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ABSTRACT

Triazine is the chemical species of six-membered heterocyclic ring compound with three nitrogens replacing
carbon-hydrogen units in the benzene ring structure. The names of the three isomers indicate which of the carbon-
hydrogen units on the benzene ring position of the molecule have been replaced by nitrogens, called 1,2,3-triazine,
1,2,4-triazine, and 1,3,5-triazine respectively. Symmetrical 1, 3, 5-triazine is the common. Triazines are prepared
from cyanic acid amide by trimerization (1, 3, 5-triazine). Pyridine is the aromatic nitrogen heterocyclic compound
having only one nitrogen, and diazines are with 2 nitrogen atoms, triazine having three nitrogen and tetrazines are
with 4 nitrogen atoms on the benzene ring system. Triazines are weak base. Triazines have much weaker resonance
energy than benzene, so nucleophilic substitution is preferred than electrophilic substitution. Heterocyclic bearing a
symmetrical s-triazines or 1, 3, 5-triazines moieties, represent an interesting class of compounds possessing a wide
spectrum of biological activities such as anti-cancer, antiviral, fungicidal, insecticidal, bactericidal, herbicidal and
antimicrobial, antimalarial agents. They also find applications as dyes, lubricants and analytical reagents.
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INTRODUCTION

Heterocyclic chemistry is fundamental to biologylanedicine. It is not implausible to say that we kwving in the
age of heterocyclic chemistry. It constitutes géagroup of organic molecules exhibiting a widegeof biological
activities which is basis of life and society. Timajority of pharmaceutical products that mimic matyproducts
with biological activity are heterocyclic in natufée triazine structure is a heterocyclic ring,lagaus to the six-
membered benzene ring but with three carbons reglbag nitrogens. The three isomers of triazinedésgnguished
from each other by the positions of their nitrogeams, and are referred to 1,2,3-triazine,1,2gkime and 1,3,5-
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Out of the above three possible triazine nucley®,34riazine is the least explored one, till ddet, clinically
1,2,3-triazine derivatives are more acceptable lmxaf potent efficacy and minimal side effect.,3-Riazine
represents a widely used lead structure with nodétof interesting applications in the numerousrplaaological
fields, Thus various pharmacological activities é&een reported and explored out till date[2-4]

1,2,4-Triazine derivatives have been reported @asspss a broad spectrum of biological activitieduiding
antifungal, anti-HIV, anticancer, antiinflammatognalgesic anti hyperte- nsive, cardiotonic, neaptit, nootropic,
antihistaminergic, tuberculostatic, antiviral, aptotozoal, estrogen receptor modulators, antiraacyclin-
dependent kinase inhibitors, antimicrobial, anséic, activities.[5-8]

1,3,5-Triazines can also be called as symmetrigtdazines. The chemistry of this group of compahds been
studied intensively since past two centuries du¢hsir wide spread applications in the pharmacalti@xtile,
plastic and rubber industries and are used ascipesi dyestuffs, optical bleaches, explosives surfhce active
agents. In recent times, several studies have teeied out on the antitumor activity of 1,3,5-miizes. [9-10].

Drugs containing 1,2,3-triazine ring have got itsgim from natural and synthetic sources as exdiegliby
Tubercidin @), Toyocamycin %) and Sangivamycin 6§,which have significant pharmacological activities
Tubercidin inhibits the growth of several strairidacteria. Tubercidin and its 5-substituted denixes inhibit both
DNA and RNA viruses at the concentrations thatbithDNA, RNA and protein synthesis in mice and hancall
lines. Toyocamycin is a known antineoplastic aotibi with specific antitumor activity. Sangivamycis active
against L1210 leukemia, P338 leukemia and lewig kearcinoma and under clinical trials against caancer, gall
bladder cancer and acute myelogenous leukemia inahs. 2-Aza-adenosing)(exhibits five times greater
cytotoxicity than 8-azapurine, against human epiaéd carcinoma cellsn vitro [11].

NH,

2-Aza-2-desamino-5,8-dideazafolic acR) (s an inhibitor of recombinant mouse thymidylaigthase. Inhibition

by compound ) is found to be competitive with 5,10 methylengalydro folate as variable substrate. It is also a
substrate for murine folylpolyglutamate synthetesth kinetic characteristics comparable to thoseaminopterin.

It is also found to inhibit the growth of L1210 lse(IC50 = 0.52 uM) [12]. 1,2,3-Triazines fused lwheterocyclic
moiety show high reactivity, chemical and biolodjietiects [13].
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1.Synthetic Analogs of 1,2,3-Triazines, Showing Variss Pharmacological Activities

Laura Garutiet al. [13] synthesized and evaluated antiproliferatieéivity of 3-substituted H-indole[3,24]-1,2,3-
triazin-4(3H)-ones. They compared antiproliferative activity thie synthesized compounds with daunorubicin
against chronic myeloid leukaemia and non-hodgkimphoma

human cellsin vitro. Compound §) showed the most effective antiproliferative aityivagainst human chronic
myeloid leukaemia.The lower activity of compour8), (with regard to daunorubicin, and the greateedality of
action, against chronic mieloid leukaemia, mighubed in polychemotherapy protocols.

