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ABSTRACT
When the three carbon-hydrogen units are replaced by three nitrogen atoms in a sixmembered heterocyclic ring system homologous to benzene ring system,this system of
compounds are called as triazines.C3H3N3 is the general formula of triazines. Triazines
are known to have three isomeric forms, depending on position of which of the carbon
atoms of benzene ring is being replaced by the nitrogen unit.1,2,4-Triazine heterocyclic
compounds as well as its derivatives are known to possess a wide variety of applications
such as anti-viral, anti-HIV, anti-hypertensive, analgesic, anti-cancer, cyclin-dependent
kinase inhibitors, anti-inflammatory, anti-malarial, cardiotonic and estrogen receptor
modulators. They also possess properties like lubricants, analytical reagents as well as
dyes. This paper reviews the literature on biological potential of 1,2,4-triazine derivatives.
Keywords: Dyes, Heterocyclic, Inhibitors,Isomeric,Reagents,Triazines.
INTRODUCTION
Heterocyclic Chemistry is one of the most important and significant part of the chemistry.
The scientific discipline at the intersection of chemistry and pharmacy including designing,
synthesizing and development of pharmaceutical drugs. Heterocyclic compounds (five, six
and seven members) have special applications in the field of synthetic organic chemistry and
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biological activity. More than eighty percent of the medicines possess heterocyclic nucleus
in their structure. Majority of natural products particularly alkaloids, which are being used
as medicines with the development of civilization for mankind and other living things, have
heterocyclic moieties as their constituents. Derivatives1-10of pyrazole, Imidazole, pyrimidine,
thiadiazole, pyridine, thiazole, quinolineetc, are very important synthons for drug designing
and also in the field of synthetic medicines.
These heterocyclic systems possess various pharmacological activities viz., analgesic,
anti-tumor, anti-viral, anti-cancer, anti-bacterial, anti-parasitic, anti-malarial, anti-radiation,
anti-neoplastic, and anti-hypertensive etc. The triazine structure is a heterocyclic ring
homologous to six membered benzene ring in which three carbon atoms are replaced by three
nitrogen atoms. The difference in the position of three nitrogen atoms distinguish the isomers
of triazine which are referred to as,1,2,3-triazine heterocyclic,1,2,4-triazine heterocyclic and
1,3,5-triazine heterocyclic molecules [1]

Figure 1: Three Heterocyclic N -atoms
From the past few years, the interest in synthesizing heterocyclic compounds containing,
1,2,4-triazine ring is increasing day by day because of their significance in biological
problems.1,2,4-triazine molecule is a heterocyclic molecule analogous to benzene in which three
carbon atoms are replaced by three nitrogen atoms. In recent years, there has been increasing
interest in the synthesis of heterocyclic compounds containing a 1,2,4-triazine ring because of
their biological significance. Several 1,2,4-triazine derivatives have been demonstrated to be
of herbicidal, anti-hypertensive, anti-viral activity as well as activity against Staphylococcus
aureus, Bacillus cereus and P388 Lymphocytic leukemia.1,2,4-triazines are regarded as 6-aza
being analogues to pyrimidine bases, needless to say that pyrimidine, in general, have a
great biological importance. Further 1,2,4-triazine derivatives have been reported to possess
biological activities including against tuberculosis, analgesic, anti-hypertensive, anti-HIV, antiviral, cyclin-dependent kinase inhibitors, anti-parasitic,neuroleptic, anti-inflammatory,anti-hy
pertensive,analgesic,cardiotonic,anti-malarial [2-22].
TRIAZINE DERIVATIVES AND THEIR BIOLOGICAL APPLICATION;
The reaction between thiocarbohydrazide with pyruvic acid results in the formation of
4-Amino-3-mercapto-6-methyl-1,2,4-triazin-5(4H)-one (2) according to Dornowet. al.[38].
The condensation reaction between 2-phenyl-4-(4-floro benzylidene)-1,3-oxazol-5-one and
hydrazine hydrate, semicarbazide and thiosemicarbazide then followed by cyclization with
the removal of water molecule results in the formation of 2,3,5-trisubstituted-1,2,4-triazine6-one[23].
38

