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Abstract: New series of 1,2,4-triazole based Schiff b&se5{) and 1,3,4-thiadiazoléé-6g) derivatives were
synthesized by utilizing 4-amino-5-(4-chloro-2-mgtthenyl)-4H-1,2,4-triazole-3-thiol 4) as active
intermediateand evaluated fomvitro anti-hyperglycemic activity by-glucosidase enzyme inhibition and
invivo by streptozotocin (STZ) and nicotinamide induc&2DM rat model. The compoundsa, 5¢c-g which
showed potential DPPH radical scavenging activitthwa level of inhibition ranging between 70% ar@®
were considered for anti-hyperglycemic activity eTIs, value, for thex-glucosidase inhibition capacity of the
compoundsba and5c¢ was 74.5ug and 113ug respectively. Blood glucesel lof test compound$d, 5¢-g)
attenuated the progression of diabetes in a dogendent manner following 14 days of treatment. st
compounds were given orally at 10mg/kg, 50mg/kg #0@mg/kg body weight of animals. The™day data
with 10 mg/kg, compoundsa and5c showed significant decrease in plasma glucoseerdration (92mg/dL
and 109mg/dL respectively) and for the compousassc-gwith 100mg/kg, the plasma glucose concentration
was 94mg/dL to 111mg/dL.

Key words: anti-hyperglycemicg-glucosidase; Schiff base; 1,3,4-thiadiazole; {&akolebenzylidene.

1. Introduction

Type 2 diabetes mellitus (T2DM) is a global epideniihe number of reported cases has doubled over
the past 15 years. Recently, dipeptidyl peptidasgDPP-4) inhibitors have emerged as a new class of
antihyperglycemic agents for the treatment of T2Rd offer several advantages over other existing
antidiabetic agents such as lack of body weight gaid decreased incidence of hypoglycemic episodes.
Sitagliptin,a trifluoromethylated triazolopiperiana selective, potent DPP-4 inhibitor, which reigereceived
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approval for the treatment of type 2 diabetes lsyRDA. Blanket al. (1972) has reported that certain 4-alkyl-5-
aryl-4H-1,2,4-triazole-3-thiols produced hypoglyéamn normal and alloxan-diabetic rats. 1-(mesity®
sulfonyl)-1H-1,2,4-triazole was evaluated for hylyogmic activity and 1,3,4-thiadiazoles were exptbras
hypoglycemic agents.Many 1,2,4-triazole and 1,Bideliazole derivatives have been used as ‘privilege
scaffolds to produce active pharmaceutical ingregdieSome of the modern-day drugs like Ribavirmti(aral
agent), Alprazolam (anxiolytic agent), Fluconazoléraconazole (antifungal agents) and Rizatriptan
(antimigrane agent) are having triazole nucleuséir structure. The ambient nucleophilic centeesent in 3-
substituted-4-amino-5-mercapto-1,2,4-triazoles eerthiem useful synthons for the synthesis of varibli
bridged heterocycles. 1,2,4-triazole, 1,3,4-thiadia and thiadiazine are explored to the maximurergx
owing to their wide spectrum of pharmacological iaiiés such as antibacterial, anti-fungal[l1,2],
antitubercular[3], anticancer[4], anticonvulsant[Enti-inflammatory[6,7], analgesic[8,9], antitum¢iO],
molluscicidal[7,11], and antiviral[10,12] activiseAmong the pharmacological profiles of 1,2,4zoles, their
antimicrobial, anticonvulsant, and antidepressamp@rties have been best documented. Recently, some
benzoxazoline, trisubstituted triazoles, and 4-gktenamino derivatives containing triazole andathéazole
units have been found to be endowed with exceflest radical scavenging activities[13-15]. Typei2betes
mellitus (T2DM) is a global epidemic. The numberreported cases has doubled over the past 15 $6ars[
Recently, dipeptidyl peptidase IV (DPP-4) inhibfdrave emerged as a new class of antihyperglycageiots
for the treatment of T2DM[17-20] and offer seveaidvantages over other existing antidiabetic ageunth as
lack of body weight gain and decreased incidence hgpoglycemic episodes. Sitagliptin[21,22], a
trifluoromethylated triazolopiperizine, a selectiymtent DPP-4 inhibitor, which recently receivggbiaoval for
the treatment of type 2 diabetes by the FDA. Bletrdd. (1972)[23] has reported that certain 4-alkedrgl-4H-
1,2,4-triazole-3-thiols produced hypoglycemia inrmal and alloxan-diabetic rats. 1-(mesitylen-2-coif)-
1H-1,2,4-triazole was evaluated for hypoglycemidivay[24] and 1,3,4-thiadiazoles were explored as
hypoglycemic agents[25,26]. Prompted by these eobsens and in continuation of our research for
biologically active heterocyclic compounds[27] iasvcontemplated to synthesize some N-bridged losteles
containing 1,2,4-triazole moiety with a view to éqe their potency as better chemotherapeutic agetdrein,
we describe the synthesis, free-radical scaveraiuign vitro andin vivo anti-hyperglycemic activity of 1,2, 4-
triazole benzylidene and 1,3,4-thiadiazole derigsi
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2. Materials and Methods
2.1. Chemistry

