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Abstract 

The reaction of 6-amino pencillanic acid with Schiff base “(Z)-3-((3-hydroxybenzylidene) amino) phenol)” has formed a 

novel Azo–azomethine ligand (HL) “(7-((Z)-(2-hydroxy-4-((Z)-((3-hydroxyphenyl) imino) methyl) phenyl) diazenyl)-3, 3- 

dimethyl-6-oxo-2-thiabicyclo [3.2.0] heptane-4-carboxylic acid”. The ligand (HL) is characterized by 1H-NMR, 13 C-NMR, 

Mass Spectrometry, CHNs, Uv-Visible, and FT-IR. This new Ligand (HL) is used to prepare numerous complexes using 

transition metal ions Fe (II) Cu (II), and Ni (II). These complexes’ properties are studied using different techniques such as 

Mass Spectroscopy, Atomic Absorption, FT-IR, UV-Visible, Magnetic Moment, and Molars Conductivity.  All these 

techniques indicate 1:2 (M: L) stoichiometry’s synthesized complexes. Azo-azomethine ligand (HL) acts as a tridentate ligand 

to form the octahedral shape complexes with sp3d2, d2sp3 hybridization. These new ligands and complexes are studied for their 

biological activity. The results show that the minimum inhibition concentration (MIC) of the prepared compounds has 

inhibition activity against Staphylococcus aureus bacteria and obviously affects the ability of pathogenic bacteria (S. aureus) 

to attain virulence factors such as Biofilm and hemolysin toxin 

 Keywords: β-Lactam; Schiff base; 6-Amino penicillanic; Antibacterial activity 

1. Introduction 

Due to their distinctive properties and significance in 

chemical and biological applications, the transition 

metallic complexes are extensively studied by several 

chemical researchers [1]. Specifically, the azo-

azomethine compound coordinated with metallic 

elements has several advantages such as biological 

and analytical efficacy. These compounds are 

characterized by high ability, effectiveness, and 

having antimicrobial [2], analytical [3], and 

biochemical reagents [4]. The bioactivity of the azo-

azomethine metals complexes is indicated by recent 

studies as an antioxidant and other pharmacological 

properties [5]. The distinguishing property of the 

biological activity related to the azo-azomethine 

ligand is the possession of donor atoms such as O, N, 

and S, which provide different models for bonding 

with metallic ions [6]. 

These are significant compounds as they are featured 

with numerous ways of coordination done by various 

atoms in the Azo-azomethine ligand with metal ions. 

They also can act as multi-dentate because they have 

more than one donor site of electrons [7[. The 6-

amino pencillanic acid is regarded as one of the most 

significant antibiotics, as the biological effectiveness 

of this compound is due to the availability of a beta-

lactam ring in its compound [8[. Importantly, this 

beta-lactam ring is biologically effective against 

bacteria that continue to develop mechanisms that 

decrease these antibiotics’ effectiveness [9].   

 

Also, it is still very essential to conduct pieces of 

research and papers in the area of developing the 

composition of antibiotics [10]. Numerous recent 

researches are deeply concerned with developing 

these antibiotics by adding active groups to their 

composition ]11[ or by linking them with metal ions 

to produce complexes featured with biological 

activity ]12[. However, the current work deals with 

developing the” 6-amino-penicillin acid” compound 

by synthesizing a new organic compound and then 

bonding with some metal ions to form new 
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effectively biological complexes, study them 

chemically ]13 [, and analyze their biological activity 

]14[. Besides, this study shows a newly formed 

organic compound, i.e. (ligand HL) that exhibits a 

three-dentate behavior. When consistent with metals 

with a molar ratio of 1:2 (M: L), the biological study 

also shows the high efficiecy of this ligand (HL) and 

its complexes withCu (II) Ni (II) Fe(II) ions against a 

type of bacteria is S. aureus.  

2. Experimental 

2.1. Materials and Reagents 

“3-amino phenol”, “m-Hydroxybenzyldehyde” 

(BDH), acetic acid (CDH), and (6-amino pencillanic 

acid (Sigma) were used without purification. 

Sulpheric acid (CDH), Sodium Hydroxide (BDH), 

Sodium Nitrite, distilled water; Nickel Chloride 

(BDH) and Absolut Ethanol were purchased from 

(CDH) as required. 

