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Introduction

Tuberculosis (TB) is an intercellular pathogen that infects, perseveres and reproduces in immune cells, which is endemic in
several regions of the world and pursues to be a prime global health issue [1-3]. During the treatment of TB, the M.
tuberculosis undergoes mutational changes and develops drug resistant pathogens which contributes to the elevated morbidity
and mortality [4,5]. Therefore, the drug discovery of newer anti-TB agents with safe and potent biological action is required.

This necessity had an impact on the synthesis for some novel hydrazides with the anti-tubercular activity [6].
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Basically, hydrazide group plays a vital role in antimicrobial activity [6]. Moreover, hydrazones and benzohydrazides have
been reviewed to possess anticonvulsant [7], antioxidant [8], antiviral [9], vasodilator activity [10], antitumor activity [9,11],
antimicrobial [8,12,13], antitubercular [6,14,15], antidepressant [16], antimalarial [17], analgesic [18,19] and anti-
inflammatory [19] activities. Furthermore, some hydrazones have also been used as herbicides, insecticides, nematocides,
rodenticides, and plant growth regulators [20] as well as plasticizers and stabilizers for polymers [21,22]. The metal complex
of hydrazones have potential application as catalysts [23], luminescent probes [24], radioprotective properties [25], enzyme
inhibitors [26] and molecular sensors [27]. With the target of attaining novel anti-tubercular compounds, we built a scaffold
by introduction of the benzohydrazide linker to vinylbenzene and extension with imidazo [1,2-b] pyridazine. The
introduction of heterocyclic moieties (like imidazo [1,2-b] pyridazine) impetus the molecule to possess more selectivity and
potency [28]. The final synthesized compounds were investigated for in-vitro anti-TB activity against Mycobacterium
tuberculosis H37Rv strain using microplate alamar blue assay (MABA) and ciprofloxacin, pyrazinamide and streptomycin as

standard drugs.

Material and Methods

The solvents were purified according to standard procedures prior to use, and all commercial chemicals were used as
received. For thin-layer chromatography (TLC) analysis, Merck pre-coated Plates (silica gel 60 F254) were used and eluting
solvents are indicated in the procedures. Merck silica gel 60 (230-400 mesh) was used for flash column chromatography.
Melting point (mp) determinations were performed by using Mel-temp apparatus and are uncorrected. "H NMR spectra were
recorded on a Varian Unity instrument at room temperature at 400 MHz. Chemical shifts are reported in ‘8’ parts per million
(ppm) downfield from tetramethylsilane (TMS) with reference to internal solvent and coupling constants ‘J’ in Hz. The mass
spectra were recorded on Agilent ion trap MS (SCHEME 1). All the acid chlorides used for the preparation of 6a-1 were

purchased from commercial sources.
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6a.R = 3'-Cl
O,N 6b. R = 4'-Cl
6c. R=3-NO,
Q\J\j :@\/ 6d. R = 4'-OH
6e. R = 4-OMe
)KG 6f. R=3'4"5'-OMe
Experimental conditions : 6g. R = 4'-SO,Me
(i) Conc NH,4OH, 110°C, 12 h (ii) 50%aq chloroacetaldehyde, 90°C, 5h  6h. R=4-CN
(iii) Conc H,S0y, fuming HNO3,10-60°C, 3 h 6i. R=2"5"-Cl
(iv) NaH, 4-Hydroxy-3-methoxy benzaldehyde, THF 6j. R=3.5-Cl
(v) Hydrazide(a-l), Ethanol, 80°C, 3-5 h 2:‘- 2 = ;:3’

SCHEME 1. Synthesis of Some Novel Benzohydrazide derivatives.

