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ABSTRACT

In the present study, we have synthesized 1, Biaditzole derivatives because of their diversddgjzcal and
clinical applications. This created interest in e@schers who have synthesized variety of thiadederivatives
and screened them for their various biological aitieés viz. in vitro antioxidant, anticancer, ami®V, anthelmintic,
antimycobacterial, and anti-inflammatory, antididioe antimicrobial, trypanocidal as well antimalati activities.
The results revealed that, some of tested compaslmalsed potent antioxidant activity. Amongst ali tompound
I11A2 andl11A4 have shown good scavenging activity. The remaitaatgd compounds were found weakly active.

Keywords: Synthesis; 1, 3, 4-Thiadiazole; Antioxidant ait$i, DPPH scavenging, Nitric oxide radical.

INTRODUCTION

Heterocyclic Compounds are the cyclic compoundsngeas ring members atoms of at least two diffeetetnents,
e.g. quinolone, 1, 2-thiazole, bicycle [3.3.1] &sitoxane [1].Usually they are indicated as counterparts of
carbocyclic compounds, which have only ring atonesnfthe same element.The literature review showatithe
thiadiazole nuclei have various biological actedtilike antioxidant [2], anticancer [3], antimiciab[4], anti-
inflammatory [5],antifungal [6] and antidepressdii] activities. Numerous 1, 3, 4-thiadiazoles haveen
synthesized and reported to be biologically velsatompounds having bactericidal, fungicidal, masalaxant
properties [8]. In the view of the facts mentioradubve and as part of our initial efforts to disaowetentially active
new agents. Hence, we have screened some rep®ftedd, 4-thiadiazole derivatives for their aniabent activity.

MATERIALS AND METHODS

2.1. Synthesis

Melting points of all synthesized compounds weredrined by open capillary tube method and wereuected.
Purity of all synthesized compounds was checkedhby layer chromatography technique (0.2 mm thiclsnef
silica gel GF plates) and iodine was used as \idngl agent. IR spectra were recorded on THERMO GULET
iIS10 FT-IR spectrometer using KBr disc method. Eetal analysis was performed using a Euro EA Eld¢aten
Analyser. Spectral and Elemental analysis was carried ouCexttral Analytical Instrument Facility (CAIF),
Guwabhati biotech park, spectra were recorded onMBA@ BRUKER spectrometer in dimethylsulfoxidg-as
solvent and tetramethylsilane (TMS) as internahdséad and chemical shift was expressed ior ppm, the
coupling constants were given in Hz and analysis warried out at Andhra University, Department Risys
Visakhapatnam.
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2.1.1. Synthesis of 5-(2-hydroxyphenyl)-2-amino-[B, 4]-thiadiazole 1(a, b, c¢) [10, 11]:

A mixture of thiosemicarbazide (0.1mole), aryl aatyic acid (0.1mole) and conc. Sulphuric acid (bmI50 ml of
ethanol was refluxed for 2-3hour.Reaction was nwoaid by TLC using mobile phase Chloroform: methgdal).
After completion of the reaction the reaction migtwas poured on to crushed ice.The solid sepa@iedvas
filtered, washed with cold water and recrystallifemn ethanol to give colourless crystals, Yield?80m.p.183-
186°C.

IR (KBr) v/(cm™): 3514.22 (O-H, st.), 663.92, 688.65 (C-S-C, $3428.26 (NH,N-H,st.), 1616.23 (C=N, st.),
1425.76 (Aryl C=C, st.), 3018.75(Aryl C-H, sttH NMR (400MHz, DMSOd6) & 6.89-7.20(m, 4H, ArH), 10.32 (s,
1H, OH), 2.60-2.65 (bs, 2H, N Mass spectrum m/z: 193 (M

2.1.2. Synthesis of 5-(3-chlorophenyl) -2-amino 1] 3, 4]-thiadiazole (1b):

Yield 79%, m.p.165-167C ; IR (KBr) vi(cm): 762.35 (C-Cl, st.), 682.35 (C-S-C, st.), 3447(RH,, N-H,st.),
1647.11 (C=N, st.),1491.70(C-N, st.), 1425.79 (ABHC, st.),3025.25(Aryl C-H, st.)*H NMR (400MHz, DMSO-
d6) § 6.95-7.35 (m, 4H, ArH), 2.48 (bs, 2H, MKIMas spectrum m/z :211()

2.1.3. Synthesis of 5-(4-nitrophenyl) -2-amino - [B, 4]-thiadiazole (1c)

Yield 88%, m.p.225-22C ; IR (KBr) v/(cm™): 1375.53 , 1545.11, (NQst.), 687.73 (C-S-C, st.), 34.50.78 (\NH
N-H,st.), 1649.95 (C=N, st.), 1416.45 (Aryl C=C,)8087.72(Aryl C-H, st.)}H NMR (400MHz, DMSOd6) 5
7.30-7.73(m, 4H, ArH), 2.59 (bs, 2H, NIMass spectrum m/z: 222 {M

2.1.4. 2-chloroN-substituted-phenyl-acetamide (II) [12]:

Aromatic amines (0.05mol) were dissolved in glagiektic acid (25 ml) containing (25 ml) of satudasslution of
sodium acetate. In case if the substance did sbhlie completely, the mixture was warmed and thersolution
was cooled in ice-bath with stirring. To this cldacetyl chloride (0.06mol) was added drop wise \toich the

vigorous reaction. After half an hour a white caotedi product was separated and filtered. The prodastwashed
with 50% aqueous acetic acid and finally with watewas recrystallized from aqueous alcohol, m28°C, yield

85%.

2.1.5.N-(substuted-phenyl)-2-[5-(3-substituted-phenyl)-13, 4-thiadiazol-2-yl amino]-acetamide (Il A1-A12):
5-(2-hydroxyphenyl) -2-amino-[1, 3, 4]-thiadiazolHa, b, 9 (0.05mol) and 2-chlord¥-substituted-phenyl-
acetamidg(ll) (0.05 mol) were mixed in 15 ml of 1,4-dioxane.Tastf0.005 ml ) of triethylamine (TEA) solution
was added and the reaction mixture was refluxe@®lforit was then cooled and poured into crushedTibe solid
separate out and filtered it. The filtered was vealsivith 10% KCO; and water.