'H and™*C NMR spectra were recorded with a Brucker Avan&XB00 spectrometer operating at 400
MHz, with Me;Si as internal standard. The chemical shifts apeesssed a8 values in parts per million (ppm),
and the coupling constantg) (are given in hertz (Hz). Mass spectra were detexdh by the EPSRC
(Engineering and Physical Sciences Research CouMebs Spectrometry (Swansea, UK). Flash column
chromatography was performed with silica gel 60 @k and Thin layer chromatography (TLC) carriad o
on precoated silica plates (kiesel gel 6)FMelting points were determined on an electrartied instrument
and are uncorrected. All reagents involved in thpeements were commercially available and usedhout
further purification. The yields were of purifiedropounds and were not optimized.

2.1.1. Synthesis of 5-chloro-2-methylphenyl benzoate (1)

To a stirred solution of 2-methyl benzoic acid é&mmol) in dry methanol (100 mL), was added 3-4
drops of con.El50,. The reaction mixture was refluxed for 8-10 h urmierogen atmosphere. The reaction was
monitored by TLC. After the reaction completion,th@nol was distilled off and the residue was digsolin
ethyl acetate (200 mL). The organic layer was wadshith 10% sodium bicarbonate solution (50 mL) and
water (50 mL) followed by saturated sodium chlorgddution. The organic layer was treated with ambyd
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sodium sulfate, filtered and concentrated undemwacto afford title compound. 5-chloro-2-methylpien
benzoate, % yield: 76.2, MF8sClIO,,MW: 183.67.

2.1.2. Synthesis of 5-chloro-2-methylbenzohydrazide (2)

To a stirred solution of 5-chloro-2-methylphenyhhkeate 1)(59.93 mmol) in absolute ethanol (90 mL)
was added hydrazine hydrate (269.68 mmol). Theimramixture was refluxed for about 8 h. The reattivas
monitored by TLC. After the reaction completione téolvent was distilled under vacuum, added icesngiO
mL) and stirred for 15 min. The solid obtained wéiered and dried under vacuum to obtain 5-chi@+o-
methylbenzohydrazide2) as off-white solid. % vyield: 88; m.p: 163-165°Mf: CsHoCIN,O, MW: 184.62,
[m/z]: 184.04.

2.1.3. Synthesis of 2-(5-chloro-2-methylbenzoyl)hydrazinexbodithiol acid potassium salt (3)

Potassium hydroxide pellets (106.54 mmol) werealliesl in 40 mL absolute ethanol. To this solution,
added 5-chloro-2-methylbenzohydrazidd(%3.27 mmol) followed by carbon disulfide (117.h8mol) and
contents were stirred at room temperature for 3te reaction was monitored by TLC. After the reatti
completion, added di-ethylether (100 mL) and dtirir 10 min. The solid formed was filtered andedrunder
vacuum to obtain 2-(5-chloro-2-methylbenzoyl) hyainecarbodithiol acid potassium saB) (as off-white
solid. % vyield: 85; m.p: 169-173°C; MF3sCIKN,OS;; MW: 298.85; [m/z]: 298.2.

2.1.4. Synthesis of 4-amino-5-(5-chloro-2-methyl phenyl)#-1,2,4-triazole-3-thiol (4)

Hydrazine hydrate (45.38 mmol) was added to comga@ir{45.38 mmol) and the contents were
refluxed for 2 h. The reaction was monitored by TIAGter the reaction completion, the reaction migtwas
acidified with con. HCI. The precipitate was filker and dried under vacuum to obtain compodntivhite
solid, Yield: 87.9%, m.p: 171-174°&4-NMR (400 MHz, DMSO-g, 6 / ppm): 2.35 (s, 3H), 5.66 (bs, 2H), 7.13
(t, J=7.26 Hz, 1H), 7.14 () = 7.26 Hz, 1H), 7.30 (] = 7.2 Hz, 1H), 13.05 (s, 1H); MF:g84CIN,S; MW:
240.7, [m/z]: 240.

2.1.5. General procedure for the synthesis of benzylideneaine derivative (5a-i)

To a stirred solution of compourid(4.84 mmol) in ethanol (10 mL), was added benzalde (1 eq.),
2-3 drops of con.kB0O, and the contents were refluxed for 5 h. The reacttas monitored by TLC. After the
reaction completion, the solvent was removed umdeuum. To the residue, was added 5 mL of ice-water
stirred for 5 min. and the precipitated solid witerfed and dried under vacuum. The compounds yweriéied
by column chromatography using ethyl acetate atmbleeim ether.

