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HYDROSILYLATION OF MONOSUBSTITUTED ACETYLENES IN THE PRESENCE 

OF PLATINUM(II) COMPLEXES 
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N. I. Ushakova, M. I. Gel'fman, 
and M. G. Voronkov 
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A systematic investigation of the hydrosilylation reaction of acetylene and its mono- 
substituted derivatives in the presence of H2PtCI6 has permitted us to characterize quanti- 
tatively the influence of reactant structure and the nature of the solvent on the direction 
and rate of this process [i]. To establish the general rules for the reaction mechanisms of 
homogeneous hydrosilylation of acetylenes we studied the catalytic action on it of complex 
compounds of Pt(II). The hydrosilylation of olefins, oligomeric vinylalkylsiloxanes, and 
carbonyl compounds catalyzed by various compounds of Pt(II) has been studied in fair detail 
in [2, 3]. Recently platinum complexes of a new type [Pt(SiR3)(~-H)-P(RI)3]2 have begun to 
be widely used as hydrosilylation catalysts. These effectively catalyze the addition of tri- 
organylsilanes to mono- and diolefins, styrene, vinylcyclohexane and also mono- and disubsti- 
tuted acetylenes [4-7]. In the last case the yield of hydrosilylation products reacted 70- 
90% [5]. 

The stereochemistry and structural directedness of the hydrosilylation of monosubsti- 
tuted acetylenes HC mCR (R = n-Bu, Ph) has been investigated by us. This reaction is cata- 
lyzed by complexes of Pt(II) containing neutral (NH~, C2HsN), o-donor (PPh3), and ~-acceptor 
(olefins, cycloolefins) ligands, and also acidoligands (CI, I). 

The studied neutral Pt(CsH12)CI2 (C8H12 iscyclooctadiene) (I), trans-Pt(PC6Hs)2(H)Cl (II), 
trans-Pt(NH3)212 (III) and cationic complexes [Pt(NH3)2(CsHs)CI]NO3 (C8H8 styrene) (IV), trans- 
[Pt(NH3)2CsH~402CI]NO3 (C8H~402 is tetramethylbutynediol) (V), [Pt(NH3)2(CsHsN)CI]NO~ (VI) 
proved to be extremely effective catalysts for the hydrosilylation of acetylenes. They pro- 
vided the formation of the corresponding vinylsilane derivatives in yields up to 99% (accord- 
ing to GLC). The hydrosilylation reaction catalyzed by complexes (I)-(VI) was stereospecific 
and as in the case of the widely used Speier catalyst led to the formation of products of 9- 
trans addition R3'SiCH==CHR. Together with the latter the corresponding ~ isomers R~'SiC- 
(==CH2)R were formed the amount of which depended to a significant extent on the nature of the 
iigands on the Pt atom, the character of the substituents on the Si atom, and the structure 

of the initial l-alkyne. 

The ratio of the isomeric products of hydrosilylation of HCzCR by ethyldichloro- and 
triethylsilane catalyzed by complexes (I)-(VI) and their overall yields are shown in Table i. 
The structures of all reaction products were confirmed by IR and PMR spectra [8] and by GLC 
data (in comparison with standards). 

The data of Table 1 indicate that under the studied conditions the catalytic activity of 
complexes (I)-(VI) in the hydrosilylation of phenylacetylene and l-hexyne by triethylsilane 
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TABLE I. Influence of the Nature of the Platinum Catalyst on 
the Ratio and Yield of Products of Hydrosilylation of HC~CR by 
Triethyl- and Ethyldichlorosilane R'3_nXnSiH (catalyst concen- 
tration 2-i0 -3 M, 100~ 2 h, solvent THF) 

Catalyst 

Overall 
yield of 

R'a--nXnSiIt products, 

Pt (CaH~)CI2 (I) 

tram -Pt (PC6Hs) 2 (H) C1 (II) 

tram -Pt(NH~) ~I~ (III) 

[Pt (NtI3) 2 (C8H8) C1] N0. (IV) 

[Pt (NH~) 2C~Hi~02C1] NO~ (V) 

[Pt (NH~) ~ (C~H~N)CI] NO~ (Vl) 

Pt~CIr (VII) 

