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Abstract 

In the presence of the complexes [Ir(diolefin)('q2-ipr2PCH2CH2NMe2)][BF4] (diolefin = 1,5-cyclooctadiene (COD) (1) or 
tetrafluorobenzobarrelene (TFB) (2)) and [Ir(diolefinXrl2-ipr2PCH2CH2OMe)][BF4] (diolefin = COD (3) or TFB (4)), phenyl- 
acetylene undergoes reaction with triethylsilane. In all experiments carried out PhCH=CH 2, PhC=-CSiEt 3, cis-PhCH=CH(SiEt3), 
trans-PhCH=CH(SiEt 3) and Ph(SiEt3)C=CH 2 were obtained. An investigation in detail for the catalyst 3 suggests that, under 
catalytic conditions, the complexes [IrH(C2Ph)(COD)('q2-ipr2PCH2CH2OMe)]BF4 (5) and [IrH(SiEt3)(COD)('q 2- 
ipr2PCHECHEOMe)]BF 4 (6) are formed. Complex 5 is the key intermediate for the formation of PhC=--CSiEt 3, while 6 is the 
species leading to c/s-PhCH--CH(SiEt3). The isomer trans-PhCH-=CH(SiEt 3) is formed by isomerization of cis-PhCH--CH(SiEt3). 
The mechanisms of formation of these compounds are discussed. 
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1. Introduct ion 

Hydrosilylation of carbon-carbon multiple bonds is 
one of the most important laboratory and industrial 
methods of forming sil icon-carbon bonds. In the hy- 
drosilylation of terminal alkynes, both the normal syn 
and the unusual anti addition products are formed, as 
well as the cx isomer [1]: 

RC ~-~ CH R'3 Sill H ~  / S I R '  3 
catalyst :~ R / C = C ~ H  

syn 

H ~  / H  H ~  / S I R '  3 
+ = + = (1) 

R / C  C ~ S i R ,  3 H / C  C ~  R 

anti a 

The formation of the anti addition product is inter- 
esting because the c/s isomer is a result of the trans 
addition of the silane to the alkyne. From a mechanis- 
tic point of view, it has been proposed that the anti 
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addition product is formed when the reaction involves 
the intervention of radical-like species as an intermedi- 
ate or transition state [2]. Non-radical pathways have 
been also reported. Dickers et al. [3] have found a 
trans-to-cis isomerization in the addition of triethylsi- 
lane to 1-hexyne catalyzed by [RhCI(PPh3)3]. Brady 
and Nile [4] have reported that, in the presence of 
some phosphine-rhodium(I)  complexes, the hydrosily- 
lation of 1-pentyne with triethylsilane affords the cis 
product as the major species. They proposed a mecha- 
nism involving the initial insertion of the alkyne into 
the Rh-H bond of a E t 3 S i - R h - H  intermediate to give 
Et3Si-Rh((E)-CH--CHR) species, which isomerizes to 
Et3Si -Rh((Z)-CH=CHR) via a zwitterionic carbene 
complex. Subsequently, the reductive elimination of 
the anti addition product regenerates the catalyst. 

In 1990, Ojima et al. [5] found that the addition of 
triethylsilane to 1-hexyne gives c/s-l-(triethylsilyl)-l- 
hexene (major), trans-l-(triethylsi lyl)-l-hexene (minor) 
and 2-(triethylsilyl)-l-hexene (minor) as reaction prod- 
ucts. The proposed mechanism for the formation of the 
anti addition product includes the insertion of the 
alkyne into the sil icon-rhodium bond in the first place 
to form a (Z)-l-si lyl- l-alkene-2-yl-Rh intermediate, 
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instead of the previously proposed insertion into the 
R h - H  bond. Thus this intermediate undergoes isomer- 
ization t o  the sterically more favoured (E)-l-silyl-al- 
kene-2-yl-Rh complex, via a zwitterionic carbene com- 
pound, which is somewhat similar to the mechanism 
proposed by Brady and Nile. 

In our previous work on the addition of triethylsi- 
lane to phenylacetylene catalyzed by the complexes 
[MHCI(CO)(pipr3)2] (M = Ru [6] or Os [7]), we have 
also found predominant anti addition of the silane to 
the alkyne. On the basis of spectroscopic studies we 
proposed that the formation of cis-PhCH=CH(SiEt 3) 
involves the insertion of the phenylacetylene into the 
M-Si bond of the intermediates [M(SiEt3)CI(CO)- 
(PiPr3) 2] (M = Ru or Os) followed by the isomeriza- 
tion of the resulting (Z)-silylvinyl derivatives to the E 
isomers, in line with the Ojima et al. proposal. 

