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ABSTRACT

In this research, a series of pyrazole derivatives were prepared
through a series of reactions starting from the reaction of the starting
material mercaptobenzothiazole with ethyl cyanoacetate to prepare the
thioester compound (1) and then reacting it with some benzaldehyde
derivatives to prepare the a, f-unsaturated carbonyl compounds (2a-h)
after which hydrazine is added to obtain the pyrazole derivatives. (3a-h).
The prepared compounds were identified and confirmed by FT-IR and
1H-NMR spectroscopy. A comparative study was also conducted
between finasteride, 5-alpha reductase inhibitor, and pyrazole
derivatives through a computational comparative survey using
molecular docking. Androgenetic alopecia (AGA) continues to be
widespread skin issue caused by hormones, mainly due to
dihydrotestosterone. The purpose of the current study was to prepare
and evaluate the pyrazole derivatives as the Sa-reductase inhibitors
responsible for DHT synthesis. Molecular docking uses the crystal
structure of steroid 5a-reductase (PDB: 7BW1) to show that compounds
3a, 3c and 3b exhibit good MolDock and Rerank scores as well as strong
hydrogen bonding with the active site of the enzyme. Among these,
compound 3a has the highest binding affinity (MolDock Score of -
172.891). The docking studies revealed crucial interactions between the
docked molecules and the targeted enzyme amino acids, including
conventional hydrogen bonds, n-stacking, and van der Waals forces, all
of which stabilize the ligand-enzyme complex. The pyrazole derivatives
can be used as a drug in AGA treatment as per results. Although, more
laboratory and animal tests are needed to prove the effect and safety in
humans of these medicines.

Keywords: Pyrazole, mercapto benzothiazole, thioester, finasteride,
molecular duking
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INTRODUCTION

Pyrazoles are important heterocyclic compounds due to their wide and intensive use in
various fields, especially in medicinal and pharmaceutical chemistry (Kotnala et al., 2024). Also,
pyrazole derivatives have different biological activity (Gwady et al., 2010) such as anticancer
(Wang et al., 2020) antimicrobial (Desai et al., 2020) antiviral (Yang et al., 2021) antagonist
(Harcken et al., 2019) analgesic (Aggarwal et al., 2020) anti-inflammatory (Nayak et al., 2020)
antioxidant (Vagish et al., 2021) anthelmintic (Bhavsar et al., 2020) herbicidal (Shawkat and Omar,
2012) (Fu et al., 2020) and antimitotic activities (Zhang et al., 2020), Pyrazole was first prepared by
the scientist Ludwig Knorr 1883 (Alam et al., 2015), Then many methods were developed to
prepare pyrazole, one of these methods is the reaction of a,B-unsaturated carbonyl compounds with
hydrazine hydrate. The thioester compound containing the active methylene group was relied upon
to prepare o, B-unsaturated carbonyl compounds by reacting with aldehyde substituents (Al-Saheb
et al., 2020). A lot of people have androgenic alopecia (AGA), which is a kind of male pattern
baldness. (Koch et al., 2020). The factors that lead to AGA include an imbalance in androgen
hormones, stress, genetic illnesses, starvation, an overactive Sa-reductase type II (5aR2),
malfunction in the thyroid gland, addiction to drugs, and aging (Richards et al., 2008). Most
androgens, including testosterone, are primarily produced by the testicles and converted to
dihydrotestosterone (DHT) via 5aR2, pharmacological treatments using synthetic medications like
finasteride or minoxidil, and hair follicle regeneration utilizing altered stem cells (Gupta et al.,
2017). Androgenetic alopecia is treated by finasteride, which is an oral selective 5-alpha-reductase
inhibitor (Mysore and Shashikumar, 2016). Severe dermatological adverse effects, such as
decreased libido, irritation, itching, erythema, and depression, have been recorded with these
medications (Yim et al., 2014). Therefore, it is critical to find a new pharmacological drug that
promotes hair growth without causing any side effects. One possible method for developing future
pharmaceutical treatments to treat a variety of diseases is computer-aided drug design (CADD),
which has just come into its own (Llorach-Pares et al., 2022). In this case, we want to use a
computational technique to discover new chemical compounds that might be used as 5aR2
inhibitors cure AGA.

