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Abstract

A novel series of acrylamide-pyrazole conjugates were synthesized using a new strategy starting from 3-isobutyl-1-phenyl-1H-
pyrazole-4-carbaldehyde 1. The reaction pathway was performed via unexpected routes to generate new pyrazole derivatives
through the reaction of pyrazole methylene malononitrile 3a or pyrazole acrylic acid ethyl ester derivative 3b respectively with
2-Cyano-N-aryl acetamide derivatives 4a-e to yield the unexpected phenyl-1H-pyrazol-4-yl)-N-aryl-acrylamide derivatives 7a-
e. The structures of the synthesized compounds were confirmed via elemental and spectroscopic analysis (IR, *H NMR, 3C
NMR & single crystal X-ray diffraction technique). The antibacterial and antifungal activities of the compounds were estimated
against some species of Gram (—ve) bacteria such as Klebsiella pneumoniae and Gram (+ve) bacteria that are experiencing a
high rate of antibiotic resistance nowadays and against Candida albicans fungus. Compound 7c showed activities
against Escherichia coli (inhibition zone 23+1 mm, and Klebsiella pneumoniae (inhibition 21+1mm) as compared to
Gentamicin (inhibition zone 27+0.1 mm) & (inhibition zone 29+0.5 mm), and exhibiting potent inhibitory activity toward
candida albicans fungus (inhibition zone 25+1 mm) compared to Nystatin (inhibition zone 28+0.2). Most of the novel
synthesized pyrazoles showed significant potencies as compared to standard antibiotics.

Keywords: Pyrazole, Aryl-acrylamide, Antibacterial activity, Antifungal activity.

While the rate and degree of resistance exhibited by

bacteria to various antimicrobial agents differ,

1. Introduction resistance has ultimately developed to all anti-
microbial agents [2]. Different chemicals that are

The need for novel antibiotic medicines has arisen effective against a certain disease-causing bacterium
due to resistance to currently existing antibiotics. The must be accessible in order to stop or slow the

resistance of infections to currently approved development of a resistant pathogen population.
antibiotics has increased; those infections were caused Therefore, it is necessary to synthesize novel

by various species as Staphylococcus aureus, and compounds that can enter the pathogenic bacterial cell
Pseudomonas  aeruginosa. ~ Acquisition ~ of drug and either kill it or stop its growth without also
resistance genes are the main factor behind the spread negatively impacting their host [1]. The pyrazole core
and emergence of resistant bacterial species leading to is a basis of biologically significant molecules with a
a broad range of antibiotic resistance (e.g., wide range of pharmacological and biological
Cephalosporin-resistant ~ mutant  beta-lactamases properties [3,4]. Condensed heterocyclic derivative
discovered in numerous bacterial organisms) [1]. transformations are also of theoretical interest for the
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development of novel synthetic techniques and the
investigation of the connections between the reactivity
and chemical structure of organic compounds.
Heterocyclic ligands based on pyrazoles can have a
variety of biological uses. For instance, a number of
the compounds have been produced with high
efficiency as potential antibacterial or antifungal
agents [5]. The pyrazole nucleus existence in various
structures results in diversified applications in several
fields. Additionally, pyrazole derivatives possess
various potencies as antiviral [6], anti-inflammatory
[7], anti-diabetic [8], anti-glaucoma [9], and
antimicrobial activities [10]. Furthermore, pyrazole
pro-drugs have been verified to sustain remarkable
anticancer potency [11]. Moreover, pyrazole nucleus
is a unique structural moiety necessary for medicinal
chemistry and a main scaffold for many drugs (Fig.1)
[12-15]. It’s worth to note that various pyrazole
derivatives which possess several activities have been
synthesized [16-22]. On the other hand, acrylamide
moiety possesses therapeutic potential for targeting
various diseases [23]. Recently starting from
acrylamide, we have synthesized several heterocycles
which have various potencies as anti-SARS-CoV-2
[24], antitumor [24, 25] and other applications [26-
29]. Thus, here in, we have synthesized novel
pyrazoles using acrylamide derivatives to generate
significant bioactive molecules containing pyrazole
moiety.

