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ABSTRACT

In recent years, Triazole derivatives have acquired conspicuous significance due to their wide spectrum of
biological activities. There is an increasing demand for the preparation of new antimicrobial agents due to the
devel oping resistance towards conventional antibiotics. This review article covers the latest information over active
triazole derivatives having different pharmacological action such as, antiviral, anticonvulsant, anti-inflammatory,
antibacterial, antifungal and antituberculosis. It can act as an important tool for medicinal chemists to develop
newer compounds possessing triazole moiety that could be better agents in terms of efficacy and safety.
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INTRODUCTION

In the previous years the synthesis of high nitrogentaining heterocyclic systems has been atttaittemany
pharmaceutical and agrochemical industries. In gharmaceuticals, the triazole derivatives are ugedthe
treatment of local and systemic fungal infectiombey are also frequently observed in immune-compsed
patients suffering from AIDS or subjected to invassurgery, anti-cancer therapy. Triazole at pms#til and 3 of
the indole nucleus enhances the anti-inflammateory NS activity. The pharmacological activity otrogen
containing heterocyclic system has been reportetidrscientific literature in wide range. 1, 2 riézol ring with
diverse pharmacological effects have been repoatedherapeutic agents in medicinal chemistry. Camgs
having triazole moieties such as vorozole, anastegand letrozole appear to be very effective atase inhibitors
very useful for preventing breast cancer. It has &leen reported that the conversion of the aminapgin the 4
position in the 1, 2,4-triazole ring into an argitt amino group causes antitumor activity. It isvin that 1, 2, 4-
triazole moieties interact strongly with the hemmniand aromatic substituents in the active sitgrofmatase. It also
plays important roles in medicinal, agriculturatlandustrial fieldsN-bridged heterocyclic derivatives derived from
1,2,4-triazoles show varied biological activitiasch as antimicrobial, anticonvulsant, anticanceglgesic, anti
HIV, and anti-inflammatory properties

BIOLOGICAL ACTIVITIESON TRIAZOLE AND THEIR DERIVATIVES

Antimicrobial activity

Synthesis of new 1,2,4-tri and 1,3,4-thiadiazoBswere prepared by Khosrowt al. [1] This synthesis bearing
isomeric pyridyl and 1-naphthyl is reported using-disubstituted thiosemicarbazides in alkaline aaidic media,
respectively. The methylthio and benzylthio deiied of the synthesized triazoles are also repordidof the
synthesized compounds were characterized by thBEilRE 1H-NMR and mass spectral data. The antibadter
studies of some of the synthesized compounds adaiasreus andE. coli as MIC values are reported.
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Synthesis of Indole-3-carboxylic acid hydrazid was prepared by Abdel-Rahmanal. [2] This synthesis was
treated with aromatic aldehydes in ethanol to dhe corresponding hydrazone derivatives in gooddyieThe
indole carbohydrazide was incorporated into thend®lyloxadiazoles This synthesized compound show good

antibacterial and antifungal activity.

CONHNH,
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The synthesis of 4-amino-5-(4-chlorophenyl)-2-[(Bfoapto-1,3,4-oxadiazol-2-yl)methyl]-2,4-dihydréi3.,2,4-
triazol-3-one B) was reported by Hakae al. [3] This synthesiswas performed starting from 4-Amino-5-(4-
chlorophenyl)-2,4-dihydro3-1,2,4-triazol-3-one by four steps; then (3) wasweoted to the corresponding Schiff
base (3a) by using 4-methoxybenzaldehyde. Finallg, Mannich base derivatives of (3agre obtained by using
morpholine or methyl piperazine as amine componglitnewly synthesized compounds were screenedtfeir
antimicrobial activities and some of which were riduto possess good or moderate activities agalesttast
microorganisms.
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Synthesis of 4-[Arylidene-amino]-3-thiophen-2-ylmgt4,5-dihydro[1,2,4]triazole-5-one compoundd4) were
reported byyaseminet al. [4] This synthesis is obtained with Schiff basamcter from the reaction of 4-amino-3-
thiophen-2-ylmethyl-4,5-dihydro¥-[1,2,4]triazole- 5-ong with various aldehydes. They were characterizetRhy
NMR, 13C-NMR, and elemental analyses. The syntkésmompounds showed good antifungal activity agains
yeast-like fungi.
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The syntheses of acylhydrazorigswere reported by Nurhaat al. [5] A series of acylhydrazones were synthesized
by the condensation of iminoester hydrochloridethvédcyl hydrazine. 2, 5-Dialkyl 1, 3, 4-oxadiazolegre
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obtained in the same reaction media. The treatwieatylhydrazones with hydrazine hydrate affordeah#ino-3,
5-dialkyl-1, 2, 4- triazolesThis compounaghowed good antifungal activity only against ydést-fungi.