Jun and Crabtree [8] have examined the hydrosilyla- 
tion of terminal alkynes in the presence of the complex 
[IrH(H20)(bq)(PPh3)2][SbF 6] (bq = 7,8-benzoquino- 
linato). These reactions, in contrast with those cat- 
alyzed by [MHCI(CO)(PiPr3)2] ( M - R u  or Os), fur- 
thermore lead to RC~-CSiR' 3 according to 

2 R C ~ C H  + R'3SiH 
catalyst 

, R C ~ C S i R '  3 + R C H = C H  2 (2) 

Similar results have been obtained by us from the 
addition of triethylsilane to phenylacetylene catalyzed 
by silyl-dihydrido compounds of the type [IrH2(SiEt3)- 
(TFB)(PR3)] (TFB = tetrafluorobenzobarrelene; PR 3 
= PPh 3, PCy 3 or pipr 3) [9]. 

Jun and Crabtree have suggested that, once the 
(E)-silylvinyl intermediate has been formed,/3-elimina- 
tion of the endo-hydrogen atom of the silylvinyl group 
could lead to the silylation product. However, the 
participation of alkynyl intermediates cannot be ex- 
cluded. Recent studies have shown that the reactions 
of some hydrido complexes with terminal alkynes af- 
ford alkynyl derivatives [10]. 

Recently, we reported the synthesis of the cationic 
compound [Ir(COD)0q 2-iPr2PCH2CH2OMe)][BF4] 
(COD = 1,5-cyclooctadiene) [11]. This complex was 
found to be a very active and highly selective catalyst 
for the hydrogenation of phenylacetylene to styrene. 
Kinetic and spectroscopic investigations indicate that 
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Fig, 1. Plot of the hydrosilylation of phenylacetylene catalysed by 
[Ir(TFBX'q2-ipr2PCH2CH2OMe)][BF4] as a function of time; initial 
concentration, of HSiEt 3 and PhC~-CH, 0.24 M (1,2-dichloroethane 
at 60°C; 2.4× 10 -3 M [Ir(TFB)072-ipr2PCH2CH2OMe)][BF4]): t~, 
HSiEt3; o, cis-PhCH--CH(SiEt3); A, PhC=-CSiEt3; zx, trans- 
PhCH=CH(SiEt3); ©, Ph(SiEt3)C=CH 2. 

the hydrido alkynyl complex [IrH(C2PhXCODX-q 2- 
ipr2PCHzCH2OMe)][BF4] is the main species under 
catalytic conditions. In order to investigate the role 
played by the alkynyl compounds during the hydrosily- 
lation of terminal alkynes, we have now studied the 
addition of triethylsilane to phenylacetylene in the 
presence of [Ir(COD)(rl2 ipr 2 PCH zCH zOMe)][BF4]- 
The present paper reports the results obtained in this 
study. 

2. Results and discussion 

The complexes  [Ir(diolefin)('q 2- iP r2PCH 2- 
CHzNMe2)][BF 4] (diolefin - COD (1) or TFB (2)) and 

Table 1 
Hydrosilylation of phenylacetylene a 

Catalyst t Products (M) 

(h) PhCH=CH2 PhC~-CSiEt 3 Ph(SiEt 3)C=CH2 c/s-PhCH=CH(SiEt 3) trans-PhCH---CH(SiEt3) 

1 24 0.017 0.018 0.013 0.053 0.045 
2 21 0.015 0.015 0.010 0.046 0.029 
3 5.6 0.045 0.046 0.019 0.060 0.046 
4 6 0.035 0.037 0.022 0.051 0.060 

a [Catalyst] = 2.4 × 10 _3 M; [Ph~-CH] = [HSiEt 3] = 0.24 M. C 6 H 1 2  (0.125 M) is used as the internal standard. 
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Fig. 2. c/s-PhCH--CH(SiEt 3) ( I )  as a function of the initial concen- 
tration of HSiEt 3 (1,2-dichloroethane at 60°C; 0.24 M PhC=-CH; 
2.4 × 10-3 M [Ir(CODX'q 2-1Pr2PCH2CH2OMe)][BF4]; [prod]tot = 
0.17 M), and c/s-PhCH--CH(SiEt 3) ratio ( n )  as a function of the 
initial concentrat ion of PhC~-CH (1,2-dichloroethane at 60°C; 0.24 M 
HSiEt3; 2 . 4×  10 -3  M [Ir(COD)(r/2-ipr2PCH2CH2OMe)][BF4]; 

[prod]tot = 0.17 M). 

