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Abstract: 

Schiff’s bases, or imines, are a widely studied class of organic compounds known for their synthetic 

versatility and broad spectrum of applications in medicinal chemistry, catalysis, and materials 

science. Derived from the condensation of primary amines with aldehydes or ketones, these 

compounds exhibit remarkable structural and electronic features that facilitate metal coordination, 

tautomeric shifts, and diverse chemical transformations. This review highlights classical and green 

synthetic approaches for Schiff bases, discusses their spectroscopic and structural characteristics, and 

explores their role in various applications, particularly emphasizing their therapeutic potential and 

involvement in modern materials. The manuscript concludes with emerging trends, challenges, and 

prospective directions for future research. 

 

1. INTRODUCTION 

Schiff’s bases, also known as imines, are an important class of organic compounds that possess a functional 

group characterized by a carbon-nitrogen double bond with the general structure R₁R₂C=NR', where R' is 

typically an aryl or alkyl group. These compounds are named after the eminent German chemist Hugo 

Schiff [1], who first reported them in 1864 through the condensation of aromatic amines with aldehydes. 

Since their discovery, Schiff’s bases have garnered significant interest in the fields of organic chemistry, 

coordination chemistry, medicinal chemistry, and materials science due to their ease of synthesis, tunable 

structure, and versatile reactivity [2]. 

 

The synthesis of Schiff’s bases involves a straightforward condensation reaction between a primary amine 

and a carbonyl compound (aldehyde or ketone), producing water as the only by-product [3]. This makes the 

reaction not only synthetically attractive but also environmentally benign. Modifications in the nature of the 

substituents on the amine or carbonyl precursor can lead to a wide variety of Schiff bases with different 

electronic, steric, and functional properties, enabling the design of targeted molecules for specific 

applications. 

 

The significance of Schiff’s bases in coordination chemistry arises from the lone pair of electrons on the 

nitrogen atom in the imine group, which can act as a donor site to coordinate with transition metal ions. This 

has led to the development of a broad range of metal–Schiff base complexes with applications in catalysis, 

sensors, imaging agents, and therapeutic agents. Particularly, metal complexes of Schiff bases exhibit 

remarkable redox activity, thermal stability, and stereochemical control, which are essential features in both 

industrial catalysis and biological systems. 

 

From a medicinal chemistry perspective, Schiff’s bases have been extensively studied for their biological 

activities, including antimicrobial, antiviral, anticancer, anti-inflammatory, antimalarial, and antioxidant 

effects. Their biological efficacy is often enhanced upon coordination with metal ions, resulting in increased 

stability, bioavailability, and specificity toward biological targets. For instance, copper and nickel 
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complexes of Schiff bases have shown potent anticancer and antibacterial properties, attributed to their 

ability to bind DNA and interfere with cellular processes [4]. 

In addition to their biological and catalytic utility, Schiff’s bases have also been incorporated into material 

science research. Their conjugated systems and structural rigidity make them excellent candidates for use in 

optoelectronic devices, sensors, liquid crystals, and polymeric materials. Some Schiff bases also exhibit 

interesting photochromic and thermochromic properties, changing colour upon exposure to light or heat, 

which is valuable in the design of smart materials. 

 

The scope of this review is to present a comprehensive and up-to-date account of Schiff’s bases, with an 

emphasis on their synthetic methodologies, structural characteristics, functional versatility, and medicinal 

applications. It covers both traditional and green synthetic approaches, spectral and electronic features, their 

role in organic synthesis and catalysis, as well as their implications in the design of drugs and functional 

materials. Additionally, the review will touch upon current limitations and future directions in the 

development and application of Schiff base derivatives. 

 

In summary, Schiff’s bases are more than just synthetic intermediates; they are multifunctional entities 

whose properties and applications extend across several disciplines of chemical and biomedical sciences. 

With the growing emphasis on sustainable chemistry, bioinspired design, and nanotechnology, the relevance 

of Schiff’s bases is expected to expand, making them indispensable tools in the design and development of 

next-generation molecules and materials. 

 

2. SYNTHESIS OF SCHIFF’S BASES 

The synthesis of Schiff’s bases primarily involves the condensation of primary amines with aldehydes or 

ketones, a reaction that remains one of the most straightforward and efficient methods in organic chemistry. 

The versatility of this reaction, combined with the ease of purification and high yields, makes it a 

cornerstone for both academic and industrial research. This section explores both classical and modern eco-

friendly synthetic methods for obtaining Schiff base compounds. 

