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Abstract:

A past decade researchers used a catalyst which are hazardous for human health and
environment also. So, many environmental issues are created such as pollution. So, now a days
researchers used a green catalyst such as nanoparticles. Nanoparticles are not hazardous for
environment. Nanoparticles are small in size so provide large surface area for reaction so high
product is formed in organic synthesis. Many nanoparticles are used in heterocyclic synthesis.
Heterocyclic compound containing nitrogen and oxygen as a hetero atom then this heterocyclic
compound has more useful in drug synthesis. So, use of nanoparticles in heterocyclic compound
synthesis is often towards the green chemistry.
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1. Introduction:

The history of heterocyclic chemistry began in the 1800s, in step with the development of
organic compound.[1] Heterocyclic compound means the compound containing atom other than
carbon atom such as oxygen, nitrogen and Sulphur. The heterocyclic compound first discovered
by Brugnatelli in 1818 by isolates alloxan from uric acid. The heterocyclic compounds are
classified as aromatic and nonaromatic heterocyclic compounds such as pyrroles, pyridine, indole
and benzofuran, benzothiophene. The benzofused aromatic heterocyclic compounds are more
useful in pharmaceutical as well as medicinal chemistry[2]. From a past decade many researchers
were used a catalysts which are harmful environment. Due to this catalysts increases the pollution
and their worse effect in human being. There is a need to minimize the pollution from environment.
So, now, researchers used green catalyst for organic synthesis. Nanoparticles are green catalyst
which minimize the toxic chemical from synthesis. The nitrogen containing heterocyclic



compound is more important among the United States Food and Drug Administration (USFDA)
approved drugs.[3] [4] [5] The heterocycles plays important role when it is combine with other
drug in therapeutic uses. [6] These synthesized drug used in the clinical uses according to the
literature.

Heterocyclic compounds are present in a large variety of products, such as molecular
materials, natural and also in regularly marketed drug. Heterocyclic compounds are of great
importance due to their biological properties such as anticancer, anti-inflammatory, antioxidant,
antiviral,  antimicrobial,  anticonvulsant,  antibacterial,  antipyretic,  cardiovascular,
antihypertensive, anti-hyperglycemic activity.[7] From an industrial point of view, the majority of
the pharmaceuticals, bioactive agrochemicals, additives, and modifiers are heterocyclic in nature.

The huge use of heterocycles as pharmaceuticals is because of their high abundance in
nature and they are used as a building block for bio macromolecules such as DNA or RNA.
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The terminology of catalysis is introduced by Swedish chemist Jons Jacob Berzelius in
1836. Catalyst is used in organic synthesis for increase the rate of reaction. There are two types of
catalysis, homogeneous and heterogeneous catalysis. [1] Homogeneous catalysis means catalyst
and reactants are in similar phase. Heterogeneous catalysis means catalyst and reactants are in
different phase. The concept of nanoparticles is firstly invented by Richard Feynman in 19509.
Nanoparticles are green catalyst and it is hazardless catalyst. It is better catalyst than regular



catalyst. Nanoparticles are classified as metal NPs, Non-metal NPs, Metal oxide NPs, supported
nanoparticles[8].

Two different approaches majorly involves in synthesis of metal nanoparticles, one is top
down approach or dispersion method and another method is bottom up approach or condensation
method. In top down method, larged size particles are divided into small size particles are used in
synthesis of nanoparticles .this nanoparticles synthesized by ultrasonic method.[9] In bottom up
method, small particles are attach to each other and form nanoparticles.[10] The bottom up method
is more superior to top down method because of their feasibility, less toxicity and cost effective.
(d iagram

Nano- materials are important in many areas from basic research to various applications in
electronics, catalysis and energy. Nanoparticles are more important in organic synthesis[11].
Because it is small in size so it provides large surface area for reaction.[12] Nanoparticles are the
green catalyst.[13] It reduces the environmental pollution. Many researchers used hazardous
solvent in organic synthesis, it increases the environmental pollution. But now green solvent like
water is used in synthesis, because water is easily available, non- toxic and Inexpensive. In
synthesis of heterocyclic compound many metal nanoparticles are used such as FesO4, Ag NPs, Pd
NPs etc. These nanoparticles are synthesized by natural resources like plant extract so NPs are
eco-friendly, non- hazardous and give high productivity.[14] The synthesized nanoparticles
characterized by XRD, SEM, TEM.[13]

