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Abstract

Revolution in organic compound synthesis has been promoted by microwave assisted organic syntheses (MAOS)
by which small molecules are built up into large polymers in a fraction of time. The need for different organic
compound libraries for drug discovery, biomaterial development, automated library screening; proteomics etc
has supported the emergence of innovative technologies for rapid combinatorial organic synthesis using MAOS
synthesis. In previous reviews on this subject the focus of MAOS has been on the process of MAOS reactions
rather than the importance given to the related applications. This review focuses on solid-phase synthesis,
biopolymer synthesis, applications in proteomics, parallel processing in microwave reactors and automated
library generation by means of sequential microwave irradiation methods. This article has discussed the different
applications of Microwave assisted synthesis of organic polymeric compounds most thoroughly by focusing on
aspects of speed, reproducibility and scalability. From this review it is clearly identified that independent on the
type of organic material, data consistently points out to MW as a novel and powerful tool which has enable
synthesis of a number of new compounds and presents the need for future research in this area.

Keywords: microwave assisted organic synthesis, MW irradiation in organic chemistry, organic solid phase
synthesis, biopolymer synthesis, automated library generation, proteomics and organic synthesis

1. Introduction

Revolution in organic compound synthesis has been promoted by microwave assisted methods by which small
molecules are built up into large polymers in a fraction of time when compared to thermal methods ensuring the
acceptance of Microwave assisted irradiation reactions as a valuable tool for acceleration of a wide variety of
organic molecules development (Mavandadi & Pilioti, 2006; Tsoleridis et al., 2011). The advent of microwave
assisted technology in organic chemistry dates back to the mid 1980s and since the 1990s there has been a
significant increase in the number of publications on Microwave Assisted Organic Reactions (MAOS) (Langa et
al., 1997; Strauss & Trainor, 1995; Diaz-ortiz et al., 1997; Lidstrom et al., 2001; Kappe et al., 2005; Wathey et al.,
2002) due to increased benefits associated with the process. The promotion of microwave assisted reactions in
organic chemistry has improved the speed, reduced cost, reduced energy spent making it a sustainable process
and is widely heralded as “green chemistry” measures (Tsoleridis et al., 2011; Prasad et al., 2012) whose
applications are promoted today to minimize the use of non renewable resources as well as polluting solvent, to
reduce generation of secondary products which are often toxic and to reduce the emission of harmful gases
(Wang et al., 2011; Tucker, 2010; Erdmenger et al., 2010). Microwave assisted reactions in organic chemistry
achieve the same by ensuring facilitation of faster reactions under bulk conditions as well as promoting reduction
of reaction time (Erdmenger et al., 2010).

The need for different organic compound libraries for drug discovery, biomaterial development, automated
library screening, proteomics etc has supported the emergence of innovative technologies for rapid combinatorial
organic synthesis using MAOS synthesis (Lidstrom & Tierney, 2005; Kappe et al., 2005). The ability to reduce
reaction time from days and hours to minutes using microwave assisted reactions has promoted advent of
microwave technology in combinatorial chemistry (Santagada et al., 2004; Kappe, 2004) and drug discovery
(Sekhon et al., 2010; Santagada et al., 2009) as there is reliance on generation of large number of compounds
whose production has been diversified as well as enhanced due to MAOS as there is increased production of
cleaner reactions and more pure products (Bogadal et al., 2003; Mosely et al., 2007). This importance given to
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microwave assisted reactions in organic chemistry has resulted in a number of reviews on this subject. In the
reviews by Lidestrom (2001), Ravichandran and Karthikeyan (2011) and Surati et al. (2012) the focus of MAOS
has been on the process of MAOS reactions rather than the importance given to the related applications. Hence
this review focuses on the latest advances in this area after giving a brief introduction on the Microwave process
as well as the equipment used. Some of the novel areas where MOAS has been applied have been focused
including solid-phase synthesis, biopolymer synthesis, applications in proteomics, parallel processing in
microwave reactors and automated library generation by means of sequential microwave irradiation methods.

