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ABSTRACT 

Chromium in biological tissues is mostly present in trivalent form and helps to maintain 

the normal metabolism of glucose, proteins and fats. Literature suggests that 

chromium(III) complexes have a number of biological activities but some are cytotoxic in 

nature. So it is necessary to investigate new non-toxic chromium(III) complexes. 

Aroylhydrazines are biologically important chemical substances and their activities are 

known to be more improved after complexation with certain metal ions.  

In order to reveal the chemistry and biochemistry of chromium(III) complexes, the 

present work explains the synthesis of chromium(III) complexes with aroylhydrazine 

ligands, their structural and spectroscopic studies. Another significant contribution of this 

study is the evaluation of the cytotoxic activity, antioxidant nature, antiglycation property 

and carbonic anhydrase inhibition activities of synthesized chromium(III)-aroylhydrazine 

complexes. 

Aroylhydrazine ligands (1-12) with different substituents and their chromium(III) 

complexes (1a-12a) were synthesized and characterized by using analytical (C, H, N, Cr 

and Cl- analysis), physical (conductivity measurements) and spectral (EI-Mass, ESI-

Mass, FTIR and UV-visible) methods. These physical, analytical and spectral data 

support that all chromium(III)-aroylhydrazine complexes exhibit an octahedral geometry 

in which ligand exhibits as a bidentate coordination and two water molecules coordinated 

at equatorial positions with general formula [Cr(L)2(H2O)2]Cl3. FTIR study demonstrated 

that in chromium(III)-aroylhydrazine complexes, the ligands were coordinated in a 

bidentate fashion through carbonyl oxygen and terminal amino nitrogen. ESI-Mass 

spectra showed that all chromium(III)-aroylhydrazine complexes produce fragments 

which were assigned to three chlorides and two water molecules from chromium(III) 

complexes. UV-visible study showed that there are three absorption bands and they also 

confirmed octahedral geometry of chromium(III)-aroylhydrazine complexes. UV-visible 

solution study of chromium(III)-aroylhydrazine complexes were evaluated that all of the 

aroylhydrazine ligands generate stronger ligand field strength than DMSO. Moreover, 
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Time dependent stability study of chromium(III)-aroylhydrazine complexes in DMSO 

showed the decomposition of complex with the passage of time. 

Some chromium(III) complexes are reported to exhibit cytotoxicity. However, our studies 

show that chromium(III)-aroylhydrazine complexes reported here were not found to be 

toxic against normal cells so these compounds were further studied for other biological 

activities. 

All chromium(III)-aroylhydrazine complexes were screened for in vitro diphenyl dipicryl 

hydrazine (DPPH), superoxide dismutase and nitric oxide radical scavenging activities. 

Majority of the chromium(III)-aroylhydrazine complexes were found to be more effective 

scavengers as compared to free aroylhydrazine ligands. Studies showed that both steric 

hindrance and electron inductive effect play an important role in antioxidant activities. 

Aroylhydrazine ligands and their chromium(III) complexes were also investigated for 

carbonic anhydrase (CA II) inhibition activity and it was found that all aroylhydrazine 

ligands were inactive whereas chromium(III)-aroylhydrazine complexes showed 

excellent carbonic anhydrase inhibition. Chromium(III)-aroylhydrazine complexes with 

substituents meta position showed higher inhibition potential which may indicate better 

orientation of these complexes with interactive sites of enzymes. These studies also 

justified that slight alteration in the structure of the ligands may enhance the biological 

activities of chromium(III)-aroylhydrazine complexes. 

Aroylhydrazine ligands and their chromium(III) complexes were also examined for their 

antiglycation activity in which ligands were found inactive whereas chromium(III)-

aroylhydrazine complexes showed significant inhibition of the process of protein 

glycation. Antiglycation potential of these complexes are dependent upon various factors 

such as metal-ligand complexation, binding pattern of ligands in the complexes, presence 

of nitrogen and nature of the ligands. This study provides the opportunity for future 

researchers to work in this area in order to find more Cr(III)-based antioxidant & 

antiglycating agents for controlling of diabetes. 
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PART A 

Synthesis, Physical, Chemical and Spectroscopic Studies 

of Chromium (III)-Aroylhydrazine Complexes 
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Chapter One 

Introduction to Chromium and Their Complexes with 

Nitrogen and Oxygen Containing Ligands 

This introductory portion describes the chemistry of chromium metal and their 

coordination compounds with different ligands specially nitrogen and oxygen containing 

ligands. Chromium(III) is biologically very important due to its involvement in lipid and 

carbohydrate metabolism. The chemistry of biologically active chromium(III) 

compounds provide a new area of research specifically in the field of coordination 

chemistry and medicinal chemistry. Moreover, in the end of this chapter the objectives 

and scopes of this research are also defined. 
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1.1 Introduction of Chromium 

Chromium is an element of first transition series, an atomic no 24 and an electronic 

configuration [Ar] 3d54s1 (Weckhuysen et al., 1996). Chromium is a transition metal of d 

block so it has a variable oxidation state. Chromium is originated from ‘Chroma’, a 

Greek word that means colour, the inorganic chemistry of chromium is based on variety 

of colours and having number of geometries (Greenwood & Earnshaw, 1984; Obenaus et 

al., 1985). 

In earth crust, the most important source of chromium is central dust present in the 

environment (Barnhart, 1997). There are two main sources of chromium for human 

exposure, natural and anthropogenic sources. The potential sources of chromium are 

based on anthropogenic releases such as industrial waste in air, soil and water (Johnson et 

al., 2006). The presence of high amount of chromium metal in surface water is due to 

leather tanning, electroplating and textile industries (Avudainayagam et al., 2003). A 

potential source of chromium exposure is chromate manufacturing processes which 

improperly disposed solid waste and slag in landfills (Kimbrough et al.,  1999). 

In most of foods chromium is present in small amount i.e. less than 2mg per serving. 

Meat, spices, vegetables, fruits and whole grain products are decent sources of chromium 

however very less amount of chromium is found in high sugar containing foods like 

sucrose and fructose (Anderson et al., 1992; Kozlovsky et al., 1986). A considerably low 

amount of chromium (0.4-2.5) % is absorbed in intestinal tract which enhances the 

absorption of vitamin C found in juices, fruits, vegetables and vitamin B mostly found in 

poultry, meats and fishes (Anderson et al., 1993; Anderson & Kozlovsky, 1985; 

Anderson et al., 1991; Anderson et al., 1983; Bunker et al., 1984; Mertz & Roginski, 

1971; Offenbacher, 1994; Offenbacher et al., 1986). Evidence of chromium absorption 

can be seen in spleen, liver, bone and soft tissue (Lim et al., 1983). 

Chromium has two dissolved forms of i.e., trivalent and hexavalent. Trivalent chromium 

is the most abundant one because of its ability to form a stable complex. Naturally, 

chromium exists in combined form in minerals such as chromite moreover industrially 

chromium metal is used in alloys and metal plating which is the main source of trivalent 
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chromium in water. Further sources of chromium in soils are from industrial waste 

generated from the tanning, metallurgy, chemical, cement and asbestos industries in 

which chromium occurs under hexavalent forms: chromate (VI) and dichromate (VI) 

ions. Hence, chromium spreads in environment mostly through waste incineration 

(Barnhart, 1997). 

1.1.1 Oxidation States of Chromium  

Oxidation state of chromium varies from -2 to +6. The existence of particular oxidation 

state is based on different factors such as redox potential, pH and kinetics. Chromium 

compounds have a wide range of geometries like tetrahedral, square planar, octahedral 

and several distorted geometries (Shupack, 1991). In chromium compounds, the most 

stable oxidation states is +3 and +2 but in aqueous solution the common oxidation states 

are +3 and +6. Chromium +5 and +4 oxidation states are unstable and easily 

disproportionate to chromium +3 and chromium +6. The most common chromium +3 is 

green and d3 configuration expected to be paramagnetic in octahedral environment 

(Weckhuysen et al., 1996). 

1.1.2 Chemistry and Biochemistry of Chromium(III) Ion 

Chromium(III) forms stable and inert metal complexes with nitrogen and oxygen donor 

atoms. In d3 configuration chromium have half-filled t2g level which keeps these 

compounds inert (Konig & Herzog, 1970). Chromium compounds are mostly colored and 

paramagnetic. Cytotoxicity of chromium(III) complexes on human cells is much less than 

chromium(VI) complexes (Biedermann & Landolph, 1990). Chromium(III) is an 

important nutrient that is involved in glucose tolerance factor (GTF) in maintenance of 

lipid metabolism and normal carbohydrate (Anderson, 1997; Mertz, 1993). Schiff base 

complex of chromium(III) such as [Cr(salen)(H2O)2]Cl has been applied as a new model 

of GTF, it can reduce the symptoms of cholesterol and hyperglycemia in diabetic rats 

(Govindaraju et al., 1989). 
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1.1.3 Aqueous Chromium(III) Chemistry 

Aqueous chemistry of chromium(III) ion is primarily based on aqueous solutions of 

chromium(III) chloride in which a stable greyish dark green hexaaquochromium(III)ion, 

[Cr(H2O)6]
3+(Figure 1.1) is generally formed (Greenwood & Earnshaw, 2012). 

Cr

OH2

OH2

OH2

OH2

OH2

OH2

+3

 

Figure 1.1: Structure of hexaaquochromium(III)ion 

Chromium(III) ion also forms a green precipitate of chromium(III) hydroxide in aqueous 

ammonia or alkaline solution (Greenwood & Earnshaw, 2012). 

 Cr+3
(aq) + 3OH-

(aq) Cr(OH)3 (s)
 

Chromium(III) hydroxides are dark green in colour that is amphoteric in nature which 

can reacts both with acid and alkali to form salt. Chromium(III) hydroxide forms a new 

green complex ion with excess of ammonia (Greenwood & Earnshaw, 2012). 

Cr(OH)3 (s) + 6NH3 (aq) [Cr(NH3)6]3+
(aq) + 3OH-

(aq)
 

When hexaaquachromium(III)ion reacts with water to form hydronium ion, it may also 

react with excess of ammonia and hydroxides to form new complex ion by ligand 

substitution reactions (Greenwood & Earnshaw, 2012).  

[Cr(H2O)6]3+
(aq)

 + H2O(l) [Cr(H2O)5(OH)]2+
(aq) + H3O+

(aq)

[Cr(H2O)6]
3+

(aq)
 + 6OH-

(aq) [Cr(OH)6]3-
(aq)

 + 6H2O(l)

[Cr(H2O)6]3+
(aq)

 + 6NH3(aq)
[Cr(NH3)6]

3+
(aq)

 + 6H2O(l)

 



   

6 

 

The uncharged ligand molecules like ammonia NH3 and water H2O are similar in size and 

ligand exchange occurs without change in co–ordination number. They both form 

octahedral complexes such as [Cr(H2O)6]
3+(Figure 1.1) and [Cr(NH3)6]

3+ (Figure 1.2) 

with a co–ordination number of 6 (Greenwood & Earnshaw, 2012). 

Figure 1.2: Structure of Hexaamminechromium(III)ion 

Hexaaquachromium(III)ion also reacts with excess of chloride ion to form tetrahedral 

tetrachlorochromate(III)ion (Greenwood & Earnshaw, 2012). 

[Cr(H2O)6] 3+
(aq)

 + 4Cl-(aq) [CrCl4]-(aq) + 6H2O(l)
 

1.1.4 Biological Significance of Chromium 

Biologically trivalent and hexavalent states of chromium are most significant forms. 

Trivalent form of chromium in biological tissues regulates the normal metabolism of 

glucose, fats and proteins (Mertz, 1998). If daily intake of trivalent chromium is in high 

quantity (1000mg/day) it may be toxic or dangerous for human body. Chromium(VI) is 

more toxic for humans and animals due to its strong oxidizing ability, carcinogenic nature 

and mutagenic properties (Kotas & Stasicka, 2000). 

 

 

 

Cr

NH3

NH3

H3N

H3N NH3

NH3

+3
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1.2 Chromium(III) Complexes with Nitrogen & Oxygen Containing 

Ligands 

There are different chromium(III) complexes that have been synthesized successfully 

with ligands containing nitrogen & oxygen donor atoms. Most of the chromium(III) 

complexes exhibit an octahedral geometry in a bidentate fashion of ligand with various 

reported biological activities (Budiasih et al., 2013; Kulkarni et al., 2010; Pin & 

Xiaoping, 1989; Shirley et al., 2002; Shrivastava et al., 2004). Few of chromium(III) 

complexes are discussed in the subsequent sections. 

1.2.1 Chromium(III) Complexes with Chelating Ligands 

Chromium(III) forms stable complexes with chelating ligands like ethylene diammine 

and ethylene diammine tetraacetate (EDTA). In these complexes nitrogen and oxygen 

donate lone pair of electron to form metal ligand coordinate covalent bond as shown in 

Figure 1.3. [Cr(EDTA)]− complex is biologically important compound because it can be 

intravenously administered and filtered out into the urine. This intravenously 

administration of [Cr(EDTA)]− is very useful technique for evaluation of kidney 

functions (Shirley et al., 2002). 

[Cr(H2O)6]+3
(aq)

 + EDTA4-
(aq) [Cr(EDTA)]-(aq) + 6H2O(l)  

Cr

O

O

C

C

O

O

H2C

ON

N
O

H2C C

O

C

O

H2C
H2C

 

Figure 1.3: Structure of chromium(III)complex with ethylene diammine tetraacetate 
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1.2.2 Chromium(III) Complexes with Schiff Bases 

Chromium(III)complexes with Schiff bases were reported frequently in literature. 

Synthesis and characterization of chromium(III)complex with tetradentate Schiff base 

(Salen) was first reported in 1989 as shown in Figure 1.4. This chromium(III) complex 

[Cr(salen)(OH2)2]
+ has found high activity in glucose metabolism as compared to free 

insulin in animals (Govindaraju et al., 1989). This chromium(III) Schiff base complex 

was further studied and observed mutagenic responses in various strains of Salmonella 

typhimurium (Dillon et al., 2000).  It had an inhibitory effect on the growth of Shigella 

dysenteriae (Shrivastava et al., 2004). 

+

O

N

O

N

Cr

H2O

H2O

 

Figure 1.4: Structure of chromium(III) complex with Schiff base 

In the formation of [Cr(salen)(H2O)2]ClO4 complex, Salen was used as a Schiff base 

ligand with hexaaquochromium(II) perchlorate to form chromium(II) complex that was 

further air oxidized to convert into chromium(III) complex (Aranha et al., 2007). 

Schiff bases were also derived from condensation of 2-amino pyridine, ortho-toluidine, 3-

nitroaniline, 2-aminophenol, para-toluidine, anthranilic acid with salicylaldehyde and 

benzoxazole to use for synthesis of chromium(III) complexes. These developed complexes 

were synthesized and studied by elemental and spectral analysis (Dubey et al., 2008). 
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Moreover, Schiff base that was derived from the condensation of 2-hydroxy-5-chloro-4-

methylacetophenone with 4-nitrobenzoyl was also used for the preparation of 

chromium(III) complexes.  Structures of these transition metal complexes elucidated that 

ligand acts as a monobasic tridentate in synthesis of chromium(III) complex (Yaul et al., 

2009).  

1.2.3 Chromium(III) Complexes with Acid Hydrazides 

Chromium(III) complex with isonicotinic acid hydrazide has been investigated in which 

hydrazide ligand coordinated through its carbonyl group and amino nitrogen atom with 

chromium(III) centre that proposed an octahedral geometry as shown in Figure 1.5 (Pin & 

Xiaoping, 1989). 

N

H2
N

HN

C
O

N

N
H2

NH

C
O

Cr

Cl

Cl

+

Cl . 2H2O

 

Figure 1.5: Structure of chromium (III) complex with Isonicotinic acid hydrazide 

In recent past, chromium (III) complex of Isocyanato benzoic acid hydrazide (ICBAH) 

was studied which was formed by endothermic reaction of sulphate salt of chromium(III) 

ion in an ethanol-water medium. Spectral and analytical data investigated an octahedral 

structure of complex in which coordination is through carbonyl oxygen and amino 

nitrogen atom as exposed in Figure 1.6. Furthermore, non-electrolytic nature of the 
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complex uncovered by the presence of  anionic ion exists in  the outer sphere of the 

complex (Salawu et al., 2011). 

H2
N

HN

C
O N

H2

NH

C
O

Cr

OH2

OH2

OCN

NCO

SO4
-2.nH2O

 

Figure 1.6: Structure of chromium (III) complex with Isocyanato benzoic acid hydrazide 

Two more ligands namely, Nicotinic acid hydrazide (NHA) and Azide ion were also used 

for the synthesis of chromium(III) complexes. These chromium(III) complexes have 

found a strong antifungal activities against A.flavus, A.niger, C.albicance, A.oryzae and 

A.sojae (Balasubramaniyan et al., 2013). 

1.2.4 Chromium(III) Complex with 2,4 diamino-5-(3,4,5 trimethoxy-benzyl) 

pyrimidine 

Chromium(III) complex of pyrimidine [2, 4 diamino–5 (3, 4, 5 Trimethoxy benzyl)] has 

prepared with 1:2 stoichiometry of metal and ligand and these complexes exhibited an 

octahedral geometry as in Figure 1.7 of chromium(III) complex with pyrimidine. 

(Kulkarni et al., 2010).  

 



   

11 

 

 

 

Figure 1.7: Structure of chromium (III) complex with 2,4 diamino-5-(3, 4, 5 trimethoxy-

benzyl pyrimidine 

 

1.2.5 Chromium(III) Complex with 3-Aminocoumarin 

Chromium(III) complex of 3-aminocoumarin has synthesized and characterized with 

various spectroscopic methods. The general formula of chromium(III) complex was 

observed to be [CrL2Cl2]Cl and revealed that the chromium(III) complex was found to 

have an octahedral structure as in Figure 1.8. This chromium(III) complex was 

biologically tested against selected types of microbial organisms that show significant 

activities. This chromium(III) complex has also shown promising antioxidant activity. 

(Kadhum et al., 2011). 
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Figure 1.8: Structure of chromium(III) complex with 3-aminocoumarin 

 

1.2.6 Chromium(III) Complex with 1,3-bis(2-hydroxybenzylidene) thiourea 

Synthesis and characterization of 1:1 chromium(III) complex with thiourea [1,3-bis(2-

hydroxybenzylidene)] have been reported and the electron paramagnetic resonance 

spectral figures interpreted the satisfactory presence of a paramagnetic nature that 

provides the expected geometrical structure of chromium(III) complex as shown in 

Figure 1.9 which were attained from electronic spectral data (Abdlseed & El-ajaily, 

2012). 

O

N N

O

H S H

Cr

OH2
7H2O

OH

 

Figure 1.9: Structure of chromium(III) complex with1,3-bis(2-hydroxybenzylidene) 

thiourea 
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1.2.7 Chromium(III) Complexes with Glycine, L-Glutamic Acid and L Cysteine 

Chromium(III) complexes with amino acids such as L-Glutamic Acid, Glycine, and L-

Cysteine were used as a supplement for the treatment of patients with type 2 diabetes 

mellitus. In the synthesis of chromium(III) complexes with these amino acids, pH of 

mixture was adjusted by sodium hydroxide and was refluxed. The expected structural 

formula of the complexes were found to be Cr(gly)3.xH2O, [Cr(glu)3(H2O)3].xH2O and 

Cr(cys)3.xH2O (Budiasih et al., 2013). 

1.2.8 Chromium(III) Complex with Norfloxacin and Bipiridyl Ligand  

Recently, N-containing heterocyclic compound 2,2′-bipyridyl (Bipy) like Norfloxacin 

was used for the synthesis of chromium(III) complex. This complex was prepared 

hydrothermally and characterized by using spectral studies as a result a slightly distorted 

octahedral structure was observed with a prominent indication of deprotonated bidentate 

ligand nature of Norfloxacin. After that the complex was biologically tested against 

Pythium aphanidermatum (PA), Rhizoctonia solani (RS), Sclerotinia rolfsii (SR) and 

Rhizoctonia bataticola (RB) which indicated that compound was antifungal active 

(Debnath et al., 2014). 