2. Metal Nanoparticles:

In organic transformation metal nanoparticles are play an important role which gives safest
reaction and gives more yield than conventional catalyst without affecting the environment. The
key feature of nanoparticles is show unique physicochemical properties as compared bulk metals
There are many application of metal nanoparticles and metal oxide nanoparticles in C-H activation,
asymmetric C-C activation, and asymmetric C-C bond formation and in biomedical application.
The different fields use of nanoparticle like molecular biology, physics , Organic and inorganic
chemistry ,medicine and material science is unexpected augmented nowadays .[15] Metal
nanoparticles are used in synthesis of heterocyclic compound. There are many metals used as a
nanoparticles in organic transformation such as Ag NPs, Au NPs, Ti NPs, Cu NPs, Zn NPs etc.
Metal nanoparticles provide more surface area, high durability and high reusability than other
catalyst. Metal nanoparticles are more important because it replace existing homogeneous/
heterogeneous catalyst, because they provide quasi-homogeneous phase for reaction under mild
condition. The metal nanoparticles are prepared by reduction of metal salts and on the thermal
degradation of organometallic complexes. The stability of nanoparticles are depend upon the
electrostatic interaction between ionic compounds, especially in water.

The synthesis of metal nanoparticles by green method, so the produced particles has
provide more connectivity and also protect from toxic effect. Green synthesis of nanoparticles in
three important condition, one is selection of environment friendly solvent, second is selection of
good reducing agent and third is stabilizing agent. The aim of researchers is green synthesis of



metal nanomaterial’s because this synthesized metal nanomaterial’s are nontoxic ,also high
effective and ecofriendly .[16] Metal nanoparticles most important quantities in understanding
thermodynamics of particles because its possess lagers surface energy. Metal nanoparticles
important in drug delivery system because it’s have large surface area and it’s provide more
possible reactive site and surface energy which make them ideal candidates in drug delivery.

2.1 Silver Nanoparticles:

At present, researchers high attention on green synthesis of silver nanoparticles because
it’s have extraordinary biological activity and important uses like drug delivery ,sensing ,food
preservation ,bio labeling ,wound healings ,water purification and cosmetic. Other application of
silver nanoparticles are textiles, electronics, catalysts and paints. The branch of plant mediated
green synthesis of silver nanoparticles is newly developing in nanotechnology field Recently most
useful of this method because synthesized nanoparticles are eco environmental and effective cost
with lesser toxicity as compared to chemical method . The green synthesis of silver nanoparticles
have sever advantages like as less toxicity, hazardous materials and it show less consume of energy
,5 Green synthesis of silver nanoparticles by plant mediated method use in different parts of the
plant like as leaf ,bark ,stem ,root ,fruit, latex, and this method preference to microbe-mediated
synthesis[17]. The plant extract and microbes acts as reducing agent for reduction of Ag* to Ag
and capping agent in synthesis of nanoparticles [18].In below table compare the synthesis of silver
nanoparticles for use in different plant extract , its biological activity, parameters and its
characterization. In pytochem initial step is reduction of silver ion and stabilization, directing the
shape and size of nanoparticles. In synthesis of silver nanoparticles many affect able factors are
Concentration of substrate, temperature, reaction time and pH. The silver nanoparticles
characterized by SEM, TEM, FTIR, UV visible spectroscopy and etc. The green synthesis of silver
nanoparticles synthesized by using different pant extract to its show different biological activity
such as Calatora procera plant extract show Antimicrobial activity[19], Piper nigrum plant extract
showed anti-cancer activity [20] and Anti-oxidant activity showed by officinate plant extract.[21]

Silver nanoparticles are used in synthesis of heterocyclic compounds. Silver nanoparticles

are obtained from plant extract of Radix puerariae. The extract is treated with the AgNO3 and
monitored by using UV- Vis spectroscopy. The synthesized Ag Nps are characterized by SEM,
TEM, and XRD.
Balwea et.al. reported a synthesis of pyrido (1,2-b) indazole derivatives using silver NPs. This Ag
NPs are obtained from the plant extract of Raddix purariae. This plant extract is treated with silver
nitrate in presence of base and Ag NPs was monitored by using UV-Vis spectroscopy, TEM, EDX.
In UV-visible spectroscopy the absorption peak observed at 400-430 nm, it indicated the formation
of silver nanoparticles. [22] Also, Rokade et al. reported a synthesis of Ag NPs by using starch i.e.
by green method. The synthesized NPs were characterized by SEM, TEM method. The size of NPs
is 50 nm. Nanoparticles showed antibacterial activity.[23]
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Scheme 1: Synthesis of pyrimido[1,2-b] indazole using Ag NPs under solvent free condition

Endevour Dandia et al. reported a synthesis of pyrrolo(2,3,4-kl) acriding-1-ibes by using Ag NP-
decorated reduced grapheme oxide. The synthesis of Bps by green method via the reduction of
graphene oxide and preparation of Ag NPs on it. The NPs were characterized by XPS, SEM, TEM,
EDX. [24]
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Scheme 2: Ag NP- catalyzed synthesis of pyrrolo[2,3,4-kl] acridin-1-ones.