2.1 Classical Synthesis 

The traditional synthesis of Schiff’s bases follows a nucleophilic addition-elimination mechanism. In a 

typical reaction, an aldehyde or ketone reacts with a primary amine in the presence of a weak acid catalyst, 

usually under reflux conditions, to yield an imine (Schiff base) and water as a byproduct [2]: 

R-CHO + R’-NH2 → R-CH=N-R’ + H2O 

Reaction conditions: 

• Solvents: Ethanol, methanol, acetonitrile, or water 

• Catalysts: Acetic acid, p-toluenesulfonic acid, or Amberlite resins 

• Temperature: Room temperature to reflux (25–80°C) 

• Time: 1–5 hours 

This method is well-established and generally gives moderate to high yields (60–90%). However, it suffers 

from several drawbacks including the use of volatile organic solvents, lengthy reaction times, and potential 

environmental hazards. 

2.2 Green Synthetic Approaches 

In response to the increasing demand for environmentally benign processes, numerous green chemistry 

strategies have been developed for the synthesis of Schiff’s bases. These methods aim to minimize or 

eliminate hazardous solvents, reduce energy consumption, and improve overall efficiency. 

a) Solvent-Free Synthesis 

Solvent-free grinding reactions are one of the most attractive green approaches. In this method, equimolar 

amounts of the carbonyl compound and amine are physically ground together using a mortar and pestle, 

typically at room temperature. 

• Advantages: No need for solvent or catalyst 
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• Time: 5–20 minutes 

• Yield: 80–95% 

Mechanochemical mixing improves molecular interaction and accelerates the condensation reaction. This 

method has proven to be highly effective for solid and low-volatility substrates [5]. 

b) Microwave-Assisted Synthesis 

Microwave irradiation enhances molecular mobility and dipole alignment, leading to faster and more 

efficient reactions. Under microwave conditions: 

• Solvent: Minimal or ethanol 

• Catalyst: Often none 

• Time: 1–15 minutes 

• Yield: 85–98% 

Microwave synthesis is ideal for high-throughput screening of Schiff base libraries due to its short reaction 

times and excellent yields [ 6]. 

c) Ultrasound-Assisted Synthesis 

Ultrasound promotes cavitation—formation and collapse of microbubbles—which generates localized hot 

spots and enhances the reaction rate. 

• Time: 10–30 minutes 

• Yield: 75–95% 

• Benefits: Mild conditions, no catalyst required 

Ultrasound-assisted synthesis is particularly useful for reactions involving poorly soluble substrates or in 

aqueous media [7]. 

d) Ionic Liquids and Deep Eutectic Solvents (DES) 

Ionic liquids (ILs) such as 1-butyl-3-methylimidazolium hexafluorophosphate ([BMIM]PF₆) and DES 

composed of choline chloride and urea serve both as solvents and catalysts [8]. They are non-volatile, 

recyclable, and enhance the rate of reaction by stabilizing intermediates. 

• Reaction medium: ILs or DES 

• Time: 10–40 minutes 

• Yield: 75–96% 

Such systems offer the advantage of recyclability and reduced environmental burden. 

Table 1: Comparison of Traditional vs. Green Methods for Schiff Base Synthesis 

Method Solvent Catalyst Time Yield (%) 

Classical Ethanol Acetic acid 2–5 h 60–90 

Solvent-free None None 10–30 min 80–95 

Microwave-assisted Ethanol None 5–15 min 85–98 

Ultrasound-assisted Water/Ethanol None 10–30 min 75–95 

Ionic liquids [BMIM]PF₆ None 10–30 min 75–96 

DES-based ChCl: Urea None 15–40 min 70–94 

 

2.3 Special Conditions and Catalysts 

Recent research has explored the use of various catalysts to further enhance selectivity and reduce reaction 

times: 

• Heterogeneous catalysts: Zeolites, silica-supported acids, montmorillonite K-10 

• Nanocatalysts: Magnetic nanoparticles (Fe₃O₄), graphene oxide-supported acids 

• Biocatalysts: Enzyme-mediated synthesis using lipases or transaminases 

• These novel catalysts often allow recyclability and support greener synthesis. 

2.4 Recent Innovations 

• Photochemical synthesis: Visible light-mediated imine formation offers ambient temperature and 

energy efficiency [9]. 

https://www.ijfmr.com/
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• Flow chemistry: Continuous-flow reactors allow scalable and controlled synthesis with consistent 

quality. 

• Multicomponent reactions (MCRs): Integration with other nucleophiles enables one-pot access to 

more complex Schiff derivatives. 

 

3. STRUCTURAL AND ELECTRONIC CHARACTERISTICS 

Schiff’s bases (imines) are defined by the presence of a carbon–nitrogen double bond (C=N), which imparts 

them with distinctive structural, spectroscopic, and electronic properties. These characteristics are essential 

for understanding their reactivity, stability, and functionality in various fields, including catalysis, medicinal 

chemistry, and material science. A comprehensive understanding of their structure–property relationship 

allows chemists to rationally design Schiff base compounds with specific applications. 

