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Chemical Reagents, Purification, and Instrumentation 

In a summary, all reagents and solvents were utilized with no additional purification. 1H NMR 
data were obtained using Varian 400 MHz spectrometer (Varian Medical Systems, Inc., Palo Alto, 
CA, USA), with chemical shifts being determined in parts per million (ppm) and coupling 
constants in Hz. The high-resolution electrospray ionization mass spectrometry (HR-ESIMS) data 
were evaluated utilizing a JMS–700 mass spectrometer (Jeol, Japan) or by HR-ESIMS data 
obtained via a G2 QTOF mass spectrometer. Reaction monitoring was performed using TLC on 
0.25 mm silica plates (E. Merck; silica gel 60 F254). To verify the purity of the final target hybrids 
a reverse-phase high-performance liquid chromatography (RP-HPLC) was used and equipped with 
an ultraviolet (UV) detector set at 254 nm. The employed mobile phases were: (A) H2O containing 
0.05% trifluoroacetic acid; and (B) CH3CN. HPLC employed a YMC Hydrosphere C18 (HS-302) 
column (5-μm particle size, 12-nm pore size) that was 4.6 mm in diameter × 150 mm in size with 
a flow rate of 1.0 mL/min. The melting points (M.p.) were assessed with a Fisherbrand digital M.p. 
apparatus. 

 

DPPH Assay 

In brief, 100μL of freshly prepared DPPH reagent (0.1% in methanol) was added to 100 μL of the 
sample in 96 wells plate (n=6), and the reaction was incubated at 25 °C for 30 min in dark. At the 
end of incubation time the resulting reduction in DPPH color intensity was calculated at 540 nm. 
Data are displayed as means ± SD according to the following equation: percentage 
inhibition=((Average absorbance of blank-average absorbance of the test)/(Average absorbance of 
blank))*100. The assay was carried out at Nawah Scientific Center for Research, Cairo, Egypt. 
The results were noted using a microplate reader FluoStar Omega. Data was analyzed using 
Microsoft Excel® and the EC50 value was processed using Graph pad Prism 6® by converting the 
concentrations to their logarithmic value and selecting the non-linear inhibitor regression equation 
(log (inhibitor) vs. normalized response – variable slope equation). 

 

ABTS assay 

In brief, 192 mg of ABTS were dissolved in distilled water and moved to a 50 mL volumetric flask 
then the volume was completed with distilled water. Then, 1 mL of the previous solution was 
added to 17 μL of 140 mM potassium persulphate and the mixture was left in the dark for 24 hours. 
A volume of 1 mL of the reaction mixture was completed to 50 mL with methanol to obtain the 
final ABTS dilution. The freshly prepared ABTS reagent (190 μL) was mixed with 10 μL of the 
sample/compound in 96 wells plate (n=6), and the reaction was incubated at 25 °C for 30 min in 
dark. After incubation, the decrease in ABTS color intensity was assessed at 734 nm. Data are 
displayed as means ± SD according to the following equation: percentage inhibition=((Average 



absorbance of blank-average absorbance of the test)/(Average absorbance of blank))*100. The 
assay was performed at Nawah Scientific Center for Research, Cairo, Egypt. The results were 
recorded using microplate reader FluoStar Omega. Data were investigated using Microsoft Excel® 
and the IC50 value was calculated using Graph pad Prism 6® by changing the concentrations to 
their logarithmic value and choosing a non-linear inhibitor regression equation (log (inhibitor) vs. 
normalized response – variable slope equation). 

 

FRAB Assay 

A freshly prepared TPTZ reagent (300 mM acetate buffer (PH = 3.6), 10 mM TPTZ in 40 mM 
HCl, and 20 mM FeCl3, in a ratio of 10:1:1 v/v/v, respectively). The freshly prepared TPTZ 
reagent (190 μL) was combined with 10 μL of the sample in 96 wells plate (n=3), and the reaction 
was incubated at 25 °C for 30 min in dark. After incubation, the resulting blue color was assessed 
at 593 nm. The assay was performed at Nawah Scientific Center for Research, Cairo, Egypt. Data 
are displayed as means ± SD. The results were noted using a microplate reader FluoStar Omega. 
The ferric reducing ability of the samples is described as μM TE/mg sample using the linear 
regression equation extracted from the calibration curve (linear dose-response curve of Trolox, 
Figure S1). 

 

 

 

Figure S1: The calibration curve (linear dose-response curve of Trolox) used in FRAP assay 

 

 



ORAC assay 

In brief, 10 μL of the prepared sample(s) were incubated with 30 μL fluoresceine (100 nM) for 10 
min at 37 °C. Fluorescence measurement (485 EX, 520 EM, nm) was performed for three cycles 
(cycle time, 90 sec.) for background measurement. Afterward, 70 μL of freshly prepared 2,2'-
Azobis(2-amidinopropane) dihydrochloride (AAPH) (300 mM) were added to each well. 
Fluorescence measurement (485 EX, 520 EM, nm) was continued for 60 min (40 cycles, each 90 
sec.). Data are displayed as means (n = 3) ± SD and the antioxidant effect of the compound/extract 
was determined as μM Trolox equivalents by substitution in the linear regression equation: y = 
3000.2x - 67625. The assay was performed at Nawah Scientific Center for Research, Cairo, Egypt. 
The results were recorded using a microplate reader FluoStar Omega. Results of the samples were 
given as μM TE/ mg sample using the linear regression equation extracted from the calibration 
curve (linear dose-inhibition curve of Trolox, Figure S2). 

 

Figure S2. The calibration curve (linear dose-inhibition curve of Trolox) used in ORAC assay 

 

 

 

 

 

 

 

 

 

 



 

Compound 3a - (1H NMR, 13 C NMR, HPLC, and HRMS data charts) 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Compound 3b - (1H NMR, 13 C NMR, HPLC, and HRMS original data charts) 

 

 



 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Compound 3c - (1H NMR, 13 C NMR, HPLC, and HRMS data charts) 

 

 



 

 



 

 



Compound 3d - (1H NMR, 13 C NMR, HPLC, and HRMS data charts) 

 

 



 

 



 

 



Compound 3e - (1H NMR, 13 C NMR, HPLC, and HRMS data charts) 

 



 

 



 



Compound 3f - (1H NMR, 13 C NMR, HPLC, and HRMS data charts) 

 



 

 



 

 

 



Compound 3g - (1H NMR, 13 C NMR, HPLC, and HRMS data charts) 

 



 

 



 

 

 



Compound 3h - (1H NMR, 13 C NMR, HPLC, and HRMS data charts) 

 



 



 

 

 



 



Compound 3i - (1H NMR, 13 C NMR, HPLC, and HRMS data charts) 

 



 



 

 



 

 



Compound 3j - (1H NMR, 13 C NMR, HPLC, and HRMS data charts) 

 



 



 

 



 

 



Compound 3k - (1H NMR, 13 C NMR, HPLC, and HRMS data charts) 

 



 



 

 

 



Compound 3l - (1H NMR, 13 C NMR, HPLC, and HRMS data charts) 

 



 



 

 



 

 



Compound 3m - (1H NMR, 13 C NMR, HPLC, and HRMS data charts) 

 



 



 

 



 

 

 

 

 

 

 

 

 

 

 


