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ABSTRACT 

 
The aim of this study was to develop novel isoniazid derivatives, which can be utilized as anti-

tubercular agents. The compounds were synthesized by reaction between the hydrazine unit of isoniazid with 
an appropriate lipophilic moiety. The compounds obtained were characterized on the basis of their melting 
points, Rf value, Fourier Transform Infra Red (FTIR) Spectra, 1H-Nuclear Magnetic Resonance (1H-NMR) Spectra, 
13C- Nuclear Magnetic Resonance (13C-NMR) Spectra, Elemetal Analysis, and the Mass spectra. The novel 
compounds were assessed for their anti-tubercular activity by reported method against four strains of the 
Mycobacterium. The minimum inhibitory concentration of the active compounds was also determined. The 
anti-tubercular activity data revealed that most of the compounds have higher MIC values as compared to the 
standard drug isoniazid. Two compounds, namely 3b and 3c, exhibited very good anti-tubercular activity 
against all four strains of the Mycobacterium, which was comparable to the standard drug isoniazid. It has 
been concluded that the incorporation of a lipophilic chain at the position-2 of the pyridazine ring along with a 
halogen group, preferably a fluorine atom, at the p-position of the phenyl ring in this series of compounds 
increase the anti-tubercular activity of the compounds. However, this assumption cannot be generalized 
because in the present study the anti-tubercular activity was assessed against four strains of Mycobacterium. 
Accordingly, further studies are recommended to assess the anti-tubercular activity of these two compounds, 
3b and 3c, against other strains of the Mycobacterium.  
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INTRODUCTION 
 

Tuberculosis, caused by Mycobacterium tuberculosis, has become a worldwide pandemic disease [1]. 
According to the global tuberculosis report of 2017 of the World Health organization, tuberculosis is the 9th 
leading cause of mortality in the world and about 10.4 million people were infected with tuberculosis in the 
year 2016 [2]. The emergence of resistance towards the anti-tubercular drugs has increased the challenges to 
eradicate tuberculosis worldwide [3,4]. In the last 60 years, only a few drugs have been developed against 
tuberculosis. Recent approaches to develop better anti-TB drugs include the synthesis of new analogues or 
modification of the existing molecules with an established activity for shortening and improving tuberculosis 
treatment. Isoniazid has been widely used since last 60 years as the first line anti-tubercular drug. However, 
the bacterial resistance to isoniazid therapy has also increased due to its long term use, and abuse. Isoniazid is 
metabolized by the process of acetylation by the enzyme N-acetyltransferase, which is the major cause of 
resistance to isoniazid therapy in long term use [5]. It has been suggested that the chemical modification of the 
hydrazine unit of isoniazid with an appropriate chemical moiety can protect it against the action of the enzyme 
N-acetyltransferase and improve the clinical curative effects of this drug [6]. It has also been documented that 
the addition of a lipophilic group into the INH structure may also enhance its permeation into the bacterial cell, 
which is evident from the existing literature on isoniazide derivatives [7-19]. Accordingly, the aim of the 
present study was to protect the hydrazine unit of isoniazid from the enzyme N-acetyltransferase by 
incorporating appropriate lipophilic moiety that can lead to the development of new anti-tubercular candidate 
with improved anti-tubercular activity, improved metabolic stability against the enzyme N-acetyltransferase, 
and decreased toxicity. 
 

EXPERIMENTAL 
 
General 
 

Open capillary tube method was used to measure the melting points. Nicolet, 5PC FT-IR spectrometer 
(Browser Morner, USA) was used to record FTIR spectra (KBr, cm-1). Bruker DRX-300 FT NMR (Bruker, 
Germany) spectrophotometer was used to record the 1H-NMR (DMSO-d6, 400 MHz, δ ppm) and 13C-NMR 
(DMSO-d6, 100 MHz, δ ppm) spectra using Tetramethylsilane as internal reference (chemical shift in δ ppm). 
Jeol-JMS-D-300 mass spectrometer (70 eV, Jeol, Japan) was used to record Mass spectra. Elemental analysis (C, 
H, and N) was obtained within ± 0.4% of the theoretical values. The purity of the compounds was assessed on 
silica gel G plates by using iodine vapors (visualizing agent). A mixture of Benzene: Acetone (8:2) was used to 
determine the Rf value of the compounds. 
 