1.2.9 Chromium(III) Complex with Morin 

In recent past, chromium(III) complex was also synthesized with Morin Ligand. The 

structure of complex was investigated using various analytical and spectral techniques 

which elucidated that chromium(III) metal ion substitutes 5OH- proton as a result 5-

hydroxy-4-keto site is engaged by morin to produce six-membered stable ring system 

with crystalline water molecule as presented in Figure 1.10. This chromium(III)-morin 

complex was found to be very effective antioxidant compound (Panhwar & Memon, 

2014). 
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Figure 1.10: Structure of chromium(III) complex with morin 

1.3 Objectives and Scope  

The chemistry of metal complexes have engrossed the attention of inorganic as well as 

bioinorganic chemists in recent days (Chandra & Gupta, 2005; Reddy et al., 2008; Reddy 

et al., 2007; Reddy et al., 2009; Rohini et al., 2009) due to their special structural 

properties (Reddy et al., 2012) and biological activities (Singh et al., 2006). Furthermore, 

transition metal complexes have received a great interest due to their biological activities, 

like antiviral, anticarcinogenic (Chandra & Pundir, 2008), antifertile, antibacterial and 

antifungal (Chandra et al., 2006). Therapeutic metal complexes have developed into an 

attractive research topic since the discovery of cisplatin (Chandra et al., 2006). 

Afterwards, numerous metal chelates have been synthesized and tested on a number of 

biological systems. Literature studies indicate that chromium(III) complexes have a 

number of biological applications and its complexes with astonishing antioxidant 

activities have been synthesized (Panhwar & Memon, 2014). Chromium(III) is a trace 
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mineral which plays an significant role in metabolism of glucose and it is required as 

supplement in controlling of diabetes mellitus. In the recent past, it has been investigated 

that chromium(III) complexes facilitate the interaction of insulin by its receptor and the 

cell surface (Tuman & Doisy, 1977; Vincent, 2011). 

The chemistry of coordination compounds based on N-O donor ligands is an interesting 

zone of research (Ain et al., 2013; Angelusiu et al., 2008). Hydrazides, its analogues and 

metal complexes have continued to attract interest in the literature because of their ability 

to readily coordinate to a variety of transition metals using carbonyl oxygen and amino 

nitrogen as donor atoms forming chelates (Odunola et al., 2003; Singh & Singh, 2002). 

There are strong and documented evidences that a great number of hydrazides [R-CO-

NH-NH2] and their complexes exhibit several biological activities (Ara et al., 2007; 

Ashiq et al., 2008; Ashiq et al., 2009; Dodoff et al., 1994; Dodoff et al., 1995; Maqsood 

et al., 2006; Rollas et al., 2002).  

Literature reveals that both ligand and metal are responsible for biological activity which 

can be profoundly change by small variation in the molecular structure. The geometry, 

reactivity, solubility, electronic and steric properties all can be controlled by varying the 

ligand in the complex.                                           

Based on the literature review a variety of research work that has been done on 

chromium(III) complexes was presented in the previous sections but despite of these 

interesting structural, chemical, physical and biological properties, not much 

advancement existed on chromium(III)-aroylhydrazine complexes and their activities and 

only few research references were found dealing with drug medicinal chemistry of 

chromium(III) complexes. Hence there is timely demand for synthesis, structural and 

bioactivities of substituted hydrazines and their complexes with chromium. The current 

work defines the synthesis of chromium(III)-aroylhydrazine complexes, their structural 

and spectroscopic studies, antioxidant, enzyme inhibition, antiglycation properties as well 

as their cytotoxic studies which expose the biochemistry and chemistry of these 

complexes. 
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Chapter Two  

Experimental: Synthesis of Aroylhydrazines and Their 

Chromium (III) Complexes 

This Chapter describes the synthesis of aroylhydrazine ligands and their respective 

chromium(III) complexes. Carboxylic acids were used as precursors for the synthesis of 

aroylhydrazine ligands. These ligands were investigated through elemental analysis, mass 

spectroscopy and proton NMR spectroscopy; then these charachterized ligands were used 

for the synthesis of chromium(III)-aroylhydrazine complexes. 
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2. Experimental 

2.1 Materials 

For synthesis and analysis, the analytical grade reagents were obtained from Merck, 

Sigma Aldrich or BDH which were used without further purification. Distilled water was 

further passed through deionizer (ELGA Cartridge Type C114) prior to use. 

2.2 Physical Measurements 

2.2.1 Carbon, Hydrogen and Nitrogen (CHN) Analysis 

CHN contents were analyzed on a CHN/S elemental analyzer Perkin Elmer 2400.  

2.2.2 Analysis of Chromium 

A certain known amount of chromium(III)-aroylhydrazine complex was digested in aqua 

regia, to analyze chromium content in chromium(III) complex using gravimetric analysis 

based on precipitation reaction (Jeffery et al., 1989). Chromium precipitated as lead 

chromate in digested sample of complex. 

2.2.3 Analysis of Chloride 

Non-coordinated chloride in digested sample of complex was estimated using cation 

exchange chromatography. A known volume of aqueous solution of chromium(III)-

aroylhydrazine complex was passed through cation exchange resin in acid form. Effluent 

and washings were titrated against standard base to give the number of chloride ions 

present outside the coordination sphere (Jeffery et al., 1989). The counter ion Cl- was 

further verified as a white precipitate of AgCl was formed upon addition of AgNO3 

(Jeffery et al., 1989). 

2.2.4 Conductivity Measurements 

Molar conductance of chromium(III)-aroylhydrazine complexes were determined by 

conductivity meter of HANNA (HI-8633). Conductivity meter was calibrated by using 
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the sufficient quantity of KCl solution. During the calibration the electrode probe was 

dipped into KCl solution and adjusted at 18±1 ͦ C. Conductance of chromium(III)-

aroylhydrazine complexes at concentration 1.0 x 10-3 M were measured in DMSO solvent 

by using conductivity cell. 

2.2.5 Spectroscopy 

2.2.5.1 NMR Spectroscopy 

1H-NMR spectroscopic analysis of esters and aroylhydrazines were performed on Bruker 

spectrometer at 400 or 500 MHz using TMS as internal standard at room temperature. 

Chemical shifts were defined in δ (ppm) as well as coupling constants were specified in 

Hz. 

2.2.5.2 Fourier-Transform Infrared Spectroscopy 

Infrared (IR) spectra of all aroylhydrazines and their chromium(III) complexes were 

observed on a IR spectrophotometer (Shimadzu-460) at wavelength region 4000-400cm-1 

on KBr disks. 

2.2.5.3 Mass spectroscopy 

EI-MS spectroscopic analysis of aroylhydrazines were done on Finnigan-MAT-311-A 

apparatus and ESI-Mass spectroscopic analysis of chromium(III) complexes were 

performed on Qstar XL MS/MS system company applied biosystem. 

2.2.5.4 Electronic Absorption Spectroscopy 

UV-visible spectroscopy was done on a Shimadzu UV-1800 spectrophotometer by UV 

Probe software starting 200 to 800 nm. In DMSO solvent all solutions were prepared and 

at room temperature spectra were observed. UV-visible study was performed in two 

parts: Fresh solutions of aroylhydrazines and their corresponding chromium(III) 

complexes in DMSO with concentration 1.0 x 10-4 M were recorded in UV region from 

200-350 nm. Then, in visible region from 350-800 nm solutions of chromium(III)-
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aroylhydrazine complexes with 7.5 x 10-3 M were freshly prepared in DMSO solvent and 

their spectra were recorded immediately after complete dissolution. 

2.3 Synthesis 

2.3.1 Synthesis of Esters 

A solution of thionyl chloride (100 mmol) in 75 mL of dry ethanol and carboxylic acid 

(20 mmol) was added (Scheme 2.1) then stirred it for 1-2 hrs. The formation of product 

was monitored through TLC analysis. Ester was extracted using chloroform as a solvent. 

Solvent was evaporated by rotary evaporator to give esters BE, 2FBE, 3FBE, 2MBE, 

3MBE, 2ABE, 3ABE, 4ABE, 3IBE, 4IBE, 3BBE from their respective carboxylic acids. 

Analytical data of these esters is listed in Table 2.1. 

 

R

C

O

OH

EtOH

SOCl2 R
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OC2H5  

Scheme 2.1: Synthesis of Esters 
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Table 2.1: Amount of carboxylic acids required for synthesis of esters and analytical data of esters 

Carboxylic Acids 
Amount of 

Acids (g) 
Esters 

1H-NMR 

 (ppm) 

EI-Mass 

m/z (rel. abundance, %) 

Benzoic acid 2.4423 Ethylbenzoate (BE) 

400 MHz, CDCl3:  (ppm)8.0 (d,2H, J = 7.3 Hz, H-2/H-

6), 7.7 (t, 1H, J = 7.4 Hz, H-4), 7.5 (t,2H, J = 7.8 Hz, H-

3/H-5), 4.3 (q, 2H, J = 7.2 Hz, H-1),1.3(t,3H, J = 7.2 Hz, 

H-2). 

150 (M+, 47), 105 (95), 

77 (84), 63 (4), 51 (100). 

2-Fluorobenzoic 

acid 
2.8022 

Ethyl 2-

fluorobenzoate 

(2FBE) 

400 MHz, CDCl3:  (ppm) = 7.9(dt, 1H, J = 7.5 Hz, J = 

1.6 Hz, H-6), 7.55-7.50 (m, 1H, 1H-4), 7.31 (dt, 1H,  J = 

8.1 Hz, ,  J = 1.3 Hz, H-3), 7.17-7.12 (m, 1H, 1H-5), 4.3 

(q, 2H, J = 7.1 Hz, H-1’), 1.3 (t, 3H, J = 7.2 Hz, H-2’). 

168 (M+, 49), 123 (23), 

95 (98), 75 (50), 50 (14). 

3-Fluorobenzoic 

acid 
2.8022 

Ethyl 3-

fluorobenzoate 

(3FBE) 

500 MHz, CD3OD:  (ppm) = 7.9 (d, 1H, J = 7.6 Hz, H-

6), 7.8 (s, 1H, H-2), 7.9 (t, 1H, J = 7.6 Hz, H-5),  7.3 (d, 

1H,  J = 8.4 Hz, H-4), 4.3 (q, 2H, J = 7.1 Hz, H-1’), 1.3 (t, 

3H, J = 7.1 Hz, H-2’). 

168 (M+, 45), 123 (23), 

95 (95), 75 (52), 50 (19). 

2-Methoxybenzoic 

acid 
3.0428 

Ethyl 2-

methoxybenzoate 

(2MBE) 

500 MHz, CDCl3:  (ppm) = 8.1 (dd, 1H, J = 7.8 Hz, J = 

1.4 Hz, H-6), 7.5 (dt, 1H, J = 7.8 Hz, J = 1.6 Hz, H-4), 

7.0(t, 1H, J = 8.4 Hz, H-5), 7.0 (dt, 1H,  J = 7.5 Hz, H-3) 

4.4 (q, 2H, J = 7.2 Hz, H-1’), 1.4 (t, 3H, J = 7.2 Hz, H-2’). 

180 (M+, 21), 150 (22), 

135 (100), 121 (12), 107 

(8), 92 (13), 77 (19), 64 

(11), 51 (6). 
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Carboxylic Acids 
Amount of 

Acids (g) 

Esters 1H-NMR 

 (ppm) 

EI-Mass 

m/z (rel. abundance, %) 

3-Methoxybenzoic 

acid 
3.0428 

Ethyl 3-

methoxybenzoate 

(3MBE) 

400 MHz, CDCl3:   (ppm) = 7.6 (d, 1H, J = 7.8 Hz,H-6), 

7.6(s, 1H,H-2), 7.3(t, 1H, J = 8.3 Hz, H-5), 7.0 (d, 1H,  J = 

7.8 Hz, H-4), 4.3 (q, 2H, J = 7.2 Hz, H-1’), 1.4 (t, 3H, J = 

7.2 Hz, H-2’). 

180 (M+, 25), 149 (24), 

135 (100), 121 (14), 107 

(5), 92 (15), 77 (50), 62 

(20), 50 (18). 

2-Aminobenzoic 

acid 
2.7426 

Ethyl 2-

aminobenzoate 

(2ABE) 

400 MHz, CD3OD:  (ppm) = 7.8 (d, 1H, J = 7.6 Hz,H-6), 

7.3(t, 1H, J = 7.8 Hz, H-4), 6.9 (t, 1H,  J = 7.8 Hz, H-5), 

6.7(d,1H, J = 7.6 Hz , H-3), 4.3 (q, 2H, J = 7.1 Hz, H-1’), 

1.3 (t, 3H, J = 7.1 Hz, H-2’). 

165 (M+, 38), 149 (40), 

137 (97), 119 (100), 120 

(31), 92 (68), 83 (5), 65 

(19), 60 (7), 44 (92). 

3-Aminobenzoic 

acid 
2.7426 

Ethyl 3-

aminobenzoate 

(3ABE) 

500 MHz, CD3OD:   (ppm) = 7.3(s, 1H, H-2), 7.4 (d, 1H, 

J = 7.8 Hz,H-6), 7.1(t, 1H, J = 7.9 Hz, H-5), 6.8 (dd, 1H,  

J = 6.9 Hz, J = 1.5, H-4), 4.3 (q, 2H, J = 7.2 Hz, H-1’), 1.4 

(t, 3H, J = 7.2 Hz, H-2’). 

165 (100), 150 (7), 137 

(29), 120 (29), 120 (90), 

92 (49), 83 (15), 65 (16), 

60 (4). 

4-Aminobenzoic 

acid 
2.7426 

Ethyl 4-

aminobenzoate 

(4ABE) 

500 MHz, CD3OD:   (ppm) = 8.1 (d, 2H, J = 8.7 Hz, H-

2/H-6), 7.3 (d, 2H,  J = 8.7 Hz, J = 1.5,H-3, H-5), 4.3 (q, 

2H, J = 7.1 Hz, H-1’), 1.3 (t, 3H, J = 7.1 Hz, H-2’). 

165 (96), 150 (5), 137 

(25), 120 (100), 92 (33), 

83 (5), 65 (19), 60 (4). 
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Carboxylic Acids 
Amount of 

Acids (g) 

Esters 1H-NMR 

 (ppm) 

EI-Mass 

m/z (rel. abundance, %) 

3-Iodobenzoic 

acid 
4.9602 

Ethyl 3-

iodobenzoate 

(3IBE) 

500 MHz, CD3OD:   8.4 (s, 1H, H-2), 7.9-7.8 (m, 2H, 

Hz, H-4/6), 7.2 (t, 1H, J = 7.8 Hz, H-5), 4.3 (q, 2H, J = 7.1 

Hz, H-1’), 1.3 (t, 3H, J = 7.1 Hz, H-2’). 

276 (M+, 57), 231 (95), 

203 (91), 104 (14), 76 

(65), 50 (25). 

4-Iodobenzoicacid 4.9602 

Ethyl 4-

iodobenzoate 

(4IBE) 

500 MHz, CD3OD:  7.9 (d, 2H, J = 8.4 Hz, H-3/H-5), 7.7 

(d, 2H, J = 8.4 Hz, H-2/H-6), 4.3 (q, 2H, J = 7.2 Hz, H-

1’), 1.4 (t, 3H, J = 7.1 Hz, H-2’). 

276 (M+, 42), 231 (100), 

203 (77), 104 (16), 76 

(60), 50 (16). 

3-

Bromobenzoicacid 
4.0203 

Ethyl 3-

bromobenzoate 

(3BBE) 

500 MHz, CD3OD:   8.3 (s, 1H, H-2), 8.0 (d, 1H, J = 7.9 

Hz,H-6), 7.7(d, 1H,  J = 8.4 Hz, H-4), 7.4 (t, 1H, J = 7.8 

Hz, H-5), 4.3 (q, 2H, J = 7.1 Hz, H-1’), 1.4 (t, 3H, J = 7.2 

Hz, H-2’). 

M+2: 230 (15), M+: 228 

(16), 215 (50), 185 

(100), 155 (35), 76 (38), 

51 (6). 
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2.3.2 Synthesis of Aroylhydrazine ligands (1-11) 

In 75 mL of ethanol, a solution of hydrazine hydrate (50 mmol) and ester (10 mmol) 

(Table 2.2) was added in reaction flask. This mixture was refluxed for 2-3 hrs then the 

product was washed and filtered using hexane and dried out in air. The product was 

recrystallized from methanol and dried in air to give aroylhydrazines (1-11) as in Scheme 

2.2. Physical, analytical and spectral data of these aroylhydrazines is listed in Table 2.3.  

 

 

 

Scheme 2.2: Synthesis of Aroylhydrazine Ligands (1-11) 

 

2.3.3 Synthesis of 4-Phenylsemicarbazide (12) 

The ligand 4-phenylsemicarbazide (12) was prepared according to Scheme 2.3 (Ain et al., 

2013). Ethanolic solution of phenyl urea (50 ml, 0.25 moles) was added to 25 ml 

hydrazine hydrate (0.45 moles) and the resulting solution was refluxed for 24 hrs. The 

solvent was completely removed by rotary evaporator to yield solid ligand (12). The data 

obtained for characterization is given in Table 2.3. 

N

C

O

NH2 N

C

O

N
N2H5OH, C2H5OH

Reflux, 24 hrs.

HH

NH2

H

 

Scheme 2.3: Synthesis of 4-phenylsemicarbazide (12) from phenylurea 
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Table 2.2: Amount of Esters Required for Synthesis of aroylhydrazine Ligands (1-11) 

 

Esters 
Amount of 

Esters (g) 
Ligands R 

Ethyl benzoate (BE) 1.5018 Benzoylhydrazine C6H5 

Ethyl 2-flourobenzoate (2FBE) 1.6816 2-Flourobenzoylhydrazine 2-F-C6H4 

Ethyl 3-flourobenzoate (3FBE) 1.6816 3-Flourobenzoylhydrazine 3-F-C6H4 

Ethyl 2-methoxybenzoate (2MBE) 1.8019 2-methoxybenzoylhydrazine 2-OCH3-C6H4 

Ethyl 3-methoxybenzoate (3MBE) 1.8019 3-methoxybenzoylhydrazine 3-OCH3-C6H4 

Ethyl 2-aminobenzoate (2ABE) 1.6518 2- aminobenzoylhydrazine 2-NH2-C6H4 

Ethyl 3-aminobenzoate (3ABE) 1.6518 3-aminobenzoylhydrazine 3-NH2-C6H4 

Ethyl 4-aminobenzoate (4ABE) 1.6518 4-aminobenzoylhydrazine 4-NH2-C6H4 

Ethyl 3-iodobenzoate (3IBE) 2.7606 3-Iodobenzoylhydrazine 3-I-C6H4 

Ethyl 4-iodobenzoate (4IBE) 2.7606 4-Iodobenzoylhydrazine 4-I-C6H4 

Ethyl 3-bromobenzoate (3BBE) 2.2907 3-Bromobenzoylhydrazine 3-Br-C6H4 
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Table 2.3: Data for characterization of aroylhydrazine Ligands (1-12) 

Compound 

Code 
Ligands 

Molecular 

Formula 
Structures 

Yield 

(%) 

1H-NMR 

 (ppm) 

EI-Mass 

m/z (Relative 

abundance, in 

%) 

CHN; Cal 

(Found) 

(%) 

1 
Benzoyl 

hydrazine 
C7H8N2O 

C

O

N
H

NH2

 

83 400 MHz, DMSO:  (ppm) 

= 10.40 (s, 1H, NH), 7.90 

(d, 2H, J = 6.8  Hz, H-2/H-

6), 7.49 (dd, 2H, J = 6.8 

Hz, H-3/H-5), 7.45 (dd, 1H,  

J = 7.7 Hz, J = 6.9 Hz, H-

4), 4.56 (s, 2H, NH2). 

