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Abstract

wŽ 6 . Ž . x Ž .The naphthalene manganese complex h -C H Mn CO BF 1 has been used as an effective catalyst for the10 8 3 4

hydrosilylation of ketones to give the corresponding sec-alcohols in high yields after hydrolysis. The yields for aryl ketones
are dependent on the reaction medium with the highest in CH Cl and the steric bulkiness and electronic properties of2 2

substituents. As the steric bulkiness increases, the yield decreases and as the electron-donating ability of the substituent on
the substrate increases, the yield increases. Catalytic activity of 1 is explained by the ring slippage h6

™h 4. q 2000 Elsevier
Science B.V. All rights reserved.
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1. Introduction

Hydrosilylation of carbon–carbon and car-
bon–heteroatom multiple bonds has been exten-
sively studied and many transition-metal cata-
lysts have been shown to catalyze the reaction
w x1–4 . Because of their high relative reactivity,
the majority of hydrosilylation catalysts are de-

w xrived from group 8 metals 5–9 and relatively
little efforts has been devoted to group 7 metal
hydrosilylation catalysts. Recent results re-
vealed that group 7 metal carbonyl derivatives
are active catalysts precursors for ketone and

w xester hydrosilylation 10–12 . However, group 7
metal complexes are confined only to the metal

Ž . Žcarbonyl compounds Mn CO L L is not ann m m
. Ž . Ž .qarene . No arene Mn CO cationic catalysts3

) Corresponding author.

have ever reported. We describe here the first
examples of the hydrosilylation of ketones cat-

wŽ . Ž . x Ž . Žalyzed by naphthalene Mn CO BF 1 Eq.3 4
Ž ..1 .

Ž .1

2. Experimental

2.1. General considerations.

All solvents were purified by standard meth-
ods, and all synthetic procedures were done
under nitrogen atmosphere. Reagent grade
chemicals were used without further purifica-
tion.
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1H NMR spectra were obtained with a Bruker
DPX-300 or a Bruker AMX-500 instrument.
Infrared spectra were recorded on a Shimadzu
IR-470 spectrometer. Mass spectra were
recorded with a Jeol JMS AX 505 WA double-

wŽ 6focusing mass spectrometer. Complexes h -
. Ž . x Žarene Mn CO BF arene s naphthalene,3 4

dibenzofuran, benzothiophene, benzene, hexa-
. wŽ 5 . Ž . xmethylbenzene and h -C H Mn CO10 9 3

Ž . w x2 were reported previously 13–15 .

2.2. Catalytic hydrosilylation

A typical procedure is given for aceto-
Žphenone. To a mixture of 1 15 mg, 0.043

. Ž .mmol and acetophenone 0.1 ml, 0.86 mmol
Žin 1.0 ml of CH Cl was added PhMe SiH 0.22 2 2

.ml, 1.29 mmol . The mixture was stirred at
room temperature for 2 h. Complete consump-
tion of acetophenone was verified by TLC. Ex-
cess diethyl ether was added to extract the
organic products. The extract was evaporated to
dryness and 1H NMR spectrum recorded after

Ždissolution in CDCl with anisole present as an3
.internal standard . The yield was calculated by

comparing the methyl peaks of the products
with the methoxy peak of the anisole.The GC-
Mass spectrum of the solution confirmed the

Ž .formation of PhMe SiF mass number:154 . Af-2

ter the solvent was removed, the residue was
column chromatographed on a silica gel column
eluting with hexane. The first coming-out is

wŽ 5silyl ether and the second coming-out is h -
. Ž . x Ž .C H Mn CO 2 . Yield of 2: 75%. IR10 9 3

Ž . -1 1CH Cl n CO 2011, 1932 cm ; H NMR2 2
Ž . Ž .CDCl , 300 MHz d 7.26–7.06 m, 4 H , 6.473
Ž . Ž . Žd, 5.5 Hz, 1 H , 5.22 m, 1 H , 3.49 d, 5.5 Hz,

. Ž . Ž .1 H , 3.33-3.26 m, 1 H , 2.73 d, 12.8 Hz, 1 H
ppm.

