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Abstract

Triazoles are five-member nitrogen containing
heterocyclic compounds. Triazole derivatives have
great importance in the field of chemical synthesis,
agriculture and pharmaceutical industries due to
their wide range of applications. Over the past few
decades, researchers have focused their research on
the synthesis of novel triazole derivatives. The 1,2,4-
triazole heterocyclic ring is an integral part of various
synthetic compounds with wide range of therapeutic
and pharmacological potentials like anti-
inflammatory, antibacterial, anticancer, antifungal,
antiviral, anticonvulsant, anti-tubercular, etc. Many
marketed drugs are triazoles derivatives like
antifungal drugs which include fluconazole,
ravuconazole, itraconazole, and voriconazole. Due
to the wide scope of pharmacological potentials of
triazole derivatives, research community has shown
great interest to discover triazoles having potent bio-
activities with lesser side effects. This review
summarizes the recent developments on the synthetic
approaches, mechanism of action, and
pharmacological properties of latest and novel

triazole derivatives.

Keywords: Nitrogen Heterocycles; Azole;
Synthesis; Antimicrobial.

Introduction

In current scenario, researchers from all over the
word seem to have focused their research to study
novel and safer therapeutic agents which can be used
clinically. Triazole is an important five member
aromatic heterocyclic compound with molecular
formula C

2
H

3
N

3
 having two carbons and three

nitrogen atoms. It occurs  as three different tautomers.
Numerous nitrogen containing heterocyclic
compounds are available as therapeutic agents. In
general azole nucleus has been used to treat fungal
infection of humans, animals, and plants.

Generally nitrogen containing heterocyclic
molecule have various applications in medicinal
chemistry. Numerous nitrogen containing
heterocyclic compounds are available as therapeutic
agents. The examples of triazole containing
antifungal drugs are itraconazole, fluconazole,
isavuconazole, posaconazole, pramiconazole,
voriconazole, and examples of the triazole containg
fungicides are  cyproconazole, metconazole,
epoxiconazole, triadimenol, propiconazole, etc.
Triazoles are very important and unique group of
nitrogen containing heterocyclic agents. Due to the
precursor of large number of biologically active
heterocyclic compounds, triazole derivative has
tremendous use in medicinal chemistry. It is well
known from the literature that the compound 1,2,3-
triazole,1,2,4-triazole and 1,3,4-triazole possess wide
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range of biological and pharmacological properties
[1], like antibacterial [2-4], antitubercular [5,6],
anticancer [7-12], antimalarial [13], antifungal [14],
anticonvulsants [15], anti-inflammatory [16,17],
anticholinesterase [18], antileishmanial [19], antiallergic
[20], antioxidant [21], antiHIV [22,23], antiviral [24]
and antimicrobial [25]properties.

Triazoles are five member rings having two carbon
and three nitrogen atoms. There are the two isomers
of triazole which includes 1,2,3-triazole and 1,3,4-
triazole. These isomers exist in tautomeric forms
based on the position of hydrogen atom [24-31]
(Figure 1).
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Several currently available drugs containing
triazole nucleus are used for different

clinical conditions [27-29] (Figure 2).
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Fig. 1: Tautomers of 1,2,3 triazole and 1,2,4 triazole
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Chemistry

Preparation of Triazoles

Fig. 2: Chemical Structure of Currently available drugs containing triazole nucleus

i) Triazoles may be prepared by heating acid
hydrazide with amides e.g. formyl hydrazide and
formamide give triazole [24][12].
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ii) 1,2,4-oxadiazoles give triazoles [13] in presence
of ammonia [24].

iii) 1,2,3-triazole moiety [14] is obtained from cyclo-
addition of azide and terminal alkyne. This special
cycloaddition is called Huisgen cycloaddition [27].

iv) Formation of 1,2,3-triazole [15] by the reaction
of alkenyl halide and sodium azide in the presence
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of palladium [27].
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Spectral Properties [24-31]

IR Spectral Studies

The IR spectra show (C=N) elongating or
stretching at 1600-1650 cm-1, and (C-N) elongating
at 1250-1350 cm-1and 1261 (N–N=C).

1H NMR Spectra

The 1H NMR spectra of 1,2,4 triazole show two
peaks,  δ= 13.5, singlet (N-H),  δ= 8.27, singlet (2x C-
H).

Biological activity of 1,2,4-triazole

Antibacterial activities

Zoumpoulakis et al [32] synthesized a series of
derivatives of sulfonamide-1,2,4-triazole which
showed promising result of anti-bacterial action
comparable with streptomycin and better anti-
bacterial effect as compared with chloramphenicol
against variety of bacteria. All these compounds
exhibited excellent antibacterial potential with MIC
in range 0.13–0.65µmol/mL and MBC of 0.24–0.76
µmol/mL. Compound [18] showed the most excellent
antibacterial action with MIC and MBC of 0.24–0.48
µmol/mL.
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X=O, S

R= -CH3, -C2H5, -C3H7, Isopropyl, n-butyl, t-butyl

18

Kopariret al [33] synthesized 4-ethyl-5-(2-
hydroxyphenyl)-2H-1,2,4-triazole-3(4H)-thione. 1H
and 13C NMR chemical shift values of III in the ground
state was determinedby adopting the density
functional method and the DFT calculations was
used to obtained the conformational flexibility of the
main compound. The synthesized lead compound
[19] was evaluated for its antibacterial, antifungal
and antioxidant potential.
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v) Alkylhalide is refluxed with azide in ethanol to
furnish 1,2,3-triazole [27][16].

vi) 1,2,3-triazoles [17] as antiepileptic or anti-

convulsantis are formed when dicarboximide entity
is absent from the main triazole ring [27].
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Al-Omair et al [34] synthesized some new
thiadiazoles, tetrazine and triazoles. The
characterization of the these compounds was carried
out and further, these compounds [20] were
evaluated for antibacterial potential using four
different strains of bacteria like P. aeruginosa, S. aureus,
E. coli, and B. megaterium. The antioxidant activities
of these synthesized compounds were also carried
out by evaluation of DPPH free radical scavenging
activity, SOD, NO and ABTS.
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Antifungal activities

