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The poly(silylenemethylenes), [SiRRCH21,, constitute 
a relatively undeveloped class of inorganic polymers that 
are of potential interest as relatives of both the carbon- 
based polyolefinsl and such inorganic polymers as the 
polysilanes, polysiloxanes, and polyphosphazenes. Until 
quite recently, the only route that has been available 
for the preparation of high molecular weight, linear 
polymers of this type has involved the Pt-complex- 
catalyzed ring-opening polymerization of the corre- 
sponding substituted 1,3-disilacyclobutane monomers. 
This route works best for R and R = Me and Me, Ph 
substituents on Si.2 Of the polymers prepared by this 
route, only poly[(dimethylsilylene)methylenel has been 
well ~haracterized,~ and this is apparently an amor- 
phous material with a relatively low Tg. Earlier at- 
tempts to introduce other functionality on Si by polym- 
erization of the corresponding substituted disila- 
cyclobutanes as well as by methyl-cleavage reactions on 
poly[(dimethylsilylene)methylenel resulted in low mo- 
lecular weight  material^.^^,^ The discovery made in our 
laboratory that polymerization and subsequent reduc- 
tion of 1,3-dichloro-1,3-dimethyl-1,3-disilacy~lobutane~ 
and tetrachlorodisilacyclobutane6 gives high molecular 
weight poly(silapropy1ene) and poly(silaethylene), re- 
spectively, effectively opened up a new route to the 
preparation of substituted poly(silylenemethy1enes). 

Among the possible substituted poly(silylenemethy1- 
enes) that would be of particular interest t o  prepare are 
the alkoxy-substituted polymers, since these would 
apparently represent the first well-characterized linear 
polymers with alkoxy substituents on a backbone silicon 
atom. Such polymers may also have potential for use 
as sol-gel precursors to inorganidorganic network 
polymers and as functional polymers with novel physical 
properties. Moreover, to our knowledge, the only poly- 
mers known that have two alkoxy groups on the same 
backbone atom are the polyphosphazenes, some of which 
show such interesting properties as mesophase forma- 
tion7 as well as ionic conductivity when various Li salts 
are added.8 

We report here our investigations of synthetic routes 
for the preparation of alkoxy-substituted poly(sily1en- 
emethylenes) as well as the preliminary characteriza- 
tion of some new members of this class of polymers, 
namely, [Si(OR)2CH21a and [Si(CH3)(0R)CH2In where R 
= CH2CF3 and CH2CH3. 

Generally speaking, there are two possible ways to 
synthesize alkoxy-substituted poly( silylenemethylenes). 
The first is the polymerization of the corresponding 
substituted monomers, and the second is the function- 
alization of a preformed polymer which has suitably 
reactive groups on the Si atoms. 

Based on our previous observation that the polymer- 
ization and subsequent reduction of tetrachlorodisila- 
cyclobutane gives poly(silaethy1ene) with a degree of 
polymerization (DP) of 200,l functionalizing poly- 
[( dichlorosilylene)methylene] to obtain poly[(dialkoxysi- 
1ylene)methylenel was tried first. Unfortunately, all 
attempts to introduce ethoxy groups through reactions 
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of the chloropolymer with sodium ethoxide or an etha- 
noYtriethylamine mixture led to incompletely substi- 
tuted and generally intractable .materials. Therefore, 
the polymerization of tetraethoxydisilacy~lobutane~ was 
attempted. 

It was found that the polymerization of neat tetra- 
ethoxydisilacyclobutane with HzPtCls at 100 "C or 
(C6H&Pt2C14 at room temperature, followed by repre- 
cipitation from hexane at  -60 "C, gives poly[(diethox- 
ysilylene)methylenel10 of reasonably high molecular 
weight. This polymer is a moisture-sensitive solid 
which is quite soluble in most organic solvents, includ- 
ing alcohols, and insoluble in acetonitrile. Due to its 
sensitivity to moisture, molecular weight determination 
by GPCll was attempted only after reduction with 
LiAlH4 to give poly(silaethy1ene). The resultant poly- 
mer was obtained with M,, = 5800 and polydispersity 
(PD) = 3.8. This corresponds to a DP = 130. The large 
polydispersity is due to a small shoulder of high molec- 
ular weight polymer in the size-exclusion chromato- 
gram. Thermal analysis by DSCll shows no noticeable 
Tg and T,  = 31 "C. The corresponding poly(diethoxy- 
phosphazene) is an amorphous material with Tg = -84 
OC.12 

