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Abstract The production of new pyrazole amide derivatives (6a-h) and their potential against New
Delhi metallo-B-lactamase-1 (NDM-1) producing bacteria was described in the present manuscript.
The 4-bromo-N-(5-methyl-1H-pyrazol-3-yl)benzamide (5) was synthesized via direct amidation of
protected 5-methyl-1H-pyrazol-3-amine (3). The target pyrazole amide derivatives (6a-h) were syn-
thesized in moderate to excellent yield via Palladium catalyzed Suzuki cross-coupling of intermedi-
ate molecule (5) with different aryl and heteroaryl boronic acids. NMR and Mass Spectrometry
were used to characterize the derivatives. The in vitro antibacterial effect against NDM-1-positive
Acinetobacter baumannii and Klebsiella pneumoniae of newly synthesized analogues (6a-h) were
determined by Agar well diffusion method. Moreover, MIC and MBC values were also evaluated
against the tested bacteria. In addition, the Molecular Docking study of pyrazole amide derivatives
(6a-h) against the NDM producing A. baumannii was performed to investigate the intermolecular
interaction. The binding affinity and their values were compared with L-captopril. The 6b had
greatest potential value and was appeared as a promising antibacterial agent.
© 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

The production of novel antimicrobial drugs still has its
demand because the infections and decreasing effect of cur-
rently available antibiotic drugs against the resistive microor-
ganisms are the key factors of morbidity and mortality in
developing and developed countries (Gabriel et al., 2007;
Raghavan et al., 2012; Phillips et al., 2017; Tuchilus et al.,
2017). Recently, the researchers show more interest in nitrogen
containing heterocycles, particularly pyrazoles and its deriva-
tives (Gurunanjappa et al., 2015). Nowadays, pyrazoles have
developed more attention because of their remarkable pharma-
cological properties (Tsutomu and Toshitaka, 1978;
Garcia-Lozano et al., 1997; Steinbach et al., 2000; Uslaner
et al., 2009). Pyrazole is a fundamental heterocyclic moiety
in numerous bioactive molecules due to various active sites
(Jacob and Ganguly, 2016). The pyrazole skeleton is a leading
molecule in pharmaceutical industry with a lot of biological
activities (Goda et al., 2003; Mansour et al., 2003; El-Emary,
2006). The literature survey exposes that pyrazoles exhibited
antibacterial (Sangapure et al., 2001; Mert et al., 2014; Li
et al., 2015), antifungal (Gupta et al., 2005; Ashish et al.,
2006), anti-inflammatory (Makhsumov et al., 1986; Udupi
et al., 1998), antitubercular (Ashish et al., 2006), anticancer
(Chetan et al., 2004; Balbi et al., 2011; Kamal et al., 2015),
antipyretic (Souza et al., 2002), anticonvulsant (Ashok and
Sharma, 2001), analgesic (Prokopp et al., 2006; Szabo et al.,
2007; Chowdhury et al., 2009; Hwang et al., 2011), antimicro-
bial (Pimerova and Voronina, 2001; Bekhit et al., 2008) and
anti-tumor activities (Park et al., 2005). These activities have
motivated the researchers to develop the pyrazole template sys-
tems to demonstrate its efficacy.

New-Delhi metallo-B-lactamase (NDM-1) was first identi-
fied in the clinical isolates of K. pneumoniae and E. coli in
2009 from a Swedish patient who had been hospitalized in
New Delhi, India (Qamar et al., 2018) and reported in
K. pneumoniae in 2011 from Colombia and Guatemala (Latin
America) (Pasteran et al., 2012; Pérez et al., 2013). In Brazil, it
was recognized in P. rettgeri (Carvalho-Assef et al., 2013) and
E. hormaechei in 2013 (Carvalho-Assef et al., 2014). Majority
of cases concerned to India, Bangladesh, Pakistan and the Bal-
kans region (Nordmann et al., 2011; Bonnin et al., 2012;
Johnson and Woodford, 2013). NDM-1-positive A. baumannii
of sequence type (ST) 25 was initially removed from the urine
sample of seventy one year male. The gene of NDM-1 was dis-
tinguished by quantitative polymerase chain reaction, the
sequence of which was confirmed by its existence in almost
100 kb plasmid (Pillonetto et al., 2014). Carbapenem and all
other B-lactam medication are inactive for NDM-1 as clinically
no beneficial NDM-1 inhibitor is available (Ning et al., 2018).
Hence, our research group planned to synthesize some pyra-
zole derivatives and subsequently screened for their antibacte-
rial activity against NDM-1-positive 4. baumannii and K.
pneumoniae.

The recent literature revealed the synthesis of pyrazole
derivatives by Suzuki coupling reaction (Channar et al.,
2018a) and their relevant biological activities on the bases of
molecular docking studies (Channar et al., 2018b). The hybrid
compounds bearing pyrazole and benzamide groups were
recently prepared and their structural properties were deter-
mined (Channar et al., 2019; Saeed et al., 2020). So, in present

work, 4-bromo-N-(5-methyl-1H-pyrazol-3-yl)benzamide (5) by
one pot condensation of N-protected 3-amino-5-methyl-1H-
pyrazole (3) with 4-bromobenzoic acid (4) in the presence of
titanium tetrachloride and its derivatives (6a-h) via Suzuki
Miyaura cross coupling reactions were synthesized. All the tar-
get molecules were screened for antibacterial activity by agar
well diffusion method against NDM producing bacteria. Sub-
sequently, MIC and MBC values were evaluated and molecu-
lar docking was also performed.

2. Experimental section

2.1. General information

All chemicals were bought from Sigma Aldrich USA and
commercial grade solvents were used. Melting points of final
compounds were checked with Buchi melting point apparatus
(B-540, New Castle). Bruker NMR spectrophotometer, Biller-
cia (USA) was used to achieve NMR spectra by using CDCl;
and DMSO d; solvents. Mass spectra were recorded on JEOL
spectrometer (JMS-HX-110, USA). Silica gel (70-230 mesh)
was utilized in column chromatography for compound’s purifi-
cation. The progress of reactions was tested by TLC on silica
gel 60 PF,s4 cards (Merck). Visualization of product on TLC
was observed with UV lamp (254-365 nm).

2.2. General protocol for the production of compounds

2.2.1. Procedure for the synthesis of tert-butyl 3-amino-5-
methyl-1H-pyrazole-1-carboxylate (3)
S-methyl-1H-pyrazol-3-amine (1) (1.0 eq., 30.89 mmol) was
taken in round bottom flask and dissolved in 180 ml of 1,4-
dioxane Triethylamine (1.5 eq., 46.33 mmol) and di-tert-
butyl pyrocarbonate (2) (1.5 eq., 46.33 mmol) were added in
the flask and whole mixture was refluxed for 1-1.5 h. After
that, the solvent was extracted via rotary evaporator and resi-
due was diluted with ethyl acetate. Then, column chromatog-
raphy was used to pure the crude product by using n-hexane:
ethyl acetate (70:30) and a colorless powder resulted
(Kusakiewicz-Dawid et al., 2009).

2.2.2. Procedure for the production of 4-bromo-N-(5-methyl-
1H-pyrazol-3-yl) benzamide (5)

TiCly (3.0 eq., 44.77 mmol) and the fert-butyl 3-amino-5-
methyl-1H-pyrazole-1-carboxylate (3) (1.0 eq., 14.92 mmol)
were mixed with solution of 4-bromoobenzoic acid (4)
(1.0 eq., 14.92 mmol) in pyridine (150 ml) in a schlenk flask.
The reaction mixture was continued on stirring for 2 h at
85 °Cin the sealed schlenk flask. After cooling the reaction mix-
ture, pyridine was removed by co-evaporation of toluene and
residue was added in aq. solution of 1 N HCI (150 ml) and
extracted by dichloromethane (3 x 150 ml). The saturated
aqueous solution of sodium hydrogen carbonate (3 x 150 ml)
was used to wash the mixed organic layers. Then, solution
was dehydrated by anhydrous sodium sulphate and dried by
evaporation. The resulted residue was refined by flash column
with ethyl acetate and n-hexane (20:80) and final product
resulted with yield 75% which were then analyzed by 'H
NMR and °C NMR to determine the structures (Leggio
et al., 2017).
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2.2.3. Procedure for the production of 4-aryl-N-(5-methyl-1H-
pyrazol-3-yl)benzamide (6a-h)

In an oven dried schlenk flask, 1,4-dioxane (8 ml), 4-bromo-/N-
(5-methyl-1H-pyrazol-3-yl)benzamide Q) (1.0 eq.,
0.526 mmol), with tetrakis(triphenylphos phine)palladium
(7 mol%) at room temperature were added and under inert
atmosphere. After stirring the reaction for half an hour, boro-
nic acid (1.1 eq., 0.579 mmol), potassium phosphate (2.0 eq.,
1.052 mmol) and water (2 ml) were inserted (Dang et al.,
2007; Ahmad et al., 2017; Malik et al., 2020). Then, mixture
was continued on stirring at reflux for 15-30 h. After cooling,
the mixture was filtered using ethyl acetate. Then, solvent was
vaporized on rotary evaporator and to get the pure product,
the resulted residue was passed through column by using n-
hexane and ethyl acetate (70:30). Further, the final product
was dried, recrystallized and characterized with mass spec-
trometry and NMR (Miyaura and Suzuki, 1995; Ikram
et al., 2015; Ahmad et al., 2019a; Ahmad et al., 2019b). The
NMR spectra of synthesized compounds are presented within
Figs. S1-S20 (supplementary data).