MATERIALS AND METHODS

Compounds that were used in this study: All compounds were obtained from Aldrich, BDH,
and Fluka companies. The melting point apparatus was recorded by Stuart (SPM30). Compounds
determined and characterized by spectroscopy methods *H-NMR was recorded by DMSO-d6 at 400
MHz with TMS as the internal standards and Infrared (FT-IR) spectra were recorded using
ATR-FTIR Spectrophotometer. The thin-layer chromatography (TLC) was carried out on an
Eastman chromatogram sheet (20x20) cm, 13181 silica gel with the fluorescent indicator (No.
6060) with solvent system benzene: Methanol with a ratio of (8:2).

EXPERIMENTAL
Synthesis of (1,3-benzothiazol-2-yl) cyanoethanethioate (1)

Equal quantities (0.0239 mol) of 2-mercapto-benzothiazole were mixed with K>CO3z in dry
acetone in a (250 ml) conical flask equipped with a magnetic stirrer for 30 min at laboratory
temperature, followed by the gradually addition of (3.5 ml) of ethyl cyanoacetate. After the
completion of the addition, the mixture was refluxed for (5 hours) and the reaction was monitored
by TLC. After the reaction was completed, the mixture was cooled and filtered to get rid of the
reaction residues. Then, the filtrate was placed under vacuum to get rid of the solvent and obtain the
product, and it was recrystallized using ethanol absolute. ATR-FTIR:C=N(2184); C=0(1660);
C=N(1596); C-S(749) cm*.1H-NMR (400 MHz, DMSO) (ppm) 7.39 (d, J = 7.6 Hz, 1H), 7.25 (d, J
=7.9Hz, 1H), 7.07 (s, 1H), 6.92 (d, J = 7.5 Hz, 1H), 3.97 (s,2H).

Synthesis of a,B-unsaturated carbonyl (2a-h) (Abu-Hashem and Gouda, 2017)

These compounds are prepared by mixing equivalent moles (0.00427 mol) of 1 and

substituted benzaldehyde in (20 ml) of absolute ethanol and (0.5 ml) of piperidine. The mixture is
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then heated for (5 hours) and the reaction is monitored by TLC. After then the reaction is complete,
the mixture is cooled and poured into crushed ice to precipitate. Then filtered to obtain the resulting
product and recrystallized using absolute ethanol. The physical and spectral data were listed in the
(Table 1,3 and 5).
Synthesis of pyrazole derivatives(3a-h) (Bondock et al., 2010).

The pyrazole compounds are prepared by dissolving (0.00224 mol) of the compounds 2a-h in
(20 ml) of absolute ethanol, then (0.00898 mol) of aqueous hydrazine is added gradually, then the
mixture is heated for (3 hours) and the reaction is monitored by TLC. After the reaction is complete,
the mixture is cooled and poured into crushed ice to precipitate, then it is filtered to obtain the
resulting product, which is recrystallized using absolute ethanol. The physical and spectral data
were listed in (Table 2,4 and 6).