Ezabadi et al [35] prepared a series of some new 5-
[2-(substituted sulfamoyl)-4,5-dimethoxy-benzyl]-
4aryl-s-triazole-3-thiones. The screenings of
antifungal and antibacterial activities of all these
synthesized compounds [21] were performed against
all the micromycetes, using fungicidal bifonazole as
standard reference drug.
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Zoumpoulakis et al [11] reported the synthesis of
a series of derivatives of sulfonamide-1,2,4-triazole
which exhibited promising result of antifungal
activity against a series of micromycetes using
commercial fungicide bifonazole as standard
reference. Compound [22] exhibited the excellent
antifungal activity as compared with rest of the other
compounds with least MIC (0.01–0.25 µmol/ml) and
MFC (0.03– 0.38 µmol/ml). Trichoderma viride was
found to be the most sensitive fungi to all compounds
under screening, while Aspergillus versicolor was
found to be the most resistant fungi against tested
compounds.
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Gonzalez-Calderon et al [36] synthesized 1,4,5-tri
and 1,5-disubstituted triazole derivatives by azide
enolate 1,3-dipolar cycloaddition. All the newly
synthesized compounds were evaluated for the
antifungal potential. It was observed from these pre-
clinical evaluations that compounds [23, 24] might
be used as lead for further studies.
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Sidhu et al [37] designed and synthesized twenty
novel hybrid compounds, 6-flourobenzothiazol-2-yl-
1,2,4-triazoles by combining fungicidal leads viz. 6-
flouro-1,3-benzothiazol-2-amine and 1,2,4-triazoles
in a single molecule. All the synthesized compounds
were screened for antifungal activities and it was
found that compounds [25, 26] have excellent fungal
toxicity which was comparable with the standard
fungicides used. Structure activity relationship were
studied by docking studies and Lipinski filtration.
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Xu et al [38] designed, synthesized and

characterized some novel triazole derivatives
containing ã-lactam ring. The target compounds were
screened for their in vitro antifungal activities. All
these compounds showed stronger anti-fungal
activity against the six clinically important fungi
tested than fluconazole. Compounds [27, 28] showed
comparative activity against the fungi tested except
for Candida glabrata and Aspergillus fumigatus as
voriconazole.
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Shaikh et al [39] reported potential antifungal
activities of a new series of ethyl-7-((1-(benzyl)-1H-
1,2,3-triazol-4-yl)methoxy)-2-oxo-2H-chromene-3-
carboxylates prepared through click chemistry. All
the compounds were screened for the antifungal
activity using five fungal strains from human origin.
Compound [29] was reported to have doubled the
antifungal activity in comparison to miconazole and
showed equal potency when compared with
fluconazole against C. albicans. Molecular docking
study also performed which showed that the
synthesized compound has good binding affinity to
active site of fungal C. albicans enzyme P450
cytochrome lanosterol 14-demethylase.
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Hashemi et al [40] designed and reported two new
series of 5-aryl-3-mercapto-1,2,4-triazole derivatives.
The synthesized compounds were evaluated for
antifungal activity. Among the synthesized

compounds, 5-(2,4-dichlorophenyl)-triazole
derivatives [30] and [31] with MIC <0.01 to 0.5 µg/
mL were found to be 4–256 times more potent than
fluconazole against Candida species.
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Park et al [41] reported the synthesis and screening

of in vitro and in vivo antifungal activities of a series
of (2R,3R)-2-(2,4-difluorophenyl)-3-(substituted
indazol-1-yl)-1-(1H-1,2,4-triazol-1-yl)butan-2-ol
derivatives. Compounds [32] with 5-bromo
substitution on the indazole ring exhibited
wonderful activity against Candida albicans in a
murine model of infection and found to be causing
significant improvement in the infected mice for their
survival rates.
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Anti-inflammatory activity

Abdel-Megeed et al [42] synthesized a new series
of acylated 1,2,4-triazole-3-acetates derivatives. The
acute toxicity studies, anti-inflammatory activity and
possible gastric ulcerogenic effects of all the
synthesized compounds were carried out and
reported. The results of anti-inflammatory screening
revealed that 1-acylated-5-amino-1,2,4-triazole-3-
acetates [33] exhibited greater anti-inflammatory
effect as compared with  their  analogous of 5-
acylamino derivatives [34]using carrageenan-
induced model of rat paw edema with little gastric
ulcerogenic effects in comparison with indomethacin
as standard reference drug.
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Kumar et al [43] synthesized a novel series of 1,2,4-
triazole derivatives of biphenyl-4-yloxy acetic acid.
The carrageenan induced rat paw edema model of
inflammation was used to screen all newly
synthesized compounds for the anti-inflammatory
activity. Compound [35] emerged as the lead
compound which showed excellent anti-
inflammatory action (81.81%) as compared with the
standard reference drug (79.54%), with slight
ulcerogenic activity along with excellent protective
potential on lipid peroxidation.
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Murti et al [46] reported the synthesis of different
1,2,3- & 1,2,4-triazole derivatives [36, 37] derivatives.
The Kirby-Bauer disk diffusion method was used for
the screening of the antimicrobial activity of these
newly synthesized compounds. The anti-
inflammatory activity of these compounds was also
carried out by using carrageenan-induced model of
acute paw edema. The characterization of these
compounds was carried out by elemental analysis,
1H-NMR and FT-IR.
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Antimicrobial activity

Vijesh et al [44] reported the synthesis of three
different series of new benzoxazole and 1,2,4-triazole
derivatives having substituted pyrazole moiety.
Analgesic activity of all compounds was performed
by the tail flick method. These compounds were also
screened for their antimicrobial activity by the serial
dilution method using Minimum Inhibitory
Concentration (MIC).

The results of antimicrobial activity showed that
the compound [38] with 2,5-dichlorothiophene
substituent on pyrazole moiety and a triazole ring
exhibited excellent antimicrobial and analgesic
activity.