2.3. Characterization data

2.3.1. Tert-butyl 3-amino-5-methyl-1H-pyrazole-1-carboxylate
(3)

White solid, MP = 99-101 °C, (70% yield, 2.35 mg). '"H NMR
(400 MHz, CDCl3): 6 5.31 (s, 2H, NH,), 5.21 (s, 1H, H-C,
pyrazole), 2.14 (s, 3H, CH3), 1.62 (s, 9H, O-C(CH3);); *C
NMR (100 MHz, CDCl3): ¢ 153.20 (pyrazole-C;), 150.79
(C=0), 150.59 (pyrazole-Cs), 89.27 (pyrazole-C,), 84.94
(0—C), 28.03 (3C, 3CHs3), 14.40 (CHy). EI/MS m/z (%):
1982 (54) [M+H]"; [M—-CH;] = 1821 (71);
[M—NH,] = 181.1 (21). HRMS for CyH;5sN30, calculated:
[M]"; 197.1164. Found: [M]"; 197.1047.

2.3.2. 4-bromo-N-(5-methyl-1H-pyrazol-3-yl) benzamide (5)

Off white solid, MP = 227-229 °C, (75% yield, 3.5 g). 'H
NMR (600 MHz, DMSO dy): 6 12.12 (s, 1H, H-N), 10.75 (s,
IH, H—HN—C=O0), 7.93 (d, J/ = 8.4 Hz, 2H, Ar), 7.69 (d,
J = 9.0 Hz, 2H, Ar), 6.39 (s, 1H, H-C, pyrazole), 2.23 (s,
3H, CH3); '*C NMR (151 MHz, DMSO dj): 163.31 (C=0),
140.43 (pyrazole-Cs), 133.31 (Ar-C;), 131.17 (2C, Ar-Cs, Cs),
129.74 (2C, Ar-C,, Cg), 125.10 (Ar-Cy), 96.31 (pyrazole-Cy),

10.70 (CH3). EI/MS mjz (%): 2822 (47) [M+H]";
[M—CHj;] = 264.0 (79); [M—Br] = 200.1 (24). HRMS for C;-
H,oBrN;O calculated: [M]"; 279.0007. Found: [M]":
278.9896.

2.3.3. 4'-chloro-N-(5-methyl-1H-pyrazol-3-yl ) biphenyl-4-
carboxamide (6a)

Off white solid, MP = 184-186 °C, (81% yield, 180 mg). 'H
NMR (600 MHz, DMSO dg): 6 12.13 (s, 1H, H-N), 10.74 (s,
IH, H—N—C=0), 8.10 (d, J = 7.8 Hz, 2H, Ar), 7.77 (t,
J = 8.7 Hz, 4H, Ar), 7.62 (dd, J = 12.6, 7.2 Hz, 2H, Ar),
6.43 (s, 1H, H—C, pyrazole), 2.24 (s, 3H, CH;); '3*C NMR
(151 MHz, DMSO dg): 163.85 (C=0), 141.53 (pyrazole-Cs),
13791 (Ar), 133.34 (Ar), 132.98 (pyrazole-C3), 131.98 (Ar),
131.48 (Ar), 128.95 (2C, Ar), 128.61 (2C, Ar), 128.44 (2C,
Ar), 126.41 (2C, Ar), 96.41 (pyrazole-C,4), 10.82 (CHj;). EI/
MS mjz (%): 312.9 (64) [M+H]"; [M—CH;] = 296.1 (89);

[M—CI] = 276.2 (18). HRMS for C,;;H4CIN;O calculated:
[M]™; 311.0825. Found: [M]™; 311.0714.

2.3.4. 3'-chloro-N-(5-methyl-1H-pyrazol-3-yl) biphenyl-4-
carboxamide (6b)

Off white solid, MP = 227-229 °C, (90% yield, 200 mg). 'H
NMR (600 MHz, DMSO dg): 6 12.15 (s, 1H, H-N), 10.77 (s,
IH, H—HN—C=—0), 8.12 (d, J = 8.4 Hz, 2H, Ar), 7.82-7.80
(m, 3H, Ar), 7.70 (d, J = 7.8 Hz, 1H, Ar), 7.64-7.62 (m,
2H, Ar), 6.45 (s, 1H, H-C, pyrazole), 2.24 (s, 3H, CH3); *C
NMR (151 MHz, DMSO dy): 163.83 (C=0), 141.28
(pyrazole-Cs), 133.86 (pyrazole-Cj), 133.06 (Ar), 131.98 (Ar),
131.49 (Ar), 131.42 (Ar), 130.78 (Ar), 128.74 (Ar), 128.66
(2C, Ar), 128.44 (Ar), 126.65 (2C, Ar), 125.54 (Ar), 96.43
(pyrazole-C,), 10.83 (CH3). EI/MS m/z (%): 312.9 (49) M
+H]"; [M—CHj3] = 296.1 (78); [M—CI] = 276.1 (23). HRMS
for C,7H4CIN;O calculated: [M]"; 311.0825. Found: [M]";
311.0702.

2.3.5. 3'-chloro-4'-fluoro-N- (5-methyl-1H-pyrazol-3-yl)
biphenyl-4-carboxamide (6¢)

Off white solid, MP = 233-235 °C, (77% yield, 181 mg). '"H
NMR (600 MHz, DMSO dg): 6 12.11 (s, 1H, H-N), 10.74 (s,
IH, H—N—C=O0), 8.10 (d, / = 8.4 Hz, 2H, Ar), 7.97 (dd,
J = 72,24 Hz, 1H, Ar), 781 (d, J = 8.4 Hz, 2H, Ar),
7.77-7.75 (m, 1H, Ar), 7.51 (t, J = 9.0 Hz, 1H, Ar), 6.43 (s,
1H, H-C, pyrazole), 2.24 (s, 3H, CH;); '3C NMR (151 MHz,
DMSO dy): 163.77 (C=0), 157.99 (Ar), 156.35 (Ar), 140.45
(pyrazole-Cs), 136.95 (Ar), 133.50 (pyrazole-Cs), 128.86 (Ar),
128.40 (2C, Ar), 127.54 (Ar), 126.58 (2C, Ar), 120.26 (Ar),
117.40 (Ar), 117.26 (Ar), 96.42 (pyrazole-C,4), 10.82 (CHj).
EI/MS m/z (%): 330.9 (66) [M+H]"; [M—CH;] = 314.1
(85); [M—CI] = 294.2 (31). HRMS for C;7H3CIFN;O calcu-
lated: [M]"; 329.0731. Found: [M]"; 329.0747.

2.3.6. 3'-acetyl-N-(5-methyl-1H-pyrazol-3-yl) biphenyl-4-
carboxamide (6d)

Off white solid, MP = 209-211 °C, (57% yield, 130 mg). 'H
NMR (600 MHz, DMSO d): § 12.12 (s, 1H, H-N), 10.75 (s,
IH, H—N—C=0), 8.26 (s, 1H, Ar), 8.14 (d, J = 8.4 Hz,
2H, Ar), 7.99 (t, J = 8.6 Hz, 2H, Ar), 7.86 (d, J = 7.8 Hz,
2H, Ar), 7.64 (t, J = 7.8 Hz, 1H, Ar), 6.44 (s, 1H, H—C, pyra-
zole), 2.67 (s, 3H, CH;—C=0), 2.25 (s, 3H, CH;); '°*C NMR
(151 MHz, DMSO dg): 197.90 (NH—C=—0), 163.88 (C—=0),
147.06 (Ar), 142.03 (pyrazole-Cs), 139.57 (Ar), 138.62 (Ar),
137.57 (Ar), 133.45 (pyrazole-Cs), 131.44 (Ar), 129.44 (Ar),
128.46 (2C, Ar), 127.61 (Ar), 126.68 (2C, Ar), 126.49 (Ar),
96.43 (pyrazole-C,), 26.85 (CH;—C=0), 10.83 (CH;). EI/
MS m/z (%): 320.5 (51) [M+H]"; [M—CH;] = 304.2 (72);
[M—COCH;] = 276.2 (16). HRMS for C;oH7;N50, calcu-
lated: [M]"; 319.1321. Found: [M]*; 319.1257.

