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Abstract 

Schiff bases and their complexes are flexible compounds synthesized from the condensation of an amino 

compound with carbonyl compounds and extensively used for industrial purposes and also show a broad 

range of biological activities including antibacterial, antifungal, antiviral, antimalarial, antiproliferative, 

anti-inflammatory, anticancer, anti-HIV, anthelminthic and antipyretic properties. Many Schiff base 

complexes show excellent catalytic activity in various reactions and in the presence of moisture. Over the 

past few years, there have been many reports on their applications in homogeneous and heterogeneous 

catalysis. The high thermal and moisture stabilities of many Schiff base complexes were useful attributes 

for their application as catalysts in reactions involving at high temperatures. The activity is usually 

increased by complexation therefore to understand the properties of both ligands and metal can lead to 

the synthesis of highly active compounds. The influence of certain metals on the biological activity of 

these compounds and their intrinsic chemical interest as multidentate ligands has prompted a 

considerable increase in the study of their coordination behavior. Development of a new 

chemotherapeutic Schiff bases and their metal complexes is now attracting the attention of medicinal 

chemists. This review compiles the various synthesis procedures and application of Schiff bases and their 

metal complexes. 

 

Keywords: Schiff bases, Metal complexes, catalytic application, Fluorescent, ribonucleotide reductage 

 

1. Introduction 

Schiff bases played an important role as ligands even a century after their discovery in 

coordination chemistry [1, 2]. Schiff bases are an important class of ligands in co-ordination 

chemistry [3-5]. Schiff bases are derived from the condensation reaction of aromatic/aliphatic 

aldehydes and amines and form stable complexes with different transition metal ions are still 

relevant to be of great interest in inorganic chemistry, although this topic has been extensively 

studied [6-8]. Schiff bases and their metal complexes have been shown to be promising leads for 

both synthetic and structural research due to their relatively simple synthesis and structural 

diversity and have been widely investigated, due to their incredible chemical properties and 

applications in various areas [9-14]. The chelating ability and biological applications of metal 

complexes have attracted remarkable attention and they can work as models for biologically 

important species [15-18]. A number of Schiff bases containing the imino functionality have 

been shown to have a wide range of biological activities, including antibacterial, antifungal, 

antidiabetic, antitumor, antiproliferative, anticancer, anticorrosive and anti-inflammatory 

activities [19-22]. It is believed that the biological activity is related to the hydrogen bonding 

through the imino group of Schiff bases with the active centers of the cell constituents [9, 23]. 

Metal-imine complexes have been widely investigated due to catalytic and herbicidal 

utilization [15, 3]. Thiosemicarbazones are a class of compounds obtained by condensation of 

thiosemicarbazide with suitable aldehydes or ketones and they are also applicable in fields of 

inorganic chemistry. They are used as a chelating ligand for the formation of metal complexes 

because of variety of flexible donor sets of sulfur and nitrogen [24, 25]. People are working from 

last many years on the synthesis and characterization of transition metal complexes with 

thiosemicarbazones because of their wide range of medicinal applications and their abilities to 

coordinate with the transition metal ions which is highly desirable [26-31]. The properties of 

thiosemicarbazones have received considerable attention because of their variable bonding 

modes, promising biological implications, structural diversity, and ion-sensing ability [32-35].  
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They have been used as drugs and are reported to show a wide 

variety of biological activities against bacteria, fungi, and 

certain type of tumors, and they are also a useful model for 

bioinorganic processes [36-38]. A number of 

thiosemicarbazones are comparatively specific inhibitors of 

ribonucleotide reductase, which is an important metabolic 

target for the development of chemotherapeutic agents against 

tumor cells [39, 40]. Like thiosemicarbazide and its derivatives 

as ligands with potential sulphur and nitrogen are fascinating 

and have achieved unique attention due to their importance in 

therapeutic and pharmaceutical field and also possess 

biological activities consisting of antibacterial, antifungal, 

anticancer, herbicidal, anticorrosion and anti-inflammatory 

activities [41-43]. Thiosemicarbazone derivatives have found 

application in drug improvement for the treatment of central 

nervous system disorders, of bacterial infection, as well as 

analgesic and antiallergic agent [25]. Over the years, 

thiosemicarbazone derivatives have exhibited a broad 

biological activity viz. antimicrobial [44-51], antitumor, sodium 

channel blocker, anticancer, antitubercular, antiviral [52-58]. 

 

2. Chemistry of schiff bases 
Schiff bases are condensation products of primary amines and 

carbonyl compounds and they were discovered by a German 

chemist, Nobel Prize winner, Hugo Schiff [59]. Structurally, 

Schiff base (also known as imine or azomethine) is an 

analogue of a ketone or aldehyde in which the carbonyl group 

(C=O) has been replaced by an imine or azomethine group 

(Figure-1) [60-63]. A Schiff base or Schiff's base is a type of 

chemical compounds containing a carbon-nitrogen double 

bond as functional group, where the nitrogen atom connected 

to aryl group or alkyl group (R) but not hydrogen. The Schiff 

base is synonymous with an azomethine. These compounds 

were named after Hugo Schiff on honor and have the 

following general structure: 

 

 
 

Fig 1: Schiff base 

 

Where R stands for a phenyl or alkyl group which makes the 

Schiff base a stable imine. This kind of ligands is able to 

coordinate metal ions through the imine nitrogen and another 

group, usually linked to the aldehyde. The chemists still 

prepare Schiff bases and nowadays active and well-designed 

Schiff base ligands are considered ‘‘privileged 

ligands’’[64].The bridged Schiff’s bases have the following 

structure which contains many functional groups able to 

change according to the purpose required. 

 

 
 

Fig 2: bridged Schiff’s base 

 

Where R = H or alkyl group, R" = phenyl or substituted 

phenyl, X = alkyl or aryl group.  

