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Abstract 

 
The Schiff base  derived from 4-aminoantipyrine and 3-hydroxybenzaldehyde 

was synthesized and characterized by elemental analysis, IR, electronic, 
1
H 

NMR and mass spectrum. Schiff base complex was synthesized and 

characterized. Conductance measurements indicates  the non-electrolytic 

nature of complex. IR spectral data show that the ligand is bidentate and the 

binding sites are azomethine nitrogen, and carbonyl oxygen atoms. Electronic 

spectral measurements indicate distorted square planar geometry for Cu(II) 

complex. Magnetic measurements showed the paramagnetic behaviour for the 

complex. The metal complexes are found to be stabilized in the unusual 

oxidation states of the metal ion during electrolysis. Superoxide dismutase 

and reducing power activities of the copper complexes have also been 

studied. Depending on the molecular structure, the complex possess 

promising SOD mimetic activities. 
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Introduction 

 
Heterocyclic moieties can be found in a large number of 

compounds which display biological activity. Antipyrine 

(N- heterocyclic compound) and its derivatives exhibit   

a   wide   range   of  biological activities and applications 

[1-3] Antipyrine is a marker in the study of transfer and 

biotransformations of drugs in the human body [4] and 

antipyrine metabolites are reported to show a positive 

correlation with plasma  fibronectin  level  in  monitoring 
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patients with chronic liver illness [5]. Because of their 

interesting structural features as well as the biological 

activity, a wide range of metal complexes derived from 

antipyrine derivateives have been reported [6-8]. 

Pyrazolebased ligands display variable complexing 

behaviour and a variety of coordination possibilities to 

metal centers [9].  

 

Transition metals exhibit different oxidation states and 

can interact with a number of negatively charged 

molecules. This activity of transition metals has started 

the development of metal based drugs with promising 

pharmacological application and may offer unique 

therapeutic opportunities [10, 11]. Schiff bases have 

played a special role as chelating ligands in main group 

and transition metal coordination chemistry because of 

their stability under  a  variety  of  redox  conditions and 

because imine ligands  are  borderline  Lewis bases [12]. 

 

http://dx.doi.org/10.1016/j.arabjc.2011.01.034
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The important physical and biological properties of 

the Schiff bases are directly related to 

intermolecular hydrogen bonding and proton 

transfer equilibria [13]. Schiff bases also offer 

opportunities for inducing substrate chirality, tuning 

metal-centered electronic factors and enhancing the 

solubility and stability of homogenous or 

heterogeneous catalysts [14]. Transition metals are 

involved in many biological processes which are 

essential to life process. The metals can coordinate 

with O- or N-terminals from proteins in a variety of 

models and play a crucial role in the conformation 

and function of biological macromolecules [15-26]. 

Among Transition metal complexes of pyrazolone 

derivatives, pyrazolone Schiff-base derivative had 

vast interest due to their biological activities. 

Especially, Schiff bases ligand system of 4-amino-

antipyrine are reported to be superior reagents in 

biological and analytical applications. 

  

 
 

Fig 1 Structure of 4-aminoantipyrine. 

 
4-Aminoantipyrine  (Fig 1) has an N-phenyl group 

and a –CH group on either side of a polar carbonyl 

group thus resembling N-substituted amides. 4-

aminoantipyrine because of the presence of 

carbonyl group act as potential donor with the large 

dipole moment and it has strong basic character. So 

there are three modes of coordination must be 

possible for the system, unidentate with bonding 

through either oxygen or the amino nitrogen or 

chelation utilizing both these donors. Depending 

upon the form (neutral, protonated) of the ligand 

precursor, it is possible to obtain either neutral or 

protonated forms of the ligands. Since 4-

aminoantipyrine has an additional potential 

coordination site in the amino nitrogen, it is 

considered worthwhile to study the complex of this 

ligand. 

 

Experimental 

 
Materials 

 

All chemicals were obtained from Merck was used 

without further purification.  

 
 

Synthesis of ligand from 4-aminoantipyrine 
 

The mixture of 4-aminoantipyrine (0.001 M) in 

ethanol and benzophenone (0.001 M) are allow to 

stirred in 3 h. This solution allowed to 24 h for 

cooling. The dark colour solution was filtered and 

washed with ethanol.  

 

 
 

Synthesis of metal complexes from 4–amino 

antipyrine  
 

Equimolar ethanolic solution of Schiff base and copper 

chloride was refluxed for 3 h. The brown colour 

solution was poured into crashed ice and refrigerated 

for 24 h. The green precipitate was washed with water 

and dried.  