2.3.7. Methyl 4'-(5-methyl-1H-pyrazol-3-ylcarbamoyl)
biphenyl-4-carboxylate (6e)

Off white solid, MP = 261-263 °C, (38% yield, 91 mg). 'H
NMR (600 MHz, DMSO dg): 6 12.14 (s, 1H, H-N), 10.79 (s,
IH, H—N—C=0), 8.13 (d, / = 8.4 Hz, 2H, Ar), 8.06 (d,
J = 8.4 Hz, 2H, Ar), 791 (d, J = 7.8 Hz, 2H, Ar), 7.86 (d,
J = 8.4 Hz, 2H, Ar), 6.41 (s, 1H, H—C, pyrazole), 3.86 (s,
3H, O—CH,), 2.24 (s, 3H, CH;); '*C NMR (151 MHz,
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DMSO dy): 165.92 (O—C=0), 163.71 (C=0), 143.53 (Ar),
141.44 (pyrazole-Cs), 138.66 (Ar), 133.79 (pyrazole-Cs),
129.76 (2C, Ar), 128.92 (Ar), 128.42 (2C, Ar), 127.11 (2C,
Ar), 126.75 (2C, Ar), 126.47 (Ar), 96.29 (pyrazole-Cy), 52.10
(O—CH3y), 10.80 (CH3). EI/MS m/z (%): 336.5 (36) M
+H]"; [M—CHj3] = 3202 (89); [M—COOCH;] = 276.2
(32). HRMS for C;oH;;N505 calculated: [M]"; 335.1270.
Found: [M]"; 335.1144.

2.3.8. N-(5-methyl-1H-pyrazol-3-yl)-4-( thiophen-2-yl)
benzamide (6f)

Off white solid, MP = 279-281 °C, (84% yield, 170 mg). 'H
NMR (600 MHz, DMSO dy): 6 12.11 (s, 1H, H-N), 10.67 (s,
IH, H—N—C=—0), 8.06-8.02 (m, 3H, Ar, thiophene), 7.84
(d, J = 7.8 Hz, 2H, Ar), 7.66-7.65 (m, 2H, Thiophene), 6.42
(s, 1H, H-C, pyrazole), 2.24 (s, 3H, CH;); '*C NMR
(151 MHz, DMSO dg): 6 163.88 (C—0), 147.04 (thiophene),
140.47 (pyrazole-Cs), 138.60 (Ar), 137.83 (pyrazole-Cs),
132.51 (2C, Ar), 128.37 (Ar), 127.32 (2C, Ar), 126.17 (thio-
phene), 125.74 (thiophene), 122.34 (thiophene), 96.40
(pyrazole-C,), 10.84 (CH3). EI/MS m/z (%): 284.5 (43) M
+H]*; [M—CH;] = 268.2 (71). HRMS for C,sH,3N;0S cal-
culated: [M]™; 283.0779. Found: [M]"; 283.0823.

2.3.9. N-(5-methyl-1H-pyrazol-3-yl)-4-( pyridin-3-yl)
benzamide (6g)

Off white solid, MP = 203-205 °C, (86% yield, 171 mg). 'H
NMR (600 MHz, DMSO d): 6 12.10 (s, 1H, H-N), 10.78 (s,
1H, H—N—C=0), 8.97 (d, J = 1.8 Hz, 1H, Pyridine), 8.61
(d, J = 4.2 Hz, 1H, Pyridine), 8.14 (d, J = 7.2 Hz, 3H, Ar,
Pyridine), 7.85 (d, J/ = 8.4 Hz, 2H, Ar), 7.54-7.47 (m, 1H, Pyr-
idine), 6.43 (s, 1H, H-C, pyrazole), 2.24 (s, 3H, CH3); °C
NMR (151 MHz, DMSO dg): 6 172.23, 163.82 (C=0),
148.98 (Ar), 147.75 (pyridine), 146.78 (Ar), 139.85 (pyrazole-
Cs), 138.68 (pyridine), 134.61 (pyridine), 134.29 (pyrazole-
Cs), 133.68 (2C, Ar), 128.50 (2C, Ar), 126.68 (pyridine),
123.88 (pyridine), 96.40 (pyrazole-Cg4), 10.83 (CHj3). EI/MS
m/z (%): 279.4 (58) [M+H] " ; [M—CHj;] = 263.2 (76). HRMS
for Ci¢H4sN4O calculated: [M]"; 278.1168. Found: [M]";
278.1078.

2.3.10. 4'-methoxy-N-(5-methyl-1H-pyrazol-3-yl) biphenyl-4-
carboxamide (6h)

Light brown solid, MP = 247-249 °C, (69% yield, 152 mg).
"H NMR (600 MHz, DMSO d): 6 12.10 (s, 1H, H-N), 10.67
(s, IH, H—HN—C=O0), 8.06 (d, J = 8.4 Hz, 2H, Ar), 7.71
(dd, J = 20.0 Hz, 8.7 Hz, 4H, Ar), 7.05 (d, J = 9.0 Hz, 2H,
Ar), 6.41 (s, IH, H—C, pyrazole), 3.81 (s, 3H, O—CHs), 2.24
(s, 3H, CH;); '3C NMR (151 MHz, DMSO di): § 163.97
(C=0), 159.40 (Ar), 142.58 (pyrazole-Cs), 132.24 (pyrazole-
Cs), 131.37 (Ar), 131.24 (Ar), 129.81 (Ar), 128.33 (2C, Ar),
127.99 (2C, Ar), 125.78 (2C, Ar), 114.46 (2C, Ar), 96.38
(pyrazole-Cy4), 55.20 (O-CH3), 10.85 (CH3). EI/MS m/z (%):
308.5 (34) [M+H]"; [M—CHs;] = 2922 (72);
[M—OCHs3] = 276.2 (30). HRMS for C;gH;7N30O, calculated:
[M]"; 307.1321. Found: [M]"; 307.1373.

2.4. Antibacterial activity

2.4.1. Agar well diffusion assay of compounds (6a-h) against
NDM producing bacteria

In vitro antibacterial activity of the novel compounds (6a-h)
was determined by agar well diffusion method (Zone inhibi-
tion) against NDM-1-positive K. pneumoniae and A. baumannii
(Spooner and Sykes, 1972; Chung et al., 1990; Taye et al.,
2011; Molla et al., 2016). In short, 0.5 McFarland bacterial
suspension was prepared and streaked on Mueller Hinton
Agar plate and sterile 6 mm cork borer was utilized to form
wells on each plate. Various concentrations (10, 20, 30, 40
and 50 mg) of compounds (6a-h) in each 100 pl DMSO solvent
were inserted separately in the wells with sterile pipettes.
Simultaneously, Meropenem (10 pg) disc was used against
the pathogens as antibiotic controls for comparison with the
synthesized compounds (6a-h). Then, the plates were kept for
incubation at 37 °C overnight aerobically. After proper incu-
bation, the zone of inhibition of every well was measured with
vernier caliper in millimeters and the following criteria was
applied; no activity (< 1 mm), low activity (1-7 mm), moderate
activity (7-10 mm), good activity (11-15 mm) and excellent
activity (> 15 mm) (Zaidan et al., 2005). The assay was carried
out three time and mean values were calculated for final
antibacterial activity.

2.4.2. Minimum inhibitory concentration (MIC) of molecules
(6a-h) against NDM positive bacteria

Microbroth dilution test was used to measure the MIC (% w/
v) of the above mentioned samples (6a-6h) (Janovska et al.,
2003; Joshi et al., 2009; Jeong et al., 2014). In 50 ml falcon
tube, two to three isolated colonies were added in 20 ml of
double-strength lysogeny broth (LB) medium and incubated
overnight aerobically at 37 °C. Bacterial suspension was
diluted to get 0.5 McFarland turbidity at optical density
(OD) of 0.07 at 600 nm. In short, serial dilutions of com-
pounds 6a-6 h (5%, 10%, 15%, 20%, 25%, 30%, 35%,
40%, 45%, 50%) were prepared in DMSO and 100 pl of each
compound dilution was inserted in 96 wells of flat-bottom
micro titer plate. After that, 100 ul of bacterial suspension
was inserted into each well. Negative-control wells had
100 pl of LB while positive-control wells had 100 pl of LB with
bacterial suspension. Micro titer plate was incubated at 37 °C
overnight at shaking incubator (MaxQTM Mini 4450, Thermo
Fisher Scientific). MIC was calculated by comparison of each
well with negative and positive-control wells and all proce-
dures were performed in triplicate.