Dandia et. al. reported the synthesis of pyrano(2,3-c,6,5,-c) dipyrazol-2-ones by using green Ag
NP-decorated GO composite as a catalyst on water. The NPs act as a lewis acid and used in
knoevenagel condensation —michael addition and cyclization. By using SEM and TEM images the
recovered catalysts revealed the integrity of catalyst form this know the there is no loss of catalytic
activity of catalyst.[24] [25]
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Scheme 3: Ag NP-catalyzed chemoselective reduction nitroarenes and synthesis.

Porco et. Al. reported the use of Ag NP-catalyzed Diels-Alder cycloaddition for synthesis of
cycloadduct from chalcone and diene . The Ag NPs were synthesized from via the reduction of
AgBF4 by using tetrabutyl ammonium borohydride with silica gel in DCM .[26]
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Scheme 4: Synthesis of benzopyranopyrimidines by using Ag NPs.

Lykakis et. al. reported a reduction of tetrazoles containing nitroarenes by using Ag NPs supported
mesoporous silica catalyst[27].
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Scheme 5: Silver-graphene nanocomposite-catalyzed synthesis of propargyl amines.

2.2 Gold Nanoparticles :

Gold nanoparticles are used in biomedical science because it has unique and tunable surface
plasma resonance. The gold nanoparticles are mainly used in tissue imaging, photochemical
therapy and immune chromatographic identification of pathogens in clinical specimens. Many
researchers are interested in synthesis of gold nanoparticles by green method. Moharpuria wrote a
review on synthesis of nanoparticles by using microorganism and plant extract. Narayanam and
sakanines used coriander leaf for the synthesis of gold nanoparticles. The Daizy Philip used honey
for the synthesis of gold nanoparticles Honey is composed by fructose and glucose and it contains
amino acid which are helpful for buildup calcium in the body[28]. Daizy Philip green synthesized
gold NPs are biologically important because it is synthesized from honey and which show
antioxidant property. Gold NPs are characterized by UV-visible spectroscopy. Daizy Philip
reported a crystalline nature of gold NPs was confirmed from X-ray diffraction. Gold NPs are also
characterized by FTIR[29]. FTIR gives information about biomolecules which are responsible for
capping and efficient stabilization of gold NPs. The biomolecules such as glucose, fructose, and
protein are photoluminescent. The PL spectra of gold NPs is at 300 nm.[30]

Naeimi et al. reported a synthesis of tetrahydro-4H-chromones by using gold nanoparticles
supported on thiol- functionalized reduced grapheme oxide The synthesis of tetrahydro-4H-
chromones from substituted benzaldehyde and malononitrile in aqueous medium under
reflux.(scheme 6)[31]
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Scheme 6: 3 Chemoselective hydrogenation of quinolines (35a) catalyzed by Au NPs



Che et al. reported a synthesis of polysubstituted quinolones by using substituted anilines with
alkyl aldehyde using SiO, supported gold NPs under oxygenated environment.(scheme 2)[32]
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Scheme 7: Synthesis of polysubstituted quinolones.

Iboroca et al. reported synthesis of quinoxalines synthesis of quinoxalines using Au NPs supported
on CeO; from two component such as O-phenyllens diamine and biomass derived substituted
alycols or nicinal diols. The synthesis of quinoxalines using Au NPs supported on CeO: as the
catalyst and diglyne as the solvent free at 140°C under base free condition. The synthesized NPs
characterized by high-angle annular dark field scanning transmission electron microscopy. The
author percentage conversion to final compound studied by four catalytic cycles. (Scheme 8)[33]
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Scheme 8: Synthesis of heterocyclic compound by Au NPs

2.3 Copper nanoparticles:

Recently, researchers aimed to explore the green synthesis of copper nanoparticles by using
plant extract. The synthesized copper nanoparticles by chemical methods are toxic ,cariogenic and
non-degradable, but green synthesized copper nanoparticles are ecofriendly, less toxic and its show
biological activity[34] .The important application of nanoparticles in various industry such as
textile ,leather, tanning, paper cosmetic, pharmaceutical and plastic[35]. The chemically method
synthesis of copper nanoparticles are highly toxic, carcinogenic and non-degradable and this effect
created dangerous diseases such as skin diseases, cancer, allergic reaction and mutation for people.
Therefore need to green synthesis of nanoparticles because its ecofriendly, cost effective and show
photo catalytic application in the degradation of organic dyes. The green synthesis of nanoparticles
by various method such as plant extract, microbial, antivirals, bacterial and yeast.



The agriculture sector plant diseases a remain issue and we are this problem controlled by
using different kind of pesticides, herbicides and antimicrobial substances. But three substances
created various side effect such as soil pollution and bio magnification in living organism. The
researchers are more attention towards green synthesis of copper nanoparticles because it’s less
toxic and antimicrobial efficiency to control plant disease and copper nanoparticles shows
antifungal activity[36]. The main properties of copper nanoparticles are its show electrical
conductivity and it’s optical, antifungal and antibacterial[37]. The green synthesized copper
nanoparticles characterized peak are present to 269 nm and this peak analysis by UV spectroscopy.
Spherical shape of particle and size of nanoparticles characterized by SEM and TEM. The
synthesized of copper nanoparticles are presence in —OH, -C=C-, and —C-H function groups are
confirmed by FT-IR.

