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ABSTRACT 

In this study a Schiff base ligand (SBL) and its cobalt (II) and iron(III) complexes have been 

synthesized.  SBL was obtained in high yield as a deep yellow powder, and its elemental 

composition matched the theoretical value. The cobalt (II) and iron (III) complexes of SBL were 

prepared in good yields as stable solids and showed experimental elemental compositions 

matching their proposed formulas.  FT-IR and UV-Vis spectra showed shifts indicative of ligand 

coordination. Thermogravimetric analysis revealed that the complexes decomposed in multiple 

steps above 100°C, indicating reasonable stability. X-ray diffraction showed that the cobalt (II) 

complex had an amorphous structure while the iron (III) complex was crystalline. 

The complexes exhibited moderate to high antibacterial activity against both gram-positive and 

gram-negative bacteria. The cobalt (II) complex demonstrated inhibition zones of 6.67 - 10.33 mm 

while the iron (III) complex showed zones of 6.65 - 7.67 mm. The cobalt (II) complex displayed 

the higher antibacterial activities than that of iron (III) complex.  

Keywords: Schiff base ligand, quinoline derivatives, cobalt(II) and iron(III) complexes., 

antibacterial activities 
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1. INTRODUCTION 

1.1 Background 

Coordination chemistry of transition metal complexes is gaining much popularity in the recent 

years due to their versatile applications in the various fields of chemical and medical sciences and 

comprises a large body of bio-inorganic chemistry research. It has inspired the chemical 

researchers to design and fabricate novel metal complexes, all over the world. Metal ions make 

bridge between the drug substances and pathogenic organisms and thus the field of metal drug 

interaction chemistry is growing rapidly in the medical and chemical sciences. Microbial 

interaction with a variety of metal ions at various oxidation states is sometimes beneficial or 

detrimental that depends on the physical and chemical nature of the metal ions (Abdallah, 

Mohamed, Zayed, & Abou El-Ela, 2009). Treatment of diseases by pure herbal medicines from 

nature's chest has been a quest of mankind since ancient times. Currently, there is a substantial 

decline in the use of pure herbal medicines because of complexity in their chemical extraction and 

slow interaction with diseases (Dias, Urban, & Roessner, 2012). Pharmaceutical research has 

expanded after the Second World War to include a massive screening of microorganisms for new 

antibiotics because of the discovery of penicillin. With the successful record of synthetic medicinal 

chemistry, the identification of new metabolite from living organisms would be the core 

pharmaceutical discovery efforts. However, the menace of drug resistance is haunting the medical 

science and the discovery of synthetic drugs is today's therapeutic desire of pharmaceutical 

research. Still, many natural product-based drugs are in the clinical practices that need extensive 

research (Bérdy, 2012). 

The first metal-based drug that emerged in the late 19th century was cisplatin whose serendipitous 

discovery as a potent anticancer drug opened the gate of unexplored world of metal-based 

chemotherapeutic agents. It was the most effective anticancer drug in the market (Chakraborty, 

Kumar, Ghosh, & Roy, 2010; Gibson, 2016). The resounding therapeutic success of cisplatin and 

its analogs has triggered tremendous effort in search of alternative metal-based chemotherapeutic 

agents in the past few decades. Since then, the metal-drug interaction in the field of coordination 

chemistry has been focused well and considered as an active field of research (Romero-Canelon 

& Sadler, 2013). There is a great battle between antibiotic research and increased antibacterial 

resistance in the medical science which provides ample scope for the generation of a new class of 

antibiotics with high-grade biological activities. There is an urgency to discover and characterize 
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new drugs with enhanced activity, selectivity, bioavailability and fewer side effects than 

conventional drugs to treat current diseases. 

The coordination chemistry of transition metals and their derivatives has got much attention in 

recent years because many of the biological processes which are fundamental to life are controlled 

by transition metals (Joseyphus & Nair, 2010). Many of these coordination compounds possess 

remarkable biological properties such as antibacterial, analgesic (Nair, Arish, & Joseyphus, 2012), 

antifungal, antimalarial (Gemma et al., 2006), antiviral (K. S. Kumar, Ganguly, Veerasamy, & De 

Clercq, 2010), anticancer (Gwaram & Hassandarvish, 2014), antidiabetic (Sakurai, Kojima, 

Yoshikawa, Kawabe, & Yasui, 2002), anti-HIV (Patel et al., 2012) activities and plant growth 

regulating activity (S. Kumar, Dhar, & Saxena, 2009). The O- or N- terminals of proteins can be 

coordinated to metals in numerous ways and thus can play a vital role in the function of biological 

macromolecules (Nair et al., 2012). Nitrogen, oxygen and sulphur donor ligands possess a range 

of biological applications like antitumor, antibacterial, antifungal, antimalarial and antiviral 

activities (Saadeh, 2013) and they can bind the biomolecules at their active sites (Gull & Hashmi, 

2015).  Macrocycles which contain nitrogen have a strong tendency to form stable transition metal 

complexes (Singh, Grover, Kumar, & Jain, 2011). Coordination of bi, tri and tetradentate ligands 

containing nitrogen, oxygen or sulphur donor atoms with various transition and inner transition 

metal play an important role in biological systems (Alias, Kassum, & Shakir, 2014). 

Dealing with infectious diseases remain an important and challenging problem due to various 

factors like emerging infectious diseases and the increasing number of multidrug resistant 

microbial pathogens (Yamgar et al., 2014). Schiff base continue over decades attracts antibiotic 

designer’s attention because of distinctive chelating features. Schiff bases were first discovered by 

a German chemist, Nobel Prize winner, called Hugo Schiff in the year 1864. This has 

revolutionized the chemical research in the field of coordination chemistry in the late 19th century 

(Brodowska, Catthoor, Brodowska, Symonowicz, & Lodyga-Chruscinska, 2014). In doing 

research in aniline chemistry, he studied the reactions of aniline with many other aldehydes and 

finally reached to the discovery of the imine-based organic compound called Schiff base. They are 

also called anils, imines or azomethines. This class of compounds is mainly recognized by the 

presence of an active imine (-CH=N-) group that carry potential binding site for the metal ions 

through nonbonding electrons of the nitrogen atom (Da Silva et al., 2011). The structural unit of 
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Schiff bases also possesses many other hetero-elements like oxygen and sulphur as main 

component elements for chelate formation with metals. The nature of donor atoms that act as 

coordination site, their electronegativity and steric factors largely determine the bonding ability of 

the ligands. By virtue of the presence of lone pair electrons on N-atom, electron donating character 

of the double bond and low electronegativity of nitrogen, N-atom of the azomethine group (>C=N) 

acts as a very good donor site and Schiff bases are considered as active ligands (Kostova & Saso, 

2013). 

Schiff bases occupy a leading position in metal coordination chemistry and provide a significant 

attraction due to their simplicity in preparation, variation in properties, biomedical, biochemical 

and industrial applications (Jayaseelan, Prasad, Vedanayaki, & Rajavel, 2016). There are several 

amines and carbonyl compounds in the library of organic chemistry that enable the synthesis of 

Schiff bases with diverse structural features. For the synthesis of Schiff bases, the basic carbonyl 

group may be aldehydes (aromatic or aliphatic) or a ketone. The stability of imine group is 

controlled by the presence of substituent groups attached to (>C=N) linkage.  

Schiff bases are very important structures for synthetic organic chemistry. Schiff bases are studied 

widely due to their synthetic flexibility, selectivity and sensitivity towards the central metal atom; 

structural similarities with natural biological compounds and also due to presence of azomethine 

group (-N=CH-) which imports in elucidating the mechanism of transformation and racemization 

reaction biologically (Abu-Dief & Mohamed, 2015).  Recently, many research papers have been 

published during the last few decades on the synthesis and pharmacology of Schiff base metal 

complexes.  

Thus, the present research work synthesize and characterize a Schiff base ligand (E)-2-{[(7-chloro-

2-hydroxyquinolin-3-yl) methylene] amino}-3-phenylpropanoic acid and its Co(II)and Fe(III) 

complexes. In addition, antibacterial activities of SBL and its Co(II) and Fe(III)complexes were 

studied using disk diffusion methods (Damena et al., 2022). 

1.2. Statement of the Problem 

In recent years, ailments caused by bacterial infections have increased significantly and are 

becoming a serious global health concern. For instance, Gram negative bacteria (Escherichia coli 

and Pseudomonas aeruginosa) and Gram-positive bacteria (Bacillus subtilis and Staphylococcus 
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typhi) that infect humans and animals cause various illnesses such as fever, diarrhea and related 

complications. So, growing interest in metal drug complexes has become a potential field of 

research in coordination chemistry and medical science. The search for more efficient and safer 

antibiotics generates the ideas to design and modify the existing drug libraries. Eradication of these 

diseases and associated complications continues to be hampered by drug resistance developed by 

these disease-causing organisms. The current research publications of drug substances reveal that 

the drug resistance has become a great problem in the recent years (Raman, Sakthivel, & 

Rajasekaran, 2007), for the treatment of many infectious diseases caused by bacterial pathogens 

and other causative agents. Schiff base complexes are found to have immense application in 

various fields of sciences. Although a number of chemotherapeutic agents are available in the 

market there is a global threat in the medical science because the pathogenic organisms are 

developing resistance to these agents. Therefore, it is important to search more effective and safer 

chemotherapeutic agents. 

No research works related to Schiff base derived from 2,7-dichloroquinoline-3-carbaldehyde and 

phenylalanine are in the literature search. With this expectation, metal complexes of Schiff bases 

derived from 2,7-dichloroquinoline-3-carbaldehyde and phenylalanine will be the new hope for 

better drug substances in the clinical practices. 

1.3. Objective of the Study 

1.3.1 General objective 

The main objective of this research was to synthesize and characterize the Schiff base ligands and 

their metal complexes and, investigate their antibacterial activities.  

1.3.2 Specific objectives 

The present research work has been undertaken with the following specific objectives:  

• To synthesize Schiff base ligand derived from 2,7-dichloroquinoline-3-carbaldehyde and 

phenylalanine and characterize its structure by spectroscopic techniques 

• To synthesize metal complexes of prepared Schiff base ligand taking Co(II) and Fe(III) 

salts and analyze their structures by spectroscopic techniques. 
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• To evaluate antibacterial activities of the Schiff base ligand and its Co(II) and Fe(III) 

complexes against Gram negative bacteria (Escherichia coli and Pseudomonas aeruginosa) 

and Gram positive bacteria (Staphylococcus aureus and Streptococcus pyogenes). 

1.4 Significance of the Study 

The development in the field of bio-inorganic chemistry has increased the interest in Schiff base 

complexes, since it has been recognized that many of these complexes may serve as models for 

biologically important species. These days, the require for more compelling antibacterial and 

antifungal treatments is squeezing due to the tall mortality rates that are related with bacterial and 

parasitic maladies as well as the developing number of multidrug-resistant strains. Microbes can 

quickly develop new features that make them resistant to the drugs. Therefore, there is need to 

develop novel drug analogues or active agents for the treatment of diseases with better mechanisms 

of action and structural-activity compared to the classical antibacterial organic molecules. Hence, 

efforts are being intensified towards the synthesis of metal based active agents with higher 

efficacy, increased selectivity for disease-causing organisms, lowered toxicity and wider spectrum 

of activity. Schiff base ligands and their metal ion complexes have been established as potential 

biochemically active agents. 

Even though advanced modern science and technology hails for its invention and innovation to 

control the infectious diseases, microbial resistance to antibiotics is a severe issue to be confronted 

and solved. Thus, bioinorganic chemistry opens a new way for new research and development. 

No research work related to Schiff base of (E)-2-{[(7-chloro-2-hydroxyquinolin-3-yl) methylene] 

amino}-3-phenylpropanoic acid is in the literature search. With this expectation, metal complexes 

of Schiff base derived from 7-dichloroquinoline-3-carbaldehyde and phenylalanine will be a new 

hope for better drug substances in the clinical practices. 
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2. LITERATURE REVIEW 

2.1 Schiff Base Ligands 

The chemistry of the Schiff base ligands and their metal complexes brings much current intrigued 

and includes a wide region of organometallic compounds and different viewpoints of bioinorganic 

Chemistry. Schiff bases are considered as advantaged ligands, since they are effectively arranged 

by condensation of aldehydes or ketones with amines and are able to stabilize distinctive metals in 

different oxidation states (Levasseur et al., 2023). Schiff base continue over decades attracts 

antibiotic designer’s attention because of distinctive chelating features. Schiff bases were first 

discovered by a German chemist, Nobel Prize winner, called Hugo Schiff in the year 1864. This 

has revolutionized the chemical research in the field of coordination chemistry in the late 19th 

century (Brodowska, Sykuła, Garribba, Łodyga-Chruścińska, & Sójka, 2016). In doing research 

in aniline chemistry, he studied the reactions of aniline with many other aldehydes and finally 

reached to the discovery of the imine-based organic compound called Schiff base. They are also 

called anils, imines or azomethines. This class of compounds is mainly recognized by the presence 

of an active imine (-CH=N-) group that carry potential binding site for the metal ions through 

nonbonding electrons of the nitrogen atom (Da Silva et al., 2011). The structural unit of Schiff 

bases also possesses many other hetero-elements like oxygen and sulphur as main component 

elements for chelate formation with metals. The nature of donor atoms that act as coordination 

site, their electronegativity and steric factors largely determine the bonding ability of the ligands. 

By virtue of the presence of lone pair electrons on N-atom, electron donating character of the 

double bond and low electronegativity of nitrogen, N-atom of the azomethine group (>C=N) acts 

as a very good donor site and Schiff bases are considered as active ligands (Kostova & Saso, 2013).  

