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Abstract 

The macrocyclic ligand (5, 7, 12, 14-tetraisobutyl-5, 12-dimethyl -1, 4, 8, 11-tetraazacyclotetradeca-7, 14-

diene) was prepared by the reaction between ethylene diamine and 4-methyl pentan-2-one with the help 

of the perchloric acid as a precipitant reagent. It characterized by FTIR, 1HNMR and UV –Visible 

techniques. The prepared macrocyclic ligand combine with protein by the application of molecular 

docking study and it compared with a well-known and standard drug which is gentamycin. The results 

indicated that the recorded compound is very effective against the toxic bacteria on its cell area and may 

be in the future become an effective treatment regent by conduct further studies. 
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Introduction  

Hetero cyclic compounds from typical 

tetrahedral, square planar and octahedral 

complexes with transition metals via 

coordination through N atoms and a strongly 

electron donating atom such as O and S 

atoms [1]many such complexes used as drugs 

such as cadmium complex with 4-(2-pyridyl 

azo) resorcinol reagent which is used as an 

anti-tumor drug [2[ many of these reagents 

act as inhibitors of heavy metal ions in 

human body by preventing its absorption by 

the blood [3[The most  interest inorganic 

chemistry of  researchers, is the chemistry of 

the  large ring compounds because these 

compounds are  touch with  the human and 

his   biological processes which are  within 

the body directly, for example be a site to link 

the metal protein inside the body (metal- 

protein) [4,5]. 

Minerals are one of the components of  

structure of living organisms which are  in 

the form of complexes and we can be realized 

the importance of these compounds through 

the importance of iron in hemoglobin 

magnesium in chlorophyll and cobalt in 

vitamin B12 [6, 11], The preparation of a new 

complex of a large ring compound simulates 

biologically within the structure of the 

organism and must be  highly stable and 

geometrical  structures must be  can selective 

during  the selection of the metal through 

their collagen ability[12, 15]. These processes 

depend on the number, location and the type 

of species of the donor atoms, as well as the 

radius of the central atom [16, 18].The 

importance of macro cyclic ligands and their 

complexes used as antigens, anti-cancer, 

antibacterial and anti-inflammatory, reagent 

as well as it uses as herbicides and uses in 

various chemical industries [19, 21].One 

important and modern applications of 

macrocyclic ligand is the molecular docking 

study. This study utilizes a desktop 

calculator that can be used to detect it as 

drug or not this based on the structure 

selection and the binding of small molecules 

to desired target for example protein [22, 25].  

To accomplish molecular docking study we 

must follow the following steps: The first step 

is to set the goal of the drug so that we can 

make one of the large parts is the target of 

the main goals enzymes or proteins or 

organizational elements The second step is to 

predict the shape of three-dimensional or can 

be determined by using high-precision 

methods such as electron microscopy or NMR 

http://www.jgpt.co.in/
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the three dimension shape of the target. The 

third step identification of the structure with 

the selected part (target) and assigns the 

resulting bonds through the fusion example 

of hydrogen bonds or Vander Falls forces 

[26]. The fourth step is to work on comparing 

the used or known drugs and the knowledge 

of the most successful and candidate and 

working on these compounds in the 

laboratory or in the body of the organism the 

end of the resultant date my it can be used 

clinically [27]. Staphylococcus aureus is a 

bacterial bacterium that was proposed in 

1882 by the scientist Alexander Johnson and 

is in the organism's body static but appears 

when the skin is exposed to scratches [28, 

29].  

These bacteria are the main cause of 

infection in hospitals and are dangerous 

when complications occur and cause 

inflammations at the site where surgery is 

performed [30, 31]. And S. ureus is one of the 

most danger bacteria which is the responsible 

of inflammation of the bone marrow and bone 

tissue and it’s painful and difficult to treat 

[32, 33]. 

Experimental Materials 

All the used reagents were of analar R- grade 

water was doubly distilled and stored in glass 

stoppered flasks. 

Spectral Measurement 

The structure of prepared macrocyclic ligand 

was confirmed by means of many techniques 

FTIR, 1H-NMR and U.V-Visible spectroscopy. 

FTIR spectrum was recorded for the ligand 

by using FTIR–84005 Shimadzu spectroscopy 

with KBr discs in the range (400-4000) cm-

1.UV-Visb.Spectrum was recorded for the 

aqueous solution of the ligand by using UV-

1650 PPC Shimadzu spectroscopy with 

quartz cell. All these analysis were done at 

chemistry department labs of college of 

science at University of Babylon / Iraq except 

the HNMR which done at Tehran University.  

