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Abstract
A new series of pyridine-2-one and pyrazole derivatives were designed and synthesized based on cyanoacrylamide derivatives 
containing 2,4-dichlro aniline and 6-methyl 2-amino pyridine as an aryl group. Condensation of cyanoacrylamide derivatives 
3a–d with different active methylene (malononitrile, ethyl cyanoacetate cyanoacetamide, and ethyl acetoacetate) in the pres-
ence of piperidine as basic catalyst afforded the corresponding pyridinone derivatives 4a–c, 5, 9, and 13. Furthermore, the 
reaction of cyanoacrylamide derivatives 3a–d with bi-nucleophile as hydrazine hydrate and thiosemicarbazide afforded the 
corresponding pyrazole derivatives 14a,b and 16. The newly designed derivatives were confirmed and established based on 
the elemental analysis and spectra data (IR, 1H NMR, 13C NMR, and mass). The in vitro antibacterial activity was evaluated 
against four bacterial strains with weak to good antibacterial activity. Moreover, the results indicated that the most active 
derivatives 3a, 4a, 4b, 9, and 16 might lead to antibacterial agents, especially against B. subtilis and P. vulgaris. The DFT cal-
culations were performed to estimate its geometric structure and electronic properties. In addition, the most active pyridinone 
and pyrazole derivatives were further evaluated for in silico physicochemical, drug-likeness, and toxicity prediction. These 
derivatives obeyed all Lipinski’s and Veber’s rules without any violation and displayed non-immunotoxin, non-mutagenic, 
and non-cytotoxic. Molecular docking simulation was performed inside the active site of Topoisomerase IV (PDB:3FV5). It 
displayed binding energy ranging from -14.97 kcal/mol to -18.86 kcal/mol with hydrogen bonding and arene–cation interac-
tion. Therefore, these derivatives were suggested to be good antibacterial agents via topoisomerase IV inhibitor.
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Introduction

Bacterial infections, which are caused by gram-positive and 
gram-negative pathogens, are responsible for the majority of 
hospital-acquired infections and lead to extensive mortality 
and burden on global healthcare systems [1, 2]. The emer-
gency and widespread of drug-resistant organisms such as 
methicillin-resistant S. aureus (MRSA), methicillin-resist-
ant S. epidermidis (MRSE), vancomycin-resistant S. aureus 
(VRSA), extended-spectrum β-lactamase (ESBL)-producing 
E. coli, and drug-resistant TB (DR-TB) has already increased 
up to an alarming level in the recent decades and is associ-
ated with considerable mortality [3]. The cyanoacetamide 
derivative contains two electrophilic centers that appeared 
at the carbon of carbonyl and carbon of the cyanide group. 
In addition, it includes two nucleophile centers localized on 
NH of acetamide and methylene group [4]. The advantage of 
cyanoacetamide enables chemists to study its reaction with 
common reagents to form a variety of heterocyclic com-
pounds with pharmacological applications [5].

Furthermore, pyridine (C5H5N), an aromatic heterocy-
cle in which a ring shares π electrons, forms one continu-
ous circle of electrons besides the alternate double bonds 
shared by every atom on the circle [6]. Pyridine rings are 
present in many natural products, including vitamins such as 

vitamin B6 and niacin’s, coenzymes like nicotinamide ade-
nine dinucleotide (NAD), and alkaloids as trigonelline [7]. 
One role of pyridine in medicinal chemistry is to improve 
water solubility because of its weak basicity, therefore, lead 
to improved pH [8]. Over 7000 known medications con-
tain pyridine as the main core [9]. Additionally, pyridine 
is one of the most widely used groups that is reported to 
have many biological activities, including antitubercular 
[10], anticancer [11], antiviral [12], and antimicrobial [13]. 
Besides, the 4-(phenylamino)thieno[2,3-b]pyridine deriva-
tives showed inhibitory activity against Herpes simplex 
virus type 1 (HSV-1) [14]. Various drugs contain a pyridine 
nucleus as anti-malarial [15], antidiabetic [16], antioxidants 
[17], anti-inflammatory [18] cardiotonic (as Milrinone and 
Olprnone) [19], and anti-amoebic agents [20]. Recently, two 
pyridinone derivatives, as di-dymellamide A and Trichodin 
A isolated from marine-derived fungi, exhibited antibiotic 
activity against clinically relevant microorganism, S. epi-
dermidis, with lower MIC values [21] (Fig. 1). Besides, the 
pyridine ring fused with benzene to form a quinoline nucleus 
that is reported as a broad-spectrum antibiotic that is active 
against both Gram-positive and Gram-negative bacteria as 
Moxifloxacin, Nadifloxacin, Levofloxacin, Ozenoxacin, and 
Nalidixic acid. These drugs were mostly demonstrated to 
be bactericidal and exerted their mode of action to inhibit 
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the bacterial DNA replication or interfere with the synthesis 
of RNA and, consequently, with protein synthesis [22–24] 
(Fig. 1).

On the other hand, the pyrazole system is an important 
heterocyclic template, and its derivatives are rare in nature 
due to the difficulty of living organisms to construct N–N 
bond [25]. The pyrazole nucleus belonged to heterocycles 
aromatic compounds containing two adjacent nitrogen atoms 
in 1, 2 positions and therefore called 1,2 diazoles and have 
pharmacological effects on humans [26]. Also, pyrazole 
is used as a ligand for transition metal-catalyzed reactions 
[27] and is necessary as intermediates for synthesizing 
other pharmaceutical heterocycles [28–30]. The production 
of pyrazole and its derivatives showed various applications 
in the pharmaceutical and agriculture industries [31, 32]. It 
was reported that heterocycles containing pyrazole scaffold 
exhibit antibacterial [33] and anti-inflammatory[34], anal-
gesic [35], antidepressant [36], antiviral [37], and antitumor 
activities [38]. Also, one of the important heterocycles that 
attracted good interest is the 5-aminopyrazole derivative 
used in a wide range of pharmaceutical applications [39].

Based on the previous literature and in continuous efforts 
to design and synthesize heterocyclic compounds that 
exhibited biological activities [40–44], the purpose of this 
work is to design and synthesize new pyridine or pyrazole 
derivatives from cyanoacrylamide derivatives. Addition-
ally, the antibacterial activity screened against four bacterial 
strains. Moreover, the most active pyridinone and pyrazole 
derivatives were selected to determine the in silico phys-
icochemical, drug-likeness, and toxicity prediction. The 

DFT calculation was performed for exploring geometrical 
structural and reactivity parameters of the most actively 
studied compounds. Finally, the molecular docking simula-
tion achieved to determine the binding mode and examine 
the compounds’ interaction and binding activity inside the 
active site of Topoisomerase IV as the antimicrobial target.

Result and discussion

Chemistry

The synthesis of intermediate and the target compounds was 
outlined from Scheme 1 to Scheme 4 using cyanoacetamide 
derivatives as a starting material. The cyanoacetamide deriv-
atives are highly reactive molecules and used as precursors 
or reaction intermediates because it contains two centers of 
reaction carbonyl and cyanocenters which make it able to 
react with widespread as bidentate reagents to form a variety 
of heterocycles [45, 46]. Our research is interested in the 
synthesis of pyridinone and pyrazole derivatives. Accord-
ing to the previously reported methods, the cyanoacetamide 
derivatives 1a,b were prepared in a high yield [47, 48]. The 
cyanoacetamide derivatives 1a, b and different aromatic 
aldehydes as p-methoxy benzaldehyde and p- tolualdehyde 
were heated under reflux condition in ethanol containing 
drops of piperidine gave the corresponding acrylamide 
derivatives 3a–d (Scheme 1).

The structure of acrylamide derivatives 3a–d approved 
using spectral analysis. The IR spectra of 3a–d revealed 

Fig. 1   Examples of drugs con-
taining pyridine or pyridinone 
cores in the literature
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absorption bands for amidic carbonyl (1667–1696 cm−1), 
cyano (2203–2217 cm−1), and imino (3283–3397 cm−1) 
groups at the correct frequencies. Additionally, the 1H NMR 
spectrum of acrylamide derivative 3a in (DMSO-d6) dis-
played signals at δ 3.87 for methoxy group, and the aromatic 
protons at δ 7.13, 7.18, 7.49, 7.69, 7.27, and 8.06 ppm as 
five doublet signals with coupling constant ranged between 
(J = 8.4–9.0 Hz), and one singlet signal. Moreover, the 
acrylamide derivative 3a displayed an exchangeable signal at 
δ 9.86 ppm related to the NH group and the methine proton 
(–CH = C–) appeared at δ 8.27 ppm. Its 13C NMR spectrum 
showed specific signals at δ 55.69, 151.56, and 163.03 ppm 
attributed to the methoxy, carbon attached to methoxy, and 
carbonyl group (C = O).

