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ABSTRACT
Compounds containing a variety of heterocyclic nucleus have been applied for long as antimicrobial agents by a number
of researchers. Among all the various classes of nitrogen-containing heterocyclic compounds, especially triazine
derivatives have always been vastly experimented as frameworks of many biological active compounds, natural or
synthetic, with a variety of pharmacological effects. Especially 1,2,4-triazine derivatives have been widely used in such
research, thus this article include a brief understanding of the various research work carried out recently for
Antibacterial activity of 1,2,4-triazine derivatives.
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INTRODUCTION

In the past many years, the problem of multi-drug-resistant micro-organisms has reached quiet an
alarming levels worldwide, and the synthesis of newer anti-infective compounds has emerged as an
urgent need for the treatment of microbial infections. [1]. Heterocyclic organic chemistry is considered to
be one of the most important and well-studied branch of medicinal chemistry. The most important
feature of heterocyclic bioactive compounds is the presence of their various constituent heteroatoms,
including nitrogen [2-5], sulfur [6-8], oxygen [9-11], and others [12].

These heteroatoms present affect directly the reactivity of the target activity (or toxicology) of the
compounds, skeleton, interactions between the target drugs and different target inhibitors, and
metabolism and pharmacokinetics. Heterocyclic compounds also have a great applicability in the
pharmaceutical industry as various anticancer agents, antituberculosis agents, antimalarial,
antimicrobials, analgesics, pesticides, hypnotics, and insecticides [13-16]. Among heterocycles, nitrogen-
containing heterocyclic compounds have maintained the interest of researchers for many years of
historical development in organic synthesis [17-18]. Among all triazine is one of the most important lead
molecules which are widely used in the field of pharmaceuticals. Triazine is the species of six membered
heterocyclic structures having the chemical formula C3H3N3; [19].Triazine structure is same to the
structure of benzene ring in which there are three nitrogen atoms which replace three carbon atoms
present in it. The different position of nitrogen atoms in the ring distinguish the three isomer of triazine

and the isomers are referred as 1, 2, 3-triazine, 1, 2, 4-triazine and 1, 3, 5-triazine [20].
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Fig.1. Various isomers of triazine.
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Now a days, several studies have been carried out on the antibacterial activity of 1,2,4-triazines [21]. All
1,2,4-triazines derivatives that have a very wide range of practical applications consisting of 2, 4, 6- mono,
di ortri-substituted, symmetrical and non-symmetrical compounds having various kinds of substituent.
The most important reagent among all of them for obtaining these synthetic molecule transformations is
cyanuric chloride due to the reactivity of the chlorine atoms towards nucleophiles [22].

Review on the synthetic work

In this part, important research articles has been incorporated which highlights the various synthetic
procedures adopted for synthesizing triazine and quinoline derivatives

Taha et al (2020) in the research reacted 8-Hydrazinotetrazolo[5,1-f]-1,2,4-triazine with one or two
carbon cyclizing reagents to yield various heterocyclic systems (Fig.2.). Their antimicrobial activity
evaluation revealed that 2d, 3d, 8b, and 9a were the most active compounds although the activity was
significantly less than that of the positive control. [23]
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Fig. 2. Various heterocyclic systems

