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Introduction 

The hydrosilylation reaction is a very important synthetic 

method for the preparation of organo-silicon compounds in the 

silicone industry.
1-3

 Transition metal catalysts are commonly used 
in the hydrosilylation reaction.4-5 Among various transition metal 

catalysts, platinum catalysts, for example, hexachloroplatinic 

acid (H2PtCl6•6H2O, Speier’s catalyst),
6
  and Karstedt’s catalyst,

7 

are very effective in the hydrosilylation reaction.
8-9

 

The yield and the selectivity of the catalyzed hydrosilylation 

processes depend not only on the performance of the catalyst but 
also on the nature of the alkene itself. It was observed that the 

platinum-catalyzed hydrosilylation of primary allyl amines had 

the formation of hydrogen and presumably aminosilanes,
10

 and 

the type of the reactions could be carried out at high reaction 

temperatures and pressure, or in the presence of reaction 

promoters.
11

 Quite recently, Charles Mioskowski et al. tested the 
hydrosilylation of different aminated alkenes substrates with 

methyldiethoxysilane reagent and found that PtO2 was superior to 

other platinum catalysts (Speier’s catalyst and Karstedt’s catalyst) 

in terms of the yield and selectivity.
12

 

Triethoxysilane is an important hydrosilylation reagent of 

olefins for the synthesis of various organosilicon compounds.
13-17

 
There are a few of reports on alkene hydrosilylation with 

triethoxysilane in the presence of nickel catalysts,
18

 rhodium 

catalyst,19 ruthenium catalyst,20 platinum catalysts.21-22 However, 

there is no report on the hydrosilylation catalyst of different  

 

aminated alkenes with triethoxysilane reagent. 

(Dicyclopentadiene) platinum(II) dichloride was reported by 

several group.
23-26

 The material as a catalyst was applied to the 

hydrosilylation reaction in which 4-(allyloxy)benzoyl esters were 

contacted with poly(methylsiloxane),
23

 but the systematic study 

of the catalytic property has not been done. In this paper, we 

describe the hydrosilylation reaction of different aminated 
alkenes with triethoxysilane in the presence of the catalyst of 

(dicyclopentadiene) platinum(II) dichloride, and further extend 

the hydrosilylation reaction with a series of other functionalized 

alkenes substrates. 

The synthesis of hydrosilylation reaction was carried out by 

following the general route (Scheme 1): Equimolar amounts of 
triethoxysilane and a respective functionalized alkene were 

stirred with 330 ppm (dicyclopentadiene) platinum(II) dichloride 

(The catalyst was synthesized by following the literature [27]) 

(i.e., 330 µmol per mol of silane) without solvent at 85 °C in a 

sealed schlenk tube under argon. After cooled to room 

temperature, the crude was purified by vacuum distillation or 
silica gel column chromatography to afford the desired product. 

The yield and the selectivity (i.e., the ratio of γ-isomer/β-isomer) 

were calculated on the basis of 
1
H NMR spectrum.

28 
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(Dicyclopentadiene) platinum(II) dichloride was found to be an efficient hydrosilylation catalyst 

(homogeneous) upon a wide variety of functionalized alkenes and alkenes terminated with 

chemical moieties (diphenyl amino-, N-carbazol- and N-isoindoline-1,3-dione-). It is noteworthy 

that the hydrosilylation of aminated alkenes with triethoxysilane exhibited the yield of over 70% 

and the selectivity (γ-isomer/β-isomer) of more than 3/1. Due to steric hindrance lowering

Markovnikov propability, the alkenes with big terminal moieties (diphenyl amino-, N-carbazol-

and N-isoindoline-1,3-dione-) presented the high ratio of anti-Markovnikov isomers. The 

strategy of the hydrosilylation of the protected diamino chelating alkene was developed.  

2009 Elsevier Ltd. All rights reserved.
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Scheme 1. Hydrosilylation reaction of different functionalized 

alkenes with triethoxysilane. 

Results and discussion  

The hydrosilylation is a catalytic addition reaction and the 

ratio of the Markovnikov isomer to the anti-Markovnikov isomer 

could be determined from 
1
H NMR spectrum.

