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ABSTRACT

Objective: The primary objective was to study biological activity in vivo, anti-inflammatory activity, antibacterial and antifungal activities, the
synthesis of new pyrazoline derivatives 5(a-f) through derivatives bearing heterocyclic scaffolds, molecular docking studies, and the prediction of
pharmacokinetic properties of potent molecules by the computational method.

Methods: The synthesis of new pyrazoline derivatives 5(a-f) through derivatives bearing heterocyclic scaffolds, characterized via melting point,
TLC, and spectral data acquisition (ATR-FTIR-IR, NMR, and mass spectroscopy), and evaluated for in vivo using a rat paw edema model, anti-
inflammatory activity with Diclofenac sodium as the standard and in vitro antimicrobial activity against g-positive: Staphylococcus. aureus (S. aureu),
Streptococcus. Pyogenes (S. Pyogenes) and g-negative Escherichia. coli (E. coli), Pseudomonas. Aeruginosa (P. aeruginosa)and Candida albicans using
the agar-well diffusion method, with amoxicillin and ciprofloxacin as the standard. and ADME for 5(a-f) were evaluated using Ligand Designer from
Glide (SchrodingerLLC).

Results: The final compound protein of docking (5e and 5d) has the highest docking score (-8.009 and-7.937) in the case of estimating their anti-
inflammatory activity, important amino acids in the COX2 enzyme. The final compounds 5a and 5f demonstrated considerable activity from 2 to 5 h.
The anti-inflammatory efficacy of the final product was estimated in vivo using a rat paw edema model. They are all important in terms of
antibacterial activity. The compounds with the highest docking scores-6.111,-5.964,-5.847,-5.841,-5.272 and-5.093) are 5e,5¢,5b,5f,5a and 5d. When
compared to DMSO (solvent and control), We used the well diffusion technique to determine the zone of inhibition for the six meticulously
synthesized final compounds, then thoroughly tested the new hybrid derivatives for their antimicrobial efficacy against both g-positive and g-
negative bacteria. The following fascinating results were obtained: As antimicrobial activity, the high activity all six compounds showed high activity
by Staphylococcus. aureus (S. aureu), Streptococcus. Pyogenes (S. Pyogenes): (5b, 5e,5¢ and 5f);), the high activity all six compounds given by
Escherichia. coli (E. coli), Pseudomonas. Aeruginosa (P. aeruginosa) (5a, 5d, 5b, 5¢ and 5f); give high activity; the others ranging (moderate-inactive).
Antifungal activity against Candida albicans, when compared with the drug fluconazole, (5a, 5b, 5c and 5f); the other final compounds were
(moderate-inactive). The compounds.

Conclusion: The compounds were effectively synthesized, and the findings of the study on their biological efficacy show that the finished
compounds contain drug-like properties.
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INTRODUCTION [7] and antimicrobial actions [8]. Dihydropyrazole is a five-
membered heterocyclic compound whose stability is affected by the
proximity of two nitrogen atoms and the endo-cyclic double bond,
which varies in position among the three isomers of pyrazoline (1-
pyrazoline, 2-pyrazoline, and 3-pyrazoline), with 2-pyrazoline being

the most stable isomer fig. 2 [9]

Chalcone (1,3-diphenyl-2-propen-1-one), defined by the general
formula (Ar-C=0-CH=CH-Ar), is a polyphenolic compound belonging
to the flavonoid family as seen in "fig. 1"[1, 2].
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Fig. 1: Structure of chalcone
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1,3-diphenyl-2-propen-1-ones are both naturally occurring and Fig. 2: Isomers pyrazoline
synthetically manufactured compounds, regarded as important
intermediates in advanced chemical research due to their many

replaceable hydrogens, which enable the production of diverse
derivatives such as pyrazole. They are regarded as the basis for the
synthesis of several compounds, including pyrazoline and
pyrimidine [3]. Chalcones have a variety of pharmacological effects,
encompassing antibacterial and anti-inflammatory activities [4].
Pyrazoline and its derivatives have significant biological activity and
are classified as neutrophil chemicals [5, 6]; hence, they are essential
in several pharmacological functions, including anti-inflammatory

Pyrazoline derivatives exhibit increased biological activity and
potential therapeutic applications, and combining them with
substances such as sesamol, eugenol, and vanillin represents a
significant advancement in medicinal chemistry. This combination
aims to enhance the effectiveness of treating various illnesses,
including cancer and inflammatory conditions, by leveraging the
unique properties of each component. Numerous studies have
demonstrated that pyrazoline derivatives possess strong anti-
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inflammatory effects [10]. Incorporating the anti-inflammatory
properties of natural compounds like vanillin and eugenol into
pyrazoline derivatives may further enhance their therapeutic
efficacy. This combination could broaden the pharmacological
profile of pyrazolines, which already includes antimicrobial and
antioxidant activities [11]. Consequently, this might facilitate the
development of multi-target drugs that engage multiple pathways in
disease processes. While the combination of these compounds holds
promise, it is crucial to consider potential challenges, such as the
requirement for extensive testing to ensure safety and efficacy in
clinical applications. Sesamol, eugenol, and vanillin will be
advantageous in the formulation and development of novel
pharmaceuticals due to their capacity to inhibit superoxide anion
production, mitigate hydroxyl radical generation, and function as
effective free radical scavengers [12-14], in addition to possessing
antibacterial properties. This work aimed to manufacture 2-
pyrazoline derivatives conjugated with the antioxidants Sesamol,
eugenol, and vanillin to enhance their antibacterial and anti-
inflammatory properties. Our work employs computational
methodologies such as ADME (absorption, distribution, metabolism,
and excretion) and Molecular Docking is a technique used to predict
the interactions between the ligand or drug and target proteins and
the results of interaction are interpreted in terms of binding affinity,
which is called the Docking score [15] molecular docking studies to
aid in the search for new lead medications. Molecular docking is
used in molecular modeling to predict the optimal binding
orientation of two molecules to form a stable complex, and it is also
essential to the rational creation of medications. The "best-fit"
orientation of a ligand that binds to a certain target protein can be
expressed in molecular docking, an optimization issue. In most
cases, it reveals disease-causing proteins and aids in the discovery of
novel medications [12, 16, 17].

MATERIALS AND METHODS

Hydrine hydrate (99%) was procured from Thomas Baker, while 2-
acetylpyridine and methyl 2-chloroacetate were sourced from
Shanghai Macklin Biochemical Company. Additional solvents and
reagents were obtained from the chemical repository of the College
of Pharmacy at the University of Baghdad. The reactions were
meticulously analyzed utilizing Thin Layer Chromatography (TLC)
with two distinct mobile solvent systems: A (chloroform: methanol,
85:15) and B (chloroform: ethylacetate: ether, 10:5:1). Melting
points were ascertained employing a Stuart SMP30 electronic
melting point apparatus. ATR-FTIR analysis was executed through
the thin film methodology on a Shimadzu apparatus, and NMR
spectra were recorded on a BRUKER Ultrashield. A molecular
docking investigation was conducted at the College of Pharmacy,
University of Baghdad, utilizing Schrodinger software.

Designing in silico
In silico test

The docking technique was started by acquiring the crystal
structures of Diclofenac, the 3nl1 protein, and the penicillin-binding
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protein 3 from Mycobacterium tuberculosis (6KGV) from the Protein
Data Bank. Subsequently, the Schrodinger-2023-Maestro laboratory
executed a comprehensive methodology for protein synthesis. The
main goal of this phase was the molecular extraction of free water
from the location. Specific alterations were necessary to mitigate the
danger of hydrogen bond overlap, so as to ensure a realistic
depiction of the binding environment. Optimization efforts mostly
focused on enhancing the protein's structure before docking. The
ligands were manufactured with precision, akin to protein
manufacturing. The objective of desalting these ligands was to
eliminate impurities and improve the accuracy of their molecular
structures [18, 19]. To enhance the ligands' participation in all
possible chemical processes within the physiological pH range, we
further synthesized all the tautomers. The comprehensive analysis
of ligand-protein docking interactions stems from the precise ligand
synthesis process. The receptor grid was established with FLP as the
reference ligand following the production of the protein and ligand.
The reference ligand was employed to generate the receptor grid in
the binding pocket. By creating cubic boxes with dimensions of 25 A
for COX-2 and 30 A for PBP3, the reference ligands will be included
in the spatial parameters of subsequent docking simulations. The
docking algorithm thoroughly examined all potential binding sites
inside the confined space of the binding pocket, due to the precise
construction of the grid. The primary objective was to employ Glide
docking technology for adaptable sampling through conventional
precision docking. This method enhanced the examination of diverse
ligand orientations and conformations inside the receptor binding
region, hence aiding the investigation of possible binding
interactions. A dependable docking technique was developed by
flexible sampling to clarify the complex interactions between ligands
and COX-2 proteins. This systematic methodology encompassed grid
design, docking simulations, and the precise fabrication of ligands
and proteins to comprehensively analyze protein-ligand interactions
inside the COX-2 binding sites.

