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Abstract: In this study, some new pyrazoline derivatives bearing cyano or nitro groups were
synthesized. The structures of the compounds were characterized by IR, 'H-NMR, “C-NMR
and elemental analysis data. The ABTS-*, DPPH:, CUPRAC and p-Carotene/linoleic acid

assays were carried out to determine the antioxidant activity of the synthesized pyrazolines.

Received: November 10, 2023

Compound P14 showed higher antioxidant activity than the standard substance BHA with
ARTICLE HISTORY ICso values of 1.71£0.31 uM and 0.29+0.04 uM in ABTS" and B-carotene/linoleic acid as-
says, respectively. Compound P12 also exhibited higher antioxidant activities than BHA

Revised: December 20, 2023 with an ICs value of 0.36+0.14 pM in B-carotene/linoleic acid analysis. In activity studies of \
Accepted: December 21, 2023 pyrazolines against cholinesterase (AChE and BChE), tyrosinase, o-amylase and a- Fatih Tok
DOI: glucosidase, compound P1 (ICs, = 39.51+3.80 uM) showed higher activity against a-amylase and compounds
10.2174/0113852728287379231229102847 . . . . . .
P5 and P12 displayed higher activity against a-glucosidase than acarbose with ICsy values of 14.09+0.62 and
@ CrossMark 83.26+2.57 uM, respectively. The drug-like properties such as Lipinski and Veber, bioavailability and toxicity

risks of the synthesized compounds were also evaluated. The compounds were predicted to be compatible with

Lipinski and Veber rules, have high bioavailability and low toxicity profiles. Moreover, molecular docking stud-

ies were performed to better understand the high activity of the compounds against a-amylase and a-glucosidase

enzymes.

Keywords: Pyrazoline, molecular docking, antioxidant, a-amylase, a-glycosidase, toxicity.

1. INTRODUCTION

Pyrazoline structure is one of the important heterocyclic struc-
tures of pharmaceutical and medicinal chemistry [1]. They are pre-
ferred in a wide range of pharmacological activities such as antimi-
crobial, antidepressant, anticancer, anti-inflammatory, antioxidant
and antidiabetic [2-5]. They can show various interactions, such as
hydrogen bonding with enzymes and receptors, thus, they have an
important place in the discovery of new drug-active ingredients [6].
Pyrazolines can also be used in various material sciences such as
organic light-emitting diodes, optoelectronic devices and photo-
graphic conductor because of their good fluorescence appearance
with good photostability [7]. Pyrazole and its derivative pyrazolines
are widely found in nature in alkaloids, vitamins, pigments and
plant and animal cell components [8]. Synthetically, pyrazolines are
usually obtained in a two-step process. In the first step, the a.f-
enone structure is obtained by the Claisen-Schmidt condensation
reaction of acetophenone and aldehyde analogs [9]. In the second
step, pyrazoline synthesis takes place from the cycloaddition reac-
tion of this a,f-enone structure with hydrazine or diazoalkane struc-
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tures [10]. Pyrazoline chemistry has been an active research area
due to its biological and pharmaceutical properties, valuable physi-
cochemical properties for sensor and optoelectronic applications,
and their role as building blocks to achieve important structures
[11]. As an example of the different biological effects of pyrazoline
structures in our previous studies; we have reported that antipyrine
derivatives carrying pyrazoline structure have strong AChE and
MAO-B enzyme inhibitors, pyrazolines carrying benzo[d]thiazol-
2(3H)-one structure have urease inhibitor, pyrazolines carrying
benzodioxole structure exhibit strong anticancer activity [12-14].
Therefore, in continuation of our efforts to develop new pyra-
zolines, this article reports the synthesis of pyrazolines containing
electron-withdrawing groups on the aromatic ring, such as cyano or
nitro groups and the evaluation of their different biological effects,
such as antioxidant, anticholinesterase, antityrosinase and antidia-
betic.

2. RESULTS AND DISCUSSION
2.1. Chemistry

The synthesis of the target pyrazoline compounds was carried
out in two steps. In the first step, chalcone derivatives were synthe-
sized from 4-formylbenzonitrile or 4-nitroacetophenone compounds
under Claisen-Schmidt condensation reaction conditions. In the

© 2024 Bentham Science Publishers
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Scheme 1. The synthetic pathway of pyrazolines (P1-P14). Reagents and conditions: (i) Methanol, NaOH (10%, w/v), 1t, 10 h; (ii) phenylhydrazine hydro-

chloride, ethanol, acetic acid, reflux, 6 h.

second step, pyrazoline derivatives (P1-P14) were obtained from
chalcone compounds by ring closure under an acid-catalyzed pro-
cess (Scheme 1). IR, 'H-NMR, "*C-NMR spectroscopic methods
and elemental analysis data were preferred to confirm the structures
of the target compounds.

The most important band in the IR analysis of pyrazoline com-
pounds (P1-P14) was C=N, which was sharply detected in the
range of 1591-1599 cm™. Apart from this, characteristic C=N
stretching bands in the IR spectrum of cyano-bearing compounds
(P1-P7) were observed in the range 2227-2229 cm’™’. Acharya et al.
determined the stretching vibrations of the imine (C=N) group of
the pyrazole compounds they synthesized in the range of 1592-1599
em’ [15].

In the 'H-NMR analysis of the pyrazoline compounds (P1-
P14), the most important clue indicating that the synthesis has taken
place was the protons at the 4™ and 5™ positions of the pyrazoline
ring observed in the range of 3.12-3.32 ppm, 3.93-4.03 ppm and
5.58-6.22 ppm in the form of three double doublets, respectively.
Azarifar and Maleki reported that the protons at the 4th and 5th
positions of the pyrazoline structure they synthesized similarly gave
three doublets peaks in the ranges of 2.75-3.33, 3.12-4.11, 4.96-
5.62 ppm, respectively. In addition, Maleki ez al. indicated that the
pyrazoline structure they synthesized gave three double doublet
peaks at 3.05, 3.63 and 5.05 ppm [16, 17].

In the *C-NMR analysis of the pyrazoline structures (P1-P14),
the carbons at the 3, 4™ and 5™ position of the pyrazolines were
recorded as separate peaks in the range of 146.92-148.65 ppm,
42.33-43.78 ppm and 55.74-64.10 ppm, respectively. Al-Shammari
et al. observed the imine carbon (C-3) at 156.64 ppm and the meth-
ylene carbon (C-4) at 38.45 ppm (Figs. S1-43) [18].

2.2. Biological Activity

The ABTS-", DPPH-, CUPRAC and B-Carotene/linoleic acid
assays were used to determine the antioxidant activities of the syn-
thesized compounds. Antioxidant activity results are given in Table
1. According to ABTS-" assay results, P14 carrying chlorine and
nitro groups on the aromatic ring showed higher antioxidant activity
than the standard substance BHA (IC5¢=2.49+0.05 puM) with an
ICsy value of 1.71-0.31 uM. Similarly, in B-Carotene/linoleic acid
experiments, P12 and P14 carrying chlorine and nitro groups on the
aromatic ring exhibited higher antioxidant activity than the standard
substance BHA (IC5,=0.66+0.02 pM) with ICs, values of 0.36-0.14
uM and 0.29-0.04 pM, respectively.

