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ABSTRACT: Dihydropyrazole (1−22) derivatives were synthesized
from already synthesized chalcones. The structures of all of the
synthesized compounds were confirmed by elemental analysis and
various spectroscopic techniques. Furthermore, the synthesized com-
pounds were screened against α amylase as well as investigated for
antioxidant activities. The synthesized compounds demonstrate good to
excellent antioxidant activities with IC50 values ranging between 30.03
and 913.58 μM. Among the 22 evaluated compounds, 11 compounds
exhibit excellent activity relative to the standard ascorbic acid IC50 =
287.30 μM. Interestingly, all of the evaluated compounds show good to
excellent α amylase activity with IC50 values lying in the range between
0.5509 and 810.73 μM as compared to the standard acarbose IC50 =
73.12 μM. Among the investigated compounds, five compounds
demonstrate better activity compared to the standard. In order to investigate the binding interactions of the evaluated compounds
with amylase protein, molecular docking studies were conducted, which show an excellent docking score as compared to the
standard. Furthermore, the physiochemical properties, drug likeness, and ADMET were investigated, and it was found that none of
the compounds violate Lipiniski’s rule of five, which shows that this class of compounds has enough potential to be used as a drug
candidate in the near future.

■ INTRODUCTION
Diabetes mellitus (DM), which represents one of the
metabolic disorders, is typically known as hyperglycemia or
irregular blood glucose level1 and is caused either by defects in
insulin secretion or by its abnormal functions because insulin is
a peptide-based hormone, secreted via the islets of Langerhans,
responsible for the control of glucose in the blood.2 According
to a WHO estimation, in 2019, almost 463 million people
suffered from diabetes mellitus, and it is expected to exceed
700 million by 2045.3 Furthermore, it has been found that a
weak treatment regimen causes a diverse range of complica-
tions,4 including neuropathy, atherosclerosis,5 heart-related
ailments, and nephropathy.6

In the current situation, enzymes are prime important
biological targets for therapeutic interventions due to their
regulating role in gluconeogenesis and glycogenolysis path-
ways.7 Among several enzymes, α-amylase represents an
important enzyme responsible for carbohydrate digestion and
is also efficiently involved in the hydrolysis of α-(1,4)-
glycosidic linkages in starch.8 Therefore, α-amylase is

considered one of the best biological targets for the
development of type II diabetes therapeutic agents.9

In the current situation, acarbose, voglibose, and miglitol are
in clinical use as α-amylase inhibitors, but unfortunately, they
are associated with severe gastrointestinal side effects such as
abdominal pain, flatulence, diarrhea as well as hepatotoxicity.10

In addition to many associated complications with DM,
oxidative stress11 causes many fatal diseases such as cancer,12

cardiovascular disease,13 hypertension, inflammation, kidney
and liver disorders, and even aging.14 Oxidative stress in the
human body is the result of excessive production of oxygen and
nitrogen reactive species as well as different free radicals.15
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These species may be produced by normal metabolic activities
either internally or by external factors like smoking, environ-
mental pollutants, radiations, etc. Furthermore, free radicals
capture electrons from different biomolecules such as proteins,
lipids, and DNA, which consequently assign abnormal
behaviors to these molecules by triggering chain reactions in
the body.16

Due to hyperglycemia, different types of enzymes such as
lipoxygenase, oxidase, xanthine, etc., affect the generation of
reactive organic species (ROS).17 Consequently, oxidative
stress and ROS in high levels are fatal to cellular life, which
leads to tissue collapse in diabetes.18 Hence, diabetes
complications can be controlled by a careful control of free
radicals as well as by organic reactive species (ROS)
generation.19 Given the current situation, medicinal chemists
are looking for novel drug candidates to act as better
antioxidants as well as to safely treat DM patients.20

Dihydroyrazole is an important heterocyclic scaffold in
medicinal chemistry21 and has received remarkable attention
due to its diverse range of medicinal and pharmacological
potentials22 such as antimalarial,23 antimicrobial,24 anti-
cancer,25 antiviral,26 antioxidant,27 antidepressant,28 antidia-
betic,29 antimycobacterial,30 anti-HIV,31 and anticonvulsant.32

Furthermore, it has been found that dihydropyrazole
compounds demonstrate remarkable inhibitory activities
against the cancer cell line,33 heptosyltransferase,34 and
accumulation of the prion protein.35 In addition, it has been
found that compounds such as I,36 II,37 and III,38 as shown in
Figure 1, demonstrate excellent antioxidant activities.39

It is believed that the N−N bond linkage in dihydropyrazole
compounds might be the key factor in their remarkable
biological activities.40 It is very hard to construct this type of
bond using natural sources, which keep their natural
availability very low.41

All of these biological potentials of dihydropyrazole
compounds have prompted us to synthesize various analogues
of the said nucleus and further explore their antioxidant activity
and α-amylase inhibition. Interestingly, the results show that all
of the synthesized dihydropyrazole compounds are capable of
acting efficiently in scavenging free radicals as well as lowering
hyperglycemia and might act as lead compounds in future
endeavors of drug development.

■ RESULTS AND DISCUSSION
Chemistry. In order to explore the potential of

dihydropyrazole compounds as antioxidant and amylase
agents, we undertook an efficient protocol to synthesize
various analogues of dihydropyrazole compounds (1−22) from
already synthesized chalcones42 as shown in Scheme 1. A
typical reaction was carried out by treating chalcones in glacial
acetic acid with hydrazine hydrate. Then, the reactants were
refluxed for 3−8 h, and the progress of the reaction was
monitored by TLC. After completion, it was cooled and left for
24 h. Then, the product was separated, washed with water, and
air-dried. The target compounds were purified by recrystalliza-
tion in absolute ethanol.

After purification, the end products were characterized by
various spectroscopic techniques and microanalysis. The
infrared (IR) spectra of dihydropyrazoles show absorption
bands around 3400 cm−1 (N−H), 3250−3300 cm−1 (O−H),
1650−1670 cm−1 (C−O), and 1550−1570 cm−1 (C−N).
Similarly, the characteristic peaks and splitting pattern such as
double of doublet (dd) due to CH2 at C-4 appear in the ranges
of 4.30−3.90 and 3.80−3.02 ppm, as well as CH at C-5 appear
in the range of 5.85−4.24 ppm, confirming the formation of
dihydropyrazole compounds. Likewise, the N-acetyl methyl
group of the said series shows a singlet in the range of 2.54−
2.23 ppm. All of these data collectively confirm the
dihydropyrazole compounds of the said series. Furthermore,
it has been confirmed from 1H NMR data that the methoxy
and methyl groups attached to the benzene ring give peaks at
3.80−3.82 and 2.50−2.36 ppm, respectively. Similarly, the
hydroxyl group attached to the benzene ring at various
positions gives a singlet peak in the range of 10.31−9.70 ppm.
In addition, the aromatic ring such as benzene, furan as well as
pyridine gives peaks in the aromatic region of 6.00−8.00 ppm.
All of these spectroscopic data were found to be in good
agreement with reported data.43

In Vitro α-Amylase Activity and Structure−Activity
Relationship (SAR). All of the synthesized dihydropyrazoles
were screened for in vitro α-amylase inhibitory activity.
Resultantly, the screened compounds demonstrate excellent
to good activity in the range of (IC50 = 810.73−0.5509 μM) as
compared to the standard acarbose (IC50 = 73.12 μM) as
shown in Table 1. Among the evaluated compounds, 5 (35.50

Figure 1. Representative dihydropyrazole compounds I, II, and III.

