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ABSTRACT: In this study a new metal complexes of Co(II), Ni(II), Cu (II) and Zn(II) with 

(E)-2-((2-hydroxy-1,2-diphenylethylidene)amino)phenol has been synthesized and characterized by 

elemental analysis, FT-IR, 
1
H-NMR, 

13
C-NMR and molar conductance. The antioxidant activity of 

these complexes are being studied and compared with the standard ascorbic acid. Antioxidant study 

is carried out against the 2,2-diphenyl-1-picrylhydrazyl radical (DPPH), which shows the metal 

complexes found to be a good antioxidant, as comparable to ascorbic acid.  
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1. INTRODUCTION 

Reactive oxygen species (ROSs) play an important role in degenerative condition such as aging 

cancer, cardiovascular diseases, cataracts, neuron degenerative disorders, liver diseases and 

inflammations [1]. These free radicals occur in the body during an imbalance between ROSs 

(Reactive oxygen species) and anti oxidants. Hence, the dietary intake of antioxidant is necessary 

and important to balance the anti oxidant states that would reduce pathological conditions to that 

induced free radicals [2]. A metal complex plays an essential role in agriculture, pharmaceutical and 

industrial chemistry. The biological study of these complexes highlights the potential of metal (II) 

complex with bioactive ligand as anti-oxidant activity. The synthetic metal complexes are act as 

antioxidants, which strengthen the endogenous antioxidant defenses from ROS ravage and restore 

the optimal balance by neutralizing the reactive species. They are gaining immense importance by 
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virtue of their critical role in disease prevention. In the chosen copper (II) complex, its therapeutic 

efficacy in the state of oxidative stress has not been evaluated. In our previous study the synthesized 

schiff base ligand N, N’– bis(benzoin)-1,4 butane diimine is being tested against the bacterial and 

fungal species, which showed a remarkable zone of inhibition with standards and have a good 

antibacterial and antifungal activities [3]. Hence, the present study, an attempt has been made to 

evaluate an antioxidant potential of the (E)-2-((2-hydroxy-1,2-diphenylethylidene)amino)phenol 

metal complexes .This research is focused on the antioxidant activity of metal complexes, in order to 

find out an increased activity with the presence of the metallic center. 

2. MATERIALS AND METHODS 

Chemicals 

The chemicals and solvents used in this work have been purchased from sigma chemicals, (Sigma 

Aldrich chemical Pvt. Ltd., Bangalore, Karnataka, India). All other reagents and chemicals used in 

this study are of analytical grade with high purity. All the glass wares used are washed thoroughly 

with distilled water and dried in an oven. An infrared spectrum has recorded on a Perkin-Elmer 

FT-IR type 1650 spectrophotometer in wave number region 400-4000 cm
−1

. The 
1
HNMR 

spectrum of the complex is recorded in DMSO-d
6
solution on a Bruker-3410NM, 300 MHZ 

spectrometer with chemical shifts which reported in ppm relative to TMS as internal standard.  

Synthesis of (E)-2-((2-hydroxy-1,2-diphenylethylidene)amino)phenol 

Hot ethanolic solutions of benzoin (2.12 g, 0.01mol) and 2-amino phenol (1.64 g, 0.01 mol) are 

being mixed and refluxed for 3 hours in a water bath. The resulting solution has been concentrated 

and cooled in an ice bath. The separated precipitate is collected through filtration by using a vacuum 

pump and washed with ethanol, dried over anhydrous CaCl2 and recrystallised from ethanol. The 

percentage yield of the compound is 72 %. The compound is in white colour solid (Scheme). The 

melting point of BAP is determined and found to be 188°C. It is insoluble in water but completely 

soluble in methanol, ethanol, propanol, butanol, acetone, dimethyl formamide and DMSO [4-9]. 

 

Scheme: Synthesis of (E)-2-((2-hydroxy-1,2-diphenylethylidene)amino)phenol 

Preparation of (E)-2-((2-hydroxy-1,2-diphenylethylidene)amino)phenol metal complexes 

The metal complexes is being prepared by adding a solution of appropriate metal salts (5 mmol, in 

30 mL methanol) into a hot 50 mL methanol solution in the Schiff base BAP (10 mmol, in 40 mL 

methanol) and refluxing between 3 to 4 hrs. The resulting solution has been allowed to evaporate at 
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room temperature. The separated complexes are collected and washed with methanol and ether. The 

product is dried over anhydrous calcium chloride in desiccators (~85 % yield) [10]. 

