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ABSTRACT: Tuberculosis (TB) is an infectious disease caused by Mycobacterium tuberculosis. TB is a global problem and
is one of the major culprits responsible for the death of many in the developing world despite the availability of more
than 20 drugs. Hence, there is an imperative need for the development of novel antitubercular drugs. To develop better
agents against tuberculosis, we synthesized a series of dihydropyrazole-1-carboxamides by the base-catalyzed
condensation of isoxazolyl chalcones with semicarbazide. The compounds were purified by column chromatography
and characterized by spectral methods including IR, TH NMR, 3C NMR and elemental analysis. The antitubercular
activity was screened against Mycobacterium tuberculosis by MABA assay where isoniazid was used as positive control
for comparing the activity. The studies revealed that isoxazole-1-carboxamides were more active compared to the
corresponding chalcones. Substituents on the phenyl ring at position-5 of isoxazole ring played a crucial role in
determining the antitubercular potency. The compounds 4n and 4o containing a blend of halogen and methoxyl groups
at ortho and para positions of phenyl ring showed potency greater than the standard, isoniazid with MIC of 0.1 pg/mL
and emerged as promising leads against TB. Further, 4n and 40 were assessed for their cytotoxic effects on L02 (human
normal cell line) by using MTT assay. The compounds showed no cytotoxicity and established the safety of these
compounds.

KEYWORDS: Isoxazolyl Chalcones; dihydropyrazole-1-carboxamides; antitubercular activity; Mycobacterium
tuberculosis; MABA assay; MTT assay.

1. INTRODUCTION

Tuberculosis (TB) is one of the most important chronic communicable bacterial diseases caused by
Mycobacterium tuberculosis. TB treatment is still an important problem in the developing world, despite the
availability of a variety of antitubercular drugs. Global efforts to combat tuberculosis have saved an estimated
53 million lives since 2000 and reduced the TB mortality rate by 37%, according to the Global TB Report 2017,
released by the World Health Organization (WHO). Despite these achievements, the latest picture is
depressing. TB remains the top infectious killer in 2016. TB is also the main cause of deaths related to
antimicrobial resistance and the leading killer of people with HIV. Progress in most countries is stalling and
is not fast enough to reach global targets or close persistent gaps in TB care and prevention [1]. This is due to
the emergence of resistance and the toxicities associated with the existing chemotherapeutic agents. Hence,
there is an urgent need for the development of novel molecules with less toxicity, short treatment protocols
and also that can act through novel mechanism against the Mycobacterium tuberculosis bacterium.

Dihydropyrazole (Pyrazoline) is a heterocyclic scaffold of interest to medicinal chemists worldwide
because of its ease of synthesis and a broad spectrum of bioactivities. In the recent past, scientists have
reviewed [2-6] the pharmacological and physicochemical properties of dihydropyrazoles. Pyrazolines possess
sundry of activities including antimicrobial [7-9], anticancer [10-12], antioxidant [13], antiamoebic [14], anti-
inflammatory [15], antidiabetic [16], diuretic [17] and carbonic anhydrase inhibition [18]. One of the
extensively studied activities of dihydropyrazole-1-carboxamides is their antitubercular ability against
different Mycobacterium species [19-24]. This may be due to the fact that the pyrazoline contains
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carbohydrazide portion which is also found in the most commonly used antitubercular drug, Isoniazid. The
carbohydrazide portion of isoniazid is majorly responsible for the activity of Isoniazid. Isoxazole is an
important heterocyclic ring present in its reduced form as isoxazolidine in the second line antitubercular drug,
Cycloserine and its Schiff base analogue, Terizidone. Based on these observations, we predetermined to design
some novel molecules that can show the duality of action similar to both isoniazid and cycloserine (Figure 1)
with enhanced potency. In this paper we report the synthesis and antitubercular activity of a series of isoxazole
appended 1-carboxamido-4,5-dihydro-1H-pyrazoles.
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Figure 1. Strategy employed in the design of isoxazole appended dihydropyrazole-1-carboxamides.

