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ABSTRACT

A novel class of 1, 3, 4-thiadiazole derivatives incorporating with bis benzamide moiety were prepared from the new
synthetic methodology via the reaction of N-(4-Hydraznocarbonyl-phenyl)-benzamide with the appropriate
I sothiocyanato benzene derivatives. These compounds were screened for their antimycobacterial activity against M.
tuberculosis H37Rv strains along with their antimicrobial activity. Among the synthesized compounds 4(d), 4(f),
4(g) and 4(j) have shown more activity compared to the standard drugs employed. Structures of the newly
synthesi zed compounds wer e established by IR, *H NMR, *C NMR and MS spectral data.

Key words: Benzamide; 1,3,4 thiadiazole; antimycobacterialinaicrobial activity.

INTRODUCTION

Recent drug discovery affords are highly interestadards design and synthesis of various organieontes as a
tuberculosis agents [1].The large scale of heteyolic ring systems has been investigated for #netbpment of
novel chemical moieties as a lead molecule in g dfiscovery paradigm.1l, 3, 4-Thiadiazoles are oh¢he
privileged structural fragments in medicinal chemyi®©iaving broad spectrum biological activitiesqR-Particularly
1, 3, 4-thiadiazoles are much focused for theiatdrepectrum of biological activities including acéincef5], anti
tubercular[6], anti bacteridl’-9], antidepressants0-1]], leishmanicidal[12] and anti-inflammatory agen{4.3].
Among all the heterocycles and their derivativeslthsic heterocyclic moiety linked with banzamideug on both
the sides of the ring with diverse mechanism ofoachave been reported as lead antitubercular migec
Recently  we have reported (2)-N-(5-(Substitutedlygdene)-4-oxo-2-phenylthi-azolidin-3-yl)-4-(4-
methylbenzamido) benzamid¢l4] and e-journal title (3,3pyridine-2,6-diyl)bis(5-substituted-arylidene-2-
phenyl)thiazolidin-4-one derivative§15 as potential anti-mycobacterial agents against ymaypes of
microorganisms.

Encouraging activities of benzamide group promptedo investigate new analogues with further modtfon of
five membered heterocyclic ring and bis benzamidéety in order to optimize leading anti-mycobaaérgents.
In this present communication we report a facilatisgsis of diverse N-(4-(5-benzamido-1, 3, 4-thaadi-2-yl)
phenyl) benzamidderivatives and their antimicrobial activities aggivarious microorganisms.
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Scheme-1: Synthesis of compounds 4a-k

MATERIALS AND METHODS

Chemistry: All melting points were measured on open capillmsthod. IR spectra were recorded for KBr disc on
Schimadzu-8400 FTIR spectrophotometet. NMR, **C NMR spectra were measured on a Bruker Avanc®0! 4
spectrometer, operating at 400, 100.6 MHz respelgtiChemical shiftsd) are reported in parts per million (ppm)
and TMS as an internal standard. Molecular weighese determined with TOF MS ES Mass spectra. Raati
were monitored by thin layer chromatography (TL@)silica gel, plates were visualizing with ultraldblight or
iodine. Column chromatography was performed onaifjel 60(0.043-0.06mm) Merck.

General procedure for the synthesis of 4-Benzoylamb-benzoic acid ethyl ester (1):

To a solution of benzocaine (0.0l mol) in dry etf@®ml), benzoyl chloride (0.0l mol) was added dbypdrop at
0°C. The reaction mixture was stirred for 6 h, theulting solid was filtered, dried and recryssatl to obtain
compoundl).

