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ANIONIC POLYMERIZATION OF SILICON-
CONTAINING RINGS

HIDEKI SAKURAI, TAKANOBU SANJI, TAKAHIRO SAKAI, and

HIROYUKI HANAO

Department of Industrial Chemistry, Faculty of Science and

Technology, Science University of Tokyo, Noda, Chiba 278, Japan

Silole-containing polysilanes and polysilane heteropolymers are pre-
pared by ring-opening anionic polymerization. Properties of novel
polymers are discussed.
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INTRODUCTION

Polysilanes,1"a relatively new class of polymers, have attracted con-

siderable interest in the last two decades because of their potential ap-

plications in the field of materials science. Indeed polysilanes are

very promising as advanced materials for high technology of the next

generation. However, at the same time, applications of those materi-

als require the ability to customize the structure and composition within

the bulk and interfaces. In this paper, we present two new polysi-

lanes prepared by ring opening anionic polymerization.

SILOLE-CONTAINING POLYSILANE
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174 H. SAKURAI et al.

Siloles,pl silacyclopentadienes, have long been known as interesting

rings because of their very unique electronic structures. We have

previously reported low reduction potentials for both diphenyl and

tetraphenyldimethylsiloles by cyclic voltammetry.131 More recently,

Tamao and his co-workers have indicated by MO calculations that the

silole has a relatively low LUMO energy level due to the o*-n* conju-

gation, compared with a carbon analogue, cyclopentadiene.[4) Since

polysilanes are characterized by their high-lying HOMO energy level,

silole incorporated polysilanes should be an interesting polymer, in

which the polysilane chain is expected to play as an electron donor

while the silole ring acts as an acceptor.

Our synthetic strategy for the silole incorporated polymer is

based on a ring opening polymerization of tetraphenylsilole-i'p//*o-

octamethylpentasilane (1) which can be prepared, as shown in

SCHEME 1, by the reaction of the silole dianion and 1,4-

dichlorooctamethyltetrasilane.

SCHEME 1

Si,
2) CI(SiMe2)4CI Me2S(^ 'SiMe2^ ( ) ( 2 ) 4 Me2sf

C l C l Me2St— SiMe2

1

Anionic ring opening polymerization of 1 with a catalytic amount

of butyllithium as an initiator in THF at -40 XI proceeded smoothly

(SCHEME 2), the polymer 2 being obtained in 41 % yield (Mn =

17,000, Mw/Mn = 1.3). The structure of the polymer was highly

ordered as estimated by NMR analyses. FIGURE 1 shows the 29Si

NMR spectra of the polymer where only three different kinds of sig-

nals exist These signals are assigned to the silole silicon (c), the
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central silicon (B), and the terminal silicon adjacent to the silole ring

(A), respectively. Thus the 29Si NMR spectrum is consistent with the

polymer chain of highly regulated structure. The 'H and 13C NMR

spectra also supported the conclusion. These results indicate that the

anionic ring opening polymerization process itself must be highly re-

gioselective.

SCHEME 2

1) cat. BuLi

2) EtOH

Ph4 B

SiMe2SiMe2SiMe2SiMe2

29Si NMR

B

-25 -30

ppm

-35

FIGURE 1 29Si NMR spectra of the polymer 2 in CDC13.

For the elucidation of the polymerization mechanism, the reaction

of 1 with large excess of methyllithium at -40 °C, followed by addition

of ethanol, was examined. The reaction gave 3 exclusively as shown

in SCHEME 3.

SCHEME 4 shows the possible reaction mechanism for the for-

mation of 3. In the initial step of the reaction, methyllithium attacks
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the silole silicon atom of 1 to form a pentacoordinate silicate interme-

diate. Then the silicon-silicon bond is cleaved to form a silyl anion

which should be quite reactive to counter attack the silole carbon to

form allyl anionic species. The resulting allyl anionic species is reso-

nance stabilized by the two phenyl groups. These two species must

be in an equilibrium but in favor of the allyl anionic species. Then

quenching by ethanol gave the ring compound 3. The polymerization

itself must proceed by the attack of the silyl anions to the silole silicon

of 1 and similar reactions take place to form the polymer. Therefore,

the reactive end should always be in an equilibrium between the silyl

anion ends, and ring allyl anions. This is an interesting new kind of

degenerate living anionic polymerization.

SCHEME 3

p W P h
/ \1)1Oeq. MeLi (Dor)

2)EtOH(orD2O) ' CS!

ol

Me2

Absorption spectrum of the polymer 2 shows two maxima

around 320 and 360 nm, assignable to those of the polysilane skeleton

and the silole ring, respectively. It is quite interesting that the excited

spectrum, monitored at 520 nm, reproduced the absorption spectrum

almost completely, indicating the extensive energy transfer between the

silole ring and the polysilane chain. It should also be noted that fluo-

rescence quantum yield of the polymer (4. lxlO"2) increased about 10

times more than that of the parent hexaphenylsilole (4.5xlO"3).(:>1

The polymer must be a quite interesting material, application of
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which is currently under way including the use in EL devises.