2.4.3. Minimum bactericidal concentration (MBC) of
compounds (6a-h)

Minimum bactericidal concentration (% w/v) is the first dilu-
tion with no growth on agar plate. To determine the MBC, a
10 pl sample was taken from no-visible-growth wells of micro
titer plate and was injected on the nutrient agar plates (Oxoid,
Hampshire, UK) and then incubation was done aerobically at
37 °C for day and night. The plates were detected for cell
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viability and any colonies established were recorded as bacte-
rial or no bacterial evolution. The lowest concentration was
considered as MBC at which no visible growth was seen
(Wikler, 2006; Jeong et al., 2014). All procedures were repeated
in triplicate.

2.4.4. Isolates confirmation

A. baumannii and K. pneumoniae were clinically separated from
blood samples. These isolates were identified by modified UTI
chrome agar (Aldrich Sigma, UK), VITEK® 2 compact (Bio-
Meérieux, France) and MALDI-TOF mass spectrometer (Bru-
ker Daltonics, Germany).

2.4.5. Molecular characterization of NDM

Bacterial DNA was extracted by a commercially available bac-
terial DNA kit (Qiagen, UK). Molecular identification of
NDM was determined by analyzing the sequence of primers
of the gene organized downstream and upstream (Senda
etal., 1996; Qamar et al., 2019). Amplified DNA was extracted
using QIAquick Gel extraction kit (Germany). DNA was
shipped to Macrogen (Korea) for Sanger sequencing and data
were analyzed using bioinformatics tools NCBI and BLAST.
Both of the isolates were confirmed as NDM-1 producers.

2.4.6. Minimum inhibitory concentration of NDM producing
isolates

MIC of A. baumannii and K. pneumoniae was determined using
VITEK® 2 compact device. The antibiotics tested were ticar-
cillin/clavulanic acid, ampicillin/sulbactam, piperacillin,
cefuroxime axetil, cefuroxime, cefixime, cefepime, ceftriaxone,
meropenem, trimethoprim, levofloxacin, minocycline, moxi-
floxacin, tigecycline, tetracycline, colistin, chloramphenicol
and aztreonam.

Both of these isolates were 100% resistant to commonly
used antibiotics such as B-lactams, meropenem, B-lactam inhi-
bitors, chloramphenicol and levofloxacin however most effec-
tive drug was colistin (Table 1).

2.5. Molecular docking study

The intermolecular interaction between the pyrazole deriva-
tives (6a-6h) and NDM positive A. baumannii protein were
analyzed through AutoDock Vina software (Trott and
Olson, 2010). The binding energies of generated ligand with
protein receptor were calculated by Lamarckian genetic algo-
rithm. A lot of binding conformations of NDM-1 active site
to embelin ligand were estimated and ten embelin binding con-
formations with maximum hypothetical values were superpose
in the active site of NDM-1. For this purpose, high resolution
crystal structure of NDM-1 bonded to L-captopril was selected

Gly

219
Asn
220 /

His
189

S~
— Trp
@

O polar * sidechain acceptor O solvent residue o)©) arene-arene
O acidic +- sidechain donor O metal complex SJH arene-H
O basic =~ backbone acceptor solvent contact o)+ arene-cation
O greasy -+ backbone donor metalion contact

proximity ligand

receptor
O

contour exposure exposure

Fig. 1 2D (top) and 3D (bottom) structures of L-captopril with
NDM positive 4. baumannii.

as a model to execute the overall docking study (Huttenhower
et al., 2012). The configuration was obtained from PDB record
under the PDB code of 4EXS (Berman et al., 2000). The
directly contacted residues of amino acid with L-captopril were
defined as the binding spot for the docking calculations. The

Table 1 MIC (ug/ml) of different antibiotics against NDM-1 positive bacteria.

Isolates SAM PIP CFM CRO CXA CXM FEP LEV ATM MEM MNO MXF TGC CS TE C TMP
>32 >128 >4 >64 >64 >64 >64 >8 >64 >16 >16 >8 >8 >16 >16 >64 >16

A. baumannii >32 >128 >4 >64 >64 >64 >64 >8 >64 >16 >16 >8 1 <0.5 >16 >32 >16

K. pneumoniae >32 >128 >4 >64 >64 >64 >64 >8 >64 >16 >16 >4 2 <0.5 >16 >16 >16

SAM: Ampicillin/sulbactam, PIP: Piperacillin, CFM: Cefixime; CRO: Ceftriaxone; CXA: Cefuroxime axetil; CXM: Cefuroxime; FEP: Cefe-

pime; LEV: Levofloxacin; ATM: Aztreonam; MEM: Meropenem; MNO: Minocycline; MXF: Moxifloxacin; TGC: Tigecycline; CS: Colistin;

TE: Tetracycline; C: Chloramphenicol; TMP: Trimethoprim.
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binding site having eleven amino acid residues (His250,
Asn220, Gly219, Cys208, His189, Aspl124, Hisl122, His120,
Trp93, Val73, Met67) with two ions (Zn*?). To establish the
position for docking, the L-captopril as well as water mole-
cules were detached from crystal structure system. While, the
synchronized zinc ion was retained in NDM-1’s exciting site
because of its major character to enhance the NDM-1-
ligand/substrate collaboration. Most part of the L-captopril
was covered up with active site of NDM-1 and its thiosulphur
group interact with Zn>" directly as presented by molecular
dynamic simulation (Fig. 1).

3. Results and discussion

3.1. Chemistry

The route for the production of pyrazole hybrids (6a-h) is illus-
trated in Scheme 1. First step involves the protection of 5-
methyl-1H-pyrazol-3-amine (1) by di-fert-butyl tri-carbonate
(2) and triethylamine to produce fert-butyl 3-amino-5-
methyl-1 H-pyrazole-1-carboxylate (3) in 70% yield. Further,
the intermediate compound 4-bromo-N-(5-methyl-1H-
pyrazol-3-yl)benzamide (5) in 75% yield was obtained by one
pot condensation of 3 with 4-bromo benzoic acid (4) in pyri-
dine and mediated by TiCly. In this step, the deprotection of
target molecule was carried out automatically because the
acidic water was used in the work up process. In the final step,
the Suzuki cross coupling reactions of 4-bromo-N-(5-methyl-
1 H-pyrazol-3-yl)benzamide (5) were carried out by using dif-
ferent aryl/ hetero aryl boronic acids and target molecules
(6a-h) were produced with moderate to good yield. Structural
representation of these molecules and their yields are given in
Fig. 2. All desired compounds were characterized by 'HNMR,
BCNMR and mass spectrometry. The compound 6b, having 3-
chloro substituent, was obtained in excellent yield of 90% and
other molecules incorporating 4-chloro (6a), 3-chloro-4-flouro
(6¢), 3-acetyl (6d) 2-thiophene (6f), 3- pyridine (6g) and 4-

HN‘I}I >I\ (0] (0] )<
HacJ\/\NHz + O)J\/U\ .
1 2

0]

methoxy (6h) also showed good yield. While, the compound
6e produced in low yield of 38% and it might be due to steric
effect of bulky group of ester attached with boronic acid.

3.2. Antibacterial activity

The molecules 6a-h were screened for antibacterial activity at
five concentrations (10, 20, 30 40 and 50 mg/well) against
NDM-1-positive 4. and K. pneumoniae by agar well diffusion
method. MIC and MBC were calculated by broth dilution
methods. The results presented in Table 2 and Figs. 3, 4
regarding the activity exhibited that A. baumannii bacteria is
more susceptible against the tested molecules. The zone of
inhibition (mm) increases as the concentration of compounds
increases. Compound 6b and 6d showed highest zone of inhi-
bition (25 £+ 1) at 50 mg concentration of compound as com-
pared to other compounds against NDM positive 4.
baumannii while meropenem antibiotic was inhibited at
5 mm zone of inhibition (Table 2, Fig. 3 and Fig. S21 in sup-
plementary data). The compounds 6h and 6f displayed low
activity as compared to other compounds. However, the other
molecules presented good activity. The values of MIC and
MBC of the tested molecules were calculated against 4. bau-
mannii and results displayed that only compound 6b exhibited
MIC and MBC of 50 mg while all other compounds did not
show any remarkable value (Fig. S22, S23 in supplementary
data). NDM producing K. pneumoniae was inhibited by com-
pound 6b at a dose of 50 mg (15 £ 1), 40 mg (14 £ 2) and
30 mg (13 £ 1 mm) but remaining compounds failed to exhibit
inhibition (Fig. S23, S24 in supplementary data).

3.3. Docking study

3.3.1. Molecular docking study of the NDM-1 A. baumannii/6a-
6h compounds

Molecular docking study was performed to examine the vast
conformation zone of 6a-6h compounds surrounded by active

HN—I\\I
|

6a-h

Scheme 1

(i TN
H3CJ\)\H 5
r

Synthesis of 4-bromo-N-(5-methyl-1H-pyrazol-3-yl)benzamide (5) and 4-aryl-N-(5-methyl-1H-pyrazol-3-yl)benzamide (6a-h).

