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MODIFICATION OF POLYSILANES
F. Yenca, Y. L. Chen and K. Matyjaszewski
- Department of Chemistry
Carnegie-Mellon University
4400 Fifth Avenue
Pittaburgh, PA 15213

INTRODUCTION

High molecular weight polymers containing Si~Si bonds
in the main chain are known for more than 30 years but
due to the insolubility of the initially prepared polysilanes
they were not studied in detail until recently. The
successful conversion of poly(dimethylsilylene) to silicon
carbide fibers and the subsequent preparation of soluble
polysilanes gave rise o new studies of these materials'.
Polysilanes may find aepplication (n microlithography as
imageable etch barriers?, mid - UV solvent deveioped
photoresists?, self-developing deep UV photoresists®, or
contrast enhancement layers®. They were successfully used
as catalysts for poiymerization of vinyl monomers®.
Polysilanes, after doping with sirong elecirophiles, showed
strong increase of conductivity (10 orders of magnitude} to
the level of semiconductors’. Polysilanes were aiso used w0
reinforce ceramics® and, as mentioned before, they found
application as precursors to silicon carbide fibers'.

The synthesis of polysilanes is based on the coupling
reaction (Wurtz type) between alkali metais (Ne, K, Li) and
different dichlorodisubstituted silanes. [n addition to the
mixture of the relatively high molecular weight polymers (M,
> 100,000), low molecular weight polymer (M, < 5,000), and
some cyclic oligomers are formed’'*~'®, The yield of the
high polymer is usually low. Some improvement was
recently reported by varying the solvent and by inverse
addition procedure.

In exploring new synthetic routes to linear weil-defined
polysilanes we used low temperature coupling reaction with
ultrasonic activation of the sodium surface'?. We have also
been studying the ring-opening polymerization of the
strained cyclic polysilanes's. The second route allows some
variation in the structure of substituents at the silicon atom
but the severe reaction conditions of a classical reductive
coupling process limit the substituents structure to alkyl
and aryl groups.

Polysilanes with functional side groups have not yet
been prepared aithough they might have very intsresting
properties. For example, solubility of polymers could be
varied in a controlled way, the physical, spectral, chemical,
and conductive properties of polysilanes could also be
nfluenced. Some substituents may increase stability of
intermediate silylenes and facilitate photodegradation, some
others may increase photostability of polymers.

We report below on some modifications of polysilanes
and the relative siudies with model compounds.

EXPERIMENTAL

‘H NMR spectra were recorded on either [BM model
NR/80 spectrometer (at 80 MHz) or GE model 300
spectrometer (at 300 MHz). All chemical shifts are reported
as parts-per-million (§ scale) from tetramethyisilane (TMS)
using either TMS, methylene chloride or nitromethane as
internsl standardes.

All experiments were carried out under dry nitrogen or
argon atmosphere. Organic solvents and silicon halides were
dried and distilled from calcium hydride prior to use

Preparation of 1,2-bia(trifluoromethanesuifonyloxy)
tetrasmethyldisilane, (1) was described in detail in Ref. 16.
The high molecular weight monomodal

poly(phenylmethylsilylens) was prepared by reductive
coupling reaction using ultrasonic bath!?’.

RESULTS AND DISCUSSION
\ ;

We have used two digilanes as models of polysilanes:
hexamethyldisilane and 1,2-diphenyitetramethyldisilane.
These disilanes are known to be converted to the
corresponding chlorides. However, resctivities of

chlorosilanes are quite often insufficient for the complete
modification of the polymer backbone, which requires rapid

Bt Ul S0 80 L 808 0.0 0000400 0'D. 2D a! 9 avs mld’, P CWON

reaction at concentrations lower than 10! mol/L. Therelore,
we have chosen conversion to nlyl
trifluoromethanesuifonstes, groups a fow orders of
magnitude more reactive than slyl chlorides in nucleophilic
substitution.

We _hnvo recently reported on the different methods of
preparation of
1,2-bia(trifluoromethanesulfonyloxy)-tetramethyldisilane (1)'s.
This compound can be prepared in high yieid from
hexamethyldisilane, L,2~diphenylitetramethyidisilane, :r
1,2-dichlorotetramethyldisilane and triflic scid:

2 HOSQ,CF, + R-Si(CH,),~Si(CH,),-R —
~+ CF,504-51(CHy),-Si(CH,),~080,CF,

+2 R
where R = Cl, CH,, C.H,

Ditriflate i stable at room temperature in the absence of
moisture and can be easily distilled (bp = 87°C/S mm Hg).

