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Abstract: Multidrug-resistant bacterial infections have become a major cause of clinical mortality in the twenty-
first century, prompting significant efforts to address this issue. The discovery of new antimicrobial compounds
and the strategic use of antibacterial drugs with various structures and mechanisms are crucial in combating
bacterial resistance. Currently, pyrimidine-containing agents are at the forefront of new antibacterial drug
development. Due to their effective activities and diverse mechanisms of action, many pyrimidine-containing
heterocyclic compounds have attracted considerable scientific interest. The pyrimidine structure is a vital
component of numerous endogenous substances, allowing pyrimidine derivatives to interact with genetic
materials, enzymes, and other cellular biopolymers. Researchers have focused on discovering and optimizing
pyrimidine derivatives, leading to the identification of many novel compounds with promising profiles. This
review summarizes the therapeutic potential of pyrimidine compounds for antimicrobial applications over the
past decade, discussing the relationships between the structures of modified pyrimidines and their antimicrobial
activity.

Hydrazide-hydrazone derivatives, found in many bioactive molecules, exhibit a wide range of biological
activities, including antibacterial, antitubercular, antifungal, anticancer, anti-inflammatory, anticonvulsant,
antiviral, and antiprotozoal effects. Consequently, medicinal chemists synthesize various hydrazide-hydrazones
and evaluate their biological activities. Among these, antimicrobial activity is the most commonly reported in
scientific literature. This review focuses on the research findings from the last six years (2010-2016) on the
antimicrobial activity of hydrazide-hydrazone derivatives, providing a useful guide for developing new
hydrazide-hydrazones as potential antimicrobial agents.
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Introduction

Antimicrobial resistance (AMR) poses a significant global public health threat, responsible for 1.27 million
deaths in 2019 alone and contributing to a total of 4.95 million deaths. The overuse and misuse of antimicrobials
across humans, animals, and plants drive the emergence of drug-resistant pathogens. AMR affects all regions
and income levels but disproportionately impacts low- and middle-income countries, exacerbating poverty and
inequality. It endangers many medical advancements by making infections harder to treat and increasing the
risks associated with surgeries and cancer treatments. The world is grappling with a crisis in both the antibiotics
pipeline and access, with inadequate research and development to keep pace with rising resistance. The 2022
Global Antimicrobial Resistance and Use Surveillance System (GLASS) report reveals alarming resistance
rates, such as 42% for third-generation cephalosporin-resistant E. coli and 35% for methicillin-resistant
Staphylococcus aureus. Resistance is also increasing against last-resort antibiotics like carbapenems, which
raises the risk of untreatable infections. Projections by the OECD indicate that resistance to these crucial
antibiotics could double by 2035, highlighting the urgent need for robust antimicrobial stewardship and
improved surveillance worldwide.

MECHANISM OF ACTION

Antibiotic I
degrading - #Eantibiotic

Plasmid enzyme

Efflux Pump

{}%ﬁf < Target Antibiotic
alteration altering
enzyme

Antibiotic™ e
resistant
genes

A Pyrimidine as potential antimicrobial agents

" -Antibiotic

Pyrimidines are a class of organic compounds that play a crucial role in various biological processes, and
they have been explored as potential antimicrobial agents due to their ability to inhibit the growth and
reproduction of microorganisms. Several pyrimidine derivatives have been investigated for their
antimicrobial properties, and they have shown promise against a range of pathogens, including bacteria and
fungi.

Structural Diversity: Pyrimidines have a versatile structure, which allows for the synthesis of various
derivatives with different functional groups. This structural diversity can be exploited to design compounds
with specific antimicrobial properties.

Inhibition of Nucleic Acid Synthesis: Pyrimidines are essential components of nucleic acids (DNA and
RNA). Compounds that interfere with the synthesis of nucleic acids by inhibiting enzymes involved in
pyrimidine biosynthesis can be effective antimicrobial agents. For example, sulfonamide drugs target
dihydropteroate synthase in the folate biosynthesis pathway, which indirectly affects pyrimidine synthesis
in bacteria.
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Antibacterial Activity: Some pyrimidine derivatives have shown antibacterial activity. For instance,
trimethoprim is a well-known antibacterial agent that inhibits dihydrofolate reductase, an enzyme involved
in bacterial pyrimidine biosynthesis.

