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Abstract

The diseases-related complications and causes are threaded. Accordingly, the preparation of one drug with multiple targets is
very pressing. In this context, the three series of pyrazole-based derivatives 7a-c, 9a-c, and 1la-c were designed and
synthesized by using 5-amino-pyrazoles 3a-c as starting materials. The structures of various products 7a-c, 9a-c, and 11la-c
were characterized by using various devices (elemental analysis and spectral tools). The biological activities of pyrazole-
based products 7a-c, 9a-c, and 1la-c were estimated as antioxidant, anti-diabetic, anti-Alzheimer, and anti-arthritic. The
estimation results showed that the two products 7c and 1la displayed powerful biological activities. In silico analysis
(physicochemical, drug-likeness, and toxicity properties) of the two products 7c and 11a was performed. This research could

be valuable for the exploration of one drug with multiple targets.
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Introduction

Recent epidemiological studies established the
relationship between diseases, their complications,
and their causes, and also, some diseases'
complications lead to other diseases [1, 3]. Diabetes
mellitus is characterized by hyperglycemia and
insulin resistance. Cardiovascular diseases are the
major complication of diabetes [4]. Alzheimer's
disease is a neurodegeneration and medicinal studies
present that diabetes mellitus and cardiovascular
diseases (a complication of diabetes mellitus) are
correlated to an increased risk of Alzheimer's disease
[5]. The progressive loss of cells and tissues refers to
aging. Oxidative stress is the main factor for aging.
Also, is responsible for some diseases such as
diabetes and Alzheimer’s disease. Osteoarthritis,
diabetes  mellitus, Alzheimer’s disease, and
cardiovascular disease are famous complications of

aging [6]. The diseases-related complications and
causes are complex. Therefore, the necessity for
cooperation  between organic chemistry and
medicinal chemistry researchers for the preparation
of one drug with multiple targets is very critical for
facing diseases the major scourges of humanity [7]
(Figure 1).

Alzheimer's disease

Osteoarthritis

Diabetes mellitus
Causes
Aging Complications/  oyjdative stress

Cardiovascular disease

Figure 1: The diseases-related complications and causes

Pyrazole (five-membered ring with two nitrogen
atoms) is a pharmacophore moiety. Pyrazole-based
derivatives exhibit various biological activities [8-
10]. Pyrazole-based Schiff base |1 possessed
significant in vitro cytotoxic properties against HelLa
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cells and antibacterial activity against Salmonella
typhimurium Gram (-) (MIC = 62.5 pg/mL) [11].
Oxadiazol-pyrazole derivative 1l displayed the
highest antioxidant assays [12]. Pyrazole derivative
which bears a coumarin scaffold 111 showed excellent
butyrylcholinesterase inhibitor activity as an anti-
Alzheimer agent [13]. Pyrazole-triazole derivative 1V
possesses significant anti-diabetic potency and an
inhibitory effect equal to 4.54 nM against the DPP-4
enzyme [14]. Pyrazole sulfonyl derivative V is more
selective for COX-2 isozyme (anti-inflammatory
activity) [15] (Figure 2).

Based on the above-mentioned information about
bioactive pyrazole compounds, diseases-related
complications, and interferences of the diseases in
addition to a continuation of our program for the
exploration of bioactive  products [16-31],
accordingly, we aim in this study to (i) synthesize
three series of pyrazole-based derivatives 7a-c, 9a-c,
and l1la-c. (ii) Estimate the biological activities of
pyrazole-based products 7a-c, 9a-c, and l1lla-c as
antioxidant, anti-diabetic, anti-Alzheimer, and anti-
arthritic. (iii) Perform the in silico analysis including
physicochemical,  drug-likeness, and toxicity
properties of the biologically potent products.

2. Results and discussion

2.1. Chemistry

5-Amino-1H-pyrazole derivatives 3a-c  were

prepared according to our prior program, illustrated
cl
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in Scheme 1 through the sequential reaction of N-
aryl-cyanoacetamides 1la-c with phenyl isothicyanate
or 4-methoxyisothicyanate to yield the ketene N,S-
acetals 2a-c which reacted then with hydrazine
hydrate [32, 33]. On the other hand, 4-((4-
fluorophenyl)azo)-2-hydroxybenzaldehyde (6) [34]
was prepared through the coupling between the
diazotization of 4-fluoro aniline (4) with 2-
hydroxybenzaldehyde (Scheme 1). The first series of
the target compounds 7a-c were prepared by the
reaction of 5-amino-1H-pyrazole derivatives 3a-c
with 4-((4-fluorophenyl)azo)-2-hydroxybenzaldehyde
(6) (Scheme 1).

