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Abstract 

Antibiotics are the most important invention in the field of medicine which is 

crucial in fighting against infectious diseases. Metal complexes also known as 

coordination complexes contain a central metal atom or ion around which ligands 

bearing neutral or negative charge have bonded. Metal coordination compounds 

of antibiotics with improved bioactivity can play a vital role in searching for new 

antibiotics to combat drug-resistant life-threatening infectious bacteria. In this 

work, the complexations of four different antibiotics with biologically important 

metals Cu, Ni, and Ag were done. The antibiotics were ceftibuten dihydrate 

(CFT), cefpodoxime proxetil (CFP), cefuroxime axetil (CFU), and gemifloxacin 

mesylate (GMX). The physical properties of all the newly prepared metal 

complexes were studied.  Different types of spectroscopic methods (UV-Vis, FT-

IR, and NMR), elemental analysis as well as diverse thermo-analytical techniques 

(TG, DTG, DTA, and DSC) were used to characterize the synthesized metal 

complexes. Paper disc diffusion assay was used for in vitro antimicrobial study of 

the antibiotic ligands and their metal complexes. In FT-IR spectra of all the metal 

complexes of CFT, a separation value of the carboxylate group frequency, 

∆ν>200 cm
-1 

was found. Also, significant changes in the frequencies of the 3
o
 

nitrogen atom of the beta-lactam ring as well as a broad band in the range of 3200 

– 3600 cm
-1

 were observed. The obtained FT-IR data suggested that metal ions 

were involved in coordination through carboxylate oxygen, the beta-lactam ring 

nitrogen atom of CFT antibiotic and water molecule. The different degradation 

patterns in the TG curve of the metal complexes from the precursor antibiotic 

were also supportive of the characterization of new metal complexes. On the other 

hand, CFP antibiotic acts as a tridentate ligand where the β-lactam carbonyl 

group, 2
o
 amide carbonyl group, and 1

o
 amine group are involved in the metal-

coordination process. FT-IR study of CFP antibiotic and its metal complexes 
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revealed the shifting of frequency of the β-lactam carbonyl group and appearing 

of new absorption bands in the range 575-605 cm
-1

 and 430-480 cm
-1

 which are 

due to the formation of new metal-oxygen and metal-nitrogen bonds. Significant 

changes in the chemical shift value of characteristic proton (-NH2 and -NH-) 

which are directly involved in coordination as well as the protons nearer to the 

binding site also occurred due to complexation. A broad band in the frequency 

range 3200-3600 cm
-1

 in IR spectra and a weight loss of around 7% at the 

temperature of 150 
o
C in TG curves of the metal complexes are indicative of 

coordinated water in the metal complexes. The CFU antibiotic also formed metal 

complexes through the participation of the oxygen atom of the β-lactam (C=O) 

group and the oxygen atom 2
o
 amide group. All analytical results including 

physical properties, FT-IR data, 
1
H NMR data, thermo-analytical results, and also 

EA data confirmed the successful interaction of metal ions to ligand antibiotics.  

GMX is a quinolone-type antibiotic. Like other quinolones, it interacts with metal 

ions through the carboxyl group and carbonyl group of the nearest position. The 

absence of carboxyl stretching frequency (1714 cm
-1

) and the presence of two 

new bands in IR spectra of the GMX-metal complexes indicated the participation 

of the -COOH group in complexation with the metal ions. Moreover, the absence 

of a signal of proton at 11.0 ppm in the 
1
H NMR spectrum of the complexes 

suggested the nonparticipation of –COOH group in the coordination process. The 

antibiotic-metal complexes were found to be thermally more stable than the 

precursor antibiotic. The EA data also give evidence for the formation of new 

metal complexes with 1:2 metal-to-ligand stoichiometries. The bactericidal 

activity of antibiotics may increase upon chelation with metal ions. This is due to 

the increased lipo-solubility of the metal complexes as compared to ligands. In 

this work, a total of 12 bacterial strains and two fungal strains were used for 

biological study. Among all the newly synthesized metal complexes, the Ag(I)-

CFT, Ag(I)-GMX, Cu(II)-CFT and Cu(II)-CFU complexes showed excellent and 
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enhanced activity compared to the precursor antibiotic against most of the 

microbes. The Ag(I)-CFP and Ni(II)-CFP  complexes show similar but significant 

activity as the parent CFP antibiotic against most of the microbes. However, 

Ag(I)-CFP showed increased activity against Styphylococcus aureus and 

Enterobacter faecium, and a decreased activity was observed by Cu(II)-CFP 

complex. The Cu(II)-CFT complex was found to be 15 times more active against 

S. aureus and 1.6 times more active against S. typhi. On the contrary, an enhanced 

activity against Candida sp. and E. coli 0157 was observed by Cu(II)-GMX and 

Ni(II)- GMX, respectively. 
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1.1. Antibiotics 

Antibiotics are chemical compounds that can kill bacteria or inhibit the growth of 

bacteria. They may be either bactericidal or bacteriostatic. Compounds that kill 

bacteria are bactericidal and compounds that obstruct the growth of bacteria are 

bacteriostatic. Originally antibiotics were called antibiosis that means ‘against 

life’ which was introduced by a French bacteriologist named Vulleimin. Later on, 

they were renamed antibiotics by Salman Wakeman, an American microbiologist 

[1, 2]. Formerly, antibiotics were produced from living organisms and defeated 

other microorganisms. Most of the antibiotics were produced from soil microbes. 

Soils are home to a huge variation and various inhabitants of microbes. Soil 

microbes were the principal source of producing antibiotics and still linger to hold 

their importance. Several classes of antibiotics such as beta-lactams, 

aminoglycosides, tetracyclines, macrolides, and streptomycin are produced from 

soil bacteria and fungi [3, 4]. Industrially, fermentation is the process that is used 

to produce antibiotics. Oceans are another largest source of microbes and 

microbial metabolites. But recently (last 15-20 years) marine biosphere was 

investigated in search of new compounds from marine organisms and around 

30,000 compounds of the new interesting structures have been isolated. So, the 

ocean is a promising source of antibiotic research [5]. Antibiotics are widely used 

to prevent bacterial infections in humans, plants, and animals either by killing or 

preventing them from reproducing. Antibiotics can be taken in several ways. They 
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can be taken either orally (pills, capsules) or topically (cream, ointment) and 

intravenously. Three forms of antibiotics are available, natural (aminoglycosides), 

synthetic (quinolones), and semi-synthetic (cephalosporins). 

1.1.1. History 

More than 2500 years ago, ancient civilizations including the Chinese, Egyptians, 

and Greeks used molds, and plant extracts to treat several infections. But the 

mechanism of action was unknown then [6]. 

Salvarsan (1909) was the first man-made antibiotic prepared by Alfred Berthem 

in Paul Ehrlich’s lab. Paul Ehrlich was a medical student and had the passion to 

invent new drugs for the treatment of diseases that causes death. That’s why he 

constituted a team including chemist Alfred Berthem and bacteriologist Sahachiro 

Hata and took initiatives for the treatment of syphilis, an incurable disease with 

the hope to get a magic drug that kills microbes responsible for disease without 

maltreatment of human host. To serve this purpose, Ehrlich selected an organic 

compound containing arsenic as a starting material and prepared a series of the 

related organo-arsenic compound with the help of chemist Alfred Bertram. 

Finally, Sahachiro Hata (1909), a bacteriologist noticed that salvarsan (compound 

606) was the best one for curing syphilis [7,8]. In 1910, it was marketed by a 

German chemical company named Hoechst. Neosalvarsan (compound 914), a 

modified form of salvarsan was then introduced to minimize the side effects as 

well as reduce toxicity. Salvarsan was the most effective, widely prescribed drug 
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for curing syphilis before the marketing of the natural antibiotic penicillin (1943). 

The working mechanism of salvarsan is yet unknown and recently Nicholson et 

al. [9] reported that salvarsan is truly a combination of two cyclic As-As bonded 

species depicted in Figure 1.1. 

Figure 1.1. The structure of Salvarsan.  

 

As an extension of the Ehrlich concept, in 1932, Domagk et al. studied a large 

No. of azo dyes and found in vitro antibacterial activity of an azo dye named 

prontosil. It was found to be the first successful drug and the first of many sulpha 

drugs to treat the bacterial infection causing blood poisoning. Prontosil acts as an 

antibacterial agent belonging to the sulphonamide group which opened a new 

door in medicine at that time [10]. 
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Later on, prontosil has been replaced by other sulpha-drugs like sulfathiazole, 

sulfadiazine, etc. Prontosil was found to be metabolized into the active ingredient 

sulphanilamide in vivo as shown in Figure 1.2. 

 

Figure 1.2. Active metabolite of prontosil-in vivo. 

 

Sulfa drugs were found to have limited use after the invention of natural antibiotic 

penicillin in 1942. Alexander Fleming, a Scottish scientist was the first who 

accidentally discovered penicillin in 1928. However, the isolation of penicillin in 

pure form is a very difficult task and it needs around 14 years for purification as 

well as successful clinical use [11]. In 1939, at Oxford University, Howard Florey 

along with his co-workers Norman Heatley and Ernst Chain successfully purified 

penicillin, work out for industrial production, and used it clinically.  They 

published their findings in 1940 [12]. Alexander Fleming, Ernst Chain, and 

Howard Florey together received the Nobel Prize in Medicine for their 
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contribution to the invention of penicillinin in 1945. Dorothy Hodgkin, an English 

chemist confirmed the chemical structure of penicillin (Figure 1.3) by using X-ray 

crystallography and received a Nobel prize in chemistry (1964) along with other 

contributions in Chemistry. 

 

 
Figure 1.3. The general structure of penicillin. 

 

There is a thiazolidine ring close to a β-lactam ring in penicillin and the β-lactam 

ring is responsible for its bacterial action. Penicillin was found to be effective 

against two pathogens staphylococci and streptococci. After that, penicillin was 

successfully synthesized in the laboratory by a chemist named John C. Sheehan at 

MIT, USA in 1957 [13]. Because of the narrow spectrum activity of natural 

penicillin (penicillin G), researchers developed many derivatives of penicillin 

with broad-spectrum activity [14]. The period from 1940-1950 was marked as a 

golden time of antibiotic discovery. More than 15 antibiotics that were discovered 
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at that time are clinically used even today. Selman Waksman, a microbiologist 

and biochemist had a lot of contributions in the field of discovery of antibiotics 

[15]. He, along with his co-workers discovered a number of antibiotics from soil 

microbes including streptomycin and neomycin which are effective against 

tuberculosis, caused by Gram-negative bacterial strains. Since 1970, the discovery 

rate of new antibiotics has declined. Before the discovery of antibiotics, thousands 

and millions of lives had been lost due to several types of bacterial infections. So, 

the invention of antibiotics opened a new era in medicine and increased the 

lifespan of a human being by 23 years [16]. The development of antibiotics with 

time is presented in Scheme 1.1. The time period (1950-1970) was regarded as 

the golden age of antibiotic discovery. Almost half of the discovered antibiotics 

were invented at that time period. Unfortunately, the last antibiotic was marketed 

in 1987. But there are a few antibiotics in the pipeline for clinical use [16]. 

Moreover, antibiotic resistance has occurred and many common antibiotics are 

ineffective against microbial infection. Currently, available antibiotics could not 

effective against a long range of pathogens.  So, this is the time to develop more 

potent drugs with improved bio-activity. 

And a major investment is indeed essential to combat the increasing trend of 

drug-resistant infectious diseases.  

 



 

 

 

 

 

 

Scheme 1.1. The timelin

antibiotics and the year th

from cvm.msu.edu, 2011)

 

1.1.2. Classification 

There are several ways to

Scheme 1.2 [2, 19]. 

 

 

8 

line of antibiotic development. The name of the 

 they were discovered are shown on the timeline. 

1)  [17, 18]. 

 to classify antibiotics, which are depicted in the f

 

he different 

 (Adopted 

e following 



 

 

 

 

 

 

Sche

1.1.3. Mechanism of a

Antibiotics also be of 

mechanisms, i.e., how do

Antibiotics work against

wall synthesis inhibition

nucleic acid synthesis. S

preventing the formation

 

9 

heme 1.2. Classification of antibiotics. 

 

f action of antibiotics. 

of different types depending on the diverse 

do antibiotics work against microbes?  

st microbes via different modes of action inclu

ion, protein synthesis inhibition, and interfere

. Sometimes antibiotics show antimetabolite ac

on of folic acid and also act as cell membrane 

 

se working 

cluding cell 

rence with 

activity by 

e inhibitors 



 

 

 

 

 

 

10 

 

[20, 21]. The molecular target sites of antibacterial agents are presented in Figure 

1.4. 

 

Figure 1.4. Mechanism of action of antibiotics via different target sites of 

antibacterial agent (Adopted from the literature [22]). 

 

There are different types of antibiotics according to different modes of action 

which are listed in Table 1.1. 
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Table 1.1. Classification of antibiotics based on mechanism of action.  

Mechanism of action Type Antibiotics 

Blocking of cell wall synthesis 

 

Bactericidal β-lactam antibiotics 

Penicillin derivatives 

Cephalosporin derivatives 

Blocking of protein synthesis   

30 S ribosome site  Bacteriostatic Tetracyclinederivatives 

 Aminoglycosides 

            50 S ribosome site Bactericidal Macrolides, Chloramphenicol 

Blocking of nucleic acid 

synthesis 

  

               DNA Bactericidal Quinolones, Fluoroquinolones 

                 RNA Bactericidal Bacitracin 

Antimetabolite  Sulphonamides 

 

1.1.4. Antibiotic resistance 

The principle of antimicrobial therapy is that one living microorganism kills 

another microbe without doing any harm to the host. Alexander Fleming and Paul 

Domagk in their Nobel Lecture first warned about antibiotic resistance, which 

may cause serious public health threats globally. Actually, it has occurred when 

an antibacterial agent failed to defeat the microorganism for which the drug is 
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prescribed. As a result, in the presence of an antibacterial agent, the drug-resistant 

bacteria are not killed and undergo replication continuously. Actually, the germs 

themselves adapt some defense strategy against antibiotics. The resistance 

mechanism by which germs survive includes modification of the drug target, 

inactivation of the drug through producing enzymes, replacement of the drug 

target, and reducing the cell permeability [23]. Formation of bio-film is another 

way of causing antibiotic resistance. In that case, the antibiotics themselves could 

not reach the target microorganisms within the biofilm and causing antibiotic 

resistance against those microorganisms [24]. 

 

Figure 1.5. Mechanisms of antimicrobial resistance (Adopted from literature 

[22]). 

Resistant infections are very dangerous and sometimes impossible to treat and 

create serious public health problems. In recent statics, it was found that around 
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7,00,000 people died worldwide in each year due to antibiotic resistance and it 

will be 10,00,000 by 2050 [WHO report]. Issues responsible for spreading 

antibiotic resistance include overuse of many common antibiotics by both human 

and animals, improper prescribing of antimicrobial drugs by physicians because 

of low cost and low toxicity, misuse of broad-spectrum antibiotics that is 

unnecessary. Self-treatment practice is another major issue of causing antibiotic 

resistance especially in low-income countries. As a result, the antibiotics are 

found to be ineffective for the organisms causing infections [25]. Besides, 

treatment against bacterial infection, antibiotics can also be used in non-

therapeutic purposes in agricultural production as growth promotors since 1950 

[26]. The introduction of antibiotics as a feed additive in animal feed and plant 

increases the rate of growth and decrease morbidity and mortality by preventing 

and controlling bacterial diseases in animals and plant [27]. The efficacy of 

growth is occurred due to the interaction of antibiotics with intestinal microbes 

present in animals. There is no doubt about the use of antibiotics as a growth 

promotor is the money-making and efficient production of livestock. The 

excessive use of antibiotics in animal feed may develop antimicrobial resistant 

organisms [28]. But there raised a problem, the transfer of a drug-resistant gene 

from animals to humans via the food chain. Today, the problem of antibiotic - 

resistant is a serious threat to public health worldwide. The World Health 

Organization (WHO) has made several reports on risk assessment of using 
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antibiotics as growth promotors in livestock [29-36]. After that many developed 

countries banned the use of most antibiotics as food additives and permitted fewer 

antibiotics in animal feed [37]. To overcome the resistance issue, many scientists 

worked on safer alternative approaches to replace antibiotics as food additives. 

Sandra et al. (2015) introduced the use of herbs, spices and plant extracts with 

promising biological properties known as phytobiotics, as potential feed additives 

[37, 38]. In fact, phytobiotics are products of plant origin which are added in 

animal feed to increase the performance of animal health and nutrition. Examples 

of some phytobiotics used as an alternative of antibiotic growth promoters in 

animal nutrition are listed in Table 1.2. Phytobiotics include non-woody flowering 

plants having medicinal properties, spices and essential oils extracted from 

different parts (flower, leaves, root, seed) of plant materials, used as natural 

growth promoters (NGPs) for poultry production. Phytobotics can improve the 

growth and performance of animal health through improving digestion, nutrient 

assimilation and stimulating the immune response [39]. Day by day, the use of 

phytobiotics as feed additives in poultry production gain popularity due to 

increasing bacterial resistance [40]. Thus, phytobiotics could serve as better 

replacement of synthetic antibiotic growth promoter to enhance the production 

and health performance of poultry regarding food security [41]. 
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crisis. As a result, post-surgical infections even common infections are difficult to 

treat and sometimes impossible which increases the mortality rate and decreases 

working skills. Around two million infections and 30,000 deaths occur each year 

only in the USA due to resistant bacterial species [44]. Healthcare cost also 

increases due to long time hospital stays that cause a negative impact on the 

economy. The high cost of healthcare leads to poverty and material deprivation. 

Ultimately it influences a country’s GDP and affects the global economy. The 

populations of underdeveloped and developing countries face the problem the 

most [45]. Like other developing countries in Bangladesh, the scenario of AMR is 

simply frustrating [46]. It may perhaps act as a ‘silent epidemic’ throughout the 

world [47]. 

1.1.4.2. Remedy and measures to be taken for antibiotic resistance 

Antibiotic resistance is a threat to human health, food production, and 

development. Today it’s a great challenge for us to mitigate the drug-resistant 

issue. The public and non-public sectors must have to be involved to prevent and 

control the spread of infections caused by drug-resistant bacteria. The following 

measures can be taken to challenge the threat. 

•  Natural products have a long history to treat infections [48]. Increase the 

dependency on natural products like ginger, garlic, and tulsi with active 

ingredients. 
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1.2. Metal Complexes 

The concept of modern coordination chemistry was first introduced by Alfred 

Werner who was an inorganic chemist, received the Nobel Prize in chemistry in 

1913 for proposing the correct structure of a transition metal complex [50]. 

Metal complexes also known as coordination complexes contain a central metal 

atom or ion around which neutral or negatively charged species known as ligands 

have bonded. They may be neutral or charged complex. In metal complexes, the 

interaction of ligand to metal ion occurred through the formation of a dative bond 

which is a Lewis acid-base type interaction. Usually, metal ions with vacant 

valence shell orbitals can act as Lewis acids and accept electron pairs from 

ligands, and form dative bonds. Many coordination compounds are found to play 

crucial role in living systems. For example, hemoglobin is an iron complex found 

in the RBC of living cells and acts as an oxygen carrier from respiratory organs to 

the rest of the human body. On the other hand, chlorophyll is also a magnesium 

complex found in green plants and involves in photosynthesis. Hemoglobin and 

chlorophyll both have remarkably similar chemical structures (Figure 1.7 and 

Figure 1.8). Vitamin B12 is another coordination complex of cobalt surrounded by 

corrin ligands.  Apart from these, many naturally occurring enzymes like catalase 

and carboxypeptidase are metal complexes that regulate many biological 

processes of the human body. 

