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Abstract:

Introduction: Parkinson’s disease has become one of the most concerned diseases in the recent days. All the
Adenosine A2A receptor antagonists were known to exhibit Antiparkinsonian activity. In the present study
various 2-Amino-4,6-Disubstituted Pyridine-3-Carbonitriles or 2-amino 3-cyano pyridines were designed and
docked against Adenosine A2A receptor for Antiparkinsonian activity. The ligands were compared with that
of the standard Adenosine A2A receptor antagonists like Istradefylline and Caffeine.

Materials and methods: Ligands were drawn initially with ChemSketch software in .mol format and then
converted to .pdb format using Avogadro software. Molecular docking studies were carried out by using
iIGEMDOCK software and finally visualized by using Discovery Studio Visualizer.

Results and discussion: Almost all the compounds have shown better binding affinity towards Adenosine
A2A receptor. All the ligands have shown better binding energies than that of the standard Adenosine A2A
receptor antagonists like Istradefylline (-74.91 kcal/mol) and Caffeine (-69.60 kcal/mol). Compounds C87 (-
109.35 kcal/mol) and C67 (-108.14 kcal/mol) were the top compounds and selected for visualization.
Conclusion: 2-Amino-4,6-Disubstituted Pyridine-3-Carbonitriles were having better binding affinity to
Adenosine A2A receptor than the standard antagonists and can become promising drug entities for the
treatment of Parkinson’s disease.

Keywords: 2-amino 3-cyano pyridines, 2-Amino-4,6-Disubstituted Pyridine-3-Carbonitriles, Parkinson’s
Disease, Adenosine A2A Receptor, ADORA2A, Molecular Docking, iGEMDOCK Software, Discovery
Studio Visualizer and Adenosine A2A Receptor Antagonists.
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Introduction:

Pyridine containing heterocycles are very
important class of drugs for the treatment of many
diseases.IPyridine ring is present in over
thousands of existing drugs used for the treatment
of various diseases.>®!

2-Amino 3-cyano pyridines were reported of
having different activities like antiviral, anti-
bacterial and fungicidal activities"®!, Novel IKK-B
inhibitors®, Inhibitors of HIV-1 integrase!?,
cardiotonic activity™, Antitumor properties®*?,

Materials and Methods:

Section A-Research Paper

Anti-inflammatory, analgesic and antipyretic
properties.[*14]

Present study is based on the fact that 2-
Amino-4,6-Disubstituted Pyridine-3-Carbonitriles
were Adenosine A2A receptor antagonists which
can show Antiparkinsonian activity. It was
reported by Mantri et alt*®, The present study aims
at Insilco evaluation of various designed 2-Amino-
4,6-Disubstituted Pyridine-3-Carbonitriles against
Adenosine A2A receptor.

General scheme for the synthesis of 2-Amino-4,6-Disubstituted Pyridine-3-Carbonitriles (6]

H3C /O H %O
CN
N + X
_1a Q +
= = N
Substituted Substituted N
aromatic aromatic Malononitrile
ketone aldehyde

The other methods of synthesis of 2-Amino-4,6-
Disubstituted Pyridine-3-Carbonitrile or 2-amino-
3-cyano pyridines were also reported®”. From
the above mentioned schemel*® various aromatic
aldehydes and various aromatic ketones were
selected and final products were designed
according to the scheme. A huge library of
compounds were obtained and they were screened
for the Insilco toxicity by using TopKat
softwarel*®l and then their ADME properties were
predicted by using SwissADME softwarel?%. The
designed compounds which were predicted as
non-toxic, non-carcinogenic, safe and which has
good ADME properties were selected for
molecular docking studies.

Molecular Docking:

From the library of designed compounds
according to the scheme mentioned above,® the
protein target was chosen based on the Swiss
Target Prediction softwarel?!l, All the pool of non-
toxic, non-carcinogenic and safe compounds were
predicted for the target protein through Swiss
Target Prediction software. Most of the
compounds have shown Adenosine A2A receptor
as potential target. The 2D structure of the ligands
were drawn through ChemSketch software and

Eur. Chem. Bull. 2023, 12(Regular Issue 5), 6078-6088

9-10 Minutes
Microwave —Q
o irradiation at
| 500-600W
HNO™ NcHy T CN
Ammonium NH,
acetate

2-Amino-4,6 disubstituted Pyridine-3-carbonitrile.

saved in .mol format. The ligand structures in .pdb
format were optimized through Avogadro tool 22,
Docking studies for the assessment of binding
poses and interactions were done for the designed
compounds which were non- carcinogenic, safe
and which has good ADME properties. It was
done through the IGEMDOCK version 2.1
Softwarel®l, GEMDOCK stands for Genetic
Evolutionary Method for molecular Docking.
IGEMDOCK is a graphical-automatic drug design
system for docking, screening and analysis. It is a
program for computing ligand conformation and
orientation relative to the active site of the protein.
Insilico docking simulation studies were
performed to evaluate the molecular interactions
of the selected safe compounds with the
Adenosine A2A receptor (PDB ID: 5UIG, with a
co-crystallized ligand inhibitor) downloaded from
protein data bank.
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The Ligand interactions were visualized and
analyzed through the Discovery Studio Visualizer
(Biovia). Standard docking protocol was followed
and accurate docking method was selected. Based
on the scoring function the best docking solutions
were analyzed. The scoring function estimates the
fitness by combining van der Waals, hydrogen
bonding and electrostatic energies. Post docking
interaction profile analysis of best poses was
conducted to determine the interactions between
the ligand and the target protein.