The compounds structure 7a-c were characterized
via different spectral data. The '"H NMR spectrum
data of the 7c demonstrated four singlet signals for
the three NH protons and one OH proton at & 9.34,
10.22, 11.76, and 13.09 ppm, respectively. Another
distinguishing signal at 8.85 ppm for azomethine
proton (-CH=N-). The sixteen protons of the four
aromatic rings were represented in a range from o
7.21 to 8.53 ppm. The sixteen protons are exhibited
in the *H NMR spectrum as the following: 7.21-7.28
(multiplet, six protons), 7.42 (triplet, two protons),
7.60 (single, one proton), 7.70-7.73 (multiplet, three
protons), 7.88 (triplet, two protons), 8.08 (doublet,
one proton with J = 6.5 Hz), and 8.53 (single, one
proton).
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Figure 2: Biological activities of some pyrazole derivatives 1-V
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Scheme 1: Synthesis of the first series 7a-c
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The **C NMR spectrum analysis of 7c illustrated
the carbon atom of carbonyl function (1C, C=0) at
164.54 ppm, also, the twenty-seven carbon atoms of
aromatic and one carbon atom of the azomethine
(-CH=N-) in the range from 6 93.91 to & 162.74 ppm.

Scheme 2 illustrated the synthesis route of the
second and third series of the target compounds 9a-c
and 1la-c, respectively. The second series 9a-c was
prepared by the reaction of 5-amino-1H-pyrazole
derivatives 3a-c with isatin (8). While the third series
of the target compounds, pyrazole-based 3-
(benzofuran-2-yl)-pyrazole 1la-c, was prepared via
the reaction of 5-amino-1H-pyrazoles 3a-c with 3-
(benzofuran-2-yl)-1-phenyl-1H-pyrazole-4-
carbaldehyde (10) [35] which was prepared according
to literature method by Vilsmeier-Haack reaction.

The structure of the target compounds 9a-c and
1la-c was characterized via different spectral data.
Compound 9a, taken as a representative example, the
'H NMR analysis of 9a included that a singlet at &

Ar, O

Al'1

3a-c

3.76 ppm was because of the methoxy protons,
whereas the protons of aromatic rings (phenyl, 4-
methoxyphenyl, and isatin) were observed as a triplet
at 8 6.96 ppm for three protons, multiplet at & 7.03-
7.08 ppm due to two protons, four protons appeared
as two doublets: one of them at & 7.29 (2H) with J =
8.6 Hz and the other at & 7.93 (2H) with J = 7.9 Hz,
Two protons as a triplet at 6 7.35 ppm, one proton as
a triplet at 6 7.51 ppm, and finally one proton as a
doublet at 6 9.08 ppm with J = 7.7 Hz. The NH
proton of the isatin ring appeared as a singlet at
13.15 ppm while the three NH protons of the
pyrazole moiety appeared as singlets at 6 8.79, 11.03,
and 11.15 ppm. Also, the **C NMR analysis of 9a
appears the carbon atom of the methoxy group at ¢
55.35 ppm, the carbon atoms of the two carbonyls
(2C, 2C=0) at ¢ 155.69 and 165.06 ppm, the carbon
atom of azomethine function (1C, -C=N-) at ¢ 162.35
ppm, and twenty-one aromatic carbon atoms from ¢
94.10 to 6 150.43 ppm.
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Scheme 2: Synthesis of pyrazole-based derivatives 9a-c and 11a-c
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2.2. Biological activities evaluation

2.2.1. In vitro antioxidant activities

Oxidative stress and free radicals are dangerous to
human health and lead to aging and chronic diseases.
Antioxidants are compounds that have the ability to
control oxidative stress degree; thus, these
compounds gained formidable attention from the
organic and pharmaceutical researchers [36].
Therefore, the antioxidant activities study of all
pyrazole-based derivatives 7a-c, 9a-c, and lla-c
were performed by using four different assays and the
results were listed in Table 1.

Among all the pyrazole-based derivatives 7a-c,
9a-c, and 11a-c, we found that the two compounds 7c¢
and 1la registered the most powerful total
antioxidant capacity (TAC) equal to 85.15 + 0.22 and
84.73 + 0.22 mg gallic acid/gm, respectively. Also,
the same two compounds 7¢ and 1la demonstrated

the highest iron-reducing power (IRP) with values of
54.19 + 0.08 and 53.92 £ 0.08 pg/mL, respectively.

The scavenging activities results of the pyrazole-
based derivatives 7a-c, 9a-c, and 11a-c against 1, 1-
diphenyl-2-picryl-hydrazyl (DPPH) radicals refer to
the two most active and more potent compounds 7¢
and 1la with 1Cs, values equal to 8.56 = 0.01 and
8.60 = 0.01 pg/ml, respectively, in comparison to
ascorbic acid (ICso = 4.10 £ 0.01 pg/ml). Also, the
scavenging activities results against 2, 2'-azinobis-(3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS)
showed the two more effective compounds 7c¢ and
11a with percentage values equal to 112.03 + 0.05 %
and 111.48 £ 0.05 %, respectively, in comparison to
ascorbic acid (39.10 £ 0.01 %).