In fact, Schiff bases are able to stabilize many different metals 

in various oxidation states controlling the performance of 

metals in a large variety of useful catalytic transformations 

[65]. Most commonly Schiff bases have NO or N2O2-donor 

groups but the oxygen atoms can be replaced by sulphur, 

nitrogen, or selenium atoms. 

It is usually formed by condensation of an aldehyde or ketone 

with a primary amine according to the following scheme:  

 

 
 

Fig 3: Formation of Schiff base by condensation reaction. 

 

Where R, may be an alkyl or an aryl group. Schiff bases that 

contain aryl substituents are substantially more stable and 

more readily synthesized, while those which contain alkyl 

substituents are relatively unstable. Schiff bases of aliphatic 

aldehydes are relatively unstable and readily polymerizable 
[66, 67]. While those of aromatic aldehydes having effective 

conjugation are more stable [68-70]. 

The formation of a Schiff base from an aldehydes or ketones 

is a reversible reaction and generally takes place under acid or 

base catalysis, or upon heating 

 

 
 

Fig 4: Reversible reaction of a Schiff base formed from an aldehydes 

or ketones. 

 

The formation is generally driven to the completion by 

separation of the product or removal of water, or both. Many 

Schiff bases can be hydrolyzed back to their aldehydes or 

ketones and amines by aqueous acid or base. The mechanism 

of Schiff base formation is another variation on the theme of 

neucleophilic addition to the carbonyl group. In this case, the 

neucleophile is the amine. In the first part of the mechanism, 

the amine reacts with the aldehyde or ketone to give an 

unstable addition compound called carbinolamine. The 

carbinolamine losses water by either acid or base catalyzed 

pathways. Since the carbinolamine is an alcohol, it undergoes 

acid catalyzed dehydration. 

 

 
 

Fig 5: Mechanism of formation Schiff base 
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Typically the dehydration of the carbinolamine is the rate-

determining step of Schiff base formation and that is why the 

reaction is catalyzed by acids. Yet the acid concentration 

cannot be too high because amines are basic compounds. If 

the amine is protonated and becomes non-neucleophilic, 

equilibrium is pulled to the left and carbinolamine formation 

cannot occur. Therefore, many Schiff bases synthesis are best 

carried out at mildly acidic pH. The dehydration of 

carbinolamines is also catalyzed by base. This reaction is 

somewhat analogous to the E2 elimination of alkyl halides 

except that it is not a concerted reaction. It proceeds in two 

steps through an anionic intermediate. The Schiff base 

formation is really a sequence of two types of reactions, i.e. 

addition followed by elimination [71]. 

 

2.1. Formation of Schiff bases 

Condensation between aldehydes and amines are carried out 

in different reaction conditions, and in different solvents. The 

common solvents used for the preparation of the Schiff Base 

are methanol or ethanol. Schiff base formation occurs either at 

room temperature or in refluxing conditions. The presence of 

dehydrating agents like magnesium sulphate normally favors 

the formation of Schiff bases. The water produced in the 

reaction can also be removed from the equilibrium mixture 

using a Dean Stark apparatus, if the syntheses are carried out 

in toluene or benzene. Degradation of the Schiff bases may 

occur during the purification step. Chromatography of Schiff 

bases on silica gel can cause some degree of decomposition of 

the Schiff bases through hydrolysis. In such cases, it is better 

to purify the Schiff bases by crystallization. In general, Schiff 

bases are stable solids and can be stored without precautions. 

A large series of Schiff bases could be easily prepared as 

there is enough scope for varying the amines and the 

aldehydes. The mono-, di-, tri- and multi- dentate chelating 

Schiff base ligands are designed according to the binding 

environments of metal ions. The preparation of Schiff bases 

and their complexes can be carried out by the following 

methods: 

 

a. Direct Ligand Synthesis Followed by Complexation 

In this method, the isolation and purification of Schiff bases 

are carried out before complexation. The complexes are then 

prepared by treating the metal ion and Schiff bases. One of 

the advantages of this method is that it is possible to perform 

the spectral characterization of complexes by comparing with 

the spectral data of the ligands. 

 

b. Template Synthesis 

In this method, the syntheses of complexes are carried out 

without the isolation of Schiff bases by interacting aldehyde, 

amine and the metal compound in a one-step reaction [72, 73]. 

The metal ions catalyze the reaction by acting as a reaction 

template. Busch has defined templateas the chemical species, 

which “organizes an assembly of atoms, with respect to one 

or more geometry, in order to achieve particular linking of 

atoms”. Template synthesis has been used to prepare 

assemblies that have unusual topologies, such as rotaxanes, 

helicates, macro cycles and catenanes [74]. Therefore, a 

templating agent can be said to contain the required 

information to organize a collection of building blocks so that 

they can be linked together in a specific manner. There are 

two types of template processes: thermodynamic and kinetic. 

In the former, the template binds to one of the reactant and 

shifts the equilibrium towards the formation of the product. In 

the case of kinetic processes the templates operate under 

irreversible conditions stabilizing all the transition states 

leading to the formation of the wanted product. In many of the 

kinetically controlled reactions, the template is strongly bound 

to the final species. In these cases it acts not only as a kinetic 

template, but also as a thermodynamic one. In practice, it is 

often very difficult to unambiguously determine whether a 

template reaction is kinetically or thermodynamically 

controlled. Gimeno et al, in their review considered a 

template as any species that organizes an assembly of 

molecular building blocks by non-covalent interactions 

favoring the formation of a specific product [75]. 

 

 
 

Fig 6: Formation of bridged dinuclear copper (II) Schiff base 

complexes by template method 

 

c. Rearrangement of Heterocycles (oxazoles, thiazoles etc.) 

The direct approach in synthesizing a Schiff base from the 

condensation of an o-hydroxy-, o-amino- or o-mercaptoamine 

with a carbonyl compound often results in the undesirable 

side reaction involving ring closure with the formation of a 

hetero cyclic compound [76, 77]. The solution to avoid this 

problem, which was first used by Schiff in1869, is to prepare 

the Schiff base in the form of its metal chelate by reacting the 

metal complex of one of the starting materials (aldehyde or 

amine) with the other one [78]. Benzothiazoline and 

benzoxazole ring are reported to open in specific 

environments in presence of metal ions, and rearrangement of 

the ring leads to the formation of corresponding metal 

chelates of the Schiff bases. Figure-7 illustrates such a ring 

opening complexation reaction reported by Duatti et al. 
 