Preparation of Ligand [34] 

The reagent(5,7,12,14-tetraisobutyl-5,12-

dimethyl-1,8, 11-tetraaza cyclo tetradeca-

7,14-diene ) was prepared by the reaction 

between (4-methyl 2-benthanone) and  

ethylene diamine in 60 % perchloric acid this 

solution  stirred and during stirring the 

perchloric acid was  added slowly for 30 min. 

them the solution was put  in the ice bath  

until a  brown color solution was obtained the 

solution was left  2-3 days at this situation 

and a yellow crystals was obtained filtered 

and washed with cold methanol and then we 

get a light yellow crystals, m.p.= 290cº.  

The reagent was identified by FTIR, HNMR 

and UV. Visb. Spectroscopy its color is light 

yellow at a maximum wave length (350 nm) 

scheme 1 shows the steps of these reaction.  

 

Scheme 1: Show the reaction to prepare the ligand under this study 

 

Molecular Docking Study 

Molecular docking was performed through 

several programs. The first one is to select 

the target which is a bacterial protein which 

is obtained from the Protein Data Bank 

(PDB) at the Research Collaborative for 

Structural Bioinformatics (http:// www. 

RCSB.org) [35].Then from of the target 

protein improved by a program (Molegro 
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Virtual Docker and Chimera 1.8.1) [36]. 

(Http: //www.rbvi.ucsf.edu/chimera) [37]. 

(Chem Draw) program used to draw the 

structures (http://chemistry.com.pk/software/ 

chemdraw -tra-12) which is made up of 

crystalline structures [38].The process of 

docking between the protein and the ligand 

was done by using PyRx software (ver. 0.8). 

Another program VINA WIZARD was used to 

give the thence, their graphical interface 

which had been analyzed with LigPlot + 

software [39, 40]. 

Results and Discussion 

FTIR Data  

The important vibrational bonds of the ligand 

as showed in Table (1) were as the following 

stretching frequency of N-H group was 

observed theat 3184 cm-1 and the stretching 

frequency of C=N group was observed at 1510 

cm-1. The carbonyl group of the ketone at 

1650-1700 cm-1 was disappeared Figure (1) 

show the FTIR spectrum of the prepared 

ligand. 

 

Table 1: Important FTIR absorption bonds of the ligand  

Assignment (cm-1) The ligand 

υ (C-N) 1340 

υ (C=N) 1510 

υ (N-H) 3184 

υ (C-C) 2991 

υ (C-H) 3004 

 

 
Figure 1: FT-IR spectrum of Ligand 

 

UV-Visb. Data  The electronic spectrum of the reagent shows 

many bands as shown in Figure 2: λ max is 

(282, 350 nm).  

 

Figure 2: UV-Visb. Spectrum of ligand 
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1H-NMR Data 

1HNMR spectrum shows chemical shift (δ 

ppm) as below the signals of eight CH3 

groups or two CH3 groups of attached at sp3-

hybridized carbon atom was equivalent and 

appeared as one singlet in the range of (0.9-

1.3) ppm. Protons of the two CH3 groups 

which bound with azomethine carbon 

resonated in weak field (2.0-2.4) ppm (Figure 

2). The methylene protons of NH-CH2 and 

=N-CH2 groups in the ligand resonated as 

multiples in the regions of (2.5-3) and (3-4) 

ppm, respectively. The broadened signals 

corresponded to the protons of the two amino 

groups. Figure 3 show the HNMR spectrum 

of the ligand. 

 

 
Figure 3: 1HNMR spectrum of Ligand 

 

Molecular Docking Study for the Ligand  

This computational study was applied to the 

prepared ligand against the bacteria under 

this study for agents : fibrinogen–binding 

protein (Efb), hemolysin β (HIβ), enterotoxin 

E, iron-regulated surface determinant C, 

exofoliative toxin D, protein A, clumping 

factor A, the target  PDB codes were: 3D5S, 

3K55, 3WGL, 4LFD, 5C2Z, 5CBO and  5JQ6 

of S. aureus. The results showed in table 2 

which are expressed as binding affinity (Kcal/ 

mol.), root mean square deviation-upper 

bound (RMSD/UB) and root mean square 

deviation-lower bound (RMSD/LB) which are 

the average distance between the atoms 

Figures (4,17) show the interactions between 

the ligand and the proteins. 

Molecular Docking Study for the 

Gentamicin Drug 

This computational study was applied to 

gentamicin drug against the bacteria under 

this study for the same agents who were used 

for ligand. The target PDB codes were the 

same also which were used for ligand .The 

result showed in table 3 as had done with the 

ligand under studying Figures (18, 31) show 

the interactions between the gentamicin and 

the proteins under studying.  
    

