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complexes 

(a) Gel electrophoresis photograph of FAPT ligand and its 

metal complexes in the absence of H2O2  

(b) Gel electrophoresis photograph of FAPT ligand and its 

metal complexes in the presence of H2O2 
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Figure 4.C.23 DNA cleavage studies of HNAT ligand and its metal 

complexes 

(a) Gel electrophoresis photograph of HNAT and its metal 

complexes in the absence of H2O2  

(b) Gel electrophoresis photograph of HNAT and its metal 

complexes in the presence of H2O2  
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Figure 4.C.24 DNA cleavage studies of HNOA ligand and its metal 

complexes 

(a) Gel electrophoresis photograph of HNOA and its 

metal complexes in the absence of H2O2 

(b) Gel electrophoresis photograph of HNOA and its 

metal complexes in the presence of H2O2 
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Coordination chemistry is the study of compounds that have a central metal atom 

“coordinated” by ligands which donate a pair of electrons. Coordination compounds have 

been known since eighteenth century. Coordination complexes play a vital role in the 

chemical industry and have a wide variety of technological and industrial applications 

ranging from catalysis to anticancer drugs. Coordination compounds retain their identity in 

solid state as well as in dissolved state.  

The diversity in the structures of coordination compounds highly depends on the metal 

ion, its coordination number and the denticity of the ligands used. A coordination compound 

can be neutral, cationic or anionic depending on the sum of the charges of the metal ion and 

the ligands. If one or more neutral molecules coordinate to metal ion, the resulting species 

retain the charge of the transition metal ion and is called a complex ion.  

M
n+

  +  xL  →  [MLx]
n+ 

The selection of ligand plays a major role in determining the structures and 

characteristics of coordination complexes. The electronegative atoms such as N, O and S on 

the ligand enhance the coordinating possibilities. Metal complexes of Schiff bases show an 

important and interesting class of coordination compounds, which have played a prominent 

role in the development of coordination chemistry. In particular, coordination complexes of 

transition metal ions with Schiff base ligands show attractive physical and chemical 

properties and potentially effective biological activities.  

1.1. General Introduction of Schiff Bases 

Schiff bases have been playing an influential role in coordination chemistry as ligands, 

which have the capability to form stable metal complexes with different metals in various 

oxidation states. The easy preparation and low cost provide a major attraction for the 

synthesis of Schiff base ligands. Schiff bases are the compounds containing imine (˃C=N–) 

or azomethine (–CH=N–) functional group. The azomethine group is specifically suitable for 

binding to metal ions via the N atom lone pair. Schiff base can be represented by the general 

structure shown in Figure 1.1. 
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R
1
, R

2
 and / or R

3
 = alkyl or aryl 

Figure 1.1. General structure of a Schiff base 

Schiff bases are typically formed by the condensation of primary amines with carbonyl 

compounds (aldehyde/ketone), which were first reported by Hugo Schiff [1 (a,b)]. Schiff 

bases that contain alkyl substituents are relatively unstable and those which contain aryl 

substituents are considerably more stable [2]. Schiff bases of aromatic aldehydes having 

effective conjugation are more stable and those of aliphatic aldehydes are relatively unstable 

[3]. In general, aldehydes react faster than ketones in condensation reactions. The general 

scheme for the formation of Schiff bases are shown in the Scheme 1.1. 

 

    Aldehyde/Ketone    Primary amine         Schiff base  

Scheme 1.1. General scheme for the formation of Schiff bases 

Schiff bases act as excellent chelating agents due to the presence of the lone pair of 

electrons in sp
2
 hybridized orbital of nitrogen atom of azomethines [4], and the other 

heterocyclic molecules present in the Schiff bases. The complexing ability of Schiff bases 

containing different donor atoms are widely reported in literature [5]. Depending on the 

number of donor atoms in the Schiff base, they are monodentate (1), bidentate (2), tridentate 

(3), tetradentate (4) or polydentate (5) ligands (Figure 1.2). The donor atoms bind with 

transition metal ions and form more stable complexes.  
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       (1)                    (2) 

 

        

    (3)            (4) 

 

             (5) 

Figure 1.2. Schiff bases with different number of donor atoms 

Schiff bases play a major role in the evolution of inorganic chemistry especially 

influential in the development of coordination chemistry. Schiff bases are a significant group 

of ligands because of their selectivity, synthetic flexibility and sensitivity to the central metal 

atom. Schiff bases are used as intermediates in organic synthesis, catalysts, pigments and 

dyes, and as polymer stabilizers [6]. Schiff bases have earned utmost significance in 

medicinal and pharmaceutical areas because of their biological activities like antimicrobial 

[7], analgesic [8], anti-inflammatory [9], antitubercular [10], anticonvulsant [11], 

anthelmintic [12], antioxidant [13] and anticancer [14] (Figure 1.3). 
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Schiff bases with a functional group like –SH or –OH at ortho position to azomethine 

group act as excellent chelating agents, and form a stable five or six membered ring with the 

metal ion. These groups may cause tautomerism in the compound and form different 

structures. M. Yildiz et al. and T. Hokelek et al. have reported the tautomerism and 

intramolecular hydrogen bonding in Schiff bases (Figure 1.4) [15].  

           

                      Phenol-imine                                                                   Keto-amine 

 

Figure 1.4. Example for the tautomerism and intramolecular hydrogen bonding in Schiff base 

Antibacterial active Anticonvulsant agent 

Antitumor active Anti-inflammatory active 

Antioxidant active 

Figure 1.3. Examples for biologically active Schiff bases 
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The versatility of Schiff base ligands and their metal complexes as well as analytical, 

industrial and biological applications make more research in this area really desirable. In the 

present investigations, we have used 3-formylchromone and 2-hydroxy-1-naphthaldehyde for 

the synthesis of Schiff bases. A brief description of these types of compounds is presented 

below. 

1.2. General Introduction to Chromones 

Chromone is a derivative of benzopyran with a substituted keto group on the pyran 

ring. The structure of chromone is shown in Figure 1.5. 

 

Figure 1.5. Structure of chromone 

Chromone chemistry has been widely explored and extensively studied over the last 

few decades. Chromone is the constitutional scaffold of different bioactive compounds of 

synthetic as well as natural origin and it has great pharmaceutical importance and low toxicity 

[16]. Khellin is an example of a natural origin chromone derivative, extracted from the seeds 

of the plant Ammi visnaga, and it was the first chromone in clinical practice which was used 

for the treatment of vitiligo, a pigmentation disorder. Flavoxate was used as smooth muscle 

relaxant to treat urge incontinence (Figure 1.6) [17]. 

    

                 Khellin     Flavoxate 

Figure 1.6. Examples of pharmaceutically important natural origin chromone-based 

compounds  
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Chromones are a group of naturally existing oxygen containing heterocyclic 

compounds; these compounds contain γ-pyrone ring which combines with benzene ring at the 

5 and 6-position. Chromones and their derivatives are generally distributed in nature and they 

occur as a pigment in plant leaves and flowers. Chromone compounds are minor constituents 

of the human diet and have been reported to exhibit a wide range of biological activities like 

antimicrobial, antiviral, antioxidant, antitumor, anti-HIV, anti-inflammatory and antiallergic 

activities (Figure 1.7) [18]. 

      

 Antibacterial active                Anticancer active 

      

Antifungal active     Antioxidant active 

Figure 1.7. Examples for biologically active chromone derived compounds 

D.N. Davidson et al. have reported the susceptibility of chromone derivatives to ring-

opening via nucleophilic attack at C2 which has been illustrated by the amine-mediated ring-

opening of substituted chromone-2-carboxamides (Figure 1.8) [19].  
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Figure 1.8. Example for ring-opening in chromone derivatives via nucleophilic attack at C2 

In chromone derivatives 3-formylchromone has attracted special interest due to its vast 

range of applications in different fields.  

1.3. General Introduction to 3-Formylchromone Schiff Bases 

An electron-withdrawing group at 5
th

 position of the chromone moiety changes the 

reactivity of the pyrone ring with respect to nucleophilic agents and gives a wide range of 

synthetic possibilities of 3-substituted chromones [20]. The chemistry of 3-substituted 

chromones, mainly 3-formylchromones have gained a lot of interest due to the ease of 

preparation and applications in different fields. The structure of 3-formylchromone is shown 

in Figure 1.9. 

 

Figure 1.9. Structure of 3-formylchromone 

3-Formylchromone was developed by Vilsmeier-Haack method and it is synthesised 

from 2-hydroxyacetophenones, DMF and POCl3 (Scheme 1.2) [21].  

 

Scheme 1.2. Vilsmeier-Haack synthesis of 3-formylchromone 
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From a synthetic point of view, 3-formylchromone has three electronic centres an 

unsaturated keto function, a more active electrophilic centre at C2 and a conjugated second 

carbonyl group at C3. The synthesis of formylchromone Schiff base ligands and their 

coordination complexes show higher biological activities, these being antimicrobial, antiviral, 

anticancer, antioxidant, DNA binding and DNA cleavage etc., [22 (a-p)]. For example, 

Bharath et al and Ishar et al found that formylchromone derivatives act as potent human 

colon cancer and topoisomerase inhibitor anticancer agents [23 (a,b)]. These derivatives also 

have various kinds of applications and function as catalysts, analytical reagents, NLO 

materials etc., [24 (a,b)]. Thus, it has become an emerging area of interest for inorganic 

chemists in recent years. However, limited work has been done on the metal complexes of                       

3-formylchromone Schiff bases [25 (a-k)]. 

A number of studies on 3-formylchromone compounds have confirmed their antitumor, 

anti-thymidine phosphorylase, antimicrobial, antiviral, antioxidant, and insecticidal activity 

(Figure 1.10).  

 

M. A. Ibrahim et al. reported the synthesis of new Schiff bases containing 2-amino-3-

formylchromone combined with 1,2,4-triazole or 1,2,4-triazine derivatives. The synthesised 

compounds showed moderate antimicrobial activity [26]. 

The reaction of 3-formylchromone with primary aromatic amines leads to various 

products depending on the nature of the amine and/or experimental conditions (Scheme 1.3). 

K.M. Khan et al. reported the synthesis and anti-inflammatory activity of                      

3-formylchromone derived Schiff bases [27]. 

Anti-thymidine phosphorylase active Antibacterial active 

Figure 1.10. Examples of 3-formylchromone derived biologically active ligands 
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A. Dziewulska-Kułaczkowska et al. reported the reactions between                               

3-formylchromone with aniline or 6-amino-1,4-benzodioxane. 4-Chromanones are formed by 

the opening of the pyrone ring where an addition of –OCH3 group at C2 occurs. Chromanones 

can be synthesised this way from chromones [18]. 

S. V. Ryabukhin et al. reported the reactions of 3-formylchromone with electron rich 

anilines in the presence of TMSCl. There is a ring cleavage and a new ring formation takes 

place in the reactions to get the corresponding quinolines in good yields [28]. 

 

1.4. General Introduction to 2-Hydroxy-1-naphthaldehyde Schiff Bases 

2-Hydroxy Schiff base ligands derived from the reaction of 2-hydroxy-l-

naphthaldehyde with amines have been widely investigated [29] and most of them have been 

used as models for biological systems [30]. 

2-Hydroxy Schiff bases are of more research importance due to the presence of 

hydrogen bonds (N–H···O and O–H···N) and tautomerism between the keto-enamine and 

Scheme 1.3. The reactions of 3-formylchromone with different amines and/or experimental 

conditions 
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enol-imine forms (Figure 1.11). Tautomerism in 2-hydroxy Schiff bases was investigated 

using different spectroscopic methods both in solid and in solution state [31].  

 

2-Hydroxy-1-naphthaldehyde Schiff bases were widely used in medicinal field [32] and 

also used as radio tracers [33]. The ligands form stable complexes with metal ions due to the 

presence of a phenolic hydroxyl group at their o-position, which coordinates with the metal 

ion via deprotonation.  

H. Nazir et al. reported the synthesis of the ligand N-(2-pyridil)-2-oxo-1-naphthylidene-

methylamine which is derived from 2-hydroxy-1-naphthaldehyde and 2-aminopyridine. The 

ligand is in tautomeric equilibrium in polar and non-polar solvents (Figure 1.12). Single 

crystal XRD studies revealed that the Schiff base coexists in the keto-amine and the phenol-

imine forms in the solid state [34]. 

 

A. Rauf et al. reported the synthesis of Schiff base 1-((4-bromophenylimino) 

methyl)naphthalen-2-ol (BPIMN) derived from 2-hydroxy-1-naphthaldehyde with                 

4-bromoaniline. The Schiff base existed in enolic and zwitterionic forms and the 

Figure 1.12. The existence of N–H···O and O–H···N type H-bonds in Schiff base N-(2-

pyridil)-2-oxo-1-naphthylidene-methylamine 

 

                             keto–amine                                             phenol–imine 

phenol–imine 

 
Figure 1.11. The existence of N–H···O and O–H···N type hydrogen bonds in 2-hydroxy 

Schiff base 

keto–amine 
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computational studies showed high negative charge density on oxygen atom (Figure 1.13). 

The Schiff base found as good ligand and inhibitor of alkaline phosphatase [35].  

 

1.5. General Introduction to Triazoles 

1,2,4-Triazole and its derivatives belong to a class of exceptionally active compounds 

which possess a wide spectrum of biological properties, including antioxidant, antimicrobial, 

anti-inflammatory, anticonvulsant, antihypertensive, anticancer and anti-HIV [36 (a-d)]. 

Moreover, some of the metal complexes of substituted 1,2,4-triazole ligands are widely used 

as molecular-based memory devices or optical sensors [37 (a,b)]. 

Triazoles are extensively used as potential ligands in various bioinorganic syntheses. 

Based upon the nature of the functional groups [38] present on the ligand molecule, they 

coordinate to the metal ion in many ways. Literature reports have shown that many triazole 

derived ligands show anticancer [39], antibacterial, antifungal [40 (a-c)], analgesic [41], 

anticonvulsant [42 (a-c)], antitubercular [43 (a,b)], herbicidal, insecticidal, and plant growth 

regulatory activities [44 (a,b)] (Figure 1.14). Therefore, triazoles and their derivatives take 

up a central position over the most important compounds that constitute medicinally and 

pharmaceutically important drug centres [45]. 

Furthermore, the process of chelation/coordination plays a significant role in the 

biological system. Many literature studies revealed that the biological activity of various 

compounds used as drugs is enhanced by chelation with the metal ions [46]. 

Figure 1.13. Tautomeric forms of BPIMN 
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1.6. Schiff Base Metal Complexes 

Schiff base transition metal complexes are of particular interest to inorganic chemists 

due to their structural, chemical properties and various biological activities. Schiff base 

transition metal complexes have been known since 1840. These complexes are mainly 

synthesised by treating transition metal salts with Schiff bases under suitable experimental 

conditions. In recent years, metal-based drugs have greater significance in the field of 

medicine, in catalysis, and in non-linear optical devices [Figure 1.15].  

Antibacterial 

Maraviroc 
Ribavirin 

Bacteriocidal Agent Voriconazole 

Figure 1.14. Examples of some bioactive compounds containing 1,2,4-triazole moiety 
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A considerable amount of research has been performed on the chemistry of the Schiff 

base metal complexes having nitrogen donors. It may be due to their stability and potential 

applications in various fields like electrochemistry, catalysis, oxidation and biological activity 

[47]. 

 

 

 

       Non-linear optical property                Catalyst in Heck reaction 

          Anticancer active                                         Antibacterial active 

 

Figure 1.15. Examples of some applications of transition metal complexes 
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1.7. Literature Survey on 3-Formylchromone Schiff Base Metal Complexes 

The synthesis of new pyrido[2,3-d]pyrimidines from the reaction of 3-formylchromone 

and 6-aminopyrimidines using microwave irradiation were reported by J. Quiroga et al. [48].  

B. Murukan et al. reported the preparation of a bishydrazone which is formed from      

2-hydroxy-1-naphthaldehyde with isatin monohydrazone. Mn(II), Fe(II), Co(II), Ni(II), 

Cu(II) and Zn(II) metal complexes with the synthesised ligand bishydrazone were 

synthesised and characterised. From the results, the complexes are more active when 

compared to the ligand against antibacterial activity [49]. 

V.B. Halnor et al. reported the condensation reactions of 3-formylchromone with         

1-(2,4-difluorophenyl-2-[1,2,4]triazol-4-yl)ethanone, benzo[d]isoxazol-3-yl-acetic acid and 

N-methylpiperizine. The compounds were tested for antimicrobial activity against E. coli 

(gram –ve bacteria), S. albus (gram +ve bacteria) and A. niger (fungi) [50]. 

M.P.S. Ishar et al. reported the synthesis of 2-substituted-6-chloro-3-formylchromones 

and 2,7-disubstituted-6-fluoro-3-formylchromones and the compounds have shown promising 

anticancer activity [23 (b)].  

V. Barve et al. reported the synthesis of 3-formylchromone Schiff base derivatives and 

their copper complexes. The synthesised compounds were characterised and studied for their 

anticancer activity. The IC50 values of the complexes were far less than the ligands [25 (e)].  

M. Kalanithi et al. reported the synthesis of metal complexes with the ligand derived 

derived from 3-formylchromone with 2-aminothiazole. The ligand and its metal complexes 

were characterised by different analytical tools. The antimicrobial activity against the species 

A. niger, S. aureus, C. albigans, P. aeruginosa, E. coli and B. subtilis, was tested and 

compared with the ligand activity. The metal complexes showed more activity due to the 

chelation process.[24 (b)]. 

M. Al-Rashida et al. prepared chromone containing sulfonamide enamines from           

3-formylchromone, 6-bromo-3-formylchromone, 6-ethyl-3-formylchromone, 6-fluoro-3-

formylchromone and 6,8-dibromo-3-formylchromone with 3 and 4-aminobenzene 

sulfonanmides. All compounds exhibited excellent carbonic anhydrase (CA) inhibition 

activity [51].  
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The synthesis, crystal structure and characterisation of 3-(anilinomethylene)-2-

methoxychroman-4-one and 3-(1’,4’-benzodioxan-6’-aminomethylene)-2-methoxychroman-

4-one have been reported by A. Dziewulska-Kułaczkowska et al. The thermal stability of 

chromanones was examined and the experimental results showed that the compounds are 

thermally stable up to 90 and 100 ℃ [18].  

The synthesis and characterisation of Cu(II) and Zn(II) complexes with the new Schiff 

base ligand derived from 2-amino-3-formylchromone with (R)-2-amino-2-phenylethanol 

have been reported by F. Arjmand et al. The DNA binding results showed that both the metal 

complexes bind to CT-DNA by electrostatic groove binding mechanism. The Cu(II) complex 

shown efficient cleavage activity of plasmid pBR322 DNA [25 (g)].  

The synthesis and characterisation of transition metal(II) complexes with                     

3-(anilinomethylene)-2-methoxychroman-4-one were reported by A. Dziewulska-

Kułaczkowska et al. At room temperature, the complexes are stable and have electrolyte and 

non-electrolyte nature [25 (h)].  

C. Anitha et al. reported the synthesis and characterisation of VO(II), Co(II), Ni(II), 

Cu(II) and Zn(II) complexes of Schiff base synthesised from 5-(4-chloro-phenylazo)-2-

hydroxybenzaldehyde, 3-formylchromone and p-phenylenediamine. The antibacterial activity 

results showed that Cu(II) and Zn(II) complexes were more active. The synthesised 

compounds showed higher luminescence efficiency [22 (d)].  

The synthesis of silver(I) complexes with 3-formyl-6-methylchromone-phenyl 

hydrazone and 3-formyl-6-methylchromone-p-chlorophenyl hydrazone was reported by    

L.V. Tamayo et al. The antimicrobial and cytotoxic effects of chromone derivarives 

increased with coordination to silver(I) [52].  

R. Kumar et al. reported the synthesis of chromone-3-acrylic acid and its derivatives 

viz. 6-hydroxy chromone-3-acrylic acid and 7-methoxy chromone-3-acrylic acid and tested 

for the first time as corrosion inhibitors for control of corrosion of Low Alloy Steel corrosion 

in 1 M H2SO4 and showed great inhibition efficiency [53]. 

The reactions of the chromone hydrazones with transition metals such as Cu(II), Ni(II) 

and Zn(II) salts of acetate afforded mononuclear metal complexes were reported by            
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J.E. Philip et al. The biological studies involved antidiabetic activity i.e., enzyme inhibition 

of α-amylase and α-glucosidase, CT-DNA interaction and molecular docking [54].  

P.M. Kasapidou et al. reported the 3-component reaction of 3-formylchromones with 

arylhydrazines and acetylenedicarboxylates [55].  

G. Singh et al. synthesised the hydrazones through a green route which provides easy 

access to the hybrid class of compounds with the combination of 3-formylchromone 

derivatives. The newly synthesised compounds showed significant antimicrobial activities 

[56].  

The synthesis and characterisation of new Ni(II) complexes with the ligands derived 

from 3-formylchromone-S-methylisothiosemicarbazone and substituted 2-hydroxy 

benzaldehydes were reported by P. Vijayan et al. The new Ni(II) complexes were examined 

for their catalytic performances in one-pot hydroxylation of phenol in the presence of H2O2 

into catechol and hydroquinone [57].  

E. Sneha Jose et al. reported a novel class of mononuclear 2-methoxy-4-chromanones 

ligated Cu(II), Zn(II), Ni(II) complexes. The compounds were found to be mild α-amylase 

inhibitors and strong α-glucosidase inhibitors, characteristically similar to most of the 

antidiabetic drugs [58].  

G. Kalaiarasi et al. reported water soluble Cu(II) complexes of 7-hydroxy-4-oxo-4H-

chromene-3-carbaldehyde-4(N)-substituted semicarbazones. The in vitro biological 

evaluations showed their potential binding to DNA/Protein, inhibiting microbial growth and 

affecting cancer cells [59].  

Water soluble Cu(II) complexes containing 3-carbaldehyde chromone-4(N)-substituted 

thiosemicarbazones have been reported by G. Kalaiarasi et al. The Cu(II) complexes were 

studied for DNA and protein interactions, antimicrobial and antiproliferative activities [60].  

Coutinho and Fernandes; Sosnovskikh, have extensively used 3-formylchromone and 

its derivatives for the synthesis of Schiff bases by reactions with a variety of nitrogen 

nucleophiles [61 (a,b)].  
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1.8. Literature Survey on 2-Hydroxy-1-naphthaldehyde Schiff Base Metal Complexes 

Carrondo et al. reported the preparation and electrochemical behaviour of Ni(II) 

complexes with N2O2 Schiff base ligands based on 2-hydroxy-1-naphthaldehyde and three 

different diamines [62].  

T. Jeewoth et al. reported the synthesis and characterisation of Cu(II), Fe(III), Ni(II), 

Ru(II) and Zn(II) complexes with the new Schiff base ligand derived from 2-hydroxy-1-

naphthaldehyde with 2,3-diaminopyridine [32 (b)].  

The intramolecular hydrogen bonding and tautomerism in Schiff base ligand from 2-

hydroxy-1-naphthaldehyde and 2-aminopyridine was reported by H. Nazir et al [34].  

New Mn(III) complexes with Schiff bases derived from the condensation of 2-hydroxy-

1-naphthaldehyde with amino acids were reported by I. Sakiyan et al. [63]. 

The preparation and characterisation of Co(II), Ni(II) and Cu(II) complexes of Schiff 

base derived from isoniazide with 2-hydroxy-1-naphthaldehyde have been studied by       

H.A. El-Boraey [64]. 

V. Mahalingam et al. reported some new Ru(III) complexes by using the Schiff bases 

formed by the reaction between 2-hydroxy-1-naphthaldehyde with some derivatives of 

aniline. Some of the Ru(II) complexes have been tested for the catalytic activity in the 

oxidation of benzaldehyde [65].  

The synthesis of 2-hydroxy-1-naphthaldehyde-N-methylethanesulfonylhydrazone from 

2-hydroxy-1-naphthaldehyde and ethanesulfonic acid 1-methylhydrazide was reported by     

N. Özbek et al. Microbiological results of the compound showed relatively more activity 

against Gram +ve than Gram -ve bacteria [66]. 

Z.H. Chohan et al. reported the oxovanadium(IV) complex with a new Schiff base from 

2-hydroxy-1-naphthaldehyde and 3,5-diamino-1,2,4-triazole. Antimicrobial studies exhibited 

that the triazole Schiff base was moderately active against one or more strains and its 

oxovanadium(IV) complex was more active against various strains on coordination [38]. 

Abdulaziz M. Ajlouni et al. reported the synthesis, characterisation and biological 

activities of lanthanide complexes with a tetradentate Schiff base ligand, (N,N’-bis(2-
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hydroxy-1-naphthylidene)-1,6-hexadiimine). The antimicrobial activity results showed that 

the tested series possessed efficient antibacterial activity against P. aeruginosa,                     

K. pneumoniae, and E. coli bacteria [67]. 

The synthesis, characterisation and computational studies of Schiff base compound (Z)-

4-methyl-N-[2-((2-oxonaphthalen-1(2H)-ylidene)methylamino)ethyl]-benzenesulfonamide 

have been reported by Gokhan Alpaslan et al. They showed that the title compound can be 

used as a excellent non-linear optical material [68]. 

Trivalent lanthanide complexes with Schiff base derived from 2-hydroxy-1-

naphthaldehyde and 1,3-propyldiamine have been reported by Ziyad A. Taha et al. Results 

presented in this study indicated that Sm and Tb complexes with N,N’-bis(2-

hydroxynaphthyl-methylidene)-1,3-propanediamine can be considered as promising 

candidates in the design of photoluminescence devices [69]. 

The synthesis, crystal structures and urease inhibitory activities of new Cu(II) and 

Ni(II) complexes with the bidentate N,O-donor Schiff base ligands were reported by                       

X. Dong et al. It was found that this class of complexes exhibited strong inhibitory activity 

against jack bean urease [70]. 

H. Yin et al. described the synthesis, structural characterisation, crystal structure and 

DNA-binding studies of organotin(IV) complexes with new Schiff base ligands derived from 

2-hydroxy-1-naphthaldehyde and 3 or 4-aminobenzoic acid based. The complexes were 

found to have strong interactions with CT-DNA [71]. 

M. Hong et al. reported di- and tri-organotin(IV) complexes with 2-hydroxy-1-

naphthaldehyde 5-chloro-2-hydroxybenzoylhydrazone. The compounds exhibited good         

in vitro antitumor activity against HCT-8, A549 and HL-60. The results of in vitro antitumor 

activity screening indicated that n-butyltin(IV) complex showed better antitumor activity on 

three cancer cell lines than methyl-, phenyl- or benzyltin(IV) derivatives [72]. 

Tian-Jing Jia et al. reported a new Schiff base 1-[(1H-1,2,4-triazole-3-ylimino)-

methyl]-naphthalene-2-ol, showing more selectivity for Al
3+

 ion than other metal ions. It is 

sensitive for Al
3+

 with the detection limit reaching 0.69 μM in DMF. The confocal 

fluorescence microscopy experiments demonstrate that the synthesised Schiff base may be 

used as a fluorescent probe for Al
3+

 in living cells [73]. 
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V.P. Singh et al. synthesised a simple, cost effective, fluorescent pyrimidine based 

sensor 5-[{(2-hydroxynaphthalen-1-yl)methylene}amino]pyrmidine-2,4(1H,3H)-dione for 

highly selective determination of Al
3+

 in acetonitrile solution as well as in water. The lowest 

detection limit for Al
3+

 in acetonitrile and water was determined to be 3.2 × 10
-7

 M and          

1 × 10
-6

 M, respectively [74]. 

The synthesis and biological studies of Cu(III) and Ni(II) complexes with the Schiff 

base ligand derived from isonicotinoyl hydrazine and 2-hydroxy-1-naphthaldehyde were 

studied by K.R. Sangeetha Gowda et al. DNA binding experimental results showed that the 

metal complexes were bound to CT-DNA via intercalation. The DNA photocleavage 

experiment indicates that, the metal complexes act as efficient DNA cleavage agents [75].  

Mn(II), Co(II), Ni(II), Cu(II) and Zn(II) complexes with a Schiff base synthesised 

from 2-hydroxy-1-naphthaldehyde with 2-aminopyrimidine have been reported by Y. Sindhu 

et al. The Schiff base exhibited enolimine-quinoneamine tautomerism (Figure 1.16). The 

ligand existed in the enolimine form in the solid state and quinoneamine tautomeric form in 

solution state. But in coordination with metal ions, the Schiff base existed in imine form [76]. 

 

M. Macit et al. reported crystal structure, spectroscopic properties and DFT studies on 

Cu(II) complex of the Schiff base compound derived from the reaction of 2-hydroxy-1-

naphthaldehyde with 2-phenoxyaniline. This study demonstrated that Cu(II) complex can be 

used as a good nonlinear optical material [77]. 

M. Gaber et al. reported the synthesis, characterisation, DNA interaction and biological 

activities of metal(II) complexes with Schiff base from 2-hydroxy-1-naphthaldehyde and 

1,2,4-triazole. The DNA interaction results indicated that the interaction mode between 

complexes and DNA are intercalative and groove binding modes. The antimicrobial activity 

Figure 1.16. Tautomeric structure of the ligand 
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results indicated that the enhanced activity in most of the synthesised metal complexes, when 

compared to the free ligand [78].  

Gokhan Alpaslan et al. reported crystal structure, spectroscopic characterization of   

(E)-1-((3-methoxyphenylimino)methyl)naphthalen-2-ol. The X-ray diffraction results showed 

that the compound exists in the phenol-imine tautomeric form, which is stabilized by the 

intramolecular O‒H‧‧‧‧N hydrogen bond. The calculated non-linear optical properties of the 

compound are extremely higher than that of urea. This study demonstrates that the compound 

can be used as a good nonlinear optical material [79]. 

M. Gaber et al. reported the synthesis of Schiff base from 2-hydroxy-1-naphthaldehyde 

and 3-amino-1,2,4-triazole and its Ni(II), Pd(II) and Pt(II) metal complexes. The anticancer 

activity against HEPG2 cancer cell line showed that Pd(II), Pt(II) and Ni(II) complexes were 

less active when compared to the ligand. From the IC50 values the order of scavenging 

activity is Schiff base > Pd(II) > Ni(II) > Pt(II) [80]. 

Synthesis and characterisation of Cu(II), Co(II), Ni(II), Zn(II) and Cd(II) complexes 

with ONO donor Schiff base ligand derived from 2-hydroxy-1-naphthaldehyde and thiazole 

have been reported by G.Y. Nagesh et al. All the complexes have shown greater ability to 

cleave plasmid DNA pBR322. Cd(II), Zn(II) and Co(II) complexes shown good in vitro 

cytotoxicity properties against A. salina. The ligand exhibited better in vitro antioxidant 

activity than its metal complexes [32 (a)].  

S.Y. Ebrahimipour et al. reported the tridentate Schiff base ligand 1-(((5-chloro-2-

oxidophenyl)imino)methyl)naphthalen-2-olate and their three oxido-vanadium(V) complexes. 

The anticancer activity results of the oxido-vanadium(V) complexes possess greater 

anticancer activity than VO(acac)2 against MCF-7 (breast cancer) cells [81]. 

J.C. Qin et al. successfully developed a novel Schiff base 2-hydroxy-1-naphthaldehyde-

(2’-methylquinoline-4’-formyl)hydrazone “off-on” fluorescence sensor for Al
3+

/Zn
2+

.            

It showed high selectivity for Al
3+

 or Zn
2+

 over other metal ions. The lowest detection limit 

for Al
3+

 reach at 10
-7

 M level, which may find potential applications for detect micromolar 

concentrations of Al
3+

 in both biological systems and the environment [82].  

B. Barare et al. reported the synthesis, characterisation and crystal structure of a Schiff 

base derived from the reaction between 2-hydroxy-1-naphtaldehyde with 2-amino-6-
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methoxybenzothiazole. The colorimetric results showed that the Schiff base can be used to 

selectively detect CN
−
. NLO effects of the compound were predicted using DFT. DNA 

binding interaction studies revealed that the intercalative binding of Schiff base with CT-

DNA [83]. 

M. Niu et al. reported the synthesis and characterisation of Ni(II), Cu(II) Zn(II) and 

Mn(II) complexes with Schiff base derived from 2-hydroxy-1-naphthaldehyde and                

4-phenoxyphenylamine. From the results obtained in DNA/BSA interaction studies, it was 

found that the Zn(II) complex showed a more significant effect on their binding ability, 

which is consistent with its stronger cytotoxicity. From the cytotoxicity results, the 

complexes exhibited greater activity against the cell lines compared to Schiff base ligand 

[84]. 

Mononuclear Zn(II) complex with the Schiff base ligand derived from 2-hydroxy-1-

naphthaldehyde and 2,3-diaminobenzene has been reported by K. Ouari et al. The Zn(II) 

complex showed both reduction and oxidation process. The reduction/oxidation potentials are 

shifted to more negative values, in the case of the Zn(II) complex, than its corresponding 

ligand [85].  

M. Gaber et al. reported the synthesis, spectral, theoretical and biological studies of 

Ni(II), Pd(II) and Pt(II) complexes of the Schiff base ligand derived from 2-hydroxy-1-

naphthaldehyde and 3-amino-5-mercapto-1,2,4-triazole. All the complexes have moderate 

activity towards S. aureus and E. coli except Pd(II) complex with S. aureus which showed 

low activity. The antitumor activity of the Ni(II) complex exhibited high activity against 

HCT-116 cell line compared with the ligand and other metal complexes [86].  

The oxidation of phenyl propyne catalyzed by Cu(II) complexes with N-substituted 

benzimidazolyl Schiff base ligand was reported by R. Kumar et al. [87]. 

J-C. Qin et al. reported an effective fluorescent sensor depend on 2-hydroxy-1-

naphthaldehyde [2-(quinolin-8’-yloxy)acetyl]hydrazone for Mg
2+

 which was designed and 

synthesised. The receptor exhibited ‘‘off-on’’ fluorescent responses towards Mg
2+

 in 

acetonitrile [88]. 

A new chemosensor which is synthesised from 2-hydroxy-1-naphthaldehyde and 

aminobenzothiazole was reported by Q. Lin et al. It could produce a “turn-on” detect 
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fluorescent cyanide (CN
‒
) via a novel mechanism of nucleophilic addition induced Schiff 

base hydrolysis. It was a novel CN
‒
 sensor, which could instantly fluorescent “turn-on” 

detects CN
‒
 with specific selectivity and high sensitivity [89].  

Dinuclear Cu(II) complexes with formula [Cu2(L)2(N3)2] and [Cu2(L)2(NCS)2],          

HL = (1-[(3-methyl-pyridine-2-ylimino)-methyl]-naphthalen-2-ol) have been synthesised and 

characterised by M. Hazra et al. Bovine serum albumin (BSA) binding of Cu(II) complexes 

were investigated by absorption and fluorescence spectroscopic tools and quenching 

mechanism which may be static or dynamic. The ligand and its Cu(II) complexes displayed 

promising antibacterial activity compared to known antibiotic drug [90].  

K. Ghobadi et al. reported the electrocatalytic activity of N,N’-bis(2-hydroxy-1-

naphthaldehyde)-1,3-phenylenediimine, and its Ni(II) complex in the reduction of CO2. The 

electrocatalytic current response of the free ligand for CO2 reduction was found to be much 

better than those observed for the central metal of the Ni(II) complex or even the coordinated 

ligand [91].  

Zeinab Abbasi et al. reported the mononuclear Cu(II), Ni(II) and V(IV) complexes of a 

bidentate Schiff base ligand derived from 2-hydroxy-1-naphthaldehyde and                            

2-methoxyethylamine. All the compounds showed cytotoxic activity against MKN-45 cell 

line [92].  

The literature review presented above highlights some aspects of synthesis, 

characterisation, structural investigations and biological activities of 3-formylchromone and 

2-hydroxy-1-naphthaldehyde Schiff bases and their metal(II) complexes with specific 

reference to the kind of compounds discussed in the thesis. 
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The thesis is divided into five chapters.  

Chapter 1 deals with introduction. 

Chapter 2 deals with the need, objectives and scope of the present study. 

In Chapter 3, the experimental conditions for synthesis of ligands and their Co(II), 

Ni(II), Cu(II), Zn(II) and Pd(II) complexes and brief introduction to advanced instrumental 

techniques used for the characterisation of ligands and their metal complexes are provided.  

Chapter 4, this chapter is divided further into three parts.  

Part – A deals with the results and discussion of the present investigations on 

synthesised ligands.  

Part – B deals with the results and discussion of Co(II), Ni(II), Cu(II), Zn(II) and 

Pd(II) metal complexes. This chapter is further divided into five sections and the results 

of each metal are presented separately section-wise. 

Part – C deals with the discussion of biological studies like DNA binding, 

cleavage and anticancer activities of the synthesised ligands and their metal complexes. 

In the last chapter, i.e., Chapter 5, the summary and conclusions of the thesis are 

presented. 

Wherever and whenever the work of other scientists and investigations were taken for 

procedures of synthesis and support for interpretation and lead, due acknowledgements have 

been made by citing their works in the list of literature at the end of the thesis. 
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2.1. Need of the Present Study 

Cancer is a major health problem worldwide and it is the 2
nd

 main cause of death 

globally, and was responsible for an estimated 9.6 million deaths in 2018 [93]. Cancer is a 

group of diseases characterised by the uncontrolled growth and spread of abnormal cells [94]. 

Thus, the discovery and evolution of new selective and efficient anticancer drugs are of great 

significance in modern cancer researches.  

The binding of metal complexes to nucleic acid are being presently investigated 

because of their applicability as DNA foot printing, DNA structural probes and sequence-

specific cleavage agent and promising anticancer drug [95]. Metal complexes have been 

employed in antitumour therapy after the discovery of the cytotoxicity of cis-platin (cis-

Pt(NH3)2Cl2) by Rosenberg and co-workers in the late sixties [96]. Cis-platin was the first 

identified member of the platinum-based chemotherapeutic drugs [97]. 

Cis-platin is an efficient chemotherapeutic agent for treating various types of cancers 

such as sarcomas, small cell lung cancer, ovarian cancer, lymphomas and germ cell tumors 

but it causes a number of side effects such as anaemia, alopecia, diarrhea, emetogenesis, 

fatigue nephrotoxicity, ototoxicity, petechiae, and neurotoxicity [98]. Continuous efforts have 

been made to alleviate these side effects by improving the solubility of cis-platin and 

structural alteration. Majority of the chemotherapeutic anticancer drugs show their cytotoxic 

effect and thereby therapeutic effect by interacting with DNA. Literature reports show that 

DNA is the primary intracellular target of many anticancer, cancerogens and viruses [4].  

Metal complexes that undergo hydrolytic DNA cleavage are useful in robust anticancer 

drug design and genetic engineering molecular biotechnology [99].  

Schiff base ligands are treated as the most significant ligands as they possess different 

coordinating atoms. Thus, the Schiff base ligands and their metal complexes have notable 

importance in the evolution of Coordination Chemistry [100]. However, synthesis of different 

Schiff base ligands with novel structure and properties are still an interesting research topic. 

Due to significant biological activities, the chromanones have attracted much attention 

in current research. Most of the biologically active molecules from both synthetic and natural 

compounds contain chromanone moiety as a core structure. These are also minor constituents 
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of human diet [101]. Several chromanone derivatives exhibit significant biological and 

pharmacological activities such as antimicrobial, antioxidant, DNA binding, DNA cleavage, 

anticancer, antiallergic, neuroprotective and pesticidal agents [102]. Consequently, 

chromanone chemistry extends its importance in the area of synthesis and medicinal 

chemistry. Thus, it has become an emerging area of interest for Inorganic Chemists in recent 

years. However, limited work has been done on the metal complexes of 3-formylchromone 

Schiff bases [25(e-k)]. 

2-Hydroxy-1-naphthaldehyde Schiff bases have been extensively studied due to their 

vast range of medicinal applications and they have also been used as radio tracers.                 

2-Hydroxy-1-naphthaldehyde Schiff base ligands form stable complexes with metal ions due 

to the presence of a phenolic hydroxyl group at their o-position, which coordinates with the 

metal ion via deprotonation. 

Metal complexes show greater activity and lower toxicity than ligands in biological 

activities. Metal complexes of 3-formylchromone and 2-hydroxy-1-naphthaldehyde Schiff 

bases with aromatic amines (1,2,4-triazole derivatives and 2-methoxyaniline) are not reported 

in the literature. 

In this background, “Synthesis, Structural elucidation and DNA interaction, Molecular 

Docking and Anticancer Studies of Metal(II) Complexes with 3-Formylchromone and          

2-Hydroxy-1-napthaldehyde Derived Ligands” were undertaken in the present study. 

.  
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2.2. Objectives of the Present Study 

1. To synthesise and characterise the 3-formylchromone and 2-hydroxy-1-naphthaldehyde 

Schiff base ligands. 

2. To find the optimum experimental conditions for the synthesis of metal(II) complexes 

using Schiff base ligands. 

3. To find the compositions and possible structures of the metal complexes using various 

physicochemical techniques. 

4. To study the biological activities of the synthesised Schiff bases and their metal(II) 

complexes.  

2.3. Scope of the Present Study 

1. The following chromanone derivatives were synthesised from 3-formylchromone and 

2-methoxyaniline in different solvents. 

 
Figure 2.1. Structures of chromanone derivatives FOA (a-d) 

2-ethoxy-3-(((2-methoxyphenyl) 

amino)methylene)chroman-4-one 

(FOA-b)  

2-isopropoxy-3-(((2-methoxyphenyl) 

amino)methylene)chroman-4-one 

(FOA-c)  

2-butoxy-3-(((2-methoxyphenyl) 

amino)methylene)chroman-4-one 

(FOA-d) 

 

2-methoxy-3-(((2-methoxyphenyl) 

amino)methylene)chroman-4-one 

(FOA-a)  
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2. The following ligands derived from 3-formylchromone have been used for the synthesis 

of Co(II), Ni(II), Cu(II), Zn(II) and Pd(II) complexes.  

    

 

 

 

 

 

3-(((1H-1,2,4-triazol-3-yl)imino)methyl)- 

4H-chromen-4-one 

(FAT)  

 

(2-hydroxyphenyl)(2-(methylthio)-[1,2,4] 

triazolo[1,5-a]pyrimidin-6-yl)methanone 

(FAMT)  

3-(((3-mercapto-5-phenyl-4H-1,2,4-triazol-4-yl) 

imino)methyl)-4H-chromen-4-one 

(FAPT)  

Figure 2.2. Structures of 3-formylchromone derived ligands 
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3. The following ligands derived from 2-hydroxy-1-naphthaldehyde have been used for 

the synthesis of Co(II), Ni(II), Cu(II), Zn(II) and Pd(II) complexes.  

 

 

 

4. Analytical characterisation techniques like 
1
H NMR, 

13
C NMR, Mass, UV-Visible, 

FTIR, thermal, magnetic, fluorescence, powder XRD and SEM were used for the 

structural determination of ligands and their metal(II) complexes. 

5. Various biological studies such as DNA binding, DNA cleavage, molecular docking 

and anticancer activity of the ligands and their metal(II) complexes have been studied.  

 

 

 

 

 

 

1-(((4H-1,2,4-triazol-4-yl)imino) 

methyl)naphthalen-2-ol 

 

(HNAT)  

1-(((2-methoxyphenyl)imino) 

methyl)naphthalen-2-ol 

 

(HNOA)  

Figure 2.3. Structures of 2-hydroxy-1-naphthaldehyde derived ligands 
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This chapter presents the details of the materials and chemicals used and detailed 

procedures adopted for the synthesis of the ligands like 3-(((1H-1,2,4-triazol-3-

yl)imino)methyl)-4H-chromen-4-one (FAT), (2-hydroxyphenyl)(2-(methylthio)-

[1,2,4]triazolo[1,5-a]pyrimidin-6-yl)methanone (FAMT), 3-(((3-mercapto-5-phenyl-4H-

pyrazol-4-yl)imino)methyl)-4H-chromen-4-one (FAPT), 1-(((4H-1,2,4-triazol-4-yl)imino) 

methyl)naphthalen-2-ol (HNAT) and 1-(((2-methoxyphenyl)imino)methyl)naphthalene-2-ol 

(HNOA) and their Co(II), Ni(II), Cu(II), Zn(II) and Pd(II) metal complexes. A brief account 

of the instruments used and the experimental details are also included in this chapter. The 

ligands structures were confirmed by elemental analysis, FTIR, 
1
H NMR, 

13
C NMR and mass 

data. The metal complexes were fully characterised by elemental analysis, molar 

conductance, electronic, FTIR, thermal, magnetic, ESR, powder XRD, SEM and fluorescence 

studies. 

3.1. Materials and Chemicals Used in the Present Study 

All the chemicals and solvents used were purchased from MERCK, Sigma-Aldrich, SD 

Fine and Himedia chemical companies. Dimethylformamide (DMF), phosphorous 

oxychloride, 2-hydroxy acetophenone, 3-amino-1,2,4-triazole, 3-amino-5-methylthio-1H-

1,2,4-triazole, 4-amino-5-phenyl-4H-1,2,4-triazole-3-thiol, 2-hydroxy-1-naphthaldehyde,      

4-amino-1,2,4-triazole and 2-methoxyaniline and the metal acetates of cobalt(II), nickel(II), 

copper(II) and zinc(II) and palladium(II) chloride used were of AR grade. The solvents such 

as methanol, ethanol, acetone, dimethylsulphoxide (DMSO) etc., used were of spectroscopic 

grade and used without further purification. Calf thymus DNA (CT-DNA) was purchased 

from Himedia, Hyderabad, India. 