2. Microwave Irradiation Process and Advances in Methodology

Microwave irradiation is found to be faster and more effective than conventional methods as it employs both
microwave heating technology and combinatorial chemistry applications (Larhead & Hallberg, 2001). MWs
consist of electromagnetic radiation which operates at the frequency between 0.3 and 300 GHz. MWs with the
frequency range of 2-8 GHz specifically used for domestic and synthetic purposes to prevent the interference
with telecommunications and radars. For example, MWs with the frequency of 2.45 GHz used in most of the
house-hold ovens. This technique has been considered as an effective synthetic tool, as it acts fast, produces high
outcomes & low derivatives. Moreover, it can be easily scaled-up without harmful side-effects (Mingos et al.,
1997). The MW heating process operates under high pressure conditions in order to make a reaction faster and
limit side reactions. (Mingos et al., 1997). The research areas that rely on the development of large libraries of
compounds, such as combinatorial chemistry (Pon-On et al., 2007; Pande et al., 2009; Nuchter et al., 2001) and
drug discovery (Sekhon et al., 2010; Santagada et al., 2009) have been motivated due to the ability of microwave
heating process in reducing the reaction time.

MWe-assisted reactions can be carried out quickly and the end products of these reactions were identified to be
pure (Mingos et al., 1997). So it could enhance and diversify the capabilities of the synthetic chemist. With the
longer reaction time, the number of secondary products was found to be high. If one of the reactants is liquid it
plays the role of a solvent and take up MW to heat the reaction mix, so that the reactions could be carried out
under solvent-free environment (Mingos et al., 1997; Li, 1993). The researchers have proposed a wide range of
hypotheses to illustrate the role of microwave irradiation in accelerating the reaction rate. But it is very difficult
to define the widely accepted reason for this role (Perreux & Loupy, 2001). A special microwave effect is found
to be effective and suitable for a wide range of chemical reactions irrespective of its origin/existence (Lidstrom
et al., 2001; Larhead & Hallberg, 2001; Nobrega et al., 2012)

Hayes and Collins (2004) introduced an alternative method to carry out microwave assisted organic reactions.
This method is known as “Enhanced Microwave Synthesis” (EMS) where compressed air was used to cool the
reaction vessel during irradiation, as a result, the reaction mixture would get more energy during the reaction
times. In the case of Conventional Microwave Synthesis (CMS), the high initial microwave power would rapidly
increase the bulk temperature (TB) to the expected set point and the temperature reached this point, there would
be a decrease in the microwave power. By this way, the desired bulk temperature could be controlled. This
method has been used to support a protease inhibitor discovery project, wherei different kinds of a-keto amides
have been synthesized and the resultant research is helpful to discover treatments for stroke, Alzheimer’s disease,
and muscular dystrophy (Chen & Deshpande, 2003). In an earlier procedure, acyl chlorides were coupled with
isonitriles to produce a-Keto imidoyl chloride intermediates as identified in the following Figure 1. Upon
hydrolysis, a-keto amides were synthesized from these intermediates. In the case of traditional approach, it
would take around 2 to 6 hours to complete this reaction. However, with EMS approach, the same reaction could
be completed within 2 mins. Furthermore, the product yield was identified to be higher with this method
(21-74%).

In comparison with microwave heating, EMS could release more amides from the solid-phase resin (Humphrey
et al., 2003). Katritzky et al. (2003), reported the role of EMS in synthesizing bistriazoles with the use of
1,3-dipolar cycloaddition reactions of 1,4-bis(azidomethyl)benzene with monoacetylenes. This Cyclo addition
would occur at one of the azido moieties only, if the diazide is coupled with carbamoylpropiolate under 55 °C at
120 W for half an hour. However, with higher temperatures and irradiation powers, the reactants will decompose.
However, using EMS, Katritzky et al. (2003) have successfully produced bistriazole by coupling the diazide with
butynoate at 120 W and 75 °C for an hour and they have isolated the major isomer in 54—65% yields. This
methodology is identified to be one of the advances of microwave assisted organic synthesis. Having discussed
the principle behind microwave irradiation and the related advantages, the review focuses on the applications of
the same.
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Figure 1. Improved synthesis of a-Keto amides by Enhanced Microwave Synthesis (EMS)