In vitro – Antioxidant Study 

DPPH free radical scavenging activity 

DPPH radical-scavenging activity is determined by the method of Shimada, et al., [11]. Briefly, a 2 

ml aliquot of DPPH methanol solution (25µg/ml) was added to 0.5 ml sample solution at different 

concentrations. The mixture has been shaken vigorously and allowed to stand at room temperature 

in the dark for 30 min. Then the absorbance is being measured at 517nm in a spectrophotometer.  

         AC – AS 

              Radical scavenging activity (%) =     ---------------     X 100 

                                                          AC 

Where AC= absorbance of the control and AS = absorbance of reaction mixture (in the presence of 

sample).  

All tests and analyses have been performed with three replicates and the results are averaged. An 

IC50 value that denotes the concentration of metal complexes required to scavenge 50% of the 

DPPH radicals and are obtained from a plot of scavenge activity vs. metal complex. 

3. RESULTS AND DISCUSSION 

The interaction between copper(II) ion and (E)-2-((2-hydroxy-1,2-diphenylethylidene) 

amino)phenol, yielded the desired crystalline, metal complex compound. These compounds are 

insoluble in water and common organic solvents, but are readily soluble in acetone, chloroform and 

DMSO. IR spectra of Schiff base shown in Figure 1, showed the band region 1602 cm
-1

, which 

indicate the presence of v(C=N) stretching vibration. The IR spectra of all complexes shows bands 

in the region 1658-1592cm
-1 

which shows the v(C=N) stretching vibration, a fundamental feature of 

azomethine group [12]. The coordination of water molecule is indicated by the appearance of broad 

band in the region of 3357, 3368, 3440, 3521cm
-1

. The coordination of the phenolic oxygen and 

azomethine further confirmed by the appearance of non-ligand bands at 511, 510, 515, 527 and 415, 

411, 405, 423cm
-1

 due to v(M—O) and v(M—N) respectively [13-16]. Out-of-plane NH wagging is 

responsible for a broad band of medium intensity in the 900-600 cm
-1

 region. These bands 

confirmed the coordination of the schiff base to the metal (II) ion. The IR data of the metal 

complexes summarized in table 1. The 
1
HNMRspectrum of the Schiff base (scheme 1)exhibits 

a aliphatic C-H of –OH proton are found at 3.35ppm and a multiple at  8.1-7.8 (m, Ar-H) (table 2). 

The metal (II) complex compound revealed 1:1 metal to ligand ratio, resulting in a six coordinate 

complex compound and the proposed molecular structure showed in figure 4. The 
13

C peaks 

observed between δ 133 to 126 ppm are due to aromatic carbons. The spectrum shows absorption at 

δ 72 ppm for hydroxyl carbon (Table 3). The peaks observed at δ 136 ppm are assigned due to the 

azomethine carbons. The observed and calculated percentage composition of C, H and N elements 
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of the synthesized Schiff base ligands and its metal complexes and molar conductance of the 

complexes are presented in Table 4[17-23]. The molar conductance of metal complexes of BAP 

lying in the range of μc = 27 and 18 Ω
-1 

mol
-1 

cm
2
, which indicates the non-electrolytic nature of the 

complexes [24]. 

Table 1: The Infrared Spectral Data of the Metal Complex  

 

Figure 1: IR spectrum of Schiff base 

 

Figure 2:
1
HNMR spectrum of Schiff base 

Compound ν (OH) ν (C=N) ν (M-O) ν (M-N) 

BAP 3346 1602 - - 

[Co(BAP)(H2O)Cl2] 3357 1592 511 415 

[Ni(BAP)(H2O)3]2ClO4  3368 1596 510 411 

[Cu(BAP)(H2O) Cl2] 3440 1658 515 405 

[Zn(BAP)(H2O)Cl2] 3521 1613 527 423 
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Figure 3:
13

C NMR spectrum of BAP 

  

[M(BAP)(H2O)Cl2] 

Figure 4: Shows the molecular structure of metal (II) complexes of 

(E)-2-((2-hydroxy-1,2-diphenylethylidene)amino)phenol compound 

  Table 2:
 1
H NMR spectral data of Schiff bases 

Schiff base Chemical shift Assignment 

 

BAP 

3.35 

7.7-7.6 

8.1-7.8 

C-H of –OH proton 

CH proton 

Aromatic CH protons 

Table 3:  
13

C NMR spectral data of Schiff bases 

13
C NMR  Spectrum Signal [ppm] Group identification 

 

BAP 

72  

133-126  

136  

Hydroxyl carbon atoms  

Aromatic carbon atoms 

Azomethine carbon atom 
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Table 4: Elemental analysis and molar conductance of metal complexes of Schiff base 

 

Molecular 

formula 

 

 

Compound 

 

Molecular 

weight 

 

 

 

Melting  

point 0C 

 

 

Elemental analysis % Found and  

(% Calculated) 

