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Because organosulfur compounds are widely used in organic synthesis to bring about numerous

selective transformations,l readily available alcohols of high enantiomeric purity, which also bear the

phenylthio group, would be ofconsiderabIe use in synthesis. Divalent sulfur is easily oxidized to stdfoxides or

sulfones, functionalities having wide synthetic utility,2 or it can be reductively replaced with lithium.3

Recently, baker’s yeast-mediated asymmetric reduction of ketones bearing a phenylthio group in the j3or y

position has been reported and the corresponding alcohols have been prepared in high enantiomeric excess but

moderate conversions.4,5 These alcohols have been utilized for the synthesis of spiroacetal pheromones and

several other cyclic compounds of high enantiomeric excess.4,6 There is also a recent report of t~ microbial

reduction of two sulfenyl-trifluoromethyl ketones with high diastereo and enantioselection depending on the

microorgrmisms.7 In our continuous interest in homogeneous catalytic asymmetric hydrogenation using chiral

ruthenium complexes,8,9 we now report enantioselective hydrogenation of some phenylthio ketones using our

simple in situ preparation of Ru(II) catalysts (Scheme 1).8e
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P*P = Binap, MeO-Biphep
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Scheme 1
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Our results are summarized in Table 1. The phenylthio ketones were easily prepared by conjugate

addition of thiophenol or the cuprate derived from phenylthiomethyllithium to the appropriate enone.4,10 All

hydrogenation reactions were carried out in methanol at 30 bars and room temperature for 24 h (except entries

11, 12 and 13), using 2 mol.% of chiral ruthenium catalyst prepared in situ.ge,ll Lower conversions were

obtained with 1 mol.% or when the reaction was conducted in dichloromethane.

Asymmetric hydrogenation of 4-phenylthio-2-butanone 1 was performed for 24 hrs using (S)-Binap

and (S)-MeO-Biphep leading to (S)-4-phenylthio-2-butanol 5 in 96% and 98?t0e.e. (entries 1 and 2). The (R)-

isomer 6 was prepared using (R)-Binap and @)-MeO-Biphep as ligands in 92~0 and 97?t0e.e., respectively

(entries 3 and 4). The hydrogenation of 5-phenylthio-3-pentanone 2 was studied under the same reaction

conditions leading to (S) or (R)-5-phenylthio-3-pentanol 7 and 8 in 81% e.e. using (S) and (R)-Binap (entries

5 and 7). Better enantiomeric excesses were obtained with (S) and (R)-MeO-Biphep (88 and 97% e.e., entries

6 and 8). 4-Methyl-4-phenylthio-2-pentanone 3 having a bulky end group was quantitatively reduced to 9 and

10 respectively with a 80% e.e. using (S)-Binap (entry 9) and better e.e. approaching 90% with (R)-MeO-

Biphep and (R)-2-furyl-MeO-Biphep (entries 10 and 11). Finally, 5-phenylthio-2-pentanone 4 having a longer

alkyl chain was hydrogenated to (S)-11 and (R)-12 in nearly 70% yield and e.e. (entries 12 and 13). In this

particular case, high pressure and temperature were necessary to perform the reaction probably resulting from a

difficult chelation of the ruthenium with the phenylthio ketone. The absolute configurations of the phenylthio

alcohols 5,6,11, and 12 were assigned by comparison of their specific rotations with those described in the

literature.4 Those of 7-10 were assumed based on the results of the other reductions.lz

When comparing the present results of reductions of 1 and 4 with those using baker’s yeast reductions,

the following conclusions can be drawn. In the case of 1, better conversion to 5 and a marginally better

enantiomeric excess are obtained by asymmetric hydrogenation and this is thus the method of choice. In the

case of 4, enzymatic reduction gives more satisfactory e.e. vahres for 11 and that is the preferred method.

However, in contrast with baker’s yeast mediated reduction, both enriched enantiomers are available by

asymmetric hydrogenation with equal ease and in high yields. As previously reported for substituted ketones

bearing a heteroato~g a general orientation of the enantioselectivity is observed with these sulfur containing

ketones, allowing a general prediction of the absolute configuration of the alcohols by the appropriate choice of

axirdbiphenyl ligands.12

In conclusion, asymmetric syntheses of phenylthio alcohols by Ru-catalyzed hydrogenation were

achieved with good conversions and enantiomeric excesses. The presently reported hydrogenation is

compatible with a divalent sulfur. Further applications of this ruthenium mediated asymmetric hydrogenation to

optically active alcohols containing sulfones and sulfoxides are in progress. This approach constitutes a rapid

access to enantiomerically enriched phenylthio alcohols which are interesting building blocks for natural product

synthesis.
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Table 1: Asymmetric hydrogenation of phenylthio ketones with (P*P)RuBr2

Entry Substrate Ligand@J Alcohol Yield(b) e.e.(c)

1

2

3

4

5

6

7

8

9

10

11

12

13

L SPh
1

!,

,!

,!

!!

Ax SPh
3

,!

!,

L+
4

,,

(S)-Binap

(S)-MeO-Biphep

(R)-Binap

(R)-MeO-Biphep

(S)-Binap

(S)-MeO-Biphep

(R)-Binap

(R)-MeO-Biphep

(S)-Binap

(R)-MeO-Biphep

(R)-2-furyl-MeO-Biphep

(S)-Binap

(R)-Binap

QH

- Sph
5

L SPh
6

QH (d)

~sph

7

9xx (d)

SPh
10

11

X/v’h

100

100

100

100

90(.)

100

100

100

100

100

100

70

69

96

98

92

97

81

88

81

97

80

90
ggfl

7(JL?)

6f@)

12

(a) ChiralRu (II) catalyst(2%mol).(b) Yieldsare determinedby IH NMR.(c) E. e. weredeterminedby GC analysis(Megadex
5 column, dimethylpentyl-~-cyclndextrin, 25 m x 0.25 mm, fused capillary, df 0.25 Lm) except for 11 and 12. (d) The
absolute configurationis inferred by analogy with the other results in the table. (e) Reactiontimes: 22 h. (f) 50 bars, room
temp.,43h. (g) 115bars, 80 “C,70 h; enantiomericexcessesweredeterminedby IH NMRof the correspondingMTPA esters.
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Schlenk tube and purged three times with vacuum/argon and dissolved with 1 rnL of acetone (degassed by
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pressurizing and the reaction was carried out until complete conversion.
Specific relationship between chiral atropoisomeric ligands (e.g. MeO-Biphep, 2-furyl-MeO-Biphep,
B~nap)and alcohol ~bsoluteconfiguration.

OH SPh
= j Ru-L**

R~CHdo —
,}CHJP’S j“ jph

R (CHz)n
L** = (S)configuration L* = (R)configuration

of the biaryl ligand of the biaryl ligand

R = OMe; R’= Pi MeO-Biphep
R = OMe ; R’= furyl 2-furyl-MeO-Biphep
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