2.1.6. Synthesis of 2-ChlordN-[5-(Substituted-phenyl) - [1, 3, 4]-thiadiazol-2-{}-acetamide (IV d, e, ) [13,

14]:

To the mixture of appropriately substituted commbufa, b, ¢) (10 mmol) in dry benzene (15ml) and 2 ml of dry
pyridine, was cooled to 0%6. Chloro-acetyl chloride (20 mmole) dissolved iy Henzene (10 ml) was added drop
wise to the solution with constant stirring at rotemperature. After complete addition, the reactitrture was
refluxed for about 6-8h. Benzene was remowedacuo The residue was poured over crushed ice. Thapiae
was filtered, washed with water. The crude produes dried and crystallized from 1,4-dioxane to diebmpound

(IV d, e, f); the purity of compounds was analyzed by TLC udiegzene: acetone (9:1) as mobile phase. Yield
64.4%, m. p 210 - 2fe.

2.1.7. 2-(Substituted-aminoN-[5-(Substituted-phenyl)-1, 3, 4-thiadiazol-2-yllaetamide (V A13-A21):

The compoundV (d, e, f) 2-ChloroN-[5-(Substituted-phenyl) - [1, 3, 4]-thiadiazol-B-pcetamide (0.01 mol) was
taken in about 25 ml of dry alcohol and 0.01 midihiourea /hydrazine hydrate / piperidine was atlateit and the
mixture was heated on water bath for 9 h. The ctnt&s cooled under tap water, filter, dried anctystalized
from alcohol. Purity of the compounds was analylag petroleum ether: acetone (9:1) as mobile phase

The structures of synthesized compounds under figati®n were supported by the Physical paraméteNMR
FTIR and MASS spectral measurement. The Physicainpeter,"H-NMR, FTIR and Mass spectral data of the
synthesized compounds spectra were recorded aigth@dsn Table 1, 2, 3.
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2.2. Antioxidant Screening (In-Vitro):

2.2.1. DPPH radical scavenging activity:

The nitrogen centered stable free radical 1, 1etigh2-picrylhydrazyl (DPPH) has often been usedHharacterize
antioxidants. It is reversibly reduced and the edectron in the DPPH free radical gives a strongogttion
maximum at\517 nmusing SPECORD 50 plus (analytic jena) spectrophotometer, whicpurple in color. This
property makes it suitable for spectrophotometedist. A radical scavenging antioxidant reacts \WBPH stable
free radical and converts it into 1, 1-diphenyli2rplhydrazine. The resulting decolorization isistbometric with
respect to the number of electrons captured. Thaghin the absorbance produced in this reactisrfbban used to
measure antioxidant properties.

The hydrogen atom or electron donation abilitylef tompounds was measured from the bleaching gbuhae
colored methanol solution of DPPH radical. The spghotometric assay uses the stable radical DRPadraagent.
To 4 ml of 0.004% (w/v) methanol solution of DPPIHNI of various concentrations of the test compeu(dd 8, 10
1g/ml) in methanol were added. After a 30 min indidraperiod at room temperature, the absorbance reas
against blank ak 517 nm [15]. Ascorbic acid was used as the stahdHne percent of inhibitionl %0) of free
radical production from DPPH was calculated byftilowing equation

1% :[(Acontrol - Asample) /AcontroI]xloo

whereAconiol iS the absorbance of the control reaction (coirtgimethanolic DPPH and ascorbic acill),mpeis the
absorbance of the test compound (containing metitabd®PH and test compound). Tests were carriedimout
triplicate. The results were assigned in TablégdlF

2.2.2. Nitric oxide scavenging activity:

The reaction mixture (6 ml) containing sodium nitnasside (10 mM, 4 mL), phosphate buffer saline {4 1 ml)
and test samples or standard, ascorbic acid soliridimethyl sulphoxide (1 mL) at various concatitns (4, 8,
10 pg/ ml) was incubated at A5 for 150 min. After incubation, 0.5 mL of reactiamixture containing nitrite ion
was removed, 1 ml of sulphanillic acid reagent wdded to this, mixed well and allowed to standSanin for
completion of diazotization. Then, 1 ml of naphttethylene diamine dihydrochloride was added, mized
allowed to stand for 30 min in diffused light. Angi colored chromophore was formed. The absorbarae w
measured at 640 nm [16]using SPECORD 50 plus (analytic jena) spectrophotometer. Asapdtid was used as
standard. NO scavenging activity was calculatethbyfollowing equation

% of scavenging=Rcontrol = Asample) ! Aconuro1 X100

where Aconrrol IS the absorbance of the control reaction (coimgirall reagents and Ascorbic acidampeiS the
absorbance of the test compound (containing aieet® and test compound). Tests were carried ottpiicate.
The results were assigned in Table 5, Fig.2.

RESULTS AND DISCUSSION

3.1. Chemistry:

Treatment of aryl carboxylic acid in absolute ethlanith thiosemicarbazide afforded the correspogdramino-
5(substituted phenyl)-1, 3, 4-thiadiazéléa, b and c). Molecular formula of the compoundab(& 1)derived from
elemental analyses data are supported by theircmaleweight.

The IR spectrum ofa showed characteristic absorption bands at 3428 dmaracteristic due to NHunctions in
addition to the -OH absorption band at 3514cr8-S-C absorption band at 688 ‘tnits 'H NMR spectrum
revealed the characteristic signaléat0.32 assigned to OH protons, two characterisgipads atd 2.60 and 2.65
assigned to NKprotons which is exchangeable witb@ confirming the formation of thiadiazole. Alsts mass
spectrum showed the molecular ion peain&at193 [M] and the base peak mai'z94.

