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PREFACE 

During the past two decades, considerable attention has been paid to the 
chemistry of the metal complexes. It has been suggested that the presence of metal ions 
in biological fluids could have a significant effect on therapeutic action of drugs. The 
successful synthesis and application of novel metal complexes can have a great impact 
on all areas of chemistry and biology. So, we have synthesis some complexes 
containing nucleous molecule which have a widely known concerning the biological 
application in our life to study them. 

As yet from the literature survey, little information is available about the 
compounds, which are effective as coordinating ligands with the functional sites amino, 
hydroxyl, carbonyl and carboxyl groups. In view of the biological, physico-chemical 
properties and industrial importance of these ligands and their metal complexes, the aim 
of the present work is to shed light on:  

• Understanding the nature of interaction and chelation between metal ions and 
these ligands 

• Investigating the physico-chemical properties of the ligands and their metal 
complexes  

• Screening of the ligands and their metal complexes for their biological activity.  
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CHAPTER 1CHAPTER 1CHAPTER 1CHAPTER 1    

1-1- Perspectives of metal ions in medicine 

Metals and metal complexes have played key role in the development of modern 

chemotherapy [1]. For example, anticancer platinum drugs appear in more chemotherapy 

regimens than any other class of anticancer agents and have contributed substantially to the 

success achieved in treating cancer over the past three decades. Metals can play an important 

role in modifying the pharmacological properties of known drugs after coordinating to a metal. 

This is because of the resulting prodrugs have different physical and pharmacological 

properties, allowing the drug to be released in a controlled fashion or at specific location [2]. 

This approach may lead to the rescue of drugs that have failed because of poor pharmacology or 

high toxicity. For example, complexation of nonsteroidal anti-inflammatory drugs to copper 

overcomes some of the gastric side effects of these drugs [3]. The release of cytotoxins such as 

nitrogen mustards from redox-active metals such as cobalt in the hypoxic regions of solid 

tumors has the potential to improve drug activity and reduce toxicity [4]. The metal based drugs 

are also being used for the treatment of a variety of ailments viz. diabetes, rheumatoid arthritis, 

inflammatory and cardiovascular diseases as well as diagnostic agents [5-7].  

In medicinal chemistry, metal complexes have received limited attention as compared 

to organic compounds. In fact, many organic compounds used in medicine do not have a purely 

organic mode of action and require traces of metal ions directly or indirectly for activation or 

biotransformation. Our health, aging, physiological disorders and diseases are related to the state 

of the metal ions and their complexes with biomolecules in the body. The amount of metals 

present in the human body is approximately 0.03% of the body weight. Low metal ion 

concentrations may be harmful for the body. It has been reported that [8] in cancerous parts of 

the kidney, the concentrations of Cd, Cr, Ti, V, Cu, Se, and Zn were found to be at a lower level 

than in the noncancerous parts. Ligands having electron donor atoms like N, O, S, and P etc. 

may form coordination bond with metal ion. Chelation causes drastic changes in biological 

properties of ligands as well as metal moiety and in many cases it causes synergistic effect of 

both metal ion and ligand [9, 10].  

A number of drugs and potential pharmaceutical agents also contain metal-binding or 

metal-recognition sites, which can bind or interact with metal ions and potentially influence 

their bioactivities and might also cause damages on their target biomolecules. Numerous 

examples  of these ‘‘metallodrugs’’ and ‘‘metallopharmaceuticals’’ and their actions can be 

found in the literature, for instance: (a) several anti-inflammatory drugs, such as aspirin and its 

metabolite salicylglycine [11-14], suprofen [15], and paracetamol [16] are known to bind metal 

ions and affect their antioxidant and anti-inflammatory activities; (b) the potent histamine-H2-

receptor antagonist cimetidine [17] can form complexes with Cu2+  and Fe3+ , and the histidine 

blocker antiulcer drug famotidine can also form stable complex with Cu2+  [18, 19]; (c) the 

anthelmintic and fungistatic agent thiabendazole, which is used for the treatment of several 

parasitic diseases, forms a Co2 + complex of 1:2 metal to drug ratio [20] (d) the Ru2+  complex of 

the anti-malaria agent chloroquine exhibits an activity two to five times higher than the parent 

drug against drug-resistant strains of Plasmodium faciparum [21]. However, it is known that 

some drugs act via chelation or by inhibiting metalloenzymes but most of the drugs act as 

potential ligands, a lot of studies are being carried out to ascertain how metal binding influences 
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the activities of the drugs [22]. Metal complexes are gaining increasing importance in the design 

of drugs on coordination with a metal. 

Also, lanthanides ions coordinate to some vital drugs for instance; syntheses, 

characterization, antioxidative and antitumor activities of solid quercetin rare earth (III) 

complexes were studied [23]. The results show that the suppression ratio of the complexes 

against the tested tumor cells are superior to quercetin·2H2O. Pharmacological activity studies 

of Lanthanide complexes with Mendiaxon and Hymecromone showed marginal cytotoxic 

activity against transformed leukemic cell lines (P3HR1 and THP-1) as compared to the 

inorganic salts [24]. Some rare earth chelates of naphthoquinone antibacterials were studied 

[25]. Synthesis, characterization, and antiinflammatory activity of Naproxen complexes with 

rare earth (III) show enhancement of antiinflammatory activity relative to the ligand [26]. The 

results show that the complexes of rare earth metals (III), (i.e. La, Ce, Pr, Nd, Sm Eu, Gd and 

Tb) with 2-(4,6-dimethyl)-2-pyrimidinyl)thio)-acetic acid (LnL3-nH2O; n = 4 or 5), against the 

tested tumour cells (HL-60 human leukemia cell lines, BGC-823 human gastric carcinoma cell 

lines, hela human cervix adenocarcinoma cell lines and Bel-7402 human hepatic carcinoma cell 

lines) are superior to the ligand [27]. Experimental results indicated that phthalazin-1(2H)-one 

and the complex can bind to DNA by intercalation modes, but the binding affinity of La(III)-

complex is higher than that of the ligand. The La(III)-complex of phthalazin-1(2H)-one, 

[La(NO3)3·4H2O·C8H7N2O]·H2O, was synthesized and characterized on the basis of elemental 

analysis, thermal analyses (TG/DTA) and X-ray crystallography, the comparative antitumor 

activities of La(III)-complex was also investigated [28]. Herbicides (chlorophenoxyalkanoic 

acids) interact with Ca(II), Gd(III) and Ce(III)  to form complexes, which were tested against a 

few common bacteria by minimum inhibitory concentration (MIC) experiments exhibiting not 

any antimicrobial action at concentrations up to 1600 μg/ml [29]. 

  A series of vitamin B6 pyridoxol complexes with, e.g. La, Ce, Pr, Nd, Sm, Eu, Gd, Ho, 

Er, and Y, M(PN)5Cl3.6H2O (where: PN = pyridoxol), were synthesized and characterized by 

elemental analysis, molar conductance, TGA-DTA, IR, and 1HNMR spectroscopic techniques. 

The antioxidative activity of complexes was determined, using the suppression ratio of activated 

oxygen as an indicator. The results show that the complexes have the scavenger effects for 

activated oxygen [30]. The encouraging results of preclinical and clinical studies with metal 

complexes form the basis for further investigations towards the development of metallodrugs 

for better healthcare. 

1-2- Metal carboxylate review  

The metal carboxylates have emerged as an important family in the last few years. This 

family includes not only mono- and dicarboxylates of transition, rare-earth, and main-group 

metals, but also a variety of hybrid structures. Some of the carboxylates possess novel 

adsorption and magnetic properties. Dicarboxylates and related species provide an effective 

means of designing novel hybrid structures with porous and other properties. In some of these 

structures, the dicarboxylate acts as a linker between two inorganic units. In recent years the area 

of inorganic open-framework materials has become one of intense research activity [31-36] 

While one of the objectives of the research into openframework solids is to find materials 

possessing channels and other features that make them porous, which can impart potential 
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catalytic and sorption properties, the discovery of fascinating architectures of different 

dimensionalities has been equally exciting. The aluminosilicates and metal phosphates, which 

constitute important prototype open-framework materials, have been discussed widely in the 

literature [31]. 

Several openframework phosphates with dimensionalities varying between zero and three have 

been synthesized and characterized [32]. A limitation with metal phosphates is that the 

structures comprise rigid polyhedra, such as tetrahedra and octahedra, which constitute the 

primary building units [32-35]. There has been much interest in designing hybrid materials 

containing inorganic and organic linkers, and several metal–organic frameworks possessing 

zeolitic structures have been reported [32, 37–39] One of the preoccupations today is to design 

novel structures involving both organic and inorganic components by employing novel 

synthetic tools as well as supramolecular chemistry. The design of hybrid structures takes 

advantage of metal coordination as well as the functionalities of the organic components, since 

the flexibility of the organic linkers renders such open architectures attractive [35, 36–43]. The 

metal carboxylates are particularly interesting in that they not only form open-framework 

structures resulting from the presence of the carboxylate function itself, but also where the 

carboxylate group acts as a linker between inorganic moieties. Another interesting variety exists 

where the carboxylate unit coexists with a phosphate or arsenate group to give a hybrid 

structure. Some of the novel architectures of carboxylates are obtained by varying the nature of 

the reactants or the synthetic conditions, and by carrying out reactions in the presence of 

additives such as organic amines; the reactions are performed under hydro/solvothermal 

conditions. Accordingly, simple metal carboxylates such as formates and acetates crystallize in 

unusual structures under hydrothermal conditions [36, 44]. 

 In this Review, we present a concise review of the structures and properties of the several of 

families of metal carboxylates. The Review is divided into six sections dealing with 

monocarboxylates, oxalates, aliphatic dicarboxylates, multifunctional dicarboxylates, hybrid 

compounds, and cadmium oxalates incorporating alkali halides. Strategies to design carboxylate 

networks are highlighted, and the comprehensive list of references provides linhs to the most 

up-todate information. We particularly wish to recognize the review by Cheetham et al., [32] 

primarily dealing with openframework metal phosphates, which appeared in this journal in 

1999. 

 

 1-2-1- Monocarboxylates 

Systematic investigations of open-framework structures constructed from 

monocarboxylate units are rather limited, but some of the metal monocarboxylates coexist with 

other ligands to form extended lattices of varying dimensionalities [44]. For example, copper 

formate tetrahydrate exhibits two-dimensional (2D) copper formate layers [45] that are 

separated by water molecules, while bismuth formate has a one-dimensional (1D) chain 

structure [46]. Monocarboxylates of alkali metals exhibit several polymorphic modifications 

[47]. Metal acetates tend to form dimers [44, 48] the classic example being copper diacetate, 

which with further association forms an infinite array [49]. An interesting layeredcompound 

based on copper acetate is [{Cu2(O2CMe)4}-(tpt)2]·2MeOH, (tpt=2,4,6-tris(4-pyridyl-1,3,5-
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triazine), which exhibits a large-pore structure; the metal acetate dimers are linked by N-donor 

ligands (Fig. 1-1) [50]. 

 
Fig. 1-1: [{Cu2(O2CMe)4}- (tpt)2]·2MeOH. 

 

The organic groups link the acetate dimers, thus avoiding interpenetration 

through interlayer p–p interactions, which serves to stabilize the structure. Cotton and 

Kim [51] have employed cyanide ligands to connect metal acetate dimers to form 

molecular boxes and layered structures, thus providing a new avenue for the 

construction of neutral frameworks. For example, [Rh2(O2CCF3)42(TCNE)]·2C6H6 

(TCNE=tetracyanoethylene) (Fig. 1-2) contains non-interpenetrating sheets formed by 

quasi-rectangular 30-membered rings. The sheets are again stabilized by significant p–p 

interactions between the {Rh2(O2CCF3)4} and TCNE moieties [51]. The TCNE units 

themselves are linked via {Rh2(O2CCF3)4} moieties, thus demonstrating the bridging 

role of the rhodium carboxylate complexes. Jacobson et al. [52] have prepared 

K3[Co(CN)6]·2[Rh(O2CMe)4], in which the {Rh2(O2CMe)4} dimers are linked through 

the octahedral {Co(CN)6} unit to form a 2D structure with large windows. High 

nuclearity inorganic clusters which formed by acetate ligands yield novel structures with 

interesting properties. Such clusters represent a bridge between molecular chemistry and 

solid-state chemistry, and provide a means of understanding their size-dependent 

physical properties [53]. Hydroxo, oxo, and carboxylate groups are used to prepare new 

nanoscopic compounds with such clusters, in which hydrophilic groups lie within the 
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core and hydrophobic groups are located at the periphery [54]. High-nuclearity clusters 

can also be assembled into infinite coordination polym Dong et al., [55].  

 
Fig. 1-2: Neutral framework for [Rh2(O2CCF3)42(TCNE)]·2C6H6 

 

Microporous metal hydroxyacetates exhibiting ionexchange behavior have also 

been reported [56]. The 3D cobalt hydroxyacetate [Co5(OH)2(O2CMe)8]·2H2O has a 

structure that is built up entirely through edge-sharing cobalt–oxygen octahedral [57]. 

The acetate ligands, generated in situby oxidative hydrolytic cleavage of an 

acetylacetonate ligand, exhibit both h1:h2 and the unusual h2:h2 coordination modes. 

Recently, the 2D copper acetate [Cu(Me-  CO2)(MeO)] was reported, in which acetate 

ligands containing tricoordinated oxygen atoms are found in addition to bridging 

methoxo groups [58]. In (pipzH2)(H3O)[Al15(m3-O)4(m3-OH)6(m-OH)14(hpdta)4] 

·pipz·41H2O pipz=piperazine, H5hpdta=2-hydroxypropane-1,3-diamine-N,N,N’,N’- 

tetra acetic acid), [59]. All aggregates with aluminium oxyhydroxide cores (of the 

brucite type) are assembled through hpdta linker groups. Several structural motifs based 

on or related to carboxylates are profitably employed in the design of new solids with 

open structures [60]. Among the many structural motifs commonly used in 

supramolecular chemistry [60], the simplest is the hydrogen-bonded dimer (a). The 

replacement of the proton in the dimer by various metal–acetate moieties (b–d) 

facilitates the assembly of 3D supramolecular networks through out-of-plane linkages. 

The use of the acetate dimer as a secondary building unit (SBU) in the design of rigid 

3D metal–organic frameworks will be examined later in this Review. Paddle-wheel 

metal acetate clusters have been used to assemble encoded organic nodes (Fig. 1-3) 

[61]. This gives rise to an “inverted” metal–organic framework with compartmentalized 

cavities and walls that are accessible for further functionalization of the channels. 
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Fig. 1-3: Paddle-wheel metal acetate clusters. 

 
  ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
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CHAPTER 2CHAPTER 2CHAPTER 2CHAPTER 2    

2-1- Antibiotic Drugs 

2-1-1- Quinolone 

Essential structure of all quinolone (Fig. 2-1) antibiotics: the blue drawn 

remainder of R is usually piperazine; if the connection contains fluorine, it is a 

fluoroquinolone. 

 
 

Fig. 2-1: Structure of Quinolone. 

 

The quinolones are divided into generations based on their antibacterial spectrum [1, 2]. 

The earlier generation agents are, in general, narrower spectrum than the later ones. Generally 

the quinolones are grouped by generations by researchers. But there is no standard employed to 

determine which drug belongs to which generation. The only universal standard applied is the 

grouping of the non-fluorinated drugs found within this class (quinolones) within the first 

generation heading. As such there exists a wide variation within the literature dependent upon 

the methods employed by the authors. Some researchers group these drugs by patent dates, 

some by a specific decade (i.e. 60’s 70’s 80’s etc.) and others by the various structural changes. 

The first generation is rarely used today. Nalidixic acid was added to the OEHHA Prop 65 list 

as a carcinogen on May 15, 1998 [3]. A number of the 2nd, 3rd and 4th generation drugs have 

been removed from clinical practice due to severe toxicity issues or discontinued by their 

manufacturers. The drugs most frequently prescribed today consist of Avelox (moxifloxacin), 

Cipro (ciprofloxacin), Levaquin (levofloxacin) and to some extent their generic equivalents. 

1
st
 generation 

� cinoxacin (Cinobac) (Removed from clinical use) [4]. 

� flumequine (Flubactin) (Genotoxic carcinogen)(Veterinary use) 

� nalidixic acid (NegGam, Wintomylon) [4] (Genotoxic carcinogen) 

� oxolinic acid (Uroxin) (Currently unavailable in the United States) 

� piromidic acid (Panacid) (Currently unavailable in the United States) 

� pipemidic acid (Dolcol) (Currently unavailable in the United States) 

� rosoxacin (Eradacil) (Restricted use, currently unavailable in the United States) 

2
nd

 generation 

The 2nd generation class is sometimes subdivided into "Class 1" and "Class 2" [5]. 

� ciprofloxacin (Ciprobay, Cipro, Ciproxin) [3,5]. 

� enoxacin (Enroxil, Penetrex) [3] (Removed from clinical use) 

� fleroxacin (Megalone, Roquinol) (Removed from clinical use) 
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� lomefloxacin (Maxaquin) [3] (Discontinued in the United States) 

� nadifloxacin (Acuatim, Nadoxin, Nadixa) (Currently unavailable in the United States) 

� norfloxacin (Lexinor, Noroxin, Quinabic, Janacin) [3] (restricted use) [6] 

� ofloxacin (Floxin, Oxaldin, Tarivid) [3] (Discontinued in the United States) 

� pefloxacin (Peflacine) (Currently unavailable in the United States) 

� rufloxacin (Uroflox) (Currently unavailable in the United States) 

3
rd

 generation 

Unlike the first and second generation, the third generation is active against streptococci. [5] 

� Balofloxacin (Baloxin) (Currently unavailable in the United States) 

� Gatifloxacin (Tequin) (Zymar) (removed from clinical use) [7] Sometimes reported as 

4th Generation [5,8] 

� Grepafloxacin (Raxar) (Removed from clinical use) 

� Levofloxacin (Cravit, Levaquin) [1,3] 

� Moxifloxacin (Avelox,Vigamox) [1] (restricted use) [9]. Sometimes reported as 4th 

generation [3, 10]. 

� Pazufloxacin (Pasil, Pazucross) (Currently unavailable in the United States) 

� Sparfloxacin (Zagam) [4] (restricted use), [11]. 

� Temafloxacin (Omniflox) (Removed from clinical use) [12] 

� Tosufloxacin (Ozex, Tosacin) (Currently unavailable in the United States) 

4
th

 generation 

� Clinafloxacin [6] (Currently unavailable in the United States) 

� Gemifloxacin (Factive) 

� Sitafloxacin (Gracevit) (Currently unavailable in the United States) 

� Trovafloxacin (Trovan) (Removed from clinical use) [4,6] 

� Prulifloxacin (Quisnon) (Currently unavailable in the United States) 

The quinolones also referred to as fluoroquinolones are a family of synthetic broad-spectrum 

antibiotics. The term quinolone(s) refers to potent synthetic chemotherapeutic antibacterials 

[1,2] the first generation of which was derived from an attempt to create a synthetic form of 

chloroquine, which was used to treat malaria during World War II. Hans Andersag discovered 

chloroquine, in 1934 at Bayer I.G. Farbenindustrie A.G. laboratories in Eberfeld, Germany. The 

first generation of the quinolones begins with the introduction of nalidixic acid in 1962 for 

treatment of urinary tract infections in humans [13]. Nalidixic acid was discovered by George 

Lesher and coworkers in a distillate during an attempt at chloroquine synthesis [14]. They 

prevent bacterial DNA from unwinding and duplicating [15]. Recent evidence has shown that 

topoisomerase II is also a target for a variety of quinolone-based drugs. Thus far, most of the 

compounds that show high activity against the eukaryotic type II enzyme contain aromatic 

substituents at their C-7 positions [16]. Quinolones in comparison to other antibiotic classes 

have the highest risk of causing colonisation with MRSA and C Difficile. A general avoidance 

of fluoroquinolones is recommended based on the available evidence and clinical guidelines 

[17-19]. The parent of the quinolone (aka fluoroquinolone) class is nalidixic acid. The majority 

of quinolones in clinical use belong to the subset of fluoroquinolones, which have a fluorine 

atom attached to the central ring system, typically at the 6-position or C-7 position. The 

effectiveness of drugs depends on their binding ability [21-24]. Ciprofloxacin (CPF) and 
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norfloxacin (NRF) belong to fluoroquinolones (FQ), which are bacteriostatic at low 

concentration and bactericidal at high concentrations. They are highly active against most 

Gram-negative pathogens including Pseudomonas aeruginosa and the Enterobacteriaceae.  

Fluoroquinolones are used to treat upper and lower respiratory infections, gonorrhea, bacterial 

gastroenteritis, skin and soft tissue infections and both uncomplicated and complicated urinary 

tract infections, especially those caused by Gram-negative than Gram-positive infections. 

Fluoroquinolones are often used for genitourinary infections; in general they are recommended 

only after other antibiotic regimes have failed. However, for serious acute cases of 

pyelonephritis or bacterial prostatitis where the patient may need to be hospitalised 

fluoroquinolones are recommended as first line therapy [10]. Prostatitis has been termed "the 

waste basket of clinical ignorance" by prominent Stanford University Urologist Dr. Thomas 

Stamey. Campbell's Urology, the urologist's most authoritative reference text, identifies only 

about 5% of all patients with prostatitis as having bacterial prostatitis which can be "cured" at 

least in the short term by antibiotics. In other words, 95% of men with prostatitis have little hope 

for a cure with antibiotics alone since they don't actually have any identifiable bacterial infection 

[25]. Fluoroquinolones (FQs) are a class of relatively new and entirely man-made, non-steroidal 

antibiotics/antibacterials. They are used to treat infection in many parts of the body by killing the 

harmful bacteria or preventing their growth. Norfloxacin, the first FQ, was synthesized by 

converting nalidixic acid into a quinolone structure, adding a fluorine atom and a piperazine 

ring. Other first generation FQs introduced in the 1980s included ciprofloxacin and ofloxacin 

Ofloxacin is a racemic mixture and its active form is the (−) S isomer, levofloxacin. FQs are 

pharmacologically superior to nalidixic acid because they exhibit broader activity against Gram 

(−) and Gram (+) bacteria, less protein binding, higher drug tolerance, lower toxicity, and longer 

half-life. In Europe and other parts of the world, these three FQs are still heavily used in many 

human and animal applications. Ciprofloxacin, in its hydrochloride form, is perhaps the most 

popular FQ and it is one of the top 20 prescription drugs in Canada. This drug has also received 

considerable attention lately in the USA where it has been approved as one type of antibiotic for 

the treatment of the inhaled form of anthrax [26]. Quinolones are synthetic antibiotics whose 

action is based on their anti-DNA activity. Nalidix acid was the first quinolones approved on 

1963, by Food and Drug Administration (FDA) for the treatment of urinary tract infections. 

Quinolones are widely used till nowadays in human and in veterinary medicine, due to their 

safety with good tolerance and broad antibacterial spectrum. Fluoroquinolones belong to the 

second generation of quinolones and their characteristic is the greater effectiveness against both 

Gram-negative and Gram-positive pathogens that are resistant to other antibacterials [27]. The 

fluoroquinolone group of antimicrobial agents has a broad antibacterial spectrum and is active 

against most Gram-negative and many Grampositive bacteria [28]. The pharmacokinetics of 

these drugs has been extensively studied across a range of subjects including healthy young 

volunteers, the elderly, patients with renal impairment, and patients with liver disease. The 

fluoroquinolone group exhibits excellent oral bioavailability, extensive tissue penetration, low 

protein binding, and a long elimination half-life. There are, however, significant differences 

between individual fluoroquinolones in their oral bioavailability, route of elimination, 

elimination half life, and drug interactions. This review will compare and contrast the 

pharmacokinetics of some of the quinolone group, specifically pefloxacin, enoxacin, 
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norfloxacin (Fig. 2-2), ciprofloxacin (Fig. 2-3), ofloxacin (Fig. 2-4), fleroxacin, and 

lomefloxacin. 

 

 
 

Fig. 0-2: Structure of norfloxacin. 

  

 

 
 

Fig. 0-3: Structure of ciprofloxacin. 

 

 
 

Fig.  0-4: Structure of Ofloxacin. 

 

The quinolone antibiotics are synthetic antimicrobial agents with a broad spectrum of 

activity widely used in human and veterinary medicine. Extensive use of antibiotics in 

veterinarian medicine and medicated feed play a crucial role in intensive animal production in 

food-producing animals and farmed fish such as prawn, salmon and catfish. It leads to a 

significant increase in antibiotic resistance and allergic reactions, having therefore important 

consequences on public health. Moreover, quinolone-induced acute arthropathy has been 
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observed in several animal species. Although severe cases of arthropathy have been observed 

only rarely in humans, incidents of transient arthralgia have also been reported. These 

observations have precluded the use of quinolones in childrenand pregnant women. To 

safeguard human health, the European Union set a Maximum Residue Limits (MRLs) of 30 

ppb for the sum of enrofloxacin and its metabolite, ciprofloxacin, in muscle, kidney and liver 

[29]. The basic pharmacophore, or active structure, of the fluoroquinolone class is based upon 

the quinoline ring system [30]. The addition of the fluorine atom at C6 is what distinguishes the 

successive generations, fluoroquinolones, from the first generation, quinolones. It has since been 

demonstrated that the addition of the C6 fluorine atom is not a necessary requirement for the 

antibacterial activity of this class (circa 1997) [31]. Various substitutions made to the quinoline 

ring resulted in the development of numerous fluoroquinolone drugs that we see today. Each 

substitution is associated with a number of specific adverse reactions, as well as increased 

activity against bacterial infections, where as the quinoline ring, in and of itself, has been 

associated with severe and even fatal adverse reactions [32]. Quinolones and fluoroquinolones 

are chemotherapeutic bactericidal drugs, eradicating bacteria by interfering with DNA 

replication. The other antibiotics used today, (e.g., tetracyclines, lincomycin, erythromycin, and 

chloramphenicol) do not interact with components of eukaryotic ribosomal particle and thus 

have proven not to be toxic to eukaryotes, [33] as opposed to the fluoroquinolone class of drugs. 

Safer drugs used to treat bacterial infections, such as penicillins and cephalosporins, inhibit cell 

wall biosynthesis, thereby causing bacterial cell death, as opposed to the interference with DNA 

replication as seen within the fluoroquinolone class of drugs. Quinolones are synthetic 

chemotherapeutic agents which have a broad spectrum of antimicrobial activity as well as a 

unique mechanism of action resulting in inhibition of bacterial DNA gyrase and topoisomerase 

IV. Quinolones inhibit the bacterial DNA gyrase or the topoisomerase IV enzyme, thereby 

inhibiting DNA replication and transcription. Quinolones can enter cells easily via porins and 

therefore are often used to treat intracellular pathogens such as Legionella pneumophila and 

Mycoplasma pneumoniae. For many gram-negative bacteria DNA gyrase is the target, whereas 

topoisomerase IV is the target for many gram-positive bacteria. It is believed that eukaryotic 

cells do not contain DNA gyrase or topoisomerase IV. However, there is debate concerning 

whether the quinolones still have such an adverse effect on the DNA of healthy cells, in the 

manner described above, hence contributing to their adverse safety profile. This class has been 

shown to damage mitochondrial DNA [34-41]. Norfloxacin is a synthetic chemotherapeutic 

agent [42, 43] occasionally used to treat common as well as complicated urinary tract infections 

[44]. It is sold under various brand names with the most common being Noroxin. In form of 

ophthalmic solutions it is known as Chibroxin. Norfloxacin is a second generation synthetic 

fluoroquinolone (quinolone) developed by Kyorin Seiyaku K.K. (Kyorin) [45]. The licensed 

uses for norfloxacin are quite limited as norfloxacin is to be considered a drug of last resort 

when all other antibiotics have failed. There are currently only three approved uses in the adult 

population [46] (one of which is restricted [47] and the other ineffective due to bacterial 

resistance. Chibroxin [48] (ophthalmic) is approved use in children older than one year of age. 

