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and amide C=O (1701 cm1) stretching modes. From the 
results, some alkyl chains were thought to be removed dur
ing the acid or/and heat treatment. Meanwhile, the peaks in
tensity due to the stret아ling or bending modes of O-H (3348 
cm7), C-O, and C-N (1000-1150 cm-1, peaks overlapped) 
groups are increased. Therefore, it is supposed that the am
ino groups of the melamine ring were hydroxymethylated 
and their dehydrations resulted in crosslinking in part. 
However, the quantitative extent of the hydrxymethylation 
and the crosslinking was not clear at this point.

SEM micrographs of Figure 3 show the surface morpho
logy of the porous fluorocarbon membranes. We can readily 
observe the original pores, which are seen as longish and 
somewhat dark appearance (Figure 3a), of the substrate mem
brane. When the monolayer of NDTOA was deposited on 
the substrate membrane from pure water subphase, the large 
defects with sizes of ca. 2 |im were seen as dark spots even 
in 12 layers. However, good covering of the pores was 
found in the 8 monolayers film which was transferred from 
acidic (pH=3) aq. formaldehyde subphase (Figure 3b). The 
covering capability is thought to be enhanced through the 
partially crosslinking between the melamine moieties at the 
air-water interface. The surface morphology observed through 
the SEM micrograph was not changed when the LB film 
was heat-treated as described above.

In conclusion, we demonstrated a molecularly-thin network 
film of a melamine-formaldehyde resin which is a well- 
known thermosetting resin. A modification of a porous sol

id surface by ultrathin thennoset film could be done by us
ing the LB technique.
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While catalytic hydrosilation reactions of a carbonyl group 
by late transition metal complexes have been reported,1 few 
hydrosilation reactions catalyzed by early transition metal 
complexes are known.2 Since catalytic activities of group 4 
metallocene derivatives for the dehydrogenative coupling of 
organosilanes3 have been known, the catalytic activation of 
organosilanes by the metallocene derivatives has been utiliz
ed for the olefin hydrosilation.4 We have successfully appli
ed the activation of phenylsilane by dimethylzirconocene to 
O-silation of various alcohols and aldehydes.5 It has also been 
reported that diphenyltitanocene is effective as a catalyst for 
the hydrosilation of various ketones to give alkoxysilanes.23

In this paper we wish to report the hydrosilation of ke
tones with phenylsilane catalyzed by dimethylzirconocene 
under mild conditions. A catalytic amount of dimethylzirco
nocene (1) prepared by the literature procedure6 was added 
to a stoichiometric mixture of a ketone and phenylsilane (2) 
in benzene. The initially colorless solution turned yellow with 

evolution of H2 gas. In a typical procedure, a mixture (0.5 
mL) of 1 (0.06 M), 2 (3.7 M), and a ketone (3.7 M) in ben
zene was stirred under argon for 72 hours at room tem
perature. The resulting mixture was subjected to the GC/MS 
analysis.7 All manipulations were carried out under argon at
mosphere using either standard inert-atmosphere techniques 
or argon filled glove box. The solvent, phenylsilane, and 
ketones were saturated with argon before use.

The results of the O-silation reaction catalyzed by 1 are 
summarized in Table 1. For relatively simple ketones such 
as 2-butanone and 2-pentanone, bis(alkoxy^)henylsilanes are 
major products (64-74%) and tris(alkoxy)silanes are minor 
products (6-15%). In the case of 4-hexene-3-one which is 
sterically rather bulkier than 2-butanone or 2-pentanone, only 
bis(alkoxy)phenylsilane is observed in a good yield (84%). 
The results are comparable with those of the diphenyltitano
cene system.23 A similar reaction of phenylsilane and 2-hep- 
tanone by a catalytic amount of diphenyltitanocene under
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Table 1. Hydrosilation products of ketones with phenylsilane ca
talyzed by dimethylzirconocene

Ketones Products GC yield (%)a
[(CH3)(C2H5)HC 이 zSiHPh 61

2_l> u luliulic [(CH^CzH^HC 이 3&Ph 15
[(CH3)(C3H7)HCO]2SiHPh 74

2_pClltdliOlic
[(CH3)(C3H7)HCO]3SiPh 6

4-hexene-3-one [(CH3CH=CHXC2H5)HCO]2SiHPh 84
C6HnOH 22

cyclohexanone (C6HnO)SiH2Ph 13
(C6HnO)2SiHPh 32
c6h5c2h5 8
c6h5ch=ch2 21

acetophenone [(C6H5)(CH3)HCO]SiH2Ph 5
[(。6瓦 父 CH)HC 이 zSiHPh 2

yield based on the initial concentration of the ketone.