2. Results and discussion.

2.1. Chemistry

The target and intermediate compounds were
synthesized using the procedures shown in Scheme 1.
Therefore, 3-isobutyl-1-phenyl-1H-pyrazole-4-
carbaldehyde 1 is condensational reacted with active
methylene compounds (malononitrile 2a, ethyl
Cyanoacetate 2b), using triethylamine as a catalyst
afforded pyrazole malononitrile 3a /and pyrazole
acrylic acid ethyl ester derivatives 3b respectively.
The spectroscopic and microanalysis data revealed the
structure of compound 3a-b. The IR spectra of 3a
indicated the disappearance of aldehydic carbonyl
group, which detected at the parent compound 1, with
the appearance of two new absorption bands at 22186,
2210 cm® (2CN). Moreover, the *H NMR spectra of
compound 3a showed the singlet signal at & 8.08
corresponding to  (vinylic-H).  Reaction  of
pyrazolylmethylenemalononitrile / ethyl cyanoacetate
3a,3b with 2-Cyano-N-aryl-acetamide derivatives 4a-
e did not yield the expected pyridine derivatives 8a,b.
The products obtained from this reaction proved to be
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phenyl-1H-pyrazol-4-yl)-N-aryl- acrylamide
derivative 7a-e via single crystal X-ray diffraction
technique (Fig.2) [30]. Mechanism for this reaction is
accomplished in scheme 1. The reaction initiates via
the nucleophilic attack of active methylene group of
the 2-Cyano-N-aryl-acetamide 4a-e to double bond of
compounds 3a,b to give Michael addition adduct
followed by the elimination of a molecule of
malononitrile or ethyl cyanoacetate. Thus, the IR
spectrum of compound 7a as a representative example
showed the presence of a characteristic -NH band at
3459 cmland 1667 cm™' (CONH). Its 'H NMR
spectrum indicated the existence of a signal at 10.28
ppm (1H, NH D0 exchangeable) and singlet signal at
7.86 ppm (vinylic-H). Because there is less steric
hindrance in product 7, it is possible that it is the
thermodynamically controlled product and that it
forms instead of the N-aryl-2-pyridone 8.

2.2. Antimicrobial evaluation.

The novel compounds (3a,b & 7a-e) were estimated
for their in vitro anti-bacterial efficacy against some
species of Gram (—ve) bacteria, such as Escherichia
coli (ATCC:10536), Acinetobacter baumannii
(ATCC:10536), Klebsiella pneumonia
(ATCC:10536), and Pseudomonas aeruginosa, along
with two Gram (+ve) bacteria, as Streptococcus
mutans (ATCC:25175) and Staphylococcus aureus
(ATCC:13565) (Fig. 3, 4). Meanwhile, their efficacy
against the fungus Candida albicans (ATCC:10231)
was evaluated (Fig. 5). To estimate the preliminary
antibacterial and antifungal potencies, the agar
diffusion assay was utilized. Nystatin was utilized as a
conventional antifungal medication.  Standard
medications such as Gentamicin, Tigecycline, and
Ampicillin were also employed to combat Gram (-ve)
and Gram (+ve) bacterial strains. The average
diameter of the inhibition zones surrounding the disks,
measured in millimetres, was used to represent the
results. As accomplished intable 1, compound 3a
displayed activity against Acinetobacter baumannii
(inhibition zone 19+1mm) as compared to Tigecycline
(inhibition zone 23+0.4 mm). On the other hand,
compounds 3a &7a are also revealed fungal zone of
inhibition with the value 22+1mm against the Candida
albicans as compared to Nystatin (28+0.2). Among
these compounds, compound 7b showed activities
against Escherichia coli (inhibition zone 22+1 mm,
and Klebsiella pneumonia (inhibition zone 25+1mm),
compared to Gentamicin (inhibition zone 27+0.1 mm)
& (inhibition zone 29+0.5 mm), respectively. In
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addition, 7b showed activities against
Acinetobacter baumannii ~ with  inhibition  zone
18+1mm & 20+1mm as compared to Tigecycline
(inhibition zone 23+0.4 mm). Both compounds also
revealed fungal zone of inhibition with the value
23+x1mm against the Candida albicans compared to
Nystatin (28+0.2). Meanwhile, compound 7¢ showed
activities against Escherichia coli (inhibition zone
23x1 mm, and Klebsiella pneumoniae (inhibition
21+1mm) as compared to Gentamicin (inhibition zone
27£0.1 mm) & (inhibition zone 29+0.5 mm),
respectively. In addition, it indicated activity against
Acinetobacter baumannii (inhibition zone 21+1 mm
as compared to Tigecycline (inhibition zone 23+0.4
mm), however it reveals no inhibition zones on the
tested gram positive species. This compound also
revealed fungal zone of inhibition with the value