3.1 Structural Features 

The core structural feature of Schiff’s bases is the imine group (C=N), derived from the condensation of a 

primary amine and a carbonyl compound. Depending on the nature of the substituents, Schiff bases may 

adopt linear, cyclic, or even polymeric forms. The geometry around the imine nitrogen is generally planar 

(sp²-hybridized), allowing for delocalization of π-electrons across adjacent aromatic or unsaturated 

systems. 

Tautomerism and Resonance 

Schiff bases derived from aromatic aldehydes, such as salicylaldehyde, may exhibit keto-enol tautomerism 

or imine-enamine tautomerism, especially in the presence of adjacent hydroxyl groups. This tautomerism 

can influence biological activity and metal coordination behavior. 

R-C(OH)=NH-R’ ⇌ R-CO=NH-R’ 

RC NR'

OH

RC NHR'

O

 
(proton transfer tautomerism) 

Moreover, resonance structures may stabilize certain Schiff bases, particularly those conjugated with 

aromatic rings: 

R-Ar-CH=N-R ’↔ R-Ar+=CH-N--R’ ↔ R-Ar⁻-CH=N⁺-R’ 

This resonance delocalization contributes to their planarity, dipole moment, and color, particularly for 

conjugated systems used in dyes and photochromic materials [10] 

3.2 Spectroscopic Characterization 

Infrared (IR) Spectroscopy 

The most characteristic IR feature of a Schiff base is the C=N stretching vibration, which typically appears 

in the 1600–1690 cm⁻¹ region. The exact position depends on substituents, conjugation, and intramolecular 

hydrogen bonding. 

• Free imine C=N: ~1660 cm⁻¹ 

• Conjugated imines: ~1600–1625 cm⁻¹ 

• Metal-coordinated imine: Downshift to ~1580 cm⁻¹ 

Additional bands such as –OH, –NH, or metal–ligand vibrations appear depending on the functional groups 

or complexation. 

Nuclear Magnetic Resonance (NMR) Spectroscopy 

In ¹H NMR, the proton adjacent to the imine nitrogen typically resonates at δ 8–9 ppm, deshielded due to 

the electron-withdrawing nature of the C=N group. In ¹³C NMR, the imine carbon shows a peak in the range 

δ 160–170 ppm, confirming the formation of the double bond. 

• Substitution patterns and metal coordination further influence chemical shifts. 

• In paramagnetic metal complexes (e.g., Cu²⁺), peak broadening may occur. 

UV–Visible Spectroscopy 

Conjugated Schiff bases exhibit significant absorption in the UV–Visible region due to  

π → π* and n → π* transitions. 

https://www.ijfmr.com/
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• λ_max ~280–350 nm (π → π*) 

• λ_max ~380–450 nm (n → π*), especially in metal complexes) 

Extended conjugation or interaction with transition metals causes bathochromic (red) shifts, useful in 

chromogenic sensing and dye applications. 

3.3 X-ray Crystallography and Molecular Geometry 

Single-crystal X-ray diffraction provides definitive insight into the 3D structure of Schiff bases [11]. Key 

observations include: 

• Planarity of the imine moiety   

• Bond lengths: C=N ~1.27–1.30 Å; C–N single bond ~1.45 Å 

• Intramolecular hydrogen bonding, especially in ortho-hydroxy substituted aromatic Schiff bases 

• Chelation geometry in metal complexes (e.g., square planar, octahedral) 

These features confirm the rigid and planar nature of many Schiff base ligands, which is advantageous in 

catalysis and electronic applications. 

3.4 Electronic Properties and Reactivity 

The imine group is electron-deficient, making Schiff bases good electrophiles. However, the conjugated 

nature of many Schiff bases allows for both nucleophilic and electrophilic reactivity, depending on the 

environment. 

LUMO (Lowest Unoccupied Molecular Orbital) energies are often localized on the C=N bond, favoring 

nucleophilic attack. HOMO (Highest Occupied Molecular Orbital) delocalization across aromatic rings 

enhances electron donation capabilities, particularly during metal coordination. 

Factors influencing electronic properties: 

• Substituents: Electron-donating groups increase basicity and reactivity 

• Metal complexation: Alters HOMO-LUMO gap and redox potentials 

• Solvent effects: Polar solvents stabilize ionic or dipolar tautomers 

 

3.5 Structure–Activity Relationship (SAR) 

A detailed SAR analysis of Schiff bases indicates that: 

• Electron-withdrawing groups on the aromatic ring often enhance antimicrobial and anticancer 

activities. 

• Hydroxyl groups near the imine improve metal coordination and bioavailability. 

• Planarity and rigidity enhance interaction with biological receptors and DNA. 

These correlations are useful for the design of biologically active or sensor-responsive Schiff base 

derivatives. 

