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Abstract
Heterocycles form by far the largest of classical divisions of organic chemistry and are of immense importance biologically 
and industrially, and about one half of over six million compounds recorded in chemical abstracts are heterocyclic. The 
majority of pharmaceuticals and biologically active agrochemicals are heterocyclic while countless additives and modifiers 
used in industrial applications ranging from cosmetics, reprography, information storage and plastics are heterocyclic in 
nature. One striking structural feature inherent to heterocycles, which continue to be exploited to great advantage by the drug 
industry, lies in their ability to manifest substituents around a core scaffold in defined three-dimensional representations. 
Among the approximately 20 million chemical compounds identified by the end of the second millennium, more than two-
thirds are fully or partially aromatic and approximately half are heterocyclic. The presence of heterocycles in all kinds of 
organic compounds of interest in electronics, biology, optics, pharmacology, material sciences and so on is very well known. 
Between them, nitrogen-containing heterocyclic compounds have maintained the interest of researchers through decades 
of historical development of organic synthesis. In the present work, focus on the literature survey of chemical diversity 
(piperidine 1, pyridine 2, quinoline 3, [1,3,4]-thiadiazole 4, pyrazole 5 and [1,2,4]-triazole 6) in the molecular framework 
in order to get a complete information regarding pharmacologically interesting compounds of widely different composition.
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Introduction

The synthetic chemistry can rightfully be considered a pre-
condition of our modern society [1]. This discipline benefits 
many valuable resources to our world, enabling us to pro-
duce the quantities of fertilizer needed to feed a growing 
world’s population and produce the numerous customized 

materials without which society could not progress. Appar-
ently, synthetic chemistry has an enormous influence on com-
munity health where treatments for almost any disease can be 
established resulting in a steady increase in life expectancy 
[2, 3]. All these advances have been enabled by the inter-
est of generations of scientists constantly searching for new 
solutions to the assembly of functional molecules. Signifi-
cantly, this has required the growth of many new methods 
for selectively forming new chemical bonds, allowing the 
generation of more complex drugs [3, 4]. Nevertheless, one 
downside of drug research lies in the enormous cost of the 
development and regulatory processing of a new drug with 
only 15–20 years of commercial protection being granted to 
recoup this initial outlay [3, 5]. As a result, pharmaceutical 
companies are continuously seeking ways to accelerate this 
development process by adopting new synthetic procedures 
and enabling technologies in order to profitably generate new 
medications for both old and new targets [6]. By studying the 
synthetic routes used to construct modern pharmaceutical 
structures, a general overview of the most valuable synthetic 
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techniques and best working practices as used by the phar-
maceutical industry can be created [3]. The contribution of 
medicinal organic chemistry to the biological, medicinal and 
pharmaceutical field is vast, including drug development, 
detection, design and identification of bioactive compounds.

An introduction to heterocyclic compounds

Heterocyclic chemistry is a very important branch of organic 
chemistry accounting for nearly one-third of modern pub-
lications. In detail, two-thirds of organic compounds are 
heterocyclic compounds. A cyclic organic compound com-
prising all carbon atoms in ring formation is referred to as a 
carbocyclic compound. If at least one atom other than car-
bon forms a part of the ring system, then it is referred as a 
heterocyclic compound [7, 8].

Heterocyclic compounds represent dynamic important 
role in medicinal chemistry and have paying healthy inter-
est with a broader scope to synthesize and process numerous 
types of pharmacological properties. Besides the enormous 
distribution of heterocyclic compounds in natural products, 
they are also the major components of biological molecules 
such as deoxyribonucleic acid (DNA) and ribonucleic acid 
(RNA). Indeed, DNA is without doubt the most important 
macromolecule of life and the monomer of RNA and DNA, 
i.e., nucleotides, the building blocks of our genes are deriva-
tives of purine and pyrimidine bases. Chlorophyll, a green 
color pigment helps in the synthesis of oxygen by absorb-
ing carbon dioxide in plants and heme, the non-protein part 
of hemoglobin is the oxygen carriers in animals that are 
derivatives of large porphyrin rings. However, synthetic 

heterocyclic compounds have extensive therapeutic uses 
available in many therapeutic categories such as antibacte-
rial [9], antifungal [10], analgesic [11], anti-inflammatory 
[12], antimycobacterial [13], antitubercular [14], antimalar-
ial [15], trypanocidal [16], anti-HIV activity [17], anticon-
vulsant [18], antitumoural [19], antileishmanial agents [20], 
genotoxic [21], herbicidal [22], anticancer [23] and lipid 
peroxidation inhibitors [24], hypnotics [25], antidepressant 
[26], anthelmintic [27] and insecticidal agents [28]. Also, 
they have been widely found as a key structural material in 
synthetic pharmaceuticals and agro-based chemicals. Most 
of the heterocyclic compounds possess important applica-
tions in material science, such as fluorescent sensor and 
dyestuff, brightening agents, plastics, information storage 
and analytical reagents [29]. In addition, many of the het-
erocyclic compounds can also be used in making organic 
conductors, semiconductors, photovoltaic cells, molecular 
wires and organic light-emitting diodes (LED), light harvest-
ing systems, optical data carriers, chemically controllable 
switches and liquid crystalline compounds [30–32]. Hetero-
cyclic compounds are also of considerable interest because 
of their synthetic utility as synthetic intermediates, chiral 
auxiliaries, protecting groups and metal ligands in asymmet-
ric catalysts in organic synthesis [33, 34]. By looking at the 
enormous applicability cross the spectrum of utilit, a greater 
amount of attention has been drawn to develop efficient new 
methods to synthesize heterocyclic compounds. Encouraged 
by the above literature information, this paper comprises of 
synthesis, characterization and pharmacological application 
of piperidine 1, pyridine 2, quinoline 3, [1,3,4]-thiadiazole 
4, pyrazole 5 and [1,2,4]-triazole 6 derivatives.
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Piperidine Pyridine Quinoline
1 2 3

NN

S

NN NN

N
H

[1,3,4]-Thiadiazole Pyrazole [1,2,4]-Triazole
4 5 6

Introduction and synthesis of piperidine and its 
derivatives

Piperidine 1 or, azacyclohexane, is a common structural unit 
in natural products. Piperidine 1 is an organic compound 
with the molecular formula  (CH2)5NH. This heterocyclic 
amine consists of one NH unit and five methylene units in 

six-membered ring. The piperidine moiety is an attractive drug 
template because of its useful pharmacological applications as 
antimicrobial [35], antitubercular [36], anti-inflammatory [37], 
herbicidal [38], insecticidal [39], fungicidal [40], bactericidal 
[41], antihistaminic [42] and central nervous system (CNS) 
stimulant [43]. Thus, piperidine nucleus containing molecules 
plays a very important role in the field of medicinal chemistry.
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Besides, several hundreds of piperidine derivatives have been 
studied in both clinical and preclinical trails [44]. Nevertheless, 
the variety of substitution and functionality patterns are found in 
piperidine compound targets and are extensively accepted. The 
biological properties of piperidines are highly dependent on the 
location and type of substituent on the heterocyclic ring [45]. 
Piperidine derivatives are found to possess many pharmacologi-
cal activities and form an essential part of the molecular structure 
of important drugs such as raloxifene 7 and minoxidil 8 [46].
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HO

O

N
OH

NN

N

H2N

H2N
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7 8

Interestingly, piperidine 1 can be easily prepared by 
reducing pyridine 2.

