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Table S1. Nrf2 induction of compounds in the AREc32 cell line expressed as CD values. AREc32 
cells were treated with increasing concentrations (0.3, 3, 10 and 30 μM) of the corresponding com-
pound for 24 h and thereafter, luciferase activity was measured. Data are expressed as the concen-
tration required to double the specific luciferase activity (CD). 

Entry Compound CD (μM) 

1 CGP37157 -[2] 
2 S-Lipoic acid >600 
3 R-Lipoic acid >600 
4 rac-3a 14.8 ± 1.6[3] 
5 (rac,R)-3b 9.8 ± 1.6[3] 
6 (±)-6 > 30[2] 
7 R-6 11.8 ± 0.5 
8 S-6 14.4 ± 0.2 
9 (S,S)-7a 26.5 ± 1.3 
10 (S,R)-7b 11.9 ± 1.3 
11 (R,S)-7c > 30 
12 (R,R)-7d > 30 

Data are means ± SEM of at least five different experiments in duplicate.  
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Figure S1. Cytotoxicity of CGP37157, 3, 6, LA and 7 in the AREc32 cell line. AREc32 cells were treated with each compound at 
desired concentration (0.3, 3 10 and 30 µM) for 24 h. Thereafter, cell viability was assessed by the MTT method. Data are means 
of five different cultures in duplicate. *p < 0.05, **p < 0.01, ***p < 0.001 compared to basal. 

 

Figure S2. Cytotoxicity of CGP37157, 6 and 7 in the SH-SY5Y cell line. SH-SY5Y cells were treated with increasing concentrations 
of each compound (10, 30 and 100  µM) for 24 h. Thereafter, cell viability was assessed by the MTT method. Data are means of 
three different cultures in duplicate. *p < 0.05, **p < 0.01, ***p < 0.001 compared to basal. 

Figure S3: WB original images 
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Table S2. Neuroprotective effect of compounds in SH-SY5Y cells against the toxic combination 
R/O. Compounds were pre-incubated (1 μM) for 24 h, then media was replaced for fresh medium 
containing compounds and R/O (30/10 μM) for another 24 h. Viability was assessed by the MTT 
method. 

Entry Compound % Survival % Protection 
1 Basal 100.0  
2 R/O 53.4 ± 6.3###  
3 Mel 68.0 ± 1.5  46.1** 
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7 CGP37157 76.2 ± 5.7 46.2*** 
4 rac-3a 69.0 ± 5.6 52.1** 
5 (rac,R)-3b 72.9 ± 3.5 59.3** 
6 (±)-6 74.4 ± 4.1 44.1*** 
8 R-6 75.1 ± 2.9 45.7*** 
9 S-6 74.7 ± 2.5 51.5*** 

10 (S,S)-7a 74.8 ± 3.2 43.4*** 
11 (S,R)-7b 81.0 ± 4.7 61.1*** 
12 (R,S)-7c 76.1 ± 2.9 47.2*** 
13 (R,R)-7d 77.6 ± 4.4 50.7*** 

Data are means of five different cultures in duplicate. ###p < 0.001 compared to basal; **p < 0.01, 
***p < 0.001 compared to R/O. 

 

Table S3. Neuroprotective effect of compounds in SH-SY5Y cells against OA. Compounds were 
pre-incubated (1 μM) for 24 h, then media was replaced for fresh medium containing compounds 
and OA (30/10 μM) for another 24 h. Viability was assessed by the MTT method. 

Entry Com-
pound % Survival % Protection 

1 Basal 100.0  
2 OA 54.7 ± 4.7###  

3 Mel 70.3 ± 4.3 31.1* 
5 CGP37157 78.8 ± 6.1 56.3** 

4 (±)-6 69.1 ± 6.4 33.4* 
6 R-6 59.3 ± 10.6 14.2 

7 S-6 71.5 ± 10.0 41.9* 

9 (S,S)-7a 63.2 ± 7.6 21.2 

8 (S,R)-7b 70.6 ± 10.3 40.2* 

11 (R,S)-7c 50.7 ± 15.6 n.p$ 

10 (R,R)-7d 63.3 ± 8.7 21.0 

Data are means of five different cultures in duplicate. ###p < 0.001 compared to basal; **p < 0.01, 
***p < 0.001 compared to R/O. n.p$ compound does not protect cells. 

 

 

 

Table S4. Calculated and experimental elemental analysis.  