The IR spectrum oflb showed characteristic absorption bands at 3447 cnaracteristic which is due to NH
functions in addition to the C-Cl absorption bartd782 cm', C-S-C absorption band at 682 trand C=C
(aromatic)absorption band at 1425trits '"H NMR spectrum revealed the characteristic sighal2a48 assigned to
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NH, protons which is exchangeable with@@ confirming the formation of thiadiazole. The mapectrum showed
the molecular ion peak at/z211 [M'] and the base peakmiz42.

Table 1: Physical data of the synthesized compounds

Cﬁlrglpd Mol. Formula | Mol. Wt | m.p.°C | % Yield | Rf c Calc;:lated N c Fo:nd N
la CgH/N3;OS 193.22 | 185-186 90 0.71| 49.73| 3.65| 21.75| 49.63| 3.85| 21.71
1b CgHsCIN3S 211.67 | 165-167 79 0.72 | 45.39| 2.86 | 19.85| 45.12| 2.67 | 19.80
1c CgHeN4O,S 222.22 | 225-227 88 0.70 | 43.24 | 2.72 | 25.21 | 43.20| 2.67 | 25.20

Ivd CioHsCIN:O,S | 269.70 | 210-212 61 0.78 | 4453 | 2.99 | 15.58 | 44.55| 3.09 | 15.51

Ve CiH/CILN3OS | 288.15 | 190-193 67 0.69 | 41.68| 2.45| 14.58 | 40.98 | 2.45 | 14.58

[\ CiH/CIN,OsS | 298.70 | 181-183 72 0.73 | 40.21| 2.36 | 18.76| 39.91 | 2.40 | 19.01
1AL Ci16H14aN40,S 326.37 | 141-143 57 0.72| 58.88| 4.32| 17.17| 59.08 | 442 | 17.25
A2 CiHi15Ns0,S 341.38 | 154-156 83 0.79 | 56.29 | 4.43| 20.51 | 56.35| 4.40 | 20.65
111A3 Cy:H18N40,S 402.46 | 187-189 65 0.81 | 65.65| 4.51| 13.92| 65.05| 4.59 | 12.92
111A4 CiH13N706S 431.38 | 180-182 91 0.81| 4455| 3.04 | 22.73| 43.95]| 3.12 | 22.88
1IIAS CieH1sCIN,OS | 344.81 | 188-190 54 0.86 | 55.73 | 3.80 | 16.25| 55.87 | 3.87 | 16.23
IIAG Ci6H14CINsOS | 359.8: | 197-19¢ 84 0.7€¢ | 53.41 | 3.9z | 19.4€ | 53.41 | 3.9z | 19.4¢
A7 CxH1,CIN,OS | 420.91 | 207-209 71 0.79 | 62.78| 4.07| 13.31| 62.67| 4.17 | 13.13
111A8 Ci1eH1,CIN,OsS | 449.82 | 221-224 49 0.78 | 42.72| 2.69| 21.80| 42.70| 2.81 | 21.98
111A9 Ci1¢H13Ns03S 355.37 | 201-203 66 0.82 | 54.08| 3.69| 19.71| 53.78 | 3.79 | 19.43
1IA10 C16H14Ns0s3S 370.38 | 210-212 70 0.87| 51.88| 3.81| 22.69| 51.18 | 3.76 | 22.54
11IA11 Cy:H17Ns05S 431.46 | 225-227 82 0.82 | 51.88| 3.81 | 22.69 | 51.88 | 4.00 | 22.57
1IA12 Ci1eH12Ns0;S 460.3¢ | 23E-237 93 0.81 | 41.74 | 2.6% | 24.3¢ | 41.6% | 2.6C | 24.2¢
VA13 CuH1iNs0,S, 309.36 | 169-172 45 0.76 | 42.71| 3.58 | 22.64 | 42.45| 3.50 | 22.81
VAl4 C1:sH18N40,S 318.39 | 173-175 52 0.75| 56.58 | 5.70 | 17.60| 57.08 | 5.60 | 17.76
VA15 Ci1cH11Ns0,S 265.29 | 145-147 47 0.79 | 45.27| 4.18 | 26.40 | 45.20 | 4.10 | 25.89
VA16 | CuHiCINsOS, | 327.81 | 198-200 40 0.78 | 40.30| 3.07| 21.36 | 40.30| 3.07 | 21.36
VA17 | CisHi,CIN,OS | 336.80 | 13E-13€ 65 0.81 | 53.4¢ | 5.0¢ | 16.6¢ | 53.5¢ | 5.2C | 15.9¢
VA18 | CiHicCINsOS | 283.7¢ | 14¢-15Z 79 0.7z | 42.3% | 3.55 | 24.6¢ | 42.6% | 3.7¢ | 24.9¢
VA19 CuH1cNsO:S, 338.36 | 215-217 48 0.73 | 39.05| 2.98 | 24.84 | 39.05| 2.98 | 24.84
VA20 C1sH17NsOsS 347.39 | 220-222 57 0.77 | 51.86| 4.93| 20.16 | 51.96 | 4.63 | 20.06
VA21 CicH10NsO3S 294.28 | 228-230 43 0.72 | 40.81| 3.42| 28.56 | 40.81 | 3.42 | 28.56

The IR spectrum ofc has exhibited characteristic absorption band€803 682 and 1416 chdue to NH , C-S-

C and C=C (aromatic) functions respectively .Twaaracteristic absorption band at 1375, 1545 evhich are due
to NO, function. It was also showed proton signalséaR.59 (NH) and & 7.30-7.73 (Ar-H), respectivelyMass

spectrum(1c) of the compound exhibited its molecular ion (M+y@z 222 and the base peakdtz206.

For yielding the compount (2-substituted-N-substituted-phenyl-acetamide) tiryisg the aromatic amines with
chloroacetyl chloride in the solution of glaciakéic acid and saturated solution of sodium acetate.

