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Microwave heating is widely used as a convenient source of heating
in organic synthesis. The heating is instantaneous and very specific.
Nowadays, Microwave-assisted organic synthesis could be
considered in which all of the previously heated reactions could be
performed using this technique. The benefits of microwave-assisted
organic synthesis are increasingly making the technique more
widely established. The technique offers simple, clean, fast, efficient,
and economic features for the synthesis of a large number of organic
molecules. In the present article, an attempt was made to focus on
the importance of the microwave heating.
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Introduction

developing

Microwave chemistry is the science of

synthetic routes. The main advantages [19-

applying microwave radiation to chemical

30] of microwave assisted organic synthesis

reactions

are:

[1-10].

Microwave

synthesis

convenient

and

cleaner

represents a major breakthrough in the

Faster reaction: Based on experimental

synthetic

a

data it has been found that microwave-

dramatic change in the way chemical

enhanced chemical reaction rates can be

synthesis is performed. Microwave-assisted

faster than those of conventional heating

organic synthesis has revolutionized organic

methods. The microwave can use higher

synthesis. Microwave heating has thus been

temperatures than conventional heating

found to be a very convenient thermal

system, and consequently the reactions are

source not only in the kitchen but also in a

completed in few minutes instead of hours,

chemical laboratory.

for instance, synthesis of fluorescein, which

Chemists have explored the possibility of the

usually

application of a conventional microwave

conventional heating methods, can be

chemistry

methodology;

oven to carry out chemical reactions. Since

takes

about

10

hours

by

conducted in only 35 minutes by means of

the first published reports on the use of

microwave heating.

microwave irradiation to carry out organic

Better yield and higher purity: Less

chemical transformations, more than 6000

formation of side products are observed

articles have been published in this fast

using microwave irradiation, and the

moving and exciting field [11-18]. The

product is recovered in higher yield.

application of microwave irradiation to

Consequently, the purification step is faster

activate and accelerate organic reactions has

and

taken a new dimension and has experienced

synthesis of aspirin results in an increase in

exponential growth in the last twenty years.

the yield of the reaction, from 85% to 97%.

Microwave

becoming

Energy saving: Heating by means of

increasingly popular both in industry and in

microwave radiation is a highly efficient

academia. Microwaves can accelerate the

process and results in significant energy

rate of reaction, provide better yields and

saving.

higher purity, uniform and selective heating

microwaves heat up just the sample and not

with lower energy usage, achieve greater

the

reproducibility of reactions and help in

consumption is less.

95

chemistry

is

easier.

For

This

apparatus,
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example,

is
and

microwave

primarily
therefore

because
energy
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Uniform

and

selective

heating:

In

be easily monitored.

conventional heating, the walls of the oil

The routine synthetic transformations are

bath get heated first, and then the solvent. As

now being carried out by microwave

a result of this distributed heating in an oil

heating.

bath, there is always a temperature

provides clean synthesis with the advantage

difference between the walls and the

of enhanced reaction rates, higher yields,

solvent. In the case of microwave heating,

greater selectivity, and economic for the

only the solvent and the solute particles are

synthesis of a large number of organic

excited, which results in uniform heating of

molecules, have provided the momentum

the solvent. Selective heating is based on the

for

principle that different materials respond

conventional heating method to microwave

differently to microwaves. Some materials

assisted

are transparent whereas others absorb

synthesis is rapidly becoming the method of

microwaves.

choice in modern chemical synthesis and

Green synthesis: Reactions conducted

drug

using microwaves are cleaner and more eco-

synthesis

friendly than conventional heating methods.

synthesis. Small molecules can be built in a

Microwaves heat the compounds directly;

fraction

therefore, usage of solvents in the chemical

conventional methods. In conventional

reaction can be reduced or eliminated.

heating methods oil bath or hot plate are

Synthesis without solvent, in which reagents

used as a source of heat to a chemical

are absorbed on mineral support, has a great

reaction. Microwave irradiation is widely

potential as it offers an eco-friendly green

used as a source of heating in chemical

protocol in synthesis. The use of microwaves

synthesis. The basic mechanisms observed

has also reduced the amount of purification

in microwave-assisted synthesis are dipolar

required for the end products of chemical

polarization and conduction. Conventional

reactions involving toxic-reagents.

methods of organic synthesis usually need

Microwave-assisted

many

chemists

chemistry.

discovery.
has
of

to

synthesis

switch

from

Microwave-assisted

Microwave

assisted

revolutionized

chemical

the

time

required

by

with

longer heating time, tedious apparatus

microwave heating are more reproducible

setup, which result in higher cost of process

compared to the conventional heating

and the excessive use of solvents/reagents.

because of uniform heating and better

During these processes there are many

control

The

problems of health and safety for workers in

temperature of chemical reactions can also

addition to the environmental problems

Reproducibility:

96

of

process

Reactions

parameters.
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caused by their use and disposition as waste.

one of the most researched applications of

Microwave synthesis is considered as an

microwaves

important

green

Literature survey reveals that scientists

chemistry, because this technique is more

have successfully conducted a large range of

eco-friendly. Due to its ability to couple

organic reactions. The following examples

directly with the reaction molecule and by

are impressive and provide a good insight

passing thermal conductivity leading to a

into the field of microwave assisted organic

rapid rise in the temperature, microwave

synthesis [31-40].

approach

toward

irradiation has been used to improve many
organic syntheses.
Organic

chemical

reactions.