Journal of Indian Research

Vol.8, No.1, January-March-2020

Scheme 1
Treatment of (1)with 4-fluolophenacyl chloride and/or 4-bromophenacyl bromide in
methanol at room temperature in the presence of N,N-dimethylethylamine (DMEA)afforded
high yields of the corresponding phenacylthio derivatives 2a,b which were cyclized to 8H-7aryl-3-methyl-as-triazino [3,4-1b], 3[4] thiadiazin-4-ones (3a,b) by heating in methanol for
one hour. Compounds 3a, bwere also obtained via the reaction of 1 with phenacyl halides in
boiling methanol. Thiation of compound (1)with phosphorus pentasulfide in boiling anhydrous
pyridine afforded 4-amino-3-mercapto-6-methyl-1,2,4-triazine-5(4H)-thione (3),in 63 %
yield. Treatment of compound 4 with 4-bromophenacyl bromide in boiling methanol yielded
a separable mixture of 4-amino-3-(4-bromophenacyl)thio-6-methyl-2,4-triazine-5(4H)thione(4) and 8H-7-(4-bromophenyl)-3-methyl-as-triazino[3,4-bI], 3[4] thiadiazine- 4-thione
(6) in 65 % total yield, which on further heating for 2 hrs.,gave (6)as a sole product in 60 %
yield. Compounds (5)and (6)were separated from the mixture by treatment with boiling dilute
acetic acid that dissolved (5). Compound (6)was obtained by another pathway when 3b was
treated with phosphorus pentasufide in boiling anhydrous pyridine (Scheme 1).

Scheme 2
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Isolation of the phenacylthio derivatives 2a, b and (5), at different reaction conditions,
suggests a mechanism for formation of the triazino [3,4-b] [1,3,4] thiadiazines3a,b and
compound (6). In such mechanism, a nucleophilic attack of the phenacyl halides occurs by the
mercapto group to give the S-alkylated products 2a,b and compound (5); and then an internal
nucleophilic attack by the NH2 group on the CO takes place with a loss of a H2O molecule to
afford the final products (3) and (6) (Scheme 2).

Scheme 3
Compound (7) was condensed with benzaldehyde, 2,6-dichlorobenzaldehyde and
cinnamaldehyde in methanol to afford the corresponding arylideneamino derivatives
10a-c in 72-84% yields. Condensation of compound(1)with vanillin, crotonaldehyde and
4-aminoacetophenone gave the corresponding anils9a-c in 60-82 % yields. In case of the
condensation reaction with crotonaldehyde or cinnamaldehyde, an inseparable mixture of
Z’E isomers was obtained in 1:4 ratio (according to 13C NMR). 4-(2,6-Dichlorobenzylidene)
amino-3-(2-cyanoethyl)thio-6-methyl- 1,2,4-triazin-5(4H)-one (10b) was also obtained in
73% yield when 9 (Ar= 2,6-C12C6H,-)’6 was treated with acrylonitrile in boiling methanol
in the presence of DMEA. Acid hydrolysis of 10b afforded the corresponding acid 11 in 51
% yield, while compound 7, under the same reaction conditions, gave 4-amino-3-hydroxy1,2,4-triazin-5(4H)-one as a hydrochloride salt (12) in 38 % yield (Scheme 3).
The structures of the newly synthesized compounds were confirmed by analytical data, IR,
‘H NMR, I3C NMR and mass spectra.
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In this literature review this has been found that standard disc method was adopted
for testing the anti-microbial activity of the compounds 2a, 3a,4,5,7,9a, 10b and 11. Filter
paper discs were moistened with the tested compound solution in dimethylsulphoxide of
specific concentration 1 mg/disc and carefully placed on agar culture plates that have been
previously inoculated separately with the microorganisms; Aspergillus niger, Aspergillus
flaws, Aspergillus fumigatus, Penicillium notatum, Candida albicans and Staphyllococus
saureus. After incubation, the diameter of the growth inhibition around the disc was measured.
Compounds 2a, 4, 5 and 11 were found to be active against A. fumigatus, C. albicans and S.
aureus; compounds 2a, 4 and 11 showed activity against P.notatum; compounds (4)and (5)
showed activity against A. niger while, no compound(s) was found to possess marked activity
against A. flavus (Table 1).
Table 1: Diameters of the Inhibition Zones (mm) Exhibited by the Tested Compounds
No.

