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Abstract. In this work, a series of new 4,5-dihydro-1H-
pyrazole derivatives (M21-Mzs) has been synthesized
successfully via the reaction of different aldehydes with
ketones to produce chalcones, followed by the reaction
with hydrazine and phenyl hydrazine. The prepared
compounds were identified using FT-IR spectroscopy, H
NMR spectroscopy, and 3C NMR spectroscopy. The
biological activity of these prepared compounds was
preliminarily evaluated against certain types of gram-
positive (Staphylococcus aureus) and gram-negative
(Escherichia coli). The results showed a high antibacterial
effect towards both types of bacteria at high concentrations.
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Introduction

Pyrazole is an organic compound of the azole group
with the CsH3NzH formula. It is a heterocycle characterized
by a 5-membered ring of three carbon atoms and two
adjacent nitrogen atoms, which are in ortho-substitution.
Pyrazole is a weak base, with pKb11.5 (pKa of the
conjugate acid is 2.49 at 25 °C).! Pyrazoles are also a class
of compounds that have the CsN2ring with adjacent
nitrogen atoms.? Notable drugs containing a pyrazole ring
are celecoxib (Celebrex) and the anabolic steroid
(Stanozolol). The term pyrazole was given to this class of
compounds by German chemist Ludwig Knorr in 1883.2 In
a classical method developed by German chemist Hans von
Pechmann in 1898, pyrazole was synthesized from
acetylene and diazomethane.* Pyrazole is another example
of five-membered N-heterocycles, which are useful in the
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medical field. Various natural products, such as
pyrazofurin, contain the privileged pyrazole ring.>

The most recent method to synthesize the pyrazole
ring is the cyclization of a-, B-unsaturated ketones known
as chalcones. This cyclization reaction can be performed by
the treatment of chalcones with hydrazine or phenyl
hydrazine in acidic media.® This cyclization reaction of
chalcones to pyrazole is followed by a Michael addition
reaction.’

Pyrazole as a structural unit is of great interest in
biological, medicinal, and pharmacological applications. It
plays a significant role in some enzymatic and protein
inhibitors,® as well as bioactive materials (antibacterial,®
antioxidant,'® and antifungal''). Some pyrazole compounds
are candidates as active'? and anticancer'® drugs. It has
good healing properties.* One of the reasons for this great
attention and high attractiveness in biological and
medicinal fields is related to its feature as directing and
transfer groups helping to increase the reactivity due to the
presence of two nitrogen atoms in the structure.®

This research work aims to synthesize some new
pyrazolines according to the cycloaddition reaction of some
chalcones and arylidenes with phenyl hydrazine and
hydrazine. It also focuses on the preliminary evaluation of
their antibacterial activity against Staphylococcus aureus
and Escherichia coli, especially at high and low
concentrations of the tested pyrazoline derivatives.

2. Experimental

2.1. Materials

The chemicals used in this work were purchased
from BDH, GCC, Merck, Fluke, Alfa, and Aldrich
companies.

2.2. Instruments

The uncorrected melting points were measured using
an electrothermal melting point apparatus (Model 9300). To
confirm and evaluate the synthesized products purity, the


https://doi.org/10.23939/chcht19.03.482
mailto:sh.beebany@uokirkuk.edu.iq

Synthesis, Identification, and Evaluation of Antibacterial Activity of Some New...

TLC techniques were employed. Activated silica gel-G
fluorescent sheets with a thickness of 0.2 mm were used to
track the course of reactions and determine the purity of the
products. The test was carried out using several solvents, and
the spots were highlighted using UV light with a wavelength
of 254 nm. The FT-IR data were obtained using the FT-IR
8400s Shimadzu spectrophotometer (scale 4000-400 cm™.
H!-NMR and C3-NMR spectral data were collected by a
Varian instrument operating at 400 MHz, and DMSO-d® was
used as a solvent.

2.3. Synthesis methods

2.3.1. Synthesis of Chalcones (M1-Mg)*®

Acetophenones with different substituted groups
(0.01 mol) were mixed with different benzaldehydes or
cinnamaldehydes (0.01 mol). Then, a solution of sodium
hydroxide (5 g in 50 mL of distilled water) and absolute
ethanol (40 mL) were added dropwise at room temperature
under stirring for 30 min. The formation of the precipitate
indicates the completion of the reaction. The precipitate
was filtered, washed with cold distilled water (3x30 mL),
dried, and recrystallized from ethanol (95 %).

2.3.2. Synthesis of dichalcones
(diarylidene) derivatives (M7-Mi2)*’

A solution of cyclopentanone or cyclohexanone
(0.005 mol) and different benzaldehydes or cinnamal-
dehydes (0.01 mol) was added dropwise to 30% sodium
hydroxide solution under stirring at room temperature.
Then, absolute ethanol (30 mL) was added, and stirring was
continued for 60 min at room temperature. The obtained
precipitate, filtered, washed with cold water (30x3 mL),
dried, and recrystallized from absolute ethanol.

