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Abstract—Effective cross-metathesis of H,C=C(H)SiR;, where SiR;=Si(OMe);, Si(OEt),, Si(OSiMe,),, with selected olefins in the
presence of (PCy;),CLRu(=CHPh) (I) is described. Treatment of p-substituted styrenes, 1-alkenes and selected allyl derivatives
H,C=CHCH,R’ (R'=SiMe;, Si(OEt);, Ph, OPh) with an excess of H,C=C(H)SiR; results in the formation of the respective
cross-metathesis products with good yields and selectivities. The metallacarbene mechanism of the process is discussed. © 2001

Elsevier Science Ltd. All rights reserved.

Silyl olefins constitute an important class of compounds
widely applied in organic synthesis.! Numerous meth-
ods for their preparation have been reported.!®c Cata-
lytic methods include the hydrosilylation of alkynes, the
dehydrogenative silylation of alkenes and the hydro-
genation of alkynylsilanes.!® The catalytic silylation of
olefins by vinylsilanes developed in our group is an
effective and general method for the preparation of
alkenylsilanes.? The reaction, which resembles cross-
metathesis, however, proceeds by a non-metallocarbene
mechanism involving activation of C-H and Si-C=
bonds according to Scheme 1.3
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Unfortunately, the formation of some amounts of iso-
merization products cannot be avoided when using this
method.*

The development of well-defined, functional group tol-
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erant ruthenium and molybdenum metathesis catalysts
has opened new opportunities for applying metathesis
in organic synthesis.” Important progress has also been
made in developing efficient and highly selective cross-
metathesis systems.®

Recently, we reported on the high catalytic activity of
Grubbs’ catalyst in the cross-metathesis of vinylsilanes
and vinylsiloxanes with styrene (Scheme 2).” High
yields and selectivities were obtained for vinyltrialkoxy-
and vinyltrisiloxysilanes under very mild conditions
(room temp.).
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Scheme 2.

In this paper we describe new examples of effective
cross-metathesis of vinyltrialkoxy- and vinyltrisiloxysi-
lanes with aryl-, alkyl-, and allyl-substituted olefins
catalyzed by complex L8

The reactions proceeded according to Eq. (1):
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where: SiRj = Si(OMe)3, Si(OEt)3, Si(OSiMeg)s
R' =alkyl, aryl,

Table 1. Cross-metathesis of vinylsilanes with selected olefins
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Conversion of olefin
(vinylsilane)* [%0]

H,C=CHSIR; Olefin

Yield of (isolated yield of) (E+Z) E|Z
R'HC=CHSIR; [%0]

Yield of R"HC=CHR' [%]

H,C=CHSIi(OEt), 4-Cl-Styrene 72 (100)* 68, 952, (85)* E Traces
H,C=CHSIi(OEt); Styrene 70 (100)* 67, 952, (88)* E Traces
H,C=CHSIi(OEt), 4-Me-Styrene 100° 95° E Traces
H,C=CHSi(OEt), 4-OMe-styrene 100 95* E Traces
H,C=CHSIi(OEt), 1-Hexene 100 75 9/1 10
H,C-CHSi(OMe);  1-Hexene 80 60 01 8
H,C-CHSi(OSiMes); 1-Hexene 90 72, (67) 01 7
H,C-CHSi(OEt); 1-Decene 75 60 01 s
H,C=CHSIi(OEt), Allyl-SiMe, 100 95, (88) E Traces
H,C-CHSi(OEt);  Allyl-Si(OEt), 75 71 151 0
H,C-CHSi(OEt);  Allyl-Ph 85 68 10/1  Traces
H,C-CHSi(OEt),  Allyl-OPh 80 72 51 Traces

Reaction conditions: [(PCys),CL,Ru(=CHPh)]:[H,C=CHSIiR;]:[olefin] = 5x1072:5:1; CH,Cl,, reflux, 3 h.

4 [Ru]:[H,C=CHSIR]:[olefin] = 5x107%1:3.
®1 h.

The results obtained are summarized in Table 1.° Prod-
ucts were isolated and characterized spectroscopically.'®

Since vinylsilanes were found to be inactive for the
conversion to self-metathesis products,’ the vinylsilanes
could be used in excess. Thus, it was possible to mini-
mize the role of competitive olefin self-metathesis.!!
Efficient reactions were observed for p-substituted
styrenes, 1-alkenes, phenyl-, phenoxy-, trimethylsilyl-,
and triethoxysilyl-substituted allyl compounds. In con-
trast, no reaction was observed for allylamine,'? allyl-
methyl thioether!® and allyl chloride. In earlier studies
these functional groups containing allyl derivatives
were found to deactivate Grubbs’ type carbene com-
plexes. Vinylsilanes containing one or more methyl
substituents at silicon gave only traces or no cross-
metathesis products. Similar results were obtained in
the reactions with styrene.” Removal of ethylene was
found to be crucial for an increase of reaction
efficiency.” A high metathesis conversion was achieved
by effective stirring and heating of the reaction mixture
in CH,CI, to a gentle reflux. All reactions proceeded
highly stereoselectively with a strong preference for the
formation of the E isomer. The reactions of vinylsilanes
with substituted styrenes’ as well as with the unsubsti-
tuted styrene and with allyltrimethylsilane even
afforded exclusively (within detection limits) the E
isomer.

Based on the results of our earlier study,” a metallacar-
bene mechanism for these cross-metathesis reactions is
postulated (Scheme 3).

The benzylidene complex I reacts with vinylsilane to
form the methylidene complex II and silylstyrene.’

Compound II then reacts with the olefin H,C=C(H)R’
to give the alkenylidene complex III and ethylene. This
reaction is a part of the commonly accepted metathesis
mechanism.' The competitive reaction of II with vinyl-
trialkoxy or vinyltrisiloxysilane leads to an exchange of
methylidene units but does not produce the silylcarbene
complex.” By reaction of vinylsilane with III the cross-
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Scheme 3. Proposed catalytic cycle for the cross-metathesis of
vinylsilanes with olefins.
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metathesis product is formed. The relatively high cata-
lyst concentration that has to be used is a consequence
of the instability of the methylidene complex Il under
the conditions used.'*> A detailed analysis of the reac-
tion mixture indicates that, in addition to cross-
metathesis and olefin metathesis products, also minor
amounts of silylstyrenes—and for the reactions of
vinyltrialkoxysilane—traces of tetraalkoxysilane (alkyl
orthosilicate) are produced. The formation of silylstyre-
nes (Scheme 3) in the reaction of vinylsilanes with I has
been described earlier in more detail’ and confirms the
mechanistic scheme proposed above. Traces of Si(OR),
found in the reaction mixture are presumably formed
by catalytic redistribution at silicon.'® Double-bond
migration (olefin isomerization) was not observed in the
starting olefins or in the cross-metathesis products. This
confirms that, under the conditions used, hydride com-
plexes are not generated in situ. Thus, cross-metathesis
offers the advantage of avoiding olefin isomerization
whereas in most other catalytic systems involving
hydride catalysts isomerization is inevitable. The gener-
ation of Ru-H complexes in systems containing initially
catalyst I at temperatures >60°C was reported very
recently.!’

In conclusion, the efficient and selective cross-metathe-
sis of vinyltrialkoxy- and trisiloxysilanes with p-substi-
tuted styrene-, l-alkene-, and allyl-derivatives in the
presence of (PCy;),CLLRu(=CHPh) (I) offers an interest-
ing route to unsaturated organosilicon compounds. In
addition, the successful reactions with
H,C=C(H)Si(OSiMe); demonstrate the potential of this
process for modification of poly(vinyl)siloxanes.
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