Scheme 1. General Scheme for the Preparation of Dihydropyrazole Derivatives from Chalcones
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μM), 8 (1.07 μM), and 11 (0.5509 μM) demonstrate excellent
activity as compared to the standard acarbose (IC50 = 73.12
μM). The promising activity of the above-mentioned
compounds, such as 5, might be due to the p-methylphenyl
group at Ar2, while in compound 8, the p-hydroxyphenyl group
at Ar1 and the furyl group at Ar2 might cause enhancement in
activity. In the same manner, in compound 11, the p-
hydroxyphenyl group at Ar1 and the p-methoxyphenyl group
at Ar2 might cause high activity. Similarly, it was observed that
compounds 3 (603.90 μM) and 9 (631.68 μM) demonstrate
low activity as compared to the standard, and it was observed
that the low activity might be due to the phenyl group at the
Ar1 position and the m-nitrophenyl group at Ar2 in compound
3 and the p-hydroxyphenyl group at Ar1 and the m-nitrophenyl
group at the Ar2 position in compound 9, respectively.

At the end, we can conclude that in the evaluated
dihydropyrazoles having electron-withdrawing groups such as
nitro and halogen might cause a decrease in activities, while
electron-donating groups like methyl, methoxy, and hydroxyl
might cause an increase in activity. In order to find the binding
mode of the highly active compounds, their molecular docking
study was conducted with the α amylase enzyme.
DPPH Radical Scavenging Activities and Structure−

Activity Relationship (SAR) Studies. All of the evaluated
compounds demonstrate good to excellent antioxidant activity.
Among the 22 evaluated compounds, 11 compounds
demonstrate excellent activity as compared to the standard
ascorbic acid; among them, the most active compound is 5
(IC50 = 30.03 μM), having the phenyl group at Ar1 and the p-
methylphenyl group at Ar2 positions, while the second most
active compound is 10 (IC50 = 41.09 μM), which has the p-
hydroxyphenyl group at Ar1 and the p-dimethylaminophenyl
group at Ar2 positions as shown in Table 1. Similarly,
compound 11 (IC50 = 53.49 μM) has the p-hydroxyphenyl

group at Ar1 and the p-methoxyphenyl group at Ar2 positions.
Interestingly, the remaining highly active compounds such as 1
(IC50 = 84.19 μM), 7 (IC50 = 68.99 μM), 8 (IC50 = 106.14
μM), 10 (IC50 = 41.09 μM), 12 (IC50 = 151.48 μM), 16 (IC50
= 56.32 μM), and 20 (IC50 = 99.59 μM) have the
hydroxyphenyl group at either the Ar1 or Ar2 position along
with other substituents like p-methylphenyl and p-methox-
yphenyl as shown in Table 1. The high activity of the above-
mentioned compounds might be due to the positive inductive
effect of the hydroxyl, methyl, and methoxy groups.
Molecular Docking Studies. The molecular docking study

was carried out with the aim to investigate all of the possible
binding interactions of the synthesized compounds into α-
amylase active-site residues. The molecular docking inves-
tigation revealed that the synthesized compounds are oriented
in a way to establish suitable interactions with the active site of
the target α amylase enzyme. Interestingly, among the
evaluated compounds, the most active compound is 11,
which shows the highest IC50 of 0.5509 μM, and it is evident
from the molecular docking study that 11 also shows the
highest docking score (−13.5028 kcal/mol) and is deeply
involved in 18 types of binding interactions with the active site
of the α-amylase enzyme such as one hydrogen bond with Arg
337, two arene cation interactions with Arg 195, and 15 other
interactions with residues such as Thr 254, Phe 256, Ile 235,
Gly 306, Glu 233, Leu 162, His 101, Ala 198, Leu 165, Tyr 62,
Asp 197, Asn 298, Asn 301, His 299, and Asp 300 as shown in
Figure 2.

In general, the whole series of dihydropyrazole analogues
demonstrate good to excellent activity against the α-amylase
enzyme. Various types of functional groups such as halides,
alkyl, nitro, and alkoxy groups attached at various positions of
the Ar1 and Ar2 rings of the dihydropyrazole compounds might

Table 1. Synthetic Dihydropyrazole Derivatives from Chalcones

s.no Ar1 Ar2 amylase activity (IC50 value in μM) DPPH (IC50 value in μM)

1 C6H5− o-OH−C6H5− 188.32 84.19
2 C6H5− 2-furyl- 301.01 85.06
3 C6H5− m-NO2−C6H5- 603.90 204.61
4 C6H5− 2-pyridyl- 663.32 913.58
5 C6H5− p-Me−C6H5− 35.50 30.03
6 p-MeO−C6H5− 2-furyl- 810.73 554.32
7 p-HO−C6H5− 2-pyridyl- 195.65 68.99
8 p-HO−C6H5− 2-furyl- 1.07 106.14
9 p-HO−C6H5− m-NO2−C6H5− 631.68 161.13
10 p-HO−C6H5− p-(CH3)2N−C6H5− 388.07 41.09
11 p-HO−C6H5− p- MeO−C6H5− 0.5509 53.49
12 p-HO−C6H5− p- Me−C6H5− 399.52 151.48
13 p-Cl−C6H5− p- MeO−C6H5− 200.70 130.63
14 p-Cl−C6H5− p- Me−C6H5− 99.58 179.22
15 p-Cl−C6H5− C4H3S− 424.88 382.88
16 p-Cl−C6H5− m-OCH3, o-HO−C6H3− 62.53 56.32
17 p-Cl−C6H5− m-HO, C6H4− 314.88 159.51
18 p-Cl−C6H5− 2-pyridyl- 281.13 199.23
19 p-Cl−C6H5− C6H5− 270.94 172.30
20 p-Cl−C6H5− o-OH−C6H5- 589.63 99.59
21 p-Cl−C6H5− 2-furyl- 262.01 580.13
22 p-Cl−C6H5− m-NO2−C6H5− 61.50 220.47
SD*a acarbose --- 73.12
SD*a ascorbic acid --- 287.30

aSD* = Standard.
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be responsible for their excellent inhibitory activity against the
α-amylase enzyme.
Drug Likeness and ADMET Studies. We have evaluated the

drug-likeness properties of the synthesized compounds with
different rules such as the Lipinski rule and Ghose, Veber,
Egan, and Muegge filters. According to Lipinski’s rule of 5, the
compound should have a molecular weight ≤500, MLOGP
≤4.15, H-bond acceptor ≤10, and H-bond donor ≤5. All of
the selected compounds follow Lipinski RO5, whereas the
control shows three violations as shown in Table 2. Similarly,
the evaluated compounds follow all types of filters and show no
violation, whereas the control (acarbose) shows violations to
each filter as shown in Table 2.