2. RESULTS AND DISCUSSIONS
2.1. Chemistry

The condensation of Isoxazolyl chalcones (3a-0) with semicarbazide with the aid of pyridine catalyst
led to the formation of novel isoxazole linked 1-carboxamido-4,5-dihydro-1H-pyrazole derivatives (4a-o).
Open tubular column chromatography helped to isolate the pure compounds. The IR and 1TH NMR data
untangled the structures of the purified compounds and the spectral data was in agreement with the predicted
structures. The IR spectra showed three characteristic bands at the wave number regions 1619-1639 cm
(C=N), 1662-1686 (C=0) and 3355-3399 (-NHb>) respectively. Three important peaks corresponding to ABX
system of dihydropyrazole in the regions of 3.02-3.21 ppm (1H, Ha, dd, Jax= 3.6Hz, dd, Jas=16Hz), 3.75-3.90
ppm (1H, Hs, dd, Jas = 16Hz, dd, Jsx= 12Hz) and 5.19-5.44 ppm (1H, H,, dd, Jax=3.6Hz, dd, Jsx=12Hz) as well
as a broad singlet at 6 = 10.20-10.51 ppm for exchangeable -NH, respectively in the 1H NMR spectrum
established the structures of the 1-carboxamido-4,5-dihydro-1H-pyrazoles. The aromatic and methoxyl
protons showed additional resonance signals. The molecular ion peak in positive ion mass spectrum further
depicts the formation of dihydropyrazoles. Elemental analysis results were within + 0.4 % of the calculated
values and helped in determining the elemental composition of the compounds.

2.2, Antitubercular activity and SAR

The preliminary in vitro antitubercular activity of the synthesized 1-carboxamido-4,5-dihydro-1H-
pyrazoles (4a-40) was performed by MABA assay using Isoniazid (0.25 pg/mL) as the positive control and the
results are summarised in Table 1. Majority of the compounds were more potent than the preceding chalcones
(Table 1) representing the positive contribution of dihydropyrazole carboxamide scaffold [25]. However, the
activity of 4¢c, 4d and 4g was similar to the chalcones 3¢, 3d and 3g respectively. 4n and 40 were the most potent
than Isoniazid with the MIC at 0.1 pg/mL. This suggests that the compounds containing a combination of
both halogens (-Cl, -F) and methoxyl groups on the phenyl ring at position-5 of dihydropyrazole-1-
carboxamide plays a crucial role in enhancing the activity rather than the presence of just methoxyl groups.
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Figure 2. Synthesis of 1-carboxamido-4,5-dihydro-1H-pyrazole derivatives (4a-0). Reagents and conditions:
Isoxazolyl chalcones (3a-o0), (a) semicarbazide, ethanol, pyridine, reflux 6-8 h.

The potency of 4n and 40 was 20 and 10 folds compared to the chalcones 3n and 3o respectively. 41
(MIC= 0.25 pg/mL) showed similar potency to that of Isoniazid where as the activity of 4e was good with a
MIC of 0.5 ng/mL. Compounds 3¢ and 3i containing the methoxyl groups at the meta position on the phenyl
ring exhibited poor action. The other compounds exhibited moderate activity with MIC ranging from 8 to 62.5
pg/mL. Structure-activity relationships indicated that the isoxazole ring clubbed to dihydropyrazole-1-
carboxamide is much important than the isoxazole connected to a, f-unsaturated carbonyl system for the
activity. In addition, substitution of the ortho and para positions of the phenyl ring with a combination of
halogen atoms and methoxyl groups is vital for the antitubercular activity than the presence of methoxyl
substituents at meta position. The enhanced activity of is credited due to the presence of both -N-N-C=0
fragment and isoxazole ring found in Isoniazid and Cycloserine respectively. The proposed action may be due
to the inhibition of both mycolic acid and peptidoglycan synthesis of the mycobacterial cell wall.

Table 1. Comparison of the results of the preliminary antitubercular activity of the dihydropyrazole-1-
carboxamides (4a-40) with isoxazolyl chalcones (3a-30).

