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            Abstract 

Coordination compounds play vital roles in biology, biochemistry and medicine, 

controlling the structure and function of many enzymes and their metabolism. They 

find varied application in many industrial processes and in the development of new 

materials with specifically designed properties. Thus, synthesis and study of the 

complexes is very important. In this project work, equimolar quantities of o-

phenyldiamine and ninhydrine were condensed to produce a quionoxline derivative 

(NHOPD) which behaves as a bidentate ON donor ligand.  The formation of 

quionoxline derivative (NHOPD) was confirmed by 1HNMR. The ligand (NHOPD) 

was further complexed with d ivalent Ni (II) and Co (II) metal salts. Metal complexes 

of nickel and Cobalt with quionoxline (NHOPD) were prepared and characterized 

by elemental analysis, conductance measurements, atomic absorption spectra, IR, 

NMR and UV spectroscopy and magnetic susceptibility measurements.  

Key terms: Quinoxaline, o-phenyldiamine, ninhydrine, NHOPD



                      Synthesis and characterization of a quinoxaline derivatives and its Ni (II) and Co (II) Complexes. 

 

MASRESHA AMARE, 2010, AAU.

 

Page 1

  
        CHAPTER ONE  

1. Introduction  

Quinoxaline Schiff base derivatives are an important class of benzoheterocycles 

which has received much attention in recent years owing to their biological 

importance and pharmaceutical applications. These derivatives are of particular 

interest since some of them show antimicrobial [1-2], anticancer [3-6], antimalarial [7-

8], anti-inflammatory [9], antinociceptive [10], antitubercular [11], antihelmintic [12], 

antidiabetic [13] and antiepileptic [14] properties. Recent development show that 

quinoxaline derivative of benzimidazole moiety have antihistamine activity. [ 15  ]  

Certain derivatives of Quinoxaline have been widely used in dyes, [16] and 

electrical/ photochemical materials. [17-18] Quinoxaline ring moiety constitu te part 

of the chemical structures of various antibiotics such as Echinomycin, Levomycin 

and Actinoleutin [19] that are known to inhibit growth of gram positive bacteria and 

are active against various transplantable tumours. A number of synthetic strategies 

have been developed for the preparation of substitu ted Quinoxalines.[20] for 

instance, 2,3-d isubstitu ted Quinoxalines have been prepared by Suzuki Miyaura 

coupling reaction,[21] condensation of o-phenylenediamine and 1,2-dicarbonyl 

compounds in MeOH / AcOH under microwave irrad iation[22], and iod ine 

catalyzed cyclocondensation of 1,2-d icarbonyl compounds and substitu ted o-

phenylenediamine in DMSO and CH 3CN . Schiff bases are considered as a very 

important class of organic compounds which have wide applications in many 

biological aspects [23]. Transition metal complexes of Schiff bases are one of the most 

adaptable and thoroughly studied systems. These complexes have also applications 

in clinical and analytical and industrial in addition to their important roles in 

catalysis and organic synthesis [24]. Some of Schiff base complexes are used as 

model molecules for biological oxygen carrier systems, as metal ind icators 

incomplexometric titrations and colorimetric reagents, in addition to biochemical 

research [25]. A wide range of biological activities of isoxazole derivatives include 
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pharmacological properties such as antibacterial, anticancer, anti HIV activity and 

also agrochemical properties and also have applications as pesticides and 

insecticides [26]. Metal complexes of Schiff bases derived from 3-amino-5-methyl 

isoxazoles and substitu ted salicylaldehydes were reported earlier and found that the 

activity enhances upon complexation [27]. In view of the above observations it 

appeared worthwhile to study the synthesis, characterization and antimicrobial 

activity of the metal complexes. In this project work a substitu ted quinoxaline 

derivative 11-oxo-indeno (1, 2-b) quinoxaline or (NHOPD) obtained through Schiff 

base formulation and subsequent cyclization reaction was studied for complex 

formation with Co (II) and Ni (II). The quinoxaline derivative aimed for the 

synthesis of metal complexes was reported previously from our laboratories. The 

present study is an improved extension of the synthetic procedures to obtain the 

related Co (II) and Ni (II) complexes and their characterizatization. Reaction between 

ninhydrine and orto-phenylenediamene was employed to synthesis the quinoxaline 

derivative which served the purpose as a ligand in the formation of Co (II) and Ni 

(II) complexes. The complex has been prepared and characterized using several 

physical tools, in particular Elemental analysis, molar conductance, magnetic 

susceptibilities, infrared , AAS and electronic spectroscopy were used to investigate 

the chemical structure of the prepared complex.   
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1:1 Schiff base and their chemistry 

Compounds containing an azomethine group (-CH=N-) are known as Schiff bases 

and they are usually formed by the condensation of a primary amine with a carbonyl 

compound [28] according to the following scheme. 

R-NH2      +     RCHO         R-N=CH-R   +    H2O 

Amine            aldehyde           Schiff base 

Scheme1.Schiff base formation reaction 

Applications of Schiff base include preparative use, identification, detection and 

determination of aldehyde or ketones, purification of carbonyl or amino compounds, 

or protection of these groups during complex or sensitive reactions.  Polydentate 

Schiff base form stable metal complex which have varied importance. 

1:2 Applications of Schiff bases and their complexes. 

Schiff base and their complex have a wide range of application. They are useful in 

biological field , as anticancer, antitumor, anti-tuberculosis, anti-malarial agents and 

also they are found to have analytical applications. [29-32]. Some of them are the 

basic units in certain dyes, whereas, some are used as liquid crystals some Schiff 

base drugs showed increased activity when administered as metal chelates. 

1 :2:1 Catalysts  

Aromatic Schiff bases or their metal complexes are known to catalyze oxygenation 

[33-34], hydrolysis [35], electron-transfer [36] and decomposition reactions. Four 

coord inated Co (II) show catalytic activity in oxygenation of alkenes. 

Metalloporphyrins oxidize phenols (naphthol). Some copper complexes, derived 

from amino acids, enhance hydrolysis rate (10-50 times) in comparison with simple 

copper (II) ion.  
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1:2:2 Antimicrobial activities 

Tridentate Schiff base [37] and their metal complexes show antibacterial activity 

against E.coil, S.aureus, B.subtilis and B.pumpilis. Some aldimines [38] pyrazine [39], 

amino acid derived Schiff bases [40] show antibacterial activity. Some heterocyclic 

Schiff bases [41] can act as antibacterial agent. Istin derived Schiff bases [42] posses

 

anti-HIV activity. Schiff base ligand [43] containing cyclo- butane and thiazole rings, 

show antimicrobial activity. Ni (II), Zn (II), Cd (II) and Cu (II) complexes with 

furfural and semicarbazide [44] and with furfuryidene- diamine [45] Schiff bases 

show antibacterial activities.  

1:2:3 Plant Growth Regulators 

N-acetylated compound shows growth inhibitory activity with seedling of wheat, 

rye and barley. Schiff bases show remarkable activities on plant hormone such as the 

auxine on root growth. Schiff base of esters and carboxylic acid show remarkable 

activities as plant growth hormones. [46-48]  

1:2:4 polymers 

Photochemical degradation of natural rubber yields amine terminated liquid natural 

rubber (ATLNR) in solution and ATLNR reacts with glyoxal, in the presence of 

ethylene diamine to yield a poly Schiff base which improves aging resistance. 

