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ABSTRACT: In pharmaceutical research, making drug molecules is a big deal, but traditional ways to do it often take
way too long. They use a lot of energy and tons of organic solvents that are bad for people and the planet. It feels like
there's a real push now for better options that are quicker and greener. Microwave- assisted synthesis is one of those
approaches that has come up lately for preparing drugs and their parts'. This method heats things up with microwave
radiation, which gets the reaction going fast and evenly?. It's different from regular heating because microwaves hit the
molecules directly, instead of just warming from the outside. So, reactions that used to take hours can finish in minutes,
and you often get more product that's purer too?.

One thing I notice is how it cuts down on solvents, or even gets rid of them sometimes. That fits with green chemistry
ideas, reducing waste and pollution*. Energy use drops, and you have less unwanted stuff forming because conditions
are more controlled. The whole process ends up more reliable and selective in what it makes. They've used this for all
sorts of drugs, like heterocyclic ones or anti- inflammatory and antimicrobial agents®. It's good for reactions involving
condensation or cyclization, substitution, oxidation too. The simplicity makes it work for lab stuff and maybe even
bigger scale later on. From the pharma side, it's cheaper and more sustainable than old methods. Safer too, so since less
exposure to toxic things and harsh setups. It helps speed up drug development, which is huge in today's research. That
part stands out, how it pushes things forward faster. Overall, microwave-assisted synthesis looks like a solid eco-
friendly way to handle drug prep®. With shorter times, better yields, less energy, and safety. It could really help make
drug making more sustainable, tying into green chemistry goals for the industry. Some aspects still need figuring out for
wide use, but it seems promising.

L. INTRODUCTION

The microwave assisted methods have promoted a revolution in organic compound synthesis 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. 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) due to increased benefits associated with the process®. Promotion of microwave-assisted reactions
in organic chemistry has improved the speed, reduced cost, reduced energy spent as such making it sustainable and is
widely heralded as "green chemistry" measure whose applications are promoted today to minimize the use of non-
renewable resources as well as polluting solvent, to reduce generation of toxic by-products'.

Reactions aided by microwaves in organic chemistry do the aforementioned by ensuring the facilitation of fast reactions
in a bulk process and the acceleration of the time taken for the reaction. A variety of organic compound libraries for
drug development, biomaterials preparation, automated library screening, proteomics to name a few. This is because
MAOS synthesis technology has been able to find applications in rapid organic synthesis by means of MAOS synthesis.
Reducing reaction times from days to minutes by employing microwave assistance has brought about innovation
in microwave technology in order to facilitate combinatorial chemistry and drug discovery as there is a dependence on
the generation of a large number of compounds, the production of which has been diversified as well as boosted by the
MAOS as a result of the increased production of cleaner reactions along with pure compounds. Therefore, this article
highlights the recent development that has occurred as a result of giving a brief introduction of the Microwave process
as well as the equipment.

The microwave-assisted organic synthesis technique proved to be capable of increasing the efficiency of chemical
reactions''. One of the advantages of this technique over traditional methods is the greater specificity of the microwave
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technique, which heats the chemical mixture present inside the microwave rather than the entire surface of the
microwave oven, as happens in traditional chemical methods. Moreover, the technique is very effective in preventing
the production of undesirable products, which helps to increase the yield of the chemical process. Moreover, this
technique avoids the problem of using large quantities of toxic organic solvents, which is one of the
difficulties encountered during the traditional chemical process of synthesis. These features make the microwave-
assisted organic synthesis technique one of the pioneering processes of green chemistry'2.

Green chemistry, which is sometimes called "environmentally benign chemistry," is a rather new field that concentrates
on the Four R's: Reuse, Reduce, Recycling, and Recovery'. The key goal of green chemistry is to reduce the need for
hazardous solvents and to stop the use of the hazardous materials in chemical synthesis'*. Green chemistry might
sometimes be considered sustainable, because it has a philosophical approach that concentrates on the design of
products and processes for reducing the use and production of hazardous materials in chemical research and
engineering.

Green chemistry practices the use of environmentally friendly materials in a way that avoids the formation of harmful
waste. Horvath et al. have discussed sustainable chemistry in the sense that the use of resources, including energy, must
be done in a way that ensures their natural replenish ability, and waste production should not surpass the capacity of
waste treatment or management. In the 1990s, a set of twelve principles of green chemistry was formulated by Paul
Anastas and John C. Warner in what encompasses sound environment practices from the very design of a product to its
synthesis, processing, analysis, and then disposal®.

II. PRINCIPLES OF MICROWAVE ACTIVATION

The microwave region in the electromagnetic spectrum lies between infrared radiation and the ultraviolet band. The
resulting microwaves utilize a frequency of 2.45 giga radio-waves. Telecommunication, as well as microwave radar,
apparatus use many of the frequencies in the above band. To avoid interference in these communication systems, the
domestic as well as industrial microwave oven works at a specific frequency of 2.45 GHz". The energy level associated
with the quantum used has been determined by Planck's equation E = hv, giving 0.3 Cal mol ™.

III. HISTORY OF THE DEVELOPMENT OF MICROWAVE TECHNOLOGY

First microwave oven was introduced by Tappan in 1955 However, it wasn't until the 1970s and 1980s that microwave
ovens became widely used in households The first use of microwaves in chemical synthesis was reported in 1986 by
research groups led by Richard Gedye, Raymond J. Giguere, and George Majetich. Several research groups started
experiments with solvent free microwave synthesis to eliminate the chemical hazards in the year 1990'¢. Since the year
2000, commercial microwave reactors for chemical synthesis have become available to carry out the various chemical
transformations in the research laboratories®.

Microwaves in chemistry kind of started out as this everyday thing for heating food, but then they turned into something
way more useful for labs and making drugs®. I think the first microwave oven came from a company called Tappan
back in 1955, and it took until the 1970s or so before people really started using them at home a lot. At that point,
scientists were just starting to wonder if they could speed up reactions in the lab, but it was more like an interesting idea
than anything solid.

The real push into using microwaves for organic synthesis happened around 19868. That’s when groups led by Richard
Gedye and these other guys, Raymond Giguere and George Majetich, published the first papers on it. They were doing
experiments with regular kitchen microwaves, which sounds pretty risky now that I think about it®. Those home ovens
did not have any way to control pressure or temperature, so there were worries about fires or explosions, especially with
solvents that could catch fire easily. Plus, the way they heated was uneven, with hot spots and cold spots, which made it
hard to get the same results every time, particularly if you were working with tiny amounts. And they could not even stir
the mixtures properly'®.

