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Abstract 
The alarming rise in antimicrobial resistance has become a major global health concern, necessitating the 

development of new antibacterial agents. Schiff bases, characterized by the imine functional group (-C=N-), 

have attracted significant attention due to their versatile biological properties. This study reports the 

molecular design, synthesis, and antibacterial screening of a series of Schiff base derivatives. The synthesized 

compounds were characterized using FTIR, UV-Vis, and NMR spectroscopy. Their antibacterial activity was 

evaluated against Escherichia coli, Staphylococcus aureus, and Pseudomonas aeruginosa using the disc 

diffusion method. The results revealed that several derivatives exhibited moderate to strong antibacterial 

effects, suggesting that Schiff bases are promising candidates for further antimicrobial development. 

Keywords: Schiff base derivatives, Antibacterial activity, Molecular design, Azomethine 
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1. Introduction 

The continuous emergence of antibiotic-resistant 

bacterial strains poses a significant threat to global 

public health. As existing antimicrobial drugs 

become less effective, there is a growing demand 

for the discovery and development of novel 

therapeutic agents with unique mechanisms of 

action. The exploration of new chemical scaffolds 

capable of combating multidrug-resistant bacteria 

is, therefore, a critical area of current 

pharmaceutical research. 

Among the various classes of organic compounds 

being investigated, Schiff bases have attracted 

considerable attention due to their wide range of 

biological activities. These compounds are 

characterized by the presence of an azomethine 

group (–CH=N–), formed through the condensation 

of primary amines with aldehydes or ketones. Their 

structural diversity, ease of synthesis, and capacity 

for functional modification make Schiff bases 

attractive candidates for the design of bioactive 

molecules. 

In medicinal chemistry, Schiff bases have been 

reported to exhibit antimicrobial, antifungal, anti-

inflammatory, antitumor, and antioxidant 

properties. Their antibacterial potential is often 

linked to their ability to form stable chelates with 

metal ions, interact with bacterial enzymes, or 

disrupt cellular membranes. Moreover, introducing 

various electron-donating or electron-withdrawing 

groups on the aromatic rings of Schiff bases allows 

for the fine-tuning of their biological properties. 

Several studies have indicated that the antibacterial 

efficacy of Schiff bases is influenced by both 

electronic and steric factors. Substituents that alter 

the lipophilicity, electron density, or overall 

geometry of the molecule can significantly impact 

its interaction with bacterial targets. Thus, a 

rational approach to molecular design—based on 

structure-activity relationships (SAR)—is essential 

for optimizing the antibacterial activity of these 

compounds. 

This research focuses on the synthesis of 

structurally diverse Schiff base derivatives and their 

evaluation against selected Gram-positive and 

Gram-negative bacteria. By systematically 

modifying the molecular framework and analyzing 

the antibacterial results, this study aims to uncover 

key structural features that contribute to enhanced 

antimicrobial performance. The findings may 

provide insights into the development of Schiff 

base-based antibacterial agents suitable for future 

therapeutic applications. 

2. Literature Review 

The increasing prevalence of antibiotic-resistant 

bacterial strains has prompted extensive research 

into alternative chemotherapeutic agents. Schiff 

base compounds, named after the German chemist 

Hugo Schiff who first described them in the 19th 

century, have gained considerable attention due to 

their wide-ranging biological applications. These 
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compounds, containing a characteristic imine or 

azomethine functional group (–CH=N–), are known 

for their simple synthesis, structural diversity, and 

ability to coordinate with metal ions, making them 

promising candidates for medicinal and 

pharmaceutical development. 

Antibacterial Properties of Schiff Bases 

Numerous studies have highlighted the potential of 

Schiff base derivatives as effective antibacterial 

agents. Their mechanism of action is believed to 

involve inhibition of key microbial enzymes, 

disruption of bacterial cell membranes, or 

interference with nucleic acid synthesis. Schiff 

bases can also act as ligands, forming metal 

complexes with transition metals such as copper, 

zinc, cobalt, and nickel, which often enhances their 

antibacterial properties due to improved 

lipophilicity and cell permeability. 

