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Summary — A complex reaction of vinyltrimethylsilane with triethvlsilane catalyzed by ruthenium carbonyl and ruthenium
phosphine complexes and performed at 80-130°C in air or oxygen-free conditions was followed by GC-MS. Catalytic
examinations and identification of the products (I-X) allowed us to propose a general scheme for the competitive-consecutive
reaction in which the complexes containing Ru-H and Ru-Si bonds play the role of key intermediates.
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Introduction

The catalytic conversion of the mixture of trisubsti-
tuted silane and unsaturated organic substrate in the
presence of transition metal complexes involves several
processes. Although the hydrosilylation reaction usually
dominates, especially in the equimolar systems [1, 2],
some other processes also occur, namely, silane redistri-
bution, silylation and dehydrogenative silylation, par-
ticularly for catalysts based on the Fe, Ru and Os and
the Co, Rh and Ir triads (see [3] and references therein).

In the last decade, a few papers have been published
on the application of ruthenium complexes (mainly
Ru(0) carbonyls) in trisubstituted silane/olefin sys-
tems, where high yields of unsaturated silanes (the
products of dehydrogenative silylation) were obtained.
The products of the silane reactions with alkenes
[4-7], their halogen derivatives [8], and alkynes [9], in-
clude hydrosilylation adducts, although their presence
is not always recorded, eg, for the (CyH;)3SiH/styrene
system [10]. Dehydrogenative silylation offers a new
synthesis of alkenylsilanes or bis(silyl)alkenes (in the
case when silicon-containing olefins are used as reac-
tion reagents [11, 12]). The bis(silyl)alkenes form a new
class of monomers and/or comonomers for polymeriza-
tion/polycondensation processes.

Our comprehensive study on the hydrosilylation
of vinyl-trisubstituted silanes (mostly vinyltrialkoxysi-
lanes) in the presence of ruthenium phosphine com-
plexes [11] indicated that the “regular” hydrosilylation
(eq 1a) is accompanied by two different processes, dehy-
drogenative silylation (eq 1b) and metathesis of vinyl-
silanes (eq 2), when trialkoxysilanes and Ru(II) phos-
phine complexes are employed. Moreover, hydrosilanes

act as promoters for the ruthenium-catalyzed metathe-
sis (disproportionation) of vinylsilanes [13].

=SiCH,CH,Si= (1a)
=SiH + CH,=CHSi= _Rdl
=SiCH=CHSi=

+ CHgCHzSiE (1b)
[Ru]

2 =5iCH=CH, =SiCH=CHSi= + CH;=CH: (2)

Seki et ol [12] studied Ph3SiH and (C;Hs)sSiH
reaction with vinyltrimethylsilane in the presence
of Ruz(CO);2, and they observed only some of
the dehydrogenative silylation and the metathesis
products R3SiCH=CHSi(CH3); (R = Et, Ph) and
(CH3)3SiCH=CHSi(CHg)s, respectively. This reaction
was carried out at different ratios of the substrate and
under mild conditions in an open system under an argon
atmosphere. The dehydrogenative silylation of vinyltri-
ethoxysilane by triethylsilane on ruthenium carbonyl
clusters was mentioned during a recent conference [6].

In this paper we describe in detail a series of ex-
periments in which ruthenium precursors of different
nature and different substrate molar ratios (triethylsi-
lane and vinyltrimethylsilane were the silanes chosen)
were applied. We then determine their influence on the
selectivity of the products. The aim of this work is to
identify all the products observed as well as to explain
their origin in view of the proposed scheme for catalysis
bv ruthenium complexes. A part of this material was
already presented in the form of a symposium commu-
nication [14].

t Dedicated to Professor Raymond Calas in recognition of his distinguished contribution to organosilicon chemistry.
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Table I. Reaction of vinyltrimethylsilane with triethylsilane catalyzed by ruthenium carbonyl complexes.

