
The chemistry of [metal-drug]compounds is more popular now than before in 
importance especially the design of more biologically active drugs. Several 
complexes are act as {antibacterial, antifungicidal, antiviral and anticancer} bio 
activity .Schiff bases have important role in the development of [coordination & 
medicine] chemistry .Transition metal complexes containing Oxygen and 
Nitrogen donor Schiff base ligands have been of research interest for last years 
and act as active sites and thereby catalyze chemical reactions . Antimicrobial 
diseases are now more frequent than during the first half of the century, and still 
difficult to diagnose clinically .
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l.l. General introduction 

The chemistry of [metal-drug]compounds is more popular now than before in importance 

Abbreviation 
Abbreviation  Full meaning  

A.A  Amino acid  

A.A.S  Atomic Absorption Spectroscopy  

0
C Centigrade  

DMF  \I,N- Dimethyl formamide  

DMSO-d
6
  Oeuterated dimethylsulfoxide  

Dec.  Decomposition  

FTIR  nfrared Transforms Infrared Spectroscopy  

g/mol  Gram per mole  

Am  Vlolar conductance  

M.Wt  Vlolecular weight  

NAm  Nicotinamid  

ppm 
 

3
arts per million 

 

13
C-NMR  Carbon-13- Nuclear magnetic resonance  

1
H-NMR  3

roton Nuclear Magnetic Resonance  

UV-Vis  Ultraviolet-visible  

AlaH  .-Alanine  

Amox.H  Amoxcilline trihydrate  

AmpiH Ampicillin trihydrate 
AnthH  Anthranilic acid  

AmoxH  Amoxcilline trihydrate  

4-Chlobp 
 

4-Chlorobenzophenone 
 

4-DMBA  4- dimethylaminobezaldehyde  

M-dopa  Methyl dopa  

ProH  .-proline  

^■max  Wave length of maximum absorbance  

E.coli  Escherichia coli  

IR  Infrared  

3D  Three dimensional   

TLC  Thin layerchromatography  

Cip Ciprofloxacin 
 

Mtf  Metformin hydrochloride   

Ado  Adenosine  

CT-DNA  Circulating tumor DNA   

^eff  Effective magnetic moment  
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especially the design of more biologically active drugs[1]. Metal ions are known to effect the active 

of many drugs. The efficacy of the drugs on coordination with a metal are boost in many cases[2]. 

Metal ions play a basic role in a large number of widely differing medicinal processes and reliance 

on their concentration, and either contribute towards the health of the organism or cause toxicity [3-

6]. Several complexes are act as {antibacterial, antifungicidal, antiviral and anticancer} bio activity 

and have been found to be more antimicrobial than the ligands themselves[7]. 

These compounds are played in the field of medicine,bioinorganic chemistry and are used as 

a starting material for the synthesis of new catalyst and drugs [5]. 

1.1.1.Schiff base ligands 

Schiff bases have important role in the development of [coordination & medicine] chemistry 

as they readily form new complexes with metals [8].These compounds are played in the field of 

bioinorganic chemistry and various aspects of organometallic compounds[9]. 

Schiff base and its complexes containing azomethine group (-HC=N-) as shown in scheme(1-

1). They are formed by condensation of a primary amine (RNH2) and carbonyl compound. The (-

HC=N-) group is particularly suited for binding to metal ions via the N atom lone pair (-N:) and 

when contain one or more donor atoms in addition to (-C=N-) group they act as[polydentate ligands 

or macrocycles]. 

 

Scheme (1-1): Reaction mechanism for the formation of Schiff bases 

(R is H and R’ alky aryl OH, NHR & OR group) 

Transition metal complexes containing Oxygen and Nitrogen donor Schiff base ligands have 

been of research interest for last years [9] and act as active sites and thereby catalyze chemical 

reactions [10]. Antimicrobial diseases are now more frequent than during the first half of the 

century, and still difficult to diagnose clinically [11]. 

1.1.2. SchifFs bases and their metal complexes 

There are many literature reviews on the synthesis and characterisation of Schiff base metal 

complexes [12-15]. 

Schiff base metal complexes are generally synthesis by treating metal Halides (MXn) with 

Schiff base ligands under suitable experimental conditions. In special cases metal alkox1ides, metal 

amides, metal alkyls or metal acetates have been used for the synthesis [12]. Generally (transition 

metal and lanthanides) ions are used to prepare coordination complexes with different oxidation 

states, interesting new physicochemical properties and different coordination structures & 

geometries. [12-13] 
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The (-OH) hydroxyl group or (-SH) sulfhydryl group ortho to (-C=N-) group moiety present 

in the Schiff bases can induce tautomerism in the compounds and give many different structures 

[14,15]. 

Antimicrobial and antifungal studies of Schiff base ligands and their metal complexes are 

reported [16-17] and the biological activity of Schiff bases beside decrease or increase upon 

formation new compounds [18-20]. 

Cozzi (2004), [12] has been reported five synthetic different routes commonly as synthesis of 

Schiff base metal complexes as shown in Scheme (1-2). 

 

Route 1: 

Involves the use of metal alkoxides [M(OR)n]. Alkoxides of early commercially available 

and easy to handle transition metals (M = Ti & Zr). 

The use of other alkoxide derivatives is not easy for derivatives of lanthanides. Metal amides, M 

(NMe2)4 (M = Ti& Zr) are also employed as the precursors in the preparation of Schiff base metal 

complexes 

Route 2: 

The reaction via the elimination of the acidic phenolic proton of the Schiff bases through the 

formation of volatile NHMe2. 

Route 3: 

Treatment of metal alkyl complexes with Schiff bases. 

Route 4: 

Treatment of metal acetates with Schiff bases under reflux conditions. 

Route 5: 

Obtaining salen-type metal complexes consists of a two-step reaction involving the 

deprotonation of the Schiff bases followed by reaction with metal halides . 

Deprotonation of the acidic phenolic hydrogen by using coordinating solvents and the excess 

Sodium hydride (NaH) or potassium hydride (KH) can be eliminated by filtration. This step heating 

 

routes of Schiff base-metal Complexes 
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the reaction mixture to reflux with not cause decomposition and is normally rapid at room 

temperature. 

Neelakantan et al., (2008) [19]. Synthesized metal {VO(II), Mn(II), Cu(II), Ni(II), Co(II), and 

Zn(II) }complexes of a Schiff base derived from o-phthalaldehyde 

and {L-amino acids=Glycine, L-Alanine, L-Phenylalanine}. The Schiff base ligands types [N2O2] 

coordinate to the metal ion via (imine Nitrogen and carboxylate Oxygen) .The complexes were 

studies their DNA cleaving activities with CT-DNA. See Figure (1-1) 

 

Figure(1-1): Schiff base derived from 0-phthalaldehyde and amino acids 

M= VO(II), Mn(II), Cu(II), Ni(II), Co(II), and Zn(II) 

Shakir et al., (2011) [20] have synthesized and characterized foure transition metal 

complexes with Schiff base N, N-bis- (2-pyridine carboxaldimine)-1,8diaminonaphthalene, 

Figure(1-2) derived from 2-pyridine carboxaldehyde and 1,8 diaminonaphthalene (Figure 13). The 

ligand is coordinated to M(II) as tetradentate type (N4) donor sites. 

 

A tetradentate Cu(II) complex of the type, [CuL](NO3)2 by the interaction of Schiff base 

ligand L, N, N-bis [(E)-thienylmethylidene]-1,8- diaminonaphthalene, obtained by the condensation 

of thiophene-2-carboxaldehyde and 1,8 diaminonaphthalene, Figure (1-3) The ligand and its Cu(II) 

complex was characterized by different spectroscopic studies. The DNA cleavage studies and DNA 

binding of Cu(II) complex has shown considerable DNA cleavage. The results suggested a putative 

role of Cu(II) complex similar to various anticancer drugs [21]. 

 

 

Figure (1-2): Schiff base, N,N-bis-(2- pyridine 

carboxaldimine) —1, 8 diaminonaphthalene-

M-complexes M=Co(II),Ni(n),Cu(n)& Zn(II) 
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Figure (1-3): Schiff base N, N-bis[(E)-thienylmethylidene]-1,8- 

diaminonaphthalene 

Nair, et al, (2012) [22], have synthesized four transition metal complexes, Figure (1-4) and 

Figure( 1-5) of the Schiff base derived from (indole-3-carboxaldehyde) and (m- aminobenzoic acid) 

characterized by (C.H.N), molar conductance, IR, UV-Vis and magnetic moment. The antimicrobial 

activity of the synthesized ligand and its complexes were screened by disc diffusion method. 

 

 

Bharti et al., (2013) [23], reported the schiff bases derived from sulfa drugs with some 

transition metal ions. The metal complexes of {Co(II) & Fe(II)} have been synthesized with Schiff 

base derived from react (salicylaldehyde ) and sulfamethoxazole [4-amino-N-(5-methyl-3-

isoxazolyl) benzenesulfonamide], Figure (1-6) . Conductometric titrations have suggested metal: 

 

 

(indole-3-carboxaldehyde) & (m-aminobenzoic acid) 

 

Figure (1-5): Proposed structure of Schiff base metal complex is square planar 

geometry for Cu (II) complex 
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ligand ratio of (1:2) for two ions [Co(II) & Fe(II)] complexes and the ligand behaves as a bidentate 

with (O, N) donor atoms. 

