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Introduction

Benzamide scaffolds are useful molecules in organic synthesis, and these scaffolds are substructures in various pharmaceutical compounds [START_REF] Bréthous | Synthesis and Nicotinic Receptor Activity of Chemical Space Analogues of N-(3 R)-1-Azabicyclo [2.2. 2] Oct-3-Yl-4-Chlorobenzamide (PNU-282,987) and 1, 4-Diazabicyclo [3.2. 2Nonane-4-Carboxylic Acid 4-Bromophenyl Ester (SSR180711)[END_REF][START_REF] Mao | Design, synthesis, and pharmacological evaluation of benzamide derivatives as glucokinase activators[END_REF]. Benzamides have been synthesized by the hydrolysis of aromatic nitriles, interconversion of carboxylic acid derivatives, aminocarbonylation, oxime rearrangement and other routes. In addition, aromatic amides have been prepared by Friedel-Crafts-type reactions of isocyanates, in particular secondary amides [START_REF] Gauvreau | Scalable synthesis of a prostaglandin EP4 receptor antagonist[END_REF][START_REF] Effenberger | Die Friedel-Crafts Reaktion von Isocyanaten mit Benzolderivaten[END_REF]. Previously, primary benzamides have been synthesized using trimethylsilylisocyanate and chlorosulfonylisocyanate-two reagents that are not easily accessible and exhibit high toxicity.

Derivatives of this scaffold have demonstrated potential antimicrobial activity [START_REF] Yang | Antimicrobial and antioxidant activities of a new benzamide from endophytic Streptomyces sp[END_REF]. In fact, they are utilized as anthelmintics [START_REF] Charles | Synthesis of substituted benzamides, benzimidazoles and benzoxazines as potential anthelmintic and antimicrobial agents[END_REF], antitumour [START_REF] Lu | 1-(3-Amino-4-morpholino-1H-indazole-1-carbonyl)-N-phenylcyclopropane-1-carboxamide: Design, synthesis, crystal structure, antitumor activity, DFT and Hirshfeld surface analysis[END_REF] antiproliferative [START_REF] Huang | 2-chlorothieno[3,2d]pyrimidin-4-yl)amino]ethyl}-3-methoxybenzamide: design, synthesis, crystal structure, antiproliferative activity, DFT, Hirshfeld surface analysis and molecular docking study[END_REF], analgesic and antipyretic agents [START_REF] Bavin | Pharmacology, The analgesic and antipyretic properties of some derivatives of salicylamide[END_REF], as well as antiviral [START_REF] Chen | chemotherapy, Characterization of antiviral activity of benzamide derivative AH0109 against HIV-1 infection[END_REF], anti-tuberculosis [START_REF] Naz | Dynamics, Identification of new benzamide inhibitor against α-subunit of tryptophan synthase from Mycobacterium tuberculosis through structure-based virtual screening, anti-tuberculosis activity and molecular dynamics simulations[END_REF], anti-cytotoxin [12], antioxidant [START_REF] Perin | Amino-Substituted Benzamide Derivatives as Promising Antioxidant Agents: A Combined Experimental and Computational Study[END_REF], anti-hypertension [START_REF] Fujii | Letters, Structural development of N-(4-phenoxyphenyl) benzamide derivatives as novel SPAK inhibitors blocking WNK kinase signaling[END_REF] and anti-diabetes agents [START_REF] Singh | Discovery, Synthesis, docking and antidiabetic activity of some newer benzamide derivatives as potential glucokinase activators[END_REF]. Medicinal chemists synthesized different benzamide moieties have exhibited versatile biological activities, such as efficient antibacterial [START_REF] Straniero | Benzodioxane-benzamides as antibacterial agents: Computational and SAR studies to evaluate the influence of the 7-substitution in FtsZ interaction[END_REF] , anti-allergic [START_REF] Arayne | Antihistaminic and other biological activities of 2-methylpropanamide and benzamide derivatives of carboxyterfenadine[END_REF] and anti-inflammatory drugs [START_REF] Khadse | Rational Design and Synthesis of Benzamides as Non-ulcerogenic Antiinflammatory Agents[END_REF]. In addition, several examples of drugs have been reported, such as metoclopramide and tiapride [START_REF] Köhler | Studies on the Mechanism of Action of Substituted Benzamide Drugs: Action of substituted benzamides[END_REF].