Organocobalt complex with tridentate Schiff base act as initiator of emulsion 

polymerization. [49] 

1.3: Ninhydrin 

Ninhydrin was first made in 1910 by an English chemist Siegfried Ruhemann, who 

also investigated its reaction with amines and amino acids to form a colored 
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compound. The product of this reaction is a compound known as Ruhemann s 

purple (Rp), which has an absorption maximum at 575 nm. Ninhydrin is most 

commonly used to detect fingerprints, as amines left over from peptides and 

proteins (terminal amines or lysine residues) sloughed off in fingerprints react with 

ninhydrin. Ninhydrin is also used in amino acid analysis of proteins. Most of the 

amino acids are hydrolyzed and reacted with ninhydrin except Proline; also, certain 

amino acid chains are degraded . Therefore, separate analysis is required for 

identifying such amino acids that either react d ifferently or don't react at all with 

ninhydrin. [50-51]  

O

O

OH

OH

O

O
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+ H2O

NH2
H
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O
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Scheme 2 : Re ac t ion o f -amino acids with ninhydrine 
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Ninhydrin is a stable hydrate form of its parent carbonyl compound ( 1, 2, 3-

indantrione ). A strong electron withdrawing group on alpha carbon destabilizes an 

ad jacent carbonyl group because of repulsion of ad jacent positive charges. Hydrate 

formation overcomes the forces of repulsion. Therefore, the hydrate of the middle 

carbonyl group of ninhydrin removes both pairs of repulsions. The above Scheme of 

Ninhydrin reaction is used to detect the presence of amino acids and proteins 

containing free amino groups. When heated with ninhydrin, these molecules give 

characteristic deep blue color (or occasionally pale yellow. [52]   

1.4: O-phenylenediamine  

O-phenylenediamine (1,2-d iaminobenzene) is a compound with the formula 

C6H 4(NH2)2.This aromatic d iamine is an important precursor to many heterocycles.It 

is isomeric with m-phenylenediamine and p-phenylenediamine.It is a weak base like 

ammonia and because of the unshared electron pair on nitrogen; it can form a 

coord inate bond with proton. In addition it is a binucleophile molecule that forms a 

variety of compounds. [53]      

NH2

NH2

Figur 1:Stracture of O-phenyldiamine 

O-Phenylendiamine is grouped under non innocent ligand . Generally ligands of 

this type can act as  donors and  acceptors in a complex with predominantly 

covalent bond. The balance of donor and acceptor interaction and the effective 

negative charge on these ligands to a high degree depends on the over all electrons 

available.  
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For example with a high number of such electrons, it is d ifficult if not impossible to 

establish the oxidation state of the central atom . [54] O-phenylenediamine has many 

applications.  

It is an intermediate used in the production of fungicides, corrosion inhibitors, and 

various pigments and in the production of some pharmaceuticals. O-

phenylenediamine is also used to remove sulfur from ores and to remove coloration 

by aldehydes in polymeric products. [55] 

In coord ination chemistry O- phenylenediamine is an important ligand precursor. 

Schiff base derived from salicylaldehyde, are excellent chelating ligand. O-

phenylenediamine condenses with ketones and aldehyde produces a variety of 

chelating.Reactions of this aromatic d iamine and its derivatives with aromatic 

d icarbonyl compounds have been most investigated because of the formation of 

macro cyclic compounds [56] and fused ring compounds. [57] During the formation 

of macrocyclic compounds both amino groups of O- Phenylenediamine are involved 

in d irect conjugation, but the reactivity of the second amino group after the end of 

condensation of the first one dramatically drops .  

1:5: LITERATURE SURVEY 

        

1. 5.1 QUINOXALINES  

Quinoxalines, also called benzopyrazines, are heterocyclic compounds containing a 

fused ring made up of a benzene ring and a pyrazine ring, with the isomers 

cinnolenes, phthalazines and quinazolines. All these belong to a class of heterocyclic 

compounds known as d iazanaphthalenes, which may have the two heteroatoms in 

the same or different rings.       
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N

N

Cinnoline                    

N

N

Quinazoline 

N

N

Quionoxaline   

N

N

Phthalazine              

N

N

1,5-naphthyridine  

Figure2: The chemical structure of selected aromatic compounds         

(diazanaphthalenes).  

Quinoxalines (Schiff bases) are prepared by condensation of 1, 2-dicarbonyl 

compounds and aromatic 1,2-diamines; i.e. a well-known route to quinoxalines is the 

reaction of o-phenylene diamine with 1,2 dicarbonyl compound.   

NH2

NH2

+

O

O

R

R

N

N
R

R

+ 2H2O 

Shecum 3: Quinoxalines Formation reaction.  
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the synthesis of N, N - bis (3-quinoxaline-2-dione) d iaminopropane, a mixture of 

quinoxaline-2,3-d ione and 1,3-d iaminopropane in ethanol was heated under reflux 

to give .N,N -bis(3-quinoxaline-2-one)-diaminopropane .  

N
H

H
N O

O

H2N NH21,3-diaminopropane

ethanol

N
H

H
N O

N

H
N

N
H

N

O

2,3-quinoxalinediamine N,N-bis(3-quinoxaline-2-one)-diaminopropane 

Sechem 4: preparation of N, N-bis (3-quinoxaline-2-one)-diaminopropane  

N,N -bis(3-quinoxaline-2-one)-d iaminopropane is expected to d isplay d ifferent 

tautomeric forms due to the mobility of the hydrogen between the ring exocyclic 

azomethine nitrogens and also the mobility of hydrogen atoms between the ring 

azomethine nitrogen and hydroxyl group. This ligand can behave as bis-ON donor 

or bis-ONN donor system and lead to the formation of stable metal complexes [58].    

1.5.2. APPLICATIONS OF QUINOXALINES  

1.5.2.1. Quinoxalines as Chemotherapeutics 

The aims of chemotherapy drugs are to damage either irreparably damage the DNA 

of cancer affected cells, or to prevent the replication and synthesis of such cells. Both 

will prevent the affected cell from replicating and spreading the cancer. Due to the 

fact that they interact d irectly on DNA, most chemotherapy d rugs are extremely 

potent. Although these drugs can be very sequence specific, so that they only 

interact with very specific sections of DNA, there is also a problem of side effects 

and toxicity associated with their use, due to their interaction with non-cancerous 

replicating DNA present in the body. 
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Much attention has been made for the synthesis of new heterocyclic compounds like 

triazole, 4, 5-pyrazolinedione, quinoxaline, and isoxazoline derivatives in the quest 

for new chemotherapeutic drugs. Numerous quinoxaline derivatives are important 

as antibacterial, antifungal, anticancer, antidepressant and anti-inflammatory agents. 

Such compounds have the ability to bind and cleave double stranded DNA under 

physiological conditions and are of importance for their u tility as d iagnostic agents 

in medicinal applications and for genomic research [59]. 

For instance, copper being a bio-essential element, its complexes have found more 

applications in nucleic acid chemistry as compared to the heavier transition 

elements. Recently it has shown that non-porphyrinic binary and tertiary copper 

complexes are efficient photo cleavage of DNA on UV or visible light irradiation. 

The ligand or metal salts alone are found to be cleavage inactive. However when a 

photosensitizing ligand and a DNA binder are covalently bonded to the metal 

centre; the complex becomes cleavage active [60].  