 

2.2. Instrumentation 

 

Melting points were identified at Stuart melting 

point SMP10. An elemental study of Elemental 

Research (EA) of a Perkin-Elmer CHNS 6000 was 

performed. Then, FTIR spectra were analyzed with 

Shimadzu FTIR 8400 in a spectrum of 4000-400 cm-

1 using KBr disks. Also, 3000 Nano optimums were 

used to achieve UV &Visible spectrum utilized at 

room temperature. A Varian‐ 400 MHz was for 

measured1HNMR and 13CNMR spectra. At room 

temperature at DMSO d6 Metal, the content of the 

complexes measured using flame atomic absorption 

techniques by Agilent 30A at the Department of 

Chemistry at the Mustansiriyah University. 

 

2.3.1. Synthesis of the Schiff bases 

 

Schiff base compound was prepared by dissolving 

(2 g, 0.0176 mol) 3-amino phenol in 10 mL of 

absolute ethanol then mixing it with (2.15g 0.0176 

mol) of” m-hydroxybenzyldehyde” to prepare (Schiff 

base). The reaction was refluxed for 1 hour being 

stirred and the proper pH was adjusted to ≈ 4 by 

adding some drops of glacial acetic acid, noting that 

this process is followed up by a pH paper test). As 

stated by [15], the color of the reaction mixture was 

changed and precipitates were formed after cooling 

and evaporating the solvent. Schiff base compound 

was recrystallized using ethanol solvents to give the 

titled compounds as shown in scheme (1). 

 

2.3.2. Synthesis of the ligand (HL) 

At first, a solution of (2 g, 9.2 x10-3mol) “6-amino 

pencillanic acid” was prepared by dissolving it in 

(10% H2so4in a baker 100 mL), and a “sodium 

nitrite” solution was prepared and concentrated 10% 

by dissolving (1 g, in 100 mL distilled water). Then, 

the two solutions were mixed being stirred, and 

maintained at the temperature (0-5Ċ). Next, the 

mixture was lifted for 15 minutes to complete the 

diazonium process. A solution was prepared by 

dissolving (2.2g - 9.2x10-3mol) of “(Z)-3-((3-

hydroxybenzylidene) amino). Phenol” (Schiff base 

compound) prepared in the (2.3.1) section was 

dissolved in (10% NaOH). This solution was 

dissolved in the diazonium salt solution with stirring. 

The precipitate was filtered and washed several times 

with distilled water and dried at room temperature as 

shown in scheme (2). [16] 

 

 

 Scheme (1) Schematic diagram of synthesis of the 

Schiffbase(Z)-3-((hydroxybenzylidene)amino)phenol 

 

2.3.3. Complex preparation of HL 

 

Complexes were also prepared by dissolving (2.5 

g, 5.8x10-3 mol) of (HL) in 10 mL of absolute ethanol 

and then was mixed with in the (0.5 g, 2.93x10-3 mol) 

desired metal ion (CuCl2.2H2O), (0.68g, 2.93x10-3 

mol) NiCl2.6 H2O), and (0.58 g, 0.93x10-3mol) 

(FeCl2.4H2O). The mixture was refluxed for 1 hour 

and the color was also changed. The resulting 

precipitates were formed after evaporating the solvent 

and recrystallizing it with two solvents, i.e. acetone 

and absolute ethanol [17]. 
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Scheme (2) Schematic diagram of synthetic route to get the target ligand. 

2.3.4. Biological activity   

A- Bacterial isolates 

  

Staphylococcus auruas bacteria were obtained 

from the microbiology lab at the Department of 

Biology at the College of Science at Kerbala 

University. The bacterial strains were biochemically 

diagnosed according to methods mentioned by 

Collee[18]and API staph system applied according to 

manufacturer’s instructions. The isolated bacteria 

used in this study were selected depending on their 

ability to produce deep violet colors on the bottom 

and wall of the tubes used to determine the biofilm-

forming as mentioned in Mather [19]. Then, the 

ability of these bacterial strains to produce hemolysin 

on blood agar plates was determined as described by 

Collee [20]. 

B-Antibacterial activity of Ligand (HL) and its     

complexes on the isolation bacteria 

The selected bacterial strain of the bacterial  

suspension density was adjusted using 0.5 McFarland 

as a standard and was cultured on muller-Hinton 

agar, and agar well diffusion method. The 

antibacterial activity of Ligand (HL) and its 

complexes were determined according to Egharevba 

[21]. The holes with 8 mm diameter were done by 

corky bore and were carefully filled with 100 µl from 

each concentration of the ligand (0.005, 0.01, 0.02,  

0.04, 0.06, and 0.08g/mL) by using micropipettes. 

