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The dehydropolymerization of lY4-RH2SiC6H4SiHzR (R = Me, Et, hexyl) monomers with 
CpCp*Zr[Si(SiMe3)31Me catalyst produces linear RH2Si-(CsH4SiHRSiHR).-CsH4SiH2R oli- 
gomers under mild conditions (room temperature). Further heating of the polymerization 
mixtures (for R = Me or Et) leads to increases in molecular weight, which appear to result 
partially from cross-linking reactions that occur by dehydrocoupling of “backbone” SiH groups. 
Eventually, insoluble polymers form at higher conversion. The new materials have been 
characterized spectroscopically, and by thermal gravimetric analysis. The insoluble (cross- 
linked) EtHaSi-(CsH4SiHEtSiHEt),-CsH4SiH2Et polymer gives a much higher ceramic yield 
(67% to 1100 “C) than do the corresponding, low molecular weight oligomers (35% to 1100 OC 
for M, = 860). 

Introduction 
In 1985, Harrod and co-workers reported that titanocene 

and zirconocene complexes catalyze the dehydrocoupling 
of primary silanes to relatively long H(SiHPh),H oligomers 
( n  = 10-20l.l This important observation led to antici- 
pation that convenient, selective routes to high molecular 
weight polysilanes based on coordination polymerizations 
might be possible.2 Mechanistically, it appears that this 
reaction can occur by a metal-mediated condensation that 
operates through four-center transition  state^.^ Modifi- 
cations to the original reaction, particularly in light of 
mechanistic information, have resulted in significant 
advances in control over the polysilane molecular weight 
properties. Thus, the competing formation of cyclic 
oligomers can be greatly suppressed by modification of 
the catalyst or by changes in reaction temperature and 
monomer con~entration.~~ Mechanistic considerations 
have also aided in development of “mixed-ring” (q5- 
C5H5)(q5-C5Me5)Zr (CpCp*Zr) catalysts, which currently 
are the most active toward chain el~ngation.~ With such 
catalysts, the longest chains obtained have ca. 70-100 
silicon atoms in the (SiHPh), backbone (estimated from 
M ,  values of 5000-7000).3*p4 Generally, alkylsilane mono- 
mers are less active than phenylsilane, but methylsilane 
has been found to be an exceptionally active monomer 
which can be dehydropolymerized to (SiHMe), polysilanes 
containing several hundred silicons. For the latter pol- 
ysilanes, spectroscopic evidence suggests some degree of 
cross-linking.5 In general, secondary silanes are much less 
reactive than primary silanes, such that chains based on 
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these monomers are currently limited to 510 silicon atoms. 
Corey has shown that PhMeSiH2 is dehydrocoupled with 
the CpzZrC12PBuLi catalyst over 4 days at 90 “C, to 
H(SiMePh),H oligomers with n = 2-BS6 

Further improvements in the dehydropolymerization 
described above will depend largely on design of more 
efficient catalysts. Alternatively, it seems possible that 
the catalysts currently known can be used to carry out 
dehydrocouplings to fundamentally different silicon- 
containing polymer structures, via monomer design. We 
have recently reported that [CpCp*ZrHnlz catalyzes the 
dehydropolymerization of bis- and tris(sily1)arenes con- 
taining primary silane centers (e.g., 1,4-H3SiCsH4SiH3) to 
highly cross-linked and insoluble disilanylenearylene 
polymers such as [1,4-H1.5SiC6H4SiH1.51n.7 These mate- 
rials, like related linear polymers obtained via Wurtz- 
coupling methods, appear to possess significant u-?T 
conjugation. Such u-T conjugated materials represent a 
new class of electroactive polymers which are attracting 
much interest.8 
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We have also shown that this dehydrocoupling reaction 
can be used to produce soluble, high molecular-weight 
polysilanes that are extensively cross-linked.g For exam- 
ple, CpCp*Zr[Si(SiMeMCl catalyzes the copolymeriza- 
tion of PhSiH3 and 1,4-(H3Si)&& (in a 40:l ratio) to a 
soluble polymer (Mw = 18OOOO) with a very broad 
molecular-weight distribution (M,/M, = 45). The high 
polydispersity is probably due to significant cross-linking 
(eq l ) .gb  

cpCp'ZflSi(SiMe,)~CI 

W25C. 1 h 
+ 40PhSiH3 + H 3 S i a S i H 3  

Imori et al. 

