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Synthesis of phenylene-silylene-ethylene polymers
via transition metal complex catalyzed hydrosilylation
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New phenylene-silylene—ethylene polymers have been successfully synthesized using plat-
inum-divinylsiloxane or rhodium and iridium siloxide complex-catalysed polyhydrosilylation of
divinylsubstituted carbosilanes with dihydrocarbosilanes or intermolecular hydrosilylation of new
hydrovinylcarbosilane. Polycarbosilanes have been obtained with high molecular weights. They
seem to be potential parent substances for future applications as preceramic and membrane materials.
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INTRODUCTION

Polycarbosilanes have attracted increasing attention for their
applicability in new materials. Recently, these polymeric
products with arylene units in the chain have been demon-
strated to have specific physicochemical properties, which
could be applicable in heat-resistant materials (coatings,
paints or prepergs), ceramics, moulding materials, etc.!>~3
(EP 0661331A2). Poly(phenylene-silylene—ethylene)s also
seem to be potential substrates for applications as membrane
materials, because they have a relatively high gas permeabil-
ity and, in contrast to commonly used polysiloxanes, they are
not sensitive to hydrogen sulphide, mercaptans or thiophene,
which are likely to be present in the gas streams processed.
The necessary condition that has to be met for a polymer to
be used as a material in the above-mentioned applications is
a high average molecular weight.

Linear polycarbosilanes of general formula -[RR'Si(CH,), ]-
were previously obtained by hydrosilylation polymerization
of Si—H and SiCH=CH,-containing monomers but only low-
molecular-weight oligomers were obtained.>” In contrast to
silylene—ethylene polymers, arylene—silylene—ethylene poly-
mers are a relatively unexplored class of materials and
only a few reports have been found (EP 0661331A2).8-15
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Hydrosilylation polymerization reactions leading to ary-
lene—silylene—alkylene polymers are usually carried out
in the presence of platinum catalysts. The optimum cat-
alysts are made from platinum supported on alumina
or carbon black, platinum-vinylsiloxane complexes, plat-
inum-olefin complexes or platinum—phosphite complexes,
but in view of the catalytic activity, hexachloroplatinic acid
and platinum-vinylsiloxane complexes are preferred.8-1
Other transition metal catalysts [e.g. RhCl(PPhs);, RhCl;,
RuCl;, PACl, x 2H,0 or NiCl,] have also been tested in this
process (EP 0661331A2). Although the average molecular
weights of the resulting linear polymers are generally as low
as several thousands, to the best of the authors” knowledge
the highest molecular weight linear polycarbosilanes have
been obtained by Tsumura and co-workers (M, = 33000;
EP 0661331A2). Rickle? was able to obtain higher molecu-
lar weight polycarbosilane as products of platinum-catalysed
polyhydrosilylation reaction of dimethyldivinylsilane with
1,4-bis(dimethylsilyl)benzene in the presence of small amount
of methyltrivinylsilane (cross-linking agent); however the
aforementioned publication lacks complete spectroscopic
and gel-permeation chromatography characterisations of the
resulting polymers.

Over the last decade, several examples of monomeric and
dimeric siloxy derivatives of rhodium have been synthesized,
characterized spectroscopically and the structures of most
of them have been determined by the X-ray method.!®-!
By analogy to the rhodium analogues, the monomeric
and dimeric iridium-siloxide complexes have been recently
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synthesized and their structures have been successfully
confirmed by the X-ray method.??-%

Our previous reports have shown that the dimeric rhodium
siloxide complex [{Rh(n-OSiMes)(cod)},] is an effective
catalyst (even at room temperature) in the hydrosilylation
of alkenes,? allyl ethers and allyl esters® with triethoxysilane
as well as in the hydrosilylation of polyethers and alkenes by
hydrosiloxanes.?* Monomeric thodium siloxide complexes
of the general formula [Rh(cod)(PR;)(OSiR;)], where R = Ph
or cyclohexyl and R = Me, i-Pr or #-Bu, have also been found
as effective catalysts of the hydrosilylation of allyl glycidyl
ether by triethoxysilane.??® These results have prompted us
to investigate the scope of the rhodium siloxides and their
iridium analogues that could be used as catalysts in the
hydrosilylation polymerization reaction.

