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ABSTRACT 

Despite being created for the first time previous years, triazole pursue to capture the interest of 

scientist. Due to its numerous biological actions, the triazole is a significant heterocyclic moiety 

and holds a special place in heterocyclic chemistry. It is an vital thing in the progress of various 

pharmacological molecules and is available in two isomeric forms: 1,2,4 and 1,2,3-triazole. 

1,2,4-triazole offers a broad variety of therapeutically desirable pharmacological possibilities, 

with pain-relieving, antiseptic, antimicrobial, antioxidant, antiurease, anti-inflammatory, 

cytotoxic, antiepileptic, and anti-migraine medications. In this review, we have attempted to 

summaries some of the recent developments in triazole derivative medicinal chemistry, using 

some instances of their rational mean as anti-cancer, antimicrobial, etc. agents. 

 

Keywords: 1,2,4 triazole, Utilization of Triazole moiety, Antineoplastic. 

 

 

 

INTRODUCTION 

Bladin first used the term "triazole" in 1885 to refer to a heterocyclic aromatic ring structure 

with five members and three nitrogen atoms with the chemical formula C2H3N3
1. White to pale 

yellow in colour, it is a crystalline solid. It has a mild, distinctive scent and is accessible in both 

alcohol and water. Triazole derivative SAR studies reveal that substitutions at the triazole ring's 
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positions 3, 4, and 5 can be changed, but the cluster connected to the nitrogen molecule at 

position 4 have the biggest an impact on physicochemical properties and biological profiles2. 

 

The most difficult and gratifying area of chemistry is heterocyclic chemistry, and heterocycles 

are by far the most prevalent class in organic chemistry. In industrial applications, the vast 

majority of medicines, physiologically active agrochemicals, additives, and modifiers are by 

definition heterocyclic3. For the benefit of humanity, synthetic organic chemists achieved 

tremendous advancements in the discovery and development of a wide variety of heterocyclic 

molecules. Heterocycles' extraordinary capacity to accept the substituent in the region of a 

middle structure is one of their structural qualities that are still used. The chemistry of nitrogen 

and sulfur-possessing heterocyclic compounds has advanced significantly over the century 

since their initial usage in agriculture4. 

For this review article we have screened more than 50 articles. Figure 1 shows the flow of 

selecting the literature to be reviewed. 

 

 

Figure 1: Shows the flow of selecting the literature to be reviewed. 

 

Triazoles are potential bioactive agents due to their wide spectrum of therapeutic importance. 

Drug molecules having 1,2,4-triazole nucleus with good activity are listed under, 

Step - I

• Search Engine                        Pubmed, Scopus, Web of Science, Research

• gate etc. 

Step - II

• Search for Original Studies related to keywords 1,2,4 triazole, anticancer, 
antiinflammatory, antitubercular, antibacterial etc

Step - III
• Screening of full text articles

Step-IV
• Tabulation of Data

Step - V
• Analysis of Data

Step- VI
• Preparation of Report
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1. Chemistry: 

There are two possible isomers of triazole (R1, S1) depending on the position of nitrogen 

atom in the ring and are numbered as shown below. (Fig. 2) 5. 
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Figure 2: (R-1, R-2, S-1 and S-4) Triazole tautomers and alteration position (R12). 

2. Skeletal Features of Triazoles  

2.1. Aromaticity and Stability  

Aromatization is primarily responsible for the triazole nucleus' stability. Nitrogen atom donate 

two electrons, one electron from each molecule attached by a double bond, results in the 

formation of an aromatic sextet6. Triazole nuclei can also be represented by tautomeric forms 

since resonance stabilises them7. 