4-[ (E)-benzylideneamino] -5-(4-chl or o-2-methyl phenyl)-4H-1,2,4-triazol e-3-thiol (5a)

Off-white solid, 70%; m.p 125-129°G-NMR (400 MHz, DMSO-¢, § / ppm): 2.36 (s, 3H), 7.57 (dd,
J1=1.6 Hz,J, = 8.2 Hz, 2H), 7.61-7.63 (m, 1H), 7.70 (dd= 2 Hz,J, = 8.4 Hz, 2H), 7.87 (d] = 0.8 Hz, 2H),
7.89 (s, 1H), 9.71 (s, 1H), 14.28 (s, 1FC-NMR (400 MHz, DMSO-¢ ¢ / ppm): 167.57, 155.45, 149.67,
137.59, 135.48, 133.93, 131.98, 128.40, 129.07,2927126.39, 119.49, 112.88, 107.54, 102.84, 22R2m
1 _SH: 2640, -C=N-: 1565, Ar-Me: 2813; Anal. caléor C,cH;5CIN,S: C, 58.23; H, 3.94; N, 6.98%; found: C,
58.25; H, 3.97; N, 6.70%. MW: 328.82, [m/zp29.7.

5-(4-chlor o-2-methyl phenyl)-4-[ (E)-(2,4-difluor obenzylidene)amino] -4H-1,2,4-triazol e-3-thiol (5b)

White solid, 76%; m.p 155-158°GH-NMR (400 MHz, DMSO-¢, 5 / ppm): 2.37 (s, 3H), 7.28 (1, =
1.6 Hz, 1H), 7.55 (t) = 1.9 Hz, 1H), 7.57 (d] = 8.4 Hz, 1H), 7.70 (ddl; = 1.6 Hz,J, = 8.0 Hz, 1H), 7.85 (s,
1H) 8.03 (d,J = 6.8 Hz, 1H), 10.07 (s, 1H), 14.3 (s, 1HC-NMR (400 MHz, DMSO-¢, 6 / ppm): 168.97,
160.45, 151.67, 151.55, 149.44, 137.93, 133.98,4P231129.87, 128.29, 122.39, 120.49, 112.88, 104.54
103.84, 22.82; IR cih -SH: 2575, -C=N-: 1670, Ar-Me: 2925, C-F: 1200aA calcd. for GHy;CIFN,S: C,
52.50; H, 3.0; N, 15.31%; found: C, 52.52; H, 3.83:15.34%. MW: 364.80, [m/Z] 365.7.

5-(4-chlor o-2-methyl phenyl)-4-[ (E)-(2-fluor obenzylidene)amino] -4H-1,2,4-triazole-3-thiol (5¢)

Off-white solid, 81%; m.p 158-164°8-NMR (400 MHz, DMSO-g, 5 / ppm): 2.37 (s, 3H), 7.36-7.44
(m, 2H), 7.58 (dJ = 8.4Hz, 1H), 7.67-7.72 (m, 2H), 7.86 (b= 1.6 Hz, 1H), 7.95-7.99 (m, 1H), 10.12 (s, 1H),
14.32 (s, 1H)®C-NMR (400 MHz, DMSO-¢ 6 / ppm): 169.97, 168.45, 161.67, 159.59, 149.49.93
133.98, 130.40, 129.87, 128.29, 126.39, 120.49,8B19.04.54, 103.84, 22.52; IR ¢mSH: 2572, -C=N-:
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1665, Ar-Me: 2920; C-F: 1250; Anal. calcd. forg8:,CIFN,S: C, 55.18; H, 3.44; N, 16.09%; found: C, 55.21;
H, 3.41; N, 16.11%. MW: 346.81, [m/z]347.9.

5-(4-chloro-2-methyl phenyl)-4-[ (E)-(3-fluor obenzylidene)amino] -4H-1,2,4-triazole-3-thiol (5d)

Yellow solid, 75%; m.p 147-152°84-NMR (400 MHz, DMSO-¢, 6 / ppm): 2.36 (s, 3H), 7.46-7.50
(m, 1H), 7.57-7.64 (m, 2H), 7.68-7.73 (m, 3H), 7(851H), 9.80 (s, 1H), 14.31 (s, 1HJC-NMR (400 MHz,
DMSO-d;, 0 / ppm): 163.67, 162.45, 160.67, 159.59, 146.48,9438 135.98, 130.40, 129.87, 127.29, 126.39,
120.49, 116.88, 104.54, 103.84, 22.12; IR'caSH: 2542, -C=N-: 1675, Ar-Me: 2930, C-F: 1300na\
caled. for GgH,CIFN,S: C, 55.18; H, 3.44; N, 16.09%; found: C, 55.20;3#2; N, 16.10%. MW: 346.81,
[m/z]": 347.8.

2-((E)-{[ 3-(4-chloro-2-methyl phenyl)-5-sulfanyl-4H-1,2,4-triazol -4-yl] imino} methyl ) benzene-1,4-diol (5€)

Pale brown solid, 73%; m.p 140-144°Et-NMR (400 MHz, DMSO-¢, 6 / ppm): 2.36 (s, 3H), 7.19-
7.22 (m, 3H), 7.39 (s, 1H), 7.49 @@= 2.2 Hz, 1H), 7.62-7.69 (m, 1H), 7.91 (s, 1HBE(s, 1H), 9.85 (s, 1H),
14.17 (s, 1H);"®*C-NMR (400 MHz, DMSO-¢ ¢ / ppm): 159.07, 157.45, 155.97, 153.59, 146.42.93
141.98, 139.40, 136.07, 135.20, 125.37, 119.49,8816.11.49, 107.54, 21.82; IR ¢m-SH: 2950, -C=N-:
1690, Ar-Me: 2895, Ar-OH: 3365; Anal. calcd. fogsH::CIN,O,S: C, 53.21; H, 3.60; N, 15.52%; found: C,
53.24; H, 3.63; N, 15.55%. MW: 360.81, [m/Z361.7.

