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are involved in the interaction between androgen receptor and ligand. The optimal interaction and docking score
were observed (7.0 kcal/mol).

1. Introduction

Pyrimidine has nitrogen atoms in positions 1 and 3 within its het-
erocyclic core. RNA is a crucial molecule that is also important for the
study of pharmaceutical chemistry as it is the fundamental building block
of DNA.! Pyrimidine exhibits properties that can combat bacterial in-
fections and reduce inflammation.? The anti-inflammatory proquazone,
the antiviral idoxuridine, the antibacterial trimethoprim, the anti-HIV
zidovudine, the antimalarial pyrimethamine and the antiproliferative
capecitabine are just some of the commercially available drugs that
contain pyrimidine rings. In the current work, we prepared heterocyclic
pyrimidine analogues with the intention of analysing their antibacterial
and docking study properties.

People produce and use a variety of natural and synthetic materials in
their daily lives, including those found in medications, fragrances, food
additives, automobiles, electronics, textiles and plas‘[ics.3 Based on Dio-
nisio et al.,* there is a possibility that certain compounds can influence
hormonal balance in both domestic animals and wild animals. We refer to
these substances as endocrine disrupting chemicals (EDCs). Based on
Priya et al. according to a study published in 2021, there is a direct link
between environmental and occupational exposure to EDCs and poor
health outcomes, including obesity, neurobehavioral disorders, immu-
nological and cardiovascular diseases, developmental problems and poor
reproductive health. Several attempts have been made to determine
whether a substance is endocrine disrupting or not. Numerous in vitro or
in vivo tests have been conducted as part of the Endocrine Disruptor
Screening Program (EDSP) and Toxicology Testing in the 21st Century
initiatives to evaluate possible effects of chemicals on the endocrine
system in humans or animals.%” However, experimental methods are not
up to the task of assessing the rapidly growing use of synthetic com-
pounds due to their high costs and slow speeds. Currently, only a small
part of the experimentally determined endocrine activity data of sub-
stances is available.® To obtain information about the endocrine effects of
drugs, the development of predictive models is essential.

The use of in silico techniques in chemical toxicity studies in various
applications is expected to increase to address various regulatory con-
cerns.’ Using in silico techniques it is possible to perform screening,
prioritization and analogy. Since it predicts toxicity based on the struc-
ture and binding affinity of the ligand-receptor complex, molecular
docking is one of the promising in silico techniques for chemical toxicity
screening.'? Molecular docking, a computational ligand-target docking
technique, has been used to analyze structural complexes of a target with
its ligand to understand the chemical and structural basis of a ligand's
target specificity. As reported by Sharif et al.'! the molecular initiating
events (MIEs) of the Adverse Outcome Pathway (AOP) can be localized
using molecular docking. According to OECD (2013),'? the conceptual
framework of AOP is a logical sequence of events or processes at the level
of biological systems that can be used to understand adverse impacts and
improve current risk assessment practices. In the context of the AOP
framework, the MIE is referred to as the first site of chemical-biological
interaction (CBI) within an organism.

The androgen receptor (AR), a ligand-activated transcription factor,
controls the expression of several target genes required for male sexual
development and differentiation. Based on Elshan et al.'® AR plays a crucial
role in the development and progression of prostate cancer (PCa). Chemo-
therapy in combination with antiandrogens or androgen ablation therapy
are considered the main treatment methods for early-stage prostate cancer.
Instead, after a few years of standard therapy, the more aggressive and ul-
timately fatal castration-resistant prostate cancer (CRPC) develops.'* The
main source of CRPC development remains the AR signalling pathway.
Biological strategies that cancer cells use to evade currently marketed

therapies include AR gene amplification, AR  mutations,
androgen-independent AR activation and AR splice variant formation.'®

2. Materials and methods

2.1. Preparation of (E)-1,3-di(1H-indol-3-yl)prop-2-en-1-one (Step:1),
stepwise synthesis (1 B)

A solution of 1H-indole-3-Carbaldehyde (0.01 mol) and 1-(1H-indol-
3-ylethanone (0.01 mol) in 65% aqueous ethanol (60 mL) containing
sodium hydroxide (0.5 g) was heated over a water bath for half an hour.
The solution was cooled, the product thus obtained was filtered and
recrystallized from ethanol.

2.2. Preparation of 4,6-di(1H-indol-3-yl)-1,6-dihydropyrimidin-2-amine
(Step:2), stepwise synthesis (1C)

A mixture of (E)-1,3-Di(1H-indol-3-yl)prop-2-en-1-one (0.01 mol)
and guanidine nitrate (0.01 mol) in ethanol (75 mL) was heated under
reflux. A solution of sodium hydroxide (0.5 mol) in water (10 mL) was
added in portions over 2 h. Refluxing was continued for an additional 4 h
and the mixture was concentrated under reduced pressure and poured
into ice-cold water. The solid formed was separated off by filtration. The
pure 4,6-di(1H-indol-3-yl)-1,6-dihydropyrimidin-2-amine was separated
from the solid mixture by column chromatography.