Therefore, the aim of this work is to synthesize new poly-
carbosilanes containing arylene units in the backbones, via
the polyhydrosilylation reaction of difunctional vinylcarbosi-
lanes with difunctional hydrocarbosilanes or the intermolec-
ular hydrosilylation of hydrovinylcarbosilane in the presence
of dimeric and monomeric rthodium and iridium siloxide
complexes and to compare their catalytic activity with that of
the commonly used platinum catalysts.

EXPERIMENTAL

Analytical equipment

'H NMR (300 MHz) and *C NMR (75 MHz) were recorded
on a Varian XL 300 spectrometer using CDCl; or C¢Dg
as a solvent. GPC data were collected using a Gilson
HPLC System equipped with UV absorbance and RI
detectors with a 300 x 7.8 mm Phenogel columns, 50, 500
and 10* A (analysis conditions: mobile phase, THF; flow rate,
0.7 ml/min; temperature, ambient; injection volume, 20 pul).
Molecular weights were determined by polystyrene standard
calibration. Infrared spectra (KBr plates) were recorded using
an FT-IR Brucker IFS-113v. Elemental analyses were carried
out by Vario EL IIl instrument (elementar GmbH).

Materials

Organosilicon chemicals—chlorodimethylsilane, chlorodi
methylvinylsilane, 1,2-bis(chlorodimethylsilyl)ethane and
1,4-bis(dimethylsilyl)benzene—were received from ABCR.
1,4-Dibromobenzene, LiAlH, and Karstedt catalyst (3% Pt
in xylene) were purchased from Aldrich. Organic solvents
were received from OBR Plock (Poland). Pentane was dried
over CaH,, distilled under argon and stored with molec-
ular sieves type 3A. THF, toluene and diethyl ether were
dried over sodium and benzophenone and freshly distilled
prior to use. The siloxide complexes, [{Rh(1-OSiMes)(cod)}],
[Rh(cod)(PCy,)(OSiMe3)] as well as [{Ir(u-OSiMes)(cod)},]
and [Ir(cod)(PCy,)(OSiMe;)], were prepared according
to the previously reported procedures.!®?-2 Vinylmag-
nesium bromide was synthesized via the well-known

Copyright © 2004 John Wiley & Sons, Ltd.

Materials, Nanoscience and Catalysis m

procedure. 1,4-Bis(dimethylvinylsilyl)benzene” and 1,2-
bis(dimethylvinylsilyl) ethane® were synthesized according
to the literature. All reactions were carried out under deoxy-
genated and dried argon.

Synthesis and characterization of
1,2-bis(dimethylsilyl)ethane
To a two-necked flask equipped with a magnetic stirring
bar, reflux condenser and argon bubbling tube, a portion
of 8.5g (0.223 mol) of LiAlH,; was introduced and slowly
100 ml of THF were dropped in. The suspension was cooled
using a water bath and the solution of 20 g (0.093 mol) of 1,2-
bis(chlorodimethylsilyl)ethane in 100 ml of THF was added
dropwise via a syringe. The reaction mixture was stirred at
60°C for 12 h. The product was purified by distillation to
yield 10.8 g of 1,2-bis(dimethylsilyl)ethane in 79% yield as a
colourless liquid.

'H NMR (C4Ds) 8 (ppm) —0.05 (s, 12H, —SiCH3), 0.58 (s,
4H, —~CH,-), 3.84-3.88 (m, 2H, SiH). 13C NMR (C¢Ds) § (ppm)
—4.81 (-SiCH3), 7.06 (~CHa ).

