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			Abstract

			In this paper, the title compound 5-chloro-1-(prop-2-yn-1-yl)indoline-2,3-dione (TZP) has been prepared by N-alkylation method with a good yield. The structure of the compound was further confirmed from the 1H NMR and 13C NMR Spectral data and It has been screened for its antibacterial activity. The results revealed that the compound exhibited good to moderate antibacterial activity. Through computational study based on density functional theory (DFT/B3LYP) using basis set 6-31G (d,p) a number of chemical Quantum descriptors were computed to predict the reactivity and the reactive sites on the molecules. The molecular geometry and the electronic properties such as frontier molecular orbital were investigated to get a better insight of the molecular properties. The Molecular electrostatic potential (MEP) for the compound was determined to check their electrophilic or nucleophilic reactivity. 
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			Introduction

		

	
		
			5-Chloroisatin derivatives [1] are well known for their versatile therapeutic agents in medicine, exhibiting antimicrobial [2], anti-inflammatory [3], antioxidant [4,5], anticancer [6], antibiotic [7], anti-HIV [8], anticonvulsant [9], antitubercular [10] activities and relaxant effects [11]. Density functional theory (DFT) studies have evolved to a powerful and very reliable tool, being routinely used for the determination of various molecular properties [11]. In view of these observations, the aim of the present investigation was to design 5-chloro-1-(prop-2-yn-1-yl)indoline-2,3-dione (TZP) in the search for high expected antibacterial interest against gram positive bacteria Bacillus subtilis, Staphylococcus aureus and Gram-negative bacteria Escherichia coli. Then, a description of the molecular geometry, frontier molecular orbital (HOMO and LUMO), global and local reactivity descriptors and MEP features of the title compound using density functional theory using (DFT/B3LYP) method with the 6-31G (d, p) basis set [12].

			Experimental

			General

			All melting points are uncorrected. 1H-NMR (300MHz) and 13C-NMR (75MHz) spectra were obtained on Bruker equipment using CDCl3 as solvent. Chemical shifts are given in ppm with TMS as an internal reference. J values are given in Hertz. Signals are abbreviated as singlet, s; doublet, d; double-doubles, dd; triplet, t; multiplet, m. Chromatography was performed with silica (mesh) and reactions were monitored by thin layer chromatography (TLC) with silica plates coated with silica gel.

			
General procedure

			5-chloro-1H-indole-2,3-dione (0,4g, 2,20mmol) was dissolved in 15mL of N, N-di methyl formamide (DMF) and 0,5g (3,3mmol) of K2CO3, BTBA (0,1g, 0,3mmol) and 1.2 equivalent of propargyl bromide were added, and the mixture was stirred for 48 hours at room temperature. The reaction progress was monitored by TLC. The solvent was removed in vacuo and co-evaporated with methylene Chloride (CH2Cl2) several times, to remove the remaining traces of DMF. This yielded the product as a red to orange solid. No purification was necessary.

			Compound 

			TZP: 5-chloro-1-(prop-2-yn-1-yl)indoline-2, 3-dione: yield: 88% ; M.P: 166-170 °C; Rf= 0.78 ; 1H NMR (CDCl3) δppm 7.57-7.62 (m, 2H, HAr); 7.12 (d, H, HAr , 3JH-H =6Hz); 4.54 (s, 2H, CH2); 2.34 (t, H, 4JH-H =3Hz); 13C NMR (CDCl3) δppm: 181.55 (C=O); 156.60 (N-C=O); 147.87, 130.07, 118.50 (CQ); 137.80, 125.24, 112.75 (CHAr) ;73.72 (C≡C) ;71.21 (CH); 29.59 (CH2)

			Antibacterial activity

			Antibacterial screening of compound 5-chloro-1-(prop-2-yn-1-yl) indoline-2,3-dione (TZP) was determined by a disc diffusion method, against two bacteria Gram-: Pseudomonas aeruginosa, Escherichia coli, and two others Gram+: Bacillus cereus and Staphylococcus aureus using LB medium. Antibacterial activity was carried out according to the method reported by [13] by the determinations of Minimum inhibitory concentration (MIC) and Minimum bactericidal concentration (MBC) [14]. The diameter of the inhibition zone around each disc was measured (Table 1).

			Computational details

			The full geometry optimization of the investigated molecule was carried out by using the Gaussian 09 software [15]. The geometrical parameters were calculated based on the DFT theory with B3LYP hybrid functional and 6-31G (d, p) as basis set. Electronic parameters such as the dipole moment (DM), the energy of the highest occupied molecular orbital and the energy of the lowest unoccupied molecular orbital have been obtained from the log file. In order to obtain a complete image on the chemical potential of the studied compound, we have also calculated the following parameters: energy gap, the chemical hardness

			where IP = -EHOMO is the ionization potential and EA = -ELUMO is the electron affinity, the chemical softness [16] 

			Indeed, the molecular electrostatic potential is very helpful in understanding the net electrostatic effect produced at a point in the space around a molecule by the total charge distribution of the molecule, electrons and nuclei [17]. The electrostatic potential is considered predictive of chemical reactivity because regions of negative potential are expected to be sites of protonation and nucleophilic attack, while regions of positive potential may indicate electrophilic sites [18].