N-Alkylation
N-Alkylation under microwave irradiation

synthesis

assisted

by

Microwaves
Microwave

in

using phase transfer catalysts occupy a
unique place in organic chemistry. Bogdal

out

and co-workers reported the synthesis of N-

reactions on solids has also attracted

alkyl phthalimides using phthalimide, alkyl

considerable attention in recent years. For

halides, potassium carbonate and TBAB;

such ‘dry media’ reactions, solid supports

giving products in 45–98% yields (Scheme

such as alumina, silica, montmorillonite clay

1) [41].

and

heating

zeolites

have

for

carrying

been

investigated.

Application of microwave irradiation in
chemical synthesis involves its use in the
acceleration

of

chemical

synthesis.

Microwave-enhanced synthesis results in

R-Alkylation
R-Alkylation under microwave irradiation
using potassium carbonate and TBACl giving
products in 65–88% yields (Scheme 2) [42].

faster reactions, higher yields, and increased

Oxidation

product purity. In addition, due to the

Chakraborty reported the oxidation of

availability of high-capacity microwave

secondary alcohol and benzyl alcohols using

apparatus, the yields of the experiments

phase transfer catalysts [43]. Oxidation of

have now easily scaled up from milligrams

secondary alcohols to acetone derivatives

to kilograms, without the need to alter

was

reaction parameters. Microwave-assisted

tetrabutylammonium

synthesis can be suitably applied to the drug

dichloromethane

discovery

irradiation (6 min), products were isolated

process.

Microwave-assisted

organic synthesis has been the foremost and
97

carried

out

using

PCC,

bromide

and

under

microwave

in 70–99% yields. Oxidation of
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benzyl
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Scheme 1. synthesis of N-alkyl
phthalimides under microwave
irradiation

Scheme 2. R-Alkylation under
microwave irradiation

Scheme 3. Oxidation of secondary
alcohols and benzyl alcohols using
phase transfer catalysts under
microwave irradiation

alcohols was conducted under microwave
irradiation giving benzaldehyde derivatives
in 70–92% yields (Scheme 3).
Oxidation of toluene with KMnO4 under
normal conditions of refluxing takes 10-12
hr compared to reaction in microwave
conditions, which takes only 5 min and the
yield is 40% (Scheme 4) [46].

alcohol in 2 min (Scheme 6) [47].
Knoevenagel Condensation
Knoevenagel condensation is a well-known
organic reaction, other applied in the
synthesis of unsaturated acids, which are
used as precursors for perfumes, flavonoids
and as building blocks of many heterocycles.
Gupta

studied

[48]

knoevenagel

A Number of primary alcohols can be

condensation between carbonyl compounds

oxidized to the corresponding carboxylic

and active methylene compounds, such as

acid using sodium tungstate as catalyst in

malonic acid, using tetrabutylammonium

30% aqueous hydrogen peroxide (Scheme

bromide, potassium carbonate in water

5).

forming unsaturated acids in excellent yield

Reduction

and

Reduction of acetophenone with NaBH4 in

under

irradiation(Scheme 7).

microwave oven gives 92% yield of benzyl
98

purity
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microwave
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Scheme 4. Oxidation of toluene with
KMnO4 under microwave irradiation

Scheme 5. Synthesis of carboxylic
acid using sodium tungstate

Scheme 6. Reduction of
acetophenone with NaBH4 in
microwave condition

Scheme 7. Knoevenagel
condensation under microwave
irradiation

Scheme 8. Hydrolysis of benzyl
chloride with water in microwave
condition

Hydrolysis

A mixture of benzoic acid and n- propanol on

Hydrolysis of benzyl chloride with water in

heating in a microwave oven for 6 min in

microwave oven gives 97% yield of benzyl

presence of catalytic amount of conc.

alcohol in 3 min [49]. The usual hydrolysis in

Sulfuric acid gives propylbenzoate (Scheme

normal way takes about 35 min (Scheme 8).

10) [50].

The usual hydrolysis of benzamide takes 1

Decarboxylation

hr. However, under microwave conditions,

Conventional decarboxylation of carboxylic

the hydrolysis is completed in 7 min giving

acids involve refluxing in quinoline in

99 % yield of benzoic acid (Scheme 9).

presence of copper chromate and the yields

Esterification

are low [51]. However, in the presence of

99
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microwaves decarboxylation takes place in

Mannich reaction

much shorter time (Scheme 11).