Green synthesis of pyrazolopyranopyrimidine-5-7diones using copper immobilized mesoporous
silica nanoparticles in ag. Medium. The synthesis of pyrazolopyranopyrimidine from one pot
multicomponent such as barbituric acid, substituted aromatic aldehydes, ethyl acetoacetate and
hydrazine hydrate. The synthesized nanoparticles were characterized by XRD, SEM, TEM,
dispersive X-ray ,thermal analysis (TGA-DTA) and FT-IR studies.[38] [39]

Scheme13: Cu** @MSNs (CO2)2-catalyzed synthesis of pyrazolopyranopyrimidine-5,7-diones.

One pot multicomponent synthesis of 1,2,3-triazoles from alkyl halide ,sodium azide and
substituded alkynens / acetylenens with using copper nanoparticles (Cu NPs ) on activated
charcoals The synthesized nanoparticles characterized by ICP-MS, TEM,EDX,XPS and selected
one electron diffraction pattern (SAED).[40]
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Scheme 14 : Synthesis of substituted triazoles using Cu NPs

Coelho et al. repoeted synthesis of triazole by using sol gel entrapped copper in a silica matric.
The synthesis of triazole from alkyl halide, sodium azide and substituded alkynens acetylenes. The
synthesis of nanoparticles characterized by SEM, TEM, EDS, and EPR. [41]
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Scheme 15: Synthesis of N-substituted triazoles catalyzed by CuNPs entrapped in a silica matrix.

Park et al. reported synthesis of triazole without additives catalyzed by copper nanoparticles in
aluminium oxihydroxide nanofiber using n hexane as a solvent at room temperature. The synthesis
of trizole from alkyl halide, sodium azide and substituted alkynes. The synthesized nanoparticles
are characterized by SEM, TEM, XPS , ICP and nitrogen isotherms.[42]
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Schemel6: Synthesis of 1,4-disubstituted triazoles from alkyne and azide catalyzed by Cu NP.

The two component synthesis of triazole from terminal alkynes and substituted azide by using Cu
(1) NPs immobilized on modified polystyrene , co-maleic anhydride . the Cu NPs are characterized
by HINMR , SEM, TEM, FT-IR, EDAX and ICP- AES.[43]
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Scheme 17: Click reaction for the synthesis of triazoles catalyzed by Cu NPs.

Frieldiander synthesis of quinolone by using copper loaded hirochiral mesopores organic polymer
NC- catalyzed. The synthesis of quinoline form 2-amino benzyl alcohol and aryl ketones. [44]
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Scheme 18: Frieldlander synthesis of quinolines catalyzed by Cu HOMP .correction

The synthesis of 3- substituted 4-phrenyl-1-H-1,2,3-triazole by using Cu NPs of copper loaded
hierarchical mesoporous organic polymer(HMOP) NC- Catalyzed. The synthesis of 3- substituted
4-[jemu;-1,2,3-triazole from sodium azide, substituted phenyl acetylene with alkyl halides.[44]
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Scheme 19: Click reaction for the synthesis of triazoles catalyzed by Cu-HMOP.
Dabiri et.al reported synthesis of 1,2,3-triazole by using Cu NPs supported on mesoporous carbon
nitride(Cu NPs-MCN). The synthesis of 1,2,3-triazoles from sodium azide, alkyl halide and alkyne
in 78-88%.[45]
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Scheme 20: Cu NP-catalyzed 1,3-dipolar cycloaddition for the synthesis of triazoles
2.3 Palladium Nanoparticles :

Among many transition metal nanoparticles, palladium nanoparticles shows high catalytic
activity in organic transformation. Preparation of palladium NPs by using many green method so

palladium nanoparticles are ecofriendly[46].

Palladium nanoparticles were synthesized by plant extract of Euphorbia thymifolia and this
nanoparticles were used in synthesis of heterocyclic compound[47]. Palladium nanoparticles also
synthesized by PdCI, by green method. The sour cherry tree gum is grind in grinder then this
powder mixed in distilled water and centrifuge this solution. This solution is mixed with aqueous

solution of PdCI; at 80°C. This prepared nanoparticles were characterized by the UV-Vis, XRD



and TEM methods. And this prepared nanoparticles are used in sonogashira coupling reaction i.e.
in synthesis of heterocyclic compound. Palladium NPs also synthesized by aqueous extract of
Perilla frutescens leaf. This leaf act as a bioreductant for conversion of Pd*2to Pd® without using
any capping agent. This prepared nanoparticles are characterized by UV-visible spectroscopy[48].
Transmission electron microscopy showed spherical nanoparticles, ranging in size between 10 and
17 nm confirming the crystallinity of the nanoparticles with a face centered cubic (fcc) structure.

