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The regio- and stereo-selectivity in the homo- 
geneous hydrosilylation of acetylene and heptene-I 
monosubstituents and carbofinctional ethylene 
derivatives in the presence of palladium and plati- 
num catalysts of a new type - (Pd2(Ph3P)&‘~- 
B,oC~K, (IA lPdz(Ph3P)rlClJB,2 cl12 (W, [Wfi3- 

P/3~~2B10~~10 (III), LWPh3P)3CU2B12~l2 (Iv)/), 

(Pt(Ph3PJ3C112BloCllo (V), P’tPh3P/3~JzB,zCl,z 

(VI) - have been studied. Unlike H2PtC16 and other 
commonly used catalysts, their application for 
hydrosilylation of acetylenic compounds makes the 
process regiospecific, leading to formation of p 
adduct exclusively. These complexes also catalyze the 
addition of triethylsilane to allylamine. 

Introduction 

The systematic investigation of hydrosilylation 
of acetylene and its derivatives in the presence of 
platinum and rhodium complex compounds per- 
mitted us to characterize quantitatively the influence 
of the reagent structure, nature of the solvent and 
of ligands in the catalyst on the selectivity and rate 
of the process [l-4]. In order to establish general 
regularities of the mechanism of homogeneous 
hydrosilylation, we studied the reaction progress 
in the presence of a new type of catalyst, cationic 
triphenylphosphine complexes of palladium and 
platinum, containing polyhedral borane anions 
B&l:, and B12Cl!1. The palladium complexes are 
known to be effective catalysts for hydrosilylation 
of unsaturated organic and organosilicon (vinyl- 
alkylsiloxanes) compounds, as well as 2- and 4- 
vinylquinoline [S-8]. At the same time the palla- 
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dium catalysts give rise to some reduction side 
processes, reduction silylation, hydrogenolysis or 
hydrosilylation of azomethines [9] ; interaction of 
alkenyl-sulphides with triethoxysilane results merely 
in C-S bond cleavage (in contrast with H2PtC& and 
Rh(Ph3P)&?l) [lo] . 

Until now there has been no data concerning the 
application of palladium complexes as the catalysts 
in hydrosilylation of acetylenes. 

Results and Discussion 

We studied the stereochemistry and structural 
selectivity in hydrosilylation of acetylene mono- 
substituents CRXH and illustrated this on the 
basis of the compounds with R = C4Hg and C6H5, 
heptene-1, and carbofunctional ethylene derivatives 
such as acrylonitrile, allylamine, vinylbutyl ether, 
catalyzed by complexes I-VI. 

All these complexes are found to be efficient 
catalysts for hydrosilylation of hexine-1 and phenyl- 
acetylene, providing formation of the corresponding 
vinylsilanes in yields up to 9%. Hydrosilylation by 
triethylsilane in the presence of complexes I-VI 
(as in the presence of H,PtCl,) is stereoselective and 
proceeds according to the Farmer rule to give the cis- 
additional product (C2H5)3SiCH=CHR. In addition 
to the above mentioned products the corresponding 
cr-adducts are formed in yields considerably depen- 
dent on the nature of the applied catalyst and substi- 
tuent adding to the triple bond. 

Table I lists the ratios of isomeric products of 
phenylacetylene and hexine-1 hydrosilylation cata- 
lyzed by H2PtC16 and complexes I-VI and their 
reaction yields. 

The structure of the reaction products was iden- 
tified by PMR spectroscopy and GLC analysis (rela- 
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TABLE I. Hydrosilylation of RCXH (R = C4H9, CbHs) by Triethylsilane in the Presence of Complexes I-VI and H2PtC& (t = 
100 “C, 7 = 2 hours). 

n Catalyst R Total yield of LY * 
and p adducts 

Ratio p:o: 

I [(Ph3P)4Pd,C12 I BloCllo 

II [(Ph,P)4Pd,C12lBlzCllz 

Ill [(P~,P)~P~C~I~B~OC~~O 

IV [(Ph3P)3PdCll2B1zC112 

V lU’ha03PtCll zB1oCl10 

VI [(P~,P)~P~C~I~BI~CI~~ 

VII HzPt’& 

C4H9 90.0 22:78 

C6H5 17.1 56:44 

C4H9 65.2 23~77 

C6HS 29.3 63:37 

C4H9 89.0 38:62 

C6& 23.9 32:68 

C4H9 86.0 25175 

C6H5 32.0 53:47 

C4H9 85.4 loo:o 

C6H5 78.5 11:89 

C4H9 90.0 loo:o 

C6H5 87.6 15:85 

C4H9 78.3 42:58 

C6HS 90.8 24~76 

tive to standards). The PMR spectrum indicated the 
presence of two doublets in r = 4.17-4.41 ppm 
region, which are signals typical of AX spin systems, 
with coupling constant J = 3.0 Hz, and are assigned 
to the heminal hydrogen atoms of ethylene groups. 
The bands in the region of the relatively weaker field 
are assigned to the AB spin system with J = 18.0 
Hz, and indicate the tram- position of vicinal pro- 
tons of the HC=CH fragment. In the case of phenyl- 
acetylene, hydrosilylation catalyzed by complexes 
I-VI is accompanied by some negligible side 
processes, which yield styrene (to 4%), phenyl(tri- 
ethylsilyl)acetylene (to 7%) and hexaethyldisil- 
oxane (to 10%). The latter is bound to be formed, 
owing to the traces of water that are difficult to be 
removed from the solvent. 