 

4. SCHIFF’S BASES IN ORGANIC SYNTHESIS 

Schiff’s bases have long been recognized as key intermediates in organic synthesis due to their structural 

simplicity, chemical tunability, and reactivity under mild conditions. Their versatility enables their 

application in the synthesis of a variety of heterocyclic compounds, bioactive molecules, functional 

materials, and as chiral auxiliaries in asymmetric synthesis. This section delves into the multifaceted roles 

that Schiff’s bases play in contemporary organic synthesis [12,13]. 

4.1 Intermediates in Heterocyclic Synthesis 

One of the most prominent applications of Schiff’s bases is their use as precursors for the synthesis of 

nitrogen-containing heterocycles, a class of compounds that forms the backbone of many pharmaceuticals 

and agrochemicals. 

• Azetidines, thiazolidines, oxazolidines, and imidazoles can be synthesized by cyclization of Schiff 

bases with appropriate nucleophiles such as halides, thiols, alcohols, and diamines. 

• These heterocyclic systems often exhibit enhanced pharmacological activity, and the imine moiety in 

Schiff’s bases facilitates cyclization under mild conditions. Example: 

R-CH=N-R’ + HO-CH2CH2OH → 1,3-Oxazolidine 

https://www.ijfmr.com/
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O

NH

1,3-Oxazolidine 

This transformation involves nucleophilic attack of a hydroxyl group followed by intramolecular 

cyclization, forming a five-membered ring. 

4.2 Participation in Multicomponent Reactions (MCRs) 

Schiff’s bases serve as crucial intermediates or reactive components in multicomponent reactions 

(MCRs). MCRs are highly atom-efficient and allow the simultaneous formation of multiple bonds in a 

single synthetic operation. 

• Biginelli reaction: Schiff bases derived from β-ketoesters and aldehydes can react with urea to yield 

dihydropyrimidinones. 

• Mannich-type reactions: The imine carbon in Schiff’s bases acts as an electrophile toward enolates 

or nucleophiles, forming β-amino carbonyl compounds. 

• Hantzsch reaction: Incorporates Schiff bases in the synthesis of polyfunctional dihydropyridines, a 

well-known class of calcium channel blockers. 

These reactions are widely used in combinatorial and medicinal chemistry for the rapid synthesis of 

bioactive molecule libraries. 

4.3 Reductive Amination and Hydrogenation 

Schiff’s bases are also utilized as intermediates in reductive amination, one of the most reliable methods 

for forming C–N bonds. Hydrogenation of Schiff bases leads to the formation of secondary amines, which 

are fundamental units in pharmaceuticals, agrochemicals, and polymers. 

R-CH=N-R’   Pt/Pd/H2       R-CH2-NH-R’ 

Catalytic hydrogenation using platinum, palladium, or nickel catalysts converts imines to amines with 

excellent yields and stereoselectivity. This transformation is pivotal in the synthesis of drugs like 

amitriptyline and fluoxetine. 

4.4 Chiral Auxiliaries and Asymmetric Synthesis 

Chiral Schiff bases derived from amino acids or chiral amines have emerged as effective auxiliaries or 

ligands in asymmetric synthesis. 

• They facilitate enantioselective transformations such as Michael additions, Diels–Alder reactions, 

and aldol reactions. 

• Salicylidene amino acid Schiff bases act as chiral ligands in metal-catalyzed asymmetric 

hydrogenations, oxidation, and C–C bond-forming reactions. 

Example: The Jacobsen-Katsuki epoxidation employs chiral Mn(III)-Schiff base complexes to deliver 

epoxides with high enantioselectivity. 

4.5 Protection of Functional Groups 

The imine group of Schiff’s bases can be used to protect amines or aldehydes during multi-step synthesis. 

• Reversible formation of imines allows temporary masking of reactive –NH₂ or –CHO groups. 

• Protection is typically removed under acidic aqueous conditions, regenerating the original functional 

group. 

This strategy is commonly employed in peptide synthesis and carbohydrate chemistry to improve 

chemoselectivity. 

4.6 Schiff Bases as Organocatalysts 

In recent developments, certain Schiff bases, especially those with bifunctional groups (e.g., hydroxyl, 

thiol), act as organocatalysts in various C–C and C–X bond-forming reactions. Their nucleophilic nitrogen 

can activate electrophiles while additional groups enable dual activation or enantioinduction. 

• These catalysts promote aldol, Henry, and Michael reactions in environmentally friendly 

conditions, aligning with green chemistry goals. 

https://www.ijfmr.com/
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4.7 Reaction Examples and Mechanistic Pathways 

 

Scheme 1: Synthesis of Oxazolidines from Schiff Bases 

 

R-CH=N-R' + HOCH2CH2OH  →  Oxazolidine derivative 

 

Scheme 2: Reductive Amination of Aldehyde 

 
H2/Pd/CRCHO  +  R'NH2 RCH NR' RCH2NHR'

 
Stepwise transformation of aldehyde into secondary amine. 

