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ABSTRACT: The pleitropic properties of tetracyclines, the biological role of cobalt coupled with the improved biological activity of 

doxycycline upon chelation by metal ions as well as the biological importance of bipyridine and phenathroline have prompted us to 

synthesize cobalt-tetracycline complex and mixed ligand cobalt complex of doxycycline with dipyridine quinoxaline (dpq) as ancillary 

ligand. The two complexes were characterized by electronic, FT-IR and elemental analysis. In both complexes tetracycline, doxycycline and 

dpq behave as bidendate ligands, dpq coordinating via the two diimine nitrogen atoms. Detailed structural analysis of the complexes by FT-

IR and UV-Vis are presented. 
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Introduction 
Tetracyclines form moderately stable complexes with metal ions usually acting as O,O-donor ligand [1] and have been used to remove iron 

from FeIII
2-transferrin [2]. The bioavailability, activity and toxicity of tetracyclines have also been associated with metal coordination [3-5]. 

The complexing of iron to bleomycin [6] has been implicated in bleomycin-DNA interactions and the interaction of stable FeIII-diimine 
complexes with DNA has also been documented. CoII is a biologically relevant metal ion that can sometimes substitute for MgII in 

supporting nucleic acid folding and function in vitro [7]. 

Cobalt(II) is a key oxidation state, and the range of compounds extant is truly vast. Four coordinate tetrahedral and six-coordinate octahedral 
complexes, in particular, abound. Traditionally, the complexes of this d7 paramagnetic ion are considered to be labile and ligand exchange 

facile. 

Phenanthroline based ligands, such as dipyridine quinoxaline (dpq) with an extended planar 
quinoxaline moiety, can act as good bidentate ligands as well as good binders to DNA [11] . Since nucleic acids are targets of metal-based 

therapeutic agents [12], it is worth the task synthesizing a ternary complex of Co (II), dpq and an antibiotic such as tetracycline or 

doxycycline. 
In view of the above, the redox activity and biological role of cobalt, the wide application of metal complexes in biology [8] and the use of 

metal-based compounds as chemotherapeutics [9-10]  have enhanced us to synthesize and characterize  homoleptic and heteroleptic cobalt 

complexes of tetracycline and doxycycline respectively. This work represents a subset of a larger effort concerned with utilizing metal 
complexes of tetracyclines for various applications. A brief listing of some applications of these complexes includes antibacterial, 

antimalarial, DNA binding, DNA nucleating and cytotoxic agents [8,10].  

 

Materials and Methods 
Materials and physical measurements 

Doxycycline hyclate was a gift from Neimeth International Pharmaceuticals Plc, Nigeria and fresh solutions were used to ensure stability; 

1,10-phenanthroline monohydrate was from S. D. Fine Chemicals Ltd., India. All other chemicals and reagents are of analytical grade and 

used without further purifications. UV/Vis spectra were recorded on a JENWAY 6405 UV/Vis. spectrophotometer. Infrared spectra were 
recorded in a range 4,000–400 cm-1 on Shimadzu FT-IR-8400 on samples pressed in KBr pellets. Elemental analyses were taken on 

Elementar Analysen Systeme Vario ® MICRO VI 6.2 GmbH. Melting points were taken on Jenway and were uncorrected. 

The ligand dipyridine quinoxaline (dpq) [13] was prepared according to literature procedures. 
 

Synthesis of complexes 
[CoTcCl2(H2O)2].H2O (1) 

0.4822 g (1mM) of tetracycline hydrochloride was added to 8 ml of methanolic solution of 0.2382 g CoCl2.6H2O (1 mM) turning the purple 
solution to yellow colour.  The solution was stirred at room temperature for about seven hours and then allowed to evaporate slowly at room 

temperature. After two days, 0.7280 g of green solid was obtained and the crude product was purified by column chromatography. Pure 

product was obtained as a bright yellow solid by using alumina as the stationary phase and acetone-acetonitrile as eluent. Yield: 346 mg 
(55%). Melting point: 162-164 oC (decomposed). UV/Vis (MeOH): 279, 373, 394, 485. Calculated: C, 41.92; H, 5.12; N, 4.44. Found: C, 

40.89; H, 4.81; N, 4.37 

[CoDox2dpq](ClO4)3.4H2O (2) 
Complex 2 was synthesized by heating dpq with an aqueous methanol solution of [CoDox2(H2O)2](ClO4)3.6H2O  till the volume of the 

solution is reduced to about half. The resulting solution was allowed to stand and the precipitated orange solid filtered. The orange 

precipitate was washed with small amount of distilled water and dried in vacuum dessicator. Melting point: 208 oC (decomposed). UV/Vis 
(MeOH): 217, 234, 277, 373. Calculated: C, 44.93; H, 4.16; N, 7.23. Found: C, 45.70; H, 4.89; N, 5.38. 

