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Abstract:
1,2,4-Triazines are the six membered heterocyclic compounds possessing three nitrogen in its structure with
general formula C3H3Ns. 1,2,4-Triazines and its derivatives have been found to exhibit the variety of biological
applications such as antifungal, anti-HIV, anticancer, antiinflammatory, analgesic and antihypertensive,
cardiotonic, neuroleptic, nootropic, antihistaminergic, tuberculostatic, antiviral, anti-protozoal, estrogen receptor
modulators, antimalarial, cyclin-dependent kinase inhibitors, antimicrobial and antiparasitic activities.
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1. Introduction:
Heterocyclic chemistry is fundamental to biology and medicine. It is not implausible to say that we are living in
the age of heterocyclic chemistry. It constitutes a large group of organic molecules exhibiting a wide range of

biological activities which is basis of life and society. The majority of pharmaceutical products that mimic
natural products with biological activity are heterocyclic in nature.

The triazine structure is a heterocyclic ring, analogous to the six-membered benzene ring but with three carbons
replaced by nitrogens. The three isomers of triazine are distinguished from each other by the positions of their
nitrogen atoms, and are referred to 1,2,3-triazine, 1,2,4-triazine and 1,3,5-triazine*[Figure-1].

N N N
N N
1,2,3-triazine 1,2 4-triazine 1,3,5-triazine

[Figure-1]

1,2,4-Triazine derivatives have been reported to possess a broad spectrum of biological activities including
antifungal, anti-HIV, anticancer, antiinflammatory, analgesic antihypertensive, cardiotonic, neuroleptic,
nootropic, antihistaminergic, tuberculostatic, antiviral, anti-protozoal, estrogen receptor modulators,
antimalarial, cyclin-dependent kinase inhibitors, antimicrobial, antiparasitic, activities.**!

2. Synthesis and Biological activity:

K Sztanke et al.?? reported the synthesis, structure elucidation and identification of antitumoural properties of
novel fused 1,2,4-triazine aryl derivatives [Figure-2].
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Z Zhao et al.?® reported the new scope of 1,2 4-triazine synthesis by the application of microwave technology
[Figure-3.1] & [Figure-3.2].
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Figure-3.2

L Gupta et al.* reported the synthesis and biological evaluation of new [1,2,4] triazino [5,6-b]indol-3-ylthio-
1,3,5-triazines and [1,2,4]triazino[5,6-b]indol-3-ylthio-pyrimidines against Leishmania donovani [Figure-4].
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Figure-4

J A Hassanen et al.?® reported the synthesis, biological activity and mass spectral investigation of 1,2,4- triazino-
[2,1-a]-1,2,4-triazine derivatives [Figure-5]. B 'S Dawane et al.*® have synthesized 1,2,4-triazine derivatives
containing quinoline nucleus [Figure-6] and evaluated in vitro antimicrobial activity.
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Figure-5 Figure-6

S K Pandey et al.*’ reported the antimicrobial studies of some novel quinazolinones derivatives fused with
[1,2,4]-triazole, [1,2,4]-triazine and [1,2,4,5]-tetrazine rings [Figure-7]. K Sztanke et al.?® have synthesized 8-
aryl-3,4-dioxo-2H,8H-6,7-dihydroimidazo[2,1-c]  [1,2,4]triazines [Figure-8] and tested them for
pharmacological activity.
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K Sztanke et al.? reported the synthesis, crystal structure and anticancer activity of novel derivatives of ethyl 1-
(4-oxo0-8-aryl-4,6,7,8-tetrahydroimidazo[2,1-c][1,2,4]triazin-3-yl)formate [Figure-9]. J Styskala et al.® have
synthesized a new series of 2-aryl-4-(benzimidazol-2-yl)-1,2-dihydro[1,2,4]triazino-[4,5-a]benzimidazol-1-one
derivatives [Figure-10] with preferential cytotoxicity against carcinoma cell lines.
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W R Abdel-Monem et al.** have synthesized and screened antimicrobial activity of some new nitrogen
heterocyclic systems bearing 1,2,4-triazine moiety [Figure-11].
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P Barraja et al.*” reported the synthesis and antiproliferative activity of [1,2,4]triazino[4,3-a]indoles [Figure-
12]. P Diana et al.® have synthesized some novel pyrrolo[2,1-c][1,2,4]triazines [Figure-13] from 2-
diazopyrroles and evaluated their antiproliferative activity.
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K Sztanke et al.>* reported the synthesis, crystal structure and antproiferative activity of novel derivatives of
methyl and ethyl 2-(4-oxo-8-aryl-2H-3,4,6,7-tetrahydroimidazo[2,1-c][1,2,4]triazin-3-yl)acetates [Figure-14]
from biologically active 1-aryl-2-hydrazinoimidazolines. T T Gucky et al.®*® have synthesized and tested
cytotoxic activity of some 3,7-diaryl-5-(3,4,5-trimethoxyphenyl)pyrazolo[4,3-e][1,2,4]triazines [Figure-15].
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H Irannejad et al.*® reported the synthesis and in vitro evaluation of novel 1,2 4-triazine derivatives as
neuroprotective agents [Figure-16].
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T EI S Ali et al.¥ reported the synthesis of some novel pyrazolo[3,4-b]pyridine and pyrazolo[3,4-d]pyrimidine
derivatives bearing 5,6-diphenyl-1,2,4-triazine moiety as potential antimicrobial agents [Figure-17].
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Z Cai et al® have reported the synthesiss, SAR and evaluation of 4-[24-difluoro-
5(cyclopropylcarbamoyl)phenylamino]pyrrolo[2,1-f][1,2,4]triazine-based VEGFR-2 kinase inhibitors [Figure-