 
(a)   (b) 
 

Fig 7: 2-(2-Hydroxyphenyl) benzothiazoline: (a) synthesis; (b) 

interaction with metal ion 

 

3. Denticity and Basicity of Schiff Bases 
Ligands are classified according to the number of donor 

atoms contained and are known as uni, di, tri, or quadridentate 

ligands. When donor sites of a ligand occupy two or more 

coordination positions on the same central metal ion, a 

complex possessing a closed ring is formed. The phenomenon 

of ring formation is called chelation and ring formed is called 

chelate ring. The term ‘chelate’ was first introduced in 1920 

by Morgan and Drew. Schiff bases primarily possess nitrogen 

donor atoms, though many can act as bi-, tri-, tetra- or 
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polydentate mixed donor capabilities as shown in Fig. 1.8. In 

general, the donor nature of the ligands depends both on the 

type of aldehyde/ketone used and the nature of 

primaryamine/diamine amine/diamine. 

 

 

 

Fig 8: Schiff bases of varying denticity; monodentate to tetradentate, 

R groups may be variously substituted 

 

A large number of tetradentate Schiff base ligands are 

reported in literature. Majority of them are derived from 

salicylaldehydeand 1,2-diamines(Figure-8). The ONNO donor 

Schiff bases form a family of compounds, salen or salophen, 

which possess a wide variety of applications. Similarly there 

are a good number of reports on tridentate Schiff bases [79-82]. 

They may be of ONN, ONS, ONO, NNS or NNN donors. The 

tridentate ligands can tune the formation of complexes and 

these Schiff base complexes have found various applications 

in medicines such as antibacterial agents, local anaesthetics, 

antiviral agents and antispasmodics [83, 84]. 

 

 

 

Fig 9: Tetradentate Schiff base family salen and salophen 

 

For several reasons, Schiff bases have been found to be the 

most convenient and attractive ligands for forming 

complexes. First, steric and electronic effects around the 

metal core can be finely tuned by an appropriate selection of 

bulky and/or electron withdrawing or donating substituents 

incorporated into the Schiff bases. Secondly, the two donor 

atoms, N and O, of the chelated Schiff base exert two 

opposite electronic effects: the phenolate oxygen is a hard 

donor and stabilizes the higher oxidation state of them et al 

atom; whereas the imine nitrogen is a boarder line donor and 

stabilizes the lower oxidation state of the metal ion [85]. 

Thirdly, Schiff bases are currently prepared in high yield 

through one-step procedures via condensation of common 

aldehydes with amines, in practically quantitative yields. 

While sulphur donor ligands, being soft bases, prefer to 

combine with late transition elements and with metal ions in 

lower oxidation state, the ONS donor Schiff bases can show 

symbiosis [86]. The presence of soft sulphur atom softens the 

hardness of the oxygen atom, and this enables such ligands to 

form a large number of complexes with structural diversity. 

The basicity of the Schiff bases also plays a key role in the 

formation and stabilization of the complexes. The –OH or –

SH groups present in the Schiff bases can induce tautomerism 

in the compound, which leads to complexes with different 

structures. A large number of salen complexes shows keto-

enol tautomerism. Also the deprotonation of thiolic, alcoholic 

and phenolic groups are favoured due to the stabilisation of 

various oxidation states of the central metal ion. 

 

4. Applications of Schiff Bases and Their Metal 

Complexes 
Versatility of Schiff base ligands and the biological, analytical 

and industrial applications of their complexes make further 

investigations in this area highly desirable. The applications 

of the Schiff bases specially thiosemicarbazones and their 

complexes are discussed here briefly: 

 

4.1. Catalytic Applications 

In Schiff base metal complexes, the environment at the 

coordination center can be modified by attaching different 

substituents to the ligand and a useful range of steric and 

electronic properties essential for the fine-tuning of structure 

and reactivity can thus be provided [87-89]. The Schiff bases 

form metal complexes with p-block and d-block metals and 

these complexes have been known to act as highly efficient 

catalysts in various syntheses and other useful reactions [90-94]. 

Many Schiff base complexes of ruthenium and palladium are 

used as catalyst in the syntheses of quality polymers. Unique 

asymmetric catalysis of metal complexes of salen and the 

related Schiff-base ligands has been reviewed by Katsuki [95]. 

The review summarizes the generation of cis metallo-salen 

and its related complexes, their structural features, and their 

application to asymmetric syntheses. Wang et al. in 1999 

reported the effective oxidation of olefins using Mn(II) amino 

acid Schiff base complexes [96]. Gupta and Sutar reviewed the 

catalytic activities of transition metal complexes-both simple 

and polymer anchored. They have highlighted the potential of 

Schiff base complex as catalyst towards oxidations, 

hydrogenations, polymerizations, various coupling reactions 

and ring closures [97,98]. Heterogenous and homogeneous 

catalysts have recently attracted the attention of chemists due 

to better selectivity and recyclability of the catalysts. In recent 

years there is an exponential increase in the number of 

publications in catalysis by supported Schiff base complexes. 

However, homogeneous catalysis is more relevant as the 

mechanism of the reaction can be arrived. BINAP ligands 

(BINAP is the abbreviation for the organophosphorus 

compound 2,2'- bis (diphenylphosphino)-1,1'-binaphthyl) are 

famous for their stereoselective transformations. Cheand 

Huang has reviewed the catalytic activity of chiral BINAP 

Schiff base complexes in stereoselective organic 

transformations [99]. Their studies reveal that these types of 

chiral metal complexes are active catalysts for stereoselective 

organic transformations including hydroxylation of styrene, 

aldol reactions, alkene epoxidation, trimethylsilyl cyanation 

of aldehydes, desymmetrization of meso-N-sulfonylaziridine, 

Baeyer-Villiger oxidation of aryl cyclobutanone, Diels-Alder 

reactions of 1,2-dihydropyridine, and ring-opening 

polymerization of lactide. 

