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ABSTRACT

A series of new carbothioamide derivatives containing pyridazine ring have been synthesized by acid catalyzed
condensation of thiosemicarbazide with corresponding substituted pyridazinone. The compounds have been
characterized by IR, NMR and spectral analysis. All the synthesized compounds are evaluated for antituberculosis
activity. Some of these derivatives are found to be active against the Mycobacterium tuberculosis H37Ra (MTCC
300).
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INTRODUCTION

Tuberculosis or TB is a very common and often deadectious disease caused by various strainsyabivacteria,
usually Mycobacterium tuberculosis (MTB). TB is the leading worldwide cause of maittalresulting from an
infectious bacterial agent.

The World Health Organization (WHO) estimates thlatost one-third of the world’s population is inted with
MTB, with two billion of the World’s inhabitants arinfected by MTB (WHO 2010). [1] WHO designed apusal
in 2006 named “The Stop TB Strategy”. The main afimihis proposal is to reduce the global burderBftill
2015. The mission also supports the developmentwfand effective tools to prevent, diagnose aeattfB. The
main objective is an eradication of TB as a pubéalth problem till 2050 (WHO STB 2006) [2].

Over the past 20 years have seen the worldwide aappee of multidrug-resistant (MDR) TB, followed by
extensively drug-resistant (XDR) TB and most relgerstrains that are resistant to all antitubersidarugs. MDR
tuberculosis is caused b¥. tuberculosisthat is resistant to at least Isoniazide (INH) &ifdimpicin (RIF) and XDR
tuberculosis by mycobacteria resistant to rifampgond isoniazide (INH), any fluoroquinolone and afi¢he three
injectable drugs, capreomycin, kanamycin, and aanikeDrug resistance severely threatens tuberailosintrol,
since it raises the possibility of a return to aa & which drugs are no longer effective [3-5].nSequently,
although efficacious anti-TB drugs are availablB, i still a serious global threat to public headtid a continued
search is imperative for new antimycobacterial égeand therapeutic regimens. Modifications in pigtég
antituberculosis drugs are now widely applied, whiesults in the development of novel, effectivel @on-toxic
antituberculosis agents.
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Hydrazone or carbothioamide derivatives are a damable pharmacophore group for antimicrobial dgtibut the

first reports on their pharmaceutical applicati@ssdrugs against leprosy and tuberculosis wereighgdl in the

1950s [6,7]. Hydrazones constitute an importans<claf biologically active drug molecules, and dre focus of
growing interest of medicinal chemists due to thedte range of pharmacological properties [8]. Mv&r, number
of carbothioamide derivativebave been reported to exert notably antimicrobjg], antihypertensive, [10]
anticonvulsant, [11] analgesic, [12] anti-inflamoigt [13] antitubercular, [14] antitumoral, [15] tasxidant, [16]

antimalarial, [17] antiplatelet, [18] antifungallq] and antiviral [20] activities. In addition, ttheir varied

coordinating behavior makes them interesting caatdil for metal-based drugs. Generally, the ligaads
synergistically with metals towards their biolodieativity [21, 22]. Several research groups hayelsesized these
compounds as well as their metal complexes asttangetures and evaluated their biological adgggi{23].

As part of our ongoing research program focusedupe synthesis of biologically active moleculeé®}-B0] here
in the present context, we synthesized (E)-2-(6t(dstituted phenyl)-2-(piperidin/pyrolidin-1ylmeth,5-
dihydropyridazine-3(2H)-ylidene)hydrazine carbo#inidde or hydrazoneg¢3a-p) in order to investigate their
antimycobacterial activities by using the resazuniicro titer assay plate method agairidicobacterium
tuberculosis H37Ra (MTCC 300) in LJ 7H9-S medium. The pyridazinone moiety in fhresent study has been
reported to possess a wide variety of biologictivaies [31-33]. In particular, a large humbermfridazinones are
well known as intermediates for drugs and agrochalsi

MATERIAL AND METHODS

Melting points were determined by an open capillesthod and are uncorrected. IR spectra were redofiBr
cm-Y) on the FTIR SHIMADZU spectrometeld NMR spectra were recorded in DMSiB-on Avance-300 MHz
spectrometer using TMS as an internal standardm@fa¢ shift values are given sippm. The mass spectra were
recorded on EI-SHIMADZU GC- Mass spectrometer. ®umf compounds was checked by thin layer
chromatography (TLC), silica gel coated on glasdéephnd visualized in iodine chamber.

