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ABSTRACT   
Cobaloximes of the type [Co(dmgH)2(B)Cl] ; where, dmgH- = dimethyl glyoximate, B= 3-
chlorpyridine (3-PyCl), 3-bromopyridine (3-PyBr), 4-aminopyridine (4-AP), 4-methylpyridine 
(4-MP), 4-N,N’-dimethyl aminopyridine (4-DMAP) and 4-cyanopyridine (4-PyCN) were 
prepared, characterized by the usual spectroscopic techniques and screened against 
microorganism for antimicrobial activity with ciprofloxacin as standard. The cobaloximes were 
found to be active against most of the microbes. The cobaloxime containing 4-cyanopyridine as 
the axial ligand showed potential inhibition; whereas, the complex [Co(dmgH)2(3-PyCl)Cl] 
showed the least microbial growth. 
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INTRODUCTION 

 
 The cobaloximes are of interest from both chemical and biological [1] point of view as they are 
closely related to vitamin-B12

 [2-4]. Coenzymes-B12 have been studied and reviewed in the last 
three decades [5] due to their function as biological catalysts [6] and as templates in organic 
synthesis [7-15]. Pyridine derivatives play significant role in many biological systems as the 
component of several vitamins, nucleic acids, enzymes and proteins [16]. But, their studies on 
the antimicrobial activities as their metal complexes are rare in literature. Metal complexes 
containing nitrogen and sulphur donors have been proved to be potential antibacterial and fungial 
agents [17] as well as component of several vitamins and drugs [18, 19]. The present study deals 
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with the preparation  and characterization of cobaloximes of the type Trans-[Co(dmgH)2(B)Cl] 
and their antimicrobial activity.  

 
EXPERIMETAL SECTION 

 
Materials and methods 
Cobalt(II) chloride, dimethyl glyoxime and the various substituted pyridines (purchased from SD 
Research Laboratory) were used for the preparations of the complexes. Dimethyl sulpoxide was 
dried over calcium hydride and distilled at reduced pressure. The distilled solvent, stored under 
molecular sieves, was used for the study of the antimicrobial activity. 
 
Preparation of the cobaloximes   
The green dicholoro cobalt complex: H[Co(dmgH)2Cl2], was prepared as reported in the 
literature [20,21]. About 0.005 moles of the above complex, in ethanol, was stirred for 10 
minutes with 0.005 moles of the ligands [viz., 3-choloro pyridine, 3-bromo pyridine, 4-amino 
pyridine, 4-methyl pyridine, 4-N,N’-dimethylamino pyridine, 4-cyanopyridine] in different lots. 
The reaction mixtures were refluxed for about 2-3 hrs at 40oC and allowed to settle for 1 hr, after 
which the brown colored products were  collected in a glass sintered crucible, washed 
successively with ethanol, ether and finally dried in vacuum desicator. 
 
Spectral Studies 
The UV–Visible spectra of the complexes were recorded on LAMDA-25 spectrophotometer 
using 1 cm matched quartz cells in aqueous ethanol of suitable concentrations.  The IR spectra 
were obtained using PERKIN ELMER FTIR spectrophotometer using KBr pellets and the 1H 
NMR spectra were recorded on JOEL 400 MHz NMR spectrometer using DMSO-d6  as solvent. 
 
Antimicrobial activity  
In vitro antimicrobial activities of the complexes were determined using different 
microorganisms by disc diffusion method . The microbial strains such as  Staphylococcus aureus 
(MRSA), Salmonella paratyphi-B,  Malassezia pachydermatiis, Shigella flexneri MTCC-1457,  
Candida krusei,  Staphylococcus aureus MTCC-96,  Staphylococcus epidermidis MTCC-3615, 
Candida parasilopsis etc., were obtained from the Institute of Microbial Technology, 
Chandigarh, India and the yeast cultures were obtained from the Department of Microbiology, 
Christian Medical College, Vellore,  INDIA 
 
Preparation of inoculums 
The bacterial inoculums were prepared by growing the cells in Mueller Hinton Broth, MHB,  
(Himedia) for 24 hrs at 37°C. These cell suspensions were diluted with sterile MHB to provide 
initial cell counts of about 104 CFU/ml. Yeast was grown on Sabouraud Dextrose Broth (SDB) at 
28oC for 48 hrs. 
 
Disc diffusion method 
Petri plates were prepared with 20 ml of sterile Mueller Hinton Agar (MHA) (Hi-media, 
Mumbai). The test cultures were swabbed on  top of the solidified media and allowed to dry for 
10 min. The complexes were dissolved in DMSO and 25 µl of the complexes were loaded per 
disc. The loaded discs were placed on the surface of the medium and left for 30 min at room 
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temperature for diffusion. Negative control was prepared using respective solvent [22]. 
Ciprofloxacin (10µg /disc) was used as positive control. The plates were incubated for 24 hrs at 
37oC for bacteria and 48 hrs at 30oC for yeast. The zone of inhibitions were recorded in 
millimeters. All such experiments were repeated thrice. 

 
RESULTS AND DISCUSSION 

 
The dichlorocobaloxime, H[Co(dmgH)2Cl2], is an intense green crystalline compound [16] which 
turns brown  on treatment with heterocyclic donors like pyridine [23].  A similar color change 
with  the substituted pyridines used shows that their activity towards dichlorocobaloxime is 
similar to that of pyridine. 
 
