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ABSTRACT 

 

A new heterocyclic Schiff base ligand and its Co(II), Cu(II), Ni(II) and 

Zn(II) complexes have been synthesized from 4-aminoantipyrine, thiophene-2-

carboxaldehyde and 2-aminophenol. The structure of the compound is determined 

based on the conductivity, magnetic and spectral data. 
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1.  INTRODUCTION 

 

Schiff bases and their metal complexes are of growing importance in co-ordination 

chemistry. Heterocyclic Schiff base ligands and their metal complexes have variety of 

applications in pharmacological field1 which includes antibacterial2, antifungal3, anti-

tuberculosis4, antimalarial5, antiviral6 and antitumour activity7. The chemistry of antipyrine 

and its derivatives have been investigated for analgesics, anti-inflammatory antiviral and 

herbicidal properties8. 

 

2.  MATERIALS AND METHOD 

 

All the reagents used for the synthesis 4-aminoantipyrine, 2-amino thiazole, metal 

perchlorates and thiophene-2-carboxaldehyde were purchased from Sigma Aldrich and 

Himedia and were used as such. The solvents like ethanol, methanol, DMSO etc., were purified 

http://www.chemistry-journal.org/
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and dried by the standard procedures (Raman et al., 2007) .The UV-Visible spectra were 

recorded on Schimadzu UV spectrometer in the wavelength range 200– 800 nm.IR spectra 

were recorded on Schimadzu FTIR 8400S spectrometer in the wavelength range 4000-400 cm-1 

using KBr pellet method. The 1 H NMR spectra of the samples were recorded in DMSO-d6 on 

a Bruker AVANCE III 500 MHz (AV 500) multi nuclei solution NMR Spectrometer at 

Sophisticated Analytical Instrumentation Facility (SAIF), IIT Madras. Mass spectra of the 

Schiff base ligands and their complexes were done on JEOL GCMATE II GC-MS with 

Electron impact (EI) mode at SAIF, IIT Madras. Molar conductivity of the metal complexes 

were determined using  Deep vision Conductivity Bridge with a dip type cell using 10-3 M 

solution of complexes in DMSO. Magnetic susceptibility of the complexes were  measured 

using a Guoy balance. 

 

2.1.   Synthesis of Schiff base ligand 

 

An equimolar mixture of 4-aminoantipyrine (10 mM) and thiophene-2-

carboxaldehyde (10 mM) in 30 ml ethanol was refluxed for 3 hours with continuous stirring 

using a magnetic stirrer. The completion of the reaction was monitored using TLC. The solid 

product obtained (1) was filtered , washed with ethanol several times  and  recrystallised from 

hot ethanol and dried in vacuum over anhydrous calcium chloride (Scheme  1). 
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Scheme 1  Synthesis of Schiff base from 4-aminoantipyrine and thiophene-2-carboxaldehyde (1) 

 

Equimolar mixture of  compound (1) (10 mM) and 2-aminophenol (10 mM) in 30 ml 

ethanol was mixed with 1 gram of potassium carbonate and  refluxed for 18 hours with 

continuous stirring using a magnetic stirrer. The completion of the reaction was monitored 

using TLC. The solid product obtained  was filtered and washed with ethanol several times 

and recrystallised from hot ethanol and dried in vacuum over anhydrous calcium chloride 

(Scheme 2). 
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Scheme. 2  Synthesis of Schiff base AAPTCAP 
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2.2  Synthesis of metal complexes  
 

The ligand was dissolved in hot ethanol and added an ethanolic solution of the metal 

perchlorate and refluxed with continuous stirring using a magnetic stirrer for 5 hours. The 

resulting solution was concentrated on a water bath to reduce it to  one-third of its volume. 

The crystalline precipitate obtained was filtered and washed with hot ethanol. 
 

2.3 Determination of antibacterial activity 
 

The antibacterial activity was performed by disc diffusion method using Muller 

Hinton Agar medium .The bacterial species like Escherichia coli & Pseudomonas aeruginosa 

(gram positive) Staphylococcus aureus & Salmonella typhimurium (gram negative) were used 

in this study. Fresh bacterial cultures were used for this purpose.The sample was weighed 

(10mg/10ml) and dissolved in 1% sterile DMSO to prepare appropriate dilution to get required 

concentrations (500, 250, 100 and 50 μg/ml) and were refrigerated. Standard solution as 

Gentamicin (100 μg/ml in 1% DMSO) used to compare the test solution. Whattman filter paper 

(No:1) was used to prepare discs approximately 6 mm in diameter, which are placed in hot air 

for sterilization After sterilization, the discs were loaded with different concentrations of 

prepared sample solutions and again kept under refrigeration for 24 hrs. Previously prepared 

paper discs were dispensed onto the surface of the inoculated MHA plates. Each disc was 

pressed down firmly to ensure complete contact with the agar surface. The discs were placed 

on the medium suitably apart. The plates were incubated at 5°C for 1 hr to permit good 

diffusion and then transferred to incubator at 37°C for 24 hrs. 
 