136 (M+, 47), 

121 (2), 107 

(4), 105 (95), 

83 (2), 77 

(84), 63 (4), 

51 (100); 

61.76 

(61.73), 5.88 

(5.91), 20.58 

(20.58) 

 

2 

2-Flouro 

benzoyl 

hydrazine 

C7H7N2OF 

C

O

N
H

NH2

F
 

71 400 MHz, DMSO:  (ppm) 

= 9.85 (s,1H, NH), 7.60 

(dd, 1H, J = 2.4 Hz, H-6), 

7.56(dt, 1H, , J = 2.0 Hz H-

4), 7.55 (dt, 1H, J = 6.6 Hz, 

H-3), 7.36 (dd, 1H, J = 8.0 

Hz, J = 2.8 Hz, H-5), 4.52 

(s, 2H, NH2). 

154 (M+, 19), 

124 (8), 123 

(100), 95 (35), 

75 (7), 51 

(10). 

54.54 

(54.58), 4.54 

(4.56), 18.18 

(18.15) 
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Compound 

Code 
Ligands 

 

Molecular 

Formula 

Structures 
Yield 

(%) 

1H-NMR 

 (ppm) 

EI-Mass 

m/z (rel. 

abundance, %) 

CHN; Cal 

(Found) 

(%) 

3 

3-Flouro 

benzoyl 

hydrazine 

C7H7N2OF 

C

O

N
H

NH2

F

 

74 400 MHz, DMSO:  (ppm) 

= 9.85 (s,1H, NH), 7.67  (d, 

1H, J = 8.1 Hz, H-6), 7.60 

(dd, 1H, J = 10.4 Hz, J = 

2.0 Hz, H-2), 7.49 (dd, 1H, 

J = 6.1 Hz, J = 2.1 Hz, H-

5), 7.34 (dt, 1H, J = 8.9 Hz, 

J = 2.8 Hz, H-4), 4.52 (s, 

2H, NH2). 

154 (M+, 47), 

124 (15), 123 

(100), 95 (95), 

75 (47), 57 

(4), 51 (13). 

54.54 

(54.58), 4.54 

(4.56), 18.18 

(18.15) 

 

4 

2-methoxy 

benzoyl 

hydrazine 

C8H10N2O2 

C

O

N
H

NH2

OCH3

 

78 400 MHz, DMSO:  (ppm) 

= 9.20 (s,1H, NH), 7.69 

(dd, 1H, J = 7.7 Hz, H-6), 

7.44 (dd, 1H, J = 7.6 Hz, J 

= 8.0 Hz, H-4), 7.09 (dt, 

1H, J = 8.0 Hz, H-5), 7.01 

(d, 1H, J = 10.2 Hz, H-3), 

4.52 (s, 2H, NH2), 3.85 (s, 

3H, OCH3). 

166 (M+, 37), 

152 (3), 135 

(100), 121 

(17), 105 (8), 

92 (52), 

77(80), 64 

(25), 51 (36). 

57.83 

(57.85), 6.02 

(6.03), 16.86 

(16.83) 
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Compound 

Code 
Ligands 

Molecular 

Formula 
Structures 

Yield 

(%) 

1H-NMR 

 (ppm) 

EI-Mass 

m/z (Relative 

abundance, in 

%) 

CHN; Cal 

(Found) 

(%) 

5 

3-methoxy 

benzoyl 

hydrazine 

C8H10N2O2 

C

O

N
H

NH2

OCH3

 

79 

400 MHz, DMSO:  (ppm) 

= 9.73 (s,1H, NH), 7.4 (d, 

1H, J = 7.6 Hz, H-6), 7.5 

(d, 1H, J = 6.4 Hz, H-5), 

7.3 (s, 1H, H-2), 7.0 (d, 1H, 

J = 7.5 Hz, H-4), 4.47 (s, 

2H, NH2), 3.79 (s, 3H, 

OCH3). 

166 (M+, 19), 

150 (20), 135 

(100), 134 

(18), 107 (30), 

92 (40), 

77(51), 64 

(33), 50 (37). 

57.81 

(57.85),  

6.01 (6.02), 

16.89 

(16.86) 

6 

2-amino 

benzoyl 

hydrazine 

C7H9N3O 

C

O

N
H

NH2

NH2

 

65 

400 MHz, DMSO:  (ppm) 

= 9.42 (s,1H, NH),7.40(d, 

1H, J = 6.8Hz, H-6),  

7.10(t, 1H, J = 6.8 Hz, H-

4), 6.67 (d, 1H, J = 8.1 Hz, 

H-3), 6.46 (t, 1H, J = 7.2 

Hz, H-5), 6.30 (s, 2H, Ar-

NH2), 4.34 (s, 2H, NH2). 

151 (M+, 25), 

121 (9), 120 

(100), 92 (54), 

65 (54), 52 

(9). 

55.62 

(56.30), 5.96 

(6.25), 27.81 

(28.22) 
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Compound 

Code 
Ligands 

Molecular 

Formula 
Structures 

Yield 

(%) 

1H-NMR 

 (ppm) 

EI-Mass 

m/z (Relative 

abundance, in 

%) 

CHN; Cal 

(Found) 

(%) 

7 

3-amino 

benzoyl 

hydrazine 

C7H9N3O 

C

O

N
H

NH2

NH2  

75 

500 MHz, CD3OD:  (ppm) 

= 7.0 (t, 1H, J = 7.8 Hz, H-

5), 6.9 (s,1H, H-2), 6.8 (d, 

1H, J = 7.7 Hz, H-6), 6.6 

(d, 1H, J = 7.9 Hz, H-4). 

M+ 151 (40), 

136 (100), 121 

(50), 120 

(100), 106 (9), 

92 (100), 82 

(35), 77 (50), 

54 (32): 

55.62 

(56.30), 5.96 

(6.25), 27.81 

(28.22) 

8 

4-amino 

benzoyl 

hydrazine 

C7H9N3O 

C

O

N
H

NH2

H2N

 

72 

500 MHz, CD3OD:  (ppm) 

= 7.5 (d, 2H, J = 8.6 Hz, H-

2/H-6), 6.7 (d, 2H, J = 

8.6Hz, H-3/H-5). 

M+:151 (33), 

137 (87), 136 

(100), 121 

(81), 120 

(100), 107 

(29), 92 (100), 

83 (55), 65 

(100), 54 (38). 

55.62 

(56.30), 5.96 

(6.25), 27.81 

(28.22) 
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Compound 

Code 
Ligands 

Molecular 

Formula  
Structures 

Yield 

(%) 

1H-NMR 

 (ppm) 

EI-Mass 

m/z (Relative 

abundance, in 

%) 

CHN; Cal 

(Found) 

(%) 

9 

3-Iodo 

benzoyl 

hydrazine 

C7H7N2OI 

C

O

N
H

NH2

I  

78 

500 MHz, MeOD:   (ppm) 

= 8.1 (s, 1H, H-2), 7.9 (d, 

1H, J = 7.9 Hz, H-4), 7.8 

(d, 1H, J = 7.9 Hz, H-6), 

7.2 (t, 1H, J = 7.7 Hz, H-5). 

 

262 (M+, 42), 

231 (100), 203 

(91), 104 (9), 

76 (59), 50 

(20). 

32.06 

(32.05), 2.67 

(2.65), 10.68 

(10.70) 

10 

4-Iodo 

benzoyl 

hydrazine 

C7H7N2OI 

 

C

O

N
H

NH2

I
 

84 

300 MHz, DMSO: δ in ppm 

= 9.91 (s, 1H, NH), 7.5 (d, 

2H, J = 8.5 Hz, H-2/H-

6), 7.8 (d, 2H, J = 8.6 Hz, 

H-3/H-5), 4.47 (s, 2H, 

NH2). 

 

262 (421, M+), 

231 (100), 203 

(39), 104 (9), 

76 (25). 

32.06 

(32.04), 2.67 

(2.68), 10.68 

(10.67). 
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Compound 

Code 
Ligands 

 

Molecular 

Formula 

 

Structures 

 

 

Yield 

(%) 

1H-NMR 

 (ppm) 

EI-Mass 

m/z (Relative 

abundance, in 

%) 

CHN; Cal 

(Found) 

(%) 

11 

3-Bromo 

benzoyl 

hydrazine 

C7H7N2OBr 

C

O

N
H

NH2

Br
 

87 

500 MHz, CD3OD:  (ppm) 

= 8.0 (s,1H, H-2), 7.7 (d, 

1H, J = 7.7 Hz, H-6), 7.7 

(d, 1H, J = 8.4 Hz, H-4); (t, 

1H, J = 7.9 Hz, H-5). 

M+2: 216 (18), 

M+: 214 (19), 

185 (95), 183 

(100), 155 

(40), 76 (15), 

50 (9). 

38.88 

(38.92), 3.24 

(3.23), 12.96 

(12.95) 

12 

4-Phenyl 

semi 

carbazide 

C7H9N3O 

N

H

C

O

N

NH2

H

 

65 

400 MHz, DMSO:  (ppm) 

= 8.57 (s,1H, NH), 7.49 (d, 

2H, J = 7.9 Hz, H-2/H-6), 

7.33 (s, 1H, NH), 7.21 (t, 

2H, J = 7.8 Hz,H-3/ H-5), 

6.90 (t, 1H, J = 7.2 Hz, H-

4), 4.30 (s, 2H, NH2). 

151 (61, M+), 

120 (15), 119 

(25), 92 (41), 

77 (100), 65 

(49), 51 (35). 

55.62 

(56.30), 5.96 

(6.25), 27.81 

(28.22) 
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2.3.4 Synthesis of Chromium(III) Complexes of Aroylhydrazines 

Chromium(III)-aroylhydrazine complexes (1a-12a) were prepared by combining 5 mmol  

solution of CrCl3.6H2O in ethanol (5 mL) and 10 mmol solution of suitable 

aroylhydrazine ligand using ethanol (10 mL) (Scheme 2.4 , Table 2.4) (Shamshad et al., 

2015). All ligands were dissolved at room temperature in ethanol but some of them were 

dissolved on heating. At room temperature mixing was done and the resulting mixture 

was refluxed. Solid product was precipitated out after 3-4 hrs which was then cooled, 

filtered and washed with distilled ethanol and then dried in evaporating dish in air. 

Analytical and physical data of chromium(III) complexes (1a-12a) are specified in next 

chapter in Table 3.1. 
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Scheme 2.4: Synthesis of Chromium(III) Complexes of Aroylhydrazines 
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Table 2.4: Amount of aroylhydrazines required for synthesis of Chromium(III)-

aroylhydrazine complexes 

Compound 

Code 
Aroylhydrazines 

Amount 

of 

ligand 

(g) 

Compound 

Code 

Chromium(III) 

complexes 
R 

1 Benzoylhydrazine 1.3730 1a [Cr(1)2(H2O)2]Cl3 C6H5 

2 2-Fluorobenzoylhydrazine 1.3510 2a [Cr(2)2(H2O)2]Cl3 2-F-C6H4 

3 3-Fluorobenzoylhydrazine 1.3510 3a [Cr(3)2(H2O)2]Cl3 3-F-C6H4 

4 2-Methoxybenzoylhydrazine 1.6652 4a [Cr(4)2(H2O)2]Cl3 2-OCH3-C6H4 

5 3-Methoxybenzoylhydrazine 1.6520 5a [Cr(5)2(H2O)2]Cl3 3-OCH3-C6H4 

6 2-Aminobenzoylhydrazine 1.5512 6a [Cr(6)2(H2O)2]Cl3 2-NH2-C6H4 

7 3-Aminobenzoylhydrazine 0.7585 7a [Cr(7)2(H2O)2]Cl3 3-NH2-C6H4 

8 4-Aminobenzoylhydrazine 0.7630 8a [Cr(8)2(H2O)2]Cl3 4-NH2-C6H4 

9 3-Iodobenzoylhydrazine 1.3150 9a [Cr(9)2(H2O)2]Cl3 3-I-C6H4 

10 4-Iodobenzoylhydrazine 1.3150 10a [Cr(10)2(H2O)2]Cl3 4-I-C6H4 

11 3-Bromobenzoylhydrazine 1.0173 11a [Cr(11)2(H2O)2]Cl3 3-Br-C6H4 

12 4-Phenylsemicarbazide 1.5510 12a [Cr(12)2(H2O)2]Cl3 NH-C6H5 
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Chapter Three 

Results and Discussion: Physical, Chemical and 

Spectroscopic Studies of Chromium(III)-aroylhydrazine 

complexes 

This section includes the characterization of chromium(III) complexes of aroylhydrazine. 

Conductivity measurements, elemental analysis, classical and gravimetric analysis, IR 

spectroscopy, ESI-Mass spectroscopy and electronic spectroscopy were used for 

characterization. Based on these studies the structures of the complexes were assigned to 

be octahedral, in which chromium(III) centres acquire octahedral arrangements, 

coordinated with aroylhydrazine ligand in a bidentate fashion and have two water 

molecules at the equatorial position. 
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3.1 Synthesis 

3.1.1 Synthesis of Aroylhydrazine ligands 

The ligands were prepared as in Scheme 2.2 in reasonable yields (65-87%) by refluxing 

hydrazine hydrate with the corresponding esters in ethanol. The structures of these 

synthesized ligands (1-12) were determined by spectroscopy and micro analytical data as 

mentioned in experimental section of 2.3.2. Mass spectral analysis showed the parent 

peaks corresponding to the appropriate m/z. However, the fragmentation patterns of 

different ligands were different.  Proton NMR showed the protons corresponding to the 

benzene ring with appropriate splitting pattern.   

3.1.2 Synthesis of Chromium(III) Complexes of Aroylhydrazine 

Green colored chromium(III)-aroylhydrazine complexes in 1:2 metal to ligand ratio were 

synthesized by heating a mixture of an appropriate ligand and chromium(III) chloride in 

1:2 metal to ligand ratio. The resulting complexes were precipitated on refluxing.   

All chromium(III)-aroylhydrazine complexes showed octahedral geometry with general 

formula [Cr(L)2(H2O)2]Cl3. In chromium(III) complexes of aroylhydrazines as in Scheme 

2.4 the hydrazide ligands were coordinated in bidentate fashion exhibiting carbonyl 

oxygen and terminal amino nitrogen as donor atom. Based on spectroscopic studies, the 

structure of chromium(III) complexes (1a–12a) assigned to octahedral geometry in which 

chromium(III) centres acquired octahedral arrangements, coordinated with a hydrazide 

ligand in a bidentate fashion and have two water molecules at the equatorial position (Pin 

& Xiaoping, 1989). 

3.2 Characterization of Chromium(III) Complexes of  Aroylhydrazines 

The chromium(III)-aroylhydrazine complexes (1a-12a) were synthesized by refluxing a 

mixture of chromium(III) chloride and an appropriate ligand in 1:2 molar ratio. Physical 

and analytical data of complexes are given in Table 3.1. Moreover FTIR, ESI mass 

fragmentation data and UV-visible spectral data are given in Tables 3.2, 3.3 and 3.4 
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respectively. The chromium(III)-aroylhydrazine complexes were characterized by 

gravimetric analysis of Cr+3, elemental analysis (C, H, N), IR spectroscopy and 

conductivity measurements which indicate the coordination of chromium centre with 

aroylhydrazine ligand in 1:2 molar ratio. Molar conductivity values of chromium(III)-

aroylhydrazine complexes indicating the presence of counter ions outside the 

coordination sphere (Geary, 1971). Chromium content in complexes was quantitatively 

determined by precipitating it as lead chromate (Jeffery et al., 1989). The percentage of 

chromium(III) obtained in complex supports the suggested structure of complex. Based 

on above studies, the structure of chromium(III) complexes (1a–12a) in which 

chromium(III) centres acquired an octahedral arrangements, coordinated with 

aroylhydrazine ligand in a bidentate fashion and have two water molecule at the 

equatorial position as mentioned in Scheme 2.4 (Pin & Xiaoping, 1989). Broad peaks in 

1H-NMR spectra of chromium(III) complexes specify the paramagnetic nature of metal 

center in complex which suggests the presence of chromium(III) with d3 system. 

3.2.1 Conductivity Measurements 

Molar conductivities of complexes in their fresh aqueous solutions were greater than 1 

Ω−1 cm2 mol−1 indicating the presence of counter ions (Geary, 1971), which must be the 

Cl− ions outside the coordination sphere. The complexes exhibit molar conductivity in 

DMSO in the range of 92.71 to 127.48 ohm-1 cm2 mol.-1 It falls into the range of 1:3 ionic 

ratio suggesting non coordination of the chloride ion and supports the formation of outer-

sphere complex (Megahed et al., 2014). The concept of non-coordination of chloride with 

the chromium(III) center was also determined by using precipitation method in which 

chloride estimated by using AgNO3 (Jeffery et al., 1989). 
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Table 3.1: Physical and analytical data of chromium(III)-aroylhydrazine complexes 

Compound Formula 
Molar 

mass 

Yield

% 

Λ M 

(DMSO) 

ohm−1 

cm2 

mol−1 

Cl, Cal 

(Found) 

(%) 

Cr+3, 

Cal 

(Found) 

(%) 

C, H, N; Cal 

(Found) (%) 

1a    [Cr(C7H8N2O)2(H2O)2]Cl3 466 55 112.80 
22.82 

(22.30) 

11.11 

(10.58) 

36.01(35.89), 

4.28(4.21), 

12.01(12.13) 

2a   [Cr(C7H7N2OF)2(H2O)2]Cl3 502 69 92.71 
21.19 

(20.29) 

10.34 

(10.98) 

33.43(33.52), 

3.50(3.56), 

11.11(11.22) 

3a   [Cr(C7H7N2OF)2(H2O)2]Cl3 502 63 110.12 
21.19 

(21.30) 

10.34 

(10.37) 

33.43(33.63), 

3.50(3.60), 

11.11(11.32) 

4a  [Cr(C8H10N2O2)2(H2O)2]Cl3 526 62 108.40 
20.22 

(19.30) 

9.87  

(10.41) 

36.46(36.51), 

4.55(4.51), 

10.60(10.55) 

5a  [Cr(C8H10N2O2)2(H2O)2]Cl3 526 65 121.90 
20.22 

(19.90) 

9.87  

(9.91) 

36.46(36.31), 

4.55(4.45), 

10.60(10.50) 

6a   [Cr(C7H9N3O)2(H2O)2]Cl3 496 55 100.90 
21.45 

(22.01) 

10.47 

(10.61) 

33.83(33.90), 

4.43(4.44), 

16.90(16.87) 

7a    [Cr(C7H9N3O)2(H2O)2]Cl3 496 50 111.90 
21.45 

(21.01) 

10.47 

(10.89) 

33.83(34.40), 

4.43(4.54), 

16.90(16.27) 

8a   [Cr(C7H9N3O)2(H2O)2]Cl3 496 60 112.30 
21.45 

(20.89) 

10.47 

(10.77) 

33.83(34.10), 

4.43(4.48), 

16.90(16.91) 

9a    [Cr(C7H7N2OI)2(H2O)2]Cl3 717 64 127.48 
14.82 

(14.90) 

7.24 

(7.45) 

23.44(22.90), 

2.52(2.50), 

7.80(7.88) 

10a   [Cr(C7H7N2OI)2(H2O)2]Cl3 717 70 123.40 
14.82 

(14.79) 

7.24 

(7.88) 

23.44(23.40), 

2.52(2.49), 

7.80(7.78) 

11a    [Cr(C7H7N2OBr)2(H2O)2]Cl3 624 50 125.60 
17.02 

(17.35) 

8.32 

(8.75) 

26.93(26.90), 

3.04(3.01), 

8.97(8.91) 

12a  [Cr(C7H9N3O)2(H2O)2]Cl3 496.5 70 102.79 
21.45 

(21.60) 

10.47 

(10.44) 

33.83(33.79), 

4.43(4.50), 

16.90(16.86) 
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3.2.2 Spectroscopy 

3.2.2.1 Fourier-Transform Infrared Spectroscopy 

The Infrared spectroscopic data of aroylhydrazine ligands and their chromium(III) 

complexes (1a-12a) are presented in Table 3.2. Strong carbonyl stretching absorptions 

exhibited in all the ligands around 1654 ± 34 cm-1 were shifted by 8-54 cm-1 in the spectra 

of their respective complexes indicated that chromium is coordinated through carbonyl 

oxygen of aroylhydrazine (Aranha et al., 2007; Ghosh et al., 2005). The coordination of 

amino nitrogen of aroylhydrazine ligand to the metal center is supported by a shift in the 

position of –NH bending vibrations from 1561 ± 55 in the free ligands to 1547 ± 33 in the 

complexes. Hence, it can be concluded that aroylhydrazine act as bidentate ligand 

coordinated with carbonyl oxygen and amine N atoms of the ligand. All the ligands 

displayed intense N-H stretching vibrations in the range of 2857-3441 cm-1. These 

stretching vibrations were cautiously assigned to amino and imino-NH groups present in 

aroylhydrazine ligands. The narrow absorption peaks in this range indicate hydrogen 

bonding among -NH protons. The spectrum of all chromium(III) complexes show broad 

peaks at ~3250 cm-1 (3900-2600 cm-1). These broad absorption bands containing –NH 

and –OH stretching vibrational modes derived from aroylhydrazine and coordinated 

water molecule, respectively that usually give absorption in the similar region. Existence 

of broad band illustrates presence of non-hydrogen bonded moieties. Nevertheless, the 

probability of the existence of both non hydrogen and hydrogen bonded groups may not 

be ruled out as broad band may eclipse the sharp peaks. 
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Table 3.2: IR spectroscopic data of aroylhydrazine ligands* and their chromium(III) complexes* 

Compound -NH -NH2 C=O Δ  C=O NH bending C=C C-N Other  

1 3300s 3200br, 3022br 1661s 

31 

1572s 1617s, 1485w 1349m 1119, 998, 881, 803, 685, 516, 412 

1a 3900 – 2700br 1630s 1532s 1600s, 1487m 1348m 1251, 1160, 1022, 902, 798, 696, 582 

2 3288s 3206br, 2857br 1673m 

54 

1615s 1567sh, 1485m 1342m 1129, 1098, 993, 814, 743, 653, 507 

2a 3400 – 2900br 1619s 1531s 1587sh, 1480m 1327m 1219, 1102, 908, 665, 599, 518, 467 

3 3298s 3219br,3032br 1666s 

37 

1564m 1620s,1483m 1348m 1155, 1107, 925, 879, 823, 702, 570. 