Antifungal Activity: Pyrimidine-based compounds have also been explored for their antifungal properties.
Fluconazole, for instance, is an antifungal medication that inhibits the synthesis of ergosterol, a sterol vital
for fungal cell membranes.

Resistance and Side Effects: Like all antimicrobial agents, resistance to pyrimidine-based drugs can
develop over time. It's essential to use them judiciously to minimize the emergence of resistant strains.
Additionally, some pyrimidine derivatives may have side effects and toxicity concerns, so they should be
used with caution.

Research and Development: Ongoing research continues to explore new pyrimidine derivatives and their
potential as antimicrobial agents. Medicinal chemists are designing molecules with enhanced specificity
and reduced toxicity.

Combination Therapy: Pyrimidines are often used in combination with other antimicrobial agents to
increase their efficacy and reduce the risk of resistance.

Pyrimidine based antimicrobial agents.

Ismail et al. (2020) synthesized a new series of arylazopyrazolo[1,5-a]pyrimidine derivatives and evaluated
their antimicrobial activity. They found that compound 1 had a MIC value of 25 pg/mL against Aspergillus
terreus.

R. Machnikova et al. (2019) created new pyrimidines as potential antibacterial agents using a solid-phase
synthetic approach. Their results showed that compound 2 had a MIC value of 12.5ug/mL against
Staphylococcus aureus.

Wenneng Wu et al. (2021) synthesized novel pyrimidine analogs and assessed their antimicrobial activity,
finding that compound 3 had a MIC value of 10.5pug/mL against the fungal strain Botryosphaeria dothidea.

Xue Qian Bai et al. (2019) developed new pyrimidine analogs and tested them for antimicrobial activity,
discovering that compound 4 had a MIC value of 2.4umol/L against Staphylococcus aureus.

Bassyouni F et al. (2021) synthesized novel fused pyrimidine analogs and evaluated their antimicrobial
activity, reporting that compound 5 had a MIC value of SuL against bacterial strains of E. coli.

Dofe Vidya S et al. (2018) developed new pyrimidine analogs and tested them for antimicrobial activity.

They found that compound 6 exhibited satisfactory potency against bacterial strains with a MIC value of
25ug/mL against Staphylococcus aureus.
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Moustafa A. H. et al. (2020) synthesized novel pyrimidine derivatives and tested their antimicrobial activity.
Compound 7 exhibited significant potency against S. aureus with a MIC of 0.07 ug/mL.

Ismail et al. (2020) synthesized new pyrimidines as potential antifungal agents, with compound 8 showing a
MIC value of 12.5 pg/mL against Candida albicans.

Gombha et al. (2018) created a new series of [1,2,4]triazolo[4,3-a]pyrimidines and evaluated their antibacterial
properties. Compound 9 demonstrated a MIC value of 15 pg/mL against Clavibacter michiganensis.

Abd-Allah et al. (2020) synthesized new compounds and screened them for in vitro antibacterial activity, using
ciprofloxacin as the control drug. Compound 10 had a MIC value of 22 pg/mL against Pseudomonas aeruginosa.

Buchwald et al. (2021) developed a new pyrimidine derivative through the cross-coupling of 5-bromo-4-(furan-
2-yl)pyrimidine and evaluated its antibacterial activity. Compound 11 showed a MIC value of 1.9 pg/mL against
Neisseria gonorrhoeae.

Singh et al. (2021) designed, synthesized, and screened a new series of 2,4-disubstituted diarylpyrimidine
derivatives for their antibacterial activity. Compound 12 exhibited a MIC value of 12.5 pg/mL against
Pseudomonas aeruginosa.

Raju et al. (2019) synthesized a series of novel 1H-pyrrolo[2,3-d]pyrimidine-1,2,3-triazole derivatives and
evaluated their in vitro antimycobacterial activity. Compound 13 exhibited a MIC value of 0.78 pg/mL against

the Mycobacterium tuberculosis H37Rv strain.

Elhameed et al. (2018) developed a new series of thiazolo[4,5-d]pyrimidine derivatives as antimicrobial agents.
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Compound 14 showed a MIC value of 78.12 ung/mL against Aspergillus terreus.

Dofe et al. (2018) synthesized 2-methylpyrimidine-4-ylamine derivatives and assessed their antimicrobial
properties. Compound 15 demonstrated a MIC value of 12.5 pg/mL against Bacillus subtilis.

