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ABSTRACT

Ethyl 1-(pyridin-3-yl)-1 H-1,2,4-triazole-3-carboleye derivatives were synthesized by reacting 3aapyridines
with ethyl-2-chloroacetoacetate followed by amioatiand reaction with different aldehydes under micave
conditions. The novel compounds were evaluatedheir tin vitro antibacterial, antiproliferative andanti-
inflammatory activities against pathogens of meldicgortance. The newly synthesized compounds sudjected
to molecular docking studies for the inhibitiontloé enzyme L-glutamine: D-fructose-6-phosphate atradsferase
[GIcN-6-P] (EC 2.6.1.16). The newly synthesized moumds were characterized by analytical, R, NMR, °C
NMR and LCMS. Among the screened compounds, E@ndiemo-5-fluoropyridin-3-yl)-5-(2,5-difluoropheby
1H-1,2,4-triazole-3-carboxylate, Ethyl1-(2-bromditderopyridin-3-yl)-5-(6-bromo pyridine-2-yl)-1H-2,4-
triazole-3-carboxylate and  Ethyl1l-(2-bromo-5-flupswidin-3-yl)-5-(2,4-dichlorophenyl)-1H-1,2,4-triale-3-
carboxylate, emerged as most active compounds stgalirthe tests.

Keywords Ethyl 1-(pyridin-3-yl)-1 H-1,2,4-triazole-3-carbobage, 1,2,4-triazoles, antibacterial, antiprolitére,
anti-inflammatory, molecular docking.

INTRODUCTION

In the last few decades, the chemistry of 1,2akztiies and their fused heterocyclic derivativeseheaceived
considerable attention owing to their synthetic afféctive biological importance. 1,2,4-triazole ietg has been
incorporated into a wide variety of therapeuticatyeresting drug candidates including antifungadtibacterial,

analgesics and anti-inflammatory, antineoplastittivaal, sedatives, anxiolytics, anticonvulsangtimigraine,

antihistaminics, CNS stimulants and other actisifite-14]. Triazole units are known in fields, sihmedicinal and
agrochemical research as well as in the materiahses due to their unique structure and propefiigs Keeping

in view of growing interest in the triazole chemystnew derivatives of 1, 2, 4- triazole were swdised and their
characterization and properties were investigated.

A new series of compounds containing 1,3,5 sulistitd,2,4-Triazoles were synthesized and subjatiechewly
synthesized compounds to vitro, in vivo and in silico biological activity screening. Results of théir vitro

antibacterial, antiproliferative and anti-inflammgt activities against pathogens of medical impmea were
studied. The newly synthesized compounds were stdgjeio molecular docking studies for the inhibitiof the
enzyme L-glutamine: D-fructose-6-phosphate amidstierase[GIcN-6-P] (EC 2.6.1.16). 3-amino pyridivesre

made to react with ethyl-2-chloroacetoacetate amdrésulting chloro compound were reacted with amacdrhe
obtained amino compound were reacted with differ@idehydes under microwave conditions to get ethyl
(pyridin-3-yl)-1 H-1,2,4-triazole-3-carboxylate dtives.
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MATERIALS AND METHODS

1. Experimental section

All chemicals were purchased from Sigma-Aldrich,@md all solvents for column chromatography wedneagent
grade, and were purchased from commercial sould&S.experiments were performed on alumina-blockiéidas
gel 40 F254 plates. Melting points were recordedEtettro thermal melting point apparatus and amomectedH
and ®C NMR spectra were recorded on Jeol 400/100 MHziReElmer spectrometer at IISc, Bangalore,
Karnataka, India and Bruker NMR 400/100MHz. Chemichifts are shown ind values (ppm) with
tetramethylsilane (TMS) as internal standaf@. (100 MHz) NMR spectra were recorded for approxatya0.03 M
solutions in DMSO-glat 100 MHz with TMS as internal standard. LCMS evebtained using Agilent 1200 series
LC and Micromass zQ spectrometer at 1ISc, Bangalkeenataka, India. Column chromatography was peréa
using a silica gel (230-400 mesh). Elemental amamlysas carried out using VARIO EL-lll (Elementar
Analysensysteme GmBH) at Department of Chemistrang&lore University, Mangalore, Karnataka, IndialRF
spectra were recorded on Perkin Elmer IR spectriopheter in KBr phase.

1.1 General procedure fdthyl 2-chloro[2-(pyridin-3-yl) hydrazinylidene] leanoatg Scheme 1.1)

Substituted 3-amino pyridine (0.1mol) was dissolire® volumes of 6N HCI solution and cooled €0 Sodium
nitrite (0.1mol) dissolved in 3 volumes of DM wateas added drop wise to the reaction mass an@dtfar 30
minutes at the same temperature. Later, ethyl-@rotactetoacetate (0.1mol) in 2 volume ethanol added drop
wise for one hour at &@. After 30 minutes, sodium acetate (0.3mol) ir8umes of water was added drop wise to
the reaction mixture and stirred for 12 hrs. Produes extracted using 3 volumes of DCM, orgaryetalried over
anhydrous sodium sulphate, concentrated under wacuu to afford Ethyl 2-chloro[2-(pyridin-3-
yh)hydrazinylidene]ethanoal@).