For example, several studies have reported that 

Schiff bases derived from salicylaldehyde and 

substituted anilines exhibit significant antibacterial 

activity against common pathogens such as 

Escherichia coli, Staphylococcus aureus, and 

Pseudomonas aeruginosa. These findings suggest 

that the antibacterial potency of Schiff bases is 

closely related to the nature of the substituents on 

the aromatic rings, as well as the position of these 

groups relative to the imine functionality. 

Influence of Substituents on Antibacterial 

Activity 

Structural modifications play a vital role in 

modulating the antibacterial activity of Schiff base 

derivatives. Electron-donating groups (e.g., –OCH₃, 

–CH₃) and electron-withdrawing groups (e.g., –

NO₂, –Cl) have been studied extensively to 

understand their effects on biological activity. In 

general, Schiff bases with electron-withdrawing 

substituents tend to show higher antibacterial 

activity, possibly due to increased electrophilicity 

of the imine group, which facilitates interaction 

with nucleophilic sites in bacterial cells. 

The position of the substituent on the aromatic ring 

also affects biological activity. Para-substituted 

Schiff bases often demonstrate better activity than 

their ortho- or meta-substituted counterparts, likely 

due to favorable steric and electronic effects. These 

observations have led to the hypothesis that both 

electronic distribution and spatial orientation are 

critical factors in designing more effective Schiff 

base antibacterial agents. 

Metal Complexation and Enhanced 

Antibacterial Activity 

One of the most prominent features of Schiff bases 

is their ability to form stable complexes with metal 

ions. Numerous reports have shown that such metal 

complexes often exhibit superior antibacterial 

activity compared to the free ligands. This 

enhancement is attributed to several factors, 

including increased lipophilicity, which facilitates 

the passage of the complex through the lipid 

membranes of bacteria, and the potential of the 

metal center to catalyze redox reactions or disrupt 

essential bacterial processes. 

For instance, copper(II) complexes of Schiff bases 

derived from aromatic aldehydes and diamines 

have been reported to display enhanced 

antibacterial properties against both Gram-positive 

and Gram-negative strains. Similarly, complexes of 

nickel and cobalt with Schiff bases have shown 

potent activity, sometimes rivaling that of standard 

antibiotics. These findings support the idea that 

metal ion coordination can significantly broaden 

the scope of Schiff base-based antimicrobial agents. 

Recent Advances and Knowledge Gaps 

In recent years, a surge of interest has emerged in 

developing multifunctional Schiff bases with dual 

or synergistic biological activities. Studies have 

explored hybrid molecules containing Schiff base 

moieties linked to pharmacologically active 

scaffolds, aiming to improve therapeutic efficacy 

while minimizing toxicity. Some researchers have 

also investigated the role of Schiff bases in drug 

delivery systems, photodynamic therapy, and as 

antimicrobial coatings for medical devices. 

Despite these advances, several knowledge gaps 

remain. Many studies focus primarily on in vitro 

screening, with limited understanding of the exact 

molecular targets or mechanisms of action. 

Moreover, there is a need for more comprehensive 

investigations into the pharmacokinetics, 

bioavailability, and toxicity profiles of Schiff base 

derivatives. Addressing these challenges is essential 

for translating promising compounds from the 

laboratory into clinical applications. 

3. Materials and Methods 

Chemicals and Reagents 

All chemicals used, including aromatic aldehydes 

and primary amines, were purchased from standard 

suppliers and used without further purification. 

Solvents were of analytical grade. 

Synthesis of Schiff Base Derivatives 

Schiff base derivatives were synthesized through 

the condensation reaction between substituted 

aromatic aldehydes and aromatic amines. The 

reaction was carried out under reflux in ethanol 

with a few drops of glacial acetic acid as a catalyst. 

The resulting products were filtered, washed with 

cold ethanol, and recrystallized. 
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General reaction scheme: 

Aromatic aldehyde + Aromatic amine → Schiff 

base (imine) derivative + H₂O 

Characterization Techniques 

 Fourier-Transform Infrared (FTIR) 

Spectroscopy: Used to confirm the presence of 

the imine group (–C=N–) typically appearing at 

1610–1660 cm⁻¹. 