General procedure of (E)-2-(6-(4-substituted phenyl)-2-(piperidin/pyrrolidin-1lylmethyl)-4,5-dihydro
pyridazine-3(2H)-ylidene)hydrazine car bothioamide (3a-p):

A mixture of pyridazine ketone i.e. 6-(4-substitlite phenyl)-2-(piperidin/pyrolidin-1-ylmethyl)-4,5-
dihydropyridazin-3-(2H)-one (1mol) and thiosemicazigle (1mol) was taken in of acetic acid (20 miatatysed by
3-4 drops of conc. $$0,. The reaction mixture was heated for 3 hours af . The progress of the reaction was
monitored by thin layer chromatography (TLC) tiroeitne. After completion of the reaction, the réactmass was
cooled and poured into a beaker containing wat@® (hL) with stirring. The obtained solid product saidtered,
washed using water (2 X 20 ml). It was then dried eecrystallized from methanol.

Microbiology

One clinical isolate is used in this study from tsppu sample collected from local hospital ad tuberculosis
H37Ra (MTCC 300) was used as the susceptible doaticstrains were freshly sub cultured on LJ medibefore
use and were tested by the different methods.

Rifampicin (RIF) was obtained from Sigma-Aldrich gilem, Belgium). The stock solution was prepared in
advance at a concentration of 1 mg/ml in 0.1 N Na@ltér sterilized and kept in -20°C for no mokeat 1 month.
The stock solution of compounds was prepared 1mginiDMF. A stock solution of the resazurin sodium salt
powder (Himedia, Mumbai) was prepared at 0.01% istileéd water, filter sterilized, and kept on -4°Che
resazurin micro titer assay plate method was ahoig¢ as described by Anandi Martin et al. Brieflye inoculum
was prepared from fresh LJ medium to 7H9-S mediaongisting of Middlebrook7H9 broth containing 0.1%
Casitone and 0.5% glycerol and supplemented wigc addcid, albumin, dextrose, and catalase [OADCgt&e
Dickinson], adjusted to a no. 1 McFarland tube, digted 1:20; 100ul was used as the inoculum. Rtiampicin
stock solution was thawed and diluted in 7H9-S medio four times higher final concentration test8erial
twofold dilutions of Rifampicin were prepared ditlgcin a sterile 96-well flat-bottom micro titer age (Merck,
Banglore) by using 100ul of 7H9-S. The range ofcemtrations tested for Rifampicin and the testethmmunds
(3a-3p) was 1.56 to 200 pg/ml. A growth control taaming no antibiotic and a sterile control withanbculation
were also prepared on each plate. Two hundred nfitems of sterile water were added to all perimetells to
avoid evaporation during incubation. The plate wagered with its lid, replaced in the original bagd incubated
at 37°C under a normal atmosphere. After 7 dayaafbation, 30 ul of resazurin solution was addeéddch well
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and the plate was re-incubated overnight. Therdagt 8, a change in color from blue (oxidized statepink
(reduced state) indicated the growth of bactera, the MIC was defined as the lowest concentratiodrug that
prevented this change in color. [34]

Compound Spectral Data

IR (KBr): 3378 (N-H Stretching), 3030 (Ar-H Strefoh), 1610 (C=N), cr;

3a 'H NMR (300 MHz, DMSO-d6)§ 7.41 (s, 1H, -NH), 7.33-7.28 (m, 5H, Ar-H), 7.4 2H, -NH), 4.49 (s, 2H, N-CKN ), 2.92
(t, 2H —CH), 2.44 (t, 2H, —CHl) protons of pyridazine ring, 2.47-1.58 (m, 10Htpns of piperidine). ppm; Mass (m/z), 344 (M+
ion).
IR (KBr): 3370 (N-H Stretching), 3029 (Ar-H Stretoh), 1605 (C=N), cr;

