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Abstract

Substituted coumarins are synthesized from phenols and ethyl acetoacetate or methyl acetoacetate via Pechmann condensation using hetero-
geneous recyclable catalyst (HClO4·SiO2) under solvent-free conditions. This method is simple, cost effective, requires short reaction times and
benefits from the elimination of production of acidic waste streams generated with conventional acid catalyst to give good yields.
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The synthesis of coumarins and their derivatives has attracted
onsiderable attention from organic and medicinal chemists for
any years as a large number of natural products contain this

eterocyclic nucleus. They are widely used as additives in food,
erfumes, agrochemicals, cosmetics, pharmaceuticals [1] and
n the preparations of insecticides, optical brightening agents,
ispersed fluorescent and tunable dye lasers [2]. They have
aried bioactivities, such as, inhibitory of platelet aggregation
3], antibacterial [4], anticancer [5], inhibitory of steroid 5�-
eductase [6] and inhibitory of HIV-1 protease [7]. Coumarins
lso act as intermediates for the synthesis of fluorocoumarins,
hromenes, coumarones, and 2-acylresorcinols [8]. Their prop-
rties turn coumarins very interesting targets to organic
hemists, and several strategies for their synthesis were already
eveloped.

Coumarins can be synthesized by various methods such as
echmann [9], Perkin [10], Knoevenagel [11], Reformatsky [12]
nd Witting [13] reactions. Pechmann condensation is one of the
ost common procedures for the preparation of coumarin and

ts derivatives. This method involves the reactions between a
henol and a �-keto ester in the presence of an acidic catalyst.

like H2SO4, P2O5, FeCl3, ZnCl2, POCl3, AlCl3, PPA, HCl,
phosphoric acid and trifluoroacetic acid are known to affect this
condensation [14]. However, in the current context of environ-
mental impact, these methods are not attractive as they require
catalyst in excess, for example, sulfuric acid in 10–12 equiva-
lents [15], trifluoroacetic acid in three to four equivalents [14b]
and phosphorus pentoxide in five-fold excess [16]. Further, such
reactions required long reaction time and in some cases gave
lower yields. Recently, cation exchange resins [17] and solid
acid catalysts [18] have been tried for this reaction. These reac-
tions have been attempted using microwave irradiation [19] for
accelerated syntheses of different coumarins. In previous year
a profound interest was shown in the use of ionic liquids [20]
for organic synthesis and on green chemistry [21] we set out to
develop a solvent-free synthesis of coumarins using an inexpen-
sive and non-polluting catalyst. In recent years heterogeneous
catalysts are gaining more importance due to enviro-economic
factor. The catalyst is generally of low cost and can be easily
handled or removed. Thus there will be no undesirable wastage
causing environmental pollution. To the best of our knowledge,
no report has been made about the use of heterogeneous cat-
imple starting materials are required here to produce various
ubstituted coumarins in good yields. Different acid catalysts
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alyst for synthesis of coumarins via Pechmann condensation
using the heterogeneous catalyst, silica supported perchloric
acid (HClO4·SiO2).

Here in, we report as the substituted phenols and ethyl ace-
toacetate or methyl acetoacetate undergo condensation in the
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Table 1
Synthesis of coumarins using HClO4 SiO2 under solvent-free conditionsa

Entry Substrate Time (min) Product Isolated yield
(%)

3a 30 91b, 90c

3b 45 82b, 78c

3c 55 80b, 80c

3d 75 98b, 96c

3e 75 96b, 93c

3f 65 89b, 84c

3g 80 76b, 77c

3h 90 67b, 65c

3i 35 95b, 95c

3j 60 97b, 97c

3k 45 82b, 78c

a The structures of the products were determined from their spectroscopic (1H NMR and MS) data.
b Ethyl acetoacetate is used as a reactant.
c Methyl acetoacetate is used as a reactant.
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Scheme 1.

presence of heterogeneous HClO4·SiO2 catalyst under solvent-
free conditions to produce the coumarins in excellent yields
(Scheme 1).