Ph H Ph 
I I I 

-(-Si I -)x-yi -(-7 Q (1) 

- Si-(-Si-p- 
I I 
H H 

In this report, we describe investigations into the 
possibility of producing disilanylenearylene polymers of 
the type (-CsH4-SiHRSiHR-), (R = Me, Et, Hx (hexyl)) 
via the dehydrocoupling of RHzSiCsH4SiHzR monomers. 
Introduction of the R group results in a secondary silicon 
center, which should considerably moderate the dehy- 
drocoupling activity at silicon, thereby decreasing the 
chance for cross-linking reactions. For these polymer- 
izations, the reaction required for linear chain growth 
corresponds to the "dimerization" of a secondary silane 
center, as in the dehydrocoupling of PhMeSiHz to Ph- 
MeHSiSiHMePh, which has ample precedent.'S6J0 

Results and Discussion 
Synthesis of Monomers. The bis(sily1)benzene 1,4- 

Me(EtO)zSiCsHrSi(OEt)nMe has been described previ- 
ously,ll but the synthesis reported here, modeled after 
the method developed by Shea,12 seems superior. Coupling 
of the triethoxides RSi(0Et)a (R = Me, Et, Hx) with the 
di-Grignard BrMgCsWgBr gave in each case a good yield 
of 1,4-R(Eto)zSiCsH4Si(OEt)2R products. These com- 
pounds were then reduced with lithium aluminum hydride 
to the monomers of interest (eq 2). The monomers are 
readily purified by vacuum distillation. 

B r e B r  - Me. THF 

RSi(OE1)S 

R ( E t O ) z S i ~ S i ( O E t ) z R  - LiAlH, R H 2 S i e S i H 2 R  (2) 

R = Me, Et, Hx 

Model Studies on the Dehydrocoupling of Ph- 
MeSiH2. Since the synthesis of a (-CsH*-SiHRSiHR-), 
polymer by dehydrocoupling of RHzSiC6H4SiHzR com- 
pounds requires a catalyst that dehydrocouples secondary 
silanes, we began by examining more readily analyzed 
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Figure 1. GPC trace for the HxHzSi-(CsH&iHHxSiHHx),- 
CeHdSiH2Hx oligomer. 

'model" reactions of PhMeSiHz. In our previous studies 
on the polymerization of HsSi-arylene-SiHs monomers, 
we employed the mixed ring catalyst [CpCp*ZrH212.' We 
have since determined that the corresponding silyl methyl 
complex, CpCp*Zr[Si(SiMes)31Me (11, is nearly as active 
as the hydride and is more easily prepared and stored. 
Therefore the latter catalyst was used in the investigations 
reported here. 

Reaction of neat PhMeSiHz with the catalyst (2 mol 9% ) 
at room temperature produced after 2 days a mixture of 
starting monomer (31%), the disilane (60%), trisilane 
(6%), and some tetrasilane (ca. 3%), by gel permeation 
chromatography (GPC). Further reaction of this mixture 
over 4 days at 70 "C under a static vacuum resulted in 
nearly complete conversion of the starting material to a 
mixture of disilane (82% 1, trisilane (8% 1, and tetrasilane 
(ca. 10%). Only a trace of monomer remained. These 
results showed that 1 was potentially a good catalyst for 
the polymerization reactions of interest. 