1.2 General procedure fathyl 2-amino[2-(pyridin-3-yl) hydrazinylidene] ethoate(Scheme 1.1)

Ammonia gas was bubbled through the solution of/E2xchloro[2-(pyridin-3-yl)hydrazinylidene]ethan@a(2) in
THF at -30C for 30 minutes and stirred at RT for 2hrs. TL@igated all starting material had been converted to
amine . The solvent and excess of ammonia were vedgnonder vacuum; the residue was dissolved in dry
chloroform and filtered to remove NEI. The filtrate evaporated and triturated withtdig ether to afford ethyl 2-
amino[2-(pyridin-3-yl)hydrazinylidene]ethanoat®) (

1.3: General procedure for the synthesis of ethyl 1iyr3-yl)-1,2,4-triazole-3-carboxylate§a-l :Scheme 1.1)
To a solution of ethyl 2-amino[2-(pyridin-3-yl)hyaizinylidene]ethanoat&, in dry acetic acid corresponding
aldehyde (1.1 equiv.) was added underdimosphere. The reaction mixture was stirred atf&TLh, and then
heated to 120°C under microwave for 30 minutes. fEaetion mixture cooled to RT and evaporated {mess.
The mass dissolved in DCM washed with 10% NaHC®ml), HO (10ml), brine (10ml), dried over B8O, and
evaporated. The crude product was purified by calwiromatography using silica gel (230-400 meshih \piet
etherethyl acetate to grt pure ethyl 1-(pyridin-3-yl24-triazole-3-carboxylate.

1.3.1: Ethyl 1-(2-bromo-5-fluoropyridin-3-yl)-5-(2,5-difbrophenyl)-1H-1,2,4-triazole-3-carboxylai4a).

Elem. Analysisfor CigH1oBrFsN4O,; cacld: C 44.94, H 2.34 , N 13.10; found: C 44, F22.37 , N 13.11IR (KBr,
vem?b): 3437, 3076, 3023, 1731, 1594, 1573, 1503, 14332, 1216, 1155, 1023, 876, 618.NMR (DMSO-ds,
400 MHz) : & ppm: 1.322-1.358 (t, 3H) and 4.389-4.443 (q, 2H) fthvoay protons, 7.385-7.441 (m, 1H) and
7.472-7.542(m, 2H) for phenyl ring protons contaghtwo fluorine atoms, 8.752-8.759 (d, 1H, J=2.8) 8.500-
8.527 (q, 1H, J=2.8) are due to protons in thedaye ring containing fluorine aton®*C NMR (DMSO-dg, 100
MHz) : & ppm: 13.967, 61.785, 115.096-115.356, 117.959, 118.285D9, 120.656-120.983, 126.450, 126.675,
133.593-133.922, 140.910-141.157, 151.512, 153.828,907, 156.278-156.635, 158.663-158.848, 159(264C
atoms)LCMS : m/z 427.7[M], 428.6[M+1].

1.3.2: Ethyl 1-(2-bromo-5-fluoropyridin-3-yl)-5-(6-bromgpdin-2-yl)-1H-1,2 4-triazole-3-carboxylaféb).

Elem. Analysisfor CysH;0Br.FNsO; ; cacld: C 38.20, H 2.12 , N 14.85; found: C 38.822.17 , N 14.81R (KBr,
vem?) : 3433, 3314, 2982, 1466, 1411, 694, 1716,315860, 1297, 1327, 1017, 879, 11'HINMR (DMSO-
de, 400 MHZz) 6 ppm : 8.796-8.803(1H, pyridine ring with fluorine), 8.483440(1H, pyridine ring with fluorine),
8.281-8.302 (d, J=8.4Hz, 1H, pyridine), 7.956-7@9%H, pyridine),7.758-7.778 (d, J=8Hz,1H, pyrieln 1.348-
1.366(t, 3H) and 4.332-4.412(q, 2H) for ethoxy pret**C NMR (DMSO-dg, 100 MHz) : 8 ppm: 13.984, 61.777,
122.405, 127.413, 130.118, 132.407-132.660, 1401a83928, 141.291, 145.101, 152.544, 154.285, 56.9
157.783, 158.715, 159.559, 159.888 (15 C atohGMS : m/z 471.6[M+], 473.6[M+2], 474.6[M+3].
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1.3.3: Ethyl 1-(2-bromo-5-fluoropyridin-3-yl)-5-(pyridig-yl)-1H-1,2,4-triazole-3-carboxylatge).

Elem. Analysisfor C;sH1:BrFNsO,; cacld: C 45.89, H 2.80, N 17.84; found: C 45/82.76 , N 17.81'H NMR
(DMSO-dg, 400 MHZz) : 86 ppm : 8.818-8.826 (1H, J=3.2, pyridine with fluorine)589-8.626(1H, J=2.8, pyridine
with fluorine), 8.737-8.742 (s, 1H, pyridine), 828.718(d, J=6.4Hz, pyridine), 7.496-7.518(t, 1Hyridine),
7.861-7.891(d, J=12Hz, 1H, pyridine), 4.390-4.443H) and 1.325-1.361(t, 3H) for ethoxy grodfC NMR
(DMSO-dg, 100 MHz) : & ppm: 13.989, 61.736, 122.307, 123.961-124.033, 127.G2689P, 133.951-134.250,
135.670-135.741, 141.323-141.573, 148.385-148.485,871, 154.352, 154.714 156.947, 158.814, 159153¢
atoms)LCMS : m/z 393.7[M+1], 394.7[M+2].

1.3.4: Ethyl  5-(3-bromo-5-tert-butyl-2-hydroxyphenyl)-1H§gomo-5-fluoropyridin-3-yl)-1H-1,2,4-triazole-3-
carboxylate(4f).