In addition to these as it is said above, in this section as illustrative examples, we 

shall have look at applications of d ifferent quinoxaline derivatives. Current HIV 

treatments often consist of a combination of two or three drugs often with d ifferent 

mechanisms of action.   

N
H

N

N
H

N
N

NO

CH3

CH3

CH

H

O

 

N
H

N

N
H

N
N

NO

Cl

Cl

CH

H

O

  

Figur 3: Quinoxaline compounds for the treatment of neurological diseases.  
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1.5.2.2. Quinoxaline organothiophosophate insecticides  

Different types of insecticides have been synthesized . One of these classes of 

insecticides is the organophosphorus insecticides. The following two are quinoxaline 

organothiophosphate insecticides synthesized and known so far.[61] 

N

N O P

O

O

O CH2CH3

CH2CH3

N

N O P

O

O

O CH3

CH3

   

Figure 4: Quinoxaline organothiophosophate insecticide   

1.5.2.3. Quinoxalines for Wastewater Treatment  

In modern times, the treatment of wastewater is an important industrial process. 

Efficient separation of metal ions by solvent extraction either from industrial wastes 

or from raw materials is a common technique used . -diketones and Quinoxalines 

are used as chelating ligand in solvent extraction . Extraction of lanthanoids by 1-

phenyl-3-isoheptyl-1, 3-propanedione and -d iketones, have been extensively used 

as extractants in the separation of metal ions. Also, quinoxaline derivatives are being 

studied as chemical chelants and analytical reagents in the determination of metal 

ions by liquid-liquid extraction [62].    
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1.5.2.4. Quinoxalines for Organic Light Emitting Diodes (OLEDs)  

Transition-metal complexes with poly pyridines have been widely studied in the last 

decades mainly because of their special photophysical, photochemical and 

electrochemical properties. These properties make them potential candidates to be 

used as dyes in artificial solar-energy-conversion devices for instance in photo-

electrochemical solar cells. Specifically, (polypyrid ine) ru thenium (II) complexes 

have been anchored to semiconductor oxide electrodes, such as TiO2 electrodes, and 

used to improve the light-to-electricity-conversion yield of the cell [63]. Organic 

light-emitting devices (OLEDs) have received much attention since the pioneer work 

of Tang and Vankslyke owing to their application in the generation of low-cost, large 

area, and eventually flexible devices and in flat panel d isplays. Since the initial 

works on small-molecule and polymer OLEDs, much progress has been made to 

push the OLED devices for commercialization. However, much room still remains 

for improvement. Doping a suitable dye into a host layer has proven to be an 

efficient way for significant improvement of both the efficiency and the stability of 

devices. Apart from the efforts to modify the device structure, another effective 

approach to device improvement is to search for new materials for dopants. Thus, it 

becomes important to search for better doping dyes in respect of high emission 

quantum yield , high thermal and photochemical stability, and good colour purity 

etc. For example, doping highly fluorescent dyes, such as coumarin derivatives, 

quinacridone and its derivatives, into a host, such as tris-(8-hydroxyquinolinato) 

aluminum, can remarkably improve the efficiency and hue of green-emitting devices 

[64-65].  
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Figur 5: Structures of tris (8-hydroxy quinolinate) aluminium (III) and 6, 7-

dicyano-2, 3-di-(4-diphenylamino-biphenyl-4-yl) quinoxaline.   

1:5.3 METAL COMPLEXES OF QUINOXALINE DERIVATIVES   

  1.5.3.1 The Chemistry of Nickel (II) and cobalt (II) ions 

   Complex formation 

The formation of a metal complex is d ictated by its stability. The stability of the 

metal complex depends both on the metal ion and the ligand . In general, stability of 

the complex increases with decreasing size and increasing electron affinity of the 

central metal. Thus highly polarizing transition metal ions have greater tendency to 

form complex ,regard less of the nature of the ligand , the stability of the bivalent 

transition metal complexes increase in the order Mn+2<Fe+2<Co+2<Ni+2< Cu+2 < Zn+2 . 

The coord ination chemistry of transition metal ions considered in the investigation; 

Ni (II) and Co (II) will be presented in terms of dn configuration. [66]   
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Nickel (II) Complexes 

Octahedral Ni (II) complexes with 3A2g ground state are expected to have three spin 

allowed transitions. 3A2g 3T2g (F) (7000 

 
13000cm-1),  

3A2g 3T1g (F) (1000 20000cm-1) and 3A2g 3T1g (P) (19000 

 

27000 cm-1).The 

octahedral spectra usually consist of a band in the uv at( 8600 cm-1 with  ~ 2.5) a 

close pair of bands in the red ( ~ 14000 cm-1 with  ~ 1.8 ) followed by a weaker band 

( < 1 , at 18500 cm-1) and somewhat stronger ( ~ 4 ) transition in the blue at 25500 

cm-1In addition, two spin forbidden transitions 3A2g 1Eg and 3A2g 1T2g are also 

observed. That is in approximations around 15400 cm -1 and 18500 cm -1 respectively. 

Tetrahedral Ni (II) complexes with 3T1 ground state, generally exhibit four 

transitions. They are 3T1 3A2, 3T1 1E, 3T1 3T1 (P) and 3T2 1T1. The band 3T1 

3T1(P) is a strong band of high intensity when compared with others [67].Square 

planar Ni(II) complexes have three spin allowed d 

 

d bands corresponding to1A1g 

1A2g, 1A1g 1B1g and 1A1g 1Eg transitions are expected . The square planar Ni (II) 

complexes do not have any absorption band below 10,000cm-1, due to large crystal 

field splitting. Hence, they can be clearly d istinguished from octahedral and 

tetrahedral Complexes [68].  

Cobalt (II) Complexes 

Cobalt (II) with a d 7 configuration is known in four coord inate (tetrahedral) and six 

coord inate (octahedral) stereochemistry. The electronic spectra of tetrahedral cobalt 

(II) complexes are more intense than those of the octahedral ones [69].In octahedral 

cobalt (II) complexes 4T1g and 2A1g are the spin free and spin paired ground state 

respectively. For high spin octahedral geometry, a band near 8000 

 

10000 cm-1 can 

be assigned to 4T1g 4T2g transitions. A multiple band observed around 20000 cm-1 

is attributed to 4T1g 4T1g (P) transition. The 4T1g 2E1g transition is interesting in 

that it represents configurationally t2g5eg2 t2g6eg1 and should be broad and its 

maximum should shift to lower frequencies with decreasing temperature, since its 
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energy curve plotted against Dq has a larger negative slope than the curve for the 

ground term. Some other transitions of Co (II) are 4T1g 4T2g (F), 4T1g 2E1g, 4T1g 

4A 2g (F) and 4T1g 4T1g (P) which are observed at 8000 

 
9000 cm-1  ,11000 cm-1, 

16000 

 

18000 cm-1 and 20000 

 

21000 cm-1, respectively [70]. 

Tetrahedral complexes of Co (II) with 4A2 ground state are expected to have three 

transitions: 4A2 4T2, 4T2 4T1 (F), and 4A2 4T2 (P). Low spin square planar 

complexes exhibit a narrow band near 8500cm-1 and a stronger broader band near 

20000cm-1.  

1.5.3.2:  The interaction of metal-quinoxaline complexes with DNA. 