 UV-Visible Spectroscopy: Analyzed for π→π* 

and n→π* transitions. 

 Proton Nuclear Magnetic Resonance (¹H-

NMR): Used to determine the structure and 

confirm the imine proton signal. 

The antibacterial activities were evaluated using the 

agar disc diffusion method. The synthesized 

Schiff base compounds were tested against: 

 Escherichia coli (Gram-negative) 

 Staphylococcus aureus (Gram-positive) 

 Pseudomonas aeruginosa (Gram-negative) 

Sterile filter paper discs (6 mm) were impregnated 

with 100 µg of each compound and placed on 

Mueller-Hinton agar plates inoculated with test 

bacteria. Plates were incubated at 37°C for 24 

hours, and the zones of inhibition were measured in 

millimeters. 

4. Results and Discussion 

All Schiff base derivatives were obtained in good 

yields (65–85%) and showed sharp melting points, 

indicating their purity. FTIR spectra confirmed the 

formation of imine bonds with characteristic 

absorption bands in the 1620–1640 cm⁻¹ range. ¹H-

NMR spectra displayed singlets corresponding to 

the azomethine proton (–CH=N–) between 8.2–8.6 

ppm, confirming successful condensation. 

 

Antibacterial Activity 

The synthesized compounds showed varying 

degrees of antibacterial activity. Compounds with 

electron-withdrawing substituents (e.g., –NO₂, –Cl) 

on the aromatic ring generally exhibited stronger 

antibacterial effects. 

Compound 
E. coli 

(mm) 

S. aureus 

(mm) 

P. 

aeruginosa 

(mm) 

SB-1 (unsubstituted) 10 12 9 

SB-2 (Cl-substituted) 15 17 14 

SB-3 (NO₂-substituted) 18 20 17 

SB-4 (OMe-substituted) 12 14 10 

 

These findings suggest that molecular 

modifications significantly influence antibacterial 

activity. Electron-withdrawing groups may enhance 

lipophilicity and membrane penetration, improving 

bacterial inhibition. 

Structure-Activity Relationship (SAR) 

SAR analysis revealed that: 

 Electron-withdrawing groups enhanced 

activity. 

 Compounds with ortho or para substitution 

showed better activity than meta-substitution. 

 The planarity and conjugation of the aromatic 

system contributed to membrane interactions.

 

Antibacterial Activity of Synthesized Schiff Base Derivatives 

Compound 

Code 

Substituent 

Group 
Type of Substituent 

E. coli 

(mm) 

S. aureus 

(mm) 

P. aeruginosa 

(mm) 

SB-1 –H (none) Neutral 10 12 9 

SB-2 –Cl (para) Electron-Withdrawing 15 17 14 

SB-3 –NO₂ (para) 
Strong Electron-

Withdrawing 
18 20 17 

SB-4 –OCH₃ (para) Electron-Donating 12 14 10 

SB-5 –CH₃ (meta) Weak Electron-Donating 11 13 10 

SB-6 –Br (ortho) Electron-Withdrawing 14 16 13 

 

5. Comparative Analysis with Other 

Antibacterial Strategies 

The search for effective antibacterial agents has led 

to the exploration of multiple compound classes 

and synthetic strategies, including natural 

antibiotics, synthetic small molecules, and metal-

based drugs. In this context, Schiff base derivatives 

offer a unique and versatile chemical framework. 

This section compares Schiff base-based 

antibacterial compounds with other common 

antibacterial approaches in terms of efficacy, 

synthesis, stability, and potential for resistance 

mitigation. 

Schiff Base Derivatives vs. Conventional 

Antibiotics 

Traditional antibiotics like penicillin, tetracycline, 

and ciprofloxacin have long been the primary tools 

against bacterial infections. These agents target 

specific bacterial processes such as cell wall 

synthesis, protein translation, and DNA replication. 

