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AlCl3 as an efficient Lewis acid catalyst in water
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Abstract—For the first time AlCl3 has been conveniently employed as a Lewis acid in water and efficiently catalysed regio- and
stereoselective azidolysis of a,b-epoxycarboxylic acids in water. © 2001 Elsevier Science Ltd. All rights reserved.

Lewis acid catalysed organic reactions in water are
currently of great research interest.1 Lanthanide triflates

are the most popular water-tolerant Lewis acids.2 They
catalyse many reactions1,3 and are reported to be stable

Table 1. Azidolysis in water at pH 4.0 of a,b-epoxycarboxylic acids catalysed by 1 mol% of AlCl3
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in water,3 different from common metal salts (e.g.
AlCl3) that decompose readily in water and therefore
are thought to be unusable in aqueous medium.3

AlCl3 is a hard Lewis acid that coordinates hard basic
centres like the oxygen atom of a carbonyl group and
that of an epoxide, activating the reagent for a nucle-
ophilic attack. Water is a hard base and therefore
nucleophilic reactions catalysed by AlCl3 are recom-
mended to be carried out in organic solvents under
anhydrous conditions.

Continuing our investigations4 on the use of water as
reaction medium for organic reactions, we discovered
that 1 mol% of AlCl3 effectively catalysed the azidolysis
of a,b-epoxycarboxylic acids in water at pH 4.0.

The results for a variety of a,b-epoxycarboxylic acids in
the presence and in the absence of AlCl3 are illustrated
in Table 1. All the experiments were carried out at pH
4.0, held constant for the whole reaction time.

The reactions carried out in the presence of AlCl3 are
fast and completely regio- and diastereoselective. The
b-azido-a-hydroxycarboxylic acid coming from the anti
attack of the azido ion was the sole reaction product,
which was isolated in excellent yields. For trans-a,b-
epoxy-a-methylcinnamic acid only, 3% diol was also
detected (Table 1, entry 12).

The comparisons between the uncatalysed (without
AlCl3) and catalysed (with AlCl3) reactions, all carried
out under the same acidic conditions (see Table 1),
show that in the absence of AlCl3 the reactions are
much slower, which indicates that under the pH condi-
tions used, Brønsted catalysis is not significant. For
example in the absence of AlCl3 the azidolysis a,b-
epoxycyclohexanecarboxylic acid at pH 4.0 after 0.25 h
gave only a 2% conversion (Table 1, entry 9) whereas,
in the presence of AlCl3, after the same reaction time
the conversion was complete (Table 1, entry 10); and
for a-methyl-trans-a,b-epoxy-b-phenylpropanoic acid
the complete conversion was reached after 20 h in the
absence of Lewis acid catalyst (Table 1, entry 11) and
in only 15 min in the presence of AlCl3 (Table 1, entry
12). Furthermore for trans-a,b-epoxypropanoic acid
and trans-a,b-epoxyhexanoic acid the uncatalysed azi-
dolysis is not regioselective (Table 1, entries 1 and 3),
while by using 1 mol% of AlCl3 only anti-b-azido-a-
hydroxycarboxylic acids were obtained.

AlCl3 is not the active catalytic species. AlCl3 dissoci-
ates in water very quickly and hydration occurs imme-
diately with the formation of the corresponding aqua
ion (Al(H2O)6

3+; pK1,1=4.97–5.55a–c). At pH 4.0 it was
estimated that about 5% hydrolysis of the aqua ion
occurs and only monomeric species were present.5

Therefore we believe that the catalytic species is the
aluminium aqua ion that coordinates the epoxycar-
boxylic acid and azide ion forming a reacting complex;
the nucleophile is then regio- and stereoselectively
transferred to the substrate b-carbon.

In a typical procedure, the a,b-epoxycarboxylic acid
(1.0 mmol) and NaN3 (5.0 mmol) were dissolved in
water (2 mL) with stirring at a suitable temperature (see
Table 1) in a thermostated flask equipped with a pH-
stat apparatus. An 0.5 M AlCl3 aqueous solution (20
mL) was added and the pH adjusted to 4.0 value by
adding 50% H2SO4 solution (150 mL). The mixture was
stirred for a suitable time (see Table 1) keeping the pH
constant at 4.0 by a pH-stat (100 mL of 50% H2SO4

aqueous solution). At the end, the mixture was cooled
at 0°C, acidified to pH 2.0, extracted with diethyl ether
and worked-up as usual to give the b-carbon adduct
obtained in pure form in a 93–95% yield.

The mother liquor that remained after the work-up of
the reaction can be re-used.7 We have found that the
aqueous solutions from the azidolysis of trans-a,b-
epoxyhexanoic acid and a,b-epoxycyclohexancarboxylic
acid can be re-used three times without loss of reactiv-
ity and selectivity.7

The azidolysis of a,b-epoxycarboxylic acids and their
ester derivatives has been widely investigated and many
catalysts have been tested,4c,6 but a 1 mol% amount of
catalyst has never been used. To our knowledge this is
also the first report on the use of AlCl3 in water to
catalyse an organic reaction.

The possibility of using AlCl3 in water opens new
research strategies in organic synthesis, which are being
studied in our laboratory.
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