Synthesis and characterization of
1-(dimethylsilyl)-4-[{2-(dimethyl-
vinylsilyl)ethyl}dimethylsilyl]

benzene

Synthesis of 1-bromo-4-(dimethylsilyl)benzene

A solution of 20 g (0.085mol) of 1,4-dibromobenzene in
150 ml dry THF was introduced into a two-necked, 500 ml
round-bottomed flask equipped with a magnetic stirring bar,
rubber septum cap and argon bubbling tube and then it was
treated at —78°C with a solution of 35.6 ml (0.089 mol) of
n-Buli added dropwise. After 1h, a 19.5ml (0.178 mol) of
chlorodimethylsilane was added. The reaction was stirred
at —78°C for 1h and then for 18 h at room temperature.
After the substrate disappearance was confirmed by GC,
50 ml of pentane were added, then the resulting salt was
filtered off and the volatiles were removed in an evaporator.
Distillation under reduced pressure (40-45°C/0.5 mmHg)
afforded 14.57 g of 1-bromo-4-(dimethylsilyl)benzene in 80%
yield as a colourless liquid.

'H NMR (CDCl;) § (ppm): 0.34-0.36 (m, 6H, —SiCH;),
4.41-4.43 (m, 1H, -SiH), 7.37-7.52 (m, 4H, Ph). *C NMR
(CDCl3) 8 (ppm): —1.81 (—SiCH3), 123.98, 130.98, 135.56, 136.17
(Ph).

Synthesis of 1-bromo-4-[{2-(chlorodimethylsilyl)
ethyl}dimethylsilyl]benzene

Into a Schlenk tube, under argon, were placed 7 ml (0.05 mol)
of chlorodimethylvinylsilane and 50 ul (4.6 x 107 mol) of
Karstedt catalyst (3% Pt solution in xylene). Then 10g
(0.046 mol) of 1-bromo-4-(dimethylsilyl)benzene were added
dropwise and the reaction mixture was stirred over 2h
at room temperature. The excess of chlorosilane was
removed in vacuum. Distillation under reduced pressure
(80-85°C/0.5 mmHg) afforded 14.97 g of product in 96%
yield as a colourless liquid.
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'H NMR (CDCl3) 6 (ppm): 0.29 [d, 6H, —Si(CHj),Cl], 0.41
[d, 6H, -Si(CHj),~1,0.72-0.76 (m, 4H, ~CH,-), 7.36—7.52 (m,
4H, Ph). 3C NMR (CDCl3) § (ppm): —3.71 [-Si(CHj),~], 0.92
[-Si(CH3),Cl], 6.99 [-Si(CH;),CH,CH,Si(CH;),Cl], 11.34
[-Si(CH3),CH,CH,Si(CH3),Cl], 123.73, 130.92, 135.20, 137.50
(Ph).

Synthesis of 1-bromo-4-[{2-(dimethylvinylsilyl)
ethyl}dimethylsilyl|benzene
A solution of 10g (0.029mol) of BrCsH4Si(CHs),
CH,CH,Si(CHj3),Cl in 100 ml dry THF was introduced into
a two-necked, 250 ml round-bottomed flask equipped with a
magnetic stirring bar, reflux condenser, rubber septum cap
and argon bubbling tube. Then 0.044 mol of vinylmagnesium
bromide in dry THF was added dropwise. The reaction mix-
ture was refluxed under argon for 2 h. The excess Grignard
reagent was quenched by adding 5 ml of water and the mix-
ture was extracted from pentane—H,O. The ethereal phase
was dried over MgSO, and filtered, the volatiles removed in
an evaporator and the mixture was passed through a silica
gel column (eluent, pentane). After isolation by distillation
under reduced pressure (110-113°C/0.5 mmHg), 6.23 g of
the product was afforded in 64% yield as a colourless liquid.
THNMR (CDCl3) § (ppm): 0.08 (s, 6H, —Si(CH,),CH=CHy),
0.28 (s, 6H, -Si(CH3),-), 0.45-0.51 (m, 2H, —Si(CH;),CH,CH,
Si(CH3),CH=CH,), 0.64-0.70 (m, 2H, -Si(CH;),CH,CH,
Si(CH;),CH=CH,) 5.68 (dd, 1H, CH,=CH), 5.99 (dd, 1H,
CH,=CH), 6.15 (dd, 1H, CH,=CH), 7.36-7.53 (m, 4H,
Ph). 3C NMR (CDCl3) § (ppm): —3.99 (-Si(CHs;),-), —3.66
(-Si(CH;),CH=CH,), 7.40 (-Si(CH3),CH,CH,Si(CH3),CH
:CHz), 7.63 (—Sl(CH3)2CH2§HQSI(CH3)2CH:CH2), 12355,
130.83, 138.19, 13523 (Ph), 131.72 (CH,—CH), 138.76
(CH,=CH).

