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Abstract:

Green world is the need of the time to save the earth. In the field of synthetic chemistry, there is a
need to introduce safer, environment friendly reactions with modification in routes and alteration in
use of instrumentation. The microwave assisted synthesis is one of best method to achieve faster
product reaction along with efficiency. This review article includes information about various
microwave synthesis, comparison between traditional method and microwave assisted synthetic route
and benefits of microwave assisted synthetic routes over regular reported methods. It also adds

constructive information and awareness about atom economy of the process by using radiations.
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Introduction:

Chemical industry is one of the key elements in leading industrial world. This industry has very key role to play
when it comes to major impact on environment as well as economy of any sector. All industries are already
spending lot of capital investment in research and development, production unit and finally in quality control
department. Most of the reactions use costly chemicals, instrumentation, analysis and purification of the
products. In many chemical reactions by using traditional path of designing, chemical synthesis, analysis cycle,
it is observed that reactions end up with less yield, time required to achieve the product is high. Reaction
conditions are critical with respect to maintain the temperature and pressure and assemble required is huge.
Time to time monitoring is required to complete the process. Overall impression for such processes is negative.
To overcome all the factors, we need to find an alternate route of synthesis which is more beneficial as
compared to traditional route. Sir Paul Anaesthese suggested concept of green chemistry 1. According to his
concept of green chemistry, there must be minimum use of chemicals and reagents, reaction conditions should
be easy to maintain, lesser use of solvent or if possible solvent free reaction, minimum time required to
complete the process and many more!?l.in 1991, scientist Trost had suggested concept of atom economy!. This
concept had included maximum conversion of staring material in product without byproduct formation or with
minimum byproduct formation. The microwave assisted synthesis fits with maximum parameters of green

chemistry. Temperature maintenance is less. Time required for synthesis is minimum U1 As a result, it saves
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energy and cost of reaction. Most of the reactions are solvent free ). If solvent required is polar like water 11,
As a result, uniform heating and purity of product is better. Isolation of product is easier as minimum chance of
byproduct formation 1 All the factors improve selectivity and sensitivity of the process. Therefore, microwave
assisted synthesis is more advantageous over a traditional route 1

Now a day’s microwave assisted synthesis is becoming more popular because of above mentioned parameters. It
is used in all types of chemical industries for better and efficient productivity. Pharmaceutical and medical
industries are taking more advantage of these new synthetic routes. Many antitumor drugs (191 pioactive
compounds (1 are prepared using this technique.

This paper is an effort to summarize overall review of the microwave assisted synthesis in chemical process and

its corresponding advantages.
Synthesis and review:
Metal oxide synthesis -

Jesus Prado-Gonjal, Rainer Schmidth and Emilio Moran prepared metal oxides and nano material using
microwave irradiation using heat energy as a source.*? For preparation solid solid state synthesis, single mode
solid state microwave and microwave assisted hydrothermal methods are used. Concept of soft chemistry is
used for the synthesis. It includes reaction at low temperature, intercalation, ion exchange, hydrolysis and redox
reaction. Fast chemical process is used for preparation of lanthanide complex By using sms CaTMO;3;
complexes are prepared of Al, Cr, Mn, Fe Co using all required components with 5% weight of carbon black
under microwave irradiation for 30 minutes. In traditional route it requires high temperature about 3000% and
for about 24 hrs.

Carbon black helps thermal adsorption material to increase the kinetics of reaction. It was observed that
excessive irradiation did not yield crystalline material. All these materials used as solid oxide fuel cell, as
membrane for separation reaction, gas sensors in automobiles, magneto resistive material. Rare earth pyrochlore
oxide compounds are synthesized with fast speed from nitrates in 20 minutes microwave irradiation followed by
calcination.Material obtained by this method is nano sized, high homogeneity and sponge like structure.
Ba,MngO,6, LaCrO3 Perovskite are prepared by single mode solid state microwave synthesis. Instruments used
for heating was polarized and exhibits range amplitude across the cavity. Electric, magnetic fields were well
defined, stable under operational condition.Ba,MnO;¢ material shows antiferromagnetism with semi conductive
property. It is prepared with mixture of Ba(NO3), Mn,0O3, KCI for 5 minutes in silica crucible under microwave
irradiation. In traditional method temperature maintained was 850°C for 72 hours and in other reported method
900°C for 48 hours.LaCrO3 pervoskite is prepared in 2 minutes with microwave irradiation starting from
nitrates in SMMR. Solid state reaction works on diffusion of row material at their interfaces whereas
hydrothermal or solvothermal reaction, the reaction ions or molecules works in solution. It affects morphology
of compound and speed of reaction.H,v30g material prepared using this technique at 120°C per minute and at
200°C with 20ml water used as solvent gives wire like structure and it used as semi conductive material as

compared to quartz material more suitable to prepare.
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Antioxidant synthesis -

Microwave assisted extraction of natural antioxidants from the exotic Gordiania axillaries fruit:
optimization and identification of phenolic compounds.