Reagents and conditions: (i) 1 (30.89 mmol, 3 g), 2 (46.33 mmol, 10.11 g), Triethyl amine (46.33 mmol, 6.46 ml), solvent 1,4-dioxane
(180 ml), Reflux, Time 1 h; (ii) 3 (14.92 mmol, 2.94 g), 4 (14.92 mmol, 3 g), TiCl, (44.77 mmol, 4.92 ml), Temperature 85 °C, Time 2 h,
solvent pyridine 150 ml; (iii) 5 (0.526 mmol, 0.2 g), Pd(PPhs), (7 mol%, 0.03682 mmol, 0.042 g), K3PO, (1.052 mmol, 0.22 g), aryl boronic
acids/pinacol esters (0.579 mmol), 1,4-dioxane/H,O (4:1), reflux, Time 20-30 h.



Facile synthesis of 4-aryl-N-(5-methyl-1H-pyrazol-3-yl)benzamides via Suzuki Miyaura reaction
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Fig. 2 An overview of 4-aryl-N-(5-methyl-1 H-pyrazol-3-yl)benzamide (6a-h) via Suzuki coupling reactions.

Table 2 Zone of inhibition (mm) of compounds against clinically isolated A. baumannii.

Comp. Zone (mm) Zone (mm) Zone (mm) Zone (mm) Zone (mm) Zone (mm) Zone (mm)
no. (50 mg) (40 mg) (30 mg) (20 mg) (10 mg) DMSO Meropenem
6a 20 + 1 17 £ 1 15+ 1 15 + 1 12 £ 1 15+2 6
6b 25 £ 1 22 £ 1 18 £ 1 17 £1 14 £ 1 15 +£1 5
6¢c 20 £ 2 18 £ 1 17 £ 1 15 £ 1 13 £ 1 14 +£2 6
6d 25 £ 1 23 £ 2 22 + 1 21 £ 1 20 £ 1 19 = 2 S
6f 18 + 2 16 + 1 15+ 1 14 + 1 13 £ 2 13 £1 5
6g 20 £ 2 16 £ 2 14 £ 1 13 £1 12 £ 1 12 £ 2 7
6h 14 £ 1 13 £ 1 12 £1 12 £ 2 10 £ 1 9 + 1 7
m50mg mM40mg m30mg 20 mg m10mg mMDMSO M Meropenem
30
E 25
£
c 20
.0
=
2 15
=
£
s 10
g
: I 1
0
Tested Compounds
Fig. 3 Inhibition zone of each fraction of compounds (6a-6h) against A. baumannii.
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Fig. 4 Two-dimensional (2D, top) and three-dimensional (3D,
bottom) diagram of the 6b compound with NDM1 protein.

site of NDM-1. The 10 binding conformations for each com-
pound (6a-6h) were superposed with NDM-1 active site.
Except a few fluctuations at compounds moieties and groups,
all conformations displayed alike binding approaches toward
the NDM-1 protein. The aromatic chains of the 6a-6h com-
pounds were also very persistent in numerous docking sorts,
however this chain was extremely supple and having significant
swings (Table S1 in supplementary data).

To explain the molecular strategy of NDM-1 binding with
compound (6b), the non-bonded collaborations at interface of
NDM-1-embelin were determined. Most of the zones of embelin
hybrid wereembedded into the active site of NDM-1, indicating a
broad Van der Waals interaction between embelin and NDM-1.
Amide group (combination of amine and carbonyl groups) of 6a-
6h compounds interconnect by the catalytic corner of enzyme
while the other part pointed out of this corner. Moreover, all

the compounds (6a-6h) were found close to di-Zn> ", thus estab-
lishing a solid coordination bond. The most stable geometry was
observed for 6b (—8.29 kcal mol™"), 6d (—8.42 kcal mol ') and 6e
(—8.73 kcal mol ~") with minimum entropic energies. The 2D and
3D structures of compound 6b with NDM 1 protein are shown in
Fig. 4 and the rest are given in supplementary data (Fig. S25, S26
and S27). The carbonyl group of amides and nitrogen of the pyra-
zolering formed coordinate bond with di-Zn* ions. A hydrogen
bonding between the Cys208 and oxygen of the carbonyl group
was also observed which constitute recognition specificity for
the NDM1-6b binding. Histidine amino acid (His122 and
His250) groups interact with pyrazole ring and benzene rings
through arenes interactions. Similar interactions behavior is
observed for 6d and 6e compounds (Fig. S28). These types of
binding interaction founded in previous docking study of the
embelin with NDM-1, representing the significance of coordina-
tion bond in detection and collaboration of NDM-1-ligand with
suitable drug. Based on the strong interaction between embelin
and NDM-1, it was suggested that embelin restored meropenem
activity against a panel of NDM positive pathogens, i.e. E. coli,
K. pneumoniae, and A. baumannii (Ning et al., 2018).

The docking study reinforced the antibacterial activities of
newly designed pyrazole derivatives against NDM-1
A. baumannii and demonstrated that compound 6b renovated
meropenem activity against NDM positive bacteria as compa-
rable results of embelin were reproduced by our compounds
6b, 6d and 6e. In preview of results, compound 6b was found
to be a potent antibacterial antibiotic hybrid against NDM-
1- A-baumannii. Thus, we believed that 6b could be used as
promising carbapenem adjuvant candidates against NDM-1-
producing bacterial strains.

4. Conclusion

In this study, we have demonstrated the efficient preparation
of 4-bromo-N-(5-methyl-1H-pyrazol-3-yl)benzamide (5) and
its novel derivatives (6a-h) via Suzuki cross coupling reactions
in moderate to good yield. The synthesized pyrazole hybrids
(6a-h) exhibited remarkable antibacterial activity by agar well
diffusion method against NDM-1-positive A. baumannii and
K. pneumoniae. Microbroth dilution test was used to measure
the MICs and MBCs. Though all eight compounds were cap-
able of inhibiting bacterial growth at different concentrations,
the compound 6b exhibited better antibacterial properties with
MIC value of 50 mg against A. baumannii. Molecular docking
study was also performed by AutoDock Vina software to
examine the vast conformation zone of all compounds as a
result of binding interaction against NDM-1 4. baumannii pro-
tein. The most stable geometry was observed for compounds
6b, 6d and 6e with minimum entropic energies and their results
are comparable to already reported inhibitor embelin. Hence,
in vitro activity and molecular docking elaborated the antibac-
terial potential of 6b and revealed that these potential antibac-
terial pyrazole amide hybrids would be processed in future to
develop newer antibacterial analogs with markedly improved
metabolic stability.

CRediT authorship contribution statement

Gulraiz Ahmad: Methodology, Visualization, Investigation,
Writing - review & editing. Nasir Rasool: Methodology,



Facile synthesis of 4-aryl-N-(5-methyl-1H-pyrazol-3-yl)benzamides via Suzuki Miyaura reaction 9

Visualization, Investigation. Muhammad Usman Qamar: Con-
ceptualization. Mohammad Mujahid Alam: Conceptualization,
Supervision. Naveen Kosar: Methodology, Visualization,
Investigation. Tariq Mahmood: Writing - review & editing.
Muhammad Imran: Conceptualization.

Declaration of Competing Interest

The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

Acknowledgements

The present data is the part of Ph.D. thesis research work of
Gulraiz Ahmad. M. M. A and M. 1. express appreciation to
the Deanship of Scientific Research at King Khalid University
Saudi Arabia through a research groups program under grant
number R.G.P. 2/109/42.

Appendix A. Supplementary material

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.arabjc.2021.103270.

References

Ahmad, G., Rasool, N., Rizwan, K., Altaf, A.A., Rashid, U.,
Mahmood, T., Ayub, K., 2019a. Role of Pyridine Nitrogen in
Palladium-Catalyzed Imine Hydrolysis: A Case Study of (E)-1-(3-
bromothiophen-2-yl)-N-(4-methylpyridin-2-yl) methanimine.
Molecules 24 (14), 2609-2621.

Ahmad, G., Rasool, N., Rizwan, K., Imran, I., Zahoor, A.F., Zubair,
M., Sadiq, A., Rashid, U., 2019b. Synthesis, in-vitro cholinesterase
inhibition, in-vivo anticonvulsant activity and in-silico exploration
of N-(4-methylpyridin-2-yl) thiophene-2-carboxamide analogs.
Bioorg. Chem. 92, 1-10.

Ahmad, G., Rasool, N., Ikram, H.M., Gul Khan, S., Mahmood, T.,
Ayub, K., Zubair, M., Al-Zahrani, E., Ali Rana, U., Akhtar, M.N.,
2017. Efficient synthesis of novel pyridine-based derivatives via
Suzuki cross-coupling reaction of commercially available 5-bromo-
2-methylpyridin-3-amine: quantum mechanical investigations and
biological activities. Molecules 22 (2), 190-208.

