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ABSTRACT

We herein report the synthesis of some novel gu@tituted [1,2,4] triazolo[3,4- b][1,3,4] thiadizl-6-yl)
derivatives. Condensation of the 4-amino-5-suldstit¥iH-1, 2, 4-triazole-3-thiols with aromatic asidn the
presence of polyphosphoric acid (PPA) produced &aiese of 4-(3-substituted [1,2,4] triazolo[3,4-
b][1,3,4]thiadiazol-6-yl) derivatives (TTDZ1-TTDZR7The structure assigned to compounds was sulistadtby
their analytical and spectral data. These newlytsgsized compounds have been screened for antilzdcte
antioxidant and in-vitro anticancer activity.
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INTRODUCTION

Heterocyclic compounds represent one of the motbteaclasses of compounds possessing a wide specifu
biological activities. The recent literature is mmed with progressive findings about the synthesmisl
pharmacological activity of fused heterocycles. étetycles bearing a triazole or 1,3,4-thiadiazotgaty are
reported to show wide range of biological propettiEhe amino and mercapto groups of 1,2 4-triazedege as
readily accessible nucleophilic centers for theppration of N-bridged heterocycleks2,4-Triazolederivativeare
known to exlbit antimicrobial [1-7],antitubercular§-11], articancer [12-16],anticonvulsant17], anti-
inflammatory [18], analgesic [19], molluscicidal properties2D] and antiviral [21] activity.Moreover,
synthesif triazole fusedo other heterocycles has attractsttbntionwidely dueto their diverse
applicationsl,3,4-thiadiazoles exhibit wide spectrum of biotadi activities, possibly due to presence of
toxophoric >N — C — S - moiety [22]. They find dipptions as antibacterial [23,24], antimicrobidbf29] and
anti-inflammatory agents [30] along with anticanc§8l1,32] and antitubercular [33,34] activity. A
triazolothiadiazole system may be viewed as a cyuialogue of two very important components thiagsarhazide
[35] and biguanide [36] which often display divetsielogical activities such as anticancer [37,38htimicrobial
[39], anti-inflammatory analgesic [40-43] activittVe herein report the synthesis of some new4-(3tiubed
[1,2,4]triazolo[3,4- b][1,3,4]thiadiazol-6-yl) demtives. Condensation of the 4-amino-5-substitutiedt, 2, 4-
triazole-3-thiols with aromatic acids in the presenof PPA produced a series of 4-(3-substituted
[1,2,4]triazolo[3,4-b][1,3,4]thiadiazol-6-yl) demives (TTDZ1-TTDZ27). The structure assigned tanpounds
was substantiated by their analytical and spedtitd. These newly synthesized compounds have lsesengd for
antibacterial, antioxidant and-vitro anticancer activity.
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MATERIALS AND METHODS

1. Experimental

Melting points were determined in open capillaaesl were uncorrected. The IR spectra were recavdedicolet
Impact 410 FT IR spectrophotometer using KBr psfiet NMR on Bruker 300-MHz FT NMR spectrometer in
CDCl; and DMSO-g with TMS as internal standard. Mass spectrum wasrdeed on Finnigan MAT (Model
MAT8200) spectrometer. The purity of the compoun@s checked by thin layer chromatography (TLC) itioas
gel plate using hexane and ethyl acetate.

2. Chemistry

All  4-amino-5-substituted-4H-1,2,4-triazole-3-tt8¢4) were prepared as described in SchelneThe acid
hydrazides (2) were obtained by reaction of thereét) with hydrazine in ethanol. Treatment of liydrazides (2)
with CS, under a basic condition (KOH/EtOH) gave the cqroesling potassium aroyl dithiocarbazates(3). This
salt (3) underwent ring closure with an excess®bNydrazine hydrate to give the 4-amino-5-sulistityiH-1, 2,
4-triazole-3-thiols.

A one pot synthesis of 4-(3-substituted [1,2,43ol@[3,4- b][1,3,4]thiadiazol-6-yl) derivatives TDZ) was
achieved when 4-amino-5-substituted [1,2,4]triaz3khiol (4) and different substituted benzoic asiere heated at
180—200°C in polyphosphoric acid (PPA). The reaction terapee appeared to be crucial for this process. When
the reaction was carried out below 180 no intramolecular cyclization was observed, #m starting materials
were obtained as the major product (Scheme?2).Thetstes of these new compounds were charactewiédR,

1H NMR and mass spectra.
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Scheme 2: iv) PPA, 180-220 °C, 3 hr
Where

Compound R

TTDZ1, TTDZ10, TTDZ19 gc

TTDZ2, TTDZ11, TTDZ20 < >
HOOC
NH;

TTDZ3, TTDZ12, TTDZ21 NS

TTDZ4, TTDZ13, TTDZ22 HOOCAQ——\
Br
TTDZ5, TTDZ14, TTDZ23 “
HOOC

TTDZ6, TTDZ15, TTDZ24 Fz

TTDZ7, TTDZ16, TTDZ25

TTDZ8, TTDZ17, TTDZ26 s

HoOC NH,

TTDZ9, TTDZ18, TTDZ27 “

HoOC NH,
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3. Antibacterial activity:

The newly synthesized compounds were screenechér antibacterial activity using agar well diffasi method
[44].The antibacterial activity of the test compdenwas evaluated against two Gram-positive bagcteria
Staphylococcus auret&STCC25923,Bacillus subtilisSATCC 6633 and two Gram-negative bactdfiseudomonas
aeruginosaATCC 10145 andEscherichia coliATCC 35218. Ciprofloxacin was used as standard.drug