[Ir(diolefin)(rl2-ipr2PCH2CH2OMe)][BF4] (diolefin - 
COD (3) or TFB (4)) efficiently catalyze the hydrosily- 
lation of phenylacetylene with triethylsilane. Fig. 1 
summarizes the course of a typical reaction with 
[Ir(TFB)(-qE-ipr2PCHECHEOMe)][BF4] as catalyst. 

The reactions were performed in 1,2-dichloroethane 
solutions at 60°C, under argon at 1 atm pressure. The 
results are listed in Table 1. In all experiments, 
PhCH=CH2,  PhC~--CSiEt3, trans-PhCH=CH(SiEt3) , 
cis-PhCH=CH(SiEt 3) and Ph(SiEta)C=CH 2 were ob- 
tained. The amount of PhCH--CH 2 formed was very 
similar to that of PhC=--CSiEt 3. This may be rational- 
ized in terms of a dehydrogenative silylation (Eqn. (2); 
R -  Ph; R'-= Et), together with a normal hydrosilyla- 
tion (Eqn. (1); R - Ph; R' - Et). 

Complexes 3 and 4, which contain the e ther-phos-  
phine ligand, are more efficient catalysts than are 1 
and 2. Similar results were obtained for the hydrogena- 
tion of phenylacetylene and olefins [11]. 
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Fig. 3. PhC=-CSiEt 3 ratio ( I )  as a function of the init ial concentra- 
tion of HSiEt 3 (1,2-dichloroethane at 60°C; 0.24 M PhC~CH; 2.4 x 
10 -3  M [Ir(COD)(r/2-ipr2PCH2CH2OMe)][BF 4] [prod]to t = 0.17 M), 
and PhC::--CSiEt 3 ratio ( [ ] )  as a function of the initial concentration 
of PhC::-CH (1,2-dichloroethane at 60°C; 0.24 M HSiEt3; 2 .4× 10 -3  
M [Ir(COD)(r/E-ipr2PCHECH2OMe)][BF4]; [prod]to t = 0.17 M). 

In order to obtain information about the mechanism 
of these hydrosilylation reactions, a detailed study was 
carried out for the reaction catalyzed by 3. In addition, 
the reactivity of 3 towards phenylacetylene and trieth- 
ylsilane was investigated by NMR spectroscopy. 

2.1. Hydrosilylation of phenylacetylene catalyzed by 
[Ir(COD)(~72-ipr2PCH2CH20Me)]BF4 

The rate and extent of the reaction are unaffected 
by the presence of hydroquinone, suggesting that par- 
ticipation of radical-like species as catalytic intermedi- 
ates is not significant. Hydrosilylation runs were per- 
formed at different concentrations of phenylacetylene 
and triethylsilane. 

Table 2 and Figs. 2 -4  show the dependence of the 
relative amounts of the reaction products on the con- 
centration of phenylacetylene and triethylsilane, when 
0.17 M of reaction products were formed. As seen 
from Fig. 2, the relative amount of cis-PhCH=CH- 

Table 2 
2 ! a Hydrosilylation of phenylacetylene catalyzed by [Ir(CODX~I -PrEPCH2CH2OMe)] [BF 4] 

Products ratio (%) [Ph~-----CH] [HSiEt3] b 
(M) (M) PhC=~CSiEt 3 Ph(SiEt 3 )C---CH 2 c/s-PhHC--CH(SiEt 3 ) trans-PhHC--CH(SiEt 3) 