 

Islam et al., (2013) [24] reported of the four synthesized and characterized Schiff base 

complexes derived from (Salicylaldehyde ) and Gly with some transition metals in very good yield 

through a fast, simple, and efficient methodology, Scheme (1-3) 

(SGCo)2= [N-salicylidene glycinato diaqua cobalt (II) dimer] 

(SGN)2 =[N- salicylideneglycinato-di-aqua-nickel(ll)dimer] 

(SGC) = [N-salicylideneglycinato-aqua-copper(II)] 

(SGZ)2= [N-salicylidene glycinato diaqua Zinc(II) dimer], Scheme (1-4). 

These compounds were screened for in vitro antibacterial activities against six pathogenic bacteria, 

{Escherichia coli,Shigella sonnei,, Sarcina lutea, Staphylococcus

 

Figure (1-6): Structure of [Sulfamethoxazole-Salicyladimine -M] complexes M= Fe (II) and 

Co(II) 



 

aureus Pseudomonas arioginosa and Bacilus subtilis}. The antibacterial activity was determined by 

the disc diffusion method using DMSO as solvent. 

 

Scheme (1-3): Synthesis of Schiff base derived from 

Salicylaldehyde and Glycine 

 

Arun & Gowramma (2014) [25], reported the synthesis series of Schiff bases of Cephalexin 

complexes by condensation of 5-thia-1-azabicyclo [4.2.0] oct-2-ene-2- carboxylic acid, 7-[(amino 

phenyl acetyl) amino]-3-methyl-8-oxo, monohydrate with selective aldehydes. The purity of the 

compounds were determined by TLC. Complexes have been characterized by (C.H.N), [FT- IR and 

UV-Vis spectral studies]. All the synthesized compounds were subjected for the screening of 

biological activity against {(2 pathogenic fungi )and (3 bacteria)}.

 

 

Scheme (1-4): Synthesis of Schiff base complexes {a= dimeric 

octahedral for M= Zn (II) Co (II), & Ni (II) (b) Cu(II) complex 

=Square planar} 
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A fast, clean and environmentally benign exclusive synthesis of Schiff bases and their 

complexes with Cu(II) have been developed using condensation of salicylaldehyde and drugs such 

{Amoxicillin (L1H), Cephalexin (L2H), sulphamethoxazole (L3H) and Trimethoprim (L4H), 

Figure(1-7). All the complexes under investigation possess method provides several uses such as 

environmental friendliness, short reaction times, non- hazardous, and excellent yield of products and 

simple work-up procedure. 

The compounds were characterized by C.H.N, thermal gravimetric analysis, magnetic and 

spectroscopic studies [26]. Schiff bases were bidentate (NO donor) ligands. 

Salicylidenesulphamethoxazole-Cu(II) monohydrate was five co-ordinate whereas all other 

complexes were found to be six co-ordinate dihydrates and ML2 [1:2 (metal: ligand) ratio] type. The 

antibacterial activity showed the following order: 

Cu(II)-complexes > Schiffbase ligands > parent drugs. 

 

Scheme (1-5): Synthesis of Schiff bases derived from selective aldehydes & 

Cephalexin (I-VIII) 
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1.1.3. Metal Complexes of Antibiotics 

Antibiotic is a substance or compounds which inhibit the growth of bacteria[27]. Synthesis in 

presences of alcohol and acidic reagent was reported in 2010. Antimicrobial study of Sulfonamides 

derived from different substituted sulfonamide drug and aromatic aldehyde helps to formation of 

Schiff bases [27]. 

Suresh & Prakash (2010) [28], synthesized bidentate Schiff base Figure (1-8), from Vanillin 

and 1-phenyl 2,3-dimethyl-4-aminopyrazol-5-one (4- aminoantipyrene) and forms stable complexes 

with {Mn(II), Co(II), Ni(II), Cu (II), Zn (II) Cd (II) and Cr (III)}.Their structures were investigated 

by C.H.N, [ FT-IR, Uv-Vis, NMR] Spectroscopy; and (TG- DTA) analysis studies suggested the 

antibacterial nature of the complexes. On the basis of the studies the coordination sites Figure (1-9) 

were showed through Nitrogen of the (-CH = N) group and Oxygen of the ring (-C=O).  

L1H = SalicylideneAmoxicillin 

H COOH 

v %— 'Kc™3
 

c™-fts
hcH

> 

N A A 

II 
CH 

cr L2H = SalicylideneCephalexin 

COONa 

oMl? 

N H H 

CH 

cr 

L3H = 
Salicylidenesulphamethoxazole 

OH 

L4H = 
SalicylideneTrimethoprim 

Meo tW2 

Meo^j^_cH^Cj^N=

cH—
 

Meo HO 

Figure (1-7): Structure Formula of salicylaldehyde and Amoxicillin (LiH), Cephalexin 

(L2H), sulphamethoxazole (L3H) and Trimethoprim (L4H) 
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cix and 
Ci(III), Co (II)and Cd (II) Ni (II), Cu(II), andZn(II) 

SO4 

Figure (1-9): Structure of 1-phenyl 2, 3-dimethyl-4-aminopyrazol-5-one 

(4-aminoantipyrene) and Vanillin complexes 

Anacona and Maried (2012) [29], reported the synthesis and reaction Nickel (II) with 

Cephalosporins and Sulfathiazole (Hstz) to form the following mixed-ligand complexes of general 

formula 

[Ni(L)(stz)(H2O)x] .n (L=1,4, x = 1; L2,3,x = 0; L=monoanion of Cefazolin (HL1), 

Cephalothin (HL2), Cefatoxime (HL3), Ceftriaxone (HL4) and, [Ni(L5)(stz)].Cl (Cefepime L5) which 

were Charaterized by physicochemical and spectroscopic methods. Their spectra indicated that 

cephalosporins as shown in Figure (1-11) are acting as multidentate ligands, via the carboxylate, 

lactam carbonyl, and N azomoieties where the,[Ni(L5)(stz)]Cl complex is (1:1) electrolyte. They 

have been screened for antibacterial activity. See Figure (1-10) .  
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The minimum inhibitory concentrations (bacteriostatic) (MIC) and the minimum bactericidal 

concentrations (MBC) of the ligands and iron (III) complexes of Ciprofloxacin 

([Fe(Cip)2Cl2]Cl.6H2O as shown in Figure (1-12) and (H3Cip) [FeCL|]Cl.H2O) have been 

determined. The ligand and iron complexes showed antimicrobial effect against the tested organism 

species except against the molds of {Aspergillus & Penicillim} as literature [30].

 

Figure(1-10):The structure of the (Cephalosporins and Sulfathiazole) ligands 
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Figure (1-12): Proposed Structure of [Fe(Cip)2Cl2lCl.6H20 

1.1.4. Metal complexes amino acids 

All the 20 amino acids are (a- amino acids) are the basic structural units of proteins 

consisting of an amino group, (-NH2) acarboxyl (-COOH) group a hydrogen (H) atom and a 

(variable) distinctive (R) group. All of the substituents in amino acid are bonded to a central a 

carbon atom, (a carbon bonded to the carboxyl (acidic) group [31J .The general formula for amino 

acids as shown in Figure (1-13). 

 

• (-NH2) =A basic amino group 

• (-COOH) =An acidic carboxyl group 

• (-H) = A hydrogen atom 

• (-R) =A different side chain 

This classification is based on the functional property of amino acids for the 

organism. 

1. Essential Amino Acids[31-32J 

Amino acids which arc not synthesized in the body and must be provided in the diet to meet 

ananimal‟s metabolic needs are called essential amino acid (10). 

2. Non- Essential Amino Acids 

These amino acids are need not be provided through diet, because they can be 

biosynthesized in adequate amounts within the organism [33]. 

Essential and non- essential} amino acids are as shown in the Table( 1-1)

 

 

Figure (1-13): (1) General formula of an amino acid (left) & (2) 

zwitterionic (dipolar) In neutral solution(right) 
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Complex combinations of metal ions with amino acids are important because of their 

biological applications. In [34] many studied the synthesis of complex combinations of [Zn(II) and 

Ni(II) ] with [D-Penicilamine & L-Cysteine]. These complex combinations have therapeutically, 

biologi cal activities and metabolic enzymatic activities [35-36]. 

20's recent year the research field of bioorganometallic chemistry {mixed area between 

organometallic and biochemistry] chemistry is increasingly drawing much interest [37]. In 

1957,the first example of ferrocene amino acid bioconjugate was synthesized using Alanine .See 

Figure (1-14) [38]. 