Receptor grid generation [20]

Prior to interaction with a virtual display with waft, grid creation
must be finished. The receptor's shape and properties are shown in
a grid format by area, facilitating more precise scoring of ligand
poses across time. Follow builds grids for each receptor
conformation that experiences many states across binding to ensure
that potential active compounds are not missed. Receptor grid
development requires a "prepared” structure: a complete atomic
structure containing suitable bond ordering and formal charges. The
preparation step may often be completed automatically with the
Protein Preparation Wizard [21]. RMSD values are calculated to
quantify the deviation between predicted and experimental poses,
with lower values indicating higher accuracy [22]. Degree RMSD For
Protein Structures<1 A: Excellent agreement (often seen in high-
resolution structures). 1-2 A: Good agreement, typically acceptable
for most studies. 2-3 A: Moderate agreement; may be acceptable
depending on the context. >3 A: Poor agreement; often indicates
significant deviations.
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Fig. 4: Synthesis of chalcones (1-2)
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Chemical synthesis
I. Step
Step one: synthesis of chalcones (1-2)

Equimolar amounts of 2-acetylpyridine (0.017 mol) and of the
appropriate benzaldehydes (0.017 mol) (4-methoxybenzaldehyde,
4-chlorobenzaldehyde) were added to 100 ml of water at
temperatures below 5 °C. The mixture was stirred thoroughly in
order to obtain a finely dispersed emulsion for 1-2 h. (10 ml) of a
10% potassium hydroxide solution was added. The mixture was
stirred for 30 min and left overnight at 4 °C. The resulting solid was
filtered, washed with water, dried, and recrystallized from ethanol.

Compound (1) yellow crystals powder, yield=80%, M. P.= (90-91)
°C,R=0.6 ATR-FTIR (v=cm1)3051, 3005(Stretchingvibrationsof CH
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(aromatic)), 2931(asy CH Stretchingvibrationsof CHs), 2843(Sy CH
Stretchingvibrationsof CHs), 1662(C=0 Stretchingvibrationsofa-f
unsaturated  ketone), 1593(C=N Stretching  vibrations),
1566,1508(Stretchingvibrationsof aromatic and aliphatic C=C
(overlapped)), 1257(C-0-C Str. Vib of C=0 group aromatic C-H
Bending.

Compound (2) off white powder, yield=80%, M. P.= (120-121)
°C,R=0.5 ATR-FTIR (v=cm1)3059, 3020(Stretchingvibrationsof CH

(aromatic)), 2965(Asy  CH Stretchingvibrationsof =~ CHa),
2870(Symmetric CH Stretchingvibrationsof CH3), 1670(C=0
Stretchingvibrationsofa-f  unsaturated  Kketone), 1604(C=N

Stretching vibrations), 1595,1566(Stretchingvibrationsof aromatic
and aliphatic C=C (overlapped)),1215 C-0O-C Stretching vibrations of
C=0 group aromatic C-H Bending,825 N-H bending vib. Of Amine,
786(C-Cl).

(o] (o]
o NH,NH,.H,0 99%
Cle Acetone , K,CO3 . %ocns TR, / NHNH,
OCH;— ~ ° ,  Antioxident absolute Ethanol Antioxident 2
2(a-¢); Reflux ,16h 3 (a-0) Reflux , 8h 4 (a-¢)
HO. : 0)
Antioxident 2(a-¢) = (0] ]@\) j@\
Sesamol 2a 3
Eugenol 2b Vanillin 2¢
0
Antmxldent NHNHZ
‘ 4 (a-c)
OCH;
Chalcone 1 Chalcone 2
Antloxndent Antmndent\
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N‘ N N—N
N\ N ‘
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= OCH, = cl
5 (a-¢) 5(d-H

.Fig 5: Synthesize of target final compounds

II. Step

Synthesis of  antioxidant-methyl 2-chloroacetate as

intermediates (included two steps)
1-Synthesize of methyl-2-phenoxyacetate

Reflux the mixture of antioxidant(sesamol, eugenol, vanillin) (0.2
mol) and methyl 2-chloropropanoate (0.2 mol) and anhydrous
potassium carbonate (41.4g, 0.3 mol) in dry acetone (300 ml) on a
water bath 70 °C for 16 h and hot filter the reaction mixture to
remove insoluble mass. Concentrate the reaction mass under
reduced pressure to obtain the product.

Compound 3a white crystalline powder Yield =75%,M. P.= (125-
127) °C,R¢=0.62, ATR-FTIR) (v =cm1): 3008 Str. VibofCH(aromatic),
2924 Asymmetric CH Stretching vibrations of CHs, 2854 Symmetric
CH Stretching vibrations of CHs, 1743C=0 Stretchingvibrationsof a-8
unsaturated ketone, 1570,1508 (C=C) C=C Stretchingvibrationsof
aromatic ring and 1122 C-O Stretchingthe ether (C-0) bond from the
benzo[d][1,3]dioxole and the ester,752 C-OCHsStretching vibrations.

Compound 3b pale yellow solid, Yield=70%, M. P.= (60-62) °CRe= 0.70
ATR-FTIR) (v =cm1): 3183 Stretching vibrations ofCH(aromatic). 2943
Asymmetric CH Stretching vibrations of CHs, 2835 Symmetric CH
Stretching vibrations of CHs,2727Stretching vibrations C-H
aldehyde, 1670 C=0 Stretching vibrations of a-p unsaturated ketone,
1577and 1543 C=C Stretching vibrations of aromatic ring1226 (C-0-C)
ether group,702 C-OCHsStretching vibrations

Compound 3c yellow crystalline solid Yield =80%, M. P.= (120-122)
°C Rr =0.70, ATR-FTIR) (v =cm): 3050Stretching vibrations of

CH(aromatic).:2960 Asymmetric CH Stretching vibrations of
CH3,2829 cm™ Symmetric CH Stretching vibrations of CHs,
2729Stretching vibrations, C-H aldehyde,1737,1674 C=0 Stretching
vibrations of a-f unsaturated ketone 1581.16 and 1543 C=C
Stretching vibrations of aromatic ring1226 (C-0-C) C-O Str the ether
(C-0) bond from the benzo[d][1,3]dioxole and the ester,702 C-
OCHsStretching vibrations.

The synthesized compounds (5a-f) was obtained successively; the
overall process for synthesizing the intermediates and targeted
compounds were depicted in Scheme1l. Step one Synthesis of different
chalcones by classical method Claisen-Schmidt condensation reaction
by two ketones with different substituted aldehyde, one ketone is 2-
acetylpyridine, and different substituted aldehyde then Step Two) The
reaction of the phenolic compound with methyl-2-chloroacetate to
produce methyl-2-phenoxy acetate which then react with NH2NHq,
H20 to give methyl-2-phenoxyacetahydrazide. And Step Three
Cyclization of hydrazide derivatives with methyl-2-phenoxyaceta-
hydrazide hydrazide derivatives to produce pyrazoline derivatives to
produce oxadiazole derivative.