Energy dispersive X-ray spectroscopy confirmed the presence of palladium.

Nagaraj Basavegowda et al. Green synthesis of Polyphosphosponates by using Pd NPs
(palladium nanoparticles). Green synthesis of Pd NPs by using Frutescens leaf extract. One spot
multicomponent synthesized poly phosphosponates from 3- methyl -1-phenyl -5- pyrazoe |,
arylaldehyde and triethylphosphite with using Pd NPs and ethanol solvent . The green synthesized
Pd NPs characterized by UV Spectroscopy, TEM, FTIR Spectroscopy and TGA Spectroscopy.
Green synthesized Pd NPs show distinct peak near to 425 nm and author this distinct peak analyzed
by UV spectroscopy.Size and Morphology of green synthesized Palladium NPs confirmed by
TEM.[49] [50] [51]
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Scheme 20: Synthesis of polyphosphosponates by using PdNps Catalyst

Naushad Edayaduiia et al. green synthesis of di(indolyl) indolin-2-ones by using Pd Nps . The
green of Pd NPs by using Aannua extract. One pot green synthesis of di(indolyl) indolin-2-ones
from isatin and indole with Pd Nps in presence of water solvent . The green synthesized Pd NPs
characterized by UV spectroscopy, TEM, TGA, XRD, and FTIR spectroscopy. Author bio
reduction of Pd NPs confirmed by UV spectroscopy and crystalline structure confirmed by TEM
spectroscopy. Green synthesized Pd NPs size range 20 to 30 confirmed by XRD spectroscopy and
bioactivity confirmed by TGA spectroscopy.[52] [53] [54]
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Scheme 21: Synthesis of di(indolyl) indolin-2-ones from isatin and indole with Pd NPs in presence
of water solvent

M. Nasiruzzaman Shaikh et al. synthesis of tetrahydroquinoline by using green synthesis
nanoparticles on green support as dip catalyst in water solvent. The region and chemoselective
hydrogenation of quinolone from tetrahydroquinolene by using PA@GS. The green synthesized
palladium nanoparticles by using jute plant. Green synthesized nanoparticles characterized by
SEM, TEM, XPS, and FTIR spectroscopy. The author element mapping by SEM spectroscopy and
average Pd nanoparticle have diameter 15-20nm confirmed by TEM spectroscopy. Author
oxidation state of palladium analysis by XPS spectroscopy .[55] [56]
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Scheme 23: Regio and chemicoselectivity hydrogenation of tetrahydroquimoline from quinoline
by using PA@GS .

3. Metal oxide Nanoparticles:

There were many methods were employed during the synthesis of metal oxide nanoparticles can
change the characteristics and control the properties of synthesized nano-oxides. The functionality
of nanostructured metal oxide depend on their composition, geometry morphology etc. The novel
chemical and physical properties of metal oxide nanoparticles are high density and limited size of
corners and edges on their surface.[57]

Metal oxide nanoparticles play is an important role in the fields of material chemistry,
catalysis, medicine and environment[58]. As the size of nanoparticles is decreases then the surfaces
area is increases. The size of nanoparticles can change the magnetic, conducting and chemical
properties. The magnetic and chemical properties of metal oxide nanoparticles is depend on the
size and shape of the nanoparticles[59].



3.1Zn0O NPs:

Zinc is an active element and it is strong reducing agent, according to its reduction
potential it can easily oxidize and for zinc oxide. Zinc plays an important role in human being
as it is the most essential microelements[60]. It is present in all body tissues. ZnO as unique
chemical sensing, optical and semiconducting properties. It has high band gap (3.3 eV) in UV-
spectrum and high binding energy (60 meV) at room temperature. ZnO is present in two main
forms — hexagonal wurtzite and cubic zinc blende.

The wurtzite structure is more stable at ambient conditions. ZnO nanostructures formed
by using different chemical, physical and biological methods such as thermal evaporation
technique, chemical reduction and synthesized by using plant extracts. The ZnO NPs are
synthesized by physical, chemical and biological methods[61]. Out of this synthesis of ZnO
NPs by biological method is ecofriendly.[62] Synthesis of ZnO NPs by using bacteria , yeast
fungi and plant extracts.[63]

The synthesis of ZnO NPs with plants carried out using physical alkekengi, Trifolium
pretense flowers, Cassia Auriculata. The synthesized ZnO NPs is characterized by XRD, TEM
and SEM[64]. ZnO NPs has an antimicrobial activity and antifungal activity[65].

Bappi paul et al. green synthesis of benzimadazole by using green synthesized ZnO
nanoparticles. The green synthesized ZnO nanoparticles by using parkoaronburghii seeds. One
pot synthesis of benzimadazole from aldehyde, o-phenylenediamine and ZnO NPs in presence
of ethanol solvent. Green synthesized ZnO NPs characterized by FTIR , XRD , SEM , TEM
spectroscopy.[66] [67]
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Scheme 24 : Green synthesis of benzimadazole by using ZnO nanoparticle.