  

Results and Discussion 
Two new cobalt complexes of tetracycline antibiotics have been synthesized and obtained in good yields. They are: binary Co-tetracycline 

and ternary Co-doxycycycline-dipyridine quinoxaline (dpq). The structures of the complexes were elucidated by techniques such as 

electronic absorption, FT-IR, elemental analysis and electrospray mass spectroscopy. In the complexes, tetracycline or doxycycline behaved 

as bidentate ligand forming 1:1 metal-ligand complex i.e.  tetracycline-CoII (1) and Doxycycline-CoII-dpq (2) (where dpq is dipyridine 

quinoxaline). The complexes were stable towards air and moisture. Complex 1 was soluble in water, methanol, ethanol DMF, DMSO and 
slightly soluble in acetonitrile while complex and most organic solvents while complex 2 was soluble in acetone, acetonitrile, methanol, 

DMF, DMSO but not in water. 

The UV/Vis of the complexes in methanol showed evidence of coordination with shifts to longer wavelength of the absorption bands of 
tetracycline and doxycycline in both complexes. Intra-ligand absorptions in complex 2 appearing at 217 and 234 nm were due to the 
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presence of dpq ligand in the complex and could be assigned to π-π* transition in the dpq ligand. Absorptions at 485 and 413 in 2 and 3 

were due metal-to-ligand charge transfer. The difference and the narrow range of decomposition temperature of the complexes and the 
respective ligands also showed evidence for complexation and purity of the complexes. 

In order to ascertain the coordination sites of doxycycline we have obtained the IR spectra of the complexes. The infrared spectra obtained 

were compared to that of the ligand and were assigned based on previous published reports [14-19]. 
 

For both complexes, the presence of υ(OH) and υ(NH2) stretching of doxycycline moiety between  3348 cm-1 and 3400 cm-1 eliminated the 

possibility of amino and hydroxyl groups at ring A from participation in coordination. δNH2 absorption of doxycycline at 1244 cm-1 was 
also present in both complexes appearing at 1231 and 1243 cm-1 in 1 and 2 respectively showing that NH2 was not participating in 

coordination to metal ion. The absorptions due to the BCD chromophore which appeared at 1455 and 1393 cm -1 were unchanged in the 

complexes and further confirmed that coordination was not taking place at the BCD chromophore of doxycycline. The band at 847 cm-1 in 
complex 2 was due to C=N absorption of the dpq ligand in the complex. Metal ligand absorptions were observed at 535, 545 and 560 cm-1. 

ClO4 absorption in complex 2 was seen at 1035 cm-1. Principal absorption bands of the complexes and doxycycline are summarized in Table 

1. 
 

Table  1:  FT-IR spectra of doxycycline and the complexes 

Dox [CoDox2dpq](ClO4)3.4H2O (2) 

 

[CoTcCl2(H2O)2].H2O (1) Assignment 

3452, 3331, 3290, 3217  3400, broad 3348, broad υ-N-H  and υ-OH  

3010    C-H aromatic  

2982, 2883, 2839    C-H aliphatic  

1678, 1616    Amide I C=O, absent in complexes  

and C=O of ring C  

1520  1575, 1500 1581, 1532 Amide II  absorption δNH2 +  υC-NH2  

1458  1455 1455      δ(COH )+ δ(CH3) of  

  1393       BCD Chromophore  

1332, 1311  1323 1314       

1244, 1219  1243, 1216 1231 δNH2 and  υC-NH2  

1174, 1130  1170, 1091 br, str 1181, 1137 NO3     

1041  1035 1053 ClO4
- and Cl- 

995, 937  995, 934 935  

 847, 823, 805 856, 821 C=N of diimine  

619  620, 578 620, 593  

547  561, 544, 535 557, 547, 537, 525 Co-O  

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

 

 

 

 

CONCLUSION 
Homoleptic and heteroleptic cobalt (II) complexes of tetracycline and doxycycline respectively have been synthesized and well 
characterized. These new complexes can be considered as potential anticancer agents which will lead to a better understanding of the 

mechanism of action of doxycycline and may also result in the development of new tetracycline antibiotics [20]. 
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Fig. 1  Proposed structures of complexes 1 and 2 
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Fig. 2 FT-IR Spectra of [CoTcCl2(H2O)2].H2O  

 

Fig. 3 FT-IR Spectra of [CoDox2dpq](ClO4)3.4H2O  
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