Inhibition studies of the synthesized substances on enzymes re-
sponsible for different biological activities such as cholinesterase
(AChE and BChE), tyrosinase, a-amylase and a-glucosidase were
evaluated. The ICs, values of the compounds against these enzymes
are given in Table 2. The compounds showed no inhibitory activity

against cholinesterase. Similarly, although the synthesized com-
pounds showed inhibitory activity against tyrosinase, the effect was
not as high as that of the standard compounds kojic acid and r-
mimosine. However, significant results were obtained in a-amylase
and a-glucosidase inhibition studies, which are important in terms
of antidiabetic effect. P1, which carries cyano and methoxy groups
on the aromatic ring, exhibited higher inhibitory activity against a-
amylase enzyme than acarbose (IC5;=62.92+1.84 uM) with an ICs,
value of 39.51£3.80 pM. On the other hand, compounds P3, PS5,
P6, P7, P11 and P12 showed higher inhibitory activity than acar-
bose (ICsp = 271.92+1.50 uM) with ICsy values of 14.09+0.62-
268.77+0.60 uM against a-glucosidase. In fact, among these com-
pounds, P5 carrying chlorine and cyano group on the aromatic ring
had the highest a-glucosidase inhibitory activity.

2.3. Molecular Docking Studies

Molecular docking analyses were performed using AutoDock
Tools v.1.5.7 [19] to study the interactions between the synthesized
compounds and o-amylase and a-glucosidase enzymes (PDB:
1B2Y and 5NNS, respectively). Compounds and target enzymes
were prepared for docking, then the active amino acids in the bind-
ing sites were identified by determining the positioning of the ac-
tive substances in enzymes as follows: a-amylase (PDB: 1B2Y),
TRP59, TYR62, GLN63, THR163, LEU165, ARG195, ASP197,
LYS200, HIS201, GLU233, GLU240, HIS299, ASP300, and
HIS305; a-glucosidase (PDB: 5NN8) ASP282, TRP376, ASP404,
TRP481, MET519, ARG600, ASP616, PHE649, and HIS674.

The binding energies calculated as a result of the docking pro-
cess for all compounds are given in Table 3.

Generally, docking studies were examined, and it was observed
that the synthesized derivatives interacted with target enzymes
through polar and nonpolar interactions are given in Table 3. Dock-
ing analyses on o-amylase enzyme showed that compounds P1
interacted with a-amylase with -8,4 kcal/mol binding energy. Com-
pound P1 interacts with THR163 via the N atom in the pyrazole
ring and with the LYS200 via the N atom of the nitrile group via
hydrogen bonding. The H atoms on the methoxy group interact with
the amino acids TRP59 and TYR62 in the form of carbon-hydrogen
interactions. It shows hydrophobic interactions with amino acids
LEU162 and LEU165 (Fig. 1).

As a result of the docking procedures performed on the a-
glucosidase enzyme, it was found that compound PS5 interacted with
the enzyme with a binding energy of -8.6 kcal/mol and compound
P12 with a binding energy of -8.3 kcal/mol. Compound P5 was
hydrogen bonded to amino acid ARG281 with N atom of nitrile
group and showed hydrophobic pi interactions with amino acids
ASP282, TRP481, TRP516, TRP613, ASP616, PHE649, and
HIS674. Compound P12 formed a hydrogen bond between the O
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Table 1. Antioxidant activities of synthesized P1-P14".

Antioxidant Activity
Comp. Ary/Ar, ABTS " Assay DPPH- Assay CUPRAC Assay B—Caroten:/sls‘;noleic Acid
(ICsp pM) (ICsp pM) (Aos pM) (ICs J\’l)
P1 4-Methoxyphenyl 28.95+0.24 >400 113.59+0.01 23.70+0.69
P2 Thiophen-2-yl 55.66+0.96 >400 142.54+0.00 14.75+1.13
P3 5-Chlorothiophen-2-yl 31.05+2.21 329.60+0.64 150.20+0.02 19.52+0.85
P4 5-Bromothiophen-2-yl 21.74+0.63 239,92+0.31 148.56+0.04 92.89+1.10
P5 4-Chlorophenyl 24.92+1.29 372.37+0.30 168.08+0.00 33.99+0.85
P6 4-Fluorophenyl 31.93+1.66 >400 191.30+0.01 86.52+0.66
P7 p-Tolyl 43.42+0.28 >400 106.33+0.02 37.93+0.29
P8 3,4-Dichlorophenyl 84.28 £2.03 299.08+1.97 60.94+0.01 5.43£0.11
P9 2,6-Dichlorophenyl 125.97+1.81 249.30+0.75 61.08+0.03 17.96+0.37
P10 p-Tolyl NA >400 60.14+0.00 15.0140.21
P11 m-Tolyl 37.60+0.41 346.74+1.80 62.49+0.01 5.23+0.05
P12 4-Chlorophenyl 34.58+0.43 193.58+1.12 61.37+0.01 0.36+0.14
P13 2,6-Dimethylphenyl >400 >400 56.96+ 0.01 4.66+0.34
P14 3-Chlorophenyl 1.71 £0.31 127.67+0.79 67.68+0.01 0.29+0.04
BHA® 2.4940.05 5.93+£0.20 5.74+0.41 0.66+0.02
Abbreviation: BHA, 2-tert-Butyl-4-hydroxyanisole.
Note: “Values expressed herein are mean + SEM of three parallel measurements. p<0.05.
NT: not tested. M not active. "Reference compounds.
Table 2. Enzyme inhibition activities of synthesized P1-P14".
Anticholinesterase Inhibition Activity Antidiabetic Inhibition Activities
Tyrosinase Inhibition
Comp. ACHE Assay BChE Assay Activity “'Amy:':g Vli't';‘ibiﬁ"“ lnﬁ;ﬁ::}:’i‘::‘:;ty
(ICso kM) (ICso nM) 1Co (mMD (ICs pM) (ICso pM)
P1 NA NA NA 39.51+£3.80 NA
P2 NA NA 153.48 + 1.56 321.85+14.32 NA
P3 NA NA >400 320.88 +2.71 179.76 + 1.79
P4 NA NA 326.95+0.88 382.39 +26.38 NA
P5 NA NA 3591+0.26 44424 +25.69 14.09 +0.62
P6 NA NA 150.61 +0.75 518.83 £31.47 245.15+1.80
P7 NA NA NA 260.03 +7.89 201.49 +1.24
P8 NA NA 20.40 + 0.48 179.24 +£0.42 316.96 +3.78
P9 NA NA 20.56 +1.93 141.17 £3.33 290.87 +0.54
P10 NA NA 16.26 + 0.08 107.02 +1.63 NA
P11 NA NA 21.09+1.74 171.20 £ 5.09 268.77 + 0.60
P12 NA NA 21.07+1.93 209.70 + 6.73 83.26 +2.57
P13 NA NA 13.27+0.15 114.65 +4.36 NA
P14 NA NA 90.48 £0.73 35474+ 13.47 NA
Galantaminb 1.82+£0.30 4.62+0.12 NT NT NT
Kojic acidb NT NT 0.71£0.54 NT NT
L-mimosineb NT NT 0.79 £0.09 NT NT
Acarboseb NT NT NT 62.92+1.84 271.92 +1.50

