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Copper-catalyzed asymmetric hydrosilylation of ketones using
air and moisture stable precatalyst Cu(OAc)2ÆH2O

Dong-won Lee and Jaesook Yun*

Department of Molecular Science and Technology, Ajou University, Suwon 443-749, South Korea

Received 28 April 2004; revised 10 May 2004; accepted 12 May 2004
Abstract—Air and moisture stable copper(II) salts can be used to catalyze the hydrosilylation of aromatic ketones. The combination
of catalytic amounts of copper(II) acetate or copper(II) acetate monohydrate and BINAP in the presence of organosilanes as the
stoichiometric reducing agent generates an active catalyst for the reduction of ketones.
� 2004 Elsevier Ltd. All rights reserved.
Asymmetric reduction of prochiral ketones by homo-
geneous transition metal complexes is of great interest in
organic synthesis. Hydrosilylation reaction employing
organosilanes as the stoichiometric reductant provides
an attractive route to optically active secondary alco-
hols.1 A variety of Rh complexes1 since early 1970s, and
recently with titanium complexes2 and ligated zinc spe-
cies3 were studied in the enantioselective hydrosilylation
of ketones.

Recently, the use of CuH complexes in hydrosilylation
reactions became an interesting research field. The use of
copper for hydride delivery was initially studied with
Stryker’s reagent, [CuHÆPPh3]6 as a stoichiometric
reducing reagent in conjugate reduction of enones.4

Later, the use of reductants such as hydrogen gas4;5 and
silanes6 enabled the generation of a Cu–H complex in a
catalytic fashion. Asymmetric reactions catalyzed by a
Cu–H complex were also reported where an active cat-
alyst was generated in situ from CuCl/NaOt-Bu and a
chiral diphosphine ligand for the highly enantioselective
reduction of a,b-unsaturated carbonyl compounds7 and
aromatic ketones.8 In situ generation method of CuOt-
Bu from CuCl/NaOt-Bu became favored due to incon-
veniences associated with extra steps in separation9 and
instability of CuOt-Bu.10 However, in cases where the
presence of NaCl inhibited the catalytic activity, the use
of isolated CuOt-Bu was necessary.11 Besides Stryker’s
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reagent and copper alkoxides, only copper fluorides
were reported as useful catalyst precursors in the Cu–H
catalyzed hydrosilylation of ketones.12 Therefore, we
became interested in finding other easy-to-handle copper
sources that can generate an active copper hydride cat-
alyst with no formation of salts. We report here the use
of air and moisture stable Cu(OAc)2ÆH2O in combina-
tion with a chelating diphosphine for the hydrosilylation
of aromatic ketones.

In preliminary experiments, we focused on whether
Cu(II) salts can be used instead of Cu(I) salts as a pre-
cursor. We tested and compared various reaction con-
ditions by changing copper sources and silanes using
(S)-BINAP13 as ligand (Table 1). The combination of
copper(II) chloride with NaOt-Bu (entry 2) was as
effective as copper(I) chloride in the hydrosilylation of
acetophenone. The methodology employing copper(I)
or copper(II) chloride, however, requires NaOt-Bu for
activation with the concomitant production of NaCl as
a side product. We searched for other copper sources
and were pleased to find that copper carboxylates,
especially copper acetates could be activated with no
additives in the presence of silanes. Both copper(I)
acetate and copper(II) acetate were effective in the
reduction of acetophenone (entries 3 and 4) and espe-
cially, the copper(II) acetate system showed comparable
reactivity to the CuCl/NaOt-Bu or CuCl2/NaOt-Bu
systems. Furthermore, air and moisture stable
Cu(OAc)2ÆH2O resulted in increased reaction rates
leading the reaction to completion in 7 h (entry 6). We
subsequently looked into variation of the silane com-
ponent in the reaction. The use of different silanes did
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Table 2. Asymmetric hydrosilylation of aromatic ketones using cop-

per(II) acetate as a precursor

R R1

O
Toluene, 0 °C+ Ph2SiH2

2. TBAF work up
R R1

OH

*

1. 3 mol %  Cu(OAc)2·H2O/(S)-BINAP

Entry Substrate Time (h) Yield (%)a Ee (%)b

1 CH3

O

7 94 79

2 CH3

O

H3C

8 93 85

3c 15 95 85

4 CH3

O

Cl

2 90 87

5c 12 96 86

6 CH3

NC

O

2 83 89

7 CH3

O

MeO

22 81 86

8

O

31 96 81

9d

O
CH3 1 86 85

a Isolated yields.
bDetermined by chiral GC using a Chiralsil-DEX CB column. All the

alcohol products obtained with (S)-BINAP have the (S) configura-

tion.
c Cu(OAc)2 was used instead of Cu(OAc)2ÆH2O.
d PhSiH3 was used instead of Ph2SiH2 due to slow conversion of the

ketone in the presence of Ph2SiH2.