The importance of microwave assisted reactions in promoting solvent free conditions has been researched in a
number of laboratories (Tierney & Lidstrom, 2005; Lidstrom et al, 2001). Solvent free organic synthesis is a well
promoted process as it is identified to be an environmentally friendly process which combines the selectivity
which is associated with microwaves along with procedures which is waste free (Kappe, 2004; Hayes, 2004;
Varma, 2001; 2006). There are broadly three different types of solvent free reactions which can be carried out
including those which use neat reactants, those which use solid liquid phase transfer and those which use solid
mineral support. Some reactions under each of the above mentioned conditions are identified below.
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Figure 2. Formation of substituted triazines (Seijas et al., 1999; Dahmani et al., 1998)

Aromatic nucleophilic substitutions are carried out using sodium phenoxide and 1,3,5-richlorotriazine under
microwave irradiation.
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Figure3. Synthesis of N-alkyl phthalimides using phthalimide, alkyl halides, potassium carbonate and TBAB
(Bogda et al., 1996)
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Figure 4. Piperidines and Chloroalkanes react in the presence of silica as the solid support under microwave
irradiation (6-10 min) (Heravi et al., 2004)

2.1 Polymer Synthesis

An emerging area in biopharmaceutical research involves design and synthesis of on-demand biomaterial
research (Williams, 2009) as they not only are important as drug carriers but also act as more complex systems
who have the ability to interact with a number of biological systems invivo (Kohn et al., 2007). Technology
transfer for biomaterial synthesis has been challenging due to inability to reproduce conditions during scale up
(Armstrong et al., 2006; Danson et al., 2004) but with the advent of Microwave assisted technology synthesis or
organic biopolymers has been accomplished which is reviewed in this section by focusing on mainly on two
applications Poly Lactic Acid (PLA) and Poly caprolactone (PCL). Controlled solvent-free synthesis and
modification in polymer materials can be rapidly and effectively done with the help of microwave heating using
large scale reactors as identified in Figure 5 (Ebner et al., 2011; Guo et al., 2009; lannelli & Ritter, 2005; Roy et
al., 2009; Sosnik et al., 2010; Wang et al., 2008).

The biomedical applications of PLA, polyester have been extensively studied by the researchers. The first
microwave assisted organic synthesis of d,l-Lactic Acid was carried out with SnOct as catalyst by using
toluene as a solvent (Blokzijl et al., 1993). The end products were found to have 39-67 kDa of molecular weight
and low polydispersity index (1.3—1.7) produced in a reaction time of 15 and 60 min, carried out under low
power (85-170 W) and at isothermal conditions (130 °C). The reaction was later standardized by Wang et al.
(2008) to produce Poly DL-Lactic Acid (molecular weight of 100 kDa) which as carried out under irradiation
power (255 W) to obtained higher yields (90%) However, these conditions were identified to enhance the
degradation of polymers needing further modification of the MAOS process. Following this study, the role of
over-irradiation in developing the harmful effects in terms of both power and time on biopolymer production was
focused (Sosnik et al., 2010). If the reaction is carried out under non-isothermal conditions, high rate of
monomer degradation could be observed within six minutes (Kirschner, 1994; Ebner et al., 2011).
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Figure 5. Schematic illustration of polymerization reactor for the large-scale microwave-assisted reaction process
for polymer synthesis (Xu et al., 2010)
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Poly (e-caprolactone) (PCL) is a semi crystalline and hydrophobic poly (ester) used in various biomedical
devices as it is biocompatible in nature (Seijas et al., 2007; Seijas et al., 1999). While comparing the
conventional and microwaves techniques it was identified that conversion, measured by means of viscosity
build-up, and number-average molecular weight of poly (e-caprolactone) were similar for both processes and did
not indicate advantages relating to the use of microwave irradiation (Lee et al., 1997). Since then, various
researchers such as (Nuchter et al., 2004; Ramesh et al., 1994; Xu et al., 2000; Pileni & Langmuir, 1997) began
to focus on the effects of various initiators such as carboxylic acids and catalysts such as lanthanide halides, Zn
powder and lipase on PCL. The outcomes of these studies contradict the conclusion arrived at earlier and in these
studies, the researchers carried out the reactions under bulk conditions with SnOct as a catalyst. Instead of
catalysts, carboxylic acids such as benzoic acid and chlorinated acetic acid were usedto polymerise CL (Bogdal,
2005) who did not monitor the temperature condition of this reaction. This initiator (carboxylic acid) was added
to the polymer chain along with a mix of CL and benzoic acid (25/1 molar ratio) which was irradiated at 680 W
for four hours. wherein monomers with polar functional groups were polymerised successfully (Bogdal, 2005).