2.2. Triazoles exhibit tautomerism 

In two possible isomers of triazole tautomerism is possible. 
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2.2.1:1,2,3-Triazole Tautomerism: 

Mentioned molecules come in two tautomeric forms: The triazoles 1H-1,2,3 and 2H-

1,2,3 are two examples. (2)8. 
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2.2.2 :1,2,4-triazoles Tautomerism 

Additionally, 4th position Hydrogen containing triazole and 1st position Hydrogen containing 

triazole are the mentioned tautomeric form of 1, 2, 4-triazoles (3). The compound (3) is highly 

steady than the compound (4), according to a number of studies9. 
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2.2.3: Tautomerism arises in 1,2,4-triazoles that have been substituted: 

One of the substituted 1,2,4-triazoles is the 3-SH-1,2, 4-triazole, which has two tautomeric 

forms that allow mobile hydrogen to link to either nitrogen (thion form) (5) or sulphur (thiol 

form) (6)10. 
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3. Spectroscopy 

3.1 Ultraviolet spectroscopy  (UV) 
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Mentioned compound has a very fine absorption at 205 nm in the (UV) absorption peak, 

according to Holam and Straub. On the other hand, N-Acetyl-1,2,4-triazole (7) displays a red 

shift with peak at 221.5 nm. 3,5-dimethyl-1,2,4-triazole (8) has a comparable change in its 

maximum absorption to the compound (9)11. 
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3.2  Infrared Spectroscopy (IR)12  

A key factor in classifying triazole compounds is infrared spectroscopy. The diagnostic featur

es are the % transmission spectra at 1572-1548 cm-1 reflect N=N functions and nearby 1601-

1400 cm-1 induced by C=N functions.  

The absorption band at about 2710-2560 cm- 1 for thiol forms, the C=S absorption peak found 

at 1258-1166 cm-1 in support of thion group are found in the thion-

thiol tautomeric forms of mercapto-1,2,4-triazoles.  

Similar evidence has been found for two weaker spectrum at 3350 cm-1 and 3250 cm-

1 supporting thion-thiol equilibrium have been associated with the fundamental N-H 

stretching vibrations. N-H bands can also be seen in the 3200–3100 cm-1 area. 

 

 

4.  Pharmacological Applications  

The biological and pharmacological characteristics of 1,2,4-triazoles have received a great deal 

of interest in recent years in terms of their synthesis and characterisation13. The pharmacogical 

actions of triazole moieties quite diverse Figure (3). 
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Figure 3: Triazole Moiety showing different pharmacological activities. 

4.1. Antibacterial Activities  

A vast range of antibiotics have been developed in the fight against bacterial infections. 

Bacteria are developing antibiotic resistance as a result of years of abuse and overuse of 

antibiotics, potentially posing a threat to global health. Utilizing new antibacterial products 

with improved broad spectrum potency is advised. Therefore, research into new antibacterial 

drugs has been focused recently. Antibacterial drugs are chemicals derived from bacteria or 

mould be able to destroy germs to treat bacterial infections. Today, numerous antibiotics are 

structurally altered versions of naturally occurring substances. 

Based according to how they work, they can be divided into two groups: bactericidal agents 

(which directly kill bacteria) and bacteriostatic agents (which prevent germs from 

multiplying)14. Uchil et al.15 were produced and employed as bacteriostatic agents in 

substituted compound (10). 
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10  

In order to assess how many unique 1,2,4-triazole-5-thione benzimidazole substituents might 

exhibit antimicrobial properties, Barot et al. synthesised a large number of them (11). Few of 

the derivatives shown effective antimicrobial properties. The stains had action against B. 

cereus, E. faecalis, S. aureus, Escherichia coli, P. aeruginosa, and K. pneumonia as well as 

antifungal activity against C. albicans, A. niger, and F. oxyspora. For antifungal activity, 

fluconazole was used, while metronidazole and ofloxacin served as benchmarks for 

antibacterial activity16.             
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Novel triazole compounds with morpholine moiety (12) were synthesised by Sahin et al., and 

their antibacterial efficacy was tested. 