In this process, the reducing agents used are hydrogen 
and nickel, palladium or ruthenium catalysts at 180–220 °C 
and also using tin in hydrochloric acid or sodium in ethanol 
(Scheme 1). 

Alternatively, Zhou et al. prepared the 3, 5 tert-butyl-
oxycarbonyl (Boc)-protected diamino piperidine 12 start-
ing from hydrogenation of 2-chloro-3,5-dinitropyridine 9, 
which on reduction furnished 2-chloro-3,5-diaminopyridine 
10, which undergo further hydrogenation after protection 
of amino group by Boc via an intermediate 11, at 2200 psi 

N N
H

180-220 oC, 5-50 atm
H2/ Ni-Al2O3

Na, EtOH Reflux
Sn in HCl or

2         1

Scheme 1  Synthesis of piperidine from pyridine
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Scheme 2  Synthesis of piperidine from 2-chloro-3,5-dinitropyridine

Scheme 3  Synthesis of 
piperidine from pyridine 
using tris(pentafluorophenyl)
borane  
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using 5% rhodium on carbon (Rh/C) as a catalyst in the pres-
ence of acetic acid at 110 °C as shown in Scheme 2 [47].

Further, Zhou et al. introduced an efficient and facile 
method for the hydrogenation of pyridine 2, using a borane 
catalyzed metal-free transfer with the use of ammonia 
borane as a hydrogen source which avoided use of high-
pressure hydrogen.

They also proposed that the Lewis pairs are formed by 
pyridine and tris(pentafluorophenyl)borane B(C6F5)3 which 
can split the B-H and N–H bonds of ammonia borane to 
form the Zwitter ionic species, which led to the subsequent 
reduction to form piperidine 1 as shown in Scheme 3 [48].

Recently, Wang et al. developed a B(C6F5)3-catalyzed 
metal-free pyridine 2 reduction. The reaction was initi-
ated by dearomative hydrosilylation to give the intermedi-
ate N-silyl 1,4-dihydropyridine 13, which further undergo 
rapid transfer hydrogenation and then, by hydrolysis to yield 

piperidine 1 (Scheme 4). This method features a broad func-
tional group tolerance (e.g., ester, ketone, olefin, nitrile, nitro 
and heterocycles) and show more practical efficacy [49].

The synthesis of bispiperidine 19, by refluxing a mixture 
of benzaldehyde 15, acetone 16 and ammonium acetate 17 
for 6–8 h was described by Singh et al. During this pro-
cess, an intermediate 18 was generated, which on refluxing 
with hydrazine hydrate about 7–9 h at the temperature about 
90 °C furnished compound 19 as depicted in Scheme 5 [50].

Pharmaceutical application of piperidine derivatives

Piperidine derivatives as  antidepressant agent A series 
of arylalkanol-piperidine analogues were synthesized by 
Zheng et al. and evaluated for their triple reuptake inhibi-
tion and in vivo activities.

Scheme 4  Synthesis of 
piperidine from pyridine 
using B(C6F5)3

Scheme 5  Synthesis of piperidine derivative from benzaldehyde and acetone
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Among the series, compounds 20 and 21 showed a more 
significant reduction of immobility time compared to that of 
the vehicle in the mouse tail suspension test at doses rang-
ing from 10 to 50 mg/kg po and were not generally motor 

stimulants at 50 mg/kg dose. Also, these compounds 20 
and 21 displayed attractive pharmacokinetics activities in 
Sprague Dawley rats [51].

20 21

Piperidine derivatives as antiasthmatic agent A novel class 
of potent C–C chemokine receptor type 3 (CCR3) receptor 
antagonists was designed and synthesized with structural 
modifications by Sato et al. These compounds are a combi-
nation of the benzamide and piperidine moieties which led 
to the identification of N-{8-[(6-fluoro-2-naphthyl)methyl]-
8-azabicyclo [3.2.1]oct-3-yl}biphenyl-2-carboxamide 22 as 
a potent CCR3 antagonist with an  IC50 value of 0.020 μM 
[52].

22

Piperidine derivatives as anticancer agent In the year 2015, 
Zeng et al. designed and synthesized piperidine derivatives 

as a novel human heat shock protein 70 (HSP70) inhibitors. 
The evaluation of biological activity reported that the syn-
thetic compound 23 as HSP70 inhibitor has a good antitu-
mour activity, especially in lapatinib-resistant cancer cells 
[53].

23

Piperidine derivatives as anti‑inflammatory agent Khanum 
et al. prepared a sequence of benzophenone-N-ethyl piperi-
dine ether analogues 24a-c and evaluated as orally active 
anti-inflammatory agents with reduced side effects. The 
anti-inflammatory and ulcerogenic activities of the com-
pounds were compared with the standard compounds like 
naproxen, indomethacin and phenylbutazone [54].
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24a-c 

pyrrolidine and piperidine as antidiabetic agents. Among all 
the synthesized series, compound 26 was found to be the 
most potent compound [56].

N
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O

26 

Piperidine derivatives as  antimicrobial agent A series of 
piperidin-4-one oxime ether derivatives were synthesized 
and evaluated for antimicrobial activities. Among all the 
series, compound 27, exerted good inhibitory activity at a 
minimum inhibitory concentration (MIC) value of 64 and 
128 μg  ml−1 against P. aeruginosa and S. faecalis, respec-
tively, and compounds 28, 29 and 30 exerted appreciable 
antibacterial activity at a MIC of 16–64 μg  ml−1 against S. 
faecalis, P. aeruginosa and S. aureus.

Piperidine derivatives as antiepileptic agent Besides, Yang 
et al. have been designed and synthesized substituted piperi-
dine derivatives targeting KCNQ (voltage-dependent potas-
sium channel that is mostly associated with epilepsy) open-
ers as novel antiepileptic agents. Moreover, they found that 
compound 25 have shown good pharmacokinetic profiles in 
vivo [55].
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Piperidine derivatives as antidiabetic agent Type 2 diabe-
tes (T2D) is a lifestyle disease affecting millions of people 
worldwide. Various therapies are available for the manage-
ment of T2D and dipeptidyl peptidase-IV inhibition, which 
has emerged as a promising therapy for the treatment of T2D. 
Encouraged by this information researcher has reported the 
synthesis and in vitro efficacy of sulfonamide derivatives of 
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Whereas, compounds 29, 31 and 32 also showed good 
inhibitory activity against A. flavus [35].

et al. reported synthesis of antitubercular agents, in which 
diphenyl[((R,S)-2,8-bis(trifluoromethyl)quinolin-4-yl)-
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Br
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Scheme 6  Synthesis of pyridine 
using Chichibabin reaction

Scheme 7  Synthesis of pyridine 
from ethyne 

Scheme 8  Synthesis of pyridine 
from crotonaldehyde

Piperidine derivatives as  antitubercular agent Currently 
one quarter of the world’s population is infected with 
tuberculosis and more than 95% of the death occurred in 
the developing countries. Based on these findings, Wardell 

piperidin-2-yl-methanolato-O,N]boron 33 and (±)-erythro-
mefloquinium tetraphenylborate 34 solvates (Mefloquine 
derivatives) crystalline solids exhibited antitubercular activ-
ity [57].
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Introduction and synthesis of pyridine and its 
derivatives

