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In recent years, the field of metal-based drug has experienced an 
impressive renaissance. The chemistry of the transition elements is largely 
concerned with the study of their coordination compounds. Academic and 
industrial research in coordination chemistry is flourishing and the output of 
research papers and reviews is growing exponentially. In addition to the 
various applications in the applied science, ‘Complex Chemistry’ plays vital 
roles in the chemistry of living matter. The work performed presents a 
comprehensive analysis of the chemistry of some transition metals like Ni, 
Cu & Zn (II) complexes of novel ligands 3-formyl chromone hydrazones that 
are of interest as biological point of view. In the present investigation, new 
ligands and their transition metal complexes are prepared and characterized. 
The characterization and elucidation of the structure of the prepared 
compounds were performed by elemental analysis, FTIR, 1H/13C-NMR, 
electronic, AAS, EPR, ESI-MS data and thermo gravimetric analyzes, as 
well as conductivity and magnetic susceptibility measurements. Ni, Cu & Zn 
(II) are the metal ions used for the complexation. The procedure for carrying 
out the biological activities like antibacterial and antifungal studies and their 
methodology were also discussed. Preliminary in vitro antimicrobial activities of 
the ligands and their metal complexes have been carried out in order to 
understand the toxicity of ligands and metal complexes against microbes, 3T3-
L1 normal cells. The materials, methods and instruments used for the 
cytotoxicity study, α-amylase and α-glucosidase inhibition, and DNA binding 
were described. 

For the sake of brevity, symbols have been used in this thesis, which is 
given in the abbreviations at the end of thesis. A detailed list of references 
arranged in serial order is given at the end of each chapter. The research 
work presented in this thesis has partly been published/ under publication as 
indicated at the end of thesis. 



The aim of this work was the development of new Ni, Cu & Zn (II) 

complexes and we interested the interaction of metal (II) complexes with 

different derivatives of 3-formyl chromones. We have been interested in the 

relationship between compounds (ligands and their metal complexes) 

because large numbers of flavones are exhibit anti-proliferative effects 

against breast cancer cells.  

In the present study, we synthesized eight different 3-formyl chromone 

hydrazones and their transition metal complexes showing antimicrobial 

activities, α-amylase and α-glucosidase inhibition and DNA binding. 

The first chapter introduces the historical background of metal-based 

drugs, anticancer agents based on metal complexes and 3-formyl chromones 

are explained in detail. In the second chapter, a detailed account full 

characterization of all ligands using elemental analysis, FTIR, 1H/13C-NMR, 

ESI-MS and UV-Vis techniques. In third chapter, a detailed account full 

characterization of metal complexes using elemental analysis, FTIR, 1H/13C-

NMR, electronic, AAS, EPR and thermo gravimetric analyzes, as well as 

conductivity and magnetic susceptibility measurements. Chapter IV deals 

with the antimicrobial activities of ligands and their metal (II) complexes. 

Chapter V contains DNA interaction studies by absorption titration and 

viscosity measurements of newly synthesized metal (II) complexes of                 

3-formyl chromones. Chapter VI includes Study of in-vitro Inhibition of                  

α-amylase and α-glucosidase by chromone hydrazones and their Ni (II), Cu 

(II) and Zn (II) complexes. In chapter VII consists of cytotoxicity studies of 

all metal complexes and their ligands. 
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1.1  Introduction 
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1.1  Introduction 

The present study of coordination compounds commences with 

Alfred Werner, first inorganic chemist, awarded the Noble prize for 

chemistry in 1913[1]. It is continuously matured as bioinorganic 

chemistry. These days, coordination complexes are involved in a wide range 

of applications as homo/ heterogeneous catalysts, [2] semiconductor film 

precursors and nano particles [3]. In the field medicine they are used as 

image-fixing and chemotherapeutic agents [4] etc. The combinatorial 

approach to the discovery of new chemotherapeutic agents and catalysts is 

currently an innovative and exciting field of research. Metals play an 

essential role in a large number of expansively diverse biological 

activities. Some of these processes are rather specific in their metal ion 

requirements, only some metal ions in specific oxidation states can meet 
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the essential catalytic structural requirements. Processes associated to 

metal ions are found throughout the science and differ enormously in their 

function and complexity. Now we realize that metal ions manage a wide 

range of processes in biology. Numerous innovative and breathtaking 

developments in the area of biochemistry have created attention in inorganic 

chemists to introducing in the new field called “Bioinorganic Chemistry”. 

Biomedical inorganic chemistry is a new important area of chemistry offers a 

new design for potential diagnostic and therapeutic agents. Bioinorganic 

chemistry is to discover new methods and design for coenzyme with 

properties to mimic the functional properties of natural metalloproteins 

[5]. Metal ions are present in vitamins, proteins and enzymes having 

macromolecular ligands. The chemistry of metal complexes with 

multidentate ligands having delocalized orbitals, such as Schiff bases, 

hydrazones or porphyrins has recently gained more attention due to their 

use as models in biological systems.  

1.2 Outline of the Systems Employed in our Study  

1.2.1 Hydrazones 

Coordination complexes are formed by ligands that have various 

donor sites generally heterocyclic rings, for example: NNO or NNS. 

Among the ligands hydrazone playing a significant role since coordination 

complexes of these compounds are at present extensively used for the 

treatment of numerous diseases, in analytical and synthetic chemistry as 

heterogeneous catalysts in the oxidation-reduction reaction process and a 

variety of chemical, photochemical reactions as well as different industrial 

significance in the field of science and technology [6-10]. 
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Hydrazones are obtained by the condensation reaction of carbonyl 

compounds such as ketones or aldehydes with hydrazides. The substituted 

hydrazones are formed from the reaction between substituted carbonyl 

compounds and hydrazides. The general formula for an acylhydrazone is 

shown in Figure 1.1. 
 

 
Figure 1.1 General formula for an acylhydrazone. 

 

Hydrazones are an extremely old category of compounds, firstly 

reported in 1850 [11] by the synthesis of N-acylhydrazone. Now large 

number of mono or di substituted hydrazones are common. Hydrazones 

are extremely reactive nitrogen containing versatile compound, used as 

intermediates and precursors of many organic molecules such as 

pharmaceuticals, heterocycles, polymers and photographic products,              

etc. [12]. A huge number of cyclic or acyclic hydrazones shows 

chemiluminescence [13]. Due to wide variety of biological and promising 

pharmacological activities of hydrazones, they are extensively studied in 

the current scenario [14-17]. They are formed by simply refluxing 

different carbonyl compounds with acid hydrazide (AH) in methanol or 

ethanol. Because of these simpler reaction conditions, expanded chemical 

libraries can be created to discover numerous prospective bioactive 

molecules. In hydrazones newly formed C=N bond constitute to the 

geometric isomeric form such as syn and anti. Geometric isomerism can 
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have a choice of vital functions in the bioactivity of hydrazones, so their 

studies are tremendously essential for developing synthetic methods for 

the selective synthesis of a particular isomer. 

N-acylhydrazones having general formula ArCONHN=C(R)Ar`. 

Hydrazones containing azomethine -CH=NNH- hydrogen are formed 

from the reaction of carbonyl compounds with acid hydrazide or in different 

solvents or in solvent-free conditions. Most of all, the acylhydrazone 

derivatives can exist in four possible forms because of the collective 

effect of the configurational stereochemistry E and Z as well as of 

conformational stereoisomers or rotamers i.e antiperiplaner (ap) and syn 

periplaner conformers (sp). 

 

The substituted hydrozones have an extensive variety of biological 

applications, such as antimicrobial, anti-convulsant, analgesic, anti-

inflammatory, anti-tuberculosis, anti-platelet, antiviral, anti-HIV and anti-

tumor activity [18-19]. An Isonicotinic acid hydrazide (INH) derivative is 

used as anti-tuberculosis medicine in deterrence or treatment and also has 

an antidepressant effect. It was one of the first antidepressants discovered. 

It has high in vivo inhibitory activities against M. tuberculosis H37Rv. 

INH hydrazones have inhibitory activity in mice infected with various                   

M. tuberculosis strains. Hydrazones show less toxicity than hydrazides 

because the -NH2 group is blocked. These findings further support the 
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increasing significance of the synthesis of hydrazide-hydrazones 

compound [20-22]. Nifuroxazide (INN), 4-hydroxy-N'-[(5-nitrofuran-2-

yl)methylene] benzohydrazide is an oral hydrazone based nitrofuran 

antibiotic used to treat colitis and diarrhea.  

1.2.1.1 Bonding and diversity in the chelating behaviour of hydrazones  

The coordination mode present in hydrazones are depend on 

numerous factors such as reaction conditions, tautomerism, the stability 

of the complex formed and the number or type of substituent present in 

hydrazones. The donor sites present in hydrazones are amide oxygen 

and azomethine nitrogen. In addition to this, if the carbonyl part 

contains a hetero atom, the hetero atom can coordinate with the center to 

form a tridentated ligand. Because of the tautomerism in the hydrazones, 

the amide oxygen can be in the form of keto (Structure I) or in enol form 

(Structure II). 
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                           Structure (I)                                        Structure (II) 
 

The actual ionization state depends on the condition and the 

metallic salts used. In the basic solution the amide is deprotonated and 

coordinates the center of the metal in an enol form while the strongly 

acidic conditions favour the compounds formulated with a neutral 

ligand. 
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In some cases there is a possibility in which two deprotonated 

ligands coordinate at the same metal center giving rise to six coordinate 

distorted octahedral complexes. These types of complexes have greater 

stability due to chelation. 
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Structure (III) 

 

In number of cases hydrazones appeared as bridged complexes. It is 

due to that an atom or group of atom may act as bridging ligand which 

which leads to the formation of dimer. Usually halogens, azide and 

thiocyanate ligands can act as these types of bridges. 
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Structure (IV) 
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In the case of hydrazones (ONO donor) having phenolic group. The 

phenolate oxygen atom can form a bridge between the metal centers leads 

to the formation of a dimer. 

M
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N M
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Structure (V) 

Presence of extra donor sites in the ketonic part may lead to the 

formation of multinuclear complexes. Another possibility is that hetero 

atom present in the hydrazide part of hydrazones it can also take part 

in bonding. Another possibility is that hetero atom presents in the 

hydrazide part of hydrazones, it can also take part in bonding. 
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Structure (VI) 
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1.2.2 Chromone hydrazones  

Chromone (or 1, 4-benzopyrone) is a derivative of benzopyran 

(Figure 1.2) with a substituted keto group on the pyran ring. Chromones 

are the one of the important classes of naturally occurring compounds and 

interest in their chemistry continues because of their usefulness as 

biologically active agent [23]. The chromone structure is an important 

part of several flavonoids.  

 

Figure 1.2 Structure of chromone 
 

The chromone moiety forms an important pharmacophores of large 

number of biologically active synthetic as well as natural compounds 

having medicinal usefulness. The famous anti-asthmatics, such as 

cromolyn sodium (or cromolyn) and nedocromil, are commonly grouped 

together as chromones (also called cromoglycates). These chromones are 

potent in preventing both early and late responses to inhaled allergens, 

such as pollen, and reducing airway reactivity to a range of inhaled 

irritants, such as sulfur dioxide and cold air [24].  

Chromones have drawn considerable interest from synthetic organic 

and medicinal chemists [25], mainly 3-formylchromone has emerged as a 

valuable synthon for incorporation of the chromone moiety into a number of 

molecular frameworks [26]. However, its synthetic utility is limited due to 



A brief prologue to chromone hydrazones and their transition metal complexes 
 

Design, Synthesis and Pharmacological Evaluation of Chromone Hydrazones and their Transition Metal Complexes 9 

ease of opening of the chromone ring [27-28] and strategies are being 

worked out to deal with this problem [29]. Reaction of 3-formylchromones 

with aromatic amino acids has also been studied by Groweiss et al. [30]. The 

synthetic significance of 4-oxo-4H-[1]-benzopyran-3-carboxaldehydes (4-

oxochromene-3-carboxaldehydes, 3-formylchromones) (Figure 1.3) comes 

from their usefulness as reactive agents and valuable precursors for many 

different heterocycles. 

 
Figure 1.3 Structure of 3-formylchromones 

There are lots of reasonable mechanisms whereby fruits and vegetables 

intake can prevent carcinogenesis. Plant foods have an extensive variety of 

anticancer pytochemicals with several potential bioactivities that can 

diminish susceptibility to cancer [31]. Flavonoids and isoflavonoids are 

particularly promising candidates for cancer prevention [32]. Flavonoids 

are secondary metabolites of plants, present in all terrestrial vascular 

plants. Flavonoids are chemically defined as substances composed of a 

common phenylchromone (C6-C3-C6) structure with one or more 

hydroxyl substituent. In recent years, particular attention has been paid to 

understanding the mechanism of their ability to inhibit the cell cycle [33], 

cell proliferation and oxidative stress and to detoxification enzymes, 

apoptosis and the immune system. In view of a greater interest in the 

biological effects of flavonoids and isoflavonoids, it is appropriate to 

review the present knowledge of epidemiology, anti-carcinogenic activity, 

bioavailability and the potential mechanisms of action of flavonoids and 



Chapter 1 

10  Department of Applied Chemistry, Cochin University of Science and Technology 

isoflavinoids. Building on this basis will facilitate the development of 

new strategies and approaches for cancer control. 

Chromones are omnipresent in nature, particularly in plants. It 

forms a numerous biologically active molecules of synthetic and natural 

origin as antitumor, anti-inflammatory, antimicrobial and pesticide agents 

[34]. It is also a precious synton for a number of molecular structures; it 

has aroused significant interest as a precursor of the drug. On the other 

hand several functional groups have proven to be especially valuable in 

promoting mesomorphic properties in imine group [35].  

1.2.3 Choice of Metals  

The DNA interaction studies of metal complexes are an emerging 

research area, in addition to their use as potential therapeutic agents. 

Metals are capable to interact (covalently or non-covalently) with DNA 

through the electron-donating DNA bases and phosphate groups 

producing both intra or inter-strand interactions and among others. In 

addition to the coordinated atoms/groups in metal complexes contribute 

specific abilities ie. hydrogen bonding, intercalation, electrostatic 

interaction leading to the global effects [36]. Chemotherapy is the use of 

chemicals/drugs to an invading organism without damage to the host 

organism. A combined approach of new compounds is necessary to 

recognize the metabolism of metal-based drugs. Especially target 

interactions may not be as a significant in distinguishing drug action as 

part of metabolism and deactivation. The crucial role of transition metal 

ions in biological systems is well known [37]. In this thesis reassess the 

advancement of transition metal complexes as pharmacophores. While 

designing new metal complexes for therapeutic use the subsequent actions 
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require to be considered are hydrolysis, protein binding membrane 

transports are molecular target. Hydrolysis of metal complexes is significant 

since the aqueous milieu of biological systems, but the hydrophobic nature 

of cell membranes, vesicles and enzyme active sites need to consideration 

of lipophilic ligands in the development of new complexes. So, design               

of metallo-drugs requires bringing together organometallic chemistry         

with traditional aqueous coordination chemistry, a merger that is in its 

infancy [38]. 

The chemistry of Nickel is much simpler than that of other first row 

transition elements. The only oxidation state of importance is Ni (II) and 

these compounds are stable. Ni (II) has d
8 

configuration and is able to 

form square planar complexes as well as octahedral ones. Ligands with 

large crystal fields favor square planar coordination because of the more 

favorable CFSE. 

Copper (II) is an important and spectroscopically well examined 

metal ion in biological systems. Due to the Jahn-Teller distortion the 

structural properties which are not in a priori expected by the classical 

molecular mechanics approach. Cytochrome C oxidase and superoxide 

dismutase are copper containing metalloenzymes. These enzymes are 

used to be determinants in diabetes by their roles in regulating oxidant 

status. Cu (II) complexes are observed as the most hopeful alternatives to 

cisplatin as anticancer drug after Ru(II) complexes. Copper (II) is take 

part in an important role in biological systems as well as pharmacological 

agents. Synthetic Cu (II) complexes have been reported to act as potential 

anticancer and cancer inhibiting agents [39] Recently, the ligand Cu(II) 



Chapter 1 

12  Department of Applied Chemistry, Cochin University of Science and Technology 

complexes of diimines could bind and cleave DNA and exhibit anticancer 

activity that is more efficient than that of cisplatin [40]. 

Zinc is a bluish grey metal. It is an essential element to life. The most 

common oxidation state of zinc is +2. It is a d
10

 system and is very stable. 

Zinc complexes are predominantly four coordinated and tetrahedral. In the 

field of coordination chemistry, zinc has importance. Zn (II) ion has been 

found in several metalloenzymes such as zinc-peptidases, human carbonic 

anhydrase, and alkalinephosphatase [41]. Today more than 200 different zinc 

proteins are known [42]. Metallothioneins, proteins containing zinc remain 

unique in character and are encountered both in animals and microorganisms 

[43-44]. The emerging importance of Zn (II) in neurological signaling and 

some proposed functions in biological systems have generated an urgent 

demand for the development of Zn (II)-specific molecular probes, and many 

Zn (II) fluorescent sensors have been reported, exhibiting high selectivity and 

sensitivity over other biologically essential metal ions in specific ranges of 

concentration [45-47]. 

1.3 Application of Metal Complexes of Chromone Hydrazones 

1.3.1 Pharmacological activities of the chromone analogs 

Chromones are a group of naturally occurring compounds that are 

ubiquitous in nature especially in plants. Molecules containing the chromone 

skeleton have extensive biological applications including antimycobacterial, 

antifungal, anticancer, antioxidant, antihypertensive, and anti-inflammatory 

applications and tyrosinase and protein kinase C inhibitors [48-57]. 

Chromone and its analogs are important pharmacophores and privileged 

structures in medicinal chemistry and have featured in a number of clinically 
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used drugs. The most relevant and recent studies have revealed that 

chromones derivatives have a broad spectrum of pharmacological activities 

which can be classified into the following categories: 

1.3.1.1 Anti-cancer agents 

Cancer is a burning issue under investigation which refers to the 

uncontrolled and rapid abnormal cell division that can invade nearby tissue. 

In 2015 about 90.5 million people were cancer carrying and even its number 

is increasing every year. A number of hydarzone derivatives have been 

developed with anticancer properties. R. M. Mohareb et al. reported the 

synthesis of a number of hydrazide-hydrazone derivatives from ring D 

modification of pregnenolone [58]. These compounds were evaluated for 

anticancer activity and were reported highly effective against breast cancer, 

lung cancer and CNS cancer compared to the reference drug doxorubicin. A 

new Schiff base obtained from 3-formylchromone and benzohydrazide 

(Hfcbh) and its Ru (II), Ru (III), Pd (II), Pt (II) and Ag (I) complexes were 

synthesized and evaluated as anticancer agents against the human breast 

cancer (MDA-MB231) and human ovarian cancer (OVCAR-8) cell lines. 

The [Ag(fcbh)(PPh3)] complex shows the highest efficacy with a mean IC50 

values of 1.0 (MDA-MB231) and 0.87 (OVCAR-8) µM, respectively[59]. 

1.3.1.2 Anti-HIV agents 

New Schiff base ligands derived from 5-amino-4-phenyl-4H-1, 2, 4-

triazole-3-thiol and substituted benzaldehydes as well as their metal 

complexes with Cu (II), Fe (II), Au (III), and Mn (II) have been synthesized 

by Al-Masoudi et al. and assayed for anti-HIV-1 and HIV-2 activity by 

examination of their inhibition of HIV-induced cytopathogenicity in MT-4 
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cells. Copper complexes were found to be the most active inhibitors                 

in cell culture (EC50=12.2 μg/mL (SI=4) and >2.11 μg/mL (SI=>1), 

respectively) against HIV-1, and also showed inhibition against HIV-2 of 

EC50>10.2 μg/mL with SI=9, which provided a good lead for further 

optimization [60]. 

 
Figure 1.4 Example of metal (II) complexes showing anti-HIV activity 

[Ref: 60] 
 

1.3.1.3 Anti-oxidant agents 

Free radical production occurs continuously in all cells as part of 

normal cellular function. However, excess free radical production 

originating from endogenous or exogenous sources might play a role in 

many diseases. Antioxidants stop free radical induced tissue damage by 

preventing the formation of radicals, scavenging them, or by promoting 

their decomposition. Sathyadevi et al. have been synthesised bivalent 

transition metal hydrazone complexes of [Ni(L1)2], [Co(L1)2], [Ni(L2)2] 

and [Co(L2)2] from the reactions of [MCl2(PPh3)2] (where M=Ni or Co) 

with hydrazones derived from 2-acetyl pyridine and carboxylic acid 
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hydrazides of benzhydrazide (HL1) or thiophene-2-carboxylic acid 

hydrazide (HL2) showed good antioxidant activity [61]. Three new 

hydrazone complexes [Cu(L)(neocuprin)]NO3·H2O, [Cu(L)(HL)]ClO4, 

and [Cu2(2-(2-pyridyl)benzimidazole)2(L)2]ClO4 (L = N′-[(E)-phenyl 

(pyridin-2-yl)methylidene]furan-2-carbohydrazide) have been synthesized 

and studied their antioxidant activity. The experimental values (antioxidant 

SOD activity data) are indicative of the promising application of these 

complexes into the bioinorganic chemistry of superoxide dismutase [62]. 

 
 Figure 1.5  Example of Cu (II) complexes showing antioxidant 

activity [Ref: 62] 

Chang et al. synthesised [Zn(L)(HL)(ClO4)]·H2O and [Ni(L)(HL) 

(ClO4)]·H2O (HL=2-acetylpyridine isonicotinohydrazone), complexes. 

They are active scavengers for O2˙
-
 and HO

˙
, exerting superior activities 

compared to the free ligand [63]. Zheng et al. synthesised Ln(III) 

complexes with hesperetin-4-one-(benzoyl) hydrazone. The antioxidant 

activity of the ligand and Ln(III) complexes was determined by 

superoxide and hydroxyl radical scavenging method in vitro, which 

indicate that the ligand and Ln(III) complexes have the activity to 

suppress O2˙
-
 and HO

˙
 and the Ln(III) complexes exhibit more effective 

antioxidant activity than the ligand alone [64]. 
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1.3.1 4 Anti-tubercular agents 

Tuberculosis (TB) is a chronic bacterial infection, spread through 

the air, and caused by a bacterium called Mycobacterium tuberculosis 

(MTB). Indoline-2,3-dione (isatin) derivatives are reported to show anti-

tubercular activities, accordingly, isatin is a versatile lead molecule for 

designing of potential anti-tubercular agent. Hunoor et al. synthesised            

Co (II), Ni (II), Cu (II) and Zn (II) complexes with heterocyclic Schiff 

base formed by the condensation of isonicotinoylhydrazide and 3-

acetylcoumarin and evaluate anti-tuberculosis. Upon complexation with 

Co (II) and Ni (II) ions, anti-TB activity of the ligand has enhanced [65].  

1.3.1.5 Anti-inflammatory and Analgesic agents 

Inflammation refers to a commonly used broad term for a local 

response to cellular injury characterized by pain, capillary dilatation, odema, 

heat, redness and loss of function. To date, a number of hydrazone 

derivatives has been efficiently synthesized and evaluated for the analgesic 

and anti-inflammatory activities. It is important to mention that COX-I and 

COX-II have an important role in the inflammation. Structure modification 

of the parent bioactive molecule which is a common practice over the                

years may further enhance its biological importance. Kajal et al. synthesised              

a series of 6-substituted-3(2H)-pyridazinone-2-acetyl-2(p-substituted/ 

nonsubstituted benzal) hydrazine and evaluated for their analgesic and anti-

inflammatory activity. The results revealed that 6-substituted-3(2H)-

pyridazinone-2-acetyl-2(nonsubstitutedbenzal) hydrazones, were found to 

be most potent anti-inflammatory agents and 6-[4-(3-chlorophenyl) 

piperazine]-3(2H)-pyridazinone-2-acetyl-2(p-substituted/nonsubstituted 

https://www.omicsonline.org/pain-management-medicine.php
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benzal)hydrazine, was found to be slightly better than standard drug 

indomethacin[66]. Five-coordinate transition metal complexes of pyridine-

2-ethyl-(3-carboxylideneamino)-3-(2-phenyl)-1,2-dihydroquinazolin-4(3H)-

one were synthesized by Hoonur et al and studied anti-inflammatory 

activity[67]. 

 

Figure 1.6 Example of metal (II) complexes showing 

anti-inflammatory activity [Ref: 67] 
 

Hunoor et al. were synthesized 3-[1-(2-hydroxyphenyl)ethylideamino]-

2-phenyl-3,4-dihydroquinazolin-4(3H)-one and its metal complexes. 

Anti-inflammatory activity was observed for Ni (II), Cu (II) and Zn(II) 

complexes. The analgesic activity of the ligand was greater than the 

standard at 60 min. and at a 10 mg kg
−1

 dose, whereas the activity of Ni 

(II) and Cu (II) complexes at 10 mg kg
−1

 dose was comparable with the 

standard used [68]. 

1.3.1.6 Anti-microbial agents 

The development of bacterial resistance to presently available 

antibiotics has necessitated the need to search for new antibacterial 

agents. Most of the hydrazones and their metal complexes are significant 
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compounds in medicinal and pharmaceutical area because of their 

biological activities. Therefore the development of new and effective 

antibiotics remains a challenging area for the researchers. Complexes 

[Ag(HCrPh)2]NO3·2H2O and [Ag(HCrpClPh)2]NO3 were obtained with 

3-formyl-6-methylchromone-phenyl hydrazone (HCrPh) and 3-formyl-6-

methylchromone-para-chloro-phenyl hydrazone (HCrpClPh). Silver 

complexes showed antifungal activity against several Candida strains [69]. 

Shebl et al. synthesized a tridentate ONS donor ligand by the condensation 

of 2-aminochromone-3-carboxaldehyde with thiosemicarbazide. The 

ligand and most of its metal complexes showed antibacterial activity 

towards Gram-positive bacteria (Staphylococcus aureus and Bacillus 

subtilis), Gram-negative bacteria (Salmonella typhimurium and 

Escherichia coli), yeast (Candida albicans) and fungus (Aspergillus 

fumigatus)[70]. 

 

  Figure 1.7 Example of Cu (II) complexes showing 

antimicrobial activity [Ref: 70] 
 

 

Altintop et al. synthesized novel hydrazone derivatives through 

the addition-elimination reaction of 2-[(1-methyl-1H-tetrazol-5-yl)thio)] 

acetohydrazide and aromatic aldehydes/ketones [71]. Compounds   

were subsequently investigated and were observed to have significant 

https://www.omicsonline.org/pharmacological-reports.php
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antifungal potential. A series of 2-thiazolylhydrazones were developed by 

Chimenti et al. that exhibit potent antifungal activity against various 

Candida species [72]. 

1.3.1.7 Anti-diabetic agents 

S. A. Iqbal et al. synthesised metal complexes of manganese (II) 

and cobalt (II) complexes active hypoglycemic agent (glimepiride), an 

oral antidiabetic drug [73]. A. Levina et al. synthesised complexes of 

V(V/IV), Cr(III), Mo(VI), W(VI), Zn(II),Cu(II), and Mn(III) as potential 

oral drugs against type 2 diabetes [73]. The chromium (III) metformin 

hydrochloride complex act as an antidiabetic drug was synthesised by the 

chemical reaction between chromium (III) chloride hexahydrate and 

metformin HCl (Mfn.HCl) in methanol solvent. The chromium (III) 

metformin HCl complex was recorded successful efficiency in the 

decreasing blood glucose level and HbA1C against diabetic rats. The 

Cr(III)-2Mfn.HCl complex has succeeded to great extent as antidaibetic 

drug with enhanced the antioxidant defence system as well as act as 

pronounced efficient hypoglycaemic agent compared to metformin HCl 

free drug [74].  

 
  Figure 1.8 Example of complexes showing antidiabetic 

activity [Ref: 74] 
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1.3.2 DNA binding of metal complexes 

In present situation, several researchers have continued on the 

studies of interaction of small molecules with DNA [75-80]. DNA is 

commonly the primary intracellular target of anticancer drugs, so the 

interaction between DNA and small molecules can cause DNA damage in 

cancer cells, blocking the division of cancer cells and causing cell death 

[81-82]. Studies on the interaction of transition metal complexes with DNA 

continue to catch the attention of the researcher's interest due to their 

importance in the design and development of new chemotherapeutic drugs, 

DNA cleavage agents, synthetic restriction enzymes, DNA printing agents 

and DNA "molecular light switch” [83-85]. The attention in the mode of 

combination of the metal complex to DNA has been motivated not merely 

by the desire to be aware of the basic concepts of these modes of interaction 

but also by the improvement of metal complexes in antibacterial, antifungal, 

anticancer reagents or anti-inflammatory agents [86]. 

Structure of Deoxyribonucleic acid (DNA) 

Deoxyribonucleic acid, or DNA, is the carrier of genetic information 

in our cells. It consists of two strands of polymer that intertwine on each 

other in a right handed helix. The polymer strands consist of four different 

building blocks, the nucleotides, which include the molecular information 

that carries the DNA molecule. Each nucleotide consists of a phosphoric 

acid that is esterified with a deoxyribose sugar, which in turn is covalently 

linked to one of the four different DNA bases: adenine (A), guanine (G), 

thymine (T) or cytosine (C) (Figure 1.9 A). A and G are two-ring bases 

and are referred to as purines, while T and C are pyrimidines to a ring. 

Each nucleotide is attached to its neighbour via phosphodiester bonds 
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from the 5 'carbon of the first nucleotide to the 3' carbon of the other, with 

the result that single-stranded DNA (ssDNA). The ssDNA usually forms a 

double helix with a second strand of DNA. The double helix of DNA can 

have different conformations and the most known are the A, B and Z form, 

where the form B is the most common conformation in physiological 

conditions (Figure 1.9B). In B-DNA, the helix is right-handed, with the 

bases positioned centrally and positioned perpendicular to the phosphate 

backbone, like the steps of a spiral staircase. The DNA bases show a 

unique hydrogen bonding pattern, resulting in A combining with T and G 

with C. As a consequence of this, the two strands of DNA in the double 

helix are complementary to each other, thus bringing the same information. 

The C-G base pair contains three hydrogen bonds, compared to only two 

in the A-T base pair, so C-G rich base pair sequences are more stable than 

A-T rich base pairs. At physiological pH, the phosphate backbone of 

DNA carries a negative charge per nucleotide. The repulsive charges 

between the two strands in the double-stranded DNA (dsDNA) are 

overcome by stabilizing the contributions from the hydrogen bonds and 

hydrophobic interactions between the aromatic DNA bases that are 

stacked on top of each other in the center of the helix, as well as the 

neutralizing contribution of the counterions present in the solvent. In              

B-DNA, the pitch (number of bases to complete a turn) is 10.5, with a 

helical increase of 3.4 Å. Two grooves run along the B-DNA helix, one 

on each side of the base pairs in the center. These grooves are called the 

major and the minor groove and, as the names indicate, the major groove 

is wider than the minor groove (11nm and 6 nm, respectively), but have 

similar depths (4nm and 5nm, respectively) [87]. 
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Figure 1.9  The molecular structure of DNA (A). Deoxyribose and phosphoric 

acid make up the backbone of the DNA, while the nucleobases 

adenine (A), guanine (G), thymine (T) and cytosine(C) protrude 

from the backbone. A B-form DNA is shown in (B) where two 

polymer chains are linked to each other via hydrogen bonds 

between the DNA bases; A base-pairs with T, and G base-pairs 

with C. The minor and major grooves of the B -DNA helix are also 

marked in the figure 

 

DNA is a critical therapeutic target that is responsible for, and the 

focus of, a wide variety of intracellular interactions [88]. Each of the 

complementary strands of DNA are stabilized by hydrogen bonding 

between adenine and thymine (A-T) and guanine and cytosine (G-C) 

nucleic acids [89]. In B-DNA, the most common DNA form, the strands 

are held in the anti-parallel double helix by stacking interactions between 

parallel oriented bases [90]. The formation of this helix results in the 

presence of a major and minor groove which provides sites for the 

binding of small molecules [91]. The major and minor groove differs 

significantly in size, shape, hydration, electrostatic potential and position 

of hydrogen bonding sites [92]. 

DNA provides a wide range of binding modes and binding sites for 

non-covalent and covalent interactions (Figure 1.9). The non-covalent 

interactions include intercalation, partial intercalation, groove bindings 
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and electrostatic binding with metal complexes, in which the later two are 

the non-classical intercalative binding modes. 

 
Figure 1.10 Binding modes of DNA 

1.3.2.1 Covalent binding 

Metal complexes have labile ligands that can be readily substituted 

by covalent attachment to nitrogenous DNA bases. The complex interact 

to DNA through covalent binding mode (Figure 1.11), usually resulting in 

hyperchromism (increased absorption intensity) with batochromic change. 

The presence of red shift with hyperchromism (decreased absorption 

intensity) indicates the coordination of the complex with DNA through 

the N7 position of guanine. The hyperchromism is the result of the 

decomposition of the secondary structure of the DNA due to the fact that 

the phosphate group can provide the appropriate anchors for coordination 

with the complexes. 
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Figure 1.11 Covalent binding of cis-platin to DNA 

1.3.2.2 Electrostatic binding 

When cationic or anionic complexes are bound to the anionic surface 

of DNA, such an interaction occurs (Figure 1.11). Complex hyperchromism 

may be due to external interaction with DNA, or the complex may open the 

helical structure of DNA and expose more DNA-embedded bases. Ions and 

charged metal complexes such as Na
+
, Mg

+2
, Ru

+2
 electronically associate 

with DNA. And forming ionic or hydrogen bonds along the outside of the 

double helix. This type of interaction do not show bathochromism [93-94]. 

 
Figure 1.12 [Ru(NH3)6]

3+
 binds electrostatically to DNA 

1.3.2.3 Groove binding 

There are two types of groove binding (1) major and (2) minor 

(Figure 1.13). Groove binding, unlike intercalation, does not induce large 
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conformational changes in DNA and can be considered as to standard lock 

and key models for ligand-macromolecular binding [95]. Groove binders 

are normally crescent-shaped molecules that bind to the minor groove 

region of DNA. They are stabilized by intermolecular interactions and 

typically have binding constants larger than the intercalators 

(approximately 10
11

 M
-1

), since a free energy cost is not required for the 

creation of the binding site [96]. Groove binders also have a demonstrated 

clinical utility as antibacterial and anticancer agents. 

 
Figure 1.13 Major and minor groove binding 

1.3.2.4 Intercalation 

Intercalation involves the insertion of a planar molecule between 

DNA base pairs, which results in a decrease in the DNA helical twist and 

lengthening of the DNA (Figure 1.14) [97]. Although there is a considerable 

free energy cost for the establishment of the intercalation centre 

(approximately 4 kcal mol
-1

), favorable contributions (hydrophobic, ionic, 

hydrogen bonding, and van der Waals) result in association constants of 10
5
 

to 10
11

 M
-1

 [98]. Although intercalation has been traditionally associated with 
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molecules containing fused bi/tricyclic ring structures, a typical intercalators 

with nonfused ring systems may be more prevalent than previously 

recognized [99]. DNA intercalators have been widely used as antitumor, 

antineoplastic, antimalarial, antibiotic and antifungal agents. 

 

 

Figure 1.14 Complex intercalation between bases of DNA 

 

Several methods have been employed to study the binding of 

small molecules to DNA ie electronic absorption spectroscopy, viscosity 

measurement etc. 

Absorption spectroscopy is one of the most important techniques to 

study the interaction of metal complexes with DNA. This method is 

universally employed to examine the binding strength and binding mode 

of DNA with the metal complex. The extent of the binding strength of the 

complexes is quantitatively determined by calculating the intrinsic 

binding constants Kb of the complexes. The binding with DNA through 

intercalation usually results in hyperchromism or hypochromism [100]  

The viscosity of a fluid is an important property in the analysis of 

liquid behavior and fluid motion near solid boundaries. The viscosity is the 
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fluid resistance to shear or flow and is a measure of the adhesive/cohesive 

or frictional fluid property. The resistance is caused by intermolecular 

friction exerted when layers of fluids attempt to slide by one another. In 

short, viscosity is a measure of a fluids resistance to flow. Optical or 

photophysical probes generally provide necessary, but not sufficient clues to 

confirm how complex interacts with DNA i.e. the binding mode. To further 

investigate the binding abilities of the compounds with DNA, viscosity 

measurements were carried out on CT DNA by varying the concentrations of 

the added compounds; gives information about coordination of transition 

metal complexes to DNA. 

1.3.3 Enzyme Inhibition Studies 

Enzymes are biological catalysts formed by a cell and responsible 

for "high speed" and specificity of one or more intracellular or extracellular 

biochemical reactions. Enzymes are protein catalysts accountable for 

supporting almost all chemical reactions that maintain animal homeostasis 

[101-105]. Enzymatic reactions are always reversible. The substance on 

which an enzyme acts is called a substrate. Enzymes are involved in 

converting the substrate into the product. Most of the enzymes are 

globular proteins consisting of a single polypeptide or two or more 

polypeptides held together (in a quaternary structure) by non-covalent 

bonds. The enzymes do nothing but accelerate the rates at which the 

equilibrium positions of the reversible reactions are reached. In terms of 

thermodynamics, enzymes reduce the activation energies of reactions, 

allowing them to present themselves much more easily at low temperatures, 

essential for biological systems [106-107]. The basic characteristics of 

enzymes include 
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Almost all enzymes are proteins and follow the physical and 

chemical reactions of proteins 

 Enzymes are sensitive and labile to heat 

 Enzymes are soluble in water 

 Enzymes could be precipitated by protein precipitating agents 

such as ammonium sulfate and trichloroacetic acid. 

 The rate or rate of enzymatic reaction is evaluated by the rate 

of change in concentration of the substrate or product in a 

given period of time. 

1.3.3.1 Factors affecting enzyme activity 

1.3.3.1.1 Substrate concentration 

The rate of a reaction increases with presence of enzyme and 

increasing in the concentration of the substrate. The velocity (V) is 

expressed in micromoles of substrate is converted per minute. As the 

substrate concentration increases, the rate of a reaction increases. The 

continuous increase in the concentration of the substrate can lead to a 

reduction in the speed of the reaction and leads to the flattened curve. The 

maximum velocity obtained by an enzymatic reaction is called Vmax. Vmax 

represents the maximum reaction speed possible in the presence of excess 

substrate [108-110]. 

1.3.3.1.2 Enzyme concentration 

As there is optimal substrate concentration, rate of an enzymatic 

reaction or velocity (V) is directly proportional to the enzyme 

concentration. Presence of excess substrate and an increase in the enzyme 



A brief prologue to chromone hydrazones and their transition metal complexes 

 

Design, Synthesis and Pharmacological Evaluation of Chromone Hydrazones and their Transition Metal Complexes 29 

concentration may cause several restrictions. It is worthy of note that              

the enzymes are saturated with substrates under physiological conditions 

[108-110]. 

1.3.3.1.3 Product concentration 

According to law of mass action the rate of reaction is slow down 

at equilibrium, for a reversible enzyme catalyzed reaction. So reaction 

rate is slowed, stopped or even reversed with enhance in product 

concentration [108-110].  

1.3.3.1.4 Temperature 

Velocity of enzymatic reaction increases with temperature of the 

medium. The temperature at which maximum rate of the reaction is 

termed as optimum temperature. As temperatures increases it leads to 

denaturation; i. e. due to the molecular arrangement loss the active sites of 

the enzyme surfaces and results in a loss of efficiency [108-110]. 

1.3.3.1.5 Hydrogen ion concentration (pH) 

Like temperature, all enzymes have an optimum pH, at which the 

enzymatic activity will be at maximum. Majority of the enzymes are more 

efficient in the region of pH 6-7, which is the cell pH. Outside this pH 

range, enzyme activity decreases awfully. Diminishing in the efficiency 

leads to pH change; it affects the degree of ionization of the substrate and 

enzyme. Highly alkaline or acidic conditions may cause denaturation and 

subsequent loss of activity. Some exceptions such as pepsin (with 

optimum pH 1-2), alkaline phosphatase (with optimum pH 9-10) and acid 

phosphatase (with optimum pH 4-5) are even noticed [108-110]. 
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1.3.3.1.6 Presence of activators 

Presence of certain inorganic ions increases the activity of 

enzymes. The best examples are chloride ions activated salivary amylase 

and calcium activated lipases. 

