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Abstract

Effective homo-metathesis of a series of dichloro-substituted vinylsilap€sH (H)SIiCLR (where R =Me, OSiMg CsHs, CsHs—Me-4,
CsH,—CRs-4) in the presence of second generation Grubbs catalygHCs)(IMesH,)Ru(=CHPh)] () and Hoveyda—Grubbs catalys$it)
leads to selective formation & 1,2-bis(silyl)ethenes and ethene. On the basis of the results of experiments with deuterium-labelled reagents,
a metallacarbene mechanism has been suggested for these reactions.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction with styrenes, alkenes, numerous allyl derivatives (&).
Metathesis of vinylsilanes with dienes and cycloalkenes
The olefin metathesis has become an important and power-catalysed by Grubbs type complexes has also been demon-
ful reaction in organic and polymer syntheldisas a result of strated10].

H _~ _H H_ R [Ru]=CHR?2 H_ R H H

c=C_ + c=C —_— c=C. + c=C.
R3Si H H H -= R3Si H R3Si R'

R = OMe, OEt, O'Pr, OSiMe;, OC(O)Me, CI
R" = alkyl, aryl (1)

development of well-defined, functional group tolerantmetal !N search for new routes to silyl olefins of the type
carbene complexes, e.g(Fig. 1a) andll (Fig. 1b), which ~ RsSIC(H)=C(H)SiR;, which constitute a class of vinyl-
can act directly as metathesis initiatt3. silanes of prospective wide applicability in organic syn-
A considerable increase in the number of reports on the thesis[11,12] we studied the homo-metathesis of vinylsi-
application of metathesis in organosilicon chemistry demon- /anes. The main catalytic routes to bis(silyl)ethenes involve
strates its great potential as an efficient tool for the trans- hydrosilylation of silylacetylenes by hydrosilangs3],
formation of organosilicon compound®,3]. Recently, we  Dis(silylation) of acetylenefl4] and homo-coupling (trans-
have shown that Grubbs type catalysts effectively catal- Silylation) of vinylsilanes[2,3]. However, all these meth-
yse the cross-metathesis (CM) of trialkoxy-, trisiloxy- ods led to mixtures of isomers. Although the number of
[4-7], trichloro- and generally electron withdrawing group- feports on the metathesis transformation of vinylsilanes
substituted vinylsilaneg8] and vinylsilsesquioxane§o] is still increasing, very little information on the effective
homo-metathesis has been reported until H2y8]. Early
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benzylidene complexl was added under argon. A gen-

_NTN_ Q Q_N N_/; tle flow of argon was applied. The reaction was controlled
ClL, N Cl

Au=""" “Ru— by GC.
| >ai | ¢ C Before the chromatographic analysis, the sample of the
(@) PCys (b) \<O reaction mixture was treated with an excess of absolute
Second i Hovevda - Grubb ethanol in the presence of pyridine in order to transform
econd generation oveyaa - Grubbs . . . .
Grubbs catalyst catalyst chlorosilanes into ethoxy derivatives.

() ()
_ 2.3. Reaction of HIC = C(H)SiChMe with
Fig. 1. D2C=C(D)CsDs

strate trace to small conversions of vinylsilane. Effective 231, |na closed system
homo-metatheses occurring in the presence of a number [c|,(PCys)(IMesH;)Ru(=CHPh)] 0.001g
of ruthenium complexes have been shown to proceed by a(1.18x 10-6mol), CsDg (0.35mL), HC =C(H)SiCbMe
non-metallacarbene mechanighé]. Only a single example (3 0L, 2.3x10°mol), and styrenegl (2.7uL,
of an effective vinylsilane homo-metathesis in the presence 2 3 10-°mol) were added under argon to an NMR
of [Mo(NO)2(=CHMe)(OPr)(AICI2)2(EtAICI2)] is known  type. The sample was heated at°@and the reaction
[17]. However, no mechanistic evidence for a metallacarbene progress was controlled by NMR spectroscopy.
mechanism of the reaction has been provided.