As the MW-assisted reactions are rapid in nature, it is easy to carry out these reactions under normal atmosphere
to generate high yields (90%) with the high molecular weight of 200 kDa (Illman, 1994). Nikolic et al. (2011)
found out that within thirty minutes MW-assisted reactions could produce products with molecular weight of up
to 310 kDa at 100 °C solving the problems faced by Wang et al. (Herrero et al., 2008). A domestic microwave
oven has been recently modified by Zhang et al. (2011) to facilitate unremitting microwave irradiation (90 W, 10
min, 0.56 wt% SnOct resulting in another solution to the problem. Since then, there has been a more rapid
increase in reaction temperature. Moreover, reaction rates and yields of the polymer/biomaterials reactions can
be improved with the use of microwaves. On the other hand, it is necessary to investigate the fundamental
aspects of the microwave assisted irradiation process in detail (Hren et al., 2008). Nakamura et al. (2010) pointed
out that the dielectric characteristics of the reaction mix would decrease over time which attracted more and
more researchers to focus more on these parameters ( Zhang et al., 2009; Nikolic et al., 2011).

2.2 Solid Phase Organic Synthesis

Advantages of microwave-assisted synthesis are mostly embodied in synthesis procedure under solid-state
condition. With the use of microwave irradiation Besson, Guillard, and Rees (2000) carried out the multistep
synthesis of thiazoloquinazolines in solution which has become a valid example for the application of
microwaves to synthesize organic products in the presence of solvents. Compared with traditional solution-phase
chemistry, solid-phase synthesis in the presence of microwave irradiation has gained increasing attention from
practitioners of combinatorial chemistry due to some advantages, like simplification of reaction work-up and
product isolation, affinity and specificity of reaction (Bremer, Szewczyk, Baird, & Dervan, 2000),
rate-enhancements and the higher product yields (Larhed & Hallberg, 2001; Kirschning et al., 2001).

Stadler and Kappe (2001) used multimode microwave reactors in their study by attaching aromatic carboxylic
acids to chloromethylated polymer-supported resins in the absence of solvent as identified in the following
Figure 6. This cesium carbonate method has been carried out using microwave irradiation where in comparison
to conventional heating methods, the microwave assisted methods were found to be more advantageous in terms
of rate-accelerations, loadings and reaction time. In traditional method (heating at 80 °C) reaction time was 12 to
48 h while Microwave assisted heating at 200 °C and open glass vessels, led to a phenomenal decrease in
reaction time of 5—15 min. In this case, the polymer-supported resins were not degraded even under prolonged
microwave irradiation at 200 °C. Due to these advantages in terms of product yields and rate-enhancements in
relation to conventional method, most of the practitioners prefer to use microwave-assisted solid-phase organic
synthesis in organic combination industry making it a popular technique among practitioners.
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Figure 6. Microwave-assisted solid-phase organic synthesis (Kappe, 2002)

The above figures shows the process where there is attachment of carboxylic acid to chloromethylated PS resins
by making use of the caesium carbonate method following which there is cleavage of N-acytelated amino acids
which are attached to the resin. Finally there is microwave supported substitution of chlorine atom in the
monochlorotriazines.