18].
F F
H
N
HN?Qin/ W
@]
—N X
oI J
N
R © \\N//

Figure-18

G Ciciani et al.*® have reported the synthesis of new pyrazolo[5,1-c][1,2,4] benzotriazines, pyrazolo[5,1-
c]pyrido[4,3-€][1,2,4] triazines and their open analogues as cytotoxic agents in normoxic and hypoxic
conditions. A M EL Massry et al.*° reported the synthesis and structure elucidation of novel fused 1,2,4-triazine
derivatives as potent inhibitors targeting CYP1A1 activity [Figure-19]and [Figure-20].
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F Krauth et al.** reported the synthesis and characterization of novel 1,24-triazine derivatives with
antiproliferative activity [Figure-21].
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J. Prabhakaran et al.*? reported the synthesis, in vitro and in vivo evaluation of [O-methyl-11C] 2-{4-[4-(3-
methoxyphenyl)piperazin-1-yl]-butyl}-4-methyl-2H-[1,2,4]-triazine-3,5-dione: A novel agonist 5-HT1A
receptor PET ligand [Figure-22].
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Figure-22

Nearly all colorectal cancers (crcs) and varied subsets of other cancers have somatic mutations leading to B-
catenin stabilization and increased B-catenin/TCF transcriptional activity. Inhibition of stabilized B-catenin in
CRC cell lines arrests their growth and highlights the potential of this mechanism for novel cancer therapeutics.
We have pursued efforts to develop small molecules that inhibit B -catenin/TCF transcriptional activity. We
used xanthothricin, a known -catenin/TCF antagonist of microbial origin, as a lead compound to synthesize
related analogues with drug-like features such as low molecular weight and good metabolic stability. J. Zeller et
al.*®® studied a panel of six candidate Wnt/ B-catenin/Tcf-regulated genes and found that two of them (Axin2,
Lgr5) were reproducibly activated (9-10 fold) in rat intestinal epithelial cells (IEC-6) following B-catenin
stabilization by Wnt-3a ligand treatment. Two previously reported  -catenin/TCF antagonists (calphostin C,
xanthothricin) and XAV939 (tankyrase antagonist) inhibited Wnt-activated genes in a dose-dependent fashion.
The author found that four compounds were also potently inhibited Wnt-mediated activation in the panel of
target genes. They also investigated the mechanism of action for one of the SERIES and demonstrated these
novel small molecules inhibit B-catenin transcriptional activity by degrading B-catenin via a proteasome-
dependent, but GSK3 B-, APC-, AXIN2- and bTrCP-independent, pathway. The data indicate the compounds
act at the level of B -catenin to inhibit Wnt/  -catenin/TCF function and highlight a robust strategy for assessing
the activity of b-catenin/TCF antagonists [Figure-23].
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Inorganic pyrophosphatases are potential targets for the development of novel antibacterial agents. W. Lv et al.*
reported a pyrophosphatase-coupled high-throughput screening assay intended to detect o-succinyl benzoic acid
coenzyme A (OSB CoA) synthetase inhibitors led to the unexpected discovery of a new series of novel
inorganic pyrophosphatase inhibitors. Lead optimization studies resulted in a series of 3-(3-aryl-pyrrolidin-1-
yl)-5-aryl-1,2,4-triazine derivatives that were prepared by an efficient synthetic pathway. One of the tetracyclic
triazine analogues 3-(3-(3-chlorphenyl)pyrolidin-1-yl)-1,2,4-triazin-6-amine displayed promising antibiotic
activity against a wide variety of drug-resistant Staphylococcus aureus strains, as well as activity versus
Mycobacterium tuberculosis and Bacillus anthracis, at a concentration that was not cytotoxic to mammalian