From the results of the antioxidant activities and
the scavenging activities, we can conclude that the
two compounds 7c and 11a are the most active and
more powerful derivatives among all the pyrazole-
based derivatives 7a-c, 9a-c, and 11a-c.

Table 1: The antioxidant activities and scavenging activities of pyrazole-based derivatives 7a-c, 9a-c, and 11a-c:-

Pyrazole-based Total antioxidant Iron-reducing Scavenging activity | Scavenging activity

derivatives capacity (TAC) power (IRP) against DPPH against ABTS (%)
(mg gallic acid/gm) (ng/mL) (ICsp pg/ml)

7a 39.08 +£0.10 24.87 £0.04 18.65 £ 0.02 51.41 £0.02

7b 39.37£0.10 25.05 +0.04 18.51 + 0.02 51.80 +0.02

7c* 85.15 + 0.22* 54.19 + 0.08* 8.56 + 0.01* 112.03 + 0.05*

%9a 42.01+0.11 26.73£0.04 17.35+£0.02 55.27 £0.03

9b 43.37+£0.05 27.68 £0.02 16.77 £0.02 57.18 £0.01

9c 42.72+0.11 27.19+0.04 17.06 £ 0.02 56.21 +£0.03

1la* 84.73+0.22 53.92 £0.08 8.60 +0.01 111.48 £0.05

11b 23.94 £ 0.06 15.24 +0.02 30.43 £0.04 31.50 £0.02

11c 23.73 £0.06 15.10 + 0.02 30.70 £ 0.04 31.23+0.01

Ascorbic Acid - - 4.10+£0.01 39.10+£0.01

* The most effective compound.
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Table 2: The anti-diabetic, anti-Alzheimer, and anti-arthritic activities of pyrazole-based derivatives 7a-c, 9a-c, and 11a-c:-

Egéii:; Anti-diabetic Activity A”t;ﬁ'izvr;f;mer : ,:\r?ti-arthritic Alc:v:i/ |
. S roteinase nhibition o
oy | oony | TG | oanaturaon | prtens
Ta 70.42 £0.03 82.02+0.01 33.65+£0.01 72.07 £0.02 70.49 £0.01
7b 70.95+0.03 81.87+£0.01 33.60 £0.01 71.94 +£0.02 70.36 £0.01
7c* 107.27 £ 0.04 124.94 +0.02 51.26 £ 0.02 109.79 £ 0.02 107.37 £ 0.02
9a 75.70 £0.03 88.17 +0.01 36.18 £ 0.01 77.48 +0.02 75.77 £0.01
9b 78.28 £ 0.02 90.30 £ 0.01 36.43 £ 0.01 78.32+0.03 76.60 = 0.01
9c 76.99 +0.03 89.67 +0.01 36.57 £ 0.01 77.47 +0.03 75.77 £0.01
1lla* 92.13+0.04 107.31£0.02 38.96 £ 0.02 79.57 £0.02 77.82£0.01
11b 43.15+0.02 50.26 £ 0.01 20.62 £0.01 44.16 £0.01 43.19+0.01
1llc 42.77 £0.02 49.82 £0.01 20.44 +0.01 43.78 +0.01 42.81+0.01
Acarbose 77.57+£0.01 56.79 £ 0.01
Diclofenac 48.58 +0.02 45.83+0.01
* The most effective compound.
Table 3: The physicochemical and drug-likeness of pyrazole-based derivatives 7c and 11a:-
ww [ Rt st [ sbond | rpsa | Lpaaiy
Lipinski’s rule <500 - <10 <5 - <4.15
Veber's (GSK) rule - <10 - - <140 -
Pyrazole-based
derivatives
7c 553.97 9 7 4 127.12 5.00
1la 593.63 10 6 3 122.36 4.30

Table 4: The four toxicity parameters of pyrazole-based derivatives 7c and 11a:-

U Toxicity parameters
derivatives
AMES hERG I hERG Il Hepatotoxicit
toxicity inhibitor inhibitor P Y
7c No No Yes Yes
1la No No Yes No

2.2.2. In vitro anti-diabetic activity

Diabetes mellitus (DM) is a chronic metabolic
disease (pancreatitis) and refers to raised glucose
levels [37]. The two enzymes, a-amylase and o-
glucosidase, play an essential role in blood glucose
levels, where a-amylase enzyme breaks down the
carbohydrates into disaccharides while the a-
glucosidase enzyme transforms the disaccharides into

Egypt. J. Chem. 66, No. 6 (2023)

monosaccharides [38]. Consequently, their inhibition
is one of the therapeutic strategies for controlling
hyperglycemia [39]. Accordingly, the anti-diabetic
activity of all pyrazole-based derivatives 7a-c, 9a-c,
and 1la-c were calculated by determining their
inhibition percentage of the a-amylase and o-
glucosidase enzymes, and the results were listed in
Table 2.
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In the case of the a-amylase enzyme inhibition
percentage estimation, the two compounds 7¢ (% =
107.27 = 0.04) and 1lla (% = 92.13 + 0.04)
possessing more potent inhibition percentages than
the standard drug used acarbose (% = 77.57 £ 0.01).
The three compounds 9b (% = 78.28 £ 0.02), 9¢ (% =
76.99 + 0.03), and 9a (% = 75.70 + 0.03) showed
inhibition percentages almost equally the standard
drug used acarbose (% = 77.57 + 0.01). The four
compounds 7b, 7a, 11b, and 11c are fewer activities
than the standard drug used acarbose (% = 77.57 *
0.01).