Elem. Analysisfor C20H,Bro,FN,O3; cacld: C 44.26, H 3.50, N 10.32; found: C 24,H 3.66 , N 10.12R
(KBr, v cm?) :3454, 3059, 2958, 1737, 1600, 1517, 1500, 1484811227, 1155, 1077, 1033, 846, 6BANMR
(DMSO-dg, 400 MHZ) : 6 ppm : 8.536-8.543(1H, J=2.8, Pyridine with fluorine)284-8.311(1H, J=2.8, Pyridine
with fluorine), 7.869(s, 1H, phenyl),8.00(s, 1H,ephl),4.490-4.464(q,2H) and 1.345-1.380(t, 3H) &ihoxy
protons,1.312(s, 9H, t-butyl ),10.330(s, 1H, Phienptoton).”*C NMR (DMSO-ds, 100 MHz) : & ppm: 13.994,
30.672, 34.611, 61.809, 115.470, 119.866, 120.833,.083, 125.521, 125.614, 134.535, 135.938-136.201
149.507-149.800, 150.938, 152.489, 155.049, 156 18B8716(20 C atoms)CMS : m/z 541.7[M+], 542.6][M+2],
544.6[M+3].

1.3.5: Ethyl 1-(2-bromo-5-fluoropyridin-3-yl)-5-(2,4-ditdrophenyl)-1H-1,2,4-triazole-3-carboxylafég).

Elem. Analysisfor CigH1oBrCl,FN4O, ; cacld: C 41.73, H 2.17, N 12.17; found: C 41.62 2.16 , N 12.18'H
NMR (DMSO-dg, 400 MHZz) : & ppm : 8.737(d, 1H, pyridine ring with Fluorine),8.521-81F dd, J=3.2Hz, 1H,
pyridine ring with Fluorine),7.85(s, 1H, Phenylp22-7.543(d, J=8.4Hz, 1 H, phenyl),7.656-7.678(8B.8, 1H,
phenyl),4.450-4.485(q, 2H, -OGHand 1.320-1.368(t, 3H, -GHfor ethoxy group*C NMR (DMSO-dg, 100
MHz) : & ppm: 13.971, 61.752, 124.044, 126.763, 126.988, 12716836878, 129.775-129.872, 133.246-134.012,
137.038, 140.940-141.187, 152.563, 153.621, 154.64668.511, 158.735, 159.091 (16 C atomsIMS: m/z
460.6[M+], 464.6[M+].

1.3.6: Ethyl 1-(6-chloropyridin-3-yl)-5-(2,4-dichlorophgh-1H-1,2,4-triazole-3-carboxylatgth).

Elem. Analysisfor CieH;1,Cls,N4JO, , cacld: C 48.28, H 2.76 , N 14.08; found: C 48,32 2.67 , N 14.11IR
(KBr, vcm™) :1289, 1243, 1747, 1597, 1574, 804, 3433, 3086, 2054, 1470, 841, 1197H NMR (DMSO-dj,

400 MHz) : & ppm: 1.31-1.35(t, J=16Hz, 3H) and 4.38-4.43(q, J=20RHk) for ethoxy protons, 8.470-8.477( 1H,
pyridine), 7.908-7.936 (2H, pyridine), 7.645 (s, ,1lphenyl), 7.672-7.694(d, J=8.4Hz, phenyl), 7.798%12(d,
J=8.4Hz, phenyl)**C NMR (DMSO-dg, 400 MHz) : & ppm: 13.996, 61.616, 124.872, 125.144, 128.189, 129.568,
132.770, 133.283, 133.984, 135.587, 137.076, 185.220.670,152.612, 154.424, 158.864 (16 C atob@)S :

m/z 398.7[M+1] 400.7[M+3] 401.7[M+4].

1.3.7:Ethyl5-(3-bromo-4-hydroxyphenyl)-1-(6-chloropyrid#ayl)-1H-1,2,4-triazole-3-carboxylat@i).

Elem. Analysisfor CgH1,BrCIN4O3, cacld: C 45.32, H 2.83, N 13.21; found: C 45H2.87, N 13.19IR (KBr, v
cm?) : 3444, 3057, 2963, 1735, 1621, 1585, 1568, 1508312218, 1111, 847,7584 NMR (DMSO-d¢, 400
MHz) : & ppm: 10.996(s, 1H, -OH phenyl), 8.586(s, 1H, pyridir&)27-8.048(d, J=8.4Hz, 1H, pyridine), 7.734-
7.755(d, J=8.4Hz, 1H, pyridine), 7.711(s, 1H, pHeny.226-7.247(d, J=8.4Hz, 1H, phenyl), 6.973-6@P
J=9.2Hz, 1H, phenyl)®C NMR (DMSO-ds, 400 MHz): 6 ppm: 14.565, 61.923, 109.933, 116.842, 118.717,
125.573, 130.139, 134.164, 137.649, 147.285, 13]1.284.473, 155.274, 156.855, 159.733(16 C atobhGMS:

m/z 423.65[M+] 424.65[M+1] 427.65[M+4].

1.3.8: Ethyl 1-(6-chloropyridin-3-yl)-5-(2,5-difluorophgh-1H-1,2,4-triazole-3-carboxylafey)).

