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The thermal catalytic hydrosilylation of 1,3-butadiene (1), rra«5-2-methyl-l,3-pentadiene

(2), 2,3-dimethyl-1,3-butadiene (3), and isoprene (4), with triethylsilane were studied in the
presence of M(CO )3 (o-xylene) (M = Cr, Mo, W) complexes in polar and nonpolar solvents
such as tetrahydrofuran, hexane and toluene. Mo(CO )3 (o-xylene) was found to be the only
active catalyst for the hydrosilylation of 3 with triethylsilane, which gave l-triethylsilyl-2,3-dimethyl-2-butene (3a). as hydrosilylated product in tetrahydrofuran. The product was identified
by means of 'H and 1 C-NMR and GLC. The same catalyst, Mo(CO )3 (o-xylene), decomposed
to Mo(CO)ö without giving hydrosilylated products of 1, 2 and 4 in tetrahydrofuran. M(CO )3
(o-xylene) (M = Cr, Mo, W) complexes were found to be stable for about 6 h in hexane and
toluene, and showed no catalytic activity for the hydrosilylation of 1, 2, 3 and 4.

Introduction

The term hydrosilylation is used to describe ad
dition reaction of R3SiH to unsaturated hydrocar
bons. Hydrosilylation is an extremely useful tool
for attaching organic fragments containing reactive
functional groups to silicon, which finds application
in the manufacture of silicon derivatives needed in
industry [1]. It is not surprising that increasing at
tention has been directed toward the development
in this area.
The known stability and low reactivity of Si-H
bonds result from its highly covalent character, with
a bond energy of 318 kJ/mol [2], however, the reac
tivity can be enhanced by activating the Si-H bond
by using a transition metal catalyst. Many soluble
transition metal complexes are found to be efficient
catalyst for hydrosilylation reactions. Although cat
alytic hydrosilylation reactions are very complex
and their mechanisms are not well understood, sev
eral possible reaction schemes have been proposed
to explain homogeneous hydrosilylation. A mecha
nism analogous to the homogeneous hydrogenation
reaction has been proposed by Chalk and Harrod [3]
for the platinum catalyzed hydrosilylation reaction.
The typical example is the photocatalytic epend on
the nature of other ligands present in the coordi

nation sphere of the metal ion in the course of the
catalytic reaction [6 ]. The photocatalytic effect of
Cr(CO)5L [L = CO, P(CH3)3, P(OCH3)3] in the hy
drosilylation of conjugated dienes has been studied
previously [7]. The importance of hydrosilylation
for the selective preparation of useful organosilicon
chemicals has prompted us to investigate closely
the thermal hydrosilylation of dienes using sev
eral transition metal complexes. In this work, we
used tricarbonyl(o-xylene)metal (metal = Cr, Mo,
W) complexes as catalysts and present here the
thermal hydrosilylation reaction of 1,3-butadiene
(1), trans-2-methyl-1,3-pentadiene (2), 2,3-dime
thyl-1,3-butadiene (3), and isoprene (4), with tri
ethylsilane in the presence of M(CO ) 3 (o-xylene)
(M = Cr, Mo, W) complexes in polar and nonpolar
solvent such as tetrahydrofuran (thf), hexane and
toluene.
Experimental Section
All reactions and manipulations involving the metal
carbonyl catalysts were carried out either in vacuum or
under a dry inert atmosphere (Ar, N t). Solvents were
distilled after refluxing over metallic sodium or phos
phorus pentoxide under nitrogen for 3 - 4 d and stored.
Triethylsilane (Merck), and the hexacarbonylmetal(O)
(metal = Cr, Mo, W) complexes (Aldrich), were avail
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able commercially and used without purification. The dienes (except 1,3-butadiene) were commercially available
(Aldrich) and distilled before use. Tricarbonyl(o-xylene)metal (metal = Cr, Mo, W) complexes were prepared
according to the literature procedure [8]. NMR spec
tra were recorded on a Bruker DPX 400 spectrometer
(400.132 MHz for 'H, 100.613 MHz for l3C). A Perkin
Elmer 16 PC FTIR spectrometer was used to follow the
disappearance of the (Si-H absorption band at around
2100 cm -1 and the spectral changes in the CO-stretching region in monitoring the reactions. The gas liquid
chromatographic analyses were performed on HP 5890
chromatograph using an Rtx-1701 30 m s-20 column.
The thermal catalytic hydrosilylation of 3 with triethylsilane: 0.14 g (0.5 mmol) of Mo(CO)3(o-xylene), 1.2 ml
(10 mmol) of triethylsilane and 1.8 ml (20 mmol) of 3
were dissolved in 60 ml of tetrahydrofuran. The mixture
was stirred at 45 °C for about 6 h in a thermal appara
tus under a deoxygenated nitrogen atmosphere. The re
action was followed by means of FT-IR. After 6 h the
Si-H absorption band had completely disappeared. The
resulting solution was filtered and the solvent was evap
orated in high vacuum. The remaining solution was fil
tered to yield 0.67 g of a colorless product. ’H NMR
(400.132 MHz, CDCI3): 6 = 0.56 (q, 2H, CH 3-CH 2Si),
0.97 (t, 3H, CH 3CH 2Si), 1.49 (s, 2H, SiCH 2C=C), 1.61
(s, 3H, CH3), 1.62 (s, 3H, CH3), 1.64 (s, 3H, CH3).
13C NMR (100.613 MHz, CDCI3): 6 = 4.47 (CH 3CH 2Si),
7.67 (CH 3CH 2Si), 20.43 (CCH 2Si), 20.69, 20.73, 21.26
( 3 CH 3), 120.77, 120.53 (C=C). The same procedure was
also followed for the thermal hydrosilylation of 1, 2 and 4.