Pramita Phukan et.al one pot three component synthesis of 4-aryl-NH-1,2,3-triazole by using
green synthetic zinc oxide nanoparticle. The synthesis of 4-aryl-Nh-1,2,3-triazole from
bromobenzaldehyde , nitromethane and sodium azide in presence of green synthetic zinc oxide
nanoparticle. The green synthesis zinc oxide nanoparticle by using PEG 400 in presence of
water solvent. The green synthesized ZnO nanoparticles characterize by
FTIR,XRD,SEM,TEM spectroscopy.[68] [69]
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Scheme 25: one pot three component synthesis of 4-aryl-NH-1,2,3-triazole by using green
synthetic zinc oxide nanoparticle.

Bappi poul et.al one pot two component synthesis of 2-benzimidazole by using green synthetic
zinc oxide nanoparticle. The synthesis of 2-benzimadazole from ortho phenylenediamine and
benzaldehyde in presence of zinc oxide nanoparticle.green synthesis of zinc oxide nanoparticle by
using the seed of Parkiaroxburghi. The green synthesized ZnO nanoparticles characterize by FTIR,
XRD, SEM, TEM spectroscopy.[68]
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Scheme 26: One pot two component synthesis of 2-benzimidazol by using green synthetic ZnO
NP.

3.2 CuO NPs:

CuO NPs plays an important role due to their applications as antimicrobials and in gas
sensors, batteries.[70] Human beings used copper and copper complexes from many centuries such
as in water purifier, fungicides, algaecides and as an antibacterial. For synthesis of Cu NPs.[71]
Magnolia leaf extract and other plant extracts have been used. The NPs also used for administration
of cancer therapy. CuO NPs were act as an antimicrobial against E. Coil, Baccillus subtilis. There
were many methods used for synthesis of CuO NPs such as sol-gel, sonochemical, precipitation
method by using organic solvents and harsh reducing agents. But now-a-days NPs are synthesized
by plants and it is more stable and the production rate of NP is more. The CuO nanoparticles were
synthesized from gum karaya. The synthesized nanoparticles were characterized by SEM, TEM
and XRD. SEM showed the CuO NPs distributed on the surface of gum matrix XRD gave
information about the structure of CuO NPs. According to XRD the CuO NPs are monoclinic in
structure.[72]



Mahmoud Nasrollahzadeh et al. reported the N-arylation of indoles with aryl halide in presence
CuO NPs. The reaction is carried out at reflux in presence of base. The reaction required 7 hr. [73]
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Scheme 28: N-arylation of indoles with aryl halide.

Saroj Rout et al. reported the synthesis of 2-substituted benzothiazole by using CuO NPs. The
carried out at room temperature in presence of base and water as a solvent.[74] [72]
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Scheme 29: Synthesis of 2-substituted benzothiazole.

3.3SiO2 NPs:

Many scientists used SiO2 NPs as a support materials because it is more stable, high thermal
stability and do not react with magnet and light. The SiO2 NPs were synthesized from plant extract
such as bamboo leaves. There were many application of SiO2 NPs such as it is used in biomedical,
agriculture and other environmental application. The bamboo leaves used for synthesis of SiO>
NPs because it contain large of SiOg, it present in more abundant in nature and it grow more easily.
The SiO2 NPs were synthesized by sol-gel method. SiO2 NPs used to remove Cu 2* and nitrate ions
from water. The synthesized nanoparticles were characterized by FT-IR. It gives band at 340 cm"
Land 1635 cm™ due to OH group and silanol group present on SiO2 NPs. Also SiO2 synthesized
from lemon peel extract.

Sachin Otari et al. reported a synthesis of dihydroquinoline from benzaldehyde and 1-(2-
aminophenyl) ethan-1-one by using Ag-BSiO2 nanohybrid. The reaction carried out at 60°C in
acetonitrile. Firstly synthesized SiO, NPs then synthesized BSiO. and then it was used for
synthesis of Ag-BSiO> NPS. These synthesized nanoparticles characterized by SEM, TEM and
XRD. These nanoparticle showed highly catalytic activity. Dihydroquinoline is used in
pharmaceutical it is used as an antitumor drug .[75] [76]
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Scheme 30: Synthesis of dihydroquinoline.