IR (KBr, v max, cm) 3329.16(N-H), 3065.35 (C-H in hetero aromatiag}in3034.89 (Ar-H), 2946.18 (C-H in
CHs), 2907.16 (C-H in Cl), 1639.71(C=0 in ester), 1307.73 (C-’jt NMR (400MHz CDCl;) & ppm: 7.25-7.72
(m, 9H, Ar-H), 8.12(s, 1H, -CONH), 1.40(t, 3d,=7.0 Hz, CH), 3.85 (q, 2H, J=6.5Hz, Gi}{ *C NMR (100.6

MH,, CDCl,) & ppm: 161.8 (C=0), 165.1 (C=0), 126.5,129.1,1288.9,142.2 (aromatics), 52.8(}125.3 (CH).

General procedure for the synthesis of N-(4-Hydraziocarbonyl-phenyl)-benzamide (2): Compound 1
(0.01 mol) and hydrazine hydrate (0.01 mol) in ethhg50 ml) was refluxed for about 5h on a stearth bAfter
cooling the resulting solid was filtered, dried amedrystallized to obtain compound 2. Pinkish wisitdid, yield:
78%, m.p.187-189°C; IR (KBry max, cnt), 3311, 3369(-NHNHK), 3042.81 (Ar-H), 1661.73(C=0 of amide),
"HNMR (400 MHz, CDC}) & ppm: 3.90(s, 2H, -NbJ, 7.35-7.81(m, 9H, Ar-H), 7.91(s, 1H, -CONHC NMR
(100.6 MHz, CDCJ) & ppm: 165.2, 169.1 (C=0), 119.8, 126.8, 131.1,8,391.8 (aromatics).
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General procedure for the synthesis of N-(2-(4-beamidobenzoyl)hydrazinecarbon thioyl) benzamide(3):
Equiv. molar mixture of compound 2 and aryl isotlyanate(0.01 mole) in dry acetone(20 ml) wereegdifior an
hour at room temperature and further washed wittemand dried to generate a compound 3. Yield:71%;

General procedure for the synthesis of N-(4-(5-beamido-1,3,4-thiadiazol-2-yl) phenyl) benzamid€4a): IR
(KBr) cm™ 3381.27(N-H), 3069.13(C-H in ring), 3026.95(Ar-H)639.12(C=0), 1591.19(C=N), 1301.19(C-N),
676.98(C-S);"H NMR (400 MHz, DMSO-g) & ppm: 8.17(s, 2H, N-H), 7.82-7.03(m, 14H, Ar-HjC NMR
(100MHz, DMSO-¢) & ppm: 161.9(C=0), 138.1, 132.7, 130.9, 128.5, 12@20.01(aromatics); MSm/z
400.93M+1]; Anal. Calcd. for GH1¢N4,O,S: C, 65.98; H, 4.03; N, 13.99; Found: C, 65.913199; N, 14.06%.

N-(4-(5-(2-phenyl)acetamido)1,3,4-thiadiazol-2-yl)penyl)benzamide.(4b): IR (KBr) cm™ 3381.98(N-H),
3069.27(C-H in ring), 3019.26(Ar-H), 2890.03(C-H i@H,), 1641.27(C=0), 1598.19(C=N), 1301.19(C-N),
676.98(C-S) NMR (400 MHz, DMSO-g)  ppm: 8.11(s, 2H, N-H), 7.80-7.17(m, 14H, Ar-H)13(s, 2H, CH);
¥C NMR (100MHz, DMSO-¢) & ppm: 165.5(C=0), 161.8(C=0), 138.1, 136.6, 131128.6, 127.5,
124.0(aromatics), 38.1(GH MS: m/z 415.19M+1]; Anal. Calcd. for GH1gN4O,S: C, 66.65; H, 4.38; N, 13.52;
Found: C, 66.6; H, 4.34; N, 13.47%.