3. Results and discussion

Complex 1 was synthesized by the reaction
Ž .of naphthalene with Mn CO BF in CH Cl5 4 2 2

and can be handled in air without any noticeable
w xdecomposition 14 .

Treatment of a mixture of 1 eq of 1 and 20
eq of acetophenone in CH Cl with 30 eq of2 2

silane gave the expected hydrosilylation product
silyl ether. Formation of other product such as
enol silyl ether was not observed. The yields
for aryl ketones were dependent on the silane

Ž .itself entries 1–3 in Table 1 as Ojima et al.
w xdemonstrated 16–18 the reactivity order of the

hydrosilane, RSiH ) R SiH ) R SiH. For3 2 2 3

convenience, PhMe SiH was used as a hydrosi-2

lylation source. The yields for aryl ketones are
Žquite dependent on the reaction medium entries

. Ž4–6 in Table 1 , with the activity highest )
. Ž .99% in CH Cl and lowest in Et O 37% for2 2 2

the hydrosilylation of acetophenone. Thus,
CH Cl was chosen as a reaction medium. The2 2

scope of the reaction was examined with a
number of aryl ketones and alkyl ketones. The
results are shown in Table 1. The yields for aryl
ketones are dependent on the steric bulkiness
Ž .entries 1 and 7–9 in Table 1 . As the steric
bulkiness increases, the yield decreases and the
reaction time is lengthened. The yields for aryl
ketones are dependent on the electronic proper-

Ž .ties entries 1 and 10–11 in Table 1 of the
substrates. As the electron donating ability of
the substituent on the substrate increases, the
yield increases and the reaction time is short-
ened. Alkyl ketones were hydrosilylated almost

Ž .quantitatively entries 12–15 in Table 1 .
We have screened the catalytic activities of

Ž . Ž .qarene Mn CO and found the following reac-3
Žtivity order entry 1 in Table 1 and entries 1–4
. Ž . Ž .qin Table 2 : 1) benzothiophene Mn CO 43

Ž . Ž .q Ž . Ž .qdibenzofuran Mn CO 4 C H Mn CO ,3 6 6 3
Ž . Ž .q Ž . Ž .qC Me Mn CO . Complex arene Mn CO6 6 3 3
Ž .arenesC H and C Me have no catalytic6 6 6 6

activities. Although there is no clear explanation
for the reactivity difference, the reactivity dif-
ference is likely related to the ease of h6

lh 4

Ž . Ž .qring slippage in the arene Mn CO complexes3
w x21,22 . Previous work has shown that the abil-

Ž . Ž .qity of polyarene Mn CO to undergo nucleo-3

philic attack is largely dictated by the ease of
h6
™h 4 ring slippage, which follows the order:

arene s naphthalene ) benzothiophene )
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Table 1
Catalytic hydrosilylation of ketones by 1a

bŽ . Ž .Entry Substrate Silane Sol. Time h Yield %

1 Acetophenone PhMe SiH CH Cl 2 )992 2 2

2 Acetophenone Et SiH CH Cl 5 953 2 2

3 Acetophenone Ph SiH CH Cl 0.5 )992 2 2 2

4 Acetophenone PhMe SiH THF 18 412

5 Acetophenone PhMe SiH Et O 18 372 2
c6 Acetophenone PhMe SiH CH Cl 2 )992 2 2

7 2-Acetonaphthone PhMe SiH CH Cl 2 )992 2 2

8 1-Acetonaphthone PhMe SiH CH Cl 18 352 2 2

9 Benzophenone PhMe SiH CH Cl 18 152 2 2

10 4-Methoxyacetophenone PhMe SiH CH Cl 0.8 )992 2 2

11 4-Nitroacetophenone PhMe SiH CH Cl 2 182 2 2

12 2-Pentanone PhMe SiH CH Cl 2 )992 2 2

13 Cyclopentanone PhMe SiH CH Cl 2 )992 2 2

14 Cyclohexanone PhMe SiH CH Cl 2 )992 2 2

15 Cyclopropyl methyl ketone PhMe SiH CH Cl 2 )992 2 2

a5 mol% 1 used at 258C unless noted.
bCalculated yield by 1H NMR.
c 0.5 mol% used.