0.24 c 0.24 27 11 35 27 
0.24 0.39 23 11 40 26 
0.24 0.48 21 12 40 27 
0.24 0.99 16 8 50 26 
0.30 0.24 30 12 34 24 
0.48 0.24 33 12 30 25 
0.96 0.24 39 8 29 24 

a [[Ir(CODXrl2.ipr2PCHeCH2OMe)][BF4]] = 2.4 × 10 -3  M; temperature,  60°C. 
b Total concentrat ion of silylated products was 0.17 M; concentration of PhCH=CH 2 was very similar to that  of  Ph~-CSiEt  3. 
c In the presence of hydroquinone,  similar results were obtained. 
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(SiEt 3) rises as the triethylsilane concentration in- 
creases and decreases on increasing the phenylacety- 
lene concentration. Contrary to this behaviour, the 
relative amount of PhC~-CSiEt 3 rises as the phenyl- 
acetylene concentration increases and decreases on 
increasing the triethylsilane concentration (Fig. 3). It 
can be clearly seen from Fig. 4 that the amount of 
trans-PhCH=CH(SiEt 3) formed is independent of the 
concentrations of phenylacetylene and triethylsilane. 
This suggests that the syn addition product does not 
result from the direct addition of the silane to the 
alkyne. 

If the syn addition product is not a direct conse- 
quence of hydrosilylation, its presence in the reaction 
mixture may be rationalized in terms of the isomeriza- 
tion of cis-PhCH=CH(SiEt3). In order to prove this, we 
have studied the behaviour of a 1,2-dichloroethane 
solution of c/s-PhCH=CH(SiEt 3) at 60°C, in the pres- 
ence of 3. Under these conditions, the treatment of a 
0.12 M solution of c/s-PhCH=CH(SiEt 3) with 2.4 × 
10 -3 M of catalyst does not produce some change in 
the mixture composition. However, the addition of 
1.2 × 10 -2 M o f  triethylsilane gives trans-PhCH= 
CH(SiEt 3) (Fig. 5). 

A small amount of the a isomer, Ph(SiEt3)C=CH2, 
was obtained. Consequently, its variation with the con- 
centrations of phenylacetylene and triethylsilane could 
not be studied. 

2.2. Reactivity of [Ir(COD)(~l 2-iPr2PCH2CH2OMe)]- 
[BF 4] towards phenylacetylene and triethylsilane 

Complex 3 reacts with phenylacetylene to give the 
hydridoalkynyl derivative [IrH(C 2 Ph)(COD)(~I 2_ i pr 2 p_ 
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Fig. 4. trans-PhCH=CH(SiEt 3) ratio (11) as a function of the initial 
concentration of HSiEt 3 (1,2-dichloroethane at 60°C; 0.24 M 
Ph~------CH; 2 . 4 x 1 0  -3 M [Ir(CODX-02-ipr2PCH2CH2OMe)][BF4]; 
[prod]to t = 0.17 M), and trans-PhCH=CH(SiEt 3) ratio (1:3) as a func- 
tion of the initial concentration of PhC~-CH (1,2-dichloroethane at 
60°C; 0.24 M HSiEt3; 2 .4×10  -3 M [Ir(CODXr/2-iprePCH2CH 2- 
OMe)][BF4]; [prod]to t = 0.17 M). 

CH2CH2OMe)][BF 4] (5): 

O f  
I 

Me 

+ PhC=CH 

, ~  H ~ C / P h  1 BF4 

I / c  
, L____7.~ Ir,, pipre (3) 

Me 

5 

This is characterized, in the tH NMR spectrum, by 
a doublet at -23.34 ppm with a P - H  coupling con- 
stant of 9.6 Hz, and in the 31p{1H} NMR spectrum by a 
singlet at 42.6 ppm [11]. 

Similarly to the reaction of 3 with phenylacetylene, 
the addition of a stoichiometric amount of triethylsi- 
lane to an NMR tube containing a chloroform-d t solu- 
tion of 3 affords the hydridotriethylsilyl complex 6: 

i p r  2 1 BF4 

[ - - - ~ ' ~  Ir~P"~ + Et3SiH 
O ~  

I 
Me 

3 

H 
J ~ [  /SiEt3 

Me 

6 

1 BF~ 

(4) 

The 1H NMR spectrum of this compound shows a 
doublet at -21.80 ppm with a P - H  coupling constant 
of 7.6 Hz, and the 3tp{1H} NMR spectrum contains a 
singlet at 40.5 ppm. 

The reaction of 3 with a 1 : 1 mixture of phenylacety- 
lene-triethylsilane affords 5 together with traces of 6. 
This suggests that, under catalytic conditions, 5 is the 
main species. In fact, the 31p{1H} NMR spectra of the 
solutions recorded during the catalysis show only one 
signal, at 42.6 ppm. 

