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Abstract

Nitrofurantoin® is an effective drug and used for treating urinary infectious diseases. A series of nitrofurantoin® analogues

bearing furan and pyrazole scaffolds as N-aryl-3-(arylamino)-5-(((5-substituted furan-2-yl)methylene)amino)-1H-pyrazole-4-

carboxamide (7a-g and 9a-f) were designed and synthesized by the condensation of 5-aminopyrazole with 5-nitrofuran-2-

carbaldehyde (6) or 5-methylfuran-2-carbaldehyde (8) for evaluation of their antibacterial properties against Gram +ve and

Gram -ve bacteria then comparing with nitrofurantoin® as standard drug.
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1. Introduction

Microbial resistance is one of the biggest public
health challenges of our time. Therefore, there is an
urgent need for the co-operation between the organic
and medicinal researchers to find new drugs to face
this problem.

Nitrofurantoin® (A), 1-(5-nitrofurfurylidenamino)
hydantoin, is an effective drug that acts on a number

of Gram-positive and Gram-negative microorganisms

(staphylococci, streptococci, dysentery bacillus,
colon bacillus, paratyphoid bacillus and others). It is
primarily used for treating infectious diseases of the
urinary tract (pyelitis, pyelonephritis, cystitis, and
urethritis). Also, we found in the literature survey
some drugs bearing furan moiety. For example,
Rofecoxib (B), 4-(4-methylsulfonylphenyl)-3-phenyl-
5H-furan-2-one, is a nonsteroidal anti-inflammatory
drug (NSAID) and a selective COX-2 inhibitor [1].
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Figure 1. Furan or pyrazole-based drugs
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Figure 2. Design of furan-pyrazole derivatives as antibacterial agents
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Diloxanide furoate (©), 4-

[(dichloroacetyl)(methyl)amino]phenyl  furan-2-
carboxylate, is an anti-protozoal drug used in the
treatment of Entamoeba histolytica [2]. Ranitidine
or Zantac (D), N-(2-[(5-(dimethyl

methyl)furan-2-yl)methylthio]ethyl)-N-methyl-2-

amino

nitroethene-1,1-diamine, is a histamine H2-receptor
antagonist that inhibits stomach acid production [3].
Pyrazole derivatives have wide biological activities
[4-6] e.g. N-(1H-pyrazol-3-yl)-N'-(4-
methylbenzoyl)-thiourea (E) displayed cytotoxic
activity [7]. N,N-dimethyl-N'-(4-(4-((2)-((Z)-(4-oxo-
3-p-tolylthiazolidin-2-ylidene)hydrazono)methyl)-3-
phenyl-1H-pyrazol-1-yl)
phenylsulfonyl)formimidamide (F) demonstrated
antibacterial activity against E. coli [8]. 3-(5-Bromo-
2-thienyl)-4-[1-phenyl-3-(4-methylphenyl)-1H-
pyrazol-5-yl]-1-phenyl-1H-pyrazole (G) displayed
anti-inflammatory activity with selective COX-2
inhibitor and antibacterial activity against S. aureus
[9]. Furthermore, there are some pyrazole-based
drugs such as celecoxib (H) is anti-inflammatory
with potent COX-2 inhibitor [10]. Pyrazofurin (1) is
potential of antiviral activity [11]. Figure 1

In view of these facts and in continuation of our
efforts for preparation of bioactive compounds [12-
35], we have designed series of N-aryl-3-
(arylamino)-5-(((5-substituted
yl)methylene)amino)-1H-pyrazole-4-carboxamide

furan-2-

(7a-g and 9a-f) as Nitrofurantoin® analogues and
evaluated their antibacterial activities against

various microbes. Figure 2
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Results and discussion
1. Chemistry
5-Amino-1H-pyrazole-4-carboxamides 5a-g were
prepared according to the literature procedure [36-
38] as in Scheme 1.
Nitrofurantoin®  analogues  7a-g,  N-aryl-3-
(arylamino)-5-((5-nitrofuran-2-yl)methyleneamino)-
1H-pyrazole-4-carboxamide, were  synthesized
through the condensation of 5-amino-1H-pyrazole-4-
carboxamides 5a-g with 5-nitrofuran-2-carbaldehyde
(6) in absolute ethanol in the presence of a catalytic
amount of glacial CH;COOH (Scheme 2).
The structures of nitrofurantoin® analogues 7a-g
were characterized and confirmed by their spectral
data.
'H NMR spectrum of compound 7e, 3-(4-
methoxyphenylamino)-5-((5-nitrofuran-2-
yl)methyleneamino)-N-phenyl-1H-pyrazole-4-
carboxamide, proved that this compound exist in the
E form, since trans (E) isomer is more stable than
cis (2) isomer [39]. Also, this spectrum displayed
singlet signals at 6 3.75, 8.68,9.02,10.42 and 12.65
ppm for protons of methoxy group, -N=CH-, NH,
NH and NH, respectively. The aromatic and furan
rings appeared at 6.94 (d, 2H, Aromatic-H, J,,= 8.8
Hz), 7.10 (t, 1H, Aromatic-H), 7.35-7.42 (m, 4H,
Aromatic-H), 7.68 (d, 1H, furan H-3, Jyy = 2.6 Hz),
7.88 (d, 2H, Aromatic-H, Jy = 8.0 Hz) and 7.90 (d,
1H, furan H-4, J44 = 3.4 Hz).

