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ABSTRACT 
Cefadroxil (CFDX) is a broad spectrum 
cephalosporin of first generation antibiotic agents. 
In present study, attention has been made to the 
synthesis, characterization and biological evaluation 
of Co(II) and Fe(II) complexes ofCefodroxil.The 
stoichiometry and thebonding mode of the 
complexes were deduced from their elemental and 
electricalconductivity measurements. For the 
characterization of the metal complexes various 
techniques like FTIR, UV Spectralstudy were 
used.The stoichiometry of the complexes was 
identified as 1:1 ratioamperometry, polarography. 
Based on the study of infrared spectra, coordination 
through amide group and carboxylate group is 
proposed. Octahedral structures were proposed for 
these complexes depending upon the electronic 
spectral data. The thermal analysis data shows that 
water molecules have coordinate bonds with 
transition metal ion.Antimicrobial activity of these 
complexes was determined using Gram-positive 
strains of (Staphylococcus aureus) and Gram-
negative strains of (Escherichia coli) bacteria by 
disc diffusion method. The antibacterial study of 
ligand and metal complexes were found to be better 
than the parent antibiotic. 
 
Key words: Metal ligand complex, Cefodroxil, 
Spectral studies, and Antimicrobial activity. 
 
INTRODUCTION 
The most important class of drugs against infectious 
disease caused by bacteria is ꞵ - lactam 
antibiotics.Cefadroxil (CFDX) belongs to the first 
generation of cephalosporin antibiotics (Zayed& 
Abdallah 2004).It is effective in the case of 
sensitive gram +ve and gram –ve organisms and is 
used similarly in the treatment of mild to moderate  

 
susceptible infections and bitter taste. Its chemical 
name it as (6R,7R)-7-[[(2R)-2-amino-2-(4-
hydroxyphenyl) acetyl]amino]-3-methyl-8-oxo-5-
thia-1-azabicyclo [4.2.0] oct-2-ene-2-carboxylic 
acid(Shantier et al 2011,Baertschi et al.).It is 
observed that, the metal complexes of CFDXmay 
have better therapeutic activity in comparison 
touncoordinated by metals antibiotic4,5.(Baertschi 
et al.1993, Renata et al.2004)The aim of the 
presentwork is to investigate the behavior of CFDX 
uponcomplexation with metal ions. In this aspect 
the Co(II) and Fe(II) metal ions have been chosen 
because of their existence in human body.These 
metal complexes have been foundto possess 
biological activity. Antibacterial activity has also 
been reported for the complex of Cefadroxil. 
Thestructure is given below in figure 1. 

Figure 1. Structural formula of the Cefadroxil 
(CFDX) 
 
MATERIAL AND METHODS 
All the chemicals and solvents were used of 
analytical grade and were procured from Sigma 
Aldrich in a condition of high purity Cefadroxil 
(CFDX) was obtained as a gift sample from 
lupin.Elemental analysis (C, H, N) were carried out 
on elemental  analyzer. The FTIR spectras of the 
ligand and thecomplexes were recorded using KBr 
disc on Bruker FT-IRspectrometer. UV spectras 
were obtained from Perkin ElmerUV Win Lab 
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spectrophotometer. The antibacterialactivity was 
determined by the disc diffusion method. 
 
Electrochemical Studies of Co(II) & Fe(II) 
CFDX Complexes 
For the study of metal: ligand (M: L) complexation 
equilibrium experiment sets were prepared by 
keeping overall Co(II) & Fe(II) and Ammonium 
Buffer (supporting electrolyte) concentration fixed 
at 2 mM and 0.1M, respectively. The ligand 
concentration varied from 0.0 to 15mM. The pH of 
the test solution was adjusted to7.4 ±0.02 using 
HCl/ NaOH solution. The test solutions were de-
aerated by bubbling nitrogen gas for 15min before 
recording the polarogram. The amperometric 
titrations were performed on a manually operated 
set up equipped with a poly flex galvanometer and 
an ajco vernier potentiometer. 
 
The capillary characteristics of DME had m2/3 t 1/6 
value of 2.5 mg2/3 S-1/2 at 50 cm effective height 
of mercury column. A systronics digital pH meter- 
335was used for the pH measurements. 
Experimental sets each having different but known 
amount of Co(II) & Fe(II) were prepared in 
appropriate quantity ofsupporting electrolyte 
Ammonium Buffer and pH was adjusted to10.4 
±0.2 and titrated separately against the standard 
solution of the titled 6-thioguanine whose pH was 
also adjusted to that of the titrate ( 10.4± 0.2 using 
NaOH /HCl) at -0.04 V Versus SCE The plateau 
potential of Zn (II) The current offer each addition 
of the titrant was read and a curve was plotted 
between current against volume of titrant added. 
 