cells [Figure-24].
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J. N. Sangshetti et al.** reported an improved protocol for the synthesis of a novel series of 1,2,4-triazines
possessing 1,2,3-triazole and piperidine ring using 1-(1-substituted piperidin-4-yl)-1H-1,2,3-triazole-4-
carbohydrazide, benzil, ammonium acetate and ZrOCl,.8H,0 as a catalyst in ethanol-water has been presented.
The vyields obtained are in the range of 87-94%. All the synthesized compounds were screened for in vitro
antifungal activity. The antifungal activity was evaluated against different fungal strains such as Candida
albicans (NCIM3471), Fusarium oxysporum (NCIM1332) Aspergillus flavus (NCIM539) Aspergillus niger
(NCIM1196), Cryptococcus neoformans (NCIM576) [Figure-25].
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H. M. Ashour et al.*® have synthesized a new series of thieno[20,30:4,5]pyrimido[1,2-b][1,2,4]triazines and
thieno[2,3-d][1,2,4]triazolo[1,5-a] pyrimidines. The newly synthesized compounds were evaluated for their anti-
inflammatory and analgesic activity using diclofenac Na as a reference standard. Additionally, the ulcerogenic
effects and acute toxicity (ALD50) values of the active compounds were also determined. In general, the
thieno[2,3-d][1,2,4]triazolo[1,5-a]pyrimidine derivatives exhibited better biological activities than the
thieno[2',3":4,5]pyrimido[1,2-b][1,2,4]triazines [Figure-26].
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K. Ban et al.*’ reported the discovery of 3-alkylthio-1,2,4-triazine dimers that are potently toxic to Plasmodium

falciparum, with single digit nanomolar activity, and up to several thousand-fold lower toxicity to mammalian
cells. They are equipotent against chloroquine-resistant strains of P. falciparum [Figure-27].
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A. Deeb et al.*® reported. The synthesis of 3-Aminopyrazolo[3,4-d]pyridazine which was diazotized and coupled
with active methylene reagents to afford the tricyclic pyridazino[3',4:3,4]pyrazolo[5,1-c]-1,2,4-triazines with
substituents such as methyl, phenyl, ethoxycarbonyl, acetyl or benzoyl, depending on the methylene reagent
used. The in vitro antimicrobial activities for some of the synthesized compounds were evaluated against
Escherichia coli, Pseudomonas aeruginosa, and Staphylococcus aureus and Candida albicans were determined
[Figure-28].
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Y. Zhou et al.”® reported that pyrimido[5,4-e][1,2,4]triazine-5,7(1H,6H)-dione derivatives were investigated as
novel small molecule amplifiers of heat shock factor-1 transcriptional activity. Lead optimization led to the
discovery of compound, which displayed potent HSF1 activity under mild heat stress (ECs = 2.5 uM) and
significant cytoprotection in both rotenone (ECsy = 0.23 uM) and oxygen-glucose deprivation cell toxicity
models (80% protection at 2.5 uM) [Figure-29].
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W. D. Schmitz et al.* reported a series of 5-arylamino-1,2,4-triazin-6(1H)-ones was synthesized and evaluated
as antagonists at the corticotropin releasing factor receptor. Formation of CYP-mediated oxidative reactive
metabolites previously observed in a related N3-phenylpyrazinone structure was minimized by incorporation of
the additional ring nitrogen found in the triazinones [Figure-30].
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H. Irannejad et al.> reprted that a series of 5-Aryl-6-(4-methylsulfonyl)-3-(metylthio)-1,2,4-triazine derivatives