Table 1: The physical properties of compounds (2a-h)

Comp. -R M.P(°C) Yield% Colour
2a 3-NO»-CeH4 200-202 68 Yellow
2b 2-OH-3-OCHs-CgH3 255-257 66 Brown
2c 3,4-OCH,0-C¢H3 230-232 65 Brown
2d 4-N(CHs)2-CgH4 217-220 70 Brown
2e 4-Br-CeH4 256-259 65 Brown
2f 3-CH3-CeHa4 190-192 60 Light Brown
29 4-Cl-CeH4 219-221 80 Orange
2h 2,4-diCI-CgH3 258-260 70 Yellow

Table 2: Physical properties of compounds (3a-h)

Comp. -R M.P(°C) Yield% Colour
3a 3-NO-CgH.4 234-236 58 Yellow
3b 2-OH-3-OCHj3-CgHs 277-279 50 Yellow
3c 3,4-OCH,0-CsH3 260-262 45 Red
3d 4-N(CHas)2-CgH4 250-252 60 Light Brown
3e 4-Br-CgHa 230-232 65 Red
3f 3-CH3-CgHa 262-265 70 Light Brown
39 4-Cl-CeH,4 238-240 75 Red
3h 2,4-diCI-CgH3 230-232 52 Dark Brown

Table 3: Data of FT-IR of compounds (2a-h)

Com ATR-FTIR) v(cm™)
P- R C=N| C=0 | C=N [ Others
NOasym1529
2a 3-NO2-CsH4 2188 | 1632 1614 757 sym1349
O-H 3332
2b 2-OH-30CH3-CgH3 2194 | 1620 1596 753 CHs asym 2965
Sym2927
C-H asym 2980
2c 3,4-OCH,0-C¢H3 2185 | 1661 1622 748 Sym2963
C-H asym 2981
2d 4-N(CHz3)2-CeHa 2185 | 1660 1600 748 Sym2964
2e 4-Br-CeHa 2190 | 1674 1624 748 C-Br 809
C-H asym 2984
2f 3-CH3-CgH4 2190 | 1674 1602 747 Sym2938
29 4-Cl-CgH4 2183 | 1660 1623 748 C-CI 820
2h 2,4-diCI-C¢H3 2185 | 1661 1614 748 C-CI 810
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Table 4: Data of FT-IR of compounds (3a-h)

ATR-FTIR) v(cm™)

Comp.
-R NH: NH C=0 | C=N| C-S Others
: ) 3317 NO2 asym 1556
3a 3-NO2-CsHa 3280 3199 1646 | 1597 752 Sym 1344
3240 O-H 3333
3b 2-OH-30CH3-CeH3 3150 1620 | 1596 754 C-H asym 2967
3208
Sym 2925
3377 C-H asym 2961
3c 3,4-OCH20-C¢H3 3326 3206 1660 | 1602 754 Sym 2925
3396 C-H asym 2953
3d 4-N(CH3)2-CéHa 3338 3240 1660 | 1599 743 Sym 2909
3e 4-Br-Ce¢Ha gg%g 3260 1658 | 1584 | 756 C-Br 818
3357 C-H asym 2962
3f 3-CH3-CeHa 3318 3199 1660 | 1597 753 Sym 2930
3g 4-C1-C¢Ha g;f; 3199 1649 | 1596 752 C-C1 883
3h 2,4-diCl-CeH3 g;zg 3217 1640 | 1596 754 C-C1 867

Table 5: Data of *H-NMR of compounds (2a-h)

