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ABSTRACT 

 Ultrasonication is one of the ecofriendly implement for the synthesis of heterocyclic compounds. This technique is of 

increased efficiency and selectivity besides the conventional methods. The US irradiations shorten the reaction time and result 

an excellent yield of product. Heterocyclic compounds have important role in most fields of sciences like medicinal chemistry 

and biochemistry. In this article our aim is to review the recently reported US-assisted syntheses of some important 

heterocyclic compounds. 
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 The ultrasonication technique is an rapid and 

ecofriendly protocol for the synthesis of heterocyclic 

compounds. The ultrasound waves of frequency (about 

20-100 KHz) are of much interest for accelerating 

chemical reactions (Cella et al., 2009). 

 The ultrasound waves in solution of reactants 

furnish a specific activation based on acoustic cavitations. 

The reactant molecules run towards cavities and thus they 

undergo collisions. As a result of collision, they have 

sufficient energy to react rapidly resulting product 

(Morey et al., 2015). It is also suggested that the sound 

waves propagation pass through liquid medium and 

bubbles are formed.  These cavitations bubbles collapse 

and very high temperature (5000ºC) and high pressure 

(1000 bar) may be created. The reagent vapours suffer 

fragmentation to generate reactive species (Free radicals 

and Carbenes). These high energy species lead to 

intermolecular reactions to result product in high yield 

with decreasing the percentage of by-products. There is 

enhanced reaction rate. Thus US-assisted protocol for 

synthesizing heterocyclic compounds as reported in 

literature is based on following important points: 

1. New green US assisted method for synthesis of 

heterocyclic compounds to be more advantageous 

than conventional methods. 

2. This technique is simple, economical and 

ecofriendly. 

3. The time of chemical reaction is reduced from hours 

to few minutes. 

4. The products are obtained in increased percentage of 

yield as compared to conventional methods.  

 The heterocyclic compounds played a vital role 

in biological process and have proved to be broadly and 

economically useful as therapeutic agents. The high 

therapeutic properties of Imidazoles (Bhandari et al., 

2010), Pyrazoles (Selvan et al., 2014), Pyridines (Ghattas 

et al., 2016), Sym-triazoles (Singala et al., 2018), 

Benzodiazepines (Ishwar Bhat et al., 2014), Pyrimidines 

(Abbas et al., 2016), Quinazolines (Nofal et al., 2011), 

quinolines (Thigulla et al., 2016) derivatives have 

encouraged the researchers to design ecofriendly benign 

protocol to synthesise these heterocyclic compounds. It is 

a challenge to medicinal chemists to follow US-assisted 

synthesis of compounds and also by using green solvents 

or developed solvent free US-assisted synthesis. The use 

of some green reusable heterogeneous catalyst in US-

assisted synthesis also resulted the products in high yield 

and in lesser time as compared to conventional methods. 

Thus ultrasound assisted protocol is a boon in the 

synthesis of heterocyclic compounds. 

ULTRASOUND-ASSISTED SYNTHESIS OF 

HETEROCYCLIC COMPOUNDS 

 A large number of heterocycles have been 

synthesised as reported in literature by sonication 

technique. In this review we have mentioned the 

ultrasound promoted recently reported synthesis of some 

heterocyclic compounds on the basis of various literature 

surveys. 

 The synthesis of seventeen novel 1,3-

imidazo[1,2-a] pyridine carbazoles bound type bis-

heterocycles (in one pot) by ultrasound irradiation 

assisted GBB reaction by using ammonium chloride 
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catalyst and green solvent (Ethanol) at room temperature 

in high yield has been reported (Kurva et al., 2018). 

N N

N

R2

R3

R1

NH

 

R1 = C3H7, C5H17 

R2 = H, 4-Me, 5-Cl, 5-CN, 4-COOMe, 6-Br, 3-OBr 

R3 = O-Hex, 4-OMePh, t-Bu, 2,6-dimethlphenyl. 

 The US-assisted synthesis of light 

benzimidozolyl thiounsaturated nitriles using water as 

green solvent in short reaction time has been reported 

(Rao et al., 2014). 

N

H
N

CN

S C CH
R

 

R = o-nitro, m-nitro, p-nitro, o-tolyl, p-tolyl, p-hydroxy, 

o-hydroxy, 3,4-dimethoxy. 

  A simple and benign one-pot synthesis of highly 

functionalized seleno dihydropyridines and seleno 

pyridines has been reported (Khan et al., 2015) using 

ultrasound assisted multi-component reactions of 

malonitrile, aldehydes and benzeneselenol in reusable 

PEG-400 as reaction medium. 

N

CN

SePh

R

NC

H2N N
H

CN

SePh

R

NC

H2N

 

R = o, o´-disubstituted Aryl 

 Some novel derivatives of 4-(benzyloxy)-N-(3-

chloro-2-(substituted phenyl)-4-oxoazetidin-1-

yl)benzamid were synthesiszed in high yield by 

ultrasound irradiation using triethylamine as catalyst 

involving staudinger Ketene-imine cyclo addition 

(Nimbalket et al., 2018).  