We now report on the efficient and selective homo- 535 |nan open system
metathesis of some vinylsilanes®= C(H)SIiCbR, (where A Schlenk flask (20 mL) equipped with condenser was
R=Me, OSiMe, CeHs, CeHa—Me-4, GHy—CFRs-4) Pro- - charged with 10mL of ChCly, 30.6uL of H,C=
ceeding under mild conditions in the presence of C(H)SiChMe (2.36x 10~%mol), and 27.QuL styrene-
[Cl2(PCys)(IMesHp)Ru(=CHPh)] () and the Hoveyda— 4. (2 36x 104 mol). The mixture was heated at 40

Grubbs catalyst(). in an oil bath with intensive stirring. Then 0.01g of
[Cl2(PCys)(IMesHp)Ru(=CHPh)] (1.18< 10°mol) was
) added under argon. The reaction progress was controlled by
2. Experimental NMR spectroscopy.
2.1. General

2.4. Representative procedure for the synthesis of

. . . E-1,2-bis(silyl)ethenes
All manipulations were carried out under dry argon

using standard Schlenk techniquéd.and*3C NMR spec- An oven dried 20-mL Schlenk flask equipped with a

tra_were recorded on a Bruker AC250 spectrometer at .qnjenser with a bubbler and a magnetic stirring bar was
250 and 62.9 MHz, respectively, or on a Varian Gemini at charged under argon with 10mL of GBI, and vinylsi-

300 and 75MHz. GC-MS analyses were made on a HP 5,04 0, 10-2mol). The reaction mixture was stirred and
6890 gas chromatograph (HP-5MS 30 m capillary column) peateq in an oil bath (BCC) to maintain a gentle reflux. Then

equipped with a HP 5973 mass selective detector or AMD 0.0339g (4.0< 10-5mol) of ruthenium benzylidene com-
604/402. The chemicals were obtained from the following plex| or Il was added under argon. Intensive bubbling was

sources: complexeb and I, decane, dodecane, GEly, observed. A gentle flow of argon was applied from the top of
CGDG, H,C = C(H)SlCIZMe from Aldrich. The other sub- the column. After 3 h, or10h fOI’k‘C - C(H)SICb(C6H4—X-

stituted vinyl_silanes_were prepared by Iiter_ature methods, 4), dichloromethane was distilled off and the product was
H2C = C(H)SICb(OSiMes) [18], HoC = C(H)SICbPh [19]. obtained by vacuum distillation with the use of a microdis-
H>C = C(H)SiCb(CgHs—X-4) (where X=Me, CE) were tillation set.

synthesized using the same methodology as in case of

H>C =C(H)SiChLPh. e E-MeCLSi(H)C = C(H)SiChMe [20]: collected fraction
126-130°'C/1 mmHg
2.2. Catalytic tests IHNMR (CeDe, ppm): 0.30 (s, 6H, SiMe), 6.74 (s, 2H,

=CH); 13C NMR (CgDe): 4.1 (SiMe), 147.6 (=CH);

An oven dried 4-mL Schlenk flask with side neck closed ® E-MesSIOChLSi(H)C = C(H)SiCbOSiMez:  collected
with a septum, equipped with a condenser and a mag- fraction 91-93C/1 mmHg
netic stirring bar was charged under argon with 3mL of 'H NMR (CgDg, ppm): 0.05 (s, 18H, SiMg, 6.99
CH,Cly, vinylsilane (1.18< 10~*mol) and 1QuL of decane (s, 2H, =CH);3C NMR (CsDe): 1.1 (SiMe3), 146.6
or dodecane (internal standard). The reaction mixture was (=CH);
stirred and heated in an oil bath to maintain a gentle reflux ® E-PhCbSi(H)C =C(H)SiChPh [21]: collected fraction
(ca. 40°C). Then 0.005¢ (5.82 108 mol) of ruthenium 161-163'C/1 mmHg
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Table 1
Homo-metathesis of dichloro-substituted vinylsilanes
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Entry H,C = C(H)SIiCbR; where R= Cat. Conversion of Yield (isolated) (%) E/Z Yield (other products) (%)
H,C = C(H)SiCbR (%)

1 Me I 100 95 (70) 25/1 3
2 Me Il 607 57 E2 Tracé
3 Me 1] 60 57 E Trace
4 Me I 80P 76° EP 4P (siloxanes)
5 OSiMe I 100 93(70) E 5
6 OSiMe; I 100° 100° EP ob
7 CsHs I 100° 80° (60)° EP 5b
8 CsHs I 100° 100° EP o°
9 CsHi—Me-4 I 100° 80P EP 5b

10 GsHa—Me-4 I 100° 100° EP o°

11 GsH4—CRs-4 I 400 20° EP 5b

Reaction conditions: C§Cly, reflux, 3 h, [vinylsilane]:[cat.] = 20:1.
a [vinylsilane]:[cat.] = 33:1
b 10h.

