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Abstract 

Schiff bases are a class of organic compounds characterized by an imine or azomethine functional 

group (-C=N-). They are formed by the condensation reaction between a primary amine and a 

carbonyl compound (aldehyde or ketone). The versatility of Schiff bases stems from their ability 

to coordinate with various metal ions, forming metal complexes with diverse structures and 

properties. These complexes have found extensive applications in various fields, including 

catalysis, medicine, and materials science. The synthesis of Schiff bases typically involves a 

simple condensation reaction between a primary amine and an aldehyde or ketone under reflux 

conditions. A suitable solvent, such as ethanol or methanol, is often used to facilitate the reaction. 

The lone pair of electrons on the nitrogen atom of the amine attacks the electrophilic carbon atom 

of the carbonyl group, forming a new carbon-nitrogen bond and a tetrahedral intermediateA proton 

is transferred from the nitrogen atom to the oxygen atom, resulting in the formation of a 

hemiaminal. A molecule of water is eliminated from the hemiaminal, leading to the formation of 

the Schiff base. 
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Introduction 

Schiff bases are versatile compounds with a wide range of applications. The synthesis of Schiff 

bases is a relatively simple process that can be carried out using various methods. The choice of 

method depends on the specific requirements of the reaction and the desired product. (Farrugia, 

2002) 

The reactivity of the amine and carbonyl compound significantly influences the reaction rate and 

yield. Aliphatic amines are generally more reactive than aromatic amines, while aldehydes are 

more reactive than ketones. 

The reaction conditions, such as temperature, solvent, and catalyst, can also affect the synthesis of 

Schiff bases.Steric hindrance around the carbonyl group or the amine can hinder the reaction, 

leading to lower yields. Conventional method involves refluxing a mixture of the amine and 

carbonyl compound in an organic solvent, such as ethanol or methanol, with or without a catalyst. 

Microwave-Assisted Synthesis method utilizes microwave irradiation to accelerate the reaction, 

leading to shorter reaction times and higher yields. The Ultrasonic-Assisted Synthesis method 

employs ultrasonic waves to enhance the reaction rate and yield. Solid-Phase Synthesis method 

involves immobilizing the amine or carbonyl compound on a solid support, allowing for easy 

purification and isolation of the product. 

Schiff bases have been extensively studied for their potential medicinal applications, including 

antitumor, antimicrobial, and anti-inflammatory activities. Schiff bases are used as dyes in various 

industries, including textile and printing. Schiff bases are used as ligands in metal complexes, 

which are employed as catalysts in various organic reactions.Schiff bases are used in the synthesis 

of various materials, such as polymers and liquid crystals. (Sheldrick, 2003) 

The synthesis of metal(II) complexes of Schiff bases usually involves the reaction between the 

Schiff base ligand and a metal salt in a suitable solvent. The choice of solvent and reaction 

conditions depends on the specific metal ion and the desired complex.  
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The Schiff base ligand and the metal salt are directly reacted in a suitable solvent, often under 

reflux conditions. The metal ion is added to a mixture of the amine and carbonyl compound, and 

the Schiff base is formed in situ in the presence of the metal ion. This method can be used to obtain 

metal complexes with specific coordination geometries. 

Various analytical techniques are used to characterize Schiff bases and their metal complexes, 

including: 

● Elemental Analysis: To determine the elemental composition of the compounds. 

● Infrared Spectroscopy: To identify the presence of functional groups, such as the imine 

group (-C=N-) and metal-ligand bonds. 

● Ultraviolet-Visible Spectroscopy: To study the electronic transitions in the compounds. 

● Nuclear Magnetic Resonance Spectroscopy: To determine the structure and bonding of the 

compounds. 

● X-ray Crystallography: To obtain detailed structural information about the compounds. 

Schiff bases and their metal complexes have a wide range of applications, including: 

● Catalysis: They can act as catalysts for various organic reactions, such as oxidation, 

reduction, and polymerization. 

● Medicine: They have been used as antimicrobial, antifungal, and antitumor agents. 

● Materials Science: They can be used to prepare materials with interesting optical, magnetic, 

and electrical properties. 

● Analytical Chemistry: They can be used as chelating agents for the separation and 

determination of metal ions. (Otwinowski, 2007) 
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Review of Literature 

Lacour et al. (2004): One of the most prominent applications of Schiff bases lies in the realm of 

medicine. Numerous studies have demonstrated their potential as antimicrobial, antifungal, 

antitumor, and anti-inflammatory agents.  