1.3.3.1.7 Presence of inhibitor 

The catalytic activity of enzyme can be reduced by substances that 

prevent the formation of a normal enzyme-substrate complex. The amount 

of inhibition therefore depends completely on the relative concentrations of 

the true substrate and inhibitor. This inhibition, which depends on 

competition with the substrate for active sites of the enzyme, is called 

competitive inhibition. In other cases, the inhibitor combines with the 

enzyme-substrate complex to form an inactive enzyme-substrate-inhibitor 

complex, which cannot undergo further reactions to give the usual 

product. This is called non-competitive inhibition. Non competitive 

inhibition is the combination of the inhibitor with the enzyme or the 

enzyme substrate complex, as a result an inactive complexes. In this case, 

the inhibitor binds to the sites, other than the active site of an enzyme 

leads to deformation of the enzyme molecule. Therefore the rate of 

formation of the enzyme-substrate complex is slow down [108-110]. 

1.3.3.2 Why are enzyme inhibitors important? 

Although enzymes are enormously very important for life, an 

abnormally elevated enzyme activity can lead to diseases. Therefore, 

active enzymes are attractive targets for the improvement of inhibitory 

molecules to alleviate pathologies. The exploitation of enzyme catalysis 

with inhibitors is significant for the deterrence of infectious diseases, cell 
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growth and activation of the cell cycle, management of hypertension, 

control of inflammatory response and others. In addition to acting as 

therapeutic agents, inhibitors also play important roles in biological and 

clinical research. 

1.3.3.3 The active site 

Enzymes are specific in catalyzing reactions: each enzyme 

generally acts on a single substrate or a pair of substrates (in the case of 

bimolecular reactions). But, a few enzymes are able to act on directly 

related substrate molecule, often with various efficiencies. Enzymes have 

a small region (usually only about 20 amino acids), known as an active 

site, where the reaction takes places. Enzymes catalyze most of the 

biological reactions by binding the substrate to the active site. These bond 

modify the allocation of electrons in the chemical bonds of the substrate, 

reducing the activation energy of the substrate reaction and allowed to 

form the final product. This product is free from the active site, allowing 

the enzyme to regenerate for another reaction cycle. The substrate can 

interact with the active site through ionic interactions, hydrogen bonding, 

non-polar hydrophobic interactions and covalent coordination with a 

metal ion activator [111]. 

The active site is complementary to that of the substrate molecule, 

which only allows a substrate to bind to the site. Nevertheless, in several 

cases, similar molecules can also act as substrates, but with less than 

optimal kinetics. This is known as the lock-and-key model. However, not 

all reactions can be explained by the type of lock and key model (Figure 

1.15). 
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Figure 1.15 (a) lock and key model, (b) Relationship between substrate 

concentration and maximum velocity of reaction. 

 

 Km: It is the substrate concentration, [S] at which the velocity of the 

reaction is half-maxima is observed under definite circumstances 

(Figure 1.15 (b)). This is an inverse measurement of the bond 

strength between the substrate molecule and the lower enzyme Km 

means better affinity and decreases the concentration of the 

substrate required to achieve maximum reaction speed. Km values 

depend on pH, temperature and other reaction conditions. 

 Vmax: It is the maximum velocity of reaction under certain conditions 

(Figure 1.15 (b)). Vmax is attained when all enzyme sites are saturated 

with the substrate. This will happen when substrate concentration [S] is 

greater than Km so that [S]/ ([S]+Km) approaches 1. 

 IC50: The concentration requisite to produce 50% inhibition (Figure 

1.16). The amount of inhibitor required depends on different factors 

such as substrate concentration, target accessibility, cell permeability, 

duration of incubation, type of cells used, and so on. It is best to 

examine the literature to determine initial concentration. If Ki              

or IC50 values are unknown, an extensive variety of inhibitory 

(a) (b) 
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concentrations must be tested and kinetic Michaelis-Menten (see 

below) ought to be noted to evaluate the Ki value. It is not unusual 

to see any inhibition or even a reverse effect when using high 

concentrations of inhibitors. 

 

 

Figure 1.16 IC50 value 

 

 Ki (Inhibition constant): The inhibitor concentration at which 50% 

inhibition is observed. Cheng et. al. [112] introduced an equation 

that used for the determination of Ki by using known IC50.  

𝑲𝒊 =
𝑰𝑪𝟓𝟎

𝟏 +
[𝑺]
𝑲𝒎

 

 

Where [S] is the substrate concentration, and Km is the substrate 

concentration (in the absence of inhibitor) at which the rate of the 

reaction is half-maxima. For a particular substrate the Ki value of an 

inhibitor (fixed Km) is constant but for different substrate, Km is 

different, and so is the Ki. 
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1.3.3.4 How to determine Km and Vmax: Lineweaver-Burk Plot 

Km and Vmax can be evaluated experimentally by incubating the 

enzyme with various substrate concentrations. The results obtained were 

recorded as a function of rate of reaction or velocity (V) against substrate 

[S] concentration. This will makes a hyperbolic curve. The reaction 

velocity and Km have the following relationship. 

𝑽 =
𝑽𝒎𝒂𝒙

𝟏 +
𝑲𝒎

[𝑺]

 

Even under expert hands, it is difficult to fit the best hyperbola 

through all the experimental values to determine Vmax exactly. So 

scientists have introduced a new method, i.e. rearrange the Michaelis-

Menten equation to form more accurate fitting to the experimental values 

and calculate Vmax and Km. However, with every method, there are certain 

advantages and disadvantages.  

The Lineweaver-Burk i.e. double reciprocal plot (Figure 1.17) which is 

the one of the most widespread equation that recrganizes the Michaelis-

Menten equation as follows: 
 

𝟏

𝑽
=  

𝑲𝒎

𝑽𝒎𝒂𝒙
 
𝟏

[𝑺]
 +

𝟏

𝑽𝒎𝒂𝒙
 

 

When we plot 1/V against 1/[S], a straight line is obtained its Y intercept 

= 1/Vmax; gradient = Km/Vmax; and X intercept = -1/Km. Lineweaver-Burk 

plots are the most extensively used graph for determine more accurately 

Km and Vmax.  
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Figure 1.17 The Lineweaver-Burk double reciprocal plot  

1.3.3.5 Classification of enzyme inhibitors 

By the catalytic activity, enzymes can accelerate the velocity or rate of 

a reaction without affecting in the reaction. The capacity of an enzyme to 

catalyze a reaction can be retard by binding different small molecules 

(inhibitors) to the active site or, sometimes, other than the active site [113-

114]. 

 

  

 

 

 

 

 

 

 

 

 
 

Figure 1.18 The schematic representation of classification of enzyme inhibitors  

The most important factors that affect enzymatic activity are: 

concentration of enzyme, the amount of specific enzyme substrate, 

Enzyme inhibitors 

 

Specific Non-specific 

 

Acids, Bases, 

Ethanol 

Heavymetals, 

Reducing Agents 

Reversible Irreversible 

Competitive Non-competitive 
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hydrogen ion concentration (pH) of the reaction medium, temperature, 

and the presence of activators and inhibitors.  

Enzyme inhibitors are generally low molecular weight compounds. 

They interact with the enzymes to form an enzyme-inhibitor complex, either 

reducing or completely inhibiting the catalytic activity of the enzyme and 

consequently reducing the rate of reaction. Binding of an inhibitor to the 

active site of enzyme can block the entry of substrate to the site. 

Alternatively, some inhibitors can bind to a site other than the active site and 

induce a conformational change that prevents the entry of substrate to the 

active site. Based on the nature of interaction of small molecule with the 

enzyme, inhibitors can be classified as reversible or irreversible (Figure 1.18) 

inhibitors.  

1.3.3.5.1 Reversible inhibitors 

Reversible inhibitors are generally two types competitive, non-

competitive. They bind to enzyme with noncovalent interactions, such as 

hydrogen bonds, ionic bonds, and hydrophobic interactions (Figure 1.19). 

Irreversible inhibitors can react with the enzyme covalently and induce 

chemical changes to modify key amino acids that are required for 

enzymatic activity [115]. 
 

 

Figure 1.19 Reversible inhibitors 
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1.3.3.5.1.1 Competitive inhibitors 

In competitive inhibition, the inhibitor usually has structural 

similarity with the natural substrate and competes with the substrate for 

access to the active site (Figure 1.20). The inhibitor has affinity for the active 

site, and if it binds more tightly than the substrate, then it is an effective 

competitive inhibitor. Conversely, if it binds less strongly, it is considered as 

a poor inhibitor. In competitive inhibition, the inhibitor can bind only to the 

free enzyme and not with the enzyme-substrate complex [116]. Hence, 

inhibition can be overcome by increasing the concentration of substrate in 

the reaction mixture. By competing with substrate, Vmax can still be achieved. 

However, in the presence of inhibitor, substrate concentration has to be 

increased to achieve Vmax. This will increase the Km value. 

 

   

Figure 1.20 Competitive Inhibitor 

 

For competitive inhibition, one can determine Ki, the inhibition 

constant, which is the dissociation constant for the enzyme-inhibitor 

complex. The lower the Ki value, the lower is the amount of inhibitor 

required to reduce the rate of reaction. This relationship can be simplified 

as: 
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Figure 1.21 (a) Michaelis- Menten (b) Lineweaver-Burk plot for competitive 

inhibitor  
 

The result of competitive inhibition can be represented in a 

Lineweaver-Burk plot (Figure 1.21). Because Km increases as a 

consequence of competitive inhibition, in the presence of an inhibitor the 

X-intercept moves closer to the origin. As we increase concentration of 

inhibitor, Km will increase more and X-intercept will move very close to 

the origin. Note that all lines go through the identical Y-intercept, for the 

reason that a competitive inhibitor does not influence Vmax. 

1.3.3.5.1.2 Noncompetitive inhibitors 

In noncompetitive inhibition, the binding of the inhibitor diminish 

the activity of enzyme, however does not influence the binding of 

substrate (Figure 1.22). Therefore, the degree of inhibition is dependent 

only the inhibitor concentration. These inhibitors bind noncovalently to 

sites other than the active (substrate binding) site. Inhibitor binding does 

not control the accessibility of the binding site for substrate [117]. Hence, 

the binding of the substrate and the inhibitor are independent of each 

other and inhibition cannot be overcome by increasing substrate 

concentration. Noncompetitive inhibitors have same affinities for enzyme 

(a) (b) 
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and enzyme-substrate complex; therefore, Ki = K'i. Hence, Vmax is 

reduced, but Km is unaffected. Vmax cannot be obtained in the existence of 

a noncompetitive inhibitor.  

 

 

Figure 1.22 Noncompetitive inhibiton 

 

The effect of a noncompetitive inhibitor is presented in Figure 

1.22. Since the Y intercept is 1/Vmax, as Vmax decreases, 1/Vmax increases. 

On other hand, Km remains the same for all concentration of the 

noncompetitive inhibitor. Hence, all lines go through the same X-intercept. 

 

  

Figure 1.23 (a) Michaelis- Menten (b) Lineweaver-Burk plot for Non-competitive 

inhibitor  
 

(a) (b) 
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1.4 Scope and objectives of the present study 

Research in the field of coordination chemistry is a growing, 

constantly with the synthesis of organic ligands having a wide variety of 

donor atoms/groups and significant biological/pharmaceutical importance. 

Flavonoids are benzopyran derivatives, which are able to suppress the 

formation of free radicals and have antioxidant activity.  

Hydrazones obtained from a hydrazide and aldehydes are the most 

important group of ligands because they can coordinate to metal ions 

through azomethine nitrogen and have been studied. First raw transition 

metal complexes have found a huge variety of applications in different 

research areas, such as probes for biological macromolecules, artificial 

photosynthesis, oxidation catalysis, photo molecular devices and organic 

synthesis. Especially nickel, copper and zinc (II) complexes have fascinated 

important attention due to their catalytic and biological applications such as 

anti- cancer, anti-HIV, anti-microbial, anti- inflammatory etc. 

Binding studies of small molecules/atoms to DNA on a molecular 

level are extremely significant in the development of new pharmacophores/ 

chemotherapeuticals and sensitive diagnostic materials. The interaction of 

DNA with metal complexes has been an intense, interesting area of both 

inorganic and biochemists. A lot of transition metal complexes, mainly 

copper (II) complexes have been used as probes of DNA structure 

therefore development of tiny complexes can interact/bind with specific 

sequences of DNA. 

A detailed survey of the literature revealed that metal complexes of 

hydrazones having ONO/ NO donor groups expansively examined, 
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however those obtained from heterocyclic systems especially those 

having benzopyran moiety received moderately a lesser amount of 

consideration.  

Hence the author have aimed to report through thesis embodies the 

study performed to meet the following objectives - 

1) Synthesis of nickel, copper and zinc (II) metal complexes from 

various ONO, NO tridentate/bidentate chromone hydrazone 

systems.  

2) To study and substantiate the structural variations of tridentate/ 

bidentate complex species on the basis of spectroscopic studies. 

3) To study the antimicrobial activities of ligands and complexes. 

4) To assess the DNA binding capacity of metal complexes of 

chromone hydrazones. 

5) To study the enzyme inhibition of α-amylase and α-glucosidase 

of ligands and complexes. 

6) To study cytotoxicity of chromone hydrazones and metal 

complexes. 

1.5 Physical measurements 

The physicochemical methods adopted during the present study are 

discussed below. 

1.5.1 Elemental analysis 

Elemental analysis is a process where a sample of a chemical 

compound is analyzed for its elemental and sometimes isotopic 
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composition. Elemental analysis can be qualitative (determining what 

elements are present) and it can be quantitative (determining how much 

of each is present). This information is important to help to determine 

the purity of a synthesized compound. Elemental analyses of C, H, N 

and S present in all the compounds were done on a Vario EL III CHNS 

elemental analyzer at the Sophisticated Analytical Instrument Facility, 

Cochin University of Science and Technology, Kochi-22, Kerala, India.  

1.5.2 Conductivity measurements  

The conductivity (or specific conductance) of an electrolyte solution 

is a measure of its ability to conduct electricity. The SI unit of 

conductivity is siemens per meter (S/m). Conductivity measurements are 

used as a fast, inexpensive and reliable way of measuring the ionic 

content in a solution. The molar conductivity of the complexes in DMF 

solutions (10
-3

 M) at room temperature were measured using a Systronic 

model 303 direct reading conductivity meters at the Department of 

Applied Chemistry, Cochin University of Science and Technology, 

Kochi-22, Kerala, India.  

1.5.3 Magnetic susceptibility measurements  

The magnetic susceptibility is a dimensionless proportionality 

constant that indicates the degree of magnetization of a material in 

response to an applied magnetic field. Magnetic susceptibility 

measurements of the complexes were carried out on a powdered samples 

at 298K using a Sherwood Scientific Magnetic Susceptibility Balance 

(M.S.B.) MK1 using Hg[Co(SCN)4] as calibrant at the Department of 

Applied Chemistry, Cochin University of Science and Technology, 
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Kochi-22, Kerala, India and the diamagnetic contribution to the 

susceptibility was estimated through Pascal’s constants. 

1.5.4 Infrared spectroscopy 

Different bonds have different vibrational frequencies and therefore 

the presence of such bonds can be easily identified from its characteristic 

frequency appearing as an absorption band in the infrared spectrum. In the 

case of coordination complexes, the ligand based vibrations, metal-ligand 

vibrations and the formation of new bonds can be easily accessed by this 

technique. The changes occurring as a result of complexation will affect 

the vibrational modes of bonds, which are reflected in the nature of the 

spectrum. Also, the characteristic infrared absorptions associated with 

each functional group can be used to deduce the presence of such groups 

in complexes. 

Infrared spectra of the compounds were recorded on a JASCO FT-

IR-5300 Spectrometer in the 4000-400 cm
-1

 range using KBr pellets at the 

Department of Applied Chemistry, Cochin University of Science and 

Technology, Kochi-22, India. The azomethine bond formation and the 

mode of their coordination (monodentate/bidentate) in complexes are 

identified from their IR data. 

1.5.5 Electronic spectroscopy  

This is based on the fact that electronic transitions occur between 

levels whose energy separations correspond to wavelengths characteristic 

of visible and ultraviolet region of the spectrum. Factors like geometry of 

the complex, nature of the bonded ligands and the oxidation state of the 
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central metal atom can alter the gap between the energy levels, thereby 

reflecting in the electronic spectra. 

The absorption spectra of a complex can be due to any of the 

following reasons: 

a) Ligand spectra: These are the intraligand transitions that appear 

even after complexation, with a slight shift in its position and 

intensity from the free ligand. 

b) Charge-transfer spectra: It can be of either ligand to metal 

(LMCT) or metal to ligand (MLCT) type and it involves 

transitions between orbitals that mainly belong to metal and 

orbitals that belong to ligand. This is an evidence for 

complexation. 

c) Ligand-field spectra: The d orbitals of the metal which are split 

by the influence of the ligand field produce ligand-field 

spectra; these are otherwise called d-d spectra. The nature and 

the region of absorption of the d-d spectra can be used to 

identify the metal present in the complex. 

The electronic spectra of the compounds were recorded in DMF 

on a Thermo Scientific Evolution 220 UV-vis Spectrophotometer in 

the 200-900 nm range at the Department of Applied Chemistry, Cochin 

University of Science and Technology, Kochi-22, India. For recording 

the spectra in solution, quartz cuvettes with a path length of 1 cm is 

used. 

 



A brief prologue to chromone hydrazones and their transition metal complexes 

 

Design, Synthesis and Pharmacological Evaluation of Chromone Hydrazones and their Transition Metal Complexes 45 

1.5.6 NMR spectroscopy 

Nuclear magnetic resonance spectroscopy involves the interaction 

between an oscillating magnetic energy of hydrogen nucleus or some 

other nucleus when they are placed in an external magnetic field. In 
1
H 

NMR spectroscopy, the nucleus of hydrogen atom behaves as a spinning 

bar magnet because it possesses both electronic and magnetic spin. This 

technique consists in exposing the protons in organic molecules to a 

powerful magnetic field. The proton will precess at different frequencies. 

Now we irradiate these precessing protons with readily changing 

frequencies and observe the frequency at which absorption occurs. 

Usually in NMR spectrum we measure applied field strength for each set 

of protons and absorption peaks are plotted.  

NMR spectra of chromone hydrazones were recorded in DMSO on 

a Bruker AMX advance III 400MHz FT-NMR spectrometer using TMS 

as the internal standard at Sophisticated Analytical Instrument Facility, 

Cochin University of Science and Technology, Kochi-22, India. 

1.5.7 Mass spectroscopy 

Mass spectroscopy is the most accurate method for determining the 

molecular mass of a compound and its elemental composition. In this 

technique molecules are bombarded with highly energetic electrons. The 

molecules are ionized and broken up into many fragments. Some of 

which are positive ions. Each kind of ion has a particular mass to charge 

ratio (m/z). It is used to prove the identity of a compound and establish 

structure for a new compound. It helps to establish exact molecular mass 

and molecular formula. It can reveal the presence of certain structural 
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units present in a molecule. In mass spectrometer the sample is introduced 

into an inlet chamber and volatilized it is subsequently introduced into the 

high vacuum chamber where neutral molecules pass through a beam of 

electrons where ionization occurs.  

Mass spectra of the chromone hydrazones were recorded by direct 

injection on WATERS 3100 Mass Detector using Electron Spray 

Ionization (ESI) technique designed for routine HPLC-MS analyses at the 

Department of Applied Chemistry, Cochin University of Science and 

Technology, Kochi-22, India. 

1.5.8 EPR spectroscopy 

EPR spectroscopy is the branch of absorption spectroscopy that 

utilizes microwave frequency so as to probe the electronic structure of 

paramagnetic molecules. The ESR signature of a complex is used to gain 

information about the metal ligand bonding, unpaired electron distribution 

and spatial disposition of ligands around the central metal ion. Several 

microwave frequencies like S-band (3.5 GHz), X-band (9.25 GHz), K-

band (20 GHz), Q-band (35 GHz) and W-band (95 GHz) are available. 

ESR spectrometer operating in X-band frequency is used. 

EPR spectra can be recorded by two modes  

a) CW-EPR spectroscopy (CW- continuous wave)  

b) Pulsed-EPR spectroscopy 

The primary coordination sphere (inner sphere) of the complex 

consists of the central Cu (II) ion and the directly coordinating atoms (like 

N, O or S). The CW-EPR spectroscopy is sensitive to the identity and the 
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number of equatorially coordinating atoms and this interaction is reflected as 

a change in the CW-EPR parameters like g‖ and A‖. The interaction between 

the axially coordinating atoms and the central ion is relatively weak [78]. The 

secondary coordination sphere (outer sphere) includes non-coordinating 

atoms linked to central metal ion via multiple chemical bonds. The 

interactions between the central metal ion and an atom with non-zero spin in 

the outer sphere are detected by pulsed-EPR spectroscopy. 

The number, type and the electronegativity of the equatorially 

aligned coordinating atoms will influence the hyperfine interaction 

parameters. As the number of nitrogen atoms increase, g‖ values tend to 

decrease and A‖ will increase. The interaction with the nuclear spins of 

directly coordinating atoms - known as superhyperfine interactions can 

also be detected in X-band frequency and is an evidence for the 

delocalization of the electrons. 

The EPR spectra of the complexes in the solid state at 298 K and 

in DMF at 77 K were recorded on a Varian E-112 spectrometer using 

TCNE as the standard with 100 kHz modulation frequency, 2 G 

modulation amplitude and 9.1 GHz microwave frequency at the 

Sophisticated Analytical Instrument Facility, Indian Institute of Technology, 

Bombay, India. Some of the EPR spectra are simulated using EasySpin 

[86]. 

1.5.9 Thermal analysis 

Thermal methods of analysis involve those techniques in which 

changes in physical or chemical properties of a substance are measured as 

a function of temperature. 
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Thermogravimetric Analysis (TGA) 

Here, the mass of the sample in a controlled atmosphere is recorded 

continuously as a function of temperature or time as the temperature of 

the sample is increased. A plot of mass or mass percentage as a function 

of time is called a thermogram or thermal decomposition curve. TGA 

gives quantitative information about the mass loss associated with a 

transition. The changes in mass are as a result of the rupture or formation 

of chemical bonds at elevated temperatures and loss of some volatile 

products. TGA is useful in determining the 

 Moisture content 

 Decomposition, oxidation process 

 Physical processes like vaporization, sublimation and desorption. 

Here, the first derivative of mass change with respect to time is 

recorded as a function of time or temperature. The derivative curve is 

obtained from TG curve either by manual differentiation or the electronic 

differentiation of the TG signals and the area of the DTG curve at any 

temperature gives the rate of mass change at that temperature. DTA is a 

qualitative technique where difference in temperature is measured. It is 

used to study decomposition temperatures, phase transitions, melting, 

crystallization points and thermal stability. 

TG-DTG analyses of the complexes were carried out in a Perkin 

Elmer Pyris Diamond TG/DTA analyzer under nitrogen at a heating rate 

of 10°C min
-1

 in the 50-700°C range at the Sophisticated Analytical 

Instrument Facility, Cochin University of Science and Technology, 

Kochi-22, India. 
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Chapter 2 

SYNTHESIS AND SPECTRAL CHARACTERIZATION OF  
ONO/NO DONOR CHROMONE HYDRAZONES   

 

  2.1 Introduction 
  2.2 Materials and Methods 
  2.3 Result and Discussion 
  2.4 Conclusion 

 

 

Conspectus:  Hydrazones are known to be a significant class of nitrogen 

oxygen donor ligands because of their variable bonding modes towards 

transition metal ions and their extremely fascinating chemical, biological 

and medicinal applications. Among this great family of molecules, 

chromones are of great interest due to their extensive pharmacological 

activity. The above said facts prompted us to synthesize and characterize 

some 3-formyl chromone hydrazones. We have synthesized eight hydrazones 

using benzhydrazide, 4-hydroxybenzoic hydrazide, nicotinic hydrazide, 

isonicotinic hydrazide, 3-formyl chromone and 6-methyl -3-formyl 

chromone. The characterization and elucidation of the structure of the 

prepared compounds were performed by elemental analysis, FT-IR,             

ESI-MS, electronic,
 1
H NMR and 

13
C NMR spectral methods.  
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2.1 Introduction 

Chromone hydrazones are extremely promising ligands in coordination 

chemistry and in the biological properties of their metal complexes has been 

growing in recent years [1-2]. The coordination chemistry of transition 

metals with ligands from the hydrazone family has been of interest due to 

different bonding modes shown by these ligands. Generally the possible 

donor sites in hydrazones are amide oxygen and azomethine nitrogen. 

However, there remains the possibility of generating complexes with new 

molecular architectures by suitable substitution in carbonyl and hydrazide 

part [3]. This is partially due to their capability of acting as NO, ONO, 

NNO and ONNO donors with the formation of either mono or bi or 

polynuclear complexes [4-5]. 

Chromone hydrazones as well as their derivative analogues with 

potential biological activity are the focus of extensive investigation. 

Specifically the chromone hydrazones have been screened for their 

antifungal, antibacterial, antioxidant, antimalarial, anti-inflammatory and 

DNA binding [6-15]. 

Keeping in view the above points and by considering the biological 

potentials of hydrazones we have synthesized eight chromone hydrazones. 

The two chromones (3-formyl chromone and 6-methyl-3-formyl chromones) 

selected here are having a keto group which provides further binding site 

for metal cations and they behave as chelating ligands. The spectroscopic 

data showed that the ONO/NO donor ligands act as monobasic tri/bidentate 

chelates. The coordination sites with the metal (II) ion are pyrone oxygen, 

azomethine nitrogen and hydrazonic oxygen. The ligand systems of our 

interest and their abbreviations are as follows. 
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2.2  Materials and Methods 

3-Formyl chromone, 6-methyl-3-formyl chromone, benzohydrazide, 

4-hydroxybenzhydrazide, nicotinic acid hydrazide, isonicotinic acid 

hydrazide Ni(OCOCH3)2· 4H2O, Cu(OCOCH3)2· H2O and Zn(OCOCH3)2· 

2H2O (Sigma-Aldrich), were of Analar grade and were used as received. 

The solvent methanol, ethanol, acetone, chloroform, ethyl acetate, acetic 

acid, DMF and DMSO (Merck) was used. All materials used were of the 

high purity available and used without further purifications. Solvents 

employed were either of 99% purity or purified by known laboratory 

procedures [16]. 

2.2.1 Synthesis of 3-formyl chromone hydrazones 

The hydrazones were synthesized by adapting the reported procedure 

[17], namely via condensation between appropriate aldehyde/ketone with 

the respective hydrazide as described below. There are eight 3-formyl 

chromone hydrazones were synthesised. The synthesised compounds were 

analytically pure, crystalline, non-hygroscopic, coloured, insoluble in water, 

sparingly soluble in methanol, ethanol, acetone, chloroform, and ethyl 

acetate but soluble in DMF, DMSO 

2.2.1.1  Synthesis of hydrazone derived from 3-formyl chromone and 

benzhydrazide (FB) 

Hydrazone (FB) was prepared by the condensation of 3-formyl 

chromone and benzohydrazide (Scheme 2.1). An ethanol solution containing 

benzoyl hydrazide (0.136 g, 1 mmol) was added drop wise to ethanolic 

solution of 3-formyl chromone containing few drops of acetic acid (0.174 g, 

1 mmol). The mixture was refluxed for 4-6 h at 60-80 

o
C yielding a 
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precipitate, which was filtered off, washed with ethanol and dried in a 

vacuum. The solid was recrystallized from ethanol to yield a yellow solid 

and then dried. Yield and melting point of the compound was noted. 

 

2.2.1.2  Synthesis of hydrazone derived from 3-formyl chromone and 
4-hydroxybenzhydrazide (FBH)  

 
Hydrazone (FBH) was synthesized by the reaction between 3-

formyl chromone and 4-hydroxy benzohydrazide (Scheme 2.2). Ethanolic 

solution 4-hydroxybenzohydrazide (0.152 g, 1 mmol) was added drop wise 

to ethanol solution 3-formyl chromone (0.174 g, 1 mmol). The mixture 

was refluxed for 4-6 h at 60-80oC yielding a precipitate, which was 

filtered, washed with ethanol and recrystallized from ethanol to yield a 

yellow solid and then dried. Yield and melting point of the compound was 

determined. 

 

2.2.1.3  Synthesis of hydrazone derived from 3-formyl chromone and 
nicotinic hydrazide (FN) 

Nicotinic acid hydrazide (0.137 g, 1 mmol) in ethanol (20 mL) was 

added drop wise to an ethanolic solution containing few drops of acetic 
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acid and 3-formyl chromone (0.174 g, 1 mmol). The mixture was refluxed 

for 6 h at 60-80oC. The resulting solution was concentrated and cooled. 

The precipitate was collected and recrystallized from ethanol. The yellow 

crystalline compounds were collected. The yield and melting point of the 

product was noted.  

 

2.2.1.4  Synthesis of hydrazone derived from 3-formyl chromone and 
isonicotinic hydrazide (FIN) 

To an ethanolic solution of 3-formyl chromone (0.174 g, 1 mmol) 

containing few drops of acetic acid, ethanolic solution of isonicotinic acid 

hydrazide (0.137 g, 1 mmol) was added drop wise. The above mixture was 

refluxed for 4-6 h at 60-80oC. After completion of reaction, cooled to 

room temperature and solvent evaporated slowly. The yellow needle like 

crystalline compound was separated out. It was washed with alcohol and 

recrystallized from ethanol. The yield and melting point of the compound 

was determined. 

 

2.2.1.5 Synthesis of hydrazone derived from 6-methyl-3-formyl 
chromone and benzhydrazide (FMB) 

Benzhydrazide (0.136 g, 1 mmol) in ethanol was added drop wise to 

ethanolic solution of 6-methyl-3-formyl chromone (0.188 g, 1 mmol) 

 

 

Scheme 2.3 Synthesis of FN
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contain two drops of acetic acid were mixed, boiled under reflux for 4-6 h 

at 60-80oC. The resulting solution was concentrated and allowed to cool 

room temperature. The precipitate formed was collected and recrystallized 

from ether by slow evaporation. The yellowish crystalline product was 

obtained. The yield and melting point of the compound was determined. 

 

2.2.1.6 Synthesis of hydrazone derived from 6-methyl-3-formyl 
chromone and 4-hydroxybenzhydrazide (FMBH)  

An ethanol solution of 4-hydroxy benzohydrazide (0.152 g, 1 mmol) 

was added drop wise to ethanolic solution 6-methyl-3-formyl chromone 

(0.188 g, 1 mmol) contain one or two drops of acetic acid. The mixture 

was refluxed for 4-6 h at 60-80oC. The solution was evaporated slowly. 

Crystalline product obtained was filtered, washed with ether and 

recrystallized from ethanol to form a yellow solid and then dried. Yield 

and melting point of the compound was determined. 

 

2.2.1.7 Synthesis of hydrazone derived from 6-methyl-3-formyl 
chromone and nicotinic hydrazide (FMN) 

Hydrazone (FMN) was obtained by the condensation of 6-methyl-3-

formyl chromone and nicotinic acid hydrazide (Scheme 2.7). To a 
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solution of nicotinic acid hydrazide (0.137 g, 1 mmol) in ethanol was 

added drop wise to ethanolic solution containing 6-methyl-3-formyl 

chromone (0.188 g, 1mmol) and one or two drops of acetic acid. The above 

mixture was refluxed at 60-80oC for 4-6 h. After completion of the reaction, 

cooled to room temperature, solvent evaporate slowly. The crystalline 

compound was filtered off, washed with ether, recrystallized from ethanol 

and dried. Yield and melting point of the compound was noted. 

 

2.2.1.8 Synthesis of hydrazone derived from 6-methyl-3-formyl 
chromone and isoniazid hydrazide (FMIN)  

Isoniazid hydrazide (0.137 g, 1 mmol) in ethanol (15 mL) was added 

drop wise to ethanolic solution of 6-methyl-3-formyl chromone (0.188 g,              

1 mmol) having one drop of acetic acid. The above mixture boiled under 

reflux at 60-80oC for 4-6 h. the resulting solution is concentrated. The 

precipitate formed was filtered off, washed with ethanol and dried in a 

vacuum. The solid was recrystallized from ethanol to yield a yellow solid. 

Yield and melting point of the product was determined. 
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2.3  Result and Discussion 

2.3 1 Characterizations of 3-formyl chromone hydrazones 

The synthesised 3-formyl chromone hydrazones were characterized 

by elemental analysis, ESI-MS, FT-Infrared, Electronic and
 1

H/
13

C NMR 

spectra. 

2.3.1.1 Elemental analysis  

The elemental analysis (C, H, and N) results of 3-formyl chromone 

hydrazones were given in Table 2.1 which shows that it is analytically 

pure. The analytical data for FB, FBH, FN, FIN, FMB, FMBH, FMN and 

FMIN were given in the Table 2.1. They are in good agreement with 

empirical formula.  

Table 2.1: Analytical data of 3-formyl chromone hydrazones 

Compound 
Empirical 

formula 

Formula 

weight 

(g/mol) 

m.p °C 

Colour  

(Yield 

%) 

Found (Calculated) % 

C H N 

FB C17H12N2O3 292.08 171-173 
Yellow 

(76) 

68.40 

(69.86)  

4.19 

(4.14)  

9.36  

(9.58)  

FBH C17H12N2O4 308.18 169-170 
Yellow 

(78) 

66.30 

(66.23)  

3.88 

(3.92)  

9.13   

(9.09)  

FN C16H11N3O3 293.08 168 
Yellow 

(66) 

65.40 

(65.53)  

3.70 

(3.78)  

14.36 

(14.33)  

FIN C16H11N3O3 293. 08 130 
Yellow 

(79) 

65.47 

(65.53) 

3.72 

(3.78)  

14.39 

(14.33)  

FMB C18H14N2O3 306.51 171 
Yellow 

(70) 

70.50 

(70.58) 

4.55 

(4.61)  

9.20  

(9.15)  

FMBH C18H14N2O4 322.31 169 
Yellow 

(76) 

66.98 

(67.07) 

4.30 

(4.38)  

8.62  

(8.69)  

FMN C17H13N3O3 307.09 170 
Yellow 

(75) 

66.51 

(66.44) 

4.21 

(4.26)  

13.34 

(13.67) 

FMIN C17H13N3O3 307.09 170 
Yellow 

(71) 

66.40 

(66.44) 

4.19 

(4.26)  

13.30 

(13.67) 
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2.3.1.2 Mass spectra  

The electron spray ionization (ESI) technique was used to measure 

the mass to charge (m/z) ratio of charged particles. The organic 

molecules are bombard with high energy electrons and the result is 

quantitatively recorded as a spectrum of positive ion fragments. The 

most abundant ion formed in the ionization chamber gives rise to the 

tallest peak in the spectrum called the base peak. The spectral intensities 

are normalized by setting the base peak to relative abundance 100 and 

the rest of the ions are recorded as percentages of the base peak 

intensity. Mass spectrum is a plot of m/z of positive ion fragments 

versus their relative abundance. Hydrazones, which are formed from the 

reaction between carbonyl compounds and hydrazides are stable at room 

temperature but unstable at higher temperatures and have relatively high 

boiling points. Therefore GC-MS is not easy to apply for hydrazone 

analysis due to these physical natures. So, LC-MS has been used to 

analyze these derivatives [18-19]. In the present study, the molecular ion 

(M+1) peaks at 293.1, 309.2, 294.8, 294.5, 307.1, 323.30, 308.11 and 

308.51 amu for the 3-formyl chromone hydrazones FB, FBH, FN, FIN, 

FMB, FMBH, FMN and FMIN respectively confirms the expected 

molecular weight of respective 3-formyl chromone hydrazones 

synthesized (Figures. 2.1-2.8). 
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Figure 2.1 ESI-MS spectrum of FB 

 
Figure 2.2 ESI-MS spectrum of FBH  

 
Figure 2.3 ESI-MS spectrum of FN 

 
Figure 2.4 ESI-MS spectrum of FIN 
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Figure 2.5 ESI-MS spectrum of FMB 

 
Figure 2.6 ESI-MS spectrum of FMBH 

 
Figure 2.7 ESI- MS spectrum of FMN 

 
Figure 2.8 ESI-MS spectrum of FMIN 



Chapter 2 

68  Department of Applied Chemistry, Cochin University of Science and Technology 

2.3.1.3 FT-Infrared spectra 

The characteristic IR bands of the chromone hydrazones give 

important information about the various functional groups present in it. 

Strong bands due to the ν (N-H) and ν (C=O) modes at 3206-3100 cm
-1 

and 1658-1641 cm
-1

 are observed in the spectrum of 3-formyl chromone 

hydrazones (Figures 2.9-2.16) which suggests that the hydrazone exists in 

the amido form in the solid state [20]. Another band at 1683-1674cm
-1

 is 

due to the presence of (C=O, pyrone). A prominent band at 1597-1584 

cm
-1

 due to azomethine ν (C=N) linkage is observed in the spectrum 

indicating that condensation between aldehyde moiety of 3-formyl 

chromone and that of the aromatic/hetero aromatic hydrazides has taken 

place resulting into the formation of desired 3-formyl chromone 

hydrazone ligand. It further confirms the ν (C-O), ν (N-N) bands at 1238-

1232, 1035-1027 cm
-1

 [21] respectively. 

 

Table 2.2 FT-IR spectral data of 3-formyl chromone hydrazone ligands (cm
-1

) 

 No Compounds 

IR spectra (cm)
-1

 

ν(OH, NH) 
ν( C=O) 

pyrone 

ν( C=O) 

hydrazonic 
ν( C=N) ν( C-O) ν( N-N) 

1 FB -, 3220 1678 1641 1597 1238 1035 

2 FBH 3394 (broad) 1675 1650 1590 1232 1028 

3 FN 3310, 3126 1677 1651 1596 1237 1029 

4 FIN 3500-3000 (broad) 1674 1645 1597 1234 1033 

5 FMB -, 3206 1680 1655 1595 1238 1035 

6 FMBH 3346, 3100 1675 1650 1590 1232 1028 

7 FMN -, 3206 1679 1647 1584 1236 1032 

8 FMIN -, 3100 1683 1658 1587 1234 10277 
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       Figure 2.9 FT-IR spectrum of FB      Figure 2.10 FT-IR spectrum of FBH 

  
        Figure 2.11 FT-IR spectrum of FN      Figure 2.12 FT-IR spectrum of FIN 

 

       
    Figure 2.13 FT-IR spectrum of FMB   Figure 2.14 FT-IR spectrum of FMBH 
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Figure 2.15 FT-IR spectrum of FMN   Figure 2.16 FT-IR spectrum of FMIN 

 

2.3.1.4 Electronic spectra 

The electronic spectral data of the ligand (3-formyl chromone 

hydrazone) in DMF (10
-3

M) (Table 2.3) showed two bands with λmax (DMF) 

307-311 nm (32573-32154 cm
-1

) and 342-361 nm (29239-27700 cm
-1
) for  

3-formyl hydrazone ligands. The higher energy band may be assigned to             

π-π* transitions of the azomethine linkage and the aromatic rings. The 

medium energy band may be assigned to n-π* transitions of the C=O and 

C=N groups (Figures 2.17- 2.24).  