 

4.2. Ribonucleotide Reductage 

Thiosemicarbazones in their neutral or deprotonated form, act 

as a N,N,S-thiodentate ligands while forming chelates with 

essential metal ions. They display antiproliferative activity on 

different tumor cell lines. A strong co-relation has been 

established between tumor growth rate and the enzyme 

Ribonucleotide Reductase (RR), a necessary enzyme for DNA 

synthesis [100]. The first breakthrough in the comprehension of 

the antitumor effect of thiosemicarbazones was obtained in 

the Sixties and deserves a brief résumé. The anti-leukemic 

effect of 2-formylpyridine thiosemicarbazone was first 

reported by Brockman et al. [101] in 1956. Almost ten years 

later, in 1965, French et al. [102] formulated hypotheses about 

the mode of action of the α-(N)-heterocyclic 
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thiosemicarbazones, the active molecules shared a tridentate 

nature, that allows them to be effective chelators, and a better 

activity was obtained by modifying the aromatic system. 

Based on this principle they managed to predict the activity of 

pyrazine carboxaldehydethiosemicarbazone and 1-

formylisoquinoline thiosemicarbazone. Ribonucleotide 

reductase is an iron-dependent enzyme that promotes the 

reduction of ribose to deoxyribose through a free radical 

mechanism that is triggered by a tyrosyl radical. Inhibition of 

this enzyme leads to a block in the synthesis phase of the cell 

cycle and eventually to cell death by apoptosis. They also 

indirectly demonstrated that the active species was the iron 

(II) complex of 1-formylisoquinolinethiosemicarbazone. In 

fact, it was later discovered that iron and copper complexes 

are by far more active than the free ligands [103]. A reasonable 

mechanism was proposed by Thelander et al. [104] who proved, 

by exposing ribonucleotide reductase to the aforementioned 

molecules, that it is the tyrosyl free radical of the enzyme that 

is targeted by the drug and that the thiosemicarbazone 

complex inhibits the enzymeby destroying the radical. This 

mechanism requires oxygen and excludes the role of 

thiosemicarbazones as simple iron chelators. They also report 

that the reaction is reversible, and this is in agreement with 

the experimental observations. The fact that 1-

formylisoquinoline thiosemicarbazone inhibits more strongly 

ribonucleotide reductase than 2-formylpyridine 

thiosemicarbazone gave an indirect hint about the fact that in 

the enzyme there must be a hydrophobic pocket or patch with 

which the aromatic system interacts, which could justify the 

fact that methylation on the aromatic ring of 2-formylpyridine 

thiosemicarbazone renders this compound more active. In 

search of an optimum bulk for the aromatic fragment Agrawal 

et al. [105] identified it with 2-formyl-4-(3-amino) 

phenylpyridinethiosemicarbazone that was the most active of 

the 3-aminophenyl derivatives. The most active compound 

found in the isoquinoline series was instead 1-formyl-5-

aminoisoquinoline thiosemicarbazone [106, 107]. 

 

5. Conclusion 

Schiff bases and their metal complexes are one of the most 

important chemical classes of compounds having a common 

integral feature of a variety structural diversity and of active 

medicinal agents. This review reflects the contribution of 

Schiff bases to the design and development of novel lead 

having potential biological activities. This bioactive core has 

maintained the interest of researchers in gaining the most 

suggestive and conclusive access in the field of various Schiff 

bases of medicinal importance from last decades. The present 

paper is an attempt to review the chemistry of Schiff bases 

and their metal complexes also their catalytic and 

Ribonucleotide Reductage activity.  

 

6. Acknowledgement 

The authors are thankful to the Chairman, Department of 

Chemistry, Rajshahi University, Bangladesh for the 

laboratory facilities. 

Conflict of interest 

The authors have no conflict of interest to publish the article.  

 

7. References 

1. Sajjad Hussain Sumrra, Muhammad Ibrahim, Sabahat 

Ambreen, Muhammad Imran, Muhammad Danish Fouzia 

Sultana Rehmani. Synthesis, Spectral Characterization, 

and Biological Evaluation of Transition Metal 

Complexes of Bidentate N, O Donor Schiff Bases, 

Hindawi Publishing Corporation, Bioinorganic Chemistry 

and Applications, 2014, 10 

2. Ambike V, Adsule S, Ahmed F. “Copper conjugates of 

nimesulide Schiff bases targeting VEGF, COX and Bcl-2 

in pancreatic cancer cells,” Journal of Inorganic 

Biochemistry. 2007; 101(10):1517-1524. 

3. Ashok N Patange, Uttam M Yadav, Pratik A Desai, 

Pravin U Singare. Synthesis of some Novel Halogenated 

Platinum (II) Complexes of Active Schiff’s Base Ligand 

Derived from 5-Bromo Isatin and Evaluation of their 

Antibacterial Activity, World Scientific News. 2015; 

10:32-43. 

4. Rosenberg B, Vancamp L, Krigas T Inhibition of Cell 

Division in Escherichia coli by Electrolysis Products 

from a Platinum Electrode, Nature. 1965; 205:698-699.  

5. Ashok N Patange, Uttam M Yadav, Pratik A Desai, 

Pravin U Singare. Synthesis and Antimicrobial Activities 

of Novel Palladium (II) Complexes of Active Schiff’s 

Base Ligand Derived from 5-Bromo Isatin, International 

Letters of Chemistry, Physics and Astronomy. 2015; 

52:22-27. 

6. Patel NH, Parekh HM, Patel MN. Synthesis, 

characterization and biological evaluation of manganese 

(II), cobalt (II), nickel (II), copper (II), and cadmium (II) 

complexes with mono basic (NO) and neutral (NN) 

Schiff bases,” Transition Metal Chemistry. 2005; 

30(1):13-17. 