3b 'H NMR (300 MHz, DMSO-d6) 7.40 (s, 1H, -NH), 7.38-7.30 (m, 4H, Ar-H), 7.19) 2H, -NH), 4.51 (s, 2H, N-CkN), 2.91
(t, 2H), 2.40 (t, 2H) protons of pyridazine ring3@-1.57 (m, 10H, protons of piperidine) ppm; Mé&s#z), 378 (M+ ion).
IR (KBr): 3380 (N-H Stretching), 3029 (Ar-H Stretoh), 1603 (C=N), cr;

ad 'H NMR (300 MHz, DMSO-d6)8 7.42 (s, 1H, -NH), 7.39-7.33 (m, 4H, Ar-H), 7.08 2H, -NH), 4.50 (s, 2H, N-CkN), 2.90
(t, 2H), 2.42 (t, 2H) protons of pyridazine ring32-1.56 (m, 10H, protons of piperidine). ppm; Méwéz), 423 (M+ ion).
IR (KBr): 3383 (N-H Stretching), 3031 (Ar-H, Stréiag), 1609 (C=N), cri;

3h 'H NMR (300 MHz, DMSO-d6} 7.43 (s, 1H, -NH), 7.41-7.39 (m, 4H, Ar-H), 6.@8 2H, -NH), 4.52 (s, 2H, N-CHIN), 2.95
(t, 2H), 2.41 (t, 2H ) protons of pyridazine rin@.33 (t, 4H), 1.51-1.55 (m, 10H protons of pipéré. ppm; Mass (m/z), 389
(M+ ion).
IR (KBr): 3372 (N-H Stretching), 3031 (Ar-H, Stréiag), 1617 (C=N), cri;

3i 'H NMR (300 MHz, DMSO-d6)8 7.54 (s, 1H, -NH), 7.32-7.39 (m, 5H, Ar-H), 6.99 2H, -NH), 4.50 (s, 2H, N-CkN), 2.90
(t, 2H), 2.81(t, 2H) protons of pyridazine ring32-2.33(m, 8H, protons of piperidingpm; Mass (m/z), 330 (M+ ion).
IR (KBr): 3374 (N-H Stretching), 3030 (Ar-H, Stréing), 1639 (C=N), cr;

3 'H NMR (300 MHz, DMSO0-d6)3 7.54 (s, 1H,-NH), 7.32-7.39 (M, 4H, Ar-H), 6.99 2, -NH,), 4.50 (s, 2H, N-CkN), 2.93 (t,
2H), 2.84(t, 2H) protons of pyridazine ring, 2.43@&m, 8H, protons of piperidine). ppm; Mass (m&%)4 (M+ ion).
IR (KBr): 3371 (N-H Stretching), 3032 (Ar-H, Streiag), 1605 (C=N), cfl

3l 'H NMR (300 MHz, DMS0-d6)3 7.51 (s, 1H,-NH), 7.22-7.10 (m, 4H, Ar-H), 6.91 281, -NH,), 4.49 (s, 2H, N-CHN), 2.90 (¢,
2H), 2.86 (t, 2H) protons of pyridazine ring, 2.328(m, 8H, protons of piperidine). ppm; Mass (A0 (M+ ion).
IR (KBr): 3377 (N-H Stretching), 3028 (Ar-H, Straiag), 1606 (C=N), cr;

3p 'H NMR (300 MHz, DMS0-d6)5 7.50 (s, 1H, -NH), 7.37-7.33 (M, 4H, Ar-H), 7.02 @H, -NH,), 4.51 (s, 2H ChN), 2.88 (t,

2H), 2.80(t, 2H) protons f pyridazine ring, 2.4-2.31(m, {H, protons of piperidin). pprr; Mass (m/z), 375 (M+ ior

RESULTSAND DISCUSSION

The pyridazinone derivatives i.e (I) were synthediby the reported method as shown in Scheme wilbwing

sequence of reactions:

(i) Friedel Crafts acylation of substituted benzendsiiccinic anhydride in the presence of anhydrdwsiaium

chloride yielded substituted benzoyl propionic acid

(ii) cyclization of substituted benzoyl propionic aad¢act with hydrazine hydrate to form 6-(4-substitiphenyl)-
4,5-dihydro pyridazin-3(2H)-one (pyridazinone ring)

Mannich bases of different pyridazinones were areg by the reaction with paraformaldehyde andrjape or
pyrrolidine under reflux in a mixture of ethanoldaf.5 mL of conc. HCI. The Mannich reaction produas
condensed with thiosemicarbazides in acetic adidlys®ed by 3-4 drops of conc,80;. A series of (E)-2-(6-(4-
substituted phenyl)-2-(piperidin/ pyrolidin-1yl nhgt)-4,5-dihydro pyridazine-3(2H)-ylidene) hydraeircarbo -
thioamide (3a-p) were synthesized as depictedlirrae.