Table 2.3 UV-visible spectral data of 3-formyl chromone hydrazone ligands 
in DMF (10

-3
M) 

 

No Compounds 
Electronic spectral bands (nm) 

λmax (nm)/(εmax*10
3
 L cm

-1
 mol

-1
) 

1 FB 
307 (1.39) - π→π* 
349 (4.6) - n→π* 

2 FBH 
304 (1.48) - π→π* 

342 (7.2) - n→π* 

3 FN 
320 (1.32) - π→π* 

356 (4.9) - n→π* 

4 FIN 
309 (1.45) - π→π* 

351 (5.9) - n→π* 

5 FMB 
310 (1.37) - π→π* 

361 (8.6) - n→π* 

6 FMBH 
305 (1.41) - π→π* 

357 (7.9) - n→π* 

7 FMN 
313 (1.31) - π→π* 

356 (5.2) - n→π* 

8 FMIN 
311 (1.46) - π→π* 

353 (5.7) - n→π* 
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Figure 2.17 UV-visible spectrum of FB    Figure 2.18 UV-visible spectrum of FBH 

 

  
Figure 2.19 UV-visible spectrum of FN   Figure 2.20 UV-visible spectrum of FIN 

 

  
Figure 2.21 UV-visible spectrum of FMB  Figure 2.22 UV-visible spectrum of FMBH 
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Figure 2.23 UV-visible spectrum of FMN       Figure 2.24 UV-visible spectrum of FMIN 

 

2.3.1.5 NMR spectra 

The NMR spectral assignments were done on the basis of 
1
H NMR 

and 
13

C NMR 

2.3.1.5.1 
1
H NMR spectra 

The
 1

H NMR spectra of 3-formyl chromone hydrazone were 

recorded in DMSO-d6 using TMS as the internal standard (Figures 2.25-

2.32) and assignments were done with that of the respective standard 

values (Table 2.4). The 
1
H NMR spectra of 3-formyl chromone 

hydrazones the sharp singlet at the range of δ11.72-12.12 ppm in the 

downfield region of the spectrum which integrates as one hydrogen is due 

to OH proton the existence of the compound in the iminolic form of the 

hydrazone. A singlet at the range of δ10.12-10.13 ppm in the spectra is 

assigned to the phenolic proton (Figures 2.26 & 2.30). Absence of any 

coupling interactions by protons on neighbouring atoms renders singlet 

peaks for these iminolic and phenolic protons. A sharp singlet at the 

region of δ 8.78-9.08 ppm is due to =CH of azomethine group. A sharp 

singlet at region of δ8.59 ppm is due to presence of hydrogen at oxo-ring 

of chromone part.  
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Table 2.4 
1
H NMR and 

13
C NMR spectral data of 3-formyl chromone hydrazone 

ligands 
 

Compounds Assignments
 

FB 

1H NMR (DMSO-d6 δppm); 11.72 (1H,s, iminolic -OH), 8.78 (1H,s, -CH=N-), 

8.59 (1H,s, H oxo-ring), 7.92-6.84 (m, aromatic ring);13C NMR (DMSO-d6 
δppm) 177.50 (C=O), 163.77 (=N–N=CH–), 162.7 (C8), 157.20 (C9), 152.80 
(C5), 135.2 (C11), 131.00 (C1), 129.80 (C4), 128.80 (C2), 128.10 (C3), 125.80 
(C13), 123.97 (C14), 123.47 (C12), 116.10 (C10), 102.41 (C7). 

FBH 

1H NMR (DMSO-d6 δppm); 11.73 (1H,s, iminolic -OH), 10.12 (1H,s, phenolic 
-OH), 8.80 (1H,s, -CH=N-), 8.60 (1H,s, H oxo-ring), 8.15-6.87 (m, aromatic 
ring);13C NMR (DMSO-d6 δppm) 176.00 (C=O), 163.71 (=N–N=CH–), 162.72 

(C9), 160.83 (C1), 157.21 (C10), 152.83 (C5), 135.23 (C12), 130.67 (C3), 
125.85 (C14), 123.92 (C15), 123.42 (C13), 122.40 (C4), 116.60 (C11), 116.01 
(C2), 102.47(C7). 

FN 

1H NMR (DMSO-d6 δppm); 12.08 (1H,s, iminolic -OH), 9.08(1H,s, -CH=N-), 
8.83 (1H,s, H oxo-ring), 8.78-7.56 (m, aromatic ring);13C NMR (DMSO-d6 
δppm) 178.02 (C=O), 163.70 (=N–N=CH–), 162.31. (C9), 152.82 (C6), 152.26 
(C10), 151.50 (C5). 

FIN 

1H NMR (DMSO-d6 δppm); 11.72 (1H,s, iminolic -OH), 8.83 (1H,s, -CH=N-), 

8.63 (1H,s, H oxo-ring), 8.78-7.69 (m, aromatic ring);13C NMR (DMSO-d6 δppm) 
178.40 (C=O), 163.71 (=N–N=CH–), 162.50 (C7), 152.82 (C4), 152.21 (C8). 

FMB 

1H NMR (DMSO-d6 δppm); 11.72(1H,s, iminolic -OH), 8.78 (1H,s, -CH=N-), 
8.59 (1H,s, H oxo-ring), 7.92-7.56 (m, aromatic ring), 2.45 (3H,s, -CH3);

13C 
NMR (DMSO-d6 δppm) 177.50 (C=O), 163.77 (=N–N=CH–), 162.50 (C8), 
154.20 (C9), 152.80 (C5) 138.90 (C11), 133.10 (C12), 131.19 (C1), 129.80 

(C4), 128.80 (C2), 128.10 (C3), 124.40 (C3), 123.57 (C14), 113.47 (C10), 
102.97 (C7), 21.32 (C16). 

FMBH 

1H NMR (DMSO-d6 δppm); 11.72 (1H,s, iminolic -OH), 10.13 (1H,s, phenolic 

-OH), 8.78 (1H,s, -CH=N-), 8.59 (1H,s, H oxo-ring), 7.92-6.87 (m, aromatic 
ring), 2.45 (3H,s, -CH3);

13C NMR (DMSO-d6 δppm) 175.00 (C=O), 163.00 
(=N–N=CH–), 162.40 (C8), 160.70 (C1), 154.11 (C9) 154.06 (C5), 135.70 
(C11), 135.64 (C12), 129.70 (C3) 124.40 (C13), 123.60 (C14), 123.01 (C4), 
118.47(C2), 118.32 (C10), 114.99 (C7). 20.43 (C16). 

FMN 

1H NMR (DMSO-d6 δppm); 12.08 (1H,s, iminolic -OH), 9.08 (1H,s, -CH=N-), 

8.83 (1H,s, H oxo-ring), 8.78-7.56 (m, aromatic ring), 2.45 (3H,s, -CH3);
13C 

NMR (DMSO-d6 δppm) 174.92 (C=O), 161.50 (=N–N=CH–), 154.52 (C9), 
154.05 (C10), 152.31 (C4) 141.23 (C1), 135.78 (C12), 135.69 (C3), 135.40 
(C13), 128.89 (C5), 124 40 (C14), 123.57 (C2), 122.99 (C15), 118.47 (C11), 
117.97 (C8), 20.42 (C17). 

FMIN 

1H NMR (DMSO-d6 δppm); 12.12 (1H,s, iminolic -OH), 8.82 (1H,s, -CH=N-), 

8.65 (1H,s, H oxo-ring), 8.79-7.60 (m, aromatic ring), 2.44 (3H,s, -CH3);
13C 

NMR (DMSO-d6 δppm) 175.40 (C=O), 163.47 (=N–N=CH–), 161.50 (C7), 
154.52 (C8), 152.31 (C4), 149.56 (C1), 141.23 (C10), 135.69 (C3), 135.40 
(C11), 128.89 (C12), 124.40 (C2), 123.57 (C13), 113.47 (C9), 102.97 
(C6),20.42 (C15). 

 



Chapter 2 

74  Department of Applied Chemistry, Cochin University of Science and Technology 

 

The downfield shifts of these protons are may be assigned to their 

hydrogen bonding interactions. Hydrogen bonding decreases the electron 

density around the proton and thus moves the proton absorption to a 

lower field. Absence of any coupling interactions of these protons due to 

the lack of availability of protons on neighbouring atoms renders singlet 

peaks for them. Multiplets around 7.92-6.84 ppm are assigned to protons 

of the chromone ring system and the protons attached to the aromatic 

ring. The three hydrogen singlet at around 2.45 ppm is assigned for -CH3 

protons (Figures 2.29-2.32). 

 

 

Figure 2.25 
1
H NMR spectrum of FB 
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Figure 2.26 

1
H NMR spectrum of FBH 

 

 

  

Figure 2.27 
1
H NMR spectrum of FN 
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Figure 2.28 
1
H NMR spectrum of FIN 

 

 

  

Figure 2.29 
1
H NMR spectrum of FMB 
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Figure 2.30 
1
H NMR spectrum of FMBH 

 

 

  

Figure 2.31 
1
H NMR spectrum of FMN  

 



Chapter 2 

78  Department of Applied Chemistry, Cochin University of Science and Technology 

 

 

Figure 2.32 
1
H NMR spectrum of FMIN 

2.3.1.5.2 
13

C NMR spectra 

The proton decoupled 
13

C NMR spectrum provides direct information 

about the carbon skeleton of the molecule. The 
13

C NMR spectrum of 

the compound (Figures 2.33-2.40) shows carbon signals supporting the 

1
H NMR assignments. There are unique carbon atoms in the molecule 

which give different peaks in the spectrum (Table 2.4). The non 

protonated carbon atom is shifted farthest downfield in the spectra 

around δ177.50 ppm are due to the C=O group of chromone ring. A non 

protonated carbon atom is shifted to downfield in the spectra in the 

region of δ163.77 ppm are due to the conjugative effect of the =N-

N=CH-hydrazone skeleton.  
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Figure 2.33 

13
C NMR spectrum of FB 

 

 
Figure 2.34 

13
C NMR spectrum of FBH 
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Figure 2.35 

13
C NMR spectrum of FN 

 

 
Figure 2.36 

13
C NMR spectrum of FIN 
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Figure 2.37 13C NMR spectrum of FMB 

 
 

 
 Figure 2.38 13C NMR spectrum of FMBH 
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Figure 2.39 

13
C NMR spectrum of FMN 

 

 
 Figure 2.40 

13
C NMR spectrum of FMIN 
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2.4  Conclusion 

The synthesis of 3-formyl chromone and benzhydrazide (FB),               

3-formyl chromone and 4-hydroxybenzhydrazide (FBH), 3-formyl 

chromone and nicotinic hydrazide (FN), 3-formyl chromone and isonicotinic 

hydrazide (FIN), 6-methyl-3-formyl chromone and benzhydrazide (FMB),   

6-methyl-3-formyl chromone and 4-hydroxybenzhydrazide (FMBH),                    

6-methyl-3-formyl chromone and nicotinic hydrazide (FMN), 6-methyl-3-

formyl chromone and isonicotinic hydrazide (FMIN). All hydrazones 

were characterized by physiochemical methods such as elemental, FT-IR 

spectra, UV-Vis., ESI-MS spectra and 
1
H/

13
C NMR spectra. All these 

studies give good evidence for the synthesized compounds are crystalline 

and pure. 
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Chapter 3 

SYNTHESIS AND SPECTRAL CHARACTERIZATION OF  

Ni (II), Cu (II) & Zn (II) COMPLEXES OF  

ONO/NO DONOR CHROMONE HYDRAZONES   

 

  3.1 Introduction 
  3.2 Materials and Methods 
  3.3 Result and Discussion 
  3.4 Conclusion 

 

Conspectus: In the present investigation, the reactions of the 3-formyl 

chromone hydrazones with transition metals such as Ni, Cu, and Zn (II) 

salts of acetate afforded mononuclear metal complexes. Characterization 

and structure elucidation of the prepared chromone hydrazone metal (II) 

complexes were done by elemental, IR, electronic, EPR spectra and 

thermo gravimetric analyses as well as conductivity and magnetic 

susceptibility measurements. The spectroscopic data showed that the 

ligand acts as a mono basic bidentate with coordination sites are 

azomethine nitrogen and hydrazonic oxygen and for tridentate the 

coordination sites are pyrone oxygen, azomethine nitrogen and 

hydrazonic oxygen. Thermal analyses have been performed in order to 

understand the thermal decomposition pattern of the complexes. Spin 

Hamiltonian and bonding parameters of Cu (II) have been calculated 

from EPR analysis. The g values, calculated for the copper complexes in 

frozen DMF, indicate the presence of an unpaired electron in the dx
2

-y
2
 

orbital consistent with a square pyramidal topology whereas that of 

[Cu(FMIN)(OAc)(H2O)].H2O corresponds to a rhombic symmetry. 

C
o

n
te

n
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3.1  Introduction 

Hydrazones and their metal complexes have increasing significance     

like anti-inflammatory, anti-microbial, anti-tubercular, anti-fungal, anti-

HIV and anti-cancer activities [1-10]. Numerous researchers have 

synthesized these compounds as target structures and evaluated their 

biological properties. In several cases it was reported that metal complexes 

have superior biological properties than their corresponding ligands [11]. 

The biological property of hydrazones may be due to the availability of 

multidentate coordination sites and their capability to form stable complexes 

with critical metal ions which organisms require in their metabolic activity 

[12-13]. Hydrazones having an azomethine -NH-N=CH- proton comprise an 

important class of compounds for development of new therapeutic agents. 

Pinheiro et al. synthesized a series of hydrazone derivatives with significant 

antitubercular activity [14]. B. C. Raju et al. synthesized potential anti-

mycobacterial and anticancer agents [15]. 

The first row transition metal play an imperative role in the synthesis 

of numerous coordination complexes due their variable oxidation states 

which facilitate their structural, stereo chemical, electrochemical and 

spectroscopic properties. Among the diverse transition metals, the current 

study is focused on nickel, copper and zinc metal ions based on their 

extensive biological applications.  

3.1.1 Importance of Ni (II), Cu (II) and Zn (II) complexes 

Nickel ion is frequently dispositive in its compounds, but it can also 

exhibit in the variable oxidation states such as 0, 1
+
, 3

+
, and 4

+
. In 

addition to the simple nickel compounds or salts, nickel forms a variety of 
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coordination compounds. At present, the bioinorganic chemistry of nickel 

is an escalating interesting area because the study of the interactions of Ni 

ion with hydrazones offers an opening to recognize a variety of properties 

of Ni (II). Since nickel compounds are in the active sites of urease and are 

used widely in the design and construction of new magnetic materials, the 

study of nickel compounds is of enormous interest in diverse aspects of 

chemistry [16-18]. 

Copper complexes with physiologically endogenous transition metal 

element centers show various geometries, coordination numbers, various 

oxidation states, better solubility, and higher affinity for the nucleobases [19-

21]. Copper (II) complexes are considered the most hopeful substitutes to 

cisplatin as anticancer drugs. The biologically accessible oxidative/reductive 

potential has made copper complexes a class of the most often studied 

metallonuclease [22]. The copper complexes with hydrazones have 

extensive importance in the field of analytical chemistry, food industry, 

in the dyeing industries, catalysis, antimicrobial, agrochemical, anti-

inflammatory and anticancer agents [23-25]. Research in the literature 

exposed that copper complexes elucidate hopeful perspectives and showed 

a significantly higher level of antitumor, antimicrobial, antiproliferative and 

antimitotic activity for tumor metastases and showed a lower overall host 

toxicity compared to platinum compounds [26-28]. 

Zinc is a vital metal next to iron and one of the most important 

transition metal ions for biology (human beings contain an average of 

about 2-3 g of zinc). The cations of zinc (II), owing to their d
10

 electronic 

configuration, form complexes with a flexible coordination environment 
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and the geometries of these complexes can vary from tetrahedral to 

octahedral and severe distortions of the ideal polyhedra occur easily. 

Many characteristics of zinc, such as its ability to aid Lewis activation, 

nucleophile generation, fast exchange of ligands and leaving-group 

stabilization, make Zn (II) ideal for the catalysis of hydrolytic reactions, 

including DNA binding and DNA cleavage, which are important 

properties for use as anticancer agents[29-32]. 

The transition metal ions (Ni, Cu and Zn) attached to the donor 

atoms of the hydrazone ligand form stable metal complexes. Metal-based 

anticancer drugs show superior selectivity and novel modes of DNA 

interaction, such as non-covalent interactions that impersonate the mode of 

interaction of biomolecules [33]. In current scenario a number of research 

articles have been available on transition metal complexes of Ni (II), Cu (II) 

and Zn (II) with hydrazones [34-38]. The new compounds were investigated 

for inhibition against human TRK in vitro cytotoxicity for four human tumor 

cell lines. The Zn (II) complex showed potent inhibition against human TRK 

in the four cell lines (HepG2, MCF7, A549, HCT116) by the ratio 80, 70, 61 

and 64% respectively as compared to the inhibition in the untreated cells in 

comparison with the reference drug (doxorubicin) [39] 

N. Joksimovic et al have developed a facile and efficient synthetic 

route to novel Cu (II) complexes with ethyl-2-hydroxy-4-aryl-4-oxo-2-

butenoate at ambient temperature. Antimicrobial evaluations of the novel 

complexes were investigated via treatment of a series of bacteria and 

fungi strains [40]. Cu (II) complexes of salicylaldehyde-N substituted 

thiosemicarbazones having 5-nitro-substitution in the 2-hydroxy phenyl ring 
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along with different substituents at N
1
 nitrogen using 2,2`-bipyridine and 

1,10-phenanthroline as co-ligands have shown significant growth inhibitory 

activity against Staphylococcus aureus, methicillin resistant Staphylococcus 

aureus, Klebsiella pneumonia, Shigella flexneri, Salmonella typhimurium 

and Candida albicans.  It is interested to note that complexes are highly 

active against Shigella flexneri and Pseudomonas aeruginosa while only  

few complexes with 5-methoxy substitution at 2-hydroxyphenyl ring of           

thio-ligand are active against these microorganisms [41]. 

Shikha and coworkers reported antimicrobial activity of mixed-

ligand Zn (II) complexes of 5-nitro-salicylaldehyde thiosemicarbazones. 

These Zn (II) complexes have shown significant antimicrobial activity 

against Staphylococcus aureus, methicillin resistant Staphylococcus aureus, 

Klebsiella pneumonia, Shigella flexneri, Salmonella typhimurium and 

Candida albicans. This work makes a significant contribution to the use of 

Zn (II) thiosemicarbazone complexes as efficient antimicrobial agents [42]. 

3.2  Materials and Methods 

3.2.1 Materials 

The details of materials used for the synthesis of 3-formyl chromone 

hydrazone ligands and complexes have been given in Chapter 2 (section 2.2). 

3.2.2 Synthesis of ligands 

Details regarding the preparation and purification of the hydrazone 

ligands FB, FBH, FN, FIN, FMB, FMBH, FMN and FMIN are described 

in Chapter 2 (section 2.2.1.1-2.2.1.8). 
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3.2.3 Synthesis of complexes 

About 1 mmol of metal (II) acetate [nickel (II) acetate (0.248g), 

cupric (II) acetate (0.199g) and zinc (II) acetate (0.219g)] dissolved in 30 

mL methanol was added gradually to 1 mmol of the ligand, dissolved in 

DMF. The reaction mixture was heated under reflux for 8 h at 60°C. The 

resulting precipitates were filtered, washed with methanol and hexane 

then diethyl ether and finally air-dried. The complexes were kept in 

desiccators over anhydrous calcium chloride. The yield was noted. All 

complexes were prepared similarly. 

3.3  Result and Discussion 

Twenty four complexes out of which eight nickel, eight copper and 

eight zinc complexes of the chromone hydrazones were synthesized. The 

complexes were prepared by the reaction of equimolar mixture of the 

appropriate chromone hydrazones and metal (II) acetate. The complexes 

formed are of fairly good stability and are found to be coloured. All the 

complexes are insoluble in water and common organic solvents but are 

soluble in DMF and DMSO. In all the complexes, chromone hydrazones 

exist in the amino-imino form and act as deprotonated tridentate ligands 

coordinating through pyrone oxygen, azomethine nitrogen and hydrazonic 

oxygen. They are characterized by the following physico-chemical 

methods. 

3.3.1 Elemental analysis and AAS 

The elemental analysis values showed that the found and calculated 

values are in close agreement with the proposed formula of the complexes. 

The analytical data indicate that the observed C, H, N values are 
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consistent with the formulae suggested for the complexes (Table 3.1-3.3). 

However we could not isolate single crystals of suitable quality for XRD 

studies for any of these complexes. The metal content % of the complexes 

was determined by AAS after digestion with conc. HNO3 and is found to 

be in good agreement with that of the theoretical results. 

 

Table 3.1 Analytical data of Nickel (II) complexes 

Compound 
M.W. 

(g/mol) 

Colour 

(yield) 

Element analysis 

Found (calc.) 

% of 

metal 

found 

(calc.) 

C H N Ni 

[Ni(FB)(OAc)(H2O)].2H2O (1) 463.06 
Brown 

(70%) 

49.33 

(49.20) 

4.47 

(4.35) 

6.15 

6.05 

12.53 

(12.68) 

[Ni(FBH)(H2O)(OAc)].2H2O (2) 479.06 
Yellow 

(75%) 

47.58 

(47.64) 

4.29 

(4.21) 

5.72 

(5.85) 

12.07 

(12.25) 

[Ni(FN)(OAc)].H2O (3) 428.02 
Yellow 
(65%) 

50.45 
(50.51) 

3.36 
(3.53) 

9.73 
(9.82) 

13.49 
(13.71) 

[Ni(FIN)(OAc)(H2O)].H2O (4) 446.03 
Green 
(70%) 

48.31 
48.47) 

3.46 
(3.84) 

9.75 
(9.42) 

13.11 
(13.16) 

[Ni(FMB)2)(H2O)2].H2O (5) 723.35 

Dark 

green 

(73%) 

59.44 

(59.78) 

4.45 

(4.46) 

7.75 

(7.75) 

8.01 

(8.11) 

[Ni(FBH)2(H2O)2].2H2O (6) 773.36 
Yellow 

(55%) 

56.07 

(55.91) 

4.04 

(4.43) 

7.41 

(7.24) 

7.48 

(7.59) 

[Ni(FMN)(OAc)].2H2O (7) 460.06 
Brown 

(67%) 

49.07 

(49.60) 

4.29 

(4.16) 

8.99 

(9.13) 

12.70 

(12.76) 

[Ni(FMIN)(OAc)(H2O)].1.5H2O (8) 469.07 

Dark 
Brown 

(71%) 

48.58 
(48.65) 

4.24 
(4.30) 

8.90 
(8.96) 

12.44 
(12.51) 
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Table 3.2 Analytical data of Copper (II) complexes 

Compound 
M.W. 

(g/mol) 

Colour 

(yield) 

Element analysis 

Found(calc.) 

% of 

metal 

found 

(calc.) 

C H N Cu 

[Cu(FB)(OAc)].H2O (9) 431.88 
Dark brown 

(79%) 
53.03 

(52.84) 
3.38 

(3.73) 
6.40 

(6.49) 
14.64 

(14.71) 

[Cu(FBH)(H2O)(OAc)].H2O (10) 465.90 
Dark brown 

(75%) 
48.89 

(48.98) 
3.93 

(3.89) 
6.12 

(6.01) 
13.51 

(13.64) 

[Cu(FN)(OAc)].2H2O (11) 450.88 
Dark brown 

(70%) 
47.69 

(47.95) 
3.54 

(3.80) 
9.21 

(9.32) 
14.17 

(14.09) 

[Cu(FIN)(OAc)(H2O)].2H2O (12) 468.90 
Black 

(64%) 

46.33 
(46.11) 

4.21 
(4.08) 

8.79 
(8.96) 

13.47 
(13.55) 

[Cu(FMB)2(H2O)2].H2O  (13) 728.20 
Black 

(70%) 

59.25 
(59.38) 

4.38 
(4.43) 

7.73 
(7.69) 

8.79 
(8.73) 

[Cu(FMBH)2(H2O)2].2H2O (14) 778.22 
Green 

(68%) 

55.60 
(55.56) 

4.38 
(4.40) 

7.02 
(7.20) 

8.32 
(8.17) 

[Cu(FMN)(OAc)].H2O (15) 446.90 
Brown 
(72%) 

51.11 
(51.06) 

3.89 
(3.83) 

9.35 
(9.40) 

14.18 
(14.22) 

[Cu(FMIN)(OAc)(H2O)].H2O (16) 464.91 
Dark green 

(78%) 
49.16 

(49.08) 
4.06 

(4.12) 
9.15 

(9.04) 
13.60 

(13.67) 

 

Table 3.3 Analytical data of Zinc (II) complexes 

Compound 
M.W. 

(g/mol) 

Colour 

(yield) 

Element analysis 

Found(calc.) 

% of 

metal 

found 

(calc.) 

C H N Zn 

[Zn(FB)(OAc)].2.5H2O (17) 459.04 
Brown 
(66%) 

49.47 
(49.53) 

4.06 
(4.16) 

6.13 
(6.08) 

14.11 
(14.20) 

[Zn(FBH)(OAc)] (18) 431.73 
Orange 
(75%) 

52.79 
(52.86) 

3.20 
(3.27) 

6.41 
(6.49) 

15.09 
(15.15) 

[Zn(FN)(OAc)].H2O (19) 434.73 
Brown 
(68%) 

49.65 
(49.73) 

3.34 
(3.48) 

9.58 
(9.67) 

15.17 
(15.05) 

[Zn(FIN)(OAc)] (20) 416.72 
Yellow 
(73%) 

51.69 
(51.88) 

3.27 
(3.14) 

10.15 
10.08) 

15.63 
(15.70) 

[Zn(FMB)2].2H2O (21) 712.05 
Pale 

Orange 
(79%) 

60.89 
(60.72) 

4.23 
(4.25) 

7.86 
(7.87) 

9.01 
(9.19) 

[Zn(FMBH)(OAc)].H2O (22) 463.77 
Green 
(72%) 

51.51 
(51.80) 

3.61 
(3.91) 

6.95 
(6.04) 

14.29 
(14.10) 

[Zn(FMN)(OAc)].H2O (23) 448.76 

Pale 

Yellow 
(64%) 

50.79 
(50.85) 

3.89 
(3.82) 

9.40 
(9.36) 

14.52 
(14.58) 

[Zn(FMIN)(OAc)].0.5 H2O  (24) 439.75 
Yellow 
(60%) 

51.82 
(51.89) 

3.61 
(3.67) 

9.50 
(9.56) 

14.79 
(14.87) 
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3.3.2 Molar conductivity and magnetic susceptibility measurements 

The molar conductivity measurements have been demonstrated to 

be a very useful tool in the investigation of geometrical structure of 

inorganic compounds. The conductivity measurements were made in 

DMF (10
-3

 M) and it is observed that the values lie in the range 4.00-

16.80 ohm
-1

cm
2
mol

-1
 (Table 3.4-3.6), which are well below the range (65-

90 ohm
-1

cm
2
mol

-1
) for uni-univalent electrolytes in the same solvent, 

indicating the non-electrolytic nature of the complexes [43]. These results 

indicate that the complexes dissociate very slightly in this solvent. 

Analytical data and molar conductance values for Zn (II) complex 

sufficiently supports the tetrahedral geometry for Zn (II) complex because 

it is well known that the Zn (II) generally forms tetrahedral complexes 

because of its d
10

 electronic configuration.  

 

Table 3.4 Magnetic moment values and molar conductance (DMF 10
-3

M) data 

of Ni (II) complexes 

Compound 
Molar conductance 

(ohm
-1

cm
2
mol

-1
) 

µeff (B.M.) 

[Ni(FB)(OAc)(H2O)].2H2O (1) 12.50 2.45 

[Ni(FBH)(H2O)(OAc)].2H2O (2) 15.40 2.32 

[Ni(FN)(OAc)].H2O (3) 7.30 3.69 

[Ni(FIN)(OAc)(H2O)].H2O (4) 8.60 3.06 

[Ni(FMB)2)(H2O)2].H2O (5) 10.30 2.85 

[Ni(FBH)2(H2O)2].2H2O (6) 11.90 3.12 

[Ni(FMN)(OAc)].2H2O (7) 9.80 3.85 

[Ni(FMIN)(OAc)(H2O)].1.5H2O (8) 16.80 2.96 
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Table 3.5  Magnetic moment values and molar conductance (DMF 10
-3
M) data 

of Cu (II) complexes 
 

Compound 

Molar 

conductance 

(ohm
-1

cm
2
mol

-1
) 

µeff (BM) 

[Cu(FB)(OAc)].H2O (9) 9.40 1.65 

[Cu(FBH)(H2O)(OAc)].H2O (10) 13.70 1.72 

[Cu(FN)(OAc)].2H2O (11) 12.72 1.85 

[Cu(FIN)(OAc)(H2O)].2H2O (12) 10.56 1.71 

[Cu(FMB)2(H2O)2].H2O (13) 8.70 1.65 

[Cu(FMBH)2(H2O)2].2H2O (14) 12.50 1.71 

[Cu(FMN)(OAc)].H2O (15) 10.62 1.89 

[Cu(FMIN)(OAc)(H2O)].H2O (16) 11.67 1.86 

 

Table 3.6 Molar conductance (DMF 10
-3
M) data of Zn (II) complexes 

Compound 
Molar conductance 

(ohm
-1

cm
2
 mol

−1
) 

[Zn(FB)(OAc)].2.5H2O (17) 8.60 

[Zn(FBH)(OAc)] (18) 9.50 

[Zn(FN)(OAc)].H2O (19) 5.60 

[Zn(FIN)(OAc)] (20) 4.00 

[Zn(FMB)2].2H2O (21) 6.50 

[Zn(FMBH)(OAc)].H2O (22) 9.80 

[Zn(FMN)(OAc)].H2O (23) 13.28 

[Zn(FMIN)(OAc)].0.5 H2O (24) 7.60 

 

 

For Ni (II), and Cu (II), the magnetic susceptibility measurements 

were carried out, and data are presented in Table 3.4 and 3.5. From the 

results they were found to be paramagnetic in nature. In paramagnetic Ni 

(II) and Cu (II) complexes, often the magnetic moment (μeff) gives the 

spin only value (μ
eff

=  𝑛 𝑛 + 2  𝐵.𝑀. ) corresponding to the number 

of unpaired electron. The variation from the spin only value is attributed 
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to the orbital contribution and it varies with the nature of coordination and 

consequent delocalization [44]. 

Ni (II) has the electronic configuration 3d
8 

and should exhibit a 

magnetic moment higher than that expected for two unpaired electrons in 

octahedral (2.8-3.2B.M.) and tetrahedral (3.4-4.2B.M.) complexes, 

whereas its square planar complexes would be diamagnetic. The effective 

magnetic moments of complexes in the polycrystalline state are shown in 

Table 3.4 which is consistent with two unpaired electrons. The magnetic 

moment observed for the complexes [Ni(FB)(OAc)(H2O)].2H2O, 

[Ni(FBH)(H2O)(OAc)].2H2O, [Ni(FIN)(OAc)(H2O)].H2O, [Ni(FMB)2) 

(H2O)2].H2O, [Ni(FBH)2(H2O)2].2H2O and [Ni(FMIN)(OAc)(H2O)].1.5H2O 

lies within the region 2.32-3.12 B.M expected for octahedral stereochemistry 

of the complexes [45]. The magnetic moment of other Ni (II) complexes 

[Ni(FN)(OAc)].H2O and Ni(FMN)(OAc)].2H2O were 3.69 and 3.85 B.M. 

which is consistent with the tetrahedral complexes. 

Due to the Jahn-Teller distortion of Cu
II
-ion (d

9
) it lower the 

symmetry, complete interpretations of the spectra and magnetic properties 

are somewhat difficult [40]. Magnetic moment (μeff) values of copper (II) 

complexes in the polycrystalline state fall in the range 1.7-1.9 B.M. 

(Table 3.5); corresponding to an unpaired electron and this is an 

indication of monomeric compounds with square pyramidal or square 

planar geometry [46]. The copper (II) ion (d
9
) has one unpaired electron 

in the 3d shell, therefore its compounds were considered to have magnetic 

moments close to the spin-only value, 1.73 B.M. but due to spin orbit 

coupling, higher values are often observed [47]. 
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Due to completely filled ‘d’ shell as expected for Zn (II) ion, it 

exhibits diamagnetic nature. The present Zn (II) complexes are found to 

be diamagnetic in nature for tetrahedral geometry [48]. 

3.3.3 Infrared spectra 

The comparison of the main vibrational bands of the chromone 

hydrazones with those of the complexes helps to establish their ligating 

behaviour to the metal center. The IR bands that are considered most 

useful in ascertaining the mode of coordination of the hydrazones to the 

metal (II) ion are summarized in Table 3.7-3.9. The IR spectra of 

hydrazones exhibit bands at around 3300-3100 cm
-1

 due to ν(N-H) 

stretching and 1680-1670 cm
-1

 due to ν(C=O) stretching, which are 

indicative of their amido nature in the solid-state [49]. These bands 

disappear on complexation and a new band appearing in the region 1360-

1385 cm
-1

 is assigned to ν(C-O) indicating the involvement of the original 

carbonyl-oxygen in bonding as an enolate. Each of the chromone 

hydrazones under discussion display a strong and sharp band in the region 

1595-1580 cm
-1

 ascribed to ν(C=N) of the azomethine group [50]. Figures 

3.1-3.24 depict the infrared spectra of the metal (II) complexes of                      

3-formyl chromone hydrazones. 

The comparison of the complexes with respective chromone 

hydrazone shown that complexes had broad band in the range of 3690-

2919 cm
-1

 assigned to ν(OH) of the coordinated water molecules linked 

with the complexes [51] and also the OH of the hydrazone moiety which 

are confirmed by elemental, AAS, and thermal analyses. The band at 

around 1595 cm
-1

 assigned to ν(-C=N-), in the chromone hydrazones were 
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shifted to lower wave number region in all complexes. The entire metal (II) 

complexes displayed distinct sharp band in 1571-1534 cm
-1

 region 

corresponds to the characteristic -C=N- group stretching vibration indicating 

the coordination of azomethine nitrogen to metal (II) centre as observed in 

the literature [52]. This coordination of azomethine nitrogen is also 

supported by band at 1029-1013 cm
-1

 corresponding to ν(N-N) stretching 

vibration. On comparison with literature reports, ν(N-N) vibrations was 

found to be in higher frequencies in the complexes due to the increase in 

double bond character, off-setting the loss of electron density via donation 

to the metal [53]. The band at 1655 cm
-1

 assigned to ν (C=O) hydrazonic 

in the free ligand was shifted to (1647-1598) cm
-1

 [54] which indicate  

that the azomethine nitrogen and hydrazonic (C=O) are in chelation. In 

complexes [Ni(FB)(OAc)(H2O)].2H2O, [Ni(FBH)(H2O)(OAc)].2H2O, 

[Ni(FIN)(OAc)(H2O)].H2O, Ni(FMIN)(OAc)(H2O)].1.5 H2O and Cu(FBH) 

(H2O)(OAc)].H2O the chelating bidentate acetate (CH3COO
-
) group was 

present due to the bands around 1457-1414 cm
-1 

and 1337-1325 cm
-1
. These 

two bands are due to νas (COO
-
) and νs (COO

-
), respectively. The separation 

of the two bands, Δν = (νas-νs) = 88 cm
-1

, is comparable to the values cited 

for the bidentate character of the acetate group Δν = 75-90 cm
-1

 [55].               

On the other hand, complexes [Ni(FN)(OAc)].H2O, [Ni(FMN)(OAc)].2H2O, 

[Cu(FB)(OAc)].H2O, [Cu(FN)(OAc)].2H2O, [Cu(FIN)(OAc)(H2O)].2H2O, 

[Cu(FMN)(OAc)].H2O and [Cu(FMIN)(OAc)(H2O)].H2O showed new bands 

characteristic for νas (COO
-
) and νs (COO

-
) of acetate ion in the ranges 

1549-1531 cm
-1 

and 1413-1389 cm
-1

. The higher difference between the 

two bands indicates the monodentate nature of the acetate group, in which 

one ‘O’ atom of acetate was coordinated to the metal center, while the 
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second was hydrogen bonded to, a geminal H2O [56]. The appearance of 

the non-ligand bands at 557-510 cm
-1

and 473-403 cm
-1

 were assigned to ν 

(M-O) and ν (M-N), respectively. 

Table 3.7 IR spectral assignments (cm
-1

) of hydrazones and their Ni (II) 
complexes 

 

Compound 

ν
(O

H
, 
N

H
) 

ν
( 

C
=

O
) 

p
y
r
o
n

e 

ν
( 

C
=

O
) 

h
y
d

r
a
z
o
n

ic
 

ν
(C

=
N

) 

Mono/Bidentate 

acetate 

FB -, 3220 1678 1641 1597 - 

[Ni(FB)(OAc)(H2O)].2H2O (1) 
3666-2919 

(b) 
1645 1617 1545 νas 1431, νs 1328 

FBH 3394 (b) 1675 1650 1590 - 

[Ni(FBH)(H2O)(OAc)].2H2O (2) 
3690-3043 

(b) 
1639 1617 1571 νas 1451, νs 1364 

FN -, 3233 1677 1651 1596 - 

[Ni(FN)(OAc)].H2O (3) 
3500-2987 

(b) 
1648 1622 1564 νas1533, νs 1386 

FIN -, 3267 1674 1645 1597 - 

[Ni(FIN)(OAc)(H2O)].H2O (4) 
3546-3016 

(b) 
1658 1625 1547 νas 1457, νs 1363 

FMB -, 3206 1680 1655 1595 - 

[Ni(FMB)2)(H2O)2].2H2O (5) 
3655-3192 

(b) 
1652 1620 1570 - 

FMBH 3346, 3100 1675 1650 1590 - 

[Ni(FBH)2(H2O)2].2H2O (6) 
3445, 3100 

(b) 
1649 1627 1562 - 

FMN -, 3206 1679 1647 1584 - 

[Ni(FMN)(OAc)].2H2O (7) 3507, 3250 1665 1623 1553 νas 1531, νs 1389 

FMIN -, 3100 1683 1658 1587 - 

Ni(FMIN)(OAc)(H2O)].1.5 H2O (8) 3468, 3165 1667 1619 1539 νas 1414, νs 1325 
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Figure 3.1  FT-IR spectrum of 

[Ni(FB)(OAc)(H2O)].2H2O 
Figure 3.2  FT-IR spectrum of 

[Ni(FBH)(H2O)(OAc)].2H2O 

Figure 3.3  FT-IR spectrum of 
[Ni(FN)(OAc)].H2O 

Figure 3.4 FT-IR spectrum of 
[Ni(FIN)(OAc)(H2O)].H2O 

Figure 3.5 FT-IR spectrum of 

[Ni(FMB)2)(H2O)2].2H2O 
Figure 3.6 FT-IR spectrum of 

[Ni(FMBH)2(H2O)2].2H2O  
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Table 3.8 IR spectral assignments (cm
-1
) of hydrazones and their Cu (II) complexes 

Compound 

ν
(O

H
, 
N

H
) 

ν
( 

C
=

O
) 

p
y

r
o

n
e 

ν
( 

C
=

O
) 

h
y

d
r
a

z
o

n
ic

 

ν
( 

C
=

N
) 

Mono/Bidentate 

acetate 

FB -, 3220 1678 1641 1597 - 

[Cu(FB)(OAc)].H2O (9) 3445 1656 1605 1551 νas 1531, νs 1323 

FBH 3394 (b) 1675 1650 1590 - 

[Cu(FBH)(H2O)(OAc)].H2O (10) 3416-3025 1634 1598 1555 νas 1436, νs1327 

FN -, 3233 1677 1651 1596 - 

[Cu(FN)(OAc)].2H2O (11) 3619-2898 1658 1617 1546 νas 1511, νs 1374 

FIN -, 3267 1674 1645 1597 - 

[Cu(FIN)(OAc)(H2O)].2H2O (12) 3627-3048 1659 1621 1541 νas1533, νs1321 

FMB -, 3206 1680 1655 1595 - 

[Cu(FMB)2(H2O)2].H2O (13) 3597-3192 1642 1605 1548 - 

FMBH 3346, 3100 1675 1650 1590 - 

[Cu(FMBH)2(H2O)2].2H2O (14) 3416-3025 1647 1612 1555 - 

FMN -, 3206 1679 1647 1584 - 

[Cu(FMN)(OAc)].H2O (15) 3458, 3238 1668 1604 1549 νas 1524, νs 1337 

FMIN -, 3100 1683 1658 1587 - 

[Cu(FMIN)(OAc)(H2O)].H2O (16) 3412, 3148 1679 1625 1534 νas 1533, νs 1363 

Figure 3.7  FT-IR spectrum of 

[Ni(FMN)(OAc)].2H2O 
Figure 3.8  FT-IR spectrum of 

Ni(FMIN)(OAc)(H2O)].1.5 H2O 
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Figure 3.9  FT-IR spectrum of 
[Cu(FB)(OAc)].H2O 

Figure 3.10 FT-IR spectrum of 

[Cu(FBH)(H2O)(OAc)].H2O 

Figure 3.11 FT-IR spectrum of 
[Cu(FN)(OAc)].2H2O 

Figure 3.12 FT-IR spectrum of 

[Cu(FIN)(OAc)(H2O)].2H2O  

 

Figure 3.13  FT-IR spectrum of 
[Cu(FMB)2(H2O)2].H2O 

Figure 3.14 FT-IR spectrum of 

[Cu(FMBH)2(H2O)2].2H2O  
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Table 3.9 IR spectral assignments (cm
-1
) of hydrazones and their Zn (II) complexes 

 

Compound 

ν
(O

H
, 
N

H
) 

ν
( 

C
=

O
) 

p
y

r
o

n
e 

ν
( 

C
=

O
) 

h
y

d
r
a

z
o

n
ic

 

ν
( 

C
=

N
) Mono/Bidentate 

acetate 

FB -, 3220 1678 1641 1597 - 

[Zn(FB)(OAc)].2.5 H2O (17) 3618-3088 1641 1597 1560 νas 1529,νs 1397 

FBH -, 3394 (b) 1675 1650 1590 - 

[Zn(FBH)(OAc)] (18) 3630-2997 1654 1593 1550 νas 1536, νs 1388 

FN -, 3233 1677 1651 1596 - 

[Zn(FN)(OAc)].H2O (19) 3567-3045 1657 1628 1553 νas 1514, νs 1376 

FIN -, 3267 1674 1645 1597 - 

[Zn(FIN)(OAc)] (20) -, 3346 1661 1616 1561 νas 1537, νs 1383 

FMB -, 3206 1680 1655 1595 - 

[Zn(FMB)2].2H2O (21) 3568-2996 1663 1621 1568 - 

FMBH 3346, 3100 1675 1650 1590 - 

[Zn(FMBH)(OAc)].H2O (22) 3435-3032 1668 1598 1577 νas 1546, νs 1413 

FMN -, 3206 1679 1647 1584 - 

[Zn(FMN)(OAc)].H2O (23) 3312, 3245 1673 1609 1542 νas 1549, νs 1418 

FMIN -, 3100 1683 1658 1587 - 

[Zn(FMIN)(OAc)].0.5 H2O(24) 3378, 3134 1671 1607 1546 νas 1546, νs 1413 

Figure 3.15 FT-IR spectrum of 
[Cu(FMN)(OAc)].H2O 

Figure 3.16  FT-IR spectrum of 
[Cu(FMIN)(OAc)(H2O)].H2O 
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Figure 3.17  FT-IR spectrum of 
[Zn(FB)(OAc)].2.5H2O 

Figure 3.18  FT-IR spectrum of 
[Zn(FBH)(OAc)]   

Figure 3.19  FT-IR spectrum of 
[Zn(FN)(OAc)].H2O 

Figure 3.20  FT-IR spectrum of 
[Zn(FIN)(OAc)] 

Figure 3.21 FT-IR spectrum of 
[Zn(FMB)2].2H2O 

Figure 3.22 FT-IR spectrum of 

[Zn(FMBH)(OAc)].H2O  
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3.3.4 Electronic spectra 

The electronic spectra of the ligands and metal complexes were 

recorded in DMF (10
-3

M) in the range 900-200 nm (11111-50000 cm
-1

) 

and are given in Figures 3.25-3.48. The spectral bands and their assignments 

are listed in Tables 3.10-3.12. The spectral data of the hydrazones shows two 

bands in the range 250-350 nm (40000-28571 cm
-1

) due to π→π* and n→π* 

transitions [57]. The higher energy band may be assigned to π→π* transitions 

of the azomethine linkage and the aromatic rings. The medium energy 

band may be assigned to n→π* transitions of the C=O and C=N groups. 