Most of the compounds showed zone of inhibitioaatl. Compound such as TTDZ2 ,TTDZ6, TTDZ9, TTDZ13,
TTDZ16,TTDZ19,TTDZ26 and TTDZ27 showed good zonéndibition againsEscherichia coliPseudomonas
auregnosa, Staphylococcus aureus and Bacillus lsibfihe compounds were selected for MIC. All the cield
compounds were tested for MIC olscherichia colj Pseudomonas auregnosa, Staphylococcus aureus
Bacillus subtilisbacteria at maximum concentration 1uM to imium concentration of 0.063uM. None of the
selected compounds have shown the MIC inghigicular concentration range, compared to stahdarg (Table 1)

Table 1: Antibacterial activity of the synthesizedcompounds against four microorganisms

Compound | Zone of inhibition at 1uM in mm
E.colif P.aureginos{ S.aureus B.subtilis

TTDZ1 - 12 - 1C
TTDZ2 18 15 16 14
TTDZ3 13 14 11 13
TTDZ4 14 - - 12
I;TTDZ5 13 10 10 -
TTDZ6 14 16 18 17
;TTDZ7 13 - - -
TTDZ8 14 15 14 11
TTDZ9 13 14 17 16
TTDZ10 - - - 11
TTDZ11 12 - - -
TTDZ12 10 12 11 10
TTDZ13 14 15 17 14
TTDZ14 11 10 15 14
[TTDZ15 13 - - -
TTDZ16 16 18 13 17
TTDZ17 - - 14 -
[TTDZ18 10 12 - -
TTDZ19 16 18 14 15
[TTDZ20 14 13 12 12
TTDZ21 11 10 14 13
TTDZ22 12 10 13 12
[TTDZ23 13 14 12 10
[TTDZ24 12 14 - 10
[TTDZ25 - - 14 12
TTDZ26 17 14 15 14
TTDZ27 - - 13 10
Ciprofloxaci| 27 24 28 40

E.coli = Escherichia coli, P. aeruginosa = Pseudaras aeruginosa. S.aureus=Staphylococcus aureusjtBilis =Bacillus subtilis.
(-) represent no inhibition growth- Resistant. Wome of inhibition of the various derivatives ahe battery obrganisms along with the
standard drug using diffusion method at 1 uM isgiabove.

4. Antioxidant Studies
The synthesized compounds were subjected to diff@revitro antioxidant models. DPPH radical scavenging assay
[45] and Nitric Oxide scavenging assay [45].

4.1. DPPH radical scavenging assay
The assay was carried out in a 96 well microtitettep To10QL of DPPH solution, 10QL of each of the test
sample or the standard solution was added sepamatelells of the microtiter plate. The final comteations of the

test and standard solutions used were 4 tou@08. The plates were incubated aPGTTor 20 minutes and the
absorbance of each solution was measured at 540sing ELISA micro titer plate reader. The experitnems
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performed in triplicate and % scavenging activitpsacalculated using formula given belowstC(Inhibitory
Concentration) is the concentration of the samplguired to scavenge 50% of DPPH free radicals wiiek
calculatedand reported ifTable 2)
Control- Test
% Scavenging= = smmemmemeeeeee X100
Control

Table 2: Free Radical Scavenging Activity by DPPH Mthod

Percentage Scavenging (pg/ml)
500 | 250 | 125 62.5| 31.25| IC50Value
TTDZ1 | 62.35| 56.97 48.4B3.25 15.65 274.21
TTDZ2 54.28| 44.99 34.425.67| 13.94 397.35
TTDZ3 | 46.21| 39.85 29.522.98 11.00 >500
TTDZ4 | 33.74| 28.36 19.078.07| - >500
TTDZ5 | 44.9¢ | 31.7¢ |26.41|10.7¢| - >50C
TTDZ6 | 60.64| 51.83 47.432.52| 25.18 293.13
TTDZ7 | 64.55| 50.86 35.227.14| 20.54 308.61
TTDZ8 | 65.28| 54.28 39.4@7.14| 16.63 293.33
TTDZ9 | 24.45| 14.91 2.69 - - >500
TTDZ10 | 45.95| 35.68 24.865.14] 1.35 >500
TTDZ11 | 59.7%| 48.97 |43.51|25.41| 15.9¢ 330.9¢
TTDZ12 | 62.47| 48.97 |42.97|22.4%| 18.6¢ 316.6:
TTDZ13 | 60.81| 46.49 37.579.46/ 4.32 229.79
TTDZ14 | 45.97| 34.47 27.385.65 8.07 >500
TTDZ15 | 45.14| 31.0§ 22.707.84 1.35 >500
TTDZ16 | 67.3( | 56.7¢ |46.4¢|36.7€¢| 22.97 244.1¢
TTDZ17 | 61.8¢ | 48.97 |43.51|30.23| 19.7¢ 310.3]
TTDZ18 | 33.78| 19.46 9.78 - - >500
TTDZ19 | 61.60| 49.89 36.6@5.44 11.72 331.47

Compound

TTDZ20 | 45.39] 30.64 20.993.97] - >500
TTDZ21 | 48.66| 37.41 22.004.91] 5.38 >500
TTDZ22 | 34.59| 22.14 15.68.81 - >500

TTDZ23 | 56.3¢ | 38.9( |25.6¢[14.71] 10.2Z 408.3¢
TTDZ24 | 46.49| 40.27 28.689.73 9.46 >500
TTDZ25 | 67.58| 53.37 48.633.42| 26.93 248.56
TTDZ26 | 50.62| 41.9q0 25.943.97| 7.36 499.31
TTDZ27 | 36.66| 20.7q 13.970.50 - -