Compoundl (a, b, c)was refluxed for 3h withl in TEA and 1, 4-dioxan, yieldinil (A1-A12).

The structures of thdlA1 was confirmed by the appearance of -OH, C=0, Niénfatic), C-H (CH), C=C
(aromatic) and C-S-C absorption bands at 3517, 18529, 2859, 1442 and 659 respectivBiNMR spectrum of
its showed proton signals @t10.13 (OH), 4.69 (NH), 4.19 (Gh 6.88-7.89 (Ar-H), respectively. Mass spectrum of
the compound exhibited its molecular ion (M+) azr826 and the base peaknatz121.

The IR spectrum ofilA2 exhibited characteristic absorption bands at 3&t7 which is due to OH functions in
addition to the C=0 absorption band at 1669'anmtd C-H (CH) absorption band at 3125 &mits *H NMR
spectrum revealed the characteristic signal 40.42 assigned to OH protors3.23 for CH protons and 6.89-
7.79 assigned to aromatic protons respectively. FEsalts of its mass spectrum showed the moledoapeak at
m/z341 [M'] and the base peak mi’z142.

The structures of the produdtbA3 andlll4 were confirmed by the appearance of -OH, C=0 aritl (CH,) bands
at 3525, 1670, 2540 chrand 3515, 1708, 3110 stretching vibrations , retpsly. Further the compourtlA4 was
confirmed by the appearance of two characterigtiogption bands at 1307 and 1507 @ne to NQ function. The
'H NMR spectrum revealed the characteristic sigh&l %98, 10.26 assigned to OH proton respectively&ad @3,
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3.57 assigned to GHprotons respectively. The mass spectrum showedhthecular ion peak ah/z402 [M] and
431 [M'] respectively along with the base peakn#t 168 and 58.

Table 2:*H- NMR, FT-IR and MASS data of compounds (Il1A1-11l A12)

Compd.No

H-NMR

IR (KBr) v/(cm®)

Mass(m/z)

A1

'H NMR (400MHz, DMSOd6) 5 6.88-6.94 (m,

4H, ArH); 7.57-7.89 (m, 5H, ArH); 10.13 (s, 1H,H, st), 1612.58 (C=N, st), 1484.09 (C-N, st.),544

OH); 4.19 (d, 2H, Ch); 4.69 (t, 1H, aro. C-NH)]
8.95 (s, 1H, CONH)

3517.52 (O-H, st), 659.11, 697.43 (C-S-C, st.3B40 (N-

(C=0,st), 2859.23 (CH C-H, st), 3237.97(CON-H, st
1442.99 (Aryl C=C, st.), 3020.93 (Aryl C-H, st.)

326(M")

A2

'H NMR (400MHz, DMSOd6) & 6.89-7.52 (m,
4H, ArH); 7.76-7.79 (m, 5H, ArH); 10.42
(s, 1H, OH); 3.23 (d, 2H, Cht 4.29 (d, 1H, aro|

C-NH); 8.58 (d, 1H, CONH); 3.83 (t, 1H, aro. (-1443.38(Aryl C=C,st.), 2973.65, 3010.85 (Aryl C-Bt,)

NH)

3517.87 (O-H, st), 659.14, 698.01 (C-S-C, St.}®Ba7 (N-
H, st.), 1641.12 (C=N, st.), 1484.69 (C-N, st.)6a§9 (C=0,
st), 312550 (CH C-H, st), 3234.81 (CON-H, st.

341(M")

1IA3

'H NMR (400MHz, DMSO€6) § 6.76-6.82 (m,

5H, ArH); 7.05-7.26 (m, 10H, ArH); 9.98 (s, 1Hi,st.), 1595.68 (C=N, st.), 1494.27 (C-N, st.), 16880(C=0,

OH); 3.57 (d, 2H, Ch); 4.50 (t, 1H, aro. C-NH)

3525.40 (O-H, st), 689.76,700 (C-S-C, st.), 3489N-H,

st.), 2540.58 (CH C-H, st), 1457.87 (Aryl C=C, st.
3040.77 (Aryl C-H, st.)

202(MF)

11A4

H NMR (400MHz, DMSOd6) § 7.05-7.58 (m,

4H, ArH); 7.91-8.31 (m, 3H, ArH); 10.26 (s, 1H,1589.16 (C=N, st.), 1708.82 (C=O0, st.), 3110.01 {QEH,

OH); 3.55 (d, 2H, Ch); 4.20 (d, 1H, aro. C-NH)
9.04 (d, 1H, CONH); 4.23 (t, 1H, aro. C-NH)

3515.27 (O-H, st), 636.99 (C-S-C, st.), 3311.9tHNsL),

st), 3230.73 (CON-H, st) 1423.31 (Aryl
3004.61(Aryl C-H, st.), 1307.61,1507.92 (§O

C=C, st

D)

431(M")

IIAS

'H NMR (400MHz, DMSO€6) & 6.90-7.48 (m,
4H, ArH); 7.49-7.52 (m, 5H, ArH); 4.23 (d, 2H
CH;,); 5.99 (t, 1H, aro. C-NH); 8.02 (s, 1H, aro.
NH)

758.11 (C-Cl, st.), 650.18, 682.98 (C-S-C, St.2&a8 (N-H,
,st), 491.93 (C=N, st.), 1700.62 (C=O0, st.), 2868TH,, C-
CH, st), 3162.19 (CON-H, st) 1418.12 (Aryl C=C,)s

3094.00(Aryl C-H, st.),

344(M")

1IAG

TH NMR (400MHz, DMSO&6) 5 7.53-7.56 (m,
4H, ArH); 7.91-8.16 (m, 5H, ArH); 3.64 (d, 2H
CHy); 4.30 (t, 1H, aro.C-NH);9.18(d,1H, CONH
4.29 (d, 1H, aro. C-NH)