12,29
 In the work, the 

1
H chemical shift of O-CH2 at 3.70-3.75 ppm (q, 6H) was chosen 

as the characteristic peak of β-isomer,
30

 and the 
1
H chemical shift 

of CH2-Si at 0.45-0.65 ppm (m, 2H) was chosen as the 

characteristic peak of γ-isomer.
12,31

 2,4,6-Trichloronitrobenzene 

was used as the internal standard from 
1
H NMR spectrum. The 

determinations of the yield and the ratio of γ- to β-isomers were 
based on the following equation:28 
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where m�x� and m(std) are the masses (weights) in g, MW(x) 
and MW(std) are the molecular weights in g/mol, P(x) and P(std) 

are the purities, nH(x) and nH(std) are the number of protons 

generating the selected signals for integration, A(x) and A(std)  
are the areas for the selected peaks of the analyte and the internal 

standard, respectively. The integration area was obtained from 

the respective characteristic peak in 
1
H NMR spectrum and the 

purity P(x) which stands for the yield was calculated for each 
isomer and the ratio of γ- to β-isomers was correspondingly 

determined. The results of the hydrosilylation of different 

aminated alkenes are shown in Table 1. 

As shown in Table 1, all six aminated alkenes reacted with 

triethoxysilane in the presence of the catalyst of 

(dicyclopentadiene) platinum(II) dichloride and the yield was 
higher than 70%. The γ-isomer is often the desired product in the 

hydrosilylation of allyl derivatives.
32

 As indicated in Table 1, the 
hydrosilylation with (dicyclopentadiene) platinum(II) dichloride 

catalyst showed the high selectivity and the ratio of γ-isomer/β-
isomer was more than 3/1. 

For the primary allylamine (entry 1), (dicyclopentadiene) 
platinum(II) dichloride catalyzed the hydrosilylation reaction 

with the yield of 84% and the selectivity (γ-isomer/β-isomer) of 
92/8. For the secondary allylamines, when the length of the alkyl 

chain was increased with three-carbon chain longer (entry 2 vs. 
entry 5), the catalysis reaction exhibited a small change in terms 

of the yield and the selectivity. The yield and the selectivity were 
changed from 73% and 84/16 (entry 2) to 76% and 78/22 (entry 
5), respectively. The hydrosilylation reaction of N-ethyl-2-

methylallylamine (entry 4) showed the highest yield of 91%. For 
the tertiary allylamine (entry 3), the hydrosilylation reaction of 

N,N’-dimethylallylamine with triethoxysilane presented the high 
selectivity of 94/6 and a modest yield of 74%. In contrast, the 

tertiary aromatic amine (entry 6) exhibited even higher selectivity 
with the γ-isomer/β-isomer ratio of 98/2, perhaps due to the steric 

hindrance of two big phenyl groups lowering Markovnikov 
propability. Compared with PtO2,

12 the homogeneous 

(dicyclopentadiene) platinum(II) dichloride catalyst in the work 
showed the higher selectivity (γ-isomer/β-isomer), i.e., 84/16 of 

entry 2 and 78/22 of entry 5 in Table 1 in the work versus 44/56 

of entry 2 and 50/50 of entry 5 in Table 2.
12

 It is confirmed that 

(dicyclopentadiene) platinum(II) dichloride can efficiently 

catalyze the hydrosilylation reaction of the monoamino alkenes. 

Table 1. (Dicyclopentadiene) platinum(II) dichloride catalyst 

for the hydrosilylation of different aminated alkenes with the 

triethoxysilane reagent. 

Entry Alkene 
reaction 
time(h) 

Yield
a
 

(%) 
Ratio

a
 

(γ/β) 

1 
 

20 84 92/8 

2 
 

20 73 84/16 

3 
 

20 74 94/6 

4 
 

20 91 83/17 

5 
 

20 76 78/22 

6 

 

20 81 98/2 

a Calculated on the basis of 1H NMR spectrum. 

