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Highly selective synthesis of 1-(silyl)-1-(boryl)ethenes via
a ruthenium-catalyzed silylative coupling reaction
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Abstract—An efficient silylative coupling of trisubstituted vinylsilanes with dialkoxy(vinyl)boranes is described. Under optimum
conditions the reaction offers a selective route to 1-(silyl)-1-(boryl)ethenes, which are potentially attractive intermediates in organic
synthesis
� 2004 Elsevier Ltd. All rights reserved.
Methods for the synthesis of organodimetallic com-
pounds have attracted a great deal of attention, as they
can serve as versatile intermediates in organic synthe-
sis.1,2 In view of the growing interest in gem-organodi-
metallics, novel selective synthetic methods should be
of great significance. Olefins bearing both silyl and boryl
groups are useful starting materials in organic synthesis
and combine the synthetic potential of both functional-
ities.3–6 1-(Silyl)-1-(boryl)alkenes are usually prepared
via hydroboration of silylalkynes, for which a number
of selective systems have been described.7,8 However,
the synthesis of 1-(silyl)-1-(boryl)ethenes is not possible
by this method.9 Recently, the selective synthesis of
1-(silyl)-1-(boryl)ethenes via geminal dimetallation of
alkylidene type carbenoids with silylboranes was
reported.10,11 Although the reaction leads to moderate
to high yields of products, the procedure involves the
use of highly volatile and harmful vinyl derivatives
and reactive organolithium compounds in stoichiomet-
ric amounts.

In the last 15 years we have developed two new catalytic
reactions, which occur between the same parent sub-
stances that is silylative coupling (also called trans-silyl-
ation or silyl group transfer) and cross-metathesis of
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alkenes with vinylsilanes, which have provided a univer-
sal route for the synthesis of well defined molecular and
macromolecular compounds possessing a vinylsilicon
functionality. While the cross-metathesis is catalyzed
by Ru and Mo carbene complexes, the silylative cou-
pling is catalyzed by complexes containing or generating
M–H or M–Si bonds (where M = Ru, Rh, Ir).12 Our
examination of the silylative coupling of vinylsilanes
with styrenes and other vinyl derivatives, including those
containing heteroatoms, has led to selective syntheses of
a variety of vinylsilanes containing various functional
groups12 (Eq. 1).

ð1Þ
Our recent examples of the new synthetic route, based
on the silylative coupling reaction, included functionali-
zation of cyclosiloxanes, cyclosilazanes and silsesquiox-
anes.13–15

We now report a new convenient method for the selec-
tive synthesis of 1-(silyl)-1-(boryl)ethenes via a one-step
catalytic process. When trisubstituted vinylsilanes bear-
ing methyl- and/or phenyl-substituents are treated with
2equiv of vinylboranes in the presence of ruthenium
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hydride complexes (1mol%), high conversion of the si-
lane and formation of E-1-(silyl)-2-(boryl)alkenes, 1-(sil-
yl)-1-(boryl)ethenes and ethylene is observed (Eq. 2).
ð2Þ
The reaction did not occur when alkoxysubstituted vin-
ylsilanes were used. Since vinylsilanes were found to be
active in homo-coupling (disproportionation),12 the
vinylboranes were used in excess. Thus, it was possible
to minimize the role of competitive vinylsilane homo-
coupling. Ruthenium hydride complexes Ru-
HCl(CO)(PPh3)3 (I) and RuHCl(CO)(PCy3)2 (II),
known to be active in silylative coupling of vinylsilanes
with olefins were tested in this process. No conversion
was observed in the presence of the Grubbs type ruthe-
nium carbene complexes for all the vinylsilanes tested.
The results are compiled in Table 1. Outstanding cata-
lytic activity was observed for the catalytic system con-
taining RuHCl(CO)(PCy3)2 and CuCl in the molar
ratio [Ru]/[Cu] = 1/5 (III). Such a catalytic system,
which was reported to be a selective and efficient catalyst
for silylation of styrenes and some other olefins with vin-
ylsilanes,16 remained active when performing the reac-
tion at ambient temperature (Table 1, entries 3 and 8)
and even at 0 �C (entries 5 and 10). At lower tempera-
tures a significant increase in the regioselectivity of the
process was observed, so that at ambient temperature
(for SiR3 = SiMe3) or at 0 �C (for SiR3 = SiMe2Ph)
selective transformations were possible. Under optimal
conditions the yield of 1-(silyl)-1-(boryl)ethenes was
essentially equal to the conversion of the vinylsilane.
No reaction was observed at ambient temperature in
the presence of catalysts I or II.
ð3Þ
All products were isolated18 and characterized spec-
troscopically.19 DEPT analysis was used to confirm
the formation of gem-disubstituted ethenes.