Ascorbic
Acid 92.31| 89.59|85.67/80.29| 79.64 5.54

4.2. Nitric Oxide scavenging assay
The reaction mixture (3mL) containing sodium nitmagside (10mM, 2mL), phosphate buffer saline (PBSmL)

and 0.5mL of each test sample in DMSO were incubséparately at 2 for 150 minutes. After incubation,0.5uL
of the reaction mixture containing nitrate was rgatband 100uL of sulphanilamide reagent was addedkd well
and allowed to stand for Sminutes for completiondidzotization, then 100 pL of Naphthylethylene ndiiae
dihydro chloride was added, mixed and allowed émdtfor 30 minutes in diffused light at room tengtare. The
absorbance of these solutions was measured at rBdfising ELISA microtiter plate reader. The expenine@as
performed in triplicate and % scavenging activitpsacalculated using formula given below.sgC(Inhibitory
Concentration) is the concentration of the samptpiired to scavenge 50% of nitric acid which wasuated
and reportedin (Table 3).

Control- Test
% Scavenging =  -----------emmmmmoo- X 100
Control
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Table 3: Scavenging activity of selected compoundty Nitric Oxide scavenging assay

Compound %inhibition (Concentration at pug/mil)
500 250 125 62.5 31.25 IC50Vvalue

TTDZ1 56.15 49.64 41.29 34.11 18.64 346.81
TTDZ2 33.26 22.50 11.88 1.62 - >500
TTDZ3 37.61 29.58 20.38 10.12 0.56 >500
TTDZ4 40.02 31.90 29.61 16.66 7.11 >500
TTDZ5 47.25 35.63 33.95 26.79 23.47 >500
TTDZ6 61.53 62.33 60.56 55.96 51.76 324.32
TTDZ7 61.45 67.94 61.00 59.37 50.35 395.88
TTDZ8 48.54 43.96 37.99 32.95 21.94 >500
TTDZ9 49,51 45.38 47.65 46.16 39.67 >500
TTDZ10 45.18 38.45 285.21 16.43 8.12 >500
TTDZ11 58.66 41.20 23.47 13.52 2.887 398.95
TTDZ12 57.54 49.59 47.17 43.88 42.22 257.41
TTDZ13 46.24 42.46 39.09 32.36 26.05 >500
TTDZ14 47.68 42.8€ 34.41 24.41 15.61 >50(
TTDZ15 40.28 37.65 35.39 26.81 19.74 >500
TTDZ16 53.85 48.49 48.41 44.28 40.48 332.08
TTDZ17 54.15 50.15 45.26 40.88 36.45 >500
TTDZ18 43.46 39.56 29.68 24.91 20.80 >500
TTDZ19 51.84 48.62 41.57 32.46 19.54 445.60
TTDZ20 75.2¢ 56.72 55.6€ 57.1¢ 44.8¢ 42.3(
TTDZ21 48.15 42.07 38.13 30.98 21.26 >500
TTDZ22 37.04 24.78 17.05 6.182 - >500
TTDZ23 33.067 27.51 13.26 7.876 4.287 >500
TTDZ24 29.65 23.38 15.61 6.20 1.15 >500
TTDZ25 47 .98 41.12 42.12 42.4: 36.8: >50(
TTDZ26 59.61 59.17 54.8% 51.1¢ 40.52 92.3¢
TTDZ27 59.61 51.09 53.23 51.84 47.10 72.01
Ascorbic

acid 96.35 89.74 81.47 80.31 79.36 4.12

5. In—vitro anticancer screening (MTT method)[46]

All new synthesized compounds were evaluated feirtim-vitro anticancer activities against;dB; (Mouse
melanoma cells), Hela (cervical cancer) and V79ir{€se Hamster lung fibroblast cells) from NCCS,
Pune, India.

Exponentially growing all three cells (Helag 81 and V79) were harvested from 25%ﬁssue culture flasks and a
stock cell suspension (1X§(‘)e|l/m|) wasprepared with respective medi®.96-well flat bottom tissue culture plate

was seeded with 1xfﬁells in 0.1 ml of suitable media supplemented ¥ serum and allowed to attach for
24hrs. Test compounds were prepared just priohéoexperiment in 0.2% DMSO and serially dilutedth
suitable medium to get the different conceiurs of 0.063, 0.125, 0.25, 0.5yM. After 24 hours of incubation,
Cells were treated with 100l of test compoundmfrespective top stocks and the plates were agairbated for
24 and 48 hours. The cells in the control grougire only the medium containing the 0.2% DMSO (sie.
Each treatment was performed in triplicates. Aftex treatment, drug containing media was removetveashed
with 200l of PBS. To each well of the 96 well plat00ul of MTT reagent (Stock:1mg/ml in PBS) wedded and
incubated for 4 hours at 37°C. After 4 hours climation the plate was inverted on tissue papssrtmve the MTT
reagent. To solubilize formazan crystals in thelsyelOOul of 100% DMSO was added to each well. dpical
density (O.D) was measured by an Enzyme Linked inomarbent Assay (ELISA) plate reader at 540 nm.
Percentage cytotoxicity of each compound was catedland reported (Table 4, Table 5 and Table 6).