Moreover, "H NMR spectrum of compound 7c, 5-
((5-nitrofuran-2-yl)methyleneamino)-3-
(phenylamino)-N-p-tolyl-1H-pyrazole-4-
carboxamide, showed the presence of E and Z forms
of compound 7c in 54% and 46% ratio, respectively

(Figure 3).
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Figure 3. The *H NMR spectrum of compound 7¢

Moreover, 5-aminopyrazoles 5aand 5¢c-g were
condensed with 5-methylfuran-2-carbaldehyde (8) in
absolute ethanol with glacial CH3;COOH to furnish
the target compounds, N-aryl-3-(arylamino)-5-((5-
methylfuran-2-yl)methyleneamino)-1H-pyrazole-4-

carboxamide 9a-f (Scheme 3).

IR spectrum of the compound 9b showed
bands at 3222 and 1651 cm™ corresponding to NH
and C=0 groups, respectively. The mass spectrum
revealed a peak at m/z = 399 (relative abundance =
81.25 %) equivalent to [M*, C,3H,1N50, (399.45)].

Egypt. J. Chem. 63, No. 11 (2020)
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Its '"H NMR spectrum displayed two singlet
signals at 6 2.26 and 3.37 ppm for two methyl groups.
Also, four signals at 6 8.63, 8.89, 10.51 and 12.85
ppm for protons of NH, -N=CH-, NH and NH,
respectively. 'H NMR spectrum displayed the
aromatic and furan rings at 6.50 (s, 1H, Aromatic-H),
6.86 (s, 1H, furan H-3), 7.16 (d, 2H, Aromatic-H, Jyy
= 8.3 Hz), 7.28 (t, 2H, Aromatic-H), 7.36 (s, 1H,
furan H-4) and 7.61 (d, 4H, Aromatic-H, J,, = 8.3
Hz). **C NMR of 9b rewvealed three signals for two
methyl (2CH;) and one carbonyl (C=0) carbons at &
13.78, 20.45 and 162.59 ppm, respectively.
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2. Antibacterial activity

The bacterial cultures used in this study were
Escherichia coli and Salmonella typhimurium as
representatives for Gram-negative bacteria. Also,
Staphylococcus aureus and Streptococcus faecium
were as representatives for Gram-positive bacteria.
The test organisms were kindly provided by the
Department of Microbiology and
Dokki,

antibacterial activity of the Nitrofurantoin® analogues

Immunology,

National Research Centre, Egypt. The
(7a-g and 9a-f) expressed as the diameter of the
inhibition zones (cm) according to the agar diffusion
test [40] and the results are shown in Table 1.
Nitrofurantoin® antibiotic discs were used as positive

control.

Egypt. J. Chem. 63, No. 11 (2020)

The results revealed that, the four compounds
(7a, 7d, 7f and 7g) exhibited good antibacterial
while, the

compounds 7b, 7c and 7e showed moderate activities

activities against Escherichia coli,

in comparison with Nitrofurantoin®. The compounds
Ta-g showed good activities (inhibition zone (1Z) in
the range from 1.2 to 1.6 cm) against Salmonella
typhimurium. The two compounds 9b and 9d
displayed moderate activities with inhibition zone 0.9
and 0.8 cm, respectively, against Salmonella
typhimurium. The compounds 7a-g and 9a-f were
biologically inactive against the two Gram-positive
bacteria in this study (Staphylococcus aureus and
Streptococcus faecium). Also, the positive control,
Nitrofurantoin®, was inactive against the Gram-

positive bacteria.
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Table 1: The bacterial activity (inhibition zone (1Z) in cm) of Nitrofurantoin® analogues (7a-g and 9a-f) using

the agar diffusion test:-

R
HN-_.O 4
B -lé’ | D\ OY\N f\{/ﬂ
o NO: H_ AN A CHs HN\(\ NO,
7/
Ar N=NH 0
9a-f Nitrofurantoin
Inhibition Zone (1Z, cm)
Compounds R Ar Gram-negative bacteria Gram-positive bacteria
Escherichia Salmonella Staphylococcus  Streptococcus
coli typhimurium aureus faecium
7a H CsHs 1.6 14 - -
b CsHs CsHs 0.9 1.6 - -
7c 4-CH5-CgH, CsHs 0.75 1.2 - -
7d H 4-CH,0-CsH, 14 1.2 - -
Te CeHs 4-CH,0-CsH, 0.7 1.3 - -
7f 4-CH;-CgH, 4-CH,0-CgH, 14 1.3 - -
79 4-Cl-CeH, 4-CH;0-CsH, 1.6 14 - -
9a H CeHs - - - -
9b 4-CH4-CgH, CeHs - 0.9 - -
9c H 4-CH,0-CsH, - - - -
od CeHs 4-CH,0-CsH, - 0.8 - -
9e 4-CHy-CgH, 4-CH;0-CsH, - - - -
of 4-Cl-CgH, 4-CH;0-CH, - - - -
Nitrofurantoin® 2.00 2.1 - .