Comp. Structure TH-NMR (400 MHz, DMSO)
2a Ar=8.73 (d, J = 28.9 Hz, 0H), 8.21 (d, J = 21.0 Hz, 1H), 8.07 (d, J = 32.2 Hz,
i 2H), 7.69 (d, J = 7.9 Hz, 2H), 7.39 (t, J = 7.7 Hz, 2H), 7.34 -7.29 (m, 3H), 7.27
5)\5 cN | (d,J=17.8 Hz, 1H), 6.54 (s, 1H), 4.64 (s, 1H.C-CH=C).
|
NO,
2b 9.35 (s, IH.OH), 8.13 (d, J = 8.0 Hz, 1H), 8.03 (d, J = 8.2 Hz, 1H), 7.54
. (t, J= 7.8 Hz, 1H), 7.42 (t, J = 7.8 Hz, 1H), 4.49 (s, 1H. C-CH=C), 3.57 (s,
s)\s oN 1H.CHj).
|
OH
/O
H30
2¢ . 738 (d, J = 7.7 Hz, 1H), 7.25 (d, J = 7.8 Hz, 1H), 7.10 — 7.03 (m, 1H), 6.90
g o (t, J=7.4 Hz, 1H), 3.96 (s, 1H. C-CH=C), 3.69 (s, 2H.CH>).
S S
|
O
\_d
2d o 738 (s, 4H), 7.24 (s, 1H), 6.91 (s, 2H), 3.96 (s, IH. C-CH=C), 1.13 (s,
g 6H.2CH3).
S S
|
HiC_
N
L,
2g 7.99 — 7.53 (m, 1H), 7.38 (d, J = 7.6 Hz, 2H), 7.23 (d, J = 7.9 Hz, 2H), 7.06
J\ i (t, J=17.6 Hz, 2H), 6.89 (t, J = 7.4 Hz, 2H), 3.68 (s, 1H. C-CH=C).
CN
S S
|
Cl
2h . 738 (d, J=7.7 Hz, 2H), 7.24 (d, J = 7.9 Hz, 2H), 7.07 (t, J = 7.6 Hz, 2H), 6.90
B o (t, J=7.4 Hz, 2H), 3.96 (s, IH. C-CH=C).
S s
\
Cl Cl
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Table 6: Data of *H-NMR of compounds (3a-h)

Comp. Structure 'H-NMR (400 MHz, DMSO)
3a 8.97 (s, IH.NH), 7.69-7.64 (m, 3H), 7.32 (d, 2H), 7.20 (s, 3H), 6.97
J\ i NH, (d, 2H), 6.52 (s, 2H.NH,).
S S =
NH
\N/
NO,
3b 10.68 (s, 1H.NH), 9.35 (s, 1H), 8.11 (d, J = 7.9 Hz, 1H), 8.02
'\\' 9 NH, (d, J=8.2 Hz, 1H), 7.52 (t, J= 7.8 Hz, 1H), 7.41 (t, J = 7.8 Hz, 1H),
3)\5 - 6.71 (s, 2H.NH>), 3.16 (s, 3H.CH3).
— /NH
N
OH
0
H,C
3d 9.37 (s, 1H.NH), 8.50 (s, 1H), 7.65 (d, J = 8.5 Hz, 3H), 7.37
(d,/J=7.2 Hz, 1H), 6.77 (s.2H.NH>), 1.24 (s, 6H.2CH3).
N
\ 4
S
H,N o
HN\N/ N/CH3
\
CHj
3g 9.81 (s, IH.NH), 7.38 (t, J = 5.5 Hz, 1H), 7.25 (d, J = 7.9 Hz, 1H),
J\ © NH, 7.21 (s, 3H), 7.06 (q, J= 5.7 Hz, 1H), 6.87 (s, 2H.NH>).
NH
~ 7/
N
Cl
3h 9.79 (s, IH.NH), 7.38 (d, J = 8.2 Hz, 1H), 7.24 (d, J = 8.0 Hz, 1H),
)’\“\ 9 NH, 7.06 (t,J=17.7 Hz, 1H), 6.88 (s, 2H.NH>).
S S =
NH
~ /
N
cl cl

