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ABSTRACT 
Microwave reactions are based on the basic principles of green chemistry, basically involve “Go Green” concept. Purpose of green synthesis is to proceed 
with all the synthetic procedures which are ecofriendly and economic. Great deal of better yield in lesser time than conventional methods are observed. In 
medicinal chemistry, 1,2,4- triazoles are the  source for potent medicaments for different pharmacological activities. In connection with this, literature is being 
compiled up for the sake of synthesis of 1,2,4- triazoles derivatives by using microwave irradiations. 
Keywords: Microwave synthesis, green chemistry, triazoles, pharmacology, synthesis. 
 
INTRODUCTION 
Organic synthesis is the preparation of a desired organic 
compound from available starting materials. The use of 
microwave irradiation in organic synthesis has become 
increasingly popular within the pharmaceutical and academic 
areas, because it is a new enabling technology for drug 
discovery and development. Microwave technology is an 
emerging alternative energy source powerful enough to 
accomplish chemical transformations in minutes, instead of 
hours or even days. For this reason, microwave irradiation is 
presently seeing an exponential increase in acceptance as a 
technique for enhancing chemical synthesis. A growing 
number of investigators are adopting microwave-assisted 
synthesis as a means to increase their productivity. 
Microwave assisted organic synthesis has been the foremost 
and one of the most researched applications of Microwaves in 
chemical reactions is an important part of green chemistry. 
Green chemistry is the design and implementation of 
processes and products that minimize or eliminate the use and 
generation of hazardous chemicals and solvents and other 
substances which may have an adverse effect on the 
environment and on human health. Green chemistry is a more 
eco-friendly green alternative to conventional chemistry 
practices. The green chemistry movement is part of a larger 
movement ultimately leading to a green economy- namely 
sustainable development, sustainable business and 
sustainable living practices. Green Chemistry encourages 
environmentally conscious behaviour, such as reducing and 
preventing pollution and the destruction of the planet.  
The term green chemistry was first used in 1990 by P. T. 
Anastas Green chemistry incorporates a new approach to the 
synthesis, processing and application of chemical substances 
in such a manner as to reduce threats to health and the 
environment. Green chemistry is also known as:  
 • Environmentally benign chemistry   
 • Clean chemistry 
 • Atom economy  
 • Benign-by-design chemistry1  
In, inorganic chemistry, microwave technology was used 
since the late 1970s, while it has only implemented in organic 
chemistry since the mid-1980s. The first microwave-assisted 
organic syntheses, reported in 1986 by groups of Richard 
Gedye2 and Raymond J. Giguere/George Majetich3 attracted 
our attention. Considerably shorter reaction times than 

normal had been obtained for common organic 
transformations such as esterification, hydrolysis, 
etherification, addition, and rearrangement. This suggested 
that microwave heating could be advantageous for synthesis 
if it could be conducted safely. Scientists have demonstrated 
the potential of microwave -assisted organic synthesis using 
ionic liquids as solvent, cosolvent, additives and/or catalyst4. 
Triazoles are 5-membered rings, which contain two carbon 
and three nitrogen atoms. According to the position of 
nitrogen atoms, triazoles exist in isomeric forms i.e. 1,2,3-
triazole and 1,2,4-triazole5. Two structural isomeric triazoles 
exists in two dissimilar tautomeric forms, are known the 1H-
1,2,3-triazole (1) or 2H-1,2,3-triazole (2)  and the 1H-1,2,4-
triazole (3) or 4H-1,2,4-triazole (4) the former being known 
as osotriazole, and the latter as triazole6. 
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Out of the two triazoles, 1,2,4- triazole have drawn great 
attention to medicinal chemists from two decades due to its 
wide variety of activity7, low toxicity and good 
pharmacokinetic and pharmacodynamic profiles. 1,2,4-
triazole derivatives exhibit wide range of biological activities 
including antibacterial8-10, antifungal11,12,  hypoglycaemic13,14, 
antidepressant15,  analgesic16, antitumor17, anti-proliferative18, 
antitubercular19, anticonvulsant20 activities. 

 
GENERAL METHOD OF SYNTHESIS 
1,2,4-Triazoles are usually prepared using either of two 
reactions, i.e. the Einhorn–Brunner reaction or Pellizzari 
reaction21. 
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The Einhorn–Brunner reaction occurs between an alkyl hydrazine and an imide (5) that give a mixture of isomeric 1,2,4-
triazoles (6). This cyclization reaction is catalyzed by an organic acid, such as acetic acid (Scheme 1). 
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In the Pellizzari reaction, an acyl hydrazide (8) is condensed with an amide (7) at high temperature and give substituted 1,2,4-
triazole (9) (Scheme 2). 
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CHEMISTRY OF THE 1,2,4-TRIAZOLES 
Nucleophilic substitution and Rearrangement reaction 
Nucleophilic substitution of 7-chloro-9-methylthio-3-substitutedpyrimido[5,4- f][1,2,4]triazolo[3,4-b]-[1,3,4]thiadiazepines 
(10) with water gives 3-substituted 9-methylthio-7,8-dihydropyrimido[5,4-f][1,2,4]triazolo[3,4-b]-[1,3,4]thiadiazepin-7-ones 
(11),  sodium methoxide gives 7-Methoxy-3-methyl-9-methylthiopyrimido[5,4-f][1,2,4]triazolo[3,4-b]-[1,3,4]thiadiazepines 
(12) and amines occurs with the formation of the corresponding 3-Substituted 7-(substituted amino)- 9-
methylthiopyrimido[5,4-f][1,2,4]triazolo[3,4-b]-[1,3,4]thiadiazepines (13)22 (Scheme 3). 
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Electrophilic substitution reaction 
The electrophilic substitution reactions of 5,8-Diphenylpyrazolo[1,5-c]-1,2,4-triazolo[4,3-a]pyrimidine (14) such as 
bromination with bromine and nitration with nitric and sulfuric acids in glacial acetic acid gave the respective 6-Bromo-5,8-
diphenylpyrazolo[1,5-c]-1,2,4-triazolo[4,3-a]pyrimidine (15) and 6-Nitro-5,8-diphenylpyrazolo[1,5-c]-1,2,4-triazolo[4,3-
a]pyrimidine (16) compound23 (Scheme 4). 
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4-Methyl-1-thioxo-1,2,4,5-tetrahydro[1,2,4]triazolo[4,3-a]quinazolin-5-one (17) reacts with alkyl halides under basic 
conditions (K2CO3, NEt3) in presence of ethanol to produce the S-substituted products 2-[(4-Methyl-5-oxo-4,5-
dihydro[1,2,4]triazolo[4,3-a]quinazolin-1-yl)sulfanyl]acetic acid (18) via an SN2 reaction mechanism. On the other hand, when 
either 3-chloropropanenitrile or methyl-3-chloropropanoate were used, the reaction gave the N (2)-substituted products (19)24 
(Scheme 5). 
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Alkylation reaction 
Alkylation of 1,2,4-triazole with alkyl halides and a variety of bases afforded the corresponding 1- and 4-alkylated isomers, 
with prevalence of the N1-isomer, but reaction of 1H-1,2,4-triazole (20) with O-tosyloxazoline derivative (21) and K2CO3, was 
carried out in the presence of a catalytic amount of tetra-n-butylammonium bromide (TBAB) in N,N’ dimethylformamide at 
120 °C for 12 hours afforded only the 1-substituted product, 4-((1H-1,2,4-Triazol-1-yl)methyl)-4-methyl-2-phenyl-4,5-
dihydrooxazole (22)25 (Scheme 6). 
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The alkylation of 1,2,4-triazole with the help of 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) as base synthetically allows for a 
convenient and high yielding synthesis of 1-substituted-1,2,4-triazoles. Hence, by applying these conditions to a range of 
alkylating agents like methyl iodide good yields of 4-methyl 1,2,4-triazole (24) was obtaind as compared to 1-methyl 1,2,4-
triazole (25) with the regioselectivity of 86:14 up to 94:6 from 4H-1,2,4-triazole (23)26 (Scheme 7). 
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Acylation reaction 
4-Methyl-1-thioxo-1,2,4,5-tetrahydro[1,2,4]triazolo[4,3-a]quinazolin-5-one (26) with benzoyl chloride gave only the N-acyl 
derivative i.e. 2-benzoyl-4-methyl-1-thioxo-1,2,4,5-tetrahydro[1,2,4]triazolo[4,3-a]quinazolin-5-one (27)24 (Scheme 8). 
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Acetylation reactions 
Methyl 5-amino-1H-[1, 2, 4] triazole-3-carboxylate (28) undergoes acetylation with acetic anhydride to form two isomeric 
diacetylated products (29) and (30)27 (Scheme 9). 
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Acetylation of 7-ethoxycarbonyl-6-methyl-3-phenyl-1H-pyrazolo[5,1-c][1,2,4]triazole (31) with acetyl chloride in the presence 
of THF/ tributylamine, has led to the 1-acetyl-7-ethoxycarbonyl-6-methyl-3-phenyl-pyrazolo[5,1-c][1,2,4]triazole (32)28 
(Scheme 10)  .
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Thermolysis 
3,4,5-substituted-1,2,4-triazole (33) undergo thermolysis when heated at 316-335°C for 30 min and rearranged to yield 1-ethyl-
3,5-diphenyl-1H-1,2,4-triazole (34) together with elimination of small amount of 3,5-diphenyl-1H-1,2,4-triazole derivative 
(35)29 (Scheme 11). 
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Synthesis of novel 1,2,4 triazole derivatives 
3,5-disubstituted 4-amino-1,2,4-triazoles (38a-i) was synthesized by the reaction of aromatic nitriles (36) on hydrazine 
dihydrochloride in the presence of an excess of hydrazine hydrate in ethylene glycol under microwave irradiation via formation 
of 1,2-dihydro-1,2,4,5-tetrazine (37)30 (Scheme 12). 
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3-substituted-4 amino-5-mercapto-1,2,4-triazole (41) derivatives was synthesized by condensation of thiocarbohydrazide 
(39) with different alkanoic acids (40) under  microwave irradiation31 (Scheme 13). 
 