2.3. Preparation of 4,6-di(1H-indol-3-yl)-1,6-dihydropyrimidin-2-amine
(Step:2), single step multicomponent synthesis (2C)

A mixture of 1H-indole-3-Carbaldehyde (0.01 mol) and 1-(1H-indol-
3-yDethanone (0.01 mol) and guanidine nitrate (0.01 mol) in ethanol
(75 mL) was heated under reflux. A solution of sodium hydroxide (0.5
mol) in water (10 mL) was added in portions over 1 h. Refluxing was
continued for an additional 1 h and the mixture was concentrated under
reduced pressure and poured into ice-cold water. The solid formed was
separated off by filtration. The pure 4,6-di(1H-indol-3-yl)-1,6-dihydro-
pyrimidin-2-amine was separated from the solid mixture by column
chromatography.

2.4. Spectral Measurements

2.4.1. 'H NMR spectra

Proton NMR spectra were recorded using a BRUCKER AMX 400
spectrometer at 400 MHz. Samples were prepared by dissolving 10 mg of
the compounds in 0.5 mL CDCl3 with 1% TMS. All chemical shifts are
related to TMS.

2.4.2. 13C NMR spectra

The '3C NMR spectra were recorded using a BRUCKER AMX 400
spectrometer at 100.6 MHz. Samples were prepared by dissolving 50 mg
of the compound in 0.5 mL CDCl3 with 1% TMS. All chemical shifts are
related to TMS.

2.5. Antimicrobial activity

The disk diffusion method was used for antimicrobial evaluation. The
MIC was determined by the micro-broth dilution technique using
Mueller-Hinton broth. Serial two-fold dilutions of the test compounds
were prepared in DMSO. The inoculum was prepared in broth kept at 37
°C overnight. The lowest concentration of the test compounds that in-
hibits visible growth was used as the MIC value.'®
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FORMATION OF PYRIMIDINES

Scheme-1 (Stepwise Synthesis)
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Fig. 1. The formation of stepwisesynesthetic amino pyrimidine.

2.6. Molecular docking (in-silico study)

2.6.1. Protein structure preparation

The crystal structures of the androgen receptor (PDP:1T7R) were
found in the Protein Data Bank. The protein was given Kollman charges
and polar hydrogen atoms, and the water molecules were removed before
being saved in PDBQT format for future study.'”

2.6.2. Preparation of ligand structure

For this study, the bioactive4,6-di(1H-indol-3-y1)-1,6-
dihydropyrimidine-2-amine. Chem Draw Extreme v12.0.2 was used to
create the ligand structures. The ligand structures were optimised in
three dimensions and saved as a “PDF file.” The semi-empirical (PM6)
calculation method was used to optimise the ligand geometry using
Spartan 14 software. Among the chemicals studied were campesterol,
geranylacetone, linolenic acid, myristic acid, neophytadiene, hex-
adecanoic acid, nonadecene, tetracosahexaene, and phytol.18

2.6.3. Autodock vina using protein-ligand interaction
The Autodock Vina Tools version 0.8 programmers agreed to the
docking studies. The searching grid was stretched above the preferred
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target proteins, and the ligand moieties were given polar hydrogen. The
atomic salvation parameters were included, as well as Kollman charges.
The Gasteiger-type polar hydrogen charges were assigned, and the non-
polar hydrogen was fused with the carbons, as well as the internal de-
grees of freedom and torsions. The blind docking search was expanded to
include the entire receptor protein. With a grid spacing of 0.375 A, af-
finity maps for all of the atom types present, as well as an electrostatic
map, were generated. Finally, the findings were analysed using the tools
Discovery Studio and PyMOL."°

3. Results and discussion

The pyrimidines and their derivatives have occupied an important
position in natural and synthetic organic chemistry due to their wide
range of biological activities. Moreover, some bioactive alkaloids such as
batzelladine B, containing the dihydropyrimidine unit, isolated from
marine sources and shows anti-HIV activity. The important bioactive
nature of pyrimidine derivatives prompted us to synthesise 2-aminopyr-
imidine in the following route. The chalcones (1B) are obtained from the
Claisen-Schmidt condensation of 1H-indole-3-carbaldehyde with 1-(1H-
indol-3-yl) ethanone. The treatment of chalcones with guanidine nitrate
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FORMATION OF PYRIMIDINE

Scheme-2 (Multicomponcent Synthesis)
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Fig. 2. The formation of single step multicomponent synesthetic amino pyrimidine.

