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Abstract: Microwave-assisted organic synthesis is an enabling technology for accelerating drug discovery and
development processes. Microwave instruments are used principally in three areas of drug research: the screening of
organic drug formulae, peptide synthesis, and DNA amplification. The features of microwave-assisted organic synthesis
technology include reduction of time for a chemical reaction, instantaneous and uniform heating, carrying out solvent
free reactions and possibility of parallel chemical reactions has proved as a bonanza for the researchers involved in drug
discovery and development processes like high-speed combinatorial and medicinal chemistry. Microwave-assisted
organic synthesis in aqueous medium has resulted in the development of relatively sustainable and environmentally
benign protocols for the synthesis of drugs. Microwave-assisted synthesis under controlled conditions has many
applications in the field of medical chemistry and pharmaceutical research. This technology has made an impact in
several areas of drug discovery related to organic synthesis. It has been used by pharmaceutical companies in target
discovery, screening, pharmacokinetics, production of compound libraries and has found application in peptide

synthesis.
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1. Introduction

Microwaves are defined as electromagnetic waves
with vacuum wavelengths ranging between 0.1 to 100
cm or, equivalently, with frequencies between 0.3- 300
GHz. Microwave dielectric heating uses the ability of
some liquids and solids to transform electromagnetic
radiation into heat to drive chemical reactions. This
technology opens up new opportunities to the synthetic
chemist in the form of new reactions that are not
possible using conventional heating,

The interest in the microwave assisted organic
synthesis has been growing during the recent years.
Drug companies are exploiting microwaves in the area
of organic/pharmaceutical synthesis for drug screening
and discovery'. Scientists have demonstrated the
potential of microwave -assisted organic synthesis
using ionic liquids as solvent, cosolvent, additives
and/or catalyst’. Despite the wide application of
microwave technology in organic chemistry many of
specific microwave effects still are not fully explored.
The medicinal chemical community has been under
increased pressure to produce, in an environmentally

benign fashion, the myriad of drugs required by
society in short periods of time. Microwave synthesis
is particularly interesting due to its high efficiency,
leading to drastically reduced reaction times, higher
yield and purer products.

2. Microwave Technology

The development of cleaner technologies is a major
emphasis in green chemistry. Among the several
aspects of green chemistry, using efficient and less
hazardous energy sources such as microwave energy is
recommended. Drug companies and research
institutions are exploiting microwaves in the area of
organic synthesis for drug screening and discovery.
Presently, MAOS 1is an enabling technology for
accelerating drug discovery and development
processes”. Microwave technology uses
electromagnetic waves that pass through material and
cause its molecules to oscillate, generating heat. In
conventional heating, the material’s surface heats first
and then the heat moves inward. Microwave heating
generates heat within the material and heats the entire
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volume at about the same rate Microwave
technology has got obvious edge and advantages over
conventional methods of heating by virtue of which
microwave assisted methods are being employed to
carry out various synthetic procedures successfully and
effectively, which were otherwise encountering
problems earlier. Microwave instruments are used
principally in three areas of drug research. i) the
screening of drug formulae which are made of organic
compounds and the candidate compounds that seem to
be numerous, ii) microwave-assisted peptide synthesis,
in which peptides are used as drug generics, moreover,
synthesis of long chains of peptides is very difficult
and the microwave approach has been especially
effective in the area of peptides synthesis, iii) the
microwave-assisted DNA amplification which is used
in disease analysis where there are a number of DNAs
that are very difficult to process '°.

The goal of the present review is to present
microwave-assisted pharmaceutical synthesis with
special emphasis on aspects that have relevance to
drug discovery. Small molecules can be built in a
fraction of the time required by classical thermal
methods. In view of this, microwave-assisted
technology has rapidly gained acceptance as a valuable
tool for accelerating drug discovery and development
processes' . This technology opens up new
opportunities to the synthetic chemist/medicinal
chemist, in the form of new reactions that are not
possible using conventional heating, improved reaction
yields, decreased reaction times and even solvent free
reaction  conditions. @ With  few  exceptions
pharmaceutical (organic) materials are diamagnetic
and dielectric, i.e. are suitable for microwave heating.
This environmentally friendly microwave-induced
diffusion for generating activated drug / 3D-matrix
nanocomposites has solved the bioavailability-linked
problems  associated  with  insoluble  drugs.
Radiopharmaceuticals that contain isotopes with short
half-lives have been synthesized by activation with the
use of microwave energy'® Microwave has been
successful in reducing reaction times by up to 50 per
cent with improved radiochemical yield of the final
product. The most recent applications in the field of
MAOS of biologically active compounds both in
heterocyclic and in peptide and peptidomimetic
optimization have been reported'”'*.