Synthesis of the compounds 1a-1e 
 

These compounds were obtained according to the literature method [20-22]. 
 
Synthesis of the compounds 2a-2j 
 

Equimolar quantities of the appropriate compound of the formula 1a-1e and propyl bromide or 
pentyl bromide were stirred at room temperature for about 20 hours in acetone in the presence of K2CO3. 
After reaction completion, the solution was poured in cold water and filtered. The solid residue obtained was 
washed repeatedly with water. The residue was dried and then recrystallized from ethanol. 
 
Synthesis of the compounds 3a-3j 
 

Equimolar quantities of the appropriate compound of the formula 2a-2j and isoniazid were refluxed 
for about 10 hours in acetic acid. After reaction completion, the solution was poured in cold water and filtered. 
The solid obtained was washed repeatedly with water. The residue was dried and then recrystallized from 
ethanol. 
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The following reaction scheme depicts the preparation of the isoniazid derivatives. 
 
 

 

 
Anti-tubercular activity 
 

Anti-tubercular activity was done by the reported methods [23,24]. The investigated strains were 
Mycobacterium intercellulari (ATCC 35734), Mycobacterium cheleneoi (ATCC 35751), Mycobacterium xenopi 
(ATCC 14470) and Mycobacterium smegmatis (ATCC 35797). In brief, the new isoniazid derivatives (3a-3j) and 
isoniazid were solubilized in dimethylsulfoxide to obtain 1 mg/mL concentration. The aliquot of each solution 
was diluted with 10% agar to get a concentration of about 100 μg/mL. The mixture of the agar medium and 
the tested compounds was poured into the petri dishes and were allowed to harden. The inoculum was 
obtained by growing overnight the culture in the Mueller-Hinton broth, which were diluted to about 1:100. 
The tested microorganisms were streaked and the petri plates were incubated at about 35oC for about 48 
hours to assess the growth of the strains in the single concentration. The active derivatives were again diluted 
and were further tested in the smilar manner, to find their minimum inhibitory concentration (MIC). Blank 
experiments were also performed. 
 

RESULTS AND DISCUSSION 
 

The starting material (1a-1e) were prepared according to the literature methods [20-22]. These 
compounds were reacted with appropriate alkyl bromide to obtain the compounds of formula (2a-2j). The 
compounds of the formula (2a-2j) were reacted with isoniazid to obtain the final compounds (3a-3j), which 
were characterized on the basis of their physical data and the spectral data. The characterization data of the 
representative compounds are provided below. 
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6-phenyl-2-propyl-4,5-dihydropyridazin-3(2H)-one (2a) 
 
% Yield: 60; M.P. (oC): 156; Rf Value: 0.75; IR: 1710 (C=O), 1590 (C=N); 1H-NMR: 1.01 (t, 3H, -CH3), 1.61 (m, 2H, -
CH2-), 2.44 (t, 2H, C-4 of pyridazine), 2.94 (t, 2H, C-5 of pyridazine), 3.19 (t, 2H, -CH2-N), 7.40-7.69 (m, 5H, Ar-
H); 13C-NMR: 12.3, 21.5, 25.5, 33.8, 44.2, 129.3 (2C), 129.9 (2C), 132, 137.5, 147.6, 163.2; Mass (m/z): 216 (M+); 
Elemental Analysis (Calculate (Found) for C13H16N2O): C, 72.19 (72.15); H, 7.46 (7.45); N, 12.95 (12.91). 
 