S

N
H

N
H

NH2H2N
O

R OH
MW N

NN
R SH

NH2

R = H, CH3, C2H5

(39) (40) (41)
(Scheme 13)

 
 
3,5-dibenzyl-4-amino-1,2,4-triazole (44) was synthesised from benzyl cyanide (42) in the presence of hydrazine hydrate and 
ethylene glycol via dihydro-1,2,4,5-tetrazine (43) which rearranged on treatment under acidic conditions into the product32 
(Scheme 14). 
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8,9-cycloalkathieno[3,2-e][1,2,4]triazolo[1,5-c]pyrimidin-5(6H)-ones (47a-d) was synthesized from 2-amino-4,5,6,7-
tetrahydrobenzo[b]thiophene-3-carbonitrile (45) in ethyl chloroformate gives ethyl-3-cyano-4,5,6,7-
tetrahydrobenzo[b]thiophene-2-yl carbamate (46) which on condensation with aryl acid hydrazides under microwave-assisted 
conditions yield the final product33 (Scheme 15). 
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4-amino-5-(3-chlorobenzo[b]thien-2-yl)-3-mercapto-1,2,4-triazole (51) was synthesized from potassium dithiocarbazate 
(50) under microwave irradiation from 3-chloro-2-chlorocarbonylbenzo[b]thiophene (48)  through an corresponding hydrazide 
intermediate (49), which on cyclisation with hydrazide gives the product34 (Scheme 16).  
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3-(5'-fluoro-2'-methoxybiphenyl-3-yl)-6-(substituted)[1,2,4]-triazolo[3,4-b][1,3,4] thiadiazole (53a-j) was synthesized 
from 4-amino-5-(5'-fluoro-2'-methoxybiphenyl-3-yl)-4H-1,2,4-triazole-3-thiol (52) subjected to MW irradiation using dry 
phosphorous oxychloride and carboxylic acid35 (Scheme 17). 
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9-aryl-6-(3-fluorophenyl)-1,2,4-triazolo[4,3-a][1,8]naphthyridines (61a-h) was synthesized from aryl aldehyde 3-(3-
fluorophenyl)-1,8-naphthyridine-2-ylhydrazones (60) using FeCl3.6H2O under microwave irradiation36 (Scheme 18). 
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9-substituted-3-aryl-5H,13aH-quinolino[3,2-f][1,2,4]triazolo[4,3-b][1,2,4]triazepine (64a-j) was synthesized from 5-aryl-
3,4-diamino-1,2,4-triazoles (62) and 2-chloro-3-formylquinoline (63) using catalytic amount of p-TsOH and N, N-
dimethylforamide as an energy transfer medium using MW heating37 (Scheme 19). 
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1-substituted-3,7-dialkyl/aryl-4H-pyrazolo[4,5-f]-[1,2,4]triazolo[3,4b][1,3,4]thiadiazep- ines (67a-i)  were synthesized by 
condensation of 1-amino-2-mercapto-1,3,4-triazoles (65) and 5-chloro-4-formyl-1,2-pyrazoles (66) in the presence of N,N-
dimethylforamide as an energy transfer medium, p-TsOH as catalyst and basic alumina as solid support under microwave 
irradiation38 (Scheme 20). 
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6-aryl-3-substituted-5H-[1,2,4]-triazolo[4,3-b][1,2,4]triazoles (69a-e) was synthesized by microwave assisted cyclization of 
N-(3-methylthio-5-substituted-4H-1,2,4-triazol-4-yl)benzenecarboximidamides (68)39 (Scheme 21). 
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Schiff’s bases of 5-mercapto-3-(3'-pyridyl)-4H-1,2,4triazole-4-yl-thiosemicarbazide (70) was synthesized by reacting with 
different aromatic aldehyde to yield (71a-e)40 (Scheme 22). 
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9-aryl-6-(2-fluorophenyl)-1,2,4-triazolo[4,3-a][1,8]naphthyridines (79a-h) was synthesized by oxidation of the 
corresponding aryl aldehyde 3-(2-fluorophenyl)-1,8-naphthyridin-2-ylhydrazones (78) with chloramines-T in ethanol under 
microwave irradiation41 (Scheme 23). 
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5-substituted 1,2,4-triazolo[3,4-b]-1,3,4-thiadiazeepines (82a-e) and (83a-e) was synthesized from the reaction of 1-amino-
2-mercapto-5-substituted triazoles (80) and substituted chalcones (81) on basic alumina under microwave irradiation42 
(Scheme 24). 
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Fluorine containing 3-alkyl-7-chloro-11a,12-dihydro-11-phenyl-12-(substituted aryl)-11H-benzopyrano[4,3-e][1,2,4]-
triazolo[3,4-b][1,3,4]-thiadiazepines (86a–k) was synthesized using basic alumina as solid support from 4-Amino-5-alkyl-3-
mercaptotriazoles (84a-c) and 6-chloro-3-(substituted-arylidene)-flavanones (85a-g) under microwaves irradiation43 (Scheme 
25).
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(85a-g)

Basic Alumina
MW

N
N

SN
N

O
R

Cl

H
H

H
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Compound           R                   R '
      86a               CH3               2-F
      86b               CH3               4-OCF3
      86c               CH3               2-Cl
      86d               CH3               H
      86e               C2H5              4-F
      86f                C2H5              2-Cl, 4-F
      86g               C2H5              2-F
      86h               C2H5              3,4-diF
      86i                C3H7              2-F
      86j                C3H7              4-OCF3
      86k               C3H7              2-Cl, 4-F

Compound      R                   
     84a            CH3               
     84b            C2H5              
     84c            C3H7