MIC values (ng/mL) MIC values (ng/mL)

Compound vs. M. tuberculosis Hs;Rv Compound vs. M. tuberculosis Hz;Rv
3a 62.5 4a 32
3b 512 4b 62.5
3c 126 4c 126
3d 62.5 4d 62.5
3e 16 4e 0.5
3f 62.5 4f 32
3g 16 4g 16
3h 126 4h 32
3i 252 4i 126
3j 16 4 8
3k 16 4k 8
3l 2 41 0.25
3m 32 4m 8
3n 2 4n 0.1
30 1 40 0.1
Isoniazid 0.25 0.25
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2.3. Cytotoxicity studies

The compounds 4n and 40 were evaluated for their in vitro cytotoxic activity against L02 (human
normal cell line) by using MTT assay Mosmann’s method. The result of the assay was displayed in Table 2.
Both the compounds shown and ICs value greater than 40 ng/mL representing that the compounds were
non-toxic against the normal human cell lines.

Table 2. Cytotoxicity of compounds 4n and 40 against human normal cells (ICs 5D, pM)ab.

S.No Compounds Human normal cells (L02)
1 4n >40
2 4o >40

a Mean value +SD (standard deviation from three experiments).
b Boldface: ICso < the control, (ICso, pg mL")

3. CONCLUSION

In conclusion, we synthesized, purified and characterized a series of novel dihydropyrazole-1-
carboxamides. The compounds were evaluated for the antitubercular activity using MABA assay against
Muycobacterium tuberculosis. Two compounds, 4n and 40 were more active than the standard Isoniazid and
emerged as potential leads for the antitubercular activity. The activity results give an insight into the SAR
features required for the antitubercular activity suggesting that the presence of both methoxyl and halogen
substituents at positions-2,4,6 of phenyl ring present at the 5t position are essential key for activity. No
cytotoxicity was observed for the compounds 4n and 40 against the normal human cells. Further studies need
to be carried out in order to determine the claimed in vivo antitubercular activity as well as the genotoxic
studies to detect the toxicity of the most potent compounds on the DNA of human cells.

4. MATERIALS AND METHODS
4.1. General

Isoxazolyl chalcones previously synthesized [25] were used for the synthesis whereas semicarbazide
was purchased from Sigma Aldrich Chemical Co. (Milwaukee, Wisconsin, USA). Merck grade silica gel-GF
was used as the adsorbent for TLC to monitor the reactions. Boetius melting point apparatus was used to
determine the melting points in open capillaries and the values are expressed in °C and are uncorrected. IR
spectra were recorded on Bruker Vertex 80v spectrometer using potassium bromide disks and the wave
numbers of the absorption bands are expressed in cm™. 'H NMR and 3C NMR spectra were recorded on
Bruker AMX 400 MHz NMR spectrophotometer using TMS as an internal standard and the chemical shifts (0)
are expressed in ppm. MS spectra were recorded on Agilent LC-MS spectrometer and Carlo Erba 1108
elemental analyzer was used for the elemental analysis of C, H and N.

4.2, Chemistry

General method of synthesis of 1-carboxamido-4,5-dihydro-1H-pyrazole derivatives: The chalcones (3a-o0)
were prepared by reacting 1-(isoxazole-5-yl)ethanone(0.001 mole) with appropriate aromatic aldehyde (0.001
mole) in ethanol (7.5 mL) and an aqueous solution of KOH (10%, 7.5 mL) for 24 h at room temperature. The
precipitate of the chalcone was then obtained by transferring the reaction mixture into crushed ice separately.
The precipitate was filtered, washed thoroughly with water, dried and purified by recrystallized using either
ethanol or chloroform as the solvents. 0.001 moles of (E)-1-(isoxazole-5-yl)-3-(substituted aryl)prop-2-en-1-one
derivatives (3a-0) were dissolved in 7.5 ml of ethanol. To this, catalytic amount of pyridine was added and
then 0.0015 moles of semicarbazide was added and refluxed for about 6-8 h (Figure 2) [26-27]. After completion
of the reaction, the mixture was transferred into the crushed ice to form a precipitate which was subjected to
column chromatography to isolate the pure 1-carboxamido-4,5- dihydro-1H-pyrazole derivatives (4a-o).