Elem. Analysis for C;gH1;CIF,N,O, cacld: C 52.63, H 3.01, N 15.35; found: C 521813.97, N 15.29'H NMR
(DMSO-dg, 400 MHz): 8 ppm: 8.557-8.563(s, 1H, pyridine), 8.016-8.045(d, J=H¥.,61H, pyridine), 7.701-
7.723(d, J=8.8 Hz, 1H, pyridine), 7.546-7.599(m,, Idtenyl containing fluorine), 7.495-7.536,(m, 1phenyl
containing fluorine), 7.268-7.427(m, 1H, phenyl woning fluorine).*C NMR (DMSO-dg, 100 MHz): & ppm:
159.018, 158.839, 156.607, 154.684, 153.673, 120.238.364, 133.584, 124.188, 123.337, 120.4377B20.
118.113-118.589, 117.865, 115.604-115.866, 61.62096 (16 C atoms).

1.3.9: Ethyl 5-(3-bromo-5-tert-butyl-2-hydroxyphenyl)-8-¢hloropyridin-3-yl)-1H-1,2,4-triazole-3-carboxya
(4k).

Elem. Analysisfor C,gH,oBrCIN,O5, cacld: C 50.02, H 4.16, N 11.67; found: C 491981.13, N 11.59IR (KBr, v
cm?) : 1213, 1172, 1607, 1574, 1751, 1113, 740, 843, 33300, 2979, 1460, 1430, 6951 NMR (DMSO-dg,
400 MHz): & ppm: 9.915(s, 1H,-OH phenyl), 8.449-8.455 (s, 1H, pye), 7.908-7.937 (d, J=11.6Hz, 1H,
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pyridine), 7.696-7.717 (d, J=8.4 Hz, 1H, pyridin@)656 (s, 1H, phenyl), 7.334(s, 1H, phenyl),84-3.437 &

1.321-1.356 (q & t, 5H , ethoxy), 1.176( s, 9Huty). °C NMR (DMSO-de, 100 MHz) ppm: & 159.113, 158.716,
156.183, 155.049, 153.827, 150.355, 149.557, 145.383.740, 135.736, 133.603, 132.609, 127.372,9584

115.220, 111.592, 61.486, 33.905, 30.775, 14.04@(2bms)LCMS: m/z 479.7[M+], 480.7[M+1].

1.3.10: Ethyl 5-(3-chloro-4-hydroxyphenyl)-1-(6-chloropgin-3-yl)-1H-1,2,4-triazole-3-carboxylaiedl).
Elem. Analysisfor C;gH;,CI;N4Os, cacld: C 50.63, H 3.16, N 14.76; found: C 50H83.13, N 14.9L.CMS: m/z
379.2[M+], 380.2[M+1].

1.4: Antibacterial activity

The antibacterial activity of synthesized compoun@s carried out using agar well diffusion methdHde in vitro
antibacterial activity was carried out against 24ciiture of four bacterial strainStaphylococcus aureus,
Escherichia coli, pseudomonas aeroginesal klebsiella pneumonigd.he stock solution of compounds was made
at 50 ug/100 ul and desired concentrations wengapeel by using stock solution. DMSO was used sahant to
dissolve compounds. Nitrofurazone (50 ug inii)0vas used as standard drug for antibacterialities. The zone

of inhibition was compared with standard drug aftérh of incubation at 37C for antibacterial activity . The zone
of inhibition was recorded in mm.

1.5: Antiproliferative studies against Dalton's Asd¢es Lymphoma (DAL) and HelLa-ccl-13 cell lines

Cell culture and in vitro cytotoxicity assay (MTBsay). Cells were treated with compounds at a caratén
range of 10pg/ ml and 20pg/ ml added to 96-weligslan antibiotic-free RPMI medium containing 10fétal calf
serum. Compound treatment lasted for 48 h in 5 % &@osphere at 37°C with high humidity. After 4&byl of

1 mg/ml solution of MTT in RPMI-1640 medium was addo each well. The culture plates were gentlkshand
incubated for four more hours. MTT was removed ftéiseand DMSO (100ul) was added and shaken well. The
absorbance was measured at 570 nm in an automlatedrg@ader and the percentage of cell growth itibibwas
calculated by means of the following formula:

Inhibitory rate (%) = Absorption control - Absorpti test/Absorption test X 100.

1.6: Assessment of cell viability (LC50)

Cell viability was checked before and after treatmeith compounds using the trypan blue exclusiathod. Cells

(5 9 104cells/well) were seeded in six-well plgteisr to the addition of compounds. The cells wiemibated with
different doses (25, 50, 100 200, 30000 ug/mL) ahpounds along with 1 % DMSO as the solvent control
Cultures were harvested and monitored for cell rembly counting cell suspensions using a hemocytemet

1.7: Anti-inflammatory activity

Anti-inflammatory activity of all synthesized comyuds was determined by the carrageenean-inducepavat
oedema test as described by Wirgeal [16]. Albino rats of Wistar strain (150-200 g) lmfth sexes were divided
into different groups (control, test and standamo)taining six animals each. The animals were rbusestandard
polypropylene cages under standard laboratory tiondi(12:12 hour light/dark cycle at 25 £ 2 °Chély had free
access to standard commercial diet and water. &ttgoidelines for the investigations of animals cusa
experiments were followed in all tests and theitusbnal Ethical Committee Approval was providdthe test and
standard compounds were suspended in 1% carboxyhoetlulose and administered orally to each aniosihg a
gastric gavage needle. The control group animatsyeler, received the same volume of vehicle (1%
carboxymethyl cellulose). One hour after the conmasuwere administered, carrageenean was injectedhie sub
plantar surface of the right hind paw of animaifsthis study, the animals were administered a 5Ckgty(body
mass) dose of the test drug and 10 mg Kgody mass) dose of the standard drug indometh@ti@ paw volume
was measured immediately using a plethysmometétia(ipaw volume) and thereafter the paw volume was
measured 3 hours and 6 hours after the adminitraficarrageenean. Percent paw oedema inhibgicgpiorted.