No Catalyst
conversion [%’

Atmosphere  CH,=CHSi(CHy)s  (CoHs)3SiH
conversion (%] I

Product selectivity [%] (GLC)
II IIT IV V VI VII VIII-X

© [(C2Hs)sSiHJ:[CH, =CHSi(CHy )] = 1:10

1 Ruz(CO)12 air 65 100 11 11 0 5 8 0 0 11°
2 Ruz(CO)12 argon 71 100 18 11 0 62 9 0 0 0
3 [RuCL(CO)sl> air 68 100 1010 0 64 12 0 0 4
((C2Hs)3SiH]:[CH.=CHSi(CH3)3] = 1:1
1 Rus(CO)  air 100 90 22 23 4 3 6 28 10 4
5 Ruz(CO)i2 argon 100 75 32 16 1 9 1 25 14 2
6 Rusz(CO}12° argon 100 50 43 10 0 3 6 22 16 0
7 [RuCL(CO)s)z air 100 x3 19 26 3 5 2 26 13 6

130°C, 6 h, glass ampoules: ‘CH2=CHSi(CHz)s]:[cat]: CsHg] = 1:107 %:160
* 80°C. 4 h, CeHg reflux: [(CaHs)3SiHl:[CH2=CHSi(CHy)a):feat] = 1:1:2.5 x 107%; b VIII only.

Results and discussion

Our interest in this field stems from the preliminary
investigation of triethoxysilane/vinyltriethoxysilane/
RuCl,(PPhs)s system [11]. It was not previously pos-
sible to distinguish between the dehydrogenative silyla-
tion and metathesis products because the substituents
at both silicon atoms were identical and therefore it
was necessary to change the nature of the substrate.
The reaction of vinyvltrimethylsilane with triethylsilane
was studied as a model system at 130°C in air and
an oxygen-free atmosphere, in closed systems and in
the presence of several Ru complexes (for details, see
Experimental section). Rutheniuin carbonyl and ruthe-
nium phosphine complexes were used as ruthenium
precursors, and complexes with Ru-H and/or Ru-Si
bonds were also applied, either as well-defined com-
pounds or formed #n situ when ruthenium chlorophos-
phine complexes, eg RuClya(PPh3)s and triethylsilane.
were present in the reaction mixture [15].

Depending on the ratio of substrates and the nature
of the precursor, a certain number of products were
observed. Two main competitive processes, dehydro-
genative silylation and metathesis, were accompanied
by others, such as hydrosilvlation and hydrogenation of
the C=C bond, migration of silyl groups, and reactions
of triethylsilane with ethene. In all cases there were sev-
eral reactions products (eq 3). which were followed by

GC-MS.

(CH;;)gSiCH:CHz + HS'I(CQH:,);;

[Ru] . \
——— (CH3)3SiCH=CHSi(CsH3)3 + (CH3)3SiCyH5
I 11
+ (CHg)gSiCHQCHQSi(CzHS)K
1
v
+(CHj3)3SiCH2CH,Si(CHy)s + (CoHs)4Si
A% VI

+ (C2H;5)3SiCH=CHSi(C,Hs)3
VII

The formation of siloxane by-products (CHs)3SiOSi
(CHy)3 VIII, (C3H;)35S108i(CoHg )3 IX and (CHj3)3SiO
Si(CyHs)s X, which are found in some catalytic sys-
tems under oxygen conditions, is due to the presence
of oxygen in the reaction mixture. Small amounts of
ethane and ethene were present in the reaction mixtures
as gaseous products (GC-MS). Additionally, polymeric
products were detected in several experiments but at
very low yields.

The results of our test reaction performed in the
presence of Ru(0) and Ru(II) carbonyls are presented
in table L.

Seki et al investigated the reaction of vinyltrimethyl-
silane with triethylsilane in the presence of Rug(CO);2
[12]. but under milder conditions (oxygen-free atmo-
sphere, 70-80°C, 4 h, CgHg as a solvent). They re-
ported the formation of only two products, I and IV,
independent of the substrate ratio, but they suggested
that two competing reactions occur, namely, dehy-
drogenative silylation (eq 1b) and disproportionation
(metathesis) of vinyltrimethylsilane (eq 2). Surprisingly,
no CyH5Si(CH3)s I1, a common coproduct of dehydro-
genative silylation, was detected. Unfortunately, the au-
thors did not mention any gaseous products, which may
have evolved (eg ethene and ethane). We performed the
above reaction under conditions reported by Seki et al
[12]. An equimolar reaction occurred yielding several
other products (see entry 6 in table I), as well as I
and IV, mentioned by Seki et al, we found Si(CoHs),
VI. (CHg)gSiCzHg, IT and (C2H5)3SiCH:CHSi(CzH5)3
VII. Traces of ethene and ethane were also detected in
the gas phase.