25x1mm against the Candida albicans compared to
Nystatin  (28+0.2). Furthermore, compound 7d
exhibited activities against the Escherichia coli
(inhibition zone 151 mm) compared to Gentamicin
(inhibition zone 27+0.1 mm). Compound 7e showed
remarkable activities against Escherichia coli
(inhibition zone 21+1 mm, and Klebsiella pneumonia
(inhibition zone 23+1mm) compared to Gentamicin
(inhibition zone 27+0.1 mm) & (inhibition zone
29+0.5 mm), respectively. Also, it showed remarkable
activities against gram positives species such as
Staphylococcus aureus and Streptococcus mutans with
inhibition zones 20+1 & 22+1 as compared with
Ampicillin with inhibition zone 29+0.2 & 22+0.1 mm
respectively. This compound also indicated fungal
zone of inhibition with the value 22+1mm against the
Candida albicans compared to Nystatin (28+0.2).
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Fig. 1. Pyrazole-based drugs

3. Conclusions

New acrylamide-pyrazole conjugates were designed
and synthesized via unexpected reaction pathway
utilizing the synthesized 2-(3-isobutyl-1-phenyl-1H-
pyrazol-4-ylmethylene)-malononitrile and 2-cyano-3-
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(3-isobutyl-1-phenyl-1H-pyrazol-4-yl)-acrylic  acid
ethyl ester. The structures of compounds were
confirmed using spectroscopic techniques. The
antimicrobial activities of the novel structures were
evaluated which revealed promising results for

developing these new pyrazoles as potent
antimicrobial agents as compared to standard
antibiotics.
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Fig. 2. The structure of compound 7e in the crystal; the two molecules are linked via H-bonds. “The International
Union of Crystallography under the open-access licence offered permission to reproduce the figure” [30].

Table 1. Determination of the antimicrobial activity of compounds (3a,b & 7a-e) against different antibacterial and

fungal strains.

Compound
Microorganism 3a 3b 7a 7b 7c 7d 7e Standard antibiotic
Gram negative bacteria
Escherichia coli NA NA NA 2241 23#1  15%1 2141 Gentamicin
27+0.1
Klebsiella pneumoniae NA NA NA 2541  21#1 NA 23+1 Ge;;i’(‘;isci”
Pseudomonas aeruginosa NA NA NA NA NA NA NA Ge;;i?fin
Acinetobacter baumannii 191 NA NA 18x1 21x1 NA NA Tigzci)g:zne
Gram positive bacteria
Staphylococcus aureus NA NA NA NA NA NA 20+1 Ar;;ic(:)i.lzlin
Streptococcus mutans. NA NA NA NA NA NA 2241 Ar2n2p+ic(:)i.lllin
Fungi
Candida albicans 221 NA 211 231 25+1 NA 2241 ’\;)ésjgtizn

NA: No activity; The expression for zone of inhibition is represented by meanz standard deviation (mm).
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Fig. 3. The anti-bacterial activities of the novel synthesized compounds and Gentamicin (standard drug) were
compared against Gram —ve bacteria.

o

inhibtion zqpe

0

B Staphylococcus aureus

e

7

Ampicillin

Fig. 4. The anti-bacterial activities of the novel synthesized compounds and Ampicillin (standard drug) were
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Fig. 5. The anti-fungal activities of the novel compounds (3a, 3b & 7a-e) and Nystatin (standard drug) were
compared against the candida albicans fungus.
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4. Experimental

4.1. Chemical Methods

Using a Gallen Kamp melting point device, all melting
points were determined. At the National Research
Centre, Cairo, Egypt, the 'H & *C-NMR spectra were
measured using a Jeol-500 MHz/ spectrometer. The
Microanalytical Unit at Cairo University, Faculty of
Science, performed the elemental analysis. TLC was
used to track the reactions progress using aluminium
sheets covered in silica gel Fass (Merck). Detection
was impacted while viewing under a short-wavelength
UV lamp. Compound 1 was synthesised in accordance
with our earlier publication [31].