Antioxidants plays vital role in digestive system therefore synthesis of such material is important. Many
antioxidants are extracted from natural source. One of them is Gordiania axillaris fruit.

Gordianiaaxillaris fruit contains antioxidants and phenolic compounds which shows anticancer, anti stomach
ache activity.YaLi, Sha Li, Sheng-Jun Lin, Jiao-Jiao Zhang, Cai-Ning Zhao and Hua-Bin Li microwave assisted
extraction of Gordania axillaris fruit to study the antioxidant properties**Comparison between traditional
methods like use of maceration and soxhlet extraction is carried out. In MAE method, results are much better
which shows shorter time for extraction and lower temperature conditions. At high temperature antioxidants or
bioactive compounds may under goes decomposition. If extraction time increases, then also biodegradation of
compounds occurs. In soxhlet method, 0.500g of powdered fruit was wrapped in whatmann filter paper and
placed under soxhlet extractor with ethanol for 4 hours and 95°C temperature. In maceration extraction 0.500 g
powder placed in centrifuge tube with 36.89% ethanol for 24 hours at 25°C.By using microwave assisted
synthesis for0.500g of powder with ethanol at 40°C just for 75 minutes at 500W microwave better extraction is
achieved. Microwave has dual influence on extraction because it accelerates solvent movement, cell rupture and

diffusion of extractives into solvent.

Anticancer drug -
Microwave assisted synthesis of Imidazo [4,5-f][1,10] phenanthroline derivatives as apoptosis
inducers in chemotherapy by stabilizing Bcl-2 G-quadruplex DNA

Cancer is one of the major life threatening diseases. Li Li, Jie-Qiong Cao, Hui- MIN Liu and co-workers worked
on anticancer drug preparation through microwave synthesis.**The series of Imidazo [4, 5-f][1,10]
phenanthroline derivatives, phenanthroline were synthesized. Nitro, trifloro, trichloro, hydroxyl derivatives are
prepared at 100°C for 20 minutes and yield obtained about 90%. Rapid temperature setting, higher stability with
constant pressure this process proves to be more advantageous as compare to traditional methods.1,10-
phenanthroline-5,6-dione (315.06 mg), 3-nitrobenzenaldehyde(339.6 mg), ammonium acetate(4g), glacial acetic
acid(20 ml) at 100°C for 20 minutes irradiated with microwaves. After 20 Minutes, add 20 ml of water at pH7
followed by filtration and drying process, which results in formation of yellow precipitate. This compound
exhibit good anticancer activity against breast cancer, lung cancer, esophageal cancer by killing cancer cells,
inhibiting growth of a549 cells, binding and stabilization to bcl-2-G-quadruplex DNA.

Uric acid de-crystallization -
De-crystallization of crystals using gold nano bullets and the metal assisted and microwave-
accelerated de-crystallization technique.

Saturation of uric acid across muscles and joints end up with chronic disorders like gout. It is caused by
improper renal filtration and decreases metabolism rate of digestive system. Traditional treatment methods

against disease gout have major side effects like gastrointestinal toxicity, renal toxicity, gastrointestinal toxicity,
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gastrointestinal bleeding and multiple organ failure. In some cases, Sevier side effects are also observed. Patient
ends up with coma and may be followed by death. Nishone Thompson, Zainab Boone-Kukoyi did research on
microwave assisted de-crystallization of uric acid and alanine responsible for gout (28] BExperiment is based on
evaporation time, size of crystals and concentration of crystals to de-crystallization of the uric acid. In this work
de-crystallization is carried out using two different ways, one with use of gold silver particles and another is
without use of gold silver particles. It was observed that uric acid in presence of Ag/Au nano particles shows
faster de-crystallization as compare to without these metal ions. Gold particles show better effect than silver
because gold has good thermal stability than silver. In presence of gold nano particles rate of de-crystallization
is very high because of irradiation collision energy of culture increases as gold particles bombards on each
another and on crystals of uric acid as well. It increases kinetics of process as well as decreases concentration of
crystals. It was observed that mediational microwave was more effective than domestic as it is designed for

thermal ablation of tissue which controls their denaturization.