The synthesis of nitrogen heterocycles is an important area 
of research due to their prevalence in natural products and 
drugs [59]. In this class, pyridine 2 containing derivatives 
are the most extensively used in pharmaceutical research 
[60], and much effort has been devoted to their synthesis 
[61–63]. The pyridine ring can be considered as one of 
the simplest yet most important heteroaromatic structure. 
Naturally occurring many important compounds such as 
the vitamins niacin 36 (Vitamin B-3) and pyridoxine 37 
(Vitamin B-6) are pyridine ring containing compounds. 
Further, niacin is required for the biosynthesis of the 
redox coenzyme nicotine adenine dinucleotide (NAD +), 
whereas pyridoxine is a coenzyme in transaminases and 

Scheme 9  Synthesis of pyridine 
from2-methyl pyridine with 
2-methyl-but-2-ene   N N[RhCl(coe)2]2

PCy3.HCl

165 oC, THF
+

44 46 47

Scheme 10  Synthesis of 
pyridine from mixture ketone, 
enone and ammonia 

Scheme 11  Synthesis of pyri-
dine derivative α,α-difluoro-β-
iodoketone
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Furthermore, recently Kai et al. described the synthesis 
of benzothiazinones containing a piperidine moiety as a 
new antitubercular agents and found that among this series, 
compound 35 was found to display comparable in vitro 
antitubercular activity against drug-sensitive and resistant 
mycobacterium tuberculosis strains [58].
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a member of alkaloids like nicotine 38. The toxicity of 
nicotine has a defensive function in nature and it is widely 
used for smoking cessation [64].

tris(2-phenylpyridine)iridium(III) [fac-Ir(ppy)3] as catalyst 
under blue LED irradiation with subsequent one-pot conden-
sation with ammonium acetate affords diversely substituted 

N
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OH

OH

N

H

N

36 37 38

Pyridine 2 itself is produced industrially by the traditional 
Chichibabin reaction (Scheme 6), wherein 2-methyl pyri-
dine 44 was produced by the Bonnemann reaction, in which 
cobalt-catalyzed cyclotrimerisation of ethyne 42 and methyl 
nitrile 43 takes place as shown in Scheme 7. In addition, 
the aerobic gas-phase condensation of crotonaldehyde 45, 
formaldehyde 40 and ammonia 41 (Scheme 8) also affords 
compound 44. Likewise, numerous methods of synthesizing 
substituted pyridines have been reported [65].

Moreover, the Lewis group developed a method 
for the synthesis of pyridine derivatives using 
chlorobis(cyclooctene)rhodium(I), dimer [RhCl(coe)2]2 and 
tricyclohexylphosphine hydrochloride  [PCy3·HCl] catalyst 
by intermolecular alkylation of 2-methyl pyridine 44 with 
2-methyl-but-2-ene 46 via C–H bond activation to produce 
(S)-2-methyl-6-(3-methylbutan-2-yl)pyridine 47 as shown 
in Scheme 9 [66].

Disubstituted pyridines 50a–c are synthesized by treating 
a mixture of ketone 48a–b, enones 49a–c and ammonia 41 
with magnesium methoxide as shown in Scheme 10. The 
reaction works particularly well with chalcones [67].

Interestingly, photo-redox coupling of α,α-difluoro-β-
iodoketone 51 with silyl enol ether 52 in the presence of 

3-fluoro-2,6-diphenylpyridine 53 as illustrated in Scheme 11 
[68].

Pharmaceutical application of pyridine derivatives

Pyridine 2 corresponds to a huge group of compounds with 
applications as polymers, dyes, agrochemicals, antioxidants 
and pharmaceuticals [69]. One of the top-selling classes of 
pharmaceuticals containing the pyridine ring are the proton 
pump inhibitors and various drugs such as omeprazole 54, 
pantoprazole 55, lansoprazole 56 and rabeprazole 57 which 
are dwell in this area [70]. Other important species contain-
ing a pyridine moiety are pioglitazone 58 and rosiglitazone 
59, which are members of the so-called thiazolidinedione 
class of type-2 diabetes drugs. These pharmaceutical drugs 
act as binders to the peroxisome proliferator-activated recep-
tors that upon activation wander to the DNA to regulate the 
transcription of specific genes which control the metabo-
lism of carbohydrates and fatty acids. The structures of com-
pounds 58 and 59 show common structural features bearing 
a distal pyridine ring linked to the thiazolidinedione [69].

Scheme 12  Synthesis of quino-
line from quinaldine 

Scheme 13  Synthesis of quinoline from benzophenone
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pounds 61a–b significantly inhibit the CAIX activity with 
the  IC50  values, 1.61  μM and 1.84  μM, respectively. Fur-
ther, they screened all the compounds for anticancer activity 
in vitro  and found that compounds 61a–b showed consid-
erable anticancer activity against human breast cancer cell 
(MCF-7) and human hepatocyte carcinoma (HepG-2) cell 
lines [72].

N

N

N

S

O

R

NO2

OH

OH

a: R=

b: R=

61a-b

Pyridine derivatives as  antifungal agent A series of com-
pounds with amide-pyridine scaffolds 62a–d have been 
designed and synthesized by Bin Sun et  al. to treat the 
increasing incidence of drug-resistant fungal infections.

Pyridine derivatives as  antibacterial agent Almeida et  al. 
synthesized a series of C-2- and C-6-substituted pyridines 
60a-d and evaluated them for in vitro against P. aeruginosa, 
S. aureus, S. mutans and C. albicans which exhibited a wide 
range of modest in vitro activity against the tested microor-
ganisms [71].

60a-d 

Pyridine derivatives as human carbonic anhydrase IX (CAIX) 
inhibitor and  anticancer agent In order to obtain novel 
human CAIX inhibitors, a series of pyridine-thiazolidinone 
derivatives were synthesized by Ansari et  al. The  bind-
ing affinity  of these compounds was measured by  fluo-
rescence binding studies  and  enzyme inhibition  activity 
using an esterase assay of CAIX. It was observed that com-
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63a-c

Pyridine derivatives as  anti‑inflammatory and  analgesic 
agents Sondhi et  al. synthesis pyridine derivatives 64a–d 
and evaluated for anti-inflammatory activity and analgesic 
activity using quinolonen-induced paw edema assay and 
acetic acid writhing assay, respectively.

Scheme 14  Synthesis of quino-
line from aniline 

Scheme 15  Synthesis of quino-
line from ketone 

The in  vitro evaluation results displayed that com-
pounds 62a and 62b exhibited MIC values in the range of 
0.125–2 μg/mL. This indicates that they have a broad spec-
trum of antifungal activity and excellent inhibitory activity 
against drug-resistant pathogenic fungi [73].

Pyridine derivatives as antitubercular agent A new deriva-
tives of imidazo[1,2-a]pyridine has been synthesized suc-
cessfully by Jadhav et  al. and evaluated this series for 
antituberculosis activity. The biological results revealed that 
among the synthesized series, compounds 63a–c were found 
to be the most active with MIC of 12.5 μg/mL against myco-
bacterium tuberculosis (H37RV) strain [74].