 

5. COORDINATION CHEMISTRY AND CATALYSIS 

Schiff’s bases have earned a prominent place in coordination chemistry due to the presence of the imine 

nitrogen lone pair, which serves as an excellent donor site for a wide range of metal ions. The resulting 

metal–Schiff base complexes exhibit unique structural features, redox behaviour, and catalytic activity, 

finding applications in homogeneous and heterogeneous catalysis, as well as in materials and biomedical 

research [14,15,16] 

5.1 Ligand Design and Metal Complexation 

The versatility of Schiff base ligands arises from their structural tunability: by varying the substituents on 

the amine or carbonyl precursor, one can fine-tune the electronic and steric properties of the imine donor. 

Common backbones include: 

• Salicylidene Schiff bases: Derived from salicylaldehyde and aliphatic or aromatic amines, these 

ligands often form tetradentate N₂O₂ “salen” frameworks. 

Salen- N,N’-Ethylenebis(salicylideneaminato) 

• Oxime-based Schiff bases: Formed from oximes (R–C=NOH), offering N₂O donor sets. 

• Poly-Schiff bases: Multidentate ligands obtained by condensation of di- or tri-amine precursors with 

dialdehydes or trialdehydes. 

Upon coordination, the imine nitrogen (and, in polydentate systems, additional phenolic or oxime oxygen 

donors) binds to transition metals such as Cu(II), Co(II), Ni(II), Fe(III), Mn(III), and Zn(II). The 

coordination geometry depends on metal, ligand denticity, and substitution pattern: 

Metal Common Geometry Example Complex 

Cu(II) Square planar Cu(salen) 

Co(II) Octahedral / Tetra. Co(salen) / Co(salphen) 

Ni(II) Square planar Ni(salen) 

Fe(III) Octahedral Fe(salen)Cl 

Mn(III) Octahedral Mn(salen) 

 

5.2 Structural Properties 

X-ray crystallographic studies reveal that in most salen-type complexes, the metal sits in a slightly distorted 

square-planar or octahedral cavity created by the tetradentate N₂O₂ ligand. Key observations include: 

• Metal–nitrogen bond lengths: Typically 1.90–2.10 Å. 

• Metal–oxygen bond lengths: 1.80–2.00 Å. 

• Dihedral angles between the two aromatic rings of the ligand influencing electronic 

communication. 

The rigidity of the salen framework often results in high thermal and air stability of the complexes. 

5.3 Catalytic Applications 

a) Oxidation Reactions 

Metal–Schiff base complexes catalyze selective oxidation of organic substrates under mild conditions: 

https://www.ijfmr.com/
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• Epoxidation of alkenes: Mn(salen) in conjunction with an oxidant (e.g., NaOCl or PhIO) efficiently 

forms epoxides with high enantioselectivity in the Jacobsen–Katsuki protocol. 

• Alcohol oxidation: Cu(II)–Schiff base complexes catalyze aerobic oxidation of primary and 

secondary alcohols to aldehydes/ketones. 

• Sulfoxidation: Fe(III)–Schiff base catalyzed oxidation of sulfides to sulfoxides. 

b) Polymerization and Coupling 

• Ring-opening polymerization (ROP): Zn(II)–Schiff base catalysts initiate ROP of lactide and cyclic 

esters, yielding polyesters with controlled molecular weights. 

• Cross-coupling reactions: Pd(II)–Schiff base complexes facilitate Suzuki, Heck, and Sonogashira 

couplings, benefiting from the ligand’s electron-donating properties that stabilize catalytically active 

Pd(0) species. 

c) Enantioselective Transformations 

Chiral Schiff base–metal complexes form the backbone of numerous asymmetric catalytic processes: 

• Asymmetric epoxidation: Jacobsen catalysts (Mn(salen)) achieve up to >90% enantiomeric excess 

for various substituted alkenes. 

• Asymmetric hydrogenation: Rh or Ru complexes with BINOL-derived Schiff base ligands reduce 

ketones and enamides with high ee (enantiomeric excess). 

• Asymmetric Michael additions: Cu(II)–Schiff base catalysts induce high levels of enantioselectivity 

in the addition of malonates to enones. 

5.4 Mechanistic Insights 

The catalytic cycles of Schiff base complexes often involve: 

1. Ligand–substrate binding: Substrate coordinates to the metal center, activated by imine and 

phenolate donors. 

2. Redox transformations: Change in metal oxidation state (e.g., Mn(III) to Mn(V)=O intermediate) 

facilitates oxygen transfer. 