Compound        R '
      85a             2-F
      85b             4-OCF3
      85c             2-Cl
      85d              H
      85e             4-F
      85f              2-Cl, 4-F
      85g             3,4-diF

(Scheme 25)

 
  
5, 5-methylenebis (4-substituted phenyl/alkyl-4H-1,2,4-triazole-3-thiol) (91a-f) was synthesized from malonic acid bisester 
(88) through malonic acid bis hydrazide (89), yield substituted bis thiosemicarbazide (90) which on addition of 2M sodium 
hydroxide solution gives series of bis-triazole derivatives44 (Scheme 26). 
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(Scheme 26)

 
 
4-amino-3,5-bis[6-(methoxymethyl)-3,4-dimethyl-2-oxo-1,2 dihydropyridine-1-yl]-1,2,4-triazole-2(H) (93) was 
synthesised by subjecting a mixture of 4-(methoxymethyl)-1,6-dimethyl-2-oxo-1,2-dihydropyridine-3- carbonitrile (92), 
hydrazine dihydrochloride and hydrazine hydrate in ethylene glycol in microwave reactor45 (Scheme 27). 
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1-cyclopropyl-6,7–difluoro-8-methoxy-3-(4-substitutedphenyl-5-thioxo-4,5-dihydro-1H-1,2,4-triazol-3-yl) quinolin-
4(1H)-one (95a-e) was synthesized from 1-(1-cyclopropyl-6,7–difluoro-8-methoxy-4-oxo-1,4-dihydroquinoline-3-carbonyl)-4-
substitutedphenylthiosemi-carbazides (94) in 2N NaOH under microwave irradiation46 (Scheme 28). 
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     95c             C6H5
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2N NaOH

(94) (95a-e)
(Scheme 28)

 
 
4-N, N-Dimethylamino/ 4-Cycloamino-Substituted 1,2,4-Triazole-3-thiones (98a-m) was synthesized from substituted 
methyl dithiocarbazates (97) and benzhydrazides under microwave irradiations. Methyl dithiocarbazates were obtained by the 
treatment of N,Ndimethylhydrazine, N-aminopiperidine, N-aminomorpholine, and N-methyl-1-aminopiperazine with carbon 
disulfide in the presence of triethylamine, followed by methylation with methyl iodide47 (Scheme 29). 
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Compound         R                            R'
     98a              C6H5                     N(CH3)2
     98b              C6H5                     Piperidine
     98c              C6H5                     Morpholine
     98d             4-ClC6H4                N(CH3)2
     98e             4-ClC6H4                Piperidine
     98f              4-ClC6H4                Morpholine
     98g             4-FC6H4                 Morpholine
     98h             4-NH2C6H4             N(CH3)2
     98i              4-NH2C6H4             Piperidine
     98j              4-NH2C6H4             Morpholine
     98k             4-OCH3C6H4          Morpholine
     98l              3,4-Cl2C6H3            N(CH3)2
     98m           3,5-(OCH3)2C6H3     4-Methylpiperazine

(96) (97) (98a-m)
(Scheme 29)

 
 
2-Arylamino-5-(2-thienyl)-1,2,4-triazolo[3,4-b][1,3,4]thiadiazoles derivatives (100a-e) was synthesized from 
dehydrosulphurization of N-[3-Mercapto-5-(2-thienyl)-1,2,4-triazol-4-yl]-N' arylthioureas (99) via exposure to microwave 
irradiation for 5 min48 (Scheme 30). 
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3-[(2-benzoylamino) phenyl]-1,2,4-triazolin-5-thione (102) was synthesized from 2-(benzoylamino) benzoic hydrazide/ 2-
benzoylaminobenzoic phenylhydrazide (101) and ammonium thiocyanate in ethanol using different solid supports under 
microwave irridation49 (Scheme 31). 
 

(Scheme 31)
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PHARMACOLOGICAL ACTIVITIES 
Antifungal Activity 
9-substituted -3-aryl-5H, 13aH-quinolino[3,2-f][1,2,4]triazolo[4,3-b][1,2,4]triazepine (103a-d) were screened for anti-
fungal activity against Aspergillus flavus, Aspergillus niger, Rhizopus species and Pencillum notatum species by paper disc 
method at conc. 500 μg/ml and 1000 μg/ml using fluconazole as standard. Compounds showed excellent activity against  
Aspergillus niger at 1000 μg conc. and Pencillum notatum at 500 μg as well as 1000µg/ml conc whereas they showed good to 
moderate activity against Aspergillus flavus and Rhizopus species at both conc37. 
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Compound            R                  R'     
    103a               C6H5               H
    103b             4-NO2C6H4       H
    103c             2-ClC6H4          3-CH3
    103d             4-NO2C6H4      3-CH3  

 
1-substituted-3,7-dialkyl/aryl-4H-pyrazolo[4,5-f]-[1,2,4]triazolo[3,4-b][1,3,4]thiadiaze- pines (104a-d) were evaluated for 
anti-fungal activity against Aspergillus flavus, Aspergillus niger, Rhizopus species and Penicillum species by paper disc 
method at concentrations 500µg/ml and 1000µg/ml using fluconazole as standard. Compounds showed good to moderate 
activity except penicillum species38. 
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Compound      R                        R'                       R''
   104a            CH3                    CH3                    H
   104b           n-C3H7                CH3                    H
   104c         4-OCH3C6H4       4-NO2C6H4         C6H5
   104d         4-ClC6H4             4-NO2C6H4         C6H5  

 
Fluorine containing 3-alkyl- 7-chloro-11a,12-dihydro-11-phenyl-12-(substituted aryl)-11H-benzopyrano[4,3-e][1,2,4]-
triazolo[3,4-b][1,3,4]-thiadiazepines (105a–i) were screened for in vitro anti-fungal activity against Rhizoctonia solani, 
Fusarium oxysporum and Collectotrichum capsici. Compounds have shown good activity against these pathogens43. 
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4-amino-3-mercapto-1,2,4 triazoles (106a-d) was evaluated as antifungal agents against Candida albicans and Candida 
tropicalis by the disk diffusion method. Compounds exhibit high activity against Candida albicans and Candida tropicalis50. 

 
NN

N

NHN

N
NH2

SHAr

NH2

Ar S

 Compound     Ar
    106a          C6H5
    106b         CH2C6H5
    106c         p - Cl-C6H4
    106d         p - CH3-C6H4

(106a-d)

 
 
4-(3,5-disubstitue-4H-1,2,4-triazol-4-yl)-5-(thiophen-2-yl-methyl)-2H-1,2,4-triazol-3(4H)- ones (107a-c) and 4-(3,5-
disubstitue-4H-1,2,4-triazol-4-yl)-2-(2-oxo-2-arylethyl)-5-(thiophen-2-ylmethyl)-2H-1,2,4-triazol-3(4H)-ones (108a-f) 
were evaluated for antifungal activity against Penicillum spp., and Aspergillus spp. by agar-well diffusion method using 
fluconazole (5 μg) as standard drug. Compounds showed potent activity51. 
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Compound      R          R'
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Compound       R           
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    107b           CH3      
    107c           C2H5
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4-(4-substituted benzylideneamino)-2-(morpholinomethyl)-5(substitutedphenyl)-2H-1,2,4-triazole-3(4H)-thione (109a-b) 
and 4-(4-substitutedbenzylideneamino)-5(substitutedphenyl)-2H-1,2,4-triazole-3(4H)thione (110a-e) were evaluated for 
anti-fungal activity against Candida albicans, Candida tropicalis and Aspergillus niger by tube dilution/turbidity method using 
fluconazole as standard. All compounds showed very good activity52. 
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3-[(2-benzoylamino)phenyl]-1,2,4-triazolin-5-thione (111) were screened for their antifungal activity against Aspergillus 
niger and Aspergillus flavus by the paper disc diffusion method and compared to standard salicylic acid. Both compounds have 
shown good activity against both fungi53. 
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3-(substitutedphenyl)-N-(4H-1,2,4-triazol-4-yl)acrylamide (112a-c) were studied for their in-vitro antifungal activity against 
Mucor, Aspergillus niger and Penicillium strains by the turbidometry method. Compounds 112a and 112c gives comparable 
activity of fluconazole54. 
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    112a           4-N(CH3)2
    112d           3-OCH3
    112c           2-OH

(112a-c)

 
 
Antibacterial Activity 
2-(2-furyl)-4-(3-aryloxymethyl-1,2,4-triazolo[3,4-b]-1,3,4-thiadiazol-6-yl)quinolines (113a-k) were screened for their anti-
bacterial activities against Escherichia coli, Staphylococcus aureus, Bacillus subtilis and Pseudomonas aeruginosa using 
furacin as standard by serial dilution method. All the compounds showed moderate to excellent activity compared with the 
standard drug, furacin55 .
 