The topological polar surface area (TPSA) values for the
evaluated compounds were found to be in the range of 32.67−
66.06 (below 140 A2) as shown in Table 2, confirming that the
compounds have considerable intestinal absorption of the
compounds. It has been found that compounds with a TPSA of
140 A2 and above would be poorly absorbed, while compounds
with a TPSA of 60 A2 would be very well absorbed (>90%).
Furthermore, based on the TPSA score, the percentage of
absorption can be determined as follows: (%ABS) = 109-
(0.345 *TPSA). Resultantly, based on TPSA values, the %ABS
lies in the range of 97.72−86.21, which show that all of the

selected compounds show %ABS values more than 85%,
evidencing that the evaluated compounds demonstrate
excellent cellular plasmatic membrane permeability. Further-
more, a bioavailability score of 0.55 was found for all of the
compounds, which confirms that all of the evaluated
compounds can reach the circulation system very easily as
shown in Table 2.

Similarly, lipophilicity is the measurement of the solubility of
a drug in lipids or nonpolar solvents, which has a huge effect
on the overall ADMET property of the drug.44,45 It plays a
major role in the absorption of drugs across cell membranes.46

According to most filters (rule of 5) for drug-likeness, a
lipophilicity range of 0−5 is usually considered optimal for
drug design.47 According to our screening, all of the
synthesized compounds show lipophilicity in the range of
3.73−1.79, which is considered optimal compared to the
standard acarbose (−7.07), as shown in Table 2. Similarly,
synthetic accessibility (SA) also plays an important role in the
drug selection process; it is primarily based on the hypothesis
that the frequency of the molecular fragments available
correlates with the facility of synthesis. The SA score ranges
from 1 (very easy) to 10 (very difficult). The selected
compounds show SA scores in the range of 3.41−3.28, which is
very good as compared to the standard acarbose (7.25), as
shown in Table 2.

In the same manner, the pharmacokinetics studies show that
none of the drug is the substrate of PGP. GI absorption of all
drugs was high as compared to the control as shown in Figure
3.

Furthermore, the investigation of interactions between the
cytochrome P450 (CYP) system and compounds is very
important to evaluate the pharmacokinetics of candidate drugs
as these interactions are very important for the transformation
and elimination of drugs from the system.48 Furthermore,
drugs that inhibit isoforms of this enzyme system could result
in poor elimination, resulting in drug-induced toxicity. It is
therefore important that a candidate drug should have limited
inhibitory activity against these enzyme isoforms. The current
study revealed that among the investigated compounds,
compound 8 exhibits no potential to inhibit any of the five
P450 isoforms. However, compounds such as 5, 11, and 14
show inhibitory potential against two of the five P450 isoforms
as shown in Table 3. This indicates that those compounds that
show no potential inhibitory activity as well as minor inhibition
would be well-metabolized in the liver and eliminated easily
from the organism.

The toxic profiles of the compounds were also predicted
using pkCS software, and the results of the selected
compounds are shown in Table 4. The website can provide
details of toxicology effects in the fields of AMES toxicity,

Figure 2. 2D images of the docked compound 11 in the active site of
the α-amylase enzyme.

Table 2. Drug-Likeness Properties of the Selected Dihydropyrazole Derivatives

drug-likeness violations

s.no
TPSA
(Å)*

Lipinski
violations

Ghose
violations

Veber
violations

Muegge
violations

Egan
violations

bioavailability
score

consensus
log P SA

5 32.67 0 0 0 0 0 0.55 3.19 3.28
8 66.04 0 0 0 0 0 0.55 1.79 3.41
11 62.13 0 0 0 0 0 0.55 2.44 3.28
14 32.67 0 0 0 0 0 0.55 3.73 3.30
16 62.13 0 0 0 0 0 0.55 3.03 3.35
control acarbose 334.24 03 04 01 05 01 0.11 −7.07 7.25
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human maximum tolerance dose, hERG-1 inhibitor, Herg-II
(human Ether-a-go-go-Related Gene) inhibitor, LD50(Lethal
dose), chronic oral rat toxicity, hepatotoxicity, and skin
toxicity. Among the evaluated compounds, the selected
compounds such as 5, 8, 11, 14, and 16 show no toxicity as
shown in Table 4. It shows that these compounds have
mutagenic potentials. Similarly, all of the evaluated compounds
possess no skin sensitization; however, hepatotoxicity results
show that most of the compounds are not toxic except for 5,
which possesses toxicity. Furthermore, the selected compounds
do not inhibit hERG-I and hERG-II, which is a promising
finding that provides a non-cardio-toxic profile to the
compounds. In addition, oral rat acute toxicity (LD50) was

found in the range of 2.869−2.02, as compared to the standard
(3.113). Similarly, oral rat chronic toxicity (LOAEL) was
found to be in the range of 2.006−0.658, whereas the standard
is 5.196. In the same manner, the max tolerated dose (human)
was found in the range of 0.360−0.015, whereas the standard is
0.676 as shown in Table 4.

The criteria generally assumed for an orally active drug
based on the above filters should not violate more than once.
On a careful examination of the above data, it can be
concluded that all of the synthesized compounds and the
standard drug fulfill the above-mentioned criteria.

■ CONCLUSIONS
Dihydropyrazoles (1−22) were synthesized and evaluated for
antioxidant activity along with α-amylase inhibition studies. All
of the synthesized compounds displayed good antioxidant
activity. Among the evaluated compounds, most of the
compounds such as 1, 2, 5, 7, 8, 10, 11, 12, 13, and 20
demonstrate potential antioxidant activity as compared to the
standard. Furthermore, among the 22 screened compounds
against α amylase, it was found that compounds like 5, 8, 11,
12, 14, and 16 displayed excellent inhibition against α-amylase
as compared to the standard acarbose. Based on the structure−
activity relationships, it was found that the compounds having
electron-donating groups like methyl, methoxy, and amino

Figure 3. Representation of dihydropyrazole analogues by the Boiled graph.