For the initial ten-fold excess of vinylsilane (see
table I), regular metathesis product IV dominates, re-
gardless of the ruthenium carbonyl complex used in the
reaction conditions applied (130°C, 6 h, air, glass am-
poules). As well as equimolar amounts of the products
of the dehydrogenative silylation of vinyltrimethylsilane
(I + II), bis(trimethylsilyl)ethane V was unexpectedly
formmed in high yields. The siloxane VIII observed for
the Ruz(CO)is-catalyzed reactions presumably derives
from the oxygenation of [Ru][Si(CHj)s]2 species. For-
mation of all the products formed under the mentioned
conditions (exemplary for Rug(CO);2 catalyst) can be
roughly accounted for by the catalytic cycles presented
in scheme 1. '
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The model scheme assumes oxidative addition of
triethylsilane to Ru(0) carbonyl followed by inser-
tion of vinylsilane into [Rul-Si= bond with elimina-
tion of 1-triethylsilyl-2-trimethylsilylethene I and ad-
dition of [Ru]-H into the next molecule of vinylsilane
to release ethyltrimethylsilane II. which completes the
dehydrogenative silylation (DS) pathway. A competi-
tive metathesis process (M) starts from complex 6 in
scheme 1, involving elimination of ethene followed by
the insertion of vinylsilane into Ru-Si bond to give
finally the metathesis product I'V. Hydrogenation of
ethene by H-Ru-H species leads to ethane, observed in
gaseous products. Competitive insertion of vinylsilane
into the Ru-H bond (from 7 to 10 in scheme 1) can eas-
ily explain the formation of product V. The formation
of VIII is apparently a result of oxygenation of Ru-Si
bond in the complex containing two bonded silyl groups
and testifies to the presence of such Ru complexes in the
catalytic cycle(s).

The promoting role of HSi{C;H5 )3 in the Rug(CO) ;-
catalyzed metathesis of CHy=CHSi(CHgz)3 is well ev-
idenced [16]. The best effect is observed for equimo-
lar ratio of silane and Ru precursor (Rus(CO);2). 7¢
when [CHy=CHSi(CHs);] :[HSi(C2Hs)3] = 10%. In the
same reaction conditions as applied for other experi-
ments presented in table I 44% conversion of vinylsilane
was noted after 6 h, but practically only product IV was
observed (with selectivity > 90%). Without hydrosilane
cocatalysis, only 17% conversion of vinylsilane (mostly
toward metathesis product IV) was noted. It was also
reported previously that Ru3(CO)y, reacts with tri-
alkylsilanes leading to the break up of the trinuclear
structure, affording di- and mononuclear derivatives
[17]. On the other hand, [Rus{;-H)(CO)1]~. which
is active in hydrosilylation, reacts with triethylsilane
(room temperature, THF) to give the trinuclear deriva-
tive {Rus(u-H)[Si(C2Hs)3]2(CO)10} ", which has two
o-bound Si(CoHs)s ligands [18]. Consequently, [Ru]-
Si(CeHs)s and [Ru]-H species are really responsible for
the formation of all the products observed. A direct
treatment of Ruz(CO);2 with vinyltrimethylsilane also
leads to formation of the [Rul-Si(CHj)3 species [16].
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For the initial 1:1 ratio of the substrates (see table I),
products other than beside the above-mentioned (I,
II, IV, V and VIII) were formed; III, VI and VII
were also found. Compound III is a product of regular
hydrosilylation :

(CH;;)gSiCH:CHQ + HSi(C2H5)3
[Ru]

(CH3)3SiCH,CH,Si(CoHs )3 (4)
III

Compound III is formed via complex 2 in scheme 1
transformation to (CoHs)3Si-Ru-CH2CH,Si(CHg)s spe-
cies, followed by elimination of product III in the pres-
ence of vinylsilane molecule, leading back to the com-
plex 1. The presented simplified model omitted several
pathways, involving the insertion of vinylsilane into the
Ru-Si bonds of various R3Si-[Rul-SiR3 and/or H-[Rul-
SiRy species. Each of these can initiate new cycle, yield-
ing unsaturated and saturated products.

The presence of products VI and VII can be ex-
plained by the following stoichiometric reactions of tri-
ethylsilane with ethene evolved during the metathetic
conversion of vinylsilanes.

