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Organosilicon polymers that contain main-chain sili-
con atoms bridged by either oxygen or methylene groups
have been known for many years, in the form of the
polysiloxanes1 and polysilylenemethylenes,2 respec-
tively. Polymers that contain both -CmHn- and -O-
bridging groups, and therefore can be considered as
polycarbosiloxanes, are also well-known.3-5 However,
the prototypical polycarbosiloxane copolymer, having a
regular -Si-O-Si-C- main chain, has apparently not
yet been reported, although both linear6,7 and cyclic8

oligomers of this type have been prepared by using
various multistep synthetic procedures. In particular,
the cyclic compound, 1,1,3,3,5,5,7,7-octamethyl-2,6-di-
oxa-1,3,5,7-tetrasilacyclooctane (I) (Scheme 1), has been
obtained as a hydrolysis product of tetramethyldi-
ethoxydisilylmethane8 and also by reaction of (ClSiMe2)2-
CH2 with Me2Si(OK)2.9 Interestingly, in one of these
papers,8 it was noted that the ring-opening polymeri-
zation of compound I by using “the usual methods” for
cyclic siloxanes was unsuccessful.

We report here the successful synthesis of this 1:1
alternating copolymer of poly(dimethylsiloxane) and
poly(dimethylsilylenemethylene) by cationic ring-open-
ing polymerization and some preliminary results re-
garding its physical properties and thermal decompo-
sition in air and in an inert atmosphere. Also reported
are the results of preliminary, as yet unsuccessful,
efforts to prepare the corresponding all-ethyl-substitut-
ed polymer by the same method, which is of interest in
connection with its potential mesophase behavior.10,11

The methods that have been previously used4,5 to
prepare the eight-membered ring compound I suffer
from several problems, including difficult to prepare and
purify starting materials and low yields of the desired
end product. We prepared compound I by the reaction
of a dichlorocarbosilane, ClSi(Me)2CH2Si(Me)2Cl, in
ethyl acetate with zinc oxide, a reaction which has been
used extensively for the preparation of various cyclic
siloxanes (Scheme 1).12 The dichlorocarbosilane starting
material for this synthesis was obtained from the
Grignard coupling reaction of methylene chloride and
excess dichlorodimethylsilane by using a Mg-Zn mix-
ture.13 Yields as high as 30% were obtained in the
Grignard coupling reaction, and the ring-closure reac-
tion for the formation of the eight-membered ring
provided a ca. 50% yield of the cyclic tetramer after
fractional distillation at 3 Torr (bp 54-56 °C). The
structure of compound I was characterized by 1H, 29Si,
and 13C NMR spectroscopy.14

After several unsuccessful attempts to polymerize I
by using anionic catalysts, such as BuLi and KOH,15 in
a manner analogous to that commonly used for cyclic
siloxanes,16 we turned to triflic acid (trifluoromethane-
sulfonic acid (HOTf)), which is well-known to be an
effective cationic catalyst for the ring-opening polym-
erization of such compounds.17 Thus, compound I (2 g)
was mixed with 2 µL of HOTf at room temperature
under nitrogen. In less than 30 min, the mixture became
quite viscous; the viscous material was stirred at room
temperature for 48 h before work-up. The product was
then dissolved in chloroform and reprecipitated by
adding twice the volume of methanol. The clear, color-
less, viscous liquid obtained amounted to ca. 55% of the
total product. GPC analysis of this sample18 showed that
the Mn for the high molecular weight fraction was
around 50 000 (Mw/Mn ) 1.4-1.8). Evaporation of the
solvents from the methanol/chloroform-soluble fraction
gave a clear, low-viscosity, liquid whose GPC trace
showed only low molecular weight products (< ca. 500
amu). The 1H NMR spectra of this fraction showed two
different methylene peaks: one for the low molecular
weight linear polymer or large rings and one for unre-
acted monomer. An integration of the relative areas
indicated that about 38% of this fraction was unreacted
monomer. Therefore, the overall yield of polymeric/
oligomeric products from this reaction was about 82%.
Characterization of the high molecular weight fraction
rests on the results of elemental analyses and 1H, 13C,
and 29Si NMR spectra,19 which are fully consistent with
expectations for the [SiMe2CH2SiMe2O]n structure (Fig-
ure 1).

DSC showed a glass transition for the high molecular
weight fraction at -106 °C but no melting transition.20

The reported glass transition temperatures for poly-
(dimethylsiloxane) (PDMS) and poly(dimethylsilylene-
methylene) (PDMSM) are -12721 and -100 °C22 (a glass
transition temperature of -87 °C has also been reported
for this polymer11), respectively. The reduction in Tg on
going from the polysilylenemethylene to the polysilox-
ane is presumably related to the reduced torsional
barriers for, and therefore increased flexibility of, the
polymer chains on replacement of a -CH2- group by
-O-. Thus, the observation of a Tg value for the
alternating copolymer that is in between those of its
homopolymer analogues is understandable.

The thermal stability of the alternating copolymer
was also examined by TGA both in an inert atmosphere
(nitrogen) and in air (Figure 2).23 The results indicate
a relatively high thermal stability in an inert atmo-
sphere, with a T10 value (the temperature at which 10%
weight loss was observed) of 475 °C. In contrast, a 10%
weight loss is reached by ca. 245 °C in air, although the
char yield by 1000 °C (ca. 17%) is significantly higher
than that under nitrogen (ca. 0%).

A comparison of the thermal stability of the two
parent homopolymers, PDMS and PDMSM, was re-
ported in 1968 by Levin and Carmichael.24 They re-
ported the T10 values for both polymers and found that
in air PDMS (403 °C) is more stable than PDMSM (325
°C), while in helium PDMS (452 °C) is less stable than
PDMSM (510 °C). On this basis, the stability of the
copolymer in air (T10 ) 245 °C) is considerably lower
than that of either of the two homopolymers, whereas
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in an inert atmosphere, the copolymer (T10 ) 475 °C)
appears to be intermediate in stability.25 It is certainly
reasonable that the copolymer and the PSM homopoly-
mer are substantially less stable in air than PDMS, due
to the likely sensitivity of the bridging methylene groups
to oxidation.23 The considerably lower decomposition
onset for the copolymer relative to the PDMSM ho-
mopolymer may reflect a greater sensitivity of its meth-
ylene groups to oxidation due to the electron-withdraw-
ing effect of the next-nearest-neighbor oxygen atoms.
On the other hand, the apparent greater thermal
stability of the copolymer (and the polysilylenemethyl-

ene homopolymer) in an inert atmosphere suggests that
degradation to form small ring compounds, which is the
dominant weight loss process for PDMS,26 may be less
facile in this case, presumably owing to the relatively
nonpolar character of the Si-C bonds and the decreased
frequency of siloxy linkages.

By using the same general procedure, we have also
prepared the corresponding all-ethyl-substituted cyclic
dimer, [Si(Et)2CH2Si(Et)2O]2.27 Thus far, our efforts to
open this ring so as to form the corresponding [Si-
(Et)2CH2Si(Et)2O]n polymer have been unsuccessful.28

This difficulty in opening the eight-membered ring with
ethyl groups on the Si was not unanticipated, based
on the known decreased rate of polymerization of octa-
methylcyclotetrasiloxane (D4) relative to the more
strained hexamethylcyclotrisiloxane (D3)29 as well as for
the D3 monomer when Me is replaced by larger alkyl
substituents. Our efforts to prepare this R ) Et polymer,
as well as other poly(silylenemethylene)/polysiloxane
copolymers, are continuing, employing both ROP and
condensation reactions.
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