7. Thakor YJ, Patel SG, Patel KN. Synthesis, 

characterization and biocidal studies of some transition 

metal complexes containing tetra dentate and neutral bi 

dentate schiff base,” Journal of Chemical and 

Pharmaceutical Research, 2010; 2(5):518-525. 

8. Ramesh R, Suganthy PK, Natarajan K. Synthesis, spectra 

and electrochemistry of Ru(III) complexes with 

tetradentate Schiff bases,” Synthesis and Reactivity in 

Inorganic and Metal-Organic Chemistry. 1996; 26(1):47-

60. 

9. Enis Nadia, Md Yusof, Thahira Begum SA, Ravoof, 

Edward RT, Tiekink. Abhimanyu Veerakumarasivam, 

Karen Anne Crouse, Mohamed Ibrahim Mohamed Tahir 

and Haslina Ahmad,Synthesis, Characterization and 

Biological Evaluation of Transition Metal Complexes 

Derived from N, S Bidentate Ligands, Int. J. Mol. Sci. 

2015; 16:11034-11054. 

10. Pedreño E, López-Contreras AJ, Cremades A, Peñafiel R. 

Protecting or promoting effects of spermine on DNA 

strand breakage induced by iron or copper ions as a 

function of metal concentration. J. Inorg. Biochem., 

2005; 99:2074-2080. 

11. SujaPon PS, Mini S. Theodore David Manickam, R. 

Antony, S. Muthupoongodi and S. Magala Sathyasheeli, 

New class of Copper (II) complex derived from Isatin 

and Thiosemicarbazide- Synthesis, Spectral 

Characterization and biological activity, Der Pharma 

Chemica. 2016; 8(4):67-76. 

12. Yoon TP, Jacobsen EN. “Privileged Chiral Catalysts”, 

Science. 2003; 299:1691. 

13. Juan Fernandez MG, Fred A, Lopez-DURAN, Simon 

Hernandez-Ortega, Virginia Gomez-Vidales, Norma 

Macias- Ruvalcaba et al. Journal of Molecular structure. 

2002; 612:69-79. 

14. AKhandar A, Nejati K. Synthesis and characterization of 

a series of copper (II) complexes with azo-linked 

salisylaldehyde Schiff base ligands, Polyhedron. 2000; 

19:607-613. 



 

~ 2864 ~ 

International Journal of Chemical Studies 

15. Laila H, Abdel-Rahman, Ahmed M, Abu-Dief, Rafat M, 

El-Khatib et al. New Cd(II), Mn(II) and Ag(I) Schiff 

Base Complexes: Synthesis, Characterization, DNA 

Binding and Antimicrobial Activity, Int. J Nano. Chem. 

2016; 2(3):83-91. 

16. Ahmed M Abu-Dief, Ibrahim MA, Mohamed, Beni- 

Suef. University, Journal of Basic and Applied Sciences, 

2015; 4(2):119-133. 

17. Abd-Elzaher MM. Journal of the Chinese Chemical 

Society. 2001; 48:153-158. 

18. Abd-Elzaher MM. Spectroscopic characterization of 

some tetradentate Schiff bases and their complexes with 

nickel, copper and zinc, Journal of the Chinese Chemical 

Society. 2001; 48(2):153-158. 

19. Gomathi V, Selvameena R. Synthesis, characterization 

and biological studies of complexes of 3D transition 

metals and with Schiff base derived from sulfadiazine 

and 2-acetylnaphthalene, Int. J. Recent Sci. Res. 2013; 

4:94-97. 

20. Shivakumar K, Shashidhar P, Vithal Reddy P, Halli MB. 

Synthesis, spectral characterization and biological 

activity of benzofuran Schiff bases with Co(II), Ni(II), 

Cu (II), Zn (II), Cd (II) and Hg (II) complexes. J Coord. 

Chem. 2008; 61:2274-2287. 

21. Hunashal RD, Satyanarayana D. One pot synthesis of 3-

(substituted phenoxymethyl)-6-phenyl/substituted 

phenoxymethyl-1,2,4-triazolo[3,4-b][1,3,4] thiadiazole 

derivatives as antimicrobial agents, Int. J. Pharm. Biol. 

Sci. 2012; 3:183-192. 

22. Tarafder MTH, Ali MA, Wee DJ, Azahari K, Silong S, 

Crowse KA. Complexes of a tridentate ONS Schiff base. 

Synthesis and biological properties, Transit. Metal Chem. 

2000; 25:456-460. 

23. Dharamraj N, Viswanathanmurthi P, Natarajan K. 

Ruthenium (II) complexes containing bidentate Schiff 

bases and their antifungal activity, Transit. Metal Chem. 

2001; 26:105-109. 

24. Salman A Khan, Abdullah M Asiri, Khalid Al-Amryand, 

Maqsood Ahmad Malik. Synthesis, Characterization, 

Electrochemical Studies, and In Vitro Antibacterial 

Activity of Novel Thiosemicarbazone and Its Cu(II), 

Ni(II), and Co(II) Complexes, Hindawi Publishing 

Corporation,The Scientific World Journal. 2014, 9.  

25. Kalapala Venkatesh, Banothu Venkanna KB, Chandra 

Sekhar, Mukkanti K. Synthesis, characterization & 

biological activity of some new thiosemicarbazide 

derivatives and their transition metal complexes, Journal 

of Chemical and Pharmaceutical Research. 2015; 

7(8):437-445. 

26. Sumit Shrivastava, Nighat Fahmi, Singh RV. Studies on 

Biologically Active Schiff Bases and Their Chromium 

(III) Complexes Synthesized Using Microwave 

Technique, IEEE, 2008. 

27. Mahmoud NA, Al-Jibouri, Salam AH, Al-Ameri, Wessal 

M, Al-Jibouri et al. Spectroscopic study of the effect of a 

new metal chelate on the stability of PVC, Journal of the 

Association of Arab Universities for Basic and Applied 

Sciences. 2013; 14:67-74. 

