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Highly Efficient Palladium Catalyst System for Insertion of Acetylenes into Si-Si Bonds.
A New Method for Modification of Silicon-containing Polymers
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The Pd(dba)2-2P(OCH2)3CEt (dba = dibenzylideneacetone) system exhibited
highly efficient catalysis in the insertion of acetylenes into Si-Si bonds of hexa-
methyldisilane, octamethyltrisilane, poly[(disilanylene)phenylene], poly[(disilanylene)-
ethylene], and poly(dimethylsilylene).

Synthesis of silicon-containing polymers is a subject of vigorous growth owing to the unique
physicochemical properties, and new methodologies to polymerize silicon compounds have been extensively
explored.l) However, little attention has been paid to the transformation of the backbone of silicon polymers
leading to new polymers. In this context, double silylation seems to be of great potential which, in principle,
transforms a Si-Si linkage in the backbone. However, the conventional catalysts for double silylation, in
particular with acetylenes, are not effective for those Si-Si bonds which are not activated by electronegative
substituents such as halogen atoms or alkoxy groups.z) Now we report that Pd(dba)2-2P(OCH?2)3CEt catalytst
system is highly active for the insertion of acetylenes into Si-Si bonds of non-activated disilane or trisilane, and
can be successfully applied to the modification of Si-Si bond-containing polycarbosilanes and
poly(dimethylsilylene).

When a mixture of hexamethyldisilane (0.4 mmol), phenylacetylene (1.0 mmol) was heated in the
presence of Pd(dba)2 (0.008 mmol) and P(OCH2)3CEt (0.016 mmol) in a sealed tube at 120 °C for 7 h, (Z)-1,2-
bis(trimethylsilyl)-1-phenylethene (1)3) was obtained in 91.0% GC yield, Eq. 1. Under the same conditions,
the use of conventional catalysts such as PdC12(PPh3)2 and Pd(PPh3)4 resulted in very low yields (7.3% and
11.6%, respectively). Likewise, the insertion of phenylacetylene (1.2 mmol) into each Si-Si bond of

Pd(dba),-2P(OCH,);CEt (2 mol% Ph
MesSiSiMes + PhC=CH —o oz 2Pl o = (1)
(2.5 equiv.) 120°C, 7h MesSi  SiMe,

1 (91%)

octamethyltrisilane (0.4 mmol) easily occurred in benzene (0.1 cm3) in the presence of Pd(dba)y (0.008 mmol)
and P(OCH2)3CEt (0.016 mmol) to selectively afford the product 2 in 90.7% GC yield, Eq. 2. In a separate

threefold scale reaction, 2 was isolated in 81% yield by silica gel chromatography (hexane) and subsequent
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Kugelrohr distillation.4) The single insertion product 3 was not detected at all in these reactions. Here again,
the result obtained with PACl2(PPh3)2 or Pd(PPh3)4 was much inferior; the yields of 2 and 3 were only 3.2%
and 6.9% for the former, and 0% and 1.9% for the latter, respectively. The yields were somewhat improved by
the use of PMe3 which is sterically less demanding than PPh3. Likewise, P(OMe)3 gave better result than
sterically bulky P(OPh)3 or P(OiPr)3. Accordingly, the high performance of P(OCH2)3CEt seems to be mainly

associated with the steric factor of the 1igand.6)

Pd cat. (2 moi%)
PhH, 120 °C, 7 h

Me;SiSiMe,SiMe; + PhC=CH

Ph  Ph Ph
Yo o =
Me;Si ,S{ SiMe; Me;Si SiMe,SiMe,
Me Me
2 3
Pd cat. Yield / %

Pd(PPhj)s 0 1.9
PACI,(PPhj)s 3.2 6.9
PdCl,(PMej)s 6.8 20.3

Pd(dba), + 2PPhg 0 2.0
Pd(dba), + 2P(OPh), 0.4 8.1
Pd(dba), + 2P(O'Pr), 9.4 23.3
Pd(dba), + 2P(OMe)s 19.3 38.3%)
Pd(dba), + 2P(OCH,),CEt 80.7 0