Cyclocondensation of acrylamide derivatives 3a, b, 
d with malononitrile was afforded the corresponding 
3,5-dicarbonitrile-2-oxo-pyridine 4a–c. The mechanistic 
equation of this reaction can be described by attacking the 
active methylene (CH2) to the carbanion β-carbon of acryla-
mide, then the NH nucleophile of cyanoacrylamide added to 

the cyano-group of malononitrile, and then the cyclization 
occurred (Scheme 2). Spectral data and analytical analy-
sis are in agreement with the postulated structure. The IR 
spectra showed stretching significance absorption bands for 
amino, cyano, and carbonyl groups at exact frequencies for 
4a–c. 1H NMR spectrum (DMSO-d6) revealed two singlet 
signals at δ 2.10, 2.32 ppm for two methyl protons, multiple 
signals between at δ 7.16 and 8.19 ppm due to seven aro-
matic protons, and exchangeable singlet signal at δ 6.66 ppm 
related to the amino group (NH2) for pyridin-2-one deriva-
tive 4c. Similarly, pyridine-2-one derivative 4a appeared 
specific signal at δ 3.86 ppm, which referred to the methoxy 
group (OCH3) due to exposure to 1H NMR (DMSO-d6). 
The fragmentation pattern of pyridine-2-one derivative 4a 
is illustrated in chart S1.

Furthermore, refluxing of acrylamide derivatives 3b 
and 3d with ethyl cyanoacetate in ethanol catalyzed with 
piperidine (3drops) produced ethyl 2-amino-5-cyano-6-oxo-
4-(4-methylphenyl)-pyridine-3-carboxylate derivative 5 and 
ethyl 2-cyano-3-(4-methylphenyl)acrylate derivative 8 [49] 

Scheme 1   Synthesis of acryla-
mide derivatives 3a–d 
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rather than pyridine-2-one derivative 6, respectively. The 
mechanistic route for formation of compound 8 represented 
as in Scheme 2.

The structure of 5-cyano-4-(4-methylphenyl)-pyridin-6-
one derivative 5 was confirmed the result of spectral analy-
ses. The 1H NMR spectrum (DMSO-d6) showed charac-
teristic signals at δ 2.31, 1.51, 3.96 ppm corresponding to 
methyl and ethoxy group, besides signals between δ 7.22 
and 7.64 ppm as three doublet and one singlet signals related 
seven aromatic protons and broad exchangeable signal at 
δ 7.26 ppm owning to the amino group (NH2). Moreover, 
the 13CNMR spectrum (DMSO-d6) assigned signals at δ 
1.67.61, 158.35, 155.16 ppm related to two carbonyl groups 
(2C = O) and carbon attached to the amino group (C-NH2). 
Besides, three significant signals at δ 69.85, 20.95, and 
29.05 ppm were assigned to the ethoxy and methyl groups, 
respectively.

The reaction of cyanoacrylamide derivative 3a and 
cyanoacetamide derivative in one molar ratio under reflux 
condition in ethanolic piperidine afforded the correspond-
ing 2-amino-5-cyano-6-oxo-pyridine-3-carboxamide deriva-
tive 9. The IR spectrum displayed characteristic absorption 
bands at ʋ 3448, 3303, 3174, 2206, and 1697 cm−1 cor-
responding to NH, amino group (NH2), nitrile (CN), and 
carbonyl (C = O) groups, respectively. The 1H NMR spec-
trum of 6-oxo-pyridine-3-carboxamide derivative 9 revealed 
three significant exchangeable signals at δ 7.77, 7.83, and 

7.96 ppm corresponding to amino and two NH groups. 
Besides, signals at δ 3.84 ppm for the methoxy group and 
the seven aromatic protons that ranging between δ 7.13 
and 8.11 ppm. Additionally, the 13C NMR spectrum dis-
played characteristic signals at δ 163.13, 162.56, 150.16, 
and 55.60 ppm for two carbonyl carbons (2C = O), car-
bon attached to the amino (C-NH2), and methoxy (OCH3) 
groups. The mass spectra showed a molecular ion peak at 
m/z = 428.95 with an intensity of 25.52% corresponding to 
the molecular formula C20H14Cl2N4O3 (Scheme 3).

Subsequent, reaction of cyanoacrylamide derivative 3d 
with ethyl acetoacetate in absolute ethanol and in the pres-
ence of catalytic amount of piperidine (3 drops) afforded 
the corresponding 6-hydroxy-2-oxo-4-(p-tolyl)-2H-
[1,2'-bipyridine]-5-carbonitrile derivative 13 rather than 
5-acetyl-6-hydroxy-2-oxo-4-(p-tolyl)-2H-[1,2'-bipyridine]-
3-carbonitrile derivative 12 and 3-cyano-2-oxo-4-(p-tolyl)-
2H-[1,2'-bipyridine]-5-carboxylate derivative 10 based on 
the spectral data and elemental analysis. As described in 
Scheme 3, this reaction can be proceeded via two pathways: 
first one, elimination of water molecule to afford 2H-[1,2'-
bipyridine]-5-carboxylate derivative 10, while the second 
pathway, proceed via elimination of ethanol molecule to 
afford the intermediate 11. The spectra data based on 1H 
NMR spectra confirmed formation of compound 13. The 
1H NMR spectra displayed significant two methyl groups 
at δ 2.37 and 2.43 ppm, singlet signal at δ 8.35 ppm related 
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to pyridine-H, and one exchangeable singlet signal at δ 
10.63 ppm assigned to the hydroxyl group. Additionally, 
the 13C NMR spectrum exhibited signals at δ 161.22, 156.73, 
151.14, 105.49, 23.51, and 21.25 ppm assignable to carbon 
attached to hydroxy group (C–OH), carbonyl group, C = N, 
and pyridine-C3, and two methyl groups, respectively. 
Besides, the mass spectra revealed a molecular ion peak 
at m/z = 317.72 with an intensity of 20.61% and related to 
empirical formula C19H15N3O2.

Here, the authors aimed to synthesize pyrazole nucleus 
from cyanoacrylamide derivatives hoping to add pyrazole 
nucleus that exhibit a versatile range of biological activi-
ties such as antimicrobial [50, 51], antidepressant [52], 
anti-inflammatory [34], antiviral [53], and antitumor activi-
ties [38]. Upon treatment, the acrylamide derivatives 3a–d 
with hydrazine hydrate and thiosemicarbazide in ethanolic 
solution afforded the corresponding pyrazole derivatives 
14a, b and 16, respectively (Scheme 4). The structure of 
pyrazole derivatives is confirmed with the usual spectro-
scopic techniques and elemental analysis. The IR spectra 
of pyrazole derivatives 14a, b displayed a lack of signifi-
cant amino group band and strong stretching frequency for 
carbonyl group at ʋ 1720 cm−1. Additionally, the 1H NMR 
spectra (DMSO-d6) for the same compounds 14a, b assigned 
specific signals for (OCH3) and (CH3) protons at δ 3.82 and 
2.36 ppm, as well as the pyrazole protons at δ 8.62 for pyra-
zole derivative 14a, and δ 8.55 ppm for pyrazole derivative 
14b. The fragmentation pattern of 5-(4-methoxyphenyl)-3H-
pyrazol-3-one 14a can be illustrated in chart S2.

Finally, the pyrazole derivative 16 showed new bands 
in the IR spectrum related to two amino groups at ʋ 3406, 
3290, and 3151  cm−1. Besides, the 1H NMR spectrum 
showed singlet signal at δ 3.82 ppm of methoxy group, 
while three exchangeable signals appeared at δ 7.60, 7.89, 
and 11.33 ppm attributed to two amino (2NH2) and one NH 
group, respectively. Besides, the seven aromatic protons 
ranging between δ 6.94–8.11 ppm. Also, 13C NMR spectrum 
(DMSO–d6) showed signals at δ 177.66, 160.72, 152.47, 
and 55.26 ppm attributed for thiocarbonyl (C = S), carbon 
attached to the methoxy (C-OMe), carbonyl group (C = O), 
and methoxy carbon (OCH3), respectively.

Antibacterial activity with structure–activity 
relationship (SAR)

All the newly synthesized derivatives were evaluated for 
their in vitro antibacterial activity against two gram-pos-
itive strains as S. aureus (RCMB010010) and B. subtilis 
(RCMB 015), and two gram-negative strains as E. coli 
(RCMB010052) and P. vulgaris (RCMB004) by agar well 
diffusion method according to the previously reported 
methods [54–56]. The antibacterial activity is determined 
by the zone of inhibition expressed by (mm). Levofloxa-
cin was used as positive control (Table 1). The preliminary 
assessment results exert varying activity against the tested 
bacteria pathogens. As can be seen in Table 1, the cyanoacr-
ylamide derivatives 3a–d showed no activity against S. 
aureus (RCMB010010) and E. coli (RCMB010052), while 
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exhibited weak to good activity against B. subtilis (RCMB 
015) and P. vulgaris (RCMB004).