 

Figure (1-14): Structure of Ferrocenyl -Alanine 

From literature (barbituric acid aryl-azobenzimidazol) and their derivatives are important in 

bioinorganic chemistry because their imidazolic and barbituric parts are contained in enzymes, 

proteins and nucleic acids [39, 40]. In literature [41-43] are qualify the biological and therapeutical 

activities of ternary complex combinations using different L-(a- amino acids) as a primary ligand 

and imidazol as a secondary ligand. 

Zahid et al., (2006) [44], were reported a series of antibacterial and antifungal L- (a- amino 

acids) -derived compounds and their Co (II),Cu(II), Ni (II), and Zn (II) metal complexes which 

were investigated by spectroscopic methods and physicochemical. Ligands (L1)-(L5) Figure (1-15), 

were prepared by condensation of y§-diketones with different amino acids as {glycine, 

phenylalanine, valine, and histidine} and act as bidentate towards metal ions [Co (II),Cu(II), Ni 

(II), and Zn(II)] via the azomethine-N and deprotonated-O of the respective amino acid. The 

stoichiometric reaction between the metal(II) ion and synthesized ligands in molar ratio of M: L 

Table (1-1): Essential & Non-Essential L-Amino Acids In Mammals 

Non-Essential Essential 

Alanine, Asparagine, Aspartic Acid, 

Glutamine, Glycine, Proline , Serine, 

Cysteine, Glutamic Acid, & Tyrosine 

Arginine, Threonine, Tryptophan, Valine Histidine, 

Isoleucine, Leucine, Lysine, Methionine & 

Phenylalanine, 
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resulted in the formation of the metal complexes of : 

1) [M(L)(H2O)4]Cl (where M = Co(II), Cu(II), and Zn(II))and M: L (1:1) 

2) [M(L)2(H2O)2] (where M= Co(II), Cu(II), Ni(II), and Zn(II). See Figure (1-16) 

The electronic spectral and magnetic moment data suggested for the complexes to have an 

octahedral geometry around the central metal atom. Elemental analyses and NMR spectral data of 

the ligands and their metal(II) complexes agree with their proposed structures. compounds, were 

screened for their in vitro antibacterial activity against (4Gram-negative=Shigella flexeneri, 

Escherichia coli, Salmonella typhi and Pseudomonas aeruginosa) and (2 Gram-positive = Bacillus 

subtilis and Staphylococcus aureus) bacterial strains and for in vitro (6 antifungal activity against

 = Candida 

albicans, Trichophyton longifusus, Microsporum canis, Aspergillus flavus, Fusarium solani, and, 

Candida glaberata. The results of these studies show the metal(II) complexes to be more 

antibacterial/antifungal against one or more species as compared to the free ligands. 

 

 

Solution Chemistry of {Co(II), Ni(II),Cu (II),Zn(II } ions with p-amide a- aminosuccinate 

(Asparagine) / a-aminoisoverate (Valine ) (A) and 5-methyl 2,4- dioxopyrimidine (Thymine ) (B) 

ligands have been analyzed. Formation constant of quaternary metal complexes and complexation 

equilibria at 30±1°C and at constant ionic strength (I= 0.1M NNO3) have been explored 

potentiometrically. Formation of 

quaternary species in addition to hydroxyl, protonated{binary & ternary}species have been 

reported in literature [45].See Figure (1-17) and Figure (1-18). 

 

Figure (1-15): Proposed structure of the (Li) to (L5) ligands 

 

Figure (1-16): Proposed structures of the metal (II) complexes 



16 

 

 

 

Survey of literature reveals that no systematic study of complexes of [Cobalt (II) - 

antibacterial drugs - amino acids] have been reported and investigated ternary complexesation of 

Cobalt (II) with different drugs as {Metformin hydrochloride(Mtf), Imipramine hydrochloride 

(Imp) and Adenosine(Ado)} as primary ligand and a series of [amino acids = Glycine (Gly), DL-

Alanine (Ala), L-Glutamic acid (Glu-acid), DL- Isoleucine (Ile), DL-Methionine (Met), DL-^-

phenyl alanine (Phe), DL- Serine (Ser) and DL-Valine (Val) as secondary ligands in 20% ethanol-

water(v/v) medium [46]. 

Fayad et al., (2012) [47], were reported the synthesis of new six mixed ligand complexes 

of metals (II) with L-Valine (Val H ) as a primary ligand and Saccharin (SacH) as a secondary 

ligands. All the prepared complexes have been investigated by spectroscopic methods and 

physicochemical. The complexes with the formulas [M(Val)2(Sac)2] 

M(II) = Mn (II), Fe (II), Co(II),Ni(II), Cu (II),Zn(II) & Cd(II) 

L- Val H= (C5H „NO2) & SacH =C7H5NO3S. 

The study shows that these complexes have octahedral geometry; the metal complexes 

have been screened for their microbiological activities against bacteria. Based on the reported 

results, it may be concluded that the deprotonated ligand (L-valine) to (valinate ion (Val-) by using 

(NaOH) coordinated to metal ions as bidentate ligand through the Oxygen atom of the carboxylate 

group, and the Nitrogen atom of the amine group, where the saccharin (SacH) coordinated as a 

monodentate through the Nitrogen atom. See Figure (1-19). 

 

Cu(II)-Ni(II)-Asparagine- Thymine 

 

Cu(II)-Ni(II)-Valine-Thymine 
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The antibacterial activity of mixed ligand complexes against Staphylococcus aureus(+ve), 

and Escherichia coli(+ve), Aeruginosa(-ve) and Salmonella typhi were carried out by measuring 

the inhibition diameter. 

Raheem et al(2014) [48], reported the synthesis and investigated of the mixed ligands 

complexes of M(II) ions in general composition,[M(Leu)2 (SMX)]where L-leucine (C6H13NO2) = 

(LeuH) as primary ligand and Sulfamethoxazole (C10H11N3O3S ) = (SMX) as a secondary ligand, 

Scheme (1-6). The reaction required the following, [(metal: 2(Na+Leu-): (SMX)], molar ratios with 

M (II) ions, where M (II)= Mn(II), Co(II), Ni(II), Cu(II), Zn(II),Cd (II), and Hg(II). 

The UV-Vis and magnetic moment data revealed an octahedral geometry around M(II).The 

conductivity data show a non-electrolytic nature of the complexes. 

 

Figure (1-19): Proposed Structures & 3D-Geometrical Structure of The Complexes 
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Scheme (1-6): Preparation of [M(Leu)2(SMX)] complexes 

1.1.5. Mixed ligand metal complexes of some drugs 

Many researchers have studied the characterization, antimicrobial and toxicological 

activity of mixed ligand complexes of transition metals [49,50]. The role of mixed ligand 

complexes in biological process has been well recognized [51]. 

Anti-tumor activity of some mixed ligand complexes has also been reported [52]. The 

antibacterial and anti-fungal properties of a range of Copper(II) complexes. 

Mixed ligand complexes of Ni(II) with 1,10-phenanthroline (1,10-Phen) and Schiff bases 

L1(MIIMP); L2(CMIIMP); L3(EMIIMP); L4(MIIMNP); Ls(MEMHMP); L6(BMIIMP); 

L7(MMIIMP); L8(MIIBD) Figure (1-20) have been synthesized [52]. These complexes have been 

characterized by C.H.N, IR, 1H-NMR, 13C-NMR, Mass, UV-Vis, magnetic moments, and 

thermogravimetric analysis. Spectral data showed that the (1,10- Phenyl) acts as neutral bidentate 

ligand coordinating to the metal ion through (2N: donor atoms in ring) and Schiff bases act as 

monobasic bidentate coordinating through NO donor atoms. All Ni(II) complexes Figure (1-21) 

appear to have an octahedral geometry [53]. 
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Telia et a/.,(2011)[56], investigated the possibility of metals coupling of antibiotics into 

cellulose. Complexes of three [ M- cellulose - Antibiotics], M = Co(II), Zn(II) and Mn(II) Figure (1-23) 

. 

 

Figure (1-20): Proposed structure of the Nickel (II) complexes 

 

Figure (1-21): The Optimized Structural Geometry 
of Ni(II) Complexes 

Epton Marr et al., in the 1970s described the synthesis of ferrocene analogues of well-established 

antibacterial and published a series of papers drugs such as penicillins and cephalosporins [54-55]. 

 

Ferrocenyl-Penicillin 2, & Ferrocenylcephalosporin 
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1.2. Ligands and starting materials compounds and related in this study: 

1- Trimethoprim antibiotic drug (TMP) and its metal complexes 

2- ^-lactam antibiotic drug (Ampicillin (AmpiH) & Amoxicillin(AmoxH) and their Metal 

complexes 

3- Aldomet (Methyldopa) (M-dopa) drug and its metal complexes 

4- Vitamins 

[Vitamin L= Anthranilic acid (AnthH) & vitamin B3= Nicotin amid(NAm)] and their Metal complexes 

5- Amino Acids [L- Proline (ProH)& L-Alanine (AlaH)] and their metal complexes. 