2.3.3. Synthesis of pyrazoline derivatives
(M13-M1s) and (M1s-M2s)*®

A mixture of chalcones or diarylidenes (0.004 mol),
hydrazine or phenyl hydrazine (0.004 mol), 20 mL of acetic
acid, and 25 mL of ethanol was dissolved and heated in
reflux (78 °C) for 4 hours. The reaction mixture was poured
in ice water to precipitate the product, which was then
filtered and recrystallized in absolute ethanol.

2.4. Study on biological activity™

The biological activity of the synthesized compo-
unds has been studied. The newly developed materials
were used to evaluate their antibacterial effect against two
types of isolated pathological bacteria: gram-positive
(Staphylococcus Aureus) and gram-negative (Escherichia
coli). The results were assessed according to the measured
diameter of the inhibition zone. Comparisons were perfor-
med depending on amoxicillin results using a blank and
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control material. These isolates are pathogens of many
diseases, causing mortality. Pneumococcus causes blood
poisoning, pneumonia, bacterial meningitis, and otitis
media. Meningitis is an inflammation that occurs in the
three membranes that cover the brain and spinal cord.
Bacterial pneumonia results in an inflammation of one or
all of the lungs with bacteria in the bloodstream. The
bacterial isolates were obtained in their pure form and
diagnosed at the Tikrit Public Health Laboratory (Tikrit,

Iraq).

2.5. Preparation of test solutions
for the synthesized compounds

Test solutions were prepared for the synthesized
compounds using a dimethyl sulfoxide solvent (DMSO)
to evaluate their biological activity against two types of
bacteria. Three different concentrations (0.01, 0.001,
and 0.0001 mg/mL) were prepared for each of the
compounds under study. The solutions were prepared as
follows: 0.1 g of the synthesized compounds was
dissolved in 10 mL of DMSO solvent to obtain a
concentration of 0.01 mg/mL. 1 mL of the former
solution was taken and dissolved in 9 mL of DMSO to
achieve the concentration of 0.001 mg/mL. To obtain the
concentration of 0.0001 mg/mL, 1 mL of solution with
the concentration of 0.001 mg/mL was dissolved in 9 mL
of DMSO solvent.

2.6 Inhibitory activity test?°

The inhibitory activity of the bacterial isolates used
in this study was tested by the diffusion method in the
nutrient agar medium (Muller-Hinton agar). The culture
medium used for bacterial growth was prepared according
to the instructions of the company, by dissolving 38 g of
agar in 1 L of distilled water using a conical flask. The
heating was carried out by an electric heater equipped
with a magnetic stirrer, until the material was completely
dissolved, reaching the boiling point, and the solution
became clear with a light-yellow color. After that, the
medium was sterilized using an autoclave device under
pressure of 1.5 bar and a temperature of 120 °C for 20
min. Then the solution was cooled to 40 °C. The solution
was poured into a Petri dish and left for 30 min to solidify
at room temperature. Then the bacteria were spread in the
nutrient culture medium using a sterile cotton swab
(Loopful). After placing it inside the tube that contains
diluted bacterial growth, the culture medium was wiped
in three directions to distribute the vaccine homoge-
neously. After that, drilling was made in these dishes. The
prepared solutions were added inside the pits using a
micropipette, followed by placing the dishes in the
incubator for 24 h and a temperature of 37 °C. The
inhibition zone diameter of the compounds was measured
using a millimeter ruler.
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(M13) 2-(1,3-diphenyl-4,5-dihydro-1H-pyrazol-5-yl)phenol
(M14) 2-(3-(4-aminophenyl)-1-phenyl-4,5-dihydro-1H-pyrazol-5-yl)phenol
(M15) 4-(1,3-diphenyl-4,5-dihydro-1H-pyrazol-5-yl)phenol
(M16) 4-(3-(4-aminophenyl)-1-phenyl-4,5-dihydro-1H-pyrazol-5-yl)phenol
(M17) 4-(1,3-diphenyl-4,5-dihydro-1H-pyrazol-5-yl)benzene-1,3-diol
(M18) 4-(3-(4-aminophenyl)-1-phenyl-4,5-dihydro-1H-pyrazol-5-yl)benzene-1,3-diol
(M19) (2)-2-(2-(3-(2-hydroxyphenyl)-2-phenyl-3,3a,4,5-tetrahydrocyclopenta [c]pyrazol-6(2H)ylidene)ethyl)phenol
(M20) (2)-4-(2-(3-(4-hydroxyphenyl)-2-phenyl-3,3a,4,5-tetrahydrocyclopenta[c]pyrazol-6(2H)-ylidene)ethyl)phenol
(M21) (2)-4-(2-(3-(4-hydroxyphenyl)-2-phenyl-2,3,3a,4,5,6-hexahydro-7H-indazol-7-ylidene)ethyl)phenol
(M22) (2)-4-(2-(3-(2,4-dihydroxyphenyl)-3,3a,4,5-tetrahydrocyclopenta[c]pyrazol6(2H)-ylidene)ethyl)benzene-1,3-diol
(M23) (2)-4-(2-(3-(2,4-dihydroxyphenyl)-2-phenyl3,3a,4,5-tetrahydrocyclopenta[c]pyrazol-6(2H)-ylidene)ethyl)benzene-1,3diol
(M24) (2)-4-(2-(3-(2,4-dihydroxyphenyl)-2,3,3a,4,5,6-hexahydro-7H-indazol-7-ylidene)ethyl)benzene-1,3-diol
(M25) (2)-4-(2-(3-(2,4-dihydroxyphenyl)-2-phenyl-2,3,3a,4,5,6-hexahydro-7H-indazol-7-ylidene)ethyl)benzene-1,3-diol

