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The Meerwein ± Ponndorf ± Verley
(MPV) reaction, which involves a
reversible hydride transfer via a six-membered transition
state, has long-been recognized as a particularly mild reduc-
tion method that has several attractive features.[1±3] The
reaction is operationally very simple, uses inexpensive, non-
toxic, and nonhazardous reagents such as Al(OiPr)3 and
iPrOH, and is compatible with a broad range of functional
groups present in the substrate.

However, these advantages seem to be canceled out by the
usual need for relatively drastic reaction conditions because
of the poor reactivity of the traditional Al(OiPr)3/iPrOH
catalyst system, for which continuous removal of acetone is
necessary to shift the equilibrium and hence undesirable side
reactions seem inevitable. Accordingly, a number of modern
variants of metal alkoxide/hydride source combinations have
been elaborated to allow the classical methodology to regain
an appropriate place in organic synthesis.[4±7] Although our
recently introduced catalytic procedure with bidentate alu-
minum alkoxides certainly contributed to such an endeavor, it
unfortunately requires sec-phenethyl alcohol as a hydride
donor for smooth reduction of simple acyclic aliphatic
ketones.[8] This constitutes a major difficulty (especially in
the reduction of aromatic ketones), and prompted us to make
further effort to bring out the inherent potential in the MPV
reduction for practical use. Herein we report our preliminary
results on the development of new aluminum alkoxides that
can be employed for the efficient catalytic MPV reduction of
various ketone substrates (including aromatic ketones). These
reactions, which proceed under mild reaction conditions and
in which iPrOH functions as a convenient hydride source,
provide a simple yet practical method for carbonyl reduction.

Our strategy for the development of a readily accessible,
highly active aluminum catalyst was based on the modifica-
tion of simple aluminum phenoxide through introduction of
an additional heteroatom-containing functionality on the
ortho position of the parent phenol aromatic ring as schemati-
cally illustrated in Scheme 1. Attempted reduction of aceto-
phenone as a representative substrate in the presence of
diisopropoxyaluminum phenoxide (10 mol %) (prepared in
situ from phenol, Me3Al, and iPrOH) and iPrOH as a hydride
source (5 equiv) in CH2Cl2 at 25 8C for 5 h resulted in total

recovery of the starting ketone (Table 1, entry 1), and use of
salicylic acid as an aluminum ligand gave none of the desired
sec-phenethyl alcohol (Table 1, entry 2). Although the reac-
tivity was slightly enhanced by aluminum isopropoxides
derived from catechol and o-(methanesulfonylamino)phenol,
it was far from a synthetically satisfactory level (Table 1,
entries 3 and 4). However, use of the phenol possessing a
trifluoromethanesulfonamide functionality improved the
yield of sec-phenethyl alcohol (30%) and a similar result
was obtained with the 2,2'-biphenol-based catalyst (46 %)
(Table 1, entries 5 and 6),[9] which led us to consider the
possibility of combining the two structural characteristics. The
synthesis of 2-hydroxy-2'-(trifluoromethanesulfonylamino)bi-
phenyl (1) was thus pursued starting from phenol. Interest-
ingly, treatment of acetophenone with 10 mol % of catalyst,
prepared from 1, Me3Al, and iPrOH, in CH2Cl2 at 25 8C for 5 h
produced the corresponding secondary alcohol in 65 % yield
(Table 1, entry 7). Here, tuning of the perfluoroalkyl group of
the sulfonamide moiety afforded a beneficial effect on the
catalyst activity. Thus, the reaction under the influence of the
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Scheme 1. General schemes for Meerwein ± Ponndorf ± Verley reduction of carbonyl compounds and the
development of new aluminum catalysts.

Table 1. Catalytic MPV reduction of acetophenone with various aluminum
catalysts.[a]

Entry R iPrOH [equiv] Yield [%][b]

1 H 5 n.r.[c]

2 COOH 5 n.r.[c]

3 OH 5 8
4 NHSO2CH3 5 9
5 NHSO2CF3 5 30

6 5 46

7 5 65

8 5 76

9 2 10 85

[a] The MPV reduction of acetophenone was conducted with several
aluminum catalysts (10 mol %) and iPrOH (distilled from CaH2) in freshly
distilled CH2Cl2 at 25 8C for 5 h. [b] Yield of isolated product. [c] n.r.�no
reaction.



COMMUNICATIONS

Angew. Chem. Int. Ed. 2001, 40, No. 19 � WILEY-VCH Verlag GmbH, D-69451 Weinheim, 2001 1433-7851/01/4019-3611 $ 17.50+.50/0 3611

aluminum isopropoxide 3 (Scheme 2), which was derived
from 2-hydroxy-2'-(perfluorooctanesulfonylamino)biphenyl
(2), gave rise to sec-phenethyl alcohol in 76 % yield and,

Scheme 2. Efficient catalytic MPV reduction of acetophenone in the
presence of the new aluminum alkoxide 3.

eventually, the yield of the alcohol was improved to 85 % by
using 10 equivalents of iPrOH (Table 1, entries 8 and 9,
respectively).[10]

A variety of ketone substrates were examined for this
optimized catalytic MPV reduction with 3 and the results are
summarized in Table 2. As expected, cyclic ketones such as
4-phenylcyclohexanone can be reduced instantaneously to
4-phenylcyclohexanol quantitatively (cis/trans� 17:83) (Ta-
ble 2, entry 1). Simple aliphatic ketones were also found to be
efficiently converted to the corresponding secondary alcohols
in excellent yields (Table 2, entries 2 and 3). Moreover, the
present catalytic system based on the newly developed
aluminum catalyst allows smooth hydride transfer from
iPrOH to various aromatic ketones (Table 2, entries 4 ± 7).