Therefore, as continuation of our research into the development of a new process to prepare new heterocyclic and pharmaceutical compounds [START_REF] Riadi | Convenient synthesis of 2, 4disubstituted pyrido [2, 3-d] pyrimidines via regioselective palladium-catalyzed reactions[END_REF][START_REF] Riadi | Synthesis, characterization, biological evaluation and molecular docking of a new quinazolinone-based derivative as a potent dual inhibitor for VEGFR-2 and EGFR tyrosine kinases[END_REF][START_REF] Riadi | UV Light Mediated Palladium-Catalyzed Synthesis of 2-Substituedpyrido [2, 3-d] pyrimidines[END_REF][START_REF] Geesi | Synthesis, antibacterial evaluation, Raman, Crystal Structure and Hirshfeld Surface analysis of a new 3-(4fluorophenyl)-6-methyl-2-(propylthio) quinazolin-4 (3H)-one[END_REF][START_REF] Riadi | UV Light-mediated regioselective methylsulfanyl discrimination via Pd-catalyzed crosscoupling reactions of 2, 4-dimethylsulfanylpyrido [2, 3-d] pyrimidines[END_REF][START_REF] Riadi | Regioselective palladium-catalyzed Suzuki-Miyaura coupling reaction of 2, 4, 6-trihalogenopyrido [2, 3-d] pyrimidines[END_REF][START_REF] Riadi | Reviews, Novel animal-bone-meal-supported palladium as a green and efficient catalyst for Suzuki coupling reaction in water, under sunlight[END_REF][START_REF] Riadi | Photochemical route for the synthesis of novel 2-monosubstituted pyrido[END_REF][START_REF] Geesi | Synthesis, antibacterial evaluation, Crystal Structure and Hirshfeld surface analysis of a new 2-Benzylsulfanyl-3-(4-fluoro-phenyl)-6-methyl-3H-quinazolin-4-one[END_REF][START_REF] Riadi | Sol-gel TiO2 nanostructures single doped with copper and nickel as nanocatalysts for enhanced performance for the Liebeskind-Srogl reaction[END_REF][START_REF] Ouerghi | Synthesis, antibacterial evaluation, crystal structure and molecular interactions analysis of new 6-Bromo-2-chloro-3-butylquinazolin-4 (3 H)-one[END_REF][START_REF] Geesi | Metal-doped TiO2 nanocatalysts in an MX2/urea mixture for the synthesis of benzothiazoles bearing substituted pyrrolidin-2-ones: Enhanced catalytic performance and antibacterial activity[END_REF], in this study, the synthesis of a new benzamide derivative N-hydroxy-2-(4-methylbenzamido)benzamide [START_REF] Yang | Antimicrobial and antioxidant activities of a new benzamide from endophytic Streptomyces sp[END_REF] with excellent yield and the investigation of its antibacterial activity were reported (Scheme 1). A crystallographic study of derivative 5 was conducted, in addition to the description of its molecular interactions, electrostatic surface potential (ESP) and fingerprint plots.

Synthesis

The benzamide derivative was synthesized according to a previous study (Scheme 1). First, a mixture of anthranilic acid (1 mmol) and substituted 4-methylbenzoyl chloride (1.1 mmol) was stirred at room temperature in the presence of 10% sodium hydroxide (10 mL) for 1 h to obtain intermediate 3 (Mp = 113-115 [START_REF] Legrand | Sulfuration of organic compounds. XIX. Synthesis of 3,1-benzothiazine-4-thiones and corresponding oxygenated compounds[END_REF]). Second, intermediate 3 was heated under reflux in acetic anhydride (10 mL) for 2 h. After cooling by pouring the reaction mixture onto crushed ice, the resultant solid was filtered to obtain compound 4 (Mp = 154-155 [START_REF] Arfan | Synthesis and antileishmanial and antimicrobial activities of some 2,3-disubstituted 3H-quinazolin-4-ones[END_REF]). Then, the obtained intermediate 4 was refluxed in the presence of an equimolar quantity of hydroxylamine hydrochloride in ethanol (10 mL)overnight, followed by the cooling of the reaction and subsequent filtration and recrystallization of the resultant solid from ethanol to obtain the final product as a yellow crystal (87% yield).

