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Abstract:

The 1,3,5-triazine is the common triazine moiety. Triazines are weak bases and have much
weaker resonance energy than benzene, so nucleophilic substitution is preferred to electrophilic
substitution. Heterocyclic bearing triazines moieties, represent an interesting class of compounds
possessing a wide spectrum of biological activities such as antiviral, fungicidal, insecticidal,
bactericidal, herbicidal and antimalarial, anti-HIV, anticancer, anti-inflammatory, analgesic,
antihypertensive, cardiotonic, neuroleptic, nootropic, anti-histamine, tuberculostatic, anti-
protozoal, estrogen receptor modulators, cyclin-dependent kinase inhibitors, and antiparasitic
activities agents. They also find applications as dyes, lubricants and analytical reagents. Some
dyes, lubricants, and reagents derived from triazine are already available on market. By using the
same approach series of compounds can be synthesized, characterize and evaluate for desire
pharmacological activity with high potency and low toxicity. The triazine derivatives possess
diverse biological potential, easy synthetic routes for the synthesis, and attracted researchers for
the development of new chemotherapeutic agents and it also revealed the importance of the

nucleus.
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Introduction: Heterocyclic chemistry is essential to medicine. It composes various groups of
organic compounds exhibiting a wide range of pharmacological activities [1]. Most
pharmaceutical products that mimic natural products with pharmacological activities are
heterocyclic. Triazine is a six-membered heterocyclic ring compound having three nitrogens in
its structure by replacing carbon-hydrogen atoms in the benzene ring with the general formula
CsHaNs.

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 (1a), 1,2,4-triazine (1b), and 1,3,5-triazine (1c), [2,3].
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The three isomers indicated that the carbon-hydrogen atoms on the benzene ring have been
replaced by nitrogens. These isomers are known as 1,2,3-triazine, 1,2,4-triazine, and 1,3,5-
triazine respectively. The 1,2,4-triazine derivatives have been studied for their chemical
reactivities, synthetic methodologies and their promising biological activities like 1,2,4-Triazine
derivatives have been reported to possess a broad spectrum of biological activities including
antimicrobial, antifungal, antiviral, anti-protozoal, anti-HIV, anticancer, anti-inflammatory,
analgesic antihypertensive, cardiotonic, neuroleptic, nootropic, anti-histamine, cyclin-dependent
kinase inhibitors, anti-tubercular, estrogen receptor modulators, antimalarial, antiparasitic and
other anticipated activities [4-19]. The synthesis of 1,2,4-triazine derivatives is prepared by the
different synthetic procedures.

The oxazolinone compounds are the most regular reagents used for the preparation of various
1,2,4-triazine derivatives. Some derivatives of s-triazine exhibited antimicrobial, antibacterial,
and herbicidal [20,21], anti-HIV infection [22]. Some trisubstituted-1,3,5-triazine compounds are
used as liposomes [23]. The s-triazine nuclei act as potential therapeutic agents against various
diseases including bacterial infections, malaria, and cancer [24]. Trichlorotriazine derivatives
have extensive use in the synthesis of activated dyes, whiteners, herbicides, and pharmaceutical

agents. The 1,3,5-Triazine derivatives possess biological activities like antitubercular, antitumor,
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anti-inflammatory, and anthelmintic. The 1,3,5-triazines is a widely used lead structure with a
multitude of interesting applications in numerous fields [25,26] and a well-known class of
compounds and considerable interest due to their applications in different fields like the
production of herbicides and polymer photo stabilizers. Some s-triazines showed vital properties,
for example, hexamethyl melamine (HMM) and 2-amino-4-morpholino-s-triazine are used
clinically as antitumor properties to treat breast, lung, and ovarian cancer. Pentamethyl,
hydroxymethyl, melamine is the hydroxylated metabolite which is the main active form of
HMM. Recently, s-triazines of 4,4'-(6-(1H-imidazole-1-yl)-1,3,5-triazine-2,4-diyl)dimorpholine
has significant aromatase inhibitory activities. The s-triazines are used as templates for molecular
imprinting and the construction of three-helix bundle protein [21,27].

