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ABSTRACT

A novel series of 1,24-triazoles were designed, synthesised and screened for their 5-LOX inhibition and
antimicrobial activity. Among the tested compounds, compounds 6b and 6e showed potent 5-LOX inhibition with an
ICso of 6.98 and 8.0 ug/mL respectively, 6¢ and 6e were the promising compounds in antibacterial assay, where as
compound 6¢ was found to be lead compound in antifungal assay.

Keywords: 5-((3-(4-substituted phenyl)-5-mercaptbi4,2,4-triazol-4-yl) diazenyl) naphthalene-2-ol, L&X
inhibition activity and antimicrobial activity.

INTRODUCTION

Triazole and its derivatives represent an importdass of heterocyclic compounds. They possessia winge of
having biological applications and are used indethesis of drugs [1,2]. Triazole derivatives als used in the
synthesis of antibiotics, fungicides, herbicidesl gilant growth hormone insulators and are potdntigbod
corrosion inhibitions [3-5]. The vicinal triazolealso known as 1, 2, 3-triazoles are five-membeuedaturated
heterocyclic, the ring consists of three sequdmtiadked nitrogen atoms and two carbons. The pacempound
has one unlocated hydrogen atom, as indeed dcoeallatives with hydrogen joined to a ring. Triazlefer to
either one of a pair of isomeric chemical compouwith molecular formula @€4;Ns. The two isomers areHkt
1,2,4-triazolg1) and H-1,2,3triazole(2)
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Like the azoles, triazoles are used in many anglirugs and fungicides, but the triazole basedjslare more
selective for fungi than the azole-based antifurgahpounds [6]. The triazole antifungal drugs idedluconazole,
isavuconazole, itraconazole, voriconazole, pranazote and posaconazole. The triazole plant pratedtingicides
include epoziconazole, triadimenol, propiconazatetconazole, cyproconazole, tebuconazole, fluddéazmd

paclobutrazol [7]. Out of the two triazoles, 1,42triazole possess a wide variety of activitiesriBg the last few
decades, a considerable attention has been devotesynthesis of 1, 2, 4-triazole derivatives posses
comprehensive bioactivities such as antimicrobal @], anti-inflammatory [11], analgesic [12], atiimor [13],

antihypertensive [14] and antiviral [15].
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MATERIALS AND METHODS

3.1 Materials and methods

All the chemicals of analytical grade were obtaifiensn Sigma Aldrich and are used without furtherification.
Melting points (m.p) were recorded on Kumar capjllenelting point apparatus and are uncorrected. iffrared
(IR) spectra were recorded from KBr discs on Theiimolet (Model: 6700) spectrophotometer. The NMR &
3C) spectra were recorded on Bruker 400 MHz Avamepéctrophotometer using tetramethyl silane ammnal
standard. The progress of the reaction was mouitbse Merck TLC silica gel plates and purity of therget
compounds was achieved by Merck silica gel (10012@8h).

3.2. Yynthesis of substituted benzylidene hydrazines (2a-€)

In a 50 ml R.B. flask, varioys-substituted benzaldehydéka-e)(1 mmol) were dissolved in absolute EtOH (20ml)
and hydrazine hydrate (2 mmol) in EtOH was addetitha reaction mixture was stirred al®and refluxed for 1
h, in the presence of 6N HCI. The progress of #ation was monitored by TLC. After completion loé treaction,
EtOH was evaporated and on neutralization with & Hjueous solution of sodium bicarbonate yieldstsuibed
benzylidene hydrazinefa-e).

3.3. Yynthesis of Potassium -2-(substituted benzylidene) hydrazine carbodithioate (3a-€)

Substituted benzylidene hydrazinga-e) (lmmol) were dissolved in absolute EtOH (20ml) edming KOH (2
mmol) at ambient temperature and,@3 mmol) was added in parts. This mixture wasaagi for 16 h and diluted
with diethyl ether (50 ml). The product was filtdreff and vacuum dried. The potassium dithiocanhaiz(3a-€)
salt, were obtained in nearly quantitative yield.

3.4. Synthesis of substituted-5-phenyl-4H-1,2 4-triazol-3-thiol (4a-€)

Hydrazine hydrate (2mmol) was added slowly to tbengounds(3a-e)in water (100 ml), with stirring and was
refluxed on a water bath until the evolution ofSHjas ceased. The progress of the reaction wagarexhiTLC. It
was then cooled and carefully acidified with HCheTsolid thus separated, was filtered, washed witer and
purified by column chromatography and recrystatlifem EtOH to yield4a-e).