Polymerization Reactions. Initial attempts to obtain 
disilanylenearylene polymers of the type (-C&-SiHR- 
SiHR-), focused on the bis(hexylsily1) monomer shown in 
eq 3. Addition of the catalyst to neat monomer resulted 

n= 2-6 

in a brown mixture, which was stirred at room temperature 
for 24 h. The course of the reaction was monitored by 
GPC and NMR spectroscopy. As shown by the GPC trace 
of Figure 1, only ca. 75% of the monomer was converted, 
to a mixture of oligomers containing 2-6 monomer units. 

It has proven difficult to achieve higher conversion in 
this reaction, since raising the reaction temperature to 75 
"C, and extending the reaction time to 60 h, produced 
essentially an identical GPC trace. The 'H NMR spectrum 
of this mixture of oligomers revealed two broad peaks which 
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Figure 2. lH NMR spectrum for MeHzSi-(C&SiHMeSiHMe),-C&SiH2Me with Mn = 780 (GPC, polystyrene standards). 

correspond to Si-H groups. A triplet resonance at 6 4.50 
is assigned to the terminal SiHAHx) end groups, by 
comparison to the spectrum for the monomer. Amultiplet 
centered at 6 4.70 is assigned to the "backbone" (Hx)SiH 
groups. The ratio of SiH2 to SiH resonances in this 
spectrum is 2.3, implying an average degree of oligomer- 
ization of ca. 2, which is consistent with the GPC trace of 
Figure 1. 

Since hexyl groups in the above reaction appear to 
sterically inhibit extensive dehydropolymerization, we 
examined the analogous methyl-substituted monomer. 
Reaction of neat MeH2SiCsH4SiH2Me with 1 (2 mol 7%) 
under dinitrogen (1 atm) for 24 h gives a mixture of 
oligomers (with 2 to ca. 10 monomer units; the f i s t  6 are 
resolved by GPC), with an M, value of 600. If this reaction 
is allowed to proceed for an additional 24 h under dynamic 
vacuum, the number average molecular weight value (M,) 
calculated from the GPC trace is increased to 780 (M, = 
1430). For MeHzSi-(CsH&3iHMeSiHMe),-C6H4SiHzMe 
oligomers obtained under mild conditions such as these, 
Mw/M, values fall within the range 1.5-2.0. These 
materials are colorless solids, which can be purified by 
column chromatography (florosil). 

The 'H NMR spectrum of the MeH2Si-(C&- 
SiHMeSiHMe),-CsH4SiHzMe oligomer with M, = 780 
(Figure 2) exhibits a relatively sharp peak in the aromatic 
region, and two multiplets centered at 6 4.63 and 4.47, 
which correspond to backbone and end Si-H groups, 
respectively. The more distinctive quartet at higher field 
(6 4.47) was assigned to the end-group based on compar- 
isons to spectra for the monomer. Likewise, the high- 
field SiMe triplet at 6 0.18 is assigned to the end group. 

\ ' ' " " " I  ' ' " " " I  ' ' " " " I  ' ' " 
1 o2 1 o4 1 os 

l o3  Molecular Weight 

Figure 3. GPC trace for MeH&3i-(C&SiHMeSiHMe),,-C&- 
SiHzMe with Mn = 780 (GPC, polystyrene standards). 

Integration of the SiH signals relative to each other, or 
integration of SiMe resonances, allows an end-group 
analysis of the molecular weight. For this sample, the 
average degree of polymerization calculated from the 
integrations is about 3 (molecular weight = 500). There- 
fore, the average molecular weight values determined by 
GPC measurements (polystyrene standards) appear to be 
overestimated by a factor of ca. 1.6. However, the GPC 
trace of Figure 3 clearly shows that significant quantities 
of higher oligomers are present in the sample. 