Note: “ Values expressed herein are mean + SEM of three parallel measurements. p<0.05.
NT: not tested. ™: not active. ° Reference compounds.
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a-Amylase /PDB: 1B2Y o-Glucosidase /PDB: SNN8
Comp.
Binding Energy (kcal/mol) Interacted Amino Acids Binding Energy (kcal/mol) Interacted Amino Acids
b ¢ c
} 84 i TS
THR163", LEU165°, LYS200 HISET4"
- 3 TYR62S, LEU162°, HIS201°, 60 TRP481°, MET519",
o~ HIS305° e ASP616°, LEU650°
- sS4 TYR62S, LEU162°, HIS201°, 75 TRP481°, TRP516°, ASP616°,
o HIS305° o PHE649¢, HIS674¢
- 69 TPR59°, LEU165°, ARG195", sS4 ARG281°, ASP282°, ILE441°,
- HIS305%, GLY306" o TRP481°, MET519°
. . . ARG281°, ASP282°,
P5 -6.6 TPRSE, 21;181353511{15299 ’ -8.6 TRP481°, TRP516°, TRP613°,
ASP616°, PHE649°, HIS674°
P6 57 TYR62°, THR151¢, LEU162°, 71 ARG281%, ASP282¢,
: LYS200°, ILE235° : LEU283°, TRP481°, ASP616"
. . . ARG281°, ASP282°,
P7 -6.1 TPR58°, TPR59°, TYR62 -6.5 TRP4SIE, METS19°, HIS674°
- 79 TYR151°, THR163%, LYS200", 67 ASP282°, TRP481°, ASP404°,
o ILE235°, ALA307° - ASP518°, MET519¢, HIS674°
Po 64 TPR59°, TYR62¢, LEU162°, 60 LEU283°, ALA284°,
e HIS305°, ASP356° e TRP481°, PHE525°, ASP616°
TPR58°, TPR59°, TYR62°, ASP404°, TRP481°, ASP518°,
P10 7.5 ARG195™" ASP197% HIS299°, 5.4 PHE525°, ARG600°, ASP616°
ASP300°, HIS305° ARG672¢, HIS674°
. . . ALA284°, TRP376°, TRP481°
TYR62°, LEU162°, ILE235° ’ ’ >
P11 -7.0 . . 7.4 MET519°, ASP616°,
HIS305, GLY306", ALA30T, PHE649°, LEU650°, LEU677°
ASP282°, ASP404°, TRP481°,
P12 -6.1 TYR62, HIS299°, HIS305>¢ -8.3 ASP518°, MET519°,
PHES525°, HIS674"
TYR62S, LEU162°, LEU165°, ASP404', ASPf 18, P HEf 255
P13 7.7 HIS305°. ASP3S6" 5.8 ARG600°, ASP616
’ ARG672¢, HIS674°
- 6 HIS101°, LEU162°, LEU165°, 60 ASP404°, TRP481°, ASP518°,
o LYS200°, ILE235¢, HIS305° - MET519¢, PHE525¢, HIS674°
ASP282°, ALA284",
TPR59*, GLN63", TYR151%, TRP376c, TRP481°,
Acarbose ol ASP197*, ALA198, HIS201°, 04 ASP404°, ASP518°,
e GLU233", HIS299°, ASP300°, e ARG600°, ASP616°,
HIS305°, GLY306" PHE649°, HIS674"

Note: a: H-bond b: C-H bond, ¢: Hydrophobic n-interaction, d: Halogen bond, e: Attractive charge.

atom of the nitro group and HIS674 and an attractive charge be-
tween the N atom and ASP4040 and ASP518. ASP282, TRP481,
METS519 and PHES25 showed pi interactions with amino acids
(Fig. 2).

2.4. In silico ADME Studies

For a molecule with high biological activity to be a drug candi-
date, it must have acceptable physicochemical and pharmacokinetic
properties [20]. Therefore, physicochemical and pharmacokinetic
data of the synthesized pyrazolines were calculated and given in
Table 4. According to Lipinski's rule, at least three of the following
four drug-like properties should be fulfilled; MW, logP, hydrogen
bond acceptor and donor numbers should be less than 500, 5, 10
and 5, respectively [21]. Also, according to the Veber rule, the
number of rotatable bonds and the total polar surface area should be
less than 10 and 140, respectively [22]. Within the framework of

these rules, all pyrazoline compounds (P1-P14) were in full com-
pliance with both Lipinski and Veber rules. The bioavailability
scores of the compounds were ideal and determined as 0.55.

For a molecule to be an oral drug candidate, it must easily pass
through gastrointestinal membranes [23]. As a matter of fact, it is
estimated that all synthesized pyrazolines (P1-P14) have high pas-
sage through gastrointestinal membranes. When the blood-brain
barrier, another important physiological barrier, is considered, the
passage of all compounds was expected to be high except for bulky
groups carrying dichloro and nitro substituents on the aromatic ring,
such as P8 and P9. The BOILED-Egg model showed that all of the
compounds except P8 and P9 can pass through gastrointestinal
membranes and the blood-brain barrier because they are located in
the yellow region (Fig. 3). The compounds P8 and P9 are in the
white region and can easily pass through gastrointestinal mem-
branes.
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P5 (green), P12 (cyan) and acarbose (red) in binding site of a-glucosidase. (4 higher resolution / colour version of this figure is available in the electronic copy
of the article).

One of the important conditions for being a drug candidate is effects, but not irritant and tumorigenic effects except P13. Com-
the assessment of toxicity risk [24]. As a matter of fact, the possible pounds carrying cyano group on the aromatic ring (P1-P7) are not
toxicity profiles of the synthesized pyrazolines are given in Table 5. expected to have mutagenic, tumorigenic, reproductive and irritant
It is estimated that the compounds carrying nitro group on the aro- risks.

matic ring (P8-P14) may have high mutagenic and reproductive
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Table 4. Physicochemical and pharmacokinetics of the pyrazolines.
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Comp. MW mLogP N‘::c' :;;2::‘1 N“’;;::’:"d n-ROTB TPSA Glabs. | BBB per. sl::e
P1 353.42 3.36 3 0 4 48.62 High Yes 0.55
P2 329.42 3.32 2 0 3 67.63 High Yes 0.55
P3 363.86 3.81 2 0 3 67.63 High Yes 0.55
P4 40831 3.92 2 0 3 67.63 High Yes 0.55
P5 357.84 421 2 0 3 39.39 High Yes 0.55
P6 341.38 411 3 0 3 39.39 High Yes 0.55
P7 337.42 3.94 2 0 3 39.39 High Yes 0.55
P8 41227 428 3 0 4 61.42 High No 0.55
P9 41227 428 3 0 4 61.42 High No 0.55
P10 357.41 3.53 3 0 4 61.42 High Yes 0.55
Pi1 357.41 3.53 3 0 4 61.42 High Yes 0.55
P12 377.82 3.80 3 0 4 61.42 High Yes 0.55
P13 371.43 3.75 3 0 4 61.42 High Yes 0.55
P14 377.82 3.80 3 0 4 61.42 High Yes 0.55

Abbreviations: MW: Molecular weight, mlogP: partition coefficient, num. H-bond acceptors: number of hydrogen bond acceptors, num. H-bond donors: number of hydrogen bond
donors, n-ROTB: number of rotatable bonds, TPSA: total polar surface area, GI abs.: gastrointestinal absorption, BBB per.: brain-blood barrier permeation, Bio. Score: Bioavailability

score.
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Fig. (3). The BOILED-Egg model of pyrazolines. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).

