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ABSTRACT  

New unsymmetrical tridentate Schiff base ligands and Cobalt(II) 

complexes were synthesized using 2-amino-3-hydroxypyridine, 2-

aminophenol and 2-hydroxy-1-naphthaldehyde. The synthesized 

ligands and their Cobalt(II) complexes were characterized by using 

FT-IR, 
1
H NMR,

13
C NMR and UV-vis spectroscopic techniques. The 

infrared and electronic transition studies showed that the ligands are 

tridentate via the imine nitrogen and the phenolic oxygen atoms in a 

planar configuration. Binding interactions of the complexes with calf 

thymus DNA have been investigated by absorption spectrophotometer. 

The complexes were screened for their antibacterial and antifungal 

activity by disc diffusion method. The results of these studies showed 

that the metal complexes are more effective against selected 

antibacterial and antifungal pathogens as compared with Cobaltous chloride. 
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INTRODUCTION 

Schiff bases derived from the condensation of amines with aldehyde / ketone are 

multifunctional macrocyclic ligands.
[1]

 A large number of Schiff bases and their complexes 

have been investigated for their interesting and important properties.
[2]

 Pyridine ligands, 

which have been used in the coordination chemistry of a multiplicity of metals,
[3-7]

 absorb a 

single position in the synthesis of biologically active compounds. Recent years a great 

arrangement of interest in the synthesis and characterization of Schiff bases involving a 
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pyridine ring has been witnessed mainly due to their structural relationship to compounds 

participating in pyridoxal phosphate chemistry.
[8]

 

 

Cobalt is an essential trace element in humans, exhibiting many useful biological functions. 

Numerous compounds, naturally occurring and man-made, contain the cobalt at two common 

oxidation states Co(II) and Co(III). There is growing interest in investigating cobalt and other 

transition metal complexes for their interaction with DNA.
[9-13]

 Cobalt is an element of 

biological interest and its role is mainly focused on its presence in the active center of vitamin 

B12, which regulates indirectly the synthesis of DNA.
[14] 

Especially, lots of work has been 

done on the DNA binding of metal complexes with polypyridyl ligands.
[15-17]

 Last few 

decades, transition metal complexes have largely been employed for these purposes, not only 

because of their versatile electronic and structural features, but also due to the fact that the 

DNA binding and cleavage ability of metal complexes can be tuned by changing the 

coordination environment.
[18,19]

 Therefore, the design of new metal-based anticancer drugs 

that exhibit enhanced selectivity and various non-covalent DNA binding interaction modes, 

e.g. intercalation, groove binding and external electrostatic binding, are of considerable 

significance. 

 

Complexes of Schiff bases showed promising applications in biological activity and 

biological modeling applications. Schiff bases are important class of compounds in medicinal 

and pharmaceutical fields. They show biological applications including antibacterial, 

antifungal, and antitumor activity.
[20]

 

 

EXPERIMENTAL  

MATERIALS AND METHODS  

General chemicals such as methanol, ethanol, anhydrous diethyl ether, n-hexane and 

CoCl2.6H2O were of the analytical reagent (AR) grade. They included 2-amino-3-

hydroxypyridine, 2-aminophenol, and 2-hydroxy-1-naphthaldehyde were commercially 

obtained from Merck and Aldrich. Plasmid pBR322DNA was purchased from Bangalore 

Genie (India). Spectrograde solvents were used for spectral measurements. 

 

Physical Measurements 

The UV-vis spectra of the complexes were recorded on a Shimadzu UV-2450 

spectrophotometer. FT-IR spectra were recorded on a Perkin Elmer spectrometer using KBr 
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pellets (4000-400cm-
1
), 

1
H NMR and 

13
C NMR spectra were obtained at room temperature in 

DMSO-d6 using a Bruker 400 MHz spectrometer and TMS as an internal standard. 

 

Synthesis of the tridentate Schiff base ligands (L1 and L2) 

The Schiff base ligands (L1 & L2) were synthesized by the reaction between 2-hydroxy-1-

naphthaldehyde (0.0344g, 0.2mmol) in methanol (10ml) and 2-amino-3-hydroxypyridine / 2- 

aminophenol (0.0218g, 0.2mmol) in methanol (10ml) (Scheme - 1). The reaction mixture was 

refluxed on a water bath for 6h. After reducing the volume of the solution one third, the flask 

was kept back at ambient temperature for 5h. On cooling, the yellowish-brown(L1) and 

yellow(L2) Schiff-base ligands were collected by filtration, washed twice with the distilled 

water, The solid ligands were then dried in a desiccator over anhydrous calcium chloride. 

