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Abstract

The asymmetric reduction of aromatic ketones was catalyzed by a class of recoverable and highly stable
chiral sulfonamides derived from (S)-proline to yield optically active secondary alcohols in high yields and with
enantiomeric excesses of up to 91%. © 1999 Elsevier Science Ltd. All rights reserved.

1. Introduction

The enantioselective reduction of prochiral ketones to optically active alcohols plays an important
role in asymmetric synthesis.1 Since Itsuno et al. found that chiral alkoxy-amine–borane complexes
reduce aromatic ketones enantioselectively,2 the asymmetric reduction of prochiral ketones to optically
active alcohols using chiral catalysts has become one of the most attractive research fields. A variety
of chiral catalysts with two heteroatoms to coordinate with borane has been developed and used for
asymmetric reduction. Most of them are chiralβ-amino alcohols.3 Among these chiral catalysts, oxaza-
borolidine–borane complexes prepared fromβ-amino alcohols are the most effective.4 Recently, Wills et
al. reported that chiral phosphinamides prepared from commercially availableL-proline derivatives were
efficient catalysts for the highly enantioselective reduction of ketones.5 In this paper, we would like to
report the use of sulfonyl (S)-prolinol 1–7 (Scheme 1) as chiral catalysts to reduce aromatic ketones to
the corresponding alcohols in high yields and with good enantioselectivities.
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Scheme 1.

2. Results and discussion

2.1. Solvent and temperature

To find optimum reaction conditions, we examined the reduction of bromoacetophenone with chiral
catalyst1 under various experimental conditions. The results are summarized in Table 1. In this study
obvious solvent and temperature effects were observed. When the reaction was carried out in THF, it
took 6 days to complete the reduction, but in toluene the reaction was completed within 11 h. The results
showed the reaction proceeded more smoothly in toluene than in THF at the same reaction temperature
(entries 1 and 2). As with previous reports,6 the higher enantioselectivity was sustained at a higher
reaction temperature. When the reaction temperature was raised from room temperature to 110°C, the ee
value increased from 0 to 91% (entries 2, 3 and 4). Hence, the best result could be achieved if the reaction
mixture was at reflux.

Table 1
Asymmetric reduction of bromoacetophenone using catalyst1
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2.2. Chiral catalysts

Based on the above optimum reaction conditions, we chose 2-bromoacteophenone and acetophenone
as substrates to examine the effect of various catalysts. The sulfonamide catalysts directly prepared from
L-prolinol were stable white crystalline solids and proved to be effective catalysts for ketone reduction
by borane. The results are listed in Table 2. All catalysts gave good chemical yields. Among the catalysts
examined, catalyst1 containing a quinoline ring gave the best enantioselectivity for two substrates
(entry 1, 85% ee for PhCHOHCH3 and 91% ee for PhCHOHCH2Br). Catalysts2 and7 also gave good
enantioselectivities (entries2and7). The results indicated that the nitrogen atom in quinoline is important
for improving the enantioselectivity. It was noticed that the catalysts were very stable under our severe
reaction conditions and could be recovered in more than 90% yield and reused for the same reaction
without any loss in yield or ee. The1H NMR spectra and specific rotation of the recovered catalyst
proved that it was entirely unchanged after being refluxed for 1 h at 110°C.

Table 2
Reduction of 2-bromoacetophenone and acetophenone using catalysts1–7

2.3. Enantioselective reduction of various aromatic ketones using catalyst1

We applied the best catalyst1 to the reduction of various aromatic ketones, and the results are shown in
Table 3. For the examined ketones, the catalyst1 gave moderate to high ees and excellent chemical yields.
The results of Tables 2 and 3 show that the reduction ofα-haloketones such asα-chloroacetophenone
andα-bromoacetophenone could give a higher selectivity (91% for both), which agrees with the results
reported by other authors.5 Moreover, the results also show thatα-haloketoned was reduced to the
corresponding alcohol with (S)-configuration, while other ketones (a, b, c and e) provided alcohols
with (R)-configuration. In order to judge if any oxazaborolidines, which were possibly formed by the
decomposition of sulfonyl prolinol, catalyzed the reduction, we carried out the following tests: catalysts
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Table 3
Asymmetric reduction of aromatic ketones using catalyst1a

1 and2 were refluxed with BH3·SMe2 for 1 h in toluene and then cooled down to room temperature.
Acetophenone was added into each catalyst at rt and the reaction mixtures were stirred for 27 h. After
work-up reduction products were separated in 88 and 87% yield. Their specific rotations were [α]D

24=5.3
(c 2.73, CHCl3), ee 4.3% for catalyst1 and [α]D

24=0 (c 3.01, CHCl3) for catalyst2. Therefore, we do not
think there is any oxazaborolidine in this catalytic reduction. It is interesting that the chiral sulfonamide
catalysts are active only at high temperatures. A tentative mechanism proposed by Wills et al. for chiral
phosphinamide catalysts5 could be a clue to explaining the stereochemical course, but the details of this
catalytic reduction of aromatic ketones need to be explored further.

In conclusion, we have developed a new enantioselective reduction of ketones by borane using a readily
available, recoverable sulfonamide. This work has been extended to polymer bound catalysts and will be
reported very soon.

3. Experimental

3.1. General procedure for the reduction of aromatic ketones

All reactions were carried out under Ar and anhydrous conditions. Toluene was distilled from calcium
hydride. THF was dried over sodium benzophenone ketyl and freshly distilled just before use.

A 10 ml toluene solution of catalyst (0.2 mmol) and BH3·SMe2 (2.2 ml, 2.2 mmol) was refluxed for 1
h. Then the aromatic ketone (2 mmol) in toluene (10 ml) was added by syringe pump over a period of 1
h, and the reaction mixture stirred for an additional 5–20 min. The reaction mixture was quenched with
saturated aqueous ammonium chloride and extracted with ethyl acetate (3×10 ml). The combined organic
extracts were washed with brine, dried over anhydrous MgSO4, and evaporated under reduced pressure.
The residue was purified by flash column chromatography on silica gel using light petroleum–EtOAc as
the eluent to give the pure alcohol product and the recovered catalyst as a white crystalline solid.
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