(Control-blank) - (test-blank)
% cytotoxicity = X 100
(Control-blank)
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Table 4: In-vitro cytotoxic activity of compounds on Hela cells (Ceigal cancer) by MTT assay at 48 hours of exposure

Percentage Scavenging (UM)

Compound =7 05 025 | 0.125 0.063 IC50value
TTDZ1 38.97 35.94 13.31 0.00 0.00 --
TTDZ2 54.56 44.48 33.33 20.38 8.03 0.83
TTDZ3 38.56 34.12 25.90 4.44 0.00 --
TTDZ4 39.93 32.49 26.50 9.54 4,12 --
TTDZ5 49.28 34.05 28.31 17.37 8.36 --
TTDZ6 57.19 48.08 41.73 34.1] 27.10 0.67
TTDZ7 60.07 57.43 49.04 43.53 29.74 0.46
TTDZ8 38.24 32.13 21.10 11.37 2.32 --
TTDZ9 43.53 34.65 26.38 20.3] 9.36 --
TTDZ10 48.86 36.19 26.63 19.04 15.28 --
TTDZ11 59.89 52.21 42.32 30.2 22.79 0.61
TTDZ12 58.58 51.23 36.19 31.0 20.67 0.66
TTDZ13 49.35 31.86 20.92 14.71 9.31 --
TTDZ14 54.56 43.41 35.61 30.22 16.91 0.79
TTDZ15 38.40 14.79 27.45 3.10 1.14 --
TTDZ16 37.09 27.45 17.40 4.74 1.96 --
TTDZ17 40.28 32.43 20.26 10.62 8.17 --
TTDZ18 50.82 42.81 37.58 21.24 15.77 1.0
TTDZ19 39.33 33.69 22.18 17.99 9.34 --
TTDZ20 60.19 52.64 42.93 30.94 17.39 0.48
TTDZ21 41.01 33.21 22.30 6.59 4.80 --
TTDZ22 36.3: 17.42 8.4¢ 1.01 -- --
TTDZ23 48.61 39.22 31.86 24.3 15.36 --
TTDZ24 49.28 33.69 25.78 9.23 6.00 --
TTDZ25 54.08 36.45 26.26 8.15| 7.67 0.85
TTDZ26 45.80 35.25 24.82 8.27| 8.15 --
TTDZ27 52.04 37.53 28.90 15.59 14.87 0.92

assay at 48 hours of exposure

Table 5: In-vitro cytotoxic activity of compounds on B gF1(Mouse Melanoma cells) by MTT

Percentage Scavenging (LM)

Compound = 05 | 025 | 0125 | 0.063 | IC50value
TTDZ1 47.40 43.74 36.18 33.09 25.04 --
TTDZ2 49.11 | 43.90| 42.7§ 31.06 22.36 --
TTDZ3 40.98 | 29.76| 20.89 10.08 5.98 -
TTDZ4 40.65 | 27.72| 20.1f 16.26 4.39 -
TTDZ5 37.15| 29.11| 15.77 3.50 - --
TTDZ6 61.87 59.84 53.74 45.69 41.71 0.23
TTDZ7 71.63| 67.40] 66.50 62.36 52.60 0.057
TTDZ8 47.24 | 43.82| 37.89 13.50 10.08 --
TTDZ9 53.66 | 45.04| 39.11 31.34 18.86 0.78
TTDZ10 48.37| 43.25| 35.69 30.449 18.13 --
TTDZ11 3447 | 30.73] 18.13 5.45 - --
TTDZ12 54.63 45.77 35.61 20.33 7.24 0.77
TTDZ13 48.8¢ | 35.9¢! | 29.8¢ 20.0( 6.1¢ -

TTDZ14 4943 | 44.47] 35.20 25.45 11.38 --
TTDZ15 48.54 | 43.17| 32.85 25.17 10.08 --
TTDZ16 40.12 31.30 27.89 24.55 10.24 --
TTDZ17 4447 | 37.97| 34.55 12.11 6.91 --
TTDZ18 55.53 52.68 43.87 31.87 25.61 0.47
TTDZ18 53.5¢ | 44.9¢ | 39.2] 29.5¢ 23.9( 0.7¢
TTDZ20 73.98| 72.20[ 70.81 66.83 59.11 0.052
TTDZ21 41.01| 33.21] 22.30 6.59 4.8 -
TTDZ22 48.61 | 39.22| 31.86 24.3H 15.36 --
TTDZ23 46.21 | 37.56| 24.91 10.34 1.08 --
TTDZ24 38.21| 23.78 9.64 0.054 - --
TTDZ25 40.1¢ | 36.9¢ | 31.9¢ 19.3¢ 16.5( -
TTDZ26 43.58 | 42.85| 41.38 32.11 25.85 --
TTDZ27 46.26 | 32.60| 29.43 24.96 18.05 --

www.scholarsresearchlibrary.com
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Table 6:In-vitro cytotoxic activity of compounds on V79 (Chinese Haster lunge fibroblast cells) cells by
MTT assay at 48 hours of exposure

Percentage Scavenging (UM)