6- (4-chlorobenzophenon) and its metal complexes

 

Figure(1-23): Metal -Cellulose-Antibiotics complexes 
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1.2.1. Trimethoprim Antibiotic Drug (TMP) And Its Metal Complexes 

1.2.1.1, Medical Uses 

Trimethoprim is a bacteriostatic antibiotic used mainly in the prevention and treatment of 

urinary tract infections. It belongs to the class of chemotherapeutic agents known as dihydrofolate 

reductase inhibitors [57J. 

 

Figurc(I-24): Structure and 3D-geometrical structure of 

the Trimethoprim 

Trimethoprim, Systematic (IUPAC) name: 5-(3,4,5-Trimethoxybenzyl) pyrimidine - 2,4- 

diamine (TMP), widely used in conjunction with sulfamethoxazole (SMX), is an effective 

antimicrobial agent used, for example, in the treatment of urinary tract infections and as a 

powerful bacteriostatic agent, because the antimicrobial activity is greater than that when the 

sulfa-drug is used alone [58,591- 

Trimethoprim is a broad-spectrum antimicrobial and also exhibits antparasitic activities 

[58,59]. Trimethoprim can be prepared from 3,4,5-trimethoxybcnzaldehydc, 3-

ethoxypropionitrile, and guanidine [59]. 
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1.2.1.2. Metal complexes of Trimethoprim 

Simo et al., (2000) [60], reported the interaction of [Zinc(II), Copper (II) and cadmium(II)] 

with Trimethoprim (2,4-diamino-5-trimethoxybenzyl) pyrimidine) . 

 

Peter (2005), [61], was reported the synthesizes Co(III) complex of Trimethoprim (TMP) 

synthesized from {Trimethoprim and trans- or cis- [Co(en)2Cl]Cl2 in two solvents (Methanol and 

Ethanol) Figure(1-26). 

Microanalyses showed that there was no coordination in ethanol when the reaction was 

carried out in a (1:1) mole ratio. However, when the preparation was done at( 2:1) mole ratio the 

trans~complex was isolated. The complex obtained is formulated as [Co(en)2(TMP)2]Cl3. 

 

Sunil et al (2010) [62] have been synthesized Schiff bases by the condensation of 

Trimethoprim with p-Chlorobenzaldehyde and Vanillin respectively in methanol (Ligand pbT and 

ligand VT) Schemes (1-8 and 1-9). Further their metal complexes have been synthesized by react 

 

Figure(1-25): Crystal Structure of [Zn(Trim)Cl ] 

 

Figure(1-26): Proposed structure for [Co(en)2(TMP)2]Cl 
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metal salts of {Mn (II), Co (II), Ni (II) and Zn (II)}, Figure(1-27) characterization data of these 

compounds have been made on the basis of Mol. wt , Am, Peff , C.H.N, UV, IR and NMR Spectra. 

The synthesized compounds were screened for their in vitro growth inhibiting activity 

against bacteria viz., gram negative(-) {Escherichia coli) & gram positive (+) {Staphylococcus 

aureus, Bacillus licheniformis, Micrococcus luteus}and were compared with the Oflaxocin as 

(standard antibiotic). 

 

 

 

Scheme (1-8):Schiff base ligand (pbT) 

 

Scheme (1-9): Schiff base ligand(VT) 
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Omoruyi et al., (2012), [63], reported the silver Ag(I) complexes of Trimethoprim and 

pyrimethamine drugs Figure(1-28) have been synthesized and characterized by (C.H.N), (FTIR) 

and (UV-Vis) spectroscopy, and electrical conductivity measurement. The metal complexes formed 

a three and four coordinate geometry with the ligands acting as a monodentate molecule bonding to 

the Ag(I) in each case through the pyrimidine N (1) Nitrogen. The complexes have non-electrolyte 

behaviour in (DMF) solution with its low conductivity values. All the silver complexes showed 

enhanced antibacterial activities compared to their free ligands {Trimethoprim and pyrimethamine} 

drugs . 

 

Bamigboye et al., (2012), [64], reported the syntheses and biological screening of mixed 

[Trimethoprim -M -Isoniazid] complexes, M= Mn(II), Fe(II), Cu(II), Co(H),Zn(II) and Cd (II) See 

Figure (1-29). 

The complexes were characterized by using solubility, melting point, conductivity 

measurement and spectroscopic studies. Trimethoprim complexes of coordination of the metal to 

the ligands is through the Nitrogen of the pyrimidine group and coordination through the Nitrogen 

of the amine group. The Antimicrobial Properties of the complexes were carried out against six 

organisms. 

 

Figure(1-27): Structures of Metal Complexs PbTM Where M= Mn (II), 

Co (II), Ni (II) and Zn (II) 

 

Figure(1-28):Proposed structures of silver(I) complexes 
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Peter & Omoruyi (2013) [65], synthesized Pd(II) and Pt(II) complexes of Trimethoprim and 

pyrimethamine, Figure(1-30) and characterized by (C.H.N),UV-Vis, FTIR, and NMR 

spectroscopy. The complexes are formulated as four coordinate square planar species containing 

two molecules of the drugs and two chloride or thiocyanate ions. The coordination of the metal ions 

to the pyrimidine Nitrogen atom of the drugs was confirmed by spectroscopic analyses. The 

complexes were screened for their antibacterial 

activities against eight bacterial isolates. They showed varied activities with the active metal 

complexes showing more enhanced inhibition than either Trimethoprim or pyrimethamine. The 

Pd(II) complexes of pyrimethamine showed unique inhibitory activities against P. aeruginosa & B. 

pumilus, and none of the other complexes or the drugs showed any activity against these bacteria 

isolates. 

 

Srivastava et al., (2014) [66],were reported microwave irradiation as a green approach for 

fast, efficient, clean and environmentally benign exclusive synthesis with excellent yields of Schiff 

bases as new ligands and their complexes with Cu(II) have been developed using condensation of 

pyridoxal and {antibiotics = Amoxicillin(L1), 

Cephalexin(L2), sulphamethoxazole (L3) and Trimethoprim (L4)}, See Figure (131). All the 

 

Figure(1-29): Proposed structure for [Trimethoprim -M -Isoniazid] 

 

Figure(1-30): Proposed structures for the metal 

complexes M= Pd(II) & Pt (II) 
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complexes under investigation possess antibacterial activity. This method provides several uses 

such as environmental friendliness, short reaction times, non- hazardous and simple work-up 

procedure. The compounds were characterized by (C.H.N), thermo-gravimetric, magnetic and 

spectroscopic studies . The complexes are coloured and stable in air and found to be six co-ordinate 

dihydrates and ML2 (1:2), [(metal: ligand) ratio] type. 

 

1.2.2. p-lactam antibiotic drug (Ampicillin & Amoxicillin) and Schiff Base 

The p -lactams are a family of antibiotics that are characterized by the presence of P-lactam 

ring Figure (1-32). They are a diverse and varied family which include the penicillins, 

cephalosporins and carbapenems, and are the most commonly prescribed antibiotics in Europe .^-

lactams antibiotics uses (AmpiH & AmoxH) and their derivative‟s (Schiff base) are multi-dentate 

ligands [22,67].

L1 = PyridoxylideneAmoxicillin COOH 

C ( ™ _ L ^ r
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Figure (1-31): Structure Formulae of the (Hi to H4) Schiff bases of pyridoxal & antibiotics 
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Penicillin behaves as bidentate,Figure (1-33) (A) or tridentates ligand, Figure (1-33) (B). In 

bidentate mode, coordination occurs through the carboxylate and lactamic Oxygen atoms to the metal and 

in case of tridentale mode, coordination occurs through the carboxylate, lactamic Oxygen and amide 

carbonyl group to the ions [67-68J. 

 Ampicillin (AmpiH) Amoxicillin(AmoxH) 
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Figure (1-33): Fe(IU)& Ni(II) complexs of Benzy (penicillin, 

(Bidentate mode) (A) and (Tridentate mode) (B) 
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Manhel (2013) f 69],was reported the synthesis and characterization of the six tridentate 

Schiff bases ligands (HLi- HU) derives from selected p-lactam antibiotics (Amoxcilline 

trihydratc, Ampicillin trihydrate and Cephalexin, with 4 (dimcthylamino) benzaldehyde) and 

Vanillin containing (N,0 and O) as donor atoms type (O N O) shown Table (1-2). 
 

1.2.3. Aldomct (Methyldopa) (M-dopa) drug and its metal complexes 

Methyldopa (M-dopa), the L-isomcr of alpha-Methyldopa, is levo-3-(3,4- 

dihydroxyphenyl)-2-methylalanine. Its empirical formula is CioH|3N04 [70,71]. See its structural 

formula in Figure (1-34). 