3.5. Synthesis of substituted-5-phenyl-4H-1,2 4-triazole-3 thiodinitrogen chloride salt (5a-€)

Compoundg4a-e)were dissolved in DCM (30ml) and 6N HCI (30ml) wadded at GC. To this biphasic system, a
saturated aqueous solution of NaN@OmI) was added drop wise. After stirring for @ at 0°C, NaN; (3 mmol)
was added at 8C. Stirring was maintained for 30 min and the migtwas allowed to room temperature. The two
phases were separated, and the aqueous phasetreaseeixwith DCM. The combined organic layers weesshed
with aqueous solution of NaHGQand brine solution and dried over Anhy.,8@), and filtered on active charcoal
bed. Evaporation of the solvent in vaccuo to yldde azidegsa-e).

3.6. Synthesis of 5-((3-(substituted phenyl)-5-mercapto-4H-1,2,4-triazol-4yl) diazenyl) naphthal ene-2-ol (6a-€)

The compoundSa-ewere suspended in a 1:1 mixture of DCM and watém() and 2-napthol in DCM (10ml) was
added. The resulting mixture was stirred at roompierature, till TLC analysis indicated completidrilee reaction.
The mixture was diluted with DCM (5ml) and watem(}. The organic layer was separated and the vphiase was
extracted again with DCM (5ml). The combined orgaalyer was dried over N80,. Removal of the solvent in
vaccuo Yields crude compounds which were purifigccblumn chromatography using silica gel (100-208sk)
and 6:4 (EtOAc :n-Hexane) as eluents and were further recrystallizech chloroform—hexane to afford the
corresponding substituted 1,2,4-triazdléa-e)

5-((3-mercapto-5-phenyl-4H-1,2,4-triazol-4-yl)diazenyl) naphthalene-2-ol (6a):

m.p: 232°C. '"H NMR (DMSO-ds, 400 MHz):6 4.5 (s, 1H, -OH), 7.0-7.3 (m, 6H, Ar-H), 7.5-8.4,(4H, Ar-H),
12.9 (s, 1H, -SH)**C NMR (DMSO4g, 100 MHz):0 109.3, 110.2, 117.5, 119.2, 120.4, 123.1, 125.6,2,2126.9,
127.4, 128.4, 129.8, 131.3, 148.4, 150.1, 156.1KBr, cm Y): 1398 (C-N), 1636 (N=N), 2852 (S-H), 3431 (O-H).
ESI-MS:mvz 347.12 [M+HT, HPLC: Mobile phase-Methanol,Retention time — 8.4din, Purity — 97.43%

5-((3-(4-chlorophenyl)-5-mer capto-4H-1,2,4-triazol-4-yl) diazenyl)naphthal ene-2-ol (6b):

m.p: 222C. '"H NMR (DMSO-ds, 400 MHz):6 4.6 (s, 1H, -OH), 7.2-7.8, (m, 6H, Ar-H), 8.0-818,(4H, Ar-H),
13.6 (s, 1H, -SH)**C NMR (DMSO+,, 100 MHz):6 108.9, 110.3, 116.2, 118.9, 121.7, 123.2, 124.8,112127.8,
128.7, 130.8, 131.1, 133.2, 146.1, 149.3, 155.0(KBr, cm*): 761 (C-Cl), 1321.9 (C-N), 1572 (C=C), 1627.9
(N=N), 2551 (S-H), 3409 (O-H). ESI-M3$wz 381.15 [M+H], HPLC: Mobile phase-Methanol, Retention time -
2.790 min, Purity-99%
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5-((3-(4-bromophenyl)-5-mer capto-4H-1,2,4-triazol-4-yl) diazenyl)naphthal ene-2-ol (6¢):

m.p: 212C. 'H NMR (DMSO-dg, 400 MHz):d 5.35 (s, 1H, -OH), 6.95-7.5 (m, 6H, Ar-H), 7.4-8§M, 4H, Ar-H),
13.0 (s, 1H, -SH)**C NMR (DMSO+,, 100 MHz):0 109.1, 110.4, 116.7, 119.6, 120.7, 123.1, 124.6,6,2127.2,
128.8, 130.3, 131.2, 133.3, 146.5, 149.8, 15,R3(KBr, cmi™): 797 (-C-Br), 1324.9 (C-N), 1572 (C=C), 1629.9
(N=N), 2554 (S-H), 3412 (O-H). ESI-MSnz 425 [M+H]" 427 [M+H+2] , HPLC: Mobile phase-Methanol,
Retention time-3.393 min, Purity-99.04%