3a 3500 –2400br 1629m 1539s 1567s, 1482m 1369s 1219, 1124, 1069, 884, 807, 742, 578. 

4 3372s 3304s, 3217m 1656s 

31 

1616s 1603s, 1480m 1314m 1163, 1020, 949, 760, 654, 590, 532 

4a 3400 – 2700br 1625s 1517s 1586sh, 1479m 1307m 1110, 1013, 904, 755, 675, 613, 592 

5 3298s 3207w, 3072w 1640s  

12 

1530s 1548s, 1479m 1326m 1163, 1097, 1020, 945, 760, 652, 590. 

5a 3600 –2800br 1628s 1525s 1600sh, 1486w 1354m 1247, 1135, 1028, 

6 3441s 3323s, 3182m 1620s 

17 

1506s 1579s, 1449sh 1338sh 1259, 1151, 1105, 995, 744, 653, 508 

6a 3500 – 2900br 1603s 1514s 1483sh,1434w 1344m 1229, 1158, 1028, 959, 754, 676, 592 
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s, strong; m, medium; w, weak; sh, shoulder. *All values are in cmˉ¹ 

 

Compound -NH -NH2 C=O Δ  C=O 
NH 

bending 
C=C C-N Other  

7 3377s 3329s, 3291sh 1621s 
 

8 

1522s 1584s, 1488m 1334m 1259, 1158, 1103, 972, 772, 680, 568. 

7a 3600 –2900br 1628s 1538s 1600sh, 1486m 1354m 1232, 1039, 996, 805, 738, 685, 594. 

8 3429ss 3344br,3234br 1650sh  

 

40 

1547s 1606s,1502s 1313s 1169, 1115, 958, 841, 648, 513. 

8a 3400-2300br 1610s 1498s 1552w, 1438w 1332m 1240, 1186, 1031, 898, 840, 756, 651, 

9 3312s 3180br, 3035br 1651m 

20 

1553s 1622s, 1464w 1342m 1111, 1058, 990, 804, 705, 642, 500. 

9a 3900 –2900br 1631s 1526s 1582s, 1471m 1327m 1108, 1003, 961, 876, 704, 620, 494. 

10 3209s 3123br, 3056br 1626s 

45 

1536s 1591s, 1477m 1340s 1208, 1025, 900, 740, 618, 572, 435. 

10a 3200 – 2600br 1671s 1586s 1637w, 1527m 1389w 1142, 1054, 1003, 838, 743, 588, 517. 

11 3302s 3224br,3037br 1662s 

38 

1554s 1618s,1467m 1338s 1268, 1114, 1065, 992, 889, 802, 717. 

11a 3600 –2700br 1624w 1540s 1584w, 1470m 1357s 1266, 1184, 1068, 1041, 895, 731, 580. 

12 3337s 3301s, 3260m 1688s 

50 

1595s 1595s, 1491m 1301m 1301, 1143, 922, 753, 695, 642, 505 

12a 3700, 2600br 1638s 1579s 1614sh, 1496m 1335m 1248, 1110, 1022, 903, 750, 691, 541 
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3.2.2.2 ESI- Mass fragmentation Spectroscopy 

ESI-Mass spectroscopy has shown a characteristic molecular ion peak and a base peak 

(i.e., the most intense peak representing a stable fragment) along with other fragments at 

suitable m/z positions corresponding to each chromium(III)-aroylhydrazine complex. The 

electrospray mass fragmentation data of the chromium(III)-aroylhydrazine complexes 

(1a-12a) as presented in Table 3.3 was obtained in 1:1 mixture of acetonitrile and THF. 

Peaks in the ESI mass spectra were identified by using the most abundant m/z value 

within the isotopic mass distribution. It is noteworthy that all complexes produce 

fragments which are assigned to the removal of three chlorides (counter ion) and two 

water molecule coordinated at equatorial positions. Charge balance indicates that each 

aroylhydrazine molecule is coordinated with chromium(III) as neutral ligand. Removal of 

proton from aroylhydrazine ligand makes it anionic in nature with -1 charge, which 

results in change of charge on coordination sphere from +3 to +1 (Shamshad et al., 2015). 

Fragmentation of chromium(III)-aroylhydrazine complexes (1a-12a) is shown in Scheme 

3.1 to Scheme 3.12. 
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Table 3.3: ESI-Mass fragmentation data of chromium(III)-aroylhydrazine complexes 

(1a–12a) 

Compounds Complex Fragments 
m/z 

(amu) 

Assignment 

(calculated m/z) 

1a [Cr(1)2(H2O)2]Cl3 – (3Cl+2H2O) 322.0822 322.2826 

2a [Cr(2)2(H2O)2]Cl3 – (3Cl+2H2O) 358.2542 358.2635 

3a  [Cr(3)2(H2O)2]Cl3 – (3Cl+2H2O) 358.0121 358.2635 

4a [Cr(4)2(H2O)2]Cl3 – (3Cl+2H2O) 382.0666 382.3346 

5a  [Cr(5)2(H2O)2]Cl3 – (3Cl+2H2O) 382.1342 382.3346 

6a [Cr(6)2(H2O)2]Cl3 – (3Cl+2H2O) 352.0676 352.3118 

7a [Cr(7)2(H2O)2]Cl3 – (3Cl+2H2O) 352.0701 352.3510 

8a [Cr(8)2(H2O)2]Cl3 – (3Cl+2H2O) 352.0573 352.3118 

9a  [Cr(9)2(H2O)2]Cl3 – (3Cl+2H2O) 573.8369 572.9948 

10a  [Cr(10)2(H2O)2]Cl3 – (3Cl+2H2O) 573.8326 572.9948 

11a  [Cr(11)2(H2O)2]Cl3 – (3Cl+2H2O) 480.0201 480.2010 

12a [Cr(12)2(H2O)2]Cl3 – (3Cl+2H2O) 352.0650 352.3118 
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3.2.2.3 UV-visible Spectroscopy 

UV-visible spectra of freshly prepared solution of aroylhydrazines (1-12) and their 

chromium(III) complexes (1a-12a) were collected in DMSO and observed electronic 

transitions were composed in Table 3.4. For comparative purpose electronic transitions of 

ligands were also listed. All the ligands have carbonyl group attached with benzene ring 

with different substituents along with NH-NH2 described in experimental section Scheme 

2.2. The paramagnetic chromium(III)chloride in DMSO have a d3 system with 4A2g 

ground state and three spin allowed transitions with ground state 4A2g (F) to 4T2g (F), 

4T1g (F) and 4T1g (P) at 670, 480 and 280 nm, respectively. Molar absorptivity values 

suggest these transition as Laporte forbidden, spin allowed transitions. The presence of 

these bands confirms the octahedral geometry of complexes (Lever et al., 2006; Maples et 

al., 2009). All chromium(III)-aroylhydrazine complexes showed these transitions with 

low molar absorptivity values (42 - 347 M-1cm-1) except 4A2g (F) →4T1g (P) showing 

higher molar absorptivity value (3045 - 36557 M-1cm-1). It may be due to overlapping of 

this band with ligand’s transitions in the same range. All ligands showed π-π* transitions 

in UV region which originate from the π bonds of the aroylhydrazine ligands. 
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Table 3.4: UV-visible spectroscopic data of aroylhydrazine ligands (1-12) and their 

chromium(III) complexes (1a-12a) 

Compound λ(nm) (ε (M-1cm-1) 

 Л to Л* 

4A2g (F) to4T1g (P) 

υ 3 

4A2g (F) to 4T1g (F) 

υ 2 

4A2g (F) to 4T2g(F) 

υ 1 

CrCl3  280(212) 480(28) 670(36) 

1 268(5429)    

1a 266(6074) 420(53) 580(43) 

2 267(6054)    

2a 263(5565) 450(57) 600(51) 

3 269(4691)    

3a 270(18990), 320(9914) 410(98) 610(44) 

4 295(6349)    

4a 263(4561) 420(55) 590(42) 

5 235(279)    

5a 265(6793), 287(7206) 400(117) 550(70) 

6 237(6166)    

6a  262(7777) 400(248) 540(72) 

7 263(3970), 318(1649)    

7a 265(8310), 325 (4957) 380(332) 560(42) 

8 306(7612)    

8a 300(36557), 360(371) 410(347) 560(124) 
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Compound λ(nm) (ε (M-1cm-1) 

 Л to Л* 

4A2g (F) to4T1g (P) 

υ3 

4A2g (F) to 4T1g (F) 

υ 2 

4A2g (F) to 4T2g(F) 

υ 1 

9 280(6135)    

9a 260(9677) 410(96) 570(43) 

10 306(7612)    

10a 260(26683) 390(87) 560(33) 

11 215(508), 263(3502)    

11a 270(9469) 360(288) 530(48) 

12 261(5914)    

12a 265(3045) 410(86) 610(55) 

 

3.2.2.3.1 Ligand Field Parameters 

In Coordination chemistry, Tanabe-Sugano (TS) diagrams are used to predict 

electromagnetic spectrum of tetrahedral and an octahedral complex of metal coordination 

compounds. Transition energies of spin-forbidden and spin-allowed transitions both for 

high spin (weak field) and low spin (strong field) complexes were predicted by TS 

diagrams. In this procedure of TS diagrams the energy of electronic states are given on 

the vertical side while the ligand field strength are on horizontal axis that increases from 

left to right. Crystal field theory describes that positive and negative charges of metal and 

ligand creates the interaction between metal and ligand and when ligand comes closer to 

metal it splits the d-orbital into five degenerated orbitals, this splitting energy is known as 

Crystal field stabilization energy (CFSE) or Δº. Racha parameter(B) is another factor that 

is calculated here and represents the electron-electron repulsion in metal complexes. B 
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also define the approximation of bond strength between metal and ligand and the 

nephlauxetic ratio (β) is the comparison between B of a complex and B of metal ion. 

3.2.2.3.2 Calculations of Δº, B and β using Tanabe-Sugano Diagram 

Chromium(III)-aroylhydrazine complexes have a d3 electronic configuration so first the 

TS diagram of d3 system was selected (Figure 3.1a). λmax for spin-allowed and spin 

forbidden transitions were identified, then these wave length (λmax) were converted into 

wave numbers (υ) and energy ratios (E2/E1) were calculated (Table 3.5). These energy 

ratios were plotted and graphically Δº/B was calculated (Figure 3.1b). These Δº/B values 

were used on the printed TS diagram of d3 system and E/B ratios on υ2 and υ1 were 

determined. These ratios were used in calculation of B υ2 and B υ1 and the average of these 

were Bavg (Racha parameter). Finally nephlauxetic ratio (β) was also calculated by 

dividing the B of complex with the B of Cr(III) metal ion as mentioned in Table 3.6. β 

values are in the range of 0.43-0.77. It shows 30-56 % reduction in the Racah parameter 

indicating appreciable covalent character due to strong nephelauxetic effect (Bayoumi, 

Alaghaz, & Aljahdali, 2013). All the ligands generate stronger ligand field than DMSO. 

Δº values suggest that compound 11a is strongest (Δº = 19209 cm-1) among all tested 

complexes. Figure 3.2a & 3.2b displays the shifting of chromium(III) bands toward lower 

wavelength upon coordination with different ligands. Experimental data reveals the 

strength of ligands in the order, 11 > 10 > 5 > 6 > 8 > 9 > 1 > 4 > 2 > 12 > 3 > 7. 

 

 

 

 

 

 



   

59 

 

 

Figure 3.1a: Tanabe-Sugano diagram of (Cr+3) d3 System 
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Table 3.5: Calculation of Energy ratios (E2/E1) using (Cr+3) d3 System Tanabe-Sugano 

diagram 

∆º/B 4A2g (F) to 4T1g (F) 4A2g (F) to 4T2g (F) Energy Ratios (E2/E1) 

10 16 9 1.77 

20 29 19 1.52 

30 41 29 1.41 

40 51 39 1.30 

 

 

 

Figure 3.1b: Plot of energy ratios and by graph calculated Δº/B 
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Table 3.6: Calculations of ligand field parameters Δº, B and β 

Compounds v2 (nm) v1 (nm) 
v2 

(cm-1) 

v1 

(cm-1) 
v2/v1 Δº/B E/BV2 E/BV1 B V2 B V1 B AV Δº β = B/B' 

CrCl3 480 670 20833 14925 1.39 31 42 31 496.03 481.46 488.74 15517.74 0.47 

1a 420 580 23809 17241 1.38 33 44 32 541.12 530.50 535.81 17735.47 0.52 

2a 450 600 22222 16666 1.33 37 49 37 448.93 444.44 446.68 16750.84 0.43 

3a 410 620 24390 16129 1.51 22 33 22 739.09 733.13 736.11 16194.60 0.71 

4a 430 590 23255 16949 1.37 33 45 33 516.79 513.610 515.20 17388.11 0.50 

5a 400 550 25000 18181 1.37 33 43 34 581.39 534.75 558.07 18751.40 0.54 

6a 400 540 25000 18518 1.35 36 48 36 520.83 514.40 517.61 18634.26 0.50 

7a 380 560 26315 17857 1.47 23 38 28 690.70 617.89 654.29 15572.31 0.63 

8a 410 560 24390 17857 1.36 34 45 35 542.00 510.20 526.10 18150.61 0.51 

9a 410 570 24390 17543 1.39 32 41 33 582.10 531.63 556.86 17986.87 0.54 

10a 390 560 25641 17857 1.43 28 38 26 674.76 673.85 674.30 18880.66 0.65 

11a 360 530 27777 18867 1.47 24 34 24 814.59 786.16 800.38 19209.13 0.77 

12a 410 610 24390 16393 1.48 23 32 24 750.46 683.06 716.76 16485.59 0.69 
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Figure 3.2a: UV-visible spectrum of CrCl3 and Chromium(III)-aroylhydrazine 

complexes (1a-6a) 

 

Figure 3.2b: UV-visible spectrum of CrCl3 and Chromium(III)-aroylhydrazine 

complexes (7a-12a) 
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3.2.2.3.3. Time Dependent Stability Studies of Chromium(III) Complexes 

Time dependent stability studies of synthesized chromium(III)-aroylhydrazine complexes 

showed that all the complexes decomposed in DMSO with time. A solution speciation 

study of all the chromium(III) complexes were carried out at room temperature. Freshly 

prepared solutions of chromium(III) complexes (1a -12a) exhibited three transitions in 

the range of 200 to 800 nm. These bands were referred as band I between (600 - 500 nm), 

II (480 – 350nm) and band III (360nm – 260 nm). Positions of band II and III transitions 

exhibited by chromium(III) complexes with different aroylhydrazine ligands were close 

to each other, which were indicated similar electronic environment of the chromium(III) 

centre and did not show any significant effect of substituents on aroylhydrazine ligands 

on these transitions. These electronic transitions were dependent upon the geometry 

around metal centre and their similar peak positions indicated similar geometry of all 

complexes.  

Figures 3.3a and 3.3b shows the spectrum of the chromium(III) complexes with ligand 

(1) which has no substituent on the benzene ring exhibiting least steric hindrance. A 

freshly prepared solution of this complex exhibited three peaks in visible and ultraviolet 

region. One peak at 268 nm in UV region with high molar absorptivity that was assigned 

to band III It may be due to overlapping of this band with ligand’s π-π* transitions in the 

same range whereas peaks in visible region observed at 560 nm and 410 nm were 

assigned to band I and II transitions, respectively (Bayoumi et al., 2013; Lever; Liu et al., 

2006; Maples et al., 2009). UV-visible spectra of complex 1a indicates that the passage 

of time that increase in absorbance in UV region was due to the increase in concentration 

of free ligand and also decrease in absorbance in visible region were showed the 

decomposition of complex and its coordination with DMSO. In the same way all UV-

visible spectra of chromium(III)-aroylhydrazine complexes showed the change in 

absorbance over time resulting from the decomposition of dissolved complex in DMSO. 

It is interesting to note that type and position of the substitution also effects the 

decomposition. Complex with fluoro substituted ligands (2a, 3a) were observed to 

decompose at least after seven days presented in Figures 3.4a, 3.4b, 3.5a and 3.5b 

whereas complex with iodo substituted ligands (9a, 10a) decomposed in five days.  
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Figure 3.4a revealed that freshly prepared solution of complex 2a showed two bands at 

600 nm and 450 nm which were assigned to band I and band II, respectively, and are 

shifted to 630 and 460 nm after 20 days. Shifting of bands towards lower energy may be 

due to coordination of DMSO with chromium, as DMSO possesses lower ligand field 

strength. This conclusion was confirmed by monitoring ligand based transitions at 267 

nm shown in Figure 3.4b where concentration of ligand increases with time indicating 

release of free ligand from complex 2a. 

All complexes show increase in absorbance in UV region with time and decrease in 

absorbance in visible region with concomitant shift of peaks in some cases. 

Three of the complexes with amino substituted ligands (6a – 8a) were found to be less 

stable and decompose within a day shown in Figures 3.8a, 3.8b, 3.9a, 3.9b, 3.10a and 

3.10b where as chromium(III) complexes with iodo and bromo substituted ligands 9a, 

10a and 11a were stable for at least 5 days exposed in Figures 3.11a, 3.11b, 3.12a, 3.12b, 

3.13a and 3.13b. It is interesting to note that at ortho position methoxy substituted 

complex 4a decomposes within 2 days as shown in Figure 3.6a and 3.6b compared to 

meta substituted methoxy ligand of complex 5a which takes 16 days to decomposed as in 

Figure 3.7a and 3.7b. It may be due to steric hinderance exhibited by methoxy group at 

ortho position making complex less stable. It is noteworthy that stability of complexes 

depends on type of substituent and also on the position of this substituent. Complex 12a 

in which NH group is in between carbonyl and benzene ring started to decompose from 

12th day to 21st day as shown in Figure 3.14a and 3.14b. 
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Figure 3.3a: Time dependent stability study of 1a in DMSO. Decrease in absorbance at 

420 nm and 580 nm shows the decomposition of complex. 