762.11 (C-Cl, st.), 681.95 (C-S-C, st.), 3455.46HNst.),
,1685.89 (C=0, st.), 2918.15 (GHC-H, st.), 3128.79 (CON
i H, st.) 1424.75, 1491.75 (Aryl C=C, st.),3082.11

(Aryl C-H, st.),

359(M")

A7

TH NMR (400MHz, DMSO®6) 5 7.05-7.34 (m,
4H, ArH); 7.36-7.95 (m, 10H, ArH); 4.18 (d, 2H
CHy); 5.57 (t, 1H, aro.-NH )

761.98, 783.18 (C-Cl, st), 682.69, 700.73 (C-SdL),
,3350.55 (N-H, st), 1491.65(C-N,st.), 1681.86 (C=D),
2945.49 (Chy, C-H, st.), 1422.96 (Aryl C=C, st

420(MF)

1IA8

'H NMR (400MHz, DMSOd6) § 7.53-7.93 (m,
4H, ArH); 8.30-8.33 (m, 3H, ArH); 3.39 (d, 2H
CHp); 4.31 (d, 1H, aro.C-NH); 8.84 (d, 1H
CONH); 4.27 (s, 1H, aro.C-NH)

762.77 (C-Cl, st.), 628.90 , 682.20 (C-S-C, SB32B12 (N-
,H,st.), 1492.15 (C-N, st.), 1696.96 (C=0, st.), 226 (CH,
,C-H, st), 1424.61(Aryl C=C, st), 3094.06 (Aryl K-

st.),1519.45(N¢)

449(MP)

111A9

'H NMR (400MHz, DMSOd6) & 7.67-7.82 (m,
5H, ArH); 7.98-8.05 (m, 4H, ArH); 3.91 (d, 2H
CH,); 4.81 (t, 1H, aro.C-NH); 9.13 (s, 1H
CONH)

1392.76, 1527.53 (N4 697.90 (C-S-C, st.), 3440.22 (N-H
,st.), 1631.34 (C=N, st.),1492.84 (C-N, st.), 1700(8=0,
,st.), 3004.19 (CH C-H, st.), 3200.12 (CO N-H) 1438.§
(Aryl C=C, st.), 2939.27 (Aryl C-H, st.).

H,354(M"-

8

1y

IIA10

TH NMR (400MHz, DMSO€6) 5 6.90-7.43 (m,
5H, ArH);7.54-8.38 (m, 4H, ArH); 3.76 (d, 2H
CHy); 4.93 (t 1H, aro.C-NH); 8.44 (d, 1H
CONH); 4.95 (d, 1H, aro.C-NH)

1367.23, 1516.18 (N 680.81 (C-S-C, st.), 3350.42(
, H,st.), 1603.09 (C=N, st.),1477.08 (C-N, st.), 1689(C=0,
,st.), 2925.46 (CH C-H, st.), 3162.68 (CO N-H) 1403.3
(Aryl C=C, st.), 3022.23 (Aryl C-H, st.).

8

-370(M)

ALl

'H NMR (400MHz, DMSOd6) 5 6.81-7.74 (m,
10H, ArH); 7.98-8.64 (m, 4H, ArH);3.94 (d, 2H
CH;,); 4.92 (t, 1H, aro.C-NH)

1310.04, 1338.05, 1365.98 (MO 689.93 (C-S-C, st.)
,3383.38, 3423.43(N-H,st.), 1602.18 (C=N, st.),16TAC-N,
st), 1633.25,1731.60 (C=0, st.), 2975.03 {CB-H, st.),
3162.68 (CO N-H) 1438.84 (Aryl C=C, st.), 3026.22y( C-
H, st.).

431(MF)

1IA12

'H NMR (400MHz, DMSOd6) 5 7.59-8.09 (m,
5H, ArH); 8.17-9.06 (m, 4H, ArH); 3.55 (d, 2H
CH,); 3.91 (s, 1H, aro.C-NH); 9.29 (d, 1H
CONH); 4.34 (d, 1H, aro. C-NH)

1392.96, 1523.65 (N 670.05, 695.61 (C-S-C, st.
,3424.31(N-H, st), 1624.38 (C=N, st.), 1731.62 (C=D),
1,2979.91 (CH, C-H, st.), 3286.61 (CO N-H) 1427.22 (Ar
C=C, st.),

,460(MF)

CompounddllA5 |, IIIAG , IIIA7 andlllA8 were showed the characteristic absorption barb@t 762, 761 and
762 cm' respectively for C-Cl function, 3426, 3455, 33%5@ 8321 stretching vibrations, respectively for jidup
and at 2868, 2978, 2945 and 2995’aiue to C-H (Ch) stretching vibrations, respectively. AIB8NMR spectrum
exhibited signal aé 5.99, 4.30, 5.57 and 4.31, respectively, for Nbt@n. The signals were appears dt23, 3.64,
4.18 and 3.39 assigned to £protons. While the mass spectrum were showed thleaular ion peak an/z344
[M™], 431 [M], 359 [M] , 420 [M] and 449 [M] respectively and the base peakn#t 134, 93, 197 and 255
respectively.

The IR spectrum of Compoundi$A9 , I1IA10, IIIA11 andIllA12 were exhibited the characteristics absorption
band at 3440, 3350, 3423 and 3424'dor NH stretching vibrations, respectively. Furtfiewas found to be the
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absorption band at1700, 1649, 1731land 1731 éon C=0) stretching vibrations, respectively. Th¢ NMR
spectrum revealed the characteristic signad 4t81, 4.93, 4.92 and 4.34, respectively, for Nidt@n. Also the
compounds were showed the presence of methyleng @blp protons appeared &8.91, 3.76, 3.94 and 3.55,
respectively. The mass spectrum of all the abovepominds exhibited the molecular ion peakndt 354[M-1] ¥,
370[M'], 431[M"] and 460[M], respectively, and the base peaknafz 142, 136, 221 and 183, respectively,
corresponding to the molecular formulgl&;sNs0sS, GgH1aNsOsS, GoH17NsO3S and GgH1,NgO;S.