HSi(CyHs5)3 + CH,=CHa
[Ru]

(C2Hs5)3SiCH2CH;3 (5)
VI

HSI(C2H5)3 + 2 CHy=CHjy
[Ru]

(CoH3)3SiCH=CH, + CH3CH;  (6)
X1

2 (CyH5)351CH=CH,
[Ru]

+ (CoH)38iCH=CHSi(C,Hs)3

VII
+ CH,=CH; (7)

It can also be noted that some metathetic conversions
of both vinylsilanes lead to I, producing next ethene
molecule :

(CyHs5)3SiCH=CH» + (CH3)3SiCH=CH,
XI

[Ru]
e (CyH)3SiCH=CHSI(CHs)s

I
+ CH=CH,  (8)

Therefore, a separate study of the reactions of tri-
ethylsilane with ethene in the presence of Ruz{CO);s
(as well as RuCly(PPhs)s) was undertaken to directly
confirm the existence of products VI and VII in the
reaction examined. Results of this additional series are
presented in table II.
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Table II. Reaction of triethylsilane with cthene catalyzed by ruthenium complexes.

No  Catalyst (C2Hs)3SiH CH2=CH, Product selectivity [%] (GLC)
conversion (%]  pressure VI VII IX XI others

1 Rua(CO)u 63 - 0 0 95 0 5

2 RU;;(CO)U 100 3 atm 56 8 2 29 5

3 Ruz(CO)12 100 10 atm 26 2 2 68 2

4 RuClz(PPhsy)s 43 0 0 82 0 18

5 RuCla(PPhs)s 100 3 atm 45 0 5 45 5

130°C. 6 h. air. steel vessel; [(C2Hs)aSiH]:[cat] = 107,

Table III. Reaction of vinyltrimethylsilane with triethylsilane catalvzed by ruthenium phosphine complexes.

No Catalyst Atmosphere CHz=CHSi(CHz); (C2H5)3SiH Product selectivity [%] (GLC)
conversion (%] conversion (%] I IIr 1mr 1v. v vl VIII-X
[(C2H5)3SiH]:[CH,=CHSi(CH3)s| = 1:10
1 RuCly(PPhy); air 14 100 10 250 24 16 0 25
2 RuClz(PPhs); argon 20 100 12 47 0 trace 41 0 0
3 RuH;(PPhs)y air 35 100 17 33 0 25 25 0 0
4  RuH3{Si=}{PPhs):" air 30 100 18 46 0 18 18 0 0
5 Solid A alr 45 100 19 19 0 33 9 trace 20
[(CoHs)3SiH]:[CHy=CHSI(CHza)g) = 1:1
6 RuCla(PPhs)s air 85 68 23 39 4 3 11 11 9
7  RuClz(PPhs)s argon 60 I 31 43 0 5 12 9 0
8 RuCly(PPhj)s * argon <5 <5 trace 0 trace 0 0 0 trace
9 RuH2(PPhgs)s air 100 T 28 39 4 3 2 11 13
10 RuH3{Si=}(PPhs); air 30 60 16 34 5 6 20 13 6
11 Solid A air 100 65 34 36 7 3 3 8 9

130°C, 6 h, glass ampoules: 'CHy=CHSi(CHy)s]:[cat]:[CoHg) = 1110721160
@ {Si=}= {Si(OC2Hs)3}; " 80°C, 4 h, CeHg reflux; [(C2Hp)3SiH]:[(Hy=CHSI(CHz)y):[cat] = 1:1:2.5 x 1073,

It is worth emphasizing that under lower ethene pres-
sure (similar to the conditions of the typical reaction
of vinylsilane with triethylsilane) more tetraethylsilane
VI and bis(silyl)ethene VII are yielded for Rus(CO)yy
presursor. It was previously reported that {Ruj(p-
H)[Si(C2Hs5)3)2(CO) 10}~ catalyzes triethylsilane addi-
tion to ethene (100°C, 15 h) yielding both tetraethylsi-
lane VI and vinyltriethylsilane XI [19]. The formation
of traces of (CoHg)3Si0Si(CoHs )3 IX is apparently due
to the oxygenation of triethylsilane. There is no direct
redistribution of triethylsilane (see entry 1 in table II)
under the conditions applied: almost all the silane is
converted to siloxane IX.

In the presence of vinyltrimethylsilane, all the path-
ways of triethylsilane conversion following the DS and
M cycles (scheme 1) include the insertion of ethene
evolved during the metathesis into Ru-H and Ru-Si
bonds. However, relatively low yields of the metathe-
sis conversion of vinyltrimethylsilane under equimolar
conversion of both substrates cannot directly account
for the observed high yields of the (C,Hs5)4Si (see ta-
ble T).