4-[ (E)-{[ 3-(4-chloro-2-methyl phenyl)-5-sulfanyl-4H-1,2,4-triazol -4-yl] imino} methyl] phenol (5f)

Yellow solid, 81%; m.p 135-139°CH-NMR (400 MHz, DMSO-g, § / ppm): 2.35 (s, 3H), 6.83-6.93
(m, 3H), 7.54 (d,]) = 4.8 Hz, 1H), 7.66-7.75 (m, 3H), 7.86 (s, 1HBM(s, 1H), 14.19 (s, 1HJ*C-NMR (400
MHz, DMSO-d, ¢ / ppm): 157.07, 155.45, 154.97, 147.59, 146.42.93} 140.98, 139.40, 136.07, 127.20,
125.37, 119.49, 116.88, 111.49, 107.54, 21.72;:nR, ¢SH: 2940; -C=N-: 1695; Ar-Me: 2890; Ar-OH: 3370:
Anal. calcd. for GH3CIN,OS: C, 55.68; H, 3.77; N, 16.24%; found: C, 55.F);3.80; N, 16.25%. MW:
344.81, [m/z]: 345.75.

5-(4-chlor o-2-methyl phenyl)-4-[ (E)-(4-methoxybenzylidene)amino] -4H-1,2,4-triazol e-3-thiol (5g)

Pale brown solid, 76%; m.p 159-163%E-NMR (400 MHz, DMSO-¢, 6 / ppm): 2.37 (s, 3H), 3.81 (s,
3H), 7.03-7.12 (m, 3H), 7.56 (d,= 8.4 Hz, 1H), 7.68 (d] = 0.8 Hz, 1H), 7.78-7.86 (m, 2H), 9.5 (s, 1H),24.
(s, 1H); *®*C-NMR (400 MHz, DMSO-¢ § / ppm): 168.57, 165.45, 164.67, 157.59, 156.4@.93} 141.98,
137.40, 129.07, 127.29, 125.39, 119.49, 112.884%1007.54, 55.84, 22.42; IR &mSH: 2640, -C=N-:1565,
Ar-Me: 2813, Ar-Me0:1150; Anal. calcd. fori#,5CIN,OS: C, 56.72; H, 4.17; N, 15.57%; found: C, 56.75;
H, 4.20; N, 15.60%. MW: 358.84, [m/z]359.6.

4-bromo-2-[ (E)-{[ 3-(4-chlor o-2-methyl phenyl)-5-sulfanyl-4H-1,2,4-triazol -4-yl] imino} methyl] phenol (5h)

Pale yellow solid, 80%; m.p 139-143°{-NMR (400 MHz, DMSO-g, 6 / ppm): 2.37 (s, 3H), 6.93 (t,
J = 5.2 Hz, 1H), 7.51-7.61 (m, 3H), 7.87-7.90 (m,)210.05 (s, 1H), 10.90 (s, 1H), 14.22 (s, 1HE-NMR
(400 MHz, DMSO-g, ¢ / ppm): 167.07, 165.45, 164.97, 157.59, 156.4&.931 141.98, 139.40, 136.07,
127.29, 125.37, 119.49, 113.88, 111.44, 107.5424R cm', -SH: 2740, -C=N-: 1595, Ar-Me: 2893, Ar-
OH:3350; C-Br: 580; Anal. calcd. for;:,BrCIN,OS: C, 45.32; H, 2.83; N, 13.21%; found: C, 45.8B5;
2.86; N, 13.25%. MW: 423.71, [m/z]424.65.

5-(4-chlor o-2-methyl phenyl)-4-{ (E)-[ 2-fluor o-4-(trifl uor omethyl )benzyli dene] amino}-4H-1,2,4-triazole-3-thiol
(5i)

Pale yellow solid, 77%; m.p 120-123°&-NMR (400 MHz, DMSO-g, § / ppm): 2.37 (s, 3H), 7.56-
7.60 (m, 1H), 7.70 (dd}; = 1.7 Hz,J,= 8.2 Hz, 1H), 7.78 (d] = 1.6Hz, 1H), 7.83-8.06 (m, 3H), 10.06 (s, 1H),
14.37 (s, 1H);®*C-NMR (400 MHz, DMSO-¢ ¢ / ppm): 160.67, 155.45, 149.67, 137.59, 135.4@.93
131.98, 128.40, 128.07, 127.29, 126.39, 120.49,88]1204.54, 103.84, 102.11, 21.42; IRgnSH: 2540; -
C=N-: 1575; Ar- Me: 2830; C-F: 1270; Anal. calcdr 1C;;H1:CIF,N,S: C, 49.07; H, 2.64; N, 13.47%; found:
C, 49.10; H, 2.67; N, 13.50%. MW: 414.80, [m/Z}15.7.