Finally, the ligands were recrystallized from ethanol. 

 

 

Scheme 1: Synthesis of Schiff base ligands L1 & L2. 

 

Ligand L1: C16H12N2O2. FT-IR (KBr, cm
-1

): 3375(υO-H), 3063(υC-H),1609(υC=N), 1573, 

1491 (υC =C), 1343(υC-O).
1
H NMR(400MHz, DMSO-d6 δ, ppm):10.92 (OH), 9.72 (HC=N), 

7.15-7.99(ArH), 6.73(HPyr). 
13

C NMR (400MHZ, DMSO-d6 δ, ppm): 145.34 (Ar-OH), 

181.09 (Ar-N=C), 129.33, 128.83, 126.08, 123.17, 121.91, 119.O6 (Ar-C), 139.69 (C-N).UV-

vis (υmax, nm, methanol): 225nm, 269nm.  

 

Ligand L2: C17H13NO2. FT-IR (KBr, cm-
1
): 3307(υO-H), 3023(υC-H), 1607(υC=N), 1583, 

1417 (υC=C), 1339(υC-O).
 1

H NMR (400MHZ, DMSO-d6 δ, ppm): 10.34 (OH), 

9.51(HC=N), 7.01-7.99(ArH).
13

CNMR(400MHZ,DMSO-d6δ,ppm)149.41(Ar-OH), 

177.61(Ar-N=C), 128.98, 128.58,126.74,125.09,123.02,119.82,117.57(Ar-C),137.92(C-

N).UV-vis(υmax, nm, methanol): 271nm, 296nm. 
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Synthesis of metal complexes  

The Schiff base complex 1 was prepared by mixing hot saturated ethanolic solution of the 

Schiff base ligand(L1) (0.0528g, 0.2mmol) and aqueous solution of CoCl2.6H2O 

(0.0237g,0.1mmol) with the molar ratio of 2:1 (2L1:1M). The mixture was stirred for 4 h at 

60
◦
C. The resulting complex was filtered and washed several times with hot water until the 

filtrates become clear. The solid complex was then dried in a desiccator over anhydrous 

calcium chloride. The Schiff base complex 2 was prepared by similar manner. 

 

Complex1: 66%, C32H20CON4O4. FT-IR (KBr, cm
-1

): 3047(υC-H), 1616(υC=N), 1525, 

1471(υC=C), 1323(υC-O), 561(υCo-O) 476 (Co-N). 
1
H NMR (400MHZ, DMSO d6 δ, ppm): 

9.71(HC=N) 6.56-7.62 (ArH), 6.41(HPyr). 
13

C NMR (400MHZ, DMSO-d6 δ, ppm): 134.68 

(ArN=C), 128.79, 127.94, 125.98, 122.48, 119.59 (Ar-C), 181.09 (C-N). UV-vis (υmax, nm, 

methanol): 225nm, 269nm, 606nm. 

  

Complex2: 61%, C34H22CON2O4. FT-IR (KBr,cm
-1

): 3018 (υC-H), 1606 (υC=N), 1573, 1401 

(υC=C), 1288 (υC-O), 503 (υCo-O), 437 (υCo-N). 
1
H NMR (400MHZ, DMSO-d6 δ, ppm): 

8.48 (HC=N) 6.52-7.62 (ArH). 
13

C NMR (400MHZ, DMSO-d6, δ, ppm): 134.92 (Ar-N=C), 

128.46, 127.13, 125.61, 121.14, 117.70 (Ar-C), 168.86 (C-N). UV-vis (υmax, nm, methanol): 

271nm, 296nm, 618nm. 