Scheme 2. Route of the preparing compounds Miz-Mas
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3. Results and Discussion

In this research, several new pyrazolines were
synthesized, as shown in Schemes 1 and 2. All the newly
synthesized derivatives were identified by FT-IR, and *H-
NMR and 3C-NMR spectra were used for the compounds
applied as antibacterial materials.

3.1. Characterization
of chalcone compounds (M1-Me)

Chalcone compounds (Mi-Mg) were prepared via
the reaction of benzaldehyde derivatives with acetophe-
none and its derivatives in equal molar proportions using
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absolute ethanol as a solvent in the presence of NaOH
(40%), as shown in Scheme 1.

The IR spectra for derivatives (M1-Mg) show the
disappearance of the C-H band in the aldehyde (2750-2700
cm?) and the peak (C-H) in ketone (2900-2800 cm).
Moreover, a decrease in the frequency of the carbonyl
group (C=0) in ketone appears at 1680 cm™ due to the
presence of the conjugated carbon-carbon double bond next
to the carbonyl group in chalcone compounds.?
Additionally, he appearance of a medium-intensity peak
due to the stretching of the olefinic bond (C=C) at
1597 cm?, and (C-H) olefinic bond at 3090 cm™ is
observed??. The remaining peaks appeared at their expected
locations. Table 1 shows the infrared spectra of the
prepared compounds along with some physical properties.

Table 1. Some physical properties and IR spectral data of chalcones (M1-Ms)

0
RS
Y X
Substituents Physical properties IR (KBr) cm
No. Yield M. P. M.Wt. | n(C-H) | n(C=0) | n(C=C)
X Y % Color °C g/mole Arom. Amide Arom. Others
Greenish O-H, N-H
M, 2-OH H 85 yellow 165-167 224 3150 1675 1610 (3300)
Greenish O-H (3310)
M 2-OH | 4-NH, 78 brown 221-223 239 3100 1680 1597 N-H (3373)
M; 4-OH H 83 Brown 175-177 224 3100 1670 1601 O-H (3169)
O-H (3346)
M, 4-OH | 4-NH; 74 Orange 180-181 239 3110 1695 1648 N-H (3455)
Ms | o8| H 78 | Darkred | 152154 | 240 3007 | 1645 | 1620 | O-H (3298)
2,4- Redish O-H (3245)
Me diOH 4-NH, 75 orange 160-161 255 3040 1643 1623 N-H (3390)

3.2. Characterization
of diarylidene compounds (M7-M12)

Diarylidene compounds (M7-M12) were prepared
via the reaction of two moles of benzaldehyde derivatives
with one mole of cyclopentanone or cyclohexanone at
room temperature using absolute ethanol as a solvent in the
presence of NaOH (40 %) as a catalyst, as shown in
Scheme 1.

The infrared spectra of the prepared compounds
revealed the absence of the (C-H) peak in aldehyde (2700-
2750 cmY), and a decrease in the frequency of the stretching
ketonic carbonyl group (C=0) bond at 1673 cm%, due to the
presence of the conjugated carbon-carbon double bond next

to the carbonyl group. We observed a medium band at a
frequency (1602 cm™) corresponding to the double elastic
(C=C) olefinic bonds?® in addition to the appearance of a
peak at 3100 cm? referring to the olefin (C-H) stretching
bond. The other peaks are represented in Table 2 with some
physical properties.

3.3. Characterization of pyrazoline
compounds (M13-Mz2s)

Pyrazoline derivatives were prepared by conden-
sation of chalcones (Mi-Ms) and diarylidenes (M7z-Mzy)
with hydrazine and phenylhydrazine in glacial acetic acid
in equal molar ratios for chalcones and twice the molar
amount for diarylidene compounds (see Scheme 1).
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Table 2. Some physical properties and IR spectral data of chalcones (M7-Mz2)

ISATAU!

Substituents Physical properties IR (KBr) cm

No. ; —
Yield M. P. M. Wt. n (C-H) _ n (C=C)
X m % Color °C g/mole Arom. | " (C=0) Arom. n (O-H)
My 2-OH 2 75 Brown 180-182 292 3093 1652 1491 3385
Greenish 300

Mg 2-OH 3 80 yellow (decomp.) 306 3100 1648 1537 3378
Mo 4-OH 2 70 Green 196-198 292 3090 1673 1602 3300
My | 4-OH 3 85 Red 202-204 306 3100 1675 1658 3273

2,4-
My diOH 2 77 Blue 198-200 324 3095 1650 1645 3470
My, dzlgH 3 90 Violet 201-203 338 3088 1623 1600 3388

ring at

The infrared spectra of pyrazoline compounds (Ma3-
Mas) revealed the disappearance of the carbon bond peak
with the appearance of the peak for the (C=N) bond within
the pyrazoline
3474 cm? referring to the stretch (N-H) within the same

1614 cm™.