3 Scheme 1. Strategy for the preparation of N-hydroxy-2-(4-methylbenzamido)benzamide ( 5)

Antibacterial activity

The antibacterial activity of prepared derivative 5 was assessed against two Gram-positive bacteria (i.e. Bacillus subtilis and Methicillin-resistant Staphylococcus aureus [MRSA], respectively) and two gram-negative bacteria (i.e. Escherichia coli and Pseudomonas aeruginosa, , respectively) using a standard method reported in reference [START_REF] Legrand | Sulfuration of organic compounds. XIX. Synthesis of 3,1-benzothiazine-4-thiones and corresponding oxygenated compounds[END_REF] and also described in detail in a previous article reported by our group [START_REF] Geesi | Metal-doped TiO2 nanocatalysts in an MX2/urea mixture for the synthesis of benzothiazoles bearing substituted pyrrolidin-2-ones: Enhanced catalytic performance and antibacterial activity[END_REF] Table 1 lists the results obtained for the biological activity of compound 5. Benzamide derivative 5 was active against all bacterial strains. 

Crystal structure 4-1 Single-crystal data collection and structure determination

Single-crystal data for C15H13N2O3 were collected on a Bruker Apex II diffractometer, which was equipped with a molybdenum anticathode and graphite monochromator. Table 2 lists details of experimental data and structure refinement parameters. A structural hypothesis was provided by the SIR97 program [START_REF] Altomare | SIR97: a new tool for crystal structure determination and refinement[END_REF]. The structure solution was solved by direct methods using the SHELX97

program, and refinement was performed on F 2 by the full-matrix least squares techniques using SHELXL [START_REF] Sheldrick | SHELXL-97[END_REF]. The non-hydrogen atoms were refined anisotropically, but the hydrogen atoms were located theoretically. For visualization, the MERCURY program for Windows was used [START_REF] Macrae | Mercury CSD 2.0-new features for the visualization and investigation of crystal structures[END_REF].

All of the crystallography programs were used within the WINGX package [START_REF] Farrugia | WinGX suite for small-molecule single-crystal crystallography[END_REF]. CCDC2048823 contains crystallographic data for the titled molecule. These data can be obtained free of charge by the following link: www.ccdc.cam.ac.uk/data_request/cif. Cohesion is ensured by intermolecular hydrogen bonds and π-stacking interactions. In addition, an intermolecular hydrogen-bond interaction exists between hydroxamic acid and C=O ( C=OOHNC=O), with a distance of ~2.634 Å. The hydrogen-bond distances of OO, OH and ON are 2.933 Å, 2.296 Å and 2.991 Å, respectively. The HO=C π-stacking distance is ~2.575 Å (Figure 2). The C-C bond length is between 1.370 and 1.510 Å. The C-N bond length is between 1.338 Å and 1.399 Å. The bond lengths of the ketone C=O and hydroxamic acid group C=O are ~1.224 Å and 1.255 Å, respectively. The angle between the plane of hydroxamic acid and that of the molecule is ~12.04° (Figure 3). The crystal structure comprised hydrogen bonds and π-stacking interactions between neighboring molecules. Crystal packing involved intermolecular interactions between molecules (Figure 4).

Indeed, each molecule is connected to five other neighboring molecules through oxygen, nitrogen and hydrogen atoms, as well as benzene via hydrogen bonds and π-stacking interactions. 

Computational details

The analysis of intermolecular interactions using the Hirshfeld surface permitted the knowledge regarding the behavior of intermolecular interactions in the crystal. The Hirshfeld surface of the title compound was generated using Crystal Explorer [START_REF] Turner | CrystalExplorer. Version[END_REF]. The intermolecular contacts analyzed around the asymmetric unit in Figure 5 Figure 6 shows the 2D fingerprint plots of the intermolecular contacts of C15H13N2O3, and Table 4 lists the ratio of their contributions. Overall, HH contacts are the most favorable (38.3%) in crystal packing, while CH/HC contacts represent 25.1% of the total Hirshfeld surface (aromatic ring), corresponding to the second-most frequent interactions due to the abundance of hydrogen atoms on the molecular surface. The OH/HO contacts (18.1%) and NH/HN and OO contacts represent 6.7% and 2.8% of the total Hirshfeld surface, respectively.