Biological Activities of Triazine compounds: The triazine compounds act by reducing the
effect of an inducible membrane protein with the intention of general purposes to raise the efflux
of the cytotoxic agents. The triazine compounds also exhibit anti-ulcer, anti-depressant, and
antiviral activity [28]. Several six-membered heterocyclic compounds contain triazine lead
moiety have been reported to have a diverse type of biological property. It is also well
established that various derivatives of triazine exhibit wide spectrum biological properties such
as analgesic and anti-inflammatory activity, antifungal, antibacterial activity, histamine blockers,
antitubercular and antioxidant activity [29].

A series of cyanuric chlorides were tested for their in vitro antibacterial activity against the four
strains of bacteria (G+ve, G-ve). Six compounds of the obtained series showed high
antimicrobial activity. Compound 2d, 2i, 3f, and 3j were showed excellent activity against
Staphylococcus aureus. Compound 3e, 3g, and 3i were showed good activity against Bacillus
subtillis. Compound 3i exhibited excellent activity against E. coli and compound 3c showed
excellent activity against P. aeruginosa. Compound 2d and 2f showed good activity against C.
albicans. The presence of an electron-withdrawing group on the aromatic ring in series 3 and 4
increased the antimicrobial activity compared to compounds with electron-donating groups. It is

necessary to optimize the by substituting a series of electron-withdrawing groups on the aromatic

ring [21].
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Compounds 2a-i and compounds 2a-j 2c O 2-CHs 3c S 4-OCHs
2d O 4-CHs 3d S 2-CHs
2e O 4-OCHs 3e S 4-CHs
2f O 2-Cl 3f S 2ClI
2g O 4-Cl 3g S 3-CI
2h O 4-F 3h S 4-Cl
2i O 4-Br 3i S 4-NO2

3] S a-naphthyl
The characterization of some triazine analogs having the biodynamic heterocyclic rings with the
anticipation to attain increased biological functions [21]. The biological activity of 1,24-
triazino-[2,1-a]-1,2,4-triazine derivatives (4) [30]. The 1,2,4-triazine derivatives containing
quinoline nucleus (5) exhibited antimicrobial activity [31]. Some quinazolinones derivatives
fused with [1,2,4]-triazole, [1,2,4]-triazine and [1,2,4,5]-tetrazine rings (6) [32], 8-aryl-3,4-
dioxo-2H,8H-6,7-dihydroimidazo[2,1-c] [1,2,4]triazines (7) [33], Some new nitrogen
heterocyclic systems bearing 1,2,4-triazine moiety (8) [34] were exhibited antimicrobial activity.
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The crystal structure of derivatives of ethyl 1-(4-oxo-8-aryl-4,6,7,8-tetrahydroimidazo[2,1-
c][1,2,4]triazin-3-yl)formate (9) showed anticancer activity [35]. A series of 2-aryl-4-
(benzimidazol-2-yl)-1,2-dihydro[1,2,4]triazino-[4,5-a]benzimidazol-1-ones (10) with preferential
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cytotoxicity against carcinoma cell lines [36]. The [1,2,4]triazino[4,3-a]indoles (11 and 12) were
exhibited antiproliferative activity [37]. Some novel pyrrolo[2,1-c][1,2,4]triazines (13) from 2-
diazopyrroles were showed antiproliferative activity [38]. The 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)acetate compounds
(14) from biologically active 1-aryl-2-hydrazinoimidazolines were exhibited antproiferative
activity [39]. Some 3,7-diaryl-5-(3,4,5-trimethoxyphenyl)pyrazolo[4,3-e][1,2,4] triazines (15)

were showed cytotoxic activity [40].
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The novel 1,2,4-triazine derivatives (16) act as neuroprotective agents [41]. The synthesis of
some novel pyrazolo[3,4-b]pyridine and pyrazolo[3,4-d]pyrimidine derivatives (17) bearing 5,6-
diphenyl-1,2,4-triazine moiety showed potential antimicrobial activity [42]. The 4-[2,4-difluoro-
5(cyclopropylcarbamoyl)phenylamino] pyrrolo[2,1-f][1,2,4]triazine (18) exhibited VEGFR-2
kinase inhibitor activity [43].
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The new pyrazolo[5,1-c][1,2,4] benzotriazines, pyrazolo[5,1-c]pyrido[4,3-e][1,2,4] triazines (19)
and their open analogues found as cytotoxic agents in normoxic and hypoxic conditions [44].
The synthesis and structure elucidation of novel fused 1,2,4-triazine derivatives (20) as potent
inhibitors targeting CYP1Al activity [45]. The novel 1,2,4-triazine derivatives (21) with
antiproliferative activity [46]. The [O-methyl-11C] 2-{4-[4-(3-methoxyphenyl)piperazin-1-yl]-
butyl}-4-methyl-2H-[1,2,4]-triazine-3,5-dione (22) exhibited agonist 5-HT1A receptor PET