By the 1990s, people were realizing those kitchen setups were not cutting it, so things started to change. In 1990, some

researchers tried doing synthesis without solvents at all, just to avoid the dangers'®. Around then, there was this big
push for green chemistry, with those twelve principles from Paul Anastas and John Warner that talked about saving
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energy and cutting down on harmful stuff’, and microwaves fit right into that later on. It seems like the late 90s had a
few key moments too. Like in 1998, someone documented using microliter plates for parallel reactions under
microwaves, which speed things up. Then in 1999, there was a paper about controlled heating in a project to optimize
leads for drugs. Once the 2000s hit, dedicated equipment started showing up, turning this from a weird lab trick into
something normal. By 2000, companies were selling microwave reactors made just for synthesis in labs. The big
change came in 2001 with single-mode instruments, which were for small volumes, like 0.2 to 5 millilitres'!. These had
even heated fields, sensors for pressure and temperature to adjust the power, and built-in stirring to keep everything
mixed. That made a huge difference.

In pharmaceuticals, adoption really took off between 2001 and 2006''. Reactions that used to take hours or days could
sometimes go a thousand times faster, down to minutes, which is pretty impressive. By 2005, maybe 10 to 25 percent
of the industry was using it, from what I recall. Now, it’s not just for basic organic stuff anymore. They call it
microwave-assisted life sciences, applying it to things like proteomics or peptide synthesis!!. For instance, in
proteomics, it speeds up digesting proteins with trypsin, cutting time from hours to minutes and getting better results. It
feels like early on, using a home microwave for chemistry was sort of like cooking a fancy meal on a tiny camping stove,
it gets the job done but you are always worried about messing up because there is no real control. Then switching to
those professional single-mode reactors is more like having a full kitchen setup, where you can tweak the heat and
pressure exactly right for consistent outcomes every time. This part gets a bit messy to explain, but yeah, that is how it
evolved

IV. MICROWAVE HEATING VS CONDUCTIVE HEATING

Traditional or conductive heating is a thermal energy source directly applied to the reaction vessel. Conductive heating
is inefficient and slow but quite universal and easy to understand*. To sum it all up, conductive heating gets the chemist
where they want to go. However, the inefficiencies of ramping-up to full production temperature, poor fine control over
the mass reaction temperature, and the time required for the cooling of bulk reaction all add disadvantages. The crucial
consideration is that conductive heating has been the main heating method for solutions during traditional synthesis
because it is simple and low-cost compared with other chemists' training.

On the flip side, microwave heating operates differently®. The process, done remotely in a rapid manner, consists of
heating reaction solutions by the direct coupling of microwave energy. Solvent molecules or molecular entities in
solution absorb the radiation, accompanied by a subsequent quick loss of the energy in the form of heat’. The
microwave energy is much less than the usual bond dissociation energies of typical organic functional groups. The
microwaves travel at the speed of light, and the energy delivery can be switched off instantaneously when the desired
temperature set point is reached®. In order to heat effectively, it is important that the microwave radiation interacts
efficiently with the reaction solvent. Not all solvents have equal absorption capabilities for microwaves. Solvents
are normally classified into high-absorbing, medium, or low-absorbing substances, which determines their capability to
heat the solution through microwave absorbency®. The variation in microwave energy absorptive rates for different
solvents should not be considered a discouraging factor, as this technique enables rapid reaction scoping, is easily
scalable, requires no additional reagents, and maintains relatively low energy consumption®,'® 2.
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Fig 1. Schematic difference between conventional and microwave heating.
V. KINDS OF MICROWAYVE ASSISTED ORGANIC REACTIONS

Microwave assisted organic reactions can be classified into two categories. These are:
1. Microwave assisted reactions in the presence of solvents;
2. Reactions using microwave irradiation and solvent-free

VI. MICROWAVE-ASSISTED REACTIONS WITH SOLVENTS

In the microwave-assisted reactions involving (organic) solvents, the reactants are normally dissolved in the solvent,
which may be effectively coupled to the microwave and therefore serves as the energy carrier. The implementation of
aqueous media-based organic reactions is also currently an area of significant interest, where temperatures of 100 °C
and above have been utilized for the synthesis of organic compounds often aiming to benefit from the hydrophobic
effect’”. Water has a dielectric constant of 78 at 25 °C, which reduces to 20 at 300 °C. The latter value is comparable to that
of organic solvents, such as acetone, at ambient temperature. In this respect, water at higher temperatures can be
considered a pseudo-organic solvent and a candidate to replace organic solvents’.

Besides the environmental benefits associated with the use of water as a solvating agent, there are practical benefits
associated with the easy isolation of compounds due to the lowering of organic material solubility following the
reaction. An alternative method used for performing microwave- assisted organic reaction processes is named enhanced
microwave synthesis (EMS)'8. In this process, the reaction vessel is externally cooled with the help of compressed air,
while simultaneously irradiating with microwave energy, allowing a greater amount of energy to be added to the
reaction mixture. In conventional microwave synthesis (CMS), the initial intensity of the microwave is high in order to
raise the bulk temperature (TB) to the desired value very rapidly. However, once the desired temperature is attained, the
microwave power will lower or turn off to maintain a preferred bulk temperature without exceeding it. The modulation
of microwave irradiation means classical thermal chemistry effects interplay with microwave-specific effects, which
are employed to accelerate reactions.

Effects on chemical reactions in a microwave environment occur during the application of the microwaves®. This
energy directly acts on the molecules in the chemical reaction. EMS maintains a strong, constant application of
microwave radiation, which can result in significantly greater yields and cleaner reaction profiles as a consequence of
higher energy input under controlled conditions'®. Recently, the merging of two leading green chemistry principles—
the use of microwaves and water as a solvent—has proved to be immensely popular and received great interest®,”,%. A
wide range of new synthetic methodologies have been developed that illustrate innovative chemistries accessible via
microwave irradiation.
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Most organic conversions involve polar or ionic mechanisms, though radical pathways are also common. Microwave
irradiation has been shown to effectively promote radical reactions, and microwave-supported free radical chemistry is
a progressively researched area®. Microwave irradiation is equally applicable to solvent-phase chemistry and to solid-
phase organic synthesis'”.

1. Hydrolysis
Hydrolysis of benzyl chloride using water in a microwave oven yields 97 % benzyl alcohol in 3 min. The hydrolysis
reaction under normal conditions takes approximately 35 min.

Cl \_Q MW.3 min HO
H,0 L@

Benzyl chloride Scheme-1

Benzyl alcohol 97%

The normal hydrolysis of benzamide takes 1 hour. In the microwave irradiation setup, the hydrolysis of benzamide takes
took 7 min, yielded52 99 % benzoic acid yield.