 



 

 

 

 

 

 

19 

 

 

 

 

Figure 1.7. Pictorial representation and chemical structure of hemoglobin and 

chlorophyll. 
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Figure 1.8. Chemical structure of vitamin B12.  

1.2.1. Chelation 

Chelation is a process by which a metal complex is formed between a central 

metal ion and polydentate ligands where the ligand donor atoms are attached to 

the central metal ion via dative bond formation. Usually, the ligands are organic 

moieties containing more than one donor atom, known as a chelate. Chelating 

agents have a variety of applications in medicine. Chelate compounds are more 

stable than non-chelate compounds. 
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1.2.2. Metal complexes with bioactivity 

The recent progress of metal complexes in the field of pharmaceutical chemistry 

is emerging. Almost all metal ions form complexes (coordination compounds). 

Metals especially transition metals possess several oxidation states and different 

types and numbers of coordinated ligands are involved in complexation resulting 

in different coordinative geometry after complexation which in turn provides a 

variety of properties. These properties make them interesting and useful for the 

medicament of various deadly infectious diseases like diabetes, carcinomas, 

cardiovascular diseases, neurological disorder, and even cancer [51]. Many 

bioactive ligands act as drug candidates and sometimes failed in clinical trials due 

to poor solubility. Metal ions play a vital role to improve the solubility of drugs. 

The lipophilicity of a drug candidate is an important factor to determine the 

bioactivity. However, chelation decreases the positive charge of metal ion through 

the delocalization of ligand electron to the central metal atom and thus increases 

the lipophilicity of the complex which in turn increases the permeability of the 

complex through bacterial membrane. As a result, ihe antimicrobial activity of the 

complex would be increased. For example, tetracycline after complexation with 

iron(III) and Cu(II)  shows enhanced antimicrobial activity than precursor ligand. 

Moreover, the toxicity of a bioactive ligand would be decreased through 

complexation. For example, the toxicity of a drug, ketonazole would be decreased 

through complexation with metal ion. 



 

 

 

 

 

 

22 

 

Metal complexes with their unique electronic and stereochemical features make 

them attractive alternatives to common resistant drugs. Many metal complexes are 

now being widely used in medicine. For example, platinum complex, cis-platin 

[52] is a successful anticancer drug, gold complex, auranofin is used as an 

antirheumatic agent [53], ebselen, an anti-inflammatory agent is a selenium 

complex, polaprezinc is a zinc complex and bismuth complex [54] is used to 

resolve different gastrointestinal problems. Drug-screening results also revealed 

the antitumor activity of auranofin. In fact, metal-based drugs have shown 

remarkable success as therapeutic agents since the advent of cisplatin by Dr. 

Rosenberg in 1960. In 1978, the US food and drug administration (FDA) 

approved cisplatin in the treatment of testicular cancer. Later on, this drug is used 

as a combination of chemotherapy in the treatment of lung, ovarian, bladder, 

breast, and cervical cancer. It is still used in the treatment of cancer successfully. 

However, researchers still trying to develop cisplatin analogs to reduce toxic side-

effects. Examples of some common and approved analogs are carboplatin, 

oxaliplatin, picoplatin, Nedaplatin, Iproplatin, lobaplatin, Heptoplatin, and 

satraplatin, etc. whose chemical structures are given in Figure 1.9 [55-58]. Table 

1.3 also listed an overview of those clinically approved Pt-based anticancer drugs 

[58]. 
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Figure 1.9. Approved and trialed analogs of anticancer drug, cisplatin. 

 

 

 

Table 1.3.  A brief summary of clinically accepted Pt (II)-based anticancer drugs. 

Drug Approved 

year 

Approved  

country 

Uses 

Cisplatin 1978 Worldwide Testicular, Ovarian, and Bladder cancer 

Carboplatin 1989 Worldwide Ovarian, Breast, Lung &Bladder cancer 

Nedaplatin 1995 Japan Oesophageal and Head and neck cancer 

Oxaliplatin 1996 Worldwide Colon cancer 

Heptaplatin 1999 Korea Gastric cancer 

Lobaplatin 2010 China Metastatic breast cancer 
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An outline of the molecular mechanism of cisplatin in the medicament of human 

cancer is presented in Figure 1.10 [56]. 

 

Figure 1.10. Molecular mechanism of anticancer drug, cisplatin. 

 

To overcome the dependency on platinum-based chemotherapy as well as to 

develop non-platinum anticancer agents, researchers were trying to introduce new 

metal-based anticancer agents. Fe, Ru, and Pd complexes were also reported to 

have anticancer activity [59]. 
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But however, the coordination chemistry of gold, silver, and copper is also 

interesting. These metals are known to have medicinal values since ancient times 

[60]. For example, copper was used to reduce inflammation, and iron was used to 

treat anemia. In addition, traces of Cu metal are essential for proper body 

functioning. It works with iron in the body to form red blood cells and helps to 

maintain the nervous system and immune system healthy. But an excess or 

deficiency of this trace metal causes several diseases like Alzheimer, Wilson’s 

and Menkes’ diseases [61]. Both silver and copper metal are found to have 

antimicrobial activity and they are used as effective metal surface coating 

especially in food industry [62]. Moreover, many binary and ternary Cu(II)- 

complexes of aromatic molecules with N, S and O donor atoms are known to 

possess significant biological activity and act as potential therapeutic agents [63]. 

For example, binary Cu(II)-complexes of pyridyl-2-carboxamidrazone [64] and 6-

(2-Chlorobenzyl amino) purine [65] are found to have noteworthy anticancer 

activity. A number of ternary Cu(II) complexes of mixed ligand of the type 

[CuLL’]+  were synthesized  and found to show significant biological activities 

ranging from anti-inflammatory to anticancer etc. [66]. On the other hand, Schiff 

bases, a well-known ligand in coordination chemistry, formed through 

condensation of primary aliphatic or aromatic amine and carbonyl compound. The 

general chemical formula of Schiff base is R1R2C=NR3 where R3= alkyl oraryl 
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and contains an imine functional group (-C=N-) which is crucial for its biological 

activities.  

 

 Figure 1.11.The general structure of Schiff base (Ligand). 

 

It has found versatile use in industry and as an intermediate of organic synthesis 

[67]. It has also been found to have applications in medicinal chemistry and the 

pharmaceutical field because of its diverse biological activities like antifungal, 

anticancer, anti-inflammatory, anti-urease, antitubercular, and antioxidant 

activities [68-71]. Almost all d-block metals including lanthanides can form 

coordination complexes of therapeutic importance with Schiff bases. Schiff base-

metal complexes are found to have better bioactivity than free ligands [72]. 

Examples of some of Schiff’s base-Cu(II) complexes are given in Figure 1.12 

[69]. 
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Figure 1.12. Chemical structure of some copper complexes of Schiff’s base 

possessing anticancer activity. QC, quinoline-2-carboxaldehyde; TSS, taurine 

salicylic Schiff-base; HNO, 2-hydroxy-1-nathaldehyde-L-ornithine; DBO, 2,4-

dihydroxybenzaldehyde-L-ornithine; PHEN, 1, 10-phenanthroline; Bpy, 2,2’-

bipyridine; Mvs, L-methionine-o-vanillin Schiff base; Vhn, valine-2-hydroxy-1-

naphthaldehyde Schiff base. 

 

Apart from Schiff bases, many ligands like derivatives of dithiocarbamate and 

quinoline successfully bind to copper metal and the copper complexes are found 

to possess significant anticancer activity. The chemical structure of 

dithiocarbamate derivatives and quinoline derivatives are shown in Figure 1.13. 

[69]. 
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Figure 1.13. Examples of chelating agents: Dithiocarbamate derivatives and 

quinolone derivatives. 8-OHQ, 8-hydroxyquinoline; CQ, Clioquinol; PDTC, 

Pyrrolidine dithiocarbamate; DSF, disulfiram; DDTC, Diethyldithiocarbamate. 

 

Several research groups worked on the synthesis, characterization and biological 

studies of copper complex of the chelating agents which are mentioned above 

(Figure 10). They have found that the copper complexes behave as potent 

proteasome inhibitors and act as anticancer agents [73-76]. So, it seems that the 

copper complexes of Schiff base, dithiocarbamate derivatives and quinolone 

derivatives could be substitute of successful anticancer drugs like cisplatin, 

carboplatin etc. regarding the toxic side-effects and resistance properties. 

Before the introduction of antibiotics, silver may be the most effective in curing 

infections [60]. Silver, due to its antimicrobial activity has been used for stomach 

pain and wound healing by ancient Greek. It is widely used in wound dressing, 

antiseptic cream for external infections and as an antibiotic coating on medical 



 

 

 

 

 

 

29 

 

devices. It is also used in water cleaning systems and as a disinfection agent. 

Silver compound, AgNO3 has been found to use in ophthalmologic and skin care 

treatment. AgNO3 has also been used in dentistry as a dental amalgam. Colloidal 

silver was also reported to be effective in the treatment of ulcers, cancers, 

arthritis, tuberculosis, etc. [77]. Though Ag is a non-essential element for humans 

it has remarkable antimicrobial and anticancer activities. Compared to other 

metals like gold, bismuth iron, platinum, ruthenium, and arsenic, silver is found to 

have better cytotoxic activity with minimum toxicity. That’s why researchers 

have focused their attention on the coordinated complexes of silver. Silver and its 

complexes with chelating agent have found applications to develop novel 

therapeutic agents because of low toxic side effects [78-79]. Many ligands 

containing donor atoms like nitrogen, oxygen, Sulphur, and phosphorous form 

complexes with Ag+ ions, and those complexes are found to have promising 

activity against cancer cell lines [79-81]. The chelating agents which are used to 

form such complexes are Schiff base, N-heterocyclic carbenes (NHCs), 

phosphines, carboxylates, NSAIDs, and 5-fluorouracil, etc. The silver coordinated 

complexes of different ligands are found to possess improved biological activity 

than free ligands and most of the silver complexes reported recently serve as 

anticancer agents with low toxicity compared with cisplatin [82-83]. Examples of 

some silver complexes of different ligands are presented in Figure 1.14.  
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1.2.3. Complexation of antibiotics with metals leads to the 

development of new drugs with improved bioactivity 

Owing to antibiotic resistance, there is a dire need for new antibiotics with 

promising biological activities. So, the discovery of new antibiotics with 

therapeutic properties can resolve the problem. But it is time consuming and 

needs enough expenditure to discover a new antibiotic. In this regard, antibiotic-

metal complexes could serve as a better alternative to new drugs. Many research 

groups worked on the silver complexation of several classes of antibiotics like β-

lactam, aminoglycoside, quinolone, and tetracycline and reported the 

enhancement of the antimicrobial activity of antibiotics through coordination with 

silver ions [91-94]. The results are tabulated in Table 1.4 [95]. 

Table 1.4. Antimicrobial activity of metal complexes of different antibiotics. 

Antibiotics Organism Culture 

condition 

Effects Ref. 

β-lactams Ampicillin E. Coli Lab. 10-fold increase in 
antimicrobial activity, 

 
[91] 

Quinolones Ofloxacin 
Nalidixic 
Acid 
Norfloxacin 

E. Coli Lab.  
Animal 
models 

10-fold increase in 
antimicrobial activity. 
MIC value decreased 
10 – 25% 

[91, 
92] 

 
Amino-
glycosides 

Gentamicin C. difficile 

 

E. Coli 

 

Lab.  
 
Lab.  
Animal 
model 

MIC value decreased 4-
fold 
A 100-fold increase in 
antimicrobial activity 

[91]  
 
[91, 
92] 
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 Tobramycin E. Coli 

 

P. 

aeruginosa 

 

 

 

Lab.  MIC decreased 10-fold 
(E.coli) 
3-fold increase in 
antimicrobial activity 
 

 
 
[92, 
93] 

 
 

Kanamycin 
Streptomyci
n 

E. coli Lab. MIC value decreased 
more than 10-fold 

 
[92] 

Vancomycin  E. coli Lab. 
&Animal 
model 

10-fold increase in 
antimicrobial activity 

[91] 

Chlor- 
 
amphenicol 

 E. coli Lab. MIC value decreased 
1.5- fold 

[92] 

Rifampicin  A.  

bauminni 

Lab. MIC value decreased 5-
10-fold 

[94] 

Tetracycline  E. coli Lab. MIC value decreased 2-
fold 

[91] 

 

Chemotherapeutic resistance is a major health problem today. The use of cisplatin 

as an anticancer drug established the involvement of metal complexes as potential 

therapeutic agents. However, platinum group metals like Ru, Rh, Pd, Os, and Ir-

complexes are also studied to find out new potent inorganic drugs [59]. Moreover, 

several researchers [98, 99] proposed the introduction of organometallic parts by 

conjugation to existing antibiotics to overcome the drug resistance crisis. For 

example, ferrocene is an organometallic compound that is used in conjugation 

with existing drugs. The lipophilic nature of ferrocene makes them to pass 

through cell membranes effectively. Tamoxifen as well as hydroxytamoxifen both 

are used to treat breast cancer. Top et al. worked on the ferrocene derivatives of 
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They have reported that the position of ferrocene moiety determines the 

effectiveness of the drug. It was found that the spatial positioning of ferrocene 

moiety mostly influenced the activity of paclitaxel [102]. Type I derivative shows 

the most activity in the order of no aromatic spacer >m-substituted >p-

substituted> o-substituted. Type II derivate did not show any significant activity. 

 

1.3. Selection of Antibiotics and Metals 

The development of new drugs with therapeutic importance is ubiquitous in the 

pharmaceutical industry to mitigate the drug-resistant issue. Synthesize of new 

antimicrobial compounds through the complexation of different antibiotics with 

different essential and non-essential metals can meet the demand. In this regard, 

four different antibiotics belonging to two different classes namely cephalosporin 

and fluoroquinolone and three metals copper, nickel and silver were chosen for 

this study.  

1.3.1. Ceftibuten dihydrate (CFT) 

Ceftibuten dihydrate is a semi-synthetic derivative of a third-generation 

cephalosporin antibiotic. Cedax is the trade name of this antibiotic and chemically 

is designated as (+)-(6R,7R)-7-[(Z)-2-(2-amino-4-thiazolyl)-4-

carboxycrotonamido]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic 

acid dihydrate. C15H18N4O8S2 is its chemical formula and 446.5 is molecular 
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weight [103]. Like penicillin, it is also a β-lactam antibiotic containing a 

thiazolidine ring attached to the β-lactam ring which is accountable for biological 

activity. 

 

 

 

It is bactericidal and kills the bacteria via the β-lactam ring. Actually the β-lactam 

ring fixes to penicillin-binding protein and thus hinders the formation of the 

bacterial cell wall. In the absence of a cell wall, a bacterium is vulnerable and 

ultimately falls to death [104]. Like other cephalosporins antibiotics, it is effective 

in the treatment of urinary tract infections (UTIs), ear infections, pneumonia, strep 

throat, and gastroenteritis and is most effective against respiratory tract infections 

[105]. 
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1.3.2. Cefpodoxime proxetil (CFP) 

Cefpodoxime proxetil is an ester prodrug of cefpodoxime which is taken orally 

and found to be metabolized to the active ingredient cefpodoxime in the 

gastrointestinal tract. Like ceftibuten, it is also a semi-synthetic derivative of a 

third-generation cephalosporin antibiotic. 

 

 

 

Molecular formula of this drug is C21H27N5O9S2 along with a molecular weight of 

557.6 g/mol [106]. It kills bacteria through binding to penicillin-binding protein 

which in turn prevents the formation of the cell layer and results in the lysis of the 
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bacterial cell. In a study, it was found that, it is effective, especially for pediatric 

patients against a variety No. of common infectious diseases [107].  

 

1.3.3. Cefuroxime axetil (CFU) 

Cefuroxime axetil is also an ester prodrug of cefuroxime and Ceftin is its brand 

name. It is a semi-synthetic derivative of a 2nd generation oral cephalosporin 

antibiotic. Its IUPAC name is 1-[(6R,7R)-3-[(carbamoyloxy)methyl]-7-[(2Z)-2-

(furan-2-yl)-2-(methoxyimino)acetamido]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-

ene-2-carbonyloxy]ethyl acetate along with molecular formula C20H22N4O10S and 

molecular weight 510.5 g/mol [108].  
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It has a broad-spectrum activity effective against a large No. of microbes. As this 

antibiotic belongs to the cephalosporin family, its bactericidal activity results 

from the prevention of the formation of cell walls. Without the cell layer, the 

bacteria will be helpless and fall under the pressure of molecular water which 

results in cell lysis [109]. Cefuroxime axetil is stable to β-lactamases enzyme and 

it is active against a number of beta-lactamase-producing strains including 

gonococci and Haemophilus influenzae and used to cure respiratory infections. 

The three antibiotics namely ceftibuten dihydrate, cefpodoxime proxetil and 

cefuroxime axetil belong to group cephalosporin, a class of β-lactam 

antibiotics.The bactericidal activity of β-lactam antibiotics can be represented as 

in the following way (Figure 1.19 and Figure 1.20). 
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1.3.4. Gemifloxacin mesylate (GMX) 

Gemifloxacin mesylate, belonging to the quinolone family, is an orally taken 

synthetic fourth-generation fluoroquinolone-type antibiotic. Nalidixic acid (1960) 

was the 1st member of the series. Later on, several modifications were made to 

increase the spectrum of antimicrobial activity. 

 

 

The clinical development of quinolone antibiotics with example are presented in 

Table 1.5.  

Table 1.5. Clinical development of quinolone antibiotics in time. 

Generation Time Drug Examples 

1st 1970-1980 Cinoxacin, Pipemidic acid, Flumequine 

2nd 1980-1990 Norfloxacin, Enoxacin. Ciprofloxacin 

3rd 1990-2000 Levofloxacin, Gatifloxacin, Sparfloxacin 

4th 2000- Moxifloxacin, Clinafloxacin, Gemifloxacin 

 



 

 

 

 

 

 

GMX has a long range o

antibiotic is 7-[(4

cyclopropyl-6-fluoro-4-ox

acid along with molecular

N

H2N

H3CO

It is bactericidal and k

pneumonia, chronic bronc

fluoroquinolone antibiotic

Figure 1.21. Sequen

 

42 

 of activity against microorganisms. IUPAC nam

[(4Z)-3-(aminomethyl)-4-methoxyiminopyrrolidin

oxo-1,8-naphthyridine-3-carboxylicacid;methane

lar formula C19H24FN5O7S and M.W. 485.5.  