2.1.6. General procedure for the synthesis of Thiadiazolderivatives (6a-69)

To a stirred solution of 4-amino-5-(5-chloro-2-mgdtiphenyl)-4H-1,2,4-triazole-3-thio#t (1 g, 4.84
mmol, 1 eq) in POG(10 mL), was added benzoic acid (1 eq) and theicgamixture was refluxed about 10 h.
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The reaction completion was monitored by TLC. Aftee reaction completion, the mass was quenched
with ice-water, and the product was extracted ity acetate (2 75 mL). The organic layer was washed
10% sodium bicarbonate solution (50 mL) followed Wwgiter and saturated sodium chloride solution. The
organic layer was treated with anhydrous sodiunfatland concentrated under vacuum to afford title
compounds. These compounds were purified by colummomatography using ethyl acetate and petroleum
ether.

6-(2-bromo 4-fluor ophenyl)-3-(4-chloro-2-methylphenyl)[ 1,2,4] triazol € 3,4,b] [ 1,3,4] thiadiazol e (6a)

Pale yellow solid, 70%; m.p 136-139°C* NMR, 400 MHz, DMSO-¢, 6 2.44 (s, 3H), 7.56 (1] = 7.7
Hz, 1H), 7.67 (d,J) = 8.31 Hz, 1H), 7.96 (dd; = 2.6 Hz,J, = 8.16 Hz, 1H), 8.09 ({] = 11.2 Hz, 2H), 8.2 (s,
1H); C*® NMR, 175.0, 165.1, 148, 138.2, 136.6, 135.4, 13831.3, 129.3, 128.8, 126.3, 121.8, 121.2, 115.0,
21.2; Anal. calcd. for GHoBrCIFN,S: C, 45.36; H, 2.14; N, 13.22%; found: C, 45.34;2H4; N, 13.21%.
MW: 423.69, [m/z]= 423.94.

6-(2,6-dimethyl phenyl)-3-(4-chloro-2-methyl phenyl)[ 1,2,4] triazol €] 3,4,b] [ 1,3,4] Thiadiazole (6b)

White solid, 75%, m.p 152-154.5°C; NMR, 400 MHz, DMSO-¢, J 2.26 (s, 6H), 2.41 (s, 3H), 7.26
(d,J=7.6 Hz, 2H), 7.43 () =7.6 Hz, 1H), 7.63 (d] = 8.4 Hz, 1H), 8.06 (dd}; = 2 Hz,J, = 8.2 Hz, 1H), 8.16
(d, J = 1.6 Hz, 1H); & NMR, 168.0, 148.0, 143.3, 138.7, 138.2, 136.6,.2,3332.6, 130.9, 129.3, 126.3,
126.1, 21.8, 21.2; Anal. calcd. ford#5cN4S: C, 60.92; H, 4.26; N, 15.79%; found: C, 60.89;4:26; N,
15.78%. MW: 354.86, [m/z]= 354.07.

6-(3-bromo-5-iodophenyl)-3-(4-chloro-2-methyl phenyl)[ 1,2,4] triazol €] 3,4,b] [ 1,3,4] thiadiazol e (6c)

Yellow solid, 73%; m.p 141-142°C;'MIMR, 400 MHz, DMSO-g¢, 6 2.48 (s, 3H), 7.65-7.71 (m, 3H), 8.17Jt,
= 3.6 Hz, 1H), 8.22 (d, J = 4 Hz, 1H), 8.32 (dd= 2.1Hz,J, = 8.24 Hz, 1H), 8.36 (d] = 1.9 Hz, 1H); &
NMR, 168.0, 148.0, 143.3, 143.0, 138.2, 136.6,.8.3534.5, 134.2, 131.6, 129.3, 128.8, 126.3, 12968,
21.2. Anal. calcd. for GHeBrICIN,S: C, 36.15; H, 1.71; N, 10.54%; found: C, 36.141H1; N, 10.53%. MW:
531.6, [m/z]= 531.84.

6-(4-fluoro-3-nitrophenyl)-3-(4-chloro-2-methyl phenyl)[ 1,2,4] triazol €] 3,4,b] [ 1,3,4] thiadiazol e (6d)

White solid, 76%, m.p 155-158.5°C} NMR, 400 MHz, DMSO-¢, d 2.41 (s, 3H), 7.67 (dl = 8.4 Hz,
1H), 7.83-7.87 (m, 2H), 8.04 (s, 1H), 8.20Jd; 1.6 Hz, 1H), 8.24 (s, 1H); Anal. calcd. fors8sFCIN,OsS: C,
49.30; H, 2.33; N, 17.97%; found: C, 49.28; H, 218317.96%. MW: 389.79, [m/z]= 389.01.

3-(4-chloro-2-methyl phenyl)-6-(2,3,4 trifluorophenyl)[ 1,2,4] triazol €] 3,4,b] [ 1,3,4] thiadiazole (6€)

Off-white solid, 78%, m.p 139-143°C;'IMR, 400 MHz, DMSO-g, ¢ 2.48 (s, 3H), 7.61-7.68 (m,
2H), 8.08-8.10 (m, 1H), 8.14 (dd, J1 = 2 Hz, J2.6 Bz, 1H), 8.24 (dJ = 1.6 Hz, 1H); Anal. calcd. for
CiHsFCINSS: C, 50.47; H, 2.12, N, 14.71%; found: C, 50.45;2d12, N, 14.70%. MW: 380.77, [m/z]=
380.01.