Synthesis of complexes  
For the synthesis of the complexes, 0.02 mol ligand 
solution was prepared in 80 % Ethanol–water 
solvent and thereafter the required metal salt 
(0.01mol) was added. The pH of the solution was 
adjusted in the range of 8.5 to 9.0 by adding sodium 
hydroxide. The resulting solution was refluxed for 
4–5 h. The refluxed solutions were kept for some 
days whereby solid crystalline compounds appeared 

in the solution, which were filtered, washed with 80 
% ethanol–water mixture, dried and weighed. 
 
Antibacterial Activity: 
For antibacterial study of ligand andcomplex, the 
disc diffusion method was adopted. For this 
200mlof Nutrient Agar Media was prepared. 1 ml 
of prepared inoculums were poured in sterile Petri 
dish and then 15 ml ofNutrient Agar Media was 
also poured into it.  
The solution was allowed to solidify. After 
solidification the filter paper disc wereplaced at the 
center of the Petri dish of different doses with 
theinvestigation organisms. The plates were 
incubated for 24 hrs. at37 ºC. The inhibition zone 
was evaluated after 24 hrs. 
 
RESULTS AND DISCUSSION 
Complexes of Co(II) and Fe(II) with CFDX were 
found in a stabledstate at room temperature. They 
are insoluble in water, butsoluble in dimethyl 
sulphoxide (DMSO). All the complexeswere 
characterized by various spectral and analytical 
methods.Based on the data of elemental analysis the 
composition wasassigned to the complexes and 
presented in table 1. The resultssuggest the non-
electrolytic nature of complexes in the solvent. 
 
The Elemental analysis and Molar conductance  
The analytical data shows, the stoichiometry of 
complexes is to be 1:1. The observed low molar 
conductance values (1×10–3 M, DMSO solution) at 
room temperature are reliable with the non-
electrolytic nature due to the absence of counter 
ions in the proposed structure(Geary 1971). 
 
Polarographic Behavior of Cefadroxil with 
Co(II) & Fe(II) 
In 0.1 M KCl at pH 7.4± 0.2 the Co (II)& Fe (II)and 
its complex with ligand under study werefound to 
be reversible and diffusion controlled. 
Polarographic wave which revealed by the log 
plotslop id versus h respectively on gradual 
additionof ligand the E1/2 of metal shifted towards 
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moreelectronegative value indicating the formation 
ofcomplexes(Fig.2). Lingane’s treatment of 
observed Polarographic data revealed 1:1 
[M:L]Complex formation in solution                         
(Lingane1941). 

Figure 2. Polarogram of Co (II)& Fe(II) (2.0 mm) 
in 0.1m ammonium buffer solution at pH 7.4 ±0.2 
and 2.0 mm Cefadroxil. 
 
Amperometric Determination of Cefadroxil with 
Co (II)& Fe(II) 
Co (II) & Fe(II)with Cefadroxil gives a well-
definedPolarographic waves / peak in 0.1 M KCl at 
7.4±0.2 pH the diffusion current was 
foundproportional to the concentration of Co (II) & 
Fe(II). Theplatue potential for thePolarographic 
wave of Co (II) & Fe(II) (-0.40V) Vs Hg Pool was 
applied for carryingout amperometric titration. The 
Current goes ondecreasing to minimum and then 
attends a constantvalue. The plot of id versus 

volume(V+vV) oftitrant added, revealed L shaped 
curve (Fig.3).The end point was indicated by the 

intersection of the two lines, which confirmed 1:1 
[M: L] complex formation.  
 
Figure 3. Amperometry titration of (2mm/10ml) 
Cefadroxil (2mm/ml) Co (II) & Fe(II) solution in 
0.1 M ammonium buffer solution. 
 
Elemental Analysis 
Elemental analyses were carried out on a model 240 
Perkin elemental analyzer, Massachusetts USA. 
Metal contents were determined gravimetrically. 
Percentage of Cefadroxil drug found and Calculated 
in % Reaction of CFDX with metal ion in near 
quantitative yield are good agreement with each 
other. 
 