Ashish, K., Anil, M., Verma, H., Mishra, A., 2006. Synthesis and
antifungal activity of 4-substituted-3, 7-dimethyl pyrazolo [3, 4-¢][1,
2, 4] triazine. Indian J. Chem. Sect. B. 45, 489.

Ashok, K., Sharma, S., 2001. Synthesis of potential quinazolinyl
pyrazolines as anticonvulsant agents. Ind. J. Hetero. Chem. 9, 197.

Balbi, A., Anzaldi, M., Maccio, C., Aiello, C., Mazzei, M., Gangemi,
R., Castagnola, P., Miele, M., Rosano, C., Viale, M., 2011.
Synthesis and biological evaluation of novel pyrazole derivatives
with anticancer activity. Eur. J. Med. Chem. 46 (11), 5293-5309.

Bekhit, A.A., Ashour, H.M., Ghany, Y.S.A., Bekhit, A.E.-D.A.,
Baraka, A., 2008. Synthesis and biological evaluation of some
thiazolyl and thiadiazolyl derivatives of 1H-pyrazole as anti-
inflammatory antimicrobial agents. Eur. J. Med. Chem. 43 (3),
456-463.

Berman, H.M., Westbrook, J., Feng, Z., Gilliland, G., Bhat, T.N.,
Weissig, H., Shindyalov, I.N., Bourne, P.E., 2000. The protein data
bank. Nucleic Acids Res. 28 (1), 235-242.

Bonnin, R., Poirel, L., Naas, T., Pirs, M., Seme, K., Schrenzel, J.,
Nordmann, P., 2012. Dissemination of New Delhi metallo-$-
lactamase-1-producing Acinetobacter baumannii in Europe. Clin.
Microbiol. Infect. 18 (9), E362—-E365.

Carvalho-Assef, A.P.D.A., Pereira, P.S., Albano, R.M., Berido, G.C.,
Chagas, T.P.G., Timm, L.N., Da Silva, R.C.F., Falci, D.R.,
Asensi, M.D., 2013. Isolation of NDM-producing Providencia
rettgeri in Brazil. J. Antimicrob. Chemother. 68 (12), 2956-2957.

Carvalho-Assef, A.P.D.A., Pereira, P.S., Albano, R.M., Berido, G.C.,
Tavares, C.P., Chagas, T.P.G., Marques, E.A., Timm, L.N., Da
Silva, R.C., Falci, D.R., 2014. Detection of NDM-1-, CTX-M-15-,
and qnrB4-producing Enterobacter hormaechei isolates in Brazil.
Antimicrob. Agents Chemother. 58 (4), 2475-2476.

Channar, P.A., Saced, A., Erben, M.F., Larik, F.A., Riaz, S., Florke,
U., Arshad, M., 2019. Synthesis, conformational studies and NBO
analysis of (4-chloro-3, 5-dimethyl-1H-pyrazol-1-yl)(p-tolyl)
methanone. J. Mol. Struct. 1191, 152-157.

Channar, P.A., Saeed, A., Larik, F.A., Batool, B., Kalsoom, S.,
Hasan, M., Erben, M.F., El-Seedi, H.R., Ali, M., Ashraf, Z.,
2018a. Synthesis of aryl pyrazole via Suzuki coupling reaction,
in vitro mushroom tyrosinase enzyme inhibition assay and in silico
comparative molecular docking analysis with Kojic acid. Bioorg.
Chem. 79, 293-300.

Channar, P.A., Afzal, S., Ejaz, S.A., Saeed, A., Larik, F.A., Mahesar,
P.A., Lecka, J., Sévigny, J., Erben, M.F., Igbal, J., 2018b.
Exploration of carboxy pyrazole derivatives: Synthesis, alkaline
phosphatase, nucleotide pyrophosphatase/phosphodiesterase and
nucleoside triphosphate diphosphohydrolase inhibition studies
with potential anticancer profile. Eur. J. Med. Chem. 156, 461-478.

Chetan, B., Sreenivas, M., Bhat, A., 2004. Synthesis and evaluation of
certain pyrazolines and related, compounds for their antitubercu-
lar, antibacterial and antifungal activities. Indian J. Heterocycl.
Chem. 13 (3), 225-228.

Chowdhury, M.A., Abdellatif, K.R., Dong, Y., Das, D., Suresh, M.R.,
Knaus, E.E., 2009. Synthesis of celecoxib analogues possessing a
N-difluoromethyl-1, 2-dihydropyrid-2-one 5-lipoxygenase pharma-
cophore: biological evaluation as dual inhibitors of cyclooxyge-
nases and S-lipoxygenase with anti-inflammatory activity. J. Med.
Chem. 52 (6), 1525-1529.

Chung, K.T., Thomasson, W., Wu-Yuan, C.D., 1990. Growth
inhibition of selected food-borne bacteria, particularly Listeria
monocytogenes, by plant extracts. J. Appl. Bacteriol. 69 (4), 498—
503.

Dang, T.T., Rasool, N., Dang, T.T., Reinke, H., Langer, P., 2007.
Synthesis of tetraarylthiophenes by regioselective Suzuki cross-
coupling reactions of tetrabromothiophene. Tetrahedron Lett. 48
(5), 845-847.

El-Emary, T.I., 2006. Synthesis and Biological Activity of Some New
Pyrazolo [3, 4-b] Pyrazines. J. Chin. Chem. Soc. 53 (2), 391-401.

Gabriel, G.J., Som, A., Madkour, A.E., Eren, T., Tew, G.N., 2007.
Infectious disease: connecting innate immunity to biocidal poly-
mers. Mater. Sci. Eng. R Rep. 57 (1-6), 28-64.

Garcia-Lozano, J., Server-Carrio, J., Escriva, E., Folgado, J.-V.,
Molla, C., Lezama, L., 1997. X-ray crystal structure and electronic
properties of chlorobis (mepirizole) copper (II) tetrafluoroborate
(mepirizole= 4-methoxy-2-(5-methoxy-3-methyl-1H-pyrazol-1-yl)-
6-methylpyrimidine). Polyhedron 16 (6), 939-944.

Goda, F., Maarouf, A., El-Bendary, E., 2003. Synthesis and antimi-
crobial evaluation of the new Isoxazole and Pyrazole derivatives.
Saudi Pharm. J. 11 (3), 111-117.

Gupta, U., Sareen, V., Khatri, V., Chugh, S., 2005. Synthesis and
antifungal activity of new fluorine containing 4-(substituted
phenylazo) pyrazoles and isoxazoles. Indian J. Heterocycl. Chem.
14 (3), 265-266.

Gurunanjappa, P., Nagamallu, R., Kariyappa, A.K., 2015. Synthesis
and antimicrobial activity of novel fused pyrazoles. Int. J. Pharm.
Pharm. Sci. 7 (2), 379-381.

Huttenhower, C., Gevers, D., Knight, R., Abubucker, S., Badger, J.H.,
Chinwalla, A.T., Creasy, H.H., Earl, A.M., FitzGerald, M.G.,
Fulton, R.S., 2012. Structure, function and diversity of the healthy
human microbiome. Nature 486 (7402), 207-214.


https://doi.org/10.1016/j.arabjc.2021.103270
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0005
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0005
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0005
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0005
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0005
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0010
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0010
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0010
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0010
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0010
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0015
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0015
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0015
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0015
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0015
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0015
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0020
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0020
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0020
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0025
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0025
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0030
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0030
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0030
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0030
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0035
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0035
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0035
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0035
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0035
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0040
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0040
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0040
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0045
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0045
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0045
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0045
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0050
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0050
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0050
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0050
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0055
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0055
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0055
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0055
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0055
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0060
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0060
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0060
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0060
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0065
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0065
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0065
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0065
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0065
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0065
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0070
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0070
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0070
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0070
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0070
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0070
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0075
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0075
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0075
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0075
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0080
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0080
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0080
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0080
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0080
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0080
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0085
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0085
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0085
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0085
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0090
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0090
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0090
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0090
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0095
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0095
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0100
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0100
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0100
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0105
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0105
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0105
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0105
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0105
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0110
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0110
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0110
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0115
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0115
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0115
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0115
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0120
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0120
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0120
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0125
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0125
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0125
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0125

10

G. Ahmad et al.

Hwang, S.H., Wagner, K.M., Morisseau, C., Liu, J.-Y., Dong, H.,
Wecksler, A.T., Hammock, B.D., 2011. Synthesis and structure—
activity relationship studies of urea-containing pyrazoles as dual
inhibitors of cyclooxygenase-2 and soluble epoxide hydrolase. J.
Med. Chem. 54 (8), 3037-3050.

Ikram, H., Rasool, N., Ahmad, G., Chotana, G., Musharraf, S.,
Zubair, M., Rana, U., Haq, M.Z.U., Jaafar, H., 2015. Selective C-
arylation of 2, 5-dibromo-3-hexylthiophene via suzuki cross cou-
pling reaction and their pharmacological aspects. Molecules 20 (3),
5202-5214.