N N

O

CO2HF

N

N

N

CH3SO3H

Gemifloxacin mesylate
 

kills bacteria causing several infectious dise

onchitis, and urinary infections. The bactericidal a

tic can be represented in Figure 1.21 and Figure 1

ential steps of bactericidal activity of fluoroquino
antibiotics [111]. 

ame of this 

din-1-yl]-1-

nesulfonic 

seases like 

l activity of 

e 1. 22. 

nolone 



 

 

 

 

 

 

Gemifloxacin mesylate w

topoisomerase IV which

transcription of bacterial D

Figure 1.22. Pictorial
fluoroquinolone antibiotic

 

1.3.5. Copper(II) and 

Metals are an integral p

weight and play crucial

function. The human bein

 

43 

e works by binding itself to enzymes DNA gy

ich in turn hinders the replication, recombinat

al DNA. As a result, bacterial growth would be sto

ial representation of the bactericidal act
tics [112]. 

d its significance in complexation 

 part of the human body, constitute 2.5% of to

ial and critical roles to regulate the body’s b

eing needs around 20 elements for proper function

gyrase and 

nation, and 

stopped. 

 

ctivity of 

 total body 

 biological 

tioning. Out 



 

 

 

 

 

 

44 

 

of them, ten are metals and ten are non-metals. The metals are Na, K, Ca, Mg, 

Mn, Fe, Co, Cu, Zn, and Mo [113].  

Copper(Cu) has atomic no. 29, a member of transition (d-block) metals, present in 

group 11 in the periodic table. Cu is a redox transition metal, that transfers 

electrons within the biologically active molecule. It is found to present as + 1 

(Cuprous) and + 2 (Cupric) oxidation states. Cu is involved in various 

physiological processes. Copper works together with iron to form red blood cells 

and aids the body in iron absorption. Moreover, it makes the nervous system, 

immune system, blood vessels and bones healthy. An excess or deficiency of Cu 

relates to several diseases like cardiovascular arrests, Osteoporosis and most of 

them are neurological disorders including Alzheimer’s, Wilson and Menkes 

disease [114]. Copper has a long history in the field of medicine from ancient 

times. Cu was found to use to purify water, wound care, and eye infections. 

Actually, copper has effective antimicrobial properties, defeating microbes 

through oxidation. Moreover, Cu containing d electrons can form coordination 

complexes with promising therapeutic properties. These properties make interest 

medicinal chemists and inorganic biochemists to use metal ions in searching of 

new drugs to fight against microbes causing deadly infection. In a study [115], the 

authors focused on the development of various Cu-complexes with potential 

therapeutic use. It was found that copper complexes provide diverse biological 
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properties including antibacterial, anti-inflammatory, enzyme inhibitory, and even 

cytostatic properties [116]. Generally, chelation changes considerably the 

biological activities of ligands and makes the complex more liposoluble than the 

ligand itself. As a result, the complex easily gets access to pass through the cell 

membrane and shows improved bioactivity than ligands [116]. In this regard, 

metallodrug can also be a substitute for a new drug to cure cancer, neuro 

problems and other serious deadly infectious diseases. 

1.3.6. Nickel(II) and its significance in complexation 

The Atomic No. of nickel (Ni) is 28, belonging to group 10 in the periodic table. 

Ni is found in nature as Ni(II) rather than Ni(0), Ni(I) and Ni(II) because of the 

stability factor [117]. Nickel is also an essential micronutrient for human beings 

to regulate the proper functioning of biological processes. It is found as a 

metalloenzyme especially urease which acts as a catalyst in the hydrolytic 

decomposition of urea to gaseous products carbon dioxide and ammonia.  It also 

functions in the body as a hormone regulator, assists iron absorption, and helps to 

metabolize lipids [118]. Long-time exposure to nickel has some adverse effects. It 

may cause allergic actions, lung infections, cardiac problems even cancer risk 

[119]. The Coordination chemistry of nickel is interesting. The common 

geometries of Ni-complexes are square planer, octahedral, trigonal bipyramidal, 

and tetrahedral. Nickel complexes have versatile applications in industries 
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including medicine, automobile, etc. [120]. In a study, it was found that Ni-

dithiocarbamate complexes showed promising biological properties ranging from 

antibacterial to anticancer [121]. Many Ni- complexes serve as efficient catalysts 

in industrial applications [122].  

1.3.7. Silver and its significance in complexation 

Silver (Ag) is an element of group 11 in the periodic table. Its atomic No. is 47 

and be identified as a d-block transition metal. Common oxidation states of Ag 

are +1, +2 and +3. The most stable oxidation state is +1 [123]. Germicidal 

properties of silver(I) are well known since ancient times. Silver was found to use 

in wound dressing, coating for medical devices, ointment and urinary catheters to 

prevent external infection [124]. Recently Ag was found to use in the clothing 

sector and household appliances for its antimicrobial activity. Coordination 

compounds of silver with different ligands containing donor atoms like N, S and 

O possess a wide range of biological properties including antibacterial, antifungal, 

anti-inflammatory, etc. [125]. Still, many research works are going on silver-

based compounds and around 300 compounds are in clinical trials [126]. One 

example is silver sulfadiazine also called Silvadene acts as an effective antibiotic 

against burn wounds. In a recent study on metal (Ag) complexes of ampicillin 

antibiotic, it was found that the activity is increased against K. pneumonia, A. 

baumannii and P. aeruginosa and decreased against E. coli and S. aureus due to 
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complexation [127].  Therefore, the production of new compounds with 

therapeutic importance by complexation of Ag(I) with different ligands is a dire 

need to combat drug-resistant crises [128]. 

1.4. Objectives 

Presently, antibiotic resistance is a burning issue worldwide which creates a 

serious threat to public health [162]. The discovery rate of new antibiotics is slow 

while antibiotic resistance is rising [WHO report]. Therefore, the development of 

more potent antimicrobial agents to eradicate infections caused by drug-resistant 

bacteria is ubiquitous for mankind. Metal coordination compounds of antibiotics 

with improved bioactivity can play a vital role in searching for new antibiotics to 

fight against life-threatening infections caused by drug-resistant bacteria [136]. In 

most cases, the effectiveness of antibiotics is increased [151, 157] and toxicity is 

reduced [163] through chelation. This work aims to search for new potent 

antibiotics keeping the following objectives in mind. 

 To establish an easy and suitable synthetic route. 

 To synthesize new metal complexes of common antibiotics with improved 

bioactivity. 

 To initiate a new approach in the treatment of various infectious diseases. 

 To mitigate drug resistance issues caused by overuse, misuse and 

improper use of antibiotics. 
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1.5. Literature Review  

The discovery of a new drug with potent activity is really challenging. It covers a 

number of processes including target selection and validation, compound 

screening, hit identification, lead production and optimization, and then clinical 

development [129]. Several scientific disciplines like chemistry, biochemistry, 

biology, and pharmacology are involved in this process [130]. But it is time-

consuming, expensive and needs around 10-15 years to introduce a new drug into 

the market for mankind. Research and development on existing drugs, on the 

other hand comparatively less expensive and hassle-free, which may introduce 

new drugs with improved bioactivity. Now, it is a very emerging field with bright 

future in pharmaceutical chemistry which includes acquiring knowledge of 

traditional medicine [131], drug-drug interaction [132], metal-ligand interaction 

[133], and isolation of bioactive constituents from natural products [134]. 

Moreover, several strategies on existing drugs including drug re-profiling, drug 

repurposing or repositioning were taken by medicinal scientists to develop new 

drugs which may be effective in other diseases [135]. Recent advances in 

medicinal chemistry try to develop new antimicrobial agents focusing on metal 

complex-based antimicrobial compounds [136-37]. Metals due to their unique 

characteristics including variable oxidation states, redox potential, coordination 

modes, number, ligand design and coordinative geometry after complexation offer 
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Several studies reported the increased biological activity of various ligands, is due 

to complexation with transition (II) metals like Cu, Ni, Co, Fe, Bi, and Pd [141]. 

For example, Cu and Ni complexes of thiocarbamoyl dihydro pyrazole possess 

high inhibitory activity towards Candida strain and palladium 

pyrazolinethiocarbamoyl possesses a higher effect on Entamoeba histolytica than 

the free ligand [142]. Co is also an essential trace element in the human body. 

Vamsikrishn et al. (2016) reported on the synthesis and in vitro biological activity 

of metal complexes of the type M(L1)2 and M(L2)2, where M = Cu(II), Ni(II) and 

Co(II) and L1 & L2 are benzothiazole Schiff bases. The complexes showed 

enhanced antibacterial activity than the ligand precursor [143]. 

 

Figure 1.24. Chemical structure of bivalent metal complexes of benzothiazole 

Schiff base [143]. 

Now-a-days, metal complex-based antibiotic shows promising result against 

bacterial infections. Metallodrugs were also found to have enhanced biological 

activity toward microbes. Sulfadiazine is a synthetic bacteriostatic antibiotic 
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belonging to the sulfonamide group. Silver sulfadiazine, an antibiotic-metal 

complex showed excellent efficacy to treat and prevent infections of severe burns 

[144]. 
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Figure 1.25. Ag-complexation of silver sulfadiazine. 

Moxifloxacin is a fourth-generation fluoroquinolone antibiotic, which was 

developed to treat RTI infections and pneumonia. Seku et al. successfully 

synthesized and characterized the Au(III) and Ag(I) complexes of moxifloxacin 

and studied antimicrobial activity. Both the Ag(I) and Au(II) complexes showed 

more potent activity towards microbes than the free ligand, moxifloxacin [145]. 

However, Leitao et al. reported the in vitro biological activity of the Ag-complex 

of camphor amine [146]. 
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Figure 1.26. The chemical structure of Ag(I) and Au(III) complexes of 

moxifloxacin. 

Norfloxacin is also a quinolone antibiotic. It was reported by Sadeek et al. that 

Y(III) and Pd(II) complexes of norfloxacin showed increased antibacterial activity 

than the parent antibiotic [147]. Another group of researchers reported higher 

antimicrobial activity of bismuth norfloxacin complexthan norfloxacin itself 

[148]. 



 

 

 

 

 

 

53 

 

 

Figure 1. 27. Chemical structure of the bismuth-norfloxacin complex. 

They have clarified the result based on Tweedy’s chelation theory and overtone 

concept. Upon chelation, with metals, the polarity of the complexes reduced as 

well as the lipo-solubility of complexes is increased due to the charge transfer of 

metal ions to ligands. Actually, the lipo-solubility of complexes is the determining 

factor in controlling antimicrobial activity. The increased lipo-solubility of the 

complexes made them easier to pass through lipid membranes and arrest 

themselves in the enzymes metal binding site of microorganisms. As a result, 

protein synthesis is hampered and ultimately stopped bacterial growth [149]. 

Tetracycline is an orally taken bacteriostatic antibiotic belonging to the family 

tetracyclines which is used to cure several diseases like malaria, syphilis, and RTI 

infection, etc. Based on experimental results, Guerra et al. reported the increased 

potency of Pd(II) complex of tetracycline is about sixteen times that of the parent 
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ligand [150]. Many other researchers worked on the complexation of different 

antibiotics of the cephalosporin and quinolone family [151-154]. Penicillin G is a 

semi-synthetic, beta-lactam antibiotic of the cephalosporin family and 

ciprofloxacin is a quinolone antibiotic. Both antibiotics are commonly used to 

cure human infections and cattle feed additives. Due to the over-use of antibiotics, 

there is an increasing trend of emerging multidrug-resistant microorganisms. To 

overcome the failing trend of antibiotics, researchers have proposed combination 

therapy, a mixture of antibiotics with metal and it may be a good solution to treat 

resistant bacteria [155]. Kumar et al. [156] reported enhanced activity of the 

Fe(III) complex of penicillin G and Ni(II) complex of ciprofloxacin compared to 

the parent antibiotic. In other studies, Anacona et al. worked on metal 

complexation of cephalosporin antibiotics, cefotaxime and cefoperazone and 

found the enhanced activity of complexes than parent drug against microbes [157, 

158]. Two different research groups, Nleonu et al. (2020) and Khalil et al. (2020) 

worked on the complexation of ciprofloxacin and derivatives of ciprofloxacin. 

They reported the increased bioactivity of metal (Cu, Fe, Zn) complexes of 

ciprofloxacin than ligand antibiotic against S. aureus and Cu(II) complexes of 

ciprofloxacin derivatives displayed enhanced antibacterial activity against both 

Gram-positive and Gram-negative bacteria [159,160]. Very recently, Sharfalddin 

et al. (2021) studied on metal (Cu, Zn, Co, Ni, Fe) complexation of 

thiamphenicol, a derivative of chloramphenicol act as a broad antimicrobial drug. 
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They have synthesized, characterized and finally elucidate biological activities. 

The Cu and Zn complexes showed good anticancer activity [161]. In this regard, 

antibiotic-metal complexes may serve as a better alternative to cure infections 

caused by drug-resistant bacteria. 

1.6. Present Work 

In this work, the complexations of four different antibiotics with biologically 

important metals Cu, Ni and Ag were done. The three antibiotics, namely 

ceftibuten dihydrate, cefpodoxime proxetil and cefuroxime axetil belong to the 

cephalosporin type, and another antibiotic, gemifloxacin mesylate belongs to the 

fluoroquinolone type based on chemical structure. 

A. Cephalosporin type: 
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B. Fluoroquinolone type: 

 

Metals (Cu, Ni, and Ag) themselves are antimicrobial. So, when introducing 

metals with an antibiotic, can enhance the efficacy of the antibiotic itself. As 

discussed previously, many researchers have attempted to develop new metal-

based antibiotics with improved bioactivity so as to exterminate deadly infections 

caused by drug-resistant bacteria. With these facts in mind, metal (Cu, Ni, and 

Ag) complexes of four different antibiotics were synthesized and isolated 

successfully. Characterization of the newly formed complexes was then done by 

spectral and thermal analyses. Finally, the antimicrobial screening of prepared 

complexes and respective ligands was done using the paper-disc diffusion 

method. It is noted that there is no evidence found in the literature regarding the 

synthesis, characterization and biological evaluation of metal complexes of 

ceftibuten dihydrate and cefpodoxime proxetil. It is also noted that no shreds of 

evidence were found in the literature on metal (Cu, Ni and Ag) complexes of 

gemifloxacin mesylate. Heavy metal (U, La, Zr) complexes of gemifloxacin 
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mesylate were reported previously. In the case of cefuroxime axetil, complexation 

was done by the mechanochemical method. Herein, the synthesis of metal 

complexes of cefuroxime axetil is done in a different approach, the solvolytic 

method. 
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Hydrated metal salts were used to incorporate metal ions in the formation of metal 

complexes. All the metal [Cu(II), Ni(II) and Ag(I)] complexes of ceftibuten 

dihydrate were prepared in water as solvent, keeping the mole ratio of M:L = 1:2 

at 90 oC. The reaction route that was followed is given in the following Scheme-

2.1. 

 

 

Scheme 2.1. Reaction route to prepare ceftibuten-metal complexes. 

 

Firstly, the drug (200 mg, 0.448 mmol) was taken in the round-bottom flask and 

made soluble in water by heating at 90 oC. Then required amount of 
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corresponding metal salt (0.224 mmol) was taken in a beaker and made solution 

in water. After that, the salt solution was poured into a round-bottom flask 

containing the parent drug solution. The reaction mixture was then refluxed at the 

same temperature with continuous stirring. The reaction time was taken about 4 

hours. In every case, a colored precipitate was obtained. Then the mixture was 

reserved for about 24 hours without disturbing for settling down the precipitated 

complex. The solvent was removed using rotavapor under reduced pressure. The 

precipitated complex was then washed several times with distilled water and        

n-hexane for purification so as to remove unreacted materials. Drying of the 

precipitated complex was done in an oven at 40 oC and then kept in a desiccator at 

room temperature. The complexes were stable in air and moisture. 

2.2. Synthetic Route of Cefpodoxime Proxetil with Cu(II), Ni(II) 

and Ag(I) Metal Ions 

Cefpodoxime proxetil (potency 71.3%) is another 3rd generation cephalosporin 

antibiotics earned as a kind gift from a well-known pharmaceutical, Incepta 

Pharmaceuticals Ltd. Dhaka, Bangladesh. Metal salts, reagents and solvents 

(Merck, Germany), required for the synthesis were bought from local suppliers 

and further purification was not required. 

Cefpodoxime proxetil is poorly water-soluble but freely soluble in methanol. In 

this case, complexation was done in a 1:1 mixture of water and methanol as a 
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reaction medium at 90 oC. The mole ratio of the parent drug (L) and metal salts 

(M) was adjusted to 2:1 (L:M).  

The synthetic method to prepare metal [Cu(II), Ni(II) and Ag(I)] complexes of 

cefpodoxime proxetil is given in Scheme 2.2. 

 

Scheme  2.2. Synthetic route of metal complexes of cefpodoxime proxetil. 

 

Firstly a 250 mL round bottom flask was charged with the drug, cefpodoxime 

proxetil (200 mg, 0.358 mmol) and made soluble in MeOH. Then the volume of 

the drug solution was made doubled using distilled water. After that required 

amount of respective metal salt (0.179 mmole) solution was prepared in a beaker 
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using water. The salt solution was then added in the round bottom flask which 

was fitted to the water condenser. The reaction mixture was then refluxed in an oil 

bath at 90 oC for about 4 hours. In every case, a colored precipitate was obtained. 

To purify the solid complex, the precipitate was washed several times with water 

and n-hexane.  

2.3. Synthetic Route of Cefuroxime Axetil with Cu(II), Ni(II), and 

Ag(I) Metal Ions 

Cefuroxime axetil (potency 88.4%) is also an antibiotic of the cephalosporin 

family, received as a gift from the same pharmaceutical, Incepta Pharmaceuticals 

Ltd., Dhaka, Bangladesh. The same metal salts were used to provide metal ions 

(Cu2+, Ni2+ and Ag+) for complexation. All other reagents and organic solvents 

(Merck, Germany) were procured from local suppliers and used without further 

purification. 

Cefuroxime axetil is also a poorly water-soluble drug but freely soluble in 

methanol. Interaction of cefuroxime axetil with metal salts was performed in 

methanol as the reaction medium. The reflux temperature was fixed at 80 oC and 

the complexation time was about 4.0 hours. The mole ratio of the parent drug (L) 

and metal salts (M) was adjusted to 2:1 (L:M).  

The synthetic route for the formation of metal [Cu(II), Ni(II) and Ag(I)] 

complexes of cefuroxime axetil antibiotic is shown in Scheme 2.3. 
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Scheme 2.3. Synthetic scheme of metal complexation of cefuroxime axetil. 

 

First, the antibiotic (200 mg, 0.39 mmol) was taken in a 250 mL round bottom 

flask to serve the purpose. Methanol was added to prepare the drug solution. Then 

required amount of respective metal salt (o.196 mmol) was taken and made 

solution with MeOH. After that, the salt solution was added to the drug solution 

and refluxed for about 4.0 hours. The total volume of the reaction mixture was 

about 100 mL. In each case, a colored precipitate was obtained. The solvent was 

removed by rotavapor. The solid complex was then washed multiple times with 

water and n-hexane to purify and dried in an oven at 40 oC. The dried purified 

solid complexes were reserved in the refrigerator for further use. 
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2.4. Synthetic Route of Gemifloxacin Mesylate with Cu(II), Ni(II) 

and Ag(I) Metal Ions 

Gemifloxacin mesylate (potency 100%) is a synthetic antibiotic of the 

fluoroquinolone family, received as a kind gift from a familiar pharmaceutical, 

Incepta Pharmaceuticals Ltd. Dhaka, Bangladesh. All the necessary reagents, 

organic solvents and metal salts (Merck, Germany) for complexation were bought 

from local providers and used as if they were provided.  