1.8: Docking studies

Docking studies were carried out with Hex (6.3 i@rys programHexis an interactive molecular graphics program
for calculating and displaying feasible docking rasdf pairs of protein and DNA moleculé$ex can calculate
protein-ligand docking, assuming the ligand isdjgind it can superpose pairs of molecules usithglarowledge

of their 3D shapes. IHexs docking calculations, each molecule is modallsidg 3D expansions of real orthogonal
spherical polar basis functions to encode bothaserfshape and electrostatic charge and potenstibditions.
Essentially, this allows each property to be regméesd by a vector of coefficients (which are thexponents of the
basis functions)Hex represents the surface shapes of proteins ustag-éerm surface skin plus Van der Waals
steric density model. By writing expressions foe tiverlap of pairs of parametric functions, one can obtain a
overall docking score as a function of the six degrof freedom in a rigid body docking search. Véititable
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scaling factors, this docking score can be integgi@s an interaction energy, which we seek tomigd. The more
negative the e-value, the more efficient is thekihag process.

RESULTS AND DISCUSSION

1. Chemistry
The new series of 5-substituted, ethyl 1-(pyridigh31 H-1,2,4-triazole-3-carboxylate derivatived) (were

synthesized in 3 stepS¢heme 1.1).

Cl
NH o)
W2 i)Aq.HCI/NaNO,/ 0 °C | XN
> 0
N ii)Ethyl-2-chloro aceto acetate/EtOH/NaOAC/H,O N r
CHs
1 2
cl NH,
NH ~ O
X N)\,? NH, Gas/THF N NH‘N/)YO
O
N r -30 °C N ro
R CHg o
2 3 3
NH, R
NH — o) —N 0
S N)Y R'CHO/CH,COOH ?\I/ >~
0 > XN o
N é MW/ 130 °C |
CH, N CHs
3 R
4
Scheme 1.1

5-substituted, ethyl 1-(pyridin-3-yl)-1 H-1,2,4-triazole-3-carboxylate derivatives (4)

Substituted 3-aminopyridined)(was reacted with ethyl-2-chloro acetoacetate aedobtained ethyl 2-chloro[2-
(pyridin-3-yl)hydrazinylidene]ethanoat@) is made to react with ammonia at low temperatoregeét ethyl 2-
amino[2-(pyridin-3-yl)hydrazinylidene]ethanoat®). Different aldehydes were made to react with ethgimino[2-
(pyridin-3-yl)hydrazinylidene]ethanoate under migave for 30 minutes at 120°C to get 5-substitutttyl 1-
(pyridin-3-yl)-1 H-1,2,4-triazole-3-carboxylate deatives@). The synthesized compounds are tabulatedaible
1.1.

1.1: The formation of compound&-| was confirmed by recording Elemental analysis,"-RNMR, *C NMR and
mass spectra.

1.1.1 Characterization data for ethyl 1-(2-bromo-5-fijoyridin-3-yl) -5- (2, 5-difluorophenyl)-i-1,2,4-triazole-
3-carboxylatg4a).

In the IR (KBr,v cmi') spectrum absorption bands seen at 1232, 1216 representb@| strong absorption peak
at 1731 was due to C=0, absorption peaks at 15923 tvere due to C=N stretch, absorption band seéhtwas
due to C-Br stretching, strong absorption at 1023 the characteristic of C-F, bands at 3076, 30233, 1432,
876 are due to aromatic region and sharp absorptien at1155 might be due to ethoxy group.
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Table 1.1 5-substituted, ethyl 1-(pyridin-3-yl)-1 H1,2,4-triazole-3-carboxylate derivatives (4a-l)

; M.P
Compd.no structure M.Wt Appearance Yield Uncorrected
N Br
1
F S N—N
4a E \N>\\/° 427.18 White solid 75.89 122.2°C
o
F I
CHgj
N Br
]
N N*lil
o]
4b SN \N)\( 471.08 Off white solid 65.39 129.8°C
| o
N
\\CH3
Br
N Br
|
X N—N
4c F N »\(o 427.18 | Pale yellow solid 68% 136-137°C
N
o}
- M
CHs
N Br
]
F X N—lil
o}
4d Q \N)\( 467.29 | Light brown solid 70% 138-141°C
o\\
N Br
)G
X N—N
4e Ej(& >\(O 392.18 Yellow solid 64.2% 121.1°C
D
(e]
Z
N 1
CH3
N Br
X
HsC F X N_’il
o}
Af Hs3C \N 542.2 White solid 45% 132.1°C
HsC e}
OH \\
CHs
Br
N Br
g
F X N—N
4g \z\ )\\//0 460.08|  Yellowsolid | 59.7% 136.5°C
N
O
cl cl \\
CHs
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cl_ _N
]
X N—N
4h ‘1\ »\(o 397.64 Yellow solid 58.3% 133.2°C
N
o
cl cl \\
CHs
cl N
g
AN Ni’i‘
o)
4 \N)\.\/ 423.65 Brown liquid 68% | BP not determined
o)
HO \\
CHj
Br
Cl N
]
X N—N
4j E S >\\/° 364.73| Pale yellow solid| 72% 138.1° C
N
o]
. 7
CHs
cl N
|
CHg X N—N
\ 0 479.75 Off white solid 63.49 138.2°C
4k X
HsC N
CHs o
oH 1
CHs
Cl N g
]
X N—N
o} . ’
41 X >\( 379.10 Off white solid 57.79 139.6°C
N
o
HO
CHs
Cl