3. Product release: Regeneration of the active catalyst via reductant or oxidant. 

Spectroscopic (EPR, UV–Vis) and kinetic studies support the formation of high-valent metal–oxo species in 

oxidation and the formation of π-allyl intermediates in cross-couplings. 

5.5 Heterogeneous Catalysis 

Immobilization of Schiff base complexes on solid supports (silica, polymers, magnetic nanoparticles) 

bridges homogeneous and heterogeneous catalysis: 

• Advantages: Catalyst recyclability, easy separation, reduced metal leaching. 

• Examples: Fe–Schiff base on silica for olefin oxidation; Pd–Schiff base on magnetic Fe₃O₄ for Suzuki 

coupling. 

5.6 Future Directions 

• Bioinspired catalysts: Designing Schiff base ligands that mimic metalloenzyme active sites for 

selective transformations. 

• Photocatalysis: Light-activated Schiff base–metal complexes for green oxidation and reduction 

reactions. 

• Electrocatalysis: Schiff base complexes on conductive supports for water splitting and CO₂ reduction. 

 

6. MEDICINAL CHEMISTRY APPLICATIONS 

Schiff’s bases and their metal complexes have shown significant promise in the field of medicinal chemistry 

due to their structural tunability, ability to form stable coordination compounds, and diverse modes of 

biological action. The imine group (–C=N–), capable of forming hydrogen bonds and coordinating with 

metal ions, often plays a pivotal role in interacting with biological targets such as proteins, DNA, and 

enzymes. The incorporation of pharmacophores (e.g., aromatic rings, halogens, or hydroxyl groups) into 

Schiff base frameworks enhances their biological profiles, making them candidates for antimicrobial, 

anticancer, antiviral, antifungal, anti-inflammatory, and antioxidant therapies [17,18,19]. 
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6.1 Antimicrobial Activity 

One of the earliest and most widely studied bioactivities of Schiff bases is their antibacterial and 

antifungal potential [9]. Schiff base ligands and their complexes can disrupt microbial cell membranes, 

chelate metal ions essential for microbial metabolism, or interfere with nucleic acid synthesis. 

Mechanism of Action: 

• Schiff bases interact with microbial enzymes or DNA, inhibiting replication and protein synthesis. 

• Metal–Schiff base complexes, especially those of Cu(II), Zn(II), and Ni(II), penetrate cell 

membranes more effectively due to increased lipophilicity (as per Tweedy’s chelation theory). 

Examples: 

• Salicylideneaniline has shown inhibition zones of 12 mm against E. coli due to interaction with 

bacterial DNA gyrase. 

• Thiosemicarbazone Schiff bases exhibit high activity against Staphylococcus aureus and Candida 

albicans. 

Table 2A: Selected Schiff Bases and Their Antibacterial Activities 

Compound Organism Inhibition Zone 

(mm) 

Mode of Action 

Salicylideneaniline E. coli 12 DNA gyrase inhibition 

Vanillin–Schiff base S. aureus, P. 

aeruginosa 

14–16 Membrane disruption 

Cu–Schiff base 

complex 

E. coli, S. aureus 18–20 ROS generation + DNA 

binding 

 

6.2 Anticancer Activity 

Numerous Schiff base compounds have demonstrated cytotoxic effects against cancer cells by inducing 

apoptosis, cell cycle arrest, or oxidative stress. 

Mechanisms: 

• ROS generation damages cancer cell DNA. 

• Topoisomerase inhibition interferes with DNA replication. 

• Metal complexes such as Cu(II) and Pd(II)–Schiff bases bind to guanine residues in DNA, 

mimicking the mechanism of cisplatin. 

Examples: 

• Vanillin-derived Schiff bases showed IC₅₀ = 8.2 µM against HeLa cells. 

• Pyridine Schiff base–Cu(II) complexes demonstrated cytotoxicity in MCF-7 and HepG2 cells 

through mitochondrial disruption. 

Table 2B: Cytotoxicity of Selected Schiff Base Derivatives 

Compound Cell Line IC₅₀ (µM) Mechanism 

Vanillin–Schiff base HeLa 8.2 ROS generation, apoptosis 

Pyridine–Schiff base complex HepG2 5.6 DNA intercalation 

Thiosemicarbazone derivative MCF-7 4.9 Topoisomerase II inhibition 

 

6.3 Antifungal and Antiviral Properties 

Schiff base complexes exhibit excellent antifungal activity against pathogenic fungi like Candida albicans, 

Aspergillus niger, and Cryptococcus neoformans. 

• Schiff bases disrupt fungal cell walls and inhibit ergosterol biosynthesis. 

• Zn(II) and Ag(I) Schiff base complexes have emerged as potential antifungal agents with minimal 

toxicity to mammalian cells. 