3.2. Preparation of the Ligands 

The FAT, FAMT and FAPT ligands were prepared in two steps. In the first step           

3-formylchromone was prepared by using Vilsmeier-Haack synthesis [103]. In the second 

step 3-formylchromone condensed with 3-amino-1,2,4-triazole, 3-amino-5-methylthio-1H-

1,2,4-triazole and 4-amino-5-phenyl-4H-1,2,4-triazole-3-thiol to get the corresponding 

ligands. 

The HNAT and HNOA ligands were prepared by the condensation of 2-hydroxy-1-

naphthaldehyde with 4-amino-1,2,4-triazole and 2-methoxyaniline, respectively. 
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3.2.1. Synthesis of 3-Formylchromone  

3-Formylchromone was synthesised by adopting the literature method [103]. To the 

dimethylformamide (44 mL), phosphorous oxychloride (20 mL) was added dropwise in ice 

cold condition and stirred the mixture for 30 min. After that 12 mL of                                     

2-hydroxyacetophenone was added dropwise. The reaction mixture was stirred for 2-3 h. 

Then, the reaction mixture was kept in freeze for overnight and then treated with ice cold 

water to give yellow colour solid. Upon recrystallization in ethanol light yellow colour 

crystalline solid was separated. The product was then dried and used. Yield: 82%,             

M.P: 142 °C (Scheme 3.1). 

 

3.2.2. Preparation of 3-Formylchromone Derivatives FOA (a-d) 

3-Formylchromone derivatives a-d were prepared by adding o-anisidine (0.11 mL,        

1 mM) dropwise to the 3-formylchromone (0.174 g, 1 mM) in different solvents (methanol 

(a), ethanol (b), 2-propanol (c) and 1-butanol (d)) with continuous stirring for 1 h. All the 

compounds (a-d) formed are yellow in colour. The products thus obtained were recrystallized 

from their corresponding solvents. All the experimental details were given in Scheme 3.2. 

 

Here R = -CH3 for FOA-a, -CH2CH3 for FOA-b, -CH(CH3)2 for FOA-c and -CH2(CH2)2CH3 for FOA-d  

Scheme 3.2. Synthesis of chromanones FOA (a-d)  

Scheme 3.1. Synthesis of 3-formylchromone  
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3.2.3. Preparation of 3-(((1H-1,2,4-triazol-3-yl)imino)methyl)-4H-chromen-4-one (FAT) 

Synthesis of Schiff base ligand 3-(((1H-1,2,4-triazol-3-yl)imino)methyl)-4H-chromen-

4-one (FAT) was prepared by stirring the hot methanolic solutions of 3-formylchromone  

(1.74 g, 1 mM) and 3-amino-1,2,4-triazole (0.84 gm, 1 mM) for 1 h. The yellow coloured 

compound thus obtained was isolated by filtration and was recrystallized in methanol 

(Scheme 3.3). 

 

3.2.4. Preparation of (2-hydroxyphenyl)(2-(methylthio)-[1,2,4]triazolo[1,5-a]pyrimidin-6-

yl)methanone (FAMT) 

The ligand (2-hydroxyphenyl)(2-(methylthio)-[1,2,4]triazolo[1,5-a]pyrimidin-6-

yl)methanone (FAMT) was prepared by condensation of 3-formylchromone and 3-amino-5-

methylthio-1H-1,2,4-triazole. A methanol solution of 3-formylchromone (0.1 mM) was 

added to a solution of 3-amino-5-methylthio-1H-1,2,4-triazole (0.1 mM) and stirred at room 

temperature for 2 h (Scheme 3.4). The yellow coloured solid product was separated out by 

filtration and washed with methanol. Yellow coloured single crystals of the ligand FAMT 

suitable for the X-ray crystallographic analysis was grown by slow evaporation of methanol. 

 
Scheme 3.4. Synthesis of FAMT ligand  

Scheme 3.3. Synthesis of Schiff base ligand FAT  
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3.2.5. Preparation of 3-(((3-mercapto-5-phenyl-4H-1,2,4-triazol-4-yl)imino)methyl)-4H-

chromen-4-one (FAPT) 

0.01 M (1.74 g) of 3-formylchromone and 0.01 M (1.92 g) of 4-amino-5-phenyl-4H-

1,2,4-triazole-3-thiol was dissolved in 25 ml of methanol. The mixture was stirred at room 

temperature for 2 h (Scheme 3.5). A yellow coloured solid was separated out. The product 

was washed with methanol and dried. The compound was recrystallized to get pure form. 

 

3.2.6. Preparation of 1-(((4H-1,2,4-triazol-yl)imino)methyl)naphthalen-2-ol (HNAT) 

A hot methanol solution of 4-amino-1,2,4-triazole (1 mM) was added dropwise to a hot 

methanolic solution of 2-hydroxy-1-naphthaldehyde (1 mM), with continuous stirring and the 

mixture was refluxed at 50 °C for 2 h. A yellow colour compound was formed. The product 

was washed several times with methanol and dried. The compound was recrystallized in hot 

methanol. Yellow coloured single crystals were obtained in 10 days period in methanol by 

slow evaporation method at room temperature (Scheme 3.6) [104]. 

 
Scheme 3.6. Synthesis of HNAT ligand 

Scheme 3.5. Synthesis of FAPT ligand 
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3.2.7. Preparation of 1-(((2-methoxyphenyl)imino)methyl)naphthalen-2-ol (HNOA) 

A mixture of 2-hydroxy-1-naphthaldehyde (0.1 mM) and 2-methoxyaniline (0.1 mM) 

in methanol (25 mL) was stirred under magnetic stirrer for 30 min at room temperature. 

Yellow coloured product was obtained; it was filtered and washed with methanol. The fine 

yellow crystals were obtained from methanol was suitable for single crystal X-ray diffraction 

studies. The general reaction is shown in Scheme 3.7.  

 

3.3. Preparation of Metal(II) Complexes 

Co(II), Ni(II), Cu(II) and Zn(II) complexes were synthesised by using respective metal 

acetates, while Pd(II) complexes were synthesised using PdCl2. 

In the preparation of all the metal(II) complexes the following general procedure was 

adopted. 

20 mL of hot methanolic solution of the ligand (2 mM) was added dropwise to 10 mL 

of hot methanolic solution of corresponding metal acetate (1 mM) salt of Co(II), Ni(II), 

Cu(II) and Zn(II) with constant stirring. The reaction mixture was refluxed on an oil bath at 

60-70 °C for about 4 h. After refluxing the reaction mixture the coloured solid complexes 

thus separated were filtered and washed with methanol and dried in vacuum. 

The solution of Pd(II) chloride was prepared by dissolving 1.06 g of PdCl2 in 1 mL 

concentrated HCl and diluted to 100 mL to give 0.1 N solution. In the synthesis of all Pd(II) 

complexes, the following general procedure was adopted.  

Scheme 3.7. Synthesis of HNOA ligand  
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The methanolic solution of ligand (2 mM) was added drop wise to the Pd(II) chloride  

(1 mM) with constant stirring at room temperature for 30 min. The product was formed and 

washed with methanol. The complex was dried under vacuum. 

The synthetic details and physical characteristics of all the metal complexes and the 

other details are given in Tables 3.3.1-3.3.5. 

3.4. Instruments Used and the Experimental Details 

A brief account of the instruments used for the characterisation of the synthesised 

ligands and their metal(II) complexes are given below. 

3.4.1. NMR Spectrophotometer 

1
H and 

13
C NMR spectra of the compounds were recorded on a Bruker-Avance III HD 

400 MHz spectrometer in CDCl3 or DMSO-D6 using tetramethylsilane (TMS) as an internal 

standard. NMR spectral data provides valuable information regarding the structure of the 

ligands. 

3.4.2. Mass Spectrometer 

Mass data of the ligands were recorded on ESI-QToF (Waterssynapt G2S) of high 

resolution mass spectrometer.  

3.4.3. Elemental Analysis 

Elemental analyses were performed using a Perkin Elmer CHN analyser.  

3.4.4. Molar Conductance 

The molar conductance of the metal complexes in 10
-3

 M DMF solution was 

determined using Digisun Electronics digital conductivity meter model 909. 

3.4.5. Infrared Spectrophotometer 

FTIR spectra of the synthesised compounds were recorded on Perkin-Elmer 100S 

spectrometer using KBr pellets in the range 4000-300 cm
-1

. 
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3.4.6. UV-Visible Spectrophotometer 

UV-Visible spectroscopy is a very important tool for coordination chemists to get 

valuable information about the structural aspects of the metal complexes. The electronic 

spectra were recorded on Perkin-Elmer UV-Visible Spectrophotometer Lambda 25 in 

DMSO. 

3.4.7. Fluorescence Spectrophotometer 

The fluorescence spectra of the compounds were recorded on Horiba yvon Fluorolog 

Spectrophotometer.  

3.4.8. Magnetic Measurement 

Magnetic susceptibilities were determined on a Sherwood Scientific magnetic moment 

balance (Model No: MK1) at room temperature (25 °C) using Hg[Co(SCN)4] as a calibrant. 

Diamagnetic corrections were calculated using Pascal’s constants. 

The magnetic moment values thus help to predict the oxidation state of the metal ion to 

a limited extent and to establish the possible geometry of the complexes. 

3.4.9. Thermal Analysis 

Thermal analysis of the metal complexes were carried out on a Perkin Elmer Diamond 

TGA instrument at a heating rate of 10 °C and nitrogen flow rate of 20 mL/min using 

alumina crucible. 

3.4.10. ESR Spectrophotometer 

The ESR spectra of Cu(II) complexes were recorded using JOEL X-Band Electron Spin 

Resonance spectrometer at room temperature. The ESR spectroscopy is a reliable method to 

determine the geometry and electronic structures of the metal complexes. 

3.4.11. X-ray Powder Diffraction 

The X-ray powder diffraction (powder XRD) analysis was carried out by using 

PANlytical, X’Pert Powder X-Ray diffractometer with Cu Kα radiation.  
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3.4.12. Scanning Electron Microscopy (SEM) 

Scanning electron microscopy was obtained for all the compounds using Tescan Vega-

3 LMU electron microscope. It is used to evaluate morphology and particle size of the 

materials. 

3.4.13. Melting Point Determination 

The melting point of the synthesised ligands and their metal complexes was recorded 

on Stuart SMP30. 

3.4.14. Biological Activities 

3.4.14.1. DNA binding activity 

(a) UV-Visible spectroscopic studies 

The UV-Visible absorption studies show the interaction of ligand and its metal 

complexes with CT-DNA. Experiments were performed in 5 mM Tris-HCl/50 mM NaCl 

buffer solution (pH = 7.2) as per the procedure published in literature [105 (a,b)]. The 

concentration of CT-DNA was determined by using the electronic absorbance at 260 nm 

(molar absorption coefficient 6600 M
-1

cm
-1

). The absorbance ratio at 260 nm and 280 nm 

(A260/A280) is 1.81, suggesting that the CT-DNA solution was sufficiently free of protein. The 

stock solutions were stored at 4 °C and were used within four days. The titrations were 

carried out by keeping the constant concentration (50 μM) of the ligand and its metal 

complexes and by varying the concentration of CT-DNA (0 to 50 μM). From the electronic 

absorbance titration data the binding constant (Kb) of the synthesised compounds have been 

determined by adopting the equation [106]:
 

[DNA]/(εa - εf) = [DNA]/(εb - εf) + 1/Kb (εb - εf)       (1) 

Where εa is the ‘apparent’ extinction coefficient, which was obtained by calculating 

Aobsd/[Compound]. The term εf corresponds to the extinction coefficient of free (unbound) 

and εb corresponds to the fully bound complexes. A plot of [DNA]/(εa - εf) vs [DNA] will 

give a slope 1/(εb - εf) and an intercept 1/Kb (εb - εf). Kb is the ratio of the slope and the 

intercept. 
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(b) Fluorescence spectroscopic studies 

Compounds binding to DNA by intercalation mode were given through the emission 

quenching experiment. EB is a common fluorescent probe for DNA structure and has been 

selected for the examinations of the mode and process of compound binding to DNA. A 3 mL 

solution of 2.0 μM DNA and 1 x 10
-5

 M EB was titrated by 25-125 μM compound              

(λex = 520 nm, λem = 535.0-750.0 nm). The quenching constant (Kq) values were calculated 

by using classical Stern-Volmer equation [107]:
 

F0/F = Kq [Q] + 1          (2) 

Where F0 is the emission intensity in the absence of quencher, F is the emission intensity in 

the presence of quencher, Kq is the quenching constant and [Q] is the quencher concentration. 

Plots of F0/F versus [Q] appear to be linear and Kq depends on temperature. 

3.4.14.2. Cleavage Studies of pET28a Plasmid DNA 

Plasmid DNA cleavage experiments were performed according to the literature [105 

(a,b)]. Plasmid DNA cleavage ability of ligand and its metal complexes in the absence and 

presence of oxidant H2O2 was observed by agarose gel electrophoresis method. Stock 

samples of ligand and its complexes were prepared in DMSO (1 mg/mL). 100 µg/mL 

solutions were prepared by using Tris-HCl buffer from the stock solution. From that 15 µL 

was added to the isolated pET28a plasmid DNA of E. coli. The samples were incubated for 2 

h at 37 °C, after that 1 µL of loading buffer (bromophenol blue in H2O) was added to each 

sample and the mixed samples were loaded carefully into the 0.8% agarose gel 

electrophoresis chamber wells along with control (DNA alone). The electrophoresis was 

carried out at constant 70 V of electricity for 2 h. The gel was removed and stained with 10.0 

mg/mL ethidium bromide for 10-15 min and the bands were observed under Mediccare gel 

documentation system.  

3.4.14.3. Molecular Docking Studies 

The 3D coordinates of the synthesised liands and their metal complexes were rendered 

using ChemDraw 3D and the structures were visually confirmed using UCSF Chimera [108]. 

The B-DNA dodecamer structure with sequence 5'-D (CGCGAATTCGCG)2 and sequence  

id: 1BNA was retrieved from RCSB (http://www.rcsb.org). The molecules were energy 

minimized for 100 steps of steepest gradient using UCSF Chimera [108]. The docking studies 
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were performed using AUTODOCK 4.2 [109] where in Gasteiger charges and Kollman 

charges were distributed to the molecules and the B-DNA structures, respectively. The grid 

box was set to 0.375 A°. Genetic algorithm was chosen for docking and 50 GA runs were 

performed. The population size was set to 150 and the maximum number of generation was 

set to 27000 in the GA parameters. The docked confirmations were then analyzed for 

hydrogen bonding and binding energy.  

3.4.14.4. Anticancer Activity 

In vitro anticancer activity of the synthesised compounds was assayed against        

HEK-293, HeLa, IMR-32 and MCF-7 cell lines using MTT assay [110]. The adherent cells 

were trypsinized as stated by the protocol and after centrifugation they were resuspended in 

newly prepared medium. By pipetting the cell suspension was carefully mixed to get a 

homogeneous single cell suspension. Different concentrations of drug solutions were 

prepared in media with the final concentration of the DMSO in the well was to be less than 

1%. In each well of a 96 well plate, 100 μL of cell suspension was transferred aseptically and 

to it 100 μL of 1% drug solution (in quadruplicate) in media was added. At 37 °C this plate 

was incubated for 72 h in CO2 incubator. 20 μL of MTT was added to each well after 72 h of 

incubation period. Again the plate was incubated for 2 h. To the each well of the plate, 80 μL 

of lysis buffer was added and it was covered in aluminium foil to prevent the oxidation of the 

dye and it was placed on a shaker for overnight. On the ELISA reader at 562 nm wavelength 

absorbance was recorded. To find out the % inhibition of the test, absorbance was compared 

with that of DMSO control.  
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Table 3.3.1. Synthetic details and physical characteristics of Co(II) complexes 

S. No. Metal salt 
Weight of 

metal salt (g) 
Ligand 

Weight of 

ligand (g) 

Refluxing 

time (h) 

Colour of 

the complex 

(% yield) 

1. Co(CH3COO)2.4H2O 0.124 FAT 0.240 4 
Brick red 

(67) 

2. Co(CH3COO)2.4H2O 0.124 FAMT 0.286 4 
Brown 

(73) 

3. Co(CH3COO)2.4H2O 0.124 FAPT 0.348 6 
Brown 

(63) 

4. Co(CH3COO)2.4H2O 0.124 HNAT 0.238 4 
Brick red 

(60) 

5. Co(CH3COO)2.4H2O 0.124 HNOA 0.277 6 
Red 

(63) 
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Table 3.3.2. Synthetic details and physical characteristics of Ni(II) complexes 

S. No. Metal salt 
Weight of 

metal salt (g) 
Ligand 

Weight of 

ligand (g) 

Refluxing 

time (h) 

Colour of the 

complex 

(% yield) 

1. Ni(CH3COO)2.4H2O 0.140 FAT 0.240 4 
Greenish yellow 

(62) 

2. Ni(CH3COO)2.4H2O 0.140 FAMT 0.286 4 
Greenish yellow 

(68) 

3. Ni(CH3COO)2.4H2O 0.140 FAPT 0.348 6 
Green 

(75) 

4. Ni(CH3COO)2.4H2O 0.140 HNAT 0.238 4 
Greenish yellow 

(82) 

5. Ni(CH3COO)2.4H2O 0.140 HNOA 0.277 6 
Brown 

(86) 
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Table 3.3.3. Synthetic details and physical characteristics of Cu(II) complexes 

S. No. Metal salt 
Weight of 

metal salt (g) 
Ligand 

Weight of 

ligand (g) 

Refluxing 

time (h) 

Colour of the 

complex 

(% yield) 

1. Cu(CH3COO)2.H2O 0.100 FAT 0.240 4 
Green 

(77) 

2. Cu(CH3COO)2.H2O 0.100 FAMT 0.286 4 
Green 

(82) 

3. Cu(CH3COO)2.H2O 0.100 FAPT 0.348 6 
Green 

(70) 

4. Cu(CH3COO)2.H2O 0.100 HNAT 0.238 4 
Green 

(78) 

5. Cu(CH3COO)2.H2O 0.100 HNOA 0.277 6 

Reddish 

Brown 

(80) 
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Table 3.3.4. Synthetic details and physical characteristics of Zn(II) complexes 

S. No. Metal salt 
Weight of 

metal salt (g) 
Ligand 

Weight of 

ligand (g) 

Refluxing 

time (h) 

Colour of the 

complex 

(% yield) 

1. Zn(CH3COO)2.2H2O 0.109 FAT 0.240 4 
Yellow 

(60) 

2. Zn(CH3COO)2.2H2O 0.109 FAMT 0.286 4 
Yellow 

(70) 

3. Zn(CH3COO)2.2H2O 0.109 FAPT 0.348 6 
Pale Yellow 

(68) 

4. Zn(CH3COO)2.2H2O 0.109 HNAT 0.238 4 
Yellow 

(65) 

5. Zn(CH3COO)2.2H2O 0.109 HNOA 0.277 6 
Yellow 

(72) 
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Table 3.3.5. Synthetic details and physical characteristics of Pd(II) complexes 

S. No. Metal salt 
Weight of 

metal salt (g) 
Ligand 

Weight of 

ligand (g) 

Refluxing 

time (h) 

Colour of the 

complex 

(% yield) 

1. PdCl2 0.089 FAT 0.240 4 
Brown 

(68) 

2. PdCl2 0.089 FAMT 0.286 4 
Brown 

(65) 

3. PdCl2 0.089 FAPT 0.348 6 
Yellow 

(60) 

4. PdCl2 0.089 HNAT 0.238 4 
Brown 

(78) 

5. PdCl2 0.089 HNOA 0.277 6 
Orange 

(66) 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

CHAPTER‒4 

RESULTS AND DISCUSSION 

This chapter is divided further into three parts 

PART – A: CHARACTERISATION OF LIGANDS 

PART – B: CHARACTERISATION OF METAL(II) 

COMPLEXES 

PART – C: BIOLOGICAL ACTIVITIES OF LIGANDS AND 

THEIR METAL(II) COMPLEXES 
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4.A.1. Physical Characteristics of the Ligands 

3-Formylchromone and 2-hydroxy-1-naphthaldehyde derived ligands are synthesised 

by using aromatic amines like o-anisidine, 3-amino-1,2,4-triazole, 4-amino-1,2,4-triazole,          

3-amino-5-methylthio-1H-1,2,4-triazole, 4-amino-5-phenyl-4H-1,2,4-triazole-3-thiol. All the 

synthesised ligands are readily soluble in common organic solvents like methanol, ethanol, 

CHCl3, DMSO and DMF but insoluble in water. The physical and analytical data of the 

ligands are given in Table 4.A.1. The analytical data confirms the chemical composition of 

the synthesised ligands. 

Table 4.A.1. Analytical and physical data of the ligands 

Compound 
Molecular 

weight 

Colour 

(Yield %) 

Melting 

point (°C) 

Elemental analysis 

% Found (calculated) 

C H N S 

C18H17NO4 

(FOA-a) 
311 

Yellow 

(76) 
117 (69.44) (5.50) (4.50)  

C19H19NO4 

(FOA-b) 
325 

Yellow 

(74) 
120 (70.14) (5.89) (4.31)  

C20H21NO4 

(FOA-c) 
339 

Yellow 

(65) 
128 (70.78) (6.24) (4.13)  

C21H23NO4 

(FOA-d) 
353 

Yellow 

(75) 
123 (71.37) (6.56) (3.96)  

C12H8N4O2 

(FAT) 
240 

Yellow 

(75) 
189 

60.01 

(60.00) 

3.36 

(3.33) 

23.32 

(23.33) 
 

C13H10N4O2S 

(FAMT) 
286 

Yellowish 

white 

(78) 

194 
54.41 

(54.54) 

3.50 

(3.52) 

19.49 

(19.57) 

11.22 

(11.20) 

C18H12N4O2S 

(FAPT) 
348 Yellow (71) 203 

62.03 

(62.06) 

3.45 

(3.47) 

16.12 

(16.09) 

9.16 

(9.20) 

C13H10N4O 

(HNAT) 
238 

Yellow 

(72) 
239 

65.52 

(65.55) 

4.23 

(4.20) 

23.52 

(23.53) 
 

C18H15NO2 

(HNOA) 
277 Yellow (83) 176 

77.89 

(77.96) 

5.41 

(5.45) 

5.48 

(5.05) 
 

 

 

 



Chapter-4 

45 
 

4.A.2. NMR spectral data 

The 
1
H NMR spectra of chromanones FOA a-d are given in Figures 4.A.1 - 4.A.4. 

In the 
1
H NMR spectrum of chromanone (FOA-a), observed a single at δ 3.52 indicated 

the presence of methoxy (‒OCH3) group which was attached at 2
nd

 position and it also 

confirmed that methanol underwent Michael addition to 3-formylchromone. Similarly in the 

case of FOA-b, a quartet at δ 3.71 (2H) and a triplet at δ 1.20 (3H) with same coupling 

constants (J = 7.1 Hz) indicated the presence of ethoxy (‒OCH2CH3) group. A septet at          

δ 4.20 and two doublets at δ 1.16 and δ 1.26 with same coupling constant values (J = 6.2 Hz) 

indicates the presence of an isopropoxy (‒OCH(CH3)2) group in FOA-c compound. In the   

1
H NMR spectrum of FOA-d compound, observed a triplet at δ 3.75 (2H), quintet at δ 1.55 

(2H), sextet at δ 1.29 (2H) and a triplet at δ 0.86 (3H) with same coupling constant values    

(J = 7.4 Hz) corroborated with the n-butoxy (–OCH2CH2CH2CH3) group which is attached at 

2
nd

 position of chromanone. However, the confirmation of the Michael addition of solvent 

molecules (alcohols) at the 2
nd

 position of the 3-formylchromone is the hydrogen atom at the 

2
nd

 position. In the 
1
H NMR spectrum of 3-formylchromone, the proton at 2

nd
 position 

observed as a singlet at δ 8.56 i.e., in the aromatic region, where as in the case of compounds 

FOA-a, FOA-b, FOA-c and FOA-d observed a singlet at δ 5.70, 5.81, 5.90 and 5.79, 

respectively i.e., the δ values were shifted to upfield region. This is due to the Michael 

addition of alcohols (solvents) at 2
nd

 position.  

The 
13

C NMR spectra of chromanones FOA a-d are given in Figures 4.A.5 - 4.A.8. 

In the 
13

C NMR spectrum of FOA-a, observed two peaks at δ 55.3 and 55.9 confirmed 

the presence of methoxy (‒OCH3) group which is attached at 2
nd

 position of chromanone 

moiety and aromatic methoxy group, respectively. In a similar way, δ 15.1 and 55.9 in   

FOA-b indicated the presence of ethoxy (‒OCH2CH3) group and the aromatic methoxy group 

appeared at δ 63.6. The aliphatic peaks at δ 22.0, 23.3 and 55.9 confirmed the presence of 

isopropoxy (‒OCH(CH3)2) group in FOA-c and the aromatic methoxy group appeared at       

δ 70.0. In FOA-d compound, four peaks were observed at δ 13.8, 19.2, 31.5 and 55.9 

indicated the presence of butoxy (–OCH2CH2CH2CH3) moiety attached at 2
nd

 position of 

chromanone. And a peak at δ 67.9 indicated the aromatic methoxy group. However, in         

3-formylchromone (parent compound), the C-atom at 2
nd

 position observed at δ 172.5. 

However in the case of FOA-a, FOA-b, FOA-c and FOA-d, the peak for C-atom at 2
nd

 

position showed at δ 101.9, 100.7, 99.2 and 100.9, respectively. The peak values are shifted 

to upfield in FOA-a, b, c and d compared to 3-formylchromone due to Michael addition of 

alcohols at 2
nd

 position.  
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In the 
1
H NMR spectrum of FAT, the azomethine proton was observed as a singlet at 

8.66 ppm. The proton at nitrogen in the triazole ring observed at 11.24 ppm. All aromatic 

protons were observed in the range of 7.0-9.3 ppm. The 
13

C NMR spectrum of the ligand 

showed signals at around 154 and 158 ppm are due to the imine carbon and carbon adjacent 

to the oxygen of the pyrone ring. Carbonyl carbon of the pyron ring was observed at 177 

ppm. The aromatic carbons were appeared in the range of 119-158 ppm. 

In the 
1
H NMR spectrum of the FAMT ligand (Figure 4.A.9) observed a singlet at 

about 11.43 ppm attributed to the phenolic proton. The aromatic ring protons were observed 

multiplets around 7.00-9.10 ppm and the protons of –CH3 group which is attached to sulphur 

atom appeared as singlet at around 2.74 ppm. The 
13

C NMR spectrum of the ligand      

(Figure 4.A.10) showed a peak at 191.79 ppm corresponding to carbonyl carbon atom, while 

up field signals at 13.78 ppm was assigned to the carbon atom of –CH3 group which is 

attached to sulphur atom.  

In the 
1
H NMR spectrum of the FAPT ligand (Figure 4.A.11), a peak at 14.27 ppm is 

assigned for the proton of thiol group of Schiff base and a singlet at 7.50 ppm assignable for 

proton of azomethine group. All aromatic protons were found in the range of 7.51-9.93 ppm. 

The 
13

C NMR spectrum of the ligand is recorded in CDCl3 (Figure 4.A.12). A peak at   

174.79 ppm is assigned for the chromone carbonyl carbon atom, and a peak at 162.75 ppm is 

assigned for azomethine carbon atom. 

In the 
1
H NMR spectrum of HNAT, the azomethine proton was observed as a singlet at 

around 9.6 ppm, triazole protons at around 9.3 ppm and the singlet at around 11.3 ppm 

corresponds to aromatic –OH. All aromatic protons are observed in the range of 7.2-9.0 ppm. 

The 
13

C NMR spectrum of the ligand showed signals at 156.9 and 159.9 ppm are due to the 

imine carbon and carbon attached to hydroxyl group. The aromatic carbons were resonating 

in the range of 108-139 ppm. 

In the 
1
H NMR spectrum of HNOA, a singlet at 15.67 ppm corresponds to the hydroxyl 

proton. The azomethine proton was found as a singlet at around 9.18 ppm. The methoxy 

protons were observed at around 4.0 ppm and all aromatic protons were noticed in the range 

of 6.9-8.0 ppm. The 
13

C NMR spectrum of the ligand showed signals at around 178 and 150 

ppm due to the imine carbon and carbon attached to hydroxyl group. The aromatic carbons 

were noticed in the range of 108-148 ppm. 
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4.A.3. Mass Spectral Data 

The mass spectra of FAT and HNOA ligands are shown in Figure 4.A.15 and 4.A.16.  

In the case of all the synthesised ligands, maximum intensity peak is M+1, which is 

consistent with the molecular formula. 
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4.A.4. Infrared Spectral data 

In all the chromanones (FOA a-d) IR stretching frequencies found in the range of 

3169-3164 cm
-1 

indicated the presence of N‒H group and the band around 1282 cm
-1

 

corroborates the existence of C‒N group. The presence of C‒N and N‒H stretching 

frequencies indicated that the imine (CH=N) group present in its tautomeric structure 

(=C‒NH). 

In the FAT Schiff base ligand, the most predominant characteristic band of azomethine 

group (C=N) occurred at 1610 cm
-1

. The FAT showsed a strong band at 1673 cm
-1

 due to the 

carbonyl group (C=O) of the chromone moiety. NH group of the triazole ring was observed 

at 3072 cm
-1

 in ligand. 

In the FAMT ligand the band at 1623 cm
-1

 due to the carbonyl group ν(C=O) and the 

band at 3435 cm
-1

 attributed to ν(OH).  

The FAPT ligand have the most characteristic band of azomethine group (C=N) 

appeared at 1604 cm
-1

. The ligand showed a strong band at 1631 cm
-1

 due to the carbonyl 

group (C=O) of the chromone moiety. A weak band observed around 2735 cm
-1

 due to      

ν(S–H) vibrations.  

The strong absorption band around 1621 cm
-1

 in the HNAT was assigned to the 

azomethine group, ν(C=N). The naphthalic oxygen of the ligand exhibited strong band at 

around 1300 cm
-1

.  

In HNOA, the bands observed at 1622 cm
-1

 and 1320 cm
-1

 indicated the ν(C=N) and 

ν(C–O) stretching frequencies. 

4.A.5. Crystal Structure Analysis  

4.A.5.1. Crystal Structure Analysis of FOA-a and FOA-b 

Chromanones FOA-a and FOA-b crystallize in the centrosymmetric orthorhombic 

Pbcn space group with one molecule in the asymmetric unit [Figure 4.A.17 and 4.A.20]. The 

unit cell values show that the two crystal structures of FOA-a and FOA-b are isomorphous 

and isostructural. It was found that in FOA-a both (R) and (S)-chromanone stereoisomers 

were crystallized in the crystal structure (racemate). The crystal structure analysis of 

chromanone FOA-a reveals that the molecules form ‘V’-shaped 1D-ribbon like structure     
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C–H···O hydrogen bonds. Both the chromanone moiety and methoxyphenyl moiety are 

almost coplanar with each other due to intramolecular N–H···O hydrogen bonding. This 

intramolecular hydrogen bonding is due to the interaction of N–H group of tautomeric form 

of imine group with the oxygen atom of chromanone moiety carbonyl group and oxygen 

atom of methoxyphenyl group [N1–H1A···O2; D = 2.6843(18) Å, d = 1.91 Å, θ = 134º;                 

N1–H1A···O4; D = 2.5980(17) Å, d = 2.19 Å, θ = 102º]. The hydrogen atom of the 

methoxyphenyl group of (R)-enantiomer interacts with translation related chromanone 

carbonyl oxygen of another (R)-isomer via C–H···O (C18–H18C···O2; D = 3.484(2) Å,         

d = 2.53 Å, θ = 146º) hydrogen bond; and the hydrogen atom of the phenyl group interacts 

with translation related chromanone methoxy group O-atom via C–H···O (C7–H7···O3;       

D = 3.535(2) Å, d = 2.55 Å, θ = 151º) hydrogen bonds. These interactions are extended along 

the crystallographic b-axis and form a 1D-ribbon like structure [Figure 4.A.18]. Another 1D-

ribbon like structure is formed perpendicular to the above structure by (S)-enantiomers with 

the same hydrogen bonds forming a 'V'-shaped pattern. These 'V'-shaped structure is 

interacting with adjacent inverted 'V'-shaped structure via C–H···O hydrogen bonds [Figure 

4.A.19]. Further, the 1D-ribbon like structures are stabilized by weak N–H···π                  

(N1–H1A···πC4-C5-C6-C7-C8-C9; d = 3.664 Å, θ = 102.94º) and C–H···π [C7–H7···πC2;               

D = 3.568 Å; d = 3.192 Å, θ = 106.35º; C18–H18B···πC16-C17; d = 3.131 Å, θ = 150.51º] 

interactions. 

The crystal structure analysis of chromanone FOA-b reveals that the molecules form 

‘V’-shaped 1D-ribbon like structure with C–H···O hydrogen bonds. In this structure also 

both the chromanone moiety and methoxyphenyl moiety both are almost coplanar with each 

other due to intramolecular N–H···O hydrogen bonding. This intramolecular hydrogen 

bonding is due to the interaction of N–H group of tautomeric form of imine group with the 

oxygen atom of chromanone moiety carbonyl group and oxygen atom of methoxy phenyl 

group [N1–H1A···O2; D = 2.682(2) Å, d = 1.92 Å, θ = 130º; N1–H1A···O4; D = 2.598(3) Å,          

d = 2.18 Å, θ = 103º]. The mode of interactions in this crystal structure is also very similar to 

the compound FOA-a. The methyl hydrogen atom of methoxyphenyl group of (R)-

enantiomer interacts with translation related chromanone carbonyl oxygen of another (R)-

isomer via C–H···O (C19–H19C···O2; D = 3.431(3) Å, d = 2.49 Å, θ = 144º) hydrogen 

bond; and the hydrogen atom of the phenyl group interacts with translation related 

chromanone ethoxy group O-atom via C–H···O (C7–H7···O3; D = 3.431(3) Å, d = 2.46 Å,   

θ = 148º) hydrogen bonds. These interactions are extended along the crystallographic b-axis 
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and form a 1D-ribbon like structure as in FOA-a [Figure 4.A.21]. Another 1D-ribbon like 

structure is formed perpendicular to the above structure by (S)-enantiomers with the same 

hydrogen bonds forming a 'V'-shaped pattern. These 'V'-shaped structure is interacting with 

adjacent inverted 'V'-shaped structure via C–H···O hydrogen bonds and extended along the 

crystallographic b-axis [Figure 4.A.22]. Further, the 1D-ribbon like structures are stabilized 

by weak N–H···π (N1–H1A···πC4-C5-C6-C7-C8-C9; d = 3.596 Å, θ = 104.67º) and C–H···π    

[C7–H7···πC2; D = 3.517 Å; d = 3.180 Å, θ = 103.64º; C18–H18···πC4-C5; d = 3.126 Å,          

θ = 160.02º] interactions. All the pertinent crystallographic data and geometrical parameters 

of hydrogen bonds are given in Tables 4.A.2 and 4.A.3. 

 

 

Figure 4.A.18. The one-dimensional ribbon-like structure of FOA-a along crystallographic 

b-axis 

Figure 4.A.17. ORTEP representation of FOA-a. The thermal ellipsoids are drawn at 50% 

probability level 
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Figure 4.A.21. Molecules of FOA-b form one-dimensional ribbon like structure along the 

crystallographic b-axis 

Figure 4.A.20. ORTEP representation of FOA-b. The thermal ellipsoids are drawn at 50% 

probability level 

Figure 4.A.19. Perpendicularly arranged 1D-ribbon like structure connected via C–H···O 

hydrogen bonds along the crystallographic b-axis in FOA-a 
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4.A.5.2. Crystal Structure Analysis of FAMT ligand 

The FAMT ligand crystallizes in the non-centrosymmetric monoclinic P21/c space 

group with one molecule in the asymmetric unit, and the ORTEP representation is shown in 

Figure 4.A.23. The salient crystallographic data, structure refinement and geometrical 

parameters of hydrogen bonds are given in Tables 4.A.2 and 4.A.3.  

 

Figure 4.A.23. ORTEP views of the compound FAMT
 
with atom labelling. Atoms are shown 

as 30% probability thermal ellipsoids 

Figure 4.A.22. One-dimensional ribbons interact with perpendicularly arranged another layer 

of 1D-ribbons with again C–H···O hydrogen bonds in FOA-b 
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Figure 4.A.24. Inter molecular hydrogen bonding in FAMT ligand 

 



Results and Discussions 

70 
 

Table 4.A.2. Salient crystallographic data and structure refinement parameters of FOA-a, 

FOA-b and FAMT 

 

 FOA-a FOA-b FAMT 

Empirical formula C18H17NO4 C19H19NO4 C13H10N4O2S 

Formula weight 311.32 325.34 286.31 

Crystal system Orthorhombic Orthorhombic Monoclinic 

Space group Pbcn Pbcn P21/c 

T/K 298(2) 298(2) 298(2) K 

a/Å 33.670(5) 36.156(7) 7.6043(4) 

b/Å 6.0747(8) 5.9993(12) 13.2004(8) 

c/Å 14.907(2) 15.030(3) 12.9589(6) 

α/° 90 90 90 

β/° 90 90 105.543(5) 

γ/° 90 90 90 

Z 8 8 4 

V/Å
3
 3049.1(7) 3260.3(11) 1253.24(12) 

Dcalc/g/cm
3
 1.352 1.322 1.517 

F(000) 1304 1368 592 

µ/mm
-1

 0.096 0.093 2.376 

θ/º 1.210 to 24.997 2.253 to 24.994 4.876 to 71.874 

Index ranges 

-40 ≤ h ≤ 40 

-7 ≤ k ≤ 7 

-17 ≤ l ≤ 17 

-42 ≤ h ≤ 42 

-7 ≤ k ≤ 7 

-17 ≤ l ≤ 17 

-9 ≤ h ≤ 9 

-15 ≤ k ≤ 16 

-15 ≤ l ≤ 10 

N-total 26924 28332 4552 

N-independent 2687 2862 2379 

N-observed 2444 2685  

Parameters 218 227 187 

R1 (I > 2σ(I)) 0.0416 0.0591 0.0422 

wR2 (all data) 0.1054 0.1291 0.1245 

GOF 1.097 1.227  

CCDC 1423043 1423042 1840938 
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Table 4.A.3. Geometrical parameters of hydrogen bonds in FOA-a, FOA-b and FAMT 

Compound D–H∙∙∙A
a
 D∙∙∙A (Å) H∙∙∙A (Å) D–H∙∙∙A (º) Symmetry code 

 

 

 

 

FOA-a 

Intra N(1)–H(1A)···O(2) 2.6843(18)         1.91 131 --- 

Intra N(1)–H(1A)···O(4)    2.5980(17)        2.19 102'         --- 

C(7)–H(7)···O(3)    3.535(2)        2.55    151'        x, -1+y, z 

C(10)–H(10B)···O(3)    3.528(2)        2.82    123 1-x, y, 1/2-z 

C(14)–H(14)···O(4) 3.656(2)               2.64    155' 1/2-x, 1/2+y, z 

C(16)–H(16)···O(2)  3.490(2)        2.53    147 x, 2-y, 1/2+z 

C(18)–H(18A)···O(4) 3.677(2)         2.79    139 1/2-x, 1/2+y, z 

C(18)–H(18C)···O(2) 3.484(2)         2.53    146 x, 1+y, z 

 

 

 

 

 

FOA-b 

Intra N(1)–H(1A)···O(2)               2.682(2)         1.92    130 --- 

Intra N(1)–H(1A)···O(4)    2.598(3)               2.18    103' --- 

C(5)–H(5)···O(1)    3.777(3)         2.74    159 x, -y, 1/2+z 

C(7)–H(7)···O(3)  3.431(3)           2.46    148'      x, -1+y, z 

C(11)–H(11A)···O(3)    3.724(3)            2.76    148'     -x, 1-y, -z 

C(15)–H(15)···O(4)    3.660(3)           2.65    155'      1/2-x, 1/2+y, z 

C(17)–H(17)···O(2)    3.529(3)      2.57    148 x, 2-y, -1/2+z 

C(19)–H(19A)···O(4)    3.673(3)         2.79    139 1/2-x, 1/2+y, z 

C(19)–H(19C)···O(2)    3.431(3)         2.49    144 -x, 1-y, -z 

FAMT 

C(2)–H(2) 3.403 2.84 120.02 x, -y+1/2, z-1/2 

C(4)–H(4) 3.397 2.60 143.07 -x-1, -y+1, -z 

C(9)–H(9) 3.631 3.03 123.57 x-1, y, z-1 

C(13)–H(13A) 3.518 2.57 167.93 -x-1, y-1/2, -z-1/2 

a
All of the N–H and C–H distances are neutron normalized to 1.009 and 1.083 Å. 

4.A.5.3. Crystal Structure Analysis of HNAT Ligand 

The HNAT ligand crystallizes in the non-centrosymmetric monoclinic P21 space group 

with one molecule in the asymmetric unit (Figure 4.A.25). The salient crystallographic data, 

structure refinement and geometrical parameters of HNAT are shown in Table 4.A.4 and 

4.A.5. The triazole and naphthol moieties are essentially coplanar with each other. The O–H 

group of naphthaldehyde forms an intramolecular hydrogen bonding with the imine N-atom 

via O–H···N hydrogen bonding. The crystal structure analysis unveils that the molecules of 

ligand forms corrugated layered structure. Initially, the translation related molecules of ligand 

interact with each other along the crystallographic a-axis forming a one dimensional (1D) 

tape like structure (Figure 4.A.26). This 1D tape is formed by the interaction of C–H group 
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of β-naphthol moiety of one molecule and oxygen atom of O–H group of another molecule 

via C–H···O hydrogen bonding. These 1D tapes are connected to perpendicularly arranged 

ligands with C–H···N hydrogen bonds and forms ‘V’-shaped 1D-tape like structure along the 

crystallographic a-axis (Figure 4.A.27). The ‘V’-shaped further propagated along the 

crystallographic b-axis with the same interactions. 

 

 

 

Figure 4.A.26. Molecules of HNAT ligand forming a one dimensional (1D) tape like structure 

with C–H···O hydrogen bonding 

Figure 4.A.25. ORTEP representation of the HNAT ligand. The thermal ellipsoids are drawn 

at 50% probability level 
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4.A.5.4. Crystal Structure Analysis of HNOA Ligand 

The ligand HNOA crystallizes in a centrosymmetric orthorhombic Pbca space group 

with one molecule in the asymmetric unit (Figure 4.A.28). The salient crystallographic data, 

structure refinement and geometrical parameters of HNOA are shown in Table 4.A.4 and 

4.A.5. The 2-naphthol moiety of 2-hydroxy-1-naphthaldehyde and phenyl group of the o-

anisidine are essentially coplanar with each other. The crystal structure shows that there is a 

partial proton transfer from O‒H group of 2-hydroxy-1-naphthaldehyde to imine N-atom of 

o-anisidine [O‒H: 0.927 Å; N‒H: 0.990 Å]. There are two intramolecular interactions in the 

molecule. The N‒H group interacts with the two oxygen atoms of –OH group and methoxy 

groups via intramolecular N‒H∙∙∙O hydrogen bonds [N‒H∙∙∙O‒H; d = 1.846 Å, N‒H∙∙∙O‒CH3; 

d = 2.180 Å]. The close inspection of the crystal structure reveals that the ligand molecules 

form perpendicularly arranged π-stacked layers. Each ligand interacts with the glide related 

molecule along the crystallographic a-axis with C‒H∙∙∙O hydrogen bonds and forms one 

dimensional tape like structure (Figure 4.A.29). These tapes are further extended along the 

crystallographic b and c-axes with C‒H∙∙∙O hydrogen bonds. These perpendicularly arranged 

tapes are stabilized by weak π-stacked layers (Figure 4.A.30).  