The DEPT 29Si NMR spectral3 for the MeHzSi-(C&- 
SiHMeSiHMe),-CsH4SiHzMe oligomers are similar and 
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Figure 4. GPC trace for the soluble portion of the (-CeHe- 
SiHEtSiHEt), polymer obtained after heating the reaction 
mixture. M, = 117000 (M,/M, = 6.3; GPC, polystyrene 
standards). 

contain three resonances. A sharp peak at  6 -35.7 is 
assigned as an SiH2Me end group, based on polarization 
transfer experiments. Multiplets centered at 6 -36.0 and 
-36.5 apparently arise from possible diastereomeric -Si- 
HMe-SiHMe- structures that form.I4 

Further increases in molecular weight are accomplished 
with elevated temperatures. Thus, reaction of MeH2- 
SiC6H4SiHzMe with the catalyst at 70 "C over 60 h 
provided material with M, = 1560 and M, = 7150. For 
this sample, the molecular weight determined from an 
end-group analysis is 1100. Addition of small amounts of 
toluene solvent (2 mL) and further heating (80 "C, 60 h) 
results in production of an insoluble poly(disilany1ene- 
arylene), along with a soluble fraction (ca. 10%) with 
molecular weight values of M, = 1700 and M, = 13 OOO. 
The high polydispersity of the latter material is attributed 
to cross-linking. Thus, under more forcing conditions, 
higher molecular weights are obtained, but this appears 
to be accompanied by cross-linking reactions which give 
rise to higher polydispersities, and eventually, insoluble 
material. Extended reaction (4 days) at 90 "C produced 
an insoluble polymer that displayed three broad signals 
in the CRAMPS solid-state 'H NMR spectrum at 6 0.4, 
4.4, and 6.6. Integration of these signals indicated that 
the polymer was ca. 10 % cross-linked via reaction at the 
Si-H backbone positions. 

Similar results were observed in attempts to dehydro- 
polymerize EtH2SiCeHdSiH2Et, under conditions analo- 
gous to those described above. After 24 h at room 
temperature, only short oligomers were obtained (M,IM, 
= 1100/580). Upon exposure of the dehydrocoupling 
reaction to vacuum for 48 h, an M, value of 1750 was 
reached (M, = 4700). In a separate reaction over 5 days 
at  70 "C and under static vacuum, an insoluble polymer 
was obtained as the major product, along with small 
amounts of soluble material with M, = 117 OOO (M,IM, 
= 6.3). The higher molecular weights observed for the 
ethyl derivatives are attributed to the lower crystallinity 
(and higher solubility) of the oligomers and polymers 

(13) Blinka, T. A.; Helmer, B. J.; West, R. Adu. Organomet. Chem. 

(14) Durham, J. E.; Corey, J. Y.; Welsh, W. J. Macromolecules 1991, 
1984,23, 193. 

24, 4823. 

formed, which allows higher molecular weight species to 
dissolve. Also, a more fluid reaction medium may allow 
for more extensive reaction. Consistent with this, the 
material obtained from the room temperature polymer- 
ization was a viscous liquid rather than a solid, as observed 
under similar conditions for the methyl-substituted mono- 
mer. 

At  present, the nature of the cross-linking process is not 
known, but there are two possibilities that seem most likely. 
One process would simply involve reaction of an Si-H 
group in the backbone of an oligomer via dehydrocoupling 
(eq 4). It is also possible that branching could occur by 

H H H  H H 

H-&-R 6 
I 

H-Si-R 

1 

H H 

k k 

a redistribution process, which could act (for example) t< 
convert SiHzR end groups to more reactive SiH3 func- 
tionalities (eq 5). Early-metal metallocene catalysts (for 
example, Cp2TiMez'O) are known to catalyze the redis- 
tribution of silanes under forcing conditions. The two 
possible structures that would result are difficult to 
differentiate analytically. Cross-linking sites produced 
by dehydrocoupling reactions (silicon centers with no Si-H 
bonds) were not evident from 29Si NMR polarization 
transfer experiments. 

