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Abstract

Coumarin-3-carboxylic acids and 3-acetyl-coumarins were obtained in high yields with excellent purity from ortho-hydroxybenzaldehydes
and 1-ethylacetoacetate or malonic acid after a 2 h reflux in ethanol in the presence of a catalytic amount of different heteropolyacids (HPAs).
The less reactive 1-(2-hydroxy-phenyl)-ethanone was first reacted with alcoholic ammonia to form ketimines, which were then condensed
with 1-ethylacetoacetate or malonic acid to generate 4-methyl coumarin-3-carboxylic acids and 4-methyl 3-acetyl-coumarins in moderate

yields.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

The synthesis of coumarins and their derivatives has
attracted considerable attention from organic and medici-
nal chemists for many years as a large number of natural
products contain this heterocyclic nucleus. They are widely
used as additives in food, perfumes, cosmetics [1], pharma-
ceuticals and optical brighteners [2] and dispersed fluores-
cent and laser dyes [3]. Thus the synthesis of this
heterocyclic nucleus is of much interest.

The application of heteropolyacids, HPAs, as catalytic
materials is growing continuously in the catalytic field.
These compounds possess unique properties such as:
well-defined structure, Bronsted acidity, possibility to mod-
ify their acid—base and redox properties by changing their

" Corresponding author. Tel.: +98 2188041344; fax: +98 2188047861.
E-mail addresses: mmhl1331@yahoo.com (M.M. Heravi), fbamohar-
ram@mshdiau.ac.ir (F.F. Bamoharram).

1566-7367/$ - see front matter © 2007 Elsevier B.V. All rights reserved.
doi:10.1016/j.catcom.2007.07.005

chemical composition (substituted HPAs), ability to accept
and release electrons, high proton mobility, being environ-
mentally benign and presenting fewer disposal problems
[4]. Because of their stronger acidity, they generally exhibit
higher catalytic activity than conventional catalysts such as
mineral acids, ion exchange resins, mixed oxides, zeolites,
etc. [5]. They are used as industrial catalysts for several
liquid phase reactions [6], such as alcohol dehydration
[7], alkylation [8] and esterification [9].

Herein we report the synthesis of coumarin-3-carboxylic
acids and 3-acetyl-coumarins by cyclization of 2-hydroxyl-
benzaldehyde derivatives and 1-ethylacetoacetate or malo-
nic acid in the presence of a catalytic amount of different type
of HPAs including, H14[NaP5W300110], H4[PM011VO40],
HS[PM010V2040] and H6[P3W18062] (Scheme 1)

The less reactive 1-(2-hydroxy-phenyl)-ethanone was
first reacted with alcoholic ammonia to form ketimines,
which were then condensed with 1-ethylacetoacetate or
malonic acid to generate 4-methyl coumarin-3-carboxylic
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Scheme 1.

acids and 4-methyl 3-acetyl-coumarins in moderate yields
(Scheme 2).

2. Experimental
2.1. Chemicals and apparatus

All the chemicals were obtained from Merck Company
and used as received. H4[NaPsW3¢09] was prepared
according to earlier works [10]. Hy[PMo1;VOy4] and
Hs[PMo,(V,040] were prepared according to the literatures
[11]. The Wells-Dawson Hg[P,W304,] was prepared as
described elsewhere [12] from an aqueous solution of o/f
KsP>W 504, - 10H,O salt, which was treated with ether
and concentrated (37%) HCl solution.

2.2. General procedure

2.2.1. Synthesis of coumarin-3-carboxylic acids and 3-acetyl-
coumarins

A mixture of 2-hydroxyl-benzaldehyde derivatives
(10 mmol) and 1-ethylacetoacetate or malonic acid
(10 mmol) and heteropolyacid (1 mmol) in an appropriate
solvent (10 mL) was refluxed for 2 h. The progress of the
reaction was monitored by TLC using EtOAc: hexane
(1:2) as eluents. Because of insolubility of these catalysts
in ethanol [13-15], after completion of the reaction, the cat-
alyst was filtered and the solvent was evaporated. The pure
products were obtained by column chromatography. All
products were identified by comparison of their physical
and spectroscopic data with those reported for authentic
samples.

2.2.2. Synthesis of 4-methyl coumarin-3-carboxylic acids and
4-methyl 3-acetyl-coumarins
1-(2-Hydroxy-phenyl)-ethanone (20 mmol) was mixed
with 7 M ammonia solution in methanol (15 mL) overnight
at room temperature. Some crystals were formed the next
day. The solvent and excess ammonia were removed.
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Residue was refluxed with 1-ethylacetoacetate or malonic
acid (20 mmol) and catalytic amount of heteropolyacids
(2 mmol) in ethanol for 2 h, and then allowed to cool to
room temperature. After complete precipitation, the prod-
uct was filtered and recrystallized from aqueous acetone.
The solvent was removed after the reaction. The residue
was proportioned between 5% aqueous sodium carbonate
solution (20 mL) and ethyl acetate (10 mL). The aqueous
phase was acidified with 1 M HCI to pH 2, followed by
extraction with ethyl acetate (10 mL x 3). The organic
phase was combined, washed with water, dried over anhy-
drous Na,SO,. The residue was recrystallized from aque-
ous acetone.

2.3. Reusability of catalyst

At the end of the reaction, the catalyst could be recov-
ered by a simple filtration. The recycled catalyst could be
washed with dichloromethane and subjected to a second
run of the reaction process. To assure that catalysts were
not dissolved in ethanol, the catalysts were weighted after
filteration and before using and reusing for the next reac-
tion. The results show that these catalysts are not soluble
in ethanol. In Table 1, the comparison of efficiency of
H4[NaPsW3,0¢] in synthesis of coumarin derivatives
after five times is reported. As it is shown in Table 1 the
yields of reactions after using H4[NaPsW5¢O;,0] for five
times showed only slight decrease.

3. Results and discussion

Due to the ever-mounting environmental concern in the
field of chemistry, it is advisable to use easily recovered and
recycled catalyst especially expensive or toxic metallic ones
for the next use [16]. In this respect, only few of the afore-
mentioned, catalysts meet this criterion of green chemistry.

In connection with our program of using heteropoly
acid in organic reactions [15] we wish to report the result
of a study on the use of three type of HPAs including
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