N

HN
N N

N

N

Ar

HS

Ar1

Ar1 = 2,4-Dichlorophenyl, 4-Thioanisyl, Biphenyl
2,5-Dichlorothiophene,

Ar = 1-Naphthyloxymethyl, Isonicotinyl, 6-Methylnicotinyl

38
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Kamal et al [45] synthesized a series of 5-
nitrofuran–triazole conjugates. All the compounds
were screened for their antimicrobial activity against
Gram-negative and Gram-positive bacterial strains,
and these compounds were also screened for anti-
tubercular potential against Mycobacterium
tuberculosis H37Rv strain. The compound [39]

showed equal potency as compared with standard
reference drug Ciprofloxacin exhibiting MBC value
1.17 µg/ mL against Bacillus subtilis bacterial strain.
Results also revealed that these compounds found
to exhibit excellent anti-tubercular activity having
MIC value of 0.25 µg/mL.
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Vatmurge et al [47] reported the synthesis of some
new 1,2,3-triazole-linked ß-lactam bile acid
conjugates using 1,3-dipolar cycloaddition reaction
of azido ß-lactam and terminal alkyne of bile acids
using Cu (I) as catalyst. Majority of the synthesized
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compounds [40] showed moderate antibacterial
activity and excellent antifungal activities against
all tested pathogenic strains of bacteria and fungi
respectively.
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Saeed et al [48] reported the design and synthesis
of new isochroman-triazole and thiadiazole
conjugates which were obtained by hetero-cyclization
of corresponding isochromanyl thiosemicarbazides.
The synthesized new compounds [41] were

evaluated for in vitro antibacterial potential using
four bacterial strains and these compounds were
found to show good antimicrobial activity toward
the tested microorganisms as compared with the
standard drug ampicillin.



Journal of Pharmaceutical and Medicinal Chemistry / Volume 2 Number 2 / July - December 2016

159Asif Husain et. al. / Triazole: A Potentially Biologically Attractive Scaffold

O

N

NH

N

R

MeO

MeO

OMe

Me

S

41

Garudachari et al [49]  synthesized and reported
three series of 1,2,3-triazoles derivatives of 8-tri-
fluoro-methyl-quinoline by adopting multi-step
reactions through click chemistry. The
characterization of the synthesized compounds was
carried out by X-ray analysis and spectral studies.
In-vitro antimicrobial activities of the final
compounds were carried out by well plate method
by measuring zone of inhibition. It was found that
compounds [42, 43, 44] exhibited excellent
antimicrobial potential against tested strains of
pathogenic microorganisms.
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Mady et al [50] prepared a new series of 1,2,3-
triazoles combined with di-aryl-sulfone containing
compounds by adopting the copper catalyzed azide-
alkyne 1,3-dipolar cyclo-addition  reaction under
ultra sound irradiation in benign solvents. The
antibacterial, antifungal and antioxidant activities
were carried out for all newly synthesized
compounds. The DPPH   free radical scavenging
assay was used to screen the antioxidant activity of
all synthesized compounds. It was found that
compound [45] possess an excellent antioxidant
activity.
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Cui et al [51] synthesized and evaluated a new
series of quinolone triazoles derivatives.
Antimicrobial activities of these compounds were
evaluated against four fungi and seven bacteria
including multi-drug resistant MRSA using
Fluconazole as standard antifungal, while
Norfloxacin and Chloromycin as standard
antibacterial reference drugs. The compound [46]
evaluated for preliminary interactive studies and
observed that it might efficiently interact with DNA
and formed compound 46-DNA complex. This
compound-DNA complex could block DNA
replication, hence produced its antimicrobial effects.
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Abdel-Wahab et al [52]synthesized and
characterized some novel pyrazolyl-1,2,3-triazoles
and 1,2,3-triazol-4-yl-pyrazolylthiazoles by
multistep reactions. The characterization of newly
synthesized compounds was carried out by elemental
and spectral analyses. The antimicrobial activities
of synthesized compound [47] against test
microorganisms showed very good antimicrobial
activity amongst all the compounds.
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Ar1= 4-MeC6H4; Ar2= 4-FC6H4
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Anticancer activity

Ahmed et al [53] synthesized new derivatives of
1,4-disubstituted 1,2,3-triazoles. The anti-
proliferative activity of all newly synthesized
compounds were carried out using three different
types of human cancer cell lines (MDA-MB 231,
KCL22 and HeLa. The compound [48] with IC

50
 0.70

µM, compound [49] with IC
50

 0.61 µM and compound
[50] with IC

50
 0.65 µM showed better anti-proliferative

activity as compared with the reference drugs using
MDA-MB 231 cell lines, KCL22 cell lines and HeLa
cell lines, respectively.
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Li et al [54] reported the design and synthesis of a
new series of 1,2,4-triazole derivatives integrating
benziso-selenazolone scaffold.  The in vitro
antiproliferative activities of all newly synthesized
compounds were screened against human cancer cell
lines SMMC-7721, HeLa, A549, and normal cell lines

L929 by CCK-8 assay. The Compound  [51] found to
have excellent antiproliferative action against HeLa
cells and the strong inhibition against A549 cells
with IC

50
 value 3.94 µM and 9.14 µM, respectively.
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NO2

El Sayed Aly et al [55] prepared a series of triazole
derivatives by CuAACof two azido substrates. The
in vitro antimicrobial activity and cytotoxic potential

of these compounds were carried out. Compound
[52] was found to be most active among all
synthesized compounds.
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Ashwini et al [56] prepared several 1,2,3-triazole-
based heterocycles which showed excellent
anticancer activity in a variety of tumor models. The
title compounds 3-(4-(4-phenoxyphenyl)-1H-1,2,3-
triazol-1-yl)benzo[d]isoxazole (PTB) were evaluated

with excellent antiproliferative activity against human
acute myeloidleukemia cells. In MTT assay of all tested
compounds [53] the title compound emerged as the
most powerful and potent antiproliferative agent with
an IC

50
 of 2 µM against MV4-11 cells.



Journal of Pharmaceutical and Medicinal Chemistry / Volume 2 Number 2 / July - December 2016

162 Asif Husain et. al. / Triazole: A Potentially Biologically Attractive Scaffold

O

N

N

N

N

Ar
53

Madadi et al  [57] synthesized a series of analogues
of combretastatin A-4 (CA-4). tHESE analogues were
synthesized from (Z)-substituted diarylacrylonitriles.
In the screening studies for anti-cancer activity, the
di-aryl-acrylonitrile analogue [54]  emerged as the
most potent compound having GI

50
 values of <10

nM against nearly all the human cancer cell. In in-
silico docking studies, compound [55] emerged as
lead compound with better affinity for the colchicine
binding site of tubulin in comparison to the
compounds [54].
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Kamel and abdo, 2014 [58] synthesized a new
series of triazolo[1,3,4]thiadiazoles derivatives. The
compounds were screened for in vitro anticancer
activity and found that the compound [56] showed

equal cytotoxic potential as compared with the
standard CHS 828 using gastric cancer cell line (IC

50

= 25 nM).
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Chouaý et al [59] quantitatively isolated a natural
pentacyclictriterpenoid “ the oleanolic acid” from
pomace olive ( Olea europaea L) and then synthesized
two series of oleanolic acid. The structure elucidation
of the synthesized compounds was performed with
13C NMR, 1H NMR, HRMS and NOESY analyses.