N§N\
\ NH
N (e}
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9

Ali M. M. et al. [14] synthesized some new indeno[d]L thiophenes, and indeno[l1,2:4,5] thieno [2,3-
d][1,2,3]triazines. The prepared compounds showeituamor activity, partly by increasing free radisgdroduction
and partly by depletion of intracellular catalagkitathione peroxidase, glutathione reductase,cedlglutathione.
Among the synthesized compounds, compour@)l was most potent with kg of 6g/mL. This compound lead to
an increased level of NO with decrease in the lef/ébtal protein, RNA and DNA.

O

10
Jin-Ling Lv et al. [15] synthesized a series of substituted 1,218b&iazines based on the structures of vatalanib
succinate (PTK787) and vandetanib (ZD6474). Théeoiiferative effects of synthesized compounds eviersted
on microvascular endothelial cells (MVECs) using tMTT assay.Compoundkl (bearing 3'-chloro, 4'-fluoro
aniline group)12 (bearing 3’, 4’-dichloro aniline group) anti3 (bearing 4-chloro group were the potent compounds
in inhibiting prolife- ration of MVECs with GI50 vaes of 7.98 uM and 11.02 puM,respectively excephpound
13.

103
Pelagia Research Library



G. V. Pavan Kumar et al Der Chemica Sinica, 2016, 7(2):101-130

Rz

z2—2=2

X
=
Ry N/

11 R;=CI(CH )30,R=CH30, Ry=3-Cl,4-F, (Gls;=7.98 uM),
12 R;=CI(CH ,)30,R=CH30, Ry=3-4di-Cl (Gl5=11.02 UM

13 R;=CI(CH »)30,R=CH30, Ry=4-Cl (Gl5;= >80 uM

Girolamo Cirrincione et al. [16] synthesized some indolo [l¢henzo[l,2,3]triazine analogs. Synthesized
compounds were evaluated for thiginvitro antitumor activity against a panel of leukemiamphoma-, carcinoma
and neuroblastoma derived cell lines. Some of yhéhesized compounds inhibited the proliferatioTaind B cell
lines at submicromolar concentrations and theivigtagainst solid tumor cell lines was in the neimolar range.
Indolobenzotriazine

analog14 showed most potent antitumor activity with IC50range of 0.08-0.7 uM. This compound was fully
inhibitory to all the resistant cell lines thus gegting that it neither is subject to the pump ragaly the efflux of
many antitumor drugs nor interferes with the DNAtsesis. The compoundégl (IC50 range = 0.3-2.7 uM) arid
(IC50 range = 1.9-9.5uM) displayed lower antipmigtive activity against cell lines derived frontidaumors than
that of Doxorubicin. All

the synthesized compounds were also screened fioniembial activity. All indolobenzotriazines wegoved to
be fairly potent and selective inhibitors Sf eptococcus and Staphylococcus. Compoundsl6 and 17 showed most
potent antifungal activity. Compounds8, 19, and 20 displayed most potent antibacterial activity. SAfRd&es
revealed that maximunm vitro antitumor activity correlates with the presenceitfier a chlorine atom at position
10 (14) or a methyl group at position 25). Furthermore the absence of substituents atipositl0, and 21(6), or
the substitution of a chlorine atom for a metho%9)(or nitro 0) group at position 10 or the substitution of a
methyl group for a chlorine atonl &) at position 2 significantly decreased the agfititoving the chlorine atom
from position 2 to 317) partially restores the antitumor activity vitro.Maximum potency of antifungal activity
correlates with the absence of substituerit) ¢r the presence of a chlorine atom at positigh73.CompoundL7
was found to be the only compound capable of plytémhibiting the proliferation of both animal aridngal cells,
whereas the derivatives endowed with the highesitro antitumor activity {4-15 were totally ineffective on the
fungal growth. The potent and selective antibaateactivity is correlated with the presence of éodhe atom at
position 2 {8) or with a methoxy19) or nitro R0) group at position 10.
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14 R=Cl, Ri=R,=H, (IC 5, Range =0.08-0.7 uM); 2
15 R=R,=H, R;=CHj3, (ICso Range =1.9-9.5 uM);
16 R=R1=R2=H;
17 R=Ry=H, R,=CI;
18 R=R,;=H, R;=CI;
19 R=OCHg, Ry=R,=H;
20 R=NG,,R;=R,=H