N-(4-(5-(3-nitro-benzamido-1,3,4-thiadiazol-2-yl) penyl) benzamide(4c): IR (KBr) cm® 3381.98(N-H),
3069.27(C-H in ring), 3019.29(Ar-H), 1641.27(C=Qp98.19(C=N), 1503.16 (N-O), 1316.56(C-N), 679.1:&C
'H NMR (400 MHz, DMSO-¢) & ppm: 8.12(s, 2H, N-H), 7.91-7.18(m, 13H, Ar-#C NMR (100MHz, DMSO-
ds) 6 ppm: 164.8(C=0), 147.5, 135.3, 133.8, 131.2, 12926.8, 121.1(aromatics); M&Yz 446.19M+1]; Anal.
Calcd. for G,H5Ns0,S: C, 59.32; H, 3.39; N, 15.72; Found: C, 59.273H43; N, 15.77%.

N-(4-(5-(2-chloro-benzamido-1,3,4-thiadiazol-2-yl)phenyl) benzamide(4d): IR (KBr) cm™ 3385.16(N-H),
3066.81(C-H in ring), 3023.01(Ar-H), 1644.18(C=Q}p81.09(C=N), 1318.19 (C-N), 1091.83(C-Cl), 698GR);
'"H NMR (400 MHz, DMSO-¢) & ppm: 8.17(s, 2H, N-H), 7.91-7.32(m, 13H, Ar-fC NMR (100MHz, DMSO-
ds) 0 ppm: 164.8(C=0), 134.7, 133.9, 132.1, 128.0, 1,26256.2(aromatics); MSnz 436.2M+2]; Anal. Calcd. for
C,,H15CINLO,S: C, 60.76; H, 3.48; N, 12.88; Found: C, 60.823135; N, 12.83%.

N-(4-(5-(3-chloro-benzamido-1,3,4-thiadiazol-2-yl)phenyl) benzamide(4e): IR (KBr) cm® 3381.27(N-H),
3062.29(C-H in ring), 3023.27(Ar-H), 1638.29(C=Q})85.16(C=N), 1318.19(C-N), 1089.16(C-Cl), 698.5HC
'"H NMR (400 MHz, DMSO-¢) & ppm: 8.17(s, 2H, N-H), 7.91-7.32(m, 13H, Ar-fC NMR (100MHz, DMSO-
ds) & ppm: 163.9(C=0), 137.5, 135.2, 133.8, 130.9, 128126.5, 118.2(aromatics); Anal. Calcd. for
C,,H15CIN,O,S: C, 60.76; H, 3.48; N, 12.88; Found: C, 60.813132; N, 12.81%.

N-(4-(5-(4-chloro-benzamido-1,3,4-thiadiazol-2-yl)phenyl) benzamide(4f): IR (KBr) cm®: 3381.27(N-H),
3068.17(C-H in ring), 3027.16(Ar-H), 1638.01(C=Q586.12(C=N), 1318.27(C-N), 1093.29(C-Cl), 693.7BC
'"H NMR (400 MHz, DMSO-¢) & ppm: 8.01(s, 2H, N-H), 7.87-7.28(m, 13H, Ar-fC NMR (100MHz, DMSO-
ds) 0 ppm: 164.8(C=0), 134.7, 134.1, 1325, 129.1, 127125.2, 119.1(aromatics); Anal. Calcd. for
C,,H:CIN4O,S: C, 60.76; H, 3.48; N, 12.88; Found: C, 60.823135; N, 12.83%.

N-(4-(5-(2, 3-di-chloro-benzamido-1,3,4-thiadiazof-yl) phenyl) benzamide(4g): IR (KBr) cm®; 3368.18(N-H),
3067.29(C-H in ring), 3028.19(Ar-H), 1640.18(C=QH88.68(C=N), 1318.27(C-N), 1091.23(C-Cl), 699.1&C
'"H NMR (400 MHz, DMSO-¢) & ppm: 8.12(s, 2H, N-H), 7.87-7.21(m, 12H, Ar-fC NMR (100MHz, DMSO-
dg) & ppm: 166.1(C=0), 135.1, 134.2, 133.5, 131.8 1292%.4, 121.5, 119.8(aromatics); M®z 471.13M+2],
473.02M+4]; Anal. Calcd. for GH14CIN4O,S: C, 56.30; H, 3.01; N, 11.94; Found: C, 56.36316; N, 11.98%.