According to Kejal and coworkers, these compounds form an important class of widely used 

organic compounds with a wide variety of applications in many fields including analytical, 

biological, and inorganic chemistry (Kajal, Bala, Kamboj, Sharma, & Saini, 2013). Schiff bases 

occupy a leading position in metal coordination chemistry and provide a significant attraction in 

creating novel lead due to their simplicity in preparation, variation in properties, biomedical, 

biochemical and industrial applications (Jayaseelan et al., 2016).  
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2.1.1 Synthesis of Schiff base 

There are several amines and carbonyl compounds in the library of organic chemistry that enable 

the synthesis of Schiff bases with diverse structural features. For the synthesis of Schiff bases, the 

basic carbonyl group may be aldehydes (aromatic or aliphatic) or a ketone. The mechanism of 

Schiff base synthetic reaction involves a nucleophilic attack of the primary amine through its lone 

pair of electrons on the electrophilic carbonyl carbon. A 1,3-H shift follows, which facilitates the 

removal of water to give the protonated imine, with subsequent disassociation of this species to 

give the Schiff base product as shown in the Scheme 1 (Aljamali, Hadi, Mohamad, Salih, & 

Aljamali, 2019). 

                         

Scheme 1: Mechanism of imine formation (Aljamali et al., 2019) 

Where R and R1 represents an alkyl, aryl, cycloalkyl or heterocyclic groups which may be variably 

substituted.  The formation of Schiff base is a reversible process and generally takes place by 

refluxing the mixture under the neutral condition or in the presence of acid or base catalysts.  

Scheme 1: Mechanism of imine formation 0-1According to Kailas and co-workers, four common 

methods, namely microwave, room temperature, grindstone and reflux, for synthesizing Schiff 

bases have been advanced and vary in reaction time, product and percentage yield (Kailas, Sheetal, 

Anita, & Apoorva, 2016). The microwave method of synthesis is temperature controlled and takes 

a shorter time to proceed to completion. The use of microwave irradiation can generate localized 

heating within the reaction mixture, which can accelerate the reaction rates and reduce the reaction 
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times. This can lead to significantly faster reaction times compared to traditional thermal heating 

methods. Additionally, it can lead to higher yields of the desired product (Vass, Dudás, & Varma, 

1999). 

Grindstone method is a newly developed and green way of synthesizing Schiff bases. The pH of 

an ethanol solution of the aldehyde and the primary amine in a mortar is adjusted by addition of a 

few drops of citric acid. The solution is then ground using a pestle for five to ten minutes. After 

the reaction is complete, cold water is added to precipitate out the product. The precipitate obtained 

is collected by filtration, dried, recrystallized from ethanol and dried at room temperature (Garay, 

Pichon, & James, 2007; Kailas et al., 2016). 

Solvent-based (reflux method) synthesis of Schiff bases typically involves the use of appropriate 

solvents, such as ethanol or methanol, in which a mixture of an amine and an aldehyde or ketone 

is refluxed in an acidic, basic, or neutral medium. The solvent helps to promote the reaction 

between reactants and control the reaction conditions, such as temperature and concentration. The 

reaction mixture is then refluxed with controlled heating for two to three hours and then cold water 

added to precipitate out the product. The precipitate is collected by filtration, dried, recrystallized 

from ethanol and dried at room temperature. This is an important and widely used method, 

particularly when high-quality products are required and solvent choice is carefully considered 

(Cao, Crawford, Shi, & James, 2020). 

Room temperature method entails the addition of a solution of an aldehyde to a primary amine in 

ethanolic solution in a reaction vessel. The pH of the resulting mixture is adjusted by addition of 

two to three drops of sodium hydroxide. The reaction mixture is then magnetically stirred for one 

to two hours at room temperature and cold water added to precipitate out the product. The 

precipitate obtained is collected by filtration, dried, recrystallized from ethanol and dried at room 

temperature. This method gives the best yield and easily forms the product (Garay et al., 2007). 

In this study, the solvent method was used to prepare the SBL because the method is an important 

and widely used method, particularly when high-quality products are required and solvent choice 

is carefully considered. The complexes on the other hand were prepared using the aqueous based 

reflux method. This is because the method is simple, low cost and gives the desired product with 

precise control over reaction parameters. 
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2.1.2 Application of Schiff bases 

The compounds containing azomethine group known as Schiff bases, are an excellent class of 

ligands that show a lot of biological importance as well as wide range of applications (Althobiti & 

Zabin, 2020). These include application in coordination chemistry, agriculture, in synthesis and 

chemical analysis, and in medicine and pharmacy. Schiff base had recognized as a significant class 

of biologically active molecules, which has gained key attention of medicinal chemists attributable 

to their broad range of pharmacological properties. Many researchers have synthesized these 

compounds to battle various diseases with the minimum toxicity and maximum effects (Patil & 

Vibhute, 2021).  

2.1.2.1 Application of Schiff bases in coordination chemistry 

Schiff bases are very important structures for synthetic coordination chemistry. Transition metal 

complexes of Schiff bases are generally formed by the chelation of Schiff base ligands with metal 

ions at variable oxidation states. The vacant d-orbitals of metal ions make available space for the 

easy coordination of nonbonding electrons of donor atoms of ligand and even sometimes this 

ligation takes place by deprotonation process. There is a general rule of coordination chemistry 

that chelation makes the complex compounds more stable due to electron circulation inside the 

ring and changes the physiological profile of the complexes (Sumrra et al., 2014). In fact, their 

stability increases when the chelate ring is five or six member. The aryl group bonded to the 

nitrogen or to the carbon of the azomethine group prevents them from rapid decomposition and 

polymerization. A lone pair electron in sp2 hybrid orbital of azomethine nitrogen is of considerable 

chemical and biological importance since it makes easy coordination with metals. Variation in the 

denticity of Schiff bases makes control over the stereochemistry of metal complexes which affects 

in their physiological profiles. These complexes carry a wide range of applications in catalytic 

chemistry, analytical, clinical and biochemical fields and in addition, they also possess 

considerable physiological activities. Multifunctional activities of such metal complexes are the 

prime sources of metal-based research in the chemical science (Abou-Hussein & Linert, 2014; 

Cozzi, 2004; Shebl, 2014).  

 

2.1.2.2 Application of Schiff bases in medicine and pharmacy 

Schiff bases are studied widely due to their synthetic flexibility, selectivity and sensitivity towards 

the central metal atom; structural similarities with natural biological compounds have a broad 
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range of biological properties which include: antitumor, antiviral, antifungal, antibacterial 

activities. This is mainly due to presence of azomethine group (-N=CH-) which imports in 

elucidating the mechanism of transformation and racemization reaction biologically (Abu-Dief & 

Mohamed, 2015). Schiff base had recognized as a significant class of biologically active drug 

molecules, which has gained key attention of medicinal chemists attributable to their broad range 

of pharmacological properties. Many researchers have synthesized these compounds to battle 

various diseases with the minimum toxicity and maximum effects (Patil & Vibhute, 2021). 

Quinoline is classified under the alkaloid class of natural products and is present in various plants, 

pharmaceuticals, agrochemicals, and dyes. It had used as a chelating agent due to its N-donor 

ligands in coordination chemistry to form complexes. Quinoline and its derivatives have numerous 

applications in the biological field with diverse pharmacological properties. Interesting 

pharmacological properties have been associated with quinoline derivatives like 2-oxo-quinoline, 

2-chloro-quinoline, and 2-chloroquinoline-3-carbaldehyde shows antimicrobial, antimalarial, anti-

inflammatory, antitumor, anti-parasitic, antiproliferative, antineoplastic, antidiabetic, antifungal, 

anticonvulsant, antiviral and anticancer activities (Patil & Vibhute, 2021; Rajewar, Dharmale, & 

Pingalkar, 2015). 

Schiff bases continue to be of great interest, owing to their inherent biological activities, versatile 

metal binding properties, and flexibility to modify the structure to fine-tune it for a particular 

biological application (Malik, Dar, Gull, Wani, & Hashmi, 2018). Imines derived from 

chloroaniline and salicyladehyde, specifically, have been considered as potential pharmaceutically 

interesting compounds. This is because; several of the members of this family have shown 

antiviral, antitumor or antimicrobial activities (Ma et al., 2002; Siddiqui, Iqbal, Ahmad, & Weaver, 

2006). These biological activities are attributed to the imine group, the C=N linkage. As biological 

models, they help in understanding the structure of biomolecules and biological processes 

occurring in living organisms. The bases have also been identified as promising antibacterial, 

antiviral, anticancer agents and often tested as antimalarial (Malik et al., 2018). For example, N-

(Salicyldene)-2-hydroxyaniline is active against M. tuberculosis (Ommenya, 2021). Imine 

derivatives of N-hydroxy-N’-aminoguanidine exhibited a high antitumor activity. The imine 

blocks ribonucleotide reductase in tumor cells, and is used in the treatment of leukemia 

(Ommenya, 2021). Thus, Schiff bases are being researched upon deeply owing to their unique and 

important role in coordination chemistry and medicine. 
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2.1.2.3 Application of Schiff bases in some more areas 

Schiff bases and their complexes have been extensively studied for their interesting and significant 

properties. These compounds exhibit a wide range of chemical and biological activities, making 

them useful in a variety of applications. One of the most notable properties of Schiff bases and 

their complexes is their ability to reversibly bind oxygen. This property has made them useful in 

the development of oxygen carriers for biomedical applications. Schiff bases have also been found 

to exhibit catalytic activity in the hydrogenation of olefins, making them useful in the production 

of fine chemicals (Igota et al., 2013). 

Another important property of Schiff bases is their photochromic properties. These compounds 

can undergo reversible color changes upon exposure to light, making them useful in the 

development of photochromic materials. Schiff bases have also been found to exhibit complexing 

ability towards some toxic metals, making them useful in the development of chelating agents for 

metal detoxification. Additionally, Schiff bases have played a special role as chelating ligands in 

main group and transition metal coordination chemistry, due to their stability under a variety of 

oxidative and reductive conditions. The imine ligands in Schiff bases are borderline between hard 

and soft Lewis bases, making them useful in a variety of applications where ligand selectivity is 

important. This unique property has made Schiff bases and their complexes valuable tools in the 

development of new catalysts, sensors, and materials. The diverse and interesting properties of 

Schiff bases and their complexes make them important compounds in a wide range of fields, 

including chemistry, biology, and materials science (Igota et al., 2013).  

The high affinity of Schiff bases towards transition metal ions is often utilized in the preparation 

of their solid complexes. The chelating ability of Schiff bases arises from their ability to coordinate 

with metal ions through the nitrogen and oxygen atoms in the imine and/or amine functional 

groups. This coordination can lead to the formation of stable complexes, which can be useful in a 

variety of applications. Solid complexes of Schiff bases and transition metals are of particular 

interest due to their potential applications in catalysis, sensing, and materials science. These 

complexes can exhibit unique and tunable properties, depending on the choice of metal ion and 

Schiff base ligand. For example, the electronic properties of the metal ion can influence the 

catalytic activity of the complex, while the structure of the Schiff base ligand can affect the stability 

and selectivity of the complex (Sobola, Watkins, & Van Brecht, 2014). 
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In addition to their chelating ability, Schiff bases and their metal complexes can exhibit a range of 

other interesting properties, such as the ability to reversibly bind oxygen, catalytic activity in 

hydrogenation of olefins, transfer of an amino group, and photochromic properties. These 

properties have made Schiff bases and their complexes important compounds in a wide range of 

fields, including chemistry, biology, and materials science. The chelating properties of Schiff bases 

and their ability to form stable complexes with transition metal ions make them valuable 

compounds for a variety of applications. The ability to tailor the properties of these compounds 

through choice of metal ion and Schiff base ligand make them particularly useful in the 

development of new materials and catalysts (Sobola et al., 2014). 

 

2.2. The Chemistry of Transition Metal Complexes of Schiff Bases 

Schiff bases are versatile pharmacophores that cave in metal ions within their structural unit due 

to the presence of various donor atoms (Kostova & Saso, 2013). Transition metal complexes of 

Schiff bases are generally formed by the chelation of Schiff base ligands with metal ions at variable 

oxidation states. The vacant d-orbitals of metal ions make available space for the easy coordination 

of nonbonding electrons of donor atoms of ligand and even sometimes this ligation takes place by 

deprotonation process. There is a general rule of coordination chemistry that chelation makes the 

complex compounds more stable due to electron circulation inside the ring and changes the 

physiological profile of the complexes (Sumrra et al., 2014). In fact, their stability increases when 

the chelate ring is five or six members. The aryl group bonded to the nitrogen or to the carbon of 

the azomethine group prevents them from rapid decomposition and polymerization. A lone pair 

electron in sp2 hybrid orbital of azomethine nitrogen is of considerable chemical and biological 

importance since it makes easy coordination with metals. Variation in the denticity of Schiff bases 

makes control over the stereochemistry of metal complexes which affects in their physiological 

profiles. These complexes carry a wide range of applications in catalytic chemistry, analytical, 

clinical and biochemical fields and in addition, they also possess considerable physiological 

activities (Abou-Hussein & Linert, 2014; Cozzi, 2004; Shebl, 2014). Multifunctional activities of 

such metal complexes are the prime sources of metal-based research in the chemical science. Many 

drug substances have the metal ion that plays a key for the better success of biological activities 

(Barnham & Bush, 2014). Several research papers describe the enhanced activities of metal 

complexes compared to the free ligand. Recently a large volume of research reports on Schiff bases 
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highlights them as a type of potential antibiotic which by chelation with metals further enhance 

their potency. Chelation causes a drastic change in the biological properties of the ligands and the 

metal moiety (Majumder, Panda, & Choudhuri, 2003). It has been reported that chelation is the 

cause and cure of many diseases including cancer. The present study of the research focuses the 

formation of several Schiff base ligands from different precursor compounds and their metal 

complexes with 3d-metal ions.  

Metal complexes have received overwhelming attention due to the ease of their preparation and 

structural variability. Metal complexes play critical part in numerous natural system. It has been 

observed that metal particles have significant impact on the antimicrobial movement of antibiotics. 

Similarly metal particles are known for their antitumor movement (Liang et al., 2017). Transition 

metal complexes derived from Schiff base ligands with promising biological activity are the focal 

point of extensive investigations in coordination chemistry due to their improvement in biological 

activities as compared to non-Schiff base complexes (Gul et al., 2024). 

 

Transition metal complexes with Schiff base ligands have been extensively synthesized and 

studied due to their various advantages and applications. Schiff bases offer flexible chemistry by 

allowing modifications to their structure, yielding complexes with different properties. This has 

made Schiff base complexes useful for a wide range of biological, photochemical and catalytic 

applications. 