2.3. Mechanism of the hydrosilylation 

From the results of the spectroscopic studies, we 
conclude that, although the hydridoalkynyl 5 is the 
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Fig. 5. Plot of the isomerization of cis-PhCH=CH(SiEt 3) (D) to 
trans-PhCH--CH(SiEt 3) (I)  catalysed by [Ir(CODXr/2-ipr2PCH 2- 
CH2OMe)][BF 4] in 1,2-dichloroethane at 60°C (0.12 M cis- 
PhCH=CH(SiEt 3); 2.4 × 10- 3 M [Ir(COD)(- o 2_ i pr 2PCH 2CH 2OMe)]- 
[BF4]; 1.2× 10 -2 M HSiEt3). 

main species under catalytic conditions, the hydridosi- 
lyl 6 can also be formed, but in undetectable amounts. 
Under catalytic conditions the following equilibrium is 
reached, where K a ~> Ksi: 

[Ir]~ H "Et3SiH [Ir] Ph~----CH [ i r]~ H 

~SiEt 3 Ks~ Ka " C ~ C P h  

6 3 5 
(5) 

According to Eqn. (5), the concentration of the 
intermediate 5 must increase on increasing the phenyl- 
acetylene concentration, while it must decrease when 
the triethylsilane concentration increases. In contrast 
with 5, the concentration of 6 must increase on de- 
creasing the phenylacetylene concentration and must 
decrease when the triethylsilane concentration de- 
creases. The dependences of the relative amounts of 
PhC~-CSiEt 3 and c/s-PhCH=CH(SiEt 3) on the concen- 
trations of phenylacetylene and triethylsilane respec- 
tively show the same trend (Figs. 2 and 3). This sug- 
gests that 5 is the key intermediate for the formation of 
PhC~-CSiEt 3, and 6 for the formation of cis- 
PhCH=CH(SiEt 3). 

Scheme 1 shows a tentative reaction scheme for the 
formation of the dehydrogenative silylation product 
catalyzed by 3. As 5 is coordinatively saturated, one 
plausible sequence of elementary steps would involve 
the initial dissociation of the OMe group of the ether- 
phosphine ligand to give a 16 e-  hydridoalkynyl deriva- 
tive [12] which, by oxidative addition of triethylsilane 
and subsequent reductive elimination of PhC=-CSiEt 3, 
could yield the dihydride [IrH2(COD)(r/2-ipr2PCH 2- 
CH2OMe)][BF4]. This dihydrido complex should hy- 
drogenate phenylacetylene to styrene. 

The formation of the dehydrogenative silylation 
product during the hydrosilylation of terminal alkynes 
has been previously observed [8,9,13]. In general, it is 
strongly favoured by increasing the alkyne-to-silane 
ratio. Jun and Crabtree [8] have argued that the forma- 
tion of RC~-CSiR' 3 requires a hydrogen acceptor to 
remove the hydrogen formed, and so having a high 
concentration of alkyne is favourable. In our case, this 
argument is not valid. Certainly, the formation of the 
dehydrogenative silylation product requires a hydrogen 
acceptor. Furthermore, the dihydride [IrH2(COD)(-q 2- 
iPrePCH2CHeOMe)][BF 4] hydrogenates phenylacety- 
lene to styrene. However, it is also true that the hydro- 
genation rate is independent of the phenylacetylene 
concentration [11]. Thus, in our case the higher con- 
centrations of phenylacetylene favour the formation of 
PhC=--CSiEt3, because under these conditions the inter- 
mediate 5 is favoured. 

The isomer cis-PhCH--CH(SiEt  3) is formed by an 
anti addition of the Si-H bond of the silane to the C~-C 
bond of the alkyne. The trans addition of silanes to 
alkynes has been previously observed [14]. There is 
considerable agreement about how this process takes 
place. According to the proposal of Ojima et al., the 
reaction involves the initial insertion of the alkyne into 
the M-Si bond. On this base, Scheme 2 is a tentative 
reaction scheme for the formation of cis-PhCH= 
CH(SiEt 3) in the presence of 6. 