dibenzofuran. Thus, we suggest that ring-slip-
page may play an important role in the hydrosi-
lylation reaction by allowing coordination of the
silane andror the ketone. Since h 2-coordination
or oxidative addition of the silane is a likely
initial step, p-hydrocarbon ring slippage could
help the initial step through providing low en-
ergy pathways to unsaturated intermediates.
There are many examples of ring slippage in the
associative ligand substitution or addition reac-

w xtions of indenyl complexes 19–22 . Recently,
w x 5 3Garrett and Fu reported 23 h - to h -indenyl

ring-slippage in a rhodium-catalyzed olefin hy-
droboration. In general, however, relatively lit-
tle attention has been paid to the application of
ring-slippage in the catalytic reactions.

We have screened other naphthalene transi-
tion metal complexes as a catalyst in a hydrosi-

Ž .lylation of ketones entries 5 an 6 in Table 2 .
Ž 6 . Ž .Our results show that h -C H Cr CO has a10 8 3

wŽ 6 .moderate catalytic activity, but h -C H10 8
xFeCp BF does not have a catalytic activity4

presumably due to a robust bonding structure.
In the beginning, we expected that the real

Ž .qcatalyst would be Mn CO which might be3

generated from 1. However, after a catalytic
wŽ 5 . Ž . xreaction, we could isolate h -C H Mn CO10 9 3

Ž .2 in 75% yield instead of free naphthalene.
Compound 2 does not function as a catalyst
with PhMe SiH. Thus, no naphthalene dissocia-2

tion occurs during the reaction. The formation
of 2 involves a formal hydride transfer to the
p-coordinated arene ring in 1. Thus, two reac-
tions occur simultaneously- hydrosilylation of
the ketone catalyzed by 1 and a hydride addition

Table 2
Catalytic hydrosilylation of acetophenone by arene transition metal
complexesa

bŽ .Entry Catalyst Silane Yield %

wŽ .1 Benzothiophene PhMe SiH 842
Ž . xMn CO BF3 4

wŽ .2 Dibenzofuran PhMe SiH 132
Ž . xMn CO BF3 4

cwŽ .3 Benzene PhMe SiH N.R.2
Ž . xMn CO BF3 4

cwŽ .4 Hexamethylbenzene - PhMe SiH N.R.2
Ž . xMn CO BF3 4

cwŽ .5 Naphthalene Ph SiH N.R.2 2
xFeCp BF4

Ž .6 Naphthalene Ph SiH 662 2
Ž .Cr CO 3

a ŽAll the reactions were carried out in the presence of catalyst 5
. Ž . Ž .mol% with silane 1.3 mmol and acetophenone 0.86 mmol in

CH Cl at 258C for 18 h.2 2
bCalculated yield by 1H NMR.
c No reaction.
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to 1. However, good substrates were found to be
completely consumed before a noticeable
amount of 2 was detected.

In conclusion, we have demonstrated that
wŽ . Ž . xnaphthalene Mn CO BF is a good hydrosil-3 4

ylation catalyst precursor to ketones. As far as
we are aware, this is the first explicit demon-
stration of the use of ring-slippage in the hy-
drosilylation reaction. The mechanism of the
hydrosilylation catalyzed by 1 and an asymmet-

wŽ .ric hydrosilylation using naphthalene Mn-
Ž . U xCO PR BF are currently under investiga-2 3 4

tion.
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