2-pentyl-6-phenyl-4,5-dihydropyridazin-3(2H)-one (2b) 
 
% Yield: 65; M.P. (oC): 166; Rf Value: 0.82; IR: 1705 (C=O), 1595 (C=N); 1H-NMR: 1.03 (t, 3H, -CH3), 1.29-1.32 (m, 
4H, 2-CH2-), 1.55 (m, 2H, -CH2-), 2.45 (t, 2H, C-4 of pyridazine), 2.93 (t, 2H, C-5 of pyridazine), 3.19 (t, 2H, -CH2-
N), 7.42-7.67 (m, 5H, Ar-H); 13C-NMR: 15.2, 23.5, 25.5, 26.2, 27, 33.9, 42, 129.3 (2C), 129.9 (2C), 132, 137.5, 
147.6, 163.2; Mass (m/z): 244 (M+); Elemental Analysis (Calculate (Found) for C15H20N2O): C, 73.74 (73.72); H, 
8.25 (8.23); N, 11.47 (11.45). 
 
6-(4-Fluorophenyl)-2-pentyl-4,5-dihydropyridazin-3(2H)-one (2c) 
 
% Yield: 60; M.P. (oC): 178; Rf Value: 0.88; IR: 1705 (C=O), 1590 (C=N); 1H-NMR: 1.02 (t, 3H, -CH3), 1.28-1.29 (m, 
4H, 2-CH2-), 1.55 (m, 2H, -CH2-), 2.46 (t, 2H, C-4 of pyridazine), 2.96 (t, 2H, C-5 of pyridazine), 3.2 (t, 2H, -CH2-
N), 7.45-7.65 (m, 4H, Ar-H); 13C-NMR: 15.2, 23.5, 25.5, 26.2, 30, 33.9, 42, 116.7 (2C), 130.6 (2C), 133.1, 147.6, 
163.2, 166.3; Mass (m/z): 262 (M+); Elemental Analysis (Calculate (Found) for C15H19FN2O): C, 68.68 (68.65); H, 
7.30 (7.28); N, 10.68 (10.65). 
 
6-(4-chlorophenyl)-2-pentyl-4,5-dihydropyridazin-3(2H)-one (2d) 
 
% Yield: 55; M.P. (oC): 169; Rf Value: 0.84; IR: 1710 (C=O), 1590 (C=N); 1H-NMR: 1.02 (t, 3H, -CH3), 1.28-1.30 (m, 
4H, 2-CH2-), 1.54 (m, 2H, -CH2-), 2.45 (t, 2H, C-4 of pyridazine), 2.96 (t, 2H, C-5 of pyridazine), 3.19 (t, 2H, -CH2-
N), 7.62-7.84 (m, 4H, Ar-H); 13C-NMR: 15.2, 23.5 (2C), 26.2, 30, 33.9, 42, 129.3 (2C), 130 (2C), 135.5, 137.7, 
147.5, 163.2; Mass (m/z): 278 (M+); Elemental Analysis (Calculate (Found) for C15H19ClN2O): C, 64.63 (64.62); H, 
6.87 (6.85); N, 10.05 (10.01). 
 
N'-(6-phenyl-2-propyl-4,5-dihydropyridazin-3(2H)-ylidene)isonicotinohydrazide (3a) 
 
% Yield: 45; M.P. (oC): 177; Rf Value: 0.77; IR: 3340 (N-H), 1690 (C=O), 1580 (C=N); 1H-NMR: 1.12 (t, 3H, -CH3), 
1.59 (m, 2H, -CH2-CH3), 2.58 (t, 2H, C-4 of pyridazine), 2.96 (t, 2H, C-5 of pyridazine), 3.34 (t, 2H, -CH2-N), 7.42-
7.80 (m, 7H, Ar-H), 8.79 (d, 2H, C2 & C6 H of pyridine), 10.55 (s, 1H, NH); 13C-NMR: 12.3, 16.2, 22.1, 27, 44.5, 
122.8 (2C), 129.3 (2C), 129.9 (2C), 132.1, 137.5, 141.9, 147.6, 148.2, 149.9 (2C), 163.5; Mass (m/z): 335 (M+, 
100.0%); Elemental Analysis (Calculate (Found) for C19H21N5O): C, 68.04 (68); H, 6.31 (6.28); N, 20.88 (20.86). 
 