1 0.5 0.25 0.125 0.063 | IC50Value
TTDZ1 4490 | 39.52 34.53 22.86 12.08 --
TTDZ2 49.37 | 40.93 27.18 21.41 7.59 --
TTDZ3 23.26 17.89 6.40 - -- --
TTDZ4 10.02 9.66 10.00 5.67 --
TTDZ5 16.58 13.85 5.19 - -
TTDZ6 48.9: | 43.9¢ | 27.7] 11.6¢ 10.3¢
TTDZ7 49.1: 44.37 38.6¢ 16.4¢ 4.3:2 --
TTDZ8 53.03 | 41.59 25.32 11.04 455 0.91
TTDZ9 41.78 | 34.63 28.42 18.14| 2.6( --
TTDZ10 | 49.77 | 37.79 27.64 21.27 9.99 --
TTDZ11 49.18 39.78| 18.61 7.87 4.38 -
TTDZ12 | 45.6% | 30.3( | 23.4: 16.3¢ 6.2¢€ --
TTDZ13 6.5E 2.5 - - -
TTDZ14 | 41.01 | 38.10 17.10 4.55 --
TTDZ15| 48.97 | 39.30 24.25 10.82 0.62 --
TTDZ16 | 34.21 | 26.94 19.67 8.36 1.25 --
TTDZ17 | 43.29 | 36.53 27.94 16.32 10.27 --
TTDZ18 | 48.2( | 25.2¢ | 24.7¢ 15.8¢ 5.6¢
TTDZ19 34.62 31.7¢ 14.5¢ 5.3t -
TTDZ20 | 43.50 | 38.11 28.09 25.84 12.8
TTDZ21 47.32 44.21] 35.90 23.28 11.9
TTDZ22 | 44.26 | 40.45 24.93 14.39 0.1
TTDZ23 29.72 15.86 1.76 - -
TTDZ24 | 41.2% | 36.47 | 30.2¢ 26.8¢ 9.0¢
TTDZ25 | 35.36 | 29.97 8.19 3.12 -- --
TTDZ26 | 52.86 | 42.32 29.18 19.75 8.19 0.87
TTDZ27 49.91 43.21] 38.58 37.9] 31.2 -

Compoun

[CJ ]

=

CONCLUSION

Twenty seven 4-(3-substituted [1, 2, 4] triazolo 43b] [1, 3, 4] thiadiazole-6-yl derivatives wesgnthesized in

good yield. All the compounds were characterizedTh (Acetone:ethylacetate, 3.5:6.5), melting ppIR,lH-
NMR and mass spectral data. All the compounds weatuated for antibacterial activity, antioxidawtigity and
anticancer activity.

In antibacterial activity most of the compoundswid zone of inhibition at concentration of 1uM. Feempounds
were selected for MIC( minimium inhibitory conceation) determination. None of the compounds exaibithe
MIC at this particular concentration range, comsplato standard drug. Compound TTDZ20 showed goedtro
antioxidant activity. Compound TTDZ1, TTDZ2, TTbZTTDZ7, TTDZ8, TTDZ11, TTDZ12, TTDZ13,
TTDZ16,TTDZ17,TTDZ19,TTDZ23,TTDZ25,TTDZ26 and TTDZ%ad IGQ values ranging from 42-500ug/ml.
The 1050 value of all other synthesized compounds was als®&ig/ml. MTT assay was performed in cultured
Hela Cells(cervical cancer)iBF1 (Mouse melanoma cells) to conform thairvivo cytotoxicity potency. The
compounds TTDZ6, TTDZ7, TTDZ18 and TTDZ20 were fdupromising. MTT assay was also performed in
cultured normal Human Lung cells as V79 to conftiair in-vitro cytotoxic potency. Here the compound TTDZ8
and TTDZ26 were found to possess cytotoxicity. Baee thein-vitro results TTDZ6, TTDZ7, TTDZ18 and
TTDZ20 were selected fomn-vivo anticancer activity. In EAC the TTDZ6,TTDZ7,TTDZ18nd TTDZ20
compounds enhanced the life span of tumor bearicg at both doseg5mg/kg and150mg/kg) indicating them to
be promising anticancer agerftecause prolongation of life span is a liableecidt for judging the value of any
anticancer agent.

Method of synthesis
General methods of synthesis of synthesis of 4i§Stisuted [1, 2, 4]triazolo [3, 4-b] [1, 3, 4] thdiazol-6- yl)
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(TTDZ1-TTDZ27):0.1mole of substituted ester, in 30ml of ethanatwadded to 0.1mole equivalents of hydrazine
hydrate .The solution was stirred under reflux@drours. After the completion of the reaction (norgd by TLC)
and cooling to room temperature, 200 ml of ice watas added to the solution and the precipitatefaased. The
precipitate was isolated by filtration and purifieg re-crystallization in absolute ethanol to getepacid hydrazide
(1a, 1b). Potassium hydroxide (0.15mol) in 100 fmdlosolute ethanol and 0.1 mole of acid hydrazigeewnixed
together until the solution became clear. To tlearckolution was added 0.15mole of carbon disulfide solution

was stirred for 3 hours at 36 and then 100ml diethyl ether was added to formprecipitate (2a, 2b). The
precipitates were filtered and washed with ethlgeetseveral times. The precipitate was mixed wighd8noles of
hydrazine hydrate and 2ml of water. The solutiors wefluxed for 1 hour until the color of the sotutibecome
clear green. After cooling to room temperature, 06f ice water was added to the solution and rdiaerd with
3N hydrochloric acid to form precipitate. The ppetate was isolated by filtration and purified Bcrystallization
from absolute ethanol to give pure 4-amino-5-sulnsti-4H-1, 2, 4-triazole-3-thiols (3a, 3b). A mixt of 4-

amino-5-substituted-4H-1,2,4-triazole-3-thiol(6.81o1) and polyphosphoric acid (20ml) was heated@e6(PC
with stirring, then substituted aromatic acid wasled (6.9 mmol) portion wise. The mixture was bdait180-

220°C for 4 hours with stirring and poured in ice watekfter neutralizing withconcentrated agueous ammonia
solution, the crude product was collected by filtna, and recrystallized from absolute ethanol &b gure 4-(3-
substituted [1, 2, 4]triazolo [3, 4-b] [1, 3, 4Jiddiazol-6- yl) (TTDZ1-TTDZ18). Similarly 0.1molef dsonicotinic
acid hydrazide was converted to (3-substitute@[H#]triazolo [3, 4-b] [1, 3, 4] thiadiazol-6-yl){IDZ19- TTDZ27)

by the same procedure as mentioned above.