ligand activity [47].
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Nearly all colorectal cancers (CRCs) and subsets of other types of cancers have somatic
mutations leading to -catenin stabilization and increased B-catenin/TCF transcriptional activity.
Inhibition of stabilized B-catenin in CRC cell lines seized their development and the potential of
this mechanism for new cancer treatment. A panel of six candidate Wnt/B-catenin/Tcf-regulated
genes and originated that two of them (Axin2, Lgr5) were reproducibly stimulated (9-10 fold) in
rat intestinal epithelial cells (IEC-6) subsequently B-catenin stabilization by Wnt-3a ligand
therapy. Two B-catenin/TCF antagonists (calphostin C, xanthothricin) and XAV939 (tankyrase
antagonist) reduced Wnt-activated genes in a dose-dependent manner. The triazine compounds
(23 and 24) were potently inhibited Wnt-mediated activation in the target genes. The mechanism
of action for one of the series and demonstrated these novel small molecules inhibit [3-catenin
transcriptional activity by degrading f-catenin via a proteasome-dependent, but GSK3 -, APC-,
AXIN2- and bTrCP-independent, pathway. The compounds act at the level of B-catenin to inhibit
Wnt/ B-catenin/TCF function and robust strategy for assessing the activity of b-catenin/TCF

antagonists [48].
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Inorganic pyrophosphatases are potential targets for the new antibacterial compounds.
Pyrophosphatase-coupled high-throughput screening assays (HTSA) proposed to detect o-
succinyl benzoic acid (OSB) coenzyme A synthetase inhibitors led to the unpredicted innovation
of inorganic pyrophosphatase inhibitors. The 3-(3-aryl-pyrrolidin-1-yl)-5-aryl-1,2,4-triazines, a
tetracyclic triazines 3-(3-(3-chlorphenyl)pyrolidin-1-yl)-1,2,4-triazin-6-amine (25) showed good
antibiotic activity against various drug-resistant S. aureus strains, as well as activity versus M.
tuberculosis and B. anthracis, at a non cytotoxic concentration to mammalian cells [49]. A series
of 1,2,4-triazines possessing 1,2,3-triazole (26) and piperidine ring using 1-(1-substituted
piperidin-4-yl)-1H-1,2,3-triazole-4-carbohydrazide (27). All the compounds were exhibited in
vitro antifungal activity against different fungal strains such as Candida albicans, Fusarium

oxysporum Aspergillus flavus, A. niger, and Cryptococcus neoformans [50].
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The 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]
pyrimidine compounds were tested for their anti-inflammatory and analgesic activity. The
thieno[2,3-d][1,2,4]triazolo[1,5-a]pyrimidine derivatives (28) were exhibited better biological
activities than the thieno[2’,3’:4,5]pyrimido[1,2-b][1,2,4]triazines [51]. The 3-alkylthio-1,2,4-
triazine dimers (29) are potently toxic to Plasmodium falciparum with lower toxicity to
mammalian cells. They are equally effective against chloroquine-resistant P. falciparum [52].
The 3-Aminopyrazolo[3,4-d]pyridazine (30) 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
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methylene reagent used. The in vitro antimicrobial activities for some of the compounds were
evaluated against E. coli, Pseudomonas aeruginosa, S. aureus, and C. albicans were determined
[53]. The pyrimido[5,4-e][1,2,4]triazine-5,7(1H,6H)-dione derivatives (31) were investigated as
novel molecule amplifiers of heat shock factor-1 transcriptional activity. Lead optimization led
to the discovery of a compound, which displayed potent HSF1 activity under mild heat stress
(ECs0 = 2.5 uM) and significant cytoprotection in both rotenone (ECso= 0.23 uM) and oxygen-
glucose deprivation cell toxicity models (80% protection at 2.5 pM) [54].