The spectra of all metal complexes exhibit bands above 400 nm 

(25000 cm
-1

) in addition to the n→π* transition in the ligands. In absence of 

X-ray diffraction studies, the electronic spectra can be used in determination 

of the structure of metal complexes as the number and position of spectral 

bands provide good insight to the geometry of a metal complex [58]. The 

metal complexes in DMF solutions present absorption maxima attributable to 

the hydrazone ligand together with the absorptions, around 419-697 nm 

(23866-14347 cm
-1

), due to ligand to metal charge transfer and d-d 

transitions of the metals in the complexes [59]. The bands in the electronic 

Figure 3.23  FT-IR spectrum of 
[Zn(FMN)(OAc)].H2O 

Figure 3.24  FT-IR spectrum of 

[Zn(FMIN)(OAc)].0.5 H2O  
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spectra of hydrazones due π→π* and n→π* transitions suffered marginal 

shifts upon complexation. This may be due to the weakening of the -C=O- 

bond and the extension of conjugation upon complexation. The shift occurs 

also due to the coordination of the metal (II) ion are pyrone oxygen, 

azomethine nitrogen and hydrazonic oxygen. 

The electronic spectra of nickel (II) complexes the bands in the  

345-275 nm (28985-36363 cm
-1

) region can be assigned to the intra 

ligand transitions and the bands observed in the region 445-400 nm 

(22471-25000 cm
-1

) are due to ligand to metal charge transfer transitions.  

 

 
 

  
 

Figure 3.25 UV-vis. spectrum of 
[Ni(FB)(OAc)(H2O)].2H2O 

Figure 3.26  UV-vis. spectrum of 
[Ni(FBH)(H2O)(OAc)].2H2O 

Figure 3.27  UV-visible spectrum of 
[Ni(FN)(OAc)].H2O 

Figure 3.28  UV-visible spectrum of 

[Ni(FIN)(OAc)(H2O)].H2O 
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Figures 3.25-3.32 depict the electronic spectra of the Ni (II) 

complexes. All the complexes synthesized except [Ni(FN)(OAc)].H2O 

and [Ni(FMIN)(OAc)(H2O)].1.5H2O have octahedral geometry as evidenced 

from their magnetic moments. In nickel (II) complexes with octahedral 

geometry, we expect three transitions; 
3
T1g (P) ←

3
A2g (F) (ν3), 

3
T1g (F) 

←
3
A2g (F) (ν2) and 

3
T2g (F) ←

3
A2g (F) (ν1) [60-61]. But we could locate 

only one band due to masking by high intensity charge transfer bands. 

The ground state of Ni (II) in tetrahedral complex is 
3
T1 (F) and also three 

spin allowed transitions are expected i.e. 
3
T1 (P) ←

3
T1 (F), 

3
A2 (F) ←

3
T1 

Figure 3.29  UV-visible spectrum of 

[Ni(FMB)2)(H2O)2].H2O 

 

Figure 3.30  UV-visible spectrum of 

[Ni(FMBH)2(H2O)2].2H2O 

 

Figure 3.31  UV-visible spectrum of 

[Ni(FMN)(OAc)].2H2O 
Figure 3.32  UV-visible spectrum of 

[Ni(FMIN)(OAc)(H2O)].1.5H2O 
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(F),
 3
T2 (F) ←

3
T1 (F); but unfortunately these d-d bands are masked by the 

strong charge transfer (CT) absorption bands in these complexes.  

 

Table 3.10 Electronic spectral assignments for Ni (II) complexes 

Compound 

Electronic 

spectral 

bands 

:nm(cm
-1

) 

logԐ 

(L mol
-1 

cm
-1
) 

Band assignment 

[Ni(FB)(OAc)(H2O)].2H2O (1) 

284 (35211) 

325 (30769) 

505 (19801) 

510 (19607) 

3.77 

2.64 

1.66 

1.65 

Intra ligand transition 

CT 
3
A2g(F)→

3
T1g(P) 

3
A2g(F)→

3
T1g(F) 

[Ni(FBH)(H2O)(OAc)].2H2O (2) 

275 (36363) 

450 (22222) 

565 (17699) 

670 (14925) 

3.47 

3.44 

2.07 

1.01 

Intra ligand transition 

CT 
3
A2g(F)→

3
T1g(P) 

3
A2g(F)→

3
T1g(F) 

[Ni(FN)(OAc)].H2O (3) 

298 (33557) 

445 (22471) 

460 (21734) 

645 (15503) 

3.60 

2.39 

1.36 

0.50 

Intra ligand transition 

CT 
3
T1(F) →

 3
A2(F) 

[Ni(FIN)(OAc)(H2O)].H2O (4) 

290 (34482) 

420 (23809) 

463 (21598) 

677 (14771) 

3.53 

2.43 

2.38 

1.90 

Intra ligand transition 

CT 
3
A2g(F)→

3
T1g(P) 

3
A2g(F)→

3
T1g(F) 

[Ni(FMB)2)(H2O)2].H2O (5) 

285 (35087) 

400 (25000) 

450 (22222) 

612 (16339) 

3.65 

2.56 

1.60 

1.17 

Intra ligand transition 

CT 
3
A2g(F)→

3
T1g(P) 

[Ni(FBH)2(H2O)2].2H2O (6) 

307 (32573) 

420 (23810) 

465 (21505) 

550 (18182) 

4.00 

3.91 

1.48 

1.23 

Intra ligand transition 

CT 
3
A2g(F)→

3
T1g(P) 

3
A2g(F)→

3
T1g(F) 

[Ni(FMN)(OAc)].2H2O (7) 

287 (34843) 

320 (31250) 

410 (24390) 

429 (23310) 

580 (17241) 

3.46 

2.32 

1.54 

1.50 

1.32 

Intra ligand transition 

CT 
3
T1(F) →

 3
A2(F) 

[Ni(FMIN)(OAc)(H2O)].1.5H2O (8) 

296 (33783) 

345 (28985) 

421 (23752) 

458 (21834) 

619 (16155) 

3.77 

2.64 

1.82 

1.79 

1.51 

Intra ligand transition 

CT 
3
A2g(F)→

3
T1g(P) 

3
A2g(F)→

3
T1g(F) 
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In UV-Visible spectra the intra ligand transitions of copper (II) 

complexes are assigned to bands in the range of 267-400 nm (37453-

25000 cm
-1

). It is due to the n→π* and π→π* transitions of hydrazone 

ligands suffered a marginal shift up on complexation. The shift of the 

bands may be caused by intra ligand transitions which weakening of the 

C=N bond and extension of conjugation upon complexation. The shift is 

also due to coordination via azomethine nitrogen and iminolate oxygen 

that is an iminolization followed by the deprotonation can be take place 

during complexation. A band is observed in the range 365-457 nm 

(27397-21881 cm
-1

) could be due to Cu (II) → ligand charge transfer 

(MLCT) transitions. 

Cu (II) complexes has the spectroscopic ground state term 
2
D which 

will be split by an octahedral field into two (
2
Eg

 
and 

2
T2g) levels. 

However, Cu (II) complexes in lower symmetry, the energy levels again 

split into more transitions are observed. The band in the wavelength 

around in the range 451-675 nm (22172-14814 cm
-1

) corresponds to d-d 

transition [62]. 
2
B1g→

2
A1g (dx

2
-y

2
-dz

2
),

 2
B1g→

2
B2g (dx

2
-y

2
-dxy) and 

2
B1g→

2
Eg (dx

2
-y

2
-dxz,dyz) are the three possible spin allowed transitions for 

square planar or square pyramidal copper complexes with dx
2

-y
2
 ground 

state. The four d orbitals lie very close together, so each transition cannot 

be distinguished by its energy and hence it is very difficult to resolve the 

three bands into separate components. In the present study, these 

transitions are observed as shoulders in the range 451-675 nm (22172-

14814 cm
-1

) for all copper complexes [63]. 
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Figure 3.33  UV-visible spectrum of 

[Cu(FB)(OAc)].H2O 
Figure 3.34  UV-visible spectrum of 

[Cu(FBH)(H2O)(OAc)].H2O 

Figure 3.35 UV-visible spectrum of 

[Cu(FN)(OAc)].2H2O 
Figure 3.36 UV-visible spectrum of 

[Cu(FIN)(OAc)(H2O)].2H2O  
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Figure 3.37 UV-visible spectrum of 

[Cu(FMB)2(H2O)2].H2O 
Figure 3.38  UV-visible spectrum of 

[Cu(FMBH)2(H2O)2].2H2O 

Figure 3.39  UV-visible spectrum of 

[Cu(FMN)(OAc)].H2O 
Figure 3.40  UV-visible spectrum of 

[Cu(FMIN)(OAc)(H2O)].H2O 
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Table 3.11 Electronic spectral assignments for Cu (II) complexes 

Compounds 

Electronic 

spectral  

bands :nm (cm
-1

) 

logԐ 

(L mol
-1 

cm
-1

) 

Band assignment 

[Cu(FB)(OAc)].H2O (9) 

279 (35842) 

365 (27397) 

425 (23529) 

480 (20833) 

648 (15416) 

3.95 

2.79 

1.69 

1.54 

1.0 

Intra ligand transition 

Intra ligand transition 
2B1→

2E(dx2-y2 → dxz, dyz) 
2B1 → 2B2 (dx2-y2 → dxy) 
2B1 → 2A1 (dx2-y2 → dz2) 

[Cu(FBH)(H2O)(OAc)].H2O 

(10) 

293 (37453) 

386 (25906) 

451 (22172) 

483 (20703) 

639 (15627) 

3.95 

3.85 

2.69 

2.47 

1.20 

Intra ligand transition 

Intra ligand transition 
2B1→

2E(dx2-y2 → dxz, dyz) 
2B1 → 2B2 (dx2-y2 → dxy) 
2B1 → 2A1 (dx2-y2 → dz2) 

[Cu(FN)(OAc)].2H2O (11) 

285 (35087) 

325 (30769) 

410 (24390) 

457 (21881) 

617 (14814) 

3.68 

3.6 

2.68 

2.65 

1.07 

Intra ligand transition 

Intra ligand transition 

Intra ligand transition 
2B1→

2E(dx2-y2 → dxz, dyz) 
2B1 → 2B2 (dx2-y2 → dxy) 

[Cu(FIN)(OAc)(H2O)].2H2O 
(12) 

295 (33898) 

337 (29673) 

480 (20833) 

667 (14973) 

3.65 

3.47 

2.69 

1.17 

Intra ligand transition 

Intra ligand transition 
2B1g→2Eg(dx2-y2→dxz, dyz) 
2B1g→ 2B2g(dx2-y2 → dxy) 

[Cu(FMB)2(H2O)2].H2O (13) 

290 (34482) 

312 (32051) 

450 (22222) 

677 (14771) 

3.68 

3.32 

2.77 

1.23 

Intra ligand transitions 

Intra ligand transitions 
2B1g→2Eg(dx2-y2→dxz, dyz) 
2B1g→ 2B2g(dx2-y2 → dxy) 

[Cu(FMBH)2(H2O)2].2H2O 

(14) 

287 (34843) 

400 (25000) 

453 (22075) 

489 (20449) 

656 (15224) 

3.69 

3.60 

3.43 

2.42 

1.07 

Intra ligand transitions 

Intra ligand transitions 
2B1g→2Eg(dx2-y2→dxz, dyz) 

2B1g→2B2g (dx2-y2→dxy) 
2B1g→2A1g (dx2-y2→dz2) 

[Cu(FMN)(OAc)].H2O (15) 

293 (34129) 

327 (30581) 

450 (22222) 

497 (20120) 

647 (15451) 

3.79 

3.68 

2.69 

2.49 

1.43 

Intra ligand transition 

Intra ligand transition 
2B1→

2E (dx2-y2→ dxz, dyz) 
2B1 → 2B2 (dx2-y2 → dxy) 
2B1 → 2A1 (dx2-y2 → dz2) 

[Cu(FMIN)(OAc)(H2O)].H2O 

(16) 

292 (34246) 

396 (25252) 

457 (21881) 

489(20533) 

610 (16370) 

3.89 

3.77 

3.72 

2.61 

1.23 

Intra ligand transition 

Intra ligand transition 
2B1 → 2E(dx2-y2→dxz, dyz) 

2B1 → 2B2 (dx2-y2 → dxy) 
2B1 → 2A1 (dx2-y2 → dz2) 
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The electronic spectrum of all Zn (II) complexes are presented in 

Figures 3.41-3.48 and Table 3.12. The absorption bands due to n→π* and 

π→π* transitions of free hydrazone ligands suffered substantial shift upon 

complexation. This may be due to the weakening of the C=O bond and 

the extension of conjugation upon complexation. That is due to the 

hydrazonic oxygen atom and azomethine nitrogen atom in coordination. 

The new bands observed for complexes in the 457-387 nm (21881-25839 

cm
-1

) region can be assigned to the metal to ligand charge transfer 

(MLCT) transitions which are compactable with tetrahedral structure for 

Zn (II) complexes [64-65]. No appreciable absorptions occurred below 

500 nm (20000 cm
-1

) indicating the absence of d-d bands which is in 

accordance with d
10 

configuration of Zn (II) ions [66-67]. 

 

 

 

 

  

Figure 3.41  UV-visible spectrum of 

[Zn(FB)(OAc)].2.5 H2O 
Figure 3.42  UV-visible spectrum of 

[Zn(FBH)(OAc)] 
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Figure 3.43  UV-visible spectrum of 

[Zn(FN)(OAc)].H2O 
Figure 3.44  UV-visible spectrum of 

[Zn(FIN)(OAc)] 

Figure 3.45  UV-visible spectrum of 

[Zn(FMB)2].2H2O  
Figure 3.46 UV-visible spectrum of 

[Zn(FMBH)(OAc)].H2O 

 

Figure 3.47 UV-visible spectrum of 

[Zn(FMN)(OAc)].H2O 
Figure 3.48 UV-visible spectrum of 

[Zn(FMIN)(OAc)].0.5 H2O 
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Table 3.12 Electronic spectral assignments for Zn (II) complexes 

Compounds 

Electronic 

spectral bands : 

nm(cm
-1

) 

logԐ 

(L mol
-1 

cm
-1

) 

Band assignment 

[Zn(FB)(OAc)].2.5 H2O 
295 (33898) 

387 (25839) 

3.60 

3.47 

π→π*/n→π* 

MLCT 

[Zn(FBH)(OAc)] 

287 (34843) 

368 (27173) 

410 (24390) 

3.71 

3.46 

3.41 

π→π*/n→π* 

MLCT 

MLCT 

[Zn(FN)(OAc)].H2O 

288 (34722) 

327 (30581) 

425 (23529) 

3.86 

3.81 

3.77 

π→π*/n→π* 

MLCT 

MLCT 

[Zn(FIN)(OAc)] 
293 (34129) 

387 (25706) 

3.85 

3.50 

π→π*/n→π* 

MLCT 

[Zn(FMB)2].2H2O 
299 (33444) 

397 (25188) 

3.69 

3.57 

π→π*/n→π* 

MLCT 

[Zn(FMBH)(OAc)].H2O 
283 (35335) 

394 (25380) 

3.96 

3.76 

π→π*/n→π* 

MLCT 

[Zn(FMN)(OAc)].H2O 

287 (34843) 

334 (29940) 
457 (21881) 

3.75 

3.70 
3.39 

π→π*/n→π* 

MLCT 
MLCT 

[Zn(FMIN)(OAc)].0.5 H2O 
295 (33898) 

357 (28011) 

3.83 

3.56 

π→π*/n→π* 

MLCT 
 

3.3.5 Electronic paramagnetic resonance spectra 

The EPR spectra of the copper (II) complexes in DMF at 77 K and 

in a polycrystalline state at 298 K were recorded in the X-band, using 

100-kHz modulation frequency and 9.5 GHz microwave frequency. All 

the EPR spectra are simulated using Easy Spin 5.0.20 package [68] and 

the experimental (red) and simulated (blue) best fits are included. EPR 

parameters of the copper (II) complexes are presented in Table 3.13-3.14 

and Figures 3.49-3.65 

Copper (II) complexes displayed Figures 3.49-3.56 axial spectra in 

the polycrystalline state at 298 K with g‖ and g⊥ values. The variation in 

the g‖ and g⊥ values indicates that in the solid state, the geometry of the 

compounds is affected by the nature of coordinating ligands. 
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Figure 3.49 EPR spectrum of 

[Cu(FB)(OAc)].H2O at           
298 K 

Figure 3.50 EPR spectrum of 

[Cu(FBH)(H2O)(OAc)].H2O 
at 298 K 

Figure 3.51  EPR spectrum of 

[Cu(FN)(OAc)].2H2O at 

298 K 

Figure 3.52  EPR spectrum of 

[Cu(FIN)(OAc)(H2O)].2H2O 

at 298 K 

Figure 3.53  EPR spectrum of 

[Cu(FMB)2(H2O)2].H2O at 
298 K     

Figure 3.54  EPR spectrum of 

[Cu(FMBH)2(H2O)2].2H2O 
at 298 K 
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Table 3.13 Spin Hamiltonian and bonding parameters of copper (II) complexes 

at 298 K 
 

Polycrystalline at 298 K 

Compounds g‖/gx g⊥/gy gz giso/gav G 

[Cu(FB)(OAc)].H2O (9) 2.190 2.066 - 2.1073 2.9466 

[Cu(FBH)(H2O)(OAc)].H2O (10) 2.190 2.059 - 2.1027 3.3104 

[Cu(FN)(OAc)].2H2O (11) 2.204 2.070 - 2.1147 2.9793 

[Cu(FIN)(OAc)(H2O)].2H2O (12) 2.280 2.065 - 2.1367 4.4290 

[Cu(FMB)2(H2O)2].H2O (13) 2.192 2.060 - 2.1040 3.2877 

[Cu(FMBH)2(H2O)2].2H2O (14) 2.170 2.070 - 2.1033 2.4771 

[Cu(FMN)(OAc)].H2O (15) - - - 2.1100 - 

[Cu(FMIN)(OAc)(H2O)].H2O (16) - - - 2.1100 - 

 

      The spectra of [Cu(FMN)(OAc)].H2O and [Cu(FMIN)(OAc)(H2O)].H2O 

complexes shows an isotropic spectrum with giso=2.11 at room 

temperature (Figures 3.55-3.56). This spectrum consists of only one broad 

signal and hence only one g value due to dipolar broadening and enhanced 

spin lattice relaxation [69]. This type of spectra did not give any information 

about the electronic ground state of Cu (II) ion present in the complexes. For 

Figure 3.55  EPR spectrum of 

[Cu(FMN)(OAc)].H2O at 
298 K 

Figure 3.56  EPR spectrum of 

[Cu(FMIN)(OAc)(H2O)].H2O 
at 298 K 
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complexes, displayed axial features; since it is magnetically concentrated, 

hyperfine splitting was not clear in both parallel and perpendicular regions. 

All other copper (II) complexes displayed axial spectra with g|| and g┴ values. 

As g‖ > g⊥ > 2.0023, which is consistent with a dx
2

-y
2
 ground state in a square 

planar or square pyramidal geometry can be assigned to the copper (II) 

complexes, thereby ruling out the possibility of a trigonal bipyramidal 

structure (where g‖ < g⊥).  

The geometric parameter G, represents the exchange interaction 

between copper canters in the polycrystalline compound and is calculated for 

each complexes using the equation, G = (g‖ - 2.0023)/(g⊥ - 2.0023) for 

axial spectra [70]. If G > 4.4, exchange interaction is negligible and if it 

less than 4.4, considerable exchange interaction is indicated in the solid 

complex. The calculated G values are greater than 4.4 for complex 

[Cu(FIN)(OAc)(H2O)].2H2O which indicate that there are no copper-copper 

exchange interaction is present in the polycrystalline state of the complex. 

G values are less than 4.4 for complexes [Cu(FB)(OAc)].H2O, 

[Cu(FBH)(H2O)(OAc)].H2O, [Cu(FN)(OAc)].2H2O, [Cu(FMB)2(H2O)2]. 

H2O and [Cu(FMBH)2(H2O)2].2H2O which indicate that considerable 

exchange interaction is present  

At 77 K in DMF solution, complexes (Table 3.14 and Figures 

3.57-3.65) exhibits axial spectrum and this gives more information 

about the geometry of the complexes [59]. For the copper complexes, 

[Cu(FN)(OAc)].2H2O, [Cu(FIN)(OAc)(H2O)].2H2O, [Cu(FMN)(OAc)].H2O 

and [Cu(FMIN)(OAc)(H2O)].H2O four well resolved hyperfine lines are 

observed in the parallel region due to coupling of the electron spin with the 
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nuclear spin (
63

Cu, I = 3/2), the splitting are not well differentiable in the 

perpendicular region. In DMF at 77K, complex [Cu(FMIN)(OAc)(H2O)].H2O 

having three sets of resonances at low, mid and high fields corresponding 

to gx, gy and gz respectively. From the peak positions, the g values 

evaluated are gx = 2.036, gy = 2.080 and gz = 2.450. Hyperfine structure 

was not resolved in perpendicular region. The calculated g values provide 

valuable information on the electronic ground state of the ion. If g values 

gz > gy > gx, and the quantity of R [R = (gy - gx)/(gz - gy)] is greater than 

unity, the ground state is (dz
2
) and if R is less than unity, the ground state 

is (dx
2

-y
2
). For [Cu(FMIN)(OAc)(H2O)].H2O the value of ‘R’ = 0.118 

indicates dx
2

-y
2
as ground state suggesting a rhombic structure. EPR 

parameters g‖ and g⊥ incorporated with the energies of d-d transition 

were used to evaluate the bonding parameters. 

α
2
, the value of in-plane sigma bonding parameter was estimated by 

using the expression  

α
2 
= - A||/0.036+ (g||-2:0023) + 3/7(g┴ -2:0023) +0.04[61] 

The bonding parameters K
2

|| = α
2
β

2
 and K

2
┴ = α

2
γ

2 
were calculated by 

using following simplified expression  

K
2

‖ = (g‖ - 2.0023) Ed-d/8λ0 

K
2⊥ = (g⊥ - 2.0023) Ed-d/2λ0 

Where K‖ and K⊥ are orbital reduction factors and λ0 represents the 

one electron spin orbit coupling constant which equals -828 cm
-1

.  

Hathaway [70] has pointed out that for pure sigma bonding K‖ ≈ K⊥ ≈ 

0.77, for in plane π-bonding K‖ < K⊥ and for out-of-plane π-bonding, 
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K⊥< K‖ For complexes [Cu(FB)(OAc)].H2O, [Cu(FBH)(H2O)(OAc)].H2O, 

[Cu(FIN)(OAc)(H2O)].2H2O, [Cu(FMBH)2(H2O)2].2H2O, [Cu(FMIN) 

(OAc)(H2O)].H2O and [Cu(FMB)2(H2O)2].H2O it is observed that            

K|| < K┴ which indicates the presence of significant in-plane π-bonding. In 

complexes, [Cu(FN)(OAc)].2H2O and [Cu(FMN)(OAc)].H2O out-of-

plane π-bonding is significant. 

The g‖ values also provide information regarding the nature of 

metal-ligand bond [71]. The g‖ value is normally 2.3 or larger for ionic 

and less than 2.3 for covalent metal-ligand bonds. The g‖ values obtained 

for complexes indicate a significant degree of covalency in the metal-

ligand bonds [72]. Also the nature of metal-ligand bond is evaluated by 

comparing the value of in-plane sigma bonding parameter α
2
 i.e., if the 

M-L bond is purely ionic, the value of α
2
 is unity and it is completely 

covalent, if α
2
 = 0.5. Here for all complexes, the value of α

2 
< 1.0 which 

indicate that the metal-ligand bonds in the complexes under investigation 

are partially ionic and partially covalent nature. 

  

 

 

Figure 3.57  EPR spectrum of 

[Cu(FB)(OAc)].H2O in 

DMF at 77K 

Figure 3.58  EPR spectrum of 

[Cu(FBH)(H2O)(OAc)].H2O 

in DMF at 77K 
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Figure 3.59  EPR spectrum of 

[Cu(FN)(OAc)].2H2O in 
DMF at 77K 

Figure 3.60  EPR spectrum of 

[Cu(FIN)(OAc)(H2O)].2H2O 

in DMF at 77K  

Figure 3.62  EPR spectrum of 

[Cu(FMB)2(H2O)2].H2O in 
DMF at 77K 

Figure 3.63  EPR spectrum of 

[Cu(FMBH)2(H2O)2].2H2O 
in DMF at 77K 

Figure 3.62  EPR spectrum of 

[Cu(FMN)(OAc)].H2O in 
DMF at 77K 

Figure 3.63  EPR spectrum of 

[Cu(FMIN)(OAc)(H2O)].H2O 
in DMF at 77K 
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Table 3.14  EPR spectral parameters of Copper (II) complexes in DMF solution 

at 77K  
 

Solution at 77 K (DMF) 

Compounds 

A
 ‖
 (

m
T

) 

g
‖/

g
x
 

g
+

/g
y
 

g
z 

α
2
 

E
 d

-d
 

K
 ‖

 

(C
u

2
+
) 

K
 +

 

(C
u

2
+

)  

β
2

 

(C
u

2
+
) 

γ
2
 

(C
u

2
+
) 

[Cu(FB)(OAc)].H2O (9) 
 

2.190 2.066 0 
 

15416 0.6609 0.7700 
  

[Cu(FBH)(H2O)(OAc)].H2O 10) 
 

2.20 2.057 0 
 

15627 0.6829 0.7185 
  

[Cu(FN)(OAc)].2H2O (11) 20.0 2.246 2.05 0 0.8860 16188 0.7717 0.6829 0.8710 0.7708 

[Cu(FIN)(OAc)(H2O)].2H2O (12) 20.0 2.05 2.245 0 0.7228 14973 0.3284 1.4814 0.4543 2.0495 

[Cu(FMB)2(H2O)2].H2O (13) 
 

2.197 2.055 0 
 

14990 0.6638 0.6907 
  

[Cu(FMBH)2(H2O)2].2H2O (14) 
 

2.15 2.070 0 
 

15224 0.5826 0.7889 
  

[Cu(FMN)(OAc)].H2O (15) 20.0 2.245 2.050 0 0.8848 15451 0.7524 0.6671 0.8504 0.754 

[Cu(FMIN)(OAc)(H2O)].H2O (16) 19.3 2.036 2.080 2.245 0.8155 16370 0.2886 0.8764 0.3539 1.0747 

 

3.3.6 Thermo gravimetric analysis 

To determine the thermal stability and chemical composition of Ni 

(II), Cu (II) and Zn (II) complexes, thermo gravimetric analysis has been 

performed in a temperature range of 0-700°C in nitrogen atmosphere at a 

heating rate of 10°C/min. Thermal analysis was used mainly for the 

confirmation of the water molecule or solvent associated with being in the 

sphere of coordination or in the outer sphere of the complex [73] and the 

information about its properties, the nature of the intermediate products 

and final thermal decomposition. From the TGA curves, the weight loss 

was calculated for the different steps and compared with the theoretically 

calculated weight for the suggested formulas based on the results obtained 

from the elemental analyzes as well as on the measurements of molar 

conductance and AAS. TGA indicated the formation of metal oxide as the 

final product from which the metal content could be calculated and 

compared with that obtained from the analytical determination. 
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All the complexes show three main decomposition steps in the TG-

DTG curves and the decomposition is not complete in the given 

temperature range (0-700°C). For the complexes, the removal of water 

can proceed in one or two steps. Thermograms of metal complexes 

indicate decompositions around 50-120°C is due to hydrated water and 

around 200°C is due to coordinated water molecules. The thermal 

stability data are listed in Table 3.15-3.17. The TGA curves of complexes 

are shown in Figures 3.64-3.87. 

[Ni(FB)(OAc)(H2O)].2H2O, decomposed in two steps. First step 

involved weight loss corresponding to the removal of two lattice water 

molecules (temperature range 80-105°C). Second step involved weight 

loss corresponding to removal of coordinated water molecule and acetate 

moiety of TDTG 350°C (temperature range 297-354°C). In the case of nickel 

complexes mass loss in the temperature range 30-120°C corresponds to the 

presence of lattice water molecules. The second mass loss in all complexes 

except [Ni(FN)(OAc)].H2O and [Ni(FMN)(OAc)].2H2O the temperature 

range 170-250°C corresponds to the loss of coordinated water molecules 

and third steps are found in the temperature above 250°C corresponding 

to the loss of organic molecules. But in the case of complexes 

[Ni(FN)(OAc)].H2O and [Ni(FMN)(OAc)].2H2O there is no weight loss 

around 200°C that means no coordinated water molecules present in it . 

After this temperature a gradual weight loss occurs due to the thermal 

degradation of organic moiety present. 
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Figure 3.64 TG-DTG curves of 

[Ni(FB)(OAc)(H2O)].2H2O 
Figure 3.65  TG-DTG curves of 

[Ni(FBH)(H2O)(OAc)].2H2O  

 

Figure 3.66 TG-DTG curves of 

[Ni(FN)(OAc)].H2O 
Figure 3.67  TG-DTG curves of 

[Ni(FIN)(OAc)(H2O)].H2O  

 

Figure 3.68 TG-DTG curves of 

[Ni(FMB)2)(H2O)2].H2O 
Figure 3.69  TG-DTG curves of 

[Ni(FBH)2(H2O)2].2H2O 
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Table 3.15 Data of the thermo gravimetric analysis for Ni (II) complexes 

Complexes 
Temperature  

Range (
o
C) 

DTGmax  

(
o
C) 

Mass loss (%) 

Obsd. (Cald.) 
Decomposition product 

[Ni(FB)(OAc)(H2O)].2H2O 

(1) 

80-105 

297-354 

 

97 

350 

7.62 (7.77) 

17.47 (18.03) 

 

Loss of 2H2O (hyd) 

Loss of H2O (coordinated) & 

acetate 

[Ni(FBH)(H2O)(OAc)].2H2O 

(2) 

50-130 

173-248 

277-368 

98 

220 

300 

7.16 (7.51) 

4.33 (4.06) 

22.14 (22.05) 

Loss of 2H2O (hyd) 

Loss of H2O (coordinated) 

C6H6O 

[Ni(FN)(OAc)].H2O (3) 
30-150 

270-460 

95 

345 

4.50 (4.20) 

14.00 (14.39) 

Loss of 2H2O (hyd) 

Loss of acetate 

[Ni(FIN)(OAc)(H2O)].H2O (4) 

50-150 

360-500 

 

96 

419 

4.60 (4.03) 

18.40 (17.98) 

 

Loss of H2O (hyd) 

Loss of H2O (coordinated) & 

acetate 

[Ni(FMB)
2
)(H

2
O)

2
]. H2O (5) 

30-110 

175-218 

280-350 

98 

210 

316 

3.00 (2.48) 

4.46 (5.10) 

19.31 (20.00) 

Loss of H2O (hyd) 

Loss of 2H2O (coordinated) 

C8H10N2O 

[Ni(FBH)
2
(H

2
O)

2
].2 H2O (6) 

80-120 

150-250 

250-350 

98 

220 

305 

4.60 (4.65) 

4.00 (4.80) 

23.67 (24.83) 

Loss of 2H2O (hyd) 

Loss of 2H2O (coordinated) 

C11H10O2 

[Ni(FMN)(OAc)].2H2O (7) 
75-110 

350-500 

100 

410 

8.00 (7.82) 

14.50 (14.15) 

Loss of 2H2O (hyd) 

Loss of acetate 

[Ni(FMIN)(OAc)(H2O)]. 

1.5 H2O (8) 

50-120 

180-300 

350-480 

100 

220 

410 

5.70 (5.75) 

3.50 (4.07) 

13.10 (13.91) 

Loss of 1.5 H2O (hyd) 

Loss of H2O (coordinated) 

Loss of acetate 

 

The first step of decomposition in TG curve was found to be in 

temperature range 30-120°C for Cu (II) complexes (Table 3.16 and 

Figure 3.70  TG-DTG curves of 

[Ni(FMN)(OAc)].2H2O 
Figure 3.71 TG-DTG curves of 

[Ni(FMIN)(OAc)(H2O)].1.5H2O 
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Figures. 3.72-3.79) hence the low temperature range corresponding to this 

transformation indicates the presence of loss of lattice water and these 

values are further supported by IR and elemental analysis data. 

Thermograms of all copper complexes except [Cu(FN)(OAc)].2H2O and 

[Cu(FMN)(OAc)].H2O indicate that decompositions around 200°C due to 

coordinated water molecules. Above this temperature a gradual weight 

loss occurs due to decomposition of organic moiety present in it. 

 

 

 

 

  

 

 

 

 

Figure 3.72  TG-DTG curves of 

[Cu(FB)(OAc)].H2O 
Figure 3.73  TG-DTG curves of 

[Cu(FBH)(H2O)(OAc)].H2O 

Figure 3.74  TG-DTG curves of 
[Cu(FN)(OAc)].2H2O 

Figure 3.75  TG-DTG curves of 

[Cu(FIN)(OAc)(H2O)].2H2O  
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Figure 3.76  TG-DTG curves of 
[Cu(FMB)2(H2O)2].H2O 

Figure 3.77  TG-DTG curves of 
[Cu(FMBH)2(H2O)2].2H2O 

Figure 3.78  TG-DTG curves of 
[Cu(FMN)(OAc)].H2O 

Figure 3.79  TG-DTG curves of 
[Cu(FMIN)(OAc)(H2O)].H2O 
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Table 3.16 Data of the thermo gravimetric analysis for Cu (II) complexes 

Complexes 
Temperature 

range(
o
C) 

DTGmax 

(
o
C) 

Mass loss (%) 

Obsd. (Cald.) 

Decomposition 

product 

[Cu(FB)(OAc)].H2O  

(9) 

70-120 

258-306 

307-369 

99 

270 

345 

4.55 (4.16) 

13.93 (14.25) 

22.35(22.07) 

Loss of H2O 

Acetate 

C6H6 

[Cu(FBH)(H2O)(OAc)].H2O  

(10) 

60-114 

200-248 

290-429 

98 

240 

312 

4.05 (3.86) 

4.26 (4.01) 

32.33 (33.08) 

Loss of H2O (hyd) 

Loss of H2O 
(coordinated) 

C7H9NO2 

[Cu(FN)(OAc)].2H2O 

 (11) 

50-120 

250-350 

96 

290 

7.10(7.98) 

15.00(14.22) 

Loss of 2H2O (hyd) 

Loss of acetate 

[Cu(FIN)(OAc)(H2O)].2H2O  

(12) 

30-120 

230-260 

 

98 

247 

 

7.40(7.74) 

18.00(17.78) 

 

Loss of H2O (hyd) 

Loss of H2O 
(coordinated) & 

acetate 

[Cu(FMB)2(H2O)2].H2O  

(13)  

35-115 

150-250 

250-310 

97 

202 

263 

2.21 (2.47) 

4.21 (5.06) 

24.78 (25.80) 

Loss of H2O (hyd) 

Loss of H2O 

(coordinated) 

C11H10O2 

[Cu(FMBH)2(H2O)2].2H2O  

(14)  

50-120 

150-250 

250-350 

97 

210 

305 

4.50 (4.62) 

4.62 (4.85) 

45.83 (45.63) 

Loss of H2O (hyd) 

Loss of H2O 
(coordinated) 

C18H14N2O4 

[Cu(FMN)(OAc)].H2O  

(15)  

50-120 

250-350 

98 

298 

4.40(4.02) 

13.30 (13.75) 

Loss of H2O (hyd) 

Loss of acetate 

[Cu(FMIN)(OAc)(H2O)].H2O  

(16)  

70-110 

250-350 

 

99 

300 

 

3.90(3.87) 

16.70(17.20) 

 

Loss of 1.5 H2O (hyd) 

Loss of H2O 
(coordinated) & 

acetate  

 

For complex [Zn(FB)(OAc)].2.5H2O the initial step of degradation 

at 50-120°C with TDTG at 98°C corresponds to 9.96% (Calc. 9.80%) 

mass loss may be due to the removal of lattice water. The second 

decomposition at the range of 450-477°C with TDTG at 465°C corresponds 

to the weight loss of 14.44% (Calc. 14.89%) by the removal of C2H4O2. 