2.4  Determination of antifungal activity 
 

Candia albicans was selected as test organisms for the present study. The test fungi 

were procured from Microbial Type Culture Collection Centre, Institute of Microbial 

Technology Chandigarh. The organisms were maintained on Sabouraud dextrose agar.Anti-

fungal activity of the given samples was determined by disc diffusion method on SDA 

medium.The SDA medium is poured into the Petri plate. After the medium had been solidified 

the inoculums were spread on the solid plates with sterile swab moisture with the fungal 

suspension. Using sterile forceps, the sterile filter papers (6 mm diameter) containing the 

sample 500, 250, 100 and 50 μg/ml were laid down on the surface of inoculated SDA plates. 

The plates were incubated at 27○C for 12 hrs and then plates were inverted and placed in an 

incubator set to respective temperature for 48 hrs. 

 

3.  RESULTS AND DISCUSSION 

 

3.1  Conductivity measurements 
 

The metal complexes are dissolved in DMSO and the molar conductance values are 

measured at room temperature. The values of molar conductance obtained for the complexes 

(60-75 Ω-1 cm2 mol-1) shows that they behave as 1:1 electrolytes9. 
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3.2  IR spectra 
 

The IR spectral data of Schiff base ligand and its complexes are compared in order to 

determine the coordination sites in complex formation. The IR spectra of the ligand shows a 

broad band in the region 3100-3400 cm-1 which is due to the phenolic νOH group10. This broad 

band is not seen  in the spectra of all the complexes which indicates that the deprotonation of 

OH group in the complex formation. The spectra of the ligand shows the characteristic –C=N 

bands in the region 1639 & 1583 cm-1 which are shifted to lower frequencies in the spectra of 

complexes indicating the involvement of azomethine nitrogen in bonding to the metal11. 

Further it shows a peak at 845 cm-1  for the ligand which is due to the ν (C-S) stretching vibration 

of thiophene group12  and this has shifted to lower frequencies in the metal complexes which 

indicates the involvement of  sulphur group in complexation with the metal ion. The IR spectra 

of the metal complexes show some new bands in the region  563-586 cm-1 , 500-506 cm-1 and 

450-465 cm-1 which have been assigned to  ν(M-O) , ν (M-N) and ν(M-S) modes respectively 13. 
 

3.3  Electronic absorption  spectra 
 

The electronic spectra of the ligand and its complexes were recorded in DMSO . The 

copper complex of ligand shows a d-d band in the region 442 nm which is due to 2B1g→2A1g 

transitions which favours the square-planar geometry 14 around the central  metal ion. This is 

further supported by the magnetic moment value 1.86 15. The Co(II) complex shows bands at  

489 and 670  nm which is assigned to 4T1g
(F)

 →4T1g
(P) and  4T1g

(F)
 → 4A2g

(F) for Tetrahedral 

geometry16. The magnetic moment of Co(II) complex is found to be 4.36 B.M. which is at the 

lower end of magnetic moments expected for tetrahedral Co(II) complex17. The nickel 

complex is diamagnetic and the electronic spectra of this complex shows a band at 458 nm 

which is due to 1A1g → 1B1g for square planar geometry18.  
 

3.4  Mass Spectra 
 

The mass spectrum of the ligand shows molecular ion peak at m/z 388 corresponding 

to [C22H20N4OS]  ion whereas the copper, cobalt, nickel and zinc  complexes  shows the 

molecular ion peaks  at   549, 545 , 544 and 552   m/z which confirms the stoichiometry of the 

complex to be ML  whereas M= Cu, Co,  Ni  & Zn. All the complexes underwent demetallation 

to give the fragment ion peak at m/z 388 corresponding to the  molecular weight of the Schiff 

base ligand. 
 

3.5   1H - NMR spectra 
 

The  1H- NMR spectra of the ligand and its Zn complex were recorded at room 

temperature (RT) in DMSO-d6. A multiplet is observed in the region 6.37 – 7.77 δ for the 

Schiff base ligand (AAPTCAP) which is due to the aromatic protons. The signal observed at 

9.71 δ which  is due the azomethine group. The OH group of 2-aminophenol shows a signal 

at 10.92 δ. The absence of this signal in the complex indicates the loss of OH protons in 

chelation with the metal. The azomethine group signal has moved to downfield in the complex 

compared to the Schiff base ligand which suggests the deshielding of azomethine group in 

coordination with the metal19.  
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3.6  Cyclic voltammetry 
 

 Cyclic voltammogram of copper complex of AAPTCAP ligand was recorded in 

DMSO solution at RT. Tetrabutylammoniumperchlorate(TBAP) was used as supporting 

electrotyte. The cyclic voltammogram is given in Fig.1.  The cyclicvoltammogram of the 

copper(II) complex displays a well-defined redox process corresponding to the formation of 

Cu(II)/Cu(I) couple at Epa = -0.388 V and the associated cathodic peak at Epc = -0.792 V. This 

couple is quasireversible with ΔEp = 0.414 V and the ratio of anodic to cathodic peak currents 

(Ipc/Ipa ≈ 1) corresponds to asimple one electron process. The large separation between the 

cathodic and anodic peak (414 mV), indicates its quasi reversible character20. 