Zemanova et al (2017) synthesised Furo[2',3":4,5]pyrrolo[1,2-d][1,2,4]triazin-8(7H)-ones by reacting a
carbohydrazide with triethyl orthoesters or by acetylation of the methyl 4H-furo[3,2-b]pyrrole-5-
carboxylate followed by thionation of 4-acetylfuro[3,2-b]pyrrole-5-carboxylate and cyclisation of thione
with hydrazinr. Triazine derivative 5a afforded the corresponding thione 7 by reaction with P2S5. This
upon further reaction with alkyl- or acylhalogenides compounds 5 and 7 gave N(7)-substituted products
6 and 8, respectively. Finally, triazino-triazinone derivative 9 was synthesized by cyclisation of thione 8b
with hydrazine. Compounds 5 - 9 (Fig.3.) were evaluated for their antibacterial activity. Later upom
antibacterial evaluation only compounds 5a, 5¢ and 6b exhibit higher antibacterial activity on all bacterial
strains with MIC values in the range 0.016 - 2.56 mM using standard 6-APA [24]
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Fig.3. furo[2',3":4,5]pyrrolo[1,2-d][1,2,4]triazine derivatives
Alharbi et al (2019) synthesised new fluorine-substituted 3,5-disubstituted amino-1,2,4-triazines from
aryl-amination of 2,2,2-trifluoro-N-[2-(5-hydroxy-3-thioxo-2,3-dihydro-1,2,4-triazin-6-yl)-4-nitrophenyl]
acetamide followed by ammonolysis to produce N-(2-(5-amino-3-(arylamino)-1,2,4-triazin-6-yl)-4-
nitrophenyl)-2,2,2-trifluoroacetamides (Fig.4.). Upon antibacterial evaluation some compounds showed
interesting activity against the Bacillus subtilis, Streptococcus faecalis, Micrococcus luteus, and
Staphylococcus aureus bacteria. [25]
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Fig.4. N-(2-(5-amino-3-(arylamino)-1,2,4-triazin-6-yl)-4-nitrophenyl)-2,2,2-trifluoroacetamides
Shokoohian et al (2020): new 1,2,4-triazine derivatives were synthesised by the Reaction of pyridine-2-
(1H)-one derivatives (diamines) and 1,2-dicarbonyl compounds. Inhibitory properties of newly
synthesized 1,2,4-triazine were assessed against 5 Grampositive and 5 Gram-negative pathogenic
bacteria and was compared using antibiotic Gentamicin as standard and the result obtained showed
significant antibacterial activity especially in compound 3d (Fig.5).[26]
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Fig.5. 1,2,4-triazine derivatives
Bawazir et al (2020) synthesised a novel N2-alkyl-3-thioxo-8-nitro-1,2,4-triazino[5,6-b]indoles and 3-
alkylated 3-thioxo-8-nitro-1,2,4-triazino[5,6-b]indoles by treatment of 8-nitro-1,2,4-triazino[5,6-
blindole-3 (2H,5H)thione using various alkylating agents. The synthesised compounds were subjected to
antibacterial evaluation and promising antibacterial activity of 6, 8, and 4 (Fig.6) were obtained when
Ampicillin was used as a reference. [27]
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Fig.6. N2-alkyl-3-thioxo-8-nitro-1,2,4-triazino[5,6-b]indoles and 3-alkylated 3-thioxo-8-nitro-
1,2,4-triazino[5,6b]indoles

Salih et al (2021) synthesised novel 3-[(pyridine-2-ylamino)methyl]-1,6-dihydro-1,2,4-triazine-5(2H)-
one. The synthesized compounds were evaluated for their in vitro antibacterial activity against
Escherichia coli, Pseudomonas aeruginosa, Klebsiella pneumoniae, Staphylococcus aureus, Bacillus cereus,
and Enterococcus faecalis. The inhibition zones were measured, expressed in mm and the minimum
inhibitory concentration (MIC) is reported in pg/mL. The results show that compounds 3 and 4 (Fig.7)
have a significant antimicrobial activity with the highest MIC value against all tested bacteria. [28]
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Fig. 7. 3-[(pyridine-2-ylamino)methyl]-1,6-dihydro-1,2,4-triazine-5(2H)-one
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Tang et al (2019) synthesied a series of novel chalcone derivatives containing the 1,2,4-triazine moiety.
The synthgesised compounds were that subjected for antibacterial evaluation and it was found that
compound 4a (Fig.8) demonstrated excellent antibacterial activities against Ralstonia solanacearum (R.
solanacearum), The compounds were belived to act by act by causing folding and deformation of the
bacterial cell membrane. [29]
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Fig.8. Chalcone derivatives containing the 1,2,4-triazine moiety
Rahman et al (2018) synthesised new 3-thioxo-1,2,4-triazin-5-one derivatives by the utilization of facile
condensation of (E)-4-(4’-bromo styryl)-2-oxo-3-buteneoic acid with thiosemicarbazide, dithioic formic
acidhydrazide, and thiocarbahydrazide in different prescribed conditions. The compounds were
evaluated for antibacterial activity against Gram-negative and Gram-positive bacteria as Escherichia Coli
,Klebsiella pneumoniae, Pseudomonas aeruginosa and Staphylococcus Aureus and was found that 4, 6 and
8 (Fig 9) were significantly active against the mentioned strains of bacteria. [30]
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Fig.9. 3-thioxo-1,2,4-triazin-5-one derivatives
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Arshad et al (2018) synthesised a series of 1, 2, 4-triazine derivatives possessing indole nucleus (Fig.10).
In vitro antimicrobial activity of the synthesised compounds was performed against S. aureus, S.
epidermidis, P. mirabilis and E. coli using disk diffusion method using ciprofloxacin as standard. Upon the
evaluation the result revealed that some compounds of the synthesised series were found to exhibit
significantly better antibacterial activity with less toxicity than Ciprofloxacin. [31]
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Fig. 10. 1, 2, 4-triazine derivatives possessing indole nucleus

