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Figure S1. 1H-NMR (DMSO-d6) of 2
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Figure S3. 1H-NMR (DMSO- d6) of 3
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Figure S5. 1H-NMR (DMSO- d6) of 4
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Figure S7. 1H-NMR (DMSO- d6) of 5
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Figure S9. 1H-NMR (DMSO- d6) of 6
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Figure S11. 1H-NMR (DMSO- d6) of 8
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Figure S13. 1H-NMR (DMSO- d6) of 9

ab
un

da
nc

e
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

X : parts per Million : Carbon13

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

17
1.

44
4

16
5.

73
0

16
5.

40
6

14
3.

47
7

13
9.

25
2

13
2.

27
9

13
1.

61
2

13
0.

16
2

12
9.

97
1

12
9.

89
5

12
6.

07
9

12
4.

37
2

11
9.

50
7

81
.8

69

60
.4

84

39
.5

00

31
.4

21

24
.6

11
21

.1
77

20
.9

29
14

.2
52

Figure S14. 13C-NMR (DMSO- d6) of 9

H
N

O

O

O
O

O CH3



S9

ab
un

da
nc

e
0

1.
0

2.
0

X : parts per Million : Proton

13.0 12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

9.
93

6

8.
03

1
8.

01
4

7.
85

1
7.

83
4

7.
73

2
7.

25
9

7.
24

2

4.
25

1
4.

23
7

4.
22

2
4.

20
8

3.
32

4

2.
46

2
2.

28
3

2.
25

6
1.

84
2

1.
82

1
1.

64
6

1.
62

6
1.

53
0

1.
50

4
1.

27
2

1.
25

8
1.

24
4

4.
30

2.
80

2.
09

2.
07

2.
07

2.
06

2.
03

2.
03

1.
94

1.
87

1.
00

Figure S15. 1H-NMR (DMSO- d6) of 10
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Figure S19. 1H-NMR (DMSO- d6) of 12
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2. Materials and Equipment. 

    Commercially available reagents and solvents were purified according to standard procedures. Dried 

glassware was used for all reactions. 1H-NMR data were recorded by JEOLJNM ECA 500 MHz. The deuterated 

solvent was used as an internal deuterium lock. 13C-NMR data were recorded using 125 MHz UDEFT pulse 

sequence and broad-band proton decoupling. Coupling constants were recorded in Hertz (J/Hz). Internal 

reference for NMR spectra is tetramethylsilane at 0.00 ppm. IR [v/cm-1] data were recorded using Perkin Elmer; 

FT-IR Spectrum BX and Bruker tensor 37 FT-IR. Melting points were measured by Thermo Scientific, Model 

NO. 1002D; 220-240v; 200W; 50/60Hz and were uncorrected. Thin layer chromatography (TLC) was 

performed on silica gel plastic plates and the spots were indicated and visualized using UV VILBER 

LOURMAT 4w-265nm or 254 nm tube.

3. Biological evaluation

3.1. Determination of cytotoxicity 

Normal human cell line:

       Normal human lung fibroblast Wi-38 cell line was used to detect cytotoxicity of the studied compounds. 

Wi-38 cell line was cultured in DMEM medium-contained 10% fetal bovine serum (FBS), seeded as 5x103 

cells per well in 96-well cell culture plate and incubated at 37ºC in 5% CO2 incubator. After 24 h for cell 

attachment, serial concentrations of the synthetic compounds were incubated with Wi-38 cells for 72 h. Cell 

viability was assayed by MTT method (Mosmann, 1983). Twenty microliters of 5 mg/ml MTT (Sigma, USA) 

was added to each well and the plate was incubated at 37ºC for 3 h. Then MTT solution was removed, 100 µl 

DMSO was added and the absorbance of each well was measured with a microplate reader (BMG LabTech, 

Germany) at 570 nm. The dose (EC50 and EC100) of the tested compounds was estimated by the Graphpad Instat 

software at 50% and 100% cell viability, respectively [1]. 

