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 By condensation reaction between P-amino benzoic acid and ethanol in the 
presence of concentrated H2SO4 to produce ethyl 4-aminobenzoate, which 
was then converted into N, N'-(1,2-phenylene) bis(4-aminobenzamide) type 
[H2L] (N2O2) product by direct interaction between the two reactive 
molecules of this product with one molecule of 1,2-Benzene diamine, as a new 
series of metal conversion complexes of Co(II), Ni(II), and Cu(II). The 
prepared ligand and their complexes characterized in the solid and solution 
states using spectroscopic techniques such as UV-Vis, FT.IR, 1HNMR, and the 
elemental analyses as well as melting temperatures, molar conductivity, and 
magnetic susceptibility. The octahedral geometry around the central metal is 
suggested by molar conductivity, magnetic moment, molar ratio, and 
spectroscopic data about copper and cobalt ions, while tetrahedral around the 
nickel ion. After the incubation period at 37 °C for 24 h, the biological behavior 
of the binding produced with its anti-bacterial compounds against 
(Staphylococcus aureus and Escherichia coli) was examined at different 
concentrations (10, 50, and 200) ppm. The results showed that the 
performance of the prepared compounds was better in resisting and reducing 
the growth of bacteria tested at high concentrations. 
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Introduction 

Amides are a type of functional group which can 

be found in both synthetic and natural chemical 

compounds [1]. It is essential to take life seriously 

[2]. Amide grouping is a fundamental activity 

carried out by organic matter seen in common 

natural compounds such as proteins. It is stable 

and polar [3]. Amide bonds are commonly utilized 

in organic synthesis, medicinal chemistry, and 

agrochemicals, but they can also be used in other 

fields [4-6]. It is molecule acts as potent metal ion 

chelate, due to its oxygen and nitrogen atoms [7,8]. 

This notch can also be found in many synthetic 

substances, such as active pharmaceutical 

components or pro-drugs [9-13]. A diverse range 

of proteins, chemicals, medicines, and bimolecular 

structures use the amide process [14]. The amide 

group is a popular issue in drug research because 

of these factors [15]. 

The classic procedure for the synthesis of amides 

is the reaction of carboxylic acids with amines, 

usually in the presence of coupling reagents, or 

with carboxylic acid derivatives, esters, 

anhydrides, acyl halides, and the other activated 

species in the presence of the third amine [16]. 

Formalization of ester or amide bonds occur 

between an acid and a condensed alcohol or 

amine, respectively [17]. 

Amides are used in a variety of applications, 

including the employment of potentially 

hazardous chemicals or catalysts, medicinal 

development, and the polymer sector [18-19]. 

Despite the lack of evidence for amide synthesis 

from cinnamic derivatives, amides derived from 

cinnamic acids have been shown to exhibit 

antioxidant, anti-atherosclerotic, anti-fungal, 

cytotoxic and anti-viral properties [20,21]. There 

are other modern methods for preparing amide 

compounds [22]. 

Materials and Methods 

Chemicals were supplied by Merck, Sigma-Aldrich 

and Fluka and used as received. 4-aminobenzoic 

acid, 1,2-benzene diamine, absolute ethanol, 

sulfuric acid, hexane, ethyl acetate, DMSO, and 

methanol, CuCl2.2H2O, NiCl2.6H2O, CoCl2.6H2O. 

Apparatus 

The melting point of compounds produced was 

measured by using Gallen kamp melting point, in 

the University of Karbala. The elemental 

microanalysis was performed using the Euro 

EA3000, in the University of Babylon. The molar 

conductivity for complexes was measured using 

inluba WTW balance, in the University of Karbala. 

The magnetic susceptibility of prepared 

complexes was measured by using magnetic 

sufcetitility balance, in the University of AL-

Nahrain. 

Using tetra methyl silane as an internal standard 

and DMSO as a solvent, 1H-NMR spectra were 

collected on a JNM - model Joal 400 MHZ. At sapala 

organics private, measurements were taken 

(India). In the University of Karbala, FT.IR spectra 

were recorded on an FT.IR 8400s, schimadzu- 

spectrophotometer, and KBr and CsI discs were 

utilized to measure FT.IR spectra in the region of 

wavenumber 4000-200 cm-1. In a liquid state, Uv-

Vis. 1800 PC was used to get the electronic spectra 

of the produced ligand with its metal complexes 

with wavelengths spanning from 1100 to 190 nm, 

Shimadzu spectrophotometer. 

Synthesis of N, N'-(1,2-phenylene) bis(4-

aminobenzamide) [L] 

Prepare this ligand according to the following 

steps: 

Preparation of ester ethyl 4-aminobenzoate  

P-amino benzoic acid (0.152 g - 0.0018 mol) was 

dissolved in enough amount of the absolute 

ethanol (20 mL) and (1 mL) of concentration of 

H2SO4 was added, the mixture was refluxed for 3-

5 h, and was cooled to (25 °C). The product was 

filtered and refined by recrystallization of the 

absolute ethanol. 