IUPAC Name 

(S)-2-amino-3-(3,4-dihydroxyphenyl)-2-methyl-propanoic acid 

Or 3-Hydroxy-a-methyl-L-tyrosine 

Figure (1-34): Structures and 3D-geomelrical structure of the Methyldopa

Symbol Chemical formula Schiff bases derives form 

HL, C25H26N4O4S Cephalexine + 4(dimethylamino)benzaldehyde 

HL2 C25H28N4O5S Amoxcilline + 4(dimethylamino)benzaldehyde 

HL3 C23H2HN4O4S Ampicillin trihydratc + 4(dimethylamino)benzaldchydc 

HL4 C24H23N3O6S Cephalexine + Vanillin 

HL5 C24H2SN3O7S Amoxcilline + Vanillin 

HU C24H25N3O6S Ampicillin trihydrate + Vanillin 

Table (1-2): Tridentate Schiff bases ligands (HLi- HLf,) derives 

from selected p-lactam antibiotics 
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1.2.3.1. Medical uses 

Methyldopa is used in the clinical treatment of the following disorders: 

• Hypertension (or high blood pressure) Gestational hypertension (or pregnancy-induced 

hypertension) . 

• Aldomet (L-Methyldopa) is an antihypertensive drug and is an aromatic-amino-acid decarboxylase 

inhibitor in animals and in man [ 71]. 

1.2.3.2. Metal complexes of Methyldopa (M-dopa) 

Patil & Mhaske, (2001) [ 72] have studied the stability constants (Ks) of four metals with 

(Iminodiacetic and /or Nitrilotriacetic) acids as primary ligands and (Methyldopa and /or 

levodopa) as secondary ligands potentiometrically. 

Mouayed et al., (2009), [73] were reported spectrophotometric determination of dopamine 

hydrochloride and Methyldopa in pharmaceutical preparations using flow injection analysis 

(FIA). The method is based on oxidative coupling reaction of drug with 2-Furoic acid hydrazide 

(C5H6N2O2) in the presence Sodium nitroprusside in (NaOH) medium to form soluble product 

that has a maximum absorption at 487 nm. The various physical and chemical variables were 

optimized. The results obtained were in good agreement with those obtained by British 

Pharmacopoeia method. 

Patil (2012), [74] was studied the stability constants of ternary complexes of [ Mn (II), Co 

(II), Ni (II), Cu (II) and Zn (II)] ions with aspartic acid(ASP) and Glutamic (Glu) acid as primary 

ligands and levodopa and Methyldopa as secondary ligands,also all complexes have been carried 

out (pH-metrically) at the same conditions. 

1.2.4.Vitamins [Vitamin L = Anthranilic acid (AnthH) & vitamin B3= Nicotinamid (NAm)] and their 

Metal complexes 

1.2.4.1. Vitamin L [Anthranilic acid (AnthH)] and its metal complexes 

Anthranilic acid (2-aminobenzoic acid, (AnthH) is the biochemical precursor to the amino 

acid tryptophan, as well as a catabolic product of tryptophan in animals. 

Anthranilic acid (C6H4(NH2)COOH) is one of the best compound used by degrading 

ancient dye indigo [75].
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Figure(l-35):Structure and 3D-geometrical structure of 

the Anthranilic acid 

It is a white solid amino acid in pure form whereas commercially available in yellow form. 

Its molecule consists of a benzene ring with two adjacent functional groups, a carboxylic acid and 

an amine [75-76J. 

Al-Noor et al., (2013), [77] reported the synthesized mixed ligand complexes M(II), of the 

composition [M(An)2((PBu3)2] in (1:2:2) (M:Anth:(PBu3). molar ratio, (where Anth 

=Anthranilate ion, (PBu3)= tribulylphosphine. M= Co(II),Ni(TI),Cu(TT) and Zn(II). See 

Figure(l-36). 

The prepared complexes were used Characterized, the data of these compounds have been 

made on the basis of Mol. wt, Am, p^ff, UV-Vis, FT-IR and tested in vitro against three types of 

pathogenic bacteria microorganisms to assess their antimicrobial properties. The study shows that 

all complexes have octahedral geometry; in addition, it has high activity against tested bacteria. 

The results showed that the deprotonated ligand(AnthH )to anthranilate ion (Anth') by using 

(KOH) coordinated to metal ions as bidentate ligand through the (O)atom of the carboxylatc 

group (—COO), and the (N) atom of the amine group(-NH2), where thc,(PBu3) coordinated as a 

monodentate through the (P) atom. 
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Saleem Raza (2013), [78] reported synthesized the complexes of anlhranilic acid and pthalic 

anhydride ligands with Co(II),Cu(II), Cd(II), Pb(Il) and Sn(II) .The antibacterial potential of the 

complexes was assessed against Staphylococcus . 

Rawatc (2014), [79] reported the synthesis a mixed ligand complexes of Zn(II), Cd(II) and 

Cu(TT), with {Anlhranilic,phthalic, and Succinic] acids. The complexes have been characterized 

on the basis of analytical data, thermogravimetric studies, IR and NMR. IR spectral studies 

suggest that bidentate chelating behavior of three acid in its complexes. 

Pandey & Shahi (2014) [80], reported the synthesis of some mixed ligand complexes of 

Co(II), Ni(TT), Cu(TT), Ru(TT)and Zn(IT) with tribenzyl phosphine and anthranilic acid see 

Figure (1-37) . The antimicrobial activities of ligand and complexes against three types of 

bacteria, {Klebsiella,Bacillus and Staphylococcus are tested. 

 

Figure (1-37): The proposed structure metal - tribenzyl phosphine 

and Anthranilic acid complexes 

I.2.4.2. Vitamin B3= Nicotinamid(NAm)J and its metal complexes 

 

Figure (l-36):The proposed structure & 3D-geomelrical structure of the 

complexes[M(A)2 (PBu3)2], M = Co(II),Ni(II),Cu(II) and Zn(II) 
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Nicotinamide (NAm),Figure (1-38) is a water-soluble vitamin and is a part of the vitamin 

B group,[70,81,82]. 

 

1UPAC name: 

pyridine-3-carboxamide 

Other names 3-pyridinecarboxamide ,niacinamide,nicotinamide 

,nicotinic acid amide, Vitamin B3 

Figure (1-38) :Structure and 3D-geometrical structure of the (NAm) 

Nicotinamide has demonstrated as anti-inflammatory actions that may be of statement to 

patients with inflammatory skin conditions [82J and conflicts as a chemo- and radio-sensitizing 

agent/canccr-growth-promotcr by boosting tumor blood flow, thus reducing tumor hypoxia. And 

it is an activator (but inhibits at higher doses) and has been reported to restore cognition in 

Alzheimer's disease [82,83]. 

Al-Noor et al., (2012), [84] were reported the synthesis and investigatation of two types 

complexes of the ligand (AnthH) and (NAm) with Sn(II) & Pb (II) Figure (1-39). 

A) The mixed Ligand complexes of composition,[M(Anth)2 (NAm)2] where AnthH = Anthranilic acid 

= C7H7N02, M(II) = Sn(II) & Pb (IT). 

B) The mono Ligand Complexes of (AnthH) or (NAm) with Pb (II) & Sn(II). 

The results showed that the deprotonated ligand (anthranilic acid) to anthranilate ion [A ] 

by using (NaOH) coordinated to metal ions as bidenlate uninegative charge ligand through the 

(O) atom of the carboxylate group [-COCT], and the (N) atom of the amine group [NH7J, where 

the (NAm) coordinated as a monodentate through the (N) atom in ring. 

The complexes of the ligand with metal ions (for mono complexes) were studied in ethanol 

and /or water in order to determine the M : L ratio in 

the complex following the continues variation method (Job's method) A series of solutions 

were prepared having a constant concentration (0.001 M) of the M(II) and (AnthH). The results 

of complexes formation in solution (M:L = 1 : 2 )  ratio. 

Nicotinamide 

O 

1T^J^
nh2
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Al-Noor et al., (2013) [85J,reported mixed ligand complexes of M(II) = [Co(Il), Ni(II), 

Cu(II) and Zn (II)] of the composition, [M(Ceph) (NAm)j] Cl in 1:1:3 molar ratio, (where Ceph = 

Cephalexin and NAm = Nicotinamide have been synthesized and characterized by repeated 

melting point determination, solubility, Am, determination of the (M%) in the complexes by 

flame(A.A.S), FT-IR, (peff) measurements and electronic spectral data. The compounds were 

screened for their antimicrobial activity against six bacteria gram (+ve) and gram (-ve). See 

Scheme (1-10).

Complexes proposed structure 3D-geometrical structure 

[Sn (Anth)2] 
  

[Pb(Anlh)2] 

  

[Sn (NAm )2(H20)2]C12 't§>. 

 

[Pb (NAm )2(H20)2]C12 
“~—OI 

cv 

M-PbCII>.Sn«I> 

 

[ Sn(Anlh)2(NAm)2] 
  

[ Pb(Anth)2(NAm)2] 
Po JL 

Figure (1-39): The proposed structure and 3D-geometrical structure complexes of the 

ligand (AnthH ) & (NAm) with Sn(II) & Pb (II) 
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Scheme (1-10):Schematic route of synthesis 

[M(Ceph)(NAm)3]Cl complexes 

Also, Al-Noor et al .,(2014) [86] were reported Schiff base ligand (E)-6-(2-(4- 

(dimethylamino)benzylideneamino)-2-phenylacetamido)-3,3-imethy-l-7-oxo-4-thia-1- 

azabicyclo[3.2.0]heptane-2-carboxylic acid = (HL),was prepared via condensation of (AmpH) and (4-

DMAB=4-dimethylaminobenzaldehyde) in methanol . See Figure (1-40). 