H2PtCI~.6H~0 

Ph 

Ph 

nPhu 

Ph 

n-Bu 
t-Bu 

t-Bu 

Et~SiH 
EtClzSiH 
Et3SiiI 

Et3SiH 
EtCI~SiH 
Et3SiH 

EtCI~SiH 
Et~SiH 

EtaSiH 
Et3SiH 

Et~SiH 
EtCI2SiH 
Et3SiH 

EtCIzSiH 
Et~SiH 

Et3SiH 
Et3SiH 

EtaSiH 
EtaSiH 
Et3SiH 

99 
65 
94 

65 
65 
95 

60 
99 

70 
8i 

82 
65 
94 

53 
88 

87 
89 

85 
80 
87 

Content of ] 
isomeric ad-[ 
ducts in hy- ] 
Jrosilyation I 
xoduc[s, % i B/~ 

l 

82 45 
67 2,0 
32 0,4 

84 5,2 
70 2,3 

14~ o,8 

60 t,5 
29 0,4 

I 82 4,5 
36 0,5 

84 5,2 
I 9i t0,1 

33 0,5 
I 

I 40 0,7 
} 22 0,3 

I 1~ 0,2 
I 40 05 

72 2,6 
82 4,5 

] 90 9,0 
was on the whole comparable with that of HaPtCI6,6H20 and with rhodium complexes RhLnX (X = 
CI, Br, L = Ph3P, AIk3P, CO, etc.) [9]. However study of the reaction kinetics of the hydro- 
silylation of phenylacetylene by triethylsilane catalyzed by complex (I) (Fig. i) showed that 
the rate of this process was somewhat greater than on using a freshly prepared solution of 
Speier catalyst (unreduced form of H2PtCI6). Thus for example in the case of complex (I) the 
yield of hydrosilylation product after 60 min (curve i) was 76% and on using HaPtC18 only 60% 
(curve 2). As with catalyst H2PtCI6 the curve reflecting the dependence of hsu/hst on time 
(see Fig. i) has a discontinuity (at a 77% conversion of initial reactants). Later some 
stabilization of the process was observed and the curve acquired a more regular shape. The 
observed slowing of the rate of the process may be due to its nonstationary nature (as in the 
case of H2PtCI6) in the initial period (together with the hydrosilylation reaction there is 
formation of a stable form of the catalyst which carries out the process in its stationary 
stage). In the initial portion of kinetic curve 1 no significant induction period was ob- 
served as also in the case of H2PtCI6 catalyst. This distinguishes the hydrosilylation pro- 
cess of acetylenes and alkenes catalyzed by H2PtCI6 and by Pt(II) complexes for which the 
presence of an induction period is characteristic, the duration of which depends to an appre- 
ciable extent on the order of mixing the catalyst with reactants and also on the nature of the 
solvent and the hydrosilylating reagent [i0, ii]. The formation of the active catalytic com- 
plex therefore occurs much more rapidly in the case of acetylenic compounds. 

Complex (V), containing NHa as one of the ligands, was less active in the hydrosilyla- 
tion of phenylacetylene with triethylsilane than complex (I) and H2PtCI6 (curve 3 in Fig. i). 
Lower catalytic activity was also possessed by complexes having as one of the ligands NH3 
(III), (IV) or NH3 and CsH~N simultaneously (VI). This is in agreement with the inhibiting 
influence of nitrogen bases on the hydrosilylation reaction in the presence of H~PtCI6 in 
[12] .  

The o v e r a l l  y i e l d  of h y d r o s l l y l a t i o n  products of phenylacetylene by e t h y l d i c h l o r o s i l a n e  
in the presence of complexes (I)-(VI) proved to be appreciably lower than when using H2PtCI6 
and rhodium complexes [13]. Thus the growth in reactivity of the hydrosilylating reagent on 
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Fig. i. Kinetic curves for the addition of tri- 
ethylsilane to phenylacetylene at 60~ in the pres- 
ence of i) complex (I); 2) H2PtCI6; 3) complex (V). 
The size of hsu/hst is proportional to the concen- 
tration of hydrosilylation products (hsu is the 
height of the substance peak, hst is the height 
of the standard peak). 

going from EtSiHCI2 to Et3SiH which was observed on using complexes (1)-(VI) did not corre- 
spond to the activity series established when hydrosilylating olefins and acetylenic com- 
pounds catalyzed by H2PtCI6 and by Rh (I) complexes in [13]. 