3-(Isoxazol-5-yl)-5-(4-methoxyphenyl)-4,5-dihydro-1H-pyrazole-1-carboxamide (4a): Yield 56%; Molecular
Weight: 286.29; m.p. 166-168 °C; IR (KBr, cm™): 1622 (C=N), 1677 (C=0), 3367 (-NH.); 'TH NMR (400 MHz,
CDC13, ppm) 63.13 (1H, HA, dd, ]AX = 3.6HZ, dd, ]AB=16HZ), 3.87 (1H, HB, dd, ]AB = 16HZ, dd, ]BX= 12HZ), 5.23
(1H, Hy, dd, Jax=3.6Hz, dd, Jsx=12Hz), 10.44 (2H, s, NH», D>O exchangeable), 3.70 (3H, s, Ar-OCH3), 6.15-8.59
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(6H, Ar-H); MS (m/z, %): 287.1 (M+1, 99.16); Anal. Calcd for: C14H14N4Os: C, 58.73; H, 4.93; N, 19.57; Found:
C,59.18; H, 4.99; N, 20.16.

3-(Isoxazol-5-yl)-5-(3-methoxyphenyl)-4,5-dihydro-1H-pyrazole-1-carboxamide (4b): Yield 60%; Molecular
Weight: 286.29; m.p. 221-223 °C; IR (KBr, cm™1): 1634 (C=N), 1686 (C=0), 3391 (-NHz); H NMR (400 MHz,
CDClg, ppm) 6 3.06 (1H, HA, dd, ]AX = 3.6HZ, dd, ]AB=16HZ), 3.81 (1H, HB, dd, ]AB = 16HZ, dd, ]BX= 12HZ), 5.19
(1H, Hy, dd, Jax=3.6Hz, dd, Jsx=12Hz), 10.25 (2H, s, NH», D-O exchangeable), 3.85 (3H, s, Ar-OCH3), 6.15-8.22
(6H, Ar-H); MS (m/z, %): 287.1 (M+1, 99.22); Anal. Calcd for: C14H14N4Os: C, 58.73; H, 4.93; N, 19.57; Found:
C,59.18; H, 4.99; N, 20.16.

3-(Isoxazol-5-yl)-5-(2-methoxyphenyl)-4,5-dihydro-1H-pyrazole-1-carboxamide (4c): Yield 58%; Molecular
Weight: 286.29; m.p. 256-258 °C; IR (KBr, cm™): 1619 (C=N), 1667 (C=0), 3375 (-NH.); 'TH NMR (400 MHz,
CDCls, ppm): 6§ 3.14 (1H, Ha, dd, Jax=3.6Hz, dd, Jas=16Hz), 3.82 (1H, Hs, dd, Jas = 16Hz, dd, Jsx= 12Hz), 5.25
(1H, Hy, dd, Jax=3.6Hz, dd, Jsx=12Hz), 10.41 (2H, s, NH», D>O exchangeable), 3.72 (3H, s, Ar-OCH3), 6.23-8.05
(6H, Ar-H); MS (m/z, %): 287.1 (M+1, 99.09); Anal. Calcd for: C14H14N4Os: C, 58.73; H, 4.93; N, 19.57; Found:
C, 59.18; H, 4.99; N, 20.16.

3-(Isoxazol-5-yl)-5-(2,3-dimethoxyphenyl)-4,5-dihydro-1H-pyrazole-1-carboxamide =~ (4d): Yield 52%;
Molecular Weight: 316.31; m.p. 210-212°C; IR (KBr, cm™): 1629 (C=N), 1669 (C=0), 3359 (-NH.); TH NMR (400
MHz, CDCls, ppm): 6 3.18 (1H, Ha, dd, Jax=3.6Hz, dd, Jas=16Hz), 3.85 (1H, Hs, dd, Jas = 16Hz, dd, Jsx= 12Hz),
5.19 (1H, Hy, dd, Jax=3.6Hz, dd, Jsx=12Hz), 10.49 (2H, s, NH,, D-O exchangeable), 3.53 (3H, s, Ar-OCH3), 3.68
(3H, s, Ar-OCHa), 6.35-8.28 (5H, Ar-H); MS (m/z, %): 317.1 (M+1, 99.06); Anal. Calcd for: Ci15sH1sN4O4: C, 56.69;
H, 5.10; N, 17.71; Found: C, 56.88; H, 5.31; N, 17.99.