Synthesis of 6-chloropyridazin-3-amine (2)

To the starting material 3,6-dichloro pyridazine (1) (10 g, 75.52 mmol), aqueous conc. ammonium hydroxide (100 mL) was
added and warmed at 110°C for 12 h in a SS bomb vessel. After the completion of the reaction (confirmed by TLC), the
reaction mixture was cooled to 0°C, the contents were filtered, and the resulting solid washed with water (2 x 15 mL) to

obtain 2 as pale-yellow solid.
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Yield: 80.8%; mp: 111-112°C; *H NMR (400 MHz, DMSO-dy): 8 7.32 (d, J=12.4 Hz, 1H), 6.80 (d, J=12.4 Hz, 1H), 6.60
(br.s, 2H); *C NMR (CDCly): 160.7, 145.4, 129.4, 118; ESI-MS: m/z, 130.0 (M+1).

Synthesis of 6-chloroimidazo [1,2-b] pyridazine (3)
A mixture of 2 (30 g, 232.0 mmol) and chloroacetaldehyde (45 mL, 50% aqueous solution) was heated to 90°C for 5 h. Water
was distilled off to obtain brown yellow solid. The crude compound was stirred with 100 mL of ethanol and filtered at the

pump to afford 3 as brown solid.

Yield: 20 g (70.0%); mp: 114-116°C; 'H NMR (400 MHz, DMSO-ds): 8 8.61 (d, J=4.0 Hz, 1H), 8.46 (d, J=12.0 Hz, 1H),
8.22 (d, J=4.0 Hz, 1H), 7.76 (d, J=12.0 Hz, 1H); .*C NMR (100 MHz, DMSO-d¢): 149.3, 136.1, 128.7, 126.1, 124.0, 118.8;
ESI-MS: m/z, 154.2 (M+1).

Synthesis of 6-chloro-3-nitroimidazo [1,2-b] pyridazine (4)

To a stirred solution of 3 (5g, 33.55 mmol) in conc. sulphuric acid (7.1 mL, 130.7 mmol), fuming nitric acid (4.1 mL, 98.0
mmol) was added over a period of 15 min at 10°C and the reaction was continued for 3 h at room temperature. Then the
reaction mixture was heated at 60°C for 1 h. The reaction mixture was poured into ice, filtered and the precipitated solids
were washed with water and dried to obtain solid. The residual mother liquor was further basified with NaOH solution to pH
14 and the obtained 4 as off white solid.

Yield: (5 g, 77.3%); mp: 143-146°C; *H NMR (400 MHz, DMSO-d;): & 8.84 (s, 1H), 8.52 (d, J=9.6 Hz, 1H), 7.82 (d, J=9.6
Hz, 1H); *C NMR (100 MHz, DMSO-dq): 149.6, 140.5, 137.4, 134.6, 129.6, 125.0; ESI-MS: m/z, 199.1 (M+1).

Synthesis of 4-(3-nitroimidazo [1,2-b] pyridazin-6-yloxy)-3-methoxybenzaldehyde (5)

To a stirred solution of 4-hydroxy-3-methoxy benzaldehyde (5.75 g, 1.5 eq) in tetrahydrofuran, added a screw cap vial
containing a suspension of sodium hydride (1.5 g, 37.87 mmol, 1.5 eq) in dry anhydrous THF. The reaction mixture was
stirred at room temperature for 30 min before addition of 4 (5 g, 25.25 mmol, 1 eq). The stirring was continued at room
temperature for overnight, the reaction mixture was taken up in dichloromethane, brine and extracted with dichloromethane.
The combined organic layer was dried with sodium sulphate and evaporated to crude. The crude product was triturated with

diethyl ether obtained the compound 5.

Yield: 76.9%; mp: 150-165°C; *H NMR (400 MHz, DMSO-de): & 10.9 (s, 1H), 8.69 (s, 1H) 8.49 (d, J=13.04 Hz, 1H) 7.70-
7.58 (m, 4H), 3.82 (s, 3H); *C NMR (100 MHz, DMSO-dg):192.5, 160.5, 151.8, 146.2, 140.1, 136.5, 135.4, 134.6, 130.4,
124.3,123.4,116.7, 113.0, 56.6; MS (El+): m/z=315.0 (exact mass=314.2).