A. niger, C. albicans, C. tropicalis, E. coli, E. aerogenes, Pseudomonas  

aeruginosa, Staphyloccocus  aureus, Enterococcus faecalis, Baccilus cereus were some used 

as test organisms. 

The typical medications were Fluconazole, Streptomycin, and Ampicillin. The majority of the 

substances showed excellent antibacterial activity that was on par with that of conventional 

medications17. 
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Abdulla et al. produced very good yields of ibuprofen derivatives (13) by cyclization under 

varied reaction conditions. Using the cup-plate method, the novel compounds' microbial 

inhibitory action has evaluated in-vitro in opposition to S. aureus (gramme +ve) and E. coli 

(gramme -ve). In comparison to other compounds and conventional medications, three 

compounds shown the highest antibacterial activities18. 
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4.2. Antiproliferative Activities 

Cancer, a broad category of disorder characterised by the emergence and growth of malformed 

cells, is a significant problem on a global scale19. Therefore, new effective and selective 

anticancer medication development and discovery are crucial to current cancer research. With 

these studies and their positive outcomes, 1,2,4-triazole compounds have a chance . 

Lee et al. Twelve hybrid 1,2,4-triazole Schiff bases (14) with butenolide moieties were 

generated and tested for in vitro anticancer efficacy among them20. 
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14  a: R=1-menthyl; R1=C6H5; R2=4-Cl-C6H5 

   b: R=1-menthyl; R1=4-CH3O-C6H5; R2=4-Cl-C6H5 

                c: R=1-menthyl; R1=C6H5; R2=4-O2N-C6H5 
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                d: R=1-menthyl; R1=4-CH3O-C6H5; R2=4-O2N-C6H5 

                e: R=1-menthyl; R1=C6H5; R2=2-furanl 

                f: R=1-menthyl; R1=4-CH3O-C6H5; R2=2-furanl 

                g: R=1-menthyl; R1=CH3; R2=4-Cl-C6H5 

                h:R=1-menthyl; R1=4-HO-C6H5; R2=4-CH3O-C6H5 

                i:R=1-menthyl; R1=C6H5; R2=4-HO-C6H5 

                j: R=1-bornyl; R1=C6H5; R2=4-Cl-C6H5 

                k:R=1-bornyl; R1=4-HO-C6H5; R2=4-CH3O-C6H5 

                l:R=1-bornyl; R1=CH3; R2=2-HO-C6H5 

Three different (substituted phenyl) 1,2,4-triazolo- 1,3,4-thiadiazines (15) were created by Bhat 

et al through the cyclization of 1,2,4-triazol-5-thiol with substituted phenbromides and then 

their anticancer potency was examined. A panel of 60 tumour cell lines including breast, 

prostate, ovarian, lung, leukaemia, melanoma, out of sixty compounds, 3 of them showed 

cytotoxic potency with moderate to good growth suppression. With GI50 values between 1.06-

25.4, one substance demonstrated positive antiproliferative activity21. 
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R- Hydrogen; 4-Chloro; 4-Bromo; 4-Methyl; 4-Methoxy  

R- C6H5; 4- methoxy phenyl; 4-Bromo phenyl  

2-[4-Substituted-phenyl-1,2,4-triazol] was created by Fattah et al. Using the 4-tosylamino 

benzohydrazide as the starting point, N-substituted acetamides (16) their ability to kill the 

breast maligancy cell line (MCF-7) and the colon cancer cell line (HCT-116). Two compounds 

showed noticeable action in opposition to the mentioned cell lines in the range of 3.1-11.1 g/ml, 

according to the results of the cytotoxic activity. The most popular medication prescribed was 

doxorubicin22. 
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R- Phenyl; 4-methoxyphenyl; 4-bromophenyl.  
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R1- ethyl;  

Li et al. reported the twelve hybrid 1,2,4-triazole Schiff bases bearing γ-substituted butenolide 

moiety. These compounds were synthesized by utilizing the tandem asymmetric Michael 

addition/elimination reaction as the key step. (17). In-vitro anticancer potential of the entity 

against HeLa was evaluated using MTT test. 