However, the rapid development of resistance 

through mutation, efflux pumps, and enzyme 

production has diminished their effectiveness. 
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Schiff bases, by contrast, often exert their 

antibacterial effects through non-specific 

mechanisms, such as disrupting bacterial 

membranes or forming reactive complexes with 

cellular components. This broader mechanism can 

reduce the likelihood of resistance development. 

Moreover, Schiff bases can be tailored easily by 

modifying their chemical structure, allowing for 

rapid optimization, which is more challenging with 

natural antibiotic frameworks. 

However, conventional antibiotics generally 

undergo extensive clinical validation and 

pharmacokinetic testing, whereas Schiff bases, 

though promising in vitro, often lack 

comprehensive in vivo and clinical studies. This 

limits their current application despite their 

synthetic advantages. 

Schiff Bases vs. Metal-Based Antibacterial 

Agents 

Another growing area of antibacterial research 

involves metal-based complexes, particularly those 

containing silver, copper, or zinc ions. These metals 

can generate reactive oxygen species, interfere with 

microbial enzymes, and destabilize membranes. 

Schiff bases, due to their strong chelating ability, 

are often used to form metal complexes that 

combine the biological activity of both the organic 

ligand and the metal ion. 

When compared to free metal ions, Schiff base-

metal complexes typically offer improved 

selectivity and reduced toxicity, thanks to 

controlled metal ion delivery. For example, 

copper(II)-Schiff base complexes have shown 

enhanced activity against both Gram-positive and 

Gram-negative bacteria compared to copper salts 

alone. This synergistic effect highlights the 

potential of Schiff bases not only as standalone 

agents but also as effective metal ion carriers. 

On the other hand, the use of metal-based drugs can 

raise concerns related to bioaccumulation, toxicity, 

and stability in physiological environments, which 

Schiff base compounds—particularly organic-only 

derivatives—can partially mitigate. 

Synthesis and Functionalization 

One of the most notable advantages of Schiff bases 

is their synthetic simplicity. Most Schiff bases can 

be prepared under mild conditions through a 

straightforward condensation of an aldehyde with a 

primary amine, often without the need for 

complicated purification techniques. 

In comparison, the synthesis of many antibiotic 

analogs or metal-based drugs requires multi-step 

procedures, high-cost reagents, or specialized 

catalysts. The cost-effectiveness and 

customizability of Schiff bases make them 

especially attractive for rapid screening and 

modification in drug development pipelines. 

 

Comparative Summary 

Parameter Schiff Base Derivatives 
Conventional 

Antibiotics 
Metal-Based Agents 

Mechanism of 

Action 

Broad (membrane, enzyme, 

DNA) 

Specific (cell wall, DNA, 

etc.) 

ROS generation, enzyme 

disruption 

Synthetic 

Simplicity 

High (one-step 

condensation) 
Moderate to low Moderate to complex 

Resistance 

Potential 
Low to moderate 

High (established 

resistance) 
Moderate 

Toxicity Risk Generally low Low to moderate 
Moderate to high (metal 

accumulation) 

Customizability 
High (substituent 

modification) 
Moderate High (ligand and metal tuning) 

Clinical Use 
Limited (mostly 

experimental) 
Extensive Experimental or limited use 

 

Conclusion of Comparative Analysis 

While conventional antibiotics continue to serve as 

first-line treatments, their declining effectiveness 

due to resistance underscores the urgency for novel 

alternatives. Schiff base derivatives offer a flexible, 

low-cost platform for antibacterial drug 

development, either as stand-alone agents or as 

ligands in metal-based complexes. Compared to 

other methods, Schiff bases strike a balance 

between synthetic ease, biological efficacy, and 

adaptability, although their clinical translation 

remains limited and requires further 

pharmacological validation. 

 

6. Conclusion 

This study highlights the potential of Schiff base 

derivatives as antibacterial agents. Structural 

modifications, particularly the introduction of 

electron-withdrawing groups, significantly enhance 

biological activity. The observed results support 
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further development of Schiff base frameworks, 

potentially leading to the synthesis of more potent 

antimicrobial compounds. Future work will include 

metal complexation and testing against resistant 

bacterial strains. 
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