Table 3. Properties of Different Cytochrome Inhibitors of
the Selected Dihydropyrazole Derivatives

s. no
CYP1A2
inhibitor

CYP2C19
inhibitor

CYP2C9
inhibitor

CYP2D6
inhibitor

CYP3A4
inhibitor

5 no yes yes no no
8 no no no no no
11 no yes yes no no
14 no yes yes no no
16 no yes yes yes yes
control

(acarbose)
no no no no no

Table 4. Predicted Toxicity of the Selected Dihydropyrazole Derivatives

toxicity risks

s.no skin sensitization AMES toxicity hERG-I inhibitors hERG-II inhibitors ORAa toxicity ORCb toxicity MTDc hepatotoxicity

5 no no no no 2.02 0.759 0.184 yes
8 no no no no 2.869 1.843 0.015 no
11 no no no no 2.383 2.006 0.360 no
14 no no no no 2.204 0.658 0.146 no
16 no no no no 2.343 1.149 0.044 no
control acarbose no no yes yes 3.113 5.196 0.676 no

aORA Toxicity = oral acute toxicity. bORC = oral chronic toxicity. cMTD = Max tolerated dose (human).
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display potent α-amylase inhibition as well as antioxidant
activity, while decreases in activities were found by introducing
an electron-withdrawing group like the nitro group. In
addition, the possible types of binding interactions were
investigated by molecular docking, which was established
during interaction of the synthetic compounds within the
active site. Furthermore, the drug likenesses of the synthesized
compounds were evaluated by the Lipinski rule. All of the
synthesized compounds follow Lipinski RO5, whereas the
control shows three violations. Similarly, TPSA values for all of
the evaluated compounds confirm that the compounds have
considerable intestinal absorption. In the same manner, all of
the synthesized compounds show good synthetic accessibility
scores as compared to the standard. Based on the above
interesting results, we are optimistic that this class of
compounds has enough potential to act as lead as well as
drug candidates in the near future.

■ EXPERIMENTAL SECTION
Materials and Methods. All of the chemicals and reagents

used in this research work were of synthetic grade and were
purchased from commercial authentic suppliers. The starting
materials such as various analogues of chalcones were
synthesized by a reported procedure.49 However, hydrazine
hydrates and glacial acetic acids were purchased from Alfa
Aesar and were used directly without further purification. The
progress of the reaction was followed by TLC, which was
performed on precoated silica gel aluminum plates (Merck,
Germany). The synthesized products were purified by
recrystallization from absolute EtOH. The IR was recorded
on a Fourier transform infrared (FTIR) spectrometer
(SHIMADZU, Japan). Furthermore, the 1H NMR spectra of
the prepared products were recorded on Bruker 500 and 300
MHz NMR spectrometers (Bruker, Germany) in deuterated
DMSO, and elemental analysis was carried out on Carlo Erba
1106.
Pharmacokinetic and Molecular Docking Studies.

Physicochemical properties, drug likeness, lipophilicity, medic-
inal chemistry, and pharmacokinetics of the compounds were
determined using the Swiss ADME Web server.48 The percent
absorption (%Abs) of the synthesized compounds was
calculated using the formula %Abs = 109−(0.345*TPSA).50

Utilizing the pkCSM Web tool, the toxicity profile of the
compounds was predicted.51 The molecular docking of
compounds with α-amylase was carried out using molecular
operating environment (MOE) software (version 2010.12).52

The compounds were drawn in Chem Draw Version
19.0.1.332 (PerkinElmer Informatics, Waltham, MA), and
the control acarbose was retrieved from PubChem (PubChem
ID: 41774).53 The compounds were imported as mol files in
the MOE followed by protonation and energy minimization
using MMFF94X forcefield default parameters. Human α-
amylase (PDB:1b2y) was retrieved from the RCSB PDB
database, and the three-dimensional (3D) structure was refined
by removing water molecules, ligands, and cofactor by using
PyMOL version 2.5.4.54 The 3D structure of the protein was
subject to protonation, and energy minimization was carried
out using MMFF94X forcefield default parameters. The
compounds were docked into the active site of the protein
calculated by the site finder of MOE. Docking was run by
setting placement as the triangle matcher and refinement as the
forcefield, rescorings 1 and 2 were set as London dG, and

retains were set at 30. The images were developed using LigX
of MOE.
In Vitro α-Amylase Inhibition Assay protocol. The α-

amylase inhibition potential of the tested samples (HP series)
was evaluated according to the following protocol already
discussed in the previous literature with some modifications.55

First of all, in a 96-well plate, a mixture of 50 μL of phosphate
buffer (100 mM, pH = 6.8), 10 μL of α-amylase solution (2 U/
mL), 20 μL of samples (dihydropyrazole derivative), and
acarbose (standard) of various concentrations (200, 100, 50,
25, 12.5 μM) was preincubated at 37 °C for 20 min. Now, 20
μL of starch solution (1% in phosphate buffer w/v) (100 mM
phosphate buffer, pH = 6.8) was added and incubated further
at 37 °C for 30 min. Next, 100 μL of DNS (dinitrosalicyclic
acid) color reagent was added and boiled for 10 min. After
cooling, the absorbance of the resulting mixture was measured
at 540 nm using a Biotech Eliza plate reader. The without test
substance was set parallel as the control, and all of the
experiments were performed in triplicate. Finally, the results
were expressed as IC50 by using graph pad prism software.
In Vitro Antioxidant Assay Protocol (DPPH Scaveng-

ing Method). The antioxidant potential of the tested samples
was evaluated using the DPPH scavenging free radical activity
method according to the following protocol already discussed
in the literature with some modifications.56,57 First of all, in a
96-well plate, 100 μL of different concentrations (200, 100, 50,
25, 12.5 μM) of the tested samples dissolved in DMSO was
taken. Next, an equal volume of 100 mM DPPH methanolic
solution was added to each sample and was incubated
protected from light for 30 min at room temperature. Ascorbic
acid was used as the standard, and an equal volume of DMSO
was added to the control solution. The evaluation was made by
calculating their IC50 values from their absorbance at 517 nm
using a Biotech Eliza plate reader. The readings were taken in
triplicate.
General Protocol for the Synthesis of Dihydropyr-

azole Derivatives from Chalcones. For preparing various
dihydropyrazole derivatives from chalcones, the following
reported procedure,43 with little modification, was followed.
First, a chalcone (1 mmol) was dissolved in glacial acetic acid
(10−20 mL), and hydrazine hydrate (1−2.25 mmol) was
added to it. Then, the reactants were heated on stirring for 3−
8 h; the reaction progress was confirmed by TLC. After
completion of the reaction, it was cooled and left for 24 h.
Then, the residue was collected, and the product was
separated, washed with water, and then air-dried. The target
compound was made pure by recrystallization in absolute
EtOH.
Spectra Data of Dihydropyrazole Derivatives (1−22).

