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ABSTRACT
The century old Pechmann reaction provides access to substituted coumarins by

acid catalyzed interaction of phenols and â-keto esters. This reaction under solvent free
conditions is found to be exothermic. So it is unnecessary to provide energy in the form of
heat for this type of reaction. Only a small burst of energy may be needed to initiate the
reaction and the reaction proceeds on its own. An analogy is the use of a spark to start the
burning of heap of hay for a long period. Therefore, Grindstone Chemistry involving friction
activated exothermic reactions and Microwave “Jump Start” chemistry were found to be
convenient for conducting Solvent-free Pechmann reactions. This is an effort towards the
energy efficient eco-friendly synthesis of interesting organic molecules.
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INTRODUCTION
Apart from pharmaceutical uses, the

synthetic chemicals have been accommodated
in the life of human in such a way that it seems
rather impossible to get aside from them.
Indiscriminate use of chemicals in everyday life
has threatened the bio-world by presenting a
deteriorating image of chemicals and especially
synthetic chemicals causing serious health and
environment hazards.  The awareness among
the people about the importance of a cleaner
environment is continuously increasingly. As a
result, the development of green processes in
chemical synthesis is becoming more essential.
Green chemistry which reduces the use or

generation of hazardous substances in the
design, manufacture, and application of
chemical product is a new approach to
achieving the goals of environment and health
protection.

The traditional approach to most
reactions is to use a solvent and heat under
reflux for a long period of time. But solvents
create lots of problem in the reaction like they
are toxic, difficult to remove, increases the cost
of the product and the most important thing is
they are environment polluting agent. Hence
the solvent free reaction is an approach towards
green synthesis.

Coumarins and its derivatives are
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widespread in nature. The relevance and
importance of these substances are found in
Pharmaceuticals, Cosmetics, and nutrition. The
century-old Pechmann reaction is widely used
method for preparing Coumarins1 and it is an
example of exothermic reaction. A commonly
used protocol for conducting this reaction
involves heating together a mixture of a phenol

1
,

a â-keto ester
2
, and a large amount of sulfuric

acid as a condensing agent. The major product
3

obtained in low to good yield is a substituted
coumarin (Scheme).

Our recent studies have shown that sol-
vent-free exothermic reactions need a short
burst of external energy for initiation and reac-
tion proceeds on its own. This short burst of
energy can be provided either by Grindstone
Chemistry2, which involves friction activated
reactions between solid/solid or solid/liquid;
even liquid/liquid by adding a friction activator
such as coarsely crystalline Epsom salt
(MgSO4.7H2O) or by Microwave irradia-
tion3. This technique consists in placing a sol-
vent free reaction mixture with at least one liq-
uid component in an open vessel under micro-
wave irradiation at low power level for 30 sec.
We have named this method Microwave “Jump
Start” method.

To test whether the Pechmann reaction
is exothermic or endothermic, a few grams of
a mixture of equivalent amounts of resorcinol
and ethyl acetoacetate and a catalytic amount
of p-toluenesulfonic acid were ground with a
mortar and pestle. After a few minutes of
grinding, this reaction mixture became thick and
its temperature went up by several degrees.
This material was stored at room temperature
for about 30 min and then worked up by stirring
with water followed by filtration. The solid
product was the desired coumarin of good
purity and high yield.

In the second experiment equivalent
amounts of resorcinol and ethyl acetoacetate
and a catalytic amount of p-toluenesulfonic acid
were taken in Erlenmeyer flask and was placed
in Microwave oven and irradiated for 30 sec.
at 30% power level. The flask was then stored
outside the microwave oven and temperature
monitored. The temperature of the reaction
mixture continued to rise for some time and
then started to fall. The solid material obtained
was then worked up by stirring with water
followed by filtration. It could therefore be
concluded that the Pechman reaction is
exothermic.