From the data in the Table it can be seen that 
complexes I-VI are in general more efficient cata- 
lysts for hydrosilylation of hexine-l than H,PtCl, 
(under comparable conditions). At the same time 
the catalytic activity of studied palladium and 
platinum catalysts differs in the reaction of tri- 
ethylsilane with phenylacetylene. The application 
of palladium complexes in hydrosilylation leads 
to much lower yields (less than 32%), while the 
efficiency of their platinum analogs is comparable 
with Hz PtCI, (adduct yield about 90%). 

An attempt to use other palladium complexes, 
such as Pd(Ph3 P)2 C12, Pd(Ph3P)4 etc. for hydrosily- 
lation of phenylacetylene and acetylene by triethyl- 
silane, resulted merely in polymerization of these 
unsaturated compounds, the polymers formed being 
similar to those obtained in catalysis by molybdenum 
and tungsten [ 1 l] halides and oxyhalides. 

The specificities of regioselectivity variation in 
reaction, catalyzed by complexes I-IV are worth 
considering. When the palladium complexes I-IV 
are used for hydrosilylation of phenylacetylene, 
the prevailing product in the isomeric mixture is 
normally the cu-adduct (in comparison with H,PtCl,). 
On the contrary, the fl-adduct is predominant in the 
case of hexine-1 hydrosilylation. 

The platinum complexes V-VI are considerably 
different in the regioselectivity of catalytic action 
from their palladium analogs III and IV. Trans- 
(C, HS )3 8iCH=CHC5H6 is predominant in hydrosily- 
lation of phenylacetylene, catalyzed by complexes 
V and VI. 

Hydrosilylation of hexine-1 in the presence of 
complexes V and VI is strictly regioselective, leading 
to formation of only fl-adduct in high yield. These 
catalysts are therefore drastically different from the 
conventionally used hydrosilylation catalysts, such 
as H2PtC16 and many others, whose application 
results in the formation of a mixture of (Y- and fl- 
adducts [S] 

In the light of the above results, the complexes V 
and VI may be recommended as selective and 
efficient catalysts for hydrosilylation of acetylenic 
compounds by trialkylsilanes, producing the corres- 
ponding @adducts in high yields. 

Trichloro- and triethoxysilan are far less reactive 
in hydrosilylation of hexine-1 and phenylacetylene, 
catalyzed by complexes I-IV, than H,PtCl,. In this 
case the total yield of the two adducts amounts 
only to 30%. 

An attempt to conduct hydrosilylation of heptene- 

I, acrylonitrile, allylamine and vinylbutylether 
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by triethylsilane in the presence of complex 1 failed: 
heptene-1 and vinylbutylether proved to be totally 
unconverted, and acrylonitrile polymerized. On 
hydrosilylation of allylamine the corresponding 
triethyl(3-aminopropyl)silan was obtained with a 53% 
yield. 

analysis revealed that the reaction products consisted 
of (Y and fl truns isomers in 22 and 78% ratio (see 
the Table). 

The hydrosilylation of phenylacetylene, hexine-1 , 
heptene-1, vinylbutylether in the presence of com- 
plexes I-VI was carried out in a similar way. 

Experimental 
References 

Materials and Methods 
The initial acetylenic, ethylenic compounds and 

triethylsilane were purified by conventional proce- 
dures. According to GLC analysis their purity was 
99%. 

The investigated catalysts were prepared by litera- 
ture techniques [12, 131. PMR spectra of 30% solu- 
tions of the compounds in CC& were recorded with 
a BS-487-C Tesla spectrometer at 80 MHz. The chem- 
ical shifts were measured relative to tetramethyl- 
silan (internal standard) with an accuracy of 0.01 

ppm. 
GLC analysis of reaction mixtures was performed 

on a “Tsvet” chromatograph. The column tempera- 
ture was programmed from 50 to 240 “C (6 “C/min). 
The stationary liquid phase was Apiezon L - 10% 
from the support weight (Chromosorb P). The carrier 
gas (He) flow rate was 60 ml/min. 

The Reaction of Triethylsilane with Hexine-1 in the 
Presence of I 

A mixture of hexine-1 (1.16 g), triethylsilane 
(2.32 g) and complex I (0.001 mol) in dry aceto- 
nitrile (6 ml) was heated in a sealed ampoule for 2 
hours at 100 “C in an argon atmosphere. The GLC 
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