1-(5-(2-Hydroxyphenyl)-3-phenyl-4,5-dihydro-1H-pyrazol-1-
yl)ethanone (1). Color: Light-brown color solid; yield: 68%;
Rf: 0.45 (ethyl acetate/n-hexane 1:4); chemical formula:
C17H16N2O2; molecular weight: 280.32; FTIR (KBr, cm−1):
3050 (C−H, aromatic), 2920 (C−H, aliphatic), 1650 (C�O,
amide), 1620 (C�N); 1H NMR (500 MHz, DMSO-d6): δ
9.70 (s, 1H, −OH), 7.85−7.45 (m, 4H), 6.94−6.64 (m, 5H),
7.49−7.47 (m, 2H), 5.63 (dd, J = 4.70, 4.71 Hz, 1H), 3.81 (dd,
J = 11.80, 11.85 Hz, 1H), 3.02 (dd, J = 5.15, 5.20 Hz, 1H),
2.33(s, 3H); anal. calcd for C17H16N2O2: C, 72.84; H, 5.75; N,
9.99; found: C, 72.98; H, 5.72; N, 9.96.
1-(5-(Furan-2-yl)-3-phenyl-4,5-dihydro-1H-pyrazol-1-yl)-

ethanone (2). Color: Dark-black color crystalline solid; yield:
72%; Rf: 0.48 (ethyl acetate/n-hexane 1:4); chemical formula:
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C15H14N2O2; molecular weight: 254.28; FTIR (KBr, cm−1):
3040 (C−H, aromatic), 2925 (C−H, aliphatic), 1640 (C�O,
amide), 1630 (C�N); 1H NMR (500 MHz, DMSO-d6): δ
7.82−7.54 (m, 5H), 6.39−6.32 (m, 2H), 6.66−6.63 (m, 1H),
5.65 (dd, J = 5.0, 5.05 Hz, 1H), 3.72 (dd, J = 12.0, 12.0 Hz,
1H), 3.37 (dd, J = 5.25, 5.25 Hz, 1H), 2.26 (s, 3H); anal. calcd
for C15H14N2O2: C, 70.85; H, 5.55; N, 11.02; found: C, 70.83;
H, 5.53; N, 11.01.
1-(5-(3-Nitrophenyl)-3-phenyl-4,5-dihydro-1H-pyrazol-1-

yl)ethanone (3). Color: Light-yellow crystalline solid; yield:
60%; Rf: 0.43 (ethyl acetate/n-hexane, 1:4); chemical formula:
C17H15N3O3; molecular weight: 309.32; FTIR (KBr, cm−1):
3055 (C−H, aromatic), 2920 (C−H, aliphatic), 1650 (C�O,
amide), 1620 (C�N), 1H NMR (500 MHz, DMSO-d6): δ
8.80 (s, 1H), 8.81 (d, J = 7.79, 1H), 7.65 (t, J = 7.79, 1H),
7.49−7.47 (m, 2H), 5.73 (dd, J = 5.1, 5.05 Hz, 1H), 3.92 (dd, J
= 12.05, 12.0 Hz, 1H), 3.82 (dd, J = 5.15, 5.15 Hz, 1H), 2.33
(s, 3H); anal. calcd for C17H15N3O3: C, 66.01; H, 4.89; N,
13.58; found: C, 66.50; H, 4.87; N, 13.55.
1-(3-Phenyl-5-(pyridin-2-yl)-4,5-dihydro-1H-pyrazol-1-yl)-

ethanone (4). Color: Cream-colored crystalline solid; yield:
62%; Rf: 0.42 (ethyl acetate/n-hexane, 1:4); chemical formula:
C16H15N3O; molecular weight: 265.31; FTIR: (KBr, cm−1):
3038 (C−H, aromatic), 2948 (C−H, aliphatic), 1622 (C�O,
amide), 1637 (C�N); 1H NMR (500 MHz, DMSO-d6): δ
8.44 (m, 2H), 7.79 (m, 2H), 7.42 (m, 2H), 7.27 (m, 3H), 4.24
(dd, J = 4.60, 4.60 Hz, 1H), 3.10 (dd, J = 12.0, 12.0 Hz, 1H),
2.90 (dd, J = 5.0, 5.0 Hz, 1H), 2.54 (s, 3H, −COCH3); anal.
calcd for C16H15N3O: C, 72.43; H, 5.70; N, 15.84; found:
72.41; H, 5.67; N, 15.81.
1-(3-Phenyl-5-(p-tolyl)-4,5-dihydro-1H-pyrazol-1-yl)-

ethanone (5). Color: Light-yellow crystalline solid: yield: 80%;
Rf: 0.50 (ethyl acetate/n-hexane, 1:4): chemical formula:
C18H18N2O; molecular weight: 278.35; FTIR (KBr, cm−1):
3052 (C−H, aromatic), 2958 (C−H, aliphatic), 1628 (C�O,
amide), 1630 (C�N); 1H NMR (500 MHz, DMSO-d6): δ
8.17 (s, 1H, −OH), 7.79 (d, J = 8.65, 2H), 7.52 (d, J = 8.6,
2H), 7.34−7.180 (m, 5H), 5.54 (dd, J = 5.01, 5.0 Hz, 1H),
3.85 (dd, J = 12.0, 12.0 Hz, 1H), 3.12 (dd, J = 4.65, 4.60 Hz,
1H), 2.50 (s, 3H, −CH3), 2.31 (s, 3H, −COCH3); anal. calcd
for C18H18N2O: C, 77.67; H, 6.52; N, 10.06; found: C, 77.64;
H, 6.50; N, 10.04.
1-(5-(Furan-2-yl)-3-(4-methoxyphenyl)-4,5-dihydro-1H-

pyrazol-1-yl)ethanone (6). Color: Light-brown crystalline
solid; yield: 76%, Rf: 0.47 (ethyl acetate/n-hexane, 1:4);
chemical formula: C16H16N2O3; molecular weight: 284.31;
FTIR (KBr, cm−1): 3050 (C−H, aromatic), 2945 (C−H,
aliphatic), 1635 (C�O, amide), 1612 (C�N); 1H NMR
(500 MHz, DMSO-d6), δ 8.07 (d, J = 8.9, 2H), 7.75 (d, J = 8.9,
2H), 6.59 (m, 1H), 6.41−6.38 (m, 1H), 5.60 (dd, J = 4.50,
4.55 Hz, 1H), 3.82 (s, 3H), 3.76 (dd, J = 12.0, 12.0 Hz, 1H),
3.38 (dd, J = 5.02, 5.0 Hz, 1H), 2.50 (s, 3H); anal. calcd for
C16H16N2O3: C, 67.59; H, 5.67; N, 9.85; found: C, 67.56; H,
5.64; N, 9.83.
1-(3-(4-Hydroxyphenyl)-5-(pyridin-2-yl)-4,5-dihydro-1H-