The biological screening results revealed that
Oleanolic acid possess excellent anticancer action
against human colon (SW480) and murine breast
(EMT-6) cancer cells. The derivatives of Oleanolic
acid [57] (1,5-regioisomer) also exhibited excellent
anti-cancer potential.
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N

HO

ArO

57

Ar = -C6H5, 4(MeO)C6H4, 4(Cl)C6H4, 4(Br)C6H4,
4(NO2)C6H4, 4(me)C6H4, naphthyl
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Antitubercular activity

Yempala et al [60] synthesized a new series of
dibenzo[b,d]furan-1,2,3-triazolesderivatives. In vitro
antimycobacterial activity of all the synthesized
compounds against Mycobacterium tuberculosis was

carried out. Compound [58] showed the best anti-
tubercular agent having minimum cyto-toxicity
(selectivity index: ÃÃ25) against the HEK-293T cell
line among these three compounds.

O

N

N

N

Br

58

Thomas et al [61] reported the synthesis of three
new series of quinoline-4-yl-1,2,3-triazoles having
sulphonamides, amides, and amido-piperazines.
The characterization of all the newly synthesized
compounds was done by elemental and spectral

analysis. The anti-tubercular activities of all the
compounds were evaluated against Mycobacterium
tuberculosis H37Rv strain. Compounds, [59, 60, 61]
showed excellent anti-tubercular activity against
Mycobacterium tuberculosis H37Rv strain.
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NH
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O

MeO

59

R1= Acetyl, 4-Fluoro benzoyl, 4-Methoxy

benzoyl, 4-Trifluoro methylbenzoyl

N

N

N

N

NHSO2R2

MeO

60

R2= 4-Methoxy benzene
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N

N

N

N

N

MeO

61

N
R3

O

R3= 4-Methoxy benzoyl, Benzoyl

Dixit et al [62] reported the synthesis of hybrid
compounds by coupling known efflux inhibitors (EI)
and triazole. This synthesis was aimed to identify
pharmacophore from known efflux inhibitors.

The synthesized compounds were screened as
Efflux inhibitor and growth inhibitors of tuberculosis
initially against Mycobacterium smegmatis (2)155.
Compound [62] emerged as the most powerful and
potent dual inhibitor of tuberculosis among all
compounds.

O
N

O

N

N

N

NH

R

SR1

Cl

Cl

O

R=-CH3, -C6H5, COCH2Cl, R1=-C2H5, -C3H7

62

Anand et al [63] synthesized a new series of hybrids
of bis-triazole coumarin derivatives using aryl
propargyl ethers and 4-(azidomethyl)-2H-chromen-2-
ones by Click chemistry. All the compounds were
screened for anti-tubercular. These results were further
evidenced by molecular modeling and 3D-QSAR
studies by means of CoMFA and Topomer CoMFA.
Finally, it was found that the bis-triazole compound
[63] exhibited excellent antitubercular activity.

O

N

NNO
ON

N
N

O

O

O
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R= 6-CH3, 7-CH3, 5,7-Di CH3, 7,8-Di CH3, 7-OCH3, 7,8-Benzo
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Krishna et al [64] designed and synthesized a new
series of diphenylamine containing 1,2,4-triazoles.
The in-vitro anti-mycobacterial and anti-bacterial
activities of all newly synthesized compounds was
evaluated. Out of all, compound [64] have shown
potential activity against Mycobacterium tuberculosis
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H37Rv strain with MIC of 0.2, 1.6 and 3.125 µM,
respectively. All the compounds were studied for SAR
and it was found that diphenylamine containing
1,2,4-triazoles are strong anti-mycobacterial agents.

Cl

Cl

NH

N

N
N R1

S

N

R
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R=Phenyl, 2-thiphenyl, 2-furyl

N

S
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N
H

H

F O

65

N

S
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N
H

Cl

H O

66

Shaikh et al [65] synthesized benzothiazinone
based 1,2,3-triazoles derivatives by click chemistry
way of approach for the search of new antitubercular
agent. These newly synthesized compounds were
subjected for anti-proliferative activity and
antitubercular activities. Among all the synthesized

compounds,[65] and [66] were the most active
compound against MTB and M. bovis BCG. These
synthesized compounds were also found to have
potential antioxidant activity. The molecular docking
studies of these compounds also supported the
significant biological activity.

Kim et al [66] reported the synthesis of 1H-1,2,3-
triazoles, synthesized from econazole as starting
material by microwave-assisted click chemistry.
Majority of the Hydroxy-triazoles exhibited
antitubercular activities against Mycobacterium
tuberculosis.  The MIC of the hydroxy-triazole was

comparable with the econazole (16 g/mL) and the
MIC of [67] was found two times more active in
comparison with econazole.  It was concluded that
hydroxy-triazoles were found to have more activity
as compared with their corresponding ether-
triazoles.
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Cl
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N

N
N
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OH
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Shanmugavelan et al [67] synthesized some new
derivatives of 1,2,3-triazoles. These derivatives were
obtained only in 1-3 minutes in solvent-free conditions.
Anti-tubercular activity of these triazole compounds
were evaluated against Mycobacterium tuberculosis
H(37)Rv strain and found that four compound [67]
exhibited  potential anti-tubercular activity with MIC
in the range from 1.56 to 3.13 g/mL.
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N

N

O

O

O

O

Br

67

Tripathi et al [68] synthesized 1,4-disubstituted-
1,2,3-triazoles derivatives by [3+2] cyclo-addition of
different alkynes with   various  types  of 2-
(azidomethyl)-dihydronaptho (benzo) furans. All the
newly synthesized compounds were evaluated
against Mycobacterium tuberculosis H37Rv for their
antitubercular activities. It was observed that
compound [68] was found to possess excellent
antimycobacterial activities with MIC from 12.5-3.12
µg/ml.

O N

N

N

R1

R

R=-4-CHO, -2,5-Di-Me

R1=–(CH2)4CH3, –(CH2)5CH3, –CH2OH

68

Anticonvulsant activity

Ayati et al [69] designed and synthesized some
triazole derivatives [68] as anticonvulsant or
antiepileptic agents. Triazoles containing
heterocyclic  compounds are important class of drugs
and might be useful for the synthesis of new molecule
as anticonvulsant drugs.