 

RESULTS AND DISCUSSION  

Characterization of Ligands and complexes 

Infrared spectra 

In FT-IR spectra the O-H stretching frequency of the ligands were observed in 3375and 

3307cm
-1

. For the complexes disappearance of this band is estimated due to phenolic OH 

group are coordinated to central metal of cobalt. The sharp band of an imines at1609 and 

1607 υ(C=N) cm
-1

 which was shifted to1616 and 1606 cm
-1 

in the complexes.
[21,22]

 The ring 

skeletal vibrations υ(C=C) are in region of 1400-1600 cm
-1

.
[23]

 The medium intensity bands at 

476, 437 cm
-1

 and 561, 503 cm
-1

 were attributed to υ(Co-N) and υ(Co-O) respectively (Figure 

1 & 2). 
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Figure 1: FT-IR spectrum of complex 1. 

 

 

Figure 2: FT-IR spectrum of complex 2. 

 

1
H and 

13
C NMR spectral studies 

The 
1
H NMR spectra of the Schiff base ligands L1, L2 and complexes C1,C2 were recorded 

in DMSO-d6 solvent. 
1
H NMR spectrum of ligand exhibited azomethine proton (HC=N) 

signal at 9.72 ppm and 9.51 ppm was shifted to 9.71 ppm and 8.42 ppm in complexes C1 and 

C2 respectively, this shifted was indicating of coordination through azomethine nitrogen. The 

signal of OH proton in the ligand exhibited at 10.92 ppm and 10.34 ppm was disappearance 

in complexes supporting the coordination of phenolic group to metal center via 

deprotonation. The multiplets at 6.56-7.62ppm have been assigned to the aromatic ring 

protons in the complexes (Figure 3, 4 & 5). 
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Figure 3: 
1
H NMR spectrum of the ligand 1. 

 

 
Figure 4: 

1
H NMR spectrum of the ligand 2. 

 

 

Figure 5: 
1
H NMR of the Complex 1. 



www.wjpr.net                                 Vol 7, Issue 8, 2018. 570 

Sheriff et al.                                                          World Journal of Pharmaceutical Research 

The 
13

C NMR spectrum of the Schiff base ligands L1 and L2 exhibited signals at181.09 and 

177.6 (HC=N), 139.69 and 137.92 (C-N), 129.33-119.06 and 128.98-117.57 (Ar-C). 

However, the 
13

C NMR spectra of complexes C1 and C2 exhibited resonance at 168.86 and 

165.31 and 164.01 (HC=N), 134.92 and 131.76 (C-N), 128.46-112.57 and 127.31-115.53 

(Ar-C) respectively (Figure 6). 

 

 

Figure 6: 
13

NMR spectra of ligand 1. 

 

Electronic Spectra 

The Electronic Spectrum of the ligands L1, L2 and complexes C1, C2 were recorded in 

methanol solvent. The spectrum of the free Schiff base ligand1 gave two bands at 272 (L1), 

285 (L2) and 342 (L1), 349 (L2) nm, which can be attributed to π→π* (benzene ring), π–π* 

(C=N group) respectively.
[24] 

The complex1display a d-d band at 606(C2), 618(C2)nm in 

addition to the ligand centered bands in the UV region (Figure 7 & 8). Based on the spectral 

evidences the structure of the complexes may be given in Figure 9. 

 

￼ 

Figure 7 & 8 Electronic Spectra of the ligands and complexes 1 and 2. 
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Complex1 (C1)                                                       Complex2 (C2) 

Figure 9 Structure of the complexes. 

 

DNA binding studies 

Electronic Absorption Spectral Study  

The absorption titration experiment was carried out to investigate the binding affinity of the 

cobalt complexes with CT DNA helix. The complexes bound to DNA during intercalation is 

characterized by the modification in absorbance due to a strong stacking interaction between 

the aromatic chromophore and the DNA base pairs.
[25-27]

 The absorption spectra of the 

complexes in the absence and presence of calf thymus DNA are shown in (Figure 10 & 11). 

In the UV region, the cobalt complexes exhibit two intense absorption bands of the complex1 

272,342 nm and complex 2 285,349 nm, which is assigned to the intraligand (π-π*) 

transitions of the aromatic chromophore. With decreasing CT DNA, the absorption bands of 

the complexes were affected. The absorption spectra indicate that, upon addition of DNA to 

complex. The binding constant Kb of complex 1and 2 8.010 X10
3

 M
-1

 and 7.110 X10
3

 M
-1

, 

was determined from the plot of DNA]/(ɛa 
_
 ɛf) vs. [DNA] Using the absorption at 273 nm. 