O

O

C NH

O

N

Cl

Ar

 

Ar = p-Hydroxyphenyl, p-methoxyphenyl, p-

fluorophenyl, p-chlorophenyl 

 Ultrasound assisted high-yield multicomponent 

synthesis of triazolo [1,2-a] indazole-triones using silica-

coated ZnO nanoparticles as a heterogeneous catalyst in 

deionized water at about 60ºC, has been reported by the 

condensation of reaction of dimidone, 4-phenylurazole 

and aryl aldehydes (Verma et al., 2017). 

N

N

NPh

R1

O

O

O

 

 The synthesis of 2,2,4-trisubstituted-2,3-

dihydro-1H-1,5-benzodiazapine derivatives was carried 

out (Chikhale et al., 2013) through a reaction using silica 

gel as green catalyst and ultrasound as green reaction 

medium. 

 The ultrasound assisted synthesis (Singh et al., 

2018) of 2-arylbenzofurons in good yield is reported by 

iodine (III) catalyzed oxidative cyclisation of 2-hydroxy 

stilbene using PhI(OAc)2 as catalyst in presence of m-

chloroperbenzoic acid)  

O
Ar

R
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R = H, Me, 

Ar = Ph, 3-FC6H4, 2-ClC6H4, 4-ClC6H4, 4-BrC6H4, 3-

MeC6H4, 4Me-C6H4, 4-MeOC6H4, 3,4-(MeO)2 C6H3, 1-

naphthy 

 Biologically promising dihydroquinoline 

derivatives were synthesized (Pagadala et al., 2014) via 

US-assisted one pot four component catalyst free 

reaction, in higher yield than conventional methods. 

NH
NH

NH2

OH

R

CN

NH2

CN

R

 

R = Ph, 4-BrPh, 4-ClPh, 2-ClPh, 4-OHPh; 

R = Ph, 4-BrPh, 4-OHPh, 4-ClPh 

 An ultrasound assisted chemo selective synthesis 

of pyrazolo [3,4-b] pyridine-5-carbonitriles in aqueous 

medium using NaCl as catalyst has been reported (Dandia 

et al., 2014). Here twelve derivatives were synthesized in 

84-95% yield. 

N
H

HN

N
O

CH

RCH3

 

R = Ph, 2F-6ClC6H3, 4-ClC6H4, 4-BrC6H4, 4-OHC6H4, 4-

OCH3C6H4, 4-CH3C6H4, 4F-C6H4, 3,4,5-(OH)3C6H2, 3-

OC6H5C6H4 

 Ultrasound-assisted synthesis of symmetrical 

hexahydrotriazines (Singh et al., 2011) has been reported 

using ethanol and water as solvent in good yield in short 

time. 

N N

N

X

X

X  

X = H, CH3, OCH3, NH2, Cl, –NO2 

 A series of pyrimidine annulated fused 

heterocycles were synthesiszed (Mosslenin et al., 2010) 

in high yields via an ultrasound-assisted method using 

piperidine as catalyst in water at 60ºC. 

N

N N
H

N

N

O

OR1O

X

R2
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X = O, S; R = H, CH3, R1 = C6H5, 4-ClC6H4, 4-CH3C6H4, 

4-NO2C6H4, 2-furyl, 2-thiophenyl, R2 = H, CH3 

 The US-assisted synthesis of pyrido[2,3-d; 6,5-

d] dipyrimidines was developed (Naeimi et al., 2017) 

using nanocopper ferrite as heterogenius catalyst in water 

in high yields. 

N

N
H

N
H

N
H

NH

S

ORO

S

H

 

R = C6H5, 4-ClC6H5, 4-CH3C6H4, 2-NO2C6H4, 4-

NO2C6H4, 3-OCH3C6H4, 2-FC6H4, 2-OH naphthyl, 2-

pyridyl, p-phenylene. 

 A series of biologically active and highly 

substituted 2-amino 1,4,5,6,7,8- hexahydroquinoline-3-

carbonitriles were synthesised (Siddekha et al., 2014) is a 

ultrasound-assisted reactions using K2CO3 as a catalyst in 

aqueous medium at 26ºC. 
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N
H

RO

CH3

CH3

NH2

CN

 

R = 4-OCH3C6H4, 4-ClC6H4, 3-NO2C6H4, 4-OHC6H4, 4-

NO2C6H4, 3,4,5-(OCH3)3C6H2, 3-OCH3-4-OHC6H3.  

 The ultrasound assisted (Safari et al., 2012) 

catalyst free high yielding synthesis of 2-amino-4,6-

diphenylnicotino nitriles in water at 50ºC in shorter time 

has been reported. 

N

R

R'

H2N

NC

 

R = H, OH, R1 = H, 4-CH3, 4-OCH3, 4-Cl, 3-NO2, 4-Br, 

4-pyridyl, 2-OCH3, 2-F, 2-Cl, 3-F, 3-Cl, 3-OH, 2-Furyl, 

2-Thienyl 

 The ultrasound promoted synthesis of tetrahydro 

dipyrazolo pyridines in aqueous medium without catalyst 

was reported (Shabalala et al., 2015) as advantageous 

method with respect to reaction time and yields when 

compared to conventional method. 