3. MATERIALS AND METHODS
3.1. Chemistry

All chemicals and solvents were purchased from Sigma-Aldrich
(Sigma-Aldrich Corp., St. Louis, MO, USA). Thin layer chroma-
tography (TLC) was used for monitoring reactions and chemical
purities of the compounds. Melting points of pyrazolines were de-
termined by Schmelzpunktbestimmer SMP II (Gottfried-Keller-
Weg, Uberlingen, Germany) and were uncorrected. Infrared spectra
were recorded on a FTIR-8400S Shimadzu Spectrometer (Tokyo,
Japan). "H-NMR and “C-NMR spectra were recorded in deuterated

DMSO using Bruker Avance III HD 600 MHz spectrometer
(Bruker Bioscience, Billerica, MA, USA) at 400 MHz for 'H-NMR
and 101 MHz for *C-NMR (decoupled), respectively. Elemental
analyses were obtained using Leco CHNS-932.

3.1.1. The General Procedure of Chalcone Synthesis

1.0 mmol of Ketone derivatives [1-(4-methoxyphenyl)ethan-1-
one: 0.15 g, 1-(thiophen-2-yl)ethan-1-one: 0.13 g, 1-(5-
chlorothiophen-2-yl)ethan-1-one: 0.16 g, 1-(5-bromothiophen-2-
yl)ethan-1-one: 0.21 g, 1-(4-chlorophenyl)ethan-1-one: 0.15 g, 1-
(4-fluorophenyl)ethan-1-one: 0.14 g, 1-(p-tolyl)ethan-1-one: 0.13 g,
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Table 5. The toxicity prediction of pyrazolines.

Tok et al.

Comp. Mutagenic Tumorigenic Reproductive Effective Irritant
P1 None None None None
P2 None None None None
P3 None None None None
P4 None None None None
P5 None None None None
P6 None None None None
P7 None None None None
P8 High None High None
P9 High None High None
P10 High None High None
P11 High None High None
P12 High None High None
P13 High None High High
P14 High None High None

1-(4-nitrophenyl)ethan-1-one: 0.17 g] and 1.0 mmol of aldehyde
derivatives [3,4-dichlorobenzaldehyde: 0.18 g, 2,6-
dichlorobenzaldehyde: 0.18 g, 4-methylbenzaldehyde: 0.12 g, 3-
methylbenzaldehyde: 0.12 g, 4-chlorobenzaldehyde: 0.14 g, 2,6-
dimethylbenzaldehyde: 0.13 g, 3-chlorobenzaldehyde: 0.14 g, 4-
formylbenzonitrile: 0.13 g] were dissolved in 15 mL of methanol at
room temperature with stirring. Then 10% (w/v) NaOH (1 mL, 0.1
g) was added to the reaction medium. The mixture was stirred at
room temperature for 10 h and terminated by TLC. The product
obtained was washed with water and purified from ethanol [25].

3.1.2. The General Procedure of 2-pyrazoline Synthesis (P1-P14)

1.0 mmol of Chalcone derivatives [4-(3-(4-methoxyphenyl)-3-
oxoprop-1-en-1-yl)benzonitrile: 0.26 g, 4-(3-0x0-3-(thiophen-2-
yl)prop-1-en-1-yl)benzonitrile: 0.24 g, 4-(3-(5-chlorothiophen-2-
yl)-3-oxoprop-1-en-1-yl)benzonitrile: 0.27 g, 4-(3-(5-
bromothiophen-2-yl)-3-oxoprop-1-en-1-yl)benzonitrile: 0.32, 4-(3-
(4-chlorophenyl)-3-oxoprop-1-en-1-yl)benzonitrile: 0.27 g, 4-(3-(4-
fluorophenyl)-3-oxoprop-1-en-1-yl)benzonitrile: 0.25 g, 4-(3-(4-
methylphenyl)-3-oxoprop-1-en-1-yl)benzonitrile: 0.25 g, 3-(3,4-
dichlorophenyl)-1-(4-nitrophenyl)prop-2-en-1-one: 0.32 g, 3-(2,6-
dichlorophenyl)-1-(4-nitrophenyl)prop-2-en-1-one: 0.32 g, 1-(4-
nitrophenyl)-3-(p-tolyl)prop-2-en-1-one: 0.27 g, 1-(4-nitrophenyl)-
3-(m-tolyl)prop-2-en-1-one:  0.27 g, 3-(4-chlorophenyl)-1-(4-
nitrophenyl)prop-2-en-1-one: 0.29 g, 3-(2,6-dimethylphenyl)-1-(4-
nitrophenyl)prop-2-en-1-one:  0.28 g, 3-(3-chlorophenyl)-1-(4-
nitrophenyl)prop-2-en-1-one: 0.29 g] was dissolved in 15 mL etha-
nol by heating. Add 1.0 mmol phenylhydrazine hydrochloride (0.14
g) and 1.0 mL acetic acid to the solution. Then the mixture was
heated in a water bath for 6 h. After checking by TLC, the excess
solvent was evaporated and the solid was purified from ethanol
[26].

Compounds P1 (CAS number: 956222-22-3), P7 (CAS num-
ber: 2587256-38-8) and P10 (CAS number: 2906167-01-7) are
included in the literature [27-29].

3.1.2.1.  4-(3-(4-Methoxyphenyl)-1-phenyl-4,5-dihydro-1H-pyra-

2H), 7.70 (ddt, J = 8.2, 5.2, 3.1 Hz, 2H), 7.58 — 7.41 (m, 2H), 7.16
(td, J=17.8, 7.3, 3.7 Hz, 2H), 7.07 — 6.79 (m, 4H), 6.73 (dt, J = 8.2,
4.0 Hz, 1H), 5.58 (dd, J = 11.8, 5.9 Hz, 1H), 3.93 (ddd, J = 16.5,
12.3, 3.8 Hz, 1H), 3.80 (s, 3H), 3.13 (dd, J = 17.5, 5.6 Hz, 1H). Bc
NMR (101 MHz, DMSO-ds) 6 160.43, 148.65 (C-3), 147.96,
144.70, 133.49, 129.47, 127.88, 127.53, 125.06, 119.14, 119.06,
114.62, 113.24, 110.68, 63.00 (C-5), 55.74 (OCHj;), 43.29 (C-4).
Anal. calcd for C3H9N3O: C, 78.16; H, 5.42; N, 11.89. Found: C,
77.42; H, 5.37; N, 11.99.