In antiviral applications, Schiff bases inhibit viral enzymes (e.g., reverse transcriptase, proteases) and 

prevent viral entry into host cells. 
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• Schiff base derivatives of isatin and benzothiazole show inhibitory effects against HIV-1 and 

influenza A. 

6.4 Anti-Inflammatory and Analgesic Activity 

Schiff base derivatives inhibit cyclooxygenase enzymes (COX-1 and COX-2), suppressing the production of 

pro-inflammatory prostaglandins. 

• Schiff bases of 4-aminoantipyrine and salicylaldehyde exhibit comparable anti-inflammatory activity 

to diclofenac in animal models. 

• Imine-based NSAID derivatives have been explored as COX-2 selective inhibitors, minimizing 

gastrointestinal side effects. 

6.5 Antioxidant Activity 

The antioxidant potential of Schiff bases is largely due to their ability to scavenge free radicals like DPPH 

and hydroxyl radicals. 

• Presence of electron-donating groups (–OH, –OCH₃) enhances radical neutralization. 

• Schiff base–metal complexes (e.g., Mn(II), Fe(III)) mimic superoxide dismutase (SOD) activity. 

6.6 Structure–Activity Relationship (SAR) 

Studies show that electron-withdrawing groups (NO₂, halogens) increase antimicrobial and anticancer 

activity by enhancing the electrophilicity of the imine carbon. 

• Hydroxyl substitutions improve metal coordination and cellular uptake. 

• Aromatic substituents improve membrane permeability and π–π stacking with nucleic acids. 

6.7 Clinical and Preclinical Progress 

Although most Schiff base compounds are still in the preclinical phase, several have shown promise for 

further development: 

• Schiff base–Cu(II) complexes as antitumor leads in in vivo xenograft models. 

• Schiff bases conjugated with known drugs (hybrid drugs) show synergistic effects with reduced 

toxicity. 

 

7. SCHIFF’S BASES IN MATERIAL SCIENCE 

Beyond their vast roles in synthesis and biomedicine, Schiff’s bases have emerged as important functional 

molecules in materials science. Their structural rigidity, tunable electronic properties, and facile synthesis 

from renewable feedstocks make them ideal candidates for applications in optoelectronics, sensing, smart 

materials, and coordination polymers. Furthermore, Schiff base derivatives often exhibit desirable physical 

properties such as photochromism, thermal stability, and electrochemical activity, which make them key 

building blocks in the design of advanced organic and hybrid materials [20,21]. 

7.1 Photochromism and Thermochromism 

Photochromism is a light-induced reversible transformation between two states of a molecule with 

different absorption spectra (colors). Schiff bases containing azobenzene, spiropyran, or salicylidene 

aniline moieties undergo cis–trans isomerization upon exposure to UV or visible light. Example: 

Salicylideneaniline derivatives change from yellow (enol form) to red (keto form) upon UV irradiation due 

to intramolecular proton transfer and isomerization of the imine bond. 

Photo-induced:  Enol ⇌ Keto form (color change) 

These chromic properties are exploited in: 

• UV sensors 

• Smart glasses 

• Photo-switchable coatings 

Similarly, thermochromism is observed in Schiff base complexes where the color changes with 

temperature due to conformational or tautomeric shifts. 
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7.2 Electrochemical and Optical Applications 

Schiff base derivatives exhibit π-conjugation and electron donor–acceptor character, making them useful in 

electrochemical devices. Their redox-active imine groups and aromatic frameworks facilitate electron 

transfer, enabling their application in: 

• Organic field-effect transistors (OFETs) 

• Electrochromic displays 

• Photovoltaics and solar cells 

• Light-emitting diodes (OLEDs) 

Metal–Schiff base complexes also exhibit electrofluorochromism, changing luminescence intensity upon 

redox cycling—useful for information display and encryption. 

Case Study: 

A Zn(II)–salphen Schiff base complex displays a reversible oxidation wave around 0.6 V (vs. Ag/AgCl) 

and strong fluorescence at 460 nm, suggesting utility as an electroluminescent sensor. 

7.3 Liquid Crystalline Behaviour 

Schiff base compounds with long alkyl chains or rigid aromatic cores exhibit mesogenic properties, 

aligning in ordered liquid crystalline phases (nematic, smectic, or cholesteric). 

• These materials show thermal, mechanical, and optical anisotropy. 

• Modifying the aromatic spacer or side chains allows control over transition temperatures and 

birefringence. 

Applications: 

• Display technologies (LCDs) 

• Polarized light filters 

• Optoelectronic modulators 

7.4 Sensing and Detection Applications 

Schiff bases serve as highly sensitive chemical sensors for detecting metal ions, anions, and small 

molecules. 

Mechanism: 

The imine nitrogen and phenolic oxygen form a coordination pocket that selectively binds analytes, 

causing a measurable change in color, fluorescence, or conductivity. 