6-(4-bromo-3-methyl phenyl)-3-(4-chloro-2-methylphenyl)[ 1,2,4] triazol € 3,4,b] [ 1,3,4] thiadiazol e (6f)

Yellow solid, 76%; m.p 134-136°C;'HNMR, 400 MHz, DMSO-¢, J 2.41 (s, 3H), 2.46 (s, 3H), 7.65
(d, J =8.34 Hz, 1H), 7.85-7.89 (m, 2H), 8.06 (s, 1Hp&(d,J = 1.75 Hz, 1H), 8.27 (s, 1H); Anal. calcd. for
Ci17/H1:BrCIN,S: C, 48.65; H, 2.88; N, 13.35%; found: C, 48.632H88; N, 13.34%. MW: 419.73, [m/z]= 420.

6-(3-bromophenyl)-3-(4-chloro-2-methylphenyl)[ 1,2,4] triazol € 3,4,b] [ 1,3,4] thiadiazol e (6g)

White solid, 72%, m.p 149.5-153.5°C} NMR, 400 MHz, DMSO-¢, ¢ 2.45 (s, 3H), 7.61 (t] = 8.0 Hz,
1H), 7.69 (dJ = 8.4 Hz, 1H), 7.91 (dd}; = 1.6 Hz,J, = 7.8 Hz, 1H), 8.08 (dd}; = 1.6 Hz,J, = 8 Hz, 1H), 8.25
(d,J=1.6 Hz, 2H); Anal. calcd. for&H:0BrCIN,S: C, 47.37; H, 2.48; N, 13.81%; found: C, 47.352H8; N,
13.80%. MW: 405.7, [m/z]= 406.

2.2.Pharmacology
2.2.1. DPPH free radical and scavenging activity

Free radical-scavenging capacities of test compownere determined according to the previously
reported procedure[28], using the stable 2,2-diphtpicryhydrazyl radical (DPPH). This is the most
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commonly used method for screening of antioxidamitviy of newly synthesized organic compounds. sThi
method is based on the reduction of free radicd® BBy free radical scavengers. The procedure imgotiie
measurement of decrease in absorbance of DPPH atrBlwhich is proportional to the activity of fresdical
scavenger added to DPPH[29] reagent solution. &kssmlution of test compounds (1 mg/mL) and DPPH
(0.004%) was prepared in 95:5 methanol: water. Td-3f freshly prepared DPPH solution in a tesietubas
added stock solution of test compound (L@P and reacted for 15 min and the absorbance wasuned at 517

nm using UV-Visible spectrophotometer (Shimadzu LBGO, Japan). BHT was used as a reference standard;
Ascorbic acid was used as control sample and 95%amel served as blank. Free radical inhibitio®arfl %)

was calculated as;

I % = (Ablank_&amplg / (Ablank) x 100

WhereAyank is the absorbance of the control reaction (coigimll reagents except the test compound), and
AsampleiS the absorbance of the test sample.

2.2.1.1.Invitro e-Glucosidase inhibition assay

The a-glucosidase inhibition activity for the newly skiesized compounds was determined based on
the spectrophotometric assay using acarbose asfdrence compound[30]. The test compound was lees$o
on DMSO to give concentrations from 25, 50, 75 aa@ug/ml. Each well in 96-well plates contained 150
of 2 mM 4-nitrophenylo-p-glucopyranoside (PNP-G) in 100 mM potassium phasplouffer (pH 6.8) and
20pL of the sample in DMSO. The reaction was itetiaby the addition of 150uL of the enzyme solution
(32muU/mL, from baker’'s yeast, Sigma Aldrich ChenlécdJSA). The plates were incubated at 37°C for 20
min. The absorbance of 4-nitrophenol released fRMP-G at 405 nm was measured spectrophotometrically
(iMark Microplate Reader S/N 11638, Bio-Rad Laboregs). The increase in absorbana8) was compared
with that of the control (DMSO) to calculate thehilnition and acarbose was taken as standard referen
compound. The inhibitory activity of the test compds was calculated using the following equation:

Inhibition (%) = ABconrol- ABsampd / ABeonrorX 100%

Results were expressed as the mean + S.E.M. Rastisi analysis of the data group, means were
compared by one-way analysis of variance (ANOVA¥ B.001 was considered to be statistically sigarit.
The 1G, value was calculated by plotting the % inhibitiagainst the concentration and by establishing a
logarithmic regression curve.

2.2.1.2.In vivo anti-hyperglycemic activity
Animal housing and maintenance

Adult Wistar rats weighing 200-300 g were usedhiis tstudy. Animals were taken care as per the
Regulations of Committee for the Purpose of Cordral Supervision of Experiments on Animals (CPCSEA)
Government of India. The ‘Form B’ for carrying aartimal experimentation was reviewed and approveihéy
Institutional Animal Ethics Committee (IAEC). Anidsawere maintained in a controlled environment Vg
25°C temperature, 50 - 60 % humidity, a light/deykle of 12 hours each and 15-20 air changes par. ibe
animals were fedad libitum, with certified Irradiated Laboratory Rodent Dig@dutrilab brand, Tetragon
Chemie Pvt. Ltd, Bangalore) except during the fas& study period.

