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Summary: The reaction of poly[(dimethylsilylene, me- 
thylphenylsilylene, and diethylsilylene)but-1,3-diyne] 
with 1,4- bis(methylphenylsily1)benzene in the presence 
of a catalytic amount of Rh6(CO)l6 afforded the respective 
branched polymers with high molecular weights in high 
yields. 

The alternating polymers composed of a silylene or 
disilanylene unit and x-electron system have been exten- 
sively investigated over the past few years because of their 
potential applications in areas such as ceramic precur- 
sors,1*2 ph0toresists,3*~ and conducting  material^."^ Many 
papers concerning the synthesis and properties of these 
polymers have been published to date.8 However, little 
interest has been shown in the synthesis of branched 
polymers that have an alternating arrangement of a silylene 
unit and x-electron system. In this paper, we report the 
regiospecific addition of 1,4-bis(methylphenylsilyl) benzene 
to poly[ (sily1ene)but- ll3-diynes1 (1) ,799J0 giving branched 
polymers composed of a silylene unit and enyne and 
phenylene x-systems.ll 

We first investigated the reaction of poly[(dimethyl- 
silylene)but-1,3-diynel ( la)7bJ0 with triethylsilane in the 
presence of various catalysts, in order to find an effective 
catalyst for selective 1,2-hydrosilylation. The reaction of 
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la with 4 equiv of Et3SiH in the presence of a catalytic 
amount of chloroplatinic acid at  50 OC for 36 h afforded 
the hydrosilylation product, but a depolymerization re- 
action also took place to give a product with a lower 
molecular weight than that of the starting polymer la. 
The RhCl(PPh3)a catalyst under the same conditions gave 
a product only in low yield, while a Rh(CO)z(acac) catalyst 
readily afforded a hydrosilylation product. However, its 
IRspectrum indicates strong absorptions at  2126 and 1875 
cm-l, due to an enyne and allenic bond, respectively.12 
The presence of the allenic bond clearly indicates that the 
reaction involves l,4-addition of Et3SiH into the initially 
formed enyne structure. We found that a Rh&O)l6 
catalystI3 gives a 1,2-adduct with high regiospecificity. 
Thus, the reaction of la with 4 equiv of EtaSiH in the 
presence of 0.9 mol % of R ~ I , ~ ( C O ) ~ ~  a t  40 OC for 24 h 
produced only the monohydrosilylation product, polyE2- 
(triethylsilyl) (dimethylsilylene)but-l-en-3-yne-l,4-diyll 
(2)14(Scheme 1). No allenic structure was detected in the 
polymer backbone by IR and 13C NMR spectroscopic 
analysis. On the basis of the result obtained from 
hydrosilylation of 1,4-bis(trimethylsilyl)butadiene with 
triethylsilane, the triethylsilyl group in polymer 2 is 
presumably located in the C-2 position of an enyne gr0up.l6 

Next, we examined the reaction of poly[(silylene)but- 
l,&diynes] with 1,4-bis(methylphenylsilyl)benzene (3) 
using a Rb(CO)l6 catalyst in the hope of obtaining soluble 
branched polymers that have the alternating arrangement 
of a silylene unit and phenylene and enyne units as 
x-electron systems. Thus, the reaction of la (0.76 mmol, 
M ,  = 8300, Mw/Mn = 1.7) with 0.3 equiv of 3 in the presence 
of 0.5 mol % of Rhs(CO)16 in a benzene solution at  80 OC 
for 9 h gave the soluble polymer 4a,16 whose molecular 
weight is determined to be 250 OOO in 49% yield after 
reprecipitation of the resulting mixture from ethanol- 
benzene (Scheme 2). Polymer 4a is soluble in common 

(12) The hydrosilylation of 1,4-bis(trimethylsiiyl)butadiyne with tri- 
ethylsilane in the presence of RhCl(PPh& or Pt(PPb)d has been reported 
to produce a mixture of enyne and allene derivatives; see: Kwumoto, T.; 
Hiyama, T. Chem. Lett. 1985, 1405. 
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(14) Polymer 2 1H NMR (6 in CDCh) 0.2-0.4 (m, 6H, MeSi), 0.6-1.0 
(m, 15H, EhSi), 6.5-6.7 (m, lH,  .vinyl proton); 1% NMR (6  in CDCb) 
-1.94,-1.05,-1.01,0.27,1.02 (MeSi),2.71,2.76,2.78,2.83,7.23,7.27 (EtSi), 

(-C=CC=C-); IR V ~ + C  2131 cm-l. 
(15) Treatment of 1,4bis(trimethylsilyl)butadiyne with 5 equiv of 

triethylsilane in the presence of a Rh&O)ls catalyst yielded (E)-2- 
(triethyleilyl)-1,4-bis(trimethylsilyl)but-l-en-3-yne12 with high regioepec- 
ificity in 94 % yield. No 1,3-bis(triethylsilyl)-1,4-bis(trimethylsilyl)allene 
was detected in the reaction mixture. 