Table 3:'H- NMR, FT-IR

and MASS data of compounds (VA13-VA2)

Compd.No

1H-NMR

IR (KBr) v/(cm?)

Mass (m/z)

VA13

TH NMR (400MHz, DMSOd6) 5 6.90-7.52
(m, 4H, ArH); 10.12 (s, 1H, OH); 3.45 (d, 2K
CHy); 6.16 (t, 1H, CHNH); 9.22 (s, 1H,
CONH); 2.87, 2.90 (d, 2H, Npi

3559.56 (O-H), 688.51 (C-S-C, st), 3411.10 (N-k), 9689.70
1,(C=0, st.), 3119.59 (CHC-H, st.), 1122.86 (C=S) 1426.53 (Ar
C=C, st.), 3080.72 (Aryl C-H, st.), 3490.53(plst.)

309(M")

VAl4

"HNMR (400MHz, DMSQ€6) & 6.88-7.51(m,
4H, ArH);10.15 (s, 1H, OH); 3.12 (s, 2H
CH,); 8.69 (s,1H,CONH); 1.51-1.69 (m, 6H
piperidine ), 2.60, 2.71 (t, 4H, piperidine)

3518.34 (O-H), 697.28, 659.15 (C-S-C, st.), 32378H, st.),
,1655.19 (C=0, st.), 3040.95 (GHC-H, st.), 1612.63 (C=N)
1,1324.90 (C-N, st. piperidine), 2860.33 (LHC-H, st.
piperidine)1445.93 (Aryl C=C, st.), 2998.01 (AryHE st.).

318(M")

VA15

H NMR (400MHz, DMSOd6) &  6.28-
7.94(m, 4H, ArH); 9.64 (s, 1H, OH); 3.91 (
2H, CHy); 2.54 (m, 1H, ChHNH); 8.85 (s, 1H,
CONH); 2.45 (d, 2H, Nk

3521.96 (O-H), 680.47 (C-S-C, st), 3420.28 (N-H), 164057

1,(C=0, st.), 3088.23 (CHC-H, st.), 1621.31 (C=N), 1464.43(C-N),

1449.63 (Aryl C=C, st.), 3014.04 (Aryl C-H, st.}453.36(NH,
st.).

265(M")

VAL6

TH NMR (400MHz, DMSO€6) o 7.45-
7.94(m, 4H, ArH); 3.55 (d, 2H, GM 2.81
(m, 1H, CH-NH); 8.83 (s, 1H, CONH); 2. 6(
(s, 2H, NH)

762.38 (C-Cl), 682.01 (C-S-C, st), 3410.65 (N-i),s1681.41

(C=0, st.), 2991.53 (CH C-H, st.), 1591.77 (C=N), 1491.66 (¢-

N), 1128.66, 1175.69 (C=S), 1424.68 (Aryl C=C,,s2$36.65
(Aryl C-H, st.), 3289.64 (Nh st.).

328(M'+1)"

VALl7

THNMR (400MHz, DMSOd6) § 7.33-7.43
(m, 4H, ArH); 3.72 (s, 2H, Chi; 9.31 (s, 1H,
CONH); 1.78-1.98 (m, 6H, piperidine), 2.5
2.69 (t, 4H, piperidine)

762.40 (C-Cl), 650.06, 681.85 (C-S-C, st.), 3410(BH, st.),
1655.19, 1700.08 (C=0, st.), 3083.19 (CK-H, st.), 1593.13
7-(C=N), 1491.75(C-N), 1423.33 (Aryl C=C, st.), 2988 (Aryl C-
H, st.).

336(M")

VA18

'H NMR (400MHz, DMSOd6) § 7.33-8.33
(m, 4H, ArH); 4.27 (d, 2H, CH; 2.49 (m,
1H,CH:NH);

8.85 (s,1H,CONH); 1.99 (d, 2H, NH

703.34 (C-Cl), 653.01 (C-S-C, st), 3310.44 (N-H),s1688.21
(C=0, st.), 3104.36 (CHC-H, st.), 1624.25 (C=N), 1443.31 (Ar
C=C, st.), 3091.58 (Aryl C-H, st.).

282(M*-1)°
|

VA19

TH NMR (400MHz, DMSO€6) 5 7.01-8.45
(m, 4H, ArH); 3.55(d, 2H, ChJ; 2.49 (t, 1H,

CH,-NH); 8.81 (s, 1H, CONH); 1. 98 (d, 2H,

NH,)

1345.95,1392.86 (N 670.11 (C-S-C, st.), 3340.70 (N-H, st
1632.11,1731.44 (C=0O, st.), 2770.99 (CH-H, st.), 1650.21
(C=N), 1345.95, 1392.86 (C-N), 1202.56, 1077.9%4189 (C=S),
1441.47 (Aryl C=C, st.), 3039.76 (Aryl C-H, st3400.35 (NH,
st.).

)338(M")

VA20

'THNMR (400MHz, DMSOd6) § 7.76-8.15
(m, 4H, ArH); 3.31 (s, 2H, Ch); 8.95 (s, 1H,
CONH); 1.59-1.63 (m, 6H, piperidine), 2.5
2.62 (t, 4H, piperidine)

1398.11, 1515.18 (N 681.85 (C-S-C, st.), 1725.98 (C=0, si.)347(M")

3116.52 (CH, C-H, st.), 1653.50 (C=N), 1490.83 (Aryl C=C, st)

1-3055.76 (Aryl C-H, st.).

VA21

TH NMR (400MHz, DMSOd6) 5 7.43-7.91
(m, 4H, ArH); 3.68 (d, 2H, CH; 2.90 (m,
1H, CH-NH); 9.10 (s, 1H, CONH); 2.89 (d

1521.33 (NQ), 650.50 (C-S-C, st.), 3450.05 (N-H,st.), 1626

(C=0, st)), 1570.14, 1606.78 (C=N), 1443.31 (Aryl C=C, si),

| 3096.47 (Aryl C-H, st.), 3190.43 (GH-H), 3434.03 (NH, st.).