 

 

 

Figure (1-40): The molecular structure of (HL) 
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Polydentate mixed ligand complexes were obtained from (1:1:2 ) molar ratio 

reactions with M (II) and HL, 2(NAm )on reaction with [MCl2 .nH2O] salts yields 

complexes corresponding to the formulas [M(L)(NAm)2Cl],where M = 

Fe(II),Co(n),Ni(n),Cu(n),and Zn(II) and NAm=nicotinamide, Scheme (1-11). 

The complexes were structurally studied through AAS, FT-IR, UV-Vis, Am, Chloride 

contents and (peff). All complexes are non-electrolytes in DMSO solution. And octahedral 

geometries have been suggested. In order to evaluate the effect of the biological activity, these 

synthesized complexes, in comparison to the un complexed (HL) has been screened against 

bacterial species, Staphylococcus aureus, Escherichia coli and the results are reported. 

 

 

Scheme. (1-11): Synthesis of [M(L)(NAm)j]Cl complexes 
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1.2.5. L- a- Amino Adds [L-AIanine (AlaH) and L-I‟roline (I*roH)J and their metal 

complexes 

The L- a- amino acids and their compounds are used in biology, pharmacy, laboratory 

reagents and industry [87J. L- alanine and L-proline are a-amino acid, [88,89J Figure (1-41). 

Amino acids are ideal ligands from both chemical [891 and nutritional [901 points of view. 

Metal amino acid (M-AA) complexes are similar to these compounds which allow the metal to 

be carried in with the amino acids during absorption and can be used to build proteins or provide 

energy. 

 

Figure (1-41): Structure and 3D-geometrical structure of the 

[L-Alanine and L- Prolinelamino acids 

Anna el al., (2014) [91J,reported the reactions of [Ru(NO)Cl5j2 with eight amino acids = 

(Gly), (L-Ala), (L-Val), (L-Pro), (D-Pro), (L -Scr), (L -Thr), and (L -Tyr) in n- propanol or n-

butanoi formed eight new complexes, which were characterized by C.H.N, (EST-MS), 'H-NMR, 

UV-visible and, cyclic voltammetry, and X-ray crystallography.The general formula [RuCli(AA 

H)(NO)J_,where AA = eight amino acids. 

The compounds were characterized by C.H.N, electrospray ionization mass spectrometry 

(ES1-MS), „H-NMR, UV-Visible and FT-1R spectroscopy, cyclic voltammetry, and X-ray 

crystallography. 

X-ray crystallography studies have proved that in three theoretically possible the same 

isomer type (from) was isolated, Trans (N0,0) -3[RuCl3(AA-H)(NO)l.as 3D- geomctrical 

structure . Figure (1-42)
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Figure (1-42):3D-geometrical structure of 

<rans(NO,O)- [Rua3(AA-H)(NO)]complexes 

1.2.6. [4-Chlorobenzophenon] and its metal complexes 

4-Chlorobenzophenone was detected, not quantified, in one sample of human adipose 

tissue collected in fiscal year 1982 during the Environmental Protection Agency's National 

Human Adipose Tissue Survey (NHATS) [92]. 
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Al-Noor et al., (2014) [93], were reported the synthesis and studying of Fe(II), Co(II), 

Ni(II), Cu(II),Zn(II) and Cd(II) complexes with tridentate Schiff base (HL) derived from ^-lactam 

antibiotic [(Cephalexin monohydrate)- 4-chlorobenzophenone] as a primary ligand and Saccharin 

(Sac) as secondary ligand Schemes (1-12) and (1-13) respectively . 

o^D 

Cl 
Oy^  

IUPAC name p-Chlorobenzophenone 

Molecular formula Other names: Benzophenone,4-Chloro- 

C13H9ClO methanone, (4-Chlorophenyl)phenyl-p- 
 CBP 

Figure (1-43): Structural formula of 4-chlorobenzophenone 
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[(Cephalexin monohydrate)-4-chlorobenzophenone] 

 

Scheme (1-12): Schematic representation the synthesis Schiff base (derivative 

from p-lactam antibiotic 
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Scheme (1-13): The synthesis route of [ HL -M(II)-Sac] Complexes 
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1.2.7.[4-dimelhylamino-benzaldehyde] and its metal complexes 

para-Dimethylaminobenzaldehyde is an organic compound containing amine and aldehyde 

[94]. 

 

4-Dimethylaminobenzaldehyde 

p-Dimethylaminobcnzaldchydc; 4-Formyl-A'^V- 

dimelhylaniline; A,,A,-Dimethyl-4-formylaniline 

Figure ( l-44):StructuraI formula of 

4-Dimethylaminobenzaldehyde 

James et al., (1986) [95]. were reported infrared and Raman spectra and vibrational 

assignments for 4-(dimethylamino)benzaldehyde (DABA) and its zinc complex . 

Paulo et al., (2010) [96] were reported the crystal structure landscapes from combined 

vibrational spectroscopy and initio calculations 4-(Dimethylamino) benzaldehyde . 

Taghrced and Lcqa [97-99] were reported the synthesis and characterization of: 

A) The two Schiff bases ligands (HL1- HL2) derives from selected (3-lactam antibiotics 

(Amoxcilline and Ampicillin trihydrate) with 4- 

Chlorobenzophenon. 

B) One Schiff bases ligand HL3 derive from drug Mcthyldopa with 

4(dimcthylamino)benzaldehyde as shown table below: 

 

para-Dimethylaminobenzaldehyde 

 

Symbol Chemical formula Schiff bases derives from 

HLi C?9H,6CIN3O5S Amoxcilline( AmoxH) + 4-chlorobenzophenone 

HL2 C?,HMC1N,0„S Ampicillin (AmpiH)+ 4-chlorobenzophcnone 

HL3 CI9H??N?O„ Methyl dopa (M-dopa)+ 4-(dimethylaminobezaldehyde) 
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The ligands containing (N ,O and O) as donor atoms type (O N O) for (HL1 and HL2) 

and (N.O) for HL3 . 

The prepared ligands (HLrHL3) were characterized by (!H-NMR) and (13C-NMR) spectra . 

FT-I.R . U.V-Vis spectroscopy. (C.H.N.S). melting point and thermal analysis for (HL1 and 

HL2) . According to the results obtained from 1H-NMR . 13C-NMR and FT- IR. U.V/vis. . The 

proposed molecular structure Ligands (HL1-HL3) were drawing by using Cs chem office 3D 

Ultra program package (2006). As shown are shown in Figures below (three dimensional view 

of ligand). 

 

6-[2-{[(4-Chloro-phenyl)-phenyl-methylene]-amino}-2-(4-hydroxy-phenyl)-acetylamino]- 3.3-

dimethyl-7-oxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylic acid(HL1) 

 

6-(2-{[(4-Chloro-phenyl)-phenyl-methylene]-amino}-2-phenyl-cetylamino)-3.3- dimethyl-7-oxo-4-

thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylic acid(HL2) 
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Synthesized of mixed ligand complexes : 

1) Two Schiff bases ligands (HL1-HL2) uses as primary ligand with Nicotinamide (NAm), as a 

secondary ligands with M (II) and M(III) shown table below: 

2) Schiff base ligand HL3 use as primary ligand with Anthranilic acid (AnthH) , as a secondary 

ligands with M (II) and M' (III) shown table below: 

 

3) The antibiotics Trimethoprim as primary ligand with Anthranilic acid (AnthH) , L- 

proline (ProH) and L-alanine (AlaH) as a secondary ligands with M(II) shown table below: 

 

3-(3,4-Dihydroxy-phenyl)-2-[(4-dimethylamino-benzylidene)-amino]-2-methyl-propiomc 
acid(HL3) 

 

Mixed ligand-Metals omplexes Compositions 

Schiff 

bases 

ligand 

Schiff bases ligand HL1 + 

Nicotinamid(NAm) + 

Metal Chloride 

[M(L1)(NAm)3]Cl 

M=Co(II),Ni(II),Cu(II),Cd(II),and Hg(II) 

[M' (L1)(NAm)3]Cl2 , M'=Cr(III),Fe(III) 

 Schiff bases ligand HL2 + Nicotinamid 

(NAm) + Metal Chloride 
[M(L2)(NAm)3]Cl 

M=Co(II),Ni(II),Cu(II),Cd(II),and Hg(II) 

[M' (L2)(NAm)3]Cl2 , M'=Cr (III),Fe(III) 

 

Schiff bases ligand HL3+ amino acid 

(Anthranilic acid )+ Metal Chloride 

K [M(L3)(Anth)] 

M= Co(II),Ni(II),Cu(II),and Cd(II) 

[M'(L3)(Anth)2] , M'=Cr(III),Fe(III) 
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Products were found to be solid crystalline complexes, which have been characterized through 

the following techniques :Molar conductivity ,Spectroscopic Method (FT-IR), (UV- Vis) and A.A 

additional measurement magnetic suspeliblity. 