All the medications shown effective inhibitory potential on cervical cell lines. The substance 

had the highest level of growth suppression action, with an IC 50 value 1.8M23.  
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4.3 AntiTubercular  

The anti-tubercular activity of isopropylthiazole merged triazoles (18) was tested utilising the 

broth dilution assay method by Kumar et al. against the Mycobacterium tuberculosis H37Rv 

strain. The outcomes demonstrated that some of the compounds demonstrated interesting 

actions at Minimum Inhibitory Concentration 16–16.5 Kg/L, and are deserving of additional 

study24. 
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Godhani et al. developed a series of compounds (19) and tested using the LJ slope technique 

for antitubercularl activity against the M. tuberculosis (H37Rv). In comparison to the standard 

medicine Isoniazid, four compounds had good anti-tubercular action at 250 g/ml. The 

electronegative character of substituent groups determines the activity25. 
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4.4 Anticonvulsant activity 

In a two-step synthesis of compound (20) and checked them for anticonvulsant activity using 

the MES test. Because of failure to pass the BBB, compounds containing lengthy alkyl chains 

at the 4 position of the 1,2,4-triazole moiety and no alkyl substituent at the N-3 position lacked 

the protective anticonvulsant action. When compared to the conventional drug Valproate, 

having an alkyl fragment at position 4 of triazole nucleus demonstrated high affinity and 

potency in mice at concentration of 300mg/Kg26. 
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R- C2H5; C4H9; C5H11; C6H13; C7H15; C9H19 

In contrast to commercially available medications carbamazepine and phenytoin  compound 

10- (21) demonstrated superior anticonvulsant action and highly safe (ED50= 6.9 mg/Kg). In 

comparison to carbamazepine and phenytoin, which have Protective Index values of 6.4 and 

6.9, respectively, the neurotoxicity value of 65.7 µg/gm was detected, yielding a high 

protecting Index value of 9.527. 

 

Wingrove et al. proposed the theory that the affection in the triazole nucleus and the amide Asn-289, 

which is situated on the â2 subunit of the Gamma Amino Butyric Acid A receptor, is what makes 

loreclezole (22) (a second-generation antiepileptic medication) active28. 
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4.5 Anti-inflammatory Activities:According to Jiang et al.29 Numerous hybrids formed 

from triazole and urea (23) were developed, evaluated as potent anti-inflammatory medicines, 

and demonstrated encouraging analgesic potential in hot-plate experiment and acetic acid-

induced writhing response. 
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The anti-inflammatory activity of compound (24) have been studied by Murti and coworkers30.  
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4.6 Antiviral activity 

Suzgun and coworkers created compound of etodolac (25) and tested them for antiviral efficacy 

against HCV NS5B polymerase. The most active chemical was identified as 4a, having an IC50 

value of 14.8 M. The compound used here for comparison, etodolac, produced a 10% inhibition 

of NS5B polymerase, whereas its substituents showed a 5.0–80.0% suppression of NS5B 

polymerase activity31. 

 



Priyanka A. Patil et.al./ SGVU Journal of Pharmaceutical Research & Education, 2022, 7(2),-755-772 

768 
 

                                      

CH3

N
H

O

CH3

N
NH

N

CH3
S

25  

A group of Integrase inhibitors with unique metal binding motifs made of the 8-OH-1,6-

naphthyridine moiety and triazole were created by Johns et al (26). The antiviral activity of the 

produced drugs was tested. Early analysis of the C5 alteration revealed appreciable increases 

in antiviral activity32. 
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Applications in Industry 

Choosed triazoles have been employed as electroluminescent devices33. Numerous triazole 

types, such as 2-mercapto-1,2,4-triazole (27) utilized to boost, effectiveness of cooling fluids 

34. 
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