NH,

Fig. 3. NMR spectral analysis of 4,6-di(1H-indol-3-yD)- 1,6-dihydropyrimidin-2-
amine (1C).

in the presence of sodium hydroxide gives the corresponding 2-amino-
pyrimidines (1C). The formation of Stepwise Synthetic amino-
pyrimidine is represented in Fig.1. The 4,6-di(1H-indol-3-yl)-1,6-
dihydropyrimidin-2-aminewere synthesized in a single step multicom-
ponent reaction of 1-(1H-indol-3-yl) ethanone, 1H-indole-3-carbalde-
hyde and guanidine nitrate in the presence of sodium hydroxide by
refluxing the reaction mixture using ethanol as the solvent. The
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Table 1
1H NMR spectral data of compound 1C.
Proton Chemical shifts Multiplicity
6 (ppm)
NH, 2.07 H
H-5&H-6 5.1 and 5.2 H
H-1 (NH) 8.55 s
Aromatic NH 9.8 H
Aromatic 7.01-7.96 m

formation of single step multicomponent synthetic aminopyrimidine is
represented in Fig. 2.

3.1. Analysis of TH NMR spectrum of 1C (stepwise synthesis)

The amino protons signal is appear as a singlet at 2.07 ppm for two
protons. The signal appears in the downfield region at 5.1 and 5.2 ppm is
due to proton in the C-5 and C-6 positions (Fig. 3). The proton in the H-1
(NH) position is resonate in the downfield region as a singlet at 8.55 ppm.
The aromatic NH protons are resonates in the region 9.8 ppm respec-
tively. The rest of the aromatic protons are resonates in the region
7.01-7.96 ppm respectively. The proton chemical shifts and their as-
signments are presented in Table-1.

3.2. Analysis of 13C NMR spectrum of compound 1C

In the *C NMR spectrum, the signal in the most downfield region at
155.02 ppm is assigned to carbon at C-2 position (C-NHj). The C-4
carbon appears at 148.73 ppm. The carbon at 5th position (C-5) resonates
at 148.39 ppm. The carbon at 6th position (C-6) resonates at 136.19 ppm.
The aromatic carbons resonate in the region 104.02-133.36 ppm. The
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Table 2
13C NMR spectral data of compound 1C.

Carbon Chemical shifts
3 (ppm)

C-NH, 155.02

C-4 148.73

C-5 148.39

C-6 136.19

Aromatic 104.02-133.36

HN

NH,

Fig. 4. NMR spectral analysis of 4,6-di(1H-indol-3-yD)- 1,6-dihydropyrimidin-2-
amine (2C).

Table 3
TH NMR spectral data of compound 2C.
Proton Chemical shifts Multiplicity
3 (ppm)
NH, 2.07 s
H-5 &H-6 5.1 and 5.2 s
H-1 (NH) 8.55 S
Aromatic NH 9.8 s
Aromatic 7.01-7.96 m

complete assignment of *C NMR signals of compound 1C is given in
Table-2.

3.3. Analysis of' HNMR spectrum of 2C (single stage multicomponent
synthesis)

The amino protons signal is appear as a singlet at 2.07 ppm for two
protons. The signal appears in the downfield region at 5.1and 5.2 ppm is
due to proton in the C-5 and C-6 positions (Fig. 4). The proton in the H-1
(NH) position is resonate in the downfield region as a singlet at 8.55 ppm.
The aromatic NH protons are resonates in the region 9.8 ppm respec-
tively. The rest of the aromatic protons are resonates in the region
7.01-7.96 ppm respectively. The proton chemical shifts and their as-
signments are presented in Table-3.

3.4. Andlysis of '3C NMR spectrum of compound 2C

In the '3C NMR spectrum, the signal in the most downfield region at
155.02 ppm is assigned to carbon at C-2 position (C-NH,). The C-4
carbon appears at 148.73 ppm. The carbon at 5th position (C-5) resonates

Intelligent Pharmacy 2 (2024) 571-577

Table 4
13C NMR spectral data of compound 2C.

Carbon Chemical shifts
3 (ppm)

C-NH, 155.02

C-4 148.73

C-5 148.39

C-6 136.19

Aromatic 104.02-133.36

Table 5
Antimicrobial activity (Escherichia coli, Staphylococcus aureus, Aspergillus niger and
Aspergillus flavus).

Compound  Zone of inhibition in mm
Bacteria Fungi
Escherichia Staphylococcus Aspergillus Aspergillus
coli aureus niger flavus
Standard 22 30 14 10
Control - - - -
1C 16 19 09 07
2C 21 27 12 09
Table 6

The comparison of single step multicomponent and stepwise synthesis.

