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Summary. Alum (KAl(SO4)2 � 12H2O) is used as an efficient
catalyst in the Pechmann condensation of phenol derivatives
with �-keto esters leading to the formation of coumarins in
excellent yields under solvent-free conditions. This methodol-
ogy offers significant improvements for the synthesis of cou-
marins with regard to the yield of products, simplicity in
operation, and green aspects by avoiding toxic catalysts and
solvents.
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Introduction

Coumarin and its derivatives form an important class

of benzopyrones found in Nature. They are a struc-

tural subunit in many complex natural products and

have shown various biological activities, such as an-

titumor [1], anti-HIV [2], antioxidation [3], tumor

necrosis factor-a (TNF-a) inhibition [4], antimicro-

bial activity [5], serine protease inhibition [6], and

anticancer activity [7]. The widespread biologi-

cal activities of coumarin derivatives have aroused

great interest in the area of synthesis chemistry and

pharmacology.

The Pechmann reaction is a most commonly used

method for the preparation of coumarins [8]. The

reaction involves condensation of very simple start-

ing materials i.e. phenols and �-keto esters in the

presence of a variety of acidic condensing agents.

Various reagents like H2SO4, P2O5, FeCl3, ZnCl2,

POCl3, AlCl3, PPA, HCl, phosphoric acid, and tri-

fluoroacetic acid are used to effect this condensation

[9]. However, in the current context of environmen-

tal impact, these methods are not attractive as they

require catalysts in excess, for example, sulfuric acid

in 10–12 equivalents [10], trifluoroacetic acid in 3–4

equivalents [11], and P2O5 in 5-fold excess [12].

Further, such reactions require long reaction times

and in some cases gave low yields. The present drive

therefore is towards the development of more effec-

tive, non-stoichiometric, preferably heterogeneous

catalysts. To overcome these problems some envi-

ronmentally benign procedures have been reported,

such as using solid supports [13], ionic liquids [14],

and solid Lewis acids [15]. KAl(SO4)2 � 12H2O (alum)

with mild acidity, involatility, and incorrositivity, is

insoluble in common organic solvents and was used

recently as an easily available acidic catalyst in dif-

ferent reactions [16].

Results and Discussion

In continuation of our interest in using solid acidic

catalysts in organic reactions [17], here we wish to

report an efficient and environmentally benign pro-

cedure for the synthesis of coumarins via Pechmann

condensation in the presence of catalytic amounts

of alum. For optimizing the reaction conditions,

the reaction of resorcinol with ethyl acetoacetate in

the presence of alum at different temperatures was

investigated. The best results were obtained with� Corresponding author. E-mail: m-dabiri@sbu.ac.ir



Scheme 1

Table 1. Synthesis of coumarins by the reaction of phenols with �-ketoesters in the presence of 40 mol% of alum

Entry Phenol �-Ketoester Product Time=h Yield=% Ref.a

1

O

Me

O

3 80 [15e]

2 2 92 [15a]

3 2 91 [15d]

4 3 86 [15a]

5 3 88 [14a]

6 2 90 [15a]

7 2.5 90 [15d]

8 3 90 [15a]

9 2 91 [15d]

10 2 95 [15d]

11 3 87 [15d]

12 3 81 [14a]

a The products were characterized by comparison of their spectroscopic and physical data with authentic samples synthesized by
reported procedures
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40 mol% of alum at 80�C (92% yield). Encouraged

by the above results, other coumarin derivatives were

synthesised under the same conditions (Scheme 1).

Several types of phenolic substrates and �-keto

esters with different functionalities were used in the

reaction. As can be seen in Table 1, the reaction was

found to be adaptable to a variety of substrates and

the yields, in general, were very high (80–95%). The

experimental procedure is very simple and work-

up includes the addition of H2O followed by filtra-

tion. Hence there will not be any unnecessary acidic

waste stream to create environmentally hazardous

pollution.

In conclusion, we developed an efficient and sim-

ple alternative for the preparation of substituted cou-

marins via the alum-catalyzed Pechmann reaction

under solvent-free conditions. Prominent among the

advantages of this new method are operational sim-

plicity, good yields, short reaction times, and an easy

work-up procedure.

Experimental

Melting points were measured on an Electrothermal 9200
apparatus. IR spectra were recorded on a FT-IR 102MB
BOMEM apparatus. Mass spectra were recorded on a FINNI-
GAN-MAT 8430 mass spectrometer operating at an ionization
potential of 70 eV. 1H and 13C NMR spectra were recorded on
a BRUKER DRX-300 AVANCE spectrometer at 300.13 and
75.47 MHz. All the products are known compounds, which
were characterized by melting point, IR, 1H and 13C NMR
spectral data, and mass spectroscopy.

General Procedure for the Synthesis of Coumarins

Phenolic substrate (1 mmol), 1 mmol �-keto ester, and
0.4 mmol alum were mixed together in a round bottom flask.
The mixture was stirred at 80�C for the appropriate time (see
Table 1). After completion of the reaction as indicated by TLC
(eluent: n-hexane=ethyl acetate¼ 2=1), H2O was added to the
mixture and it was filtered. The crude product was recrystal-
lized from ethanol.
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