Ramin Ghorbani-Vaghei et al. reported a synthesis of pyrimido[4,5-d]pyrimidine by using
Fe304@Si02Propyl-ANDSA NPs. The reaction carried out in aqueous medium and reflux it. The
nanoparticles synthesized by Massart’s method. The synthesized nanoparticles were characterized
by FT-IR, TEM, TGA, XRD and X-ray spectroscopy (EDX) .[77] [78]

\/

N

NCS CHO Z
Fe;0,@SiO,@Propyl -ANDSA N

R// H,O, Reflux g S/'\

Scheme 31: Synthesis of pyrimido[4,5-d]pyrimidine.
3.4 TiO2 NPs:

TiO2 is an inorganic compound. It is white color solid. It is present in three phases at
different temperature. It has remarkable physical and chemical properties so it is used in various
field such as in industrial, antibacterial product and dye also. TiO2 NPs are synthesized by various
method including sol-gel method, co-precipitation, CVD and green synthesis method. Out of this
green synthesis method is ecofriendly method because in this method nanoparticles are synthesized
from plant extract, fungi, bacteria and enzymes. The TiO2 NPs were synthesized from aloe vera
plant extract. It is a medicinal plant. It contain vitamin and folic acid.

Satish Patil et al. reported a visible light cyclization reaction by using NiO surface modified TiO>
nanoparticles. The reaction carried out under the visible light and it required 12 hrs for completion
of the reaction. The NiO: introduced on the surface of TiO2 by using chemisorption-calcination-
cycle (CCC) technique.[79]
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Scheme 32: Visible light cyclization reaction.

Yasuhiro Shiraishi et al. reported a synthesis of benzimidazole by using Pt@TiO2 nanoparticles.
This reaction was carried out under light. It was synthesized from alcohol and ortho-
arylenediamines under presence of light. The wavelength of light is above 300nm. The Pt@TiO2
nanoparticle is a heterogeneous catalyst. The conversion of alcohol into aldehyde was carried out
on the titanium surface and condensation of aldehyde and ortho-arylenediamines was carried out
on the platinium surface.[80]
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Scheme 33: Synthesis of benzimidazole.

4. Bimetallic nanoparticles :

Bimetallic nanoparticle is a combination of two different type of metals. This metals
exhibit a novel properties. Bimetallic nanoparticles can be present in the different form such as
alloys, core shell. When it is used as a catalyst in a chemical reaction then it show more activity
than monometallic nanoparticles. Bimetallic nanoparticle has more activity, selectivity and
inexpensive. The size of bimetallic nanoparticles determine the properties of itself as a catalyst.
The synthesis of bimetallic nanoparticles are flexible. There are various method of synthesis of
bimetallic nanoparticles and for their characterization. The electronic properties arises due to the
bi-metallization is a novel property of bimetallic nanoparticles. The synthesis of bimetallic
nanoparticles by using co-reduction, successive reduction and reduction of complexes containing
both metal. Bimetallic nanoparticles are present in different structure such as crown jevel structure,
hollow structure, core-shell and alloyed structure. Bimetallic nanoparticles show antimicrobial and
antibacterial properties. There are clay supported bimetallic nanoparticles, zeolite supported
bimetallic nanoparticles, fiber supported bimetallic nanoparticles, polymer supported bimetallic
nanoparticle, graphene supported bimetallic nanoparticles and non-supported bimetallic
nanoparticles.



5. Supported Nanoparticles :

There are many applications of supported nanoparticles in chemical synthesis. Supported
metal nanoparticles are used as a catalyst in oxidation and hydrogenation reaction. It has easily
recover and reuses in many another chemical reaction. Metal nanoparticles are difficult to separate
out from reaction mixture for further use because of their small size and solubility in reaction
media. So to overcome this problem we used supported metal nanoparticles as a catalyst in a
chemical reaction. The metal nanoparticles anchored onto the solid support. The support used in
the form of oxides such as silica, zeolites and alumina. For synthesis of supported metal
nanoparticles firstly, we have to synthesized solid support is important. The cold plasma method
and laser electro dispersion methods are used for the preparation of supported metal nanoparticles.
The supported nanoparticles is very useful than the metal nanoparticles because it is easily separate
out from reaction mixture i.e. it is heterogeneous catalyst. In heterogeneous catalysis, the catalyst
mostly used is solid. For the preparation of solid catalysts commonly used alumina, silica and
titania as a support. [81]

5.1 Clay supported NPs:

Clay or supported clay have widely used in organic reactions due to their inexpensive, eco-
friendly, easily available and it has ability to act as acidic or basic catalyst. Clay is a part of soil,
non-toxic and non-corrosive material. It has many application in organic synthesis. There are many
types of clays and they are widely used in organic transformation. Because it has a large surface,
good cation exchange capacity and having different physicochemical properties. Among different
type of clay montmorillonite type of clay is more used in organic transformation. This clay is able
to host different type of modifiers such as metal, metal salts and organic molecules. The
montmorillonite clay consists of one octahedral sheet which is compressed between two
tetrahedral sheets. It consist of divalent or trivalent metal cations which are surrounded by oxygen
or hydroxyl anions in octahedral structure. There are four methods of clay modification such as
acid activated clays, cation exchanged clays, pillared clays and porous clay. Acid activated clay is
prepared by treating the clay with acid with continuous stirring at desired temperature.
Hydrochloric acid, sulphuric acid are commonly used acid for synthesis of clay acid. The
montmorillonite K10 and KSF. K10 are formed by treating clay with HCL and H2SO4 respectively.
The pillared clays are prepared by inorganic species compressed between clay layers. Porous clay
is a type of pillar clays. It is composed of silica pillars present between the clay interlamellar
spaces. [82]

