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The dynamic kinetic resolution of b-keto sulfones was achieved via
asymmetric transfer hydrogenation using (S,S)-RuCl[N-(tosyl)-

1,2-diphenylethylenediamine](p-cymene) in the presence of formic

acid and triethylamine afforded the desired products in good yield

with up to 499 : 1 dr and high ee up to 499%.

Dynamic kinetic resolution (DKR) is an efficient method to

obtain optically pure compounds from racemic substrates,

which combines the resolution step of kinetic resolution with

an in situ equilibration or racemisation of the configurationally

labile substrate.1 Recently, increasing attention has been given

to the discovery of DKR reactions, which can, theoretically,

result in quantitative yield with enantiomeric excess (ee)

approaching 100%.2

Hydrogen transfer reactions are mild methodologies for

reduction of ketones or imines and oxidation of alcohols or

amines in which a substrate-selective catalyst transfers hydro-

gen between the substrate and hydrogen donor or acceptor,

respectively.3 In recent years, hydrogen transfer reduction has

gained a prominent position as to be rated second in order of

importance immediately behind asymmetric hydrogenation

with molecular hydrogen.4

To our knowledge, a few examples about DKRs have been

reported via asymmetric transfer hydrogenation. Excellent

examples include Noyori’s reduction of benzils,5 Cossy’s

reduction of 1,3-diketones6 and reduction of cyclic b-keto
esters, cycloalkylamines, b-keto-a-amino esters and cyclic

ketones.7

Optically active b-hydroxy aryl sulfones are useful chiral

synthons in organic synthesis.8 Many methods have been

developed for the enantioselective synthesis of optically active

b-hydroxy sulfones, such as kinetic and dynamic kinetic resolu-

tion of racemic b-hydroxy sulfones9 and asymmetric reduction

of b-keto sulfones.10 As these compounds are very useful, we

designed the DKR of b-keto sulfones via asymmetric hydrogen

transfer reaction to obtain enantiomerically enriched b-hydroxy
sulfones.

We first chose the reduction of 1-phenyl-2-(phenylsulfonyl)-

propan-1-one 1a as our research model (Scheme 1).

While the reaction conducted at room temperature in DMF

using (S,S)-RuCl[N-(tosyl)-1,2-diphenylenediamine](p-cymene)

(0.6%) as the catalyst and formic acid (5 equiv.)–triethylamine

(2 equiv.) as the hydrogen source, the reaction was very slow and

no product could be detected by TLC after 24 h. Considerable

rate acceleration was observed by performing the reaction at

50 1C compared to room temperature, it gave a combined yield

of 95% with 93 : 7 diastereomeric ratio (dr). The enantiomeric

excess (ee) of the major and the minor diastereomers, deter-

mined by HPLC analysis, was 98 and 85%, respectively. The

influence of reaction solvent on the DKR was then investigated.

The results are shown in Table 1.

Scheme 1 Dynamic kinetic resolution of 1-phenyl-2-(phenylsulfonyl)-

propan-1-one 1a.

Table 1 1 Solvent effects on the DKR of 1a

Entry Solvent t/h Yielda (%) drb eeb(%) major

1 DMF 12 95 93 : 7 98
2 THF 20 85 90 : 10 93
3 Toluene 20 88 90 : 10 92
4 Diisopropyl ether 12 80 86 : 14 97
5 DMSO 12 92 89 : 11 98
6 CH3CN 12 85 89 : 11 98
7 CH3OH 12 82 89 : 11 98

a Isolated yield. b Determined by chiral HPLC analysis using a Chiralpak

AD–H column.

Table 2 Influence of the catalyst/substrate ratio on the DKR of 1a

Entry S/C t/h Yielda (%) drb eeb(%) major

1 40 12 92 88 : 12 97
2 80 12 95 93 : 7 98
3 120 24 85 89 : 11 98
4 160 24 70 90 : 10 99

a Isolated yields. b Determined by chiral HPLC analysis using a

Chiralpak AD–H column.
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The data demonstrate that excellent results could be obtained

in many solvents explored, such as DMF, CH3OH, CH3CN and

DMSO. In THF and in toluene, the reaction was slower. When

DMF was employed as the solvent, it gave the highest yield,

diastereomer ratio and ee for the major isomer. So we chose

DMF as the solvent to investigate the influence of the catalyst/

substrate ratio on the DKR of 1a. The results are listed in Table 2.

The diastereo- and enantioselectivity of the transformation

was only marginally influenced by the catalyst/substrate ratio.

However, longer reaction time was necessary at lower catalyst

loading.

DKR reactions of many other b-keto sulfones11 were then

investigated at 50 1C using DMF as the solvent.12 The results

are summarized in Table 3.

Data showed that substitution in benzene ring did significantly

affect the reaction, the substrates with electron-withdrawing

group such as p-chloro gave faster reaction, while the electron-

donating such as p-methoxy group deactivated the reaction

(entries 1–5). With the o-chloro substrates, the dr and ee dropped

sharply (entries 6 and 7). The reduction of cyclic b-keto sulfones

gave excellent dr.

For the absolute configuration assignment, single crystals of

the major diastereomer of 2a, were prepared and the structure

established by X-ray crystallography. According to the results

of the major diastereomer of 2a,13 there are two independent

molecules in the asymmetric unit. They have the same absolute

configurations of (1R,2S) (Fig. 1).

In summary, a convenient and highly stereoselective app-

roach to chiral b-hydroxy sulfones has been developed. The

asymmetric transfer hydrogenation of the corresponding

sulfones by using Noyori’s Ru(cymene)-TsDPEN catalyst and

HCOOH–Et3N as the hydrogen source proceeds via dynamic

kinetic resolution to selectively afford (1R,2S)-compounds for a

variety of substrates. Remarkable results concerning the reac-

tivity and enantioselectivities (499 : 1 dr, 499% ee) were

achieved for rigid cyclic a-tetralone and a-indanone derivatives.
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