On the estimation of the inhibition percentages for
the a-glucosidase enzyme, we found that the seven
derivatives 7a-c, 9a-c, and 1lla possess inhibition
percentages in the range from 124.94 + 0.02 to 81.87
+ 0.01 are more active than acarbose (% = 56.79 *
0.01). While the two compounds 11b (% = 50.26 £
0.01) and 11c (% = 49.82 + 0.01) show inhibition
percentages less than the acarbose (% = 56.79 +
0.01).

2.2.3. In vitro anti-Alzheimer activity

Alzheimer's  disease is a  progressive
neurodegenerative disease distinguished by memory
frailty. Based on the reports of the World Health
Organization, Alzheimer's disease is one of the
diseases and scourges of humanity. Also, is the sixth
global death cause [40]. The Alzheimer’s patient
brain is characterized and demonstrated that
acetylcholinesterase (AChE) enzyme is associated
with B-amyloid plaques. Hence, inhibition of
acetylcholinesterase (AChE) is a therapeutic strategy
for controlling Alzheimer's disease [41]. From this,
the anti-Alzheimer activity of all pyrazole-based
derivatives 7a-c, 9a-c, and 11a-c were calculated by
determining the acetylcholinesterase (AChE) enzyme
inhibition percentage, and the results were registered
in Table 2.

The anti-Alzheimer activity result refers to
compound 7c possessing the highest
acetylcholinesterase (AChE) enzyme inhibition
percentage (AChE inhibition (%) = 51.26 + 0.02)
among all the pyrazole-based derivatives. The next
compound in the activity is 1lla with
acetylcholinesterase (AChE) enzyme inhibition
percentage (AChE inhibition (%)) equal to 38.96 +
0.02. The order of the inhibition activities for the rest
derivatives is 9c (36.57 £ 0.01 %) > 9b (36.43 £ 0.01
%) > 9a (36.18 = 0.01 %) > 7a (33.65 + 0.01 %) > 7b

Egypt. J. Chem. 66, No. 6 (2023)

(33.60 = 0.01 %) > 11b (20.62 = 0.01 %) > 1lc
(20.44 + 0.01 %).

2.2.4. In vitro anti-arthritic Activity

Acrthritis patients are characterized by the presence
of proteinase denaturation and proteinase enzyme in
high percentages in the body. Accordingly, the
inhibition of the two enzymes, proteinase
denaturation, and proteinase enzyme, is a therapeutic
strategy for controlling arthritis disease.

The anti-arthritic activities of all pyrazole-based
derivatives 7a-c, 9a-c, and 11a-c were calculated by
estimating the proteinase denaturation inhibition
percentage with proteinase enzyme inhibition
percentage. The anti-arthritic activities results were
listed in Table 2.

All the pyrazole-based derivatives except the two
compounds 11b (PD = 44.16 + 0.01 %) and 11c (PD
= 4378 £ 0.01 %) demonstrated proteinase
denaturation inhibition percentage (PD, %) in the
range from 109.79 + 0.02 to 71.94 + 0.02 % more
than diclofenac sodium (PD = 48.58 + 0.02 %).

Also, in the case of inhibition of proteinase
percentage (IP, %) determination, the pyrazole-based
derivatives 7a-c, 9a-c, and 1l1a show inhibition
percentage higher than diclofenac sodium (IP = 45.83
+ 0.01 %). But the two compounds 11b and 1lc
demonstrated an inhibition percentage less than
diclofenac sodium.

Finally, from the above results of biological
activities we can found that the two compounds 7c
and 1la possessing more potent biological activities
than the rest derivatives. Maybe the activity of the
derivative 7c is due to the presence of 4-chlorophenyl
and 4-fluorophenyl azo rings [42]. Compound 1la
bore pyrazole moiety and another pyrazole attached
to benzofuran moiety. The two moieties, pyrazole
and benzofuran, maybe the reason that improves the
inhibition percentage for the acetylcholinesterase
(AChE) enzyme [43].

2.3. In silico evaluation analysis

2.3.1. Physicochemical and drug-likeness

The physicochemical and drug-likeness of the two
compounds 7c and 1la were predicted by utilizing
the web http://swissadme.ch/index.php#undefined
[44]. The results were demonstrated in Table 3.