Lakshi saikia et.al reported multicomponent one pot synthesis of Hantzsch
polyhydroquinoline by using clay supported Ni nanoparticle without using any organic solvent.
The one pot polyhydroquinoline synthesis from aldehyde, dimedone, ethylacetoacetate and
ammonium acetate at room temperature. The clay supported Ni nanoparticle characterized by
using PXRD ,XRD and TEM spectroscopy.[83]
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Scheme 34 : Green synthesis polyhydroquinoline by using clay supported Ni nanoparticle.

Pramod Chavan et al. reported a synthesis of 1,2,3-triazoles by using three components in presence
of BENT- Cu nanoparticles. BENT- Cu nanoparticles means Bentonite clay supported Cul
nanoparticles. It is heterogeneous catalyst. This reaction was carried out in aqueous medium at
room temperature. [84]
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Scheme 35: BENT-Cul NPs catalyzed diversity oriented synthesis of 1,2,3- triazoles.

Ali Maleki et al. reported a synthesis of imidazo(thiazolo)pyrimidines by using FezOs@clay
nanocatalyst. The reaction is carried out in aqueous medium under sonicator at room temperature.
The nanocatalyst is a heterogeneous catalyst and it was easily removed from reaction by using
magnet. The reaction carried out under sonicator so it is a green reaction. (Scheme 36)[85]
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Scheme 36: Ultrasonic-assisted synthesis of imidazo(thiazolo)pyrimidines by using FezOs@clay
nanocatalyst

Gopalpur Nagendrappa et al. reported a Biginelli reaction by using mont-KSF/grapheme oxide.
The reaction carried out at 130°C without using solvent. The catalyst was reused and recyclable
after 8™ cycles. The desired product i.e. dihydropyrimidinone was obtained from benzaldehyde,
ethylacetoacetate and urea. [82]
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Scheme 37: Biginelli reaction benzaldehyde mont.-KSF/graphene oxide

Nitin Dubey et.al reported synthesis of 1,4-disustituted 1,2,3-triazole by using clay supported
Cu(ll) catalyst. The synthesis of 1,4-disubstituted 1,2,3-triazole from terminal alkyne and
substituted azide. The synthesized clay supported Cu(ll) catalyst characterized by SEM,XRD and
TEM spectroscopy. [86] [87]
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Scheme 38: Synthesis of 1,4 disustituted 1,2,3-triazole by using clay supported Cu(ll)catalyst.

5.2 Silica supported NPs:

Silica has unique properties such as it provide large surface area, high chemical and thermal
stability, tunable pore size and high adsorption capacity. Silica having different types depending
upon its pore sizes such as micro porous, mesoporous and macro porous. The micro porous having
pore size upto 2nm, mesoporous having pore size 2-50 nm and macro porous having pore size
more than 50 nm. In heterogeneous catalysis, the macro porous size of silica is mainly used because
it has large surface area. Different methods are used for immobilize metal nanoparticles over the
surface of silica. Wet impregnation, deposition-precipitation, colloidal immobilization methods,
solid-state grinding and post synthetic grafting method used for deposition of metal nanoparticle
over silica. Silica-supported nanoparticles are used as a catalyst in chemical reaction which gives
good yields, stability. It is used in coupling reaction, oxidation and hydrogenation.[88] [89]



Mohammad Sadegh Asgari et al. reported a synthesis of N-alkyl-2-aryl-2-(6-0x0-6,7-dihydro-4H-
[1,2,3]triazolo[1,5-a]pyrazin-5-yl)acetamides by using [Cu@ABA-Fe304@SiO2] catalyst.
Firstly 2-chloroacetic acid was reacted with sodium azide to give azide. The reaction was carried
out in aqueous medium at room temperature. Then in second step aromatic aldehyde, prop-2-yn-
1-amine, alkyl isocyanide added to azide to form desired product. (Scheme 39)[90] [91]
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Scheme 39: Synthesis of N-alkyl-2-aryl-2-(6-0x0-6,7-dihydro-4H- [1,2,3]triazolo[1,5-a]pyrazin-
5-yl)acetamides.

Ali Javid et al. reported a synthesis of 1,8-dioxodecahydroacridines by using silica-supported
preyssler nanoparticles (SPNP). The reaction was carried out in aqueous medium under reflux.
The SPNP is an acidic catalyst. (Scheme 40)[92]
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Scheme 40: Synthesis of 1,8-dioxodecahydroacridine
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