Figure 4.A.27. The 1D tapes are forming ‘V’-shaped structure with C–H···N hydrogen 

bonds in HNAT ligand 
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Figure 4.A.30. π-stacking can be seen the packing diagram of HNOA ligand (along the    

a-axis) 

Figure 4.A.29. A one dimensional tape like structure is formed with C‒H∙∙∙O hydrogen 

bonds (along the a-axis) HNOA ligand 

Figure 4.A.28. ORTEP representation of the HNOA ligand. The thermal ellipsoids are 

drawn at 50% probability level 
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Table 4.A.4. Salient crystallographic data and structure refinement parameters of HNAT and 

HNOA ligands 

 

 

 HNAT HNOA 

Empirical formula C13H10N4O C18H15NO2 

Formula weight 238.25 277.31 

Temperature/K 298(2) 298(2) 

Wavelength/Å 1.54184 1.54184 

Crystal system Monoclinic Orthorhombic 

Space group P21 Pbca 

Unit cell dimensions 

a = 8.7339(6) Å, α = 90° 

b = 5.8598(4) Å, β = 91.846(6)° 

c = 10.9508(8) Å, γ = 90° 

a = 5.9640(2) Å, α = 90° 

b = 14.6216(4) Å, β = 90° 

c = 31.6238(9) Å, γ = 90° 

Volume/Å
3
 560.16(7) 2757.70(14) 

Z 2 8 

Density (calculated)/g/cm
3
 1.413 1.336 

Absorption coefficient/mm
‒1

 0.775 0.699 

F(000) 248 1168 

Crystal size/mm
3
 0.40 x 0.24 x 0.20 0.34 x 0.28 x 0.22 

Theta range for data collection 4.039 to 71.819° 2.795 to 71.576° 

Index ranges 

-7 ≤ h ≤ 10 

-2 ≤ k ≤ 7 

-13 ≤ l ≤ 12 

-7 ≤ h ≤ 4 

-17 ≤ k ≤ 16 

-38 ≤ l ≤ 31 

Reflections collected 1910 6605 

Independent reflections 1284 [R(int) = 0.0206] 2643 [R(int) = 0.0244] 

Completeness to theta = 

67.684° 
99.6 % 99.9 % 

Absorption correction Semi-empirical from equivalents Semi-empirical from equivalents 

Max. and min. transmission 1.00000 and 0.91846 1.00000 and 0.74042 

Refinement method Full-matrix least-squares on F2 Full-matrix least-squares on F2 

Data / restraints / parameters 1284 / 1 / 164 2643 / 1 / 196 

Goodness-of-fit on F
2

 1.128 1.071 

Final R indices [I>2sigma(I)] R1 = 0.0414, wR2 = 0.1213 R1 = 0.0517, wR2 = 0.1381 

R indices (all data) R1 = 0.0457, wR2 = 0.1259 R1 = 0.0585, wR2 = 0.1448 

Absolute structure parameter 0.0(6) n/a 

Extinction coefficient n/a 0.00035(12) 

Largest diff. peak and hole 

/e.Å
-3

 
0.175 and -0.190 0.295 and -0.181 

CCDC 1566006 1878014 
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Table 4.A.5. Geometrical parameters of hydrogen bonds in HNAT and HNOA ligands 
 

Compound D–H∙∙∙A
a
 D∙∙∙A (Å) H∙∙∙A (Å) D–H∙∙∙A (°) Symmetry code 

HNAT 

Intra O(1)–H(1)···N(1) 2.604(4) 1.77 141 --- 

O(1)–H(1)···N(4) 3.576(4) 2.95 122' 2-x,-1/2+y,-z 

C(7)–H(7)···O(1) 3.524(5) 2.65 138 -1+x,y,z 

C(8)–H(8)···N(3) 3.526(4) 2.53 153 1-x,-1/2+y,-z 

C(11)–H(11)···N(3) 3.642(4) 2.59 164 1-x,-1/2+y,-z 

C(12)–H(12)···N(3) 3.260(4) 2.30 147 1-x,-1/2+y,-z 

C(13)–H(13)···N(4) 3.258(4) 2.40 135 2-x,-1/2+y,-z 

 

 

HNOA 

Intra O1‒H19∙∙∙O2 3.574(2) 2.81(11) 141(8) --- 

Intra N1‒H20∙∙∙O1 2.593(2) 1.85(2) 129.7(15) --- 

Intra N1‒H20∙∙∙O2 2.620(2) 2.180(19) 105.2(13) --- 

C14‒H14∙∙∙O2 3.662(2) 2.78 158 1/2+x,y,1/2-z 

C16‒H16∙∙∙O1 3.437(3) 2.59 152 1/2-x,1/2+y,z 

C18‒H18A∙∙∙O1 3.503(3) 2.66 147 1+x,y,z 

C18‒H18C∙∙∙O2 3.647(3) 2.83 143 1/2+x,y,1/2-z 
 

a
All of the O–H and C–H distances are neutron normalized to 0.983 and 1.083 Å, 

respectively. 
 

4.A.6. Electronic Spectral Data 

The electronic data of synthesised compouds were recorded at room temperature in 

dimethyl sulphoxide solvent. There are two types of bands observed in the ligands. The bands 

observed in the region of 20,000-28,000 cm
-1

 were corresponds to the n → π* transitions and 

29,000-38,000 cm
-1

 for the π → π* transitions. 

4.A.7. Fluorescence Studies of Chromanones FOA a-d 

The emission spectra of all the chromanones FOA a-d were recorded in the solid state 

and shown in Figure 4.A.31. The chromanones were characterised by emission bands at 504, 

507, 512 and 492 nm upon photo excitation at 400 nm. All the four compounds show the 

emission bands in the green light region. Chromanone FOA-d shows more hyperchromic and 

hypsochromic shift when compared to the remaining chromanones (FOA a-c). The intensity 

of the emission bands of the chromanones increases with increase in the number of carbons 

of alkoxy group which are attached at 2-position of chromanone ring except in the case of  

FOA-c. 
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FAT: Yield: 75%; M.P.: 189 °C; Anal. calcd. for C12H8N4O2: C, 60.00; H, 3.33; N, 23.33%. 

Found: C, 60.01; H, 3.36; N, 23.32% IR (KBr, ν/cm
-1

): 1673 ν(C=O), 1610 ν(C=N).          

UV-Visible (DMSO) λmax/nm (ε/M
-1

cm
-1

): 323 (19300), 390 (6020). 
1
H NMR (400 MHz, 

CDCl3, TMS): δH (ppm) 7.03 (t, 1H), 7.14 (t, 1H); 7.61 (m, 2H), 8.66 (s, 1H), 9.29 (d, 1H), 

9.31 (d, 1H), 11.48 (s, 1H). 
13

C NMR (100 MHz, CDCl3, TMS): δC (ppm) 119.3, 119.7, 

132.0, 137.8, 154.8, 158.3. ESI-MS (m/z): calcd.: 240: Found: 241 (M+1). 

FAMT: Yield: 78%; M.P. 193-195 °C; Anal. calcd. for C13H10N4O2S: C, 54.54; H, 3.52;     

N, 19.57%. Found: C, 54.40; H, 3.24; N, 19.19%. IR (KBr, ν/cm
-1

): 1623 ν(C=O), 1538 

ν(C=N). UV-Visible (DMSO) λmax/nm (cm
-1

): 324 (30864). 
1
H NMR (400 MHz, CDCl3, 

TMS): δH (ppm) 2.75 (s, 3H), 7.00 (s, 1H), 7.14 (d, 1H), 7.16 (d, 1H), 7.26 (s, 1H), 7.61       

(d, 1H), 9.07 (d, 1H), 9.10 (d, 1H), 11.43 (s, 1H). 
13

C NMR (100 MHz, CDCl3, TMS):         

δC (ppm) 13.78, 104.26, 117.57, 120.07, 121.52, 124.00, 131.57, 135.09, 138.80, 155.66, 

156.29, 157.46, 191.79. ESI-MS (m/z): calcd.: 386: Found: 387 (M+1). 

FAPT: Yield: 71%; M.P.: 203 °C; Anal. calcd. for C18H12N4O2S: C, 62.06 %; H, 3.47%;      

N, 16.09%; Found: C, 61.89%; H, 3.63%; N, 16.15%. FTIR (KBr ν/cm
-1

): 1604 ν(C=N), 1631 

ν(C=O), 2735 ν(S–H). UV-Visible (DMSO) λnm: 269 (25498), 299 (28327). 
1
H NMR (400 

MHz, DMSO–D6, TMS): δH (ppm) 7.50-8.16 (m, 9H), 9.10 (s, 1H), 9.93 (s, 1H), 14.27        

Figure 4.A.31. Fluorescence spectrum of FOA a-d excitation at 400 nm 
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(s, 1H, SH). 
13

C NMR (100 MHz, DMSO-d6, TMS): δC (ppm) 117.26, 119.30, 123.97, 

125.83, 125.88, 127.09, 128.88, 129.19, 131.12, 135.58, 149.09, 156.17, 158.72, 159.84, 

162.75. 

HNAT: Yield: 65%; M.P.: 239-240 °C. Anal. calcd. for C13H10N4O: C, 65.55; H, 4.20;         

N, 23.53. Found: C, 65.52; H, 4.23; N, 23.52. IR (KBr, ν/cm
-1

): 1598 ν(C=N). UV-Visible 

(DMSO) λmax/nm (ε/M
-1

cm
-1

): 326 (13494), 366 (14410). 
1
H NMR (400 MHz, DMSO-D6, 

TMS): δH (ppm) 7.28 (s, 1H), 7.45 (t, 1H), 7.62 (s, 1H), 7.90 (d, 1H), 8.04 (d, 1H), 8.85       

(d, 1H), 9.31 (s, 2H), 9.66 (s, 1H), 11.37 (s, 1H). 
13

C NMR (100 MHz, DMSO-D6, TMS):    

δC (ppm): 108.88, 118.90, 123.94, 124.41, 128.46, 128.80, 129.35, 132.13, 135.85, 139.41, 

156.97, 159.91. ESI-MS (m/z): calcd.: 238: Found: 239 (M+1). 

HNOA: Yield: 93%. M.P.: 176 °C. Anal. calcd for C18H15NO2: C, 77.96; H, 5.45; N, 5.05. 

Found: C, 77.75; H, 5.09; N, 4.88. IR (KBr, ν/cm
-1

): 1622 ν(C=N). UV-Visible (DMSO) 

λmax/nm (ε/M
-1

cm
-1

): 288 (27942), 343 (23829), 470 (31173), 490 (30561). 
1
H NMR (400 

MHz, DMSO-D6, TMS): δH (ppm) 4.00 (s, 3H, OCH3), 7.48-7.44 (m, 2H), 7.63-7.61           

(d, 1H, CH), 7.73-7.70 (d, 1H, CH), 7.99-7.97 (d, 1H, CH), 15.66-15.64 (d, 1H, NH), 9.19-

9.17 (d, 1H, HC–N). 
13

C NMR (100 MHz, DMSO-D6, TMS): δC (ppm): 56.03, 108.30, 

111.71, 116.68, 118.43, 121.05, 123.25, 125.41, 126.67, 126.76, 128.21, 129.44, 130.59, 

133.71, 138.33, 148.93, 150.86, 178.12. ES-MS (m/z): calcd.: 277: Found: 278 (M+1). 

 

 

 

 



 

 

 

 

 

 

 

PART – B: CHARACTERISATION OF 

METAL(II) COMPLEXES 

This part is further divided into five sections 

4.B.1. CHARACTERISATION OF Co(II) COMPLEXES 

4.B.2. CHARACTERISATION OF Ni(II) COMPLEXES 

4.B.3. CHARACTERISATION OF Cu(II) COMPLEXES 

4.B.4. CHARACTERISATION OF Zn(II) COMPLEXES 

4.B.5. CHARACTERISATION OF Pd(II) COMPLEXES 
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4.B.1. CHARACTERISATION OF Co(II) COMPLEXES 

 

Cobalt is an essential metal that is found in very low abundance in the body and in the 

environment. Cobalt has many oxidation states from 0 to +5, but the most stable oxidation 

states among them are +2 and +3. Co(II) with its electronic configuration [Ar]3d
7
 is usually 

found in four coordinate tetrahedral and six coordinate octahedral geometrical arrangements 

[111]. This is due to the relatively low difference in crystal field stabilization energies 

between octahedral and tetrahedral Co(II) (d
7
) complexes [112]. Five coordinated square-

planar Co(II) complexes are also known. 

Co(II) complexes in octahedral geometry, either 
4
T1g (t2g

5
 eg

2
) or 

2
Eg (t2g

6
 eg

1
) is the 

ground state depending upon the strength of the crystal field. The 
2
Eg ground term require 

very high Dq value and consequently, only the ligands like cyanides are expected to fulfill 

this requirement. Co(II) forms tetrahedral complexes more readily than any other transition 

metal ion. In tetrahedral geometry 
4
A2 (e

4
 t2

3
) is the only possible ground term. 

Abragam and Pryce et al. explained the visible absorption spectrum of octahedral Co(II) 

complex [113]. According to them the absorption spectrum of pink [Co(H2O)6]
2+

 show bands 

at 8,000, 17,000 and 20,000 cm
-1

 which are assigned to 
4
T1g(F) → 

4
T2g(F), 

4
T1g(F) → 

4
A2g(F) 

and 
4
T1g(F) → 

4
T1g(P) transitions, respectively [113]. The tetrahedral Co(II) complexes also 

show three bands in the region 3,000-5,000, 6,000-10,000 and 15,000-20,000 cm
-1

, which 

may be assigned to 
4
A2(F) → 

4
T2(F), 

4
A2(F) → 

4
T1(F) and 

4
A2(F) → 

4
T1(P) transitions, 

respectively [114]. Energy level splitting diagrams of octahedral and tetrahedral Co(II) 

complexes are shown in Figure 4.B.1.1. The square-planar Co(II) complexes show two bands 

around in the range 21,000 and 27,000 cm
-1

 corresponding to the 
2
B2g → 

2
Eg and 

2
B2g → 

2
A1g 

transitions, respectively [115].  
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Generally, magnetic moments of square-planar, tetrahedral and octahedral Co(II) 

complexes show around 2.2-2.9, 4.2-4.8 and 4.7-5.2 B.M., respectively [116]. Ranges such as 

those listed above, however, are not strict and exceptions are becoming more common as they 

are sought and as more complexes are prepared. 

This section presents the physical properties and the structural characterisation of the 

complexes of Co(II) with 3-(((1H-1,2,4-triazol-3-yl)imino)methyl)-4H-chromen-4-one (FAT), 

(2-hydroxyphenyl)(2-(methylthio)-[1,2,4]triazolo[1,5-a]pyrimidin-6-yl)methanone (FAMT), 

3-(((3-mercapto-5-phenyl-4H-pyrazol-4-yl)imino)methyl)-4H-chromen-4-one (FAPT),         

1-(((4H-1,2,4-triazol-4-yl)imino)methyl)naphthalen-2-ol (HNAT) and 1-(((2-methoxyphenyl) 

imino)methyl)naphthalen-2-ol (HNOA). 

4.B.1. Results and Discussion 

4.B.1.1. Characteristics of Co(II) Complexes 

All the complexes are coloured, powdered and stable at room temperature. The 

complexes decompose on heating without melting. They are insoluble in water and many of 

the common organic solvents. However, they are soluble appreciably in DMF and DMSO 

solvents. The analytical and molar conductivity data of the Co(II) complexes are presented in 

Table 4.B.1.1. The molar conductance of the complexes (10
-3

 M DMF solution) is in the 

range of 07-22 Ω
-1

cm
2
mol

-1
 suggesting that these metal complexes are non-electrolytes. From 

all the analytical and spectral data, the composition of the complexes can be represented as 

     Octahedral complexes                          Tetrahedral complexes 

Figure 4.B.1.1. Energy level splitting of Co(II) complexes 
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[Co(FAT)(OAc)2].2H2O, [Co(FAMT)(OAc)(H2O)2].2H2O, [Co(FAPT)(OAc)].2H2O, 

[Co(HNAT)2(H2O)2] and [Co(HNOA)2]. 

Table 4.B.1.1. Analytical and molar conductivity data of Co(II) complexes 

Complex 

Elemental analysis 

% Found (calculated) 
Molar 

conductivity 

(Ω
-1

cm
2
mol

-1
) 

C H N S Co 

[Co(FAT)(OAc)2].2H2O 
42.35 

(42.40) 

3.97 

(4.00) 

12.26 

(12.36)  

13.09 

(13.00) 
10 

[Co(FAMT)(OAc)(H2O)2].2H2O 
36.40 

(36.52) 

4.50 

(4.49) 

11.32 

(11.36) 

6.46 

(6.50) 

12.00 

(11.95) 
07 

[Co(FAPT)(OAc)].2H2O 
47.85 

(47.91) 

11.15 

(11.17) 

3.59 

(3.62) 

6.31 

(6.40) 

11.62 

(11.75) 
22 

[Co(HNAT)2(H2O)2] 
54.80 

(54.84) 

3.90 

(3.89) 

19.63 

(19.68)  

10.39 

(10.35) 
14 

[Co(HNOA)2] 
70.56 

(70.70) 

4.54 

(4.61) 

4.53 

(4.58)  

9.70 

(9.64) 
18 

 

4.B.1.2. Molar Conductivity 

The molar conductivity (ΛM) measurements of the metal complexes are usually made at 

the concentration of 10
-3

 M. The molar conductance is calculated by the following equation 

 

                   
                                  

             
 

 

Literature survey reveals that the DMF is the most widely used non-aqueous solvent for 

conductivity calculations. Sears and co-workers calculated the conductance in 10
-3

 M DMF at 

25 °C. They concluded that 1:1 electrolytic type of complexes shown the conductance value 

in the range of 40-80, 1:2 complexes 120-170 and 1:3 complexes in the range of 200-260 Ω
-

1
cm

2
mol

-1
 [117]. 

The molar conductivity values of the Co(II) complexes in DMF are given in Table 

4.B.1.1. The results show that the conductance values of the complexes present in the range of 
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07-22 Ω
-1

cm
2
mol

-1
 suggesting their non-ionic nature. The non-ionic nature of the complexes 

implies that the anions associated with them are present inside the coordination sphere. 

4.B.1.3. Infrared Spectral Data 

The infrared spectrum of FAMT ligand and its [Co(FAMT)(OAc)(H2O)2].2H2O 

complex are shown in Figures 4.B.1.2 and 4.B.1.3. 

The IR spectral information of ligand and its metal complexes were compared to find 

out the coordination sites that possibly participated in coordination with metal complexes. The 

important IR data of the synthesised compounds are listed in Table 4.B.1.2. 

In all the ligands, the most predominant characteristic band of azomethine group (C=N) 

occurred in the range of 1598-1622 cm
-1

 and in their metal complexes this band was shifted to 

lower wave number by 08-65 cm
-1

, which indicates the participation of nitrogen atom of 

azomethine group in coordination with metal ion [118], except in the case of FAMT ligand. 

The 3-formylchromone ligands show a band in the range of 1623-1673 cm
-1

 due to the 

carbonyl group (C=O) of the chromone moiety. This band also shifted around 08-72 cm
-1

 to 

lower wave numbers in all their metal complexes. The shift in wave number indicates the 

involvement of oxygen atom of the carbonyl group in coordination with the metal ions        

[25 (h)]. 

The naphthalic oxygen of the 2-hydroxy-1-naphthaldehyde ligands exhibits strong band 

in the range of 1300-1320 cm
-1

. However, in their Co(II) complexes, this band appeared in the 

region of 1357-1365 cm
-1

, which may be assigned to the skeletal vibrations related to the 

naphthalic oxygen of the ligand, and these bands are known to shift to higher frequency when 

the naphtholic oxygen coordinates to metal ions [119]. 

A weak band observed in the case of FAPT ligand around 2735 cm
-1

 is due to ν(S‒H) 

vibrations, this band was disappeared in its Co(II) complex. The absence of this band in the 

complex show the deprotonation of the thiol group, suggested that the metal is coordinated 

with thiol sulphur [120]. This is further supported by the band at 760 cm
-1

 in the Co(II) 

complex due to ν(C‒S) stretching vibrations [121]. 

The acetate molecules attached to Co(II) ions in the complexes appeared at 1494-1480 

cm
-1

 and 1385-1267 cm
-1

 and the Δv i.e., 97-227 cm
-1

, respectively suggested the 

monodentate coordination of the acetate ion [122]. 
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From the far infrared spectral bands in the range of 600-400 cm
-1

 further confirms the 

participation of oxygen and nitrogen atoms in coordination with metal ions (i.e., ν(M-N) and 

ν(M-O)). The IR spectral data confirms that FAT ligand acts as neutral bidentate with O and 

N as donor atoms, FAMT ligand acts as monobasic bidentate with carbonyl oxygen and 

hydroxyl oxygen as donor atoms, FAPT ligand acts as monobasic tridentate with O, N and S 

as donor atoms and HNAT and HNOA ligands act as monobasic bidentate ligands with O and 

N as donor atoms, respectively.  
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Table 4.B.1.2. Infrared spectral data of ligands and their Co(II) complexes (cm
-1

) 

Compound ν(OH)/(H2O) ν(C=O) ν(C=N) ν(C-O) ν(S-H) ν(C-S) 
ν

asy
(COO) 

/ν
sy

(COO) 
ν(M-N) ν(M-O) 

FAT 
 

1673 1610 
      

[Co(FAT)(OAc)2].2H2O 
 

1601 1574 
   

1482/1385 475 533 

FAMT 3435 1623 
 

1339 
     

[Co(FAMT)(OAc)(H2O)3].2H2O 3401 1615 
 

1343 
  

1494/1267 
 

451 

FAPT 
 

1631 1604 
 

2735 755 
   

[Co(FAPT)(OAc)].2H2O 
 

1597 1574 
  

760 1480/1330 451 529 

HNAT 3086 
 

1598 1300 
     

[Co(HNAT)2(H2O)2] 3389 
 

1533 1357 
   

488 569 

HNOA 3423 
 

1622 1320 
     

[Co(HNOA)2]   
1614 1365 

   
491 588 
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4.B.1.4. Electronic Spectral Data 

The electronic absorbance data of all the synthesised Co(II) complexes was taken in     

1 × 10
-5

 M DMSO. The electronic spectra of FAMT ligand and its 

[Co(FAMT)(OAc)(H2O)3].2H2O complex are shown in Figures 4.B.1.4 and 4.B.1.5. 

The absorption region, band assignment, magnetic moment and the proposed geometry 

of the complexes are presented in Table 4.B.1.3. 

The electronic spectra of FAT ligand showed two bands at 30,959 and 25,641 cm
-1

, the 

first band is assigned to π → π* transition and the second band is assigned to n → π* 

transition of azomethine group. [Co(FAT)(OAc)2].2H2O complex exhibited three absorption 

bands at 17,006, 25,062 and 31,446 cm
-1

 regions which are assigned to 
4
A2 → 

4
T1(F),         

4
A2 → 

4
T1(P) and ligand to metal charge transfer (LMCT) transitions, respectively 

characteristic of tetrahedral geometry [123].  

Electronic spectra of FAMT ligand exhibits electronic transition with strong band at 

30,864 cm
-1

 corresponding to the n → π* transition. The [Co(FAMT)(OAc)(H2O)3].2H2O 

complex shows four bands at 11,750, 14,450, 23,474 and 31,446 cm
-1

 which are assignable to 

4
T1g(F) → 

4
T2g(F), 

4
T1g(F) → 

4
A2g(F), 

4
T1g(F) → 

4
T1g(P) and LMCT transitions, respectively. 

The low intensity bands at 11,750 and 14,450 cm
-1

, in the visible region suggested octahedral 

environment [124].  

The electronic absorption spectra of FAPT ligand shown high-energy bands at 37,174 

and 33,444 cm
-1

, corresponds to π → π* transition of the aromatic ring and n → π* transition 

of the C=N group, respectively. The [Co(FAPT)(OAc)].2H2O complex showed a band at   

23,809 cm
-1

 corresponds to 
4
A2 → 

4
T1(P) transition indicating tetrahedral geometry [125]. 

In the electronic spectrum of the HNAT ligand, the absorption band at 30,674 cm
-1

 is 

assigned to the π → π* transition of the aromatic rings. The other transition band observed at 

27,322 cm
-1

 correspond to n → π* transition of the azomethine moiety, respectively.           

The [Co(HNAT)2(H2O)2] complex, shown a low energy spin allowed band at 24,271 cm
-1

 

corresponding to the transition 
4
T1g(F) → 

4
T1g(P), responsible for its octahedral environment. 

The bands at 25,445 and 31,152 cm
-1

 are assigned to charge transfer bands (LMCT).  
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The electronic spectra of HNOA ligand, shows the following intra ligand absorption 

maxima corresponding to π → π* and n → π* transitions: 34,722, 29,154 and 21,276,    

20,408 cm
-1

. The electronic spectra of [Co(HNOA)2] complex is compatible with tetrahedral 

geometry exhibiting five bands at 11,235, 12,019, 13,333, 22,471 and 30,303 cm
-1

 assignable 

to the 
4
A2(F) → 

4
T2(F), 

4
A2(F) → 

4
T1(F), 

4
A2(F) → 

4
T1(P) and LMCT transitions, 

respectively characteristic of tetrahedral geometry [126]. 

 

 

Figure 4.B.1.5. Electronic spectrum of [Co(FAMT)(OAc)(H2O)3].2H2O in DMSO (1 × 10
-5

 M) 
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Figure 4.B.1.4. Electronic spectrum of FAMT ligand in DMSO (1 × 10
-5

 M) 
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Table 4.B.1.3. Electronic spectral data and magnetic moments of Co(II) complexes 

Compound 
λmax nm 

(ɛ, Lmol
-1

cm
-1

) 

Band position 

(cm
-1

) 
Transition Geometry 

µeff
 

(BM) 

FAT 
390 (6020) 

323 (19300) 

25,641  

30,959  

n → π* 

π → π* 
- - 

[Co(FAT)(OAc)2].2H2O 

588 (170) 

399 (13170) 

318 (13150) 

17,006 

25,062 

31,446 

4
A2(F) → 

4
T1(F) 

4
A2(F) → 

4
T1(P) 

LMCT 

Tetrahedral 4.73 

FAMT 324 (28187) 30,864  π → π* - - 

[Co(FAMT)(OAc)(H2O)3].2H2O 

851 (10826) 

692 (20066) 

426 (71691) 

318 (77233) 

11,750 

14,450 

23,474 

31,446 

4
T1g(F) →

 4
T2g(F)

 

4
T1g(F) →

 4
A2g(F)

 

4
T1g(F) → 

4
T1g(P)

 

LMCT 

Octahedral 4.85 

FAPT 
299 (28327) 

269 (25498) 

33,444 

37,174  

π → π* 

π → π* 
- - 

[Co(FAPT)(OAc)].2H2O 
420 (6437) 

293 (23542) 

23,809 

34,129 

4
A2(F) → 

4
T1(P) 

LMCT 
Tetrahedral 4.40 

HNAT 
366 (14410) 

326 (13494) 

27,322 

30,674  

n → π* 

π → π* 
- - 

[Co(HNAT)2(H2O)2] 

412 (21934) 

393 (21853) 

321 (17173) 

24,271 

25,445 

31,152 

4
T1g(F) → 

4
T1g(P) 

LMCT 

LMCT 

Octahedral 4.88 

HNOA 

490 (30561) 

470 (31173) 

343 (23829) 

288 (27942) 

20,408 

21,276 

29,154 

34,722 

n → π* 

n → π* 

π → π* 

π → π* 

- - 

[Co(HNOA)2] 

890 (618) 

832 (603) 

750 (575) 

445 (28826) 

330 (21337) 

11,235 

12,019 

13,333 

22,471 

30,303 

4
A2(F) →

 4
T2(F)

 

4
A2(F) →

 4
T1(F)

 

4
A2(F) →

 4
T1(P)

 

LMCT 

LMCT 

Tetrahedral 4.72 
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4.B.1.5. Magnetic Data 

The magnetic moment data of all the synthesised Co(II) complexes are given in Table 

4.B.1.3. Generally, Octahedral and tetrahedral Co(II) complexes show magnetic moments in 

the range of 4.85-4.88 BM and 4.40-4.73 B.M., respectively [127]. It is confirmed from the 

results that the Co(II) complexes of FAMT and HNAT show octahedral geometry and that of 

Co(II) complexes of FAT, FAPT and HNOA show tetrahedral geometry. 

4.B.1.6. Thermal Studies 

The thermograms of Co(II) complexes of FAT and HNOA are shown in Figures 

4.B.1.6 and 4.B.1.7. 

The temperature range, mass loss % and decomposition products are shown in Table 

4.B.1.4. Thermogravimetric (TG) studies were observed in the temperature range of           

50-1000 °C. The TG analysis data indicated that the decomposition of the Co(II) complexes 

proceeds in two or three steps. Lattice and coordinated water molecules were lost in between 

50 and 270 °C. The thermal analysis data of all the Co(II) complexes expose the following 

findings as discussed below. 

The [Co(FAT)(OAc)2].2H2O complex decomposed in two steps. The first step 

corresponds to the mass loss of 7.91% (calc. 7.94%) in the range of 50-120 °C confirming the 

presence of lattice water. The second step take place within the range of 121-468 °C, with an 

estimated mass loss of 74.70% (calcd. 75.53%), accounting for the repulsion of the total 

organic part. The final step, horizontal plateau was observed to be greater than 468 °C, with 

an estimated mass loss of 17.39% (calcd. 16.53%) which is regarded as cobalt oxide residue. 

The [Co(FAMT)(OAc)(H2O)3].2H2O complex is decomposed in three successive steps. 

The first decomposition step with an estimated mass loss of 8.43% (calcd. 7.30%) within the 

temperature range of 50-100 °C, may be attributed to the liberation of two lattice water 

molecules. The second decomposition step occurs within the range of 100-330 °C with an 

estimated mass loss of 22.15% (calcd. 22.92%) that may be refered to the loss of coordinated 

water and acetate molecules. The third step is observed in the temperature range of 330-1000 

°C, which corresponds to the mass loss of organic part with an estimated mass loss of 52.82% 

(calcd. 54.56%). The remaining mass loss above 1000 °C, 16.60% (calcd. 15.22%) is due to 

cobalt oxide as residue. 
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In the case of [Co(FAPT)(OAc)].2H2O complex, the first decomposition step at         

60-160 °C range with an estimated mass loss of 7.01% (calcd. 7.19%), may be attributed to 

the loss of two lattice water molecules. The second step is within the range of 160-240 °C 

with an estimated mass loss of 12.53% (calcd. 11.78%) which may be attributed to the loss of 

acetate molecule. The third decomposition step is observed in the temperature range of 240-

800 °C, which corresponds to the mass loss of organic part with an estimated mass loss of 

65.67% (calcd. 66.54%). The final product obtained in this complex also may be due to the 

formation of cobalt oxide as residue. 

[Co(HNAT)2(H2O)2] complex showed a thermal stability up to 120 °C indicating that 

there are no lattice water molecules in the complex. The first decomposition step was 

corresponding to the loss of coordinated water molecules within the temperature range of  

120-268 °C. The second and third decomposition steps are observed within the range of   

268-294 °C and 240-800 °C with an estimated mass loss of 33.85% (calcd. 33.39%) and 

46.69% (calcd. 47.10%), respectively, which corresponds to the loss of total organic part 

present in the complex. Above 800 °C a plateau is observed for the formation of the CoO as 

residue (found mass loss 13.32%, calcd. mass loss 13.18%). 

The TG data of [Co(HNOA)2] complex shows decomposition in two steps. The 

complex showed thermal stability up to 200 °C indicating that there are no water molecules. 

The first and second decomposition steps correspond to the loss of organic part within the 

temperature range of 200-400 °C and 400-700 °C with a mass loss of 44.02% (calcd. 

44.20%) and 43.28% (calcd. 43.87%). The remaining mass loss 12.70% (calcd. 12.25%) is 

related to the CoO as residue. 

The thermal analysis of all the synthesised Co(II) complexes shows the components 

present in the complexes and further support to the composition of the proposed complexes 

on the basis of all the spectral and analytical data. 
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Table 4.B.1.4. Thermal analysis data of Co(II) complexes 

Compound Temperature (°C) 
Mass loss found 

(calculated %) 
Assignment 

[Co(FAT)(OAc)2].2H2O 

50 - 120 

121 - 468 

> 468 

7.91 (7.94) 

74.70 (75.53) 

17.39 (16.53) 

Loss of water 

Loss of organic part 

Cobalt oxide (residue) 

[Co(FAMT)(OAc)(H2O)3].2H2O 

50 - 100 

100 - 330 

330 - 1000 

> 1000 

8.43 (7.30) 

22.15 (22.92) 

52.82 (54.56) 

16.60 (15.22) 

Loss of two lattice water 

Loss of water and acetate 

Loss of organic part 

Cobalt oxide (residue) 

[Co(FAPT)(OAc)].2H2O 

60 - 160 

160 - 240 

240 - 800 

> 800 

7.01 (7.19) 

12.53 (11.78) 

65.67 (66.54) 

14.79 (14.95) 

Loss of water 

Loss of acetate 

Loss of organic part 

Cobalt oxide (residue) 

[Co(HNAT)2(H2O)2] 

120 - 268 

268 - 294 

240 - 800 

> 800 

6.14 (6.33) 

33.85 (33.39) 

46.69 (47.10) 

13.32 (13.18) 

Loss of water 

Loss of C6H6N8 

Loss of C20H12O 

Cobalt oxide (residue) 

[Co(HNOA)2] 

200 - 400 

400 - 700 

> 700 

44.02 (44.20) 

43.28 (43.87) 

12.70 (12.25) 

Loss of C20H14O 

Loss of C16H16N2O2 

Cobalt oxide (residue) 
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Figure 4.B.1.6. TG (──) and DTG (‧‧‧‧‧) thermograms of [Co(FAT)(OAc)2].2H2O complex 
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4.B.1.7. Powder XRD 

The powder XRD patterns of HNOA and its [Co(HNOA)2] complex are shown in 

Figures 4.B.1.8 and 4.B.1.9. 

Single crystals of the Co(II) complexes are unable to prepared to get the single crystal 

XRD data and thus the powder XRD data were collected for structural characterisation. The 

ligands and its Co(II) complexes data were recorded at 2θ = 10-80°. By using Debye 

Scherrer’s formula, the average crystallite sizes for all compounds are determined [128].  

  
     

     
                

Where, D is the crystallite size, λ is the wavelength of X-ray radiation, β is the full 

width at half maximum (FWHM) of diffraction line and θ is the diffraction angle.  

The powder XRD patterns showed crystalline nature for all the Co(II) complexes, 

except [Co(FAT)(OAc)2].2H2O complex. From the data, [Co(FAT)(OAc)2].2H2O complex 

does not exhibit well-defined crystalline peaks indicating that the complex is amorphous. The 

average sizes of the FAT, FAMT, FAPT, HNAT, HNOA, [Co(FAMT)(OAc)(H2O)3].2H2O, 
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Figure 4.B.1.7. TG (──) and DTG (‧‧‧‧‧) thermograms of [Co(HNOA)2] complex 
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[Co(FAPT)(OAc)].2H2O, [Co(HNAT)2(H2O)2] and [Co(HNOA)2] are around 34.83, 45.20, 

53.16, 48.01, 19.76, 30.54, 34.62, 24.14 and 39.18 nm, respectively. 
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Figure 4.B.1.9. Powder XRD pattern of [Co(HNOA)2] complex 
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Figure 4.B.1.8. Powder XRD pattern of HNOA ligand 
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4.B.1.8. Scanning Electron Microscopy (SEM) 

SEM images of [Co(FAPT)(OAc)].2H2O and [Co(HNOA)2] complexes are shown in 

Figures 4.B.1.10 and 4.B.1.11. 

The SEM is used to evaluate the morphology and grain size of the compounds. FAT, 

FAMT, FAPT, HNAT, HNOA, [Co(FAT)(OAc)2].2H2O, [Co(FAMT)(OAc)(H2O)3].2H2O, 

[Co(FAPT)(OAc)].2H2O, [Co(HNAT)2(H2O)2] and [Co(HNOA)2] complexes have 

agglomerated thin plates, small ice blocks like structures, irregular shaped ice particles, rod 

like morphology, small rods shape, agglomerated small irregular shaped, ice granular, small 

spherical shaped, wrecked rock and ice blocks like morphologies, respectively. 

 

 
Figure 4B1.11. SEM image of [Co(HNOA)2] complex 

Figure 4.B.1.10. SEM image of [Co(FAPT)(OAc)].2H2O complex 
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4.B.1.9. Fluorescence Spectra 

The emission spectra of HNAT and its [Co(HNAT)2(H2O)2] complex are shown in 

Figures 4.B.1.12 and 4.B.1.13. 

The fluorescence properties of all ligands and their Co(II) complexes were studied at 

room temperature in DMSO (1 × 10
-5

 M). The FAT ligand exhibited an intense emission 

band at 438 nm upon excitation at 390 nm. Though, its [Co(FAT)(OAc)2].2H2O complex 

showed a strong bands at 516 nm, 560 nm and a weak band at 674 nm upon excitation at   

400 nm. FAMT and its [Co(FAMT)(OAc)(H2O)3].2H2O complex exhibited emission bands at 

482 nm (Ex-325 nm) and 515 nm (Ex-426 nm), respectively. FAPT and its 

[Co(FAPT)(OAc)].2H2O complex showed emission bands at 438 nm (Ex-300 nm) and 436 

nm (Ex-350 nm), respectively. HNAT ligand showed strong emission band at 483 nm                

(Ex-326 nm). The ligand intensity of the emission band decreased in its [Co(HNAT)2(H2O)2] 

complex upon excitation at 412 nm. HNOA and its [Co(HNOA)2] complex showed emission 

bands at 438 nm (Ex-343 nm) and 492 nm (Ex-445 nm), respectively. Metal ions can enhance 

or quench the fluorescence emission of ligands containing an aromatic ring. Enhancement of 

fluorescence through complexation was observed in the [Co(FAT)(OAc)2].2H2O complex, it 

has much interest as it opens up the opportunity for photochemical applications. Quenching 

of fluorescence of the ligands (except FAT ligand) by transition metal ions during 

complexation is a kind of general phenomenon which is explained by processes like 

electronic energy transfer, magnetic perturbation and redox activity [129].  



Results and Discussions 

 

97 
 

 

 

 

 

450 500 550 600

0.0

2.0x10
5

4.0x10
5

6.0x10
5

 
In

te
n

si
ty

 (
C

P
S

)

 

 

Wavelength (nm)

Ex-412 nm

Figure 4.B.1.13. Fluorescence spectrum of [Co(HNAT)2(H2O)2] in DMSO (1 × 10
-5

 M) at 

room temperature 
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Figure 4.B.1.12. Fluorescence spectrum of HNAT in DMSO (1 × 10
-5

 M) at room 

temperature 
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4.B.1.10. Proposed Structures 

Based on all the spectral data, tetrahedral geometry has been proposed for the 

complexes of [Co(FAT)(OAc)2].2H2O, [Co(FAPT)(OAc)].2H2O and [Co(HNOA)2] (Figure 

4.B.1.14) and octahedral geometry has been proposed for the complexes of 

[Co(FAMT)(OAc)(H2O)3].2H2O and [Co(HNAT)2(H2O)2] (Figure 4.B.1.15). 

 

 

 

 

 

[Co(FAT)(OAc)2].2H2O [Co(FAPT)(OAc)].2H2O 

[Co(HNOA)2] 

Figure 4.B.1.14. Proposed structures for tetrahedral Co(II) complexes 
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[Co(FAMT)(OAc)(H2O)3].2H2O [Co(HNAT)2(H2O)2] 

Figure 4.B.1.15. Proposed structures for octahedral Co(II) complexes 
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4.B.2. CHARACTERISATION OF Ni(II) COMPLEXES 

 

Nickel is the 22
nd

 most abundant element and 7
th

 much abundant transition metal in the 

earth crust. The electronic configuration of nickel is [Ar]3d
8
4s

2
. Nickel exhibits -1 to +4 

oxidation states, among that +2 is the most stable and important oxidation state. In the 

literature numerous biological activity studies of Ni(II) complexes have been reported [130 

(a-d)]. 

The nickel complexes of Schiff base ligands have interested chemistry because nickel 

exhibits different oxidation states in there complexes [131 (a,b)]. Generally nickel forms six, 

five and four coordinated complexes like octahedral, trigonal bipyramidal, square-pyramidal 

and square-planar and tetrahedral, in these five coordinated nickel complexes are very rare. 

The electronic ground state of square-planar complex may be either 
1
A1g or 

3
A2g. The 

most possible ground state term for square-planar complexes is 
1
A1g. Generally, one to two 

bands are observed in the visible region of the spectra assignable, to the 
1
A1g(D) → 

1
A2g(G), 

1
A1g(D) → 

1
B2g(G) and 

1
A1g(D) → 

1
Eg(G) transitions, observed around 15,000, 20,000 and 

25,000 cm
-1

, respectively [132]. Square-planar Ni(II) complexes are diamagnetic as expected 

due to the absence of unpaired electrons [133]. 

According to literature reports, for tetrahedral complexes, three bands were observed in 

the range of 4,000, 7,500 and 16,000 cm
-1

, which may be assigned for 
3
T1(F) → 

3
T2(F), 

3
T1(F) 

→ 
3
A2(F) and 

3
T1(F) → 

3
T1(P) transitions, respectively. The normal magnetic moment values 

are in the range of 2.9-3.9 BM for tetrahedral Ni(II) complexes     [24 (b)].  

Trigonal bipyramidal and square-pyramidal Ni(II) complexes are known with low-spin 

and high-spin states [134]. The low-spin complexes are basically form trigonal bipyramidal 

whereas, the high-spin complexes form square-pyramidal. Three electronic transitions are 

generally occurred for square-pyramidal complexes while two for the trigonal bipyramidal 

complexes. They are 
3
B1(F) → 

3
E(F), 

3
B1(F) → 

3
A2(P) and 

3
B1(F) → 

3
E(P) [135]. 

Electronic spectra of octahedral Ni(II) complexes usually consist of three bands in the 

region 8,000-13,000 cm
-1

, 15,000-19,000 cm
-1

 and 25,000-29,000 cm
-1

, which may be 
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assigned for the transitions 
3
A2g(F) → 

3
T2g, 

3
A2g(F) → 

3
T1g(F) and 

3
A2g(F) → 

3
T1g(P), 

respectively. [136]. 

 

From all the interesting characteristics of Ni(II) complexes, we have synthesised and 

characterised few new Ni(II) complexes with the ligands derived from 3-formylchromone and 

2-hydroxy-1-naphthaldehyde. Details about these studies are given in this section. 

4.B.2.1. Results and Discussion 

4.B.2.1.1. Physical Characteristics of the Ni(II) Complexes 

All the Ni(II) complexes were stable at room temperature. On heating, the Ni(II) 

complexes were decomposed without melting. They are insoluble in water and many of the 

common organic solvents, but soluble appreciably in DMF and DMSO. 

 

Figure 4.B.2.1. Tanabe-Sugano diagram of octahedral Ni(II) complex 
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Table 4.B.2.1. Analytical and molar conductivity data of Ni(II) complexes 

Complex 

Elemental analysis 

% Found (calculated) 
Molar 

conductivity 

(Ω
-1

cm
2
mol

-1
) C H N S Ni 

[Ni(FAT)(OAc)2].2H2O 
42.38 

(42.42) 

3.92 

(4.00) 

12.39 

(12.37)  

12.91 

(12.96) 
13 

[Ni(FAMT)(OAc)(H2O)].H2O 
40.89 

(41.03) 

3.65 

(3.67) 

12.80 

(12.76) 

7.28 

(7.30) 

13.32 

(13.37) 
8 

[Ni(FAPT)(OAc)].2H2O 
47.90 

(47.93) 

11.11 

(11.18) 

3.60 

(3.62) 

6.45 

(6.40) 

11.66 

(11.71) 
18 

[Ni(HNAT)2] 
58.51 

(58.57) 

3.28 

(3.30) 

21.00 

(21.02)  

11.04 

(11.01) 
10 

[Ni(HNOA)2] 
68.65 

(68.71) 

4.83 

(4.80) 

4.43 

(4.45)  

9.30 

(9.33) 
12 

 

4.B.2.1.2. Molar Conductivity  

The molar conductivity values of the Ni(II) complexes in DMF are given in Table 

4.B.2.1. The results show that the values of the complexes be in the range 8-18 Ω
-1

cm
2
mol

-1
 

suggesting their non-electrolytic nature. 

4.B.2.1.3. Infrared Spectral Data 

The FTIR spectrum of HNOA and its [Ni(HNOA)2] complex are given in Figures 

4.B.2.2 and 4.B.2.3. 

The spectral data of the Ni(II) complexes give information about the involvement of 

coordinating atoms of ligands in metal-ligand bonding. The assignments are based on typical 

group frequencies (Table 4.B.2.2). 

The identification of the coordinating atoms involved in the formation of Ni(II) 

complexes is made on the basis of the comparison of the infrared spectral bands of the ligands 

and their respective Ni(II) complexes.  

The band in the range 1598-1653 cm
-1

 in the ligands and their Ni(II) complexes 

correspond to ν(C=N) of the azomethine linkage and the shift in frequency to lower wave 

numbers (08-62 cm
-1

) indicates the coordination of the nitrogen of this group with the Ni(II) 
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ion [137 (a,b)]. The band in the range 1623-1673 cm
-1

, corresponding to ν(C=O) of the 

carbonyl group in the 3-formylchromone derived ligands, was shifted to lower region by     

17-30 cm
-1

 in their corresponding Ni(II) complexes. This shows the involvement of oxygen of 

carbonyl group in coordination [138].  

A band in the range 1300-1339 cm
-1

 assignable to ν(C-O) (phenolic) in the ligands is 

shifted to lower frequency in the Ni(II) complexes by 9-59 cm
-1

 indicated the coordination of 

the phenolic oxygen atom with Ni(II) ion. In the spectra of [Ni(FAMT)(OAc)(H2O)].H2O 

complex a broad band in the region 3413 cm
-1

 suggested the presence of coordinated water 

molecule.  

The Ni(II) complexes of FAMT and FAPT ligands have two bands at 1481-1491 and 

1270-1293 cm
-1

 assigned to νasy and νsy of the acetate ion, respectively. The difference 

between those two bands is 188-221 cm
-1

 which suggests that the acetate group is acting as 

monodentate ligand [122]. The spectra of all the Ni(II) complexes also show some new bands 

in the 572-456 and 456-494 cm
-1

 regions, which supports the formation of Ni‒O and Ni‒N 

bonds in metal complexes [139], respectively. 
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Table 4.B.2.2. Infrared spectral data of Ni(II) complexes (cm
-1

) 

Compound ν(OH) ν(C=O) ν(C=N) ν(C−O) ν(C−S) 
νasy(COO) 

/νsy(COO) 
ν(M−N) ν(M−O) 

[Ni(FAT)(OAc)2].2H2O 
 

1653 1578 
   

482 557 

[Ni(FAMT)(OAc)(H2O)].H2O 3413 1606 
 

1300 
 

1491/1270 
 

456 

[Ni(FAPT)(OAc)].2H2O 
 

1601 1573 
 

760 1481/1293 456 533 

[Ni(HNAT)2] 
  

1536 1359 
  

494 572 

[Ni(HNOA)2] 
  

1614 1357 
  

490 555 
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4.B.2.1.4. Electronic Spectral Data 

The electronic spectra of HNAT and its [Ni(HNAT)2] complex are shown in Figures 

4.B.2.4 and 4.B.2.5. 

The electronic data of all the Ni(II) complexes are given in Table 4.B.2.3. The 

electronic spectra provided enough information about the arrangements of the ligands around 

the metal ions. 

