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3. Experimental section 

Elemental analyses were measured by using a German made Elementarvario LIII CHNS analyzer. Mass 

spectra were recorded on a Shimadzu GCMS-QP1000 EX mass spectrometer at 70 eV. Melting points were 

measured on an Electrothermal IA 9000 series digital melting point apparatus. NMR spectra were recorded on a 

Varian Mercury VX-300 NMR spectrometer operating at 400 MHz (1H-NMR) and run in deuterated 

dimethylsulphoxide (DMSO-d6). Chemical shifts were related to that of the solvent. 13C-NMR was recorded on a 

BRUKER spectrometer at 100 MHz. IR spectra were recorded in potassium bromide discs on Pye-Unicam SP 

3300 and Shimadzu FTIR 8101 PC infrared spectrophotometers. 

3.2. Biological evaluation 

3.2.1. Antimicrobial activity Assay 

All microbial strains were provided from culture collection of the Regional Center for Mycology and 

Biotechnology (RCMB), Al-Azhar University, Cairo, Egypt. The antimicrobial activity was investigated on a 

dozen of newly synthesized compounds in order to increase the selectivity of these derivatives towards test 

microorganisms using well diffusion method [44]. 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 

hundred µL of each sample (at 1 mg/mL) was added to each well (10 mm diameter holes cut in the agar gel). The 

plates were incubated for 24-48 h at 37 °C (for bacteria and yeast) and for 48 h at 28 °C (for filamentous fungi). 

After incubation, the microorganism's growth was observed. Ampicillin and gentamycin were used as standard 

antibacterial drugs while amphotricin B was used as standard antifungal drug. The resulting inhibition zone 

diameters were measured in millimeters and used as criterion for the antimicrobial activity. If an organism is 

placed on the agar it will not grow in the area around the well if it is susceptible to the chemical. This area of no 

growth around the disc is known as a Zone of inhibition. The size of the clear zone is proportional to the 

inhibitory action of the compound under investigation. 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 has no influence on growth of the tested microorganisms.  

3.2.2. MIC Determination: 

The active compounds were further investigated to determine their antimicrobial activity expressed in terms of 

minimum inhibitory concentration (MIC) using the modified agar well diffusion method that mentioned above. 

Concentrations between 0.1-1000 µg/mL of each active compound were tested and compared with standard 

drugs. The MIC was then determined as the lowest concentration inhibiting growth of the organism after 24-48 

hours [47]. 
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3.2.3. Cytotoxicity assay: 

The tested human carcinoma cell lines; MDA-MB-231 cells (human breast carcinoma), HepG-2 cells (human 

Hepatocellular carcinoma) and HCT-116 cells (human colon carcinoma) were obtained from the American Type 

Culture Collection (ATCC, Rockville, MD). The cells were grown on RPMI-1640 medium supplemented with 

10% inactivated fetal calf serum and 50µg/mL gentamycin (Lonza, Belgium). The cells were maintained at 37ºC 

in a humidified atmosphere with 5% CO2 and were subcultured two to three times a week during the period of 

experiment.  

 

For antitumor assays, the tumor cell lines were suspended in medium at cell density of 5x104 cells/well in 

Corning® 96-well tissue culture plates and then incubated for 24 hours. The tested compounds were then added 

into 96-well plates (six replicates) to achieve eight concentrations for each compound. Six vehicle controls with 

media or 0.5 % DMSO were run for each 96 well plate as a control. After incubating for 24 h, the numbers of 

viable cells were determined by the MTT assay [48]. Briefly, the media was removed from the 96-well plate and 

replaced with 100 µl of fresh culture RPMI 1640 medium without phenol red then 10 µL of the 12 mM MTT stock 

solution {5 mg of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide purchased from Sigma-Aldrich 