R

CH3H3C

N
N
H

N
H

N
H

N

 

R = Ph, 4-OCH3C6H4, 4-BrC6H4, 4-N(CH3)2-C6H4,  4-

OHC6H4, 2-BrC6H4, 2-OCH3C6H4, 2-ClC6H4, 2-

NO2C6H4. 

 The catalyst free ultrasound-promoted synthesis 

(Eftekhari-sis, 2013) of 6-aryl-3-methylpyridazine-4-

carboxylic acid esters and 5-aryl-4-hydroxy-2-methyl-

1H-pyrrole-3-carboxylic acid esters in aqueous media at 

room temperature. 

O

CH3

R

R1

N
N

C
O

CH3

R

R1

N
H

CHO

 

R = H, 4-Br, 4-Cl, 4-NO2 

R1 = OCH3, OC2H5, OC(CH)3, CH3 

 An environmentally benign ultrasound promoted 

aqueous mediated synthesis (Safari et al., 2015) of 2-

amino-4H-chromenes in presence of Fe3O4-Chitoson 

nano-particles as catalyst has been reported. 

R

NH2HO
O

CN

 

R = 4-FC6H4, 2-FC6H4, 4-ClC6H4, 3-ClC6H4, 2-ClC6H4, 

4-CH3C6H4, 3-OCH3-4-OHC6H3, 4-BrC6H4, 

2,4(Cl)2C6H3, 3,5(OCH)2C6H3, 3-NO2C6H4, 2-NO2C6H4, 

1,4-phenylene, 3-pyridyl, 2-naphthyl 

 The ultrasound-assisted synthesis (Gohil, J.D., et 

al., 2016) of a series of biologically active 2-amino-3-

cyano-pyrano [4,3-b] pyrans has been reported. 

R

NH2
O

O
Z

N

H
N

N

N

N

O

CH3

 

R = H, CH3;  Z = CN 

 The ultrasound-assisted synthesis (Chen et al., 

2015) of 2,3-dihydroquinazolium-4(1H)-one derivatives 

in presence of catalyst p-dodecylbenzene sulphonic acid 

in water has been reported. 
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N
H

N

R

R1

O

 

R = C6H5, 4-ClC6H4, 4-NO2C6H4, 4-OCH3C6H4, 2-

ClC6H4, 

R1 = C6H5, CH3, 4-CH3C6H4, C2H5,   

 The US-assisted synthesis (Panigrahi et al., 

2019) of novel oxaizolidinone biphenyl chalcone hybrid 

derivatives in presence of Cu I has been reported. 

C

O

O N

Cl

O

CHR

CH

 

R = C6H5, 4-OCH3C6H4, 2-ClC6H4, 3,4-(OCH3)2C6H3, 2-

thiophenyl 

 The ultrasound-assisted synthesis of poly 

substituted imidazoles (Sansi et al., 2016) using 

recyclable spinel nano copper ferrite as heterogenius 

catalyst has been reported.   

N
H

N

Ar

 

 The ultrasonicated synthesis of 1,4-

dihydropyridines using robust laterite catalyst has been 

reported recently (Chine et al., 2019). 

N
H

R

EtOOC

H3C
CH3

COOEt

 

R = 4-ClC6H4, 4-OMeC6H4, 4-OHC6H4, 4-NO2C6H4, Ph, 

4-BrC6H4, 

 The synthesis of pyranopyrazoles using laterite 

catalyst in presence of ethanol by ultrasonication has been 

recently reported (Chine et al., 2018). 

O

R

CH3

NH2

CN

N

N
H

 

R = 4-ClC6H4, 2-ClC6H4, 4-OCH3C6H4, 4-OHC6H4, 2-

Furyl, 4- CH3C6H4,  

 The cyclocondensation of –ketoesters and 

amidines was promoted by UV irradiation in presence of 

K2CO3 (Vidal M., et al., 2016) to result 2,4,5-subsituted 

pyrimidines inexcellent yields. 

N N

R

R1

R2

 

R = Alkyl, CF3; 

R1 = H, Me; 

R2 = Ar, alkyl 

 Ultrasound irradiated catalyst free synthesis of 

dihydropyrano [2,3-c] pyrazoles at 50ºC was reported 

(Zou et al., 2011) at enhanced rate. 
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O

N

N
H

CN

NH2

R

 

R = 4- CH3C6H4, 4-ClC6H4, 3-ClC6H4, 4-FC6H4, 4-

BrC6H4, 4-OHC6H4, 4-NO2C6H4, 2-thienyl, 2-pyridyl  

CONCLUSION 

 On the basis of recent literature survey the 

ultrasonication protocol to synthesise heterocyclic 

compound is an ecofriendly benign method. This method 

shortens the reaction time with high yield of product. 

Heterocyclic compounds are considered one of the most 

important classes of compounds representing important 

place in medicinal chemistry. It is advisable to 

researchers and chemists to develop such green 

economical lesser time taking protocol to synthesise 

medicinal heterocycles in very high yields without the use 

of hazardous solvents. Hence ultrasonication technique 

must be widely accepted for the synthesis of heterocyclic 

compounds.       
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