If redistribution is important as a cross-linking reaction, 
it seems likely that low molecular weight redistribution 
products (e.g., MeSiH3 and MezSiHz) might also be 
prod~ced.'~ To investigate the latter possibility, we heated 
the (C6H4SiHEtSiHEt), material with M, = 1750 to 70 "C 
(with catalyst) for 48 h under vacuum, and trapped the 
volatile elimination products at -196 OC. The only trapped 

(15) Curtis, M. D.; Epstein, P .  S .  Adu. Organomet. Chem. 1981,19, 
213. 
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different properties for the disilanylenearylenes produced, 
and the control that is readily exerted over these propertiea. 
Thus, under relatively mild conditions, processible (sol- 
uble, liquid) oligomers are obtained. Application of gentle 
heating then converts these oligomers, via cross-linking 
reactions, to insoluble (and presumably more inert) solid 
networks that exhibit much higher ceramic yields. Po- 
tential applications may take advantage of such two-stage 
polymerizations to ceramic precursors. 

90 ! ?  > 

o ' , , , ,  
200 400  600 800 1000 :2c0 

T e m P e l a t Y r e  :T 

Figure 5. Thermal gravimetric analysis traces for EtHzSi-(C&- 
SiHEtSiHEt),-C&SiHzEt materials under argon. 

compounds observed (by lH NMR spectroscopy) were 
small quantities of unreacted EtHzSiCsH4SiHzEt mono- 
mer and HSi(SiMed3, from decomposition of the catalyst. 
Thus, no small-molecule products that might have been 
formed by redistribution were detected. Further evidence 
against redistribution reactions of this kind is provided 
by the PhMeSiHz dehydrocoupling experiments men- 
tioned above. The volatiles from this reaction contained 
no traces of redistribution products (MeSiH3, SiH4, Phz- 
MeSiH, etc.) by lH NMR spectroscopy. Furthermore, 
note that reactions in this system which produce the 
observed PhMeHSi(SiMePh).SiHMePh (n = 1,2) prod- 
ucts correspond to the cross-linking process of eq 4, since 
they involve dehydrocoupling of tertiary silicon centers. 
Therefore it appears that the major cross-linking process 
occurs simply by dehydrocoupling of backbone positions, 
probably with the less crowded -SiHzR groups. 

For MeHzSi-(C&SiHMeSiHMe),,-Cd&SiH2Me (Mw/ 
M,, = 4440/1330) and EtHzSi-(CsH4SiHEtSiHEt),,-CsH4- 
SiHzEt ( M w / M n  = 5010/1670), UV absorptions are ob- 
served at ca. 250 (254 and 249 nm, respectively). Thus, 
the electronic properties of these materials appear to be 
similar to those for disilanylenearylene polymers reported 
earlier, including [H1.5SiC&SiH1.51n (260 nm),' [SiEtMe- 
SiEtMeC&], (262 nm),Em and [SiPhMeSiPhMeC&I4],, 
(254 nm).8m 

The thermal stability of the EtHzSi-(CsHrSiHEt- 
SiHEt),,-C&SiHzEt materials was investigated by ther- 
mal gravimetric analysis (TGA, Figure 5). As expected 
the insoluble, cross-linked polymer exhibits a much higher 
"ceramic yield" (67 % to 1100 "C) than do the correspond- 
ing, low molecular-weight oligomers (35% to 1100 O C  for 
M, = 860). 

Conclusions 

The dehydrocoupling of RHzSiCsHrSiHzR compounds 
(R = alkyl), as catalyzed by CpCp*Zr[Si(SiMes)dMe, 
produces oligomers which appear to have linear RHzSi- 
(CsH4SiHRSiHR),,-CsH4SiH2R structures. Higher mo- 
lecular weights can be achieved in these reactions, under 
somewhat more forcing conditions which produce extensive 
cross-linking. To obtain high molecular-weight, linear 
disilanylene(ary1ene) polymers by this method, a more 
selective catalyst which rapidly couples secondary (but 
not tertiary) silicon centers is apparently required. How- 
ever, potential applications for dehydropolymerizations 
of the type described here are suggested by the very 

