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Asymmetric hydrogenation of various

deprotection operations.

a-chloro aromatic ketones with Ru(OTf)(TsDPEN)(
diphenylethylenediamine) produces the chiral chlorohydrins in up to 98% ee.
hydrogenation of an a-chloro ketone with a phenol moiety has been utilized for the synthesis of (

Ry
OH

93-98% ee H
nB-arene = Ph
p-cymene, mesitylene

n8-arene) (TsDPEN N-(p-toluenesulfonyl)-1,2-
This reaction can be conducted even on a 206-g scale. The
R)-norphenylephrine without protection

Optically active chlorohydrins are versatile intermediates for
the syntheses of biologically active compounds, including
B-amino alcohol$;? substituted pyrrolidine$,and a func-
tionalized cyclopropane compouhdsymmetric reduction
of the a-chloro ketones is a straightforward method to
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produce this important class of compounds. Hydroboration
catalyzed by chiral oxazaborolidife® and transfer hy-
drogenation with chiral Rrand R catalysts show excellent
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enantioselectivity for a variety ofi-chloroacetophenone

derivatives. Despite the fruitful results of these asymmetric Scheme 1
reactions, to our knowledge no reliable catalyst for asym-

. ) ; ) 0 OH
metric hydrogenation adi-chloro ketones exisfsWe previ- cl (5.9-3 al
ously exploited RuG(binap)(1,2-diaminé€)y ! and RuHg*- x@ + Hp ——— x
BH_)(binap)(1,2-diaminé}*2complexes, which show excellent
activity and enantioselectivity for hydrogenation of simple 1 a X=H f: X =2-Cl (A)-2
aromatic, heteroaromatiax-amino, and a,S-unsaturated b: X=3-CH; ¢ X=3-Cl
ketones under basic or slightly basic conditions. However, ¢: X=4-CHy ~ h: X=4Cl

) ; d: X=4-OCH; i: X=3-CFs
these catalyst systems cannot be applied to the reaction of e X=3-0H  j X=4-CO,CH,
highly base-labilax-chloro ketoned? We recently reported R
that Ru(OTf)(TsDPEN){5-p-cymene) 8a) (TfO~ = trifluo- "@
romethanesulfonate, TsDPEN N-(p-toluenesulfonyl)-1,2- [
diphenylethylenediamine) in methanol efficiently catalyzes x/F}“\N/TS
asymmetric hydrogenation of 4-chromanones, which are g
another type of base-sensitive ketonic substréteEhe H :
neutral to slightly acidic conditions fit the requirement of @
this reaction. We describe here enantioselective hydrogena- .
tion of a-chloro aromatic ketones catalyzed by #fearene/ (8,5)-3a: n%-arene = p-cymene, X = OTf

(S8,9)-3b: nP-arene = p-cymene, X = Cl

TsDPEN-Ru(Il) complexes?® A series of chiral chlorohy- (S,5)-3¢: nP-arene = mesitylene, X = OT

drins are obtained quantitatively in excellent enantiomeric

excess (ee). This reaction can be conducted even on a Ho oH N Ho OH NH
practical (206-g) scale. \@Jw 3 \©)\/ 2
Our previous mechanistic studies on hydrogenation of

ketones with RuX(TsDPENjf-p-cymene) complexes34, (R)-4 (R)-5
X = OTf; 3b, X = CI) revealed that the generation of
cationic Ru(ll) species, [Ru(TsDPEMftp-cymene)], is
crucially important to achieve high catalytic activit}:é This

is because molecular;Hs activated on the cationic Ru
center, producing a catalytic species, RuH(TsDP N
cymene), with release of H A highly polarized Ru triflate
3a is smoothly ionized in a methanol solution, supplying
the active Ru cationic species. Thus, we sele@ads a
precatalyst for asymmetric hydrogenationcethloro aro-
matic ketones. Whea-chloroacetophenonédg) (206 g) and
(§9-3a(1.02 g) (substrate/catalyst molar ratio (S#£1000)

in methanol (5.3 L) was stirred under 10 atm gféd 30°C
for 10 h in a stainless steel autoclavey)-@-chloro-1-
phenylethanol [R)-2a] in 96% ee was quantitatively pro-
duced (Scheme 1 and Table 1). Methanol was the solvent
of choice. Use of ethanol or 2-propanol as a solvent instead
of methanol reduced both the reactivity and enantioselec-
tivity.2* The coordinativea-chloro functionality of the
substrate did not prevent the catalyst performance. Complete
conversion within 15 h in the reactions with an S/C of 2000
and 4000 was achieved under 20 and 100 atm gf H

) — — _ respectively. When the reaction wit§ §-3a (S/C= 2000)
on{E)Hyrogenation of 2 dccrencetopfienone it il amidoBhos: . was conducted under 10 atm of Bt 30°C for 15 h, R)-2a