_N—-NH-CO-R'
R-G?

OEt
R= -CH,

R’=-CHS,

®)

A series of novel di-[3(thiophen-2-yl-methyl)-4,%hgdro-1H-[1,2,4]triazole-5-one-4yln-alkane$)(were reported
by Yaseminet al. [6] This series were obtained by the reaction of1Néthoxy-2-thiophen-2-yl-ethylydene
hydrazine carboxylic acid ethyl estend diamines. The structures of the new compourate mferred through IR,
1H/13C NMR, elemental analyses, and mass specatal #Many compoundwere characterized by IR, 1H/13C
NMR, elemental analyses, mass, and X-ray spe&tchhiques. Mostly compoundbiowed good antifungal activity
only against yeast fungi, while few compound shoveetimicrobial activity against the bacteseudomonas
aeruginosa ATCC10145 Enterococcus faecalis ATCC29212 and the yeast funGandida albicans ATCC 60193
andCandida tropicalis ATCC 13803

A
(CHy),
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A series of acylhydrazones were reported by Mestlat. [7] This was synthesized from the reactions of meister
hydrochlorides with acyl hydrazine. 2, 5-DialkyB}4-oxadiazolesvere obtained in the same reaction media. The
treatment of acylhydrazones with hydrazine hydmfflerded 4-amino-3, 5-dialkyl-1, 2, 4-triazoles.| Alewly
synthesized compounds were screened for their mmtimal and antifungal activities using agar-waiffusion.

Reaction of 3-(2-methylbenzimidazol-1-yl) propanatid hydrazide®) with CS2/KOH was reported by Afaf al.
[8] This reaction gives oxadiazole which underw&fdnnich reaction. Oxadiazolevas treated with hydrazine
hydrate to give triazolevhich was treated with both aldehydes and acetiyduide to giveand respectively. Some
of these compounds showed potential antimicroluiidies.
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1,2,4-triazole-3-thiol metronidazole derivativesreveeported by Haytherat al. [9] This compound have been
synthesized by treating 1,2,4-triazole-3-thiolshwihetronidazole tosylate (toluene-4-sulfonic aci(Ranethyl-5-
nitro-1H-imidazol-1-yl)ethyl ester) in DMF and in the prase of potassium carbonate as a base. S-alkylatbtlia
alkylated products were obtained, with the S-altedabeing the major products. All of the newly $atdized
compounds were characterized by IR, 1H NMR, 13C NMiRd high-resolution mass spectrometry. The
antiparasitic activity of the compounds againstaameba histolytica and Giardia intestinalis wassgtigated. The
antibacterial and antifungal activity of the compds, assessed as minimal inhibitory concentraticers also
investigated.

The synthesis of ethyl [3-(cyanomethyl)-5-alky41,2,4-triazol-4-yl]lcarbamateS8) were reported by Hacet al.
[10] This synthesized compound was performed startimgn frethyl 2-[ethoxy(4-(aryl)methylene] hydrazine
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carboxylatesAll the newly synthesized compounds were screenethkir antimicrobial activities and were found
to possess good or moderate antimicrobial activityis paper presents the synthesis of a serieomk snew
heterocyclic carbamates, conversion to Schiff hames the study of their antimicrobial activities.
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R= -NO, -CH, -H, Cl
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Anti-cancer Activity

A series of 4-arylidenaminoHt1, 2, 4-triazole derivative®) were reported by Olcagt al. [11] This series were
synthesized from the treatment of 4-amirnd-Y4, 2, 4-triazole with certain aldehydes. Compounglsre
characterized by elemental analyses and 1H NMR,NBI®, IR and UV spectral data. In recent yearsioter 1, 2,
4-triazoles and 4, 5-dihydra-tl, 2, 4-triazol-5-ones have been found to be aatmt with diverse
pharmacological activities such as anticonvulsamtifungal, anticancer, anti-inflammatory and aatiterial.
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A series of novel 3-alkyl-4-cyclohexylmethylenamifaxo-4,5-dihydro-[1,2,4]triazoles10a) and 3-alkyl-4-
hexylidenamino-5-oxo-4,5-dihydro-[1,2,4]triazole40) were reported by Neslihaet al. [12] This were
synthesized from the reaction of corresponding k§tsl-amino-5-oxo-4,5-dihydro-[1,2,4]triazolewith
cyclohexancarboxaldehyde and capronaldehyde.iifvéro antitumor activity of some selected compounds was
screened by the National Cancer Institute (USA)resjaseveral human tumor cell lines. It is knowattfl, 2, 4]
triazole moieties interact strongly with the hemmiand aromatic substituents in the active siterofmatase.
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Anti- fungal Activity