Thierry Le Diguarheet al. [17] prepared 5-substituted 2-bisarylthiocyclopaetaarboxylic acids as specific matrix
metalloproteinase (MMP) inhibitors. They reportéattcompound2l) is found to be a very potent and specific
inhibitor of MMP-2, -3, -9, and -13. However, thidmpound has only modest bioavailability (<30%)faat
attributed to the presence of the hydroxamate fanctConformational analysis of compourgll modeled in the
three-dimensional structure of MMP-2 suggested tthatP1 and P1’ groups adopt a trans/trans orientatlative
to the zinc binding group. CompoundR2S5R)- (22) was most active compound against MMP-2, 3, 9 arttan
the other diastereoisomer. The profile is comparablthose for the hydroxamates CGS 27023A andd®dbdut
with better selectivity versus MMP-1. The calcuthtlistances of the sulfur atom and the carbonyheftriazine
moiety are compatible with hydrogen bonding intéoacwith the amide proton of Alal92/Leul91 and 194,
respectively. Replacement of the 4-chlorophenyy rifi 22 with the heteroaryl groups 4-pyridy23), 2-thiazolyl
(24), 2-benzothiazolyl 25), and 4-triazolyl 26) increased IC50 values across the board by 1 orders of
magnitude.Replacement of the 4’-chloro2# by 4-methylthio 27) and 4-cyano48) group showed substantial
improvement in potency. In these cases, IC50 vdioreMMP-2, 3, 9, and13 are shifted into the nantanocange.
CompoundsZ?2), (29) and @0), administered intraperitoneally (i.p.) led to thgrsficant dose-dependent reduction
in the number of metastases (>60% at 200 mg) andkedareduction of their size (100% inhibition ofeth
occurrence of metastases with diameter over 1 Mim)the basis of thein vivo activities in a mouse metastasis
model and their good oral bioavailabilities, compdsl (R 2S5R)- (22) and @9 were identified as suitable
candidates for the further development.
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22 R = 4- Chloro phenyl
23 R = 4-Pyridyl
24 R = 2-Thiazolyl
25 R = 2-Benzthiazolyl
26 R = 4-Triazolyl
27 R = 4-Methylthio
28 R = 4-Cyano
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Janardhanan
Saravanaret al. [4] synthesized some 3-substituted amino-4,%eéthylene thieno [2,8){1,2,3]-triazin-4(3H)-
ones. Synthesized compounds were evaluated for #mimicrobial activity by agar diffusion methodsing
Ampicillin and Miconazole nitrate as standard drugs

The compounds3(l-34) showed considerably greater antimicrobial agtititan the compound8%41).Screening
data showed that the compourgl)(with 4-fluorophenyl substitution exhibited exaait inhibition against tested
Gram positive bacteria (MIC=6.75 pg/mL) and Grargaive bacteria (MIC=12.5 pg/mL). CompoursfY with 4-
chlorophenyl substituent at R on triazin-4-one aus| was potent against all types of bacterial (Md@ge =12.5-
25 pg/mL) and fungal employed (MIC range = 12.%68@/mL). The MIC study of synthesized compounds
confirmed that the potency of the title compoursibased on the substituents attached to the plgeoyp. The
tested compounds having methyl, ethyl, phenyl, 2agie phenyl,3-methyl phenyl, 4-methyl phenyl, 2-
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chlorophenyl,3-chlorophenyl and 3-chloro-4-fluropfiesubstituent’s at the 3-position were less a&ctigainst all
the tested organisms. Antimicrobial results of flyathesized compounds concluded that lipophillicugs like
chloro, fluoro substitutions on the phenyl ringypkn important role in enhancing the antimicrolgiedperties of
this class of compounds.

o) /R
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4-Fluorophenyl, 32 R = 2-Chlorophenyl
3-Chlorophenyl,34 R = 4-Chlorophenyl
H, 36 R = Methyl, 37 R = ethyl,
Phenyl, 39 R = 2-Methyl phenyl,
3-Methyl phenyl, 41 R = 4-Methyl phenyl
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James C. A. Huntt al. [18] synthesized a new series of pyridothieng3tiBlazines and screened them for
antifungal activity againggrysiphe graminis. Compound#2 with R1= Morpholino, R2= OC3H7 amB with R1=
Pyrrolidino, R2= OCH3 groups displayed significantifungal activity with 94% and 92% inhibition sgectively.
Compound44 exhibited potent antifungal activity (with 100% ibhion).Compounds45 with R1= Morpholino,
R2= OC2H5,46 with R1=Morpholino, R2= SCH347 with R1= Morpholino, R2= SC2H5 and8 with R1=
Morpholino, R2=MeOCH2CH20 groups also showed posatifungal activity (with 100% inhibition). Compnds
49 with R1= N(C2H5)2, R2= OCHX0 with R1= PhCH2(Me)N, R2= OCH3%1 with R1= MeOCH2CH2(Me)N,
R2= OCH3 and2 with R1= MeOCH2CH2(Me)N, R2= MeOCH2CH20 groups atdmwed potent antifungal
activity. Compoundst4-52 (with 100% inhibition) showed more antifungal &it§f as compared standard drug
Fenpropimorph with 97% inhibition.They concludedittincorporation of oxygen atoms into the side ihaif the
pyridothieno-1,2,3-triazines has increased thelslity of the compounds by 10-fold whilst retainifgological
activity.
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42 R, = Morpholino, B = OGH-,