A peak at

ring, and two peaks at 2861 cm?® and 2930 cm
corresponding to the symmetrical and asymmetrical
stretching of the aliphatic (C-H) bond are observed?*. Some
of the IR spectra of the pyrazoline compounds are shown
in Tables 3, 4, and Figs. 1, 2.

Table 3. Physical properties and IR spectral data of pyrazolines (M13-Mig) prepared from chalcones

z

\N/N

\

IR (KBr) cm? Physical properties Substituents

No. Yield M. P. M. Wt. n n (C-H)

X | . ]

2 y % | Coor oc | gmole | (c=N) | atiph. | MO | n(NH)
My | 2-OH H Ph 68 Orange | 173-175 | 314 1623 | 2929 | 3393 -
Mwu | 2-OH | 4NH, | Ph 70 Efgv'\f: 242-244 | 329 1607 | 2937 | 3327 | 3662
My | 4-OH H Ph 75 Redish | 500000 | 314 1625 | 2936 | 3321 -
brown

M | 4-OH | 4NH, | Ph 80 Yellow | 178-180 | 329 1620 | 2935 | 3324 | 3662
My dzigl-l H Ph 85 Brown | 168-170 | 330 1633 - 3322 -
Mis dzig;{ 4-NH, | Ph 90 Orange | 185-187 | 345 1640 | 2943 | 3330 | 3474
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Table 4. Physical properties and IR spectral data of pyrazolines (M1g-M2s) prepared from diarylidene
\N/N
X \
DTSN
R&,
Substituents Physical properties IR (KBr) cm?
No. Yield M. P. M. Wt. n (C-H)
X Col = i .
z m % olor oc gimale n (C=N) aliph. n (O-H) | n (N-H)
Mg 2-OH Ph 2 58 Brown 213-215 382 1608 2861 3325 -
Mo | 4OH | Ph | 2 | 76 | Creensh | o555 382 1615 2889 | 3324 -
yellow
Dark
M2y 4-OH Ph 3 73 green 248-250 396 1602 2951 3303 -
M2z d2|CL)1H H 2 80 Yellow 220-222 338 1633 2988 3250 3393
Mz3 dzlgH Ph 2 76 Green 221-223 414 1608 2861 3326 -
M24 dzlgH H 3 88 Yellow 233-235 352 1614 2927 3345 -
Mas d2|,C£)1|:| Ph 3 85 Gray 226-228 428 1614 2927 3474 -
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Fig. 1. FT-IR spectrum for 4-(1,3-diphenyl-4,5-dihydro-1H-pyrazol-5-yl) benzene-1,3-diol (M17)
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Fig. 2. FT-IR spectrum for 2-(6-(2-hydroxybenzylidene)-2-phenyl-2,3,3a,4,5,6-hexahydrocyclopenta [c]
pyrazol-3-yl) phenol (Mag)
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Fig. 3. *H-NMR spectrum for 4-(6-(2,4-dihydroxybenzylidene)-2-phenyl-2,3,3a,4,5,6-hexahydrocyclopenta[c]
pyrazol-3-yl) benzene-1,3-diol (Mzs)
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Fig. 4. *H-NMR spectrum for 4-(7-(2,4-dihydroxybenzylidene)-2-phenyl-3,3a,4,5,6,7-hexahydro-2H-indazol-3-yl)
benzene-1,3-diol (Mzs)

Some pyrazoline compounds were characterized — protons (Figs. 3, 4, and Table 5. The 3C-NMR spectra for
using the *H-NMR and *C-NMR. The *H-NMR spectrafor  some pyrazoline compounds (M17, M1g, M2z and Mzs) show
compounds (M17, M1g, M3 and Mzs) show the important  important signals (Figs. 6, 7, and Table 6), which confirm
protons of aliphatic, phenolic and aromatic benzene ring  their structures®.

Table 5. *H-NMR data of some pyrazolines (M7, M1g, M3 and Mzs)

No.

Comp.

(*H-NMR)
d=ppm

My7

For (Ha) singlet at 8 = 2.51 ppm (pyrazoline ring), (Hy) singlet at 6 = 3.41ppm (pyrazoline ring), (H) singlet at & =
10.14 ppm (phenolic protons), (Hg) singlet at 3 = 10.78 ppm (phenolic protons), multiplet for aromatic ring protons at &
= (6.32-8.05) ppm.

For (H,) triplet at 3 = 1.89 ppm (cyclopentane ring), (Hs) doublet at & = 2.50 ppm (cyclopentane ring), (Hc) doublet at &
= 3.36 ppm (pyrazoline protons), (Hg) singlet at 5 = 10.41 ppm (phenolic protons), (He) singlet at 6 = 10.53 ppm
(phenolic protons), multiplet for olefinic and aromatic ring protons

at 3 = (6.75-8.15) ppm.