 

 

Figure 3.3b: Time dependent stability study of 1a in DMSO shows the decomposition of 

complex while inset shows the increase in concentration of ligand from 12thday to 17thday  
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Figure 3.4a: Time dependent stability study of 2a in DMSO. Decrease in absorbance at 

450 nm and 600 nm shows the decomposition of complex. 

 

 

Figure 3.4b: Time dependent stability study of 2a in DMSO shows the decomposition of 

complex while inset shows the increase in concentration of ligand from 12thday to 15thday 
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Figure 3.5a: Time dependent stability study of 3a in DMSO. Decrease in absorbance at 

410 nm and 610 nm shows the decomposition of complex. 

 

 

Figure 3.5b: Time dependent stability study of 3a in DMSO shows the decomposition of 

complex while inset shows the increase in concentration of ligand from 0 min to 17thday  
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Figure 3.6a: Time dependent stability study of 4a in DMSO. Decrease in absorbance at 

420 nm and 590 nm shows the decomposition of complex. 

 

 

Figure 3.6b: Time dependent stability study of 4a in DMSO shows the decomposition of 

complex while inset shows the increase in concentration of ligand at 263 nm from 2ndday 

to 10thday.  
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Figure 3.7a: Time dependent stability study of 5a in DMSO. Decrease in absorbance at 

400 nm and 550 nm shows the decomposition of complex. 

 

 

Figure 3.7b: Time dependent stability study of 5a in DMSO shows the decomposition of 

complex while inset shows the increase in concentration of ligand at 265 nm from 

16thday to 21stday.  
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Figure 3.8a: Time dependent stability study of 6a in DMSO. Decrease in absorbance at 

400 nm and 540 nm shows the decomposition of complex. 

 

 

Figure 3.8b: Time dependent stability study of 6a in DMSO shows the decomposition of 

complex while inset shows the increase in concentration of ligand at 262 nm from 1stday 

to 8thday.  
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Figure 3.9a: Time dependent stability study of 7a in DMSO till 3hrs. 

 

 

Figure 3.9b: Time dependent stability study of 7a in DMSO while inset shows the 

increase in concentration of ligand at 265 nm from 1stday to 15thday.  
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Figure 3.10a: Time dependent stability study of 8a in DMSO. Decrease in absorbance at 

410 nm and 560 nm shows the decomposition of complex. 

 

 

 

Figure 3.10b: Time dependent stability study of 8a in DMSO shows the decomposition 

of complex while inset shows the increase in concentration of ligand at 300 nm from 

7thday to 18thday.  
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Figure 3.11a: Time dependent stability study of 9a in DMSO. Decrease in absorbance at 

410 nm and 570 nm shows the decomposition of complex. 

 

 

Figure 3.11b: Time dependent stability study of 9a in DMSO shows the decomposition 

of complex while inset shows the increase in concentration of ligand at 260 nm from 

6thday to 17thday.  
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Figure 3.12a: Time dependent stability study of 10a in DMSO. Decrease in absorbance 

at 390 nm and 560 nm shows the decomposition of complex. 

 

Figure 3.12b: Time dependent stability study of 10a in DMSO shows the decomposition 

of complex while inset shows the increase in concentration of ligand at 260 nm from 

5thday to 12thday.  
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Figure 3.13a: Time dependent stability study of 11a in DMSO till 3hrs. 

 

 

Figure 3.13b: Time dependent stability study of 11a in DMSO while inset shows the 

increase in concentration of ligand at 270 nm from 5thday to 12thday.  
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Figure 3.14a: Time dependent stability study of 12a in DMSO. Decrease in absorbance 

at 410 nm and 610 nm shows the decomposition of complex. 

 

 

Figure 3.14b: Time dependent stability study of 12a in DMSO shows the decomposition 

of complex while inset shows the increase in concentration of ligand at 265 nm from 12th 

day to 21st day. 
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3.3 Conclusion 

A series of chromium(III)-aroylhydrazine complexes have been synthesized and 

characterized. All of chromium(III) complexes exhibited octahedral geometry with 1:2 

metal to ligand ratio in solid state. In IR studies strong carbonyl stretching absorptions 

and –NH bending vibrations exhibited in all the ligands were shifted in the spectra of 

their respective complexes indicated that chromium is coordinated through carbonyl 

oxygen of aroylhydrazine and amine N atoms of the ligand. The spectrum of all 

chromium(III)-aroylhydrazine complexes show broad absorption bands contain –NH and 

–OH stretching vibrational modes derived from aroylhydrazine and coordinated water 

molecule, respectively. ESI-Mass spectra proved that all chromium(III)-aroylhydrazine 

complexes produce fragments which are assigned to the removal of three chlorides 

(counter ion) along with two water molecule coordinated at equatorial position from 

aroylhydrazine ligands. UV-visible study shows three absorption bands and they also 

confirmed octahedral geometry of chromium(III)-aroylhydrazine complexes. UV-visible 

solution study of chromium(III)-aroylhydrazine complexes demonstrated that all of the 

ligands generate stronger ligand field strength than DMSO. 
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PART B 

Cytotoxic, Antioxidant, Antiglycation and 

Carbonic Anhydrase Inhibition Studies of 

Chromium(III)-Aroylhydrazine Complexes 
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Chapter Four 

In Vitro Cytotoxic Study of Chromium(III)-

aroylhydrazine Complexes 

Chromium(III) and chromium(VI) are the two common forms of chromium in which 

chromium(VI) compound have reported as more toxic, harmful and carcinogenic as 

compared to compounds of chromium(III) that has its own beneficial biological 

importance (Kimbrough et al., 1999). In literature, some of chromium(III) complexes 

were found to exhibit cytotoxicity so at first the cytotoxicity of synthesized 

chromium(III)-aroylhydrazine complexes were examined. Experimental results showed 

that the complexes were non toxic to normal cells so these compounds were further 

studied for other biological activities. 
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4.1 Introduction 

In biological tissues, chromium exists in trivalent form that regulates the metabolism of 

fats, proteins and sugar in all over the body (DG, 1999; Mertz, 1998). If chromium(III) 

ingestion is thousands of µg/day it affects the human body dangerously. Another 

important form of chromium is chromium(VI)  that is  highly toxic to humans as well as 

animals due to its oxidizing capability, mutagenic and carcinogenic nature (DG, 1999).  

Strong evidences have been found on mutagenicity of chromium(VI) complexes in 

bacterial also in mammalian cells besides the chromium(III) complexes non-mutagenicity 

(Shrivastava et al., 2005). Chromium(III) exists inside the cells and it cannot pass through 

the membrane, so found to be non-carcinogenic due to critical binding of DNA inside the 

cells  (Bianchi & Levis, 1988; O’Brien et al.,  2003). The beneficial and harmful effects 

of chromium supplements are due to these two oxidation states of chromium in biological 

systems. Hence several biological studies have discussed the toxicity of chromium(III) 

compounds. But very few of the research work have been done on the safety and non-

cytotoxic behaviour of chromium(III) complexes (Hininger et al., 2007). 

4.1.1 Beneficial Effects of Chromium(III) 

Various clinical trials indicate that chromium(III) supplements have several beneficial 

effects and it can be used for dietary purpose. The important function of chromium(III) is 

to improve the metabolism rate of carbohydrates and lipids by controlling the insulin 

action. Chromium(III) is also helpful to reduce the body weight and cholesterol level that 

eventually decreases the risk of heart attacks or cardiovascular diseases (Anderson et al., 

1997; Hininger et al., 2007; Hummel et al.,  2007; Wang et al., 2007). Most of 

chromium(III) complexes have an octahedral structure that results in slow diffusion and 

decreases the cellular uptake of chromium(III) ion (Biedermann & Landolph, 1990).  

4.1.2 Harmful Effects of Chromium(III) 

Although chromium(III) complexes are used as a food additive but its genotoxicity has 

also been reported. Some of chromium(III) complexes are involve in breakage of DNA 

strands by hydroxyl reactions and they also induce mutations in DNA (Stearns et al., 
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2002; Stearns et al., 1995; Tsou & Yang, 1996; Whittaker et al., 2005). Toxicological 

studies of chromium described that chromium(III) bring skeletal and neurological 

disorders in human being (Bailey et al., 2006). Chromium(III) formed intracellularly and 

they produce DNA crosslinks due to stability and kinetically inertness of chromium. 

(Costa, 1990; Voitkun et al., 1998; Zhitkovich et al., 1998). Harmful effects of 

chromium(III) also includes its mutagenicity, affects ATP levels in cells, consumption of 

oxygen and also affects enzymatic activity in all over the body (Cohen et al.,  1993). 

Accumulation of chromium(III) on cell membrane deactivate nucleoside premeases and 

they causes toxicity at cellular level (Shrivastava et al., 2005).  

4.1.3 Cytotoxicity of Chromium(III) 

Inside the cell, chromium(III) can interact with biomolecules also changes the structure 

and functions of these biomolecules by redox reactions (Raja & Nair, 2008).  

Chromium(III) produces toxicity in various types of cell lines and they can form adducts 

(Levina & Lay, 2008). 

Aquapentaminechromium(III) complex and trans-[Cr(5-methoxysalcyclohex) (H2O)2] 

ClO4 have studied using model biomolecules to understand the molecular cytotoxicity of 

chromium(III) compounds and their effects on the stability of biological membrane (Raja 

et al., 2011). 

4.1.4 Cytotoxicity of Chromium(VI) 

The carcinogenicity of chromium(VI) containing compounds were covered in several 

reviews (Bianchi & Levis, 1988; De Flora, 2000; De Flora et al., 1990; Singh et al., 1998; 

Snow, 1992; Sugden & Stearns, 1999). In recent years, it has been investigated that 

exposure of chromium(VI) brings various genetic changes by damaging DNA strands. 

Chromium(VI) compounds also increase the chances of lung cancer, it may be involve in 

capturing of cell cycle and activation of p53 signalling that ultimately damage DNA 

inside the cell. 
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4.1.5 Effect of Ligand Variation on Cytotoxicity of Chromium(III) Complexes 

Coordination of ligand affects the biological activities of metal and the formation of 

complexes; this has been reported on various instances. When ligands 1, 10-

phenanthroline formed complex with chromium(III), it resulted in mutagenicity with 

salmonella reversion assay while chromium(III) complex with ethylenediamine was not 

found active in this assay (Sugden et al., 1992). In genotoxic studies of chromium(III) 

complexes, ligands lipophilic nature increases the permeability level of chromium(III) 

compounds (Mertz, 1993). Chromium(III) complexes can cause protein, DNA and 

plasmid cleavage with some specific ligands such as chromium(III) complex with 

picolinate ligand (Shrivastava & Nair, 2000; Shrivastava & Nair, 2001; Vijayalakshmi et 

al., 2000). [Cr(pic)3] creates chromosomal damage in Chinese hamster ovary cells 

(Speetjens et al.,1999) and these DNA impairments was mainly caused by ligand 

picolinates. Moreover [Cr(pic)3] has also played a vital role in improvement of glucose  

metabolism and it enhances the muscle building factors with fat reduction in body (Trent 

& Thieding-Cancel, 1995). Hence ligands play a key role in toxicological nature of 

chromium(III) complexes and they alter the reactivity of chromium(III) ion at cellular 

level. 

4.1.6 Biologically safe Chromium(III) complexes  

Some of chromium(III) complexes have found biologically safe in which most important 

were chloride, histidinate and picolinate chromium(III) complexes. These compounds 

showed beneficial antioxidant effects and did not cause oxidative DNA damage even at 

higher concentrations such as 120 μM of chromium(III) picolinate and 250 μM of 

chromium(III) histidinate and chromium(III) chloride. These chromium(III) complexes 

found strong antioxidant effects below 100 μM that is mainly exist in nutritional 

supplements of chromium(III). So it is justified that these chromium(III) complexes could 

use as a dietary supplement due to their less toxicity observed as compare to other 

chromium(III) complexes (Hininger et al., 2007).  
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4.2 Experimental   

4.2.1 Cytotoxicity Assay  

Standard MTT (3-[4,5-dimethylthiazole-2-yl]-2,5-diphenyl-tetrazolium bromide) 

colorimetric assay was used for the determination of cytotoxic activity of compounds and 

they were evaluated in 96-well flat-bottomed micro plates (Mosmann, 1983). In 

Dulbecco’s Modified Eagle medium, 3T3 cells (mouse fibroblast) were cultured and it 

was supplemented with fetal bovine serum (FBS) 5%, streptomycin (100 μg/ml) and 

penicillin (100 IU/ml). These all were kept in flask of 75cm3 at 37 ͦ C with 5% CO2 

incubator. Then these growing cells were harvested, counted by haemocytometer and a 

particular medium was used for dilution. 5 104 cells/ml was the concentration that used 

for the preparation of cell culture and then 100 μL/well was introduced into 96-well 

plates. Medium was removed after overnight incubation and then fresh medium (200 μL) 

was added with variable concentration of compounds (1-100 μM), 200 μL MTT (0.5 

mg/ml) was added after 48 hrs to each well. At 540 nm absorbance was noted and 

calculated with in cells the reduction of MTT to formazan using a microplate reader 

(spectra Max plus, Molecular Devices, CA, USA). Concentration causing 50% growth 

inhibition (IC50) for 3T3 cells was recorded as the cytotoxicity. The following formula 

was used for the calculation of the percent inhibition, where O.D represents the optical 

density. 

 Inhibition (%) = 100 – (average of O.D of test compound – average of O.D of negative 

control)/average of O.D of positive control – average of O.D of negative control)* 100). 

Percent inhibition was evaluated using Soft- Max pro software (Molecular Device, USA). 
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4.3 Results and Discussion 

Numerous studies have been stated on the toxicity of chromium(III) compounds. Instead 

of these a few of the research have been done on the safety and non-cytotoxic behaviour 

of chromium(III) complexes (Hininger et al., 2007). Genotoxicity of chromium(III) in 

cellular system have been detected in which HaCaT human keratinocytes (Horowitz & 

Finley, 1994), lymphocytes (Balamurugan, Rajaram, & Ramasami, 2004; Balamurugan, 

Rajaram, Ramasami, & Narayanan, 2002), dermal fibroblasts (Shrivastava et al., 2005) 

and bacterial cells (Plaper, Jenko-Brinovec, Premzl, Kos, & Raspor, 2002) have been 

used to investigate the cytotoxicity and genotoxicity of chromium(III) complexes. 

In this chapter the cytotoxic activity of chromium(III) chloride and its complexes were 

described by using MTT assay. All of the chromium(III)-aroylydrazine complexes and 

their metal salt chromium(III) chloride at 100 µM concentration exhibited a very low 

inhibition potential against 3T3 normal cell line as compared to cyclohexamide, a 

standard inhibitor of cytotoxic activity that showed 86 percent inhibition on same 

concentration (Table 4.1, Figure 4.1). Hence, no cytotoxic activity was observed at 100 

μM proved that chromium(III) chloride and their aroylhydrazine complexes were not 

found toxic. Moreover, below 100 μM is the concentration of chromium(III) compound 

that is mainly found in nutritional supplements (Hininger et al., 2007). Furthermore all of 

chromium(III)-aroylydrazine complexes acquired useful antioxidant effects which were 

discussed in chapter 5.  So it is worth stating here that this study also supports a lack of 

chromium(III) toxicity.  
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Table 4.1: Percent inhibition and IC50 values of cytotoxicity of chromium(III)-

aroylhydrazine complexes at 100 (µM) concentration. 

Compound 

% 

Inhibition 

IC50  (µM) 

±SEM 

Compound 

% 

Inhibition 

IC50  (µM) 

±SEM 

1a 13.12 >500 8a 1.13 >1000 

2a 7.21 >1000 9a 6.20 >1000 

3a 15.32 >500 10a 30.63 >500 

4a 34.12 >500 11a 17.96 >500 

5a 1.26 >1000 12a 14.70 >500 

6a 1.69 >1000 CrCl3.6H2O 21.68 >500 

7a 21.40 >500 Cyclohexamide* 86.00 0.3±0.2 

 

NA = Not active 

Cyclohexamide* = Standard inhibitor of cytotoxic activity 

SEM = Standard error of the mean 
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Figure 4.1: Bar graph of percent inhibition of chromium(III)-aroylhydrazine complexes 

against the 3T3 cell line at 100 (µM) comparable to cyclohexamide. 
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Chapter Five 

Antioxidant Studies of Chromium(III)-aroylhydrazine 

Complexes 

Free radicals of diverse forms are continuously produced and quenched by a well-

organized antioxidant system in the human body. High levels of free radicals are the main 

cause of oxidative destruction in tissues and other biomolecules that eventually produces 

degenerative diseases (Masella et al., 2005). Superoxide usually produces singlet oxygen 

and hydroxyl radical that makes it biologically significant. Excess of superoxide anion 

(O2
−) lead to redox inequity causes dangerous physiological disorders. Nitric oxide (NO) 

also affects various biological roles like antimicrobial, vascular homeostasis, 

neurotransmission and antitumor actions (Bencini et al., 2010; Patel-Rajesh & Patel-

Natvar, 2011). 

Complexes of chromium(III) with Morin have been reported with a powerful DPPH 

antioxidant activity (Panhwar & Memon, 2014). Many chromium(III) complexes of 

Coumarin derivatives possess unique capability to scavenge hydroxyl and superoxide 

radicals and to control routes relating free radical-injury (Kadhum et al.,2011). This 

chapter includes the antioxidant activities of chromium(III) complexes to depict the 

biochemistry and chemistry of chromium(III)-aroylhydrazine complexes. 
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5.1 Introduction 

5.1.1 Reactive Oxygen Species (ROS)  

ROS are very reactive systems of oxygen and free radicals that involves oxygen 

molecules. Free radicals are those chemicals that contains unpaired electrons such as 

superoxide anion radical (O2
−), hydrogen peroxide (H2O2) and hydroxyl radical (•OH). 

These free form radicals produced by reduction of oxygen that comprises of non-radical 

and radical oxygen species. Oxidative stress involves indirect or direct ROS-mediated 

destruction of proteins, lipids and nucleic acid. It results in serious diseases like 

carcinogenesis (Trachootham et al., 2009), diabetes (Paravicini & Touyz, 2006), 

neurodegeneration (Andersen, 2004; Shukla et al., 2011) and aging (Haigis & Yankner, 

2010).  

5.1.1.1 Types and Sources of ROS 

There remain two main causes of ROS production: enzymatic reactions i.e., xanthine 

oxidase (XO), NADPH oxidase, lipoxygenase and many other by products of cellular 

respiration that were synthesized by enzyme system; non-enzymatic reactions such as 

catalytic reaction of transition metal (i.e, iron and copper). There are number of ROS that 

include both free radical and non-radical species (Bakonyi & Radak, 2004; Kerr etal., 

1996; Mccord, 1993; Reiter et al., 2000). Radical reactive oxygen species are superoxide, 

nitric oxide, alkoxyl, hydroxyl, peroxyl, hydrogen peroxide and non-radical reactive 

oxygen species are ozone, singlet oxygen and lipid peroxide (Petlicki & van de Ven, 

1998). The most abundant ROS is the superoxide anion (O2
−) and its oxidizing capacity is 

relatively high as compared to other ROS (Petlicki & van de Ven, 1998). They permit 

reduction of single electron of molecular oxygen by inducing mitochondrial 

oxidoreductases. Superoxide dismutase (SOD) also generates H2O2 by spontaneous 

dismutation of superoxide anion (O2
−) (Fukai & Ushio-Fukai, 2011). 

Hydroxyl radical (•OH) has a short half-life, but usually has a great potential for oxidative 

destruction of DNA. Decomposition of water by ionizing radiation is the main source of 
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the production of hydroxyl ions and hydrogen atoms. Hydroxyl ions are also been 

generated by photolytic decomposition of alkyl hydroperoxides (Valko et al., 2004). 

5.1.1.2 Adverse Effects of Free Radicals  

Endogenous systems of our body are continuously produces free radicals. For proper 

physiological functions, it is necessary to balance between free radicals that produce in 

our body and antioxidants. Proteins, Lipids and DNA can be modified via free radicals 

that eventually causes many diseases such as carcinogenesis (Shahidi, 2000), diabetes 

(Aruoma, 1994), neurodegeneration (Bagchi & Puri, 1998; Mohammed & Ibrahim, 2004) 

and aging (Cheeseman & Slater, 1993).  