Human breast cancer cell lines:

        Anticancer effect of the above-mentioned compounds was assayed using human breast cancer cell lines 

(MDA-MB 231 and MCF7) that were cultured in DMEM (Lonza, USA) supplemented with 10% FBS. All cancer 

cells (5x103 cells/well) were seeded in sterile 96-well plates. After 24h, serial concentrations of the tested 

compounds were incubated with three cancer cell lines for 72 h at 37ºC in 5% CO2 incubator. MTT method was 

done as described above. The half maximal inhibitory concentration (IC50) values were calculated using the 
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Graphpad Instat software. Furthermore, cellular morphological changes before and after treatment with the 

most effective and safest anticancer compounds were investigated using phase contrast inverted microscope 

with a digital camera (Olympus, Japan) [1]. 

3.2. Flow cytometric analysis of apoptosis-mediated anticancer effect

       The most effective compounds which exhibited the highest anticancer effect on both breast cell lines, were 

selected to investigate their proapoptotic effect following the incubation for 72 h with cells at 0.1 μg/ml. After 

trypsinization, the untreated and treated cancer cells were incubated with fluorescein isothiocyanate (FITC)-

annexin V and propidium iodide (PI) for 15 min, in dark. After washing with PBS, the apoptotic cells were 

quantified using flow cytometry at FITC signal detector (FL1) against the phycoerythrin emission signal 

detector (FL2) for PI-stained necrotic cells and analyzed with FloMax software.

3.3. Caspase 3/7 activation assay

       The caspase 3/7 activation was quantified in the untreated and the most active compounds-treated Caco-2 

using Apo-ONE ® caspase 3/7 kit following the manufacturer’s instructions. This kit used a non-fluorescence 

substrate that was cleaved by caspases resulting in the generation of the fluorescence signal of Rhodamine 110. 

This signal was measured by the fluorescence omega microplate reader (BMG LabTech, Germany) at 490 nm 

excitation and 520 nm emission [2].

3.4. Quantitative detection for the change in the expression of p21 and Bcl-2 genes in the treated cancer 

cells

       Total RNAs of untreated and the most effective anticancer compounds-treated breast cancer cells were 

extracted using Gene JET RNA Purification Kit (Thermo Scientific, USA). The cDNA was synthesized from 

mRNA using cDNA Synthesis Kit (Thermo Scientific, USA). Real time PCR was performed using SYBR 

green master mix and specific primers (Forward/Reverse) were 5′-ATGTTTTGCCAACTGGCCAAG- 3′/5′-

TGAGCAGCGCTCATGGTG- 3′, 5′-TCCGATCAGGAAGGCTAGAGTT- 3′/5′-

TCGGTCTCCTAAAAGCAGGC-3′, and 5′-TCCGATCAGGAAGGCTAGAGTT- 3′/5′-

TCGGTCTCCTAAAAGCAGGC-3′ for p53, BAX, and Bcl-2 genes, respectively. The 2−ΔΔCT equation was 

used to estimate the change in gene expressions in the treated cancer cells relative to untreated cancer cells [3-

5].

3.5. Docking simulations 

           Docking was conducted employing Molecular Operating Environment (MOE) software package version 

MOE 2019.102, Chemical Computing Group, Montreal, Canada. The XIAP BIR2 domain coordinates bound to 

the reference inhibitor were downloaded from the protein databank (PDB ID: 4KJU Coordinates for MDM2   
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[6] was downloaded from RCSB PDB (PDB ID: 5LAW [7] Unwanted residues and solvent molecules were 

eliminated, then the crystal structure was prepared and refined employing the default “Structure preparation” 

MOE setting. The studied compounds were built in silico and energy minimized employing Amber10: 

EHT force field with reaction-field electrostatics (an interior dielectric constant of 1 and an 

exterior dielectric of 80) using an 8–10 Å cutoff distance. Docking simulations were conducted applying the 

Triangular matcher algorithm and Alpha HB as placement and scoring functions. The number of placements 

poses passed to the refinement step were set as 100 generating the top 5 non-redundant poses of the lowest 

binding energy conformers. Results were recorded as S-scores with RMSD value < 2Å. Graphical 

representations of the molecular interactions were generated and inspected.

3.5. Statistical analysis

       The data are expressed as mean ± standard error of mean (SEM) and the significant values were considered 

at p < 0.05. One-way analysis of variance (ANOVA) was done by Tukey’s test used for evaluating the 

difference between the mean values of the studied treatments. The analysis was done for three measurements 

using SPSS software version 16 [8].
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