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ABSTRACT

trans-RuCl2[(R)-xylbinap][(R)-daipen] or the S,S complex acts as an efficient catalyst for asymmetric hydrogenation of hetero-aromatic ketones.
The hydrogenation proceeds with a substrate-to-catalyst molar ratio of 1000−40000 to give chiral alcohols in high ee and high yield. The
enantioselectivity appears to be little affected by the properties of the hetero-aromatic ring. This method allows for asymmetric synthesis of
duloxetine, an inhibitor of serotonin and norepinephrine uptake carriers.

A variety of chiral transition metal catalysts effect the
asymmetric hydrogenation of CdC and CdO bonds, assisted
by the coordination of a neighboring heteoatom to the
metallic center.1 It is only during recent years that certain
homogeneous catalysts have been used to enantioselectively
hydrogenate simple ketones lacking coordinative functional
groups.2 In this regard, however, the substrates have been
limited largely to simple aromatic3 and olefinic ketones.4

Asymmetric hydrogenation of hetero-aromatic ketones is also
important because the chiral alcoholic products are useful
as building blocks of biologically active compounds5 and
chiral ligands.6,7 A ternary system consisting of RuCl2[(R,R)-

bicp](tmeda), (R,R)-1,2-diphenylethylenediamine, and KOH
is known to enantioselectively hydrogenate certain hetero-
cyclic, mostly thienyl, ketones.8 However, it is highly
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desirable to broaden the scope and to improve the enantio-
selectivity (currently alcoholic products in 86-93% ee) and
turnover number (<500 mol product/mol catalyst). We here
describe a highly efficient enantioselective hydrogenation of
a wide range of heterocyclic ketones catalyzed by a combined
system of a chiral RuCl2(diphosphine)(1,2-diamine) complex
and a strong base. This method can employ as substrates
various ketones possessing aπ-electron-rich or -deficient
hetero-aromatic substituent, greatly broadening the scope and
utility of the Ru-catalyzed asymmetric hydrogenation.

Examples are given in Table 1. The hydrogenation was
mostly conducted in 2-propanol containingtrans-RuCl2[(R)-
xylbinap][(R)-daipen] [(R,R)-2]9 and t-C4H9OK, with a
substrate-to-catalyst molar ratio (S/C) of 2000-5000 under
8 atm of H2 at 25 °C. The correspondingS alcohols were
obtained in high ee and near-quantitative yield. The reaction
of the 2-furyl ketone1a afforded theS product, (S)-3a, in
99% ee without reduction of the furan ring.10 Hydrogenation
of 110 g (1.0 mol) of1a in 100 mL of 2-propanol (5.0 M
solution) was attainable with only 30 mg of (R,R)-2(S/C)
40000) at 50 atm.11 The higher analogue1b was hydroge-
nated to (S)-3bin 98% ee, which is convertible to the
cinerulose A moiety of B-58941, a macrolide antibiotic,5e,13

and a naturally occurringγ-lactone.5d Hydrogenation of the

olefinic furyl ketone 1c saturated the carbonyl group
selectively to give (S)-3cwith 97% ee.4a The 2- and 3-thienyl
ketones1d and 1e gave (S)-3d and (S)-4, respectively, in
>99% ee and 100% yield. The sulfur-containing heterocycle
did not disturb the catalytic activity. The reaction of1d was
accomplished even under atmospheric pressure. Currently,
no reliable methods for the asymmetric reduction of 2-pyr-
rolyl ketones are available. Hydrogenation of theN-methyl
compound1f gave highly unstable3e in 97% ee with only
61% yield. However, the reaction of1g possessing an
electron-withdrawingp-tosyl group at the nitrogen produced
(S)-3f in 98% ee and 93% isolated yield.14

2-Thiazolyl ketones were difficult substrates. Under the
standard conditions, the ketone1h was hydrogenated very
sluggishly. Fortunately, the addition of a small amount of
B[OCH(CH3)2]3 [ketone:(R,R)-2:borate) 2000:1:20] greatly
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Scheme 1

Table 1. Asymmetric Hydrogenation of Hetero-aromatic
Ketonesa

ketone alcohol

no.
Ru cat
config S/Cb H2 (atm) time (h) no. eec (%)