The formation of c/s-PhCH=CH(SiEt 3) instead of 

H-~_ cIH ph/L;= ~.SiEt 3 

HSiEta . ~  

I H Ipr 2 + 

H..~ ~ph M 
SiEt 3 

\ 

Me 

+ 

Ph~H J 

H 
Scheme 1. 
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PhCH=CH2 [(q2_p'-'- O)lr] ~ PhC,,CH 

[(q -P O)lr][~C=CP h [(n2.p O)lrl/H 2 ~  H 

1 ~ HC'CPh [(n-P O ) l r ~ H  [( q ' "P""  O)lr ~ H . c  ph 

HSiEt 3 

[(q2.P~O)lr] = [Ir(COD)(q2Jpr2PCH2CH2OMo)] ÷ 

Scheme 2. 

trans-PhCH=CH(SiEt 3) merits further comment. If the 
alkyne enters the coordination sphere of the iridium by 
displacing the -OMe group, the alkyne would then be 
cis to the silyl group but trans to the hydrido ligand. 
Hence, if the silyl group migrates to the alkyne, and 
the stereochemistry around the iridium atom does not 
change further, the resulting hydridosilylvinyl interme- 
diate would have trans stereochemistry. This trans 
coordination would not facilitate the reductive elimina- 
tion of trans-PhCH=CH(SiEt 3) in the next step. Hence, 
the isomerization from the (Z)-silylvinyl intermediate 
into (E)-silylvinyl could occur, probably via a zwitteri- 
onic intermediate. 

As has been previously mentioned, trans-PhCH= 
CH(SiEt 3) seems to be formed by isomerization of 
cis-PhCH=CH(SiEt3). The independence of the rela- 
tive amount of trans-PhCH=CH(SiEt3) of the concen- 
trations of triethylsilane and phenylacetylene suggests 
that both 5 and 6 are catalyst precursors of the isomer- 
ization process. The catalytic species generated from 5 
most probably also contains a silyl group. Thus, it has 
been observed that 5 only catalyzes the cis-trans iso- 
merization in the presence of small amount of silane 
(about 10 -2 M). 

3. Conclusion 

This study has revealed that the cationic complexes 
[Ir(diolefin)(-q2-ipr2PCH2CH2NMe2)][BF4] (diolefin = 
COD, or TFB) and [Ir(diolefin)('q2-ipr2PCH2CH2 - 
OMe)][BF 4] (diolefin -= COD, or TFB) catalyze the re- 
action of phenylacetylene with triethylsilane to give 
PhCH=CH 2, PhC-CSiEt 3, cis-PhCH=CH(SiEt3), 
trans-PhCH=CH(SiEt 3) and Ph(SiEt3)C=CH 2. Under 
catalytic conditions both hydridoalkynyl and hydridosi- 

lyl intermediates are formed. Hydridoalkynyl species 
are the key intermediates for the formation of 
PhC::-CSiEt3, while, hydridosilyl species are the key 
intermediates for the formation of cis-PhCH=CH- 
(SiEt3). The trans-PhCH=CH(SiEt 3) isomer is formed 
by isomerization of cis-PhCH=CH(SiEt3). 

4. Experimental section 

4.1. General considerations 

All manipulations were conducted with rigorous ex- 
clusion of air. Solvents were dried by known proce- 
dures and distilled under argon prior to use. Phenyl- 
acetylene (Merck) was purified by distillation, and tri- 
ethylsilane (Fluka) was used without further purifica- 
tion. Complexes 1-4 were prepared as described in the 
literature [11]. c/s-PhCH=CH(SiEt 3) was prepared by a 
published method [6]. 

4.2. NMR measurements 

NMR spectra were recorded on a Varian 200 XL or 
Varian Unity 300 spectrophotometer. Chemical shifts 
are expressed in parts per million upfield from Me4Si 
(1H) and 85% H3PO 4 (31p{1H}). Coupling constants 
are given in hertz. 

4.3. Hydrosilylation of phenylacetylene 

The hydrosilylation reaction was carried out in a 
double-necked flask with a condenser and containing a 
magnetic stirring bar. The second neck was capped 
with a Suba seal to allow samples to be removed by 
syringe without opening the system. The complexes 
were dissolved in a 1,2-dichloroethane solution (8 ml) 
containing HSiEt3, PhC~-CH and C6H12. 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 C6H12 as the internal standard 
with a 15% [3,[3~-oxodipropionitrile on Chromosorb 
W-HP 80/100-mesh column at 40°C on a Perkin-Elmer 
8500 gas chromatograph with a flame ionization detec- 
tor. The analysis of the reaction products was carried 
out using an FFAP on Chromosorb GHP 80/100-mesh 
column at 175°C. Silicon-containing products were iso- 
lated by column chromatography (silica gel, 70-230 
mesh; hexane) and characterized by 1H NMR spec- 
troscopy. 1H NMR spectra of the Si-containing prod- 
ucts in CDCI3: cis-PhCH=CH(SiEt3), 7.49 (d, PhCH--, 
JH-H = 15.4 Hz), 7.38-7.29 (Ph), 5.8 (d, =CH(SiEt3), 
JH-H = 15.4 HZ), 0.86 (t, SiCHECH 3, JH-H = 7.6 Hz), 
0.58 (q, SiCHzCH3, JH-H = 7.6 Hz); trans- 
PhCH=CH(SiEt3), 7.38-7.29 (Ph), 6.93 (d, PhCH=, 
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J H - H  : 19.0 Hz), 6.46 (d, =CH(SiEt3), J H - H  = 19 Hz), 
0.91 (t, SiCH2CH 3, J H - H  = 7.8 HZ),  0 .58 (q,  