Experimental Section 
Manipulations were performed under an atmosphere of argon 

or nitrogen using standard Schlenk techniques and/or a Vacuum 
Atmospheres drybox. Dry, oxygen-free solvents were used 
throughout. Elemental analyses were performed by Desert 
Analytics. NMR spectra were recorded on a GE QE-300 or a 
Varian UN-500 spectrometer. The solid-state combined rotation 
and multiple-pulse spectroscopy (CRAMPS) lH NMR spectrum 
was obtained on a modified Nicolet spectrometer operating at  
149.32 MHz, by C. F. Ridenour at  the Regional NMR Center, 
Colorado State University. Infrared spectra were recorded on 
a Perkin-Elmer 1330 spectrometer. The molecular weights of 
polysilanes were measured with a Waters 501 gel permeation 
chromatograph with polystyrene standards and tetrahydrofuran 
as solvent. Thermal analyses were performed on a du Pont Model 
2000 thermal analysis system. 1,4-Dibromobenzene (Aldrich) 
was used as received, MeSi(0Et)s and EtSi(0Et)s (Htils) were 
distilled prior to use, and LiAlK (Aldrich) was recrystallized 
from diethyl ether. The complex CpCp*Zr [Si(SiMes)s]Me was 
prepared as described previously.l8 
1,4-Me(EtO)tSiC6H4Si(OEt)~Me. A mixture of Mg chips 

(28.0 g, 1.15 mol), MeSi(0Et)s (360 g, 2.0 mol), and 750 mL of 
tetrahydrofuran were placed in a 2-L three-neck flask equipped 
with a magnetic stir bar, a condenser, and an addition funnel. A 
small crystal of iodine was added to activate the magnesium. A 
solution of 1,4-dibromobenzene (100.0 g, 0.424 mol) in tetrahy- 
drofuran (250 mL) was added slowly. After addition of ca. 25 
mL of this solution, the addition was interrupted until a mildly 
exothermic reaction began (within 30-60 min). Continued 
addition of the bromide was held at  a rate that maintained a 
gentle reflux. After the addition, the reaction mixture was stirred 
for an additional 3 h. The solution was decanted from unreacted 
Mg, and evaporation of the solvent under vacuum left a residue 
which was extracted with hexane (ca. 500 mL). The hexane was 
removed by evacuation, and two fractional distillations (0.1 
mmHg, 98-100 OC; lit. 164 OC/5.5 mmHgll) gave the product as 
a clear, colorless oil (46.5 g, 32% ). Anal. Calcd for ClsHaO&iz: 
C, 56.1; H, 8.83. Found C, 56.4; H, 8.89. IR (neat, CsI, cm-l): 
3045 m, 2960 8,2920 8,2870 8,2755 w, 2725 w, 1480 w, 1440 m, 
1386 s, 1365 m sh, 1290 m, 1255 8,1160 8,1038 8,1090 vs, 950 
8,820 s sh, 783 8,760 8,735 m, 670 m, 500 8. lH NMR (300 MHz, 
benzene-&, 22 OC): 6 0.34 (8, 6 H, Me), 1.14 (t, J = 6.9 Hz, 12 
H, OCHzCHs), 3.72 (9, J = 6.9 Hz, OCHzCHs), 7.83 ( ~ , 4  H, CeHI). 
13C(lH) NMR (75.5 MHz, benzene-de, 22 OC): 6 -3.90 (Me), 18.57 
(OCHzCHs), 58.59 (Oc&CHs), 133.82, 137.44 (CsH4). 
1,4-Et(Et0)*SiCeH4Si(OEt)~Et. The above procedure was 

employed using EtSi(0Et)s in place of MeSi(0Et)s. Two 
distillations (0.27 mmHg, 159-162 OC) gave a colorless liquid 
(50.0 g, 32%). lH NMR (300 MHz, benzene-ds, 22 OC): 6 0.85 
(m, 6 H, SiCHzCHs), 1.05 (m, 4 H, SiCHZCHs), 1.15 (t, 12 H, J 
= 7.1 Hz, 12 H, OCHzCHs), 3.72 (q,8 H, J 7.1 Hz, OCHzCHs), 
7.88 (8, 4 H, C8H4). 