4.1.1. General procedure for synthesizing 3a,b

To a solution of pyrazole-4-carbaldehyde derivative 1
(10 mmol) in absolute ethanol (10 mL) containing 3
drops of triethylamine, active methylene compounds
(malononitrile 2a, ethyl cyanoacetate 2b (10 mmol)
was added, and stirred for 5 min. The solid precipitate
was formed filtered off and recrystallized from the
ethanol to give compounds 3a,b.

41.1.1. 2-((3-isobutyl-1-phenyl-1H-pyrazol-4-yl)
methylene) malononitrile (3a)

White solid; (EtOH); yield (90%); m.p. 169 °C; IR (
cm™) » 3132 (C-H aromatic), 2950 (CH), 2216, 2210
(2CN), 1612 (C=N), 1594 (C=C); 'H NMR (500 MHz,
DMSO-de): ¢ 0.90 (d, J = 6.4 Hz, 6H, 2xCH3), 1.94-
1.96 (m, 1H, CH), 2.65 (d, J=7.2 Hz, CHy), 7.45-7.84
(m, 5H, CgHs), 8.08 (s, 1H, vinylic-H), 9.01 (s, 1H,
pyrazole H-5). Anal. Calcd. for. C17H16N4 (276.34): C,
73.89; H, 5.84; N, 20.27. Found: C, 73.80; H, 5.75; N,
20.18%.

4.1.1.2. 2-Cyano-3-(3-isobutyl-1-phenyl-1H-pyrazol-
4-yl)-acrylic acid ethyl ester (3b)

White solid; (EtOH); Yield 92%; m.p. 117 °C; IR (cm"
1) v3029(CH aromatic), 2954 (CH), 2215(CN),
1715(C=0), 1605 (C=N). tHNMR (500 MHz, DMSO-
de): 0 0.98 (d, 6H, J = 6.9 Hz, 2xCH3), 1.40 (t, 3H, J
= 6.9 Hz, CH3s ester), 2.03-2.04 (m, 1H, CH), 2.69 (d,
2H, J = 6.8 Hz, CHy), 4.37 (q, 2H, CH; ester), 7.37 (t,
1H, J = 7.7 Hz, aromatic H-4), 7.48 (t, 2H, J = 7.65
Hz, aromatic H-3, H-5), 7.74 (d, 2H, J = 8.4 Hz,
aromatic H-2, H-6), 8.17 (s, 1H vinylic-H), 8.98 (s,
1H, pyrazole H-5); *C NMR (125 MHz, DMSO-ds): 6
14.33 (CHjs ester), 22.59 (2C, 2xCHs), 29.38 (CH),
35.05 (CHy), 62.44 (CHj ester), 98.63 (pyrazole C-4),
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115.88 (vinylic C-2), 116.95 (CN), 119.92 (2C, Ar-c),
127.95 (Ar-C), 128.94 (2C, Ar-C), 129.71 (pyrazole
C-5), 139.03 (Ar-C), 145.47 (pyrazole C-3), 156.99
(vinylic C-1), 163.03 (C=0). Anal. Calcd. For.
C19H21N302 (323.39): C, 70.57; H, 6.55; N, 12.99.
Found: C, 70.45; H, 6.56; N, 12.90%.

4.1.2. General Procedure for the Synthesis of 2-
Cyano-3-(3-isobutyl-1-phenyl-1H-pyrazol-4-yl)-N-
aryl-acrylamide (7a-¢)

A solution of 2-Cyano-N-aryl-acetamide 4a or 4b (10
mmol each) in ethanol-water mixture (1:1 ratio) contained
sodium hydroxide (10 mmol) was treated with pyrazole
methylene malononitrile derivative 3a or pyrazole
acrylic acid ethyl ester derivative 3b (10 mmol each)
and heated under reflux. A period of twelve hours was
required for complete reaction. The reaction mixture
then, was left to cool at room temperature, the solid
precipitate was collected by filtration, dried and
recrystallized from an appropriate solvent to give
compounds 7a-e.