O

N
N

N
H

NH2

Cl

Cl

68

Plech et al [70] reported the design and synthesis
of 4-alkyl-1,2,4-triazole-3-thione derivatives. These
compounds were evaluated for their anticonvulsant
activity against maximal electro-shock-induced
seizure model of animals. A selective and sensitive
method based on HPLC inbuilt with diode array
detector was also used for the estimation of the level
of anticonvulsant compounds in the brain tissues of
the mice.  Further, chromatographic analysis was
also done and it was found that two derivatives [69,
70] with long alkyl chains at N-4 position of the 1,2,4-
triazole ring did not produce any anticonvulsant
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effect since these compounds were not capable to
cross the blood-brain barrier.

N

NH

N

S
C10H21

Cl

69

N

NH

N

S
C12H25

Cl

70

Chen et al [71] reported the synthesis of new series
of 4-(4-alkoxylphenyl)-3-ethyl-4H-1,2,4-triazole
derivatives The synthesized compounds were
evaluated for their anticonvulsant potential using
the maximal electro-shock test animal model of
seizures (MES test) and the neurotoxicity. The results
of the MES test demonstrated that compound [71] is
most potent compound  (ED

50
=8.3mg/kg)  and

protective index (PI=TD
50

/ED
50

 equal to 5.5).

N
N

N

O

n-C7H15

71

Deng et al [72] prepared a series of 1-substituted-
6-(4H-1,2,4-triazol-4-yl)-3,4-dihydroquinolin-2(1H)-
ones derivatives. The newly synthesized compounds
were evaluated for their anticonvulsant and
antidepressant potentials. Besides this, compound
[72] demonstrated better efficacy as compared with
fluoxetine in the tail suspension test. These results
were further confirmed by an open field test, and
compound [72] showed excellent antidepressant
activity.

N

N
N N O

CH2C6H4(o-F)

72

Conclusion

Triazole derivatives show wide range of
therapeutic and pharmacological actions. The
present review compiles the synthesis, design and
potential biological activities of several new triazole
derivatives. Some of these newly synthesized
compounds could be used in near future as lead
compound for preparing potential drug candidate.
Triazole derivatives may be used for the development
of newer antibacterial, antifungal, anti-inflammatory,
analgesic, antimicrobial, anticancer, antitubercular,
and anticonvulsant agents. It is conceivable that with
proper designing, synthesis, structure activity
relationship, and screening, highly potent and safer
biologically active triazoles could be developed.

References

1. Patel GK, Patel HS. Synthesis, spectroscopic and
biological aspects of 3-(pyridin-4-yl)-[1,2,4] triazole
[3,4-b][1,3,4]thiadiazole derivatives. Int. J. Res.
Pharmacy Chemistry 2014; 4(4): 928-935.

2. El-Sayed R. Synthesis, antibacterial and surface
activity of 1,2,4-triazole derivatives. Ind. J. Chem.
2006; 45B: 738-46.

3. 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.

4. Gokce M, Cakir B, Earl K, M Sahin. Synthesis and
antimicrobial activity of [(2-oxabenzothiazolin-3-
yl)-methyl]-4-alkyl/aryl-1, 2, 4-triazoline-5-thiones.
Arch Pharm 2001; 334: 279-83.

5. Giffin MJ, Heaslet H, Brik A, Lin YC, Cauvi G, Wong
CH, McRee DE, Elder JH, Stout CD, Torbett BE. A
copper(I)-catalyzed 1,2,3-triazole azidealkyne click
compound is a potent inhibitor of a multidrug-
resistant HIV-1 protease variant. J. Med. Chem. 2008;
51: 6263-6270.

6. Patpi SR, Pulipati L, Yogeeswari P, Sriram D, Jain
N, Sridhar B, Murthy R, Anjana DT, Kalivendi SV,
Kantevar S, Design, Synthesis, and structure activity
correlations of novel dibenzo[b,d]furan,
dibenzo[b,d]thiophene, and N-methylcarbazole
clubbed 1,2,3-triazoles as potent inhibitors of

Asif Husain et. al. / Triazole: A Potentially Biologically Attractive Scaffold



Journal of Pharmaceutical and Medicinal Chemistry / Volume 2 Number 2 / July - December 2016

168

mycobacterium tuberculosis, J. Med. Chem. 2012;
55: 3911-3922.

7. Fray MJ, Bull DJ, Carr CL, Gautier ECL, Mowbray
CE, Stobie A. Structure activity relationships of 1,4-
dihydro-(1H,4H)-quinoxaline-2,3-diones as N-
methyl-D-aspartate (glycine site) receptor
antagonists. 1. Heterocyclic substituted 5-alkyl
derivatives, J. Med. Chem. 2001; 24: 1951-1962.

8. Imperio D, Pirali T, Galli U, Pagliai F, Cafici L,
Canonico PL, Sorba G, Genazzani AA, Tron GC.
Replacement of the lactone moiety on
podophyllotoxins and steganacin analogues with
1,5-disubstituted 1,2,3-triazole via ruthenium-
catalyzed click chemistry, Bioorg. Med. Chem. 2007;
15: 6748e6757.

9. Sztanke K, Tomasz T, Jolanta R, Kazimierz P,
Martyna K. Synthesis, determination of the
lipophilicity, anticancer and antimicrobial
properties of some fused 1,2,4 triazole derivatives.
Eur. J. Med. Chem. 2008; 43: 404-419.

10. Cafici L, Pirali T, Condorelli F, Grosso ED,
Massarotti A, Sorba G, Canonico PL, Tron GC,
Genazzani AA, Solution-phase parallel synthesis
and biological evaluation of combretatriazoles, J.
Comb. Chem. 2008; 10: 732-740.

11. Pagliai F, Pirali T, Grosso ED, Brisco RD, Tron GC,
Sorba G, Genazzani AA. Rapid synthesis of triazole-
modified resveratrol analogues via click chemistry,
J. Med. Chem. 2006; 49: 467-470.

12. Yim CB, Dijkgraaf I, Merkx R, Versluis C, Eek A,
Mulder GE, Rijkers DTS, Boerman OC, Liskamp RMJ.
Synthesis of DOTA-conjugated multimeric [Tyr3]
octreotide peptides via a combination of Cu(I)-
catalyzed “Click” cycloaddition and thio acid/
sulfonylazide “sulfo-click” amidation and their in
vivo evaluation, J. Med. Chem. 2010; 53: 3944-3953.