TheH NMR of compoundda, showed signals & 1.322-1.358 ppm (t, J=14.4Hz, 3H ) ahd.389-4.443 ppm (q,
J=21.6Hz, 2H) a triplet and quartet for ethoxytpns. The splitting of signal for proton adjacemtitrogen atom
as a doublet in the regi@n8.752-8.759(J=2.8ppm) could be due to ortho cogpdf fluorine present in the pyridine
ring. Multiplet in the regiord 8.500-8.527(J=2.7ppm) was due to fluorine splittaf the remaining proton on the
pyridine ring away from nitrogen atom. The multiglgitting observed in the regi@n7.385-7.441ppm (m, 1H) and
7.472-7.542(m, 2H) could be due to ortho-para dagpbf the two fluorine atoms present in the phengt.
Overall, characteristic splitting due to ortho-pazaupling of fluorine was observed and this supgubrthe
characterization.

It was further supported by recorditi¢ NMR spectrum and the signals appeared in the mpeeiccounted for all
the C-atoms present in the molecdi The signals seen &t13.967 & 61.785ppm were due to two carbons of
ethoxy group. Two carbon atoms of the triazole regpnated ai 153.823 & 154.907ppm .Characteristic splitting
of the signals were observed in the aromatic regio@ to fluorine coupling. The signal due to 4 oab of the
pyridine ring containing fluorine appeared as twaullets atd 140.910 to 141.157(J=24.7HZ"" arbon from
nitrogen), 158.663-158.848(J=18.5Hz, adjacent aatbonitrogen) and two triplets at 156.278-156.6336.7Hz,
bromo substituted carbon) & 133.593-133.922(J=32,9ldoro substituted epso carbon) and a singleild1.512
was due to triazole substituted carbon . The sigoélthe phenyl ring carbon atoms appeared aspiatlin the
aromatic region. This can be attributed to, onftw bond coupling of fluorines present in thegri

LC mass spectrum of the compoutal showed molecular ion peaks m/z 427.7[M], 428.6[Mafdl this confirmed
the structure.
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1.1.2 Characterization data for Ethyl 1-(6-chloropynie-yl)-5-(2, 4-dichlorophenyl)H-1,2,4-triazole-3-
carboxylatg4h).

In the IR (KBr,v cmi?) spectrum, absorption bands at 1289, 1243 repiesé@@N bond, strong absorption peak at
1747 was due to C=0, absorption peaks at 1597, 1@ due to C=N, 804 was due to C-Cl, absorpbiands
appeared at 3433, 3086, 2959, 1554,1470, 841 dwerdo aromatic region, band at1197 might be duethioxy

group.

The 'H NMR of compound4h, showed signals ai 1.31-1.35ppm (J=16Hz, 2H) a triplet afid4.38-4.43ppm
(J=20Hz, 3H) a quartet for ethoxy protons, singkst 8.47ppm for proton in the pyridine ring adjacemnttrogen,

two doublets ab 7.90-7.91ppm (J=4Hz) anil 7.93-7.94ppm (J=4Hz) might be due to remaining@r® of the

pyridine ring. A singlet resonated &7.64ppm was due to proton on the phenyl ring betwtbe two chlorine and
two doublets ab 7.67-7.69ppm (J=8Hz) aréd7.79-7.81ppm (J=8Hz) may be attributed to the irimg protons on

the phenyl group. These data confirmed the straatfithe molecule.

It was further supported by recordifff NMR spectrum and the signals appeared in the spaciccount for all
the C-atoms present in the molecdle It is interesting to note that the signals in thenaatic region appeared as
singlets unlike in the spectra of fluorine subs&tlcompounds.

LC mass spectrum of the compouttd showed molecular ion peaks m/z 398.7[M+1] 400.7[}431.7[M+4] and
this is in agreement with its structure.

Similarly all the synthesized compounds were charaed by Elem.analysis, IRH NMR, **C NMR and Mass
spectra.