On the other hand, the sum of the unsaturated prod-
ucts I and IV, which can be formed via the pathways
involving CH,=CH, evolution, only confirms the high
vield of VI when a different route (beside complex 6
to complex 2, scheme 1) can be revealed in the forma-
tion of CoHgSi(CHjz)s II, 7e via the “hydrogenation™
of vinyltrimethylsilane. Such an explanation is particu-
larly important in view of the high vield of IT detected

in the reactions of vinyltrimethylsilane with triethylsi-
lane. catalyzed by ruthenium phosphine complexes (ta-
ble I1I) since in this catalytic process practically always
11 > (1.

Therefore, the DS (see scheme 1) does not provide
an adequate explanation for such a high yield of the
hydrogenated product II.

It is well known that Ru(II) complexes react with
hydrosilanes, giving ruthenium products with Ru-H
and Ru-Si= bonds [20]. Under the same reaction con-
ditions Ru(II) phosphine complexes form hydridosilyl
species  21]. RuCly(PPhs)s reacts with the excess of
(CyH5)3SiH producing RuHCI(PPhjs); - C¢Hg in ben-
zene [15] 4e forming a Ru-H bond. Therefore, well-
defined ruthenium hydride and ruthenium hydridosilyl
phosphine complexes were used as the precursors for the
reaction examined. Additionally, a catalyst that was the
product of preliminary treatment of RuCly (PPhs); with
vinyltrimethylsilane (for details, see Experimental sec-
tion) was placed in table IIT as solid A. Its spectroscopic
analysis shows the presence of ruthenium carbonyl and
phosphine species. No Ru-Si= species were found. The
catalvtic activity of this solid is very similar to other Ru
carbonyl precursors (compare the yields of I and II).

Taking into account the promoting effect of the
dioxvgen in catalysis by ruthenium phosphine com-
plexes [11] (which facilitates dissociation of phosphine
ligand by its prior oxygenation), most experiments were
carried out in dry air.



Essentially, almost all the results presented in ta-
bles I and III indicate a similar course of the reac-
tion catalyzed by ruthenium carbonyl and ruthenium
phosphine complexes. In the presence of phosphine com-
plexes, no bis(triethylsilyl)ethene VII was yielded; this
is easily confirmed by the lack of this product in the
direct reaction of (CoHs)3SiH with ethene (see entry 5
in table II). Moreover, as was mentioned above, a high
yield of IT has been observed. This is presumably from
the reaction of vinyltrimethylsilane bonded to H-[Ru}-H
species. In general, these species can be formed during
the vinylsilane molecule insertion into any Ru-Si bond
of the complex containing [Ru}(SiRs3)2 species (R = CH3
or C2Hs) (in addition to pathways 4 — 5 and 9 — 5
in scheme 1). The presence of disiloxanes VIII, IX and
X can be easily accounted for by direct oxygenation of
such [Ru|(SiR3)2 species.

/SR __ SiR; oH

[Ru] + —» (Ru]

SiR, —R; SiCH == CHSiR, N SiR;

=" s

— R SICH == CHSiR4

R = CHj;, R’ = CoH;

While ethene molecule insertion to Ru-Si= bonds
has been reported by Wakatsuki [22], we recently re-
ported (23], for the first time, the insertion of vinylsilane
molecule into Ru-Si= bond, which occurs according to
the following equation :

[Ru]-Si(CHg)g + CHziCHSiRg
ZVIRul-H + (CHj)38iCH=CHSIRy  (10)

[Ru] = RuCl(CO)(PPhs) :
Rs = (OCyHs)s. (CHy),Ph. (CHy)s

We also found that bis(silyljruthenium complexes
of general formula [Rul-{Si(OR)3}> [21] react with
CH,=CHSi(CH3)3 which can be inserted only to one
Ru-Si= bond with a low vield {(up to 4.5%). This is
however sufficiently high to initiate effectively the cat-
alytic metathetis pathway (metathetis product yield is
equal to 41%) (see scheme 2). These two experiments
strongly support the proposed mechanism (scheme 1).