			Results and Discussion

			The starting material 5-chloro-1-(prop-2-yn-1-yl) indoline-2,3-dione (TZP) was prepared adopting the reported procedure [19-23]. The 5-Chloroisatin was alkylated with propargyl bromide in DMF as a solvent and anhydrous potassium carbonate and BTBA was added to scheme 1. The structures of the product were confirmed by its spectral data (Figure 1).
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			In vitro Antibacterial Assay

			The 5-chloro-1-(prop-2-yn-1-yl) indoline-2,3-dione (TZP) derivative have being screened in vitro for its potency against bacterial strains such as, Bacillus cereus, Staphylococcus aureus, Escherichia coli and Pseudomonas aeruginosa [24]. The antibacterial inhibitions of test compound are expressed as the area of zone of inhibition and summarized in Table 1. The compound 5-chloro-1-(prop-2-yn-1-yl) indoline-2,3-dione (TZP) displays good antibacterial activity (0.625/0.625) against Staphylococcus aureus and moderate antibacterial activity (2.5/2.5) against Escherichia coli. This marked antibacterial activity may be due to the presence of high hydrophobic content of this family of compounds and the indole ring system (Table 1). 

			Table1: Antibacterial activity expressed as inhibition zones.
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			Theoretical and computational DFT Calculations details

			The main purpose of quantum chemical descriptors is established by their wide applicability in numerous areas of physical, organic analytical and biomedical chemistry [12]. The optimized structures of the title compound 5-chloro-1-(prop-2-yn-1-yl) indoline-2,3-dione (TZP) were calculated by DFT using B3LYP functional 6-31G (d, p) as basis sets, which used as models to describe the geometric structure [25] (Figure 2).

			Frontier Molecular Orbital (FMO) 
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			Molecular orbitals and their properties are the most widely used theory by chemists, their electron densities were used for predicting the most reactive position in π-electron systems and also play an important role in the electronic and optical properties, as well as in UV-VIS spectra and chemical reactions [15]. The highest occupied molecular orbital (EHOMO= -6.7608eV) represents the ability to donate an electron, lowest unoccupied molecular orbital (ELUMO= -3.2462eV) as an electron acceptor, represents the ability to obtain an electron, The FMOs of substituted molecule, with B3LYP/6-31G (d, p)  method is plotted in (Figure 3 & 4). Therefore, while the energy of the HOMO is directly related to the ionization potential, LUMO energy is directly related to the electron affinity. 
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			The HOMO-LUMO energy gap indicates the chemical reactivity of the molecule whether the molecule is “hard” or “soft”. The compound 5-chloro-1-(prop-2-yn-1-yl) indoline-2,3-dione (TZP) characterized by a small energy gap (∆Egap=3.5146eV) is known as “soft” molecule which is more polarizable than the hard one because it needs small excitation energies, which influences the biological activity of the molecule [26]. The dipole moment is a parameter that describes the electronic distribution in a molecule and thus its electrostatic interactions with biological macromolecules. According to the energies of the frontier molecular orbitals, several chemical reactivity indices such as electronegativity (χ), total hardness (η) [27] were proposed for understanding the different pharmacological aspects of drug molecule. Hence, the electronegativity contains information about electron transfer, while the total hardness is a measure of the resistance to charge transference [28]. It is concluded that the title compound is stable and reactive. All These descriptors are calculated by B3LYP/6-31G (d, p) method and given below (Table 2).

			Table 2: Calculated energy values of compound (TZP) by B3LYP/6-31G (d, p).
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			Molecular Electrostatic Potential Map 

			The molecular electrostatic potential (MEP) is used to grasp the molecular interactions, It is a plot of electrostatic potential mapped onto the constant electron density surface. The MEP diagram has been also used to predict chemical reactivity and sites, hence, the negative electrostatic potential corresponds to an attraction of the proton by the aggregate electron density in the molecule (shades of red), while the positive electrostatic potential corresponds to the repulsion of the proton by the atomic nuclei (shades of blue). Potential increases in the order red < orange < yellow < green < blue [29]. In order to identify the reactive sites sensitive to electrophilic and nucleophilic attack [30], the MEP map Figure 4 was calculated by DFT/B3LYP at 6-31G (d, p) basis set for the optimized structure of 5-chloro-1-(prop-2-yn-1-yl) indoline-2,3-dione (TZP) (Figure 5). The calculated results show that, the MEP surfaces clearly indicate that regions have negative potential are on electronegative oxygen atoms belonging to ketone group and to amide group, these regions being possible active sites for electrophilic attack as well as the regions having positive potential are around the hydrogen atoms, these being the most probable sites for nucleophilic attack.
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			Conclusion

			In the present study, the 5-chloro-1-(prop-2-yn-1-yl)indoline-2,3-dione (TZP) has been N-alkylated, synthesized and structurally characterized by elemental analysis, 1H NMR and 13C NMR, it was prepared in good yield. Based on the density functional theory B3LYP/6-31G (d, p) method, the optimized structures, the electronic parameters, i.e. the energy gap, the ionization energy, the chemical hardness, the chemical softness and the Molecular electrostatic potential are theoretically determined. Hence, the calculated HOMO and LUMO energies showed that charge transfer had occurred within the molecule. Molecular electrostatic potential map diagram shows that the negative potential sites are in electronegative atoms (denoted as red color) while the positive potential sites are around the hydrogen atoms (denoted as blue color), the small HOMO-LUMO gap value shows that the molecule is biologically active. Then, the obtained antibacterial activity results indicate that the compound exhibits good to moderate activity against all tested pathogens.
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Figure 2: Optimized molecular structure of TZ, in different format.
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Figure 5: Molecular electrostatic potential diagram of TZp in different format.
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Figure 1: Scheme 1.
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Figure 3: Charge distribution of the HOMO molecular orbitals in the optimized TZ, in different format.
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Figure 4: Charge distribution of the LUMO molecular orbitals in the optimized TZ, in different format.





OEBPS/image/97263.png
@ CRIMSON PUBLISHERS Journal of Biotechnology & Bioresearch

Wings to the Research





OEBPS/image/JBB.jpg





