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Bis(ns—cyclopentadienyl)diphenyltitanium—catalyzed Hydrosilylation of Ketones

Taichi NAKANO and Yoichiro NAGAI

Department of Chemistry, Gunma University, Kiryu, Gunma 376

Bis(nS—cyclopentadienyl)diphenyltitanium activated a Si-H bond
of diphenylsilane, methylphenylsilane, and phenylsilane effectively
to bring about the reaction with ketones giving hydrosilylation

products, alkoxysilanes, in good yields with good selectivity.

The hydrosilylation of carbonyl compounds is known to be effected by various

catalytic systems such as metal halides(e.g., ZnC121) and H2PtC162)), uv light,3)

4) 5)
515/’ RhCL(PPhy) .,

However, to date, no report has been published for the

and Group VIII metal phosphine complexes(e.g., [(PhMeZP)PtCl

6)
and RuCl,(PPhy),"").

hydrosilylation of carbonyl compounds employing bis(ns—cyclopentadienyl)diphenyl-

7)

titanium as a catalyst. Bis(ns—cyclopentadienyl)diphenyltitanium is known

8)

to be stable in air and decompose to o-phenylene titanocene at temperatures of

9)
217

RCECR'8'11) giving the corresponding titanacarbocycles. We wish to report herein

70-90 °C, which is further subject to attack of reagents such as CO N2,10)and
the first example that diphenyltitanocene did catalyze the hydrosilylation of
ketones efficiently at higher temperatures than the decomposition temperatures of
the titanium complex to give the corresponding adducts in good yields with good

selectivity(Scheme 1).
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Typically, a 1:1:0.016 mixture of diphenylsilane, 2-heptanone, and
the titanium complex was introduced into a glass ampoule. The mixture was de-

gassed through several freeze-evacuate-thaw cycles prior to sealing in vacuo.
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Then, the mixture was stirred at 120 °C for 11 h. GLC analysis of the resulting
mixture disclosed that 84% of the ketone charged was consumed and (1-methylhexyl-

oxy)diphenylsilane was produced in 91% yield based on the ketone consumed.

The product was identified by comparing its IR, 1H NMR, and MS spectra with those

of an authentic sample. Other examples are summarized in Table 1.12)

Table 1. Bis(ns—cyclopentadienyl)diphenyltitanium—catalyzed Hydrosilylation of

Ketones
. . b
Run Silane(mmol) Ketone(mmol) Conditions Conv.a) Product Yield J
temp /°C,time/h %
1 PhZSiH2(6) 2-Heptanone(6) 120, 11 87 thHsi—OCHMe(C5H11) 91
2 PhZSiH2(6) 2-Heptanone(12) 120, 20 65C) PhZHSi-OCHMe(C5H11) 88
30 PhZSiH2(6) 3-Pentanone(6) 120, 11 67 PhZHSi—OCHEt2 91
4 PhZSiHZ(G) Cyclopentanone(6) 120, 11 93 PhZHSi-OCSH9 76
) d
5 MePhSiH2(6) 3-Pentanone(6) 90, 8 87 MePhH81—OCHEt2 66 re)
6 PhSiH (6)  2-Heptanone(12) 120, 5 100°) PhHS1 (-OCHMe (CH,,)), 60°)

a) Conversion of the ketone, %.
b) Yields were determined by GLC. Correction for thermal conductivity was made.
c) Conversion of the silane, %.

d) Uncorrected.

e) Any other products were not detected by GLC analysis.13)

As is seen from tha Table, the reaction of diphenylsilane with 3-pentanone
and cyclopentanone under conditions described in the Table gave (1-ethylpropoxy)-
diphenylsilane and cyclopentyloxydiphenylsilane in 91 and 76% yield based on the
ketone consumed, respectively. Rather surprisingly the reaction of diphenylsilane
with two equivalents of 2-heptanone under similar conditions produced only
(1-methylhexyloxy)diphenylsilane in 88% yield. The hydrosilylation of 3-pentanone
with methylphenylsilane proceeded under even milder conditions than did the reac-
tion with diphenylsilane and occurred at 90-100 °C to form methyl(1-ethylpropoxy)-
phenylsilane selectively. On the other hand, phenylsilane entered into the reac-
tion with two equivalents of 2-heptanone in the presence of the titanium catalyst
to give bis(1-methylhexyloxy)phenylsilane in 61% yield. The difference in selec-

tivity between the dihydrosilane and the trihydrosilane has been found in
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5b)

RhC1(PPh -catalyzed hydrosilylation of conjugated enones.

3)3
A possible mechanism for the present reaction can be tentatively illustrated
in Fig. 1. Harrod et al.14) have recently shown that while dialkyltitanocenes

such as szTiMe2 and CpZTi(Bz)2 react with various hydrosilanes(e.g., trihydro-

silanes, dihydrosilanes, and alkoxymonohydrosilanes) at room temperature to give

R,SiH

, 22772 N .
2 Cp,TiPh, > [(Cp,TiH) ,H] (2)
[(Cp,TiH),H] > [Cp,TiH] (3)
—[szTiHZ]
/ . I
[CpZTiH] + O==C —> Cp,Ti—0—C— (4)
\ |
H
. ' . \ . I
Cp2T1-—O——?—— + R281H2 —> R2H81—-O-?——
H H
+ [CpZTiH] (5)
Fig. 1.

bis(n5-cyclopentadienyl)titanium hydride complex, [(Cp2TiH)2H], Cp2TiPh2 does not.
However, successful hydrosilylation of ketones using the dihydrosilanes and pheny-
silane in the presence of diphényltitanocene as a catalyst seems to be understood

15) possibly

in terms of the formation of some titanium hydride complex,
[(CpZTiH)2H], from the reaction of diphenyltitanocene with the dihydrosilanes or

phenylsilane under the conditions employed. The addition of [szTiH] to carbonyl

compounds has been reported by Sato et al.16)
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