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Introduction of silyl functionalities into organic compounds
along with the formation of the Si-C bond is of great interest in
organic synthesis.2 Conjugate silylation ofR,â-unsaturated car-
bonyl compounds is an important tool, and this reaction is usually
achieved by the use of silyl nucleophiles.3 In the hitherto known
methods, stoichiometric preparation of a silyl anionic species,
relatively inaccessible, has been indispensable for the generation
of silyl nucleophilic reagents. Although the Pd-catalyzed reactions
of a disilane andR,â-unsaturated carbonyl compounds are
comparable with the method using silyl nucleophiles, there are
some limitations to both the silyl groups and substrates available
for these reactions.4 We wish to report herein, as a partial solution
to these problems, an unprecedented cleavage reaction of the
silicon-silicon bond in a disilane with a Cu(I) salt to generate a
silyl nucleophile and its new 1,4-addition reaction towardR,â-
enones in the presence of a catalytic amount of a Cu(I) salt.
(Scheme 1).

We have recently reported exchange reactions of a silyl group
of alkynyl-, aryl- and hydrosilanes with a Cu(I) salt in an aprotic
polar solvent such as 1,3-dimethyl-2-imidazolidinone (DMI) and
various synthetic procedures using organocopper(I) reagents based
on this exchange reaction.5 Although there are many reports of
the cleavage reaction of a Si-Si bond in disilanes to generate a
silyl nucleophile with alkali metal,6 alkyllithium,3b metal alco-
holate,7 metal hydride,8 fluoride ion,9 and transition metal
complex,10,11to our knowledge, the cleavage reaction of disilanes
with a Cu(I) salt is unknown. We started our investigation of
the reaction between a disilane and a copper(I) salt in DMI

analogous to the reaction between hydrosilanes and CuCl,
previously reported.5a

For the purpose of trapping a reactive intermediate of this
reaction generated in situ, the reaction using 1,1,2,2-tetramethyl-
1,2-diphenyldisilane1a and (CuOTf)2‚C6H6

12 in DMI was ex-
amined in detail in the presence of 2-cyclohexen-1-one as an
electrophile, after trials using several combinations between a Cu-
(I) salt and a solvent (Table 1). In entry 1, a mixture of 1,1,2,2-
tetramethyl-1,2-diphenyldisilane (1.0 mmol), (CuOTf)2‚C6H6 (1.0
mmol) and 2-cyclohexen-1-one2a (1.0 mmol) in DMI (1.0 mL)
was stirred for 24 h at room temperature.13 After acidic workup,
a conjugate silylation product3a was obtained in 20% yield. To
confirm the synthetic feasibility of this reaction, we explored
reaction conditions for a catalytic use of the Cu(I) salt. However,
the use of 10 mol % of the copper(I) salt as a catalyst for the
conjugate silylation ofR,â-enones resulted in low yield at 100
°C together with unidentified side products (entry 2). Under these
conditions, the precipitation of Cu(0) was observed. Then, we
found that the addition of a catalytic amount of tributylphosphine
dramatically improved this reaction (entry 3). The silylation
product3a was obtained in good yield even with 5 mol % (10
mol % for Cu(I)) of (CuOTf)2‚C6H6 in the presence of tribu-
tylphosphine (11 mol %) (entries 3-5). DMI and DMF are both
good solvents for this reaction. The rate of the silylation reaction
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Scheme 1.Conjugate Silylation of anR,â-Unsaturated
Carbonyl Compound and a Disilane catalyzed by a Copper(I)
Salt

Table 1. Reaction of 1,2-Diphenyltetramethyldilsilane (1a) and
2-Cyclohexen-1-one (2a) in the presence of a Cu(I) Catalyst under
Various Conditions

entrya
disilane
1a/equiv

Cu(I)/
equiv

Bu3P/
equiv solvent

temp/
°C

time/
h

yield
of 3a/%b

1 1.0 1.0 DMI r.t. 24 20
2 1.0 0.1 DMI 100 24 33
3 1.2 0.1 0.11 DMI 100 21 88
4 1.2 0.1 0.11 DMF 100 4 91
5 1.2 0.1 0.11 Diglyme 100 21 77

a A mixture of a disilane (1.0-1.2 mmol), anR,â-unsaturated
compound (1.0 mmol), (CuOTf)2‚C6H6 (0.05-1.0 mmol) and tribu-
tylphosphine (0-0.11 mmol) was stirred in a solvent (1.0 ml).b Isolated
yield.
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of 3a was increased in DMF. Diglyme can also be used as a
solvent (entry 5).

This catalytic reaction was applied to 3-silylation of various
R,â-unsaturated carbonyl compounds (Scheme 1). Representative
results are listed in Table 2. Optimized reaction time and solvent
depend on the substrates. The conjugate silylation product of a
dimethylphenylsilyl group was obtained in good yield for various
R,â-unsaturated ketones (entries 1-5). Without acidic workup,
the corresponding silyl enol ether4 was isolated (entry 4). An
R,â-unsaturated aldehyde2f can be also used as a good acceptor
(entry 6). However, 3-methyl substitution of the substrate2
retarded this reaction, presumably due to the steric effect (entry
7). The products were obtained in good yield even with
hexamethyldisilane1b, which is relatively unreactive for the Si-
Si cleavage reaction (entries 8-11).7,11 For increasing the
solubility of hexamethyldisilane, a mixed solvent of DMF and
diglyme (1:1) was employed (entry 8). This method is useful

for the introduction of a trimethylsilyl group toR,â-enones, since
the preparation of trimethylsilylcopper is not easily accessible.14

Interestingly, the trimethylsilyl group was mainly introduced
into the substrate when using unsymmetrical disilane1c (eq 1).

This result provides a clear contrast with the case of palladium-
catalyzed 1,4-disilylation ofR,â-unsaturated ketones with 1,1-
dichrolo-1-phenyl-2,2,2-trimethyldisilane.15

A plausible catalytic cycle is shown in Scheme 2. Reaction
between a disilane and a copper(I) salt forms reactive intermediate
A, and conjugate addition toR,â-enones takes place. The copper-
(I) salt is regenerated by the reaction between the resultant copper-
(I) enolate and silyl triflate, which is formed at the first stage of
this cycle. Tributylphosphine coordinates to copper(I) and
presumably plays an important role in the stabilization of the
intermediateA and copper(I) enolateB. After the reaction was
completed, acidic workup gave3.

In conclusion, we have found an unprecedented and exclusive
cleavage reaction of disilanes followed by the conjugate silylation
to R,â-enones with a catalytic amount of a Cu(I) salt.16 The
present procedure provides a convenient and synthetically useful
route for introduction of a silyl group intoR,â-enones without
prior stoichiometric preparation of silylmetals. Further work on
the precise mechanism for these reactions and on the structure of
the active species is actively underway.
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Scheme 2.Proposed Mechanism for the Conjugate Silylation
of an a,b-Unsaturated Carbonyl Compound and a Disilane in
the Presence of a Copper(I) Catalyst
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