
Tetrahedron Letters 48 (2007) 2033–2036
Hydrosilylation and double silylation of carbonyl compounds
with 1,1 0-bis(dimethylsilyl)ferrocene using nickel- and

platinum-catalysts

Young Kun Kong,a,* Jinsik Kim,a Sungkeun Choia and Seok-Bong Choib

aDepartment of Chemistry, Kyonggi University, Suwon, Kyonggido 440-760, Republic of Korea
bCenter for Nanoscale Science and Engineering, North Dakota State University, Fargo, North Dakota 58105, USA

Received 1 October 2006; revised 18 December 2006; accepted 3 January 2007
Available online 7 January 2007
Abstract—A series of ferrocene-based organosilicon compounds have been prepared via hydrosilylation or double silylation of car-
bonyl compounds with 1,1 0-bis(dimethylsilyl)ferrocene using (C2H4)Pt(PPh3)2 or Ni(PEt3)4 catalysts. In general, while the platinum
catalyst (C2H4)Pt(PPh3)2 preferentially produced cyclic double-silylated products, the Ni(PEt3)4 catalyst led to the hydrosilylated
ferrocene products from aldehydes or ketones.
� 2007 Elsevier Ltd. All rights reserved.
1. Introduction

Recent discoveries in a broad range of applications such
as electrical, magnetic, optical, biomedical, coatings,
aerospace, and catalysis greatly increased the interest in
the incorporation of transition metals into organic
monomers and polymers.1,2 The catalytically facilitated
addition of Si–H bond into unsaturated organic sub-
strates has a long history as a major synthetic tool for
the formation of organosilicon materials.3 However, in
contrast to well established hydrosilylation reaction, the
dehydrogenative double silylation of carbonyls has seen
little development even though it has shown importance
for the formation of tailored molecular architectures.4

We have demonstrated that the platinum and nickel com-
plexes, (C2H4)Pt(PPh3)2 and Ni(PEt3)4, are efficient
catalysts not only for hydrosilylation, but also for
dehydrogenative double silylation of unsaturated organic
functionalities such as acetylenes, olefins, dienes, enones,
and nitriles with 1,2-bis(dimethylsilyl)carborane.5 In
addition, we found that the platinum and nickel catalyst
exhibit differences in catalytic activity depending on the
type of silanes and on the type of unsaturated organics
used in the reaction. In order to extend this research to
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organometallic substrates instead of the previously stud-
ied benzene4 or carborane5 substrates, here we report the
reaction of 1,1 0-bis(dimethylsilyl)ferrocene with alde-
hydes and ketones in the presence of platinum or nickel
catalysts to give new types of organosilylferrocene deriv-
atives. To our knowledge, this is a first example of the
dehydrogenative double silylation reaction leading to
products containing a transition metal. In a typical experi-
ment, the starting material 1,1 0-bis(dimethylsilyl)ferro-
cene6 and the platinum7 and nickel8 catalyst complex were
prepared according to methods previously published.
2. Platinum catalyst (C2H4)Pt(PPh3)2

The reactions of 1,1 0-bis(dimethylsilyl)ferrocene with
aldehydes (1:1.0–1.58 mmol ratio) in the presence of a
catalytic amount of (C2H4)Pt(PPh3)2 are summarized
in Table 1. The products obtained were purified by chro-
matography and/or fractional distillation and their
structure were determined by 1H and 13C NMR, FT-
IR, and GC–MS. For example, the mixture of benzalde-
hyde (1.86 mmol), 1,1 0-bis(dimethylsilyl)ferrocene (1.18
mmol) and (C2H4)Pt(PPh3)2 (0.074 mmol) in toluene
15 mL was stirred at 80 �C for 2 h. The mixture was
treated with a short silica gel column to remove the plat-
inum catalyst from the reaction mixture. The solution
was chromatographed using benzene/hexane (1:1) as
the eluant (Rf = 0.45). The oily dark red liquid was
obtained in the yield of 70%.
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Table 1. The platinum complex (C2H4)Pt(PPh3)2 catalyzed dehydrogenative double silylation of carbonyls

Fe Fe
Si H

Si H Si C

Si
O

R

H
R H

O (C2H4)Pt(PEt3)2+

Substrates Products Reaction Yieldb (%)

Ratioa Temperature �C Time (h)

1

H

O
Fe

Si C

Si
O

H

1.58 80 2 70

2
H

O

CN
Fe

Si
O

Si C
H

CN 1.0 110 16 75

3
H

O
Fe

Si C

Si
O

H

1.25 80 2 55

4
H

O
Fe

SiH

Si O CH2
1.54 80 2 80

a Ratio of aldehydes versus 1,10-bis(dimethylsilyl)ferrocene used.
b Isolation yield after column chromatography.
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The key feature for the formation of cyclic product in
1H NMR spectrum includes complete disappearance of
Si–H peak and aldehyde peak H–C@O (4.61(a) and
9.48 ppm respectively) and appearance of new peak at
4.89 ppm assigned the O–C–H proton. A significant
chemical shift of aldehyde in 13C NMR resonance from
205.83 ppm to 68.46 ppm is, also, a clear evidence for a
single bond formation of C–O from the C@O double
bond of aldehyde.