It follows from the data of Table 1 that the regioselectivity of the studied hydrosilyl- 
ating reaction depends on the character of the substituents on the Si atom and on the triple 
bond. The relative content of a adduct mainly grew on going from Et3SiH to EtSiHCI2 and in 
the case of complexes (1) and (II) the ratio B:a remained at 2.0 and 2.3 respectively. At 
the same time on hydrosilylating phenylacetylene with triethylsilane in the presence of com- 
plexes (I) and (II) the fraction of a adduct proved to be significantly less (8:a = 4.5 and 
5.2 respectively). In hydrosilylating l-hexyne with triethylsilane in the presence of com- 
plexes (I)-(VI) a preferential formation of the ~ adduct was observed (B:a = 0.4; 0.8; 0.4; 
0.5; 0.5; 0.3 respectively) which clearly distinguishes these catalysts from H2PtCI6 (B:a = 
4.5). Complex (VI) proved to be especially active in relation to this. Complexes (I)-(VI) 
may be considered as selective catalysts for the hydrosilylation of l-alkynes directing the 
process towards preferential formation of the a isomer R'3SiC(=CH2)R. 

Previously when studying the structural directedness of the hydrosilylation of butyl- 
acetylene and tertbutylacetylene with triethylsilane catalyzed by H2PtCI6 and the alkoxy- 
carbene complex of Pt(II) Pt2CI~C[CH2CMezOCHMe2]2 (VII) in [14] we established that on using 
the latter the ratio of isomers (B:a) was always displaced in favor of the a adduct. Thus in 
the case of H2PtCI6 the ratio of B and a adducts was 4.5 and 9.0 respectively, and on using 

complex (VII) it was 0.2 and 0.7. 

The nature of the solvent (MeCN, hexametapol) proved to have no appreciable influence on 
the catalytic activity of complexes (I)-(VI). The overall yield of products on using these 
solvents reached 90%. However on hydrosilylating phenylacetylene with triethylsilane in the 
presence of complexes (I), (II), and (V) in MeCN the proportion of a adduct was increased 

(8:a = 3.0, 2.3, and 3.0 respectively). 

EXPERIMENTAL 

The initial phenylacetylene, l-hexyne, triethylsilane, and ethyldichlorosilane were 
purified by fractional distillation. Their purity according to GLC data was 99.5%. The syn- 
thesis of platinum complexes (I)-(VI) has been described in [15-18]. 

Reaction mixtures were analyzed on a Tsvet chromatograph with linear programming of tem- 
perature from 50-200~ detector was a catharometer, column was 2 • 3 mm, 5% XE 60 on Inerton 
AW-HMDS silanized with HMDS. PMR spectra of =15% solutions of reaction mixtures in CC14 were 

obtained on a Tesla BS-487C (80 MHz) spectrometer. 
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Hydrosilylation of Phenylacetylene with Triethylsilane in the Presence of Complex (I). 
A mixture of phenylacetylene (2.04 g), triethylsilane (2.32 g), and complex (I) (0.006 mole) 
was heated in a sealed ampul for 2 h at IO0~ It was established by GLC that the hydro- 
silylation product was a mixture of ~ and B adducts in a ratio 18:82%. Their overall yield 
determined by GLC was 99%. 

The hydrosilylation of phenylacetylene and l-hexyne by triethylsilane and ethyldichloro- 
silane in the presence of complexes (I)-(VI) was effected in a similar manner. 

CONCLUSIONS 

I. Complexes of Pt(II) are active catalysts in the hydrosilylation reaction of mono- 
substituted acetylenes HC~CR with triethylsilane and ethyldichlorosilane. The yield of the 
resulting adducts was up to 99%. 

2. The reaction proceeds stereospecifically and leads to the formation of trans-~-ad- 
ducts. The regioseleetivity of the reaction depends to a significant extent on the character 
of the substituent on HC~CR which makes it possible to direct the hydrosilylation in the 
direction of the preferential formation of one of the structural isomers. 
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