3.1.2.2. 4-(1-Phenyl-3-(thiophen-2-yl)-4,5-dihydro-1H-pyrazol-5-
yl)benzonitrile (P2)

Orange solid, yield: 75%, m.p. = 168.8-170.0 °C. IR (vmax, cm’
1): 3076 (=C-H), 2227 (C=N), 1593 (C=N), 1496, 1444, 833. 'H
NMR (400 MHz, DMSO-dg) 6 7.96 — 7.77 (m, 2H), 7.67- 7.36 (m,
4H), 7.24 — 7.03 (m, 3H), 6.92 (d, J = 8.2, 2H), 6.74 (t, /= 7.3, 1H),
5.63 (dd, J=12.2, 6.1 Hz, 1H), 3.94 (dd, J = 17.3, 12.2, 1H), 3.16
(dd, J = 17.3, 6.1 Hz, 1H). BC NMR (101 MHz, DMSO-dy) &
148.17 (C-3), 144.36, 144.17, 135.76, 133.54, 129.54, 128.34,
128.32, 128.22, 127.51, 119.44, 119.11, 113.35, 110.80, 63.11 (C-
5), 43.78 (C-4). Anal. caled for C,0HsN3S: C, 72.92; H, 4.59; N,
12.76. Found: C, 73.30; H, 4.47; N, 12.83.
3.1.2.3.  4-(3-(5-Chlorothiophen-2-yl)-1-phenyl-4,5-dihydro-1H-
pyrazol-5-yl) benzonitrile (P3)

Yellow solid, yield: 77%, m.p. = 90.5-91.0 °C. IR (vmax, cm‘l):
3086 (=C-H), 2229 (C=N), 1597 (C=N), 1498, 1471, 748. '"H NMR
(400 MHz, DMSO-dj) 6 7.84 (dd, J = 8.4, 2.7 Hz, 2H), 7.53 — 7.36
(m, 2H), 7.29 — 6.96 (m, 4H), 6.91 (dd, J = 8.3, 2.7 Hz, 2H), 6.76
(td, J=17.4,2.6 Hz, 1H), 5.66 (ddd, J = 12.6, 6.3, 2.6 Hz, 1H), 3.93
(ddd, J=17.6, 12.2, 2.8 Hz, 1H), 3.15 (ddd, J = 17.3, 6.2, 2.7 Hz,
1H). °C NMR (101 MHz, DMSO-dy) & 147.93 (C-3), 143.85,
143.65, 134.90, 133.57, 129.73, 129.57, 128.24, 127.85, 127.51,
119.72, 119.08, 113.43, 110.86, 63.21 (C-5), 43.06 (C-4). Anal.
caled for CyoH4CIN;S: C, 66.02; H, 3.88; N, 11.55. Found: C,
65.10; H, 3.90; N, 11.71.

3.1.2.4.  4-(3-(5-Bromothiophen-2-yl)-1-phenyl-4,5-dihydro-1H-

zol-5-yl) benzonitrile (P1)

Yellow solid, yield: 60%, m.p. = 145.2-146.0 °C. IR (vmax, cm’
Y: 3049 (=C-H), 2931, 2835, 2227 (C=N), 1593 (C=N), 1516,
1496, 1455, 827. "H NMR (400 MHz, DMSO-dj) & 7.93 — 7.79 (m,

pyrazol-5-yl) benzonitrile (P4)

Brown solid, yield: 68%, m.p. = 104.5-104.9 °C. IR (vmax, cm’
Y: 3093 (=C-H), 2227 (C=N), 1597 (C=N), 1498, 1445, 748. 'H
NMR (400 MHz, DMSO-dg) 6 7.91 — 7.65 (m, 3H), 7.31 — 7.00 (m,
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SH), 6.96 — 6.67 (m, 3H), 5.66 (dd, J = 12.3, 6.2 Hz, 1H), 3.93 (dd,
J =175, 12.5 Hz, 1H), 3.13 (dd, J = 17.5, 6.2 Hz, 1H). *C NMR
(101 MHz, DMSO-ds) 6 147.93 (C-3), 143.85, 143.55, 137.51,
133.56, 132.41, 131.69, 129.57, 129.48, 128.70, 127.51, 119.71,
119.08, 113.46, 113.43, 113.16, 110.86, 63.21 (C-5), 43.13 (C-4).
Anal. caled for CooH4BrN;S: C, 58.83; H, 3.46; N, 10.29. Found:
C, 58.45; H, 3.40; N, 10.15.
3.1.2.5. 4-(3-(4-Chlorophenyl)-1-phenyl-4,5-dihydro-1H-pyrazol-
5-yl)benzonitrile (P5)

Brown solid, yield: 80%, m.p. = 238.7-239.6 °C. IR (vmax, cm’
1: 3059 (=C-H), 2229 (C=N), 1599 (C=N), 1491, 1444, 829. 'H
NMR (400 MHz, DMSO-ds) 6 7.80 (ddd, J = 29.3, 8.4, 1.8 Hz,
4H), 7.49 (ddd, J = 8.3, 4.0, 1.8 Hz, 5H), 7.17 — 6.88 (m, 3H), 6.76
(t, J = 7.2 Hz, 1H), 5.66 (dd, J = 12.5, 6.2 Hz, 1H), 3.95 (dd, J =
17.5, 12.5 Hz, 1H), 3.14 (dd, J = 17.5, 6.1 Hz, 1H). °*C NMR (101
MHz, DMSO-dg) & 148.29 (C-3), 146.89, 144.15, 133.73, 133.53,
131.40, 129.53, 129.21, 127.93, 127.54, 119.60, 119.10, 113.46,
110.78, 63.19 (C-5), 42.86 (C-4). Anal. calcd for CpHcCIN;: C,
73.84; H,4.51; N, 11.74. Found: C, 73.53; H, 4.44; N, 11.89.
3.1.2.6. 4-(3-(4-Fluorophenyl)-1-phenyl-4,5-dihydro-1H-pyrazol-
5-yl)benzonitrile (P6)

Yellow solid, yield: 75%, m.p. = 152.5-153.3 °C. IR (vmax, cm’
: 3066 (=C-H), 2227 (C=N), 1597 (C=N), 1496, 1411, 831. 'H
NMR (400 MHz, DMSO-dy) 6 7.89 — 6.93 (m, 12H), 6.74 (q, J =
7.4 Hz, 1H), 5.62 (dd, J = 12.4, 6.3 Hz, 1H), 3.93 (dd, J = 17.5,
12.0 Hz, 1H), 3.16 (dd, J = 17.5, 6.1 Hz, 1H). *C NMR (101 MHz,
DMSO-dy) 6 162.90, 148.41 (C-3), 147.13, 144.40, 133.52, 129.51,
128.48, 128.40, 127.54, 119.43, 119.11, 116.29, 116.07, 113.39,
110.76, 63.19 (C-5), 43.12 (C-4). Anal. calcd for C,H¢FN;3: C,
77.40; H, 4.72; N, 12.31. Found: C, 76.77; H, 4.62; N, 12.37.
3.1.2.7. 4-(1-Phenyl-3-(p-tolyl)-4,5-dihydro-1H-pyrazol-5-yl)benz-
onitrile (P7)