Distilled water was added to one hole to be as 

control. Then, the Petri dishes were incubated at 37 Ċ 

for 24 hours. After the incubation period, each plate 

was observed and the inhibition zone was measured 

by the ruler; this was repeated three times for each 

concentration. The minimum inhibitory concentration 

(MIC) of Ligand (HL) and its complexes were 

determined according to [22] represented by the last 

concentration with little or no visible growth.  

 

C-Effect of Ligand (HL) and there complexes 

on the bacterial virulence factors 

MIC of Ligand (HL) and its complexes were  

added to the bacterial suspension, where the 

deamination biofilm activity and hemolysin 

production of bacteria cell was repeated after       

treated with these compounds. 

 

3.Results AND Discussion: 

 

3.1  A characteristic of the ligand and the metal 

complexes Physical properties: 

The physical properties of ligand (L) and [Cu(L)2]   

[Ni(L)2], [Fe(L)2] complexes given in  Table (1). The 

(L) and complexes were colored in Brown color and 

were non-hygroscopic. The ligand melted at a 

temperature104 Ċ and the [ Ni(L)2] complex have 

365 Ċ while [Cu(L)2] , [Fe(L)2] are decomposed. 

Those have a good yield between 56% and 64%.  

 The solubility of the ligand and complexes were 

measured and the results are listed in Table (1) the 

molar conductivity values of the ligand and their 

complexes in the range of 1.5 to 25 (mol-1 ohm-1 

cm2) were evaluated in DMSO, as these values show 

that they are nonelectrolyte [23, 24] 
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Table (1) The physical properties and Solubility:. 
Comp M.wt 

g/mol 

m.p Ċ color Yield% Solubility 

D.water Methanol Ethanol CHCl3 DMF DMSO 

(L) 439 104 Brown 64% _ +++ +++ +++ +++ +++ 

]Cu(L)2[ 941 decomposition Brown- 

orang 

56% _ _ _ _ +++ +++ 

]Ni(L)2[ 936 365 Brown-

Yellow 

64% _ _ _ _ + + 

]Fe(L)2[ 933.8 decomposition Brown-

orang 

61% _ _ _ _ +++ +++ 

(-) non soluble       (+) The partial soluble       (+++)  High solubility 

  

 3.2 Metal and Elemental Micro analysis 

(C.H.N.S) 

Micro elemental analysis (C.H.N.S.) for ligand and          

the atomic absorption of the synthesized complexes 

have played a key role in predicting the final 

structure and formula of the compound. With a metal 

analysis, the result shows that the elemental analysis 

of (L) ligand is (59.4, 4.2, 9.6 7.15%) for the   

(C%, H%, N%, S% ) respectively and the atomic 

absorption of complexes [Cu(L)2]  [ Ni(L)2] and 

[Fe(L)2] are (5.8, 4.98, 5.1%). 

 

3.3 Electronic spectra: 

The UV- visible spectrum  was determinedat in 

DMSO at wave lengths ranged ( 250-700nm) range 

and the results are explaind in Table (2) and Figure 

(1). The electronic spectra of the prepared ligand and 

[Cu(L)2], [ Ni(L)2] and [Fe(L)2] complexes showed 

two peaks at 270 nm and 380 nm assigned to 

n→π*and π→ π*transitions that belong to 

Azo,azomethine groups of ligand[25]. 

Absorptionmaxima were shifted to the higher values 

at the sites (295,365, 365)   

nm  in the complexes [Cu(L)2 ][ Ni(L)2] and [Fe(L)2] 

respectively , along with the occurrence of a change 

in the shape of peak upon coordination process. The 

electronic transient of [Cu (L)2] complex has wide 

bands at 475nm. It is compatible with the transient 
2Eg→2T2g of many octahedral coppers (II) 

complexes, where a blue shift is shown due to 

coordination of Octahedral and the band at 293 and 

its return to the charge transition (C.T). In the 

Electronic spectra of hexagonal nickel (II) complex, 

two bands (536nm, 288nm) appeared which 

corresponds to 3A2g (F) ͢ 3T1g (p) and charge 

transition (CT). The UV-visible spectrum of the 

ferrous (II) complex derived from the (L) showed two 

absorption peaks at the site (410 nm) and (291nm) 

due to the CT electron transition and (5T2g → 5Eg) 

[26, 27]. 

