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Abstract 

In present study, base-mediated 6-amino-5-(2-bromobenzyl)-1,3-

dimethylpyrimidine-2,4(1H,3H)-dione (ABDD) was synthesized from 6-

amino-1,3-dimethyl uracil and 2-bromobenzyl bromide. NMR, FT-IR, 

and HRMS characterized ABDD. DFT has performed calculations for 

HOMO, LUMO, MESP, and other factors. Pyrimidine derivatives have 
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potential applications in drug design and medicinal chemistry. In 

addition, molecular docking shows the theoretical possibility of binding 

ability with various proteins. The results suggested that this compound 

holds promise as a therapeutic scaffold for developing novel 

pharmacological agents focusing on its antimicrobial, anticancer, and 

antioxidant properties. 

Keywords: Pyrimidine, 2-bromobenzyl bromides, 6-amino-uracil, 

molecular docking, DFT, HOMO-LUMO, MESP, bioactive molecule. 

Introduction 

Pyrimidine derivatives are heterocyclic compounds that are widely 

studied and versatile in medicinal chemistry. This is largely due to their 

structural role in nucleic acids, DNA, and RNA, as well as their broad 

range of biological activities (Nerkar 2021, Patil 2023, Islam et al. 2024, 

N & Goudgaon 2021). With their unique electronic structure and ease of 

modification, pyrimidine derivatives provide an ideal framework for 

synthesizing novel pharmacologically active compounds (Nadar & Khan, 

2021; Chiacchio et al., 2018; Bhatnagar & Pemawat, 2024). Researchers 

have recognized 6-Aminouracil as a particularly advantageous scaffold 

among pyrimidine derivatives. 6-Aminouracil is structurally characterized 

by an amino group at the C-6 location and a ketone group at the C-2 and 

C-4 locations, which facilitates further functionalization and derivatization 

(Alhilal et al., 2021; Pałasz & Cież, 2014; El-Kalyoubi et al., 2021). 

This chemical allows for a range of substitutions and 

modifications, enhancing the compound's bioavailability, stability, and 

binding affinity toward biological targets. For instance, studies have 

demonstrated that 6-aminouracil derivatives exhibit antimicrobial 

properties, frequently by inhibiting enzymes or disrupting cell membrane 

integrity in pathogens (Hussain et al., 2022). Adding a halogenated, alkyl, 

or aryl group to the structure of 6-aminouracil has also been shown to 

improve its ability to bind, which often leads to better pharmacokinetic 

and pharmacodynamic properties of the compounds that are made (Cawrse 

et al., 2017; Tylińska et al., 2021). 

In line with our ongoing work on pyrimidine derivative synthesis 

(Ali et al., 2023; Panday et al., 2023; Ali et al., 2020; Panday et al., 2020; 

Mahata et al., 2020; Jana et al., 2019; Panday et al., 2018), In this 

investigation, present the preparation, analysis, DFT calculation and 

molecular docking of a pyrimidine derivative that originates from 6-

aminouracil. ABDD 3 was synthesized and structurally characterized to 

explore its potential pharmacological properties. 
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Results and Discussion   

Materials: The solvents and reagents were purchased from commercial 

sources and used without further purification. Thin-layer chromatography 

(TLC) was used to monitor all of the reactions, and afterward, the 

reactions were studied under ultraviolet (UV) light and/or in an iodine 

chamber in order to observe reaction spots. Column chromatography was 

carried out using silica gel and a solvent combination of ethyl acetate and 

hexane in different ratios.  

Procedure: A combination of 2-bromobenzyl bromide 1 (0.5 mmol) and 

6-amino-1,3-dimethyluracil 2 (0.5 mmol) in 2 ml of DMF, with the 

addition of Cs2CO3 (1.0 mmol), was stirred under reflux for a time frame 

of 1 hours. Upon the completion of the reaction, the mixture was placed in 

icy water, and the crude product was subsequently isolated through the 

process of simple filtration. After this, ABDD 3 underwent purification 

through column chromatography employing a hexane/ethyl acetate solvent 

system (Scheme 1). 

 

Scheme 1: Preparation of ABDD 3. 