O
3 + R-C-R' —* 해2아' —~► 4 + PhWHCO)SiH2

OCHRR1

가 .“、、SiHtOCHRR'jPh 
2

O 
R-C-R'

4 + Ph(OCHR한)2$iH

o 
R-C-R'

O
R-C-R'

가 .“、、SROCHRR'JjPh 
3Z、ochrr —-4 + Ph(OCHRR')3SiH (4)

6

harsh conditions (120 °C) gives only bis(l -methylhexyloxy) 
phenylsilane as an only product.23

There seems to be a steric factor in the O-silation reac
tions of ketones. As the number of carbor atoms of a ke
tone increases, the yield of tris(alkoxy)silane decreases, 
while the yield of bis(alkoxy)silane increases. The major 
products of these reactions are bis(alkoxy)phenylsilanes. 
The larger steric demand of ketones than that of aldehydes 
would also hinder further hydrosilations of ketones to pro
duce tris(alkoxy)phenylsilanes which are yet the major pro
ducts in the reactions with aldehydes.53

The yields of hydrosilation products of cyclohexanone are 
significantly decreased. Instead, hydrogenation of the carbon
yl group of cyclohexanone by H2 evolved from the dehydro- 
genative coupling of phenylsilane gives cyclohexanol. A sim
ilar reaction of benzaldehyde to produce benzylalcohol has 
been observed in the dimethylzirconocene catalysis system.53 
In the case of 4-hexene-3-one, a resonance at 8 5.4 ppm as
signable to the olefinic hydrogen in NMR spectrum was ob
served. which is due to neither the hydrogenation nor the hy
drosilation of 4-hexene-3-one occurs, It is obvious that the 
hydrosilation of the carbonyl group occurs preferentially over 
that of the olefin group in the unsaturated ketone.

Surprisingly major products of the reaction of acetophe
none are styrene (21% yield) and ethylbenzene (8% yield). 
The yield of hydrosilation products of acetophenone is very 
poor. As shown in equation (1), the hydrogenation of the 
carbonyl group followed by the dehydration produces sty
rene. Subsequent hydrogenation of styrene would give ethyl
benzene.

It is not clear at the moment why the hydrogenation oc
curs preferentially over the hydrosilation of the carbonyl 
group in the reaction of acetophenone. The steric and elec
tronic effects of phenyl group in acetophenone may play 
roles in the reaction of eq 1.

II ⑴/(2) 9H -h2O 버 (1)/(2) “、
Ph-C-CH3----------a Ph-C-CH3 ----------a Ph-C=CH2 ---------- a Ph-CH2CH3 (1)

H

A plausible mechanism for the hydrosilation of ketones 
shown in Scheme 1 would be similar to that of aldehydes.53 
It has been 동uggested that hydridosilylzirconocene species 3 
formed from the reaction of 1 with 2 is an active species

4 + H2 + RC(=O)R' --------- -  RCH(OH)히 (5)

Scheme 1.

for the catalytic coupling of 2,8 hydrosilation of olefines, 
and the O-silation of alcohols and aldehydes.53 The hydri
dosilylzirconocene (3) would act also as the catalyst for the 
hydrosilation of ketones.

The reaction of 4 with bis(alkoxy)phenylsilane to form a 
new hydridosilylzirconocene would be retarded due to the 
steric hindrance with increasing the number of carbon atoms 
of ketones. This accounts for decreasing yields of tris(alkoxy) 
phenylsilane in the order of 2-butanone > 2-pentanone > 4- 
hexene-3-one. For highly bulky ketones such as cyclohexa
none and acetophenone, reactions of eq 3 and eq 5 are rather 
favorable to form the hydrogenation products of the carbonyl 
group.
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