1.2: Biological evaluation

1.2.1: Antibacterial activity

The newly synthesized compounds were screenech@&@r antibacterial activity against bacterial steaby disc
diffusion method. The zone of inhibition of testsmnpounds is given ifiable 1.2. Among the tested compounds,
ethyl 1-(2-bromo-5-fluoropyridin-3-yl)-5-(2,5-difarophenyl)-H-1,2 4-triazole-3-carboxylatg4a), ethyl 1-(2-
bromo-5-fluoropyridin-3-yl)-5-(6-bromopyridin-2-y)H-1,2 4-triazole-3-carboxylatélb) and ethyl 1-(2-bromo-5-
fluoropyridin-3-yl)-5-(3,4-difluorophenyl)-#i-1,2,4-triazole-3-carboxylate4¢) emerged as the most active and
ethyl 5-(biphenyl-2-yl)-1-(2-bromo-5-fluoropyridi&-yl)-1H-1,2,4-triazole-3-carboxylatétd), ethyl 1-(2-bromo-5-
fluoropyridin-3-yl)-5-(pyridin-2-yl)-H-1,2,4-triazole-3-carboxylate  (4e), methyl5-(3-bromo-gert-butyl-2-
hydroxyphenyl)-1-(2-bromo-5-fluoropyridin-3-yl)H:1,2,4-triazole-3-carboxylate (4f), ethyl 1-(2-bromo-5-
fluoropyridin-3-yl)-5-(2,4-dichlorophenyl)#-1,2,4-triazole-3-carboxylate (4g) and ethyl 5-(3-chloro-4-
hydroxyphenyl)-1-(6-chloropyridin-3-yl)H-1,2,4-triazole-3-carboxylatedl) showed moderate activity, whereas
compounds Ethyl 1-(6-chloropyridin-3-yl)-5-(2,4-tlorophenyl)-H-1,2,4-triazole-3-carboxylat@th), Ethyl 5-(3-
bromo-4-hydroxyphenyl)-1-(6-chloropyridin-3-yI-t1,2,4-triazole-3-carboxylat@li) and ethyl 5-(3-bromo-%ert-
butyl-2-hydroxyphenyl)-1-(6-chloropyridin-3-yl)H-1,2,4-triazole-3-carboxylat@k) showed less activity.

Table 1.2 Antibacterial activity of 5-substituted,ethyl 1-(substitued-pyridin-3-yl)-1 H-1,2,4-triazole-3-carboxylate derivatives

Compound S.aureus E.coli P.aeroginosa | K.Pneumoniae
(Recultured) | (Recultured) | (Recultured) | (Recultured)

4a 34 39 27 29

4b 30 28 20 27

4c 37 32 32 20

4d 21 36 19 27

4e 19 29 23 23

Af 15 27 24 29

49 25 30 18 22

4h 17 32 18 18

4 21 21 16 17

4 20 28 21 18

4k 18 20 20 18

4] 23 33 11 24

DMSO NI NI NI NI
Nitrofurazone

Standard Drug 32 30 36 32

Standard drug used: Nitrofurazone, (50u g/mL). Coamgls used (50 pg/mL). Control: DMSO (dimethylosidfe 5%). Zone of inhibition in
mm.
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1.2.2: Antiproliferative studies

Antiproliferative studies were conducted against@uas Ascites Lymphoma (DAL) and HelLa-ccl-13célids. Cell
lines were cultured and cytotoxicity was carried. @ells were treated with compounds at a conctotraange of
10 and 20pg/ml.

The percentage of cell growth inhibition was cadtet! by means of the following formula: Inhibitaate (%) =
Absorption control - Absorption test/Absorptiontt¥s100(Table 1.3).

Among the tested compoundta, 4c, 4hand4l, showed very good inhibition of DAL cell lines andmpounds4d,
4e and4g showed moderate inhibition of DAL cell lines. Comipals4a, 4b, 4h and4l showed very good inhibition
of HeLa-ccl-13 cells and compoundis, 4d and4e showed moderate inhibition of Hela-ccl-13 cells.

Table 1.3: Antiproliferative studies

Code Dalton's Ascites Lymphoma (DAL Hela-ccl-13
10pg/mL 20 pg/mL 10 pg/mL 20 pg/mL
4a 71.6261+6.851 82.37+5.37 | 68.5732+6. 21| 82.55+3.45
4b 67. 735+5.297 71.41+4.67 | 75.45+6.2984| 70.21+5.56
4c 76.522+4.812 79.18+5.31 | 64.36+20.21 | 77.5945.32
4d 68.45+5.60 74.39+4.59 | 62.53+2.2492| 63.42+3.10
4e 74.14+3. 21 72.63+6.26 | 69. 14+2. 478| 60.52+5.25
4f 53.58+4. 57 60.22+4.67 57.35+5.52 | 51.19+3.38
49 71.71+2.16 73.15+4.31 62. 24+4. 21 | 53.16+4.07
4h 75.13+4.22 81.43+5.17 79.21+2.55 | 81.17+3.56
4i 66.89+2.45 71.56+1.98 45.22+3.67 52.55+2.17
4 52.32+5.23 60.12+2.46 53.28+2.78 | 54.22+3. 81
4k 50.18+4.45 72.34+7.78 60.67+6.98 | 45.78+1.79
4 78.97+6.583 82.32+3.67 | 79.92+5.6732| 67.92+6.18

1.2.3: Assessment of cell viability (LC50)

Cell viability was checked before and after treatmeith compounds using the trypan blue exclusicethod)
(Table 1.4) The cells were incubated with different doses, @5 100 200, 30000 pg/mL) of compounds along
with 1 % DMSO as the solvent control. Cultures wikagvested and monitored for cell number by cogntall
suspensions using a hemocytometer [17].

Compoundsta, 4f, 4i, 4jexhibited very effective LC50 values for 50% dall for DAL cell lines and compounds
4a, 4fand4k exhibited very effective LC50 values for 50% kil HeLa-ccl-13 cells.