General procedure for the preparation of benzylidene hydrazide derivatives (6a-6l)
To the mixture of compound 6 (300 mg, 0.955 mmol, 1.0 eq) in ethanol corresponding hydrazides (1.0 eq, a-l) were added
and heated to 80°C for 3-5 h. After completion of the reaction confirmed by TLC, the reaction mixture was evaporated to

crude product. The crude product was triturated with diethyl ether and filtered to obtain the pure final compound 6a-I.
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(22E)-N"-((4-(3-nitroimidazo [1,2-b] pyridazin-6-yloxy)-3-methoxyphenyl) methylene)-3-chlorobenzohydrazide (6a)
Off white solid; Yield: 68%; mp: 120-122°C; 'H NMR (400 MHz, DMSO-dq): & 12.02 (s, 1H), 8.69 (s, 1H), 8.49-8.45 (m,
2H), 7.97-7.88 (m, 2H), 7.69-7.67 (m, 1H), 7.60-7.57 (m, 3H), 7.45-7.38 (m, 2H), 3.81 (s, 3H); *C NMR (100 MHz, DMSO)
161.4, 152.1, 144.1, 143.1, 140.7, 137.0, 136.2, 135.2, 134.6, 133.5, 132.5, 131.3, 130.7, 129.5, 125.2, 123.7, 122.3, 117.2,
116.0, 111.4, 56.2; MS (El+): m/z=467.0 (exact Mass=466.08).

(22E)-N'-((4-(3-nitroimidazo [1,2-b] pyridazin-6-yloxy)-3-methoxyphenyl) methylene)-4-chlorobenzohydrazide (6b)
Off white solid; Yield: 70%; mp: 110-113°C; *H-NMR (400 MHz, DMSO-dg): & 12.00 (s, 1H), 8.68 (s, 1H), 8.49-8.45 (m,
2H), 7.96-7.94 (m, 2H), 7.63-7.57 (m, 4H), 7.45-7.39 (m, 2H), 3.81 (s, 3H); *C NMR (100 MHz, DMSO) 162.6, 161.0,
151.6, 149.0, 148.0, 143.0, 140.1, 137.0, 136.5, 134.6, 133.7, 132.6, 130.2, 130.0, 129.0, 123.2, 121.3, 116.7, 111.0, 56.5,
49.0; MS (El+) m/z=466.9 (exact Mass=466.08).

(22E)-N'-((4-(3-nitroimidazo [1,2-b] pyridazin-6-yloxy)-3-methoxyphenyl) methylene)-3-nitrobenzohydrazide (6¢)
Yellow solid; Yield: 24%; mp: 98-100°C; *H-NMR (400 MHz, DMSO-dq): & 12.25 (s, 1H), 8.77-8.68 (m, 2H), 8.53-8.37 (m,
4H), 7.85 (t, J=7.20 Hz, 1H), 7.59-7.58 (m, 2H), 7.47-7.40 (m, 2H), 3.82 (s, 3H); MS (El+): m/z=477.9 (exact Mass=477.1).

(22E)-N’-((4-(3-nitroimidazo [1,2-b] pyridazin-6-yloxy)-3-methoxyphenyl) methylene)-4-hydroxybenzohydrazide (6d)
Off white solid; Yield: 75%; mp: 130-133°C; *H-NMR (400 MHz, DMSO-dg): & 11.71 (s, 1H), 10.13 (s, 1H), 8.68 (s, 1H),
8.47-8.45 (m, 2H), 7.82-7.80 (m, 2H), 7.59-7.34 (m, 4H), 6.87-6.85 (m, 2H), 3.80 (s, 3H); *C NMR (100 MHz, DMSO)
162.8, 161.4, 152.2, 148.7, 143.4, 140.7, 137.0, 136.4, 135.4, 134.2, 132.6, 131.6, 130.8, 128.3, 127.5, 123.6, 123.8, 121.9,
117.2,111.5,57.0; MS (El+): m/z=448.9 (exact Mass=448.11).

