
Azalactones are important classes of heterocycles that have
attracted much synthetic interest. These compounds are
particularly useful precursor for the synthesis of aminoacids,1

peptides,2 heterocycles,3 biosensors4 and antitumor or
antimicrobial compounds.5 Development of facile and
environmental friendly synthetic methods to azalactones
constitutes an active area of investigation.

The most well-known route to azalactones is the
Erlenmeyer method that involves the direct condensation of
aldehydes with hippuric acid using anhydrous sodium acetate
as a basic catalyst in acetic anhydride.6 Various reagents like
Pb(OAc)2,7 SO3 in DMF8 and polyphosphoric acid9 are known
to effect this condensation. Recently several inorganic
heterogeneous reagents used for this synthesis are Al2O3-
H3BO3,10 supported KF,11 Bi(CH3CO2)3,

12 ZnCl213 and ZnCl2
by using microwave irradiation.14 These methods are suitable
but because some of these reagents are highly corrosive and
difficult to handle these methods have been limited to small-
scale synthesis. Due to the importance of these compounds as
synthons in organic synthesis, a simple and high yielding one-
pot approach for this transformation is highly desirable.

Many recent papers describing the use of bismuth
compounds in organic transformation pointed out its use as
being ecologically friendly,15 in addition, bismuth derivatives
have been widely used in medicine.16 Most bismuth salts are
commercially available, inexpensive and easy to handle.

Due to our continued interest in the use of Bi(III) salts17 as
environmentally friendly reagents for organic synthesis, we
now wish to report that Bi(NO3)3.5H2O, Bi(TFA)3 and
Bi(OTf)3 are highly efficient catalysts for synthesis of
azalactones under solvent free conditions. The highly catalytic
nature of these reagents and their wide applicability should
make this procedure an attractive alternative to existing
methods for azalactone formation (Scheme 1).

The experimental procedure for synthesis of these
compounds is straightforward and involves stirring the
aldehyde, hippuric acid and acetic anhydride in the presence

of the Lewis acids under reflux conditions. A wide variety of
aromatic aldehydes underwent smooth reactions to give the
corresponding azalactones in good to excellent yields under
catalysis of  Bi(NO3)3.5H2O, Bi(TFA)3 and Bi(OTf)3 (Table 1,
Entries 1–14).

Interestingly, we observed that salicylaldehyde (Entry 14)
with Bi(NO3)3.5H2O gave two products, while Bi(TFA)3 and
Bi(OTf)3 afforded only the phenolic azalactone and no acetate
derivative was obtained. Under the same reaction conditions,
aliphatic aldehydes reacted sluggishly and the products yields
was much lower than those obtained with aromatic aldehydes. 

Recently, Bi(CH3CO2)3 has been proposed as an efficient
activator for this kind of transformation because it allows the
reaction to be carried out under mild conditions.12 Therefore,
the comparison between Bi(CF3CO2)3 and Bi(CH3CO2)3 is
very useful when evaluating the extraordinary activity of the
former. Results reported in Table 1 show that Bi(CF3CO2)3 is
at least 10 times more reactive than Bi(CH3CO2)3.

In order to explore further the synthetic utility of this
procedure, we have also investigated competitive reactions
(Table 2). This selectivity has not been reported previously
and can be considered as a useful practical achievement in this
synthesis.

As shown in Table 2, we found that aromatic aldehydes
were converted to the products with high selectively in the
presence of aliphatic aldehydes.

In conclusion, we have developed an efficient, high yield
and ecological friendly method for azalactone synthesis. In
addition, high chemoselectivity, mild reaction conditions, easy
work-up, highly catalytic nature of the reagents, low toxicity
and low cost of the Lewis acids, fast reaction rates and
insensitivity of these salts to air and moisture are worthy
advantages of this method.

Experimental

All yields refer to isolated products. The products were characterised
by comparison with authentic samples. All 1H and 13C NMR spectra
were recorded on a Bruker Avance 200 MHz spectrophotometer in
CDCl3 or CD3SOCD3 as a solvent. Melting points were determined
using a Gallen-Kamp melting point apparatus. Bi(TFA)3 and
Bi(OTf)3 were prepared according to the described procedures.18

General experimental procedure: To a solution of aldehydes 
(1 mmol) and hippuric acid (1.1 mmol) in acetic anhydride 
(3.3 mmol) was added the catalyst (0.1 mmol of Bi(NO3)3. 5H2O or
0.01 mmol of  Bi(TFA)3 or 0.02 mmol of Bi(OTf)3). The reaction
mixture was stirred under reflux conditions for the appropriate time
according to Table 1. The progress of the reaction was followed by
TLC or GLC. After the reaction was finished, the reaction mixture
was cooled to room temperature and ethanol (10 ml) was added to it.
It was then stirred for 10 min until a yellow solid precipitated. The
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Table 1 Conversion of aldehydes to their corresponding azalactones in the presence of Bi(III) saltsa  

Entry Product Yield/%b (t/min) M.p./°C

Bi(NO3)3.5H2O Bi(TFA)3 Bi(OTf)3 Found Reported

1 72(60) 86(60) 85(30) 165 16810

2 77(60) 83(60) 86(60) 141 14319

3 85(60) 87(60) 91(60) 149 1526

4 77(60) 84(20) 95(20) 16020 16221

5 75(60) 85(60) 88(10) 155 15610

6 68(20) 74(25) 80(20) 174 17219

7 79(20) 78(30) 83(20) 170 16719

8 75(5) 77(5) 85(10) 210 21310

9 86(40) 90(60) 93(15) 139 14110

10 74(60) 73(10) 89(15) 186 18510

11 71(5) 77(5) 81(10) 238 24110

12 76(20) 78(15) 85(15) 164 16519

13 72(60) 89(60) 92(60) 128 1326

14 67(5) 78(10) 87(60) 173 1716

15 0 8

aAll products were identified by comparison of their physical and spectroscopic data with those of authentic samples; bisolated
yields
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mixture was allowed to stand overnight, and then it was cooled in an
ice bath. The crude azalactones were obtained after filtration and
washing with hot water. Recrystallisation from acetone/water
afforded the pure azalactone.
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Table 2 Competitive conversion of aldehydes to azalactone derivatives catalyzed by Bi(III) salts

Entry Aldehyde Product Yield/%a (t/min)

Bi(NO3)3.5H2O Bi(TFA)3 Bi(OTf)3

72(15) 75(15) 80(20)

1

0 0 0

68(15) 72(15) 73(20)

2

0 0 0

70(60) 72(15) 85(20)

3

0 0 0

69(30) 72(20) 85(15)

4

0 0 0

aIsolated yields.
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