2-Synthesis of 2-phenoxyacetohydrazide

Reflux the mixture of appropriate crude 2-phenoxyacetohydrazide
(0.1 mol) and 5 ml of 99% hydrazine hydrate (0.1 mol) in 40 ml of
ethanol in a water bath 70 °C for 8 h, then cool the reaction mixture.
Collect the mixture by recrystallizing the residue from ethanol to
obtain the product filtration then recrystallization of the resultant
compound with petroleum ether (60-80) and ethyl acetate (25:1)
(42). The R¢ values were obtained from running TLC using
chloroform: methanol (8.5:1.5) as the solvent system.
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Compound (4a) (second step of intermediates) a yellow crystalline
solid Yield =72%,M. P.= (70-72) °C Rf=0.59, ATR-FTIR) (v =cm1): 3404
the presence of N-H bonds typical of hydrazides 3120 Stretching
vibrations of CH(aromatic)and 2960 (C-H str. of CH3 and CH:),2850
Symmetric CH Stretching vibrations of CHs 1651 C=0 Stretching
vibrationsof o-f3 unsaturated ketone.,. 1602and 1512 C=C Str. Stretching
vibrations ring 1247 C-O Str the ether (C-O) bond from the
benzo[d][1,3]dioxole and the ester, 702 C-OCHsStretching vibrations

Compound (4b) (second step of intermediates) light brown
crystalline solid Yield =75%, M. P.= (100-102) °C R¢=0.62 ATR-FTIR)
(v =ecm): 3255 cm™ (N-H stretch). 3055 C-H Stretching vibrations
of CH2,2947 Asymmetric CH Stretching vibrations of CHs.,2920
Symmetric CH Stretching vibrations of CHs, 2600 Stretching
vibrations C-H aldehyde.1693 cm™ C=0 Stretching vibrations of a-
unsaturated ketone.1612,1516 C=C Stretching vibrations of aromatic
ring. 1273 C-O Str the ether (C-0) bond from the
benzo[d][1,3]dioxole and the ester,698 C-OCHsStretching vibrations

Compound (4c). ((second step of intermediates) ayellowcrystalline
solid Yield =78%,M. P.= (100-102) °C R=0.65, ATR-FTIR) (v =cm-
1):3309 the N-H Str: the primary amine (N-H) Stretching
vibrations,3035.  Stretching vibrations of CH(aromatic),2962
Asymmetric CH Stretching vibrations of CH3,2916,2851 Symmetric
CH Stretching vibrations of CHs,2700 Stretching vibrations C-H
aldehyde, 1662 c¢m™'C=0 Stretchingvibrationsof o-f unsaturated
ketone, 1616,1589,1508 C=C Stretching vibrations of aromatic
ring,1238 cm™, C-O Str the ether (C-0) bond from the
benzo[d][1,3]dioxole and the ester,694 C-OCHsStretching vibrations.

Synthesis of targeted compounds 5 (a-f)

Mix one of chalcone (0.002 mol) and Synthesis of 2-
phenoxyacetohydrazide (RNHNH2) (0.002 mol) in absolute ethanol
(5 ml), and add potassium hydroxide (0.005 mol, 0.28 g). The
mixture was heated under reflux for 8h after cooling, the separated
precipitate was filtered and washed with water to obtain
compounds. Recrystallization with petroleum ether (60-80) and
ethyl acetate (25:1) [23]. The R¢ values obtained from running TLC
using (chloroform: methanol 8.5:1.5) as a solvent system

Compound (5a) 2-(benzo[d][1,3]dioxol-4-yloxy)-1-(5-(4-
methoxyphenyl)-3-(pyridin-2-yl)-4,5-dihydro-1H-pyrazol-1-
yl)ethan-1-one

Light yellow powder, yield=65%, M. P.= (240-245) °C, R=0.4 ATR-
FTIR (v =cm13210 N-H Stretching: The primary amine (N-H)

80000 —
75000
70000
65000
60000
55000
50000
45000
40000
35000 ‘
30000

25000 137
20000 |

15000 ‘
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Stretching vibrations, 3050 Stretching vibrations of CH(aromatic)
vibrations, 2835 Symmetric CH Stretching vibrations of CH3.1685
C=0 of a-B unsaturated ketone.1604 C=N Stretching vibrations.
1581,1508 C=C Stretching vibrations of aromatic ring. 1435 C-H
Bending (Methyl) bending vibrations, 1176 C-O Str the ether (C-0)
bond from the benzo[d][1,3]dioxole and the ester.

V4 _

-
£

Fig. 6: Compound(5a) of final compounds

1HNMR(500 MHz, DMSOd6; §,ppm):2.93(dd,1H, CH2-Pyrazoling
ring),, 3.77 (s,3H, OCH3 group -Ring " B "), 3.82 (dd, 1H,CH2-
Pyrazoling ring), 5.35 (s,2H, CH2& to 0-C=0 group), 5.37 (dd,1H, CH-
Pyrazoling ring), 6.32 (s,2H, Methylene group of sesamol), 6.62
(d,2H, ring C), 6.92 (d,2H, ringB), 6.93 (d,1H, ring C), 7.21 (d,2H, ring
B), 7.55 (complex,1H, ring A) 7.61 (complex,1H, ring A), 8.17 (d,1H,
ring A), 8.50(d,1H,ring A).

13C NMR (100MHz, DMSO-d 6):(42.23)CH2 carbon of pyrazoline
ring,(45.64) OCH3 group of aromatic ring " B ",(45.94) CH carbon of
pyrazoline ring, (71.92)CH2& to 0-C=0 group, (75.80)CH of SESAMOL
ring, (88.85)CH of aromatic ring (C), (101.66)CHof aromatic ring
(B),(121.73)CH of aromatic ring (A),(126.28) C of aromatic ring (C),
(126.51) CH of aromatic ring (A),(127.71) CH of aromatic ring
(B),(134.97) C of aromatic ring (B), (136.10) CH of aromatic ring
(A),(137.00) C of aromatic ring (C), (139.98) C of aromatic ring
(€),(147.24) CH of aromatic ring (A), (147.98) C of aromatic ring (C),
(148.26) C of aromatic ring (A),(153.08) C carbon of pyrazoline
ring,(153.44) C of aromatic ring (B), (163.10 C=0 group

The mass spectrum for [M+H]*C24H21N30s m/z = 431.44 M+*Fragment
m/z: 58,137,252,250,264,323,

264

Compound

(5d)

10000 ‘

5000

(o]

- T T T T T 1
100 200 300 400 500 600

Fig. 7: The mass spectrum compound (5a)

2-(benzo[d][1,3]dioxol-4-yloxy)-1-(5-(4-

chlorophenyl)-3-(pyridin-2-yl)-4,5-dihydro-1H-pyrazol-1-
yl)ethan-1-one

Light white powder, yield=85%, M. P.= (230-234) °C, R= 0.6 ATR-FTIR
(v =cm1): 3310 N-H Stretching: The primary amine (N-H) Stretching

vibrations. 3051 Stretching vibrations of CH(aromatic)vibrations,2920
Asymmetric CH Str. Vib of CHs, 2820 Symmetric CH Stretching
vibrations of CH3.1681 C=0 of a-f unsaturated ketone. 1580,1533 C=N
Stretching vibrations.1580,1533 C=N Stretching vibrations. C-O-C
1191 C-O Stretching the ether (C-O-C) bond from the
benzo[d][1,3]dioxole and the ester,883 C-CL
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Fig. 8: Compound(5d) of final compounds

1HNMR(500 MHz, DMS0d6; §,ppm): 3.82 (dd,1H,CH2-Pyrazoling
ring), 4.09 (dd,1H, CH2-Pyrazoling ring), 5.41 (s,21H, « to C=0 group),
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5.44 (dd,1H, CH-Pyrazoling ring), 5.52 (s,2H, Methylene group of
sesamol), 6.84 (d,2H, ring C), 6.87 (t,1H, ring C), 6.93-7.03 (m,2H, ring
B), 7.12-7.19 (m,2H, ring B), 7.25 (complex,1H, ring A) 7.57
(complex,1H, ring A), 7.60(d,1H, ring A), 8.50(d,1H, ring A).