Gemifloxacin mesylate is s a freely water-soluble drug. Water was chosen as the 

reaction medium for complexation. The temperature was fixed at 90 oC and the 

complexation time for about 4.0 hours. The mole ratio of the parent drug (L) and 

metal salts (M) was adjusted to 2:1 (L:M). The synthetic route which was 

followed to prepare gemifloxacin-metal complexes is presented in Scheme 2.4. 

The complexation reaction was carried out in a 250 mL round bottom flask, fitted 

with a reflux condenser which was placed in an oil bath over a hot plate with a 

magnetic stirrer. Initially, an aqueous solution of the drug (200 mg, 0.41 mmol) 

was taken in the round bottom flask. Then an aqueous solution of respective metal 

salt (0.205 mmol) was added to the drug solution taken in the round bottom flask. 
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Scheme 2.4. Synthetic route to prepare complexes of gemifloxacin mesylate. 

The reaction mixture was then refluxed at 90 oC for about 4 hours. In every case a 

colored solid precipitate was gained and kept overnight for settling down the 

product. Rotavapor was used to remove the solvent under reduced pressure. The 

solid complex was then washed multiple times with distilled water and n-hexane 

to purify so as to remove unreacted materials. Lastly, the solid complex was dried 

in an oven at 40 oC and reserved in the refrigerator for further use. 
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2.5. Characterization Methods 

The newly formed metal complexes of the antibiotics were then characterized by 

various physico-chemical properties, spectral investigation and thermal 

techniques. 

2.5.1. Physical Properties 

The physical properties of any sample are those which are observable and 

measurable without changing the chemical composition of a sample. Common 

physical properties are color, odor, physical state, solubility, melting point, 

boiling point, etc. These properties can be used to describe a sample and 

differentiate one sample from another sample. 

2.5.1.1. Color 

The color of the newly formed solid complexes was determined by visual 

observation. The color of a sample arises when visible light interacts with the 

surface of a sample. The amount of light that is reflected by the sample surface 

determines the color of the sample.  

2.5.1.2. Physical state 

It is one of the most fundamental physico-chemical characteristics of a sample. At 

ordinary temperature and pressure, a sample can exist in three forms: solid, liquid, 

and gas. 
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2.5.1.3. Melting point determination 

The melting point of a solid is the temperature at which a solid sample changes its 

state, from solid to liquid. A pure sample always melts at a sharp temperature 

while an impure sample melts over a long range of temperatures. Moreover, 

different samples melt at different temperatures. Therefore, an unknown sample 

can be identified by its melting point. A digital instrument (Model: WRS-1B, 

China) was used to determine the melting point of newly formed solid complexes 

of different antibiotics. 

2.5.1.4. Solubility 

The term ‘solubility’ refers to a property of a sample (solute) that enables the 

sample to form a solution in a given solvent that may either be polar or nonpolar. 

Usually, temperature and pressure can affect the solubility of a solid product. 

2.5.2. Spectroscopic Methods 

Spectroscopy is the branch of chemistry that deals with the interaction of radiation 

with matter, resulting in electromagnetic spectra as a function of frequency or 

wavelength. Interpreting spectra, the molecular structure of a compound can be 

determined. 

2.5.2.1. UV-Visible  

UV-Vis spectrophotometry is a common analytical tool in analytical chemistry. It 

quantifies the amount of absorbed or radiated light as a function of wavelength. It 

is used to quantify conjugation as well as transition metal ions in coordination 



 

 

 

 

 

 

70 

 

complexes. UV-Visible spectral analysis was done for four different antibiotics 

precursor and their metal complexes. A double-beam Shimadzu UV-Visible 

spectrophotometer, model UV-1800 PC, range 200 – 800 nm, was used to record 

the UV-Visible spectrum. DMSO was used to prepare the stock solution and 

distilled water was used to achieve the correct dilution. 

2.5.2.2. FT-IR 

Fourier Transform Infrared Spectroscopy (FT-IR) is a widely used analytical 

technique to detect the functional groups present in a molecule. Every functional 

group has characteristic IR absorption frequency. It is concerned with the 

vibrational frequency of molecules. FT-IR spectrum of all precursor antibiotics 

and their solid complexes were taken between 4000 cm-1 - 400 cm-1 using an FT-

IR spectrophotometer (Model: 8400s, Shimadzu, Japan). KBr pellet was prepared 

to serve the purpose. It records an IR spectrum as a function of % transmittance 

vs. wavelength of absorbed radiation. 

2.5.2.3. 1H NMR 

NMR stands for Nuclear Magnetic Resonance. NMR spectroscopy is a spectral 

method by which the interaction of Radio Frequency (RF) (3 kHz – 300GHz) 

radiation with certain atomic nuclei occurs. The NMR spectrum gives information 

about the structure of molecules. Interpreting the three-distinguishing feature in 

1H NMR, namely the chemical shift value of each absorption peak, the integration 

value of each peak, and the splitting pattern of each absorption peak can give an 



 

 

 

 

 

 

71 

 

idea of the structure of molecules. Bruker AMX 500 MHz spectrophotometer was 

engaged to determine 1H NMR spectra of precursor antibiotics and their 

complexes. DMSO-d6 was used as an NMR solvent and TMS as an internal 

standard. 

2.5.3. Thermal Analysis Method 

In thermal analysis, a group of techniques including DSC, TGA, DTG, and DTA 

is used to determine the changes in properties of materials with the change in 

temperature. The properties are melting point, boiling point, vaporization, 

sublimation, thermal stability, enthalpy, crystallization, etc. 

2.5.3.1. DSC 

DSC is a thermal analysis method in which the heat difference between the 

sample and reference is measured to increase the temperature of a substance as a 

function of temperature. This technique is widely used in the pharmaceutical and 

polymer industry. A DSC instrument (Model: DSC 131, EVO, Setaram 

Instrumentation, France) was involved to record the DSC thermogram. The 

samples were taken in an aluminum-sealed pan and the temperature range was set 

from 20 oC to 700 oC. During recording, the rate of flow of N2 gas 20 mL/min and 

the rate of increasing temperature 10 oC/min was adjusted.  
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2.5.3.2. TGA 

Thermogravimetric analysis (TGA) is a method of measuring mass loss with 

increasing temperature over time. Mass loss due to oxidative degradation, 

pyrolysis, and combustion are common phenomena in TGA. TGA 50H 

(Shimadzu, Japan) instrument was used to perform TGA studies of precursor 

antibiotics and their complexes. TGA was done by taking samples in an 

aluminum pan in the temperature range 25-800 oC. 10 mL/min N2 gas flow rate 

and 10 oC/ min heating rate were adjusted during the recording of thermograms. 

2.5.3.3. DTG 

The differential form of thermogravimetry (DTG) also known as derivative 

thermogravimetry is also a method of thermal analysis. In DTG, the mass loss rate 

upon heating is monitored against temperature changes. Compare to TGA, the 

peak temperature of sample mass loss is obtained in DTG. DTG was performed in 

a simultaneous TG-DTA instrument (TGA-50H, Shimadzu, Japan). 

 

2.5.3.4. DTA 

Differential thermal analysis is another method of thermal study. DTA was 

performed along with TGA in a simultaneous TG-DTA analyzer (TGA-50H, 

Shimadzu, Japan). A platinum pan was used as a sample holder and the 

temperature was raised to 1000 oC where a 10 oC/min heating rate was maintained 
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in a nitrogen atmosphere for the inert environment. In DTA, the temperature 

difference between the sample and reference material is monitored against 

temperature or time. The DTA thermogram thus gives information about melting, 

crystallization, and phase changes. 

 

2.5.4. Elemental Analyzer 

The % of element composition was determined using C, H, N, S analyzer (Vario 

Micro V 1. 6. 1 GmbH, Germany) with a TCD detector. 

 

2.5.5. Biological Activities 

Biological activities of all precursor antibiotics and newly formed coordination 

complexes of the antibiotics were performed by the Kirby-Bauer paper disc 

diffusion technique [165-167]. Mueller Hinton agar was chosen as the best 

medium to prepare the plates for bacteria, and potato dextrose agar (PDA) was 

used as fungal media. Before use, the plates were dried in an incubator at 30 - 37 

oC. Then the plates were inoculated with the test microorganism. The paper discs 

(diameter 6 mm) were then saturated with samples and referenced drugs, and 

placed in the previously seeded agar culture plates of tested microorganisms. A 

maximum of 5 discs were placed in an agar (9 cm) plate. The discs should be 

placed 10-15 mm distant from the edge of a petri dish. The plates were then 

incubated at around 37 oC. The time taken was about 24 hours for the antibacterial 
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assay and about 7 days to determine antifungal activity. After that inhibition zone 

diameter was measured in mm and recorded. 

2.2.5.1. Antibacterial Assay 

A long range of Gram-positive and Gram-negative bacteria were used to 

determine the antibacterial activity of parent antibiotics and corresponding metal 

complexes. The bacterial strains are Bacillus cereus, Escherichia coli, 

Pseudomonas aeruginosa, Staphylococcus aureus, Salmonella typhi, Vibrio 

cholera, Klebsiella pneumoniae, Citrobacter freundii, Enterobacter faecalis, 

Enterobacter faecium. 

2.5.5.2. Antifungal Screening 

Two fungal strains, Candida sp. and Aspergillus niger were chosen to determine 

antifungal activity of the synthesized metal complexes of the antibiotics. 
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3.1 Physical Properties of Ceftibuten Dihydrate with Cu(II), Ni(II) 

and Ag(I) Metal Ions 

The physical properties of Cu(II), Ni(II), and Ag(I)-complexes of ceftibuten 
dihydrate are presented in Table 3.1. 

Table 3.1. Physical properties of the parent antibiotic and its metal complexes. 

Sl 

No. 

Code Compound Color State M.P. 
o
C 

Solubility in 

DMSO    

 

Hot        

Water 

1 CFT Ceftibuten 
dihydrate 

Pale 
yellowish 
brown 

Amorphous  
180 

Soluble Soluble 

2 CFT-
Cu 

Copper(II) 
complex 

Deep 
brown 

Crystalline 272 Soluble Soluble 

3 CFT-
Ni 

Nickel(II) 
complex 

Light 
brown 

Crystalline 305 Soluble Soluble 

4 CFT-
Ag 

Silver(I) 
complex 

Blackish Crystalline 265 Soluble Soluble 

 

Images of the parent antibiotic and its complexes are shown in Figure 3.1. 

 

Figure 3.1. Images of parent antibiotic, antibiotic-metal complexes, and their 
solution. 
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3.2 UV-VIS Spectrum Analysis of Ceftibuten Dihydrate with 

Ag(I) Metal Ion 

UV-Vis spectroscopy is an important analytical tool to determine the structure of 

an organic and inorganic compound. The number of absorption bands, the 

intensity of each absorption band, and the wavelength of each absorption band in 

the UV-Vis spectrum provides information about the structure of a compound 

[168]. The formation of a new metal complex can be verified by comparing the 

UV-vis spectrum of the parent antibiotic with the corresponding antibiotic-metal 

complex. Any changes, either the bathochromic shift (shifted to higher values) or 

the hypsochromic shift (shifted to lower values) of absorption bands revealed the 

formation of a new metal complex. Changes in the intensity of absorption bands 

also occurred due to complexation. Sometimes, new absorption bands appeared 

when a metal binds to a ligand molecule [169]. The electronic (UV) spectra of the 

parent antibiotic, ceftibuten dihydrate, and its silver complex are displayed in 

Figure 3.2.  

 

Figure 3.2. UV-Vis spectra of ceftibuten dihydrate and its Ag(I)-complex 
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The analytical results are given in Table 3.2. 

Table 3.2.  UV-Vis spectral data of ceftibuten dihydrate and its Ag(I) complex. 

Compound Wavelength of transition(nm) Assignments 

CFT 
(Parent antibiotic) 

281, 209 π-π∗ , n-π∗  

Ag(I)-CFT 265, 211 π-π∗ , n-π∗  

 

The electronic absorption bands for the parent antibiotic appeared at 281 and 209 

nm while the Ag-complex showed at 265 and 211 nm. The shifting of absorption 

bands occurred due to complexation [170]. 

 

3.3. FT-IR Studies of Ceftibuten Dihydrate with Cu(II), Ni(II) and 

Ag(I) Metal Ions 

FT-IR is a largely used competent analytical technique to determine the structure 

of a molecule. IR radiation is associated with molecular vibration and the 

absorbed radiation perfectly determines the nature of bonds present in a molecule 

[171]. The FT-IR spectrum of the precursor antibiotic, ceftibuten dihydrate is 

given in Figure 3.3. Ceftibuten dihydrate is a cephalosporin antibiotic belonging 

to third-generation. In the case of the antibiotics of the cephalosporin family, it is 

evident that several coordination sites are available for complexation. Interaction 

of metal to the ligand can occur through the oxygen atom of the carbonyl group of 
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the beta-lactam ring, the nitrogen atom of the beta-lactam ring, the oxygen atom 

of the carbonyl group of the amide side chain, and the carboxylate group [151]. 

 

Figure 3.3. FT-IR spectrum of precursor antibiotic ceftibuten dihydrate. 

The free ligand (CFT) possesses several characteristic absorption bands of 

different functional groups. The strong band observed at 1770 cm-1 and 1651 cm-1 

in the free ligand are due to the beta-lactam carbonyl group and the carboxyl 

group. Also, there is a strong band at 1361 cm-1 which is due to ν(C-N), the 



 

 

 

 

 

 

80 

 

nitrogen atom of the beta-lactam ring. The spectra of the Cu(II), Ni(II), and Ag(I) 

complexes are given in Figures 3.4, 3.5 and 3.6, respectively. 

 

Figure 3.4.  FT-IR spectrum of Cu(II) complex of ceftibuten dihydrate. 

Noteworthy changes in the vibrational frequency of characteristic absorption 

bands of the free ligand as well as the disappearance of any absorption band give 
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evidence for complex formation. Moreover, the appearance of new bands 

regarding M-O and M-N vibration confirmed the complexation with metals. 

Figure 3.5. FT-IR spectrum of Ni(II)-complex of ceftibuten dihydrate. 

In the case of free ligand (CFT), because of the zwitterionic nature of the 

cephalosporin antibiotic, there are two peaks found at 1651 and 1415 cm-1 for 

asymmetric and symmetric stretching vibrations of the carboxylate group and the 

coordination mode of the carboxylate ion depends on the shifting of the 

asymmetric and the symmetric stretching vibration of the carboxylate group. 
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Figure 3.6. FT-IR spectrum of Ag(I)-complex of ceftibuten dihydrate. 

In all three complexes, the band due to the beta-lactam carbonyl group (C=O) is 

not significant, indicating the non-involvement of the lactam carbonyl group in 

complex formation [172,173]. Upon complexation with Cu(II) ion, the peaks of 

the carboxylate group's asymmetric and symmetric stretching vibrations shifted to 

1629 and 1402 cm-1, respectively. The difference between the value of 

asymmetric and symmetric stretching vibration (∆ν = νasym – νsym) indicates the 

coordination mode of the carboxylate group [174]. If the separation value (∆ν) is 
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in between 200-300 cm-1, the coordination mode is unidentate and ∆ν < 100   cm-1 

indicates the bidentate coordination mode of the carboxylate group. In Cu(II)-

complex of ceftibuten dihydrate, the separation value, ∆ν >200 cm-1 was found 

and indicates the monodentate binding mode of the carboxylate group. Likewise, 

in Ni(II) and Ag(I) complexes of ceftibuten dihydrate, the separation value (∆ν) of 

greater than 200 cm-1 was found, which suggests the similar (unidentate) 

coordination mode of the carboxylate group [157, 175]. A strong band at 1361 

cm-1 is observed in the free ligand due to the presence of a tert- nitrogen atom (C-

N) of the beta-lactam ring. A considerable change in the frequency of the tert-N 

atom has occurred after complexation, which is due to the participation of tert-N 

in complexation [176]. In Cu(II)-complex, the ν (C-N) appeared at 1114 cm-1, 

while at 1103 cm-1 for Ni(II)-CFT and at 1091 for Ag(I)-CFT, respectively. 

Moreover, a new band appeared in all three complexes in the region of 470-480 

cm-1, which is due to the formation of the M-N bond [176, 177]. The FT-IR data 

of all complexes along with the precursor antibiotic are summarized in Table 3.3. 

All these suggest the coordination of metal ions through one of the oxygen atoms 

(unidentate) of the carboxylate group and the nitrogen atom of the beta-lactam 

ring [177, 178]. In all three complexes, a broad-band has appeared in the region of 

3100 ~ 3600 cm-l which is due to the presence of coordinated water in the 

complexes [178, 179].  
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Table 3.3. Characteristic vibrational frequencies (cm-1) of CFT antibiotic and 

antibiotic-metal complexes. 

Compound ν (OH) 

H2O 

ν (3
o
N) 

lactam 

ν (COO) 

asym 

ν (COO) 

sym 

∆ν ν(M-N) * 

CFT(Ligand) 3259, s 1361 1651 1415 236 - 

CFT-Cu(II) 3437, br 1114 1629 1402 227 476 

CFT-Ni(II) 3400, br 1103 1624 1398 222 478 

CFT-Ag(I) 3442, br 1091 1622 1382 240 480 

(M-N)* indicates M-N coordinate bonding. 

In a study on the complexation of the cephradine antibiotic, Sultana et al. (177, 

178) proposed the complexation of metal ions to the antibiotic through the N atom 

of the beta-lactam ring and one of the carboxylate oxygens forming a five 

membered ring (Figure 3.7). The shifting of the frequency of the tertiary nitrogen 

atom as well as the asymmetric and symmetric frequency of the carboxylate group 

give strong evidence for the coordination of metal ions to the nitrogen atom of the 

beta-lactam ring and carboxylate ion. 
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Figure 3.7. Proposed structure of cephradine-metal complex by Sultana et al. 

[176, 177]. 

3.4. Thermal Analyses of Ceftibuten Dihydrate with Cu(II), Ni(II), 

and Ag(I) Metal Ions 

Thermal studies belonging to DSC and TG analyses were done for Cu(II)- and 

Ni(II)- complexes of ceftibuten dihydrate. Thermal studies describe how the 

properties of materials like thermal stability, enthalpy, sublimation, and melting 

point change with temperature change. The TG curves of precursor antibiotic, 

ceftibuten dihydrate and its Cu(II) and Ni(II) complexes are given in Figures 3.8, 

3.9,  and 3.10, respectively. 
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Figure 3.8. Thermogram (TG) of precursor antibiotic, ceftibuten dihydrate (CFT). 

 

Figure 3.9.  Thermogram (TG) of Cu(II)-complex of ceftibuten dehydrate. 
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Figure 3.10. Thermogram (TG) of Ni(II)-complex of ceftibuten dehydrate. 

In the TG curve of the parent antibiotic and its metal complexes, a multistep 

degradation process was observed and the degradation pattern of the complexes 

was completely different from their parent antibiotic, which implies the feedback 

of metal-ligand interaction [180]. The degradation of the complexes started with 

the loss of lattice water, then coordinated water. After that, the degradation of 

anhydrous species occurred, finally metal oxide was found as residue [181]. In the 

case of the pure antibiotic, ceftibuten dihydrate, 9.77% mass loss was found at 

176.21 oC, followed by 55.78%  at 396 oC, 91.33%  mass loss at 630 oC and lastly 

93.64% at 800 oC. The CFT-Cu(II) complex degraded 8.32% at 175 oC, followed 

by 34.75% at 312oC, 75% at 508 oC and finally 83% lost at 800 oC. On the other 
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hand, the CFT-Ni(II) complex decomposed 10.78% at 171 oC, 41.29% at 394 oC, 

79.93% at 609 oC and finally 83.34% at 800 oC. It is found that 17% of total mass 

remained for Cu and Ni(II) coordinated-CFT antibiotic, even after heating up to 

800 oC. That means the complexes possessed greater thermal stability than the 

precursor antibiotic. 