Kayathi et al. (2018) prepared benzoxazolyl/benzothiazolyl/benzimidazolylpyrimidines under ultrasonication
with pyridine/dimethylaminopyridine and triethylamine, evaluating their antibacterial activity. Compound 16
had a MIC value of 6.25 pg/mL against Bacillus subtilis.

Verbitskiy et al. (2018) synthesized 5-arylamino-4-(5-nitrofuran-2-yl)pyrimidines using Buchwald—Hartwig
cross-coupling with various anilines and found their in vitro antibacterial activity. Compound 17 showed a MIC
range between 0.9—15.6 pg/mL against Streptococcus pyogenes.

Ebrahimi et al. (2019) synthesized benzo[f]chromeno[2,3-d]pyrimidines via the tandem intramolecular

Pinner/Dimroth rearrangement and evaluated their antimicrobial activity against gram-positive bacteria strains.
Compound 18 exhibited a MIC value of 0.046 mg/mL against Bacillus cereus.
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Machnikova et al. (2019)Synthesized new pyrimidine derivatives and their anti-mycobacterial and antimicrobial
activity.MIC value is 0.25 pg/ML of compound 19 againstMycobacterium tuberculosisH37Rv.

Gohary et al. (2019)Synthesizedanew series of fused pyrazolopyridines were prepared and assessed for
antimicrobial activities. MIC value is 78.12 pg/ML of compound 20 against Aspergillus fumigatus.
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Mantipally et al. (2019)Designed and synthesized novel homopiperazine linked imidazo[1,2-a]pyrimidine
derivatives. They evaluated the antimicrobial property of compound. The value of MIC is 0.86pg/MLof
compound 21 against Escherichia coli.

Modi et al. (2019)designed and synthesized and biological evaluation of a new series of pyrazolo[1,5-
a]pyrimidine analogues as potential anti-tubercular agents. MIC value is 0.8ug/ML of compound 22against
Mycobacterium tuberculosis H37Rv.

Thanh et al.(2019)synthesized 4H-pyrano[2,3-d]pyrimidine as potential anti- mycobacterial. MIC value is
62.5ng/MLof compound 23 compound against Mycobacterium tuberculosis H37Rv.

Desai et al (2019)synthesizied pyrimidinthiones in presence of thiourea and easily available catalyst sulfamic
acid. Theyevaluate theantimicrobial activity against several bacteria strain.MIC value is12.5 pg/ML of 24
against Escherichia coli.
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Ahmedet al.(2020)Synthesized a new Thienopyrimidine Derivatives& tested for antimicrobial activity. They
showed the MIC value is 8ug/ml of compound 25 against Bacillus cereus.

Aggarwal et al.(2020)Developed of 7- Aminopyrazolo[1,5-a]pyrimidines as Antibacterial Agent and assessed
for antibacterial activities. MIC value is10.8pug/ml of compound 26 against Bacillus cereus.

Goffin et al.(2020)Synthesized a series of 1,2,3-triazolo[4,5-d]pyrimidinesand devoid of in vitro antibacterial
activity. The value of MIC is 25ug/ml of compound 27 against methicillin-resistant Staphylococcus aureus.

Sui et al.(2020)Synthesized novel type of potential multi-targeting antimicrobial three-component sulfanilamide
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hybrids in combination of pyrimidine and azoles. They evaluate the antimicrobial activity compound. MIC
value is 1pug/mL of compound 28 againstEnterococcus Faecalis.

Malasala et al.(2021) Synthesized a new thienopyrimidine derivatives as anti-bacterial agents. The value of MIC
is range in between 1.2-105ug/mL of compound 29 against Staphylococcus aureus.

Raniet al.(2021)Synthesized a new isoxazolyl pyrido[2,3-d]pyrimidine derivatives and assessed the
antimicrobial activity. MIC value is 7 pg/mL of compound 30 against Pseudomonas aeruginosa.
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Sattar et al.(2021) SynthesizedPyrano[2,3-d]pyrimidine derivatives and assessed the antimicrobial
activity. MIC value is 0.097 pg/ml of compound 31 againstBacillus subtilis.