N'-(2-pentyl-6-phenyl-4,5-dihydropyridazin-3(2H)-ylidene)isonicotinohydrazide (3b) 
 
% Yield: 55; M.P. (oC): 165; Rf Value: 0.71; IR: 3340 (N-H), 1685 (C=O), 1585 (C=N); 1H-NMR: 1.04 (t, 3H, -CH3), 
1.27-1.29 (m, 4H, 2-CH2-), 1.57 (m, 2H, -CH2-), 2.57 (t, 2H, C-4 of pyridazine), 2.93 (t, 2H, C-5 of pyridazine), 
3.34 (t, 2H, -CH2-N), 7.39-7.81 (m, 7H, Ar-H), 8.77 (d, 2H, C2 & C6 H of pyridine), 10.56 (s, 1H, NH); 13C-NMR: 
15.1, 16.1, 23.4, 26.8, 27, 29.9, 42.3, 122.8 (2C), 129.3 (2C), 129.9 (2C), 132, 137.4, 141.8, 147.5, 148.2, 149.9 
(2C), 163.5; Mass (m/z): 363 (M+, 100.0%); Elemental Analysis (Calculate (Found) for C21H25N5O): C, 69.40 
(69.35); H, 6.93 (6.90); N, 19.27 (19.25). 
 
N'-(6-(4-fluorophenyl)-2-pentyl-4,5-dihydropyridazin-3(2H)-ylidene)isonicotinohydrazide (3c) 
 
% Yield: 60; M.P. (oC): 189; Rf Value: 0.76; IR: 3345 (N-H), 1690 (C=O), 1590 (C=N); 1H-NMR: 1.04 (t, 3H, -CH3), 
1.27-1.29 (m, 4H, 2-CH2-), 1.57 (m, 2H, -CH2-), 2.57 (t, 2H, C-4 of pyridazine), 2.93 (t, 2H, C-5 of pyridazine), 
3.34 (t, 2H, -CH2-N), 7.36-7.82 (m, 6H, Ar-H), 8.78 (d, 2H, C2 & C6 H of pyridine), 10.56 (s, 1H, NH); 13C-NMR: 
15.1, 16.1, 23.4, 26.8, 27, 30, 42.3, 116.7 (2C), 122.8 (2C), 130.5 (2C), 133.2, 141.8, 147.5, 148.2, 149.5 (2C), 
163.5, 165.1; Mass (m/z): 381 (M+, 100.0%); Elemental Analysis (Calculate (Found) for C21H24FN5O): C, 66.12 
(66.10); H, 6.34 (6.30); N, 18.36 (18.35). 
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N'-(6-(4-chlorophenyl)-2-pentyl-4,5-dihydropyridazin-3(2H)-ylidene)isonicotinohydrazide (3d) 
 
% Yield: 50; M.P. (oC): 210; Rf Value: 0.83; IR: 3335 (N-H), 1685 (C=O), 1575 (C=N); 1H-NMR: 1.05 (t, 3H, -CH3), 
1.28-1.29 (m, 4H, 2-CH2-), 1.58 (m, 2H, -CH2-), 2.58 (t, 2H, C-4 of pyridazine), 2.92 (t, 2H, C-5 of pyridazine), 
3.35 (t, 2H, -CH2-N), 7.62-7.82 (m, 6H, Ar-H), 8.78 (d, 2H, C2 & C6 H of pyridine), 10.57 (s, 1H, NH); 13C-NMR: 
15.1, 16.1, 23.4, 26.8, 27, 30, 42.3, 122.8 (2C), 129.2 (2C), 129.9 (2C), 135.5, 137.6, 141.9, 147.7, 148.1, 149.5 
(2C), 163.4; Mass (m/z): 397 (M+, 100.0%); Elemental Analysis (Calculate (Found) for C21H24ClN5O): C, 63.39 
(63.38); H, 6.08 (6.05); N, 17.60 (17.55). 
 