Norfloxacin interacts with a number of other drugs, as well as a number of herbal and natural 

supplements. Such interactions increase the risk of anticoagulation and the formation of non-

absorbable complexes, as well as increasing the risk of toxicity [49]. 
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Norfloxacin is associated with a number of serious and life threatening adverse 

reactions as well as spontaneous tendon ruptures and irreversible peripheral neuropathy. Such 

reactions may manifest long after therapy had been completed and in severe cases may result in 

lifelong disabilities. Hepatoxicity resulting in fatalities has also been reported with the use of 

norfloxacin Norfloxacin (NFX) is a member of fluoroquinolones and it is chemically named as 

1-ethyl-6-fluoro-1,4-dihydro-4-oxo-7-(piperazin-1-yl)quinoline-3-carboxylic acid. It is the first 

choice drug for the treatment of diseases caused by Campylobacter, E. coli, Salmonella, and 

Shigella and V. colera. It is used for the treatment of gonorrhoea as well as eye and urinary tract 

infection [50]. The antibiotic (Norfloxacin) is one of theantibiotics commonly used to treat 

either genitourinary tract or prostate infections, and also gonorrhea. Unfortunately, though 

Norfloxacin has frequent use-limiting side effects including headache, abdominal pain, 

vomiting and systemic toxicity. For this reason, our research effort turned to the study of the 

antimicrobial activity of essential oils in a view to developing safer drugs. It is worthwhile 

remembering that the clinical use of essential oils against systemic infections has been strongly 

hindered by the fact that they are poorly absorbed by the human intestine and exhibit a ‘‘weak’’ 

action compared to commercial or synthetic antibiotics. Nevertheless, in spite of these negative 

aspects, many essential oils have been produced for treating localized bacterial infections.What 

is more, the activity of essential oils both in vitro and in vivo has been the subject of a number of 

scientific papers. Many of the essential oils studied have been proven to be efficient only at 

elevated concentrations when their microbicidal action turns out to be more pronounced. For 

this reason, some synergistic combinations among different essential oils have been recently 

studied in a view to increasing their antibacterial action without additionally increasing their 

concentration [51]. Norfloxacin is a broad-spectrum antibiotic that is active against both Gram-

positive and Gram-negative bacteria. It functions by inhibiting DNA gyrase, a type II 

topoisomerase, and topoisomerase IV [52] enzymes necessary to separate bacterial DNA, 

thereby inhibiting cell division. This mechanism can also affect mammalian cell replication. In 

particular, some congeners of this drug family (for example those that contain the C-8 fluorine) 

[53] display high activity not only against bacterial topoisomerases, but also against eukaryotic 

topoisomerases and are toxic to cultured mammalian cells and in vivo tumor models [54]. 

Although quinolones are highly toxic to mammalian cells in culture, its mechanism of cytotoxic 

action is not known. Quinolone induced DNA damage was first reported in 1986 (Hussy et al.) 

[55]. Recent studies have demonstrated a correlation between mammalian cell cytotoxicity of 

the quinolones and the induction of micronuclei. [56]. As such some fluoroquinolones, 

including Norfloxacin, may cause injury to the chromosome of eukaryotic cells [57]. There 

continues to be considerable debate as to whether or not this DNA damage is to be considered 

one of the mechanisms of action concerning the severe adverse reactions experienced by some 

patients following fluoroquinolone therapy [58].  

  Ciprofloxacin [1-cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-7-(piperazinyl) quinolone-3-

carboxylic acid] and norfloxacin [1-ethyl-6-fluoro-1,4-dihydro-4-oxo-7(piperazin-1-

yl)quinoline-3-carboxylic acid, belongs to the quinolones which are synthetic antibiotics, 

chemically related to nalidixic acid. These drugs form a group of antimicrobial agents with 

different chemical structures and spectra of activity. Almost all of the recent clinically useful 

quinolones bear afluorine atom in the C-6 position and thus, these antibacterial agents are called 
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fluoroquinolones. These quinolones are effectives against gram-positive and gram-negative 

bacteria through inhibition of their NAD gyrase, a critical enzyme to bacterial chromosome 

replication. It is used in a wide range of gastrointestinal, urinary and respiratory tract infections; 

ocular and skin infections as well as in patients with intraabdominal infections in combination 

with antianaerobic agents recently, CF significance as effective drug in Bacillus anthracis 

infection treatment essentially increased, because of bacteriological (anthrax) terrorists’ attack 

threats [59]. Ciprofloxacin is a drug used to treat bacterial infections. It is a second generation 

fluoroquinolone antibacterial. It kills bacteria by interfering with the enzymes that cause DNA 

to rewind after being copied, which stops DNA and protein synthesis. Ciprofloxacin is marketed 

worldwide with over three hundred different brand names. In the United States, Canada and the 

UK, it is marketed as Ciloxan, Cipro, Cipro XR, Cipro XL Ciproxin and, most recently, 

Proquin. In Mexico it is available over the counter and marketed under the names Ciproflox or 

Ciprofloxacino. In Ecuador it is available and marketed under the name Cidrax. In Nigeria it is 

sold as Ciprotab while in Bangladesh it is marketed as tablets and microcapsules for suspension 

by numerous companies, one of which is by Edruc Limited as Cipron. Additionally, 

ciprofloxacin is available as a generic drug under a variety of different brand names and is also 

available for limited use in veterinary medicine [60]. Ciprofloxacin is a broad-spectrum 

antibiotic that is active against both Gram-positive and Gram-negative bacteria. It functions by 

inhibiting DNA gyrase, a type II topoisomerase, and topoisomerase IV, enzymes necessary to 

separate bacterial DNA, thereby inhibiting cell division [61]. This mechanism can also affect 

mammalian cell replication. In particular, some congeners of this drug family (for example 

those that contain the C-8 fluorine) [62] display high activity not only against bacterial 

topoisomerases, but also against eukaryotic topoisomerases and are toxic to cultured 

mammalian cells and in vivo tumor models [63]. Although quinolones are highly toxic to 

mammalian cells in culture, its mechanism of cytotoxic action is not known. Quinolone induced 

DNA damage was first reported in 1986 (Hussy et al.) [64]. Recent studies have demonstrated a 

correlation between mammalian cell cytotoxicity of the quinolones and the induction of 

micronuclei [65]. As such some fluoroquinolones may cause injury to the chromosome of 

eukaryotic cells [66]. There continues to be debate as to whether or not this DNA damage is to 

be considered one of the mechanisms of action concerning the severe adverse reactions 

experienced by some patients following fluoroquinolone therapy [67]. Aluminium (Al3+), the 

metal with the strongest complex-forming ability towards FQ, yields FQ_/Al complexes with a 

3:1 stoichiometry that are highly stable in aqueous solution. The hydrochlorides of 3:1 

aluminium complexes of norfloxacin and ciprofloxacin, (HCl/NORX)3Al and (HCl/ CIPX)3Al), 

respectively, were isolated as stable solids in our laboratory. These compounds, NORX/Al and 

CIPX/Al, exhibit high aqueous solubility under conditions in which FQ are almost insoluble. 

Their biological and physicochemical properties of pharmaceutical interest have been already 

reported. A neutral ophthalmic formulation has been successfully developed with CIPX-Al, as 

well as solid formulations for oral administration. Some reports have described a reduction in 

oral bioavailability and antibacterial activity of FQ in presence of an excess of polyvalent metal 

cations such as Al3+ or Mg2+, i.e. a molar excess of 4300-fold of Al3+ with respect to CIPX 

yielded a 50% reduction in the bactericidal rate. However, data available clearly demonstrate 

that limited amounts of Al3+ do not affect the ability of FQ to pass through a biological 
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membrane, the oral bioavailability or antimicrobial activity (expressed as MIC values). In this 

context, only few studies have been conducted to examine how the interaction antibiotic-metal 

affects the antimicrobial activity of FQ [68]. The binding of several lanthanide(III) ions to 

anthracycline antitumor antibiotics daunomycin and adriamycin in methanol and aqueous 

solutions has been studied by means of optical and 2D NMR (COSY, TOCSY, and EXSY) 

techniques [69]. These results indicate that a 1:1 Yb3+ drug complex is the predominant 

complex at a metaltoligand ratio <10 with slightly higher proton activities, e.g., pH 4-5 in an 

aqueous solution. In the presence of a base, a 1:2 or 1:3 Yb3+ drug complex can be formed (Fig.  

0-5). In addition, a 2:1 complex is formed when the metal-to-drug ratio is >25. These Yb3+ drug 

complexes undergo slow chemical exchange with each other relative to the NMR time scale. 

Therefore, 1D and 2D magnetization transfer experiments can be utilized for the assignment of 

the isotropically shifted signals arising from the drug nuclei in the various paramagnetic 

complexes. The spin-lattice (T1) relaxation times and solution magnetic susceptibilities of these 

Yb3+ drug complexes confirmed the binding of the metal ion to 11,12-a-ketophenolate in all the 

complexes (except the second Yb3+ in the 2:1 complex which binds to the 5,6-a-ketophenolate). 

Several other lanthanide(III) ions Pr3+, Eu3+, and Dy3+ show similar binding properties to 

daunomycin based on optical and NMR studies. The binding of Yb3+ to daunomycin has a 

profound effect on the reduction potential of the drug, showing a decrease in the potential by 

150 mV upon addition of 1 equiv of Yb3+ to the drug solution. This observation indicates that 

metal ions must play a significant role in the action of this family of drugs in vivo iprofloxacin. 

 
Fig. 0-1: Yb3+ drug complex. 

 

The interaction of magnesium, calcium and barium perchlorate with ciprofloxacin (CIP) 

and norfloxacin (NOR) has been investigated [69]. Elemental analysis, FTIR, electrical 

conductivity and thermal analysis have been used to characterize the isolated complexes. The 

results support the formation of complexes of the formula [M(NOR)2](ClO4)2.xH2O and 

[M(CIP)2](ClO4)2.xH2O (M = Mg+2, Ca+2 and Ba+2) (Fig. 2-6). The FTIR spectra of the isolated 

complexes suggest that CIP and NOR act as bidentate ligands through the ring carbonyl oxygen 

atom and one of the oxygen atoms of the carboxylic group. 
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Fig. 2-6: Structure of [M(NOR)2](ClO4)2.xH2O 

 

Nine new metal complexes of the quinolone antibacterial agent N-propyl-norfloxacin, pr-

norfloxacin, with VO2+, Mn2+, Fe3+, Co2+, Ni2+, Zn2+, MoO2 , Cd2+ and UO2  have been prepared 

and characterized with physicochemical and spectroscopic techniques while molecular 

mechanics calculations for Fe3+, VO2+ and MoO2  complexes have been performed [70]. In all 

complexes, pr-norfloxacin acts as a bidentate deprotonated ligand bound to the metal through 

the pyridone and one carboxylate oxygen atoms. All complexes are six-coordinate with slightly 

distorted octahedral geometry. For the complex VO(N-propyl-norfloxacinato)2(H2O) the axial 

position, trans to the vanadyl oxygen, is occupied by one pyridone oxygen atom. The 

investigation of the interaction of the complexes with calf-thymus DNA has been performed 

with diverse spectroscopic techniques and has shown that the complexes can be bound to calf-

thymus DNA resulting to a DNA transition. The antimicrobial activity of the complexes has 

been tested on three different microorganisms. The complexes show equal or decreased 

biological activity in comparison to the free pr-norfloxacin except UO2(pr-norf)2 (Fig. 0-7) 

which shows better inhibition against S. aureus. 
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Fig. 0-2: Structure UO2(pr-norf)2 

 

The investigation of the new structures of Ag(I), Cu(II) and Au(III) complexes, 

[Ag2(Nor)2](NO3)2 (Fig. 2-8), [Cu(Nor)2(H2O)2]SO4·5H2O and [Au(Nor)2(H2O)2]Cl3 

(Fig. 2-9) (where, Nor = norfloxacin) was done during the reaction of silver(I), 

copper(II) and gold(III) ions with norfloxacin drug ligand [71]. Elemental analysis of 

CHN, infrared, electronic, 1H NMR and mass spectra, as well as thermo gravimetric 

analysis (TG and DTG) and conductivity measurements have been used to characterize 

the isolated complexes. The powder XRD studies confirm the amorphous nature of the 

complexes. The norfloxacin ligand is coordinated to Ag(I) and Au(III) ions as a neutral 

monodentate chelating through the N atom of piperidyl ring, but the copper(II) complex 

is coordinated through the carbonyl oxygen atom (quinolone group) and the oxygen 

atom of the carboxylic group. The norfloxacin and their metal complexes have been 

biologically tested, which resulted in norfloxacin complexes showing moderate activity 

against the gram positive and gram negative bacteria as well as against fungi.  
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Fig. 0-3: Structure of [Ag2(Nor)2](NO3)2 

 
Fig. 0-4: Structure of [Au(Nor)2 (H2O)2]Cl3 
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Transport of organic ligands into bacterial cells can be facilitated by the formation of 

metal complexes. Hence, the bismuth complex of norfloxacin was synthesized [72] (Fig.  

0-10). It was characterized by UV, IR, DSC, atomic absorption spectroscopy, Karl-

Fischer titrametry and elemental analysis. The complex was found to possess metal to 

ligand ratio of 1:4. It has been observed that complexation between bismuth ions and 

norfloxacin takes place above pH 7. The Solubility of NBC was found to be more than 

that of norlfoxacin. Agar diffusion method was used for antibacterial activity. BNC was 

found to possess better activity (lesser MIC value) than that of norfloxacin as well as 

bismuth citrate and norfloxacin physical admixture. It was concluded that BNC can be a 

better alternative to norfloxacin as an antibacterial agent. 

 

 
 

Fig. 0-5: Bismuth complex of norfloxacin. 

 

Efficient fragmentation analysis is done through two algorithms, namely binary and 

semantic nets. Interpretation process was performed via association between valid 

molecular fragments and each weight loss [73]. The procedure was carried out using 

semantic net algorithm as a function of temperature. The automation for interpreting 

chemical processes was performed in order to create the inference method to determine 

thermogravimetric analysis. The actual expert system can, in principle, generate a large 

number of decomposition routes in which may be not adequately analyzed by humans 

due to their inherent limitations. The advantage of this approach can be attributed to its 

efficient error minimization for each weight loss and global process. However, 

Analgesics Drugs there are disadvantages. For example, for the particular case of 

multiple steps TGA in which there are poor resolved steps the actual expert system can 

use the human inference or keeping evaluating the decomposition but considering the 

analysis through the differential thermal analysis (DTG) curve. In this case each weight 

loss in TG curve is determined by the difference between two local maximum in the 

DTG curve. Similarly, the analysis of polymers cannot be performed with the actual 

expert system in its present form. One of the reasons is attributed to the unresolved 

empirical formula for the polymer (number of monomers). The system needs empirical 

formula definitions to obtain a set of valid molecular fragments. In this case, it is 
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necessary a new implementation to increase a distribution of the composition to be used 

for polymers analysis. The expert system may be also applied to the case of parallel 

decomposition reactions through the combination of valid fragments in only one weight 

loss. However, in its present form such analyses are not implemented. In addition, 

another limitation is concerned with the determination of fractional stequiometric 

indexes. Finally, the validation tests showed the viability of using the proposed 

methodology for interpreting thermogravimetric data. In addition, the computational 

cost is compatible with microcomputers. Accordingly, the system may be considered as 

a useful tool for the experimentalist in many thermogravimetric analyses. A new 

spectrofluorimetric method was developed for the determination of trace amounts of 

lecithin [74]. NF can form a binary complex with Tb3+, which emits a peak at 545 nm. 

Lecithin can combine with this NF–Tb3+ complex because of the phosphate radical, and 

can remarkably reduce its fluorescence intensity at k =545 nm. The reduction in the 

fluorescence intensity of the Tb3+ ion is proportional to the concentration of lecithin. 

This method has been successfully applied to the determination of serum samples. The 

interactions of manganese acetate, ferric chloride and cobalt sulphate with norfloxacin 

(NOR) in acetone or methanol were studied [75]. The isolated solid complexes were 

characterized by elemental analysis, infrared, electronic, mass spectra and thermal 

analysis. The results support the formation of complexes of the formula 

[Fe(NOR)3]Cl3.12H2O (Fig. 2-11) and [M(NOR)2]X2.8H2O (M=Mn(II) or Co(II) and 

X= (CH3COO-) or SO4
2- ) (Fig. 0-12). The infrared spectra of the isolated solid 

complexes suggested, indicated that NOR act as bidentate ligands through one of the 

oxygen atoms of the carboxylic group and the ring carbonyl oxygen atom. The 

interpretation, mathematical analysis and evaluation of kinetic parameters of 

thermogravimetric (TGA) and its differential (DTG), such as entropy of activation, pre-

exponential factors, activation energy evaluated by using Coats–Redfern and Horowitz–

Metzger equations for two complexes are carried out. General mechanisms describing 

the decomposition of the solid complexes are suggested. 

 
 

Fig. 0-6: Structure of [M(NOR)2]X2.8H2O 
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Fig. 0-7: Stucture of [Fe(NOR)3]Cl3.12H2O 

 

Simple, rapid, reliable, and sensitive spectrofluorometric methods were developed for 

the determination of eight quinolone antibacterials namely ciprofloxacin, norfloxacin, 

lomefloxacin, difloxacin, amifloxacin, pefloxacin, ofloxacin, and nalidixic acid [76]. 

The methods depend on the chelation of each of the studied drugs with zirconium, 

molybdenum, vanadium or tungsten to produce fluorescent chelates. Different factors 

affecting the relative fluorescence intensity of the resulting chelates were studied and 

optimised. At the optimum reaction conditions, the drug_/metal chelates showed 

excitation maxima ranging from 274 to 295 nm and emission maxima ranging from 409 

to 495 nm. The chelates were found to be stable at room temperature for 2 days and 

show good stability upon increasing temperature to 50 oC for about 1 h. Rectilinear 

calibration graphs were obtained in the range of 10-60 ng.ml-1 for each of the 

investigated drugs and the limits of detection and quantitation ranged from 1.214 to 

2.046 and from 4.047 to 6.819 ng ml-1, respectively. The molar ratios of the formed 

chelates were determined by Job’s method and their association constants were also 

calculated. The developed methods were applied successfully for the determination of 

the studied drugs in their pharmaceutical dosage forms with a good precision and 
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accuracy compared to official and reported methods as revealed by t - and F-tests. They 

were also applied for the determination of studied drugs in spiked urine and plasma 

samples. A reversed flow injection colorimetric procedure for determining iron(III) at 

the mg level was proposed [77]. It is based on the reaction between iron(III) with 

norfloxacin (NRF) in 0.07 mol l-1 ammonium sulfate solution, resulting in an intense 

yellow complex with a suitable absorption at 435 nm. Optimum conditions for 

determining iron(III) were investigated by univariate method. The method involved 

injection of a 150 ml of 0.04% w/v colorimetric reagent solution into a merged streams 

of sample and/or standard solution containing iron(III) and 0.07 mol l-1 ammonium 

sulfate in sulfuric acid (pH 3.5) solution which was then passed through a single bead 

string reactor. Subsequently the absorbance as peak height was monitored at 435 nm. 

Beer’s law obeyed over the range of 0.2-1.4 mg ml-1 iron(III). The method has been 

applied to the determination of total iron in water samples digested with HNO3:H2O2 

(1:9 v/v). Detection limit (3s) was 0.01 mg ml-1 the sample through of 86 h-1 and the 

coefficient of variation of 1.77% (n=12) for 1 mg ml-1 Fe(III) were achieved with the 

recovery of the spiked Fe(III) of 92.6-99.8%. Three novel complexes of norfloxacin 

(abbreviated as NFL), [M(NFL)iH2O)2]Cl3.6H20, (M =Fe, Co), and [Zn(NFL)2]CI2·  

7H2O, have been prepared [78]. The compounds were characterized by IR, UV-Vis, 

NMR spectra, molar conductivity, and elemental analyses. In all of the complexes, the 

ligand NFL was coordinated through two carboxyl oxygen atoms. Octahedral and 

tetrahegon geometries have been proposed for Fe(III)-, Co(II)-complexes and Zn(II)-

complex, respectively. In vitro test of susceptibility of Fe(III)- and Zn(II)-complexes 

showed stronger activity than that of norfloxacin against G(-) E.Coli and Bacillus 

dysenteriae bacteria. Norfioxacin, 1-ethyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl) 

-3-quinoline carboxylic acid (NORH), reacts with aluminium(III) ion forming the 

strongly fluorescent complex [Al(HNOR)]3+, in slightly acidic medium [79]. The 

complex shows maximum emission at 440 nm with excitation at 320 nm. The 

fluorescence intensity is enhanced upon addition of 0.5% sodium dodecylsulphate. 

Fluorescence properties of the Al-NOR complex were used for the direct determination 

of trace amounts of NOR in serum. The linear dependence of fluorescence intensity on 

NOR concentration, at a NOR to Al concentration ratio of 1: 10, was found in the 

concentration range 0.001-2 µg/ ml NOR with a detection limit of 0.1 ng/ ml. The 

ability of aluminium (III) ion to form complexes with NOR was investigated by 

titrations in 0.1 M Liel medium, using a glass electrode, at 298 K, in the concentration 

range: 2x10-4 ≤ [Al] ≤ 8x10-4; 5x10-4 
≤ [NOR] ≤ 9x10-4 mol/dm3; 2.8≤ pH ≤ 8.3. The 

experimental data were explained by the following complexes and their respective 

stability constants, log (β ± α): [Al(HNOR)], (14.60±0.05); [Al(NOR)], (8.83 ±0.08); 

[Al(OH)3(NOR)], ( -14.9±0.1), as well as several pure hydrolytic complexes of Al3+. 

The structure of the [Al(HNOR)] complex is discussed, with respect to its fluorescence 

properties. The dissociation and the complexation behaviours of four f1uoroquinolone 

antibiotics have been studied [80]. The acid dissociation constants of ciprofloxacin, 

Enoxacin, norfloxacin and ofloxacin were determined by conventional potentiometric 

and conductometric techniques. Increasing the Hammett substituent constant, the pKa 
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values were decreased. The absorption of floroquinolones in the intestinal tract are 

probably transported by pH-dependent mechanisms. It has been described a 

spectrophotometric study on the interaction between norfloxacin (NFX) and metal ions 

(AI3+, Mg2+ and Ca2+). Two buffers of pH 3.6 and 8.8 were used [81]. A shift in 

absorption maximum was observed and the stoichiometry of the complex was 

determined using the Job and molar ratio methods. The ratios were NFX: Al3+, 2: 1 and 

3: 1 for the NFX: Mg2+ complex. The formation of a complex with Al3+ enhanced the 

water solubility of the drug. Microbiological studies indicated decreased activity of 

norfloxacin in the presence of metal ions. Seven members (ciprofloxacin, enrofloxacin, 

norfloxacin, ofloxacin, lomefloxacin, pipemidic acid, and flumequine) of the popular 

fluoroquinolone antibacterial agents (FQs) were found to adsorb strongly to goethite 

with 50–76% of the added FQ adsorbed under the experimental conditions [82]. The 

adsorption isotherms fitted well to the Langmuir model. Adsorption was accompanied 

by slow oxidation of the FQs (except for flumequine) by goethite yielding a range of 

hydroxylated and dealkylated products. The oxidation kinetics showed different stages 

in reaction rate, mostly likely caused by accumulation of Fe(II) species on the oxide 

surface that slowed the reaction. Structurally related amines 1-phenylpiperazine, N-

phenylmorpholine, aniline, and N,N-dimethylaniline were found to be oxidized by 

goethite without significant adsorption. The results strongly indicate that the carboxylic 

group of FQs is critical for adsorption while the piperazine ring is susceptible to 

oxidation. A radical mechanism is proposed for the oxidation of FQs by goethite which 

involves formation of a surface complex between the FQ and surface-bound Fe(III) 

through adsorption, and initial oxidation at the piperazinyl N1 atom to form radical 

intermediates that ultimately lead to the final products. This study indicates that Fe 

oxides in aquatic sediments may well play an important role in the natural attenuation of 

fluoroquinolone antibacterial agents. A complex of magnesium(II) with the formula 

[Mg2(H2O)6(nfH)2]Cl4 .4H2O was isolated by the hydrothermal reaction [83]. It can be 

described as a 2:2 dimer in which the two magnesium ions are bridged by two oxygen 

atoms from carboxylate groups of the two norfloxacin molecules. Each magnesium ion 

is octahedrally coordinated with the oxygen atom of the quinolone carbonyl (Mg(1)-

O(1)=/1.997(2) A° ), one of the two oxygen atoms of the carboxylate (Mg(1)-O(2) = 

2.084(2), Mg(1)-O(2A)=/2.116(2) A° ) and water molecules. The coordination mode of 

carboxylate can be considered as a monodentate bridging type. A calcium complex, 

[Ca2(Cl)(nfH)6]Cl3.10H2O wasalso isolated by the hydrothermal reaction [84]. This 

complex is also a dimer, but the bridging group is a chloride ion. The coordination 

geometry around each calcium ion can best be described as a distorted pentagonal 

bipyramid. Three norfloxacin molecules act in a bidentate coordination mode through 

the oxygen atom of the quinolone carbonyl (Ca(1)-O=/2.384(2)-/2.413(2) A°) and one 

of the two oxygen atoms in the carboxylate moiety (Ca(1)-O=/2.383(3)-/2.395(3) A° 

).The chloride ion completes the seven-coordination around the calcium (Ca(1)-

Cl(1)=/2.862(9) A°). The crystal structure and characterization of the mixed ligand 

complex of copper(I), triphenyl phosphine and nfH, [Cu(PPh3)2(nfH)]ClO4, were 

published [85]. The copper ion displays a rather distorted tetrahedral geometry, being 
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linked to two nfH oxygens (Cu(1)-O(2)=/2.0763(18), Cu(1)-/O(1)=2.074(2) A°) and 

two phosphorus atoms of triphenylphosphine ligand (Cu(1)-/P(2)=/2.2389(8), Cu(1)-

/P(4)=/2.2472(8)A°). Two zinc/norfloxacin complexes, [Zn(nf)2].4H2O and 

[Zn(H2O)2(nfH)2](NO3)2 were isolated by hydrothermal synthesis [86]. The X-ray 

crystal structure of the first complex revealed that two nf anions are coordinated to the 

metal through ring carbonyl (Zn(1)-O(3)=2.095(3) A°) and one of the carboxylate 

oxygens (Zn(1)-O(2)=2.070(3) A°). Interestingly, the apical positions are occupied by 

two nitrogen atoms of piperazine rings (Zn(1)-N(1A)=2.253(3) A°), resulting in the 

formation of a 2-D square grid with a nanosized hydrophobic tube cavity, that could be 

very useful for host/guest chemistry. In the second complex, the chelate bonding of the 

quinolone oxygen atoms to the metal is similar as in the first complex (Zn(1)-

O(6)=2.057(3), Zn(1)-O(5)=2.028(3) A°), but the apical positions are occupied by two 

water molecules (Zn(1)-/O(3)=2.160(4)). The authors suggest that in a neutral or weakly 

basic solution, the nitrogen atom of the piperazine ring can take part in the coordination, 

while in the weakly acidic solution, this nitrogen is protonated and loses its coordination 

capacity. Authors also reported that both complexes show strong blue fluorescent 

emission and could be used as advanced materials for blue-light emitting diode devices. 

