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There are ample examples of asymmetric hydrogenation of
functionalized ketones catalyzed by chiral phosphiRe and
—Rh complexes.The high efficiency of this process is considered
to arise from a chelate mechanism involving the ligation of a
heteroatom to the metallic center that facilitates hydride delivery
from the metal to carbonyl carbon in the chiral template.
Enantioselective hydrogenation of amino ketones provides a
particularly important tool for synthesis of physiologically active
chiral compounds. Unfortunately, most reported procedures used
relatively high catalyst loading [substrate to catalyst molar ratio
(S/C) = 200-1000 for RR and 1000 for R§ and hydrogen
pressures as high as 2000 (Rh) or 100 atm (Ru). A notable
exception is Achiwa’'s MCCPRh catalyst hydrogenating 2-di-
ethylaminoacetophenone with an S/C of 100 000 at 20 atm at 50
°C to give the amino alcohol in 96% é&while the reactions of
other amino ketones show less satisfactory rates and selecifties.
Thus development of practical asymmetric hydrogenation under
a mild hydrogen pressure and with a wide scope is highly
desirable. The recently devised chiral Ry(@iphophine)(1,2-
diamine) complexes are marvelously effective in differentiating
enantiofaces afinfunctionalizedsimple ketonesg so that various
o-, #-, andy-amino ketones can be asymmetrically hydrogenated
at <8 atm and room temperature with an S/C value of 2000
10000, as described below. The diversity of substrates now relies
on the capability of the Ru catalysts to effect hydrogenation
without nitrogen/Ru coordination.

When a 1.0 M solution ofr-dimethylaminoacetone2§) in
2-propanol containingans RUCH](R)-xylbinap][(R)-daipen] [RR)-
14]"7% andt-C;H,OK (ketone:Ru:base molar ratie 2000:1:16)
was stirred under 8 atm of &t 25°C for 4 h, the amino alcohol
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(9-3awas produced in a 92% ee and 99% yield. PB@mino
alcohol was obtained via its crystalline hydrochloride. The
diphosphine/diamine Ru catalyst is much more reactive than
the earlier devised diamine-free BINAMRu catalysts that require
the assistance of heteroatom/Ru interaction and shows an opposite
sense of asymmetric inductidi! 2-Dimethylaminoacetophenone
(2¢) was hydrogenated with the same Ru catalyst to gR)e3¢

in 93% ee. Theo-amino group in ketonic substrates exerts a
directive influence but not through the ligation to the Ru center.
The relative enantio-directing effect in this hydrogenation appears
to decrease in the ordeglds > (CH3),NCH, > CHs. Therefore,

in going from acetophenone to the aromati@amino ketone2c

to nonaromatic amino ketor®s, the ee value varies from 99%

to 93% (lower selectivity) and-92% (reversed asymmetric
sense}? respectively.
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Table 1 illustrates some examples of asymmetric hydrogenation.
In the presence oRR)-1a, acetophenone derivativds—e pos-
sessing an acetamido, benzamido, or alkoxycarbonylamino group
at theo. position were hydrogenated with a high enantioselectivity,
up to 99.8% ee fobc. This reaction can be conducted even at 1
atm of H,. Thetert-butoxycarbonyl group can be removed from
the product under both acidic (HCl in ether) and basic (0.4 M
KOH in aqueous @HsOH, 80 °C) conditions. TheN-methoxy-
carbonyl analogudd gave the cyclization produck}-6'?in 99%
ee, which is easily hydrolyzed td&R)-2-methylamino-1-phenyl-
ethanol (KOH in aqueous 8s0OH, 80 °C). This direction of

(10) In going from 1-phenylethanol to the amino alcoh8lsthe RS
nomenclature is reversed by the change of atom priority.

(11) High-pressure hydrogenation & with RuChL[(R)-xylbinap](dmf),
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Table 1. Asymmetric Hydrogenation of Amino Ketones Catalyzed
by Chiral RuCh(diphosphine)(1,2-diamine) Compleres

