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ABSTRACT

A new series of novel thiosemicarbazides derivatives were synthesised and evaluated for antibacterial activity
against Gram positive and negative bacterias. In the present study, synthesis of hydrazine-carbothioate and
hydrazine-carbothioamide representing thiosemicarbazide class of compounds, was accomplished. All the newly
synthesized compounds were characterized by their spectral data and further used to estimate their ability towards
antibacterial activity. Antibacterial activity was carried out by serial dilution method using Sreptomycin as
standard drug. Compound N, N-bis (4-chlorophenyl) hydrazine-1, 2-dicarbothiocamide (3g) has activity compared to
that of the standard used.
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INTRODUCTION

Thiosemicarbazides and thiosemicarbazones as aortamp class of synthetic compounds, have a varodty
applications.[1] These compounds have revealed vgigectrum of activities which includes antican@r,[
antiHIV,[3] antitubercular,[4] antiviral,[5] antitnor,[6] antiprotozoal,[7] anticonvulsant,[8] antpiessant,[9]

antimalarial,[10] antifungal,[11] antibacterial [12as well as parasiticidal activity against Plasinod

falciparum,[13] Trypanosoma cruzi[14] and Trypanosobrucei rhodesiense[15] and Toxiplasma gondij.8ldine

industrially important activities such as anticaiom and antifouling effects.[17] and plant grovpttomoting[18]

are also observed for these compounds. These 8 aodor ligands and their coordination complexegehgained

special attention due to their activity againsttproa, influenza, smallpox virus, fungi and car{@&;20] These
compounds arouse interest as versatile intermediate preparing various heterocyclic derivativestsas 2,4

thiazoles,[21] 1,3, 4 thiadiazoles,[22] and 1,&jdzoles [23] among others. Thiosemicarbazideuseful structural
motif that has the potential to display chemicaldtionality in biologically active molecules. Opfimation of this

structure can result in groundbreaking discovergey class of therapeutic agents.

From the critical analysis of literature it appehrhat thiosemicarbazones have been studied exédyndbut
thiosemicarbazides themselves with their rich fiomalities deserve more attention to develope ttiefivatives as
pharmacologically potential drug candidates.In firesent work, the synthesis of hydrazine-carbothicand
hydrazine-carbothioamide representing as thiosetvézade derivatives was accomplished. The compounds
synthesised were evaluated for antibacterial agtagainst Gram positive and Gram negative bacteria

MATERIALSAND METHODS

All chemicals were purchased from Research-Lab Fdem. Industries, Mumbai and used without further
purification. Melting points were taken by open agpillary method and are uncorrected. IR spectr@ewaken on
FTIR JASCO -4100 type A spectrophotometer using K&ltet. Proton nuclear magnetic resonartE;NMR) were
recorded using DMSO as a solvent at ambient tertyeraising tetramethylsilane as an internal stahaar
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BRUKER AVANCE Il 400 Spectrometer. Elemental an&ysas made on a Perkin-Elmer 2400 CHN Analyzer and
the data were within £ 0.4 % of the theoreticalueasl. The ITHNMR spectra were recorded on a Bruker. A@
purity of compounds was checked by Thin layer chatmgraphy on glass plates coated with silica gel G.

Synthesis of S-methyl aryl dithiocarbamate and aryl thiosemicarbazides : Substituted S-methyl aryl
dithiocarbamate and aryl thiosemicarbazides wen¢hegised according to procedure reported eadier25] and
used as starting material for the synthesis ofrddgarget molecules.