The present catalytic system could be successfully applied to the modification of the backbone of poly[p-
(disilanylene)phenylene] (Mw =23 x 104) (4).7) Thus, when 4 (0.4 mmol monomer unit) was treated with
phenylacetylene (1.5 mmol) in the presence of Pd(dba)2-2P(OCH?2)3CEt (0.008 mmol Pd) at 120 °C for 40 h in
a sealed tube, the insertion of phenylacetylene into each Si-Si bond was found by 1H NMR to have quantita-
tively occurred to give poly[p-(2- or 3-phenyl-1,4-disila-2-butenylene)phenylene] (5), Eq. 3. After purification
by reprecipitation from THF-IPrOH, pale yellow solid polymer was obtained in 95% yield.8) The shape of the
GPC curve of 5 in the reaction mixture was almost same as that of the starting polymer 4, and Mw was
estimated at 2.9 x 104 (theoretical value = 3.0 x 104). Accordingly, the insertion of phenylacetylene into every
Si-Si bond of 4 seems to have proceeded without degradation. 1H NMR of 5 showed Si-Me proton signals at
0.06, 0.13, 0.32, and 0.38 ppm. The appearance of the four signals is probably due to the regioisomeric inser-
tion of phenylacetylene into the neighboring Si-Si bond triads. The intensity of the four signals was almost
equal to each other, indicating that the direction of the insertion was almost random. Similarly, the reaction of
4 with 1-octyne and the reaction of poly[(disilanylene)ethylene] (Mw = 2.5 x 105) (7)2) with phenylacetylene
also proceeded quantitatively (IH NMR), and poly{p-(2- or 3-hexyl-1,4-disila-2-butenylene)phenylene] (6)9)
and poly[p-(2- or 3-phenyl-1,4-disila-2-butenylene)ethylene] (8)10) were obtained, respectively, Egs. 3, 4.
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Pd(dba),-2P(OCH,)sCEt (2 moi%) /J'\
{Qa ¥ ) + RozCH )21 (c 420)341 h( - ( D }
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Ph
Me Me Pd(dba),-2P(OCH,)sCEt (2 mol%) Me=L=\ Me
s. Si + PhC=CH > Si Si (4)
(3 8 equiv) 120 °C, 23 h 1 |
Me Me n : - Me .Me n
7 8 (91%)

Partial modification of polymer backbones was also possible by controlling the reaction conditions. Thus,
the reaction of 4 with phenylacetylene was discontinued at 24 h reaction time. 1H NMR spectra of the resulting
polymer revealed that 22% of the total Si-Si bonds of 4 remained intact, Eq. 5.

MeMe Me
Pd(dba)y-2P(OCH);CE! (2 mol% /Jw
4 + prozoH 2O | ) s| si @ (5)

. 120 °C, 24
(3.8 equiv.) 20 °C, h Ph Ph o

p:q = 22:78

Interestingly, even in the case of poly(dimethylsilylene) (0.8 mmol monomer unit),ll) which is well-
known as an insoluble and somewhat intractable polymer, the present catalyst did promote the insertion of 1-
octyne (1.5 mmol) in benzene (0.2 cm3) without extensive decrease of molecular weight, Eq. 6.12)

Hex
Me Pd(dba),-2P(OCH,)3CEt (1 mol%) M'e —
§i + HexC=CH c 27 h > §| (6)
Me /n (1.9 equiv.) PhH, 120 °C, 2 Me n
9 (45%)

Finally, the present catalyst has proved to be effective for cross-linking of Si-Si bond-containing poly-
mers. For instance, the treatment of 4 (0.2 mmol monomer unit) with 1,7-octadiyne (0.005 mmol) in benzene
(0.1 em3) at 120 °C for 33 h afforded a polymer with increased Mw (4.0 x 10%) as compared with that of 4 (2.3
x 10%), Eq. 7. Use of an increased amount of 1,7-octadiyne resulted in highly cross-linked insoluble polymer.

e Pd(dba)y-2P(OCH,)SCE
4+ yozo~~CCH PUBPOCHCR - finked polymer  (7)
PhH, 120 °C

In conclusion, Pd(dba)2-P(OCH?2)3CEt system has been demonstrated to be an excellent catalyst for
insertion of acetylenes into Si-Si bohds, which has been successfully applied to the direct reconstruction of
backbones of polysilanes as well as polycarbosilanes. Investigations on the physical properties of the
reconstructed polymers as well as further extensions of the present procedure to other double silylation reations
are under way.
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