Egypt. J. Chem. 63, No. 11 (2020)
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Conclusions

The aim of our work was to design,
synthesize, characterize and evaluate the antibacterial
activities of N-aryl-3-(arylamino)-5-(((5-substituted
furan-2-yl)methylene)amino)-1H-pyrazole-4-
carboxamide (7a-g and 9a-f) as Nitrofurantoin®
analogues.

The evaluation showed that the three
compounds 7a, 7b and 7g hawe the highest
antibacterial activities against Escherichia coli and
Salmonella typhimurium bacteria. In the future, the
project will be extended to study the action
mechanism of the three compounds 7a, 7b and 79
with modification to obtain more potent antibacterial

agents.

Experimental
1. Chemistry

All melting points were measured on a
Gallenkamp melting point apparatus and are
uncorrected. The IR spectrawere recorded (KBr disk)
on a Perkin Elmer 1650 FT-IR instrument. *H NMR
(400 or 500 MHz) and **C NMR (100 or 125 MHz)
spectrawere recorded ona Varian spectrometer using
DMSO-dg as solvent and TMS as an internal
standard. Chemical shifts are reported in ppm.
Coupling constants (J) are expressed in Hz. Mass
spectra were recorded on a Varian MAT 112
spectrometer at 70 eV. Elemental analyses were
performed at the Microanalytical Center, Cairo

University, Egypt.

Progress of the reactions was monitored by
thin-layer chromatography (TLC) using aluminum
sheets coated with silica gel Fys4 (Merck), viewing
under a short-wavelength UV lamp effected
detection. All evaporations were carried out under

reduced pressure at 40 °C.

Egypt. J. Chem. 63, No. 11 (2020)

Synthesis of Nitrofurantoin® analogues, N-aryl-3-
(arylamino)-5-((5-nitrofuran-2-
yl)methyleneamino)-1H-pyrazole-4-carboxamide,
Ta-g

A mixture of compounds 5a-g (0.01 mol) with 5-
nitrofuran-2-carbaldehyde (6) (0.01 mol) and a
catalytic amount of glacial CH;COOH (1 mL) in
absolute ethanol (25 mL) was refluxed for 1 hour and
the solid obtained was collected and recrystallized
from EtOH.

5-((5-Nitrofuran-2-yl)methyleneamino)-3-
(phenylamino)-1H-pyrazole-4-carboxamide (7a)
Reddish-brown crystals, m.p. 280-282 °C, yield
(70%). IR (KBr) vma/cm™ 3358, 3181 (NH, NH,),
1651 (C=0). '"H NMR (400 MHz, 5 ppm) (E form)
6.88 (s, 1H, Aromatic-H), 7.21-7.53 (m, 6H,
Aromatic-H + NH, exchanged with D,0), 7.74 (d,
1H, furan H-3, J44 = 3.9 Hz), 7.87 (d, 1H, furan H-4,
Jun = 3.1 Hz), 8.81 (s, 1H, NH exchanged with D,0),
9.10 (s, 1H, -N=CH-), 12.95 (s, 1H, NH exchanged
with D,0). Anal. Calcd. (%) for CysH; ,NgO,
(340.29): C, 52.94; H, 3.55; N, 24.70. Found: C,
53.00; H, 3.50; N, 24.75 %.

5-((5-Nitrofuran-2-yl)methyleneamino)-N-phenyl -
3-(phenylamino)-1H-pyrazole-4-carboxamide (7b)
Reddish-brown crystals, m.p. 268-270 °C, yield
(75%). IR (KBr) vpa/cm™ 3324 (NH), 1647 (C=0).
'H NMR (400 MHz, & ppm) (the ratio of E/Z =
50/50) 6.88 (t, 1H, Aromatic-H), 7.04-7.13 (m, 2H,
Aromatic-H), 7.26-7.42 (m, 3H, Aromatic-H), 7.60
(d, 2H, Aromatic-H, Jyy =7.9 Hz), 7.64, 7.72 (d, 1H,
furan H-3, Jyy = 3.6 Hz, E/Z form), 7.85 (d, 2H,
Aromatic-H, J, = 7.0 Hz), 7.88, 7.90 (d, 1H, furan
H-4, Jyy = 3.8 Hz, E/Z form), 8.85, 8.90 (s, 1H,
-N=CH-, E/Z form), 8.92,9.11 (s, 1H, NH exchanged
with D,O, E/Z form), 10.25, 10.54 (s, 1H, NH
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exchanged with D,0, E/Z form), 13.03, 13.22 (s, 1H,
NH exchanged with D,0, E/Z form). Anal. Calcd.
(%) for C,;HgNgO, (416.39): C, 60.57; H, 3.87; N,
20.18. Found: C, 60.49; H, 3.92; N, 20.10 %.