Generally, the 2-cyano-N-(2,4-dichlorophenyl)acryla-
mide derivatives 3a, b displayed moderate activity against 
B. subtilis with a zone of inhibition (IZ = 13.83 ± 0.15 
and 11.20 ± 0.20) mm. Besides, the 3-(4-methoxyphenyl)
acrylamide 3a revealed the strongest activity against P. 
vulgaris with a zone of inhibition 17.13 ± 0.15 mm, while 
-3-(4-methylphenyl)acrylamide derivative 3b showed mod-
erate activity with inhibition zone 13.13 ± 0.012 mm. The 
higher activity of cyanoacrylamide derivative 3b might be 
related to the presence of methoxy group that exhibited more 
effective than the methyl group in position three of 3-(aryl)-
2-cyanoacrylamide derivatives 3a,b.

On the contrary, 2-cyano-N-(6-methylpyridin-2-yl)acryla-
mide 3c, d exhibited weak activity with the zone of inhibi-
tion ranged from 8.03 ± 0.15 to 12.13 ± 0.12 mm and chang-
ing the methyl by methoxy at aryl group in position three not 
enhancement the bacterial activity. This decrease in activity 
in acrylamide derivatives 3c, d might be attributed to the 
replacement of N-(2,4-dichlorophenyl) with N-(6-meth-
ylpyridin-2-yl) moiety. Additionally, the 2-oxo-pyridine-
3,5-dicarbonitrile 4a, b showed moderate to potent activ-
ity against S. aureus and P. vulgaris with inhibition zones 
ranged between (12.13 ± 0.15–17.13 ± 0.15) mm and that 
might be attributed to the presence of two chlorine atoms in 
N-(2,4-dichlorophenyl) at position one in pyridine nucleus. 
Moreover, the 3,5-dicarbonitrile-1-(2,4-dichlorophenyl)-
4-(4-methylphenyl)pyridine-2-one derivative 4b dis-
played the highest activity compound against B. subtilis 
IZ = 17.13 ± 0.15 mm with an activity index of 80.87% 

compared with Levofloxacin (IZ = 21.18 ± 0.45) mm, while 
it showed no activity against S. aureus. Additionally, the 
2-cyano-N-(2,4-dichlorophenyl)acrylamide derivative 3a 
and 3,5-dicarbonitrile-1-(2,4-dichlorophenyl)pyridine-2-one 
derivative 4b demonstrated equipotent activity with the zone 
of inhibition 17 mm against P. vulgaris. Further, modifica-
tion of pyridine-2-one derivatives 4a, b to form bi-pyridine 
derivative 4c in one hybrid structure causes a decrease in 
the antibacterial activity against all tested strains. Also, the 
2-amino-5-cyano-6-oxo-pyridine-3-carboxylate derivative 5 
exhibited no activity against the tested strains.

Surprisingly, the 2-amino-5-cyano-6-oxo-pyridine-3-car-
boxamide derivative 9 showed the most active derivatives 
against P. vulgaris with a zone of inhibition 18.07 ± 0.12 mm 
with an activity index nearly to 68% compared with Levo-
floxacin (IZ = 26.52 ± 0.24). This activity may be due to the 
presence of 3-carboxamide moiety at position three that bear-
ing 2,4-dichlorophenyl group. Further, 6-oxo-pyridine-3-car-
boxamide derivative 9 revealed moderate activity against B. 
subtilis (IZ = 13.07 ± 0.12 mm) and weak activity against 
S. aureus (IZ = 11.07 ± 0.12 mm) in comparison to Levo-
floxacin (21.18 ± 0.46 and 25.62 ± 0.31) mm, respectively. 
The 6-hydroxy-2H-[1,2'-bipyridine]-5-carbonitrile deriva-
tive 13 demonstrated moderate activity against P. vulgaris 
(IZ = 14.90 ± 0.17) mm and S. aureus (IZ = 11.93 ± 0.21) 
mm, while displayed no activity against B. subtilis and E. 
coli. Notably, the 5-(Aryl)-3H-pyrazol-3-one derivatives 
14a, b exhibited weak activity against the tested strains 
and that might be due to absent of N-(2,4-dichlorophenyl) 
or pyridine moieties in their structure. Additionally, the 
5-amino-1-carbamothioyl-1H-pyrazole-4-carboxamide 

Table 1   The antimicrobial 
activity represented by the zone 
of inhibition (IZ) mm for the 
newly synthesized acrylamide, 
pyridinone, and pyrazole 
derivatives, besides Gentamycin 
as the positive control

No activity (8 mm), weak activity (8–12 mm), moderate activity (12–15 mm), strong activity ( ˃15 mm) 
and DMSO (solvent) (8 mm). Levofloxacin 4 µg/mL and the synthetized derivative 10 mg/mL

Exp
Code

Gram-positive Gram-negative

S. aureus
(RCMB010010)

B. subtilis
(RCMB 015)

E. coli
(RCMB010052)

P. vulgaris
(RCMB004)

3a – 13.83 ± 0.15 – 17.13 ± 0.15
3b – 11.20 ± 0.20 – 13.13 ± 0.012
3c – 8.13 ± 0.15 – 8.03 ± 0.15
3d – 8.10 ± 0.10 – 12.13 ± 0.12
4a 13.10 ± 0.10 12.13 ± 0.15 – 17.07 ± 0.12
4b – 17.13 ± 0.15 9.17 ± 0.15 14.97 ± 0.25
4c – – – –
5
9 11.07 ± 0.12 13.07 ± 0.12 – 18.07 ± 0.12
13 11.93 ± 0.21 – – 14.90 ± 0.17
14a 10.17 ± 0.15 – – 12.13 ± 0.15
14b – 8.17 ± 0.15 7.97 ± 0.15 9.17 ± 0.21
16 14.93 ± 0.06 11.97 ± 0.15 – 16.87 ± 0.12
LEV 25.62 ± 0.31 21.18 ± 0.46 27.36 ± 0.45 26.52 ± 0.24
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derivative 16 showed moderate to good activity against B. 
subtilis and P. vulgaris with an inhibition zone 11.97 ± 0.15, 
16.87 ± 0.12 mm. respectively, and compared with Levo-
floxacin (IZ = 21.18 ± 0.46 and 26.52 ± 0.24 mm). Besides, 
1H-pyrazole-4-carboxamide derivative 16 revealed no 
activity against E. coli (RCMB010052) strains. However, 
the pyrazole derivative 16 showed moderate activity with 
zone of inhibition (14.93 ± 0.31 mm) against S. aureus, but 
still the highest antibacterial activity member in our study 
and that might be reflected to the combination between 
three pharmacophore groups as N-(2,4-dichlorophenyl) in 
the amide group, 4-methyl phenyl at C3 of pyrazole, and 
pyrazole moiety.

Finally, the preliminary assay results indicated that the 
most active derivatives 3a, 4a, 4b, 9, and 16 might lead 
to antibacterial agents, especially against B. subtilis and P. 
vulgaris and the SAR study can be summarized as;

(1)	 Presence of N-(2,4-dichlorophenyl) observed higher 
antibacterial activity than N-(6-methyl pyridine-2-yl) 
moiety as described in derivatives 3a–d.

(2)	 For cyanoacrylamide derivative, the presence of meth-
oxy at para position enhances the antibacterial activity 
than the methyl group.

(3)	 Formation of 6-aminopyridin-2-one derivatives 4a–c 
improved the activity against B. subtilis and P. vulgaris, 
besides the presence of (4-methoxyphenyl) group in 
position four in pyridine-2-one derivative as 4a causes 
inhibition to bacterial growth, especially against S. 
aureus strain.