1,2-Diaikoxytetramethyldisilanes were prepared in tLhe
reaction of ] with different aicohols:

CF,580,-S1(CHy) ,-Si(CH,),—0S0,CF, + 2 ROH ~—
== RO-Si(CH,),-Si(CH,),-OR

+ 2 HOSO,CF,

1 reacts also with amines. It forms disilylamines with
secondary amines:

CFy50,~Si(CH,),-5i(CHy),-0SO,CF, + 4R,NH —
—=+ RyN-Si(CH,),~Si(CH,),~NR,

+ 2 R,NH,*, CF,50,"

and pyridinium saits with pyridine.

Reactions on poiymers.

Our model studies have shown that phenyl groups are
cleaved much faster and much more efficiently than alkyl
groups. Therefors, we have chosen
poly(phenyimethylsilylene) as the starting mater.al.
Conversion of this polymer to the triflate derivative wag
followed by ‘H NMR. The broad signal of the phenyl groups
in the initisl polymer at the aromatic regon was being
replaced by the sharp singlet of benzene formed in th:s
reaction:

Ph 0S0,CF,
| I
...€ 81 ¥,... + nHOSO,CFy, — c.o.€ 81 3, ...+ nC,H,
‘ )
Me Me

Methyl groups sven after replacement of the phenyl groups
by trflate show a broad signal due to the tacticity of the
polymer chain (Fig. la and 1lb).

Displacement proceeds rapidly for the tirst 80X of the
phenyl groups. No acidic protons st 9.) ppm can be
observed up to this conversion. Later displacement becomes
more difficult, and small amount of the phenyl groups (less
than 10X) remain even with the excess acid. This can be
ascribed to the isotactic triads or pentads where bimoiecular
reaction of the acid can be hindered by the neighboring
triflate groups.

Nearly completely aeubstituted polymer is stable :n
chlorinated solvents (CH,Cl,, CHCl,) and in sromatic solvents
(CeHe, C HyCH,) in the absence of moiwsture. it reacts
rapidly with moisture forming :nsoluble crosslinked polymer
with gsilozxane linkages between chains. Thia reaction
proceedes via formation of the mlanol intermediates which
rapidly condense with syl trulates from the same or from
different chaina.
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Modification of triflate substituted polysilane was
carried out in Lhe presence of aminea uming different
ucohols as nucieophiles.

Reaction of triflate substituted polymer with pyridine
led o the rapid precipitation of the polysalt. Later upon

addition of the methanol or butanol this precipitate was
slowly being dissolved. NMR of the reation mixture showed
the presence of the protonated pyridine and
poly(methylalkoxysilylene). Apparently the effect of the
tacticity on the more remote aikoxy group 8 much smaller
since a broad singlet of the methoxy group wes found :n
the 'H NMR spectra icf. Fig. lcj. Similar effect was
observed for vinyl ethers.

Reaclion carried out :n the presence of pyridine
yielded some nsoluble polymer probably due to the
electrophilic attack of a polvmeric sily! triflate on the p-C
atom in the pyridine. Betlter results were obtaihed using
triethylamine as a base trapping triflic acid. Molecular
we:ght of polysilanes afier modification decreases indicaung
some degradation of polymer.

Polysilane bhearing several triflate groups n the

backbone was used 33 initiators for the cationic
potymerization sf THF. This (ea 'c the graft copoiymer with
very high densily of grafting. Molecular weight of this
copolymer was wqual to W, = 8.10% and GPC analysis using

Rl and UV detectors showed no homopolymer of THF (n this
s¥stem.
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Fig. 1 'Y ONMR spectra of poiv phenyimethvls:l,lera
-<iPhMes, - 0.I2MY a4, after reaction with .
‘riflic acid HCSO, F, 5 = 0 1T b
HCSC,TFy o 7 U 34 & . and polv methy! nern ..
s.lylene “S10MeMe+ = 3.424° in JOCl, so..ent

ssing CH, 1, as internal standard.
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