Cai et al (2020) synthesised a series of novel 7-oxo-7H-thiazolo[3,2-b]-1,2,4-triazine-2-carboxylic acid
derivatives (Fig. 11) by a multi-step procedure that included the generation of the compound S-alkylated
derivatives  from  6-substituted arylmethyl-3-mercapto-1,2,4-triazin-5-ones  with  ethyl 2-
chloroacetoacetate, on ntramolecular cyclization. The synthesised series of copmpounds were that
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evaluated for their antibacterial activity with Ciprofloxacin as standard against S. aureus, B. subtilis, E. coli,
P. aeruginosa. The result obtained suggested that most of the compounds exhibited low to moderate
activity against Gram-positive bacteria and Gram-negative bacteria. [32]
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Fig. 11. 7-oxo0-7H-thiazolo[3,2-b]-1,2,4-triazine-2-carboxylic acid derivatives

CONCLUSION

Now a day’s antibacterial resistance have been an important concern for the global health as most of the
bacterial strains have grown to be resistant against all the widely known antibiotics. Thus development of
newer synthetic antibiotics has risen to be the need of the moment to tackle this unavoidable problem. As
a known fact, triazine have proved to be one of the most effective moiety in development of newer
antibiotics as a number of marketed drugs have found their core structure as various triazine derivatives.
Thus this paper give collective information and insight to the newer or recent research work that have
been carried out on the development of newer 1,2,4-triazine derivatives. This article have an illustrative
information of 1,2,4-triazine as antibacterial agent which in turn help various researchers to carry out
further and in depth research by utilizing the accumulated knowledge in this article

REFERENCES

1. Salih, N,, Salimon, ], & Hussien, H. (2021). Synthesis, characterization and in vitro antibacterial activity of novel
1, 2, 4-triazine and 1, 2-diazepine derivatives. Biointerface Research in Applied Chemistry12(3), 3055 - 3065.

2. Tomi, I. H, Tomma, ]. H,, Al-Daraji, A. H., & Al-Dujaili, A. H. (2015). Synthesis, characterization and comparative
study the microbial activity of some heterocyclic compounds containing oxazole and benzothiazole
moieties. Journal of Saudi Chemical Society, 19(4), 392-398.

3. Meera, G, Rohit, K. R, Saranya, S., & Anilkumar, G. (2020). Microwave assisted synthesis of five membered
nitrogen heterocycles. RSC advances, 10(59), 36031-36041.

4. Feller, N, & Imhof, W. (2019). Microwave-assisted ruthenium catalysed high-pressure synthesis of N-
heterocyclic compounds. Monatshefte fiir Chemie-Chemical Monthly, 150, 1289-1296.

5. Georgescu, E., Dumitrascu, F., Georgescu, F., Draghici, C., & Dumitrescu, D. (2019). Microwave-Assisted synthesis
of a library of pyrrolo [1, 2-c] quinazolines. Rev. Chim, 70(9), 3094-3099.

6. Hegde, S. G, Koodlur, L., & Narayanarao, M. (2019). Regioselective synthesis and biological evaluation of novel
dispiropyrrolidine derivatives via one-pot four-component reaction. Synthetic Communications, 49(24), 3453-
3464.

7. Nayak, S, Pattanaik, P., Mohapatra, S., Mishra, D. R, Panda, P., Raiguru, B,, ... & Biswal, H. S. (2019). One pot, three
component synthesis of spiroindenoquinoxaline pyrrolidine fused nitrochromene derivatives following 1, 3-
dipolar cycloaddition. Synthetic Communications, 49(14), 1823-1835.