34 Journal of the Iranian Chemical Society (2022) 19:23–54

1 3

S

H
N

N
H

R

HN O

O

R1

64a-d 

Moreover, the quinolone ring system occurs in several 
natural compounds, particularly in alkaloids and is repeat-
edly used for the design of many synthetic compounds with 
various pharmacological possessions. The number of natural 
products bearing quinolone skeleton, used as a medicine or 
employed as lead molecule for the development of newer 
and potent molecules [77]. Recently, our research group has 
also synthesized many quinolone derivatives, which are also 
having biological importance [78]. Besides, there are a few 
promising compounds with the quinolone ring, like chlo-
roquine 65, pamaquine 66, bulaquine 67, tafenoquine 68, 
quinine 69 and mefloquine 70 employed as an antimalarial 
agent. Whereas amodiaquine 71 used as an anti-inflamma-
tory as well as an antimalarial agent [79, 80].

The biological results revealed that the compounds 64c 
and 64d have good anti-inflammatory, whereas compounds 
64a, 64b and 64c showed good analgesic activity among the 
synthesized series [75].

Introduction and synthesis of quinolone and its 
derivatives

Quinoline 3 and its analogues have always attracted both 
synthetic and biological chemist because of their assorted 
chemical and pharmacological efficacy. The structural hub 
of quinolone 3 has been synthesized by various conventional 
named reactions such as Skraup, Doebner-von Miller, Conrad 
Limpach, Friedlander, Pfitzinger and Combes synthesis [76].
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Correspondingly, the 2-arylquinoline derivatives 72a and 
72b show selectivity in binding to the estrogen receptor b, 
which plays an important role in the development, mainte-
nance and function of the mammalian reproductive system, 
as well as in non-sexual tissues [81, 82].

synthesis under solvent-free conditions [88]. Moreover, 
using Bronsted-acidic ionic liquid  [Hbim][BF4] under ultra-
sound technique at room temperature afforded the same qui-
nolon 3 as illustrated in Scheme 15 [89]. These procedures 
avoid the use of dangerous acids or bases which leads to a 
harsh reaction environment. The advantages of these meth-
ods include generality of good substrate, inexpensive rea-
gents and catalysts under mild conditions [90].

Pharmaceutical application of quinoline derivatives

Quinoline derivatives as  anticancer agent A series of 
indole-fused quinoline derivatives have been synthesized 
and evaluated for anticancer activity by Vittorio et al. [91] 
and observed that among the series compound 82 acts on 
telomerase with  IC50 value as 16 µM. Similarly, Kemnitzer 
et al. recognized novel quinoline derivatives as an apopto-
sis inducer through caspase and cell-based high-throughput 
screening assay. This study indicated that 1-(4-(1H-imida-
zol-1-yl)benzoyl)-3-cyanopyrrolo[1,2-a]quinoline 83 was 
found to be highly active against human breast cancer cells 
T47D, human colon cancer cells HCT116 and hepatocel-
lular carcinoma cancer cells SNU398 [92].

OH

N
HN

NCl

N

OH

HO

R

a: R= CH=CH2
b: R= NH2

71 72a-b

Fascinatingly, Safari et al. described the synthesis of qui-
naldine 75 by the reaction of aniline 73 with acetaldehyde 
74 under microwave (MW) induced method without any 
solvent (Scheme 12) [83]. This method was tried with dif-
ferent Bronsted acids, but it was found to be the best with 
hydrochloric acid as a catalyst, which afforded highest yield. 
This method was found to be simple and useful because of 
high yield, a straight forward, short reaction time and easy 
work-up procedure.

On the other hand, Qandalee et al. synthesized dimethyl-
4-phenylquinoline-2,3-dicarboxylate 78 by two-component 
reaction of 2-aminobenzophenone 76 with acetylenic diester 
77 under mild conditions using nano-stannous oxide as cata-
lyst as shown in Scheme 13 [84].

A simple and efficient method for the synthesis of qui-
nolone 3 was developed by Ranu et  al. [85] as one-pot 
reaction of aniline 73 with methyl vinyl ketone 79 on the 
surface of a silica gel inseminated with indium (III) chlo-
ride  (InCl3/SiO2) under MW irradiation without any solvent 
(Scheme 14).

A mild and efficient methods for the synthesis of qui-
nolone 3 by utilizing o-amino acetophenone 80 and enolis-
able ketone 81 with molecular iodine as a catalyst in ethanol 
was achieved [86]. Similarly quinolone 3 was obtained by 

combining compounds 80 and 81 in presence of iodine and 
silica gel under solvent-free conditions [87]. A Friedlander 
heteroannulation method was also used for the same syn-
thesis using nano-zinc oxide as a mild, non-volatile, non-
corrosive and efficient catalyst which provides regiospecific 

Fig. 1  The four isomeric form 
of thiadiazole N
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pyrrole and quinolone system by Abdel-Mohsen et al. [94] 
and screened for in vitro antimicrobial activities against two 
strains of bacteria and fungi. The compound showed moder-
ate-to-good activity.

Quinoline derivatives as  antimicrobial agent Quinolone 
is a special structural class of antimicrobial agent [93]. A 
novel 2-amino-4-(8-quinolinol-5-yl)-1-(p-tolyl)-pyrrole-
3-cabonitrile 84 was annulated to fused analogues such as 

Scheme 16  Synthesis of 
[1,3,4]-thiadiazole from semi-
carbazide

Scheme 17  Synthesis 
of [1,3,4]-thiadiazole from 
mixture of benzoic acid and 
thiosemicarbazine 

Scheme 18  Synthesis of 
[1,3,4]-thiadiazole from oxi-
dazole 

Scheme 19  Synthesis of 
[1,3,4]-thiadiazole from car-
bothioamide
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Quinoline derivatives as anti‑inflammatory agent Non-ste-
roidal anti-inflammatory drugs (NSAIDs) have an extensive 
clinical application for the treatment of inflammatory and 
painful conditions. Quinoline moiety with acidic function 
were reported by Kohno et al. [96, 97] as novel substituted 
1,2,3,4-tetrahydroquinoline derivatives and evaluated for 
disease modifying anti-rheumatic drugs. Out of the synthe-
sized series, compounds 86a–b and 87a–b significantly sup-
pressed the swelling of the adjunct arthritic rat paw at doses 
less than 25 mg/kg (acute/chronic).

Quinoline derivatives as  anticonvulsant agent In recent 
years, various molecular modifications of quinoline deriva-
tives have been reported with promising anticonvulsant 
results. For instance, Guo et  al. [95] reported a series of 
5-alkoxy-[1,2,4]triazolo[4,3-a]quinoline derivatives with 
anticonvulsant activity evaluated by the maximal electro-
shock test and their neurotoxicities were measured by the 
rotarod test. They found that in this sequence 5-(hexy-
loxy)-[1,2,4]triazolo[4,3-a]quinoline 85 is the most potent 
anticonvulsant, with median effective dose  (ED50) of 
19.0 mg/kg.