Four chloride ions are coordinated to the copper(II) ion, forming a rather distorted 

tetrahedron in(nfH3)(nfH2)[CuCl4]Cl.H2O [86]. There are two nonequivalent 

norfloxacin molecules in the asymmetric unit. In the first, the carbonyl O(1) and 

piperazine nitrogen N(24) are both protonated. In the second, only N(24) is protonated. 

There are distinctive layers of quinolone molecules in the structure, and the distances 

between aromatic rings in the neighboring layers are around 3.5 A°; thus, interactions 

between p-electronic systems are possible. The zinc compound 

(nfH3)(nfH2)[ZnCl4]Cl.H2O [86] is isotypic to the copper/norfloxacin compound. The 

zinc compound of cfH with the formula (cfH3)[ZnCl4].H2O [87] is also very similar to 

the zinc compound of norfloxacin. There are distinctive layers ofquinolone molecules in 

the structure which are crosslinked through extensive hydrogen bonding. The 

inspections of the bond lengths in the isolated ionic type complexes have revealed the 

following facts:  

� The quinolone molecules could be mono- or doubly protonated.  

� In monoprotonated species only the terminal nitrogen atom of piperazine ring is 

protonated.  

� In doubly protonated species additionally the ring carbonyl oxygen is 
protonated. If this is the case, this carbon/oxygen bond is substantially 
lengthened (1.30-1.33 A°). 

A new class of surfactant–cobalt(III) complex ions of the type, cis-

[Co(X)2(C14H29NH2)Cl]2+ (where X= ethylenediamine (en), or 2,2'-bipyridyl (bpy), or 

1,10-phenanthroline (phen)) and cis-[Co(trien) (C14H29NH2)Cl]2+ 

(trien=triethylenetetramine) were synthesized and characterized by IR, NMR, UV–

visible electronic absorption spectra, elemental analysis and metal analysis [88]. The 

critical micelle concentration (CMC) values of these surfactant–cobalt(III) complexes in 

aqueous solution were obtained from conductance measurements. Specific conductivity 

data (at 298, 308, 318 and 328 K) served for the evaluation of the temperature-
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dependent CMC and the thermodynamics of micellization (ΔG0m, ΔH0m and ΔS0m). 

Interactions between calf thymus DNA and the surfactant–cobalt(III) complexes in 

aqueous solution have been investigated by electronic absorption spectroscopy, 

emission spectroscopy and viscosity measurements. The electrostatic interactions, van 

der Waals interactions and/or partial intercalative binding have been observed in these 

systems. The surfactant–cobalt(III) complexes were screened for their antibacterial and 

antifungal activities against various microorganisms. The results were compared with 

the standard drugs, Ciprofloxacin and Fluconazole respectively. Nine coordination 

compounds of Cu(II) and Co(II) with Ciprofloxacin (HCp) and Enoxacin (HEx) as 

ligands have been prepared and characterized. Single crystal structural determinations of 

[Cu(HCp)2(ClO4)2].6H2O and [Co(HEx)2(Ex)]Cl.2CH3OH.12H2O are reported. The 

crystal composed of [Cu(HCp)2(ClO4)2] units with the two perchlorate anions 

semicoordinated, and uncoordinated water molecules. The copper ion, at a 

crystallographic inversion centre, is in a tetragonally distorted octahedral environment 

[89]. The structure of 4 consists of cationic monomeric [Co(HEx)2(Ex)]+ units, chloride 

anions, and uncoordinated methanol and water molecules. The complex is six-

coordinate, with a slightly distorted octahedral environment around the metal centre. 

Some complexes of ciprofloxacin and enoxacin were screened for their activity against 

several bacteria, showing activity similar to that of the corresponding free ligands. All 

compounds tested were more active against Gram-negative bacteria than against Gram-

positive bacteria. Ciprofloxacin hydrochloride and its complexes were more active than 

enoxacin and its complexes. In addition, the bactericidal studies against Staphylococcus 

aureus ATCC 25923 reveal that one complex exhibits the ‘‘paradoxical effect’’ 

(diminution in the number of bacteria killed at high drug concentration), which has been 

described and related to the mechanism of action of quinolones, but three other 

complexes do not, suggesting different mechanisms of bactericidal action. The ability of 

Cu(HCp)2(NO3)2 . 6H2O to cleave DNA has been determined (Fig. 0-13). The results 

show that the complex behaves as an efficient chemical nuclease with 

ascorbate/hydrogen peroxide activation. Mechanistic studies using different inhibiting 

reagents reveal that hydroxyl radicals are involved in the DNA scission process 

mediated by this compound. 

 
Fig. 0-8: Structure of Cu(HCp)2(NO3)2.6H2O 

 

The fluoroquinolone antibiotics, ofloxacin (OF), norfloxacin (NOR), and ciprofloxacin 

(CIP), can complex with Co2+ and ATP, which gives information concerning the 
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antibiotic nucleotide interaction [90]. From the fluorescence spectra and the UV 

absorption spectra, we can conclude that fluoroquinolone antibiotics can not directly 

complex with ATP but indirectly complex through cobalt(II), which plays an 

intermediary role. The interaction of fluoroquinolone antibiotics with a nucleotide 

appears to occur mainly through the phosphate group. Then we can deduce the 

interaction mechanism between the fluoroquinolone antibiotics and singlestranded 

DNA. This behaviour is of great importance with regard to the relevant biological role 

of these drugs in the human body. Some metal [Ca(lI), Co(II), Ni(II), Cu(II), Zn(II), Al 

(III) and Fe(III)] complexes of the quinolone family member (ciprofloxacin = cf) were 

studied by potentiometric and spectroscopic methods in solution, The results of EPR 

and polarographic methods are also included [91]. The titration curves for the metal ion-

-ciprofloxacin were evaluated by assuming all possible models, It was found that a lot 

of protonated complexes are formed before precipitation in the systems studied, The 

UV-vis results in the Cu(II)-cf system showed that in the more acidic region a 1 : 2 

complex is favoured, whereas a 1 : 2 complex prevailed at higher pH values, The 

coordination of the second ligand is somewhat more favoured than that of the first 

ligand, and it seems probable that the 1 : 1 complex is more distorted, Some ternary 

complexes [Cu(II)--cf-2,2'-bipyridyl, -glycine and -tyrosine] were studied as welL From 

the A log K value, it was deduced that the formation of the mixed ligand complex in the 

system Cu(II)--cf-2,2' -bipyridyl is favoured due to back-coordination. Reaction 

between the quinolone antibacterial agent ciprofloxacin (abbreviation cfH) and Co(II) in 

aqueous medium was studied [92]. The ability of ciprofloxacin to form metal complexes 

is highly dependent on the pH value of the solution. UV spectroscopy and solubility of 

ciprofloxacin. HCl were used to determine the optimal conditions for complex isolation 

in the pH region between 5 and 10, where the solubility of quinolones is very low. The 

isolated complex Co(cf)2.3H2O was characterized by elemental analysis, FAB-MS, TG 

analysis, IR spectroscopy and magnetic measurements. Cobalt K-edge EXAFS was used 

for the identification of the Co site in the complex (Fig. 0-14). 
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Fig. 0-9: Strucure of Co(cf)2.3H2O 

 

A new quinolone–metal complex was prepared by a hydrothermal reaction in the 

presence of L-histidine that served as a reducing agent for a metal [93]. The title 

compound [CuII(cfH)2(CuICl2)2] is a mixed-valence Cu(II)–Cu(I) complex, which 

contains two ciprofloxacin (cfH) molecules bonded to the central copper(II) atom and 

two almost planar [Cu(I)Cl2] moieties. Both metal centers are connected through two 

bridging atoms (chloride and quinolone oxygen). The electrochemical methods 

(differential-pulse polarography and cyclovoltammetric measurements) confirmed the 

presence of various copper–ciprofloxacin complex species in aqueous solution at low 

concentrations used in biological activity tests and also indicated that the equilibria in 

this system are very complex. The biological properties of the title compound and some 

previously isolated copper–ciprofloxacin complexes ([Cu(cfH)2Cl2].6H2O and 

[CuCl(cfH)(phen)]Cl.2H2O (phen = 1, 10-phenantroline) were determined and 

compared (Fig. 0-15). The DNA gyrase inhibition tests and antibacterial activity tests 

have shown that the effect of copper complexes is comparable to that of free quinolone, 

additionally, an interesting DNA cleavage activity. 

 

 



International E – Publication 
www.isca.me , www.isca.co.in 

International Science Congress Association 
32 

 

 
Fig. 0-10: Structure of [CuCl(cfH)(phen)]Cl.2H2O 

 

A novel mixed-ligand Cu(II) complex of ciprofloxacin and phenanthroline, is 

found to crystallize as a dimeric moiety containing monocationic and dicationic species 

[94]. Two such dimeric moieties are found in the same unit cell leading to a dicationic 

cluster. The higher negative redox potential for this cluster dampens its 

antimycobacterial activity against M. smegmatis (Fig. 0-16). 

 

 

Fig. 0-11: Cu(II) complex of ciprofloxacin (cfH). 
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The hydrothermal reaction of ciprofloxacin with Cu(BF4)2. 6H2O yields a copper 

complex having a molecular formula, (Cu(Cf)(BF4)2).6H2O (cf= ciprofloxacin) (Fig.  

0-17), which is characterized by spectroscopic and electrochemical measurements as 

well as single crystal X-ray studies [a = 9,1079(13), b = 9,6112(16),  c = 11,4542 (18), 

Ao, α = 90,518 (19), β= 99,160 (18), γ =93:315 (19), P1bar, Z = 1] [95]. The F2O4 donor 

atom set forms a (4 +  2) distorted octahedral geometry around the central copper atom; 

which has a highly facile copper redox couple ( 0.23 V). The copper conjugate exhibits a 

significant enhancement in the antitubercular activity probably arising out of its rapid 

intracellular reduction leading to oxygen activation, which is detrimental to the 

mycobacteria. 

 
Fig. 0-12: Structure of (Cu(Cf)(BF4)2).6H2O   

           

Several novel metal–quinolone compounds have been synthesized and 

characterized by analytical, spectroscopic and X-ray diffraction methods. The crystal 

structure of the four compounds, Na[(Cd(Cx)(Cd(Cx)(H2O)].12H2O, [Co(Cp)2(H2O) 

].9H2O. [Zn(Cp)2(H2O)2].8H2O and [Cd(HCp)(Cl)].4H2O, is presented and discussed: 

HCx=1-ethyl-1,4-dihydro-4-oxo(1,3)-dioxolo(4,5-g)cinnoline-3-carboxylic acid and 

HCp51-cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)-3-quinoline arboxylic 
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acid [96]. In all these compounds the quinolone acts as a bidentate chelate ligand that 

binds through one carboxylate oxygen atom and the exocyclic carbonyl oxygen atom. 

Complexes of ciprofloxacin were screened for their activity against several bacteria, 

showing activity similar to that of the ligand. In addition, the number of bacteria killed 

after 3 h of incubation with the ligand, [Co(Cp)2(H2O)].9H2O.Ni(Cp)2.10H2O and 

Cu(Cp)2.6H2O, was determined against S (Fig. 2-18), aureus. There is a direct 

relationship between the growth rate and the lethal rate. Against growing bacteria, the 

ligand is the most bactericidal and Cu(Cp)2.6H2O is the less bactericidal. On the 

contrary, against non-dividing bacteria, the complexes were more bactericidal than the 

ligand, with Cu(Cp)2.6H2O the most bactericidal compound. 
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Fig. 0-13: Structures of [Co(Cp) 2(H2O)].9H2O.Ni(Cp)2.10H2O and Cu(Cp)2.6H2O 

 

The thermal behaviour of ciprofioxacin, its hydrochloride and two copper(II) 

compounds of ciprofioxacin was studied by thermogravimetry (TG), differential 

scanning calorimetry (DSq, evolved gas analysis (EGA) and IR spectroscopy [97]. In all 

the compounds studied, profound differences in the carboxylic v(C=O) absorption were 

found after heating, which can be explained by the rearrangement of the hydrogen 

bonds. Reaction of the fiuoroquinolone antimicrobial ciprofioxacin with copper(II) 

nitrate in the presence of 2,2'-bipyridine resulted in the isolation of the complex 

[Cu(cip)(bipy)(CO0.7NO3)0.31(NO3).2H2O [98]. Reaction of an aqueous solution of 

ciprofioxacin.HCI and NaCl with CuCl2 at pH 5.0 resulted in the isolation of 

[Cu(cip)2]Cl2.11H2O (Fig. 2-19). The complex [Cu(cip)(bipy)(Cl)0.7(NO3)0.3] 

(NO3).2H2O crystallizes in the monoclinic space group P2 1/n, with a = 13.955(8), b = 

14.280(8), c= 14.192(6) A, α= 93.10(4)°, Z= 4 with R= 0.046. The selective broadening 

of resonances in the 13C-NMR spectrum of ciprofioxacin by the addition of Cu2+(aq) 

was employed to probe metal ion binding sites in the ligand. The protonation constants 

of norfioxacin and ciprofioxacin, and the formation constants with copper(II), were 

determined by potentiometric titrations at 25 oC. The additions of ciprofioxacin to metal 

to form ML and ML2 complexes exhibit stepwise formation constants of logK1 6.2 and 

logK2 11.1, respectively. 
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Fig. 0-14: Structure of [Cu(cip)(bipy)(Cl)0.7(NO3)0.3](NO3).2H2O 

 

Some metal [Ca(lI), Co(II), Ni(II), Cu(II), Zn(II), Al (III) and Fe(III)] complexes of the 

quinolone family member (ciprofloxacin = cf) were studied by potentiometric and 

spectroscopic methods in solution, The results of EPR and polarographic methods are 

also included [99]. The titration curves for the metal ion--ciprofloxacin were evaluated 

by assuming all possible models, It was found that a lot of protonated complexes are 

formed before precipitation in the systems studied, The UV-vis results in the Cu(II)-cf 

system showed that in the more acidic region a 1 : 1 complex is favoured, whereas a 1:2 

complex prevailed at higher pH values, The coordination of the second ligand is 

somewhat more favoured than that of the first ligand, and it seems probable that the 1 : 

1 complex is more distorted, Some ternary complexes [Cu(II)-cf-2,2'-bipyridyl, -glycine 

and -tyrosine] were studied as well From the A log K value, it was deduced that the 

formation of the mixed ligand complex in the system Cu(II)-cf-2,2' -bipyridyl is 

favoured due to back-coordination. The synthesis of the coordination compound 

[Cu(CF)Cl.6H2O is reported (Fig. 2-20). Its crystal structure is presented and discussed 

[100]. The title compound crystallizes in the triclinic space group Pi with a = 9.369(2), b 

= 9.57321, c = 11.206(2) A, (α = 87.37(2), β= 80.58 (2), γ = 86.25(2), V= 988.8 8, Z = 

1, and Dc = 1.520 gcm-3. A structure determination, using three-dimensional MoK, x-ray 

data, resulted in conventional R and Rw values of 0.0399 and 0.0988, respectively, for 

3495 unique reflexions for which I > 2 a(I). Refinement was based on F2. The copper 

atom at the center of inversion is surrounded in a plane by four oxygens (two of the 

carboxylate grouts, two of the carbonyl groups), the corresponding Cu-O distances are 

1.928(2) and 1.931(2) A, respectively. The two chlorine atoms are axially coordinated 

to Cu at larger distances than 2.688(2) A. The Cl atoms appeared to be disordered over 

three positions. The nearly planar moieties of Cu(CF), are packed parallel in the unit 

cell interconnected via hydrogen bonds of the type N-H.. .O, O-H.. . Cl and O-H….O. 

The results of other physical measurements (TG, FT-IR, and various analyses) are also 

included. 
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Fig. 0-15: Structure of [Cu(CF)Cl.6H2O complex. 

 

Ciprofloxacinium(1+) ciprofloxacinium(2+) tetrachlorocuprate(II) chloride hydrate, 

(cfH2)(cfH3)[CuCl]Cl.H2O, isolated and its structure was determined by X-ray 

crystallography [101]. This is a typical ionic compound with no direct bonds between 

the quinolone and metal. Both ciprofloxacin (cfH = 1-cyclopropyl-6-fluoro-1,4-dihydro-

4-oxo-7-(1-piperazinyl)-3-quinoline  arboxylic acid) molecules are nonequivalent and 

are protonated thus being unable to coordinate to the copper. The new complex has been 

characterised by intrinsic fluorescence emission and UV spectroscopy. The title 

compound as well as two previously isolated copper complexes, 

[Cu(cfH)(H2O)3]SO4.2HO, and [Cu(cfH)2]Cl26HO, (Fig. 2-21) were tested against the 

growth of various Gram positive and Gram negative microorganisms. Antimicrobial 

activities were evaluated using the agar diffusion test. Since ciprofloxacin alone has the 

ability to bind to DNA, the binding of a new compound has also been tested by UV 

spectroscopy. Our results reveal that (cfH2)(cfH3)[CuCl]Cl
.

H2O slightly thermally 

destabilise the linear double stranded DNA at pH 7.  
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Fig.  0-16: Sructure of (cfH2)(cfH3)[CuCl]Cl.H2 

 

A neutral dimeric copper conjugate of sparfloxacin (Fig. 2-22) and its phenanthroline 

adduct show considerable enhancement in their antiproliferative activities against 

hormone independent BT20 breast cancer cells [102]. 
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Fig. 0-17: Sparfloxacin CuII Complexes. 

 

Two iron(III) complexes of Ciprofloxacin were synthesized by reaction of the 

ligand with iron(III) chloride hexahydrate in different solutions [103]. The nature of 

bonding of the ligands and the structure of the isolated metal complexes were elucidated 

on the basis of their physical and spectroscopic studies (Fig. 2-23). The infrared spectra 

suggest that two classes of compounds were obtained: molecular complex in which the 

ligands were bidentately bonded to the metal through the ring carbonyl oxygen and one 

of the oxygen of the carboxylate group and the ionic complex consisting of a 

tetrachlorometalate ion which is electrostatically attached to the ligand. The 

antibacterial activities of the products against various microorganisms were tested and it 

was established that their activities were comparable with those of their parent drug. 

Toxicological studies were carried out in which therapeutic doses of the Ciprofloxacin 

drug and the metal complexes were administered to albino rats and the results showed 

that the metal complexes are not toxic. 
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Fig. 0-18: Iron(III) complexes of Ciprofloxacin. 

 

A vanadium complex [104] was prepared from a water solution of VOSO4 and 

cfH. The crystals were very unstable and contained a high amount of disordered water 

molecules, so the exact solution of the structure has not yet been possible. The tentative 

formula of the complex is [VO(cfH)2]SO4.10H2O with a typical chelate bonding of 

metal to 4-oxo and carboxylic oxygens of quinolone. The iron(III) complex with cfH 

and nitriloacetate (nta) as ligands, [Fe(cfH)(nta)].3.5H2O was isolated from water 

solutions of cfH.HCl, Fe(NO3)3 and nitrilo- triacetate (nta) (disodium salt) [105]. Dilute 

ammonia solution was used to adjust the pH to 7. The structure consists of a neutral 

[Fe(cfH)(nta)] complex and 3.5 water molecules. The iron is coordinated to the keto 

(Fe(1)-O(1)=1.942(8) A°) and the carboxylic oxygen (Fe(1)-O(2)=1.91(1) A°) of the 

cfH ligand to form a six-membered ring. The remaining four coordination sites are 

occupied by an nta ligand (Fe(1)-O(4)=2.037(9) A°, Fe(1)-O(6)=1.969(9) A°, Fe(1)-

O(8)=1.983(9) A°, Fe(1)-N(4)=2.21(1) A°). The piperazinyl ring of the cfH ligand is 

protonated on the external nitrogen (Fig. 2-24). 
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Fig. 0-19: Iron(III) complex with Ciprofloxacin. 

 

Two copper(II) complexes were prepared with cfH, two with cxH and one with 

ofloxacin. Additionally, five mixed ligand complexes were also isolated. Both copper-

cfH complexes were prepared from water solutions of cfH and copper(II) salts (chloride, 

sulphate). In the complex [Cu(cfH)2Cl2].6H2O the copper atom is positioned at the 

center of inversion and surrounded by four oxygen atoms, Cu(1)-O(1)=1.928(2) A° and 

Cu(1)-O(2)=1.931(2) A° [106]. The two chloride ions are axially coordinated to copper 

at longer distances (2.688(2) A°) and appear to be disordered over three positions. In the 

second complex of copper and cfH [Cu(cfH)(H2O)3]SO4.2H2O [107] (Fig. 2-25), only 

one molecule of quinolone is coordinated to the metal. The coordination environment 

around the central copper(II) ion in the structure is a slightly distorted square pyramid. 

Ciprofloxacin is bonded to the metal through a carbonyl atom (Cu-O(3)=1.939(1) A°) 

and a carboxylic atom (Cu-O(1)=1.915(2) A°). Two watermolecules are coordinated to 

copper in the basal plane (Cu-O(8)=1.972(2) A°) and (Cu-O(9)=1.989(2) A°).The apical 

water molecule is coordinated at a longer distance (Cu-O(10)=2.174(2) A°). 

 

 

 
 

Fig. 0-20: Copper(II) complexes with Ciprofloxacin. 
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The crystal structure of cerium(III) complex of cfH 

[Ce(cf)2(H2O)4]Cl(H2O)3.25(C2H5OH)0.25 was published [108]. The quinolone is again 

coordinated through 3-carboxyl and 4-keto oxygens and the coordination number of 

cerium is eight. In the magnesium adduct of cfH (cfH2)2[Mg(H2O)6](SO4)2.6H2O [109], 

magnesium is not bonded to the quinolone molecule. The quinolone is protonated at the 

terminal nitrogen atom of piperazine residue. The hydrogen atom of the carboxylic 

group is hydrogen bonded to the carbonyl oxygen atom, thus preventing the bonding of 

the metal to this part of the molecule. The magnesium ion is coordinated by six water 

molecules forming a [Mg(H2O)6]2 cation with a nearly regular octahedral geometry. 

This is the only example of a metal/quinolone ionic compound reported with the water 

molecules coordinated to the metal (Fig. 2-26). 

 
Fig. 0-21: Structure of (cfH2)2[Mg(H2O)6](SO4)2.6H2O 

 

Two bismuth(III) compounds of cfH have been prepared (cfH3)(cfH2)[BiCl6].2H2O and 

(cfH3)2[Bi2Cl10].4H2O [110]. In the former, one of the cfH molecules is protonated at 

carbonyl oxygen and the terminal nitrogen of the piperazine residue, whereas the other 

is protonated only at the latter nitrogen atom (Fig. 2-27). The charge of the isolated 

hexachlorobismuthate(III) anions is compensated by protonated cfH molecules. Due to 

their high charge, [BiCl6]
3- anions are not very common as the formation of polynuclear 

anions seems to be preferred [111-113]. In the latter compound Bi(III) ions are 

coordinated by chloride ions forming dinuclear [Bi2Cl10]
4- anions. Both quinolone 

molecules are doubly protonated in this compound. 

 
Fig. 0-22: Structure of (cfH3)(cfH2)[BiCl6].2H2O 
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The zinc compound (nfH3)(nfH2)[ZnCl4]Cl.H2O is isotypic to the copper/norfloxacin 

compound (see above). The zinc compound of cfH with the formula (cfH3)[ZnCl4].H2O 

[114] is also very similar to the zinc compound of norfloxacin. There are distinctive 

layers of quinolone molecules in the structure which are crosslinked through extensive 

hydrogen bonding. The complexation of  fluoroquinolone antimicrobials with various 

metal ions have been studied in aqueous solution (pD 2.5, 37°C) by 1H and 13C-NMR 

spectroscopy [115]. The compounds examined are levofloxacin, ciprofloxacin and 

lomefloxacin. In each drug, new signals have appeared by the addition of Al3+, 

suggesting that the complexes are formed between the drug and Al3+ and that the ligand 

exchange is slow on the NMR time scale. Solution structure of the major species in the 

presence of 2.0 mol equiv of Al3+ has been proposed based on the large downfield shifts 

of some specific protons. Signals of both the coordinated and free drugs have shown 

slight broadening at 90°C due to the enhanced rate in ligand dissociation process, 

though the coalescence phenomena are not observed even at this temperature. Thus, the 

complexes are supposed to be stable at the physiological condition. Titration 

experiments have revealed that the binding ability of levofloxacin toward Al3+ is much 

stronger than that of ciprofloxacin and lomefloxacin at pD 2.5. In contrast to the 

complexation with Al3+, the binding of these drugs with other metal ions such as Ca2+  

and Mg2+ is much weaker; NMR signals have shown no appreciable downfield shift by 

the addition of Ca2+ and Mg2+. Based on these results, it is concluded that the 

fluoroquinolone antimicrobials examined in the present study at pD 2.5 exist as stable 

complexes in the presence of Al3+ and the absorptivity of the drugs on oral 

administration could be affected by Al3+. 

Quinolones can bind several divalent metal ions, including Mg2 +, Ca2+ , Mn2+ , 

Fe2+ /3+ , Co2+ , Ni2+ , Cu2+ , Zn2+ , Cd2+ , and Al3+  [106] and may result in change in their 

activity. Mg2+  and Al3+  were found to decrease the activity of the drugs whereas Fe3+  

and Zn2+  complexes were found to exhibit higher activities. The crystal structures of the 

Ni2+  and Cu2+  complexes of cinoxacin and ciprofloxacin have been solved, in which the 

metals are found to bind to the a-carboxylketo moiety to form 1:2 metal-to-drug 

complexes. The complexes have a pseudo-axial symmetry with the two drug ligands 

bound symmetrically at the equatorial positions. The drug was also determined by 

means of crystallography to form a 1:3 Co2 + :drug3 complex. A few metal complexes 

(Fe3+ , Cu2+ , and Bi3+ ) of quinolones were prepared in acidic solutions, from which 

crystals were obtained and structures solved. However, the metal ions in these crystals 

do not bind directly to the drugs owing to protonation of the carboxylate group, which 

may not be relevant to the drug action under physiological conditions. The formation of 

M2+  (quinolone) (2,2 ́dipyridine) ternary complexes (M = Co(II), Ni(II), and Cu(II)) was 

observed by means of electrospray ionization and laser desorption mass spectroscopy. A 

recent theoretical study suggested that metal binding to these drugs is associated with 

the action of these drugs, and fluorescence quenching measurements indicate the 

presence of a stacking which has been suggested to be associated with the DNA 

intercalation capacities of the drugs and their Cu2+  complexes. 
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CHAPTER 3CHAPTER 3CHAPTER 3CHAPTER 3    

3-1- Analgesics Drugs 

An analgesic (also known as a painkiller) is any member of the group of 

used to relieve pain (achieve 

("without") and algos ("pain"). Analgesic drugs act 

and central nervous systems;

known in the US as acetaminophen), the 

(NSAIDs) such as the salicylates

narcotic properties such as 

to other medication determines the choice of agent; the WHO 

developed in cancer-related pain, i

manner [1]. The analgesic choice is also determined by the type of pain: for 

pain, traditional analgesics are less effective, and there is often benefit from classes of 

drugs that are not normally considered analgesics, such as 

anticonvulsants [2].  