The investigation of interactions between double-stranded deoxyribonucleic acid 

(DNA) and DNA-binding agents is crucial to a deeper understanding of such 

important biochemical processes as replication, repair, recombination, and 

expression of genes. In principle, the possible binding mechanisms of ligand to 

double-stranded DNA can be d ivided into sequence-specific binding, and , on the 

other hand , binding modes that lack sequence specificity. Specific binding between 

ligand (protein) and receptor (DNA), often also termed molecular recognition, is 

the basis for the interaction of many transcription factors with DNA. Small agents 

that bind unspecifically or with lower sequence specificity to DNA are often capable 

of influencing or inhibiting these processes and intrinsically exhibit mutagenic 

properties. Consequently, these molecules find applications as pharmaceuticals, 

mainly in the treatment of cancer. Others are employed as DNA staining agents, for 

example in fluorescence assays [71]. 

Quinoxaline derivatives are capable of forming complexes with transition metals 

that interact with DNA. Thus nowadays the intercalation of quinoxaline based and 

other transition metal complexes with nucleic acids is a major area of research due to 

the u tility of these complexes in the design and development of synthetic restriction 

enzymes, chemotherapeutic 
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Agents, foot printing agents, spectroscopic probes, site-specific cleavers and 

molecular photo switches [72].  

1.6. THE SCOPE OF THE PRESENT WORK   

Study of the transition metal complexes with quinoxaline derivatives has gained 

much attention because of their potential d iverse applications for chemotherapy, 

insecticides, fungicides, organic light emitting d iodes and so on. Thus in the recent 

years the d iscovery of such compounds is making good progress. The present work 

which is an extension of the work done in our laboratories involves synthesis of 

quinoxaline derivative (NHOPD) from the precursor ninhydrin and O-

phenyldiamine, and its complexes with Ni(II) and Co(II) metal ions and structural 

characterization on the basis of physiochemical methods.  

CHAPTER TWO: MATERIAS AND METHODS 

2.1 Chemicals  

Ortho-phenylenediamine, prior to its use, was recrystalyze using hotaqueous 

ethanol, chemical like ninhydrine, CoCl2.6H2O and NiCl2.6H 2O was used . Other 

reagents and solvents used in this investigation were silver nitrate, nitric acid and 

ammonia solution. Absolute ethanol and chloroform were used as the solvents 

through out the investigation. Solvents like DMSO, DMF, acetonitrile, methanol, 

carbon tetrachloride, THF, and distilled water were also used.  

2.2. PHYSICAL AND ANALYTICAL MEASUREMENTS  

Elemental analysis of C, H and N was determined using FLASH EA 1112 Elemental 

Analyser. Flame Atomic Absorption Spectrometer (BUCK MODEL SCIENTIFIC 210 

VGB) was used to measure the amount of metals ( g/ mL) in their prepared 3X10-3M 

solutions. The IR spectra of the product were trapped in paraffin and KBr pellets 

were prepared .the IR spectra of these were recorded on SHIMADZU spectrometer 
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in the range of 4000-400CM-1. 1H and 13C- NMR of the sample in  CDCl3  were 

recorded on BRUKER Advance 400 MHz Spectrometer with TMS as internal 

reference. The electronic (UV-Vis) absorption spectra were measured on a Spectronic 

GENESY S 2PC UV-Vis spectrophotometer in the range of 200-800 nm regions in 

acetonitrile. The melting points were determined using electro thermal IA 9200 

Digital Melting Point Apparatus. Molar conductances of the complex in DMSO   

were recorded at room temperature with JENWAY 4330 Conductometry. The molar 

magnetic susceptibilities of powdered samples were recorded using MSB-AUTO 

(Sherwood Scientific) at room temperature.   

2.3 Preparation of the ligand [ 73 ] 

Ninhydrin 1.35gm (0.00844 mol) in 15 ml ethanol was mixed with o-

phenylenediamine 0.91gm  (0.00843 mol) in 15 ml ethanol. The resulting solution 

was stirred using magnetic stirrer for 45 minutes. A yellow compound was obtained 

and filtered under suction and repeated ly washed with ethanol. The product was 

then dried in open air and stored in desiccators. Yield: 85% mp 222-224 0C   

O

O

O

+

H2N

H2N N

N

O

+ 2H2O  

Sechem 5: Reaction of ninhydrin and O-phenyldiamine  
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Scheme 6:  Reaction mechanism for the condensation of ninhydrine and O-phenyldiamine. 
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2.4. Synthesis of Ni (II) and Co (II) complexes. 

0.838gm (3.6mmol) of the NHOPD ligand was d issolved in aqueous ethanol. To this 

prepared solution; 0.86gm (3.6mmol) of MCl2 [M= Ni (II); Co (II)] in aqueous ethanol 

was added and refluxed on a water bath for 18h. The reaction mixture was stirred 

continuously using a magnetic stirrer. Later, on cooling; solid products were 

separated . It was filtered and washed repeated ly with aqueous ethanol and dried in 

vacuum. The obtained Ni (II) complex was yellow green and Co (II) complex was 

brown in colour.    

CHAPTER THREE: RESULTS AND DISCUSSION   

3.1 Characterization of the ligand 

3.1.1 Physical properties of the ligand 

The yellow colour ligand obtained is stable at room temperature. It is soluble in 

chloroform and hot ethanol, and partially soluble in DMSO and acetonitrile.  

3.1.2 Elemental analysis of the ligand (NHOPD) 

     Table 1.Result of elemental analysis of ligand     

NHOPD 

ligand 

   M.wt 

(gm/mol) 

Found 

(Cal) 

 

C15H8N 2O  232 

%C %H          %N 

77.85 

(77) 

3.35 

(3.45) 

     12.22 

      (12) 

  

The C, H and N percentage are consistent with the composition of the calculated 

value for NHOPD ligand.   
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3.1.3 IR spectrum of the ligand 

The IR spectrum of Ninhydrin shows three C=O stretching vibrations, the band 

seen at, 1754, and 1720 cm -1 are characteristic of 1, 3 tricarbonyl functional group. 

The band at1768Cm-1 is a characteristic in tricarbonyl species which is in equilibrium 

with d ihydroxy species. The d isappearance of the bands at 1754Cm -1 and 1720Cm -1 

and appearance of the bands at 1723Cm -1 indicates the involvement of two carbonyl 

groups in azomethine formation. On ligand formation, the two sharp bands of 

( NH2) of orthophenylenediamine seen at 3386cm -1 (asy) and 3364 cm -1(sym) 

disappear. A new band observed at 1495 and 1568 cm -1 are assigned for the two 

azomethine ( C=N) stretching mode of vibration. Absorption frequencies observed 

at 1377, and 1336 cm-1 are assigned to C-N stretching [74].   

3.1.4 Electronic spectrum 

The electronic spectrum of the ligand shows absorption bands at 397nm and 295nm. 

From these bands the one at 295 nm is attributed to C=O group of n * transition 

and the band at 397 nm can be attributed to the n * transition of the C=N 

functional group.           
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3.1.5  1 H and 13 C NMR spectrum 

I) 1H NMR Spectrum: 

The 1H NMR result for ligand is summarized in table below. 