14 NMR (CgDe, ppm): 6.95-7.11 (m, 6H, Ph), 7.2 (s,

2H, =CH), 7.48-7.57 (m, 4H, Ph}3C NMR (CgDs):
128.7, 130.8, 132.2, 133.9 (Ph), 148.1 (=CH).

3. Results and discussion

Both catalysts allow highly selective synthesiskof,2-
bis(silyl)ethenes. However, in the case of reaction catalysed
by | formation of a trace (up to 4%) oE-1-phenyl-2-
(silyl)ethenes could not be avoided. Their formation results
presumably from the reaction of complewith vinylsilane
(Eg. (3)). The formation ofE-1-phenyl-2-(silyl)ethenes in
similar systems was described earl[éf. Analogous by-

Recently we observed that chloro-substituted vinylsilanes products were not observed in the reactions catalysét.by

undergo effective cross-metathesis with styrene, alkenes anc

some allyl derivatives in the presence lof8]. Unexpect-
edly, when BC=C(H)SiCbMe was used as the reaction
partner, besides CM products minor amounts E1,2-
bis(dichloromethylsilyl)ethene were detected. Following this

observation a series of vinylsilanes was screened with the aim L = Q N N- Q

to evaluate their activity in homo-metathesis. It was found
that only vinylsilanes containing two chloro substituents at

silicon underwent highly stereoselective homo-metathesis in

the presence dfor Il . The reactions permitted complete con-
version of vinylsilanes and led to moderate to high yields of
E-1,2-bis(silyl)ethenes (Ed2)). The results were summa-
rized inTable 1

SiCLR

CLRSi

5mol% lorll

CH,Cl,, 40°C  CLRS
R= Me, OSiM83, CGH5, C6H4-Me-4, C6H4 -(CF3)-4

(2)

The efficient homo-metathesis of vinylsilanes was
achieved by performing the reaction in refluxing £ in
an open system in the presencd of Il .

For R=Me and OSiMg (Table 1 entries 1-6) cata-
lyst I makes it possible to achieve complete conversion
already after 3h, whereas in the casellbofit was nec-
essary to perform the reaction for 10h. For phenyl- and
4-(methyl)-phenyl-substituted dichlorovinylsilandable 1

T ]
| Ph cl, SiCLR
Ry=" ,  SICLR___ 5 Ru= , ~/ 2
| e | Y1 P
PCys PCys

7\
R= Me, OS|Me3, C6H5, CGH4-Me-4, CGH4 -(CF3)-4

3

Removal of ethene was found to be critical for efficient
conversions. Only traces of products were observed in closed
systems. A gentle flow of argon was found to improve the
conversion and yield.

The reaction is very sensitive to water. Much care should
be taken to avoid traces of water in the system. Under the con-
ditions used the reaction of moisture traces with chlorosilane
leads to rapid hydrolysis of SCl bond and formation of HCI.
The reaction is catalysed by free phosphine (which deco-
ordinates from complek). This catalytic side-reaction can
significantly decrease product yield and selectivity. More-
over, the loss of phosphine due to the reaction with HCI
increases the activity of the catalyst but also accelerates its
thermal decomposition. Such effects caused by “phosphine
scavengers” (e.g. CuCl) have been documented in the liter-
ature[22,23] We found that in the presence of chlorosilane
and traces of water, under similar conditions, first generation

entries 7-10) extensive reaction times were necessary toGrubbs catalyst undergoes a very fast decomposition.

achieve complete conversions, irrespective of the catalyst
used. Low conversions and yields were obtained in homo-

metathesis of pIC = C(H)SiCb(CgH4—CFR3-4) (Table 1 entry
11).