N

OC6H13

N

N

85

N

COOH

R a: R= NO2
b: R= CH2COOH

N

Cl

R

HOOC

a: R= CH3
b: R= CF3

86a-b 87a-b

Quinoline derivatives as  cardiovascular agent In an effort 
to recognize the potential cardiovascular agent as calcium 
channel blocker, cyclic adenosine monophosphate (cAMP) 
phosphodiesterase III, etc., a range of chemical alteration 
of quinoline derivatives has been attempted with positive 
results and have come up with new lead compounds. In this 
regard, the synthesis and SAR study on a series of amino 
quinoline derivatives and evaluation for their hypotensive 
activity was reported by McCall et al. [98]. In this sequence, 
[4-(4-fluoro-benzenesulfinyl)-piperazin-1-yl]-[4-(7-trifluo-
romethyl-quinolin-4-ylamino)-phenyl]-methanone 88 was 
selected for clinical development based on its hypotensive 
effect in rat, cat and dog. However, 1-(4-benzhydryl-pip-
erazin-1-yl)-3-(quinolin-4-yloxy)-propan-2-ol 89 showed 
potent inotropic effect in rat heart [99].
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of the donor atoms and the exodentate tendency of the 
sulfide linkages [105]. In the recent years, there has been 
prominent exploration of different classes of thiadiazole 
compounds, many of which known to possess interesting 
biological properties such as antimicrobial [106], antituber-
cular, anticonvulsants, anti-inflammatory, antihypertensive 
[107], antioxidant, human adenosine A3 antagonist [108], 
anticancer [109, 110] and antifungal activities [111]. Thia-
diazole displays an important role in nature as the thiazolium 
ring, present in vitamin B-1, serves as an electron link and 
its coenzyme form is essential for the decarboxylation of 
α-keto acids [112].

Thiadiazole occurs in nature in four isomeric forms as 
[1–3]-thiadiazole 90, [1,2,5]-thiadiazole 91, [1,2,4]-thia-
diazole 92 and [1,3,4]-thiadiazole 4 as shown in Fig. 1. 
The most fully investigated of these being the [1,2,4]- and 
[1,3,4]-thiadiazoles.

The [1,3,4]-thiadiazole nucleus is one of the most impor-
tant and well known heterocyclic nuclei, which is a com-
mon and integral feature of a variety of natural products and 
medicinal agents. Many drugs containing [1,3,4]-thiadiazole 
nucleus such as acetazolamide 93, methazolamide 94 and 
megazol 95 are available in the market [113, 114].

Introduction and synthesis of [1,3,4]‑thiadiazole 
and its derivatives

Generally, five-membered aromatic systems having three 
heteroatoms at symmetrical position have been studied 
because of their physiological properties [100]. Thiadiazole 
is a heterocyclic compound containing two carbon atoms, 
two hydrogen atoms, two nitrogen atoms and one sulfur 
atom as a part of the aromatic five-membered diunsaturated 
ring structure having molecular formula  C2H2N2S [101]. It 
is a versatile moiety that exhibits a wide variety of biologi-
cal activities. Thiadiazole moiety acts as a hydrogen binding 
domain and two electron donor system [102]. Further, thia-
diazoles act as a bioisosteric replacement of thiazole moiety. 
It is also a bioisosteres of oxadiazole and oxazole. Substi-
tution of these heterocyclic compounds with a thiadiazole 
typically leads to analogues with improved activities because 
the sulfur atom imparts improved liposolubility [103]. It has 
been observed that differently substituted thiadiazole moie-
ties have different activity [104].

The incorporation of oxygen, nitrogen and sulfur donor 
atoms in the macrocycles noticeably affect their complexing 
properties because of the hard (O, N) and soft (S) character 
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Scheme 20  Synthesis of pyra-
zole from mixture of phenylhy-
drazine with ethyl acetoacetate 

Scheme 21  Synthesis of pyra-
zole from α, β-ethylenic ketone

Scheme 23  Synthesis of 
pyrazole from Vilsmeier-Haack 
reaction

Scheme 22  Synthesis of pyra-
zole from (E)-3-amino-3-eth-
oxy-1-phenylprop-2-en-1-one 
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The development of [1,3,4]-thiadiazole chemistry is 
linked to the discovery of hydrazine and phenylhydrazine 
in the late nineteenth century. Commonly, [1, 3, 4]-thiadia-
zoles can be available via general routes from cyclization of 
acylhydrazines including N,N′-diacylhydrazines and mono-
acylhydrazines or transformation from [1,3,4]-oxadiazoles. 
The normal or classical process of synthesis of thiadiazoles 
includes the condensation of thiosemicarbazides with car-
boxylic acids or carboxylic acid chlorides or carboxylic acid 
esters with cyclizing or condensing agents such as phospho-
rus oxychloride, phosphorus pentachloride, acetic anhydride 
and sulfuric acid etc. For instance, the reaction of 6-chloro-
1,3-benzothiazol-2-yl semicarbazide 97 and aromatic acid in 
 POCl3 produces compound 98 in good yield. The precursor 
97 was obtained by the reaction of 6-chloro-2-amino benzo-
thiazole 96, carbon disulfide  (CS2) and hydrazine hydrate in 
ethanol and ammonia solution as illustrated in Scheme 16. 
Besides, the synthesized thiadiazole 98 has shown signifi-
cant antimicrobial activity [115].

120–500 °C, for 25–30 h in an oil bath [117] as described 
in Scheme 18.

As well, from arylhydrazide, Desai et al. synthesized vari-
ous thiadiazole analogues. For instant, 5-(4-chlorobenzyl)-
N-phenyl-[1, 3, 4]-thiadiazol-2-amine 105 was obtained by 
the cyclization of 2-[2-(4-chlorophenyl)acetyl]-N-phenylhy-
drazinecarbothioamide 104 with sulfuric acid as represented 
in Scheme 19 [118].

Pharmaceutical application of [1,3,4]‑thiadiazole 
derivatives

[1,3,4]‑Thiadiazole derivatives as  antihelicobactor pylori 
agent It is currently recognized that Helicobacter pylori, 
an S-shaped spiral microaerophilic gram-negative bacte-
rium first isolated in human gastric mucosa in 1982. It is 
the main cause of gastric and duodenal ulcers, and gastric 
cancer. Hence, the World Health Organization has proposed 
H. pylori as a class 1 carcinogen in humans [119].

Scheme 24  Synthesis of 
pyrazole from benzodiazepine-
2-thione 

Pattan et al. reported the synthesis of 2-amino-5-phenyl-
[1,3,4]-thiadiazole 101 by refluxing a mixture of benzoic 
acid 99 and thiosemicarbazine 100 with concentrated sulfu-
ric acid for 3–4 h [116] as represented in Scheme 17.

On the other hand, 2,5-diaryl-1,3,4-thiadiazole deriva-
tives 103a–c were synthesized from the transformation pro-
cess by heating 2,5-diaryl-[1,3,4]-oxadiazole derivatives 
102a–c with thiourea using tetrahydrofuran as a solvent 
in a sealed test tube, maintaining the temperature about 

NN

S SO
O2N

O

R
a: R= 2-Cl
b: R= 3-Cl
c: R= 4-Cl

106a-c 

To overcome these effects, Foroumadi et al. have been 
introduced a series of 2-alkylthio-5-(nitroaryl)-[1,3,4]-
thiadiazole derivatives 106a–c and evaluated their in vitro 
antihelicobactor pylori activity and also studied the struc-
ture–activity relationship. They found that these nitrofuran 
analogues 106a–c had shown the potent activity [120].