3-(Isoxazol-5-yl)-5-(2,4-dimethoxyphenyl)-4,5-dihydro-1H-pyrazole-1-carboxamide ~ (4e): Yield 65%;
Molecular Weight: 316.31; m.p. 189-191 °C; IR (KBr, cm™): 1631 (C=N), 1682 (C=0), 3361 (-NH); TH NMR (400
MHz, CDCls, ppm): 6 3.10 (1H, Ha, dd, Jax=3.6Hz, dd, Jas=16Hz), 3.90 (1H, Hs, dd, Jas = 16Hz, dd, Jsx= 12Hz),
5.22 (1H, Hy, dd, Jax=3.6Hz, dd, Jsx=12Hz), 10.35 (2H, s, NH,, D,O exchangeable), 3.51 (3H, s, Ar-OCHs), 3.72
(3H, s, Ar-OCHa), 6.18-8.10 (5H, Ar-H); MS (m/z, %): 317.1 (M+1, 99.11); Anal. Calcd for: Ci15H1sN4O4: C, 56.69;
H, 5.10; N, 17.71; Found: C, 56.88; H, 5.31; N, 17.99.

3-(Isoxazol-5-yl)-5-(2,5-dimethoxyphenyl)-4,5-dihydro-1H-pyrazole-1-carboxamide ~ (4f): Yield 59%;
Molecular Weight: 316.31; m.p. 198-200°C; IR (KBr, cm™): 1636 (C=N), 1675 (C=0), 3399 (-NH,); TH NMR (400
MHz, CDCls, ppm): 6 3.15 (1H, Ha, dd, Jax=3.6Hz, dd, Jas=16Hz), 3.85 (1H, Hs, dd, Jas = 16Hz, dd, Jsx= 12Hz),
5.21 (1H, Hy, dd, Jax=3.6Hz, dd, Jsx=12Hz), 10.18 (2H, s, NH>, D>O exchangeable), 3.66 (3H, s, Ar-OCHs), 3.74
(3H, s, Ar-OCHa), 6.09-8.18 (5H, Ar-H); MS (m/z, %): 317.1 (M+1, 99.16); Anal. Calcd for: C15H1sN4O4: C, 56.69;
H, 5.10; N, 17.71; Found: C, 56.88; H, 5.31; N, 17.99.

3-(Isoxazol-5-yl)-5-(2,6-dimethoxyphenyl)-4,5-dihydro-1H-pyrazole-1-carboxamide  (4g): Yield 45%;
Molecular Weight: 316.31; m.p. 282-284°C; IR (KBr, cm™): 1626 (C=N), 1671 (C=0), 3361 (-NH); TH NMR (400
MHZ, CDC13, ppm) 63.13 (1H, HA, dd, ]AX = 3.6HZ, dd, ]AB=16HZ), 3.86 (1H, HB, dd, ]AB = 16HZ, dd, ]BX= 12HZ),
5.29 (1H, Hy, dd, Jax=3.6Hz, dd, Jsx=12Hz), 10.46 (2H, s, NH,, D-O exchangeable), 3.58 (3H, s, Ar-OCHs), 3.78
(3H, s, Ar-OCHa), 6.07-8.23 (5H, Ar-H); MS (m/z, %): 317.1 (M+1, 99.01); Anal. Calcd for: C15H1sN4O4: C, 56.69;
H, 5.10; N, 17.71; Found: C, 56.88; H, 5.31; N, 17.99.