Physical and Spectal data of the compounds
2,6-dichloro-4-(3-phenyl[1,2,4]triazolo[3,4b][1,3,4]thiadiazol-6-yl)aniline(TTDZ1):

Mol. Formula: GsH1¢CiNgS; Mol. Weight: 377.24; Yield: 84%;mp 290-2@3 R; value: 0.62; IR: (KBr) 3367 cm-
1 (-NH2), 3192 cm-1 (C-H), 1467 cm-1 (C=N), 1228-&r(C-Cl), 677cm-1 (C-S-C).
1-[4-(3-phenyl[1,2,4]triazolo[3,4b][1,3,4]thiadiazol-6-yl)phenyllmethanamine(TTDZ2)

Mol. Formula: GgH14NsS; Mol. Weight: 322.37; Yield: 81%; mp 276-279 R value: 0.42; IR: (KBr) 3317 cm-1
(-NH2), 3084 cm-1 (C-H), 1496 cm-1 (C=N), 680 cnfctS-C).
3-phenyl-6-[3-(trifluoromethyl)phenyl][1,2,4]triazolo[3,4-b][1,3,4]thiadiazole (TTDZ3):

Mol. Formula: GgH1oFsNsS; Mol. Weight: 361.33; Yield: 64%; mp 286-281 R value: 0.76; IR: (KBr) 3346 cm-1
(-NH2), 3061 cm-1 (C-H), 1471 cm-1 (C=N), 1178 cr(ctF), 680 cm-1 (C-S)
6-[4-(bromomethyl)phenyl]-3-phenyl[1,2,4]triazolo[34-b][1,3,4]thiadiazole(TTDZ4):

Mol. Formula: GgH1-BrNsS; Mol. Weight: 386.25; Yield: 60%; mp 245-248 R value: 0.53; IR: (KBr) 3344 cm-
1 (-NH2), 3061 cm-1 (C-H), 1471 cm-1 (C=N), 1178-&r(C-Br), 680 cm-1 (C-S).
6-[3-(chloromethyl)phenyl]-3-phenyl[1,2,4]triazoloB,4-b][1,3,4]thiadiazole (TTDZ5):

Mol. Formula: GgH1,CINsS; Mol. Weight: 341.80; Yield: 75%; mp 238-2@) R value: 0.74; IR: (KBr) 3342 cm-
1 (-NH2), 3049 cm-1 (C-H), 1475 cm-1 (C=N), 682 &nfc-S), 574 cm-1 (C-Cl)
3-phenyl-6-(2,4,5-trifluorophenyl) [1,2,4] triazold3,4-b] [1,3,4]thiadiazole (TTDZ6):

Mol. Formula: GsHgFsNsS; Mol. Weight: 347.19; Yield: 63%; mp 254-288 R value: 0.67; IR: (KBr) 3464 cm-1
(-NH2), 3113 cm-1 (C-H), 1468 cm-1 (C=N), 1301 cn(€-F), 684 cm-1 (C-S) NMR: (DMSQ) 3.2 (s, 2H, H-
NH2), 6.73-7.82 (m, 2H,Ar-H), 7.6-8.7(m, 4H, Ar-Hlass: 347.92(m/z)

5-fluoro-2-(3-phenyl[1,2,4] triazolo[3,4b][1,3,4]thiadiazol-6-yl)aniline (TTDZ7):

Mol. Formula: GsH1:FNgS; Mol. Weight: 326.34; Yield: 60%; mp 246-249 R value: 0.64; IR: (KBr) 3336 cm-1
(-NH2), 3064 cm-1 (C-H), 1465 cm-1 (C=N), 1300 cnctF), 684cm-1 (C-S) NMR: (DMSQ) 3.29 (s, 2H, H-
NH2), 6.87-7.72 (m, 3H, Ar-H),7.52- 7.82 (m, 4H,A}. Mass: 327.004 (M+1)
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2-bromo-4-(3-phenyl[1,2,4]triazolo[3,4b][1,3,4]thiadiazol-6-yl)aniline (TTDZ8):

Mol. Formula: GsH1:BrNgS; Mol. Weight: 387.24; Yield: 71%; mp 204-207 R value: 0.42; IR: (KBr) 3416 cm-
1 (-NH2), 3184 cm-1 (C-H), 1228 cm-1 (C-Br), 128@-¢ (C=N), 680 cm-1 (C-S) NMR: (DMS®) 3.29, (s, 2H,
H-NH2), 6.71-7.62 (m, 4H,Ar- H), 6.94-7.61 (m, 3/&-H).

3-chloro-4-(3-phenyl[1,2,4]triazolo[3,4b][1,3,4]thiadiazol-6-yl)aniline (TTDZ9):

Mol. Formula: GsH1:CINgS; Mol. Weight: 342.79; Yield: 74%; mp 268-222 R value: 0.72; IR: (KBr) 3319 cm-
1 (-NH2), 3037 cm-1 (C-H), 1228 cm-1 (C=N), 1172-tnfC-Cl), 677 cm-1 (C-S) NMR: (DMSO) 3.30 (s, 2HK
NH2), 6.34 (m, 1H, J=2.4 Hz,Ar- 2H), 6.36 ( d, 1H3.6 Hz, Ar-4H’), 6.70 (d, 1H, J=2.00 Hz,Ar- 5H)71 (d, 1H,
J=3.2 Hz,Ar- 5H"), 6.78 (d, 1H, J=2.00 Hz, Ar-3H)84 ( s, 1H, Ar-2H’), 7.95 (d, 1H, J=2.4 Hz, Ar-pH

