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Allyltris(trimethylsilyl)silane as Radical Allylating Agent for Organic Halides
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Reaction of allyltris(trimethylsilyl)silane with organic halides under
the free radical conditions resulted in allylation of the halides in modrate
to good yields. The presence of three trimethylsilyl groups on the silicon
could enhance the homolytic dissociation of a Si-C bond in the B-silylalkyl
radical.

We previously reported that allyltributyltin reacted with organic halides under free
radical conditions to give allylated product through SH' process.l) The reaction was so far
applied to the variety of organic syntheses.2) However, allyltributyltin is a toxic substance
and has a problem to apply to food or medicinal chemistry. On the other hand, the corre-
sponding less toxic silane does not react through such process, because the bond dissociation

energy of Si-C is too strong to break homolytically.

AIBN
BU3S“CH20H=CH2 + RX ———» R-CH2CH=CH2 + BU3snX

Recently Chatgilialogulu et al. reported that tris(trimethylsilyl)silane was an effective
radical reducing agent of organic halides because of the low bond-dissociation energy (79
kcal/mol) of its Si-H.3) This value is very close to that of the Sn-H (74 kcal/mol) in tri-
butylstannane rather than that of the Si-H (90 kcal/mol) in triethylsilane. This means that the
presence of three trimethylsilyl. groups on the silicon makes the silyl radical more stable. If
this is true, the Si-C bond energy of allyltris(trimethylsilyl)silane should also be lower. This
paper describes the radical reaction of allyltris(trimethylsilyl)silane with organic halides.

In
(Me3Si);SiICH,CH=CH, + R-X ——» R-CH,CH=CH, + (Me;Si);SiX

As Table 1 shows, the reaction took place for the negatively substituted halides in the
presence of a radical initiator to give the allylated product in moderate to good yields. We
used AIBN (a,0'-azobisisobutyronitrile) or dichlorotris(triphenylphosphine)ruthenium which
was reported by Matsumoto et al. as a radical initiator for the radical addition of carbon
tetrachloride to the olefins.4) Although the radical reaction of bromotrichloromethane with
allyltrimethylsilane has been reported to give 4,4,4-trichlorobutene by way of an addition-
elimination mechanism,3) the reaction of allyltrimethylsilane or allyltriethoxysilane with
carbon tetrachloride in the presence of AIBN did not give the 4,4,4-trichlorobutene at all, and
only a trace amount of the chlorinated olefin was detected in the reaction of allyltriphenyl-
silane. These facts imply that the allylation by allyltris(trimethylsilyl)silane should not
proceed through an addition-elimination mechanism, but through the SH' process.
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Table 1. The Reaction of Allyltris(trimethylsilyl)silane with Organic Halides

R-X Catalyst(mol%) Temp/°C  Time/h GLC yield of RCH,CH=CH,/%
ClzC-Cl AIBN(5) 80 3 24
Cl;C-Cl AIBN(10) 80 3 46
Cl;C-Cl AIBN(10) 100 1 66
Cl;C-Cl RuCl,(PPhg)s(1) 80 3 66
Cl,C-Cl RuCl,(PPhy)s(1) 100 12 75
Cl,HC-CI AIBN(10) 100 1 36
ClLHC-CI  RuCly(PPhs)s(1) 100 5 16

CH;CI,C-Cl AIBN(10) 100 1 49
CH;C1,C-Cl RuCly(PPhg);(1) 100 24 63
EtO,CCH,-Br AIBN(10) 100 1 54
EtO,CCH,-Br  RuCly(PPhg)s(1) 100 24 31
NCCH,-Br AIBN(10) 100 1 68
NCCH,-Br RuCly(PPh3)5(1) 100 5 trace

The reactions were carried out as follows; A tube containing the mixture of allyltris(tri-
methylsilyl)silane(0.5 mmol), the halide(0.55 mmol), AIBN(10 mol%), and benzene(l cm3)
as a solvent was sealed in vacuo and immersed in a thermobath. The product was analyzed by
GLC. And the structure of the products was identified by 1H NMR and GC-MS spectrum.

To our knowledge, this is the first example which shows that a Si-C bond in the allylsilane
could dissociate homolytically. Allyltris(trimethylsilyl)silane seems to be an alternative

radical allylating agent instead of allyltributylstannane.
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