Molar 

conductance 

(Ω-1cm2 mol-1) 

 
(%) C (%) H (%)N (%)O  (%)Cl  

C20 H19 Cl2 Co NO3 

 

C20H19Cl2NiNO13 

 

C20H19Cl2CuNO3 

 

C20H19Cl2NO3Zn 

 

[Co(BAP)(H2O)Cl2] 

 

[Ni(BAP)(H2O)3]2ClO4 

 

 [Cu(BAP)(H2O)Cl2] 

 

[Zn(BAP)(H2O)Cl2 ] 

451 

 

   450 

 

   455 

 

   457 

221 

 

218 

 

213 

 

226 

53.27 

(53.24) 

53.25 

(53.22) 

52.62 

(52.60) 

52.49 

(52.45) 

4.29 

(4.24) 

4.27 

(4.25) 

4.28 

(4.20) 

4.26 

(4.18) 

3.13 

(3.10) 

3.11 

(3.10) 

3.12 

(3.07) 

3.10 

(3.06) 

10.70 

(10.64) 

10.68 

(10.60) 

10.59 

(10.53) 

10.45 

(10.49) 

 15.78 

(15.71) 

15.75 

(15.70) 

15.60 

(15.56) 

15.53 

(15.49) 

27 

 

25 

 

22 

 

18 

DPPH-scavenging activity  

In the DPPH assay, the ability of the Cu(II) complex to effectively scavenge DPPH radical is 

displayed in Figure 5, where it is compared with that of ascorbic acid as standard. Lower absorbance 

of the reaction mixture indicated higher free radical scavenging activity [25]. The IC50 value of the 

copper complex is found to be more than the standard of Ascorbic acid [26]. 

 

 

 

 

 

 

 

 

 

Figure 5: DPPH radicals scavenging capacity metal complexes at different concentrations. 

Each value is the average of triplicates, representing ±S.D. 

4. CONCLUSION 

The Schiff base ligand and its Co(II), Ni(II), Cu(II), and Zn(II)  complex are being prepared. Metal 

complexes have been characterized by elemental analysis, IR, NMR spectra. The proposed structure 

of metal complex has been illustrated in Figure 4. The synthesized metal complex is screened for 

reduction of DPPH. Based on the results obtained, the metal complex found to be good antioxidant, 

as comparable with ascorbic acid.  

0

20

40

60

80

100

120

20 40 60 80

%
In

h
ib

it
io

n
  

µg/ml 

Antioxidant activity of metal complexes 

Zn(II) complex

Ascorbic acid

Cu(II) complex

Co(II) complex

Ni(II) complex

http://www.rjlbpcs.com/


Balamurugan et al RJLBPCS 2018      www.rjlbpcs.com          Life Science Informatics Publications 

© 2018 Life Science Informatics Publication All rights reserved 

Peer review under responsibility of Life Science Informatics Publications 

2018 Sept – Oct RJLBPCS 4(5) Page No.449 

 

REFERENCES 

1. Aruoma O I. Free radical, oxidative stress and antioxidants in human health and disease. JACS 

1998; 75: 199-212.  

2. ChandraMohan S, Balamurugan V, Elayaraja R, and Prabakaran A. Antioxidant and 

phytochemical potential of Kalanchoe pinnata. IJPSR, 2012; 3(3): 881-885. 

3. Balamurugan V, Sankar S. Synthesis, characterization and biological studies of Ni(II) and 

Zn(II) complexes with N, N’ – bis(benzoin)- 1,4 butane diimine. IJPS.2014; 6(1): 758-761 

4. Kojima M, Taguchi H, Tsuchimoto M, Nakajima K. Tetradentate Schiff base–

oxovanadium(IV) complexes: structures and reactivities in the solid state. Coordination 

Chemistry Reviews. 2003; 237(1-2): 183-196.  

5. Habibi H M, Montazerozohori M, Lalegani A, Harrington W R, Clegg W. Synthesis, structural 

and spectroscopic properties of a new Schiff base ligand N,N′-bis 

(trifluoromethylbenzylidene)ethylenediamine J Fluorine Chem, 2006;127 : 769-770. 

6. Holm H R, Everett Jr G W, Chakravorty A. Progress. The Synthesis, Structures, and Solution 

Equilibria of Bis(pyrrole-2-aldimino)metal(II) Complexes. ACS,1966; 5(4):625-635. 

7. Garnovskii D A, Nivorozhkin L A, Minkin I V. Ligand environment and the structure of schiff 

base adducts and tetracoordinated metal-chelates. Coord. Chem. Rev., 1993;126 (1-2) : 1-69. 