4-[3-(4-aminophenyl)[1,2,4]triazolo[3,4b][1,3,4]thiadiazol-6-yl]-2,6-dichloroaniline (TTDZ10):

Mol. Formula: GsHgClNsS; Mol. Weight: 362.23; Yield: 76%; mp 293-285 R value: 0.73; IR: (KBr) 3321 cm-
1 (-NH2), 3063 cm-1 (C-H), 1600 cm-1 (Ar), 1456 dnfC=N), 1253cm-1 (C-ClI), 678 cm-1 (C-S).NMR: (CBLI
8 5.04(d, 1H, H-NH2), 7.30 (dd, 1H, j=6.8Hz, Ar-2H%.82 (dd, 1H, J=6.8 Hz, Ar-6H’), 7.74-7.79 (m, ,.5&t-H)

4-{6-[4-(aminomethyl)phenyl][1,2,4] triazolo[3,4b][1,3,4]thiadiazol-3-yl}aniline (TTDZ11):

Mol. Formula: GeH13NsS; Mol. Weight: 307.37; Yield: 63%; mp 188-P@t R value: 0.74; IR: (KBr) 3308 cm-1
(-NH2), 3182 cm-1 (C-H), 1614 cm-1 (Ar), 1464 cn{d=N), 678 cm-1 (C-S). NMR: (CDCI3) 4.34(s, 1H, H-
NH2), 2.94 (s, 2h, H-CH2), 7.50 (d, 1H, J=14.0Hz;2M’), 7.56 (dd, 1H, J=14.8Hz, Ar-3H’), 8.40 (ddH,
J=15.6Hz, Ar-5H"), 8.42(d, 1H, J=15.6Hz,Ar- 6H"),72-7.75 (m, 5H, H-Ar). Mass: 308.98 (M+2)

4-{6-[3-(trifluoromethyl)phenyl][1,2,4]triazolo[3,4 -b][1,3,4]thiadiazol-3-yl}aniline (TTDZ12):

Mol. Formula: GgHeF3N,S; Mol. Weight: 346.29; Yield: 49%; mp 270-2T4 R value: 0.49; IR: (KBr) 3284 cm-1
(C-H), 1496 cm-1 (Ar), 1462 cm-1 (C=N), 1174 cmd-k), 682 cm-1 (C-S). NMR: (CDCI3) 7.49-7.55 (m, 5H,
H-Ar), 7.57 (d, 1H, J=8.00Hz, Ar-5H"), 7.83 (d, 1B+8.00Hz,Ar- 6H’), 8.17 (d, 1H, J=2.00Hz, Ar-2H8,35 (d,
1H, J=2.00,Ar- 4H"). Mass: 345.965 (m/z)
4-{6-[4-(bromomethyl)phenyl][1,2,4]triazolo[3,4b][1,3,4]thiadiazol-3-yl}aniline (TTDZ13):

Mol. Formula: GgH1:BrN,S; Mol. Weight: 371.25; Yield: 78%; mp 235-289 R value: 0.69; IR: (KBr) 3182 cm-
1 (C-H), 1554 cm-1 (Ar), 1469 cm-1 (C=N), 1246 cn(etBr), 680 cm-1(C-S)
4-{6-[3-(chloromethyl)phenyl][1,2,4]triazolo[3,4b][1,3,4]thiadiazol-3-yl}aniline (TTDZ14):

Mol. Formula: GgH1,CIN,S; Mol. Weight: 326.80; Yield: 73%; mp 257-260 R value: 0.74; |.R: (KBr) 3314 cm-
1(-NH2), 3049 cm-1 (C-H), 1472 cm-1 (C=N), 672 crctS)
4-[6-(2,4,5-trifluorophenyl)[1,2,4]triazolo[3,4-b][1,3,4]thiadiazol-3-yl]aniline (TTDZ15):

Mol. Formula: GsH;FsN,S; Mol. Weight: 332.11; Yield: 47%; mp 160-1%64 R: value: 0.41;IR: (KBr) 3182 cm-1
(C-H), 1602 cm-1 (Ar), 1464 cm-1 (C=N), 1298 cmckk), 688 cm-1 (C-S).

2-[3-(4-aminophenyl) [1,2,4]triazolo[3,4b][1,3,4]thiadiazol-6-yl]-5-fluoroaniline (TTDZ16):

Mol. Formula: GsH1oFNsS; Mol. Weight: 311.30; Yield: 62%; mp 208-200) R value: 0.57; IR: (KBr) 2918 cm-
1(C-H), 1620 cm-1 (Ar), 1462 cm-1(C=N), 1290 cmetk), 3066 cm-1 (-NH2), 684 cm-1 (C-S). NMR: (DMS®)
3.29 (s, 2H, H-NH2), 6.71 (d, 1H, J=2.8 Hz, Ar-5H) 74 (d, 1H, J=2.8 Hz, Ar-6H’), 6.86 (s, 1H,AHH3, 7.53 (s,
1H,Ar- 4H), 7.60 (d, 1H, J=2.00Hz, Ar- 5H), 7.73 (H, J=2.00Hz,Ar- 6H), 7.83 (d, 1H, J=2.0Hz, Ar2H.63 (d,
1H, J=2.4 Hz, Ar-3H). Mass-: 311 (M+1)

4-[3-(4-aminophenyl) [1,2,4]triazolo[3,4b][1,3,4]thiadiazol-6-yl]-2-bromoaniline (TTDZ17):