HciﬁxT A N/\/ j/YY
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A series of 5-arylamino-1,2,4-triazin-6(1H)-ones (32) were evaluated as antagonists at the
receptor of corticotropin-releasing factors. The formation of CYP-mediated oxidative reactive
metabolites is related N3-phenylpyrazinone that was minimized by inclusion of the extra ring
nitrogen presented in the triazinones [55]. The 5-Aryl-6-(4-methylsulfonyl)-3-(metylthio)-1,2,4-
triazines were tested for their COX-1/COX-2 inhibitory, in-vivo anti-inflammatory, and
analgesic activities. All these compounds were showed strong inhibition of COX-2 with ICs
values range of 0.1-0.2 uM and in most compounds have stronger anti-inflammatory and
analgesic activities than indomethacin at doses level 3 and 6 mg/kg. The compound 5-(4-
chlorophenyl)-6-(4-(methylsulfonyl) phenyl)-3-(methylthio)-1,2,4-triazine (33) was found
selective COX-2 and most potent compound, its selectivity index of 395 as compared to
celecoxib (405). The anti-inflammatory and analgesic effects were found higher than
indomethacin [56]. The fluoroethyl compound, 2-(4-(4-(2-(2-fluoroethoxy)phenyl)piperazin-1-
yhbutyl)-4-methyl-1,2,4-triazine-3,5-(2H,4H)dione (34) (FECUMI-101) act as a limited agonist
5-HT1AR ligand of the parent ligand CUMI-101. The [*F]JFECUMI-101 binding to 5-HT1AR
ligand WAY100635. The [*®F]JFECUMI-101 is a viable agonist ligand for quantification of high-
affinity 5-HT1AR with PET antimicrobial peptides [57].
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A 2,3,7-trisubstituted pyrazolo-[1,5-d][1,2,4]triazines (35-38) are high affinity ligands for the
GABAA benzodiazepine binding site and some analogues show functional selectivity for
agonism at a3-containing receptors [58]. The Imidazo[1,2-b][1,2,4]triazines (39) as a2/a3
subtype selective GABAA agonists for the treatment of anxiety [59]. The evaluation of
pyrrolo[2,1f][1,2,4]triazine derivatives (40) as novel hedgehog signaling pathway inhibitors [60].
The proline isosteres in 2,4-disubstituted pyrrolo[1,2-f][1,2,4]triazine (41) act as inhibitors of
IGF-1R kinase and IR kinase [61].
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A series of compounds based on the pyrrolo[2,1-f][1,2,4]triazine (42 and 43) ring system have
been identified as potent p38a MAP kinase inhibitors [62]. The structure-based bioisosterism

design, biological evaluation of novel 1,2,4-triazin-6-ylthio-acetamides (44) as potent HIV-1
NNRTIs [63].
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The 2,3,5-trisubstituted-1,2,4-triazin-6-ones (45,46). Acetylating compounds 45,46 with acetic
anhydride vyields the diacetyl derivative 47 and fused triazolo-1,2,4triazine derivative 48,
respectively. Treatment of compound 46a with ethyl chloroacetate gives the corresponding fused
1,2,4-triazine derivative 49. The 3-acetyl-5,5-disubstituted-1,2-dihydro-1,2,4-triazino-1,2,4-
triazin-1,4,8-triones 50 was prepared via acetylating compound 46 with acetic anhydride. The
cytotoxic activities of the compounds have been studied on the tumor cell line human colon
carcinoma (HCT-116) cell using the MTT viability test. The antitumor activity of somel,2,4-
triazine derivatives. The investigation of antitumor activity revealed that compounds 46b, 48a
and 50 are most potent against Human colon carcinoma (HCT-166) cell line, ICso (1.96), 1Cso
(3.43), ICso (2.69) respectively. While compound 47 has moderate activity, compounds 46a and
49 have weak activity. Hence oxo and thioxo derivatives have good antitumor activity [64].
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The development of antimicrobial peptides as a potential source of antibiotic drug, based on the
cationic charge, lipophilicity, and bulk are main factors determining antibacterial activity in
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these peptides (51), designed and screened different combinatorial libraries based on 1,3,5-
triazine as an outline. A group of compounds was recognized to showed potent antimicrobial
effects together with low hemolytic effect [29]. The bio-evaluation of hybrid 4-amino-quinoline
triazines (52) as antimalarial agents, the appearance and rapid extend of chloroquine-resistant
strains of Plasmodium falciparum has considerably reduced the chemotherapeutic alternatives. A
series of hybrid 4-aminoquinoline triazines were tested in-vitro against the CQ sensitive strain of
P. falciparum [65]. These triazines were showed antimalarial activity.
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Antiproliferative activity of the 1,2,4-triazolo[1,5-a][1,3,5]triazines were evaluated against breast,
colon, and lung cancer cell lines. The highest antiproliferative activity in the series was found in
compound  2-(pyridine-3-yl)-7-(4-trifluoromethylphenyl)-6,7-dihydro[1,2,4]  triazolo [1,5-
a][1,3,5] triazin-5-amine (53) [66]. The polar functional group substituted mono and bis-(o-
carboranyl)-1,3,5-triazine  compound (54), in preliminary in-vitro studies, revealed that
compounds regardless of their low cytotoxicity, collected at high levels in B-16 melanoma cells
[43]. The pyrazolo [1,5-a]-1,3,5-triazine is an adenine bioisostere (55). In biological testing has
shown that compounds showed strongly inhibited LPS-induced TNFa release from human