H;N 20% Sulfuric acid Hi}_@
MW 7 min. 0

Benzamide Scheme-2 Benzoic acid 99%

1. Oxidation
Oxidation of toluene with KMnO4 under normal conditions of refluxing takes 10-12 hr reaction in microwave
conditions, which takes only 5 min with a 40 % yield.

O e 9O
Ag.KMnO, + Aq. KOH

Toluene MW 5 min.

Benzoic acid
Scheme-3

A Number of primary alcohols can be oxidized to the corresponding carboxylic acid using sodium ammonium meta
tungstate acts as a catalyst in 30% hydrogen peroxide solution

0

30% H-.0O
“OH 22 | L

Na,WO, , MW R™ OH
Scheme-4

R

1. Esterification
combination of benzoic acid and n- Propanol when heated inside the microwave oven for 6 minutes in the presence of
catalytic amount of conc. Sulfuric acid Propyl benzoate.
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HO c:—/_

+ HO A~ Conc. H,S0,

0

Benzoic acid n-Propanol

MW & min. 0
Scheme-5 Propyl benzoate

1. Decarboxylation
Conventional decarboxylation of carboxylic acids is carried out by refluxing in quinoline. The reactions of chromate and
the yields are low. However, in the presence of microwaves decarboxylation occurs in much shorter time.

H
0 N OH H
- ) MW 12 min. 0 N

O Quinoline V.
6-Methoxy-indol-2-carboxylic acid

Scheme-6 6-Methoxy-indole 99%

1. Cycloadditionl, 3-Dipolar cycloadditions55 are useful reactions in organic synthesis. Cycload performing the
reaction between the azide and the substituted amide in toluene. This reaction was carried out under microwave
irradiation at a power of 120W at 75°C for a period of 1h. The yield of the product obtained was 70-80%.

NH,
NHR  Toluene,MWI /N\N N=
& =—( ooz N. ,)—COOEt
o 120 W,75 C,1h —_—
Simultaneous cooling 70-80%  RHN o=
g o

i Scheme-7

1. N-Acylations56N-Acylations were performed with a secondary amine and an isocyan microwave irradiation (8—10
min), which produced the product in 94% yield.

O O O

MWI,DCM
DJ\/\NH + R2NCO - DJ\/\N/”\NHHE

| 8 to 10 min.,94% |
| HI | HI
Scheme-8

VII. MICROWAVE ASSISTED REACTIONS UNDER SOLVENT-FREE CONDITIONS

There has been an escalating demand for efficient synthetic methods due to growing environmental concerns'®. Solvent-
free conditions have been successfully employed to execute microwave-assisted reactions, offering a pathway to reduce
pollution caused by chemical production®. In this regard, microwaves have become a very important source of energy in
numerous laboratory procedures, enabling cleaner and more efficient transformations'>.
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Microwave-Assisted Solvent-Free Organic Synthesis (MASFOS) has been developed as an environmentally benign
process, as it combines the selectivity of microwave-driven reactions with the significant advantage of eliminating
solvents and minimizing waste*. Since organic solvents are not used at any stage, MASFOS aligns with the core
principles of green chemistry. In today's environmentally conscious research climate, development is strongly directed
toward devising cleaner processes. The drive to mitigate environmental hazards and prevent subsequent degradation has
been instrumental in the rapid evolution of the green chemistry concept, which emphasizes the use of benign reagents
and conditions?.

MASFOS reactions come in three flavours:

1. Reactions of neat reagents

2. Reactions using solid-liquid phase transfer catalysis (PTC)

3. Reactions on solid mineral supports.

For carrying out reactions with neat reactants—i.e., without the use of a solvent or a solid support—at least one of the
reactants at the reaction temperature should normally be liquid®. In such a setup, either the solid is partially soluble in
the liquid phase or the liquid is adsorbed onto the surface of the solid, with the reaction occurring at the interface'’.
There is also another possibility, namely that both reactants are solid. Usually, they melt in the course of the reaction due
to microwave-specific heating mechanisms and subsequently undergo reaction as described®.

Following are the Examples of Microwaves assisted Reactions with neat reactants

1. Aromatic Nucleophilic Substitutions
Formations of Substituted Triazines58,59 Aromatic nucleophilic substitutions are carried out using sodium are the
phenoxide and 1, 3, 5-trichlorotriazine under microwave irradiation (6 min). The formed products, 1, 3,
Striarlyoxytriazines are obtained in 85-90% yields.

O'Na* Cl OAr
. Nl/l'“\“l\.l MWI1,6 min. N/]‘“‘N
m)\mf Cl  85-90% A ro)l\ N')\o .
Scheme-9
O'Na* cl OAr

=

N/l'“\‘“hl MWI,E min. N)*-\
—~

> |
P
N cl 85-90% Arﬂ)\ N OAr

Scheme-9

1. Deacetylation

Aldehydes, phenol, and alcohols can be protected through acetylation. Once product is done under usually acidic or
basic conditions, the reaction takes a long time, and yields are low. The use of microwave radiation results in shorter
times for deacetylation and yields are good.
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CH(OACc)s -~ O
Neutral alumina
MW 40 Sec
Acetic acid acetoxy-phenyl Benzaldehyde
-methyl ester
Scheme-10

VIII. MICROWAVE ASSISTED REACTIONS: REACTIONS EMPLOYING PHASE TRANSFER
CATALYSIS (PTC)

Solid liquid phase transfer catalysis (PTC) has been reported to be an efficient technique in organic synthesis and is
currently being actively investigated'’. This technique is particularly useful for anionic reactions, as it facilitates anionic
activation. A catalytic amount of a tetraalkylammonium salt or a cation-complexing agent is added to a mixture of both
pure reactants. The reactions then occur in the organic liquid phase, which in many cases consists of the electrophilic
reagent (R-X) itself’. The presence of a second, distinct liquid phase is often disadvantageous as it dilutes the reactants
and can decrease reactivity. The electrophile R-X thus serves a dual role: as both the reactant and the organic phase for
the reaction'”.