Yellow solid, yield: 70%, m.p. = 173.7-174.5 °C. IR (vmax, cm’
: 3053 (=C-H), 2920, 2860, 2227 (C=N), 1595 (C=N), 1498,
1454, 817. "H NMR (400 MHz, DMSO-dj) & 8.15 — 6.93 (m, 12H),
6.86 — 6.67 (m, 1H), 5.59 (dd, J = 12.5, 6.3 Hz, 1H), 3.93 (dd, J =
17.7, 12.3 Hz, 1H), 3.12 (dd, J = 17.7, 6.3 Hz, 1H), 2.34 (s, 3H).
C NMR (101 MHz, DMSO-d,) & 148.54 (C-3), 148.04, 144.52,
139.05, 133.50, 129.73, 129.49, 127.52, 126.27, 119.26, 119.12,
113.32, 110.70, 63.00 (C-5), 43.14 (C-4), 21.43 (CH;). Anal. caled
for C3H9N3: C, 81.87; H, 5.68; N, 12.45. Found: C, 81.44; H,
5.65; N, 12.50.
3.1.2.8.  5-(3,4-Dichlorophenyl)-3-(4-nitrophenyl)-1-phenyl-4,5-
dihydro-1H-pyrazole (P8)

Brown solid, yield: 65%, m.p. = 116.7-117.2 °C. IR (vmax, cm’
1: 3063 (=C-H), 1593 (C=N), 1550, 1498, 1455, 1319 (N=0), 848.
'H NMR (400 MHz, DMSO-d;) & 8.42 — 8.10 (m, 2H), 8.10 — 7.77
(m, 2H), 7.72 = 7.50 (m, 2H), 7.31 — 7.12 (m, 3H), 7.12 — 6.98 (m,
2H), 6.83 (dd, J = 8.1, 6.6 Hz, 1H), 5.71 (dd, J = 12.6, 6.2 Hz, 1H),
3.98 (dd, J = 16.0, 12.0 Hz, 1H), 3.28 (dd, J = 16.0, 6.1 Hz, 1H).
BC NMR (101 MHz, DMSO-dy) & 147.13 (C-3), 145.97, 143.44,
143.39, 138.90, 132.00, 131.85, 130.67, 129.66, 128.69, 126.93,
126.72, 124.46, 120.44, 113.91, 62.82 (C-5), 42.37 (C-4). Anal.
caled for C;HsCILN;0,: C, 61.18; H, 3.67; N, 10.19. Found: C,
60.26; H, 3.59; N, 10.32.
3.1.2.9.  5-(2,6-Dichlorophenyl)-3-(4-nitrophenyl)-1-phenyl-4,5-
dihydro-1H-pyrazole (P9)

Red solid, yield: 72%, m.p. = 185.0-185.4 °C. IR (vmax, cm™):
3088 (=C-H), 1595 (C=N), 1555, 1496, 1435, 1336 (N=0), 850. 'H
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NMR (400 MHz, DMSO-dj) 6 8.32 — 8.13 (m, 2H), 7.98 (ddt, J =
6.8,4.4,2.0 Hz, 2H), 7.74 — 7.48 (m, 2H), 7.48 — 7.12 (m, 3H), 7.03
—6.86 (m, 2H), 6.81 (q, J = 6.9, 6.0 Hz, 1H), 6.22 (dd, J = 12.0, 6.2
Hz, 1H), 4.01 (dd, J = 16.0, 12.0 Hz, 1H), 3.32 (dd, J = 11.9, 6.1
Hz, 1H). BC NMR (101 MHz, DMSO-dj) 6 147.29 (C-3), 142.86,
138.73, 135.12, 131.41, 131.13, 129.63, 126.69, 124.55, 120.39,
113.40, 60.24 (C-5), 43.26 (C-4). Anal. calcd for C,H5CI,N30,:
C,61.18; H, 3.67; N, 10.19. Found: C, 60.56; H, 3.72; N, 10.28.
3.1.2.10.  3-(4-Nitrophenyl)-1-phenyl-5-(p-tolyl)-4,5-dihydro-1H-
pyrazole (P10)

Red solid, yield: 80%, m.p. = 148.5-149.2 °C. IR (vmax, cm™):
3043 (=C-H), 1591 (C=N), 1550, 1500, 1455, 1315 (N=0), 844. 'H
NMR (400 MHz, DMSO-dg) 6 8.39 — 8.15 (m, 2H), 8.08 — 7.82 (m,
2H), 7.26 — 7.00 (m, 8H), 6.79 (t, J = 7.3 Hz, 1H), 5.60 (dd, J =
12.6, 6.2 Hz, 1H), 3.94 (dd, J = 17.6, 12.5 Hz, 1H), 3.15 (dd, J =
17.6, 6.2 Hz, 1H), 2.25 (s, 3H). BC NMR (101 MHz, DMSO-dy) &
146.94 (C-3), 145.49, 143.64, 139.50, 139.21, 137.28, 130.09,
129.45, 126.71, 126.25, 124.45, 120.09, 113.94, 63.86 (C-5), 42.72
(C-4), 21.11 (CH3;). Anal. calcd for CH9N;0,: C, 73.93; H, 5.36;
N, 11.76. Found: C, 74.55; H, 5.37; N, 11.83.
3.1.2.11. 3-(4-Nitrophenyl)-1-phenyl-5-(m-tolyl)-4,5-dihydro-1H-
pyrazole (P11)

Red solid, yield: 67%, m.p. = 133.6-133.9 °C. IR (vmax, cm™):
3024 (=C-H), 2922, 2890, 1593 (C=N), 1552, 1498, 1455, 1336
(N=0), 844. '"H NMR (400 MHz, DMSO-d) 6 8.34 — 8.18 (m, 2H),
8.10 — 7.89 (m, 2H), 7.29 — 7.12 (m, 5H), 7.07 — 6.64 (m, 4H), 5.60
(dd, J = 12.9, 6.4 Hz, 1H), 3.97 (dd, J = 17.7, 12.7 Hz, 1H), 3.18
(dd, J = 17.8, 6.2 Hz, 1H), 2.27 (s, 3H). BC NMR (101 MHz,
DMSO-dy) 6 146.96 (C-3), 145.54, 143.71, 142.60, 139.17, 138.82,
129.50, 129.47, 128.81, 126.77, 126.71, 124.47, 123.37, 120.13,
113.86, 64.10 (C-5), 42.82 (C-4), 21.56 (CHj). Anal. caled for
CyH N30, C, 73.93; H, 5.36; N, 11.76. Found: C, 74.77; H, 5.40;
N, 11.59.
3.1.2.12. 5-(4-Chlorophenyl)-3-(4-nitrophenyl)-1-phenyl-4,5-dihy-
dro-1H-pyrazole (P12)

Brown solid, yield: 65%, m.p. = 120.0-120.9 °C. IR (vmax, cm’
1): 3064 (=C-H), 1593 (C=N), 1550, 1498, 1455, 1334 (N=0), 848.
'H NMR (400 MHz, DMSO-dy) 6 8.34 — 8.22 (m, 2H), 8.03 — 7.89
(m, 2H), 7.36 — 7.07 (m, 7H), 6.81 (t, J= 7.3 Hz, 2H), 5.70 (dd, J =
12.6, 6.1 Hz, 1H), 3.99 (dd, J = 17.6, 12.6 Hz, 1H), 3.21 (dd, J =
17.6, 6.1 Hz, 1H). BC NMR (101 MHz, DMSO-dy) 6 147.05 (C-3),
145.69, 143.46, 141.38, 139.04, 132.60, 129.55, 128.35, 126.83,
126.22, 124.46, 120.27, 113.92, 63.29 (C-5), 42.53 (C-4). Anal.
caled for C,H cCIN;O,: C, 66.76; H, 4.27; N, 11.12. Found: C,
66.22; H,4.31; N, 11.17.
3.1.2.13. 5-(2,6-Dimethylphenyl)-3-(4-nitrophenyl)-1-phenyl-4,5-
dihydro-1H-pyrazole (P13)