Compound        R             Ar
     113a             Br        4-ClC6H4
     113b             Br        3-ClC6H4
     113c             Br        4-CH3C6H4
     113d             Br        3-CH3C6H4
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     113k             H         3-CH3C6H4
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N-(6-bromo-2-methyl-4-oxoquinazolin-3(4H)-yl)-2-(4-(3-chloro-2-(substitutedphenyl)-4- oxoazetidin-1-yl)-5-(pyridin-4-
yl)-5-thio)acetamido-1,2,4-triazoles (114a-g), N-(6- bromo-2-methyl-4-oxoquinazolin-3(4H)-yl)-2-(4-(2-
(substitutedphenyl)-4-oxothiazolidin -3-yl)-5-(pyridin-4-yl)- 3-thio)acetamido-1,2,4-triazoles (115a-g) were screened for 
antibacterial activity against Escherichia coli, Staphylococcus aureus, Pseudomonas vulgaris and Klebsilla pneumoniae. 
Among azetidinones 114a-g, compound 114b exhibited promising antibacterial activity. Among the compounds 115a-g, 
compounds 115b and 115c showed better activity against S. aureus, E.coli and P.vulgaris, 115e exhibited equipotent while 
115a, 115d, 115f and 115g showed good antibacterial activity compared to that standard drugs ampicillin and gattifloxacine56. 
 

N

NN
N SCH2CONH N

N

Br
O

N

NN
N SCH2CONH N

N

Br
O

N
H
C

O Cl
R

N

S
CH

O

(114a-g) (115a-g)

R

Compound        R
      a              4-OH, 3-OCH3
      b              2,4-Cl
      c              2,6-Cl
      d              2,4-Br
      e              2,6-Br
      f               2-OH
      g              N(CH3)2  

 



Anshul Chawla et al. IRJP 2013, 4 (1) 

Page 62 

3-Substituted-1,2,4-triazolo[3,4-b]-1,3,4-thiadiazol-6-yl-2-(2,4-dichloro-5-fluorophenyl) quinolines (116a-e) were 
screened for their in-vitro anti-bacterial activity aganist Escherichia coli, Staphylococcus aureus and Bacillus subtilis by serial 
dilution method using Nitrofurazone (furacin) as standard drug. All compounds showed very good activity57. 
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Compound      R                R1
    116a            H            2-ClC6H4OCH2
    116b            H            2,4-Cl2C6H3OCH2
    116c            Br           2-ClC6H4OCH2
    116d            Br           2,4-Cl2C6H3OCH2
    116e            Br           4-Cl-3-CH3C6H3OCH2  

 
N-(4-bromophenyl)-3-(thiophen-2-yl)-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazol-6-amine (117) and 1-(4-chlorophenyl)-3-(3-
mercapto-5-(thiophen-2-yl)-4H-1,2,4-triazol-4-yl)thiourea (118) was tested for their in vitro anti-bacterial activity against 
Staphylococcus aureus, Bacillus subtilis, Escherichia coli and Pseudomonas aeuroginosa using Ampicillin trihydrate 
antibiotic as standard by the agar disc-diffusion method. Compound display marked activity48. 
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4-allyl/amino-5-aryl-1,2,4-triazoles (119a-f) was tested for anti-bacterial activity against Escherichia coli, Bacillus subtilis, 
Salmonella enteritidis and Staphylococcus aureus by filter paper disc method. Free NH2 groups in the 4 position (119c-f) 
showed the greatest inhibitory activity. The 4-amino-5- (4-hydroxyphenyl)-1,2,4-triazole (119d) showed the highest inhibition 
zone diameter against Staphylococcus aureus (28 mm), than all the other tested organisms and compounds58.  
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N-(5-(substitutedphenyl)-4,5-dihydro-1H-pyrazol-3-yl)-4H-1,2,4-triazol-4-amine (120a-c) were screened for their in-vitro 
antibacterial activity against Bacillus megaterium, Bacillus subtilus, Micrococcus luteus, Staphylococcus aureus, Eschericha 
coli, Enterobacter, Proteus vulgaris and Pseudomonas aeruginos by the agar well diffusion method using standard antibiotic 
chloramphenicol. All compounds showed significant activity59. 
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   120b            3-OCH3
   120c            2-OH
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4-[N-dibutylamine]acetylamino-3-mercapto-5-(4-nitro)phenyl-1,2,4-triazole (121) were screened for antibacterial activity 
against Staphylococcus aureus, Bacillus subtilis, Pseudomonas aeruginosa and Escherichia coli by disc diffusion method 
using vancomycin and amikacin as standard. The compound display very good activity60. 
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3-(4-amino-5-mercapto-4H-1,2,4-triazol-3-yl)-1-cyclopropyl-6-fluoro-7-(piperazin-1-yl) quinolin-4(1H)-one (122) was 
screened for their antibacterial activity against Bacillus subtilis, Klebsiella pneumoniae and Pseudomonas aeruginosa by cup 
plate method. The compound exhibited good effect towards Klebsiella pneumoniae and Pseudomonas aeruginosa but 
moderate activity against Bacillus subtilis61.  
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Anti-tubercular Activity 
5-(N-substituted carboxamidomethylthio)–3-(3'-pyridyl)-1,2,4-triazoles (123a-f) were evaluated for in-vitro anti-tubercular 
activity at 50 μg/mL against Mycobacterium tuberculosis H37 Rv using rifampicin as standard. All compound exhibited 
excellent anti-TB activity62.  
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4-(3-mercapto-5-substituted-4H-1,2,4-triazol-4-yl)benzenesulfonamide (124) was evaluated for anti-tubercular activity 
aganist Mycobacterium tuberculosis H37Rv strain at 25µg/ml, 50µg/ml, 100µg/ml by Middlebrook 7H9 agar medium using 
Streptomycin as standard drug. Both compound have shown significant activity at all concentrations63. 
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Anti-inflammatory Activity 
5-substituted-3-pyridine-1,2,4-triazole (125a-b) was studied for in-vivo anti-inflammatory activity using indomethacin as 
control by Carrageenan- induced hind paw odema model in rat. Compounds have shown good activity64.  
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    125a               4-C2H4-C6H4
    125b               4-NH2-C6H4  

 
Schiff bases of 4-amino-3-substituted-5-mercapto-1,2,4-triazoles (126a-f) were investigated for anti-inflammatory activity 
by  carrageenan induced rat paw oedema method and showed significant activity comparable to standard drug (Ibuprofen)65.  
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Antimalarial Activity 
3-{4-[4-(4-fluoro-phenyl)-4H-[1,2,4]triazol-3-yl-methoxy]-phenyl}-2-phenyl-3H-quinazo- lin-4-one (127) was evaluated 
against chloroquine-resistant Plasmodium falciparum malarial parasite using the tritiated Hypoxanthine incorporation assay. 
The compound was found to be most active against Plasmodium falciparum strains66. 
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Anticancer Activity 
3-(1-(4-methoxyphenyl)-5-phenyl-1H-pyrazol-3-yl)-5-(oxiran-2-ylmethylthio)-4-phenyl-4H-1,2,4-triazole (128), 5-(1-(4-
Chlorophenyl)-5-phenyl-1H-pyrazole-3-yl)-4-phenyl-2-(piperidin-1-yl)methyl)-2H-1,2,4-triazole-3(4H)-thione (129) 
were screened for their anticancer activities against breast carcinoma (MCF7) and cervix carcinoma (HELA) human cell lines 
compared with Doxorubicin positive control. Compounds showed good activity against both types of carcinoma cell lines than 
that obtained by doxorubicin67. 