Follow are the Example of Microwave assisted Reaction using Solid Liquid Phase-
1. O-Alkylation

Preparations of ethers were performed from p-naphthol with benzyl bromide and 1-butyl-3- methylimidazolium
tetrafluoroborate under microwave irradiation (6-12 min), affording the desired compounds in 7590%

oS- SNy g
6-12 min,75-90%

Scheme-11

1. N- Alkylation’s

N-Alkylation’s under microwave irradiation with Phase Transfer Catalysts: A Special Position amongst Methods N-
Alkylation organic chemistry. The synthesis of N-alkyl phthalimides was reported by Bogdal and co-workers
employing Phthalimide, alkyl halides, potassium carbonate, and TBAB; with yields of 45-98

Q o)
HN MWI,RX K5COs .
TBAB,49-95%
o Scheme-12 0

1. Oxidation

Chakraborty described the oxidation of secondary alcohols as well as benzyl alcohols using phase transfer catalysts.
The oxidation of secondary alcohols to acetone-derived compounds was achieved using PCC, tetrabutylammonium
bromide, dichloromethane, using microwave irradiate isolated in 70- 99% yields. The oxidation reactions of benzyl
alcohols were performed using BIFC under microwave irradiation (1-8 min) giving benzaldehyde derivatives in 70-92
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R%/DH PCC,TBAB.MWI Rl O
R2 DCM,6-8 min. ,70-99% \;{i
y i } MWLBIFC X0
OH 1-8 min.70-92%
Scheme-13

IX. MICROWAYVE IRRADIATION IN WASTE MANAGEMENT

Microwave heating is playing an increasingly important role in the treatment of domestic, hazardous industrial, and
nuclear waste'>. Microwave heating can be advantageously used in the waste management field, particularly in cases
where the degradation products from human exposure can cause health problems. The microwave and high-frequency
technology required for handling such hazardous waste is well-developed and ready for use!®. A notable process for the
carbonization of organic wastes to produce activated carbon via microwave heating has been patented by Kasai et al.
Activated carbon can be manufactured from organic wastes such as used paper, wood, and waste plastic with high
carbonization efficiency using microwave heating'®. Furthermore, methods and apparatus for continuous and batch
process treatment of waste have been developed. In such processes, waste materials like automobile shredder waste,
medical waste, ores, and sludge are treated with microwave energy in an anaerobic atmosphere’®.

X. MATERIALS AND METHODS

In microwave-assisted organic synthesis, or MAOS, the materials and methods are designed to accelerate reactions and
improve overall efficiency'!. Dedicated microwave systems are used in the lab to achieve controlled, reproducible
conditions®. The main components include microwave reactors, which come in single-mode configurations for small
volumes (e.g., 0.2 to 5 mL), ideal for lead optimization, or multi-mode for larger batches and parallel synthesis!'!.
Examples include the Smith Creator Optimiser EXP reactor, Milestone MULTISYNTH, and Anton Paar Synthos 3000.
These systems comprise a high-voltage transformer, a magnetron to generate microwaves, a waveguide, a cooling fan,
and a sealed metal reaction cavity'>. Reaction vessels are typically made from microwave- transparent materials like
borosilicate glass or carbon-doped Teflon (Weflon) to promote even heating. Sensors such as fibre-optic probes or dual-
infrared detectors monitor temperature and pressure in real time to prevent overheating or excessive pressure buildup.
Reaction progress is typically monitored using TLC plates with silica gel 60, FT-IR spectrophotometers, and NMR
spectrometers.

For the synthesis of N-substituted pyrrolidine quinolone derivatives (compounds 18 and 19), the process begins with
intermediates 15 and 16. A mixture of 2,5-difluoro-4-(pyrrolidin-1-yl) benzoyl chloride (or its thio analog) and ethyl-3-
(diethylamino) acrylate in acetonitrile is treated with DIEA and heated at 100 °C for 20 minutes under 75 W irradiation
in a sealed borosilicate vial''. Subsequently, for cyclization, the intermediate is treated with cyclopropylamine and
stirred at 60 °C for 10 minutes. Ring closure via nucleophilic attack is achieved by adding DBU (40 mol%) in DMSO
and irradiating at 150 °C for 25 minutes. Purification involves extraction with ethyl acetate, washing with water and
NH4Cl, followed by flash column chromatography using dichloromethane and methanol.

MAOS also serves as a green chemistry alternative for traditional reactions'>. For example, phenacetin synthesis
involves reacting p-acetyl amino phenol with ethyl iodide in absolute alcohol with sodium, irradiated at 340 W for 5
minutes—significantly faster than the conventional 20-minute reflux. Similarly, benzoic acid can be synthesized from
benzanilide with sulfuric acid under 225 W irradiation for 10 minutes (versus 30 minutes conventionally), and p-
acetamidobenzenesulphonyl chloride can be prepared by treating dry acetanilide in chlorosulphonic acid at 340 W for
10 minutes’.
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The efficiency of MAOS stems from physical mechanisms such as dipolar polarization, where polar molecules (e.g.,
water, ethanol, DMF) align with the oscillating electric field, generating heat through molecular friction®. Ionic
conduction contributes similarly, as charged particles move and collide under the field, producing heat. Enhanced
microwave synthesis (EMS) employs simultaneous external cooling (e.g., with compressed air) during microwave
irradiation, allowing for higher constant power input without raising the bulk temperature excessively, often leading to
cleaner reactions and improved yields's.

The distinction between microwave and conductive heating can be illustrated by an analogy: conductive heating is like
warming a house with a fireplace, where heat travels slowly through walls and air, while microwave heating is akin to
everyone in the house generating energy simultaneously through movement, resulting in rapid, uniform heating from
within®.

XI. DYNAMIC RANGE-MICROWAVE INSTRUMENTATION

The term ‘microwave’ is inextricably linked in our modern society with the rapid heating or warming of foodstuffs.
From a synthesis chemistry perspective, what is intriguing is the dynamic range of temperatures provided by today’s
dedicated laboratory microwave instrumentation'®. So far, most research has focused on reactions that require elevated
temperatures. Synthetic transformations heretofore unachievable through conductive heating have recently been
realized using microwaves as the energy source. Low temperature reactions via microwave energy have only recently
been introduced with the key point being that gentler reaction conditions are now a consideration. Gentler reaction
conditions are especially important with respect to biochemical applications in which the preparation of peptides,
peptoids and oligosaccharides are of interest''.

Heating water in a closed container to a point well above its boiling point yields supercritical water. Supercritical water
is less polar and, thereby, a better solubilizing agent for organic precursors’. Moreover, the increasing importance of
water within industry has become a very popular concept within ‘green chemistry’, given that water is a benign
substance within the environment, is generally cost- effective relative to conventional organic solvents, and provides
facile separation of products from the reaction medium’.

XII. MICROWAVE INSTRUMENTATION

The arrival of microwave-assisted organic chemistry was approximately two decades ago. The idea of speeding up
reactions with microwave heating was attractive, but its routine implementation was hampered by the limitations of
available equipment®. Domestic microwave ovens were predominantly used initially, but they are not designed for
chemical synthesis: they lack pressurization, temperature control, stirring capabilities, and their multi-mode chambers
create uneven heating with ‘hot and cold spots’*®.

These properties, particularly problematic for small-scale synthesis, led to reproducibility issues. Safety was also a
primary concern, as the use of volatile organic solvents posed explosion and fire hazards. These limitations
significantly hindered the adoption of microwaves as a reliable heat source before dedicated laboratory equipment
became available'®.