Biologically, Schiff base metal complexes have shown antimicrobial, anticancer, anti-

inflammatory and enzyme inhibitory activities. This is attributed to their ability to interact with 

biomolecules like proteins and DNA via chelation. Schiff base complexes have also been found to 

exhibit photochromic effects, changing color reversibly when exposed to certain wavelengths of 

light.   

Schiff base complexes play an important role as catalysts in homogenous and heterogeneous 

reactions. The presence of donors like nitrogen and oxygen atoms in the ligand allows efficient 

binding of substrates and activation of reactants. This catalytic activity has enabled the use of 

Schiff base complexes as agrochemicals for crop protection. The ease of synthesis, structural 

versatility and coordination flexibility of Schiff bases make them ideal ligands for forming stable 

complexes with transition metals. By modifying the aryl groups and substituents on the Schiff base 
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ligand, complexes with tailored properties and reactivity can be obtained.  In summary, the diverse 

applications of transition metal Schiff base complexes arise from their ability to form stable 

structural motifs with variable characteristics. This tunability, stemming from the modifiable 

Schiff base ligands, has fueled the extensive synthesis and study of these complexes for biological, 

photochemical and catalytic purposes  (Tan, Yang, Zheng, Sarwar, & Yang, 2023). 

2.2.1 Biological Applications of Schiff Bases and Their Metal Complexes 

Recent advances in coordination chemistry reveal Schiff base as a privileged ligand since most of 

the bio-molecules in the living system are structurally similar to this class of compound. The 

biofunctional activity of metal-based complexes in medicine and chemotherapy has spurred the 

growth of interest in the scientific world in the past few decades, after the successful clinical 

application of Cisplatin as a potential anticancer drug. So, metal drug interaction in medical 

science is becoming a subject of great research interest (Hannon, 2007; Reedijk, 2008). Transition 

metal chemistry of Schiff bases has gained momentum in the late 19th century and since then 

metal-based drugs of Schiff bases drew the significant interest of researchers in the medical science 

for their immense biological activities. Most of the metals being unnatural to the human body, 

because of having no effective mechanism for their rejection and toxic behavior (Murtaza et al., 

2012), there has been a rapid expansion in research and development of novel metal-based drugs 

with improved pharmacological properties. Several medical problems that arise due to free metal 

ions toxicity may be ameliorated by their chelation with ligands.  

Schiff base metal complexes have important biological applications as antibacterial, antifungal, 

antitumor, analgesic, anti-inflammatory and antimicrobial agents. It has found, that some drugs 

have greater activity when administered as metal complexes than as free organic compound  

(Shoaib, Rahman, Shah, & Umar, 2015).           

Antibacterial activity of such ligand containing donor atoms can be enhanced significantly by 

coordination to a metal ion (Al-Redha, Ali, & Mohammed, 2022). The compounds containing 

azomethine group known as Schiff bases, are an excellent class of ligands and widely used in 

coordination chemistry (Althobiti & Zabin, 2020). Schiff base had recognized as a significant class 

of biologically active drug molecules, which has gained key attention of medicinal chemists 

attributable to their broad range of pharmacological properties. Many researchers have synthesized 
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these compounds to battle various diseases with the minimum toxicity and maximum effects (Patil 

& Vibhute, 2021).  

The enlargement in the branch of bio-inorganic chemistry has expand the interest in Schiff base 

metal complexes, since many of the Schiff base metal complexes may distribute as modal for 

important biological applications (Yadav, Sarkar, & Kumar, 2019). Schiff base metal complexes 

with nitrogen, sulfur and oxygen donors have been exhibited wide range of biological activities. 

Schiff base compound have been taken considerable attention by many researchers for many 

reasons like ease of preparation, stability, in addition to its wide applications in various fields. 

Schiff base transition-metal complexes used in pharmaceutical and medicinal chemistry since the 

discovery of cisplatin. Several coordination compounds of metal ions (chromium, cobalt, copper, 

manganese, molybdenum, palladium, ruthenium, tungsten, vanadium, and zinc) have been applied 

in the treatment of various diseases owing to their antimicrobial and antioxidant, anticancer, 

antiproliferative, anti-inflammatory, antitumor and antidiabetic activities. 

 

 

 

2.2.2 Other Applications of Schiff Bases and Their Metal Complexes 

Schiff base metal complexes also bear various important applications in chemical, industrial and 

electronic fields. In the material science, they are found to have good corrosion inhibitory activity 

(Madkour & Elroby, 2015). This phenomenon is the spontaneous formation of a monolayer on the 

surface to be protected. A large number of Schiff base metal complexes are identified by an 

excellent catalytic activity in a variety of synthetic chemical reactions at high temperature (> 100 

°C) and in the presence of moisture. Many research reports display their use in homogeneous and 

heterogeneous catalysis. In many biological systems, Schiff bases and metal complexes show 

active participation in the synthesis of some life molecules like enzymes and biopolymers 

(Hameed, Al-Rashida, Uroos, Abid Ali, & Khan, 2017). Numerous scientific publication reports, 

appearing annually in the recent years, highlight the keen interest of researchers in metal 

complexes in which Schiff bases play a critical role as ligands. Due to excellent selectivity, 

sensitivity and stability of Schiff bases for specific metal ions, a large number of Schiff base 

ligands have been used as cation carriers in potentiometric sensors.  
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Schiff bases and metal complexes deliver important applications because of their photo- and 

thermochromic properties (Rawat, Mal, & Singh, 2015). They have applications in optical 

computers, to measure and control the intensity of radiation, in imaging systems, as well as in the 

molecular memory storage devices. Due to photochromic properties, they function as photo 

stabilizer, dyes for solar collectors and solar filters. Schiff bases can also be used as stationary 

phase in gas chromatography, due to their thermal stability (Lodyga-Chruscinska et al., 2015). 

Transition metal complexes are powerful catalysts for various organic transformations. They play 

important roles in oxidative processes employed in laboratory synthesis and chemical industries. 

In the recent years, Schiff bases and their metal complexes have been extensively investigated due 

to their wide range of applications as valuable catalysts. The Schiff base compounds have the 

ability to stabilize many metals in various oxidation states and control the performance of metals 

in several catalytic transformations. The Schiff bases and their transition metal derivatives are 

known to possess catalytic activity for the oxidation of alcohols and alkenes in several synthetic 

organic reactions because of their cheap, easy synthesis, their thermal and chemical stability. 

(Abdel-Rahman, Abu-Dief, Ismael, Mohamed, & Hashem, 2016)(AbdelRahman et al. 2016) have 

synthesized a new series of hexa-coordinated Cu(II) complexes of tri and tetradentate Schiff base 

ligands. The ligands were prepared by the condensation of 2-hydroxy-1-naphthaldehyde with 2-

aminopyridine for npap ligand, 4-nitro-o-phenylenediamine with isatin and 5-

bromosalicylaldehyde for bsisnph and 4-nitro-o-phenylenediamine with isatin and 2-hydroxy-1-

naphthaldehyde for npisnph ligands. These ligands were derivatized for copper (II) complexes. 

The resulted compounds were tested for catalytic oxidation of benzyl alcohols to corresponding 

aldehydes and ketones. The detailed investigation showed that copper complex of bsisnph Schiff 

base ligand possesses excellent catalytic activity than other compounds. 

Various lanthanide and ruthenium compounds are also known to possess excellent catalytic 

activity in several organic synthetic chemical reactions and deserve themselves as a very good 

catalyst. In the similar work of (Bhowon et al. 2004), some ruthenium and lanthanide Schiff base 

complexes derived from pyrrole-2- carboxaldehyde and 3,4-diaminotoluene, 1,2-

diaminocyclohexane, 1,8- diaminonaphthalin, 1,3-diaminopropane, 1,2-phenylenediamine, 1,2- 

diaminoethane and aminophenol were prepared and characterized. They have been investigated as 

catalysts for the oxidation of primary alcohols in the presence of Nmethylmorpholine-N-oxide as 
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an oxidant. The catalytic activity results revealed that the synthesized metal complexes of Schiff 

bases were found to be better catalysts than other ruthenium and lanthanide catalysts. 

 

2.3 Choice of Ligand and Metallo-Elements under Investigation 

2.3.1 Quinoline derivative Ligands 

Quinoline is classified under the alkaloid class of natural products and is present in various plants, 

pharmaceuticals, agrochemicals, and dyes. It had used as a chelating agent due to its N-donor 

ligands in coordination chemistry to form complexes. Quinoline and its derivatives have numerous 

applications in the biological field with diverse pharmacological properties. Interesting 

pharmacological properties have been associated with quinoline derivatives like 2-oxo-quinoline, 

2-chloro-quinoline, and 2-chloroquinoline-3-carbaldehyde shows antimicrobial, antimalarial, anti-

inflammatory, antitumor, anti-parasitic, antineoplastic, antidiabetic, antifungal, anticonvulsant, 

antiviral and anticancer activities (Hegazy, Hasan, Emara, Bakr, & Youssef, 2012; Patil & 

Vibhute, 2021). 

 

2.3.2.1 Cobalt 

Cobalt belongs to first-row transition metal series and displays three oxidation states, +1, +2 and 

+3. Its +3 oxidation state is extremely unstable but nevertheless is important in biology. +2 

oxidation state of the cobalt is the most stable and bears significant importance in the biological 

system. It is an essential element for life in a very trace amount and constitutes a central component 

of the vitamin B12 (cyanocobalamin), which is essential in protein formation and DNA regulation. 

Cobalt is used to treat anemia in pregnant women because it stimulates the production of red blood 

cells (RBC). However, its high concentration may damage human health (Sinha, 2014)(Sinha, 

2014). Several literatures reveal important bio-functions of cobalt complexes as having 

antibacterial, anti-tumor and others. 

 

2.3.2.2 Iron 

Iron belongs to first-row transition metal series and displays two oxidation states, +2 and +3. Its 

Both oxidation state is stable and is important in biology. It is an essential element for life and 

constitutes a central component of the hemoglobin, which is essential in oxygen transport. Iron is 

used to treat anemia in pregnant women because it stimulates the production of red blood cells 
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(RBC). Several literatures reveal important bio-functions of iron complexes as having 

antibacterial, anti-tumor antiulcer and others. 

 

2.4 The Chemistry of Co(II), and Schiff base Complexes   

Metal complexes of Schiff bases derived from substituted salicylaldehyde and various amines have 

been widely investigated because of their wide applications such as: pigments, dyes, catalysts, 

intermediates in organic synthesis and as polymer stabilizers (Sakhare, 2020). 

Cobalt (II) complex of a tridentate Schiff base from a salicylaldehyde derivative on Cesium matrix 

was also prepared and structurally characterized regarding its supra molecular structure on the 

basis of XRD data revealing a distorted octahedral character for the complex. The syntheses and 

crystal structures of the mononuclear nickel (II) complexes with Schiff-base ligands derived from 

the epimeric sugars glucosamine (2-Amino-2-deoxy-D-glucopyranos,C6H13NO5) and 

mannosamine (2-amino-2-deoxymannose, C6H13NO5) are reported (Wen, Liu, & Huang, 2019). 

2.5 The Chemistry of Fe(III) and Schiff base Complexes 

A novel Fe(III) complex of Schiff’s base derived from phenylacetylurea condensed with 

salicylaldehyde (SBPS) and thiocyanate(SCN-) ion synthesized by using microwave irradiation 

tested against E.coli, Klebsiella Pneumonia, P.aeurginosa, S. aureus, Bacillus cereus. 

Aspergillusflavus, Aspergillusniger, Aspergillusoryzae, Aspergillussojae using agar-well diffusion 

method and the complex did not show activity against the tested. Whereas, the antifungal activity 

of the complex showed enhanced activity against Aspergillus sojae (30mm), moderate activities 

against Aspergillus flavus (23mm) and Aspergillus niger (24mm), and low activity against 

Candida albicans (21mm) using the same technique (Govindharaju et al., 2019). On the other 

hand, a synthesis of series of metal ions, such as Cr(III), Fe(III) and Co(III) complexes of 

tetradentate (ONNO) Schiff base ligands showed antibacterial activity against the bacteria: 

Escherichia coli (ATCC 11230), Yersinia enterocolitica (ATCC 1501), Bacillus magaterium 

(RSKK 5117), Bacillus subtilis (RSKK 244), Bacillus cereus (RSKK 863) and the fungi: Candida 

albicans (ATCC 10239) (Keskioğlu, Gündüzalp, Cete, Hamurcu, & Erk, 2008) 
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2.6 Synthesis of Transition Metal Complexes of Schiff Bases 

2.6.1.1 Conventional or Wet Chemical Method of synthesis of Metal Complexes of Schiff Bases 

The conventional or wet chemical method for the preparation of metal complexes typically 

involves stirring and refluxing a mixture of metal salts and Schiff bases in a suitable solvent, such 

as ethanol. This method allows for the controlled formation of metal complexes through the 

coordination of the metal ion with the functional groups in the Schiff base ligand. The reaction is 

typically carried out under controlled conditions of temperature and time, to ensure production of 

the desired product. After the reaction is complete, the metal complex is washed with alcohol to 

remove any unreacted starting materials or impurities. The complex is then dried and purified for 

further characterization and use (Siddappa & Reddy, 2012). 

The wet chemical method is a versatile and widely used approach for the preparation of metal 

complexes. It allows for the synthesis of a wide range of metal complexes with different metal 

ions and Schiff base ligands. The method is relatively simple and straightforward, making it 

suitable for large-scale production. In the specific example mentioned, a metal complex with a 

carbonyl releasing Schiff base chelate was synthesized using the wet chemical method.  