 

3.4 FTIR Spectra: 

The FTIR of synthesized ligand (L) showed 

absorption bands belonging to the Hydroxyl group at 

3348 cm-1, carbonyl of lactam group ν (C=O)  at 

1643 cm-1, and azo group ν(N=N) at 1525 cm-1. The 

hydroxyl,carbonyl, and azo groups were shifted to 

lower wavenumber, along with the occurrence of a 

change in shape and the location of absorption. This 

shows the participation in the coordination process in 

all complexes [Cu(L)2], [ Ni(L)2] and[Fe(L)2] and this 

is in agreement with the mentioned in the literature 

[28,29]. However, the band at1606 cm-1 of the 

azomethine group (C=N) did not participate in the 

coordination process because it was not situated in a 

favorable position to form a 4 or 5-member ring to 

support the coordinate process. Important 

characteristic peaks in the FT-IR spectra were also 

explained in Table(3)andFigure(2). 

   

Table (2) The electronic spectral data of the ligands and the complexes (nm) 

No Compounds absorption nm band assignment Geometry 

1 L 272   ,380 π-π*,         n-π* _ 

2 [Cu(L)2] 293   ,475 CT    ,       2Eg → 2T2g octahedral 

3 [Ni(L)2]  288   ,536 CT     ,   3A2g(F)  →3T1g(p) octahedral 

4 [Fe(L)2] 291     ,410 CT    ,   5A2g(F) → 5T1g(P) octahedral 
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Fig (1) .The Uv-Visible spectrum of ligand (L) and [ 

Cu(L)2], [Ni(L)2], [Fe(L)2] 

 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig (2). The FTIR spectrum of(L)ligand and       
complexes. 
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Table (3) some selected FTIR spectral data of the Schiff base and the complexes (cm-1)

Compounds ν(O-H) Ν(COOH) ν (C=O) 

Lactam 

ν (C=N) ν(N=N) ν(M-O) ν(M-O) ν(M-N) 

L 3348 1683 1643 1606 1525 _ _ _ 

]Cu(L)2[ 3322 1676 1640 1597 1512 468 565 596 

]Ni(L)2[ 3277 1678 1637 1600 1512 466 542 642 

]Fe(L)2[ 3356 1676 1637 1600 1512 447 480 536 

 

3.5 Mass spectroscopy 

The mass spectrum of the ligand (L) showed a 

mother M+ ion peak m/e at 437.8 which is equivalent 

to its molecular weight. The fragmentation peaks at 

m/e 345, 239, and 313m/e are ascribed to the 

cleavage[C15H14N4O5S],[C14H9N4O5 ] ,[ C12H9N4O2S] 

,respectively. It showed the correctness of the 

molecular structures of the ligan. 

The Scheme (3)shows the Ligand has taken multiple 

important fractionation paths, namely: azomethine 

carbonyl azo group combined with the formation of 

positive molecular ions and other positively charged 

fractions[30,31].

 

 

3.6 Magnetic susceptibility: 

Magnetic Susceptibility properties of the 

complexes [Cu(L)2], [ Ni(L)2] and[Fe(L)2] measured 

are (1.8, 3.2 and 5.4) MB respectively compared 

them with the literature [32,33] which showed that 

forming these complexes was found to be the 

octahedral shape. The results of analyses and 

measurement of organic compounds used as a ligand 

can coordinate with metal ions through the oxygen 

atoms of the hydroxyl, carbonyl groups, and nitrogen 

atom of the azo  group, where the ligand (L) acts as a 

tridentate ligand to form the octahedral shape 

complexes with sp3d2, d2sp3Hybridization,as show 

in figure(4). 

 

 

 
 

 
Fig (3) . The prepared ligand mass spectrum. Scheme  (3) the fragmention pattern of ligand (L) 

Fig (4). The suggested prepared complexes of 

(L): 
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3.7 Biological activity of (L) and complexes: 

 

A.The MIc of (L),[Cu(L)2],[Ni(L)2] and[Fe(L)2]         

The MIC of (L),[Cu(L)2],[Ni(L)2],[ Fe(L)2]  was 

achieved against S. aureus bacteria compared with 

distilled water as a control group. The minimum 

inhibition concentration (MIC) for (L), 

[Cu(L)2],[Ni(L)2], and [Fe(L)2] were (0.01, 

0.005,0.02, 0.02, respectively.  This component 

provided clear activity against pathogenic bacteria as 

listed in Table (5) modes and bonding with metal 

ions. 

B. Antibacterial activity of (L) and complexe 

The MIC of (L),[Cu(L)2] ,[Ni(L)2],[Fe(L)2] was 

achieved against S. aureus bacteria in the compulsion 

to distilled water as control as shown in Figure (5). 