S i C H E C H 3 ,  J H - H  = 7.8 Hz); Ph(SiEt3)C--'CH 2, 7.38- 
7.29 (Ph), 5.90 (d, one H of --CH 2, JH-I~ = 3.2 Hz), 
5.60 (d, one H of =CH 2, JH-H=3-2 Hz), 0.98 (t, 
SiCH2CH3, JH-H = 7.8 Hz), 0.75 (q, SiCH2CH 3, JH-H 
= 7.8 Hz); PhC~-CSiEt 3, 7.38-7.29 (Ph), 1.10 (t, 
SiCH2CH3, JH- .  = 7.7 Hz), 0.75 (q, SiCH2CH3, JH-H 
= 7.7 Hz). 

In the presence of hydroquinone, the procedure was 
as follows: to a solution of [Ir(COD)('q2-ipr2PCH2 - 
CH2OMe)][BF 4] (10.80 mg, 0.019 mmol) and hydro- 
quinone (8.46 mg, 0.076 mmol) in 4 ml of 1,2-dichloro- 
ethane was added a 1,2-dichloroethane solution (4 ml) 
containing HSiEt 3, PhC~-CH and C6H12. The flask was 
then immersed in a bath at 60°C, and the reaction 
mixture was magnetically stirred. 

4. 4. Isomerization of cis-PhCH=CH(SiEt3) 

The complex [Ir(COD)(~q 2-iPr2PCH2CH2OMe)]- 
[BF 4] (10.80 mg, 0.019 mmol) was dissolved in a 1,2- 
dichloroethane solution (8 ml) containing cis- 
PhCH=CH(SiEt 3) (209.30 mg, 0.12 M). The flask was 
then immersed in a bath at 60°C, and the reaction 
mixture was magnetically stirred. After 5 h, no isomer° 
ization was observed, and then triethylsilane was added 
(15.3 ixl, 0.096 mmol). The isomerization reaction was 
followed using an FFAP on Chromosorb GHP 80/ 
100-mesh column at 175°C. 

4.5. Reaction of [Ir(COD)(~2-ipr2PCH2CH2OMe)]BF4 
with HSiEt 3 

To a 5 mm NMR tube containing a CDC13 solution 
(1 ml) or [Ir(CODX~q2-ipr2PCH2CH2OMe)]BF4 (29.2 
mg, 0.052 mmol) was added triethylsilane (8.5 ~I, 0.052 
mmol). After 1 h, the 1H NMR spectrum shows, in the 
hydrido region, only one doublet at -21.80 ppm (JP-H 
=7.6 Hz). The 31p{1H} NMR spectrum contains a 
singlet at 40.5 ppm. 

4.6. Reaction of [Ir(COD)(rl2-ipr2PCH2CH2OMe)]- 
[BF 4 ] with a 1 ." 1 mixture of PhC-CH and HSiEt 3 

To a 5 mm NMR tube containing a CDCI 3 solution 
(1 ml) of [Ir(COD)(r/2-ipr2PCH2CH2OMe)][BF 4] (32.6 
mg, 0.058 mmol) were added triethylsilane (25.4 txl, 
0.23 mmol) and phenylacetylene (36.9/~1, 0.23 mmol). 
After 1 h, the 1H NMR spectrum shows, in the hydrido 
region, a major doublet at 6 = -23.34 ppm (JP-H = 9.6 
Hz) and a minor doublet at ~ = -21.80 ppm (JP-H = 
7.6 Hz). The 31p{1H} NMR spectrum contains two 
singlets at 42.6 (major) and 40.5 ppm (minor). 
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