Red solid, yield: 83%, m.p. = 182.2-183.0 °C. IR (vmax, cm™):
3074 (=C-H), 2935, 1593 (C=N), 1550, 1498, 1455, 1313 (N=0),
844. '"H NMR (400 MHz, DMSO-dj) 6 8.39 — 8.06 (m, 2H), 8.06 —
7.79 (m, 2H), 7.14 (dtd, J = 20.8, 8.4, 7.4, 3.7 Hz, 4H), 7.00 — 6.86
(m, 3H), 6.79 (td, J = 7.3, 2.0 Hz, 1H), 5.81 (ddd, J = 13.2, 10.1,
2.2 Hz, 1H), 4.03 (ddd, J = 16.5, 13.9, 2.2 Hz, 1H), 3.15 (ddd, J =
17.8, 10.3, 2.2 Hz, 1H), 2.24 (s, 3H), 2.03 (s, 3H). 13C NMR (101
MHz, DMSO-dg) & 146.92 (C-3), 145.76, 143.90, 139.12, 137.80,
136.16, 135.77, 131.02, 129.55, 129.26, 127.97, 127.91, 126.62,
124.51, 120.25, 113.30, 61.00 (C-5), 42.33 (C-4), 20.99 (CH,),
19.55 (CHj). Anal. caled for Cy3H, N3O, C, 74.37; H, 5.70; N,
11.31. Found: C, 74.77; H, 5.66; N, 11.38.
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3.1.2.14. 5-(3-Chlorophenyl)-3-(4-nitrophenyl)-1-phenyl-4,5-dihy-

Tok et al.

3.1.4.4. Determination of the Lipid Peroxidation Inhibitory Activi-

dro-1H-pyrazole (P14)

Brown solid, yield: 73%, m.p. = 135.3-136.1 °C. IR (vmax, cm’
1: 3068 (=C-H), 1593 (C=N), 1554, 1498, 1455, 1336 (N=0), 852.
'H NMR (400 MHz, DMSO-dj) & 8.18 — 7.91 (m, 3H), 7.77 — 7.41
(m, 4H), 7.22 — 6.86 (m, 6H), 5.70 (dd, J = 12.8, 6.1 Hz, 1H), 3.98
(dd, J = 17.6, 12.7 Hz, 1H), 3.23 (dd, J = 17.9, 12.0 Hz, 1H). *C
NMR (101 MHz, DMSO-ds) & 147.07 (C-3), 145.83, 14491,
143.46, 139.83, 138.98, 134.02, 131.59, 130.98, 129.91, 129.46,
128.94, 126.89, 126.58, 125.06, 125.02, 124.47, 123.40, 120.33,
118.25, 113.03, 112.60, 63.33 (C-5), 42.54 (C-4). Anal. calcd for
C,1H6CIN;0,: C, 66.76; H, 4.27; N, 11.12. Found: C, 66.25; H,
4.33;N, 11.21.

3.1.3. Biological Activity

All biological activity measurements for P1-P12 were using a
96-well microplate reader (Synergy H1 BioTek Multimode Read-
er). Value of activity experiments, which were performed in tripli-
cate, 0.5 absorbances (Ags) for CUPRAC assay was calculated
from the graph of bleaching rate (%) against sample concentrations,
while all other assays were calculated as 50% inhibition activity
(ICsp) with absorbance values against sample concentration. The
DMSO was used as a negative control to follow the reaction.

3.1.4. In vitro Antioxidant Activity

The antioxidant activity performance of P1-P14 derivatives was
determined using the B-carotene bleaching method, DPPH free
radical scavenging activity, ABTS cation radical scavenging activi-
ty, and cupric reducing antioxidant capacity (CUPRAC). The al-
pha-tocopherol (a-TOC) and butylatedhydroxytoluene (BHT)
standards were used to compare the activity results.

3.1.4.1. Determination of ABTS Cation Radical Scavenging Activ-
ity of the P1-P14 Derivatives

The ABTS-" scavenging activity was performed according to
Re et al. (1999), with slight modifications [30-32]. Firstly, ABTS-"
solution was prepared by keeping 7 mM ABTS in water and 2.45
mM potassium persulfate at 20°C in the dark overnight. Before
using the occurred ABTS-" solution was made reading to get 0.35-
0.4 £ 0.025 absorbance at 734 nm diluted 1:90 ration with EtOH.
Then, 160 uL of prepared ABTS-" reactive was mixed with 40 puL
of P1-P14 derivatives dissolved in DMSO at different concentra-
tions. The absorbances of P1-P14 for this assay were measured at
734 nm after 10 min incubation.
3.1.4.2. Determination of DPPH Free Radical Scavenging Activity
of the P1-P14 Derivatives

The DPPH- scavenging activity was performed according to
Blois (1958), with slight modifications. 160 uL of 0.004% of DPPH
solution in EtOH was mixed with 40 uL of P1-P14 derivatives
dissolved in DMSO at different concentrations, 30 min incubation
in the dark and the absorbance was measured at 517 nm [32, 33].
3.1.4.3. Determination of Cupric Reducing the Antioxidant Ca-
pacity of the P1-P14 Derivatives

Cupric reducing antioxidant capacity (CUPRAC) assay was
performed according to Apak (2004). 50 uL of 10 mM Cu (1I),
50 uL of 7.5 mM neocuproine, and 60 pL of NH4Ac buffer (1 M,
pH 7.0) were added to each well in a 96 well plate, respectively [32,
34]. To the mixture of each well in a 96, 40 pL of P1-P14 deriva-
tives at various concentrations were added, incubated for 1h and
absorbance was recorded at 450 nm.

ty of the P1-P14 Derivatives

The inhibitory activity of lipid peroxidation, which is based on
the color change of B-carotene using a wavelength of 470 nm, the
radical formed by lipid peroxidation from linoleic acid in water
saturated with singlet oxygen, was evaluated using the B-carotene-
linoleic acid assay [32, 35]. The more color exhibits more powerful
lipid peroxidation inhibitor capacity. The reactive was prepared by
mixing B-carotene (0.5 mg) in 1 mL of CHCI; was added to 25 uL
of linoleic acid, and 200 mg of Tween 40 emulsifier in a bottle.
After CHCl; evaporated, the mixture was dissolved using 100 mL
of pure water saturated with singlet oxygen. Briefly, 160 uL of
prepared reactive was mixed with 40 uL of P1-P14 derivatives
dissolved in DMSO at different concentrations. The zero-time ab-
sorbance was measured at 470 nm, and the measurement was done
every 30 min up to the absorbance of control reduces under 0.1
absorbance in 96 well plate cell length.