The fundamentals and significant outcomes of
microwave-assisted organic/pharmaceutical synthesis
in aqueous medium were reported which have resulted
in the development of relatively sustainable and
environmentally benign protocols for the synthesis of
drugs and fine chemicals '’. A rapid and efficient
microwave-assisted protocol based on the use of cycles
of microwave irradiation was reported that greatly

improves a recent synthetic method developed for
quinazoline synthesis *°. A speedy, high yield and
convenient synthesis of Imatinib (a drug used to treat
certain types of cancer ) was carried out on an
aldehydic, super acid-sensitive resin, through an
efficient, microwave-assisted synthetic protocol, that
may enable the easy preparation of libraries of
potential protein kinase inhibitors endowed with large
molecular diversity *'. Microwave-assisted organic
synthesis played a key role in the identification of
isozyme-selective Akt inhibitors >,

3. Microwave versus Conventional Synthesis
Microwave-assisted organic synthesis has several
advantages over conventional reactions in that the
microwave allows for an increase in reaction rate,
rapid reaction optimization, and rapid analogue
synthesis. It also uses both less energy and solvent, and
it enables difficult compound synthesis™. In general,
drug discovery can be broken down into five steps: i)
target and synthesis design, ii) reaction, iii) work- up
(usually extraction and evaporation), iv) purification
(usually chromatography), and v) spectral analysis
registration. Specifically, microwave synthesis has the
potential to impact upon medicinal chemistry efforts in
at least three major phases of the drug discovery
process: lead generation, hit-to-lead efforts, and lead
optimization. Available microwave instrumentation
includes i) Single-mode microwave reactors and ii)
Multimode microwave reactors Microwave
chemistry can be carried out very efficiently in a
parallel format using dedicated rotors or microtiter
plate systems. Several hundred reactions can be
performed in a single microwave experiment using
multimode microwave devices >. Researchers have
shown the benefits gained by employing microwave
heating in tandem with combinatorial chemistry>. Six
fluoroquinolone ribonucleosides synthesized by using
microwave irradiation proved superior in time and
yield, especially the one step decarboxylation of the
carboxyquinolone esters®. Several microwave-assisted
protocols that have become integrated into the drug
discovery research process in the biotechnology
industry were reported”’. Eleven flavonoid derivatives
synthesized using a modified Baker—Venkataraman
rearrangement, and subsequent microwave-assisted
closure of the heterocyclic ring displayed antifungal
activity against Aspergillus niger and Fusarium
oxysporium, and two of the synthetic flavonoid
analogues exhibited significant activity against
methicillin-resistant ~ Staphylococcus  aureus 8
Microwave irradiation can be used as a simplistic and
general method for the construction of a wide variety
of triazoloquinazolinones and benzimidazo quina
zolinones®. The basic principles behind microwave
technology and recent trends and areas in drug
discovery have been reported *°.
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Regiospecific microwave-assisted synthesis of novel
purine derivatives as antitumor agents was reported’'.
The pharmacophoric requirements for compounds to
exhibit anticonvulsant activity that includes one aryl
unit in proximity to a hydrogen donor-acceptor domain
and an electron donor have been justified with the
molecular orbital surface analysis of the synthesized
compounds using microwave-assisted synthesis™".

The current state of the art has been reported in the
field of microwave assisted synthesis of biologically
active compounds both in heterocyclic and in peptide
and peptidomimetic optimization”. A microwave-
assisted extraction method followed by LC analysis
was developed for the determination of ketoprofen
lysine salt in the presence of methyl p-
hydroxybenzoate and propyl p-hydroxybenzoate
preservatives in topical cream™.