3-(Isoxazol-5-yl)-5-(3,4-dimethoxyphenyl)-4,5-dihydro-1H-pyrazole-1-carboxamide  (4h): Yield 55%;
Molecular Weight: 316.31; m.p. 246-248 °C; IR (KBr, cm™): 1624 (C=N), 1678 (C=0), 3356 (-NH.);TH NMR (400
MHz, CDCls, ppm): 6 3.20 (1H, Ha, dd, Jax=3.6Hz, dd, Jas=16Hz), 3.79 (1H, Hs, dd, Jas = 16Hz, dd, Jsx= 12Hz),
5.30 (1H, Hy, dd, Jax=3.6Hz, dd, Jsx=12Hz), 10.51 (2H, s, NH,, D;O exchangeable), 3.61 (3H, s, Ar-OCHs), 3.83
(3H, s, Ar-OCHa), 6.25-8.46 (5H, Ar-H); MS (m/z, %): 317.1 (M+1, 99.26); Anal. Calcd for: C15H1sN4O4: C, 56.69;
H, 5.10; N, 17.71; Found: C, 56.88; H, 5.31; N, 17.99.

3-(Isoxazol-5-yl)-5-(3,5-dimethoxyphenyl)-4,5-dihydro-1H-pyrazole-1-carboxamide  (4i): Yield 48%;
Molecular Weight: 316.31; m.p. 148-150°C; IR (KBr, cm™): 1632 (C=N), 1679 (C=0), 3369 (-NH.);TH NMR (400
MHz, CDCls, ppm): 6 3.21 (1H, Ha, dd, Jax=3.6Hz, dd, Jas=16Hz), 3.81 (1H, Hs, dd, Jas = 16Hz, dd, Jsx= 12Hz),
5.33 (1H, Hy, dd, Jax = 3.6Hz, dd, Jsx=12Hz), 10.48 (2H, s, NH>, D>O exchangeable), 3.51 (3H, s, Ar-OCHjs), 3.99
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(3H, s, Ar-OCHs), 6.33-8.61 (5H, Ar-H); MS (mm/z, %): 317.1 (M+1, 99.08); Anal. Caled for: C15H1sN4Os: C, 56.69;
H, 5.10; N, 17.71; Found: C, 56.88; H, 5.31; N, 17.99.

3-(Isoxazol-5-yl)-5-(2,3,4-trimethoxyphenyl)-4,5-dihydro-1H-pyrazole-1-carboxamide  (4j): Yield 60%;
Molecular Weight: 346.13; m.p. 262-264 °C; IR 1639 (C=N), 1662 (C=0), 3355 (-NHz); TH NMR (400 MHz,
CDClg, ppm) 6 3.09 (1H, HA, dd, ]AX = 3.6HZ, dd, ]AB=16HZ), 3.82 (1H, HB, dd, ]AB = 16HZ, dd, ]BX= 12HZ), 5.40
(1H, Hy, dd, Jax=3.6Hz, dd, Jsx=12Hz), 10.39 (2H, s, NH», D>O exchangeable), 3.65 (3H, s, Ar-OCHs), 3.99 (6H,
s, 2x Ar-OCHz), 6.36-8.44 (4H, Ar-H); MS (m/z, %): 346.1 (M+1, 99.14); Anal. Calcd for: Ci16H1sN4Os: C, 55.49;
H, 5.24; N, 16.18; Found: C, 55.89; H, 5.65; N, 16.52.

3-(Isoxazol-5-yl)-5-(2,4,5-trimethoxyphenyl)-4,5-dihydro-1H-pyrazole-1-carboxamide (4k): Yield 51%;
Molecular Weight: 346.13; m.p. 231-233 °C; IR (KBr, cm™): 1625 (C=N), 1672 (C=0), 3362 (-NH); TH NMR (400
MHz, CDCls, ppm): 6 3.09 (1H, Ha, dd, Jax=3.6Hz, dd, Jas=16Hz), 3.75 (1H, Hs, dd, Jas = 16Hz, dd, Jsx= 12Hz),
5.44 (1H, H,, dd, Jax=3.6Hz, dd, Jsx=12Hz), 10.40 (2H, s, NH», D,O exchangeable), 3.80 (3H, s, Ar-OCHs), 3.96
(6H, s, 2x Ar-OCHs), 6.56-8.82 (4H, Ar-H); Anal. Calcd for: C16H1sN4Os: C, 55.49; H, 5.24; N, 16.18; Found: C,
55.89; H, 5.65; N, 16.52.