N-(4-(5-(4-methyl-benzamido-1, 3, 4-thiadiazol-2-yI phenyl) benzamide(4h): IR (KBr) cm™: 3385.81(N-H),
3073.21(C-H in ring), 3031.52(Ar-H), 2958.2(C-H i@H;), 1640.21(C=0), 1589.11(C=N), 1318.27(C-N),
703.21(C-S)*H NMR (400 MHz, DMSO-¢) 5 ppm: 8.01(s, 2H, N-H), 7.95-7.35(m, 13H, Ar-H)82(s, 3H, CH);
¥C NMR (100MHz, DMSO-¢) & ppm: 165.5(C=0), 139.9, 138.1, 135.3, 131.9, 12928.6, 127.2,
120.1(aromatics), 23.1(GH MS: m/z 415.24M+1]; Anal. Calcd. for GH1gN,O,S: C, 66.65; H, 3.38; N, 13.52;
Found: C, 66.59; H, 3.43; N, 13.57%.
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N-(4-(5-(4-methoxy-benzamido-1,3,4-thiadiazol-2-ylphenyl) benzamide(4i): IR (KBr) cm™: 3381.27(N-H),
3081(C-H in ring), 3039.01(Ar-H), 2951.18(C-H in g639.18(C=0), 1598.21(C=N), 1306.91(C-N), 122853
0-C), 676.11(C-S)*H NMR (400 MHz, DMSO-g¢) & ppm: 8.13(s, 2H, N-H), 7.81-7.27(m, 13H, Ar-H)13(s, 3H,
OCH,); ®*C NMR (100MHz, DMSO-g) & ppm: 165.5(C=0), 160.8, 139.1, 137.5, 133.4, 13189.1,
120.8(aromatics), 58.1(OGH MS: m/z 431.23M+1]; Anal. Calcd. for GH1gN4O5S: C, 64.17; H, 4.21; N, 13.01;
Found: C, 64.22; H, 4.25; N, 12.97%.

N-(4-(5-(4-nitro-benzamido-1,3,4-thiadiazol-2-yl) penyl) benzamide(4j): IR (KBr) cm®: 3389.1(N-H),
3068.27(C-H in ring), 3040.27(Ar-H), 1643.18(C=Q)591.03(C=N), 1513.86(N-0),1306.98(C-N), 701.18(¢-S
'H NMR (400 MHz, DMSO-¢) & ppm: 8.09(s, 2H, N-H), 7.95-7.18(m, 13H, Ar-fC NMR (100MHz, DMSO-
ds) 0 ppm: 165.5(C=0), 150.8, 139.1, 138.5, 133.4, 12937.6, 123.7, 120.5( aromatics); Anal. Calcd. for
CooH1sN50,4S: C, 59.32; H, 3.39; N, 15.72; Found: C, 59.253H3; N, 15.77%.

N-(4-(5-(4-chloro-phenyl)acetamido)1,3,4-thiadiaze®-yl)phenyl)benzamide.(4k): IR (KBr) cm™ 3385.16(N-
H), 3066.81(C-H in ring), 3029.28(Ar-H), 2896.01KCin CH,), 1645.29 (C=0), 1581.09(C=N), 1318.19(C-N),
1093.16(C-Cl), 693.21(C-SH NMR (400 MHz, DMSO-¢) 5 ppm: 8.11(s, 2H, N-H), 7.83-7.29(m, 13H, Ar-H),
3.21(s, 2H, ChH); *C NMR (100MHz, DMSO-¢) & ppm: 165.5(C=0), 163.7(C=0), 138.5, 136.1, 1332.7,
127.4, 126.1, 120.1(aromatics), 38.7@zHVS: m/z 450.02M+2];Anal. Calcd. for GH1,CIN4O,S: C, 61.54; H,
3.82; N, 12.48; Found: C, 61.59; H, 3.88; N, 12.42%