  Table 2.1H NMR interpretation for the ligand 

Compound Types of protons

 

Number of 

protons 

 

in ppm NMR Solvent 

used 

  

NHOPD 

H10 1H(d) 8.27   

CDCl3 

H2-5 2H(d,d) 8.13-8.12 

H7 1H(d) 7.96 

H8 1H(dd) 7.85 

H3-4 2H(dd,dd) 7.78-7.77 

H9 1H(dd) 7.63 

 

II) 13C NMR data of the ligand (NHOPD) 

13C NMR show fifteen non-equivalent carbons for the ligand as given in(Appendix 

2). The DEPT spectrum shows no CH2 group and from the fifteen non-equivalent 

carbons of the ligand seven are quaternaries and the other eight refers to methine 

carbon.      
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Table 3. 13CNMR Interpretation of the ligand.  

Compound Types of carbon Number of 

carbon  

in ppm 

 

NMR solvent 

used 

            

NHOPD 

C-11 1 200.54             

    CDCl3 

C-14 1 156.64 

C-15 1 149.29 

C-16 1 143.16 

C-17 1 142.67 

C-12 1 141.58 

C-10 1 136.82 

C-13 1 136.69 

C-2 1 132.52 

C-5 1 132.45 

C-7 1 131.61 

C-3 1 130.29 

C-4 1 129.68 

C-9 1 124.79 

C-8 1 122.54 

   

The 1HNMR together with DEPT and 13CNMR support or confirm the structure of 

the Schiff base ligand become the following.  
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Figure 6: Structure of 11-OXO-Indeno (1, 2-b) quinoxaline (NHOPD) ligand. 

3.2 Characterization of the complex 

3.2.1. Physical characteristics of metal complex 

The metal complexes are insoluble in ethanol and benzene. However, it is soluble in 

acetonitrile, DMF and DMSO. The physical properties of the metal complex are 

summarized in Table 4. 

  Table 4.pysical characteristic properties of the complex  

Metal complex  

Appearance  Colour 

M.pt 

Temp (oC)  Yield (%) 

Ni-Complex Fine powder Yellow green 338-340 46% 

Co-Complex Fine powder brown 345-347 40% 

 

3.2.2. Qualitative Test 

Chloride Test 

The metal complexes were d issolved in nitric acid and the resultant solutions were 

tasted with 0.1N AgNO3 solution, on addition no precipitation was observed in the 

case of both complexes .this indicates that there are no chloride ions in the ionization 

sphere.    
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3.2.3. Quantitative Determination 

Metal ion determination (Atomic Absorption Spectral Estimation) 

The metal content in the complex was determined spectroscopically using atomic 

absorption spectroscopy (AAS). Metal percentage along with C, H, N, O and Cl 

percentages was used to arrive at the metal-ligand ratios in the complex. 20 mg of 

the metal complex was placed in a clean and dry beaker, 10 ml of conc. HNO3 was 

added and the contents were heated gently in a hood until a few drops remained to 

the beaker. Then 10 ml of additional conc. HNO3 was added in the beaker and 

heated slowly until a few drops remained . This procedure was repeated three times 

till all the organic component of the complex was decomposed. Then the residue was 

d issolved and d ilu ted using deionized water in a 250 ml flask. The solution was 

subjected to AAS studies after appropriate d ilu tions. Based on the absorbance data, 

the concentration of Ni (II) and Co (II) ion in the complex was calculated . The metal 

percentage obtained from this calculation was used to arrive at the metal to ligand 

ratio in the complex as shown in the Table 5.  

Table 5. Quantitative determination of the metal in the complex. 

Metal complexes Found(%mass) Calculated(%mass) Metal to ligand ratio 

Ni-complex 15.24 16.3 1:1 

Co-complex 15.13 16.4 1:1 

  

3.2. 4 CHLORIDE ESTIMATION   

In a separate 100 ml volumetric flask, 20mg of the metal complexes were 

dissolved in 5ml concentrated nitric acid and digested for 1h for complete oxidations 

of organic component, later it is d ilu ted to 100 ml using deionised water. To the 

d igested solution 0.1N of AgNO3 was added until precipitation was complete. 

Further d igestion was carried out on a steam bath for one hour and allowed to stay 
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overnight. The obtain AgCl precipitate was filtered and washed with 0.1NHNO3 and 

then dried in an oven. It was weighed and the percentage of chloride was calculated. 

The results are tabulated in (Table 6)   the data ind icates the presence of two 

chlorides in the complex.   

Table 6: Chloride estimation data found (calculated) 

   

             Complex 

          

           Ni(II)               Co(II) 

Weight of AgCl found         0.015gm           0.023gm 

% of Chloride in the Complex

   

    18.55 (19.55)         18.96 (19.56) 

         

3.2.5 DETERMINATION OF MOLAR CONDUCTIVITY 

The complexes were d issolved in DMSO and the molar conductivities of 10 3 M of 

their solutions at 21 OC were measured . The values were 2 Scm2mole-1. These 

observations ind icate that the complexes are non-electrolytes in DMSO (10-3M) at 

room temperature.         

3.2.6 IR spectrum  

The IR spectrum of the Ni (II) and Co (II) metal complexes (Appendix7and 8) 

were compared with that of the free ligand , certain shifts and new bands were 

found. A new weak band appeared between 300 and 400 cm-1 ind icating the 

coord ination of chloride to the metal ions. One of the (C=N) stretching vibration 

frequency in the free NHOPD ligand at 1495cm-1 was shifted to 1509cm-1 in the 

complex, ind icating the participation of only one of the azomethine nitrogen in 
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coordination (M-N). (Table7) The shift of carbonyl band from 1723 cm-1 to 1729cm-1 

and 1723cm -1 to 1730cm -1in the Ni(II) and Co(II) complex respectively  ind icates the 

coord ination of the metal to the carbonyl functional group. The new weak band 

between 400 cm-1 and 500 cm-1 in both spectrums are assigned for M-O and M-N 

bonds respectively.   

Table 7. Important characteristic IR bands of the metal complex   

Compound C-N 

(cm-1) 

C=O 

(cm-1) 

C=N 

(cm-1) 

New bands 

Ni(II)-Complex 

Co(II)-complex 

1377,1336 

1377,1336 

1729 

1730 

1509 

1510 

400-500 (M-O) 

              (M-N)  

300 -400 (M-Cl) 

 

3. 2.7 Electronic Spectra 

Nickel (II) - Complex 

The electronic spectra measurements were very useful for assigning the 

stereochemistry of the metal ion in the complex based on the position and number of 

d-d transition peaks. The electronic absorption spectra of the quinoxaline derivative 

NHOPD ligand and its metal such as Ni (II) and Co (II) complex were recorded at 

room temperature using acetonitrile as the solvent. when the spectrums of the ligand 

and the complexes were compared , there is bathochromic shift of absorptions due to 

carbonyl and azomethine group, besides this shift additional three spin allowed d-d 

bands corresponding to 1A1g 

 

1B1g, 1A1g

 

1B2g and 1A1g 1Eg transition are 

observed for the Ni (II) complex however Co (II) complex show two d-d transitions, 

the different transition of the complex is summarized in table 8.    
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Table 8. Electronic spectra data of the complex.  

Compounds Absorption band(Cm-1) Transition 

 

Ni-Complex 

35714 (280nm)                 *      

26455 (378nm)            n     *

  

19531 (512nm)               d-d   1A 1 1B1 

         17731 (564nm)              d-d   1A 1 1B2 

         15924 (628nm)              d-d    1A 1 1E 

 

Co-Complex 

         35211 (284nm)                *

 

         25575 (391nm)           n     *

 

         19685 (508nm)

 

             d-d      2A1 2A2

 

         17699 (565nm)              d-d      2A 1 2E1

   

3.2.8 Magnetic Susceptibility ( m) 

When a substance is placed in an external magnetic field , the substance will produce 

its own magnetic field . If the substance is paramagnetic, this field adds to the 

applied field . If the substance is d iamagnetic, this field subtracts from the main field . 