Jacob, K.S., Ganguly, S., 2016. Synthesis, anti microbial screening and
cytotoxic studies of some novel pyrazole analogs. J. Appl. Pharm.
Sci. 6 (11), 135-141.

Janovska, D., Kubikova, K., Kokoska, L., 2003. Screening for
antimicrobial activity of some medicinal plants species of tradi-
tional Chinese medicine. Czech J. food Sci. 21 (3), 107-110.

Jeong, S.H., Song, W., Bae, LK., Kim, H.-S., Kim, J.-S., Park, M.-J.,
Shin, D.H., 2014. Broth microdilution methods using B-lactamase
inhibitors for the identification of Klebsiella pneumoniae car-
bapenemases and metallo-f-lactamases in Gram-negative bacilli.
Ann. Clin. Lab. Sci. 44 (1), 49-55.

Johnson, A.P., Woodford, N., 2013. Global spread of antibiotic
resistance: the example of New Delhi metallo-fB-lactamase (NDM)-
mediated carbapenem resistance. J. Med. Microbiol. 62 (4), 499—
S13.

Joshi, B., Lekhak, S., Sharma, A., 2009. Antibacterial property of
different medicinal plants: Ocimum sanctum, Cinnamomum zey-
lanicum. Xanthoxylum armatum and Origanum majorana.
KUSET. 5 (1), 143-150.

Kamal, A., Shaik, A.B., Jain, N., Kishor, C., Nagabhushana, A.,
Supriya, B., Kumar, G.B., Chourasiya, S.S., Suresh, Y., Mishra, R.
K., 2015. Design and synthesis of pyrazole-oxindole conjugates
targeting tubulin polymerization as new anticancer agents. Eur. J.
Med. Chem. 92, 501-513.

Kusakiewicz-Dawid, A., Gorecki, L., Masiukiewicz, E., Rzeszotarska,
B., 2009. Susceptibility of Methyl 3-Amino-1 H-pyrazole-5-car-
boxylate to Acylation. Synth. Commun. 39 (22), 4122-4132.

Leggio, A., Bagala, J., Belsito, E.L., Comande, A., Greco, M., Liguori,
A., 2017. Formation of amides: one-pot condensation of carboxylic
acids and amines mediated by TiCl4. Chem. Cent. J. 11 (1), 87-98.

Li, Y.-R., Li, C., Liu, J.-C., Guo, M., Zhang, T.-Y., Sun, L.-P., Zheng,
C.-J., Piao, H.-R., 2015. Synthesis and biological evaluation of 1, 3-
diaryl pyrazole derivatives as potential antibacterial and anti-
inflammatory agents. Bioorg. Med. Chem. Lett. 25 (22), 5052—
5057.

Makhsumov, A., Dzhuraev, A., Kilichov, G., Nikbaev, A., 1986.
Antiinflammatory activity of some pyrazole derivatives. Pharm.
Chem. J. 20 (3), 174-175.

Malik, A., Rasool, N., Kanwal, 1., Hashmi, M.A., Zahoor, A.F.,
Ahmad, G., Altaf, A.A., Shah, S.A.A., Sultan, S., Zakaria, Z.A.,
2020. Suzuki-miyaura reactions of (4-bromophenyl)-4, 6-
dichloropyrimidine through commercially available palladium
catalyst: Synthesis, optimization and their structural aspects
identification through computational studies. Processes. 8 (11),
1342-1353.

Mansour, A., Eid, M., Khalil, N., 2003. Synthesis and reactions of
some new heterocyclic carbohydrazides and related compounds as
potential anticancer agents. Molecules 8 (10), 744-755.

Mert, S., Kasimogullari, R., I¢a, T., Colak, F., Altun, A., Ok, S., 2014.
Synthesis, structure—activity relationships, and in vitro antibacterial
and antifungal activity evaluations of novel pyrazole carboxylic
and dicarboxylic acid derivatives. Eur. J. Med. Chem. 78, 86-96.

Miyaura, N., Suzuki, A., 1995. Palladium-catalyzed cross-coupling
reactions of organoboron compounds. Chem. Rev. 95 (7), 2457—
2483.

Molla, Y., Nedi, T., Tadesse, G., Alemayehu, H., Shibeshi, W., 2016.
Evaluation of the in vitro antibacterial activity of the solvent
fractions of the leaves of Rhamnus prinoides L’Herit (Rham-

naceae) against pathogenic bacteria. BMC Complement. Altern.
Med. 16 (1), 287-1195.

Ning, N.-Z., Liu, X., Chen, F., Zhou, P., Hu, L., Huang, J., Li, Z.,
Huang, J., Li, T., Wang, H., 2018. Embelin restores carbapenem
efficacy against NDM-1-positive pathogens. Front. Micribiol. 9,
71-78.

Nordmann, P., Naas, T., Poirel, L., 2011. Global spread of carbapen-
emase-producing Enterobacteriaceae. Emerging Infect. Dis. 17
(10), 1791-1798.

Park, H.-J., Lee, K., Park, S.-J., Ahn, B., Lee, J.-C., Cho, H., Lee, K.-
1., 2005. Identification of antitumor activity of pyrazole oxime
ethers. Bioorg. Med. Chem. Lett. 15 (13), 3307-3312.

Pasteran, F., Albornoz, E., Faccone, D., Gomez, S., Valenzuela, C.,
Morales, M., Estrada, P., Valenzuela, L., Matheu, J., Guerriero,
L., 2012. Emergence of NDM-1-producing Klebsiella pneumoniae
in Guatemala. J. Antimicrob. Chemother. 67 (7), 1795-1797.

Pérez, J.A.E., Escobar, N.M.O., Castro-Cardozo, B., Marquez, .LA.V.,
Aguilar, M.1.G., de la Barrera, L.M., Barreto, E.R.B., Marquez-
Ortiz, R.A., Guayazan, M.V.M., Gomez, N.V., 2013. Outbreak of
NDM-1-producing Klebsiella pneumoniae in a neonatal unit in
Colombia. Antimicrob. Agents Chemother. 57 (4), 1957-1960.

Phillips, D.J., Harrison, J., Richards, S.-J., Mitchell, D.E., Tichauer,
E., Hubbard, A.T., Guy, C., Hands-Portman, I., Fullam, E.,
Gibson, M.I., 2017. Evaluation of the antimicrobial activity of
cationic polymers against mycobacteria: toward antitubercular
macromolecules. Biomacromolecules 18 (5), 1592—1599.

Pillonetto, M., Arend, L., Vespero, E.C., Pelisson, M., Chagas, T.P.G.,
Carvalho-Assef, A.P.D.A., Asensi, M.D., 2014. First report of
NDM-1-producing Acinetobacter baumannii sequence type 25 in
Brazil. Antimicrob. Agents Chemother. 58 (12), 7592-7594.

Pimerova, E., Voronina, E., 2001. Synthesis and antimicrobial activity
of some novel Pyrazole. J. Pharm. Chem. 35, 18-20.

Prokopp, C., Rubin, M., Sauzem, P., De Souza, A., Berlese, D.,
Lourega, R., Muniz, M., Bonacorso, H., Zanatta, N., Martins, M.,
2006. A pyrazolyl-thiazole derivative causes antinociception in
mice. Braz. J. Med. Biol. Res. 39 (6), 795-799.

Qamar, M.U., Walsh, T.R., Toleman, M.A., Tyrrell, J.M., Saleem,
S., Aboklaish, A., Jahan, S., 2019. Dissemination of genetically
diverse NDM-1,-5,-7 producing-Gram-negative pathogens iso-
lated from pediatric patients in Pakistan. Future Microbiol. 14
(8), 691-704.

Qamar, M.U., Saleem, S., Toleman, M.A., Saqalein, M., Waseem, M.,
Nisar, M.A., Khurshid, M., Taj, Z., Jahan, S., 2018. In vitro and
in vivo activity of Manuka honey against NDM-1-producing
Klebsiella pneumoniae ST11. Future Microbiol. 13 (1), 13-26.

Raghavan, S., Alagarasu, K., Selvaraj, P., 2012. Immunogenetics of
HIV and HIV associated tuberculosis. Tuberculosis. 92 (1), 18-30.

Saeed, A., Khurshid, A., Florke, U., Echeverria, G.A., Piro, O.E., Gil,
D.M., Rocha, M., Frontera, A., El-Seedi, H.R., Mumtaz, A., 2020.
Intermolecular interactions in antipyrine-like derivatives 2-halo-N-
(1, 5-dimethyl-3-oxo-2-phenyl-2, 3-dihydro-1 H-pyrazol-4-yl) ben-
zamides: X-ray structure, Hirshfeld surface analysis and DFT
calculations. New J. Chem. 44 (45), 19541-19554.