Hypoglycemic Activity Assay

Test substance and reference item (metformin) siggme was prepared with vehicle containing 0.5%
(w/v) of carboxymethyl cellulose and 0.1% Tween 8feptozotocin (STZ) was dissolved in citrate bufpH
4.5) and nicotinamide in normal saline solutior®$6.NaCl solution). Diabetes was induced in overnfghted
rats by a single intraperitoneal (i.p.) injection6® mg/kg of streptozotocin and 120 mg/kg of nicaide in
Wistar rats (of both sexes)[31]. Hyperglycemia wasfirmed by the elevated non fasting glucose ewel
blood, determined 48 h after diabetes inductiongisslucometer (Accu- check Advantage, Roche diap®s
Mannheim, Germany) and strips. Animals with blodgcgse concentrations more than 250 mg/dL were used
for the study.Each study group involved 6 diabedis. Cage cards indicating the study number, dmonmaber
& treatment group details were affixed to the cgpending cages. Standard drug and test compoungs we
given orally at 10, 50 and 100 mg/kg. The changhénbody weight of rats after induction diabeteswoted.
The blood sample was collected from caudal veithiyfollowing procedure. The animal tale was cleawéh
a cotton swab and the tip was cut using the fingsec. Tail was gently massaged if required andop of
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blood was placed in the area specified on the blgldose measuring strip to record the WBG value.
Reduction in blood glucose produced by the compouasi recorded on®12", 3% 4" 7" and 14 day. At the
end of experiment animals were euthanized by &phyxiation and organ weights were recorded.

Statistical analysis was performed by One-way ANOMRowed by Dunnett’'s multiple comparison tests.
P < 0.05 was considered as a significant change.

3. Results and discussion
Chemistry

The key intermediaté was synthesized frothin three steps. Methyl 4-chloro-2-methylbenzdateas
treated with hydrazine hydrate and ethanol to yetthloro-2-methylbenzohydrazide The condensation of 4-
chloro-2-methylbenzohydrazide2 with carbon disulfide and potassium hydroxide gapetassium
dithiocarbazate, which underwent ring closure with an excess ofragohe to produce aminothidlin good
85% vyield. A new series of 4Hf-substituted-benzylideneamino]-5-(4-chloro-2-méphenyl)-H-1,2,4-
triazole-3-thiol (Schiff baseba-5i were prepared by treating compouhdvith an equimolar amount of the
appropriate benzaldehyde derivatives in the presehcatalytic quantity of sulphuric acid and etbigat reflux
condition. Cyclo-condensation of the SH and ;Nidnctions of compoundt with appropriate benzoicacid
derivatives in the presence of phosphoryl chlorigave 3-(4-chloro-2-methylphenyl)-6-substituted-
phenyl[1,2,4]triazolo[3,43][1,3,4] thiadiazolessa-6g (Scheme L The'H NMR spectra data were consistent
with the assigned structures; benzylideneamino @btop of 5a-5i was observed at around 10.17 ppm;
Triazolethiol SH proton oba-5i was observed at around 14.25 ppm. fAeNMR spectra data were consistent
with the assigned structure; triazole —C=N- carbbBa-6gwas observed at around 150.1 ppm; thiadiazole -
N=C=N-S carbon was observed at 164.9 ppm.

Scheme 1 Synthesis of 4-F)-benzylideneamino]-5-(4-chloro-2-methylphenyh4,2,4-triazole-3-thiol, and
3-(4-chloro-2-methylphenyl)-6-phenyl[1,2,4]triazf8c4-b][1,3,4]thiadiazole derivatives

S
(6] OH O (e} (o] NH (6] N R
~ NH,, |-NHU\S K’
a b C
—_— — —
Cl Cl Cl Cl
1 2 3
N-N )’ A\
— N —_— Cl [
l\\lH N\
cl 2 (o] H
X
4 X | /RB
—1Rj, Z
=
5a - 5i
O OH
f R3
X
| ——Rs 5a | H- 5i | 3-F-4-CF,
=
50| 24-F 6a| 2-Br-4-F
5c | 2-F 6b | 2,6-CH,
_N 5d | 3-F 6c| 3-Br-5-1
N \>\
L3 5e | 2,5- OH 6d| 4-F-3-NO,
‘N | \—R3 5f | 4-OH 6e| 234-F
o = 59 | 4- OCHj 6f | 4-Br-3-CH,
6a - 6g 5h|5-Br-2-OH | 6g| 3-Br

Reagents and conditions(a) MeOH, HSQ,, reflux, 8-10 h; (b) hydrazine hydrate, EtOH, w&fl 8 h; (c) C§ KOH,
EtOH, RT, 5 h; (d) hydrazine hydrate, reflux, 2-6d) aldehyde, EtOH, 130, reflux, 5-6 h; (f) carboxylic acid, POS;I
reflux, 8-10 h.
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Pharmacology
DPPH freeradical scavenging activity