 

2.6.1.2 Template synthesis Method of synthesis of Metal Complexes of Schiff Bases 

Template synthesis is a single step synthesis of metal complexes, i.e., without the isolation and 

purification of the ligand, the complex is synthesized. It is an in situ reaction (Kumbalpuri, 

Kachare, Shankarwar, & Chondhekar, 2015). The condensation of carbonyl compound and amine, 

and the coordination of metal takes place in a single step reaction (Mukherjee, Sengupta, Drew, & 

Ghosh, 2009). Template can be defined as “any species that organizes an assembly of molecular 

building blocks by non-covalent interaction favoring of a specific product” (Busch, 1992) 

Template synthesis is a useful technique to achieve the synthesis of assemblies that have unusual 

topologies such as macro cycles, rotaxanes, helicates and catananes (Neelakantan et al., 2008). 

Template synthesis can be carried out in several ways, thermodynamic, microwave irradiation and 

ultra-sonication method. In thermodynamic processes, one of the reactants binds the template and 

equilibrium is formed. This equilibrium is shifted towards the formation of a specific product. 

Microwave irradiation is an irreversible process leading to the formation of wanted product. In this 

case the reaction is very fast and shorter time with high yield. In recent years, microwave-assisted 
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synthesis has gained much attention because is pollution free, eco-friendly, low cost and offers 

high yields, simple process and handling (Busch, 1992). 

2.6.2 Synthesis of Transition Metal Complexes with Schiff Base Ligands 

Schiff bases are compounds that contain azomethine or imine (-C=N-) functional groups. The 

imine functional group in Schiff bases acts as a donor atom and provides binding sites for transition 

metal ions through coordination. Transition metals can form stable complexes by binding to the 

donor nitrogen atom, as well as other heteroatoms like oxygen and sulfur present in the Schiff base 

ligand (Wen et al., 2019).  

The synthesis of transition metal complexes with Schiff base ligands typically requires a few key 

components. An aromatic aldehyde is reacted with an amine to form the Schiff base ligand. A 

transition metal salt like a chloride or acetate salt is then added along with a base to deprotonate 

the ligand and facilitate its coordination to the metal ion. Triethylamine is often used as the base 

to make the reaction medium more basic. This helps deprotonate the ligand and generates the 

nucleophilic anion that can then coordinate to the metal ion. A weak acid like acetic acid is 

sometimes added to the reaction to prevent precipitation of the metal hydroxide (Wen et al., 2019). 

Upon ligand coordination and complex formation, several physical changes can be observed. The 

solution color typically changes, indicative of metal-ligand charge transfer transitions. 

Precipitation of the complex from the reaction mixture may also occur. The complex product can 

then be isolated by filtration, washed and dried for further characterization. The imine group in 

Schiff bases provides a donor atom for binding transition metal ions (Halabi & Strumia, 2000). 

  

2.7 Antimicrobial Activities of transition metal complexes of Schiff Base Ligands 

Antibacterial activity of such ligand containing donor atoms can be enhanced significantly by 

coordination to a metal ion(Al-redha, Ali, and Mohammed 2022). The compounds containing 

azomethine group known as Schiff bases, are an excellent class of ligands and widely used in 

coordination chemistry(Hanan A. Althobiti 2020). Schiff base had recognized as a significant class 

of biologically active drug molecules, which has gained key attention of medicinal chemists 

attributable to their broad range of pharmacological properties. Many researchers have synthesized 

these compounds to battle various diseases with the minimum toxicity and maximum effects(Patil 

and Vibhute 2021).  
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The enlargement in the branch of bio-inorganic chemistry has expand the interest in Schiff base 

metal complexes, since many of the Schiff base metal complexes may distribute as modal for 

important biological applications(Yadav, Sarkar, and Kumar 2019). Schiff base metal complexes 

with nitrogen, sulfur and oxygen donors have been exhibited wide range of biological activities. 

Schiff base compound have been taken considerable attention by many researchers for many 

reasons like ease of preparation, stability, in addition to its wide applications in various fields (Acid 

et al. n.d.). Schiff base transition-metal complexes used in pharmaceutical and medicinal chemistry 

since the discovery of cisplatin. Several coordination compounds of metal ions (chromium, cobalt, 

copper, manganese, molybdenum, palladium, ruthenium, tungsten, vanadium, and zinc) have been 

applied in the treatment of various diseases owing to their antimicrobial and antioxidant, 

anticancer, antiproliferative, anti-inflammatory, antitumor and antidiabetic activities.  

2.8 Characterization Techniques 

Ligands and their complexes are characterized by their physical (melting point, color, solubility), 

elemental analysis, thermal analysis, magnetic susceptibility, electro-chemical (conductance 

measurements and cyclic voltammetry) and spectral (UV–Visible, FTIR, 1HNMR, 13C NMR, and 

mass analysis) analytical techniques. FT-IR spectral studies revealed coordination of different 

functional groups of Schiff bases including OH, NH, CO, HC=N and azomethine, nitrogen. 

Electronic absorption spectra and magnetic susceptibility measurements indicate the electronic 

structure of the metal ion in the complexes. The electrochemical behavior (redox behavior) of the 

metal complexes is studied by cyclic voltammetry. Conductance data indicate electrolytic nature 

of metal complexes. Based on all the experimental results coordination behavior of ligands and 

geometry of metal complexes are proposed. Thermal stability as well as decomposition 

mechanisms of Schiff base and its complexes are analyzed by thermogravimetric measurements 

under an inert atmosphere. X-ray crystallography analysis revealed complexes of Schiff bases to 

have similar molecular structures providing bond lengths and angles. The structure of the 

complexes proposed from experimental analysis is validated using quantum mechanics 

calculations based on density functional theory (DFT) methods. Frontier molecular orbital’s 

(FMOs) and natural bonding orbital’s (NBOs) analysis performed by computational analysis (Fu, 

Uddin, & Zhang, 2020). 
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3. MATERIALS AND METHODS 

3.1 Chemical and Reagents 

All chemicals and reagents have been obtained from commercial sources with high quality and 

were directly used as purchased without any further treatment. 

The following chemical and reagents were used: 2,7-dichloroquinoline-3- carbaldehyde, (E)-2-

{[(7-chloro-2-hydroxyquinolin-3-yl) methylene] amino}-3- phenylpropanoic acid, cobalt (II) 

chloride (CoCl2) and Iron (III) chloride (FeCl3), hydrochloric acid, methanol, distilled water, 

ethanol, and DMSO. The Schiff base and metal complexes were prepared by standard methods. 

To perform this thesis, the following chemical and reagents were used. 2,7-dichloroquinoline-3-

carbaldehyde, HCl (E)-2-(((7-chloro-2-hydroxyquinolin-3-yl) methylene) amino)-3-

phenylpropanoic acid, metal salt (MX2, where M= Co (II) and Fe(III) where X= Chloride Cl2), 

methanol, distilled water, ethanol, and DMSO. All the chemicals such as 2-hydroxybenzaldehyde, 

aromatic amine, metal salts, and other solvents used would be of analytical graded. The Schiff 

bases and metal complexes was prepared by standard methods.  

3.2 Instruments and Apparatus 

In this study the following apparatus were used to achieve the expected results. The 1H- and 13 C-

NMR spectra of the Schiff base ligands were recorded on NMR gear working at 400 MHz utilizing 

deuterated chloroform with TMS as internal standard. The FT-IR assimilation spectra and of the 

compounds were recorded in the wavelength range of 4000 - 400 cm using Perkin Elmer Range 

100 FT-IR and Perkin Elmer Lambda 25 spectrophotometer, respectively. The FT-IR spectrometer 

were prepared with all-inclusive constricted add up to reflectance (ATR) adornment. The 

Elemental analyses examination, CHN, were done on Vario Smaller scale V1.6.2 natural analyzer 

framework GmbH, whereas the softening focuses (uncorrected) of the compounds were decided 

utilizing the Galenkemp softening point device. Electronic spectra, ultraviolet-Visible spectra were 

recorded employing Perkin Elmer Lamda Spectrophotometer within the range of 200–800 nm.  

3.3 Synthesis of SBL:(E)-2-{[(7-chloro-2-hydroxyquinolin-3-yl) methylene] 

amino}-3-phenylpropanoic Acid 

An equimolar 0.016 mol of HCl and 2,7-dichloroquinoline-3-carbaldehyde was mixed in 30 mL 

of ethanol in a beaker. And this solution was slowly poured to a solution of equimolar 0.016 mol 
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of a mixture prepared in another beaker by dissolving NaOH and Phenylalanine at room 

temperature under continuous stirring. After the solution was mixed in the two beakers the reaction 

was allowed to stand for one hour and the reaction completion was followed using TLC. Then, 

acetic acid (0.016 mol) was added and the mixture kept overnight at room temperature. The 

resulting pale-yellow solid was filtered using Whatman filter paper and dried at room temperature.    

N

H

O

ClCl

HCl

N

H

O

OHCl

2,7 dichloroquinoline-3-carbaldehyde
7 chloro-2-hydroxyquinoline-3-carbaldehyde  

Scheme 2. 7-chloro-2-hydroxyquinoiline-3-carbaldehyde formation 

  

ligand was prepared by adding a solution of 4-chloro-o-phynelendiamine 0.71 g; 5 mmol in 20 mL 

of hot ethanol drop wise with continuous stirring to a solution of 5-bromo-salicyaldehyde (2.01 g; 

10 mmol) in 20 mL hot ethanol too. The reaction mixture was refluxed for 2hrs at 70 0C. The 

resulting deep orange solid was filtered off, purified by washing several times with diethyl ether 

and recrystallized from ethanol (Abdel-Rahman et al., 2022).  
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Scheme 3. (E)-2-{[(7-chloro-2-hydroxyquinolin-3-yl) methylene] amino}-3-phenylpropanoic acid formation 

3.4 Synthesis of Cobalt(II) Complex of the Schiff Base 

Cobalt(II) complex of the quinoline derivative was prepared by mixing a 2g CoCl26H2O salt into 

40 mL of ethanol and continuous stirring at room temperature. To the other reaction vessel, SBL 

was added to 50 mL of ethanol.  Then after the two solutions were mixed into 250 mL round 

bottom flask, the pH of solution was adjusted to 6-8 using 25% ammonia solution at room 

temperature.  The reaction mixture was then refluxed on an oil bath for 5 h at 75 – 80 oC while 

continuous stirring and the progress of the reaction was monitored using TLC. After completion 
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of the reaction, the mixture was cooled down to room temperature and filtered using Whatman 

paper and washed repeatedly using ethanol and then dried in a desiccator over anhydrous calcium 

chloride (Damena et al., 2022; Yamgar et al., 2014). 

 

Scheme 4. Synthesis of Cobalt(II) complex of SBL 

3.5 Synthesis of Iron (III) Complex of the Schiff Base  

 Iron (III) complex of the quinoline derivative was prepared by mixing a 2g FeCl36H2O salt into 

40 mL of ethanol and continuous stirring at room temperature. To the other reaction vessel, SBL 

was added to 50 mL of ethanol.  Then after the two solutions were mixed into 250 mL round 

bottom flask, the pH of solution was adjusted to 6-8 using 25% ammonia solution at room 

temperature. The reaction mixture was then refluxed on an oil bath for 5 h at 75 - 80 oC while 

continuous stirring and the progress of the reaction was monitored using TLC. After completion 

of the reaction, the mixture was cooled down to room temperature and filtered using Whatman 

paper and washed repeatedly using ethanol and then dried in a desiccator over anhydrous calcium 

chloride (Yamgar et al., 2014). 

 
Scheme 5. Synthesis of Iron (III) complex 
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3.6 Antimicrobial Study of SBL and its Co(II) and Fe(III) Complexes  

The free organic ligand and its Co(II) and Fe(III) metal complexes were assessed for their 

antimicrobial capacity against different pathogenic Gram-negative and Gram-positive bacterial 

strains and fungal strains. The two Gram-negative bacterial strains used in the experiments were 

P. aeruginosa (ATCC 27853) and E. coli (ATCC25922), and the two Gram-positive bacterial 

strains used in the experiments were S. aureus (ATCC 25923) and E. faecalis (ATCC 29212). For 

antifungal activity, the common pathogenic yeast C. albicans (ATCC10231) was used. The method 

followed was agar disk- diffusion assessment method according to the Clinical and Laboratory 

Standards Institute (Cockerill et al., 2012). Muller Hinton Agar was used as a growth medium for 

bacterial strains, while Sabouraud dextrose agar nutrient was used as a microbiological growth 

medium for fungal strains. Stock solutions of the examined compounds were prepared by 

dissolving 0.02 g of each compound in 5.0 mL DMSO solvent and used for experimental tests. 

DMSO solvent was used as the negative control. The common antibacterial amoxicillin and the 

antifungal fluconazole drugs were used as references for comparison. The zones of complete 

inhibition (in millimeters) after the incubation period were measured around every compound, 

which indicates the lethality of the tested compound on the microbial microorganisms in question 

(Althobiti & Zabin, 2020) 

3.7 Statistical Analysis of Biological Activities 

Data was presented as mean ± standard deviation (SD). All variables were measured with triplicate. 

Graph Pad prism version 6 were used to analyze data. Students t- test were used to compare 

differences between groups and one-way analysis of variance (ANOVA) followed by Tukey‟s 

multiple comparison test to compare differences among groups. A value of P < 0.05 was 

considered to be statistically significant. 
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         4. RESULTS AND DISCUSSION 
The Schiff base ligand (E)-2-{[(7-chloro-2-hydroxyquinolin-3-yl) methylene] amino)-3-

phenylpropanoic acid} was successfully synthesized. The synthesis involved reacting 7-chloro-8-

hydroxyquinoline-2-carbaldehyde with L-phenylalanine in an ethanol solution. The ligand was 

reacted with cobalt chloride hexahydrate and ferric chloride hexahydrate in the presence of ethanol 

in molar ratios (1:2) CoCl3.6H2O and FeCl3.6H2O. The complexes precipitated out of solutions 

were isolated by filtration, washed and recrystallized for further studies.    

4.1 Physical Properties of the SBL and its Co(II) and Fe (III) Complexes 

The Schiff base and its Co(II) and Fe(III) complexes were obtained in good yields. The physical 

properties of the synthesized Schiff base and its metal complexes were analyzed and presented in 

table 1.  

