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Letters
New chiral bis(oxazoline) Rh(I)-, Ir(I)- and Ru(II)-complexes for
asymmetric transfer hydrogenations of ketones
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Abstract—Chiral bis(oxazoline)-based Rh(I)-, Ir(I)- and Ru(II)-complexes have been prepared and used for asymmetric transfer
hydrogenation of prochiral ketones. The presence of a free hydroxyl group on the ligand is necessary for high enantioselectivity.
With acetophenone, up to 50% conversion and 89% ee were achieved.
� 2004 Elsevier Ltd. All rights reserved.
The synthesis of chiral nonracemic secondary alcohols
from prochiral ketones by catalytic reduction remains
one of the preferred methods in organic synthesis.1

Asymmetric transfer hydrogenation using 2-propanol as
the hydrogen source represents a very attractive route
that requires inexpensive reagents, is easy to perform
and is selective.2 During the last decade, considerable
effort has been devoted to the development of new effi-
cient chiral catalysts and rapid progress has been made
increasing the knowledge of the reaction mechanism,
leading to rational design of the catalytic systems.3 The
best catalysts reported so far are usually Ru(II)-com-
plexes bearing chiral diamino or amino-alcohol ligands.
Chiral N-tosylated 1,2-diphenylethylenediamine Ru(II)-
complexes reduce acetophenone to give (S)-1-phenyl-
ethanol with good yield (>85%) and very high ee (typi-
cally 90% to >99%) in boiling 2-propanol. Generally,
the reaction rate and the enantioselectivity are depen-
dent on the electronic properties of the substituents on
the aromatic ring as well as the steric environment of the
carbonyl group.2b;3a;4 Ru(II)-complexes with chiral
phosphino-oxazoline ligands were highly active towards
hydrogen transfer reduction of prochiral alkyl aromatic
ketones; the optical purity tends to increase with
increasing steric bulk of the alkyl moiety (86% and 93%
ee for acetophenone and isobutyrophenone at 74%
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conversion, respectively).5 Recently Kim et al. reported
the efficient chiral transfer hydrogenation of alkyl phe-
nylketones using chiral imidazolidine Ru(II)-catalysts
(81–99% yield and 53–93% ee).3b While chiral bis(ox-
azoline) Ir(I)-catalysts were described by Pfaltz and co-
workers for transfer hydrogenation of ketones in 1991,6

the successful use of bis(oxazoline) Ru(II)-complexes for
this reaction was only reported in 1999 by Zhang and
co-workers using a tridentate amine-bridged bis(oxazo-
line) ligand.7 However, the use of chiral bis(oxazoline)
Ru(II)-complexes for hydrogen transfer reduction of
ketones is a relatively undeveloped area. With the aim of
exploring the domain offered by the bis(oxazoline)
ligands, we synthesised new chiral Rh(I)-, Ir(I)- and
Ru(II)-complexes based on optically active bis(oxazo-
line) ligands. Herein we report their preparation, as well
as the results obtained during their application as cata-
lysts for the hydrogen transfer reduction of acetophe-
none derivatives.

Chiral bis(oxazoline) ligands 1 and 2 were synthesised
from chiral amino alcohols and diethyl malonimidate
dihydrochloride in CH2Cl2 according to a procedure
reported by Aggarwal et al.8 in acceptable yields. The
OH-protected bis(oxazoline) 3 was obtained by treat-
ment of the bis(oxazoline) 2 with TMSCl in THF/Et3N
in 94% yield (Scheme 1).

The Rh(I)-complex 4 was prepared from the cationic
[Rh(I)(COD)(THF)2]

þ[BF4
�] complex (prepared from

[Rh(I)(COD)Cl]2 by treatment with AgBF4 in dry THF)
and the bis(oxazoline) 2 in dry THF at room tempera-
ture under argon in 99% isolated yield.9 Similarly, the
Ir(I) complex 5 was prepared from [Ir(I)(COD)Cl]2 in
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Table 1. Influence of the catalyst on the transfer hydrogenation of

acetophenone (Scheme 4)

Catalyst (metal) Conversion (%) Ee (%)

4 (RhI) 22 16 (S)

5 (IrI) 22 20 (S)

7 (RuII) 50 89 (S)

6 (RuII) 32 10 (R)