1,4-Hx(MeO)zSiC6H4Si(OMe),Hx. The above procedure 
was followed, using HxSi(0Me)a as reagent. A short-path 
distillation (0.18 mmHg, 145-147 OC) gave the product as a 
colorless liquid (11.9 g, 48% 1. lH NMR (300 MHz, benzene-de, 
22 OC): 6 0.83-1.54 (m, 26 H, SiHx), 3.45 (e, 12  H, OCHa), 7.88 

1,4-MeH#iCa4SiH&Se. Tolithium aluminum hydride (25.0 
g, 0.66 mol) in diethyl ether (200 mL) was added 1,4-bis- 

(8, 4 H, C6H4). 

(16) Elsner, F. H.; Tilley, T. D.; Rheingold, A. L.; Geib, 5. J. J. 
Orgonomet. Chem. 1988,358, 169. 
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(diethoxymethylsily1)benzene (150.0 g, 0.438 mol), and the 
mixture was stirred at room temperature for 20 h. Fractional 
distillation of the reaction mixture, followed by purification of 
the product by distillation at  88-90 OC/25 mmHg yielded 4.81 
g (66%) of the product. Anal. Calcd for CsHuSiz: C, 57.8; H, 
8.48. Found C, 58.5; H, 8.74. IR (neat, CsI, cm-'): 3040m, 2995 
m, 2955 m, 2900 w, 2130 s, 1425 w, 1375 8,1326 w, 1250 5,1130 
s, 1115 m sh, 1075 m, 1020 w, 940 8,880 vs, 810 m, 730 5,688 8, 
500 m, 476 s. 'H NMR (300 MHz, benzene-&, 22 OC): 6 0.19 (t, 
J = 4.2 Hz, 6 H, Me), 4.46 (9, J = 4.2 Hz, 4 H, SiHz), 7.44 ( s ,4  
H, CeH4). l3C{lH) NMR (75.5 MHz, benzene-&, 22 "c): 6 -7.78 
(Me), 129.76,134.65 (CeH3. NMR (59.6 MHz, benzene-&, 

1,4-EtHzSiC6H4SiH&t. The procedure for 1,4-MeH~Sice&- 
SiHZMe was used to obtain the product by distillation at 40-43 
oC/O.O1 mmHg in 71 % yield (18.6 9). Anal. Calcd for CIOH1&: 
C, 61.8; H, 9.33. Found C, 61.8; H, 9.33. 'H NMR (300 MHz, 
benzene-&, 22 OC): 6 0.74 (m, 6 H, SiCHzCHd, 0.96 (m 4 H, 
SiCHzCH3), 4.42 (t, J = 3.8 Hz, 4 H, SiHd, 7.47 (s, 4 H, 
W{'H) NMR (75.5 MHz, benzene-ds, 22 "C): 6 2.41, 8.93 (Et), 
134.17, 135.03 (CeH4). 

~ , ~ - H X H ~ S ~ C ~ H ~ S ~ H ~ H X .  Lithium aluminum hydride (1.16 
g, 0.0306 mol) and 100 mL of diethyl ether were placed in a 
250-mL flask containing a magnetic stir bar. A diethyl ether (25 
mL) solution of 1,4-Hx(MeO)zSiC6H1Si(OMe)zHx (11.87 g, 0.0278 
mol) was added, and the resulting mixture was stirred for 40 h. 
The volatiles were evacuated, the product was extracted into 
pentane, and the pentane extract was evaporated to give the 
crude product, which was distilled with a Kugelrohr apparatus 
(0.02 mmHg/120-127 OC) to afford 5.0 g (58%). Anal. Calcd for 
C18H&iz: C, 70.5; H, 11.2. Found: C, 69.8; H, 11.0. 'H NMR 
(300MHz, benzene-&, 22 "c): 6 0.78-0.88 (m, Hx), 1.13-1.31 (m, 
Hx), 1.34-1.43 (m, Hx), 4.48 (t, J = 3.8 Hz, 4 H, SiHZ), 7.53 (8,  

4 H, C&14). 13C11H) NMR (75.5 MHz, benzene-&, 22 O C ) :  6 10.27, 
14.28, 22.93, 25.42,31.81, 32.89 (Hx), 134.47, 135.20 (C6H4). %si 
NMR (59.6 MHz, benzene-&, 22 OC): 6 -30.65 (t, JSiH = 192). 

