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Abstract
New antimicrobial agents are in greater demand as a result of the rise of bacterial strains that are resistant to antibiotics. The wide range of biological 
activity and ease of structural modification of pyrimidine derivatives, especially 2,4,6-trisubstituted pyrimidines, have attracted a lot of interest. Here, we 
describe the synthesis of a number of 2,4,6-trisubstituted pyrimidine compounds using cyclization processes and stepwise condensation with β-dicarbonyl 
compounds and suitable amidine derivatives. Using spectral methods like mass spectrometry, NMR, and FT-IR, structural characterization was verified. 
The antibacterial activity of the produced compounds can be assessed against strains of both Gram-positive and Gram-negative bacteria, such as Bacillus 
subtilis, Escherichia coli, and Staphylococcus aureus. With minimum inhibitory concentrations (MIC) that were on par with those of common medications 
like ampicillin and ciprofloxacin, a number of derivatives showed encouraging antibacterial activity. The findings indicate the possibility of trisubstituted 
pyrimidines as lead scaffolds for upcoming antimicrobial medication development by indicating that structural change at the 2,4,6-positions considerably 
influences antibacterial potency.
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1.  Introduction

Antibiotic resistance poses a challenge to the efficient 
management of infectious illnesses and is a developing 
global health concern. Finding new substances with strong 
antibacterial activity is becoming more and more important as 
bacterial strains develop resistance to traditional antibiotics.1 
In medical chemistry, heterocyclic compounds—particularly 
pyrimidine derivatives—have long been of interest because 
of their many biological activities, which include antiviral, 
anticancer, anti-inflammatory, and mainly antibacterial 
properties.2 Pyrimidines are nitrogen-containing heterocycles 
with six members that make up the fundamental structure of 
a number of vital biological compounds, including vitamins 
and nucleotides. Since structural changes at these locations 
can improve pharmacological activity, 2,4,6-trisubstituted 
pyrimidines are of particular interest among different 
pyrimidine derivatives.3 It is possible to create compounds 

with a higher binding affinity to bacterial targets such as 
DNA gyrase, dihydrofolate reductase, and FtsZ protein—all 
of which are essential for bacterial survival—by introducing 
distinct functional groups at the 2-, 4-, and 6-positions. 
According to recent research, trisubstituted pyrimidines can 
be successfully synthesized under basic or acidic conditions 
using basic precursors like urea or guanidine, aldehydes, 
and β-diketones. These techniques offer mild reaction 
conditions and high yields.4 These derivatives’ antibacterial 
examination has yielded encouraging results, particularly 
when tested against multidrug-resistant bacterial strains 
such as Pseudomonas aeruginosa, Escherichia coli, and 
Staphylococcus aureus.5 Thus, a promising avenue for the 
creation of novel antibacterial drugs is the synthesis and 
screening of novel 2,4,6-trisubstituted pyrimidines. In this 
work, a number of trisubstituted pyrimidine compounds 
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will be synthesized, and their antibacterial properties will be 
assessed against specific harmful bacterial strains.

2.  Synthesis

A three-carbon α,β-unsaturated carbonyl system connects 
the two aromatic rings (A and B) that make up chalcones, 
which are open-chain flavonoids. Because of their structural 
reactivity, they are useful intermediates in the synthesis of 
heterocyclic chemicals, such as pyrimidines. The Claisen-
Schmidt condensation, which entails the condensation of 
an aromatic aldehyde with an aromatic ketone by a base 
or an acid, is the most popular and effective technique for 
synthesizing chalcones.6 This method involves stirring a 
corresponding quantity of substituted benzaldehyde and 
acetophenone in ethanol or methanol at room temperature 
while a base, such as potassium hydroxide (KOH) or sodium 
hydroxide (NaOH), is present. Typically, the chalcone is 
produced as a yellow crystalline solid by dehydration after an 
aldol condensation cycle.7 The overall response is depicted as

Ar–CHO + Ar’–COCH₃ → Ar–CH=CH–CO–Ar’

Pure chalcone derivatives are obtained by filtering, washing 
with cold ethanol, and recrystallizing the precipitate that results 
from the reaction, which is monitored by TLC. By reacting with 
urea or guanidine under cyclization conditions, these chalcones 
are then utilized to create pyrimidine derivatives.8

Chalcones are crucial pharmacophores in drug design 
because they are not only essential intermediates but also 
show a variety of biological actions, such as antibacterial, 
anti-inflammatory, and anticancer qualities.9 Through 
synergistic mechanisms, their integration into the pyrimidine 
ring system can improve antibacterial activity.10