 

 
 

Methods  

 
Determination of CHN analysis was done by using 

Elementar Vario ELIII Carlo Erba. Molar conductance 

measurements were measured in DMSO solution using 

a coronation digital conductivity meter. The IR spectra 

were recorded on a Shimadzu FTIR IR Affinity-1 

using KBr disc with the range 4000-350 cm
-1

. The 
1
H 

and 
13

C-NMR spectra of the ligand were recorded 

using Bruker Avance II 400 MHz spectrometer. TMS 

is used as standard. Electronic spectra were recorded 

in a Systronics 2201 Double beam UV-Vis., 

spectrometer within the range of 200-1100 nm. The 

cyclic voltammogram of the copper complex was 

recorded by using CHI 604D electrochemical analyzer 
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Table 1 Analytical and physical data of ligand and its copper complex. 
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Compound Formula Colour  Analytical data (Calc.) % 

Schiff base  C18H19N302 Yellow C H Cu Cl N   O 

69.89 

 

6.19  - - 13.58 10.34 

Metal complex C18H17CuN3O2Cl Brown 48.93 3.88 14.38 16.05 9.51 7.24 

with three electrode system of glassy carbon as the 

working electrode, a platinum wire as auxiliary     

electrode and Ag/AgCl as the reference electrode. 

Tetrabutylammoniumperchlorate was used as 

supporting electrolyte. The interaction between 

copper complexes and CT DNA were studied using 

electrochemical and electronic absorption techniques 

by keeping the same concentration of copper 

complex. 

 

SOD activity  

 
In vitro SOD activity was measured using alkaline 

DMSO as a source of superoxide radical (O2) and 

Nitroblue tetrazolium (NBT) as O2 scavenger. In 

general, 400 µl sample to be assayed was added to a 

solution containing 2.1 ml of 0.2 M potassium    

phosphate buffer (pH 8.6) and 1 ml of 56 µM NBT. 

The tubes were kept in ice for 15 min and then 1.5 ml 

of alkaline DMSO solution was added while stirring. 

The absorbance was then monitored at 540 nm      

against a sample prepared under similar condition 

except that NaOH was absent in DMSO. A unit of 

SOD activity is the concentration of complex or 

enzyme, which causes 50% inhibition of alkaline 

DMSO mediated reduction of NBT. 

 

Molar conductance 
 
The molar conductance data of the copper complex 

was measured in DMSO solution (0.001 M). The 

value fall in the range of 26 Ω
−1

cm 
2
mol

−1
, which is 

the expected range for nonelectrolytes. Thus, the 

present complexes are non-electrolytic in nature as 

evidenced by the involvement of acetate group in 

coordination. This result was confirmed from the   

chemical   analysis   of   CH3 COO
−  

 ion   is   not 

mistries of metal ions in the complexes based on the 

positions and number of d-d transition peaks. In the 

electronic spectra of metal complexes, the wide range 

of bands are due to transition of -HC=N-, charge 

transfer results  from  electrons   interaction   between 

the metal and the ligand which involves either a M-L 

or ligand to metal electron transfer. 

 

 

IR spectra 

  
The IR spectrum of the free ligand show the       

characteristic >C=N bands in the 1658–1634  cm
−1

 

precipitated by addition of FeCl3. The complex did not 

show electrolytic properties. 

 

UV- visible spectra 

 
The electronic absorption spectral data of the ligands 

and their complexes were recorded in ethanol. The 

electronic spectral measurements were used for 

assigning the stereochemical region which are shifted 

to lower frequency in the spectrum of the metal 

complex (1636 cm
−1

). It confirms the formation of 

CN–bonds as well as lack of carbonyl group from 

original aldehydic compounds. The complex also 

display bands at 1620–1615 and 1326–1318 cm
−1

 due 

to the asymmetric and symmetric stretching vibration 

of the acetate group with (υ = 294 cm
−1

) indicating the 

coordination of acetate group. The IR spectrum of the 

metal complex also show some new bands in the 480–

450 and 450–412 cm
−1

 regions, which may probably 

due to the formation of M–O and M–N bands, 

respectively. Thus, the IR spectrum results provide 

strong evidence for the complexation  of  the       

potentially bidentate ligand, i.e., the ligand coordinates 

to copper atom through azomethine nitrogen atom. 

 
1
H NMR spectrum 

 

The 
1
H NMR spectrum of ligand (Fig 2) in CDC13 

gives the following signals: phenyl as multiplet at    

7.2-7.6 ppm, =C-CH3 at 2.4 ppm, -N-CH3 at 3.2 ppm 

and -CH=N protons at 9.8 ppm. The peak at 13.2 ppm 

is attributable to the phenolic -OH group present in 

the salicaylaldehyde. All the protons were found to be 

in their expected region. The conclusions drawn from 

these studies  lend  further  support  to  the  mode of 

bonding discussed in their IR spectra. The number of 

protons calculated from the integration curves and 

those obtained from the values of the expected CHN 

analyses agree with each other. 
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Fig 2 
1
H NMR spectrum of 4-aminoantipyrine 

derivative. 