The antifungal activity of UK 49,858, a difluorophg bis-triazole derivative reported by Kobayashal. [13] This
was evaluatedn vitro against seven strains of Histoplasma capsulatuhiraxivo in AKR and C57BL/6 murine
models of histoplasmosis. The therapeutic indekJikf49,858 was 4.3 for AKR mice and 7.1 for C57BL1the
successful clinical trials of mono (N)-substitutedidazole compounds such as miconazole and ketaotma
against infections with yeasts and filamentous iy have led to the development of newer compsundvhich
the imidazole ring is replaced by the related 1tBarole ring. One such derivative, UK 49,858 R4(

5160



M. Shamsher Alam et al J. Chem. Pharm. Res,, 2012, 4(12):5157-5164

difluorophenyl) I-,3-bis(H-1,2,4-triazol-1-yl)-2-propanol], was synthesizeg Pfizer Central Research, Sandwich,
England.

ER-30346 (1) was reported by Katsumt al. [14] This is a novel oral triazole with a broguestrum of potent
activity against a wide range of fungi. ER-30346thwMICs at which 90% of the strains tested areiliitéd
(MIC90s) ranging from 0.025 to 0.78 mg/ml, was 43@® times more active than itraconazole, flucornazahd
amphotericin B agains&Zandida albicans, Candida parapsilosis, andCandida glabrata. ER-30346 was 2 to 8 times
more active than itraconazole and amphotericin & 32 to >256 times more active than fluconazole-3BB46
also showed good activity against dermatophytety) MiCs ranging from 0.05 to 0.39 mg/ml. Of the gisutested,
ER-30346 was the most effective drug against syistespergillosis. We studied the levels of ER-308#46ouse
plasma. The maximum concentration of drug in plasma the area under the concentration-time curveeR-
30346 showed good linearity over a range of doses £ to 40 mg/kg of body weight.
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N’N OH
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F
F

(11)

Anti- Viral Activity

Synthesis of 3N-alkyl and 5N,N-dialkylcarbamoyl {2a) were reported by Velazquig al. [15] This synthesis
have been prepared and evaluated as inhibitorsI\6f1Heplication. A new regiospecific synthetic pemlure is
described. The compounds were prepared by cycloaddiof the appropriate glycosylazide to 2-
oxoalkylidentriphenyl- phosphoranes, followed byeattment with primary or secondary amines, to vyield,
exclusively, 5-substituted 1, 2, 3-triazole- TSA@akgues(12b). Several 5-substituted 1,2,3-triazole- TSAO
derivatives proved to be potent inhibitors of HI\feplication with higher antiviral selectivity thamat of the parent

TSAO prototype.
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Synthesis of 1,2,3- triazole acyclonucleosidE®) (vere reported by Lazredt al. [16] This is synthesized via 1,3-
dipolar cycloaddition ofN-9/N-1-propargylpurine/ pyrimidine with azidopseudo-augs described and none of
them had Anti HIV activity. The synthesis and bmikal evaluation of modified nucleoside analoguasehbeen
very active research area for a no. of years. @nbet containing a five membered heterocyclic basémportant
target in chemical synthesis because of their prooed biological activities. Among them, ribavirfnirozole)
which contains a substituted 1, 2, 4-triazole rirgpresent the most successful one. The most commathod
described in literature for the preparation of 132riazole ring is the 1,3-dipolar cycloadditibatween substituted
acetylenes as dipolarophilies and alkyl azide @¢ives.

N B
N
N
B= Uracil-1-yl, Chlorouracil-1-yl, Brmouracil-1-yfuorouracil-1-yl
(13)
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A series of 2-mercaptoN-(1,2,4-triazole-3-yl) benzene sulfonamide deriedsi (14) reported by zazislawt al. [17]
This series containing the triazole moiety fusethvei variety of heteromatic ring was obtained bgcton of 3-
methylthio-1,4,2-benzodithiozine 1,1-dioxide detivas with hydrazine. Preliminary screening datdidated that
compounds were anti-HIV inactive whereas other caumpls ehowed a high, fairly high or moderate agtivi
against ten selected HIV mutants.

HS X
N2 R
| R?
Y

X=Cl, F; R=H, CH;R*= H, CH;

= /N\N N4\r/N\N

N i N
Y=

(14)

Anti-Malarial Activity

Histone deacetylase inhibitors (HDACDS) were reported by Patét al. [18] These inhibitors are endowed with
plethora of biological functions including anti-fiferative, anti-inflammatory, anti-parasitic, antbgnition-
enhancing activities. Parsing the structure—agtirédationship (SAR) for each disease conditionifal for long-
term therapeutic applications of HDACi. We repaorthe present study specific cap group substityiiterns and
spacer-group chain lengths that enhance the amtiaband antileishmanial activity. The anti-paragiroperties of
several of these compounds tracked well with tAei-HDAC activities.