pyrazol-1-yl)ethanone (7). Color: Gray-color solid; yield:
65%: Rf: 0.40 (ethyl acetate/n-hexane, 1:4); chemical formula:
C16H15N3O2: molecular weight: 281.31; FTIR: (KBr, cm−1):
3046 (C−H, aromatic), 2930 (C−H, aliphatic), 1622 (C�O,
amide), 1620 (C�N), 1H NMR (500 MHz, DMSO-d6), 9.97
(s, −OH), 8.49 (m, 2H), 7.76 (m, 1H), 7.61 (d, J = 8.60, 2H),
7.32 (m, 1H), 7.27 (m, 1H), 6.82 (d, J = 8.60, 2H), 5.52 (dd, J
= 5.01, 5.02 Hz, 1H), 3.75 (dd, J = 12.01, 12.0 Hz, 1H), 3.25

(dd, J = 4.60, 4.60 Hz, 1H), 2.25 (s, 3H, −COCH3); anal.
calcd for C16H15N3O2: C, 68.31; H, 5.37; N, 14.94; found: C,
68.28; H, 5.34; N, 14.90.
1-(5-(Furan-2-yl)-3-(4-hydroxyphenyl)-4,5-dihydro-1H-

pyrazol-1-yl)ethanone (8). Color: Dark-brown crystalline
solid; yield: 80%, Rf: 0.48 (ethyl acetate/n-hexane, 1:4);
chemical formula: C15H14N2O3; molecular weight: 270.28;
FTIR (KBr, cm−1): 3040 (C−H, aromatic), 2945 (C−H,
aliphatic), 1655 (C�O, amide), 1632 (C�N); 1H NMR
(500 MHz, DMSO-d6), δ 9.99 (s, 1H), 7.62 (d, J = 8.65, 2H),
7.54 (m, 1H), 6.83 (d, J = 8.65, 2H), 6.38 (m, 1H), 6.28 (m,
1H), 5.57 (dd, J = 5.0, 5.0 Hz, 1H), 3.65 (dd, J = 12.0, 12.0
Hz, 1H), 3.29 (dd, J = 4.80, 4.80 Hz, 1H), 2.23 (s, 3H); anal.
calcd for C15H14N2O3: C, 66.66; H, 5.22; N, 10.36; found: C,
66.62; H, 5.19; N, 10.32.
1-(3-(4-Hydroxyphenyl)-5-(3-nitrophenyl)-4,5-dihydro-

1H-pyrazol-1-yl)ethanone (9). Color: Off-white crystalline
solid; yield: 60%, Rf: 0.45 (ethyl acetate/n-hexane, 1:4);
chemical formula: C17H15N3O4; molecular weight: 325.32,
FTIR (KBr, cm−1): 3046 (C−H, aromatic), 2935 (C−H,
aliphatic),1645 (C�O, amide), 1622 (C�N); 1H NMR (500
MHz, DMSO-d6), δ 10.01 (s, 1H, −OH), 8.13 (m, 1H), 8.04
(s, 1H),7.64 (m, 4H), 6.85 (d, J = 8.65, 2H), 3.85 (dd, J =
4.80, 4.80, 3.19 (dd, 5.0, 5.0 Hz, 1H)), 2.30 (s, 3H,
−COCH3); anal. calcd for C17H15N3O4: C, 62.76; H, 4.65;
N, 12.92; found: C, 62.73; H, 4.62; N, 12.89.
1-(5-(4-(Dimethylamino)phenyl)-3-(4-hydroxyphenyl)-

4,5-dihydropyrazol-1-yl)ethanone (10). Color: Off-white
crystalline solid; yield: 70%; Rf: 0.45 (ethyl acetate/n-hexane,
1:4); chemical formula: C19H21N3O2; molecular weight:
323.39; FTIR (KBr, cm−1): 3046 (C−H, aromatic), 2935
(C−H, aliphatic), 1645 (C�O, amide), 1622 (C�N); 1H
NMR (500 MHz, DMSO-d6), δ 10.01 (s, 1H, −OH), 7.62 (d,
J = 8.65, 2H), 7.54 (d, J = 8.60, 1H), 6.83 (d, J = 8.65, 2H),
6.38 (d, J = 8.60, 2H), 5.57 (dd, J = 5.02, 5.01 Hz, 1H), 3.65
(dd, 1H, J = 11.90, 11.90 Hz, 1H), 3.29 (dd, J = 5.0, 5.0 Hz,
1H), 3.00 (s, 6H), 2.23 (s, 3H); anal. calcd for C19H21N3O2:
C, 70.57; H, 6.55; N, 12.99; found: C, 70.54; H, 6.53; N,
12.95.
1-(3-(4-Hydroxyphenyl)-5-(4-methoxyphenyl)-4,5-dihy-

dro-1H-pyrazol-1-yl)ethanone (11). Color: Light-brown
crystalline solid; yield: 67%; Rf: 0.40 (ethyl acetate/n-hexane,
1:4); chemical formula: C18H18N2O3; molecular weight:
310.35; FTIR (KBr, cm−1): 3036 (C−H, aromatic), 2932
(C−H, aliphatic), 1640 (C�O, amide), 1632 (C�N); 1H
NMR (500 MHz, DMSO-d6): δ 9.98 (s, 1H), 7.62 (d, J = 8.60,
2H), 7.08 (d, J = 8.60, 2H), 6.86 (d, J = 8.60, 1H), 6.82 (d, J =
8.65, 1H), 5.43 (dd, J = 4.1, 4.2 Hz, 1H), 3.76 (dd, J = 11.50,
11.50 Hz, 1H), 3.06 (dd, J = 4.25, 4.20 Hz, 1H), 2.25 (s, 3H);
anal. calcd for C18H18N2O3: C, 69.66; H, 5.85; N, 9.03; found:
C, 69.63; H, 5.82; N, 9.00.
1-(3-(4-Hydroxyphenyl)-5-(p-tolyl)-4,5-dihydro-1H-pyra-