Content Stepwise synthesis Multi component synthesis
Yield 60%-72% 82%-96%

Purity 65%-75% 87%-95%

Reaction Time 6-7 Hours 1 Hour

at 148.39 ppm. The carbon at 6th position (C-6) resonates at 136.19 ppm.
The aromatic carbons resonate in the region 104.02-133.36 ppm. The
complete assignment of >C NMR signals of compound 2C is given in
Table-4.

3.5. Analysis of antimicrobial activity of 1C and 2C

The synthesized pyrimidines (1C and 2C) were screened for their
antibacterial (Escherichia coli and Staphylococcus aureus) as well as anti-
fungal (Aspergillus niger and Aspergillus flavus) activities. The solvent
DMSO served as the control and ciprofloxacin has used as the standard
drug. The antibacterial activity was determined by measuring the
diameter of zone showing complete inhibition in mm scale. Between the
compound 1C and 2C, the 2C shows better activity (Table-5). The com-
parison table with analysis report is given below Table-6.

3.6. Molecular docking

The major compounds (ligands) used for docking study were
retrieved from the online database. The 3D crystal structure of selected
protein, androgen receptor used for the molecular docking studies. The
docking analysis of, androgen receptor with ligands to identify specific
amino acids residues was found to be composed of LEU704, GLY708,
LEU707, GLN711, MET749, PHE764, VAL746, MET787, MET745,
LEU873, HIS874, VA; 903, MET742, ILES98, MET895, ILE899, TRP741,
THR877, PHE876, LEU701, MET780. The best interaction and docking
score (—7.0 kcal/mol) were observed (Fig. 5).

The exploration of new targets and ligands as future guidelines for the
development of novel drugs is the current focus of bioinformatics, which
goes beyond the analysis of nucleic acid and amino acid sequences. The
role played by computational chemistry tools in identifying ligand tar-
gets. Important outcomes of this process include the development of
software tools that help generate useful knowledge in areas such as drug
development. The expensive and time-consuming process of testing
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Fig. 5. Androgen receptor modulator docked pose with 4,6-di(1H-indol-3-y1)-1,6- dihydropyrimidine-2-amine.

medications for safety and effectiveness. Pharmaceutical research and
development include several important components, including standard
tests to evaluate drug safety and various approaches to finding new lead
compounds. The critical area of docking analysis. Proteins interact with
various ligands to facilitate their biological functions.

The aim of ligand-protein docking is to predict the predominant
binding models of a ligand with a protein with a known three-
dimensional structure. Docking studies provide important information
about the orientation of the inhibitors in the binding pocket of the target
protein. Many potential inhibitors were identified using docking simu-
lation. The binding affinities of most ligands to the cancer protein targets
were higher. To calculate the inhibition, the binding energy of the ideal
ligand position, expressed in kcal/mol, was used.

Using molecular modelling and MD simulations, many studies have
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provided mechanistic insights into the agonist/antagonist activity of hAR
ligands. In another work, Liu et al.? studied the allosteric communica-
tion between the ligand binding pocket and the AF2 site using MD sim-
ulations. The structural dynamics of AR-LBD bound to various agonists
and antagonists were investigated by Singam et al.>! examined. While
Vinclozolin, Neburon, Bicalutamide and Hydroxyflutamide were antag-
onists, DHT, Testosterone, R1881 and 17-Beta-Trenbolone were agonists.
According to their findings, bicalutamide formed hydrogen bonds with
N705 and R752. Bicalutamide interacted with L704 in our models, but
the greatest contact was with M780. Additionally, these researchers
discovered that N705 and T877 only formed hydrogen bonds with ago-
nists. Using MD simulations, Liu et al.??> investigated the molecular
mechanism behind the mutational resistance of hAR-LBD to enzaluta-
mide. The urea-based herbicide Linuron has been shown to have an



M. Abshana Begam et al.

AR-antagonistic effect. Procymidone has also been shown to be a more
potent AR antagonist in in vivo experiments. In studies with castrated
male rats, linuron resulted in essentially 38.4%.%°

4. Conclusion

The single step multicomponent and stepwise synthesis of 4,6-di(1H-
indol-3-yl)-1,6-dihydropyrimidin-2-amine were synthesized and charac-
terised using 'H NMR and '3C NMR. After analyzing two different forms
of synthesis namely stepwise synthesis and single step multi component
synthesis, it is found out that multi component synthesis is performing
greatly with its yield, purity, reaction time and antimicrobial activity
rather than stepwise synthesis. This study lays the foundation for future
investigations aiming to improve public health outcomes and promote
sustainable strategies for preventing and managing illnesses.
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