N'-(6-(4-chlorophenyl)-2-propyl-4,5-dihydropyridazin-3(2H)-ylidene)isonicotinohydrazide (3e) 
 
% Yield: 55; M.P. (oC): 201; Rf Value: 0.64; IR: 3350 (N-H), 1695 (C=O), 1585 (C=N); 1H-NMR: 1.05 (t, 3H, -CH3), 
1.55 (m, 2H, -CH2-CH3), 2.56 (t, 2H, C-4 of pyridazine), 2.92 (t, 2H, C-5 of pyridazine), 3.35 (t, 2H, -CH2-N), 7.62-
7.98 (m, 6H, Ar-H), 8.79 (d, 2H, C2 & C6 H of pyridine), 10.57 (s, 1H, NH); 13C-NMR: 12.3, 15.1, 22, 26.9, 44.5, 
122.8 (2C), 129.3 (2C), 130 (2C), 135.6, 137.7, 141.9, 147.6, 148.2, 149.5 (2C), 163.5; Mass (m/z): 369 (M+, 
100.0%); Elemental Analysis (Calculate (Found) for C19H20ClN5O): C, 61.70 (61.68); H, 5.45 (5.43); N, 18.94 
(18.92). 
 
N'-(6-(4-fluorophenyl)-2-propyl-4,5-dihydropyridazin-3(2H)-ylidene)isonicotinohydrazide (3f) 
 
% Yield: 40; M.P. (oC): 180; Rf Value: 0.68; IR: 3345 (N-H), 1690 (C=O), 1580 (C=N); 1H-NMR: 1.05 (t, 3H, -CH3), 
1.56 (m, 2H, -CH2-CH3), 2.57 (t, 2H, C-4 of pyridazine), 2.92 (t, 2H, C-5 of pyridazine), 3.34 (t, 2H, -CH2-N), 7.36-
7.82 (m, 6H, Ar-H), 8.78 (d, 2H, C2 & C6 H of pyridine), 10.55 (s, 1H, NH); 13C-NMR: 12.2, 16.1, 22.1, 27, 44.5, 
116.7 (2C), 122.8 (2C), 130 (2C), 133.2, 141.9, 147.6, 148.2, 149.5 (2C), 163.5, 165.3; Mass (m/z): 353 (M+, 
100.0%); Elemental Analysis (Calculate (Found) for C19H20FN5O): C, 64.58 (64.55); H, 5.70 (5.65); N, 19.82 
(19.80). 
 
N'-(6-(4-bromophenyl)-2-propyl-4,5-dihydropyridazin-3(2H)-ylidene)isonicotinohydrazide (3g) 
 
% Yield: 50; M.P. (oC): 195; Rf Value: 0.88; IR: 3350 (N-H), 1695 (C=O), 1590 (C=N); 1H-NMR: 1.05 (t, 3H, -CH3), 
1.58 (m, 2H, -CH2-CH3), 2.58 (t, 2H, C-4 of pyridazine), 2.92 (t, 2H, C-5 of pyridazine), 3.35 (t, 2H, -CH2-N), 7.64-
7.82 (m, 6H, Ar-H), 8.79 (d, 2H, C2 & C6 H of pyridine), 10.57 (s, 1H, NH); 13C-NMR: 12.3, 16.2, 22, 27, 44.5, 
122.8 (2C), 126.5, 129.7 (2C), 132.7 (2C), 136.6, 141.8, 147.5, 148.1, 149.5 (2C), 163.5; Mass (m/z): 413 (M+, 
100.0%); Elemental Analysis (Calculate (Found) for C19H20BrN5O): C, 55.08 (55); H, 4.87 (4.85); N, 16.90 (16.85). 
 
