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Silylation Reaction of 1,2,4,5-Tetrakis(dimethylsilyl)benzene with Cyclic Diynes
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A platinum complex-catalyzed dehydrogenative double
silylation reaction of 1,2,4,5-tetrakis(dimethylsilyl)benzene with
cyclic diynes gave ladder polymers quantitatively.

Ladder polymers have attracted much attention because their
unique structure will provide high performance materials in terms
of thermal and chemical stability and mechanical strength.!
Recently interests toward ladder polymers are again growing as
electronic and nonlinear optical materials.1b-¢ However, the
methods to prepare ladder polymers are limited.1> Therefore,
new synthetic methods for ladder polymers are desired. In the
course of our study on the development of new synthetic
methodologies for silicon-based materials, we found that the
platinum complex-catalyzed dehydrogenative double silylation
reaction of acetylenes3 was a powerful tool to synthesize
polycarbosilanes.4 Now we applied this reaction for the
synthesis of novel ladder polycarbosilanes.

A model reaction between 1,2-bis(dimethylsilyl)benzene 1
and cyclic diyne 2a5 (1/2a = 3/1) smoothly proceeded in the
presence of a catalytic amount of Pt(CH2=CH»)(PPh3)> in
toluene at 110 °C with an evolution of Hj to give the desired
product 3a in 85% yield (Table 1). The reaction seemed to have
been completed within 10 min. Excess of 1 was recovered
without any change. Under these conditions, a considerable
amount of by-product 4a (14%) was also formed. However, the
amount of 4a could be reduced to 2% by lowering the reaction
temperature with a smaller amount of the catalyst. Under the
new reaction conditions, the reaction of 1 with various alkylene-
bridged diynes 2a-¢3 and tricyclic diyne 2g6 gave the desired
products 3a-c and 3g in excellent yields (Table 2). On the other
hand, 3d was obtained only in a low yield probably because of
the instability of diyne 2d7 under the reaction conditions. Diynes
2e8 and 22 were reluctant to undergo the reaction; the former
formed too stable platinum complexes!0 and the latter appeared
too congested at the triple bond to react with 1.
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On the basis of the above results, polymerization of 1,2,4,5-
tetrakis(dimethylsilyl)benzene § with diynes 2a-¢ and 2g was
performed in the presence of 0.4 mol% of Pt(CHy=CHj)(PPh3)»

in toluene at 30 °C (12-24 h), 50 °C (4 h) and 110 °C (24 h).

The results are summarized in Table 3. In all cases, the polymers
were obtained in quantitative yields. In the reactions of diynes
2a-c, the polymers 6a-c completely precipitated after heating at
110 °C, and were almost insoluble in the common organic
solvents. On the other hand, the polymer 6g was soluble in
toluene, CHCIl3, CH»Cl,, THF and insoluble in MeOH. The
molecular weights of the insoluble polymers 6a-¢ were estimated
by the IR end group analysis,!! while that of 6g was determined
by GPC based on the polystyrene standards.

The structures of 6a-c¢ and 6g were confirmed by comparing
their 13C and 29Si CP/MAS NMR (for 6a-c) or 1H, 13C, and
29Si NMR (CDCl3 solution, for 6g) and IR spectra with those of
3a-c and 3g. The 13C NMR spectrum of 3g (Figure 1-(a))
displays five signals characteristic of 2-pyridone ring2b.12 along
with those of benzodisilacyclohexadiene rings.3 The spectrum of

Table 1. The Pt(CH=CH2)(PPh3),-Catalyzed Reaction of 1
with 2a (R! = -(CHp)s-, R2 = (CH),0(CHy),-)2

cat/mol% temp/°C time / h 3a/ % 4a/ %
3 110 12 850 14P
3 75 12 84b 15b
3 50 12 ]9b 10b
3 30 65 9sb 3.6b
1€ 30 12 94d 2d
0.2¢ 30 12 97d 2d

dReaction conditions: 1/2a = 3/1; solvent, toluene; under N2.
bDetermined by GLC. €1/2a=2.15/1. d3a and 4a were
isolated as a mixture. The ratio of 3a to 4a was determined by
1H NMR.

Table 2. The Pt(CHy=CHj)(PPh3),-Catalyzed Reaction of 1

with 2a-gd
2 -RI- -R2- 3/ %
2a -(CH2)s- -(CH2)20(CH2)2- 94
2b -(CH2)s5- -(CHp)s- 96
2¢ -(CH2)s- -(CHz)6- 91
2d¢ -CH,0CH,- 18d

2¢C Q Q 0

2fC -MepSiOSiMey- -MepSiOSiMes- 0
(CH2)s, (CH2)s
2 91
£ HECHQ)S & (CHQJ]]
n-C1gHa7

2Reaction conditions: 1/2a = 2.1-2.15/1; catalyst, 1 mol%;
solvent, toluene; under Np; 30 °C; 12-24 h. bisolated yield as a
mixture of 3 and 4. The contents of 4 were ~2% in each case.
CCatalyst, 3 mol%. dIsolated yield of 3d.



224

Chemistry Letters 1995

Table 3. Platinum Complex-Catalyzed Polymerization of 1,2,4,5-Tetrakis(dimethylsilyl)benzene with Cyclic Diynes2

HMe,Si SiMe,H R! PH{(CHg=CH3)(PPha)s 82 82
S G SRR B - 10K
HMe,Si SiMeH w2 Toluene 5 ST R
2 Me,
- 2I'IH2 n
5 2a-c,g 6a-c, g
clemental analysis
Calc Found
polymer vield/%  M/103 (My/My)  Mp/°C Tds / °Cb C H c H
6a 99 3¢ >300 390 65.25 8.92 65.44 8.93
6b 98 3¢ >300 412 67.94 9.37 67.51 9.44
6¢ 98 —¢ >300 403 68.43 9.50 68.44 9.57
6g 97 25(4.1)d >300 402 7485 1061  74.01 10.57

4Reaction conditions: §/2 = 1/1, 20-40 mM; catalyst, 0.4 mol%; under N2; temperature and time, 30 °C (12 h), then 50 °C (4 h) and
finally 110 °C (24 h). bTds5is 5% weight loss temperature in TGA under He. CEstimated from IR spectra, see ref. 11. dDetermined by

GPC with the polystyrene standards in THF.
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Figure 1. (a) Bc NMR (CDClg) of the model compound 3g.
(b) 3C NMR (CDCl3) of the polymer 6g.

6g (Figure 1-(b)) appears very similar to Figure 1-(a) except for
the signals of carbons-1 and carbons-2 (the numbering are
shown on the structure in Figure 1); in Figure 1-(b), there is no
signal corresponding to carbons-1, and the signals corresponding
to carbons-2 appears at lower field.

The present method provides a way to a variety of ladder
polycarbosilanes by changing the structure of hydrosilane and
cyclic diyne parts.
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