8. Nayak, S, Panda, P., Mohapatra, S. Raiguru, B., & Baral, N. (2019). Microwave-assisted One-pot,
Three-component Regiospecific and Sterospecific Synthesis of Spiro Indanone Pyrrolidine/Piperidine Fused
Nitrochromene Derivatives Through 1, 3-Dipolar Cycloaddition Reactions.journal of Heterocyclic
Chemistry, 56(6), 1757-1770.

9. Ajani, 0. 0., Akande, M. M., October, N., Siyanbola, T. 0., Aderohunmu, D. V., Akinsiku, A. A., & Olorunshola, S. J.
(2019). Microwave assisted synthesis, characterization and investigation of antibacterial activity of 3-(5-
(substituted-phenyl)-4, 5-dihydro-1 H-pyrazol-3-yl)-2 H-chromen-2-one derivatives. Arab Journal of Basic and
Applied Sciences, 26(1), 362-375.

10. Kumar, N., Bhatnagar, A., & Dudhe, R. (2017). Synthesis of 3-(4, 5-dihydro-1-phenyl-5-substituted phenyl-1H-
pyrazol-3-yl)-2H-chromen-2-one derivatives and evaluation of their anticancer activity. Arabian journal of
Chemistry, 10, S2443-S2452.

11. Manta, S., Tzioumaki, N., Kollatos, N., Andrea, P., Margaritouli, M., Panagiotopoulou, A, ... & Komiotis, D. (2018).
Polyfunctionalized pyrrole derivatives: Easy three-component microwave-assisted synthesis, cytostatic and
antiviral evaluation. Current Microwave Chemistry, 5(1), 23-31.

12. Ashok, D, Ramakrishna, K., Nagaraju, N., Reddy, M. R,, Dharavath, R., & Sarasija, M. (2021). Microwave-Assisted
Synthesis of Substituted 2-(2 H-Chromen-3-yl)-5-phenyl-1 H-imidazole Based Coumarin Derivatives and Their
Antimicrobial Activity. Russian Journal of General Chemistry, 91(4), 711-716.

13. Das, A, Roy, H., & Ansary, I. (2018). Microwave-Assisted, One-Pot Three-Component Synthesis of 6-(Pyrrolyl)
Coumarin/Quinolone Derivatives Catalyzed by In (1II) Chloride. ChemistrySelect, 3(33), 9592-9595.

14. Karrouchi, K, Radi, S., Ramli, Y., Taoufik, ]J., Mabkhot, Y. N., Al-Aizari, F. A, & Ansar, M. H. (2018). Synthesis and
pharmacological activities of pyrazole derivatives: A review. Molecules, 23(1), 134.

15. Singh, G., Chandra, P., & Sachan, N. (2020). Chemistry and pharmacological activities of pyrazole and pyrazole
derivatives: A review. Int. J. Pharm. Sci. Rev. Res, 65(1), 201-214.

BEPLS Vol 12 [2] January 2023 139|Page © 2023 Author



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Basak et al

EL-mahdy, K. M, & Farouk, O. (2021). Easy preparation, characterization and reactions of new
8-chloro-7-formyl-4-oxo-2-phenyl-4 H-pyrimido [1, 2-a] pyrimidine-3-carbonitrile. Journal of Heterocyclic
Chemistry, 58(5), 1070-1078.

Sabir, S., Alhazza, M. I, & Ibrahim, A. A. (2016). A review on heterocyclic moieties and their applications. Catalysis
for Sustainable Energy, 2(1), 99-115.

Zhilitskaya, L. V., & Yarosh, N. O. (2021). Synthesis of biologically active derivatives of 2-
aminobenzothiazole. Chemistry of Heterocyclic Compounds, 57(4), 369-373.

Shah, D. R, Modh, R. P, & Chikhalia, K. H. (2014). Privileged s-triazines: structure and pharmacological
applications. Future medicinal chemistry, 6(4), 463-477.

Liu, H, Long, S., Rakesh, K. P., & Zha, G. F. (2020). Structure-activity relationships (SAR) of triazine derivatives:
Promising antimicrobial agents. European journal of medicinal chemistry, 185, 111804.