The synthesized ligand and their complexes of 

penicillin derivatives showed a significant inhibition 

zone estimated(10mm, 19mm, 10 mm) for each of the 

(L),[ Cu (L)2]   and [Fe(L)2], respectively. 

However,[Ni(L)2] showed narrow inhibition zone 

area compared with the other compounds. The results 

indicate that the complexes showed more activity and 

the ligands did not have any activity against the same 

microorganisms under experimental conditions. 

Through biochemical and morphologic 

modifications, the bacteria achieve  

resistance to antibiotics. This suggests that the 

Chelation facilitates the ability of a complex to 

significantly cross a cell membrane Chelation and 

decreases the polarity of the metal ion as a result of 

partial sharing of its positive charge with donor 

groups and possible electron delocalization over the 

whole chelate ring [34]. Such Chelation improves 

the lipophilic character of the central metal atom, 

which subsequently favors its permeation through 

the cell membrane’s lipid layer. The variation in the 

effectiveness of various compounds against different 

organisms depends either on the impermeability of 

the cells of the microbes or on differences in the 

ribosome of microbial cells [35,36]. 

 

Having studied the ability of  S. aureus bacteria to 

provide biofilm and hemolysin, the current results 

obviously explained that these bacteria strains were 

active producers for these virulence factors after 

treating them with these bacterial suspensions with 

MIC of (L),[Cu(L)2],[Ni(L)2] and ,[Fe(L)2]. 

 

The results also explained that S. aurous bacteria 

lost their capacity to provide these virulence factors 

(biofilm & hemolysin enzyme) after their treatment 

with the MIC bacteria as shown in Figure (5) and  

Table (6) where the ligand (L) and its  complexes 

reduced the biofilm & hemolysin enzyme. This 

proposes that Chelation can make the complex's 

capacity decrease virulence factor formation due to 

reduction in the polarity of the metal ion by partial 

positive charge with donor groups [37,38]. 

 

 

 

 

Table (5) The minimum inhibitory concentration (MIC) g/mL of (L) and complexes

Name of pathogen Compounds Minimum 

0.005  

Inhibition 

0.01 

MIC 

0.02 

 

0.04 

 

0.06 

 

0.08 

S. aureus.  (HL) - + - - - - 

 ]Cu(L)2[ + - - - - - 

 ]Ni(L)2[ - - + - - - 

 ]Fe(L)2[ - - + - - - 

+     positive for ligand and complexes, - negative for ligand and complexes  

 

 

 

 

 

Fig (5). The inhibition zone for ligand (L) and its  

complexes against S. aureus bacteria. 
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Table (6) The hemolysin & biofilm of ligand (L) and its complexes. 

Pathogen 

virulence 

Factor  

Staphylococcus 

aurous 

 

Minimum  Inhipitory Concentration MIC  

0.06 

 

0.08 0.005 0.01 0.02 0.04 

Himolysin (L) _ _ _ _ _ _ 

 ]Cu(L)2[ + _ _ _ _ _ 

 ]Ni(L)2[ _ _ + _ _ _ 

 ]Fe(L)2[ _ _ + _ + _ 

Biofilm (L) _ + _ _ _ _ 

 ]Cu(L)2[ + _ _ _ _ _ 

 ]Ni(L)2[ _ _ + _ _ _ 

 ]Fe(L)2[ _ _ + _ _ - 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig (7). the effect before and after treated with ligand (L) and its complexes. 

. 

Conclusion 

 

the results of analyzes and measurement  of organic 

compounds that uses as ligand can be co-ordinated 

with metal ions Through the oxygen atoms of the 

hydroxyl ,carbonyl groups and nitrogen atom of the 

azo  group, where the  ligand (L) acts as a tridentate 

ligand to form the octahedral shape complexes with 

sp3d2, d2sp3Hybridization were The prepared ligand 

(L)and there  complexes, [Cu(L)2] 

,[Ni(L)2],[Fe(L)2]In a nutshell, the newly prepared 

ligand (L) and their complexes of 

[Cu(L)2],[Ni(L)2],[Fe(L)2] demonstrated a good 

inhibitory ability towards the (Staphylococcus 

aureus) bacteria. Also, the presence of the metal ions 

in the complexes reducej the biofilm & hemolysin 

enzyme. Thus, the prepared compounds could be 

good replacements for the public drugs used in the 

treatment of ulcers and other related diseases. 
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