Table 1. Hydrosilylation of acetophenone using various copper precursorsa

CH3

O
1.[Cu]/(S)-BINAP, silane

Toluene, 0 °C
2. workup

CH3

OH

Entry Cu precursor (mol%) Silane (equiv) Time (h)b Yield (%) Ee (%)c

1 CuCl (5)/NaOt-Bu (5) PMHS (5) 24 87 75

2 CuCl2 (3)/NaOt-Bu (9) Ph2SiH2 (1) 12 96 80

3 CuOAc (3) Ph2SiH2 (1) 21 96 80

4 Cu(OAc)2 (3) Ph2SiH2 (1) 10 92 80

5 Cu(OAc)2 (3) Ph2SiH2 (0.6) 30 81 80

6 Cu(OAc)2ÆH2O (3) Ph2SiH2 (1) 7 94 79

7 Cu(OAc)2ÆH2O (3) PhSiH3 (1) <1 90 80

8 Cu(OAc)2ÆH2O (3) PMHS (5) 17 85 79

9d Cu(OAc)2ÆH2O (3) Ph2SiH2 (1) 2.5 85 82e

aReactions were performed with acetophenone (1mmol, 1M), toluene, and 1 equiv Ph2SiH2 or 5 equiv PMHS.
b Time needed for complete conversion of substrate.
cDetermined by chiral GC analysis using a Chiralsil-DEX CB column.
d (R)-p-Tol-BINAP (¼2,20-bis(di-p-tolylphosphino)-1,10-binaphthyl) was used instead of (S)-BINAP.
e (R)-1-Phenylethanol was obtained.

5416 D. Lee, J. Yun / Tetrahedron Letters 45 (2004) 5415–5417
not affect the enantioselectivity of the procedure. While
phenylsilane is the most active reductant (entry 7),14 the
inexpensive polymer siloxane PMHS can be employed
(entry 8), albeit with slower reaction rates. In addition,
the two H’s of Ph2SiH2 could be used for the reduction
successively with no effect on ee, but slow reaction rates
were observed (entry 5).

Several aromatic substrates were reduced to the corres-
ponding secondary alcohols by employing a catalytic
amount of Cu(OAc)2ÆH2O and (S)-BINAP in the pres-
ence of 1 equiv Ph2SiH2

15 in toluene at 0 �C, and
the results are shown in Table 2.16 In general, the
Cu(OAc)2ÆH2O system performs better than the
Cu(OAc)2 system (entries 2 and 4 vs 3 and 5).17 Aro-
matic ketones possessing an electron withdrawing sub-
stituent at the para position afforded the corresponding
alcohol products in shorter reaction times with good
levels of enantioselectivity (entries 4 and 6). Longer
reaction times were required for electron-rich substrates
(entry 7) and substrates bearing bulkier alkyl groups
than methyl (entries 8 and 918).

A proposed mechanism is shown in Scheme 1. We
postulate that in the initiation step, r-bond metathesis
between Cu(OAc)2 and the hydrosilylation reagent takes
place, generating a copper hydride species. At this stage,
we are not sure whether the active catalytic species is a
copper(I) hydride or copper(II) hydride.19 The resulting
copper hydride species reacts with a ketone substrate,
resulting in formation of a copper alkoxide that subse-
quently undergoes r-bond metathesis with the orga-
nosilane to afford the silyl ether.20 This mechanism is
consistent with the observation that the type of
organosilanes affects the reaction rates but not the
enantioselectivity of products.

In summary, we have shown that the in situ generation
protocol of Cu–H from CuCl/NaOt-Bu could be
replaced by the copper(II) precursor, Cu(OAc)2ÆH2O for
the asymmetric hydrosilylation of ketones. This conve-
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nient and reliable Cu–H generation protocol is advan-
tageous over the existing methods; the air and moisture
stable precursor can be activated by the hydrosilylating
reagent itself, and thus obviates the need to use alkoxide
bases for catalyst activation and prevents the formation
of salts in the reaction medium. Studies aimed at
expanding the use of Cu(OAc)2ÆH2O in Cu–H catalyzed
reactions, especially to the ones that are inhibited by
inorganic salts as well as examining mechanistic features
of an active catalytic species generated from the cop-
per(II) precursor are underway in our laboratory.
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