Quantitative analysis revealed that the HH intermolecular contacts are the most abundant contacts, which constitute the driving force in this crystal packing. The Hirshfeld surfaces permits the quantitative and qualitative analysis by displaying all of the intermolecular interactions; hence, this method demonstrates immense promise in crystal engineering. DFT calculations were performed using the Gaussian 16w package [START_REF] Frisch | [END_REF]. The electrostatic surface potentials (ESP) of C15H13N2O3 are calculated to locate the positively and negatively charged electrostatic potential in the molecule (Figure 7). In ESP, the red color with negative indicates the minimum electrostatic potential and act as an electrophilic attack. Blue indicates the maximum of electrostatic potential, and it acts opposite. The pair of oxygen atoms of the ketone moiety and hydroxamic acid is a hydrogen-bond acceptor. This result is in agreement with the Hirshfeld surface analysis, indicating that the formation of a strong intermolecular hydrogen bond between the pair of oxygen atom of the ketone moiety with the hydrogen atom of CH of the aromatic ring and hydroxamic acid, also the strong intermolecular hydrogen bond via the hydroxamic acid group (Figure 5). 

Conclusion

In this study, the synthesis of novel n-hydroxy-2-(4-methylbenzamido)benzamide (5) was reported. The antibacterial efficiency of 5 was examined against four bacterial strains. The compound crystallized in a monoclinic system with the P21/n space group. It exhibited hydrogenbond interaction and π-stacking interactions and van der Waals interactions that assure the connection between molecules and stabilize the crystal. Moreover, the contribution of these interactions was analyzed by visualizing the Hirshfeld surface. In addition, the electrostatic surface potential was obtained using the DFT method to locate the positively and negatively charged electrostatic potentials in the molecule.
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 2 Crystal structure The crystallographic analysis of the title compound revealed that the asymmetric unit contains one molecule of C15H13N2O3. It crystallizes at room temperature in the monoclinic symmetry with the P21/n space group, and dimensions for the unit-cell parameters: a = 7.5103(2) Å, b = 11.7991(3) Å, c = 15.2645(4) Å, β = 91.907(2) and Z = 4 parameters. Figure 1 shows the molecular structure of the title compound.

Figure 1 :Table 3 :

 13 Figure 1: View along b axis of asymmetric unit cell of C15 H13 N2 O3.Table 3: Atomic positions (x104 ) and equivalent isotropic displacement parameter U(eq) Å 2 x 10 3 ) for C15 H13 N2 O3

Figure 2 :Figure 3 :

 23 Figure 2: View showing the connection between the molecules by hydrogen bonds and π-stacking interactions (dashed lines).

Figure 4 :

 4 Figure 4: Packing of molecules in the crystal. a-Projection along a axis, b-Projection along b axis, c-Projection along c axis.

  revealed the different intermolecular interactions around the molecule computed by the Hirshfeld surface dnorm mapping. Figure5ashows the contributor contacts on the Hirshfeld surface. Red spots represent the shorter hydrogen-bond OH interactions, whereas the blue and white areas represent the HH, CH, OO, ON and NH contacts. Clearly, the red regions rich in hydrogen bonds on the dnorm surface are in agreement with the results obtained by X-ray diffraction.

Figure 5 :

 5 Figure 5: dnorm mapped on the Hirshfeld surface for visualizing intermolecular interactions of C15H13N2O3.

Figure 6 :

 6 Figure 6: The two-dimensional fingerprint plot (97.7%) of C15H13N2O3, showing contributions from different contacts

Figure 7 :

 7 Figure 7: Electrostatic surface potential of C15H13N2O3 obtained at the B3LYP/6-311++G(d,p) level of theory.

Table 1 :

 1 Activity of derivative 5 against bacterial strains.

				Bacterial Strains	
			MRSA	Bs	Pa	Ec
		MIC (μg/mL)	25	38.5	25	12.5
	Compound 5	MBC (μg/mL) Inhibition	18.75	25	18.75	9.37
		zone in mm (100	21	14	19	24
		μg/mL)				
	Ciprofloxacin	MIC (μg/mL)	18.75	12.5	12.5	12.5

a MIC: Minimum inhibitory concentration in μg/mL. MBC: Minimum bactericidal concentration b : No inhibition zone, no activity.

Table 2 :

 2 Crystallographic and structure refinement data

Table 3

 3 

	lists the atomic positions (x, y, z) (×10 4 ) and equivalent isotropic displacement parameters
	Ueq (Å 2 ×10 3 ).

Table 4 :

 4 Summary of the major closest contacts and their percentage contributions to the Hirshfeld surface.