Basak, M., Dey, B. K., Ansari, S. H., Laskar, M. A., Goswami, P., Jyrwa, R,, ... & Choudhury, M. R. A. (2021). A Review
on the Reported Antibacterial Activity of 1, 3, 5-Triazine.Journal of Pharmaceutical Research
International, 33(48A), 279-292.

Shah, D. R, Modh, R. P, & Chikhalia, K. H. (2014). Privileged s-triazines: structure and pharmacological
applications. Future medicinal chemistry, 6(4), 463-477.

Taha, M. A. Synthesis, Characterization, and in Vitro Antimicrobial Screening of Some Novel Heterocycles Linked
to Tetrazolo [5, 1-f]-1, 2, 4-Triazine Moiety. Technology, 9(7), 16-25.

Zemanova, [., GasSparovj, R., Kraic, F., Kruzlicova, D., Maliar, T., Bohac¢, A, & Addov3, G. (2017). Synthesis of furo
[2',3": 4, 5] pyrrolo [1, 2-d][1, 2, 4] triazine derivatives and their antibacterial activity. ARKIVOC: Online Journal of
Organic Chemistry, 2017.

Alharbi, A. S, & Alshammari, N. A. (2019). Synthesis of some new 5-amino-3-(substituted-amino)-6-
(fluoro/nitro) aryl-1, 2, 4-triazine derivatives as lamotrigine analogs and their evaluation in vitro as antibacterial
agents. Mediterranean Journal of Chemistry, 8(6), 486-493.

Shokoohian, M., Hazeri, N., Maghsoodlou, M. T., & Lashkari, M. (2021). Design and Synthesis, Antimicrobial
Activities of 1, 2, 4-Triazine Derivatives as Representation of a New Hetrocyclic System. Polycyclic Aromatic
Compounds, 42(1), 1-12.

Bawazir, W. A, & Alnajjar, D. K. (2022). Regioselective Synthesis of Some 3-Thioxo-8-Nitro-(2H)-1, 2, 4-Triazino
[5, 6-b] Indole Derivatives and Their Antibacterial Activity. Polycyclic Aromatic Compounds, 42(6), 3052-3062.
Salih, N, Salimon, ]., & Hussien, H. (2021). Synthesis, characterization and in vitro antibacterial activity of novel
1, 2, 4-triazine and 1, 2-diazepine derivatives. hemoglobin, 18, 21.

Tang, X,, Su, S., Chen, M,, He, ], Xia, R., Guo, T,, ... & Xue, W. (2019). Novel chalcone derivatives containing a 1, 2, 4-
triazine moiety: design, synthesis, antibacterial and antiviral activities. RSC advances, 9(11), 6011-6020.
Abdel-Rahman, R. M., & Bawazir, W. A. (2018). Various Routes to Synthesise 3-Thioxo-1, 2, 4-Triazine-5-One
Derivatives as Antimicrobial Agents. International Journal of Organic Chemistry, 8(2), 191-200.

Arshad, M., Bhat, A. R, Hoi, K. K., Choi, I, & Athar, F. (2017). Synthesis, characterization and antibacterial
screening of some novel 1, 2, 4-triazine derivatives. Chinese Chemical Letters, 28(7), 1559-1565.

Cai, D, Li, T, Xie, Q., Yu, X., Xu, W,, Chen, Y., .. & Hu, C. (2020). Synthesis, Characterization, and Biological
Evaluation of Novel 7-Oxo-7 H-thiazolo [3, 2-b]-1, 2, 4-triazine-2-carboxylic Acid Derivatives. Molecules, 25(6),
1307.

Mrinmoy B, Biplab K D, Rosamund ], Moksood A L, SM Abdul Aziz B, Muslek U M, Josef Y, Himangshu D, Nongmaithem
R C, Pal G, Mohidul [, Priyanka G, Sajjidul H A, Md Rejwan A C. Antibacterial Activity Reported in Recent Years for the
Synthetic Derivatives of 1, 2, 4-Triazine. Bull. Env. Pharmacol. Life Sci., Vol 12[2] January 2023: 135-140.

BEPLS Vol 12 [2] January 2023 140|Page © 2023 Author