UV-VISIBLE Spectra 
The UV spectra of the cobaloximes  showed a shoulder around 330 nm which may be due to the 
ligand  to metal charge transfer (LMCT) [24]. The electronic spectra of the complexes showed an 
high intense absorption band in the range 230-270 nm which may be attributed to π→π* 
transition of the pyridine ring [25]. The moderately intense band around 245-260 nm, may be 
ascribed to π→ π* transition of dmgH2 [26]. 

 
IR Spectra 
Rubin et al [27], have reported the stretching and bending frequencies for  similar complexes. 
The peak around 1090 cm-1 was assigned to N-O stretching [28]. This band was shifted to lesser 
frequency when the axial ligands were bonded to central cobalt ion. The band around 515 cm-1 
can be assigned to Co-N stretching between cobalt(III) and nitrogen atoms of dimethylgloxime.  
All the complexes show a weak broad band around 3450 cm-1 corresponding to hydrogen bonded 
O-H of dmgH2 [29]. 
 
The band in the range 980-1020 cm-1  may be attributed to deformation vibration of OH of 
dmgH2 and the  band at 685-750 cm-1 is due to C=N-O deformation vibration. The bands at 1395 
and 1240 cm-1 are due to asymmetric and symmetric deformation vibrations corresponding to the 
methyl group of dimethylgloxime respectively. The peak at 1560 cm-1 due to the C=N stretch of 
dmgH2 [30] shifts to  lesser  frequency. 

 
Fig-1: IR Spectrum of [Co(dmgH))2(3-PyBr)Cl] 



A. Dayalan et al                                                           J. Chem. Pharm. Res., 2011, 3(1):382-387 
______________________________________________________________________________ 

385 
 

1H NMR Spectra 
The methyl protons of dimethylglyoxime, in all the cobaloximes, appears as a sharp singlet at 2.4 
ppm(12H) [29]. A peak at 8.3 ppm indicated the O-H proton of the oxime (2H). A peak 
appearing at 2.46 ppm may be assigned to 6 methyl protons of the 4-N, N’- dimethyl 
aminopyridine . The signals in the range of 7-8 ppm, may be due to the pyridine ring of the 
substituted pyridine at the axial position of the complexes [23]. 

 
Fig- 2: 1HNMR Spectrum of [Co(dmgH)2(3-PyBr)Cl] 

 

 
Fig-3: Antimicrobial activity of cobolaximes  

{S. epidermidis(3615) and S.flexneri (109)} 
 

Antimicrobial activity 
All the complexes exhibited varying antimicrobial activity towards most of the microbes selected 
(Table-1)  and were found to be dose dependent. Most of  the complexes inhibited moderate  
growth of S. epidermidis, C. parasilopsis and S. aureus (MRSA). The complex-1 inhibited the 
growth of S. epidermidis  (8 mm), S. flexneri (8 mm) and C. parasilopsis (8 mm) (Fig-3). The 
same complex did not inhibit the growth of other micoorganisms.  The complexes 2, 4, 5 and 6 
showed moderate activity towards all the microbes except very few. All the complexes  
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significantly inhibited the growth of S. epidermidis and S. flexneri. The maximum inhibition 
zone was observed in complex-6 against Malassezia pachydermatiis (17 mm), Staphylococcus 
epidermidis (16) and S. flexneri (16 mm). 

 
Table:1-Antimicrobial activity of the cobalaximes against pathogenic microbes at 200 µg/disc 

 
 

- : No activity 
Ciprofloxacin – Antibacterial agent 
* Complexes: 
1. [Co(dmgH)2(3-PyCl)Cl] ; 2. [Co(dmgH)2(3-PyBr)Cl] ; 3. [Co(dmgH)2(4-AP)Cl] ; 
4. [Co(dmgH)2(4-MP)Cl] ; 5. [Co(dmgH)2(4-DMAP)Cl] ; 6. [Co(dmgH)2(4-PyCN)Cl] 
 
Most of the complexes did not inhibit the growth of S.  paratyphi- B and  C. krusei, except for 
[Co(dmgH)2(3-PyBr)Cl], [Co(dmgH)2(4-MP)Cl] and [Co(dmgH)2(4-PyCN)Cl]. The 
antimicrobial activity order observed was  [Co(dmgH)2(4-PyCN)Cl] > [Co(dmgH)2(3-PyBr)Cl] 
> [Co(dmgH)2(DMAP)Cl] > [Co(dmgH)2(4-MP)Cl]. Among the complexes, cobaloxime 
containing 4-cynaopyridine as the axial ligand showed potential inhibition of bacterial growth.  
 
The activity of the complexes can be explained on the basis of chelation theory. On chelation , 
the polarity of the metal ion may be reduced to a greater extent due to the overlap of the ligand 
orbital and partial sharing of the positive charge of the metal ion with donor groups. Further, it 
increases the delocalization of electrons over the whole chelate ring and enhances the penetration 
of the complexes into lipid membranes blocking the metal binding sites in the enzymes of 
microorganisms. These complexes may also disturb the respiration process of the cell and thus 
block the synthesis of proteins, which restricts further growth of the organism [31]. Hence, it 
may be concluded that cobaloximes will show antimicrobial activity depending on the nature of 
the axial ligands.  
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