The emergence in 2001 of ‘single-mode’ microwave reactors, designed for small-scale (0.2 mL to 5 mL) synthetic
chemistry, rekindled interest in MAOS within the pharmaceutical industry''. These dedicated instruments integrated
essential features for controlled and reliable synthesis: a uniform microwavee field, magnetic stirring, and sensors for
pressure and temperature to precisely control microwave power®.

MAOS has garnered elevated attention for process development in recent years. The major methods that have gained
widespread attention are stop-flow/batch processing and continuous flow. In batch processing, reagents are pumped
into the reactor, the reaction proceeds under set parameters, and the mixture is then pumped out for collection. For
multi-gram or kilogram-scale synthesis, this batch cycle is repeated to obtain the desired quantity®.
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In continuous flow systems, the reaction mixture is pumped continuously through the microwave cavity. Maximum
production depends on optimizing the residence time in the reactor. This technology has seen mixed success, as
significant challenges exist in processing heterogeneous mixtures or viscous materials with current flow equipment®.
Optimal solutions for large-scale MAOS process chemistry are still in development.

Safety is a paramount consideration, especially when using electromagnetic radiation for rapid heating in closed vessels.
Suppliers have addressed these concerns by developing explosion-proof reactors with automatic shutdown systems for
overheating or over-pressure events. While multi-mode instruments were the first platforms for MAOS, modern
laboratory-scale multi-mode instruments with integrated safety features, temperature, and pressure feedback are now
appropriate, particularly for larger-scale reactions'.

Instruments developed for MAOS are now being applied in biosciences. This includes peptide synthesis, proteomics,
and drug metabolism and pharmacokinetics (DMPK)!!. Publications in proteomics have illustrated the potential of
MAOS instruments to accelerate tryptic digests, reducing the required time from hours to minutes. High-throughput
proteomics may further drive the design of plate-based instrumentation to streamline workflows!!.

XIII. SYNTHESIS

Microwave-assisted organic synthesis, or MAOS, utilizes specialized equipment and reagents to significantly accelerate
reaction rates'!. Fundamentally, MAOS is about harnessing microwave energy to drive reactions faster and more
efficiently®. A helpful analogy contrasts the mechanisms: conductive heating is like warming a house with a single
fireplace, where heat must travel slowly through walls and air, while microwave heating is akin to every occupant
generating heat simultaneously through motion, leading to rapid, uniform heating from within®.

Practically, this requires dedicated microwave systems to maintain precise, reproducible control. Modern reactors are
categorized as single-mode, optimized for small volumes (0.2-5 mL) ideal for lead optimization, or multi-mode,
designed for larger batches and parallel synthesis'!. Commercial examples include the Smith Creator Optimiser EXP,
Milestone MULTISYNTH, and Anton Paar Synthos 3000. Their core components are a high-voltage transformer, a
magnetron to generate microwaves, a waveguide, a cooling fan, and a sealed metal reaction cavity'®. Reaction vessels are
typically constructed from microwave-transparent materials like borosilicate glass or carbon-doped Teflon (Weflon) to
ensure even heating. Real-time monitoring is achieved via fibre-optic or dual-infrared sensors for temperature and
pressure, preventing unsafe conditions. Standard analytical techniques like TLC (silica gel 60), FT-IR, and NMR
spectrometry are used to monitor reaction progress.

A specific application is the synthesis of N-substituted pyrrolidine quinolone derivatives (compounds 18 and 19)!2, The
process begins with the formation of intermediates 15 and 16 by reacting 2,5-difluoro- 4-(pyrrolidin-1-yl) benzoyl
chloride (or its thioyl analog) with ethyl-3-(diethylamino)acrylate in acetonitrile. After adding DIEA, the mixture is
irradiated at 100°C for 20 minutes (75 W) in a sealed borosilicate vial. Subsequent cyclization involves treatment with
cyclopropylamine at 60°C for 10 minutes, followed by ring closure using DBU (40 mol%) in DMSO under irradiation
at 150°C for 25 minutes. Purification entails extraction with ethyl acetate, washing with water and NH4Cl, and flash
column chromatography (dichloromethane/methanol).

Advanced techniques like Enhanced Microwave Synthesis (EMS) employ simultaneous external cooling (e.g., with
compressed air) during microwave irradiation. This allows for the application of higher microwave power without a
proportional increase in bulk temperature, often resulting in cleaner reaction profiles and improved yields'®.

From a green chemistry perspective, MAOS offers faster, more efficient versions of traditional reactions’. For instance,
phenacetin synthesis from p-acetyl amino phenol and ethyl iodide in absolute alcohol with sodium is completed in 5
minutes at 340 W, compared to a 20-minute reflux. Similarly, benzoic acid synthesis from benzanilide with sulfuric acid
takes 10 minutes at 225 W versus 30 minutes conventionally. The preparation of p-acetamidobenzenesulphonyl chloride
from dry acetanilide in chlorosulphonic acid is also reduced to 10 minutes at 340 W*. Overall, MAOS methodologies
prioritize efficiency and control, with modern instrumentation managing the critical parameters of energy delivery and
reaction environment.
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XIV. APPLICATION

1. Microwave-assisted organic synthesis, or MAOS, has significantly transformed pharmaceutical research. It
accelerates chemical reactions and facilitates the discovery of new bioactive compounds'’,'2. This section will
review experimental results and discuss the underlying theoretical principles.

2. Comparative data consistently shows that MAOS outperforms traditional conductive heating in both reaction speed
and product yield*. For example, the synthesis of pyrimidine analogues via microwave irradiation achieves yields
of 77-82% in under 10 minutes, whereas conventional methods require 4—8 hours for yields of only 56-61%". A
similar enhancement is observed in oxadiazole synthesis, which completes in 10—12 minutes with 75-85% yield,
compared to 89 hours for 55-66% yield using classical methods.

3. Such dramatic time savings are particularly impactful for constructing compound libraries. In one case, a 4-acyl-
1,2,3,4-tetrahydroquinoxalin-2-one library was synthesized via MAOS in 2 working days with an 88% overall
yield. The conventional approach required 37 days and yielded only 4%, representing an approximately 18-fold
increase in productivity and illustrating the compelling advantage of MAOS!!,

4. MAOS also excels in synthesizing targeted therapeutics. For instance, an intermediate (15) for anti- HIV quinolone
derivatives was obtained in 85% yield after 20 minutes of microwave irradiation, compared to a 35% yield after 48
hours of batch reflux'?. In green chemistry applications, aspirin synthesis proceeds in over 80% yield using
microwaves. Other transformations, such as the synthesis of benzoic acid or p-acetamidobenzenesulphonyl
chloride, are reduced from a 30-minute reflux to a 10-minute irradiation’,*.

