Design, synthesis of new novel quinoxalin-2(1H)-one derivatives incorporating hydrazone, hydrazine, and pyrazole moieties as antimicrobial potential with in-silico ADME and molecular docking simulation
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DFT study
From study the numbering chemical structure of 2, we suggested that the C7=O21 group is more active carbonyl against hydrazine attack. To confirm this postulation, we used the B3LYP/6-311++G (d,p) simulation to predict the most suitable route for hydrazine attack (Scheme S1).  The total energy for suggested intermediate A is lower than B about 43 Kcal/mol, while the proposed final product 5 has slightly lower energy than 4 structure. The 3a and 3b have been stabilized by arrangement rings for quinazoline and morphine in parallel mode.
[image: ]
Scheme S1: The preferred synthetic rout for synthesis of Morpholinosulfonyl-3-(hydrazinyl)-quinoxalin-2(1H)-one with minimization energy in (Kcal/mol)
1.1. Antimicrobial potential assay
1.1.1. Evaluating the antimicrobial Activity
[bookmark: _Hlk53769009][bookmark: _Hlk53769317][bookmark: _Hlk53769219][bookmark: _Hlk53769337]In vitro antimicrobial activities were performed at the bacteriology laboratory, Botany and Microbiology Department, Faculty of Science, Al-Azhar University, Cairo, Egypt. The antimicrobial potential of newly synthesized organic compounds was investigated towards the test microorganisms and expressed as the diameter of the inhibition zones according to the agar plate diffusion method [1,2] [72]. The test microorganisms were used in the present study, Gram-positive, (Staphylococcus aureus ATCC 29213 and Enterococcus faecalis ATCC 29212). Gram-negative (Escherichia coli ATCC 25922 and Salmonella typhi ATCC 6539). Also, Candida albicans (ATCC 10231) and Aspergillus brasiliensis (ATCC 16404), were used to define the antifungal activity. Briefly, 100 µl of the test bacteria/fungi were grown in 10 mL of fresh media until they reached a count of approximately 108 cells/ml for bacteria or 105 cells/mL for fungi. One mL of each sample (at 0.5 mg/mL) was added to each well (10 mm diameter holes cut in the agar gel). The plates were incubated for 24h at 37oC (for bacteria and yeast) and for 72h at 27oC (for filamentous fungi), each test was repeated three times. After incubation, the microorganism's growth was observed. Tetracycline was used as standard antibacterial drugs while amphotericin B was used as a standard antifungal drug. The resulting inhibition zone diameters were measured in millimeters and used as a criterion for the antimicrobial activity. Solvent controls (DMSO) were included in every experiment as negative controls. DMSO was used for dissolving the tested compounds and showed no inhibition zones, confirming that it does not influence the growth of the tested microorganisms.
1.1.2. Evaluating the minimal inhibition concentration (MIC)
[bookmark: _Hlk53769890][bookmark: _Hlk53769687][bookmark: _Hlk53769533][bookmark: _Hlk53769772]A conventional technique termed paper disk diffusion was used to investigate the MIC of the active compounds through employing a 12.7 mm diameter filter paper (Whatman, Germany). Bacteria were grown in a media of nutrient agar, while fungi and yeasts were grown in a media of Sabouraud´s agar. The synthesized compounds were dissolved and loaded on paper disks with different concentrations. Loading the drying disks over the agar plates' surface inoculated with the selected microorganisms was carried out, then growth inhibition was tested when incubated (at 37 °C for a day) for the bacterial strains and yeasts and fungi (at 27 °C for three days); Also, MIC confirmed by using the broth micro-dilution procedure described in the Clinical and Laboratory Standards Institute (CLSI) guidelines and reported methods [3–8]. where repeating of every experiment for three-times was performed for reproducibility.
1.1.3. Evaluating the minimum bactericidal concentration (MBC) [3,6–8]. 
[bookmark: _Hlk53769946][bookmark: _Hlk53770371]MBC assay was conducted using the broth microdilution assay described in the above section. The MBC was determined by plating 10 μL of culture volume from the MIC assay onto TSB agar plate and colony formation was examined after 24 hours at 37°C. MBC is defined as the lowest compound concentration resulting in a ≧ 3-log reduction in the number of colony-forming units (CFU).