N'-(6-(4-ethylphenyl)-2-propyl-4,5-dihydropyridazin-3(2H)-ylidene)isonicotinohydrazide (3h) 
 
% Yield: 55; M.P. (oC): 184; Rf Value: 0.75; IR: 3335 (N-H), 1685 (C=O), 1580 (C=N); 1H-NMR: 1.05 (t, 3H, -CH3), 
1.23 (t, 3H, -CH3), 1.58 (m, 2H, -CH2-CH3), 2.58 (t, 2H, C-4 of pyridazine), 2.72 (q, 2H, -CH2-Ph) 2.92 (t, 2H, C-5 of 
pyridazine), 3.35 (t, 2H, -CH2-N), 7.38-7.80 (m, 6H, Ar-H), 8.77 (d, 2H, C2 & C6 H of pyridine), 10.57 (s, 1H, NH); 
13C-NMR: 12.3, 15.6, 16.2, 22, 27, 29.3, 44.5, 122.8 (2C), 128.1 (2C), 128.9 (2C), 134.7, 141.9, 147.6 (2C), 148.2, 
149.5 (2C), 163.5; Mass (m/z): 363 (M+, 100.0%); Elemental Analysis (Calculate (Found) for C21H25N5O): C, 69.40 
(69.35); H, 6.93 (6.90); N, 19.27 (19.25). 
 
N'-(6-(4-ethylphenyl)-2-pentyl-4,5-dihydropyridazin-3(2H)-ylidene)isonicotinohydrazide (3i) 
 
% Yield: 60; M.P. (oC): 165; Rf Value: 0.66; IR: 3340 (N-H), 1680 (C=O), 1575 (C=N); 1H-NMR: 1.05 (t, 3H, -CH3), 
1.22-1.29 (m, 7H, -CH3, 2-CH2-), 1.58 (m, 2H, -CH2-), 2.58 (t, 2H, C-4 of pyridazine), 2.72 (q, 2H, -CH2-Ph) 2.92 (t, 
2H, C-5 of pyridazine), 3.35 (t, 2H, -CH2-N), 7.31-7.82 (m, 6H, Ar-H), 8.78 (d, 2H, C2 & C6 H of pyridine), 10.57 
(s, 1H, NH); 13C-NMR: 15.1, 15.5, 16.2, 23.5, 26.8, 26.9, 29.2, 29.9, 42.3, 122.8 (2C), 128.2 (2C), 128.9 (2C), 
134.7, 141.9, 147.6 (2C), 148.2, 149.5 (2C), 163.5; Mass (m/z): 391 (M+, 100.0%); Elemental Analysis (Calculate 
(Found) for C23H29N5O): C, 70.56 (70.50); H, 7.47 (7.45); N, 17.89 (17.85). 
 
N'-(6-(4-bromophenyl)-2-pentyl-4,5-dihydropyridazin-3(2H)-ylidene)isonicotinohydrazide (3j) 
 
% Yield: 50; M.P. (oC): 191; Rf Value: 0.79; IR: 3345 (N-H), 1695 (C=O), 1585 (C=N); 1H-NMR: 1.06 (t, 3H, -CH3), 
1.28-1.29 (m, 4H, 2-CH2-), 1.58 (m, 2H, -CH2-), 2.58 (t, 2H, C-4 of pyridazine), 2.92 (t, 2H, C-5 of pyridazine), 
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3.35 (t, 2H, -CH2-N), 7.64-7.80 (m, 6H, Ar-H), 8.78 (d, 2H, C2 & C6 H of pyridine), 10.55 (s, 1H, NH); 13C-NMR δ 
ppm: 15.1, 16.1, 23.4, 26.7, 26.9, 29.9, 42.2, 122.7 (2C), 126.4, 129.6 (2C), 132.7 (2C), 136.4, 141.8, 147.5, 
148.1, 149.5 (2C), 163.5; Mass (m/z): 441 (M+, 100.0%); Elemental Analysis (Calculate (Found) for C21H24BrN5O): 
C, 57.02 (57); H, 5.47 (5.45); N, 15.83 (15.80). 
 