Verma et al.(2021) synthesized 2-(2,3,6,9-tetrahydro-1,3-dimethyl-2,6- dioxo-1H-purin-8-yl)acetonitrile
through a moleculer linkingpyridopyrimidine, pyrazolopyridine, and pyranonapthyridine derivatives. They
evaluated the antifungal activity of compound. The value of MICis 1.5 pug/ml of compound 32 against
Pencillium chrysogenum.

Fares et al.(2018)Synthesized pyrido[2,3-d]pyrimidine derivatives and evaluate the antimicrobial activity. MIC
value is 0.98 pg/ml of compound 33 against Streptococcus pneumoniae.

Liu et al.(2018)Synthesized Novel 5H-[1,2,4]oxadiazolo[4,5-a]pyrimidin-5-one derivatives as antibacterial
agents. The value of MIC is 3.9 ug/ml of compound 34 against Candida albicans.

Marepu et al.(2018) Synthesized3H-[1,2,3]triazolo[4,5-d]pyrimidinederivatives and evaluated the antimicrobial
property of compound. MIC value is50ug/ml of compound 35 againstFusarium recini.

Triloknadh et al.(2018)developed a series of thieno[2,3-d]pyrimidine derivativesand assessed the antimicrobial
activity. MIC value is0.01 pg/ml of compound 36 against Bacillus subtilis.
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Veeraswamyet al.(2018)synthesized a novel pyrido[2,3-d]pyrimidine derivatives and evaluated the
antimicrobial activity. MIC value is 7.8 pg/mlof Compound 37 againstStaphylococcus aureus.

Abdelmoniem et al.(2019)synthesized a novel series of 6,8-dicyanopyrido[1,2-a]thieno[3,2-¢]pyrimidine-2-
carboxylate and assessed the antimicrobial activity. MIC value30 pg/ml of Compound 38 againstKlebsiella
pneumoniae.

Chandrasekaran et al.(2019)synthesized a novel heterofused pyrimidine analogues as effective antimicrobial
agent. MIC value is 12.5 pug/mlof compound 39 against Aspergillus niger.

El-serwyet al.(2019)developeda new series of thiopyrimidine-5-carbonitrile derivatives and assessed the
antimicrobial activity. The value of MIC is 50 pg/ml of compound40 againstStaphylococcus aureus.

Shaaban et al.(2019)synthesized a series of substituted 3,4-dihydrothieno[2,3-d]pyrimidines asnew potent
antimicrobial agents. MICvalue is25 pg/ml of compound 41 against Escherichia coli.

Beyzaeiet al.(2017)synthesizeda new series of 4-imino-5H-pyrazolo[3,4-d]pyrimidin-5-amines as potential
antibacterial agents. MIC value is64 pg/ml of compound 42 against Escherichia coli.
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Dofe et al.(2017)synthesizedaNovel 1,2,3-Triazole-Based Pyrazole and Pyrimidine Derivatives and assessed in
vitro for their efficacy as antimicrobial agentsMIC value is 12.5 pg/ml of compound 43 againstBacillus subtilis

Helal et al.(2017) synthesized a Novel 5-Aminopyrazole, Pyrazolo[1,5-a]pyrimidineAnd carried out the
antimicrobial activity. agents MIC value is3.54 pg/ml of compound 44 against Bacillus subtilis .

Pisal et al.(2017)synthesized a number of hybrid molecules containing thienopyrimidinones and thiouracil
moieties And carried out the antimicrobial activity. agents MIC value is in the range between7.1£0.91 pg/ml
of compound 45 against Mycobacterium tuberculosis H37Ra

Zestawskaet al.(2017) synthesized four new crystal structures of sulfur and selenium analogues of 2[1H]-
pyrimidinone derivatives and assessed the antimicrobial activity. MIC value 3.9 pg/ml of Compound46
againstStaphylococcus aureus.

Zuniga et al.(2017)synthesized triazolopyrimidines as anti-tubercular agents. MIC value is in the range between
3.1 £ 1.3 pg/ml of compound 47against Mycobacterium tuberculosis.

Oruma et al (2017)synthesized a novel tripodal Schiff base ligand, 5-amino-2,4,6-tris(4-carboxybenzimino)-
1,3-pyrimidineAnd carried out the antimicrobial activity. agents MIC value is2.29 pg/ml of compound 48
againstCandida albicans.
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Zeslawska et al.(2017)

Aleam et al (2019)synthesized a series of 1,2,4-triazolo[1,5-a]pyrimidine derivatives assessed the antimicrobial
activity. The value of MIC is 1 pg/ml of compound 49 against Methicillin Resistant S. aureus.