Section A-Research Paper

A total of 97 non carcinogenic and safe
compounds were identified by Insilco toxicity
prediction and were selected for molecular
docking along with standard Adenosine A2A
receptor antagonists like Istradefylline and
Caffeine. Docking simulations for the evaluation
of binding affinities and molecular interactions
were done. Out of them, the top ten compounds
with better binding energies were selected and the
top two compounds with better binding energies
and molecular interaction profile were chosen for
post docking analysis of interactions.

Fig.1- Cleaned Adenosine A2A receptor —PDB ID: 5UIG

Structures of the top two ligands with better binding energies selected for visualization.

CN

B O
=
NS
N

NH»

Cl Cl

(@]

C-87:
2-amino-6-(2,4-dichlorophenyl)-4-(3-
nitrophenyl)pyridine-3-carbonitrile

C67:
2-amino-6-(3-hydroxyphenyl)-4-(4-
chlorophenyl)pyridine-3-carbonitrile
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Table 1: Binding energy and interaction summary of the top ten compounds with Adenosine A2A receptor

Compound Binding
P Energy Interacting active site amino acid residues
Code K.Cal/mol
GLU:169, ASN-253 SER'67, THR:88, VAL 84, ALA:81.
100,35 MET:174, HIS:264, MET:270, TYR:271, PHE:168, ILE:274,
c8r7 ' MET:177, LEU:85, LEU:249. TRP:246, ILE:66
PHE 168, TYR:271, ILE:66. VAL:84, PHE:62, ILE:274.
C67 -108.14 | ALA:81, ALA:63, ALA'59. ILE:80
ASN253, ILE:66. TYR:271. MET:177, ILE:274, ALA63.
cls -107.26 PHE:168, VAL:172, ALA:81, HIS:264, LEU:267, MET:270
ASN 253, GLU-169, ILE:274. LEU:249,VAL:84. MET:270.
C63 -105.69 LEU:267 TYR:271
ASN-253. MET 270, THR:88, ALA:81, ASN:181, VAL 84,
10839 LEU:267, GLU:169, HIS:264, LEU:249, MET:177, ILE:274,
C79 ‘ LEU:85, HIS:250, TRP:246. TYR:271, PHE:168, SER:67
CYS82 ASN:253. ALA 63 TYR:271, ALA:81, PHE:168.
010 | GLU169, HIS:264, LEU:267, MET:270, LEU:85, VAL:172,
C15 ' ILE:274, ILE:66 MET:177, MET:174
ASN:253 ILE:66,CYS:82,PHE 168 MET:270 LEU:267,
C66 -99.16 MET:177,ILE:274 ALA:63 ALA:81 VAL:172
ASN-253. GLU:169, PHE:168, MET:270, ILE:274. LEU:249,
06.60 TYR:271, SER:67, ALA:63. ILE:66, LEU:85 VAL :84,
C73 ' TRP:246, LEU:267
GLU:169, ASN 253 ALA63, PHE:168.TYR:271, MET:270.
9 -97.35 ILE:274, VAL:84, LEU:85, MET:177
ALA63. PHE:168, GLU:169, ASN:253, MET:177, TYR:271,
0648 HIS:264, VAL:84. LEU:249, LEU:267, ILE:274, MET:174,
C16 ' MET:270, ILE:66, ALA:81
LEU:269. ILE:252, ALA:265. HIS:264
Istradefylline -74.91
ILE:274, ALA63 TYR:O. TYR:271, ILE.66
Caffeine -69.60

H-bond interacting residues represented in green color and unfavorable interactions in red color
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Table 6082 - Docking and visualization data of C87 against Adenosine A2A

1. C87 LIGAND

2. C87 LIGAND + ADENOSINE A2A
RECEPTOR COMPLEX

3. C87 LIGAND + COCRYSTALLIZED
LIGAND COMPLEX

4. C87 LIGAND+ ADENOSINE A2A WHOLE
RECEPTOR COMPLEX

ATHR:88
{A:PHE:168 AILE:66
G .
A:VAL:84 - 5.06 .

54
v, :

6.22

A:LEU:85
E:lEU:ZIIS
4.68
[nTRP:246 fuMET:270
A:ALA:81 -
A:HIS:264
E:MET:174
Interactions
[:] van der Waals - Pi-Sigma
- Conventional Hydrogen Bond D Pi-Sulfur
I Ficaton ]
[ Pavon [ Pt

5. C87 2D INTERACTION WITH
ADENOSINE A2A RECEPTOR

6. C87 3D INTERACTION WITH ADENOSINE
A2A RECEPTOR
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Table 3 - Docking and visualization data of C67 against Adenosine A2A receptor.

