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Successive treatment of PhSiH3 with 1,4- or 1,3-diethynyl-
benzene (1 equiv.) and functional alkynes (1.05 equiv.) in the
presence of Pd2(dba)3-PCy3 (dba = dibenzylideneacetone, Cy
= cyclohexyl) catalyst gave new functional alkenyl pendant-
containing silylene-divinylene polymers.

Organosilicon polymers have attracted increasing interest
for their intriguing physicochemical properties and applicability
to optoelectric devices, heat-resistant materials, ceramic precur-
sors, etc.1 Stepwise reactions of polymerization and subsequent
modification are frequently utilized to prepare functionalized
organosilicon polymers. On the other hand, transition metal-cat-
alyzed hydrosilylation is a versatile reaction affording useful or-
ganosilicon derivatives. We have recently developed an effi-
cient Pd catalyst for hydrosilylation of alkynes with
trihydrosilanes, which gives mono-, di-, and trialkenylsilanes
selectively depending on the ratios of alkyne/trihydrosilane.2

The catalysis has been found to be applicable to a very conve-
nient polymerization-modification one-pot process, which pro-
vides new silylene-divinylene polymers with functional alkenyl
pendants.3;4

Thus, treatment of a benzene (0.60mL) solution of PhSiH3

(1, 0.30mmol) and 1,4-diethynylbenzene (2a, 0.30mmol) with
a Pd2(dba)3-PCy3 benzene solution (0.0006mmol Pd, P/Pd = 2,
0.03mL) at 40 �C for 0.5 h under nitrogen cleanly gave a Si-H
bond-containing silylene-divinylene polymer (3a) (Scheme 1,
Table 1). The -C=C-Si-C=C- moieties have three possible re-
gioisomeric structures such as -CH=CH-Si-CH=CH- (b,b),
-CH=CH-Si-C(=CH2)- (b,a), and -(H2C=)C-Si-C(=CH2)-
(a,a) types. 1H and 29Si NMR measurements indicated the ratio
of (b,b):(b,a):(a,a) being ca. 60:35:�5. Further treatment of
the reaction mixture with a benzene (0.75mL) solution of 4-eth-
ynyl-N,N-diphenylaniline (4a, 0.315mmol) and the Pd catalyst
benzene solution (0.0036mmol Pd, 0.18mL) at 40 �C for 3 h
transformed the Si-H bonds of 3a in �95% conversion, afford-
ing a modified silylene-divinylene polymer (5a) with p-N,N-di-
phenylaminophenyl groups in the side chains. Purification by
precipitaion from benzene/2-propanol gave 5a as yellow pow-
der in 80% yield. The molecular weight Mw (Mw=Mn) was esti-
mated by GPC (polystyrene standards) at 112000 (7.5). 1H
NMR and analytical data of 5a were in good agreement with
the expected structure.5 For the regiochemistry of the modifica-
tion, trans b vinylene product 6 was nearly selectively obtained
in a model reaction of 4a with a dialkenylhydrosilane (a mixture
of (b,b)- and (b,a)-type isomers) which was prepared by the re-
action of 1 with phenylacetylene (2 equiv.).6 This indicates that
trans b vinylene structure is preferably formed in the side chain
modification process as well. On the other hand, 29Si NMR

showed the four major signals of 3a were cleanly shifted to
the three major signals of 5a at �20:9, �20:8, and �18:6 ppm
(Figure 1). By the comparison with the spectrum of 6,6 the sig-
nals of �20:9 and �20:8 ppm seemed to arise from the (b,b)
moieties of the backbone, while the signal of �18:6 ppm would
be attributed to the (b,a) moieties. The splitting of the signals
observed for the (b,b) and (b,a) regions is possibly due to dif-
ference in the structure of the neighboring monomer units.

Likewise, the meta analog of 2a, 1,3-diethynylbenezene
(2b), underwent the reaction with 1 and 4a to provide a 1,3-
phenylene polymer 5b (Mw ¼ 56000, Mw=Mn ¼ 9:4), via a
Si-H bond-containing polymer 3b whose (b,b):(b,a):(a,a) ratio
estimated by NMR was similar to that of 3a. In addition, mod-
ification of 3a with N-(2-propargyl)carbazole (4b) and ethynyl-

Scheme 1.

Table 1. Reactions of phenylsilane (1) with diynes (2) and
functional acetylenes (4)a

2 4 5 Yield/%b Mw (Mw=Mn)
c

2a 4a 5a 80 112000 (7.5)
2b 4a 5b 79 56000 (9.4)
2a 4b 5c 85 61000 (5.7)
2a 4c 5d 85 42000 (4.1)
a 1 (0.30mmol), 2 (0.30mmol), 4 (0.315mmol), Pd2(dba)3-
PCy3 (totally 0.0042mmol Pd, P/Pd = 2), benzene
(1.56mL). b Yield after purification by precipitation from
benzene/2-propanol. c Estimated by GPC using polystyrene
standards.
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ferrocene (4c) also smoothly proceeded to give modified poly-
mers 5c (Mw ¼ 61000, Mw=Mn ¼ 5:7) and 5d (Mw ¼ 42000,
Mw=Mn ¼ 4:1), respectively. Polymers 5b–d showed satisfac-
tory spectral and analytical data as 5a.5 Partial modification
was also possible by controlling the reaction conditions; for in-
stance, in the reaction with 4b reducing the catalyst to one-third
of the standard amount gave a partially (63%) modified polymer
with remaining Si-H bonds.

In the UV–vis absorption spectra, 1,4-phenylene polymer
5a showed a large peak at a longer wavelength (306 nm) than
the corresponding 1,3-phenylene polymer 5b (262 nm) with
shorter p-electron conjugated system (Figure 2). Similarly to
5a, other 1,4-phenylene polymers 5c,d also displayed largest
peaks at around 300 nm. On the other hand, these polymers ex-

hibited unique fluorescence emission spectra in 300–600 nm.
The position of the �max peak was tunable by the linkage type
of the phenylene ring; 1,4-phenylene polymer 5a showed an
emission peak (477 nm) in significantly longer wavelength re-
gion than the 1,3-phenylene polymer 5b (430 nm), as observed
in their absorption spectra. The alkenyl side chain also strongly
affected the position of the �max peak and the spectral pattern;
the wavelength of the largest peak is in the order of 5a (477 nm)
> 5c (426) > 5d (357).

Further investigations on extension of the catalysis and ap-
plication of the resulting polymers are under way.
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6 1H and 29Si NMR monitoring of the reaction showed nearly
selective formation of trans b vinylene structure; the proton
signal for the formed Si-CH=C moiety was observed at
6.75 ppm with a relatively large coupling constant between
the vinylene protons (J ¼ 19:2Hz), while two 29Si NMR sig-
nals emerged at �20:9 and �18:8 ppm which corresponded to
the (b,b)- and (b,a)-type isomers of 6, respectively.
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Figure 2. UV–vis absorption (top) and fluorescence emission
(bottom) spectra of 5a–d. c ¼ 6:67� 10�5 M (mol monomer
unit/L, in chloroform); emission spectra were normalized in
the intensity scale.

Figure 1. 29Si NMR spectra of 3a and 5a (in benzene-d6).
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