A. niger

A. flavus

A. fumigatus

2a

-

-

11

3a

-

-

-

4

12

-

17

5

19

-

7

-

9a

P. notatum

C. albicans

S. aureus

6

17

5

-

-

-

13

15

26

12

-

21

7

-

-

-

-

-

-

-

-

-

-

-

10b

-

-

-

-

-

-

11

-

-

9

5

12

4

A number of small molecules possessing 1,2,4-triazine scaffold have been shown to exhibit
a great variety of pharmacological effects, from last few years. On the application of these
compounds, such as 5-lipoxygenase (5-LO) inhibitors, herbicides, bactericides, fungicides,
antimicrobials, and gonadotropin-releasing hormone receptor (GnRH-R) antagonists ,several
reports have been published. Even for fused 1,2,4-triazine compounds, not only anti-tumor
and anti-metastatic activities against a wide range of cancer cells but also kinase inhibiting
activities could be observed.
In 2007, cancer accounted for 7.9 million death cases (around 13% of all deaths). Deaths
from cancer worldwide are projected to continue rising, with an estimated 12 million deaths
in 2030. Heterocyclic compounds containing an amidrazone scaffold, novel 1,2,4-triazines
as efficient anti-cancer drugs with low cytotoxicity and good bioavailability properties were
synthesized. The straightforward synthesis of eight 1,2,4-triazin-5-ones 3a–h is represented in
Scheme 4.
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SCHEME 4
Hydrazonoyl chlorides 1a–b as starting compounds for triazinone synthesis was prepared
according to known literature procedures. Conversion of 1a–b with the respective amines
in dioxane led to amidrazone intermediates 2a–h. One to two hours of refluxing 2a–h with
formaldehyde in the presence of p-toluen-sulfonic acid yielded nearly pure 1,2,4-triazin-5ones. 3a–h of refluxing 2a–h with formaldehyde in the presence of p-toluen sulfonic acid
yielded nearly pure 1,2,4-triazin-5-ones 3a–h (Scheme 1).
Among the eight1,2,4-triazin-5-ones synthesized, 3a–d showed the highest antiproliferative effect on the human leukemia cell line K-562 with a moderate growth inhibition
efficacy on the human umbilical vein endothelial cell line (HUVEC). Though the most
potent compound 3c is obviously less active against K-562 than Imatinib, the preferred drug
for treating chronic myeloid leukemia (CML), a comparable low growth inhibiting effect on
HUVEC was found. Cytotoxicity of 3c against HeLa cells is ranging at similar values. In
contrast to doxorubicin, an established but highly cytotoxic drug for the treatment of acute
myeloid leukemia (AML), lymphoma, sarcoma, and carcinoma, 3c showed a five times
lower anti-proliferative activity against K-562, but a 22 times lower cytotoxicity on HeLa
cells (Table 2).
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Table 2: Substitution Patterns, Lipsinki’s ‘Rule-of-Five’ descriptors,
experimental log P values (Log Pexp)
Cl

N

N
N

O
R

R

2

R2

R3

Mw2

nON2

C6H5
4-Cl-C6H4
C6H5
4-Cl-C6H4
C6H5
4-Cl-C6H4
C6H5
4-Cl-C6H4
-

N(CH3)2
N(CH3)2
Pyrrolidine
Pyrrolidine
Piperidine
Piperidine
Morpholine
Morpholine
-