1a R,R 5000 8 12 (S)-3a 99
1ad R,R 40000 50 12 (S)-3ae 99
1b R,R 2000 8 12 (S)-3b 98
1c R,R 2000 8 2 (S)-3c 97
1d R,R 5000 8 12 (S)-3d 99
1d S,S 1000 1 17 (R)-3d 99
1e R,R 5000 8 5 (S)-4 99.7
1f S,S 1000 8 20 3ef 97
1gg R,R 1000 8 18 (S)-3fh 98
1h R,Ri 2000 8 12 (S)-5 96
1i R,Ri 2000 8 3 (S)-6a 96
1j R,R 2000 8 12 (S)-6b 94
1k R,R 5000 8 12 (S)-7 99.6
1l R,R 5000 8 12 (S)-8 99.8
9 R,R 10000 8 17 (S)-10j 100
11 R,R 5000 8 17 (S)-12 91
13 R,R 2000 8 7 (S)-14 92

a Unless otherwise stated, reactions were conducted using 1.25-10.0
mmol of ketone in 2-propanol (0.2-1.1 M) containing2 andt-C4H9OK at
25 °C. The yields determined by GC or1H NMR analysis were>99%.
b Substrate/catalyst molar ratio.c Determined by chiral GC or HPLC
analysis.d Reaction using 110 g of1a in 100 mL of 2-propanol (5.0 M).
e The yield determined by GC analysis was 93%.f 61% conversion. Absolute
configuration was not determined.g Reaction in a 1:10 DMF-2-propanol
mixture. h 93% isolated yield.i B[OCH(CH3)2]3 (ketone/borate) 100:1)
was added.j The meso isomer was not detected.
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facilitated the reaction, giving (S)-5 in 96% ee and 100%
yield (94% after distillation).15 This product is a synthetic
equivalent of chiral 2-hydroxypropanal.16

In a similar manner, hydrogenation of the 2-pyridyl ketone
1i in 2-propanol containing (R,R)-2, t-C4H9OK, and B[OCH-
(CH3)2]3 at 8 atm afforded (S)-6ain 96% ee and 100% yield
(96% after isolation). The higher analogue1j was hydroge-
nated smoothly without addition of the borate. The 3- and
4-pyridyl ketones,1k and1l, were hydrogenated equally with
an S/C of 5000 to give (S)-7 and (S)-8, respectively, with
>99.5% ee and in high yield. Double hydrogenation of the
diketone9 catalyzed by (R,R)-2(S/C ) 10000) gave only
(S,S)-10among the three possible stereoisomers. This diol

is useful for the synthesis of a chiral P,N,P ligand as well as
pyridino-18-crown-6.6b-d

The synthetic utility of this method has further been
manifested by the hydrogenation of structurally more elabo-
rate ketones. The vinylogous 2-thienyl ketone11 was
hydrogenated in the presence of (R,R)-2 and K2CO3

4d to give
theSallylic alcohol12 in 91% ee without saturation of the
olefinic bond. The absolute configuration of12 was deter-
mined by the CD spectrum of its 4-bromobenzoate (λmax

(CH3OH) 252 nm,∆ε +2.59).17 When the 2-thienyl ketone
13 possessing aâ-dimethylamino group was hydrogenated
with the R,Rcatalyst,18 (S)-14was obtained in 92% ee and
100% yield (91% after distillation). The amino alcohol serves
as an intermediate for the synthesis of (S)-duloxetine [(S)-
15], a potent inhibitor of serotonin and norepinephrine uptake
carriers.5f,g

This method thus allows the asymmetric hydrogenation
of an expansive array of heteroaromatic ketones. The
hydrogenation is selective for the carbonyl functionality. The
reaction proceeds with consistently high enantioselectivity
and predictable stereochemistry regardless of the nature of
the hetero-aromatic rings. The electronic properties, Lewis
basic tendency, and steric size have little effect on the facial
selectivity. The uniform pattern of asymmetric sense19

eliminates the possibility of chelate mechanism involving
heteroatom/Ru coordination even with the 2-acylated het-
erocyclic substrates. The reaction can be achieved with low
catalyst loading (S/C) 1000-40000) and a high substrate
concentration (up to 5 M) in an environmentally favorable
solvent and at relatively low pressure (normally 8 atm or
even 1 atm) and room temperature, thus providing a very
practical tool for stereocontrolled organic synthesis.
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