Characterization:  

Panday et al., (2018): White solid; M.P. 255-256 °C. Yield 85%; 
1
H 

NMR (400 MHz, CDCl3 + DMSO-d6) δ 7.47 (d, J = 8.0 Hz, 1H), 7.14 (t, J 

= 8.0 Hz, 1H), 7.02-6.95 (m, 2H), 6.21 (s, 2H), 3.66 (s, 2H), 3.36 (s, 3H), 

3.17 (s, 3H) ppm. 
13

C NMR (100 MHz, CDCl3 + DMSO-d6) δ 161.9, 152.4, 

151.0, 138.7, 131.8, 128.0, 127.2, 127.1, 124.5, 82.8, 29.8, 29.6, 27.5 ppm. 

IR (ATR) 3374, 3219, 2925, 2856, 1668, 1594, 1502, 1458, 1372, 1212, 

1026, 968, 827 cm
-1

. HRMS (ESI-TOF): m/z [M+H]
+
 calculated for 

C13H14BrN3O2Na [M + Na]
+
 346.0162; observed 346.0159. 

Molecular Docking Studies:  

Evaluations are predicated on the target-specific ligand, which 

serves as a condensed representation of the salient characteristics of the 

target system or ligand. These evaluations rely on two-dimensional 

property profiles, detailed three-dimensional structural modeling of 

receptor-ligand interactions, and assessments based on the target-specific 

ligand. A target-based docking technique was performed for the lead 
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compound ABDD 3, which interacts with the 1DLS, 1J31, 5IKR, 5MTR, 

1M17, 3K5A, 1DNU, 1HVR, 6LU7, 3EML, 1VJF, 4ZK2, and 1CA2 

receptors.  

Procedure for Molecular Docking:  

A ligand termed ABDD was developed using Chem Draw Ultra 

12.0, adhering to Lipinski's rule of five. Precautions were taken to exclude 

heavy or carcinogenic elements from the molecule. The ligand was 

synthesized using the Open Babel GUI software. The ligand structure was 

saved in .mol format and converted to .pdb format. A selection of protein 

PDB IDs: 1DLS, 1J31, 5IKR, 5MTR, 1M17, 3K5A, 1DNU, 1HVR, 

6LU7, 3EML, 1VJF, 4ZK2, and 1CA2 were obtained from the Protein 

Data Bank website (http://www.rcsb.org). 

The retrieved proteins of interest were initially prepared by 

eliminating the ligand and water, followed by the addition of polar 

hydrogen to the protein structure. Only the protein devoid of bound ligand 

and water was preserved as a PDB file (protein). Similarly, all the proteins 

were preserved in .pdb format. In AutoDock Vina program, each protein 

was selected as .pdb file and subsequently input the ligand. AutoDock 

Vina was used for the ligand and minimized receptors.  

The receptor-ligand complex was examined to evaluate the potential 

of the docked molecules. The conformation of the protein was evaluated 

and displayed with the ligand using Biovia Discovery Studio Visualizer, 

presented in 2D and 3D diagrams as depicted in Figure 1. ABDD 

demonstrates a range of actions, including anticancer, antimalarial, 

antibacterial, anti-inflammatory, antioxidant, and antiviral properties, with 

favorable binding scores presented in Table 1, against diverse proteins.  

http://www.rcsb.org/
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Figure 1. 2D and 3D Protein – Ligand interaction of proteins with PDB id 

:1DLS, 1J31, 5IKR, 5MTR, 1M17, 3K5A, 1DNU, 1HVR, 6LU7, 3EML, 

1VJF, 4ZK2, 1CA2 (top to bottom, left to right). 

Table 1. Binding Scores of ABDD with Different Proteins Showing Their 

Activity. 

Protein ID 
Binding 

Affinity 
Activity Organism 

1DLS -8.1 
Anticancer and antimicrobial 

DHFR inhibitor 
Homo sapiens  

1J3I -7.7 Antimalarial DHFR inhibitor Plasmodium falciparum  

5IKR -7.7 Anti-Inflammatory Homo sapiens  

1M17 -7.4 
Anticancer (lung and breast 

cancer) transferase Inhibitor 
Homo sapiens  

1DNU -7.3 Antioxidant activity Homo sapiens  

3K5A -7.3 
Anticancer (Protein /kinase 

Inhibitor) 
Escherichia coli K-12  

5TMR -7.3 Anticancer Homo sapiens  

1HVR -6.6 Antiviral (Hydrolase Inhibitor)  