Examples: 

• A fluorescent Schiff base probe for Cu(II) displays fluorescence quenching upon binding, enabling 

detection at ppb levels. 

• Colorimetric Schiff base sensors for fluoride or cyanide ions operate via hydrogen bonding or 

deprotonation of –OH groups. 

These systems have been integrated into paper strips, sol–gel films, and microfluidic chips for real-time, 

field-deployable sensing. 

7.5 Polymeric and Supramolecular Materials 

Poly-Schiff bases (also called imine-based polymers) are synthesized via the condensation of di- or tri-

aldehydes with diamines, yielding high-molecular-weight materials with tunable mechanical and electronic 

properties. 

• Covalent Organic Frameworks (COFs): Porous, crystalline materials formed from Schiff base 

linkages, used in gas storage, catalysis, and drug delivery. 

• Dynamic Covalent Polymers: Exploit reversible imine bonds for self-healing, shape-memory, and 

responsive gels. 

Figure 3: Schiff Base in Covalent Organic Framework 

 

Ar-CHO   +   Ar-NH2      Ar-CH=N-Ar 

These materials combine modular synthesis with robust mechanical and thermal properties, aligning 

with sustainability goals in polymer science. 
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7.6 Smart and Responsive Materials 

Schiff base-based compounds have been integrated into: 

• Hydrogels: Crosslinked through reversible imine bonds, yielding pH- or redox-responsive gels for 

tissue engineering and drug delivery. 

• Shape-memory materials: Capable of reverting to original shape upon external stimuli (heat, pH), 

useful in biomedical devices. 

• Sensors for mechanical stress: Some Schiff base materials exhibit mechanoluminescence—emitting 

light upon deformation. 

7.7 Future Prospects in Material Science 

The development of hybrid materials incorporating Schiff bases with nanostructures such as graphene, 

metal–organic frameworks (MOFs), or carbon nanotubes is gaining momentum. 

• Nanocomposite films exhibit improved conductivity and catalytic activity. 

• Schiff base-derived coordination polymers may serve as electrocatalysts for fuel cells and battery 

electrodes. 

Ongoing efforts in 3D printing of Schiff base resins and bio-based imine polymers also point toward 

greener material solutions for advanced manufacturing. 

 

CONCLUSION 

The synthetic flexibility of Schiff’s bases has advanced considerably from classical routes to modern green 

techniques. This shift not only enhances efficiency and selectivity but also aligns with sustainability goals in 

chemical manufacturing. The choice of method depends on substrate nature, desired scale, and 

environmental considerations, making Schiff base synthesis a customizable and evolving domain. 

 

The structural and electronic characteristics of Schiff’s bases are central to their wide-ranging utility. 

Spectroscopic methods such as IR, NMR, and UV-Vis serve as powerful tools for their identification and 

functional assessment. Additionally, crystallographic and electronic analysis elucidates how structural 

features influence reactivity and application. The combination of planarity, electron delocalization, and 

tunable substituent effects makes Schiff bases ideal scaffolds in diverse domains ranging from medicinal 

chemistry to smart materials. 

 

The role of Schiff’s bases in organic synthesis is both foundational and forward-looking. Their ability to 

function as intermediates, substrates, catalysts, and chiral auxiliaries enables synthetic chemists to access 

diverse chemical architectures with high efficiency. As synthetic methods evolve toward greener and more 

sustainable practices, Schiff bases will undoubtedly continue to occupy a central position in modern organic 

chemistry. 

Schiff base-metal complexes offer a unique blend of structural robustness and tunability that makes them 

ideal ligands for catalysis. Their roles in oxidation, polymerization, cross-coupling, and asymmetric 

synthesis have transformed them into indispensable tools for green and industrial chemistry. Continued 

innovation in ligand design and catalyst immobilization will expand their applicability in modern synthetic 

methodologies and sustainable technologies. 

 

Schiff bases and their metal complexes represent a rich source of therapeutic scaffolds with multifaceted 

biological activities. Their ability to interact with DNA, proteins, and membranes, coupled with structural 

tunability and favorable pharmacokinetics, make them attractive for drug discovery. Ongoing research into 

structure optimization, toxicity profiling, and delivery systems is expected to accelerate the clinical 

translation of these compounds. 

 

Schiff’s bases offer a robust and tunable platform for the design of functional materials with applications in 

optics, electronics, sensing, and polymer science. Their combination of synthetic accessibility, electronic 
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richness, and dynamic covalent bonding makes them essential components in the next generation of smart 

and sustainable materials. 

 

While Schiff base chemistry has flourished across domains, addressing key limitations in stability, 

selectivity, and scalability is imperative. With advances in synthetic methodologies, computational tools, 

and materials engineering, the next generation of Schiff base systems is poised to deliver impactful 

innovations in medicine, catalysis, and sustainable materials. 
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