During aging free radicals are store in all over the body and they usually generate adverse 

changes. Free radicals are chemically unstable and reactive so they can attack on their 

environment to capture an electron. They attack on DNA, causing dysfunction, mutation 

and cancer. They can also attack proteins and enzymes, destroying normal cell 

functioning, breakage of cell walls by producing chain reactions. These cell membranes 

lined with blood vessels, causing hardening and thickening of arteries and produce heart 

attacks and strokes. Free radicals also effect on tissues by reacting with collagen. 

Atherosclerosis and cancer are important free radical diseases that are two major reasons 

of global deaths. 

5.1.1.3 Free Radicals Reaction Mechanism 

Free radicals are mainly based on three phases, the reaction of free radicals starts through 

initiation when they abstract proton from the bio-molecule. For example fatty acid (LH) 

can be transformed into radicals (L·). The alkperoxyl (ROO·), hydroxyl (OH·) and 

alkoxyl (RO·) radicals are all capable of oxidizing poly- unsaturated fatty acids. Very 

rapid accumulation of oxygen to the fatty acid radicals at that time produces peroxyl 

radicals (LOO·) that transmit the reaction by originating a new sequence of oxidation 

with the formation of lipid hydroperoxide (LOOH). In the last termination step, this chain 

reaction come to an end when an antioxidant interferes it through scavenging the radicals 

(Aitken & Fisher, 1994; Schafer et al., 2000).  
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5.1.2 Antioxidants 

Antioxidant is a stable molecule that supplies an electron to a free radical to reduce the 

destruction capacity by neutralizing these radicals. They inhibit the cellular damage using 

its radical scavenging activity or antioxidant property (Halliwell, 1995). Antioxidants are 

small in size and have low molecular weight, so they can easily react with free radicals 

without disturbing the vital molecules and precede their chain reaction. These important 

antioxidants are glutathione, uric acid and ubiquinol generally presents in the body during 

normal metabolism (Shiet al.,1999). Enzyme system in our bodies also scavenges free 

radicals. The common example of antioxidants in vitamins is vitamin C (ascorbic acid), 

vitamin E (α-tocopherol) and B-carotene (Levine et al., 1999).  

5.1.2.1 Classification of Antioxidants 

There are two forms of antioxidants i.e., enzymatic plus non-enzymatic that exists in 

intracellular and extracellular environment to detoxify reactive oxygen species (Frei et 

al., 1988). Antioxidants acts as a radical scavenger, electron donor, enzyme inhibitor, 

peroxide decomposer and metal-chelating agents (Frei et al., 1988). 

5.1.2.1.1 Enzymatic Antioxidants 

The most important intracellular endogenous antioxidant defenses are the enzyme 

system. This antioxidant enzymatic system comprises superoxide dismutases, catalase as 

well as glutathione peroxidase (Halliwell & Gutteridge, 1990; Yang et al.,1999).  The 

body’s endogenous defense system are controlled by these antioxidants that prevents 

from free radical induced cell destruction (Ho et al., 1998). The mechanism of 

antioxidant enzymes is to process oxidative toxic intermediates (Sies, 1997).  Iron, 

selenium, copper, zinc, and manganese are cofactors that were necessary for optimum 

catalytic activity of enzymes. Superoxide dismutases (SODs) are one class of enzymes 

that stimulate the breakdown of the superoxide anion and formation of oxygen and 

hydrogen peroxide (Bannister et al., 1987; Johnson & Giulivi, 2005; Zelko et al., 2002). 

Most of ROS can deactivate through glutathione enzyme such as lipid peroxides 

(Brigelius-Flohe, 1999; Hayes et al., 2005; Meister & Anderson, 1983). Similarly, 
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catalases are another enzyme that catalyze the conversion of hydrogen peroxide to 

oxygen and water, through both an iron or manganese cofactors (Chelikani et al., 2004). 

These series of enzymes remain present in mostly all aerobic cells and in extracellular 

fluids. 

5.1.2.1.2 Non–Enzymatic Antioxidants  

Ascorbic acid is one of the most efficient antioxidant found in animals and plants. 

Vitamin C or ascorbic acid cannot be synthesized by the body but it is obtained from diet 

or supplements (Smirnoff, 2001). Ascorbic acid has a strong reducing power as they 

neutralizes reactive oxygen species i.e., H2O2 (Padayatty et al., 2003). Ascorbic acid is an 

important substrate for the antioxidant enzymes such as ascorbate (Shigeoka et al., 2002). 

Glutathione is another important cellular antioxidant that regulates the cell redox system 

(Meister, 1988). Melatonin is a powerful antioxidant that crosses blood brain barriers 

(Reiter et al., 1997). Vitamin E is an important fat soluble antioxidant  that eventually 

protects cell membrane by reacting with lipid radicals (Herrera & Barbas, 2001; Traber & 

Atkinson, 2007). 

5.1.2.2 Mechanism of Action of Antioxidants 

Electron donation, metal ion chelation and co-antioxidants are different mechanism of 

antioxidants, which effect on biological systems (Krinsky, 1992). In an antioxidant there 

are two basic mechanisms of actions (Rice-Evans & Diplock, 1993). The first is the chain 

breaking mechanism and second is the removal of reactive oxygen species (ROS).  

5.1.2.2.1 Chain Breaking Mechanism of Action 

In this step of chain breaking, antioxidant gives an electron to free radicals exist in the 

system. Antioxidants can stop the chain reaction of free radicals and neutralizes it during 

the reaction. Some of the common examples of antioxidants having chain breaking 

mechanisms are vitamins C and E, flavonoids, coumarins and carotenes.  
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5.1.2.2.2 Removal of Initiators of ROS 

Initially enzymes are inactivate that are involved in the creation of ROS. Xanthine 

oxidase (XO) is one of the key causes of superoxide anions production (Borges et 

al.,2002). Lipoxygenase, in arachidonic metabolic pathway, generates lipid peroxides 

(Dailey & Imming, 1999). Antioxidants prevent these enzymes so that they are not 

accessible to damage the cellular system.  Transition metal ions are another key source of 

free radicals because of their attachment with carrier proteins, act as pro-oxidants and 

therefore toxic to human body. Metal binding proteins have an ability to chelate transition 

metals as well as some of antioxidants may also work by chelation of redox active free 

metals to inhibit the production of free radicals by these metals (Gilgun-Sherki et al., 

2001). 

5.1.2.3 Protective Role of Antioxidants on Biological Functions 

A new dimension in medical research has been developed to investigate the protective 

role of antioxidants in various diseases (Percival, 1998). In coronary heart diseases 

antioxidant plays a vital role like vitamins controls the HDL cholesterol. Vitamin C 

scavenging ROS from the gastric mucosa and prevent from gastric cancer (Woodford, 

1998). Vitamin C is effective for the reduction of hypertension and also prevents from 

tumor promotion (Chow, 2001; Epstein et al.,1997; Lee et al.,2002; Noguchi & Niki, 

2000; Parthasarathy et al.,1999). 

Research has proved that vitamin E protects the body against Alzheimer’s and 

Parkinson’s disease (Vatassery et al., 1999). Vegetables and fruits are the major source of 

vitamins which is the basic requirement of the body to work against ROS. Antioxidants 

with supplements of vitamin C and E reduce various symptoms of oxidative stress 

(Clarkson & Thompson, 2000).  

Flavanoids are found in vegetables, grains, tea, roots, stem and flowers. These all have a 

strong antioxidant potential that acts as an antiviral, antiallergic, anticarcinogenic 

properties (Holiman et al., 1996; Nijveldt et al., 2001). A very common antioxidant 
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which is found in tea is catechin that efficiently controls the blood pressure and sugar 

level in body (Ramarathnam et al., 1995).  

5.1.3 Measurement of Antioxidant Activity  

Antioxidant compounds act as a health defending factor in food and there main function 

is to capture free radicals from environment. There are strong scientific evidences that 

antioxidant reduces the chances of chronic illnesses such as cardiovascular disease and 

cancer. The antioxidant activity of compounds can be compared and monitored by using 

different antioxidant activity methods. Recently oxygen radical absorbance assays and 

chemiluminescence assays are used more frequently to evaluate the antioxidant activity 

of food and other biological fluids.  

5.1.3.1 Radical Scavenging Assays (RSAs) 

RSAs are used for determination of antiradical activity of compounds by using free 

radicals such as (DPPH) 1, 1-diphenyl-2-picrylhydrazyl radical (Lee et al., 2002) and 

diammonium salts (Re et al., 1999). Superoxide anion (O2
−) scavenging assay (De 

Gaulejac et al.,1999) and hydroxyl radical(OH) scavenging assay (Yoshiki et al.,1995) 

are the other well-known RSAs which have been used in different biological systems for 

many years.   

The RSA (Radical Scavenging Activity) of antioxidants is measured using tests such as 

(DPPH), superoxide (O2
−) and nitric oxide (NO) radical scavenging assay. 

5.1.3.2 Enzyme Inhibition Assays 

In enzyme inhibition assays there are few enzymes like cyclooxygenase, lipoxygenases, 

and xanthine oxidase, which produces ROS during their reaction. In different biological 

system inhibitors of above these enzymes control reactive oxygen species (Vaya & 

Aviram, 2001).  
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5.2 Experimental 

5.2.1 DPPH Radical Scavenging Assay 

In this assay antioxidant potential of all the test compounds were analyzed by measuring 

the variation in absorbance of DPPH at 517 nm with spectrophotometric method (Lee et 

al., 1998). DPPH radical scavenging assay is one of the most widely used methods 

designed for the determination of antioxidant activity of compounds. 

5.2.1.1 Principle 

A stable diamagnetic molecule is formed when DPPH accepts hydrogen radical or 

electron. DPPHcontains odd electron (purple colored ethanolic solution) that shows an 

intense absorption at 517nm (Blois, 1958).  As decrease in absorbance occurs it 

represents an antioxidant potential of test compounds due to consumption of DPPH at 

517 nm and formation of reduced form of DPPH which is yellow in color.  

5.2.1.2 Method 

The DPPH radical scavenging activity of free aroylhydrazines and their chromium(III) 

complexes was determined by reported spectrophotometric method with slight 

modifications (Lee et al., 1998). DPPH was obtained from MP Biomedicals, whereas 

DMSO and ethanol were bought from Fischer Scientific. 

To 1.5 ml solution of sample in DMSO, 1.5 ml ethanolic solution of DPPH (0.25 mM) 

was added. To avoid the evaporation of solvent, the sample cuvets were covered after the 

addition of DPPH solution. After agitation for 1 min, reaction mixture was incubated at 

37 ºC for 30 min. Then the absorbance of sample mixture was observed at 517 nm by 

spectrophotometer (BioTek ELx808 Multiplate Readers). The control comprised 1.5 ml 

of DMSO in place of the test compound. Propyl gallate is used as a standard inhibitor in 

DPPH radical scavenging activity and the whole analysis were carried out in triplicate 

sets. DPPH radical scavenging activity was calculated by consequent formula. 
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5.2.2 Super Oxide Anion Radical Scavenging Assay 

5.2.2.1 Principle 

This assay is depends on the capability of test compounds to prevent the reduction of 

nitroblue tetrazolium (NBT) using superoxide anion. These superoxide anion radicals 

(O2
−) are non-enzymatically produced when nicotinamide adenine dinucleotide (NADH) 

is reduced to phenazinemethosulfate (PMS) and then re oxidized by atmospheric oxygen. 

The resulting O2
− anions reduce NBT (yellow dye) to a blue formazan dye, which can be 

detected at 560 nm spectrophotometrically. The entrapping of O2
− by the test compound 

inhibits the production of formazan dye, thus decreasing the absorbance at 560 nm 

(Halaka et al., 1982; Isiyama et al., 1993; Richter et al.,1982; Soare et al.,1997). 

5.2.2.2 Method 

The superoxide dismutase RSA of free aroylhydrazine ligands and their chromium(III) 

complexes were determined using spectrophotometric method (Ilhami, Metin, Munir, 

Suktru, & Irfan, 2003) with some variations. Nitroblue tetrazolium chloride, phenazine 

methosulfate and NADH disodium salt trihydrate were obtained from AMRESCO, 

DMSO was used from Fischer Scientific while dipotassium hydrogen phosphate and 

potassium dihydrogen phosphate, were taken from Merck. 

In this method, the O2
− radicals were produced in 4.5 ml of the reaction mixture 

comprising 1 ml solution of NBT (156 µM), 1 ml solution of NADH (468 µM) and 

different concentrations of sample solution. To start the reaction, 1 ml of PMS (6 µM) 

solution was added to the mixture, potassium phosphate buffer of pH 7.4 was used for the 

preparation of all the solutions except the tested compounds that were dissolved in 

DMSO. After incubation of reaction mixture on 25 ºC for 5 min, samples absorbance was 

observed at 560 nm, by spectrophotometer (BioTek ELx808 Multiplate Readers). Propyl 

gallate is a compound used as a standard inhibitor of O2
−anion. Increase in superoxide 

radical scavenging activity was monitored by decrease in the absorbance of reaction 

mixture. This whole analysis was performed out in triplicate. O2
− anion RSA was 

calculated by consequent formula. 
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5.2.3 Nitric Oxide Radical Scavenging Assay 

5.2.3.1 Principle 

Sodium nitroprusside is recognized to decompose spontaneously in aqueous solution at 

physiological pH (7.4), producing NO radical. Under aerobic situation, NO react with 

oxygen to form stable products (nitrate and nitrite), which can be computed by using 

Griess reagent (comprising α-naphthyl-ethylenediammine) generates a pink 

chromophore, which can be measured at 540nm spectrophotometrically (Marcocci et al., 

1994). 

5.2.3.2 Method 

Nitric oxide scavenging activity of hydrazide ligands and corresponding chromium(III) 

complexes were estimated using Griess Illosvay reaction (Garratt, 2012). The 

spectrophotometric method were used (Marcocci et al., 1994) was slightly modified. 

DMSO was collected from Fischer Scientific, while all other chemicals were got from 

sigma Aldrich. 

The mixture having 0.5 ml sample (in DMSO), 0.3 ml of 0.1 mM (pH 7.4) phosphate 

buffer saline (PBS) and 1.6 ml of sodium nitroprusside (10 mM in PBS) was incubated  

for 1.5 hr at 25 ºC. After incubation, the mixture solution was mixed with Griess reagent 

[0.8 ml naphthyl-ethylenediamine dichloride (0.1 percent w/v) and 0.8 ml sulfanilic acid 

(0.33 % in 20 % glacial acetic acid)]. After suitable agitation the mixture was incubated 

at 25 ºC for 10 min. The absorbance of resultant pink solution was measured at 540 nm, 

using spectrophotometer (BioTek ELx808 Multiplate Readers). Ascorbic acid is used as a 

standard inhibitor in Nitric oxide RSA. This whole analysis was performed out in sets of 

triplicate and RSA was calculated by consequent formula. 

5.2.4 Calculation of Antioxidant Activities 

The percent inhibition of DPPH, Nitric oxide and Superoxide anion radicals were 

calculated by using the given formula: 

% inhibition of radical = [AC – AS) / AC] x 100 
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Where AC is the control absorbance without sample and AS is the sample absorbance. 

5.2.5 IC50 Determinations 

The IC50 of compound is the concentration which causes 50 % radicals to be scavenged 

by test compound. The IC50 of all the compounds were determined by observing the 

effect of variable concentrations that ranges from 1-1000 M. EZ-Fit Enzyme Kinetic 

Software Program (Perrella Scientific Inc. Amherst, U. S. A.) is used for the 

determination of IC50 of the compounds.  

5.3 Results and Discussions 

5.3.1 DPPH Radical Scavenging Activity 

The DPPH activity of aroylhydrazines and their chromium(III) complexes were studied 

and IC50 values are mentioned in Table 5.1. Result shows that the ligands and their metal 

complexes exhibited variable activity. It was found that most of the metal complexes 

were found to be more active as compared to their respective aroylhydrazine ligands. 

IC50 values exhibited by chromium(III) complexes falls into a wide range of 26-220 μM 

and aroylhydrazines are in the range of 22-1000 μM. Five out of twenty five tested 

compounds (4a, 3, 9, 10, 11) demonstrated comparable or higher radical scavenging 

activities in contrast with positive control propyl gallate (PG IC50 = 30 μM). 

Chromium(III) salt was found inactive whereas remaining compounds showed IC50 in the 

range 47-1000 μM (Figure 5.1). 
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Table 5.1: IC50 values of DPPH antioxidant activity of aroylhydrazines (1-12) and their 

chromium(III) Complexes (1a-12a) 

Compound Code IC50 (µM) ± SEM Compound Code IC50 (µM) ± SEM 

1 133 ± 1.11 1a 53 ± 0.12 

2 >1000 2a 52 ± 0.11 

3 32 ± 0.01 3a 188 ± 0.15 

4 49 ± 0.12 4a 26 ± 0.01 

5 121 ± 0.03 5a 56 ± 0.01 

6 99 ± 0.150 6a 51 ± 0.03 

7 150 ± 0.06 7a 47 ± 0.02 

8 100 ± 0.06 8a 60 ± 0.03 

9 32 ± 0.01 9a 60 ± 0.02 

10 22 ± 0.01 10a 220 ± 0.14 

11 30 ± 0.02 11a 80 ± 0.03 

12 372 ± 0.12 12a 48 ± 0.02 

CrCl3.6H2O NA *PG 30 ± 0.01 

PG*= Propyl gallate, standard inhibitor of DPPH radical 

NA = not active 
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Figure 5.1: Bar graph of ligands and their chromium(III)-aroylhydrazine complexes presenting 

DPPH antioxidant activity. 

5.3.1.1 Structure Function Relationship 

Aroylhydrazine ligands and their chromium(III) complexes were synthesized and 

investigated for their antioxidant activity using DPPH.  IC50 values for DPPH antioxidant 

activity of ligands, chromium(III)-aroylhydrazine complexes and chromium(III) chloride 

salt were presented in Table 5.1. Results indicate that the aroylhydrazine ligands and their 

chromium(III) complexes exhibits moderate to good antioxidant activity in DPPH assay.  

Propyl gallate were used as standard with IC50 30.0 μM. It is important to mention here 

that 5 out of 25 tested compounds were demonstrated comparable or high antioxidant 

activities in contrast with positive control propyl gallate. Remaining compounds showed 

moderate activity whereas Cr(III) salt was found inactive. 

IC50 value exhibited by non-substituted ligand 1 was 133 μM and after chelation this 

value decreased by more than 50% to a 53 μM. Study shows that complexes of 

aroylhydrazines having halo group (fluoro, bromo, iodo) at meta and para positions (3a, 

9a, 10a and 11a) exhibited lesser activity than their parent ligands. Since DPPH radical 
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needs electron to pair off, it can react with compounds having capacity to provide an 

electron or hydrogen radical (Soare et al., 1997). The electron or hydrogen removal site 

in the aroylhydrazines could be α or β hydrazinic nitrogen (Ain et al., 2013; Ashiq et al., 

2008). It may be concluded that electron withdrawing effect of aroylhydrazine ligands (3, 

9, 10 and 11) enhances due to electron deficient d3 system of Cr(III) which may reduce 

the electron density on ligand in the chromium complexes. 

Chromium(III) complexes of electron donating aroylhydrazines 4a-8a and 12a showed 

good activity that may be due to increased electronic bulk close to the electron donating 

site in the complex. In view of the fact that DPPH radical needs electron to get paired, it 

can reacts with compound comprising high capability to provide hydrogen radical or an 

electron (Soare et al., 1997). 

Presence of fluoro group at ortho position in 2 makes the aroylhydrazine inactive. The 

larger electron withdrawing effect of fluorine may reduce the electronic bulk close to the 

electron providing site which looks as if it is responsible for lowest inhibitory potential of 

2. It is interesting to note that compound 2a is more active than its parent ligand. It is 

concluded that chelation of 2 with Cr(III) facilitate the removal of electron or hydrogen 

radical from α or β hydrazinic nitrogen. 

