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Table 3 

13C NMR data for the ethynyl group of silanes RCkCH 

R S(13C) (ppm) 

C, 

Me,Si 89.28 

Cl,Si 81.31 

CD 

93.71 

93.71 

(EtO),Si 81.76 92.87 

N(CH,CH,0)3& 91.85 84.43 

t-Bu 89.70 62.96 

cw-isomers. The reaction of ethynylsilatrane with phenyl- and thienyl-silanes 
Ar,SiHMe,_, occurs stereo- and regio-selectively to yield solely the /3-tram product 
(see Table 1). 

SiMe 

SiHMeZ + HCCCR - 

H 
/ \ 

LCH, 

/ 
R R 

(R = (a) t-Bu. (b) Me3Si . (c)CljSi , cd) (Et0)3Si. (e) h(CH2CH2013ii ) 

Trimethylethynylsilane reacts with dimethyl(2-thienyl)silane at 50°C for 6 h 
almost quantitatively to give the @runs- and a-isomers in a 76/24 ratio, whereas 
t-butylacetylene, the carbon analogue of trimethylethynylsilane, is less reactive 
(yield 78%) and acts more regioselectively (p-tram-/a- 96/4) [2]. The substitution 
of methyl groups at the silicon atom by the electron acceptor chloro or ethoxy 
groups decreases, to some extent, the reaction yield without affecting significantly 
the product ratio (Table 2). This is in good agreement with the ‘C NMR data (Table 
3). The higher electron density on the B-carbon atom of the ethynyl group in 
ethynylsilatrane and t-butylacetylene compares with the a-carbon atom leads to a 
/3-adduct (Table 2). 

In contrast to trimethylethynylsilane, the hydrosilylation of trimethylvinylsilane 
with thienyl- and phenyl-silanes in the presence of Speier’s catalyst affords only the 
P-isomer (Table 4). 

Ar, SiHMe,.., + Me,SiCH=CH, H2RC16 ) Me,SiCH,CH,SiMe,_,Ar, 

(Ar = 2-thienyl, phenyl; n = l-3) 

The reaction proceeds readily in 86-99% yield at 50 o C. 
Besides chloroplatinic acid, rhodium complexes were also employed to investigate 

how the catalyst affects the regioselectivity and stereospecificity of the hydrosilyla- 
tion of ethynylsilanes and t-butylacetylene with dimethyl(2-thienyl)silane. Accord- 
ing to ref. 6-8, hydrosilylation of phenylacetylene and 1-hexyne with triethyl-, 
ethyldichloro- and trichloro-silane on RhCl 3 - 4H 20, [( RhCOCl) &H6] n, and 
[Rh(CO),Cl], catalysts is non-stereospecific and leads to a mixture of cis- and 
trans-addition products. The regeoselectivity depends on the structure of the 
acetylene compound: the addition of alkyl- and chloro-hydrosilanes to 1-hexyne [7] 
results in a mixture of &products and in a mixture of ar- and &isomers in the case 
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Table 4 

Hydrosilylation of trimethylvinylsilane with arylsilanes Ar,SiMeJ_,H (50°C, 6 h, catalyst H,PtCl,. 

6H20) 

Ar n Yield(W) S(‘H) (mm) 
(GC data) 

(CH&Si (CH,)Si CH,CH, Ar 

c-l- /\ 1 96 O.O5(s,9) 0.40@,6) 0.60-0.69(4) 7.20-7.60(3) 

S 

O.O6(s,9) 0.53(s,3) 0.74-0.91(4) 7.20-7.62(6) 

O.O8(s,9) - 0.8-1.3q4) 7.22-7.65(9) 

Ph 1 99 O.O6(s,9) 0.39(s,6) 0.5%0.69(4) 7.2%7.57(5) 

Ph 2 92 O.lO(s,9) 0.57(s,3) 0.59-1.01(4) 7.25-7.56(10) 

Ph 3 92 O.lo(s,9) - 0.8-1.31(4) 7.2%7.59(15) 

of phenylacetylene [6,7]. The hydrosilylation of tri+methylethynylsilane and its carbon 

yalogue on RhCl, -4H,O, RhCl(PPh,),, [Et,NCH,Ph][RhCl,-] and [@-CH,- 

PBu,][RhCl,-] catalysts affords the usual hydrosilylation products, the p-truns- (I) 
and a-isomers (II). The product of hydrosilane condensation with ethynyl deriva- 
tives (III) is also formed in small amounts. The reaction of triethylsilane and 
phenylacetylene, t-butylacetylene, and l-hexyne in the presence of H,PtCl,/lithium 
(potassium, sodium, aluminium) iodide catalyst complexes in l/100 ratio gives 
similar hydrocondensation products in high yield [9]. Besides the products I, II and 
III mentioned above, we managed in some cases to detect thienylsilane IV which 
can be regarded as the product of double bond hydrogenation in I or II. The exact 
structure of IV could not be established because of its poor yield (l-3%) and its 
formation was confirmed by GC/MS data. 