[1,3,4]‑Thiadiazole derivatives as  anticancer agent Cancer 
is not just a single disease, but a group of multiple diseases 



41Journal of the Iranian Chemical Society (2022) 19:23–54 

1 3

characterized by inappropriately controlled cell proliferation 
and replication eventually resulting in disruption of normal 
physiology, metabolism or structure [121]. It is one of the 
leading diseases claiming numerous lives and consequently 
responsible for high mortality rates across the globe [122]. 
Attracted by these information, Zhao et al. have been syn-
thesized and represented a novel series of 1,3-selenazole-
containing [1,3,4]-thiadiazole derivatives bearing Schiff 
base moieties and evaluate for their in vitro antiproliferative 
activities against MCF-7 and mouse lymphocyte leukemia 
cell (L1210) by cell counting kit-8 assay [123]. In particu-
lar, in the synthesized series, compound 107 was the most 
potent compound.

Se

N S S

NN

N
Cl

107 

In addition, compound 108 was reported to induce the 
early-phase apoptosis in adenocarcinomic human alveolar 
basal epithelial cells (A549cells) via the B-cell lymphoma-
extra large (Bcl-XL) down-regulation [124].
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a: R= H
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d: R= CH3
e: R= OCH3
f: R= NO2

109a-f 

[1,3,4]‑Thiadiazole derivatives as  anti‑inflammatory 
agent Goksen et  al. synthesized and screened the anti-
inflammatory activity of various 2- benzoxazolinone 
[1,3,4]-thiadiazole derivatives 110a–c. Also, reported that 
in the synthesized series phenyl substituted compound 110c 
exhibited the most potent anti-inflammatory activity [126].

S

NN
O NON

108

[1,3,4]‑Thiadiazole derivatives as antitubercular agent With 
an aim of identifying new antitubercular drug candi-
dates, Alegaon et al. have been synthesized a new class of 
2-(trifluoromethyl)-6-arylimidazo[2,1-b][1,3,4]-thiadiazole 
analogues 109a-f by both conventional and MW-assisted 
method and tested for their in vitro antitubercular activity 
against H37Rv. Moreover, various drug-like properties of 
these new compounds were predicted. Some compounds 
from this series exhibited good activity with MIC in the 
range 3.12–1.56  µg/ml and researcher suggests that these 
may serve as promising lead scaffolds for further generation 
of new antitubercular agent [125].
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[1,3,4]‑Thiadiazole derivatives as  anticonvulsant 
agent Epilepsy is a common and diverse set of neurologi-
cal disorders characterized by seizures. Anticonvulsants 
are more accurately called antiepileptic drugs (AED) 
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[127, 128]. Remarkably, [1,3,4]-thiadiazole derivative 
acetazolamide, i.e., 2-acetyl amido-1,3,4-thiadiazole-5 
sulfonamide was first used as an AED in 1952 [129]. 
In this connection, Archana et  al. reported compounds 
111 and 112, which exhibited the same or even a better 
anticonvulsant degree than the reference drug phenytoin 
sodium, sodium valproate and lamotrigine in the maximal 
electroshock or pentylenetetrazol test [130, 131].

or have the potential biological activities, such as, anti-
inflammatory [132], antiviral [133], antimicrobial [134], 
anticonvulsant [135], antitumour [136], fungicidal [137] 
and antihistaminic activities [138]. The pyrazole moiety 
has an important role in some drug structure, for exam-
ple, some arylpyrazole derivatives have anti-HIV activity 
[139–141] and some pyrazole-3-carboxamide moiety has 
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Introduction and synthesis of pyrazole and its 
derivatives

Pyrazole 5 is a chemical compound of synthetic origin that 
have a five-membered heterocycle with two nitrogen atoms 
and three adjacent carbon atoms. Several members of the 
pyrazole class have shown good pharmacological effects 

antiCB1cannabinoid ability [142]. In addition, the pyrazole 
derivatives have various significance on crop protection 
chemistry. To mention a few compounds like fipronil 113 
as herbicidal, penthiopyrad 114 as fungicidal and fluazolate 
115 as insecticidal, which are all active pyrazole derivatives. 
In this connection, pyrazole derivatives have attracted much 
attention of chemists [143].

Scheme 25  Synthesis of pyra-
zole from benzohydrazide with 
benzamide 

Scheme 26  Synthesis of 
pyrazole from 3-benzylidene 
phthalide
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advantage of this protocol is the excellent yield, short reac-
tion time and easy work procedure [147].

A method for the synthesis of 1,3,5-trisubstituted pyra-
zoles from an α, β-ethylenic ketone was also described. 
Cyclocondensation of the α, β-ethylenic ketone 120 with 
phenylhydrazine 118 in acetic acid and presence of iodine 
afforded 3,5-bis(4-chlorophenyl)-1-phenyl-1H-pyrazole 121 
in good yield as represented in Scheme 21 [148].

Wherein 5-amino-3-phenylpyrazole 123 was prepared 
from (E)-3-amino-3-ethoxy-1-phenylprop-2-en-1-one 122 
using montmorillonite K-10 clay under sonication conditions 
as illustrated in Scheme 22 [149].

Interestingly, Vilsmeier-Haack reaction was employed 
to synthesize 3-(2-hydroxyphenyl)-1-phenyl-1H-pyrazole-
4-carbaldehyde 125 by condensation of a (E)-2-[1-(2-phe-
nylhydrazono)ethyl]phenol 124 in the presence of phospho-
rus oxychloride as illustrated in Scheme 23 [150].

Ferfra et  al. prepared substituted pyrazole 127 from 
benzodiazepine-2-thione 126 in one step by opening the 

Knorr [144, 145] first synthesized pyrazole derivative in 
1883 by the reaction of ethyl acetoacetate with phenyl hydra-
zine, which yielded 1-phenyl-3- methyl-5-pyrazolone 116.

N N

O CH3

Ph
116 

Then Knorr [146] introduced the name pyrazole for this 
compound to denote that the nucleus was derived from pyr-
role by the replacement of a carbon by nitrogen.

An efficient nano-zinc oxide catalyzed green protocol for 
the synthesis of 1,3,5-substituted pyrazole derivative 119 by 
condensation of phenylhydrazine 118 with ethyl acetoac-
etate 117 was described as shown in Scheme 20. The main 

Scheme 27  Synthesis of pyra-
zole from potassium dithiocar-
bazinate
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seven-membered ring of this compound with hydrazine to 
achieve  N1-(3-phenyl-1H-pyrazol-5-yl)benzene-1,2-diamine 
127 as shown in Scheme 24 [151].

Pharmaceutical application of pyrazole derivatives

Pyrazole derivatives as antihypercholesterolemic agent The 
presence of high levels of cholesterol in blood is termed as 
hypercholesterolemia or dyslipidemia. An increased level of 
lipoproteins (carrying cholesterol) other than high-density 
lipoprotein may increase the risk of atherosclerosis and 
coronary heart disease [152]. In order to reduce the cho-
lesterol production or absorption, lipid lowering medication 
is mainly required [153]. Some of the antihypercholester-
olemic compounds based on pyrazole scaffold have been 
reported by various researchers.

