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ABSTRACT

  Strategies for large-scale synthesis of physiologically active compounds are of
great interest to pharmaceuticals companies. We have studied the energy picture of various
synthetic reactions and concluded that a majority of them are exothermic when conducted
under solvent-free conditions and it is unnecessary to provide energy to an exothermic
reaction -except, when a small burst of energy may be needed to initiate the exothermic
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. We wish to report here the intrinsic energy profile of widely used
synthetic procedures, namely, the Knoevenagel reaction and its Doebner modification leading
to substituted acrylic acids. In several cases a spontaneous reaction has been observed in
our laboratory. This is an approach towards Green organic synthesis.
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INTRODUCTION
Synthetic organic reactions belong to

two categories: endothermic or exothermic.
The energy aspect is masked when a solvent
is used as in traditional procedures. However,
when reactions are conducted in the solvent
free mode, it is our observation that a large
majority of synthetic reactions prove to be
exothermic. We have found that some of these
reactions need a brief supply of energy to
initiate the exothermic reaction, which is then
self-sustains. On the other hand, some
exothermic reactions are spontaneous. It is
illogical to provide energy for such spontaneous
reactions and increase the cost of
manufacturing.

A recent publication1 describe the
synthesis of disubstituted thioureas from amines
and carbon disulphide under different reaction
conditions.

The author took special note of the fact

that when the two reagents were “Just
Mixed” without a solvent present, there was
a spontaneous reaction leading to N,N’-
disubstituted thioureas. We do not find this to
be unusual. In the interest of Eco-friendly
synthesis we have conducted many solvent-
free reactions. A majority of these reactions
proved to be exothermic and a number of these
reactions were also spontaneous. We wish to*Author for corospondence.
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report here the intrinsic energy profile of widely
used synthetic procedures, namely, the
Knoevenagel reaction and its Doebner
modification leading to substituted acrylic acids.
In several cases a spontaneous reaction has
been observed in our laboratory.

The Knoevenagel condensation is an
important carbon carbon bond forming reaction
in organic synthesis.2 Ever since its discovery,
the Knoevenagel reaction has been widely used
in organic synthesis to prepare coumarins and
their derivatives, which are important
intermediates in the synthesis of cosmetics,
perfumes and pharmaceuticals.3 In recent

times, there has been a growing interest in
Knoevenagel products because many of them
have significant biological activity, for example
a-cyanothiocinnamide are known to inhibit auto
phosphorylation of the EGF receptor, in addition
to possessing antiproliferative effects on human
keratinocytes.4

The Knoevenagel reaction is generally
carried out in presence of weak bases such as
ethylenediamine, piperidine or cooresponding
ammonium salts or KF using conventional
energy or MW heating technique.5 When we
have carried out the reaction of aromatic
aldehydes with cyanoacetic ester or with
malononitrile, using TDA-1 base under solvent
free condition, we have found that the reaction
is exothermic in nature and it completed
automatically along with huge amount of energy
which produced the coloured impurity as well
as promoted to reactions. To avoid this we have
carried out the reaction in water. The products
were obtained in 70-90% yield (Scheme).

MATERIAL AND METHODS
General Procedure: Method 1 without

water : Carbonyl compound 1 and active
Methylene compound 2 were mixed together
at room temperature, without solvent in
equimolar amounts in an flask. The appropriate
volume of TDA-1 base was then added. The
mixture was stirred for 5 min. The solid
separated was filtered washed with water and
recrystallized with ethanol.

S.No. X Y R Yields 
without 
water 

Yield 
w ith 

water 

M .P. 
(0C) 

a. 
b. 
c. 
d. 
e. 
f. 
g. 
h. 
i. 
j. 
k. 

COOC 2H 5 

COOC 2H 5 

COOC 2H 5 

COOC 2H 5 

COOC 2H 5 

COOC 2H 5 

COOC 2H 5 

COOC 2H 5 

CN 
CN 
CN 

CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 

2-ClC 6H 4 

4-ClC 6H 4 

3-BrC 6H 4 

4-BrC 6H 4 

2-NO 2C 6H 4 

4-NO 2C 6H 4 

2-OCH 3C 6H 4 

Furaldehyde 
4-ClC 6H 4 

4-OCH 3C 6H 4 

Furaldehyde 

80%  
80%  
90%  
95%  
93%  
87%  
76%  
84%  
75%  
82%  
80%  

85% 
83% 
90% 
95% 
90% 
90% 
80% 
85% 
75% 
90% 
85% 

54-55 
86-88 
95-96 

121-124 
99-100 

135-136 
86-88 
90-91 
163 
159 
114 

Table 1
Volume of TDA-1 base and rield in knoevenagel Condensation
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METHOD-2 USING WATER AS
SOLVENT

Carbonyl compound 1 (1m mol) and
active Methylene compound 2 (1m mol) were
mixed together at room temperature in a flask.
5 ml water was added in the mixture. Then the
appropriate volume of TDA-1 base was then
added. The mixture was stirred for 5 min. The
solid separated was filtered washed with water
and recrystallized with ethanol.

 RESULTS AND DISCUSSION
All the prepared compounds have been

checked by spectral data. These experiments
show that Knoevenagel reaction is an
exothermic reaction when conducted in
the solvent free mode and completed
spontaneously. The use of water as solvent in
this reaction reduces the reaction temperature
and gives pure products. The current
investigation is an effort towards “Green
organic synthesis” along with reducing the cost
of the product.

CONCLUSION
 Knoevenagel reaction is an exothermic

reaction. The use of water as solvent in this
reaction gives pure as well as cheaper products.
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