5-((5-Nitrofuran-2-yl)methyleneamino)-3-
(phenylamino)-N-p-tolyl-1H-pyrazole-4-
carboxamide (7¢)

Orange crystals, m.p. 266-268 °C, yield (75%). IR
(KBr) vpa/cm™ 3261 (NH), 1648 (C=0).'"H NMR
(400 MHz, 6 ppm) (the ratio of E/Z = 54/46) 2.26 (s,
3H, CH,, E/Z form) 6.88, 7.05 (t, 1H, Aromatic-H,
E/Z form), 7.16 (d, 2H, Aromatic-H, Jy4 = 8.1 Hz,
E/Z form), 7.27,7.37 (t, 2H, Aromatic-H, E/Z form),
7.60 (d, 2H, Aromatic-H, J44 = 7.8 Hz, E/Z form),
7.62,7.70 (d, 1H, furan H-3, Jyy = 3.3 Hz, E/Z form),
7.74 (d, 2H, Aromatic-H, J4y = 7.1 Hz, E/Z form),
7.85,7.89 (d, 1H, furan H-4, Jy = 2.9 Hz, E/Z form),
8.83, 8.92 (s, 1H, -N=CH-, E/Z form), 8.92,9.08 (s,
1H, NH, exchanged with D,O, E/Z form), 10.19,
10.46 (s, 1H, NH, exchanged with D,O, E/Z form),
13.03, 13.21 (s, 1H, NH, exchanged with D,O, E/Z
form). Anal. Calcd. (%) for C,,H;gNgO,4 (430.42): C,
61.39; H, 4.22; N, 19.53. Found: C, 61.45; H, 4.17;
N, 19.60 %.

3-(4-Methoxyphenylamino)-5-((5-nitrofuran-2-
yl)methyleneamino)-1H-pyrazole-4-carboxamide
(7d)

Reddish-brown crystals, m.p. 270-272 °C, yield
(77%). IR (KBr) vpa/cm™ 3220 (NH), 1649 (C=0).
'H NMR (400 MHz, & ppm) (the ratio of E/Z =
50/50) 3.70, 3.74 (s, 3H, OCH3, E/Z form), 6.86, 6.93
(d, 2H, Aromatic-H, Jyy = 8.2 & 7.9 Hz, E/Z form),
7.17, 7.47 (d, 2H, Aromatic-H, J4 = 8.2 & 8.4 Hz,
E/Z form), 7.24, 7.32 (s, 1H, NH, exchanged with
D,0, E/Z form), 7.37, 7.50 (s, 1H, NH,, E/Z form),
7.64,7.73 (d, 1H, furan H-3, J;, = 3.0 & 3.8 Hz, E/Z
form), 7.83,7.87 (d, 1H, furan H-4, J,,, = 2.8 Hz, E/Z

Egypt. J. Chem. 63, No. 11 (2020)

form), 8.77, 8.78 (s, 1H, -N=CH-, E/Z form), 8.88,
8.99 (s, 1H, NH exchanged with D,O, E/Z form),
12.60, 12.84 (s, 1H, NH exchanged with D,O, E/Z
form). Anal. Calcd. (%) for C;5H14NgO5 (370.32): C,
51.89; H, 3.81; N, 22.69. Found: C, 51.80; H, 3.86;
N, 22.75 %.

(E)-3-(4-methoxyphenylamino)-5-((5-nitrofuran-2-
yl)methyleneamino)-N-phenyl-1H-pyrazole-4-
carboxamide (7e)

Reddish-brown crystals, m.p. 265-267 °C, yield
(80%). IR (KBr) vina/cm™ 3253 (NH), 1650 (C=0).
'H NMR (400 MHz, § ppm) (E form) 3.75 (s, 3H,
OCHy), 6.94 (d, 2H, Aromatic-H, J,, = 8.8 Hz), 7.10
(t, 1H, Aromatic-H), 7.35-7.42 (m, 4H, Aromatic-H),
7.68 (d, 1H, furan H-3, Jy = 2.6 Hz), 7.88 (d, 2H,
Aromatic-H, Jyy = 8.0 Hz), 7.90 (d, 1H, furan H-4,
Jyn = 3.4 Hz), 8.68 (s, 1H, -N=CH-), 9.02 (s, 1H, NH
exchanged with D,0), 10.42 (s, 1H, NH exchanged
with D,0), 12.65 (s, 1H, NH exchanged with D,0).
Anal. Calcd. (%) for C,,H;gNgOs (446.42): C, 59.19;
H, 4.06;N, 18.83. Found: C, 59.10; H, 4.12; N, 18.90
%.

(E)-3-(4-Methoxyphenylamino)-5-((5-nitrofuran-
2-yl)methyleneamino)-N-p-tolyl-1H-pyrazole-4-
carboxamide (7)

Reddish-brown crystals, m.p. 258-260 °C, yield
(81%). IR (KBr) Vpa/cm™ 3225 (NH), 1651 (C=0).
'H NMR (400 MHz, & ppm) (E form) 2.29 (s, 3H,
CHs), 3.77 (s, 3H, OCH3), 6.92 (d, 2H, Aromatic-H,
Jun = 6.8 Hz), 7.14 (d, 2H, Aromatic-H, Jyy = 6.0
Hz), 7.34 (s, 2H, Aromatic-H), 7.61 (d, 1H, furan H-
3, Iy = 4.8 Hz), 7.73 (d, 2H, Aromatic-H, Jy4 = 7.6
Hz), 7.85 (d, 1H, furan H-4, J,y = 4.0 Hz), 8.69 (s,
1H, -N=CH-), 8.94 (s, 1H, NH exchanged with D,0),
10.30 (s, 1H, NH exchanged with D,0), 12.65 (s, 1H,
NH exchanged with D,0). Anal. Calcd. (%) for
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C,3H20NsO5 (460.44): C, 60.00; H, 4.38; N, 18.25.
Found: C, 59.91; H, 4.46; N, 18.31 %.