28. Padhye S, Zahra A, Ekk S. Synthesis and characterization 

of copper(II) complexes of 4-alkyl/aryl- 1,2-

naphthoquinonesthiosemicarbazones derivatives as potent 

DNA cleaving agents,” Inorganica Chimica Acta. 2005; 

358(6):2023-2030. 

29. Maurya MR, Kumar A, Abid M, Azam A. 

“Dioxovanadium( V) and 𝜇-oxobis[oxovanadium(V)] 

complexes containing thiosemicarbazone based ONS 

donor set and their anti amoebic activity,” Inorganica 

Chimica Acta, 2006; 359(8): 2439–2447. 

30. K. Alomar, M. A. Khan, M. Allain, and G. Bouet, 

“Synthesis, crystal structure and characterization of 3-

thiophene aldehyde thiosemicarbazone and its complexes 

with cobalt (II), nickel (II) and copper (II),” Polyhedron. 

2009; 28(7):1273-1280. 

31. Ali MA, Mirza AH, Chartres JD, Bernhardt PV. 

“Synthesis, characterization and X-ray crystal structures 

of seven coordinate pentagonal-bipyramidal zinc(II), 

cadmium (II) and tin (IV) complexes of a pentadentate 

N3S2 thiosemicarbazone,” Polyhedron. 2011; 30(2):299–

306. 

32. Ahmed A, Al-Amiery, Yasmien K, Al-Majedy, Haziem 

Abdulreazak, Hussain Abood. Synthesis, 

Characterization, Theoretical Crystal Structure, and 

Antibacterial Activities of Some Transition Metal 

Complexes of the Thiosemicarbazone (Z)-2-(pyrrolidin- 

2-ylidene)hydrazinecarbothioamide, Hindawi Publishing 

Corporation, Bioinorganic Chemistry and Applications, 

2011, 6. 

33. Casas JS, Garc´ıa-Tasende MS, Sordo J. Main group 

metal complexes of semicarbazones and 

thiosemicarbazones. A structural review, Coordination 

Chemistry Reviews. 2000; 209(1):197-261. 

34. Mishra D, Naskar S, Drew MGB, Chattopadhyay SK. 

“Synthesis, spectroscopic and redox properties of some 

ruthenium(II) thiosemicarbazone complexes: structural 

description of four of these complexes,” Inorganica 

Chimica Acta. 2006; 359(2):585-592. 

35. Singh NK, Singh SB, Shrivastav A. Spectral, magnetic 

and biological studies of l,4-dibenzoyl-3-

thiosemicarbazide complexes with some first row 

transition metal ions,” Proceedings of the Indian 

Academy of Sciences. 2001; 113(4):257-273. 

36. Offiong OE, Martelli S. “Stereochemistry and antitumour 

activity of platinum metal complexes of 2-acetylpyridine 

thiosemicarbazones,” Transition Metal Chemistry. 1997; 

22(3):263-269. 

37. Labisbal E, Haslow KD, Sousa-Pedrares A, Vald´es- 

Mart´ınez J, Hern´andez-Ortega S, DX. West, 

“Copper(II) and nickel(II) complexes of 5-methyl-2-

hydroxyacetophenone N (4)-substituted 

thiosemicarbazones,” Polyhedron. 2003; 22(20):2831-

2837. 

38. Gavhane VS, Suryawanshi DM, Rajbhoj AS, Gaikwad 

ST. Physico-Chemical and Biological Analysis of N-4-

Disubstituted Thiosemicarbazone Ligand and its 

Transition Metal Complexes, Research Journal of 

Chemical Sciences. 2016; 6(1):16-21. 

39. Gavhane VS, Suryawanshi DM, Rajbhoj AS, Gaikwad 

ST. Physico-Chemical and Biological Analysis of N-4-

Disubstituted Thiosemicarbazone Ligand and its 

Transition Metal Complexes, Res. J chem. sci. 2016; 

6(1):16-21. 

40. Suja Pon PS, Mini S. Theodore David Manickam, R. 

Antony, S. Muthupoongodi and S. Magala Sathyasheeli, 

New class of Copper (II) complex derived from Isatin 

and Thiosemicarbazide - Synthesis, Spectral 

Characterization and biological activity, Der Pharma 

Chemica. 2016; 8(4):67-76. 

41. Chandan Adhikary, Rajesh Bera. Polyhedron. 2008; 

27:1556-1562. 



 

~ 2865 ~ 

International Journal of Chemical Studies 

42. EsinIspir. The synthesis, characterization, 

electrochemical character, catalytic and antimicrobial 

activity of novel, azo-containing Schiff bases and their 

metal complexes, Dyes and Pigments. 2009; 82(1):13-19. 

43. Rakesh Tada, Naimish Chavda, Manish K. Shah, 

Synthesis and characterization of some new 

thiosemicarbazide derivatives and their transition metal 

complexes, J Chem. Pharm. Res. 2011; 3(2):290-297. 

44. Kalyan Couglu N, Rollas S, Yegenogly, Pharmazie. 

1992; 47(10):796-97. 

45. Shirode PR, Dr. Patil DC, Yeole PM. Synthesis and 

Characterization of Mixed Ligand Complexes of Oxygen, 

Nitrogen and Sulphur Donor Ligands, International 

Journal of Innovative Research in Science, Engineering 

and Technology. 2016; 5(12). 

46. Siatra T, Tsotinis A, Sambari C, Thomou H. Eur. J Med. 

Chem. 1995; 30(2):107-147. 

47. Teoh-Siang Guan. Ang Show- Hing, Ongchiwi; J. 

Orgmet. Chem. 1999; 580(1):17-21.  

48. Shobha S Borhade. Synthesis, Characterisation& 

Antibacterial Activity Of New Fatty Acid 

Thiosemicarbazide From Cannabis Sativa (Hemp) Seed 

Oil, World Journal Of Pharmacy And Pharmaceutical 

Sciences. 2014; 3(4):953-963. 