Dehydrocoupling of PhMeSiHz. To 0.30 g (2.45 mmol) of 
PhMeSiHz in a 20-mL Schlenk flask was added CpCp*Zr[Si- 
(SiMe&]Me (0.0272 g, 0.049 mmol), and the resulting mixture 
was stirred at room temperature for 2 days. Analysis of the 
reaction mixture by GPC revealed the presence of PhMeSiHz 
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22 OC): 6 -38.40 (t, J s i ~  = 208). 
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(31 %), PhMeHSiSiHMePh (60% ),PhMeHSiSiMePhSiHMePh 
(6%), andPhMeHSi(SiMePh)zSiHMePh (ca. 3% ). Thereaction 
mixture was then heated under static vacuum at 70 OC for 4 days, 
resulting in conversion to PhMeHSiSiHMePh (82%), PhMeH- 
SiSiMePhSiHMePh (8 5% ), and PhMeHSi(SiMePh)aSiHMePh 
(ca. 10%). Transfer of the volatiles from this reaction mixture 
at -196 "C yielded only trace amounta of unreacted PhMeSiHz 
and some HSi(SiMe3)s as a decomposition product of the catalyst. 

Polymerization of l,4-RH&iC6HdSiH&. In a typical pro- 
cedure, ca. 0.5 g of monomer was added to the CpCp*Zr[Si- 
(SiMe&]Me catalyst (ca. 30 mg) in an inert atmosphere glovebox. 
For reactions exposed to vacuum, the reaction flask was trans- 
ferred to a Schlenk line. For isolation of the product, toluene 
(ca. 40 mL) was added to the reaction flask, and the resulting 
mixtured was stirred while being exposed to air for 3 h to destroy 
the catalyst. The solution was then passed through a Florosil 
column with toluene used as the elutant. The colorless effluent 
was evaporated to dryness to produce the disilanylenearylene as 
a white solid in 280% yield. 

For MeHBi-(C&SiHMeSiHMe),,-C&SiHzMe (24 hat room 
temperature under 1 atm Nz and then 24 h at room temperature 
underdynamicvacuum;M,/M, = 1180/700): 'HNMR (300MHz, 
benzene-d6, 22 OC): 6 0.18 (m, SiMe), 0.35 (m, SiMe), 4.46 (9, 
SiH), 4.63 (m, SiH), 7.44 (s, C6H4). 

For E ~ H ~ S ~ - ( C B H ~ S ~ H E ~ S ~ H E ~ ) ~ ~ ~ H ~ S ~ H Z E ~  (24 h at  room 
temperature under 1 atm of NP and then 48 h at room temperature 
under dynamic vacuum; MJMn = 6860/1810): 'H NMR (300 
MHz, benzene-ds, 22 "C): 6 0.75 (m, SiEt), 0.97 (m, SiEt), 4.41 
(m, SiH), 4.56 (m, SiH), 7.50 (m, C&). 

For HxH&i-(C&SiHHxSiHHx),,-C&SiHzHx (24 hat room 
temperature under 1 atm Nz, then 24 h at room temperature 
under dynamicvacuum;M,IM, = 1260/780): 'H NMR (30MHz, 
benzene-ds, 22 "C): 6 0.86 (m, SiHx), 1.05 (m, SMx), 1.21 (m, 
SiHx), 1.40 (m, SiHx), 4.50 (m, SiH), 4.70 (m, SiH), 7.55-7.64 (m, 
C6H4). 
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