A series of Mannich base derivatives were

Deacetylation

obtained expediently in good to excellent

Aldehydes,

phenol

and

alcohols

are

protected by acetylation. After the reaction,
the deacetylation of the product is carried
out usually under acidic or basic conditions

yields by microwave reaction (Scheme 13)
[53]. In comparison with conventional
results, results from microwave give better
yields in shorter times.

the process takes long time and the yields

Microwave-assisted organic synthesis is

are low. Use of microwave irradiation

being widely applied in the pharmaceuticals

reduces the time of deacetylation and the

industry,

yields are good (Scheme 12) [52].

compounds in the lead optimization phase

particularly

for

developing

of drug discovery and development.

Scheme 9. hydrolysis of benzamide
under microwave conditions

Scheme 10. Synthesis of
propylbenzoate under microwave
conditions

Scheme 11. Decarboxylation in the
presence of microwaves

Scheme 12. Deacetylation under
microwave irradiation

100
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Scheme 13. Mannich reaction under
microwave irradiation

Synthesis of Nanoparticles

boiling point, and biodegradability. The

There are so many organic synthesis has

viability of this greener approach using

been recently developed as these are solvent

glycerol has been established for the

– free and assisted by microwave [41-60].

fabrication of Au, Pt, and Pd nanomaterials

These

under MW irradiation conditions.

synthesis

are

environmentally

friendly, combines various reactions with

Synthesis of Nanoparticles Using Beet

solvent associated with selectivity and

Juice

excluding organic solvents in waste free
procedures. Microwave assisted synthesis is
the promising technique in comparison to
other methods existing for the synthesis of
nanoparticles. Compared to conventional
methods, microwave assisted synthesis was
faster and provided particles with an
average

particle

Nanostructures

size
with

of

12

smaller

nm.
sizes,

narrower size distributions, and a higher
degree of crystallization were obtained
under microwave heating than those in
conventional oil-bath heating.

A facile and benign protocol has been
established for the fabrication of hybrid
AgCl/Ag plasmonic nanoparticles under MW
irradiation

conditions.

abundant

sugar

Beet

rich

juice,

an

bio-renewable

agricultural vegetable by product, served as
a reducing reagent. This method does not
require

additional

reducing

agent

or

surfactant, and the prepared plasmonic
photocatalyst, AgCl/Ag, is efficient for
application under visible light [55].
Conclusion
The entry of microwave ovens in the

Nanoparticle Synthesis Using Glycerol

chemistry laboratory has made it possible to

Glycerol, an abundant [54] and safe by

carry out many transformations with

product from biodiesel production, has

greater efficiency and ease of workup. In

gained

alternative

recent years, the use of microwave has

sustainable solvent for catalytic reaction

become very attractive in the field of

and nanomaterials synthesis because of its

pharmaceutical

unique physical and chemical properties,

assisted synthesis is a convenient way

such as high polarity, low toxicity, high

toward the goal of green chemistry.

101

attention

as

an
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science.

Microwave-

Ravichandran et al.

Microwave irradiation can be used in

[2]. A.S., Grewal, K. Kumar, S. Redhu, S.

chemical synthesis as a heat source; it is very

Bhardwaj, Int. Res. J. Pharm. App. Sci., 2013,

efficient and can be used to significantly

3, 278-285.

reduce

numerous

[3]. P. Lidstrom, J. Tierney, B. Watheyb, J.

chemical

Westmana, Tetrahedron, 2001, 37, 9225-

reaction

synthetically

times

of

useful

transformations. In order to achieve further

9283.

development in this field, novel instruments,

[4]. M. Lancaster. Principles of sustainable

which

and green chemistry. Handbook of green

give

rise

to

reproducible

performances and that constitute a minimal

chemistry and technology, 2002, pp.10-27.

hazard should be used instead of the

[5]. M. Kidwai, R. Venkataraman, B. Dave,

domestic microwave ovens. We believe that

Green Chem., 2001, 3, 278-279.

in the future many more microwave-

[6]. R.S. Varma, R.K. Saini, R. Dahiya,

assisted reactions will be developed which

Tetrahedron Lett., 1997, 38, 7823-7824.

will simplify time consuming conventional

[7]. A. Loupy, Microwaves in Organic

procedures thereby increasing the overall

Synthesis, Wiley-VCH: Weinheim, 2002, p

efficiency of the processes and reducing

68.

pollution of the environment through the

[8]. P. Lidstrom, J. Tierney, B. Wathey,

use of solvent free reaction protocols. The

Tetrahedron, 2001, 57, 9225-9283.

exploitation of microwaves for assisting

[9]. R. Arun kumar, K. Subramani, S.

different organic reactions has blossomed

Ravichandran, Int. J. Chem. Tech. Res., 2010,

into an important tool in synthetic organic

2, 278-281.

chemistry.

[10]. S. Ravichandran, Synth. Commun.,

The

future

of

microwave

technology looks bright because of its

2001, 31, 2059-2062.

efficiency and its potential to contribute to

[11]. S. Ravichandran, Synth. Commun.,

clean products.

2001, 31, 2185-2188.
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