Panneerselvam et al (2019)synthesized a new series of antimicrobial thiosemicarbazide substituted pyrimidine
derivativesassessed the antimicrobial activity. The value of MIC is 9.8 pg/ml of compound 50 againstKlebsiella
pneumonia.
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B Hydrazones as potential antimicrobial agents.

Hydrazones are organic compounds that contain a C=N-NH2 functional group. They have been studied for
their potential antimicrobial properties, and their derivatives have shown promise as antimicrobial agents.
Here are some key points to consider when discussing hydrazones as potential antimicrobial agents:
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Chemical Structure: Hydrazones are typically formed by the condensation of a hydrazine compound with
a carbonyl compound (aldehyde or ketone). This reaction results in the formation of the C=N-NH2
functional group.

Mechanism of Action: The antimicrobial activity of hydrazones can vary depending on their chemical
structure. Some hydrazones have been found to disrupt bacterial cell membranes, while others inhibit
specific enzymes or metabolic pathways crucial for microbial growth. This diversity in mechanisms can
make hydrazones effective against a wide range of microorganisms.

Types of Hydrazones: There are different types of hydrazones, including aromatic hydrazones and
aliphatic hydrazones, which can be synthesized with various substitutions on the hydrazine and carbonyl
components. These structural variations can influence their antimicrobial activity.

Antibacterial Properties: Some hydrazones have shown antibacterial activity against a variety of
pathogenic bacteria. They can inhibit the growth of bacteria by interfering with their cell walls, cell
membranes, or essential enzymes.

Antifungal Properties: Hydrazones have also exhibited antifungal properties. They can target fungal cell
membranes or disrupt fungal metabolic pathways, making them potential candidates for antifungal drug
development.

Resistance: As with many antimicrobial agents, resistance can develop over time. Microorganisms may
develop mechanisms to counteract the effects of hydrazones. This emphasizes the importance of continued
research and development of new antimicrobial agents.

Toxicity and Safety: The safety and toxicity profile of hydrazones need to be thoroughly evaluated,
especially for potential human use. Assessing their impact on mammalian cells is crucial to determine their
suitability as therapeutic agents.

Future Research: Ongoing research is focused on designing and synthesizing hydrazones with improved
antimicrobial properties, reduced toxicity, and enhanced selectivity for microbial targets. This involves
structural modification and optimization of hydrazones.

Hydrazones have the potential to serve as antimicrobial agents, targeting a wide range of microorganisms,
including bacteria, fungi. However, their development and use as therapeutic agents require further research
to ensure efficacy and safety. Additionally, hydrazones should be considered as part of a broader strategy
to combat antimicrobial resistance and infectious diseases.

hydrazones based antimicrobial agents.

Abdelrahman et al.(2021) synthesized novel hydrazones and evaluated in vitro they carried out the
antibacterial properties. The MIC value is 0.49 ug/mL of compound 51 against Streptococcus pneumoniae.

Popiolek et al.(2021) synthesized hydrazones exhibited a wide spectrum of antibacterial activity against tested
reference bacteria Thevalue of MIC is 0.98 pug/mL of Compound 52 against Gram-positive bacteria
Staphylococcus epidermidis.

Haiba et al.(2021) synthesized hydrazones and they also carried out the antibacterial activity against bacterial
strains. They showed that MIC value is 3.125 pg/mL of compound 53 against Methicillin-resistant
Staphylococcus aureus.

Paruch et al.(2021) synthesized Novel derivatives of 1,2,3-thiadiazole. They carried out the antibacterical
activity of compound 54 against Staphylococcus aureus (MIC=1.95 ng/ML)

Ajani et al.(2017) synthesized Quinoline Based 4-Hydrazide-Hydrazone Derivatives and assessed the
antimicrobial activity. MIC value is 0.39 pg/ml of compound 55 against Proteus vulgaris.
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Bera et al.(2017) Synthesized a new pyridinyl thiazole ligand with hydrazone moiety and evaluated its
antibacterial property. MIC value is 50 pg/ml of compound 56 against Salmonella Typhi.
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Popiolek et al.(2017) Synthesized a Nitrofurazone analogues containing hydrazide-hydrazone moiety and
tested for in vitro antimicrobial activity. MIC is 0.002 pg/ml of compound 57 against Bacillus subtilis.