(St. Louis, MO) in 1 mL of Phosphate buffered saline} to each well including the untreated controls. The 96 well 

plates were then incubated at 37°C and 5% CO2 for 4 hours.  An 85 µl aliquot of the media was removed from 

the wells, and 50 µl of DMSO was added to each well and mixed thoroughly with the pipette and incubated at 

37 °C for 10 min. Then, the optical density was measured at 590 nm with the microplate reader (SunRise, 

TECAN, Inc, USA) to determine the number of viable cells and the percentage of viability was calculated as 

[(ODt/ODc)]x100% where ODt is the mean optical density of wells treated with the tested sample and ODc is the 

mean optical density of untreated cells. The relation between surviving cells and drug concentration is plotted to 

get the survival curve of each tumor cell line after treatment with the specified compound. The 50% inhibitory 

concentration (IC50), the concentration required to cause toxic effects in 50% of intact cells, was estimated from 

graphic plots of the dose response curve for each conc. using GraphPad Prism software (San Diego, CA. 

USA)[49].  

 



 

Figure S1. Mass Spectra of compound 6 



 

Figure S2. IR Spectra of compound 6 

 



 

Figure S3. 
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HNMR Spectra of compound 6 
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Spectra of compound 6 

 



 

 

 
 

Figure S5. IR Spectra of compound 10a 
 



 

Figure S6. 
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HNMR Spectra of compound 10a 
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CNMR Spectra of compound 10a 

 
 

 

 



 

Figure S8. Mass Spectra of compound 10b 
 



 
 

Figure S9. IR Spectra of compound 10b 
 



 
 

Figure S10. 
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HNMR Spectra of compound 10b 

 

  

 



                           

Figure S11. Mass Spectra of compound 10c 
 

 

 



 
 

 

Figure S12. IR Spectra of compound 10c 
 

 

 

 



 

Figure S13. 
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HNMR Spectra of compound 10c 

 

 

 

 

 

 

 



 

 

 

 

Figure S14. 
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CNMR Spectra of compound 10c 

 
 

 

 

 



 

Figure S15. Mass Spectra of compound 10d 
 



 
 

Figure S16. IR Spectra of compound 10d 
 

 



 
 

Figure S17. NMR Spectra of compound 10d 
 

  

 

 



 

Figure S18. Mass Spectra of compound 10e 
 

 



 
 

Figure S19. IR Spectra of compound 10e 
 

 

 



 
 

Figure S20. 
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HNMR Spectra of compound 10e 

 

 

  

 

 

 

 

 

 

 

 

 



 

 
 

Figure S21. IR Spectra of compound 13a 
 

 

 



 

Figure S22. 
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HNMR Spectra of compound 13a 

 

 

 

 

 

 



 

 

 

 

Figure S23. 
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CNMR Spectra of compound 13a 

 
 

 

 



 

Figure S24. 
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HNMR Spectra of compound 13b 

 

 



 

Figure S25 Mass Spectra of compound 13c 
 

 

  



 
 

Figure S26. IR Spectra of compound 13c 
  

 

 

 

 

 

 



 

Figure S27. Mass Spectra of compound 13d 
 

 

 



 
 

Figure S28. IR Spectra of compound 13d 
 

 



 

Figure S29. 
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HNMR Spectra of compound 13d 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure S30. Mass Spectra of compound 16 
 

 

 



 

Figure S31. IR Spectra of compound 16 
 

 

 



 
 

Figure S32. 
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HNMR Spectra of compound 16 
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CNMR Spectra of compound 16 
 

 



 

Figure S34. 
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HNMR Spectra of compound 18 

 

 

 

 

 

 



 

 

Figure S35. 
13

CNMR Spectra of compound 18 

 
 

 

 

 



 

Figure S36. Mass Spectra of compound 20 
 

 



 
 

 

Figure S37. IR Spectra of compound 20 
 

 

 



 
 

 

Figure S38. 
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HNMR Spectra of compound 20 

 

 

 

 

 

 



 

 

Figure S39. 
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CNMR Spectra of compound 20 

 
 

 