The measurement magnetic suspeliblity with the electronic spectra data suggested an octahedral 

geometry for all the complexes .The antimicrobial activity of the synthesized compound as well as 

their free ligands was studied by the zone of inhibition (ZI) technique .

 

Mixed ligand-Metals Complexes Compositions 

 
Trimethoprim+ [M (Anth)2 (TMP) (H2O)] 

 amino acid (Anthranilic acid ) + M=Co(II), Ni(II), Cu(II), Zn(II),Cd(II) 

Trimethoprim 

Metal Chloride and Hg(II) 

Drug (TMP) Trimethoprim+ [M (Pro)2 (TMP)(H2O)] 
 amino acid (L-prolin)+ Metal M=Co(II), Ni(II), Cu(II), Zn(II),Cd(II) 
 Chloride and Hg(II) 

 
Trimethoprim+ [M (Ala)2 (TMP)(H2O)] 

 amino acid( L-Alanine)+ Metal M=Co(II), Ni(II), Cu(II),Zn(II),Cd(II), 
 Chloride and Hg(II) 

 



46 

 

 

REFERENCES 

[1] Wasi, N., Inorg Chim Acta (1987) 135:133-137. 

[2] Heater S.J., Carrano M.W., Rains D., Inorg Chem; (2000)39: 3881-3889. 

[3] Roos JT, Williams DR.,J Inorg Nucl Chem (1977) 39: 129-141. 

[4] Behrens NB, Diaz GM, Goodgame DML.,Inorg Chim Acta; (1986)125: 21-26. 

[5] Ming L. , Structure and Function of “Metalloantibiotics”. Med Res Rev; (2003) 23: 697-762. 

[6] Cole A, Goodfield J, Williams DR, Midley JM., Inorg Chim Acta; (1984) 92:91-97. 

[7] Srivastava RS., Inorg Chim Acta; (1981) 55: 71-74. 

[8] David K. Johnson, Terrance B. Murphy, Norman J. Rose, William H. Goodwin, Loren Pickart, 

Inorg Chim Acta; (1982) 67: 159-165. 

[9] Yamada S,Coord chem. Rev., ( 1999) 537:190-192. 

[10] Krishnaraj, S., Muthukumar ,M., Viswanathamurthi P., S. Sivakumar, Trans. Met.Chem. ; 

(2008) 33:643. 

[11] Sheldon, Roger; Kochi, Jay, New York: Academic Press.;(1981), ISBN 978-0-12639380-4. 

[12] Pier Giorgio. C, Chemical Society Reviews , (2004) 33:410-421. 

[13] Masaaki, K., Hideki, T., Masanobu, T., Kiyohiko N. ,Coordination Chemistry Reviews (2003) 

237:183-196. 

[14] Syamal, A., Maurya M.R., Coordination Chemistry Reviews(1989) 95 :183. 

[15] Costamagna ,J., Vargas, J., Latorre R., Alvarado A., Mena G., Coordination Chemistry 

Reviews, (1992) 119: 67. 

[16] Raman, N., Kulandaisamy, A., Jeyasubramanian K., Synth. React. Inorg. Met.- Org.Chem., 

(2001) 31 : 1249. 

[17] Balasubramanian K.P., Parameswari K., Chinnusamy V., Prabhakaran R.,Natarajan K., 

,Spectrochim. Acta Part A; (2006) 65: 678. 

[18] Prabhakaran R., Geetha A., Thilagavathi M., Karvembu R., Krishnan V., ,J_Inorg Biochem. 

Dec; (2004) 98(12) : 2131- 40. 



47 

 

[19] Neelakantan M. A., Rusalraj F., Dharmaraja J., Johnsonraja S., 
Jeyakumarb T., Pillai M. S., (2008),Spectrochim Acta A;71: 1599. 

[20] Shakir M., Azam M., Parveen S., Khan A. U., Firdaus F., Spectrochim Acta A(2009) ,71 

:1851. 

[21] Shakir M., Mohammad A., M.F. Ullah, S.M. Hadi, BJ. Photochem. Photobiol., (2011) , 104 

:449-456. 

[22] Nair M.S., Arish D. and Joseyphus R.S., J,.Saudi ChemSoc.; (2012) , 16: 83-88. 

[23] Bharti J., Suman M., Neha S. and Shrikant S., Asian J; Biochemical and 

Pharmaceutical Research, (2013), 3(3): 152- 158. 

[24] Islam, M.N. , Shahriar, S.M.S. , Islam, M.K. , Jesmin, M. , Ali, M.M. , Khanam, 

J.A.International Letters of Chemistry, Physics and Astronomy, (2013), 5 : 12-20. 

[25 ]Arun N.T. and Gowramma B., International Journal of Pharmaceutical Sciences and Research , 

(2014) , 5(3) : 1008-1014. 

[26 ]Srivastava K.P., Anuradha Singh ,and Suresh Kumar Singh .Journal of Applied Chemistry, Apr 

(2014) 7, Issue 4 Ver. I.: 16-23 . 

[27] Von Nussbaum F., Angew. Chem. Int. Ed. ,(2006) ,45 (31): 5072-5129. 

[28] Suresh M. S. and Prakash V., International Journal of the Physical Sciences , (2010), 5(14): 

2203-2211. 

[29] Anacona J. R. and Maried Lopez Hindawi Publishing Corporation International J, .Inorganic 

Chemistry (2012 ): 6 , 1-8 . 

[30] Obaleye JA, Akinremi CA, Balogun EA, Adebayo JO. Afr J Biotech (2007),6: 28262832. 

[31] Williams D.A. and Lemke L.T., Foyes Principles of medicinal chemistry 5th edition(2005) . 

[32] Williams, R.A.D.; Eliot, J.C., Basic and Applied Dental Biochemistry. 2th edition Elsevier 

Health Sciences(1989). 

[33] US Pharmacopeia, XX Revision, American Pharmaceutical Association,Washington, DC,( 

1980): 744-751. 

[34] Szazuchin, O. and Navarin, S.M. Antibiotiki (1965), 6: 56. 

[35] Finar, I.L. ,Org. Chem., vol 2,4th edn. Longman, London, (1970): 532. 



48 

 

[36] Perrin D.D., Agarwal R.P.: Metal Ions in Biological Systems, Sigel H.C. Ed., Marcel Dekker, 

New York , (1973), 2: 167. 

[37] West DS, Liberta AE , Chikate PB , Sonowane AS , Coord. Chem . Rev. , (1993) , 123 :49. 

[38] Ming Lj. , Med. Res. Rev., (2003), 23: 697-762. 

[39] Horten, J.L. and Stevens, M.F.G. ,J. Pharm. Pharmacol. (1981) , 33:308. 

[40] Gary, H.G. and Sharma, R.A. ,J. Pharm. Sci. , (1970) ,59: 1691. 

[41] Freeman, H.C. Inorganic Biochemistry, Elsevier, Amsterdam, New York(1973) . 

[42] Danielle, P.G., Zerbinati, O., Zelano, V. and Ostacoli, G. ,J. Chem. Soc., Dalton Trans, (1991) 

:2711. 

[43] Rao, A.K., Venkataiah, P., Bathina, H.B. and Mohan, M.S. (1989) J. Coord. Chem. 
20, 69. 

[44] Zahid H. Chohan, , M. Arif, Muhammad A. Akhtar, and Claudiu T. Supuran Bioinorg Chem 

Appl. (2006). 

[45] Ved Prakash Shukla, Surabhi Sinha and Vijay Krishna, IOSR Journal of Applied Chemistry , 

Issue 6 , Mar - Apr( 2013), 4: 21-26. 

[46] Shailendrasingh Thakur, Mazahar Farooqui and S.D. Naikwade, ,International Journal of 

PharmTech Research., Oct-Dec (2013),5(4): 1508-1515, 

[47] Fayad N.K. , Taghreed H. Al-Noor and Ghanim F.H, Advances in Physics Theories and 

Applications,(2012), 9 :1-13. 

[48] Raheem Taher Mahdi, Taghreed H. Al-Noor , Ahmed .H.Ismail, Advances in Physics 

Theories and Applications. (2014) , 27:8-19 . 

[49] Mostafa S.I., Hadjiliadis N., Inorg. Chem., (2007),2:186. 

[50] Khadikar P.V., Saxena R., Khaddar T., Feraqui M.A. , J. Ind. Chem. Soc. ,(1994),56: 215-

219. 

[51] Zoroddu M.A., Zanetti S., Pogni R., Basosi R., ,J. Inorg. Biochem. ,(1996),63:291 . 

[52] Ruiz M., Perello L., Servercarrio J., Ortiz R.,Garciagranda S., Diaz M.R., Canton E., J.Inorg. 

Biochem. (1998),69: 231 . 

[53] Prashanthi Y., Kiranmai K., Ira, Sathish kumar K, Vijay kumar Chityala, and Shivaraj , 



49 

 

Bioinorganic Chemistry and Applications ,(2012), 2012:8. 