Mol. Formula: GsH1gBrNsS; Mol. Weight: 372.24; Yield: 81%; mp 141-P45 R value: 0.48; IR: (KBr) 3454 cm-
1 (-NH2), 3342 cm-1 (C-H), 1560 cm-1 (Ar), 1469 &nf€=N), 1288 cm-1 (C-Br), 682 cm-1 (C-S).
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4-[3-(4-aminophenyl)[1,2,4]triazolo[3,4b][1,3,4]thiadiazol-6-yI]-3-chloroaniline (TTDZ18):

Mol. Formula: GsH1CINsS; Mol. Weight: 327; Yield: 63%; mp 245-248 R value: 0.61; IR: (KBr) 3317 cm-1 (-
NH2), 3180 cm-1 (C-H), 1600 cm-1 (Ar), 1465 cm-E(Q, 682 cm-1 (C-S).
2,6-dichloro-4-(3-pyridin-4-yl[1,2,4]triazolo[3,4-b][1,3,4]thiadiazol-6-yl)aniline(TTDZ19):

Mol. Formula: G4HsCl.NgS; Mol. Weight: 365.21; Yield: 64%; mp 260-264 R value: 0.63; IR: (KBr) 3462 cm-
1, (C=N) 3373-3174 cm-1 (-CH==CH), 1608 cm-1 (N=B34 cm-1 (-C-S-C), 1226 cm-1 (C-ClI), 1456 cm 1(¢=N
1-[4-(3-pyridin-4-yl[1,2,4]triazolo[3,4-b][1,3,4]thiadiazol-6-yl)phenyl[methanamine (TTDZ20)

Mol. Formula: GsH1.NgS; Mol. Weight: 308.34; Yield: 77%; mp 225-228 R value: 0.52; IR: (KBr) 3277 cm-1
(C-H), 2926 cm-1 (N=H), 1604 cm-1 (C=N), 678 cm&k$-C). Mass: 308.455 (m/z)
3-pyridin-4-yl-6-[3-(trifluoromethyl)phenyl][1,2,4] triazolo[3,4-b][1,3,4]thiadiazole (TTDZ21).

Mol. Formula: GsHgFsNsS; Mol. Weight: 347.30; Yield: 49%; mp 247-2&% R value: 0.41; IR: (KBr) 3327 cm-1
(C-H), 2948 cm-1 (N-H), 1596 cm-1 (C=N), 1143 cnf€tF), 615 cm-1 (C-S)
6-[3-(bromomethyl)phenyl]-3-pyridin-4-yl[1,2,4]tria zolo[3,4-b][1,3,4]thiadiazole (TTDZ22).

Mol. Formula: GsH10BrNsS; Mol. Weight: 372.24; Yield: 51%; mp 274-208 R value: 0.52; IR: (KBr) 3327 cm-
1 (-NH2), 3054 cm-1 (C-H), 1589 cm-1 (C=N), 1342-tr{C-F), 684 cm-1 (C-S-C),
6-[3-(chloromethyl)phenyl]-3-pyridin-4-yl[1,2,4]tri azolo[3,4b][1,3,4]thiadiazole (TTDZ23):

Mol. Formula: GsH;CINsS; Mol. Weight: 327.78;Yield: 45%; mp 243-248 R value: 0.49; IR: (KBr) 3049 cm-1
(C-H), 1600 cm-1 (C=N), 690 cm-1 (C-S-C), 518 crz2ClI).

3-pyridin-4-yl-6-(2,4,5-trifluorophenyl)[1,2,4] tri azolo[3,4b][1,3,4] thiadiazole (TTDZ24)

Mol. Formula: GsHsFsNsS; Mol. Weight: 333.29; Yield: 42%; mp 261-264 R value: 0.71; IR: (KBr) 3462 cm-1
(-NH2), 3112 cm-1 (C-H), 1464 cm-1 (C=N), 1301 crfctF), 684 cm-1 (C-S-C).
5-fluoro-2-(3-pyridin-4-yl[1,2,4]triazolo[3,4-b][1,3,4]thiadiazol-6-yl)aniline (TTDZ25):

Mol. Formula: G4HgFNsS; Mol. Weight: 312.31; Yield: 78%; mp 296-2@8 R value: 0.49; IR: (KBr) 3435 cm-1
(-NH2), 3309 cm-1 (C-H), 1610 cm-1 (C-N), 1224 cnctF), 680 cm-1 (C-S-C).
2-bromo-4-(3-pyridin-4-yl[1,2,4]triazolo[3,4-b][1,3,4]thiadiazol-6-yl)aniline (TTDZ26):

Mol. Formula: G4HoBrNgS; Mol. Weight: 373.22; Yield: 72%; mp 135-190; R value: 0.71; IR: (KBr) 3437 cm-
1 (-NH2), 3137 cm-1 (C-H), 1600 cm-1 (C=N), 1226-tr{C-Br), 680 cm-1 (C-S-C).
3-chloro-4-(3-pyridin-4-yl[1,2,4]triazolo[3,4-b][1,3,4]thiadiazol-6-yl)aniline (TTDZ27):

Mol. Formula: G4HyCINgS; Mol. Weight: 328.71; Yield: 76%; mp 252-288 R value: 0.64; IR: (KBr) 3329 cm-1
(-NH2), 3203 cm-1 (C-H), 1600 cm-1 (C=N), 1147 cnfe:Cl). NMR: (DMSO)s 3.29 (s, 2H, H-NH2), 6.45 (s,
1H, 2H"), 6.73 (dd, 1H, J=2.4 Hz, 5H’), 6.78 (d, 1#2.4, 6H), 8.21 (d, 1H, J=1.6Hz, 3H), 8.14 1ti, J=1.6Hz,
5H), 8.23 (d, 1H, J=1.6Hz, 2H), 8.33 (d, 1h, J=1z6PH). Mass: 329 (M+1).
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