Synthesis of 1-(dimethylsilyl)-4-[{2-(dimethylvinyl-
silyDethyl} dimethylsilylJbenzene
A solution containing 5g (0.015mol) of BrCeH,
Si(CH3),CH,CH,Si(CHj3),CH=CH, and 3.3 ml (0.030 mol)
of chlorodimethylsilane in 10 ml of dry THF was added
dropwise to a suspension of magnesium turnings (0.73 g,
0.030 mol) in dry THF. After the addition was finished, the
reaction mixture was stirred under reflux for 2 h. Then THF
was evaporated under vacuum and 20 ml of hexane were
added. After evaporation of organic solvents the resulting salt
was filtered off and the residue was distilled under reduced
pressure (100-102°C/0.5 mmHg). After isolation 2.62 g of
the product were obtained in 56% yield as a colourless liquid.
'HNMR (CDCl;) 8§ (ppm): 0.07 [s, 6H, —Si(CH,),CH=CH,],
0.27 [s, 6H, —Si(CH,),-], 0.36-0.38 [d, 6H, -Si(CH,;),H],
0.47-0.53 [m, 2H, -Si(CH;),CH,CH,Si(CH3);CH=CH,],
0.65-0.71 [m, 2H, -Si(CH3),CH,CH,Si(CH3),CH=CH,],
4.43-4.46 [m, 1H -Si(CH3),H] 5.69 (dd, 1H, CH,=CH), 5.97
(dd, 1H, CH,=CH), 6.14 (dd, 1H, CH,=CH), 7.51-7.58 (m,
4H, Ph). BC NMR (CDCl3) § (ppm): —3.84 [-Si(CH;),H],
-3.71 [-Si(CH3),-], —-3.51 [-Si(CH;),CH=CH,], 7.59
[-Si(CH3),CH,CH,Si(CH3),CH=CH,], 7.76 [-Si(CH3),CH,
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CH,Si(CH;),CH=CH,], 131.52 (CH,—=CH), 133.14, 132.95,
137.77, 140.48 (Ph), 138.82 (CH,—=CH).

Typical procedure of the synthesis of
polycarbosilane 1

The monomers were degassed and distilled prior to
polymerization. In a typical reaction 0.50 g (2.0 x 10~ mol) of
1,4-bis(dimethylvinylsilyl)benzene, 0.292 g (2.0 x 10~% mol)
of 1,2-bis(dimethylsilyl)ethane and 4 ml of dry toluene [or
respectively 0.5 g (2.5 x 1073 mol) of 1,2-bis(dimethylvinyl-
silyl)ethane, 0.485 g (2.5 x 1072 mol) of 1,4-bis(dimethylsilyl)
benzene and 4 ml of dry toluene] were combined with the
catalyst and placed in a 25 ml, two-necked, round-bottomed
flask equipped with a magnetic stirring bar, reflux condenser
and argon bubbling tube. The typically used monomer-to-
catalyst ratio was 1:1:107% (for Pt-catalyst) or 1:1:10~2 (for
Rh and Ir catalysts). The reaction mixture was heated at
110°C under argon flow for 24 h. After completion of the
reaction, the resultant polymers were isolated and purified
by repeated precipitation from methanol to afford a white
powder of polycarbosilane 1.