3-(Isoxazol-5-yl)-5-(24,6-trimethoxyphenyl)-4,5-dihydro-1H-pyrazole-1-carboxamide  (41): Yield 41%;
Molecular Weight: 346.13; m.p. 272-274°C; IR (KBr, cm™): 1635 (C=N), 1681 (C=0), 3382 (-NH,); TH NMR (400
MHz, CDCls, ppm): 6 3.13 (1H, Ha, dd, Jax=3.6Hz, dd, Jas=16Hz), 3.85 (1H, Hs, dd, Jas = 16Hz, dd, Jsx= 12Hz),
5.20 (1H, Hy, dd, Jax=3.6Hz, dd, Jsx=12Hz), 10.32 (2H, s, NH», D-O exchangeable), 3.79 (3H, s, Ar-OCHjs), 3.91
(6H, s, 2x Ar-OCHg), 6.35-8.60 (4H, Ar-H); MS (m/z, %): 346.1 (M+1, 99.09); Anal. Calcd for: Ci¢Hi1sN4Os: C,
55.49; H, 5.24; N, 16.18; Found: C, 55.89; H, 5.65; N, 16.52.

3-(Isoxazol-5-yl)-5-(3,4,5-trimethoxyphenyl)-4,5-dihydro-1H-pyrazole-1-carboxamide (4m): Yield 71%;
Molecular Weight: 346.13; m.p. 291-293 °C; IR (KBr, cm™): 1628 (C=N), 1685 (C=0), 3369 (-NH.); TH NMR (400
MHz, CDCls, ppm): 6 3.11 (1H, Ha, dd, Jax=3.6Hz, dd, Jas=16Hz), 3.80 (1H, Hs, dd, Jas = 16Hz, dd, Jsx= 12Hz),
5.15 (1H, Hy, dd, Jax=3.6Hz, dd, Jsx=12Hz), 10.20 (2H, s, NH», D-O exchangeable), 3.70 (3H, s, Ar-OCH3s), 3.95
(6H, s, 2x Ar-OCHs), 6.11-8.33 (4H, Ar-H); MS (m/z, %): 346.1 (M+1, 99.20); Anal. Calcd for: CisHisNOs: C,
62.28; H, 5.23; N, 4.84; Found: C, 62.55; H, 5.44; N, 5.85.

3-(Isoxazol-5-yl)-5-(2-fluoro-3,4-dimethoxyphenyl)-4,5-dihydro-1H-pyrazole-1-carboxamide (4n): Yield
81%; Molecular Weight: 334.11; m.p. 302-304 °C; IR (KBr, cm™): 1630 (C=N), 1662 (C=0), 3360 (-NH>); 'TH NMR
(400 MHz, CDCls, ppm): 6 3.06 (1H, Ha, dd, Jax= 3.6Hz, dd, Ja=16Hz), 3.81 (1H, Hs, dd, Jas = 16Hz, dd, Jex=
12Hz), 5.31 (1H, Hy, dd, Jax = 3.6Hz, dd, Jsx=12Hz), 10.14 (2H, s, NH», D-O exchangeable), 3.61 (3H, s, Ar-
OCHs), 3.89 (3H, s, 2x Ar-OCH3), 6.22-8.41 (4H, Ar-H); 13C NMR (100 MHz, CDCI3, ppm): § 155.62 (C-3), 39.54
(C-4), 62.50 (C-5), 155.12 (CONH>), 150.06 (C-3 of Isoxazolyl ring), 100.52 (C-4 of Isoxazolyl ring), 155.66 (C-5
of Isoxazolyl ring), 102.11 (C-1 of phenyl ring), 145.12 (C-2 of phenyl ring), 134.24 (C-3 of phenyl ring), 149.42
(C-4 of phenyl ring), 107.76  (C-5 of phenyl ring), 121.66 (C-6 of phenyl ring), 56.11 (Carbon of 2x-OCHs). MS
(m/z, %): 335.1 (M+1, 99.03); Anal. Calcd for: CisHisFN4Ou: C, 53.89; H, 4.52; N, 16.76; Found: C, 54.21; H, 4.81;
N, 16.98.