Human 

immunodeficiency virus 

1  

6LU7 -6.6 Antiviral 

Severe acute respiratory 

syndrome coronavirus 

2, synthetic construct 

3EML -6.5 
Anti-inflammatory and 

neuroprotective 

Homo sapiens, 

Tequatrovirus T4 

4ZK2 -6.3 Isomerase Inhibitor Acetobacter aceti 1023  

1CA2 -6 
Antiglaucoma, antiepileptic 

anticancer (pH regulation. 
Homo sapiens  

1VJF -6 
Anticancer (Protein /kinase 

Inhibitor) 

Caulobacter vibrioides 

CB15 

 

Adme Analysis: ADME analysis was conducted an in-silico evaluation of 

pharmacokinetics using pkCSM analysis  

(https://biosig.lab.uq.edu.au/pkcsm/ prediction_single/ adme_ 

1730955537.45). The compound ABDD shows good gastrointestinal 

https://www.rcsb.org/search?q=rcsb_entity_source_organism.taxonomy_lineage.name:Homo%20sapiens
https://www.rcsb.org/search?q=rcsb_entity_source_organism.taxonomy_lineage.name:Plasmodium%20falciparum
https://www.rcsb.org/search?q=rcsb_entity_source_organism.taxonomy_lineage.name:Homo%20sapiens
https://www.rcsb.org/search?q=rcsb_entity_source_organism.taxonomy_lineage.name:Homo%20sapiens
https://www.rcsb.org/search?q=rcsb_entity_source_organism.taxonomy_lineage.name:Homo%20sapiens
https://www.rcsb.org/search?q=rcsb_entity_source_organism.taxonomy_lineage.name:Escherichia%20coli%20K-12
https://www.rcsb.org/search?request=%7B%22query%22%3A%7B%22type%22%3A%22group%22%2C%22nodes%22%3A%5B%7B%22type%22%3A%22group%22%2C%22nodes%22%3A%5B%7B%22type%22%3A%22group%22%2C%22nodes%22%3A%5B%7B%22type%22%3A%22terminal%22%2C%22service%22%3A%22text%22%2C%22parameters%22%3A%7B%22attribute%22%3A%22rcsb_entity_source_organism.taxonomy_lineage.name%22%2C%22operator%22%3A%22exact_match%22%2C%22value%22%3A%22Homo%20sapiens%22%7D%7D%5D%2C%22logical_operator%22%3A%22and%22%7D%5D%2C%22logical_operator%22%3A%22and%22%2C%22label%22%3A%22text%22%7D%5D%2C%22logical_operator%22%3A%22and%22%7D%2C%22return_type%22%3A%22entry%22%2C%22request_options%22%3A%7B%7D%7D
https://www.rcsb.org/search?q=struct_keywords.pdbx_keywords:HYDROLASE/HYDROLASE%20INHIBITOR
https://www.rcsb.org/search?q=rcsb_entity_source_organism.taxonomy_lineage.name:Human%20immunodeficiency%20virus%201
https://www.rcsb.org/search?q=rcsb_entity_source_organism.taxonomy_lineage.name:Human%20immunodeficiency%20virus%201
https://www.rcsb.org/search?q=rcsb_entity_source_organism.taxonomy_lineage.name:Human%20immunodeficiency%20virus%201
https://www.rcsb.org/search?q=rcsb_entity_source_organism.taxonomy_lineage.name:Acetobacter%20aceti%201023
https://www.rcsb.org/search?q=rcsb_entity_source_organism.taxonomy_lineage.name:Homo%20sapiens
https://www.rcsb.org/search?q=rcsb_entity_source_organism.taxonomy_lineage.name:Caulobacter%20vibrioides%20CB15
https://www.rcsb.org/search?q=rcsb_entity_source_organism.taxonomy_lineage.name:Caulobacter%20vibrioides%20CB15
https://biosig.lab.uq.edu.au/pkcsm/%20prediction_single/%20adme_%201730955537.45
https://biosig.lab.uq.edu.au/pkcsm/%20prediction_single/%20adme_%201730955537.45
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absorption and does not cross BBB as shown in the BOILED-Egg 

Model Figure 2. As it is inhibiting CYP1A2 and CYP3A4 enzymes it can 

lead to good cancer chemopreventive agents. 