13C NMR (100MHz, DMSO-d 6):(42.71)CH2 carbon of pyrazoline
ring, (54.35)CH2 carbon of pyrazoline ring, (75.81) CH2& to 0-C=0
group, (99.02) Methylene group of sesamol (110.89) CH of aromatic
ring (C), (121.82) CH of aromatic ring (A), (126.16) CH of aromatic
ring (C), (126.32) CH of aromatic ring (A), (127.08) CH of aromatic
ring (B), (127.86) CH of aromatic ring (B), (128.87) C of aromatic
ring (B), (136.13) CH of aromatic ring (A), (136.56) C of aromatic
ring (C), (139.95) C of aromatic ring (B), (147.24) C of aromatic ring
(C), (147.98) CH of aromatic ring (A), (148.26) C of aromatic ring (C),
(152.98) C of aromatic ring (A), (153.41) C carbon of pyrazoline ring,
(163.05) C=0 group

The mass spectrum for [M+H]*C23HisCIN3O+ m/z = 435.85
M+Fragment m/z: 58,137,256,250,264,323,

a

T ) T
0 100 200

T £ d T T 1
300 400 500 600

m/z

Fig. 9: The mass spectrum compound (5d)

Compound (5b) 2-(4-allyl-2-methoxyphenoxy)-1-(3-(pyridin-2-
yl1)-5-(p-tolyl)-4,5-dihydro-1H-pyrazol-1-yl)ethan-1-one

Light yellow powder, yield=50%, M. P.= (210-214) °C, R=0.45 ATR-
FTIR (v =cm1): 3320 N-H Stretching: The primary amine (N-H) O
Stretching vibrations.3055 C-H Stretching vibrations of aromatic
ring,2954 Asymmetric CH Stretching vibrations of CHs, 2850
Asymmetric CH Stretching vibrations of CHs. 1685 C=0 of o-f
unsaturated ketone, 1597 C=N Stretching vibrations.1581,1562 C=C
Stretching vibrations of aromatic ring,1435 C-H Bending (Methyl)
bending vibrations 1072 C-0-C Str the ether (C-0-C) bond from the
benzo[d][1,3]dioxole and the ester.

O/ (o]
/K‘/O\)J\N/N
=

\O

Fig. 10: Compound (5b) of final compounds

1HNMR(500 MHz, DMSO0d6; §,ppm): 2.99 (d,21H,CH2 &allylic
position), 3.81(dd,1H, CH2-Pyrazoling ring), 3.90 (s,3H, OCH3 group-
Ring " C "), 4.08 (s,3H,0CH3 group- Ring " B " ), 4.45 (dd,1H, CH2-

pyrazoline ring), 4.69 (complex,1H, Vinylic proton ), 5.17(s,2H,
CH2& to 0-C=0 group), 5.41 (ddx,1H, CH-pyrazoline ring), 5.52
(complex,1H, vinylic group), 5.75 (complex,1H, vinylic group)6.12-
6.13 (m,2H, ring C), 6.41(d,1H, ring C), 6.94 (d,2H, ring B),7.21-7.29
(d,2H, ring B),7.36(complex,1H, ring A),7.56(complex,1H, ring A),
7.83(t,1H, ring A), 8.50(t,1H, ring A).

13C NMR (100MHz, DMSO-d 6):(42.16) CH2&allylic position, (45.29)
CH2 carbon of pyrazoline ring, (45.45) OCH3 group of aromatic ring
"B",(55.44) OCH3 group of aromatic ring" C", (65.54) CH2 carbon
of pyrazoline ring, (68.58) CH2& to 0-C=0 group , (112.42) CH of
aromatic ring (C), (114.13) CH of aromatic ring (B), (120.97) CH of
aromatic ring (C), (121.98) CH2 of Vinyl group , (123.78) CH of
aromatic ring (A), (127.19) CH of aromatic ring (C), (129.04) CH of
aromatic ring (A), (130.75) CH of aromatic ring (B) (135.60) C of
aromatic ring (C), (136.24) C of aromatic ring (B), (136.70) CH of
aromatic ring (A), (141.85) CH of Vinyl group , (148.06) C of
aromatic ring (C), (148.51) CH of aromatic ring (A), (148.89) C of
aromatic ring " C " ,(152.22) C of aromatic ring (A), (153.51) C
Carbon of Pyrazoline ring ", (162.80)C of aromatic ring " B
",(168.71) C=0 group

The mass spectrum for [M+H]*C27H27N302 m/z = 457.52
M++Fragment m/z: 58,147,163,252,250,264.

Compound (5e) 2-(4-allyl-2-methoxyphenoxy)-1-(5-(4-
chlorophenyl)-3-(pyridin-2-yl)-4,5-dihydro-1H-pyrazol-1-
yl)ethan-1-one

Pale yellow powder, yield=60%, M. P.= (220-225) °C, R= 0.5 ATR-
FTIR (v =cm1): 3340 N-H Stretching: The primary amine (N-H)
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Stretching vibrations.3005 C-H Stretching vibrations of aromatic
ring.2850 Asymmetric CH Stretching vibrations of CHs, 1697 C=0 of
a-B unsaturated ketone. 1600 C=N O Stretchingvibrations.1581,
1558 C=C O Stretching vibrations of aromatic ring. 1091 C-0-C
Stretching the ether. 1435 C-H Bending (Methyl) bending vibrations,
879 C-CL

1HNMR(500 MHz, DMSO0d6; 6,ppm): 2.29 (d,2H,CH2 &allylic
position ), 3.63 (dd,1H, CH2-Pyrazoling ring ), 3.83 (s,3H, OCH3
group- Ring " C ", 4.55(dd,1H, CH2-Pyrazoling ring ),
4.68(complex,1H, Vinylic proton ), 4.70 (s,2H, CH2& to 0-C=0 group
), 5.40 (dd,1H, CH-Pyrazoling ring )), 5.41 (complex,1H, Vinylic
proton ),5.51(s,1H, Vinylic proton), 5.52 (complex,2H, Ring " C "),
5.53 (complex,1H, ring C), 6.99(d,2H, ring B), 7.16 (d,2H, ring B),7.34
(complex,1H, ring A),7.60(complex,1H, ring A),7.64(d,1H, ring
A),8.55(d,1H, ring A).
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13C NMR (100MHz, DMSO-d 6):(42.07)CH2&allylic position , (45.20)
CH2 carbon of pyrazoline ring, (51.37) OCH3 group of aromatic ring
"C", (69.31)CH carbon of pyrazoline ring, (79.23)CH2& to 0-C=0
group, (98.76) CH of aromatic ring (C), (105.58) CH of aromatic ring
(C), (120.88) CH2 of Vinyl group , (122.29) C of aromatic ring (A),
(122.46 CH of aromatic ring (C), (126.82) CH of aromatic ring (A),
(127.10) C of aromatic ring (B), (129.06) CH of aromatic ring (B),
(130.59) C of aromatic ring (B), (136.14) C of aromatic ring (C),
(136.70) CH of aromatic ring (A), (136.72) CH of Vinyl group ,
(139.14) C of aromatic ring (B), (141.76)C of aromatic ring (C),
(148.31) CH of aromatic ring (A) (148.42) C of aromatic ring (C),
(152.83) C of aromatic ring (A), (153.42) C carbon of pyrazoline ring,
(162.72) C=0 group

The mass spectrum for [M+H]*C26H24CIN303 461.93

M+Fragment m/z: 58,147,163,256,250,264

m/z =

T
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Fig. 11: The mass spectrum of compound (5b)
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Fig. 12: Compound(5e) of final compounds
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Fig. 13: The mass spectrum of compound (5e)
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Fig. 14: Compound (5c) of final compounds

Compound (5c¢)  3-methoxy-4-(2-(5-(4-methoxyphenyl)-3-
(pyridin-2-yl)-4,5-dihydro-1H-pyrazol-1-yl)-2-
oxoethoxy)benzaldehyde

Light yellow powder, yield=60%, M. P.= (220-225) °C, R= 0.55 ATR-
FTIR (v =cm1): 3356 N-H Stretching: The primary amine (N-H)
Stretchingvibrations.3055 C-H Stretchingvibrations of aromatic
ring,2920 Asymmetric CH Stretchingvibrations of CHs, 2850
Asymmetric CH Stretchingvibrations of CHs. 1685 C=0 of a-f
unsaturated ketone1620 C=N Stretchingvibrations C-.1585,1516
C=C Stretchingvibrations of aromatic ring. 1485 C-H Bending
(Methyl) bending vibrations, 1072 C-0O-C Stretching the ether.
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1HNMR(500 MHz, DMS0d6; §,ppm): 3.58 (dd,1H, CH2-Pyrazoling
ring ), 3.69 (s,3H,0CH3 group -ring " B "), 3.72 (s,3H, OCH3
group -Ring " C " ), 3.74 (dd,1H, CH2-Pyrazoling ring ), 3.82
(s,2H, CH2& to 0-C=0 group ), 4.17 (dd,1H,CH-Pyrazoling ring ),
6.78(d,2H, ring B), 7.05 (d,1H, ring C), 7.25 (s,2H, ring B),
7.29(s,1H, ring C) 7.44 (d,1H, ring A), 7.79(complex,1H, ring A),
7.81 (complex,1H, ring A),7.85 (d,1H, ring A),8.57 (d,1H, ring
A),8.64(s,1H, Aldehyde group).