 

￼￼ 

Figure 10 & 11 DNA binding study. 
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Antimicrobial activity 

The in vitro antibacterial and antifungal activity tests were performed through the well 

diffusion method
[28]

 using Ciproflaxacin as control for bacteria, Amphotericin for the fungi, 

respectively. The bacterial organisms used are Gram(+) bacteria Enterococcus faecalis and 

Staphylococcus aureus, Gram(-) bacteria, Escherichia coli and fungi Aspergillus fumicatus, 

Mucor sps. Stocksolution (0.001 mol) was prepared by dissolving the compounds in DMSO. 

The diameter of the inhibition zones was measured in millimeters.
[29] 

The results of these 

studies showed that the metal complexes are more effective antibacterial and antifungal 

agents as compared with Cobaltous chloride (Table 1). 

 

Table 1: Antimicrobial activity of cobalt(II) complexes. 

S.No Micro Organisms 
Complex 1 Complex 2 Cobaltous chloride Ciproflaxacin 

Zone of Inhibition (mm) 

Bacteria 

1 Escherichia coli 19 20 15 26 

2 Enterococcus faecalis 27 22 19 29 

3 Staphylococcus aureus 22 24 20 28 

Fungi 

S.No Micro Organisms 
Complex 1 Complex 2 Cobaltous chloride Amphotericin-B 

Zone of Inhibition (mm) 

5 Aspergillus fumicatus 20 18 16 20 

6 Mucor sps 22 20 14 22 

 

CONCLUSION  

In this present work, two new unsymmetrical tridentate Schiff base ligands and their 

cobalt(II) complexes were synthesized and characterized by using FT-IR, 
1
H NMR,

13
C NMR 

and UV-vis spectroscopic techniques. The infrared and electronic transition studies showed 

that the tridentate ligands are coordinated to cobalt complexes, coordinating via the imine 

nitrogen and the phenolic oxygen atoms in a planar configuration. Binding interactions of the 

complexes with calf thymus DNA have been investigated by absorption spectrophotometer, 

the binding constant shows that the DNA-binding affinity of complex1 is more than the 

complexs2. The results of the antimicrobial studies showed that the metal complexes are 

good results as compared with Cobaltous chloride. 

 

 

 

 

 

 

 



www.wjpr.net                                 Vol 7, Issue 8, 2018. 573 

Sheriff et al.                                                          World Journal of Pharmaceutical Research 

REFERENCES 

1. A.A. Khander, S.A. Hosseini-Yazdi, S.A. Zarei, U.M. Rabie, Inorg. Chem. Acta, 2005; 

358: 3211-3217. 

2. Malacea, R.Poli, R. Manoury, E. Asymmetrichydrosilylation, transfer hydrogenation and 

hydrogenation of ketone scatalyzedbyiridium complexes. Coord. Chem. Rev., 2010; 254: 

729–752.  

3. Shavit, M. Tshuva, E.Y. Preparation and X-ray structures of Ti(IV) complexes of 

bis(carboxylato) ligands—formation of mono-, di-,tetra- and hexanuclear complexes with 

or without or and µ-O ligands. Eur. J. Inorg. Chem., 2008; 3: 1467–1474. 

4. Dubois, L.Pecaut, J. Charlot, M.-F. Baffert, C. Collomb, M.-N. Deronzier, A. Latour, 

J.M. Drastically enhance the rates of oxo exchange and hydrogen peroxide 

disproportionation by oxo manganese compounds of potential biological significance. 

Chem. Eur. J., 2008; 14: 3013–3025. 

5. Zhao, M.Helms, B. Slonkina, E. Friedle, S. Lee, D. DuBois, J. Hedman, B.Hodgson, K.O. 

Frechet, J.M. J. Lippard, S.J. Iron complexes of dendrimer-appended carboxylates for 

activating dioxygen and oxidizing hydrocarbons. J. Am. Chem. Soc., 2008; 130:       

4352–4363. 

6. Yang, C.I. Wernsdorfer, W.T sai, Y.J. Chung, G. Kuo, T.S. Lee, G.H. Shieh, M.Tsai, 

H.L. Mixed-valencetetra-andhexanuclearmanganese complexes from the flexibility of 

pyridine-containing β-diketone ligands. Inorg. Chem., 2008; 47: 1925–1939. 