Table 1.4: LC 50 values in pg/ml

Compounds L?;g%g;gs(gfs HelLa-ccl-13
da 23 59
4b 67 212
4c 142 134
4d 89 173
4e 67 78
Af 45 56
4g 103 72
4h 68 82
4i 41 78
4 39 89
4k 107 33
41 122 158

1.2.4: Anti-inflammatory activity

Anti-inflammatory activity of all synthesized comyuds was determined by the carrageenean-inducepavat
oedema test. In this study, the animals were adteirid a 50 mg k§(body mass) dose of the test drug and 10 mg
kg™ (body mass) dose of the standard drug indomethddia paw volume was measured immediately using a
plethysmometer (initial paw volume) and thereaftex paw volume was measured 3 hours and 6 howes taf
administration of carrageenean. Percent paw oedehilition is reported inTable 1.5 Indomethacin sodium a
known anti-inflammatory drug is used as standamhoAg the tested compoundty and 4g showed good anti-
inflammatory property, where as compounts, 4f, 4jand4k showed moderate and compountisand4h showed
less anti-inflammatory property. Compouficshowed no anti-inflammatory property.
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Table 1.5: Anti-inflammatory studies

Compd. No Inhibition of paw oedema Inhibition of paw oedemg
T after 3 hours (%) after 6 hours (%)
4a 13.11 £ 0.02 11.41+ 0.01
4b 40.51+ 0.01 31.37+0.01
de 21.35+0.01 15.60 + 0.02
4f 23.24 + 0.02 22.13+0.02
49 39.86 £ 0.01 36.37 = 0.02
4h 17.60 + 0.02 15.54 £ 0.02
4i 00.00 —4.16
4j 25.74 £ 0.02 21.83 + 0.02
4k 17.60+ 0.02 14.34 £ 0.02
Indomethacin 76.74 + 0.01 58.33 + 0.02
CONTROL | = meemeeee | e

1.2.5: Molecular docking studies

The docking results for ligand molecules againstgsamine-6-phosphate synthase [PDB Id: 1jka]daceimented
in Table 1.6. Among the twelve moleculedg and4j had shown very minimum binding and docking eneagg
can say as a good inhibitor of GIcN-6-P. Molecullss,4fand4k also exhibited interesting E-total value.

Table 1.6: Results of Docking Studies

4a | -275.9
4b | -269.1
4c | -135.0
4d | -265.0
de | -2635
af | -272.59
49 | -284.0
4h | -254.0
4i | -254.0
4j | 2821
aK | 2726
41 | -258.0

Receptor: glucosaming-6-phosphate synthase Ligand: 43

Fig 1: Interaction of compound 4a with glucosamines-phosphate synthase
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te synthase Ligand: 4b

Fig 2: Interaction of compound 4b with glucosamines-phosphate synthase

1 Solution: 1 Modals: O:0 H-Bonds 1 Bumps: -1 BMS

14.98 Eshape 134.98 Elomce: 0,00 Ealir; 0,00

Ligand:4c

Fig 3: Interaction of compound 4c with glucosamie-6-phosphate synthase

355
www.scholarsresearchlibrary.com



Bettadapura Gundappa Krishnaet al Der Pharma Chemica, 2014, 6 (4):345-361

wions mine £-phos phato synthas

Frame Bake!l 5

Fig 4: Interaction of compound 4d with glucosamie-6-phosphate synthase

Receptor: glucosamine-6-phosphate synthase Ligand: 4e

Frame Rate: 37/s

Fig 5: Interaction of compound 4e with glucosamin&-phosphate synthase
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Clustar: 1 Solution: 1 Modols: 0:0 H-Bonds: -1 Bumps: -1 RMS 1,00

59 Eshape: 272,59 Eforoe: 0,00 Eair: 0,00

Ligand:4f

Framea Rate: 4H/5

Fig 6: Interaction of compound 4f with glucosamines-phosphate synthase

j b s i G- phiod phats Bvnilhasa Tigpans 49-

Fig 7: Interaction of compound 4g with glucosamines-phosphate synthase
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dittion: 1 Modols: 0:0 H-Bonds 1 Bumps: -1 RMS L.

Etobnl: -254 .08 Eshope: 254 02 Bfoooe: .00 Ear: O, 00

Ligand;4h

Frame Rato

Fig 8: Interaction of compound 4h with glucosamines-phosphate synthase

Ligand: 4i

Fig 9: Interaction of compound 4i with glucosamines-phosphate synthase
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Fig 10: Interaction of compound 4j with glucosamine6-phosphate synthase

Cluster: | SE e | Mlertlis . 040 T Ol TSRS 0 UM 100

Erotalp o 64 :I-.f:np.- JTAEE i o 0,00 K pir; 0,00

Ligand: 4k

»

Fig 11: Interaction of compound 4k with glucosamines-phosphate synthase
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Recoptor: glucosamine-G-phosphate synthase Ligand: 4]

Framo Rate: 7is

Fig 12: Interaction of compound 4l with glucosamines-phosphate synthase
CONCLUSION

* A new series of compounds containing 1,3,5 sulistitd,2,4-Triazoles were synthesized which are gfeatwide
variety of therapeutically interesting drug candéga

» Among the tested compoundis, 4band4c have emerged as most active against all testadrimcstrains

* Molecular docking studies also revealed that compeulg and 4j has very minimum binding and docking
energy and can say as a good inhibitor of GlcN-6t€nce this study has widened the scope of develothiese
triazole derivatives as promising antibacterialrage

» Among the tested compoundiy and4g showed good anti-inflammatory property, whereaspamds4e, 4f, 4j
and 4k showed moderate anti-inflammatory property and pmmds 4a and 4h showed less anti-inflammatory
property. Compoundi showed no anti-inflammatory property.

» Among the tested compoundk, 4c, 4hand4l, showed good antiproliferative properdd, 4eand4g showed
moderate activity. The compoundd, 4i, 4j and4k showed less activity during antiproliferative aiti studies.
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