 

 

 

Fig. 3-1: Structure of ibuprofen

 

Ibuprofen (pronounced from the now outdated nomenclature iso

propanoic-phenolic acid) is a 

marketed as Brufen, and since then under various other 

section), most notably Nurofen

arthritis, primary dysmenorrhea

inflammatory component. Ibuprofen is known to have an 

relatively mild and short

known antiplatelet drugs. Ibuprofen is a 

Organization's "Essential Drugs List

basic health care system

arm of Boots Group during the 1960s

with colleagues Stewart Adams, John Nicholson, Jeff Wilson & Co

patented in 1961. The drug was launched as a treatment for 

United Kingdom in 1969, and in the United States in 1974. Dr. Adams initially tested 

his drug on a hangover

awarded the Queen's Award for Technical Achievement

in 1987 [5].  
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An analgesic (also known as a painkiller) is any member of the group of 

(achieve analgesia). The word analgesic derives from Greek an

("without") and algos ("pain"). Analgesic drugs act in various ways on the 

nervous systems; they include paracetamol (para-acetylaminophenol, also 

known in the US as acetaminophen), the non-steroidal anti-inflammatory drugs

salicylates, narcotic drugs such as morphine, synthetic drugs with 

narcotic properties such as tramadol. In choosing analgesics, the severity and respon

to other medication determines the choice of agent; the WHO pain ladder

related pain, is widely applied to find suitable drugs in a stepwise 

. The analgesic choice is also determined by the type of pain: for 

, traditional analgesics are less effective, and there is often benefit from classes of 

drugs that are not normally considered analgesics, such as tricyclic 

 

Structure of ibuprofen. 

Ibuprofen (pronounced from the now outdated nomenclature iso

phenolic acid) is a non-steroidal anti-inflammatory drug (NSAID) originally 

marketed as Brufen, and since then under various other trademarks

Nurofen, Advil and Motrin. It is used for relief of symptoms of 

dysmenorrhea, fever, and as an analgesic, especially where there is an 

component. Ibuprofen is known to have an antiplatelet

relatively mild and short-lived when compared with that of aspirin

known antiplatelet drugs. Ibuprofen is a core medicine in the 

tial Drugs List", which is a list of minimum medical needs for a 

basic health care system [3]. Ibuprofen was derived from propionic acid

during the 1960s [4]. It was discovered by Andrew RM Dunlop, 

with colleagues Stewart Adams, John Nicholson, Jeff Wilson & Colin Burrows and was 

in 1961. The drug was launched as a treatment for rheumatoid arthritis

United Kingdom in 1969, and in the United States in 1974. Dr. Adams initially tested 

hangover. He was subsequently awarded an OBE in 1987. Boots was 

Queen's Award for Technical Achievement for the develo
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Non-steroidal anti-inflammatory drugs such as ibuprofen work by inhibiting the enzyme 

cyclooxygenase (COX), which converts arachidonic acid to prostaglandin H2 (PGH2). 

PGH2, in turn, is converted by other enzymes to several other prostaglandins (which are 

mediators of pain, inflammation, and fever) and to thromboxane A2 (which stimulates 

platelet aggregation, leading to the formation of blood clots). Like aspirin, indometacin, 

and most other NSAIDs, ibuprofen is considered a non-selective COX inhibitor—that 

is, it inhibits two isoforms of cyclooxygenase, COX-1 and COX-2. The analgesic, 

antipyretic, and anti-inflammatory activity of NSAIDs appears to be achieved mainly 

through inhibition of COX-2, whereas inhibition of COX-1 would be responsible for 

unwanted effects on platelet aggregation and the gastrointestinal tract [6]. However, the 

role of the individual COX isoforms in the analgesic, anti-inflammatory, and gastric 

damage effects of NSAIDs is uncertain and different compounds cause different degrees 

of analgesia and gastric damage [7].  

 

 
Fig. 3-2: Paracetamol  or acetaminophen. 

 

Paracetamol or acetaminophen is a widely used over-the-counter analgesic (pain 

reliever) and antipyretic (fever reducer). It is commonly used for the relief of fever, 

headaches, and other minor aches and pains, and is a major ingredient in numerous cold 

and flu remedies. In combination with non-steroidal anti-inflammatory drugs (NSAIDs) 

and opioid analgesics, paracetamol is used also in the management of more severe pain 

(such as postoperative pain) [8]. While generally safe for human use at recommended 

doses (1000 mg per single dose and up to 4000 mg per day for adults, up to 2000 mg per 

day if drinking alcohol [9], acute overdoses of paracetamol can cause potentially fatal 

liver damage and, in rare individuals, a normal dose can do the same; the risk is 

heightened by alcohol consumption. Paracetamol toxicity is the foremost cause of acute 

liver failure in the Western world, and accounts for most drug overdoses in the United 

States, the United Kingdom, Australia and New Zealand [9-12]. Paracetamol is derived 

from coal tar, and is part of the class of drugs known as “aniline analgesics”; it is the 

only such drug still in use today [13]. It is the active metabolite of phenacetin, once 

popular as an analgesic and antipyretic in its own right, but unlike phenacetin and its 

combinations, paracetamol is not considered to be carcinogenic at therapeutic doses 

[14]. The words acetaminophen (used in the United States, Canada and Hong Kong [15] 

and paracetamol (used elsewhere) both come from chemical names for the compound: 

para-acetylaminophenol and para-acetylaminophenol. In some contexts, it is simply 

abbreviated as APAP, for N-acetyl-para-aminophenol. 
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Acetanilide was the first aniline derivative serendipitously found to possess analgesic as 

well as antipyretic properties, and was quickly introduced into medical practice under 

the name of Antifebrin by A. Cahn and P. Hepp in 1886 [16]. But its unacceptable toxic 

effects, the most alarming being cyanosis due to methemoglobinemia, prompted the 

search for less toxic aniline derivatives. Harmon Northrop Morse had already 

synthesized paracetamol at Johns Hopkins University via the reduction of p-nitrophenol 

with tin in glacial acetic acid in 1877 [17, 18] but it wasn't until 1887 that clinical 

pharmacologist Joseph von Mering tried paracetamol on patients. In 1893, von Mering 

published a paper reporting on the clinical results of paracetamol with phenacetin, 

another aniline derivative [19]. Von Mering claimed that, unlike phenacetin, 

paracetamol had a slight tendency to produce methemoglobinemia. Paracetamol was 

then quickly discarded in favor of phenacetin. The sales of phenacetin established Bayer 

as a leading pharmaceutical company [20]. Overshadowed in part by aspirin, introduced 

into medicine by Heinrich Dreser in 1899, phenacetin was popular for many decades, 

particularly in widely advertised over-the-counter “headache mixtures,” usually 

containing phenacetin, an aminopyrine derivative or aspirin, caffeine, and sometimes a 

barbiturate. Paracetamol consists of a benzene ring core, substituted by one hydroxyl 

group and the nitrogen atom of an amide group in the para [21]. The amide group is 

acetamide (ethanamide). It is an extensively conjugated system, as the lone pair on the 

hydroxyl oxygen, the benzene pi cloud, the nitrogen lone pair, the p orbital on the 

carbonyl carbon, and the lone pair on the carbonyl oxygen are all conjugated. The 

presence of two activating groups also makes the benzene ring highly reactive toward 

electrophilic aromatic substitution. As the substituents are ortho, para-directing and para 

with respect to each other, all positions on the ring are more or less equally activated. 

The conjugation also greatly reduces the basicity of the oxygens and the nitrogen, while 

making the hydroxyl acidic through delocalisation of charge developed on the 

phenoxide anion. Paracetamol is usually classified along with nonsteroidal 

antiinflammatory drugs (NSAID), but is not considered one. Like all drugs of this class, 

its main mechanism of action is the inhibition of cyclooxygenase (COX), an enzyme 

responsible for the production of prostaglandins, which are important mediators of 

inflammation, pain and fever. Therefore, all NSAIDs are said to possess anti-

inflammatory, analgesic (anti-pain), and antipyretic (anti-fever) properties. The specific 

actions of each NSAID drug depend upon their pharmacological properties, distribution 

and metabolism [22]. [Ru2(dNSAID)4Cl] and novel [Ru2(dNSAID)4(H2O)2]PF6 

complexes, where dNSAID = deprotonated carboxylate from the non-steroidal anti-

inflammatory drugs (NSAIDs), respectively: ibuprofen, Hibp and aspirin, Hasp; 

naproxen, Hnpx and indomethacin, Hind, have been prepared and characterized by 

optical spectroscopic methods. All of the compounds exhibit mixed valent Ru2(II, III) 

cores where metal–metal bonds are stabilized by four drug-carboxylate bridging ligands 

in paddlewheel type structures [23] (Fig. 3-3). The diruthenium complexes and their 

parent NSAIDs showed no significant effects for Hep2 human larynx or T24/83 human 

bladder tumor. In contrast, the coordination of Ru2(II, III) core led to synergistic effects 

that increased significantly the inhibition of C6 rat glioma proliferation in relation to the 
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organic NSAIDs naproxen and ibuprofen. The possibility that the complexes Ru2-ibp 

and Ru2-npx may exert effects (anti-angiogenic and anti-matrix metalloprotease) that 

are similar to those exhibited by NAMI-A opens new horizons for in vivo C6 glioma 

model studies. 

 
 

Fig. 3-3: Ibuprofen Coordination mode. 

 

Diruthenium compounds of Hipb, Hasp, Hnpx and Hind NSAID drugs exhibited 

paddlewheel structures with mixed valent Ru2(II, III) cores containing metal–metal 

bonds stabilized by four drug-carboxylate bridging ligands. No significant effects were 

found for the complexes and their parent NSAIDs in the Hep2 human larynx or the 

T24/83 human bladder tumor. However, the coordination of the Ru2(II, III) core led to a 

synergistic effect that increased significantly the C6 rat glioma cell antiproliferative 

activity of naproxen and ibuprofen drugs. The development of novel drugs with marked 

effect on glioma cell proliferation, which are also potent inhibitors of COX2, is an 

important new avenue for future research related to the use of chemotherapy for glioma 

treatment. The possibility that the diruthenium complexes of ibuprofen and naproxen 

may exert effects (anti-angiogenic and antimatrix metalloprotease) that are similar to 

those exhibited by NAMI-A opens new horizons for in vivo C6 glioma model studies. 

Mesoporous silica (MS) was synthesised using amphiphilic PEO–PPO–PEO surfactant 

(Pluronic F127) [24]. This chemically stable matrix composed of micropores and 

mesopores was used as host system for two bactericidal zinc(II) complexes of distinct 

structure types. The composite materials were characterised by thermogravimetry 

(TGA), IR spectroscopy, X-ray diffraction (XRD), N2 adsorption, transmission electron 

microscopy (TEM) and scanning electron microscopy (SEM). Different loadings were 

achieved for the respective complexes. Their values were comparable with those 

obtained by incorporation of ibuprofen into MCM-41. The correlation of the results of 

XRD, nitrogen adsorption/desorption, X-ray structural analysis of the complexes and 

their interactions with the silica walls is discussed in the paper (Fig. 3-4). Finally, the 
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time dependence of the release of the complexes from the mesoporous system was 

investigated. 

 
 

Fig. 0-4: Ibuprofen complexes with Zn. 

 

SOD activity of the diaryl substituted heterocyclic COX-2 inhibitor, viz. oxaprozin [25], 

is synergistically enhanced upon copper conjugation compared to analogous copper 

compounds of established COX-1 inhibitors like aspirin and ibuprofen. A ‘‘paddle 

wheel’’ structure is reported for the dimeric copper complex of oxaprozin (Fig. 3-5). 

 
Fig. 0-5:  Dimeric copper complex of oxaprozin. 
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Three new vanadyl(IV) complexes with non-steroidal anti-inflammatory drugs, 

Ibuprofen, Naproxen, and Tolmetin, were synthesized and characterized by means of 

elemental analysis, UV–vis, diffuse reflectance and IR spectroscopies,as well as their 

magnetic behavior [26]. The biological activity of these vanadium compounds was 

tested on two osteoblast-like cells in culture through a proliferation bioassay. Neither 

Tolmetin nor Tol-VO af fected the UMR106 osteosarcoma cell growth. In non 

transformed cells, the complex inhibits cell proliferation in a manner dependent on the 

concentration. This effect was similar to that induced by VO(IV). Ibu-VO was a 

stimulatory agent at low concentrations for both cell lines. However, this complex was 

cytotoxic at high doses for MC3T3E1 cells. On the other hand, Nap-VO only stimulated 

MC3T3E1 growth at the lower doses tested without induction of proliferation in 

UMR106 cells. Above 50 mM, this complex was cytotoxic to both cell lines. 

Complexes of Zn(II), Cd(II) and Pt(II) metal ions with the anti-inflammatory drugs, 1-

methyl-5-(p-toluoyl)-1H-pyrrole-2-acetic acid (Tolmetin), a-methyl-4-(2-methylpropyl) 

benzeneacetic acid (Ibuprofen), 6-methoxy-a- ethylnaphthalene-2-acetic acid 

(Naproxen) and 1-(4-chlorobenzoyl)-5-methoxy-2-methyl-1H-indole-3-acetic acid 

(indomethacin) have been synthesized and characterized [27]. In the structurally 

characterized Cd(naproxen)2 complex the anti-inflammatory drug acts as bidentate 

chelate ligand coordinatively bound to metal ions through the deprotonated carboxylate 

group. Crystal data for [C32H26O8Cd], orthorhombic, space group P22121, a=5.693(2) 

(Ao), b= 8.760(3) (Ao), C= 30.74(1) (Ao), V=1533(1) Ao, Z= 2. Antibacterial and 

growth inhibitory activity is higher than that of the parent ligands or the platinum(II) 

diamine compounds (Fig. 3-6).  

 

 
 

Fig. 0-6: Ibuprofen Complexes with Cd. 

 

A synthetic investigation of copper(II) ibuprofenate (Ibup) (Fig. 3-7) addition 

compounds with 2,2' –bipyridine (bpy), I,IO-phenanthroline (phen) and 2,9-dimethyl-

I,10-phenanthroline (dmph) has led to the isolation of dinuclear adducts of the forms 

[Cu(lbup)2(bpy)2. 4H2O and [Cu(Ibup)2(phen)]2 and a mononuclear adduct 

Cu(lbup)2(dmph) [28]. Spectroscopic data for adducts are consistent with a dinuclear 

structure with two CuN2O2+O chromophors. Each copper is coordinated with two 
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ibuprofenate bridges, a terminal diimine molecule and a monodentate ibuprofenate 

group complete five-coordination at each metal atom. Spectroscopic data for adduct are 

consistent with a mononuclear structure having a much distorted squarepyramidal 

CuN2O2+O chromophore. The CuII atom is coordinated to two nitrogen atoms from a 

chelating dmph ligand, two carboxylic oxygens of a bidentate ibuprofenate ion and an 

oxygen atom of a monodentate carboxylic group of a second ibuprofenate ion. The 

reduction of adduct by ascorbic acid produced stable red copper(I) complex of the form 

[Cu(dmp)2] (Ibup). Spectral data of this adduct indicated that the cation has distorted 

tetrahedral geometry about the copper atom. The effect of adducts on the rate of 

hydrolysis of bis(p-nitrophenyl) phosphate (BNPP) have been examined in aqueous 

methanol solution at 70e and pH 7.4. 

 

 

 
 

Fig. 0-7: Copper(II) ibuprofenate Complexes. 

 

The preparation of dimolybdenum(I1) complexes with tilt drug ibuprofen has 

been investigated (Fig. 3-8). The compound [Mo2(R-C13H17O2-(S- C13H17O2 ] has been 

structurally characterized [29]. It crystallizes in the monoclinic space group P21/c, with 

unit cell dimensions a = 5.5307( 6) Ao, b = 30.634(5) Ao, c= 15.234(2) Ao, β= 91.87( 

8)°, V= 2579.8(6)Ao, Z= 2. The asymmetric unit consists of half of the molecule which 

resides on a crystallographic inversion center. The configurations of the four chiral 

ligands around the dimetal unit follow the cyclic order RRSS. The Mo--Mo distance is 

2.085(2) Ao. 
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Fig. 0-8: Dimolybdenum(II) complexes with ibuprofen. 

 

Two mononuclear coppenII) ibuprofenate adducts with imidazole or 2-

methylimidazole and two binuclear coppenII) ibuprofenate adducts with metronidazole 

or caffeine have been prepared and characterized [30]. Elemental analyses, UV -VIS, 

IR, EPR, and magnetic moment data for imidazole or 2-methylimidazole adducts are 

consistent with mononuclear square planar complexes that contain two ibuprofenato 

ligands and two N-containing imidazole ligands to give essentially a CuO2N2 

chromophore. The above data for metronidazole or caffeine adducts are consistent with 

a binuclear structure as found for copperII) acetate monohydrate and other coppenII) 

carboxylate dimers. In these complexes four carboxylate groups are bridging two 

coppenIl) atoms, and two added bases coordinated at axial positions to form CuO4N 

chromophore around each copper. The catecholase-mimetic catalytic activities of the 

complexes have been determined by monitoring the formation of o-quinone from 

catechol. The catalytic activities of the mononuclear complexes are lower than those of 

the binuclear copperII) ibuprofenate or its metronidazole or caffeine mono-adducts. 

Tridendate ligands have been derived from the amino acids lysine, methionine, 

methionine sulfoxide, and homomethionine by dimethylation at nitrogen and reduction 

of the carboxyl group followed by substitution of hydroxyl by the diphenylphosphino 

group [31]. These ligands are effective in promoting the Nio or Pdo catalyzed cross 

coupling of the Grignard reagent of l-chloro-1-phenylethane with vinyl bromide. The 

enantiomeric excesses found for coupling product formed in the presence of these 

ligands exceed those expected on the grounds solely of a steric effect of the amino acid 

side chain. A special effect of the heteroatom in the side chain is indicated. X-ray 

diffraction studies of the PdCl, complexes of the ligands derived from methionine and 

homomethionine confirm the expected coordination of the transition metal atom by the 
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phosphino and amino centers and reveal that there is no significant ligation of sulfide in 

these dipositive cations.  

Complexes of Paracetamol with various metal ions such as, Cu(II), Zn(II) or 

Fe(II) ions of ratio 2:1, respectively (Fig. 3-9), have been prepared and their 

structurehas been confirmed by elemental analysis, atomic absorption spectra, IR 

spectra and 1H-NMR spectra and finally it can be concluded that the structure of the 

complexes has C2h point group symmetry in which two PA molecules are chelated to 

any one of the metal ions, Cu(II), Zn(II) and Fe(II) ions [32]. 

 

 
 

Fig. 3-9: Structure of PAracetamole complexes. 

 

The kinetics of the oxidation of ruthenium(III)- and osmium(VIII)-catalysed 

oxidation of paracetamol by diperiodatoargentate(III) (DPA) in aqueous alkaline 

medium at a constant ionic strength of 0.10 mol dm-3 was studied 

spectrophotometrically [33]. The reaction between DPA and paracetamol in alkaline 

medium exhibits 2:1 stoichiometry in both catalysed reactions (DPA:PAM) (Fig. 3-10). 

The main products were identified by spot test, IR, NMR and GC–MS. Probable 

mechanisms are proposed and discussed. The activation parameters with respect to the 

slow step of the mechanism are computed and discussed and thermodynamic quantities 

are also calculated. It has been observed that the catalytic efficiency for the present 

reaction is in the order of Os(VIII) > Ru(III). The active species of catalyst and oxidant 

have been identified. 
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Fig. 3-10: Structure of Ru and Os Paracetamol complexes. 

 

The comparative study of Ru(III)- and Os(VIII)-catalysed oxidation of paracetamol by 

diperiodatoargentate(III) was studied. Oxidation products were identified. Among 

various species of Ag(III) in alkaline medium, monoperiodatoargentate(III) is 

considered to be the active species for the title reaction. The active species of Ru(III) is 

found to be [Ru(H2O)5OH]2+ and that for Os(VIII) is [OsO4(OH)2]2-. Activation 

parameters were evaluated for both catalysed and uncatalysed reactions. Catalytic 

constants and the activation parameters with reference to the catalyst were also 

computed. The catalytic efficiency is Ru(III) < Os(VIII). Elena V. Boldyreva 

summarized experimental X-ray diffraction and IR-spectroscopic data on the effect of 

pressure on a number of molecular and ionic-molecular crystals: monoclinic (I) and 

orthorhombic (II) polymorphs of paracetamol, fenacetin, monoclinic (a) and trigonal (g) 

polymorphs of glycine, p-benzoquinone, Co(III)-nitro- and nitrito-pentaammine 

complexes, and sodium oxalate [34]. Special attention is paid to the role of 

intermolecular interactions, in particular hydrogen bonds, in the anisotropy of structural 

distortion (Fig. 3-11). For several compounds, the distortions induced by high-pressure 

and low-temperature are compared. 
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Fig. 3-11: Packing diagram of some Paracetamol complexes.  

 

Pressure-induced polymorphic transitions attract much more attention than 

continuous structural changes in the same polymorph. However, the latter can also be 

valuable not only to predict the direction of a polymorphic transformation and to 

understand its mechanism but also to find parameters characterizing intermolecular 

interactions in crystals, in particular hydrogen bonds of various types [35]. This 

information can find various applications, ranging from crystal engineering, polymorph 

prediction and solid-state reactivity to the prediction of secondary and ternary structures 

of biopolymers and their response to various external actions. 

It was found that polyvinylpyrrolidone (PVP) is an effective additive during 

crystallization of paracetamol and significantly influenced the crystallization and crystal 

habit of paracetamol [36]. These effects were attributed to adsorption of PVP onto the 

surfaces of growing crystals. It was found that the higher molecular weights of PVP 

(PVP 10 000 and PVP 50 000) were more effective additives than lower molecular 

weight PVP (PVP 2000). Paracetamol particles obtained in the presence of 0.5% w:v of 

PVP 10 000 or PVP 50 000 had near spherical structure and consisted of numerous rod-

shaped microcrystals which had agglomerated together. Particles obtained in the 

presence of PVP 2000 consisted of fewer microcrystals. Differential scanning 

calorimetry (DSC) and X-ray powder diffraction (XPD) experiments showed that 

paracetamol particles, crystallized in the presence of PVP, did not undergo structural 

modifications. By increasing the molecular weight and: or the concentration of PVP in 

the crystallization medium the amount of PVP incorporated into the paracetamol 

particles increased. The maximum amount of PVP in the particles was 4.32% w:w. 

After a large drug scanning [36], the system Luminol–H2O2–Fe(CN)6
3-  is proposed for 

first time for the indirect determination of paracetamol. The method is based on the 
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oxidation of paracetamol by hexacyanoferrate (III) and the subsequent inhibitory effect 

on the reaction between luminol and hydrogen peroxide. The procedure resulted in a 

linear calibration graph over the range 2.5–12.5 mg ml-1 of paracetamol with a sample 

throughput of 87 samples h-1. The influence of foreign compounds was studied and, the 

method was applied to determination of the drug in three different pharmaceutical 

formulations. 
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CHAPTER CHAPTER CHAPTER CHAPTER 4444    

4-1- Anti-rheumatic Drugs

Antirheumatic drugs are drugs used to treat 

arthritis is a progressive form of arthritis that has devastating effects on joints and 

general health. It is classified as an auto

by the body's own immune system acting against the body itself. Sym

painful, stiff, swollen joints, 

has been a change in attitude concerning the treatment of rheumatoid arthritis. 

Physicians now use Disease Modifying Anti

history of the disease and are less inclined to wait for crippling stages before resorting to 

the more potent drugs. Fuller understanding of the side

inflammatory drugs (NSAIDs) has also stimulated reliance on other types of 

antirheumatic drugs. The major classes of antirheumatic drugs include: Nonsteroidal 

Anti-Inflammatory Drugs (NSAIDs. Drugs belonging to this class bring symptomatic 

relief of both inflammation and 

and cartilage loss associated with rheumatoid arthritis. They act by slowing the body's 

production of prostaglandi

Advil), naproxen (Naprosyn, Aleve) and indomethacin (Indocin). These drugs are very 

powerful antiinflammatory agents. They are the synthetic analogs of cortisone, 

produced by the body. Corticosteroids

activity of the immune system. The most commonly prescribed are prednisone and 

dexamethasone. Disease Modifying Anti

influence the disease process itself and do not only treat s

DMARDs also have anti

treatment of other diseases, such as 

chloroquine (Aralen) and hydroxychloroquine (Plaquenil). Powerful DMARDs include: 

methotrexate (Rheumatrex), sulfasalazine, cyclosporine, azathioprine (Imuran) and 

cyclophosphamide (Cytoxan), azathioprine, sulfasalazine, penicillamine, and organic 

gold compounds such as aurothioglucose (Solganol), gold sodium thiomalate (Aurolate) 

and auranofin (Ridaura).

special class of DMARDs and

quickly apparent as that of the NSAIDs. Examples are hydroxychloroquine and 

aurothioglucose [1]. 

Fig. 4-1: Diclofenac structure
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rheumatic Drugs 

Antirheumatic drugs are drugs used to treat rheumatoid arthritis

arthritis is a progressive form of arthritis that has devastating effects on joints and 

general health. It is classified as an auto-immune disease, because the disease is caused 

by the body's own immune system acting against the body itself. Sym

painful, stiff, swollen joints, fever, fatigue, and loss of appetite. In recent years, there 

has been a change in attitude concerning the treatment of rheumatoid arthritis. 

hysicians now use Disease Modifying Anti-Rheumatic Drugs (DMARDs) early in the 

history of the disease and are less inclined to wait for crippling stages before resorting to 

the more potent drugs. Fuller understanding of the side-effects of non

inflammatory drugs (NSAIDs) has also stimulated reliance on other types of 

The major classes of antirheumatic drugs include: Nonsteroidal 

Inflammatory Drugs (NSAIDs. Drugs belonging to this class bring symptomatic 

h inflammation and pain, but have a limited effect on the progressive bone 

and cartilage loss associated with rheumatoid arthritis. They act by slowing the body's 

production of prostaglandins. Common NSAIDs include: ibuprofen (Motrin, Nuprin or 

Advil), naproxen (Naprosyn, Aleve) and indomethacin (Indocin). These drugs are very 

powerful antiinflammatory agents. They are the synthetic analogs of cortisone, 

produced by the body. Corticosteroids are used to reduce inflammation and suppress 

activity of the immune system. The most commonly prescribed are prednisone and 

Disease Modifying Anti-Rheumatic Drugs (DMARDs). DMARDs 

influence the disease process itself and do not only treat symptoms, hence their name. 

