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Abstract

Microwave technology has been introduced as a new technology applied within the
scientific research arena, especially in the preparation of organic compounds. A high and
pure percentage of product can be obtained via the use of such technology as well as such
technology shortens the time of reaction and preparation compared with the old method
used formerly in organic preparation the microwave-assisted synthesis process has
revolutionized the world of chemical synthesis. This paper was prepared to discuss the
various applications used to synthesize microwave-assisted organic compounds with more
accuracy and focus on speed and scalability sides. Such a view becomes quite clear and
obvious through this introduction regardless of the types of organic materials. Microwave-
assisted synthesis provides a clean synthesis associated with enhanced reaction rates, higher
selectivity and more economy to synthesize a large number of organic molecules, especially
upon the application of microwave-assisted chemistry in place of the classical heating
method. This paper introduces a brief of the reactions conducted with the use of microwave
radiation. Such operations led to the use of catalyst—free or less catalyst reactions and
smoothly recyclable solvents which are quite higher than the traditional method. By using
such a method, we could economize the use of materials and equipment.
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Introduction:

A microwave oven is an electric device used in the heating of various types of food and such
type of oven is unlike other common ovens since such microwave oven generates radiations
called microwave used to heat food and it is called minor wave, infinitesimal wave or
microwave. Minor waves or Microwaves are radiation or electromagnetic waves with a
relatively short wavelength. Microwave technology was invented shortly before the Second
World War. Microwaves have been used in the food industry since 1970. In the 80s of the
last century, research covering lab and industrial fields emerged and the first reaction of
organic synthesis was published in 1986 (1). The tools used to manage such purposes had
certain safety standards in order to use magnetic radiation. Microwave technology was
basically used in chemical labs to synthesize and isolate natural materials and this method has
substituted the classical extraction method using Soxhlet Extractor which requires quite a
long time and huge quantities of solvents. One of the virtues of this method is the high
temperature of solvent used in the extraction process because of pressure (2) that microwave
radiation is deemed as one of the most significant practical and effective methods used in
organic synthesis where the activity of many chemical reactions gets increased. Such
technology has recently attracted the attention of researchers. In 1999, more than (40)
researches were published and they covered many subjects including the effects of
(3)microwave radiation on various aspects of Chemistry such as the reaction at superheating,
interior non-thermal reactions and recombination reactions via free radicals. Moreover, the
use of microwave radiation in the field of organic chemistry has presently occupied an
increased attention which is considered one of the new methods used to increase the effect of
chemical reactions. (4)(5)(6)(7)

Microwave Operation(8)

This device is operated by exposing food to a magnetic microwave where such microwaves
penetrate foods and make water molecules and the molecules of other materials that exist in
such foods to move after such molecules are exposed to microwaves, they start moving ,
vibrating, fractioning and crashing each other. Such status allows for such molecules to have
temperature and energy and they get heated.(9)

The source of radiation of the microwave oven is the Maghetron tube which transfers
electrical current to electromagnetic waves whose frequency is 2450 MHZ in most ovens. The
frequency of the electrical current transferred through the said tube is 50 or 60 Hz. As to
chemical reactions, most of the pioneering experiences of chemical composition were
conducted with the use of microwaves conducted in local microwave ovens.(10) Yet, the
developments of microwave equipment technology helped researchers to use a device used
particularly for organic reactions.(11)

This article focuses on the major advances made in organic synthesis by using Microwave-
assisted reactions with reactants clean and under solvent-free conditions. It also highlights the
general characteristics of microwave applications in organic synthesis and shows that
reactions under microwaves are fast, with an increase in production quantity and better
selectivity.(12)

There are two types of such devices, they are: (13)
1 — Single-Mode Microwave. (14)

The Single-Mode Microwave is recognized by its capability of creating a constant wave
which is brought up via an interference in spheres. Such interference generates a group of
nodes where the microwave energy density is zero and another group whose microwave
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energy density is at its maximum levels. The factor that controls the design of such device is
the distance from the sample to the magnet and such distance should be sufficient enough to
place the sample properly at the maximum energy levels of the constant electromagnetic wave
model.

2-Multi — Mode Microwave.

One of the basic features of this device is the intentional avoidance to generate an in—run
constant wave model. The goal behind this is to generate the maximum level of jamming and
chaos in the device. The more chaos is generated and radiation dispersion is magnified, the
zone space due to the increase in the active warming in the device shall be likewise increased.

(8)
1 —types organic reactions:

assisted organic reactions are widely classified into two classes: organic reactions using
solvents and reactions under solvent—free conditions.