43 R, = Pyrrilidino, R, = OCH,,

44 R, = Morpholino, B = OCH;,

45 R, = Morpholino, B = OGHs,

46 R, = Morpholino, B = SCH;,

47 R, = Morpholino, B = SGHs,

48 R, = Morpholino, B = OCH,CH,OCH,,
49 R, = N(GHy), R, = OCH,

50 R, = PhCH(Me)N, R, = OCH;,

51 R, = MeOCH,CH,(Me)N, R, = OCH;,
52 Rl = N(CH3)CH2CH20CH3, R2 = OC"bCHzoCH:g

Samir Bondocket al. [19] synthesized a series of pyrazolo[8]¢tazine and screened them fan vitro
antimicrobial activity againdBacillus thuringiensis, Klebsiella pneumonia, Botrytis fabae and Fusarium oxysporum
by the agar diffusion method. Compoub@ exhibited significant antifungal activity. It wasomrcluded that
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incorporation of antipyrine to the coumarin nucleatsposition 3, via a carboxamide linker producesigh
antimicrobial activity.
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Tarun M. Patekt al. [20] synthesized some 1-(4HInaphtho[1,8-de][1,2,3]triazin-1 ylsulfonyl) phema}chloro-
4-arylazetidin-2-one derivatives. Antibacterial igity of all the compounds was studied against Gaositive
bacteria §taphylococcus aureus andBacillus subtilis) and Gram negative bacteria ¢oli andklebsiella promioe) at
50ug/MI by agar cup plate method.Compoubds55 and 56 bearing chloro, methoxy and hydroxy groups at 4-
position showed significant antibacterial activiGompounds containing hydrogen, methyl and bronfistiutions
at 4-position and hydroxy at 2-position were fouade less or moderate active than standard dratggdycline).
Compoundb4 also exhibited maximum antifungal activity as congabto other tested compounds at 1000 ppm.

54 R = 4-Cl,
55 R = 4-OCH,
56 R = 4-OH

Tarun kumar M. Patedt al. [21] synthesized some 1-(4Hinaphtho[1,8-de][1,2,3]triazin-1-ylsulfonyl)phemns}
oxo-2-arylpyrrolidine-3-carboxylic acid derivativeBhe antibacterial activity of all the synthesizammpounds was
studied against Gram-positive bacter@aphylococcus aureus and Bacillus subtilis) and Gram-negative bacteria
(E.coli andklebsiella promioe) at 50 pg/mL by agar cup plate method. Compol&mydsnd 58 bearing 4chloro and
4- methoxy groups respectively, showed significamibacterial activity. Compounds containing hydmegmethyl
and bromo substitutions at 4-position were foundbeéoess or moderate active than standard drugadyetine).
Compoundb7 also exhibited maximum antifungal activity as conggbother tested compounds at 127000ppm.

57 R=Cl,
58 R = OCH
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Jose M. Quintelaet al. [22] synthesized a series of pyridothienotriagirsmd evaluated them for antiprotozoal
activity againstPhilasterides dicentrarchi. Pyridothienotriazines incorporating a piperazimneup is directly related
to the antiprotozoal activity of the compounds ag#l. dicentrarchi. Pyridothienotriazine59) showed the activity
(0.8 mg/L in physiological phosphate-buffered salamd 1.5 mg/L in sea water) which is comparabte standard
drugs niclosamide and oxyclozanide (0.8 mg/L). &tienotriazines 60-65 showed significant antiparasitic
activity. Comparison of the compound80( and 61) indicated that substitution of the ethoxy groupttee 7th
position by a phenyl and the cyano group at thep@tsition by a hydrogen atom produces 4-fold inseeaf the
lethal dose values. All the compounds of this separticularlys9, possess significant antiprotozoal activity.
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65

F. Kiuchiet al. and J. Feldmesset al. [23-24] observed structure—activity tendencies eddyl cyclic amines and
Nsubstituted amides. They concluded that the hybbje/ hydrophilic balance of the compounds costrble
nematocidal activity. Keiji Nishiwakit al. [42] synthesized some tetrahydrobenzotriazines aew class of
nematocide. Compound®), having acetyl group, showed the strongest aygti{@i00% of the revised death rate).
Decanoyl derivative 7), having long acyl chain, also showed high nemidtcactivity (97%). Nematocidal
activity of the compound6@) was 5 times stronger than that of the compo@&®l Compound$6, 68 and methyl
isothiocyanate (standard drug), killed all the nwrdas within 24 hours. They revealed that this tmeyue to the
hydrophobic nature or bulkiness of the methyl groMematocidal activity of the tested compounds gadigt
decreased as the length of the acyl chains inaleabe the phenylurea and phenylthiourea substituted
tetrahydrobenzotriazines, introduction of a metirgup on the nitrogen atom increased the nematioaadizity.
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Michael T. Migaweet al. [25] synthesized some new 4,5-disubstituted3 78 ribofuranosyl) pyrrolo [2,3#][1,2,3]
triazines as analogs of triciribine. Synthesizeshpounds 70-78) were evaluated for their antiviral activity. Maxit
the pyrrolotriazine analogg@-72, 76-78) were inactive or weakly active against human mggalovirus (HCMV)
and herpes simplex virus type 1 (HSV-1). The 2-azalog of sangivamycin/§) was active against HCMV and
HSV-1.