2.3 Parallel Processing in Microwave Reactors

In recent years, many researchers have attempted to carry out microwave-enhanced solid-phase organic synthesis
(SPOS) in a parallel way. For example, Glass and Combs (2001) have attempted to carry out microwave-assisted
resin cleavage. In this study, they activated the linker with the use of bromoacetonitrile based on safety catch
principle of Kenner to cleave N-acylated amino acids that have been attached to 4-sulfamylbutyryl resin. One of
the first examples of parallel processing using 96-well plates was carried out by Cotterill et al. (1998), who
presented microwave-assisted parallel synthesis of pyridine libraries. Following this study, various studies
(Kappe, Kumar, & Varma, 1999; Varma & Kumar, 1999; Usyatinsky & Khmelnitsky, 2000; Olsson, Hansen, &
Andersson, 2000) have proposed multi-component strategies to synthesize heterocyclic components.

With different reaction conditions such as microwave (domestic oven) and traditional oil-bath heating, the
researchers have examined the cleavage rates in DMSO for diisopropylamine and aniline. While using
microwave approach, it would take 15 mins to cleave uncreative aniline at 140 °C. While using traditional
oil-bath heating (80 °C), it would take at least one hour for the same. However, there is no report on kinetic
comparison of reaction rates of both microwave and conventional heating at 140°C. Based on this principle, few
researchers carried out the automated parallel synthesis of an 880-member library with the use of 96-well plates.
Ten different amino acids (R1) (each of them carries a diverse acyl group (R2)) and 88 different amines
(R3R4NH) were used in this reaction. It was observed that under domestic microwave oven condition, a 20°C
temperature gradient would exist between the inner and outer wells of the 96-well plate. But, it was observed
that this gradient did not affect the particular chemistry (Glass & Combs, 2001).

Wenschuh et al. (2000) have synthesised a library of trisamino- and amino-oxy-1,3,5-triazines with
8000-members in their study, by carrying out microwave-assisted nucleophilic substitution at
cellulose-membrane-bound monochlorotriazines. Microwave assisted substitution of the chlorine atom in
monochlorotriazines is the major step in this reaction. Under atmospheric reaction conditions, the substitution
reactions in amines and solutions of cesium salts of phenols could be carried out in 6 mins. But in the case of
traditional approaches, the reactants should be heated at 80 °C for 5 h or the reaction time should be long(four
days) for the substitution reactions. On 18%26 cm cellulose membranes, the researchers have carried out the
SPOT-synthesis process to assemble the triazines subsequent to cleavage with trifluoroacetic acid vapour. Scharn
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et al. (2001) have treated other halogenated heterocycles, such as 2,4,6-trichloropyrimidine,
4,6-dichloro-5-nitropyrimidine and 2,6,8-trichloro-7-methylpurine in the same way, to synthesize macrocyclic
peptidomimetics.

The first report on application of dedicated parallel microwave reactors for SPOS has been given by Strohmeier
and Kappe (2002). In this report, they have carried out the microwave assisted synthesis of Knoevenagel
products with the use of resin-bound B-ketoesters. In this reaction, microwave assisted acetoacetylation of PS
Wang resin with various P-ketoesters in 1,2-dichlorobenzene was carried out at 170 °C for 1-10 min to
synthesize resin-bound 1,3-dicarbonyl compounds. However, in the case of conventional approach, the same
reaction should be carried out for hours together. While performing subsequent microwave-assisted Knoevenagel
reactions with different aldehydes, the researchers have observed rate enhancements.