A - Organic Reactions Using Solvents

In the case of M.W-assisted reactions using (organic) solvents, reacting materials usually
dissolve in the solvent which often actively associates with microwave ovens and thus it acts
as an energy transmission medium. The use of water medium for reaction No. ( 15), where a
minimum of 100 © temperature is used for compounds (16) aiming to make use of the
hydrophobic characteristic that water relative static permittivity is 78 at 25° temperature and it
gets down to 20 at 300° (17). Such value is converging for the purpose of comparison with the
value of solvents use Acetone and then water can act as a safe possible environmental
substitute of organic solvents as well as other environmental benefits that can be obtained out
of the use of water instead of organic solvents. Below are some examples of reactions
conducted with the use of solvents (18).

1 — Hydrolysis (19)

If C6H5CH2CL is dissolved in water in a microwave oven, water dissolution generates 97%
of Benzyl Alcohol within 3 minutes while the regular water dissolution made by using the
common method requires 35 minutes.
MW, 3 min
CgHsCH,CI + H,0 »  CgzHsCH,OH
Benzyl Chloride Benzyl alcohol 97 %

Fig. (1) Shows the hydrolysis of benzyl chloride using microwave radiation to form benzyl
alcohol.

Benzamide regular water dissolution requires an hour but under microwave conditions, such
water dissolution requires no more than 7 minutes to complete and generates %99 of Benzoic
acid (20)

20%H,S0, CeHsCOOH

CgH5CONH,
Benzamide MW 7 min Benzoic acid 99%
Fig. (2) Shows the hydrolysis of benzamide by microwave radiation to form benzoic acid.
2 — N — Acylations.

N-Acylations were conducted with the use of secondary amines and Isocyanates in CH2CI2
under microwave radiation (8-10) minutes and a production yield of 94%. (4)
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Fig. (3) Shows the reaction of the amine with the isocyanate under microwave irradiation.

3 — Cycloaddition (21)

Diplor Cycloaddition — 1,3 was prepared by reacting azid with amid in Toluene (C6H5-CH3)
at 120 W and 25° for one hour. The yield product was around 70-80%.

NHR
NH;
‘ - N © COOE!
s Toluene, MWI 2" —
+ Il T0W75C1h - N
NHR  Simultaneous cooling 70 to 80 %  NHR COOEt
HoN G

Fig. (4) Shows the reaction of the amide with azide to form heterocyclic compounds.

Diels-Alder reaction generated a yield production of 58-78%

Fig. (5) Represents the Diels-Alder reaction.

4 — Oxidation (22)

Toluene Oxidation with KMnO4 under regular reaction conditions lasts for 10-12 hours
compared with such reaction conducted under microwave conditions lasts only for 5 minutes
with a yield production of 40%.

H3C COOH
(O]
aqKMnO ; +taqKOH
MW 5 min
Toluene Benzoic acid

Fig. (6) represents the oxidation of coloring with kMno4 using microwave radiation.
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O
30% H ,0,
R/\ Na, WO, MW
2WU 4,
OH i OH
Primary alcohol Carboxylic acid

Fig. (7) Represents the oxidation of primary alcohols to carboxylic acid.

5 — Esterification (23)

Prepare propylbenzoate from reacting Benzoic acid with n-propanol which shall be heated in
a M.W oven for 6 minutes with the use of concentrated H.SO4 as a catalyst.

Conc H,So,

CgHsCOOH  + nCsH,0OH : - CgHsCOOC4H;,
MW 6 min

Benzoic acid Propylbenzoate

Fig. (8) Shows the reaction of benzoic acid with propanol alcohol.
6- Decarboxylation (24)

The common Decarboxylation process of Carboxylic acids includes the regression of
Quinoline with the availability of Copper Chromate (CuCrOs ). Only a few products are
produced out of such a common Decarboxylation process but with the use of Microwave, the
Decarboxylation process shall be conducted with a shorter time compared with the common
one.

MW 12 min
N cooH - A\
N quinoline
H3CO H4CO N

. H H
6 Methoxy indol 2 carboxylic acid 6 Methoxyindole 99%

Fig. (9) Represents the removal of the carboxyl group of an amino acid using a microwave.
7 — R — Alkylation (25)

R — Alkylation under microwave radiation with the use of Potassium Carbonate and TBACI
generate a product of 65-88%.