5-((3-(4-amino phenyl)-5-mercapto-4H-1,2,4-triazol-4-yl) diazenyl) naphthalene-2-ol (6d): mp: 296°C. 'H NMR
(DMSO-dg, 400 MHz):6 4.6 (s, 1H, -OH); 5.8 (s, 2H, -NH2); 7.0-7.5 (m,,4Ai-H), 7.6-7.9 (m, 6H, Ar-H), 13.0 (s,
1H, -SH).**C NMR (DMSO4ds, 100 MHZz):6 109.4, 110.6, 116.2, 119.7, 120.2, 123.6, 124.8,2,2127.7, 128.9,
130.1, 131.7, 142.5, 146.3, 149.2, 155.7. IR (KBn,'): 1572 (C=C) 1591.8 (C=N), 1684.5 (N=N), 2549.4H5
3092.4 (O-H), 3430.3 (N-H). ESI-M&/z 362.17 [M+HT, HPLC: Mobile phase-Acetonitrile, Retention timd-34
min, Purity-98.85%

5-((3-(4-nitro phenyl)-5-mercapto-4H-1,2,4-triazol-4-yl) diazenyl)naphthalene-2-ol (6€):

m.p: 326°C. 'H NMR (CDCI3, 400 MHz)5 4.6 (s, 1H, -OH), 7.0-7.8 (m, 6H, Ar-H), 8.3-8.4,(#H, Ar-H), 13.0

(s, 1H, -SH).**C NMR (DMSO4d,s, 100 MHz):5 109.2, 110.9, 116.8, 120.1, 121.6, 122.2, 123.6,112126.8,

128.5, 130.3, 131.3, 142.3, 147.1, 149.4, 19R5KBr, cm-1): 927 (N-O), 1320.2 (C-N0O2), 1572 (C} 1591.8

(C=N), 1684 (N=N), 2549 (S-H), 3092 (O-H). ESI-M8z 392.09 [M+H] , HPLC: Mobile phase-Acetonitrile,
Retention time-3.162 min, Purity-99%

RESULTS AND DISCUSSION

2.1 Chemistry

The target moleculegba—e) were synthesized in 5 steps. Substituted benzatte{ya—e), were treated with
hydrazine hydrate and Hydrochloricacid to yiéld-e¢ which in presence opotassium hydroxide and carbon
disulphide results in the formation of compouBdsewhich on further treatment withydrazine hydrate in ethanol
undergo cyclisation resulting in tHermation of substituted-5-phenyH41,2,4-triazol-3-thiol(4a-e). Compounds
(4a-e) were diazotized to formdba-g which on further treatment witp-napthol results in the formation of target
molecules(6a-e). All the target molecules were characterized byaaded spectroscopic data. The synthetic route
for the target molecules was depictecdsitheme-1

H
H  NHyNH,H,0, 6N HCI NNH, _CS, KOH
EtOH Reflux EtOH
2a-e

3a-e

la-e

NH,NH, H,O
EtOH
N

-N
R/Ej/M N>\SH OH N-N
= “ >\ ;o
N=N O R/@/A SH HCI, NaNO;/©/AN>\SH
- |
9 e
5a-e
6a-e OH 4a-e

la,2a,3a,4a,5a,6a R=H, 1b,2b,3b,4b,5b,6b R= A¢ Bx,4c,5¢,6¢c R= Br, 1d,2d,3d,4d,5d,6d R=NH
le,2e,3e,4e,5e,6e R=NO
Scheme-1: Synthesis of 5-((3-(4-substituted phemB}mercapto-4H-1,2,4-triazol-4-yl) diazenyl) naphthalene-2-ol (6&)

2.2 Bio evaluation

Prior to bio evaluation, the purity of all the tatgcompoundg6a-e) was experimented by HPLC which was
observed to be> 97%. The 5-LOX inhibition and antimicrobial activiof the titled compoundg¢6a-e) were
evaluated according to the reported proceduredtencesults are tabulated.
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2.2.1 5-LOX inhibition activity

The in vitro anti-inflammatory activity of the target compoun@s-e) were carried out according to the method
described by Lip Yong Chung [16] employing “Curcurhas standard. The 5-LOX inhibition assay wasiedrout

at Laila Impex, Vijayawada, India in associationttwDr. Trimoorthulu, president (R&D). The lipoxygese
inhibitory activity was expressed in terms ofdGug/mL) which was presented fable 1.