5. In drug discovery, MAOS enables the rapid identification of lead compounds. For anti-tubercular agents,
heterocyclic scaffolds prepared under microwave irradiation demonstrated promising activity against
Mycobacterium tuberculosis. Thiadiazole derivatives exhibited a Minimum Inhibitory Concentration (MIC) of 3.14
pg/mL, while pyrazoline analogs showed even greater potency at 3.12 ug/mL, comparable to streptomycin'2.

6. Anti-HIV activity has been reported for N-substituted pyrrolidine quinolone derivatives (compounds 18 and 19),
which displayed ICso values of 15.20 and 14.26 uM against HIV-1 replication!?. In kinase inhibitor research,
automated MAOS was used to rapidly optimize allosteric AKT inhibitors, leading to a lead compound with
nanomolar activity and improved cell membrane permeability*!.

7. MAOS has also accelerated the development of plasmepsin inhibitors for malaria, where Suzuki cross-coupling
reactions were completed in 20 minutes instead of days, yielding selective inhibitors that do not bind to human
Cathepsin D'.

8. The superior efficiency of MAOS stems from its fundamental heating mechanism. Unlike traditional conductive
heating, which transfers energy through vessel walls and can create destructive hot spots, microwave irradiation
delivers energy internally by directly interacting with polar molecules®.

9. Heat generation in MAOS occurs primarily through two phenomena: dipolar polarization and ionic conduction®.
Dipolar polarization involves the rapid reorientation of polar molecules with the oscillating electric field,
generating heat through molecular friction. Ionic conduction contributes additional heat through the accelerated
motion and collisions of charged particles, particularly in ionic media or aqueous solutions.

10. Microwave irradiation can create a non-equilibrium state where the instantaneous, localized temperature at the
molecular level is significantly higher than the measured bulk temperature. This "molecular overheating" can
provide the activation energy to drive reactions up to 1000 times faster than conventional methods®,’.

11. Enhanced Microwave Synthesis (EMS) is an advanced technique where simultaneous external cooling (e.g., with
compressed air) is applied during microwave irradiation. This allows for higher microwave power input without a
proportional rise in bulk temperature, often resulting in cleaner reaction profiles and improved yields'®.

12. Despite its advantages, MAOS faces challenges for large-scale pharmaceutical manufacturing. Most published
work is conducted on a small scale (<1 g). Scaling to hundreds of kilograms is difficult due to challenges in
achieving uniform heating in large volumes'.

13. The high capital cost of dedicated microwave reactors, ranging from $15,000 to $100,000, is a barrier compared to
conventional heating setups. Furthermore, the adoption of MAOS in regulated environments requires the
development of standardized protocols and rigorous validation to ensure safety, reproducibility, and product
quality’e.

14. The future of MAOS lies in its continued alignment with green chemistry objectives. This includes further
development of solvent-free (neat) reactions and the expanded use of water as a benign reaction medium,
enhancing the sustainability profile of synthetic chemistry’,?.
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XV. PHARMACEUTICAL APPLICATIONS

Medicinal Chemistry The ‘single-mode’ microwave systems were initially developed with the specific needs of
medicinal chemists in mind'!. The capacity for small-scale reactions (0.2—5 mL) is particularly useful for the rapid
optimization of lead compounds. The ability to quickly scout a wide range of reaction conditions via microwave
irradiation, compared to conventional methods, has proven invaluable for the identification and development of New
Chemical Entities (NCEs)'.

Initially, the adoption of this technology was more prominent within discovery and parallel synthesis teams. These
teams typically operate with a higher degree of automation compared to traditional medicinal chemistry laboratories.
The centralized positioning of such teams and their instruments within research facilities facilitated resource sharing and
helped drive the initial adoption of microwave technology.High-throughput chemistry and parallel synthesis The mid-
1980s witnessed the emergence of combinatorial chemistry as a new field. While early "mix and split" methods for
generating compound pools have largely been superseded, the pharmaceutical industry's focus on synthesizing discrete,
single chemical entities for high-throughput screening remains!!.

High-throughput synthesis methodologies leverage the automation, parallel sample handling, and rapid purification
techniques refined during the combinatorial chemistry era. These methods form an ideal foundation for implementing
Microwave-Assisted Organic Synthesis (MAOS) in both high-throughput and parallel synthesis contexts''.

The integration of pick-and-place automation with a microwave energy source enables high-throughput chemistry or
efficient serial reaction processing. Most modern ‘single-mode’ instruments are equipped with these capabilities. This
approach is commonly employed in shared-resource parallel synthesis or medicinal chemistry laboratories where
microwave instrumentation is utilized by multiple researchers!!.

Such high-throughput MAOS can be conducted using microtiter plates or systems where arrays of sealed reaction
vessels are mounted on rotors. The chemical space accessible via this technique is broad, encompassing diverse structures
from heterocycles to peptides!!,'2.

XVI. LIMITATIONS

1. Microwave-assisted organic synthesis offers significant benefits in speed and efficiency compared to conventional
methods®. However, several challenges arise, particularly when considering its

2. application on a larger scale or in industrial settings. Scalability remains one of the most substantial limitations®,'e.

3. The majority of reported MAOS examples are performed on a very small scale, typically less than a gram or a few
milliliters of reaction mixture!!. Achieving uniform heating becomes increasingly difficult when scaling up to
manufacturing volumes. Microwave energy does not distribute evenly in large reactors, analogous to but more
problematic than the "hot and cold spots" in a domestic oven. There is a notable gap in documented cases of
MAOS being used for production-scale synthesis exceeding thousands of kilograms.

4. Continuous flow microwave systems, a proposed solution for scale-up, encounter difficulties with heterogeneous
mixtures or viscous fluids, limiting their current application. As a result, no optimal large-scale process chemistry
solution using MAOS is yet established, and the technology remains predominantly at the laboratory scale'.

5. Technical constraints also present hurdles. Microwave irradiation efficiently heats only polar substances, leaving
non-polar materials largely unaffected®. Furthermore, solvent absorption characteristics vary greatly; some absorb
energy too effectively or unpredictably, making them suboptimal for MAOS. In multi-mode reactors, the chaotic
reflection of waves creates areas of uneven heating (hot and cold spots), leading to inconsistent results and variable
yields unless sophisticated, dedicated equipment is employed'®.

6. Throughput presents another limitation. Although individual reactions are fast, sequentially automating the
synthesis of very large compound libraries (e.g., thousands of members) can still result in considerable total
processing time, making it less feasible for the largest sets.