Synthesis of hydrazine car bothioate and hydrazine car bothiocamide:

METHOD 1:

Substitituted thiosemicarbazid2 §-c) (0.05 mole) prepared by earlier reported proceaas dissolved in 20 ml
DMSO or DMF. To this reaction mixture CS2 and auoh of NaOH or KOH was added over 30 min. witinristg
at room temperature. The reaction mixture wasestifor several hours. To the reaction mixture, ditylesulphate
(0.05 moles) or hydrazine hydrate or phenyl hydrazivas added drop wise with stirring. After comipletof
reaction checked on TLC by single spot, ice coldewavas added to obtain the product. The solidinbthwas
filtered through suction pump, washed with watered and recrystallised from DMSO to obtain theegdesired
product.(Scheme 1)

Scheme 1: Synthetic protocol for the titled compounds

S
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(32) R=-Br,R" = -SCHz (3d)R=-F,R" = -NH-NH,
(8b)R=-F,R" =-SCHj (3e) R=-Br,R" = -NH-NH-Ph
(3c)R=-Br, R = -NH-NH, @3f)R=-F,R" = -NH-NH-Ph

Methyl 2-[(4-bromophenyl) carbamothioyl hydrazinecarbodithioate (3a) Yellow crystals,yield 89 % ,15.0 g,
mp.178-180°C ( From DMSO); IRyfaxCm-1): 3433, 3255(-NH stretch), 1593 (-NH bend34(C=C stretch),
1073(C=S), 502(C-Br);'HNMR (400 MHz, DMSO): ¢ 2.65 (s,3H,-CH), 7.37,7.39,7.54,7.55(d,4H,Ar-
H),3.67(s,1H,-NH),10.30(s,1H,Ar-NHjnal. Calcd. For GH;oN3S:Br (336.0) are: C 32.14, H 3.0, N 12.5, S 28.6;
found: C 32.54, 18.20, N 12.9, S 29.1

Methyl 2-[(4-fluorophenyl) carbamothioyl hydrazinecar bodithioate (3b) White crystals,

yield 85% ,8.0 g, mp. 185-187° C ( From CHCI3);(MRa,Ccm-1): 3459, 3260 (NH stretch)551, (NH bend), 1506
(C=C stretch), 1405 (C-F), 1207(C=SHNMR (400 MHz, DMSO) : ¢ 2.68 (s,3H,-CH3), 7.39,7.41,7.54,7.56
(d,4H,Ar-H),3.75(s,1H,-NH),10.28(s,1H,Ar-NH)Anal. Calcd. For GHgNsS;F (275.0) are: C 39.25, H 3.66, N
15.26, S 34.93 ; found: C 40,346, N 16.1, S 35.34

N-(4-bromophenyl) -2-(hydrazinylcar bonothioyl) hydrazinecar bothioamide (3c) Yellow

crystals , yield 50%, 8.0 g, mp. 235-238° C (FroM3D); IR (/maxCm-1): 3443, 3293 (NH stretch), 1619, 1549,
(NH Bend), 1483(C=C stretch), 1058(C=S), 727(C-BHNMR (400 MHz, DMSO): ¢ 2.54, 2.54, 3.40, 3.41
(s,4H,4 X-NH), 7.28, 7.30, 7.50, 7.52 (d,4H,Ar-13)75(s,1H,-NH), 9.76(s,1H,ArNH),7.64,7.66(d,2H,NHnal.
Calcd. For GH;oNsS:Br (320.0) are: C 30, H 3.15, N 21.87, S 20.0unfir C 30.4, H 3.20, N 21.89, S 20.07

N-(4-fluor ophenyl) -2-(hydrazinylcarbonothioyl) hydrazinecarbothioamide (3d) Yellow crystals, yield 45% |,
5.89 g, mp. 173-175° C ( From DMSO); IR.f.cm-1): 3423, 3236 (NH stretch), 1613, 1572 (NHd)ed506(C=C
stretch), 1327(C-F), 1057(C=SHNMR (400 MHz, DMSO): ¢ 2.51, 2.53, 3.39, 3.40 (s,4 H, 4X-NH), 7.28, 7.31,
7.51, 7.52 (d, 4H, Ar-H), 3.74 (s,1H,-NH), 9.781¢4,ArNH),7.63,7.65(d,2H,NE Anal. Calcd. For @H;oNsSF
(259.0) are: C 37.05, H 3.89, N 27.01, S 24.73intb C 37.44, H 3.92, N 27.05, S 24.77