(22E)-N'-((4-(3-nitroimidazo [1,2-b] pyridazin-6-yloxy)-3-methoxyphenyl) methylene)-4-methoxybenzohydrazide (6e)
Off white solid; Yield: 65%; mp: 123-128°C; 'H-NMR (400 MHz, DMSO-dg): & 11.80 (s, 1H), 8.68 (s, 1H), 8.49-8.45 (m,
2H), 7.93-7.91 (m, 2H), 7.59-7.55 (m, 2H), 7.44-7.37 (m, 2H), 7.08-7.06 (m, 2H), 3.83 (s, 3H), 3.80 (s, 3H); *C NMR (100
MHz, DMSO) 207.0, 160.2, 155.5, 143.2, 145.0, 142.3, 138.8, 137.0, 134.0, 130.2, 129.0 (2C), 127.6, 120.2 (2C), 117.3,
116.3, 113.7 (2), 36.2, 22.7; MS (El+): m/z=463.0 (exact Mass=462.41).

(22E)-N"-((4-(3-nitroimidazo [1,2-b] pyridazin-6-yloxy)-3-methoxyphenyl) methylene)-3,4,5-
trimethoxybenzohydrazide (6f)

Brown solid; Yield: 61%; mp: 115-118°C; "H-NMR (400 MHz, DMSO-de): & 11.79 (s, 1H), 8.69 (s, 1H), 8.52-8.46 (m, 2H),
7.60-7.57 (m, 2H), 7.45-7.37 (m, 2H), 7.24 (s, 2H), 3.87 (s, 6H), 3.81 (s, 3H), 3.73 (s, 3H); *C NMR (100 MHz, DMSO)
163.0, 162.8, 162,5, 160.9, 151.6, 147.0, 152.6, 142.3, 140.1, 136.5, 134.6, 134.0, 130.2, 130.0, 125.9, 123.2, 121.2, 116.6,
114.2,111.0,56.4 (2C), 55.9 (2C); MS (El+): m/z = 523.0 (exact Mass=522.47).

(22E)-N"-((4-(3-nitroimidazo [1,2-b]pyridazin-6-yloxy)-3-methoxyphenyl)methylene)-4-
methylsulfonyl)benzohydrazide (69)

Off white solid; Yield:72%; mp: 135-149°C; 'H-NMR (400 MHz, DMSO-dg): & 12.15 (s, 1H), 8.69 (s, 1H), 8.51-8.46 (m,
2H), 8.16-8.03 (m, 4H), 7.60-7.58 (m, 2H), 7.46-7.40 (m, 2H), 3.81 (s, 3H), 3.29 (s, 3H), 162.5, 160.9, 151.7, 148.6, 143.8,
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142.9, 140.2, 138.4, 136.5, 134.6, 133.6, 130.2, 129.2 (2C), 127.7 (2C), 123.3, 121.4, 116.7, 111.0, 56.5, 43.7; MS (El+):
m/z=510.9 (exact Mass=510.1).

(22E)-N"-((4-(3-nitroimidazo [1,2-b] pyridazin-6-yloxy)-3-methoxyphenyl) methylene)-4-cyanobenzohydrazide (6h)
Light yellow solid; Yield: 59%; mp: 140-145°C; *H-NMR (400 MHz, DMSO-dg): & 12.08 (s, 1H), 8.54 (s, 1H), 8.54-8.46 (m,
2H), 8.29-8.21 (m, 1H), 8.12-8.05 (m, 3H), 7.60-7.58 (m, 2H), 7.47-7.40 (m, 2H), 3.82 (s, 3H); *C NMR (100 MHz, DMSO)
163.0, 161.0, 154.7, 151.7, 148.1, 142.1, 140.1, 136.5, 134.6, 133.6, 132.9, 131.8, 130.1, 129.3, 128.3, 123.2, 121.3, 119.0,
116.7,112.5, 111.0, 56.5; MS (El+): m/z=457.8 (exact Mass=457.11).