In contrast to the double silylation of the above carbo-
nyls, 1–3, when isobutyraldehyde 4 was employed in
the reaction under the same conditions, non-cyclic
hydrosilated product was isolated as a dark red liquid
instead of the cyclic bis(silyl)ferrocene. Overall, despite
the fact that we previously reported that the platinum
complex (C2H4)Pt(PPh3)2 has no catalytic activity for
1,2-double silylation with aldehydes when 1,2-bis(di-
methylsilyl)carborane is used,9 we found that the plati-
num complex (C2H4)Pt(PPh3)2 is active for either the
1,2-double silylation of aldehydes as well as hydrosilyla-
tion, depending on the aldehyde reactant, when 1,1 0-bis-
(dimethylsilyl)ferrocene is used.
3. Nickel catalyst Ni(PEt3)4

In general, all synthetic processes, purification methods,
and characterization methods were identical except the
use of the Ni catalyst. The results for the reactions
involving Ni(PEt3)4 catalyst are summarized in Table
2. In contrast to the reaction products obtained using
the Pt catalyst, the reaction of 1,1 0-bis(dimethylsilyl)fer-
rocene (1.48 mmol) with aldehydes or ketones (1.1–
1.78 mmol) in the presence of a catalytic amount tetrakis
(triethyl-phosphino)nickel produced linear products in-
stead of cyclic compounds. This is confirmed by the exis-
tence of Si–H peak at 4.3–4.7 ppm from the 1H NMR
spectrum as well as a peak at around 2100 cm�1 in the
FT-IR spectrum. As an example, the mixture of 1,1 0-
bis(dimethylsilyl)ferrocene (1.18 mmol), phenylaldehyde
(1.91 mmol), and Ni(PEt3)4 (0.074 mmol) in 15 mL of
toluene was heated to 80 �C for 14 h. After removal of
the residual nickel catalyst using a silica column and
following fractional column chromatography (benz-
ene:hexane = 1:1), the product was obtained as a dark
red oily liquid in a 75% yield.

In conclusion, a series of ferrocene-based organosilicon
compounds have been prepared via dehydrogenative
double silylation and hydrosilation of carbonyl
compounds with 1,1 0-bis(dimethylsilyl)ferrocene using
(C2H4)Pt(PPh3)2 and Ni(PEt3)4. The structures of prod-
ucts were identified using 1H, and 13C NMR spectro-
scopy, FT-IR, X-ray crystallography, and gas
chromatography–mass spectrometry. Our results indi-
cate that both platinum and nickel catalysts are capable
of catalytic activity for either dehydrogenative double
silylation or hydrosilation with distinctive discrimina-
tion against the type of carbonyls when 1,1 0-bis(dimeth-
ylsilyl)ferrocene is used. Thus, while the platinum
catalyst favors dehydrogenative silylation to make cyclic



Table 2. Nickel catalyzed hydrosilylation of carbonyl compounds

Fe Fe
Si H

Si H Si H

Si O CH
R

R'
R R'

O Ni(PEt3)4
+

Entry Substrate Products Reaction Yieldb (%)

Ratioa Temperature (�C) Time (h)

1
H Ph

O
Fe

SiH

Si O CH
Ph

H 1.62 80 14 75

2
Me Ph

O
Fe

SiH

Si O CH
Ph

Me 1.21 80 16 40

3
Ph Ph

O
Fe

SiH

Si O CH
Ph

Ph 1.10 110 14 45

4
Me Et

O
Fe

SiH

Si O CH
Me

Et 1.45 80 14 60

5
H

O
Fe

Si O CH2

SiOCH2

1.78 80 14 60

a Ratio of aldehydes versus 1,10-bis(dimethylsilyl)ferrocene used.
b Isolation yield after column chromatography.
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organosilyl-ferrocenes, use of the nickel catalyst led
exclusively to the linear products through hydrosilyl-
ation process. We anticipate future studies involving the
systematic variation of dihydrosilanes containing two
adjacent Si–H functional groups ðHSiR1

2 �R2�SiR1
2HÞ

and unsaturated organic functional groups to add essen-
tial background knowledge for the design of tailored
molecular structures in polymer and material chemistry.
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