—R
a
N—N N——N, s
/ - EtOH, /
X o+ e ~, W T x —n )}\
H 3-4 drops of conc. H,SO, \N NH,
H

R

Reflux
1 11 m

where, R= _N: > ) —NO

X=H, Cl, F, Br, I, Me, OMe, NO,

Schemel
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The structures of the synthesized compounds weigdalted through analytical and on the basis ottspkdata.
The'H NMR spectrum showed the presence of singles4a53-4.56 ppm for 3a-3h and3.48-4.10 ppm for 3i-3p
corresponding to the N-GHN group, one singlet of -NH proton&¥.41 ppm, one singlet of —Nhbproton at 7.00
ppm, two triplets at near abo@t2.92-2.44 ppm corresponding to protons of pyridazinoiety. The aromatic
protons were observed at the expected chemicalastdfintegral values.

The IR spectrum aBa exhibited sharp band at 3378, 3324’cior N-H and NH_a characteristic band at 1610tm
for -C=N, that clears the disappearance of -C=Qilsnl670 cr confirms the condensation of thiosemicarbazide
with pyridazinone. Mass spectrum of compound 3aveltba molecular ion peak/z at 344.

Table 1. Antimycobacterial activity results of the synthesized compounds (3a-3p)

Sr. No. R X M.Pin°C  MIC (ug/ml)  Zoneof inhibitionin Mm 150 pg/ml
3a —N/\:> H 178 3.2 21
3b —ND 4-Cl 180 3.4 29
3c —ND 4-F 180 3.0 25
3d —N(:> 4-Br 188 2.7 27
3e —NC> 4-| 155 25 23
3f —NC> 4-Me 162 2.8 23
3g —ND 4-OMe 154 2.4 25
3h —NC> 4-NO; 190 15 30
3i —NG H 167 1.9 16
3] —N(j 4-Cl 144 2.8 18
3k —N(j 4-F 176 25 17
3l —NG 4-Br 169 2.7 23
3m —NG 4-| 187 2.8 25
3n —NG 4-Me 163 2.4 21
30 —N/\:, 4-OMe 146 23 22
3p —N(j 4-NO; 155 1.7 31

Rifampicir - - 1.1 38
%I solated yield
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The synthesized series of hydrazone derivativel p§ridazine moiety were screened for antitubercalivity
againstMycobacterium tuberculosis H37Ra (MTCC 300) in LJ 7H9-Smedium using the resazu micro titer assay
plate method. With the resazurin assay, colorimmeiest results were available after an average days of
incubation. These results are presenteTable 1. From the data obtained by antitubercular scregrit reveals
that several comgunds showed inhibitory activity againM. tuberculosis in primary screening assays a
concentration 1.56-20Qg/ml. The compouns 3h, 3n, 3m, 3g, 3j, 3| and 3p shown to be activaire theM.
tuberculosis, where as the other compounds 3a, 3b, 3c, 3d3i3 3k, 3e and 3o are found to be moderately a
againstM. tuberculosis. The potency of the compounds can be explainetherbasis substitution pattern of 1
aromatic nucleus and presence ive member heterocycles. The mlidine nucleus withan electron donating
group exhibits aynergic effect againsM. tuberculosis. This is maybe due to increase in the liophilicity of t
compounds.

MIC

mMIC

Rifampicin

Figurel: Graphical Antituberculosisactivity of Compounds 3a-3p against Mycobacterium tuberculosis H37Ra (M TCC 300)
CONCLUSION

In the present study, aeries of dihydropyridaz-3(2H)-ylidene)hydrazine carbothioam derivatives were
synthesized and screened for their antituberculnsisities. The structures of the compounds wetaldished ol
the basis of satisfactory spectral analysis. Sohtkeosynthesized compounds showed inhibitory @gtagainsiM.
tuberculosisin primary screening assays. The compcs 3h,3n, 3m, 3g, 3j and 3e fou to be active against thé.
tuberculosis. The dihydropyridazif8(2H)-ylidene)hydrazine carbothioamide derivatives.
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