The electronic spectra of [Ni(FAT)(OAc)2].2H2O, [Ni(FAMT)(OAc)(H2O)].H2O and 

[Ni(HNOA)2] complexes show three absorption bands in the region 14,430-16,750,  23640-

25,000 and 31,152-34,843 cm
-1

, which were assigned to 
3
T1(F) → 

3
T1(P), 

3
T1(F) → 

3
A2(F) 

and LMCT transitions, respectively [140]. These are the characteristic bands of tetrahedral 

environment around Ni(II) ion. 

Electronic spectra of the [Ni(FAPT)(OAc)].2H2O and [Ni(HNAT)2] complexes show 

three absorption bands in the region 22,883-23,154, 24,096-27,985 and 31,746-35,211 cm
-1

, 

which are assigned to 
1
A1g → 

1
B2g, 

1
A1g → 

1
Eg and LMCT transitions, suggesting an square-

planar arrangement for the Ni(II) complexes [141]. 
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Figure 4.B.2.4. Electronic spectrum of HNAT ligand in DMSO (1 × 10
-5

 M) 
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Table 4.B.2.3. Electronic spectral data and magnetic moments of Ni(II) complexes 

Compound 
λmax nm 

(ɛ, Lmol
-1

cm
-1

) 

Band position 

(cm
-1

) 
Transition Geometry µeff

 
(BM) 

[Ni(FAT)(OAc)2].2H2O 
597 (211) 

400 (19900) 

321 (17700) 

16,750 

25,000 

31,152 

3
T1(F) → 

3
T1(P) 

3
T1(F) → 

3
A2(F) 

LMCT 

Tetrahedral 2.91 

[Ni(FAMT)(OAc)(H2O)].H2O 
693 (49) 

423 (9637) 

318 (8382) 

14,430 

23,640 

31,446 

3
T1(F) → 

3
T1(P) 

3
T1(F) → 

3
A2(F) 

LMCT 

Tetrahedral 3.67 

[Ni(FAPT)(OAc)].2H2O 
431 (6368) 

357 (8310) 

284 (17966) 

23,154 

27,985 

35,211 

1
A1g → 

1
B2g 

1
A1g → 

1
Eg 

LMCT 

Square-planar Diamagnetic 

[Ni(HNAT)2] 
437 (27549) 

415 (28656) 

315 (25079) 

22,883 

24,096 

31,746 

1
A1g → 

1
B2g 

1
A1g → 

1
Eg 

LMCT 

Square-planar Diamagnetic 

[Ni(HNOA)2] 
419 (27620) 

398 (26930) 

287 (17272) 

23,866 

25,125 

34,843 

3
T1(F) → 

3
A2(F) 

LMCT 

LMCT 

Tetrahedral 3.25 
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Figure 4.B.2.5. Electronic spectrum of [Ni(HNAT)2] in DMSO (1 × 10
-5

 M) 
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4.B.2.1.5. Magnetic Data 

The magnetic moment values of all the synthesised Ni(II) complexes obtained at room 

temperature are given in Table 4.B.2.3. 

The magnetic moments of the [Ni(FAT)(OAc)2].2H2O, [Ni(FAMT)(OAc)(H2O)].H2O 

and [Ni(HNOA)2] complexes are in the region 2.91-3.67 B.M., which agree with the presence 

of Ni(II) ion in an tetrahedral geometry (the normal range for tetrahedral Ni(II) complex is 

2.9-3.9 B.M.) [24 (b)]. At room temperature [Ni(FAPT)(OAc)].2H2O and [Ni(HNAT)2] 

complexes exhibited diamagnetic nature, which supports a square-planar geometry [142].  

4.B.2.1.6. Thermal Data 

The thermal decomposition pattern of [Ni(FAPT)(OAc)].2H2O and [Ni(HNOA)2] 

complexes are shown in Figures 4.B.2.6 and 4.B.2.7. 

The TG data of [Ni(FAT)(OAc)2].2H2O complex shows decomposition in two steps. 

The first decomposition step is in the temperature range of 50-120 °C, with an estimated 

mass loss of 7.15 % (calcd. 7.94 %), corresponds to the loss of lattice water molecules.      

The second step occurs within the range of 121-462 °C, with an estimated mass loss of 74.50 

% (calcd. 75.58 %), which may be attributed to the loss of total organic part. A plateau is 

observed above 462 °C, which may be due to the formation of nickel oxide as a residue 

(found mass loss 18.35 %, calcd. mass loss 16.48 %). 

The [Ni(FAMT)(OAc)(H2O)].H2O complex is decomposed in three steps. The first step 

is corresponding to the loss of lattice water molecule within the temperature range of          

50-80 °C. The second step is observed in the range of 80-300 °C with a weight loss of 17.31 

% (calcd. 17.54 %) which corresponds to the loss of coordinated water and acetate molecules. 

The third step is at 300-1000 °C, with a weight loss of 63.73 % (calcd. 61.28 %) that refers to 

the removal of total organic part. The final mass loss 18.96 % (calcd. 17.08 %) is due to the 

formation of nickel oxide as residue. 

The [Ni(FAPT)(OAc)].2H2O complex showed three successive decomposition steps. 

The first step is due to the loss of lattice water molecules below the temperature of 170 °C 

with a mass loss of 7.16 % (calcd. 7.20 %). The second decomposition step occurs within the 

range of 170-265 °C with a mass loss of 12.07 % (calcd. 11.80 %) corresponding to the loss 

of acetate molecule. Third step is found in the temperature range of 265-650 °C with a mass 
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loss of 65.89 % (calcd. 66.67 %) which may be due to the loss of organic part. A plateau with 

a mass loss of 14.88 % (calcd. 14.78 %) is regarded NiO as a residue. 

The TG curve of [Ni(HNAT)2] complex indicates that the mass change begins at 250 °C 

and is decomposed in two steps. The first and second steps are observed within the 

temperature range of 250-332 °C and 332-484 °C with a mass loss of 36.05 %               

(calcd. 35.84 %) and 49.99 % (calcd. 50.28 %) corresponding to the loss of organic 

molecules. Finally, a plateau is observed with a mass loss of 13.96 % (calcd. 13.88 %), which 

may be corresponding to the NiO as a residue. 

In case of [Ni(HNOA)2].H2O complex, three decomposition steps are observed.        

The first step is in the temperature range of 50-80 °C with a weight loss of 3.02 %         

(calcd. 2.86 %) that may be due to the loss of lattice water. The second and third steps are 

found within the range of 80-745 °C with an approximate mass loss of 85.00 % (calcd. 85.22 

%), which corresponds to the loss of organic part. Remaining mass loss 11.98 % (calcd. 11.92 

%) corresponding to the formation of NiO as a residue. 

The results are agreed with the theoretical formula as suggested in the analytical data 

(Table 4.B.2.4). 
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Figure 4.B.2.6. TG (──) and DTG (‧‧‧‧‧) thermograms of [Ni(FAPT)(OAc)].2H2O 

complex 
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Table 4.B.2.4. Thermal analysis data of Ni(II) complexes 

Compound  
Temperature 

(°C)  

Mass loss found  

(calculated %)  
Assignment  

[Ni(FAT)(OAc)2].2H2O  
50 - 120  

121 - 462  

> 462  

7.15 (7.94)  

74.50 (75.58)  

18.35 (16.48)  

Loss of water  

Loss of organic part  

Metal oxide (residue)  

[Ni(FAMT)(OAc)(H2O)].H2O  

50 - 80  

80 - 300  

300 - 1000  

> 1000  

4.12 (4.10)  

17.31 (17.54)  

63.73 (61.28)  

18.96 (17.08)  

Loss of lattice water  

Loss of water and acetate  

Loss of organic part  

Nickel oxide (residue)  

[Ni(FAPT)(OAc)].2H2O  

50 - 170  

170 - 265  

265 - 650  

> 650  

7.16 (7.20)  

12.07 (11.80)  

65.89 (66.67)  

14.88 (14.78)  

Loss of water  

Loss of acetate  

Loss of organic part  

Metal oxide (residue)  

[Ni(HNAT)2]  
250 - 332  

332 - 484  

> 484  

36.05 (35.84)  

49.99 (50.28)  

13.96 (13.88)  

Loss of C6H6N8  

Loss of C20H12O  

Metal oxide (residue)  

[Ni(HNOA)2].H2O  

50 - 80  

80 - 435  

435 - 745  

> 745  

3.02 (2.86)  

42.57 (42.61)  

42.43 (42.61)  

11.98 (11.92)  

Loss of water molecule  

Loss of C20H12O  

Loss of C16H16N2O2  

Nickel oxide (residue)  
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Figure 4.B.2.7. TG (──) and DTG (‧‧‧‧‧) thermograms of [Ni(HNOA)2] complex 
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4.B.2.1.7. Powder XRD Data 

The powder XRD patterns of [Ni(HNAT)2] and [Ni(HNOA)2].H2O complexes are 

shown in Figures 4.B.2.8 and 4.B.2.9. 

From the powder XRD data, [Ni(FAT)(OAc)2].2H2O complex was amorphous in 

nature. The average crystallite sizes of the [Ni(FAMT)(OAc)(H2O)].H2O, 

[Ni(FAPT)(OAc)].2H2O, [Ni(HNAT)2] and [Ni(HNOA)2].H2O complexes were 38.67,53.84, 

22.60 and 0.44 nm. 
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Figure 4.B.2.8. Powder XRD pattern of [Ni(HNAT)2] complex 
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4.B.2.1.8. Scanning Electron Microscopy 

SEM photographs of the synthesised Ni(II) complexes of FAPT and HNOA are shown 

in Figures 4.B.2.10 and 4.B.2.11. 

A uniform matrix was observed using SEM photographs i.e., all Ni(II) complexes are 

homogeneous in nature. [Ni(FAT)(OAc)2].2H2O, [Ni(FAMT)(OAc)(H2O)].H2O, 

[Ni(FAPT)(OAc)].2H2O, [Ni(HNAT)2] and [Ni(HNOA)2].H2O complexes have 

agglomerated small irregular shaped, irregular bar shaped, spherical shaped, wrecked rock 

like and agglomerated ice cubes like morphology, respectively. 

 

Figure 4.B.2.9. Powder XRD pattern of [Ni(HNOA)2].H2O complex 
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4.B.2.1.9. Fluorescence Spectral Data 

The emission spectra of FAPT and its [Ni(FAPT)(OAc)].2H2O complex are shown in 

Figures 4.B.2.12 and 4.B.2.13. 

The [Ni(FAMT)(OAc)(H2O)].H2O complex was characterised by an emission band at 

519 nm, upon excitation at 423 nm. [Ni(FAPT)(OAc)].2H2O complex exhibited an emission 

Figure 4.B.2.11. SEM image of [Ni(HNOA)2].H2O complex 

Figure 4.B.2.10. SEM image of [Ni(FAPT)(OAc)].2H2O complex 
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bands around 396 and 437 nm, upon excitation at 431 nm. The [Ni(HNAT)2] complex 

exhibits emission band at 483 nm (Ex-430 nm). In the case of [Ni(HNOA)2].H2O complex 

two emission bands were observed at 452 and 484 nm upon excitation at 398 nm.  
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Figure 4.B.2.13. Fluorescence spectrum of [Ni(FAPT)(OAc)].2H2O in DMSO (1 × 10
-5

 M) 

at room temperature 
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Figure 4.B.2.12. Fluorescence spectrum of FAPT in DMSO (1 × 10
-5

 M) at room 

temperature 
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4.B.2.1.10. Proposed Structures 

Based on the above studies, the following structures have been assigned for all the 

Ni(II) complexes (Figure 4.B.2.14). 

 

 

 

 

 

 
Figure 4.B.2.14. Proposed structures for Ni(II) complexes 

[Ni(FAT)(OAc)2].2H2O [Ni(FAMT)(OAc)(H2O)].H2O 

[Ni(FAPT)(OAc)].2H2O 

[Ni(HNAT)2] [Ni(HNOA)2].H2O 
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4.B.3. CHARACTERISATION OF Cu(II) COMPLEXES 

 

Copper is one of the most essential elements for life that can be classified as a trace 

element. Copper is having an electronic configuration [Ar]4s
1
3d

10
, it has a variety of 

oxidation states ranging from +1 to +4 are described in the literature [143-145]. The 

common oxidation states for copper are +1 and +2. Copper(II) forms numerous complexes 

with various geometries and coordination numbers. The most prominent coordination 

numbers for Cu(II) complexes are four, five and six.  

Generally, Cu(II) complexes are blue or green in colour. Some of the Cu(II) 

complexes are red or brown due to charge transfer transitions. The most common colours 

however are due to the presence of weak d-d transitions in the region 600-900 nm of the 

electronic spectrum. The Cu(II) complexes having d
9
 electron configuration, is 

characteristic of John-Teller distortion for regular octahedral or tetrahedral symmetry, 

which has an effect on its stereochemistry. Cu(II) forms mostly complexes with different 

ligands of octahedral, tetrahedral and square-planar geometries. 

The free Cu(II) has a 
2
D state, in its octahedral complexes the 

2
D term split into 

2
Eg 

(ground term) and 
2
T1g (excited term). Thus, for Cu(II) complexes in pure octahedral 

symmetry, only one transition 
2
Eg → 

2
T2g is expected. In the case of distorted octahedral or 

tetrahedral complexes the doubly degenerate ground state 
2
Eg is split into two components 

(
2
B1g and 

2
A1g) and the upper state 

2
T2g split into two other components (

2
B2g and 

2
Eg) 

(Figure 4.B.3.1).  

According to the John-Teller effect, Cu(II) will never have a regular octahedral 

symmetry due to the degeneracy in its ground state. The degeneracy of 
2
Eg state cannot 

remove by trigonal distortion. It can be removed either by tetragonal or rhombic 

distortions. If the site symmetry is tetragonally distorted octahedral (C4v), then the ground 

state 
2
Eg splits into 

2
B1 and 

2
A1 and upper state 

2
T2g also splits into two states 

2
A2 and 

2
E. 

Therefore, for the Cu(II) in tetragonal site, three bands are expected due to the transitions 

from the ground state to other excited states. In the case of rhombic distortion (C2v) the 

lower state 
2
Eg splits into 

2
A1          and 

2
A1 (   ) and 

2
T2g splits into 

2
A2 (dxy), 

2
B1 (dxz) 
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and 
2
B2 (dyz). Therefore, four bands are expected due to the transition from the ground 

state to the other four excited states. 

 

Analysis of the visible absorption spectrum of octahedral Cu(II) complexes showed 

transition in the range of 10,000-14,000 cm
-1

. The theory for the absorption spectra of 

octahedrally coordinated Cu(II) complexes has been given by Polder [146], Ballhausen 

[147] and Belford et al. [148]. 

In tetrahedral complexes, 
2
D term split as 

2
T2 (ground term) and 

2
E (excited term). In 

perfect tetrahedral complexes only one transition 
2
T2 → 

2
E occurs below 10,000 cm

-1
, 

according to crystal field theory. The ground (
2
T2) and excited (

2
E) terms undergoes 

splitting in distorted tetrahedral complexes, as a result four transitions are expected. 

The electronic structure of the tetrahedral coordinated Cu(II) complexes should be exactly 

found same for the octahedral coordinated complexes but for the fact that the levels are 

inverted. The Dq values usually decrease a factor of 4/9 [147]. 

In square-planar geometry, the ground term is 
2
B1g and the excited terms are 

2
A1g, 

2
B2g and 

2
Eg like as tetragonal geometry, therefore, here also three transitions are expected. 

In the square-planar Cu(II) complexes d-d transitions are observed in the range of 14,000-

25,000 cm
-1

 [149]. However, there is a little information to differentiate the square-planar 

and tetragonal geometries of Cu(II) complexes using electronic spectra. 

Figure 4.B.3.1. Energy level splitting of Cu(II) complexes 
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Irrespective of the geometry of the complexes, Cu(II) posses only one unpaired 

electron. However, magnetic moments of Cu(II) complexes normally in the range of     

1.7-2.2 B.M. depending upon the orbital contribution [150]. Octahedral complexes have 

values in the range 1.9-2.0 B.M. Square-planar complexes show lower magnetic moment 

values in the range 1.7-1.9 B.M. and tetrahedral complexes predict magnetic moments of 

2.2 B.M. 

Electron spin resonance (ESR) spectroscopy is a non-intrusive analytical technique 

for studying materials with unpaired electrons. ESR depends on the absorption of 

microwave radiation by an unpaired electron when it is exposed to a strong magnetic field. 

The ESR spectral studies also provide the information about the environment around the 

metal ion.  

Cu(II) has a spin value of S = 1/2 and its spin angular momentum value of MS = ± 

1/2 leading to a doubly degenerate spin energy state in the absence of a magnetic field. 

This degeneracy is removed by application of a magnetic field. The transition between the 

two energy levels given by the condition hν = gβHo. Where h = Plank’s constant,  

ν = frequency of radiation, g = Lande splitting factor, β = Bohr magneton and                  

Ho = magnetic field. 

The ‘g’ value for a free electron is 2.0023, however, the value may often differ from 

2.0023 in a ligand field. In general, the magnitude of ‘g’ depends upon the orientation of 

the molecule containing the unpaired electron with respect to the magnetic field. In 

solution or in the gas phase ‘g’ is averaged over all orientations because of the free motion 

of the molecules, but in crystal the movement is restricted.  

The nature of ESR spectrum is effected by the (a) electronic ground state of the 

complex (b) symmetry of the effective ligand field around the Cu(II) ion and (c) mutual 

orientations of the local molecular axes of the individual Cu(II) complex molecules in the 

unit cell.  

If all the tetragonal axes are aligned parallel, then the crystal g-values accurately 

reflect the local Cu(II) ion environment. The g-values in the axial spectra are connected 

with exchange interaction coupling constant (G). From the G value, nature of the ligand is 

also evaluated by the expression.  
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As reported by Karlin [151], if the G value is more than four, the exchange 

interaction is insignificant because the local tetragonal axes are aligned parallel or are 

slightly misaligned. If the G value is smaller than four, the exchange interaction is 

reasonable and the local tetragonal axes are misaligned. 

In this section, the structural characterisation of the Cu(II) complexes with 3-(((1H-

1,2,4-triazol-3-yl)imino)methyl)-4H-chromen-4-one (FAT), (2-hydroxyphenyl)(2-

(methylthio)-[1,2,4]triazolo[1,5-a]pyrimidin-6-yl)methanone (FAMT), 3-(((3-mercapto-5-

phenyl-4H-pyrazol-4-yl)imino)methyl)-4H-chromen-4-one (FAPT), 1-(((4H-1,2,4-triazol-

4-yl)imino)methyl)naphthalen-2-ol (HNAT) and 1-(((2-methoxyphenyl)imino)methyl) 

naphthalen-2-ol (HNOA) are discussed. 

4.B.3.1. Results and Discussions 

4.B.3.1.1. Physical Characteristics of the Cu(II) Complexes 

At room temperature, all the Cu(II) complexes are stable. On heating, the complexes 

decompose without melting. They are appreciably soluble in DMF and DMSO and 

insoluble in water and most of the common organic solvents. 

4.B.3.1.2. Molar Conductivity  

The molar conductivity values of all the Cu(II) complexes in DMF are given in 

Table 4.B.3.1. The results show that the values of the complexes were in the range             

09-20 Ω
-1

cm
2
mol

-1
, suggesting their non-electrolytic nature. 
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Table 4.B.3.1. Analytical and molar conductivity data of Cu(II) complexes 

Complex  

Elemental analysis 

% Found (calculated)  
Molar 

conductivity 

(Ω
-1

cm
2
mol

-1
) C  H  N  S  Cu  

[Cu(FAT)(OAc)2].2H2O  
41.93 

(41.97)  

3.91 

(3.96)  

12.21 

(12.24)   

13.82 

(13.88)  
9  

[Cu(FAMT)2(H2O)2]  
46.58 

(46.60)  

3.30 

(3.31)  

16.75 

(16.72)  

9.60 

(9.57)  

9.46 

(9.48)  
14  

[Cu(FAPT)(OAc)].H2O  
49.22 

(49.23)  

3.34 

(3.30)  

11.45 

(11.48)  

6.54 

(6.57)  

13.00 

(13.02)  
20  

[Cu(HNAT)2]  
58.00 

(58.02)  

3.33 

(3.37)  

20.80 

(20.83)   

11.80 

(11.81)  
11  

[Cu(HNOA)2]  
70.12 

(70.17)  

4.55 

(4.58)  

4.51 

(4.55)   

10.27 

(10.31)  
15  

 

4.B.3.1.3. Infrared Spectral Data 

The infrared spectra of HNAT ligand and its [Cu(HNAT)2] complex are given in 

Figures 4.B.3.2 and 4.B.3.3. 

The IR spectral information of the Cu(II) complexes were compared with the ligands 

to find out the coordination sites that possibly participated in coordination with Cu(II) 

complexes. The most important infrared spectral data of the Cu(II) complexes with 

probable assignments are presented in Table 4.B.3.2. 

The band due to the azomethine (C=N) group in all the ligands except FAPT, is 

observed in the region 1598-1653 cm
-1

. This band is shifted to the lower frequency region 

by 6-62 cm
-1

 upon complexation with Cu(II) ion, thus, suggesting coordination through the 

nitrogen atom of the azomethine group in all the synthesised Cu(II) complexes [118]. In 

comparison with the spectra of the 3-formylchromone derived ligands, all their Cu(II) 

complexes exhibit the band of ν(C=O) at 1600-1617 cm
-1

 region. This results indicated the 

shift of band to lower wave numbers (14-63 cm
-1

), showing that the carbonyl oxygen is 

coordinated to the Cu(II) ion [22 (d)].  
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On the other hand, the ν(C‒O), which occur in the range 1300-1339 cm
-1

 for the 

ligands were moved to higher frequencies by 18-60 cm
-1

 after complexation with Cu(II) 

ion, which indicates that the shifts are due to the coordination of the phenolic oxygen of 

the ligand to the Cu(II) ion [89]. The OH stretching frequency appearing in the spectra of 

[Cu(FAMT)2(H2O)2] complex studied as a broad band at 3413 cm
-1

 is due to the presence 

of coordinated water [32 (a)].  

The FAPT ligand exhibit a weak band at 2735 cm
-1

 due to ν(S‒H) vibration. This 

band disappeared in the spectra of its Cu(II) complex ([Cu(FAPT)(OAc)].H2O), indicating 

involvement of sulphur in coordination with deprotonation. It is further supported by a 

band appeared at 760 cm
-1

, due to stretching frequencies of (C‒S) in the spectra of 

[Cu(FAPT)(OAc)].H2O complex [121]. 

New bands were observed in the synthesised Cu(II) complexes, which were not 

observed in ligands. The bands in the range 458-576 cm
-1

 and 458-494 cm
-1

 were assigned 

to stretching frequencies of  (M‒O) [152] and (M‒N) [153], respectively. 
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Table 4.B.3.2. FTIR spectral data of Cu(II) complexes (cm
-1

) 

 

Compound ν(OH) ν(C=O) ν(C=N) ν(C-O) ν(C-S) 
νasy(COO) 

/νsy(COO) 
ν(M-N) ν(M-O) 

[Cu(FAT)(OAc)2].2H2O  
 

1600 1574 
  

1482/1290 473 570 

[Cu(FAMT)2(H2O)2]  3413 1607 
 

1357 
   

458 

[Cu(FAPT)(OAc)].H2O  
 

1617 1596 
 

760 1480/1328 458 537 

[Cu(HNAT)2]    
1536 1360 

  
459 576 

[Cu(HNOA)2]    
1616 1342 

  
494 560 
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4.B.3.1.4. Electronic Spectral Data 

The electronic spectra of HNOA ligand and its [Cu(HNOA)2] complex are shown in 

Figures 4.B.3.4 and 4.B.3.5. 

The electronic spectral data of all the synthesised Cu(II) complexes are given in Table 

4.B.3.3. 

The bands in the range 14,641-15,527 and 23,364-32,679 cm
-1

 in the Cu(II) complexes 

are assigned to 
2
B1g → 

2
A1g and charge transfer transitions, respectively, are of square-planar 

geometry [154]. [Cu(FAMT)2(H2O)2] complex exhibited bands at 19,417 cm
-1

 and        

23,584-30,959 cm
-1

 was characteristic of octahedral geometry which are assigned to            

2
Eg

 
→ 

2
T2g and charge transfer transitions, respectively [155]. 
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Figure 4.B.3.4. Electronic spectrum of HNOA ligand in DMSO (1 × 10
-5

 M) 
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Table 4.B.3.3. Electronic spectral data and magnetic moments of Cu(II) complexes 

Compound 
λmax nm 

(ɛ, Lmol
-1

cm
-1

) 

Band position 

(cm
-1

) 
Transition Geometry 

µeff
 

(BM) 

[Cu(FAT)(OAc)2].2H2O 
683 (2454) 

398 (14608) 

14,641 

25,125 

2
B1g → 

2
B2g 

charge transfer 
Square-planar 1.80 

[Cu(FAMT)2(H2O)2] 

515 (5290) 

424 (5622) 

323 (19020) 

19,417 

23,584 

30,959 

2
Eg → 

2
T2g 

charge transfer 

charge transfer 

Octahedral 1.97 

[Cu(FAPT)(OAc)].H2O 

644 (10253) 

380 (17654) 

306 (32335) 

15,527 

26,315 

32,679 

2
B1g → 

2
B2g 

charge transfer 

charge transfer 

Square-planar 1.74 

[Cu(HNAT)2] 

675 (6480) 

414 (9425) 

316 (9573) 

14,801 

24,154 

31,645 

2
B1g → 

2
B2g 

charge transfer 

charge transfer 

Square-planar 1.73 

[Cu(HNOA)2] 

679 (36382) 

428 (83252) 

324 (82768) 

14,727 

23,364 

30,864 

2
B1g → 

2
B2g 

charge transfer 

charge transfer 

Square-planar 1.85 

 

 

Figure 4.B.3.5. Electronic spectrum of [Cu(HNOA)2] complex in DMSO (1 × 10
-5

 M) 
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4.B.3.1.5. Magnetic Data 

The magnetic data of all the synthesised Cu(II) complexes are given in Table 4.B.3.3. 

In the present study, the magnetic moment values of Cu(II) complexes are observed in 

the range of 1.73-1.97 BM. The magnetic moment values suggest that all the Cu(II) 

complexes, except [Cu(FAMT)2(H2O)2] complex are of square-planar geometry. However, 

the magnetic moment of [Cu(FAMT)2(H2O)2] complex is 1.97 BM which reveals octahedral 

geometry around the metal ion [156]. 

4.B.3.1.6. ESR Spectral Data 

ESR spectrum of [Cu(FAT)(OAc)2].2H2O complex was recorded in benzene solution at 

room temperature (Figure 4.B.3.6). The Cu(II) complex, showed a band centred at g = 2.21 

with unresolved hyperfine structure. The values of g|| and g  are 2.33 and 2.15 (g|| > g  > 

2.0023), showing that the unpaired electron in the ground state of Cu(ІІ) predominately lies in 

  
2
− 

2
 orbital, this was referring to a square-planar geometry around Cu(II) ions [157]. The 

most significant factor is that the g|| value (2.33) is considerably greater than most of the 

common Cu(II) complexes. A factor potentially contributing to the increase of g|| is due to the 

distortion from square-planar geometry [151]. From the obtained values, it is shown that      

A|| (133) > A  (21); g|| (2.33) > g  (2.21) > 2.0023. 
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Figure 4.B.3.6. ESR spectrum of [Cu(FAT)(OAc)2].2H2O complex 
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The exchange interaction parameter value for the complex of [Cu(FAT)(OAc)2].2H2O 

(G = 2.216) recommends that the ligand forming complex is observed as a strong field, and 

the local tetragonal axes are misaligned and the exchange coupling effects are not operative 

in the present Cu(II) complex. The metal-ligand bonding in this complex is covalent. It also 

further suggests that the stereochemistry of Cu(II) complex is square-planar [157]. The 

degree of geometrical distortion was ascertained by a parameter g||/A|| (A|| in cm
-1

) with the 

values less than 140 cm
-1

 associated with the square-planar structure, whereas higher values 

indicate distortion towards tetrahedron. In the current Cu(II) complex g||/A|| value is 175 cm
-1

 

which indicates the distortion in the complex [123].  

ESR spectrum of [Cu(FAMT)2(H2O)2] complex was recorded in solid state at room 

temperature is shown in Figure 4.B.3.7. The two g-values, g|| = 2.1422 and g  = 2.0941. In 

octahedral geometry of the Cu(II) complex, 
2
B1g is considered as the ground state where the 

unpaired electron lies in        orbital with g|| (2.1422) > g  (2.0941) > g (2.0023) which is 

characteristic of an octahedral geometry around Cu(II) ion. [158]. The axial symmetry 

parameter G, determined as G = (g|| - 2.0023)/(g  - 2.0023). According to Hathaway [159], if 

the value of G is greater than 4, the exchange interaction between Cu(II) centres in the solid 

state is negligible. Whereas its values are less than 4, a considerable exchange interaction 

exists in the solid state. The parameter G is found to be much less than 4, indicating 

significant exchange interaction in the solid state of Cu(II) complex [140].  
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Figure 4.B.3.7. ESR spectrum of [Cu(FAMT)2(H2O)2] complex 
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ESR spectrum of [Cu(FAPT)(OAc)].H2O complex was recorded in solid state using 

JOEL X-Band Electron Spin Resonance spectrometer at room temperature (Figure 4.B.3.8). 

In this complex, the g|| and g  values are 2.09 and 2.06, both are greater than 2.0023 

suggesting that the Cu(II) ion has axial symmetry with all the principal axes aligned parallel. 

The observed g|| value of the complex is consistent with a square-planar stereochemistry 

[157]. The G factor [defined as G = (g|| - 2.0023)/(g  - 2.0023)] for this complex is 1.1940. 

The G value in the present Cu(ІІ) complex is lesser than 4, suggesting the presence of 

exchange interaction between Cu(ІІ) centres in the solid state [140].  

 

The ESR spectrum of [Cu(HNAT)2] complex in solid state was recorded at room 

temperature (Figure 4.B.3.9). The two g-values, found in its ESR spectrum are g|| = 2.1372 

and g  = 2.1078. The spectrum also showed g|| > g  > 2.0023, indicating that the unpaired 

electron in the ground state of Cu(ІІ) predominately lies in        orbital. This was 

characteristic of a square-planar geometry around Cu(II) ions [157]. According to Hathway, 

if axial symmetry parameter G > 4, it suggests that exchange interaction is insignificant and if 

G < 4, it suggests a reasonable exchange interaction in solid state. In the present case, the 

exchange interaction parameter term G was estimated from the expression G = (g|| - 2.0023)/ 

(g  - 2.0023) = 1.28, which is less than 4 indicated that there is considerable exchange 

interaction between the copper centres.  
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Figure 4.B.3.8. ESR spectrum of [Cu(FAPT)(OAc)].H2O complex 
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The solid state ESR spectrum of [Cu(HNOA)2] complex was recorded at room 

temperature, Figure 4.B.3.10. The spectrum showed g|| (2.0679) > g  (2.0416) > 2.0023, 

indicating that the unpaired electron in the ground state of Cu(ІІ) predominately lies in 

        orbital, characteristic of a square-planar geometry around Cu(II) ions [157]. The G 

factor [defined as G = (g|| - 2.0023)/(g  - 2.0023)] for this complex is 1.6692. The G value in 

the present Cu(ІІ) complex is lesser than 4, suggested the presence of exchange interaction 

between Cu(ІІ) centres [140].  
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Figure 4.B.3.9. ESR spectrum of [Cu(HNAT)2] complex 



Chapter-4 

132 
 

 

4.B.3.1.7. Thermal Data 

Thermograms of [Cu(FAMT)2(H2O)2] and [Cu(HNAT)2] complexes are shown in 

Figures 4.B.3.11 and 4.B.3.12. The thermal data is presented in Table 4.B.3.4. 

The TG data of [Cu(FAT)(OAc)2].2H2O complex shows decomposition in two steps. 

The first step is in the temperature range 50-120 °C with a weight loss of 6.63% (calcd. 

7.86%) corresponding to the loss of lattice water molecules. The second decomposition step 

is observed with a mass loss of 74.44% (calcd. 74.77%) in the temperature range of 121-593 

°C, corresponding to the loss of total organic part. A plateau is obtained above 593 °C, which 

refers to the formation of copper oxide as residue (found mass loss 18.93%, calcd. 17.37%). 

The [Cu(FAMT)2(H2O)2] complex has been decomposed in two steps. The first step 

with a mass loss 5.80% (calcd. 5.37%) in the temperature range of 120-270 °C, may be 

attributed to the liberation of lattice water. The second decomposition step at 270-970 °C, 

with a mass loss of 82.35% (calcd. 82.68%) is accounted for the successive loss of organic 

part. The remaining mass loss 11.85% (calcd. 11.95%) is regarded CuO as a residue. 

In the case of [Cu(FAPT)(OAc)].H2O complex, the first step at the temperature range 

50-100 °C with an estimated mass loss of 3.52% (calcd. 3.69%), may be due to the loss of 

lattice water molecule. The second step is corresponding to the loss of acetate molecule 
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Figure 4.B.3.10. ESR spectrum of [Cu(HNOA)2] complex 
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within the range of 100-205 °C, with a mass loss of 12.27% (calcd. 12.09%). The third step is 

at  205-995 °C with a weight loss of 67.58% (calcd. 67.92%) is referring to the loss of 

organic part. The residual part corresponds to CuO (found mass loss 16.63%, calcd. 16.30%).  

The [Cu(HNAT)2] complex undergoes decomposition in two steps. The first and second 

steps are observed within the temperature range of 50-277 °C and 277-493 °C with a mass 

loss of 21.10% (calcd. 21.03%) and 32.43% (calcd. 32.76%) corresponding to the loss of total 

organic part. A plateau with a mass loss of 46.47% (calcd. 46.21%) regarded copper oxide as 

residue. 

The TG curve of [Cu(HNOA)2] complex shows no weight loss up to 200 °C confirming 

there are no water molecules in the complex. Further, it undergoes decomposition with a 

mass loss of 86.17% (calcd. 87.02%) in the TG curve from 200-995 °C corresponds to the 

loss of total organic part. Remaining mass loss 13.83% (calcd. 12.98%) corresponding to the 

CuO, regarded as residue. 
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Figure 4.B.3.11. TG (──) and DTG (‧‧‧‧‧) thermograms of [Cu(FAMT)2(H2O)2] complex 
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Table 4.B.3.4. Thermal analysis data of Cu(II) complexes 

Compound  
Temperature 

(°C)  

Mass loss found  

(calculated %)  
Assignment  

[Cu(FAT)(OAc)2].2H2O  

50 - 120  

121 - 593  

> 593  

6.63 (7.86)  

74.44 (74.77)  

18.93 (17.37)  

Loss of water  

Loss of organic part  

Copper oxide (residue)  

[Cu(FAMT)2(H2O)2]  

120 - 270  

270 - 970 

> 970 

5.80 (5.37) 

82.35 (82.68) 

11.85 (11.95) 

Loss of water  

Loss of organic part 

Copper oxide (residue) 

[Cu(FAPT)(OAc)].H2O  

50 - 100  

100 - 205  

205 - 995  

> 995  

3.52 (3.69)  

12.27 (12.09)  

63.58 (67.92)  

20.63 (16.30)  

Loss of water  

Loss of acetate  

Loss of organic part  

Copper oxide (residue)  

[Cu(HNAT)2]  

110 - 277  

277 - 493  

> 493  

21.10 (21.03)  

32.43 (32.76)  

46.47 (46.21)  

Loss of C6H6N8  

Loss of C20H12O  

Copper oxide (residue)  

[Cu(HNOA)2]  
200 - 995  

> 995  

86.17 (87.02)  

13.83 (12.98)  

Loss of organic part  

Copper oxide (residue)  
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Figure 4.B.3.12. TG (──) and DTG (‧‧‧‧‧) thermograms of [Cu(HNAT)2] complex 
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4.B.3.1.8. Powder XRD 

The powder XRD patterns of HNAT and its Cu(II) complex are given in Figures 

4.B.3.13 and 4.B.3.14. 

Powder XRD was performed for all the Cu(II) complexes. The crystallite sizes of 

synthesised Cu(II) complexes are calculated by using Scherrer’s formula. The average sizes 

of the [Cu(FAT)(OAc)2].2H2O, [Cu(FAMT)2(H2O)2], [Cu(FAPT)(OAc)].H2O, [Cu(HNAT)2] 

and [Cu(HNOA)2] complexes are 0.16, 33.46, 29.68, 44.69 and 41.80 nm, respectively. 
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Figure 4.B.3.13. Powder XRD pattern of HNAT 



Chapter-4 

136 
 

 

4.B.3.1.9. Scanning Electron Microscopy 

SEM images of Cu(II) complexes of FAPT and HNAT are shown in Figures 4.B.3.15 

and 4.B.3.16. 

The surface morphology of the complexes has been examined using scanning electron 

microscope. [Cu(FAT)(OAc)2].2H2O, [Cu(FAMT)2(H2O)2], [Cu(FAPT)(OAc)].H2O, 

[Cu(HNAT)2] and [Cu(HNOA)2] complexes have agglomerated small spherical shaped, 

irregular shaped agglomerated particles, some agglomerates have a bunch of tiny needles, 

flower like and irregular ice cube structures. 
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Figure 4.B.3.14. Powder XRD pattern of [Cu(HNAT)2] complex 
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4.B.3.1.10. Florescence Spectral Data 

The fluorescence spectra of FAMT and its [Cu(FAMT)2(H2O)2] complex are shown in 

Figures 4.B.3.17 and 4.B.3.18. 

Figure 4.B.3.16. SEM image of [Cu(HNAT)2] complex 

Figure 4.B.3.15. SEM image of [Cu(FAPT)(OAc)].H2O complex 
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The metal to ligand coordination in metal complexes may lead to significant changes in 

fluorescence properties of the ligand, including increase or decrease of the intensity, emission 

wavelength shift, quenching of the fluorescence or appearance of new emissions [160]. The 

emission spectra of Cu(ІІ) complexes were recorded in DMSO (1 × 10
-5

 M) at room 

temperature. The [Cu(FAMT)2(H2O)2] complex was characterised by the emission band at 

517 nm (Ex-423 nm). [Cu(FAPT)(OAc)].H2O complex shows three emission bands at 396, 

413 and 438 nm (Ex-350 nm). The [Cu(HNAT)2] complex exhibits emission band around  

483 nm, upon photoexcitation at 414 nm. [Cu(HNOA)2] complex displayed an emission band 

at 490 nm upon photoexcitation at 428 nm. 
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Figure 4.B.3.17. Fluorescence spectrum of FAMT in DMSO (1 × 10
-5

 M) at room temperature 
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Figure 4.B.3.18. Fluorescence spectrum of [Cu(FAMT)2(H2O)2] in DMSO (1 × 10
-5

 M) at 

room temperature 
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4.B.3.1.11. Proposed Structures 

Based on fore going discussion, square-planar geometry have been proposed for all the 

Cu(II) complexes (Figure 4.B.3.19), except the complex of [Cu(FAMT)2(H2O)2]. However, 

octahedral geometry has been tentatively proposed for [Cu(FAMT)2(H2O)2] complex (Figure 

4.B.3.20). 

 

 

 

[Cu(FAT)(OAc)2].2H2O [Cu(FAPT)(OAc)].H2O 

[Cu(HNAT)2] [Cu(HNOA)2] 

Figure 4.B.3.19. Proposed structures for square-planar Cu(II) complexes 



Results and Discussions 

141 
 

 

 

 

 

 

Figure 4.B.3.20. Proposed structure for octahedral [Cu(FAMT)2(H2O)2] complex 
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4.B.4. CHARACTERISATION OF Zn(II) COMPLEXES 

 

Zinc is the 2
nd

 highest abundant transition metal in human body and involves in several 

important biological processes [161 (a,b)]. The electron configuration of zinc is [Ar]3d
10

4s
2
. 

The most stable oxidation state of zinc is +2. Zinc(II) complexes form various stereochemical 

geometries such as tetrahedral, trigonal bipyramidal and octahedral. Among them tetrahedral 

complexes are more common. However, trigonal bipyramidal and octahedral complexes of 

Zn(II) were also reported in the literature [162 (a,b)].  

Zn(II) ion has no optical spectroscopic characteristic properties due to its closed-shell 

3d
10

 configuration, however it can strengthen the luminescence of the ligand after 

coordination with ligand [163]. However, the Zn(II) complexes with fluorescence properties 

have attained much interest due to their potential applications in biological systems [164], 

photophysical properties [165 (a,b)] and in emitting materials of organic light emitting diodes 

[166 (a,b)]. 

In this section, Zn(II) complexes with 3-(((1H-1,2,4-triazol-3-yl)imino)methyl)-4H-

chromen-4-one (FAT), (2-hydroxyphenyl)(2-(methylthio)-[1,2,4]triazolo[1,5-a]pyrimidin-6-

yl)methanone (FAMT), 3-(((3-mercapto-5-phenyl-4H-pyrazol-4-yl)imino)methyl)-4H-

chromen-4-one (FAPT), 1-(((4H-1,2,4-triazol-4-yl)imino)methyl)naphthalen-2-ol (HNAT) 

and 1-(((2-methoxyphenyl)imino)methyl)naphthalen-2-ol (HNOA) ligands were synthesised 

and characterised using various spectroscopic and analytical techniques viz., infrared, 

electronic, thermal, powder XRD, SEM and fluorescence studies. 

4.B.4.1. Results and Discussion 

4.B.4.1.1. Characterisation of the Zn(II) Complexes 

All the Zn(II) complexes are stable at room temperature. The complexes decompose on 

heating without melting. They are insoluble in water and many of the common organic 

solvents, but soluble appreciably in DMF and DMSO.  
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Table 4.B.4.1. Analytical and molar conductivity data of Zn(II) complexes 

Complex 

Elemental analysis 

% Found (calculated) 
Molar 

conductivity 

(Ω
-1

cm
2
mol

-1
) C H N S Zn 

[Zn(FAT)(OAc)2].H2O 
41.80 

(42.51) 

3.72 

(3.65) 

12.48 

(12.68)  

14.23 

(14.80) 
18 

[Zn(FAMT)(OAc)(H2O)] 
42.10 

(42.12) 

3.26 

(3.30) 

13.14 

(13.10) 

7.48 

(7.50) 

15.25 

(15.28) 
05 

[Zn(FAPT)(OAc)].H2O 
49.00 

(49.04) 

11.38 

(11.44) 

3.23 

(3.29) 

6.52 

(6.55) 

13.31 

(13.35) 
21 

[Zn(HNAT)2] 
57.71 

(57.84) 

3.31 

(3.36) 

20.67 

(20.76)  

12.10 

(12.11) 
20 

[Zn(HNOA)(OAc)(H2O)] 
57.40 

(57.36) 

4.52 

(4.57) 

3.33 

(3.34)  

15.65 

(15.61) 
09 

 

4.B.4.1.2. Molar Conductivity  

The molar conductivity values of the Zn(II) complexes in DMF are given in Table 

4.B.4.1. The results show that the conductance of the complexes be in the range of               

05-21 Ω
-1

cm
2
mol

-1
, suggesting their non-electrolytic nature. 

4.B.4.1.3. Infrared Spectral Data 

The infrared spectra of FAPT and its [Zn(FAPT)(OAc)].H2O complex are given in 

Figures 4.B.4.1 and 4.B.4.2. 

The main IR characteristic stretching frequencies of Zn(II) complexes along with their 

proposed assignments are shown in Table 4.B.4.2. 

The band in the range 1598-1622 cm
-1

 in the infrared spectra of the ligands (due to the 

azomethine group absorption) shows shift to lower wave number (37-63 cm
-1

) in their Zn(II) 

complexes, this shift reveals that the C=N group involved in coordination with Zn(II) ion 

[167]. The strong band in the range 1623-1673 cm
-1

 in the spectra of the chromone derived 

ligands is assigned to ν(C=O) of the chromone moiety. A considerable lower shift                 

(15-62 cm
-1

) of the carbonyl frequency in Zn(II) complexes indicates coordination through 

carbonyl oxygen [25 (h)]. 
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The band in the region 1300-1339 cm
-1

 due to the phenolic C‒O stretching vibration 

undergoes a shift towards higher wave number in the spectra of Zn(II) complexes. It indicates 

that the phenolic oxygen is involved in the chelation with Zn(II) ion [154]. The ν(C‒S) band 

of the FAPT ligand observed at 755 cm
-1

, which is shifted to a higher frequency of about    

761 cm
-1

 in the spectra of the [Zn(FAPT)(OAc)].H2O complex, suggests the participation of 

the sulphur atom of the thiol group in the coordination [121].  

Two essential strong bands were found in the region 1482-1498 and 1222-1333 cm
-1

 

which could be assigned to νasy(COO) and νsy(COO) vibrations of the acetate ions, 

respectively. The differences between the asymmetric and symmetric stretching vibration 

motions, ∆[νasy(COO) - νsy(COO)] were in the range 276-149 cm
-1

, which were matched with 

monodentate ligational behaviour of acetate [122]. 

On the other hand, the bands at 3412 and 3415 cm
-1

 in the spectra of 

[Zn(FAMT)(OAc)(H2O)] and [Zn(HNOA)(OAc)(H2O)] complexes are indicative of the 

presence of coordinated water molecules [168]. New bands are observed at 418-492 cm
-1

 and 

527-557 cm
-1

 confirming the participation of nitrogen and oxygen in coordination, 

respectively [24 (b)].  
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Table 4.B.4.2. FTIR spectral data of Zn(II) complexes (cm
-1

) 

Compound  ν(OH)  ν(C=O)  ν(C=N)  ν(C−O)  ν(C−S)  
νasy(COO) /νsy 

(COO)  
ν(M−N)  ν(M−O)  

[Zn(FAT)(OAc)2].H2O  
 

1611  1573  
  

1498/1222  482  557  

[Zn(FAMT)(OAc)(H2O)]  3415  1608  
 

1365  
 

1494/1299  
 

528  

[Zn(FAPT)(OAc)].H2O  
 

1611  1566 
 

761  1482/1333  472  528  

[Zn(HNAT)2]    
1535  1358  

  
480  527  

[Zn(HNOA)(OAc)(H2O)]  3412  
 

1575 1395  
  

492  544  
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4.B.4.1.4. Electronic Spectral Data 

The electronic absorption spectra of FAPT ligand and its [Zn(FAPT)(OAc)].H2O 

complex are shown in Figures 4.B.4.3 and 4.B.4.4. 