Results and Discussion

The reaction of 3 with triethylsilane in the
presence of Mo(CO)3 (o-xylene) in tetrahydrofuran
yielded exclusively the cis- 1,4 adduct, 1-triethylsilyl-2,3-dimethyl-2-butene (3a). The same product
was also obtained from the photocatalytic hydrosi
lylation reaction using Cr(CO)sL [L = CO, P(CH3 )3 ,
P(OCH3)3] as catalyst [7].
The detachment of o-xylene allows the entry to
the catalytic cycle by creating a vacant coordination
site on the transition metal center for the diene and
silane, which is required for the bonding of silane
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prior to its transfer to the diene ligand. IR spectro
scopic monitoring of the aforementioned reaction
revealed that there was gradual disappearance of
the Si-H stretching band at around 2100 cm-1 . This
was accompanied by the disappearance of the CO
stretching bands of Mo(CO )3 (o-xylene) at 1965 and
1880 cm - 1 (two of the bands were overlapping) due
to the dissociation of o-xylene (Scheme). The un
stable complex species immediately reacted with 3
to yield Mo(CO )3 (/y4 -2,3-dimethyl- 1,3-butadiene),
which then was followed by a further thermal reac
tion with triethylsilane leading to the formation of
an Mo(CO ) 3 (H)(SiR 3 )(t?4 -2 ,3-dimethyl-1 ,3-butadi
ene) intermediate.
A reversible addition of the hydride to the di
ene to form a (r?3-enyl ligand took place prior to
the irreversible silyl transfer to the organic moeity,
which takes up a new diene substrate molecule and
releases the triethylsilyl-butene product. The coor
dination of new R3 Si-H would then complete the
catalytic cycle (Scheme). According to the scheme,
the Mo(CO)3 (t74 -2 ,3-dimethyl-1,3-butadiene) inter
mediate (I) is the active catalyst precursor in the
7

+

H-SiEt3

40 -45 ° C

3

8

Si(CH2CH3)3

Mo(CO)3(o-xyIene)