Table 1. Elemental analysis data and some physical properties of Cefadroxil and its metal complexes. 
Molecular 
Formula 

Molecular 
weight 

colour m.p. Elemental Analysis % 
Found / Calculated 
C H N Metal 

Cefadroxil 
C16H17N3O5S 

363.4 White 198°C 53.80 4.37 11.29 - 

52.83 4.67 11.55 - 

[Co(L).(H2O)2] 457.33 Purple 329°C 42.78 4.24 9.67 11.99 
41.98 4.37 9.18 12.88 

[Fe(L).(H2O)2] 454.24 Brown 328°C 41.98 4.23 9.18 12.01 
42.28 4.40 9.24 12.29 
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Infrared spectra 
The IR spectra of the complexes have 
beencompared with free ligand in order to 
determine thecoordination sites that may involve in 
chelation.The structure hasbeen presented in figure 
2 and its assignments have beenpresented in Table2. 
The spectra of Co(II) and Fe(II) complexesare very 
similar to each other.The IR spectrum of 
CFDXshows sharp band at 3507.34 cm–1 is due to 
stretching vibrationsof OH group of hydroxyl 
phenyl from CFDX. This band disappears in spectra 
of metal complexes that may point toionization of 
the hydroxyl group(Sharma 2010, Iftikhar et al. 
2013).In addition, the ligandexhibits bands in the 
wave number regions 3202.90–3024.35and 3024.35 
–2838.54 cm−1 due to the ʋ(NH) and 
ʋ(CONH)groups. These bands remain unchanged 
on complex formation.The amide group is 
notaffected with all the complexes and thus it 
remains unchangedin various cases, which strongly 

indicates non-involvement inchelate ring formation. 
The band observed at 1685.84 cm–1 iscoming from 
stretching vibrations of amide carbonyl group.This 
band shifted at 1606.09 and 1602.24, cm-1 in Co(II) 
and Fe(II) metal complexes. In spectra of Co(II) 
and Fe(II) metal complexes this ʋasCOO and ʋsCOO 
band is shifted towardslower wave number. 
This information suggests interactionbetween metal 
ions and carboxylate group of CFDX. The 
bandobserved at approximately 837.74–807.95 
cm−1 and the samewas assigned to coordinated 
water and OH groups. The presenceof bands at 
638.67–611.80 cm−1 (M–N) confirms the bonding 
ofnitrogen and oxygen atoms of ligand groups to 
the metal cation.Thus, the IR spectral results 
provide strong evidences for thecomplexation of 
drugs with metal ions. 
 
 

Table2. Infrared stretching frequencies (cm-1) of the various functional groupsof ligand and its metal  
complexes 
 
Ligand 
/complexes 

ʋ(OH) ʋ(NH) ʋ(C=N) 
ꞵ-
lactum 

ʋ(C=O) 
ꞵ-
lactum 

ʋasym(COO ʋsym(COO) ʋ(M-
O) 

ʋ (M-
N) 

[(L)] 3507S 3202b 1352m 1757s 1562b 1396s - - 
[Co(L)(OH)(H2O)] 3367b - - - 1509m 1382m 837m 638m 
[Fe(L)(OH)(H2O)] 3387b - - - 1512m 1385m 838s 644b 
 

 
Figure 4.  The infrared spectra of Cefadroxil. 
 

Figure 5. The infrared spectra of Cefadroxil with 
Co(II) 
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Figure 6.The infrared spectra of Cefadroxil with 
Fe(II) 
 

Based on the above studies, following structure may 
be assigned to the Co(II) and Fe(II) complexes of 
CFDX. 
Figure7. The proposed structure of the complexes 
 
Antibacterial activity 
Antibacterial activities of the ligandsand the 
complexes were evaluated against the 
Staphylococcusaureus and Escherichia coli. The 
inhibition effects of thesynthesized complex on the 
growth of the both microorganisms are shown in 
table 3. 
 
Table 3. Biological activity of compounds 
 
S.N. Ligand/Complex 

 
Microbial species 

(Zone of inhibition in mm) 
Escherichia coli Staphyloc

occus 
aureus 

1 CFDX 14.86 16.54 
2 [Co(L)(OH)(H2O)] 15.01 16.99 
3 [Fe(L)(OH)(H2O)] 14.99 16.69 
 

In general, the results confirm that, the complexes 
have been found showing good activity against E. 
coli and S. aureus. It has been established that the 
metal complexes show enhanced antibacterial 
activities as compared to the free ligand (Sharma 
and Sharma 2010, Anacona et al. 2018). This may 
be explained by chelation behavior. This chelation 
increases the lipophilic nature of the central atom, 
which favor the permeation of the complexes 
through the lipid layer of the cell membrane and 
results in enhancement of activity. 
 
Conclusion 
The physiochemical data shows that all the 
complexes areformed from the reactions of the 
ligands and the metal salts.Elemental analysis 
suggests the metal complexes at the ratio of 1:1 
(ML). The complex is probably having octahedral 
geometry,based on analytical, IR and electrical 
data. The results obtainedby different 
characterization techniques clearly indicate that the 
complexation of CFDX with Co(II) and Fe(II) ions 
will lead toa better therapeutic efficacy as compared 
to the parent drug.Antibacterial activity data 
suggest that the complex isbiologically active and 
showed enhanced antimicrobial activitiescompared 
to the free ligand. 
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