Anti-tubercular activity 
 
 Anti-tubercular activity was done by the reported method [23,24] against M. intercellulari (ATCC 
35734), M. cheleneoi (ATCC 35751), M. xenopi (ATCC 14470) and M. smegmatis (ATCC 35797). The minimum 
inhibitory concentration was determined by the serial dilution method. The data of the anti-tubercular activity 
are provided in the Table 1. 
 

Table 1: In vitro anti-tubercular activities of the compounds (3a-3j) 
 

 
Compound 

Minimum Inhibitory Concentration (μg/mL)* 

M. intercellulari M. cheleneoi 
 

M. xenopi M. smegmatis 

3a 75 > 75 100 75 

3b 25 25 25 25 

3c 12.5 12.5 25 12.5 

3d 25 12.5 12.5 12.5 

3e > 100 75 100 > 100 

3f 50 50 75 75 

3g 75 > 75 100 75 

3h 75 75 100 75 

3i 75 50 75 75 

3j 75 > 75 100 75 

Isoniazid 12.5 12.5 12.5 12.5 

* p < 0.05 
 

The anti-tubercular activity data revealed that most of the compounds have higher MIC values as 
compared to the standard drug isoniazid. However, two compounds, namely 3b and 3c, exhibited very good 
anti-tubercular activity against all four strains of the Mycobacterium, which was comparable to the standard 
drug isoniazid. The compound 3c almost displayed equipotent anti-tubercular activity when compared to 
isoniazid and the compound 3b also exhibited good actitubercular activity against all four strains. Recent 
studies have stated that isoniazid derivatives having lipophilic moieties are emerging as potent anti-tubercular 
agents [6]. Structurally, the compounds 3b and 3c possess a pentyl side chain at position-2 of the pyridazine 
ring, which might be increasing the lipophilicity of these compounds. These compounds also possess a halogen 
at the para position of the phenyl ring. It is also expected that these halogen atoms, fluorine and chlorine, are 
also responsible for the good anti-tubercular activity of these two compounds. Apart from the compounds 3b 
and 3c, other compounds also have a pentyl side chain and propyl side chain. However, those compounds did 
not provide comparable anti-tubercular activities, when compared to the standard drug isoniazid. Accordingly, 
it can be assumed that the incorporation of a lipophilic chain at the position-2 of the pyridazine ring along with 
a halogen group, preferably a fluorine atom, at the p-position of the phenyl ring in this series of compounds 
increase the anti-tubercular activity of the compounds. Similar type of observations with respect to the 
lipophilic substituents have been published [6,23]. It is also assumed that the replacement of the pentyl side 
chain and the propyl side chain in the compounds of the present study with another more lipophilic side chain 
or group, for example hexyl side chain, along with a halogen substituted phenyl ring will provide better anti-
tubercular agents. Accordingly, the authors recommend to perform these changes in the structure of the 
compounds of the present studies.  
 

CONCLUSION 
 

The anti-tubercular activity data revealed that the compound 3c almost displayed equipotent anti-
tubercular activity when compared to isoniazid and the compound 3b also exhibited good actitubercular 
activity against all four strains of the Mycobacterium. There is a possibility that the lipophilic pentyl chain along 
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with the halogen atom in the structures of these compounds are responsible for the potency of these two 
compounds. However, this assumption cannot be generalized because in the present study the anti-tubercular 
activity was assessed against four strains of Mycobacterium. Accordingly, further studies are recommended to 
assess the anti-tubercular activity of these two compounds, 3b and 3c, against other strains of the 
Mycobacterium. 
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