DMARDs also have anti-inflammatory effects, and most were borrowed from the 

treatment of other diseases, such as cancer and malaria. Antimalarials DMARDs include 

chloroquine (Aralen) and hydroxychloroquine (Plaquenil). Powerful DMARDs include: 

methotrexate (Rheumatrex), sulfasalazine, cyclosporine, azathioprine (Imuran) and 

toxan), azathioprine, sulfasalazine, penicillamine, and organic 

gold compounds such as aurothioglucose (Solganol), gold sodium thiomalate (Aurolate) 

and auranofin (Ridaura). Slow-Acting Antirheumatic Drugs (SAARDs). SAARDs are a 

special class of DMARDs and the effect of these drugs is slowing acting and not so 

quickly apparent as that of the NSAIDs. Examples are hydroxychloroquine and 

 
structure. 

rheumatoid arthritis. Rheumatoid 

arthritis is a progressive form of arthritis that has devastating effects on joints and 

immune disease, because the disease is caused 

by the body's own immune system acting against the body itself. Symptoms include 

In recent years, there 

has been a change in attitude concerning the treatment of rheumatoid arthritis. 

Rheumatic Drugs (DMARDs) early in the 

history of the disease and are less inclined to wait for crippling stages before resorting to 

effects of non-steroidal anti-

inflammatory drugs (NSAIDs) has also stimulated reliance on other types of 

The major classes of antirheumatic drugs include: Nonsteroidal 

Inflammatory Drugs (NSAIDs. Drugs belonging to this class bring symptomatic 

, but have a limited effect on the progressive bone 

and cartilage loss associated with rheumatoid arthritis. They act by slowing the body's 

ns. Common NSAIDs include: ibuprofen (Motrin, Nuprin or 

Advil), naproxen (Naprosyn, Aleve) and indomethacin (Indocin). These drugs are very 

powerful antiinflammatory agents. They are the synthetic analogs of cortisone, 

are used to reduce inflammation and suppress 

activity of the immune system. The most commonly prescribed are prednisone and 

Rheumatic Drugs (DMARDs). DMARDs 

ymptoms, hence their name. 

inflammatory effects, and most were borrowed from the 

. Antimalarials DMARDs include 

chloroquine (Aralen) and hydroxychloroquine (Plaquenil). Powerful DMARDs include: 

methotrexate (Rheumatrex), sulfasalazine, cyclosporine, azathioprine (Imuran) and 

toxan), azathioprine, sulfasalazine, penicillamine, and organic 

gold compounds such as aurothioglucose (Solganol), gold sodium thiomalate (Aurolate) 

Acting Antirheumatic Drugs (SAARDs). SAARDs are a 

the effect of these drugs is slowing acting and not so 

quickly apparent as that of the NSAIDs. Examples are hydroxychloroquine and 
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Diclofenac Fig. 4-1, (marketed as Voltaren and under a number of other trade 

names, see below) is a non-steroidal anti-inflammatory drug (NSAID) taken to reduce 

inflammation and as an analgesic reducing pain in conditions such as arthritis or acute 

injury. It can also be used to reduce menstrual pain, dysmenorrhea. The name is derived 

from its chemical name: 2-(2,6-dichloranilino)phenylacetic acid. Diclofenac originated 

from Ciba-Geigy (now Novartis) in 1973 [2]. Diclofenac was first introduced in the UK 

in 1979 [3,4]. The exact mechanism of action is not entirely known, but it is thought 

that the primary mechanism responsible for its anti-inflammatory, antipyretic, and 

analgesic action is inhibition of prostaglandin synthesis by inhibition of cyclooxygenase 

(COX) and it appears to inhibit DNA synthesis [5, 6]. Inhibition of COX also decreases 

prostaglandins in the epithelium of the stomach, making it more sensitive to corrosion 

by gastric acid. This is also the main side effect of diclofenac. Diclofenac has a low to 

moderate preference to block the COX2-isoenzyme (approximately 10-fold) and is said 

to have therefore a somewhat lower incidence of gastrointestinal complaints than noted 

with indomethacin and aspirin. The action of one single dose is much longer (6 to 8 

hours) than the very short half-life that the drug indicates. This could partly be due to a 

particular high concentration achieved in synovial fluids [5]. Diclofenac may also be a 

unique member of the NSAIDs. There is some evidence that diclofenac inhibits the 

lipoxygenase pathways, thus reducing formation of the leukotrienes (also pro-

inflammatory autacoids). There is also speculation that diclofenac may inhibit 

phospholipase A2 as part of its mechanism of action. These additional actions may 

explain the high potency of diclofenac – it is the most potent NSAID on a broad basis. 

There are marked differences among NSAIDs in their selective inhibition of the two 

subtypes of cyclo-oxygenase, COX-1 and COX-2. Much pharmaceutical drug design 

has attempted to focus on selective COX-2 inhibition as a way to minimize the 

gastrointestinal side effects of NSAIDs like aspirin. In practice, use of some COX-2 

inhibitors due to their adverse effects has led to massive numbers of patient family 

lawsuits alleging wrongful death by heart attack, yet other significantly COX-selective 

NSAIDs like diclofenac have been well-tolerated by most of the population [6]. 

Besides the well-known and often cited COX-inhibition, a number of other 

molecular targets of diclofenac have recently been identified which could contribute to 

its pain-relieving actions. These include: 

Blockade of voltage-dependent sodium channels (after activation of the channel, 

diclofenac inhibits its reactivation also known as phase inhibition. Blockade of acid-

sensing ion channels (ASICs). Positive allosteric modulation of KCNQ- and BK-

potassium channels (diclofenac opens these channels, leading to hyperpolarization of 

the cell membrane). 

 



Fig. 4-2: Indomethacin structure

 
Indometacin Fig. 

commonly used to reduce 

production of prostaglandins

under many trade names, including Indocin, Indocid, Indochron E

Indomethacin has also been used clinically to delay 

fluid in polyhydramnios

drug with many serious side effects and should not be considered an analgesic for minor 

aches and pains or fever. The drug is more potent than 

analgesic. In mild to moderate pain a standard oral dose of indomethacin proved as 

effective as 600 mg aspiri

approved for use in the U.S. by the 

mechanism of action, along with several other NSAIDs that inhibit COX, was described 

in 1971 [8].  

Indomethacin is a nonselective inhibitor of 

enzymes that participate in prostaglandin synthesis from 

Prostaglandins are hormone

have a wide variety of effects, some of which lead to pain, fever, and inflammation. 

Prostaglandins also cause 

effective tocolytic agent, able to delay premature labor by reducing uterine contractions 

through inhibition of PG synthesis in the uterus and possibly through 

blockade [9]. 

Indomethacin has two additional modes of actions with clinical importance:

inhibits motility of polymorphonuclear leukocytes, similar to 

oxidative phosphorylation in cartilaginous (and hepatic) mitochondria, like salicylates. 

These additional effects account as well for the analgesic and the anti

properties. Indomethacin readily crosses the 

production to treat polyhydramnios. It does so by reducing renal blood flow and 

increasing renal vascular resistance, possibly by enhancing the effects of 

the fetal kidneys. 

Copper(II) complexes of diclofenac with interesting anti

been prepared and studied by infrared and electronic spectroscopy. In the solid state and 

in polar and coordinating solvents, all the complexes 

bridged complexes, [Cu(L)
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structure. 

Fig. 4-2, or indomethacin is a non-steroidal anti-

commonly used to reduce fever, pain, stiffness, and swelling. It works by inhibiting the 

prostaglandins, molecules known to cause these symptoms. It is marketed 

under many trade names, including Indocin, Indocid, Indochron E-R, and Indocin

Indomethacin has also been used clinically to delay premature labor

ios, and to close patent ductus arteriosus. Indomethacin is a potent 

drug with many serious side effects and should not be considered an analgesic for minor 

ches and pains or fever. The drug is more potent than aspirin, but is not a better 

analgesic. In mild to moderate pain a standard oral dose of indomethacin proved as 

mg aspirin. Indomethacin was discovered in 1963 

approved for use in the U.S. by the Food and Drug Administration

action, along with several other NSAIDs that inhibit COX, was described 

Indomethacin is a nonselective inhibitor of cyclooxygenase

enzymes that participate in prostaglandin synthesis from 

hormone-like molecules normally found in the body, where they 

have a wide variety of effects, some of which lead to pain, fever, and inflammation. 

Prostaglandins also cause uterine contractions in pregnant women. Indomethacin is an 

effective tocolytic agent, able to delay premature labor by reducing uterine contractions 

through inhibition of PG synthesis in the uterus and possibly through 

Indomethacin has two additional modes of actions with clinical importance:

inhibits motility of polymorphonuclear leukocytes, similar to colchicine

oxidative phosphorylation in cartilaginous (and hepatic) mitochondria, like salicylates. 

These additional effects account as well for the analgesic and the anti

properties. Indomethacin readily crosses the placenta, and can reduce 

production to treat polyhydramnios. It does so by reducing renal blood flow and 

increasing renal vascular resistance, possibly by enhancing the effects of 

Copper(II) complexes of diclofenac with interesting anti-inflammatory profiles have 

been prepared and studied by infrared and electronic spectroscopy. In the solid state and 

in polar and coordinating solvents, all the complexes are solvated binuclear carboxylato

bridged complexes, [Cu(L)2(S)]2, where L is monodeprotonated diclofenac and S is the 

-inflammatory drug 

. It works by inhibiting the 

, molecules known to cause these symptoms. It is marketed 

R, and Indocin-SR. 

premature labor, reduce amniotic 

. Indomethacin is a potent 

drug with many serious side effects and should not be considered an analgesic for minor 

, but is not a better 

analgesic. In mild to moderate pain a standard oral dose of indomethacin proved as 

 [7] and it was first 

Food and Drug Administration in 1965. Its 

action, along with several other NSAIDs that inhibit COX, was described 

cyclooxygenase (COX) 1 and 2, 

enzymes that participate in prostaglandin synthesis from arachidonic acid. 

like molecules normally found in the body, where they 

have a wide variety of effects, some of which lead to pain, fever, and inflammation. 

in pregnant women. Indomethacin is an 

effective tocolytic agent, able to delay premature labor by reducing uterine contractions 

through inhibition of PG synthesis in the uterus and possibly through calcium channel 

Indomethacin has two additional modes of actions with clinical importance: It 

colchicine. It uncouples 

oxidative phosphorylation in cartilaginous (and hepatic) mitochondria, like salicylates. 

These additional effects account as well for the analgesic and the anti-inflammatory 

, and can reduce fetal urine 

production to treat polyhydramnios. It does so by reducing renal blood flow and 

increasing renal vascular resistance, possibly by enhancing the effects of vasopressin on 

inflammatory profiles have 

been prepared and studied by infrared and electronic spectroscopy. In the solid state and 

are solvated binuclear carboxylato-

, where L is monodeprotonated diclofenac and S is the 
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axially bonded solvent [10]. The effect of the copper(II) complexes on the in vitro DNA 

strand breakeage was studied by agarose gel electrophoresis. Relaxation or double 

stranded scissions of pDNA were observed leading to the formation of linear pDNA. 

Treatment of pDNA with high concentrations of these compounds caused a 

disappearance of pDNA. For the parent drug, sodium diclofenac, no effect on the pDNA 

was observed. This study presents some indications that the binuclear copper(II) 

complexes, [Cu(L)2(S)]2, could have some relevance in the treatment of tumor cell lines 

(Fig. 4-3). 

 
 

Fig. 4-3: Diclofenac Complexation Mode. 

 

Trans-[Co(en)2(NO2)2]X complexes, where X¼C12H25SO4, C6H2N3O7, C14H10Cl2NO2 

and C7H4NSO3, have been synthesized by slowly mixing aqueous solutions of trans-

dinitrobis(ethylenediamine)cobalt(III) nitrate and sodium dodecyl sulfate, picrate, 

diclofenac and saccharinate, respectively, at a 1 : 1 mol ratio [11]. Good crystals of 

trans-dinitrobis (ethylenediamine)cobalt(III) saccharinate monohydrate, 

[Co(en)2(NO2)2](C7H4NSO3).H2O, were obtained. The salt is orthorhombic, space group 

P21212, with a=21.553(2), b=8.503(1), c=10.238(1)A˚ , Z=4, V¼1876.3(3)A˚3, 

R1=0.0286 and wR2=0.0727. A structure determination revealed an ionic structure 

consisting of discrete [Co(en)2(NO2)2]  cations and [C7H4SO3N]– anions. 

In the exploration of cationic cobaltammine [trans-Co(en)2(NO2)2]
+ as an anion receptor 

[12], binding with oxoanions diclofenac and chlorate ions has been investigated. Yellow 

crystals of [trans-Co(en)2(NO2)2]C14H10Cl2NO2. 2H2O, and [trans-Co(en)2(NO2)2]ClO3, 

have been obtained from a mixture of trans-[bis(ethylenediamine) dinitrocobalt(III)] 

nitrate solution with sodium diclofenac and sodium chlorate, respectively (Fig. 4-4), in 

aqueous medium. The products were characterised by elemental analyses, IR, UV/vis, 
1H and 13C-NMR spectroscopy. Single crystal X-ray structure determinations revealed 

that electrostatic forces of attraction besides second sphere hydrogen bonding 

interactions stabilize the crystal lattice. Oxygen atoms of the halate and carboxylate 

group in diclofenac ions act as hydrogen bond acceptors thereby forming N-Hen.......O 
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bonds. The results show that [trans-Co(en)2(NO2)2]
+ is a promising anion receptor for 

the weakly coordinating halate and diclofenac ions in aqueous medium. Solubility 

measurements indicate that the affinity of cationic cobaltammine [trans-Co(en)2(NO2)2]
+ 

is greater for diclofenac than for the chlorate ion. 

 

 

 
Fig. 4-4: Anion receptor of cationic cobaltammine [trans-Co(en)2(NO2)2]

+
  

 

The structure of the centro symmetric dimeric copper(II) title compound, 

[Cu2(C14H10Cl4NO2)4(C3H6O).C2H4O (Fig. 4-5), has peen determined and compared 

with the structures of analogous O-bridged Cu II dimmers [13]. Polarographic 

experiments on aqueous solutions containing a mixture of the Cu II ion and diclofenac 

have been used to detennine both the formation constant [1(1)x108] and the solubility 

product [2(1)x10-12] of the complex. 
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Fig. 4-5: Structure of [Cu2(C14H10Cl4NO2)4(C3H6O).C2H4O complex. 

 

IR, 1H-NMR and mass spectrometric studies showed that cetirizine 

dihydrochloride interacted strongly with diclofenac sodium, even when the latter was 

metal bound, forming high molecular weight stable adducts. These new formations were 

unaffected by the possible steric constraints that may exist because of coordination yet 

did not have the power to break the formed coordinate bonds [14]. The formed ionic 

bond took place between the carbonyl ion of diclofenac and the positively charged 
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piperazine ring of cetirizine, forming a ternary compound in the case of the divalent 

metal clusters (Ca{(dic)2·2H2O}, Mg{(dic)2·2H2O}, Zn{(dic)2·2H2O}) and a quaternary 

one with the trivalent iron cluster (Fe{dic}3·3H2O) (Fig. 4-6). IR bands assigned to 

νNH, δNH and νC-N were shifted to lower frequency values in the spectra of the 

complexes; thus showing that coordination took place at the NH of the diphenylamine. 

TG and elemental analysis confirmed these results. 

 

 

 
 

Fig. 4-6: Structure of (Ca{(dic)2·2H2O}, Mg{(dic)2·2H2O}, Zn{(dic)2·2H2O}). 

 

 [CdII
2(dic)4(etOH)2(H2O) ]n [15]. The complex is polymeric, and the coordination 

geometry for the two independent metal atoms is highly distorted. Cd(1) is hexa-

coordinated by the oxygen atoms (Cd-O, 2.407(7), 2.321(7) Ao) from a bridging 

carboxylato to Cd(2), by two oxygen atoms (Cd-O,2.26(1) Ao average) from two etOH 

(cis to each other), by an oxygen atom (Cd-O, 2.25(1) Ao) from a second bridging 

carboxy-lato to another Cd(2) center, and from a water molecule. Cd(2) has a penta-

coordination to the two oxygen atoms (Cd-O, 2.505(8), 2.282(8) Ao) from a 

carboxylato, and to one oxygen atom (Cd-O,2.28(1), 2.17(1), 2.17(1)) each from three 

bridging carboxylato to Cd(1). Cd(2) has a sixth very weak interaction to an oxygen 

from a bridging carboxylato (2.76(1) Ao). The conformation of dic' around the O2 angle 

is anti-trans (-166, -166, -174, -162o).in the four independent molecules, whereas the 

conformation for the O3 angle is anti-clinal (-118, -118, -122, -125o). The analysis 

reported above for the dic derivative shows that he flexibility of the dic/Hdic molecules 

around the C(4)N(1) and N(l)-C(9) vectors is restricted to a rather narrow range (Fig. 4-

7). It has been reported that the proper conformation adopted by diclofenac to inhibit 
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COXs and to rat adjuvant arthritis consists of a twisting of the two aromatic rings of 

some 58-49 o, as found for the structures of the metal-dic complexes. 

 

 
Fig. 4-7: Structure of Cd-diclofenac complexes. 

 

Some new complexes of diclofenac with potentially interesting biological 

activity are described [16]. The complexes of diclofenac [MnL2(H2O)], 

[CoL2(H2O)2].0.5H2O, [CoL2(H2O)], [NiL2(H2O)2].2H2O, and [NiL2], were prepared by 

the reaction of the sodium salt, of a potent anti-inflammatory drug with MnCl2, CoCl2 

and NiCl2.6H2O. Optical, EPR, infrared and electrochemical properties of these new 

complexes are reported. Both five and six-coordinated species were isolated in the solid 

state for Co(II). Both four and six-coordinated species were isolated in the solid state for 

Ni(II), while in DMF or MeOH solution predominant formation of sixcoordinated 

species is observed for Co(II) and Ni(II) complexes. The ability of the complexes to 

catalyze the oxidation of 3,5-di-tertbutyl- o-catechol to 3,5-di-tert-butyl-o-quinone was 

studied by following the appearance of quinone spectrophotometrically. Correlation of 

the catalytic activity of these complexes to the reduction potential is reported. Binuclear 

complexes, [Cu(L)2(H2O)]2.2H2O and [CuL2(S)]2 where S is H2O, EtOH, DMSO, 

(CH3)2CO and DMF, and mononuclear complexes, [MnL2(H2O)], [FeL2(H2O)2], 

[CoL2(H2O)2].0.5H2O, [CoL2(H2O)], [NiL2(H2O)2].2H2O, [NiL2] and [PdL2]P2H2O, have 

been characterized by spectroscopy, X-ray crystallography and electrochemical studies 

(Fig. 4-8) [17]. The catalytic activity of these complexes was correlated to the reduction 

potential. Some of the complexes of diclofenac exhibit very promising anti-

inflammatory activity and act as antioxidant compounds, a property that is absent from 

diclofenac. 
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Fig. 4-8: Solvent exchange in Diclofenac complexes. 

 

All the tested complexes except the complex of Fe(III) exhibited a strong 

inhibitory effect on carrageenin-induced edema suggesting that they interfere with the 

release of histamine and serotonin and/or prostaglandin syntheses. Con-A-induced 

edema was inhibited by diclofenac, Cu(II), Pd(II), Fe(II), Ni(II) and Co(II) complexes 

of diclofenac. The complex of Mn(II) did not inhibit significantly the con-A-induced 

edema in contrast to its significant inhibition of carrageenan-induced edema. This 

finding suggests that the con-Aand carrageenan-induced edemas are due, at least to 

some extent, to different mediators. Complexes of diclofmac, [CuL2H2O)]2.2H2O, and 

[CuL2DMF)]2 were prepared by the reaction of the sodium salt of this potent 

antiinflammatory drug with CuCl2 [18]. The new symmetric binuclear copper(II) 

complex [CuL2(DMF)]2 crystallizes in the monoclinic space group P21/n with cell 

constants a = 10.807(1), b = 15.429(2), c = 19.360(2), fJ = 92.508(3), V = 3225(1) 13, 

and Z =2 (Fig. 2-56). The structure was determined from 5456 out of a total of 5768 

unique reflections. The final values for R1, WR2, and GOF for all data are 0.0602, 

0.1066, and 1.030, respectively. The crystal structure consists of a binuclear quadruply 

bridged neutral molecule. The four carboxylato groups from four ligands are in the 

familar bidentate syn, syn �1 �1 µ 2 bridging mode. The metal coordination geometry is 

described as a perfect square bipyramid with water or dimethyloformamide oxygen 

occupying both apical positions (Fig. 4-9). Optical, infrared, electron paramagnetic 

resonance, magnetic, and electrochemical properties of these complexes are also 

reported.  
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Fig. 4-9: Diclofenac CuII complexes. 

 

[Ru2(dNSAID)4Cl] and novel [Ru2(dNSAID)4(H2O)2]PF6 complexes (Fig. 4-10), 

where dNSAID= deprotonated carboxylate from the non-steroidal anti-inflammatory 

drugs (NSAIDs), respectively: ibuprofen, Hibp and aspirin, Hasp; naproxen, Hnpx and 

indomethacin, Hind, have been prepared and characterized by optical spectroscopic 

methods [19]. All of the compounds exhibit mixed valent Ru2(II, III) cores where 

metal–metal bonds are stabilized by four drug-carboxylate bridging ligands in 

paddlewheel type structures. The diruthenium complexes and their parent NSAIDs 

showed no significant effects for Hep2 human larynx or T24/83 human bladder tumor. 

In contrast, the coordination of Ru2(II, III) core led to synergistic effects that increased 

significantly the inhibition of C6 rat glioma proliferation in relation to the organic 

NSAIDs naproxen and ibuprofen. The possibility that the complexes Ru2-ibp and Ru2-

npx may exert effects (anti-angiogenic and anti-matrix metalloprotease) that are similar 

to those exhibited by NAMI-A opens new horizons for in vivo C6 glioma model 

studies. 

 
 

Fig. 4-10: Indomethacin Ru complexe. 



International E – Publication 
www.isca.me , www.isca.co.in 

International Science Congress Association 
75 

 

The crystal and molecular structures of the novel compound diamminetetrakis-

m-(O,O-indole-3-carboxylate)dicopper(II), Cu–I3CA, have been determined using 

single-crystal X-ray diffraction, infrared spectroscopy and EPR methods [20]. The 

crystals are monoclinic, space group P21/c, with a=9.505(2), b=7.469(1), c=23.779(5), 

V=1669.1(6) A°3 and Z=2. Complex has a dinuclear molecular structure of Ci 

symmetry in which the carboxyl groups of the indole-3-carboxylic acid ligands act as 

bridges. The Cu–Cu distance of 2.6387(8) A°, Cu–O distances of 1.961(2) and 1.970(2) 

A°, and Cu–NH3 distance of 2.188(2) A°, are typical of such dinuclear complexes (Fig. 

4-11). The novel Cu–I3CA complex unit reveals a remarkable similarity in its structural 

and spectroscopic features to the Cu(II) complexes of the human antiinflammatory drug, 

indomethacin (a derivative of indole-3-acetic acid). The EPR and infrared spectroscopic 

studies of Cu–I3CA in the solid state well support the results from X-ray analysis (Fig. 

4-12). The harmonic vibrational frequencies, infrared intensities and Raman scattering 

activities of the O-deprotonated indole-3-carboxylate ion (I3CAK) have been calculated 

using density functional (B3LYP) method with the 6-311++G(d,p) basis set. The 

potential energy distribution (PED) calculated for the ionic ligand (I3CAK) has proved 

to be of great help in assigning the infrared spectrum of the title complex. The results 

from natural bond orbital (NBO) analyses for I3CA-and indole-3-carboxylic acid (I3CA) 

are discussed. 

 
Fig. 4-11: ORTEP III drawing of Cu–13CA 
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Fig. 4-12: The hydrogen bonding pattern in Cu–13CA 

 

The complexes [Me2(Indo)SnOSn(Indo)Me2]2, Bu2(Indo)SnOSn(Indo)Bu2]2, 

(Fig. 4-13), where Hindo is indomethacin, have been prepared and structurally 

characterized by means of 119Sn Mossbauer, vibrational, and NMR (1H and 13C) 

spectroscopy [21]. The crystal structures of the complex 

[Me2(Indo)SnOSn(Indo)Me2]2.2C4H8O2, has been determined by X-ray crystallography. 

Each structure is centro-symmetric and features a central rhombus Sn2O2 unit with two 

additional tin atoms linked at the O atoms. Pairs of tin atoms are bridged by bidentate 

carboxylate ligands and by a monoatomic bridging oxygen. C-H π , π  π, stacking 

interactions, inter and intramolecular hydrogen bonds. 

 

 
 

Fig. 4-13: Structure of [Me2(Indo)SnOSn(Indo)Me2]2.2C4H8O2 
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A discrete variational-Xa (DV-Xa) method was applied to elucidate the 

formation of C–O–Si bridging bonds, produced when a silanol group of SiO2 comes 

close enough to react with a carboxyl group of indomethacin (IM) [22]. A decrease in 

the coordination number (CN) of oxygen atoms per silicon atom at the SiO2 surface 

increased the net charge (NC) of the silanolic hydrogen atom and decreased the bond 

overlap population (BOP) between the silanolic oxygen and hydrogen atoms. These 

changes favored the formation and stabilization of C–O–Si bridging bonds with 

simultaneous dehydration. The computational results agreed well with our previous 

experimental study of a ground indomethacin–SiO2 mixture to obtain a better solid 

dispersion of the drug (Fig. 4-14). 

 
Fig. 4-14: indomethacin–SiO2 strucure. 

 

The crystal and molecular structures of the ternary copper–indomethacin 

complexes [Cu2(Indo)4L2] (IndoH=indomethacin= 1-(4-chlorobenzoyl)-5-methoxy-2-

methyl-1H-indole-3-acetic acid; L=acetonitrile (AN), N,N-dimethylacetamide (DMA), 

tetrahydrofuran (THF), or pyridine (Py)) are reported [23]. All four complexes contain a 

dinuclear ‘Cu-acetate’ molecular structure in which the carboxyl groups of the 

indomethacin ligands act as bridges (Fig. 4-15). The Cu-Cu distances of 2.649(3), 

2.6240(8), and 2.6784(8) Ao ; Cu-(Ac) distances of 1.964, 1.970, and 1.967 Ao ; and Cu-

L distances of 2.132(6), 2.1805(17), and 2.177(2) Ao , respectively, for L=DMA, THF 

and Py, are typical of such distances in dinuclear complexes of this type. There are two 

independent complexes in the AN adduct with Cu-Cu distances of 2.6311(11) and 

2.6206(8) Ao; Cu-O(Ac) distances of 1.965 and 1.965 Ao ; and Cu-Lav distances of 

2.184 and 2.197 Ao , respectively. The pyridine complex exists mainly as a monomer in 

solution, which may be associated with the longer Cu-Cu bond in this adduct as 

compared to the other complexes. 
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Fig. 4-15: Structure of [Cu2(Indo)4L2]. 