Activity of the compound{4) was most likely due to its high cytotoxicity. Cpound ¢8) shown modest activity
against HCMV and was cytotoxic at the concentratiohonly two to three times of antiviral concetibas. They
concluded that in comparison to triciribine, thevhesynthesized analogs were less active againgtHand more
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cytotoxic. Steven Krawczylkt al. [26] synthesized some 4-substituted imidazof}|5;2,3]triazine(2-azapurine)
nucleoside derivatives. Synthesized compounds wested for their activity against human cytomegales/
(HCMV) and for cytotoxicity in the cells used togpagate the virus [human foreskin fibroblasts, (HHFThey
reported that the unsubstituted compour@ (vas slightly active against HCMV in plaque anevds not cytotoxic
to stationary HFF's at the highest tested concemtraThiomethyl substituted analogQ) was the most active

compound and comparable to ganciclovir albeit githater cytotoxicity.
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E 73R = NNH,
OH 74R =0,
75 R = NOH,
72 76 R = NCN
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GL Viswanathaet al. [2] synthesized some bicyclothieno 1,2,3-triazamalogs and screened them for analgesic,
anti-inflammatory and antiarthritic activities. Athe tested analogs showed significant analgestéjrdélammatory
and antiarthritic activities. Compoud (50 mg/kg, i.p.) was found to be more potent thantazocin (4 mg/kg i.p)

in hot plate test. In the motor coordination tesing rotarod apparatus, compow8id(100 mg/kg, i.p.) exhibited
significant sedative effect that was evidenceddaluction in the endurance time. They revealedtttetmechanism

of analgesic effect of tested compounds could be @ublockade of the effect or the release of eadogs
substances that excite the pain nerve endingsasitoithat of standard drug pentazocin and othekxINS.

81
Srinath R.et al. [27] synthesized some new thieno 1,2,3-triazionés. All the synthesized compounds were
screened for antidepressant activity by using sagpension, reserpine induced hypothermia and dosgém
models. Compounds8®) and 83) showed significant activity against all modelsb@tmg/kg. Compoundg@) also
exhibited significant activity against all modelS thg/kg. At both dose levels (25 mg/kg and 50 my/kmti-
depressant activity of both the compour8® @nd 83) was comparable to standard drug Imipramine (2kg)g
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Jose Maria Quintelat al. [28] synthesized some pyridotheino and pyrld(ﬂinbtrlazmes and evaluated them for
antihistaminic and cytotoxic activities. Compour{@84) and 85) were found to be strong inhibitors under all the
conditions tested, while compoun86f was found to be a good inhibitor under all thenditons except the
condition when it was preincubated with ovoalbum@ompounds &7), (88) and 89) were found to be good
inhibitors in the immunological experiments but e@ractically inactive under chemical stimulus. @aunds 90)
(IC50 = 0.25pug/mL) and9) (IC50 = 0.05pg/mL) showeth vitro cytotoxic activity against several human and
mouse tumoral cell lines. The nitrogen-substitutednpounds 42) and @3) also showed significant inhibitory
action. The oxygen-substituted anal®g)(surprisingly acted as an inducer of the liberatidd histamine in some
assays. The screening data showed that the repdatdérom ethoxy to aminobenzyl did not produce ehgnge in
the activity. They revealed that a common mechani$mction of the compounds was perhaps relatethéo
alkylating properties of the masked imminium iogriotheino- 0) and pyridodithieno91) compounds showed
remarkable activity against several human and mauseral cell lines.

o

) 84 85 R = OGHs,
86 R = NHNH
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Gollapalle L. Viswanathaet al. [29] synthesized someHzbenzo[4,5]thieno[2,3[1,2,3]triazin-4-ones and
evaluated their antihistaminic activity. All the mpounds showed very godd vitro antihistaminic activity.
Sedative action of the synthesized compounds wasdfoto be less in comparison to standard drug
chlorpheniramine maleate.Compound®b) (@and 96) were found to possess competitive antagonisrooagpared to
the standard drug.Compourfai7f was found to possess non-competitive antagoniddiaeceptor site and showed
very low sedative potential as compared to thedstathdrug.
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Cl

95 96

97
Jose Ma Quintelat al. [30] synthesized some 8-cyanopyrido[3’,2":4,5thd[3,2€]triazine derivatives as inhibitors
of nitric oxide and eicosanoid biosynthesis. Mokttt synthesized compounds exhibited considerabtwity.
SAR study of the synthesized compounds reveals ttheat8- cyanopyridothieno-1,2,3-triazines with dooh
substituent (R2 = CI) at position C-4 of the triszinucleus and a nitrogen heterocycle at C-7 (RLfaund to be
good inhibitors of PGE2 production, and reductiohgbout 50% of the control value are obtained wstrtases.
Compound with arN-(p-acetylphenyl)piperazine group at C-7 (R1), is fduo be much more effective (95%
inhibition), practically suppressing the generatiéiPGE2. Presence of an amino group or a lineamexat C-7 and
a bromo instead of a chloro substituent atom ati€associated with a total loss of activity on RPGioduction.
Compounds carrying a morpholine substituent at & different heterocycles at C-4 (R2), a modedaterease
(30-40%) in accumulation of both metabolites apuM. At 10 UM concentration, compound bearings moliple at
C-7 and 4-methylpiperidine at C-4 is an active coorg inhibiting around 90% production of NO and RPGE
While compounds containing heterocycles other ttmmpholine at C-7 position show 50% inhibitory aation
both metabolites generation. The presence of acgeifiines in C-7 position does not improve the ¢ffeness of
these compounds. 8 Cyano pyrido thieno-1,2,3-ti&zid8) and ©9) were the potent inhibitor with IC50 values of
11.2 and 3.4 pM on nitrites and 0.9 and 0.6 puM oostaglandin E2 production on murine macrophages,
respectively. They concluded that the effect of poonds 98) and ©9) could be due to their action on the degree
of induction/ expression of NOS and COX proteingseal by LPS in macrophages. These compounds nmegbt b
benefit for the prevention and treatment of autoimen diseases, septic shock, and different inflarorpat
pathologies.
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98

