iy

. 4

ELSEVIER

Journal of Molecular Catalysis A: Chemical 96 (1995) 21-23

# JOURNAL OF
MOLECULAR
Y CATALYSIS

" A CHEMICAL

Selective formation of cis-PhCH=CH(SiEt,;) by reaction of
PhC=CH with the stoichiometric amount of HSiEt,, in the
presence of ruthenium catalysts

Miguel A. Esteruelas *, Ana M. Lépez, Luis A. Oro, José 1. Tolosa

Departamento de Quimica Inorgdnica, Instituto de Ciencia de Materiales de Aragdn, Universidad de Zaragoza,
CSIC, 50009 Zaragoza, Spain

Received 27 May 1994; accepted 31 October 1994

Abstract

The complexes MH( 7>-H,BH,) (CO) (PPr';),, M(C,Ph),(CO) (PPr;), and M(1?-C,Ph,) (CO) (PPr';), (M=Ru, Os) are
found to be very active and highly selective catalysts for the reaction of PhC=CH with the stoichiometric amount of HSiEt;; in
the presence of the ruthenium catalysts, the reactions lead to cis-PhCH=CH(SiEt,) with selectivities of about 95%.

Keywords: Hydrosilylation; Ruthenium

1. Introduction

The addition of silanes to alkynes to give vinyl-
silanes is a reaction of considerable interest in
connection with important industrial processes
[1]. Furthermore, the hydrosilylation of alkynes
catalyzed by transition metal complexes has syn-
thetic value because the vinylsilane products have
shown to be versatile intermediates in organic syn-
thesis [2]. With alk-1-ynes the formation of four
products (Eq. 1) is possible [3], and much effort
has been expended in developing highly selective
catalysts [4].
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Following our previous work on the hydrosi-
lylation of phenylacetylene with HSiEt; [5], we
now report the catalytic activity of complexes 5—
10. The results are of interest not only because the
catalysts are highly selective for the reaction of
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PhC=CH with the stoichiometric amount of
HSiEt;, but also because the main product of the
reaction is the thermodynamically less stable cis-
isomer 2.
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2. Experimental

Catalytic experiments were carried out under
argon in a 50 ml two-neck flask with a condenser
and containing a magnetic stirring bar. The second
neck was capped with a Suba-seal to allow sam-
ples to be removed by syringe. In a typical pro-
cedure, the catalyst (0.019 mmol) was dissolved
ina 1,2-dichloroethane solution (8 ml) containing
HSiEt; (1.92 mmol), PhC=CH (1.92 mmol) and
C¢H,, (0.96 mmol). The flask was then immersed
in a bath at 60°C, and the reaction mixture was
magnetically stirred. The reaction was followed
by measuring the silane consumption as a function
of time using C4H,, as the internal standard with

Table 1
Hydrosilylation of phenylacetylene

a 15% pB,B'-oxodipropionitrile on Chromosorb
W-HP 80/100-mesh column at 40°C on a Perkin
Elmer 8500 gas chromatograph with a flame ion-
ization detector. The analysis of the reaction prod-
ucts was carried out by using a FFAP on
Chromosorb GHP 80/100-mesh column at 175°C.

3. Results and discussion

The reactions were performed in 1,2-dichloro-
ethane at 60°C, with concentrations 0.24 M of
HSiFt; and PhC=CH, and 2.4 X 10~ M of cata-
lyst. Results from experiments are summarized in
Table 1.

The major product is in all cases cis-
PhCH=CH(SiEt;), resulting from the anti-addi-
tion of the silane to the alkyne. In the presence of
the ruthenium catalysts this product is obtained
with selectivities of about 95%. The osmium cat-
alysts are less active and the reactions also are less
selective (about 65%). Anti-addition of silanes to
alkynes has previously been observed. However,
similar selectivities to those reported for the ruthe-
nium complexes in Table 1, have only been seen
in a few cases, when some reactions are carried
out in the presence of an excess of alkyne [ 3b] or
silane [4j].

The mechanisms previously proposed for the
formation of the anti-addition product involve the
initial insertion of the alkyne into a M—Si bond to

Catalyst * t/h Yield (%)° Selectivity
(%) °
cis-PhCH=CH(SiEt;) trans-PhCH=CH(SiEt;) Ph(SiEt;)C=CH, PhC=CSiEt,
RuH(7-H,BH,)(CO) (PPf;), 5 3.0 87 3 2 3 91
Ru(C,Ph),(CO) (PPr;), 6 25 91 1 1 2 9
Ru(7*-C,Phy) (CO) (PPr,), 7 12 91 2 1 3 94
OsH(7*-H,BH,) (CO) (PPr5),8 7.5 32 15 1 3 62
0s(C,Ph),(CO)(PPr;), 9 89 55 19 2 4 69
Os(1%-C,Ph,) (CO)(PPr;), 10 2.2 21 6 1 2 70

® Catalysts were prepared by published methods [8-10].

® Yields were measured by GC with CgH,, (0.12 M) as internal standard.

© Selectivity of the reaction for cis-PhCH=CH(SiEt;) relative to the total moles of obtained product.
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give a (Z)-silylvinyl intermediate, which isom-
erizes to the less sterically congested E-isomer,
via a zwitterionic carbene complex. In addition,
B-elimination of the endo-hydrogen atom of the
(E)-silylvinyl group could lead to the
dehydrogenative silylation product PhC=CSiEt;
[4e,3b]. The results collected in Table 1 can be
rationalized according to this proposals. However,
the participation of alkynyl intermediates should
not be completely rejected. A recent study on the
addition of triethylsilane to phenylacetylene cat-
alyzed by [Ir(COD) ( n*-Pr\,PCH,CH,-
OMe) ]BE, has revealed that under the catalytic
conditions both hydrido-alkynyl and hydrido-silyl
intermediates are formed. Hydrido-alkynyl spe-
cies are the key intermediates for the formation of
PhC=CSiEt,, while, hydrido-silyl species are the
key intermediates for the formation of cis-
PhCH=CHSIiEt; [6]. In this context, it should be
noted that complexes 6 and 9 are bis-alkynyl com-
pounds, and complexes 5, 7, 8 and 10 react with
terminal alkynes to give alkynyl derivatives [ 7,8].
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