Sangapure, S., Bodke, Y., Raga, B., 2001. Synthesis of some new
pyrazolines as potential antimicrobial agents. Ind. J. Heterocycl.
Chem. 11, 31-37.

Senda, K., Arakawa, Y., Ichiyama, S., Nakashima, K., Ito, H.,
Ohsuka, S., Shimokata, K., Kato, N., Ohta, M., 1996. PCR
detection of metallo-beta-lactamase gene (blaIMP) in gram-nega-
tive rods resistant to broad-spectrum beta-lactams. J. Clin. Micro-
biol. 34 (12), 2909-2913.

Souza, F.R., Souza, V.T., Ratzlaff, V., Borges, L.P., Oliveira, M.R.,
Bonacorso, H.G., Zanatta, N., Martins, M.A., Mello, C.F., 2002.
Hypothermic and antipyretic effects of 3-methyl-and 3-phenyl-5-
hydroxy-5-trichloromethyl-4, S-dihydro-1H-pyrazole-1-car-
boxyamides in mice. Eur. J. Pharmacol. 451 (2), 141-147.

Spooner, D., Sykes, G., 1972. Laboratory assessment of antibacterial
activity. Methods Microbiol. 7, 216-217.


http://refhub.elsevier.com/S1878-5352(21)00285-9/h0130
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0130
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0130
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0130
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0130
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0135
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0135
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0135
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0135
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0135
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0140
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0140
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0140
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0145
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0145
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0145
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0150
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0150
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0150
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0150
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0150
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0155
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0155
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0155
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0155
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0160
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0160
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0160
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0160
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0165
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0165
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0165
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0165
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0165
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0170
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0170
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0170
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0170
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0175
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0175
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0175
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0180
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0180
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0180
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0180
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0180
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0185
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0185
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0185
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0190
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0190
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0190
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0190
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0190
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0190
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0190
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0195
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0195
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0195
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0200
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0200
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0200
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0200
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0205
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0205
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0205
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0210
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0210
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0210
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0210
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0210
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0215
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0215
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0215
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0215
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0220
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0220
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0220
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0225
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0225
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0225
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0230
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0230
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0230
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0230
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0235
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0235
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0235
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0235
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0235
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0240
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0240
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0240
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0240
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0240
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0245
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0245
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0245
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0245
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0250
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0250
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0255
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0255
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0255
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0255
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0260
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0260
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0260
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0260
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0260
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0265
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0265
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0265
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0265
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0270
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0270
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0275
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0275
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0275
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0275
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0275
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0275
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0280
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0280
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0280
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0285
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0285
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0285
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0285
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0285
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0290
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0290
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0290
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0290
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0290
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0295
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0295

Facile synthesis of 4-aryl-N-(5-methyl-1H-pyrazol-3-yl)benzamides via Suzuki Miyaura reaction 11

Steinbach, G., Lynch, P.M., Phillips, R.K., Wallace, M.H., Hawk, E.,
Gordon, G.B., Wakabayashi, N., Saunders, B., Shen, Y.,
Fujimura, T., 2000. The effect of celecoxib, a cyclooxygenase-2
inhibitor, in familial adenomatous polyposis. N. Engl. J. Med. 342
(26), 1946-1952.

Szabo, G., Fischer, J., Kis-Varga, A., Gyires, K., 2007. New celecoxib
derivativesasanti-inflammatoryagents.J. Med.Chem.51(1),142-147.

Taye, B., Giday, M., Animut, A., Seid, J., 2011. Antibacterial activities
of selected medicinal plants in traditional treatment of human
wounds in Ethiopia. Asian Pac. J. Trop. Biomed. 1 (5), 370-375.

Trott, O., Olson, A.J., 2010. AutoDock Vina: improving the speed and
accuracy of docking with a new scoring function, efficient opti-
mization, and multithreading. J. Comput. Chem. 31 (2), 455-461.

Tsutomu, K., Toshitaka, N., 1978. Effects of 1, 3-diphenyl-5-(2-
dimethylaminopropionamide)-pyrazole [difenamizole] on a condi-
tioned avoidance response. Neuropharmacology 17 (4-5), 249-256.

Tuchilus, C.G., Nichifor, M., Mocanu, G., Stanciu, M.C., 2017.
Antimicrobial activity of chemically modified dextran derivatives.
Carbohydr. Polym. 161, 181-186.

Udupi, R., Bhat, A., Kumar, K., 1998. Synthesis and biological
activity of Mannich bases of certain 1, 2-pyrazolines. Indian J.
Heterocycl. Chem. 8 (2), 143-146.

Uslaner, J.M., Parmentier-Batteur, S., Flick, R.B., Surles, N.O., Lam,
J.S., McNaughton, C.H., Jacobson, M.A., Hutson, P.H., 2009.
Dose-dependent effect of CDPPB, the mGluRS positive allosteric
modulator, on recognition memory is associated with GluR1 and
CREB phosphorylation in the prefrontal cortex and hippocampus.
Neuropharmacology 57 (5-6), 531-538.

Wikler, M.A. 2006. Methods for dilution antimicrobial susceptibility
tests for bacteria that grow aerobically: approved standard. CLSI
(NCCLS). 26, M7-A7.

Zaidan, M., Noor Rain, A., Badrul, A., Adlin, A., Norazah, A.,
Zakiah, 1., 2005. In vitro screening of five local medicinal plants for
antibacterial activity using disc diffusion method. Trop. Biomed. 22
(2), 165-170.


http://refhub.elsevier.com/S1878-5352(21)00285-9/h0300
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0300
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0300
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0300
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0300
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0305
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0305
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0310
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0310
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0310
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0315
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0315
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0315
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0320
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0320
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0320
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0325
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0325
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0325
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0330
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0330
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0330
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0335
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0335
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0335
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0335
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0335
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0335
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0345
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0345
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0345
http://refhub.elsevier.com/S1878-5352(21)00285-9/h0345

	Facile synthesis of 4-aryl-N-(5-methyl-1H-pyrazol-3-yl)benzamides via Suzuki Miyaura reaction: Antibacterial activity against clinically isolated NDM-1-positive bacteria and their Docking StudiesN-(5-methyl-1H-pyrazol-3-yl)benzamides via 
	1 Introduction
	2 Experimental section
	2.1 General information
	2.2 General protocol for the production of compounds
	2.2.1 Procedure for the synthesis of tert-butyl 3-amino-5-methyl-1H-pyrazole-1-carboxylate (3)
	2.2.2 Procedure for the production of 4-bromo-N-(5-methyl-1H-pyrazol-3-yl)benzamide (5)
	2.2.3 Procedure for the production of 4-aryl-N-(5-methyl-1H-pyrazol-3-yl)benzamide (6a-h)

	2.3 Characterization data
	2.3.1 Tert-butyl 3-amino-5-methyl-1H-pyrazole-1-carboxylate (3)
	2.3.2 4-bromo-N-(5-methyl-1H-pyrazol-3-yl)benzamide (5)
	2.3.3 4'-chloro-N-(5-methyl-1H-pyrazol-3-yl)biphenyl-4-carboxamide (6a)
	2.3.4 3'-chloro-N-(5-methyl-1H-pyrazol-3-yl)biphenyl-4-carboxamide (6b)
	2.3.5 3'-chloro-4'-fluoro-N-(5-methyl-1H-pyrazol-3-yl)biphenyl-4-carboxamide (6c)
	2.3.6 3'-acetyl-N-(5-methyl-1H-pyrazol-3-yl)biphenyl-4-carboxamide (6d)
	2.3.7 Methyl 4'-(5-methyl-1H-pyrazol-3-ylcarbamoyl)biphenyl-4-carboxylate (6e)
	2.3.8 N-(5-methyl-1H-pyrazol-3-yl)-4-(thiophen-2-yl)benzamide (6f)
	2.3.9 N-(5-methyl-1H-pyrazol-3-yl)-4-(pyridin-3-yl)benzamide (6g)
	2.3.10 4'-methoxy-N-(5-methyl-1H-pyrazol-3-yl)biphenyl-4-carboxamide (6h)

	2.4 Antibacterial activity
	2.4.1 Agar well diffusion assay of compounds (6a-h) against NDM producing bacteria
	2.4.2 Minimum inhibitory concentration (MIC) of molecules (6a-h) against NDM positive bacteria
	2.4.3 Minimum bactericidal concentration (MBC) of compounds (6a-h)
	2.4.4 Isolates confirmation
	2.4.5 Molecular characterization of NDM
	2.4.6 Minimum inhibitory concentration of NDM producing isolates

	2.5 Molecular docking study

	3 Results and discussion
	3.1 Chemistry
	3.2 Antibacterial activity
	3.3 Docking study
	3.3.1 Molecular docking study of the NDM-1 A. baumannii/6a-6h compounds


	4 Conclusion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgements
	Appendix A Supplementary material
	References