 

The interaction between indomethacin anions and heavy metal ions, such as 

cadmium, zinc and copper(II) ions, was studied in aqueous solution by polarographic 

techniques [24]. Indomethacin anions form complexes with these heavy metal ions: the 

complex formed with cadmium ions is sparingly soluble, while more soluble and also 

stronger complexes are formed with zinc and copper(II). At high concentrations, where 

indomethacin anions undergo self-aggregation, these last compounds are solubilised. 

This property is briefly discussed and compared to that of bile salts. In the presence of 

calcium ions, indomethacin forms a poorly soluble salt and no evidence was detected 

for the formation of complex species. The zinc complex of indomethacin has been 

synthesised by a modified method [25], characterised and has been found to possess a 

ligand-metal ratio of 2:1. In spite of a very small content of zinc present in it as 

compared to zinc-aspirin, zinc-indomethacin is 3-times more potent than the parent drug 

which may be mainly due to an appreciable increase in its solubility and dissolution 

rate. Its ulcerogenic effects are negligible when administered at 1.5-times its own ED50. 

This indicates that the dose of indomethacin and hence its ulcerogenic effects may be 

reduced significantly by complexing it with zinc, without affecting its therapeutic 

action. Some studies were intended to compare the effects of aspirin, 3,5-

diisopropysalicylic acid (3,5-DIPS), and indomethacin with those of their copper 

complexes: Cu(II)iaspirinate)4, Cu(II)z(3,5- DIPS)4, and Cu(II)2(indomethacinate)4 as 

well as Cu(II)2(acetate)4 on polymorphonuclear leukocyte (PMNL) random and 

directional migration, in addition to their anti-inflammatory activities [26]. Experiments 

were performed both in vivo and in vitro. In vitro modifications of PMNL migration 

were measured with the Boyden chamber using N-formyl-methionyl-Ieucyl-
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phenylalanine (fMLP) as the chemoattractant and in the agarose assay using fMLP and 

serum chemotactic derivatives of complement as chemoattractants. In vivo anti-

inflammatory activities of these compounds were determined after induction of a 

seruminduced pleurisy in the rat, and measurement of exudate volume and number of 

exudative cells 4 hr later. Copper complexes of non-steroidal anti-inflammatory drugs 

(NSAIDs) were found to be more effective in decreasing random migration and 

chemotaxis of PMNLs than their parent drugs or Cu(II)2(acetate)4 in in vitro studies. 

Only chemotaxis was found to be reduced significantly for PMNLs obtained from 

pleuritic rats after in vivo treatment and the order of copper complex effectiveness was: 

Cu(lIh(indomethacinate)4 > Cu(II)z(3,5-DIPS)4 > Cu(lI)z(aspirinate)4 All doses of 

Cu(II)(acetate)4 administered in vivo failed to affect chemotactic activity. Copper 

complexes of NSAIDs were also more effective than their parent drugs as anti-

inflammatory agents, and Cu(II)z(acetate)4 had no anti-inflammatory activity in this 

model of inflammation, The order of anti-inflammatory activity was: 

Cu(II)(indomethacinate)4 > Cu(II)(3,5-DIPS)4 >Cu(II)(aspirinate)4. 

 

  ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
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CHAPTER 5CHAPTER 5CHAPTER 5CHAPTER 5    

5-1- Antihistaminic drugs (

A histamine antagonist

histamine. Antihistamine can be used to describe any histamine antagonist, but it

usually reserved for the 

Antihistamines are used as treatment for 

response of the body to 

allergic reaction indicates an excessive release, by the body, of histamines. Other uses 

of antihistamines are to he

allergic reaction. 

 

 

Fig. 5-1: Fexofenadine structure

 

Fexofenadine Fig. 5

antihistamine drug used in the treatment of 

was developed as a successor of an alternative to 

Triludan and Seldane), an antihistamine with potentially serious contraindications. 

Fexofenadine, like other second and third

cross the blood-brain barrier

histamine-receptor antag

has been described as both second

antihistaminic agent terfenadine was found to 

acid, fexofenadine. Fexofenadine was found to retain all of the biological activity of its 

parent while giving fewer adverse reactions in patients, so terfenadine was replaced in 

the market by its meta

Massachusetts-based biotechnology

development rights to Hoechst Marion Roussel

later approved by the Food and Drug Administration (FDA) in 1996. AMRI holds the 

patents to the intermediates and production of fexofenadine HCl along with Roussel.

AMRI received royalty payments from Aventis that enabled the growth of AMRI.

Fexofenadine is indicated for the relief from physical symptoms associated with 

seasonal allergic rhinitis

therapeutic drug and does not cure but rather prevents the aggravation of 

urticaria and reduces the severity of the symptoms providing much relief from repeated 

sneezing, runny nose, itchy eyes and general body fatigue caused by rhinitis and 
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Antihistaminic drugs (Histamine antagonist) 

A histamine antagonist:  is an agent that serves to inhibit the release or action of 

. Antihistamine can be used to describe any histamine antagonist, but it

usually reserved for the classical antihistamines that act upon the H1 histamine receptor

Antihistamines are used as treatment for allergies. Allergies are caused by an excessive 

response of the body to allergens, such as the pollen released by grasses and trees. An 

allergic reaction indicates an excessive release, by the body, of histamines. Other uses 

of antihistamines are to help with normal symptoms of insect stings even if there is no 

 

structure. 

Fig. 5-1, (Allegra, Telfast, Fastofen, and Tilfur

used in the treatment of hayfever and similar allergy

was developed as a successor of an alternative to terfenadine (brand names inclu

Triludan and Seldane), an antihistamine with potentially serious contraindications. 

Fexofenadine, like other second and third-generation antihistamines

brain barrier, and so causes less drowsiness than first

receptor antagonists. It works by being an antagonist to the 

described as both second-generation [2] and third-generation

antihistaminic agent terfenadine was found to metabolize into the related 

, fexofenadine. Fexofenadine was found to retain all of the biological activity of its 

parent while giving fewer adverse reactions in patients, so terfenadine was replaced in 

the market by its metabolite. Fexofenadine was originally synthesized in 1993 by 

biotechnology company Sepracor, which then sold the 

Hoechst Marion Roussel (now part of Sanofi

later approved by the Food and Drug Administration (FDA) in 1996. AMRI holds the 

patents to the intermediates and production of fexofenadine HCl along with Roussel.

AMRI received royalty payments from Aventis that enabled the growth of AMRI.

Fexofenadine is indicated for the relief from physical symptoms associated with 

seasonal allergic rhinitis and treatment of chronic idiopathic urticaria

therapeutic drug and does not cure but rather prevents the aggravation of 

and reduces the severity of the symptoms providing much relief from repeated 

sneezing, runny nose, itchy eyes and general body fatigue caused by rhinitis and 

is an agent that serves to inhibit the release or action of 

. Antihistamine can be used to describe any histamine antagonist, but it is 

histamine receptor. 

. Allergies are caused by an excessive 

released by grasses and trees. An 

allergic reaction indicates an excessive release, by the body, of histamines. Other uses 

lp with normal symptoms of insect stings even if there is no 

and Tilfur) is an 

allergy symptoms. It 

(brand names include 

Triludan and Seldane), an antihistamine with potentially serious contraindications. 

antihistamines, does not readily 

, and so causes less drowsiness than first-generation 

to the H1 receptor [1]. It 

generation [3]. The older 

into the related carboxylic 

, fexofenadine. Fexofenadine was found to retain all of the biological activity of its 

parent while giving fewer adverse reactions in patients, so terfenadine was replaced in 

bolite. Fexofenadine was originally synthesized in 1993 by 

, which then sold the 

Sanofi-Aventis), and was 

later approved by the Food and Drug Administration (FDA) in 1996. AMRI holds the 

patents to the intermediates and production of fexofenadine HCl along with Roussel. 

AMRI received royalty payments from Aventis that enabled the growth of AMRI. 

Fexofenadine is indicated for the relief from physical symptoms associated with 

chronic idiopathic urticaria. It is not a 

therapeutic drug and does not cure but rather prevents the aggravation of rhinitis and 

and reduces the severity of the symptoms providing much relief from repeated 

sneezing, runny nose, itchy eyes and general body fatigue caused by rhinitis and 



urticaria. It is a safe and easy to use drug available in doses as indicated below.

unfortunately, to our knowledge, few papers report protonation constants for this ligand 

[4-6], in evident contrast with the number of studies dealing with carbocysteine metal 

complexes in aqueous solution. 

dissolves thick mucus and is us

so by hydrolyzing glycosaminoglycans, tending to break down/lower the viscosity of 

mucin-containing body secretions/components. The viscosity of mucous secretions in 

the lungs is dependent upon the concentrations of mucoprotein, the presence of disulfide 

bonds between these macromolecules and 

expectorare, to expel from the chest) is a medication that helps bring up mucus and 

other material from the lungs, 

guaifenesin which promotes drainage of mucus from the lungs by thinning the mucus 

and lubricating the irritated respiratory tr

incorrectly extended to any cough medicine.

secretions and mucolytics help loosen thick bronchial secretions. Expectorants reduce 

the thickness or viscosity of bronchial secretions

removed more easily through 

of mucus molecules. The mucus becomes thinner and can be removed more easily 

through coughing" [3]. 

 

 

Fig. 5-2: Carbocysteine 

 

Carbocisteine is a 

used to help relieve the symptoms of Chronic Obstructive Pulmonary Disorder (

and bronchiectasis by allowing the sufferer to bring up 

indications, it is available under the trade name Mucodyne (

Other trade names include Solmux (

Aventis, France), Humex (

Exputex (Shire plc, UK), Reodyn (

and paediatric suspension (PPN, Cambodia) and Carbolin (carbocisteine BP 375

SK+F, Bangladesh) [7]

suppressants) or medicines that dry up bronchial secretions.

S-carboxymethyl-l-cysteine (carbocysteine, ccys) has in medicine and biology can be 

immediately appreciated by the several papers that can be found by simply keying one 

of its numerous synonyms in some web search engines. In fact, this aminoacid 

represents one of the most common drugs, mainly used as “mucolytic” agent. However, 

new studies are continuously performed with the aim of discovering new properties and 
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rticaria. It is a safe and easy to use drug available in doses as indicated below.

unfortunately, to our knowledge, few papers report protonation constants for this ligand 

, in evident contrast with the number of studies dealing with carbocysteine metal 

complexes in aqueous solution. A mucolytic agent or expectorant is any agent which 

and is usually used to help relieve respiratory difficulties. It does 

so by hydrolyzing glycosaminoglycans, tending to break down/lower the viscosity of 

containing body secretions/components. The viscosity of mucous secretions in 

is dependent upon the concentrations of mucoprotein, the presence of disulfide 

bonds between these macromolecules and DNA. An expectorant (from the Latin 

torare, to expel from the chest) is a medication that helps bring up mucus and 

other material from the lungs, bronchi, and trachea. An example of an expectorant is 

which promotes drainage of mucus from the lungs by thinning the mucus 

and lubricating the irritated respiratory tract. Sometimes the term "expectorant" is 

incorrectly extended to any cough medicine. An expectorant increases bronchial 

secretions and mucolytics help loosen thick bronchial secretions. Expectorants reduce 

the thickness or viscosity of bronchial secretions thus increasing mucus flow that can be 

removed more easily through coughing; Mucolytics break down the chemical structure 

of mucus molecules. The mucus becomes thinner and can be removed more easily 

 

 structure. 

Carbocisteine is a mucolytic that reduces the viscosity of sputum and so can be 

used to help relieve the symptoms of Chronic Obstructive Pulmonary Disorder (

by allowing the sufferer to bring up sputum more easily. For these 

indications, it is available under the trade name Mucodyne (Beacon Pharmaceuticals

Other trade names include Solmux (Westmont Unilab, Philippines), Rhinathiol (

, France), Humex (Urgo Laboratories, France), Fluditec (

, UK), Reodyn (Orion Pharma, Finland), Carbotoux 375

and paediatric suspension (PPN, Cambodia) and Carbolin (carbocisteine BP 375

]. Carbocisteine should not be used with antitussives (cough 

suppressants) or medicines that dry up bronchial secretions. The great importance that 

cysteine (carbocysteine, ccys) has in medicine and biology can be 

ely appreciated by the several papers that can be found by simply keying one 

of its numerous synonyms in some web search engines. In fact, this aminoacid 

represents one of the most common drugs, mainly used as “mucolytic” agent. However, 

ntinuously performed with the aim of discovering new properties and 

rticaria. It is a safe and easy to use drug available in doses as indicated below. Also 

unfortunately, to our knowledge, few papers report protonation constants for this ligand 

, in evident contrast with the number of studies dealing with carbocysteine metal 

A mucolytic agent or expectorant is any agent which 

ually used to help relieve respiratory difficulties. It does 

so by hydrolyzing glycosaminoglycans, tending to break down/lower the viscosity of 

containing body secretions/components. The viscosity of mucous secretions in 

is dependent upon the concentrations of mucoprotein, the presence of disulfide 

. An expectorant (from the Latin 

torare, to expel from the chest) is a medication that helps bring up mucus and 

. An example of an expectorant is 

which promotes drainage of mucus from the lungs by thinning the mucus 

act. Sometimes the term "expectorant" is 

An expectorant increases bronchial 

secretions and mucolytics help loosen thick bronchial secretions. Expectorants reduce 

thus increasing mucus flow that can be 

Mucolytics break down the chemical structure 

of mucus molecules. The mucus becomes thinner and can be removed more easily 

that reduces the viscosity of sputum and so can be 

used to help relieve the symptoms of Chronic Obstructive Pulmonary Disorder (COPD) 

more easily. For these 

Beacon Pharmaceuticals). 

, Philippines), Rhinathiol (Sanofi-

, France), Fluditec (Innotech, Latvia), 

, Finland), Carbotoux 375 mg capsule 

and paediatric suspension (PPN, Cambodia) and Carbolin (carbocisteine BP 375 mg, 

Carbocisteine should not be used with antitussives (cough 

The great importance that 

cysteine (carbocysteine, ccys) has in medicine and biology can be 

ely appreciated by the several papers that can be found by simply keying one 

of its numerous synonyms in some web search engines. In fact, this aminoacid 

represents one of the most common drugs, mainly used as “mucolytic” agent. However, 

ntinuously performed with the aim of discovering new properties and 
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functions: for example, carbocysteine inhibits virus infections and bacteria attachment 

in human epithelial cells of respiratory apparatus [8, 9], it is used in the management of 

herbicide poisoning [10], and, very important from an environmental point of view, it is 

employed in soil remediation by complexometric extraction of metal contaminants 

(mainly copper) [11], thanks to its ability to form quite stable complexes with several 

metal cations [12–14]. Metal chelation by carbocysteine represents a very interesting 

subject not only for environmental chemists, but for biochemists too, because this bio-

ligand may modify bioavailability of some metals in vivo [13]. However, for a correct 

evaluation of the binding ability of carbocysteine, in particular in natural waters and 

biological fluids, an accurate knowledge of its acid–base behavior is needed. 
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CHAPTER 6CHAPTER 6CHAPTER 6CHAPTER 6    

6-1- Folic acid 

Folic acid, Folate: IUPAC: (2S)-2-[[4-[(2-amino-4-oxo-1H-pteridin-6-

yl)methylamino]benzoyl]amino]pentanedioic acid MW: 441.398 and MF: C19H19N7O6. 

Folic acid is named after the Latin word, “folium” for leaf. Folic acid is structurally 

composed of pteroic acid and glutamic acid connected via an amide linkage (Fig. 6-1). 

Both of the carboxyl groups (a- and c-carboxyl) of the glutamate moiety are accessible 

for a potential reaction with an amino-group of any functional ligand. Several studies in 

recent years describe the derivatization of folic acid at the c-carboxyl group of the 

glutamate moiety [1]. To date folate conjugates of chemotherapeutic agents [2, 3], 

antisense oligonucleotides and ribozymes [4, 5] proteins and protein toxins [6, 7] 

immuno therapeutic agents [8, 9] as well as liposomes with entrapped drugs [10, 11], 

plasmids [12, 13] and radiopharmaceutical agents [14] have been synthesized and 

successfully tested in cancer cells over expressing the folate receptor FR on their 

surface. The FR is a high affinity membrane protein which is over expressed on a wide 

variety of tumor cells, but highly restricted in normal tissues. 

 
Fig. 6-1: Structure of folic acid.   

 

Folic acid (folinic acid, folacin, pteroylglutamic acid) is essential for the synthesis 

of adenine and thymine, two of the four nucleic acids that make up our genes, DNA and 

chromosomes. It is also required for the proper metabolism of the essential amino acid 

methionine that is found primarily in animal proteins. A folic acid deficiency has been 

clearly linked to an elevated level of homocysteine, a sulfur-containing amino acid. 

High homocysteine levels, in turn, have been linked to cardiovascular disease and a host 

of other undesirable conditions. This vitamin was discovered by Dr. Lucy Wills, while 

researching how to prevent anemia (loss of red blood cells) during pregnancy. 

Synonyms for folic acid are vitamin B9, folacin, Pteroylglutamate, 

Pteroylmonoglutamate, and folate [15]. 

Vora, et al., [16] study and identify the degradation products for folic acid which 

may form under thermal stress. An attempt was made to identify each of the 

decomposition products using various analytical techniques, such as infrared 

spectroscopy, mass spectroscopy, and X-ray diffraction, which suggested that the 

glutamic acid fragment of folic acid is lost first, as evidenced by acid loss and amide 



International E – Publication 
www.isca.me , www.isca.co.in 

International Science Congress Association 
85 

 

enhancement in the IR spectra. The vitamin was ultimately degrading to carbon 

fragments and further identification was not necessary. The chemistry of metal-

carboxylates continues to be an area of intense research investigations in view of its 

diverse applications, ranging from the relevance of metal-carboxylate complexes as 

model systems for the metalloactive sites in bioinorganic chemistry [17, 18] to their 

usefulness as novel materials in materials science. Metal oxides can be readily prepared 

from metal-carboxylate precursors by thermal decomposition methods [19]. Metal-

carboxylates exhibit fascinating structural features. The structural diversity encountered 

in metal-carboxylate complexes can be attributed to the versatile ligational behavior of 

the carboxylate group which can function like a bidentate ligand binding to a single 

metal or alternatively as a bridging bidentate ligand coordinating to two metals or as a 

monodentate ligand [20, 21]. The three different coordination modes were reported as 

shown in Fig. 6-2 [22]. 
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Fig. 6-2: Coordination modes of the carboxylate group. 

 

i- When the carboxylate group coordinates the metal ion in a monodentate manner, the 

difference between the wavenumbers of the asymmetric and symmetric carboxylate 

stretching bands, Δν = νasCOO- - νsCOO-), is larger than that observed for ionic 

compounds. ii- When the ligand chelates, Δν is considerably smaller than that for ionic 

compounds, while on the asymmetric bidentate coordination, the values is in the range 

characteristic of monodentate coordination [23]. iii- The characteristic wavenumber 

difference, Δν, is larger than that for chelated ions and nearly the same as observed for 

ionic compounds. 
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CHAPTER 7CHAPTER 7CHAPTER 7CHAPTER 7    

7-1- Bleomycin and Streptonigrin metal complexes 

Bleomycin (BLM) was originally isolated as a Cu2+  complex which has since been 

extensively studied [1]. It has also been known to be an excellent ligand for binding 

with several different metal ions [2], including Mn2+  [3, 4], Co2 +/3+  [5], Ni2 +/3+  [6], Cd2 + 

[7], and Ga3+ [8] , ions. The d–d transitions of the Cu2+  complexes of BLM and 

analogues are detected at ~ 600 nm with a molar absorptivity at around 110 M-1 cm-1. 

The energy of the d–d absorption is higher than those of many Cu2+  centers in the range 

of 650–750 nm, suggesting the presence of a strong ligand-field in a distorted 5- or 6- 

coordination sphere [9]. The metal coordination became clear after the structure of a 

Cu2+  complex of a biosynthetic intermediate of BLM was determined with 

crystallography [10]. This intermediate contains all the metal-binding moieties, but 

lacks the sugars and the peptidyl bithiazole moiety. In this complex, the Cu2+  is bound 

to the ligand via imidazole, pyrimidine, the amines of aminoalamine, and the amide 

nitrogen of hydroxyhistidine. 

The diamagnetic Zn2 +-BLM complex of BLM has been utilized as a structural 

model for the paramagnetic Fe2 +-BLM complex owing to the difficulty in high-

resolution NMR studies of the paramagnetic species. Previous 2D-NMR studies of Zn-

BLM strongly suggested that the metal is bound to BLM through the secondary amine 

of aminoalanine, the amido-N and imidazole of hydroxy histidine, pyrimidine. This 

coordination chemistry of Zn–BLM has been suggested to be similar to that of the 

diamagnetic of Fe2+-BLM based on NMR studies [11,12]. However, this metal 

coordination has recently been challenged by an NMR study of an analogous complex 

Zn-tallysomycin [13], in which five N-containing donors are suggested, including the 

primary amines of amino-Ala, pyrimidine, and the peptidyl amide and imidazole of 

(OH) His with the pyrimidine at the apex and an SS chirality. This study also excludes 

the binding of the carbamoyl group. Instead, the disaccharide covers the sixth binding 

site. This disagreement in axial binding has also been raised in the study of HOO–Co3+  

complexes of BLM and analogues discussed below.  

Streptonigrin (SN) is known to bind different transition metal ions to function 

properly [14, 15]. The interaction of metal-SN complexes with DNA has been proposed 

on the basis of some optical studies [16, 17]. A redox active metal ion such as Fe(III) 

and Cu(II) is required for this antibiotic to exhibit full antibiotic and antitumor activities 

[18]. The redox-active Fe(III) and Cu(II) complexes have been shown to accelerate SN-

mediated DNA scission in the presence of NADH, thus enhance the anti-tumor activity 

of this antibiotic [19]. These results indicate that metal ions are possibly directly 

involved in the action of SN. However, the metal binding mode and structure of these 

metal complexes could not be definitely determined                    

in these studies. Particularly, two different configurations of the drugs are possible for 

metal binding (Fig. 7-1) with the metal bound through either the quinolinequinone-

amine functionalities based on the crystal structure [20] or the quinolinequinone-

picolinate functionalities that requires a significant twist of the crystal structure. 
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Fig. 7-1: Schematic structures of streptonigrin (SN). The structure A is metal-free drug 

determined by means of crystallography, whereas the structure B represents the 

configuration upon metal binding as determined by means of NMR relaxation. The 

formation of structure B requires a dramatic twist of the C2–C2 bond in structure A. 

 

Zn2+  binds SN to afford a few different complexes with different metal binding 

modes at various temperatures, in which a 1:1 metal–drug complex is the predominant 

complex [21]. A recent study of the crystal structure of a Zn2+  complex that mimics the 

metal-binding moiety of SN showed the binding of the metal to the quinolinequinone-

picolinate functionalities, corroborating the structures of several paramagnetic metal 

complexes of the drug determined by means of NMR techniques discussed below. The 

interaction of Zn2+ -SN with DNA and oligonucleotides has been investigated with 1H- 

and 31P-NMR spectroscopy. This study concluded the requirement of metal ion for SN 

binding to DNA [21] and revealed sequence preference in DNA binding of this 

antibiotic, in which the binding of Zn2+ -SN to d(GCATGC)2 shows noticeable spectral 

changes whereas the complex does not affect the spectra of d(ATGCAT)2. SN can bind 

several different paramagnetic metal ions, including Co2+ , Fe2+ , and Yb3+  ions, with 

large formation constants to form 1:1 metal-SN complexes [22]. The paramagnetic Fe2+ , 

Co2+ , and Yb3 + complexes of SN have been studied with 1H-NMR spectroscopy and 

relaxation, and their structures have been determined [23]. The hyperfine-shifted 1H-

NMR signals of these paramagnetic complexes have been fully assigned. The proton-

metal distances derived from the relaxation times of the hyperfine-shifted signals in 

these complexes match those of the complex with the metal located at the 

quinolinequinone-picolinate site (structure B, Fig. 10), but not the quinolinequinone-

amine site based on the crystal structure (structure A). This configuration requires a 

significant twist of the C2–C2 bond by 180° in the crystal structure of the drug. 
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CHAPTER 8CHAPTER 8CHAPTER 8CHAPTER 8    

8-1- Different antibiotic metal complexes 

Lanthanide(III) ions (Ln3+ ) have been very widely utilized as substitutes and 

spectroscopic probes [1-3] for biological Ca2+  owing to their very similar ionic radii, 

binding properties, and coordination chemistry, yet with much higher affinity constants 

because of the higher charges of Ln3+  ions (thus is able to probe weak Ca2+  interactions) 

[4-6]. Indeed, both Ln3 + and Ca2 + ions have been reported to bind anthracyclines (ACs), 

in which Ln3+  ions show > 3 orders higher in affinity constants [7]. Early NMR studies 

of the paramagnetic Yb3 +-daunomycin complex did not yield useful information for the 

description of the coordination chemistry of the complex because of the formation of a 

mixture and the lack of full assignment of the paramagnetically shifted 1H-NMR 

features [8]. The binding of several Ln3+  ions, including Pr3+ , Eu3+ , Dy3+ , and Yb3+ , with 

ACs in both aqueous and methanol solutions under different conditions has recently 

been revisited by means of electronic spectroscopy, cyclic voltammetry, and NMR 

techniques. 

The metal-binding capability of TCs has been well documented [9], including the 

binding with alkaline earth and transition metal ions (VO2 +, Cr3+ ,Mn2+ , Fe2+ /3+ , 

Co2+ ,Ni2+ , Cu2+ , and Zn2 +) and Al3+  [10-12].  Tetracyclines (TCs) have been determined 

to be present mainly as Ca2+-bound form (and Mg2+-bound form to a lesser extent) in 

the plasma when they are not bound to proteins such as serum albumin. Thus, the bio-

availability of TCs should be dependent upon the physical and biochemical properties of 

their metal complexes instead of their metal-free forms.  

Bacitracin requires a divalent metal ion such as Zn2 + for its antibiotic activity [13], 

and can form a 1:1 complex with several divalent transition metal ions, including Co2 +, 

Ni2+ , Cu2+ , and Zn2+  [14-16]. The Co2+-bacitracin complex binds tightly to C55-isoprenyl 

(undecaisoprenyl or bactoprenyl) pyrophosphate with a formation constant of 1.05×106 

M-1. This binding capability of metallobacitracin presumably prevents the long-chain 

pyrophosphate from dephosphorylation by a membrane-bound pyrophosphatase, which 

subsequently inhibits cell wall synthesis because the hydrolytic product undecaisoprenyl 

phosphate is required to covalently bind UDP-sugars for transport of the sugars during 

cell wall synthesis. Thus, the binding of metal-bacitracin complexes to undecaisoprenyl 

pyrophosphate is the key step in the inhibition of cell wall synthesis by this antibiotic 

since the sugars become unavailable as building blocks during cell wall synthesis. 