In respect to parallel synthesis, compound libraries are commonly prepared sequentially in an automated
singlemode instrument with full control of each reaction or in a multimode instrument performing parallel
reactions in one irradiation experiment only. Additionally, it has been shown that it is possible to directly scale
reaction conditions from single mode small-scale to multimode larger scale microwave reactors (Kremsner &
Kappe, 2006). Thus it is identified that parallel processing can be made possible by making use of microwave
technology for synthesizing organic compounds and is a growing field of importance.

2.4 Automated Library Generation

Parallel set-ups are useful to carry out a microwave-assisted chemical reaction within a short timeframe.
However, there will be limited control over each reaction vessel regarding temperature/pressure. Each reaction
vessel will be kept under same irradiation conditions in parallel set-ups. The reaction temperature is found to be
associated with dielectric properties of solvent. So it is necessary to use same amount of identical solvent in each
vessel so as to maintain temperature (Gabriel et al., 1998). The process of automated library generation is a
viable alternative to parallel processing.

The reaction conditions could be effectively controlled by irradiating each reaction vessel separately. This
individual irradiation was useful to optimize the reaction parameters. While synthesizing a series of
dihydropyrimidines through Biginelli multicomponent reaction, Stadler and Kappe (2001), used monomode
reactor to carry out automated sequential microwave-assisted library synthesis as observed in the following
Figure 7. To carry out this process, they used a set of 17 CH-acidic carbonyl compounds, 25 aldehydes, and 8
urea/thioureas. With the use of automated addition of building blocks and microwave irradiation , a sub-set of 48
analogs among 3400 possible dihydropyrimidine derivatives was synthesized. In this method, reagents were
dispensed into the Teflon sealed reaction vessels with the use of a liquid handler and each sealed vial were
moved in and out subsequent to irradiation with the help of a gripper. For most of the building block
combinations, microwave heating of solvents and catalysts at 120°C for 10 min was found to produce isolated
yield of 52% of dihydropyrimidines . Furthermore, this yield was obtained with 90% purity. i.e., within 12 h, the
48-member dihydropyrimidine library had been produced using unattended automation capabilities of the
microwave synthesizer. Recently, Ohlberg and Westman (2001), Wilson, Sarko, and Roth (2001), Ohlberg and
Westman (2001) and Wilson, Sarko, and Roth (2002) have reported the other applications of automated library
generation in rapid lead discovery and lead optimization to illustrate the importance of microwave assisted
technology in the field of proteomics.
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Figure 7. Monomode microwave reactor with an integrated robotic platform for automated use (Smith
Synthesizer, Personal Chemistry AB) (Kappe, 2002)

2.5 Applications in Proteomics

Researchers began to apply microwave technology into proteomics so as to carry out enzymatic protein
digestions (Lill, 2009; Zhao, 2010; Lill et al., 2007; Sandoval et al., 2007; Sandoval et al., 2008). This
non-classical proteomics method is identified to have enhanced digest efficiency and sequence coverage, and
also accelerate degradation rates (Lill , 2009; Zhao, 2010; Lill et al., 2007; Sandoval et al., 2007; 2008). The
researchers termed these differences between conventional and microwave assisted digestions as non-thermal
microwave effects (Perreux & Loupy, 2001; 2006; Moreno et al., 2005; 2006). They have observed that the
interaction between protein or enzyme and 2.45 GHz electromagnetic field is responsible for these differences
and macroscopic change in temperature has no role over them (Lill, 2009; Zhao, 2010; Lill et al., 2007; Sandoval
et al., 2007; 2008). Besides the solution (Lill, 2009; Zhao, 2010; Lill et al., 2007; Sandoval et al., 2007; Sandoval
et al., 2008), in-gel tryptic digests also demonstrated enhanced digest efficiency/sequence coverage (Sun et al.,
2005; Juan et al., 2005). If we load digests with magnetic elements to enhance the microwave absorptivity of the
irradiated solutions, similar improvements in terms of digest efficiency/sequence coverage could be observed (Y.
Chen & C. Chen, 2007; Lo et al., 2007; Li et al., 2007).