13. Devender N, Gunjan S, Chhabra S, Singh K, Pasam
VR, Shukla SK, Sharma A, Jaiswal S, Singh SK,
Kumar Y, Lal J, Trivedi AK, Tripathi R,  Tripathi RP.
Identification of b-Amino alcohol grafted 1,4,5-
trisubstituted 1,2,3-triazoles as potent antimalarial
agents. Eur. J. Med. Chem. 2016; 109: 187-198.

14. Bai JK, Zhao W, Li HM, Tang YJ. Novel
biotransformation process of podophyllotoxin to 4
b-sulfur-substituted podophyllumderivates with
anti-tumor activity by penicilliumpurpurogenum.
Curr. Med. Chem. 2012; 19: 927-936.

15. Siddiqui N, Ahsan W. Triazole incorporated
thiazoles as a new class of anticonvulsants: design,
synthesis and in vivo screening. Eur. J. Med. Chem.
2010; 45: 1536-43.

16. Simone RD, Chini MG, Bruno I, Riccio R, Mueller
D, Werz O, Bifulco G, Structure- based discovery of
inhibitors of microsomal prostaglandin E2 synthase-
1,5-lipoxygenase and 5-lipoxygenase-activating
protein: promising hits for the development of new
anti-inflammatory agents. J. Med. Chem. 2011; 54:

1565-1575.

17. Mathew V, Keshavayya J, Vaidya VP. Heterocyclic
system containing bridgehead nitrogen atom:
synthesis and pharmacological activities of some
substituted 1,2,4-triazolo[3,4-b]-1,3,4-thiadiazoles.
Eur. J. Med. Chem. 2006; 41: 1048-1058.

18. Akrami H, Mirjalili BF, Khoobi M, Moradi A, Nadri
H, Emami S, Foroumadi A, Vosooghi M, Shafiee A.
9H-Carbazole derivatives containing oxadiazoles,
Bioorg. Med. Chem. 2014; 22: 1929e1937.

19. Tahghighi A, Razmi S, Mahdavi M, Foroumadi P,
Ardestani SK, Emami S, Kobarfard F, Dastmalchi S,
Shafiee A, Foroumadi A. Synthesis and anti-
leishmanial activity of 5-(5-nitrofuran-2-yl)-1,3,4-
thiadiazol-2-amines containing N-[(1-benzyl-1H-
1,2,3-triazol-4-yl)methyl] moieties. Eur. J. Med.
Chem. 2012; 50: 124-128.

20. Buckle DR, Outred DJ, Rockell CJM, Smith H, Spicer
BA, Studies on vtriazoles. 7. Antiallergic 9-oxo-
1H,9H-benzopyrano[2,3-d]-v-triazoles, J. Med.
Chem. 1983; 26: 251-254.

21. Khan I, Ali S, Hameed S, Hasan RN, Hussain MT,
Wabood AR, Ul-Haq Z, Khan A, Iqbal MC. Synthesis,
antioxidant activities and urease inhibition of some
1,2,4-triazole and 1,3,4-thiadiazole derivatives. Eur.
J. Med. Chem. 2010; 45: 5200-5207.

22. Whiting M, Tripp JC, Lin YC, Lindstrom W, Olson
AJ, Elder JH, Sharpless KB, Fokin VV. Rapid
discovery and structure-activity profiling of novel
inhibitors of human immunodeficiency virus type
1 protease enabled by the copper(I)-catalyzed
synthesis of 1,2,3-triazoles and their further
functionalization. J. Med. Chem. 2006; 4: 7697-7710.

23. Giffin MJ, Heaslet H, Brik A, Lin YC, Cauvi G, Wong
CH, McRee DE, Elder JH, Stout CD, Torbett BE. A
copper(I)-catalyzed 1,2,3-triazole azidealkyne click
compound is a potent inhibitor of a multidrug-
resistant HIV-1 protease variant. J. Med. Chem. 2008;
51: 6263-6270.

24. Bele DS, Singhvi I. A review on 1,2,4-triazoles. Asian
J. Biochem. Pharma. Res. 2011; 2(1).

25. Rao DVN, Prasad ARG, Spoorthy YN, Rao DR,
Ravindranath LK. Synthesis, characterization and
pharmacological studies of sulphur containing 1,2,4-
triazole derivatives. J. Taibah Univ. Med. Sci. 2014;
9(4): 293-300.

26. Arshad M. An insight to the synthetically obtained
triazole possessing numerous biological activities.
Int. J. Pharmacy Pharm. Sci. 2014; 9(6) 16-23.

27. Haider S, Alam MS, Hamid H. 1,2,3-Triazoles:
scaffold with medicinal significance Inflam. & Cell
Signal. 2014; 1: 95.

28. Soltis MJ, Yeh HJ, Cole KA, Whittaker N, Wersto
RP, Kohn EC. Identification and characterization of
human metabolites of CAI [5-amino-1-1(4'-
chlorobenzoyl-3,5-dichlorobenzyl)-1,2,3-triazole-

Asif Husain et. al. / Triazole: A Potentially Biologically Attractive Scaffold



Journal of Pharmaceutical and Medicinal Chemistry / Volume 2 Number 2 / July - December 2016

169Asif Husain et. al. / Triazole: A Potentially Biologically Attractive Scaffold

4-carboxamide). Drug Metab. Dispos. 1996; 24: 799-
806.

29. Kumar R, Yar MS, Chaturvedi S, Srivastava A.
Triazole as Pharmaceuticals Potentials. Int. J.
PharmTech Res. 2013; 4(5): 1844-1869.

30. Koparir M, Orek C, Koparir P, Sarac K. Synthesis,
experimental, theoretical characterization and
biological activities of4-ethyl-5-(2-hydroxyphenyl)-
2H-1,2,4-triazole-3(4H)-thione. Spectroch. Act Part
A: Mol. and Biomol. Spectr. 2013; 105: 522–531.

31. Kucukguzel SG, Çýkla-Süzgün P. Recent advances
bioactive 1,2,4-triazole-3-thiones Eur. J. Med. Chem.
2015; 97: 830-870.

32. Zoumpoulakis P, Camoutsis C, Pairas G, Sokovic
M, Glamoc¡lija J, Potamitis C, Pitsas A. Synthesis of
novel sulfonamide-1,2,4-triazoles, 1,3,4-thiadiazoles
and 1,3,4-oxadiazoles, as potential antibacterial and
antifungal agents. Biological evaluation and
conformational analysis studies. Bioorg. Med.
Chem. 2012; 20: 1569–1583.