3-(Isoxazol-5-yl)-5-(2-chloro-4,6-dimethoxyphenyl)-4,5-dihydro-1H-pyrazole-1-carboxamide (40): Yield
63%; Molecular Weight 350.76; m.p. 277-279°C; IR (KBr, cm™): 1637 (C=N), 1675 (C=0), 3390 (-NH>); 'TH NMR
(400 MHZ, CDC13, ppm) 63.02 (1H, HA, dd, ]AX = 3.6HZ, dd, ]AB=16HZ), 3.79 (1H, HB, dd, ]AB = 16HZ, dd, ]BX=
12Hz), 5.34 (1H, Hy, dd, Jax = 3.6Hz, dd, Jsx=12Hz), 10.49 (2H, s, NH», D;O exchangeable), 3.45 (3H, s, Ar-
OCHs), 3.95 (3H, s, 2x Ar-OCHs), 6.45-8.20 (4H, Ar-H); 13C NMR (100 MHz, CDCI3, ppm): § 155.92 (C-3), 38.91
(C-4), 57.20 (C-4), 155.26 (CONH>), 150.11 (C-3 of Isoxazolyl ring), 100.21 (C-4 of Isoxazolyl ring), 158.76 (C-5
of Isoxazolyl ring), 120.76 (C-1 of phenyl ring), 134.25 (C-2 of phenyl ring), 107.22 (C-3 of phenyl ring), 161.08
(C-4 of phenyl ring), 98.35 (C-5 of phenyl ring), 158.28 (C-6 of phenyl ring), 55.8 (carbon of -OCHz), 56.12
(carbon of -OCHs). MS (m/z, %): 335.1 (M+1, 99.03); MS (m/z, %): 351.08 (M+1, 99.15); Anal. Calcd for:
C1sHi5CIN4O4: C, 51.36; H, 4.31; N, 15.97; Found: C, 52.11; H, 4.65; N, 16.11.

4.3. In vitro antitubercular activity

The preliminary antitubercular activity for the test compounds (4a-40) was obtained against M.
tuberculosis H37Rv strain. The MIC of all the compounds was determined by broth dilution assay [28-29] and
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is defined as the lowest concentration of the drug, which inhibits < 99% of bacterial population present at the
commencement of the assay. A frozen culture in Middlebrook 7H9 broth supplemented with 10% albumin-
dextrose-catalase and 0.2% glycerol was thawed and diluted in broth to 10> cfu mL (colony forming unit/mL)
dilutions. The test compounds were dissolved in DMSO and then diluted in broth twice at the desired
concentration. The final concentration of DMSO in the assay medium was 1.3%. Each U-tube was then
inoculated with 0.05 mL of standardized culture and then incubated at 37°C for 21 days. The growth in the U-
tubes was compared with visibility against positive control (without drug), negative control (without drug
and inoculum) and with the standard isoniazid.

4.4. Cytotoxicity studies

The most potent compounds 4n and 4o of the series were tested in vitro for their cytotoxic properties
against L02 (human normal cell line) by using MTT assay Mosmann’s method. The MTT assay is based on the
reduction of the soluble MTT (0.5 mg mL-, 100 pL), into a blue-purple formazan product, mainly by
mitochondrial reductase activity inside living cells (Mosmann T et al., 1983). The cells used in cytotoxicity
assay were cultured in RPMI 1640 medium supplemented with 10% fetal calf serum, penicillin, and
streptomycin at 37 °C and humidified at 5% CO.. Briefly cells were placed on 96-well plates at 100 pL total
volume with density of 1-2.5 x 10* cells per mL and were allowed to adhere for 24 h before treatment with
tested drugs in DMSO solution (10-%, 106, 107 mol L-! final concentration). Triplicate wells were treated with
media and agents. Cell viability was assayed after 96 h of continuous drug exposure with a tetrazolium
compound. The supernant medium was removed, and 150 pL of DMSO solution was added to each well. The
plates were gently agitated using mechanical plate mixer until the colour reaction was uniform and the OD570
was determined using micro plate reader. The 50% inhibitory concentration (ICsp) was defined as the
concentration that reduced the absorbance of the untreated wells by 50% of vehicle in the MTT assay. Assays
were performed in triplicate on three independent experiments. The results had good reproducibility between
replicate wells with standard errors below 10%.
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