was also hydrosilylated by the PhSeSiMe3/
Bu3SnH/AIBN system to afford 4-methoxy benzyl trimeth-
ylsilyl ether in 85% yield (entry 6). For the nitro-substituted
benzaldehyde, the yield of the silyl ether was markedly
decreased as a result of various side reactions (entry 7). When
4-chlorobenzaldehyde was reacted with PhSeSiMe3 and Bu3-
SnH under the same conditions as for benzaldehyde, the yield
of the silyl ether was moderate (48%); however, the yield
of product was improved by extending the reaction time (48
h) (entry 8). Similarly, the hydrosilylation of the 2-naph-
thylaldehyde efficiently proceeded to afford the correspond-
ing silyl ether in 81% yield (entry 9). For the reaction of
octanal and cyclohexanecarboxaldehyde, trimethylsilyl ethers
were isolated in 66% and 51% yields, respectively (entries
10 and 11). Aromatic and aliphatic ketones also formed the
corresponding trimethylsilyl ethers; however, these yields
were lower than those of aldehydes (entries 12 and 13). Upon
the hydrosilylation of 1-phenyl-1,2-propanedione using the

PhSeSiMe3/Bu3SnH/AIBN system, the hydrosilylation of the
carbonyl group adjacent to the aromatic ring predominantly
proceeded to give4 in 52% yield with the formation of5
(16%) (Scheme 2).14

Although we cannot explain the reaction pathway of the
hydrosilylation of the carbonyl compounds using the Ph-
SeSiMe3/Bu3SnH/AIBN system in detail, two possible reac-
tion pathways were proposed for this reaction (Scheme 3).
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Scheme 1

Table 1. Hydrosilylation of Carbonyl Compounds Using
PhSeSiMe3 and Bu3SnH in the Presence of a Catalytic Amount
of AIBN

a Reaction conditions: carbonyl compound (1.3 mmol), PhSeSiMe3 (1.7
mmol), Bu3SnH (1.7 mmol), AIBN (0.13 mmol), and benzene (5 mL) at
80 °C for 18 h.b AMVN (azobisisovaleronitrile) instead of AIBN was used
as a radical initiater at 60°C. c For 48 h.d For 72 h.

Scheme 2
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One is the addition of the trimethylsilyl radical, which was
generated in situ by the reaction of PhSeSiMe3 with
tributylstannyl radical, to the carbonyl compound and
subsequent SH2 reaction with Bu3SnH to form the silyl ethers
(path 1). It was already reported that the silylselenation of
carbonyl compounds with PhSeSiMe3 was promoted by a
Lewis acid15 or I2,16 giving R-silyloxyphenylselenides (6) in

good yields. From this result, another reaction pathway
included the silylselenation of the carbonyl compounds with
2; the reductive dephenylselenation by the Bu3Sn radical
followed by the SH2 reaction with Bu3SnH was proposed
(path 2). To clarify this reaction pathway, although benzal-
dehyde was allowed to react with PhSeSiMe3 in the absence
of Bu3SnH, the silylselenated product was not formed and
the benzaldehyde (97%) was recovered. Furthermore, when
PhSeSiEt3 was treated with Bu3SnH in the absence of a
carbonyl compound under the radical conditions, triethylsilyl
hydride was formed in 43% yield. From these results, it
appears reasonable to assume the generation pathway of the
silyl radical as an intermediate (path 1).

In summary, we have successfully explored an efficient
synthetic method for silyl ethers by the hydrosilylation of
carbonyl compounds using the PhSeSiMe3/Bu3SnH/AIBN
system. Further studies regarding the widespread use of the
silyl radical generated in situ by the reaction of organose-
lenium compounds having Se-Si bonds with the tributyl-
stannyl radical in organic reactions are underway in our
laboratory.
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Scheme 3. Plausible Reaction Pathways
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