Rawat et al (2017) developed a dipyrromethene derived hydrazones derivatives and evaluated the anti-
tubercular activity. MIC is 7.8 pg/ml of compound 58 against Mycobacterium tuberculosis H37Rv.

Soliman et al. (2017) Synthesized a novel pyridine and quinolone hydrazone derivatives as potential
antimicrobial and antitubercular agents. MIC is 0.39 pug/mL compound 59 against Mycobacterium tuberculosis
H37Rv.

Zha et al.(2017) developed a series of new benzo[d]thiazole-hydrazones analogues and screened for their in
vitro antibacterial and antifungal activities. The value of MIC is in range between 16 + 1 mg/mL of compound
60 against Fusarium oxysporum.

Dantas et al.(2018) They evaluate a series of aminoguanidine hydrazones as antibacterial agents. MIC value is
0.15 pg/ml of compound 61 against Staphylococcus aureus.

Wu et al.(2018) Synthesized a series of linezolid analogues containing a hydrazone moiety and evaluated for
their antibacterial activity. MIC value is 0.0675 pg/ml of compound 62 against Methicillin-resistant
Staphylococcus aureus.
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Zakeyah et al.(2018) Synthesized hydrazone derivatives 4-[3-(2,4- difluorophenyl)-4-formyl-1H-pyrazol-1-
yl]benzoic acid and assessed the antimicrobial activity. MIC value is 0.78uM of compound 63 against
Methicillin-resistant Staphylococcus aureus.

katariya et al.(2019) Synthesized Quinoline Based Hydrazone Analogues and carried out the antimicrobial
property. MIC value is 6.25 pg/ml of compound 64 against Pseudomonas aeruginosa.

Ozbek et al.(2019) developed a new Sulfonamide-derived hydrazone compounds and assessed the
antimicrobial activity. MIC value is 375 pg/ml of compound 65 against Staphylococcus aureus.

Muluk et al.(2019) Synthesized a series of new hydrazones bearing pyridyl and thiazolyl scaffolds and
evaluated for their in vitro antimicrobial activities. MIC value is in the range between 90 £ 0.4 pg/ml of
compound 66 against Bacillus subtilis.

Celik et al.(2020) synthesized a series of quinoline-2-carbaldehyde hydrazone derivatives and evaluated the
antimicrobial activity by the microdilution method. MIC value is 1 pg/ml of compound 67 against Enterococcus
faecalis.

Dkharet al.(2020)developed half sandwich platinum group metal complexes containing pyridyl benzothiazole
hydrazones and carried out the antimicrobial activity. MIC value is 0.125 pg/ml of compound 68against
Klebsiella pneumoniae.
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Popiolek et al.(2020)Synthesized new hydrazide-hydrazones of 5- bromo-2-iodobenzoic acid and evaluated the
antimicrobial property. MIC value is125 pg/ml of compound 69 against Proteus mirabilis.

Puskullu et al.(2020) Synthesized quinoline-3-carbaldehyde hydrazone derivative and assessed their
antimicrobial activitywith microdilution method. MIC value is 16 pg/ml of compound 70 against
Staphylococcus aureus.

Trotskoet al.(2020) Synthesizedtwo series of thiazolidine-2,4-dione (TZD) based hybrids with
halogenbenzohydrazones and pyridinecarbohydrazones substituents and evaluated their antimycobacterial
activity by broth microdilution method. MIC value is 1ug/ml of compound 71 against Mycobacterium
tuberculosis H37Ra

Kratkyet al.(2021) Synthesizedlodinated 1,2-diacylhydrazines and benzohydrazide-hydrazones and their
analogues as dual antimicrobial agents. MIC value is 7.97 pg/ml of compound 72 against Staphylococcus
epidermidis.

Karunnanidhiet al.(2021)Synthesized a Novel thiomorpholine tethered isatin hydrazones as potential
inhibitors against Mycobacterium tuberculosis. MIC value is 7.0 pg/ml of compound 73 against Mycobacterium
tuberculosis H37Ra.