Table 1: Physical Properties of the Schiff base and its Co(II) and Fe(III) Complexes 

Compound Color %yield M.P(0 C) D. Temp (0 C) µ (B.M) M.L(Ω-1cm2 

mol-1 ) 

SBL Deep yellow   89.75 above 170      -----     ----               ---- 

Co(II) complex Light purple  78.05     210-215      210    17.31              17.31 

Fe(III) complex Dark yellow  78.05     215-220      215    20.17              20.17 

 

The percentage yield of the Schiff base was 89.75%, while that of the complexes were 78.05%, 

and 78.05%. The Schiff base (Figure 4.1) was deep yellow in color, non-hygroscopic, and an 

amorphous powder while the Co(II) and Fe(III) complexes were light purple and dark yellow 

respectively. It was found that the melting point of the Schiff base is above 170 OC and the 

decomposition temperature of the Co(II) and Fe(III) complexes are 210 and 215 OC, this is an 

indication of thermal stability of the ligand and its metal complexes. 

The molar conductance of the metal complexes is 17.31 and 20.17 Ω-1 cm2mol-1 for Co(II) and 

Fe(III) complexes, respectively. These high values of their molar conductance are due to their 

electrolytic nature as reported by (Misra, Das, & Sinha, 1999). The calculated effective magnetic 

moment of metal complexes is 17.1 B.M. and 20.17 B.M. for Co(II) and Fe(III) complexes, 

respectively, indicate that these complexes are paramagnetic in nature.  
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Figure 1. Synthesized Schiff Base Ligand (SBL), Deep-yellow 

4.2 Solubility Test of SBL and its Co(II) and Fe(III) Complexes 

Water and some common organic solvents were used to determine the solubility of the Schiff base 

and its Co(II) and Fe(III) complexes. From the result of solubility test presented in Table 4.2, it 

can be seen that the Schiff base and its metal complexes were Soluble in dimethylsulfoxide 

(DMSO) and dimethylformamide (DMF), slightly soluble in ethanol and insoluble in n-hexane 

and water. 

                      Table 2. Solubility test of the Schiff base and its Co (II) and Fe (III) complexes 

Compound                                                Solvent 

H2O n-hexane Ethanol DMSO DMF 

SBL Insoluble Insoluble Slightly soluble Soluble Soluble 

Co(II) complex Insoluble Insoluble Slightly soluble Soluble Soluble 

Fe(III) complex Insoluble Insoluble Slightly soluble Soluble Soluble 

 

4.3 Elemental Analysis 

The elemental analysis of the Schiff base and its Co(II) and Fe(III) complexes were determined 

and presented in table 4.3. The calculated and observed values were found to be in good agreement. 

The elemental analysis data of the Schiff base suggested the formation of C19H15ClN2O3 while that 
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of the complexes revealed the formation of C19H15ClN2O4Co and C19H15ClN2O4Fe. The 

complexes are formed in 1:1 metal ligand ratio.  

Table 3. Elemental Analysis Data of the Schiff base and its Co (II) and Fe (III) Complexes 

      

 
 

Calculated molecular mass of SBL is 354.08, while the observed molecular mass was: 354.79 

m/z: 354.08 (100.0%), 356.07 (32.0%), 355.08 (20.8%), 357.08 (6.8%), 356.08 (2.8%)  

The percentage yield of the synthesized Cobalt complex was determined to be 78.05%. The 

composition of the complex was also determined. The theoretical composition was calculated for 

the molecular formula C19H19ClN2O6Co, and the percentages of each element was found to be C 

20.62%, H 4.08%, Cl 7.63%, N 6.01%, O 20.62%, and Co 12.66%..The experimental composition 

of the complex was found to be very close to the theoretical composition, with the percentages of 

each element being C 48.87%, H 3.97%, Cl 7.49%, N 6.07%, O 20.49%, and Co 12.91%. The 

elemental analysis data of the cobalt complex revealed the formation of [Co L(H2O)3].H2O with 

high purity. The complex is formed in 1:1 metal-ligand ratio.  

 
Figure 2. Synthesized Co(II)-SBL complex  
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The Fe(III) chloride hexahydrate was reacted with SBL in ethanol  gave a complex of dark yellow 

in color, non-hygroscopic, and an amorphous powder. The percentage yield of the complex was 

found to be 78.05 %..The calculated elemental Composition for C19H19ClN2O6Fe is C, 49.31%; H, 

4.11%; Cl, 7.68%; N, 6.05%; O, 20.76%; Fe, 12.08%. The experimentally obtained value for the 

complex was C, 49.18%; H, 4.01%; Cl, 7.47%; N, 6.08%; O, 20.60%; Fe 11.82% (Table 4.3).  

The experimental composition of the complex was found to be very close to the theoretical 

composition. The elemental analysis data of the Fe (III) complex revealed the formation of [Fe L 

(H2O)3].H2O. The complex is formed in 1:1 metal-ligand ratio. The metal percentages of newly 

synthesized Schiff base metal complexes which are shown in Table 4.3, give a good agreement 

with the proposed formula (calculated), and confirm binding of the metal ion to ligand site.  The 

non-hygroscopic nature of the complex also suggests it has adequate stability for further studies. 

The reliable synthesis and binding properties of Fe(III) complex will provide an ideal system to 

investigate its potential applications such as antimicrobial activity. 

 

 

Figure 3. Synthesized Fe(III)-SBL complex  
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4.4 FTIR Analysis 

The FTIR spectral data of the Schiff base and metal complexes are presented in Table 4.4 and 

Figures 4.4, 4.5 and 4.6. The FTIR spectra of the ligand and its metal complexes were recorded 

in KBr disc between 4000 cm−1 to 400 cm−1. 

Table 4. The characteristic IR bands (cm−1) of the SBL and its Co(II) and Fe(III) complexes.      

 

The FTIR spectral comparison of Schiff base ligand and metal complexes provide crucial 

information about the metal-ligand interaction and coordination mode of the ligand to the metal 

ions (Aziz, Salem, Sayed, & Aboaly, 2012) In our work, SBL displayed various IR spectral bands 

characteristic of the groups present in it, which have been shifted and even diminished in some 

cases after coordination with the metal ions. 

Preliminary identification regarding the formation of Schiff base compound was obtained from 

the absence of characteristic IR bands for amino group of aryl amine and the carbonyl group of 

aldehyde. This is further confirmed by the appearance of a new band characteristic of νC=N 

(Agarwal, Prakash, Kumar, & Aslam Khan, 2007; Mapari, Hate, & Mangaonkar, 2011). 

There is a band in the infrared spectrum of the Schiff base due to the phenolic v (OH) stretching 

vibration at 3442 cm-1. This band disappeared in the spectra of the complexes due to de-

protonation and involvement of the oxygen atom in complexion. 

The FTIR spectrum of the free Schiff base ligand has showed a strong ʋ(C=N) stretching vibration 

band at 1605 cm−1. This band shifted towards lower frequencies of 1565 and 1440 cm−1 in the 

complexes, and this suggested the participation of the nitrogen atom of the azomethine in 

coordination (Hasan et al., 2021). The weak peak indicated at 1745 cm −1 confirms an aromatic 

ring existence while a strong band at 1605 cm−1 was attributed to the v(C = N) (Muleta, Desalegn, 

Eswaramoorthy, & Garg, 2022). 
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The v(C-O) phenolic stretching of the Schiff base is observed at 1330 cm-1 which shifted to lower 

frequencies of 1060 and 1040 cm-1 in the complexes. This is an indication of coordination through 

the phenolic oxygen as reported by Mounika et al.2010 (Mounika, Pragathi, & Gyanakumari, 

2010). 

The Schiff base coordination with the metals is further evidenced by the appearance of weak low 

frequency non ligand bands at 530 and 531 cm-1 due to v(M-N) stretching vibration, and at 425 

and 470 cm-1 due to v(M-O) stretching vibration. Similar result was reported by Rasha and 

Farah.2012. 

A broad band at 3442 cm−1 characteristic to the stretching vibrations of phenolic O-H group and a 

broad band at 3147 cm−1 characteristic to the stretching vibrations of carboxylic O-H group, in the 

free ligand, the disappearance of this peak in the spectra of both complexes indicates the de-

protonation of phenol proton prior to coordination (Gunasekaran & Uthra, 2008). 

A sharp peak around 1678 cm–1 is due to C=O stretching vibrations in the free ligand. This band 

shifted towards lower frequencies of 1634 and 1616 cm-1 in the complexes, and this suggested the 

participation of the carbon atom of the carboxylic acid in coordination. The hydrated complexes 

exhibited an IR broad band at 3200 and 3210 cm−1 due to ν(H2O), suggesting the coordination of 

water molecules in both complexes. The coordination of oxygen of the phenolic group (OH) and 

nitrogen of the azomethine group (C=N) atoms is further supported by appearance of two non-

ligand bands for both complexes at 530 and 531 and 425 and 470 cm−1 due to υ(M—N) and υ(M—

O) respectively, studies on the stretching vibrations of these bonds are important in elucidating the 

structure of the complex (Abdallah et al., 2009). 
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Figure 4. FT-IR spectra of SBL   
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Figure 5. FT-IR spectra of Co (II)  complex 
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Figure 6. FT-IR spectra of Fe (III) complex 

4.5. Electronic Spectral Analysis 

The UV-VIS spectral data of the Schiff base and metal complexes are presented in in Table 4.5 

and Figures 4.7, 4.8 and 4.9.  Electronic spectra of all the compounds were recorded in DMSO.  

Table 5. Electronic spectral data λmax (nm) of the SBL and its Co (II) and Fe (III) complexes
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 The ligand structure reveals that, the azo group lone pairs of electrons are not the only interacting 

nonbonding electrons, since hydrazone moiety is additional source of lone pair of electrons 

(nitrogen and oxygen atoms). Thus, other n→π* transition is predictable to take place from these 

non-bonding orbitals to various molecular orbital extending over such a big molecule (Rageh, 

Abdel Mawgoud, & Mostafa, 1999)(Rageh, N.M.;et.al 1999). The data revealed that, the ligand 

comprised many peaks in the UV and visible regions. The shortest wavelength peaks observed at 

239 and 253 nm could be assignable to π→π* transitions of the benzenoid and intra-ligand 

[Kurtoǧlu, M.; et.al 2008 and Samanta, B.; et.al 2007]. Whereas the bands appeared at 324 and 

335 nm could be imputed to n→π* transitions of carbonyl and azomethine groups (Gup & Kırkan, 

2005)[Gup, R et.al 2005]. The bandsituated at 301 nm could be corresponded to π→π* transition 

including the π electron of the azo group (Rageh, N.M.;et.al 1999). The peak situated at 380 nm 

could be assigned to π→π* transition including the whole electronic system of the compounds 

with a considerable charge transfer character emerging fundamentally from the phenolic moiety 

(Rag eh, N.M.; et.al 1999).  

 

                                 

Figure 7. UV-Vis spectra of SBL 

The Co(II) complex showed bands at 330, 375 and 380 nm, which could imputed to (3)
4T1g(F)→ 

4T2g(P), (2) 
4T1g(F) →4A2g(F) (1) 

4T1g(F)→ 4T2g(F) transitions, respectively, referring to high 

spin Co2+ octahedral complex [Singh, B.; et.al  1987 and Lever, A.B.P 1984].  The Co-SBL 
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complex exhibits two distinct bands in the high wavelength region of the spectrum at 425-490 nm 

and 535 nm. The former band is assignable to 4T1g (F) →4T1g (P) and latter band indicates 

4T1g(F)→4T2g(F) transition, confirming its octahedral geometry (Lever, A.B.P 1984, and Tiliakos, 

M.;  et.al 2001). The magnetic moment value (17.31BM) executes high spin state of cobalt with 3 

unpaired electrons and this further supports this geometry. The high energy bands for this complex 

are observed at the range of 346-371 nm, assignable to n→π * ligand metal charge transfer 

(LMCT) transition. The 2/1 ratio for the complex is 1.61 which is lower than the regular range 

(1.95–2.48), referring that Co(II) complex has a distorted octahedral geometry (El-Tabl, Shakdofa, 

El-Seidy, & Al-Hakimi, 2012).  

                                                   

                               Figure 8. UV-Vis spectra of Co (II) complex 

 Fe (III) complex gave bands at 295, 301 nm which due to 6A1g→
4T2g and 6A1g→ 4T1(G) 

transitions. These peaks are distinctive of octahedral Fe (III) complex (Lever, A.B.P 1984, and 

Tiliakos, M.; et.al 2001). The Fe-SBL complex exhibits two distinct bands in the high wavelength 

region of the spectrum at 425-490 nm and 535 nm. The former band is assignable to 4T1g (F) →

4T1g (P) and latter band indicates 4T1g (F) →4T2g (F) transition, confirming its octahedral geometry 

(Lever, A.B.P 1984, and Tiliakos, M.; et.al 2001). The magnetic moment value (20.17 BM) 

executes high spin state of iron with 5 unpaired electrons and this further supports this geometry. 
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Figure 9. Uv-Vis absorption spectra Fe (III) complex 

4.6 NMR spectra of SBL 

NMR spectroscopy is used to identify the carbon-hydrogen framework of the organic ligand and 

metal complexes. Due to the different electronic environment of protons in the molecules, they 

show the resonance peaks at different regions of the spectrum, depending on their extent of 

shielding and deshielding effects. Furthermore, the splitting of signals into multiplets furnishes 

important information regarding the types of protons present in the molecule. Sometimes the loss 

of signal in the NMR spectrum of metal complexes relative to ligand also executes important 

information about the point of attachment of ligand with metal center (Claridge, 2009). 