7. Significant safety risks must be managed. Reactions are often performed in sealed vessels to achieve high
temperatures, but rapidly surpassing a solvent's boiling point can lead to dangerous pressure buildup, risking vessel
rupture or explosion'. The use of volatile compounds exacerbates these hazards. Specialized equipment, such as
explosion-proof reactors with automatic pressure and temperature shutdown systems, is essential to mitigate risks
associated with electromagnetic irradiation and overheating'.
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8. The economic aspect is also challenging. Dedicated laboratory microwave reactors represent a major capital
investment, costing between $15,000 and $100,000, which is substantially more than traditional heating setups'®.
For chemists accustomed to conventional methods, adopting MAOS requires a significant shift in mindset and time
to learn how to translate standard reaction conditions to microwave protocols.

9. Accelerating the synthesis step alone offers limited benefit if downstream processes like purification, isolation, and
biological testing cannot keep pace. The overall drug development timeline may not see proportional gains.
Furthermore, regulatory authorities require extensive validation of new methodologies like MAOS to ensure
consistent quality and safety, potentially creating delays in the path to market®.

10. In summary, relying on microwave synthesis for large-scale industrial drug production faces considerable hurdles.
The analogy of using a high-end home toaster to feed an entire stadium is apt: while it performs excellently for a few
slices quickly and evenly, attempting to scale it for thousands results in operational failure.

XVII. FUTURE PROSPECTS

The advantages of using microwaves as an energy source for synthesis reactions have been well-documented in various
studies®.

However, as with many new technologies, there are still potential challenges and the rate at which this method is being
adopted needs to be examined. The use of microwave equipment represents a major change in the way synthetic
chemists conduct their work. Until recently, most academic labs did not commonly use this technique®. As a result,
moving to microwave-based methods requires a significant change in thinking and practice. There is also a noticeable
learning curve, which involves both mastering the operation of microwave systems and adapting traditional reaction
conditions to optimized microwave procedures'!,°.

The increasing number of published examples, established best practices, and user-friendly commercial tools has made
the shift from conventional to microwave heating considerably easier.

Despite this, a critical question remains, particularly in the industry: is this technology being used to its full extent? The
pharmaceutical industry is under constant pressure to improve R&D efficiency. Microwave-assisted organic synthesis
(MAOS) is highly attractive in this context, as it can significantly speed up the creation of new chemical entities
(NCEs)'.

However, chemical synthesis is just one part of the drug development process. Improving synthesis through MAOS
must be accompanied by parallel improvements in downstream processes. Any increase in the speed of synthesis must
be matched by equally effective methods for purification, isolation, and characterization?®. The development of reliable
MAOS tools for large-scale production and manufacturing is still in its early stages, but will become increasingly
essential'c.

The average time to develop a new pharmaceutical drug is currently 12 to 15 years. Although the field of MAOS has
seen rapid growth, it may still be too early to identify clinical candidates whose synthesis is specifically reliant on
microwave heating. The complete integration of MAOS into the entire drug development process is still an ongoing
effort.

XVIII. CONCLUSION

Microwave-assisted organic synthesis, or MAOS, started out as a novel laboratory technique but has evolved into a
standard tool in both pharmaceutical research and academic settings''. Its unique mechanism of dielectric heating,
which delivers energy directly into the reaction mixture, is what fundamentally distinguishes it from conventional
methods, often accelerating reactions by several orders of magnitude—turning processes that once required hours or days
into ones completed in minutes or seconds®. A critical contribution of MAOS is its transformative role in drug discovery.
It has become a principal method for generating lead compounds, efficiently advancing hits to leads and optimizing
them''. This enables chemists to rapidly explore reaction conditions, access novel chemical space, and investigate
biologically relevant but synthetically challenging compounds?,'’,'2.

Furthermore, MAOS aligns strongly with the principles of green chemistry®. It facilitates reactions under solvent-free
conditions or with benign solvents like water, while also offering substantial energy savings—reportedly up to 85-fold
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on a small scale®®. By minimizing waste, improving atom economy, and reducing the use of hazardous substances,
MAOS represents a significant step toward more sustainable synthesis’,.

The application of MAOS is also expanding beyond traditional organic synthesis into the life sciences. Referred to as
microwave-assisted life sciences, it is now employed to streamline the synthesis of complex biomolecules like peptides
and carbohydrates''. In proteomics, for example, it has reduced tryptic digestion times from hours to minutes while
improving protein coverage, highlighting its utility beyond simple organic transformations!.

However, scalability remains a significant challenge. While MAOS excels at the bench scale, from to gram quantities,
achieving uniform heating in large volumes is difficult. To date, there are no well- documented examples of its use in
industrial production exceeding 1000 kg, indicating a current limit to its manufacturing application’®,.

Looking forward, the integration of MAOS with continuous flow technologies, robotics, and automated synthesis
platforms promises to further accelerate research throughput'®. Although the initial investment in equipment is higher
than for conventional setups, the profound gains in speed and efficiency position microwave heating to become the
default methodology in many laboratories.

In summary, microwave technology has profoundly enabled and reshaped organic chemistry, though its implementation
in large-scale manufacturing is still developing. Its full potential continues to unfold, albeit at a varied pace across
different applications. Adopting MAOS in the lab is analogous to transitioning from traditional mail to high-speed fibre-
optic internet: the established method eventually delivers, but the new technology provides immediate results, greater
capacity, and enables possibilities previously difficult to conceive.

REFERENCES

1. Kappe, C. O., & Dallinger, D. (2009). Controlled microwave heating in modern organic synthesis. Nature Reviews
Chemistry, 3(11), 1-19. A comprehensive review on microwave-assisted synthesis principles and applications.

2. Gedye, R., Smith, F., Westaway, K., Ali, H., Baldisera, L., Laberge, L., & Rousell, J. (1986). The use of
microwave ovens for rapid organic synthesis. Tetrahedron Letters, 27(3), 279-282. One of the pioneering papers
on microwave-assisted organic synthesis.

3. Anastas, P. T., & Warner, J. C. (1998). Green Chemistry: Theory and Practice. Oxford University Press.
Foundational text on the 12 principles of green chemistry.

4. Lidstrdm, P., Tierney, J., Wathey, B., & Westman, J. (2001). Microwave assisted organic synthesis—areview.
Tetrahedron, 57(45), 9225-9283. Early and extensive review on microwave-assisted organic reactions.

5. Strauss, C. R., & Trainor, R. W. (1995). Developments in microwave-assisted organic chemistry.
AustralianJournal of Chemistry, 48(10), 1665-1692. Discusses the development and applications of microwave
synthesis.