In the case of zinc complexes [Zn(FBH)(OAc)], [Zn(FN)(OAc)].H2O, 

[Zn(FMN)(OAc)].H2O and [Zn(FMIN)(OAc)].0.5 H2O mass loss in the 
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temperature range 30-150°C corresponds to the presence of lattice water 

molecules (Table 3.17). After this temperature a gradual weight loss 

occurs due to the thermal degradation of organic moiety in one or two 

steps. In complexes [Zn(FMB)2].2H2O and [Zn(FMBH)(OAc)].H2O 

initial step of degradation at 80-120°C with TDTG at 98°C and 100°C, 

correspond to 5.19% (Calc.5.05%) and 3.01% (Calc. 3.88%) respectively 

mass loss may be due to the removal of lattice water. Moreover, it was 

supported by elemental analysis and IR data. But no TDTG peaks were 

found for coordinated water molecules. The second and third 

decomposition of [Zn(FMB)2].2H2O are in the range of 300-450°C and 

450-550°C corresponding to the removal of C11H10N2O2, C6H6 by 29.8% 

(Calc.28.10%), 15.22% (Calc.16.00%) respectively. For complex 

[Zn(FMBH)(OAc)].H2O; 150-300°C and 450-550 °C corresponding to 

the removal of C11H10N2O2, CH4 by 46.05% (Calc.45.33%), 6.56% 

(Calc.7.11%) respectively. The TGA curves of complexes are shown in 

Figures 3.80-3.87. 

  
 

 

 

Figure 3.80  TG-DTG curves of 
[Zn(FB)(OAc)].2.5H2O 

Figure 3.81 TG-DTG curves of 
[Zn(FBH)(OAc)] 
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Figure 3.82  TG-DTG curves of 
[Zn(FN)(OAc)].H2O 

Figure 3.83  TG-DTG curves of 
[Zn(FIN)(OAc)] 

Figure 3.84  TG-DTG curves of 

[Zn(FMB)2].2H2O 
Figure 3.85  TG-DTG curves of 

[Zn(FMBH)(OAc)].H2O 

Figure 3.86  TG-DTG curves of 

[Zn(FMN)(OAc)].H2O 
Figure 3.87  TG-DTG curves of 

[Zn(FMIN)(OAc)].0.5 H2O 
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Table 3.17 Data of the thermo gravimetric analysis for Zn (II) complexes 

Complexes 
Temperature 

range(
o
C) 

DTGmax 

(
o
C) 

Mass loss (%) 

Obsd. (Cald.) 

Decomposition 

product 

[Zn(FB)(OAc)].2.5H2O 
(17) 

50-120 

450-477 

98 

465 

9.96 (9.80) 

14.44(14.89) 

Loss of 2.5 H2O (hyd) 

C2H4O2 

[Zn(FBH)(OAc)] (18) 
150-280 

360-459 

335 

397 

43.66 (43.01) 

6.58 (6.97) 

C10H8N2O2 

CH4 

[Zn(FN)(OAc)].H2O (19) 
30-120 

250-350 

97 

288 

3.70(4.14) 

13.50(14.15) 

Loss of H2O (hyd) 

Loss of acetate 

[Zn(FIN)(OAc)] (20) 250-300 264 14.80(14.15) Loss of acetate 

[Zn(FMB)2].2H2O (21)  

80-120 

300-450 

450-550 

98  

376  

482  

5.19 (5.05) 

29.8 (28.10) 

15.22 (16.00) 

Loss of 2 H2O (hyd) 

C11H10N2O2 

C6H6 

[Zn(FMBH)(OAc)].H2O 

(22)  

80-120 

150-300 

450-550 

100  

256  

482 

3.01 (3.88) 

46.05(45.33) 

6.56 (7.11) 

Loss of H2O (hyd) 

C11H10O2 

CH
4
 

[Zn(FMN)(OAc)].H2O (23)  
25-150 

300-550 

100 

400 

4.60(4.01) 

31.00(30.50) 

Loss of 2 H2O (hyd) 

C6H7N3O 

[Zn(FMIN)(OAc)].0.5 H2O 
(24)  

80-120 

250-350 

100 

300 

2.00(2.01) 

14.00(13.69) 

Loss of 0.5 H2O (hyd) 

Loss of acetate 

3.3.7 1H NMR spectra 

Proton Nuclear Magnetic Resonance (
1 

H NMR) spectroscopy is a 

powerful tool used for the determination of the structure of compounds. 

The 
1
H NMR spectra of Zn (II) (because of their diamagnetic nature) have 

been recorded with DMSO as solvent. 
1
H NMR spectral data (δ ppm) of 

the complex relative to TMS (0 ppm) in DMSO-d6, as shown in Figures 

3.88-3.95 give further support of the suggested structure of the complex.  

The comparison of the NMR spectra of the complexes with the 

spectra of ligands (Chapter 2, Section 2.3.1.4.1 & 2.3.1.4.2) gave valuable 

information regarding the coordination mode of ligands during 

complexation. The 
1
H NMR spectrum obtained for zinc complexes was 
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not good due to the poor solubility of the compound. In the spectra of the 

free hydrazones there are sharp singlets in the range of δ11-12 ppm 

showing the existence of iminol form in solution. They also gave singlets 

in the range of δ10-11 ppm with an area integral of one which is due to 

phenolic OH protons. Syntheses and characterization of Zn (II) 

complexes derived from ONO donor chromone hydrazones the intensity 

of these signals significantly decreases, which suggests that these protons 

are easily exchangeable and confirm the assignment. Peaks for aromatic 

protons were found in the region δ 6.8-8 ppm. Peaks are in the region δ 

11-12 ppm corresponds to iminol protons found in the spectra of free 

hydrazones were absent in the spectra of complexes indicating the 

coordination of iminol oxygen to zinc. In the spectrum of complexes, a 

singlet with an integral area of three is found at δ 2.0-1.9 ppm and it is 

assigned to the methyl group present in acetate which is coordinated to 

zinc [74]. Also a singlet with area integral one is appeared at δ 8.27-8.7 

ppm may indicate the presence of -CH- proton. For [Zn(FMB)2].2H2O, 

[Zn(FMBH)(OAc)].H2O, [Zn(FMN)(OAc)].H2O and[Zn(FMIN)(OAc)].0.5 

H2O complexes a three hydrogen singlet around δ 2.45 ppm region is due 

to -CH3 proton. All other peaks observed in the spectra of free hydrazones 

are slightly shifted. 
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Figure 3.88 

1
H NMR of [Zn(FB)(OAc)].2.5 H2O 

 

 
  

 
Figure 3.89 

1
H NMR of [Zn(FBH)(OAc)] 
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Figure 3.90 

1
H NMR of [Zn(FN)(OAc)].H2O 

 

 

 

Figure 3.91 
1
H NMR of [Zn(FIN)(OAc)] 
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Figure 3.92 
1
H NMR of [Zn(FMB)2].2H2O  

 

 

Figure 3.93 
1
H NMR of [Zn(FMBH)(OAc)].H2O 
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Figure 3.94 

1
H NMR of [Zn(FMN)(OAc)].H2O 

 
Figure 3.95 

1
H NMR of [Zn(FMIN)(OAc)].0.5 H2O 

 

3.3.8 Geometry of the complexes 

Based on the above physico-chemical data, the proposed structures 

for synthesised Ni (II), Cu (II) and Zn (II) complexes of 3-formyl 

chromone hydrazones are shown in Figures.3.96-3.98.  
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3.4  Conclusion 

This chapter describes the synthesis and characterization of Ni 

(II), Cu (II) and Zn (II) complexes of 3-formyl chromone hydrazones. 

The analytical data suggest that all Ni (II), Cu (II) and Zn (II) 

complexes are mononuclear. A low molar conductance value indicates 

that all Ni (II), Cu (II) and Zn (II) complexes are non electrolyte in 

nature. Thermo gravimetric analysis revealed that all the complexes 

are found to be thermally stable. Magnetic moment values of nickel 

complexes [Ni(FB)(OAc)(H2O)].2H2O, [Ni(FBH)(H2O)(OAc)].2H2O, 

[Ni(FIN)(OAc)(H2O)].H2O, [Ni(FMB)2)(H2O)2].H2O, [Ni(FBH)2(H2O)2]. 

2H2O and [Ni(FMIN)(OAc)(H2O)].1.5H2O lies within the region 2.32-3.12 

B.M expected for octahedral stereochemistry of the complexes. Ni (II) 

complexes [Ni(FN)(OAc)].H2O and Ni(FMN)(OAc)].2H2O were 3.69 and 

3.85 B.M which is consistent with the tetrahedral complexes. This was 

also confirmed by electronic and IR spectral studies. Magnetic moment 

values of all copper complexes gives an indication of distorted octahedral, 

square pyramidal or square planar structure. The physicochemical and 

spectral data reveals tetrahedral structure for all Zn (II) complexes. The 

proposed structures of all Ni (II), Cu (II) and Zn (II) complexes are given 

in above figures. 
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Chapter 4 

ANTIMICROBIAL ACTIVITY OF CHROMONE 
HYDRAZONES AND THEIR  

Ni (II), Cu (II) AND Zn (II) COMPLEXES    

 

  4.1 Introduction 
  4.2 Materials and Methods 
  4.3 Result and Discussion 
  4.4 Conclusion 

 

Conspectus: The emergence of resistant bacteria or fungus was found to 

decrease the efficiency of antimicrobial therapies with the existing antibiotics, in 

that way increasing require for more effective drugs for the treatment of 

infections. Numerous studies have confirmed an increase in antimicrobial 

activity subsequent the interaction of some compounds with metal ions. The 

current study used a methodology adapted for antimicrobial bioassays using 3-

formyl chromone hydrazone and its metal (II) complexes, in compliance with the 

standards of the Laboratory and Clinical Standards Institute against Gram-

positive, Gram-negative bacteria and fungus. The results obtained were 

considered suitable for determining MIC. The bacteria Bacillus subtilis showed 

high sensitivity to the tested compounds, being proficient to evaluate the 

antibacterial activity. The bioassays with the some Cu (II) complexes of 

chromone hydrazones exhibited a greater inhibitory activity than that of 

standard antimicrobial drug chloramphenicol. Metal (II) complexes showed 

higher inhibition than their individual ligands, thus, the addition indicated an 

enhancement in the antimicrobial activity after the coordination. Some metal 

complexes expose high antimicrobial performances, such as low minimum 

inhibitory concentration (MIC ≤ 250 μg/mL), bactericidal effect these 

compounds as appropriate aspirant to the next step of drugs fabrication. Yet, 

additional studies on the mechanism of growth inhibition and toxicity are 

essential, in order to evaluate the prospective of therapeutic application. 
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4.1  Introduction 

The science that deals with the study of the deterrence and treatment 

of diseases caused by microorganisms is known as medical microbiology [1]. 

They are classified based on the microorganisms - bacteriology (study of 

bacteria), virology (study of viruses), phycology (study of algae), mycology 

(study of fungi), and protozoology (study of protozoa) [2]. For the treatment 

of diseases, the inhibitory compounds or chemicals used to prevent their 

activity; growth or kill microorganisms are called antimicrobial agents [3]. 

These are classified according to their application and spectrum of activity, 

such as germicides that kill microorganisms, while microbiostatic agents 

inhibit the growth of pathogens and allow leukocytes and other host 

defense mechanisms to cope with static invaders [4-5]. Germicides may 

exhibit selective toxicity depending on their spectrum of activity. They 

can act as bactericides (kill bacteria), algicides (kill algae), fungicides 

(kill fungi) or viricides (kill viruses) [6]. 

Antimicrobials are one of the most important weapons in the fight 

against bacterial infections. Throughout history, there has been a 

continuous battle between humans and the multitude of microorganisms 

that cause infection and disease [7-9]. CDC (Centers for Disease Control) 

study revealed that approximately 19 million new infections happen every 

year [10]. Bacteria and fungi generally develop drug resistance in three 

ways: by producing metabolizing enzymes for drug degradation, 

modifying its objectives to render the drugs ineffective, and expressing a 

high level of efflux proteins that "pump" the drug to reduce its concentration 

[11-12]. Growing numerous microbial resistances are of great concern to the 
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scientific world and have become a threat to human life throughout the 

world [13-14]. In addition, invasive microbial infections caused by multi-

drug-resistant bacteria are difficult to diagnose and treat. They are the 

main cause of morbidity and mortality, especially in patients immuno 

suppressed and acquired in the hospital [15]. To overcome these problems, 

the development of new and safe antimicrobial agents is required with 

greater effectiveness day by day. 

In general, the following five main factors may influence the 

antimicrobial activity of metal complexes. 

 The nature of the ligands 

 The chelate effect, ie. the bidentate ligands, shows greater 

antimicrobial efficacy against complexes with monodentate 

ligands 

 The total charge of the complex; generally the antimicrobial 

efficiency decreases in the order cationic > neutral > anionic 

complex 

 The nature of the counter ion in the case of the ionic complexes  

 The nuclearity of the metal center in the complex; binuclear 

centers are more active than mononuclear ones. The antimicrobial 

activities of metal complexes depended more on the metal center 

itself than on the geometry around the metal ion [16-17]. 

To appreciate the mechanisms of resistance, the action of antimicrobial 

agents is very important. Antimicrobial agents act selectively on vital 

microbial functions with minimal effects or without affecting host 



Chapter 4 

150  Department of Applied Chemistry, Cochin University of Science and Technology 

functions. Several antimicrobial agents act in different ways. Understanding 

these mechanisms and the chemical nature of antimicrobial agents is crucial 

in understanding the ways in which resistance develops towards them. The 

mechanism of action of antimicrobial agents based on the structure or on 

the function of bacteria that is affected by agents. These generally include 

the following: [17-19]  

 Inhibition of the cell wall synthesis.  

 Inhibition of folate metabolism 

 Inhibition of nucleic acid synthesis. 

 Inhibition of ribosome function 

 Inhibition of cell membrane function. 

4.1.1 Metal (II) Complexes used for Study - Ni, Cu and Zn 

Several biologically important compounds used as drugs possess 

modified toxicological and pharmacological potentials in the form of 

metal based compounds [20]. A variety of metal ions efficiently and 

frequently used are nickel, copper and zinc for the reason that of form low 

molecular weight complexes and so, prove to be further beneficial against 

numerous diseases. The antimicrobial activity of metal complexes of             

N-methylthioformohydroxarnic acid against Gram-negative Escherichia 

coli and Gram-positive Staphylococcus aureus was evaluated [21]. 

Neutral thiabendazole (TBZH) ligand is a poor anti-Candida agent 

and has very small chemotherapeutic activity. Cu (II) complexes of 

TBZH showed a potent anti-candida agent its activity is comparable to the 

prescription drug ketoconazole. Copper (II) coordination complexes of 

TBZH significantly increase its chemotherapeutic potential. Synthesis and 
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antimicrobial activity of novel metal [Ni (II), Zn (II)] complexes from 

benzofuran moiety have been reported Reddy et al. in 2013 [22].  

Katsarou et al. synthesized and studied its biological activites such 

as antitumor, antibiotic and antimicrobial property against a novel copper 

(II) complex of the fluoroquinolone antibacterial drug N-propyl-

norfloxacin (Hpr-norf) in the presence of 1, 10-phenanthroline (Phen) 

[23]. The antimicrobial activity of the complex has been evaluated, 

showing an improved potency in comparison to the free Hpr-norf. 

(MIC: 4-16 μg/mL). 

The 3-formyl chromone hydrazones and its Ni (II), Cu (II) and Zn 

(II) complexes were evaluated for antimicrobial activity against Gram 

positive bacteria (Staphylococcus aureus and Bacillus subtilis), Gram 

negative bacteria (Escherichia coli and Pseudomonas aeruginosa) and 

fungus (Candida albicans). The some ligands and most of its complexes 

were found to be biologically active. Results were revealed that among all 

the compounds Cu (II) was more effective bactericidal activity against all 

the microbes. On the other hand ligands are less active than that of metal 

complexes against selected microbes. 

4.1.2 Bacterial and Fungal Species used for Study 

4.1.2.1 Staphylococcus aureus (also known as golden staph) is a Gram-

positive, round-shaped bacterium that is a member of the Firmicutes, and 

it is a member of the normal flora of the body, frequently found in the 

nose, respiratory tract, and on the skin. It is often positive for catalase and 

nitrate reduction and is a facultative anaerobe that can grow without the 

need for oxygen [24]. Although S. aureus is not always pathogenic (and 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Katsarou%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=18205294
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can commonly be found existing as a commensal), it is a common cause 

of skin infections including abscesses, respiratory infections such as 

sinusitis, and food poisoning. Pathogenic strains often promote infections 

by producing virulence factors such as potent protein toxins, and the 

expression of a cell-surface protein that binds and inactivates antibodies. 

The emergence of antibiotic-resistant strains of S. aureus such as 

methicillin-resistant S. aureus (MRSA) is a worldwide problem in clinical 

medicine. Despite much research and development there is no approved 

vaccine for S. aureus. 

4.1.2.2 Bacillus subtilis, known also as the hay bacillus or grass bacillus, 

is a Gram-positive, catalase-positive bacterium, found in soil and the 

gastrointestinal tract of ruminants and humans. A member of the genus 

Bacillus, B. subtilis is rod-shaped, and can form a tough, protective 

endospore, allowing it to tolerate extreme environmental conditions.                     

B. subtilis has historically been classified as an obligate aerobe, though 

evidence exists that it is a facultative anaerobe [25]. B. subtilis is considered 

the best studied Gram-positive bacterium and a model organism to study 

bacterial chromosome replication and cell differentiation. 

4.1.2.3 Pseudomonas aeruginosa is a common Gram-negative, rod-shaped 

bacterium that can cause disease in plants and animals, including humans. 

A species of considerable medical importance, P. aeruginosa is a 

multidrug resistant pathogen recognized for its ubiquity, its intrinsically 

advanced antibiotic resistance mechanisms, and its association with 

serious illnesses-hospital-acquired infections such as ventilator-associated 

pneumonia and various sepsis syndromes [26]. The organism is considered 
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opportunistic insofar as serious infection often occurs during existing 

diseases or conditions – most notably cystic fibrosis and traumatic burns. 

It is also found generally in the immunocompromised but can infect the 

immunocompetent as in hot tub folliculitis. Treatment of P. aeruginosa 

infections can be difficult due to its natural resistance to antibiotics. When 

more advanced antibiotic drug regimens are needed adverse effects may 

result. 

4.1.2.4 Escherichia coli (also known as E. coli) is a Gram-negative, 

facultatively anaerobic, rod-shaped, coliform bacterium of the genus 

Escherichia that is commonly found in the lower intestine of warm-

blooded organisms (endotherms) [27]. Most E. coli strains are harmless, 

but some serotypes can cause serious food poisoning in their hosts, and 

are occasionally responsible for product recalls due to food contamination. 

The harmless strains are part of the normal flora of the gut, and can 

benefit their hosts by producing vitamin K2, and preventing colonization 

of the intestine with pathogenic bacteria, having a symbiotic relationship. 

E. coli is expelled into the environment within fecal matter. The 

bacterium grows massively in fresh fecal matter under aerobic conditions 

for 3 days, but its numbers decline slowly afterwards. E. coli and other 

facultative anaerobes constitute about 0.1% of gut flora, and fecal-oral 

transmission is the major route through which pathogenic strains of the 

bacterium cause disease. Cells are able to survive outside the body for a 

limited amount of time, which makes them potential indicator organisms 

to test environmental samples for fecal contamination. A growing body of 

research, though, has examined environmentally persistent E. coli which 

can survive for extended periods outside a host.  
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4.1.2.5 Candida albicans is an opportunistic pathogenic yeast  that is a 

common member of the human gut flora. It does not proliferate outside 

the human body. It is detected in the gastrointestinal tract and mouth in 

40-60% of healthy adults. It is usually a commensal organism, but can 

become pathogenic in immunocompromised individuals under a variety 

of conditions [28]. It is one of the few species of the Candida genus that 

causes the human infection candidiasis, which results from an overgrowth 

of the fungus. Candidiasis is for example often observed in HIV-infected 

patients. C. albicans is the most common fungal species isolated from 

biofilms either formed on (permanent) implanted medical devices or on 

human tissue. It is generally referred to as a dimorphic fungus since it 

grows both as yeast and filamentous cells. However it has several 

different morphological phenotypes. C. albicans was for a long time 

considered an obligate diploid organism without a haploid stage. 

4.2  Materials and Methods  

4.2.1 Bacterial and Fungal Cultures  

The synthesized chromone hydrazones and metal complexes were 

tested for their in vitro antibacterial and antifungal activity against the 

sensitive organisms Staphylococcus aureus (ATCC 25923) and Bacillus 

subtilis (ATCC 6635) as Gram positive bacteria, Pseudomonas aeruginosa 

(ATCC 27853) and Escherichia coli (ATCC 25922) as Gram negative 

bacteria and Candida albicans (ATCC 10231) as fungus strain using the disc 

diffusion method [Kirby-Bauer Test ] [29] (for the qualitative determination) 

and the serial dilutions in liquid broth method for determination of MIC 

values. All ATCC strains were procured from the American Type Culture 
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Collection (ATCC, Manassas, VA, USA) and the media used in the study 

were purchased from Himedia, India.  

4.2.2 Maintenance of Cultures 

All cultures were preserved in 50% glycerol at -70°C (vol/vol; 

Himedia, Mumbai india) and maintained on Trypticase Soy Agar (TSA; 

Difco Laboratiries, Detroit, Mich USA) except, C. albicans were maintaine 

don Sabouraud Dextrose Agar (SDA; Himedia). 

4.2.3 Growth Conditions and Media 

Mueller-Hinton Broth (MHB) (Difco laboratories, Becton Dickson) 

supplemented with calcium (25mg/liter) and magnesium (12.5mg/liter) 

for all organisms except RPMI 1640 medium (Sigma Chemicals) for 

fungal strains, was used for all screening, minimum inhibitory 

concentration (MIC) determination. 

4.2.4  In Vitro Antimicrobial Evaluation 

4.2.4.1 Agar Diffusion Method 

Synthesized Compounds were evaluated for antibacterial activity by 

agar diffusion method. All the bacterial and fungal suspensions (10 mL) 

were prepared by suspending 37°C for 18h grown bacterial and 24h 

fungal culture in sterile normal saline (0.89% NaCl wt/vol). The turbidity 

of the bacterial suspension was adjusted to 0.5 Mc Farland standard 

(equivalent to 1.5×10
8
 CFU mL

-1
) and 1.0 Mc Farland standard 

(equivalent to 1.5×10
8
 CFU mL

-1
) for fungal strains. The plates were 

dried for 15 minutes and then used for the sensitivity test. The discs 

which had been impregnated with (10µL) the compounds and were placed 
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on the Mueller-Hinton agar surface. After incubation for 36 h at 37°C in 

the case of bacteria and for 48 h at 28°C in the case of fungi, inhibition of 

the organisms was measured and used to calculate mean of inhibition 

zones and all experiments were carried out in parallel sets of triplicate for 

those compounds that showed activity of more than 6.5 mm and their 

activity was recorded as average zone of inhibition [30]. Data were 

analyzed by the analysis of variance (ANOVA) using the Origin pro 8.5 

statistical software and the mean differences were separated using 

Tukey’s studentized test at the 1% level of probability. Chloramphenicol, 

nystatin and dimethylsulphoxide (DMSO) were used as standard 

antibacterial, antifungal drugs and control solvent respectively.  

4.2.4.2 Time Kill Kinetic Studies 

Time kill kinetic studies were conducted for the compounds against 

one Gram positive, one Gram negative bacteria and against fungus. In the 

experiment, an overnight culture of the isolates was used up 1 mL of 10
6
 

CFU mL
-1

 of each culture was inoculated in sterilized nutrient broth 

media containing 25 mgmL
-1 

of the compounds. The experiment was 

conducted for 13 h in a shaker at 30 °C. Likewise, control was prepared 

for each microorganism without having the test compound. The CFU 

count was taken at regular 1 h interval. For that, 1 mL of each culture was 

spread on nutrient agar plates from 0 h to 13 h and each plate was 

incubated for 24 h at 30°C. The CFU (colony forming unit) was 

calculated and plotted in graph [31].  
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4.2.4.3 Minimum Inhibitory Concentration (MIC)-Resazurin based 

Microtiter Dilution Assay (RMDA)  

The quantitative antimicrobial activity of the test compounds was 

evaluated using Resazurin based Microtiter Dilution Assay (RMDA). 

Under aseptic conditions, 96 well microtitre plates (Himedia) were used 

for Resazurin based Microtitre Dilution Assay. The first row of microtiter 

plate was filled with 100 μL of test materials dissolved in sterile water. 

All the wells of microtitre plates were filled with 50μL of Luria broth. 

Two fold serial dilution (throughout the column) was achieved by starting 

transferring 50μL test material from first row to the subsequent wells in 

the next row of the same column and so that each well has 50μL of test 

material in serially descending concentrations. 2μL of resazurin solution 

as indicator was added in each well. Finally, a volume of 10 μL was taken 

from bacterial suspension and then added to each well to achieve a final 

concentration of 5×10
6
 CFU mL

-1
. To avoid the dehydration of bacterial 

culture, each plate was wrapped loosely with cling film to ensure that 

bacteria did not become dehydrated. Each microtitre plate had a set of 3 

controls: (a) a column with Chloramphenicol, nystatin (antimicrobial 

drugs) as positive control, (b) a column with all solutions with the 

exception of the test material and (c) a column with all solutions except 

bacterial solution replaced by 10 μL of Luria broth. All the plates were 

incubated at 37°C for 24 h whereas plates of C.albicans at 28°C for 48 h. 

The color change in the well was then observed visually. Any color 

change observed from purple to pink or colorless was taken as positive. 

The pink color is due to the formation of resorufin (Figure 4.1). The 

lowest concentration of the sample at which no color change occurred 

was recorded as the MIC value. All the experiments were performed in 
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triplicates. The average values were calculated for the MIC of test 

material [32]. 

 
Figure 4.1 Structure of resazurin substrate and the product 

pink fluorescent resorufin 
 

4.3  Result and Discussion 

The antibacterial activity of all compounds against Mycobacterium 

were plotted in a bar diagram. Figures 4.2-4.5 represents the zone of 

inhibition for bacteria and fungi at three different concentrations (1, 0.5 

and 0.25 mgmL
-1

) with a standard deviation of the triplicate values (Table 

4.1-4.2). Figures 4.6 & 4.7 and Table 4.3 & 4.4 represent the MIC of the 

compounds synthesized against the microorganisms. Chloramphenicol 

was used as a reference in the case of bacteria and nystatin in the case of 

fungi were tested at a concentration of 10mgmL
-1

. Most of the 

compounds showed good microbial inhibition for all tested 

microorganisms such as S. aureus and B.subtilis (Gram positive), two 

Gram negative bacteria P. aeruginosa and E. coli and the pathogenic 

fungus C. albicans in the disc diffusion method. 



Antimicrobial activity of chromone hydrazones and their Ni (II), Cu (II) and Zn (II) complexes  

Design, Synthesis and Pharmacological Evaluation of Chromone Hydrazones and their Transition Metal Complexes 159 

The hydrazones FB and FBH shows activity against all selected 

microorganisms Staphylococcus aureus, Bacillus subtilis, Pseudomonas 

aeruginosa, Escherichia coli and Candida albicans among them good 

activity against Bacillus subtilis. But the hydrazones FN, FIN and FMB 

are active against only Bacillus subtilis that means these ligands did not 

exhibit any significant effect against other microorganisms. The ligand 

FMBH shows good or fairly good activity against Bacillus subtilis, 

Escherichia coli and did not show activity against Staphylococcus aureus, 

Pseudomonas aeruginosa and Candida albicans. The compounds FMN 

and FMIN show activity only against Bacillus subtilis and Candida 

albicans. That means all the ligands are active against Bacillus subtilis 

and some of them are also active against Escherichia coli and Candida 

albicans. Chromone hydrazones of this series are good antimicrobial 

agent agnist Bacillus subtilis. 

[Ni(FB)(OAc)(H2O)].2H2O  shows active against all microorganism 

among them good activity against Bacillus subtilis and moderate activity 

against Staphylococcus aureus and Pseudomonas aeruginosa. In the case 

of complex [Ni(FBH)(H2O)(OAc)].2H2O active against all the selected 

microbes but more active against Bacillus subtilis and mild active against 

Pseudomonas aeruginosa and Staphylococcus aureus. For the complex 

[Ni(FN)(OAc)].H2O active against Staphylococcus aureus, Bacillus subtilis, 

Pseudomonas aeruginosa and Candida albicans and shows very good 

activity against Bacillus subtilis. [Ni(FIN)(OAc)(H2O)].H2O shows activity 

against all microorganism except Candida albicans. This complex show very 

low activity against Staphylococcus aureus and good active for Bacillus 

subtilis and Pseudomonas aeruginosa. [Ni(FMB)2(H2O)2].H2O exhibited 



Chapter 4 

160  Department of Applied Chemistry, Cochin University of Science and Technology 

activity against all tested organism. Complex [Ni(FMBH)2(H2O)2].2H2O 

shows good activity against Pseudomonas aeruginosa and Staphylococcus 

aureus and inactive against Bacillus subtilis and Escherichia coli.  

[Ni(FMN)(OAc)].2H2O exhibited moderate activity against Staphylococcus 

aureus, Pseudomonas aeruginosa and  strong active against Bacillus 

subtilis..[Ni(FMIN)(OAc)(H2O)].1.5 H2O shows good activity against 

Bacillus subtilis and moderate activity against Staphylococcus aureus, 

Pseudomonas aeruginosa and Escherichia coli. 

[Cu(FB)(OAc)].H2O shows strong activity against microbes like 

Staphylococcus aureus, Pseudomonas aeruginosa, Bacillus subtilis and 

moderate active against Candida albicans, Escherichia coli. Copper 

complex [Cu(FBH)(H2O)(OAc)].H2O displayed very good activity 

against Pseudomonas aeruginosa and Bacillus subtilis which is higher 

than standard antimicrobial drug Chloramphenicol. In the case of Bacillus 

subtilis complex [Cu(FN)(OAc)].2H2O shows higher activity than 

standard antimicrobial drug but very low activity against Candida 

albicans and Escherichia coli. [Cu(FIN)(OAc)(H2O)].2H2O shows fairly 

good activity against Staphylococcus aureus, Pseudomonas aeruginosa, 

Bacillus subtilis and moderate active against Escherichia coli. For complex 

[Cu(FMB)2(H2O)2].H2O possessed good activity when comparable to 

Chloramphenicol. [Cu(FMBH)2(H2O)2].2H2O and [Cu(FMN)(OAc)].H2O 

shows higher activity against Bacillus subtilis than that of antimicrobial 

drug Chloramphenicol and poor activity against Escherichia coli, 

Candida albicans. [Cu(FMIN)(OAc)(H2O)].H2O complex possessed 

higher activity than that of antimicrobial drug against Staphylococcus 

aureus and Bacillus subtilis.  
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[Zn(FB)(OAc)].2.5H2O showed higher activity against Bacillus 

subtilis, moderate activity against Staphylococcus aureus, Pseudomonas 

aeruginosa, Candida albicans and Escherichia coli. [Zn(FBH)(OAc)] 

complex exhibited strong activity against Pseudomonas aeruginosa, Bacillus 

subtilis and medium activity against other tested microorganisms. For the 

complex [Zn(FN)(OAc)].H2O possesses comparable activity against 

Bacillus subtilis and mild activity against Staphylococcus aureus, 

Pseudomonas aeruginosa and Escherichia coli. [Zn(FIN)(OAc)] 

exhibited good activity against Bacillus subtilis and inactive against 

Escherichia coli.[Zn(FMB)2].2H2O showed higher activity against 

Staphylococcus aureus, Bacillus subtilis; poor activity against 

Escherichia coli and inactive against Pseudomonas aeruginosa, Candida 

albicans. [Zn(FMBH)(OAc)].H2O strongly active against Bacillus 

subtilis, Pseudomonas aeruginosa and moderate active against other 

tested microbes. [Zn(FMN)(OAc)].H2O shows very low activity against 

Escherichia coli, Candida albicans and highly active against Bacillus 

subtilis, Staphylococcus aureus. [Zn(FMIN)(OAc)].0.5 H2O shows fairly 

good activity against Pseudomonas aeruginosa, Bacillus subtilis and 

moderate activity against Staphylococcus aureus, Escherichia coli and  

Candida albicans. 
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Table 4.1  Antimicrobial activity of 3-formyl Chromone Hydrazones and their 

Ni (II), Cu (II) and Zn (II) complexes Zone inhibition (mm)
a
. 

 

Organism  

Mean of zone diameter, nearest whole
a

 (mm)  

Gram-positive 

bacteria  
Gram-negative bacteria  Fungus  

S. aureus  

(ATCC 

25923)  

B. subtilis  

(ATCC 

6635)  

P.aeruginosa  

(ATCC 

27853)  

E. coli  

(ATCC 

25922)  

C. albicans  

(ATCC 

10231)  

FB  22.4 ± 0.2  26.4 ± 0.3  21.2 ± 0.2  22.1 ± 0.3  21.2 ± 0.2  

[Ni(FB)(OAc)(H2O)].2H2O (1)  27.3 ± 0.4  30.5 ± 0.1  27.6 ± 0.1  23.5 ± 0.1  22.5 ± 0.1  

[Cu(FB)(OAc)].H2O (9)  31.7 ± 0.2  34.9 ± 0.2  31.0 ± 0.3  28.8 ± 0.2  28.7 ± 0.2  

[Zn(FB)(OAc)].2.5H2O (17)  29.5 ± 0.1  33.6 ± 0.2  28.2 ± 0.2  24.3 ± 0.2  24.8 ± 0.1  

FBH  23.5 ± 0.2  25.3 ± 0.3  22.4 ± 0.2  22.3 ± 0.1  20.8 ± 0.3  

[Ni(FBH)(H2O)(OAc)].2H2O 
(2)  

28.2 ± 0.4  31.5 ± 0.4  29.3 ± 0.1  24.3 ± 0.2  25.6 ± 0.2  

[Cu(FBH)(H2O)(OAc)].H2O 

(10)  
31.2 ± 0.1  36.2 ± 0.1  35.7 ± 0.4  30.4 ± 0.2  30.7 ± 0.2  

 [Zn(FBH)(OAc)] (18)  29.4 ± 0.3  32.6 ± 0.3  31.3 ± 0.1  26.8 ± 0.2  26.3 ± 0.4  

FN  - 25.4 ± 0.2  -  -  -  

[Ni(FN)(OAc)].H2O (3)  11.4 ± 0.3  31.5 ± 0.1  22.2  ± 0.2  -  19.4 ± 0.1  

[Cu(FN)(OAc)].2H2O (11)  30.7 ± 0.1 35.7 ± 0.2  32.0 ± 0.3  21.1 ± 0.3  20.2 ± 0.2  

[Zn(FN)(OAc)].H2O (19)  20.3 ± 0.2  32.4 ± 0.4  20.2 ± 0.1  22.6 ± 0.1  -  

FIN  - 24.7 ± 0.3  -  -  -  

[Ni(FIN)(OAc)(H2O)].H2O (4)  12.5 ± 0.2 32.5 ± 0.2  30.3 ± 0.1  20.3 ± 0.1  -  

[Cu(FIN)(OAc)(H2O)].2H2O 

(12)  
31.4 ± 0.3 34.2 ± 0.1  34.7 ± 0.4  27.8 ± 0.1  20.8 ± 0.3  

[Zn(FIN)(OAc)] (20)  18.4 ± 0.1 31.3 ± 0.3  23.4  ± 0.2  -  24.6 ± 0.2  

Control  00  00  00  00  00  

Chloramphenicol  34.0 ± 0.1  35.1 ± 0.2  35.8 ± 0.1  32.1 ± 0.3  -  

Nystatin  -  -  -  -  31.5 ± 0.1  
 

Each value represents a mean ± standard deviation (SD) of three replications. Values 

followed by the same letter(s) in each column are not statistically different according to 

Tukey’s test (P < 0.01). 

a The zone diameters have been calculated in mm by digital vernier caliper. 

–: not detected inhibition. 

Control- Dimethylsulfoxide. 
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Figure 4.2  Antimicrobial activity of ligands FB, FBH and their Ni 

(II), Cu (II) and Zn (II) complexes Zone inhibition (mm)  

 

 
Figure 4.3 Antimicrobial activity of ligands FN, FIN and their Ni 

(II), Cu (II) and Zn (II) complexes Zone inhibition (mm)  
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Table 4.2 Antimicrobial activity of 6-methyl-3-formyl Chromone Hydrazones 

and Ni (II), Cu(II) and Zn(II) complexes Zone inhibition (mm)
a
  

 

Organism 

Mean of zone diameter, nearest whole
a

 (mm) 

Gram-positive bacteria Gram-negative bacteria Fungus 

S. aureus 

(ATCC 

25923) 

B. subtilis 

(ATCC 

6635) 

P.aeruginosa 

(ATCC 

27853) 

E. coli 

(ATCC 

25922) 

C. albicans 

(ATCC 

10231) 

FMB - 25.4  ±  0.2 - - - 

[Ni(FMB)2(H2O)2].H2O (5) 28.3  ±  0.1 31.5  ±  0.1 29.6  ±  0.2 21.4  ±  0.1 20.2  ±  0.2 

[Cu(FMB)2(H2O)2].H2O 

(13) 
32.7  ±  0.2 33.7  ±  0.2 33.0  ±  0.4 26.1  ±  0.3 27.3  ±  0.2 

[Zn(FMB)2].2H2O (21) 30.6  ±  0.1 32.6  ±  0.4 - 22.3  ±  0.1 - 

FMBH - 26.1  ±  0.2 - 20.0  ±  0.3 - 

[Ni(FMBH)2(H2O)2].2H2O 
(6) 

29.3  ±  0.4 - 30.3  ±  0.1 - 20.8  ±  0.1 

[Cu(FMBH)2(H2O)2].2H2O 
(14) 

32.7  ±  0.2 35.2  ±  0.1 34.2  ±  0.3 29.4  ±  0.4 29.7  ±  0.2 

[Zn(FMBH)(OAc)].H2O 

(22) 
27.2  ±  0.1 30.1  ±  0.4 30.1  ±  0.4 24.7  ±  0.2 26.3  ±  0.4 

FMN - 24.2  ±  0.2 - - 19.0  ±  0.2 

[Ni(FMN)(OAc)].2H2O (7) 25.7  ±  0.3 30.5  ±  0.1 25.6  ±  0.1 - - 

[Cu(FMN)(OAc)].H2O (15) 32.3  ±  0.2 36.1  ±  0.3 30.0  ±  0.2 21.8  ±  0.3 23.2  ±  0.3 

[Zn(FMN)(OAc)].H2O (23) 30.3  ±  0.4 31.2  ±  0.4 27.3   ±  0.1 22.4  ±  0.2 23.5  ±  0.1 

FMIN - 26.7  ±  0.2 - - 20.8  ±  0.3 

[Ni(FMIN)(OAc)(H2O)].1.5 
H2O (8) 

28.1  ±  0.2 33.6  ±  0.3 28.4  ±  0.1 27.9  ±  0.4 23.7  ±  0.2 

[Cu(FMIN)(OAc)(H2O)].H2O 

(16) 
37.3 ±  0.1 35.7  ±  0.1 33.7  ±  0.4 32.4  ±  0.3 26.5  ±  0.3 

[Zn(FMIN)(OAc)].0.5 H2O 

(24) 
29.6  ±  0.4 33.3  ±  0.3 30.3  ±  0.3 29.8  ±  0.1 25.1  ±  0.4 

Control 00 00 00 00 00 

Chloramphenicol 34.0  ±  0.1 35.1  ±  0.2 35.8 ±  0.1 32.1 ±  0.3 - 

Nystatin - - - - 31.5 ±  0.1 

 

Each value represents a mean ± standard deviation (SD) of three replications. Values 

followed by the same letter(s) in each column are not statistically different according to 

Tukey’s test (P < 0.01). 

a The zone diameters have been calculated in mm by digital vernier caliper. 

–: not detected inhibition. 