Newly synthesized compounds were evaluated forr thetioxidant activity by DPPH free radical
scavenging method. This method was selected ta@eathe antioxidant activity of new compounds bigedt
is one of the most effective methods for evaluathey concentration of radical scavenging mate@2ls[The
results of free radical scavenging activity of thewly synthesized compounds are givenTiable 1.
Compoundse and5f were the strongest free radical scavengers antangritire compounds tested, with the
level of inhibition of 89.2%, and 86.8% respectjeiollowed by5a and5d with the level of inhibition of
75.8% and 74.3% respectively. The structure agtiglationship studies reveal that the antioxidamoperty of
the triazole derivatives is due to the presenceplagnethylthio group and2and %', or 4" position of
benzylideneamino rings€, 5f).

Table 1 Antioxidant activity by DPPH free radical scavenging (assay in %)

Compounds . !_gyel of Compounds . _Lgyel of
inhibition (%) inhibition (%)

5a 75.8 6a 00
5b 60.3 6b 00
5c 72.5 6C 16.1
5d 74.3 6d 22.3
5e 89.2 6e 53.5
5f 86.8 6f 58.7
5g 64.6 69 43.2
5h 55.4 BHT 90.42
5i 48.7 - -

In vitro e-Glucosidase inhibition assay

The inhibitory activity of the newly synthesizedngoounds against-glucosidase was determined
based on the cleavage @fglucosidic bond in p-nitropheyl-D-glucopyranoside[33] releasing p-nitrophenol
detected by absorbance at 405 nm. Compo&agd$c-g were tested for their inhibitory effect on yeast
glucosidaseba and5c exhibited good inhibition with 165 value of 74.5 ug and 113 ug respectivalgile 2).
Compound5d-g showed lower level of inhibition thabc. Compound5a with no substitution on the
benzylideneamino ring showed activity better threpsubstituents.

Table 2In vitro a-glucosidase inhibition assay

a-glucosidase inhibition assay (%)
Concentration (pg/ml) 25ug 50 pg 75 ug 100 pg 1
5a 32.5 41.7 50.3 58.7 74.5
5c 19.6 29.1 37.2 45.3 113.0
5d 14.2 19.3 24.7 33.6 168.8
5e 18.4 25.7 30.2 38.6 146.1
5f 2.4 6.4 10.4 18.4 257.7
59 9.5 12.8 17.4 21.8 271.1
Acarbose 40.3 52.5 68.5 78.3 43.5

In vivo anti-hyperglycemic activity

The anti-diabetic potential of newly synthesizeanpounds was evaluated in STZ and nicotinamide
induced T2DM in Wistar rats[34].Blood glucose lessef test compound$§, 5¢c-g) attenuated the progression
of diabetes in STZ/ nicotinamide model in a dospetelent manner following 14 days of treatment. \lit
dose of 10 mg/kg, compoundsa and 5¢c showed significant decrease in plasma glucose ecdration
(92mg/dL and 109mg/dL respectively) and compousdi$ showed equal or less plasma glucose concentration
compared to the standard drug metformin. With theedof 50 mg/kg, plasma glucose concentration wase
range of 97mg/dL and 144mg/dL against 153mg/dLtahdard drug and with 100mg/kg dose, the plasma
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glucose concentration of all the compounds wasoimal range (94mg/dL to 111mg/dL for test compounds
and 108mg/dL for the standard drug). The lowerilagma glucose in diabetic rats treated with compeba,

5c¢-f at the concentration of 10mg/kg, 50mg/kg and 10@mis presented ifigures 1, 2 and3 respectively.
Treatment with test substance for 14 days showed dependent increase in body weight comparedhetic
control; no significant increase in liver weightl&f0Omg/kg; and no change in kidney weight was oleskwith
treatment.

Figure 1. Plasma glucose level in diabetic rats treatedl wst compounds (10 mg/kg)
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Figure 2. Plasma glucose level in diabetic rats treated w@st compounds (50 mg/kg)
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Figure 3: Plasma glucose level in diabetic rats treatetl va@st compounds (100 mg/kg)
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4. Conclusions

In summary, a series of new £&)tbenzylideneamino]-5-(4-chloro-2-methylphenyhi4,2,4-triazole-
3-thiol (Schiff base) §a-i) and 3-(4-chloro-2-methylphenyl)-6-phenyl[1,2,##olo[3,4b][1,3,4]thiadiazole
(6a-g derivatives could be synthesized and evaluated dotimicrobial, free radical scavenging activity
DPPH method and anti-hyperglycemic activityitro by a-glucosidase enzyme inhibition aimivo by STZ/
nicotinamide induced T2DM rat model. ZJfbenzylideneamino]-5-(4-chloro-2-methylphenyh4.,2,4-
triazole-3-thiol derivatives showed significant oeEgse in plasma glucose concentration. The study
demonstrated that some of the synthesized comparedsotential anti-hyperglycemic agents. Hencesiit be
concluded that, this new class of compounds céyt&iolds a greater promise in discovering a potarti-
hyperglycemic agents.
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