The DSC curves of ceftibuten dihydrate antibiotic and its metal-coordinated 

complexes are given in Figures 3.11, 3.12, and 3.13, respectively. The DSC curve 

of the parent antibiotic represents an endothermic peak at 98 oC which implies the 

dehydration step and an exothermic peak at 242.7 oC, indicating the melting point 

of the pure drug. 

 

Figure 3.11. Thermogram (DSC) of precursor antibiotic, ceftibuten dihydrate. 
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Figure 3.12. Thermogram (DSC) of copper coordinated ceftibuten dihydrate 
antibiotic. 

 

Figure 3.13. Thermogram (DSC) of nickel coordinated ceftibuten dihydrate 
antibiotic. 
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The DSC curve of Cu(II)-coordinated complex of CFT antibiotic showed two 

endothermic peaks, one peak at 87 oC which is due to the removal of water, and 

another peak at 269.2 oC which represents the melting temperature of the 

complex. On the other hand, three endothermic peaks are found in the DSC curve 

of Ni(II)-coordinated complex of CFT antibiotic. The peak at 89 oC is associated 

with the dehydration step followed by the peak at 220 oC which represents some 

reductions or phase transition. Another endothermic peak at 308 oC was found 

which is considered as the melting temperature of the complex. The melting 

points of the complexes Cu(II)-CFT (269.2 oC) and Ni(II)-CFT (308 oC), are 

different from the melting point of pure antibiotic, CFT (242.7 oC). These 

indicated the formation of new metal-coordinated complexes of CFT antibiotic. 

Similar thermal results were reported by different groups of researchers in the 

case of metal(II) complexation of different ligands [182-184]. The thermal results 

(TG, DSC) are concise in Table 3.4. 
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Table 3.4. TG-DSC results of CFT antibiotic and its metal(II)-coordinated 

complexes. 

Compound Stage Temp. of TGA 

(
o
C) 

Mass 

loss (%) 

DSC Temp. (
o
C) 

Endo Exo 

Ceftibuten 

dihydrate 

(CFT) 

1st 20-176 10 98  

2nd 176-396 46  242.7 

3rd 396-630 36   

4th 630-800 7.31   

 Total loss  100   

Cu(II)-CFT 

 

 
 
 
 

 

1st 25-175 8.3 87  

2nd 175-312 26.3 269.2  

3rd 312-508 40.3   

4th 508-800 7.5   

Total loss 

Residue 

 82.57 

17.43 

  

Ni(II)-CFT 

 

 

1st 26-104 7.31 89  

2nd 104-221 6.57 219  

3rd   221-358 28.6 305  

4th 358-502 37.04   

5th 502-800 7.89   

Total loss 

Residue 

 87.39 

12.61 
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Ali et al. reported the same trend of decomposition of fluconazole-metal 

complexes, starting with the loss of water molecule followed by decomposition of 

ligand moiety, leaving metal oxide as residue. The DSC data of all the complexes 

of fluconazole also agreed well with the TG data [182]. On the other hand, a 

simultaneous TG/DTG/DTA analyses was done for the Ag(I)-complex of 

ceftibuten dihydrate. The Ag(I)-complex also showed a multi-stage degradation 

profile, where mass loss was observed with temperature. The thermogram 

(TG/DTG/DTA) is given in Figure 3.14 and the results are concise in Table 3.5. 

 

Figure 3.14. Thermogram (TG/DTG/DTA) of Ag-complex of ceftibuten 

dihydrate  antibiotic. 
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In the TG curve, Ag(I)-CFT exhibited a loss of 7.5% of total mass at the 

temperature range of 25-128 oC in the 1st step which is due to the loss of 

crystalline water. After that, 19.3% and 48.2% mass loss were found at the 

temperature range of 128-326 and 326-578 oC, respectively. Finally, 13% mass 

loss was found at the temperature range 578-809 oC, leaving 12% residual mass 

(AgO). The DTG curve of Ag(I)-CFT  showed two sharp peaks at around 310 oC 

and 495 oC which may be attributed to the degradation of the anhydrous complex. 

The DTA result showed two endothermic peaks at 140 oC (dehydration) and 266 

oC (melting temperature). It also exhibited two sharp peaks at around 500 oC and 

620 oC which were due to the decomposition of the complex. These indications 

are well in agreement with the DTG data. 

Table 3.5. Thermal (TGA, DTG, and DTA) results of Ag(I) complex of 

ceftibuten dihydrate antibiotic. 

Compound Step Temp. 

range (
o
C) 

Mass loss   

(%) 

DTGmax 

(TDTG) 

DTA (TDTA) 

Endo Exo 

Ag(I)-CFT 
 
 
 
 
 

1st 
 

25 - 128 7.5 65  60.5 

2nd 128 - 326 19.3 193, 316 140.5, 
266 

 

3rd 326 - 578 48.2 402, 495 419, 
549 

480 

4th 578 - 809 13 622, 665  614 
Total loss   88    
Residue   12    
 



 

 

 

 

 

 

94 

 

3.5. Elemental Analyses of Ceftibuten Dihydrate with Cu(II), 

Ni(II) and Ag(I) Metal Ions 

The elemental analyses of the metal complexes of ceftibuten dihydrate antibiotic 

were performed and the results are given in Table 3.6. The results are well-fitted 

with the proposed molecular formula and agreed with 1:1 ligand to metal 

stoichiometry. 

Table 3.6. Elemental analyses (C, H, N, and S) data of metal complexes of 

ceftibuten dihydrate. 

  Compound 

(Mol. Formula) 

            Elemental Analysis 

Carbon % Hydrogen % Nitrogen % Sulfur % 

Calc. Found Calc. Found Calc.  Found Calc.  Found 

Ni(II)-CFT 

[Ni(CFT)Cl2] 4H2O 

Ag(I)-CFT 

[Ag(CFT)NO3]6H2O 

27.79 27.62 4.04 3.98 8.64 8.38 9.89 9.55 

24.86 24.79 4.17 4.32 9.66 9.81 8.85 8.72 

 

 

 



 

 

 

 

 

 

95 

 

3.6. Proposed Structure of Metal Complexes of Ceftibuten 

Dihydrate 

The physical properties, spectral characterization, and thermal investigation 

confirmed the formation of new metal complexes with 1:1 metal-to-ligand 

stoichiometry. Based on analytical results, the following structure (Figure 3.15) of 

metal complexes is proposed. 

 

Figure 3.15. Proposed structure of metal complexes of ceftibuten dihydrate. 

 

3.7. Biological Activities of Ceftibuten Dihydrate with Cu(II), 

Ni(II) and Ag(I) Metal Ions 

Ceftibuten dihydrate is a cephalosporin antibiotic of third-generation. 

Cephalosporin is a largely used, mostly prescribed group. Because of overuse and 
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misuse of antibiotics, many antibiotics of the cephalosporin group have become 

resistant to various microbes. So, it is essential to find out new derivatives of 

cephalosporins with increased activity. It was reported that upon complexation 

with metals, many cephalosporin antibiotics like ceftriaxone [185], cefaclor [186], 

cefalexin [187], and cefotaxime [157] showed increased activity against several 

microbes. In the case of cefotaxime antibiotic, Anacona et al. [157] claimed the 

highest activity of Cu(II)-complex of cefotaxime against S. aureus being about 

27% higher than the precursor antibiotic. In another study, Zaman et al. (2016) 

[185] worked on the complexation of several cephalosporin antibiotics namely 

ceftriaxone, ceftazidime, and cefepime. Fe, Cu, and Zn were used for 

complexation and the bacterial strains which were used to determine activity are 

Staphylococcus, Achinobacter, and E. coli. They found that most of the 

complexes showed increased activity against the tested microbes. Chohan et al. 

[186] reported the enhanced biological activity of the Co(II) and Ni(II)-complex 

of cefaclor. On the other hand, cephradin, one of the first generation 

cephalosporins showed significant activity against various microbes. Cephradine 

on complexation with metals like cu, Mg, Ca, Cr, Co and Zn showed decreased 

activity against some microbes [175, 176]. But whenever complexation was done 

with transition metals and the ligand derived from cephradine and salicylaldehyde 

showed enhanced biological activity than cephradine itself [187]. Based on 
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Figure 3.17. Antibacterial activity of CFT antibiotic and its metal complexes 
signified by inhibition zone diameter. 

 

Table 3.7. Antibacterial activity of precursor antibiotic, ceftibuten dihydrate, and 
its metal complexes. 

Microbial species Inhibition zone (mm) 

 CFT (Ligand) Cu(II)-CFT Ni(II)-CFT Ag(I)-CFT 

B. subtilis 30 25 23 - 

S. aureus 0 15 0 11 

S. typhi 9 15 0 24 

E. coli 23 0 0 30 
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From the given results, it is found that Cu(II)-CFT and Ag(I)-CFT showed 

excellent activity against S. aureus and S. typhi while Ni(II)-CFT possessed no 

activity against the microbes. The Ag(I)-CFT also showed increased activity 

toward E. coli while the Cu(II)-CFT and Ni(II)-CFT showed no activity toward E. 

coli. Upon chelation, the antibacterial activity of the complexes is increased [188]. 

The fact is that the lipo-solubility of the chelates is increased by the partial 

sharing of the positive charge of metal ions to ligand molecules and thus increases 

the permeation ability of the complexes through the lipid layers of the bacterial 

membrane. As a result, the cell wall protein formation would be stopped and the 

bacteria will die [188, 189]. Hence the activity of the parent antibiotic would be 

increased due to increased permeation of the antibiotic upon chelation. 
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3.8. Physical Properties of Cefpodoxime Proxetil with Cu(II), 

Ni(II) and Ag(I) Metal Ions 

The physical properties of Cu(II), Ni(II), and Ag(I) complexes of cefpodoxime 

proxetil are presented in Table 3.8. 

Table 3.8. Physical properties of the parent antibiotic and its metal complexes. 

Sl 

No. 

Code Compound Color State M. P. 
o
C 

% 

yield 

Solubility 

in      

DMSO 

1 CFP Cefpodoxime 
proxetil 

White 
to pale 
yellow 

Amorphous 143 - Soluble 

2 CFP-Cu Copper(II)-
Complex 

Blackis
h 

Crystalline 219 70 Soluble 

3 CFP-Ni Nickel(II)-
complex 

Pale 
orange 

Crystalline 234 62 Soluble 

4 CFP-Ag Silver(I)-
complex 

Dark 
brown 

Crystalline 177 72 Soluble 

 

Images of the parent antibiotic, antibiotic-metal complexes, and their solution are 
displayed in Figure 3.18. 

 
Figure 3.18. Images of the metal complexes of CFP antibiotic and their solution 
in DMSO. 



 

 

 

 

 

 

101 

 

3.9. UV-Vis Spectrum Analysis of Cefpodoxime Proxetil with 

Cu(II) Metal Ion 

The UV-vis spectrum of cefpodoxime proxetil antibiotic and its Cu(II)-complex 

are shown in Figure 3.19 and the spectral data are given in Table 3.9. 

 

Figure 3. 19. UV-Vis spectrum of cefpodoxime proxetil and its Cu(II)-complex. 

Table 3.9. UV-Vis spectral data of cefpodoxime proxetil and its Cu(II) complex. 

Compound Wavelength of electronic transition (nm) 

CFP (parent antibiotic) 261, 238 

Cu(II)-CFP 262, 236, 228 
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In the case of the complexation of cefpodoxime proxetil, shifting of absorption 

bands and a new band appeared due to the formation of coordination bonds with 

metal ions [190, 191]. 

3.10. FT-IR Studies of Cefpodoxime Proxetil with Cu(II), Ni(II) 

and Ag(I) Metal Ions 

The bonding mode of metal ion to precursor antibiotic (ligand) can be ascertained 

by comparing the FT-IR spectra of the free ligand with corresponding metal 

complexes. The FT-IR spectrum of the CFP ligand is presented in Figure 3.20. 

 

Figure 3.20. FT-IR spectrum of the antibiotic, Cefpodoxime proxetil (CFP). 
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Cefpodoxime proxetil (CFP) is an ester prodrug of cefpodoxime, belonging to the 

cephalosporin group, and contains a beta-lactam ring. Several coordination sites 

are available in the CFP ligand to interact with metals, but due to steric strain, it is 

not possible for metals to interact with all coordination sites. The FT-IR spectra of 

the metal complexes of the CFP ligand are presented in Figures 3.21-3.23, 

respectively. 

Figure 3.21.  FT-IR spectrum of Cu(II)-complex of precursor antibiotic 

cefpodoxime proxetil (CFP). 
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In the FT-IR spectrum of the CFP ligand, it is observed that the lactam (C=O) 

appeared at 1766 cm-1 while the amide (C=O) and ester (C=O) overlapped at 1676 

cm-1. Upon complexation with metals, these bands shifted toward lower 

frequency. In the FT-IR spectrum of Cu(II)-CFP (Figure 3.21), the band of the 

lactam carbonyl group appeared at 1734 cm-1 while it was found at 1766 cm-1 

(Figure 3.20) in the parent antibiotic. On the other hand, the band of the 2o amide 

(C=O) shifted to 1629 cm-1 upon complexation with Cu(II) metal, which was 

found at 1676 cm-1 in the precursor ligand (Figure 3.20). These changes are 

indicative of the involvement of the lactam carbonyl group and the amide 

carbonyl group in complexation with Cu(II) metal [192, 193].  

 

Figure 3.22. FT-IR spectrum of Ni(II)-complex of precursor antibiotic 

cefpodoxime proxetil (CFP). 
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Figure 3.23. FT-IR spectrum of Ag(I)-complex of precursor antibiotic 

cefpodoxime proxetil. 

The band of the lactam carbonyl group shifted to 1761 cm-1 in Ni(II)-CFP, and 

1759 cm-1 in Ag(I)-CFP, indicative of the participation of the lactam carbonyl 

group in complexation [192]. On the other hand, in the case of the Ni(II)-CFP 

complex, the band of the 2o amide (C=O) group appeared at 1674 cm-1 merged 

with a prominent shoulder at 1620 cm-1 while in Ag(I)-CFP complex the amide 

carbonyl peak appeared at 1668 cm-1 merged with a prominent shoulder at 1615 

cm-1. Moreover, the presence of absorption bands in the region of 575- 605 cm-1 

in the FT-IR spectra of the complexes is due to the ν(M-O), which also supports 
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the coordination of metal to the amide carbonyl group and lactam carbonyl group 

[194]. The M-N stretching vibration appeared at the 430-480 cm-1 range in the 

spectra of the complexes suggesting the involvement of the amine (-NH2) group 

of the thiazole ring in complexation with metals [194]. The FT-IR spectral data of 

metal complexes of cefpodoxime proxetil were found almost similar to the free 

ligand, CFP [157], and have some characteristic bands which are given in Table 

3.10. 

 

Table 3.10. Characteristic FT-IR bands in cm-1 of Cu(II), Ni(II), and Ag(I)-CFP-

complexes. 

Complexes νCO (lactam) νCO (amide) M- O∗  M-N∗  

Cu(II)-CFP 1734 1629 655 476 

Ni(II)-CFP 1764 1674 with a 
prominent 

shoulder at 1620 

630 430 

Ag(I)-CFP 1759 1668 with a 
prominent 

shoulder at 1615 

605 478 

M–N* indicates metal nitrogen coordinate bonding 

M–O* indicates metal oxygen coordinate bonding 
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the -NH2 group in the coordination process. Moreover, the bands appearing at 

3431 cm-1 and 2985 cm-1 in the CFP ligand designated N–H stretching and 

aromatic C–H stretching, respectively. A broad band in the range of 3200 - 3600 

cm-1 appeared in the FT-IR spectra of all the complexes revealing the presence of 

coordinated water in the complexes [196].  

3.11. Interpretation of 
1
H NMR of Cefpodoxime Proxetil with 

Cu(II), Ni(II), and Ag(I) Metal Ions 

The 1H NMR data of the antibiotic, cefpodoxime proxetil are listed in Table 3.11 

and the spectrum is shown in Figure 3.25. 

 

Figure 3.25. 
1H NMR spectrum of cefpodoxime proxetil (free ligand) antibiotic. 
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Table 3.11. Assignments of 1H NMR bands of cefpodoxime proxetil (CFP) in 
DMSO-d6. 

Chemical shift, δ 

ppm (Ligand) 

No. of protons Multiplicity Assignments 

(proton at 

carbon No.) 

1.22– 1.26 6 Multiplet 20, 21 (2 CH3) 

1.48–1 .50 3 Multiplet 17 (CH3CH) 

3.20 3 Singlet 14 (OCH3) 

3.54– 3.56 2 Multiplet 10 (S-CH2) 

3.85 3 Singlet 5 (N-O-CH3) 

4.14 2 Multiplet 13 (CH2-O) 

4.77– 4.81 1 Multiplet 19 [CH(CH3)2] 

5.18 – 5.21 1 Multiplet 9 (N-CH-) 

5.82 – 5.84   1 Multiplet 7 (CO-CH) 

6.75 1 Singlet 3 (S-CH=) 

6.85 1 Multiplet 16 (O-CH-) 

7.35 2 br, s NH2 

9.63 1 Multiplet NH 

 

From the FT-IR study, it is concluded that CFP acted as a tridentate ligand and 

bonded to the metal ions through the beta-lactam carbonyl group (C-8), the 

carbonyl group of 2o amide (C-6), and the amine (1o) group nearer to C-1. 

However, owing to the complexation with metal ions, the signal of protons nearer 

to the binding site (C-7, C-9) shifted as a result of extended conjugation upon 
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coordination. Moreover, the NH2 protons and NH (2o amide) proton which are 

directly involved in complexation also changed their chemical shift values [124, 

197]. In the CFP ligand, the proton signals of C-7 (CO-CH) and C-9 (N-CH-) 

appeared as multiplet in the δ 5.81–5.83 ppm and δ 5.17–5.21 ppm regions. The 

signal of NH (2o amide) appeared at δ 9.62 ppm and the NH2 (1
0 amine) protons 

signal appeared at δ 7.35 ppm as a broad singlet. 

The 1H NMR spectra of Cu(II), Ni(II), and Ag(I) complexes are given in Figures 

3.26, 3.27, and 3.28, respectively. The characteristic NMR signals which were 

changed due to complexation are listed in Tables 3.12, 3.13, and 3.14. 
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Figure 3.26. 
1H NMR spectrum of Cu(II)-complex of precursor antibiotic, 

cefpodoxime proxetil (CFP). 

 

Table 3.12. Assignments of characteristic 1H NMR bands of Cu(II)-CFP in 

comparison to CFP (parent antibiotic). 

Chemical shift, 

δ ppm (CFP) 

Chemical shift, 

δ ppm (Cu-

CFP) 

No. of protons Assignments (protonated 

carbon No.) 