Raymond D. Youssefyebt al. [31] synthesized a new series of pyrido[3',2]#hjBno[3,24d]-N-triazines and
evaluated them for antiallergic activity. Most detsynthesized compounds showed significant agtgad activity
with a mechanism of action similar to that of digmd cromoglycate (DSCG) for the prophylaxis of aséh DSCG
is a well established drug that inhibits releaséhaf mediators of anaphylaxis and thus providesophylactic
treatment of asthma. Compound9@103) were found to be more potent inhibitors of AlRt{gen-induced release
of histamine) than disodium cromoglycate (150 vatug uM) when added simultaneously with antigere Pbtent
compound101 (150 value = 0.05 pM) was 60 times more potent tBe8CG as an inhibitor of AIR in the rat
peritoneal mast cells (RMC) assay. Compounds of #eries were also tested orally for inhibition pafssive
cutaneous anaphylaxis (PCA) in the rat, eithersibgle dosel02 104and105 25 mg/kg PO) or at multiple dose
levels (100, 101, 103 106, and107). Compoundl08 was an orally potent inhibitor of the IgE-mediaesksive
cutaneous anphylaxis in the rat (ED50 = 1.5 mg/ky;however, it was virtually inactivia vitro, suggestingn
vivo metabolism to an active form. Compounds with raabty low oral ED50 values wetE0 (5.2 mg/kg) and
106 (3.6 mg/kg). Substitution of the hydrogen in theakition by hydroxy 100), amino(102), ethoxyethyl 105),
methylamino {08), or a sulfhydryl groups103 resulted in compounds that inhibited AIR from RM&owever,
replacement of the 4-hydrogen by an ethoxy, chlonethyl carbazate, or methylthio groups did nouites
compounds capable of inhibiting AIR. Replacementhef 7-methyl 100) with a phenyl group101) resulted in a
compound that was also an active inhibitor of PE®%0 = 3 mg/kg). Compound.Q1) was potent as an inhibitor
of AIR from RMC and also oral PCA.
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100 R = CHy, Ry=H, Ry = OH,
101 R = CgHs, Ry= H, Ry = OH,
102 R = CHy, Ry=H, Ry = NH,,
, Ry =H, Ry=SH,
104 R = CHy, Ry = H, Ry = NHNHCOOCH,
=H, Ry = O(CH)OC,Hs,
R, = OH,
Ry

108 R =CH; R,=H,R;=H
2.Synthetic Analogs of 1,2,4-Triazines, Showing Variss Pharmacological Activities
J A Hassanen et al.[32fported the synthesis, biological activity and snggectral investigation of 1,2,4- triazino-
[2,1-a]-1,2,4-triazine derivativeB09. B S Dawane et al.[33] have synthesized 1,2, 4itv&aderivatives containing
quinoline nucleud 10and evaluateth vitro antimicrobial activity.

109 ‘

S K Pandey et al.[34] reported the antimicrobiati&s of some novel quinazolinones derivativesdwsigh [1,2,4]-
triazole, [1,2,4]-triazine and [1,2,4,5]-tetraziriegs 111. K Sztanke et al.[35] have synthesized 8-aryl-3@kdi
2H,8H-6,7-dihydroimidazo[2,X] [1,2,4]triazinesl12 and tested them for pharmacological activity.

nRaVROAS:
= N 112

K Sztanke et al.[36feported the synthesis, crystal structure and amtier activity of novel derivatives of ethyl 1-
(4-oxo-8-aryl-4,6,7,8-tetrahydroimidazo[2,1-c][YRriazin-3-yl)formatel13 J Styskala et al [37]have synthesized
a new series of 2-aryl-4-(benzimidazol-2-yl)-1,Pnliro[1,2,4]triazino-[4,5-a]benzimidazol-1-one detives114
with preferential cytotoxicity against carcinomal tiees.
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IY @D\(L@

114 |

R,00CH,C
Ar

W R Abdel-Monem et al.[38] have synthesized andeesced antimicrobial activity of some new nitrogen
heterocyclic systems bearing 1,2,4-triazine maoldty.

< §\>7/_\

S 115 -

)

P Barraja et al.[39}eported the synthesis and antiproliferative astiof [1,2,4]triazino[4,3a]indoles116. P Diana
et al.[40] have synthesized some novel pyrrolofd}1;2,4]triazines117 from 2-diazopyrroles and evaluated their
antiproliferative active

COOEt
CN
“ \
N NH
N R; N
N
R; / M Vi
117 |
4 16 v Va

K Sztanke et al [41tleported the synthesis, crystal structure and aifigpative activity of novel derivatives of
methyl and ethyl 2-(4-oxo-8-arylF23,4,6,7-tetrahydroimidazo[2,1-c][1,2,4]triazin-Bacetates 118 from
biologically active 1-aryl-2-hydrazinoimidazoling@s.T Gucky et al [42] havesynthesized and testedtoyic
activity of some 3,7-diaryl-5-(3,4,5 trimethoxypthynpyrazolo [4,3-e][1,2,4]triazine$19.
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OMe

