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Abstract—Niobium(V) oxide is an efficient catalyst for the transesterification of b-keto esters with several kinds of alcohols, leading
to good conversions. Moderate to good isolated product yields have been obtained at faster rates than those recently reported for
various catalysts.
� 2005 Elsevier Ltd. All rights reserved.
b-Keto esters are among the most important intermedi-
ates in organic synthesis, since they can be transformed
into useful building blocks and serve as a valuable tool
for chain extension reactions used in the synthesis of
various complex compounds.1 In the literature, there
are various alternative routes for the obtention of b-keto
esters,1,2 but the transesterification of these compounds
has been recognized as a very important and useful pro-
cess because it allows the preparation of more complex
products from more easily accessible synthons.3

The transesterification of b-keto esters (Scheme 1) is an
equilibrium process3 that can be catalyzed by many
kinds of catalysts, such as Brønsted base,4 DMAP,5

distanoxanes,6 solid superacids,7 zeolites,8 titanium(IV)
alkoxides,9 indium triiodide,10 natural clays,2f,11 transi-
tion metal complexes,12 Mo–ZrO2,

13 nonionic super-
base,14 yttria–zirconia Lewis acid,15 Mg–Al–O–t-butyl
hydrotalcite,16 diphenylammonium triflate,17 montmo-
rillonite,18 zinc dust,19 basic silica,20 amberlyst-15,21

sodium perborate,22 lithium perchlorate,23 and NBS.24
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Scheme 1. General transesterification process for b-keto esters.
In connection with our interest in the synthesis of bio-
logically active compounds, in this work we aimed at
the transesterification of b-keto esters 1 to obtain 3
(Scheme 1), in toluene reflux, by using allylic alcohol
or glycidol (2), and several types of catalysts described
in the literature.7,8,11,18,21 However, to our surprise, we
were unable to find any pertinent examples of transeste-
rification reactions with epoxy alcohols in the literature.
Moreover, it was found that a number of the catalysts
reported in the literature extensively degraded the reac-
tion products. Some of the tested modified clays (lapo-
nite RD, laponite RDS, and montmorillonite
K-10)11,18 only furnished low yields (29–48%) of the
desired b-keto ester 3 (R1 = CH3, R2 = CH2CH3,
R3OH = allylic alcohol or glycidol), even after a long
reaction time (12–24 h). The SnO2 catalyst7 used under
the same conditions afforded b-keto ester 3 in better
yields (60–65%), after a shorter reaction time (8–12 h).

Therefore, these poor results prompted us to test a new
catalyst that might be more suitable for the satisfactory
ium catalyst.
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interconversion of a b-keto ester through its transesteri-
fication with allylic or epoxy alcohols, which generally is
not a trivial process.

Niobium chemistry is not widely known, despite the
increasing interest in the use of niobium compounds in
many fields. In the area of heterogeneous catalysis, for
instance, they are used as catalyst components.25 Hy-
drated niobium(V) oxide (Nb2O5ÆnH2O) is a white, air-
stable and water-insoluble solid, with unknown water
content.26 Among the various solid acid catalysts cur-
rently in use, niobium(V) oxide is particularly interesting
for esterification and transesterification reactions,27

since it presents high acid strength associated with both
Lewis and Brønsted acid sites.26 Moreover, this com-
pound is resistant to water vapor when hydrated, which
makes it an effective catalyst for reactions where water
molecules participate or are released.27,28 There are
few examples of esterification reactions in the presence
of niobium compounds reported in the literature.25

Niobium(V) oxide exhibited high catalytic activity and
Table 1. Transesterification reaction of b-keto esters 1 with the catalyst niob