4. Microwave Synthesis for Nanomaterials
Amongst the several methods that exist for
synthesizing of nanoparticles, the use of microwave
assisted synthesis has shown promise. Synthesis of
silver nanoparticles from silver nitrate employing
starch as the reductant cum stabilizing agent has been
carried out under direct heating, controlled heating and
microwave irradiation. The microwave irradiation was
considered as better for reduction of silver ions to
silver nanoparticles. It also afforded smaller particle
sizes and particle size distribution. Compared to
conventional methods, microwave assisted synthesis
was faster and provided particles with an average
particle size of 12 nm. Further, the starch functions as
template, preventing the aggregation of silver
nanoparticles™. A rapid and reliable synthesis of
highly luminescent CdSe/ZnS nanoparticles was
developed using a domestic microwave oven®. An
elegant scientific breakthrough in terms of the
application of microwaves to the synthesis of quantum
dots has recently been reported’’. A novel synthesis of
polymer microcapsules with core-shell morphology
comprising of Au@Polymer that is microwave-,
photo- and thermo-responsive prepared by a novel
microarray technique using a double emulsion process
was reported. Scientists further demonstrated a
reversible swelling and deswelling behavior of the
microcapsule actuated by electromagnetic radiation
(visible light and microwave radiation) that can have
potential applications to various nanomedicine
applications in controlled delivery and release™.
Researchers reported recent developments in
microwave-assisted synthesis, name reactions and
organic transformations, and rapid generation of
nanoparticles with uniform size distribution®.

Scientists at the National Institute of Standards and
Technology have developed a simplified, low-cost
process to synthesize highly uniform and efficient

quantum dots using a laboratory microwave reactor for
a range of frequencies which were stable in aqueous
solutions for longer than four months®’. Nanostructures
with smaller sizes, narrower size distributions, and a
higher degree of crystallization were obtained under
microwave heating than those in conventional oil-bath
heating®’. The Au nanoparticles have been prepared by
microwave high-pressure procedure with alcohol as
the reducing agent*'. Microwave heating of group-12
and -13 organometallic precursors and group-15 and -
16 reactants has demonstrated dielectric heating, a
viable method for the preparation of high-quality
photoluminescent  semiconducting  nanoparticles.
Additives, for example, tri-octyl phosphine oxide or
ionic liquids can have a dramatic effect on the
observed growth behavior in the microwave.
Increasing microwave power increased the reaction
rate and material quality owing to overcoming kinetic
barriers. A method has been reported for producing
crystalline nanoparticle semiconductor material which
includes the steps of mixing a precursor in a solvent to
form a reaction mixture and subjecting the reaction
mixture to microwave dielectric heating at sufficient
power to achieve a superheating temperature of the
reaction mixture. A growth-phase reaction was
permitted to proceed, wherein nanoparticles were
formed in the heated reaction mixture, followed bye n
quenching of reaction to considerably terminate
nanoparticle formation®.

5. Microwave-Assisted Peptide Synthesis

A microwave-assisted, rapid solid phase peptide
synthesis procedure has been reported”. The
application of microwave heating to solid-phase
peptide synthesis is particularly advantageous as the
acceleration of coupling and deprotection reactions
should lead to shorter cycle times, higher repetitive
yields, and ultimately purer peptides*. The protocols
for the synthesis of cystine-rich peptides in the
presence of microwave radiation with Boc-solid phase
peptide synthesis have been reported”*’. An
instrument and process for accelerating the solid phase
synthesis of peptides has been reported. The method
includes the steps of deprotecting a protected first
amino acid linked to a solid phase resin by admixing
the protected linked acid with a deprotecting solution
in a microwave transparent vessel while irradiating the
admixed acid and solution with microwaves. Then a
second amino acid is activated by adding the second
acid and an activating solution to the same vessel
while irradiating the vessel with microwaves, then
followed by coupling of the second amino acid to the
first acid while irradiating the composition in the same
vessel with microwaves,. Finally, the linked peptide
from the solid phase resin cleaved by admixing the
linked peptide with a cleaving composition in the same
vessel while irradiating the composition with
microwaves*’. The applications of microwaves in the
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field of peptides and glcopeptides have been reported
48,49

6. Polymerase Chain Reactions

Polymerase chain reactions with focused microwave
irradiation as the source of heat were demonstrated and
the results indicated the possibility to shorten the total
reaction time as well as the possibility to perform PCR
reactions in millilitre scale™. Scientists focused on the
microwave technology for advance to the various
chemical and biological reactions and the microwave
irradiatation to rooling circle amplification reaction on
controlling the temperature’’. The extract and
detection of anthrax DNA from spores and vegetative
cells in two steps within 1 min has been reported™.
Microwave energy is highly focused using thin-film
aluminum “bow-tie” structures in a cavity, to extract
DNA from whole spores within 20 s, followed by the
detection of the released DNA, by employing the
microwave-accelerated metal-enhanced fluorescence
technique.