 
Fig.1   Cyclic voltammogram of Cu(II) complex 

  

Based on the above discussions, the proposed structure of the Cu(II), Co(II), Ni(II) 

and Zn(II) complexes of AAPTCAP ligand is given in Fig 2 . 
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Fig 2.   Square planar geometry for Cu(II) and Ni(II) complexes  & Tetrahedral geometry  for Co(II) and 

Zn(II) complexes  

Where M= Cu(II), Co(II) , Ni(II) & Zn(II) 
 

3.7  Antibacterial and antifungal activity 
 

The Schiff base ligand and its metal complexes were monitored for antibacterial 

activities against various pathogenic bacterias like Escherichia coli, Pseudomonas aeruginosa, 
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Salmonella typhimurium Staphylococcus aureus and antifungal activity against Candida 

albicans. Gentamicin and Clotrimazole were used as standards for antibacterial and antifungal 

studies. The zone of inhibition in diameters (mm) are given in Table 1 & 2. From the results, 

it has been found that there is increased activity of the metal complexes compared to the ligand 

which can be explained on the basis of Overtone’s concept21 and Tweedy’s chelation theory22. 
 

Table 1  Antibacterial activity data of AAPTCAP ligand and its complexes 
 

Comp- 

ound 

Escherichia coli Pseudomonas aeruginosa Salmonella typhimurium Staphylococcus aureus 
500 

(µg/ml) 

250 

(µg/ml) 

100 

(µg/ml) 

50 

(µg/ml) 

500 

(µg/ml) 

250 

(µg/ml) 

100 

(µg/ml) 

50 

(µg/ml) 

500 

(µg/ml) 

250 

(µg/ml) 

100 

(µg/ml) 

50 

(µg/ml) 

500 

 µg/ml) 

250 

(µg/ml) 

100 

(µg/ml) 

50 

(µg/ml) 

AAPTCAP  

Ligand HL1 7.77 6.74 6.51 6.40 11.72 10.30 7.78 7.10 12.22 10.47 8.30 7.10 10.78 10.09 8.40 7.59 

CuL1 17.89 14.70 12.28 7.65 12.44 11.70 9.60 9.02 13.38 11.71 10.18 7.93 11.50 10.30 9.44 8.42 

CoL1 13.39 10.26 8.55 7.27 12.00 10.00 8.90 7.10 14.41 11.74 10.50 10.34 14.37 11.20 9.82 9.55 

NiL1 10.36 9.66 8.50 7.19 11.10 10.15 8.63 7.47 12.80 11.22 9.84 8.46 11.49 10.50 9.54 7.87 

ZnL1 11.90 10.22 9.02 8.00 11.12 9.25 8.02 7.09 14.94 13.75 11.40 9.0 15.68 12.55 9.76 7.79 

Control 

1 % DMSO 
NI* NI* NI* NI* 

Standard 

Gentamicin  

(100 µg/ml) 

19.90 20.28 18.36 22.25 

 

(Zone of inhibition in mm):  no activity (0.0), very weak activity (< 7 mm), weak activity (7–10), 

moderate activity (11–15 mm), strong activity (> 15 mm). 
 

Table 2   Antifungal activity data of AAPTCAP ligand and its complexes 
 

Compound Candida albicans 

500 (µg/ml) 250 

(µg/ml) 

100 

(µg/ml) 

50 

(µg/ml) 

AAPTCAP Ligand 9.81 8.58 8.07 7.03 

CuL1 29.76 28.90 28.66 27.25 

CoL1 11.67 10.23 7.47 6.10 

NiL1 10.33 9.19 8.63 8.10 

ZnL1 32.02 31.26 29.75 28.84 

Control 1% DMSO NI* 

Standard  

Clotrimazole(100µg/ml) 
13.45 

(Zone of inhibition in mm):  no activity (0.0), very weak activity (< 7 mm), weak activity (7–10), 

moderate activity (11–15 mm), strong activity (> 15 mm). 

 

CONCLUSION 
 

A new heterocyclic Schiff base ligand was derived from 4-aminoantipyrine, 

thiophene-2-carboxaldehyde and 2-aminophenol(AAPTCAP) and its Cu(II), Co(II), Ni(II) and 

Zn(II) complexes were synthesised. The molar ratio of the ligand to metal was found to be 1:1 

.The Schiff base behaves as a tetradentate ligand and based on the physico-chemical studies a 

square planar structure is proposed for the Cu(II) and Ni(II) complexes and a tetrahedral 

structure for Co(II) and Zn(II) complexes. The complexes are found to be 1:1 electrolytes 

based on the conductivity measurements. The results of the invitro antibacterial and antifungal 

studies reveals that the metal complexes are more active compared to the free ligand. 
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