4121  2-Cyano-3-(3-isobutyl-1-phenyl-1H-pyrazol-4-
yl)-N-phenyl-acrylamide (7a).

White solid; (EtOH); Yield 92%; m.p.172 °C; IR (cm
1 v 3459 (NH), 3058 (C-H aromatic), 2956 (CH),
2215 (CN), 1667 (C=0), 1616 (C=N), 1599 (C=C); H
NMR (500 MHz, DMSO-dg): ¢ 0.97 (d, 6H, J = 6.8
Hz,2xCH3), 1.99-2.03 (m, 1H, CH), 2.75 (d, 2H, J =
7.2 Hz, CHy), 7.14-7.86 (m, 10 H, 2C¢Hs), 8.14 (s, 1H,
vinylic-H), 9.04 (s,1H, pyrazole H-5), 10.28 (br, s,
D20 exch., 1H, NH). Anal. Calcd. For. C2H2N4O
(370.45): C,74.57; H,5.99; N, 15.12. Found: C, 74.48;
H, 5.88; N, 15.10 %.

4.1.2.2. 2-Cyano-3-(3-isobutyl-1-phenyl-1H-pyrazol-
4-yl)-N-(4-methoxy-phenyl)-acrylamide (7b)

White solid; (EtOH); Yield 95%; m.p.180 °C; IR (cm
1 v 3436 (NH), 3054 (C-H aromatic), 2966 (CH),
2217 (CN), 1669 (C=0), 1604 (C=N), 1594 (C=C); H
NMR (500 MHz, DMSO-ds): ¢ 0.99 (d, 6H, J = 6.65
Hz, 2xCH3), 1.90-1.93 (m, 1H, CH), 2.67 (d, 2H, J =
8.24 Hz, CHy), 3.68 (s, 3H, CHs3), 6.71-7.80 (m, 9H,
CeHs, CeHa), 8.26 (s, 1H, vinylic-H), 9.98 (s, 1H,
pyrazole H-5), 10.42 (br, s, DO exch., 1H, NH),
Anal. Calcd. For. C24H2aN4O> (400.47): C, 71.98; H,
6.04; N, 13.99: Found: C, 71.86; H, 6.14; N, 13.89 %.
4.1.2.3. 2-Cyano-3-(3-isobutyl-1-phenyl-1H-pyrazol-
4-yl)-N-p-tolyl-acrylamide (7¢)

White solid; (EtOH); Yield 95%; m.p. 195 °C; IR (cmr
1y v 3451 (NH), 3029 (C-H aromatic), 2966 (CH),
2217 (CN), 1654 (C=0), 1607 (C=N), 1592 (C=C); H
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NMR (500 MHz, DMSO-de): ¢ 0.99 (d, 6H, J = 5.7
Hz, 2xCH3s), 2.05-2.08 (m, 1H, CH), 2.34 (s, 3H, CH3),
2.71 (d, 2H, J = 6.65 Hz, CH,), 7.18-7.75 (m, 9H,
CeHs, CsHa), 8.35 (s, 1H, vinylic-H), 8.90 (s, 1H,
pyrazole H-5), 10.81 (br, s, D,O exch., 1H, NH). Anal.
Calcd. For. C24H24N4O (384.47): C, 74.97; H, 6.29; N,
14.57; Found: C, 74.87; H, 6.18; N, 14.48 %.