Tris (triphenylphosphine)rhodium chloride and rhodium trichloride appear to be 
the most active catalysts (Table 5). Trimethylethynylsilane reacts with dimethyl(2- 

SiMe 

RCECH f SlMezH - 

/ \ 

‘C=CH, + 

/ 
H R R 

(Ia . Ib ) CIIa , IIb) 

SiMqCsCR + SIM~C>HLR 

C R = (a) t-Bu , (b) MejSl ) (IlId , IIIb I (IVa . IVb) 
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Table 5 

Hydrosilylation of trimethylethynylsilane and t-butylacetylene (Me,MCkCH) with dimethyl(2- 

thienyl)silane on rhodium catalysts (6 h) 

M Catalyst T(OC) 

Si BhCl(PPh,), 50 

Si BhCl,.4H,O 50 

Si [@-CH,PBu,][BhCl,]- 50 

Si [Et,&CH,Ph][BhCl,]- 50 

Si [Ets&CH,Ph][RhCl,]- 100 
Si runs-[Bh(o-phen),C1,1+Cl- 50 

Si trans-[Rh(o-phen)&1,1+Cl- 100 

Si trczns-[Bh(bipy)aCla]+ Cl- 50 

Si rruns-[Bh(bipy),Cl,]+ Cl- 100 

C RhCl(PPh,), 50 

C RhCl,.4H,O 50 

C [@-CHaPBu,][RhCl,]- 50 

Yield (W) 

(GC data) 

93 

91 

64 

4.5 

56 
5 

10 

0 

4 

96 

91 

86 

Product ratio 

I/II/III/IV 

(GC data) 

63/21/16/O 

74/17/8/l 

71/17/9/3 

73/21/6/O 

89.5,‘5/4/1.5 

84/7.5/5.5/3 

89/3.5/6/1.5 

thienyl)silane in the presence of these catalysts at 50 o C for 6 h, the reaction yields 
being 93 and 91%, respectively; in the reaction with t-butylacetylen+ the yield was 

also hi&+(96 and 91%). Catalysts on polymeric supports [ @-CH,PBu,][RhClJ 

and [Et,NCH,Ph][RhCl,]- were less active whereas the rhodium-containing com- 
pounds truns-[ Rh( o-phen) $1 2 ] + Cl- and trans-[ Rh(bipy) ,Cl 2 ] + Cl- were inactive 
at 50 and 100°C. 

The comparison of products obtained in the reaction between dimethyl(2- 
thienyl)silane and trimethylethynylsilane shows a certain dependence on the nature 
of the rhodium catalyst. The condensation product III was obtained in highest yield 

Table 6 

Mass spectroscopic data for Ia-Id, IIa-IId, IIIa, IIIb, IVa, and IVb compounds 

Compound m/r (intensity, I% of the maximum) 

Ia 

IIa 
IIIa 

IVa 
Ib 

IIb 

IIIb 

IVb 

IC 

IIC 
Id 

IId 

224(M+, 30), 209(50), 167(20), 141(100), 127(40), 73(22), 59(20), 43(22) 
224(M+, lo), 209(20), 141(100) 

222(M+, 20), 207(100), 165(20) 
226(M+, 8) 141(100) 

24O(M+, 18), 225(30), 141(100), 73(35), 28(20) 

240(M+, 15), 225(30), 167(30), 141(100), 73(90), 45(30) 

238(&f+, 22) 223(100), 73(18) 

242(M+, 8), 225(30), 167(30), 141(100), 73(90), 45(30) 
3OO(M+, 8), 141(100) 

267(22), 183(30), 141(100), 111(40), 43(35) 

33O(M+, 18), 301(20), 257(35), 203(35), 163(60), 141(100), 119(50), 90(25), 79(75), 63(35), 
45(50), 29(45) 

315(M+ -Me, 100) 246(30), 203(20), 159(20), 141(65), 119(35), 97(35), 79(42), 45(45), 
29(52) 
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with RhCl(PPh,), as catalyst. Its formation was confirmed by GC/MS (Table 6) 
and i3C NMR data (S(13C) for the carbon nuclei of the c=-C group are 110.8 and 
116.3 ppm). A product of hydrogenation of the double bond +(112/z 242, M+) was 

obtained in 1 and 3% yield on RhCl, - 4H,O and [@-CH,PBu,][RhCl,]- cata- 
lysts. 

The reaction of hydrosilane and t-butylacetylene on the most active rhodium 
catalysts affords in all cases a mixture of four products (see Table 5). 

Experimental 

‘H and 13C NMR spectra were recorded on a Bruker WH-90/DS (90 MHz) and 
WH-360 (360, 90.5 MHz) spectrometer in CDCl, with TMS as internal standard. 
Mass spectra were recorded on a Kratos MS-25 apparatus (70 ev). Chromato- 
graphic analysis of mixtures was carried out with a Varian, model 3700 chromato- 
graph using a glass column (1.2 m in length, 3 mm inner diameter) packed with 5% 
OV-17 Chromosorb W-HP. The temperature of the sample injector and flame-ioni- 
zation detector was 250” C, the temperature of the glass column was increased in 
the course of the analysis from 80 to 250 o C (10 de+g/min). 

RhCl, .4H,O, RhCl(PPh,), (Fluka), [@-CH,PBu,][RhCl,]- [lo], [Et&H,- 
Ph][RhCl,]- [lo], trans-[Rh(o-phen),Cl,]+ Cl- [ll], trans-[Rh(bipy),Cl,]+ Cl- [ll] 
in the solid state (2.5 X lop6 M per 2.5 mm01 of the starting silane), 0.1 M 
H,PtCl, - 4H,O in propan-2-01 were used as catalysts. 

The hydrosilylation reaction was carried out in Pierce-reaction vials at 50 and 
100°C. Speier’s catalyst (1.7 X lo-’ M) or rhodium catalyst (2.5 X 10e6 M) was 
added to a mixture of 2.5 mm01 of hydrosilane and 2.5 mm01 of ethynylsilane 
followed by heating for 6 h. The ratio and structure of products in the reaction 
mixture were determined by GC. Similarly the corresponding silatranes were 
obtained by the hydrosilylation of ethynylsilatrane with phenyl- and thienyl-silane 
in the presence of Speier’s catalyst in 3 ml of benzene (Table 1). 
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