For (H.) singlet at & = 1.23, 2.08 ppm (cyclopentane ring), (Hy) singlet at & = 2.28, 2.49 ppm (cyclopentane ring),
(Hc) tetralet at 6 = 2.50 ppm (pyrazoline protons), (Hq) doublet at & = 3.34 ppm (phenolic protons), (He) singlet
at 3 = 8.03 ppm (phenolic protons), (Hs) singlet at 6 = 9.67 ppm (phenolic protons), (H,) singlet at 3 = 10.12 ppm
(phenolic protons), (Hx) singlet at & = 10.74 ppm (phenolic protons), multiplet for olefinic and aromatic ring protons
at 3 = (6.29-7.28) ppm.

For (H.) pentalet at 6 = 1.86 ppm (cyclohexane ring), (Hp) tetralet at 8 = 1.90 ppm (cyclohexane ring), (Hc) tetralet at &
= 2.50 ppm (pyrazoline protons), (Hg) doublet at & = 3.40 ppm (pyrazoline protons), (He) singlet at § = 9.61 ppm
(phenolic protons), (Hr) singlet at 6 = 9.70 ppm (phenolic protons), (Hy) singlet at 3 = 10.14 ppm (phenolic protons),
(Hr) singlet at 3 = 10.78 ppm (phenolic protons), multiplet for olefinic and aromatic ring protons at 6 = (6.32-8.05) ppm.
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Fig. 6. *C-NMR spectrum for 4-(6-(2,4-dihydroxybenzylidene)-2-phenyl-2,3,3a,4,5,6-hexahydrocyclopenta[c]
pyrazol-3-yl) benzene-1,3-diol (Mzs)
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Fig. 7. ®C-NMR spectrum for 4-(7-(2,4-dihydroxybenzylidene)-2-phenyl-3,3a,4,5,6,7-hexahydro-2H-indazol-3-yl)
benzene-1,3-diol (Mzs)
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Table 6. 13C-NMR data of some pyrazolines (M17, Mg, M23 and Mys)

Com.
No.

(C-NMR)
d=ppm

For (C,) at 6 = 39.32 ppm (pyrazoline carbon), (Cp) at 6 = 50.15 ppm and (C;) at & = 102.55 ppm
(all these for the pyrazoline carbons), (Cq) at 8 = 107.93 ppm (aromatic carbon), (Ce) at 8 = 119.90 ppm (aromatic
carbon), (Cy) at 6 = 112.44 ppm (aromatic carbon), (C) at & = 119.97 ppm (aromatic carbon), (Cp)
at 8 =129.01, 129.61, 129.72, 130.19 ppm (aromatic carbons), (Ci) at 3 = 139.66 ppm (aromatic carbon), (C;)
at 8 = 145.47 ppm (pyrazoline carbon), (Cy) at = 157.99 ppm (C-OH), (C)) at 6 = 159.44 ppm (C-OH).

For (C,) at 6 = 39.37 ppm, (Cy) at & = 39.58 ppm and (C;) at 3 = 40.00 ppm (all these for the cyclopentane carbons),
(Cy) at 6 = 40.62 ppm (pyrazoline carbon), (Ce) at & = 112.19 ppm (aromatic carbon), (Cs) at = 112.79 ppm
(aromatic carbon), (Cg) at & = 116.36 ppm (aromatic carbon), (Cy) at 8 = 119.43 ppm (aromatic carbon), (C;)

at 6 =119.85 ppm (aromatic carbon), (C;) at & = 120.95 ppm (pyrazoline carbon), (Cy) at 8 = 127.77 ppm
(aromatic carbon), (C)) at 6 = 128.59 ppm (aromatic carbon), (Cr,) at & =129.11 ppm (aromatic carbon), (C,)
at 3 = 129.65 ppm (aromatic carbon), (C,) at 8 = 129.75 ppm (olefinic carbon attached to cyclopentane ring), (Cy)
at & = 129.95 ppm (cyclopentane carbon), (Cq) at 6 = 137.74 ppm (pyrazoline carbon), (C;)
at & = 145.22 ppm (C-OH), (C,) at 6 = 156.13 ppm (C-OH).

For (C,) at 6 = 39.36 ppm, (Cy) at 5 = 39.57 ppm and (C.) at = 40.19 ppm (all these for the cyclopentane carbons), (Cq)
at 8 = 40.61 ppm (pyrazoline carbon), (Ce) at 8 = 102.94 ppm (aromatic carbon), (Cs) at 8 = 107.92 ppm (aromatic
carbon), (Cg) at & = 111.90 ppm (aromatic carbon), (Cy) at 6 = 118.95 ppm (aromatic carbon), (C;) at 6 = 129.57 ppm
(olefinic and aromatic carbons), (C;) at 8 = 129.71 ppm (aromatic and cyclopentane carbons), (Ci) at & = 145.49 ppm
(pyrazoline carbon and C-OH), (C)) at 8 = 157.97 ppm (C-OH).