(4)	 Adding the N-(2,4-dichlorophenyl) in the acetamide 
group as pyrazole derivative 16 improved the antibac-
terial activity against S. aureus, B. subtilis, and P. vul-
garis

Computational and theoretical studies

Geometry optimization

Frontier molecular orbitals (FMOs) can be defined as high-
est occupied molecular orbitals (HOMO) and lowest unoc-
cupied molecular orbitals (LUMO). The HOMO energy is 
an orbital that has ability of molecules to donate electrons, 
while LUMO energy represented the ability of molecule to 
revive electrons from occupied orbitals. The HOMO and 
LUMO orbitals are responsible for many molecular proper-
ties of molecules, including electronic properties, chemical 
reactivity, stability, a biological activity that is affected by 
intermolecular charge transfer [57, 58]. Based on the FMOs 
theory, it is believed that the antimicrobial properties of 
molecules are related to their LUMO energy, where mol-
ecules with low LUMO energy can accept more electron 
than those with high LUMO energy, which explains their 
higher activity [59]. A molecule with a high electron capac-
ity may bind to protein more effectively because it interacts 
more effectively with the structure of the target protein [60]. 
The FMOs and chemical reactivity descriptors of the most 
active derivatives and Levofloxacin (positive control) are 
summarized in Table 2. Additionally, the pictorial drawing 
of HOMO–LUMO energies was shown in Fig. 2. Besides, 
The positive lopes are shown in turquoise color, whereas the 
negative phase is expressed in pale purple color.

Furthermore, the HOMO electron density of cyanoacryla-
mide derivative 3a is localized over all the structure, while 
the LUMO is represented over the cyanoacrylamide except 
the 2,4-dichloro phenyl moiety. Additionally, the pyridine 
derivatives (4a and 4b) of the HOMO and LUMO molecu-
lar orbital are distributed over the pyridine-2-one nucleus, 
except the 2,4-dichloro phenyl moiety. On the other hand, for 
the 2-amino pyridine-6-one derivative 9 the HOMO orbit-
als located in the bottom and left of the molecules around 
the pyridine nucleus and slightly distributed over the 4-tolyl 
group attached to position 4 in pyridine nucleus, while the 
LUMO orbital dispersed overall molecule. For 5-amino 
pyrazole derivative 16, the HOMO and LUMO orbitals were 

Table 2   Calculated chemical 
parameters of the most active 
derivatives and positive controls

E Total = Total energy (Hartree); µ = diploe moment (Debye); E HOMO (eV); E LUMO (eV); ΔE = energy band-
gap (eV); ӀP = ionization potential; EA = electron affinity; X = electronegativity; ɳ = chemical hardness; 
S = chemical softness; µp = chemical potential; ω = electrophilic index

Cpd
No

E Total
(Hartree)

µ
(Debye)

E HOMO
(eV)

E LUMO
(eV)

ΔE
(eV)

ӀP
(eV)

EA
(eV)

X
(eV)

ɳ
(eV)

S
(eV−1)

µp
(eV)

ω

3a − 1835.36 8.02 − 6.25 − 2.39 3.86 6.26 2.39 4.33 1.93 0.52 − 4.33 4.84
4a − 1983.97 6.20 − 6.17 − 1.97 4.20 6.17 1.97 4.07 2.10 0.48 − 4.07 3.94
4b − 2059.17 5.41 − 6.08 − 1.91 4.17 6.08 1.91 3.99 2.09 0.48 − 3.99 3.82
9 − 2135.64 5.22 − 6.01 − 1.82 4.18 6.01 1.82 3.92 2.09 0.48 − 3.92 3.66
16 − 2437.74 3.39 − 5.86 − 1.49 4.37 5.86 1.49 3.68 2.18 0.46 − 3.68 3.09
LEV − 1262.96 10.21 − 5.85 − 1.65 4.19 5.85 1.65 3.75 2.09 0.48 − 3.75 3.35
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found to be localized over the pyrazole nucleus with a low 
density over the 4-methoxy phenyl group attached at posi-
tion three in pyrazole. As a comparison, the HOMO orbital 
of Levofloxacin localized over the quinolone (benzo[b]pyr-
idine) and piperazine derivatives. In contrast, the LUMO 
orbital was distributed over all molecule except the pipera-
zine derivative.

As represented in Table (2), all the synthesized com-
pounds displayed low total energy ranging from − 1835.36 
to −  2437.74 Hartree compared to Levofloxacin (E 
Total = − 1262.96 Hartree). Besides, these derivatives showed 
dipole moment ranging between (3.39–8.02 Debye) com-
pared with Levofloxacin (µ = 10.21 Debye). Furthermore, 
the energy difference between HOMO and LUMO is the 
energy bandgap (Δ E) and reflects chemical stability. The 

cyanoacrylamide derivatives 3a showed the lowest energy 
bandgap ΔE = 3.86 eV, while the pyrazole derivative 16 
revealed the highest energy bandgap of 4.37 eV. Besides, 
the pyridine derivatives 4a, 4b, and 9 showed nearly equal 
energy bandgap ~ (4.17–4.20 eV) and were close to Levo-
floxacin (ΔE = 4.19 eV). Moreover, the ionization potential 
can be defined as the energy required to remove an electron 
from a molecule’s ground state.

On the other hand, electron affinity is represented by 
the energy released when a molecule in the ground state 
captures an electron. Additionally, in a chemical reaction, 
the hardness and the softness of a molecule are important 
descriptors. The synthesized derivatives exhibited high hard-
ness and low softness values and were very close to Levo-
floxacin except for cyanoacrylamide derivative 3a, which 

Fig. 2   Molecular orbital surfaces and energy bandgap of the most active derivatives and positive control
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displayed slightly harder and softer than the reset deriva-
tives. Additionally, the electronegativity, chemical potential, 
and electrophilic index were calculated.

Furthermore, the electrophilicity (ω) is measured by the 
tendency of the molecule to accept an electron where the 
organic molecules can be classified as weak electrophiles 
(ω < 0.8), moderate electrophiles (ω = 0.8–1.5), and strong 
electrophiles (ω ˃ 1.5). The tested derivatives showed strong 
electrophilic properties with electrophilic index (ω) rang-
ing between 3.09 and 4.84. the chemical potential (µp) indi-
cates the probability of a chemical reaction occurring; a high 
value of (less negative) indicates that it is easier to donate 
electrons (electron donor), while a low value of (more nega-
tive) indicates that it is easier to accept electrons (electron 
acceptor). The synthesized derivatives demonstrated high 
chemical potential values. Thus, these derivatives are easy 
to donate an electron to the neighboring groups or biological 
target and could form different types of interaction inside the 
active site of the protein target.

In silico molecular docking study

Molecular docking simulation of the most active deriva-
tives 3a, 4a, 4b, 9, and 16 was evaluated to determine the 
structure orientation, conformation and identify the binding 
mode of the most active derivatives inside the active site 
Topoisomerase IV (PDB:3FV5). The docking process was 
performed using Molecular operating Environmental (MOE) 
10.2008, Chemical computing Group Inc, Montreal, Quench, 
Canada [61–63] according to the previously reported method 
[64]. The docking results are represented in Table S1 and 
Figs. 3, 4 and 5. The original ligand 1-(4-acetyl-6-pyridin-
3-yl-1H-benzimidazol-2-yl)-3-ethylurea represented as 
1EU and displayed binding energy S = 23.60 kcal/mol with 
RMSD = 0.828 oA, through two hydrogen bonds sidechain 
donor between Asp69 and two NH of urea derivative with 
bond length 2.49 and 3.18 oA. Besides, one hydrogen bond 

sidechain acceptor between the residue Arg132 and nitro-
gen of pyridine with bond length 3.09 oA and strength 13%, 
as well as one arene–cation interaction between Arg72 and 
pyridine nucleus is observed (the superimposition 3D of 
co-crystalized ligand and docking pose showed in Fig. 3). 
Additionally, the positive control used in antibacterial activ-
ity demonstrated binding energy S = − 20.72 kcal/mol. The 
Levofloxacin fitted inside the active site with two hydrogen 
bonds side chain donor between the Arg72 and carbonyl 
of carboxylic group of Levofloxacin with bond length 2.29 
and 3.10 oA and strength 40 and 11%. Besides, the residue 
Asp69 bound with nitrogen of N-methyl piperazine with 
bond length 3.17 oA and strength 12% (See SI file).