3a

1140

C. Kayran and P. Rouzi • Thermal Catalytic Hydrosilylation of Conjugated Dienes

Fig. 1. IR spectrum
taken during the
thermal hydrosily
lation reaction of 4
with triethylsilane
in the presence of
M(CO )3 (o-xylene)
in tetrahydofuran.
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thermal catalytic hydrosilylation of the conjugated
dienes. The part of the catalytic cycle which is con
cerned with the regeneration of the catalyst was not
studied. Meanwhile, a mer-(r/4-norbomadiene)(rj2norbomadiene)W(CO )3 complex has been isolated
and liquid xenon was used to generate fac-(rj4-norbomadiene)(C 2 H4 )Mo(CO )3 in the literature [ 1 0 ].
Such informations prompted us to suggest the for
mation of an intermediate V as a possible pathway
after the hydrosilylation reaction.
The hydrosilylated product, 3a, was isolated by
distillation or preparative GLC and fully character
ized by means of 'H and 13C NMR spectroscopic
techniques. The 13C NMR spectrum of 3a shows
peaks at 4.47 and 7.67 ppm which belong to the
methylene and methyl groups of the ethylsilane, re
spectively. The drastic shift to a higher magnetic
field could be due to the shielding effect of silicon.
Accordingly, allylic carbon atoms give four signals
at 20.43, 20.69, 20.73, and 21.26 ppm whereas two

signals are observed for the olefinic carbon atoms
(120.77 and 125.53 ppm). G C shows % 6 6 conver
sion of 3 into the hydrosilylated product 3a.
For the stability control, the catalyst, Mo(CO ) 3 (oxylene), was mixed with the silane in the absence
of 3 and found to be stable for 6 h, however, with
the addition of 3 the decomposition of the catalyst
started immediately in tetrahydrofuran solution.
The thermal hydrosilylation of 1, 2, and 4 in the
presence of Mo(CO)3 (o-xylene) in tetrahydrofuran
did not give any hydrosilylated product at all but
there was a gradual decrease of the intensities of the
Si-H stretching band at 2100 cm - 1 and of the CO
stretching bands of Mo(CO)3 (o-xylene) at 1965 and
1880 cm-1 . A new peak grew at around 1980 cm " 1
due to the decomposition of the catalyst to give
Mo(CO)ö without yielding any hydrosilylated prod
uct (Fig. 1). 1H and 13 C-NMR data were also in
agreement with this result which was further sup
ported by preparative gas chromotography.
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IR monitoring of the thermal catalytic hydrosily
lation of 1,2,3, and 4, with triethylsilane in the pres
ence of M(CO )3 (o-xylene) (M = Cr, Mo, W) showed
no indication for the formation of any hydrosilylated
product of 1, 2,3 and 4 in nonpolar solvents such as
hexane and toluene. This was completely different
from the results obtained from the photocatalytic
hydrosilylation of the aforementioned dienes in the
literature [7, 12]. This could be due to the coordi
nating ability of tetrahydrofuran which may activate
the catalyst, M(CO)3 (o-xylene) (M = Cr, Mo, W) in
the presence of a proper diene.
Another point that draws attention here is the
thermal hydrosilylation reaction of 1, 2, 3, 4 with
triethylsilane in the presence of M(CO)3 (o-xylene)
(M = Cr, W) in tetrahydrofuran. IR spectra taken
during the thermal hydrosilylation reaction revealed
that there was almost no change of the intensity of
the Si-H stretching band at 2100 cm - 1 and only a
minor decrease of the intensities of the CO stretch
ing bands of the catalyst M(CO)3 (o-xylene) (M =
Cr, W) that appear at around 1965, 1880 cm - 1

1141

Fig. 2. 2 IR spectrum taken
during the thermal hydrosilylation reaction of 3 with triethylsilane in the presence of M(CO )3
,
\ • u
(o-xylene)
ini hexane.

(Fig. 2). This clearly explained the fact that the cat
alysts were stable for about 6 h even in the presence
of 1,2,3 and 4 in tetrahydrofuran and did not initiate
thermal hydrosilylation reaction.
As a conclusion, one can easily state that
Mo(CO)3 (o-xylene) was found to be the only suit
able catalyst in the thermal hydrosilylation reaction
of triethylsilane with 3 in tetrahydrofuran; but the
same catalyst did not give any hydrosilylated prod
uct of 1, 2, and 4 under the same condition. This
result could be explained by electronic effects. The
presence of two methyl groups in 3 increases the
electron donor ability of 3, and as a result the metal
can provide the electrons necessary during the ther
mal hydrosilylation reaction.
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