118 COOR

H lIrannejad et al.[43] reported the synthesis andvitro evaluation of novel 1,2,4-triazine derivatives as

neuroprotective ageni0.
R,

Ry

T ElI S Ali et al[44]reported the synthesis of some novel pyrazolo[¥¥+dine and pyrazolo[3,4-d]pyrimidine
derivatives bearing 5,6-diphenyl-1,2,4-triazine etgias potential antimicrobial agerd®l

SCH;,
NH,
/
N——N
» ﬁ/ ,/ﬁ%

Ph

ZCai etal[45]have reported the synthesis,SAR andluation of 4-[2,4-difluoro-5(cyclopropyl carbampyl
phenylamino]pyrrolo[2,1-f][1,2,4]triazine-based VER-2 kinase inhibitord22

%* v
N/N\ TN

\ N 122

R)_\N \ N\NJ

120
Pelagia Research Library



G. V. Pavan Kumar et al Der Chemica Sinica, 2016, 7(2):101-130

G Ciciani et al[46]have reported the synthesis efvnpyrazolo[5,1-c][1,2,4] benzotriazines, pyraz6laf
c]pyrido[4,3-e][1,2,4] triazines and their open kgaies as cytotoxic agents in normoxic and hypeogitditions. A
M EL Massry et al[47] reported the synthesis amdcstire elucidation of novel fused 1,2,4-triazirexidatives as
potent inhibitors targeting CYP1A1 activitg3and124.

R N/ R, " /N\N/\
1\@ r?/; /I )‘“\““N/N
e
123

| NH,
% 124

F Krauth et al[48] reported the synthesis and dharzation of novel 1,2,4-triazine derivatives it
antiproliferative activityl 25,

125

J. Prabhakaran et al[49] reported the synthesisjitio and in vivo evaluation of [O-methyl-11C] 2H4-(3-
methoxyphenyl)piperazin-1-yl]-butyl}-4-methyl-2H-[4,4]-triazine-3,5-dione: A novel agonist 5-HT1Aceptor
PET ligand126.

R

0 N

(o]

J. Zeller et al[50] studied a panel of six candidd@lnt/ f-catenin/Tcf-regulated genes and found that twithem
(Axin2, Lgr5) were reproducibly activated (9—-10dpiin rat intestinal epithelial cells (IEC-6) follang B-catenin
stabilization by Wnt-3a ligand treatment. Two pomsly reportedp -catenin/TCF antagonists (calphostin C,
xanthothricin) and XAV939 (tankyrase antagonistjiliited Wnt-activated genes in a dose-dependehidad 27.
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W. Lv et al[51] reported a pyrophosphatase-coupled high-througbgeening assay intended to detect o-succinyl
benzoic acid coenzyme A (OSB CoA) synthetase itdnibiled to the unexpected discovery of a new seieovel
inorganic pyrophosphatase inhibith28.

Cl
\ /)\NQ/Q
128

J. N. Sangshetti et al[52] reported an improvedtiqual for the synthesis of a novel series of 1{Bi#zines
possessing 1,2,3-triazole and piperidine ring usidg(1-substituted piperidin-4-yl)-1H-1,2,3-triazede
carbohydrazide, benzil, ammonium acetate and erBEIZIO as a catalyst in ethanol-water has been presaiited

the synthesized compounds were screened for im afttifungal activity129.

o

N
129

H. M. Ashour et al[53]have synthesized a new series of thieno[20,30:¥Bido[1,2-b][1,2,4]triazines and
thieno[2,3-d][1,2,4]triazolo[1,5-a] pyrimidines. &newly synthesized compounds were evaluated fsir #nti-
inflammatory and analgesic activity using diclofeiNa as a reference standagD.
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N R,
N/ AN
A
N N
K. Ban et al[54]reported the discovery of 3-alkidti,2,4-triazine dimers that are potently toxicR@asmodium

falciparum, with single digit nanomolar activitypchup to several thousand-fold lower toxicity tommaalian cells.
They are equipotent against chloroquine-resistaaitns of P. falciparum31

130

N— ——N

N/ \N
\ /" \_v

R 131 Re
Deeb et al[55]reported. The synthesis of 3-Aminapgto|[3,4-d]pyridazine which was diazotized andpled with

active methylene reagents to afford the tricycligrigazino [3,4:3,4] pyrazolo[5,1-c]-1,2,4-triazines with
substituents such as methyl, phenyl, ethoxycarhaogdtyl or benzoyl, depending on the methylengeetiused.
The in vitro antimicrobial activities for some dfet synthesized compounds were evaluated againsefdua coli,
Pseudomonas aeruginosa, and Staphylococcus amé@aadida albicans were determii&2.