8. Molina H, Mederos A R. Comprehensive Coordination Chemistry  II, Elsevier-Pergamon 

Press, Amsterdam-Oxford-New York, 2003; 1: 411–446. 

9. Offiong O E. Spectrochem. Synthesis and spectral studies of platinum metal complexes of 

benzoin thiosemicarbazone. Acta Part A, 1994; 50 : 2167-2175. 

10. Mohapatra B B, Mohapatra B K and Guru S. Complexes of Co(II), Ni(II), Zn(II) and Hg(II) 

with tetradentate Schiff's bases. J of Inorg. And Nuclear Chem., 1978; 40: 1178-1180.  

11. Shimada K, Fujikawa K, Yahara Kand K, Nakamura T. Antioxidative properties of xanthone on 

the auto oxidation of soybean in cylcodextrin emulsion. J of Agri. and Food Chem., 1992; 40: 

945-948. 

12. Silverstein R M, Clayton Bassler G, and Terence Morrill C. Spectrometric identification of 

organic compounds. 5
th

 Edition, John Wiley & Sons, Singapore, 1991; 1:124-127. 

13. Hamidi Temel, Umit Cakir, Birol Otludil and Ibrahim Ugras H. Synthesis, spectral and 

biological studies of Mn(II), Ni(II), Cu(II) and Zn(II) complexes with a tetradentate Schiff base 

ligand. Complexation studies and the determination of stability constants (Ke). Synt.React. 

Inorg. Met.-Org. Chem., 2001; 31(8):1323-1337. 

14. Viswanathamurthi P, Dharmaraj N, Natarajan K, Ruthenium(III) Complexes Containing 

Monofunctional Bidentate Schiff Base. Synt. React. Inorg. Met.-Org. Chem., 2000; 30(7): 

1273-1285.  

15. Ferraro J.R, Low frequency vibrations of inorganic and coordination compounds. 1
st
 Edn.,        

http://www.rjlbpcs.com/
http://www.sciencedirect.com/science/article/pii/0022190278805338
http://www.sciencedirect.com/science/article/pii/0022190278805338


Balamurugan et al RJLBPCS 2018      www.rjlbpcs.com          Life Science Informatics Publications 

© 2018 Life Science Informatics Publication All rights reserved 

Peer review under responsibility of Life Science Informatics Publications 

2018 Sept – Oct RJLBPCS 4(5) Page No.450 

 

Plenum Press, New York. 1971. 

16. Zaki, Z M., Haggag S S, and Soayed A A, Studies on some Schiff base complexes of Cu
II
, Ni

II
 

and Co
II
 derived from salicylaaldehyde and  o-nitrobenzaldehyde. Spectroscopy Letters. 1998; 

31(4):757-766. 

17. Sawyer T D, Heineman R W, Beebe M J. Chemistry Experiments for Instrumental                                     

Methods, John Willy & Sons, 1984; 1: 93-95. 

18. Geary W. The use of conductivity measurements in organic solvents for the characterisation of 

coordination compounds. Coord. Chem. Rev., 1971; 7(1) : 81-122. 

19. Nakamoto K. Infrared and Raman Spectra of Inorganic and Coordination Compounds. Wiley 

Interscience. New York, 1971; 222: 60-95. 

20. Parashar K R, Sharma C R, Kumar A, Mohan G, Stability studies in relation to IR data of some 

schiff base complexes of transition metals and their biological and pharmacological  studies. 

Inorg. Chem. Acta., 1988; 151: 201-208. 

21. Selected Powder Diffraction Data for Education & Training. International Centre for  

Diffraction Data. USA. 1988. 

22. Lever A B. Inorganic Electronic Spectroscopy and Theory and Applications. Elsevier. 

Amsterdam. 1984. 

23. Armando M B, Lena R R, Rafael E M, Federico J D. Ruthenium(II)-Schiff base complexes 

derived from substituted salicylaldimines and triphenylphosphine.J.Coord.Chem., 1993; 29: 

359-360. 

24. Kumar LS, Shiva Prasad K, and Revanasiddappa H D. Synthesis, characterization, antioxidant, 

antimicrobial, DNA binding and cleavage studies of mononuclear Cu(II) ,and Co(II) complexes 

of 3-hydroxy- N'-(2-hydroxybenzylidene)-2- naphthohydrazide. Eur. J of Chem., 2011; 

2(3):394-403. 

25. Tsao R, Deng Z. Separation procedures for naturally occurring antioxidant phytochemicals. J. 

Chromatogr. B., 2004; 812: 85-99. 

26. Vinson JA., Su X, Zubik L, and Bose P. Phenol antioxidant quantity and quality in foods, Fruits. 

J. Agric. Food Chem., 2001; 49: 5315-5321. 

 

 

http://www.rjlbpcs.com/