33. Koparir M, Orek C, Koparir P, Sarac K. Synthesis,
experimental, theoretical characterization and
biological activities of 4-ethyl-5-(2-hydroxyphenyl)-
2H-1,2,4-triazole-3(4H)-thione. Mol. and Biomol.
Spectro. 2013; 105: 522–531.

34. Al-Omair MA, Sayed RA, Youssef MM. Synthesis of
novel triazoles, tetrazine, thiadiazoles and their
biological activities. Mol. 2015; 20: 2591-2610.

35. Ezabadi IR, Camoutsis C, Zoumpoulakis P,
Geronikaki A, Sokovic M, Glamocilijad J, Ciric A.
Sulfonamide-1,2,4-triazole derivatives as antifungal
and antibacterial agents: Synthesis, biological
evaluation, lipophilicity, and conformational
studies. Bioorg. Med. Chem. 2008; 16: 1150–1161.

36. Gonzalez-Calderon D, Mejía-Dionicio MG, Morales-
Reza MA, Ramírez-Villalva A, Morales-Rodríguez
M, Jauregui-Rodríguez B, Díaz-Torres E, Gonzalez-
Romero C, Fuentes-Benítes A. Azide-enolate 1,3-
dipolar cycloaddition in the synthesis of novel
triazole-based miconazole analogues as promising
antifungal agents. Eur. J. Med. Chem. 2016; 112:
60-65.

37. Sidhu A, Kukreja S. Synthesis of novel fluorinated
benzothiazol- 2-yl-1,2,4-triazoles: Molecular
docking, antifungal evaluation and in silico
evaluation for SAR. Arab. J. Chem. 2015 (In press).

38. Xu YY, Qian  AR, Cao XF, Ling CY, Cao YB, Wang
RL, Li YS, Yang YS. Design and synthesis of novel
triazole derivatives containing gamma-lactam as
potential antifungal agents. Chin. Chem. Lett. 2016;
3568.

39. Shaikh MH, Subhedar DD, Khan FAK, Sangshetti
JN, Shingate BB. 1,2,3-Triazole incorporated
coumarin derivatives as potential antifungal and
antioxidant agents. Chin. Chem. Lett. 2016; 27:
295–301.

40. Hashemi SM, Badali H, Irannejad H, Shokrzadeh
M, Emami S. Synthesis and biological evaluation of
fluconazole analogs with triazole-modified scaffold
as potent antifungal agents. Bioorg. Med. Chem.
2015; 23: 1481–1491.

41. Park JS, Yu KA, Kang TH, Kima S, Suh YG. Discovery
of novel indazole-linked triazoles as antifungal
agents. Bioorg. Med. Chem. 2007; 17: 3486–3490.

42. Abdel-Megeed AM, Abdel-Rahman HM,
Alkaramany GS, El-Gendy MA. Design, synthesis
and molecular modeling study of acylated 1,2,4-
triazole-3-acetates with potential anti-inflammatory
activity. Eur. J. Med. Chem. 2009; 44: 117-123.

43. Kumar H, Javed SA, Khan SA, Amir M. 1,3,4-
Oxadiazole/thiadiazole and 1,2,4-triazole
derivatives of biphenyl-4-yloxy acetic acid:
Synthesis and preliminary evaluation of biological
properties. Eur. J. Med. Chem. 2008; 43: 2688-2698.

44. Vijesh AM, Isloor AM, Shetty P, Sundershan S, Fun
HK. New pyrazole derivatives containing 1,2,4-
triazoles and benzoxazoles as potent antimicrobial
and analgesic agents. Eur. J. Med. Chem. 2013; 62:
410-415.

45. A, Hussaini SMA, Faazil S, Poornachandra Y, Reddy
GN, Kumar CG, Rajput VS, Rani C, Sharma R, Khan
IA, Babu NJ. Anti-tubercular agents. Part 8:
Synthesis, antibacterial and antitubercular activity
of 5-nitrofuran based 1,2,3-triazoles. Bioorg. Med.
Chem. Lett. 2013; 23: 6842–6846.

46. Murti Y, Agnihotri R, Pathak D.  Synthesis,
Characterization and Pharmacological Screening of
Some Substituted 1,2,3- & 1,2,4-Triazoles. American
J. Chem. 2011; 1(2): 42-46.

47. Vatmurge NS, Hazra BG, Pore VS, Shirazi F,
Chavanb PS, Deshpandeb MV. Synthesis and
antimicrobial activity of ß-lactam–bile acid
conjugates linked via triazole. Bioorg. Med. Chem.
Lett. 2008; 18: 2043–2047.

48. Saeed A, Mumtaz A. Novel isochroman-triazoles
and thiadiazole hybrids: Design, synthesis and
antimicrobial activity. J. Saudi Chem. Soc. In Press,
doi:10.1016/j.jscs.2015.04.004

49. Garudachari B, Isloor AM, Satyanarayana M.N, Fun
HK, Hegde G. Click chemistry approach:
Regioselective one-pot synthesis of some new 8-
trifluoromethylquinoline based 1,2,3-triazoles as
potent ntimicrobial agents. Eur. J. Med. Chem. 2014;
74: 324-332.

50. Mady MF, Awad GEA, Jørgensen KB. Ultrasound-
assisted synthesis of novel 1,2,3-triazoles coupled
diarylsulfone moieties by the CuAAC reaction, and
biological evaluation of them as antioxidant and
antimicrobial agents. Eur. J. Med. Chem. 2014; 84:
433e443.

51. Cui SF, Ren Y, Zhang SL, Peng XM, Damu GLV,
Geng RX, Zhou CH. Synthesis and biological
evaluation of a class of quinolone triazoles as



Journal of Pharmaceutical and Medicinal Chemistry / Volume 2 Number 2 / July - December 2016

170 Asif Husain et. al. / Triazole: A Potentially Biologically Attractive Scaffold

potential antimicrobial agents and their interactions
with calf thymus DNA. Bioorg. Med. Chem. Lett.
2013; 23: 3267–3272.

52. Abdel-Wahab BF, Abdel-Latif  E, Mohamed HA,
Awad GEA. Design and synthesis of new 4-
pyrazolin-3-yl-1,2,3-triazoles and 1,2, 3-triazol-4-yl-
pyrazolin-1-ylthiazoles as potential antimicrobial
agents. Eur. J. Med. Chem. 2012; 52: 263-268.