On the basis of the results obtained and our previous re-
ports on the silylative coupling of vinylsilanes with ole-
fins12 an insertion–elimination mechanism is postulated
for the process (Scheme 1).
The formation of the catalytically active Ru–H interme-
diate proceeds via decoordination of a PCy3 group from
the catalyst precursor. Phosphine decoordination is
strongly accelerated by the addition of CuCl to the reac-
tion mixture.20 Insertion of the vinylsilane into the Ru–
H bond, migration of the silyl group to the metal and
elimination of ethylene lead to the formation of the
ruthenium silyl complex. The reversible insertion of vin-
ylsilane into the ruthenium–hydride bond as reported by
Wakatsuki et al. for analogous systems21 provides evi-
dence for half of the catalytic cycle.

Insertion of vinylborane into the Ru–Si bond can be
realized in two ways, leading to two different intermedi-
ate complexes A and B. The b-H migration to ruthenium
in complexes A and B leads to the formation of E-1-(sil-
yl)-2-(boryl)ethene and 1-(silyl)-1-(boryl)ethene, respec-
tively. Under milder conditions, the reaction pathway
proceeding via intermediate B starts to dominate and
at ambient temperature (for SiR3 = SiMe3) or at 0 �C
(for SiR3 = SiMe2Ph) the reaction proceeds with com-
plete regioselectivity. In order to provide evidence for
the stoichiometric insertion of vinylboranes into
the Ru–Si bond, ruthenium dimethylphenylsilyl com-
plex Ru(SiMe2Ph)(Cl)(CO)(PCy3)2

22 was synthesized
and tested in stoichiometric reactions with vinylbora-
nes.23,24

Analysis of the reaction mixture by 1H NMR spectro-
scopy and GC–MS revealed the formation of silylboryl-
ethenes (isomers 3 and 4) (Eq. 3).
Analogous reactions performed in the presence of CuCl
([Ru]/[Cu] = 1/5) at 0 �C led to the exclusive formation
of 3. Although no ruthenium hydride complex was
observed by 1H NMR spectroscopy in this stoichiomet-
ric test, the experiment strongly supports the concept of
vinylborane insertion (silyl group transfer) and conse-
quently the insertion–elimination mechanism (Scheme
1).
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Table 1. Silylative coupling of vinylsilanes with 2-vinyl-[1,3,2]dioxaborolane 1a and 2-vinyl-[1,3,2]dioxaborinane 1b17

Entry Vinylborane Vinylsilane SiR3 Cat. Temp/time (�C)/(h) Conv. of vinylsilanea (%) Molar ratiob 3/4 Isolated yield of 318 (%)

1 1a SiMe3 I 80/24 20 50/50

2 1a SiMe3 II 80/1 90 30/70

3 1a SiMe3 III 20/5 80 100/0 65

4 1a SiMe3 III 80/1 100 30/70

5 1a SiMe2Ph III 0/1 100 100/0 80

6 1a SiMe2Ph III 40/1 100 45/55

7 1a SiMe2Ph III 80/1 100 40/60

8 1b SiMe3 III 20/5 90 100/0 75

9 1b SiMe3 III 80/1 100 50/50

10 1b SiMe2Ph III 0/1 100 100/0 85

11 1b SiMe2Ph III 40/1 100 50/50

12 1b SiMe2Ph III 80/1 100 50/50

Reaction conditions: [Ru]:[vinylsilane]:[vinylborane] = 10�2:1:2, benzene, argon.
a Determined by GC.
bDetermined by 1H NMR spectroscopy.
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In conclusion, a general and highly selective method
for the synthesis of 1-(silyl)-1-(boryl)ethenes via cross-
coupling of vinyl-substituted silanes with vinylboranes
in the presence of the ruthenium-hydride catalyst
[RuH(Cl)(CO)(PCy3)2]/CuCl is described. The reaction
offers a new, interesting route to unsaturated org-
ano(boro)silicon compounds, which are potentially
attractive in organic synthesis.
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