[54] Edwards, E. I., Epton, R., and Marr, G., Journal of Organometallic Chemistry, (1979),168(2): 

259-272. 

[55] Edwards, E. I., Epton, R., and Marr, G., J. Organomet. Chem., (1976), 107: 351-357. 

[56] Tella, A.C ; Obaleye, M. O and Akolade, E.O., Middle- East Journal of scientific Research, 

(2011), 7(3):260-265. 

[57] World Health Organization. October (2013) Retrieved 22 April 2014. 

[58] Rossi, S, ed. Australian Medicines Handbook (2013 ed.). Adelaide: The Australian Medicines 

Handbook Unit Trust(2013). 

[59] Tenbuck, P.; Hood, H. M.; U.S. Patent(1962), 3,049 :544. 

[60] Simo B., Perello L., Ortiz R., Castin eirasb A., Latorre J., Canton E., Journal of Inorganic 

Biochemistry (2000), 81 :275-283. 

[61] Peter , "Synthesis, Characterisation and In Vitro Studies of 

Metal Complexes of Some Selected Antimalarial Drugs " Thesis Doctor of Philosophy in Chemistry 

of the University of Zululand , Nigeria) (2005). 

[62] Sunil Joshi, Vatsala Pawar and V.Uma ,Scholars Research Library Der Pharma Chemica, 

2010, 2(5):329-336 

[63] Omoruyi G. Idemudia, Peter A. Ajibade and Anthony I. Okoh, African Journal of 

Biotechnology , 15 May( 2012) 11(39): 9323-9329. 

[64] Bamigboye M.O, Obaleye J.A1 Lawal M. and Aluko O.M. , Chemistry and Materials 

Research (2012), 2, (3). 

[65] peter A. Ajibad and Omoruyi G. Idemudia, Bioinorganic Chemistry and Applications, (2013), 

2013: 1- 8 . 

[66] Srivastava K.P., Anuradha Singh & Suresh Kumar Singh, International Journal of 
Advanced Research in Chemical Science April (2014), 1, Issue 2:11 -20. 

[67] Sekhon BS.and and Saloni Jairath J. Pharm. Educ. Res., (2010) 1(2):13-36. 

[68] Anaconaa JR., Figueroa EM., J. Coord. Chem., (1999), 48:181-189. 

[69] ManhalRemon Aziz , "synthesis, and characterization of some new Schiff's bases Type 

(ONO) derived from cephalexin, amoxicillin and ampicillin and their complexes with some 



50 

 

metal ions" A Thesis Submitted To Baghdad University In Fulfillment Of The Requirements For 

The Degree Of philosophy In chemistry Department Of Collage Of Education/ Ibn Al-Haitham , 

(2003). 

[70] British National Formulary 56. September (2008): 95-96. 

[71] "WHO Model List of Essential Medicines". World Health Organization. October( 

2013)Retrieved 22 April 2014. 

[72] Patil, A. B., and T. H. Mhaske. , Asian J. Chem., (2001) , 13(4): 1544-1548 . 

[73] Mouayed Q. Al-Abachi, Raghad Sinan and Hind Haddi , National Journal of Chemistry, 

(2009), 36 : 597-604. 

[74 ] Patil, AB., Oriental J. Chem., (2012) ,28, (3): 1321-1324. 

[75] Brown C. J. , "The Crystal Structure of Anthranilic Acid" Proc. Royal Society of London 

A, (1968) ,302: 185-199. 

[76] .Angelos SA, Meyers JA. Journal of Forensic Sciences Oct; ( 1985) ,30(4):1022-47. 

[77] Taghreed HA, Khalid FA, Amer JJ, Aliea SK., Chem. Mater. Res ,(2013),3: 126-133. 

[78] . Saleem Raza , Yousaf Iqbal, Iqbal Hussian2, Muslim Raza, Syed Uzair Ali Shah, Ajmal 

Khan, Raheela Taj and Abdur Rauf ,Biochemistry & Analytical Biochemistry, (2013 ), 2 , Issue 

4: 1-4. 

[79] Rawate G.D , Chemical Science Transaction,; (2014) ,3(4): 1396-1399. 

[80] Pandey R.N. and Kalpana Shahi, Ultra Chemistry , (2014) , 10(1): 25-30 . 

[81] Niren NM .,"Pharmacologic doses of nicotinamide in the treatment of inflammatory skin 

conditions: a review".(2006), Cutis 77(1 Suppl): 11-6. 

[82] Akhundov, RA; Sultanov, AA; Gadzhily, RA; Sadykhov, RV., Biulleten' eksperimental'noi 

biologii i meditsiny ,(May 1993)115 (5): 487-91. 

[83] Cosmetic Ingredient Review Expert Panel ,"Final report of the safety assessment of 

niacinamide and niacin".Int. J. Toxicol,(2005),24 Suppl 5: 1-31. 

[84] Taghreed H. Al- Noor , Ibtisam Dawood , Ibtihaj K. Malih, International Journal for Sciences 

and Technology , September (2012),7( 3) :32-42. 

[85] Taghreed H. Al-Noor , Ahmed . T. AL- Jeboori , Manhel Reemon , J. Chemistry and 

Materials Research, ( 2013),3 (3):114-124. 



51 

 

[86] Taghreed H. Al-Noor, Manhel Reemon, Ahmed.T.AL- Jeboori , International 
Journal of Technical Research and Applications, July-Aug (2014), 2( 4): 187-192. 

[87] Pisarewicz K, Mora D, Pflueger F, Fields G, Marl F., J. Am. Chem. Soc.; (2005),127 : 6207. 

[88] Lehninger, Albert L.; Nelson, David L.; Cox, Michael M., Principles of 
Biochemistry (3rd ed.), New York: W. H. Freeman(2000). 

[89] Bentley R, Biochemistry and Molecular Biology Edication, (2005), 33(4) :274. 
[90] Shoveller A, Stoll B, Ball R, D. Burrin, J. Nutr., (2005),135( 7): 1609. 

[91] Anna Rathgeb, Andreas Bohm, Maria S. Novak, Anatolie Gavriluta, Orsolya Domotor, 

Jean Bernard Tommasino, Eva A. Enyedy, Sergiu Shova, Samuel Meier, Michael A. Jakupec, 

Dominique Luneau, and Vladimir B. Arion . , J. Inorg. Chem., (2014), 53 (5):2718-2729 

[92] Lewis RJ; in Hawley's Condensed Chemical Dictionary. New York, NY: John Wiley and 

Sons, Inc. (2001): 251. 

[93] Taghreed. H. Al-Noor , Amer. J.Jarad and Abaas Obaid Hussein , 

International Journal of Chemical and Process Engineering Research, (2014), 1(11): 109-120. 

[94] Jump up G. W. Watt, J. D. Chrisp (1952). "A spectrophotometric method for 

determination of hydrazine". Anal. Chem. 24 (12):2006-2008. 

[95] James G. Rosencrance, Paul W. Jagodzinski, Spectrochimica Acta Part A: Molecular 

Spectroscopy Volume 42, Issue 8(1986): 869-879 

Paulo J.A. Ribeiro-Claro‟ ‟ Pedro D. Vaz,Mariela Nolasco, Journal of Molecular Structure: 

THEOCHEM Volume 946, Issues 1-3, 30 April (2010): 65-69. 

[97] Lekaa Khalid Abdul Karim, A Thesis Submitted To Baghdad University In Fulfillment 

Of The Requirements For The Degree Of philosophy In chemistry Department Of Collage Of 

Education/ Ibn Al-Haitham , (2016). 

[98] Taghreed. H. Al-Noor , Lekaa K. Abdul Karim , ,( 2015) J., Chemistry and Materials 

Research.,7 (.5),82-91. 

[99] Taghreed. H. Al-Noor , Lekaa K. Abdul Karim ,( 2015) J., Chemistry and Materials Research 

,7(3) ,32-39. 

[100] Taghreed. H. Al-Noor , Lekaa K. Abdul Karim (2016), J., 

TOFIQ Journal of Medical Sciences, TJMS, Vol. 3, ( 2), 64-75 



 

I 
wan
t 
mor
e 

Buy your books fast and 

straightforward online - at 

one of the world's fastest growing online book stores! Environmentally sound due 

to Print-on-Demand technologies. 

Buy your books online at 

www.get-morebooks.com 

Kaufen Sie Ihre Bucher schnell und unkompliziert online - auf einer der am 

schnellsten wachsenden Buchhandelsplattformen weltweit! 

Dank Print-On-Demand umwelt- und ressourcenschonend produziert. 

Bucher schneller online kaufen 

www.morebooks.de 

 

OmniScriptum Marketing DEU GmbH 

Heinrich-Bocking-Str. 6-8 

D-66121 Saarbrucken info@omniscriptum.com Scriptum 
Telefax:+49 681 93 81 567-9 www.omniscriptum.com  

 

http://www.get-morebooks.com/
http://www.morebooks.de/
mailto:info@omniscriptum.com
http://www.omniscriptum.com/


 

 