Bioactive compound -

Microwave assisted synthesis and antifungal activity of some novel thio ethers containing 1, 2,4-Triazole
moiety.

Phenoxy ion containing compounds shows key interest for antifungal, antibacterial and antiherbicide activity.
According to rule of bioisostere replacement of oxygen by sulfur improves bioactivity therefore thio compound
synthesis is more important. Among all heterocyclic compounds sulfur and nitrogen containing heterocyclic
systems shows effective anticancer, anti-inflammatory, antioxidants, antiherbicide, antifungal, antitumor
activity. Compounds containing phenolic ring and sulfur provide potential design for drug against microbes. The
scientist Jing Min, Yan-Xia shi and group had communicated in their research comparison between traditional
and microwave assisted synthesis of heterocyclic compounds (181 1 this paper it was communicated synthesis of
1, 2, 4-triazole and thio ether compounds showing good antifungal activity. In traditional synthesis it was
prepared by using 4-chlorophenol and 2- ethyl 2- chloro acetate in presence of KI, DMF and K,CO;3 It is
multistep synthesis under room temperature condition for 24 hours. Same compound was prepared under

microwave condition at 90°C in presence of NaOH/ DMF/ H20 with few steps in 10 to 20 minutes.

Ester Synthesis -
Microwave assisted synthesis of Cinnamyl long chain aroma esters.

Marta Worzakowska had synthesized Cinnamyl long chain aromatic esters.7)Aroma compounds play key role
in food, pharmacy, cosmetic, chemical industry. Ester shows characteristic aromatic property. These aroma
compounds are derived from natural plant extract. On account of operational cost we end up with low yield of
extract. In traditional synthesis, we required variety of chemicals and organic solvents. Proposed ester was
prepared conventionally by using Cinnamyl alcohol, acid anhydride, diol and catalyst at 140°C in thermostatic
oil bath under reduced pressure for the period of 30 to 65 hours. Therefore, we need to find an alternative route
for synthesis. However, by using same chemicals and temperature conditions in microwave it was prepared just

within 10 to 20 minutes. It resulted in drastic reduction in time for required preparation.
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Antifungal antitumor drug -

Microwave assisted synthesis of Naval Pyrazolo [3,4-g][1,8] naphthyridin-5-amine with potential
antifungal and antitumor activity.

Cancer is complex and critical disease and multidrug therapy is used for the treatment. Synthesis of such drug
involved multiple stage synthesis which ends up with minimum yield, potential toxicity and higher side effects.
Drug toxicity is major issue because of enantiomer formation. However, by using microwave route the problem
was resolved along with yield. Under microwave synthesis single product formation takes place. Scientist Paola
Acosta, EstefaniaButassi, Brauliolnsuastyand group suggested synthesis of pyrazole napthyridine compounds
(18] These compounds exhibit quite positive potential for antitumor and antifungal activity. Under traditional
synthesis by using AICIz, para CH3-CsH4-SOsH up to 30% to 40% yield was obtained. Varity of catalyst were
tried for this, among them was zinc chloride which provides best results under microwave condition. By using

same reaction conditions in microwave it has provided up to 75% yield at 120°C, 300w.

Heterocyclic compounds -

Microwave assisted synthesis of Noval 2H- Chromene derivatives bearing phenyl thia zolidinones
and their biological activity assessment.

Coumarins are group of compounds shows bioactivity which includes antitumor, anti HIV, antifungal,
antibacterial and anti-inflammatory. Islam H.El Azab, Mohamed M. Youssef and Mahmoud A. Amin, a group
of scientist had synthesized phenylthiazolidinone and corresponding Coumarins by traditional as well as by
using microwave radiations*®\.Under traditional synthesis it took 5 to 7 hours for derivative preparation where

as in microwave assisted synthesis same compounds are prepared within 8 to 10 minutes.

References:

[1] Anastas, Paul T; Warner, John C., Green chemistry: theory and practice. New York; Oxford University

Press; 2000. 132 p. llus.