In the discussion on the role of HSi{CoHs)s for
vinyltrimethylsilane metathesis. it should be added
that the cocatalytic amounts of HSi(CpHs)s, ie
[RuClz(PPhs)s} = [HSi(CyHs)3) diminish the induc-
tive period of metathesis process (20% conversion of
CH,=CHSi(CH3); towards methathesis products vs

2.3% conversion without the cocatalyst; 130°C.
6 h, air). It is interesting to note that beside

the typical metathesis product IV. another isomer
[(CHs)3Si}sC=CHy (IVa) was observed. This unusual
reaction course testifies to the insertion-elimination
mechanism of .vinylsilanes metathesis in the presence
of ruthenium phosphine complexes [16].
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CH,=CHSIMe,
(Et0);SICH=CHSiMe,
(EtO)Si~ C=CH
MeSiCH=CHSMe, (26%) R MesSiTTE (k3%
MesSi Ssi
M::;g')c:CHz {15%) SiOEt);
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CH,=CHSiMe
/SiMe3 /CHchzSiMe3
IRulsioet, RuKsidet),
CHZ:CHZ
Scheme 2. Insertion of vinyltrimethylsilane into Ru-Si=

hond of ruthenium bis-silyl precursor.

Conclusions

The reaction of vinyltrimethylsilane with triethylsilane
carried out in the presence of ruthenium carbonyl
and phosphine catalysts is a complex competitive-
consecutive process, consisting of many pathways in-
volving DS, metathesis, hydrogenation and hydrosilyla-
tion of vinyltrimethylsilane as well as some other pro-
cesses such as migration and oxygenation of silyl groups
bonded to ruthenium and reactions of triethylsilane
with ethene evolved during the metathesis processes.

Catalvst investigations and identification of all prod-
ucts by GC-MS technique allowed us to propose a
veneral scheme indicating a sequence of competitive-
consecutive reactions in which ruthenium hydride and
ruthenium silyl complexes play the role of key inter-
mediates. Direct evidence for the vinylsilane molecule
insertion into Ru-Si= bond is discussed.

The proposed mechanism can be effectively ap-
plied for the explanation of most of the processes of
vinvltrimethylsilane trisubstituted silane system, previ-
ously reported and described in this paper, occurring in
the presence of ruthenium complexes.

Experimental section

Materials

[RuCl2(CO)s)2. Ruz(CO)12 and RuH2(PPh3)4 were pur-
chased from Strem Chemicals. RuCl2(PPhs)s was prepared
by standard procedure {24], and RuH3[Si(OC2Hs)s](PPhs)2
and Ru[Si(OC2Hs)s)2(PPhs)2 were prepared from RuCls
(PPhy)y reaction with (C2Hs0)3SiH [21]. Vinyltrimethyl-
silane was purchased from ABCR, HSi(CzHs)s from Fluka
AG and ethene from Plock Petrochemical Plant (Poland)
and were used without additional purification. Benzene was
purchased from POCh (Poland), dried and distilled prior to

use.

General procedure of catalytic tests

In a typical catalytic test, 2 X 107 mol of a given solid
catalyst was placed in a 20 cm® glass ampoule containing
0.3 mL benzene under an air atmosphere. Vinyltrimethylsi-
lane (0.3 mL, 2 x 10~ mol) and appropriate amounts of tri-
ethvlsilane were added, and the sealed glass ampoules were
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heated at 130°C for 6 h. The reaction mixtures were anal-
ysed by the GLC technique. The products of the reaction
were identified by GC-MS and NMR methods by comparing
their parameters with those of the authentic samples [23).

General procedure of (CyHs )3SiH reaction with ethene

Ruz(CO)12 or RuCly(PPhy)s (6.3 x 107° mol), 1 mL of
dry benzene and 1 mL (6.3 x 1077 mol) of triethylsilane
were placed in 50 cm® steel pressure reaction vessel under
3 (or 10) atmospheres of ethene and heated at 130°C for
6 h. Some experiments were carried out without ethene.
The reaction mixture was analysed by the GLC technique.
The products of the reaction were identified by GC-MS and
NMR methods by comparing their parameters with those of
authentic samples [25].

Procedure for preparation of solid A

RuClz{PPha)s, (0.8 g, 8.3 x 107* mol), 12 mL dry benzene
and 6 mL (4.2 x 1072 mol) of vinyltrimethylsilane were
placed in a steel pressure vessel (50 cm®) and heated at
130°C for 48 h. The brown solid was precipitated from
solution with dried hexane, washed several times and dried
under vacuum. In '"H NMR spectra, neither Si(CHj)s nor
Ru-H signals were detected.

IR (KBr) [em™'] ven aryl 3055, veo 1970.
Elemental analysis ‘%] C 73.9. H 5.36. P 9.8, C1 2.3.