13C NMR (100MHz, DMSO-d 6):(42.53) CH2 carbon of pyrazoline
ring, (51.82) OCH3 group of aromatic ring "B ", (54.17) OCH3 group
of aromatic ring " C ", (62.46) CH carbon of pyrazoline ring, (69.10)
CH2& to 0-C=0 group, (75.63) CH of aromatic ring (C), (93.70) CH of
aromatic ring (C), (119.89) CH of aromatic ring (B), (120.78) CH of
aromatic ring (A), (121.62) CH of aromatic ring (C), (125.80) CH of
aromatic ring (A), (126.43) CH of aromatic ring (B), (128.69) C of
aromatic ring (C),(133.72) C of aromatic ring (B), (135.94) CH of
aromatic ring (A), (147.73) C of aromatic ring (C), (148.06)C of
aromatic ring (A), (152.81)C Carbon of Pyrazoline ring, (153.22) C
of aromatic ring (B), (162.86) C=0 group, (203.93) CH of C=0
aldehyde

The mass spectrum for [M+H]*C2sH23N305 m/z = 445.46 M*Fragment
m/z: 58135,137,151,165,193,252.

5000 -
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Compound  (5f).4-(2-(5-(4 chlorophenyl)-3-(pyridin-2-yl)-4,5-

T
100
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Fig. 15: The mass spectrum of compound (5¢)

Pyrazoling ring ), 5.16 (s,2H, CH2& to 0-C=0 group ), 5. 41(dd,1H,

dihydro-1H-pyrazol-1-yl)-2-oxoethoxy)-3 methoxybenzaldehyde

Pale yellow powder, yield=90%, M. P.= (235-238) °C,R= 0.8 ATR-
FTIR (v =cm™): 3348 N-H Stretching: The primary amine (N-H)
Stretching vibrations. 3055 C-H Stretching vibrations of aromatic
ring,2920 Asymmetric CH Stretching vibrations of CHs, 2850
Asymmetric CH Stretching vibrations of CH31681 C=0 of a-f
unsaturated ketone.1620 C=N Stretching vibrations.1550,1516 C=C
Stretching vibration of aromatic ring. 1415 C-H Bending (Methyl)
bending vibrations,1087 C-0-C, Stretching the ether.825C-Cl

Fig. 16: Compound (5f) of final compounds

1HNMR(500 MHz, DMS0d6; §,ppm): 3.00 (dd,1H,CH2-Pyrazoling
ring), 3.82 (s,3H,0CH3 group -Ring " C " ), 4.07(dd,1H, CH2-

CH-Pyrazoling ring ), 6.78 (s,1H, ringC), 6.86(d,1H, ring C), 7.12
(d,2H, ring B), 7.25(s,2H, ring C), 7.29 (d,1H, ring C) 7.40
(complex,1H, ring A), 7.59(complex,1H, ring A), 7.77 (d,1H, ring
A),8.51 (d,1H, ring A),8.60(s,1H,Aldehyde group).

13C NMR (100MHz, DMSO-d 6):(41.06)CH2 carbon of pyrazoline
ring, (45.35)OCH3 group of aromatic ring " C " ,(55.34) CH
carbon of pyrazoline ring, (68.48) CH2& to 0-C=0 group ,
(109.16) CH of aromatic ring (C), (112.32) CH of aromatic ring
(C), (121.88) CH of aromatic ring (A), (123.68) CH of aromatic
ring (C), (126.35) CHof aromatic ring (A), (127.09) CH of
aromatic ring (B), (129.71) CH of aromatic ring (B), (130.65)C of
aromatic ring (C), (135.50) C of aromatic ring (B), (136.14) CH of
aromatic ring (A), (139.05) C of aromatic ring (B), (148.41) CH of
aromatic ring (C), (148.71) C of aromatic ring (C), (152.12) C of
aromatic ring (C), (153.41) C of aromatic ring (A), (162.02) C
carbon of pyrazoline ring, (168.61) C=0 group, (201.23) CH of
C=0 aldehyde.

The mass spectrum for [M+H]*C24H20CIN30s m/z = 449.84
M+Fragment m/z: 58,135,137,151,165,193,256.
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Fig. 17: The mass spectrum of compound (5f)

Pharmacological studies
Anti-inflammatory

In vivo, an albino rats were used in anti-inflammatory study, in
which a reduction in paw edema thickness is the main indicator in
the experimental medication for assessment activity of the
synthesized compound, within the Iraqi Center for Cancer and
Medical Genetics Research, sixty-six white albino rats weighing
between 160 and 200g were housed. Baghdad University Animal
House provided these rats. Under normal acclimation environments,
the animals were fed in a commercial chaw and had free access to
water. The inflammation was assessed at the beginning and during
the short period of the experiment by injecting egg whites
subcutaneously into the rat paw. Ten animal groups, each consisting
of six rats, were present:

Group A: six rats served as control; and were treated with the
vehicle (propylene glycol 50% v/v).

Group B: six rats treated with diclofenac sodium in a dose of 3
mg/kg, suspended in propylene glycol 50%

Groups (C-G): six rats per group received injections of prepared
substances that were dosed and dissolved in propylene glycol as
shown in table 1.

For the rats' hind paws, a 0.05 ml subcutaneous injection of an
undiluted egg-white substance into the plantar side of the left hand
paw may result in significant skin, discomfort because of dominating

inflammation. A Vernier caliper was used to measure the paw width
at intervals of 0, 30, 60, 120, 180, 240, and 300 min, respectively,
following drug delivery of the desired compounds or the vehicle,
thirty-minutes after the injection [23-29].

The rationale for using the egg white-induced edema model over the
more standard carrageenan model lies in its specific advantages for
studying inflammation. Egg white-induced edema allows for a more
controlled induction of swelling, which can be crucial for certain
experimental designs [30, 31]. Additionally, this model may present
fewer ethical concerns, as it can potentially reduce the number of
animals required for testing compared to the carrageenan model,
which often necessitates multiple doses [32, 33]. In the context of
animal ethics approval, it is essential to justify the choice of model
based on its scientific merit and ethical implications. Researchers
must demonstrate that the egg white model provides valid results
while minimizing animal suffering, aligning with the principles of the
animal ethics approval process [34, 35]. This careful consideration
ensures compliance with ethical standards in animal research.

Calculation of the dose

The following equation [36-38] was used to calculate the
recommended doses of these intended compounds:

Dose of reference compound _ Dose of tested compound

M.wt of reference compound ~ M.wtof tested compound

Equation is used to determine the intended compounds, as indicated
in table 2.

Table 1: The molecular weights and doses for Diclofenac and the intended compounds 5(a-f)

Compounds M. wt(g/mol) Rat dose(g/kg)
Diclofenac sodium 318.1 3

5a 431.44 4.068

5d 435.85 4.110

5b 457.52 4314

Se 461.93 4.356

5c 445.46 4.201

5f 449.84 4.242

Antimicrobial activity

Antimicrobial activity. The minimum inhibitory concentration (MIC),
alongside the agar diffusion method, was used to assess the
antimicrobial activity of the final compound (5a-f) against various
microorganisms, including Gram-positive bacteria (Staphylococcus
aureus and Streptococcus Pyogenes) [39]. Gram-negative bacteria
(Escherichiacoli, and Pseudomonas. aeruginosa), and fungi was
Candida albicans. Standard McFarland solution (tube No. 0.5)

Standard Mcfarland solution No. 0.5 was prepared according to
Baron et al, 1994 as follows: Solution (A): Dissolving 1.175 g of
barium chloride in 90 ml of D. W.,, then completed to 100 ml then

Solution (B): adding 1 ml of conc. H2S04 in 90 ml of D. W. and then
completed to 100 ml and The two solutions were mixed by adding
0.5 ml of solution (A) to 99.5 ml of solution (B). The prepared
solution was used to compare the turbidity of bacterial suspension
in order to obtain an approximate cell density of 1.5x108 CFU/ml
[31-34].