Table: 1 ICs values (ug/mL) of the target molecules (6a-e)

Entry | Compound | ICsq (ug/ml)
1 6a >100
2 6b 6.98
3 6¢C >100
4 6d 20.84
5 6e 8.0
6 Standard’ 12.79

" Curumin was used as standard.

From the results itable-1 It can be inferred that compouth and 6e exhibited potent activity with 16 of 6.98
and 8.0ug/mL respectively than the standard curcumin (12g/nL). The next best compound wegwith an 1Gg
of 20.84pg/mL and the remaining compounds 6a and 6c ha€grof >100ug/mL. The promising compound in
the serieg¢6b) was twice more active than curcumin (standard).

2.2.2 Antimicrobial activity

2.2.2.1 Antibacterial activity

The final compoundé&a-e)were screened for their antimicrobial activity kging agar well diffusion method [17].
In vitro antibacterial activity of the target compoun@s-e) were screened at a single concentrationug?sL)
against Gram positive bacter®aphylococcus aureus (MTCC 3160),Bacillus subtilis (MTCC 441) andBacillus
cereus (MTCC 430), Gram negative bactefseudomonas aeruginosa (MTCC 424)Escherichia coli (MTCC 443)
and Proteus vulgaris. The inoculated sterilized nutrient agar media waared into petri dishes and allowed to
solidify 6mm wells were made on the agar surfaai®, ¢ach of these wells, @0of the test compound with different
concentrations /reference standard/control was cathgleusing a micropipette. Streptomycin was usedtasdard
reference and DMSO was used as a control (solveniph did not possess any inhibition zone. Thegdatere
incubated at 37 °C for 24 h for bacterial activitire zone of inhibition was calculated by measutirgdiameter of
the inhibition zone around the well (in mm) inclndithe well diameter. The readings were taken lieettdifferent
fixed directions in all 3 replicates and the averaglues were tabulated Tiable-2.

Table :2. Zones of inhibition (mm) of the target conpounds (6a-e) against tested bacterial strains

Zone of inhibition in mm
Entry | Compounds Gram negative bacteria Gram positive bacteria
E. coli | P.aeruginosg P.wulgari§ S aureus | B.cereus | B. subtilis
1 6a NA NA NA 8 NA NA
2 6b NA NA 8 8 NA NA
3 6C 8 9 9 10 8 9
4 6d NA NA NA 8 NA NA
5 6e 9 8 10 9 8 9
6 Streptomycin 10 9 12 11 10 11
"Zones of inhibition at 25ug/mL.
NA = Not Active.

The compounda and6d were found to be active agair$taureus with the zone of inhibition 8mmngb was active
againstP. vulgaris and S. aureus and compound$c and 6e were found to be the active against all the tested
bacterial strains. All the compounds were fountbéoactive againss. aureus. Compound$c and6e showed zone

of inhibition 20mm againss. aureus andP. vulgaris respectively.

2.2.2.2 Antifungal activity

All the synthesized compounds were evaluateditro antifungal activity againsCandida albicans (MTCC 227)
and Saccharomyces cerevisiae (MTCC 170). They were grown on potato dextrose agadium. The plates were
incubated at 28 °C for 24 h and the zone of inlwbitvas measured in mm. Fluconazole was used tandasd
reference and DMSO was used as a solvent (contvblh did not possess any inhibition zone. Thelltesof the
antifungal activities are tabulatedTable-3.
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Table:3. Zones of inhibition (mm) of the target corpounds (6a-e) against tested fungal strains

Zone of inhibition in mm
Entry | Compound | Concentration (ug/mL) C. albicans | S cerevisiae
1 6a 25 NA NA
2 6b 25 NA NA
3 6C 25 NA 10
4 6d 25 NA NA
5 6e 25 NA NA
6 Fluconazole 25 18 20
NA = Not Active

Among the compounds, the compound which bearsreleetith drawing -N@(6c) was found to be active against
S cerevisiae with the zone of inhibition 10mm. The remaining gwunds(6a,b,d,e)were found to be inactive
against all the tested strains.
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