Control-Dimethylsulfoxide. 
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Figure 4.4  Antimicrobial activity of ligands FMB, FMBH and their Ni 

(II), Cu (II) and Zn (II) complexes Zone inhibition (mm)  
 

    
Figure 4.5 Antimicrobial activity of ligands FMN, FMIN and their 

Ni (II), Cu (II) and Zn (II) complexes Zone inhibition (mm)  

 

Most of the complexes have shown a significant inhibition against 

Gram-positive bacteria- Bacillus subtilis. Among all compounds, copper 

(II) complex has shown that the best inhibition against all tested 

microorganisms. The compounds showed greater inhibition of bacteria 

and less for fungi indicating that the compound may be a better 
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antibacterial than antifungal activity. This indicates that the synthesized 

compounds are biologically active as antibacterial. Bacillus subtilis was 

inhibited to the maximum extent by most compounds. 

Table 4.3 MIC values (μg/mL) for the 3-formyl Chromone Hydrazones and their 
metal complexes  

 

Microorgansim 

Gram-positive 

bacteria 

Gram-negative 

bacteria 
Fungus 

S. aureus B. subtilis P.aeruginosa E. coli C. albicans 

(ATCC 

25923) 

(ATCC 

6635) 

(ATCC 

27853) 

(ATCC 

25922) 

(ATCC 

10231) 

FB 125.00 62.50 125.0 250.0 125.0 

[Ni(FB)(OAc)(H2O)].2H2O 

(1) 
31.25 15.60 31.25 62.50 62.50 

[Cu(FB)(OAc)].H2O (9) 15.60 15.60 15.06 31.25 31.25 

[Zn(FB)(OAc)].2.5H2O (17) 31.25 31.25 31.25 62.50 62.50 

FBH 62.50 62.50 62.50 125.0 62.50 

[Ni(FBH)(H2O)(OAc)].2H2O 

(2) 
31.25 31.25 31.25 62.50 31.25 

[Cu(FBH)(H2O)(OAc)].H2O 

(10) 
15.60 15.60 15.60 15.60 15.60 

[Zn(FBH)(OAc)] (18) 31.25 15.60 15.60 31.25 31.25 

FN - 125.0 - - - 

[Ni(FN)(OAc)].H2O (3) 31.25 31.25 31.25 - 15.60 

[Cu(FN)(OAc)].2H2O (11) 15.60 15.60 15.60 15.60 15.60 

[Zn(FN)(OAc)].H2O (19) 31.25 15.60 15.60 31.25 - 

FIN - 125.0 - - - 

[Ni(FIN)(OAc)(H2O)].H2O 

(4) 
62.50 31.25 31.25 15.60 - 

[Cu(FIN)(OAc)(H2O)].2H2O 

(12) 
31.25 15.60 15.60 15.60 15.60 

[Zn(FIN)(OAc)] (20) 62.60 31.25 15.60 - 31.25 

Chloramphenicol 12.00 12.00 12.00 12.00 - 

Nystatin - - - - 15.00 
 

(–: not detected inhibition; control; dimethylsulfoxide.) 
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Figure 4.6 MIC values (μg/mL) for the 3-formyl Chromone 

Hydrazones and their metal complexes  
 

Table 4.4 MIC values (μg/mL) for the 6-methyl-3-formyl Chromone Hydrazones 

and their metal complexes. 
 

Microorgansim 

Gram-positive bacteria Gram-negative bacteria Fungus 

S. aureus 

(ATCC 

25923) 

B. subtilis 

(ATCC 

6635) 

P.aeruginosa 

(ATCC 

27853) 

S. aureus 

(ATCC 

25923) 

B. subtilis 

(ATCC 

6635) 

FMB - 125.0 - - - 

[Ni(FMB)2(H2O)2].H2O (5) 62.50 15.60 31.25 62.50 62.50 

[Cu(FMB)2(H2O)2].H2O (13) 15.60 15.60 15.06 31.25 31.25 

[Zn(FMB)2].2H2O (21) 31.25 31.25 - 62.50 - 

FMBH - - - - - 

[Ni(FMBH)2(H2O)2].2H2O (6) 62.50 62.50 31.25 - 31.25 

[Cu(FMBH)2(H2O)2].2H2O (14) 15.60 31.25 15.60 15.60 15.60 

[Zn(FMBH)(OAc)].H2O (22) 31.25 15.60 15.60 31.25 31.25 

FMN - 62.50 - - 31.25 

[Ni(FMN)(OAc)].2H2O (7) 31.25 31.25 125.0 - - 

[Cu(FMN)(OAc)].H2O (15) 15.60 15.60 15.60 15.60 15.60 

[Zn(FMN)(OAc)].H2O (23) 31.25 15.60 15.60 31.25 15.60 

FMIN - 62.50 - - 62.50 

[Ni(FMIN)(OAc)(H2O)].1.5 
H2O (8) 

31.25 31.25 31.25 15.60 31.25 

[Cu(FMIN)(OAc)(H2O)].H2O 
(16) 

15.60 15.60 15.60 15.60 15.60 

[Zn(FMIN)(OAc)].0.5 H2O (24) 31.25 31.25 15.60 31.25 31.25 

Chloramphenicol 12.00 12.00 12.00 12.00 - 

Nystatin - - - - 15.00 

(–: not detected inhibition; control; dimethylsulfoxide.) 
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Figure 4.7 MIC values (μg/mL) for the 6-methyl-3-formyl Chromone Hydrazones 

and their metal complexes  

 

Further, to understand the time for actual inhibition of test 

microorganisms with the application of the compounds, time-kill kinetic 

study was performed. Time-kill kinetic study exhibits basic 

pharmacodynamic information on the relationship between the 

synthesized compound and the growth of microorganisms. This test 

thereby contributes to a better understanding of current and future 

application of the compound against the diseases caused by the respective 

bacteria or fungi. Time kill kinetics study for [Cu(FBH)(H2O)(OAc)].H2O 

against one Gram positive, one Gram negative bacteria and on one fungus 

is shown in Figures 4.7-4.9. As shown in Figures 4.7-4.9, the untreated 

controls in each case represented the normal growth curve of Pseudomonas 

aeruginosa, Staphylococcus aureus and Candida albicans where lag 

period remained for 1 h. After that, the exponential growth or the log 

phase occurred followed by a stationary phase. Whereas, in case of 

complex [Cu(FBH)(H2O)(OAc)].H2O for both the microorganisms, a very 
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short exponential growth phase was observed in compare to the untreated 

control. The growth inhibition of Pseudomonas sp. and Staphylococcus 

sp. was observed at 3-4 h of incubation period in case of complex 

[Cu(FBH)(H2O)(OAc)].H2O. At 4th hour of incubation the bacterial CFU 

enters in the declining phase i.e. death phase. When compound complex 

[Cu(FBH)(H2O)(OAc)].H2O was applied to the Candida sp. a negligible 

growth phase was seen to occur. Consequently, the growth inhibition was 

found at 2
nd 

hour of incubation. After an hour of growth inhibition, the 

cells entered in the death phase. Thus this observation revealed that the 

complexes show promising bactericidal and fungicidal activities 

respectively. 

 

 
Figure 4.7 Time kill kinetics study for [Cu(FBH)(H2O)(OAc)].H2O 

Pseudomonas sp. (Gram negative bacteria). 
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Figure 4.8 Time kill kinetics study for [Cu(FBH)(H2O)(OAc)].H2O 

against Staphylococcus sp. (Gram positive bacteria)  
 

 
Figure 4.9 Time kill kinetics study for [Cu(FBH)(H2O)(OAc)].H2O 

against Candida sp. (fungus). 
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The antibacterial studies shows that Ni (II), Cu (II), Zn (II) metal 

complexes are more active than the free ligands. The higher activity of the 

metal complexes may be due to the effect of metal ions on the normal cell 

membrane and also due to the lipophilic nature of the metal ions in 

complexes [34]. It also suggests that the complexes possess antibacterial 

activity inhibiting multiplication process of the microbes by blocking 

their active sites. 

The variation in the activity of different metal complexes against 

tested micro organisms depends on either the impermeability of cells of 

the microbes or difference in ribosomes of microbial cells [35]. The 

higher biological activity of metal complexes than that of the ligands can 

be explained on the basis of Tweedy’s chelation theory and Overtone’s 

concept [36]. Overtone’s concept of cell permeability, the lipid membrane 

that surrounds cell favors the passage of only lipid soluble materials so 

that liposolubility is an important factor which controls bactericidal 

activity. This increased lipophilicity enhances the penetration of the 

complexes into lipid membranes and blocks the metal binding sites in 

bacterial enzymes. On chelation, metal ion polarity is reduced to a greater 

extent due to the overlapping of the ligand orbital and partial sharing of 

positive charge of metal ion with donor groups [37]. Further, the 

delocalization of the electrons is increased over the whole chelate sphere 

and enhances the lipophilicity of the complex. The lipophilic nature of the 

central metal atom is also increased upon chelation, which subsequently 

favors the permeation through the lipid layer of cell membrane [38]. The 

normal cell process may be affected by the formation of hydrogen bond 

through the azomethine nitrogen atom with the active centres of cell 
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constituents leading to interference with the cell wall synthesis [39]. 

There are other factors which also increase the activity is solubility, 

conductivity and bond length between the metal and ligand [40]. The 

difference in antimicrobial activity is due to the nature of metal ions and 

also the cell membrane of the microorganisms. It may be concluded that 

antibacterial activity of the compounds is related to cell wall structure of 

the bacteria. It is possible because the cell wall is essential to the survival 

of many bacteria and some antibiotics are able to kill bacteria by 

inhibiting a step in the synthesis of peptidoglycan [34]. 

3-formyl chromone hydrazones and its metal complexes showed 

moderate activity against the Gram negative bacteria compared to that of 

Gram positive bacteria. This can be explained by considering the effect on 

lipopolysaccharide (LPS), a major component of the surface of Gram 

negative bacteria [39]. LPS is an important entity in determining the outer 

membrane barrier function and the virulence of Gram negative pathogens. 

The compounds can penetrate the bacterial cell membrane by 

coordination of metal ion through oxygen or nitrogen donor atom to LPS 

which leads to the damage of outer cell membrane and consequently 

inhibits growth of the bacteria [40]. 

The minimum inhibitory concentration (MIC) of several biochemically 

active complexes has been determined and the data are placed in          

Table 4.3 - 4.4. The antimicrobial activity of all compounds against selected 

five microorganisms MIC is in the range of 15-125μgmL
-1
. The MIC of 

complexes active against Staphylococcus aureus falls in the wide range, 

15.6-125μgmL
-1

, depending on the nature of the substituent. The most 
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active complexes [Cu(FB)(OAc)].H2O, [Cu(FBH)(H2O)(OAc)].H2O, 

[Cu(FN)(OAc)].2H2O, [Cu(FMB)2(H2O)2].H2O, [Cu(FMBH)2(H2O)2].2H2O, 

[Cu(FMN)(OAc)].H2O and [Cu(FMIN)(OAc)(H2O)].H2O showed the 

lowest MIC of 15.60 μgmL
-1

. In respect of microorganism, Bacillus subtilis, 

the MIC falls in the range 15.6-125 μgmL
-1 

and interestingly each of             

most active complexes, [Ni(FB)(OAc)(H2O)].2H2O,[Cu(FB)(OAc)].H2O, 

[Cu(FBH)(H2O)(OAc)].H2O, [Zn(FBH)(OAc)], [Cu(FN)(OAc)].2H2O, 

[Zn(FN)(OAc)].H2O, [Cu(FIN)(OAc)(H2O)].2H2O, [Ni(FB)(OAc)(H2O)]. 

2H2O, [Cu(FB)(OAc)].H2O, [Cu(FBH)(H2O)(OAc)].H2O, [Zn(FBH)(OAc)], 

[Cu(FN)(OAc)].2H2O, [Zn(FN)(OAc)].H2O, [Cu(FIN)(OAc)(H2O)].2H2O, 

[Ni(FMB)2(H2O)2].H2O, [Cu(FMB)2(H2O)2].H2O, [Zn(FMBH)(OAc)].H2O, 

[Cu(FMN)(OAc)].H2O, [Zn(FMN)(OAc)].H2O and [Cu(FMIN)(OAc)(H2O)]. 

H2O showed the lowest MIC of 15.6 μgmL
-1

. 

The MIC of compounds against Escherichia coli is in the range of 

15.6-250 μgmL
-1
, most active compounds against E. coli are [Cu(FBH) 

(H2O)(OAc)].H2O, [Cu(FN)(OAc)].2H2O, [Ni(FIN)(OAc)(H2O)].H2O, 

[Cu(FIN)(OAc)(H2O)].2H2O, [Cu(FMBH)2 (H2O)2].2H2O, [Cu(FMN) 

(OAc)].H2O, [Ni(FMIN)(OAc)(H2O)].1.5 H2O and [Cu(FMIN)(OAc) 

(H2O)].H2O. In the case of microorganism Pseudomonas aeruginosa  

MIC values are in the range of 15.6-125 μgmL
-1

, [Cu(FB)(OAc)].H2O, 

[Cu(FBH) (H2O)(OAc)].H2O, [Zn(FBH)(OAc)], [Cu(FN)(OAc)].2H2O, 

[Zn(FN)(OAc)].H2O, [Cu(FIN)(OAc)(H2O)].2H2O, [Zn(FIN)(OAc)], 

[Cu(FMB)2(H2O)2].H2O, [Cu(FMBH)2(H2O)2].2H2O, [Zn(FMBH)(OAc)]. 

H2O, [Cu(FMN)(OAc)].H2O, [Zn(FMN)(OAc)].H2O, [Cu(FMIN)(OAc) 

(H2O)].H2O and [Zn(FMIN)(OAc)].0.5 H2O. In line with the general 

behaviour of Candida albicans, MIC of complexes lies in the range, 15.6-
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125 μgmL
-1

. Most active compounds are [Cu(FBH)(H2O)(OAc)].H2O, 

[Ni(FN)(OAc)].H2O, [Cu(FN)(OAc)].2H2O, [Cu(FIN)(OAc)(H2O)].2H2O, 

[Cu(FMBH)2(H2O)2].2H2O, [Cu(FMN)(OAc)].H2O, [Zn(FMN)(OAc)].H2O 

and [Cu(FMIN)(OAc)(H2O)].H2O. The MIC of all these new antimicrobial 

agents, however, is higher than that of the standard chloramphenicol and 

nystatin as given in Table 4.3-4.4. 

4.4  Conclusion   

The antibacterial activity of synthesized 3-formyl chromone 

hydrazone as well as their Ni (II), Cu (II) and Zn (II) metal complexes 

was tested against Gram positive, Gram negative bacteria and fungus 

using disc diffusion method. The quantitative antimicrobial activity of the 

test compounds was evaluated using resazurin based microtiter dilution 

assay. Chloramphenicol and nystatin were used as standard antibiotics 

against bacteria and fungus respectively. Compounds individually 

exhibited varying degrees of inhibitory effects on the growth of the tested 

bacterial species. Metal complexes exhibited higher antimicrobial activity 

than the free ligands. Antibacterial activity difference is due to the nature 

of metal ions and also the cell membrane of the microorganisms. 
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Chapter 5 

DNA INTERACTION STUDIES BY ABSORPTION 
TITRATION AND VISCOSITY MEASUREMENTS    

 

  5.1 Introduction 
  5.2 Materials and Methods 
  5.3 Result and Discussion 
  5.4 Conclusion 

 

 

Conspectus: The molecules that interact with DNA are classified as 

having antitumor properties because they may inhibit further DNA 

replication. Among this great family of molecules, chromones are of great 

interest due to their extensive pharmacological activity. In fact, they are 

better known for their antioxidant properties and can act in vitro as 

reducing agents, hydrogen donors, free radical quenchers and metal ions 

chelators and this may represent anticancer activity of chromones. In this 

study, we evaluated the effect of Ni (II), Cu (II) and Zn (II) complexes of 

chromone hydrazones on DNA binding. The interaction between some 

new derivatives of chromones and double stranded CT-DNA is monitored 

by spectroscopic analysis since the electronic absorption spectrum of the 

complexes are altered upon binding. Based on the variation of spectral 

characters, we suggested an intercalative mode of binding between DNA 

and complexes. The interactive mode between DNA and the compounds 

are complimented by viscometric studies. 

C
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5.1  Introduction 

In current scenario, several researchers have persisted on the studies 

of interaction of small molecules with DNA [1-5]. DNA is usually the 

primary intracellular target of anticancer drugs, so the interaction between 

DNA and small molecules can cause DNA damage in cancer cells, blocking 

the division of cancer cells and causing cell death [6-7]. Studies on the 

interaction of transition metal complexes with DNA continue to attract the 

researcher's attention due to their importance in the design and development 

of chemotherapeutic drugs, DNA cleavage agents, synthetic restriction 

enzymes, DNA printing agents and DNA "molecular light switch” [8-10]. 

The attention in the mode of union of the metal complex to DNA has been 

motivated not only by the desire to understand the basic concepts of these 

modes of interaction but also by the development of metal complexes in 

antibacterial, antifungal, anticancer reagents or anti-inflammatory. [11]. 

The hydrazone compounds comprise a vital class of ligands which 

have been broadly considered in coordination chemistry. The nature of 

the effect of one ligand and its transcription to another ligand through the 

central metal ion is extremely significant in coordination chemistry. 

These interactions can be observed in the kinetic and the thermodynamic 

aspects of the chemical reactivity [12-15]. 

The interaction of transition metal complexes with DNA has been 

broadly considered in the past decades. Due to the unusual binding properties 

these coordination compounds were appropriate candidates as DNA 

secondary structure probes, antitumor drugs and photocleavers [16-18]. 

Tiny metal complexes can be able to interact with DNA through non-
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covalent way that means by intercalative mode. Typically the intercalative 

type binding complex must have an extended aromatic ligand, as its 

stacking between DNA base pairs (π-π stacking interaction between DNA 

base pairs and aromatic ligands) is considered to be a most important 

driving force that leads to binding. The strength and binding mode are 

sensitively dependent on the size, planarity, shape and electron density of 

the aromatic ligands. So that systematic study in the influence of varying 

parameters on the interaction of metal complexes with DNA would be 

important for the design and synthesis of new therapeutic agents and drugs 

targeted to DNA. And it is potential to scientifically vary parameters of 

interest by changing the properties of the intercalating groups [19-21]. 

On the other hand, nickel, copper and zinc metal ions showed good 

biological activity. Recently, we found that, the large number of metal (II) 

complexes exhibited interesting DNA binding properties [22-23]. In 

addition, several hydrazones and their complexes with metals often have 

various pharmaceutical and biological actions [24-30]. Our group has 

incessantly been fascinated in DNA interactions of metal complexes and 

has reported the synthesis and DNA binding of various metal (II) 

complexes [22-24]. Nevertheless, up to now the biological activity and 

interactions of metal complexes of chromone hydrazone with DNA have 

not been reported. This awaken our attention in the synthesis of chromone 

hydrazone and its Ni(II), Cu(II) and Zn(II) complexes in view of 

evaluating their DNA-binding properties. 

In order to more clearly evaluate and understand DNA binding 

properties of metal (II) complexes of chromone hydrazones (synthesis and 

characterization were given in chapter 2 & 3). Their binding properties to 
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calf thymus DNA were studied using absorption spectroscopy and 

viscosity measurements. 

Absorption spectroscopy is one of the most imperative techniques 

to find out the interaction of metal complexes with DNA. This method is 

frequently employed to find out the mode of binding and binding strength 

of the metal complex with DNA. The degree of the binding strength of 

the metal complexes is quantitatively determined by calculating the 

intrinsic binding (Kb) constants of the complexes. DNA affordes an 

extensive choice of binding modes and binding sites for covalent and non-

covalent interactions (Figure 5.1). The non-covalent interactions include 

intercalation, partial intercalation, groove bindings and electrostatic 

binding with metal complexes, in which the later two are the non-classical 

intercalative binding modes. 

 

Figure 5.1: Various possibility of binding to DNA 
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The experimental results give you an idea about that the interactions 

between the complexes and DNA most probably via an intercalation 

mechanism. Information from this study will be helpful in the understanding 

of the mechanism of metal complexes reacting with nucleic acids, as well 

as laying the foundation for the rational design of new useful DNA probes 

and effective inorganic complex nucleases. 

5.2   Materials and Methods 

Preparation and characterization of chromone hydrazones and their 

Ni (II), Cu (II) and Zn (II) complexes are discussed in Chapter 2 and 

Chapter 3. These, were serially diluted to get a required concentration to 

perform DNA binding assays. 

 Deoxyribonucleic Acid (DNA)-stored at 0-4°C-SRL Fine 

Chemicals. 

 Tris (Hydroxymethyl)aminomethane (Tris HCl buffer pH 7.1)-

stored at 0-4°C- SRL Fine Chemicals. 

5.2.1 Preparation of DNA stock solution 

The stock solution was prepared by dissolving Calf-Thymus DNA 

(CT-DNA) in 50mM Tris-HCl buffer (pH=7.1). The DNA concentration 

was determined by UV spectrophotometer using the molar absorption 

coefficient 6600 M
-1

cm
-1

 at 260 nm [31]. The stock solution was stored 

below 4 °C and used for 4 days. 

5.2.2 DNA binding experiments 

5.2.2.1 Electronic absorption spectral titration  

The DNA binding of the metal complexes were studied by               

UV-Visible Absorption spectra through the changes observed in the 
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absorbance and shift in the wavelength [31-33]. A solution of CT-DNA in 

the buffer (5 mM Tris-HCl/50 mM NaCl buffer (pH 7.1)) gave a UV 

absorbance ratio at 260 and 280 nm of about 1.8-1.9:1, indicating that 

CT-DNA was free from protein contamination.  

Electronic absorption titrations were performed in Tris-HCl buffer 

using DMF (10%) solution of compounds at room temperature. Absorption 

titration experiments were made using different concentrations of              

CT-DNA, keeping the compound concentration constant and maintaining 

the total volume constant (3mL). Metal complex-DNA solutions were 

allowed to incubate for 5 minutes at room temperature before the 

absorption spectra were recorded. Correction was made for absorbance of 

the CT-DNA itself. The intrinsic binding constant (Kb) was determined by 

monitoring the changes of absorption in the MLCT band with increasing 

concentration of DNA using the following equation [31]. The magnitude 

of spectral perturbation is an evidence for extent of binding. 

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

Where, 

[DNA] = Concentration of DNA in base pairs 

εa = Apparent molar extinction coefficient obtained by calculating 

Aobs./[complex] 

εf = Molar extinction coefficient of the free metal complex 

εb = Molar extinction coefficient CT-DNA bound metal complex 
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A plot of [DNA]/(εa-εf) versus [DNA], gave a slope of 1/(εa-εf) and 

a y-intercept equal to Kb/(εb-εf), The intrinsic binding constant Kb is the 

ratio of the slope to the y-intercept. 

5.2.2.2 Viscosity measurement  

Viscosity measurements were carried out at 25±1 °C using Ostwald 

viscometer at room temperature. Measurement of DNA viscosity is 

regarded as the least ambiguous and the most critical test of a DNA 

binding model in solution and affords stronger arguments for an 

interactive DNA binding mode. The DNA viscosity is enhanced 

significantly due to complete or partial intercalation of drugs in to DNA 

base stacking but it is slightly disturbed by electrostatic or covalent 

binding of molecules. To understand the nature of DNA binding of the 

metal complexes, the viscosity measurements were carried out on CT-

DNA by varying the concentration of the added complexes. In viscosity 

measurement, DNA samples approximately 200 base pairs in length were 

prepared by sonication in order to minimize complexities arising from 

DNA flexibility [30-31]. Flow times were measured with a digital 

stopwatch. Each sample was measured three times and an average flow 

time was calculated. Relative viscosities for DNA in the presence and 

absence of the complexes were calculated from the relation: η∝(t-to) 

where, t is the observed flow time of DNA-containing solution and to is 

that of phosphate buffer alone; i.e. relative specific viscosity was 

calculated according to Cohen and Eisenberg Plots of (η/ηo)
1/3

 (η and ηo 

are the relative specific viscosities of DNA in the presence and absence of 

the compounds) versus [compounds]/[DNA] were constructed. 
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5.3   Result and Discussion  

DNA is an essential drug target and it controls numerous 

biochemical processes that take place in the cellular system. Transition 

metal complexes bind to DNA by both non-covalent and covalent 

interactions [34]. In recent times, there has been incredible attention in 

studies associated to the interaction of transition metal ions with nucleic 

acid because of their significance in the development of new reagents for 

medicine and biotechnology [35]. 

5.3.1 Electronic Absorption Studies 

Electronic absorption spectroscopy is an efficient method to study 

the binding mode and extent of binding of metal complexes with DNA 

[36]. “Hypochromic” and “hyperchromic” effects are the spectral 

characteristics of DNA concerning its double helix structure [37]. The 

hyperchromic effect might be attributed to external contact (electrostatic 

binding) or to partial uncoiling of the helical structure of DNA [38]. 

Hypochromism is usually observed when a complex binds to DNA 

through intercalation as a consequence of strong staking interaction 

between an aromatic chromophore and DNA base pair. The extent of the 

hypochromism frequently reflects the intercalative binding mode [39]. Upon 

increasing the concentration of CT-DNA change in absorbance, resulting              

in hyperchromism with slight blue-shift (2-4nm) (hypsochromism) 

indicating groove binding between DNA duplex and complexes.  

The DNA binding studies of the ligands and metal complexes were 

carried out by absorption spectral titration experiment with CT-DNA 

through the changes observed in the absorbance and shift in the 
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wavelength. The absorption spectra of ligands, Ni, Cu and Zn (II) 

complexes (1×10
-5

M) in Tris-HCl buffer pH 7.1 in the absence (R=0) and 

presence of increasing amount of DNA are illustrated in Figures 5.2-5.9, 

(A plot of [DNA] / (εb-εf) versus [DNA] are represented in site).  

In the case of complexes shows hypochromism and a red shift 

(bathochromism) of the absorption band. Hypochromism is observed due 

to the presence of aromatic chromophore which might facilitate the 

interaction of the complexes with the DNA bases through noncovalent π-

π* stacking interactions [40]. When the complexes intercalate to the base 

pairs of DNA, the π* orbital of the intercalated ligand in the complexes 

can couple with π orbital of the DNA base pairs, and then decreasing the 

π-π* transition energies. The coupling π orbital was partially filled by 

electrons, thus decreasing the transition probabilities and concurrently 

resulting in hypochromism. Complexes containing aromatic heterocyclic 

ligands could stack among the DNA base pairs. 

In order to elucidate the binding strengths of these complexes, the 

intrinsic binding constant Kb were calculated by monitoring the changes 

of absorbance in the ligand transfer bands with increasing amounts                 

of DNA. The binding constant values obtained for ligands and its Ni 

(II), Cu (II), Zn (II) complexes are represented in Table 5.1-5.2. The 

order of Kb values obtained for the synthesized complexes are as 

follows:  
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Figure 5.2 Absorption spectra for [Ni(FB)(OAc)(H2O)].2H2O (1), [Cu(FB)(OAc)].H2O 

(9) & [Zn(FB)(OAc)].2.5H2O (17) in Tris–HCl buffer upon addition of 

DNA. R0, R1,R2,R3,R4,R5, R6 & R7 = 0.0, 0.2, 0.4, 0.6, 0.8, 1.0, 1.2 & 1.4; 

R=[DNA]/[complex]). Inset graph of [DNA]/(εa-εf) vs. [DNA] for 

titration of DNA with compounds. 
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Figure 5.3  Absorption spectra for [Ni(FBH)(H2O)(OAc)].2H2O (2),Cu(FBH)(H2O) 

(OAc)].H2O (10) & [Zn(FBH)(OAc)] (18) in Tris–HCl buffer upon 

addition of DNA. R0, R1,R2,R3,R4,R5, R6 & R7 = 0.0, 0.2, 0.4, 0.6, 0.8, 

1.0, 1.2 & 1.4; R=[DNA]/[complex]). Inset graph of [DNA]/(εa-εf) vs. 

[DNA] for titration of DNA with compounds. 
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Figure 5.4 Absorption spectra for [Ni(FN)(OAc)].H2O(3),[Cu(FN)(OAc)].2H2O(11) & 

[Zn(FN)(OAc)].H2O(19) in Tris–HCl buffer upon addition of DNA. R0, 

R1,R2,R3,R4,R5, R6 & R7 = 0.0, 0.2, 0.4, 0.6, 0.8, 1.0, 1.2 & 1.4; R=[DNA]/ 

[complex]). Inset graph of [DNA]/(εa-εf) vs. [DNA] for titration of DNA 

with compounds. 
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Figure 5.5  Absorption spectra for [Ni(FIN)(OAc)(H2O)].H2O(4), [Cu(FIN)(OAc)(H2O)]. 

2H2O (12) & [Zn(FIN)(OAc)] (20) in Tris–HCl buffer upon addition of DNA. 

R0, R1,R2,R3,R4,R5, R6 & R7 = 0.0, 0.2, 0.4, 0.6, 0.8, 1.0, 1.2 & 1.4; 

R=[DNA]/[complex]). Inset graph of [DNA]/(εa-εf) vs. [DNA] for titration 

of DNA with compounds. 
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Figure 5.6 Absorption spectra for [Ni(FMB)2)(H2O)2].H2O (5),[Cu(FMB)2(H2O)2]. 

H2O (13) & Zn(FMB)2].2H2O (21) in Tris–HCl buffer upon addition of 

DNA. R0, R1,R2,R3,R4,R5, R6 & R7 = 0.0, 0.2, 0.4, 0.6, 0.8, 1.0, 1.2 & 1.4; 

R=[DNA]/[complex]). Inset graph of [DNA]/(εa-εf) vs. [DNA] for 

titration of DNA with compounds. 
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Figure 5.7  Absorption spectra for [Ni(FMBH)2(H2O)2].2H2O (6),[Cu(FMBH)2(H2O)2]. 

2H2O (14) & Zn(FMBH)(OAc)] (22) in Tris–HCl buffer upon addition 

of DNA. R0, R1,R2,R3,R4,R5, R6 & R7 = 0.0, 0.2, 0.4, 0.6, 0.8, 1.0, 1.2 & 

1.4; R=[DNA]/[complex]). Inset graph of [DNA]/(εa-εf) vs. [DNA] for 

titration of DNA with compounds. 
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Figure 5.8 Absorption spectra for [Ni(FMN)(OAc)].2H2O (7),[Cu(FMN)(OAc)].H2O 

(15) & [Zn(FMN)(OAc)].H2O (23) in Tris–HCl buffer upon addition of 

DNA. R0, R1,R2,R3,R4,R5, R6 & R7 = 0.0, 0.2, 0.4, 0.6, 0.8, 1.0, 1.2 & 

1.4; R=[DNA]/[complex]). Inset graph of [DNA]/(εa-εf) vs. [DNA] for 

titration of DNA with compounds. 
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Figure 5.9 Absorption spectra for [Ni(FMIN)(OAc)(H2O)].1.5 H2O (8), 

[Cu(FMIN)(OAc)(H2O)].H2O (16) & [Zn(FMIN)(OAc)].0.5 H2O (24) in 

Tris–HCl buffer upon addition of DNA. R0, R1,R2,R3,R4,R5, R6 & R7 = 0.0, 

0.2, 0.4, 0.6, 0.8, 1.0, 1.2 & 1.4; R=[DNA]/[complex]). Inset graph of 

[DNA]/(εa-εf) vs. [DNA] for titration of DNA with compounds. 
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These results indicate that all the synthesized complexes were 

strongly interact with DNA by intercalative mode that is metal complexes 

having high affinity towards DNA.  
 

Table 5.1 Binding constant (Kb) M
-1

 

Complexes 

λmax 

Δλ H%
* 

Binding 

constant (Kb) 

*104 
M

-1 Free Bound 

[Ni(FB)(OAc)(H2O)].2H2O (1) 351.2 352.3 1.1 15 4.44 

[Cu(FB)(OAc)].H2O (9) 375.4 376.2 0.8 60 2.46 

[Zn(FB)(OAc)].2.5H2O (17) 367.8 368.4 1.1 10 2.70 

[Ni(FBH)(H2O)(OAc)].2H2O (2) 321.5 322.7 1.2 28 1.52 

[Cu(FBH)(H2O)(OAc)].H2O (10) 377.3 378.9 1.6 68 3.30 

[Zn(FBH)(OAc)] (18) 368.1 369.5 1.4 15 2.71 

[Ni(FN)(OAc)].H2O (3) 315.7 316.3 1.0 7 4.41 

[Cu(FN)(OAc)].2H2O (11) 381.2 382.8 1.6 41 2.99 

[Zn(FN)(OAc)].H2O (19) 369.7 370.3 0.9 15 3.38 

[Ni(FIN)(OAc)(H2O)].H2O (4) 383.5 384.7 1.2 27 3.50 

[Cu(FIN)(OAc)(H2O)].2H2O (12) 368.2 369.5 1.3 39 3.19 

[Zn(FIN)(OAc)] (20) 278.5 279.9 1.4 44 2.96 

 

Table 5.2 Binding constant (Kb) M
-1 

Complex 
λmax 

Δλ H%
* 

Binding 

constant 

(Kb) *104 
M

-1 Free Bound 

[Ni(FMB)2)(H2O)2].H2O (5) 371.4 372.7 1.3 25 4.41 

[Cu(FMB)2(H2O)2].H2O (13) 368.5 369.2 0.7 46 33.8 

[Zn(FMB)2].2H2O (21) 357.7 358.5 0.8 23 1.58 

[Ni(FBH)2(H2O)2].2H2O (6) 364.8 365.9 1.1 12 4.85 

[Cu(FMBH)2(H2O)2].2H2O (14) 373.3 374.2 0.9 35 3.94 

[Zn(FMBH)(OAc)]. H2O (22) 361.3 362.7 1.4 42 4.85 

[Ni(FMN)(OAc)].2H2O (7) 312.3 313.7 1.4 16 1.2 

[Cu(FMN)(OAc)].H2O (15) 374.5 375.2 0.7 22 5.24 

[Zn(FMN)(OAc)].H2O (23) 389.7 390.6 0.9 34 3.14 

[Ni(FMIN)(OAc)(H2O)].1.5 H2O (8) 394.2 395.1 0.9 17 5.14 

[Cu(FMIN)(OAc)(H2O)].H2O (16) 397.1 398.2 1.1 21 30.8 

[Zn(FMIN)(OAc)].0.5 H2O (24) 386.5 387.2 0.7 25 2.33 

*𝑯% =
𝑨𝒇𝒓𝒆𝒆 − 𝑨𝒃𝒐𝒖𝒏𝒅

𝑨𝒇𝒓𝒆𝒆
∗ 𝟏𝟎𝟎 
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5.3.2 Viscosity measurement  

To clarify the interaction mode of the mononuclear metal (II) 

complexes with CT-DNA, viscosity measurements were carried out. In 

classical intercalation, the DNA helix lengthens as base pairs are 

separated to accommodate the bound ligand leading to increase in DNA 

viscosity, whereas a partial, non-classical ligand intercalation causes a 

bend in DNA helix reducing its effective length and thereby its viscosity. 

Therefore viscosity measurement is regarded as the least ambiguous and 

the most critical means studying the binding mode of metal complexes 

with DNA in solution and provides stronger arguments for intercalative 

binding mode [31]. The effects of the metal (II) complexes on the 

viscosity of CT-DNA are shown in Figures 5.10-5.13 and Tables 5.3-5.6. 

As illustrated in this figures, on increasing the amount of the metal (II) 

complexes, the relative viscosity of CT-DNA increasing steadily, which is 

proved that the metal (II) complexes bound to CT-DNA by intercalation. 

This phenomenon may be explained by the insertion of the complexes in 

between the DNA base pairs, leading to an increase in the separation of 

base pairs at intercalation sites and, thus, an increase in overall DNA 

length. It is clear from the figures that all these complexes show increase 

in the relative viscosity of CT-DNA but less compare to that of ethidium 

bromide except for copper complexes [Cu(FN)(OAc)].2H2O (11), 

[Cu(FMB)2(H2O)2].H2O (13) & [Cu(FMIN)(OAc)(H2O)].H2O (16). The 

viscosity results may reflect the tendency of each complex to intercalate 

into DNA base pairs. The increase in DNA viscosity observed in the 

complexes, suggests a classical intercalative mode. 
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Table 5.3 Viscosity data of the Ni(II), Cu(II), Zn(II) complexes of FB & FBH 

[complex]/ 

[DNA] 
(η/η

o
)

1/3

 

(1) (9) (17) (2) (10) (18) EB 

0.00 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

0.04 1.6228 1.2888 1.4731 1.4369 1.5757 1.2665 1.7856 

0.08 1.9309 1.5036 1.722 1.6081 1.9024 1.4102 2.0021 

0.12 2.0578 1.6239 1.855 1.6719 2.0782 1.4633 2.2345 

0.16 2.1617 1.7467 1.9574 1.8119 2.1742 1.5874 2.3456 

0.20 2.2088 1.914 2.0238 1.8526 2.2389 1.6267 2.4697 

 

Table 5.4 Viscosity data of the Ni(II), Cu(II), Zn(II) complexes of FN & FIN 

[complex]/ 

[DNA] 

(η/η
o
)

1/3

 

(3) (11) (19) (4) (12) (20) EB 

0.00 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

0.04 1.4152 1.9400 1.5354 1.5112 1.7235 1.2605 1.7856 

0.08 1.8944 2.2632 1.6515 1.7404 2.0712 1.4658 2.0021 

0.12 1.9608 2.3893 1.8344 1.864 2.2536 1.5928 2.2345 

0.16 2.1894 2.4341 2.0591 1.9918 2.3708 1.7379 2.3456 

0.20 2.2055 2.4943 2.1192 2.1238 2.3826 1.8556 2.4697 

 

 

Table 5.5 Viscosity data of the Ni(II), Cu(II), Zn(II) complexes of FMB & FMBH 

[complex]/ 

[DNA] 

(η/ηo)
1/3

 

(5) (13) (21) (6) (14) (22) EB 

0.00 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

0.04 1.2736 1.8311 1.2554 1.2698 1.6649 1.1822 1.7856 

0.08 1.4252 2.2725 1.4084 1.4517 2.0561 1.3141 2.0021 

0.12 1.5463 2.3608 1.5281 1.6463 2.0964 1.4187 2.2345 

0.16 1.6687 2.4121 1.6325 1.6934 2.1802 1.5181 2.3456 

0.20 1.7734 2.4991 1.7249 1.7331 2.2405 1.5995 2.4697 
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Table 5.6 Viscosity data of the Ni(II), Cu(II), Zn(II) complexes of FMN & FMIN 

[complex]/ 

[DNA] 

(η/η
o
)

1/3

 

(7) (15) (23) (8) (16) (24) EB 

0.00 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

0.04 1.5445 1.6621 1.2702 1.6509 2.057 1.0572 1.7856 

0.08 1.7116 1.9165 1.4023 2.0232 2.524 1.2721 2.0021 

0.12 1.8372 2.0394 1.5057 2.1627 2.5893 1.4039 2.2345 

0.16 1.9576 2.1119 1.6015 2.2663 2.6781 1.4973 2.3456 

0.20 2.0884 2.1386 1.6923 2.2948 2.8067 1.5225 2.4697 

 

 

 Figure 5.10  Plot of [η/ηo]
1/3

 versus [Complex]/[DNA] for Ni(II), 

Cu(II), Zn(II) complexes of FB & FBH  
 

 

 Figure 5.11  Plot of [η/ηo]
1/3

 versus [Complex]/[DNA] for Ni(II), 
Cu(II), Zn(II) complexes of FN & FIN 

1

1.2

1.4

1.6

1.8

2

2.2

2.4

2.6

0 0.05 0.1 0.15 0.2 0.25

(η
/η

0)
1

/3

R=[complex]/[DNA]

1
9
17
2
10
18
EB

1

1.2

1.4

1.6

1.8

2

2.2

2.4

2.6

0 0.05 0.1 0.15 0.2 0.25

(η
/η

0)
1

/3

R=[complex]/[DNA]

3
11
19
4
12
20
EB



Chapter 5 

200  Department of Applied Chemistry, Cochin University of Science and Technology 

 

 

 

  Figure 5.12 Plot of [η/ηo]
1/3

 versus [Complex]/[DNA] for Ni(II), 
Cu(II), Zn(II) complexes of FMB & FMBH  

 

 

 

 Figure 5.13 Plot of [η/ηo]
1/3

 versus [Complex]/[DNA] for Ni(II), 
Cu(II), Zn(II) complexes of FMN & FMIN 
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5.4 Conclusion  

The present investigations was consider the binding behavior of 

different chromone hydrazones and their Ni (II), Cu (II) and Zn (II) 

complexes towards CT-DNA. Upon electronic absorption spectral titrations, 

all the synthesized metal complexes showed hypochromism. DNA-binding 

studies with CT-DNA indicate that metal complexes bind to DNA by 

intercalation mode. Observed intrinsic binding constant (ranging from 

10
4
-10

5
 M

-1
) is comparable to other intecalaters. Result from viscosity 

measurments clearly reveals that binding of DNA with metal (II) 

complexes is through intercalation. Results also showed that copper (II) 

complexes [Cu(FN)(OAc)].2H2O (11), [Cu(FMB)2(H2O)2].H2O (13) & 

[Cu(FMIN)(OAc)(H2O)].H2O (16) have higher relative viscosity values 

than standard intercalators ethidium bromide. 
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Chapter 6 

STUDY OF IN VITRO INHIBITION OF α-AMYLASE 
AND α-GLUCOSIDASE BY CHROMONE HYDRAZONES 

AND THEIR Ni (II), Cu (II) AND Zn (II) COMPLEXES   

 

  6.1 Introduction 
  6.2 Materials and Methods 
  6.3 Result and Discussion 
  6.4 Conclusion 

 

 

Conspectus: Various flavonoids have shown efficacy in the treatment of 

diabetes. Although it is often assumed that dietary flavonoids exert biological 

antioxidant effects, it is possible that the observed effects work on 

carbohydrate metabolism. In this study, we evaluated the effect of chromone 

hydrazones and their Ni (II), Cu (II) and Zn (II) complexes on α-amylase and 

α-glucosidase activity, enzymes of great importance in carbohydrate 

metabolism and diabetes mellitus. In all tests, acarbose, a pharmacological 

inhibitor of α- amylase and α-glycosidase was included as a positive control. 