49. Rajasekaran A, Murugesan S. J Indian Chem. Soc., 2002; 

79(6):544-45; Chem. Abstr. 2002; 137:369945g. 

50. Silva Maria Joselice E, Alves Antonio Jose, Silence C. 

Farmaco, 1998; 53(3):241-243, Chem. Abstr., 1998; 

129:109012.  

51. Dulanyan ER, Ovsepyan TR, Stepanyan GM, Avsenyan 

FG, Khim. Farm. Zh., Chem. Abstr. 1998; 32(7):14-15 

52. Yuvaraj TCM, Parameshwara Naik P, Krishnamurthy G, 

Venkatesh TV, Chidananda B. Synthesis, 

characterization and biological activity of novel transition 

metal complexes of N-{[2-(pyridin-4-ylmethyl) 

hydrazinyl]carbonothioyl}thiophene-2-carboxamide, Der 

Pharma Chemica. 2014; 6(4):187-194. 

53. KrezelIzabella. Acta Pol. Pharma., 1998; 55(2):125-28. 

54. Magalhaes Nereide, Stela Santos, Alves Antonio Jose, 

Alencer et al.; Rev. Cienc, Farm., 1998; 19(1):49-66; 

Chem. Abstr., 1999; 130:223025t.  

55. Fedorova OV, Mordovskoi GG, Rusinov GL, Khim-farm 

Zh. 1998; 32(2):11-12. Chem. Abstr., 1998; 129:81555s.  

56. Alves Antonio Jose, Ramos Selma Veronica, Silva Maria 

Joselice E. Rev. Farm. Bioqyim Uni. Sao Paulo. 1998; 

34(2):77-83; Chem. Abstr., 1999; 131:116046x. 

57. Cimerman Z, Miljani´c S, Gali´c N. “Schiff bases derived 

from aminopyridines as spectrofluorimetric analytical 

reagents,” Croatica Chemica Acta. 2000; 73(1):81-95. 

58. Schiff H, “Mittheilungenausdem Universit 

atslaboratorium in Pisa: eineneuereiheorganischer 

Basen,” Justus Liebigs Annalender Chemie. 1864; 

131(1):118-119. 

59. Meenachi S, Dr. Chitra S. A Review of Chemistry and 

Biological Importance of Schiff Base, IJSRR. 2014; 

3(1):08-18. 

60. Kalaivani S, Priya NP, Arunachalam S. Schiff bases: 

facile synthesis, spectral characterization and biocidal 

studies, IJABPT. 2012; 3:219-223. 

61. Cozzi PG. Metal–Salen Schiff base complexes in 

catalysis: practical aspects, Chem. Soc. Rev., 2004; 

33:410. 

62. Nabil Ramadan Bader. Applications Of Schiff’s Bases 

Chelates In Quantitative Analysis: A Review, Rasayan J. 

Chem. 2010; 3(4):660-670. 

63. Samir Alghool. Mononuclear complexes based on 

reduced Schiff base derived fromL-methionine, synthesis, 

characterization, thermal and in vitro antimicrobial 

studies, J Therm Anal Calorim. 2015; 12:1309-1319. 

64. Pawlica D, Marszaáek M, Mynarczuk G, SieroĔ L, 

Eilmes J. New J Chem. 2004; 28:1615. 

65. Costes JP, Dahan F, Fernandez MBF, Garcia MIF, Deibe 

AMG, Sanmartin J. Inorg. Chim. Acta.1998; 274:73. 

66. Kaczmarek MT, Jastrza R, Hoáderna-KĊdzia E, Radecka 

Paryzek W. Inorg. Chim. Acta., 2009; 362:3127. 

67. Mukherjee P, Sengupta O, Drew MGB, Ghosh A. Inorg. 

Chim. Acta, 2009; 362:285 

68. Neelakantana MA, Rusalraj F, Dharmaraja J, Johnsonraja 

S, Jeyakumar T, Pillai MS. Spectrochim. Acta A. 2008; 

71:1599 

69. Busch DH, J Inclusion Phenom. Mol. Recognit. Chem. 

1992; 12:389 

70. Costes JP, Dahan F, Fernandez MBF, Garcia MIF, Deibe 

AMG, Sanmartin J. Inorg. Chim. Acta. 1998; 274:73. 

71. Kaczmarek MT, Jastrza R, Hoáderna-KĊdzia E, 

Radecka-Paryzek W. Inorg. Chim. Acta. 2009; 362:3127. 

72. Diederich F, Stang PJ. (Eds.), Templated Organic 

Synthesis, Wiley- VCH, Weinheim, 2000. 

73. Gimeno N, Vilar R. Coord. Chem. Rev. 2006; 250:3161. 

74. Shanker D, Sharma RK, Sharma J, Rai AK, Singh YP. 

Heteroat. Chem. 2007; 18:7025.  

75. Duatti A, Marchi A, Rossi R, Magon L, Deutsch E, 

Bertolasia V et al. Inorg. Chem., 1988; 27:4208 

76. Schiff H. Ann. Chem. Pharm. 1869; 150:193 

77. Ahmed A Soliman, Wolfgang Linert. Structural Features 

of ONS-Donor Salicylidene Schiff Base Complexes, 

Monatsheftefu¨ r Chemie. 2007; 138:175-189. 

78. Kim E, Chufán EE, Kamaraj K, Karlin KD. Synthetic 

Models for Heme−Copper Oxidases, Chem. Rev. 2004; 

104(2):1077-1134. 

79. Vigato PA, Tamburini S. The challenge of cyclic and 

acyclic schiff bases and related derivatives, Coord. 

Chem. Rev. 2004; 248(17-20):1717. 

80. Plass W. Supramolecular interactions of vanadate 

species: vanadium (V) complexes with N-

salicylidenehydrazides as versatile models, Coord. Chem. 