2.1. Synthesis of 2,4,6-trisubstituted pyrimidine

A class of nitrogen-containing heterocycles known as 
pyrimidines is essential to medicinal chemistry since it is found 
in many bioactive compounds, such as therapeutic medicines 
and nucleic acids. 2,4,6-trisubstituted pyrimidines, among 
the many pyrimidine derivatives, have become important 
scaffolds in the development of novel antimicrobial drugs due 
to their wide range of biological activity.11 These compounds 
are distinguished by the presence of various substituents 
at the pyrimidine ring’s positions 2, 4, and 6. Structural 
modifications at these positions allow chemists to tailor 
the physicochemical and pharmacokinetic properties of the 
molecules to enhance their activity against various biological 
targets, including bacterial enzymes like FtsZ, DNA gyrase, 
and dihydrofolate reductase.12

2.2. Method of synthesis

2,4,6-trisubstituted pyrimidines are generally synthesized 
by cyclocondensing β-dicarbonyl compounds (like 
acetylacetone), aldehydes (like substituted benzaldehydes), 
and urea or thiourea with the aid of an acid or base catalyst. 
Some multicomponent processes also use chalcones as 
intermediates, which can be produced by Claisen-Schmidt 

condensation. The enaminones, or Michael adducts, that are 
created throughout the chemical cycle cyclize to produce the 
pyrimidine ring.13 The reaction is generally mild, frequently 
conducted at reflux temperature in ethanol or acetic acid, and 
provides moderate to good yields. Additionally, solvent-free 
and microwave-assisted syntheses have been designed to 
increase sustainability and reaction time.14

3.  Relevance to Antibacterials

2,4,6-trisubstituted pyrimidines have been found to have 
strong antibacterial action in recent research, especially against 
some Gram-negative strains of bacteria like Escherichia 
coli and Gram-positive bacteria like Staphylococcus aureus 
and Bacillus subtilis.15 The discovery of novel antibacterial 
medicines against drug-resistant types of bacteria may benefit 
from the inhibition of bacterial FtsZ, a protein necessary for 
bacterial cell division, by certain derivatives.

4.  Structure and Activity (SAR)

The antibacterial activity of each location is greatly impacted 
by substitution patterns: Aryl or alkyl groups, for example, are 
substituents at position 2 that alter membrane permeability 
and lipophilicity.The binding affinity to bacterial targets 
can be altered by groups at position 4 that donate or remove 
electrons.Steric interaction and selectivity for bacterial 
enzymes over mammalian enzymes can be enhanced by 
bulky groups at position 6.10,16

5.  Conclusion

The production of 2,4,6-trisubstituted pyrimidines 
presents a viable strategy for creating novel antibacterial 
drugs. Chalcone intermediates and cyclocondensation 
techniques utilizing β-diketones and urea or thiourea can 
be effectively used to manufacture these chemicals in mild 
circumstances. The produced pyrimidine derivatives have 
strong antibacterial properties, especially against Gram-
positive bacteria such as Bacillus subtilis and Staphylococcus 
aureus. Structure-activity relationship (SAR) investigations 
have shown that biological activity is strongly influenced 
by the presence of various substituents at the 2-, 4-, and 
6-positions of the pyrimidine ring. Potential approaches for 
fighting multidrug-resistant infections include certain drugs 
that exhibit inhibitory effects on crucial bacterial targets, 
such as FtsZ, a crucial protein involved in bacterial cell 
development. In summary, 2,4,6-trisubstituted pyrimidines 
are an important class of substances that may have medicinal 
uses. These scaffolds will need to be optimized for clinical 
usage through further study involving toxicity profiling, in 
vivo investigations, and molecular docking.

References
1.	 Ventola CL. The antibiotic resistance crisis: Part 1: Causes and 

threats. P T. 2015;40(4):277–83. Available from: https://pmc.ncbi.
nlm.nih.gov/articles/PMC4378521/

2.	 Chan KF, Sun N, Yan SC, Wong ILK, Lui HK, Cheung KC, 
et al. Efficient synthesis of amine-linked 2, 4, 6-trisubstituted 
pyrimidines as a new class of bacterial FtsZ inhibitors. ACS 
omega. 2017;2(10):7281–92. https://pubs.acs.org/doi/full/10.1021/
acsomega.7b00701

https://pmc.ncbi.nlm.nih.gov/articles/PMC4378521/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4378521/
https://pubs.acs.org/doi/full/10.1021/acsomega.7b00701
https://pubs.acs.org/doi/full/10.1021/acsomega.7b00701


Beula et al. / International Journal of Pharmaceutical Chemistry and Analysis 2025;12(3):179–181 181

3.	 Bai SB, Geethavani M, Ramakrishna C. Synthesis characterization 
and molinspiration analysis, anti-bacterial activity of novel 2, 4,6-
tri substituted pyrimidines. J Young Pharm. 2022;14(2):174–78. 
https://doi.org/10.5530/jyp.2022.14.33