O O KOH O O

)\/l‘]\ 200
ot + R-X TBACI OFt

X~ Br. Cl R

Fig. (10) Represents R-Alkylation using sodium carbonate and TBACI
8 - Schiff’s bases (26)

CO - Amides (R-CO-NH-R) were prepared for Trimethoprim by reacting it with CsH403 and
C4H203 using the common method and the microwave technology with the use of CH;COOH
as a solvent. Amides (R-CO-NH-R) for Trimethoprim were transferred into Schiff’s bases
through a condensation process in which such Amides (R-CO-NH-R) were reacted with
Aldehydes and ketones by using the common method and microwave technology and DMF as
a solvent. By using the common method, the reaction lasted for (1-3) hours and 95°-100°.
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NH, 0 NH,
2 O _
I I (0] I
*\ 7~ + ' 0 » I >
H,N” N 0 NN
_0 0 \
Trimethoprim Maleic anhydride -

Figure (11) Shows the preparation of trimethoprim monoamide substitutes with maleic
anhydride

NH, |

NH,
A 0 0 0 A 5
00—
~
IhN'L.\I o~ :\'J\N' o
2 0
0

Trimethoorim Phthalic anhvdride
Figure No. (12): Preparation of trimethoprim monoamide substitutes with phthalic anhydride.

Al

0 NH, Ar
A N~ 0 N=/
N— _— __ * A N~
N~ ¢ Ar-CcHO ZOHH - PN H—
9] reflux N=/
0
A2

Fig. (13) Shows the preparation of Schiff bases from the reaction of monoimides of
trimethoprim with aldehyde.

B —Reaction without the use of solvents (27)

Due to environmental fears and concerns, there has been a growing demand for the
satisfaction of solvent—free synthesis processes and reactions. Some old and new approaches
are used to reduce the pollution resulting from chemical activities. Therefore, Microwave
apparatus has become an important energy source in many lab procedures. Moreover,
Reaction without the use of solvents in organic synthesis has been developed as an
environmentally friendly process because it includes both selectivity and the invention of a
clean environment-based process.

1 — Aromatic Nucleophilic Substitutions (2,1)

was prepared by the reaction made between Sodium Phenoxide and Trichlorotriazine 1,3,5
under microwave radiation for (6) minutes with a yield product of 85-90%

O'Na~ v OAr

N MW1,6 min A

=

N _ N
+ qu|\N4J\CI 85 10 90 % - Aro,Ji\N)\om

Fig. (14) Represents the substitution reaction with halogens
2 — Deacetylation (12)

Aldehydes, Phenols , alcoholates are protected by acetylation. Deacetylation made under
acidic conditions requires long time and yields little product but the use of M.W radiation
shortens the time required for Deacetylation and the yield product would be remarkably
sufficient.
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CH(OAC) , CHO

Neutral alumina

MW 40 Sec

Benzaldehyde diacetate Benzaldehyde

Fig. (15) Represents deacetylation under acidic conditions by microwave irradiation.
3 — Preparation of Polyesters (28)

Polyesters were prepared by exposing solid Carboxylic organic acids (Glycolic acid,
Mandelic acid and Benzylic acid) to microwave radiation with 900 W for (2-3) minutes. Such
reaction led to the displacement of a water molecule from such acids and the turned to free
radicals then to an ester then to polyester.

| crowave
CH,—C—OH —=

Glycolic acid / \

-
OH O (IDH (®)
CH,—C—OH

?H cl) (@]
s - . . 1]
CH,—C—O =+ H OH + CH,—C—OH
i i
H-,O+ HO CHy—C—QO=—CHp—C—0O OH

Fig. (16) Shows reaction of glycolic acid to configure polyester.

™0 ™
CH—C—OH “‘T—- CH—C—OH
A aala / \
OH 0
CH-—-C ‘0 +H "OH + ‘CH—

I |
H,Ot HO CH-C-0—CH-C-0—CH-C OH

n

Fig. (17) Shows the reaction of mandelic acid using microwave radiation to form polyester.
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v T s

HO—C—C—OH ———— | Ho—C—C—OH

3 min

s N

o o
... . . .
HO—C—C—0C + OH + *C—C—OH

H,O+ HO C—C-0—C—C-0—C—C——OH

Fig. (18) Shows the effect of microwave radiation on some carboxylic acids containing a
hydroxyl group.
C — M.W-Assisted Reactions Using Solid Liquid Phase

The catalyzing of the solid-liquid phase - transfer is described as an active method used to
synthesize organic materials. Such a method is assigned to anionic reactions and it also
comprises the anionic activation A catalyzing quantity of tetralkylammonium salt or ion.
Equal quantities of a complex factor are added to the mixture for each pure reaction. Such
reactions occur in the organic liquid phase.

1) O — Alkylation

Ethereal compounds were prepared from 3- naphthol by using benzyl bromide and methyl-
imidazolium tetrafluoroborate-butyl 1-3 under microwave radiation for (6-12) minutes with a
yield production of 75-90%. (18)

OH
BzBrBMmIBF 4,
6 12 min, 75 90%

Fig. (19) Represents the preparation of ether compounds from B-naphthol using benzyl
bromide with methyl-imidazolium tetrafluoroborate --butyl-3-1 under microwave radiation.
2)N — Alkylation.