For (C,) at 6 = 21.08 ppm, (Cy) at 8 = 20.10 ppm and (C.) at 6 = 30.16 ppm, , (Cy) at & = 40.00 ppm (all these for the
cyclohexane carbons), (Ce) at & = 51.45 ppm (pyrazoline carbon), (Cs) at 8 = 102.96 ppm (aromatic carbon), (Cg)
at 6 =107.94 ppm (aromatic carbon), (Cy) at 8 = 111.91 ppm (aromatic carbon), (C;) at 8 = 116.11 ppm (aromatic
carbon), (C;) at 8 = 119.34 ppm (aromatic carbon), (Ci) at 8 = 120.79 ppm (aromatic carbon), (Cy) at & = 128.79 ppm
(aromatic carbon), (Cr,) at 6 = 129.13 ppm (aromatic carbon), (C,) at 8 = 129.27 ppm (olefinic carbon), (Cy)
at 8 =129.51 ppm (aromatic carbon), (C,) at 3 = 139.69 ppm (cyclohexane carbon), (C,) at & = 145.40 ppm
(aromatic carbon), (C;) at 6 = 149.89 ppm (pyrazoline carbon), (Cs) at 8 = 158.00 ppm (C-OH), (C;) at 5 = 159.45 ppm
(C-OH), (C)) at 3 = 169.51 ppm (C-OH).

3.4. Evaluation of biological activity for
pyrazolines (M13-Mz2s)

Table 7. Diameter of the inhibition growth area (mm) of
pyrazoline compounds (M13-Mzs)

The inhibition zone growth diameter (mm)

The antibacterial activity for pyrazolines (M1s-M2s) Comp. No. conc. Staphylococcus | Escherichia
was studied using two types of bacteria, gram-positive mg/mL Aureus coli
bacteria (Staphylococcus Aureus) and gram-negative 1 2 3 4
bacteria (Escherichia coli). The results indicate that the 0.01 16 19
most of the pyrazoline compounds show a good Mis 0.001 13 15
antibacterial activity toward the used bacteria at (0.01 0.0001 11 13
mg/mL) compared to (0.001 and 0.0001) mg/mL due to the 0.01 24 22
high concentration effect. The inhibition growth area of the Mg 0.001 22 19
tested compounds revealed higher effectiveness than blank 0.0001 18 17
and control materials (amoxicillin). The concentration of 0.01 19 26
the pyrazoline compounds does not affect the diameter of Mis 006%0011 g ig
the inhibition zones, but rather the magnitude of the effect, b ol 19 R
as shown in the photos of the dishes, where the color of the Mis 0_601 13 20
inhibition zones darkens with increasing concentration. 0.0001 11 18
The results of studying antibacterial activity are shown in 0.01 0.01 18
Table 7 and FIgS 8,9,10. M7 0.001 0.001 16
0.0001 0.0001 13
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Table 7. (Continuation).
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Table 7. (Continuation).
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Fig. 9. Images of the inhibition area for M; against (a): Staphylococcus aureus and (b): Escherichia Coli

Fig. 8. Antibacterial activity against Staphylococcus Aureus and Escherichia coli

1 2 3 4 0.01 18 17
0.01 25 22
Mg 0.001 20 16 Mz 0.001 14 15
0.0001 15 13 0.0001 12 13
0.01 19 22 0.01 25 20
Mo 0.001 15 18
0.0001 7 13 Mz, 0.001 21 18
0.01 21 20 0.0001 18 15
Mao 0.001 16 18 0.01 25 22
0.0001 13 14
001 19 19 Mas 0.001 17 18
Ma1 0.001 15 17 0.0001 15 16
0.0001 13 15 0.01 19 25
0.01 18 19 -
My, 0.001 14 17 Amoxicillin 0.001 17 20
0.0001 12 14 0.0001 25 16
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Fig. 10. Images of the inhibition area for Ms against (a): Staphylococcus aureus and (b): Escherichia Coli

4. Conclusions

Several new pyrazoline derivatives were success-
sfully synthesized via cycloaddition reactions between
selected diarylidenes or chalcones and hydrazine or
phenylhydrazine. The chemical structures of the obtained
pyrazolines were confirmed by spectral analysis. Biolo-
gical evaluation demonstrated that all synthesized
compounds exhibited notable antibacterial activity against
the tested bacterial strains at all applied concentrations
(0.01, 0.001, and 0.0001 mg/mL). Notably, the compounds
showed particularly strong antibacterial effects against
Staphylococcus aureus and Escherichia coli, especially at
the highest concentration (0.01 mg/mL).

Acknowledgements

The authors highly appreciated every help to
achieve represented results.