N N N

NN

Ph
S

Ph

(128)

O N N

Ph

Cl

N

NN

S
Ph

N

H3CO (129)  
  
3-(5'-fluoro-2'-methoxybiphenyl-3-yl)-6-(substituted)[1,2,4]-triazolo[3,4-b][1,3,4]-thiadiazole (130) were screened for 
their anticancer activity against cancer cell lines HT29 (human adenocarcinoma), K293 (human kidney cancer) and MDA231 
(human breast cancer) by using the MTT assay. Compounds exhibited significant activity comparable to 5-flurouracil35.
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3,5-dibenzyl-4-amino-1,2,4-triazole (131) was screened for anticancer activity on Jurkat, Raji & PBMC cell lines. 
Ruthenium complexes showed potential anticancer activities32.  
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CH2C6H5C6H5H2C

M = Ni, Cu, Ru
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4-arylidenamino-4H-1,2,4-triazoles (133), 4-arylmethylamino-4H-1,2,4-triazoles (134-140), 4-(1-aryl) ethylidenamino-
4H-1,2,4-triazoles (141) and 4-(1-aryl)ethylamino-4H-1,2,4-triazoles (142) were screened on three human tumor cell lines, 
breast cancer (MCF7), non small cell lung cancer ( NCI-H460) and CNS cancer (SF-268) at National Cancer Institute (NIH), 
USA. The compounds showed low antiproliferative activity in the anticancer tests68. 
 

N

NN

NH2

ArCHO
N

NN

N

Ar

NaBH4

N

NN

N
H

Ar

ArCOCH3

N

NN

N

Ar

CH3

NaBH4

N

NN

N
H

Ar

CH3

Compound            Ar
    133               3,4,5-(OCH3)3C6H2
    134               2-OHC6H4
    135               2-ClC6H4
    136               4-ClC6H4
    137               2,4-Cl2C6H3
    138               2,6-Cl2C6H3
    139               4-OCH3C6H4
    140               2,4,6-(OCH3)3C6H2
    141               4-OCH3C6H4
    142               4-OCH3C6H4

(132)

(133)

(134-140)
(141)

(142)

 
 
N,N’-bis(3-alkyl-4,5-dihydro-1H-1,2,4-triazol-5-on-4-yl)-1,4-xylenediimines (143) were screened for antitumor activities 
using cell lines derived from human solid tumors (lung, colon, melanoma, renal, ovarian, CNS, prostste, breast and leukemia). 
Compound showed weak cytostatic activity69. 
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NN
N N

NNNN
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C
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R R

COCH3 H3COC

R = H, 4-Cl
(143)

 
 
3-Phenyl-5-p-tolyl-4-(2,6-dichlorobenzylamino)-4H-1,2,4-triazole (144) was tested for anticancer activitiy. Compound 
showed higher anticancer activity in the preliminary tests with the cancer cell lines of breast cancer (MCF7), non-small cell 
lung cancer (NCI-H460) and CNS cancer (SF-268) and exhibited remarkable anticancer potential in screening tests with 60 
human cancer cell lines70. 
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Anticonvulsant Activity 
N-(substituted phenyl)-2-[5-phenyl-2H-1,2,4-triazol-3ylamino] acetamide (145) was tested for anticonvulsant activity by 
MES method using phenytoin as standard anticonvulsant drug in screening. The compounds were found to be active as they 
reduced the time of extensor phase compared to control71. 
 

N

NHN
H
N

H2
C C

O H
NC6H5 R

Compound        R
    145a             NO2
    145b             Cl

(145a-b)

 
 
Thiosemicarbazide derivatives of 5-mercapto-3-(3’- pyridyl)-4H-1,2,4-triazole (146a-e) were screened for anticonvulsant 
activity by Maximum Electroshock (MES) method. The compounds have shown good activity40. 
 

N
N

NN
SH

NHCNHN
S

C
H

Ar

146a-e
Compound         Ar
    146a             phenyl
    146b             2-furyl
    146c             2-hydroxyphenyl
    146d             2-chlorophenyl
    146e             4-methoxyphenyl  

 
Anxiolytic Activity 
3-(N-substituted carboxamidoethylthio)-(4H)-1,2,4-triazoles (147a-h) were screened for anxiolytic activity by Elevated 
plus maze, using diazepam at the dose of 2mg/kg as standard. All compounds showed significant activity72. 
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    147a              C6H5
    147b             4-ClC6H4
    147c             4-NO2C6H4
    147d             3-ClC6H4
    147e             3-NO2C6H4
    147f              2-CH3C6H4
    147g             4-OCH3C6H4
    147h             CH2C6H5  
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Anthelmintic Activity 
Imidazole containing triazole derivatives (148a-f) were screened for their anthelmintic activity against Indian adult 
earthworms (pheretima posthuma) at different concentrations of 0.150% and 0.300% w/v by using albendazole as standard 
drug. Compound 148d was found to be the most potent, whereas compounds like 148b and 148f showed high activity, while 
148a, 148c and 148e showed moderate athelmintic activity when compared with standard drug albendazole73. 
 

N

N

N

NN

SH
R2

R1

Compound          R1          R2
    148a              4-F         C6H5
    148b              4-NO2    C6H5
    148c              4-F         4-ClC6H4
    148d              4-NO2    4-ClC6H4
    148e              4-F         4-CH3C6H4
    148f               4-NO2    4-CH3C6H4

(148a-f)

 
 
Analgesic Activity 
3-substituted -4H-1, 2, 4- triazoles (149a-b) were evaluated for their analgesic activity using hot plate method. The 
compound were exhibit higher activity than the standard drug (aspirin)74.  
 

N

NN

N
SH

N N

H3C

R1
R2

Compound        R1            R2
    149a              H         4-OCH3C6H4
    149b             C6H5     C6H5

(149a-b)

 
 
Antioxidant Activity 
 5, 5-methylene bis [4-(4-methylphenyl)-4H-1, 2, 4-triazole-3-thiol (150) was for their antioxidant activity by DPPH 
method. The compound was found to having potent antioxidant activity44. 
 

NN

N C
H2

N

NN
SHHS

CH3 CH3

(150)  
 
Schiff’s bases of 3-substituted 1,2,4-triazo -5 thione (151a-e) were evaluated for its antioxidant activity by hydrogen 
peroxide scavenging method. All compounds have significant antioxidant activity75.  
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N SHHO

N C
H

Ar

Compound         Ar
   151a              C6H5
   151b              3-OHC6H4
   151c              2-ClC6H4
   151d              2-NO2C6H4
   151e              3-NO2C6H4

(151a-e)
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Antiulcer Activity 
3-mercapto-1,2,4-triazole derivatives (152a-c) were screened for their ulcerogenic activity using diclofenac potassium as 
standard. Gastro intestinal tolerance of these compounds is better than that of Diclofenac potassium at 10mg/kg therapeutic 
dose76.  