Although the formation of the Co2+-bacitracin-undecaisoprenyl pyrophosphate ternary 

complex was suggested in previous studies, [17] the structure of different metal-

bacitracin complexes and the structure–activity relationship of this antibiotic were not 

conclusively defined. 

The ternary complex of Ni(II) with sulfasalazine as a primary ligand and alanine 

(ala), aspartic acid (asp), histidene (hist), methionine (meth) and serine (ser) amino acids 

as secondary ligands have been synthesized [18]. Characterization of the complexes was 

based on elemental analyses, IR, UV-vis, mass spectra, magnetic moment and thermal 

analysis (TG). The thermal stability of the complexes was studied and the weight losses 

for the decomposition of the complexes were calculated and correlated with the mass 
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fragmentation pattern. In most cases, the amino acid moiety is removed along with the 

Schiff base moiety leaving NiO as a metallic residue. The metallic residue was 

confirmed by powder XRD measurements.  

    Cerium(IV), Thorium(IV) and Uranyl(II) complexes with the ammonium salt of 

sulfasalazine drug have been studied [19]. The structures of the complexes were 

elucidated using elemental analysis, IR and mass spectroscopy and thermal analysis. 

The complexes were isolated in 1:1 and 1:2 (M:L) ratios. The molar conductance values 

for Ce(IV), Th(IV) and UO2(II) chelates have been found to be 6.90, 10.20 and 7.18 Ω2 

cm−1 mol−1, respectively. The relatively low values indicate the non-electrolytic nature 

of these complexes [20]. This can be accounted for by the deprotonated carboxylic OH 

group (used as ammonium salt) in all complexes and deprotonation of the 

phenolicOHgroup in Ce(IV) and Th(IV) complexes. The neutrality of the UO2(II) 

complexes has been interpreted by the deprotonated carboxylic group and the 

coordination of the phenolic OH group to the metal without proton displacement. The 

IR spectrum of H3Suz showed a medium broad band at 3439 cm−1 which attributed to 

OH of the phenolic and carboxylic OH groups. The carboxylic OH group is not 

considered in the spectra of complexes since ammonical solution of sulfasalazine was 

used in which the carboxylic was used as the ammonium salt. The existence of water of 

hydration and/or water of coordination in the spectra of the complexes render it difficult 

to get conclusion from the phenolic OH group of the sulfasalazine, which would be 

overlapped by those of the water molecules. The participation of the phenolic group is 

further confirmed by clearifing the effect of chelation on the ν(C – O) stretching 

vibration. The shift of the ν(C – O) of phenolic group, from 1281 cm−1 in the free H3Suz 

[21] ligand to 1271–1256 cm−1 in the complexes indicated the participation of the 

phenolic group in complex formation. Also the participation of the OH group is 

apparent from the shift in position of the δ(OH) in-plane bending from 1394 cm−1 in the 

free H3Suz ligand to 1388–1374 cm−1 in the complexes [22]. The presence of water 

molecules in the above mentioned complexes is assisted by the appearance of a broad 

band within the range 3450–3300 cm−1, which is attributed to ν(OH2) of the water 

molecules associated with the complex formation. Also a bending vibration of the water 

molecules; δ(OH2), is found in the range 965–914 cm−1. The other bending vibration of 

the water molecules; δ(OH2), is usually around 1600 cm−1 which always interferes with 

the skeleton vibration of the benzene ring (C=C vibration). The participation of the 

carboxylic group in chelation can be indicated from the changes of the bands of the 

asymmetric and symmetric stretching vibrations of the carboxylate group upon complex 

formation. The spectrum of H3Suz ligand shows sharp bands at 1618 and 1427 cm−1 

assigned for asymmetric and symmetric stretching vibrations of the carboxylate moiety, 

respectively. These two bands are either slightly shifted to lower frequencies or 

remained decreased markedly in intensity. This indicates that the carboxylate group 

participated in complex formation with the metal ions [23]. Participation of the phenolic 

and carboxylic OH groups is also confirmed by the appearance of new bands in the 

complexes in the 472–439 cm−1 regions which may be assigned to the ν(M–O) 

stretching vibration [21, 24]. Coordination of the nitrate anion to the Ce(IV) and Th(IV) 
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ions were also supported by the IR spectra of the nitrate complexes. The nitrato 

complexes of Ce(IV) and Th(IV) ions displayed three strong bands due to the nitrate 

group νasym.(NO2) at 1500 cm−1, νsym.(NO2) at 1270 cm−1 and ν(NO) at 987 cm−1 

assigned to monodentate nitrate group. 

Keeping in view the chemotherapeutic of the sulfa-drugs, Schiff base namely 2-

thiophene carboxaldehyde-sulfametrole (HL) and its tri-positive and di-positive metal 

complexes have been synthesized and characterized [25] by elemental analyses, IR, 1H-

NMR, solid reflectance, magnetic moment, molar conductance, mass spectra, UV-vis 

and thermal analysis (TGA and DrTG). The low molar conductance values suggest the 

non-electrolytic nature of these complexes. IR spectra show that HL is coordinated to 

the metal ions in a tetradentate manner through hetero five-membered ring-S and 

azomethine-N, enolic sulfonamide-OH and thiadiazole-N, respectively. Zn(II), Cd(II) 

and UO(II) complexes are found to be diamagnetic (as expected). The thermal behavior 

of these chelates shows that the hydrated complexes loss water of hydration in first step 

in case of uranium complexes followed loss coordinated water followed immediately by 

decomposition of the anions and ligand molecules in the subsequent steps. The 

activation thermodynamic parameters, such as ΔE, ΔH, ΔS and ΔG are calculated from 

The DrTG curves using Coats Redfern method. The antimicrobial activity of the 

obtained products was performed using Chloramphenicol and Grisofluvine as standards, 

indicate that in some cases metallation increase activity than the ligand. 

Chloramphenicol (Fig. 8-1) is also namely chloromycetine and Paraxin. It is a 

bacteriostatic antimicrobial originally derived from the bacterium Streptomyces 

venezuelae, isolated by David Gottlieb, and introduced into clinical practice in 1949. It 

was the first antibiotic to be manufactured synthetically on a large scale. 

Chloramphenicol is effective against a wide variety of microorganisms; it is still use of 

chloramphenicol in eye drops or ointment for bacterial.  

The important of metal interactions with antibiotics in relation to their subsequent 

action is well recognized [26-29]. 
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Fig. 8-1: Structure of Chloramphenicol drug. 

The CHL is a well known antibiotic, but its reactions with metals, in particular 

with those of biological interest, were not much investigated. In the literature, there are 
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only a few papers concerning complexation of copper(II) by Chloramphenicol (H2L) but 

with rather contradictory results. Medvedovskii [30,31] has found 

spectrophotometrically that the purple complex formed in the reaction of copper(II) with 

CHL in alkaline aqueous solution (pH~13) is actually a complex anion with metal to 

ligand ratio 1:2, and proposed [Na2(HL)2] complex formula. However, this purple 

complex was unable to isolate in the solid state neither from aqueous nor butanol 

solutions. Fazakerley [29] reinvestigated the same copper(II)/CHL system in both 

aqueous and methanol solutions but could not reproduce the previous results. They have 

isolated a green neutral complex from methanol solutions, which has the formula 

Cu(C11H11N2O5Cl2)2.2H2O and expressed disbelief that alkaline metal can be 

incorporated into complex. From aqueous solution these authors have obtained pale 

green compound with the formula Cu(C9H11N2O4)2.2H2O which was obviously a 

product of decomposition. 

Quinolones are comprised of a large family of antibacterial agents such as 

nalidixic acid, pefloxacin, norfloxacin, ofloxacin, and ciprofloxacin (Fig. 8-2) [32-36]. 

The first-generation nalidixic acid is active only against Gram-negative bacteria, 

whereas the later generations, such as the fluoroquinolones with a fluorine atom on the 

number 6 carbon (Fig. 7B), have been modified to become effective antibacterial agents 

which exhibit a broad spectrum of activity highly against Gram-negative bacteria and 

less active against Gram-positive bacteria and also show significant activity against 

anaerobic bacteria. Fluoroquinolones have been further modified to produce 

quinobenzoxazines (Fig. 7C), which are found to show anti-tumor activities (whereas 

the parent quinolones lack such activities) believed to be attributable to their interaction 

with topoisomerase II. Ciprofloxacin (Cipro1 of Bristol-Myers) is a prototypical 

fluoroquinolone which has been brought on the stage in recent antibioterrorism 

reactions. 

 
Fig. 8-2: The structures of (A) nalidixic acid; (B) the prototypical fluoroquinolones (F 

substitution at position 6) ciprofloxacin (Cipro); R1 = H; R2 = cyclopropyl, norflozacin; 

R1= H; R2 = ethyl, andpefloxacin; R1 = CH3; R2 = ethyl; and (C) aprototypical 

quinobenzoxazine. 

The tetracyclines (TCs) have once been widely used as both external and internal 

medicines for an extended period of time because of their broad-spectrum activity 

toward both Gram-positive and -negative bacteria, and also their activity toward 
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rickettsiae, chlamydiae, and protozoans, such as the prototypical TC aureomycin (Fig. 

8-3) produced by Streptomyces aureofaciens [37, 38]. The antibiotic activity of TCs is 

attributed to their binding to the ribosome which inhibits protein synthesis. Their usage 

has been limited in recent years because of side effects, including staining of teeth and 

increase in bacterial resistance. However, recent studies of the mechanism for bacterial 

resistance of this drug has afforded new insight into rational design of analogues and 

searching for new analogues of this broad-spectrum antibiotic family, such as the novel 

9-glycylamido derivatives the ‘‘glycylcyclines,’’ for defending bacterial infections [39, 

40]. One of the glycylcyclines 9-t-butylglycylamido-minocycline (GAR-936, 

tigilcycline) is currently under phase II clinical trials [41]. 

 

 
Fig. 8-3: Schematic structure of aureomycin (7-chlortetracycline). Substitute OH for 5-

H and H for 7-Cl affords terramycin (5-oxytetracycline). 

 

Although most antibiotics do not need metal ions for their biological activities, 

there are a number of antibiotics that require metal ions to function properly [42] such 

as bleomycin (BLM), streptonigrin (SN), and bacitracin. The coordinated metal ions in 

these antibiotics play an important role in maintaining proper structure and/or function 

of these antibiotics. Removal of the metal ions from these antibiotics can cause changes 

in structure and/or function of these antibiotics. Similar to the case of 

‘‘metalloproteins,’’ these antibiotics are dubbed ‘‘metalloantibiotics’’. 

Metalloantibiotics can interact with several different kinds of biomolecules, including 

DNA, RNA, proteins, receptors, and lipids, rendering their unique and specific 

bioactivities. In addition to the microbial-originated metalloantibiotics, many 

metalloantibiotic derivatives and metal complexes of synthetic ligands also show 

antibacterial, antiviral, and antineoplastic activities. 

Sulfasalazine (Fig. 8-4, H3Suz)  is a sulfa drug, a derivative of Mesalazine (5-

aminosalicylic acid abbreviated as 5-ASA), used primarily as an anti-inflammatory 

agent in the treatment of inflammatory bowel disease as well as for rheumatoid arthritis 

[43-46].  
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Fig. 8-4: Sulfasalazine (H3Suz). 

 

The crystal structure of sulfasalazine was analyzed [47] for imide tautomer in 

monoclinic space group. The bond lengths of C5-N2 and S1-N2 were shorter than those 

observed in triclinic amide form which indicated conjugation between pyridine ring side 

chains. The bulk of molecule was planar which resulted in extensive electron 

delocalization. The amide tautomer was characterized by repeating unit which consisted 

of centrosymmetric dimer assembled through N-H...O hydrogen bonds between 

pyridylamine and carboxylic acid. When dealing with the interaction between drugs and 

metal ions in living systems, a particular interest has been given to the interaction of 

metal ions with antibiotics. Antibiotics that interact with metal ions constitute a class of 

drugs which has been widely used in medicine both towards human beings and animals. 

In particular, the interaction between transition metals and β-lactamic antibiotics such as 

cephalexin has been recently investigated by several physicochemical and spectroscopic 

methods, and with detailed biological data [48, 49]. Many drugs possess modified 

pharmacological and toxicological properties when administered in the form of metallic 

complexes. Probably the most widely studied cation in this respect is Cu(II), since a 

host of low-molecular-weight copper complexes have been proven beneficial against 

several diseases such as tuberculosis, rheumatoid, gastric ulcers, and cancers. 

           Amoxicillin is semisynthetic antibiotic (present as amoxicillin trihydrate or amoxicillin 

sodium). It is an analog of ampicillin, derived from the basic penicillin nucleus; 

6‐aminopenicillanic acid [50-52]. The amoxicillin trihydrate molecular formula is 

C16H19N3O5S·3H2O and the molecular weight is 419.45 g/mol. Chemically, amoxicillin 

trihydrate is [(2S, 5R, 6R)-6-[(R)-2- amino-2-(4-hydroxyphenyl)acetamido]-3,3-

dimethyl-7 -oxo-4-thia-1- azabicyclo[3.2.0]heptane-2-carboxylic acid] trihydrate and 

may be represented structurally as shown in Fig. 8-5. Amoxicillin is a member of 

penicillin’s group which is a very important class of β-lactamic antibiotics used in therapy 

because of its specific toxicity towards bacteria. It is a semi synthetic, orally absorbed, broad 

spectrum antibiotic. It is now widely used in a standard eradication treatment of gastric H. pylori 

infection combined with a second antibiotic and an acid suppressing agent [53 ,54]. 

 



Fig. 8-5: Structure of Amoxicillin (Amox) ligand

 

From a coordination chemistry perspective it has been demonstrated that 

lactamic antibiotics possess a number of potential donor sites and they are known to interact 

effectively with several metal ions and organometallic moieties, originating complexes [

Atoms involved in coordination and the structure of the

including reaction medium, pH, conformational equilibrium occurring in solution state and 

nature of the side chain bonded at C of the 

number of potential donor sites

The stereochemistry and geometries of such complexes are highly dependent on several factors 

including the reaction medium, pH and nature of the side chain bonded to the phenyl of the 

lactam ring. The pharmacology, clinical efficiency, resistance with enzymes to ß

antibiotics and coordination chemistry with amoxicillin has been reported

           Amoxicillin trihydrate (ACT) and ampicillin trihydrate (APT) have been coordina

copper salts in a 1:1 molar ratio in the presence of biuret reagent to form mixed ligand copper 

complexes [62], which were further used for the treatment of the infections caused by most of 

the Gram positive and Gram negative bacteria [

[64] due to their acidic nature were also reported [

amino penicillanic acid, which consists of a thiolidine ring linked to a ß

chain [66, 67]. Many studies concerning the biochemical and pharmaceutical effects of 

antibiotics when complexed with metal ions have been a subject of great interest for many 

scientists. Amoxicillin antibiotic, known as 6

acid, has effect against urinary tract infection and used in the treatment of respiratory infections 

and meningitis [68]. The metal complexation behavior of amoxicillin was studied extensively. 

Lyle and Yassin [69] studied the differential pulse polarographic be

complex with amoxicillin at the dropping mercury electrode. Novel di and tri organotin (IV) 

derivatives of amoxicillin of the type R

R3SnCl(AmoxH)Na.2H2
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Structure of Amoxicillin (Amox) ligand. 

From a coordination chemistry perspective it has been demonstrated that 

lactamic antibiotics possess a number of potential donor sites and they are known to interact 

effectively with several metal ions and organometallic moieties, originating complexes [

Atoms involved in coordination and the structure of these complexes depend on several factors 

including reaction medium, pH, conformational equilibrium occurring in solution state and 

nature of the side chain bonded at C of the β-lactamic ring. The ß-lactam antibiotics possess a 

number of potential donor sites, which interact effectively with Lewis acidic metals [

The stereochemistry and geometries of such complexes are highly dependent on several factors 

including the reaction medium, pH and nature of the side chain bonded to the phenyl of the 

ring. The pharmacology, clinical efficiency, resistance with enzymes to ß

antibiotics and coordination chemistry with amoxicillin has been reported [

Amoxicillin trihydrate (ACT) and ampicillin trihydrate (APT) have been coordina

copper salts in a 1:1 molar ratio in the presence of biuret reagent to form mixed ligand copper 

], which were further used for the treatment of the infections caused by most of 

the Gram positive and Gram negative bacteria [63]. Their protein synthesis

] due to their acidic nature were also reported [65]. The basic nucleus of the antibiotics is 6

amino penicillanic acid, which consists of a thiolidine ring linked to a ß-lactam ring with a side 

ny studies concerning the biochemical and pharmaceutical effects of 

antibiotics when complexed with metal ions have been a subject of great interest for many 

scientists. Amoxicillin antibiotic, known as 6-[D-α-(p-hydroxyphenyl) acetamido] pencilanic 

has effect against urinary tract infection and used in the treatment of respiratory infections 

]. The metal complexation behavior of amoxicillin was studied extensively. 

] studied the differential pulse polarographic behaviour of nickel (II) 

complex with amoxicillin at the dropping mercury electrode. Novel di and tri organotin (IV) 

amoxicillin of the type R2SnCl(Amox).2H2O, R2Sn(Amox)

2O (R = Me. Bu and Ph) had been reported [

 

From a coordination chemistry perspective it has been demonstrated that all the β-

lactamic antibiotics possess a number of potential donor sites and they are known to interact 

effectively with several metal ions and organometallic moieties, originating complexes [55, 56]. 

se complexes depend on several factors 

including reaction medium, pH, conformational equilibrium occurring in solution state and 

lactam antibiotics possess a 

, which interact effectively with Lewis acidic metals [57, 58]. 

The stereochemistry and geometries of such complexes are highly dependent on several factors 

including the reaction medium, pH and nature of the side chain bonded to the phenyl of the ß-

ring. The pharmacology, clinical efficiency, resistance with enzymes to ß-lactam 

[59 -61]. 

Amoxicillin trihydrate (ACT) and ampicillin trihydrate (APT) have been coordinated to 

copper salts in a 1:1 molar ratio in the presence of biuret reagent to form mixed ligand copper 

], which were further used for the treatment of the infections caused by most of 

protein synthesis-inhibiting properties 

]. The basic nucleus of the antibiotics is 6-

lactam ring with a side 

ny studies concerning the biochemical and pharmaceutical effects of 

antibiotics when complexed with metal ions have been a subject of great interest for many 

hydroxyphenyl) acetamido] pencilanic 

has effect against urinary tract infection and used in the treatment of respiratory infections 

]. The metal complexation behavior of amoxicillin was studied extensively. 

haviour of nickel (II) 

complex with amoxicillin at the dropping mercury electrode. Novel di and tri organotin (IV) 

Sn(Amox)2.2H2O and 

O (R = Me. Bu and Ph) had been reported [70], these studies 
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suggested that amoxicillin in the diorgano derivatives behaved as monoanionic (Amox = 

deprotonated amoxicillin) bidentate ligand, coordinating the tin (IV) ion through the ester type 

carboxylate and lactamic carbonyl. However in the triorgano derivative, 

R3SnCl(AmoxH)Na.2H2O, the tin is coordinated only through the lactamic carbonyl that 

acts as monodentate ligand. In both R2SnCl(Amox)2H2O and R3SnCl(AmoxH)Na.2H2O 

trigonal bipyramidal configuration were proposed while in R2Sn(Amox)2.2H2O the 

coordination geometry at Sn(IV) was skew-trapezoidal bipyramid, with two chelating 

amoxicillin acted as bidentate ligand in the trapezoidal plane and the organic molecules in axial 

positions. Novel triorganotin(IV) complexes of two β-lactamic antibiotics, 6-[d-(−)-β-amino-p-

hydroxyphenyl-acetamido] penicillin (=amoxicillin) and 6-[d-(−)-α-aminobenzyl]penicillin 

(=ampicillin), have been synthesized and investigated both in solid and solution states. These 

complexes corresponded to the general formula R3Sn(IV)antib·H2O (R=Me, n-Bu, Ph; 

antib=amox=amoxicillinate or amp=ampicillinate) [71]. Zayed and Abdullah prepared and 

studied a series of complexes of different stoichiometric ratio of  1:1, 1:2 and 2:1, ( metal to 

AmoxH) , and the proposed general formula was M(AmoxH)(H2O)w(H2O)x(OH)yClz (where M 

= Fe(II), Co(III), w = 0, x = 2, y = 1, z = 1; M = Fe(III), w = 0, x = 1, y = 2, z =0; M = Ni(II), 

Cu(II) and Zn(II) w = 2, x=0, y = 1, z = 0 ; where w = water of crystallization, x = coordinated 

water, y = coordinated (OH-) and z = Cl- in the outer sphere of complex). In all complexes, the 

coordination of the ligand to the metal ions was proved to be through the N of the amino group 

and O of C=O of ß-lactum group.  

Amoxicillin acted as monoanionic bidentate ligand coordinating the metal ion through 

carboxylate as well as through the lactamic carbonyl group in its complexes with some 

transition metal ions; Ag(I), Cu(II), Co(II), Zn(II) and Ni(II) [72]. To know whether the 

amoxicillin act as ionic or in neutral manner on coordination, The synthesis and characterization 

of heterobinuclear complexes of the general formula [MCl3(AmoxH)M`Cl2] (where M = 

titanium (III), chromium (III) and iron (III); M  ̀ = zinc (II) and cadmium (II); AmoxH = 

amoxicilline) were described [73] and amoxicillin exhibited penta-dentate manner. The three 

sites along with the three chloride ions were used to form the most probable octahedral 

geometry around the trivalent metal ions Ti(III), Cr(III) and Fe(III), while the other two sites 

with the two other chloride ions were utilized to form the most probable tetrahedral arrangement 

around the divalent metal ions Zn(II) and Cd(II). Complexes of Amoxicillin with with Bi(V) 

were obtained in acidic media [74]. The new complexes of Amoxicillin with some transition 

metal ions such as Ag(I), Cu(II), Co(II), Zn(lI) and Ni(II) showed an enhanced antibacterial 

activity against several Escherichia coli, Staphylococcus aurous, Pseudonomous aerugionosa 

compared to the simple antibiotic. Metal such as Co (II), Ni (II), Cu (II) and Bi (V) were 

coordinated to a novel ligand which was made by coupling gentamicin and amoxicillin. These 

were studied by various spectroscopic techniques which indicated a square planar arrangement 

of ligand around the Co(II) ions [75]. Also, complexes of Co(II), Zn(II), Ni(II) and Mn(II) with 

cinnemaldehyde, p-chlorobenzaldehyde and amoxicillin trihydrate were synthesis and 

characterized [76]. The interaction of amoxicillin with Zn (II) ion has been found to form one 

complex of 1:1 metal to ligand composition. The results showed that the complex formation 

was affected by the nature of solvents, time, pH and temperature. The interaction of Al(III) with 

amoxicillin (L) was studied by the pH-metric titration in aqueous solutions at 20°C and ionic 
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strength 0.1 (KNO3). In weakly acidic medium, complexes with the composition Al(OH)L and 

Al(OH)2L were formed. 
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CHAPTER 9CHAPTER 9CHAPTER 9CHAPTER 9    

9-1-Metal complexes of purines and their derivatives  

Erich and Hänggi [1] study the thermal behaviour of metal compounds of the 

naturally occurring oxopurines hypoxanthine, xanthine and uric acid and of the 

synthetic pyrazolopyrimidines allopurinol and alloxanthine as well as of the thiopurine 

6-mercaptopurine has been investigated, using thermogravimetric and X-ray 

crystallographic techniques. The thermogravimetric data confirm the structural 

characteristics of the metal complexes. The degradation of hydrated complexes occurs in 

two steps with a dehydration reaction followed by complete decomposition to the 

corresponding metal oxides. Anhydrous compounds arc decomposed in one step overall 

reactions. The temperature range of dehydrations of the hydrated complexes strongly 

depends on the binding mode of the water molecules. The reaction rate of the final 

decompositions of these complexes seems to be influenced by the respective metal ions. 

Copper and iron complexes show a sharp increase in the reaction rate in respect of the 

complexes of cobalt and nickel, whereas zinc, cadmium and manganese compounds are 

slowly decomposed over a wide temperature range. 

The oxopurines hypoxanthine and xanthine are of biological importance, since 

they are metabolic intermediate products of purine metabolism. Hypoxanthine (1,7- 

dihydro-6H-purin-6-one), formed by degradation of nucleic acids, is oxidized by the 

molybdenum-and iron-containing enzyme xanthine oxidase via xanthine to uric acid, 

which subsequently is released from the active site of the enzyme [2]. Disturbances in 

purine metabolism result in an increase of the uric acid level and in the deposition of 

sodium hydrogenurate monohydrate crystals in joints. This disease, known as gout, is 

clinically treated by the drug Allopurinol (pyrazolo[3,4-d]pyrimidin-6-one) (Fig. 9-1), 

which is also a substrate for xanthine oxidase [3]. Alloxanthine (pyrazolo[3,4-

d]primidin-2,6-dione), the enzymatic oxidation product of the drug Allopurinol, 

inactivates xanthine oxidase by irreversible coordination to the reduced form of the 

molybdenum centre of the enzyme [4]. 
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Fig. 9-1: Structure of Allopurinol drug. 
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Therefore, the information of uric acid is inhibited, and patients receiving the drug 

Allopurinol excrete much of their purines as hypoxanthine and xanthine. The metal co-

ordination capability of Allopurinol lies in great measure both in the existence of several 

electron donor atoms and their disposition in the framework. Many metal complexes 

involving Allopurinol as an uncharged (neutral) ligand and metals, such as Zn(II), 

Co(II), Ni(II), etc. have been reported in the literature [5,6]. Generally, a monodentate 

metal co-ordination through the pyrazole nitrogen atom N(8) has been generally 

observed (Fig. 9-2), whereas a monodentate N(9) co-ordination of  neutral Alp has been 

only reported for a rhodium carbonyl compound [7]. Under acidic conditions N(9) co-

ordination of Allopurinolium cation has been observed and a copper complex, having a 

chlorine-bridge polymeric chain structure, has been evidenced [8]. 

 

O

N
H

N
N

NH
1

2

3

4

5
67

8
9

O

N

HN
N

NH
1

2

3

4

5
67

8
9

HO

N
H

N
N

N
1

2

3

4

5

6

7

8
9

N(1)-H, N(9)-H N(1)-H, N(8)-H enolic, N(9)-H

 

Fig. 9-2: Tautomeric equilibrium of Alp compound. 

 

Recently interest in the trend of metal drug complexes, has increased in order to achieve 

an enhanced therapeutic effect in combination with decreased toxicity. It has been found 

that platinum or palladium complexes of purine derivatives show enhanced activity with 

respect to free ligand [9]. In addition, metal complexes of purine ring are of importance 

in view of their function as repository, slow-release or long-acting prodrugs for purine. 

However, information on Allopurinol and their metal(II) complexes on the alkaline 

medium is very scanty.  