7. Vasconcellos-Dias, M.Nunes, C.D. Vaz, P.D. Ferreira, P.Calhorda, M.J. Pyridine 

carboxylate complexes of MoII as active catalysts in homogeneous and heterogeneous 

polymerization. Eur. J. Inorg. Chem., 2007; 18: 2917–2925. 

8. Jong Keun, S.Long Xuan, Z. Arjun, B.Pritam, T.Radha, K.N.Younghwa, N.Yurngdong, 

J.Tae Cheon, JByeong-Seon, J.Chong-Soon, L. Eung Seok, L. Synthesis of 2,6-diaryl-

substituted pyridines and their antitumor activities. Eur. J. Med. Chem., 2008; 43:      

675–682. 

9. Richards, A. Rodger, Chem. Soc. Rev., 2007; 36: 471. 

10. Terrόn, J. J. Fiol, A. García-Raso, M. Barceló-Oliver, V. Moreno, Coord. Chem. Rev., 

2007; 251: 1973. 

11. F. R. Keene, J. A. Smith, J. G. Collins, Coord. Chem. Rev., 2009; 253: 2021. 

12. B. M. Zeglis, V. C. Pierre, J. K. Barton, Chem. Commun., 2007; 4565. 

13. L. Boerner, J. Zaleski, Cur. Opin. Chem. Biol., 2005; 9: 135. 



www.wjpr.net                                 Vol 7, Issue 8, 2018. 574 

Sheriff et al.                                                          World Journal of Pharmaceutical Research 

14. P. V. Bernhardt, G. A. Lawrance, J. A. McCleverty, T. J. Meyer (Eds.), Comprehensives 

Coordination Chemistry, 2003; II.6: 1. 

15. Q.L. Zhang, J.G. Liu, J. Liu, G.Q. Xue, H. Li, J.Z. Liu, H. Zhou, L.H. Qu, L.N. Ji, J. 

Inorg. Biochem., 2001; 85: 291. 

16. H. M. Torshizi, S. Ghadimy, N. Akbarzadeh, Chem. Pharm. Bull., 2001; 49: 1517. 

17. Z.S. Yang, Y.L. Wang, G.-C. Zhao, Anal. Sci., 2004; 20: 1127. 

18. C.L. Liu, M. Wang, T.L. Zhang, H.Z. Sun, Coord. Chem. Rev., 2004; 248: 147. 

19. K. S. Ksaprzak, Chem. Res. Toxicol., 1991; 4: 604. 

20. El-Boraey, H.A.; Emam, S.M. Tolan, D.A. El-Nahas, A.M. Structural studies and 

anticancer activity of a novel (N6O4) macrocyclic ligand and its Cu(II) complexes. 

Spectrochim. Acta, 2011; 78: 360–370. 

21. M.F. Reichmann, S.A. Rice, C.A. Thomas, P.Doty, A Further Examination of the 

Molecular Weight and Size of Desoxypentose Nucleic Acid, J. Am. Chem. Soc., 1954; 76: 

3047-3053. 

22. Nakamoto, K. Infrared and Raman Spectra of Inorganic and Coordination Compounds, 5
th

 

Edn.Wiley New York, 1997; 16: 152. 

23. Mohamed, G.G. Wahab, Z.H. A. E. Mixed ligand complexes of bis(phenylimine) Schiff 

base ligands incorporating pyridinium moiety: Synthesis, characterization and 

antibacterial activity. Spectrochim. Acta., 2005; 61: 1059. 

24. F.M.A. Altalbawy, G.G. Mohamed, M.A. Sayed, M.I.A. Mohamed. Monatsh. Chem., 

2012; 143: 79. 

25. J. K. Barton, A. T. Danishefsky, J. M. Goldberg, J. Am. Chem. Soc., 1984; 106: 106 

2172. 

26. S. A. Tysoe, R. J. Morgan, A. D. Baker, T. C. Strekas, J. Phys. Chem., 1993; 707. 

27. M. Kelly, A. B. Tossi, D. J. McConnell, T. C. Strekas, Nucl. Acids Res., 1985; 13: 6017. 

28. T A. Albert, Selective Toxicity, 6th Edn., Wiley, New York, 1991; 11: 1979. 

29. S. Chandra, D. Jain, A.K. Sharma, P. Sharma. Molecules, 2009; 14: 174. 