4.6.1 1H NMR Spectra of SBL 

The 1H NMR Spectra results of the SBL is presented in Figure 4.10 and Table 4.6. The formation 

of SBL is supported by the 1H NMR spectral study. The 1H NMR spectrum of the Schiff base 

showed a singlet peak at 𝛿 = 8.92 ppm corresponding to the azomethine proton (– N=CH–) (El-

Sherif & Eldebss, 2011), an indication that the Schiff base was formed during the condensation 

reaction. The spectrum SBL exhibits a multiplet in 7.75 -8.02 ppm and 8.30 – 8.43 ppm regions 

which may be assigned to Ar-H and pyridin ring protons, respectively. Doublet peaks at 5.45 ppm 

is assigned to N=C-CH proton. The signal for carboxylic and phenolic proton appears at δ 10.35 

ppm and 9.05 ppm, respectively (El-Sherif & Eldebss, 2011). 
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                                          Table 6. 1H NMR spectral data of SBL 

                                            

 

Figure 10. 1H-NMR spectra of SBaL 
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4.6.2. 13C NMR Spectra of SBL 

13C NMR spectral study furnishes idea about the different kinds of carbon atoms and their 

electronic environment in the molecules. The 13C NMR spectrum of SBL delivers a signal for 

carboxylic carbon at 190 ppm. The signal for azomethine carbon appears at 172 ppm. The signal 

at 151 ppm is attributed phenolic carbon. The signal for methylene carbon appears at 39 ppm. The 

aromatic ring carbons deliver the signal in the range of 126 to 132 ppm and the signals in the range 

of 137 to 149 are attributed to pyridine ring carbons (El-Sherif & Eldebss, 2011). The recorded 

spectrum of SBL is given in the Figure 4.11 and the spectral data are reported in the Table 4.7. 

 

                             Table 7. 13C NMR spectral data of SBL          

                                          

     

Figure 11. 13C-NMR spectra of SBL  
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4.7 Thermogravimetric Analysis 

Heat sensitive physical and chemical properties of the complexes are well studied by thermal 

analysis techniques and have found wide applications in the recent years in characterizing the 

chemicals by measuring changes of properties at elevated temperatures as a function of increasing 

temperature. Measurements are used primarily to determine the composition of substances and 

also to predict their thermal stability. The thermogravimetric analysis (TGA) measures the changes 

in weight of substance as a function of temperature (Al-Resayes, 2010). The sample under 

investigation is heated at a controlled rate in an atmosphere of nitrogen and the mass loss of the 

substances is recorded as a function of temperature. The results from thermogravimetric run may 

be presented by (i) weight versus temperature curve, referred to as thermogravimetric (TG) curve, 

or (ii) rate of the weight loss versus temperature curve, referred to as the differential 

thermogravimetric (DTG) curve. The weight of the substances in the thermogram may be scaled 

as true weight scale or as a percentage of total weight. 

Thermogravimetric analyses (TGA) of the newly synthesized Co(II) complexes was carried out to 

get information about their thermal stability and to suggest a general scheme for their thermal 

decomposition as well as to ensure the nature of the associated water molecules. In this analysis, 

the heating rate was controlled at 10 °C min−1 under a nitrogen atmosphere and the mass loss was 

measured from the room temperature to 800 °C. The TGA and DTA curves for Co (II) complex is 

presented in Figures 4.12.  
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                          Figure 12. TGA-DTA graph of Co(II)-SBL Complex 

The thermogram of the Co(II)-SBL complex showed four decomposition steps in the temperature 

range of 50 to 380 °C. The first decomposition step in the range of 50 to 110 °C with % mass loss 
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of 4.826% (0.226 g) is assignable to loss of two lattice water molecules in the outer sphere region. 

The DTG temperature for this step is 80.85 °C and corresponding DTA temperature is 103.68 °C 

and reveals endothermal effect. The second and third decomposition steps with % mass loss of 

25.923% and 33.837% in the temperature range of 241 - 273 °C and 279- 300 °C respectively are 

considered to be due to loss of organic ligand moiety. The last decomposition step represents 

complete loss of ligand from the complex in the temperature range of 338 - 380 °C, leaving nearly 

7.49% cobalt oxides as end residue. The corresponding DTG temperatures for the consecutive 

second, third and fourth steps are 268.38 °C, 284.05 °C, and 357.21 °C respectively. 

The thermogram of the complexes showed that the complexes are stable up to 100 °C and no 

weight loss occurs before this temperature. This is in agreement with the spectroscopically 

determined stability constant of both complexes, which did not show any change up to 40 °C 

(Table 4.1), and this infers that the metal complexes can be used for different biological 

applications. The proposed chemical formulas of the complexes are therefore in line with TGA 

data. Accordingly, the thermal decomposition of the Co(II) complex exhibits three degradation 

steps. 

The thermogram of the Fe(III) complex (Figure 4.13) showed four decomposition steps in the 

temperature range of 50 to 778 °C. The first step of decomposition occurs within a temperature 

range of 100−130 °C, which shows a mass loss of 9.26% (calcd. = 9.26%) that corresponds to the 

loss of two water molecules. The second step of decomposition occurs within a temperature range 

of 150−510 °C, which is accompanied by a weight loss of 19.89% (calcd. = 20.71%) corresponding 

to the loss of C2H4ClOH molecules.6,68 The third step of degradation occurs in the temperature 

range of 535−778 °C and is accompanied by a weight loss of 51.43% (calcd. = 51.0%) 

corresponding to the loss of the C12H12N3 species of the quinoline ring. The actual mass loss from 

these steps is 80.58%, which is close to the calculated value of 80.97%.69.  Thereafter, the 

compound showed a gradual decomposition up to 778 °C with a weight loss of the organic moiety. 

The weight of the residue corresponds to the respective iron oxide about 19.42% (calculated = 

19.03%) (Damena et al., 2022). 
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                                Figure 13. TGA-DTA graph of Fe(III)- (SBL) complex 

4.8. X-ray Diffraction Analysis  

X-ray powder diffraction study of the substances has become a valuable tool for the 

characterization of complexes in the field of coordination chemistry. Crystal structure 

determination from powder diffraction data is much more difficult and complicated than from 

single crystal data. This is because; there is the collapse of the three dimensions of crystallographic 

information onto the single dimension of a powder diffraction pattern. Although the single crystal 

approach is much more suitable and straightforward than the powder diffraction technique for 

structure determination, the formation of single crystal for all the chemical complexes is not 

accessible. 

The study conducted an X-ray diffraction (XRD) analysis to investigate the crystal system of the 

metal complexes. The analysis was performed using Ultima IV X-ray diffractometer. Powder 

diffraction patterns of metal complexes were recorded over the range of 2θ = 50–800 at wavelength 

1.5406𝜜. The XRD results of the Co(II) and Fe(III) complexes are presented in Fig. 4.14 and 4.15. 

Single crystal growth of the synthesized SBL and its metal complexes were unsuccessful, so their 

crystallinity was assured by X-ray powder diffraction study. X-ray diffractogram of Co(II)-SBL 

complex was relatively very poor quality and diffusive. This broad bump behavior observed in the 

XRD of the Co (II) complex suggests that the material is amorphous or poorly crystalline, which 

may impact its properties and biological activity. 
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Figure 14. X-ray diffraction patterns of Co(II)-SBL complex 

X-ray diffractogram of Fe(III)-SBL complex was relatively well resolved crystalline peaks (Figure 

4.15). This sharp crystalline peaks behavior observed in the XRD of the Fe(III) complex suggests 

its crystalline phase. The formation crystalline phase highly contributes to its distinct properties 

and biological activity.  

                                  

                                Figure 15. X-ray diffraction patterns of Fe(III)-SBL complex.  

4.9. The pH Stability Range of Co(II)-SBL and Fe(III)-SBL Complexes 

The pH profile of the tested complexes exhibits well-defined dissociation curves and demonstrates 

excellent stability across a wide pH range of 5 to 10. This behavior indicates that the presence of 

our new SBL enhances the stability of all the synthesized complexes. Consequently, the pH range 

between5 to 10 is deemed suitable for various applications involving these compounds. Moreover, 
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the obtained results indicate that the synthesized complexes exhibit significantly higher stability 

compared to free SBL. 

4.10 Antibacterial Activities of SBL and its Co(II) and Fe(III) Complexes 

The synthesized complexes and their free ligands were screened for their anti-microbial activity 

against two Gram-positive (Staphylococcus aureus, S.pyogene) and two Gram-negative 

(Escherichia coli, P. aurega) bacteria, in DMSO using disc diffusion method (Abdel-rahman et al. 

2022).  It was determined at concentrations of 100 and 200 µg/mL. The ability of the Schiff base 

ligand and its metal complexes to inhibit the growth of the bacteria was compared to that of the 

known standard antibacterial drug cephro. The zone of inhibition for each of the compounds 

against the test organisms was measured in triplicate, and the average is presented as mean ± SD 

in Table 4.8. The antibacterial activity taken as the inhibition zone diameter is depicted graphically 

in Figure 4.16 and 4.17. 

Table 8. Antibacterial activities SBL and its Co(II) and Fe(III) complexes (diameter of zone of 

inhibition in mm). 

    

 
Except for S. pyogene at 100µg/mL Co(II) complex shows more significant antibacterial activities 

against both Gram-positive and Gram-negative bacteria than the free ligand at both concentrations 

of 100 and 200 µg/mL Fe(III) complex shows more activity than its parent ligand in case of S. 

aurues, E. coli and P. aeruginosa at a concentration of 200 µg/mL Except for S. pyogene, Fe(III) 

complex shows less activity than its parent ligand in case of S. aurues, E. coli and P. aeruginosa at 

a concentration of 100µg/mL. The free SBL and metal complexes show less significant 



44 

 

antibacterial activities against both Gram-positive and Gram-negative bacteria than standard 

antibacterial drug. 

The increased inhibition activities can be explained on the basis of Overtone’s concept  

(Anjaneyulu & Rao, 1986) and Chelation theory (Mishra et al., 2012). The normal cell process can 

also be disturbed by the formation of hydrogen bond through the azomethine nitrogen with the 

active centers of cell constituents. The differences in the activity of ligand and their metal 

complexes against microorganisms can be attributed to the variation in the ribosomes of microbial 

cells and the impermeability of the cells (Raman, Raja, & Kulandaisamy, 2001). 

The chelation process decreases the metal atom polarity mainly because of the positive charge of 

the metal partially shared with nitrogen and oxygen atoms present on the free Schiff base ligand, 

and there is electron delocalization over the whole complex ring. This enhances the delocalization 

of the π electrons over the entire complex ring thereby promoting the lipophilicity of the chelate 

This increases the lipophilic character of the metal chelate and favors its permeation through the 

lipid layers of the microbial membranes (Mishra et al., 2012). 

From Table 4.8, the low activity of some metal complexes is observed. This poor inhibition 

performance may be attributed to the low lipophilicity, which decreases the ability of the metal 

complex to penetrate the lipid membrane (Puckett, Ernst, & Barton, 2010). Also, the presence of 

the metal ions in complexes with azomethine derivatives exhibited more effectiveness in 

membrane destabilization than the free ligand. This leads to disturbing the structural integrity of 

the cell and hence eradicating the microorganism  (Samanta et al., 2013). 

Overall, the inhibition zones of Schiff base ligand and its complexes at different concentrations 

showed that the complexes had enhanced bactericidal activity than the ligand. Free Schiff base 

ligand and its complexes exhibited higher antibacterial activity at their higher concentration. The 

increase in the antibacterial activity of the Co(II) complex may be due to the effect of the metal 

ion on the normal state of the bacterial cell process (Naeimi, Raeisi, & Moradian, 2017). Research 

has shown that the structural components possessing additional (C=N) bond with nitrogen and 

oxygen donor systems inhibit enzyme activity due to their deactivation by metal coordination 

(Jesmin, Ali, Salahuddin, Habib, & Khanam, 2008). 
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Figure 16. Graphical representation of antibacterial activity of SBL and its Co(II) and Fe(III) complexes. 

 

 

Figure 17. Antibacterial activity of Co(II)-SBL and Fe(III)-SBL complexes 
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5. CONCLUSION AND RECOMMENDATION 

5.1 Conclusion 

Growing interest in the success of metal-based drugs as chemotherapeutic agents is the basic 

foundation of Schiff base research. The present investigation has devoted for the synthesis of 

Schiff base ligand, (E)-2-{[(7-chloro-2-hydroxyquinolin-3-yl) methylene] amino}-3-

phenylpropanoic acid. This has reacted with Co (II) and Fe (III) ions for the formation of their 

metal complexes. They have been characterized by various physical and spectral techniques, like 

elemental analysis, conductivity measurement, FT-IR, 1H & 13C NMR, and electronic absorption 

studies. Their structure characterization has been further validated by XRPD and TGA/DTA. The 

antibacterial activity study has been accomplished by disc diffusion technique.  

Structural analysis of all the Schiff base ligands and metal complexes, by applying spectral 

techniques has revealed the participation of nitrogen atom of azomethine group, oxygen atoms of 

carboxylic and pyridine ring group in the legation process with metal ions. Molar conductivity 

values of the metal complexes is 17.31 and 20.17 Ω-1 cm2mol-1 for Co (II) and Fe (III) complexes, 

respectively and this has recommended electrolytic nature of the complexes. The electronic 

absorption data nicely support the concerned geometry of the complexes. The powder XRD data 

of the complexes revealed their non-crystalline nature.  

In our work, the antibacterial activity study of all the synthesized ligands and complexes, against 

the clinical strains of bacterial pathogens, showed moderate inhibition growth. The Co(II) complex 

showed higher bacterial inhibition growth compared to free Schiff base ligand for all test bacterial 

strains at both concentrations. At both concentrations, the Fe(III) complex shows lower 

antibacterial potency compared to free Schiff base ligand for all test bacterial strains. This study 

with free Schiff base ligand and metal complexes also revealed the strong antibacterial potency 

against all the bacterial pathogens at their higher concentration. Furthermore, free Schiff base 

ligand and metal complexes showed less potency than standard antibacterial drug Ciprofloxacin. 

The Fe (III) complex was found less active with all the bacterial pathogens except S. pyogene 

bacteria at concentration of 200µg/mL 
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5.2. Recommendation 

Research is a continuous process and the following recommendations are proposed for the future 

studies. 

• Attempts to grow a single crystal of each of these synthesized compounds did not yield 

fruits; only amorphous solid complexes were generated. Further studies on how to generate 

crystals of these complexes should be pursued.  

• Only bacterial activity for four bacterial strains of the free SBL and synthesized complexes 

was studied. Antibacterial activity for more other bacterial strains, of these free SBL and 

complexes should be investigated. 

• Other biological activities such as antioxidant, antiviral, anticancer, antifungal, etc., of 

these free SBL and complexes should be investigated. 