However, if there is no idea about exact internal reaction temperature, this type of reactions cannot be carried out
or they may give incorrect outputs (Herrero, Kremsner, & Kappe, 2008; Obermayer & Kappe, 2010; Bacsa et al.,
2008). A single-mode high field-density microwave reactor (2.45 GHz, 850 W) along with internal fiber-optic
temperature control had been used in the reactions to monitor the reaction temperature accurately in a small
scale(0.5-2 mL) (Obermayer, Gutmann, & Kappe, 2009; Gutmann et al., 2010). Most of the researchers have
carried out the microwave-assisted proteomics studies in domestic microwave ovens without reliable reaction
temperatures (Vaezzadeh et al., 2010; Hahn et al., 2009; Lesur et al., 2010). They have also used microwave
instrumentation that has no internal probe to monitor the actual reaction temperature directly. Instead, they have
used external IR sensors to monitor the surface temperature of the reaction vessel (Herrero, Kremsner, & Kappe,
2008; Obermayer & Kappe, 2010; Bacsa et al., 2008) reported unreliability of these sensors with highly viscous
reaction mixtures.

Besides microwave-assisted proteomics, other scientific fields related to proteomics study are also identified
with non-thermal microwave interactions on proteins, enzymes, or other biological samples. As an example,
these effects are used in biocatalysis discipline (Réjasse et al., 2004; 2006; Yadav & Borkar, 2009; Souza et al.,
2009), DNA hybridization (Edwards, Young, & Deiters, 2009) and the studies that evaluate enzyme stability with
the use of microwave irradiation (Rejasse et al., 2007; Young et al., 2008; Izquierdo et al., 2007; Porcelli et al.,
1997; La Cara et al, 1999). Recently, Laurence et al. (2000), H. Bohr and J. Bohr (2000), Pomerai et al. (2003)
reported unfolding or structural changes in proteins with microwave irradiations and suggested the inclusion of
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the hazards from cell phones and domestic microwave ovens in the list of effects of non-thermal interactions on
protein structure and enzyme activity as these equipments are being operated in the microwave frequency range
(~800-2450 MHz). So despite the wide range of applications of MAOS in proteomics future research should
make it necessary to examine the effects of microwave irradiation on protein structure and enzyme activity (Budi
et al., 2005; 2007; 2008; Astrakas et al., 2011).

3. Conclusion

The fields of polymer science, bioinformatics, biotechnology as well as biochemistry have been attracted
towards microwave assisted reactions in recent years. The chemical reactions can be effectively carried out with
the use of microwave ovens. Rapid lead generation and optimization can be successfully done with this
technology. So this technique is found to be helpful for medicinal chemist in delivering new chemical entities
and novel compounds. Furthermore, biomaterial science has also applied this technique to modify drug release
properties through polymeric cross linkages and drug interaction to enhance drug dissolution.

This article discusses the different applications of Microwave assisted synthesis of organic polymeric
compounds most thoroughly by focusing on aspects of speed, reproducibility and scalability. From this review it
is clearly identified that independent on the type of organic material, data consistently points out to MW as a
novel and powerful tool which has enable synthesis of a number of new compounds. From this review it is also
identified that in organic chemistry the application of MW assisted irradiation is still a relatively new application
and there is a need for the, the potential of this platform in organic chemistry science to be capitalized.

In future, the researchers will discover new microwave-assisted reactions to simplify the time consuming
traditional approaches. Furthermore, suitable technologies will be developed in future to carry out microwave
assisted reactions on industrial scales. As these technologies will involve with solvent free reaction protocols,
they would be helpful to improvise the process and to reduce the environmental pollution. In the field of
synthetic organic chemistry microwave assisted organic reactions are considered as an important tool as
microwave technology could provide pure yields making it ideal for application of most other fields in future.
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