8 (RuII) 20 30 (S)
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Scheme 1. Preparation of the chiral bis(oxazoline) ligands 1–3.
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Scheme 4. Transfer hydrogenation of acetophenone. Reaction condi-

tions: 1.7 mmol acetophenone, 1 mol % [Cat]*, 15 mol % tBuOK,

10 mL iPrOH, Ar, 50 �C, 24 h.
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CH2Cl2 in 96% isolated yield (Scheme 2).6 The Ru(II)-
catalysts 6–8 were prepared from [Ru(II)(p-cymene)Cl2]2
in methanol at room temperature under argon in 90–
99% isolated yields depending on the bis(oxazoline)
ligand used (Scheme 3).10 All the complexes were fully
characterised.11

To examine the catalytic activity of the chiral complexes
4–8, the transfer hydrogenation of acetophenone in
2-propanol was studied (Scheme 4). All catalytic tests
were conducted under an argon atmosphere over 24 h at
50 �C using 1 mol % catalyst. The starting point of the
reaction was defined by the addition of the base
(15 mol %) to the reaction mixture.12 As shown in Table
1, the reaction with Rh(I)- and Ir(I) complexes pro-
ceeded with low conversions (ca. 20%) and poor
enantioselectivities (typically 16–20%). In contrast, the
Ru(II)-based catalyst 7 exhibited good activity with 50%
conversion after 24 h and high enantioselectivity (89%).
The activity and the enantioselectivity of the Ru(II)-
based catalysts were found to be highly dependent on
the structure of the ligand: the replacement of the
N
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Scheme 2. Preparation of the chiral bis(oxazoline) Rh(I)- and Ir(I)-complex
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Scheme 3. Preparation of the chiral bis(oxazoline) Ru(II)-complexes 6–8.
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Table 2. Transfer hydrogenation of different prochiral ketones using

catalyst 7

Entry Substrate Conversion (%) Ee (%)

1

O

50 89

2

F 3

O 

C 

32 85

3

O 

0a ––

Reaction conditions: 1.7 mmol, ketone 1 mol % [Cat]*, 15 mol %

tBuOK, 10 mL iPrOH, Ar, 50 �C, 24 h.
a No conversion was observed even after 5 days of reaction.
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protection of the OH function by a trimethylsilyl sub-
stituent (ligand 3) dramatically decreased both the
conversion (typically 20–30%) and the enantiomeric
excess (typically 10–30%). These results are to be com-
pared with those reported by Noyori et al.1b;2b Zhang
and co-workers7 and Lemaire and co-workers.4;13 They
noted that the NH moiety present in the chiral ligands
(diamino-diphosphines, amino-bridged bis(oxazoline)
and diamines, respectively) may promote the hydrogen
transfer reaction through a cyclic transition state by
hydrogen bonding with the ketone substrate. In our
case, by analogy to those systems, the CH2OH sub-
stituent present on the oxazoline ring could promote the
reaction by formation of a six-membered transition state
(Fig. 1) similar to that suggested earlier by Noyori and
Hashiguchi.2b

In order to improve the reactivity of our catalytic sys-
tem, we examined the influence of the base. With the
organic bases pyridine and Et3N no conversion was
observed (Fig. 2). Using the inorganic bases K2CO3,
NaOH, KOH and tBuOK, the conversion was strongly
dependent upon the base strength: the stronger the base,
the higher the conversion (K2CO3 �NaOH < KOH <
tBuOK). On the other hand, the nature of the base did
not significantly affect the enantioselectivity (89–96%
ee).

A range of arylketones was reduced to the correspond-
ing secondary alcohols. Table 2 shows that both the
electronic nature of the substituents on the aromatic
ring and the steric hindrance around the carbonyl moi-
H
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Figure 1. Proposed transition state for the transfer hydrogenation of

prochiral ketones.
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Figure 2. Influence of the base on the transfer hydrogenation of aceto-

phenone using catalyst 7.
ety played an important role towards the activity and
enantioselectivity. In the presence of the electron-with-
drawing substituent CF3, the conversion decreased
slightly; however the enantiomeric excess was main-
tained (entries 1–2). When the carbonyl moiety was
strongly hindered, no conversion could be observed
(compare entries 1 and 3).

In conclusion, chiral bis(oxazoline) Ru(II)-complexes
are active and selective catalysts for hydrogen transfer
reduction of arylketones to secondary chiral alcohols
with up to 50% ee at 89% conversion. We are currently
investigating other substrates and reactions catalysed by
these chiral complexes and are improving the activity
and enantioselectivity of such catalysts by fine tuning
the chiral bis(oxazoline) ligands.
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