Polymerization of tetrakis(trifluoroethoxy)disila- 
cyclobutane13 by H2PtCl6 at 100 "C gave a solid material 
which, after washing with toluene, was extracted with 
THF. The THF-soluble fraction accounted for around 
50% of the p01ymer.l~ Both fractions showed no Tg and 
T,  = 132-138 "C and a similar enthalpy of fusion (AH 
= 13.5-15 J/g). No mesophase formation, as has been 
observed for poly[bis(trifluoroethoxy)phosphazenel,15 
was detected by DSC or by optical microscopy; however, 
a spherulitic pattern typical of a crystalline polymer was 
observed below Tm. In contrast to the diethoxy deriva- 
tive, this polymer is stable toward hydrolysis and only 
slightly soluble in polar organic solvents. Due to  its 
insolubility, molecular weight determination by GPC 
was not attempted. 

The same polymerization procedure was tried for 1,2- 
dimethyl-1,2-diethoxyry-1,2-disilacyclobutane.g In accord 
with prior the product obtained was-a 
low molecular weight polymer/oligomer mixture with Mn 
= (0.7-1.5) x lo3 and PD = 1.8-2. In this case, a 
higher molecular weight polymer was prepared by the 
reaction between poly[(chloromethylsilylene)methylenel 
(prepared by the ring-opening polymerization of 1,3- 
dichloro-l,3-dimethyl-l,3-di~ilacyclobutane~) and an eth- 
anolltriethylamine mixture in diethyl ether (2-fold 
excess). After three reprecipitations from a diethyl 
ethedmethanol mixture (30/70), the polymer was ob- 
tained as a viscous melt which was soluble in most 
organic solvents and insoluble in alcohols and acetoni- 
trile;16 its Mn = 40 x lo3 and PD = 4.5. This polymer 
showed no Tm and Tg = -79 "C by DSC. 
Poly[[(trifluoroethoxy)methylsilylenelmethylenel ob- 

tained by the same procedure showed a Tg of -50 "C 
and no T,. This polymer is insoluble in nonpolar 
organic solvents and moderately soluble in THF.17 

The linear, high molecular weight structure of all of 
these polymers was confirmed by NMR spectros- 

In the case of the poly[(alkoxymethylsi- 
lylene)methylenesl, the NMR spectra, in general, re- 
sembled those of poly[( chloromethylsilylene)methylenel, 
including the stereochemical effects arising from the 
various possible -SiRRCH2- ~tereoisomers.~ The me- 
thylene group of both polymers shows the four lines of 
the expected AI3 pattern for the isotactic (mesomeric) 
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In summary, we have found that, while poly[(dialkox- 
ysily1ene)methylenesl of reasonably high molecular 
weight can be prepared by ring-opening polymerization 
of the corresponding substituted tetraalkoxydisilacy- 
clobutanes, high molecular weight poly[(alkoxymethyl- 
sily1ene)methylenesl can be prepared only by function- 
alizing poly[(chloromethylsilylene)methylenel. The 
nature of the alkoxy substituents in these polymers (i.e., 
trifluoroethoxy vs ethoxy) appears to have a profound 
effect on the thermal properties, with the trifluoroethoxy 
groups providing the highest T i s  and Tm's. The syn- 
thesis and investigation of other alkoxy-, aryloxy-, and 
acyloxy-substituted poly(silylenemethy1enes) are in 
progress. 
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diads and the single line for the syndiotactic (racemic) 
diad sequences (Figure 1). Integration of the intensity 
of the mesomeric pseudoquartet to that of the racemic 
singlet gives the tacticity of the polymer which was 
found to be atactic in this case. The 13C peak of the 
methylene carbon is a broad, unresolved line. The 
methyl group of the poly[(alkoxymethylsilylene)meth- 
ylenesl generally shows up as a broad line in the proton 
NMR spectrum in most solvents. In benzene, however, 
the methyl group of poly[(ethoxymethylsilylene)meth- 
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three lines observed in the 13C NMR spectrum for the 
methyl group of both alkoxy polymers. Integration of 
these lines in the lH, as well as in the 13C, NMR 
spectrum gives a 1:2:1 ratio. Since the polymer is 
atactic, the central peak in both the proton and carbon 
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sequence, which is statistically twice as probable as the 
syndiotactic (IT) and isotactic (mm) triads which give 
rise to  the two side peaks. The amorphous nature of 
these alkoxymethyl polymers, as is evidenced by their 
thermal properties, is presumably a consequence of their 
lack of structural stereoregularity. 
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