This contribution to the external magnetic field is known as the magnetic 

susceptibility ( m) of the substance. m is positive for the paramagnetic material ( m > 

0), and the magnetic field is strengthened by the presence of the material and it is 

negative for the diamagnetic material ( m < 0), and the magnetic field is weakened in 

the presence of the material. The magnetic susceptibilities of paramagnetic and 

d iamagnetic materials are generally extremely small. The Xm data shows that Ni(II) 

complex is d iamagnetic and the Co(II) complex is low spin with one unpaired 

electron. The experimentally obtained gram magnetic susceptibility ( g), calculated 

magnetic moment and nature of complexes are summarized in Table 9.   
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Table 9: Magnetic moments of the complexes   

Complexes Mw(gm/mol) Xg×10-6 =2.824(T × Xm)-1/2(BM)  Nature of the 

complex 

Ni(II) 361.69 -0.041             -- diamagnetic 

Co(II) 361.93 2.576            1.5 Paramagnetic 

  

3.2.9 Conclusion 

On the basis of procured data (elemental analysis, molar conductivity, magnetic 

susceptibility, Atomic Absorption Stereoscopic, UV-Vis absorbance, IR spectra etc), 

Square planer geometry for both Ni (II) and Co (II) complexes has been suggested .  

The proposed structure is depicted in the scheme 7 below.  

                        

O

N

N

M

Cl
Cl

M=Ni,Co   
Scheme 7:  Proposed structure of the metal complexes.         
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Suggestion for the future work  

Coordination compounds play a crucial role in biological and other systems; 

therefore, the synthesis, characterization and study of their properties are of great 

importance. In the preparation of complexes with NHOPD ligand 1:1 metal to ligand 

molar ratio was used . It is referred from literatures that by altering molar ratios [75] 

complexes of d ifferent types can be obtained .  The work done in this project is not 

the final but the starting point of synthesis and analysis of the ligand and their 

transition metal complexes.  In the recent years quinoxaline derivatives are getting 

promising applications for the treatment of diseases like AIDS and in other areas like 

insecticides, purification of water, organic light emitting diodes and so on. Therefore, 

as far as the availability of staring materials and simplified synthetic methods are 

concerned , further stud ies and work are of immense importance for their synthesis 

and diverse applications.              



                      Synthesis and characterization of a quinoxaline derivatives and its Ni (II) and Co (II) Complexes. 

 

MASRESHA AMARE, 2010, AAU.

 

Page 30

   
References 

1. Kotharkar SA. Shinde DB. 2006, Synthesis of antimicrobial 2, 9, 10-     

trisubstituted-6-oxo-7, 12-dihydro-chromeno [3, 4-b] quinoxalines. Bioorg Med 

Chem Lett; 16: 6181-4. 

2. El-Hawash SA. Habib NS. Kassem MA. 2006 , Synthesis of some new quinoxalines 

and 1, 2, 4-triazolo [4, 3-a]-quinoxalines for evaluation of in vitro antitumor and 

antimicrobial activities. Arch Pharm (Weinheim); 339: 564-71. 

3. Yan L. Liu FW. Dai GF. Liu HM. 2007, An efficient synthesis of quinoxaline 

derivatives from 4- chloro-4-deoxy-   alpha-D-galactose and their cytotoxic 

activities. Bioorg Med Chem Lett; 17: 609-12. 

4. Grande F. Aiello F. Grazia OD. Brizzi A. Garofalo A. Neamati N. 2007 Synthesis 

and antitumor activities of a series of novel quinoxalinhydrazides. Bioorg Med 

Chem; 15: 288-94. 

5. Jung JK. Jung EK. Nam-Goong K. Cho JS. Kim HM.Park SG. Yoo YA, Kwon JH. 

Lee HS. 2006, Synthesis and cytotoxic activities of 8-alkyl or 8- aryl-8,9-dihydro-

7H-isoindolo[5,6-g] quinoxaline-7,9-diones. Arch Pharm Res; 9:276-81. 

6. Carta A. Loriga M. Piras S. Paglietti G. La CollaP. Busonera B. Collu G., Loddo R. 

2006, Synthesis of variously substituted 3-phenoxymethyl quinoxalin-2-ones and 

quinoxalines capable to potentiate in vitro the antiproliferative activity of 

anticancer drugs in multi-drug resistant cell lines.Med Chem; 2: 113-22. 

7. Zarranz B. Jaso A. Lima LM. Aldana I. Monge A. Maurel S. Sauvain M. 2006; 

Antiplasmodial activity of 3-trifluoromethyl-2-carbonyl quinoxaline di- N-oxide 

derivatives. Brazilian J Pharm Sci  42: 357-61. 

8. Rangisetty CN. Gupta AL. Prasad P. Srinivas N. Sridhar P.Parimoo A. 

Veeranjaneyulu. 2001, Synthesis of new arylaminoquinoxalines and their 

antimalarial activity in mice. J Pharm Pharmacol; 53: 1409-14. 



                      Synthesis and characterization of a quinoxaline derivatives and its Ni (II) and Co (II) Complexes. 

 

MASRESHA AMARE, 2010, AAU.

 

Page 31

  
9. Lieu F. Ouellet C. Ruediger EH. Belema M. Qiu Y. Yang X. Banville J., Burke JR. 

Gregor KR. MacMaster JF. Martel A. McIntyre KW. Pattoli MA. Zusi FC. Vyas D. 

2007, Synthesis and biological evaluation of 4-amino derivatives of 

benzimidazoquinoxaline, benzimidazoquinolin, and benzopyrazoloquinazoline 

as potent IKK inhibitors. Bioorg Med Chem Lett; 17: 1233-7. 

10. Carta A Piras S Loriga G Paglietti G. 2006,Chemistry ,biological properties and 

SAR analysis of quinoxalinones. Mini Rev Med Chem 6:1179-200. 

11. Zanetti LA Sechi P Molicotti S Cannas A Bua A Deriu A Paglietti G. 2005, In vitro 

activity of new quinoxalin 1, 4-dioxide derivatives against strains of 

Mycobacterium tuberculosis and other mycobacteria. Int J Antimicrobial Agents; 

25:179-81. 

12. Sun G Uretsky NJ Wallace LJ, Shams G Weinstein DM Miller DD. 1996 Synthesis 

of chiral 1-(2'-amino-2'-carboxyethyl)-1,4-dihydro-6,7-quino xaline-2,3-diones: 

alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionate receptor agonists and 

antagonists. J Med Chem; 39: 4430-8. 

13. Bahekar RH Jain MR Gupta AA Goel A Jadav PA Patel DN Prajapati VM Patel 

PR. 2007, Synthesis and antidiabetic activity of 3,6,7-trisubstituted-2- (1H-

imidazol-2-ylsulfanyl) quinoxalines and quinoxalin-2-yl isothioureas. Arch 

Pharm; 340: 359-66. 