Furthermore, cyanoacrylamide derivative 3a showed 
binding energy S =− 14.97  kcal/mol, with binding 
mode, represented two hydrogen bond sidechain accep-
tors between Arg132 and Arg72 with the carbonyl of 
amide and nitrogen of cyano with bond length 2.83 and 
3.08 oA, respectively. Besides, one arene–cation interac-
tion between Arg132 and phenyl of 2,4-dichlorophenyl 
derivative is observed. Simultaneously, the pyridine-
2-one derivative 4a revealed only one hydrogen bond 
sidechain acceptor between the Arg132 and nitrogen of 
cyanide group with bond length 2.85 oA and strength 
47%, as well as the tolyl group and dicyanide exhibited 
hydrophobic interaction. On the contrary, 3,5-dicarbo-
nitrile-1-(2,4-dichlorophenyl)pyridine-2-one derivative 
4b showed one hydrogen bond sidechain donor between 
Glu46 and amino group localized at position six on pyri-
dine-2-one derivative and arene cation interaction between 
phenyl of 2,4-dichlorophenyl (See SI file). Interestingly, 
2-amino-5-cyano-6-oxo-pyridine-3-carboxamide deriva-
tive 9 revealed fitted inside the active site and showed the 
lowest binding energy S = − 18.86 kcal/mol through two 
sidechain hydrogen bonds: one hydrogen bond acceptor 
between Thr163 and nitrogen of cyanide and the other 
between Asn42 and amino group with bond length 3.02 

Fig. 3   Shows the superimposi-
tion 3D of co-crystalized ligand 
(orange) and docking pose 
(green) with RMSD = 0.838 oA, 
inside the active site of topoi-
somerase IV (PDB:3FV5)



3909Journal of the Iranian Chemical Society (2022) 19:3899–3917	

1 3

and 2.75 oA, respectively. Besides, arene–cation interac-
tion between the Arg72 and phenyl ring of the 4-methoxy-
phenyl group is observed (Fig. 4). Moreover, the 1-car-
bamothioyl-1H-pyrazole-4-carboxamide derivative 16 
demonstrated one hydrogen bond sidechain donor between 
Arg132 and oxygen of methoxy group with bond length 
3.07 and strength 21%, as well as two arene–cation interac-
tion between Arg72 and pyrazole nucleus and Arg72 with 
phenyl of 4-methylphnyl group (Fig. 5).

Finally, it concluded that the most active derivatives could 
inhibit bacterial growth through topoisomerase IV inhibitors 
with binding energy ranging from − 14.97 to − 18.86 kcal/
mol compared to co-crystallized ligand S = − 23.60 kcal/
mol and Levofloxacin S = 20.72 kcal/mol. Additionally, all 
the most active derivatives exhibited at least one interaction 
as the co-crystallized ligand observed, and that showed the 
similarities in the structure of synthesized derivatives and 
co-crystallized ligand, and therefore, these derivatives were 

suggested to be good antibacterial agents via topoisomerase 
IV inhibitor.

Molecular electrostatic potential (MEP) maps

MEP maps of a molecule are used to provide information 
about the positions of charge distribution (positive and nega-
tive charge) in the molecule and determine the active site 
for nucleophile and electrophile attack in the molecules for 
binding to protein in protein substrate interactions. The posi-
tive charge appears as blue color, and the negative charge 
appears as red color. Both of them can bind with the active 
site through different types of interaction (hydrogen bond 
donor, H-acceptor, arene–arene, and arene–cation interac-
tion) and therefore confirmed the docking study. According 
to the previously reported method, the MEP was performed 
for the most active derivatives 3a, 4a, 4b, 9, 16, and Levo-
floxacin using MOE 10.2008 [50]. As represented in Fig. 6, 

Fig. 4   a 2D structure of com-
pound 9 inside the active site of 
topoisomerase IV (PDB:3FV5), 
b illustrated the 3D struc-
ture and mapping surface of 
the compound 9 inside the 
active site topoisomerase IV 
(PDB:3FV5)



3910	 Journal of the Iranian Chemical Society (2022) 19:3899–3917

1 3

the positive charge was localized on NH of anilide deriva-
tive, amino of pyridine, the nitrogen of pyridine, amino at 
C5 of pyrazole, the nitrogen of pyrazole, amino of thioamide 
derivative, nitrogen of quinoline, and nitrogen of piperazine. 
On the other hand, the negative charge distributed around 
the nitrogen of cyano, oxygen of carbonyl at pyridinone, 
methoxy group, amide group, around chlorine atoms, sulfur 
of thioamide, and carboxylic group. Both the positive and 
negative charges are responsible for interaction between the 
ligand and active site in the docking study.

In silico ADMET study

The most active five derivatives 3a, 4a, 4b, 9, 16, and Levo-
floxacin were conducted to determine some physicochemi-
cal and drug-likeness properties, as well as the surface area 
represented by angstrom to estimate the drug-likeness of 
compounds using Molinspiration web tool according to the 
previously reported method [65, 66]. As shown in Table S2, 

the most active derivatives 3a, 4a, 4b, 9, 16, and Levofloxa-
cin obeyed Lipinski’s and Veber rule without any violation. 
Additionally, the most active derivatives have the number of 
hydrogen bond acceptor groups from four to seven and the 
number of hydrogen bond donors from one to five. Besides, 
topological polar surface area TPSA ranged between (62.12 
and 121.01 oA2), molecular weight less than 500 Dalton, and 
partition coefficient MLogP from 3.64 to 4.59.

Subsequently, to determine the potential safety or 
toxicity of the most active derivatives 3a, 4a, 4b, 9, and 
16 were assessed using two web tools as ProTox-II and 
pkCSM prediction as described previously [67, 68]. From 
Table S2, and based on ProTox-II prediction, the most 
active derivatives 3a, 4a, 4b, and 16 belonged to class 
IV in toxicity classification with lethal dose LD50 ranged 
between 386 and 1000 mg/kg, while 6-oxo-pyridine-3-car-
boxamide derivative 9 and Levofloxacin demonstrated 
LD50 = 5000 and 1478 mg/kg, respectively, and belongs 
to class V. Additionally, the most active derivatives and 

Fig. 5   a 2D structure of 
compound 16 inside the active 
site of topoisomerase IV 
(PDB:3FV5), b illustrated the 
3D structure and mapping sur-
face of the compound 16 inside 
the active site topoisomerase IV 
(PDB:3FV5)
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Levofloxacin displayed non-immunotoxin, non-mutagenic, 
and non-cytotoxic with probability ranged from 0.53 to 
0.99, except cyanoacrylamide derivative 3a and Levofloxa-
cin that exhibited mutagenic with probability of 0.59 and 
0.66, respectively.

Further, all the tested derivatives and positive control 
revealed inactive against phosphoprotein (Tumor suppres-
sor) p53. Furthermore, the tested derivatives 3a, 4a, 4b, 
9, and 16 showed non-hepatotoxic, non-skin sensitization, 
and no AMES toxicity, except pyridin-2-one 4a that dis-
played a very low probability of AMES toxicity. Besides, the 
Levofloxacin and pyrazole derivative 16 predicted to have 
hepatotoxic properties. Moreover, the most active deriva-
tives 3a, 4a, 4b, 9, 16, and Levofloxacin showed no inhi-
bition to hERG I, while 4a, 4b, 9, 16 exhibited hERG II 
inhibitors. The tested compounds had max. tolerated doses 
(human) ranged from -0.026 to 0.446 (log mg/kg/day) 
lower than Levofloxacin 0.965 (log mg/kg/day). Besides, 
oral rat chronic toxicity (LOAEL) was predicted to have val-
ues ranging from 0.939 to 1.303 lower than Levofloxacin 
LOAEL = 1.79 (log mg/kg_bw/day). Similarly, the tested 
derivatives displayed oral rat chronic toxicity (LOAEL) 

between 2.576 and 2.775 mol/kg compared to Levofloxacin 
LD50 = 2.59 mol/kg.

Conclusion

The present study involves the synthesis and characteriza-
tion of some new pyridinone and pyrazole derivatives based 
on cyanoacrylamide derivatives 3a–d that were prepared 
previously by reaction of cyanoacetamide with different 
aldehydes. The synthesized compounds were assessed for 
their in vitro antibacterial activity by the agar well diffu-
sion method and compared with Levofloxacin as a positive 
control. The preliminary assessment results exert varying 
activity against the tested bacteria pathogens from weak 
to good. Five derivatives 3a, 4a, 4b, 9, and 16 exhibited 
potent antibacterial activity with a zone of inhibition ranging 
from 11.07 ± 0.12 mm to 18.07 ± 0.12 mm and displayed the 
highest activity against B. subtilis and P. vulgaris. The most 
active derivatives 3a, 4a, 4b, 9, and 16 obeyed all rule of 
five and Veber’s rule without any violation, and displayed 
non-immunotoxin, non-mutagenic, and non-cytotoxic. 