7. Some Miscellaneous Aspects

Microwave applications in radiolabelling tracers for
Positron Emission Tomography, paralleling and
sometimes preceding developments in other areas of
microwave-enhanced chemistry were reported™.
Dihydropyridones were prepared by microwave-
assisted reaction between curcumin and primary

amines or their acetates in the presence of
Montmorillonite (K-10) as a catalyst >*. In most
pharmaceutical and biotechnologies companies,

microwave synthesis is considered the cutting-edge
methodology today. The synthetic methodology for the
preparation of trimethoprim via microwave-assisted
organic synthesis has been reported”. The use of
microwaves facilitated the preparation of new
copolymers (useful for gene delivery), based on a, B-
poly-(N-2-hydroxyethyl)-D, L-aspartamide as a
polymeric backbone and bearing an oligoamine ( such
as diethylenetriamine in the side chain) synthetic
method beneficial as time and solvents are saved’.
The development of relatively sustainable and
environmentally benign protocols for the synthesis of
drugs was the outcomes of microwave-assisted organic
synthesis in aqueous medium". Greener and
expeditious synthesis of bio-active heterocycles using
microwave irradiation was reported’’. The advantages
of microwave-assisted technology for the rapid
synthesis of novel aspartyl protease inhibitors using
dedicated microwave equipment have been reported™.
A rapid open-vessel focused microwave-assisted
extraction method followed by LC analysis was
developed for the determination of naproxen in
suppositories™.

New sildenafil analogues characterized by the
presence on the sulfonyl group in the 5' position of
novel N-4-substituted piperazines or ethylenediamine
moiety, were prepared by microwave-assisted
synthesis and several analogues were significantly
more lipophilic than sildenafil®®. An convenient
microwave-assisted synthesis (incorporating parallel
and nonparallel combinatorial methods) of N-alkylated
glycine methyl esters has been reported ®'. An efficient
two-step synthesis of bezafibrate from tyramine under
microwave conditions has been developed using
SmithReactionKit and Coherent Synthesis
Technology®.

other examples of the overall yield improvement in
MWe-assisted synthesis over that obtained with
conventional methods include: fast and convenient
synthesis of fenclofenac (a non-steroidal anti-
inflammatory drug) using Ullmann ether coupling and
the Willgerodt-Kindler reaction;  development of
bezafibrate (a well-known lipid- and cholesterol-
lowering drug ) synthesis; the efficient two-step
synthesis of atenolol from p-hydroxyphenylacetamide;
integrating microwave synthesis and flash purification
as enabling tools in drug discovery®. Total synthesis
of viscolin, an anti-inflammatory 1, 3-diphenylpropane
isolated from Viscum coloratum, employing
microwave-assisted Wittig olefination reaction was
reported . The current developments and future
potential offered by continuous flow microwave
mediated synthesis has been reported . Microwave-
assisted extraction was applied for the extraction of
astaxanthin from Haematococcus pluvialis and the
results showed that the extracts presented strong ability
of inhibiting the peroxidantion of linoleic acid,
exhibited strong radical-scavenging properties against
the DPPH, as well as strong reducing power®.

8. Conclusions and Perspectives

The obvious features of microwave technology like
reduction of time for a chemical/pharmaceutical
reaction, instantaneous and uniform heating, carrying
out solvent free reactions and possibility of parallel
chemical reactions has proved as a bonanza for the
researchers involved in drug discovery and
development processes like high-speed combinatorial
and medicinal chemistry. Microwave synthesis in
macro-scale (synthesis of active pharmaceutical
ingredient synthesis), microscale (integrated ‘lab-on-a-
chip’ type approaches where synthesis and biological
screening are integrated) and meso-scale flow units
should be actively pursued. The combination of ionic
liquids and microwave heating encourage scientists to
initiate new unexplored areas of complex
pharmaceutical systems. Due to high polarity of ionic
liquids and stability at elevated temperatures, these are
attractive solvents or co-solvents in microwave
synthesis.
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