Rev. 2003; 237(1, 2):205 

81. Hearn MJ, Cynamon MH. Design and synthesis of 

antituberculars: preparation and evaluation against 

Mycobacterium tuberculosis of an isoniazid Schiff base, 

J. Antimicrob. Chemother. 2004; 53(2):185. 

82. Nogrady T, Keshmirian J. Rotifer neuropharmacology—

II. Synergistic effect of acetylcholine on local anesthetic 

activity in Brachionuscalyciflorus (Rotifera, 

Aschelminthes), Comp. Biochem. Physiol. C: Pharmacol. 

Toxicol. Endocrinol. 1986; 83(2):339. 

83. Garnovskii AD, Osipov OA, Bulgarevich SB. The 

Principle of Hard and Soft Acids and Bases and the 

Problem of Competitive Coordination in Complex 

Compounds, Russ. Chem. Rev. 1972; 41(4):341. 

84. Ali MA. Magnetic and spectroscopic studies on nickel(II) 

and copper(II) complexes of some neutral tridentate ONS 

ligands, Can. J Chem. 1980; 58(7):727. 

85. Atwood DA, Harvey MJ. Group 13 Compounds 

Incorporating Salen Ligands, Chem. Rev., 2001; 101:37. 

86. Yamada S. Advancement in stereochemical aspects of 

Schiff base metal complexes, Coord. Chem. Rev., 1999; 

199:537. 

87. Che CM, Huang JS. Metal complexes of chiral 

binaphthyl Schiff-base ligands and their application in 



 

~ 2866 ~ 

International Journal of Chemical Studies 

stereoselective organic transformations, Coord. Chem. 

Rev., 2003; 242(1, 2):97. 

88. Canali L, Sherrington DC. Utilisation of homogeneous 

and supported chiral metal (salen) complexes in 

asymmetric catalysis, Chem. Soc. Rev. 1999; 28:85. 

89. Gibson VC, Spitzmesser SK. Advances in Non-

Metallocene Olefin Polymerization Catalysis, Chem. 

Rev. 2003; 103(1):283 

90. Rao SN, Kathale N, Rao NN, Munshi KN. Catalytic air 

oxidation of olefins using molybdenum dioxo complexes 

with dissymmetric tridentate O,N,S-donor Schiff base 

ligands derived from o-hydroxyacetophenone and S-

benzyldithiocarbazate or S-methyldithiocarbazate, Inorg. 

Chim. Acta. 2007; 360(14):4010. 

91. Jammi S, Saha P, Sanyashi S, Sakthivel S, 

Punniyamurthy T. Chiral binuclear copper(II) catalyzed 

nitroaldol reaction: scope and mechanism, Tetrahedron. 

2008; 64(51):11724. 

92. Iwakura I, Ikeno T, Yamada T. Proposal for the 

Metallacycle Pathway during the Cyclopropanation 

Catalyzed by Cobalt−Schiff Base Complexes, Org. Lett. 

2004; 6(6):949. 

93. Katsuki T. Unique asymmetric catalysis of cis-β metal 

complexes of salen and its related Schiff-base ligands, 

Chem. Soc. Rev. 2004; 33(7):437. 

94. Wang RM, Hao CJ, Wang YP, Li SB. Amino acid Schiff 

base complex catalyst for effective oxidation of olefins 

with molecular oxygen, J Mol. Catal. A: Chem. 1999; 

147(1, 2):173. 

95. Gupta KC, Sutar AK. Catalytic activities of Schiff base 

transition metal complexes, Coord. Chem. Rev. 2008; 

252(12-14):1420. 

96. Gupta KC, Sutar AK, Lin CC. Polymer-supported Schiff 

base complexes in oxidation reactions, Coord. Chem. 

Rev. 2009; 253(13-14):1926. 

97. Che CM, Huang JS. Metal complexes of chiral 

binaphthyl Schiff-base ligands and their application in 

stereoselective organic transformations, Coord. Chem. 

Rev. 2003; 242(2):97. 

98. Tahmeena Khan, Rumana Ahmad, Seema Joshi, Khan 

AR. Anticancer potential of metal thiosemicarbazone 

complexes: A review, Der Chemica Sinica. 2015; 

6(12):1-11. 

99. Brockman RW, Thomson JR, Bell MJ, Skipper HE. 

Observations on the antileukemic activity of pyridine-2-

carboxaldehyde thiosemicarbazone and 

thiocarbohydrazone. Cancer Res. 1956; 16:167-70. 

100. French FA, Blanz EJJ. The carcinostatic activity of 

alpha-(N) heterocyclic carboxaldehyde 

thiosemicarbazones. I. Isoquinoline-1- carboxaldehyde 

thiosemicarbazone, Cancer Res. 1965; 25:1454-8. 

101. Antholine WE, Knight JM, Petering DH. Inhibition of 

tumor cell transplantability by iron and copper complexes 

of 5-substituted 2- formylpyridinethiosemicarbazones. J 

Med Chem. 1976; 19:339- 41. 

102. Thelander L, Gräslund A. Mechanism of inhibition of 

mammalian ribonucleotide reductase by the iron chelate 

of 1-formylisoquinoline thiosemicarbazone. Destruction 

of the tyrosine free radical of the enzyme in an oxygen-

requiring reaction, J Biol Chem. 1983; 258:4063-6. 

103. Agrawal KC, Lin AJ, Booth BA, Wheaton JR, Sartorelli 

AC. Potential antitumor agents. 9. 2-Formyl(m-amino) 

phenylpyridinethiosemicarbazones. J Med Chem. 1974; 

17:631-5. 

104. Agrawal KC, Mooney PD, Sartorelli AC. Potential 

antitumor agents. 4-Methyl-5-amino-1-

formylisoquinoline thiosemicarbazone. J Med Chem, 

1976; 19:970-2. 

105. Giorgio Pelosi. Thiosemicarbazone Metal Complexes: 

From Structure to Activity, The Open Crystallography 

Journal, 2010; 3:16-28. 