Fig. 6   shows the molecular electrostatic maps of the most active derivatives 3a, 4a, 4b, 9, 16, and Levofloxacin, where the blue color indicates 
the positive charge and red color related to the negative charge
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Additionally, the most active derivatives 3a, 4a, 4b, and 16 
belonged to class IV in toxicity classification with lethal 
dose LD50 ranged between 386 and 1000 mg/kg, while 
6-oxo-pyridine derivative 9 demonstrated LD50 = 5000 mg/
kg belongs to class V. Surprisingly, the tested derivatives 
3a, 4a, 4b, 9, and 16 showed non-hepatotoxic, non-skin 
sensitization, and no AMES toxicity, except pyridin-2-one 
4a that displayed a very low probability of AMES toxicity. 
Additionally, the pyrazole derivative 16 and Levofloxacin 
predictied to had hepatotoxic properties. Furthermore, the 
electronic parameters of the most active derivatives and 
Levofloxacin were analyzed by computing HOMO and 
LUMO orbitals. Additionally, quantum chemical param-
eters were evaluated and discussed using frontier molecu-
lar orbital analysis to explore the chemical reactivity of the 
most actives molecules. Finally, molecular docking simu-
lation revealed that these derivatives suggested inhibiting 
bacterial growth through topoisomerase IV inhibitors with 
binding energy ranging from − 14.97 to − 18.86 kcal/mol 
compared to co-crystallized ligand S = -23.60 kcal/mol and 
Levofloxacin S = − 20.72 kcal/mol. Additionally, the MEP 
maps were studied to confirm the docking study by deter-
mining the position of groups that can bind with the possible 
sites involved in interactions with protein receptors.

Experimental

Chemistry

Melting points are uncorrected and recorded on digital 
Gallen Kamp MFB-595 instrument. The IR spectra were 
recorded on a Shimadzu 440 infrared spectrophotometer 
(υ/cm−1) using the KBr technique (Shimadzu, Japan). 1H 
NMR spectra were recorded on a Varian Gemini spectrom-
eter (δ/ppm) 300 MHz and Bruker spectrometer (400 MHz) 
spectrometer using trimethyl silane (TMS) as internal stand-
ard. The 13C NMR spectra were run out at 75 MHz and 13C 
NMR at (101 MHz, δ/ppm). Additionally, mass spectra were 
recorded on a Jeol-JMS-600 mass spectrometer. Further, the 
micro analytical data were obtained from the Micro analyti-
cal Research Centre, Faculty of Science, Cairo University. 
The reactions were monitored by thin layer chromatogra-
phy (TLC) using TLC sheets with UV fluorescent silica gel 
Merck 60f254 plates using UV lamp and different solvents 
as mobile phases. The antimicrobial activity was evaluated 
at the Regional Center for Mycology and Biotechnology, 
Al-Azhar University. The 2-cyano-N-(2,4-dichlorophenyl)
acetamide (1a) and 2-cyano-N-(6-methylpyridin-2-yl)aceta-
mide (1b) were prepared using ethyl cyanoacetate according 
to the previously reported methods [47, 48].

Synthesis of 2-cyano-N-(aryl)-3-(aryl)acrylamide 
(3a–d).

To a solution cyanoacetamide derivative (1a, b) 
(0.01 mol) in absolute ethanol (20 mL) having little amount 
of piperidine (3drops), 4-methoxy benzaldehyde or 4-meth-
ylbenzaldehyde (0.01 mol) was added and heated under 
reflux for 3 h. The solid product formed was collected by 
filtration and recrystallized from ethanol.

2-Cyano-N-(2,4-dichlorophenyl)-3-(4-methoxyphenyl)
acrylamide (3a)

Yellow powder (EtOH); Yield 72%; M.p. = 175–177 
ºC; IR (KBr, ν/cm−1): 3283 (NH), 3078 (CH-arom.), 2939 
(CH-aliph.), 2206 (C≡N) and 1697 (C = O amide) 1H NMR 
(300 MHz DMSO-d6): δ/ppm 3.87(s, 3H, OCH3), 7.13 (d, 
1H, J = 8.7 Hz, Ar–H), 7.18 (d, 1H, J = 9.0 Hz, Ar–H), 7.49 
(d, 1H, J = 8.4 Hz, Ar–H), 7.69 (d, 1H, J = 8.7 Hz, Ar–H), 
7.27 (s, 1H, A-H), 8.06 (d, 2H, J = 8.7 Hz, Ar–H), 8.27 (s, 
1H, methine-H), 9.86 (s, 1H, NH exchangeable by D2O); 
13C NMR (76 MHz DMSO-d6): δ/ppm 163.03 (C = O), 
151.56 (C-Ome), 141.54 (C = C), 132.88, 131.79, 130.89, 
130.18, 130.03, 129.73, 129.10, 128.48, 127.78, 124.21, 
116.75, 114.95, 114.50, 55.69 (OMe); Anal. Calcd. for 
C17H12Cl2N2O2 (346.03): C, 58.81; H, 3.48, N, 8.07; Found: 
C, 58.98; H, 3.28; N, 8.22.

2-Cyano-N-(2,4-dichlorophenyl)-3-(4-methylphenyl)
acrylamide (3b)

Yellow powder (EtOH); Yield 72%; M.p. = 246–248 
ºC; IR (KBr, ν/cm−1): 3339 (NH), 3050 (CH-arom.), 2980, 
2836 (CH-aliph.), 2217 (C≡N), and 1667 (C = O amide); 1H 
NMR (300 MHz DMSO-d6): δ/ppm 2.49 (s, 3H, CH3), 7.07 
(d, 2H, J = 7.8 Hz, Ar–H), 7.39 (d, 2H, J = 8.7 Hz, Ar–H), 
7.62 (s, 1H, Ar–H), 8.11 (d, 2H, J = 8.7 Hz, Ar–H), 8.34 (s, 
1H, methine-H), 9.13 (s, 1H, NH, exchangeable by D2O); 
13C NMR (101 MHz, DMSO d6) δ/ppm 163.97 (C = O), 
151.91, 147.99, 143.98, 139.49, 135.93, 132.03, 130.03, 
126.80, 125.44, 124.58, 121.19, 117.31 (Ar-Cs), 115.46 
(CN), 102.66, 19.02 (CH3); Anal. Calcd. for C17H12Cl2N2O 
(330.03): C, 61.65; H, 3.65; N, 8.46; Found: C, 61.92; H, 
3.89; N, 8.12.

2-Cyano-3-(4-methoxyphenyl)-N-(6-methylpyridin-
2-yl)acrylamide (3c)

Yellow powder (EtOH); Yield: 87%; M.p. = 190–192 ºC; 
IR (KBr, ν/cm−1): 3397 (NH), 3056 (CH-arom.), 2976, 2922 
(CH-aliph.), 2206 (C≡N), and 1688 (C = O amide); 1H NMR 
(300 MHz DMSO-d6): δ/ppm 2.49 (s, 3H, CH3), 3.87 (s, 
3H, OCH3), 7.06 (d, 1H, J = 7.5 Hz, Ar–H), 7.18 (d, 2H, 
J = 9.0 Hz, Ar–H), 7.76 (t, 1H, J = 7.8 Hz, Ar–H), 7.89 (d, 
1H, J = 8.4 Hz, Ar–H), 8.03 (d, 2H, J = 8.7 Hz, Ar–H), 8.31 
(s, 1H,methine-H),10.55 (s, 1H, NH, exchangeable by D2O); 
13C NMR (76 MHz DMSO-d6): δ/ppm 162.83 (C = O), 
161.47 (C-OMe), 156.79 (C = C-N), 150.79 (C = N), 138.61, 
132.71, 124.33, 119.40, 116.75, 114.84, 111.18, 103.12, 
55.64 (OCH3), 23.52 (CH3); Anal. Calcd. for C17H15N3O2 
(293.33): C, 69.61; H, 5.15; N, 14.33 Found: C, 69.32; H, 
5.43, N, 14.07.



3913Journal of the Iranian Chemical Society (2022) 19:3899–3917	

1 3

2-Cyano-3-(4-methylphenyl)-N-(6-methylpyridin-2-yl)
acrylamide(3d)

Yellow powder (EtOH); Yield 85%; M.p. = 140–142 ºC; 
IR (KBr, ν/cm−1): 3396 (NH), 3015 (CH-arom.), 2959, 2920 
(CH-aliph.), 2203 (C≡N) and 1698 (C = O amide); 1H NMR 
(300 MHz DMSO-d6): δ/ppm 2.24, 2.49 (2 s, 6H, 2CH3), 
7.06 (d, 2H, J = 7.2 Hz, Ar–H), 7.42 (d, 2H, J = 8.4 Hz, 
Ar–H), 7.76 (t, 1H, Ar–H), 7.91 (d, 2H, J = 8.4 Hz, Ar–H), 
8.32(s, 1H, methine-H),10.72 (s, 1H, NH exchangeable 
by D2O); 13C NMR (76 MHz DMSO-d6): δ/ppm 161.27 
(C = O), 158.05 (C = C-N), 156.76 (C = N), 151.18 (C = CH), 
143.72, 138.96, 130.97, 129.32, 119.49, 116.37, 111.24, 
106.11, 105.52, 23.71, 21.27 (2CH3); Anal. Calcd. for 
C17H15N3O (277.33): C, 73.63; H, 5.45; N, 15.15 Found: C, 
73.31; H, 5.52, N, 14.97.