The electronic data of all the Zn(II) complexes shows absorption bands in the range of 

23201-2939 cm
-1

 and 30769-35971 cm
-1

 are attributed to the π → π* and LMCT transitions, 

which are compatible with the Zn(II) complexes having an tetrahedral structure. Zn(II) 

complexes being in d
10

 configuration, without any unpaired electrons in its  

d-orbital do not show any d-d transitions and are found to be diamagnetic as expected    

(Table 4.B.4.3). 
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Figure 4.B.4.3. Electronic spectrum of FAPT in DMSO (1 × 10
-5

 M) 
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Table 4.B.4.3. Electronic spectral data of Zn(II) complexes 

Compound 
λmax nm 

(ɛ, Lmol
-1

cm
-1

) 

Band position 

(cm
-1

) 
Transition Geometry 

[Zn(FAT)(OAc)2].H2O 
373 (47400) 

321 (41200) 

26,809 

31,152 

π → π* 

LMCT 
Tetrahedral 

[Zn(FAMT)(OAc)(H2O)] 
431 (1629) 

325 (19248) 

23,201 

30,769 

π → π* 

LMCT 
Tetrahedral 

[Zn(FAPT)(OAc)].H2O 

396 (10742) 

342 (15018) 

286 (20664) 

25,252 

29,239 

34,965 

π → π* 

π → π* 

LMCT 

Tetrahedral 

[Zn(HNAT)2] 
410 (16715) 

323 (17720) 

24,390 

30,959 

π → π* 

LMCT 
Tetrahedral 

[Zn(HNOA)(OAc)(H2O)] 
396 (29815) 

278 (17020) 

25,252 

35,971 

π → π* 

LMCT 
Tetrahedral 
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Figure 4.B.4.4. Electronic spectrum of [Zn(FAPT)(OAc)].H2O complex in DMSO (1 × 10
-5

 M) 
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4.B.4.1.5. Thermal Data 

The thermograms of [Zn(FAPT)(OAc)].H2O and [Zn(HNAT)2] complexes are given in 

Figures 4.B.4.5 and 4.B.4.6. 

The Thermal data of Zn(II) complexes are given in Table 4.B.4.4. 

The synthesised Zn(II) complexes were found to be air stable and have higher thermal 

stability. The thermal study was carried out using the thermogravimetric technique with a 

heating rate of 10 °C min
-1

. 

The [Zn(FAT)(OAc)2].H2O complex undergoes decomposition in two steps. The first 

step is in the temperature range 50-120 °C with a weight loss of 3.79 % (calcd. 4.07 %) 

which corresponds to the loss of lattice water molecule. In the second step, total loss of 

organic part was observed in the temperature range between 120-583 °C with a mass loss of 

79.27 % (calcd. 78.51 %). Above 583 °C a plateau is observed from the formation of the ZnO 

as residue (found mass loss 16.94 %, calcd. 17.42 %). 

The TG data of [Zn(FAMT)(OAc)(H2O)] complex shows decomposition in two steps. 

The first step is in the temperature range 100-330 °C with a weight loss of 19.55 % (calcd. 

18.03 %) which corresponds to the loss of coordinated water and acetate molecules.           

The second step (330-1000 °C) corresponds to the loss of 61.62 % (calcd. 62.99 %), which 

may be due to the removal of organic part. The residual mass loss 18.83 % (calcd. 18.98 %) 

corresponds to the formation of zinc oxide. 

In case of [Zn(FAPT)(OAc)].H2O complex, three decomposition steps are observed. 

The first step occurs within the temperature range of 50-145 °C, corresponding to the loss of 

lattice water molecule. The second and third steps are corresponding to the loss of acetate 

molecule and organic part within the range of 145-238 and 238-995 °C and with the mass 

loss of 11.98 % (calcd. 12.05 %) and 67.59 % (calcd. 68.06 %), respectively. The remaining 

mass loss of 16.70 % (calcd. 16.61 %) was due to formation of ZnO. 

The [Zn(HNAT)2] complex showed thermal stability till 250 °C, where as it 

decomposed in two successive steps, corresponds to the loss of organic part at  

250-319 °C and 319-594 °C with a mass loss of 35.42 % (calcd. 35.25 %) and 49.68 (calcd. 

49.72), respectively. Finally, a plateau is observed with a mass loss of 14.90 %               

(calcd. 15.03 %), may be corresponding to the ZnO as residue. 
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The [Zn(HNOA)(OAc)(H2O)] complex was decomposed in two successive steps. First 

decomposition step at 100-330 °C, with a mass loss of 18.20 % (calcd. 18.42 %) 

corresponding to the loss of water and acetate molecules. The second step is observed with a 

mass loss of 60.97 % (calcd. 62.20 %) in the range of 330-1000 °C, corresponding to the loss 

of total organic part. The residual part is ZnO (found mass loss 20.83 %, calcd. 19.38 %). 
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Figure 4.B.4.5. TG (──) and DTG (‧‧‧‧‧) thermograms of [Zn(FAPT)(OAc)].H2O complex 
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Table 4.B.4.4. Thermal data of Zn(II) complexes 

Compound 
Temperature 

(°C) 

Mass loss found 

(calculated %) 
Assignment 

[Zn(FAT)(OAc)2].H2O 

50 - 120 

120 - 583 

> 583 

3.79 (4.07) 

79.27 (78.51) 

16.94 (17.42) 

Loss of water 

Loss of organic part 

Zinc oxide (residue) 

[Zn(FAMT)(OAc)(H2O)] 

100 - 330 

330 - 1000 

> 1000 

19.55 (18.03) 

61.62 (62.99) 

18.83 (18.98) 

Loss of water and acetate 

Loss of organic part 

Zinc oxide (residue) 

[Zn(FAPT)(OAc)].H2O 

50 - 145 

145 - 238 

238 - 995 

> 995 

3.73 (3.67) 

11.98 (12.05) 

67.59 (68.06) 

16.70 (16.61) 

Loss of water 

Loss of acetate 

Loss of organic part 

Zinc oxide (residue) 

[Zn(HNAT)2] 

250 - 319 

319 - 594 

> 594 

35.42 (35.25) 

49.68 (49.72) 

14.90 (15.03) 

Loss of C6H6N8 

Loss of C20H12O 

Zinc oxide (residue) 

[Zn(HNOA)(OAc)(H2O)] 

100 - 330 

330 - 1000 

> 1000 

18.20 (18.42) 

60.97 (62.20) 

20.83 (19.38) 

Loss of water and acetate 

Loss of organic part 

Zinc oxide (residue) 
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Figure 4.B.4.6. TG (―) and DTG (‧‧‧‧‧) thermograms of [Zn(HNAT)2] complex 
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4.B.4.1.6. Powder XRD 

The powder XRD patterns of the [Zn(FAT)(OAc)2].H2O and [Zn(HNOA)(OAc)(H2O)] 

complexes are shown in Figures 4.B.4.7 and 4.B.4.8. 

The powder XRD data for the synthesised Zn(II) compounds were obtained for 

structural characterisation purpose. Powder XRD pattern of the compounds was recorded 

over the 2θ = 10 - 80°. 

The average crystallite sizes of the Zn(II) complexes were calculated using Scherrer’s 

formula. An average crystallite size of the [Zn(FAT)(OAc)2].H2O, [Zn(FAMT)(OAc)(H2O)], 

[Zn(FAPT)(OAc)].H2O, [Zn(HNAT)2] and [Zn(HNOA)(OAc)(H2O)] complexes were 12.48, 

36.75, 48.26, 34.91 and 10.00 nm, respectively, suggesting that the complexes are 

nanocrystalline. 
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Figure 4.B.4.7. Powder XRD pattern of [Zn(FAT)(OAc)2].H2O complex 
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4.B.4.1.7. Scanning Electron Microscopy 

The SEM micrographs of the [Zn(FAMT)(OAc)(H2O)] and [Zn(HNAT)2] complex 

complexes are shown in Figures 4.B.4.9 and 4.B.4.10. 

Scanning electron microscopy is a convenient technique to study the microstructure of 

powdered samples. [Zn(FAT)(OAc)2].H2O, [Zn(FAMT)(OAc)(H2O)], 

[Zn(FAPT)(OAc)].H2O, [Zn(HNAT)2] and [Zn(HNOA)(OAc)(H2O)] complexes have 

agglomerated small irregular shaped, small spherical shaped, rock like, small grain shaped 

and irregularly broken stone like surface morphology, respectively. 
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Figure 4.B.4.8. Powder XRD pattern of [Zn(HNOA)(OAc)(H2O)] complex 
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4.B.4.1.8. Fluorescence Spectral Data 

The fluorescence spectra of HNOA ligand and its [Zn(HNOA)(OAc)(H2O)] complex 

are depicted in Figures 4.B.4.11 and 4.B.4.12. 

Figure 4.B.4.10. SEM image of [Zn(HNAT)2] complex 

Figure 4.B.4.9. SEM image of [Zn(FAMT)(OAc)(H2O)] complex 
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The FAT ligand was characterised by two emission bands at around 478 and 508 nm 

and its Zn(II) complex shows emission band at 496 nm upon photo excitation at 400 nm. The 

[Zn(FAMT)(OAc)(H2O)] complex is characterised by an emission band around 520 nm upon 

photo excitation at 431 nm. [Zn(FAPT)(OAc)].H2O complex exhibits emission bands at 396 

and 440 nm (Ex-350 nm). In the case of [Zn(HNAT)2] complex, one peak was observed at 

482 nm upon photo excitation at 410 nm. [Zn(HNOA)(OAc)(H2O)] complex displayed an 

emission bands at 397 and 451 nm upon photoexcitation at 300 nm. 

The fluorescence of the ligand is probably quenched when compared with the absence 

of metal ions due to the presence of lone pair of electrons of the donor atoms in the ligand, by 

the occurrence of a photoinduced electron transfer (PET) process. But, in the presence of the 

metal ions the intensity of the emission bands increased when compared to the ligand. PET 

process is prevented by the complexation of the ligand with the metal ions, hence the 

emission intensity can be extremely increased by the coordination of Zn(II). 
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Figure 4.B.4.11. Fluorescence spectrum of HNOA in DMSO (1 × 10
-5

 M) at room 

temperature 
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Figure 4.B.4.12. Fluorescence spectrum of [Zn(HNOA)(OAc)(H2O)] in DMSO (1 × 10
-5

 M) 

at room temperature 
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4.B.4.1.9. Proposed Structures 

Based on all the spectral studies like analytical, molar conductivity data, electronic, 

infrared and thermal studies, tetrahedral geometry has been proposed for all the Zn(II) 

complexes. The proposed structures are shown in Figure 4.B.4.13. 

 

[Zn(FAT)(OAc)2].H2O [Zn(FAMT)(OAc)(H2O)] 

[Zn(FAPT)(OAc)].H2O 

[Zn(HNAT)2] [Zn(HNOA)(OAc)(H2O)] 

Figure 4.B.4.13. Proposed structures for tetrahedral Zn(II) complexes 
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4.B.5. CHARACTERISATION OF Pd(II) COMPLEXES 

 

Palladium is one of the most important platinum group metals [169]. Palladium having 

an electronic configuration [Kr]4d
8
5s

2
 forms complexes with different ligands. Palladium 

complexes are available in many oxidation states like Pd(0), Pd(II), Pd(IV) and rarely forms 

Pd(I) and Pd(III). 

Pd(II) forms square-planar complexes which are diamagnetic in nature. The electronic 

ground term for a square-planar Pd(II) complex is 
1
A1g which is derived from 

1
D term 

symbol. Based on Tanabe and Sugano diagrams three bands are observed for the square-

planar complexes in the visible region around 15,000, 20,000 and 25,000 cm
-1

 which may be 

assigned to 
1
A1g → 

1
A2g, 

1
A1g → 

1
B1g and 

1
A1g → 

1
Eg spin-allowed transitions, respectively 

[170]. 

Generally, Pd(0) forms diamagnetic tetrahedral complexes. These complexes show only 

one broad absorption band around at 25,000 cm
-1

 which may be due to the ligand to metal 

charge transfer (LMCT) since in a d
10

 system no d-d transition is expected [171]. 

Pd(IV) forms diamagnetic octahedral complexes which show a weak intense bands 

around 15,000, 18,000 and 20,000 cm
-1

. These bands are characteristic of 
1
A1g → 

3
T1g, 

1
A1g → 

3
T2g and 

1
A1g → 

1
T1g transitions, respectively [ 170]. 

This section explains the characterisation of Pd(II) complexes with 3-(((1H-1,2,4-

triazol-3-yl)imino)methyl)-4H-chromen-4-one (FAT), (2-hydroxyphenyl)(2-(methylthio)-

[1,2,4]triazolo[1,5-a]pyrimidin-6-yl)methanone (FAMT), 3-(((3-mercapto-5-phenyl-4H-

pyrazol-4-yl)imino)methyl)-4H-chromen-4-one (FAPT), 1-(((4H-1,2,4-triazol-4-yl)imino) 

methyl)naphthalen-2-ol (HNAT) and 1-(((2-methoxyphenyl)imino)methyl) naphthalene-2-ol 

(HNOA). 
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4.B.5.1. Result and Discussion 

4.B.5.1.1. Physical Characteristics of the Pd(II) Complexes 

All the Pd(II) complexes are stable at room temperature. The complexes decompose on 

heating without melting. They are insoluble in water and many of the common organic 

solvents, but soluble appreciably in DMF and DMSO.  

4.B.5.1.2. Analytical Data 

The analytical data of all the synthesised Pd(II) complexes are given in Table 4.B.5.1. 

From the analytical data, metal to ligand molar ratio 1:1 for all complexes except 

[Pd(HNAT)2] complex. However, in the case of [Pd(HNAT)2] complex, 1:2 molar ratio was 

observed 

Table 4.B.5.1. Analytical and molar conductivity data of Pd(II) complexes 

Complex 

Elemental analysis 

% Found (calculated) 
Molar 

conductivity 

(Ω
-1

cm
2
mol

-1
) 

C H N S Cl Pd 

[Pd(FAT)(Cl)2].4H2O 
29.32 

(29.44) 

3.21 

(3.29) 

11.32 

(11.44)  

14.36 

(14.48) 

21.59 

(21.74) 
14 

[Pd(FAMT)(Cl)(H2O)].H2O 
33.68 

(33.71) 

2.76 

(2.83) 

12.14 

(12.10) 

6.87 

(6.92) 

7.71 

(7.65) 

23.02 

(22.97) 
10 

[Pd(FAPT)(Cl)] 
44.27 

(44.19) 

2.36 

(2.27) 

11.53 

(11.45) 

6.42 

(6.55) 

7.19 

(7.25) 

21.77 

(21.75) 
20 

[Pd(HNAT)2] 
53.64 

(53.76) 

3.08 

(3.12) 

19.18 

(19.29)   

18.40 

(18.32) 
12 

[Pd(HNOA)(Cl)(H2O)].2H2O 
45.82 

(45.78) 

4.26 

(4.27) 

3.00 

(2.97)  

7.53 

(7.51) 

22.51 

(22.54) 
13 

 

4.B.5.1.3. Molar Conductivity  

The molar conductivity values of the Pd(II) complexes in 10
-3

 M DMF are given in 

Table 4.B.5.1. The results show that the values of the complexes lie in the range                   

10-20 Ω
-1

cm
2
mol

-1
 suggesting their non-electrolytic nature. 
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4.B.5.1.4. Infrared Spectral Data 

The infrared spectra of the FAT ligand and [Pd(FAT)(Cl)2].4H2O complex is shown in 

Figures 4.B.5.1 and 4.B.5.2. The important stretching frequencies of the Pd(II) complexes are 

given in Table 4.B.5.2. 

The infrared spectra of all the Pd(II) complexes except [Pd(FAMT)(Cl)(H2O)].H2O 

complex, shows a shift of the ν(C=N) to lower wavenumber by 10-73 cm
-1

 compared with the 

corresponding ligands, which was found in the range of 1632-1525 cm
-1

 [72]. This shift 

indicates the coordination of the nitrogen atom of the azomethine group with the metal ion. In 

chromone ligands, the band in the range of 1673-1623 cm
-1

 was assignable to the ν(C=O) of 

chromone moiety [25 (c)]. In their Pd(II) complexes this band was shifted to lower 

wavenumbers by about 12-23 cm
-1

 to confirm the participation of oxygen atom of carbonyl 

group in coordination. The naphthalic oxygen of the HNAT and HNOA ligands exhibits 

strong band at around 1300 and 1320 cm
-1

 [119]. However, in their Pd(II) complexes, this 

band appeared at around 1296 and 1316 cm
-1

, which may be assigned to the skeletal 

vibrations related to the napthalic oxygen of the ligands, and these bands are known to shift to 

lower frequency when the naphtholic oxygen coordinates to metal ions. 

The stretching vibrations of ‒SH have no significant role, as its band is very weak in 

FAPT ligand and this ‒SH band is disappeared in complex due to deprotonation. However, 

participation of the −SH group in chelation is ascertained from the shift of ν(C−S) at 755 cm
-1

 

in the ligand to lower frequency by 5 cm
-1

 in the complex [121]. However a band in the range 

340-368 cm
-1

 in Pd(II) complexes indicates the presence of Pd–Cl bond. New bands are 

occurred in the spectra of all the Pd(II) complexes at 529-583 cm
-1

 which are assigned to 

ν(Pd−O) stretching vibrations. The bands at 421-475 cm
-1

 have been assigned to ν(Pd−N) 

mode [22 (c)].  
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Table 4.B.5.2. FTIR spectral data of Pd(II) complexes (cm
-1

) 

Compound ν(OH) ν(C=O) ν(C=N) ν(C−O) ν(C−S) ν(M−N) ν(M−O) ν(M−S) ν(M−Cl) 

[Pd(FAT)(Cl)2].4H2O 
 

1650 1578 
  

475 562 
 

354 

[Pd(FAMT)(Cl)(H2O)].H2O 3412 1603 
 

1305 
  

565 

 

340 

[Pd(FAPT)(Cl)] 
 

1619 1520 
 

757 421 535 421 368 

[Pd(HNAT)2]   
1525 1296 

 
458 529 

 

 

[Pd(HNOA)(Cl)(H2O)].2H2O 3384 
 

1632 1316 
 

462 583 

 

346 
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4.B.5.1.5. Electronic Spectral Data 

The electronic absorbance spectra of the FAT ligand and its Pd(II) complex are shown 

in Figures 4.B.5.3 and 4.B.5.4. The electronic data of Pd(II) complexes are given in Table 

4.B.5.3. 

All the synthesised Pd(II) complexes exhibit two bands at around 20,000-28,000 and  

30,000-35,000 cm
-1

 assigned to 
1
A1g → 

1
Eg and charge transfer transitions, respectively. 

These transitions are characteristic of square-planar geometry. The diamagnetic nature of all 

the Pd(II) complexes was also supports the square-planar geometry [25 (c)]. 
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Figure 4.B.5.3. Electronic spectrum of FAT in DMSO (1 × 10
-5

 M) 
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Table 4.B.5.3. Electronic spectral data of Pd(II) complexes 

Compound 
λmax nm 

(ɛ, Lmol
-1

cm
-1

) 

Band position 

(cm
-1

) 
Transition Geometry 

[Pd(FAT)(Cl)2].4H2O 
425 (5850) 

321 (19500) 

23,529 

31,153 

1
A1g → 

1
Eg 

charge transfer 
Square-planar 

[Pd(FAMT)(Cl)(H2O)].H2O 
406 (1500) 

323 (21820) 

24,630 

30,959 

1
A1g → 

1
Eg 

charge transfer 
Square-planar 

[Pd(FAPT)(Cl)] 
389 (7134) 

286 (11620) 

25,706 

34,965 

1
A1g → 

1
Eg 

charge transfer 
Square-planar 

[Pd(HNAT)2] 
362 (19337) 

320 (27313) 

27,624 

31,250 

1
A1g → 

1
Eg 

charge transfer 
Square-planar 

[Pd(HNOA)(Cl)(H2O)].2H2O 
458 (5619) 

305 (18000) 

21,834 

32,786 

1
A1g → 

1
Eg 

charge transfer 
Square-planar 
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Figure 4.B.5.4. Electronic spectrum of [Pd(FAT)(Cl)2].4H2O in DMSO (1 × 10
-5

 M) 
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4.B.5.1.6. Thermal Data 

The thermograms of [Pd(FAPT)(Cl)] and [Pd(HNOA)(Cl)(H2O)].2H2O complexes are 

given in Figures 4.B.5.5 and 4.B.5.6. 

Thermal stabilities of the Pd(II) complexes were investigated through 

thermogravimetric analysis (Table 4.B.5.4). 

The TG data of [Pd(FAT)(Cl)2].4H2O complex shows decomposition in two steps. The 

first decomposition step is in the temperature range of 50-120 °C, with an estimated mass 

loss of 15.44 % (calcd. 14.70 %), which corresponds to the loss of lattice water molecules. 

The second decomposition step occurs within the temperature range of 120-600 °C, with an 

estimated mass loss of 57.29 % (calcd. 60.73 %), which may be refer to the loss of total 

organic part. A plateau is observed above 600 °C, which may be due to the formation of PdO 

as residue (found mass loss 27.27 % (calcd. 25.00 %). 

The [Pd(FAMT)(Cl)(H2O)].H2O complex is decomposed in three steps. The first step 

corresponds to the loss of lattice water molecule within the temperature range of 50-120 °C. 

The second step is observed in the temperature range of 120-280 °C with a weight loss of 

11.46 % (calcd. 11.47 %) corresponding to the loss of coordinated water and acetate 

molecules. The third step is at 280-1000 °C, with a weight loss of 57.44 % (calcd. 58.22 %) 

referring to the removal of total organic part. The final mass loss 27.24 % (calcd. 26.41 %) is 

due to the PdO residue. 

The [Pd(FAPT)(Cl)]complex showed two successive decomposition steps. The first 

step is due to the loss of chloride within the temperature range of 120-300 °C with a mass 

loss of 7.28 % (calcd. 7.24 %). The second decomposition step occurrs within the 

temperature range of 300-1000 °C with a mass loss of 64.55 % (calcd. 67.73 %) 

corresponding to the loss of organic part. Remaining mass loss 28.17 % (calcd. 25.02 %) 

corresponding to the PdO, is regarded as residue. 

The TG curve of [Pd(HNAT)2] complex show that the mass change begins at  

200 °C and is decomposed in two steps. The first and second steps are observed within the 

temperature range of 200-319 °C and 319-980 °C with a mass loss of 31.54 % (calcd.     

32.76 %) and 47.54 % (calcd. 46.21 %) corresponding to the loss of organic molecules. The 
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residue with a mass loss of 20.92 % (calcd. 21.03 %) was due to formation of palladium 

oxide. 

In case of [Pd(HNOA)(Cl)(H2O)].2H2O complex, three decomposition steps are 

observed. The first step is in the temperature range of 50-130 °C with a weight loss of 7.76 % 

(calcd. 7.63 %) that corresponds to the loss of lattice water. The second step is found within 

the temperature range of 130-200 °C with an estimated mass loss of 11.64 % (calcd. 11.32 %) 

which corresponds to the loss of coordinated water and chloride. The third step is at          

200-715 °C, with a weight loss of 54.59 % (calcd. 55.33 %) referring to the removal of total 

organic part. Remaining mass loss 25.91 % (calcd. 25.92 %) corresponds to the PdO, which 

is regarded as residue. 
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Figure 4.B.5.5. TG (──) and DTG (‧‧‧‧‧) thermograms of [Pd(FAPT)(Cl)] complex 
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Table 4.B.5.4. Thermal analysis data of Pd(II) complexes 

Compound 
Temperature 

(°C) 

Mass loss found 

(calculated %) 
Assignment 

[Pd(FAT)(Cl)2].4H2O 

50 - 120 

120 - 600 

> 600 

15.44 (14.70) 

57.29 (60.73) 

27.27 (25.00) 

Loss of water 

Loss of organic part 

Palladium oxide (residue) 

[Pd(FAMT)(Cl)(H2O)].H2O 

50 - 120 

120 - 280 

280 - 1000 

> 1000 

3.86 (3.90) 

11.46 (11.47) 

57.44 (58.22) 

27.24 (26.41) 

Loss of lattice water 

Loss of water and chloride 

Loss of organic part 

Palladium oxide (residue) 

[Pd(FAPT)(Cl)] 

120 - 300 

300 - 1000 

> 1000 

7.28 (7.24) 

64.55 (67.73) 

28.17 (25.02) 

Loss of chloride 

Loss of organic part 

Palladium oxide (residue) 

[Pd(HNAT)2] 

200 - 319 

319 - 980 

> 980 

31.54 (32.76) 

47.54 (46.21) 

20.92 (21.03) 

Loss of C6H6N8  

Loss of C20H12O  

Palladium oxide (residue) 

[Pd(HNOA)(Cl)(H2O)].2H2O 

50 - 130 

130 - 200 

200 - 715 

> 715 

7.76 (7.63) 

11.64 (11.32) 

54.59 (55.33) 

25.91 (25.92) 

Loss of two lattice water 

Loss of H2O + Cl 

Loss of organic part 

Palladium oxide (residue) 
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Figure 4.B.5.6. TG (──) and DTG (‧‧‧‧‧) thermograms of [Pd(HNOA)(Cl)(H2O)].2H2O 

complex 
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4.B.5.1.7. Powder XRD 

The powder X-ray diffraction data for the synthesised compounds was obtained for 

structural characterisation purpose. Powder XRD pattern of the compounds were recorded 

over the 2θ = 10 - 80°. The powder XRD patterns of the FAT ligand and its Pd(II) complex 

are shown in Figures 4.B.5.7 and 4.B.5.8. Observed and calculated powder XRD data of the 

FAT ligand and its Pd(II) complex are given in Tables 4.B.5.5 and 4.B.5.6. The crystallite 

size of all the Pd(II) complexes could be estimated from XRD patterns by applying FWHM 

of the characteristic peaks using Deby-Scherrer equation [172]. The particle size for 

[Pd(FAT)(Cl)2].4H2O, [Pd(FAMT)(Cl)(H2O)].H2O, [Pd(FAPT)(Cl)], [Pd(HNAT)2] and 

[Pd(HNOA)(Cl)(H2O)].2H2O complexes thus obtained were 9.50, 26.54, 34.75, 0.15 and 

37.93 nm, respectively. These results show that the particle size located within nano-scale 

range. 
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Figure 4.B.5.7. Powder XRD pattern of FAT ligand 
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Table 4.B.5.5. Observed and calculated powder XRD pattern of FAT ligand  

S. No 
2θ 

Δ2θ 
d-spacing 

h k L 

observed calculated observed calculated 

1 12.93 12.93 0 6.8409 6.8409 1 0 0 

2 13.51 13.51 0 6.5484 6.5484 0 1 1 

3 18.20 18.20 0 4.8702 4.8702 1 0 1 

4 18.86 18.86 0 4.7012 4.7012 1 2 0 

5 19.48 19.46 0.022 4.5529 4.5582 1 1 1 

6 23.47 23.42 0.055 3.7872 3.7959 0 0 2* 

7 24.36 24.37 -0.011 3.6508 3.6492 1 3 0 

8 26.21 26.03 0.182 3.3971 3.4204 2 0 0? 

9 27.30 27.21 0.088 3.2639 3.2742 0 2 2* 

10 29.52 29.51 0.007 3.0233 3.0240 2 2 0 

11 31.24 31.15 0.087 2.8607 2.8685 1 2 2* 

12 32.58 32.70 -0.123 2.7460 2.7360 2 2 1* 

13 34.57 34.62 -0.052 2.5924 2.5886 0 5 0* 

14 36.60 36.65 -0.047 2.4531 2.4501 0 5 1 

15 38.77 38.64 0.128 2.3206 2.3280 -1 5 1* 
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Figure 4.B.5.8. Powder XRD pattern of [Pd(FAT)(Cl)2].4H2O complex 
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16 39.72 39.75 -0.032 2.2673 2.2655 -2 3 2 

17 41.40 41.33 0.074 2.1791 2.1828 0 3 3* 

18 43.76 43.82 -0.062 2.0669 2.0641 2 5 0* 

19 44.65 44.71 -0.064 2.0277 2.025 3 2 1* 

20 45.98 45.97 0.005 1.9721 1.9723 1 6 1 

21 49.05 49.04 0.006 1.8556 1.8559 -2 5 2 

22 51.12 51.13 -0.009 1.7852 1.7849 1 7 0 

23 72.67 72.74 -0.067 1.3000 1.2990 5 2 1* 

 

Table 4.B.5.6. Observed and calculated powder XRD pattern of [Pd(FAT)(Cl)2].4H2O 

complex 

S.No 
2θ 

Δ2θ 
d-spacing 

h k L 

observed calculated observed calculated 

1. 12.23 12.23 0 7.2308 7.2308 1 0 0 

2. 13.29 13.29 0 6.6564 6.6564 -1 0 1 

3. 13.75 13.75 0 6.4347 6.4347 0 0 2 

4. 14.49 14.49 0 6.1077 6.1077 -1 1 1 

5. 16.79 16.82 -0.035 5.2758 5.2650 1 2 0 

6. 18.62 18.63 -0.013 4.7612 4.7580 0 3 1 

7. 20.42 20.37 0.050 4.3454 4.3559 1 1 2 

8. 22.78 22.77 0.009 3.9003 3.9018 -1 0 3 

9. 23.92 23.74 0.184 3.7169 3.7453 0 2 3 

10. 26.25 26.25 -0.001 3.3921 3.3919 1 4 0 

11. 27.20 27.24 -0.038 3.2757 3.2712 2 2 0 

12. 28.70 28.74 -0.040 3.1078 3.1036 -1 3 3 

13. 29.90 29.87 0.028 2.9858 2.9885 0 5 1 

14. 31.35 31.25 0.096 2.8509 2.8594 -1 2 4* 

15. 35.54 35.55 -0.012 2.5238 2.5230 -1 0 5 

16. 38.46 38.48 -0.022 2.3386 2.3373 1 0 5 

17. 40.10 40.10 0.001 2.2467 2.2467 2 1 4 

18. 41.41 41.42 -0.013 2.1786 2.1780 2 2 4 

19. 46.17 46.16 0.007 1.9645 1.9647 -1 3 6 
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4.B.5.1.8. Scanning Electron Microscopy 

The SEM micrographs of the [Pd(FAMT)(Cl)(H2O)].H2O and [Pd(HNAT)2] complexes 

are shown in Figures 4.B.5.9 and 4.B.5.10. 

Scanning electron microscopy (SEM) is a very useful analytical technique to evaluate 

the surface morphology of a compound. [Pd(FAT)(Cl)2].4H2O, [Pd(FAMT)(Cl)(H2O)].H2O, 

[Pd(FAPT)(Cl)], [Pd(HNAT)2] and [Pd(HNOA)(Cl)(H2O)].2H2O complexes have wrecked 

rock, agglomerated small spherical shaped, semi needles, fibre like and agglomerated needles 

like morphology. 

 

 

 

Figure 4.B.5.9. SEM image of [Pd(FAMT)(Cl)(H2O)].H2O complex 
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4.B.5.1.9. Fluorescence Spectral Data 

The fluorescence spectra of [Pd(FAPT)(Cl)] and [Pd(HNAT)2] complexes are shown in 

Figures 4.B.5.11 and 4.B.5.12. 

The emission spectra of all the Pd(II) complexes have been studied at room temperature 

in DMSO (1 × 10
-5

 M). The [Pd(FAMT)(Cl)(H2O)].H2O complex is characterised by an 

emission band around 451 nm upon photo excitation at 323 nm. The [Pd(FAPT)(Cl)] 

complex exhibits emission bands at 396, 415 and 437 nm (Ex-350 nm). [Pd(HNAT)2] 

complex displayed an emission band at 481 nm upon photoexcitation at 362 nm. In the case 

of [Pd(HNOA)(Cl)(H2O)].2H2O complex, one peak was observed at 439 nm upon photo 

excitation at 397 nm. From the results, the Pd(II) complexes of 3-formylchromone derived 

ligands (FAMT and FAPT) exhibit weak fluorescence when compared to their corresponding 

ligands. However, formylchromone ligands are highly emissive, on excitation upon different 

wavelengths. It was observed that the emission spectra of metal complexes are originated 

may be from formylchromone moiety.  

Figure 4.B.5.10. SEM image of [Pd(HNAT)2] complex 
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Figure 4.B.5.12. Fluorescence spectrum of [Pd(HNAT)2] in DMSO (1 × 10
-5

 M) at room 

temperature 
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Figure 4.B.5.11. Fluorescence spectrum of [Pd(FAPT)(Cl)] in DMSO (1 × 10
-5

 M) at room 

temperature. 
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4.B.5.1.10. Proposed Structures 

From all the above spectral data, square-planar geometry has been proposed for all the 

Pd(II) complexes (Figure 4.B.5.13). 

 

[Pd(FAT)(Cl)2].4H2O [Pd(FAMT)(Cl)(H2O)].H2O 

[Pd(FAPT)(Cl)] 

[Pd(HNAT)2] [Pd(HNOA)(Cl)(H2O)].2H2O 

Figure 4.B.5.13. Proposed structures for Pd(II) complexes 
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4.C.1. Introduction  

Cancer is a most important cause of death worldwide. It is the 2
nd

 most common cause 

of death. The deformity in the genetic material of the concerned cells causes cancer. DNA is 

an elementary intracellular target of anticancer drugs because it governs several biochemical 

processes that take place in the cellular system [72]. Small molecules are able to interact with 

DNA through several non-covalent modes: groove binding, intercalation and external static 

electronic effects [22 (e)]. In some cases, anticancer drugs may prefer to intercalate with 

DNA by inserting between two DNA base pairs. The interaction of DNA with small 

molecules draws greater attention due to their potential applications as anticancer drugs 

[173]. 

DNA binding is one of the main properties in pharmacology for evaluating the 

anticancer property of any new compound, and hence, the interaction between DNA and the 

synthesised compounds is of predominant significance due to their potential use as drugs, 

regulators of gene expression, tools for molecular biology and nanotechnology. Compound 

bound to DNA through intercalation mostly shows hypochromic effect and red shift 

(bathochromic effect). The intensity of the hypochromism is usually consistent with the 

strength of intercalative interaction. The interaction of the compounds with DNA was 

monitored by calculating the intrinsic binding constant (Kb) [174]. DNA cleavage studies are 

also having greater importance as it proceeds by targeting various constituents of DNA 

involving oxidative and hydrolytic mechanisms. 

The metal complex-DNA interactions are of paramount importance for the 

development of new metal-based chemotherapeutic drugs [175]. Metal complexes are 

important in the development of antitumour drugs because of the interaction between metal 

complexes with biomolecules in human body and the high stability of their final products 

under various conditions. Metal complexes have been employed in antitumour therapy as the 

discovery of the cytotoxicity of cis-platin (cis-Pt(NH3)2Cl2) by Rosenberg and coworkers in 

the late 1960s [176].  

In recent years there have been increasing efforts to design and develop metal 

complexes that show DNA binding property, nucleic acid cleavage activity as well as 

cytotoxicity in order to explore the possibility of finding new metallodrugs that may serve as 

anticancer agents. The nature of the ligand present in the metallodrugs plays a major role in 
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the binding of the metal complex to DNA. The metal ion may also play a significant role in 

the efficiency of the metal complex as a drug. [177]  

In the present investigations, 3-formylchromone and 2-hydroxy-1-naphthaldehyde 

derived ligands and their corresponding metal(II) complexes were studied for their DNA 

binding, DNA cleavage, molecular docking and anticancer activities. 

4.C.2. Results and Discussions 

4.C.2.1. DNA binding activity 

4.C.2.1.1. UV-Visible spectroscopic studies 

The potential DNA binding ability of the synthesised compounds was characterised by 

UV-Visible absorption spectroscopy. This is one of the most useful methods in DNA binding 

studies [178]. Absorption studies show that the compounds can bind to DNA either through 

covalent bonding, such as in complexes that contain ligands that can be substituted with the 

nitrogen base of DNA [179], or by non-covalent interactions such as electrostatic and 

intercalation or groove binding [180].  

The DNA interaction properties of the chromanones on CT-DNA were studied by using 

electronic absorption titration technique. The experiments were carried out by maintaining a 

constant concentration of the chromanone and varying the concentration of CT-DNA. The 

electronic absorption spectra of the chromanone (FOA-a) in the absence and presence of  

CT-DNA were shown in Figure 4.C.1. The results show decrease in intensity with increasing 

concentration of the CT-DNA. This hypochromic effect is observed in all the chromanones. It 

indicates an intercalative mode of binding between an aromatic chromophore and the base 

pairs of DNA [181]. The hypochromism is commonly extent with the strength of DNA 

interaction. As it is evidenced from the crystal structures of the chromanones, FOA-a and 

FOA-b which exhibit the C–H···O and C–H···π interactions, these results indicate that the 

planar aromatic rings of the chromanone molecules (FOA-a and FOA-b) bind to DNA 

helical structure in an intercalation mode via hydrogen bonding and π···π stacking 

interactions [182]. The intrinsic binding constant (Kb) for chromanones FOA (a-d) was found 

to be 1.33 × 10
4
 M

-1
, 2.66 × 10

4
 M

-1
, 3.11 × 10

4
 M

-1
 and 4.70 × 10

4
 M

-1
, respectively. From 

the results, FOA-d binds more strongly to CT-DNA compared to remaining chromanones. 
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Further, the binding affinity increases with rise in the number of carbon atoms of alkoxy 

group which were attached at 2
nd

 position of chromanone ring.  

 

The electronic spectra of FAT ligand and its [Zn(FAT)(OAc)2].H2O complex in the 

absence and presence of increasing amount of CT-DNA are shown in Figure 4.C.2. 

When the concentration (0-50 µM) of the compounds was increased, hypochromism of 

the absorption bands was observed. The results suggest that the compounds bind to DNA by 

intercalative, since intercalation leads to hypochromism in the spectral bands [183]. There 

was a red shift observed for [Co(FAT)(OAc)2].2H2O, [Zn(FAT)(OAc)2].H2O and 

[Pd(FAT)(Cl)2].4H2O complexes, which indicates the stabilization of the DNA duplex due to 

an intimate association between complexes and DNA. The binding constant (Kb) values 

obtained for FAT ligand, [Co(FAT)(OAc)2].2H2O, [Ni(FAT)(OAc)2].2H2O, 

[Cu(FAT)(OAc)2].2H2O, [Zn(FAT)(OAc)2].H2O and [Pd(FAT)(Cl)2].4H2O complexes were 

2.8 × 10
4
 M

-1
, 3.6 × 10

4
 M

-1
, 3.5 × 10

4
 M

-1
, 4.8 × 10

4
 M

-1
, 3.7 × 10

4
 M

-1 
and 2.0 × 10

4
 M

-1
, 

respectively. Hypochromism and red shift clearly indicate that there was an interaction 

between metal complexes and DNA. The results also show that the binding magnitudes of the 

metal complexes with DNA lie in the following order [Pd(FAT)(Cl)2].4H2O < 

[Ni(FAT)(OAc)2].2H2O < [Co(FAT)(OAc)2].2H2O < [Zn(FAT)(OAc)2].H2O < 

[Cu(FAT)(OAc)2].2H2O. The greater Kb value of [Cu(FAT)(OAc)2].2H2O complex indicates 

its strong binding with DNA. 

Figure 4.C.1. Absorption spectra of chromanone FOA-a upon addition of CT-DNA. 

[Compound] = 50 µM, [DNA] = 0-50 µM. Arrow shows the absorbance changes upon 

increasing DNA concentration and plot of [DNA]/(εa - εf) vs [DNA]. 
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The electronic spectra of the FAMT ligand and its [Ni(FAMT)(OAc)(H2O)].H2O 

complex in the absence and presence of CT-DNA are shown in Figure 4.C.3. 

The DNA binding interaction of the FAMT ligand and its metal(II) complexes with CT-

DNA is characterised by electronic spectroscopy. The absorption intensities of the 

compounds decrease with the increase in concentration of CT-DNA. The binding constant 

(Kb) values obtained for FAMT and its metal(II) complexes are shown in the Table 4.C.1. 

The results showed that the FAMT and its metal(II) complexes can interact with CT-DNA 

quite possibly by intercalation mode.  

Figure 4.C.2. Absorption spectra of (a) FAT and (b) [Zn(FAT)(OAc)2].H2O upon 

addition of CT-DNA. [Compound] = 50 µM, [DNA] = 0-50 µM. Arrow shows the 

absorbance changes upon increasing DNA concentration  

(b) 

(b) 

(a) 
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The electronic absorption spectra of FAPT ligand and its [Zn(FAPT)(OAc)].H2O 

complex in the absence and presence of CT-DNA at different concentrations are given in 

Figure 4.C.4. 

The potential binding ability of FAPT and its metal(II) complexes to CT-DNA was 

characterised by UV-Visible spectroscopy. The Kb values of the compounds were obtained 

by supervising the changes in absorbance at 200-450 nm with increasing concentration of 

DNA. The intensity of the hypochromism is generally dependable on the strength of 

intercalative interaction [184]. The intrinsic binding constant (Kb) of FAPT ligand and its 

[Co(FAPT)(OAc)].2H2O, [Ni(FAPT)(OAc)].2H2O, [Cu(FAPT)(OAc)].H2O, 

[Zn(FAPT)(OAc)].H2O and [Pd(FAPT)(Cl)] metal complexes were 0.94 × 10
4
 M

-1
,            

Figure 4.C.3. Absorption spectra of (a) FAMT and (b) [Ni(FAMT)(OAc)(H2O)].H2O 

upon addition of CT-DNA. [Compound] = 50 µM, [DNA] = 0-50 µM. Arrow shows the 

absorbance changes upon increasing DNA concentration. 

 

(a) 

(b) 
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1.35 × 10
4
 M

-1
, 1.76 × 10

4
 M

-1
, 2.71 × 10

4
 M

-1
, 7.41 × 10

4
 M

-1
 and 1.16 × 10

4
 M

-1
, 

respectively. The results indicate that the binding strength of [Cu(FAPT)(OAc)].H2O 

complex is stronger than that of remaining complexes. 

 

The absorption spectra of HNAT ligand and its [Co(HNAT)2(H2O)2] complex in the 

absence and presence of CT-DNA is shown in the Figure 4.C.5. 

The binding affinities (Kb) of the compounds were obtained as the ratio of slope to the 

intercept from the plot of [DNA]/(ɛa - ɛf) versus [DNA]. The Kb values obtained for HNAT 

ligand, [Co(HNAT)2(H2O)2], [Ni(HNAT)2], [Cu(HNAT)2], [Zn(HNAT)2] and [Pd(HNAT)2] 

complexes were found to be 0.81 × 10
4
 M

-1
, 8.06 × 10

4
 M

-1
, 4.86 × 10

4
 M

-1
, 2.53 × 10

5
 M

-1
, 

1.03 × 10
5
 M

-1
 and 3.42 × 10

4
 M

-1
, respectively. The results show that the complexes interact 

Figure 4.C.4. Absorption spectra of (a) FAPT and (b) [Zn(FAPT)(OAc)].H2O upon 

addition of CT-DNA. [Compound] = 50 µM, [DNA] = 0-50 µM. Arrow shows the 

absorbance changes upon increasing DNA concentration.  

(a) 

(b) 
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with CT-DNA more strongly than the HNAT. The Kb value of the compounds follows the 

order, [Cu(HNAT)2] > [Zn(HNAT)2] > [Co(HNAT)2(H2O)2] > [Ni(HNAT)2] > [Pd(HNAT)2] 

> HNAT ligand. The greater Kb value of [Cu(HNAT)2] complex indicates its strong binding 

with DNA. 

 

The electronic spectra of the HNOA ligand and its [Pd(HNOA)(Cl)(H2O)].2H2O 

complex in the absence and presence of CT-DNA are shown in Figure 4.C.6. 

The DNA binding interaction of the HNOA and its metal(II) complexes with CT-DNA 

is characterised by UV-Visible spectroscopic studies. From the experimental results the 

intrinsic binding constant (Kb) of HNOA ligand and its [Co(HNOA)2], [Ni(HNOA2], 

(a) 

(b) 

Figure 4.C.5. Absorption spectra of (a) HNAT and (b) [Co(HNAT)2(H2O)2] upon addition of 

CT-DNA. [Compound] = 50 µM, [DNA] = 0-50 µM. Arrow shows the absorbance changes 

upon increasing DNA concentration. 
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[Cu(HNOA)2], [Zn(HNOA)2] and [Pd(HNOA)(Cl)(H2O)].2H2O metal complexes were     

0.70 × 10
4
 M

-1
, 1.70 × 10

4
 M

-1
, 1.85 × 10

4
 M

-1
, 3.23 × 10

4
 M

-1
, 5.84 × 10

4
 M

-1
 and 1.03 × 10

4
 

M
-1

, respectively. The results have shown that [Zn(HNOA)2] complex was having good 

binding ability when compared to the HNOA and its metal(II) complexes. 

 

4.C.2.1.2. Fluorescence Spectroscopic Studies 

The DNA binding interactions were further studied by the quenching experiments. 

Sensitive fluorescent probe, ethidium bromide (EB), is a standard intercalating compound of 

DNA. Competitive binding of compounds to DNA-EB system can provide much information 

with respect to the DNA binding affinity. 