14. Bigge CF, Malone TC, Boxer PA, Nelson CB,Ortwine DF, Schelkun RM, Retz DM, 

Lescosky LJ, Borosky SA, Vartanian MG. 1995, Synthesis of 1 , 4 , 7 , 8 , 9 , 1 0 - h 

e x a h y d r o - 9 - m e t h y l - 6 -nitropyrido[3,4-f]- quinoxaline-2,3-dione and 

related quinoxalinediones: Characterization of alpha-amino-3-hydroxy-5-

methyl-4-isoxazolepropionic acid (and N-methyl-D-aspartate) receptor and 

anticonvulsant activity. J Med Chem; 38:3720-40. 

15. C.H SRIDEVT K. BALATI, A .NAIDU and R.SUDHAKARAN. 2010, Synthesis of 

some phenylpyrazole benzimidazole quinoxaline derivatives as potent 

antihistaminic agents. 7(1), 234-238. 

16. Brock E. D. Lewis D. M. Yousaf, T. I. Harper H. H. WO 9951688, 1999. 



                      Synthesis and characterization of a quinoxaline derivatives and its Ni (II) and Co (II) Complexes. 

 

MASRESHA AMARE, 2010, AAU.

 

Page 32

  
17. Dailey S. Feast, J. W. Peace, R. J. Sage, I. C.; Till, S. Wood, E. L. J. Mater. Chem. 

2001, 11, 2238. 

18. Yamamoto T. Lee, B.L. Kokubo H.; Kishida, H.; Hirota, K. Wakabayashi, T. 

Okamoto H. Macromol. Rapid Commun. 2003, 24, 440. 

19. Bailly C. Echepare, S. Gago F. Waring M. J. 1999 Anti-Cancer Drug Des. 15, 291. 

20. Petukhov P. A. Tkachev A. V. Tetrahedron 1997, 53, 9761. 

21. Mao L. Sakurai H. Hirao T. Synthesis 2004, 2535. 

22. Zhao Z. Wisnoski D. D.; Wolkenberg S. E. Leister W. H. Wang, Y.; Lindsley C. 

W.Tetrahedron Lett. 2004, 45, 4873 

23. B. S. Tovrog, D. J. Kitko, and R. S. Dragom, J. Am. Chem. Soc. 98, 5144 (1976. 

24. H. Sharghi and M. A. Nasseri Bull. Chem. Soc. (Jpn.). 76, 137 (2003). 

25. K. B. Gudasi M. S. Patil, R. S. Vadavi R. V. Shenoy S. A. Patil, and M. Nethaji, Trans. 

Met.Chem. 31, 580  (2006). 

26 . M. V. D. Teresa Pinho e Melo, Current Org. Chem. 9 (10), 925 (2005). 

27. Y. Prashanthi, K. Kiranmai, N. J. P. Subhashini, and Shivaraj, Spectrochimica Acta, Part 

A. 70/1, 30 (2008). 

28. Spinu C.and Kriza A.Acta chim. Slov.2000, 47,179 

29. Sun B. Chen J. Hu. JY and LiX. J chin.chem.lett.2001, 12(11), 1043. 

30. Boghaei DM and Mohebis, Tetrahedron, 2002, 58(26), 5357. 

31. Mehta NK and Agarwale VS. Int, Corros, Cong.Proc.1996, 13(319). 

32. Budakoti a, abdi M and Azam a, Eur. J. Med.chem 2006, 41(1).63. 

33 . Nishinaga A. Yamada T. Fujisawa H. and Ishizakik catalysis by cobalt Schiff 

complexes in the oxygenation of alkenes on the mechanism of ketonization, T 

Mol.Catal, 48(1988)249-64, (1276), chem.Abstr, 111(1989) 22902. 

34. Xi Z.LiuN. CAOG, DUW, Huang J, caik and GuoH, (1987)  catalytic Oxidation of   

napthol by metalloporphyrins, Cuihau Xuebao, 7 (1986) 357-63, chem. Abtr, 106 

1400082. 



                      Synthesis and characterization of a quinoxaline derivatives and its Ni (II) and Co (II) Complexes. 

 

MASRESHA AMARE, 2010, AAU.

 

Page 33

  
35. Chakraborty H, paurn and Rahman ML, (1994), catalytic activities of Schiff bases 

aqua complexes of Cu(II) in the hydrolysis of amino acids ester trans Met 

chem.(Lond),19524-526. 

36. ZhaoYd, pang D, W, Zong Z, cheng JK, LUOZF,  Fengc J, Shen HY and Zhug X,C, 

(1988) Electrochemical Studies of antitumor drugs, fundamental electrochemical 

character of an iron(III) Schiff base complex and its interaction with DNA, 

Huaxe, Xueisao,56 178-183,chem. Abstract,128(1998),252661. 

37. Range S,P,sharmas S, chowdhary V,parihar M and Mehata R K, (1988), spectral 

and antibacterial investigation on tridentate Schiff bases and their Co(II), Cu(II) 

and Ni(II) complexes, J curr Bio sci,5  98-100.  

38. Nakamato O and Hidaka A, {1993), synthesis and resolution of some Schiff base of 

biological interst, Delta J sci, 15(1991) 47-56; chem. Abstr, 118 16875. 

39. Chohan, Hussain Z, pervez and Humayun, (1993),Biologicaly active complexes of 

Ni(II),Cu(II), and Zn(II) with tridentate NNO,NNS and NNN donor pyrazine 

derived ligand, synth React Inorg.Met Org chem.,23 1061-1071. 

40.  Malik ZA and Alam S. (1984), Antimicrobial screening and synthesis of amino 

acid esters and their Schiff bases from idan-1, 2, 3-trione J pure Apple sci, 1769-

76. 

41. Mishra V, saksena DK and Jain MC, (1987), synthesis and biocidal activity of iso 

thiocyanto chromium (III) complexes and some hetrocyclic Schiff bases, synth 

react Inorg Met Org chem. 17987-1002. 

42. Pandeya SN, Sriram D, Nath G and De CE, (2000) ,synthesis and antimicrobial 

activity of Schiff bases and Mannich base of istain and their derivatives with 

pyrimidine, Farmaco,54(1999) 624-628, chem. Abstr,132,22931. 

43. Cukurovali A, Yilmaz,Ozmen H and Ahmedzade M, (2002), Schiff base ligand 

containg cyclobutane and their metal complexes with Co(II), Ni(II) ,Cu(II) and 

Zn(II) complexes of two novel Schiff base ligands and their antimacobal 

activity,Trans Met.chem, 27171-176. 



                      Synthesis and characterization of a quinoxaline derivatives and its Ni (II) and Co (II) Complexes. 

 

MASRESHA AMARE, 2010, AAU.

 

Page 34

  
44. Shlyakhov EN, Tomnalik L,E.Burdenko TA, chaika TS, Tsapkov VI, and Samus 

NM, (1989),Coordinated Cu(II) and Ni(II) compounds with Schiff base and their 

antimicrobial activity Khim Abstr,110 209211. 

45. Kumar M, (2004), physicochemical and antimicrobial stud ies on Ni(II) and Cu(II) 

Schiff base complexes drived from furan-2-aldehyde ,Orient J chem. ,18(2002), 

140 267419. 

46. Journal of Scientific and Industrial Research Vol.68, March 2009, 181- 187. 

47. Hunek S, Schreiber K and Grimmecke HD, shiff bases and derived secondary 

amines as plant growth inhibitors, J.plant Grwth Regul, 3(1984) 75-84;chem. 