Synthesis of 6-amino-1-(aryl)-2-oxo-4-(aryl)-1,2-dihy-
dropyridine-3,5-dicarbonitrile (4a–c)

To a solution of acrylamide derivatives 3a–d (0.01 mol) 
in absolute ethanol (20  mL) catalyzed with piperidine 
(3drops), malononitrile (0.01 mol) was added. The reaction 
mixture was heated under reflux for 6 h. The solid products 
obtained were collected by filtration and recrystallized from 
ethanol.

6-Amino-1-(2 ,4-dichlorophenyl)-2-oxo-4-(4-
methoxyphenyl)-1,2-dihydropyridine-3,5-dicarbonitrile 
(4a)

Brown crystals (EtOH); Yield: 77%; M.p. = 229–231 
ºC; IR (KBr, ν/cm−1): 3452, 3213, 3174 (NH2), 3097 (CH-
arom.), 2970, 2935 (CH-aliph.), 2225, 2202 (C≡N) and 1678 
(C = O amide); 1H NMR (400 MHz, DMSO-d6) δ/ppm 3.81 
(s, 3H, OCH3), 6.77 (s, 2H, NH2 exchangeable by D2O), 6.90 
(d, J = 7.6 Hz, 1H, Ar–H), 7.09 (d, J = 7.2 Hz, 1H, Ar–H), 
7.26 (d, J = 7.6 Hz, 1H, Ar–H), 7.48 (s, 1H, Ar–H), 7.89 (d, 
J = 7.2 Hz, 2H, Ar–H); 13C NMR (101 MHz, DMSO-d6) 
δ/ppm 160.48 (C = O), 159.28 (C-NH2), 157.80 (C-OMe), 
156.63 (C = C-Ar), 145.47, 135.90, 130.21, 129.45, 128.88, 
127.33, 126.16, 116.23, 115.57, 113.80, 113.67 (2CN), 
87.41, 75.04 (2C-CN), 55.00 (OCH3); Anal. Calcd. for 
C20H12Cl2N4O2 (410.03): C, 58.41; H, 2.94; N, 13.62 Found: 
C, 58.73; H, 3.21, N,13.94.

6-Amino-1-(2 ,4-dichlorophenyl)-2-oxo-4-(4-
methylphenyl)-1,2-dihydropyridine-3,5-dicarbonitrile 
(4b)

Pale brown crystals (EtOH); Yield 77%; M.p. = 242–244 
ºC; IR (KBr, ν/cm−1): 3485, 3421 (NH2), 3087 (CH-arom.), 
2982 (CH-aliph.), 2218, 2209 (C≡N), and 1650 (C = O 
amide); 1H NMR (400 MHz, DMSO-d6) δ/ppm 2.18 (s, 
3H, CH3), 6.75 (s, 2H, NH2, exchangeable by D2O), 7.48 
(d, J = 8.0 Hz, 2H, Ar–H), 7.53 (d, J = 8.4 Hz, 2H, Ar–H), 
7.63 (d, J = 8.4 Hz, 2H, Ar–H), 7.91 (s, 1H, Ar–H); 13C 
NMR (101 MHz, DMSO-d6) δ/ppm 161.88 (C = O), 159.04 
(C-NH2), 157.69 (C = C-Ar), 145.36, 135.78, 134.71, 
133.09, 130.72, 130.46, 129.46, 128.73, 128.43, 127.92, 

127.83, 127.24, 115.82, 115.18 (2CN), 87.16, 75.16 (2C-
CN), 21.81 (CH3); MS m/z (%): 395.67 (M+, 20.12), 343.84 
(100%); Anal. Calcd. for C20H12Cl2N4O (395.24): C, 60.78; 
H, 3.06; N, 14.18 Found: C, 60.32; H, 3.41, N, 14.45.

6-Amino-6'-methyl-2-oxo-4-(4-methylphenyl)-
2H-[1,2'-bipyridine]-3,5-dicarbonitrile (4c)

Brown crystals (EtOH); Yield: 69%; M.p. = 225–227 ºC; 
IR (KBr, ν/cm−1): 3305, 3213 (NH2), 3035 (CH-arom.), 
2981, 2931 (CH-aliph.), 2218, 2191 (2C≡N), and 1647 
(C = O amide); 1H NMR (400 MHz, DMSO-d6) δ/ppm 2.10, 
2.32 (2 s, 6H, 2CH3), 6.66 (s, 2H, NH2 exchangeable by 
D2O), 7.16 (d, J = 6.8 Hz, 2H, Ar–H), 7.79–7.68 (m, 2H, 
Ar–H), 8.00 (d, J = 6.8 Hz, 2H, Ar–H), 8.19 (t, 1H, Ar–H); 
13C NMR (101 MHz, DMSO-d6) δ/ppm 160.78 (C = O), 
157.52 (C–NH2), 150.37 (C = C–Ar), 140.26, 139.18, 
132.19, 131.07, 129.22, 125.97, 123.73, 121.67, 119.42, 
115.08, 114.41 (2CN), 85.36, 79.13 (2C-CN), 24.68, 21.43 
(2CH3); Anal. Calcd. for C20H15N5O (341.37): C, 70.37; H, 
4.43; N, 20.52; Found: C, 70.21; H, 4.77, N, 20.78.

Ethyl 2-amino-5-cyano-1-(2,4-dichlorophenyl)-6-oxo-
4-(4-methylphenyl)-1,6-dihydropyridine-3-carboxylate 
(5)

A mixture of acrylamide derivative 3b (0.01 mol) in abso-
lute ethanol (20 mL) catalyzed with piperidine (3 drops) and 
ethyl cyanoacetate (0.01 mol) was heated under reflux for 
6 h. The solid product obtained was collected by filtration 
and recrystallized from ethanol.

White crystals (EtOH); Yield 59%; M.p. = 200–202 ºC; 
IR (KBr, ν/cm−1): 3383, 3278 (NH2), 3066 (CH-arom.), 
2993 (CH-aliph.), 2206 (C≡N) and 1639 (br C = O amide); 
1H NMR (300 MHz DMSO-d6): δ/ppm 1.51 (t, 3H, CH3), 
2.31 (s, 3H, CH3), 4.23 (q, 2H, J = 7.7 Hz, CH2), 7.22 (d, 
2H, J = 7.5 Hz, Ar–H), 7.26 (s, 2H, NH2 exchangeable by 
D2O), 7.33 (d, 2H, J = 8.1 Hz, Ar–H), 7.49 (d, 1H, Ar–H), 
7.55 (d, 1H, Ar–H), 7.64 (s, 1H, Ar–H); 13C NMR (75 MHz 
DMSO-d6): δ/ppm 167.61, 158.35 (C = O), 155.16 (C-NH2), 
137.95, 136.35, 134.24, 130.70, 129.13, 128.82, 128.17, 
128.26, 127.98, 127.76, 127.38, 125.15, 100.79, 69.58 
(O-CH2CH3), 29.05 (CH3), 20.95 (O-CH2CH3); MS m/z 
(%): 442.86 (M+, 6.21), 286.38 (100%); Anal. Calcd. for 
C22H17Cl2N3O3 (442.30): C, 59.74; H, 3.87; N, 9.50 Found: 
C, 59.34; H, 3.33, N, 9.81.

2-Amino-5-cyano-N-(2,4-dichlorophenyl)-4-(4-
methoxyphenyl)-6-oxo-1,6-dihydropyridine-3-carboxa-
mide (9)

A solution of acrylamide derivatives 3a (0.01 mol) in 
absolute ethanol (20 mL) catalyzed with piperidine (3 drops) 
was heated under reflux condition with cyan acetamide 
(0.01 mol) for 7 h. The solid product obtained was collected 
by filtration and recrystallized from ethanol.

Pale orange (EtOH); Yield 71%; M.p. = 198–200 ºC; IR 
(KBr, ν/cm−1): 3448, 3303, 3174 (NH2, NH), 3043 (CH-
arom.), 2961, 2908 (CH-aliph.), 2206 (C≡N) and 1697 
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(C = O amide); 1H NMR (300 MHz DMSO-d6): δ/ppm 3.84 
(s, 3H, OCH3), 7.13 (d, 2H, Ar–H), 7.32 (d, 1H, Ar–H), 7.51 
(d, 2H, Ar–H), 7.77 (s, 2H, NH2 exchangeable by D2O), 7.83 
(s, 1H, NH exchangeable by D2O), 7.88 (d, 1H, Ar–H), 7.96 
(s, 1H, NH exchangeable by D2O), 8.11 (s, 1H, Ar–H); 13C 
NMR (76 MHz DMSO-d6): δ/ppm 163.13, 162.56 (2C = O), 
150.16 (C-NH2), 144.65 (C = C), 142.95, 132.45, 128.64, 
126.34, 124.40, 120.47, 117.09, 114.88, 112.54, 102.90, 
55.60 (OCH3); MS m/z (%): 428.95 (M+, 25.52). Anal. 
Calcd. for C20H14Cl2N4O3 (428.04): C, 55.69; H, 3.29, N, 
13.05. Found: C, 55.84; H, 3.53, N, 12.84.