NN

N SH
NH

ClCl
R

(152a-c)

N

NH2

OH

NH2

NH2R =

 
 
Antiviral Activity 
4-(3,4-Dimethoxylphenylidene)amino-3-(2-furyl)-5-benzylthio-4H-1,2,4-triazole (153) was assayed for anti-HIV-1 activity 
by examination of their inhibition of HIV-1-induced cytopathogenicity in MT-4 cells and by determination of their inhibitory 
effect on HIV-1 reverse transcriptase. Compound was found to be the most active inhibitor against HIV-1 replication in cell 
culture (EC50 = 12 μM) and against HIV-1 reverse transcriptase (IC50 = 43.5 μM)77. 
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Plant Growth Regulating Activitiy 
6-aryl-3-(3-hydroxypropyl)-7H-1,2,4-triazolo[3,4-b][1,3,4]-thiadiazines (154a-f) was investigated on sprouting of wheat 
and radish seeds. All compounds display remarkable inhibitory activities on the growth of radish and wheat78. 
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6-aryl-3-(D-galactopentitol-1-yl)- 7H-1,2,4-triazolo[3,4-b][1,3,4]thiadiazines (155a-d) and 4-(arylmethylidene)amino-5-
(D-galactopentitol-1-yl)-3-mercapto-4H-1,2,4-triazoles (156a-d) was investigated on sprouting of wheat and radish seeds. 
These compounds have remarkable effects on the growth of radish and wheat79. 
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CONCLUSION 
The literature survey reveals that 1,2,4-triazole is a unique 
template that is associated with several biological activities, 
and the easy synthetic routes for synthesis have taken 
attention of the chemists, pharmacologists and researchers. 
The dynamic microwave power system employed offered an 
efficient heating of the material, thus reduced chemical 
reactions times and increased reaction yields were observed 
in most of the most of the literature quoted in this paper. In 
this respect, it can be concluded that 1,2,4-triazole derivatives 
show various activity against antimicrobial, anti-
inflammatory, analgesic, antitubercular, anticancer etc. The 
possible improvements in the activity can be further achieved 
by slight modifications in the substituents which are 
undisclosed till date.  
 
REFERENCES 

1. Paul TA, John CW. Green Chemistry: Theory and Practice. New York 
(NY): Oxford University Press Inc; 1998.  

2. Gedye  R, Smith F, Westaway K, Ali H, Baldisera L, Laberge L, Rousell 
J. The Use of Microwave Ovens for Rapid Organic Synthesis. 
Tetrahedron Lett 1986; 27: 279-282. 

3. Giguere, RJ, Bray TL, Duncan SM, Majetich G. Application of 
Commercial Microwave Ovens to Organic Synthesis. Tetrahedron Lett 
1986; 27: 4945-4948. 

4. Martínez-Palou R. Ionic liquid and microwave assisted organic 
synthesis: A “green” and synergic couple. J Mex Chem Soc 2007; 51: 
252-264.  

5. Finar IL. Organic Chemistry: Stereochemistry and the Chemistry of 
Natural Products. 5th ed.Vol.2, 621. 

6. Katritzky AR, Ramsden CA, Joule JA, Zhdankin VV. Handbook of 
Heterocyclic Chemistry, 3rd ed. 2010. p. 201. 

7.  Kartritzky AR. Hand Book of Heterocyclic Chemistry, 1st ed. 
Pergamon Press Oxford 1985; 87. 

8. Varvarason A, Tantili-Kakoulidou A, Siatra-Papastasikoudi T, Tiligada 
E. Synthesis and biological evaluation of indole containing derivatives 
of thiosemicarbazide and their cyclic 1,2,4-triazole and 1,3,4-thiadiazole 
analogs. Arzneim Forsch 2000; 50: 48-54. 

9. Gokce M, Cakir B, Earl K, Sahin M. Synthesis and antimicrobial 
activity of [(2- oxabenzothiazolin-3-yl)-methyl]-4-alkyl/aryl-1,2,4-
triazoline-5-thiones. Arch Pharm 2001; 334: 279-283. 

10. Pintilie O, Profire L, Sunel V, Popa M, Pui A. Synthesis and 
antimicrobial activity of some new 1,3,4-thiadiazole and 1,2,4-triazole 
compounds having a D,L-methionine moiety. Molecules 2007; 12: 103-
113. 

11. Zan XI, Lai LH, Ji GY, Zhon ZX. Synthesis, fungicide activity and 3D- 
QSAR of 1,3,4-oxadiazoles and 1,3,4-thiadiazoles. J Agric Food Chem 
2002; 50: 3757-3760. 

12. Chem H, Li Z, Han Y. Synthesis and fungicidal activity against 
Rhizoctonia solani of 2-alkyl(alkylthio)-5-pyrazolyl-1,3,4-oxadiazoles 
(thiadiazoles). J Agric Food Chem 2000; 48: 5312-5315. 

13. Mhasalkar MY, Shah MH, Nikam ST. Further studies in substituted 4H-
1,2,4-Triazoles for Possible Hypoglycemic Activity. J Med Chem 1971; 
14(3): 260-262. 

14. Mullican MD, Wilson MW, Connor DT, Dyer RD. Design of 1,3,4-
thiadiazole, 1,3,4-oxadiazoles and 1,2,4-triazoles as orally active, non-
ulcerogenic anti inflammatory agents. J Med Chem 1993; 36: 1090-
1099. 

15. Kane MJ, Dudley MW, Sorensen MS and Miller FP. Synthesis of 1,2,4-
dihydro-3H-1,2,4-triazole-3-thiones as potential antidepressant agents. J 
Med Chem 1988; 31: 1253-1258. 

16. Shenone S, Bruno O, Ranise A, Bondavalli W, Falcone G, Giordano L, 
Vitelli M et at. 3-Arylsulphonyl-5-arylamino-1,3,4-thiadiazol-2(3H) 
ones as anti-inflammatory and Analgesic agents. Bioorg Med Chem. 
2001; 9: 2149-2153. 

17. Al-Masoudi NA, Al-Soud YA and Ferwanah AER. Synthesis and 
properties of new substituted 1,2,4-triazoles potential antitumor agents. 
Bioorganic and Medicinal Chemistry 2003; 11: 1701-1708. 

18. Wong FF, Juang SH, Wang LY, Tseng WC, Kimura M, Kaneko K and 
Takayama H. Synthesis and antiproliferative evaluation of 3,5-
disubstituted 1,2,4-triazoles containing flurophenyl and 
trifluoromethanephenyl moieties. Bioorganic and Medicinal Chemistry 
2011; 21: 5358-5362. 

19. Husain MI, Amir M and Singh E. Synthesis and anti-tubercular activities 
of [5-(2 furyl)-1,2,4-triazoles-3-yl thiol] acehydarzide derivatives. 
Indian J Chem 1987; 26B: 2512-54. 

20. Chimirri A, Bevacqua F, Gitto R, Quartarone S, Zappala M and Sarro 
DA. Synthesis and anticonvulsant activity of new 1H-triazolo[4,5-
c][2,3]benzodiaze-pines. Med Chem Res 1999; 9: 203-212. 

21. Aromi G, Barriosa LA, Roubeaub O, Gameza P. Triazoles and 
tetrazoles: Prime ligands to generate remarkable coordination materials. 
Coordination Chemistry Reviews 2011; 255: 485–546. 

22. Brukstus A, Susvilo I and Tumkevicius S. Synthesis of 3,7-disubstituted 
9-methylthiopyrimido[ 5,4-f] [1,2,4]triazolo[3,4-b][1,3,4]thiadiazepines. 
Chemija (Vilnius) 2003; 14(1): 46-48. 

23. Atta KFM. Synthesis and Electrophilic Substitutions of Novel 
Pyrazolo[1,5-c]-1,2,4-triazolo[4,3-a]pyrimidines. Molecules 2011; 16: 
7081-7096. 

24. Pazdera P, Cajan M and Fathalla W. Regioselectivity of Electrophilic 
Attack on 4-Methyl-1-thioxo-1,2,4,5-tetrahydro[1,2,4]triazolo[4,3-
a]quinazolin-5-one. Part 1: Reactions at the Sulfur Atom. Molecules 
2001; 6: 557-573. 