Pharmacology:

Antimicrobial activity: The antimicrobial activity of all the synthesizedmpounds was determined by disc
diffusion method. In this work B. Subtilis, B.Thogiensis as a example of a Gram+ bacteria, E.culi a
P.aeruginosa as a example of Gram- bacteria. W also evaluated for their in-vitro antifungatgntial against
C.glabrata, C.tropicalis and E. fae-calis fungediss. The compounds were dissolved in DMSO at eotnation of
1mg/ml. The results were recorded for each testedpound as a average diameter of inhibition zo@gsgf
bacterial or fungal growth around the discs in nithe minimum inhibitory concentration measurement wa
determined for compounds showed significant groittibition zones (>10mm). Activity of each compouwas
compared with Oflaxacin and Miconazole as standauds. The MIC values are recordedlable-1 and Table-2

Anti tubercular activity: All the synthesized compounds of serisk were evaluated for their anti tubercular
activity. Drug susceptibility and determination MfC of the test compounds against M. tuberculosgRv was
performed by agar micro dilution method, where fioldl dilutions of each test compound were added i#t10
agars supplemented with OADC and organism. A cellbfrused microorganism M. tuberculosis H37Rv grmwi
on L-J medium was harvested in 0.85% saline wi@®% Tween-80. A suspension of compounds was prépare
DMSO. This suspension was added to (in tubes) 7itidile brook's medium (containing 1.7 ml medium &l
ml OADC supplement) at different concentrationscoimpound keeping the volume constant, that is,rol1
medium was allowed to cool keeping the tubes intslg position. These tubes were then incubat&¥at for 24h
followed by streaking of M. tuberculosis H37Rw({®4 bacilli per tube). These tubes were then in@dat 37°C.
Growth of bacilli was seen after 30 days of inciudrat Tubes having the compounds were controlledh witntrol
tubes where medium alone was incubated with H37Re. concentration at which complete inhibition ofanies
occurred was taken as active concentration ofdestpound. Ethambutol was used as standard drugMiGe
levels of some active compounds (4a-k) againsetbeganisms were given irable-3.

RESULTS AND DISCUSSION

Chemistry: The key intermediat2 was required for the synthesis of title compouwds prepared according to the
procedure outlined ischeme-1Condensation of ethyl p-amino benzoate with beheblpride to a compound by
the loss of HCI with a very good yield. Compouhevas then reacted with hydrazine hydrate to givemmund2.

The synthesis of titled compounds were carriedbyuthe condensation reaction between compduadd various
aromatic iso-thiocyanate and anhydrous acetone svant to give compoun8 Then the compounga-k were
then involved in the cyclization reaction with thee of HSO, at room temperature to give compound give required
titled compoundsta-k. The structures of the newly synthesized compouwvete confirmed by IR*H-NMR, **C-
NMR, MS spectral data elemental analysis
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In the IR spectra of compounds 4a-k disappearafid@=& group absorption band at 1181.17 ‘cwhich was
present in compound 3. As well as the signal du€+dl absorption appeared at 1519.19catong with C-N
absorption band at 1301.19 ¢nThese signals demonstrate that the cyclizatiem sad occurred.

In the*H NMR spectra of compounds 4a-k recorded in DM3Qke signals due to N-H appeared at about 8.17
ppm as a singlet demonstrate that the cyclizatiep sad occurred.

In the*®*C NMR spectra of compounds 4a-k recovered in DM$OFtese signals corresponding to the carbons of
titted compounds observed nearly at about 161.8,11332.7, 130.9, 126.2, 120.1 ppm are furthedenge of their
structures. Mass spectra of all the synthesi- zmdpounds showed W M*+1 peaks in agreement with their
molecular formula.

