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Abstract

The first method for the reduction of esters using a high oxidation state oxo complex as a catalyst is reported. The system silane/MoO,Cl,
(5mol%) proved to be very efficient for the reduction of aliphatic and aromatic esters to the corresponding alcohols in good yields.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

The conversion of esters to the corresponding alcohols, a
fundamental process in organic synthesis, has gained renewed
interest due to the need of converting fatty acid esters and other
natural carboxylic acid derivatives into fuels or chemical feed-
stocks [1]. Heterogeneous catalytic hydrogenation of esters still
presents selectivity and kinetic problems [2].

Besides the traditional hydride reducing agents, specially
those of boron and aluminum [3], silanes have been used
in search of controlled reduction selectivity. Silane activation
with B(C¢Fs5)3 can reduce carboxylic functions to alkanes [4].
The hydrosilylation of esters in the presence of a transition
metal such as Ti [5], Rh [6], and Ru [7] has been investi-
gated in the last years and it is an alternative to the traditional
methods.

We have recently developed a new method for hydrosily-
lation reactions using a silane in the presence of a catalytic
amount of dioxomolybdenum (MoO;Cl;). This new system
proved to be very efficient for the hydrosilylation of aldehyde
and ketones, yielding the corresponding silyl ethers in good
yields [8].

This first example of the use of a high valent Mo(VI)O,
complex as catalyst for organic reductions was also applied in
the chemeoselective reduction of imines in excellent to mod-
erate yields [9]. This reaction was carried out with several
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silanes including phenylsilane, dimethylphenylsilane, triethyl-
silane, triphenylsilane and with a hydrosiloxane, polymethylhy-
drosiloxane (PMHS).

In order to extend the scope of the use of the MoO,Cl; as a
catalyst for organic reductions, in this work we investigated the
reduction of esters with the system silane/MoO;Cl,.

2. Result and discussion

The reduction of methyl (4-trifluoromethyl)benzoate 1 cat-
alyzed by MoO,Cl, was studied with several silanes and sol-
vents, as summarized in Table 1. The best results were obtained
with phenylsilane in toluene or benzene at reflux temperature
(entries 1 and 2). When the reduction was carried out in THF
or CH,Cl,, the alcohol 2 was obtained in only 17% and 12%
conversion, respectively (entries 3 and 4), and in acetonitrile the
reduction did not proceed.

The ester 1 was also reduced to the corresponding alcohol 2
with the silanes, polymethylhydrosiloxane (PMHS), triethylsi-
lane (Et3SiH) and dimethylphenylsilane (DMPSH) in 97%, 39%
and 40% conversion, respectively. No catalysis was observed
with triphenylsilane (entry 9).

The system PhSiH3/MoO;Cl; (5mol%) was investigated
in the reduction of a variety of esters in refluxing toluene
(Table 2). As shown in the Table 2, this catalytic system is
suitable for the reduction of a wide scope of aromatic and
aliphatic esters in good yields. One exception was observed
in the reduction of methyl 4-nitrobenzoate, which afforded the
methyl 4-aminobenzoate in 50% yield (entry 4). The reaction
of methyl(phenylsulfinyl)acetate with this system yielded the 2-
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Table 1
Reduction of methyl (4-trifluoromethyl)benzoate catalyzed by MoO,Cl,
0

/©)kOCH3 Silane / MoO,Cly (5 mol%) _ /©/\OH
20h
FsC FsC

1 2
Entry Silane Silane (mol%) Solvent® Conversion® (%)
1 PhSiH3 200 Toluene 100
2 PhSiH3 200 Benzene 100
3 PhSiH3 200 THF 17
4 PhSiH3 200 CH,Cl, 12
5 PhSiH3 200 CH3;CN No reaction
6 PMHS 10 Toluene 97
7 Et3SiH 300 Toluene 39
8 DMPSH 300 Toluene 40
9 Ph3;SiH 300 Toluene No reaction

2 Reflux temperature.
b Conversion was determined by 'H NMR.

Table 2
Reduction of esters with the system PhSiH3/MoO,Cl,*
Entry Ester Product Yield®
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2 The reactions were carried out with 1.0 mmol of esters, 2.0 mmol of PhSiH3
and 5 mol% of MoO,Cl, in refluxing toluene during 20 h.
b Isolated yields.
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Scheme 1. Reduction of methyl 4-chlorobenzoate with the system PhSiD3/
MoO,Cl,.

