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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.
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INTRODUCTION

Coumarins continueto beinvestigated because of
their importanceto medicinal chemistsdueto avariety
of biologicd activity. Associated with thecoumarin scaf-
fold areantibacterid™, antivira™™, anticancer™, ac-
tivitiesaswell asinhibition of platel et aggregation?¥,
andinhibition of steroid 5a-reductasg®!. Coumarinsare
used in drug and pesticidel preparations?, they have
a sofound applicationsas photosensitizers, fluorescent
and | aser dyes“.

Coumarins have been synthesized by several
routes including Pechmanni®b! — Perkint®,
Knoevenagel”, Reformatsky® and Wittig
reactiong®?!, A valuable method for the synthesis of
coumarinsisthe Pechmann reaction, of phenolsusing
concentrated sulphuric acid as the catal yst®*®1. this
process causes formation of by products, required
long reaction times, and introduces corrosion prob-
lems. For thesereasons, there have been severa at-
temptsintheliteratureto find alternative and envi-
ronmentally benign synthesisroutes. Various catalyst
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systems such as montmorillonite clay. Alum(,
nano-crystalline sulfated-zirconid*?, ionicliquid™®
and other solid acidg**2*< have been employed for
these purpose in the Pechmann condensation. Al-
though these methods are suitablefor certain synthetic
applications, many of these procedures are associ-
ated with one or more disadvantages such as corro-
sivereagents, long reaction times, harsh reaction con-
ditions, unsatisfactory yield, tedious work-up proce-
dure and recovery of catalyst was not possible dur-
ingwork up processes. Therefore, the search contin-
uesfor abetter catalyst for the synthesis of coumarins
interms of milder reaction conditions, better yields,
free of organic solvents, easy synthetic procedureand
reusability. Recently, significant progress has been
made in the application of EPZ 10 in catalytic pro-
cesses. EPZ 10 isrecyclable solid acid catal yst[*®,
whichis prepared by supporting ZnCl, on clay. EPZ
10 contains predominantly strong Lewisacid Sitesas
well asweak Bronsted acid sited®. EPZ 10 hasbeen
used asacatalyst for Friedel-Craftsalkylation, aro-
matic bromination, benzylation(*”.
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EXPERIMENTAL

General consderation: Méeting pointsweretakenin
open capillary and are uncorrected. *H NMR and ©*C
NMR spectrawere recorded at room temperatureona
300 MHz Varian Inova Spectrometer in CDCI, using
TMSasinternal standard. Reactionswere monitored
by TLC on auminum sheets recoated with silicagel

60F,., A Whirlpool, (800T, 2450Mz) domestic micro-
waveovenwasused for al the experiments. Column
chromatography wasperformedusingsilicagd (60-120
mesh sze). All theproductsareknown compoundsand
characterized by comparing there IR, *H NMR, *C
NMR and mdting point with thosereportedinliterature.

Typical procedurefor thesynthesisof 7-hydroxy-
4-methyl-2H-chromen-2-one(3a): A mixtureof re-
sorcinol (10 mmol) and ethyl acetoacetate (10 mmol) in
the presence of EPZ 10 (10 % w/w) wasirradiated in
microwave ovenfor 1.5 min. Thereaction was moni-
tored by TLC. After compl etion of thereaction, themix-
turewasdiluted with ethyl acetate (5 mL); the catayst
wasfiltered off and washed with ethyl acetate (3<5 mL).
The combined filtrates were concentrated under re-
duced pressureto afford the crude product (3a), which
wasfurther purified by column chromatography (silica
gel) with ethyl acetate and n-hexane asthe e uent.

RESULTSAND DISCUSSION

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

In the present work, we achieved aone-pot two-
component condensation of phenol (1) ethyl acetoac-
etate (2) inthepresence of EPZ 10 under theinfluence
of microwaveirradiation asanew 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 arange of other substituted phenol under
similar conditions. Theoptimized resultsare summa-
rizedinTABLE 1.

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

Entry R* R* R® R* Product T,v'l'i“ne \((0'/06')‘3
1 H OH H H 3 15 9%
2 H OH H OH 3b 2 9
3 OH H H H 3¢ 2 8
4 OH OH H H  3d 2 o4
5 CHy OH H H 3 25 88
6 H OH H CH; 3 25 89
7 H CH;s H H 3g 2 84
8 H NH, H H 3h 3 78
9 H OMe H H 3i 2 90
10 H H OMe H 3] 2 8

4 solated yields

Thereaction proceedscleanly without formation of
side product. The protocol of the process offers ad-
vantagesin terms of simple procedure and work up,
mild reaction conditionsand excellent yields. The EPZ
10 catalyst used for reaction was recovered and re-
used withidentical results. Thus, therecyclability was
confirmed (TABLE 2). Asshownin TABLE 3, there-
action of resorcinol and ethyl acetoacetatealso carried
out inthe presence of protic solid acid (Montmorillo-
niteK 10), liquidacid (H,SO,) and Lewisacid (ZnCl,).
Thebest yield was obtained with EPZ 10.

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

R 3 4 Yield (%)?
Entry R© R° R° R" Product
Cyclel Recyclel Recycle2
1 HOH H H 3a 96 %4 93
2 H H OMeH 3 86 85 83

4 solated yields.

TABLE 3: Activity of catalystsin thesynthesisof 7-hydroxy-
4-methyl-2H-chr omen-2-one (3a)

Entry Catalyst Rei[?r%tleon \((0'/09')‘3
e 30min.  Trace
2 H,S0O, 10 min. 64
3 ZnCl, 7 min. 88
4 Montmorillonite K 10 3 min. 78
5 EPZ 10 1.5 min. 96

3l solated yields. ®In the absence of the catalyst
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Toillustratetheneed of the EPZ 10for thesereac-
tions an experiment was conducted in the absence of
EPZ 10. Theyield in thiscase wastrace after 30 min
(TABLE 3, Entry 1). Obviously, EPZ 10isanimpor-
tant component of thereaction.

CONCLUSION

In summary, weintroduced amild, convenient, and
efficient method for the synthesisof coumarinsby the
reaction of phenol with 3-ketoester using EPZ 10 as
recyclablesolid catalyst. Thesmpleexperimentd pro-
cedure, short reaction time, mild reaction condition, and
ease of recovery and reuse of catalyst are advantages
of thismethod.
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