References

[1] Kedar, M.; Shirbhate, M.; Chauhan, R.; Sharma, S.; Verma, A.
Design Synthesis and Evaluation of Anticancer Pyrazole
Derivatives of Chalcone Scaffold. Research Journal of Pharmacy
and Technology 2020, 13, 342-346. https://doi.org/10.5958/0974-
360X.2020.00069.4

[2] Schmidt, A.; Dreger, A. Recent Advances in the Chemistry of
Pyrazoles. Properties, Biological Activities, and Syntheses. Currr.
Org. Chem. 2011, 15, 1423-1463. https://doi.org/10.2174/
138527211795378263

[3] Secrieru, A.; O’Neill, P. M.; Cristiano, M. L. S. Revisiting the
Structure and Chemistry of 3 (5)-Substituted Pyrazoles. Molecules
2019, 25, 42. https://doi.org/10.3390/molecules25010042

[4] Pechmann H. von .Pyrazol aus Acetylen und Diazomethan.
Ber. Dtsch. Chem. Ges. 1898, 31, 2950-2951.
https://doi.org/10.1002/cber.18980310363

[5] Alam, M. A. Pyrazole: An Emerging Privileged Scaffold in
Drug Discovery. Future Med. Chem. 2023, 15, 2011-2023.
https://doi.org/10.4155/fmc-2023-0207

[6] Ameziane El Hassani, |.; Rouzi, K.; Assila, H.; Karrouchi, K.;
Ansar, M. h. Recent advances in the synthesis of pyrazole

derivatives: a review. Reactions 2023, 4, 478-504.
https://doi.org/10.3390/reactions4030029

[7] Hawaiz, F. E.; Samad, M. K. Synthesis and Spectroscopic
Characterization of Some New Biological Active Azo—Pyrazoline
Derivatives. J. Chem. 2012, 9, 1613-1622.
https://doi.org/10.1155/2012/525940

[8] Nitulescu, G. M.; Stancov, G.; Seremet, O. C.; Nitulescu, G.;
Mihai, D. P.; Duta-Bratu, C. G.; Barbuceanu, S. F.; Olaru, O. T.
The Importance of the Pyrazole Scaffold in the Design of Protein
Kinases Inhibitors as Targeted Anticancer Therapies. Molecules
2023, 28, 5359. https://doi.org/10.3390/molecules28145359

[9] Ansari, A.; Ali, A.; Asif, M. Biologically Active Pyrazole
Derivatives. New J. Chem. 2017, 41, 16-41.
https://doi.org/10.1039/C6NJ03181A

[10] Karrouchi, K.; Mortada, S.; Issaoui, N.; El-guourrami, O.;
Arshad, S.; Bouatia, M.; Sagaama, A.; Benzeid, H.; El Karbane,
M.; Faouzi, M. E. A. Synthesis, Crystal Structure, Spectroscopic,
Antidiabetic, Antioxidant and Computational Investigations of
Ethyl 5-Hydroxy-1-isonicotinoyl-3-methyl-4, 5-dihydro-1H-
pyrazole-5-carboxylate. J. Mol. Struct. 2022, 1251, 131977.
https://doi.org/10.1016/j.molstruc.2021.131977

[11] Ebenezer, O.; Shapi, M.; Tuszynski, J. A. A Review of the
Recent Development in the Synthesis and Biological Evaluations
of Pyrazole Derivatives. Biomedicines 2022, 10, 1124.
https://doi.org/10.3390/biomedicines10051124

[12] Karrouchi, K.; Radi, S.; Ramli, Y.; Taoufik, J.; Mabkhot, Y.
N.; Al-Aizari, F. A.; Ansar, M. h. Synthesis and Pharmacological
Activities of Pyrazole Derivatives: A Review. Molecules 2018, 23,
134. https://doi.org/10.3390/molecules23010134

[13] Bennani, F. E.; Doudach, L.; Cherrah, Y.; Ramli, Y_;
Karrouchi, K.; Faouzi, M. E. A. Overview of Recent
Developments of Pyrazole Derivatives as an Anticancer Agent in
Different Cell Line. Bioorg. Chem. 2020, 97, 103470.
https://doi.org/10.1016/j.bioorg.2019.103470

[14] Lusardi, M.; Spallarossa, A.; Brullo, C. Amino-Pyrazoles in
Medicinal Chemistry: A Review. Int. J. Mol. Sci. 2023, 24, 7834.
https://doi.org/10.3390/ijms24097834

[15] Zhao, Z.; Dai, X.; Li, C.; Wang, X.; Tian, J.; Feng, Y.; Xie,
J.; Ma, C.; Nie, Z.; Fan, P. Pyrazolone Structural Motif in
Medicinal Chemistry: Retrospect and Prospect. Eur. J. Med.
Chem. 2020, 186, 111893.
https://doi.org/10.1016/j.ejmech.2019.111893


https://doi.org/10.5958/0974
https://doi.org/10.2174/
https://doi.org/10.3390/molecules25010042
https://doi.org/10.1002/cber.18980310363
https://doi.org/10.4155/fmc-2023-0207
https://doi.org/10.3390/reactions4030029
https://doi.org/10.1155/2012/525940
https://doi.org/10.3390/molecules28145359
https://doi.org/10.1039/C6NJ03181A
https://doi.org/10.1016/j.molstruc.2021.131977
https://doi.org/10.3390/biomedicines10051124
https://doi.org/10.3390/molecules23010134
https://doi.org/10.1016/j.bioorg.2019.103470
https://doi.org/10.3390/ijms24097834
https://doi.org/10.1016/j.ejmech.2019.111893

494

[16] Lai, P.-M.; Ha, S.-T. Synthesis of Heterocyclic Pyridine-
Based Chalcones with Dimeric Structure. Chem. Chem. Technol.
2022, 16, 1-6. https://doi.org/10.23939/chcht16.01.001