Figure 4.C.6. Absorption spectra of (a) HNOA and (b) [Pd(HNOA)(Cl)(H2O)].2H2O 

upon addition of CT-DNA. [Compound] = 50 µM, [DNA] = 0-50 µM. Arrow shows the 

absorbance changes upon increasing DNA concentration.  

 

(a) 

(b) 
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The mode of interaction of the chromanones FOA (a-d) with DNA was investigated 

further by the competitive binding experiment using EB. Even though, EB is a weak 

fluorescent compound, its fluorescent intensity can be greatly enhanced in the presence of 

DNA due to its strong intercalation between the adjacent DNA base pairs. A compound’s 

competitive binding to EB-bound DNA can reduce the emission intensity due to displacement 

of bound EB from DNA [185]. The fluorescence quenching spectrum of DNA-EB system by 

the FOA-d compound is shown in Figure 4.C.7. The fluorescence emission intensity of the 

DNA-EB system decreased with the increase of the compound concentration. The resulting 

decrease in fluorescence was caused by EB changing from a hydrophobic environment to an 

aqueous environment [186]. Such a characteristic change is often observed in intercalative 

DNA interactions [187 (a-d)]. The quenching plots illustrate that the quenching of EB bound 

to DNA by the compounds FOA (a-d) was in good agreement with the linear Stern-Volmer 

equation. In the plots of F0/F versus [Q], Kq is given by the ratio of the slope to the intercept. 

The Kq values for the compounds FOA-a, FOA-b, FOA-c and FOA-d are 1.95 × 10
3
 M

-1
,      

2.88 × 10
3
 M

-1
, 5.97 × 10

3
 M

-1
 and 7.09 × 10

3
 M

-1
, respectively. This data suggests that the 

interaction of the compound FOA-d with CT-DNA is stronger than that of the remaining 

compounds, which is consistent with the above absorption spectral results.  

 

The fluorescence quenching spectra of DNA-EB system by the FAT ligand and its 

[Zn(FAT)(OAc)2].H2O complex are shown in Figure 4.C.8. 

Figure 4.C.7. Emission spectra of EB bound to DNA in the absence and presence of 

compound FOA-d (1.5-6.0 µM) and plot of F0/F versus [Q] 
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The fluorescence emission intensity of the DNA-EB system decreased with the increase 

of the compound concentration. The resulting decrease in fluorescence is caused by EB 

changing from a hydrophobic environment to an aqueous environment. Such a characteristic 

change is often observed in intercalative DNA interactions. The quenching plots illustrate 

that the quenching of EB bound to DNA by the FAT ligand and its metal complexes was in 

good agreement with the linear Stern-Volmer equation. In the plots of F0/F versus [Q], Kq is 

given by the ratio of the slope to the intercept. The Kq values for the FAT ligand, 

[Co(FAT)(OAc)2].2H2O, [Ni(FAT)(OAc)2].2H2O, [Cu(FAT)(OAc)2].2H2O, 

[Zn(FAT)(OAc)2].H2O and [Pd(FAT)(Cl)2].4H2O complexes were 1.22 × 10
4
, 5.25 × 10

4
,  

4.95 × 10
4
, 2.32 × 10

5
, 8.32 × 10

4
 and 3.20 × 10

4
 M

-1
, respectively. This data suggests that 

the interaction of the [Cu(FAT)(OAc)2].2H2O complex with CT-DNA is stronger than that of 

the remaining complexes, which is consistent with the above absorption spectral results. 
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The fluorescence spectra and their quenching plots of the DNA-EB system in the 

absence and presence of FAMT ligand and its [Ni(FAMT)(OAc)(H2O)].H2O complex are 

shown in Figure 4.C.9. 

The results shows that the quenching of EB bound to CT-DNA by complexes are 

consistent with the linear Stern-Volmer formula. The slope of the plot of F0/F versus 

[Compound] gave Kq. The quenching constant Kq values obtained for FAMT and its metal(II) 

complexes are given in the Table 4.C.1. The results suggests that [Cu(FAMT)(OAc)2(H2O)] 

and [Zn(FAMT)(OAc)(H2O)] metal complexes can efficiently compete with EB molecule for 

intercalative binding sites on CT-DNA by replacing EB molecule when compared to the 

ligand and other metal complexes. 

Figure 4.C.8. Emission spectra of EB bound to DNA in the absence and presence of       

(a) FAT and (b) [Zn(FAT)(OAc)2].H2O complex (25-125 µM) and plot of F0/F versus [Q]  

(a) 

(b) 
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The emission spectra of EB bound to CT-DNA in the absence and presence of FAPT 

ligand and [Cu(FAPT)(OAc)].H2O complex are shown in Figure 4.C.10. 

The competitive binding studies of synthesised FAPT and its metal(II) complexes with 

ethidium bromide (EB) have been examined in order to study whether they are able to replace 

EB from DNA-EB complex. By increasing the compounds concentration, there was a 

remarkable decrease in the emission intensity, indicating that compounds bind to CT-DNA 

by the intercalative mode. The quenching constants (Kq) for the FAPT ligand, 

[Co(FAPT)(OAc)].2H2O, [Ni(FAPT)(OAc)].2H2O, [Cu(FAPT)(OAc)].H2O, 

[Zn(FAPT)(OAc)].H2O and [Pd(FAPT)(Cl)] complexes were found to be 0.12 × 10
4
 M

-1
,   

2.02 × 10
4
 M

-1
, 3.37 × 10

4
 M

-1
, 7.20 × 10

4
 M

-1
, 4.04 × 10

4
 M

-1
 and 0.77 × 10

4
 M

-1
, 

Figure 4.C.9. Emission spectra of EB bound to DNA in the absence and presence of       

(a) FAMT and (b) [Ni(FAMT)(OAc)(H2O)].H2O complex (25-125 µM) and plot of F0/F 

versus [Q]  

 

(a) 

(b) 
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respectively. The results show that [Cu(FAPT)(OAc)].H2O complex binds more strongly to 

CT-DNA than the remaining complexes. The binding affinities of the FAPT and its metal(II) 

complexes with CT-DNA are in the order of [Cu(FAPT)(OAc)].H2O > 

[Zn(FAPT)(OAc)].H2O > [Ni(FAPT)(OAc)].2H2O > [Co(FAPT)(OAc)].2H2O > 

[Pd(FAPT)(Cl)] > FAPT. 

 

The fluorescence quenching curves of EB bound to DNA in the absence and presence 

of HNAT and its [Cu(HNAT)2] complex are shown in Figure 4.C.11. 

(b) 

(a) 

Figure 4.C.10. Emission spectra of EB bound to DNA in the absence and presence of   (a) 

FAPT and (b) [Cu(FAPT)(OAc)].H2O complex (25-125 µM) and plot of F0/F versus [Q]  
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The quenching experiments based on the displacement of an intercalating drug EB from 

CT-DNA will provide more details about the relative binding affinity of the HNAT ligand 

and its metal(II) complexes to CT-DNA with respect to EB. The quenching plots illustrate 

that the quenching of EB bound to DNA by the HNAT and its complexes was in good 

agreement with the linear Stern-Volmer equation. In the plots of F0/F versus [Q], Kq is given 

by the ratio of the slope to the intercept. The Kq values for the HNAT ligand, 

[Co(HNAT)2(H2O)2], [Ni(HNAT)2], [Cu(HNAT)2], [Zn(HNAT)2] and [Pd(HNAT)2] 

complexes were 2.20 × 10
3
 M

-1
, 7.15 × 10

4
 M

-1
, 3.65 × 10

4
 M

-1
, 9.82 × 10

4
 M

-1
,                  

8.51 × 10
4
 M

-1
 and 3.01 × 10

4
 M

-1
, respectively. This data suggests that the interaction of the 

[Cu(HNAT)2] complex with CT-DNA is stronger than that of the remaining complexes, 

which is consistent with the above absorption spectral results. 
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The emission spectra of EB bound to CT-DNA in the absence and presence of HNOA 

ligand and its [Pd(HNOA)(Cl)(H2O)].2H2O complex are given in Figure 4.C.12. 

The quenching constant (Kq) values for the HNOA and its [Co(HNOA)2], [Ni(HNOA2], 

[Cu(HNOA)2], [Zn(HNOA)2] and [Pd(HNOA)(Cl)(H2O)].2H2O metal complexes were found 

to be 0.68 × 10
4
 M

-1
, 1.03 × 10

4
 M

-1
, 1.11 × 10

4
 M

-1
, 4.29 × 10

4
 M

-1
, 4.43 × 10

4
 M

-1
 and 1.04 

× 10
4
 M

-1
, respectively. The results reveal that the binding strength of [Zn(HNOA)2] complex 

is stronger than that of HNOA and its metal(II) complexes. Here, the obtained Kb value is 

lower than the reported classical intercalator (reported binding constants for ethidium 

bromide and [Ru(phen)DPPZ] are 10
6
 M) [188]. 

Figure 4.C.11. Emission spectra of EB bound to DNA in the absence and presence of     

(a) HNAT and (b) [Co(HNAT)2(H2O)2] complex (25-125 µM) and plot of F0/F versus [Q]  

(a) 

(b) 
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Figure 4.C.12. Emission spectra of EB bound to DNA in the absence and presence of     

(a) HNOA and (b) [Pd(HNOA)(Cl)(H2O)].2H2O complex (25-125 µM) and plot of F0/F 

versus [Q]  

(b) 

(a) 



Results and Discussions 

 

193 
 

Table 4.C.1. DNA binding constant (Kb) and quenching constant (Kq) for ligands and their 

metal complexes 

 

Compound Kb (M
-1

) Kq (M
-1

) 

FOA-a 1.33 × 10
4
 1.95 × 10

4
 

FOA-b 2.66 × 10
4
 2.88 × 10

4
 

FOA-c 3.11 × 10
4
 5.97 × 10

4
 

FOA-d 4.70 × 10
4
 7.09 × 10

4
 

FAT 2.80 × 10
4
 1.22 × 10

4
 

FAMT 1.13 × 10
4
 0.71 × 10

4
 

FAPT 0.94 × 10
4
 0.12 × 10

4
 

HNAT 0.81 × 10
4
 0.22 × 10

4
 

HNOA 0.70 × 10
4
 0.68 × 10

4
 

[Co(FAT)(OAc)2].2H2O 3.60 × 10
4
 5.25 × 10

4
 

[Co(FAMT)(OAc)(H2O)3].2H2O 2.28 × 10
4
 1.80 × 10

4
 

[Co(FAPT)(OAc)].2H2O 1.35 × 10
4
 2.02 × 10

4
 

[Co(HNAT)2(H2O)2] 8.06 × 10
4
 7.15 × 10

4
 

[Co(HNOA)2] 1.70 × 10
4
 1.04 × 10

4
 

[Ni(FAT)(OAc)2].2H2O 3.50 × 10
4
 4.95 × 10

4
 

[Ni(FAMT)(OAc)(H2O)].H2O 1.94 × 10
4
 1.37 × 10

4
 

[Ni(FAPT)(OAc)].2H2O 1.76 × 10
4
 3.37 × 10

4
 

[Ni(HNAT)2] 4.86 × 10
4
 3.65 × 10

4
 

[Ni(HNOA2] 1.85 × 10
4
 1.11 × 10

4
 

[Cu(FAT)(OAc)2].2H2O  4.80 × 10
4
 23.2 × 10

4
 

[Cu(FAMT)(OAc)2(H2O)]  2.44 × 10
4
 2.41 × 10

4
 

[Cu(FAPT)(OAc)].H2O  2.71 × 10
4
 4.04 × 10

4
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[Cu(HNAT)2]  2.53 × 10
5
 9.82 × 10

4
 

[Cu(HNOA)2]  3.23 × 10
4
 4.29 × 10

4
 

[Zn(FAT)(OAc)2].H2O  3.70 × 10
4
 8.32 × 10

4
 

[Zn(FAMT)(OAc)(H2O)]  2.30 × 10
4
 2.20 × 10

4
 

[Zn(FAPT)(OAc)].H2O  7.41 × 10
4
 7.20 × 10

4
 

[Zn(HNAT)2]  1.03 × 10
5
 8.51 × 10

4
 

[Zn(HNOA)2]  5.84 × 10
4
 4.43 × 10

4
 

[Pd(FAT)(Cl)2].4H2O  2.00 × 10
4
 3.20 × 10

4
 

[Pd(FAMT)(Cl)(H2O)].H2O  2.16 × 10
4
 1.69 × 10

4
 

[Pd(FAPT)(Cl)]  1.16 × 10
4
 0.77 × 10

4
 

[Pd(HNAT)2]  3.42 × 10
4
 3.01 × 10

4
 

[Pd(HNOA)(Cl)(H2O)].2H2O  1.03 × 10
4
 1.04 × 10

4
 

 

4.C.2.2. Molecular Docking Studies 

Molecular docking is an effective computational technique to explore the interaction 

mechanism between small molecule drugs and DNA, which can further support the 

experimental results. 

The molecular docked models of FOA (a-d) with B-DNA are shown in Figure 4.C.13. 

The molecular docking results of FOA a-d showed that the chromanones bind to DNA 

receptor efficiently and their binding energy values were -6.34, -6.42, -6.57 and -6.79 kcal 

mol
-1

 for FOA-a, FOA-b, FOA-c and FOA-d, respectively. The more negative binding 

energy of FOA-d indicats its strong binding ability to the DNA when compared to the 

remaining chromanones (FOA-a, FOA-b, FOA-c). The H-bonds of the compounds are listed 

in Table 4.C.2. From the docking analysis, the binding ability of the chromanones followed 

the order a < b < c < d, in accordance with the result inferred by the spectroscopic methods. 
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Molecular docked models of FAT ligand and its [Cu(FAT)(OAc)2].2H2O complex with 

B-DNA are shown in Figure 4.C.14. 

The docking results of the FAT and its [Cu(FAT)(OAc)2].2H2O and 

[Zn(FAT)(OAc)2].H2O complexes were analysed for binding with major and minor groove of 

B-DNA and furthermore the hydrogen bonding to the nucleotides were also checked. All the 

compounds revealed higher affinity towards purines especially guanine. The presence of 

carbonyl oxygen which has higher electro negativity in the compounds causes disruption of 

hydrogen bonds between nucleotide base pairs. The results of molecular docking study shows 

that the compounds bind efficiently with the DNA receptor and their binding energy values    

-7.66, -9.39 and -12.26 kcal mol
-1

 for FAT ligand, [Cu(FAT)(OAc)2].2H2O and 

[Zn(FAT)(OAc)2].H2O complexes, respectively. The more negative of binding energy 

indicated its strong binding ability to the DNA. Among the compounds, 

[Zn(FAT)(OAc)2].H2O complex displayed higher binding affinity towards the DNA molecule 

and also contributed to most of the hydrogen bonds to guanine. Therefore, 

[Zn(FAT)(OAc)2].H2O complex has a better chance of disrupting DNA molecules and 

causing mutation. These molecules stand a chance as a drug molecule towards treating cancer 

and also as DNA targeted drug delivery systems. 

(a) (b) (c) (d) 

Figure 4.C.13. Molecular docked models of FOA (a-d) with B-DNA dodecamer structure 

with sequence 5'-D (CGCGAATTCGCG)2 and sequence id: 1BNA  
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Molecular docked models of FAMT ligand and [Pd(FAMT)(Cl)(H2O)].H2O complex 

with B-DNA are shown in Figure 4.C.15. 

The binding energy of docked structures of FAMT and its metal(II) complexes with 

DNA were found to be -10.60, -10.21, -10.75, -11.95, -12.41 and -10.75 kcal mol
-1

, 

respectively. The results showed the strong binding affinity between DNA and Zn(II) 

complex. The more negative binding energy, the greater the binding ability of the compound 

with DNA, which correlated well with the experimental DNA binding studies. The H-bonds 

of the FAMT and its metal(II) complexes are listed in Table 4.C.2. 

Figure 4.C.14. Molecular docked models of (1) FAT ligand and (2) Cu(FAT)(OAc)2].2H2O 

complex with B-DNA dodecamer structure with sequence 5'-D (CGCGAATTCGCG)2 and 

sequence id: 1BNA  
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The binding energies of the docked FAPT ligand and its metal(II) complexes are -7.48, 

-7.87, -7.97, -8.90, -9.06 and -8.51 kcal mol
-1

, respectively. These are consistent with the 

results obtained from UV-Visible and fluorescence spectral studies and has shown greater 

binding affinity of metal complexes with DNA when compared with the FAPT ligand. All the 

metal complexes found to be binds on the grooves, among the metal complexes, 

[Zn(FAPT)(OAc)].H2O and [Cu(FAPT)(OAc)].H2O complexes have shown potent effect on 

DNA. The binding energy and H-bonds of the docked compounds are shown in Table 4.C.2. 

 

 

 

 

 

 

Figure 4.C.15. Molecular docked model of (1) FAMT ligand and                                           

(2) [Pd(FAMT)(Cl)(H2O)].H2O complex with B-DNA dodecamer structure with sequence   

5'-D (CGCGAATTCGCG)2 and sequence id: 1BNA  
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Table 4.C.2. The binding energy and H-bonds of the docked compounds 

 

S. No. Compound 
Binding Energy 

(kcal/mol) 
H-bonds 

1. FOA-a -6.34 dG and dA 

2. FOA-b -6.42 dG and dA 

3. FOA-c -6.57 dG and dA 

4. FOA-d -6.79 dG and dC 

5. FAT -7.66 dA and dG 

6. [Cu(FAT)(OAc)2].2H2O -9.39 dG 

7. [Zn(FAT)(OAc)2].H2O -12.26 dG 

8. FAMT -10.60 dC 

9. [Co(FAMT)(OAc)(H2O)3].2H2O -10.21 dC and dT 

10. [Ni(FAMT)(OAc)(H2O)].H2O -10.75 dA and dT 

11. [Cu(FAMT)(OAc)2(H2O)] -11.95 dG 

12. [Zn(FAMT)(OAc)(H2O)] -12.41 dG, dA and dT 

13. [Pd(FAMT)(Cl)(H2O)].H2O -10.75 dT 

14. FAPT -7.48 dA and dT 

15. [Co(FAPT)(OAc)].2H2O -7.87 dA and dT 

16. [Ni(FAPT)(OAc)].2H2O -7.97 dG 

17. [Cu(FAPT)(OAc)].H2O -8.90 dG and dC 

18. [Zn(FAPT)(OAc)].H2O -9.06 dG and dC 

19. [Pd(FAPT)(Cl)] -8.51 dG and dC 

20. HNAT -5.04 dG 

21. [Cu(HNAT)2] -8.64 dG and dC 

22. [Zn(HNAT)2] -10.19 dG 

23. HNOA -7.11 dT 

24. [Co(HNOA)2] -8.44 dG 

25. [Ni(HNOA2] -8.93 dC 

26. [Cu(HNOA)2] -9.20 dC and dT 

27. [Zn(HNOA)2] -9.15 dG, dA and dC 

28. [Pd(HNOA)(Cl)(H2O)].2H2O -8.91 Nil 
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Molecular docked models of HNAT ligand and its [Zn(HNAT)2] complex with B-DNA 

are shown in Figure 4.C.16. 

The molecular docking studies of HNAT ligand, [Cu(HNAT)2] and [Zn(HNAT)2] 

complexes were studied on B-DNA dodecamer structure with sequence 5'-D 

(CGCGAATTCGCG)2 and sequence id: 1BNA. All the three compounds revealed higher 

affinity towards purines, especially guanine. The presence of hydroxyl oxygen which has 

higher electronegativity in the compounds causes disruption of hydrogen bonds between 

nucleotide base pairs. The results of molecular docking study shows that the compounds bind 

efficiently with the DNA receptor and their binding energy values -5.04, -8.64 and -10.19 

kcal mol
-1

 for HNAT ligand, [Cu(HNAT)2] and [Zn(HNAT)2] complexes, respectively. 

Increasing negativity of binding energy indicated its strong binding ability to the DNA. 

Complexes [Cu(HNAT)2] and [Zn(HNAT)2] displayed higher binding affinity towards the 

DNA molecule when compared to HNAT ligand. Therefore, complexes have a better chance 

of disrupting DNA molecules and causing mutation. These molecules stand a chance as a 

drug molecule towards treating cancer and also as DNA targeted drug delivery systems. 

 

Figure 4.C.16. Molecular docked model of (1) HNAT ligand and (2) [Zn(HNAT)2] 

complex with B-DNA dodecamer structure with sequence 5'-D (CGCGAATTCGCG)2 and 

sequence id: 1BNA  
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Molecular docked models of HNOA ligand and [Ni(HNOA)2] complex with B-DNA 

are shown in Figure 4.C.17. 

The binding energy of the HNOA and its metal(II) complexes with DNA were found to 

be -7.11, -8.44, -8.93, -9.20, -9.15 and -8.91 kcal mol
-1

, respectively. Among the compounds, 

[Cu(HNOA)2] complex displayed higher binding affinity towards the DNA molecule. 

 

4.C.2.3. DNA Cleavage Studies 

The cleavage of pET28a plasmid DNA induced by the synthesised ligands and their 

metal(II) complexes were monitored by agarose gel electrophoresis assay. It is an effective 

procedure to examine different binding modes of small molecules to supercoiled DNA. 

Mainly the natural-derived plasmid DNA has a closed-circle supercoiled form (Form I), in 

addition to nicked form (Form II) and linear form (Form III) as small fractions.                  

The intercalative binding of small molecules to plasmid DNA can loosen or cut the 

supercoiled form DNA, which decreases its rate of mobility and it can be separately 

visualized by agarose gel electrophoresis technique, while simple electrostatic interaction of 

small molecules to plasmid DNA does not considerably influence the supercoiled form of 

plasmid DNA, hence the mobility of supercoiled DNA does not change. 

Figure 4.C.17. Molecular docked model of (1) HNOA ligand and (2) [Ni(HNOA)2] 

complex with B-DNA dodecamer structure with sequence 5'-D (CGCGAATTCGCG)2 and 

sequence id: 1BNA  
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The DNA cleavage activity of the chromanone derivatives (FOA a-d) was studied by 

using agarose gel electrophoresis method in the absence and presence of an oxidizing agent 

H2O2 [Figures 4.C.19 (a) and (b)]. The cleavage activity of FOA a-d towards supercoiled 

(SC) pET28a DNA has been investigated by measuring the extent of formation of nicked 

circular (NC) DNA. In the presence of oxidative agent H2O2, all chromanones show more 

cleavage activity than in the absence of H2O2. The DNA cleavage activity of the 

chromanones (a-d) increases with the increase in the carbon chain in the chromanones (a < b 

< c < d). 

 

 

 

 

 

 

Figure 4.C.18. Schematic representation of DNA cleavage 
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Figure 4.C.19. DNA cleavage studies of chromanone derivatives (FOA a-d) 

 

(a) Gel electrophoresis photograph of chromanone derivatives (FOA a-d) in the 

absence of H2O2 

Lane 1, FOA-a + DNA; Lane 2, FOA-b + DNA; Lane 3, FOA-c + DNA; Lane 4, FOA-d 

+ DNA; Lane 5, DNA alone as a control.  

 

(b) Gel electrophoresis photograph of chromanone derivatives (FOA a-d) in the 

presence of H2O2 

Lane 1, FOA-a + DNA + H2O2; Lane 2, FOA-b + DNA + H2O2; Lane 3, FOA-c + DNA 

+ H2O2; Lane 4, FOA-d + DNA + H2O2; Lane 5, DNA alone as a control.  

(b) 

(a) 
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The cleavage of pET28a plasmid DNA with the synthesised FAT ligand and its 

metal(II) complexes in the absence and presence of H2O2 has been monitored by agarose gel 

electrophoresis as shown in Figures 4.C.20 (a) and (b). DNA alone (Control) does not show 

activity. In the absence of H2O2 (Figure 4.C.20 (a)), observed the molecular weight 

difference in all lanes compared to control indicates their partial nucleolytic activity. 

Probably this may be due to the redox behaviour of the metal ions. These results indicate the 

important role of the metal ions in cleavage studies. In the presence of H2O2, (Figure 4.C.20 

(b)) absence of marker bands was clearly observed in [Cu(FAT)(OAc)2].2H2O and  

[Zn(FAT) (OAc)2].H2O complexes indicate the complete DNA cleavage activity. In the case 

of [Co(FAT)(OAc)2].2H2O, [Ni(FAT)(OAc)2].2H2O and [Pd(FAT)(Cl)2].4H2O complexes a 

decrease in the intensity of bands was observed compared to the control. This is probably due 

to the partial cleavage of the DNA. However, in the presence of oxidant pronounced DNA 

cleavage activity was observed when compared with the absence of oxidant may be due to 

the production of hydroxyl radicals. The general oxidative DNA cleavage mechanism was 

proposed in the literature by several research groups [189].Compounds were observed to 

cleave the DNA, and therefore, can be concluded that the compounds inhibit the growth of 

the pathogenic organism by cleaving the genome. 

The DNA cleavage efficiency of the FAMT ligand and its metal(II) complexes in the 

absence and presence of oxidising agent H2O2 are shown in Figure 4.C.21. The results show 

that in the presence of oxidising agent H2O2 all the compounds have shown good cleavage 

activity when compared to the H2O2 absence. The metal complexes of FAMT ligand were 

found to have shown good cleavage activity when compared to the FAMT ligand, this may be 

due to their effective DNA-binding ability. The metal complexes were capable to convert 

supercoiled DNA into open circular DNA. In the DNA cleavage activity DMSO does not 

show any significant effect. This implies that hydroxyl radical or peroxy derivatives mediate 

the cleavage reaction. The reaction is modulated by metallo complexes bound to a hydroxyl 

radical or a peroxo species generated from the co-reactant H2O2. 
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Figure 4.C.20. DNA cleavage studies of FAT ligand and its metal complexes  

 

(a) Gel electrophoresis photograph of FAT ligand and its metal complexes in the 

absence of H2O2  

Lane 1: DNA + FAT, Lane 2: DNA + [Cu(FAT)(OAc)2].2H2O, Lane 3: DNA + 

[Co(FAT)(OAc)2].2H2O, Lane 4: DNA + [Ni(FAT)(OAc)2].2H2O, Lane 5: DNA + 

[Zn(FAT)(OAc)2].H2O, Lane 6: DNA + [Pd(FAT)(Cl)2].4H2O and Lane 7: Control (DNA 

alone) 

 

(b) Gel electrophoresis photograph of FAT ligand and its metal complexes in the 

presence of H2O2  

Lane 1: DNA + Ligand + H2O2, Lane 2: DNA + [Cu(FAT)(OAc)2].2H2O + H2O2, Lane 3: 

DNA + [Co(FAT)(OAc)2].2H2O + H2O2, Lane 4: DNA + [Ni(FAT)(OAc)2].2H2O + H2O2, 

Lane 5: DNA + [Zn(FAT)(OAc)2].H2O + H2O2, Lane 6: DNA + [Pd(FAT)(Cl)2].4H2O + 

H2O2 and Lane 7: Control (DNA alone) 

(b) 

(a) 
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Figure 4.C.21. DNA cleavage studies of FAMT ligand and its metal complexes  

(a) Gel electrophoresis photograph of FAMT ligand and its metal complexes in the 

absence of H2O2  

Lane 1: DNA + FAMT, Lane 2: DNA + [Cu(FAMT)2(H2O)2], Lane 3: DNA + 

[Co(FAMT)(OAc)(H2O)3].2H2O, Lane 4: DNA + [Ni(FAMT)(OAc)(H2O)].H2O, Lane 5: 

DNA + [Zn(FAMT)(OAc)(H2O)], Lane 6: DNA + [Pd(FAMT)(Cl)(H2O)].H2O and Lane 

7: Control (DNA alone)  

 

(b) Gel electrophoresis photograph of FAMT ligand and its metal complexes in the 

presence of H2O2  

Lane 1: DNA + FAMT + H2O2, Lane 2: DNA + [Cu(FAMT)2(H2O)2] + H2O2,             

Lane 3: DNA + [Co(FAMT)(OAc)(H2O)3].2H2O + H2O2, Lane 4: DNA + 

[Ni(FAMT)(OAc)(H2O)].H2O + H2O2, Lane 5: DNA + [Zn(FAMT)(OAc)(H2O)] + H2O2, 

Lane 6: DNA + [Pd(FAMT)(Cl)(H2O)].H2O + H2O2, Lane 7: Control (DNA alone) and 

Lane 8: DNA + H2O2  

(b) 

(a) 
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The results of DNA binding spectroscopic studies suggest that metal complexes bind to 

DNA. The binding of FAPT and its metal(II) complexes with DNA was also studied by gel 

electrophoresis using pET28a plasmid DNA. Figure 4.C.22. show the cleavage of pET28a 

plasmid DNA induced by FAPT and its metal complexes in the absence (Figure 4.C.22 (a)) 

and presence (Figure 4.C.22 (b)) of oxidising agent H2O2. Form I displays the fastest running 

compared to Form II and Form III. If one strand is cut, Form I will relax to produce a slower 

moving nicked Form II. If both strands are cut, Form III is generated between the positions of 

Form I and Form II [190]. All the compounds are able to convert supercoiled (Form I, SC) to 

nicked circular (Form II, NC) in the presence of H2O2. From the obtained results, we 

conclude that, except FAPT ligand (lane-1) and [Ni(FAPT)(OAc)].2H2O complex (lane-4) all 

the compounds have shown good cleavage property when compared to control DNA (lane-7). 

So, these compounds may be used as anticancer drugs after various anticancer and toxicity 

test systems. 

The cleavage experiments of pET28a plasmid DNA with the synthesised HNAT and its 

metal(II) complexes in the absence and presence of hydrogen peroxide (H2O2) have been 

tested by agarose gel electrophoresis and shown in Figures 4.C.23 (a and b). The cleavage 

activity of compounds towards SC pET28a DNA has been investigated by measuring the 

extent of formation of nicked circular (NC) DNA and compared with the control sample. 

From the results, in the presence of H2O2, compounds have shown pronounced activity 

compared to that the absence of H2O2. 

In the case of HNOA and its metal(II) complexes noticeable activity was found in the 

presence of H2O2. Figure 4.C.24 shows the cleavage of pET28a plasmid DNA induced by 

HNOA ligand and its metal(II) complexes in the absence (Figure 4.C.24 (a)) and presence 

(Figure 4.C.24 (b)) of oxidising agent H2O2. In the presence of H2O2, absence of Form I 

bands were observed in the case of [Cu(HNOA)2] and [Zn(HNOA)2] complexes, indicate the 

complete cleavage activity. In the case of [Co(HNOA)2] and [Ni(HNOA)2] complexes a 

decrease in the intensity of bands were observed compared to the control. This is may be due 

to the partial cleavage of the DNA. 
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Figure 4.C.22. DNA cleavage studies of FAPT ligand and its metal(II) complexes 

(a) Gel electrophoresis photograph of FAPT ligand and its metal(II) complexes in the 

absence of H2O2  

Lane 1: DNA + FAPT, Lane 2: DNA + [Cu(FAPT)(OAc)].H2O, Lane 3: DNA + 

[Co(FAPT)(OAc)].2H2O, Lane 4: DNA + [Ni(FAPT)(OAc)].2H2O, Lane 5: DNA + 

[Zn(FAPT)(Oac)(H2O)], Lane 6: DNA + [Pd(FAPT)(Cl)] and Lane 7: Control (DNA 

alone).  

 

(b) Gel electrophoresis photograph of FAPT ligand and its metal(II) complexes in the 

presence of H2O2  

Lane 1: DNA + FAPT + H2O2, Lane 2: DNA + [Cu(FAPT)(OAc)].H2O + H2O2, Lane 3: 

DNA + [Co(FAPT)(OAc)].2H2O + H2O2, Lane 4: DNA + [Ni(FAPT)(OAc)].2H2O + 

H2O2, Lane 5: DNA + [Zn(FAPT)(OAc)(H2O)]+H2O2, Lane 6: DNA + [Pd(FAPT)(Cl)] + 

H2O2, Lane 7: Control (DNA alone).  

(a) 

(b) 
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Figure 4.C.23. DNA cleavage studies of HNAT ligand and its metal(II) complexes 

(a) Gel electrophoresis photograph of HNAT and its metal(II) complexes in the 

absence of H2O2  

Lane 1: DNA + HNAT, Lane 2: DNA + [Cu(HNAT)2], Lane 3: DNA + 

[Co(HNAT)2(H2O)2], Lane 4: DNA + [Ni(HNAT)2], Lane 5: DNA + [Zn(HNAT)2], Lane 

6: DNA + [Pd(HNAT)2] and Lane 7: Control (DNA alone) 

 

(b) Gel electrophoresis photograph of HNAT and its metal(II) complexes in the 

presence of H2O2  

Lane 1: DNA + HNAT + H2O2, Lane 2: DNA + [Cu(HNAT)2] + H2O2, Lane 3: DNA + 

[Co(HNAT)2(H2O)2] + H2O2, Lane 4: DNA + [Ni(HNAT)2] + H2O2, Lane 5: DNA + 

[Zn(HNAT)2] + H2O2, Lane 6: DNA + [Pd(HNAT)2] + H2O2 and Lane 7: Control (DNA 

alone)  

(b) 

(a) 
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Figure 4.C.24. DNA cleavage studies of HNOA ligand and its metal(II) complexes 

(a) Gel electrophoresis photograph of HNOA and its metal(II) complexes in the 

absence of H2O2.  

Lane 1: DNA + HNOA, Lane 2: DNA + [Cu(HNOA)2], Lane 3: DNA + [Co(HNOA)2], 

Lane 4: DNA + [Ni(HNOA)2], Lane 5: DNA + [Zn(HNOA)2], Lane 6: DNA + 

[Pd(HNOA)(Cl)(H2O)].2H2O and Lane 7: Control (DNA alone)  

 

(b) Gel electrophoresis photograph of HNOA and its metal(II) complexes in the 

presence of H2O2. 

Lane 1: DNA + HNOA + H2O2, Lane 2: DNA + [Cu(HNOA)2] + H2O2, Lane 3: DNA + 

[Co(HNOA)2] + H2O2, Lane 4: DNA + [Ni(HNOA)2] + H2O2, Lane 5: DNA + 

[Zn(HNOA)2] + H2O2, Lane 6: DNA + [Pd(HNOA)(Cl)(H2O)].2H2O + H2O2 and Lane 7: 

Control (DNA alone)  

(a) 

(b) 
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4.C.2.4. Anticancer Activity 

The in vitro cytotoxicity of the synthesised ligands and their metal(II) complexes on 

human cancer cell lines MCF-7, HeLa, HEK-293, IMR-32 and MDA-MB-231 was 

determined by using MTT assay, cis-platin was used as standard drug. The IC50 values 

obtained for the synthesised compounds against the tested cell lines are listed in Table 4.C.3. 

The FAT ligand has shown considerable anticancer activity against MCF-7, HeLa, 

HEK-293 and IMR-32 cell lines 54.38, 59.24, 53.48 and 56.63 μg/mL, respectively. The 

results show that the metal complexes of FAT ligand exhibited good activity when compared 

to the FAT ligand and lesser activity when compared to the standard drug. The greater 

activity of the complexes may be due to the chelation. However, [Cu(FAT)(OAc)2].2H2O 

complex exhibited higher activity when compared with the remaining metal complexes of 

FAT ligand against all the tested cell lines.  

The in vitro anticancer activity of the FAMT ligand and its metal(II) complexes was 

determined against human breast cancer cell line i.e., MCF-7 using MTT assay method. The 

results are analysed by means of cell viability curves and expressed with IC50 (the 

concentration that cause a 50% reduction of the cell growth) values in concentration range 

from 5-100 (µg/mL). Upon increasing the concentration of compound, the results reveal that 

the compound showed significant cytotoxic effect. From the results, all the metal complexes 

possess better activity when compared to the FAMT ligand. In particular, 

[Cu(FAMT)(OAc)2(H2O)] and [Zn(FAMT)(OAc)(H2O)] complexes possess good 

cytotoxicity with IC50 values of 26.98 and 29.30 µg/mL, respectively. The results (IC50 values 

in µg/mL) are listed in Table 4.C.3. 

Anticancer activity of synthesised FAPT ligand and its metal(II) complexes was 

investigated on two cancer cell lines MCF-7 and MDA-MB-231. The results are expressed in 

terms of IC50 values (Table 4.C.3). The compounds concentration was taken in the range of 

12.5-100 µM. By increasing the concentration of the compounds from 12.5-100 µM, the % of 

cell inhibition also increased. The results show that [Cu(FAPT)(OAc)].H2O complex on both 

the cell lines (MCF-7 IC50 = 15.51 µg/mL and MDA-MB-231 IC50 = 22.04 µg/mL) and 

[Zn(FAPT)(OAc)].H2O complex on MDA-MB-231 (IC50 = 10.90 µg/mL) showed good 

anticancer activity, remaining all are moderately active. 
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The IC50 values of the HNAT and its metal(II) complexes against selected cell lines 

(MCF-7, HeLa, HEK-293, and IMR-32) are listed in Table 4.C.3. From the results, it is 

confirmed that metal complexes exhibited better activities compared to the HNAT ligand 

except the complex of [Co(HNAT)2(H2O)2]. All the synthesised compounds showed less 

activity when compared to the standard drug. However, [Cu(HNAT)2] complex exhibited 

higher activity compared to the HNAT ligand and remaining metal complexes against all 

tested cell lines. 

HNOA ligand displayed considerable activity against the MCF-7 cell line with an IC50 

value 70.67 μg/mL. [Cu(HNOA)2] complex exhibited better activity against the tested cell 

line (IC50 value of 43.37 μg/mL) when compared to the HNOA and its Co(II), Ni(II), Zn(II) 

and Pd(II) metal complexes. All the compounds were exhibited less anticancer activity 

against the tested cell line as compared to cis-platin.  

Table 4.C.3. IC50 values of anticancer activity of ligands and their metal complexes (µg/mL)  

 

Compound MCF-7 MDA-231 HeLa HEK-293 IMR-32 

FAT 54.38 − 59.24 53.48 56.63 

FAMT 65.62 − − − − 

FAPT 57.34 84.19 − − − 

HNAT 63.34 − 51.00 53.74 58.14 

HNOA 70.67 − − − − 

[Co(FAT)(OAc)2].2H2O 54.95 − 63.63 51.40 71.12 

[Co(FAMT)(OAc)(H2O)3].2H2O 37.19 − − − − 

[Co(FAPT)(OAc)].2H2O 41.43 68.00 − − − 

[Co(HNAT)2(H2O)2] 69.09 − 73.91 65.09 61.58 

[Ni(FAT)(OAc)2].2H2O 29.42 − 82.48 31.21 34.61 

[Ni(FAMT)(OAc)(H2O)].H2O 61.27 − − − − 

[Ni(FAPT)(OAc)].2H2O 62.93 74.42 − − − 

[Ni(HNAT)2] 43.75 − 46.69 55.83 44.62 

[Ni(HNOA)2] 57.47 − − − − 
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Compound MCF-7 MDA-231 HeLa HEK-293 IMR-32 

[Cu(FAT)(OAc)2].2H2O 20.21 − 23.81 25.39 19.82 

[Cu(FAMT)(OAc)2(H2O)] 26.98 − − − − 

[Cu(FAPT)(OAc)].H2O 15.51 22.04 − − − 

[Cu(HNAT)2] 21.35 − 25.41 22.65 26.46 

[Cu(HNOA)2] 43.37 − − − − 

[Zn(FAT)(OAc)2].H2O 30.29 − 36.46 29.22 27.54 

[Zn(FAMT)(OAc)(H2O)] 29.30 − − − − 

[Zn(FAPT)(OAc)].H2O 10.90 66.89 − − − 

[Zn(HNAT)2] 24.85 − 31.47 25.41 34.76 

[Zn(HNOA)2] 52.14 − − − − 

[Pd(FAT)(Cl)2].4H2O 51.88 − 58.63 56.05 58.94 

[Pd(FAMT)(Cl)(H2O)].H2O 40.92 − − − − 

[Pd(FAPT)(Cl)] 134.92 109.25 − − − 

[Pd(HNAT)2] 34.13 − 38.85 41.32 50.55 

[Pd(HNOA)(Cl)(H2O)].2H2O 50.47 − − − − 

Cis-platin 11.44 − 7.28 11.90 11.44 

DOX 14.52 1.19 
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The thesis entitled, “Synthesis, Structural Elucidation and DNA Interaction, 

Molecular Docking and Anticancer Studies of Metal(II) Complexes with                          

3-Formylchromone and 2-Hydroxy-1-naphthaldehyde Derived Ligands”, deals with 

synthesis and characterisation of 3-formylchromone and 2-hydroxy-1-naphthaldehyde 

derived ligands and their Co(II), Ni(II), Cu(II), Zn(II) and Pd(II) complexes. The biological 

activities like DNA binding, cleavage, molecular docking and anticancer studies have been 

studied. The thesis is divided into five chapters. 

CHAPTER 1: INTRODUCTION 

In this chapter a brief introduction about the ligands and their metal complexes along 

with the applications in various fields in general and those of 3-formylchromone and            

2-hydroxy-1-naphthaldehyde Schiff bases, in particular are discussed briefly. The reports of 

how ligands and their complexes were used in biological applications are cited. The 

influences of substituents on the Schiff bases in attenuating the properties of the complexes 

are also highlighted. Finally, the unexplored areas of Chemistry of 3-formylchromone and    

2-hydroxy-1-naphthaldehyde ligands and their complexes projected set the objectives and 

scope of the thesis. 

Coordination Chemistry, precisely, is the chemistry of metal ions "coordinated" by 

atoms or molecules and it has always been a challenge to the Inorganic chemists. The 

structures of the coordination compounds depend upon the metal ion, coordination number 

and denticity of the ligands. The coordination chemistry of sp
2
 hybridized 'N' atoms 

containing ligands especially N-atom is a part of aromatic systems is very exquisite. Now a 

days, the research on the 3-formyl chromone schiff base have been attracted more because of 

their variety of activities. 

Chromone is the constitutional scaffold of different bioactive compounds of the 

synthetic as well as natural origin and it has a great pharmaceutical importance. The reaction 

between     3-formylchromone and primary aromatic amines leads to form various products 

depending on the nature of the amine and/or experimental conditions. The synthesis of 

formylchromone Schiff base ligands and their coordination complexes show numerous 

biological activities such as antibacterial, antiviral, anti-thymidine phosphorylase, anticancer, 

antioxidant, DNA binding and DNA cleavage etc. 2-Hydroxy-1-naphthaldehyde Schiff bases 
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have been widely studied due to their vast range of applications in medicinal field and are 

also used as radio tracers.  

There are many known and effective metal complexes used as drugs for various human 

diseases. Still there is a need to improve on already used ones and explore for a new and 

more potent drugs. 

CHAPTER 2: NEED, OBJECTIVES AND SCOPE OF THE PRESENT STUDY 

This chapter deals with the need, objectives and scope of the present study. 

CHAPTER 3: MATERIALS AND METHODS 

This chapter presents the details of the materials and chemicals used, detailed 

procedures for the synthesis of the ligands and their metal complexes, a brief account of the 

instruments used and their experimental details. 

CHAPTER 4: RESULTS AND DISCUSSION 

This chapter gives a detailed account of interpretation and structural characterisation of 

the ligands and their metal(II) complexes. This chapter forms the major body of the thesis and 

is further divided into three parts. 

PART 4.A: CHARACTERISATION OF LIGANDS 

This part deals with the detailed characterisation of the 3-formylchromone and            

2-hydroxy-1-naphthaldehyde ligands by 
1
H NMR, 

13
C NMR, mass, infrared and electronic 

spectral data. 

PART 4.B: CHARACTERISATION OF METAL COMPLEXES 

This part deals with the detailed characterisation of the Co(II), Ni(II), Cu(II), Zn(II) and 

Pd(II) complexes of 3-formylchromone and 2-hydroxy-1-naphthaldehyde derived ligands. 

This part is further divided into five sections based on metals. 
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SECTION 4.B.1. CHARACTERISATION OF Co(II) COMPLEXES 

This section describes the characterisation of Co(II) complexes of 3-formylchromone 

derived ligands 3-(((1H-1,2,4-triazol-3-yl)imino)methyl)-4H-chromen-4-one (FAT),            

(2-hydroxyphenyl)(2-(methylthio)-[1,2,4]triazolo[1,5-a]pyrimidin-6-yl)methanone (FAMT), 

3-(((3-mercapto-5-phenyl-4H-pyrazol-4-yl)imino)methyl)-4H-chromen-4-one (FAPT), and  

2-hydroxy-1-naphthaldehyde derived ligands 1-(((4H-1,2,4-triazol-4-

yl)imino)methyl)naphthalen-2-ol (HNAT) and 1-(((2-methoxyphenyl)imino)methyl) 

naphthalen-2-ol (HNOA). The analytical data reveals that the metal to ligand molar ratio is 

1:1 and 1:2 in metal complexes of 3-formylchromone and 2-hydroxy-1-naphthaldehyde 

ligands, respectively. The molar conductivity values indicate that, all Co(II) complexes are 

non-electrolytic in nature. From the infrared spectra, it can be concluded that the FAT act as 

neutral bidentate, FAMT, HNAT and HNOA acts as mono basic bidentate and FAPT act as 

mono basic tridentate ligands, respectively. Based on electronic and magnetic data, an 

octahedral geometry has been proposed for Co(II) complexes of FAMT and HNAT, 

tetrahedral geometry has been proposed for Co(II) complexes of FAT, FAPT and HNOA. 

Thermal analysis data showed coordinated and lattice water molecules present in the Co(II) 

complexes. The intensity of the emission bands of the ligands decreased upon complexation. 