 

Figure 2. BOILED-Egg Model of ABDD. 

Structure-Activity Relationship (SAR): Ligand receptor interaction 

shows that –NH group shows conventional bonding with THR A:44, THR 

A:56, THR C:329, THR A:830, GLU A:228, ASP B:33, ASP A:94, ASP 

B:25, ASP A:25, ASP A:831, GLU A:738, ILE A:50, ILE B:164, TYR 

B:130, TYR B:170, HIS A:164, HIS A:4, VAL A:115, TRP A: 5, VAL 

A:439, ARG A:514, -CH group shows covalent bond with LEU B:40, 

LEU B:152, LEU A:764, GLY B:41, GLY A:1012, ARG B:44, ARG 

C:333, CYS B:41, CYS A:145, GLU A:738, GLU A:236,  GLU B:353, 

LEU B:346, THR A:830, THR A:766, THR A:44 , ALA A:719, ASP 

A:831, ASP A:94, ASP B:33, HIS A:95, HIS C:336, ARG A:188, ILE 

A:106, VAL A:26, SER B:109,  pi-pi alkyl bond with PHE A:231, PHE 

A:73, PHE A:34, PHE A:31, PHE B:58,  ILE A:60, ILE A:84, ILE 

A:1009, ILE B:50,  ILE B:112, MET B:55, MET B:421, MET B:388, VAL 

A:394, VAL A:702, VAL B:46, CYS B:47, PRO B:153, LEU A:110, LEU 

A:694, LEU A:438, LEU B:384, LEU B:525, LEU B:428, LEUC:417, 

ALA A:719, ALA B:84, LYS A:721,  ARG A:514, PRO A:389, PRO 

A:109, GLU C:242, ASP B:57, HIS B:59, HIS A:64 and Sigma Bond with 

LEU A:820, LEU B:46, ILE B:424, ASPA:512, ALA A: 28, HIS A:41 

amino acids of the protein ids docked.  This infers that ABDD structure 

has a good binding activity with amino acids in cancer chemoprevention, 

anti-inflammatory, antimicrobial, and antiviral activity. 

DFT Analysis 

The structure of the ABDD was optimized by DFT calculations using the 
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B3LYP hybrid functional with 6-31g basis set (Frisch et al, 2016). The 

value of HOMO and LUMO, energy difference, chemical hardness, 

electronegativity, chemical potential, chemical softness, and global 

electrophilicity index are summarized in Table 2.  

The Mulliken charge distributions of the molecule have been calculated 

using 6-31g level shown in Table 3.  

Table 2. The Energy Values of Global Reactivity Descriptors. 

Parameter Value (eV) 

ELUMO -0.5361 

EHOMO -5.7707 

E 5.2347 

Chemical Hardness () 2.3493 

Electronegativity () 3.1534 

Chemical Potential () -3.1534 

Chemical Softness (s) 1.1746 

Global electrophilicity index () 11.6806 
 

Table 3: Atomic Charge Analysis for ABDD. 

Atom Mulliken 

Charge 

Atom Mulliken 

Charge 

Atom Mulliken 

Charge 

C1 -0.119 C12 0.733 H23 0.181 

C2 -0.123 N13 -0.65 H24 148 

C3 -0.082 C14 0.49 H25 0.198 

C4 -0.342 O15 -0.496 H26 0.34 

C5 0.167 N16 -0.795 H27 0.329 

C6 -0.155 C17 -0.28 H28 0.166 

C7 -0.429 O18 -0.46 H29 0.288 

Br9 0.094 C19 -0.235 H30 0.165 

C9 0.063 H20 0.137 H31 0.197 

C10 0.603 H21 0.136 H32 0.171 

N11 -0.699 H22 0.149 H33 0.169 
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Figure 3. DFT optimized molecular structure and Mulliken charge 

distributions of ABDD. 

 

 

Figure 4. HOMO-LUMO orbitals and MEP surface of the of ABDD. 

 

Conclusion 

Synthesized molecule exhibits promising anticancer activity and 

antimicrobial, suggesting it as a valuable scaffold for further drug 

development. The combination of experimental data and computational 

insights indicates potential pharmacological benefits and supports further 

exploration of pyrimidine-based compounds in medicinal chemistry. 
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