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Silation reactions catalyzed by homogeneous transition
metal complexes has been useful for the preparation of var-
ious silylcompounds.! Most of the reactions are catalyzed
by late transition metal complexes. Very little attention has
been paid to early transition metal catalysts.?

Catalytic activities of titanocene and zirconocene derivati-
ves for the dehydrogenative coupling of organosilanes have
been described (eq. (1))

C MMez

"RSH: M=T, Zo

R
H—('S:i);-H +{(n—1H,
H

Recently these catalytic activations of the organosilanes by
group 4 metallocene derivatives have been utilized for the
olefin hydrosilations.*

In this study, we have attempted the application of the
catalytic reaction system of dimethylzirconocene, 1, to O-sila-
tion of alcohols and aldehydes. O-silations of alcohols and
aldehydes are important reactions for the synthesis of silyl
ethers.® However, only a few number of complexes have been
used as the homogeneous catalysts for the reaction® Most
of the homogeneous catalysts known to date are late transi-
tion metal complexes. This work is one of a few examples
of O-silation of aldehydes and alcohols catalyzed by early
transition metal complex.? O-silation of alcohols or aldehydes
catalyzed by 1 occurs preferentially over the olefin group
presented in the same molecule.

After the addition of catalytic amount of dimethylzircono-
cene, 1, to stoichiometric mixture of alcohols and phenylsi-
lane, 2, in bezene, the initially colourless solution turned
yellow with evolution of H,” 'H-NMR spectrum of the mix-
ture showed no resonances due to the Si-H (6 4.16) and
O-H protons. The chemical shifts and resonance patterns
for the alkyl proton of the reaction mixture remained basica-
lly same as those for the pure alcohol. In the case of allyalco-
hol reaction, the resonance peaks (6 0.9, 1.5, 3.6) of propyl
group appeared weakly, indicating the hydrogenation of ally-
lic C=C of small portion of allylalcohol to propanol. However
the GC/MS analysis® of the reaction mixture showed only
trace amounts of propanol and its related compounds. The
GC/MS analyses of the reaction mixtures of some alcohols
as given in Table 1 indicate the production of alkoxysilanes.®
The alcoholysis of phenylsilane produces upto trialkoxy-
phenylsilane with the yield of about 70%. Other minor pro-
ducts are high-MW products such as alkoxy compounds of
various oligomers of the silane. For an example, we have
identified the formation of (CH;CHCH.0):(Si),H(Ph). and
(CH;CH;CH,0)4(S1)2(Ph); in the case of propanol.
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Table 1. Silation of Alcohols with Phenylsilane catalyzed by Di-
methylzirconocene

Alcohol Product GC yield (%)°

Allylalcohol (CH;=CHCH;0)SiH,Ph 1
(CH;=CHCH,0);SiPh 78

Propanol (CH,;CH,CH,0),SiHPh 35
(CH;CH,CH,0),SiPH 37

“Yield calculated by GC based on [alcohol];

/SinPh
Cp2ZrMez; + 2PhSiH3 > szZ{‘ + CHy + MePhSiHz
H
1 2 3
SiHzPh -Hz /SinPh
Cp2Zr + ROH —> szZx\' > "Cp2Zr” + (RO)SiHzPh
OR
3 5
/SiH(OR)Ph +ROH /SiH(OR)Ph
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\H -Hz OR
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Scheme 1.

Table 2. Hydrosilation of Aldehydes with Phenylsilane catalyzed
by Dimethylzirconocene

Aldehyde Product GC yield (%)°
Crotonaldehyde  (CH;CH=CHCH,0),SiHPh 30
(CH;CH= CHCH;0);SiPh 55
Propionaldehyde (CH;CH,CH,0),SiHPh 4
(CH,CH,CH;0),SiPH 89
Benzaldehyde PhCH,OH 81

“Yield calculated by GC based on [aldehyde];

It has been suggested’ that the hydridosilyltitanocene, 3,
formed by the reaction of 1 with 2 is an active species for
the catalytic polymerization of 2. In this case of O-silation
of alcohol, 3 would act also as the catalyst as follows:
(Scheme 1).

The procedures for the aldehyde reactions are similar to
those for the alcohol reactions.® The aldehyde reactions
were usually slower than the alcohol reactions. In this case
of aldehyde reactions, we could trace the progress of reaction
by monitoring 'H-NMR peak (8§ ca 9) of carbonyl CH.!* Table
2 gives the hydrosilation products of some aldehydes® The
alkoxysilanes are produced with over 70% yield. However,
no hydrosilation products were detected in the reaction of
benzaldehyde. The hydrogenation to C=0 group of benzal-
dehyde with H; evolved by the dehydogenative coupling of
phenylsilane eq. (1) occurs to produce benzylalcohol. At this
stage it is obscure why the hydrosilation of benzaldehyde
does not go. Further study is under way to clarify the reason.

A plausible mechanism for the hydrosilation of aldehydes
is as follows: (Scheme 2). In both of Schemes 1 and 2, the
complexation of § with monoalkoxyphenylsilane goes further
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/SiHzPh 0 /SilizPh
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/SiH((X:HzR)Ph
Cp2Zr
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> § + (RCH20)2SiHPh

Scheme 2.

silation to produce the dialkoxyphenylsilane and § with dial-
koxyphenylsilane to produce the trialkoxysilane. When 5 rea-
cts with 2 to produce 3, the catalytic cycle begins again.
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Diaziridines, structurally simple three membered hetero-
cycles with two nitrogen atoms, are fairly new class of com-
pounds not only for their structural inertness but also for
the unique chemical reactivities.®* With regard to the unique
structural aspects, diaziridines exhibit several characteristics,
namely i) trans isomer favority over cis isomer so that the
preparation of chiral diaziridines is possible by asymmetric
induction? ii) relatively low basicity due to the trans orienta-
tion of nonbonding electrons on nitrogen atoms® iii) and good
stabilities toward high temperature and acidic or basic media
compared to their close analogue, oxaziridines.® Given those
attractive features of diaziridines, we have been interested
in designing biologically active substances especially new
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