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Vinylsilanes are useful organometallic reagents in organic
synthesis because the C(sp2)�Si bonds undergo numerous
transformations.[1] Multiply silylated ethenes are thus likely to
represent platforms for a variety of highly substituted ethenes.
Moreover, multiply silylated ethenes themselves attract
considerable attention from the viewpoint of structural
organic chemistry.[2] Despite their importance, there is a
limited number of access routes to multiply silylated ethenes.
Hydrosilylation of silylacetylenes[3] and bissilylation of ace-
tylenes[4] are most convenient procedures.[5] Scheme 1 (top)

shows representative approaches, for instance, to trisilyl-
ethenes with three different silyl groups. However, difficulties
are often encountered in such synthetic strategies in terms of
regioselectivity and the occurrence of several side reactions.

During the course of our studies into cobalt-mediated
reactions of organic halides with Grignard reagents,[6] we

Scheme 1. Conventional and novel approaches toward 1,2-di- and
1,1,2-trisilylethenes.
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serendipitously found that the reaction of dibromomethane
with dimethyl(phenyl)silylmethylmagnesium chloride in the
presence of a cobalt salt provided dimethyl-
(phenyl)vinylsilane in excellent yield [Eq. (1)]. This observa-

tion encouraged us to explore the potential of silylated
dibromomethanes[7] as precursors for multiply silylated
ethenes (Scheme 1, bottom). Herein we report an inherently
regioselective and, fortunately, stereoselective preparation of
1,2-di- and 1,1,2-trisilylethenes by means of a cobalt salt, thus
creating a novel approach toward multiply silylated
ethenes.[8, 9]

After optimization of reaction conditions, the synthesis of
1,2-disilylethene proved to require cobalt(ii) chloride
(10 mol %) and a Grignard reagent (3 equiv). THF was the
solvent of choice, while ether, dioxane, and HMPA were far
inferior. The best results were found at a reaction temper-
ature of 20 8C. Table 1 summarizes the syntheses of various

1,2-disilylethenes. All the reactions resulted in the exclusive
formation of (E)-1,2-disilylethenes 1 in high yields. The steric
hindrance of the silyl groups such as MePh2Si and tBuMe2Si
had virtually no adverse influence on the synthesis. Interest-
ingly, isopropoxy- and allyl-substituted silylmethyl Grignard
reagents participated in this reaction.

The high efficiency of this method prompted us to
examine dibromodisilylmethanes as starting materials. Con-
trary to our expectation, the catalytic conditions did not give
satisfactory results. Instead, stoichiometric use of a cobaltate
reagent [(R3

3SiCH2)4Co(MgCl)2],[10,11] prepared from Coii

chloride and a Grignard reagent (4 equiv), allowed the
efficient synthesis of 1,1,2-trisilylethenes (Table 2). The
reactions of (Me3Si)2CBr2 proceeded smoothly to afford 2a
and 2b in good yields (Table 2, entries 1 and 2). The bulkier
MePh2Si- and tBuMe2Si-substituted precursors were also
converted into 2 in reasonable yields (Table 2, entries 3–7).
The reactions were clean, and the main by-products were
(R1

3Si)(R2
3Si)C(H)Br, (R1

3Si)(R2
3Si)CH2, and (R1

3Si)-
(R2

3Si)C=CH2, which were readily separated from the desired
products by size-exclusion chromatography (see below).
Gratifyingly, treatment of unsymmetrically substituted dibro-

modisilylmethanes under similar conditions yielded (E)-2e–
2g with three different silyl groups stereoselectively (Table 2,
entries 5–7). The reaction of a dibromosilylstannylmethane
furnished the corresponding (Z)-1,2-disilyl-1-stannylethene
2h with good stereoselectivity (Table 2, entry 8). There are
few facile methods for the stereo- and regioselective synthesis
of ethenes with different Group 14 metal substituents.
Unfortunately, the attempted synthesis of tetrasilylethene
from (R3Si)2CBr2 and (R3Si)2CHMgCl did not succeed.