SCHEME 4

1 + MeLi

> Me2 -

M/SrSrsiMe2

Me2 Me2

s S r S k s r S i M e 2

Me2 Me2

rf
Me2Sr—SiMe2

Li

SiMe2

V
ph-Jr\<Ph SiM

SSiMe2

ol
Me2

r *
Me2 Me2

srsSrSK-
Me2 Me2
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POLYSILANE HETEROPOLYMER

Although the main chain of the polysilanes comprises saturated G-

bonds, electrons delocalizes highly though the silicon backbone, which

is now known as a-conjigation. As a result of the G-conjugation, the

polysilanes exhibit an intense absorption in an ultraviolet region, while

the polyalkanes exhibit no absorption in such a region. The unique

photophysical and photochemical properties of the polysilanes have

been explained in terms of a simplified segment model;161 the polysilane

chain is a collection of certain short length segments of 10-20 silicon

atoms with different length and photoexcitation energies. Then the

characteristic nature of the polysilanes must be explained in terms of

the interaction among the segments. It is therefore of interest to in-

vestigate the conjugation among the segments of the polysilanes. Es-

pecially, studies are highly desired on heterocatenates with polysilane

chains at least longer than tetrasilane chains separated by a methylene,

since the tetrasilane is a minimum unit as the polysilane with every

possible conformations around the central silicon-silicon bond.

Herein an anionic ring opening polymerization of octa-

methyltetrasilacyclopentane (4) to structurally highly regulated poly-

(1,1,2,2,3,3,4,4-octamethyltetrasilanylenemethylene) (5) is pre-

sented.171 The polymer consists of tetrasilanylene units linked with

methylene units and should be a good model for the segment model

proposed for polysilanes.

Octamethyltetrasilacyclopentane (4) was prepared in 68%

yield by coupling of bis(2-chloro-l,l,2,2-tetramethyldisilanyl)methane

with lithium. The ring compound 4 was readily polymerized with

anionic initiators (SCHEME 5). The polymerization in THF with a

catalytic amount of HMPA at -78 'C proceeded smoothly, the polymer

5 being obtained in 64 % yield.
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SCHEME 5

SiMe2

Me2Si—SiMe2

1) Initiator

2) EtOH

Me Me Me Me
-Si-Si—Si-Si-CH2

Me Me Me Me

SCHEME 6

M.e Me Me Me
I I I

Si—Si—Si—St-CH2-

Me Me Me Me

The sequence structure of the polymer was highly ordered as

indicated by NMR analyses. FIGURE 2 shows the 'H, 13C, and 29Si

NMR spectra of the polymer. In the 'H and 13C NMR spectra, there

are only three signals. These signals are assigned to the methylene,

the methyl groups of the -CH2-SiMe2-SiMe2- unit adjacent to the

methylene (unit A), and the -CH-,-SiMe2-SiMe2- unit (unit B), respec-

tively. Thus the 'H and 13C NMR spectra are consistent with those

for 5 in the heterocatenated structure with highly regulated structure.

This conclusion is further supported by 29Si NMR spectrum; the 29Si

NMR spectrum of 5 shows only two sharp signals assignable to those

of the unit A and B. These results indicate that the anionic ring open-
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ing polymerization process itself must be highly regioselective.

HNMR

w

A A
MeMeMe Me
ShSiSi
MeMeMeMe

- C H 2 -

A
0.4 0.2

13C NMR

0.0
PPM

-0.2 -0.4

- C H 2 -

2.0 0.0 -2'°nPM "4-° " 6 0 " 8 0

29Si NMR

B

wi'4^«»>J-**'^^ '^-I*rV^i'i*^

10 0 -10 -20 -30 -40 -50 -60
PPiM

FIGURE 2 'H, 13C, and 29Si NMR spectra of 5 in CDC13

SCHEME 6 shows the possible reaction mechanism of 4.

The anionic polymerization of 4 proceeds at first by nucleophilic attack
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at the silicon atom adjacent to the methylene. The ring opening results

in relief of the ring strain and the formation of a primary carbanion ad-

jacent to the silyl groups. Next, the carbanion attacks the silicon atom

adjacent to the methylene of another monomer. It is well documented

that such a-silyl carbanions are stabilized by O*-TT conjugation.[S1 The

polymerization proceeds further in this manner.

200 250
Wavelength / nm

300

FIGURE 3 UV absorption spectra of 5 and decamthyltetrasilane
in hexane.

FIGURE 3 shows the UV absorption spectra of 5 compared

with decamethyltetrasilane in hexane at room temperature. While the

absorption intensity of 5 was almost equal to that of the tetrasilane, the

absorption maximum of 5 (245 nm) exhibited a 10 nm bathochromic

shift in contrast with that of decamethyltetrasilane (235 nm). This

bathochromic shift must be originated in the cr-conjugation between the

tetrasilanylene units via the methylene units. It is interesting to note

that the fluorescence spectra of the polymer in 3-methylpentane at 77 K

is almost identical to that of the decamethyltetrasilane assignable to the
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self-trapped state.191 These results indicate that the stabilization by a-

conjugation in the excited state is rather small. Thus the delocalization

in the ground state is much important in the a-conjugation between the

tetrasilanylene units via the methylene units in this polymer.
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