5.18 5.25 1 C-9, (N-CH) 

5.82 5.9 1 C-7, (CO-CH) 

7.35 7.5 2 NH2 

9.63 9.8 1 NH 
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Figure 3.27. 
1H NMR spectrum of Ni(II) complex of precursor antibiotic, 

cefpodoxime proxetil (CFP). 

Table 3.13. Assignments of characteristic 1H NMR bands of Ni(II)-CFP in 

comparison to CFP (Parent antibiotic). 

Chemical shifts, 

δ ppm, CFP 

Chemical shifts, δ 

ppm,  NI(II)-CFP 

No. of 

protons 

Assignments (proton 

at carbon No.) 

5.18 5.16 1 C-9 (N - CH) 

5.82 5.78 1 C-7 (CO – CH) 

7.35 7.4 2 NH2 

9.63 9.58 1 NH 



 

 

 

 

 

 

Figure 3.28. 
1H NMR 

cefpodoxime proxetil (CF
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9.63 

 

 

113 

R spectrum of Ag(I) complex of precursor 

CFP). 

nts of 1H NMR bands of Ag(I)-CFP in compariso

Chemical shift, δ 

ppm, Ag(I)-CFP 

No. 

of protons 

Assignments 

at carbon

5.20 1 C - 9 (N-C

5.84 1 C – 7 (CO

7.9 2 NH2 

9.81 1 NH 

 

r antibiotic 

ison to CFP 

ts (proton 

n No. 

CH) 

O-CH) 

 

 



 

 

 

 

 

 

114 

 

3.12. Thermal Analyses of Cefpodoxime Proxetil with Cu(II), 

Ni(II), and Ag(I) Metal Ions 

The thermal behavior of the antibiotic, cefpodoxime proxetil and its metal 

complexes were studied by using a simultaneous TG-DTA instrument where the 

temperature was raised to 1000 oC and a heating rate of 10 oC/min was 

maintained. TG along with DTG gives important information about the thermal 

behavior of the complexes. The whole thermal decomposition events as well as 

the stability of the complexes can be identified from a TG/DTG curve [178, 198]. 

The maximum temperature (TDTG), where the weight loss is most apparent along 

with the corresponding weight loss of every step of the decomposition of the 

antibiotic and is listed in Table 3.15. The TG/DTG/DTA diagram of the precursor 

antibiotic, CFP is given in Figure 3.29.    
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Figure 3.29. Thermogram (TG/DTG/DTA) of the precursor antibiotic, 

cefpodoxime proxetil (CFP). 

 

The TG curve of the ligand showed that CFP decomposed in three steps. The 1st 

step corresponded to a weight loss of 7.6% at the temperature range of 25–194 oC 

which was followed by a weight loss of 45% at the temperature range of 194-333 

oC. In the third step, a weight loss of 47% was found at the temperature range of 
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334-1000 oC. The ligand was fully decomposed and no residual mass was found. 

The DTG and DTA results were also comparable with the TG data. The DTA 

curve showed an endothermic peak at 143 oC corresponds to the melting 

temperature of the ligand. 

Table 3.15. Thermal (TG/DTG/DTA) results of parent antibiotic, cefpodoxime 

proxetil (CFP). 

Compound Decomp. Step Temperature 

range (
o
C) 

Weight 

loss (%) 

DTGmax 

(Tmax) 

DTA (TDTA) 

Endo Exo 

CFP 

(Parent 

antibiotic) 

 

1st 25 - 194 7.6  102, 143 192 

2nd 194 – 333  45 195, 

210, 

240,  

270 

236 210, 

289 

3rd 334 - 1000 47.4    

 Total loss  100   

Residue  -   

 

The metal complexes of CFP also showed a multistage degradation profile where 

mass changes occurred with increasing temperature. The thermograms of Cu(II), 
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Ni(II), and Ag(I) are given in Figures 3.30, 3.31, and 3.32, respectively. The 

thermal results are summarized in Table 3.16. 

 

Figure 3.30. Thermogram (TG/DTG/DTA) of Cu(II)-complex of cefpodoxime 

proxetil. 

The TG curve of Cu(II)-CFP (Figure 3.30) was composed of three decomposition 

steps. The 1st step of degradation occured at 25-208 oC with maxima at 159 oC 

corresponds to a weight loss of 6.5%, which may be due to the loss of coordinated 
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water. In the 2nd step, a weight loss of 22.3% was found in the temperature range 

of 208 – 286 oC with a maximum at 235 oC. The third step of decomposition 

occured with a maximum at 474 oC, in the temperature range of 286–792 oC, 

accompanied by a weight loss of 40.1%, leaving 31.1% as residue at 800 oC. This 

implies that the Cu(II)-CFP is thermally more stable than CFP ligand. The TDTA 

values in the DTA curve were well in agreement with TG and DTG results. The 

DTA curve showed an endothermic peak at 219 oC, corresponding to the melting 

temperature of the complex, different from the melting temperature of the ligand 

(143 oC), indicating the formation of a new metal complex. 

Figure3.31. Thermogram (TG/DTG/DTA) of Ni(II)-complex of cefpodoxime 

proxetil. 
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On the other hand, the thermal decomposition of Ni(II)-CFP complex (Figure 

3.31) proceeded by following four steps. The 1st step of decomposition occured at 

the temperature range 31-166.5 oC, corresponds to 5.5% weight loss, which may 

be associated with the release of lattice water and coordinated water. In the 2nd 

step 28.5% weight loss was observed at the temperature range 292-336 oC and 

8.6% weight loss was found in the 3rd step at the temperature range 336-600 oC, 

which were associated with the degradation of anhydrous complex. Finally, 

18.5% weight loss was observed at the temperature range 336-600 oC, leaving 

metal oxide as residue. The TDTG values in DTG curve were comparable with TG 

results. In the DTA curve of Ni(II)-CFP, there found an endothermic peak at 93 

oC which was due to dehydration and another endothermic peak at 233 oC was 

found which corresponds to melting temperature of the complex. 

The TG curve of Ag(I)-CFP (Figure 3.32) exhibited four decomposition steps in 

the temperature ranges 25-156, 156-237, 237-362, and 362-1000 oC. The 

degradation pattern of the complex was completely different from the ligand 

(CFP), indicating the successful interaction of metal to the ligand. The 1st step of 

decomposition occured with three maxima at 62, 109, and 146 oC corresponding 

to a weight loss of 6.9%, associated with the loss of coordinated water. This was 

also supported by FT-IR data.  
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Figure 3.32. Thermogram (TG/DTG/DTA) of Ag(I)-complex of cefpodoxime 

proxetil. 

 

In the 2nd step, a weight loss of 13.3% was observed with two maxima at 177 and 

205 oC in the DTG curve. The third and fourth steps of decomposition proceeded 

with 24.7 and 30.5% of weight loss, respectively, associated with the degradation 

of the anhydrous complex. Finally, 24.4% residual mass was obtained even after 

heating to 1000 oC which indicated the significant thermal stability of the 
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complex. The DTA curve showed endothermic peaks at 112, 177, 205, and 266 

oC. The endothermic peak at 177 oC in the DTA curve corresponds to the melting 

point of the complex. 

Table 3.16. Thermal (TG/DTG/DTA) results of Cu(II)and Ag(I) - complexes of 

cefpodoxime proxetil (CFP). 

Complex Decomp. 

step 

Temp. range 

(
o
C) 

Weight 

loss 

(%) 

DTGmax 

(TDTG) 

DTA (TDTA) 

Endo Exo 

 1st 25–208 6.5 159 93, 149  

Cu(II)-

CFP 

2nd 208–286 22.3 235 219  

 3rd 286-792 40.1 474.5   

 Total loss  68.9    

 Residue  31.1    

 1st 25–156 6.9 109, 146   

Ag(I)-

CFP 

2nd 156–237 13.3 177, 205 177, 

205 

 

148, 

209 

 3rd 237–362 24.7 317.5 266, 

343 

283 

 4th 362-1000 30.5    

 Total loss  75.6   

 Residue  24.4   
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Similar results were found in the metal complexation of penicillin G and 

ciprofloxacin, where decomposition starts with the loss of lattice water [156]. The 

last mass loss observed strictly corresponded to the mass loss of two antibiotic 

molecules, leaving 15% and 14% residue in case metal complexes of penicillin G 

and ciprofloxacin,  respectively. 

3.13. Elemental Analyses of Cefpodoxime Proxetil with Cu(II), 

Ni(II), and Ag(I) Metal Ions 

The elemental analysis data supported the formation of new metal complexes with 

a 1:1 ligand-to-metal stoichiometry. The data are tabulated in Table 3.17. 

Table 3.17. Elemental analysis data of the metal complexes of cefpodoxime 

proxetil. 

Complex Elemental analysis 

 Carbon % Hydrogen % Nitrogen % Sulphur % 

 

Calc. Found Calc. Found Calc. Found Calc.  Found 

[Cu(CFP)(H2O)2] 

SO4.2H2O 

31.95 31.63 4.47 4.40 8.88 8.76 12.18 12.06 

[Ni(CFP)(H2O)] 39.76 39.40 4.61 4.11 11.04 11.85 10.11 10.37 

[Ag(CFP)(H2O)2] 

.2H2O 

34.19 34.59 4.78 4.71 9.49 9.46 8.69 8.48 
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3.14. Proposed Structure of Metal Complexes of Cefpodoxime 

Proxetil with Cu(II), Ni(II), and Ag(I) Metal Ions 

Cefpodoxime proxetil (CFP) is a beta-lactam cephalosporin antibiotic of 3rd 

generation. As a ligand, CFP has several potential donor atoms and due to steric 

strain, it is not possible to form complexes with the participation of more than 

three donor atoms [151]. In an attempt to find out the coordination mode of CFP, 

firstly the metal complexes of cefpodoxime proxetil were successfully 

synthesized and then different spectral techniques like UV-Vis, FT-IR, NMR 

spectroscopy, and thermal investigation were done to establish the structure of the 

metal complexes. Based on all analytical results, it was concluded that 

coordination of CFP to the metal ions occured through the oxygen atom of beta-

lactam (C=O), the oxygen atom of 2o amide (C=O), and the amine group of the 

thiazole ring. The proposed structure of metal complexes of CFP is given in 

Figure 3.33. 
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Figure 3.33. Proposed structure of metal complexes of cefpodoxime proxetil 

(CFP). 

 

3.15. Biological Activities of Cefpodoxime Proxetil with Cu(II), 

Ni(II), and Ag(I) Metal Ions 

Cefpodoxime proxetil (CFP), belonging to the cephalosporin antibiotic of 2nd 

generation is a bactericidal antibiotic. Like other antibiotics of the cephalosporin 

group, the bactericidal activity of CFP results from the inhibition of cell wall 

synthesis through the inhibition of enzymes in the cell wall, which are responsible 

for the framework of the bacterial cell membrane [199]. As a result, bacterial 

growth would be stopped and leading to the lysis of the bacterial cell. The 

bactericidal activity of CFP can be enhanced through the formation of 
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coordination bonds with metal ions. The increased activity of several 

cephalosporin antibiotics through complexation with metals has been reported 

previously [164, 186, 187]. It is also noticed that there is no effect on the 

antibacterial activity of cephalexin [173] and cefazolin [172] upon chelation with 

cadmium ions and copper ions, respectively. Sometimes the antimicrobial activity 

of antibiotics can be decreased through complexation with metal ions [200].  

The Paper disc diffusion method was used to study the in vitro bactericidal 

activity against a long range of bacterial strains including both Gram-positive and 

Gram-negative. The bacterial strains used in this investigation were B. cereus, E. 

coli 0157, E. coli, P. aeruginosa, S. aureus, Listeria, S. typhi, V. cholerae, K. 

pneumoniae, C. freundii, E. faecalis, E. faecium. Tendon et al. observed the 

increased bactericidal activity of ceftiofur hydrochloride through complexation 

with metal ions [192]. Most of the synthesized metal complexes showed better 

bactericidal activity than the parent drug. One of the representative agar plates 

showing the antimicrobial activity of metal complexes of cefpodoxime proxetil is 

given in Figure 3.34 and the results of the bactericidal activity of CFP antibiotic 

and its metal complexes are concise in Table 3.18. 
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Figure 3.34. An agar plate showing antimicrobial activity signified via inhibition 

zone diameter in mm. 

Table 3.18. Bactericidal activities of CFP antibiotic and its metal complexes, 

represented as inhibition zone diameter values/mm. 

Compound Bacterial strains 

 1* 2* 3* 4* 5* 6*  7* 8* 9* 10* 11* 12* 

CFP 25 17 16 20 12 23 20 10 19 18 15 18 

Cu(II)-CFP 13 10 6 13 6 14 10 6 8 8 6 6 

Ni(II)-CFP 24 17 15 19 11 21 19 10 19 17 13 16 

Ag(I)-CFP 25 16 15 20 17 22 19 10 18 16 14 20 
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1*= B. cereus, 2*= E. coli 0157, 3*= E. coli, 4*= P. aeruginosa, 5*= S. aureus, 

6*= Listeria, 7*= S. typhi, 8*= V. cholerae, 9*= K. pneumoniae, 10*= C. freundii, 

11* = E. faecalis, 12*= E. faecium. 

From the results, it is observed that the bactericidal activity of the CFP antibiotic 

decreased upon complexation with Cu(II) metal ion while the bactericidal activity 

of Ni(II)-CFP and Ag(I)-CFP were comparable with the parent antibiotic (CFP). 

The Ni(II)-CFP showed a similar activity as the parent ligand, i.e. had no effect 

upon complexation with Ni(II) ion. Interestingly, the bactericidal activity of CFP 

increased against S. aureus and E. faecium upon complexation with Ag(I) metal 

ion. Generally, antibiotics on complexation with metals increase the lipo-

solubility of the complex and thus enhance the permeation ability of the complex 

through the lipid layer of the bacterial cell membrane, which results in the 

increased bactericidal activity of the antibiotics on metal complexation. Several 

factors like steric, electronic, pharmacokinetic and mechanism of action are 

associated with metal complexation for the bactericidal activity of the complexes 

[200, 201]. 
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3.16. Physical Properties of Cefuroxime Axetil with Cu(II) and 

Ni(II) Metal Ions 

Cefuroxime axetil (CFU) is also an orally taken cephalosporin antibiotic of 2nd 

generation. It is an ester prodrug of cefuroxime. Like other cephalosporins, it 

contains a beta-lactam ring which is responsible for its bactericidal activity. The 

physical properties of Cu(II) and Ni(II) complexes of cefuroxime axetil are 

presented in Table 3.19. 

Table 3.19. Physical properties of the parent antibiotic and its metal complexes. 

Sl No. Code Compound Color State M. P. 
o
C 

% 

yield 

Solubility in 

      DMSO 

1 CFU Cefuroxime 
axetil 

White Amorphous 204 - Soluble 

2 CFU-Cu Copper(II)-
complex 

Dirty 
green 
 

Amorphous 272 85 Soluble 

3 CFU-Ni Nickel(II)-
complex 

Deep 
brown 

Crystalline 304 82 Soluble 

 

Images of the parent antibiotic, antibiotic-metal complexes, and their solutions are 

displayed in Figure 3.35.  

 

Figure 3.35. Cefuroxime axetil and its metal complexes. 
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3.17. UV-VIS Spectra Analyses of Cefuroxime Axetil with Cu(II) 

and Ni(II) Metal Ions 

The electronic spectra of the cefuroxime axetil antibiotic and its metal complexes 

are shown in Figure 3.36 and 3.37, respectively. In the case of coordination 

complexes, the electronic transition involves the metal ion itself and the ligands. 

So, the possible types of transitions are the d-d transition and the charge transfer 

transition. The charge transfer transition may be either LMCT (ligand-to-metal 

charge transfer) or MLCT (metal-to-ligand charge transfer). Usually, d-d 

transitions are weak relative to charge transfer transition [202]. Shifting of the 

absorption band, appearance, and disappearance of the absorption band is 

indicative of complex formation. 

 

 

 

 

 

 

 

Figure 3.36. Electronic spectrum of the cefuroxime axetil antibiotic. 
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Figure 3.37. Electronic spectra coordination complexes of cefuroxime axetil 
antibiotic. 

 

The spectral data are given in Table 3.20. 

 

Table 3.20. UV-Vis spectral data of cefuroxime axetil along with its complexes. 

Compound Wavelength of electronic transition (nm) 

CFU (parent antibiotic) 281, 209, 238 

Cu(II)- complex          281, 237 

Ni(II)-complex            282, 223, 237 
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3.18. FT-IR Studies of Cefuroxime Axetil with Cu(II), Ni(II) and 

Ag(I) Metal Ions 

FT-IR gives important information regarding the functional groups present in the 

molecule. As a ligand, the CFU antibiotic possesses several characteristic 

functional groups: beta-lactam (C=O), 2o amide, and an ester functional group. 

The FT-IR spectrum of CFU antibiotic (ligand) is presented in Figure 3.38. 

 

Figure 3.38. FT-IR spectrum of the precursor antibiotic, cefuroxime axetil (CFU). 
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The binding mode of the metal ions to the ligand donor atoms can be predicted by 

analyzing the FT-IR spectra of the ligand molecule as well as its corresponding 

metal complexes [203]. The FT-IR spectrum of Cu(II)–CFU is given in Figure 

3.39.   

Figure 3.39. FT-IR spectrum of Cu(II)-complex cefuroxime axetil (CFU) 

antibiotic. 

In the FT-IR spectrum of the CFU antibiotic, the lactam (C=O) band appeared at 

1782 cm-1 and the amide (C=O) band appeared at 1680 cm-1. A band found at 

1735 cm-1 merged with the lactam (C=O) band, is due to the ester (C=O) group. 

In the region of 3300 – 3600 cm-1, two peaks were found for asymmetric (N-H) 
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and symmetric (N-H) stretching vibrations of primary amine. The peaks were 

found at 3471 and 3380 cm-1, respectively. Significant changes in the main 

vibrational frequencies, characteristic of different functional groups is observed 

due to complexation. The relevant bands shifted to lower frequency due to 

interaction with the metal ions. In the case of Cu(II)-CFU, the lactam (C=O) and 

the amide (C=O) band appeared at 1743 and 1622 cm-1, respectively. A broad 

peak in the region of 3000 – 3700 cm-1 was found, which is due to the formation 

of the coordination bond with water. A new peak was found at 611 cm-1, absent in 

the free ligand, due to the formation of the Cu–O bond in the complex. All these 

suggested the coordination of cefuroxime antibiotic to the Cu(II) metal ion 

through the oxygen atom lactam (C=O) group, the oxygen atom of the amide 

(C=O) group, and the oxygen atom of the water molecule. The FT-IR spectrum of 

Ni(II)-CFU is presented in Figure 3.40.       



 

 

 

 

 

 

134 

 

Figure 3.40. FT-IR spectrum of Ni(II)-complex of the cefuroxime axetil 

antibiotic. 

 

In the case of the Ni(II)-CFU complex, the lactam (C=O) and the amide (C=O) 

bands appeared at 1778 cm-1 and 1665 cm-1, respectively. A broad band in the 

region of 3000 – 3700 cm-1, pointing toward 3402 cm-1 was found which is due to 

the formation of the coordination bond with the water molecule. A new peak 

originated at 656 cm-1 which is assigned to the formation of Ni–O bond in the 

complex. Moreover, the C=N stretching vibration of the C=N-O-CH3 group 

appear at 1537 cm-1 which is almost unaffected in the metal complexes due to the 
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non-involvement of the group in the complexation. The FT-IR data of the 

cefuroxime antibiotic and its corresponding metal complexes are listed in Table 

3.21. 