N,
R={ N o
N
o
Hy) H
n=6-9
(15)
Anti-Histaminic Activity
A series of novel 1-substituted-4-(3-methylpheriyB-4-triazolo[4,3a]quinazolin-5(4)-ones (6) were reported
by Veerachamyet al. [19] This series were synthesized by the cyclization24dfydrazino-3-(3-methylphenyl)
quinazolin-4(3)-one with various one carbon donors. The startingterial 2-hydrazino-3-(3-methylphenyl)
quinazolin-4(3)-one, was synthesized from 3- methyl aniline byoael innovative route. When tested for their

vivo H1l-antihistaminic activity on conscious guinea pigdl the test compounds protected the animals from
histamine induced bronchospasm significantly; hehceuld serve as prototype molecule for furthevelopment

as a new class of Hl-antihistamines.
O CH3
C@“ O
N \'T‘
):N

R=-H, -CH, -CH,CHj, -CH,CI
(16)

Anticonvulsant Activity

A series of 5-[2-(phenylthio)phenyl]-1,3,4-oxadiézol,3,4-thiadiazole and 1,2,4-triazole derivativeere reported
by Ali et al. [20] Compounds were evaluatéad vivo for their anticonvulsant and muscle relaxant atiési using
PTZ and rotarod tests, respectively. Only compo8ramino-5-[2-(phenylthio) phenyl]lH-1,2,4-triazole showed
weak anticonvulsant activity. However, most of tmnpounds were active in Rota rod test and the effsttive
compound was 5-[2- (phenylthio) phenyl]-1, 3, 4-dieaole-2(#)-one which had comparable activity with
diazepam.

Several new N4-substituted triazolylthiazoles wasported by Bineshmarvagi al. [21] These compound were
prepared by the general method for 1,2,4-triaziolg closure. Anticonvulsant activity of compoundasameasured
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against pentylenetetrazole-induced seizures in rhicantraperitoneal injections of different dosektbe test
compounds. Pretreatment of animals with flumaz€rOl mg/kg, i.p.) as a benzodiazepine receptorsgantat did
not have any significant effect on anticonvulsasttvity of the test compounds. These results demnatesthat the
anticonvulsant activity of N4-substituted triazahjhzole agents is not probably mediated by dirgetraction with
benzodiazepine receptor complex.

A new series of substituted quinoline-Bijtone and 1,2,4- triazolo[4&-quinoline derivatives were reported by
Guanet al. [22] This series were designed and synthesizedneet the structural requirements essential for
anticonvulsant properties. hey do not provide &attsry seizure control in all patients and typigalause notable
adverse side effects (2, 3). Research to find reffextive and safer antiepileptic drugs, is, theref imperative and
challenging in medicinal chemistry.

Anti-Inflammatory Activity
New 1,2,4-triazole derivativgd7a,b) containing a phenylalanine moiety were reported/ifyaelaet al. [23] These
derivatives have been synthesized by intramoleayelization of 1,4-disubstituted thiosemicarbazide acid and
alkaline media, respectively, The toxicity of thenthesized compounds was evaluated and the afgmminfatory
study of the triazole compoundstablished an appreciable antiinflammatory agtittiat is comparable with that of
other nonsteroidal anti-inflammatory agents. Iki®wn that many 1,3,4- thiadiazole and 1,2 4-ti@aterivatives
have biological activity, with their antibacterisgdntimycobacterial, antimycotic, antifungal, anfidessive, and
cardiotonic action being notable. Recent reseasshdiso established for these heterocycles anesielgnd anti-
inflammatory activity.
N-N
CeHs_Hzc“qH_« A
II\IH 'u\l
co *
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64—NO,
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Current aspects of triazole derivative

Current FDA-approved triazole agents (fluconazdegconazole, posaconazole, and voriconazole) ddelw
prescribed for invasive fungal infections, and saleother triazoles are in development (albacoregzol
isavuconazole, ravuconazole). Although the relatigk of liver toxicity with triazoles appears lowpse-limiting
toxicities and pharmacokinetic drug-drug interagsiomay complicate the use of these agents. Newosiorr
inhibitors, namely 3-vanilidene amino 1,2,4-triszgihosphonate (VATP) and 3-anisalidene amino 1riz4ele
phosphonate (AATP) were synthesised and their meiong with biocide on corrosion control of coppeneutral
agueous environment has been studied.
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