1. C67 LIGAND 2. C67 LIGAND + ADENOSINE A2A
RECEPTOR COMPLEX

3. C67 LIGAND + COCRYSTALLIZED 4. C67 LIGAND + ADENOSINE A2A WHOLE
LIGAND COMPLEX RECEPTOR COMPLEX

. - .

P
(AvAL84 (AALAB1
A:ALA:59 (A:ALA:63
Interactions
B Uofavorable ump [ PP Tshaped
- Conventional Hydrogen Bond - Amide-Pi Stacked
[ P+Donor Hydrogen Bond [ A
. o ] ek

5. C67 2D INTERACTION WITH ADENOSINE 6. C67 3D INTERACTION WITH
A2A RECEPTOR ADENOSINE A2A RECEPTOR

Eur. Chem. Bull. 2023, 12(Regular Issue 5), 6078-6088 6083



Molecular Docking Studies Of 2-Amino-4,6-Disubstituted Pyridine-3-Carbonitriles Against

Adenosine A2A Receptor As Potential Anti Parkinsonian Agents

Section A-Research Paper

Table 4 - Docking and visualization data of standard antagonist caffeine against
Adenosine A2A receptor.

1. CAFFEINE LIGAND

2. CAFFEINE LIGAND + ADENOSINE A2A

_|RECEPTOR COMPLEX

3. CAFFEINE LIGAND +
COCRYSTALLIZED LIGAND COMPLEX

4. CAFFEINE LIGAND + ADENOSINE A2A
WHOLE RECEPTOR COMPLEX

:'2_25 A:ALA:63
Ll 428
‘ 3{97,3.32
’ ]
0\\ N\k, H 2 |3Q:TYR 9
T TN
N - ’/
3.55
B:TVR:Z?]_
Interactions
- Unfavorable Bump - Pi-Sigma
[] carbon Hydrogen Bond [] pirakyl

5. CAFFEINE 2D INTERACTION WITH
ADENOSINE A2A RECEPTOR

6. CAFFEINE 3D INTERACTION WITH
ADENOSINE A2A RECEPTOR
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Table 5- Docking and visualization data of standard antagonist Istradefylline against
Adenosine A2A receptor.

2. ISTRADEFYLLINE LIGAND +
ADENOSINE A2A RECEPTOR COMPLEX

1. ISTRADEFYLLINE LIGAND

4. ISTRADEFYLLINE LIGAND +
ADENOSINE A2A WHOLE RECEPTOR

3.ISTRADEFYLLINE LIGAND +
COCRYSTALLIZED LIGAND COMPLEX

COMPLEX
E:ALA:ZSS
~—5.08 349
/ \_ A
N /) N\l
K by N
/L;:QX/ \T?f \TZ;;Q
\
——416 N v NG
° 5.1} 530 NS N
7 361
4.66 | X
4.56-40 .
Ay
E:LEU:ZBQ -
|A:|LE:252
Interactions
I:] Carbon Hydrogen Bond - Pi-Pi T-shaped
:] Pi-Donor Hydrogen Bond :l Alkyl
- Pi-Sigma [:l Pi-Alkyl

5. ISTRADEFYLLINE 2D INTERACTION
WITH ADENOSINE A2A RECEPTOR

6. ISTRADEFYLLINE 3D INTERACTION
WITH ADENOSINE A2A RECEPTOR
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</
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Ce67

Caffeine

Istradefylline

Figure 2: Active site pocket surface and binding modes of C87, C67, Caffeine
and Istradefylline with A2A protein.

Conclusion:

Almost all the top ten compounds have better
binding energies than that of the standard
Adenosine A2A receptor antagonists. The top two
compounds C87 and C67 have better binding
energy than that of the standard antagonists of
Adenosine A2A receptor. Compound C87 has a
binding energy of -109.35 k.cal/mol and
compound C67 has a binding energy of -108.14
k.cal/mol, which is very good when compared to
that of the standard antagonists like
Istradefylline®? with a binding energy of -74.91
k.cal/mol and caffeine®® with a binding energy of
-69.60 k.cal/mol. Compound C87 has three
hydrogen bond interactions with the receptor
through three amino acid residues GLU:169,
ASN:253, SER:6 and Compound C67 has only
one hydrogen bond interaction through the amino
acid PHE:168. The standard antagonists
Istradefylline and Caffeine did not show any
hydrogen bond interactions.

Eur. Chem. Bull. 2023, 12(Regular Issue 5), 6078-6088

C87 and C67 has better orientations compared to
that of the standard Adenosine A2A receptor
antagonists like Istradefylline and caffeine due to
their positioning inside the active site pocket.
Istradefylline is binding on to the outer shallow
pocket of the active site which can be observed
from the figure 2.

The better binding affinity of C87 might be
due to the presence of electron withdrawing
groups like one NOzand two CI groups. The better
binding affinity of C67 might be due to the
presence of electron withdrawing one Cl group
and electron donating one OH group.

Compounds C87 and C67 can be further
synthesized and in vivo activities could be
performed as they have better binding affinities
and energies than that of the standard Adenosine
A2A receptor antagonists like Istradefylline and
Caffeine.
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