Several coumarins were successfully synthesized (Table 1) in
high yields by following the above method. The reaction mixture
was stirred at 130 ◦C in a preheated oil-bath. We have carried
out these reactions with a series of monohydric and polyhydric
phenols with ethyl acetoacetate as well as with methyl ace-
toacetate to obtain the corresponding coumarins. The present
catalyst can easily be prepared [22] from perchloric acid and
silica gel. The experimental procedure with this catalyst is very
simple and the catalyst can be removed easily by filtration. Hence
there will not be any unnecessary acidic waste streams to create
environmentally hazardous pollution. However, substrates hav-
ing electron-donating groups in the para position to the site of
electrophilic substitution gave maximum yields under reaction
conditions in short periods of time. Similarly naphthols (Table 1,
entries 3f and 3g) required long reaction times due to presence
of another phenyl moiety. From Table 1, it is observed that the
reactions proceeded faster than the conventional methods and
the yields are comparable. Both the acetoacetic esters (ethyl
and methyl) reacted almost similarly to produce coumarins.
The catalyst was recovered, activated and reused for four con-
secutive times with only slight variation in the yields of the
products. All the products were identified by comparison of ana-
lytical data (IR, NMR, and MS) of those reported for authentic
s
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to purification by column chromatography. The compounds
are well known and in agreement with spectral and physical
data.

The spectral (IR, 1H NMR and MS) and elemental data of
some representative compounds are given below.

Compound 3d: IR (Neat) (cm−1) 3411, 3228, 1647, 1620,
1583, 1433, 1140, 804; 1H NMR (CDCl3, 200 MHz) δ 9.40 (brs,
1H), 9.12 (brs, 1H), 6.99 (d, J = 7.0 Hz, 1H), 6.90 (d, J = 7.0 Hz,
1H), 5.98 (s, 1H), 2.38 (s, 3H); EIMS (m/z) 192 (M•+); Anal.
Calcd for C10H8O4: C, 62.5; H, 4.16%. Found: C, 62.2; H,
4.12%.

Compound 3e: IR (Neat) (cm−1) 2928, 1639, 1622, 1493,
1233, 1192, 798; 1MR (CDCl3, 200 MHz) δ 7.28 (d, J = 7.0 Hz,
1H), 6.87 (d, J = 7.0 Hz, 1H), 6.10 (s, 1H), 3.95 (s, 3H), 3.93
(s, 3H), 2.41 (s, 3H); EIMS (m/z) 220 (M•+); Anal. Calcd for
C12H12O4: C, 65.45; H, 5.45%. Found: C, 65.70; H, 5.40%.

Compound 3j: IR (Neat) (cm−1) 3473, 3199, 1660, 1618,
1533, 1416, 1160, 815; 1NMR (CDCl3, 200 MHz) δ 9.90 (brs,
1H), 9.70 (brs, 1H), 6.23 (d, J = 7.0 Hz, 1H), 6.17 (d, J = 7.0 Hz,
1H), 5.70 (s, 1H), 2.11 (s, 3H); EIMS (m/z) 192 (M•+); Anal.
Calcd for C10H8O4: C, 62.5; H, 4.16%. Found: C, 62.2; H,
4.20%.
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In conclusion, we have developed a simple and efficient syn-

hesis of substituted coumarins via Pechmann condensations
sing HClO4·SiO2 catalyst under solvent-free conditions. More-
ver the low cost of the catalyst, solvent-free condition, low
oxicity of the catalyst, fast reaction times, simple experimen-
al procedure, recyclablity of the catalyst and high yields of
he products are the advantages. We believe our procedure will
nd important applications in the synthesis of coumarins. The
ethod is environmentally benign.

. Experimental

.1. General procedure

A mixture of a phenol (1 mmol), ethyl acetoacetate or methyl
cetoacetate (1.1 mmol) and HClO4·SiO2 (50 mg) was added
nd the reaction mixture was stirred at 130 ◦C in a pre-heated oil-
ath. The reaction was monitored by TLC. After completion of
he reaction mixture was filtered and the residue was washed with
tOAc. The total organic portion was concentrated and subjected
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