Characterization of polycarbosilane 1

'H NMR (CDCly) 8 (ppm): —0.06 [s, —Si(CHs),CH,CH,Si
(CH3),CeHy—], 0.26 [s, —Si(CH3),CH,CH,Si(CH;)>CeHy—],
0.33-0.46 [m, —SI(CH3)2CH2CH281(CH3)2— and —SI(CH3)2
CH,CH,Si(CHj),CgHj -], 0.60-0.68 [m, —Si(CHz),CH,CH,Si
(CH3),CsHy—], 7.48-7.52 (m, Ph). BC NMR (CDCls) §
(ppm): —4.29 [-Si(CH3),CH,CH,Si(CH3),CeH,-], —3.48
[-Si(CH3),CH,CH,Si(CH3),CsHy—], 6.71 [-Si(CH3),CH,
CH,Si(CHs),-], 6.83 [-Si(CH3),CH,CH,Si(CH3),CeHa—],
7.80 [-Si(CHs;),CH,CH,Si(CH3),CsHy—], 132.77, 132.86,
132.93, 139.98 (Ph). IR v (KBr cm'): 3050, 2952, 2901, 1404,
1379,1248, 1133, 1058, 1045, 832, 815,799, 770, 705. Anal. calcd
for (CyHyoSis),: C, 61.14; H, 10.26. Found: C, 60.28; H, 10.09.

Typical procedure of the synthesis of
polycarbosilane 2

The monomer 1 was degassed and distilled prior to poly-
merization. In a typical reaction 0.5g (1.63 x 10~% mol)
of 1-(dimethylsilyl)-4-[{2-(dimethylvinylsilyl)ethyl}dimeth-
ylsilyl]benzene and 3.3 ml of dry toluene (0.5M solution)
were combined with the catalyst and placed in a 25 ml, two-
necked, round-bottomed flask equipped with a magnetic
stirring bar, reflux condenser and argon bubbling tube. The
typically used monomer to catalyst ratio was 1:107° (for
Pt-catalyst) or 1:1073 (for Rh and Ir catalysts). The reaction
mixture was heated at 110 °C under argon flow for 24 h. After
completion of the reaction, the resultant polymers were iso-
lated and purified by repeated precipitation from methanol
to afford a fair-yellow powder of polycarbosilane 2.

Characterization of polycarbosilane 2

'"H NMR (CDCly) § (ppm): —0.08 [s, —Si(CH,),CH,CH,Si
(CH3)2C6H4—], 0.24 [S, —Si(CH3)2CH2Csti(CH3)2C5H4—],
0.33-0.45 [m, -Si(CH3),CH,CH,Si(CH3),CsHs—], 0.57-0.63
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[m, —Si(CH3)2CH2CHZSi(CH3)2C6H4—], 7.46-7.49 (1’1’1, Ph)
1C NMR (CDCly) § (ppm): —4.32 [-Si(CH,),CH,CH,Si
(CH3)2CsHy~], —3.44 [-Si(CH3),CH,CH,Si(CH3),CsHy -],
6.79 [-Si(CH3),CH,CH,Si(CH3),CsHy—], 7.77 [-Si(CHj3),
CH,CH,Si(CHs),CsH,—], 132.76, 139.74, 139.95 (Ph). IR v
(KBr cm™): 3049, 2962, 2902, 1405, 1379, 1261, 1134, 1094,
1055, 1021, 800, 731, 704. Anal. calcd for (C14H3¢Si3),: C, 62.56;
H, 9.86. Found: C, 60.52; H, 9.62.

RESULTS AND DISCUSSION

The polycarbosilane 1 was synthesized using two differ-
ent routes: by polyaddition of 1,2-bis(dimethylsilyl)ethane
with 1,4-bis(dimethylvinylsilyl)benzene (reaction I) or by
polyaddition of 1,4-bis(dimethylsilyl)benzene with 1,2-
bis(dimethylvinylsilyl)ethane (reaction II) occurring in the
presence of platinum, rhodium and iridium complexes,
according to Scheme 1.

The polyhydrosilylation reactions were proceeded in
toluene, which was selected as the reaction solvent because
it is a good solvent for the catalysts used and has
favourably high boiling point. Table1l summarizes the
molecular weights and PDI of the polycarbosilanes 1
synthesized via reaction of 1,2-bis(dimethylsilyl)ethane with
1,4-bis(dimethylvinylsilyl)benzene (reaction I).