• The toxicity tests and MIC of these free SBL and complexes should be explored. 

• The in vivo antibacterial study of the compounds should be investigated. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



48 

 

 

Research Fund Acknowledgment 

 

This work is financially supported by Adama Science and Technology University and the Ministry 

of Innovation and Technology of Ethiopia under the grant number ASTU/SM-R/690/23, Adama, 

Ethiopia. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



49 

 

6. REFERANCES 
Abdallah, S. M., Mohamed, G. G., Zayed, M., & Abou El-Ela, M. S. (2009). Spectroscopic study 

of molecular structures of novel Schiff base derived from o-phthaldehyde and 2-

aminophenol and its coordination compounds together with their biological activity. 

Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 73(5), 833-840.  

Abdel-Rahman, L. H., Abu-Dief, A. M., Ismael, M., Mohamed, M. A., & Hashem, N. A. (2016). 

Synthesis, structure elucidation, biological screening, molecular modeling and DNA 

binding of some Cu (II) chelates incorporating imines derived from amino acids. Journal 

of Molecular Structure, 1103, 232-244.  

Abdel-Rahman, L. H., Adam, M. S. S., Al-Zaqri, N., Shehata, M. R., Ahmed, H. E.-S., & 

Mohamed, S. K. (2022). Synthesis, characterization, biological and docking studies of ZrO 

(II), VO (II) and Zn (II) complexes of a halogenated tetra-dentate Schiff base. Arabian 

Journal of Chemistry, 15(5), 103737.  

Abou-Hussein, A. A., & Linert, W. (2014). Synthesis, spectroscopic, coordination and biological 

activities of some organometallic complexes derived from thio-Schiff base ligands. 

Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 117, 763-771.  

Abu-Dief, A. M., & Mohamed, I. M. (2015). A review on versatile applications of transition metal 

complexes incorporating Schiff bases. Beni-suef university journal of basic and applied 

sciences, 4(2), 119-133.  

Agarwal, R., Prakash, B., Kumar, V., & Aslam Khan, A. (2007). Synthesis, physico-chemical and 

thermal characteristics of seven and ten coordinated complexes of trivalent lanthanides 

derived from 4 [N-(cinnamalidene) amino] antipyrine semicarbazone and diphenyl 

sulfoxide. Journal of the Iranian Chemical Society, 4(1), 114-125.  

Al-Redha, H. M., Ali, S. H., & Mohammed, S. S. (2022). Syntheses, Structures and Biological 

Activity of Some Schiff Base Metal Complexes. Baghdad Science Journal, 19(3), 0704-

0704.  

Al-Resayes, S. I. (2010). Kinetics analysis for non-isothermal decomposition γ-irradiated indium 

acetate. Arabian Journal of Chemistry, 3(3), 191-194.  

Alias, M., Kassum, H., & Shakir, C. (2014). Synthesis, physical characterization and biological 

evaluation of Schiff base M (II) complexes. Journal of the Association of Arab Universities 

for Basic and Applied Sciences, 15(1), 28-34.  



50 

 

Aljamali, N., Hadi, M., Mohamad, M., Salih, L., & Aljamali, N. (2019). Review on imine 

derivatives and their applications. Int. J. Photochem, 5, 20-32.  

Althobiti, H. A., & Zabin, S. A. (2020). New Schiff bases of 2-(quinolin-8-yloxy) acetohydrazide 

and their Cu (ii), and Zn (ii) metal complexes: their in vitro antimicrobial potentials and in 

silico physicochemical and pharmacokinetics properties. Open Chemistry, 18(1), 591-607.  

Anjaneyulu, Y., & Rao, R. P. (1986). Preparation, characterization and antimicrobial activity 

studies on some ternary complexes of Cu (II) with acetylacetone and various salicylic 

acids. Synthesis and Reactivity in Inorganic and Metal-Organic Chemistry, 16(2), 257-

272.  

Aziz, A. A. A., Salem, A. N. M., Sayed, M. A., & Aboaly, M. M. (2012). Synthesis, structural 

characterization, thermal studies, catalytic efficiency and antimicrobial activity of some M 

(II) complexes with ONO tridentate Schiff base N-salicylidene-o-aminophenol (saphH2). 

Journal of Molecular Structure, 1010, 130-138.  

Barnham, K. J., & Bush, A. I. (2014). Biological metals and metal-targeting compounds in major 

neurodegenerative diseases. Chemical Society Reviews, 43(19), 6727-6749.  

Bérdy, J. (2012). Thoughts and facts about antibiotics: where we are now and where we are 

heading. The Journal of antibiotics, 65(8), 385-395.  

Brodowska, K., Catthoor, R., Brodowska, A. J., Symonowicz, M., & Lodyga-Chruscinska, E. 

(2014). A comparison of antioxidant properties of extracts from defatted and non-defatted 

flax (Linum usitatissimum) seeds. Albanian Journal of Agricultural Sciences, 13(2), 16.  

Brodowska, K., Sykuła, A., Garribba, E., Łodyga-Chruścińska, E., & Sójka, M. (2016). Naringenin 

Schiff base: antioxidant activity, acid–base profile, and interactions with DNA. Transition 

Metal Chemistry, 41, 179-189.  

Busch, D. H. (1992). Structural definition of chemical templates and the prediction of new and 

unusual materials. The Pedersen Memorial Issue, 389-395.  

Cao, Q., Crawford, D. E., Shi, C., & James, S. L. (2020). Greener Dye Synthesis: Continuous, 

Solvent‐Free Synthesis of Commodity Perylene Diimides by Twin‐Screw Extrusion. 

Angewandte Chemie, 132(11), 4508-4513.  

Chakraborty, A., Kumar, P., Ghosh, K., & Roy, P. (2010). Evaluation of a Schiff base copper 

complex compound as potent anticancer molecule with multiple targets of action. 

European journal of pharmacology, 647(1-3), 1-12.  



51 

 

Claridge, T. D. (2009). Practical aspects of high-resolution NMR Tetrahedron Organic Chemistry 

Series (Vol. 27, pp. 35-98): Elsevier. 

Cockerill, F. R., Wikler, M., Bush, K., Dudley, M., Eliopoulos, G., & Hardy, D. (2012). Clinical 

and laboratory standards institute. Performance standards for antimicrobial susceptibility 

testing: twenty-second informational supplement.  

Cozzi, P. G. (2004). Metal–Salen Schiff base complexes in catalysis: practical aspects. Chemical 

Society Reviews, 33(7), 410-421.  

Da Silva, C. M., da Silva, D. L., Modolo, L. V., Alves, R. B., de Resende, M. A., Martins, C. V., 

& de Fátima, Â. (2011). Schiff bases: A short review of their antimicrobial activities. 

Journal of Advanced research, 2(1), 1-8.  

Damena, T., Alem, M. B., Zeleke, D., Desalegn, T., Eswaramoorthy, R., & Demissie, T. B. (2022). 

Synthesis, characterization, and biological activities of zinc (II), copper (II) and nickel (II) 

complexes of an aminoquinoline derivative. Frontiers in Chemistry, 10, 1053532.  

Dias, D. A., Urban, S., & Roessner, U. (2012). A historical overview of natural products in drug 

discovery. Metabolites, 2(2), 303-336.  

El-Sherif, A. A., & Eldebss, T. M. (2011). Synthesis, spectral characterization, solution equilibria, 

in vitro antibacterial and cytotoxic activities of Cu (II), Ni (II), Mn (II), Co (II) and Zn (II) 

complexes with Schiff base derived from 5-bromosalicylaldehyde and 2-

aminomethylthiophene. Spectrochimica Acta Part A: Molecular and Biomolecular 

Spectroscopy, 79(5), 1803-1814.  

El-Tabl, A. S., Shakdofa, M. M., El-Seidy, A. M., & Al-Hakimi, A. N. (2012). Synthesis, 

characterization and antifungal activity of metal complexes of 2-(5-((2-chlorophenyl) 

diazenyl)-2-hydroxybenzylidene) hydrazinecarbothioamide. Phosphorus, Sulfur, and 

Silicon and the Related Elements, 187(11), 1312-1323.  

Fu, C., Uddin, M., & Zhang, C. (2020). Computational Analyses of the Effects of Wind Tunnel 

Ground Simulation and Blockage Ratio on the Aerodynamic Prediction of Flow over a 

Passenger Vehicle. Vehicles, 2(2), 318-341.  

Gaber, M., El-Wakiel, N., El-Baradie, K., & Hafez, S. (2019). Chromone Schiff base complexes: 

synthesis, structural elucidation, molecular modeling, antitumor, antimicrobial, and DNA 

studies of Co (II), Ni (II), and Cu (II) complexes. Journal of the Iranian Chemical Society, 

16, 169-182.  



52 

 

Garay, A. L., Pichon, A., & James, S. L. (2007). Solvent-free synthesis of metal complexes. 

Chemical Society Reviews, 36(6), 846-855.  

Gemma, S., Kukreja, G., Fattorusso, C., Persico, M., Romano, M. P., Altarelli, M., . . . Basilico, 

N. (2006). Synthesis of N1-arylidene-N2-quinolyl-and N2-acrydinylhydrazones as potent 

antimalarial agents active against CQ-resistant P. falciparum strains. Bioorganic & 

medicinal chemistry letters, 16(20), 5384-5388.  

Gibson, D. (2016). Platinum (IV) anticancer prodrugs–hypotheses and facts. Dalton Transactions, 

45(33), 12983-12991.  

Govindharaju, R., Durairaj, P., Muruganantham, N., Meenakshi, V. M., Maruthavanan, T., & 

Ramachandramoorthy, T. (2019). Synthesis, Spectral Characterization And 

Pharmacological Significance of Fe (III) Complex With Schiff Base and Thiocyanate ION 

as Ligands. Int. J. Sci. Res. in Biological Sciences Vol, 6, 3.  

Gul, S., Zainab, A. A., Assad, M., Elhenawy, A. A., Islam, M. S., Shah, S. A. A., . . . Ahmad, M. 

(2024). Exploring the Synthesis, Molecular Structure and Biological Activities of Novel 

Bis-Schiff Base Derivatives: A Combined Theoretical and Experimental Approach. 

Journal of Molecular Structure, 137828.  

Gull, P., & Hashmi, A. A. (2015). Biological activity studies on metal complexes of macrocyclic 

schiff base ligand: synthesis and spectroscopic characterization. Journal of the Brazilian 

Chemical Society, 26, 1331-1337.  

Gunasekaran, S., & Uthra, D. (2008). Vibrational spectra and qualitative analysis of albendazole 

and mebendazole. Asian journal of chemistry, 20(8), 6310.  

Gup, R., & Kırkan, B. (2005). Synthesis and spectroscopic studies of copper (II) and nickel (II) 

complexes containing hydrazonic ligands and heterocyclic coligand. Spectrochimica Acta 

Part A: Molecular and Biomolecular Spectroscopy, 62(4-5), 1188-1195.  

Gwaram, N. S., & Hassandarvish, P. (2014). Synthesis, characterization and anticancer studies of 

some morpholine derived Schiff bases and their metal complexes. Journal of Applied 

Pharmaceutical Science, 4(10), 075-080.  

Halabi, A., & Strumia, M. (2000). Synthesis and characterization of a novel dendritic acrylic 

monomer. The Journal of organic chemistry, 65(26), 9210-9213.  



53 

 

Hameed, A., Al-Rashida, M., Uroos, M., Abid Ali, S., & Khan, K. M. (2017). Schiff bases in 

medicinal chemistry: a patent review (2010-2015). Expert opinion on therapeutic patents, 

27(1), 63-79.  

Hannon, M. J. (2007). Metal-based anticancer drugs: From a past anchored in platinum chemistry 

to a post-genomic future of diverse chemistry and biology. Pure and Applied Chemistry, 

79(12), 2243-2261.  

Hasan, M. M., Ahsan, H. M., Saha, P., Naime, J., Das, A. K., Asraf, M. A., & Islam, A. N. (2021). 

Antioxidant, antibacterial and electrochemical activity of (E)-N-(4 (dimethylamino) 

benzylidene)-4H-1, 2, 4-triazol-4-amine ligand and its transition metal complexes. Results 

in Chemistry, 3, 100115.  

Hegazy, M., Hasan, A. M., Emara, M., Bakr, M. F., & Youssef, A. H. (2012). Evaluating four 

synthesized Schiff bases as corrosion inhibitors on the carbon steel in 1 M hydrochloric 

acid. Corrosion Science, 65, 67-76.  

Igota, S., Tosa, M., Murakami, M., Egawa, S., Shimizu, H., Hyakusoku, H., & Ghazizadeh, M. 

(2013). Identification and characterization of Wnt signaling pathway in keloid 

pathogenesis. International journal of medical sciences, 10(4), 344.  

Jayaseelan, P., Prasad, S., Vedanayaki, S., & Rajavel, R. (2016). Synthesis, characterization, anti-

microbial, DNA binding and cleavage studies of Schiff base metal complexes. Arabian 

Journal of Chemistry, 9, S668-S677.  

Jesmin, M., Ali, M. M., Salahuddin, M., Habib, M. R., & Khanam, J. A. (2008). Antimicrobial 

activity of some schiff bases derived from benzoin, salicylaldehyde, aminophenol and 2, 4 

dinitrophenyl hydrazine. Mycobiology, 36(1), 70-73.  

Joseyphus, R. S., & Nair, M. S. (2010). Synthesis, characterization and biological studies of some 

Co (II), Ni (II) and Cu (II) complexes derived from indole-3-carboxaldehyde and 

glycylglycine as Schiff base ligand. Arabian Journal of Chemistry, 3(4), 195-204.  

Kailas, K., Sheetal, J., Anita, P., & Apoorva, H. (2016). Four synthesis methods of schiff base 

ligands and preparation of their metal complex with Ir and antimicrobial investigation. 

World Journal of Pharmacy and Pharmaceutical Sciences, 5(2), 1055-1063.  

Kajal, A., Bala, S., Kamboj, S., Sharma, N., & Saini, V. (2013). Schiff bases: a versatile 

pharmacophore. Journal of Catalysts, 2013.  