It is worth mentioning that chromium salt, CrCl3.6H2O showed very low radical 

scavenging potential as compared to chromium(III)-aroylhydrazine complexes. This 

submits the central role of chromium centre coordinated with aroylhydrazine ligands in 

DPPH activity. 

5.3.2 Superoxide Anion Radical Scavenging Activity 

Superoxide anion RSA was conducted in DMSO and the results are collected in Table 

5.2. The results show that all the tested ligands 1-12 were inactive (Ashiq et al., 2009) 

and become active upon coordination with metal center. Chromium(III) salt and 

compound 11a exhibited weak activity i.e. IC50 value 297 and 316 µM respectively, 

among all tested compounds while five complexes (1a, 2a, 3a, 7a and 12a) showed 

higher or similar superoxide radical scavenging activity to standard propyl gallate (IC50 = 
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106 µM). Remaining compounds showed moderate to weak activity in the range of IC50 

of 116 - 244 µM. 

Table 5.2: IC50 values of Superoxide antioxidant activity of aroylhydrazines (1-12) a) and 

their chromium(III)-aroylhydrazine complexes (1a-12a) 

Compound Code IC50  (µM) ± SEM Compound Code IC50  (µM) ± SEM 

1a 102 ± 0.18 8a 174 ± 0.08 

2a 94 ± 0.04 9a 200 ± 0.09 

3a 109 ± 0.15 10a 244 ± 0.08 

4a 131 ± 0.19 11a 316 ± 0.05 

5a 116 ± 0.08 12a 92 ± 0.05 

6a 170 ± 0.05 CrCl3.6H2O 297 ± 0.12 

7a 90 ± 0.03 PG* 106 ± 0.03 

NA = Not active 

a) All Aroylhydrazines are not active. 

PG* = Propyl gallate, standard inhibitor of superoxide radical 

5.3.2.1 Structure Function Relationship 

Synthesized aroylhydrazine ligands and their chromium(III) complexes were investigated 

for superoxide antioxidant activity. The scavenging outcomes of these compounds are 

given in Table 5.2. The results found that all the tested aroylhydrazines are inactive and 

showing great activity when coordinated to metal center. Chromium(III) salt was found 

very weakly active with IC50 297 µM (Figure 5.2). It indicates that structure of the 

complex may play an important role. Study showed that in synthesized complexes, 

chromium(III) is octahedrally coordinated with aroylhydrazines which may enhance this 

activity.  
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Figure 5.2: Bar graph of chromium(III)-aroylhydrazine complexes presenting Superoxide 

Dismutase antioxidant activity 

Compound 1a with unsubstituted phenyl ring exhibits IC50 value of 102 μM. Substitution 

of fluoro, bromo, iodo and methoxy group on benzene ring increase this value to the 

range of 109-316 μM except 2a with IC50 of 94 μM.  In all chromium(III)-aroylhydrazine 

complexes, compound 2a, 7a and 12a show potent activity and these IC50 values were 

found below the standard value. Substitution of fluoro at ortho position for 2a results in 

low IC50 value indicating positive impact of inductive effect of fluoro on the Cr center. In 

complex 12a, the NH moiety in between carbonyl group and phenyl ring of 

aroylhydrazine more efficiently enhanced the radical scavenging potential. Substitution 

of amino group at meta position in complex 7a results in more antioxidant activity than 

ortho or para substituted complexes. These observations also elucidated that the electron 

density enhancing factors may not raise the superoxide radical scavenging capacities. 
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5.3.3 Nitric Oxide Radical Scavenging Activity 

Table 5.3: IC50 values of Nitric oxide antioxidant activity of aroylhydrazines (1-12) a) 

and their chromium(III)-aroylhydrazine complexes 

Compound Code IC50  (µM) ± SEM Compound Code IC50  (µM) ± SEM 

1a 568 ± 0.01 8a 372 ± 0.12 

2a 306 ± 0.18 9a 1082 ± 0.13 

3a 831 ± 0.08 10a 787 ± 0.11 

4a 543 ± 0.15 11a 959 ± 0.08 

5a 1026 ± 0.11 12a 798 ± 0.14 

6a 546 ± 0.18 CrCl3.6H2O NA 

7a 465 ± 0.10 AA* 352±0.14 

 

NA = Not active 

a) All Aroylhydrazines are not active 

AA* = Ascorbic acid, standard inhibitor of Nitricoxide radical 

5.3.3.1 Structure Function Relationship 

All of free aroylhydrazine ligands, 1–12 did not found active in nitric oxide scavenging 

activity (Ashiq et al., 2009). Chromium(III) complexes, with IC50 values ranging from 

306 to 1082 μM, showed varying degrees of activity as collected in Table 5.3, Figure 5.3. 

One of chromium(III) complex, 2a, showed better inhibitory potential (IC50 = 306 μM) 

than standard ascorbic acid (IC50 = 352 μM). This compound has a flouro group at an 

ortho position that may exhibit some steric hindrance, but, it decreases the electron 

concentration on the chromium(III) center by an inductive effect that may support in 

nitric oxide radical binding with the chromium(III) center to removal of electrons. 

Compound 3a with meta substituted fluoro group was found to be less potent nitric oxide 

radical scavenger compared to complex 2a with ortho substituted fluoro group. Ortho 

and meta amino substituted complexes 6a and 7a are less active with IC50 546 and 465 

μM as compared to para- substituted compound 8a with IC50 372 μM.  
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Figure 5.3: Bar graph of chromium(III)-aroylydrazine complexes presenting Nitricoxide 

antioxidant activity 

Inactivity of all aroylhydrazine ligands evidently illustrates that complexation acts vital 

role in improvement of nitric oxide radical scavenging activity of free ligands. In 

addition, steric and electronic properties play important role in their antiradical potential. 
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Chapter Six 

Antiglycation Studies of Chromium(III)-aroylhydrazine 

Complexes 

The increase in diabetic issues and failure of existing antidiabetic drugs is important 

aspect to motivate researchers in the investigation of antiglycation agents for inhibition of 

protein that might be responsible for glycation. This chapter describes the study of few 

chromium(III)-aroylhydrazine complexes that acts as an antiglycation agents and it may 

be valuable for future research in various antidiabetic drugs. 
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6.1 Introduction 

6.1.1 Glycation  

Glycation is a reaction between amino groups of proteins and carbonyl groups of 

reducing sugars that producing insoluble florescent advanced glycation end products 

(AGEs). These AGEs accumulate on long lived proteins hence involving the biological 

functions. This is the basic molecular source of various diabetic problems like diabetes 

nephropathy, retinopathy, neuropathy and some cardiovascular diseases (Odjakova et al., 

2012). A non-enzymatic spontaneous glycation reaction that produces AGEs (Ulrich & 

Cerami, 2000). These glycation reaction depends on the formation of ROS also they 

damage the elastin and collagen all over the body (Dearlove et al.,2008). The growth of 

AGEs together with greater oxidative stress has a key influence in the development of 

aging, diabetic complications and delayed healing of wounds (Ahmed, 2005; Chakravarty 

et al., 1964; Gulcin, et al., 2004; Kang et al., 2005; Nathan, 1993). 

6.1.2 Protein Glycation  

The protein glycation is also known as Millard reaction which involves coupling of 

proteins non-enzymatically with reducing sugars that generates advanced end products. 

Glycation is a spontaneous reaction that stimulates the degradation of proteins with 

modification of their structures and biological activity (Nagai et al., 2010; Semba et al., 

2010; Ulrich & Cerami, 2000). 

6.1.2.1 Mechanism of Protein Glycation  

There are three phases of glycation i.e. early, intermediate and late, unstable Schiff base 

is form through early stage and acid base catalysis. This compound endures readjustment 

to form a more stable Amodri product via dehydration, oxidation and other chemical 

reactions. These Amodri product reduce to more reactive carbonyl compounds when they 

react with other free amino group of biomolecules and behave as a propagators of the 

reaction. In the last stage of protein glycation AGEs are formed (Lapolla et al., 2005; 

Neglia et al., 1983). 
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6.1.3 Formation of Advanced Glycation Endproducts (AGEs) 

The production of AGEs gradually increases by normal aging also stays hastened in 

diabetes. The AGEs have a diverse biological functions and structures; it comprises a 

complex mixed group of compounds produced chiefly over the reaction of reactive 

carbonyls and proteins. The amino, guanidium and sulfhydryl functional groups 

occurring in intracellular and extracellular proteins are the major targets of reactive 

carbonyl compounds (Naila et al., 2002; Singh et al.,2001). 

6.1.3.1 Factors Affecting the Formation of AGEs 

The creation of AGEs is a comparatively slow procedure in biological environment. The 

growth of AGEs is projecting in protracted lived structural proteins like tissue collagens. 

The oxidative environments are known to speed up the formation of AGEs as a result 

glycation reduces down in anaerobic environment (Xi et al., 2008). The transition metal 

ions can induce the auto oxidation of sugars to yield keto aldehydes and hydrogen 

peroxide which speed up the creation of AGEs (Hunt et al.,1988). The magnitude of 

AGEs formed is raised with respect to time and concentration of glucose, therefore the 

AGEs formation is well with aging and under diabetic conditions (Bendayan, 1998). 

6.1.4 Antiglycation Agents (Glycation Inhibitors)  

Agents with antiglycation and antioxidant properties may slow down the process of 

AGEs formation by preventing advance oxidation of Amadori products. Compounds 

together with antioxidative and AGEs inhibition properties could act as inhibiting agents 

beside diabetic complications. Certain molecules have been synthesized that can split 

AGEPs cross-links and probably exposed the prospect of reversing the stable system of 

diabetic complications (Ahmed, 2005). 

6.1.4.1 Isoferulic acid (IFA) 

Isoferulic acid (IFA) has a great inhibitory activity accepted on glucose and fructose 

mediated protein glycation as well as oxidation of bovine serum albumin (Meeprom et 

al., 2013). 



   

124 

 

6.1.4.2 Aminoguanidine  

Aminoguanidine is a renowned anti-glycation agent both in vitro and in vivo that inhibits 

AGEs formation. It has captured the attention from a clinical trials perspective (Giardino 

et al., 1998; Ihm et al., 1999; Kousar et al., 2009). Current studies have specified that for 

diabetic nephropathy aminoguanidine may have seen certain toxicity. (Bolton et al., 

2004). 

6.1.4.3 Osbeckia octandra 

Aqueous leaf extract of Osbeckia octandra used in traditional medicine for diabetes 

mellitus. Additional studies of this leaf extract shows extraordinary antiglycation and 

antioxidant activities that will be extremely important in drug development industry 

(Perera et al., 2013). 

6.1.4.4 Rutin  

Rutin is a collective flavonoid present in vegetables and fruits which moderates the AGEs 

generation in vitro. The flavonoids like rutin comprise vicinal dihydroxyl groups that 

recognized their substantial role as antiglycating agents. The mechanism of inhibition by 

rutin is proposed to hold amino groups in proteins at initial stage of glycation particularly 

in keto amine formation through rutin metabolites. Rutin has exposed major inhibitory 

influence against haemoglobin glycation and it has recognized more efficient matched to 

aminoguanidine (Wu & Yen, 2005). 

6.1.4.5 Mechanism of action of Antiglycation agents 

The formation of AGEs is a multipart process comprising a variety of chemical reactions 

mediated without the support of any enzyme. Production of Schiff bases is the starting 

stage of glycation and in middle the Amadori products form due to readjustment of Schiff 

bases. The Amadori products go over further rearrangement, dehydration, condensation 

and addition reactions with other proteins. This irreversible sequence of reactions lastly 

leads to formation and accumulation of complex show advanced glycation end products 

(AGEs). It is consequently possible to inhibit the AGE formation both in vivo and in vitro 
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over diverse interventions (e.g. antioxidants, AGE receptor blockers, transition metal ion 

chelators, Anti-AGE antibodies, etc) (Rahbar & Figarola, 2003). Additionally, it is 

reported that multifunctional agents such as metal ion chelation, carbonyl scavenging and 

antioxidant activities within the similar molecule may also successfully inhibit the 

glycation reaction. 

6.1.4.6 Metal-Based Glycation Inhibitors  

Metal complexes of Co(II), Ni(II), Mn(II), Cu(II) and Zn(II) with isatin hydrazone have a 

prominent antiglycation as well as antioxidant activity (Jamil et al., 2015). Isatin 

thiosemicarbazone with zinc, nickel and cobalt also show a good antiglycation activity 

due to existence of thiourea moiety, chelation of metals with different substituents which 

contribute in the direction of their protein antiglycation activity (Kandemirli et al., 2015). 

Metal derivatives of isatin-3-thiosemicarbazones, with diverse functionalities such as 

thiourea, oxindole indicate that these compounds can exert their biological potential 

through number of ways.  

Cross link formation of both thiol and amine groups have well studied antiglycation 

properties. Hence thiols or sulfur-containing compounds (such as N-acetylcysteine, 

homocysteine, thiourea, etc.) can be act as competitive nucleophiles to react with 

reducing sugars and dicarbonyls which inhibit the non-enzymatic protein glycation 

reaction (Zeng & Davies, 2006). 

6.1.5 Diabetic Complications and their prevention 

Diabetic complications such as retinopathy, neuropathy, cataract and atherosclerosis has 

straight relevance with AGEs (Ahmed, 2005). So, agents with antiglycation and 

antioxidant properties may impede the process of AGE formation by inhibiting further 

oxidation of Amadori products. In fact, the analysis of compounds with both 

antioxidative and AGEs inhibition properties may act as anticipatory agents against 

diabetic problems. In prevention of diabetic complications IFA might be a new strong 

anti-glycation agent in oxidation-dependent protein damage and inhibition of AGEs 

formation (Meeprom et al., 2013). 
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6.2 Experimental  

6.2.1 Principle 

Fluorescent detection is the appropriate way to observe the formation of AGE (Uchida, 

2006; Yamada et al., 2001). Browning, fluorescence and cross linking are the central 

features of many AGEs that shows fluorescence at 370nm or 440nm (Hayase, 2000; 

Nathan, 1993; Nomotoet al.,2013). Fluorescent of AGEs formation are detected by a 

number of model systems like bovine serum albumin (BSA)-carbonyl model, BSA-

monosaccharide model, amino acid-carbonyl model and amino acid-monosaccharide 

model. Elastin, collagen and keratin proteins can apply in vitro to inspect the AGE 

formation (Hori et al., 2012). BSA-carbonyl model has been selected in this study, α-

dicarbonyl compound methylglyoxyl (MGO) reacted and reformed BSA which directing 

lysine, arginine and cysteine eventually the production of fluorescent carbonyl-protein 

adducts which can be observed at 330nm (excitation)  and 440nm (emission) by 

fluorescence measurement. 

6.2.2 Antiglycation Activity Assay (In Vitro) 

The antiglycation activity was done using the testified method (Lee et al., 1998; Rahbar 

& Figarola, 2003) with the amendments mentioned in below process. This assay based on 

testing of inhibition of methylglyoxyl (MGO) mediated glycation of BSA by fluorometry. 

BSA (Research Organics), Rutin (Carl Roth GmbH & Co), sodium azide (Scharlau 

Chemie), methylglyoxyl 40% aqueous solution with sodium dihydrogen phosphate 

(Sigma Aldrich), DMSO (Fischer Scientific) and disodium hydrogen phosphate (Merck) 

are the necessary chemicals which were procured from different chemical companies. 

0.1M Na2HPO4 and NaH2PO4 were used for the preparation of pH 7.4 phosphate buffer 

that also comprising 30mM sodium azide (NaN3) to inhibit growth of bacteria. 

Triplicate sets of solution, each sample comprises of 50 µL BSA 10 mg/mL in buffer, 0.1 

M of pH = 7.4 phosphate buffer containing NaN3 (30 mM), 50 µL of 14 mM MGO and 

20 µL of test sample prepared in DMSO were incubated in sterilized settings at 37 °C for 
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9 days. After incubation, all samples were observed for the development of particular 

fluorescence (excitation on 330 nm and emission on 440 nm) going on a microtitre plate 

reader (Spectra Max, Molecular Devices, USA) spectrophotometer against blank 

solution. A positive control Rutin was used that have an IC50 = 294 ± 1.50 μM. In the test 

sample the percent inhibition of AGE formation was calculated against control for every 

compound using the formula: 

Percent inhibition = (1- fluorescence of sample solution/ fluorescence of the control solution) x 100 

6.2.3 IC50 Determination 

Concentration of test compound that inhibits 50 % the MGO mediated glyoxidation of 

protein BSA is represented as IC50 value of test compound. EZ-Fit Enzyme kinetics 

program (Parella Scientific Inc., Amherst, USA) was used for the estimation of IC50 

values of test compounds. 

6.3 Results and Discussion 

Aroylhydrazine ligands and their chromium(III) complexes (Table 6.1, Figure 6.1) were 

screened for their antiglycation potential. Ligands and metal salt itself found to be 

inactive but the chromium(III)-aroylhydrazine complexes have found IC50 values are in 

the range of (368 µM – 892 µM). Compound 2a, 3a, 4a, 5a, 9a and 10a were exhibited 

moderate antiglycation activity which can be comparable with standard Rutin (IC50 

=294.5µM) used in antiglycation activity. 
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Table 6.1: IC50 Values of Antiglycation Activity of aroylhydrazines (1-12) a) and their 

chromium(III)-aroylhydrazine complexes (1a-12a) 

Compound Code IC50  (µM) ± SEM Compound Code IC50  (µM) ± SEM 

1a 892.40 ± 4.5 8a NA 

2a 428.62 ± 4.7 9a 389.39 ± 1.8 

3a 428.66 ± 1.5 10a 368.39 ± 3.8 

4a 394.30 ± 4.6 11a 378.75 ± 3.5 

5a 429.01 ± 4.4 12a NA 

6a NA CrCl3.6H2O NA 

7a NA Rutin* 294.5 ± 1.5 

 

NA = Not active 

a) All aroylhydrazines are not active. 

Rutin* = Standard inhibitors of Anti-glycation activity 

SEM = Standard error of the mean  
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Figure 6.1: Bar graph of chromium(III)-aroylhydrazine complexes presenting 

Antiglycation activity. 

6.3.1 Structure Activity Relationship 

Chromium(III) chloride salt and free aroylhydrazine ligands both are inactive to the 

glycation inhibition but the combination of ligand with chromium(III) salt acquiring an 

antiglycation potential in chromium(III)-aroylhydrazine complexes are based on this fact 

that an apparent understanding about the structure activity relationship could be 

developed. Between the different chromium(III) compounds (1a-12a) a varying degree of 

inhibition were found with IC50 value ranging from 368 µM to 892 µM compared with 

standard Rutin (IC50 = 294.5±1.5). Compound 4a (IC50 = 394.30±4.6), 9a (IC50 = 

389.39±1.8), 10a (IC50 = 368.39±3.8) and 11a (IC50 = 378.75±3.5) showed active 

antiglycation activity but the compounds 6a, 7a, 8a, 12a and all aroylhydrazine ligands 

are inactive against glycation inhibition, that means complexation might play an 

significant role in reducing the toxicity of chromium(III) ion and increasing their 

antiglycation potential. 

The carbonyl and amino groups in a compound are highly critical in the inhibition of 

glycation process. The process of glycation starts with the reaction of free amino group of 
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proteins and carbonyl group of reducing sugar (Nagai et al., 2010; Povichit et al.,2010). 

Similarly rutin (a standard inhibitor) can trap amino groups of protein by inhibiting 

protein glycation (Hadley et al.,2001; Wu & Yen, 2005). Concluding the above 

discussion aroylhydrazines should have a strong antiglycation potential because of 

presence of amino and carbonyl groups but these aroylhydrazines are inactive because it 

may be relative affinity among carbonyl group and amino group in hydrazine molecule to 

amino group of protein and carbonyl group of methylglyoxyl. Furthermore due to a small 

aroylhydrazine molecule, a small distance between carbonyl and amino groups unable to 

form bis-Schiff base. Hence free aroylhydrazine ligands have not found antiglycation 

potential. 