6. Kappe, C. O. (2004). Controlled microwave heating in modern organic synthesis. Angewandte Chemie\
International Edition, 43(46), 6250-6284. Detailed overview of microwave heating mechanisms and synthetic
applications.

7. Polshettiwar, V., & Varma, R. S. (2008). Aqueous microwave chemistry: a clean and green synthetic tool for rapid
drug discovery. Chemical Society Reviews, 37(8), 1546—1557. Focus on water as a green solvent in microwave-
assisted synthesis.

8. Roberts, B. A., & Strauss, C. R. (2005). Toward rapid, “green”, predictable microwave-assisted synthesis.
Accounts of Chemical Research, 38(8),653—661. Highlights the predictability and green aspects of microwave
synthesis.

9. De la Hoz, A., Diaz-Ortiz, A., & Moreno, A. (2005). Microwaves in organic synthesis. Thermal and non-thermal
microwave effects. Chemical Society Reviews, 34(2), 164—178. Discusses thermal vs. non-thermal microwave
effects in organic reactions.

10. Baghbanzadeh, M., Carbone, L., Cozzoli, P. D., & Kappe, C. O. (2011). Microwave-assisted synthesis of colloidal
inorganic nanocrystals. Angewandte Chemie International Edition, 50(48), 11312—11359.

Includes microwave applications in nanomaterials and drug delivery systems.

11. Mavandadi, F., & Pilotti, A. (2006). The impact of microwave-assisted organic synthesis in drug discovery. Drug

Discovery Today, 11(3—4), 165-174. Review on the role of microwave synthesis in pharmaceutical R&D.

IJIRSET © 2026 [10.15680/1JIRSET.2026.1501946| 284




A Y SR
J I RSET [SSI\I (Oliline).: 2319 - 8753
ISSN (Print) : 2347 - 6710
International Journal of Innovative Research in Science, Engineering and Technology
International Conference on Emerging Technologies and Pharmaceutical Research (ICETPR 2026)

17-18 January 2026
Indala College of Engineering, Polytechnic & Pharmacy, Kalyan, MH, India

|[Volume 15, Special Issue 1, January 2026|

12. Santagada, V., Perissutti, E., & Caliendo, G. (2002). Microwave-assisted synthesis: a rapid and efficient route to
prepare heterocyclic compounds. Current Medicinal Chemistry, 9(13), 1251 1283.

13. Focus on heterocyclic synthesis for drug development using microwaves.

14. Horikoshi, S., & Serpone, N. (2013). Microwaves in Catalysis: Methodology and Applications. Wiley-VCH.

15. Covers catalytic and green chemistry applications of microwave technology.

16. Leadbeater, N. E. (2010). Microwave Heating as a Tool for Sustainable Chemistry. CRC Press.

17. Discusses sustainability and green chemistry in microwave-assisted reactions.

18. Caddick, S., & Fitzmaurice, R. (2009). Microwave enhanced synthesis. Tetrahedron, 65(17), 3325-3355.

19. Review on microwave-enhanced reaction methodologies.

20. Niichter, M., Ondruschka, B., Bonrath, W., & Gum, A. (2004). Microwave assisted synthesis— a critical
technology overview. Green Chemistry, 6(3), 128-141. Critical overview of microwave technology in
sustainable synthesis.

21. Kumar, D., & Chandra, R. (2012). Microwave assisted synthesis of bioactive heterocycles. Journal of Chemical
Sciences, 124(2), 295-305. Focus on bioactive heterocycle synthesis using microwaves.

22. Gupta, M., Paul, S., & Gupta, R. (2010). General introduction to microwave-assisted organic synthesis. In
Microwave-Assisted Organic Synthesis: A Green Chemical Approach (pp. 1-20). Narosa Publishing House.
Introductory chapter on microwave-assisted green synthesis.

23. Bose, A. K., Manhas, M. S., Ganguly, S. N., Sharma, A. H., & Banik, B. K. (2002). MORE chemistry for less
pollution: applications for process development. Synthesis, 11, 1578—1591. Discusses process development and
pollution reduction using microwaves.

24. J. D., & Kappe, C. O. (2011). A critical assessment of the greenness and energy efficiency of microwave-assisted
organic synthesis. Green Chemistry, 13(4), 794—806. Critical analysis of energy efficiency and green metrics in
microwave synthesis.

IJIRSET © 2026 [10.15680/1JIRSET.2026.1501946| 285




INTERNATIONAL '
I \' ‘ STANDARD INNO SPACE
\ SERIAL
NUMBER —
SJIF Scientific Journal Impact Factor
' INDIA e

INTERNATIONAL JOURNAL
OF INNOVATIVE RESEARCH

IN SCIENCE | ENGINEERING | TECHNOLOGY

@ 9940 572 462 (B 6381 907 438 [ ijirset@gmail.com | e

Ww.ijirset.com



	ABSTRACT: In pharmaceutical research, making drug molecules is a big deal, but traditional ways to do it often take way too long. They use a lot of energy and tons of organic solvents that are bad for people and the planet. It feels like there's a rea...
	I. INTRODUCTION
	II. PRINCIPLES OF MICROWAVE ACTIVATION
	III. HISTORY OF THE DEVELOPMENT OF MICROWAVE TECHNOLOGY
	IV. MICROWAVE HEATING VS CONDUCTIVE HEATING
	V. KINDS OF MICROWAVE ASSISTED ORGANIC REACTIONS
	VI. MICROWAVE-ASSISTED REACTIONS WITH SOLVENTS
	VII. MICROWAVE ASSISTED REACTIONS UNDER SOLVENT-FREE CONDITIONS
	VIII. MICROWAVE ASSISTED REACTIONS: REACTIONS EMPLOYING PHASE TRANSFER CATALYSIS (PTC)
	IX. MICROWAVE IRRADIATION IN WASTE MANAGEMENT

	X. MATERIALS AND METHODS
	XI. DYNAMIC RANGE-MICROWAVE INSTRUMENTATION
	XII. MICROWAVE INSTRUMENTATION
	XIII. SYNTHESIS
	XIV. APPLICATION
	XV. PHARMACEUTICAL APPLICATIONS
	XVI. LIMITATIONS
	XVII. FUTURE PROSPECTS
	The advantages of using microwaves as an energy source for synthesis reactions have been well-documented in various studies⁶. However, as with many new technologies, there are still potential challenges and the rate at which this method is being adopt...
	The increasing number of published examples, established best practices, and user-friendly commercial tools has made the shift from conventional to microwave heating considerably easier.
	Despite this, a critical question remains, particularly in the industry: is this technology being used to its full extent? The pharmaceutical industry is under constant pressure to improve R&D efficiency. Microwave-assisted organic synthesis (MAOS) i...
	XVIII. CONCLUSION
	REFERENCES