The use of a platinum-divinylsiloxane catalyst (Karstedt
catalyst) in this reaction led to a polymer with M, =
14100. Two rhodium siloxides, [{Rh(u-OSiMe3)(cod)},]

Table 1. Molecular weights and polydispersity indexes of
polycarbosilanes 1 obtained via reaction |

Catalyst M, M., /M,  Yield (%)
[Pt,{(CH,=CHSiMe;),0}3] 14100 1.88 88
[{Rh(u-OSiMes)(cod)},] 20200 2.04 95
[Rh(OSiMe3) (PCy,)(cod)] 16400 2.26 82
[{Ir(u-OSiMes)(cod)}»] 10500 1.93 90
[Ir(OSiMe3) (PCy,)(cod)] 14000 2.10 74

Reaction conditions: toluene, 110°C, 24 h.
[HSi L]:[CH,=CHS:i L]:[cat.] =1:1:1075 (for Pt catalyst)or1:1: 10~3
(for Rh and Ir catalysts).
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and [Rh(OSiMe3)(cod)(PCy,)], and two iridium analogues,
[{Ir(u-OSiMes)(cod)},] and [Ir(OSiMes)(cod)(PCy,)], were
also found to be effective catalysts of the process. The use
of dimeric and monomeric rhodium siloxide complexes gave
the possibility of synthesizing polycarbosilanes with higher
molecular weight of about M,, = 16 400-20200.

Unfortunately, siloxy iridium complexes showed less
catalytic activity in the hydrosilylation polymerization of 1,4-
bis(dimethylvinylsilyl)benzene by 1,2-bis(dimethylsilyl)eth-
ane than the corresponding rhodium siloxides. The reactions
proceeded quantitatively and homogeneously at 110°C.

The second possible way of synthesizing polycarbosilane
1 was the reaction between 1,4-bis(dimethylsilyl)benzene
and 1,2-bis(dimethylvinylsilyl)ethane (reaction II) in the
presence of platinum, rhodium and iridium complexes. The
experimental procedure of the polyhydrosilylation reaction II
was the same as that described above for the hydrosilylation
polymerization of 1,4-bis(dimethylvinylsilyl)benzene and
1,2-bis(dimethylsilyl)ethane. The results are shown in
Table 2.

It can be seen from these data that molecular weights of
the resulting polycarbosilanes are mostly lower and PDI,
Polydispersity index (M, /M,) higher than the corresponding
values of the polycarbosilanes obtained in the reaction I.
Despite quite satisfactory results in the presence of the
Karstedt catalyst, this particular method did not seem to
be a useful reaction for synthesis of polycarbosilanes.

Phenylene-silylene—ethylene polymers can be also syn-
thesized via intermolecular hydrosilylation of the monomers
containing both the Si-H bond and the SiCH=CH, group

Table 2. Molecular weights and polydispersity indexes of
polycarbosilanes 1 obtained via reaction Il

Catalyst M,, My /M,  Yield (%)
[{Rh(u-OSiMes)(cod)},] 6200 2.32 78
[Rh(OSiMe3) (PCy,)(cod)] 8300 2.87 77
[{Ir(u-OSiMes) (cod)},] 4100 1.96 83

Reaction conditions: toluene, 110°C, 24 h.
[HSi L]:]CH,=CHSi L]:[cat.] =1:1:107° (for Pt catalyst)or1:1: 10—3
(for Rh and Ir catalysts).

cat. Me
e Si Me
et
cat ' Me

/ Me n

polycarbosilane 1

Scheme 1. Synthesis of polycarbosilane 1.
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Scheme 2. Synthesis of 1-(dimethylsilyl)-4-[{2-(dimethylvinylsilyl)ethyl}dimethylsilylloenzene.
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Scheme 3. Synthesis of polycarbosilane 2.

in the molecule. The original four-step synthetic protocol for
synthesis of the new organosilicon monomer applied in this
reaction is presented in Scheme 2.

This method seems to be more efficient for the synthe-
sis of high-molecular-weight polycarbosilanes, because the
structure of the monomer guarantees an exact 1:1 stoi-
chiometry of the Si—-H bond to the vinyl group, which
is difficult to achieve using two difunctional monomers.
The replacement of 1,4-bis(dimethylvinylsilyl)benzene and
1,2-bis(dimethylsilyl)ethane by 1-(dimethylsilyl)-4-[{2-(dime-
thylvinylsilyl)ethyl}dimethylsilyl]benzene and its inter-
molecular hydrosilylation led to polycarbosilane 2, whose
structure is similar to that of polycarbosilane 1. This reaction
produced a polycarbosilane of the analogous structure to that
of the one obtained by Rickle,? but in this case the reaction
was carried out without a cross-linking agent Scheme 3.