2H, NH,)

7@94(M")

To the mixture of compounds(a, b, c), added solution of chloro-acetyl chloride with stamt stirring at room
temperature. After complete addition, the reactiorture was refluxed for about 6-8h. The precigitatas filtered,
washed with water to yield compou(i¥ d, e, f); Yield 64.4%, m. p 210 - 28¢.

CompoundV (d, e, f) was refluxed for 9h with thiourea /hydrazine hydrapiperidine in alcohol, to yiel (A13-

A21).

The FTIR spectrum of compouAl13, VA14 andVA15 showed a medium intensity band at 1622, 1612 &2d 1
cm® that could correspond with (C=N) stretching in tgnity of 1,3,4-thiadiazole ring In this spectrum there are
two other characteristic bands at 3559, 3518, 36211689, 1655, 1640 chudue to (O-H) and (C=0) stretching
vibrations, respectively. Whereas the compoMAd3, showed two absorption band at 1122 and 3490 fun
(C=S) and (NH) stretching vibrations, respectively and in thenpoundVA14 two absorption band was appeared
at 1324 and 2860 cifor (C-N, st. piperidine) and (GHst. piperidine) stretching vibrations, respedivdwo
characteristic band was found to be at 3453 an@ 868 stretching vibrations, respectively, indicated finesence

of (N-H, NH,, st.) and (C-H, Ch st.) functions in compoun#A15. The '"HNMR spectra of these compounds
VA13, VA14 andVA15 showed the signal for the (O-H) group in th#0.12, 10.15 and 9.64 and those for the NH
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(amide) group ad 9.22, 8.69 and 8.85, respectively. The mass spactrere showed the molecular ion peaknéz
309 [M*], 318 [M'], 265 [M'], respectively, and the base peakw 73, 128 and 127 respectively.

Table 4 - Antioxidant property of the synthesized ompounds and Standard activity Using DPPH ScavenginMethod-%DPPH Radical

Scavenging activity

Compound No. % inhibition (Meanz S.D)
DPPH scavenging (%)

Aug/ml sug/mil 10pg/mi
1IA1 57.791+0.054| 64.791+0.028 67.109+0.012
111A2 57.852+0.150| 64.752+0.17%  67.244+0.128
11A3 58.271+0.02 | 65.063+0.07 | 67.585+0.12
111A4 62.282+0.03 | 65.735+0.06 | 68.104+0.12
111AS 39.745+0.145| 48.916+0.007 51.191+0.027
I11A6 42.120+0.026| 50.953+0.01¢ 53.085+0.110
A7 40.730+0.008| 50.064+0.126 52.452+0.182
I11A8 43.542+0.063| 51.347+0.052 53.542+0.105
111A9 51.750+0.12 | 59.553+0.14 | 61.107+0.13
I11A10 54.815+0.01 | 60.103+0.18 | 61.853+0.09
IA11 55.882+0.045| 60.421+0.181 62.752+0.1p1
11A12 57.098+0.044| 62.862+0.156 65.634+0.053
VA13 39.954+0.096| 48.203+0.066 50.457+0.1]76
VAl4 38.601+0.023| 40.392+0.07B  50.867+0.4{12
VA15 36.856+0.08 | 46.924+0.03 | 48.855+0.12
VA16 32.865+0.05 | 42.674+0.02 | 45.395+0.70
VA17 33.982+0.130| 44.141+0.096 46.252+0.165
VA18 31.847+0.04 | 41.027+0.094 44.408+0.171
VA19 37.704+0.093| 47.756+0.01p 49.852+0.132
VA20 35.813+0.132| 44.95040.13L 46.851+0.185
VA21 36.037+0.07 | 45.504+0.08 | 47.387+0.15

Standard 73.15£0.04% 80.954+0.089 83.826+0.081
Blank | @ - | e | e

Scavenging activity

Values are mean + SEM (n=3); Standard = Ascorbi@a¢---) Showed no scavenging activity.

Compound No. % inhibition (Mean+ S.D)

Nitric oxide radical (NO) scavenging (%)

4 pg/ml 8ug/ml 10pug/ml

1AL 70.415+0.055| 76.605+0.054 77.8915+0.145
111A2 69.460+0.015| 75.968+0.170  78.998+0.084
I11A3 59.906+0.163| 69.275+0.155  75.985+0.145
A4 56.834+0.015| 69.157+0.134  73.125+0.128
I1AS 58.205+0.164| 68.003+0.160  70.885+0.142
I11A6 66.757+0.135| 69.828+0.150  72.864+0.096
A7 64.454+0.012| 67.454+0.124  71.309+0.130
111A8 65.837+0.143| 68.784+0.070  70.553+0.074
I11A9 52.542+0.089| 63.746+0.120  66.836+0.025
111A10 61.438+0.097| 65.158+0.028  69.05+0.05¢4
111A11 58.758+0.124| 64.103+0.110  68.754+0.085
11A12 46.167+0.053| 53.590+0.125  64.128+0.063
VA13 52.369+0.075| 59.869+0.028  61.987+0.098
VAl4 58.634+0.134| 60.347+0.10p  62.389+0.163
VA15 38.168+0.086| 49.458+0.165  61.108+0.186
VA16 48.275+0.067| 53.794+0.180  58.746x0.071
VA17 41.549+0.132] 49.130+0.06b  58.907+0.107
VA18 45.706+0.132| 49.358+0.183  56.843+0.134
VA19 34.706+0.127| 45.654+0.10B  48.445+0.120
VA20 38.920+0.115] 47.125+0.195  49.264+0.142
VA21 32.563+0.176| 44.369+0.113  46.867+0.134
Standard 76.246+0.017  81.460+0.1B7  84.794+0.080
Blank | - | e e