Celen et al. (2002): The ability to fine-tune their structure by modifying the substituents on the 

aromatic rings or the amine moiety allows researchers to tailor their properties for specific 

therapeutic targets. For instance, some Schiff bases have shown promising activity against 

bacterial strains resistant to conventional antibiotics, offering a potential solution to the growing 

problem of antimicrobial resistance.   

Fleck et al. (2002): Schiff bases also play a crucial role in materials science, particularly in the 

development of advanced materials with tailored properties. Their ability to coordinate with metal 

ions leads to the formation of metal-organic frameworks (MOFs), which exhibit remarkable 

properties such as high porosity, large surface area, and tunable functionality. These MOFs have 

potential applications in gas storage, separation, catalysis, and drug delivery. Additionally, Schiff 

bases can be used as building blocks for the synthesis of polymers, which find applications in 

various fields, including electronics, optics, and biomedicine.   

Synthesis of schiff bases with metal (II) complexes 

The catalytic activity of Schiff bases and their metal complexes has been extensively investigated. 

These compounds can act as efficient catalysts for a wide range of organic transformations, 

including oxidation, reduction, and carbon-carbon bond formation reactions. Their ability to 

coordinate with metal ions and activate substrates makes them attractive alternatives to traditional 

catalysts, often offering improved selectivity and efficiency.   

Beyond these major applications, Schiff bases have found utility in other areas as well. They can 

be used as dyes, pigments, and corrosion inhibitors due to their ability to form stable complexes 

with metal ions. Moreover, their photochromic and electrochromic properties make them 

promising candidates for the development of smart materials and sensors.   
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Schiff bases represent a versatile class of compounds with a wide range of applications. Their 

unique chemical and physical properties, coupled with their ease of synthesis, make them attractive 

targets for researchers in various fields. As our understanding of these compounds deepens, we 

can expect to witness even more innovative applications of Schiff bases in the years to come. 
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Schiff bases and their metal complexes have emerged as versatile compounds with a wide range 

of industrial applications. Their unique chemical and physical properties, coupled with their ease 

of synthesis and modification, make them attractive candidates for various technological 

advancements. Continued research and development in this area are expected to lead to even more 

innovative applications of Schiff bases in the future. 

Their versatility stems from their ability to coordinate with metal ions, leading to the formation of 

stable complexes with diverse functionalities.  Schiff base complexes of transition metals, such as 

titanium, zirconium, and vanadium, are employed as catalysts in olefin polymerization processes. 

These catalysts play a crucial role in controlling the molecular weight and stereochemistry of the 

resulting polymers.   
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Schiff base complexes can act as efficient catalysts for various oxidation reactions, including the 

oxidation of alcohols to aldehydes or ketones, and the epoxidation of alkenes.  Certain Schiff base 

complexes exhibit catalytic activity in hydrogenation reactions, which are important for the 

synthesis of fine chemicals and pharmaceuticals.   

Many azo dyes, widely used in the textile and printing industries, are derived from Schiff bases. 

These dyes exhibit vibrant colors and excellent lightfastness.  Schiff base complexes can be used 

to produce pigments for paints, inks, and plastics. These pigments often exhibit high color intensity 

and stability.   

Schiff bases and their metal complexes can act as effective corrosion inhibitors for metals such as 

iron, steel, and copper. They form a protective layer on the metal surface, preventing corrosion.  

Several Schiff bases and their metal complexes exhibit antimicrobial activity against bacteria, 

fungi, and viruses. They are being investigated as potential therapeutic agents for infectious 

diseases.  Some Schiff bases have shown promising anticancer activity, and research is ongoing to 

develop them into effective anticancer drugs.   

Schiff bases can be incorporated into chemical sensors for the detection of various analytes, 

including metal ions, gases, and organic compounds. These sensors are based on the ability of 

Schiff bases to undergo specific interactions with the target analyte.  Certain Schiff bases exhibit 

liquid crystalline properties, making them useful in the development of liquid crystal displays.  

Some Schiff base complexes exhibit non-linear optical properties, which are important for 

applications such as optical data storage and telecommunications.   

Conclusion 

Schiff bases and their metal complexes are versatile compounds with a wide range of applications. 

Their synthesis and characterization are relatively straightforward, making them attractive for 

various research and industrial applications. The continued development of new Schiff base 

ligands and their metal complexes is expected to lead to further advancements in various fields. 
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