To detect the effect of different substituents antiglycation activity of compounds (1a, 2a, 

3a, 4a, 5a, 9a, 10a and 11a) have been compared. Compound 1a in which no substituent 

are on phenyl ring and directly attached to the aroylhydrazine carbonyl group that 

attained a very less inhibition potential with IC50 value of 892 µM. All of the compounds 

have same metal chromium but possess different substituents on benzoylhydrazine. 

Compound 9a, 10a and 11a have strong antiglycation potential in which iodo and bromo 

groups are present on meta and para positions respectively as well as compound 2a, 3a 

contains ortho-fluoro group and meta-fluoro groups have also a significant glycation 

inhibition potential. Methoxy containing substituents (4a, 5a) also have a valuable 

antiglycation activity. It means the substitution by halo or oxygen containing groups 

might increases hydrophilicity plus hydrogen bonding properties, which can support the 

contact of a compound with protein. Moreover, the halo and oxygen comprising 

substituents may reduce the electron density on carbon atom of adjacent carbonyl group 

through negative inductive effect that creats carbonyl group more labile for nucleophilic 

attack by amino groups of proteins. The consequential possible Schiff base adducts 

formation among protein and chromium(III)-aroylydrazine complex inhibits the methyl 

glyoxyl mediated glycation of protein. From now it was assumed that the substitution on 

phenyl ring of aroylhydrazine may improve the antiglycation efficiency. In distinction, 

the NH moiety in between carbonyl group and phenyl ring of aroylhydrazine (as in 

complex 12a) is accountable for the inactivity in antiglycation activity. The NH moiety is 
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proposed to be convoluted in intramolecular H-bonding with adjacent carbonyl group 

which may prevent carbonyl to relate effectively with protein producing less inhibition 

potential. The intramolecular H-bonding has likewise previously been specified as 

possible source of low antiglycation activity in hydroxyl compounds (Taha et al., 2014).  

A new interesting feature is the number of nitrogen atoms existing in the complex which 

is adversely related with antiglycation ability for majority of the compounds. As well the 

presence of NH2 group at ortho, meta and para position in compound 6a, 7a and 8a 

displays inactivity in antiglycation activity. 

In previous studies it was found that the different group substitution results in varying 

mark of antiglycation activity (Choudhary et al., 2011; Khan et al., 2009; Taha et al., 

2014; Zebet al., 2012). The outcome of present study clearly indicates that the alteration 

in the structure of a compound could be used to enhance the antiglycation activity of 

chromium(III)-aroylhydrazine complexes. The active inhibition of protein glycation is an 

important tool to control diabetic problems (Baral et al., 2000). 

From these results it can be concluded that halo and methoxy substitution group 

containing chromium(III)-aroylhydrazine complexes is decisive to inhibit the process of 

protein glycation more efficiently. Besides, in vitro antiglycation potential of 

chromium(III)-aroyl hydrazine complexes is affected by various factors such as metal-

ligand complexation, binding pattern of ligand in complex, presence of nitrogen and also 

a nature of ligand. This study provides the opportunity for future researchers to work in 

this area in order to support the hypothesis and mechanism of action of antiglycation and 

to catch more chromium(III) based antiglycating agents in order to control diabetes. 
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Chapter Seven 

Carbonic Anhydrase Inhibition Studies of 

Chromium(III)-aroylhydrazine Complexes 

Carbonic anhydrases are highly active group of enzymes that are involved in different 

pathological processes and have major role in the growth and virulence of pathogens. 

Carbonic anhydrase inhibitors establish their role as effective antiglaucoma and diuretics, 

antiobesity as well as anti-infective agents. This chapter describes few of chromium(III)-

aroylhydrazine complexes that shows activity against carbonic anhydrase-(II). 
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7.1 Introduction 

7.1.1 Carbonic Anhydrases 

Highly pervasive metalloenzymes like carbonic anhydrases (CAs) are involved in various 

pathological and physiological processes like lipogenesis, glucogenesis, ureagenesis and 

tumorigenicity. Carbonic anhydrase inhibitors (CAIs) have been recognized as 

antiglucoma drugs and diuretics moreover CAs activation is a novel approach for the 

control of Alzheimer’s disease. Recently, it was found that CAIs have a great potential to 

act as anticancer and anti-infective drugs (C. T. Supuran, 2008). 

7.1.1.1 Types of Carbonic Anhydrases 

In prokaryotes and eukaryotes carbonic anhydrases are characterized into three diverse 

gene families i.e. α- carbonic anhydrases, β-carbonic anhydrases and ɣ-carbonic 

anhydrases. α- carbonic anhydrases found in vertebrates, algae and bacteria, β-carbonic 

anhydrases found in algae, chloroplasts and bacteria as well as ɣ-carbonic anhydrases 

largely exists in bacteria and archaea (Andrea et al., 2006; Stams & Christianson, 2000; 

Supuran, 2008; Supuran et al., 2004). 

α-carbonic anhydrases isozymes have been isolated from mammals that define discrete 

catalytic efficiency, tissue distribution and subcellular localization (Alterio et al., 2006; 

Lehtonen et al., 2004; Nishimori et al., 2007; Nishimori et al., 2005; Vullo et al., 2004; 

Vullo et al., 2005). Furthermore, around five cytosolic isoforms (CA I, II, III, VII and 

XIII), two mitochondrial isoforms (CA VA and VB), and (CA IV, IX, XII, XIV and XV) 

are five membrane bound isozymes, whereas in saliva isozyme CA VI is secreted. 

(Kohler et al., 2007; Saczewski et al., 2006; Supuran, 2008). 

7.1.1.2 Biological Role of Carbonic Anhydrases    

CAs initially catalyzes the physiological conversion of CO2 into bicarbonate and proton. 

This reversible reaction is associated with a number of pathological and physiological 

processes like transportation and respiration of CO2 between lungs and tissues, pH 

regulation, electrolyte secretion, homeostasis, biosynthetic processes (gluconeogenesis, 
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ureagenesis and lipogenesis), bone resorption and calcification (Alterio et al., 2006; 

Lehtonen et al., 2004; Nishimori et al., 2007; Nishimori et al., 2005; Vullo et al., 2004; 

Vullo et al., 2005). 

CO2 + H2O HCO3
- + H+

 

The most active CAs are CA II and CA IX that catalyses CO2 into bicarbonates (Senturk 

et al., 2009). In kidneys CA isoforms perform three main functions like homeostasis, 

NH4
+ output and bicarbonate reabsorption (Kyllonen et al., 2003; Splendiani & Condo, 

2005). CA VA and VB are α-carbonic anhydrase which are present in mitochondria and 

mostly involve in biosynthetic processes of vertebrates and invertebrates (Supuran, 

2003). IX carbonic anhydrase involves in cell growth by providing bicarbonate for 

pyrimidine nucleotide synthesis (Thiry et al., 2006).  

7.1.1.3 Mechanism of Action of Carbonic Anhydrases (CAs) 

Maximum carbonic anhydrases, as well as α-CAs, have firmly bound Zn(II) metal ion at 

the active site as the only recognized non-protein which is crucial for catalysis. While 

there is a gross structural difference, chiefly in the amino acid sequence, among various 

classes of CAs (Tripp et al., 2001). The basic form of enzyme, comprising hydroxide 

(OH-) coordinated to Zn+2, is considered as the active form. This strong nucleophile (i.e., 

OH-) attacks the CO2 molecule resulting in the generation of bicarbonate ion coordinating 

to Zn+2. Here afterwards the water molecule displaces the bicarbonate ion , liberating it 

into the solution, and bring about in the catalytically inactive acid form of the enzyme , 

where water is bonded to Zn(II) (Kohler et al., 2007; Nishimori et al., 2007; Saczewski et 

al., 2006; Supuran, 2008). To re-establish the basic form of CA enzyme, the transfer of 

proton takes place to the environment from the active site, which is probably supported 

both by active site amino acid residues (e.g., His64) and by buffers existent in the 

medium. This process might be explained using two step mechanism shown in scheme 

7.1. 
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E-Zn2+- OH
CO2

E-Zn2+- HCO3
- H2O

E-Zn2+-OH2 + HCO3
-

E-Zn2+- OH2
E-Zn2+-OH-+ H+

 

Scheme 7.1: Mechanism of catalytic reaction of carbonic anhydrase 

Transfer of proton is the rate limiting step in catalysis that restores zinc hydroxide form 

of enzyme. The proton transfer process in very much active carbonic anhydrase 

isozymes, such as CA II, IV, VI, VII, IX, XII-XIV is maintained by His64 residue 

located at the active site’s entrance or by a histidine cluster projecting out to the surface 

from the frame of the enzyme active site, thus declaring efficient proton transfer 

pathways (Kohler et al., 2007; Nishimori et al., 2007; Saczewski et al., 2006; Supuran, 

2008). 

7.1.2 Carbonic Anhydrase Inhibition 

Carbonic anhydrase isozymes are major drug targets that treat an extensive range of 

diseases, such as edema, epilepsy, obesity, glaucoma, osteoporosis, duodenal and gastric 

ulcers. The promising use of carbonic anhydrase inhibitors against fungal, protozal and 

bacterial infections are emerging a novel research area. Resistance of pathogens to 

available drugs generates above serious medical problems but now they can be controlled 

with unique mechanism of action of CAIs which target enzymes of pathogens (Aguilera 

et al.,2005; Covarrubias et al., 2005; Krungkrai et al., 2005; Mogensen et al., 2006; 

Nishimori et al., 2007; Soto et al., 2006). 

7.1.2.1 Mechanism of action of carbonic anhydrase inhibitors (CAIs) 

There are two central periods of recognized CAIs: the metal-chelating anions and the 

non-substituted sulphonamides. The sulphonamide CAIs generally coordinate to 

enzymatic Zn+2 by substituting a non-protein ligand (i.e., water or hydroxide ion) 

previously attached to metal ion, subsequent in tetrahedral adduct. In contrast, CAIs such 

as thiocyanates are added on Zn coordination sphere to form a trigonal bipyramidal 

species (Scozzafava et al., 2006; Stams & Christianson, 2000; Supuran, 2008; Supuran et 
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al., 2004). In common these CAIs consist of three components: a metal coordinating head 

group (that binds the Zn(II) in the active site), an organic backbone or a linker group (that 

builds non-covalent such as hydrogen bonding, electrostatic or hydrophobic connections 

with enzyme surface) and a tail group (that is accepting to structural modification) (Haas 

& Franz, 2009; Kilpin & Dyson, 2013). 

 

 

 

Figure 7.1:  Acetazolamide, a standard carbonic anhydrase inhibitor. 

The acetazolamide (Figure 7.1), methazolamide, ethoxozolamide and dorazolamide are 

the standard CAIs, they have a important CA inhibitory properties (Kohler et al., 2007; 

Nishimori et al.,2007; Saczewski et al., 2006; Supuran et al., 2004; Supuran et al.,2000). 

Coumarins and phenols belong to another class called non-zinc binding CAIs (Ekinci et 

al., 2011). The phenol is attached to Zn(II)-coordinated hydroxide ion or water (Nair et 

al.,1994) as well as coumarins block the active site of CA, including hydrophobic as well 

hydrophilic interactions by means of amino acid residues (Maresca et al., 2009). 

7.1.3 Metal-Based Carbonic anhydrase inhibitors 

Thiadiazole sulphonamides (such as benzolamide, acetazolamide and methazolamide) 

with multiple metals in which Zn(II), Fe(II), Hg(II), Cd(II), Co(II), V(IV), Cu(II), Cr(III), 

Ni(II), and lanthanides(III) have been examined by CA inhibition strengths against 

isozymes for their prospective pharmacological applications (Briganti et al., 2000; Ilies et 

al., 2004; Mastrolorenzo et al., 2000; Sumalan et al., 1996; Supuran, 1992; Supuran, 

1995; Supuran et al.,1993; Supuran et al., 1998). These complexes show very powerful 

action against CA I and CA II as linked to their sulphonamides (Supuran, 1992). 

Ni(II), Cu(II) and Co(II) sulfanilamide Schiff base complexes have nanomolar 

effectiveness against CA II and CA IV isozymes (Ul-Hassan et al.,2004). Similarly 

Zn(II), Cu(II), Cd(II) and complexes of thiadiazoles sulphonamides have strong 

N N

SH3CCOHN SO2NH2
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inhibition against CAII and CAIV with excellent antiglaucoma properties as compared to 

a free ligand (Mincione & Mincione, 1999; C. Supuranet al., 1998). The Cu(II) 

complexes of acetazolamide are latent anticonvulsant agents likewise, the sulphonamides 

of Ag(I) have significant antifungal properties (Alzuet et al., 1994; Mastrolorenzo et al., 

2000). 

7.1.4 Carbonic Anhydrase Activators  

Biogenic amines such as carnosine, catecholamines, histamine and many other 

oligopeptides, small proteins and amino acids have been proposed as capable activators 

of human isozymes including CA I and CA II (Ilies et al., 2004; Nishimori et al., 2007; 

Parkkila et al., 2006; Sun & Alkon, 2001; Supuran, 2008; Temperini et al., 2007; 

Temperini et al., 2006). Carbonic anhydrase activators increase synaptic efficacy and 

they are also involved in control of Alzheimer’s disease, impaired spatial learning and 

ageing (Dorai et al., 2006; Sun & Alkon, 2001).  

7.2 Experimental  

7.2.1 Principle   

Esterase method (Pocker & Meany, 1967) was used in carbonic anhydrase inhibition. 

Colorless substrate 4-nitrophenyl acetate (4-NPA) hydrolyzes by carbonic anhydrases 

and conversed into CO2 and 4-nitrophenoxide ion (yellow product). This inhibition 

process is measured by decrease in absorbance at 400 nm (λ max of 4-nitrophenoxide 

ion) in the presence of inhibitor (Sarıkaya et al.,2010;  Scozzafava & Supuran, 1997). 

7.2.2 Carbonic Anhydrase Inhibition Assay 

Spectrophotometric analysis(Shank et al.,2005; Arslan, 2001) was utilized to evaluate 

carbonic anhydrase inhibition potential of sample in vitro. Carbonic anhydrase (CA) was 

obtained from Sigma and Aldrich, HEPES buffer from DOJINDO, 4-nitro phenyl acetate 

(NPA) from MP bio and reagent grade tris-(hydroxymethyl)-amino methane was 

obtained from Scharlau. 
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This assay was performed at 25 ºC in HEPES- tris buffer of 20 mM with pH 7.4. In each 

sample tube, 140 μL of tris buffer solution, 20 μL of fresh enzyme solution (0.1 mg in 1 

ml deionized water) of purified bovine erythrocyte CA-II and 20 μL of test compound in 

DMSO at different concentrations were taken. This inhibitor and enzyme in a solution 

were mixed and pre incubated at room temperature for 15 min to allow enzyme inhibition 

complex formation. Substrate reaction was started by adding 20 μL of 4-NPA (0.7 mM) 

ethanolic solution. This reaction was continuously measured with 1 min interval for 30 

min at 400 nm during the formation of product in 96 well plate reader, using ELISA 

Reader SPECTRA-Max 340 spectrophotometer (USA). In above mentioned process, 

100% activity of control was taken in the absence of inhibitor. 

7.2.3 IC50 Determination 

IC50 signifies the test compound’s concentration producing a 50 % reduction of CA-

catalyzed hydrolysis of substrate, 4-NPA. The IC50 values of all compounds were 

calculated through enzyme kinetics software EZ-Fit (Perrella Scientific Inc. Amherst, 

USA), by means of % activity against inhibitor concentration plots. 

7.3 Results and Discussion 

In vitro carbonic anhydrase prospective of the aroylhydrazine ligands and their 

chromium(III) complexes was determined by decrease in absorbance  of  4-nitrophenol at 

400 nm. 4-nitrophenol was formed by hydrolytic reaction of carbonic anhydrase with 4-

nitrophenylacetate (substrate) (Scozzafava & Supuran, 1997). All of the aroylhydrazine 

ligands (1-12) have no inhibition potential against carbonic anhydrase however, the 

chromium(III)-aroylhydrazine complexes having a contrast degree of IC50 values 

represent an excellent, moderate and weak inhibition of CA II (Table 7.1 and Figure 7.2). 
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Table 7.1: IC50 values of Carbonic anhydrase II inhibition activity of aroylhydrazines (1-

12) a) and chromium(III)-aroylhydrazine complexes (1a-12a) 

Compound IC50 (µM) ± SEM Compound IC50 (µM) ± SEM 

1a 185.31 ± 0.09 8a >500 

2a 258.45 ± 0.59 9a 105.34 ± 0.96 

3a 20.01 ± 0.03 10a 144.24 ± 0.07 

4a 200.23 ± 0.32 11a 117.31 ± 0.07 

5a 91.50 ± 0.04 12a 34.05 ± 0.16 

6a 134.23 ± 0.60 CrCl3.6H2O >500 

7a 150.22 ± 0.04 ACZ b) 0.13 ± 0.06 

 

SEM = Standard error mean of thee results 

a) All Aroylhydrazines are not inhibit carbonic anhydrase II enzyme 

b) Acetazolamide (positive control) 
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Figure 7.2: Bar graph of chromium(III)-aroylhydrazine complexes presenting Carbonic 

anhydrase inhibition activity. 

 

7.3.1 Structure Activity Relationship 

All the aroylhydrazine ligands are unable to inhibit CA II but complexes of Cr(III) 

originate some excellent Cr(III)-based carbonic anhydrase inhibitors. The IC50 values of 

Cr(III) complexes ranges from 20.01 to 200.23 μM. These results were related with 

earlier studies unfolding CA inhibition due to various metal containing compounds such 

as V(IV), Cr(III), Fe(II), Co(II) and Ni(II) complexes of 5-chloroacetamido-1,3,4-

thiadiazole-2-sulfonamide (Supuran, 1998). Similarly, the sulfanilamide derivatives of 

Schiff bases with Co(II), Cu(II) and Ni(II) have been reported a strong inhibition beside 

CA I, II and IV isozymes but their ligands are inactive against carbonic anhydrase (Ul-

Hassan et al., 2004).  

Chromium(III) complex of 3-flouro benzoylhydrazine (3) and 4-phenyl semicarbazide 

(12) enhances inhibitory potential as compared to CrCl3.6H2O. These carbonic anhydrase 
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inhibitors, compound 3a and 12a show IC50 values of 20.01 μM and 34.05 μM, 

respectively. These two complexes can be comparable to acetazolamide, a standard 

inhibitor of CA which has an IC50 value 0.13 μM. In chromium(III)-aroylhydrazine 

complexes, the presence of 3-methoxy (5a), 2-amino (6a), 3-amino (7a), 3-iodo (9a), 4-

iodo (10a) and 3-bromo (11a) rate in moderate inhibition of CA-II. The compounds 5a, 

6a, 7a, 9a, 10a and 11a have IC50 values 91.50, 134.23, 150.22, 105.34, 144.24 and 

117.31 μM respectively. In two of chromium(III) complexes absence of substituent group 

on phenyl ring hydrazide (1a) and 2-methoxy group (4a) exhibited weak carbonic 

anhydrase (II) inhibition have IC50 values 185.31 and 200.23 μM respectively. 

Chromium(III) complex (8a) in which 4-amino group is present and metal salt of 

chromium(III) shows a poor activity against carbonic anhydrase was found to have IC50 

values above 500 μM. 

The results evaluate that the existence of amino group (6a and 7a) and also an iodo group 

(9a and 10a) substituents play a strong role in expressing carbonic anhydrase inhibition 

potential to chromium(III) complexes. The polarizability of chromium(III)-

aroylhydrazine complexes in which halo groups are present can interact with hydrophilic 

portion at the entrance of CA-II site (Briganti et al., 2000). Other important fact is that 

the substitution group on meta position (5a, 7a, 9a) in complexes have good effects as 

compared to the ortho (2a, 4a) and para (8a) position of substituents. The chromium(III) 

complexes which have substitution group on meta position relate more with enzyme due 

to orientation of interactive sites of enzymes. Hence above study prove that substitution 

on meta position provide an excellent carbonic anhydrase inhibition. 
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