The results of Table 3 refer to that (i) the two
compounds 7c and 11a are not agreed with Lipinski’s
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rule because the two parameters, the molecular
weight (MW) and the lipophilicity (MLOGP), are
more than 500 and 4.15, respectively. (ii) The two
compounds 7c¢ and 11a show agreement with Veber's
(GSK) rule (Rotatable bonds < 10 and the total polar
surface area (TPSA) < 140).

2.3.2. Insilico toxicity prediction

The four toxicity parameters of the two
compounds 7c and 11a were predicted utilizing the
web  http://biosig.unimelb.edu.au/pkcsm/prediction
[45]. The results of the four toxicity parameters are
demonstrated in Table 4.

Ames test is used to predict the compound that can
cause mutations in the DNA. If the result predicts is
positive (yes) therefore the chemical is mutagenic
and may act as a carcinogen [46]. The two
compounds 7c and 1la are negative and hence non-
mutagenic.

The inhibition of the K (+) channels encoded by
hERG is associated with cardiac arrhythmias and
then sudden cardiac death. hERG inhibition includes
two types: hERG | inhibition and hERG I inhibition.
If the result predicts is positive (yes) therefore the
compound is an inhibitor [47]. The two compounds
7c and 11a are non-inhibitors of the hERG | enzyme.
On the other hand, 7c and 11a are inhibitors of the
hERG Il enzyme, therefore causing cardiac
arrhythmias.

Hepatotoxicity indicates compound-driven liver
damage. If the result predicts is positive (yes)
therefore the compound causes acute and chronic
liver disease [48]. Compound 7c has hepatotoxicity
and causes liver disease but compound 11la is safe
and not has hepatotoxicity.

3. Conclusions

The three series of pyrazole-based derivatives 7a-
¢, 9a-c, and 1la-c were successfully synthesized.
Structures of products 7a-c, 9a-c, and 1la-c were
characterized and investigated using elemental
analysis and different spectral data. The biological
properties of the synthesized products 7a-c, 9a-c, and
11a-c as one drug with multi-targets were determined
and these biological properties include antioxidant,
anti-diabetic, anti-Alzheimer, and anti-arthritic. The
two products 7c and 1la possess more potent
biological activities than the rest derivatives as
significant antioxidants, inhibitors of
acetylcholinesterase =~ (AChE),  o-amylase, o-
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glucosidase, proteinase denaturation, and proteinase
enzymes (Figure 3).

Based on in silico analysis, the two compounds 7c
and 11a agree with Veber's rule, are non-mutagenic,
non-inhibitors of the hERG | enzyme but inhibitors
of the hERG Il enzyme. Also, compound 11a is safe
and not has hepatotoxicity.

In the after time, the research venture will be
protracted to modify the chemical structure of the two
products 7c and 11a to obtain one drug with multi-
targets.

Figure 3: Structures of the two compounds 7c and 11a

4. Experimental

4.1. Chemistry

All melting points are incorrect. The Gallenkamp
apparatus was used for measuring the melting points.

The JEOL spectrometer was used for *H NMR
(500 MHz) and *C NMR (125 MHz) spectra.
DMSO-dg was used as a solvent. For the internal
standard (ppm = zero) use TMS. Chemical shifts (8)
and the coupling constants (J) were reported in ppm
and Hz, respectively.

Elemental analyses were performed at the
Microanalytical Center, Cairo University, Egypt.

General procedure for the synthesis of
pyrazole-based derivatives 7a-c, 9a-c, or 11a-c

A mixture of 5-amino-1H-pyrazoles 3a-c (0.01
mol) and 4-((4-fluorophenyl)azo)-2-
hydroxybenzaldehyde (6) (0.01 mol, 0.244 g), isatin
(8) (0.01 mol, 0.147g), or 3-(benzofuran-2-yl)-1-
phenyl-1H-pyrazole-4-carbaldehyde (10) (0.01 mol,
0.288 g) in absolute ethanol (25 mL). This mixture
reaction was refluxed for two hours. After the
reaction was completed and cooled. The target
products, pyrazole-based derivatives 7a-c, 9a-c, or
11a-c, respectively, were formed and filtered in the
crystals form.

5-(4-((4-Fluorophenyl)azo)-2-
hydroxybenzylideneamino)-3-(4-
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methoxyphenylamino)-N-phenyl-1H-pyrazole-4-
carboxamide (7a)