N-(4-bromophenyl)2-[(2-phenylhydr azinyl) carbonothioyl] hydrazinecar bothioamide (3€) White crystals, yield
47.5% , 9.45 g, mp. 225-227° C ( From DMSO);(#RaxCcm-1): (3243, 3180 (NH stretch), 1602, 1546 (NH bend),
1496(C=C stretch), 1076(C=S), 617(C-BfiNMR (400 MHz, DMSO): ¢ 10.58 ,10.04 (s,3H,3x-NH), 10.65(s,
2H,Ar-NH),7.33-7.46( 5H,m,Ar-H),7.51-7.59(dd,4H,At} Anal. Calcd. For GH1,NsSBr (396.5) are: C 42.43, H
3.56, N 17.67, S 16.8 ; found: C 42.47, H 3.6, ND1& 17.2
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N-(4-fluor ophenyl)2-[(2-phenylhydrazinyl) carbonothioyl] hydrazinecarbothioamide (3f) White crystals with
greenish tinge, yield 50%, 6.5 g, mp. 235-239° &Fdm CHC}); IR (ymaxCm-1): 3315, 3162 (NH stretch), 1637,
1528 (NH bend, 1506(C=C stretch,) 1283 (C-F), 1#R);'"HNMR(400 MHz, DMSO): ¢ 10.60 ,10.06 (s,3H,3x-
NH), 10.67(s, 2H,Ar-NH),7.34-7.48( 5H,m,Ar-H),7.5360(dd,4H,Ar-H)Anal. Calcd. for GsH14NsS,F (335.0) are:
C50.13, H 4.21, N 20.88, S 19.12 ; found: C 503,2, N 20.4 , S 19.08.

MATERIALSAND METHODS

In RBF, Methyl 4-chloro phenyl carbodithioate (0.@ioles) was dissolved in DMF. To this 4-chloro pjien
thiosemicarbazide (0.01 moles) was added. The flesk then attached to reflux condenser and the teagp
maintained between 125-130°C.After the completibreaction, the flask was cooled in ice bath arddold water
was added to the reaction mixture to obtain thelycb The solid was filtered, dried and recryssalli using DMF.
(Scheme 2)

Scheme 2 : Synthetic protocol for thetitled compounds (3g-3h)

NH NH |

NH _ScH NH ~ NH )\
\ﬂ/ 3 \ﬂ/ NH, reflux , 130 °C \n/ SNHOOR!
s + S - S
R R R

1 2 a-c L 3g-h
(3g) R=-Cl, R = -NH-C4Hs-Cl
@3h)R=-Cl, R" = -NH-CgHs-F

N,N-bis(4-chlor ophenyl)hydrazine-1,2-dicar bothioamide (3g) : White crystals, yield 60%,

1.9 g, mp. 208-210° C ( From DMSO); IRn§,cm-1): 3209, 3175 (NH stretch),1590 (NH bend), 3(&3-C
stretch) , 1012 (C=S), 575(C-CIEINMR (400 MHz, DMSO): ¢ 10.11-10.60 (s, 2H, Ar-NH), 2.79, 2.93 (s, 2H, 2
x-NH), 7.31-7.62 (8H, m, Ar-HAnal. Calcd. for G4H1,N4S,Cl, (371.0) are: C 45.29, H 3.26, N 15.09, S 17.27 ;
found: C 45.30, H 4.0, N 16.4, S 16.8