For instance, Kick et al. developed a series of biaryl pyra-
zoles and evaluated them for antihypercholestrolemic poten-
tial. Among the biaryl pyrazole series, compound 128 was 
identified as the selective partial agonist for liver X recep-
tor b with potent induction of ATP binding transporters in 
human blood [154].

128

Pyrazole derivatives as anti‑inflammatory agent A series of 
celecoxib analogues with the inclusion of benzofuran moi-
ety were synthesized and evaluated for in  vitro cyclooxy-
genase-1 and cyclooxygenase-2 (COX-1/COX-2) inhibi-
tory activity. Among the series, compounds 129 and 130 
exposed the highest anti-inflammatory activity. Also, results 
revealed that a contributory role of these compounds bear-
ing C-3-pyridine-3-yl exhibits good anti-inflammatory effi-
ciency in animal models [155].

Scheme 28  Synthesis of pyrazole from mixture of acetohydrazide and acetal
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Recently, a new group of pyrazole derivatives were 
designed for the evaluation as selective COX-2 inhibitors. 
The results indicated that the compound 131 exhibited sig-
nificant COX-II inhibition [156].
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Pyrazole derivatives as antimalarial agent Dominguez et al. 
investigated antimalarial activity of novel substituted pyra-
zole derivatives against P. falciparum. Significant activity 
was displayed by ethyl 5-amino-3-(phenylamino)-1H-pyra-
zole-4-carboxylate 132 [157].
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Pyrazole derivatives as  antibacterial and  antifungal 
agents A series of 1H-pyrazole-3-carboxylic acid deriva-
tives were synthesized and evaluated for their antibacterial 
activity against Bacillus cereus, Staphylococcus aureus, 
Escherichia coli and Pseudomonas putida. The results 
showed that the compound 133 was the best compound in 
the synthesized series, which exhibited antibacterial activ-
ity against both gram-positive and gram-negative bacteria 
[158].
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Further, a series of novel imidazole derivatives contain-
ing substituted pyrazole moiety were synthesized by Vijesh 
et al. and screened for antifungal and antibacterial activi-
ties. Among the synthesized sequence, compound 134 was 
found to be potent antimicrobial agent [159]. In addition, 
several pyrazole acyl thiourea derivatives were synthesized 
and evaluated for antifungal activity against G. zeae, F. 
oxysporum and C. mandshurica. Among them compound 
135 displayed good antifungal activity against all the tested 
fungi [160].
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Pyrazole derivatives as  anticancer agent Remarkably, 
Alam et al. synthesized a sequence of pyrazole derivatives 
and evaluated for topoisomerase IIa inhibitory activity. Fur-
ther, the same sequence was subjected to in vitro cytotoxic-
ity against a panel of cancerous cell lines (Human breast 
cancer cell line MCF-7, human non-small cell  lung carci-
noma-NCI-H460 and human cell line derived from cervical 
cancer cells-HeLa) and human embryonic kidney 293 cells 
(HEK-293  T). In this sequence, compound 136 showed a 
superior cytotoxicity with an  IC50 value of 7.01  μM for 
HeLa, 8.55  μM for NCI-H460 and 14.31  μM for MCF-7 
cancer cell lines [161]. Also, Shi et al. synthesized a series 
of pyrazole-carboxamide derivatives and evaluated for anti-
cancer activity. The results exhibited that compound 137 
was found to be a strong anticancer agent against glycyr-
rhiza can induce human gastric cancer-MGC-803 cells line, 
and also exhibited the most potent telomerase inhibitory 
activity [162].

Besides, its potentiation effects on the cytotoxicity on 
both cisplatin and doxorubicin, it also exhibited marked 
antitumour activity as a single agent in breast cancer bear-
ing animals [163].

Pyrazole derivatives as  anti‑Alzheimer’s agent Alzhei-
mer’s disease (AD) is one of the most common types of 
dementia and it is the most prevalent neurodegenerative 
disorder in the world, as approximately 47 million people 
are affected by this disease [164]. AD is an irreversible, 
a progressive brain disorder that slowly destroys memory 
and thinking skills. Age is the greatest non-genetic risk 
factor among all [165, 166]. It causes functional as well 
as structural disturbance of brain’s nerve cells. In an effort 
to develop novel inhibitors of receptor for advanced glyca-
tion end products for the treatment of Alzheimer’s disease, 
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Additionally, Galal et  al. described the synthesis of 
pyrazole-benzimidazole derivatives as novel potent active 
checkpoint kinase 2 (Chk2) inhibitors. Out of the synthe-
sized derivatives, compound 138 was reported to be having 
the most potent effects toward Chk2 inhibition with cyto-
toxic properties.
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a series of pyrazole-5-carboxamides were synthesized 
by Han et al. and evaluated for anti-Alzheimer’s activity. 
Results indicated that compound 139 is the most active 
compound among the synthesized series, which exhibited 
higher inhibitory activity, and also exhibited significant 
brain Aβ-lowering effects as well as favorable aqueous 
solubility [167].
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Previous studies indicates that [1–3]-triazole derivatives 
are used as antibacterial [172–175], antifungal [175, 176], 
antioxidant [177], antimalarial and antileishmanial agents 
[178, 179]. Moreover, [1,2,4]-triazole 6 is used as a fac-
tor in drug structures, even more than [1–3]-isomer 140. 
The chemical industry got attention in the synthesis of both 
simple and fused [1,2,4]-triazole systems [180–185], after 
finding some of 1,2,4-triazoles have the capability of inhibit-
ing the fog in photographic emulsions [186] and some others 
being useful herbicides and convulsants [187]. Some of the 
[1,2,4]-triazole drugs like rizatriptan benzoate (Maxalt) 141 
an antimigraine medication, voriconazole (Vfend) 142 an 
antifungal, and aprepitant (Emend) 143 for chemotherapy 
induced nausea and vomiting are well documented. Besides, 
they also appear in analytical and industrial chemistry [170].

Introduction and synthesis of [1,2,4]‑triazole and its 
derivatives

Many five-membered rings with three hetero atoms at sym-
metrical positions of aromatic systems have been studied 
because of their interesting physiological properties [168, 
169]. The act of imidazole moiety is a prominent in medicinal 
chemistry and has led to the emergence of triazole derivatives. 
Triazoles are the isosters of imidazoles in which the carbon 
atom of imidazole is isosterically replaced by nitrogen [170]. 
Triazole exists in two isomeric forms, namely [1–3]-triazole 
140 and [1,2,4]-triazole 6, as shown below [171].
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The 3,5-disubstituted-[1,2,4]-triazoles was first synthe-
sized by the thermal condensation of benzohydrazide 144 
with benzamide 145, to yield the diphenyl-[1,2,4]-triazole 
146 as delivered in Scheme 25. This reaction is called as 
Pellizari reaction [188].