zol-1-yl)ethanone (12). Color: Cream-color crystalline solid;
yield: 70%; Rf: 0.40 (ethyl acetate/n-hexane, 1:4); chemical
formula: C18H18N2O2; molecular weight: 294.35; FTIR (KBr,
cm−1): 3046 (C−H, aromatic), 2942 (C−H, aliphatic), 1634
(C�O, amide), 1642 (C�N), 1H NMR (500 MHz, DMSO-
d6): δ 9.98 (s, 1H, −OH), 7.61 (d, J = 8.45, 2H), 7.11 (d, J =
8.05, 2H), 7.04 (d, J = 8.0, 1H), 6.82 (d, J = 8.20, 1H), 5.44
(dd, J = 4.15, 4.25 Hz, 1H), 3.77 (dd, J = 11.75, 11.65 Hz,
1H), 2.37 (s, 3H), 3.04 (dd, J = 4.25, 4.20 Hz, 1H), 2.26 (s,
3H); anal. calcd for C18H18N2O2: C, 73.45; H, 6.16; N, 9.52;
found: C, 73.43; H, 6.12; N, 9.50.
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1-(3-(4-Chlorophenyl)-5-(4-methoxyphenyl)-4,5-dihydro-
1H-pyrazol-1-yl)ethanone (13). Color: Cream-color crystal-
line solid; yield: 70%; Rf: 0.44 (ethyl acetate/n-hexane, 1:4);
chemical formula: C18H17ClN2O2; molecular weight: 328.10;
FTIR (KBr, cm−1): 3032 (C−H, aromatic), 2932 (C−H,
aliphatic), 1640 (C�O, amide), 1632 (C�N), 1H NMR (500
MHz, DMSO-d6), δ 7.79 (d, J = 8.5, 2H), 7.54 (d, J = 8.60,
2H), 7.12 (d, J = 8.60, 2H), 6.88 (d, J = 8.50, 1H), 5.49 (dd, J
= 4.55, 4.55 Hz, 1H), 3.82 (dd, J = 11.90, 11.85 Hz, 1H), 3.72
(s, 3H, −OCH3), 3.11 (dd, J = 4.65, 4.60 Hz, 1H), 2.52 (s, 3H,
−COCH3); anal. calcd for C18H17ClN2O2: C, 65.75; H, 5.21;
N, 8.52; found: C, 65.72; H, 5.19; N, 8.50.
1-(3-(4-Chlorophenyl)-5-(p-tolyl)-4,5-dihydro-1H-pyrazol-

1-yl)ethanone (14). Color: Light-yellow crystalline solid;
yield: 72%; Rf: 0.40 (ethyl acetate/n-hexane, 1:4); chemical
formula: C18H17ClN2O; molecular weight: 312.79; FTIR:
(KBr, cm−1): 3032 (C−H, aromatic), 2958 (C−H, aliphatic),
1648 (C�O, amide), 1640 (C�N), 1H NMR: (500 MHz,
DMSO-d6), δ 8.17 (d, J = 8.55, 2H), 7.78 (d, J = 8.55, 2H),
7.64 (d, J = 8.6, 2H), 7.52 (d, J = 8.6, 2H), 5.51 (dd, J = 4.90,
4.90 Hz, 1H), 3.82 (dd, J = 11.90, 11.90 Hz, 1H), 3.12 (dd, J =
5.02, 5.01 Hz, 1H), 2.36 (s, 3H, −CH3), 2.26 (s, 3H,
−COCH3); anal. calcd for C18H17ClN2O: C, 69.12; H, 5.48;
N, 8.96; found: C, 69.10; H, 5.45; N, 8.94.
1-(3-(4-Chlorophenyl)-5-(thiophen-2-yl)-4,5-dihydro-1H-

pyrazol-1-yl)ethanone (15). Color: Light-yellow crystalline
solid; yield: 67%; Rf: 0.42 (ethyl acetate/n-hexane, 1:4);
chemical formula: C15H13ClN2OS; molecular weight: 304.79;
FTIR (KBr, cm−1): 3066 (C−H, aromatic), 2940 (C−H,
aliphatic), 1642 (C�O, amide), 1628 (C�N), 1H NMR (500
MHz, DMSO-d6): δ 7.82 (d, J = 8.65, 1H), 7.54 (d, J = 8.65,
2H), 7.40 (d, J = 6.15, 1H), 7.03 (d, J = 6.15, 1H), 6.94 (m,
1H), 5.85 (dd, J = 5.0, 5.0 Hz, 1H), 3.83 (dd, J = 11.70, 11.70
Hz, 1H), 3.38 (dd, J = 4.80, 4.80 Hz, 1H), 2.27 (s, 3H,
−COCH3); anal. calcd for C15H13ClN2OS: C, 59.11; H, 4.30;
N, 9.19; found: C, 59.09; H, 4.28; N, 9.16.
1-(3-(4-Chlorophenyl)-5-(3-hydroxy-4-methoxyphenyl)-

4,5-dihydropyrazol-1-yl)ethanone (16). Color: Light-yellow
crystalline solid; yield: 64%; Rf: 0.50 (ethyl acetate/n-hexane
1:4); chemical formula: C18H17ClN2O3; molecular weight:
344.79; FTIR (KBr, cm−1): 3028 (C−H, aromatic), 2938 (C−
H, aliphatic), 1612 (C�O, amide), 1627 (C�N), 1H NMR
(500 MHz, DMSO-d6), 8.99 (s, 1H, −OH), 7.79 (d, J = 8.55,
2H), 7.53 (d, J = 8.55, 2H), 6.83 (d, J = 8.85, 2H), 6.57 (d, J =
8.85, 1H), 6.57 (s, 2H, aromatic-H), 5.40 (dd, J = 4.70, 4.70
Hz, 1H), 3.79 (dd, J = 12.0, 12.01 Hz, 1H), 3.72 (s, 3H,
−OCH3), 3.11 (dd, J = 5.0, 5.01 Hz, 1H), 2.28 (s, 3H, −CH3);
anal. calcd for C18H17ClN2O3: C, 62.70; H, 4.97; N, 8.12;
found: C, 62.67; H, 4.95; N, 8.10.
1-(3-(4-Chlorophenyl)-5-(3-hydroxyphenyl)-4,5-dihydro-

pyrazol-1-yl)ethanone (17). Color: Light-yellow crystalline
solid; yield: 63%; Rf: 0.50 (ethyl acetate/n-hexane, 1:4);
chemical formula: C17H15ClN2O2; molecular weight: 314.77;
FTIR (KBr, cm−1): 3018 (C−H, aromatic), 2928 (C−H,
aliphatic), 1622 (C�O, amide), 1617 (C�N); 1H NMR:
(500 MHZ, DMSO-d6), 9.68 (s, 1H, −OH), 9.39 (s, 1H), 7.79
(d, J = 8.60, 2H), 7.53 (d, J = 8.60, 2H), 7.11 (m, 1H), 6.61
(m, 1H), 6.55 (m, 1H), 5.45 (dd, J = 5.0, 5.01 Hz, 1H), 3.82
(dd, J = 12.0, 12.0 Hz, 1H), 3.12 (dd, J = 4.85, 4.85 Hz, 1H),
2.30 (s, 3H, −CH3); anal. calcd for C17H15ClN2O2: C, 64.87;
H, 4.80; N, 8.90; found: C, 64.84; H, 4.77; N, 8.86.
1-(3-(4-Chlorophenyl)-5-(pyridin-2-yl)-4,5-dihydro-1H-