To gain information about the actual structure of the new
aluminum catalyst, we prepared the complex of the catalyst
precursor 4 with DMF as a model example (Scheme 3), and

Scheme 3. Preparation of the model complex 4-DMF.

the structure was determined by single-crystal X-ray diffrac-
tion analysis, which revealed a dimeric structure with unique
pentacoordinate aluminum centers (Figure 1).[11, 12] Thus, the
formation of the expected seven-membered cyclic structure
was unambiguously verified. Notably, the trifluoromethyl
moiety was found to be located away from the aluminum
center, suggesting that the introduction of the perfluoroalkyl
group essentially provides an electronic effect rather than a
steric one.

Figure 1. Structure of the 4-DMF complex (ORTEP representation).

Based on the results, we then conducted scale-up experi-
ments to illuminate the practical aspect of our approach, and
first examined the possibility of using Al(OiPr)3 as an
aluminum source to avoid the rather troublesome handling
of Me3Al. Fascinatingly, simple mixing of 10 mol % each of
commercially available Al(OiPr)3

[13] and 2 in CH2Cl2 at room

Table 2. Catalytic MPV reduction of ketone substrates with new aluminum
catalyst 3[a] and scale-up experiments with 5 g of starting ketones.[b]

Entry Substrate Conditions Yield[c] Scale-up reaction
[8C] [h] [%] conditions yield

[8C] [h] [%][c]

1 25 0.5 99[d] 25 2 99[d]

2 CH3(CH2)6COCH3 25 5 97 25 5 94
3 (CH3(CH2)3)2C�O 25 5 92 25 5 91

4 25 3.5 85 25 5 82

5 25 5 99 25 5 98

6 25 1 99 25 3.5 99

7 25 5 97 25 9 95

[a] The MPV reduction of various ketone substrates was effected with 3
(10 mol %) and iPrOH (10 equiv, distilled from CaH2) in freshly distilled
CH2Cl2 (0.2m) under the indicated reaction conditions. [b] The reaction
was carried out in reagent grade CH2Cl2 (1.0m) and distilled iPrOH
(10 equiv) in the presence of 3 (5 mol %), prepared from Al(OiPr)3 and 2,
under the given conditions. [c] Yield of isolated product. [d] The cis/trans
ratio was 17:83.
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temperature, followed by treatment with iPrOH (10 equiv)
and acetophenone at 25 8C for 5 h resulted in the formation of
sec-phenethyl alcohol in 82 % yield,[14, 15] indicating the
intervention of extremely facile ligand exchange.[16] With this
simple yet efficient process in hand, the reactions with 5 g of
the starting ketones were undertaken with a lower catalyst
loading (5 mol %), which scarcely affect the outcome of the
catalysis. The results included in Table 2 demonstrate the
potential utility of the present method.[17] Importantly, these
product yields were achieved at high substrate concentration
(1.0m) with reagent grade CH2Cl2, which also simplifies the
operations of this MPV reduction procedure.

In summary, we have devised an essentially new aluminum
alkoxide that exerts high catalytic activity with iPrOH as a
hydride donor in the MPV reduction of various ketone
carbonyl groups. This is the most reactive aluminum-based
catalyst reported so far and has remarkable potential for
practical use. Further improvement of the reactivity and
development of an asymmetric version of the reaction are
currently under investigation in our laboratory.

Experimental Section

Scale-up reaction with acetophenone: 2-Hydroxy-2'-(perfluorooctanesul-
fonylamino)biphenyl (1.39 g, 2.1 mmol) and Al(OiPr)3 (0.43 g, 2.1 mmol)[13]

were placed in a dry, two-neck flask with a Teflon-coated stirring bar under
argon, and CH2Cl2 (42 mL, reagent grade purchased from Wako Chemical
Co., Ltd.) was introduced. The resulting mixture was stirred for 15 min at
room temperature and then 2-propanol (31.3 mL, 412 mmol) distilled from
CaH2 was introduced at the same temperature and stirring was continued
for an additional 15 min. Freshly distilled acetophenone (5 g, 41.6 mmol)
was added at 25 8C and the reaction solution was stirred for 5 h. This
solution was poured into 1n HCl and extracted three times with diethyl
ether. The ethereal extracts were washed with brine and dried over
Na2SO4. Evaporation of solvents and purification of the residual oil by
column chromatography on silica gel (H� 12 cm, Æ� 7 cm, acetone/
hexane� 1:9 as eluant) gave sec-phenethyl alcohol (4.15 g, 34.0 mmol;
82% yield). The ligand, 2-hydroxy-2'-(perfluorooctanesulfonylamino)bi-
phenyl, can be recovered by subsequent elution with ethyl acetate. In
addition, purification of the reduction product by vacum distillation is also
recommended.
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