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Abstract

Dipyridine copper chloride is used as an efficient catalyst in the Pechmann condensation reaction
of phenols with ethyl acetoacetate, in solvent-free media leading to the formation of coumarin
derivatives using both conventional heating and microwave irradiation in excellent yields with
good purity.
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Introduction

The synthesis of coumarins and their derivatives has attracted considerable attention from
organic and medicinal 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,
pharmaceuticals' and optical brighteners® and dispersed fluorescent and laser dyes®. Thus the
synthesis of this heterocyclic nucleus is of much interest. Coumarins have been synthesized by
several routes including Pechmann,* Perkin,®> Knoevenagel,® Reformatsky’ and Wittig® reactions.

A valuable method for the synthesis of coumarins is the Pechmann reaction, of phenols,
using concentrated sulfuric acid as the catalyst. ° By-products are formed and the reaction needs
a long time, and introduces corrosion problems.’® For these reasons there have been some
attempts to find alternative environmentally benign synthetic routes. Nafion-H,™ amberlyst 15,
montmorillonite clay,”® and other solid acids** have been employed for this purpose in the
Pechmann condensation. Some organic acids and metallic Lewis acids are also examined in this
transformation.™ Although these methods are suitable for certain synthetic applications, many of
these procedures are associated with one (or more) disadvantages such as expensive or corrosive

ISSN 1424-6376 Page 23 ®ARKAT


mailto:rajitabhargavi@yahoo.com

General Papers ARKIVOC 2006 (xii) 23-27

reagents, long reaction time, tedious workup, and low selectivity. Large amounts of solid
supports result in the generation of a large amount of toxic waste. Pechmann reactions have also
been conducted in chloroaluminate ionic liquids.*® However in the case of the chloroaluminate
ionic liquid method, it requires the use of HCI for quenching the reaction mixture, thus making
the process costly and environmentally hazardous. Consequently there is scope for further
development of milder reaction conditions, increased variation of the substituents in both
components and better yields.

Results and Discussion

In view of the current trust in catalytic processes, there is merit in developing a truly catalytic
method for the formation of 4-substituted coumarins. Now, we have found that an analogous
condensation reaction can be conveniently performed under neutral and mild conditions in the
presence of a catalytic amount of CuPy2Cl2." Because of the presence of two pyridine rings,
the electron deficiency increases on the nitrogen so it efficiently acts as a Lewis acid.’® The
versatility of copper dipyridine dichloride encouraged us to carry out the von Pechmann reaction
under benign reaction conditions. This is a novel, one-pot condensation that not only preserves
the simplicity of the Pechmann condensation reaction but also consistently produces excellent
yields of the coumarin derivatives and greatly decreases environmental pollution. In the
conventional method (Method A) different phenols and ethyl acetoacetate were heated under
reflux in the presence of dipyridine copper chloride to afford the products in 30-135 min. As part
of our ongoing work with microwave irradiation, different phenols were heated under solvent
free conditions with ethyl acetoacetate in the presence of dipyridine copper chloride in a
microwave oven ( Method B) for the appropriate time (Table 1) to yield the desired products.
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Scheme 1
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Table 1. Dipyridine copper catalyzed synthesis of coumarins

Entry Substrate Method A Method B Mp (°C)
Time (min) Yield (%)2 Time(min) Yield (% )2

OH
1. 65 79-81
© 135 55 12 gp21
2 @\ %0 96 10 93 183-185
HO OH 18516
OH
3.
30 93 10 86 280-283
HO OH 280-28516a
CH,
4 30 89 10 85 246-248
24819
HO OH
5.
30 90 10 89 243-244
HO OH 24318
OH
6.
HO OH 137-13922
CH,
OH

. 30 80 12 75 153-155
155163

%Yields refer to pure products and all products were characterized by comparison of their mp, IR,
'HNMR spectra with those of authentic samples
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For most of the substrates, the reaction time is reduced drastically even at ambient
conditions in contrast to reported methods,®? with an excellent yield of the coumarins.
Substrates (entries 2-6) having electron-donating groups in the para position to the site of
electrophilic substitution gave maximum yields under mild reaction conditions in a short period
of time. Phenol required a higher reaction temperature and a longer reaction time, as no electron-
donating group is present.

Experimental Section

Conventional method (method A). A mixture of the phenolic compound 1 (10 mmol) and ethyl
acetoacetate (1.3g 10 mmol) was heated under reflux in the presence of dipyridine copper
chloride (10 mmol ) for the appropriate time (TLC). The reaction mixture was then cooled to
room temperature and was poured onto crushed ice (50 g) and stirred for 5-10 min. The resultant
product was collected by filtration under suction, washed with ice cold water (40 ml) and then
recrystallized from hot ethanol to afford pure coumarins 3 as colorless prisms.

Microwave method (method B). To a mixture of the phenolic compound (10 mmol) and ethyl
acetoacetate (1.3g 10 mmol), dipyridine copper chloride (10 mmol) was added and the mixture
was inserted in a microwave oven (BPL, 800T model) and heated at 450 W for the appropriate
time (TLC). After completion, the reaction mixture was cooled to room temperature was poured
into crushed ice (50 g) and stirred for 5-10 min. The resultant product was collected by filtration
under suction, washed with ice cold water (40 ml) and then recrystallized from hot ethanol to
afford pure coumarins 3 as colorless prisms.
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