Entry b-Keto ester 1 Alcohol 2 Product 3

1 R1 = CH3, R2 = CH2CH3 Allylic alcohol R1 = CH3, R3 =

2 R1 = CH3, R2 = CH3 Allylic alcohol R1 = CH3, R3 =

3 CO2CH2CH3

O

Allylic alcohol CO2CH2CH=

O

4 R1 = CH3, R2 = CH2CH3 Glycidol R1 = CH3,
HR3 =

5 R1 = CH3, R2 = CH3 Glycidol R1 = CH3,
HR

3 =

6 CO2CH2CH3

O

Glycidol

O

O

O

7 R1 = CH3, R2 = CH3 n-Butyl alcohol R1 = CH3, R3 =

8 R1 = CH3, R2 = CH3 t-Butyl alcohol R1 = CH3, R3 =

9 R1 = CH3, R2 = CH3 2-Propanol R1 = CH3, R3 =

10 R1 = CH3, R2 = CH3 Benzyl alcohol R1 = CH3, R3 =

11
H3CO OCH3

O O O

(�)-Menthol
O

O O

a All the reactions were carried out with niobium(V) oxide in toluene reflux,
b Conversion determined by gas chromatography (GLC) of the crude reactio
c Isolated yield of b-keto ester 3 after purification by silica gel column chrom
d Catalyst was recovered and reused three times without appreciable activity
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Scheme 2. Transesterification process for b-keto esters with the catalyst nio
100% selectivity for the esterification of acetic acid with
ethyl alcohol,27a and also for the esterification of acrylic
acid with methanol,27b where good stability of the cata-
lyst was observed. However, to the best of our knowl-
edge, there is no report on the use of this compound
in the transesterification process. Therefore, we decided
to investigate the use of niobium(V) oxide as a new cata-
lyst for the transesterification of b-keto esters 1 with
several kinds of alcohols (Scheme 2). The transesterifica-
tion results obtained by us are presented in Table 1.

With this new catalyst, the transesterification of the b-
keto esters 1 with a variety of alcohols led to moderate
to good isolated yields, after reduced reaction times
(5–8 h).29 Ethyl cyclopentanone-2-carboxylate, a steri-
cally hindered substrate, was quite rapidly converted
into the desired product, in moderate isolated yields
(57–63%, Table 1, entries 3 and 6). Even the double
transesterification of dimethyl acetone-1,3-dicarboxylate
with enantiopure (�)-menthol gave the product with a
relatively good isolated yield (61%, Table 1, entry
ium(V) oxide, via Scheme 2a

Reaction

time (h)

Conversionb

of 1 (%)

Isolated yieldc

of 3 (%)

CH2CH@CH2 6 65 52

CH2CH@CH2 6.5 70 58

CH2 8 85 57

O
2C

5 75 58

O
2
C

5.5 80 76

O

8 70 63

CH2CH2CH2CH3 5.5–7d 100 (100, 100)d 98 (93, 87)d

C(CH3)3 8 93 60

CH(CH3)2 8 81 63

CH2C6H5 12 50 33

O

O
8 65 61

with distillation of the formed alcohol.29
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11).5d Substrate conversion reached a fairly good value
(65–100%) with most of the b-keto esters and alcohols
employed, but did not exceed 50% when benzyl alcohol
was used (Table 1, entry 10), probably due to the easy
dehydration of this compound to form benzyl ether in
the reaction conditions. As volatile alcohols can also
be removed by distillation during the transesterification
process, gradual addition of new portions of alcohol sig-
nificantly increased substrate conversion. The transeste-
rification of methyl acetoacetate with allylic alcohol and
glycidol produced better results than the corresponding
ethyl derivative (Table 1, entries 1, 2, 4, and 5). The nat-
ure of the R3 group in the alcohols had a significant
effect on the transesterification reactions. Considering
both conversion and isolated yields, primary alcohols
afforded much superior results to those obtained with
secondary and tertiary alcohols (Table 1, entries 7–9).
Allylic alcohol reacted with different b-keto esters (Table
1, entries 1–3), leading to good conversions (65–85%)
and moderate isolated yields (52–58%). These latter re-
sults show this process is very useful, since the transeste-
rification of allylic alcohols is rather difficult due to
successive decarboxylation and rearrangement.8 Good
results were also obtained with glycidol (Table 1, entries
4–6). In the case of niobium(V) oxide, catalyst lifetime
could be maximized due to its easy recovery. In fact,
niobium(V) oxide was recovered and reused at least
three times in our experiments, without appreciable
activity loss, as indicated in the transesterification of n-
butyl alcohol (Table 1, entry 7).

In summary, we have demonstrated that niobium(V)
oxide serves as an efficient catalyst for the transesterifi-
cation of b-keto esters with several kinds of alcohols,
leading to good conversion and moderate to good iso-
lated product yields. Therefore, it is expected that this
catalyst will find general application for the preparation
of these important compounds in the future.
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