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Dehydrogenative condensation of SiH and SH bonds.
A metal-catalyzed protocol to stable thiopolysiloxanes
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Abstract

Dehydrocoupling of polyhydrosiloxanes with thiols proceeded smoothly in the presence of Wilkinson’s catalyst
to furnish polythioethers in high yields under mild conditions. The process is free of rearrangement and cross-
linking reactions. © 2000 Elsevier Science Ltd. All rights reserved.
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The chemistry of efficient construction of Si–heteroatom bonds via transition metal (TM) catalysis
is emerging rapidly.1,2 Particularly interesting and challenging in this category are the transformations
which can be employed to construct heteroatom-substituted polymers.3 Transition metal catalyzed
dehydrocoupling of hydrosilanes with amines (SiH/NH) has been shown to give linear and/or cross-
linked polysilazanes.1–3 Dehydrocoupling of SiH/OH moieties in the presence of transition metals has
been studied in detail and applied to the preparation of polymers of industrial importance.4 In contrast,
transition metal catalyzed condensation of SiH/SH groups has attracted much less attention largely
because catalyst poisoning by sulfur is a major deterrent.5–7

Our interest in thio linkers arises from the recent discovery that thioether spacers in polysiloxanes in-
hibit crystallization and that the introduction of sulfur permits the systematic modification of mesophesic
properties such as transition temperature, mesophase nature, and stability.8,9 Prompted by these findings,
we sought to develop convenient methods of converting silanes and siloxanes to polymers or polymer
precursors containing Si–S linkages.

Recently we reported that Wilkinson’s catalyst efficiently promotes the coupling of Si–H bonds of
polymeric siloxanes with alcohols to give well-defined designer silicones.10,11 The reaction is free of
drawbacks such as rearrangement and cross-linking reactions commonly encountered in metal catalyzed
substitution reactions of Si–H bonds.12 In this communication, we report that this approach is applicable
for dehydrocoupling of thiols with cyclic and linear polysiloxanes containing Si–H bonds.
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In a typical experiment, a mixture of benzylthiol (0.124 mL, 1 mmol) and RhCl(PPh3)3 (0.010 g, 0.01
mmol) in benzene (0.40 mL) was degassed by three freeze–pump–thaw cycles prior to the addition of
PMHS (0.60 mL, 1 mmol). Essentially quantitative conversion of Si–H bonds to Si–SCH2Ph bonds
was achieved after 2 h at 78°C. Gas evolution (presumably H2) and a gradual color change from
yellow to orange was observed during the course of the reaction. Secondary and tertiary thiols could
also be used (Scheme 1). Scale-up (6.00 g of PMHS) posed no problems. The reaction progress and
loading ratios were conveniently monitored by1H NMR. The integration of the remaining Si–H/S–H and
Si–CH3/S–CH2 resonances provided incorporation ratios of the thiol moiety into the polymer backbone.
In all cases, reaction was continued until complete consumption of the Si–H and S–H signals was
observed. Yields were calculated after catalyst separation as described in Ref. 13.

Scheme 1. Dehydrocoupling of polymethylhydrosiloxane and thiols

Similarly, treatment of PMHS with 3-(dimethoxymethylsilyl)-1-propanethiol and furfuryl mercaptan
led to the corresponding sulfur-substituted polymersP4 andP5 in high yields. The structure of these
polymers was established by NMR (29Si, 13C, 1H), IR and elemental analysis.14 Polymers containing
alkoxysilane pendant functional groups are important precursors to sol-gels.15,16

All polymers are stable as solids or in solution for more than three months. In an NMR tube,P5 was
dissolved in benzene and a 2.5-fold excess of D2O was added. Polymer degradation was monitored by
NMR.17 After 2 h at rt,<10% conversion of Si–S bonds to Si–O(H) bonds was observed. Even after 2 h
of heating at 78°C only 25% of the Si–S bonds were cleaved. The hydrolysis products were not identified.

In the view of the applications of cyclic building blocks,18,19 dehydrocoupling of 1,3,5,7-octamethyl-
cyclosiloxane (D4H) and 1,2,3,4,5,6-hexamethyltricyclosilazane with thiols were also examined. Re-
action of dimethoxymethylpropylthiosilane with D4H and tricyclosilazane led to the corresponding
substituted cyclic precursorsP6andP7 in quantitative yields.12 Ring opening or rearrangement reactions
were not observed.P6andP7are stable towards oxidation in solution and in the solid state for 2 months
at room temperature.
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In conclusion, we have shown that dehydrogenative coupling of SiH and RSH groups can be achieved
via a simple one-step Rh-catalyzed protocol. Since the major byproduct is hydrogen gas, isolation of
the target polymers is easy. The methodology is applicable to linear and cyclic polysiloxanes. We are
currently exploring the practical applications of these polymers as materials for mesophesic control and
sol-gel applications.
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