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ABSTRACT

Aryl ketones were reduced to the corresponding alcohols with excellent enantioselectivity (up to 99.7% ee) by Cl 3SiH in the presence of a
catalytic amount of N-formyl- r′-(2,4,6-triethylphenyl)- L-proline as an activator. Both carboxyl group at the r-position of the activator and
2,4,6-triethylphenyl group at the r′-position were critical for the high enantioselectivity.

Enantioselective reduction of ketones has been one of central
topics in asymmetric synthesis over the past two decades.1

Although a variety of reducing reagents have been used for
the purpose,2 there have been few studies on the use of
trichlorosilane (Cl3SiH),3 which is an economical and easy
to handle reagent.4,5 Because Cl3SiH does not have the ability

to reduce ketones by itself, appropriate activators are
necessary for the reduction of ketones by Cl3SiH with high
efficiency. Organic chiral activators are in particular of
interest in this respect because they provide a route for
asymmetric reduction of ketones. We have reported a first
enantioselective reduction of ketones by Cl3SiH using chiral
N-formylpyrrolidines (1q,r) as organic activators (up to 43%
ee),4 and recently isoquinolinyloxazoline (2) was reported
to work well as a chiral activator (up to 94% ee).6,7

We report herein new efficient organic activators3-6
(Figure 1), which allow the reduction of aromatic ketones7
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Figure 1. Organic activators for Cl3SiH to reduce ketones.
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by Cl3SiH to afford the corresponding alcohols8 with up to
99.7% ee (Scheme 1).

Chiral activatorscis-3-5,trans-3-5,cis-6, and1u used
in this study were prepared according to the methods shown
in Supporting Information. With those organic activators in
hand, we first compared the efficiency of1u, cis- andtrans-
4, andcis-6as the activator in the reduction of7a to 8a by
Cl3SiH. The results are shown in Table 1, which also shows
the results using1p,s,t as comparison.

Noticeable points in Table 1 are as follows: (a) The
existence of anR-methoxycarbonyl group on a pyrrolidine
ring (1s) decreased the yield of product8a (entries 1 and 2).
(b) The reduction of7a using N-formyl-L-proline (1t)
afforded8a in 55% yield (entry 3), which was higher than
the yield (39%) in a case using ester1s(entry 2). This result
suggests an importance of hydrogen bonding between the
carboxyl group of1t and the carbonyl group of7a or some
interaction between the carboxyl group with Cl3SiH. (c)
Moderate enantioselectivity (42% ee) was observed in the
reduction using1u, suggesting an importance of theπ-π
interaction12 between the activator and aromatic ketones
(entry 4). (d)R′-Arylated proline estercis-6showed a high
selectivity (70% ee), but the yield was very low (3%) (entry
5). This result suggested an importance of both theπ-π
interaction and some steric factor. (e)cis-R′-Arylproline (cis-
4) was found to be highly efficient (entry 6), whereastrans-

R′-arylproline (trans-4) resulted in a low yield of8a with
low enantioselectivity (entry 7).

Next, we checked the substituent’s effect on theR′-
aromatic ring using activatorscis-3-5 andtrans-3-5 (Table
2). The results showed an advantage of thecis isomer in

comparison with thetrans isomer, and as a result, the most
promising activator among the ones examined wascis-2,4,6-
triethylphenyl-L-proline (cis-5).
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Scheme 1

Table 1. Enantioselective Reduction of Ketone7a by Cl3SiH
in the Presence of Activatorsa

a 7a (0.3 mmol), Cl3SiH (0.9 mmol), and activator (0.03 mmol) in CH2Cl2
(1.5 mL) at room temperature for 24 h.b The reported data in ref 4.
c Determined by HPLC.d Identified by comparison of the HPLC data with
that of a commercially avilable authentic sample.

Table 2. Enantioselective Reduction of Ketone7a by Cl3SiH
in the Presence ofR′-Arylproline Derivativesa

a 7a (0.3 mmol), Cl3SiH (0.9 mmol), and activator (0.03 mmol) in CH2Cl2
(1.5 mL) at room temperature for 24 h.b Determined by HPLC.c Identified
by comparison of the HPLC data with that of a commercially available
authentic sample.
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The solvent effects were examined to optimize the
reduction of7a by Cl3SiH using cis-5, showing that the
reduction depended on the solvent as shown in Table 3. The

condition using CHCl3 as a solvent (entry 2) gave the best
result.