(E)-N-(4-Chlorophenyl)-3-(4-
methoxyphenylamino)-5-((5-nitrofuran-2-
yl)methyleneamino)-1H-pyrazole-4-carboxamide
(79)
Orange crystals, m.p. 240-242 °C, yield (79%). IR
(KBr) vpa/cm™ 3230 (NH), 1659 (C=0).'"H NMR
(400 MHz, 8 ppm) (E form) 3.75 (s, 3H, OCHj3), 6.95
(d, 2H, Aromatic-H, Jyy = 7.3 Hz), 7.38 (d, 2H,
Aromatic-H, Jyy = 8.5 Hz), 7.46 (d, 1H, furan H-3,
Jun = 3.9 Hz), 7.81 (d, 1H, furan H-4, J,;,, = 3.9 H2),
7.87 (d, 4H, Aromatic-H, Jy, = 8.6 Hz), 8.72 (s, 1H,
-N=CH-), 9.07 (s, 1H, NH exchanged with D,0),
10.60 (s, 1H, NH exchanged with D,0), 12.72 (s, 1H,
NH exchanged with D,0). Anal. Calcd. (%) for
C,,H,;;CINgO5 (480.86): C, 54.95; H, 3.56; N, 17.48.
Found: C, 55.60; H, 3.51; N, 17.40 %.
Synthesis of N-aryl-3-(arylamino)-5-((5-
methylfuran-2-yl)methyleneamino)-1H-pyrazole-
4-carboxamide 9a-f

A mixture of compounds 5a, 5¢-g (0.01 mol)
with 5-methylfuran-2-carbaldehyde (8) (0.01 mol) in
absolute ethanol (30 mL) and a catalytic amount of
glacial acetic acid (four drops) was refluxed for 1
hour. The solvent was concentrated under reduced
pressure and the solid obtained was collected and
recrystallized from ethanol to give 9a-f.

5-{[(5-Methylfuran-2-yl)methylidene]amino}-3-
(phenylamino)-1H-pyrazole-4-carboxamide (9a):
Yellow crystals, m.p. 235-238 °C [41].

(E)-5-((5-methylfuran-2-yl)methyleneamino)-3-
(phenylamino)-N-(4-methyl phenyl)-1H-pyrazole-
4-carboxamide (9b)
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Yellow crystals, m.p. 248-250 °C, yield (82%). IR
(KBr) vpa/cm™ 3222 (NH), 1651 (C=0).'"H NMR
(500 MHz, 8 ppm) (E form) 2.26 (s, 3H, CH,), 3.37
(s, 3H, CHs), 6.50 (s, 1H, Aromatic-H), 6.86 (s, 1H,
furan H-3), 7.16 (d, 2H, Aromatic-H, Jy = 8.3 Hz),
7.28 (t, 2H, Aromatic-H), 7.36 (s, 1H, furan H-4),
7.61 (d, 4H, Aromatic-H, J, = 8.3 Hz), 8.63 (s, 1H,
NH exchanged with D,0), 8.89 (s, 1H, -N=CH-),
10.51 (s, 1H, NH exchanged with D,0), 12.85 (s, 1H,
NH exchanged with D,0). **C NMR (125 MHz, &
ppm) 13.78, 20.45 (2C, 2CH,3), 93.92 (C,, pyrazole),
110.9, 116.28, 119.59, 122.19, 123.85, 129.02,
129.49, 132.02, 136.38, 141.40, 145.52, 147.96,
149.60, 157.39, 159.37 (19C), 162.59 (C=0). MS
(m/z, %): 399 (M’, 81.25). Anal. Calcd. (%) for
Cy3H,1N50, (399.45): C, 69.16; H, 5.30; N, 17.53.
Found: C, 69.10; H, 5.35; N, 17.60 %.

3-[(4-Methoxyphenyl)amino]-5-{[(5-methyl furan-
2-yl)methylidene]amino}-1H-pyrazole-4-
carboxamide(9c)

Buff crystals, m.p. 232-234 °C [41].

3-(4-Methoxyphenylamino)-5-((5-methylfuran-2-
yl)methyleneamino)-N-phenyl-1H-pyrazole-4-
carboxamide (9d)

Yellow crystals, m.p. 200-202 °C [42].

3-(4-Methoxyphenylamino)-5-((5-methylfuran-2-
yl)methyleneamino)-N-(4-methylphenyl)-1H-
pyrazole-4-carboxamide (9e)

Yellow crystals, m.p. 202-204 °C [42].