mononuclear cells from the healthy subject [67].
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Some diaryltriazine derivatives (56) showed potent anti-HIV activity [83]. The antibacterial
activity was performed on some new 1,4-benzothiazines (57) against gram-positive and gram-

negative bacteria (E. coli, S. aureus, P. aeruginosa [68]. The 3D-QSAR analysis of cycloguanil
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derivatives (58) showed highly active against dihydrofolate reductase resistant strain (T9/94) of

P. falciparum [69].
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Aliphatic thiourea derivative (59) containing s-triazine moieties were reported as antimicrobial
agents against gram-positive and gram-negative bacteria (S. aureus, P. aeruginosa) and showed
mild active agents [70]. The cytotoxic activity of trisubstituted-1,3,5-triazines (60,61) was tested

for phototoxicity and the cytotoxic effects against leukemia and adenocarcinoma-derived cell
lines in contrast to the normal human keratinocytes [71].
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The antitumor activity of a series of triaminotriazine derivatives (62) was tested for their
inhibition actions to colorectal cancer (CRC) cell lines (HCT-116 and HT-29). Most compounds
were exhibited moderate anti-proliferative activities on both HCT-116 and HT-29 cell lines at
the 10uM level [72]. The antibacterial activity various substituted s-triazines (63) with gram-

positive and gram-negative bacteria.
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The 3,5-Diamino-piperidinyl triazines (64) act as antibacterial translation inhibitors [73]. The
2,4,6-trisubstituted triazine heterocycles (65) and reported as in-vitro antileishmanial activity in
the promastigote model. Some compounds have shown 94% inhibition against promastigotes at a

concentration of 10ug/mL [13].
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The 2,4-diamino-1,3,5-triazine derivatives (66) showed anticancer activity. The anticancer
activity of alkenyl-1,3,5-triazine derivatives (67) was exhibited a growth inhibitory effect in low
micromolar levels against renal cancer A498 cell line and colon cancer cell line COLO 205
[74,75]. The 2,4,6-trichloro-1,3,5-triazine (68) and its derivatives in organic synthesis [76]. A
series of melamine-based nitro-heterocyclic showed activity against Trypanosomatid Parasites
[77].
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Evaluated triaminotriazine DNA helicase inhibitors with antibacterial activity and screened a

N

library in a DNA helicase assay involved the P. aeruginosa helicase afforded a triaminotriazine
(69) inhibitor with good antibacterial activity but associated cytotoxicity toward mammalian
cells [78]. The antibacterial activity of 1,3,5-thiadiazines (70) and their isomerism into 1,3,5-
triazines [79]. The 2,4,6-trisubstituted triazines (71) and reported on their antimalarial activity
against P. falciparum. Some compounds showed MIC in the range of 1-2pg/mL and it showed

in-vitro antimalarial activity several times more active than cycloguanil [80].
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The exocyclic triazine nucleosides (72) [81], in-vitro cytotoxic effects of 2-Alkyl-4,6-dihetero-
alkyl-1,3,5-triazine compounds were carried out against leukemia and adenocarcinoma derived
cell lines [82]. Diaryltriazines and Diarylpyrimidines (73) were found to have highly potent Non-
nucleoside Reverse Transcriptase Inhibitory action with possible applications as microbicides.
In-vitro activity of monocyte-derived dendritic cells (MO-DC) and CD4+T cells, the prime
targets of sexual human immunodeficiency virus (HIV) transmission, was used to examine the

antiviral and immune-suppressive activity of novel classes of non-nucleoside reverse

*’** sUeuex

72 73
The thiadiazolo-s-triazines (74) were evaluated for their antiviral activity based on QSAR studies

transcriptase inhibitors [83].