Abstr, 102(1985) 1871. 

48. Lu Bing-Xi, Li Shu-Xian, Ye-Wen-fa and Wang Yan-gang, (2000) synthesis and 

biological activity of Schiff base of trazole, Hunan Huagong, 3042-43; chem. 

Abst, 134(2001) 311154. 

49. George RS, Joseph R and George KE, (1993),study of poly-Schiff bases as protective 

agent in natural rubber, Int J polymer Mater, 23,17-26. 

    50. S. Ruhemann, J. Chem. Soc., 99792, 1911 

    51. H. Meyer. The Ninhydrin Reaction and Its Analytical Applications,    1957.  

   52.  Madeleine M. Joullie., New Reagent for the Development of Latent        Finger 

Prints, 2000. 

    53. Walter. Troll and R. Keith. Cannan, a Modified Photometric Ninhydrin   Method 

for the Analysis of Amino and Imino acids, 2007. 

    54. John D. Roberts, Marjoriy C. Casero., Basic Principles of organic       chemistry, 

1977. 

    55. Egon. Uhlig, Pure and Applied Chem., Vol 60, No.8, pp.1235-1240,   1998. 

    56. D. Venegas-Yazigi ; M. Campos-Vallette A.B.P. Lever ; J. Costamagna   ; R.O. 

Latorre; W. Hernández G. ., 2003,A Family of Ruthenium Complexes containing the 

non inocent ligand O-Benzoquinonneddiamine, An Infrared    Structural 

Interpretation.    



                      Synthesis and characterization of a quinoxaline derivatives and its Ni (II) and Co (II) Complexes. 

 

MASRESHA AMARE, 2010, AAU.

 

Page 35

  
57. S. Martin Nelson, Michael G. B. Brew, Metal-ion Controlled Reaction of 2,6- Diacetyl 

pyrid ine with 1,2-d iaminoethane and 2,6-d iformyl pyrid ine with o- 

Phenylenediamine and the crystal and molecular structure of a pentagonal 

pyramidal Cadmium(II) complex containing unidentate o-Phenylenediamine, 1985.  

58. Mulu Gebre, Nigussie Retta and Raju , V.J.T., Synthesis and    Characterization of 

some Metal Complexes of New N, N -bis (3-quinoxaline-2-one) d iaminopropane, 

Addis Ababa University, 2000. 

59.  Ali, M.M., Ammar, Y.A.; El-Gaby, M.S.A.; Isail, M.M.F. and Zahran, M.A. 2000, 

Synthesis     and Antimicrobial Activities of Some Novel Quinoxaline Derivatives, 

molecules, 5, 864-873. 

60. Ewing, D.E., Hendry, L.B. and Snyder, R.D., 2004, Evaluation of DNA Intercalation 

Potential of Pharmaceuticals and other chemicals by cell-based and three-

d imensional computational approaches, environmental and molecular mutagenesis, 

44, , 163 173.  

61. http:/ / www.alanwood.net/ pesticides/ class_insecticides.html, Compendium of   

Pesticide Common Names, Classification of insecticides: A list of common names for 

insecticides, classified according to chemical structure. Accessed on May 10, 2006.  

62. Bouabdallah, I., Hacht, B., Ramdani, A., Touzani, R. and Zidane, I. 2006, 

Quinoxalines     and tetraketones for metal cations extraction, General papers, 

ARKAT, 77-83.  

63. Delgadillo, A., Leiva, A.M., Loeb, B. and Romo, P., 2003 Synthesis and 

characterization     of ru thenium complexes with substitu ted pyrazino [2, 3-f][1, 10]-

phenanthroline (Rppl; R =Me, COOH, COOMe, Helvetica Chemica Acta- Vol. 86. 

64. Lee, T., Wang, C.S., Xie, P.F., and Yuan, Z., Organic Electroluminescence Devices       

using Pyrazolo [3,4b]quinoxaline Derivatives, City Research Ltd , Hong Kong, 

2002. 

http://www.alanwood.net/pesticides/class_insecticides.html


                      Synthesis and characterization of a quinoxaline derivatives and its Ni (II) and Co (II) Complexes. 

 

MASRESHA AMARE, 2010, AAU.

 

Page 36

  
65.  Chen, S. Liu , Y. Ma, Y., Qiu , W. Sun, X., Xu, X., Yu, G. and Zhu, D., 2005 , Synthesis     

and characterization of n-type materials for non-doped organic red-light 

emitting diodes, Advanced functional materials, 15, 1541-1446. 

66. Arthur, E.M., Robert D.H.; Modern Inorganic Chemistry, metal complexes    in 

aqueous solution, plenum press, New York, (1996). 

67. Keith F. Purcell, John C. Kotz, Inorganic Chemistry, Holt 

 

Saunders   International 

Editions, Hong Kong, 1977. 

68.  D. Sandya Runi, Ph d Thesis,  Synthesis and Structural Elucidation of    Transition 

Metal Compounds derived from Multidentate 2,3 Disubstituted 

Quanoxalines submitted to Osmania University, 1995. 

69. Bodie Douglas, Darl Mc Daniel, John Alexander; Concepts and Models of Inorganic 

Chemistry, 3rd ed., USA, 1993. 

70. Silverstein, M.; Webster, F.X. Spectrometric Identification of organic compounds, 

6th ed., John Wiley: New York; 1998. 

71.Anselmetti, D. Eckel, R., Ros, A., Ros, R. Sewald , N. and Wilking, S.D., 2003, 

Identification    of binding mechanisms in single molecule DNA complexes, 

Biophysical Journal, 85, ,1968 1973. 

72. Deshpande, M.S. and Kumbhar, A.S., 2005, Mixed-ligand complexes of ruthenium 

(II) incorporating a d iazo ligand: Synthesis, characterization and DNA binding, J. 

Chem. ci., Vol. 117, No. 2, 153 159. 

73. Taye T. Msc thesis, synthesis and characterization of metal complexes with 

Ninhydrine and O-phenyldiamine, AAU, 2007. 

74.  Gladts Da Silva; J .Chil.chem.Soc. 50, N2 (2005), p 447-459. 

75. Cusumano, M. Messina, M.A. Nicolo, F. Pietro, M.L.D. Rotondo, A.,   and Rotondo, 

E., 2004, NMR Study of L-Shaped Quinoxaline platinum (II) Complexes - 

Crystal Structure of [Pt(DMeDPQ)(bipy)](PF6)2, Eur. J. Inorg. Chem., 4710-

4717.   



                      Synthesis and characterization of a quinoxaline derivatives and its Ni (II) and Co (II) Complexes. 

 

MASRESHA AMARE, 2010, AAU.

 

Page 37

   
APPENDIX1: 1H NMR SPECTRUM OF NHOPD   
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   PPENDIX2:13C NMR SPECTRUM OF NHOPD   
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       APPENDIX 3. DEPT-135 SEPCTRUM OF NHOPD  
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                  Appedix4:   UV-Vis of the NHOPD 
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                         Appendix5: UV-Vis of the Nickel Complex of NHOPD   
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            Appendix 6: UV-Vis of the Cobalt Complex of NHOPD   
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Appendix7.IR Spectrum of NHOPD  
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Appendix8. IR Spectrum of Ni (II) complex of NHOPD 
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Appendix9. IR Spectrum of Co (II) Complex of NHOPD.   
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