The quantification of metal-chelating activity of caffeic acid and ferulic acids was 

successfully performed [10] by using a potentiometric system with data-analysis 

computer programs. The method was applied to two phenolic models, which have been 

systematically reported as antioxidants. Although a chain-breaking mechanism was 

proposed, several studies pointed out the possibility of complexation of transition metals 

that can participate in single-electron reactions and mediate the formation of oxygen-

derived free radicals. Results have shown that the complexation properties of the two 

phenolic acids towards the transition metals are quite different: the activity of caffeic 

acid was found higher than that of ferulic acid. The data are important to get insight into 

the mechanism of action of antioxidants, and, in this case, could partially explain the 

efficacy of caffeic acid in the protection of LDL oxidative damage. In addition, the 

analytical method developed could be applied to quantify the chelating activity of 

important biological compounds, such as allopurinol, uric acid, cinnamic acids, 
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flavonoids, and anthocianins, and, in that way, could be a valuable tool to understand 

the mechanisms underlying their protective effects.  
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CHAPTER 10CHAPTER 10CHAPTER 10CHAPTER 10    

10-1- Metformin hydrochloride complexes 

Metformin hydrochloride (MF-HCl); (N,N-dimethyl-imido-dicarbonimidic diamide 

hydrochloride) or 1,1-dimethylbiguanide, it contains two imino (–C=NH) groups and the three 

amino groups (i.e. primary (–NH2), secondary (–NH) and tertiary (–N(CH3)2) as donating 

centers (Fig. 10-1). Metformin is commonly prescribed agent for the treatment of type II 

diabetes. It induces multiple beneficial effects such as weight loss, lipid reduction and lowering 

blood glucose levels [1, 2]. It is an oral hypoglycemic agent, which enhances insulin sensitivity 

and is not effective in the absence of insulin [3]. It lowers blood glucose level in non-insulin-

dependent diabetes mellitus (NIDDM) patients by suppressing hepatic glucose output and 

enhancing peripheral glucose uptake. The mechanism of action involves binding of the polar 

biguanide hydrocarbon side-chain to membrane phospholipids, evoking a change in the 

electrostatic surface potential [4]. Subsequently, various metabolic effects are elicited, 

depending on the target cell, tissue, organ, species [5, 6], and metabolic regulation [7]. The 

available data on the relationship of structure to hypoglycemic activity for Metformin has 

extensively been studied [8, 9]. Metformin is incompletely absorbed and facile recovery is about 

30 % of an oral dose [10]; the absorption is slower than the elimination. Oral bioavailability was 

50–60 % of the dose [11]. The difference between absorbed and available drug may reflect 

minor presynaptic clearance of the drug or binding to the intestinal wall [12]. Concomitant food 

intake may slightly impair Metformin absorption [13]. Metformin, because of its chemical 

structure, does not interact with the liver and has a short half-life [14]. Higher doses may be 

associated with an increased incidence of gastrointestinal adverse effects [15]. Several clinical 

studies worldwide are using Metformin as a monotherapy or as an add-on therapy with 

chemotherapeutic drugs to determine prospectively its efficacy and safety in treating human 

cancer [16]. Metformin may also cause vitamin B12 deficiency [17]. 

 

 

 

  

 

 

 

Fig. 10-1: Structure of Metformin (MF) ligand. 

 

It has been reported that specific combination of the Metformin with anionic agents, 

which results proton transfer compounds PTC’s, leads to a significant improvements of the 

hyperglycemia in a diabetic patient suffering from non-insulin-diabetes [18, 19]. Preparation of 

different N,N-dimethyl biguanidinium containing PTC’s, however, has been of interest to a 

number of researches for their comparable biological activities in comparison to Metformin [18, 

20, 21]. Only eight structures concerning 1,1-dimethylbiguanide are available in the current 

version of the Cambridge Structure Database [22]. Five of them contain a monocation: chloride 

[23], bromide [24], nitrate [25], [TlBr4]
3- salt [26] and perchlorate, with the cation enclosed in a 

large complex [27]. Other three salts contain dications: oxalate, sulfate and a [CuCl4]
2- complex 
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[28]. With regard to metal Metformin complexes, attempts have been made to make such 

complexes for the treatment of diabetes but, however, they were poorly soluble in water [29]. 

The reaction of a proton transfer compound L, (MetH)2(dipic), (dipicH2 = 2,6-

pyridinedicarboxylic acid and Met =Metformin , with PdCl2 in water results in the formation of 

novel tetracoordinated Pd II complex [Pd(dipic)(Met)]·2H2O indicating the participation of both 

dipic2- and Met as chelating ligands. This seems that there is a further promising development 

of these complexes as insulin-mimic compounds [30]. 

Besides having chelating ability, the biguanide derivatives demonstrated so far a large 

spectrum of biological activities such antimicrobial [31], glucose lowering agents, analgesic and 

antimalarial [32] as well as antimetabolite for organisms that inhibit the metabolism of folic acid 

[33]. Having in view these aspects, new complexes of the type [VOL2]·xH2O with biguanide 

derivatives [1-phenylbiguanide and 1-(o-tolyl)biguanide] together with the known vanadyl 

complex of N,N-dimethylbiguanide were synthesized and characterized by elemental analysis 

as well as IR and UV–Vis spectroscopy [34]. Considering the low solubility in water of 

complexes, developing proper drug delivery systems requires the thermal analysis amongst 

others [35]. The use of Metformin has been shown to possibly decrease the rate of specific 

cancers when used in the treatment of type II diabetes. [36–39]. 

Metformin is a moderately strong base and combines with many elements of the 

transition series, especially copper(II), nickel(II), cobalt(II), and platinum(II) as 

[PtCl(MF)(DMSO)]Cl, [PtCl4(MF)(DMSO)], [Co(MF.HCl)(Cl)2], [CuCl2(MF)2] 

,[Cu(MF)2]Cl2.2H2O, [Ni(MF)2](Cl)(OH) and [Zn(MF.HCl)Cl3] [40-43]. The metal 

complexes of Metformin ligand are usually cationic in nature, and their highly color chelate 

varies with the nature of the metal ion and its oxidation state, as well as with the number of 

ligands in the complex due to the presence of the two imine groups in cis position thus acting as 

a chelating agent. Metal complexes preparation has been the focus because of enhanced 

biological activities of the corresponding drug metal complexes. Complexes of 

[Mn(MF)2(Cl)2].2H2O, [Fe(MF)2(Cl)2]Cl.4H2O, [Ni(MF.HCl)2(Cl)2].6H2O, 

[Cu(MF.HCl)2(Cl)2], [Zn(MF.HCl)2](NO3)2.6H2O, [Cd2(MF.HCl)(Cl)4(H2O)], 

[Mg(MF.HCl)2(Cl)2].6H2O, [Sr2(MF.HCl)(Cl)4 (H2O)], [Ba(MF.HCl)2(Cl)2].2H2O, 

[Pt(MF)4], [Au(MF)3]Cl3, and [Pd(MF)2]Cl2 were synthesized  and characterized from 

Metformin drug as a diabetic agent [44]. It has been found that the bidentate ligand can 

chelate to metals in a square-planar configuration through four N atoms of two ligands. Like the 

synthesis of a red copper complex of a deprotonated form (an anionic ligand). Complexes of 

Co(II), Ni(II), Cu(I1) and Zn(I1) with Metformin have been synthesized and characterized [45],  

and the bonding of the metal(II) ion to Metformin can be formulated in Figs. 10-2, 10-3 and 10-

4. Metformin as a bidentate ligand coordinates to the silicon atom in a neutral as well as a 

deprotonated form to yield two different types of complexes [46]. 
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Fig. 10-2: Structure of deprotonated form of Metformin. 
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Fig. 10-3: Structure of Metformin complexes with Co(II), Ni(II), Cu(II) and Zn(II). 
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Fig. 10-4: Metformin-Silicon complex. 

             

 

 

 

 

 

The atomic superposition and electron delocalization molecular orbital (ASED-MO) theory was 
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stabilities and decomposition pathways were discussed in terms of bond order, binding energy 

and the nature of charge on the central metal atom. The electronic transitions and their energy 

gaps were also studied. The optimization of the structures shows that the most stable state is 

distorted from planarity for Co" and Ni" complexes [47]. Because this compound contains a 

biguanidium group, it can form complexes with many metal ions [48-51]. Recently, reported 

[52] that N,N-dimethylbiguanide loses its ability to lower blood glucose levels when forming a 

monodentate complex with Zn2+ ions, but retains this ability when forming bidentate complexes 

with Cu2+ and Ni2+ ions. Complexes of Co(II), Ni(II) and Cu(II) were synthesized from Schiff 

base 2-{[(2-aminophenyl)imino]methyl}phenol and Metformin. The authenticity of the 

transition metal complexes were characterized by elemental analyses, conductance and 

magnetic susceptibility measurements, as well as spectroscopic (IR, electronic) and thermal 

studies. IR spectral studies revealed the existence of the ligands in the amine form in the solid 

state. The magnetic and electronic spectral studies suggest an octahedral geometry for all the 

complexes. The Metformin acts as a bidentate ligand and Schiff bases of o-phynelendiamine 

and salicylaldehyde acts as a tridentate ligand. Antimicrobial screening of the Schiff base, 

Metformin and transition metal complexes were determined against the bacteria Escherichia 

coli and Bacillus megaterium [53]. The new complexes M(DMBG)2(ClO4)2 (M:Mn, Ni, Cu 

and Zn; DMBG: N,N-dimethylbiguanide) exhibit specific anti-infective properties as 

demonstrated the low MIC values, a large antimicrobial spectrum and also inhibit the 

ability of  Pseudomonas aeruginosa and Staphylococcus aureus strains to colonize the 

inert surfaces. These complexes exhibit also a low cytotoxicity levels on HeLa cells 

[54]. Complexes of 1,1-dimethylbiguanide, namely with Cu(II), Rh(III) [55], Ir(III) 

[56], Os(II) and Os(III) [57], Tc(V) and Re(V) complexes [58] have been studied. 

     Metformin hydrochloride chemically, it is known as 2-(N, N-dimethylcarbamimidoyl) 

guanidine with a molecular formula of C4 H11 N5. HCl.  Metformin hydrochloride is freely 

soluble in water and is practically insoluble in acetone, ether and chloroform [59]. The pKa of 

Metformin is 2.8 and 11.51. The melting point is 222-226ºC. Spectrophotometric methods [60, 

61] were developed for the accurate determination of the compound in pure form and in drug 

formulations. Metal complexes of some therapeutically active compounds have been 

synthesized and characterized through elemental analysis, electrical conductivity, IR and UV/ 

VIS spectroscopy and thermal analysis [62]. Metal complexes of copper and nickel have shown 

significant increase in hypoglycemic activity when compared to pure Metformin drug [63].  

Biguanide is a strong organic base of pKa  ́=12.8 and pKa  ̋=3.1 at 25 °C [64], and readily 

forms acidic salts, with HCl to produce Metformin hydrochloride. Biguanide exists in 

diprotonated form (H2Bg2+) in strong acid solutions, monoprotonated forms (HBg+) in weak 

acid solutions, and neutral (Bg) in strong alkali solution. The hypoglycemic effects of 

Metformin complexes with Co (II) and Zn (II) were found to be more effective than the parent 

drugs [65]. 
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CHAPTER CHAPTER CHAPTER CHAPTER 11111111    

11-2- Pyridoxine hydrochloride (Vitamin B6) 

Pyridoxine (Fig. 11-1) is 2-methyl-3-hydroxy-4,5-bis(hydroxymethyl)pyridine and its 

synonyms are Adermine and Vitamin B6. Structurally related compounds play a relevant role in 

a large number of biological systems. Many reactions catalyzed by the coenzymes of the 

pyridoxal group are known to take place in a rather hydrophobic environment inside the enzyme 

active site [1]. Vitamins are components of parenteral nutrition (PN) used for attending the daily 

requirements and supplying deficiencies in neonates and, in their majority, are instable [2-4]. 

The vitamins of B6 group (VB6) that contain a pyridine ring in structure, including pyridoxol 

(PN), pyridoxal (PL), pyridoxamine (PM) and their phosphate derivatives, are important natural 

compounds essential in diet needed as the co-factor in some VB6-dependent enzymes involved 

in the metabolism and synthesis of amino acids and other related compounds for the 

maintenance of body cells due to their vital roles in various biological processes [5-7]. 

 

N

CH2OH

OH
HOH2C

CH3

 
Fig. 11-1: Structure of Pyridoxine (PN) ligand. 

   

Pyridoxine along with pyridoxal and pyridoxamine assist in balancing sodium and 

potassium as well as promoting red blood cell production. It is linked to cancer immunity and 

helps to fight the formation of homocysteine. Pyridoxine can help the balance of hormonal 

changes in women and aid the immunity system. Lack of pyridoxine may cause anemia, nerve 

damage, seizures, skin problems, and sores in the mouth [8]. Vitamin B6 exists in three forms; 

pyridoxal, pyridoxine, and pyridoxamine and all forms can be converted to the active vitamin-

B6 coenzyme in the body. Pyridoxal phosphate (PLP) is the predominant biologically active 

form. Vitamin B6 is not stable in heat or in alkaline medium, so cooking and food processing 

reduce its content. Both coenzyme and free forms are absorbed in the small intestine and 

transported to the liver, where they are phosphorylated and released into circulation, bound to 

albumin for transport to tissues. Vitamin B6 is stored in the muscle and only excreted in urine 

when intake is excessive [9]. Vitamin-B6 deficiency is common in alcoholics and elderly 

persons who consume an inadequate diet. Individuals taking medication to treat Parkinson's 

disease or tuberculosis may take extra vitamin B6 under physician supervision. A nerve disorder 

of the wrist has also been treated with large daily doses of B6 [10]. Pyridoxine under 

various pH conditions exhibits four interchangeable ionic forms, i.e. at pH < 5 occurs as 

cationic, neutral form and dipolar ion at pH 6.8, and anionic at pH > 8 [11]. Fig. 11-2 shows the 

equilibria and the referenced values of dissociation constants (pKa) between these species in 

aqueous solution. Ultraviolet spectra and acid dissociation constants, [11-13] as well as nuclear 



International E – Publication 
www.isca.me , www.isca.co.in 

International Science Congress Association 
112 

 

magnetic resonance studies [14-16] of Pyridoxine and pyridoxamine show that the loss of the 

first proton corresponds to the 3-hydroxy proton. The second ionization results in the loss of the 

pyridinium 'proton. The crystal structure of pyridoxine hydrochloride shows that both the 

pyridine nitrogen and the phenolic oxygen are protonated, as expected [17]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11-2: Dissociation equilibria for ionic species and tautomeric forms for Pyridoxine 

in aqueous solution. 

 

        Synthesis and comprehensive investigation of metal complexes with vitamins are an 

important direction in modern chemistry. The development of methods for synthesizing new 

coordination compounds, as well as the knowledge of their physicochemical properties and 

structure, makes it possible to obtain new medical and veterinary preparations. Investigation of 

the coordination chemistry of B-group vitamins is of special interest [18]. Pyridoxine is a 

biocatalyst of many enzymatic transformations of amino acids in the organism, and the rate of 

these transformations significantly increases in the presence of various metal ions [19, 20]. It has 

been shown that pyridoxine complexes are better assimilated as compared to the pyridoxine 

itself, which makes them promising for application in medicine and veterinary science. An 

enhancement of the biological properties of pyridoxine in the presence of metal salts is possibly 

associated with the transformations occurring in the geometric and electronic structures of 

vitamin molecules upon complex formation. 

Studies of the binding of metal ions with vitamin B6 compounds in the absence of 

amino acids are of particular interest. Since the vitamin B6 compounds exist in solution as 

tautomers, chelation to the metal ion depends very much on the pH of the solution or the 

predominant form of the tautomer present. The compounds of vitamin B6 may act either as 

unidentate ligands and bind the metal ion through the pyridine nitrogen or as a bidentate ligand 

and chelate the metal ion by the phenolate oxygen and the nitrogen or oxygen at the adjacent 

group in the 4'-position. There is also the possibility of unidentate binding through the phenolate 

oxygen. The complex equilibria of Mn(II), Ni(II) and Co(II) with pyridoxine and pyridoxal led 

to the assumption that pyridoxine and pyridoxal make use of the meta-oxy atom in the 
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formation of the complexes [21]. The liganding site in pyridoxine seems to depend on the type 

of solvent medium used; a 13C-NMR study has shown that coordination of the metal ions by 

pyridoxine is through the phenolic oxygen and the oxygen at the adjacent group in the 4'-

position in aqueous solution. In water-dimethylsulfoxide mixture, the pyridine nitrogen 

becomes a more effective donor and with increasing proportions of dimethylsulfoxide some 

cations are coordinated by dimethylsulfoxide rather than pyridoxine [22]. Single crystal x-ray 

structure and 13C-NMR solution (D2O) studies [23] of Cd(PN)Cl2 indicate that the pyridoxine 

molecule is bidentate and chelated to the cation through the phenolic oxygen and the oxygen at 

the adjacent hydroxymethyl group. The importance of metallic ions in some enzymatic 

processes involving vitamin B6 derivatives as cofactors is well-established [24]. Metal 

complexes of vitamin B6 have been reported [25] to inhibit the growth as well as the 

biosynthesis of RNA, DNA, and protein of Escherichia coli B-766. Pyridoxine displays 

different coordination sites with metal ions with different charges and hard/soft character. 

Chelation through phenolate oxygen and adjacent hydroxymethyl groups is common for 

pyridoxine metal complexes [26-29]. Other bonding modes of pyridoxine are (i) simple 

coordination through the pyridine nitrogen. (ii) chelation plus bonding through the pyridine 

nitrogen [30-32] and (iii) chelation plus bridging through the coordinated phenolate or hydroxyl 

group [33, 34]. Though considerable attention has been devoted to the study of vitamin B6 

components [35-37], little attention has been paid to pyridoxine containing ternary complexes. 

The coordination environment of pyridoxine in presence of  imidazole containing ligand (s) 

around the metal ion (Ni(II), Cu(II), and Zn(II)) and their biological activities have been studied 

[38]. Deprotonation of pyridoxine to form the monoanionic species (PN H) − occurs in water at 

microscopic pKa values of 8.35 for non-dipolar PN and 8.98 for dipole PN [39]. 

Dideprotonation (PN 2H) 2− also occurs giving dianion. In (PN 2H) 2−, the remaining proton is 

borne by O3, while (PN H) −, in the solid state, the additional remaining proton is usually not 

found on O2, but on the N atom (Fig. 11-3). 

 

                           
 

Fig. 11-3: Structure of the cation in [Cu(PN H)(PN)]NO3·2.5H2O  

 

Several of the structurally characterized complexes of (PN H)− ([(VO2)2(PN H)2] [40], 

[FeCl2(PN H)(H2O)] [41], [SnMe2(PN H)(H2O)]Cl·H2O [42] and [SnEt2(PN H)]Cl [131] exist 

in the solid state as dimers in which the CH2O
− group of the N-protonated form of the ligand 

bridges between two metal centers. In [SnMe2(PN H)]NO3·2H2O, which was prepared by 
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reacting PN·HCl and SnMe2Cl2 in ethanol–water, neutralizing the reaction mixture, and 

eliminating the chloride ions with AgNO3 [42], similar dimers are linked in polymeric chains. 

The distorted octahedral coordination polyhedron of each tin atom is completed by an O3 atom 

of a neighboring dimer to form Sn2O4C8 rings. In this compound the planar Sn2O2 ring formed 

by the Sn and bridging O atoms makes an angle of 14° with the pyridine rings, which are totally 

flat. Mononuclear complexes in which (PN H) − chelates through its deprotonated O1 and O2 

atoms occur when the usual M–O2 bridging interaction is prevented by the presence of other 

ligands that exhaust the normal coordination capacity of the metal. Thus in [Co(PN 

H)(bipy)2](ClO4)2 [43], cobalt(III) has an octahedral coordination polyhedron defined by the 

nitrogen atoms of the two bipy ligands and by the O1 and O2 atoms of (PN H)−, which chelates 

but cannot bridge between metal atoms (Fig. 11-4). Similarly, in [MoO2(PN H)2]·3H2O [44], 

the molybdenum is bound octahedrally to the two oxygen atoms and to the O1 and O2 atoms of 

two (PN H)− ligands. The few known complexes of dideprotonated PN are all SnR2
2+ 

derivatives, namely [SnMe2(PN 2H)(H2O)]·0.5H2O, [SnEt2(PN 2H)]·CH3OH, [SnEt2(PN 

2H)(DMSO)] and [SnBu2(PN 2H)] [146]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11-4: Structure of the cation in [Co(PN H)(bipy)2](ClO4)2  

 

 

  ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
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CHAPTER 12CHAPTER 12CHAPTER 12CHAPTER 12    

12-1- Enalapril Maleate

Enalapril (marketed as Vasotec in the USA and Enaladex in some 

chemically described as [(2S)

propanoyl] pyrrolidin-2- carboxylic acid (Z)

amino-acids, i.e., L-alanine and L

a white to off-white crystalline, odorless powder which melts in the range of 143

rotation around the proline amide bond in enalapril is hindered at room temperature. In the solid 

state, enalapril was found to be exclusively in the 

solution [4], enalapril can exist as 

enalapril in solution, like that of other proline dipeptides, has a relaxation

minutes [5, 6]. The solubility of enalapril maleate in water is poor but it is highly soluble in 

methanol. Enalapril maleate is a prodrug; following oral administration, it is bioactivated by 

hydrolysis of ethyl ester to enalaprilat, 

inhibitor. It lowers peripheral vascular resistance without causing an increase in the heart rate. It 

is an ideal drug for hypersensitive patients who are intolerant to beta

for treating high blood pressure or hypertension in adults, children and congestive heart failure 

[7, 8]. 

   

 

 

 

 

 

 

 

 

 

 

Fig. 12-1: Structure of Enalapril Maleat (Enal) ligand

            

The therapeutic importance of enalapril maleate was behind the development of 

numerous methods for its determination. The methods adopted 

maleate include high-performance liquid chromatography [

liquid chromatography- tandem mass spectrometry [

spectrometry [15] and membrane selective 

have also been reported for the determination of enalapril maleate in commercial dosage forms. 

The cited drug after dissolving in distilled water exhibits a maximum absorbance at 207 nm and 
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Enalapril Maleate 

marketed as Vasotec in the USA and Enaladex in some 

chemically described as [(2S)-1-[(2S)-2-[[(1S)-1-(ethoxycarbonyl)-3-phenylpropy] 

carboxylic acid (Z)-butenedioate] maleate, which is a derivative of two 

alanine and L-proline (Fig. 12-1). Its molecular weight is 492.53 g/mol. It is 

white crystalline, odorless powder which melts in the range of 143

rotation around the proline amide bond in enalapril is hindered at room temperature. In the solid 

pril was found to be exclusively in the trans form around the amide bond [

], enalapril can exist as cis and trans rotamers. The cis-trans

enalapril in solution, like that of other proline dipeptides, has a relaxation

]. The solubility of enalapril maleate in water is poor but it is highly soluble in 

Enalapril maleate is a prodrug; following oral administration, it is bioactivated by 

hydrolysis of ethyl ester to enalaprilat, which is the active angiotensin converting enzyme 

inhibitor. It lowers peripheral vascular resistance without causing an increase in the heart rate. It 

is an ideal drug for hypersensitive patients who are intolerant to beta-blockers. The drug is used 

reating high blood pressure or hypertension in adults, children and congestive heart failure 

: Structure of Enalapril Maleat (Enal) ligand. 

The therapeutic importance of enalapril maleate was behind the development of 

numerous methods for its determination. The methods adopted to the analysis of enalapril 

performance liquid chromatography [9-11], capillary electrophoresis [

tandem mass spectrometry [13], polarography [14

] and membrane selective electrodes [16]. Few spectrophotometric methods 

have also been reported for the determination of enalapril maleate in commercial dosage forms. 

The cited drug after dissolving in distilled water exhibits a maximum absorbance at 207 nm and 

marketed as Vasotec in the USA and Enaladex in some other countries) is 

phenylpropy] amino] 

butenedioate] maleate, which is a derivative of two 

). Its molecular weight is 492.53 g/mol. It is 

white crystalline, odorless powder which melts in the range of 143-144◦C [1]. The 

rotation around the proline amide bond in enalapril is hindered at room temperature. In the solid 

form around the amide bond [2, 3]. In 

trans interconversion of 

enalapril in solution, like that of other proline dipeptides, has a relaxation time of the order of 

]. The solubility of enalapril maleate in water is poor but it is highly soluble in 

Enalapril maleate is a prodrug; following oral administration, it is bioactivated by 

which is the active angiotensin converting enzyme 

inhibitor. It lowers peripheral vascular resistance without causing an increase in the heart rate. It 

blockers. The drug is used 

reating high blood pressure or hypertension in adults, children and congestive heart failure 

 

The therapeutic importance of enalapril maleate was behind the development of 

to the analysis of enalapril 

], capillary electrophoresis [12], 

14], atomic absorption 

]. Few spectrophotometric methods 

have also been reported for the determination of enalapril maleate in commercial dosage forms. 

The cited drug after dissolving in distilled water exhibits a maximum absorbance at 207 nm and 
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this property has been exploited to develop a UV method for its quantitation [192]. Enalapril 

maleate reacts with 2, 4-dinitroflurobenzene at pH 9 yielding a colored product which absorbs 

maximally at 356 nm forming a basis for its determination. Spectrophotometric methods based 

on the ternary complex formation between copper (II), eosin; palladium (II), eosin [193] and 

enalapril maleate have been reported. Three simple, rapid, novel and sensitive 

spectrophotometric methods were developed for the determination of Enalapril maleate in 

pharmaceutical formulations. The first method is based on the formation of pale yellow colored 

ion pair complex between Enalapril and Bromothymol blue reagent [194], which is readily 

extracted into Dichlolomethane solvent and determined spectro photometrically at 410 nm 

(λmax). The second and third methods are based on the oxidation followed by complex formation 

[195]. This involves oxidation of Enalapril maleate by Iron (III) FeCl3 and the produced iron (II) 

reacts with Potassium Ferricyanide and 2, 2’-Bipyridyl reagents forming bluish green colored 

chromogen at 778 nm and orange red colored chromogen at 520 nm, respectively [196]. These 

are simple sensitive, rapid since it is a single step procedure and low costing without loss of 

accuracy. 

The spectrophotometric determination of enalapril procedures by measuring maximum 

absorbance are based on ternary complex formation. The first ternary complex (copper (II), 

eosin, and enalapril) was estimated by two methods. The first depends on its extraction with 

chloroform measured at 533.4 nm and Beer's law was obeyed in concentration range from 56 to 

112 μg ml−1. The second method for the same complex depends on its direct measurement at 

pH 5 and after addition of methylcellulose as surfactant the value obtained was at 558.8 nm 

[197]. The sodium enalapril complex can be made by reacting I with 1,1'-carbonyldiimidazole 

(CDI) to form anhydride (II), which reacts with the sodium salt of L-Proline to produce crude 

sodium enalapril III. Crude enalapril III may react with sodium iodide to produce essentially 

pure sodium enalapril iodide complex (IV) [198]. Formation constants for the zinc (II) and 

copper (II) complexes of maleate, enalapril maleate and lisinopril have been measured 

potentiometrically at 37 °C [199]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 12-2: sodium enalapril complex formation. 
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