Ph NN
Ph“)‘f< ’2_R
N
N \h\\N """--.N/ Me
132

Y. Zhou et al[56]reported that pyrimido[5,4-€e][1,2,4]triazine-5,7(8BH)-dione derivatives were investigated as
novel small molecule amplifiers of heat shock fadtotranscriptional activity. Lead optimization ldd the
discovery of compound, which displayed potent HSfetivity under mild heat stress (E)C: 2.5 uM) and

significant cytoprotection in both rotenone gg:€:023 uM) and oxygen-glucose deprivation cell toxicity netsl
(80% protection at 2.hM) 133
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W. D. Schmitz et al[57] reported a series of 5-amyino-1,2,4-triazin-6(1H)-ones was synthesized evaluated as
antagonists at corticotropin releasing factor remepormation of CYP-mediated oxidative reactivetabelites

previously observed in a related N3-phenylpyrazenstructure was minimized by incorporation of tlieliional

ring nitrogen found in the triazinon&84.

N o
N|/
P
HsC N X
134

H. Irannejad et al [58] reprted that a series &ri-6-(4-methylsulfonyl)-3-(metylthio)-1,2,4-tridqme derivatives
were synthesized and their COX-1/COX-2 inhibitootivty as well as in vivo anti-inflammatory and agesic
effects were evaluated. All of compounds showednstrinhibition of COX-2 with Icsiovalues in the range of 0.1—

0.2uM and in most cases had stronger anti-inflammaamy analgesic effects than indomethacin at dosesl3®
mg/kg. Among them, 5-(4-chlorophenyl)-6-(4-(methwfenyl) phenyl)-3-(methylthio)-1,2,4-triazine walse most
potent and selective COX-2 compound; its selegtiyitdex of 395 was comparable to celecoxib (Sl $5)40
Evaluation of anti-inflammatory and analgesic effeshowed its higher potency than indomethacinterdte could
be considered as a promising lead candidate fohduidrug development. Furthermore, the affinityadaf these
compounds were rationalized through enzyme dockingulation and 3D-QSAR study by k-Nearest Neighbour
Molecular Field Analysi4d35.

0
ol
/ X
H.C |
B | N\\QN
N/)\scna
R 135

V. J. Majo et al [59] identified the fluoroethyl eative, 2-(4-(4-(2-(2 fluoroethoxy) phenyl) pi@ein -1-yl) butyl)-
4-methyl-1,2,4-triazine-3,5(2H,4H)dione (FECUMI-)QKi = 0.1 nM; Emax = 77%; ES%: 0.65 nM) as a patrtial

agonist 5-HT1AR ligand of the parent ligand CUMILLOFECUMI-101 is radiolabeled with F-18 by O-
18
fluoroethylation of the corresponding desmethyllague with [ F]fluoroethyltosylate in DMSO in the presence of
18
1.6 equiv of K2C03in 45 + 5% vyield (EOS). PET showsKF]FECUMI-101 binds specifically to 5-HT1AR enriched

18
brain regions of baboon. The specificity ofHJFECUMI-101 binding to 5-HT1AR was confirmed byatlenge

18
studies with the known 5-HT1AR ligand WAY100635.€Ble findings indicate that FJFECUMI-101 can be a
viable agonist ligand for the in vivo quantificatiof high affinity 5-HT1AR with PETL36.
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136
R. W. Carling et al [60] devised a novel synthetiates have been for the preparation of previousdgcessible
2,3, 7-trisubstituted pyrazolo-[1,5-d][1,2,4]triaesn These compounds are high affinity ligands fer GABAA
benzodiazepine binding site and some analogues &lmmtional selectivity for agonism aB-containing receptors
over al-containing receptors with the lead compe3d A-D).

M 137-B

137-A
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137-C 137-D

S. R. Jennings et al [61] reported the ImidazoH][2;2,4]triazines as a2/a3 subtype selective GAB#gdnists for

the treatment of anxiet}38
N \ S R

X=N Or CH
138

M. Xin et al [62] reported the design, synthesis] @valuation of pyrrolo[2,1 f][1,2,4]triazine deatives as novel
hedgehog signaling pathway inhibitdr39.

HO

OCF;

XN ol

139

J. Sampognaro et al [683ported the proline isosteres in a series of Kdbdtituted pyrrolo[1,2-f][1,2,4]triazine
inhibitors of IGF-1R kinase and IR kina$0.
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S. T. Wrobleski et al [65] reported a novel seridscompounds based on the pyrrolo[2,1-f][1,2,4}iee ring
system have been identified as potent p38a MAPskinahibitors. The synthesis, structure—activitlatienships
(SAR), and in vivo activity of selected analogsnfrthis class of inhibitors are reported. Additiostaldies based on
X-ray co-crystallography have revealed that oneheaf potent inhibitors from this series binds to EG-out

conformation of the p38a enzyrd1l.

CH,
i 0
AL O
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P. Zhan et al [66] reported the structure-baseisdsterism design, synthesis and biological evadnabf novel
1,2,4-triazin-6-ylthioacetamides as potent HIV-1RINs 142.
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CONCLUSION

The biological potential of 1,2,3 and 1,2,4-triaziderivatives is cleared from the literature andichlly used
drugs. The literature revealed that 1,2,3 and 4iykazine derivatives possess diverse biologicakptial, easy
synthetic routes for the synthesis and attractsdarehers for development of new chemotherapegénta and it
also revealed the importance of the nucleus.

Summary and future directions
Extensive research is required on 1,2,3 and 1riydite moiety to find novel analogs suitable fdinical
applications in the cancer treatment.
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