6-Hydroxy-6'-methyl-2-oxo-4-(4-methylphenyl)-
2H-[1,2'-bipyridine]-5-carbonitrile (13).

A mixture of acrylamide derivatives 3d (0.01 mol) in 
absolute ethanol (20 mL) catalyzed with piperidine (3 drops) 
and ethyl acetoacetate (0.01 mol) was heated under reflux for 
6 h. The solid product obtained was collected by filtration 
and recrystallized from ethanol.

Pale orange (EtOH); Yield 73%; M.p. = 165–167 ºC; IR 
(KBr, ν/cm−1): 3402 (OH), 3008 (CH-arom.), 2966 (CH-
aliph.), 2206 (C≡N), and 1693 (C = O amide); 1H NMR 
(300 MHz DMSO-d6): δ/ppm 2.37, 2.43 (2 s, 6H, 2CH3), 
7.03 (d, 1H, J = 7.5 Hz, Ar–H), 7.38 (d, 2H, J = 7.8 Hz, 
Ar–H), 7.68 (s, 1H, Ar–H), 7.73 (d, 1H, J = 7.8 Hz, Ar–H), 
7.89 (d, 2H, J = 8.1  Hz, Ar–H), 8.35 (s, 1H, pyridine-
H), 10.62 (s, 1H, OH; exchangeable by D2O); 13C NMR 
(76  MHz DMSO-d6): δ/ ppm 161.22 (C–OH), 156.73 
(C = O), 151.14 (C = N), 150.74 (C = C-Ar), 143.25, 138.58, 
130.31, 129.82, 129.14, 119.46, 116.35, 111.22, 105.49, 
23.51 (CH3), 21.25 (CH3); MS m/z (%): 317.72 (M+, 20.61), 
137.39 (100%); Anal. Calcd. For C19H15N3O2 (317.35): C, 
71.91; H, 4.76, N, 13.24. Found: C, 71.62; H, 4.32; N, 12.95.

Synthesis of 5-(Aryl)-3H-pyrazol-3-one (14a,b)
To a solution of acrylamide derivatives 3a–d (0.01 mol) 

in absolute ethanol (20 mL), hydrazine hydrate (0.01 mol) 
was added and the reaction mixture was heated under reflux 
for 3–5 h. The solid products obtained were collected by 
filtration and recrystallized from ethanol.

5-(4-Methoxyphenyl)-3H-pyrazol-3-one (14a)
Yellow powder (EtOH); Yield 66%; M.p. = 165–167 ºC; 

IR (KBr, ν/cm−1): 3062 (CH-arom.), 2970 (CH-aliph.), and 
1660 (C = O amide) 1H NMR (300 MHz DMSO-d6): δ/ppm 
3.82 (s, 3H, OCH3), 7.55 (d, 2H, Ar–H), 7.82 (d, 2H, Ar–H), 
8.62 (s, 1H, Pyrazole-H); 13C NMR (76 MHz DMSO-d6): 
δ/ppm 161.66 (C = O), 160.50 (C-OMe), 129.96, 126.55, 
114.39, 55.36 (C-OMe); MS m/z (%): 188.04 (M+, 38.72), 
185.86 (100%); Anal. Calcd. For C10H8 N2O2 (188.19): C, 
63.83; H, 4.29, N; 14.89. Found: C, 63.52; H, 3.687; N, 
14.65.

5-(4-Methylphenyl)-3H-pyrazol-3-one (14b)
Brown powder (EtOH); Yield 69%; M.p. = 150–152 ºC; 

IR (KBr, ν/cm−1): 3062 (CH-arom.), 2970 (CH-aliph.), and 
1655 (C = O amide); 1H NMR (300 MHz DMSO-d6): δ/

ppm 2.36 (s, 3H, CH3), 7.32 (d, 2H, J = 8.1 Hz, Ar–H), 7.77 
(d, 2H, J = 7.8 Hz, Ar–H), 8.55 (s, 1H, pyrazole-H); 13C 
NMR (76 MHz DMSO-d6): δ/ppm 161.24 (C = O), 141.32, 
131.19, 129.51, 128.31, 21.51 (CH3); MS m/z (%): 172.02 
(M+, 42.54), 69.09 (100%); Anal. Calcd. For C10H8 N2O 
(172.19): C, 69.77; H, 4.68, N; 16.27. Found: C,70.23; H, 
4.22; N, 16.54.

5-Amino-1-carbamothioyl-N-(2,4-dichlorophenyl)-
3-(4-methoxyphenyl)-1H-pyrazole-4-carboxamide (16).

A mixture of acrylamide derivative 3b (0.01 mol) in abso-
lute ethanol (20 mL) and thiosemicarbazide (0.01 mol) was 
heated under reflux for 6 h. The solid product obtained was 
collected by filtration and recrystallized from ethanol.

Pale brown crystals (EtOH); Yield 78%; M.p. = 150–152 
ºC; IR (KBr, ν/cm−1): 3406, 3290, 3151 (NH, NH2), 3041 
(CH-arom.), 2970 (CH-aliph.), and 1651 (C = O amide); 1H 
NMR (300 MHz DMSO-d6): δ/ppm 3.82 (s, 3H, OCH3), 
6.94 (d, 2H, J = 6.9 Hz, Ar–H), 7.01 (d, 2H, J = 8.1 Hz, 
Ar–H), 7.60 (s, 2H, NH2 exchangeable by D2O), 7.73 (d, 
1H, J = 6.9 Hz, Ar–H), 7.89 (s, 2H, NH2 exchangeable by 
D2O), 8.03 (d, 1H, Ar–H), 8.11 (s, 1H, Ar–H), 11.33 (s, 1H, 
NH exchangeable by D2O); 13C NMR (76 MHz DMSO-d6): 
δ/ppm 177.66 (C = S), 160.72 (C-OMe), 152.47 (C = O), 
144.63 (C = N), 142.40 (C = C), 134.87, 132.95, 130.03, 
128.94, 128.13, 127.72, 127.63, 127.44, 126.75, 55.26 
(C-OMe); Anal. Calcd. For C18H15Cl2N5O2S (435.03): C, 
49.55; H, 3.47, N; 16.05. Found: C, 49.78; H, 3.84; N, 16.37.

Antimicrobial activity

The in vitro antibacterial activity against two gram-posi-
tive strains as S. aureus (RCMB010010) and B. subtilis 
(RCMB 015), and two gram-negative strains as E. coli 
(RCMB010052) and P. vulgaris (RCMB004) by agar well 
diffusion method according to the previously reported meth-
ods [54, 55, 69].

DFT calculation

All the theoretical calculation were performed using DFT/
B3LYP method with a basic set 6-31 g (d) and Gaussian 
9.0 package and Gaussian view 6.0.16 software. Addition-
ally, the energy descriptors involving E HOMO, ELUMO, energy 
bandgap, ionization potential, electron affinity, electronega-
tivity, chemical hardness, chemical softness, chemical poten-
tial, and electrophilic index were calculated as described 
previously [70].

Molecular docking study

The docking process was performed using Molecular oper-
ating Environmental (MOE) 10.2008, Chemical computing 
Group Inc, Montreal, Quench, Canada [71, 72] according 
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to the previously reported method. The most active deriva-
tives 3a, 4a, 4b, 9, and 16 were docked inside the active site 
of topoisomerase IV (PDB:3FV5). The crystal structure of 
E. coli topoisomerase IV (PDB:3FV5) was retractive and 
downloaded from the protein data bank (https://​www.​rcsb.​
org/structure/3fv5). Subsequently, the protein structure in 
pdb format was exported to MOE 10.2008 software. The 
active site was generated according to standard protocol and 
according to previously reported method [64], where only 
one chain was sellected. The missed hydrogen was added, 
the protein was minimized, refined, and redocked using the 
original ligand that exerted binding energy S = -23.60 kcal/
mol with RMSD = 0.828 Å. The most active derivatives 3a, 
4a, 4b, 9, and 16 were drawn and exported to MOE involv-
ing added hydrogen, energy minimized using forcefield 
MMFF94X, and finally saved as a new database. The dock-
ing process performed using the trigonal matcher placement 
and refinement forcefield.
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