Values are mean + SEM (n=3); Standard= Ascorbicda¢i---) Showed no scavenging activity.
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Figure 1: Free Radical Scavenging Activity of Compend (I1IA1-111A12, VA13-VA21) by DPPH Method

The structures of compound#\16, VA17 and VAl8were assigned by IR arfth NMR spectroscopic data, which
are consistent with the proposed molecular strestulR spectra of compoundA16, VA17 and VA18 showed
characteristic bands for NH, CH-aliphatic, C-Cl &0 groups'H-NMR spectrum of compoundA16, VA17
and VA18 showed signals for CONH at 9.31, 8.85 and 8.81, respectively, for Cht 6 3.72, 4.27 and 3.55,
respectively. The primary amino group in compouw#il6 and VA18 were depicted by the presence of NH
function até 2.60 and 1.99, respectively. The appearance diptaik at rangé 1.78-2.69 confirmed the presence
of the pyrrolidine ring system in compoulMB17. Mass spectrum of compountf®\16, VA17 and VA18 were
showed the molecular ion peakraliz; 328 [M+1]*, 336 and 282 [M-1], with a base peak a¥'z 100, 126 and 157
respectively.

The structures of compouni¥\19, VA20 andVA21 were assigned by IR artti NMR spectroscopic data, which
are consistent with the proposed molecular stresturhe primary amino group in compounds19 and VA21
was depicted by the presence of NH asymmetric chtrat 3400 and 3434 cth The IR bending vibration
corresponding to C=S of compouN\19 appeared at 1202 émThe presence of heterocyclic pyrrolidine moiety
in compoundVA20 was demonstrated by the presence of C-N at 1345 The appearance of C=0 stretch in the
range of 1626 -1725 chindicated the formation of secondary amidéa19 -VA21) by the reaction of hydrazine/
thiourea/ piperidine with the 2-chlofé{5-(2-nitrophenyl)-1,3,4-thiadiazol-2-yl] acetaneid The appearance of
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singlet ato 8.81, 8.95 and 9.10,respectively,correspondsedgtbton of CONH in the NMR of all the compounds
indicated the presence of secondary amide to midepdsition of synthesized 1, 3, 4-thiadiazolesatyp{VA19-
VA21). Mass spectrum of compound&19, VA20 andVA21 were showed the molecular ion peakrét: 338 [M

", 347 [M*] and 294 [M], respectively, with a base peaknalzz 181, 225 and 88 respectively.

a0
—4—=IlIA1  ——lIAL2
—B-lIA2 ——VAl3

80
==[lIA3  ——=VAl4

==lllAd VA15

70 A5 =—+=VAlG
=—llIAe VAl7

==IIA7 VAR

—=—Il|AB VA19
—==[llA9 VA20
=4—[lIA10 VA2l

50
=B-[l1A11 Standard

W

40

D | | | 1

0 2 4 b B 10 12
Concentration (pg/ml)

Figure 2: Free Radical Scavenging Activity of Compond (I11A1-111A12, VA13-VA21) NO Method

3.2. Antioxidant activity (in-vitro):

The compoundslllAL-lIIIA12 and IV13-IV21 were tested for anti-oxidant property by 2, 2-dipfiel-
picrylhydrazyl (DPPH) and nitric oxide methods ltee different concentrations 4 pg/ml, 8pg/ml a@dub/ml.
The observed data on the anti-oxidant activitytef tompounds controlled drug were shown in (Tabland 5,
Figure: 1 and 2).

3.2.1. 2, 2-diphenyl-1-picrylhydrazyl (DPPH scavenging method:

All the synthesized compounds were tested for &gt activity against nitric oxide free radicalVhen
comparison is made betweHdA4 (68.10% ) JIIIA3 (67.58%6), andIllA2 (67.226) at 10pug/ml, it was found to
be presence of the o-hydroxyl and p-chloro groupkenthe compounds more potent as well as showedsal
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equal percentage of inhibition compared to the ddesh ascorbic acid. Compound#Al, 111A12 and Il1A11
exhibited comparable percentage of inhibition whk standard. Compoundi$A9 andIlIA10 were found to be
moderate antioxidant. All other compounds were fbtmbe weak antioxidant activity agaifi®®PPH free radical.
CompoundsVA13-VA21, respectively, showed poor percentage of inhibittmmpare to that of standardn
increase in concentration results in an increag®\RHe scavenging activiifable 4, Figure:1).

SCHEME
N—N
H,N——NH H,SO, / »\
+
COOH / S NH;
s NH,
I(a,b,c)
0o 0
) S
cl cl R Cl
I
(@]
N—N N—N \\
/ »\ CICH,COCI / )\
e
S NH, S NH Cl
IV(d,e,f)
I TEA
1,4 -Dioxane

Alcohol/Benzene

Y

Y

N—N Q
< \%—4/ »\ o ) N >_\
nH MR [ )
S \/J_ ®_<s)\ NH R’
R NI(A-Ap) V(A13-A21)

3.2.2. Nitric oxide scavenging method:

Among the compounds tested for antioxidant actj\ityA2) exhibited the highest antioxidant activity with t¥e
Inhibition value of 78.99, while % Inhibitionof reference compound ascorbic acid was fotande 84.79. Other
moderately active compounddA1l and(IlIA3 ) showed the % inhibitionalues of 77.89 and 75.98, respectively.
The compounds showed activity which is comparalitk @ontrol against bacterial strains in increasinger of

0- OH>0-Cl > 0-NO, (Table5, Figure: 2).

CONCLUSION

The antioxidant data given for the compounds albws to state that the variation of antioxidantvigt may be
associated with the nature of tested microorganisms also is due to the chemical structure of #stet
compounds. Performed SAR observation has showednpertance of electronic environment on antioxtdan
activity. The presence of hydroxyl (OH) and halogens (esfgaialoro) substituent on the aromatic ring have
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increased the activity of the compounds compareatidse with other substituent which may be duééogdresence
of the versatile pharmacophore.
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