were synthesized and their COX-1/COX-2 inhibitory activity as well as in vivo anti-inflammatory and analgesic
effects were evaluated. All of compounds showed strong inhibition of COX-2 with ICs, values in the range of
0.1-0.2 uM and in most cases had stronger anti-inflammatory and analgesic effects than indomethacin at doses
3 and 6 mg/kg. Among them, 5-(4-chlorophenyl)-6-(4-(methylsulfonyl) phenyl)-3-(methylthio)-1,2,4-triazine
was the most potent and selective COX-2 compound,; its selectivity index of 395 was comparable to celecoxib
(SI = 405). Evaluation of anti-inflammatory and analgesic effects showed its higher potency than indomethacin
and hence could be considered as a promising lead candidate for further drug development. Furthermore, the
affinity data of these compounds were rationalized through enzyme docking simulation and 3D-QSAR study by
k-Nearest Neighbour Molecular Field Analysis [Figure-31].
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The 5-HT1AR partial agonist PET radiotracer, [**CJCUMI-101, has advantages over an antagonist radiotracer as
it binds preferentially to the high affinity state of the receptor and thereby provides more functionally
meaningful information. The major drawback of C-11 tracers is the lack of cyclotron facility in many health
care centers thereby limiting widespread clinical or research use. V. J. Majo et al.* identified the fluoroethyl
derivative,  2-(4-(4-(2-(2-fluoroethoxy)phenyl)piperazin-1-yl)butyl)-4-methyl-1,2,4-triazine-3,5(2H,4H)dione
(FECUMI-101) (Ki = 0.1 nM; Emax = 77%; ECs, = 0.65 nM) as a partial agonist 5-HT1AR ligand of the parent
ligand CUMI-101. FECUMI-101 is radiolabeled with F-18 by O-fluoroethylation of the corresponding
desmethyl analogue with [*®F]fluoroethyltosylate in DMSO in the presence of 1.6 equiv of K,COj3 in 45 + 5%
yield (EOS). PET shows [*®*FJFECUMI-101 binds specifically to 5-HT1AR enriched brain regions of baboon.
The specificity of [**FJFECUMI-101 binding to 5-HT1AR was confirmed by challenge studies with the known
5-HT1AR ligand WAY100635. These findings indicate that [**FJFECUMI-101 can be a viable agonist ligand
for the in vivo quantification of high affinity 5-HT1AR with PET.
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R. W. Carling et al.*® devised a novel synthetic routes have been for the preparation of previously inaccessible
2,3,7-trisubstituted pyrazolo-[1,5-d][1,2,4]triazines. These compounds are high affinity ligands for the GABAA
benzodiazepine binding site and some analogues show functional selectivity for agonism at a3-containing
receptors over al-containing receptors with the lead compound.
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A. S. R. Jennings et al.> reported the Imidazo[1,2-b][1,2,4]triazines as a2/a3 subtype selective GABAA agonists

for the treatment of anxiety [Figure-32].
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M. Xin et al.” reported the design, synthesis, and evaluation of pyrrolo[2,1 f][1,2,4]triazine derivatives as novel
hedgehog signaling pathway inhibitors [Figure-33].
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A. J. Sampognaro et al.*® reported the proline isosteres in a series of 2,4-disubstituted pyrrolo[1,2-

f][1,2,4]triazine inhibitors of IGF-1R kinase and IR kinase [Figure-34].
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S. T. Wrobleski et al.*” reported a novel series of compounds based on the pyrrolo[2,1-f][1,2,4]triazine ring
system have been identified as potent p38a MAP kinase inhibitors. The synthesis, structure—activity
relationships (SAR), and in vivo activity of selected analogs from this class of inhibitors are reported.
Additional studies based on X-ray co-crystallography have revealed that one of the potent inhibitors from this
series binds to the DFG-out conformation of the p38a enzyme [Figure-35].
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P. Zhan et al.”® reported the structure-based bioisosterism design, synthesis and biological evaluation of novel
1,2,4-triazin-6-ylthioacetamides as potent HIV-1 NNRTIs [Figure-36].
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3. Conclusion:
The biological potential of 1,2,4-triazine derivatives is cleared from the literature and clinically used
drugs. The literature revealed that 1,2,4-triazine derivatives possess diverse biological potential, easy
synthetic routes for the synthesis and attracted researchers for development of new chemotherapeutic
agents and it also revealed the importance of the nucleus.
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