3-(4-Methoxyphenylamino)-5-((5-methylfuran-2-
yl)methyleneamino)-N-(4-chlorophenyl)-1H-
pyrazole-4-carboxamide (9f)

Yellow crystals, m.p. 202-204 °C [42].
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2. Screening for the antibacterial activity

The bacterial cultures used in this study were
Staphylococcus aureus and Streptococcus faecium as
representatives for Gram-positive bacteria and
Escherichia coli and Salmonella typhimurium as
representatives for Gram-negative bacteria. The test
organisms were kindly provided by the Department
of Microbiology and Immunology, National Research
Centre, Dokki, Egypt. The test organisms were
maintained on agar slant at 4 °C and subcultured on a
fresh agar plates. Bacterial liquid cultures were
initiated by placing a loop of bacteria from the slant
into 10 mL of lysogeny broth (LB) media. Agar
diffusion test was conducted to detect the bacterial
susceptibility to the prepared compounds [40]. A
volume of 100 pL of cell culture suspension
matching with 0.5 Mc-Farland of each test organism
were spread onto the surface of solid agar medium
(Muller Hinton agar). The prepared compounds were
adjusted to a concentration of 20 mg/mL using
DMSO as solvent. Filter paper discs with a diameter
of 7 mm each were impregnated with 15 pL of each
of the different compounds (equivalent to = 300 png)
which is comparable to the antibiotic concentrationin
the antibiotic discs used as control. Then the soaked
discs were placed on the surface of agar plates
containing the microorganisms and incubated at
3720.1 °C for 24 hours. The inhibition of bacterial
growth was evaluated by measuring the diameter
(cm) of the clear zone around each disc.
Nitrofurantoin® antibiotic discs were used as positive
control. Filter paper discs impregnated with 15 pL of

DMSO were also used as control for the solvent.

Acknowledgments:

Authors thank National Research Centre for
the financial support through scientific project
number 12010103

Egypt. J. Chem. 63, No. 11 (2020)

Conflict of interest
The authors declare that they hawe no
competing interests.

References

1. Padi, S. and Kulkarni, S., Differential effects
of naproxen and rofecoxib on the development
of hypersensitivity following nerve injury in
rats. Pharmacology, biochemistry and behavior,
79(2): 349-358 (2004).

2. Fernandes, H., D'Souza, C.R., Swethadri,
G.K and Naik, C.N., Ameboma of the colon
with amebic liver abscess mimicking metastatic
coloncancer. Indian J Pathol Microbiol, 52(2):
228-230 (2009).

3.  Tripathy, K.D., Essentials of medical
pharmacology, Jaypee Brothers Medical
Publishers (P) Limited, New Delhi. 6th Ed. 630
(2009).

4. Havrylyuk, D., Roman, O. and Lesyk, R,
Synthetic  approaches, structure  activity
relationship and biological applications for
pharmacologically attractive
pyrazole/pyrazolineethiazolidine-based hybrids.
Eur. J. Med. Chem., 113: 145-166 (2016).

5. Reddy, N.B., Zyryanov, G.V., Reddy, G.M.,
Balakrishna, A, Padmaja, A., Padmavathi,
V., Reddy, C.S., Garcia, J.R. and Sravya, G.,
Design and synthesis of some new
benzimidazole containing pyrazoles and
pyrazolyl thiazoles as potential antimicrobial
agents. J. Heterocyclic Chem., 56: 589-596
(2019).

6. Karrouchi, K, Radi, S., Ramli, Y., Taoufik,
J., Mabkhot, Y.N., Al-aizari, F.A. and Ansar,
M., Synthesis and pharmacological activities of
pyrazole derivatives: A Review. Molecules 23:
134 (2018).

7. Nitulescu, G.M., Draghici, C. and Olaru,
O.T., New potential antitumor pyrazole
derivatives: synthesis and cytotoxic evaluation.
Int. J. Mol. Sci. 14: 21805-21818 (2013).

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

9. Bekhit, AA. and Abdel-Aziem, T., Design,
synthesis and biological evaluation of some
pyrazole derivatives as anti-inflammatory-
antimicrobial agents. Bioorg. Med. Chem., 12:
1935-1945 (2004).

10. Penning, T.D., Penning, T.D., Talley, J.J.,
Bertenshaw, S.R., Carter, J.S., Collins, P.W.,
Docter, S., Graneto, M.J., Lee, L.F., Malecha,
J.W., Miyashiro, J.M., Rogers, R.S., Rogier,



4480

A.S. Hassan et.al.

11.

12.

13.

14.

15.

16.

17.

D.J., Yu, S.S., Anderson, G.D., Burton, E.G.,
Cogburn, J.N., Gregory, S.A,, Koboldt, C.M.,
Perkins, W.E., Seibert, K, Veenhuizen,
AW., Zhang, Y.Y. and Isakson, P.C.,
Synthesis and biological evaluation of the 1,5-
diarylpyrazole class of cyclooxygenase-2
inhibitors: identification  of  4-[5-(4-
methylphenyl)-3-(trifluoromethyl)-1H-pyrazol-
1-yllbenzenesulfonamide (SC-58635,
Celecoxib). J. Med. Chem. 40: 1347-1365
(1997).

Riyadh, S.M., Farghaly, T.A., Abdallah,
M.A., Abdalla, M.M. and Abd El-Aziz, M.R.,
New pyrazoles incorporating pyrazolylpyrazole
moiety synthesis, anti-HCV and antitumor
activity. Eur. J. Med. Chem. 45: 1042-1050
(2010).