[2] Paul Anastas and Nicolas Eghbali, 10.1039/B918763B (Critical Review) Chem. Soc. Rev., 2010, 39, 301-
312

[3] BM Trost and coworkers, Science 06 Dec 1991:Vol. 254, Issue 5037, pp. 1471-1477,DOI:
10.1126/science.1962206

[4] M. Niichter, B. Ondruschka®, W. Bonrath® and A. Gum ° Microwave assisted synthesis —acritical

technology overview, DOI: 10.1039/B310502D(Critical Review) Green Chem., 2004,6, 128-141

[(] Microwave-assisted synthesis ofbenzoxazinediones undersolvent-free conditions,Juan I. Sarmiento-
Sanchez, Adrian Ochoa-Teran, Lorenzo A. Picos-Corrales, Lorenzo U. Osuna-Martinez, Julio Montes-
Avila &Pedro Bastidas-Bastidas, Pages 196-202 | Received 02 Mar 2016, Accepted 26 Aug 2016,

Volume 8, Issue X, OCTOBER/2018 Page N0:610


https://doi.org/10.1039/B918763B
https://doi.org/10.1039/1460-4744/1972
https://doi.org/10.1039/B310502D
https://doi.org/10.1039/1463-9270/1999
https://www.tandfonline.com/author/Sarmiento-S%C3%A1nchez%2C+Juan+I
https://www.tandfonline.com/author/Sarmiento-S%C3%A1nchez%2C+Juan+I
https://www.tandfonline.com/author/Ochoa-Ter%C3%A1n%2C+Adri%C3%A1n
https://www.tandfonline.com/author/Picos-Corrales%2C+Lorenzo+A
https://www.tandfonline.com/author/Osuna-Mart%C3%ADnez%2C+Lorenzo+U
https://www.tandfonline.com/author/Montes-%C3%81vila%2C+Julio
https://www.tandfonline.com/author/Montes-%C3%81vila%2C+Julio
https://www.tandfonline.com/author/Bastidas-Bastidas%2C+Pedro

International Journal of Management, Technology And Engineering ISSN NO : 2249-7455

Published online: 15 Sep 2016

[6] Doris Dallinger, and C. Oliver Kappe*, Microwave-Assisted Synthesis in Water as Solvent, Chem. Rev.,
2007,107 (6),pp 2563-2591,D0I: 10.1021/cr0509410,Publication Date (Web): April 24, 2007.

[7] Richard N. Gedye, , Frank E. Smith, and, Kenneth Charles Westaway ,The rapid synthesis of organic
compounds in microwave ovens, Canadian Journal of Chemistry, 1988,66(1):17-26,
https://doi.org/10.1139/88-003

[8] Masaharu Tsuji Prof. ,Masayuki Hashimoto ,Yuki Nishizawa , Masatoshi Kubokawa ,Takeshi Tsuji Dr.

,Microwave-Assisted Synthesis of Metallic Nanostructures in Solution, First published: 29 December
2005,https://doi.org/10.1002/chem.200400417

[9]  J.J. Shah and Krishna priya Mohan raj’, Comparison of Conventional and Microwave-assisted Synthesis
of Benzotriazole Derivatives, IndianJ Pharm Sci. 2014 Jan-Feb; 76(1): 46-53.

[10] Petruzzella E', Chirosca CV, Heidenga CS, Hoeschele JD, Microwave-assisted synthesis of the anticancer
drug cisplatin, cis-[Pt(NH3)2CI2], Dalton Trans.,2015 Feb 21;44(7):3384-92. Doi: 10.1039/c4dt03617d.

[11]
YingLi, Anne Sylvie, Fabiano-Tixier, Maryline AbertVian, Farid Chemat, Solvent-free microwave

extraction of bioactive compounds provides a tool for green analytical chemistry, TrAC Trends in
Analytical Chemistry, Volume 47, June 2013, Pages 1-11

[12] JesusPrado-GONJAL, Rainer Schmidth and Emilio Moran, Microwave assisted route for synthesis of
complex function oxides, Inorganics2015,3,101-117;doi: 10,3390/inorganics3020101