Molecular docking study

The docking process was carried out using a protein data bank structure, namely the 2.80 A
resolution crystal structure of steroid 5-alpha-reductase 2 in association with finasteride
(PDB: 7BW1). The PDB ID 7BW1 was allocated to it by (Xiao et al., 2020). Molegro virtual
docker was used specifically for the docking experiments. Source: (Thomsen and Christensen,
2006). Protein structures were imported using the software's File/lmport molecule's function.
Removed water molecules have been from the protein crystal structure. Things that weren't needed
for the procedure were taken out. Docking experiments were used for compounds obtained from
pyrazole derivatives. The 3D SDF structures of 8 compounds were obtained after being drawn by
the ChemDraw program, and their structures were converted to 3D SDF by the Avogadro program.
They were received by the docking software. We checked the molecular structures for any errors
and corrected them. After fixing the faults, the structure was optimized. The appropriate space was
chosen to serve as the compounds' docking point. The docking wizard was launched to initiate the
docking procedure. Our team chose the Ligands in the workspace. A scoring function called
MolDock score was created. We checked the origin, radius, and center of the binding site. Our
search strategy was MolDock SE. A grand total of ten runs were recorded. Following docking, the
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objective of minimizing energy and optimizing the H-bond was selected. The docking operation
may commence once the destination folder for the results file is determined. The data was fed into
the algorithm after docking, and the most promising results were selected for further investigation.
When exporting the protein structure and poses, the PDB file was used. You will find these files in
the discovery studio 2021 client. This program explained the intricate interactions between
chemicals and proteins, along with their binding states.

RESULTS AND DISCUSSION

In this study, synthesis of o, B-unsaturated carbonyl through reaction between thioester and
benzaldehyde derivatives by using piperidine as base, the authenticity of the prepared compounds
was confirmed by spectroscopic methods (FT-IR and 'H-NMR), where the FT-IR showed the
disappearance of the distinctive aldehyde band as we see in (Table 3), while in the nuclear magnetic
resonance spectrum, the authenticity of the formation of the compounds was confirmed by the
disappearance of the aldehyde signals as well as the disappearance of the active methylene signals
in addition to the appearance of the HC=C signals as we see in (Table 5). Then, these compounds
were introduced into the reaction with hydrazine hydrate to prepare pyrazole derivatives as in
scheme (1), which were also identified through the infrared spectrum, where the primary and
secondary amine band appeared at (3396-3240) (3338-3240) and (3240-3150) cm-* respectively and
the nitrile band disappeared as we see in (Table 4). In 'H-NMR, the primary and secondary amine
signals also appeared in addition to the disappearance of the HC=C signal in addition to other
distinctive signals as we see in (Table 6), which provided evidence of the authenticity of the
formation of the prepared compounds. And then we used pyrazole derivatives to compare them with

finasteride.
s N 2
/ SH ethyl cyanoacetate \\>\S MN
N> K,CO, s
2-Mercapto 1
Benzothiazole
(@) H (@]
A N
N 2 \>\ =
AN /U\/\\ Piperidine s XN
s XN + EtOH s |
S Reflux.5h
1 R
R
2a-h
NH,NH,.H,0 Reflux.4h

EtOH

R=3-NO,-C H,,2-OH-3-OCH,-C H, ,3,4-OCH,0-C_H, ,4-N,N-diCH_-N-C H,
4-Br-C,H, ,3-CH_-C_H, ,4-CI-CH, ,2,4-diCI-C;H,

3a-h

Scheme 1: Equation of synthesis of pyrazole derivatives.
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Molecular docking
(Table 7) displays the outcomes of the molecular docking research. The compounds, their
PubChem CIDs, MolDock scores, Rerank scores, and HBonds are all shown accordingly.

Table 7: Experiment findings from molecular docking

Ligand MolDock Score Rerank Score HBond
3a -172.891 -71.3832 -11.2498
3c -172.551 -93.5301 -10.7938
3b -172.113 -69.6875 -14.6109
3f -158.248 -95.0003 -8.94175
3h -157.203 -108.421 -4.76622
3d -155.622 -110.142 -2.49417
3g -153.057 -104.179 -3.09215
3e -150.533 -113.358 -3.28969

The MolDock scoring function determines the total binding energy of the ligand to the target,
which is represented by the MolDock score. Better binding affinity is often indicated by lower
MolDock scores. To further improve the ranking of the ligands, this score is likely employed as a
supplementary scoring method. Unlike the MolDock score, it may use a distinct set of chemical and
physical characteristics. This value stands for the total number of hydrogen bonds established
between the ligand and the target. The stability of molecular interactions and bonding relies on
hydrogen bonds.