We propose a mechanism for the stoichiometric reaction
as shown in Scheme 2. Halogen–cobalt exchange initially
takes place to produce intermediate 3. One of the silylmethyl
groups on the cobalt center migrates to generate 4 with
concomitant liberation of bromide.[12] b-Hydride elimination
finalizes the formation of 1,1,2-trisilylethene 2. The major
E stereoisomers in Table 2 would originate from the more
stable eclipsed conformer upon b-hydride elimination. The
formation of the by-product (R1

3Si)(R2
3Si)C=CH2 can stem

from b-silyl elimination.[13]

Table 1: Synthesis of (E)-1,2-disilylethenes 1.

Entry R3Si R’Si 1 Yield [%]

1 Me3Si Me2PhSi a 87
2 Me3Si MePh2Si b 86
3 Me3Si tBuMe2Si c 70
4 Me2PhSi Me3Si a 90
5 Me2PhSi Me2PhSi d 78
6 (iPrO)Me2Si Me2PhSi e 88
7 (CH2=CHCH2)Me2Si Me2PhSi f 79

Table 2: Synthesis of 1,1,2-trisilylethenes 2.

Entry R1
3Si R2

3Si R3
3Si 2 Yield [%] E/Z

1 Me3Si Me3Si Me3Si a 75 –
2 Me3Si Me3Si Me2PhSi b 73 –
3 MePh2Si MePh2Si Me3Si c 55 –
4 tBuMe2Si Me3Si Me3Si d 58 100:0[a]

5 MePh2Si Me3Si (iPrO)Me2Si e 48 90:10[a]

6 MePh2Si Me3Si Me2PhSi f 54 94:6[a]

7 MePh2Si Me3Si (CH2=

CHCH2)Me2Si
g 53 94:6[a]

8 MePh2Si (Bu3Sn) Me3Si h 51 8:92[b]

[a] Determined by NOE experiments. [b] Judged by JSn-H.

Scheme 2. Proposed mechanism for the formation of 1,1,2-trisilyl-
ethenes in the presence of stoichiometric amounts of the cobaltate
complex.
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In summary, we have developed a novel method for the
synthesis of 1,2-di- and 1,1,2-trisilylethenes in a regio- and
stereoselective manner. The products are not only useful as
precursors for various alkenes but are also structurally
interesting. Further improvement of this strategy will allow
access to a wide range of ethenes that are multifariously
substituted with Group 14 metals.

Experimental Section
General procedure (1a): Anhydrous cobalt(ii) chloride (6.5 mg,
0.05 mmol) was placed in a 20-mL reaction flask and heated with a
hair dryer in vacuo for 2 min. After the cobalt salt turned blue,
anhydrous THF (3.0 mL) was added under argon. The mixture was
stirred for 3 min at room temperature. Dibromo(dimethyl(phenyl)-
silyl)methane (154 mg, 0.50 mmol) and a solution of trimethylsilyl-
methylmagnesium chloride in diethyl ether (1.0m ; 1.5 mL, 1.5 mmol)
were successively added dropwise to the reaction mixture at 0 8C.
While the Grignard reagent was being added, the mixture turned
brown. After being stirred for 1 h at 20 8C, the reaction mixture was
poured into water. The product was extracted with hexane (2 �
20 mL). The combined organic layer was dried over sodium sulfate
and concentrated. Purification of the crude oil by silica-gel column
chromatography (hexane) provided the corresponding (E)-1,2-di-
silylethene 1a (102 mg, 0.43 mmol) in 87% yield.

2b : Anhydrous cobalt(ii) chloride (97.5 mg, 0.75 mmol) was
placed in a 30-mL reaction flask and dried in vacuo for 2 min.
Anhydrous THF (5.0 mL) was added under argon, and the mixture
was stirred for 3 min at room temperature. A solution of dimethyl-
(phenyl)silylmethylmagnesium chloride in diethyl ether (0.95m ;
3.16 mL, 3.0 mmol) was added dropwise to the reaction mixture at
�20 8C. After the mixture was stirred for 15 min at �20 8C,
dibromobis(trimethylsilyl)methane (159 mg, 0.50 mmol) was added
dropwise to the reaction mixture at �20 8C. After being stirred for an
additional 1 h at �20 8C, the reaction mixture was poured into water.
The product was extracted with hexane (2 � 20 mL). The combined
organic layer was dried over sodium sulfate and concentrated. Silica-
gel column chromatography (hexane) followed by gel-permeation
chromatography (toluene, to remove by-products described above)
provided the corresponding 1,1,2-trisilylethene 2b (111 mg,
0.36 mmol) in 73% yield.
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