Elsherif, M.A, Hassan, A.S., Moustafa, G.O.,
Awad, H.M. and Morsy, N.M., Antimicrobial
evaluation and molecular properties prediction
of pyrazolines incorporating benzofuran and
pyrazole moieties. J. Appl. Pharm. Sci., 10 (2):
37-43 (2020).

Al-Wasidi, AS., Hassan, AS. and Naglah,
AM., In vitro cytotoxicity and drug-likeness of
pyrazolines and pyridines bearing benzofuran
moiety. J. Appl. Pharm. Sci., 10 (£): 142-148
(2020).

Naglah, AM., Askar, AA. Hassan, AS,
Khatab, T.K., Al-Omar, M.A. and Bhat,
M.A., Biological evaluation and molecular
docking with in silico physicochemical,
pharmacokinetic and toxicity prediction of
pyrazolo[1,5-a]pyrimidines. Molecules, 25 (6):
1431 (2020).

Elgiushy, H.R., Hammad, S.F., Hassan, A.S.,
Aboutaleb, N. and Abouzid, KAM,
Acrylamide moiety, a valuable fragment in
medicinal chemistry: insight into synthetic
methodologies, chemical reactivity and
spectrum of biological activities of acrylamide
derivatives. J Advanced Pharm Res, 2 (4): 221-
237 (2018).

Osman, S.A;; Yosef, HAA.; Hafez, T.S.; El-
Sawy, AA; Mousa, H.A and Hassan, AS.,
Synthesis and antibacterial activity of some
novel chalcones, pyrazoline and 3-
cyanopyridine derivatives based on khellinone
as well as Ni(l1), Co(ll) and Zn(ll) complexes.
Aust. J. Basic Appl. Sci. 6 (3): 852-863 (2012).
Moustafa, G.O.; El-Sawy, AA. and Abo-
Ghalia, M.H., Synthesis of novel cyclopeptide
vandidates: I-cyclo-[Na-isophthaloyl-bis-
(Glycine-Amino Acid)-L-Lysine] derivatives
with expected anticancer activity. Egypt. J.
Chem., 56(5): 473-494 (2013).

Egypt. J. Chem. 63, No. 11 (2020)

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Abo-Ghalia, M.H., Moustafa, G.O., Alwasidi,
A.S. and Naglah, A M., Cytotoxic investigation
of isophthaloyl cyclopentapeptides. Lat. Am. J.
Pharm., 36(10): 1957-1962 (2017).
Abo-Ghalia, M.H., Moustafa, G.O., Amr,
AE. Naglah, AM. Elsayed, EAA and
Bakheit, AH. Anticancer activities and 3D-
QSAR studies of some new synthesized
macrocyclic heptapeptide derivatives.
Molecules, 25 (5): 1253 (2020).

Moustafa, G.O., Khalaf, H., Naglah, A., Al-
Wasidi, A.,, Al-Jafshar, N. and Awad, H., the
synthesis of molecular docking studies, in vitro
antimicrobial and antifungal activities of nowel
dipeptide derivatives based on N-(2-(2-
hydrazinyl-2-oxoethylamino)-2-oxoethyl)-
nicotinamide. Molecules, 23(4): 1-13 (2018).
Elhenawy, A A, Al-Harbi, L.M., Moustafa,
G.O., El-Gazzar, M.A., Abdel-Rahman, R.F.
and Salim, AE., Synthesis, comparative
docking, and pharmacological activity of
naproxen amino acid derivatives as possible
anti-inflammatory and analgesic agents. Drug
Des. Devel. Ther., 13: 1773-1790 (2019).
Kassem, AF., Moustafa, G.O., Nossier, E.S.,
Khalaf, H.S., Mounier, M.M., Al-Yousef, S.A.
and Mahmoud, S.Y. In vitro anticancer
potentiality and molecular modelling study of
novel amino acid derivatives based on N1, N3-
bis-(1-hydrazinyl-1-oxopropan-2-yl)
isophthalamide. J. Enzyme Inhib. Med. Chem.,
34(1): 1247-1258 (2019).

Hassan, AS., Askar, AA., Nossier, E.S,,
Naglah, AM., Moustafa, G.O. and Al-Omar,
M.A., Antibacterial evaluation, in silico
characters and molecular docking of Schiff
bases  derived from  5-aminopyrazoles.
Molecules, 24 (17): 3130 (2019).

Hassan, AS., Moustafa, G.O., Askar, A A,
Naglah, AM. and Al-Omar, M.A., Synthesis
and antibacterial evaluation of fused pyrazoles
and Schiff bases. Synth. Commun., 48 (21):
2761-2772 (2018).

Magd-EI-Din, AA, Mousa, H.A, Labib,
AA., Hassan, AS., Abd EI-All, AS., Ali,
M.M., El-Rashedy, AA. and El-Desoky,
AH., Benzimidazole-Schiff bases and their
complexes: synthesis, anticancer activity and
molecular modeling as Aurora kinase inhibitor.
Z. Naturforsch. C, 73 (11-12): 465-478 (2018).
Hassan, AS. and Hafez, T.S., Antimicrobial
Activities of Ferrocenyl Complexes: A Review.
J. App. Pharm. Sci., 8 (5): 156-165 (2018).
El-Naggar, M., Hassan, AS., Awad, H.M.
and Mady, M.F., Design, synthesis and
antitumor evaluation of novel


http://aprh.journals.ekb.eg/?_action=article&au=11304&_au=Nageh++Aboutaleb
http://aprh.journals.ekb.eg/?_action=article&au=11304&_au=Nageh++Aboutaleb

DESIGN, SYNTHESIS AND ANTIBACTERIAL ACTIVITY OF N-ARYL-3-(ARYLAMINO)-5- 4481

28.