(22E)-N"-((4-(3-nitroimidazo [1,2-b] pyridazin-6-yloxy)-3-methoxyphenyl) methylene)-2,5-difluorobenzohydrazide (6i)
Pale yellow solid; Yield: 69%; mp: 118- 122°C; *H NMR (400 MHz, DMSO-dg): & 12.20-12.01 (m, 1H), 8.69-8.67 (m, 1H),
8.48-8.42 (m, 1H), 8.36 (s, 1H), 7.59-7.55 (m, 2H), 7.45-7.32 (m, 4H), 7.25-7.11 (m, 1H), 3.80 (s, 3H); *C NMR (100 MHz,
DMSO) 160.9, 159.7, 159.4, 157.0, 151.6, 148.3, 143.7, 142.9, 140.1, 136.5, 134.6, 133.4, 130.2, 123.2, 121.4, 120.0,
118.5,117.0, 116.7, 111.4, 56.5; MS (El+): m/z=468.9 (exact Mass=468.1).

(22E)-N'-((4-(3-nitroimidazo [1,2-b] pyridazin-6-yloxy)-3-methoxyphenyl) methylene)-3,5-dichlorobenzohydrazide (6j)
Off white solid; Yield: 74%; mp: 126-130°C; *H-NMR (400 MHz, DMSO-dg): & 12.08 (s, 1H), 8.69 (s, 1H), 8.47-8.46 (m,
2H), 7.94-7.89 (m, 3H), 7.60-7.57 (m, 2H), 7.46-7.39 (m, 2H), 3.81 (s, 3H); *C NMR (100 MHz, DMSO) 161.4, 152.2,
149.1, 143.5, 140.7, 137.6, 137.0, 136.0, 135.4, 135.1, 134.7, 134.0, 132.1, 131.0, 130.8, 127.4, 123.8, 122.0, 117.2, 111.5,
57.0; MS (El+): m/z=500.9 (exact Mass=500.04).

(22E)-N'-((4-(3-nitroimidazo [1,2-b] pyridazin-6-yloxy)-3-methoxyphenyl) methylene)-2-bromobenzohydrazide (6k)
Light brown solid; Yield:65%; mp: 130-134°C; 'H NMR (400 MHz, DMSO-dg): & 12.1-11.9 (m, 1H), 8.69-8.67 (m, 1H),
8.48-8.41 (m, 2H), 8.31 (s, 1H), 7.74-7.67 (m, 2H), 7.59-7.49 (m, 2H), 7.46-7.29 (m, 2H), 7.20-7.05 (m, 1H), 3.81-3.61 (m,
3H); *C NMR (100 MHz, DMSO0) 171.4, 165.4, 161.0, 151.6, 147.6, 142.8, 140.1, 138.6, 136.4, 134.6, 133.6, 131.6, 130.7,
130.2,129.0, 123.2, 121.3, 119.8, 116.6, 111.6, 56.5; MS (EIl+): m/z=510.9 (exact Mass=510.08).

(22E)-N'-((4-(3-nitroimidazo [1,2-b] pyridazin-6-yloxy)-3-methoxyphenyl) methylene)-2-iodobenzohydrazide (61)

Pale yellow solid; Yield: 85%; mp: 118- 122°C; *H-NMR (400 MHz, DMSO-dg): & 12.07-11.93 (m, 1H), 8.69-8.67 (m, 1H),
8.48-8.41 (m, 1H), 8.31 (s, 1H), 7.59-7.06 (m, 8H), 3.81-3.62 (m, 3H); *C NMR (100 MHz, DMSO) 192.5, 170.0, 160.8,
151.6, 151.3, 147.7, 143.1, 142.9, 142.1, 140.1, 138.6, 137.9, 136.5, 135.4, 127.7, 124.3, 123.2, 121.3, 119.8, 116.6, 111.1;
MS (EI+): m/z=558.9 (exact Mass=558.01).