The experimental procedure of the intermolecular hydrosi-
lylation reaction was fully analogous to that described above
for the hydrosilylation polymerization of divinylsubstituted
carbosilanes and dihydrocarbosilanes. Table 3 summarizes
the molecular weights and PDI of the polycarbosilanes 2 syn-
thesized via polyhydrosilylation reaction of 1-(dimethylsilyl)-
4-[{2-(dimethylvinylsilyl)ethyl}dimethylsilyl]benzene.

The best results were achieved in the presence of dimeric
rhodium siloxide catalyst. In this reaction, polycarbosilane 2
with molecular weights as high as M,, = 102 000 was obtained
(in comparison to the reaction with platinum catalyst,
M,, = 14000), but unfortunately, this high-molecular-weight
fraction did not exceed 60% of the whole polymeric

Copyright © 2004 John Wiley & Sons, Ltd.

Table 3. Molecular weights and polydispersity indexes of
polycarbosilanes 2

Yield
Catalyst M,, My /My, (%)
[{Rh(u-OSiMes)(cod)},] 102000 (14 000, — 84
2100)
[Rh(OSiMe3)(PCy,)(cod)] 28400 2.19 92
[{Ir(u-OSiMes) (cod)}2] 8500 2.33 76
[Ir(OSiMe3) (PCy,)(cod)] 6300 — 69

Reaction conditions: toluene, 110°C, 24 h.
[monomer]:[cat.] = 1:10~% (for Pt catalyst) or 1: 1073 (for Rh and
Ir catalysts).

product. Apart from these, polymers with lower molecular
weights (M,, = 2000-14000) were also formed. The GPC
chromatogram of polycarbosilane 2 obtained in the presence
of [{Rh(u-OSiMej3)(cod)},] showed a multimodal distribution
of the molecular weight with three peaks ranging from 102 000
to 2100. Although, the rhodium- and iridium-catalysed
polyhydrosilylation proceeded with a catalyst concentration
higher than that of the platinum catalyst (10~° for Pt catalyst
and 1072 for Rh and Ir catalysts), these catalytic systems seem
to be more useful for synthesis of high-molecular weights
polymers, which can be applied to preceramic and membrane
materials.

Appl. Organometal. Chem. 2005; 19: 49-54
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CONCLUSION

Application of platinum-divinylsiloxane complex and
dimeric and monomeric rhodium and iridium siloxide
complexes of the general formula [{M(u-OSiMes)(cod)},]
and [M(OSiMes)(cod)(PCy,)] (M =Rh, Ir) as cat-
alytic systems in the hydrosilylation polymeriza-
tion of 14-bis(dimethylvinylsilyl)benzene with 1,2-
bis(dimethylsilyl)ethane or 1,2-bis(dimethylvinylsilyl)ethane
with
hydrosilylation of 1-(dimethylsilyl)-4-[{2-(dimethylvinyl-

1,4-bis(dimethylsilyl)benzene and intermolecular

silyl)ethyl}dimethylsilyl]benzene led to linear poly(phenyl-
ene-silylene—ethylene)s. The most favourable synthetic pro-
cedures seem to be the hydrosilylation polymerization
in the presence of dimeric rhodium siloxide complex,
[{Rh(-OSiMes)(cod)}2].

Acknowledgement

Financial support by NATO (project no. 972638 ‘Novel Membrane
Materials and Membranes for Separation of Hydrocarbons in Natural
and Petroleum Gas’) is gratefully acknowledged.