Ee. SleQeS:) a%vzzcéeélle.éll\ggi\ﬂortreux, A.; Agbossou, F. D. JFRrahedron in 96% ee was obtained in 73% yield (Table 1). Under the
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Table 1. Asymmetric Hydrogenation afi-Chloro Ketone3

ketone conditions R alcohol®
(1]o Hy, time yield ee
no. Rucat.no. [M]c S/C¢ [atm] [h] [%]e  [%]°
la’ (S,S)-3a 0.25 1000 10 10 >99 96
la (S,S)-3a 0.47 2000 10 15 73 96
1a (S,5)-3a¢  0.50 2000 20 15 >99 95
1a (S,S)-3a 1.00 4000 100 15 >99 95
1a (S,S)-3b 0.47 2000 10 15 21 96
1a (S,9)-8b"  0.47 2000 10 15 25 95
1a (S,S)-3¢ 0.25 1000 10 16 >99 98
1b (S,S)-3a 0.25 1000 10 15 98 96
1c (S,S)-3a 0.25 1000 10 15 >99 95
1d (S,S)-3a 0.25 1000 10 20 99 95
le (S,S)-3a 0.25 1000 10 15 >99 96
le (S,S)-3¢ 0.25 1000 10 15 >99 98
1f (S,S)-3a 0.13 500 10 15 >99 95
1g (S,S)-3a 0.25 1000 10 15 >99 94
1h (S,S)-3a 0.25 1000 10 15 >99 93
1h (S,S)-3¢ 0.25 1000 10 15 >99 96
1i (S,S)-3a 0.13 500 10 15 >99 93
1j (S,S)-3a 0.25 1000 10 15 >99 94

a Unless otherwise stated, reactions were conducted in methanol
containing 1.5«mol of 3 (0.25 mM) at 30°C in a silanized glass (10 atm)
or stainless steel>20 atm) autoclave? R alcohols were obtained in all
cases. See Supporting Informatiérinitial concentration of ketones. @
Substrate/catalyst molar rati®.Determined by chiral GC and/or HPLC
analysis! A 206 g-scale reaction in 5.3 L of methanol in a 20-L stainless
steel autoclaved Reaction using 4.&@mol of 3a. " Fifty equiv of NaCIQ
was added to the Ru catalyst.

tions, a ketonic substrafiee with a phenolic hydroxyl group
was completely converted to the chiral alcol2elin 96%
ee without protection. The reaction wigt resulted in an
even better optical yield of 98%. The phenolic chlorohydrin,
(R)-2e, was easily converted td=f-norphenylephrine R)-
5]*7 through the3-azido alcohol, R)-4, without protection-
deprotection processes (conditions: (a) 5 equiv of NaN
DMF, 100°C, 8 h; (b) 1 atm of H, Pd/C catalyst, methanol,
25°C, 15 h)!8 The Cl-substituted ketones at the 2, and

4' positions, 1f—1h, were hydrogenated withS(S-3a to
afford (R)-2f—2h in the range 9395% ee. The reactivity
of the 2-substituted keton&f was relatively lower than that
of the 3- and 4-substituted ketoned,g and1h. The chiral

(17) Lundell, K.; Katainen, E.; Kiviniemi, A.; Kanerva, L. T.etrahe-
dron: Asymmetn2004 15, 3723-3729.

(18) Characterization of the amino alcoliolvas done after conversion
to the triacetylated compound due to instabilitysait ambient temperature
(see Supporting Information).
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chlorohydrin2h in a higher ee of 96% was obtained by hy-
drogenation with the mesityleré€ku complex3c. The chiral
chlorohydrins, R)-2f and R)-2g, are convertible t@-adreno-
ceptor agonists, includingRj-tulobuterol*® CL316243%¢
FK1752° and SR586114&2' The substraté&i with a strongly
electron-withdrawing C§ group at the 3 position was
reduced withBato produce quantitatively the chiral alcohol
2i in 93% ee. The hydrogenation tolerated the ,CBs
moiety, so thatlj was completely converted 8 in 94%
ee without loss of functionality.

In conclusion, we report here the first example of highly
enantioselective hydrogenationafchloro aromatic ketones
with then8-arene/TsDPENRu(lI) triflates,3aand3c. Even
206 g of substrate is completely converted to the desired
chiral alcohol. Synthetically useful chiral chlorohydrins are
guantitatively produced in up to 98% ee by this method. The
hydrogenation tolerates phenolic OH andJC8; function-
alities. A phenol-substitutei-amino alcohol, R)-norphe-
nylephrine, is synthesized by means of this reaction without
use of protective groups. Thus, this method provides a
practical tool for stereoselective organic synthesis.
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