pyrazol-1-yl)ethanone (18). Color: Off-white crystalline solid;

yield: 67%; Rf: 0.50 (ethyl acetate/n-hexane, 1:4); chemical
formula: C16H14ClN3O; molecular weight: 299.75; 1H NMR:
(500 MHz, DMSO-d6), δ 8.40 (d, J = 8.45, 2H), 7.81−7.71(m,
2H), 7.40 (d, J = 8.45, 2H), 7.29−7.26 (m, 1H), 6.82 (d, J =
8.20, 1H), 4.25 (dd, J = 5.0, 5.0 Hz, 1H), 3.77 (dd, J = 11.0,
11.0 Hz, 1H), 3.91 (dd, J = 4.70, 4.70 Hz, 1H), 1.91 (s, 3H,
−COCH3); anal. calcd for C16H14ClN3O: C, 64.11; H, 4.71;
N, 14.02; found: C, 64.08; H, 4.68; N, 14.00
1-(3-(4-Chlorophenyl)-5-phenyl-4,5-dihydro-1H-pyrazol-

1-yl)ethanone (19). Color: Light-yellow crystalline solid;
yield: 70%; Rf: 0.50 (ethyl acetate/n-hexane, 1:4); chemical
formula: C17H15ClN2O; molecular weight: 298.77; FTIR (KBr,
cm−1): 3040 (C−H, aromatic), 2925 (C−H, aliphatic), 1640
(C�O, amide), 1628 (C�N); 1H NMR (500 MHz, DMSO-
d6): δ 7.80 (d, J = 8.5, 2H), 7.53 (d, J = 8.5, 1H), 7.35−7.18
(m, 5H), 5.54 (dd, J = 4.60, 4.65 Hz, 1H), 3.86 (dd, J = 11.95,
11.90, 1H), 3.16 (dd, J = 4.7, 4.7 Hz, 1H), 2.31 (s, 3H); anal.
calcd for C17H15ClN2O:C, 68.34; H, 5.06; N, 9.38; found: C,
68.32; H, 5.03; N, 9.35.
1-(3-(4-Chlorophenyl)-5-(2-hydroxyphenyl)-4,5-dihydro-

1H-pyrazol-1-yl)ethanone (20). Color: Yellow crystalline
solid; yield: 75%; Rf: 0.42 (ethyl acetate/n-hexane, 1:4);
chemical formula: C17H15ClN2O2; molecular weight: 314.77;
FTIR (KBr, cm−1): 3030 (C−H, aromatic), 2935 (C−H,
aliphatic), 1645 (C�O, amide), 1624 (C�N); 1H NMR
(500 MHz, DMSO-d6,): δ 10.31 (s, 1H, −OH), 7.77 (d, J =
8.6, 2H), 7.50 (d, J = 8.6, 1H), 6.83−6.63 (m, 5H), 5.63 (dd, J
= 4.45, 4.50 Hz, 1H), 4.30 (dd, J = 11.90, 11.80 Hz, 1H), 3.79
(dd, J = 4.60, 4.60 Hz, 1H), 2.32 (s, 3H); anal. calcd for
C17H15ClN2O2: C, 64.87; H, 4.80; N, 8.90; found: C, 64.85; H,
4.78; N, 8.88.
1-(3-(4-Chlorophenyl)-5-(furan-2-yl)-4,5-dihydro-1H-pyra-

zol-1-yl)ethanone (21). Color: Dark-brown crystalline solid;
yield: 70%; Rf: 0.48 (ethyl acetate/n-hexane, 1:4); chemical
formula: C15H13ClN2O2; molecular weight: 288.73; FTIR
(KBr, cm−1): 3060 (C−H, aromatic), 2945 (C−H, aliphatic),
1645 (C�O, amide), 1622 (C�N); 1H NMR (500 MHz,
DMSO-d6): δ 8.09 (d, J = 8.6, 2H), 7.94 (d, J = 8.0, 1H), 7.62
(d, J = 8.6, 2H), 7.14 (d, J = 8.0, 2H), 6.71 (m, 1H), 5.65 (dd,
J = 5.20, 5.15 Hz, 1H), 3.73 (dd, J = 12.1, 12.0 Hz, 1H), 3.34
(dd, J = 5.25, 5.40 Hz, 1H), 2.26 (s, 3H); anal. calcd for
C15H13ClN2O2: C, 62.40; H, 4.54; N, 9.70; found: C, 62.38; H,
4.52; N, 9.69.
1-(3-(4-Chlorophenyl)-5-(3-nitrophenyl)-4,5-dihydro-1H-

pyrazol-1-yl)ethanone (22). Color: Light-yellow crystalline
solid; yield: 75%; Rf: 0.45 (ethyl acetate/n-hexane, 1:4);
chemical formula: C17H14ClN3O3; molecular weight: 343.76;
FTIR (KBr, cm−1): 3060 (C−H, aromatic), 2945 (C−H,
aliphatic), 1645 (C�O, amide), 1622 (C�N); 1H NMR
(500 MHz, DMSO-d6): δ 8.07 (s, 1H), 7.80 (d, J = 8.6, 2H),
7.68−6.64 (m, 4H), 7.54 (d, J = 8.6, 1H), 5.72 (dd, J = 5.2,
5.15 Hz, 1H), 3.90 (dd, J = 12.1, 12.0 Hz, 1H), 3.27 (dd, J =
5.25, 5.20 Hz, 1H), 2.33 (s, 3H); anal. calcd for
C17H14ClN3O3: C, 59.40; H, 4.10; N, 12.22; found: C,
59.39; H, 4.08; N, 12.20.

■ ASSOCIATED CONTENT
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The Supporting Information is available free of charge at
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Drug-likeness properties of the synthesized compounds
(Tables S1, S2, and S3); basic physiochemical properties
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and computational descriptors of the synthesized
compounds (Tables S4 and S6); properties of different
cytochrome inhibitors of the synthesized compounds
(Table S5); docking score and binding interaction
details of the synthesized compounds (Table S7);
representation of pyrazole analogues by the boiled
graph (Figure S1); 2D docking images of compounds
1−14, 16, 18−22, and the control (acarbose) (Figures
S2−S22); radar images of compounds 4, 5, 8, 9, 11, 22,
and the control (acarbose) (Figures S23−S29); and 1H
NMR spectra of compounds 6, 7, 8, 9, 11, 12, 13, 14, 15,
17, and 19 (Figures S30−S40) (PDF)
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