53. Ahmed N, Konduru NK, Ahmad S, Owais M.
Design, synthesis and antiproliferative activity of
functionalized flavone-triazole-tetrahydropyran
conjugates against human cancer cell lines. Eur. J.
Med. Chem. 2014; 82: 552-564.

54. Li BL, Li B, Zhang RL, Zhao JJ, Wang XF, Liu YM,
Shi YP, Liu JB, Chen BQ. Synthesis and
antiproliferative evaluation of novel 1,2,4-triazole
derivatives incorporating benzisoselenazolone
scaffold. Bioorg. Med. Chem. Lett. 2016; 26: 1279–1281.

55. El-SayedAly MR, Saad HA, Mohamed MAM. Click
reaction based synthesis, antimicrobial, and
cytotoxic activities of new 1,2,3-triazoles. Bioorg.
Med. Chem. Lett. 2015; 25: 2824–2830.

56. Ashwini N, Garg M, Mohan CD, Fuchs JE, Rangappa
S, Anusha S, Swaroop a, Kodagahalli S. Rakesh TR,
Kanojia D, Madan V, Bender A, Koeffler HP,
Basappa, Rangappa KS. Synthesis of 1,2-
benzisoxazole tethered 1,2,3-triazoles that exhibit
anticancer activity in acute myeloid leukemia cell
lines by inhibiting histone deacetylases, and
inducing p21 and tubulin acetylation. Bioorg. Med.
Chem. 2015; 23: 6157–6165.

57. Madadi NR, Penthala NR, Howk K, Ketkar A, Eoff
RL, Borrelli MJ, Crooks PA. Synthesis and biological
evaluation of novel 4,5-disubstituted 2H-1,2,3-
triazoles as cis-constrained analogues of combretastatin
A-4.  Eur. J. Med. Chem. 2015; 103: 123-132.

58. Kamel MM, Abdo NYM. Synthesis of novel 1,2,4-
triazoles, triazolothiadiazines and triazolothiadiazoles
as potential anticancer agents. Eur. J. Med. Chem.
2014; 86: 75-80.

59. Chouaýb K, Romdhane A, Delemasure S, Dutartre
P, Elie N, Touboul D, Jannet HB. Regiospecific
synthesis by copper- and ruthenium-catalyzed
azide–alkyne 1,3-dipolar cycloaddition, anticancer
and anti-inflammatory activities of oleanolic acid
triazole derivatives. Arab. J. Chem. 2016, In Press,
doi:10.1016/j.arabjc.2015.12.013

60. Yempala T, Sridevi JP, Yogeeswari P, Sriramb D,
Kantevari S. Rational design and synthesis of novel
dibenzo[b,d]furan-1,2,3-triazole conjugates as
potent inhibitors of Mycobacterium tuberculosis. Eur.
J. Med. Chem. 2014; 71: 160-167.

61. Thomas KD, Adhikari AV, Chowdhury IH, Sumesh
E, Pal NK. New quinolin-4-yl-1,2,3-triazoles carrying
amides, sulphonamides and amidopiperazines as
potential antitubercular agents. Eur. J. Med. Chem.

2011; 46: 2503-2512.

62. Dixit PP, Dixit PP, Thore SN. Hybrid triazoles:
Design and synthesis as potential dual inhibitor of
growth and efflux inhibition in tuberculosis. Eur. J.
Med. Chem. 2016; 107: 38-47.

63. Anand A, Naik RJ, Revankar HM, Kulkarni MV,
Dixit SR, Joshi SD. A click chemistry approach for
the synthesis of mono and bisaryloxy linked
coumarinyl triazoles as anti-tubercular agents. Eur.
J. Med. Chem. 2015; 105: 194-207.

64. Krishna KM, Inturi B, Pujar GV, Purohit MN, kumar
GSV. Design, synthesis and 3D-QSAR studies of new
diphenylamine containing 1,2,4-triazoles as
potential antitubercular agents. Eur. J. Med. Chem.
2014; 84: 516-529.

65. Shaikh MH, Subhedar DD, Arkile M, Khedkar VM,
Jadhav N, Sarkar D, Shingate BB. Synthesis and
bioactivity of novel triazole incorporated
benzothiazinone derivatives as antitubercular and
antioxidant agent. Bioorg. Med. Chem. Lett. 2016;
26: 561–569.

66. Kim S, Cho SN, Ohc T, Kim P. Design and synthesis
of 1H-1,2,3-triazoles derived from econazole as
antitubercular agents. Bioorg. Med. Chem. Lett.
2012; 22: 6844–6847.

67. Shanmugavelan P, Nagarajan S, Sathishkumar M,
Ponnuswamy A, Yogeeswari P, Sriram D. Efficient
synthesis and in vitro antitubercular activity of
1,2,3-triazoles as inhibitors of Mycobacterium
tuberculosis. Bioorg. Med. Chem. Lett. 2011; 21:
7273–7276.

68. Tripathi RP, Yadav AK, Ajay Aa, Bisht SS, Chaturvedi
V, Sinha SK. Application of Huisgen (3 þ 2)
cycloaddition reaction: Synthesis of 1-(2,3-
dihydrobenzofuran-2-yl-methyl [1,2,3]-triazoles
and their antitubercular evaluations. Eur. J. Med.
Chem. 2010; 45: 142–148.

69. Ayati A, Emami S, Foroumadi A. The importance
of triazole scaffold in the development of
anticonvulsant agents. Eur. J. Med. Chem. 2016; 109:
380-392.

70. Plech T, Luszczki JJ, Wujec M, Flieger J, Pizon M.
Synthesis, characterization and preliminary
anticonvulsant evaluation of some 4-alkyl-1,2,4-
triazoles. Eur. J. Med. Chem. 2013; 60: 208-215.

71. Chen J, Sun XY, Chai KY, Lee JS, Song MS, Quan ZS.
Synthesis and anticonvulsant evaluation of 4-(4-
alkoxylphenyl)- 3-ethyl-4H-1,2,4-triazoles as open-
chain analogues of 7-alkoxyl-4,5-dihydro[1,2,4]
triazolo[4,3-a]quinolones. Bioorg. Med. Chem. 2007;
15: 6775–6781.

72. Deng XQ, Song MX, Zheng Y, Quan ZS. Design,
synthesis and evaluation of the antidepressant and
anticonvulsant activities of triazole-containing
quinolinones. Eur. J. Med. Chem. 2014; 73: 217-224.