 
Scheme 1: Synthesis of ester
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Preparation of N, N'-(1,2-phenylene) bis(4-

aminobenzamide) [L] 

1,2-Benzene diamine (0.1 g, 0.001 mol) of added 

to ethyl 4-aminobenzoate (0.33 g ,0.002 mol) in 

(25 mL) of absolute ethanol, the blend of 

compounds was refluxed for 3 h, after cooling, the 

precipitate was filtered and washed with some 

amounts of cooled ethanol, then it was 

recrystallized from ethanol. 

 
Scheme 2: Synthesis of ligand 

Synthesis of L- metal complexes 

Complexes were synthesized by the reaction of 1 

mole of identical metal (CoCl2.6H2O, NiCl2.6H2O, 

and CuCl2.2H2O) which were dissolved in 5-10 mL 

of methanol, with a 1 mole of the ligand was 

dissolved in 30 mL of methanol. The reaction 

mixture was refluxed and stirring for 2 hours at 60 

– 65 °C. The products were filtered, washed with 

ethanol, and desiccated. The physical produce 

data for the ligand and its complexes are listed in 

Table 1. 

 
Scheme 3: Synthesis of complexes

The body's antibacterial activity 

Antibacterial activity was investigated using agar 

diffusion [6]. The potency against (Escherichia coli 

and Staphylococcus aureus) was determined using 

a method which involved inoculating the surface 

of Moller-Hinton agar on a regular basis by 

spreading 100 L of (1×109 cells/ml) bacterial 

suspension into a Petri dish (90 mm diameter) for 

24 hours, while adjusting the turbidity of the 

suspension. McFarland’s solution is used as a 

standard by bacteria. Immerse 0.1 ml of each 

concentration 10, 50 and 200 ppm of (the 

prepared ligand and its complexes [L-Co(II), L-

Ni(II), and L-Cu(II)] dissolved in dimethyl 

sulfoxide) in Holes (5 mm in diameter) for half an 

hour on the plates. After a 24-hour incubation 

period at 37 °C, the anti-bacterial capacity of the 

plates was assessed by measuring the inhibitor. 

Results and Dissections 

The bonding was accomplished in two steps: first, 

P-aminobenzoic acid and ethanol was interacted 

with a high concentration of H2SO4 to generate an 

amino-benzoate complex, then 1,2-benzene 

diamine was added as an aminobenzamide and 

the complexes were formed by reacting metal ions 

with the synthesized ligand, as indicated in 

Scheme 1,2 and 3. The physical properties were 

summarized in Table 1. The analytical data of the 

microelements of the ligand and their complexes 

are listed in Table 2. These findings matched the 

predicted formula and were insoluble in non-polar 

or organic solvents, but soluble in dimethyl 

formamide (DMF), dimethyl sulfoxide (DMSO), 

methanol, and acetone. Except for nickel which is 

a non-electrolyte. Table 3 displays the molar 

electrical conductivity of the complexes in DMSO, 

suggesting that they are electrolytes. Table 4 

summarizes the magnetic sensitivity as well as the 

ratio (1:1). The band mentioned at 3306.1 cm-1, 

which is related to the stretching υ (NH), and υ 

(C=O) stretching at 1645.33 cm-1, which is 

attrition, may be seen in the infrared spectra of the 

ligand [23].  

The complexes appear to dissipate and the band 

(NH) vanishes due to coordination and frequency 

shifts (C=O) and the other ranges are summarized 

in Table 5. The (π      π*) transition produces a 

broad peak at 260–300 nm, while the (n       π*) 

transition produces a narrow peak at 420 nm in 
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UV-Vis ligand spectra [24]. The charge transfers in 

the UV region, as well as the d-d transition for the 

Co+2 complex at 625 nm for the type 4T1g         4T1gP 

complex, are indicated, as the d-d transitions for 

the Ni+2 complex at 576 and 602 nm for the type 
4T1       4T2 and 4T1      4T1P complex, and the d-d 

transition for the Cu+2 complex at 785 [25] show 

nm type 2E         2T2. 

The recommended shape and electrical 

transitions the 1H-NMR spectra of ligands and 

their complexes, are listed in Table 6. In DMSO-d6, 

the chemical shift at δ = 9.351 ppm is ascribed to 

amide group protons, the aromatic ring protons 

occur at δ =7.212 - 7.589 ppm and the chemical 

shift at δ =5.483-5.254 ppm is assigned to amine 

group protons [26-27]. 