25. Alami A, Faraj H, Aouine Y, El-Hallaoui A, Elachqar A and Kerbal A. 
Simple and Efficient Synthesis of Racemic 2-(tert-
Butoxycarbonylamino)-2-methyl-3-(1H-1,2,4-triazol-1-yl)propanoic 



Anshul Chawla et al. IRJP 2013, 4 (1) 

Page 71 

Acid, a New Derivative of β-(1,2,4-Triazol-1-yl)alanine. Molecules 
2011; 16: 3380-3390. 

26. Davies AJ, Cowden CJ, Cottrell IF, Bulger PG and Dolling UH. An 
investigation into the alkylation of 1,2,4-triazole. Tetrahedron Letters 
2000; 41: 1297–1301. 

27. Dzygiel A, Masiukiewicz E and Rzeszotarska B. Acetylation of methyl 
5-amino-1H-[1,2,4]triazole-3-carboxylate. Acta Biochimica Polonica 
2001; 48(4): 1169-1173. 

28. Vasile-Nicolae B, Valentin B, Monica V, Mihai M, and Carol C. 
Structure of the acylation products from 3,6-disubstituted and 3,6,7-
trisubstituted 1H-pyrazolo[5,1-c][1,2,4]triazoles. ARKIVOC 2005;  10: 
130-138. 

29. Gautun OR and Carlsen PHJ. Rearrangement of 4H-Triazoles. Synthesis 
and Thermolysis of 15N-Labelled 4-Ethyl-3,5-diphenyl-4H-1, 2, 4-
triazole. Acta Chemica Scandinavica 1992; 46: 469-473. 

30. Barbry D, Bentiss F and Lagrenée M. Accelerated synthesis of 3, 5-
disubstituted 4-amino-1,2,4-triazoles under microwave irradiation. 
Tetrahedron Letters 2000; 41: 1539–1541. 

31. Quraishi M, Dandia A, Gupta SL, Sudheer. Microwave assisted 
economic synthesis of 4-amino-3-alkyl-5-mercapto-1,2,4-triazole 
derivatives as Green Corrosion Inhibitors for copper in hydrochloric 
acid. J Mater Environ Sci 2012; 3 (5): 993-1000. 

32. Jha A, Murthy YLN, Durga G and Sundari TT. Microwave assisted 
synthesis of 3, 5-dibenzyl-4-amino-1,2,4-triazole and its Diazo Ligand, 
Metal Complexes along with Anticancer Activity. E-Journal of 
Chemistry 2010; 7(4): 1571-1577. 

33. Rao AR, Kaur R, Kishore DP, Narayana BL, Rao KV, Balakumar C and 
Rajkumar V. A facile microwave-assisted synthesis of 8,9-
cycloalkathieno[3,2-e][1,2,4]triazolo[1,5-c]pyrimidin-5(6H)-ones. J 
Chem Sci 2011; 123 (1): 69–73. 

34. Ashry EESH, Kassem AA, Hamid HA, Louis FF, Khattab AN and 
Aouad MR. Synthesis of 4-amino-5-(3-chlorobenzo[b]thien-2-yl)-3-
mercapto-1,2,4-triazolo[3,4-b][1,3,4] thiadiazoles and 
triazolo[3,4,b][1,3,4]thiadiazines under classical and microwave 
conditions. ARKIVOC 2006; 14: 119-132. 

35. Kallurayaa B, Ramaprasad GC, Kumar BS and Mallya S. Microwave 
assisted synthesis of triazolothiadiazole analogues as anticancer and 
antibacterial agents. Der Pharma Chemica 2012; 4 (3): 1026-1032. 

36. Mogilaiah K, Prasad RS and Swamy JK. Microwave-assisted synthesis 
of 1,2,4-triazole[4,3-a] [1,8]naphthyridines using FeCl3.6H2O under 
solvent-free conditions. Indian journal of chemistry 2010; 49B: 335-339. 

37. Gupta M, Paul S and Gupta R. One-pot synthesis of antifungal active 9-
substituted -3-aryl-5H, 13aH-quinolino[3,2-f][1,2,4]triazolo[4,3- 
b][1,2,4]triazepine. Indian journal of chemistry 2010; 49B: 475-481. 

38. Gupta M, Paul S and Gupta R. Microwave assisted one-pot synthesis of 
antifungal active 1-substituted -3,7-dialkyl/aryl-4H-pyrazolo[4,5-f]-
[1,2,4]triazolo[3,4-b][1,3,4]thiadiazepines using solid support. Indian 
journal of chemistry 2009; 48B: 460-466. 

39. Rahimizadeh M, Davoodnia A, Heravi MM and Bakavoli M. 
Microwave assisted synthesis of 6-aryl-3-substituted-5H-[1,2,4]-
triazolo[4,3-b][1,2,4]triazoles: a case for a comparative study. Taylor 
and Francis 2002; 177: 2923–2929. 

40. Kshirsagar A, Toraskar MP, Kulkarni VM, Dhanashire S, Kadam V. 
Microwave assisted synthesis of potential anti infective and 
anticonvulsant thiosemicarbazones. International Journal of ChemTech 
Research 2009; 1(3): 696-701. 

41. Mogilaiah K, Dhanaja K, Srivani N and Chandra AV. Efficient synthesis 
of 9-aryl-6-(2-fluorophenyl)-1,2,4-triazolo[4,3-a][1,8]naphthyridines 
using chloramine-T under microwave irradiation. Indian Journal of 
Chemistry 2010; 49B: 500-504. 

42. Kidwai M, Sapra P, Misra P, Saxena RK and Singh M. Microwave 
assisted solid support synthesis of novel 1,2,4-triazolo[3,4-b]-1,3,4-
thiadiazeepines as potent antimicrobial agents. Bioorganic and medicinal 
chemistry 2001; 9: 217-220. 

43. Dandia A, Singh R and Khaturia S. Microwave enhanced solid support 
synthesis of fluorine containing benzopyrano-triazolo-thiadiazepines as 
potent anti-fungal agents. Bioorganic and Medicinal Chemistry 2006; 
14: 1303–1308. 

44. Diwedi R, Alexandar S and Chandrasekar MJN. Rapid and efficient 
synthesis of microwave assisted some bis-1,2,4-triazole derivatives and 
their antioxidant and anti-inflammatory evaluation. Research Journal of 
Pharmaceutical, Biological and Chemical Sciences 2011; 2(1): 194-204. 

45. Halambek J, Jukic M, Berkovic K, Furac JV. Investigation of novel 
heterocyclic compounds as inhibitors of Al-3Mg alloy corrosion in 
hydrochloric acid solutions. Int J Electrochem Sci 2012; 7: 1580 – 1601. 

46. Shelke S, Mhaske G, Gadakh S, Gill C. Green synthesis and biological 
evaluation of some novel azoles as antimicrobial agents. Bioorganic and 
Medicinal Chemistry Letters 2010; 20: 7200–7204. 

47. Gobis K and Foks H. Microwave-Assisted Synthesis of Novel 4-N,N-
Dimethylamino- and 4-Cycloamino-Substituted 1,2,4-Triazole-3-
thiones. Heteroatom Chemistry 2010; 21(3): 188-195. 

48. Al-Omar MA. Synthesis and Antimicrobial Activity of New 5-(2-
Thienyl)-1,2,4-triazoles and 5-(2-Thienyl)-1,3,4-oxadiazoles and 
Related Derivatives. Molecules 2010; 15: 502-514. 

49. Kidwai M and Mohan R. Ecofriendly Synthesis of Antifungal Azoles. 
Journal of the Korean Chemical Society 2004; 48(2): 177-181. 

50. Collin X, Sauleau A and Coulon J. 1,2,4-Triazolo Mercapto and 
Aminonitriles as Potent Antifungal Agens. Bioorganic and Medicinal 
Chemistry Letters 2003; 13: 2601–2605.    

51. Kumar PS, Mishra D, Ghosh G, Panda BB and Panda CS. Synthesis, 
Characterization and Antimicrobial Evaluation of some Triazole 
derivative containing Thiophen Ring. International Journal of 
ChemTech Research 2010; 2(4): 1959-1965.    