Yellow crystals, m.p. = 242-244 °C, yield (82 %).
'H NMR (DMSO-dg, 500 MHz, & ppm) 3.70 (s, 3H,
OCHsy), 6.88 (d, 2H, J = 8.6 Hz, aromatic-H), 7.03 (t,
1H, aromatic-H), 7.17-7.23 (m, 4H, aromatic-H),
7.37-7.41 (m, 3H, aromatic-H), 7.70 (d, 2H, J = 7.8
Hz, aromatic-H), 7.85-7.87 (m, 2H, aromatic-H), 8.01
(d, 1H, J = 9.1 Hz, aromatic-H), 8.54 (s, 1H,
aromatic-H), 8.68 (s, 1H, -CH=N-, azomethine). 9.37
(s, 1H, NH), 10.14 (s, 1H, NH), 11.69 (s, 1H, NH),
13.05 (s, 1H, OH). *C NMR (DMSO-ds, 125 MHz, §
ppm) 55.78 (1C, OCH,), 93.14, 114.81, 114.98,
116.71, 116.89, 117.74, 118.49, 119.47, 120.31,
122.26, 123.71, 124.94, 125.02, 129.11, 129.43,
129.79, 139.26, 145.39, 149.33, 162.98, 163.06,
163.38 (28C, 27C of aromatic + 1C of azomethine -
CH=N-), 165.04 (1C, C=0). Anal. Calcd. (%) for
CaoH24FN;O; (549.56): C, 65.57; H, 4.40; N, 17.84.
Found: C, 65.64; H, 4.35; N, 17.90 %.

5-(4-((4-Fluorophenyl)azo)-2-
hydroxybenzylideneamino)-3-(phenylamino)-N-(4-
methylphenyl)-1H-pyrazole-4-carboxamide (7b)

Yellow crystals, m.p. = 225-227 °C, yield (79 %).
'H NMR (DMSO-dg, 500 MHz, & ppm) 2.21 (s, 3H,
CH,), 6.86 (s, 1H, aromatic-H), 7.01 (d, 2H, J = 8.1
Hz, aromatic-H), 7.14-7.20 (m, 2H, aromatic-H), 7.41
(t, 2H, aromatic-H), 7.54 (d, 2H, J = 8.1 Hz,
aromatic-H), 7.58 (d, 2H, J = 8.6 Hz, aromatic-H),
7.86-7.88 (m, 3H, aromatic-H), 8.03 (d, 1H, J = 6.2
Hz, aromatic-H), 8.54 (d, 1H, J = 2.4 Hz, aromatic-
H), 8.92 (s, 1H, -CH=N-, azomethine). 9.34 (s, 1H,
NH), 10.09 (s, 1H, NH), 11.64 (s, 1H, NH), 13.02 (s,
1H, OH). Anal. Calcd. (%) for CsoHFN;O,
(533.56): C, 67.53; H, 4.53; N, 18.38. Found: C,
67.48; H, 4.59; N, 18.31 %.

N-(4-Chlorophenyl)-5-(4-((4-fluorophenyl)azo)-
2-hydroxybenzylideneamino)-3-(phenylamino)-
1H-pyrazole-4-carboxamide (7c)

Yellow crystals, m.p. = 240-242 °C, yield (75 %).
'H NMR (DMSO-ds, 500 MHz, § ppm) 7.21-7.28 (m,
6H, aromatic-H), 7.42 (t, 2H, aromatic-H), 7.60 (s,
1H, aromatic-H), 7.70-7.73 (m, 3H, aromatic-H),
7.88 (t, 2H, aromatic-H), 8.08 (d, 1H, J = 6.5 Hz,
aromatic-H), 8.53 (s, 1H, aromatic-H), 8.85 (s, 1H, -
CH=N-, azomethine). 9.34 (s, 1H, NH), 10.22 (s, 1H,
NH), 11.76 (s, 1H, NH), 13.09 (s, 1H, OH). **C NMR
(DMSO-dg, 125 MHz, & ppm) 93.91, 111.81, 116.23,
116.41, 117.96, 120.66, 121.62, 121.83, 124.54,
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124.61, 126.78, 128.78, 128.93, 129.11, 129.70,
137.51, 14492, 148.77, 158.93, 162.32, 162.56,
162.74 (28C, 27C of aromatic + 1C of azomethine -
CH=N-), 164.54 (1C, C=0). Anal. Calcd. (%) for
CaoH,:CIFN;O, (553.97): C, 62.87; H, 3.82; N,
17.70. Found: C, 62.95; H, 3.76; N, 17.64 %.

3-(4-Methoxyphenylamino)-5-(2-oxoindolin-3-
ylideneamino)-N-phenyl-1H-pyrazole-4-
carboxamide (9a)

Dark green crystals, m.p. > 280 °C, yield (82 %).
'H NMR (DMSO-dg, 500 MHz, & ppm) 3.76 (s, 3H,
OCHs), 6.96 (t, 3H, aromatic-H), 7.03-7.08 (m, 2H,
aromatic-H), 7.29 (d, 2H, J = 8.6 Hz, aromatic-H),
7.35 (t, 2H, aromatic-H), 7.51 (t, 1H, aromatic-H),
7.93 (d, 2H, J = 7.9 Hz, aromatic-H), 8.79 (s, 1H,
NH), 9.08 (d, 1H, J = 7.7 Hz, aromatic-H), 11.03 (s,
1H, NH), 11.15 (s, 1H, NH), 13.15 (s, 1H, NH,
isatin). °C NMR (DMSO-ds, 125 MHz, & ppm)
55.35 (1C, OCHjy), 94.10, 111.26, 114.78, 117.11,
118.49, 121.88, 121.97, 122.88, 128.93, 129.73,
132.11, 135.91, 139.28, 148.18, 148.63, 149.67,
150.43 (21C), 155.69 (1C, C=0), 162.35 (1C, C=N),
165.06 (1C, C=0). Anal. Calcd. (%) for CsHxNeOs
(452.46): C, 66.36; H, 4.46; N, 18.57. Found: C,
66.40; H, 4.41; N, 18.62 %.