Minimum inhibitory concentration of reagent

The resazurin (Alamar Blue) solution was prepared by dissolving
0.015 g of resazurin in 100 ml sterile distilled water, a vortex mixer
was used until well dissolved and stored at 4 °C for a maximum of
one week after preparation [40]
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Preparation of the culture media

All of the culture media were prepared according to the
manufacturer's instructions. All these media were autoclaved at 121 °C
for 15 min at 15 pounds per square inch (Psi). There were incubated
for 24h at 37 °C for the sterility test and store at 4 °C until use [41]

Minimum inhibitory concentration reagent (mic)

At concentrations ranging from 10-1000 mcg/ml, several diluted
solutions were created from a stock solution (10 mg/ml) of each
derivative. These solutions were prepared on a microtiter plate. The
use of Mueller-Hinton broth as the diluent and the inoculation with a
bacterial suspension equivalent to the McFarland standard number.
0.5 (1.5x1078 CFU/ml) is consistent with established protocols for
MIC determination [24]. The addition of resazurin dye, a redox
indicator that changes color in response to bacterial metabolic
activity, allows for the visual determination of bacterial growth
inhibition. The incubation period of 18 to 20 h at 37 °C is standard
for such assays, ensuring sufficient time for bacterial growth and
interaction with the antimicrobial agents. Following the incubation
period, 20 ul of resazurin dye was introduced into each well. The
subsequent 2-hour incubation with resazurin dye to observe color
changes from blue to pink and purple provides a clear visual
endpoint for determining sub-MIC concentrations, which are the
lowest concentrations at which bacterial growth is inhibited but not
completely eradicated [23]. Therefore, conducting an MIC test prior
to the well diffusion method provides a robust foundation for
understanding the effective concentration of antibiotics, facilitating
more accurate and reliable antimicrobial susceptibility testing and
aiding in the development of new antimicrobial agents.

Sensitivity assay

The well diffusion assay used a bacterial culture of 1.5x1078 CFU/ml
from the McFarland turbidity standard (Number 0.5). The procedure
involved applying the substance to the surface of MHA plates using a

Int ] App Pharm, Vol 17, Issue 4, 2025, 309-325

swab and allowing the excess fluid to dry in a sterile hood. Four
wells were created in each agar plate containing the microorganisms
under examination, and 80pl of the test chemical was added to each
well. The plates were then placed in an incubator at 30 °C for 72 h
for fungal species and at 37 °C for 24 h for bacterial species. The
zone of inhibition (ZI) width around each well was measured in
millimeters to assess the antimicrobial activity [42].

Statistical analysis

All the experiments were performed and reported in triplicate. The
average mean values were reported along with standard deviation
values. The t-test was conducted after verifying the normality and
homogeneity of the data to assess its significance and compare the
means (*<0.05;**<0.01; ***<0.001). The software used for statistical
analysis is R Studio 4.5, which was used for the correlations and the
fig. by OriginLab2021 software.

RESULTS AND DISCUSSION

Molecular docking research provides a thorough understanding of
the binding interactions of many active medicines. Tables 2,3, and 4
show the results of the molecular docking tests conducted in this
study, which included nine drugs with anti-inflammatory and
antibacterial prescriptions, such as diclofenac against the 3LN1
receptor, the Amoxicillin 6KGV receptor, and the antifungal 4wmz.
The docking scores of the compounds were compared using
diclofenac, amoxicillin, and Fluconazole as reference ligands,
respectively. As the interaction between compounds (5a-f) for the
5KGV receptor increased, so did the ligands' affinity for 3LN1. Table
2. Anti-inflammatory Docking Scores of docked Ligands (5a-f) with
(PDB Code: 3LN11), Using Diclofenac as a Reference. The interaction
showed that the synthesized compound 5e and 5d produced
significant results with H-bond: ARG106,TYR341, an important
residue in both catalysis and binding processes. In the in vivo study,
as illustrated in table 2 and fig. 10, all synthesized derivatives (5a-f)
showed significant activity compared to the control from 2-5 h [24].

Table 2: Anti-inflammatory docking scores of docked ligands (5a-f) with (PDB Code: 3LN11), using diclofenac as a reference

ID Docking score Kcal/mol Types of interaction
Diclofenac -7.367 H-Bond: HIE162,GIN108
Salt bridage: ARG83,127
Pi-Pi Stacking: TRP104,HIS119
Sa -3.694 -
5d -7.937 H-bond: ARG106,TYR341
Pi-Pi Stacking: TYR371
S5b -7.120 H-bond: ARG106,TYR341
Pi-Pi Stacking: TRP373
Se -8.009 H-bond: ARG106,TYR341
Halogen bond: ARG499
Sc -5.803 H-bond: ARG106,TYR341
5f -7.156 H-bond: TYR341

Halogen bond: ARG499

Table 3: Anti-bacterial docking scores: penicillin binding protein 3 of mycobacterium tuberculosis (PDB code 6KGV), Amoxicillin as reference

1D Docking score Kcal/mol Types of interaction
Amoxicillin -4.642 H-bond: GLU510,GLY505,THR433,GIN575
S5a -5.272 H-bond: THR433,GIU510
Pi-cation: ARG499
Pi-Pi Stacking TYR 574
Salt bridge: GIN 575
5d -5.093 Pi-Pi Stacking: TYR574
5b -5.847 2 H-bond: THR433,507

Pi-cation: ARG499,THR507
Pi-Pi Stacking TYR 574
Se -6.111 H-bond: THR433
Pi-cation: ARG499
Pi-Pi Stacking TYR 574

5c -5.964

Pi-cation: ARG106,499

Pi-Pi Stacking TYR 574, PHE456
Salt bridge: THR433

5f -5.841 H-bond: THR433
Pi-cation: ARG499

Pi-Pi Stacking TYR 574, PHE456, GLY436
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Fig. 18: Anti-inflammatory docking/3D

Table 4: Anti-fungal docking scores of docked ligands (5a-f) with (PDB code: 4WMZ), using fluconazole as a reference

1D Docking score Kcal/mol Types of interaction
fluconazole -6.912 H-bond: CYS470,TYP120,H20-OH
5a -9.008 H-bond: CYS470

Pi-Pi Stacking: TYR126
5d -8.279 H-bond: CYS470

Pi-Pi Stacking: TYR126
5b -8.559 H-bond: CYS470,TYR140,H20-N
Se -8.874 H-bond: CYS470,ILE471,TYP140
5c -8.764 H-bond: H20

Pi-cation: LYS151
5f -9.286 H-bond: ARG385

Pi-Pi Stacking: TYR126

318



M. C. Mawla & T. N-A Omar

Int ] App Pharm, Vol 17, Issue 4, 2025, 309-325

3D structure
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Fig. 19. Anti-bacterial docking/3D

Structure-activity relationship (SAR)

The activity of pyrazoline derivatives is highly dependent on the
groups attached in various positions of the pyrazoline nuclei. For
this reason, electronegative and steric factors at the N-1, C-3,
and C-5 positions affect their pharmacokinetic characteristics
[42].

Derivatives of the starting structure with functional groups like
OCH3 and halogens like Cl increases their potential to act as
inhibitors of biological targets [43].

In spite of the fact that pyrazoline derivatives possess numerous
pharmacological activities, information on the therapeutic effects
and toxicology are limited. Currently, the work that is being done on
SARs and hybridization of their molecules recommends clearer
therapeutics that are significantly safer.