[17] Jasim, S. S.; Abdulwahid, J. H.; Beebany, S.; Mohammed, B.
Synthesis, Identification, and Antibacterial Effect Assessment of
Some New 1, 4-Thiazepines, Derived from Substituted Diphenyl
Acrylamides and Diphenyl Dienones. Chem. Methodol. 2023, 7,
509-523. https://doi.org/10.22034/chemm.2023.392659.1668
[18] Beebany, S.; Jasim, S. S.; Al-Tufah, M. M.; Arslan, S.
Preparation and Identification of New 1, 4-bis (5, 3-Substituted-2,
3-dihydro-1H-pyrazole-1-yl) buta-1, 4-dione Derivatives with
their Antibacterial Effect Evaluation. Chem. Methodol. 2023, 7,
123-136. https://doi.org/10.22034/chemm.2023.365060.1614
[19] Reller, L. B.; Weinstein, M.; Jorgensen, J. H.; Ferraro, M. J.
Antimicrobial Susceptibility Testing: A Review of General
Principles and Contemporary Practices. Clin. Infect. Dis. 2009, 49,
1749-1755. https://doi.org/10.1086/647952

[20] Bonev, B.; Hooper, J.; Parisot, J. Principles of Assessing
Bacterial Susceptibility to Antibiotics Using the Agar Diffusion
Method. J. Antimicrob. Chemother. 2008, 61, 1295-1301.
https://doi.org/10.1093/jac/dkn090

[21] Al-Saheb, R.; Makharza, S.; Al-Battah, F.; Abu-El-Halawa,
R.; Kaimari, T.; Abu Abed, O. S. Synthesis of New Pyrazolone
and Pyrazole-Based Adamantyl Chalcones and Antimicrobial
Activity. Biosci. Rep. 2020, 40, BSR20201950.
https://doi.org/10.1042/BSR20201950

[22] Deska, A.; Zulhadjri, Z.; Norita O.; Efdi, M. Clay Enriched
with Ca?* and Cu?* As the Catalyst for the Production of Methyl
Esters from CPO on a Laboratory Scale. Chem. Chem. Technol.
2022, 16, 678-683. https://doi.org/10.23939/chcht16.04.678
[23] Mhaibes, R. M. Antimicrobial and Antioxidant Activity of
Heterocyclic Compounds Derived from New Chalcones. J. Med.
Chem. Sci. 2023, 6, 931-937.
https://doi.org/10.26655/jmchemsci.2023.4.25

Jawdat Abdulwahid et al.

[24] Salum, K. A.; Alidmat, M. M.; Khairulddean, M.; Kamal, N.
N. S. N. M.; Muhammad, M. Design, Synthesis, Characterization,
and Cytotoxicity Activity Evaluation of Mono-Chalcones and
New Pyrazolines Derivatives. J. Appl. Pharm Sci. 2020, 10, 020-
036. https://doi.org/10.7324/japs.2020.10803

[25] Pola, S.; Banoth, K. K.; Sankaranarayanan, M.; Ummani, R.;
Garlapati, A. Design, Synthesis, in Silico Studies, and Evaluation of
Novel Chalcones and their Pyrazoline Derivatives for Antibacterial
and Antitubercular Activities. Med. Chem. Res. 2020, 29, 1819—
1835. https://doi.org/10.1007/s00044-020-02602-8

Received: August 30, 2024 / Revised: October 29, 2024 /
Accepted: November 18, 2024

CHUHTE3, IIEHTU®IKALIS i OLIHKA
AHTUBAKTEPIAJILHOI AKTUBHOCTI
JNIESIKMX HOBHX 4,5-TUT'JIPO-1H-IIIPA30.1IB,
MOXITHUX 3AMIIIEHUX XAJKOHIB

Anomauin. V yiti pobomi ycniwiHo CUHmME308aHO Cepito
Hoeux noxionux 4,5-ouciopo-1H-nipasony (M21-M25) uepes
peaxryii pisHOMaHIMHUX anb0e2ioig 3 KemoHamu 015l OMPUMAHHS
XAIKOHI8 3 NOOANbUION) Pearyi€lo OCMAHHIX 3 2IOPA3UHOM |
eninciopasunom. Cunmesogani cnoayku 0yau ioenmugikosani 3a
oonomozoio FT-IR cnexmpockonii, *H SMP i ¥C SIMP cnex-
mpockonii. Bionoziuna akmueHicmb CUHME308aHUX CHONYK 6yia
nonepeonbo oyinena w000 MNeGHUX MUNi@ 2pPAMNOIUMUBHUX
(Staphylococcus aureus) i epamnecamuenux (Escherichia coli)
baxmepiil. Pe3ynomamu nokazanu eucoxuil anmudaxmepianbHull
egpexm npomu 060x munie baxmepiii 3a BUCOKUX KOHYEHMPAYIU.

Knwuoei cnosa: xankonu, 2iopasun, yukuisayis, nipasoi,
anmubaxmepiarbHull eghexm.
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