N-(4- chlorophenyl)-N-(4-fluor ophenyl)hydrazine-1,2-dicarbothioamide (3h) yellowish white crystals, yield
58%, 2.08 g, mp. 231-233° C (From DMSO0); R4 cm™): 3311, 3175 (-NH stretch), 1638(-NH bend), 1533(C
stretch), 1089(C=S), 1397 (C-F), 728 (C-CHINMR (400 MHz, DMSO): ¢ 10.13-10.63 (s, 2H, Ar-NH), 2.80,
2.94 (s, 2H, 2 x-NH), 7.33-7.64 (8H, m, Ar-#nal. Calcd. for G4H1:N4S,CIF (354.5) are: C 47.39, H 3.41, N
15.79, S 18.07 ; found: C 47.7, H 3.45, N 15.318317

Antibacterial activity:

Bacterial cultures were prepared in nutrient agat dilutions were made in nutrient broth mediume ™erial
dilutions were made to obtain the concentrationshsas 100, 50, 25, 12.5, 6.25, 3.125 pg/ml. Eabtle twas
inoculated with the microorganisms and then thesgutvere incubated at 35-37°C for 24-48 h. At thd eh
incubation period the tubes were examined for tityi Cloudiness indicates that bacterial growtls lnat been
inhibited by the concentration of compound presehe medium. MIC was determined as the lowestentration
of the tested agent in which bacteria did not gf@6, 27] Streptomycin was used as Standard drugdmparison.

RESULTSAND DISCUSSION

Synthesis:

The new thiosemicarbazide derivatives were prepfiémlving the reaction sequences depicted in Sehérand 2.
Different halo substituted phenyl thiosemicarbagideere prepared by the reaction of substitutedineniith
carbon disulfide followed by treatment with sodigalt of monochloroacetic acid and hydrazine hydeatording
to the reported method . [24] The target moleculeee synthesised by reacting substituted thiosetmzédes with
one of the following reactant.

i. CS and Dimethyl sulphate
i. CSand hydrazine hydrate
iii. CS, and phenyl hydrazine
iv. S- methyl aryl dithiocarbamate

The substituted phenyl thiosemicarbazides prepavexe further treated with carbon disulfide and thestiner
dimethyl sulphate or hydrazine hydrate or phenyrhte was added to synthesise compowagls. Compoundg-
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h were synthesised by refluxing substituted phehibsemicarbazides with S-methyl aryl dithiocarbames-
methyl aryl dithiocarbamate was synthesised acogrtti reported procedure. [25]

The spectroscopic data (IR, PMR) was in consistétiit the assigned structures. The IHNMR spectruveaied
that the SCH3 for compourBh and3b showed a singlet at 2.68 ppm. The different compounds showed a single
for the aromatic -NH proton (Ar-NH) in the range ®f76-10.65 ppm .For the compouBeth the multiplet was
observed in aromatic region 7.31-7.62 ppm.

Antibacterial activity:

Antibacterial activity was performed according tarslard protocol by serial dilution method on aflhthesised
compounds again&aphylococcus aureus, Pseudomonas aeruginosa and Bacillus subtilis. The observed minimum
inhibitory concentration for the respectingcroorganisms is listed in the Table 1.

Table1: Tableshowing MIC of thiosemicarbazide derivatives

MIC in pg/ml
Code S.aureus | P.aeruginosa | B.subtilis
3a 50 100 >100
3b 50 50 >100
3c 25 25 50
3d 50 50 >100
3e 25 25 25
3f 12.5 12.5 25
3g 6.25 6.25 12,5
3h 50 25 25
Std(Streptomycin)|  3.12 3.12 3.12

Compounds3g and 3f showed highest activity compared to other denesti Compound8a, 3b, and3d showed
very poor activity forB.subtilis. 3c,3e showed comparatively moderate activity. Compound h3g activity
compared to standard.
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CONCLUSION

Thiosemicarbazide derivatives appeared to hold m®nas an antibacterial agents. Compound N,N-bis (4
chlorophenyl) hydrazine-1,2- dicarbothioamide (Bg¥ activity compared to that of the standard used.
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