Table 2: the results of Molecular docking study for ligand 

Target (PDB code) Binding affinity (Kcal/mol) RMSD/upper bound RMSD/lower bound 

3D5S -6.5 7.64 3.282 

3K55 -8.0 7.524 0.946 

3WGL -8.2 4.83 1.005 

4LFD -7.6 35.336 33.166 

5C2Z -6.4 15.608 21.031 

5CBO -7.9 7.366 1.319 

5JQ6 -7.3 23.002 19.842 

 

 
Figure 4: 3D5S-Ligand 
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Figure 5: 3D5S-Ligand shows:  non-ligand bond. Corresponding atoms and non-ligand residues Ala78, Arg71, Val81, 

Gln72, Phe77, Val94,  Ala114, Leu89, Tyr92, Thr90, Ile27, Asn25, Gln24, Gly20, Ala79 and Phe80 involved in 

hydrophobic   Interactions 

 

 
Figure 6: 3K 55-Ligands 

 
Figure 7: 3K55-Ligand shows: Corresponding atoms and non-ligand residues Ala78, Arg71, Val81, Gln72, Phe77, Val94,  

Ala114, Leu89, Tyr92, Thr90, Ile27, Asn25, Gln24,  Gly20, Ala79 and Phe80 involved in hydrophobic interactions 
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Figure 8: 3WGL- Ligand 

 

Figure 9: 3WGL-Ligand shows:  non-ligand bond. Corresponding atoms and non- ligand residues Arg143, Gly140, 

Glu139, Phe136, Met105, Gly104, Ala147 and Pro165 interactions 

 

Figure 10: 4LFD- Ligand 
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Figure 11: 4LFD- Ligand shows:  non-ligand bond. Corresponding atoms and non-ligand residues Ser221, Ile126, 

Tyr128, Leu220, Val235, Tyr173, Phe195, Val237 and Asp179 interactions 

 

 
Figure 12: 5C2Z- Ligand 

 

 
Figure 13: 5C2Z- Ligand shows:   Corresponding atoms and non-ligand residues Phe45, Lys41, Glu38, Tyr34, Lys42, 

Glu201, Phe46, Lys180 and Gln199 interactions 
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Figure 14: 5CBO- Ligand 

 

 
Figure 15: 5CBO- Ligand shows non-ligand bond. Corresponding atoms and non-ligand  residues Leu128, Ser120, 

Phe117, Asp118, Ile119,  Thr115, Gly113, Asp81, Pro83, Leu86, Leu99, Ala87,  Ala88, Val96 and Leu132 interactions 

 

Figure 16: 5JQ6- Ligand 
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Figure 17: 5JQ6- Ligand shows: non-ligand bond. Corresponding atoms and non-ligand residues Thr334, Gly534, 

Pro296, Gly532, Lys293 Ala292, Gly313, Leu285, Val279, Val315, Tyr317, Leu333 interactions 

 

Figure 18: 5C2Z- gentamicin 

 

 
Figure 19: 5C2Z-gentamicin shows: non-ligand bond. Corresponding atoms and non-ligand residues Pro139, Ala138, 

Ser256, Thr259 and Lys273 interactions .Hydrogen bond between A and Glu134 and  Asn136  and Tyr257 and Ser258 

and Thr276 and Gln277 shown by green lines 
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Figure 20: 5CBO-gentamicin 

 

 
Figure 21: 5CBO-gentamicin 

 

 
Figure 22: 3WGL-gentamicin 

 

 
Figure 23:  3WGLGgentamicin 
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Figure 24: 4LFD- gentamicin 

 

 
Figure 25: 4LFD-gentamicin shows 

 

 
Figure 26: 5JQ6- gentamicin 

 

    
Figure 27: 5JQ6-gentamicin 
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Figure 28: 3k55-gentamicins 

 

 
Figure 29: 3k55-gentamicin shows:  non-ligand bond. Corresponding atoms and non- ligand residues His221, Leu217, 

Ala219, Tyr284 

 

Table 3: The results of Molecular docking study for gentamicin 

Target (PDB code) Binding affinity 

(Kcal/mol.) 

RMSD/upper bound RMSD/lower bound 

 

3D5S -5.3 24.612 21.19 

3K55 -7.1 8.586 3.236 

3WGL -6.8 2.008 1.251 

4LFD -6.9 6.909 2.222 

5C2Z -6.3 34.354 31.669 

5CBO -5.4 5.083 2.278 

5JQ6 -5.8 6.478 2.398 
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