MATERIAL AND METHODS
Synthesis of 7-Hydroxy-4-methylcou-
marin (3)
Method A  Using Grindstone Chemistry:

A mixture of resorcinol (25mmol), ethyl
acetoacetate (25mmol) and p-toluenesulfonic
acid (200 mg) was ground for 15 min with a
mortar and pestle when it turned into a thick
mass. The reaction mixture was kept at room
temperature for 30 min and then water was
added to it and stirred for 10 min. The result-
ant product was filtered, washed with water
and dried. The white solid obtained was crys-
tallized from ethanol, m.p. 1850-1870C, and
identified as 7-hydroxy-4-methylcoumarin.
Method B  Using Microwave “Jump Start
Chemistry”:

A mixture of resorcinol (25mmol), ethyl
acetoacetate (25 mmol) and p-toluenesulfonic
acid (200 mg) were taken in Erlenmeyer flask
and was placed in Microwave oven and irradi-
ated for 30 sec. at 30% power level. The flask
was then stored outside for some time. The
resultant solid product was filtered, washed
with water and dried. The white solid obtained
was crystallized from ethanol, m.p. 1850-1870C,
and identified as 7-hydroxy-4-methylcoumarin,

Several other coumarins were also pre-
pared in very high yield by these methods (see
Table)

1 2       3
Schemes
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TABLE
Synthesis of Coumarin By Grindstone and MW “Jump Start” Method

  S.No. Phenols β-Keto ester   Product    Yield (%) Yield (%)

   Grindstone MW

   1 90 94

   2 81 90

   3 86 92

   4 85 90

   5 80 90

   6 85 92

   7 85 93
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RESULTS AND DISCUSSION
These experiments Show that

Pechmann Reaction is an exothermic reaction
when conducted in the solvent free mode and
it continued to completion spontaneously after
initiation by small burst of energy, which we
can supply by Grinding or by Microwave “Jump
Start” method. The current investigation is an
effort towards “Green Chemistry” in the eco-
friendly synthesis of biologically important
coumarins. The noteworthy feature of our

investigation is the development of
environmentally benign process which reduces
the use of toxic chemicals and makes the
synthetic chemistry more eco-friendly to the
environment.

ACKNOWLEDGMENT
We are grateful to Union Mutual

Foundation, Dreyfus Foundation and New York
Cardiac Center for financial support. We wish
to thank Dr. Francis T. Jones for useful
discussions.



Journal of Environmental Researh And Development           Vol. 1 No. 1, July-September 2006

4

REFERENCES
1. Pechmann H. and Duisberg C., Chem.

Ber., 16, 2119, Sethna S.; Phadke R.,The
Pechmann Reaction—Chapter 1, in
Organic Synthesis, John Wiley & Sons,
Inc.; New York, 1953; 7, 1  (1883).

2. Bose A.K.; Pednekar S., Ganguly  S.N.,
Chakraborty G., and Manhas M.S.,
Tetrahedron Lett., 45, 8351 (2004).

3. Lidstorm Pelle., Tierney Jason and
Wathey, Bernard., Tetrahedron Lett., 57,
9225 (2001).

      INVITATION TO AUTHORS

The Journal of Environmental Research And Development is an
International Quarterly Interdisciplinary official Journal of Natural Sciences,
Technology and Social Sciences for Environment. It covers Life Sciences, Bio-
Technology, Information Technology, Earth Sciences, Atmospheric and Ocean
Sciences, Chemical Sciences, Physical Sciences and Mathematics, Agricultural
Sciences, Food Sciences Pharmaceuticals, Civil Engineering, Environmental
Engineering, Management, Environment protection and Law.

Also, efforts in Sociology, Political Science, Psychology, Drawing, Music,
History, Geography, Home Science, Philosophy, Economics, Commerce and
Literature (English, Sanskrit and Hindi) concern with Environment.

Therefore, we invite you to contribute for the following types of publications :

      (1) Full length research papers
      (2) Short communications
      (3) Review articles
      (4) Recently launched Industrial products affecting Environment
      (5) Awards, prizes, and scholarships of international or national repute

related with  Environment
      (6) Seminars, conferences and news etc. on environmental issue.
      (7) Articles concern with environment protection and law.

You are also requested to become member of the Journal.
For Membership,  please see page 110.