52. Gupta AK, Prachand S, Patel A and Jain S. Synthesis of some 4-amino-
5-(substituted-phenyl)-4H-[1,2,4]triazole-3-thiol derivatives and anti-
fungal activity. International journal of pharmacy and life sciences 2012; 
3(7): 1848-1857.    

53. Kidwai M and Mohan R. Ecofriendly Synthesis of Antifungal Azoles. 
Journal of the Korean Chemical Society 2004; 48(2): 177-181.    

54. Patel PKM, Panchal AD and Kunjadia PD. Synthesis and Biological 
Evaluation of Chalcone derivatives linked Triazoles. International 
Journal of Pharmaceutical Sciences and Drug Research 2011; 3(4): 331-
337.    

55. Shivananda MK and Prakash SM. Synthesis, characterization and 
antibacterial activity studies of some Triazolothiadiazolylquinolines. J 
Chem Pharm Res 2011; 3(5): 61-66.   

56. Kumar A, Singh I, Kaur H and Kumar S. Synthesis and antibacterial 
activity of some new  
pyridinyl/quinazolinyl/azetidinonyl/thiazolidinonyl triazoles. 
International Journal of Pharma and Bio Sciences 2010; 6(1): 1-17.    

57. Holla BS, Poojary KN, Poojary B, Bhat KS and Kumari NS. Synthesis, 
characterization and antibacterial activity studies on some fluorine 
containing quinoline-4-carboxylic acids and their derivatives. Indian 
journal of chemistry 2005; 44B: 2114-2119.     

58. Dimova V, Ragenovic KC,  Kakurinov V, Molnar DG and Buzarovska 
A. Synthesis, Antibacterial and Antifungal Activity of 4-Substituted-5-
Aryl-1,2,4-Triazoles. Molecules 2001; 6: 815-824.    

59. Patel PKM and Panchal AD. Synthesis, Antibacterial and Antifungal 
Evaluation of Pyrazoline Derivatives. E-Journal of Chemistry 2012; 
9(4): 1801-1809.    

60. Upmanyu N, Kumar S, Kharya MD, Shah K and Mishra P. Synthesis 
and Anti-microbial evaluation of some novel 1,2,4-triazole derivatives. 
Acta Poloniae Pharmaceutica-Drug Research 2011; 68 (2): 213-221.    

61. Jubie S, Kalirajan R and Yadav PK. Design, Synthesis and Docking 
Studies of a Novel Ciprofloxacin Analogue as an Antimicrobial agent. 
E-Journal of Chemistry 2012; 9(2): 980-987.   

62. Somani RR, Mali RK, Toraskar MP, Mali KK, Naik PP and Shirodkar 
PY. Synthesis of some Antifungal and Anti-tubercular 1,2,4-Triazole 
Analogues. International Journal of ChemTech Research 2009; 1(2): 
168-173.      

63. Pattan S, Gadhave P, Tambe V, Dengale S, Thakur D, Hiremath SV. 
Synthesis and evaluation of some 1,2,4-triazole derivatives for their 
antimicrobial, antitubercular and anti-inflammatory activities. Indian 
journal of chemistry 2012; 51B: 297-301.   

64. Muthal N, Ahirwar J, Ahriwar D, Masih P, Mahmdapure T and 
Sivakumar T. Synthesis, Antimicrobial and Anti-inflammatory Activity 
of Some 5-Substituted-3-pyridine-1,2,4- Triazoles. International Journal 
of PharmTech Research 2010; 2(4): 2450-2455.   

65. Udupi RH, Bhagyalakshmi N, and Niranjan MS. Design, Synthesis and 
Evaluation of Biological activity of certain Novel Triazole schiff bases. 
International journal of pharmaceutical and chemical sciences 2012; 
1(1): 287-294.    

66. Havaldar FH and Patil AR. Syntheses of 1,2,4-Triazole Derivatives and 
their Biological Activity. E-Journal of Chemistry 2008; 5(2): 347-354.    

67. Flefel EM, El-Sayed WA and Morsy EMH. Anticancer and 
antimicrobial activities of some synthesized pyrazole and triazole 
derivatives. Der Pharma Chemica 2012; 4(1): 23-32.    

68. Bekircan O and Gumrukcuoglu N. Synthesis of some 3,5-diphenyl-4H-
1,2,4-triazole derivatives as antitumor agents. Indian journal of 
chemistry 2005; 44B: 2107-2113. 

69. Ikizler AA, Uzunali E and Demirbas A. Synthesis of some 1,2,4-
Triazole derivatives as potential antitumor agents. Indian J Pharm Sci 
2000; 62 (5): 371-375.   

70. Bekircan O, Kahveci B and Kucuk M. Synthesis and Anticancer 
Evaluation of Some New Unsymmetrical 3,5-Diaryl-4H-1,2,4-Triazole 
Derivatives. Turk J Chem 2006; 30: 29-40.    

71. Kadadevar D, Chaluvaraju KC, Niranjan MS, Hegde M, Smitha M and 
Chakraborty K. Synthesis of N-(Substituted Phenyl)-2-[5-Phenyl-2H-1, 
2, 4-triazol-3ylamino] Acetamide as Anticonvulsant. International 
Journal of ChemTech Research 2011; 3(3): 1064-1069.     

72. Manikrao AM, Fursule RA, Rajesh KS, Kunjwani HK and Sabale PM. 
Synthesis and biological screening of noval derivatives of 3-(N-



Anshul Chawla et al. IRJP 2013, 4 (1) 

Page 72 

substituted carboxamidoethylthio)-(4H)-1,2,4-triazoles. Indian journal of 
chemistry 2010; 49B: 1642-1647.  

73. Kharb R, Sharma PC, Bhandari A and Yar MS. Synthesis, spectral 
characterization and anthelmintic evaluation of some novel imidazole 
bearing triazole derivatives. Der Pharmacia Lettre 2012; 4(2): 652-657.    

74. Goyal PK, Bhandari A, Rana AC and Jain CB. Synthesis, 
Characterization and Analgesic Activity of some 4H-1,2,4-Triazole 
Derivatives. International Journal of ChemTech Research 2010; 2(4): 
1992-1997.    

75. Valentina P, Ilango K, Deepthi M, Harusha P and Pavani G. Antioxidant 
Activity of Some Substituted 1,2,4- Triazo-5-thione Schiff base. J Pharm 
Sci and Res 2009; 1(2): 74-77.    

76. Muthumani P, Kumar SCA, Venkataraman RMS, Chidambaranathan N, 
Devi P and

 
Riyas A. Synthesis and evaluation of anti ulcerogenic studies 

of some novel 1,3,4-oxadiazole and 3-mercapto-1,2,4-triazole. 
International Journal of Toxicological and Pharmacological Research 
2010; 2(2): 59-67.     

77. Liu X, Cheng X, Cao Y, Wang D, Pannecouque C and Witvrouw M. 
Synthesis of Novel Derivatives of 4-Amino-3-(2-Furyl)-5-Mercapto-
1,2,4-Triazole as Potential HIV-1 NNRTIs. Molecules 2007; 12: 2003-
2016.    

78. Zhang L, Jin J, Chen X, Zhang A and Zhang H. Syntheses and 
Biological Activities of 6-Aryl-3-(3-hydroxypropyl)-7H-1,2,4-
triazolo[3,4-b][1,3,4]thiadiazines. Molecules 2007; 12: 297-303.     

79. Zhang L, Jin J, Zhang A, Lei X and Zhu JH. Synthesis and Biological 
Activity of Some Novel Derivatives of 4-Amino-3-(D-galactopentitol-1-
yl)-5-mercapto-1,2,4-triazole. Molecules 2007; 12: 1596-1605.     

 
 
 
 
 
 
 
  
 

Source of support: Nil, Conflict of interest: None Declared 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
IRJP is an official publication of Moksha Publishing House. Website:  www.mokshaph.com. All rights reserved.  
 