Anti-tubercular activity
The in vitro anti-tubercular assessment of 6a-1 have been tested against Mycobacterium tuberculosis H37Rv strain ATCC
27294 using the microplate alamar blue assay (MABA) and ciprofloxacin, pyrazinamide, streptomycin as standard drugs
[29]. All the compounds 6a-1 are screened for anti-tubercular activity in three sets (n=3). Initially, to lessen the evaporation of
the medium in the aseptic 96 well plates during incubation, 200 pL of sterile deionized water was placed on all outer
circumference wells of plate. Then to each well, 100 pL of the Middlebrook 7H9 broth was added and serial dilutions of the
compounds 6a-1 were made directly on the plate (i.e., 100-0.8 ug/mL). Then the 96 well plates was accurately occluded with
parafilm and incubated at 37°C for five days. Finally, 25 pL of freshly prepared combination of almar blue (Accumed
5
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International, Westlake Ohio) reagent and 10% tween 80 (1:1) were added to the well plate and incubated for one day. A blue
and pink colour was elucidated as no bacterial growth and growth respectively. The Minimal Inhibition Concentration (MIC)

is the lowest drug concentration, which averted a colour change from blue to pink.

TABLE 1. In vitro anti-tubercular activity of the 6a-1 against M. tuberculosis H37RV strain.

Compound Substiutetns (R)/ Structure MIC* values (ng/mL)
6a 3’-Cl 6.25
6b 4’-Cl 3.125
6c 3’-NO, 1.6
6d 4’-OH 1.6
6e 4’-OMe 3.125
6f 3’,4’,5° -OMe 1.6
69 4°-S0O, Me 1.6
6h 4’-CN 3.125
6i 2°,5°-Cl 1.6
6j 3,5 -Cl 1.6
6k 2’ -Br 1.6
6l 2 - 3.125

Pyrazinamide [N\]/ﬁ\NHZ 3.125

P
N
O
Ciprofloxacin ] o 3.125
'S
H HN
N
Streptomycin NH \XL)O\N\/NHZ 6.25
OHC NH,
OH

Results and Discussion

All the synthesized compounds were evaluated for in vitro anti-tubercular against M. tuberculosis and the results were
tabulated in TABLE 1. Compounds 6¢, 6d, 6f, 6g, 6i, 6j and 6k were very potent against M. tuberculosis H37Rv strain at
MIC 1.6 pg/mL. Compounds 6b, 6e, 6h and 61 showed equivalent activity as that of standard drugs (pyrazinamide,
ciprofloxacin) with a MIC 3.125 pg/mL. The compound 6a was found to be active against M. tuberculosis strain at MIC of

6.25 pg/mL similar to MIC of standard drug streptomycin.

It was found that compounds substituted with m-nitro, p-hydroxyl, m,p,m-trimethoxy, p-sulfonylmethyl, o,m/m,m-dichloro
and o-bromo at R exhibited potent anti-tubercular activity, while p-chloro, p-methoxy, p-cyano and o-iodo derivatives
showed good anti-mycobacterial activity. Based on structural similarities with the first line anti-tuberculosis drugs (i.e.,

6
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rifampicin), the synthesized compounds may act by inhibiting bacterial RNA polymerase (enzyme essential for DNA

transcription) [30].

Conclusion

In this study, novel benzohydrazide derivatives were designed, synthesized and screened for anti-tubercular activity against
M. tuberculosis H37Rv strain. The structures of the synthesized compounds were characterized by *H NMR, **C NMR and
Mass spectroscopic results. All compounds screened for anti-TB activity using MABA, the compounds 6a-1 showed anti-
tubercular activity within MIC range of 1.6 to 6.25 pg/mL, more or equivalent to those for standard anti-Tb drugs
(pyrazinamide, ciprofloxacin with MICs 3.125 pg/mL; streptomycin MIC 6.25 pg/mL). From the above results, due to the
presence of novel structure and potent anti-tubercular activity it can be concluded that the tested compounds could be a best

initiation to find new lead to class of anti-tubercular agents in the future.
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