Procedure of insertion test

Ru[Si(OC2Hs)3]2(PPhs)s (0.1 g, 1.05x 107 mol) was placed
in a 10 cm® glass ampoule containing 0.3 mL benzene un-
der an argon atmosphere. Vinyltrimethylsilane (45.7 ul.
3.15 x 107* mol) was added and the sealed glass ampoule
was heated at 130°C for 24 h. The reaction mixture was
analysed by GLC technique: (C2Hs0)3SiCH=CHSi(CH3)3
(3%), [(C2H50)3Si][(CH3)3Si]C=CH, (1.5%), metathesis
products of vinyltrimethylsilane (41%) and some siloxanes
were detected.

Analytical measurements

'"H NMR spectra were recorded on a Varian Gemini 300
spectrometer. CgDg was used as a solvent. Gas chromatog-
raphy analysis was carried out with a HP 5890 instrument
using 30 m Megabore column HP-1 with TCD. GC-MS anal-
yses were obtained on Varian 3300 GC fitted with a Finnigan
Mat ITD 800 GC-MS spectrometer.

Acknowledgement

We thank the Polish Committee of Scientific Research for
financial support (Project 7 S203 045 07).

References

1

R

ot

12

13

[V
=

24

[\
&t

Marciniec B, Gulinski J, Urbaniak W, Kornetka
Z, Comprehensive Handbook on Hydrosilylation, B
Marciniec Ed, Pergamon, Oxford, 1992

Marciniec B, Gulinski J, J Organometal Chem (1993)
146, 15

Marciniec B, In : Principles and Advances in Molecular
Catalysis - Fducation in Advanced Chemistry, Poznan-
Wroclaw, 1993, Vol I, p 151

Randolph C, Wrighton MS, J Am Chem Soc (1986) 108,
3366

Hilal HS, Khalaf S, Jondi W, J Organometal Chem
(1993) 452, 167

Voskoboynikov AZ, Beletskaya IP, Proc IXth Symp Ho-
mog Catal, Jerusalem (Israel), 1994, Poster B-69

7 Djurovich PI, Dolich AR, Berry DH, J Chem Soc Chem

Commun (1994) 1897

Ojima I, Fuchikami T, Yatabe M, J Organometal Chem
(1984) 260, 335

Kopylova LI, Pukhnarevich VB, Tagi-Khan MM,
Voronkov MG, Zh Obshch Khim (1993) 63, 863

Seki Y, Takeshita K, Kawamoto K, Murai S, Sonoda N,
J Org Chem (1986) 51, 3890

Seki Y, Takeshita K, Kawamoto K, Murai S, Sonoda N,
Angew Chem Int Ed Engl (1980) 19, 928

Marciniec B, Gulinski J, J Organometal Chem (1983)
233, 349

Marciniec B, In : Organosilicon and Bioorganosilicon
Chemistry, Sakurai H Ed, Ellis Horwood, New York,
1985, p 193

Seki Y, Takeshita K, Kawamoto K, J Organometal
Chem (1989) 369, 117

Marciniec B, Rzejak L, Gulinski J, Foltynowicz Z,
Urbaniak W, J Mol Catal (1988) 46, 329

Gulinski J, Marciniec B, Pietraszuk C, Maciejewski H,
Proc XVIth Int Conf Organomet Chem, University of
Sussex (UK), 1994, Abstract OC1

Kono H, Wakao N, Ojima I, Nagai Y, J Organometal
Chem (1977) 132, 53

Marciniec B, Foltynowicz Z, Pietraszuk C, Gulinski J,
Maciejewski H, J Mol Catal (1994) 474, 83

Knox SAR, Stone FGA, J Chem Soc A (1969) 2559
Suss-Fink G, Angew Chem Int Ed Engl (1982) 21, 73
Suss-Fink G, Reiner J, J Mol Catal (1982) 16, 231
Schubert U, Trans Met Chem (1991) 16, 136

Guliniski J, James BR, Marciniec B, J Organometal
Chem (accepted for publication)

Wakatsuki Y, Yamazaki H, Nakano M, J Chem Soc,
Chem Commun (1991) 703

Marciniec B, Pietraszuk C, J Chem Soc, Chem Com-
mun, (submitted)

Hallman PS, Stephenson TA, Wilkinson G, Inorg Synth
(1970) 12, 236

Marciniec B, Maciejewski H, J Organometal Chem
(1993) 454, 45



