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Introduction

Hydrosilation provides an efficient and direct method for preparation of silane products which
are useful building blocks in organic synthesis. However regioselective or stereoselective
hydrosilation remains to be studied. For example, late transition metal-catalyzed hydrosilation of
alkynes usually affords a mixture of three kinds of isomers.' Therefore it is not useful method for
organic synthesis. Our group reported zirconocene-catalyzed hydrosilation reaction of alkenes
with excellent regioselectivityz. This selectivity was attributed to the narrow space between the
two Cp ligands. Therefore I believed that metallocene complex derivatives have possibility for the
highly selective hydrosilation of alkynes when 1 started this study. Here I investigated
hydrosilation reaction of alkynes, alkenes and dienes using neutral,  anionic and cationic

metallocene complexes as catalysts.

1. Neutral titanocene complex-catalyzed hydrosilation of alkynes

Neutral, anionic or cationic zirconocene complexes did not give any positive result for the

reaction of 1-hexyne with Ph,SiH,. It is interesting to note that when Cp,TiBu, was used as a
catalyst, hydrosilation product was obtained as a single product in 78% yield in the reaction® of ‘
1-hexyne with diphenylsilane.
To the best of our knowledge, this is the first example of hydrosilation of alkynes which gave
single products in high yields. The reaction proceeded smoothly with excellent regioselectivity,
and syn-addition products were obtained exclusively from a variety of substrates.
2. Neutral titanocene complex-catalyzed hydrosilation-hydrogenation of alkynes

Transitio.n metal-catalyzed hydrosilation of alkynes and dehydrogenative silylation of alkynes are
well known, however simultaneous hydrosilation-hydrogenation of alkynes has not been reported.
When 1-decyne reacted with phenylsilane in the presence of 20 mol% of Cp,TiBu,, decylsilane was

obtained in 58% yield. Monitoring the reaction revealed that hydrosilation reaction occurred first and
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then hydrogenation reaction proceeded. Hydrogenation of (E)-1-diphenylsilyl-1-octenylsilalne
underwent under the same conditions to produce octylsilane. 'Izhe result indicated that hydrogen in the
hydrogenation step came from phenylsilane.
3. Neutral zirconocene complex-catalyzed hydrosilation of dienes
Neutral zirconocene complex catalyzed hydrosilation of non-conjugated dienes has not been

develboped. I found that the Cp,ZrHCI / n-BuLi system catalyzed hydrosilation of non-conjugated
diene 7-methyl-1, 6-octadiene to produce hydrosilation product in 51% yield along with
hydrosilation-hydrogenation ~ product in  41%  yield,  whereas  Cp,ZrBu, gave
hydrosilation-hydrogenation product in 25% GC yield and hydrosilation product in 41% GC yield.
4. Anionic zirconocene complex-catalyzed hydrosilation of alkenes

When Cp,ZrHCI was treated with an ekcess amount of n-BuLi, branched hydrosilation products of
styrenes were selectively obtained. This result was consistent with the hydrosilation of styrenes using
Cp,ZrCl, / 3 equiv. n-BuLi.*
S. Cationic zirconocene complex-catalyzed hydrosilation of alkenes

Catalytic activity of ‘cationic zirconium complex for hydrosilation of alkenes was investigated.
Styrene reacted with diphenylsilane in the presence of (Cp,ZrMe)’ prepared in situ to produce
disiloxane compound in high yield The structure of disiloxane compound was determined by x-ray
analysis. Surprisingly the product with a -Si-O-Si- moiety was formed in this reaction. Only Et,O is
the oxygen containing compound in the reaction.'Thus Et,O should be the origin of the oxygen. In
order to make clear this point the reaction of styrene with phenylsilane was carried out. It gave an
EtOSi- moiety containing product in 48% yield. This indicates that the origih of the oxygen of
disiloxane is Et;O. It is interesting to note that not only aryl substituted alkenes but also alkyl

substituted alkenes were suitable substrates, both cases gave high yields.

Conclusion

In this work, several novel hydrosilation reactions were developed. Firstly titanocene catalyzed
hydrosilation of alkynes gave a single isomer of alkenylsilanes. Terminal alkynes with phenylsilane
could give alkylsilanes. In addition non-conjugated dienes afforded hydrosilation products and
hydrosilation-hydrogenation products. On the other hand, cationic zirconiumr-catalyzed hydrosilation

of alkenes produced disiloxane compounds.
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