5-(2-Oxoindolin-3-ylideneamino)-3-
(phenylamino)-N-(4-methylphenyl)-1H-pyrazole-
4-carboxamide (9b)

Dark brown crystals, m.p. > 280 °C, yield (85 %).
'H NMR (DMSO-dg, 500 MHz, & ppm) 2.27 (s, 3H,
CHjy), 6.97 (d, 1H, J = 8.1 Hz, aromatic-H), 7.04-7.08
(m, 2H, aromatic-H), 7.15 (d, 2H, J = 8.7 Hz,
aromatic-H), 7.31 (d, 2H, J = 8.3 Hz, aromatic-H),
7.37 (t, 2H, aromatic-H), 7.51 (t, 1H, aromatic-H),
7.82 (d, 2H, J = 8.7 Hz, aromatic-H), 9.06 (s, 1H,
NH), 9.09 (d, 1H, J = 8.2 Hz, aromatic-H), 11.02 (s,
1H, NH), 11.10 (s, 1H, NH), 13.43 (s, 1H, NH,
isatin). *C NMR (DMSO-ds, 125 MHz, & ppm)
20.42 (1C, CHy), 95.31, 111.19, 116.38, 117.06,
118.26, 118.53, 121.88, 128.88, 129.20, 129.51,
131.81, 135.83, 136.65, 141.10, 147.18, 148.17,
149.61 (21C), 152.13 (1C, C=0), 162.03 (1C, C=N),
164.97 (1C, C=0). Anal. Calcd. (%) for C,5H,NgO,
(436.47): C, 68.80; H, 4.62; N, 19.25. Found: C,
68.73; H, 4.69; N, 19.18 %.

N-(4-Chlorophenyl)-5-(2-oxoindolin-3-
ylideneamino)-3-(phenylamino)-1H-pyrazole-4-
carboxamide (9c¢)
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Dark brown crystals, m.p. > 280 °C, yield (80 %).
'H NMR (DMSO-dg, 500 MHz, & ppm) 6.96 (d, 1H, J
= 7.9 Hz, aromatic-H), 7.06 (t, 2H, aromatic-H), 7.31
(d, 2H, J = 8.1 Hz, aromatic-H), 7.35-7.42 (m, 4H,
aromatic-H), 7.51 (t, 1H, aromatic-H), 7.95 (d, 2H, J
= 9.2 Hz, aromatic-H), 9.00 (s, 1H, NH), 9.07 (d, 1H,
J = 8.7 Hz, aromatic-H), 11.02 (s, 1H, NH), 11.35 (s,
1H, NH), 13.44 (s, 1H, NH, isatin). Anal. Calcd. (%)
for CyH17CINsO, (456.88): C, 63.09; H, 3.75; N,
18.39. Found: C, 63.15; H, 3.69; N, 18.50 %.

5-((3-(Benzofuran-2-yl)-1-phenyl-1H-pyrazol-4-
yl)methyleneamino)-3-(4-methoxyphenylamino)-
N-phenyl-1H-pyrazole-4-carboxamide (11a)

Yellow crystals, m.p. = 261-263 °C, yield (85 %).
'H NMR (DMSO-dg, 500 MHz, & ppm) 3.70 (s, 3H,
OCHjy), 6.88 (d, 2H, J = 8.1 Hz, aromatic-H), 7.00 (t,
1H, aromatic-H), 7.23-7.29 (m, 3H, aromatic-H),
7.37 (t, 1H, aromatic-H), 7.45 (t, 2H, aromatic-H),
7.59-7.70 (m, 8H, aromatic-H), 8.04 (d, 2H, J = 7.7
Hz, aromatic-H), 8.74 (s, 1H, -CH=N-, azomethine),
9.29 (s, 1H, NH), 9.51 (s, 1H, pyrazole H-5), 9.74 (s,
1H, NH), 10.13 (s, 1H, NH). *C NMR (DMSO-d,,
125 MHz, 6 ppm) 55.79 (1C, OCHj3), 92.17, 107.17,
111.99, 114.97, 119.96, 120.04, 120.32, 122.24,
123.69, 124.09, 126.01, 128.51, 129.27, 130.33,
131.42, 137.88, 138.21, 139.01, 139.17, 144.36,
147.46, 148.89, 150.43, 151.33, 154.99 (32C), 161.43
(1C, C=N), 163.39 (1C, C=0). Anal. Calcd. (%) for
CssH7N,O5 (593.63): C, 70.81; H, 4.58; N, 16.52.
Found: C, 70.88; H, 4.51; N, 16.48 %.