The results of the molecular docking investigation conducted using Molegro virtual docker
are shown in (Table 1). In this investigation, the target protein was alpha-5 reductase, and the
purpose of this software was to predict the binding affinity of ligands to the protein. (Table 1)
displays the binding affinities of several substances to alpha 5 reductase. The better ligand that
shows the greatest promise is 3a, which has a Moledoc score of -172.891, and a rearrangement
score of -71.3832. Along with the enzyme, it creates a hydrogen bond. 3c the Moledoc201 score of
-172.551, and rearrangement score of -93.5301 of these molecules are comparable to those of 3a,
indicating that it might potentially be a powerful ligand as well. 3b demonstrates a strong binding
affinity, although having a lower Moledoc score of -172.113, compared to 3c and 3a.

Interactions between proteins and ligands rely heavily on hydrogen bonding. A higher affinity
is often seen for compounds that have a larger number of hydrogen bonds.

Both the MolDock score and the Rerank score place ligand 3a at the top of the list of ligands.
It also contains more hydrogen bonds than any other compound, which means it interacts strongly
with its target. The ligands 3b, 3c, and 3f also have high binding affinity, as shown by their
favorable MolDock and Rerank scores. A large number of hydrogen bonds are also present in them.
Weak binding relative to the top-ranking ligands is suggested by the lower MolDock and Rerank
scores of ligands 3d, 3e, 3g, and 3h. Additionally, their hydrogen bond count is lower. According to
the (Table 1), ligand 3a has the best combination of hydrogen bonding, MolDock score, and
Rerank score, making it the most promising contender.

The compound 3a binds to 5-alpha-reductase through several bonds: Conventional hydrogen
bond (TYR A:33, LYS A:35, ASN A:102, ARG A:107, ASP A:164, and ARG A;171), and carbon
hydrogen bond (GLY A:104), the stabilization of the ligand-protein complex is greatly aided by
these robust electrostatic interactions. The existence of several hydrogen bonds indicates a binding
relationship that is favorable. Unfavorable bump (GLY A:34), these destabilize the complex
because steric conflicts happen when ligand and protein atoms are too near to one another. Pi-sulfur
(TYR A:178), Pi-Pi T-shaped (HIS A:231), Pi-alkyl (ALA A:49, and LEU A:167), aromatic rings
that contain pi electrons may engage in Pi-Pi interactions. Van der Waals the weak non-covalent
forces known as van der Waals interactions, which originate from transient dipoles, are shown by
the light green. Both the ligand's and the protein's binding affinity and form complementarity are
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influenced by these interactions. Fig. (1) shows both the 2D and 3D models of the complexes
formed.

[] van der Waals [ Pi-Sulfus
B unfevorable Bump I Pi-PiT-shaped
D Conventional Hydrogen Bond ] Piraikyl

I Carbon Hydrogen Bond

Fig. 1: Interactions between 3a and 5-alpha-reductase.

The compound 3c binds to 5-alpha-reductase through several bonds: Conventional hydrogen
bond (TYR A:33, TYR A:98, ASN A:102, ARG A:105, ARG A:171, and TYR A;178), and carbon
hydrogen bond (GLY A:104), the stabilization of the ligand-protein complex is greatly aided by
these robust electrostatic interactions. The existence of several hydrogen bonds indicates a binding
relationship that is favorable. Unfavorable bump (GLY A:34), and unfavorable donor-donor
(TRP A:53) destabilize the complex because steric conflicts happen when ligand and protein atoms
are too near to one another. Pi-sulfur (TYR A:33, and HIS A:231), Pi-Pi T-shaped (HIS A:231),
Pi-alkyl (ALA A:49, and LEU A:167), and alkyl (TYR A:98, and LEU A:167) aromatic rings that
contain Pi electrons may engage in Pi-Pi interactions. Van der Waals the weak non-covalent forces
known as van der Waals interactions, which originate from transient dipoles, are shown by the light
green. Both the ligand's and the protein's binding affinity and form complementarity are influenced
by these interactions. Fig. (2) shows both the 2D and 3D models of the complexes formed.