For each compound, the concentration required for 50% inhibition of 

enzyme activity was determined to compare the potency. For α-amylase, 

metal complexes demonstrated a similar α-amylase inhibitory activity to 

acarbose and hydrazones showed a weaker inhibition. In α-glucosidase 

experiments, copper complexes inhibited enzymatic activity much more 

strongly than acarbose. The inhibitory activities of individual compounds 

were also reported. Also determined their kinetic parameters by Michaelis-

Menten plot and mode of action against enzymes (α-amylase and                               

α-glucosidase) were determined by using Lineweaver–Burk plot. With this 

information, it is possible that chromone hydrazones and their Ni (II), Cu (II) 

and Zn (II) complexes play a role in the prevention or treatment of type II 

diabetes mellitus. 

C
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6.1 Introduction  

More than 190 million people worldwide suffer from diabetes [1] a 

disease characterized by elevated levels of fasting blood glucose as a 

result of the body's inability to produce or use insulin. The World Health 

Organization expects the incidence of diabetes to double by 2025. There 

are two classifications of diabetes mellitus. Type I, characterized by 

autoimmune destruction of the insulin-producing beta cells of the 

pancreas, results in an inability to process glucose from the bloodstream. 

The second classification of this disease is called type II and is 

characterized by abnormalities in both insulin secretion and action 

resulting from lifestyle choices and some genetic influence [2]. As with 

most lifestyle-related diseases, diabetes is a chronic and progressive 

disease [3]. Type II is especially common among aging populations, and 

those with unhealthy diets, obesity, and sedentary lifestyles [4]. 

Overall, diabetes spending in the United States in 2007 is estimated 

at $ 174 billion, or $ 116 billion in surplus health spending and $ 58 

billion in lower production of goods and services in the US economy. In 

particular, these expenses included 27 billion for direct diabetes treatment 

and 58 billion for the treatment of diabetes complications, both acute and 

chronic, and account for 11% of all health care costs in 2007 [5]. 

Complications include microvascular diseases such as diabetic retinopathy, 

nephropathy and neuropathy, and macrovascular complications such as 

atherosclerosis, coronary heart disease and cerebrovascular disease. Spend 

the most common implications and long-term diabetes, such as glaucoma, 

cataracts, and foot health and death problems, worth $ 31 billion [6]. A 

diabetic patient in 2007 had health costs of about 2.3 times higher than 
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patients without diabetes [5]. Diabetes and its complications have a 

negative impact on the quality of life in a patient's health as symptoms 

progress to these micro and macrovascular complications [2]. 

Debilitating symptoms, expensive treatments and diabetes 

complications can be prevented or delayed by a tight glycemic control 

[7]. However, it is well known that maintenance of blood glucose levels 

below 110 mgdL
-1

 [8] in fasting diabetic patients is often very difficult. 

Many current research and alternative therapies focus on various ways to 

control hyperglycaemia, addressing various organs involved in glucose 

metabolism as a solution to the symptoms and the treatment of diabetes. 

One of the treatment options currently available for glycemic control is 

meglitinide and sulphonylureas. This reduces glucose levels in the blood, 

increasing the preprandial insulin secretion, but presents serious risks of 

hypoglycemia compared with other treatments [9-10]. Another therapy 

uses thiazolidinediones to increase the sensitivity of adipose and muscular 

cells to insulin by activating signals that activate the synthesis of receptor 

proteins activated by peroxisome proliferators [11]. Greater sensitivity 

helps to reduce blood sugar levels, but unfortunately at increased risk of 

congestive heart failure and bone fractures [9]. Metformin is recognized 

as a first-line agent for the treatment of type II diabetes [9] and is part of a 

class of therapeutic drugs called biguanide. This class of drugs triggers a 

cascade of events that eventually blocks liver glucose release and 

maintains a fasting blood sugar. Once again, this treatment is associated 

with an increased risk of gastrointestinal side effects and requires insulin 

[9-10]. 
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Another type of treatment for type II diabetes is to limit the amount 

of glucose that reaches the bloodstream. Digestion of starch to glucose 

requires multiple reactions involving two primary enzymes, α-amylase 

and α-glucosidase. These enzymes, collectively known as glucosidases, 

play an essential role in carbohydrate metabolism [12]. α-Amylase is 

both a component of saliva and pancreas as an endohydrolase that cleaves 

the internal α-(1,4) bonds of starch into shorter, linear and branched 

dextrin chains. The resulting dextrin mixture is hydrolyzed into glucose 

by α-glucosidase, located at the intestinal brush microvilli [13]. The 

complementary activities of these two enzymes allow for digestion of a 

spectrum of food starches from more than 400 plants that comprise two-

thirds of most human diets [14]. α-Glucosidase inhibitors are drugs that 

inhibit glucosidases in the intestine and suppress the postprandial 

elevation of plasma glucose by delaying the digestion and absorption of 

carbohydrates [8,10]. The overall effect of inhibiting glucosidase also 

reduces the onset of insulin resistance, preventing other insulin-dependent 

disorders [14]. Inhibition of pancreatic α-amylase, in particular is an 

important therapeutic goal of type II diabetes [15]. Currently, there are 

two pharmaceutical glucosidase inhibitors that have demonstrated their 

value in the fight against high blood glucose: acarbose and miglitol 

(Figure 6.1) [14]. These compounds show a higher inhibitory activity for 

α-glucosidase compared to α-amylase, and competitively as well as 

noncompetitively and reversibly inhibit both enzymes [14-15]. However, 

acarbose has a greater affinity for α-glucosidase and α-amylase inhibition 

due to the ability of analogue tetrascaccharides to occupy extensive                   

C-terminal catalytic subunit sites against the occupation of N-terminal 
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domains of enzyme [14]. In addition, these drugs are often used in 

combination with other oral hypoglycemic agents with different mechanisms 

of action, such as those mentioned above or with insulin [8]. 

 

 

Figure 6.1 Structures of Acarbose and Miglitol 
 

The tetrasaccharide structure of acarbose provides a distinguishing 

characteristic and an ability to occupy extended binding site of the                      

C-terminal catalytic subunits of glucosidases. 

Unfortunately, gastrointestinal side effects such as abdominal pain, 

flatulence and diarrhea from undigested starches are among the 

disadvantages of drugs that inhibit α-glucosidase due to relatively high 

doses to be prescribed [14,17]. In addition, a higher risk of fatal 

hypoglycaemia to metabolize too little glucose due to the potent drug 

effect outweighs the benefits of pharmaceutical intervention [18]. 

Bioflavonoids are a large family of polyphenolic compounds having 

a common chemical structure and are found in vegetable food. These 

polyphenols (polyhydroxylated aromatic phytochemicals) are separated 

into classes of flavonoids and phenolic acids. Flavonoids can be subdivided 



Chapter 6 

210  Department of Applied Chemistry, Cochin University of Science and Technology 

into structural classes of flavones, flavanones, flavonols, flavan-3-ol (or 

catechins) and anthocyanidins. Flavonoids are particularly interesting for 

their antioxidant and anti-inflammatory action reported [19]. In addition, 

flavan-3-ols were specifically considered to inhibit the digestion of 

oligosaccharide by α-amylase and α-glucosidase [20]. As explained above, 

the inhibition of these digestive enzymes in carbohydrates may be beneficial 

for patients with type II diabetes as well as for the pre-diabetic population 

growth in the United States and around the world [10, 21-22]. Included in 

the structural family of flava-3-ols and commonly known as catechins are the 

flavan-3-ol monomers and their oxidative coupling products, theaflavins.  

Therefore, it is conceivable that natural and dietary glucosidase 

inhibitors, which probably have fewer side effects than drugs, may be 

useful in the prevention or treatment of type II diabetes and pre-diabetes. 

It is well known that control of postprandial glycaemia is very 

essential in controlling long term deleterious effect of hyperglycemia. In 

the present chapter, we propose to investigate the effect of compounds in 

the following enzyme inhibition assay. 

 Alpha-amylase inhibition assay 

 Alpha-glucosidase inhibition assay. 

6.1.1 Importance Alpha-amylase enzyme in the body 

In humans, the digestion of starch involves several stages. Initially, 

partial digestion by the salivary amylase results in the degradation of 

polymeric substrates into shorter oligomers. Later on in the gut these are 

further hydrolyzed by pancreatic amylases into maltose, maltotriose and 

small malto-oligosaccharides. The digestive enzyme (α-amylase) is 
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responsible for hydrolyzing dietary starch (maltose), which breaks down 

into glucose prior to absorption.  Inhibition of α-amylase can lead to a 

reduction in postprandial hyperglycemia in diabetic condition [23].  

6.1.2 Importance of Alpha-glucosidase enzyme in the body 

Alpha-glucosidase is a membrane bound enzyme located in the 

epithelium of the small intestine, catalyzing the cleavage of starch and 

disaccharides to form glucose. Inhibitors can retard the uptake of dietary 

carbohydrates and suppress post-prandial hyperglycemia. Therefore, 

inhibition of α-glucosidase could be one of the most effective approaches 

to control diabetes [24]. Glucosidases are not only essential to carbohydrate 

digestion, but also vital for the processing of glycoprotein and glycolipids. 

This enzyme is a target for antiviral agents that interfere with the 

formation of essential glycoproteins required in viral assembly, secretion 

and infection [25]. Glucosidases are also involved in a variety of 

metabolic disorders and carcinogenesis [26]. 

6.1.3 α-Amylase inhibitors 

Alpha Amylase is an endo-acting enzyme that catalyzes the hydrolysis 

of α-1,4-D-glycosidic linkages of starch, amylose, amylopectin, glycogen, 

and various maltodextrins. α-Amylases are produced by a variety of 

organisms, including bacteria, fungi, plants, and animals. α-Amylase 

inhibitors have many medical applications, such as controlling blood glucose 

and serum insulin levels, and starch loading tests in animals and humans[27]. 

6.1.4 α-Glucosidase inhibitors 

Alpha Glucosidase inhibitors are used to treat type II diabetes and 

obesity by suppressing the absorption of glucose and reducing postprandial 
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hyperglycemia. Current interest in these compounds has been extended to 

a diverse range of diseases including lysosomal storage disorders, cancer 

and AIDS [28].  

6.2 Materials and Methods 

The chromone hydrazones and their Ni (II), Cu (II) and Zn (II) 

complexes were synthesized as described in Chapter 2 and Chapter 3. 

These, were serially diluted to get a required concentration to perform 

both α-amylase and α-glucosidase enzyme inhibition assays. 

 α-Amylase [15.8 U/mg solid at pH 6.9]-stored at 0-4°C 

(Himedia). 

 α-Glucosidase [15 U/mL at pH 6.9]-stored at 0-4°C (Sigma 

Aldrich). 

 3, 5-Dinitrosalicylic acid (DNSA)-stored at RT (Sigma Aldrich). 

 Starch 1%. 

 p-Nitrophenyl-β-D-glucopyranoside (p-NPG 5mM)-stored at 0-

4°C (Sigma Aldrich). 

 Sodium carbonate (0.1 M Na2CO3)-stored at RT (Sigma Aldrich). 

 Positive Control: Acarbose-stored at RT (Bayer Pharmaceuticals, 

Leverkusen, Germany). 

 Sodium dihydrogen orthophosphate (NaH2PO4.2H2O)-stored at 

RT (Sigma Aldrich). 

 Disodium hydrogen phosphate (Na2HPO4.2H2O)-stored at RT 

(Sigma Aldrich). 
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6.2.1 Determination of enzyme activity  

6.2.1.1 Alpha-amylase inhibition assay  

6.2.1.1.1 Alpha-amylase enzyme solution  

α-Amylase was purchased from Himedia Company. According to 

the manufacture product description, one α-amylase unit was defined as 

the amount of enzyme required to release 1 mM maltose/min at 37
o
C 

from substrate (starch) under the given experimental conditions. The 

enzyme concentration used in the assay was 0.083 mg mL
-1

 [29]. Enzyme 

powder was dissolved in pre-chilled 0.02 M sodium phosphate buffer, pH 

6.9 with 0.006 M sodium chloride, yielding a clear to hazy solution. This 

is due to the pressure of enzyme carriers, lactose, which are partially 

soluble in the chilled buffer. The enzyme solution was prepared freshly 

and stored at temperature below 4°C prior to assay. 

6.2.1.1.2 Sodium phosphate buffer (0.02 M), pH 6.90 with 0.006 M 

sodium chloride  

The following three solutions were prepared separately. 200 mL 

dH2O was added to 1.582 g of Na2HPO4, 200 mL dH2O was added to 

1.062 g of Na2PO4, and 100 mL dH2O was added to 0.3506 g of NaCl. All 

three solutions were then mixed well followed by the addition of 400 mL 

dH2O as to obtain the desirable pH of 6.90. If the pH deviated from 6.90, 

the pH was adjusted by adding either Na2HPO4 as a base or NaH2PO4 as 

acid. Finally the solution was brought up to the final volume of 1000 mL 

in standard bottle. The buffer prepared was stored at 25°C and used 

within 2 weeks [29]. 
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6.2.1.1.3 Dinitrosalicyclic acid (DNSA) reagent  

The original DNSA reagent developed by Miller, G. L. (1959) [30]. 

Contained 0.63% DNSA, 18% tartrate, 0.5% phenol, 0.5% sodium 

bisulfite, and 14% NaOH. A modified DNSA reagent used in this study it 

was prepared by dissolving (constantly stirring) 2% (w/v) of DNSA with 1% 

NaOH. The other component of the modified DNSA reagent, the 18.2 % 

(w/v) potassium sodium tartrate, also known as Rochelle salts, was 

prepared separately using dH2O. The reagent was prepared freshly prior 

to assay. In addition, this colour reagent should be protected from all light 

sources.  

6.2.1.1.4 Starch solution (1%) 

Soluble starch (1g) was dissolved in 100 mL of sodium phosphate 

buffer. Constant stirring at 90°C helped the dissolution of starch in the 

buffer. The starch solution was then cooled and stored at 4°C. The starch 

solution was incubated at 25°C for 5 minutes prior to assay.  

6.2.1.1.5 Determination of alpha-amylase inhibitory activity 

The inhibitory capability for α-amylase was conducted based on the 

procedure of Shetty et al. [31]. An aliquot of varying concentrations 

(0.033-0.167 mM) of the sample were prepared and 500 μL of each was 

mixed with 500 μL of 0.02 M sodium phosphate buffer (pH 6.90) 

containing 0.083mg mL
-1

 of α-amylase solution and incubated in test 

tubes at 37°C for 10 min. After pre-incubation, 500 μL of 1% starch 

solution in 0.02 M sodium phosphate buffer (pH 6.90) was added to each 

tube at time intervals. The reaction mixtures were incubated at 37°C for 

15 min and stopped with 1.0 mL of dinitrosalicylic acid colour reagent. 
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The tubes were then incubated in a boiling water bath for 5 min and 

subsequently cooled to room temperature. The reaction mixtures were 

then diluted with distilled water (10mL), and the absorbance were 

measured at 540 nm using a spectrophotometer and the values compared 

with a blank which contained 500 μL of the buffer instead of the sample. 

Acarbose was prepared in DMSO at the same concentrations of the 

sample and used as control. The experiments were conducted in triplicate, 

and the α-amylase inhibitory activity was expressed as % inhibition. One 

α-amylase unit was defined as the amount of enzyme required to release  

1 mM maltose/min at 37°C from substrate (starch) under the given assay 

conditions. The concentration of the compounds and acarbose causing 

50% inhibition (IC50) of α-amylase activity was estimated by the 

equation.  

% 𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 =
𝐴𝑏𝑠𝑐𝑜𝑛𝑡𝑟𝑜𝑙  − 𝐴𝑏𝑠𝑠𝑎𝑚𝑝𝑙𝑒  

𝐴𝑏𝑠𝑐𝑜𝑛𝑡𝑟𝑜𝑙
∗ 100 

6.2.1.1.6 Determination of kinetic parameters  

For the determination of the kinetic parameters, the sample was 

taken at its IC50 value and incubated with α-amylase, while varying the 

starch (substrate) concentration from 0.3 to 5 mg mL
-1

 and the reaction 

was allowed as mentioned above. The amount of maltose (reducing 

sugar) released was determined spectrophotometrically using a standard 

curve of maltose. The lineweaver-Burk double-reciprocal frame (1/[V] 

versus 1/[S]) was constructed and the kinetics of the inhibition of α-

amylase by the sample were determined [17]. 
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6.2.1.2 Alpha-glucosidase inhibition Assay 

6.2.1.2.1 Alpha-glucosidase enzyme solution  

The α-glucosidase solution (eg, extra-pure yeast) (15 U/mL) was 

prepared in 0.02 M phosphate buffer (pH 6.90) and stored at -20°C. One 

α-glucosidase unit activity was defined as the amount of enzyme required 

(at 37°C and pH 6.90) to the substrate (p-NPG) hydrolysis to produce                

1 μM p-nitrophenol per minute [29].  

6.2.1.2.2  0.02M sodium phosphate buffer (pH 6.90)  

Method of preparation of 0.02M sodium phosphate buffer (pH 6.90) 

as described in Chapter 6 (6.2.1.1.b).  

6.2.1.2.3 5mM p-nitrophenyl-β-D-glucopyranoside substrate solution  

Sodium phosphate buffer (0.02M, pH 6.90) was slowly added 

into 5mM p-nitrophenyl-β-D-glucopyranoside until it fully dissolved.            

This solution was freshly prepared prior to running α-glucosidase 

assay.  

6.2.1.2.4 Determination of alpha-glucosidase inhibitory activity 

The α-glucosidase inhibitory activity was measured by modifying 

Kwon et al. The α-glucosidase solution was prepared in 0.02 M phosphate 

buffer (pH 6.90). Variable concentrations (0.033-0.167 mM) of the sample 

and 500 μL of each concentration were mixed with 500 μL of 0.02 M 

sodium phosphate buffer (pH 6.90) containing 0.1 mgmL
-1

 of solution of              

α-glucosidase and incubated in test specimens. After incubation for 15 

minutes at 37°C, 20 mM of p-nitrophenyl-β-D-glucopyranoside (500μL) 

was added. The reaction mixture was further incubated at 37°C for                  
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20 minutes. The enzymatic reaction was stopped by adding a 0.1M 

Na2CO3 solution (1 mL). Blank set contain buffer instead of enzymatic 

solution and the control set consist of milliQ water in its place of sample. 

The absorbance of the yellow colour due to the formation of p-nitro phenol 

was monitored at 405 nm by spectrophotometrically. The control contains 

all reagents and the enzyme, except the test sample; acarbose used as a 

standard drug. One α-glucosidase unit was defined the quantity of enzyme 

required (at 37°C and pH 6.90) to the substrate (p-NPG) hydrolysis to 

produce 1 μM  p-nitrophenol per minute. The concentration of compounds 

and acarbose causing 50% inhibition (IC50) of α-glucosidase was determined 

by equation. 

% 𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 =
𝐴𝑏𝑠𝑐𝑜𝑛𝑡𝑟𝑜𝑙  − 𝐴𝑏𝑠𝑠𝑎𝑚𝑝𝑙𝑒  

𝐴𝑏𝑠𝑐𝑜𝑛𝑡𝑟𝑜𝑙
∗ 100 

 

6.2.1.2.5 Determination of kinetic parameters  

For the determination of the kinetic parameters, the sample was 

taken at its IC50 value and incubated with α-glucosidase, while varying 

the p-NPG (substrate) concentration from 0.3-5 mg mL
-1

 and the reaction 

was allowed as mentioned above. The amount of p-nitrophenol released 

was determined spectrophotometrically using a standard curve of                     

p-nitrophenol. The Lineweaver-Burk double-reciprocal frame (1/[V] 

versus 1/[S]) was constructed and the kinetics of the inhibition of                     

α-glucosidase by the sample were determined [17]. 
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6.3  Result and Discussion 

6.3.1 Antidiabetic activity-(Enzyme Inhibition of α-amylase &               

α-glucosidase) 

Diabetes mellitus, one of the oldest common metabolic disorders 

continue to be a leading cause of morbidity and mortality for the future. 

The inhibition of α-amylase activity, together with that of α-glucosidase is 

considered to be an effective strategy for management of diabetes by 

controlling the blood glucose level by delaying the digestion of 

carbohydrate after meal.  

Αlpha-amylase is an enzyme that causes hydrolysis of α-1,4-

glycosidic bonds in starch and other polysaccharides and leads to the 

number of small sugar molecules such as maltose and glucose. When the 

amount of these small sugar molecules obtained as a result of the 

hydrolysis of α-amylase catalyzed polysaccharides exceeds, it is found in 

diabetes. Therefore, it is necessary to maintain the activity of α-amylase 

under control to avoid postprandial hyperglycemia (PPHG).  

In this experiment, the coordination metal Ni, Cu and Zn (II) 

complex containing a biological important imine group (C=N) was 

chosen against the function of the enzymes. It was tested at different 

concentrations against the action of enzymes. Table 6.1 (α-amylase)               

and 6.2 (α-glucosidase) gives concentration of the sample for giving 50% 

inhibition for enzyme activity (IC50). Inhibition activity of acarbose was 

also studied in the same concentrations for comparison. All the ligands 

and complexes inhibited α-amylase mildly and α-glucosidase strongly in 

concentration dependent manner. 
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Table 6.1 Enzyme inhibition study: α-amylase inhibitory activity and kinetic 

parameters. (The kinetics study for the tentative mode of inhibition 

revealed that a characteristic non-competitive (N) and competitive 
(C) inhibition for α-amylase. The double reciprocal plot revealed that 

the respective Vmax values for the ligands, complexes and the control 

were shown in Table and Figures, while the Km was 1.65 mM). 
 

Compound 
IC50 

(mM) 

Vmax 

(μmolmin
-1

) 
Km Ki 

Mode of 

Inhibition 

Acarbose (standard) 0.230 ± 0.2 - - - - 

Control - 0.617 1.65 - - 

FB 0.404 ± 0.1 0.401 1.649 0.310 N 

[Ni(FB)(OAc)(H2O)].2H2O (1) 0.321 ± 0.2 0.409 1.65 0.329 N 

[Cu(FB)(OAc)].H2O (9) 0.267 ± 0.1 0.425 1.65 0.369 N 

[Zn(FB)(OAc)]. 2.5 H2O (17) 0.299 ± 0.3 0.414 1.65 0.341 N 

FBH 0.438 ± 0.1 0.487 1.65 0.628 N 

[Ni(FBH)(H2O)(OAc)].2H2O (2) 0.372 ± 0.2 0.421 1.65 0.360 N 

Cu(FBH)(H2O)(OAc)].H2O (10) 0.231 ± 0.1 0.347 1.65 0.210 N 

[Zn(FBH)(OAc)] (18) 0.288 ± 0.1 0.406 1.65 0.321 N 

FN 0.455 ± 0.1 0.475 1.65 0.587 N 

[Ni(FN)(OAc)].H2O (3) 0.371 ± 0.2 0.408 1.65 0.325 N 

[Cu(FN)(OAc)].2H2O (11) 0.266 ± 0.1 0.358 1.65 0.230 N 

[Zn(FN)(OAc)].H2O (19) 0.288 ± 0.3 0.373 1.649 0.254 N 

FIN 0.440 ± 0.1 0.380 1.65 0.267 N 

[Ni(FIN)(OAc)(H2O)].H2O (4) 0.344 ± 0.2 0.413 1.65 0.337 N 

[Cu(FIN)(OAc)(H2O)].2H2O (12) 0.265 ± 0.1 0.365 1.65 0.245 N 

[Zn(FIN)(OAc)] (20) 0.260 ± 0.2 0.417 1.65 0.348 N 

FMB 0.390 ± 0.1 0.617 2.56 0.302 C 

[Ni(FMB)2)(H2O)2].H2O (5) 0.328 ± 0.2 0.617 2.49 0.327 C 

[Cu(FMB)2(H2O)2].H2O (13) 0.234 ± 0.3 0.617 3.99 0.117 C 

Zn(FMB)2].2H2O (21) 0.297 ± 0.1 0.617 2.23 0.471 C 

FMBH 0.375 ± 0.1 0.617 4.80 0.087 C 

[Ni(FBH)2(H2O)2].2H2O (6) 0.354 ± 0.2 0.617 5.09 0.079 C 

[Cu(FMBH)2(H2O)2].2H2O (14) 0.211 ± 0.1 0.617 5.11 0.081 C 

Zn(FMBH)(OAc)] (22) 0.299 ± 0.3 0.617 3.92 0.120 C 

FMN 0.461 ± 0.1 0.485 1.65 0.613 N 

[Ni(FMN)(OAc)].2H2O (7) 0.371 ± 0.2 0.408 1.65 0.325 N 

[Cu(FMN)(OAc)].H2O (15) 0.263 ± 0.2 0.485 1.65 0.613 N 

[Zn(FMN)(OAc)].H2O (23) 0.321 ± 0.1 0.349 1.65 0.217 N 

FMIN 0.454 ± 0.1 0.380 1.65 0.267 N 

Ni(FMIN)(OAc)(H2O)].1.5 H2O 

(8) 
0.307 ± 0.3 0.381 1.65 0.270 N 

[Cu(FMIN)(OAc)(H2O)].H2O 

(16) 
0.249 ± 0.2 0.353 1.65 0.223 N 

[Zn(FMIN)(OAc)].0.5 H2O (24) 0.294 ± 0.1 0.400 1.65 0.317 N 
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Table 6.2 Enzyme inhibition study: α-glucosidase inhibitory activity and kinetic 

parameters. (The kinetics study for the tentative mode of inhibition 

revealed that a characteristic non-competitive (N) and competitive 
(C) inhibition for α-glucosidase. The double reciprocal plot revealed 

that the respective Vmax values for the ligands, complexes and the 

control were shown in Table and Figures, while the Km was 1.71mM)  

Compound 
IC50 

 (mM) 

Vmax 

(μmolmin
-1

) 
Km Ki 

Mode of 

Inhibition 

Acarbose (standard) 0.170 ± 0.1 - - - - 

Control - 0.342  1.71  - - 

FB 0.268 ± 0.1 0.210  1.71  0.267  N 

[Ni(FB)(OAc)(H2O)].2H2O (1) 0.205 ± 0.2 0.220  1.71  0.300  N 

[Cu(FB)(OAc)].H2O (9) 0.169 ± 0.1 0.181  1.71  0.187  N 

[Zn(FB)(OAc)].2.5H2O (17) 0.194± 0.2 0.184  1.71  0.195  N 

FBH 0.279 ± 0.1 0.255  1.71  0.486  N 

[Ni(FBH)(H2O)(OAc)].2H2O (2) 0.238 ± 0.3 0.223  1.71  0.312  N 

[Cu(FBH)(H2O)(OAc)].H2O (10) 0.151 ± 0.1 0.215  1.71  0.281  N 

[Zn(FBH)(OAc)] (18) 0.183 ± 0.1 0.184  1.71  0.195  N 

FN 0.286 ± 0.2 0.342  5.78  0.070  C 

[Ni(FN)(OAc)].H2O (3) 0.237 ± 0.1 0.342  3.25  0.186  C 

[Cu(FN)(OAc)].2H2O (11) 0.159 ± 0.3 0.342  4.25  0.112  C 

[Zn(FN)(OAc)].H2O (19) 0.182 ± 0.1 0.342  5.58 0.074  C 

FIN 0.280 ± 0.1 0.202  1.71  0.240  N 

[Ni(FIN)(OAc)(H2O)].H2O (4) 0.218 ± 0.2 0.217  1.71  0.289  N 

[Cu(FIN)(OAc)(H2O)].2H2O (12) 0.168 ± 0.1 0.178  1.71  0.182  N 

[Zn(FIN)(OAc)] (20) 0.178 ± 0.3 0.220  1.71  0.302  N 

FMB 0.246± 0.1 0.342  2.46  0.383  C 

[Ni(FN)(OAc)].H2O (3) 0.209 ± 0.2 0.342  3.01  0.221  C 

[Cu(FN)(OAc)].2H2O (11) 0.147 ± 0.1 0.342  4.37  0.108  C 

[Zn(FN)(OAc)].H2O (19) 0.180 ± 0.2 0.342  2.48 0.372  C 

FMBH 0.239 ± 0.3 0.253  1.71  0.477  N 

[Ni(FBH)2(H2O)2].2H2O (6) 0.232 ± 0.1 0.193  1.71  0.217  N 

[Cu(FMBH)2(H2O)2].2H2O (14) 0.130 ± 0.3 0.197  1.71  0.226  N 

Zn(FMBH)(OAc)] (22) 0.188 ± 0.1 0.215  1.71  0.281  N 

FMN 0.292 ± 0.2 0.258  1.71  0.510  N 

[Ni(FMN)(OAc)].2H2O (7) 0.238 ± 0.1 0.210  1.71  0.265  N 

[Cu(FMN)(OAc)].H2O (15) 0.162 ± 0.3 0.255  1.71  0.491  N 

[Zn(FMN)(OAc)].H2O (23) 0.194 ± 0.1 0.182  1.71  0.190  N 

FMIN 0.287 ± 0.3 0.234  1.71  0.345  N 

Ni(FMIN)(OAc)(H2O)].1.5 H2O 

(8) 
0.193 ± 0.1 0.205  1.71  0.249  N 

[Cu(FMIN)(OAc)(H2O)].H2O 

(16) 
0.159 ± 0.2 0.186  1.71  0.200  N 

[Zn(FMIN)(OAc)].0.5 H2O (24) 0.188 ± 0.1 0.199  1.71  0.232  N 
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From the kinetic study (Michael-Menton plots) we determine the 

Vmax and Km values for the sample and the control were shown in Table 6.1-

6.2 and Figures 6.2-6.5 and also the tentative mode of inhibition (LB-Plots) 

revealed that compounds exhibited a characteristic competitive and non-

competitive inhibition for α-amylase and α-glucosidase.  

Furthermore, as shown by the IC50 values, in α-amylase inhibition 

ligand FMBH is inhibiting more than the other ligands. Among 

complexes, [Cu(FB)(OAc)].H2O (9), [Cu(FBH)(H2O)(OAc)].H2O (10), 

[Cu(FN)(OAc)].2H2O (11), [Cu(FIN)(OAc)(H2O)].2H2O (12), [Cu(FMB)2 

(H2O)2].H2O (13), [Cu(FMBH)2(H2O)2].2H2O (14), [Cu(FMN)(OAc)].H2O 

(15), [Cu(FMIN)(OAc)(H2O)].H2O (16), [Zn(FB)(OAc)].2.5H2O (17), 

[Zn(FBH)(OAc)] (18), [Zn(FN)(OAc)].H2O (19), [Zn(FIN)(OAc)] (20), 

[Zn(FMB)2].2H2O (21), [Zn(FMBH)(OAc)] (22) and [Zn(FMIN)(OAc)].0.5 

H2O (24) having the most α-amylase inhibition potential with IC50 in the 

range of 0.23-0.30mM. Complexation has increased the inhibitory 

potential of the compounds. Even though the inhibitory potential of 

ligands and complexes except [Cu(FMBH)2 (H2O)2].2H2O (14) are still 

below the therapeutic drug acarbose, from the data it is clear that these 

compounds can potentially take part in α-amylase inhibition.  

Compounds have much less IC50 values for the inhibition of α-

glucosidase pointing to the stronger inhibition ability. Among ligands, 

FMBH is the strongest inhibitor. In complexes [Cu(FB)(OAc)].H2O (9), 

[Cu(FBH)(H2O)(OAc)].H2O (10), [Cu(FN)(OAc)].2H2O(11), [Cu(FIN) 

(OAc)(H2O)].2H2O (12), [Cu(FMB)2(H2O)2].H2O (13), [Cu(FMBH)2(H2O)2] 

.2H2O (14), [Cu(FMN)(OAc)].H2O (15), [Cu(FMIN)(OAc)(H2O)].H2O (16), 

were having IC50 value less than that of acarbose. And complexes 
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[Zn(FB)(OAc)].2.5H2O (17), [Zn(FBH)(OAc)] (18), [Zn(FN)(OAc)].H2O 

(19), [Zn(FIN)(OAc)] (20), [Zn(FMB)2].2H2O (21), [Zn(FMBH)(OAc)] 

(22), [Zn(FMN)(OAc)].H2O (23) and [Zn(FMIN)(OAc)].0.5 H2O (24) 

values are comparable with that of acarbose. Enhanced activity of FMBH 

may be due to the presence of electron withdrawing hydroxy group [60]. 

While comparing the activity of complexes, it is clear that Cu (II) complexes 

possess more antidiabetic activity than Zn (II) and Ni (II) complexes. 

Oxidative stress, which is one of the major causative agents of diabetes, can 

be more tolerated by pancreatic β-cells in the presence of copper. It has been 

reported, that copper treats hyperglycemia by activating the phos-

phoinositide 3’kinase (PI3-K/Akt) pathway leading to GLUT 4 translocation 

[61]. 

The present study exposed a promising inhibitory activity on ligand 

and metal complex on α-amylase and α-glucosidase. It was clear that the 

complexes had significant potential than ligands and moderate inhibitory 

activity with IC50, for α-amylase as well as for glucosidase compared to 

control of acarbose. As excessive inhibitory activity will results in the 

irregular bacterial fermentation of undigested carbohydrates in the 

intestine [62].The least inhibitory activity of Ni (II) complexes compared 

to that of other complexes may be due to the difference in salvation 

behaviour in the action media. The reason for the activity of inhibition of 

the complexes may be due to its binding with the oxygen atoms of the 

enzymes. Therefore, the complex can find greater relevance than the 

ligand in the development of new oral antidiabetic drugs. 
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6.3.2 Mode of enzyme inhibition  

The mechanism of the inhibition of the enzyme activity by the 

synthesized compounds was studied using Lineweaver Burk plot by plotting 

reaction rates with different concentrations of the substrates. Figure 6.2 

shows Michael-Menton plots and Figure 6.3 show LB plots in the presence 

and absence of the α-amylase inhibitors. Figure 6.4 show Michael-Menton 

plots and Figure 6.5 show LB plots in the presence and absence of the α-

glucosidase inhibitors. Table 6.1 & 6.2 gives the kinetic constants, Km, Vmax 

and the mode of inhibition by the compounds. All the compounds            

except ligands FMB, FMBH, complexes [Ni(FMB)2)(H2O)2].H2O (5), 

[Cu(FMB)2(H2O)2].H2O (13), Zn(FMB)2].2H2O (21), [Ni(FBH)2(H2O)2] 

.2H2O (6), [Cu(FMBH)2(H2O)2].2H2O (14) and Zn(FMBH)(OAc)] (22) 

inhibit α-amylase noncompetitively. But in the case of α-glucosidase 

ligands FN, FMB and their complexes [Ni(FN)(OAc)].H2O (3), [Cu(FN) 

(OAc)].2H2O (11), [Zn(FN)(OAc)].H2O (19), [Ni(FMB)2)(H2O)2].H2O (5), 

[Cu(FMB)2(H2O)2].H2O (13) and Zn(FMB)2].2H2O (21) are competitive 

inhibitors. All other ligands and complexes are inhibiting non-

competitively. Non-competitive enzyme inhibition modes by the 

compounds, revealed by the LB-plot, suggest that the ligand and complex 

do not compete with the substrate for binding to the active site of the 

enzymes.  
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Figure 6.2  Lineweaver-Burk plots for native α-amylase and the enzyme            

pre-incubated with ligands and metal complexes.  
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Figure 6.3 Michaelis-Menten graph for ligands and complexes (α-amylase). 
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This means that they bind to a separate site on the free enzyme or on 

the enzyme-substrate complex, controlling the conversion rate of the 

substrate to product and causing conformational changes of the active site 

which results in the inhibition of activity. The non-competitive type inhibitor 

does not have structural similarity to the substrate but it binds both of the free 

enzyme and the enzyme-substrate complex. Thus, its binding manner is not 

mutually exclusive with the substrate and the presence of a substrate has no 

influence on the ability of a non-competitive inhibitor to bind an enzyme and 

vice versa. However, its binding-although away from the active site-alters the 

conformation of the enzyme and reduces its catalytic activity due to changes 

in the nature of the catalytic groups at the active site. EI and ESI complexes 

are nonproductive and increasing substrate to a saturating concentration does 

not reverse the inhibition leading to unaltered Km but reduced Vmax. 

The competitive inhibitor is structurally related to the substrate and 

binds reversibly at the active site of enzyme and occupies it in a mutually 

exclusive manner with the substrate. Therefore, the competitive inhibitor 

competes with the substrate for the active site. The binding is mutually 

exclusive because of their free competition. Kinetically, the inhibitor (I) 

binds the free enzyme reversibly to form enzyme inhibitor complex (EI) 

that is catalytically inactive and cannot bind the substrate. The competitive 

inhibitor reduces the availability of free enzyme for the substrate binding. 

Thus, the Km of the normal reaction is increased. Where the substrate 

concentration at Vo=½Vmax is equal to a Km. Therefore, competitive 

inhibitors do not affect the turnover number (active site catalysis per unit 

time) or the efficiency of the enzyme because once enzyme is free, 

enzyme behaves normally. 
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Figure 6.4 Lineweaver–Burk plots for native α-glucosidase and the enzyme pre-

incubated with ligands and metal complexes. 