4.1.2.4. N-(4-Chloro-phenyl)-2-cyano-3-(3-isobutyl-
1-phenyl-1H-pyrazol-4-yl)-acrylamide (7d)

White solid; (EtOH); Yield 95%; m.p. 218 °C; IR (cmr
1y v 3462 (NH), 3036 (C-H aromatic), 2948 (CH),
2218 (CN), 1653 (C=0), 1610 (C=N), 1597 (C=C); H
NMR (500 MHz, DMSO-ds): ¢ 0.93 (d, 6H, J = 6.65
Hz, 2xCH3s), 1.98-2.01 (m, 1H, CH), 2.70 (d, 2H, J =
7.15 Hz, CHy), 7.38 (d, 3H, J = 9.1Hz, CeHs), 7.53 (t,
2H, J = 8.6, 7.6 Hz, C¢Hs), 7.68 (d, 2H, J = 8.6 Hz,
CeHa), 7.80 (d, 2H, J = 7.6 Hz, C¢H.), 8.10 (s, 1H,
vinylic-H), 8.99 (s, 1H, pyrazole H-5), 10.36 (br, s,
D,0 exch., 1H, NH). Anal. Calcd. For. C23H21CIN4O
(404.89): C, 68.23; H, 5.23; Cl, 8.76; N, 13.84; Found:
C, 68.12; H, 5.13; Cl, 8.68; N, 13.75 %.

4.1.2.4. N-(4-Bromo-phenyl)-2-cyano-3-(3-isobutyl-
1-phenyl-1H-pyrazol-4-yl)-acrylamide (7¢)

White solid; (EtOH); Yield 95%; m.p. 224-225 °C; IR
(cml) v 3455 (NH), 3045 (C-H aromatic), 2960 (CH),
2210 (CN), 1663 (C=0), 1602 (C=N), 1591 (C=C); H
NMR (500 MHz, DMSO-dg): ¢ 0.93 (d, 6H, J = 6.7
Hz, 2xCH3), 1.99-2.02 (m, 1H, CH), 2.71 (d, 2H, J =
7.15 Hz, CHy), 7.52-7.63 (m, 9H, CsHs, CsHa), 8.10 (s,
1H, vinylic-H), 9.00 (s, 1H, pyrazole H-5), 10.36 (br,
s, D20 exch., 1H, NH); **C NMR (125 MHz, DMSO-
de): 0 22.84 (2C, 2xCH3), 28.91 (CH), 34.3 (CH>), 103
(pyrazole C4), 115.9 (C=CH), 117.45 (CN), 119.82
(2C, Ar-C), 123.41 (2C, Ar-C), 128.15 (Ar-C), 128.74
(Pyrazole C-5), 130.36 (2C, Ar-C), 132.05 (2C, Ar-C),
138.22 (2C, Ar-C), 142.15 (Ar-C), 156.28 (Pyrazole
C-3), 159.11 (-CH=C), 161.01 (C=0). Anal. Calcd.
For. CasH21BrN4O (449.34): C, 61.48; H, 4.71; Br,
17.78; N, 12.47. Found: C, 61.38; H, 4.60; Br, 17.68;
N, 12.38%.

4.2. Antimicrobial assay:

The agar well diffusion method was utilized to
ascertain the antimicrobial activity of the produced
compounds [32]. Using nutritional agar medium, all of
the compounds were evaluated for their antibacterial
activity against Gram (+ve) bacteria (Streptococcus
mutans and Staphylococcus aureus), Gram (—ve)
bacteria (Pseudomonas aeruginosa and Klebsiella),
and Escherichia coli. Standard medications for Gram
(—ve) bacteria and Gram (+ve) bacteria were
Gentamicin and Ampicillin, respectively. The solvent
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control was DMSO. The compounds were evaluated
against bacterial and fungal strains at a dosage of 15
mg/ml.

4.2.1. Method of testing:

After filling each 20-25 ml sterilized Petri dish with
the sterilized media, the dishes were left to harden at
room temperature. The turbidity of the microbial
suspension was adjusted to OD= 0.13 using a
spectrophotometer set to 625 nm. The suspension was
made in sterile saline, which was equivalent to the
McFarland 0.5 standard solution (1.5 x 105 CFU mL-
D). The ideal time to regulate the turbidity of the
inoculum solution was fifteen minutes. After that, a
sterile cotton swab was dipped into the suspension,
inundated on the dried agar surface, and let to dry for
fifteen minutes with a lid on. Using a sterile borer,
wells of 6 mm in diameter were created in the
solidified material. Using a micropipette, 100 puL of
the tested compound's solution was applied to each
well. For a full day, the plates were incubated at 37°C
to check for antibacterial activity. The zones of
inhibition were measured in triplicate and reported on
a millimetre scale throughout this experiment.

-The study was approved under no. 6447082023 by the
Medical Research Ethics Committee (MERC) federal
(accurance no.: FWA 00014747)
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