Under microwave radiation and with the use of phase-transfer catalysts, N-alkylations occupy
a significant space within nonorganic chemistry. Bogdal et al could synthesize N-alkyl
phthalimide by using TABA, Phthalimide, Alkyl Halides and Potassium Carbonate. The
production yielded a percentage of 45-98%. (29)
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o] 0
MWI,RX,K ,CO 4
< TBAB,4910 95%
O o]

Fig. (20) Represents the synthesis of N-alkyl phthalimide using Na.COs with TBAB under
microwave radiation.

3 — Oxidations

This method included the oxidation of di alcoholates into Acetone by using PCC,
dichloromethane, and tetrabutylammonium bromide. The reaction lasted for (6-8) minutes
and the yielded production was around (70-905%). Moreover, Benzyl alcohol was oxidized
under microwave radiation for (1-8) minutes to Benzaldehyde (C6H5CHQ) and (70-92%) of
the product was obtained. (5)

R\__-OH PCC,TBAB.MWI R’\]/o
\lz/ DCM,6 to 8 min,70 to 99 % 2

R

CH,OH CHO
MWI,BIFC _
. 1t08min701092%

Fig. (21) Represents the oxidation of secondary alcohols to a ketone and the oxidation of
benzyl alcohol to benzaldehyde

4 — Knoevenagel Condensation (30)

IS a common organic reaction and is applied to synthesize unsaturated acids used in perfumes,
Flavonoids and the composition of heterogeneous compounds. Gupta and Wakhloo studied
the condensation of Knoevenagel between Carbonyl and Methylene compounds such as
Malonic acid. Such condensation process was made with the use of TBAB, Br and K>COs in
H20. Unsaturated acids were produced with a proper purity and yielded production.

CHO

COOH TBAB,K,CO4 AR CH=CH COOH

+
COOH H,0

Figure No. (22) Shows the synthesis of unsaturated carboxylic acids from the reaction of the
carbonyl compound with the methylene compound, such as malonic acid.
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5- Imidazo[1,2-b]pyridazine (32)(33)

0 o} . X
Ar ; Y e N
1 . ® on ACOH 2N
NH X TAcONa  Ox sy N
; F Ar =R
R > ¥
| aM
31 examples
| ok A A ok s .
Ar N ) 9 & O O ¥
& [ [ Y i T
Olds X0, b 5 f
R 5-NO, 5-NO, 5-NO, 4-F 5-NO, 5-NO,

5-NO,

\ I\ \ :

X @ OFt (L Ny N U\N NH:
¥ \ Me

N
H H
Figure(23)Synthesis of the benzo[4,5]-imidazo[1,2-b]pyridazine derivatives
— Applications
1 — Application in material Chemistry

has been used to synthesize solid nonorganic materials with highly effective and instrumental
technology. As to Material Chemistry, Microwave was used to produce ceramic. Ayappa et al
(34) conducted a study by placing coal powder in a silica-made crucible which was exposed
to microwave radiation for (4-10) minutes inside a M.W oven operated at 2,45 GHz. A
significant quantity of SiC was obtained which is widely used in industries such as the
manufacturing of grinding wheels and skimming equipment.

2 — Preparation of catalyst under microwave irradiation

A high permeability membrane of NaA zelotie YB> CusO7x (35) was prepared by reacting
Alominates with Na>OsSi in proportions a molarity percentage in an oven operated with 2450
MHz for (15) minutes. The Zeolite membrane which was synthesized by microwave heating
appeared to be four times higher than the one synthesized by traditional heating.

3 — Medicinal Application

Microwave radiation has been recently subject to a wide range of studies and researches to
indicate its effect on biological systems. Rany(51) studied the effect of microwave radiation
on blood protein albumin and gluten protein. Many other researches have been conducted
(36) (37) to prepare polymer (Lactic acid — glycolic acid) and to study its physical
characteristics and their biological effects due to its various medical usages and medicine
development. Such microwave radiation is used in(38)

Testing medicine formulas synthesized out of organic compounds.

The composition of long chains of peptides.

Magnifying DNA to facilitate its usage in disease analysis (39).

The synthesis of radiative pharmaceutical treatments including short half-life isotopes
through the catalyzing via the use of Microwave energy. (40)

The synthesis of Nanomaterials.

Free-solvent reactions. (41)

The synthesis of isotopes.
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The composition of Polymer chains.(42)

Peptides composition. (43)

Medical and green chemistry ( 44)
Conclusions:

Microwaves represent an alternative energy source for chemical reactions and processes.
Through dielectric heating, reaction mixtures are heated homogeneously without contact with
walls. Reaction times are significantly reduced compared to conventionally heated systems
(heat) while maintaining acceptable percentage yield and selectivity. A minor drawback is
that chemical reactions and processes in the microwave field are more dependent on the tools
and materials used than in the case of heat heating.
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