RG j/j
108
04
ARG
A7y /
4 =g )
-4 -0
® ol 4
. AlLA
&
TYR gl
ARG K178 Aoz
A:227 TYR
a33
RO
106
Interactions
| van der Waals Pi-Sulfur
B unfavorable Bump [ Pi-Pi T-shaped
[ Conventional Hydrogen Bond | Alkyl
} Carbon Hydrogen Bond [ | Pi-Alkyl

Il Unfavorable Donor-Donor

Fig. 2: Interactions between 3c and 5-a|pha—reductae.

The compound 3b binds to 5-alpha-reductase through several bonds: Conventional hydrogen
bond (TYR A:33, LYS A:35, ASN A:102, ARG A:105, and ARG A:171), and carbon hydrogen
bond (ASP A:164), the stabilization of the ligand-protein complex is greatly aided by these robust
electrostatic interactions. The existence of several hydrogen bonds indicates a binding relationship
that is favorable. Unfavorable bump (GLY A:34), and unfavorable donor-donor (TRP A:53),
destabilize the complex because steric conflicts happen when ligand and protein atoms are too near
to one another. Pi-sulfur (TYR A:178), Pi-Pi T-shaped (HIS A:231), Pi-alkyl (ALA A:49), and
alkyl (TYR A:98, and LEU A:167) aromatic rings that contain Pi electrons may engage in Pi-Pi
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interactions. Van der Waals the weak non-covalent forces known as Van der Waals interactions,
which originate from transient dipoles, are shown by the light green. Both the ligand's and the
protein's binding affinity and form complementarity are influenced by these interactions. Fig. (2)
shows both the 2D and 3D models of the complexes formed.

ARG
A:168
ASP
TYR
98 164
LEU
ARG A:167
A:103
g
ARG y
A:105,
TYR ARG A
A:178a227 (ARG
PHE Al v 4 d
&S A9 gLy, ASN
A:108 A:102
HIS Y ¢
A231 >
An
3 A49
TYR
s TYR A:107
i35 A33
Interactions
van der Waals Pi-Sulfur
- Unfavorable Bump D Pi-Pi T-shaped
j Conventional Hydrogen Bond | Alkyl
7| carbon Hydrogen Bond Pi-Alkyl
I unfavorable Donor-Donor

Fig. 3: Interactions between 3b and 5-alpha-reductase.

Multiple hydrogen bonds and Van der Waals interactions indicate that the ligand and protein
are bound in a favorable manner. The complex is even more stable because of the Pi-Pi interactions.
Unfortunately, the ligand could need optimization to enhance its protein fit and reduce steric
conflicts due to the existence of unfavorable bump interactions. Names of residues: The labels on
the protein residues tell you what the amino acid is and where it is in the protein sequence. For
example, an arginine residue would be labeled as ARG and its location in the sequence would be
A:168. Pocket for binding: A protein's binding pocket is the specific area to which a ligand binds.
The image-based interactions shed light on the binding pocket's general structure and characteristics
as well as the essential residues engaged in ligand binding.

CONCLUSIONS
Firstly, pyrazole derivatives were prepared from a series reactions as mentioned above.
Finally, the possibility of using chemicals derived from pyrazole derivatives as Sa-reductase
inhibitors, an important enzyme in androgenetic alopecia, was investigated in this research.
Potential possibilities were found to be 3a, 3c, and 3b using molecular docking. Pyrazole
derivatives showed promising activity against AGA due to their high binding affinities to the
enzyme. Their potential as therapeutic solutions, however, depends on the results of further in vitro

and in vivo investigations that verify their efficacy and safety.
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