29.

30.

31.

32.

33.

34.

35.

pyrazolopyrimidines and pyrazoloquinazolines.
Molecules, 23(6): 1249 (2018).

Hassan, A.S., Awad, H.M., Magd-El-Din,
AA. and Hafez, T.S., Synthesis and in vitro
antitumor evaluation of nowel Schiff bases.
Med. Chem. Res., 27(3): 915-927 (2018).
Hassan, A.S., Moustafa, G.O. and Awad,
H.M., Synthesis and in vitro anticancer activity
of pyrazolo[1,5-a]pyrimidines and pyrazolo[3,4-
d][1,2,3]triazines. Synth. Commun., 47(21):
1963-1972 (2017).

Hassan, A.S., Masoud, D.M., Sroor, F.M. and
Askar, AA., Synthesis and biological
evaluation of pyrazolo[1,5-a]pyrimidine-3-
carboxamide as antimicrobial agents. Med.
Chem. Res., 26(11): 2909-2919 (2017).
Hassan, AS., Mady, M.F., Awad, H.M. and
Hafez, T.S., Synthesis and antitumor activity of
some new pyrazolo[1,5-a]pyrimidines. Chin.
Chem. Lett., 28(2): 388-393 (2017).

Hassan, AS., Hafez, T.S., Ali, M.M. and
Khatab, T.K., Design, synthesis and cytotoxic
activity of some new pyrazolines bearing
benzofuran and pyrazole moieties. Res. J.
Pharm. Biol. Chem. Sci., 7(4): 417-429 (2016).
Abd El-All, AS., Hassan, AS., Osman, S.A,,
Yosef, H.AA, Abdel-Hady, W.H., El-
Hashash, M.A,, Atta-Allah, S.R., Ali, M.M.
and ElI Rashedy, AA., Synthesis,
characterization and biological evaluation of
new fused triazine derivatives based on 6-
methyl-3-thioxo-1,2,4-triazin-5-one. Acta Pol.
Pharm., 73(1): 79-92 (2016).

Hassan, AS., Osman, S.A. and Hafez, T.S., 5-
Phenyl-2-furaldehyde: synthesis, reactions and
biological activities. Egypt. J. Chem., 58(2):
113-139 (2015).

Osman, S.A., Mousa, H.A, Yosef, HAA,
Hafez, T.S., El-Sawy, AA., Abdallah, M.M.
and Hassan, A.S., Synthesis, characterization

Egypt. J. Chem. 63, No. 11 (2020)

36.

37.

38.

39.

40.

41.

42.

and cytotoxicity of mixed ligand Mn(Il), Co(Il)
and Ni(ll) complexes. J. Serb. Chem. Soc.,
79(8): 953-964 (2014).

Elgemeie, G.H., Elsayed, S.H. and Hassan,
A.S., Direct route to a new class of acrylamide
thioglycosidesand their conversions to pyrazole
derivatives. Synth. Commun., 38(16): 2700-
2706 (2008).

Hassan, AS., Hafez, T.S. and Osman, S.A,
Synthesis, characterization, and cytotoxicity of
some new 5-aminopyrazole and pyrazolo[1,5-
aJpyrimidine derivatives. Sci. Pharm., 83(1):
27-39 (2015).

Khatab, T.K,, Hassan, AS. and Hafez, T.S,,
V,0s/Si0, as an efficient catalyst in the
synthesis of 5-aminopyrazole derivatives under
solvent free condition. Bull. Chem. Soc. Ethiop.,
33(1): 135-142 (2019).

Saleem, L.M.N., Trans-cis Isomerization of
Schiff's Bases (N-Benzylidene anilines) on
Addition of Lanthanide Shift Reagents. Organic
Magnetic Resonance, 19(4): 176-180 (1982).
Bauer, AW, Kirby, W.M,, Sherris, J.C. and
Turck, M., Antibiotic susceptibility testing by a
standardized single disk method. Am. J. Clin.
Pathol., 45(4): 493-496 (1966).

Hafez, T.S., Osman, S.A., Yosef, HAA., Abd
El-All, AS., Hassan, AS., El-Sawy, AA,
Abdallah, M.M. and Youns, M., Synthesis,
structural elucidation and in vitro antitumor
activities of some pyrazolopyrimidines and
Schiff bases derived from 5-amino-3-
(arylamino)-1H-pyrazole-4-carboxamides. Sci.
Pharm., 81(2): 339-357 (2013).

Hassan, AS., Hafez, T.S., Osman, S.AM.
and Ali, M.M., Synthesis and in vitro cytotoxic
activity of nowel pyrazolo[1,5-a]pyrimidines
and related Schiff bases. Turk. J. Chem., 39(5):
1102-1113 (2015).