1.1.4. Multidrug resistance bacteria (MDRB)
[bookmark: _Hlk53770105]To evaluate the antibacterial activity of most potent compounds toward multidrug-resistant Gram-positive Strains Gram-positive, (Staphylococcus aureus ATCC 43300 and Staphylococcus aureus ATCC 33591). Multidrug-resistant Gram-negative (Escherichia coli ATCC BAA-196 and   Pseudomonas aeruginosa ATCC BAA-2111), Both of inhibition zones and MIC were determined by the same methods as described before. MBC assay against MDRB carries out according to the previously reported method [4,5] .Norfloxacin was chosen to be the control antibiotic.
1.1.5. Immunomodulatory assay
1.1.5.1. [bookmark: _Hlk53770843]Neutrophil isolation
From a healthy volunteer, a sample of peripheral blood (15 mL) was taken and collected in preservative-free heparin followed by adding 4.5% dextran B in saline (2 mL). The mixed solution was shaken, kept at 37 °C for 1 hour to sediment erythrocytes. Isolation of the neutrophils through centrifugation was performed by Ferrante et al.[9]. Hypotonic lysis was used to remove the residual erythrocytes followed by washing the neutrophils via Hank’s balanced salt solution (HBSS, Sigma-Aldrich (USA), followed by suspending the washed neutrophils in the HBSS with a concentration of 25 × 106 cells/mL to assess the killing efficiency toward the strains' intercellular. Trypan blue exclusion was used to assess the neutrophils's viability.
1.1.5.2. Studying the activity of the intracellular killing
The activity of the intracellular killing was studied through a nitro blue tetrazolium (NBT) reduction through the developed Baehner and Nathan technique[10]. In HBSS, the isolated neutrophils and flavonoids were incubated at 37 °C (for half an hour) followed by extracting the blue formazon (reduced dye) through pyridine and the spectrophotometric measurements were carried out at 515 nm. A negative control sample (which includes all the reagents without the neutrophil suspension) was used for comparative studies. Absorbance variation between the negative control and the cell cultures which actively phagocyte latex particles express the index of the neutrophils' intracellular killing activity. A sample's activity can be calculated by dividing the active compound's percentage ratio in the latex to the positively charged control latex.
1.1.6. DNA gyrase 
[bookmark: _Hlk53770509]The In vitro enzyme inhibition determination for most active compounds were carried out in the confirmatory diagnostic unit, Vacsera, Egypt. The evaluation performed profiling of compounds against Staphylococcus aureus DNA gyrase using ciprofloxacin as reference drugs according to the method [11] .
1.1.7. Molecular docking study
Docking simulations were performed using Molecular Operating Environment (MOE) software version 2008.10. The synthesized compounds were drawn and exported to MOE. Energy minimization using the MMFF94x force ﬁeld was calculated for each molecule. The crystal structure of S. aureus DNA gyrase in complex with ciprofloxacin was downloaded from the protein data bank (PDB ID: 2XCT) [5,12,13]. The protein obtained was prepared by Hydrogen atoms were added and partial charges were computed; The binding pocket has been identiﬁed; Flexible ligand-rigid receptor docking of the most stable conformers was done using Alpha triangle placement method and London dG as a scoring function. The top-scoring pose was inspected visually.
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Molecular docking Figures
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2D interaction between the quinoxaline derivative Ciprofloxacin and the active site of DNA gyrase (2XCT)
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3D interaction between the quinoxaline derivative Ciprofloxacin and the active site of DNA gyrase (2XCT)
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2D interaction between the quinoxaline derivative 4a and the active site of DNA gyrase (2XCT)
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3D interaction between the quinoxaline derivative 4a and the active site of DNA gyrase (2XCT)
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2D interaction between the quinoxaline derivative 7 and the active site of DNA gyrase (2XCT)
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3D interaction between the quinoxaline derivative 7 and the active site of DNA gyrase (2XCT)
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2D interaction between the quinoxaline derivative 8a and the active site of DNA gyrase (2XCT)
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3D interaction between the quinoxaline derivative 8a and the active site of DNA gyrase (2XCT)
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2D interaction between the quinoxaline derivative 11b and the active site of DNA gyrase (2XCT)
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3D interaction between the quinoxaline derivative 11b and the active site of DNA gyrase (2XCT)
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2D interaction between the quinoxaline derivative 13 and the active site of DNA gyrase (2XCT)
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3D interaction between the quinoxaline derivative 13 and the active site of DNA gyrase (2XCT)
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2D interaction between the quinoxaline derivative 16 and the active site of DNA gyrase (2XCT)
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3D interaction between the quinoxaline derivative 16 and the active site of DNA gyrase (2XCT)
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