Singh et al.(2021)Synthesizedisatin hydrazone schiff base conjugated organosilicon compounds and evaluated
the antimicrobial property. MIC value is 7.8 pg/ml of compound 74 against Streptococcus pyogenes.
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Conclusion

Pyrimidines and their derivatives show significant promise as antimicrobial agents, effective against a wide
range of bacterial and fungal pathogens. Their structural diversity allows for the creation of various compounds
with targeted antimicrobial properties, enhancing their versatility in treating infections. Modifying the
pyrimidine structure with different functional groups enables the development of new drugs with improved
specificity and reduced toxicity. Pyrimidines can disrupt nucleic acid synthesis by targeting key enzymes in
their biosynthesis, such as sulfonamides and trimethoprim inhibiting dihydropteroate synthase and
dihydrofolate reductase, respectively.

The antibacterial activity of pyrimidine derivatives has been notable against pathogens like Staphylococcus
aureus, Escherichia coli, and Mycobacterium tuberculosis. They also exhibit significant antifungal properties,
with compounds like fluconazole targeting ergosterol synthesis in fungi. However, resistance development to
pyrimidine-based drugs is a concern, necessitating cautious use to prevent the emergence of resistant strains.
Some pyrimidine derivatives may pose side effects and toxicity risks, emphasizing the need for thorough
evaluation and monitoring.

Ongoing research is crucial to discovering new pyrimidine derivatives with enhanced antimicrobial properties.
Medicinal chemists are working on designing molecules that offer better efficacy and lower toxicity.
Additionally, combining pyrimidines with other antimicrobial agents can improve their effectiveness and reduce
resistance risks. Notable compounds with significant antimicrobial activity include Compound 2 (MIC 12.5
pg/mL against Staphylococcus aureus), Compound 5 (MIC 5 pL against E. coli), Compound 12 (MIC 12.5
ug/mL against Pseudomonas aeruginosa), Compound 13 (MIC 0.78 pg/mL against Mycobacterium tuberculosis
H37Rv), Compound 19 (MIC 0.25 pg/mL against Mycobacterium tuberculosis H37Rv), Compound 1 (MIC 25
pg/mL against Aspergillus terreus), Compound 3 (MIC 10.5 pg/mL against Botryosphaeria dothidea),
Compound 8 (MIC 12.5 pg/mL against Candida albicans), and Compound 31 (MIC 0.097 ug/mL against
Bacillus subtilis). The continuous exploration and development of pyrimidine derivatives are essential for
advancing their role as effective antimicrobial agents. With ongoing research, pyrimidines have the potential to
significantly expand the arsenal of drugs available to combat microbial infections.
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Hydrazones and their derivatives exhibit significant potential as antimicrobial agents due to their versatile
chemical structure and diverse mechanisms of action. Formed by the condensation of hydrazine with carbonyl
compounds, hydrazones can disrupt bacterial cell membranes, inhibit enzymes, or interfere with metabolic
pathways, making them effective against a wide range of microorganisms. Both aromatic and aliphatic
hydrazones can be synthesized with various substitutions, influencing their antimicrobial activity. Notable
antibacterial properties have been observed against pathogenic bacteria such as Streptococcus pneumoniae,
Staphylococcus epidermidis, Methicillin-resistant Staphylococcus aureus, and Mycobacterium tuberculosis.
Additionally, hydrazones have shown antifungal activity, targeting fungal cell membranes and metabolic
pathways.

However, resistance to hydrazone-based antimicrobial agents can develop, emphasizing the need for continuous
research to develop new and effective compounds. The safety and toxicity of hydrazones must be thoroughly
evaluated to ensure their suitability for therapeutic use, particularly their impact on mammalian cells. Future
research should focus on designing hydrazones with improved antimicrobial properties, reduced toxicity, and
enhanced selectivity for microbial targets through structural modification and optimization. Notable compounds
demonstrating significant antimicrobial activity include Compound 51 (MIC 0.49 pg/mL against Streptococcus
pneumoniae), Compound 52 (MIC 0.98 pg/mL against Staphylococcus epidermidis), Compound 53 (MIC 3.125
pg/mL against Methicillin-resistant Staphylococcus aureus), Compound 55 (MIC 0.39 pg/mL against Proteus
vulgaris), and Compound 57 (MIC 0.002 pg/mL against Bacillus subtilis). Hydrazones hold promise in the
broader strategy to combat antimicrobial resistance and infectious diseases, and their continued development
and research are essential for advancing their therapeutic potential.
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