On the basis of those results, various aryl ketones7b-k
were reduced by Cl3SiH using an activatorcis-5 in CHCl3.
The results are summarized in Table 4, which involves the

result of reduction of7a.
As shown in Table 4, the stereoselectivity for the reduction

of ketones7a-k to corresponding alcohols8a-k was very
high (93-97% ee) and the absolute configuration of enan-
tiomerically enriched alcohols wasR in every case.

An activatorcis-5was reusable several times without any
loss of its activity as shown in Table 5.

This method was applicable to highly enantioselective
reduction of 4′-(allyloxycarbonyl)acetophenone7l to 8l
without any reduction of the C-C double bond in 97% ee

and of acetylferrocene7m to 8m in 99.7% ee at-60 °C
(Scheme 2).

Also, by using this method, we succeeded in the prepara-
tion of an optically active lactone9 from keto ester7n in
93% yield with 97% ee (Scheme 3). Lactone9 is an

important intermediate for a preparation of a wide variety
of biologically active substance.13

In summary, we present a new effective organic activator,
N-formyl-R′-(2,4,6-triethylphenyl)-L-proline,cis-5, for Cl3-
SiH to reduce aryl ketones with excellent enantioselectivity.
Both a carboxyl group at theR-position and a 2,4,6-
triethylphenyl group at theR′-position ofcis-5 are critical

(13) (a) Brown, H. C.; Kulkarni, S. V.; Racherla, U. S.J. Org. Chem.
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Jurgens, A. R.; Fang, Q. K.; Byers, P.; Wald, S. A.; Senanayake, C. H.
Tetrahedron Lett.2001,42, 8919-8921.

Table 3. Solvent Effect in the Reduction of7a by Cl3SiH in
the Presence ofcis-5a

entry solvent h yield (%) of 8a ee (%) (config)

1 CH2Cl2 24 74 95 (R)
2 CHCl3 6 90 95 (R)
3 CCl4 12 87 76 (R)
4 AcOEt 24 70 81 (R)
5 THF 24 0
6 toluene 24 82 85 (R)
7 MeCN 24 73 51 (R)
8 Et2O 24 57 46 (R)

a 7a (0.3 mmol), Cl3SiH (0.9 mmol), andcis-5 (0.03 mmol) in solvent
(1.5 mL) at room temperature.

Table 4. Enantioselective Reduction of Ketones7a-k by
Cl3SiH in the Presence of Activatorcis-5 in CHCl3 for 6 h at
Room Temperaturea

entry ketone Ar R
yield (%)
of 8a-k

ee (%)b

(config)c

1 7a Ph Me 90 95 (R)
2 7b Ph Et 90 95 (R)
3 7c Ph n-Pr 90 95 (R)
4 7d 4-ClPh Me 93 97 (R)
5 7e 2-ClPh Me 61 96 (R)
6 7f 4-FPh Me 91 94 (R)
7 7g 4-NO2Ph Me 93 97 (R)
8 7h 4-MePh Me 91 93 (R)
9 7i 2-MePh Me 91 96 (R)
10 7j 4-t-BuPh Me 94 93 (R)
11 7k 4-PhPh Me 93 95 (R)

a 7a-k (0.3 mmol), Cl3SiH (0.9 mmol), and activator (0.03 mmol) in
CHCl3 (1.5 mL) at room temperature for 6 h.b Determined by HPLC.
c Identified by comparison of the optical rotation of the products with the
reported data or by comparison of the HPLC data with those of authentic
samples.

Table 5. Reactivity of Recoveredcis-5 in the Reduction of
Ketone7aa

iteration time yield (%) of 8a ee (%) (config)

1 90 95 (R)
2 89 95 (R)
3 91 94 (R)
4 90 95 (R)
5 91 95 (R)

a 7a (0.3 mmol), Cl3SiH (0.9 mmol), andcis-5 (0.03 mmol) in CHCl3
(1.5 mL) at room temperature for 6 h.

Scheme 2

Scheme 3
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for the high enantioselectivity. Further study on the applica-
tion of this method to nonaromatic ketones and the mecha-
nistic aspect is currently under investigation.
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