Antimicrobial activity:

The results depicted ifiable-1 & Table-2 revealed that most of the tested compounds disglsgriable inhibitory
effects on the growth of the tested Gram +ve arahGve bacterial strains and also against antifusggains. In
general most of the tested compounds have beemlegvbetter activity against Gram+ve rather thaanGve
bacteria.

The antibacterial screening data showed moderatgda activity of the test compounds. Among theesoed
compounds 4(c), 4(d), 4(f), 4(g) and 4(k) in whtbrazolidinone ring containing fluoro benzotriaztlearing nitro,
chloro, o,m-di chloro phenyl and p-chloro benzylclews on carbon respectively showed high degreeitsct
against all the microorganisms employed. The a@/iof these compounds are almost equal to timelatd drugs.

On the other hand the antifungal screening dataetianoderate activity of test compounds, amongstiteened
4(b), 4(h) and 4(i) in which thiazolidinone ringcirporating with benzotriazoles bearing methoxy amethyl
phenyl and benzyl nucleus on carbon respectivebwsld high degree activity against all the microoigas
employed. The activities of these compounds ar@siequal to the standard drug.

Antituberculosis activity:
As can be seen from thEable-3 the results revealed that the compounds 4(d), 4(§) and 4(j) showed broad
spectrum antimycobacterial profile against M.tubetasis H;Rv comparing with standard drug. As well as these

new moieties have been showing better activity caming with the same class of compouft§.

Table —1: Antibacterial activity data of compounds4a-k

S.I.No (MIC, pg\mL)

B.subtili?  B.thuringiensi® E.coli® P. aeruginos®
4a 1 1 0.9 1
4b 1 1 0.9 1
4c 0.2 >0.2 0.1 0.5
4d >0.1 0.4 0.1 0.5
4e >0.3 0.5 0.5 0.2
a4f >0.2 >0.2 0.3 0.5
4g 0.2 0.z 0.1 0.4
4h 0.8 0.5 0.5 1
4 1 0.8 >1 0.5
4 0.2 0.7 0.4 05
4k 0.2 0.3 >0.1 >0.4
Oflaxacir 0.1 0.1 0.1 0.1

a) B.subtilis(MTCC No: 1133), B. thuringiensis (MTCC No: 4714), E. coli (MTCC No: 443), and P.aeruginosa (MTCC No: 2297).
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Table-2: Antifungal activity data of compounds 4a-k (MIC, pg\mL)

Compound (MIC, pg\mL)

C. glabrata C.tropicalis E.faecalis
4a 0.5 0.5 >0.5
4h 0.2 0.1 0.8
4c 0.5 0.5 0.8
4d 0.2 >0.2 0.4
4e 1 >1 >1
af >0.4 0.6 0.3
49 0.9 >1 0.5
4h >0.1 0.2 0.t
4i >0.1 0.2 >0.2
4 0.5 0.5 0.8
4k 0.5 0.5 >0.5
Miconazole 0.1 0.1 0.1

3 C. glabrata (90030), C.tropicalis (ATCC No: 750) and E.faecalis (ATCC No: 29212).

Table-3: Anti-tubercular activity data of compounds4a-k

Compound  MIC (pg/ml)  Compound  MIC (pg/ml)

4a >12.5 4g >3.125
4b 12.5 4h >12.t
4c 6.25 4 12.5
4d 3.125 4 >3.125
4e 6.2E 4k > 6.2t
4f >3.125

Ethambutol 2.0 Ethambutol 2.0

CONCLUSION

In conclusion the objectives of the present study weasynthesize and investigate the antimicrobial ant-
tubercuclosis activities of some new heterocyctddtives incorporating with benzotriazole moietigh the hope
of discovering new structures leads serving asnpoamtimicrobial agents. Our aim has been verifigdthe
synthesis of thiazolidinone moiety attached to lémazole parts through various linkages of syrstigipurpose.
The obtained results clearly revealed that compsut(d), 4(f), 4(g) and 4(j) showed good activityasrgt test
microorganisms and emerged as potential molecalefsifther development.
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