(16) Polymer 4s: 1H NMR (6  in CDCb) 0.1-0.7 (m, MeSi), 4.9 (br 8, 
HSi),7.1-7.8(m,phenylringprotons);WNMR(dinCDCU-O.57 (MeSi), 

134.55,134.83,135.16 (phenyl ring carbons), 140-144,152-153 
C-); IR V” 2072, Y ~ W  and VSW 2132 cm-l. 

94-101, 103-104, 107-108 (-CrrCC--C-), 142-144, 153-154, 155-157 

82.O4,88.99 (aw-), 106-108 (-cEcc--c-), 127.84,129.57,134.10, 
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Poly[ (diethylsilylene)but-l,3-diynel ( 1 ~ ) ' ~  also reacts 
with 3 in the presence of a catalytic amount of Rh&O)le 
in a benzene or THF solution, to give branched polymer 
4c in high yield. The molecular weight changes of the 
hydrosilylation product in the reaction of IC (M, = 6000, 
Mw/Mn = 2.1) with 0.42 equiv of 3 in the presence of 0.6 
mol % of Rh&O)ls in a benzene solution at reflux 
temperature were followed by GPC. The molecular weight 
of the hydrosilylation product increased with increasing 
reaction time. For example, the molecular weight of the 
product after 1-h reaction was determined to be 70 000. 
After 4-h reaction, the molecular weight of the product 
increased to 112 OOO. Polymer 4c%ith amolecular weight 
of 424 000 was obtained in 79% yield, after 21-h reaction. 

Polymers 4a-c do not melt but are soluble in common 
organic solvents such as ethers, benzene, and chloroform. 
Their IR and 1H and l3C NMR spectra clearly indicate the 
presence of enyne and phenylene groups. The lH NMR 
spectra for 4a-b reveal very weak resonances at 4.9 ppm, 
due to an Si-H group, while polymer 4c shows no resonance 
attributed to the Si-H bond. Polymers 4a-c reveal very 
broad molecular weight distribution, and their UV spectra 
show broad absorptions tailing into 350 nm.l9 
OM930440H 

Scheme 1 
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organic solvents such as ethers, aromatic solvents, and 
halocarbons. Ita IR and 13C NMR spectra clearly show 
the presence of an enyne and diyne structure, but not an 
allenic structure, in the polymer backbone. 
Similar reaction of poly[ (methylphenylsilylene) but-l,3- 

diynel (lb) with 0.45 equiv of 3 in the presence of the 
rhodium(0) catalyst afforded the product 4b with high 
molecular weight in 74% yield, after reprecipitation of a 
crude polymer from ethanol-benzene (see ref 17). 

(17) A solution of 260 mg (1.55 "01) of lb (M, = 11 OOO, MJM. = 
3.1), 227 mg (0.71 mmol) of 3, and 6 mg (5.6 X 1W "01) of Rh&O)le 
in 8 mL of dry benzene was heated to 80 O C  for 9 h. The solution wan 
concentrated to one-third of ita original volume under reduced preasure 
at room temperature, and then the resulting reeidue wan poured into ca. 
200 mL of ethanol to give polymer 4b. Crude polymer 4b wan 
reprecipitated twice from ethanol-benzene to give 359 mg (74 wt % yield) 
of 4b M, = 519 OOO, 1H NMR (6 in CDCh) 0.1-1.0 (br m, MeSi), 4.9 (br 
8, HSi), 6.8-7.9 (m, phenyl ring protons); lF NMR (6 in CDCQ -5 to 0 
(MeSi), 88-92 (am-), 107-110 (-c----CC-C-), 127.72, 127.05, 
129.52,134.01,134.54,134.83,135.15 (phenyl ring carbons), 140-144,lW 

(18) Polymer 4c: 1H NMR (6 in CDCh) 0.0-1.5 (br m, MeSi and Etsi), 
6.5-6.9 (br a, vinyl proton), 7.lF7.8 (br m, phenyl ring protom); 1% NhiR 
(6 in CDCla) -4.18 (MeSi), 3.78, 4.12, 4.28, 5.38, 6.47, 7.33, 7.55 (EtSi), 

133.93,134.34,134.74,135.09 (phenyl ring carbons), 140-144,151-160, 

(19) Synthesis and some propertiee of aoluble polyailane branched 
polymers have been reported: (a) Bianconi, P. A.; Schilling, F. C.; 
Weidmann, T. W. Macromolecules 1989,22, 1697. (b) Furukawa, K.; 
Fujino, M.; Mateumoto, N. Macromolecules 1990, 23, 3423. 

159 ( -CdC=C-) ;  IR Y- 2071, V- and -91 2130 

84-90 (434CM!-), 98-104, 108-110 (-cIcc--c-), 127.67, 129.54, 

(c..aCC=C-); IR u- 2071, U- 2133 ~m-'. 
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