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INTRODUCTION

Coumarins continue to be investigated because of
their importance to medicinal chemists due to a variety
of biological activity. Associated with the coumarin scaf-
fold are antibacterial[1a], antiviral[1b], anticancer[1c], ac-
tivities as well as inhibition of platelet aggregation[2a],
and inhibition of steroid 5a-reductase[2b]. Coumarins are
used in drug and pesticidel preparations[3], they have
also found applications as photosensitizers, fluorescent
and laser dyes[4].

Coumarins have been synthesized by several
routes including Pechmann [5a,b],  Perkin [6],
Knoevenagel [7],  Reformatsky[8] and Wittig
reactions[9a,b]. A valuable method for the synthesis of
coumarins is the Pechmann reaction, of phenols using
concentrated sulphuric acid as the catalyst[5a,b]. this
process causes formation of by products, required
long reaction times, and introduces corrosion prob-
lems. For these reasons, there have been several at-
tempts in the literature to find alternative and envi-
ronmentally benign synthesis routes. Various catalyst
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ABSTRACT
Coumarins have been synthesized by one-pot two-component Pechmann
condensation in the presence of the EPZ 10, as an effective catalyst in
excellent yields. The reaction work up is simple and the catalyst can be
easily separated from the product and reused in several times.
 2009 Trade Science Inc. - INDIA

systems such as montmorillonite clay[10]. Alum[11].
nano-crystalline sulfated-zirconia[12], ionic liquid[13]

and other solid acids[14a,b,c] have been employed for
these purpose in the Pechmann condensation. Al-
though these methods are suitable for certain synthetic
applications, many of these procedures are associ-
ated with one or more disadvantages such as corro-
sive reagents, long reaction times, harsh reaction con-
ditions, unsatisfactory yield, tedious work-up proce-
dure and recovery of catalyst was not possible dur-
ing work up processes. Therefore, the search contin-
ues for a better catalyst for the synthesis of coumarins
in terms of milder reaction conditions, better yields,
free of organic solvents, easy synthetic procedure and
reusability. Recently, significant progress has been
made in the application of EPZ 10 in catalytic pro-
cesses. EPZ 10 is recyclable solid acid catalyst[15],
which is prepared by supporting ZnCl

2
 on clay. EPZ

10 contains predominantly strong Lewis acid sites as
well as weak Bronsted acid sites[16]. EPZ 10 has been
used as a catalyst for Friedel-Crafts alkylation, aro-
matic bromination, benzylation[17].
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EXPERIMENTAL

General consideration: Melting points were taken in
open capillary and are uncorrected. 1H NMR and 13C
NMR spectra were recorded at room temperature on a
300 MHz Varian Inova Spectrometer in CDCl

3
 using

TMS as internal standard. Reactions were monitored
by TLC on aluminum sheets recoated with silica gel
60F

254.
 A Whirlpool, (800T, 2450Mz) domestic micro-

wave oven was used for all the experiments. Column
chromatography was performed using silica gel (60-120
mesh size). All the products are known compounds and
characterized by comparing there IR, 1H NMR, 13C
NMR and melting point with those reported in literature.

Typical procedure for the synthesis of 7-hydroxy-
4-methyl-2H-chromen-2-one (3a): A mixture of re-
sorcinol (10 mmol) and ethyl acetoacetate (10 mmol) in
the presence of EPZ 10 (10 % w/w) was irradiated in
microwave oven for 1.5 min. The reaction was moni-
tored by TLC. After completion of the reaction, the mix-
ture was diluted with ethyl acetate (5 mL); the catalyst
was filtered off and washed with ethyl acetate (3×5 mL).

The combined filtrates were concentrated under re-
duced pressure to afford the crude product (3a), which
was further purified by column chromatography (silica
gel) with ethyl acetate and n-hexane as the eluent.

RESULTS AND DISCUSSION

Herein we report the synthesis of coumarins (3)
promoted by the EPZ 10 catalysts under microwave
irradiation, in excellent yield with shorter reaction time.

In the present work, we achieved a one-pot two-
component condensation of phenol (1) ethyl acetoac-
etate (2) in the presence of EPZ 10 under the influence
of microwave irradiation as a new efficient method to
produce coumarins (3) (Scheme 1). Encouraged by this
success, we extended the reaction of ethyl acetoac-
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etate with a range of other substituted phenol under
similar conditions. The optimized results are summa-
rized in TABLE 1.

TABLE 1: EPZ 10 catalyzed synthesis of coumarins (3a-j)

Entry R1 R2 R3 R4 Product 
Time 
Min 

Yield 
(%)a 

1 H OH H H 3a 1.5 96 

2 H OH H OH 3b 2 94 

3 OH H H H 3c 2 85 

4 OH OH H H 3d 2 94 

5 CH3 OH H H 3e 2.5 88 

6 H OH H CH3 3f 2.5 89 

7 H CH3 H H 3g 2 84 

8 H NH2 H H 3h 3 78 

9 H OMe H H 3i 2 90 

10 H H OMe H 3j 2 86 
aIsolated yields

The reaction proceeds cleanly without formation of
side product. The protocol of the process offers ad-
vantages in terms of simple procedure and work up,
mild reaction conditions and excellent yields. The EPZ
10 catalyst used for reaction was recovered and re-
used with identical results. Thus, the recyclability was
confirmed (TABLE 2). As shown in TABLE 3, the re-
action of resorcinol and ethyl acetoacetate also carried
out in the presence of protic solid acid (Montmorillo-
nite K 10), liquid acid (H

2
SO

4
) and Lewis acid (ZnCl

3
).

The best yield was obtained with EPZ 10.

TABLE 2: EPZ 10 catalyst recovered in synthesis of
coumarins (3a, 3j)

Yield (%)a 
Entry R1 R2 R3 R4 Product 

Cycle 1 Recycle 1 Recycle 2 

1 H OH H H 3a 96 94 93 

2 H H OMe H 3j 86 85 83 
aIsolated yields.

TABLE 3: Activity of catalysts in the synthesis of 7-hydroxy-
4-methyl-2H-chromen-2-one (3a)

Entry Catalyst 
Reaction 

time 
Yield 
(%)a 

1b -------- 30 min. Trace 

2 H2SO4 10 min. 64 

3 ZnCl2 7 min. 88 

4 Montmorillonite K 10 3 min. 78 

5 EPZ 10 1.5 min. 96 
aIsolated yields. bIn the absence of the catalyst
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To illustrate the need of the EPZ 10 for these reac-
tions an experiment was conducted in the absence of
EPZ 10. The yield in this case was trace after 30 min
(TABLE 3, Entry 1). Obviously, EPZ 10 is an impor-
tant component of the reaction.

CONCLUSION

In summary, we introduced a mild, convenient, and
efficient method for the synthesis of coumarins by the
reaction of phenol with â-ketoester using EPZ 10 as
recyclable solid catalyst. The simple experimental pro-
cedure, short reaction time, mild reaction condition, and
ease of recovery and reuse of catalyst are advantages
of this method.
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