Compound Formula 
Calculated  Found 

%C %H %N %S %C %H %N %S 

1 C17H18Cl2N2OS 55.29 4.91 7.59 8.68 55.06 4.97 7.71 8.82 
2 C17H20Cl2N2OS 54.99  5.43 7.54 8.63 55.57 5.67 7.30 8.77 
3 C13H12Cl2N2 58.45 4.53 10.49 -- 58.28 4.39 10.79 -- 
4 C15H16Cl2N2O 57.89 5.18 9.00 -- 55.10 4.91 8.35 -- 
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5 C19H17BrCl2N2O3 48.33 3.63 5.93 -- 48.18 3.52 5.82 -- 
6 C17H16Cl2N2O2 58.14 4.59 7.98 -- 58.46 4.72 7.74 -- 
7 C25H28Cl2N2O3S2 55.65 5.23 5.19 11.88 55.47 5.08 5.16 11.75 

 

Copies of NMR spectra 
(R,Z)-N-((2-Amino-5-chlorophenyl)(2-chlorophenyl)methylene)-2-methylpropane-2-sul-
finamide (R-1) 

1H NMR (250 MHz, CDCl3) 

 
13C NMR (63 MHz, CDCl3) 
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(S,Z)-N-((2-Amino-5-chlorophenyl)(2-chlorophenyl)methylene)-2-methylpropane-2-
sulfinamide (S-1) 

1H NMR (250 MHz, CDCl3) 
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(R)-N-[(S)-(2-Amino-5-chlorophenyl)(2-chlorophenyl)methyl]-2-methylpropane-2-sulfin-
amide (R,S-2) 

1H NMR (250 MHz, CDCl3) 

 

 
13C NMR (63 MHz, CDCl3) 

 

Cl
Cl

NH2

O
S

H
N



Antioxidants 2022, 11, 112 9 of 29 
 

(S)-N-[(R)-(2-Amino-5-chlorophenyl)(2-chlorophenyl)methyl]-2-methylpropane-2-sulfin-
amide(S,R-2) 

 
1H NMR (250 MHz, CDCl3) 
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(S)-2-[Amino(2-chlorophenyl)methyl]-4-chloroaniline (S-3) 
1H NMR (250 MHz, CDCl3) 

 

 
13C NMR (63 MHz, CDCl3) 

 
(R)-2-(Amino(2-chlorophenyl)methyl)-4-chloroaniline (R-3) 

Cl
Cl

NH2

NH2
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1H NMR (250 MHz, CDCl3) 
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(S)-2-(((2-Amino-5-chlorophenyl)(2-chlorophenyl)methyl)amino)ethan-1-ol (S-4) 
1H NMR (250 MHz, CDCl3) 

 

 
13C NMR (63 MHz, CDCl3) 
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(R)-2-(((2-amino-5-chlorophenyl)(2-chlorophenyl)methyl)amino)ethan-1-ol (R-4) 
1H NMR (250 MHz, CDCl3) 

 

  

OH
Cl

Cl

NH2
H
N



Antioxidants 2022, 11, 112 14 of 29 
 

(S)-2-(7-Chloro-5-(2-chlorophenyl)-2-oxo-1,2,3,5-tetrahydro-4H-benzo[e][1,4]diazepin-4-
yl)ethyl 2-bromoacetate (S-5) 

1H NMR (250 MHz, CDCl3) 

 
13C NMR (63 MHz, CDCl3) 
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(R)-2-(7-Chloro-5-(2-chlorophenyl)-2-oxo-1,2,3,5-tetrahydro-4H-benzo[e][1,4]diazepin-4-
yl)ethyl 2-bromoacetate (R-5) 

1H NMR (250 MHz, CDCl3) 
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(5S)-7-Chloro-5-(2-chlorophenyl)-4-(2-hydroxyethyl)-4,5-dihydro-1H-benzo[e][1,4]diaze-
pin-2(3H)-one (S-6) 

1H NMR (250 MHz, CDCl3) 

 
13C NMR (63 MHz, CDCl3) 
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(5R)-7-Chloro-5-(2-chlorophenyl)-4-(2-hydroxyethyl)-4,5-dihydro-1H-benzo[e][1,4]diaze-
pin-2(3H)-one (R-6) 

1H NMR (250 MHz, CDCl3) 
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2-((S)-7-Chloro-5-(2-chlorophenyl)-2-oxo-1,2,3,5-tetrahydro-4H-benzo[e][1,4]diazepin-4-
yl)ethyl 5-((S)-1,2-dithiolan-3-yl)pentanoate (7a) 

1H NMR (250 MHz, CDCl3) 