Amino function is easy to result in catalyst poisoning by 

forming a complex with catalyst metal ion,
12

 or by acid base 

interaction in the case of the strongly acidic Speier's catalyst.
33

 

As reported in the literature,
12

 PtO2 or H2PtCl6•6H2O could not 
catalyze the hydrosilylation of a strong ligand diamino chelating 
alkene. We tested the substrate with (dicyclopentadiene) 

platinum(II) dichloride by following the above-developed 
hydrosilylation procedure, but the reaction failed (Scheme 2). 

 

Scheme 2. (Dicyclopentadiene) platinum(II) dichloride catalyst 

for the hydrosilylation of the diamino chelating alkene with 

triethoxysilane. 

What occurred to us was to first protect the amino groups. The 

benzylsulfonyl was chosen as the protected group and the 
synthesis of protected compound 1 was described in Supporting 

Information in detail. Three catalysts, Karstedt’s catalyst, 

H2PtCl6•6H2O, PtO2 and (dicyclopentadiene) platinum(II) 

dichloride, were used for the hydrosilylation of compound 1 with 
triethoxysilane reagent (Scheme 3). 

 

Scheme 3. Pt-catalyst for the hydrosilylation of the diamino 

chelating alkene which is protected by the benzylsulfony group 
with triethoxysilane. 

As indicated in Table 2, the catalysis efficiency of the 
hydrosilylation reaction between (dicyclopentadiene) platinum(II) 

dichloride and Karstedt’s catalyst was comparable. The yield and 
the selectivity were 81% and 88/12 with (dicyclopentadiene) 

platinum(II) dichloride catalyst, and 83% and 89/11 with 
Karstedt’s catalyst, respectively. H2PtCl6•6H2O catalyst was 
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relatively weak. The yield and the selectivity were only 34% and 

73/22, respectively. PtO2 even did not catalyze the reaction. 

Table 2. Different Pt-catalysts for the hydrosilylation of 

compound 1 with the triethoxysilane reagent. 

Entry Catalyst 
reaction 

time(h) 

Yielda 

(%) 

Ratioa 

(γ/β) 

1 
(dicyclopentadiene) 

platinum(II) dichloride 
20 81 88/12 

2 Karstedt catalyst 20 83 89/11 

3 H2PtCl6 •6H2O 20 34 73/22 

4 PtO2 20 0 / 

a Calculated on the basis of 1H NMR spectrum. 

Moreover, to further extend the scope of (dicyclopentadiene) 
platinum(II) dichloride, we also tried to test a series of other 

functionalized alkenes (-COR, -OR, -C(OR)2, -COOR, -COOH..) 
and alkenes terminated with chemical moieties (phenyl-, N-

carbazol- and N-isoindoline-1,3-dione-). The experimental data 
were compiled in Table 3. It is clear that the hydrosilylation 

reaction could be completed with a high yield (> 75%) and a 

good selectivity (γ-isomer/β-isomer) (> 77/23), whatever 

function (ketone, ether, ketal, ester, or acid) is present on the 
alkene. In agreement with the result of entry 6 in Table 1, the 

selectivity of the reaction with large terminal moieties (N-

carbazol- from entry 7 and N-isoindoline-1,3-dione- from entry 8) 

was high. 

Table 3. Hydrosilylation reaction with triethoxysilane on 

various functionalized alkenes 

Entry Alkene 
reaction 
time(h) 

Yield
a
 

(%) 
Ratio

a
 

(γ/β) 

1 
O

 

20 95 95/5 

2 
 

20 76 87/13 

3 

 

20 99 77/23 

4 

 

20 95 97/3 

5 
 

20 93 88/12 

6 

 

20 79 77/23 

7 

 

20 82 98/2 

8 N

O

O  

20 93 96/4 

a Calculated on the basis of 1H NMR spectrum 

Conclusions 

In summary, the hydrosilylation reaction of a wide variety of 

functionalized alkenes with triethoxysilane in the presence of 

(dicyclopentadiene) platinum(II) dichloride catalyst had been 
studied. The hydrosilylation reaction of aminated alkenes got 

high yield and good selectivity. Although it was impossible to 

directly carry out the hydrosilylation of a diamino chelating 

alkene with triethoxysilane, after the protection of the amino 
groups, the hydrosilylation worked well. 
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