Table 3.21. Characteristic vibrational frequencies (cm-1) of CFU antibiotic and its 

metal complexes. 

Compound ν(C=O) 

lactam 

ν(C=O) 

2 
o
 amide 

ν(N–H) 

1 
o
 amine 

ν (OH) ν(M–O) 

CFU antibiotic 

(Ligand) 

1782 1680 3471 - - 

Cu(II)-CFU 1737 1674 - 3439 611 

Ni(II)-CFU 1778 1666 - 3402 656 

*M–O indicates the Metal–Oxygen coordinate bonding 

 

Several groups of researchers worked on the synthesis and characterization of 

different cephalosporin antibiotics. Based on IR investigation, they have proposed 

different modes of coordination of metal ions to different cephalosporin 

antibiotics. In the case of the metal complexation of ceftifur hydrochloride, 

Tendon et al. [192] reported the formation of a metal complex through the 

coordination of the lactam (C=O) group and the 20 amide (C=O) group based on 

significant changes in the vibrational frequency of both functional groups. 
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Cefadroxil is another cephalosporin antibiotic, Zayed et al. [204] proposed that 

the metal (Cu. Ni) complexation occurs through beta-lactam nitrogen, beta-lactam 

carbonyl, and the carboxylate group. Anacona’s group investigated the metal 

complexation of a large No. cephalosporin antibiotic. Based on IR studies they 

noticed that the complexation of cefixime [205], ceftriaxone [206], and 

cephalothin [207] through the carboxylate group and the beta-lactam carbonyl 

group while the coordination of cefazolin [172] and cefalexin [173] occur through 

the amide carbonyl and the carboxylate group. 

3.19. 
1
H NMR Interpretation of Cefuroxime Axetil with Cu(II) 

and Ni(II) Metal Ions 

The 1H NMR spectrum of the parent antibiotic, cefuroxime axetil (CFU) is given 

in Figure 3.41. From FT-IR studies it is evident that the parent antibiotic (CFU) 

bonded to the metal ions through beta-lactam (C=O) and the 2o amide (C=O) 

group. However, owing to the complexation with metal ions, the signals of the 

protons nearer to the metal binding site changed their chemical shift values. In the 

CFU ligand, the proton signals nearer to the beta-lactam carbonyl and the 2o 

amide carbonyl group appeared at δ 5.88 ppm (CO–CH) and δ 5.25 ppm (N–CH). 

Also, the signal of the N–H (2o amide) proton which is directly involved in 

complexation appears at δ 9.8 ppm.  



 

 

 

 

 

 

137 

 

 

Figure 3.41. 
1H NMR spectrum of the parent antibiotic, cefuroxime axetil (CFU). 

The 1H NMR spectra of Cu(II)- and Ni(II)-complexes of cefuroxime axetil are 

given in Figures 3.42 and 3.43, respectively. 
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1H NMR spe
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The characteristic NMR signals nearer to the metal binding site, which was 

changed due to complexation are concise in Table 3.22. 

Table 3.22. Assignments of 1H NMR bands of CFU antibiotic and its metal 

complexes. 

Chemical shift, 

δ ppm (CFU) 

Chemical shift, 

δ ppm (Cu-

CFU) 

Chemical 

shift, δ ppm 

(Ni-CFU) 

Assignments 

 

9.8 9.77 9.73 1H, NHCO 

5.88 5.84 5.79 1H, CO-CH 

5.25 5.21 5.10 1H, N-CH 

 

3.20. Thermal Analyses of Cefuroxime Axetil with Cu(II) and 

Ni(II) Metal Ions 

Thermal analyses of metal complexes of the parent antibiotic, CFU were done in 

an inert atmosphere of N2 using a simultaneous TG–DTA instrument. The 

TG/DTG/DTA curves of Cu(II)-CFU and Ni(II)-CFU are shown in Figures 3.44 

and 3.45, respectively. TG along with DTG gives important information about the 

whole thermal decomposition events as well as the thermal stability of the 

complexes. The maximum temperature values of decomposition associated with 

the corresponding weight loss at a certain temperature range are listed in Tables 

3.23 and 3.24. 
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Figure 3.44. TG/DTG/DTA curves of Cu(II)-complex of cefuroxime axetil 
(CFU). 

 

It was found that the degradation pattern of the complexes is completely different 

from each other suggesting the formation of new complexes results from the 

successful interaction of metal to ligand. The Cu(II)-complex was found to be 

thermally stable upto the temperature at 150 oC and a residual mass of 28.7% 

remained even after heating to 900 oC. The whole decomposition event was 

completed in three main degradation steps. The first step of decomposition 
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corresponds to wight loss of 6.7% which is associated with the loss of coordinated 

water molecule. In the second step, a weight loss of 34% was found in the 

temperature range of 163-324 oC, with a maximum temperature of TDTG at 201 

and 307 oC. The final step of decomposition occured at the temperature range of 

324-734 oC, associated with a weight loss of 32%. In the DTA curve of the 

complex, a melting endotherm at 269.5oC was observed, different from the 

melting temperature (210 oC, lit. value) of the parent antibiotic. Three more sharp 

endothermic peaks at 344 oC, 414 oC, and 493 oC were found, which are due to 

the decomposition of anhydrous complex. The DTA data are well in agreement 

with the DTG data. 
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2nd and 3rd degradation steps occured at the temperature range of 252-512 oC and 

512-750 oC, corresponding to a weight loss of 25.3 and 23.5%, respectively. 

These steps are associated with the degradation of the anhydrous complex. The 

final step of decomposition happened with 15.7% weight loss at the temperature 

range of 512-963 oC, leaving metal oxide as residue. An endothermic peak at 375 

oC in the DTA curve refers the melting point of the complex. The DTG data 

agreed well with the DTA data, suggesting the formation of a new complex. 

Table 3.23. Thermo-analytical (TGA, DTG, and DTA) results of Cu(II) complex 

of cefuroxime axetil. 

Compound Step Temperature 

range (
o
C) 

Weight 

loss 

(%) 

DTGmax 

(TDTG) 

DTA(TDTA) 

Endo Exo 

Cu(II)-CFU 1st 25–152 0.7    

 2nd 152–163.5 6.0    

 3rd 163– 324 34 201, 307 269.5 312 

 4th 324 - 734 32 340, 369 

397, 648, 

705 

344, 

414 

493, 

657, 

714 

377, 

439 

Total loss   71.3   

Residue   28.7   
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Table 3.24. Thermo-analytical (TGA, DTG, and DTA) results of Ni(II) complex 

of cefuroxime axetil. 

Compound Step Temperature 

range (
o
C) 

Weight 

loss 

(%) 

DTGmax 

(TDTG) 

DTA(TDTA) 

Endo Exo 

 1st 33-199 14 178 200  

Ni(II)-CFU 2nd 199-252 25.3 234  251 

 3rd 252-512 23.5 280, 380 375  

 4th 512-749 8.3    

 5th 749-963 7.4    

Total loss   78.5   

Residue   21.5   

 

3.21. Elemental Analyses of Cefuroxime Axetil with Cu(II) and 

Ni(II) Metal Ion 

The elemental analysis of metal complexes of cefuroxime axetil (CFU) antibiotic 

was performed and the results are presented in Table 3.25. The results are well-

fitted with the proposed molecular formula and agreed to 1:1 ligand to metal 

stoichiometry. 
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Table 3.25. Elemental analyses data of metal complexes of cefuroxime axetil 

(CFU). 

Complex Elemental analysis 

 Carbon % Hydrogen % Nitrogen % Sulphur % 

 Calc. Found Calc. Found Calc. Found Calc. Found 

[Cu(CFU) 

(H2O)2]. H2O 

38.24 38.17 4.49 4.41 8.92 8.95 5.10 5.22 

[Ni(CFU) 

(H2O)2].7H2O 

32.85 32.9 4.76 4.81 7.66 7.76 4.38 4.28 

 

3.22. Proposed Structure of Cefuroxime Axetil with Cu(II) and 

Ni(II) Metal Ions 

Cefuroxime axetil (CFU) is an ester prodrug of cefuroxime, a 2nd-generation 

cephalosporin antibiotic. The presence of the β-lactam ring in cefuroxime axetil is 

responsible for its bactericidal activity. Like other cephalosporins, it also has 

several potential donor atoms to form coordinate bonds with metal ions. So, 

various spectral techniques like UV-Vis, FT-IR, 1H NMR, and thermal analyses 

(TG, DTG and DTA) were used to determine the coordination mode of the CFU 

antibiotic to the metal ions. Based on all analytical results, it is resolved that the 

CFU antibiotic formed metal complexes through the participation of the oxygen 

atom of the β-lactam (C=O) group and the oxygen atom 2o amide group. The 
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proposed structure of metal complexes of cefuroxime axetil is given in Figure 

3.46. 

 

Figure 3.46. Proposed structure of metal complexes cefuroxime axetil antibiotic. 

 

3.23. Biological Activities of Cefuroxime Axetil with Cu(II) and 

Ni(II) Metal Ions 

Cefuroxime axetil is a member of the cephalosporin family, used in the treatment 

of urinary tract infections, respiratory tract infections, skin, and soft tissue 

infections. Like other cephalosporins, it is also a bactericidal antibiotic. It kills 

bacteria in a similar way to penicillin. The bactericidal activity of CFU antibiotic 

results from the binding of β-lactam ring to the penicillin-binding protein of 

bacterial cell wall and thus blocks the activity of enzymes and stops the synthesis 

of cell wall peptidoglycan and the bacteria then die. Because of increasing use of 

antibiotics, there develops antibiotic resistance. It means that the bacteria causing 
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infections become resistant to antibiotic treatment. The reason for the resistant 

mechanism is that the antibiotics not only kill the bacteria causing infection but 

also kill helpful bacteria which protect human being from infections. As a result, 

the antibiotic-resistant germs survive and multiply. To combat the resistant issue, 

there is an urgent need of new therapeutic agents of potent activity. It has been 

reported that many metal complexes of antibiotics show increased activity 

towards microbes than the precursor antibiotics [208, 209]. The paper disc 

diffusion method is used to determine the biological activities as a function of the 

diameter of the inhibition zone in mm. The microbial strains which are used to 

determine the bioactivity are: B. cerus, E. coli, P. aeruginosa, S. aureus, S. typhi, 

V. cholerae, K.pneumoniae, C. freundii, E. foecolis, E. faecium. One 

representative agar plate showing antibacterial activity is given in Figure 3.47. 

 

 

 

 

 

Figure 3.47. An agar plate showing antibacterial activity represented by 

inhibition zone diameter. 
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The result of biological activities is concise in Table 3.26. 

 

Table 3.26. The antimicrobial activities of CFU antibiotic and its Cu-complex, 
represented as inhibition zone diameter values/mm. 

Compound Microbial species 

 Bacteria Fungi 

 1* 2* 3* 4* 5* 6* 7* 8* 9* 10* 11* 12* 13* 14* 

CFU 10 17 14 11 24 17 10 16 15 13 13 16 30 No 

activity 

Cu(II)-CFU 11 17 15 10 24 18 10 19 17 15 15 19 32 6 

1* = B. cerus; 2* = E. coli 0157; 3* = E. coli; 4* = P. aeruginosa; 5* = S. aureus; 

6* = Listeria; 7* = S. typhi; 8*= V. cholerae; 9* = K. pneumoniae, 10* = C. 

freundi; 11* = E. foecalis; 12* = E. faecium; 13* = Candida sp.; 14=A.niger. 

 

It is found that Cu(II)-complex of CFU antibiotic showed increased activity 

against most of the bacterial strains and similar activity against E. coli 0157, S. 

aureus, and S. typhi compared to parent ligand. The complex was also found to be 

more active against Candida sp. and six times active against the A. niger fungal 

strain. 
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3.24. Physical Properties of Gemifloxacin Mesylate with Cu(II), 

Ni(II) and Ag(I) Metal Ions 

The physical properties of the parent antibiotic and its metal complexes are 
presented in Table 3.27.  

Table 3.27. Physical properties of the parent antibiotic and its metal complexes. 

SL 

No. 

Code Compound Color State M.P. 
o
C 

% 

Yield 

Solubility in 

 

DMSO    MeOH 

1 GMX Gemifloxacin 
mesylate 

White 
to 
light 
brown 

Amorp
-hous 

210 - Soluble Soluble 

2 GMX-
Cu 

Copper(II)-
complex 

Black Crysta
-lline 

258 75 Soluble Soluble 

3 GMX-
Ni 

Nickel(II)-
complex 

Light 
brown 

Crysta
-lline 

313 64 Soluble Soluble 

4 GMX-
Ag 

Silver(I)-
complex 

Deep 
brown 

Crysta
-lline 

300 76 Soluble Soluble 

 

The images of the parent antibiotic, antibiotic-metal complexes and their solution 
are displayed in Figure 3.48. 

 

Figure 3.48. Gemifloxacin mesylate and its Cu(II), Ni(II) and Ag(I) complexes. 
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3.25. UV-VIS Spectra Analyses of Gemifloxacin Mesylate with 

Cu(II), Ni(II) and Ag(I) Metal Ions 

The electronic (UV) spectra of gemifloxacin mesylate antibiotic and its Cu(II), 

Ni(II), and Ag(I) complexes are shown in Figure 3.49. The spectral data are 

summarized in Table 3.28. 

 

 

Figure 3.49. Electronic (UV) spectra of parent antibiotic (gemifloxacin mesylate) 
and its metal complexes. 



 

 

 

 

 

 

152 

 

Table 3.28. UV-Vis spectral data of gemifloxacin mesylate and its complexes. 

Compound The wavelength of electronic transition 

(nm) 

GMX (Parent antibiotic) 342, 270, 296 

Cu-GMX 341, 267, 299 

Ni-GMX 366, 334, 267 

Ag-GMX 342, 269, 296 

 

The absorption bands of free gemifloxacin were found at 342, 270, and 296 nm 

which are assigned to n-π∗  and π-π∗  transition. Upon complexation of 

gemifloxacin mesylate with metal ions, the shifting of absorption bands (λmax) to 

lower (hypsochromic) or higher (bathochromic) values occurred, which is 

attributed to the formation of new coordination complexes. Moreover, the charge-

transfer transition occurred. The UV absorption data presented in Table 3.28 are 

well in agreement with the formation of new metal complexes of gemifloxacin 

mesylate. 

3.26. FT-IR Studies of Gemifloxacin Mesylate with Cu(II), Ni(II) 

and Ag(I) Metal Ions 

FT-IR studies give important information regarding the binding sites of the ligand 

molecule to metal ions and the elucidation of the structure of new metal 

complexes [210]. In the formation of metal complexes, the quinolone antibiotic 
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Gemifloxacin mesylate, a fluoroquinolone antibiotic possesses several binding 

sites, and the most common binding sites to form metal-coordinated complexes 

are the 3-carboxyl group and the 4-carbonyl group. Figure 3.51 represents the 

chemical structure of gemifloxacin mesylate. 

 

Figure 3.51. Chemical structure of gemifloxacin mesylate. 

Generally, the quinolone antibiotics form metal complexes with metal ions in 1:1 

[211 -215] or 1:2 (Metal: Ligand) [216-219] stoichiometry. Figure 3.52 represents 

the common structure of fluoroquinolone chelate where the chelator acts in a 

bidentate manner. Lomefloxacin, a fluoroquinolone antibiotic coordinates with 

the metal ions through the oxygen of the carbonyl group and the protonated 

carboxyl group in a 1:1 (metal: ligand) molar ratio (Figure 3.53) [211]. 

Norfloxacin is another fluoroquinolone antibiotic that binds to the metal ions 

through the two carboxyl oxygen atoms in a 1:2 (metal: ligand) mole ratio (Figure 

3.54) [217]. On the other hand, gatifloxacin a fourth-generation fluoroquinolone 
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antibiotic binds to the metal ions through the carbonyl group and the carboxyl 

group in a 1:2 (metal: ligand) mole ratio (Figure 3.55) [218]. 

 

Figure 3.52. The general structure of fluoroquinolone ligand binding to the metal 

ions in (a) 1:1 and (b) 1:2 (metal: ligand) molar ratio. 

 

Figure 3.53. Proposed structure of lomefloxacin metal complexes. 
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comparison of the FT-IR spectra of the parent antibiotic and its different metal 

complexes gives proof of the successful interaction of metal ions to the antibiotic 

(ligand), thus forming new antibiotic-metal complexes. The main vibrational 

frequencies of the parent ligand and its metal complexes are listed in Table 3.29. 

The FT-IR spectra of different metal complexes of gemifloxacin mesylate 

antibiotic are comparable because the same atoms have involved in the formation 

of new metal complexes. However, the newly formed metal complexes exhibited 

noteworthy changes in the FT-IR frequencies as compared to the parent antibiotic, 

thus signifying the successful metal-ligand interaction and formation of new metal 

complexes.  
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Figure 3.56. FT-IR spectrum of the precursor antibiotic, gemifloxacin mesylate 
(GMX). 

 

Since most quinolone antibiotics interact with metal ions through the carbonyl 

group the and carboxyl group of the nearest position, it is important to consider 

first the group vibration of 3-carboxyl and 4-carbonyl groups. 
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Figure 3.57. FT-IR spectrum of Cu(II)-complex of gemifloxacin mesylate. 

 

Figure 3.58.  FT-IR spectrum of Ni(II)-complex of gemifloxacin mesylate. 
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Figure 3.59. FT-IR spectrum of Ag(I)-complex of gemifloxacin mesylate. 

 

In the FT-IR spectrum of the parent antibiotic, GMX (Figure 3.56), the vibrational 

bands of the carboxyl stretch, ν(C=O)c and the pyridone stretch, ν(C=O)p were 

found at 1714 and 1633 cm-1, respectively [218, 221]. On forming the new metal 

complexes, deprotonation of the carboxyl group occured and the characteristic 

band of carboxylic stretching frequency (1714 cm-1) disappeared. This indicates 

the involvement of the carboxyl group in the formation of new metal complexes. 

Two characteristic bands were found at around 1635 cm-1 and 1450 cm-1 which 
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The coordination mode of the carboxylate group can be distinguished by the 

separation value of the asymmetric and symmetric stretching frequency of the 

carboxylate group, ∆ν = νas(COO)- - νs(COO)- and the findings were swotted by 

Deacon and Philipes [175]. It was concluded that the separation value, ∆ν >180 

cm-1 indicates the monodentate coordination modeand ∆ν< 120 cm-1 is indicative 

of bidentate coordination mode of carboxylate group. On the contrary, the 

separation value, ∆ν =170±10 cm-1 could be related to ionic, bridging or H-

bonded monodentate coordination mode of carboxylate group. Usually, a greater 

separation value of ∆ν> 180 is observed in case of monodentate coordination 

mode of carboxylate group where one of the carboxyl oxygens is involved in 

coordination, because of inequality of two C-O bonds. But whenever the 

uncoordinated carboxyl oxygen is involved in the formation of strong hydrogen 

bond with water molecules, the separation value can be decreased [223]. In case 

of metal complexation of gemifloxacin mesylate, the separation value was found 

at 170±10 cm-1 in all the newly formed metal complexes. This suggests the H-

bonded monodentate coordination mode of the carboxylate group. Moreover, the 

characteristic band of ring carbonyl group, ν(C=O)p was shifted to lower 

frequency region due to involvement in coordination with metal ion and appeared 

as an overlapping peak in the same region of symmetric vibration of carboxylate 

group. The newly formed metal complexes also showed a broad band in the 



 

 

 

 

 

 

163 

 

region of 3000-3700 cm-1, which corresponds to ν(O-H) vibration and confirmed 

the presence of coordinated water in the complexes [224]. The presence of water 

in the metal complexes of quinolone antibiotics was reported previously by 

several research groups [225-228]. Also, a group of bands of different intensities 

ranging from 480-780 cm-1 was found in the vibrational spectra of metal 

complexes of the antibiotic which are assigned to ν(M-O) [229]. 