[84]. The derivatives of isoniazid, pyrazinamide, and 2-aminobutanol (75) were reported on their
anti-tubercular activity [85]. The antibacterial activity of 1-n-butyl-3-acetyl-5-(2,4-diamino-
1,3,5-triazin-6-yl)methoxy-2-methylinodole derivatives (76) were performed on gram-positive
and gram-negative bacteria [86]. The inclusion of carbohydrates and peptides into huge triazine-
based testing libraries using automated parallel synthesis. These compounds were useful anti-

tubulin agents for cancer and proliferative disease treatments [87].
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DRUGS CONTAINING 1, 3, 5-TRIAZINE HAVING ANTICANCER ACTIVITY
Some isomeric triazines s-triazine and its analogs were useful for a variety of purposes [88]. The
most common analogs of 1,3,5-triazine are 2,4,6-triamino-1,3,5-triazine, generally known as
cyanuramide or melamine. Anticancer as an altretamine, triethylene melamine (TEM). Trichloro-
1,3,5-triazine is the starting point for the preparation of various herbicides like simazine. Another
vital analog is 2,4,6-trihydroxy-1,3,5-triazine is known as cyanuric acid [89]. The 2,4,6-
trisubstituted(dimethylamino)-1,3,5-triazine is an antitumor compound and known as altretamine
used in ovarian cancer treatment. Various 2-aryl amino-4-(4-methoxy anilino)-6-(4-
chlorophenyl/phenyl hydrazido)-1,3,5-triazine were showed anti-bacterial activity. The 4,6-bis-
allylamino-1,3,5-triazin-2-yl compounds reverse acquired resistance to anti-malarial and anti-
cancer compounds [90]. Triazine is also the basic structure of some herbicides, examples are
amitole, atrazine, cyanazine, simazine trietazine. A large volume of triazines is used in the
preparation of resin modifiers like melamine and benzoguanamine [91]. The 1,3,5-Triazine-
2,4,6-triamine is reacted with formaldehyde from a stable thermoset resin. The benzoguanamine
(2,4-Diamino-6-phenyl-1,3,5-triazine) is used to raise the thermoset properties of acrylic, alkyl,
and formaldehyde resins. Triazine is also useful as chromophore groups in colorants and chlorine
linked in triazines undergo nucleophilic substitution reactions well with hydroxyl groups in
cellulose fibers. Some triazines are used in pharmaceutical industries as coupling agents for the
preparation of peptides in the solid phase, solution, and as a side chain of antibiotics. Triazines
are used in preparing bactericides and fungicides. They act as preservatives in oil field
applications, industrial deodorant, disinfectant and biocide in water treatment, bleaching agents.
Analogs of melamine, 1,3,5-triazine-2,4,6-triamine are reported for various uses.
Altretamine: Altretamine (N2,N2,N4,N4,N6,N6-hexamethyl-1,3,5-triazine-2,4,6-triamine) is an
anticancer agent and used to treat ovarian cancer. It is not first-line therapy, but it can be helpful
as salvage therapy. It is less toxic than other drugs used for the treatment of ovarian cancer [92].
The mechanism of altretamine as anti-cancer is not known but it is classified as an alkylating
anticancer drug. This unique structure is believed to break tumor cells through the construction
of the weakly alkylating species formaldehyde, a product of CYP450 that intervened in N-
demethylation [93-95].
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Triethylenemelamine (TEM): Triethylenemelamine (2,4,6-Tris(aziridin-1-yl)-1,3,5-triazine) is
used in chemotherapy.