 

Magnetic measurements 

 

Magnetic susceptibility study of the present complex 

gives a magnetic moment value (μeff) of 1.96 BM at 

room temperature. μeff = 1.96 BM indicates one 

electron paramagnetism. This value is higher than the 

spin-only value of 1.73 BM for one unpaired electron. 

The higher value of the magnetic moment indicates 

that complex is monomeric in nature and there is no 

metal–metal interaction along the axial position in the 

complex. 

 

Cyclic voltammetry 

 
The cyclic voltammogram of Cu(II) complex (Fig 3) 

in DMSO solution at 300 K in the potential range 

+0.2 to −1.2 V and at scan rate 0.1 V s
−1

 was 

recorded. It shows a well defined redox process 

corresponding to the quasireversible Cu(II)/Cu(I) 

couple. The anodicpeak at Epa = −0.730 V versus 

Ag/AgCl and the associated cathodic peak at 

Epc = −0.620 V correspond to the Cu(II)/Cu(I) couple. 

The Cu(II) complex exhibits a quasireversible 

behaviour as indicated by the non equivalent current 

intensity of cathodic and anodic peaks and a peak 

separation, ΔEp value of 110 mV. The                 

quasireversibility of the Cu(II)/Cu(I) couple was 

checked by varying the scan rates with peak 

potentials. The complex is found to be stabilized in 

the unusual oxidation state of copper in its +1 

oxidation state during electrolysis. These 

observations suggest that indal-glygly can stabilize 

Cu(I) ion probably because of its indole group having 

π back bonding effect. These observation suggested 

that the ligand can stabilize the unusual oxidation 

states of Cu(I) and Cu(III) for copper complex during 

electrolysis. It is known that an adequate Cu(II)/Cu(I) 

redox potential for effective catalysis of superoxide 

radical must be required between −0.405 V for 

O2/O2
•−

 and +0.6  45 V for O2
•−

/H2O2 versus  SCE    

(at pH 7) or  between  −0.762  and  +0.29  V   versus 

 

Ag/AgNO3/ACN,respectively. The Cu(II)/Cu(I) redox 

couple is within this potential range; therefore, the 

copper complex may be expected to show SOD activity. 

 
Fig 3 Cyclic voltammogram of copper complex.  

SOD activity 

The presence of the redox active copper atom is essential 

for the superoxide dismutase mechanism and if zinc is 

replaced by copper, the dicopper derivative has the same 

activity as the native enzyme. The unique role of this 

enzyme in the organism protection has made it a model 

compound for the design of low molecular antioxidants 

on the basis of copper complexes mimicking the active 

site of the metalloenzyme, thus achieving SOD-like 

activity. Metallotherapeutics based on such SOD-mimics 

could then be supplemented in the treatment of diseases 

connected with the oxidative stress. In the present    

[CuL (Cl)2] complex showed SOD activity value is lower 

than native bovine Cu, Zn-SOD. A greater interaction    

between superoxide ion and Cu(II) complex is induced 

due to the stronger axial bond, which results in an 

increased catalytic activity. In addition azomethine 

ligands containg electron withdrawing substituent 

stabilizes the Cu(I) complex formed during superoxide 

dismutation reaction which further reacts with 

superoxide ion to give hydrogen peroxide. The distorted 

geometry of these complexes may favor the geometrical 

change, which is essential for the catalysis as the 

geometry of copper in the SOD enzyme also changes 

from distorted square planar geometry. In comparison 

with the reported data, the difference in reactivities of the 

complexes may be attributed to the coordination 

environment and the redox potential  of  the  couple  

Cu
+
/Cu

++
  in  Cu(II)  complex during the catalytic cycle. 

It has been reported that the redox potential of Cu(II) 

ions is affected by the coordination structure of Cu(II) 

complex. The nature of substituent plays a key role in 

stabilizing the Cu
+
 oxidation state during the catalytic 

cycle. 

 

Conclusions 

 
4-Aminoantipyrine derivative and its copper complex 

were synthesized and characterized. The spectral data 

show that the Schiff base exist as bidentate ligand by 

bonding to  the  copper  ion   through   the   azomethine  

 

 



Synthesis, structural elucidation and electrochemical behavior of metal complexes of 4-aminoantipyrine derivatives                                      15               

                            

 

                

             

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Nitrogen atom. They have adopted square planar  

geometry around the Cu(II) ion. The synthesized 

complex exhibited significant SOD activity and may be 

mimic natural enzyme. 
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