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Recently increasing attention has been directed toward 
silicon polymers due to their intriguing physicochemical 
properties and possible applications to various functional 
materials.' However, the methods to modify the chemical 
structure of preformed polymers, aimed at  the control of 
the properties, are limited to some transformation reac- 
tions at  the side chains. We report herein an entirely new 
process that involves direct conversion of the backbones 
via palladium-catalyzed insertion of quinones into Si-Si 
bonds.24 

Preliminary model experiments using hexamethyl- 
disilane revealed that Pd-P(OCHZ)&Et (catalyst A) and 
Pd-PEt, (catalyst B) complexes were the catalysts of choice 
for the insertion of 9,lO-phenanthraquinone (la) and 
p-benzoquinone (lb), re~pectively.~ These catalyst sys- 
tems could be successfully applied to the backbone 
reconstruction. Thus, a mixture of poly[(l,2-dimethyl- 
1,2-diphenyldisilanylene)@-phenylene)16 (2a; M ,  = 4.6 
X lo4, M,/Mn = 2.6, 0.20 mmol of monomer unit), 9,lO- 
phenanthraquinone ( l a ;  0.21 mmol), Pd(dba)2 (dba = 
dibenzylideneacetone; 0.004 mmol), P(OCH2)sCEt (0.008 
mmol), and benzene (0.10 mL) was heated under nitrogen 
in a sealed tube at 120 OC for 3 h. The brown reaction 
mixture was dissolved in benzene (4 mL), and the solution 
was filtered. The filtrate was concentrated (- 1 mL) and 
was added dropwise to 2-propanol (-4 mL). The pre- 
cipitated off-white solid was separated and dried in vacuo 
to give an exhaustively modified polymer 3a7a ( M ,  = 5.8 
X lo4, MwIMn = 3.0) with 9,lO-phenanthrylenedioxy units 
incorporated in the backbone in 90% isolated yield (eq 1 
and Table I). Since the insertion proceeds nearly quan- 
titatively, the extent of the modification can be easily 
controlled by the charged amount of la ;  e.g., the use of 0.3 
equiv of la resulted in a partially (29 % ) modified polymer 
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Similarly, catalyst A promoted the reconstruction with 
la of poly [(tetramethyldisilanylene)(ethylene)l (2b)9 and 
poly(tetramethyldisi1oxane) (2c)lO to give new polymers 
3cTC and 3d,7dJ although degradation of the polymer 
seemed to have concomitantly taken place, as judged from 
the resulting molecular weight. When catalyst B was used, 
the backbone of 2b was reconstructed with l b  as well to 
afford a p-phenylenedioxy unit-containing polymer 3e7e 
in a high yield. 
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Table I 
Reactions of Si-Si Bond-Containing Polymers (2) with 

Quinones (1). 
~~~~~ 

Pd time 3 M w  
2b 1 (equiv) cat.C (min) (% yieldd) p:q W w l  M n ) '  

a a(1.05) A 180 a (90) -1OO:-O 5.8X lo4 (3.0) 
a a (0.30) A/ 180 b (86) 29:71 5.2 X lo4 (2.9) 
b a(1.05) A 60 c (84) -1OO:-O 5.0 X lo4 (2.5) 
CR a (0.30) A 40 d ( ~ 1 0 0 ) ~  22:78 1.8 X lo5 (2.4) 

Reaction conditions: 2 (0.20 mmol of monomer unit), 1 (1.05 or 
0.30equiv/monomer unit of 2), Pd cat. (ca. 2 mol '%/l), benzene (0.10 
mL), 120 'C, 40-180 min. 2a: M, = 4.6 X lo4, MwIMn = 2.6. 2b: 

A: Pd(dba)2-2P(OCH2)3CEt. B: PdC12(PEt3)2. Yield after pu- 
rification by precipitation from benzene-2-propanol. p Determined 
by GPC with polystyrene standards. / 4 mol %/la. r: 0.50 mmol. 

Purified by short-path Florid column chromatography. 

b b (1.05) B 180 e (83) -ioo:-o 1.9 x 104 (2.4) 

M ,  = 2.5 x 105, M,/M, = 2.3. 2 ~ :  M ,  = 1.9 x 105, M,IM,  = 2.3. 

Very interestingly, catalyst B proved to be capable of 
insertion of lb  into the Si-Si bonds of poly(dimethy1si- 
lylene) (41." Thus, heating a mixture of 4 (1.0 mmol 
monomer unit), lb  (1.1 mmol), catalyst B (0.01 mmol), 
and benzene (0.5 mL) a t  120 OC for 18 h gave an 
exhaustively modified soluble polymer, poly[ @-phe- 
nylenedioxy)dimethylsilylenel ( 5 ; M ,  = 1.5 X lo4) in 85% 
yield12 (eq 2). 

4 5 

In the present reaction, thermally stable aromatic rings 
and S i 4  bonds can be introduced into polymer backbones. 
Indeed, thermogravimetric analyses revealed that the 
modified polymers 3a and 3b possessed improved thermal 
stability as compared with the parent 2a. The temper- 
atures a t  5 and 10% weight loss upon heating (under He, 
10 OC/min heating rate) were respectively 480 and 513 OC 
for 3a and 470 and 485 "C for 3b, while they were 455 and 
466 OC for 2a. Accordingly, the present procedure for the 
backbone reconstruction provides a versatile tool to design 
thermally stable silicon-containing polymers. 

Further investigations on the detailed properties of the 
modified polymers and the extension to other polymers 
are under way. 

Supplementary Material Available: Physical, spectral ('H 
and/or I3C NMR, IR, and/or UV), and analytical data of the 
product polymers 3a-e and 5 as well as the UV spectral data of 
the starting polymers 2a and 2c (3 pages). Ordering information 
is given on any current masthead page. 
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