Statistical test between six compounds (5a,5d,5b,5e,5¢,5f and
control) with times from (0 h to 5 h) (mean standard deviation)

The results presented in fig. 13 and table 5, paw thickness was measured
at different time intervals from zero to five hours for the six compounds
(5a,5d,5b,5¢,5¢ and 5f). The highest paw thickness was observed at 6.6
mm after half an hour, followed by a similarly high value of 6.5 mm after
two hours, indicating a strong inflammatory response during this period.
Statistical analysis using One-Way ANOVA (table 5) revealed very highly
significant differences (p<0.0002) in paw thickness from zero to two
hours, while the significance remained high but slightly reduced from
three to five hours, with p-values ranging from 0.001 to 0.003. These
findings suggest that the compounds induce a pronounced inflammatory
response within the first two hours, which gradually diminishes over
time. The highly significant p-values highlight the robustness of the
observed differences and underscore the temporal dynamics of the
inflammatory response induced by these compounds. n= 6 animals no.
NS: No Significant Value (*<0.05;**<0.01; ***<0.001).
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3D structure
-

Fig. 20: Anti-FUNGICAL docking/3D

Table 5: Statistical test between six compounds (5a,5d,5b,5¢,5¢,5f and control) with times from (Zero hour to 5 h) (mean standard deviation)

Time

Compounds Oh 0.5h 1h 2h 3h 4h 5h
Control 4.44+0.03 4.63+0.02 5.97+0.03 7.58+0.5 7.67+0.03 6.89+0.02 6.48+0.11
Standard 4.35+0.02 4.49+0.02 5.91+0.04 6.26+0.02 6.02+0.01 5.74+0.01 5.16+0.02
5a 4.41+0.01 4.56+0.02 5.88+0.04 6.07+0.01 5.86+0.03 5.67+0.02 5.06+0.01
5d 4.42+0.01 4.65+0.02 5.01+0.03 6.2+0.02 5.98+0.04 5.73+0.01 5.13+0. 02
5b 4.43+0.02 4.56+0.02 5.86+0.03 6.52+0.01 6.37+0.01 6.17+0.03 5.67+0.01
Se 4.48+0.02 4.62+0.02 5.91+0.03 6.28+0.01 6.02+0.01 5.77+0.02 5.19+0. 01
5c 4.39+0.01 4.58+0.01 5.9 +0.03 6.9+0.04 6.82+0.01 6.64+0.02 6.11+0.02
5f 4.43+0.02 4.57+0.02 5.86+0.03 6.23+0.01 5.97+0.01 5.72+0.02 5.14+0.01
Mean+SD 4.42+0.04 6.6+0.05 5.8+0.3 6.5+0.5 6.34+0.6 6.04+0.6 5.5+0.6
SEM 0.013 0.02 0.1 0.2 0.22 0.3 0.2
P-value 0.0006*** 0.0003*** 0.0002*** 0.003** 0.001** 0.003** 0.001**
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Fig. 21: The histogram of six compounds (5a,5d,5b,5e,5¢,5f and control) with times from (Zero hour to 5 h)and mean paw thickness(mm).
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Fig. 24: Anti-inflammatory of control and standard with the compounds
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Fig. 26: Anti-inflammatory of control and standard with the compounds
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This fig. 22 compares the anti-inflammatory effects of the control,
standard, and Compound (5a). The activity of Compound 5a was
lower than that of both the control and the standard. This fig. 23
compares the anti-inflammatory effects of the control, standard, and
Compound (5d). The activity of Compound 5d was lower than that of
both the control and the standard. This fig. 24 illustrates the anti-
inflammatory effects of the control, standard, and Compound (5b).
The activity of Compound 5d falls within the range observed for
both the control and the standard. This fig. 25 illustrates the anti-
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Fig. 23: Anti-inflammatory of control and standard with the
compounds (5d)
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Fig. 25: Anti-inflammatory of control and standard with the
compounds (5e)
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Fig. 27: Anti-inflammatory of control and standard with the
Compounds (5f)

inflammatory effects of the control, standard, and Compound (5e).
The activity of Compound 5e falls within the range observed for both
the control and the standard. This fig. 26 illustrates the anti-
inflammatory effects of the control, standard, and Compound (5c).
The activity of Compound 5c falls within the range observed for both
the control and the standard. This fig. 27 compares the anti-
inflammatory effects of the control, standard, and Compound (5f).
The activity of Compound 5f was lower than that of both the control
and the standard.
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Table 6: Pairwise comparisons of antimicrobial activity across compounds and microbial strains

Microbial strain Comparison Z-value P-Value Significant
Staphylococcus Amoxicillin vs DMSO 4.521 <0.001 ok
aureus Ciprofloxacin vs DMSO 4.312 <0.001 ok
Amoxicillin vs 5a 3.871 0.001 ok
Streptococcus pyogenes Ciprofloxacin vs DMSO 4.210 <0.001 Hokx
5d vs DMSO 3.781 0.002 E
Escherichia coli Ciprofloxacin vs DMSO 4.052 <0.001 ok
5b vs DMSO 3.765 0.002 *E
Pseudomonas aeruginosa Ciprofloxacin vs DMSO 3.892 <0.001 ok
5d vs DMSO 3.451 0.002 E
Candida albicans Fluconazole vs DMSO 4.672 <0.001 ok
Fluconazole vs Amoxicillin 4.521 <0.001 ok

The analysis reveals distinct antimicrobial profiles: amoxicillin and
ciprofloxacin show broad-spectrum antibacterial activity (p<0.001
vs DMSO), while fluconazole exhibits exclusive antifungal action
against C. albicans (p<0.001). Novel compounds 5d and 5b

fluoroquinolones, while all compounds remain ineffective against
non-target pathogens (p>0.05). These results validate known
mechanisms of established drugs and highlight promising narrow-
spectrum candidates for further development, while confirming

demonstrate selective efficacy against Gram-positive pathogens appropriate negative controls (DMSO, p<0.05 in all valid
(p<0.01), with 5f showing specific activity against S. aureus. P. comparisons). Only significant comparisons (p<0.05) are
aeruginosa  displays  characteristic = resistance to  non- shown.***p<0.001, **p<0.01
Table 7: In silico ADME prediction results of the final compounds 5 (a-f)

Com Mol. wt Donor Accept QPlogP CNS Rule of three Rule of five % Human oral

HB HB o/w absorption
Sa 431.447 0.000 7.500 4.141 0 0 0 100.000
5d 435.866 0.000 6.750 4.365 1 0 0 100.000
S5b 457.528 0.000 6.750 5.858 0 1 2 100.000
Se 461.947 0.000 6.000 6.290 0 1 2 100.000
Sc 445.474 0.000 8.750 3.841 -2 0 1 100.000
5f 449.893 0.000 8.000 4.026 -1 0 0 100.000
Recommended  130-725 0-6 2-20 -2-6.5 -2 (inactive) to+2 QPlogS>- Max4 >80% is high
values (active) scales 5.7(Solubility) <25% is poor

PSA:-5¢ (101.420), and 5f (101.3332) give high results. Hydrogen bond acceptor 5c¢ (8.750), 5f (8.000) and 5a (7.500) give the highest results.
QPlogP o/w:-5e (6.290), 5b (5.858), and 5d (4.365) give the highest results. Rule of Five:-All the compounds within the acceptable value with
Lipinski's rule of five. %0Human oral absorption:-all the synthesized compounds give good results

Antibacterial activity

Using a well penetrated diffusion type approach, the anti-microbial
activity of the synthesized final compounds (5a-f) against g-negative and
g-positive bacteria as well as anti-fungi (fluconazole is a reference
product) was evaluated. The antibacterial solubilizer was a combination
of ciprofloxacin and amoxicillin. The solvent and control were DMSO.

Minimum inhibitory concentration (MIC)

Bacterial susceptibility to antibiotics was assessed using a rapid
resazurin microtiter test method. Compounds 5(a-f), amoxicillin,

and Ciprofloxacin were produced in a microtiter plate using
Mueller-Hinton broth in double serial dilutions. A total of 1000,
500, 250, 125, and 64.5 pg/ml were examined. Twenty
microliters of bacterial suspension (1.5x1078 CFU/ml) were
added to each well, with the exception of the negative control.
For 18 to 20 h, plates were incubated at 37 °C. To see color
changes, 20 pl of resazurin dye was applied to each well and
incubated for two hours. The lowest concentrations at which the
color changed from blue to pink and purple, signifying
suppression of bacterial growth, were determined to be the sub-
MIC values (table 8) [44].