SECTION 4.B.2. CHARACTERISATION OF Ni(II) COMPLEXES 

This section explains the detailed interpretation of Ni(II) complexes of FAT, FAMT, 

FAPT, HNAT and HNOA ligands using the analytical, molar conductance, electronic, 

infrared, thermal, magnetic, powder XRD, SEM and fluorescence data. The analytical data 

shows that the metal-ligand molar ratio is 1:1 and 1:2 in Ni(II) complexes of                         

3-formylchromone and 2-hydroxy-1-naphthaldehyde ligands, respectively. The molar 

conductivity values show the non-electrolytic nature of the Ni(II) complexes. From the 

infrared spectra, it can be concluded that the FAT acts as neutral bidentate, FAMT, HNAT 

and HNOA act as mono basic bidentate and FAPT acts as mono basic tridentate ligands, 

respectively. From electronic and magnetic studies, tetrahedral geometry has been proposed 

for Ni(II) complexes of FAT, FAMT and HNOA, square-planar geometry has been proposed 

for Ni(II) complexes of FAPT and HNAT. From the thermal data various decomposition 

patterns of the complexes were found. There was a decrease/increase in fluorescence 

intensity or quenching or new emission bands are observed especially when the ligand is 

bonded with transition metals. 
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SECTION 4.B.3. CHARACTERISATION OF Cu(II) COMPLEXES 

This section discusses the Cu(II) complexes of FAT, FAMT, FAPT, HNAT and HNOA 

ligands. Cu(II) complexes have been characterised by analytical, molar conductance, 

electronic, infrared, thermal, magnetic, powder XRD, SEM and fluorescence data. From the 

analytical data, the stoichiometry of the complexes has been found to be 1:1 molar ratio in 

Cu(II) complexes of FAT and FAPT ligands and 1:2 ratio in FAMT, HNAT and HNOA 

Cu(II) complexes. The molar conductivity results shows that all the complexes are neutral in 

nature. From the infrared spectra, it can be concluded that the FAT acts as neutral bidentate, 

FAMT, HNAT and HNOA act as mono basic bidentate and FAPT ligand acts as mono basic 

tridentate ligands. Electronic, magnetic and ESR data suggests square-planar geometry for all 

the Cu(II) complexes except [Cu(FAMT)2(H2O)2] complex. However, octahedral geometry 

has been proposed for [Cu(FAMT)2(H2O)2]. Further, bonding parameters obtained by ESR 

data reveals the nature of bonding of the Cu(II) complexes. The presence of coordinated and 

lattice water molecules in the Cu(II) complexes were explained by thermal analysis. There 

was a decrease/increase in fluorescence intensity or quenching or new emission bands were 

observed especially when the ligands are bonded with metal ions. 

SECTION 4.B.4. CHARACTERISATION OF Zn(II) COMPLEXES 

This section explains the detailed interpretation of Zn(II) complexes by using data 

obtained from analytical, infrared, electronic, thermal, powder XRD, SEM and fluorescence 

studies. The metal-ligand molar ratio is 1:1 in all the Zn(II) complexes except the 

[Zn(HNAT)2] complex was suggested by the analytical data. Though, 1:2 molar ratio is 

occurred in the case of [Zn(HNAT)2] complex. The molar conductivity results show that all 

Zn(II) complexes are non-electrolytes. From the infrared spectra, it can be concluded that all 

the ligands act as mono basic bidentate ones with ON/OO donor sites except FAT and FAPT. 

However, FAT ligand acts as neutral bidentate ligand with ON donor sites and FAPT ligand 

acts as mono basic tridentate ligand with ONS donor sites. Based on the spectral data, 

tetrahedral geometry has been proposed for all the Zn(II) complexes. Thermal decomposition 

and types of water molecules present in the Zn(II) complexes were studied using thermal 

analysis. The intensity of the emission bands of the ligands increased upon complexation. 
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SECTION 4.B.5. CHARACTERISATION OF Pd(II) COMPLEXES 

This section deals with the characterisation of Pd(II) complexes by various spectral 

techniques. The metal-ligand molar ratio is 1:1 in all Pd(II) complexes, except [Pd(HNAT)2] 

complex was suggested by the analytical data. However, in the case of [Pd(HNAT)2] 

complex metal-ligand molar ratio is found to be 1:2. The molar conductivity results show that 

all Pd(II) complexes are non-electrolytes. From the infrared spectra, it can be concluded that 

FAMT, HNAT and HNOA ligands act as mono basic bidentate ones, FAPT ligand acts as 

mono basic tridentate and FAT ligand acts as neutral bidentate ligand. All Pd(II) complexes 

show two bands in the range of 20,000-25,000 cm
-1

 and 30,000-34,000 cm
-1

 which are 

assigned to
 

1
A1g → 

1
Eg and charge transfer transitions, respectively. From all the 

characterisation data square-planar geometry has been expected for all Pd(II) complexes. The 

emission intensity of the Pd(II) complexes considerably changed when compared to that of 

corresponding ligands. 

PART C: BIOLOGICAL ACTIVITIES OF LIGANDS AND THEIR COMPLEXES 

This part describes the biological activity studies such as DNA binding, DNA cleavage, 

molecular docking and anticancer activities of 3-formylchromone and 2-hydroxy-1-

naphthaldehyde ligands and their Co(II), Ni(II), Cu(II), Zn(II) and Pd(II) complexes.  

The DNA binding studies of the synthesised ligands and their metal complexes is one 

of the main properties in pharmacology for evaluating the anticancer property of any new 

compound, and thus, the interaction between DNA and the synthesised compounds is of 

predominant significance in understanding the mechanism. Therefore the mode and tendency 

for binding of ligands and their metal complexes to CT-DNA were investigated by UV-

Visible absorption and fluorescence experiments. 

Studying the changes in UV-Visible absorption spectra of the compounds upon 

increasing the concentration of DNA is one of the important titration techniques to know the 

interaction of compounds with DNA. Compound bound to DNA through intercalation mostly 

results in hypochromic effect and red shift (bathochromic effect). The intensity of the 

hypochromism is generally consistent with the strength of intercalative interaction. The 

interaction of the compounds with DNA was monitored by calculating the intrinsic binding 
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constant (Kb). The binding affinities (Kb) of the compounds were obtained as the ratio of 

slope and intercept from the plot of [DNA]/(ɛa - ɛf) versus [DNA]. 

The quenching experiments based on the displacement of an intercalating drug EB from 

CT-DNA will provide more information about the relative binding affinity of the ligands and 

their metal complexes to CT-DNA with respect to EB. The quenching plots illustrate that the 

quenching of EB bound to DNA by the ligand and its complexes was in good agreement with 

the linear Stern-Volmer equation. In the plots of F0/F versus [Compound], Kq is given by the 

ratio of the slope and intercept. 

The synthesised ligands and their metal complexes were investigated for their DNA 

cleavage ability by agarose gel electrophoresis method using pET28a plasmid DNA in the 

absence as well as presence of an oxidizing agent H2O2. In the presence of oxidising agent 

H2O2, the samples exhibited moderate cleavage activity. From the results, we can interpret 

that all the synthesised compounds were observed to cleave DNA, hence it could be 

confirmed that the complexes inhibit the growth of the pathogenic organism by cleaving the 

genome. 

The 3D coordinates of the synthesised molecules were rendered using CHEMDRAW 

3D and the structures were visually confirmed using UCSF Chimera. The B-DNA dodecamer 

structure with sequence 5'-D (CGCGAATTCGCG) 2 and sequence id: 1BNA was retrieved 

from RCSB (http://www.rcsb.org). The molecules were energy minimized for 100 steps of 

steepest gradient using UCSF Chimera. The docking studies were performed using 

AUTODOCK 4.2 wherein Gasteiger charges and Kollman charges were distributed between 

the molecules and the B-DNA structures respectively. The population size was set to 150 and 

the maximum number of generation was set to 27000 in the GA parameters. The docked 

confirmations were then analyzed for hydrogen bonding and binding energy.  

The in vitro anticancer studies were carried out for the ligands and their metal(II) 

complexes on MCF-7, HeLa, HEK-293, IMR-32 and MDA-231 cell lines by using MTT 

assay method. Cis-platin is used as a standard drug and IC50 values of the compounds were 

calculated. From the results, [Zn(FAPT)(OAc)].H2O (10.90 µg/mL) and 

[Cu(FAPT)(OAc)].H2O (15.51 µg/mL) complexes on MCF-7 cell line have shown best 

activity. Most of the Cu(II) and Zn(II) complexes exhibited good activities and remaining all 

are moderately active.  
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Major conclusions of the present study are as follows: 

1. Charomanones FOA (a-b) have been synthesised by using 3-formylchromone and       

2-methoxyaniline in the presence of different solvents and they are well characterised. 

2. Ligands derived from 3-formylchromone (FAT, FAMT and FAPT) and 2-hydroy-1-

naphthaldehyde (HNAT and HNOA) have been synthesised and characterised. 

3. Single crystals were obtained for FOA-a, FOA-b, FAMT and HNOA ligands. 

4. Co(II), Ni(II), Cu(II), Zn(II) and Pd(II) metal complexes with synthesised ligands have 

been synthesised and characterised. 

5. Based on all spectral data structure and geometry has been proposed for all the metal 

complexes.  

6. [Zn(HNAT)2] complex has shown good fluorescence property. 

7. Biological activities like DNA binding, DNA cleavage and anticancer activity studies 

are carried out on the synthesised compounds. 

8. DNA binding studies were carried out by the electronic absorption and fluorescence 

titration methods and the binding constant (Kb) and quenching constant (Kq) of the 

synthesised compounds are determined.  

9. DNA cleavage studies in the absence and presence of oxidizing agent (H2O2) were 

performed on all the ligands and their metal complexes. 

10. Ligands and their metal complexes exert cytotoxic effect against human cell lines 

MCF-7, HeLa, HEK-293, IMR-32 and MDA-MB-231 , but their cytotoxicity is less 

than that of standard drug cis-platin (IC50 = 11.44 µg/mL), except 

[Zn(FAPT)(OAc)].H2O (IC50 = 10.90 µg/mL) complex and [Cu(FAPT)(OAc)].H2O 

(IC50  = 15.51 µg/mL) complex has shown good activity.  

11. Biological activities of the ligands are enhanced in the presence of metal ions.  
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a b s t r a c t

Four new chromanone derivatives (4a-d) are synthesized and evaluated for their DNA binding, cleavage
and antioxidant activities. The synthesized compounds are characterized by Fourier Transform Infrared
(FTIR), 1H and 13C nuclear magnetic resonance (NMR), mass spectrometry, UVeVisible, thermal and
fluorescence spectral studies. Finally, structures of the compounds 4a and 4b are confirmed by single
crystal X-ray diffraction method. The DNA binding study is carried out by electronic absorption spec-
troscopy and fluorescence spectroscopy. The observation from the results is that the chromanone de-
rivatives 4a-d binds to CT-DNA in an intercalation mode. The DNA cleavage studies are investigated using
supercoiled pET28a plasmid DNA by agarose gel electrophoresis. These studies reveal that the com-
pounds act as efficient cleaving agents even in the absence of an oxidative agent H2O2. The antioxidant
studies of these compounds in vitro are evaluated and compared with that of standard drug ascorbic acid
(AA).

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Due to significant biological activities, the chromanones have
attracted much attention in current research. Most of the biologi-
cally active molecules from both synthetic and natural compounds
contain chromanone moiety as a core structure. These are also
minor constituents of human diet [1]. Several chromanone de-
rivatives exhibit a significant biological and pharmacological ac-
tivities such as antimicrobial, antioxidant, DNA binding, cleavage,
anticancer, antiallergic, neuroprotective and pesticidal agents
[2e10]. Emami et al., reported imidazolylchromanone, (1,2,4-
triazolyl)chromanone and their oxime derivatives as anticonvul-
sants [11]. Agostinha et al., and Lamprontia et al., reported 2-
methyl-4-chromanone with efficient activity against in vitro cell
growth of human K562 cells [12,13]. Some of the chromanones also
showed a potential application in the treatment of status epi-
lepticus [14]. Dawood et al., has reported chromanone derivatives
as antihuman-immunodeficiency-virus (HIV-1) [15]. 6-hydroxy-7-
methoxy-4-chromanones are evaluated for their potential antiox-
idant activities [16]. The derivatives of chromanone show a

significant function in biotic and abiotic stress response phenom-
ena in plants [17]. Consequently, chromanone chemistry extends its
importance in the area of synthesis and medicinal chemistry.

A well-known method to synthesize chromanone derivatives is
the reaction of 3-formylchromone with an aromatic amine. The 3-
formylchromone (4-oxo-4H-1-benzopyran-3-carboxaldehyde) is
an important precursor to synthesize the derivatives of chromones
and chromanones. According to literature, the reaction between 3-
formylchromone and primary aromatic amines leads to form
various products depending on the nature of the amine and/or
experimental conditions [18e20]. Even several reports presented
on the synthesis and biological properties of chromanones in
literature, a fewer reports dealt with structural determination by
single crystal X-ray diffraction. Thus, in this paper, we aim to study
the Synthesis, structural characterisation and biological evolutions
of chromanones.

2. Experimental

2.1. Chemicals and instrumentation

All the used chemicals and solvents were purchased from
MERCK, SD Fine and Himedia chemical companies. Melting points
of the chromanones were determined with Stuart SMP30 and were
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uncorrected. The progress of the reactions was monitored by thin-
layer chromatography (TLC) on silica gel 60 F254 aluminium sheets
(MERCK). The FTIR spectra of the compounds were recorded on
Perkin-Elmer 100S spectrometer within the range 4000e400 cm�1

using the KBr disc. 1H and 13C NMR spectra of the compounds were
recorded on a Bruker-Avance III HD 400MHz spectrometer in CDCl3
using tetramethylsilane (TMS) as an internal standard. Mass spectra
were recorded on a Jeol JMSD-300 spectrometer. The electronic
spectra of the compounds were recorded on Evolution 300
UVeVisible spectrophotometer in the range of 200e800 nm. The
fluorescence spectra of the compounds were recorded on Horiba
yvon Flurolog Spectrophotometer. The thermogravimetric mea-
surement was recorded on TA instruments (SDT 200) at a heating
rate of 20 �C and a nitrogen flow rate of 20 mL/min.

2.2. Crystal structure determination of chromanones 4a and 4b

Yellow coloured crystals of chromanones 4a and 4b for X-ray
structure determination were obtained by slow evaporation tech-
nique. Suitable single crystals of the dimensions
0.50 � 0.30 � 0.28 mm3 of 4a and 0.50 � 0.34 � 0.30 mm3 of 4b
were picked by observing under the LEICA DFC295 polarizing mi-
croscope. The single crystal X-ray data of the chromanones were
collected on a Bruker Kappa APEX-II CCD DUOX-Ray diffractometer
at 23 �C using graphite-monochromated Mo Ka radiation
(l ¼ 0.71073 Å). No absorption correctionwas carried out. The total
reflections of single crystal 4awas measured 26924 in a 2q range of
1.21e24.99�, and those of single crystal 4bwas measured 28332 in
a 2q range of 2.25e24.99�; 2687 and 2862 independent reflections
weremeasured for 4a and 4b, respectively. The unit cell dimensions
were determined by least-squares analysis and the reflection data
was integrated using the SHELXTL program [21]. The crystal
structures were solved by direct methods using SHELXS-97, and
refinement is carried out by full-matrix least-squares technique (F2)
using SHELXL-97 [22]. Anisotropic displacement parameters are
included for other than H-atoms. The N�H hydrogen atoms are
located from difference Fourier maps. All the aromatic and aliphatic
C�H hydrogens were positioned geometrically and treated as
riding on their parent C-atoms with C�H distances of 0.93e0.97 Å.
The software Mercury 2.3 (Build RC4), ORTEP-3 and X-Seed was
used to prepare material for publication [23].

2.3. General procedure for the synthesis of chromanones 4a-d

3-Formylchromone was prepared by the Vilsmeier-Haack syn-
thesis [24]. Chromanones 4a-d were prepared by adding o-anisi-
dine (0.11 mL, 1 mM) dropwise to the 3-formylchromone (0.174 g,
1 mM) in different solvents (methanol (a), ethanol (b), 2-propanol
(c) and 1-butanol (d)) with continuous stirring for 1 h. All the
compounds (4a-d) formed are yellow in colour. The products thus
obtained were recrystallized from their corresponding solvents. All
the experimental details were given in Scheme 1.

2.3.1. 2-Methoxy-3-(((2-methoxyphenyl)amino)methylene)
chroman-4-one (4a)

Yellow solid; M.P 117e119 �C; IR (KBr, cm�1): 3169 (NeH), 3058
(aromatic CeH), 2977 (aliphatic CeH), 1748, 1649 (C¼O), 1283
(CeN); 1H NMR (400 MHz, CDCl3): dH (ppm) 3.52 (s, 3H), 3.97 (s,
3H), 5.70 (s, 1H), 6.93e8.03 (m, 9H), 12.20 (d, J ¼ 12.4 Hz, 1H, NH).
13C NMR (100 MHz, CDCl3): dC (ppm) 55.3, 55.9, 101.9, 103.7, 111.2,
113.6, 117.7, 121.0, 122.0, 123.0, 124.3, 126.3,129.1, 134.0, 142.9, 148.7,
155.6, 180.8. ESI mass spectrum (m/z): calcd. for [C18H17NO4]:
311.12, obsd.; 334 (MþNa), 280 fragment.

2.3.2. 2-Ethoxy-3-(((2-methoxyphenyl)amino)methylene)
chroman-4-one (4b)

Yellow solid; M.P 119e120 �C; IR (KBr, cm�1): 3169 (NeH), 3058
(aromatic CeH), 2977 (aliphatic CeH), 1748, 1649 (C¼O), 1283
(CeN); 1H NMR (400 MHz, CDCl3): dH (ppm) 1.20 (t, J ¼ 7.1 Hz, 3H),
3.71 (q, J ¼ 7.1 Hz, 2H), 3.96 (s, 3H), 5.81 (s, 1H), 6.92e7.54 (m, 8H),
8.02 (dd, J ¼ 7.8 Hz, J¼ 1.7 Hz, 1H), 12.18 (d, J ¼ 12.7 Hz, 1H, NH). 13C
NMR (100 MHz, CDCl3): dC (ppm) 15.1, 55.9, 63.6, 100.7, 103.9, 111.2,
113.7, 117.7, 121.0, 121.9, 123.1, 124.2, 126.4, 129.3, 134.0, 142.8, 148.7,
155.8, 181.0. ESI mass spectrum (m/z): calcd. for [C19H19NO4]:
325.13, obsd.: 326 (Mþ1), 280 (base peak).

2.3.3. 2-Isopropoxy-3-(((2-methoxyphenyl)amino)methylene)
chroman-4-one (4c)

Yellow solid; M.P 127e128 �C; IR (KBr, cm�1): 3164 (NeH), 2936
(aliphatic CeH), 1642 (C¼O), 1282 (CeN); 1H NMR (400 MHz,
CDCl3): dH (ppm) 1.16 (d, J¼ 6.2 Hz, 3H), 1.26 (d, J¼ 6.2 Hz, 3H), 3.97
(s, 3H), 4.20 (hept, J ¼ 6.2 Hz, 1H), 5.90 (s, 1H), 6.95e7.51 (m, 8H),
8.02 (dd, J¼ 7.8 Hz, J¼ 1.7 Hz, 1H), 12.17 (d, J ¼ 12.7 Hz, 1H, NH). 13C
NMR (100 MHz, CDCl3): dC (ppm) 22.0, 23.3, 55.9, 70.0, 99.2, 104.2,
111.2, 113.7, 117.7, 121.0, 121.8, 123.1, 124.1, 126.4, 129.3, 133.9, 142.5,
148.7, 155.9, 181.2. ESI mass spectrum (m/z): calcd. for [C20H21NO4]:
339.15, obsd: 340.10 [Mþ1], 280.05 (base peak).

2.3.4. 2-Butoxy-3-(((2-methoxyphenyl)amino)methylene)
chroman-4-one (4d)

Yellow solid; M.P 123e125 �C; IR (KBr, cm�1): 3167 (NeH), 2997
(aromatic CeH), 2937 (aliphatic CeH), 1648 (C¼O), 1282 (CeN); 1H
NMR (400 MHz, CDCl3): dH (ppm) 0.86 (t, J ¼ 7.4 Hz, 3H), 1.29 (sext,
J ¼ 7.4 Hz, 2H), 1.55 (quint, J ¼ 7.4 Hz, 2H), 3.75 (t, J ¼ 7.4 Hz, 2H),
3.97 (s, 3H), 5.79 (s, 1H), 6.93e7.11 (m, 5H), 7.20 (d, J ¼ 11.6 Hz, 1H),
7.42e7.46 (m, 1H), 7.52 (d, J ¼ 12.8 Hz, 1H), 8.02 (dd, J ¼ 7.8 Hz,
J ¼ 1.7 Hz, 1H) 12.18 (d, J ¼ 12.7 Hz, 1H, NH). 13C NMR (100 MHz,
CDCl3): dC (ppm) 13.8, 19.2, 31.5, 55.9, 67.9, 100.9, 104.0, 111.2, 113.7,
117.7, 121.0, 121.9, 123.1, 124.2, 126.3, 129.3, 134.0, 142.7, 148.7, 155.8,
181.1. ESI mass spectrum (m/z): calcd. for [C21H23NO4]: 353.16,
obsd: 354 [Mþ1], 280.05 (base peak).

2.4. DNA binding studies

2.4.1. Absorbance spectroscopic studies
Stock solution of CT-DNA was prepared in 5 mM TriseHCl/

50 mM NaCl in nuclease free water at pH ¼ 7.2 and are kept it
overnight at �20 �C. The concentration of CT-DNA stock solution is
determined at 260 nm by UV absorbance intensity using the molar
absorption coefficient as 6600 M�1 cm�1. Solution of CT-DNA in
5mM Tris-HCl/50mMNaCl (pH¼ 7.2) gave a ratio of UV absorption
at 260 nm and 280 nm A260/A280 of 1.82, indicating that the DNA
is sufficiently free from protein [25]. Stock solutions were stored at
4 �C and used within four days. The electronic absorption spectra
were recorded using Evolution 300 UVeVisible spectrophotometer.
Electronic absorption titrations were performed at constant con-
centration of the compounds (80 mM) and by increasing the con-
centration of CT-DNA from 0.026 � 10�4 M to 0.261 � 10�4 M. For
the compounds 4a-d, from the absorption titration data, the
binding constants (Kb) were determined using the following
equation [26].

½DNA�
.�

εa � εf

�
¼ ½DNA�

.�
εb � εf

�
þ 1=Kb

�
εb � εf

�

where εa is apparent extinction coefficient and it is obtained by
calculating Aobsd/[Compound]. The expressions εf correspond to the
extinction coefficients of free (unbound) and εb correspond to the
extinction coefficients of fully bound complexes. A plot of [DNA]/
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(εaeεf) vs [DNA] will give a slope of 1/(εbeεf) and an intercept of 1/
Kb (εbeεf). The binding constant (Kb) was obtained by the ratio of
the slope and intercept.

2.4.2. Fluorescence spectroscopic studies
Quantitatively to compare the binding affinity of the chroma-

nones 4a-d to CT-DNA, the intrinsic binding constant K of the
compounds were obtained by the fluorescence spectroscopic ti-
trations. The compounds (4a-d) with 10 mM concentrations were
titrated against the CT-DNA with increasing concentrations from
0.15 to 0.6 mM. All the compounds were excited at 358 nm and
emission was recorded at 415e650 nm in 5 mM TriseHCl/50 mM
NaCl buffer. The concentration of the bound compound was
calculated by using the following formula [27].

Cb ¼ Ct
h�

F � F0
�.�

Fmax � F0
�i

where, Ct is the total compound concentration, F is the observed
fluorescence emission intensity at given DNA concentration, F0 is
the intensity in the absence of DNA, and Fmax is the fluorescence of
the totally bound compound. Binding constant K value was ob-
tained from the Scathchard plot [28] of r/Cf versus r, where r is the
binding ratio Cb/[DNA] and Cf is the free ligand concentration.

2.4.2.1. EB displacement studies. Further support for compounds
binding to DNA by intercalation mode was given through the
emission quenching experiment. EB is a common fluorescent probe
for DNA structure and has been selected for the examinations of the
mode and process of compound binding to DNA [29]. A 3 ml so-
lution of 1.5 mMDNA and 1 � 10�5 M EB was titrated by 1.5e6.0 mM
compound (lex ¼ 520 nm, lex ¼ 550.0e750.0 nm). According to the
classical SterneVolmer equation [30]:

F0=F ¼ Kq½Q � þ 1

where F0 is the emission intensity in the absence of quencher, F is
the emission intensity in the presence of quencher, Kq is the
quenching constant, and [Q] is the quencher concentration. Plots of
F0/F versus [Q] appear to be linear and Kq depends on temperature.

2.5. DNA cleavage activity

The DNA cleavage experiments of supercoiled pET28a plasmid
DNA was determined by agarose gel electrophoresis. Chromanone
stock samples (1 mg/mL) were prepared using DMSO solvent. From
stock solution, 100 mg/mL solutions were prepared by using Tris-
HCl buffer, from which 15 mL is added to the isolated pET28a
plasmid DNA. The samples were incubated at 37 �C for 2 h and then
30 mL of DNA sample along with loading dye was directly loaded on
0.8% agarose gel for analysis by gel electrophoresis at 70 V for 2 h.
After electrophoresis, the gel was stained with ethidium bromide
(10.0 mg/mL) and the gel images were captured by Mediccare
GELSTAN gel documentation system and the extent of DNA cleav-
age was quantitatively calculated by labImage 1D software.

2.6. Antioxidant activity

The antioxidant activity of the chromanones 4a-d was deter-
mined by using 2,2-diphenyl-1-picrylhydrazyl (DPPH) as per the
literature [31,32] and ascorbic acid used as standard. 0.004% DPPH
stock solution in methanol was prepared. The chromanones 4a-
d and ascorbic acid were dissolved in methanol 10 mg/10 mL and
they were used as stock solution. Different concentrations of test
compounds (0.025e0.100 mg/mL) were prepared from the stock
solutions, by using methanol. For each 1 mL test compound of

O

CH3

OH

Anhydrous DMF/POCl3

O

O

OCH3

R-OH O

O H
C NH

OCH3

H

O
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H2N

1 2

3

4a-d

4a: R = -CH3

4b: R = -CH2-CH3

4c: R = CH(CH3)2
4d: R = -CH2(CH2)2CH3

Chromanone Solvent R

4a Methanol -CH3

4b Ethanol -CH2CH3

4c 2-Propanol -CH(CH3)2

4d 1-Butanol -CH2(CH2)2CH3

Scheme 1. Synthesis of chromanones 4a-d.
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different concentrations, 3 mL of methanolic solution of 0.004%
DPPH was added. The test compounds were incubated at room
temperature for 30 min. After 30 min, the absorbance of the test
compounds was recorded at 517 nm using UVeVisible spectro-
photometer, which was compared with the corresponding absor-
bance of standard ascorbic acid (0.025e0.100 mg/mL). Methanol
was used as blank and DPPH solution was used as control. The
scavenging activity of DPPH in percentage was calculated by using
the formula as given below

Scavengingactivityð%Þ ¼
�ðAo � AiÞ

Ao

�
� 100

where Ao is the absorbance of the control and Ai is the absorbance
of the sample. IC50 values of chromanones 4a-d were calculated.

3. Results and discussion

Four chromanone derivatives (4a-d) were synthesized by the
reaction of 3-formylchromone with o-anisidine in different sol-
vents like methanol, ethanol, 2-propanol and 1-butanol. As it is
evidenced from the literature [19], the solvent molecules (alcohols)
are undergoing Michael addition with compound 2 at position-2.
Subsequently, o-anisidine (3) reacts with 3-formylchromone (2)
and obtained the derivatives of chromanone (2-methoxy-3-(((2-
methoxyphenyl)amino)methylene)chroman-4-one) 4a, (2-ethoxy-
3-(((2-methoxyphenyl)amino)methylene)chroman-4-one) 4b, 2-
isopropoxy-3-(((2-methoxyphenyl)amino)methylene)chroman-4-
one, 4c, 2-butoxy-3-(((2-methoxyphenyl)amino)methylene)chro-
man-4-one, 4d. Ligands 4a and 4bwere obtained as yellow crystals
from the slow evaporation of the solvents methanol and ethanol
respectively in 7-days period of time and they were stable at room
temperature. The presence of the alkoxy groups which were ob-
tained from solvent molecules (alcohols) was confirmed by all the
spectral methods (1H NMR, 13C NMR, mass, FTIR and X-ray
crystallography).

3.1. Spectral analysis

In all the compounds (4a-d) IR stretching frequencies found in
the range of 3169e3164 cm�1 indicate the presence of NeH group.
Similarly, the stretching frequencies around 1282 cm�1 corroborate
the presence of CeN group in 4a-d. The presence of these NeH and
CeN stretching frequencies indicate that the imine (CH¼N) group
existing in its tautomeric structure (¼CeNH). This was further
confirmed by single crystal X-ray diffraction.

In the 1H NMR spectrum, the methoxy (eOCH3) group which
was attached at 2-position of the chromanone 4a gave a singlet at
d 3.52 indicating that the methanol is undergoing Michael addition
with compound 2. Similarly the quartet at d value 3.71 (2H) and a
triplet at d 1.20 (3H) with same coupling constant values (J¼ 7.1 Hz)
in 4b indicate the presence of ethoxy group which has come from
ethanol. In compound 4c, a septet at a d value 4.20 and two dou-
blets at d values 1.16 and 1.26 with same coupling constant values
(J ¼ 6.2 Hz) confirms the presence of an isopropoxy group. The
presence of n-butoxy group at 2-position of the chromanone moi-
ety was confirmed by the presence of a triplet at a d value 3.75 (2H),
1.55 quintet (2H), 1.29 sextet (2H) and a triplet at 0.86 (3H) with
same coupling constant values (J ¼ 7.4 Hz) in 4d. However, the
confirmation of the Michael addition of solvent molecules (alco-
hols) at the 2-position of the parent compound 3-formylchromone
(2) is the hydrogen atom at the 2-position. The proton at 2-position
in 3-formylchromone shows a singlet at d 8.56 i.e., in the aromatic
region [33], where as in the case of compounds 4a, 4b, 4c and 4d,
the proton at 2-position gave a singlet at d values 5.70, 5.81, 5.90

and 5.79 respectively i.e., the d values were shifted to upfield re-
gion. This is due to the Michael addition of alcohols (solvents) at 2-
position.

The 13C NMR spectrum of compound 4a show two peaks at
d 55.3 and 55.9 confirms the presence ofeOCH3 group at 2-position
of chromanonemoiety and the aromaticeOCH3 group respectively.
Similarly, d 15.1 and 55.9 in 4b indicates the presence of -OCH2-CH3.
The aromaticeOCH3 appears at d 63.6. The aliphatic peaks at d 22.0,
23.3 and 55.9 corroborate the presence of isopropoxy group in
compound 4c. The aromaticeOCH3 group appears at d 70.0 in 4c. In
the compound 4d the d values at 13.8, 19.2, 31.5 and 55.9 indicate
the presence of -O-CH2-CH2-CH2-CH3 on chromanone moiety at 2-
position. The aromatic eOCH3 group appears at a d value of 67.9.
However, in the parent compound 3-formylchromone (2) the C-
atom at 2-position shows a peak at a d value of 172.5 [34]. But in
case of compounds 4a, 4b, 4c and 4d, the peak for C-atom at 2-
position appeared at d 101.9, 100.7, 99.2 and 100.9 respectively.
The d values are shifted to upfield in the final compounds compared
to 3-formychromone. This is due to theMichael addition of alcohols
at 2-position.

The mass spectral fragmentation analysis of all the compounds
4a-d, was observed that the presence of a fragment with m/z value
280 confirming the cleavage of alkoxy group from the 2-position of
chromanone moiety, which was attached from the respective sol-
vents during the synthesis.

3.2. Crystal structure analysis

Chromanones 4a and 4b crystallize in the centrosymmetric
orthorhombic Pbcn space group with one molecule in the asym-
metric unit [Figs. 1 and 4]. The unit cell values show that the two
crystal structures of 4a and 4b are isomorphous and isostructural. It
was found that in 4a both (R)-and (S)-chromanone stereoisomers
were crystallized in the crystal structure (racemate). The crystal
structure analysis of chromanone 4a reveals that the molecules
form ‘V’-shaped 1D-ribbon like structure via CeH/O hydrogen
bonds. Both the chromanone moiety and methoxyphenyl moiety
both are almost coplanar with each other due to intramolecular
NeH/O hydrogen bonding. This intramolecular hydrogen bonding
is due to the interaction of NeH group of tautomeric form of imine
group with the oxygen atom of chromanone moiety carbonyl group
and oxygen atom of methoxyphenyl group [N1eH1A/O2;

Fig. 1. ORTEP representation of chromanone 4a. The thermal ellipsoids are drawn at
50% probability level.
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D ¼ 2.6843(18) Å, d ¼ 1.91 Å, q ¼ 134�; N1eH1A/O4;
D ¼ 2.5980(17) Å, d ¼ 2.19 Å, q ¼ 102�]. The hydrogen atom of the
methoxyphenyl group of (R)-enantiomer interacts with translation
related chromanone carbonyl oxygen of another (R)-isomer via
CeH/O (C18eH18C/O2; D ¼ 3.484(2) Å, d ¼ 2.53 Å, q ¼ 146�)
hydrogen bond; and the hydrogen atom of the phenyl group in-
teracts with translation related chromanone methoxy group O-
atom via CeH/O (C7eH7/O3; D ¼ 3.535(2) Å, d ¼ 2.55 Å,
q ¼ 151�) hydrogen bonds. These interactions are extended along
the crystallographic b-axis and form a 1D-ribbon like structure
[Fig. 2]. Another 1D-ribbon like structure is formed perpendicular
to the above structure by (S)-enantiomers with the same hydrogen
bonds forming a 'V'-shaped pattern. These 'V'-shaped structure is
interacting with adjacent inverted 'V'-shaped structure via CeH/O
hydrogen bonds [Fig. 3]. Further, the 1D-ribbon like structures are
stabilized by weak NeH/p (N1eH1A/pC4-C5-C6-C7-C8-C9;
d ¼ 3.664 Å, 102.94�) and CeH/p [C7eH7/pC2; D ¼ 3.568 Å;
d ¼ 3.192 Å, q ¼ 106.35�; C18eH18B/pC16-C17; d ¼ 3.131 Å,
q ¼ 150.51�] interactions.

The crystal structure analysis of chromanone 4b reveals that the
molecules form ‘V’-shaped 1D-ribbon like structure with CeH/O
hydrogen bonds. In this structure also both the chromanonemoiety
and methoxyphenyl moiety both are almost coplanar with each
other due to intramolecular NeH/O hydrogen bonding. This
intramolecular hydrogen bonding is due to the interaction of NeH
group of tautomeric form of imine group with the oxygen atom of
chromanone moiety carbonyl group and oxygen atom of methox-
yphenyl group [N1eH1A/O2; D¼ 2.682(2) Å, d¼ 1.92 Å, q ¼ 130�;
N1eH1A/O4; D ¼ 2.598(3) Å, d ¼ 2.18 Å, q ¼ 103�]. The mode of
interactions in this crystal structure is also very similar to the
compound 4a. The methyl hydrogen atom of methoxyphenyl group
of (R)-enantiomer interacts with translation related chromanone
carbonyl oxygen of another (R)-isomer via CeH/O
(C19eH19C/O2; D ¼ 3.431(3) Å, d ¼ 2.49 Å, q ¼ 144�) hydrogen
bond; and the hydrogen atom of the phenyl group interacts with
translation related chromanone ethoxy group O-atom via CeH/O
(C7eH7/O3; D¼ 3.431(3) Å, d¼ 2.46 Å, q¼ 148�) hydrogen bonds.
These interactions are extended along the crystallographic b-axis
and form a 1D-ribbon like structure as in 4a [Fig. 5]. Another 1D-
ribbon like structure is formed perpendicular to the above structure
by (S)-enantiomers with the same hydrogen bonds forming a 'V'-
shaped pattern. These 'V'-shaped structure is interacting with
adjacent inverted 'V'-shaped structure via CeH/O hydrogen bonds
and extended along the crystallographic b-axis [Fig. 6]. Further, the
1D-ribbon like structures are stabilized by weak NeH/p
(N1eH1A/pC4-C5-C6-C7-C8-C9; d ¼ 3.596 Å, 104.67�) and CeH/p
[C7eH7/pC2; D ¼ 3.517 Å; d ¼ 3.180 Å, q ¼ 103.64�;
C18eH18/pC4-C5; d ¼ 3.126 Å, q ¼ 160.02�] interactions. All the
pertinent crystallographic data and geometrical parameters of
hydrogen bonds are given in Tables 1 and 2.

3.3. Fluorescence studies

The emission spectra of all the compounds were recorded in the
solid state and shown in Fig. 7. The chromanones 4a-d were char-
acterized by emission bands at 504, 507, 512 and 492 nm upon
photo excitation at 400 nm. All the four compounds show the

Fig. 2. The one-dimensional ribbon-like structure of chromanone 4a along crystallo-
graphic b-axis.

Fig. 3. Perpendicularly arranged 1D-ribbon like structure connected via CeH/O
hydrogen bonds along the crystallographic b-axis.

Fig. 4. ORTEP representation of chromanone 4b. The thermal ellipsoids are drawn at
50% probability level.

Fig. 5. Molecules of chromanone 4b form one-dimensional ribbon like structure along
the crystallographic b-axis.
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emission bands in the green light region. Chromanone-4d shows
more hyperchromic and hypsochromic shift when compared to the

remaining chromanones (4a-c). The intensity of the emission bands
of the chromanones increases with increase in the number of car-
bons of alkoxy group which are attached at 2-position of chroma-
none ring except in the case of 4c.

3.4. Thermal study

The thermal stability of chromanone 4awas studied in the range
of 25e800 �C in air atmosphere. The thermograph of chromone
derivative is presented in Fig. 8. The TG curve shows three
decomposition steps. The chromone derivative is stable up to
130 �C. The first decomposition step observed in temperature range
of 130e200 �C, may be due to the loss of solvent molecule. The
second and third steps are observed in the range of 201e340 �C and
341e670 �C may be due to the loss of chromone and remaining
organic part present in the analysed compound.

3.5. DNA binding studies

3.5.1. Absorbance spectroscopic studies
The DNA interaction properties of the chromanones on CT-DNA

were studied by using electronic absorption titration technique.
The experiments were carried out by maintaining a constant con-
centration of the chromanone and varying the concentration of CT-
DNA. The electronic absorption spectra of the chromanone (4a) in
the absence aswell as presence of CT-DNAwere shown in Fig. 9. The
results show decrease in intensity with increasing concentration of
the CT-DNA. This hypochromic effect is observed in all the chro-
manones. It indicates an intercalative mode of binding between an
aromatic chromophore and the base pairs of DNA [34]. The hypo-
chromism is commonly extent with the strength of DNA interac-
tion. As it is evidenced from the crystal structures of the
chromanones 4a and 4b which exhibit the CeH/O and CeH/p
interactions, these results indicate that the planar aromatic rings of
the chromanone molecules (4a and 4b) bind to DNA helical struc-
ture in an intercalation mode via hydrogen bonding and p/p
stacking interactions [35]. The intrinsic binding constant (Kb) for
chromanones 4a-dwas found to be 1.33� 104 M�1, 2.66 � 104 M�1,
3.11� 104 M�1 and 4.70� 104 M�1, respectively. From the observed
Kb values, it was evident that chromanone 4d binds more strongly

to CT-DNA when compared to remaining chromanones. Further,
binding affinity increases with rise in the number of carbons of

Fig. 6. One-dimensional ribbons interact with perpendicularly arranged another layer
of 1D-ribbons with again CeH/O hydrogen bonds.

Table 1
Salient crystallographic data and structure refinement parameters of chromanones
4a and 4b.

4a 4b

Empirical formula C18H17NO4 C19H19NO4

Formula weight 311.32 325.34
Crystal system Orthorhombic Orthorhombic
Space group Pbcn Pbcn
T/K 298(2) 298(2)
a/Å 33.670(5) 36.156(7)
b/Å 6.0747(8) 5.9993(12)
c/Å 14.907(2) 15.030(3)
a/� 90 90
b/� 90 90
g/� 90 90
Z 8 8
V/Å3 3049.1(7) 3260.3(11)
Dcalc/g/cm3 1.352 1.322
F(000) 1304 1368
m/mm�1 0.096 0.093
q/� 1.210 to 24.997 2.253 to 24.994
Index ranges �40 � h � 40

�7 � k � 7
�17 � l � 17

�42 � h � 42
�7 � k � 7
�17 � l � 17

N-total 26924 28332
N-independent 2687 2862
N-observed 2444 2685
Parameters 218 227
R1 (I > 2s(I)) 0.0416 0.0591
wR2 (all data) 0.1054 0.1291
GOF 1.097 1.227
CCDC 1423043 1423042

Table 2
Geometrical parameters of hydrogen bonds in chromanone 4a and 4b.

Compound DeH/Aa D/A (Å) H/A (Å) DeH/A (�) Symmetry code

4a Intra N(1)eH(1A)/O(2) 2.6843(18) 1.91 131 e

Intra N(1)eH(1A)/O(4) 2.5980(17) 2.19 1020 e

C(7)eH(7)/O(3) 3.535(2) 2.55 1510 x,�1þy,z
C(10)eH(10B)/O(3) 3.528(2) 2.82 123 1�x,y,1/2�z
C(14)eH(14)/O(4) 3.656(2) 2.64 1550 1/2�x,1/2þy,z
C(16)eH(16)/O(2) 3.490(2) 2.53 147 x,2�y,1/2þz
C(18)eH(18A)/O(4) 3.677(2) 2.79 139 1/2�x,1/2þy,z
C(18)eH(18C)/O(2) 3.484(2) 2.53 146 x,1þy,z

4b Intra N(1)eH(1A)/O(2) 2.682(2) 1.92 130 e

Intra N(1)eH(1A)/O(4) 2.598(3) 2.18 1030 e

C(5)eH(5)/O(1) 3.777(3) 2.74 159 x,�y,1/2þz
C(7)eH(7)/O(3) 3.431(3) 2.46 1480 x,�1þy,z
C(11)eH(11A)/O(3) 3.724(3) 2.76 1480 �x,1�y,�z
C(15)eH(15)/O(4) 3.660(3) 2.65 1550 1/2�x,1/2þy,z
C(17)eH(17)/O(2) 3.529(3) 2.57 148 x,2�y,�1/2þz
C(19)eH(19A)/O(4) 3.673(3) 2.79 139 1/2�x,1/2þy,z
C(19)eH(19C)/O(2) 3.431(3) 2.49 144 �x,1�y,�z

a All of the CeH, NeH distances are neutron normalized to 1.083 and 1.009 Å.
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alkoxy group which were attached at 2-position of chromanone
ring.

3.5.2. Fluorescence spectroscopic studies
The enhancements in the emission intensity of the chromanone

4d with increasing CT-DNA concentration are shown in Fig. 10. In

the absence of DNA, chromanones 4a, 4b, 4c and 4d emit weak
fluorescence in Tris buffer at ambient temperature with maximum
emissionwavelengths 451, 457, 458 and 457 nm, respectively. In the
presence of DNA, the emission intensity of chromanones (4a-d)
increases with respect to DNA concentration. However, the corre-
sponding 3, 7, 5 and 7 nm blue shifts were observed with the in-
crease of emission intensities. This phenomenon is related to the
extent to which the compounds penetrate into the hydrophobic
environment inside the DNA, thereby avoiding the quenching effect
of solvent water molecules. The binding of compounds to CT-DNA
leads to a marked increase in the emission intensity, which also
agrees with those observed for other intercalators [28e30]. Ac-
cording to the Scathchard equation, a plot of r/Cf versus r gave the
binding constants of 2.56 � 104, 3.29 � 104, 4.12 � 104 and
6.07 � 104 M�1 from the fluorescence data for the compounds 4a,
4b, 4c and 4d, respectively. These results show that the chroma-
none 4d binds more strongly compared to the remaining
chromanones.

3.5.2.1. Ethidium bromide (EB) displacement studies. The mode of
interaction of the compounds (4a-d) with DNA was further inves-
tigated by the competitive binding experiment using EB. Even
though, EB is a weak fluorescent compound, its fluorescent in-
tensity can be greatly enhanced in the presence of DNA due to its
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Fig. 7. Fluorescence spectrum of chromanones 4a-d excitation at 400 nm.

Fig. 8. TG-DTG graph of chromanone 4a.

Fig. 9. Absorption spectra of chromanone 4a in the presence of increasing amounts of
CT-DNA (20e200 mL). Arrow shows the changes in absorbance with respect to an in-
crease of DNA concentration and plot of [DNA]/(εaeεf) vs [DNA].

Fig. 10. Fluorescence spectra of chromanone 4d (10 mM) in the absence and presence
of increasing amounts of DNA (0.15e0.6 mM). Arrow shows the increase in emission
intensity with respect to an increase of CT-DNA concentration and plot of r/Cf versus r.
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strong intercalation between the adjacent DNA base pairs. A com-
pound's competitive binding to EB-bound DNA can reduce the
emission intensity due to displacement of bound EB from DNA [36].
The fluorescence quenching spectrum of DNAeEB system by the 4d
compound is shown in Fig. 11. The fluorescence emission intensity
of the DNAeEB system decreased with the increase of the com-
pound concentration. The resulting decrease in fluorescence was
caused by EB changing from a hydrophobic environment to an
aqueous environment [37]. Such a characteristic change is often

observed in intercalative DNA interactions [38e41]. The quenching
plots illustrate that the quenching of EB bound to DNA by the
compounds 4a-d was in good agreement with the linear Stern-
Volmer equation. In the plots of F0/F versus [Q], Kq is given by the
ratio of the slope to the intercept. The Kqvalues for the compounds
4a, 4b, 4c and 4d are 1.95 � 103, 2.88 � 103, 5.97 � 103 and
7.09 � 103 respectively. This data suggests that the interaction of
the compound 4d with CT-DNA is stronger than that of the
remaining compounds, which is consistent with the above ab-
sorption spectral results.