328.80
363.25
354.84
389.29
368.87
403.31
370.84
405.28
493.62
543.52

5
5
5
5
5
5
6
6
8
12

nOHNH2 Log Pcaka logPexp

3

3a
3b
3c
3d
3e
3f
3g
3h
Imatinib
Doxorubicin

0
0
0
0
0
0
0
0
2
7

3.5
4.2
3.9
4.6
4.4
5.1
3.3
4.0
3.9
0.57

3.6
4.2
4.0
4.6
4.6
5.0
3.5
4.0
1.2222
0.7123

n.d.: not determined.aLipsinki descriptors: Mw, molecular weight; nON, number of hydrogen
acceptors; nOHNH, number of hydrogen donors; log Pcalolog P values calculated by
molinspiration property calculator for the neutral species; log Pexp, experimentally determined
log P values by RP-HPLC.
These results suggest that there is little correlation between cytotoxicity and antiproliferative activity for the 1,2,4-triazin-5-ones. If one compares the effect of R3 on the
anti-proliferative activity against K-562 cells, an optimum exists for the pyrrolidine moiety.
4-Chloro substitution on the phenyl ring R2 not only raises the log P values, but lowers the
effect on K- 562. Interestingly the existence of the chlorine atom in 3b and 3d seems to raise
the growth inhibiting effect on HUVEC cells. An introduction of a morpholine group leads to a
distinct decrease of any activity. Considering the estimated new cases (44,790 men and woman)
and deaths (21,870 men and woman) from leukemia in the United States in 2009 [27] and the
proceeding emergence of resistances against chemotherapeutic agents (multi-drug resistance),
there is a demand for novel, more effective anti-cancer agents. Taking 1,2,4-triazin-5-one as
lead structure for the development of less toxic and selective anti-leukemia drugs, further
chemical modifications in the substitution patterns of the aromatic groups are envisioned for
optimization of pharmacological activity. An introduction of hydrogen donor groups may be
considered as well.
Melting points were determined on a Boetius hot-stage apparatus. Elemental analyses were
performed by Leco Microlab, Inc., and determined values are within 0.4% of theory. NMR
spectra were recorded on a Gemini 2000 operating at 399.96 MHz for 1HNMR and at 100.6
MHz for 13C NMR spectra in DMSO-d6 which was also used as internal standard. Chemical
shifts are given in ‘d’ units and refer to the center of the signal. EI-mass spectra were obtained
Aarfah Majid, A. M. Lawal, M.Ashid, B.K.Sarma, Ajit Joshi
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with an AMD402 mass spectrometer (AMD Intectra) at 70 eV. Reactions were monitored by
TLC (Silica gel 60 F254, Merck) using chloroform/ether (7:3, v/v) and heptane/ ethylacetate
(3:1, v/v) and compounds were detected with ultraviolet light (254 nm). Compounds 1a, 2a,
2b, 2e, 2g,17 1b,16 and 3e18 were obtained by published procedures[24].
The development of new antibiotic resistant drugs has not been fulfilled yet and this
question is accepted on priority universally. Recently, Albericio et al., [25] have designed
and synthesized a new class of pyrazole-containing 1,3,5-triazine derivatives and evaluated
therein in vitro anti-microbial activity against a panel of bacterial and fungal strains using
modified Kirby-Bauer disk diffusion method [26]. Compound 13 exhibited promising antibacterial activity against Gram-negative (P. aeruginosa, Zone of Inhibition (ZoI): 19 mm) and
Gram positive (M. luteus, ZoI: 22 mm) bacterial strains. The SAR revealed that the presence
of piperidine with benzylamine on the triazine ring proves to be a key factor for enhancing the
anti-bacterial activity against P. aeruginosa and M. luteus bacterial strains. The combination of
1,3,5-triazine with pyrazole and piperidine rings was a promising scaffold for the development
of new active anti-biotics in the near future. A set of novel 2,4,6 tri-substituted 1,3,5-triazines
were synthesized and tested for in vitro antimicrobial activity by Mane and co-workers [27].

Girolamo Cirrincione et al. [28] synthesized some indolo [1,2-c]benzo[1,2,3]triazine
analogs. Synthesized compounds were evaluated for in vitro anti-tumor activity against a
panel of leukemia-, lymphoma-, carcinoma and neuroblastoma derived cell lines. Some of
the synthesized compounds inhibited the proliferation of T and B cell lines at sub-micromolar
concentrations and their activity against solid tumor cell lines was in the micromolar range.
Indolobenzotriazine analog 14 showed most potent anti-tumor activity with IC50 in range of
0.08-0.7 µM. This compound was fully inhibitory to all the resistant cell lines thus suggesting
that it neither is subject to the pump mediating the efflux of many antitumor drugs nor
interferes with the DNA synthesis. The compounds (14) (IC50 range = 0.3-2.7 µM) and 15 (IC50
range = 1.9-9.5µM) displayed lower anti-proliferative activity against cell lines derived from
solid tumors than that of Doxorubicin. All the synthesized compounds were also screened for
antimicrobial activity.
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All indolobenzotriazines were proved to be fairly potent and selective inhibitors of
streptococcus and staphylococcus. Compounds (16) and (17) showed most potent antifungal
activity. Compounds (18), (19), and (20) displayed most potent anti-bacterial activity. SAR
studies revealed that maximum in vitro anti-tumor activity correlates with the presence of
either a chlorine atom at position 10 (14) or a methyl group at position 2 (15). Furthermore,
the absence of substituents at positions 10, and 2 (16), or the substitution of a chlorine atom
for a methoxy (19) or nitro (20) group at position 10 or the substitution of a methyl group for a
chlorine atom (18) at position 2 significantly decreased the activity.Moving the chlorine atom
from position 2 to 3 (17) partially restores the anti-tumor activity in vitro. Maximum potency
of anti-fungal activity correlates with the absence of substituents (16) or the presence of a
chlorine atom at position 3 (17). Compound(17) was found to be the only compound capable
of potently inhibiting the proliferation of both animal and fungal cells, whereas the derivatives
endowed with the highest in vitro anti-tumor activity (14-15) were totally ineffective on the
fungal growth. The potent and selective anti-bacterial activity is correlated with the presence
of a chlorine atom at position 2 (18) or with a methoxy (19) or nitro (20) group at position 10.