3.27. Interpretation of 
1
H NMR of Gemifloxacin Mesylate with 

Cu(II), Ni(II) and Ag(I) Metal Ions 

NMR is also a common analytical technique to determine the chemical structure. 

The 1H NMR spectrum of the parent antibiotic is given in Figure 3.60. 

Figure 3.60. 
1H NMR spectrum of precursor antibiotic, gemifloxacin mesylate 

(GMX). 
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The interaction of metal ions to the ligand can be determined by observing the 

significant chemical shifts in the spectra of the metal complexes comparative to 

that of ligand molecule [230]. A very close similarity was observed in the spectra 

of the metal complexes compared to its ligand antibiotic, gemifloxacin mesylate. 

Significant 1H NMR signals of the precursor antibiotic are concise in Table 3.30. 

Table 3.30. Significant 1H NMR signals of gemifloxacin mesylate (GMX) in 

DMSO-d6. 

Chemical shift, δ ppm 

(Ligand) 

No. of protons Multiplicity Assignment 

1.23 2 Duplet Cyclopropyl-3-H 

3.15-3.22 2 Multiplet Aminomethyl-H 

3.33-3.38 2 Duplet Pyrrolidinyl-2-H 

8.60 1 Singlet Naphthylpyridine-2-H 

8.05-8.08 1 Duplet Naphthylpyridine-5-H 

11.01 1 Singlet Carboxylic-H 

 

The 1H NMR spectra of Cu(II), Ni(II) and Ag(I)-complexes of gemifloxacin 

mesylate are presented in the following figures 3.61, 3.62, and 3.63, respectively. 

The peaks present in the free ligand were found in the spectra of the metal 

complexes with significant chemical shifts upon complexation with metal ions. 

From the FT-IR study, it is evident that the coordination of metal ions occured 

through the 3-carboxyl group and 4-oxo group. It was found that the proton 
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signals far from the binding site of the ligand are practically unchanged in the 

spectra of the metal complexes [219]. In the precursor antibiotic, a sharp peak was 

found at δ 11.01 ppm, which is due to carboxylic proton.  

 

Figure 3.61. 
1H NMR spectrum of Cu(II)-complex of gemifloxacin mesylate. 

 

But the signal due to carboxylic proton disappeared in the spectra of the metal 

complexes of gemifloxacin mesylate. This indication further suggested the 

participation of carboxylic proton in the formation of metal complexes [229, 231]. 

However, the naphthyl pyridine proton at C-2 and C-5 position nearer to binding 

site of the ligand appeared slightly downfield upon complexation with metal ions. 
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These changes are indicative of successful interaction of metal ion to ligand 

through 3-carboxylate and 4-oxygen atom of the carbonyl group. Another peak 

was observed at δ 4.1 – 4.5 ppm in the spectra of the metal complexes, which may 

be due to O-H proton, suggesting the presence of water molecule in the 

complexes. 

 

Figure 3.62. 
1H NMR spectrum of Ni(II)-complex of gemifloxacin mesylate. 
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Figure 3.63. 
1H NMR spectrum of Ag(I)-complex of gemifloxacin mesylate. 

 

3.28. Thermal Analyses of Gemifloxacin Mesylate with Cu(II), 

Ni(II) and Ag(I) Metal Ions 

The basic thermal properties of samples can be determined by a group of thermal 

techniques which include Thermogravimetric analysis (TGA), Derivative thermo-

gravimetric analysis (DTG), Differential thermal analysis (DTA) and Differential 

Scanning Calorimetry (DSC). In fact, these techniques are used to gather 

information about the thermal stability of samples, kinetics of decomposition, 

water content, phase transition, sample purity, melting point and so on [232]. 
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Thus, a comparative analysis of thermograms of the precursor antibiotic and its 

metal complexes gives confirmation of complex formation as well as the thermal 

stability of the complexes [233, 234]. The thermal curves of the precursor 

antibiotic and its metal complexes are shown in Figures 3.64, 3.65, 3.66, and 3.67, 

respectively. 

 

Figure 3.64. TG/DTG/DTA curve of the precursor antibiotic, gemifloxacin 
mesylate (GMX). 
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The precursor antibiotic and the newly formed metal complexes followed several 

thermal decomposition steps where mass changes with increasing temperature. 

From a close investigation of TG curves, it was found that the precursor 

antibiotic, gemifloxacin mesylate (GMX) degraded 100% at around 800 oC. 

While the Cu(II)-GMX, Ni(II)-GMX and Ag(I)-GMX degraded 85.6%, 75% and 

69%, respectively even at 1000 oC. So, all the newly synthesized metal complexes 

of GMX are thermally more stable than the ligand antibiotic itself. 

The TG curve of the ligand, GMX was composed of four decomposition steps. 

The DTG curve showed four overlapping maxima corresponding to overlapping 

steps in the TG curve. The thermo-analytical results of GMX antibiotic are 

concise in Table 3.31. 

Table 3.31. Thermo-analytical results of the precursor antibiotic, gemifloxacin 

mesylate (GMX). 

Compound Decom. 

step 

Temperature 

range (
o
C) 

Weight 

loss (%) 

DTGmax 

(Tmax) 

DTA(TDTA) 

Endo Exo 

GMX 

(Ligand) 

1st 25-160 8.8 59.7 67  

2nd 160-253 11.2 216.6 166.5 114.5 

3rd 255-374 24.4 356.5 324 219 

4th 374-850 56.8 592.4 651  

Total loss   100    

Residue   -    
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The 1st step of decomposition corresponded to weight loss of 8.8% with a DTGmax 

at 59.7 oC which was followed by a weight loss of 11.2% at the temperature range 

160-253 oC. In the 3rd step a weight loss of 24.4% was observed at the 

temperature range of 255-374 oC. Finally, the decomposition (remaining 56.8%) 

was completed at the temperature range of 374 – 850 oC with a Tmax at 592.4 oC. 

There was a sharp endothermic peak at 219 oC which corresponds to melting 

point of the antibiotic.  

 

Figure 3.65. TG/DTG/DTA curves of Cu(II)-complex of gemifloxacin mesylate. 
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Generally, upon heating, the degradation of metal complexes initiates with the 

removal of water of crystallization which is followed by coordinated water and 

then disintegration of organic part, lastly leaving metal oxide as residue [235, 

236]. The thermo-analytical (TG/DTG/DTA) results of the metal complexes of 

gemifloxacin mesylate are summarized in Table 3.32. 

 

Figure 3.66. Thermograms (TG/DTG/DTA) of Ni(II)-complex of gemifloxacin 

mesylate. 
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Figure 3.67. Thermograms (TG/DTG/DTA) of Ag(I)-complex of gemifloxacin 

mesylate. 

 

In the case of Cu(II)-GMX, the degradation started with a 16% weight loss at 

around 200 oC, which was due to removal of lattice water as well as coordinated 

water. In the 2nd step, a weight loss of 17.3% was found at the temperature range 

of 234-393 oC with a Tmax at 363 oC. In the subsequent steps, 12.5% and 39.9% 
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weight loss were found at the temperature range of 393 -540 oC and 541-1000 oC, 

respectively. These losses were due to the degradation of anhydrous complex 

leaving 14.4% metal oxide as residue. The TDTG and TDTA values are comparable 

with TG data. 

Similarly, in Ni(II)-GMX, the thermal decomposition was composed of four steps 

at 25-158 oC, 158-229 oC, 229-501 oC, and 501-1010 oC. The 1st step corresponded 

to 12% weight loss, where the removal of lattice and coordinated water molecule 

occured. A stepwise decomposition of the anhydrous metal complex may occur in 

the 2nd, 3rd and 4th stages leaving metal oxide (25%) as residue. In the DTA curve, 

a melting endotherm was found at 312 oC which represents the melting 

temperature of Ni(II)-GMX [237]. 

The TG curve Ag(I)-GMX consisted of five decomposition steps. The 1st step of 

decomposition corresponded to a weight loss of 6.1% with Tmax 67 and 122 oC at 

the temperature range 25-156 oC. This step is linked with the removal of lattice 

and coordinated water from the complex. The subsequent steps occurred at the 

temperature range of 156-214 oC, 214-350 oC, 350-619 oC, and 619-1000 oC, 

respectively, which are associated with the degradation of anhydrous metal 

complex. Finally, the complex degraded to 69% even at 1000 oC leaving 31% 

metal oxide as residue. The DTA data are well agreed with TDTG values and TG 
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analysis. A sharp endothermic peak at 298.7 oC in the DTA curve of Ag(I)-GMX 

corresponded to its melting temperature. 

Table 3.32. Thermo-analytical (TG/DTG/DTA) results of metal complexes of 

gemifloxacin mesylate (GMX). 

Compound Decom. 

step 

Temperature 

range (
o
C) 

Weight 

loss (%) 

DTGmax 

(TDTG) 

DTAmax (TDTA) 

Endo Exo 

Cu(II)-

GMX 

1st 25-234 16 41.5, 91 48, 94 175.5 

2nd 234-393 17.3 286 261 341.5 

3rd 393-540 12.5 486 457  

4th 541-1000 39.9 786.5 658, 868  

Total loss   85.6   

   14.4   

Ni(II)-

GMX 

1st 25-158 12 64.5 56  

2nd 158-229 6.7 193.5   

3rd 229-501 29.2 313, 364 312, 470 366.5 

4th 501-1010 27.5 787, 893 651, 680 519 

Total loss   75   

Residue   25   

Ag(I)-

GMX 

1st 25-156 6.1 67, 122 69, 123  

2nd 156-214 7.7 166, 179  166,178 

3rd 214-350 16.3 322.5 298.5 343 

4th 350-619 16.7 506   

 5th 619-1000 22.2  663  

Total loss   69.8   

Residue   31.2   
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3.29. Elemental Analyses of Gemifloxacin Mesylate (GMX) with 

Cu(II), Ni(II) and Ag(I) Metal Ions 

The percent composition of carbon, hydrogen, nitrogen and sulfur of the precursor 

antibiotic, GMX and its metal complexes were determined to resolve the correct 

metal-to-ligand stoichiometry of the metal complexes. The elemental analysis 

data are listed in Table 3.33. 

Table 3.33. Elemental analyses (C, H, N, S) data of the newly synthesized metal 
complexes. 

Complex                     Elemental analysis 

 Carbon% Hydrogen% Nitrogen% Sulfur% 

 Calc. 

(Found) 

Calc. 

(Found) 

Calc. 

(Found) 

Calc. 

(Found) 

[Cu(GMX)2(H2O)2]

SO4.14H2O 

32.16  

(32.24) 

5.68 

(5.72) 

9.87 

(9.82) 

6.77 

(6,47) 

[Ni(GMX)2(H2O)Cl]

Cl.11H2O 

34.66 

(34.39) 

5.51 

(5.24) 

10.64 

(10.97) 

4.87 

(4.90) 

[Ag(GMX)2(H2O)2]

NO3 1.5H2O 

37.91 

(37.69) 

4.60 

(4.41) 

12.79 

(12.76) 

     5.32 

    (5.21) 

 

The analytical data supported the formation of new metal complexes with a 1:2 

metal to ligand stoichiometry. The presence of sulphate, chloride and nitrate ions 

in the metal complexes as negative counterpart was also confirmed by qualitative 

determination [238]. 
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3.30. Proposed Structure of Metal Complexes of Gemifloxacin 

Mesylate with Cu(II), Ni(II) and Ag(I) Metal Ions 

The physical properties, spectral characterization, and thermal investigations give 

shreds of evidence to support the formation of new metal complexes with correct 

metal-to-ligand stoichiometry. Based on all analytical results, the proposed 

structure of metal complexes of gemifloxacin mesylate is shown in Figure 3.68. 

 

Figure 3.68. The proposed structure of gemifloxacin-metal complexes. 

 

3.31. Biological Activities of Gemifloxacin Mesylate with Cu(II), 

Ni(II) and Ag(I) Metal Ions 

The development of multi-drug resistant is the biggest threat to world economy 

and mankind as well [239]. Metal-complexes of antibiotics have drawn interest to 
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scientists in searching of new antibiotics because of their unique electronic and 

stereochemical properties [240]. Antibiotics, upon coordination with metal ions 

may increase the biological activity due to increased lipo-solubility of the metal 

complexes. As a result, the penetration capability of the metal complexes through 

the lipid membrane is increased and block the protein synthesis which stops the 

further growth of microorganism [241, 242]. 

Gemifloxacin mesylate (GMX), a fourth-generation fluoroquinolone antibiotic, is 

active against a long range of Gram-positive and Gram-negative bacteria. It is 

used in the treatment of bronchitis and pneumonia caused by bacterial infections. 

Paper disc-diffusion method was used to study the antimicrobial activity of the 

parent antibiotic, GMX and its metal complexes. Total 12 bacterial strains 

including both Gram-positive and Gram-negative and two fungal species were 

used for this study. The antimicrobial activities of the antibiotic, as well as its 

metal complexes, were compared by measuring the diameter of the inhibition 

zone (mm). One of the representative agar plates showing antimicrobial activity is 

given in Figure 3.69. 
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Figure 3.69. A representative agar plate showing the antibacterial activity of 

GMX antibiotic and its metal complexes. 

 

The results are summarized in Table 3.34.  
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Table 3.34. The antimicrobial activity of gemifloxacin mesylate (GMX) and its 

metal complexes, represented as inhibition diameter zone values/mm. 

Com-

pound 

Microbial species 

 Bacteria Fungi 

 1* 2* 3* 4* 5* 6* 7* 8* 9* 10* 11* 12* 13* 14* 

GMX 34 32 34 34 45 33 30 25 28 26 28 32 26 0 

Cu(II)-
GMX 

30 32 33 32 42 33 26 20 25 23 27 28 30 0 

Ni(II)-

GMX 

32 36 34 32 43 33 26 24 28 25 26 30 - - 

Ag(I)-

GMX 

34 33 40 35 47 34 26 24 28 26 28 30 - - 

The microbial strains which are used to determine biological activity are 1* = B. 

cereus; 2* = E. coli 0157; 3* = E. coli; 4* =P. aeruginosa; 5* = S. aureus; 6* = 

Listeria; 7* = Salmonella typhi; 8* = V. cholerae; 9* = K. pneumoniae; 10* = C. 

freundii;  11* = E. faecalis; 12* = E. faecium; 13* = Candida sp.; 14* = A. niger. 

It was found that the metal complexes of gemifloxacin mesylate showed 

prominent activity against all the bacterial strains and one of the fungal strains 

Candida sp. Among three complexes, the Ag(I)-GMX was found to show 

enhanced activity against most of the microbes whereas the Cu(II)-GMX was also 

found to have enhanced activity against candida sp and similar activity against all 

bacterial strains. The Ni(II)-GMX showed increased activity against E. coli 0157 

and similar activity against other bacterial strains. 
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Antibiotics are chemical agents that either kill bacteria or inhibit the growth of 

bacteria. They may be natural (aminoglycosides), synthetic (quinolones), and 

semi-synthetic (cephalosporins). The discovery of the penicillin antibiotic by 

Alexander Fleming in 1928 opened a new door in the field of medicine which 

greatly reduced the number of deaths from infections. But, because of overuse and 

misuse of antibiotics led to antimicrobial resistance and the number of drug-

resistant bacteria is increasing day by day. As a result, many curable diseases like 

tuberculosis, pneumonia, and many other minor infections would become 

incurable. That’s why, antibiotic resistance has become a serious health issue in 

recent years. Most infectious bacteria are now gaining resistant to at least one of 

the antibiotics that are usually used to eradicate the infections. This problem 

persuades the study of new agents that can competently prevent the growth of 

microbes. Metal and metal-based drugs have a long history in the field of 

medicine due to their antimicrobial properties. The recent progress of metal 

complexes in the field of medicinal chemistry is emerging. Many metal 

complexes are now used in medicine and become successful in the treatment of 

various life-threatening diseases like cancer, malaria and neurogenerative 

disorders. Drug metal complexes have already proven as a successful anticancer, 

anti-diabatic, antacid, antirheumatic and chemotherapeutic agent. Metal-based 

antimicrobials are less common relative to metal-based anticancer compounds. 

Recent advances in medicinal chemistry to develop new antimicrobial agents 
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focused on metal complex-based antimicrobial compounds. Metal complexes of 

antibiotics with improved bioactivity could be a good solution to treat resistant 

bacteria. In this regard, complexation of four different antibiotics with three 

different metals (Cu, Ni & Ag) were done to develop new antibacterial agents 

with improved bioactivity. The antibiotics were ceftibuten dihydrate (CFT), 

cefpodoxime proxetil (CFP), cefuroxime axetil (CFU) and gemifloxacin mesylate 

(GMX). The complexation process was carried out at a definite temperature and 

at a definite reaction medium keeping the mole ratio of metal to ligand as 1:2.  

Metal salts were used as a source of metal. Different characterization techniques 

such as spectral analyses, thermal analyses and elemental analyses were used to 

establish the structure of metal complexes as well as to confirm the formation of 

new metal complexes. Based on all analytical results it is found that the proposed 

structures of metal complexes of three cephalosporin type antibiotics (CFT, CFP 

and CFU) followed a 1:1 metal-ligand stoichiometry whereas GMX antibiotic-

metal complexes followed a 1:2 metal-ligand stoichiometry. After that, in vitro 

biological activities were done against a long range of bacterial strains and fungi 

by paper disc diffusion method. Metal complexes of antibiotics were found to 

have increased bioactivity than parent antibiotic itself. This is due to the increased 

lipo-solubility of metal complexes upon chelation. As a result, the penetration 

capability of the metal complexes through the lipid membrane of bacterial cell is 

increased and block the protein synthesis which stop the further growth of 
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microorganisms and the bacterial cell then die. Among the newly synthesized 

metal complexes, the Ag(I)- complexes of different antibiotics (CFT, CFP and 

GMX) were found to be more potent against most of the bacterial strains than the 

parent antibiotics. The Cu(II)-CFT and Cu(II)-CFU complexes were found to 

have excellent and enhanced bioactivity than parent ligand. On the contrary, 

Ni(II)-CFP and Ni(II)-GMX showed similar activity as parent ligand against most 

of the tested strains and increased activity against one or two strains. So, it is 

obvious that metal complexes of different antibiotics could hold the place of next-

generation antibiotics. Since, antibiotic resistance is the greatest health issue of 

present time, the development of new antibiotics is a dire need to overcome the 

crisis. The findings of this study would be a new hope for the development of 

more potent new antimicrobials. In this regard, metal complexes of different 

antibiotics with potent bioactivity can play a vital role in the development new 

antibiotics as well as in the discovery and design of new drugs. 
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