3.6. DNA cleavage activity

The chromanone derivatives (4a-d) were investigated for their
DNA cleavage ability by agarose gel electrophoresis method using
pET28a plasmid DNA in the absence as well as presence of an
oxidizing agent H2O2 [Figs. 12 and 13]. The cleavage activity of
chromanones 4a-d towards SC pET28a DNA has been investigated
by measuring the extent of formation of nicked circular (NC) DNA.
In the presence of oxidative agent H2O2, all chromanones show
more cleavage activity than in the absence of H2O2. The DNA
cleavage activity of the chromanones (4a-d) increases with
increasing the carbon chain in the chromanones
(4a < 4b < 4c < 4d).

3.7. Antioxidant activity

Synthesized chromanones (4a-d) possess moderate scavenging
activity. The scavenging activity of chromanones 4a-d was
increased with the increasing concentration of the compound
[Fig. 14]. Ascorbic acid (AA) was used as the standard (IC50 value
0.052 mg/mL). The IC50 values of the compounds were 0.677 (4a),
0.654 (4b), 0.402 (4c) and 0.445 (4d) mg/mL. Chromanone 4c
exhibited high activity compared to the remaining chromanones
but less activity compared to the standard drug AA.

4. Conclusion

In this paper, the four chromanones 4a-d have been synthesized
by the reaction of 3-formylchromone and o-anisidine in the pres-
ence of different solvents and characterized by 1H NMR, 13C NMR,

Fig. 11. Emission spectra of EB bound to DNA in the absence and presence of com-
pound 4d (1.5e6.0 mM) and plot of F0/F versus [Q].

Fig. 12. Cleavage of supercoiled pET28a DNA (30 mM) in the absence of H2O2 by
chromanones 4a-d (100 mM) in a buffer containing 5 mM Tris-HCl and 50 mM NaCl at
pH ¼ 7.0 and 37 �C with an incubation time of 2 h. Lane 1, Chromanone 4a þ DNA; Lane
2, Chromanone 4b þ DNA; Lane 3, Chromanone 4c þ DNA; Lane 4, Chromanone
4d þ DNA; Lane 5, DNA alone as a control. Forms SC and NC are supercoiled and nicked
circular DNA, respectively.

Fig. 13. Cleavage of supercoiled pET28a DNA (30 mM) in the presence of H2O2 by chromanones 4a-d (100 mM) in a buffer containing 5 mM Tris-HCl and 50 mM NaCl at pH ¼ 7.0 and
37 �C with an incubation time of 2 h. Lane 1, Chromanone 4a þ DNA þ H2O2; Lane 2, Chromanone 4b þ DNA þ H2O2; Lane 3, Chromanone 4c þ DNA þ H2O2; Lane 4, Chromanone
4d þ DNA þ H2O2; Lane 5, DNA alone as a control. Forms SC and NC are supercoiled and nicked circular DNA, respectively.
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mass, FTIR, UVeVisible, fluorescence spectroscopy, and X-ray
crystallography. Compounds 4a and 4b crystallize in centrosym-
metric orthorhombic Pbcn space group and it was found that they
were isomorphous. The molecules were connected by CeH/O
hydrogen bonds and form 1D-ribbon like structures parallel to the
crystallographic b-axis. The DNA binding properties of the com-
pounds 4a-d were investigated by absorbance and fluorescence
titration methods. The DNA binding results showed that the chro-
manones bind to CT-DNA via an intercalative mode with hydrogen
bonding and p/p interactions. The binding affinity of chroma-
nones increases with increase in the carbon chain attached at 2-
position of the chromanone moieties. The chromanones displayed
more DNA cleavage in the presence of oxidative agent H2O2. From
the antioxidant activity results chromanone 4c has shown good
scavenging activity when compared to the remaining chroma-
nones, but less when compared to the standard drug ascorbic acid
(AA). It has also been established that these chromanones show
efficient fluorescence in the green light region.

Supplementary data

CCDC reference numbers 1423043 and 1423042 contains the
crystallographic data for the chromanones 4a and 4b. These data
can be obtained free of charge via http://www.ccdc.cam.ac.uk/
conts/retrieving.html.
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Abstract
A novel Schiff base, 3-(((1H-1,2,4-triazol-3-yl)imino)methyl)-4H-chromen-4-one (L) was synthesized and used as ligand 
for the synthesis of Co(II), Ni(II), Cu(II), Zn(II) and Pd(II) complexes. The structural characterization of the ligand and 
its metal complexes was determined by using various physicochemical and spectroscopic methods. The IR data show that 
the Schiff base ligand acts as a bidentate donor coordinating through the oxygen atom of the chromone and nitrogen atom 
of the imine group. Based on all spectral data, tetrahedral geometry has been proposed for all the metal complexes except 
Cu(II) and Pd(II) complexes. However, square-planar geometry has been proposed for Cu(II) and Pd(II) complexes. DNA 
binding interaction of the ligand and its metal complexes was investigated by using UV–visible absorption, fluorescence 
and molecular docking studies. The binding constants were in the order of 104 M−1 suggesting good binding affinity towards 
CT-DNA. The DNA cleavage activity of the synthesized compounds was investigated by using agarose gel electrophoresis. 
In vitro antimicrobial activity of the synthesized compounds were screened against two gram-positive bacteria (Bacillus 
subtilis, Staphylococcus aureu) and two gram-negative bacteria (Escherichia coli, Proteus vulgaris) and one fungi strain 
Candida albicans using disc diffusion method. Antioxidant activity was carried out by DPPH radical scavenging method. 
In vitro anti-proliferative activity of the ligand and its metal complexes was also carried on the HEK-293, HeLa, IMR-32 
and MCF-7 cancer cell lines using MTT assay.

Keywords  Schiff base metal complexes · DNA binding · DNA cleavage · Molecular docking · Anti-proliferative activity · 
Antioxidant

Introduction

In the recent decades, many natural and synthetic ligands 
containing nitrogen and oxygen as donor atoms have been 
presented in the literature. Most of the metal complexes 

reported in the literature are of ligands containing Schiff 
bases [1–5]. The Schiff base ligands are treated as the most 
significant ligands as they possess different coordinating 
atoms. Thus, the Schiff base ligands and their metal com-
plexes have notable importance in the evaluation of the 
coordination chemistry [6]. However, synthesis of different 
Schiff base ligands with novel structure and properties are 
still an interesting research topic.

Chromone is the constitutional scaffold of different bio-
active compounds of the synthetic as well as natural origin, 
and it has a great pharmaceutical importance [7, 8]. Syn-
thetic point of view, 3-formylchromone has three electronic 
centres such as unsaturated keto function, a more active 
electrophilic centre at C2 and a conjugated second carbonyl 
group at C3. The synthesis of formylchromone Schiff base 
ligands and their coordination complexes shows higher bio-
logical activities such as antimicrobial, antiviral, anticancer, 
antioxidant, DNA binding and DNA cleavage [9–24]. For 
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example Bharath et al. and Ishar et al. reported formylchr-
omone derivatives act as potent human colon cancer and 
topoisomerase inhibitor anticancer agents [25, 26]. They 
also have various kinds of applications in different areas like 
catalysts, analytical reagents, NLO materials, etc, [27–29]. 
Thus, it becomes an emerging area of interest for Inorganic 
Chemists in recent years. However, a limited work has been 
done on the metal complexes of 3-formylchromone Schiff 
bases [17, 30–40].

1,2,4-triazole and its derivatives belong to a class of 
exceptionally active compounds which possess a wide spec-
trum of biological properties, including antioxidant, anti-
microbial, anti-inflammatory, anticonvulsant, antihyperten-
sive and anti-HIV [41–44]. Moreover, some of the metal 
complexes of substituted 1,2,4-triazole ligands are widely 
used as molecular-based memory devices or optical sen-
sors [45, 46]. Keeping this in view, we have selected a new 
Schiff base ligand, i.e., 3-(((1H-1,2,4-triazol-3-yl)imino)
methyl)-4H-chromen-4-one (L) for the synthesis of metal 
complexes. The synthesized metal complexes are character-
ized by using various spectral techniques and studied their 
biological activities.

Experimental

Materials

Dimethylformamide, phosphorousoxychloride, 2-hydroxy-
acetophenone, 3-amino-1,2,4-triazole and the metal ace-
tates of cobalt(II), nickel(II), copper(II) and zinc(II) and 
palladium(II) chloride used were of AR grade, Sigma-
Aldrich. The solvents such as methanol, acetone, dimethyl 
sulphoxide (DMSO) used were of spectroscopic grade, 
Merck. Calf thymus DNA (CT-DNA) was purchased from 
Himedia, Hyderabad, India.

Instruments

FTIR spectra of the synthesized compounds were recorded 
on PerkinElmer 100S spectrometer using KBr pellets. Ele-
mental analysis was performed using a PerkinElmer CHN 
analyser. Melting points were recorded on Stuart SMP30. 
The electronic spectra were recorded on PerkinElmer 
UV–visible Spectrophotometer Lambda 25 in DMSO. 
Magnetic moments were determined on a Sherwood Sci-
entific magnetic moment balance (Model No: MK1) at 
room temperature (25 °C) using Hg[Co(SCN)4] as a cali-
brant. Diamagnetic corrections were calculated using Pas-
cal’s constants. 1H and 13C NMR spectra of the ligand 
(L) were recorded in CDCl3 solvent on Bruker Avance III 
New 500 MHz spectrometer. Mass data of the ligand were 
recorded on ESI-QToF (Waters Synapt G2S) high-resolution 

mass spectrometer. Thermogravimetric measurements of 
metal complexes were recorded on PerkinElmer diamond 
TGA instrument. The ESR spectrum of Cu(II) complex was 
recorded using JOEL X-Band Electron Spin Resonance 
spectrometer at room temperature. The fluorescence spectra 
of the compounds were recorded on Horiba yvon Fluorolog 
Spectrophotometer. The X-ray powder diffraction analysis 
was carried out by using PANlytical, X’Pert Powder X-ray 
diffractometer with Cu Kα radiation. The diffraction data 
are integrated by using Nakamuta program. Scanning elec-
tron microscopy (SEM) was obtained for all the compounds 
using Tescan Vega-3 LMU electron microscope.

Synthesis of 3‑(((1H‑1,2,4‑triazol‑3‑yl)imino)
methyl)‑4H‑chromen‑4‑one (L)

Synthesis of Schiff base ligand 3-(((1H-1,2,4-triazol-3-yl)
imino)methyl)-4H-chromen-4-one (3) was performed by 
stirring the hot methanolic solutions of 3-formylchromone 
(1) (1.74 g, 1 mM) and 3-amino-1,2,4-triazole (2) (0.84 gm, 
1 mM) for 1 h [47]. The yellow coloured compound thus 
obtained was isolated by filtration and was re-crystallized in 
methanol. The experimental details are listed in Scheme 1.

Yield: 75%; M.p.: 189 °C; C12H8N4O2: Anal. Found: 
C, 60.01; H, 3.36; N, 23.32% Calc.: C, 60.00; H, 3.33; 
N, 23.33%. IR (KBr, ν/cm−1): ν(C=O) 1673, ν(C=N) 
1610. UV–Vis (DMSO) λmax/cm−1 (ε/M−1 cm−1): 30,959 
(19,300), 25,641 (6020). 1H NMR (400 MHz, CDCl3, TMS): 
δ 11.48 (s, 1H); 9.31 (d, 1H); 9.29 (d, 1H); 8.66 (s, 1H); 
7.61 (m, 2H); 7.14 (t, 1H); 7.03 (t, 1H) (Fig. S1). 13C NMR 
(100 MHz, CDCl3, TMS): δ 158.3, 154.8, 137.8, 132.0, 
119.7, 119.3. ESI–MS (m/z): Calc.: 240: Found: 241 (Fig. 
S2a).

Synthesis of metal complexes

A hot methanolic solution of Schiff base ligand (2 mM) was 
added to a hot methanolic solution of metal acetate salts of 
Co(II), Ni(II), Cu(II) and Zn(II) and Pd(II) chloride (1 mM) 
(PdCl2 solution in 0.1 M HCl was taken and treated with an 
equal volume of water) and refluxed for 4 h. After reflux-
ing the reaction mixture, the solid complexes thus separated 
were filtered and washed with methanol and dried in vacuo.

Scheme 1   Synthesis of Schiff base ligand (L)
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[CoL(OAc)2] ·2H2O: Br ick red;  Yield:  67%; 
M.p.: > 350 °C; C16H18N4O8Co: Anal. Found: C, 42.35; 
H, 3.97; N, 12.26; Co 13.09% Calc: C, 42.40; H, 4.00; N, 
12.36; Co, 13.00%. Molar conductance (10−3 M DMF): 
10  Ω−1  cm−1  mol−1. IR (KBr, ν/cm−1): ν(C=O) 1601, 
ν(C=N) 1574, ν(M–N) 475, ν(M–O) 533. UV–Vis (DMSO) 
λmax/cm−1 (ε/M−1 cm−1): 31,446 (13,150), 25,062 (13,170), 
17,006 (170). µeff (BM): 4.73.

[NiL(OAc)2]·2H2O: Greenish yellow; Yield: 62%; 
M.p.: > 350 °C; C16H18N4O8Ni: Anal. Found: C, 42.38; 
H, 3.92; N, 12.39; Ni, 12.91% Calc: C, 42.42; H, 4.00; N, 
12.37; Ni, 12.96%. Molar conductance (10−3 M DMF): 
13  Ω−1  cm−1  mol−1. IR (KBr, ν/cm−1): ν(C=O) 1653, 
ν(C=N) 1578, ν(M–N) 482, ν(M–O) 557. UV–Vis (DMSO) 
λmax/cm−1 (ε/M−1 cm−1): 31,152 (17,700), 25,000 (19,900), 
16,750 (211). µeff (BM): 2.91.

[CuL(OAc)2]·2H2O: Green; Yield: 77%; M.p.: > 350 °C; 
C16H18N4O8Cu: Anal. Found: C, 41.93; H, 3.91; N, 12.21; 
Cu; 13.82%. Calc.: C, 41.97; H, 3.96; N, 12.24; Cu, 13.88%. 
Molar conductance (10−3 M DMF): 9 Ω−1 cm−1 mol−1. IR 
(KBr, ν/cm−1): ν(C=O) 1600, ν(C=N) 1574, ν(M–N) 473, 
ν(M–O) 570. UV–Vis (DMSO) λmax/cm−1 (ε/M−1 cm−1): 
25,125 (14,608), 14,641 (50). ESR: g| = 2.33, g⊥ = 2.15, 
G = 2.21. μeff(BM): 2.01. ESI MS (m/z): Calc.: 458. Found: 
458 [M+].

[ZnL(OAc)2]·H2O: Yellow; Yield: 60%; M.p.: > 350 °C; 
C16H16N4O7Zn: Anal. Found: C, 41.80; H, 3.72; N, 12.48; 
Zn, 14.23% Calc: C, 43.51; H, 3.65; N, 12.68; Zn, 14.80%. 
Molar conductance (10−3 M DMF): 18 Ω−1 cm−1 mol−1. IR 
(KBr, ν/cm−1): ν(C=O) 1611, ν(C=N) 1573, ν(M–N) 482, 
ν(M–O) 557. UV–Vis (DMSO) λmax/cm−1 (ε/M−1 cm−1): 
31,152 (41,200), 26,809 (47,400). ESI MS (m/z): Calc.: 442. 
Found: 465 [M + Na]+ (Fig.S2b).

[PdL(Cl)2]·4H2O: Brown; Yield: 68%; M.p.: > 350 °C; 
C12H16Cl2N4O6Pd: Anal. Found: C, 29.32; H, 3.21; N, 11.32; 
Pd, 21.59% Calc: C, 29.44; H, 3.29; N, 11.44; Pd, 21.74%. 
Molar conductance (10−3 M DMF): 14 Ω−1 cm−1 mol−1. IR 
(KBr, ν/cm−1): ν(C=O) 1650, ν(C=N) 1578, ν(M–N) 475, 
ν(M–O) 562, ν(M − Cl) 354. UV–Vis (DMSO) λmax/cm−1 
(ε/M−1 cm−1): 31,153 (19,500), 23,529 (5850) (Fig. S3).

DNA binding activity

UV–visible spectroscopic studies

The UV–visible absorption studies show the interaction 
of ligand and its metal complexes with CT-DNA. Experi-
ments were performed in 5 mM Tris–HCl/50 mM NaCl 
buffer solution (pH = 7.2) as per the procedure published 
in literature [48]. The concentration of CT-DNA was deter-
mined by using the electronic absorbance at 260 nm (molar 
absorption coefficient 6600 M−1 cm−1). The absorbance 
ratio at 260 and 280 nm (A260/A280) is 1.81, suggesting that 

the CT-DNA solution was sufficiently free of protein. The 
stock solutions were stored at 4 °C and were used within 
4 days. The titrations were carried out by keeping the con-
stant concentration (50 μM) of the ligand and its metal 
complexes and by varying the concentration of CT-DNA 
(0.026 × 10−4–0.261 × 10−4 M). From the electronic absorb-
ance titration data, the binding constant (Kb) of the syn-
thesized compounds has been determined by adopting the 
equation [48]:

where εa is the ‘apparent’ extinction coefficient, which was 
obtained by calculating Aobsd/[Compound]. The term εf cor-
responds to the extinction coefficient of free (unbound), 
and εb corresponds to the fully bound complexes. A plot of 
[DNA]/(εa − εf) v/s [DNA] will give a slope 1/(εb − εf) and 
an intercept 1/Kb (εb − εf). Kb is the ratio of the slope and 
the intercept.

Fluorescence spectroscopic studies

Compounds binding to DNA by intercalation mode were 
given through the emission quenching experiment. EB is a 
common fluorescent probe for DNA structure and has been 
selected for the examinations of the mode and process of 
compound binding to DNA. A 3 mL solution of 2.0 μM 
DNA and 1 × 10−5 M EB was titrated by 2.5–12.5 × 10−5 
M compound (λex = 520 nm, λem = 535.0–750.0 nm). The 
quenching constant (kq) values were calculated by using 
classical Stern–Volmer equation [49]:

where F0 is the emission intensity in the absence of quencher, 
F is the emission intensity in the presence of quencher, kq 
is the quenching constant and [Q] is the quencher concen-
tration. Plots of F0/F versus [Q] appear to be linear and kq 
depends on temperature.

Molecular docking studies

The 3D coordinates of the synthesized molecules (ligand, its 
Cu(II) and Zn(II) complexes) were rendered using CHEM-
DRAW 3D and the structures were visually confirmed using 
UCSF Chimera [50]. The B-DNA dodecamer structure with 
sequence 5′-D (CGC​GAA​TTC​GCG​)2 and sequence id: 
1BNA was retrieved from RCSB (http://www.rcsb.org). The 
molecules were energy minimized for 100 steps of steep-
est gradient using UCSF Chimera [50]. The docking stud-
ies were performed using AUTODOCK 4.2 [51] where in 
Gasteiger charges and Kollman charges were distributed to 
the molecules and the B-DNA structures, respectively. The 
grid box was set to 0.375 Å. Genetic algorithm was chosen 

(1)
[DNA]∕

(

�a− �f

)

= [DNA]∕
(

�b− �f

)

+ 1∕Kb

(

�b− �f

)

(2)F0∕F = kq[Q] + 1
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for docking, and 50 GA runs were performed. The popula-
tion size was set to 150, and the maximum number of gen-
eration was set to 27,000 in the GA parameters. The docked 
confirmations were then analysed for hydrogen bonding and 
binding energy.

Cleavage studies of pET28a plasmid DNA

Plasmid DNA cleavage experiments were performed accord-
ing to the literature [52, 53]. Plasmid DNA cleavage ability 
of ligand and its metal complexes in the absence and pres-
ence of oxidant H2O2 was observed by agarose gel electro-
phoresis method. Stock samples of ligand and its complexes 
were prepared in DMSO (1 mg/mL). 100 µg/mL solutions 
were prepared by using Tris–HCl buffer from the stock solu-
tion. From that 15 µL was added to the isolated pET28a 
plasmid DNA of E. coli. The samples were incubated for 2 h 
at 37 °C, after that 1 µL of loading buffer (bromophenol blue 
in H2O) was added to each sample and the mixed samples 
were loaded carefully into the 0.8% agarose gel electropho-
resis chamber wells along with control (DNA alone). The 
electrophoresis was carried out at constant 70 V of electric-
ity for 2 h. The gel was removed and stained with 10.0 mg/
mL ethidium bromide for 10–15 min, and the bands were 
observed under Mediccare gel documentation system.

Antimicrobial activity

To study the antibacterial and antifungal activities of the 
ligand (L) and its metal complexes, they were tested against 
two gram-positive bacteria (Bacillus subtilis, Staphylococ-
cus aureu) and two gram-negative bacteria (Escherichia 
coli, Proteus vulgaris) and one fungi strain Candida albi-
cans using disc diffusion method. By using Whatman No. 
1 paper, 6-mm-diameter sterile antibiotic discs were placed 
over the nutrient agar medium. By using micropipette, 
100 µg/mL concentrated compounds were transferred to 
each disc (initially compounds are dissolved in 5% DMSO). 
Subsequently bacteria and fungi incubated overnight at 37 
and 25 °C, respectively. The zone of inhibition was deter-
mined in mm and distinguished with standard antibiotics. 
DMSO was used as a negative control, whereas Kanamycin 
30 µg/disc (standard antibiotic) and standard antifungal drug 
Clotrimazole (10 µg/disc) were used as the positive controls. 
All the tests were carried out in triplicates, and the average 
zones of inhibition were recorded and minimum inhibitory 
concentration values (MIC) calculated.

DPPH scavenging activity

The antioxidant activity of the synthesized compounds were 
determined by using 1,1-diphenyl-2-picrylhydrazyl (DPPH) 
free radical scavenging method as per the procedure given in 

the literature [54]. In the spectrophotometric assay, the capa-
bility to scavenge the stable free radical DPPH is determined 
by the absorbance at 517 nm. Synthesized compounds were 
initially dissolved in a minimum amount of DMSO and then 
in methanol (1 mg/mL) and these are used as stock solutions. 
From the stock solution, 1 mL of each test sample solution 
with different concentrations (25–100 µg) was added to the 
3 mL of methanolic DPPH (0.004%) solution. After 30 min, 
the absorbance of the test compound was taken at 517 nm 
using UV–visible spectrophotometer. Methanol was used 
as blank, and BHT (butylated hydroxytoluene) was used as 
standard, and DPPH solution was used as control without 
the test compounds. The percentage of scavenging activity 
of DPPH free radical was measured by using the following 
formula:

where Ao corresponds to absorbance of the control and Ai 
corresponds to absorbance of the sample and accordingly 
IC50 values were calculated.

Anti‑proliferative activity

In vitro anti-proliferative activity of the synthesized com-
pounds was assayed against HEK-293, HeLa, IMR-32 and 
MCF-7 cell lines using MTT assay. The adherent cells were 
trypsinized as stated by the protocol, and after centrifuga-
tion they were resuspended in newly prepared medium. By 
pipetting, the cell suspension was carefully mixed to get a 
homogeneous single-cell suspension. Different concentra-
tions of drug solutions were prepared in media with the final 
concentration of the DMSO in the well was to be < 1%. In 
each well of a 96-well plate, 100 μL of cell suspension was 
transferred aseptically and to it 100 μL of 1% drug solution 
(in quadruplicate) in media was added. At 37 °C, this plate 
was incubated for 72 h in CO2 incubator. 20 μL of MTT was 
added to each well after 72 h of incubation period. Again 
the plate was incubated for 2 h. To the each well of the 
plate, 80 μL of lysis buffer was added and it was covered 
in aluminium foil to prevent the oxidation of the dye and it 
was placed on a shaker for overnight. On the ELISA reader 
at 562 nm wavelength absorbance was recorded. To find out 
the  % inhibition of the test, absorbance was compared with 
that of DMSO control.

(3)Scavengingactivity(%) =

[
(

Ao − Ai

)

Ao

]

× 100

Author's personal copy



1381Journal of the Iranian Chemical Society (2018) 15:1377–1389	

1 3

Results and discussion

All the complexes were soluble in DMF and DMSO. The 
molar conductance of the complexes (10−3 M DMF solution) 
is in the range 09–20 Ω−1 cm2 mol−1 suggesting that these 
metal complexes are non-electrolytes [55].

Infrared spectra

The IR spectral information of ligand and its metal com-
plexes was compared to find out the coordination sites 
that possibly participated in coordination with metal com-
plexes. The important IR data of the ligand (L) and its 
metal complexes are listed in Table 1. In the Schiff base 
ligand (Fig. S4), the most predominant characteristic band 
of azomethine group (C=N) occurred at 1610 cm−1 and in 
its metal complexes this band was shifted to lower wave 
number by 32–37 cm−1, which indicates the participa-
tion of nitrogen atom of azomethine group in coordina-
tion with metal ion [56]. The Schiff base ligand (L) shows 
a strong band at 1673 cm−1 due to the carbonyl group 
(C=O) of the chromone moiety. This band also shifted 
around 20–73  cm−1 to lower wave numbers in all the 
metal complexes. The shift in wave number indicates the 

involvement of oxygen atom of the carbonyl group in coor-
dination with the metal ions [57]. NH group of the triazole 
ring was observed at 3072 cm−1 in ligand and its metal 
complexes, which indicates the non-involvement of NH 
group of the triazole ring [58]. All the metal complexes, 
except Pd(II), show bands at around 1510, 1450, 1340 and 
710 cm−1 which can be assigned to νas(COO), νs(COO), 
δ(CH3) and δ(OCO) vibrations suggesting the presence 
of acetate ion in the coordination sphere [59]. However, a 
band at 354 cm−1 in Pd(II) complex indicates the presence 
of Pd–Cl bond. From the far infrared spectral bands in the 
range 600–400 cm−1 further confirms the participation of 
oxygen and nitrogen atoms in coordination with metal ions 
(i.e., ν(M–N) and ν(M–O)). The IR spectral data confirm 
all the metal ions coordinated by Schiff base ligand in a 
bidentate manner over oxygen and nitrogen atoms of the 
carbonyl and azomethine groups, respectively.

Electronic spectra and magnetic measurements

Generally the electronic absorption studies and mag-
netic measurements provide quick and reliable informa-
tion about the geometry of metal complexes. These data 
can serve as effective tool to differentiate the tetrahedral, 

Table 1   Important infrared 
frequencies (in cm−1) of ligand 
(L) and its complexes

Compound ν(C=O) ν(C=N) ν(M–N) ν(M–O) ν(M − Cl)

L 1673 1610
[CoL(OAc)2]·2H2O 1601 1574 475 533
[NiL(OAc)2]·2H2O 1653 1578 482 557
[CuL(OAc)2]·2H2O 1600 1574 473 570
[ZnL(OAc)2]·H2O 1611 1573 482 557
[PdL(Cl)2]·4H2O 1650 1578 475 562 354

Table 2   Electronic spectral 
data and magnetic moments of 
Schiff base ligand and its metal 
complexes

Compound Band position 
(cm−1)

Transition Geometry µeff (BM)

L 25,641
30,959

LNCT
LNCT

[CoL(OAc)2]·2H2O 17,006
25,062
31,446

4A2(F) → 4T1(P)
LNCT
LNCT

Tetrahedral 4.73

[NiL(OAc)2]·2H2O 16,750
25,000
31,152

3T1(F) → 3T1(P)
LNCT
LNCT

Tetrahedral 2.91

[CuL(OAc)2]·2H2O 12,642
18,484
24,937

2B1g → 2Eg
2B1g → 2B2g
LNCT

Square planar 2.01

[ZnL(OAc)2]·H2O 26,809
31,152

LNCT
LNCT

Tetrahedral Diamagnetic

[PdL(Cl)2]·4H2O 23,529
30,769

1A1g → 1Eg
LNCT

Square planar Diamagnetic
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square-planar or octahedral geometries of the transition 
metal complexes. The absorption region, band assign-
ment, magnetic moment and the proposed geometry of 
the complexes are given in Table 2. Based on these data, 
a tetrahedral geometry has been assigned to all complexes 
except Cu(II) and Pd(II) complexes which have square-
planar geometry (Fig. 1). These values are comparable 
with other reported complexes in the literature [60–68]. 

ESR spectra

ESR spectrum of Cu(II) complex was recorded in benzene 
solution at room temperature (Fig. 2). The Cu(II) com-
plex showed a band centred at g = 2.21 with unresolved 

hyperfine structure. The values of g|| and g⊥ are 2.33 and 
2.15 (g|| > g⊥ > 2.0023), showing that the unpaired electron 
in the ground state of Cu(II) predominately lies indx2−y

2 
orbital, this was referring to a square-planar geometry 
around Cu(II) ions [69]. The most significant factor is that 
the g|| value (2.33) is considerably greater than most of the 
common Cu(II) complexes. A factor potentially contribut-
ing to increase of g| is distortion from square-planar geom-
etry [70]. From the obtained values, it is shown that A|| 
(133) > A⊥ (21); g|| (2.33) > g⊥ (2.21) > 2.0023. The g-values 
in the axial spectra are connected with exchange interaction 
coupling constant (G). From the G value, ligand nature is 
also evaluated by the expression

 
As reported by Karlin and Zubieta [70], if the G value 

is more than four, the exchange interaction is insignificant 
because the local tetragonal axes are aligned parallel or are 
slightly misaligned. If the G value is smaller than four, the 
exchange interaction is reasonable and the local tetragonal 
axes are misaligned. The noticed value for the exchange 
interaction parameter for the copper complex (G = 2.216) 
recommends that the ligand forming complex is observed as 
a strong field, and the local tetragonal axes are misaligned, 
and the exchange coupling effects are not operative in the 
present copper(II) complex. The metal–ligand bonding in 
this complex is covalent. It also further suggests that the 
stereochemistry of Cu(II) complex is square planar [69]. 
The degree of geometrical distortion was ascertained by a 
parameter g||/A|| (A|| in cm−1) with the values < 140 cm−1 
associated with the square-planar structure, whereas higher 
values indicate distortion towards tetrahedron. In the current 
Cu(II) complex g||/A|| value is 175 cm−1 which indicates the 
distortion in the complex [71].

Thermogravimetric studies

TG graphs of Co(II) and Ni(II) complexes of the ligand (L) 
are shown in Fig. 3. All the metal complexes were decom-
posed in two steps. The first step occurs in the temperature 
range between 60 and 120 °C with a weight loss of 3–15% 
which corresponds to the loss of lattice water molecules. 
In the second step, the total loss of ligand molecules was 
observed in the temperature range between 120 and 600 °C. 
Finally, metal oxide as a residue was observed.

Fluorescence spectra

The solid-state emission spectra of the ligand (L) and its 
Zn(II) complex are given in Fig. 4. Schiff base ligand and its 

(4)G =
g ∥ −2.0023

g⊥ − 2.0023
Fig. 1   Proposed structure of metal complexes

Fig. 2   ESR spectrum of Cu(II) complex
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Zn(II) complex exhibited fluorescence property but remain-
ing metal complexes (Co(II), Ni(II), Cu(II) and Pd(II)) do 
not exhibit any emission bands. The ligand was character-
ized by two emission bands at around 478 and 508 nm, and 
its Zn(II) complex shows emission band at 496 nm upon 
photo-excitation at 400 nm. There was a decrease in the 
intensity of the emission band of Zn(II) complex when com-
pared to the ligand. Literature reports revealed that there was 
a decrease/increase in fluorescence intensity or quenching or 
new emission bands are observed especially when the ligand 
is bonded with transition metals [29, 72, 73].

Powder XRD and SEM

The powder X-ray diffraction data for the synthesized com-
pounds were obtained for structural characterization pur-
pose. Powder XRD pattern of the compounds was recorded 
over the 2θ = 10°–80°. The powder XRD patterns of the 
Schiff base ligand and its Pd(II) complex are shown in Fig. 5. 
Observed and calculated powder XRD data of the Schiff 
base ligand and its Pd(II) complex are given in Table S1 
(a&b) in Supplementary Information.

Except Co(II), Ni(II) and Cu(II) complexes, the Schiff 
base ligand and its Zn(II) and Pd(II) complexes displayed 
sharp crystalline peaks indicating their crystalline nature. 
However, Co(II), Ni(II) and Cu(II) complexes are in amor-
phous nature. The Schiff base ligand and its Zn(II) and Pd(II) 

complexes were monoclinic with distinct unit cell parame-
ters. Unit cell parameters of ligand and its Zn(II) and Pd(II) 
complexes were as follows: L: a = 6.8684 Å, b = 12.9430 Å, 
c = 7.6223 Å, β = 95.128°. V = 674.89 Å3; [ZnL(OAc)2]·H2O: 
a = 8.5103 Å, b = 10.1787 Å, c = 11.7909 Å, β = 94.898°. 
V = 1017.63  Å3; [PdL(Cl)2]·4H2O: a = 7.2840  Å, 
b = 15.3626 Å, c = 12.9642 Å, β = 96.933°, V = 1440.11 Å3. 
By using Debye–Scherrer’s formula, the average crystallite 
sizes for all compounds are determined [74]. The ligand and 
its Zn(II) and Pd(II) complexes have an average crystallite 
size of 36, 24 and 10 nm, respectively, indicating that the 
compounds were in nanocrystalline phase.

The SEM micrographs of the synthesized ligand and its 
complexes were taken to analyse their morphology and grain 
size. The SEM–EDS micrographs of the Ni(II) complex are 
shown in Fig. 6. From the SEM micrographs, it is observed 
that there was a uniform matrix in the ligand and its com-
plexes, which implies their homogeneous nature. The SEM 
images of ligand and its Cu(II) and Pd(II) complexes show 
agglomerated thin plates, ice granular and ice plates like 
morphologies. However, Co(II), Ni(II) and Zn(II) complexes 
showed spherical-shaped particles, with an average grain 
size of 0.52, 0.59 and 0.95 µm, respectively. (SEM images 
of (1) Ligand, (2) Co(II) complex, (3) Zn(II) complex, (4) 
Pd(II) complex are presented in Fig. S5 Supplementary 
Information).

Fig. 3   TG-DTG graphs of a 
Co(II) complex and b Ni(II) 
complex

Fig. 4   Emission spectra of a 
Schiff base ligand (L) b its 
Zn(II) complex
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DNA binding activity

UV–visible spectroscopic studies

The potential DNA binding ability of the synthesized com-
pounds was characterized by UV–visible absorption spec-
troscopy. This is one of the most useful methods in DNA 
binding studies [75]. Absorption studies shows that the com-
pounds can bind to DNA either through covalent bonding, 
such as in complexes that contain ligands that can be substi-
tuted with the nitrogen base of DNA [76], or by non-covalent 
interactions such as electrostatic and intercalation or groove 
binding [77]. When the concentration (0–0.261 × 10−4 M) 
of the compounds was increased, hypochromism of the 
absorption bands was observed. The results suggest that the 
compounds bind to DNA by intercalative, since intercalation 
leads to hypochromism in the spectral bands [78]. There was 
a red shift observed for Co(II), Zn(II) and Pd(II) complexes, 

which indicates the stabilization of the DNA duplex due to 
an intimate association between complexes and DNA. The 
electronic spectra of ligand and its Zn(II) complex in the 
absence and presence of increasing amount of DNA (at a 
constant concentration of complexes) are given in Fig. 7.

The binding constant Kb values obtained for ligand, 
Co(II), Ni(II), Cu(II), Zn(II) and Pd(II) complexes 
were 2.8 × 104  M−1, 3.6 × 104  M−1, 3.5 × 104  M−1, 
4.8 × 104 M−1, 3.7 × 104 M−1 and 2.0 × 104 M−1, respectively. 
Hypochromism and redshift clearly indicate that there was 
an interaction between metal complexes and DNA. The 
results also show that the binding magnitudes of the metal 
complexes with DNA lie in the following order Pd(II) < Ni(
II) < Co(II) < Zn(II) < Cu(II). The greater Kb value of Cu(II) 
complex indicates its strong binding with DNA.

Fig. 5   Powder XRD spectra of 
a Schiff base ligand (L) b Pd(II) 
complex

Fig. 6   SEM micrograph and EDX of Ni(II) complex
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Fluorescence quenching studies

The fluorescence quenching spectrum of DNA–EB system 
by the ligand and its Zn(II) complex is shown in Fig. 8. The 
fluorescence emission intensity of the DNA–EB system 
decreased with the increase in the compound concentra-
tion. The resulting decrease in fluorescence is caused by EB 
changing from a hydrophobic environment to an aqueous 
environment. Such a characteristic change is often observed 
in intercalative DNA interactions. The quenching plots 
illustrate that the quenching of EB bound to DNA by the 
ligand and its complexes were in good agreement with the 
linear Stern–Volmer equation. In the plots of F0/F versus 
[Q], kq is given by the ratio of the slope to the intercept. 
The kq values for the ligand, Co(II), Ni(II), Cu(II), Zn(II) 
and Pd(II) complexes were 1.22 × 104 M−1, 5.25 × 104 M−1, 
4.95 × 104  M−1, 2.32 × 105  M−1, 8.32 × 104  M−1 and 
3.20 × 104 M−1, respectively. This data suggest that the inter-
action of the Cu(II) complex with CT-DNA is stronger than 
that of the remaining complexes, which is consistent with 
the above absorption spectral results.

The Pearson correlation between the binding constants 
Kb and kq is calculated and shown in Fig. 9. The correlation 
coefficient value (r) is 0.84, indicating that there is a strong 
linear relationship between the variables.

Molecular docking studies

The docking results of the compounds (ligand, Cu(II) and 
Zn(II) complexes) were analysed for binding with major 
and minor groove of B-DNA (Fig. 10), and furthermore 
the hydrogen bonding to the nucleotides was also checked. 
Table S2 shows the distribution of each of the compounds 
in 50 runs to the major groove, minor groove, H-bonds to 
ATGC, and maximum binding energies were recorded.

The H-bonds showed that the compounds were distrib-
uted along the major and minor groves almost equally. All 
the compounds revealed higher affinity towards purines 
especially guanine. The presence of carboxyl oxygen which 
has higher electronegativity in the compounds causes dis-
ruption of hydrogen bonds between nucleotide base pairs. 
The results of molecular docking study show that the com-
pounds bind efficiently with the DNA receptor (in minor 
groove) and their binding energy values − 7.66, − 9.39 
and − 12.26 kcal mol−1 for ligand, Cu(II) and Zn(II) com-
plexes, respectively. The more negative of binding energy 
indicated its strong binding ability to the DNA. Among the 
compounds, Zn(II) complex displayed higher binding affin-
ity towards the DNA molecule and also contributed to most 
of the hydrogen bonds to guanine. Therefore, Zn(II) com-
plex has a better chance of disrupting DNA molecules and 
causing mutation. These molecules stand a chance as a drug 

Fig. 7   Absorption spectra of 
the a ligand (L) and b Zn(II) 
complex upon addition of CT-
DNA. [Compound] = 50 µM, 
[DNA] = 0.026 × 10−4 M to 
0.261 × 10−4 M. Arrow shows 
the absorbance changes upon 
increasing DNA concentration
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molecule towards treating cancer and also as DNA-targeted 
drug delivery systems.

Cleavage of plasmid pET28a DNA

The cleavage of pET28a plasmid DNA with the synthesized 
compounds in absence and presence of H2O2 has been moni-
tored by agarose gel electrophoresis as shown in Fig. 11a, b. 
The mechanism of nucleolytic activity of synthesised com-
pounds has been investigated. DNA alone (Control) does not 
show activity. In the absence of H2O2 (Fig. 11a), observed 
molecular weight difference in all lanes compared to con-
trol indicates their partial nucleolytic activity. Probably this 

may be due to the redox behaviour of the metal ions. These 
results indicated the important role of the metal ions in 
cleavage studies. In the presence of H2O2 (Fig. 11b), absence 
of marker bands was clearly observed in Cu(II) and Zn(II) 
complexes indicate the complete DNA cleavage activity. In 
the case of Co(II), Ni(II) and Pd(II) complexes, a decrease in 
the intensity of bands was observed compared to the control. 
This is probably due to the partial cleavage of the DNA. As a 
result, in the presence of oxidant DNA cleavage activity was 
more when compared with the absence of oxidant. It may 
be due to the formation of hydroxyl radicals. The general 
oxidative DNA cleavage mechanism was proposed in the 
literature by several research groups [73]. Compounds were 
observed to cleave the DNA, concluding that the compounds 
inhibit the growth of the pathogenic organism by cleaving 
the genome. 

Antimicrobial activity

The microbial results of the synthesized compounds in mini-
mum inhibitory concentration (MIC) are given in Table 3. 
Ligand and its Cu(II) and Zn(II) complexes showed moder-
ate activity against tested microorganisms, and they were 
compared with the standard drugs (kanamycin and clotri-
mazole). However, remaining metal complexes (Co(II), 
Ni(II) and Pd(II)) did not show any activity against tested 
microorganisms. The higher activity of the metal complexes 

Fig. 8   Emission spectra of EB 
bound to DNA in the absence 
and presence of a ligand b 
Zn(II) complex (25–125 µM) 
and plot of F0/F versus [Q]

Fig. 9   Pearson correlation between the binding constants Kb and kq
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can be explained based on the Overtones concept and chela-
tion theory [29]. According to these, chelation could allow 
for the delocalization of π-electrons over the entire chelate 
ring and enhances the lipophilicity of the complexes. This 
increased lipophilicity facilitates the penetration of the com-
plexes into lipid membranes, further restricting proliferation 
of the microorganisms. The negative results can be attributed 
either to the inability of the complexes to diffuse into the 
bacteria cell membrane, and hence they become unable to 
interfere with its biological activity [74].

DPPH scavenging activity

2,2-Diphenyl-2-picrylhydrazyl (DPPH) assay is widely 
used for assessing the ability of radical scavenging activity, 
and it is measured in terms of IC50 values. DPPH is a well-
known radical and a scavenger for other radicals. Therefore, 
DPPH radical was reduced in the presence of an antioxi-
dant. The results revealed that the ligand (IC50 = 1.35 μg/
mL (5.62 μM)) and its Ni(II) complex (IC50 = 0.79 μg/mL 
(1.74 μM)) exhibited significant activity. By increasing the 
concentration of the compounds, the scavenging activity 
was also increasing. However, remaining metal complexes 
(Co(II), Cu(II), Zn(II) and Pd(II)) have not shown any 
activity. From the data, it is also confirmed that the Ni(II) 

Fig. 10   Molecular docked model of Schiff base ligand (1), Cu(II) complex (2) and Zn(II) complex (3) with BDNA dodecamer structure with 
sequence 5′-D (CGC​GAA​TTC​GCG​)2 and sequence id: 1BNA

Fig. 11   Gel electrophoresis photograph of ligand (L) and its metal 
complexes in the absence of H2O2 (a) and presence of H2O2 (b). 
a Lane 1: DNA + Ligand, Lane 2: DNA + Cu(II) complex, Lane 
3: DNA + Co(II) complex, Lane 4: DNA + Ni(II) complex, Lane 
5: DNA + Zn(II) complex, Lane 6: DNA + Pd(II) complex and 

Lane 7: Control (DNA alone). b Lane 1: DNA + Ligand + H2O2, 
Lane 2: DNA + Cu(II) complex + H2O2, Lane 3: DNA + Co(II) 
complex + H2O2, Lane 4: DNA + Ni(II) complex + H2O2, Lane 
5: DNA + Zn(II) complex + H2O2, Lane 6: DNA + Pd(II) com-
plex + H2O2 and Lane 7: Control (DNA alone)
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complex was shown comparable activity to the standard drug 
BHT (IC50 = 0.67 μg/mL (3.04 μM)).

Anti‑proliferative activity by MTT Assay

The cytotoxic effect of the new synthesized compounds on 
the proliferation of human cervical cancer cells (HeLa), neu-
roblastoma cells (HEK-293), normal kidney cells (IMR-32) 
and human breast cancer cells (MCF-7) was done by MTT 
assay. The IC50 values obtained for the synthesized com-
pounds against the tested cell lines are listed in Table 4. The 
results show that the metal complexes exhibited good activ-
ity when compared to the ligand and lesser activity when 
compared to the standard drug. The greater activity of the 
complexes may be due to the chelation. However, Cu(II) 
complex exhibited higher activity when compared with the 
remaining metal complexes against all tested cell lines.

Conclusion

In this paper, Co(II), Ni(II), Cu(II), Zn(II) and Pd(II) com-
plexes with Schiff base ligand (L) derived from 3-formyl-
chromone and 3-amino-1,2,4-triazole have been synthesized 
and characterized. The ligand (L) acts as bidentate coordi-
nating through oxygen and nitrogen atoms of azomethine 
and carbonyl group of pyrone ring, respectively, confirmed 
by spectral, analytical, thermal and magnetic studies. Ace-
tate/chloride molecules are also coordinated to the metal 

ions. The Co(II), Ni(II) and Zn(II) complexes have shown 
tetrahedral geometry, whereas Cu(II) and Pd(II) complexes 
have shown square-planar geometry. Antimicrobial activ-
ity of the compounds showed moderate activity. The Ni(II) 
complex of the ligand showed comparable antioxidant activ-
ity to the standard BHT. The DNA binding results show 
that the compounds bind to CT-DNA via intercalative mode. 
The synthesized compounds have potent cleavage activity 
without any external reagents, but the cleavage activity is 
more when H2O2 is added as external oxidising agent. Cu(II) 
complex displayed good anti-proliferative activity compared 
to the remaining compounds. From all the results, Cu(II) 
and Zn(II) complexes can be used as a promising antitumor 
agents in vivo to inhibit the DNA replication in the cancer 
cells and not allow the tumour for further growth.
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