3.1.5. In vitro Enzyme Inhibitory Activities

3.1.5.1. Determination of Anticholinesterase Activity of the PI-
P14 Derivatives

The anti-ChE activity of P1-P14 derivatives was evaluated
against AChE (Type-VI-S, EC 3.1.1.7, 425.84 U/mg ve BChE (EC
3.1.1.8, 11.4 U/mg) assays using spectroscopic method [32, 36].
Acetylthiocholine iodide and butyryl-thiocholine chloride were
employed as substrates. Briefly, 130 pL sodium phosphate buffer
(100 mM, pH 8.0), 10 uL P1-P14 derivatives at different concen-
trations, and 20 pL. AChE or BChE enzymes in the buffer were
mixed. After incubation for 15 min at 25°C , 20 uL 0.5 mM DTNB
(5,5-dithiobis(2-nitrobenzoic acid) and 20 pL acetylthiocholine
iodide (0.71 mM) or butyryl-thiocholine chloride (0.2 mM) were
added. Then, the absorbance was pre/end measured at 412 nm.
Galantamine was used as a positive standard to compare the AChE
or BChE inhibitory activity of P1-P14.
3.1.5.2. Determination of Tyrosinase Inhibitory Activity of the PI1-
P14 Derivatives

The mushroom tyrosinase (EC 232-653-4, 250 KU) was used to
determine the inhibitory activity of the P1-P14 derivatives where L-
DOPA was substrate according to DOPA chrome method [32, 37].
Briefly, 150 pL of 50 mM sodium phosphate buffer (pH 6.8), 10 uL
of P1-P14 derivatives in DMSO, and 20 pL of tyrosinase solution
(13.3 U/well) were added in a 96-well plate. After 10 min incuba-
tion at 37 °C, L.-DOPA (0.5 mM) was added to start the enzymatic
reaction. The enzymatic reaction formation of DOPA chrome was
monitored using 475 nm wavelength at 37 °C for 10 min. Kojic
acid and r-mimosine were used as positive standards to compare
the tyrosinase inhibitory activity of P1-P14.
3.1.5.3. Determination of a-amylase Inhibitory Activity of the PI-
P14 Derivatives

a-Amylase inhibitory activity of the P1-P14 derivatives was
tested by using the spectroscopic method with slight changes [32,
38]. Briefly, 25 puL of P1-P14 solution in different concentrations
and 50 pL o-amylase solution (0.1 U/mL) in phosphate buffer (20
mM pH=6.9 phosphate buffer prepared with 6 mM NaCl) were
added in a 96-well microplate. The mixture was pre-incubated for
10 min at 37°C . After pre-incubation, 50 pL starch solution
(0.05%) was added and incubated for 10 min at 37°C . The reaction
was stopped by the addition of 25 pL HC1 (0.1 M) and then 100 pL
Lugol solutions were added for monitoring. The 96-well microplate
reader was taken to absorbance measure at 565 nm. Acarbose was
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used as the positive standard to compare the a-amylase inhibitory
activity of P1-P14.

3.1.5.4. Determination of a-glucosidase Inhibitory Activity of the
P1-P14 Derivatives

a-Glucosidase inhibitory activity of the P1-P14 derivatives was
determined using the spectroscopic method with slight modifica-
tions [32, 39]. Briefly, 50 puL of phosphate buffer (10 mM pH=6.9),
25 uL of PNPG (p-nitrophenyl-o-D-glucopyranoside) in phosphate
buffer (10 mM pH=6.9), 10 uL of P1-P14 solution dissolved in
DMSO at different concentrations and 25 uL of a-glucosidase (0.1
U/mL) in phosphate buffer (10 mM pH=6.0) were mixed in a 96-
well microplate, respectively. After 20 min incubation at 37°C , 90
pL of Na,COj; solution (100 mM) was added into each well to stop
the enzymatic reaction. The absorbance of the 96-well microplate
reader was recorded at 400 nm. Acarbose was used as the positive
standard to compare the a-glucosidase inhibitory activity of P1-
P14.

3.2. Molecular Docking Studies

A molecular docking simulation was carried out to investigate
the interactions of compounds with two target enzymes. Firstly, the
compounds were sketched in ChemDraw v.15 software, optimized
using the MM2 method, and saved in pdb format, then their pdbqt
formats were provided by AutoDock Tools v.1.5.7. On the other
hand, experimentally determined crystal structures of the target
enzymes o-amylase (PDB code: 1B2Y) and o-glucosidase (PDB
code: SPDB: 5NN8) were downloaded from the RSCB PDB data-
bank (https://www.rcsb.org/). To prepare the target enzymes for
docking simulation, heterogroups such as water, other ligands, and
ions were first removed and their polar hydrogens, Kollman and
Gasteiger charges were added to residues in the target structures
using AutoDock Tools v.1.5.7. The binding sites of the target en-
zymes were determined by active residues and the coordinates for
each target, the grid box was centered around the ligands inside
enzymes with a grid spacing of 0.375 A in each dimension and 50 x
50 x 50 grid points for each grid map. The Lamarckian Genetic
Algorithm (LGA) [40] method was performed with 100 independ-
ent docking runs for each synthesized compound. The population
size, maximum number of scores, and maximum number of genera-
tions were set to 150, 25,000,000, and 27,000, respectively. The
maximum RMS tolerance was 2A for conformational cluster analy-
sis. At the end of the docking analysis, the estimated free energies
of ligand binding (AG, kcal/mol) were calculated and interactions
between target enzymes and ligands were visualized using Discov-
ery Studio Visualizer v.21.

3.3. In silico ADME Studies

The SwissAdme web server was used to evaluate the physico-
chemical and druglikeness properties of the compounds (Access
date: 01.08.2023). The BOILED-Egg graph, which shows the abil-
ity of compounds to pass through biological systems such as the
blood-brain barrier and gastrointestinal membranes, was also ob-
tained via this program. Mutagenicity, tumorigenicity, skin irritan-
cy, reproductive effects and irritant risks were calculated on Osiris
property Explorer (Access date: 01.08.2023).

CONCLUSION

The pyrazoline structures are frequently encountered in drug re-
search and development studies due to their different biological
activities. For this purpose, the synthesis of some novel compounds
with 2-pyrazoline structure and the elucidation of their structures
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were carried out. In addition, different biological activities of these
pyrazoline structures, such as antioxidant, anticholinesterase, anti-
tyrosinase and antidiabetic were investigated in this study. In the
antioxidant activity screening of these compounds, P14 showed
more antioxidant activity in both ABTS-" and B-carotene/linoleic
acid assays than standard BHA. P12 also showed significant antiox-
idant activity only in B-carotene/linoleic acid experiments. In en-
zyme activity studies of the compounds, P1, which has cyano and
methoxy groups on the aromatic ring, showed approximately 1.5
times more inhibitory activity than acarbose against a-amylase.
Furthermore, P5, which carries chlorine and cyano groups on the
aromatic ring, showed approximately 20 times more inhibitory
activity than acarbose against a-glucosidase. It is estimated that it is
compatible with Lipinski and Veber rules, has high bioavailability
and the risk of toxicity is low, especially for compounds containing
the cyano group. The docking results showed a good correlation
with the biological profile of P1 and P5 with the a-amylase and a-
glucosidase. Compounds P1 and P5 could lead compounds for
further studies against antidiabetic activity.
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