Chapter 6 

228  Department of Applied Chemistry, Cochin University of Science and Technology 

 

 

 

 

Figure 6.5 Michaelis-Menten graph for ligands and complexes (α-glucosidase). 
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6.4  Conclusion 

The present investigations was undertaken to screen different 

chromone hydrazones and their Ni (II), Cu (II) and Zn (II) complexes for 

α-amylase and α-glucosidase inhibitor activity. All the synthesized 

compounds were screened for α-amylase and α-glucosidase inhibitor 

activity, α- glucosidase inhibitory activity was found in copper complexes 

are higher than that of drug acarbose (standard). Nature of inhibition was 

found to be competitive for ligands FMB, FMBH and their Ni (II), Cu (II) & 

Zn (II) against α-amylase. In the case of 𝛼-glucosidase ligands FN, FMB and 

their Ni (II), Cu (II), Zn (II) complexes inhibit by competitively. All other 

ligands and their complexes are inhibiting non-competitively. Inhibitory 

activity of α-amylase and α-glucosidase suggested its potential in 

prevention and therapy of obesity. It can also be used as drug designing 

targets for treatment of diabetes. So, there is a need for the identification 

of effective α-amylase and α-glucosidase inhibitors with desirable 

characteristics from new sources. 
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CYTOTOXICITY STUDIES OF CHROMONE 
HYDRAZONES AND THEIR Ni (II), Cu (II) AND Zn (II) 

COMPLEXES 
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Conspectus: Medicinal inorganic chemistry can exploit the unique 

properties of metal ions for the design of new drugs. This has, for 

instance, led to the clinical application of chemotherapeutic agents for 

cancer treatment, such as cisplatin. The use of cisplatin is, however, 

severely limited by its toxic side-effects. This has spurred chemists to 

employ different strategies in the development of new metal-based 

anticancer agents with different mechanisms of action. In fact, they are 

better known for their antioxidant properties and can act in vitro as 

reducing agents, hydrogen donors, free radical quenchers and metal ions 

chelators and this may represent anticancer activity of chromones. In this 

study, we evaluated the cytotoxicity of Ni (II), Cu (II) and Zn (II) 

complexes of chromone hydrazones. The interaction between some new 

derivatives of chromones and 3T3-L1 normal cell is monitored by MTT 

Assay.  
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7.1 Introduction 

Heterocyclic moieties create huge number of compounds; play a 

significant function in numerous biological processes. The biological 

activity of these compounds is primarily dependent upon their molecular 

structures [1-3]. The azomethine group in hydrazones (-NH-N=CH–) is 

an important characteristic that makes them significant compounds owing 

to their wide range of biological activities [4-7]. Hydrazones are capable 

of reduce/inhibit the growth of large number of animal tumors which can 

be altered depending upon the kind of substituent present on the aromatic 

rings. Copper act as an important role in the human organs and the 

function of copper in the human body is complex and not fully 

understood [8-11]. The role of copper is a biocatalyst in the redox 

reactions. The Cu(II) complexes have a wide range of coordination 

geometries with NN, NO, ONO, ONS and NNO donor ligands and the 

structure of complex depending on the number, type, and arrangement of 

ligands around the copper centre. The ligands form stable five- or six-

membered rings after complexation with the metal ion [12-15]. A wide 

range of hydrazones with their reactive azomethine linkage show 

fascinating inhibitory activity against tumor cells. Hydrazones could be 

hydrolyzed selectively by the tumor cells to act as alkylating agents [16]. 

Studies show that the metal complexes of hydrazones have better 

antimicrobial and anticancer activities as compared to hydrazone [17]. 

The cytotoxicity test is one of the significant biological evaluations 

and screening method, using tissue cells in vitro to examine the cell 

growth, reproduction and morphological effects [18]. According to the 

international organization for standardisation (ISO) and national 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4034397/#B1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4034397/#B3
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4034397/#B4
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4034397/#B7
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4034397/#B8
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4034397/#B11
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4034397/#B12
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4034397/#B15
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standards, medical devices must undergo rigorous testing to determine 

their biocompatibility when they have contact with the body, regardless of 

their mechanical, physical and chemical properties [19-20]. 

V. K. Chityalaet al. have been synthesized novel mixed ligand 

bivalent copper complexes [CuLAClO4] and [CuLA] where L is 2-((3,4-

dimethylisoxazol-5-ylimino)methyl)-4-bromophenol (DMIIMBP)/2-((3,4-

dimethylisoxazol-5-ylimino)methyl)-4-chlorophenol (DMIIMCP), and A               

is 1,10-phenanthroline (phen)/2,2
1
-bipyridyl (bipy)/8-hydroxyquinoline 

(oxine)/5-chloro-8-hydroxyquinoline (5-Cl-oxine). The cytotoxicity of all 

the Cu(II) complexes was assayed and it was found that the cytotoxicity 

of the [Cu(DMIIMBP)(bipy)ClO4] complex at 10 μg/mL concentration 

shows 57.51% toxicity suggesting good antitumor agent on human cervical 

carcinoma cell lines [21]. A new Schiff base of 2-aminobenzimidazole with 

2,4-dihydroybezaldehyde (H₃L), and its Cu(II), Ni(II) and Co(II) complexes 

have been synthesized by N. El-wakiel et al. The anticancer activity of the 

ligand and its metal complexes is evaluated against human liver 

Carcinoma (HEPG2) cell. These compounds exhibited a moderate and 

weak activity against the tested HEPG2 cell lines with IC50 of 9.08, 18.2 

and 19.7 μgmL
-1

 for ligand, Cu (II),Ni (II) and Co (II) complexes, 

respectively [22]. 

B. Anupamaet al. were synthesized ternary Cu(II) complexes 

[Cu(II)(L)(bpy)Cl], [Cu(II)(L)(Phen)Cl] [L=2,3-dimethyl-1-phenyl-4(2 

hydroxy-5-methyl benzylideneamino)-pyrazol-5-one, bpy = 2,2
'
 bipyridine, 

phen =1,10 phenanthroline). The cytotoxic activity of the Cu(II) 

complexes was probed in HeLa (human breast adenocarcinoma cell line), 

https://www.ncbi.nlm.nih.gov/pubmed/?term=El-wakiel%20N%5BAuthor%5D&cauthor=true&cauthor_uid=25827773
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anupama%20B%5BAuthor%5D&cauthor=true&cauthor_uid=28097460
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B16F10 (Murine melanoma cell line) and HEPA1-6 celllines, complex 

has good cytotoxic activity which is comparable with the doxarubicin 

drug, with IC50 values ranging from 3-12.6 μM [23]. Binary complexes of 

Cu(II), Ni(II), and Zn(II) ions have been synthesized by K. S. Kumar            

et al., reacting metal salts with a Schiff base, 2-((E)-(5-methylisoxazol-3-

ylimino)methyl)-4-methoxyphenol (MIIMMP) in an alcoholic medium. 

The cytotoxicity of all the metal complexes was studied, and it is found 

that the cytotoxic activity of the [Cu(MIIMMP)2(H2O)2] complex at                 

10 μgmL
-1

 concentration shows 64.65% toxicity suggesting good 

antitumor agent on human cervical carcinoma cell lines [24]. 

Divalent Co, Ni and Cu hydrazone complexes containing                      

[N′-(phenyl(pyridine-2-yl)methylidene) benzohydrazide] ligand were 

synthesised and cytotoxicity of the above complexes against HeLa tumor 

cells and NIH 3T3-L1 normal cells revealed that the complexes are toxic 

only against tumor cells but not to normal cells [25]. Novel 2-oxo-1,2-

dihydroquinoline-3-carbaldehyde (4′-methylbenzoyl) hydrazone and its 

two copper(II) complexes have been synthesized. Cytotoxic activities of 

the ligand and copper (II) complexes showed that the complexes exhibited 

more effective cytotoxic activity against HeLa and HEp-2 cells than the 

corresponding ligand [26]. 

Cell viability and cytotoxicity assays are used for drug screening 

and cytotoxicity tests of chemicals. These are usually used for measuring 

receptor binding and a mixture of signal transduction events that may 

involve the expression of genetic reporters, trafficking of cellular 

components, or monitoring organelle function [27]. They are based on 
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various cell functions such as enzyme activity, cell membrane permeability, 

cell adherence, ATP production, co-enzyme production, and nucleotide 

uptake activity. To measure cell viability, researchers typically use an MTT 

assay, Cell Titer Blue, Trypan blue exclusion, ATP, Colony Formation 

method or Crystal Violet method [28-29]. The MTT assay is most commonly 

used method to test cell growth rate and toxicity of the culture. 

7.1.1 Importance of MTT assay 

The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide) tetrazolium reduction assay was the first homogeneous cell 

viability assay developed for a 96-well format that was suitable for high 

throughput screening. It is a sensitive, quantitative and reliable 

colorimetricassay. MTT assay, which uses tetrazolium salt known as [3-(4,5-

dimethyl-2-thia-zolyl)-2,5-diphenyl-2H-tetrazolium bromide)], has been a 

powerful biological tool to measure cell proliferation and cytotoxicity             

[30-31]. The assay is based on the capacity of mitochondrial dehydrogenase 

enzymes in living cells to convert the yellow water-soluble substrate 3-(4, 

5- dimethylthiazol-2-y1)-2,5-diphenyl tetrazolium bromide (MTT) into a 

dark blue formazan product that is insoluble in water. Viable cells are 

able to reduce the yellow MTT under tetrazolium ring cleavage to a 

water-insoluble purple-blue formation which precipitates in the cellular 

cytosol and can be dissolved after cell lysis, whereas cells being dead 

following a toxic damage, cannot transform MTT. This formation 

production is proportionate to the viable cell number and inversely 

proportional to the degree of cytotoxicity. The reaction is mediated by 

dehydrogenases enzymes (Scheme 7.1) associated with the endoplasmatic 

reticulum and the mitochondria [32]. 
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Scheme 7.1 Formation formazan 
 

The predispose cell line 3T3-L1 was originally developed by clonal 

expansion from murine Swiss 3T3 cells. Because of its potential to 

differentiate from fibroblasts to adipocytes, the cell line has widely been 

used in more than 5000 published articles on adipogenesis and the 

biochemistry of adipocytes [33]. 

7.2 Materials and Methods  

7.2.1 Materials 

MICE 3T3-L1 preadipocytes from American Type Culture 

Collection, USA, were grown in Dulbecco’s modified eagle’s medium 

(DMEM) supplemented with 10% FCS and antibiotics (100 U/mL of 

penicillin and 100 μg/mL of streptomycin) under a humidified 

atmosphere with 5% CO2 at 37°C. [3-(4, 5-dimethyl-2-thia-zolyl)-2, 5-

diphenyl-2H-tetrazolium bromide)] (MTT), and dimethyl sulfoxide 

(DMSO) were purchased from Sigma, St. Louis, MO, USA. 

7.2.2 MTT Assay 

3T3-L1 cells were grown in Dulbecco’s Modified Eagle’s Medium 

(DME) and spread in 96 well plates at a density of 5x103 cells/well and 

incubated at 37°C, 5% CO2 for 24 h prior to addition of complexes. The 
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cells were then treated with different concentrations (10, 50, 100,150 µM) 

of compounds dissolved in DMSO and incubated at 37°C, 5% CO2 for            

24 h. Triplicate was maintained. After 24 h, MTT was added (after 

removal of media from the wells) at a concentration of 50 µg/well and 

incubated CO2 incubator. The working solution of MTT was prepared in 

Hank’s balanced salt solution (HBSS) without phenol red. After 2.5-3 hrs, 

the formazan crystals formed were viewed under the phase contrast 

microscope (Figure 7.1) The crystals were then solubilised by adding 

DMSO (after removal of MTT) and further incubated for 20 min at 37 ºC 

in the dark. After solubilisation, the plate was read at an absorbance of 

570 nm. Control samples were cells without any treatment. The percentage 

cell viability of control cells were kept as 100%. The relative cell toxicity 

in percent was calculated as: 

% Toxicity =  100 −
Absorbanceof treated

Absorbanceof control
∗ 100 

 
Figure 7.1 (A) shows a field of 3T3-L1 cells photographed immediately after 

addition of the MTT solution. (B) Shows a change in cell 
morphology and the appearance of formazan crystals after 3 hours 

of exposure to MTT 
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7.3 Result and Discussion 

Cytotoxicity is a common limitation in terms of the introduction of 

new compounds into the pharmaceutical industry. The in vitro 

cytotoxicity of 3-formyl chromone hydrazones and their Ni (II), Cu (II), 

Zn (II) was evaluated by MTT assay against normal 3T3-L1 cells. The 

inhibitory effects of the compounds on the growth of cells were 

determined after 3T3-L1 cells being incubated with different 

concentrations (10, 50, 100, 150 µM) of compounds. The results were 

analyzed by means of cell viability. Viable cells with active metabolism 

convert MTT into a purple colored formazan product with an absorbance 

maximum near 570 nm. When cells die, they lose the ability to convert 

MTT into formazan, thus color formation serves as a useful and 

convenient marker of only the viable cells. 

The cytotoxicity of ligands and their metal complexes have been 

evaluated by MTT assay against normal 3T3-L1 cells. All ligands FB, 

FBH, FN, FIN, FMB, FMBH, FMN and FMIN exhibited 100% cell 

viability (10, 50,100, 150 µM) against normal 3T3-L1 cells (Table 7.1).  

Table 7.1 The percentage cell viability of hydrazones against 3T3-L1 cells by 

MTT assay 
 

Compounds Cells 10µM 50µM 100µM 150µM 

FB 3T3-L1 100 100 100 100 

FBH 3T3-L1 100 100 100 100 

FN 3T3-L1 100 100 100 100 

FIN 3T3-L1 100 100 100 100 

FMB 3T3-L1 100 100 100 100 

FMBH 3T3-L1 100 100 100 100 

FMN 3T3-L1 100 100 100 100 

FMIN 3T3-L1 100 100 100 100 
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Cell viability results of nickel(II) complexes (Table 7.2) indicates that 

[Ni(FBH)(H2O)(OAc)].2H2O and [Ni(FN)(OAc)].H2O are non toxic in 10, 

50,100,150 µM. [Ni(FMB)2(H2O)2].H2O and [Ni(FMIN)(OAc)(H2O)].1.5H2O 

shows toxicity at higher concentration (150µM). [Ni(FB)(OAc)(H2O)].2H2O, 

[Ni(FIN)(OAc)(H2O)].H2O, [Ni(FMBH)2(H2O)2].2H2O and [Ni(FMN) 

(OAc)].2H2O shows very low toxicity at higher concentrations. 

Table 7.2 The percentage cell viability of Ni (II) complexes against 3T3-L1 

cells by MTT assay. 
 

Compounds Cells 10µM 50µM 100µM 150µM 

[Ni(FB)(OAc)(H2O)].2H2O (1) 3T3-L1 98 92 79 70 

[Ni(FBH)(H2O)(OAc)].2H2O (2) 3T3-L1 100 100 100 100 

[Ni(FN)(OAc)].H2O (3) 3T3-L1 100 100 100 100 

[Ni(FIN)(OAc)(H2O)].H2O (4) 3T3-L1 96 87 76 62 

[Ni(FMB)2(H2O)2].H2O (5) 3T3-L1 98 77 53 21 

[Ni(FMBH)2(H2O)2].2H2O (6) 3T3-L1 87 73 66 51 

[Ni(FMN)(OAc)].2H2O (7) 3T3-L1 96 88 79 70 

[Ni(FMIN)(OAc)(H
2
O)].1.5 H2O (8)  3T3-L1 82 58 40 30 

 

Cytotoxicity results of Cu (II) complexes indicates that 

[Cu(FB)(OAc)].H2O, [Cu(FN)(OAc)].2H2O, [Cu(FIN)(OAc)(H2O)].2H2O, 

[Cu(FMB)2(H2O)2].H2O (Table 7.3) shows high toxicity in all concentration 

against 3T3-L1 cells. Complexes [Cu(FBH)(H2O)(OAc)].H2O, 

[Cu(FMBH)2(H2O)2].2H2O, [Cu(FMN)(OAc)].H2O and [Cu(FMIN)(OAc) 

(H2O)].H2O shows mild toxicity in 50,100 ,150 µM. 
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Table 7.3 The percentage cell viability of Cu (II) complexes against 3T3-L1 

cells by MTT assay 
 

Compounds Cells 10µM 50µM 100µM 150µM 

[Cu(FB)(OAc)].H2O (9) 3T3-L1 12 0 0 0 

[Cu(FBH)(H2O)(OAc)].H2O (10) 3T3-L1 45 34 21 13 

[Cu(FN)(OAc)].2H2O (11) 3T3-L1 8 0 0 0 

[Cu(FIN)(OAc)(H2O)].2H2O (12) 3T3-L1 15 8 0 0 

[Cu(FMB)2(H2O)2].H2O (13)  3T3-L1 12 0 0 0 

[Cu(FMBH)2(H2O)2].2H2O (14)  3T3-L1 53 24 12 8 

[Cu(FMN)(OAc)].H2O (15)  3T3-L1 38 20 11 7 

[Cu(FMIN)(OAc)(H2O)].H2O (16) 3T3-L1 58 50 42 37 

 

Cell viability results of zinc complexes (Table 7.4) indicates that 

[Zn(FB)(OAc)].2.5H2O, [Zn(FN)(OAc)].H2O, [Zn(FIN)(OAc)] and 

[Zn(FMB)2].2H2O exhibited 100% cell viability against normal 3T3-

L1cells. [Zn(FBH)(OAc)], [Zn(FMBH)(OAc)], [Zn(FMN)(OAc)].H2O and 

[Zn(FMIN)(OAc)].0.5 H2O showed mild toxicity at higher concentration. 

Table 7.4  The percentage cell viability of Zn (II) complexes against 3T3-L1 

cells by MTT assay. 
 

Compounds Cells 10µM 50µM 100µM 150µM 

[Zn(FB)(OAc)].2.5H2O (17) 3T3-L1 100 100 100 100 

[Zn(FBH)(OAc)] (18) 3T3-L1 100 100 100 96 

[Zn(FN)(OAc)].H2O (19) 3T3-L1 100 100 100 100 

[Zn(FIN)(OAc)] (20) 3T3-L1 100 100 100 100 

[Zn(FMB)2].2H2O (21) 3T3-L1 100 100 100 100 

[Zn(FMBH)(OAc)] (22) 3T3-L1 100 100 89 71 

[Zn(FMN)(OAc)].H2O (23) 3T3-L1 100 100 100 98 

[Zn(FMIN)(OAc)].0.5 H2O (24) 3T3-L1 100 100 98 91 
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7.4 Conclusion 

The cytotoxicity of hydrazones and their metal complexes          

have been evaluated by MTT assay against normal 3T3-L1 cells. All 

ligands exhibited 100% cell viability against normal 3T3-L1cells. 

[Ni(FBH)(H2O)(OAc)].2H2O, [Ni(FN)(OAc)].H2O, [Zn(FB)(OAc)].2.5H2O, 

[Zn(FN)(OAc)].H2O, [Zn(FIN)(OAc)] and [Zn(FMB)2].2H2O also 

showed 100% cell viability. [Cu(FB)(OAc)].H2O, [Cu(FN)(OAc)].2H2O, 

[Cu(FIN)(OAc)(H2O)].2H2O, [Cu(FMB)2(H2O)2].H2O showed high toxicity 

in almost all concentration against 3T3-L1 cells. Mild toxicity was 

observed for other complexes in concentration dependent manner.  

References 

[1] J. Nordenberg, A. Novogrodsky, E. Beery, M. Patia, L. Wasserman, A. 

Warshawsky, Eur. J. Cancer, 26 (1990) 905. 

[2] A. Y. Shen, S. N. Wu, C. T. Chiu. J. Pharm. Pharmacol., 51 (1999) 543. 

[3] S. Zhai, L. Yang, Q. C. Cui, Y. Sun, Q. P. Dou, B. Yan, J. Biol. Inorg. 

Chem.,15 (2010) 259. 

[4] B. S. Tovrog, D. J. Kitko, R. Drago. J. Am. Chem. Soc., 98 (1976) 

5144. 

[5] A. A. El-Sherif, M. R. Shehata, M. M. Shoukry, M. H. Barakat, 

Spectrochim. Acta A, 96 (2012) 889. 

[6] T. M. Aminabhavi, N. S. Biradar, S. B. Patil, V. L. 

Roddabasanagoudar, W. E. Rudzinski, Inorganica Chim. Acta, 107 

(1985) 231. 

[7] R. Hernandez-Molina, A. Mederos, Acyclic and macrocyclic Schiff 

base ligands. In: Mc Cleverty J. A. Meyer T. J., editors. 

Comprehensive Coordination Chemistry. 2nd edition. Vol. 1. London, 

UK: Elsevier; 2005.  

https://www.ncbi.nlm.nih.gov/nlmcatalog?term=%22J+Biol+Inorg+Chem%22%5Bta%5D
https://www.ncbi.nlm.nih.gov/nlmcatalog?term=%22J+Biol+Inorg+Chem%22%5Bta%5D


Chapter 7 

244 Department of Applied Chemistry, Cochin University of Science and Technology 

[8] I. S. MacPherson, M. E. P. Murphy, Cell. Mol. Life Sci., 64 (2007) 

2887. 

[9] D. J .Kosman, J. Biol. Inorg. Chem., 15 (2010) 15. 

[10] K. Jomova, M. Valko, Toxicology, 283 (2011) 65. 

[11] M. Riha, J. Karlickova, T. Filipsky, K. Macakova, R. Hrdina, P. 

Mladenka, J. Inorg. Biochem., 123 (2013) 80. 

[12] P. Talukder, A. Datta, S. Mitra, G. Rosair, Z. Naturforsch, B. Chem. 

Sci., 59 (2004) 655. 

[13] V. V. Bon, Acta Cryst. C, 66 (2010) 300. 

[14] C. P. Pradeep, P. S. Zacharias, S. K. Das, J. Chem. Sci., 117 (2005) 

133. 

[15] N. Raman, S. Ravichandran, C. Thangaraja, J. Chem. Sci., 116 (2004) 

215. 

[16] M. M. Kamel, H. I. Ali, M. M. Anwar, N. A.Mohameda, M. Soliman, 

Eur.J. Med. Chem., 45 (2010) 572. 

[17] B. S. Creaven, B. Duff, D. A. Egan Inorganica Chim. Acta, 363 (2010) 

4048. 

[18] S. J Soenen, B. Manshian, J. M. Montenegro, F. Amin, B. Meermann, 

T. Thiron, M. Cornelissen, F. Vanhaecke, S. Doak, W. J. Parak, ACS 

Nano, 6 (2012) 5767. 

[19] L. Wejia, Z. Jing, X. Yuyin, Bio. Med. Rep., 3 (2015) 617. 

[20] V. P. Gaundarov, G. I. Kavalerov, Med. Takh., 35 (2001) 4. 

[21] V. K. Chityala, K. K. Sathish, R. Macha, P. Tigulla, Shivaraj, 

Bioinorg. Chem. Appl., 2014 (2014) 691260. 

[22] N. El-wakiel, M. El-keiy, M. Gaber, Spectrochim. Acta A Mol. 

Biomol. Spectrosc., 147 (2015) 117. 

[23] B. Anupama, A. Aruna, V. Manga, S. Sivan, M. V. Sagar, R. 

Chandrashekar, J. Fluoresc., 27 (2017) 953. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4034397/
https://www.ncbi.nlm.nih.gov/pubmed/?term=El-wakiel%20N%5BAuthor%5D&cauthor=true&cauthor_uid=25827773
https://www.ncbi.nlm.nih.gov/pubmed/?term=El-keiy%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25827773
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gaber%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25827773
https://www.ncbi.nlm.nih.gov/pubmed/25827773
https://www.ncbi.nlm.nih.gov/pubmed/25827773
https://www.ncbi.nlm.nih.gov/pubmed/25827773
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anupama%20B%5BAuthor%5D&cauthor=true&cauthor_uid=28097460
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aruna%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28097460
https://www.ncbi.nlm.nih.gov/pubmed/?term=Manga%20V%5BAuthor%5D&cauthor=true&cauthor_uid=28097460
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sivan%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28097460
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sagar%20MV%5BAuthor%5D&cauthor=true&cauthor_uid=28097460
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chandrashekar%20R%5BAuthor%5D&cauthor=true&cauthor_uid=28097460
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chandrashekar%20R%5BAuthor%5D&cauthor=true&cauthor_uid=28097460


Cytotoxicity studies of chromone hydrazones and their Ni (II), Cu (II) and Zn (II) Complexes 

Design, Synthesis and Pharmacological Evaluation of Chromone Hydrazones and their Transition Metal Complexes 245 

[24] K. S. Kumar, V. K. Chityala, N. J. P. Subhashini, Y. Prashanthi, 

Shivaraj, ISRN Inorganic Chemistry, (doi.org/10.1155/2013/562082). 

[25] P. Krishnamoorthy, P. Sathyadevi, A. H. Cowley, R. R. Butorac, N. 

Dharmaraj,Eur. J. Med. Chem.,46 (2011) 3376. 

[26] D. S. Raja, N. S. P. Bhuvanesh, K. Natarajan, J. Biol. Inorg. Chem., 17 

(2012) 223. 

[27] T. Mossman, J. Immunol. Methods, 65 (1983) 55. 

[28] G. Repetto, A. del Peso, J. L. Zurita, Nat. Protoc., 3 (2008) 1125. 

[29] P. Nymark, J. Catalan, S.Suhonen, H. Jarventaus, R. Birkedal, P. A. 

Clausen, K. A. Jensen, M. Vippola, K. Savolainen, H. Norppa, 

Toxicology, 313 (2013) 38. 

[30] G. Fotakis, J. A. Timbrell, Tocicol. Lett., 160 (2006)171. 

[31] D. T. Vistica, P. Skehan, D.S. Cudieo, A. Monks, A. Pittman, M. R. 

Boyd, Cancer Res., 51 (1991) 2515. 

[32] P. Senthilraja, K. Kathiresan, J. Appl. Pharm.Sci., 5 (2015) 80. 

[33] S. B ernadette, D. Brian, A. E. Denise, K. Kevin, R. Georgina, R. T. 

Venkat, W. Maureen, Chim. Acta, 363 (2010) 4048. 

 

…..….. 

 

  

https://www.sciencedirect.com/science/article/pii/S0223523411003631#!
https://www.sciencedirect.com/science/article/pii/S0223523411003631#!
https://www.sciencedirect.com/science/article/pii/S0223523411003631#!
https://www.sciencedirect.com/science/article/pii/S0223523411003631#!
https://www.sciencedirect.com/science/article/pii/S0223523411003631#!
https://www.sciencedirect.com/science/journal/02235234




Summary and Conclusion 

Design, Synthesis and Pharmacological Evaluation of Chromone Hydrazones and their Transition Metal Complexes 247 

Chapter8 

SUMMARY AND CONCLUSION 

 

 

 

Coordination chemistry is a challenging field in inorganic chemistry 

and has evolved as an important subject area in current research activities. 

Coordination compounds have been known for well over a century and 

the scientific interest in these compounds increased dramatically. The 

field of coordination chemistry has been widely explored.  The recent 

surge in the popularity of coordination compounds is their perceived 

applications in many areas such as catalysis, analytical chemistry and 

medicine.  Werner’s coordination theory in 1893 was the first attempt to 

explain the bonding in coordination complexes. This theory and his 

painstaking work over the next 20 years won Alfred Werner the Nobel 

Prize for Chemistry in 1913. There has been much work done in 

attempting to formulate theories to describe the bonding in coordination 

compounds and to rationalize and predict their properties. 

Coordination complexes show diversity in structures depending on 

the metal ion, its coordination number and the denticity of the ligands 

used. Therefore, the selection of the ligand is crucial in determining the 

properties and structures of coordination compounds. The presence of 

nitrogen and oxygen atoms attached to ligands increases their denticity 
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and thereby enhancing coordinating possibilities. Moreover, presence of 

these atoms in the coordination sphere leads to their biological activity. 

Hence the coordination chemistry of nitrogen-oxygen donor ligands is an 

interesting area of research. In this aspect, a great deal of attention has 

been focused on the complexes formed by transition metal ions with 

hydrazones. In view of their applicability in various fields, hydrazones, 

with triatomic >C=N–N< linkage, takes the forefront position in the 

development of coordination chemistry. 

Metal complexes have played an important role since the early days 

of coordination chemistry. Indeed, a great deal of work has been carried 

out on the synthesis and characterization of transition metal compounds, 

mainly due to their applications in various fields. However, the ability of 

the metal ion to participate in bonding to all possible coordination sites 

depends in part on its preferences for the donor atoms of the coordinated 

ligand, the flexibility and conformational adaptability of the ligand used, 

as well as on the competition from other Lewis acids and different entities 

capable of occupying a coordination pocket. 

The work presented in this thesis is divided into eight chapters.  

Chapter 1 

Chapter 1 describes the general introduction of 3-formyl chromone 

hydrazones and their transition metal complexes. A brief discussion about 

the application of hydrazones and their metal complexes in various fields 

such as antimicrobial, anti-cancer agents etc. and its relevance and 

importance of enzyme inhibitors, the structure of DNA and its 

interactions with small molecules. The scope of the present work and 
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various physicochemical methods employed in the characterization of 

ligands and complexes are included. 

Chapter 2 

In this chapter we deals with synthesis and characterization of the 

hydrazones of 3-formyl chromone and benzhydrazide (FB), 3-formyl 

chromone and 4-hydroxybenzhydrazide (FBH), 3-formyl chromone and 

nicotinic hydrazide (FN), 3-formyl chromone and isonicotinic hydrazide 

(FIN), 6-methyl-3-formyl chromone and benzhydrazide (FMB),                    

6-methyl-3-formyl chromone and 4-hydroxybenzhydrazide (FMBH),               

6-methyl-3-formyl chromone and nicotinic hydrazide (FMN), 6-methyl-3-

formyl chromone and isonicotinic hydrazide (FMIN). All hydrazones 

were characterized by physiochemical methods such as elemental, FT-IR 

spectra, UV-Vis., ESI-MS spectra and 
1
H/

13
C NMR spectra.  

Chapter 3 

This chapter describes the synthesis and characterization of Ni (II), Cu 

(II) and Zn (II) complexes of 3-formyl chromone hydrazones. The analytical 

data suggest that all Ni (II), Cu (II) and Zn (II) complexes are mononuclear. 

A low molar conductance value indicates that all Ni (II), Cu (II) and Zn 

(II) complexes are non electrolyte in nature. Thermo gravimetric          

analysis revealed that all the complexes are found to be thermally stable. 

Magnetic moment values of nickel complexes [Ni(FB)(OAc)(H2O)].2H2O, 

[Ni(FBH)(H2O)(OAc)].2H2O, [Ni(FIN)(OAc)(H2O)].H2O, [Ni(FMB)2) 

(H2O)2].H2O, [Ni(FBH)2(H2O)2].2H2O and [Ni(FMIN)(OAc)(H2O)].1.5H2O 

lies within the region 2.32-3.12 B.M expected for octahedral 

stereochemistry of the complexes. Ni (II) complexes [Ni(FN)(OAc)].H2O 
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and Ni(FMN)(OAc)].2H2O were 3.69 and 3.85 B.M which is consistent 

with the tetrahedral complexes. This was also confirmed by electronic and 

IR spectral studies. Magnetic moment values of all copper complexes 

gives an indication of distorted octahedral, square pyramidal or square 

planar structure. The physicochemical and spectral data reveals 

tetrahedral structure for all Zn (II) complexes. 

Chapter 4 

The antibacterial activity of synthesized 3-formyl chromone 

hydrazone as well as their Ni (II), Cu (II) and Zn (II) metal complexes 

was tested against Gram positive (Staphylococcus aureus and Bacillus 

subtilis), Gram negative bacteria (Escherichia coli and Pseudomonas 

aeruginosa) and fungus (Candida albicans) using disc diffusion method. 

The quantitative antimicrobial activity of the test compounds was evaluated 

using resazurin based microtiter dilution assay. Chloramphenicol and 

nystatin were used as standard antibiotics against bacteria and fungus 

respectively. Compounds individually exhibited varying degrees of 

inhibitory effects on the growth of the tested bacterial/fungus species. 

Metal complexes exhibited higher antimicrobial activity than the free 

ligands. Antibacterial activity difference is due to the nature of metal ions 

and also the cell membrane of the microorganisms. 

Chapter 5 

The present investigations were considering the binding behaviour of 

different chromone hydrazones and their Ni (II), Cu (II) and Zn (II) 

complexes towards CT-DNA. The important findings are - upon electronic 

absorption spectral titrations, all the synthesized metal complexes showed 
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hypochromism. DNA-binding studies with CT-DNA indicate that metal 

complexes bind to DNA by intercalation mode. Observed intrinsic binding 

constant (ranging from 10
4
-10

5
 M

-1
) is comparable to other intecalaters. 

Result from viscosity measurments clearly reveals that binding of DNA with 

metal (II) complexes is through intercalation. Among the complexes, 

copper (II) complexes [Cu(FN)(OAc)].2H2O, [Cu(FMB)2(H2O)2].H2O and 

[Cu(FMIN)(OAc)(H2O)].H2O have higher relative viscosity values than 

standard intercalators ethidium bromide. 

Chapter 6 

In this chapter we evaluate 3-formyl chromone hydrazones and their 

Ni (II), Cu (II) and Zn (II) complexes for α-amylase and α-glucosidase 

inhibitory activity. All the synthesised compounds were screened for               

α- amylase and α-glucosidase inhibitor activity, α-glucosidase inhibitory 

activity was found in copper complexes are higher than that of standard 

drug acarbose. Nature of inhibition was found to be competitive inhibition 

for ligands FMB, FMBH and their Ni (II), Cu (II) & Zn (II) against           

α-amylase and for α-glucosidase ligands FN, FMB and their Ni (II), Cu 

(II), Zn (II) complexes inhibit also by competitively. All other ligands and 

complexes are inhibiting both α- amylase and α-glucosidase by non-

competitively. Inhibitory activity of α-amylase and α- glucosidase against 

enzymes suggested its potential in prevention and therapy of obesity. It 

can also be used as drug designing targets for treatment of diabetes.  

Chapter 7 

The cytotoxicity of hydrazones and their metal complexes              

have been evaluated by MTT assay against normal 3T3-L1 cells. All 
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ligands exhibited 100% cell viability against normal 3T3-L1cells. 

[Ni(FBH)(H2O)(OAc)].2H2O, [Ni(FN)(OAc)].H2O, [Zn(FB)(OAc)].2.5H2O, 

[Zn(FN)(OAc)].H2O, [Zn(FIN)(OAc)] and [Zn(FMB)2].2H2O also 

showed 100% cell viability. [Cu(FB)(OAc)].H2O, [Cu(FN)(OAc)].2H2O, 

[Cu(FIN)(OAc)(H2O)].2H2O, [Cu(FMB)2(H2O)2].H2O showed high 

toxicity in almost all concentration against 3T3-L1 cells. Mild toxicity 

was observed for other complexes in concentration dependent manner.  

Future outlook 

 Molecular docking studies-In the field of molecular modeling, 

docking is a method which predicts the preferred orientation of 

one molecule to a second when bound to each other to form a 

stable complex. Knowledge of the preferred orientation in turn 

may be used to predict the strength of association or binding 

affinity between two molecules. The associations between 

biologically relevant molecules such as proteins, nucleic acids, 

carbohydrates, and lipids play a central role in signal 

transduction. Furthermore, the relative orientation of the two 

interacting partners may affect the type of signal produced. 

Therefore, docking is useful for predicting both the strength 

and type of signal produced. Molecular docking is one of the 

most frequently used methods in structure-based drug design, 

due to its ability to predict the binding-conformation of small 

molecule ligands to the appropriate target binding site. 

Characterisation of the binding behaviour plays an important 

role in rational design of drugs as well as to elucidate 

fundamental biochemical processes.  

https://en.wikipedia.org/wiki/Molecular_modeling
https://en.wikipedia.org/wiki/Binding_(molecular)
https://en.wikipedia.org/wiki/Supramolecular_chemistry
https://en.wikipedia.org/wiki/Dissociation_constant#Protein-ligand_binding
https://en.wikipedia.org/wiki/Dissociation_constant#Protein-ligand_binding
https://en.wikipedia.org/wiki/Dissociation_constant#Protein-ligand_binding
https://en.wikipedia.org/wiki/Proteins
https://en.wikipedia.org/wiki/Nucleic_acids
https://en.wikipedia.org/wiki/Carbohydrates
https://en.wikipedia.org/wiki/Lipids
https://en.wikipedia.org/wiki/Signal_transduction
https://en.wikipedia.org/wiki/Signal_transduction
https://en.wikipedia.org/wiki/Signal_transduction
https://en.wikipedia.org/wiki/Drug_design
https://en.wikipedia.org/wiki/Small_molecule
https://en.wikipedia.org/wiki/Small_molecule
https://en.wikipedia.org/wiki/Small_molecule
https://en.wikipedia.org/wiki/Binding_site
https://en.wikipedia.org/wiki/Rational_drug_design
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 In-vivo studies-testing effects of synthesized biological entities 

on whole, living organisms or cells. 

 Synthesis of new ligands and metal complexes with different 

substituent groups for enhancing the biological activity. 

 Development of the pharmacophores in to commercially viable 

cells.  

 

…..….. 
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ATCC  -  American Type Culture Collection  

B.M.  -  Bohr Magnetron 

C  -  Cytosine 

Calc.  -  Calculated 

CFU  -  Colony Forming Unit 

Conc.  -  Concentration 

CT  -  Calf Thymus 

Cu  -  Copper 

DM  -  Diabetic Mellitus 

DMF  -  Dimethyl Formamide 

DMSO  -  Dimethyl Sulphoxide 

DNA  -  Deoxyribonucleic Acid 

DNS  -  Dinitrosalicyclic Acid 

DPPH  -  2, 2-dipphenyl picryl-hydroxyl 

dsDNA  -  Double Stranded DNA 

DTG  -  Differential Thermogravimetry 

EB  -  Ethidium Bromide 

EI  -  Enzyme Inhibitor 

EPR/ESR  - Electron Paramagnetic Resonance/Electron Spin 

Resonance 

ESI  -  Electron Spray Ionization 

FB  - Hydrazone derived from 3-formyl chromone and 

benzhydrazide 

FBH  -  Hydrazone derived from 3-formyl chromone and 4-

hydroxybenzhydrazide 

FIN  -  Hydrazone derived from 3-formyl chromone and 

isonicotinic hydrazide 

FMB  -  Hydrazone derived from 6-methyl-3-formyl 

chromone and benzhydrazide 
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FMBH  -  Hydrazone derived from 6-methyl-3-formyl 

chromone and 4-hydroxybenzhydrazide 

FMIN  -  Hydrazone derived from 6-methyl-3-formyl 

chromone and isonicotinic hydrazide 

FMN  -  Hydrazone derived from 6-methyl-3-formyl 

chromone and nicotinic hydrazide 

FN  -  Hydrazone derived from 3-formyl chromone and 

nicotinic hydrazide 

FT-IR  -  Fourier Transform Infrared Spectroscopy 

G  -  Guanine 

HIV  -  Human Immunodeficiency Virus 

I  -  Inhibitor 

IC50  -  The concentration required to produce 50% inhibition 

Kb  -  Intrinsic Binding Constant 

KBr  -  Potassium Bromide 

Ki  -  Inhibition Constant 

Km  -  Substrate concentration at which the velocity of the 

reaction is half-maxima. 

LPS  -  Lipopolysaccharide 

M  -  Molar 

MHB  -  Mueller-Hinton Broth 

MIC  -  Minimum Inhibitory Concentration 

MLCT  -  Metal to Ligand Charge Transfer  

mM  -  Millimolar 

MTT  -  (3-(4, 5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide 

Na2HPO4.2H2O -  Disodium hydrogen phosphate 

NaH2PO4.2H2O -  Sodium dihydrogen orthophosphate 

Ni  -  Nickel 

Obsd.  -  Observed 

pH  -  Hydrogen ion concentration 

p-NPG  -  p-nitrophenyl-β-D-glucopyranoside 

PPHG  -  Postprandial Hyperglycemia 

ppm  -  Parts Per Million 

RMDA  -  Resazurin based Microtiter Dilution Assay 

RT  -  Room Temperature 
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[S]  -  Substrate Concentration 

ssDNA  -  Single Stranded DNA  

T  -  Thymine  

TCNE  -  Tetracyanoethylene 

TG  -  Thermogravimetry 

TMS  -  Tetramethylsilane 

Tris HCl  -  Tris (Hydroxymethyl)aminomethane 

UV-Vis  -  Ultraviolet -Visible 

Vmax  -  Maximum Velocity of Reaction 

XRD  -  X-Ray Diffraction 

Zn  -.  Zinc 

ε  -  Molar Extinction Coefficient 

η  -  Relative viscosity  

λmax  -  Maximum Wavelength 

μΜ  -  Micro Molar 
13C NMR  -  Proton Decoupled Carbon Nuclear Magnetic Resonance 
1H NMR   -  Proton Nuclear Magnetic Resonance. 
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