The reaction of 3-benzylidene phthalide 147 with urea 
under MW induced method to afford 1-(2-(α- phenylacetyl)
benzoyl)urea 148 as an intermediate, which on treatment 
with hydrazine hydrate furnish 1-(2-(5-amino-4H-1,2,4-
triazol-3-yl)phenyl)-2-phenylethanone 149 was reported in 
good yield as shown in Scheme 26 [189].

Pharmaceutical application of [1,2,4]‑triazole derivatives

In the current years, the chemistry of triazoles and their 
fused heterocyclic derivatives have received significant con-
sideration owing to their synthesis and effective biological 
importance. For example, a large number of [1,2,4]-tria-
zole 6 containing ring system has been incorporated into a 
wide variety of therapeutically interesting drug candidates, 
including CNS stimulants [192], antioxidant [193], antican-
cer [194] and antitubercular [195] agents. As a matter of 
fact, antimycotic active [1,2,4]-triazole compounds inhibit 
the biosynthesis of ergosterol by blocking 14-a-demethyla-
tion such as itraconazole 156 and fluconazole 157.

Apart from this, pyrazinyl substituted 5-mercapto-[1,2,4]-
triazole 151 was prepared by Udupi et al. in the year 2007 
from the corresponding potassium dithiocarbazinate 150 
in the presence of pyrazinic acid hydrazide as shown in 
Scheme 27 [190].

An efficient MW assisted one-pot and three component 
synthesis of 3-methyl -4-phenyl-4H-[1,2,4]-triazole 155 was 
reported by Li et al. This reaction was accomplished by the 
reaction of acetohydrazide 152 with N,N-dimethylforma-
mide dimethyl acetal 153 and primary amine in the presence 
of acetic acid. This reaction occurred via an intermediate 
(E)-N’-acetyl-N,N-dimethylformohydrazonamide 154 as 
depicted in Scheme 28 [191].
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In addition, there are known drugs containing the 
[1,2,4]-triazole group, like triazolam 158 used to treat a cer-
tain sleep problem (insomnia), alprazolam 159 used in short-
term management of anxiety disorders, specifically panic 
disorder, estazolam 160 is used for short-term treatment of 
insomnia and ribavirin 161 is a broad spectrum antiviral 
agent which is active against both RNA and DNA viruses 
and tract viral disease. Nowadays, combination of interferon-
ribavirin is used for the treatment of hepatitis-C.



49Journal of the Iranian Chemical Society (2022) 19:23–54 

1 3

N

N

N
N

Cl

N

N

N
N

Cl

N
N

N

O

NH2

OHO

OH

OH

159 160 161

Nevertheless compounds, letrozole 162, anastrozole 163 
and vorozole 164 also have [1,2,4]-triazole nucleus and are 
very effective as aromatase inhibitors [196].
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using the Lowenstein Jensen slope method. Out of prepared 
series, four compounds 165a-d shown good antitubercular 
activity compared to the standard drug isoniazid.

[1,2,4]‑Triazole derivatives as  antitubercular agent Tuber-
culosis is an infectious disease that usually affects the lungs, 
which is caused by bacteria called Mycobacterium tuber-
culosis. Compared with other diseases caused by a single 
infectious agent, tuberculosis is the second biggest global 
killer. Tuberculosis can be usually be cured and more than 
twenty drugs have been developed. But most of the drugs 
were developed many years ago and some of the drugs have 
very severe side effects and it is very difficult to take for 
such a long period of time. Additionally, various human 
beings are now developed resistant to one or more of the 
drugs. This is why there is an urgent need of new antitu-
bercular agents. To develop antitubercular agent, Godhani 
et al. synthesized a series of [1,2,4]-triazole-3-thiones and 
screened for antitubercular activity against H37Rv strain by 

N N
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Interestingly, among this series, compounds 165c and 165d 
with electronegative groups shown potent activity [197].

[1,2,4]‑Triazole derivatives as  anticancer agent Tokala 
et  al. have been reported the synthesis of a new series of 
[1,2,4]-triazole-urea/thiourea conjugates and evaluated for 
their in  vitro cytotoxicity against different human cancer 
cell lines including melanoma mouse cancer cell lines. The 
results showed that [1,2,4]-triazole-thiourea congeners were 
found to be potential on MCF-7 cancer cell line. Interest-
ingly, compound 166 with many fluoro groups displayed a 
broad spectrum of activity against all tested cancer cell lines 
[198].

N N
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F F
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F
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F

N N
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[1,2,4]‑Triazole derivatives as  antioxidant agent Reactive 
oxygen species and antioxidant have attracted vast atten-
tion of researchers because of their implied function in the 
protection of biological system. A free radical is unsta-
ble molecules capable of independent existence that con-
tain one or more unpaired electrons. Free radical damages 
cells, DNA and collagen and have been implicated in the 
pathology of more than 50 human diseases. On account 
of this information, Ayhan-Kilcigil et al. reported the syn-
thesis of some novel benzimidazole derivatives, having 
[1,2,4]-triazole-3-thione moiety and evaluated for antioxi-
dant activity [199]. The free radical scavenging activity of 
this series was screened by their ability to bleach the sta-
ble radical 2,2-diphenyl-1-picrylhydrazyl (DPPH). In this 
series, compounds with a chloro group like 5-(2-(p-chloro-
phenyl)benzimidazol-1-ylmethyl)-4-methoxyphenyl-2,4-di-
hydro-1,2,4-triazole-3-thione 167 and 5-(2-(4-pyridinyl)
benzimidazol-1-ylmethyl)-3,4-dichlorophenyl-2,4-dihydro-
1,2,4-triazole-3-thione 168 showed highest interaction with 
the DPPH radical.
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[1,2,4]‑Triazole derivatives as  antiviral agent Antiviral 
drugs are a class of medicine precisely used for treating viral 
infections. Specific antivirals are used for specific viruses 
[200]. Based on this fact, Benci et al. were able to synthesize 

[1,2,4]-triazole acyclic cyclopropane nucleoside analogues 
169a-d and evaluated for antiviral activity [201].
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169a-d 

[1,2,4]‑Triazole derivatives industrial applica‑
tions [1,2,4]-Triazole derivatives are also having industrial 
applications, for instance, some selected triazoles have been 
used as LED (Electroluminescent devices) [202]. Interest-

ingly, triazole such as 2-mercapto-[1,2,4]-triazole-2,4-dini-
tro benzamide 170 have been used to increase the efficiency 
of cooling fluids [203].
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Also, [1,2,4]-triazole derivative 171 have been used as 
acid–base indicator because it shows reversible, clear color 
change, sharp and low relative error.

Conclusion

The above literature review demonstrates that heterocylic 
derivatives are pharmacologically very powerful, and thus, 
their design and synthesis is the future area of research. 
Also,the current review strongly described that when one 
biodynamic heterocyles combined with other biodynamic 
moiety, the pharmacological activity will be enhanced. 
In the therapeutic field, there has always been and will 
continue to be a need for new and novel chemical enti-
ties with various pharmacological activities. Our efforts 
focus on the overview of literature survey of the biological 
activity of heterocyclic compounds in particular, piperi-
dine, pyridine, quinoline, [1,3,4]-thiadiazole, pyrazole and 
[1,2,4]-triazole analogues so that many entities will be 
designed, generated a good pharmocolgical drug in near 
future.
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