PhSID3 / MoO,Cl, (5 mol%)

Toluene, reflux, 20 h

(phenylthio)ethanol in 75% yield (entry 10), with reduction of
both sulfinyl and carboxyl groups.

To the best of our knowledge, this is the first example of the
use of a high oxidation state oxo complex as a catalyst in reduc-
tion of esters. These results confirm the new role of oxo com-
plexes in catalytic reductions [8—10], which unexpectadly adds
to their well established abilities to catalyze oxygen-transfer
reactions to olefins, phosphines and sulfites [11].

Several experiments were carried out in order to ascertain
some fundamental mechanistic aspects of this reduction. As no
reaction was observed when the ester 1 was treated with 5 mol%
MoO;Cl, without phenylsilane or when the ester 1 was treated
with excess of phenylsilane without catalyst in refluxing toluene,
these results suggest that MoO,Cl; catalyzes the reaction by
activation of the silane, producing a hydride species (Mo-H).

The reaction of the ester 1 with phenylsilane-ds, under the
same experimental conditions, results in the incorporation of
two deuterium atoms in the carbonyl carbon, as confirmed by
"HNMR (Scheme 1). This result is consistent with the formation
of an alkyl silyl acetal, resulting from the reaction between the
ester and the hydride species (Mo—H), which is easily converted
into the corresponding aldehyde. The aldehyde reacts with a
second equivalent of hydride species (Mo—H) producing a silyl
ether, followed by a rapid hydrolysis to the alcohol. The intimate
mechanism of formation of these intermediates and their subse-
quent reactivity is not entirely clear and is under experimental
and computational modelling. The solvents clearly play a major
role in the reaction (Table 1). Surprinsingly in this respect is
the fact that the best solvents (benzene and toluene) are pre-
cisely those where MoO;,Cl, is completely insoluble and the
reaction is, most likely, heterogeneous. This observation con-
trasts with findings on the reduction of aldehydes where solvent
dependence is not so strong and favors CH3CN over CH,Cl,
and benzene or toluene.

Not unexpectedly, PhSiHj3 is the most active silane studied.
Remarkable is, however, the high reactivity of the cheaper and
user friendlier polymeric silane, PMHS.

3. Experimental

All manipulations were carried out using standard Schlenk-
line techniques under a nitrogen atmosphere. Solvents were puri-
fied by conventional methods and distilled under nitrogen, prior
to use. The silanes were obtained from Aldrich. Phenylsilane-
dz was prepared by the reduction of phenyltrichlorosilane with
LiAlD4 according to literature procedures [12]. Flash chro-
matography was performed on MN Kieselgel 60 M 230-400
mesh.
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3.1. General procedure for the reduction of esters with the
system PhSiH3/MoO,Cl;

To a solution of MoO,Cl, (5% mol) in dry toluene (5 ml)
was added the ester (1.0 mmol) and PhSiH3 (2.0 mmol) under
nitrogen atmosphere. The reaction mixture was stirred at reflux
temperature during 20 h. After evaporation, the reaction mix-
ture was purified by silica gel column chromatography with the
appropiate mixture of n-hexane and ethyl acetate.

4. Conclusion

In conclusion, we have developed a new reliable catalytic
system for the reduction of aliphatic and aromatic esters to the
corresponding alcohols in good yields. It is the first example
of the use of a high valent oxo complex as a catalyst for the
reduction of esters. These results extend the scope of the use of
MoO,Cl; as an effective catalyst for reduction reactions.

The reduction of the nitro and sulfoxide groups observed
in the reaction of methyl 4-nitrobenzoate and methyl(phenyl-
sulfinyl)acetate suggests two future applications for this system
in the synthesis of amines and sulfides.

Other organic reductions with this system as well as mecha-
nistic studies are now under investigation in our group.
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