4.	 Ashok D, Kumar RS, Gandhi DM, Jayashree A. Synthesis of 
novel 2, 4, 6-trisubstituted pyrimidine derivatives and their in vitro 
antimicrobial activity. Russ J Gen Chem. 2016;86(6):1396–404. 
https://doi.org/10.1134/S1070363216060268

5.	 Moustafa AH, Saad HA, Shehab WS, El-Mobayed MM. 
Synthesis of some new pyrimidine derivatives of expected 
antimicrobial activity. Phosphorus Sulfur Silicon Relat Elem. 
2007;183(1):115–35. https://doi.org/10.1080/10426500701557286

6.	 Prasad YR, Rao BB, Agarwal NK, Rao AS. Synthesis and 
Antimicrobial Activity of Some New 2,4,6-Trisubstituted 
Pyrimidines. Asian Journal of Chemistry; 2011;23(2):641–44.

7.	 Nammalwar B, Bunce RA. Recent advances in pyrimidine-based 
drugs. Pharmaceuticals (Basel). 2024;17(1):1–50. https://doi.
org/10.3390/ph17010104

8.	 Patil SB. Recent medicinal approaches of novel pyrimidine analogs: 
A review. Heliyon. 2023;9(6).1–13 https://doi.org/10.1016/j.
heliyon.2023.e16773

9.	 Rozmer Z, Perjési P. Naturally occurring chalcones and their 
biological activities. Phytochem Rev. 2016;15(1):87–120. https://
doi.org/10.1007/s11101-014-9387-8

10.	 Rashid HU, Martines MAU, Duarte AP, Jorge J, Rasool S, 
Muhammad R, et al. Research developments in the syntheses, 
anti-inflammatory activities and structure–activity relationships 

of pyrimidines. RSC Adv. 2021;11(11):6060–98. https://doi.
org/10.1039/D0RA10657G

11.	 Venugopala KN, Kamat V. Pyrimidines: A New Versatile 
Molecule in the Drug Development Field, Scope, and Future 
Aspects. Pharmaceuticals(Basel). 2024;17(10):1–24. https://doi.
org/10.3390/ph17101258

12.	 Sunduru N, Palne S, Chauhan PMS, Gupta S. Synthesis and 
antileishmanial activity of novel 2, 4, 6-trisubstituted pyrimidines 
and 1, 3, 5-triazines. Eur J Med Chem. 2009;44(6):2473–2481. 
https://doi.org/10.1016/j.ejmech.2009.01.016

13.	 Kahriman N, Serdaroğlu V, Peker K, Aydın A, Usta A, Fandaklı S, Yaylı 
N. Synthesis and biological evaluation of new 2,4,6-trisubstituted 
pyrimidines and their N-alkyl derivatives. Bioorg Chem. 
2019;83:580–94. https://doi.org/10.1016/j.bioorg.2018.10.068

14.	 Nadar S, Khan T. Pyrimidine: An elite heterocyclic leitmotif in 
drug discovery-synthesis and biological activity. Chem Biol Drug 
Des. 2022;100(6):818–42. https://doi.org/10.1111/cbdd.14001

15.	 Zhuang J, Ma S. Recent development of pyrimidine-containing 
antimicrobial agents. ChemMedChem. 2020 Oct 19;15(20): 
1875–86. https://doi.org/10.1002/cmdc.202000378

16.	 GE S III. Pyrimidine biosynthesis. Am J Clin Nutr. 1979;32(6):1290–
97. https://doi.org/10.1093/ajcn/32.6.1290

Cite this article: Beula GM, Krishna NS, Himaja A, 
Prasannambica TGG, Likitha M, Ganesh MG. Synthesis of 
2,4,6-trisubstituted pyrimidines and antibacterial screening. 
Int J Pharm Chem Anal. 2025;12(3):179–181.

%20www.jpfa.in
https://doi.org/10.5530/jyp.2022.14.33
https://doi.org/10.1134/S1070363216060268
https://doi.org/10.1080/10426500701557286%0D
https://doi.org/10.3390/ph17010104
https://doi.org/10.3390/ph17010104
https://doi.org/10.1016/j.heliyon.2023.e16773
https://doi.org/10.1016/j.heliyon.2023.e16773
https://doi.org/10.1007/s11101-014-9387-8
https://doi.org/10.1007/s11101-014-9387-8
https://doi.org/10.1039/D0RA10657G
https://doi.org/10.1039/D0RA10657G
https://doi.org/10.3390/ph17101258
https://doi.org/10.3390/ph17101258
https://doi.org/10.1016/j.ejmech.2009.01.016
https://doi.org/10.1016/j.bioorg.2018.10.068
https://doi.org/10.1111/cbdd.14001
https://doi.org/10.1002/cmdc.202000378
https://doi.org/10.1093/ajcn/32.6.1290