Samir Bondock et al. [29] synthesized a series of pyrazolo[3,4-d]triazine and screened
them for in vitro anti-microbial activity against Bacillus thuringiensis, Klebsiella pneumonia,
Botrytis fabae and Fusarium oxysporum by the agar diffusion method. Compound (21) exhibited
significant anti-fungal activity. It was concluded that incorporation of anti-pyrine to the coumarin
nucleus at position 3, via a carboxamide linker produces a high antimicrobial activity.

Aarfah Majid, A. M. Lawal, M.Ashid, B.K.Sarma, Ajit Joshi
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H. Irannejad et al. [30] reported 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 IC50 values in the range of 0.1– 0.2 µM 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-(methyl sulfonyl) phenyl)-3-(methyl thio)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 (22).

S. R. Jennings et al. [31] reported the Imidazo[1,2-b][1,2,4] triazines as a2/a3 subtype
selective GABAA agonists for the treatment of anxiety

The prominent heterocyclic substrate which is present in numerous pharmacologically active
molecules is 1,2,4-benzotriazine nucleus fused to a benzene ring.Many 1,2,4-benzotriazine
possessing a wide spectrum of pharmacological activities (24).
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The preclinical study of 3-amino-1,2,4-benzotrizine analogous to 25 and 26 have shown
anti-tumor activity against sarcoma[32] due to their activities as inhibitors of Src kinases, and
they may be effective as anti-neoplastic agents against pancreatic and breast, and stomach
cancer cell lines.

The anti-tumor activity, the SAR and whatever described the possible mode of action
of 1,2,4-triazine derivatives, their N-Oxides, N,N-dioxides as well as the benzo- and heterofused systems are also being reported[33]. 3-Sulfanilamido5-dimethylethyl-1,2,4-triazine is
manufactured and used as sulfa drug[34]. The 5-thioxo derivatives and 4-Amino-3-mercapto6-methyl-1,2,4-triazin-5(4H)-one were allowed to react with phenacyl halides by giving
different conditions of reaction to synthesize the derivatives of S-phenacyl derivatives [35]
(Scheme 5).
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Reda et al. [36] have synthesized an affordable derivative of 1,2,4-triazin by the
condensation reaction of 3-thioxo-1,2,4-triazine-5-one. A simple condensation afforded some
new 3-thioxo-1,2,4-triazin-5-one derivatives (36, 38 and 40). Utilizing a facile condensation
of (E)-4-(4’-bromo styryl)-2-oxo-3-buteneoic acid with thiosemicarbazide, dithioic formic
acid hydrazide, and thiocarbahydrazide in different conditions. Structures of these compounds
were confirmed by elemental and spectral analysis. The preliminary biocidal activity of these
products were evaluated against some microbial and compared to Mycostatine and piperacillin
as anti-biotics were most of the derivatives exhibiting good activity.

S-Triazine based chalcones results in the formation of derivatives of heterocyclic
compounds like phenyl pyrazolines as well as isoxaxoles (Scheme 7), and then the structure
of newly synthesized compounds were analyzed by elemental analysis and spectroscopic
techniques like IR,1H NMR,13C NMR. The screening for antimicrobial activity have been done
for the newly synthesized compounds against selected gram positive and gram negative like
S. aureus, S. pygenus, E. coli, P. aeruginosa respectively and have also shown activity against
fungal strains [37].
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CONCLUSION
It has been seen and identified from the literature survey and from the drugs used clinically
that the biological potential of 1,2,4-triazine derivatives are very significant. The literature
survey also revealed that 1,2,4-triazine derivatives have biological properties in diverse
aspects. It has also been experienced that there are several easy synthetic routes to synthesize
new chemo-therapeutic agents from 1,2,4-triazine derivatives.Importance of 1,2,4-triazine
nucleus has attracted many researchers towards the heterocyclic chemistry.
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