[13] YaLi, ShaLi, Sheng-Jun Lin, Jiao-Jiao Zhang, Cai-Ning Zhao and Hua-Bin Li, Microwave assisted
extraction of natural antioxidants from the exotic Gordonia axillaries fruit: optimization and identification

of phenolic compounds.Molecules2017,22,1481;doi:10.3390/molecules22091481

[14] Li Li, Jie-Qiong Cao, Hui- MIN Liu, Qiong Wu, Qiu-Hui Pan, Zhi- Ping Zeng, Yu-Tao Lan, Yu-Mei Li,
Wen —Jie Mei Li, Yu-Mei Li, Wen-Jie Mei, Xi- Cheng Wang and Wen —Jie Zheng, Microwave assisted
synthesis of Imidazo[4,5-f][1,10] phenanthroline derivatives as apoptosis inducers in chemotherapy by
stabilizing Bcl-2 G-quadruplex DNA. Molecules2017,22,829; doi:10.3390/molecules22050829

[15] Nishone Thompson, Zainab BOONE-Kukoyi, Raquel Shortt, Carisse Lansiquot, BridgitKioko,
EnockBonyi, SalihToker, BirolOzturk and KadirAslan, Decrystalization of crystals using golnano bullets
and the metal assisted and microwave- accelerated decrystalization technique. Molecules2016,21,1388;

doi:10.3390/molecules21101388

Volume 8, Issue X, OCTOBER/2018 Page No:611


https://pubs.acs.org/author/Dallinger%2C+Doris
https://pubs.acs.org/author/Kappe%2C+C+Oliver
https://pubs.acs.org/author/Kappe%2C+C+Oliver
https://doi.org/10.1139/v88-003
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Tsuji%2C+Masaharu
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Hashimoto%2C+Masayuki
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Nishizawa%2C+Yuki
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Kubokawa%2C+Masatoshi
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Tsuji%2C+Takeshi
https://doi.org/10.1002/chem.200400417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shah%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=24799738
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mohanraj%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24799738
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4007255/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Petruzzella%20E%5BAuthor%5D&cauthor=true&cauthor_uid=25600831
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chirosca%20CV%5BAuthor%5D&cauthor=true&cauthor_uid=25600831
https://www.ncbi.nlm.nih.gov/pubmed/?term=Heidenga%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=25600831
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hoeschele%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=25600831
https://www.ncbi.nlm.nih.gov/pubmed/25600831
https://www.sciencedirect.com/science/article/pii/S0165993613000721#%21
https://www.sciencedirect.com/science/article/pii/S0165993613000721#%21
https://www.sciencedirect.com/science/article/pii/S0165993613000721#%21
https://www.sciencedirect.com/science/article/pii/S0165993613000721#%21
https://www.sciencedirect.com/science/journal/01659936
https://www.sciencedirect.com/science/journal/01659936
https://www.sciencedirect.com/science/journal/01659936/47/supp/C

International Journal of Management, Technology And Engineering ISSN NO : 2249-7455

[16]

[17]

[18]

[19]

Li-Jing Min, Yan-Xia shi, Hong —-Ke Wu, Zhao-Hui Sun, Xing-Hai Liu, Bao-Ju Li and Yong-Gang
Zhang,

Microwave assisted synthesis and antifungalactivity of some novalthioethers containing 1, 2, 4-Triazole
moiety. Appl.sci.2015,5,1211-1220; doi: 10.3390/app5041211

Marta Worzakowska, Microwave assisted synthesis of Cinnamyl long chain aroma esters.

Molecules2015,20,10594-10603; doi:10.3390/molecules200610594

Paola Acosta, EstefaniaButassi, BraulioInsuasty, Alejandrp Ortiz, Rodrigo Abonia, Susana A. Zacchino
and JairoQuiroga, Microwave assisted synthesis of NovalPyrazolo[3,4-g][1,8] naphthyridin-5-amine
withpotential antifungal and antitumor activity. Molecules2015,20,8499-8520;
doi:10.3390/molecules20058499

Islam H.EI Azab, Mohamed M. Youssefand Mahmoud A. Amin, Microwave assisted synthesis of Noval
2H- Chromene derivatives bearing phenylthiazolidinones and their biological activity assessment.

Molecules2014,19,19648-19664; doi: 10.3390/molecules191219648.

Acknowledgements:

B.G.College Research centre, Sangvi, Pune and Sinhgadl nstitute of Technology and Science,

Narhe, Pune, Maharashtra, India for providing e-library facility, finance and support.

Volume 8, Issue X, OCTOBER/2018 Page No:612