In order to exclude the non-metallacarbene mechanism of
the reaction, proved for vinylsilane disproportionation catal-
ysed by ruthenium hydride or ruthenium silyl complexes (Eq.
(4)) [16], or the generation of catalytically active hydride
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Table 2
Cross-metathesis of vinyldichloromethylsilane with styrege-d
Conditions Conversion (%) Yield (%)
H . H H Ph-ds H_Ph-ds H.  SiCl,Me
/C:C\ \C:C/ /C:C\ /CIC\
Cl,MeSi H H D Cl,MeSi D Cl,MeSi H
Closed systefh 20 20 20 Trace
Open systeth 50 Trace 40 10

@ Reaction condition: NMR tube,dDg, 40°C, 3 h, [styrene-gl:[vinylsilane]=1:1.
b Reaction condition: Schlenk flask, GDI,, 40°C, 3 h, [styrene-g]:[vinylsilane] = 1:1.

complexes in situ as in the case of silylation of vinyl ethers lane molecule HC=C(H)SICbR coordinates tdll , the

with vinylsilanes[24] and a number of other olefin complex formed undergoes oxidative cyclization and
H H H. sR RS SiR SR
. SiR; or Ru-SiR; 1IR3 iR3
= =L - = /=
R3Si H H>"H CH,Cl, R3Si SiR3
reflux .
minor amounts

R' = alkoxy, alkyl, aryl, or trace @)

reports [25,26] the catalytic cross-metathesis of decomposes metathetically to give the silylcarbene com-

D2C =C(D)Ph-d was performed (E(5)). The results were g getectV (by H NMR spectroscopy) failed, presumably
collected inTable 2

H H D, Ph-ds | H D H__Ph-ds
C=Cl  + C=C[ _— c=Cc__ +  C=C{
Cl,MeSi H D D - ethylene Cl,MeSi D H D
H. Ph-ds H_ SiC,Me D, _Phds
/C:C\ + /C:C\ + /C=C\
Cl,MeSi D Cl,MeSi H ds-Ph D (5)

The experiment permitted exclusion of thel€bond acti-
vation. No H/D exchange was observed in any component of -
the reaction mixture under the conditions used. On the con- [Ru]—/
trary, activation of the €EC bond was confirmed on the basis I
of CH,/CD; exchange observed in styrengashd vinylsilane RCI,Si
by NMR spectroscopy. The experiment demonstrated that in a
the presence of catalylsand chloro-substituted vinylsilanes, =
under the conditions used, only metathesis transformations s|C| SiCl,R
are observed. Identification of leSiC(H) = C(H)SiCtMe 2

S : L [Ru]=
containing no deuterium indicate metallacarbene mecha- RCI28| u]
nism of its formation because no other isotopomers of 1,2-

bis(silyl)ethene can be formed via homo-metathesis in the

system studied.
The differences observed between open and closed sys- SiCl,R
tems confirmed the critical significance of ethene removal for [RL’;[

effective run of the reaction. In a closed system only traces SiCl,R S'C|2
of metathesis products were formed.
Onthe basis of the results of our earlier studies on metathe-
sis transformations of vinylsilandg], and of the results
RCI28[/_

of the experiment with deuterium-labelled styrene, a met-

allacarbene mechanism for homo-metathesis is postulated [Ru=\

v SIC|2
(Scheme L _ o _ _ not observed
The benzylidene complelxreacts with vinylsilane with
the formation of methylidene complél andE-1-phenyl- Scheme 1. Proposed catalytic cycle for the homo-metathesis of

2-(silyl)ethene $cheme 1 pathwaya) [4]. Then vinylsi- dichlorovinylsilanes.
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due to the high reactivity ofV or its small concentra-
tion in the reaction mixture. By coordination of vinylsilane
to IV, oxidative cyclization and metathesis decomposition
of putative bis(silyl)ruthenacyclobutane complex té,2-
bis(silyl)ethene and methylidene complél § are formed
(Scheme 1pathwayc). A relatively high concentration of

I orll has to be employed because of the instability of the
methylidene complexil [23] and presumably also d¥/
under the conditions used.

4. Conclusions

Efficient and selective homo-metathesis of dichloro-
substituted vinylsilanes occurring in the presencé of II
offers an attractive route t&-1,2-bis(silyl)ethenes. These
reactions are the first reported examples of vinylsilanes
homo-metathesis.
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