Melamine: Melamine (1,3,5-Triazine-2,4,6-triamine) is a trimer of cyanamide, with a 1,3,5-
triazine nucleus. Like cyanamide, if mixed with resins, has fire retardant property due to its
liberate of nitrogen gas when burned, and has some extra industrial uses. Melamine is also a
metabolite of cyromazine, a pesticide [82,91]. Cyromazine can be converted to melamine in
plants. Melamine is combined with formaldehyde to form melamine resin, a very stable
thermosetting plastic used in formica, and melamine foam, a polymeric cleaning substance. The
end products such as countertops, dry erase boards, fabrics, glues, housewares, dinnerware,
cooking spoons, guitar saddles, guitar nuts, acoustic foam paneling, and flame retardants.
Melamine is the main part of Pigment Yellow 150, a colorant in inks and plastics. The 1,3,5-
triazine is used as a reagent in organic preparation, s-triazine is also executed as the equivalent of
hydrogen cyanide (HCN).

Atrazine: Atrazine is 2-chloro-4-(ethylamino)-6-(isopropylamino)-s-triazine, consist of an s-
triazine ring is mainly used as an herbicide. Its use is contentious due to extensive contamination
in drinking water and is linked with birth defects and menstrual problems when used by humans
at levels below government standards. It was banned in the European Union, it is still one of the
commonly used herbicides in the world [82,91]. Atrazine is used to stop the emergence of
broadleaf and grassy weeds in most crops. This compound is effective and inexpensive and is
well-suited to production systems with narrow profit margins. Atrazine is the most useful

herbicide in protection tillage systems, which are considered to prevent soil erosion [96,97].
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CHEMICAL REACTIVITY AND SUBSTITUTION REACTION: The antitumoural
properties of novel fused 1,2,4-triazine aryl derivatives (I-XV) and synthesis of compounds by

different methods [97-101].



International Journal of Heterocyclic Chemistry, Vol. 9 No. 2, pp. 49-79 (Spring 2019 ) ;1 65

X
X | R |

s P
7 NH, Dimethy-2-oxomalonate_ NH,NH, H,0, CoHsOH

NN~y OF NHNH;H,0, n-butanol N

N—NH n-butanol
Y (e e
NH N O\/CHS N\”}L(
o) o TN-NH
-V VI-X X1-XV
I, VI, XI=R=H:; II, VII, XI1 R=4-CHs; III, VIII, XIIl R=4-CH30:;

1V, IX, XIV R=3Cl; V,X,XV R=3,4-Cl
The new scope of 1,2,4-triazine synthesis by the application of microwave technology (XV1).

Ring?® "Ny NH,0Ac, AcoH Rl:[N\\N
4 ) .
I + L "NR,0Ac si0, EtN PN

) R N R
O R, HO Rs  Microwave 2 3

(XVI) R1,R2,R3= CHa, C2Hs, C¢Hs, COOC2Hs
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 (XVII) against Leishmania
donovani [65].
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Reaction of some 2,4,6-trisubstituted amino-1,3,5-triazine derivative [89].

Discussion: Triazines (1,3,5-triazine) are synthesized from cyanic acid amide by trimerization.
Some compounds are synthesized using the substitution of triazine by some groups having
structural as well as pharmacological importance. Some compounds are synthesized and
exhibited different biological screening. These compounds reveal substantive biological
activities. The hopeful results are in carrying of the fact that these agents are worth being
optimized for some new drugs in the future. Triazines and their derivatives have exhibited a
variety of biological activities like antimicrobial, antifungal, anti-HIV, anticancer, anti-
inflammatory, analgesic, antihypertensive, cardiotonic, neuroleptic, nootropic, antimalarial,
antihistaminic, antiviral, antitubercular, anti-protozoal, cyclin-dependent kinase inhibitors,
estrogen receptor modulators, and antiparasitic activities [102-111]. The biological potential of

triazine derivatives is cleared from the literature and clinically used drugs.
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Conclusion: Triazines are the oldest heterocyclic compounds available. Because of its low cost
and easy availability, it emphasizes the sight of researchers for novel synthesis. The triazine
derivatives have a wide range of biological activities. As triazine show nucleophilic substitution
reaction a series of the compound has been synthesized by using chemical reaction of 2,4,6-
trisubstituted-1,3,5-triazines with various nucleophilic reagents like primary and secondary
amine. These synthesized compounds exhibit wide spectrum biological activity such as analgesic
and anti-inflammatory, antifungal, antibacterial, histamine blockers, antitubercular and
antioxidant.
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