Table 8: MIC values for pyrazolin derivatives (5a-f); ciprofloxacin, amoxicillin, and fluconazole as standard

Compounds MIC (mm)
Gram-positive bacteria Gram-negative bacteria Fungi
Staphylococcus. aureus Streptococcus. Escherichia. coli Pseudomonas. Candida albicans
Pyogenes aeruginosa
Conc.(ncg/ml)
Amoxicillin 125 250 125 250
Ciprofloxacin 125 125 125 125
Fluconazole - - - - 125
DMSO as a solvent and controlas a solvent and controlas a solvent and control
5a 64.5 - 64.5 64.5 64.5
5d - - 64.5 64.5 -
5b 64.5 64.5 64.5 64.5 64.5
Se 64.5 64.5 64.5 - -
5c 64.5 64.5 64.5 64.5 64.5
5f 64.5 64.5 64.5 64.5 64.5
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Inhibition zone determination

The agar well diffusion method was employed to assess the
antibacterial activity of the compounds 5(a-f) against
Staphylococcus. Aureus (S. aureus), Streptococcus. Pyogenes (S.
pyogenes), Escherichia. Coli (E. coli), Pseudomonas aeruginosa (P.
aeruginosa) isolates were grown in nutrient broth and incubated

Int ] App Pharm, Vol 17, Issue 4, 2025, 309-325

at 37 °C for 18-24 h. A bacterial suspension with moderate
turbidity (1.5x1078 CFU/ml) was prepared, and 0.1 ml was
spread on nutrient agar plates. After drying for 10 min, 5 mm
diameter wells were created in the agar. Each well was filled
with 50 pl of the test materials at concentrations equal to the
MIC values obtained from the Minimum Inhibitory Concentration
(MIC) (table 9).

Table 9: Statistical test between six compounds (5a, 5d, 5b, 5e, 5¢, 5f) and zone of inhibition (mean standard deviation)

Compounds Staphylococcus. aureus __ Streptococcus. Pyogenes Escherichia. coli  Pseudomonas. aeruginosa Candida albicans
Amoxicillin 40 38 39 37 -
Ciprofloxacin 39 35 33 32 -
Fluconazole - - - - 36

DMSO - - - - -

5a 15 23 29 24 25

5d 22 32 23 28 32

Sb 31 25 33 25 31

5e 23 25 24 20 26

Sc 25 20 18 20 13

5f 30 28 29 19 28
Mean+SD 28.1+8.59 28.3+6.23 28.5+6.7 25.63+6.4 27.3+7.3
SEM 3.04 2.2 2.4 2.3 2.3
P-value 0.0003*** 0.00004*** 0.00006*** 0.00009*** 0.0006***

Based on the results presented in fig. 14, the zone of inhibition for
the six compounds (5a, 5d, 5b, 5e, 5¢c and 5f) ranged from 25 to 28
pcg/ml, indicating moderate antimicrobial activity against the
tested microorganisms. Statistical analysis using One-Way ANOVA
(table 9) revealed very highly significant differences (p<0.0003) in
the antimicrobial efficacy of the compounds (Amoxicillin,
Ciprofloxacin, Fluconazole, DMSO, (5a,5d,5b,5¢,5c and 5f) across
the tested pathogens, including Staphylococcus aureus,
Streptococcus pyogenes, Escherichia coli, Pseudomonas aeruginosa,
and Candidaalbicans. These findings suggest that the compounds

50

exhibit varying degrees of antimicrobial activity, with some
demonstrating broad-spectrum efficacy. The high statistical
significance (p<0.0003) underscores the robustness of the
observed differences and highlights the potential of these
compounds as candidates for further antimicrobial development.
The results align with established methodologies for evaluating
antimicrobial activity, as described by Bauer et al (1966), and
emphasize the need for further investigation into the mechanisms
of action and clinical potential of these compounds. NS: No
Significant Value (*<0.05;**<0.01; ***<0.001)n= 8.

40 -

30

20

Zone of inhibition (mm)

Conc.(pucg/ml)

Fig. 28: The boxplot of zone of inhibition (5a,5d,5b,5e,5c¢, 5f) and the isolations

The Tukey HSD analysis revealed that 5c exhibited significantly
stronger and more sustained effects than Standard at critical 2-3 h
timepoints (p<0.01), while Control showed expected peak responses
at 2h (p<0.001). Notably, 5¢ maintained superior activity over both
Standard and 5b during the key 2-3h treatment window (mean
differences+0.45 to+0.64), with all compounds displaying
characteristic time-dependent response patterns that diminished by
5h. These results identify 5c as the most promising candidate,
demonstrating both rapid onset (significant by 2h) and prolonged
duration of action compared to reference compounds

The synthesis and evaluation of new pyrazoline derivatives bearing
pyridine ring scaffolds have shown promising results in various

pharmacological applications, particularly in anti-inflammatory
activities and antimicrobial, Molecular docking studies have been
pivotal in predicting the binding affinities and interactions of these
compounds with target proteins. The paper focuses on synthesizing
pyrazoline-thiazole hybrids and their bio-evaluation against «o-
glucosidase and urease, revealing potent inhibitory activities.
However, it does not provide a discussion or comparison with other
studies on in silico molecular docking of pyridine derivatives [45]. The
paper discusses the synthesis and pharmacological evaluation of 1,3,5-
Pyrazoline derivatives, highlighting compound IVh's significant
antidepressant and antioxidant activities. However, it does not provide
a comparison with other studies or specific references regarding in
silico molecular docking [46]. The paper focuses on the design,
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synthesis, and pharmacological evaluation of new pyrazoline
derivatives targeting cyclooxygenase enzymes, but does not provide a

Int ] App Pharm, Vol 17, Issue 4, 2025, 309-325

discussion comparing results with other studies or specific references
related to in silico molecular docking of pyridine ring scaffolds [47].

Table 10: Significant pairwise comparisons from Tukey HSD post-hoc analysis of compound effects over time

Comparison Time (h) Mean difference p-value Effect size (m?)
Between compounds

Control vs. Standard 2 +1.32 <0.001 0.42
Control vs. 5¢ 2 +0.68 0.003 0.18
5cvs. Standard 2 +0.64 0.007 0.15
Control vs. Standard 3 +1.65 <0.001 0.51
5cvs. 5b 3 +0.45 0.028 0.09
Within compounds

Control: 2h vs. Oh - +3.14 <0.001 0.72
Control: 2hvs. 1h - +1.61 <0.001 0.38
5c: 2hvs. Oh - +2.51 <0.001 0.64
5c: 2hvs. 5h - +0.79 0.012 0.22

-Only significant comparisons (p<0.05) shown.

-Effect sizes calculated as partial eta-squared (n?), with thresholds: 0.01 (small), 0.06 (medium), 0.14 (large).

-Directionality: "+" indicates first group>second group in comparison.
-Time points reflect hours post-treatment.
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CONCLUSION

the synthesis of new pyrazoline derivatives 5(a-f) through
derivatives bearing heterocyclic scaffolds (a-i) were successfully
synthesized and their physical properties (melting point, description
and Ry) have been checked, also they were characterized by spectral
data (FTIR, 1HNMR, 13 C NMR and Mass spectrometry) and the
docking investigation showed that more of the newly synthesized
derivatives had better active site alignment. The virtual ADME tests
also show acceptable pharmacokinetic features, and in vivo anti-
inflammatory evaluation of the synthesized compounds produced a
reduction in the paw edema thickness; the effect was comparable to
that of the reference drug (diclofenac sodium). All the prepared
compounds showed different results, ranging from high activity,
moderate activity, hardly activity to inactive sructures were
consistent with the data The evaluation of the final compounds, the
final synthesized derivatives 5(a-f) demonstrated superior
antibacterial activity, exhibiting significant antibacterial activity give
all low dose against g-negative bacteria Escherichia. coli(Escherichia
coli) compared to the reference drug (Amoxicillin and ciprofloxacin)
Comparing chemical compound(5a,5d,5b,5¢,5¢ and 5f) to MIC more
compound give activity low dose, the MIC findings demonstrate that
it can inhibit several bacterial strains at low doses.
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