In the spectra of the complexes, the disappearance 

of the amide group protons is shown which 

indicates the coordination of the ligand with the 

cobalt ion via the donor atoms [28-30] of ligand all 

data was listed in Table 7 which depicted the 

complexes planned shapes. 
Table 1: Chemical compounds’ physical characteristics 

Compound m.p. (oC) M.Fo. M.Wt Color Yield % 

H2L 298-300 C20H18N4O2 346.14 pale brown 35 
[CoLCl2] 150dec. C20H16Cl2CoN4O2 474.21 Deep brown 66 
[Ni L]Cl2 230dec. C20H16Cl2NiN4O2 403.06 pale green 45 
[CuLCl2] 117dec. C20H16Cl2CuN4O2 478.82 Deep blue 50 

 

Table 2: The elemental microanalysis 

Compound C% H% N% O% 

 Cal. Exp. Cal. Exp. Cal. Exp. Cal. Exp. 
H2L 69.38 69.35 5.26 5.24 16.19 16.15 9.27 9.25 

[CoLCl2] 50.69 50.66 3.42 3.39 11.83 11.80 6.77 6.74 
[Ni L]Cl2 59.62 59.59 3.97 3.95 13.6 13.3 7.98 7.96 
[CuLCl2] 50.18 50.15 3.35 3.32 11.9 11.6 6.63 6.61 

 

Table 3: The molar conductivity 

Compound ) In(DMSO)2.cm1-m (S.molΛ 

[CoLCl2] 27.2 

[Ni L]Cl2 73.6 

[CuLCl2] 21.8 

 

Table 4: The magnetic susceptibility 

Compound eff   B.M 

[CoLCl2] 3.65 
[Ni L]Cl2 2.77 
[CuLCl2] 1.62 

 

Table 5: The spectral data of the chemicals which have been synthesized 

Compound υ (-NH2) υ (-NH) υ (C=O) υ(C-H) aromatic υ (M-O) υ (M-N) 

[H2L] 3412.19 3306.10 1645.33 3037.99 - - 

[CoLCl2] 3358.18 - 1637.62 2972.40 628.81 511.15 

[Ni L]Cl2 3331.18-3321.52 - 1612.54 2910.68 638.46 578.68 
[CuLCl2] 3363.97 - 1068.69 2989.76 623.03 538.16 

 

Table 6 Electronic spectral data 

Compound λ max  nm λ max  cm-1 Assigument 
Proposed 

structure 

[CoLCl2] 629 15898 4T1g             4Tp1g O.h 

[Ni L]Cl2 
576 

602 

17361 

16611 

4T1               4T2 
4T1              4TP1 

T.d 

[CuLCl2] 785 12738 2E                   2T2 O.h 
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Table 7: 1H NMR spectral data 

Compound (-NH2) 
( ) 

(C-H) 

aromatic 

[H2L] 5.483-5.254 9.351 7.589-7. 212 

[CoLCl2] 5.357-5.302 - 7.571-7.049 

 

Scheme 4: The proposed geometry of synthesized complexes 

Anti-bacterial activities 

The ligand and its mineral complexes were 

evaluated in vitro against Staphylococcus aureus 

as Gram-positive and Escherichia coli as Gram-

negative species at three different doses [31]. The 

data reveal that most of the complexes are more 

dangerous to these bacteria than the free ligand at 

higher concentrations. 

According to the data, complexes have a 

significant influence on both gram-negative and 

gram-positive bacteria. The geometrical structure 

of these complexes, the nature of the metal ion, the 

nature of organic molecules, and the chelate effect, 

the nature of atoms which is coordinated with 

metals and the orientation of the ligand around 

the metal ion, the nature of metals and their 

oxidation states may all play a role. 

Table 8: The diameters of the antibacterial activity of the ligand and the inhibitory area of its metal complex 

(mm) 

Comp. 

Escherichia coli Staphylococcus aureus 

E.coli Staphy. 

200 50 10 200 50 10 

L 20 17 15 18 16 12 

L-Co(II) 23 20 18 20 17 14 

L-Ni(II) 28 25 22 25 22 21 

L-Cu(II) 25 23 21 23 20 16 

 

 
Figure 1: The compounds under research have antibacterial action 

 
 

             M= Co+2, Cu+2 
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Conclusion 

According to the findings, new N,N'-(1,2-

phenylene) bis(4-aminobenzamide) and its 

complexes were synthesized and their structure 

was validated using spectroscopic testing at 

ambient temperature, elemental analysis, molar 

conductivity, and magnetic moment. In the solid 

state, we found that the Ni(II) complex has four 

coordination numbers with tetrahedral 

geometries, while the Co(II) and Cu(II) complexes 

have six coordination numbers with octahedral 

shape. These compounds were tested for 

antibacterial (Staphylococcus aureus, Escherichia 

coli) activities and the synergetic effect resulted in 

higher biological activity for these complexes than 

the free ligand. 
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