5-((3-(Benzofuran-2-yl)-1-phenyl-1H-pyrazol-4-
yl)methyleneamino)-3-(phenylamino)-N-(4-
methylphenyl)-1H-pyrazole-4-carboxamide (11b)

Yellow crystals, m.p. = 240-242 °C, yield (82 %).
'H NMR (DMSO-dg, 500 MHz, & ppm) 2.24 (s, 3H,
CH,), 6.89 (s, 1H, aromatic-H), 7.08 (d, 2H, J = 8.0
Hz, aromatic-H), 7.28-7.32 (m, 3H, aromatic-H), 7.41
(t, 1H, aromatic-H), 7.47-7.53 (m, 4H, aromatic-H),
7.63-7.75 (m, 6H, aromatic-H), 8.07 (d, 2H, J = 7.8
Hz, aromatic-H), 9.01 (s, 1H, -CH=N-, azomethine),
9.29 (s, 1H, NH), 9.56 (s, 1H, pyrazole H-5), 9.69 (s,
1H, NH), 10.22 (s, 1H, NH). **C NMR (DMSO-d,
125 MHz, § ppm) 21.10 (1C, CHz3), 93.23, 106.77,
107.93, 111.55, 116.54, 119.45, 119.60, 119.75,
121.77, 123.61, 125.55, 128.00, 128.06, 129.09,
129.17, 129.87, 130.97, 132.30, 135.85, 138.61,
141.15, 143.90, 148.22, 151.29, 152.35, 154.46
(32C), 161.64 (1C, C=N), 162.68 (1C, C=0). Anal.
Calcd. (%) for CssHxN;O, (577.63): C, 72.78; H,
4.71; N, 16.97. Found: C, 72.80; H, 4.67; N, 17.02 %.
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5-((3-(Benzofuran-2-yl)-1-phenyl-1H-pyrazol-4-
yl)methyleneamino)-N-(4-chlorophenyl)-3-
(phenylamino)-1H-pyrazole-4-carboxamide (11c)

Yellow crystals, m.p. = 259-261 °C, yield (74 %).
'H NMR (DMSO-dg, 500 MHz, & ppm) 6.87 (s, 1H,
aromatic-H), 7.26-7.30 (m, 5H, aromatic-H), 7.37 (t,
1H, aromatic-H), 7.46 (t, 2H, aromatic-H), 7.60-7.71
(m, 8H, aromatic-H), 8.03 (d, 2H, J = 7.7 Hz,
aromatic-H), 8.92 (s, 1H, -CH=N-, azomethine), 9.27
(s, 1H, NH), 9.53 (s, 1H, pyrazole H-5), 9.79 (s, 1H,
NH), 10.19 (s, 1H, NH). Anal. Calcd. (%) for
C34H24CIN;O, (598.05): C, 68.28; H, 4.04; N, 16.39.
Found: C, 68.35; H, 3.98; N, 16.43 %.

4.2. Biological activities evaluation

4.2.1. In vitro antioxidant activities

4.2.1.1. Total antioxidant capacity (TAC) was
performed by employing the method depicted by
Prieto et al [49].

4.2.1.2. lIron-reducing power was estimated by
utilizing the method proposed [50].

4.2.1.3. 1, 1-Diphenyl-2-picryl-hydrazyl (DPPH)
radical-scavenging activity was tested by the reported
procedure [51].

4.2.1.4. 2, 2'-Azinobis-(3-ethylbenzothiazoline-6-
sulfonic acid) (ABTS) radical-scavenging activity
was performed based on the method modified [52].

4.2.2. Anti-diabetic activity

The anti-diabetic activities were performed
through the determination of the a-amylase inhibition
percentage and a-glucosidase inhibition percentage
[53].

4.2.3. Anti-Alzheimer activity

The anti-Alzheimer activity was estimated by
computing the acetylcholinesterase enzyme inhibition
percentage through utilizing the method proposed
[54].

4.2.4. Anti-arthritic activities

4.24.1. The percentage inhibition of protein
denaturation was estimated based on the methods
described previously [55-57].

4.2.4.2. Proteinase inhibitory test was performed by
computing the inhibition percentage by the method
recommended [58].
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4.3. Insilico evaluation analysis

4.4.1. Physicochemical and drug-likeness. The
physicochemical and drug-likeness of the two
compounds 7c and 1la were predicted by utilizing
the web http://swissadme.ch/index.php#undefined
[44, 59-61].

4.4.2. In silico toxicity prediction. The four toxicity
parameters of the two compounds 7c and 1la were
predicted by utilizing the web
http://biosig.unimelb.edu.au/pkcsm/prediction [45].
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