 
13C NMR (63 MHz, CDCl3) 
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2-((R)-7-Chloro-5-(2-chlorophenyl)-2-oxo-1,2,3,5-tetrahydro-4H-benzo[e][1,4]diazepin-4-
yl)ethyl 5-((S)-1,2-dithiolan-3-yl)pentanoate (7b) 

1H NMR (250 MHz, CDCl3) 
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2-((S)-7-Chloro-5-(2-chlorophenyl)-2-oxo-1,2,3,5-tetrahydro-4H-benzo[e][1,4]diazepin-4-
yl)ethyl 5-((R)-1,2-dithiolan-3-yl)pentanoate (7c) 

1H NMR (250 MHz, CDCl3) 
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2-((R)-7-Chloro-5-(2-chlorophenyl)-2-oxo-1,2,3,5-tetrahydro-4H-benzo[e][1,4]diazepin-4-
yl)ethyl 5-((R)-1,2-dithiolan-3-yl)pentanoate (7d) 

1H NMR (250 MHz, CDCl3) 
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Copies of chromatograms 
(rac)-2-(((2-amino-5-chlorophenyl)(2-chlorophenyl)methyl)amino)ethan-1-ol (rac-4) 
HPLC (ULTRON ES OVM Chiral Analytical Reverse Phase, 5μm, 4.6 mm x 150 L, buffer HNaPO4 20 mM pH 5.9/ 
CH3CN 80:20, flow 1.0 mL/min. 

(S)-2-(((2-Amino-5-chlorophenyl)(2-chlorophenyl)methyl)amino)ethan-1-ol (S-4) 

ee 93% The enantiomers were separated by HPLC (ULTRON ES OVM Chiral Analytical Reverse Phase, 5μm, 4.6 mm x 
150 L, buffer NaH2PO4 20 mM pH 5.9/ CH3CN 80:20, flow 1.0 mL/min. 
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(rac)-7-Chloro-5-(2-chlorophenyl)-4-(2-hydroxyethyl)-4,5-dihydro-1H-benzo[e][1,4]diazepin-2(3H)-one (rac-6) 

The enantiomers were separated 
by HPLC (ULTRON ES OVM Chiral Analytical Reverse Phase, 5μm, 4.6 mm x 150 L, buffer NaH2PO4 20 mM pH 5.9/ i-
PrOH 80:20, flow 1.0 mL/min. 
 
(5S)-7-Chloro-5-(2-chlorophenyl)-4-(2-hydroxyethyl)-4,5-dihydro-1H-benzo[e][1,4]diazepin-2(3H)-one (S-6) 
ee 93% The enantiomers were separated by HPLC (ULTRON ES OVM Chiral Analytical Reverse Phase, 5μm, 4.6 mm x 
150 L, buffer NaH2PO4 20 mM pH 5.9/ i-PrOH 80:20, flow 1.0 mL/min. 
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(5S)-7-Chloro-5-(2-chlorophenyl)-4-(2-hydroxyethyl)-4,5-dihydro-1H-benzo[e][1,4]diazepin-2(3H)-one (R-6) 
HPLC (ULTRON ES OVM Chiral Analytical Reverse Phase, 5μm, 4.6 mm x 150 L, buffer NaH2PO4 20 mM pH 5.9/ i-
PrOH 80:20, flow 1.0 mL/min.  
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Copies of high-resolution mass spectra 
2-((S)-7-Chloro-5-(2-chlorophenyl)-2-oxo-1,2,3,5-tetrahydro-4H-benzo[e][1,4]diazepin-4-
yl)ethyl 5-((S)-1,2-dithiolan-3-yl)pentanoate (7a) 
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2-((R)-7-Chloro-5-(2-chlorophenyl)-2-oxo-1,2,3,5-tetrahydro-4H-benzo[e][1,4]diazepin-4-
yl)ethyl 5-((S)-1,2-dithiolan-3-yl)pentanoate (7b) 
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2-((S)-7-Chloro-5-(2-chlorophenyl)-2-oxo-1,2,3,5-tetrahydro-4H-benzo[e][1,4]diazepin-4-
yl)ethyl 5-((R)-1,2-dithiolan-3-yl)pentanoate (7c) 
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2-((R)-7-Chloro-5-(2-chlorophenyl)-2-oxo-1,2,3,5-tetrahydro-4H-benzo[e][1,4]diazepin-4-
yl)ethyl 5-((R)-1,2-dithiolan-3-yl)pentanoate (7d) 
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