RU time, product

ketone complex S:C:bage h  structuré %yield® % ee
2a (RR-la 2000:1:16 4 9-3a 99 9x
2b (RR)-la 2000:1:20 16 9-3b 93 81
2c (RR-la 2000:1:20 12 R)-3c 90 93
4a (RR)-1a 2000:1:20 4 R-5a 87 99
4b (RR-la 1000:1:20 20 R)-5b 92 95
4c (RR)-la 2000:1:16 8 R)-5¢ 96 99.8
4c  (RR-la 250:1:10 11 (R)-5c 90 94
4d (RR-la 2000:1:20 14 (R)-6" 98 99
4e (RR-la 2000:1:16 7 R)-5¢ 94 99
9 (RR-la 2000:1:40 24 R)-10 100 97
12 (S9-1& 10000:1:10 5 R)-13 96 975
15 (SS9-1a 10000:1:200 32 R)-16 97 99

aUnless otherwise stated, reactions were conducted at 8 atrp of H
and at 25°C using a 0.5-1.0 M solution in 2-propanol containinta
and t-C4HoOK. P Substrate:cataly$tC,HsOK molar ratio.¢ Absolute
configurations were determined by the sign of rotation of the amino
alcohols or their derivatives.Isolated yield ¢ Chiral HPLC analysis.
fIH-NMR analysis 9 'H-NMR analysis using a chiral shift reagent.
h Absolute configuration was determined by chiral HPLC analysis after
conversion to R)-5¢. ' At 1 atm of H. J A 4:1 2-propanot-methanol
mixture was used as solvelitS,9-1a was treated with-C,HgOK at
60 °C for 30 min before addition of2.

asymmetric induction is identical with that observed with the di-
methylamino compoungc. The ketones with a normally strongly
coordinative amido group behave as simple aromatic ketones.
The basic, protic reaction conditions rapidly racemize enanti-
omers of 2-substituted cyclohexanohellowing dynamic kinetic
resolution of the racemate by hydrogenafiéfiThus, the reaction
of racemic7 in a 2-propanol solution containindRS)-1b and
KOH ([7] = 0.2 M, ketone:Ru:base 300:1:200, 8 atm, 28C,
5 h) led to 1,2-cis-configuratedR)-8 in a 98% yield and 82%
ee accompanied by 1% of the trans isonifer.
Asymmetric hydrogenation of ther-benzamido ketoned
presents a convenient way to prepaR-denopamine R)-11],
a fBi-receptor agonist to treat congestive heart faildr&he
reaction using a 1.0 M solution & in 2-propanol containing
(RR)-laandt-C4H,OK (S/C= 2000) at 8 atm producedr}-10
in 97% ee and in 100% yield. Removal of the amide protector
from (R)-10 (KOH in aqueous gHsOH, reflux, 10 h}é followed
by treatment with HCI, recrystallization (100% ee), and selective
removal of theO-benzyl group by hydrogenolysis on Pd/C
(aqueous 2-propanol, 2&, 3 h) affordedR)-11in a 94% yield.

This method is extended to the asymmetric hydrogenation of

p-amino ketones with an S/C of up to 10 000, allowing for a
practical synthesis of the antidepressdrtfluoxetine [[R)-14]
without the need of any chromatographic technigtiégA Ru
catalyst was first prepared by mixin§9-1a (7.3 mg) and-C4Hgq-
OK (60 uL of 1.0 M t-C4HyOH solution) in 2-propanol (30 mL)
at 60°C for 30 min!® Hydrogenation of 3-dimethylaminopro-
piophenone 12) (10.6 g) using this solution (S/& 10 000, 8
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Chem 1996 61, 4872-4873.
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N. J. Cardiavasc. Pharmacol 1988 12, 323-331. (c) Bristow, M. R;
Hershberger, R. E.; Port, J. D.; Minobe, W.; RasmusseMd®. Pharmacol
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atm, 25°C, 5 h) gave R)-13in 97.5% ee in a 96% yield. The
NaH-aided condensation of the alcohol with 4-gHQCF; fol-
lowed by monodemethylation of the dimethylamino group with
a-chloroethyl chloroformafé afforded R)-14.

The functionalized-amino ketonél5 can be converted directly
to BMS 181100 [R)-16], a potent antipsychotic agetit??without
affecting the aromatic fluoride or 2-amino-5-fluoropyrimidine
moiety. Hydrogenation using a 0.5 M solutioni&in 2-propanol
containing §9-1a and t-C,HsOK was accomplished at 8 atm
(S/C= 10 000) to give R)-16 in 99% ee and 97% yield.

The sense of enantioselection observed with var@yss-,
andy-amino and protected amino ketones supports the operation
of a nonchelate hydrogenation mechanism. This asymmetric
method is highly flexible with respect to the substrate’s structure
and functionality. This hydrogenation can be performed under
low pressure €8 atm) at room temperature with a high S/C ratio
and in a reasonably high concentration. This method is applicable
to the synthesis of a wide range of pharmaceutically important
chiral amino alcohols and their derivativé&s.
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