54 

 

Keskioğlu, E., Gündüzalp, A. B., Cete, S., Hamurcu, F., & Erk, B. (2008). Cr (III), Fe (III) and Co 

(III) complexes of tetradentate (ONNO) Schiff base ligands: synthesis, characterization, 

properties and biological activity. Spectrochimica Acta Part A: Molecular and 

Biomolecular Spectroscopy, 70(3), 634-640.  

Kostova, I., & Saso, L. (2013). Advances in research of Schiff-base metal complexes as potent 

antioxidants. Current medicinal chemistry, 20(36), 4609-4632.  

Kumar, K. S., Ganguly, S., Veerasamy, R., & De Clercq, E. (2010). Synthesis, antiviral activity 

and cytotoxicity evaluation of Schiff bases of some 2-phenyl quinazoline-4 (3) H-ones. 

European journal of medicinal chemistry, 45(11), 5474-5479.  

Kumar, S., Dhar, D. N., & Saxena, P. (2009). Applications of metal complexes of Schiff bases-A 

review.  

Kumbalpuri, S. A., Kachare, A. A., Shankarwar, S., & Chondhekar, T. (2015). Synthesis, 

characterization and antimicrobial activities of Schiff base ligand and its metal complexes. 

Der Pharma Chemica, 7, 88-93.  

Levasseur, M., Santerre, C., Segret, J., Elie, N., Genty, C., Estevez, Y., . . . Touboul, D. (2023). 

Composition of antifungal volatile organic compounds in Sextonia rubra fruit by molecular 

networks. Comptes Rendus. Chimie, 26(S2), 1-13.  

Liang, J.-X., Zhong, H.-J., Yang, G., Vellaisamy, K., Ma, D.-L., & Leung, C.-H. (2017). Recent 

development of transition metal complexes with in vivo antitumor activity. Journal of 

Inorganic Biochemistry, 177, 276-286.  

Lodyga-Chruscinska, E., Symonowicz, M., Sykula, A., Bujacz, A., Garribba, E., Rowinska-Zyrek, 

M., . . . Krolewska, K. (2015). Chelating ability and biological activity of hesperetin Schiff 

base. Journal of Inorganic Biochemistry, 143, 34-47.  

Ma, H., Chen, S., Niu, L., Zhao, S., Li, S., & Li, D. (2002). Inhibition of copper corrosion by 

several Schiff bases in aerated halide solutions. Journal of Applied Electrochemistry, 32, 

65-72.  

Madkour, L. H., & Elroby, S. (2015). Inhibitive properties, thermodynamic, kinetics and quantum 

chemical calculations of polydentate Schiff base compounds as corrosion inhibitors for 

iron in acidic and alkaline media. International Journal of Industrial Chemistry, 6, 165-

184.  



55 

 

Majumder, S., Panda, G. S., & Choudhuri, S. K. (2003). Synthesis, characterization and biological 

properties of a novel copper complex. European journal of medicinal chemistry, 38(10), 

893-898.  

Malik, M. A., Dar, O. A., Gull, P., Wani, M. Y., & Hashmi, A. A. (2018). Heterocyclic Schiff base 

transition metal complexes in antimicrobial and anticancer chemotherapy. 

MedChemComm, 9(3), 409-436.  

Mapari, A., Hate, M., & Mangaonkar, K. (2011). Synthesis, characterization and antimicrobial 

activity of mixed schiff base ligand complexes of Co (II), Ni (II), Cu (II) and Zn (II). E-

Journal of Chemistry, 8(3), 1258-1263.  

Mishra, H., Yu, C., Chen, D. P., Goddard III, W. A., Dalleska, N. F., Hoffmann, M. R., & Diallo, 

M. S. (2012). Branched polymeric media: boron-chelating resins from hyperbranched 

polyethylenimine. Environmental science & technology, 46(16), 8998-9004.  

Misra, T., Das, D., & Sinha, C. (1999). SYNTHESIS AND SPECTRAL CHARACTERISATION 

OF HIGH-YIELD TETRACOORDINATED BISN (1)-ALKYL-2-(ARYLAZO) 

IMIDAZOLESILVER (I) COMPLEXES. Journal of the Indian Chemical Society, 76(3), 

125-127.  

Mounika, K., Pragathi, A., & Gyanakumari, C. (2010). Synthesis characterization and biological 

activity of a Schiff base derived from 3-ethoxy salicylaldehyde and 2-amino benzoic acid 

and its transition metal complexes. Journal of scientific research, 2(3), 513.  

Mukherjee, P., Sengupta, O., Drew, M. G., & Ghosh, A. (2009). Anion directed template synthesis 

of Cu (II) complexes of a N, N, O donor mono-condensed Schiff base ligand: A molecular 

scaffold forming highly ordered H-bonded rectangular grids. Inorganica chimica acta, 

362(9), 3285-3291.  

Muleta, F., Desalegn, T., Eswaramoorthy, R., & Garg, A. (2022). Synthesis, characterization, in-

silico, and in-vitro biological studies of Cu (II), Zn (II) complexes of semicarbazone, 

thiosemicarbazone derivatives of dehydrozingerone. Journal of Molecular Structure, 1268, 

133632.  

Murtaza, G., Rauf, M. K., Badshah, A., Ebihara, M., Said, M., Gielen, M., . . . Mirza, B. (2012). 

Synthesis, structural characterization and in vitro biological screening of some homoleptic 

copper (II) complexes with substituted guanidines. European journal of medicinal 

chemistry, 48, 26-35.  



56 

 

Naeimi, H., Raeisi, A., & Moradian, M. (2017). Microwave assisted chemistry: A rapid and 

regioselective route for direct ortho-acylation of phenols and naphthols by methanesulfonic 

acid as catalyst. Arabian Journal of Chemistry, 10, S2723-S2728.  

Nair, M. S., Arish, D., & Joseyphus, R. S. (2012). Synthesis, characterization, antifungal, 

antibacterial and DNA cleavage studies of some heterocyclic Schiff base metal complexes. 

Journal of Saudi Chemical Society, 16(1), 83-88.  

Neelakantan, M., Rusalraj, F., Dharmaraja, J., Johnsonraja, S., Jeyakumar, T., & Pillai, M. S. 

(2008). Spectral characterization, cyclic voltammetry, morphology, biological activities 

and DNA cleaving studies of amino acid Schiff base metal (II) complexes. Spectrochimica 

Acta Part A: Molecular and Biomolecular Spectroscopy, 71(4), 1599-1609.  

Ommenya, F. K. (2021). 2021 Synthesis, Characterization and Antibacterial Activity of Schiff 

Base, 4-Chloro-2-{(E)-[(4-Fluorophenyl) Imino] Methyl} Phenol and Its Transition Metal 

(II) Complexes. JKUAT-IBR.    

Patel, R. N., Patel, P., Desai, K., Purohit, P., Nimavat, K., & Vyas, K. (2012). Synthesis of new 

heterocyclic Schiff bases, thiazolidinone and azetidinone compounds and their 

antibacterial activity activities. Heterocyclic Letters, 2(1), 99-105.  

Patil, S. K., & Vibhute, B. T. (2021). Synthesis, characterization, anticancer and DNA 

photocleavage study of novel quinoline Schiff base and its metal complexes. Arabian 

Journal of Chemistry, 14(8), 103285.  

Puckett, C. A., Ernst, R. J., & Barton, J. K. (2010). Exploring the cellular accumulation of metal 

complexes. Dalton Transactions, 39(5), 1159-1170.  

Rageh, N., Abdel Mawgoud, A., & Mostafa, H. (1999). Electronic spectra, solvatochromic 

behaviour, and acidity constants of some new azocoumarin derivatives. Chemical Papers-

Slovak Academy Of Sciences, 53, 107-113.  

Rajewar, V. R., Dharmale, M., & Pingalkar, S. (2015). Synthesis and Spectral Characterization of 

Lanthanide Complexes Containing Bidentate Schiff Base Derived From Pyridine-2-

Carbaldehyde and 2-Hydrazinylquinoline. The Journal of Pure and Applied Chemistry 

Research, 4(2), 42.  

Raman, N., Raja, Y. P., & Kulandaisamy, A. (2001). Synthesis and characterisation of Cu (II), Ni 

(II), Mn (II), Zn (II) and VO (II) Schiff base complexes derived from o-phenylenediamine 

and acetoacetanilide. Journal of Chemical Sciences, 113, 183-189.  



57 

 

Raman, N., Sakthivel, A., & Rajasekaran, K. (2007). Synthesis and spectral characterization of 

antifungal sensitive Schiff base transition metal complexes. Mycobiology, 35(3), 150-153.  

Rawat, M., Mal, S., & Singh, P. (2015). Photochromism in Anils-A Review. Open Chemistry 

Journal, 2(1).  

Reedijk, J. (2008). Medicinal applications of metal complexes binding to biological 

macromolecules. Paper presented at the Macromolecular symposia. 

Romero-Canelon, I., & Sadler, P. J. (2013). Next-generation metal anticancer complexes: 

multitargeting via redox modulation. Inorganic chemistry, 52(21), 12276-12291.  

Saadeh, S. M. (2013). Synthesis, characterization and biological properties of Co (II), Ni (II), Cu 

(II) and Zn (II) complexes with an SNO functionalized ligand. Arabian Journal of 

Chemistry, 6(2), 191-196.  

Sakhare, D. (2020). Synthesis, characterization of schiff bases and biological activities of their 

transition metal complexes-review. International Journal of Advanced Science and 

Engineering, 6(04), 1538-1544.  

Sakurai, H., Kojima, Y., Yoshikawa, Y., Kawabe, K., & Yasui, H. (2002). Antidiabetic vanadium 

(IV) and zinc (II) complexes. Coordination Chemistry Reviews, 226(1-2), 187-198.  

Samanta, T., Roymahapatra, G., Porto, W. F., Seth, S., Ghorai, S., Saha, S., . . . Mandal, S. M. 

(2013). N, N′-Olefin functionalized bis-imidazolium gold (I) salt is an efficient candidate 

to control keratitis-associated eye infection. PLoS One, 8(3), e58346.  

SHARKAR, N. M. S. (2022). SYNTHESIS AND CHARACTARIZATION OF SCHIFF BASE 

LIGAND BY CONDENSING SALICYLALDEHYDE WITH P-AMINOBENZOIC 

ACID AND P-BROMOANILINE.  

Shebl, M. (2014). Synthesis, spectroscopic characterization and antimicrobial activity of binuclear 

metal complexes of a new asymmetrical Schiff base ligand: DNA binding affinity of copper 

(II) complexes. Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 

117, 127-137.  

Shoaib, M., Rahman, G., Shah, S. W. A., & Umar, M. N. (2015). Synthesis of 4-aminoantipyrine 

derived Schiff bases and their evaluation for antibacterial, cytotoxic and free radical 

scavenging activity. ||| Bangladesh Journal of Pharmacology, 10(2), 332-336.  

Siddappa, K., & Reddy, P. (2012). Synthesis, Spectral Characterization and Antimicrovial Studies 

of Transition Metal (II) Compleses with Schiff Base 3-[92-hydroxy-6-methoxyquinoline-



58 

 

3-ylmethylene)-amino]-2-methyl-3H-quinoline-4-one. International Journal of Applied 

Biology and Phermaceutical, 3(3), 168-176.  

Siddiqui, H. L., Iqbal, A., Ahmad, S., & Weaver, G. W. (2006). Synthesis and spectroscopic 

studies of new Schiff bases. Molecules, 11(2), 206-211.  

Singh, P. D., Grover, V., Kumar, K., & Jain, K. (2011). Synthesis and characterization of divalent 

metal complexes of the macrocyclic ligand derived from isatin and 1, 2-diaminobenzene. 

Journal of the Serbian Chemical Society, 76(3), 385-393.  

Sinha, S. (2014). Trace elements deficiency & cancer. IOSR J Pharm Biol Sci (IOSR-JPBS), 9(4-

II), 21-32.  

Sobola, A. O., Watkins, G. M., & Van Brecht, B. (2014). Synthesis, characterization and 

antimicrobial activity of copper (II) complexes of some ortho-substituted aniline Schiff 

bases; crystal structure of bis (2-methoxy-6-imino) methylphenol copper (II) complex. 

South African Journal of Chemistry, 67, 45–51-45–51.  

Strumia, M. C., Halabi, A., Pucci, P. A., Newkome, G. R., Moorefield, C. N., & Epperson, J. D. 

(2000). Surface modification of activated polymeric matrices by dendritic attachments. 

Journal of Polymer Science Part A: Polymer Chemistry, 38(15), 2779-2786.  

Sumrra, S. H., Ibrahim, M., Ambreen, S., Imran, M., Danish, M., & Rehmani, F. S. (2014). 

Synthesis, spectral characterization, and biological evaluation of transition metal 

complexes of bidentate N, O donor Schiff bases. Bioinorganic chemistry and applications, 

2014.  

Tan, Y., Yang, Q., Zheng, M., Sarwar, M. T., & Yang, H. (2023). Multifunctional nanoclay‐based 

hemostatic materials for wound healing: a review. Advanced Healthcare Materials, 

2302700.  

Vass, A., Dudás, J., & Varma, R. S. (1999). Solvent-free synthesis of N-sulfonylimines using 

microwave irradiation. Tetrahedron letters, 40(27), 4951-4954.  

Wen, H., Liu, G., & Huang, Z. (2019). Recent advances in tridentate iron and cobalt complexes 

for alkene and alkyne hydrofunctionalizations. Coordination Chemistry Reviews, 386, 138-

153.  

Yadav, P., Sarkar, A., & Kumar, A. (2019). Synthesis and biological activities of schiff bases and 

their derivatives: a review of recent work. Journal of Basic and Applied Engineering 

Research, 6(1), 62-65.  



59 

 

Yamgar, R. S., Nivid, Y., Nalawade, S., Mandewale, M., Atram, R., & Sawant, S. S. (2014). Novel 

zinc (II) complexes of heterocyclic ligands as antimicrobial agents: synthesis, 

characterisation, and antimicrobial studies. Bioinorganic chemistry and applications, 2014.  

 

 

 