REFERENCES

1. JonesRG, AndoW, Chojnowski]. (eds)
Polymers. Kluwer Academic: Dordrecht, 2000.
2. Rickle GK. J. Appl. Polym. Sci. Part A Polym. Chem. 1994; 51: 605.
. Curry JW. J. Org. Chem. 1961; 26: 1308.
4. Boury B, Carpentier L, Corriu RJP. Angew. Chem. Int. Ed. Engl.
1990; 29: 785.
5. Corriu RJP, LeclercqD, Mutin PH, Planeix]M, ViouxA.
Organometallics 1993; 12: 454.
6. Fry BE, Neckers DC. Macromolecules 1996; 29: 5306.
7. Jallouli A, Lestel L, Tronc F, Boileau S. Macromol. Symp. 1997; 122:
223.
8. Znamenskaya EN, Nametkin NS, Pritula NA, Oppengeim VD,
Chernysheva TI. Neftekhimiya 1964; 4: 487.
9. Tsumura M, Iwahara T, Hirose T. Polymer Journal 1995; 27: 1048.
10. Tsumura M, Iwahara T, Hirose T. J. Appl. Polym. Sci. Part A Polym.
Chem. 1996; 34: 3155.

Silicon-containing

[68]

Copyright © 2004 John Wiley & Sons, Ltd.

11.

12.

13.

14.

15.

16.
17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Materials, Nanoscience and Catalysis m

Mori A, Sato H, Mizuno K, Hiyama T, Shintani K, Kawakami Y.
Chem. Lett. 1996; 517.

Ashby BA. Platinum-olefin complex catalyzed addition of
hydrogen- and alkenyl-substituted siloxanes. US Patent
No. 3,159,601 (1 December 1954).

Ashby BA. Addition reaction. US Patent No. 3,159,662 (1
December 1954).

Lamoreaux HF. Organosilicon process using a chloroplatinic acid
reaction product as the catalyst. US Patent No. 3,220,972 (30
November 1965).

Modic FJ. Platinum catalyst composition for hydrosilation
reactions. US Patent No. 3,516,946 (23 June 1970).

Marko L, Vizi-Orosz A. Trans. Met. Chem. 1982; 7: 216.
Vizi-Orosz A, UgoR, PsaroR, Siron A, MoretM, ZuchiC,
Ghelfi F, Palyiy G. Inorg. Chem. 1994; 33: 4600.

Marciniec B, Krzyzanowski P. J. Organometal. Chem. 1995; 493:
261.

Krzyanowski P, Kubicki M, Marciniec B. Polyhedron 1996; 15: 1.
Marciniec B, Krzyzanowski P, Kubicki M. Polyhedron 1996; 15:
4233.

Marciniec B, Blazejewska-Chadyniak P, Kubicki M. Can. |. Chem.
2003; 81: 1292.

Marciniec B, Kownacki I, Kubicki M. Organometallics 2002; 21:
3263.

Kownacki I, Kubicki M, Marciniec B. Inorg. Chim. Acta 2002; 334:
301.

Marciniec B, Krzyzanowski P, Walczuk-Gusciora E, Duczmal W.
J. Mol. Catal. 1999; 144: 262.

Marciniec B, Walczuk E, Blazejewska-Chadyniak P, Chady-
niak D, Kujawa-Welten M, Krompiec S. Organosilicon Chemistry
V, From Molecules to Materials, Auner N, Weis ] (eds). Verlag
Chemie: Weinheim, 2003; 415-419.

Marciniec B, Chadyniak D, Pawluc P, Maciejewski H, Blazejew-
ska-Chadyniak P, The synthesis of poli(methyl, allyl) siloxanes
(in polish). Pat. Pol. P-351 450.

Marciniec B, Chadyniak D, Pawluc P, Maciejewski H, Blazejew-
ska-Chadyniak P, The synthesis of polisiloxanes (in polish). Pat.
Pol. P-351 451.

Marciniec B, Kownackil, Kubicki M, KrzyzanowskiP, Wal-
czuk E, Blazejewska-Chadyniak P. Perspectives in Organometallic
Chemistry, Screttas CG, Steele BR (eds). Royal Society of Chemists:
Cambridge, 2002; 253-264.

Majchrzak M, ItamiY, Marciniec B, Pawluc P. Macromol. Rapid
Commun. 2001; 22: 202.

Marciniec B, Malecka E, Scibiorek M. Macromolecules 2003; 36:
5545.

Appl. Organometal. Chem. 2005; 19: 49-54



