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General Information 

 
1H and 13C NMR spectra were recorded on a Varian VXR-400 spectrometer (400 and 100 MHz, 

respectively) with TMS as internal standard. The signals in the 13C NMR spectra were assigned using the 

APT method. High-resolution mass spectra (electrospray ionization) were recorded on a micrOTOF-Q II 

spectrometer (Bruker Daltonics GmbH). The measurement accuracy was 0.25–0.38 ppm in the mass 

range 118.086255–2721.894829. Solutions of samples (0.1 mg ml-1) in a MeCN–HCOOH, 2000:1 

mixture were directly injected into the ion source (electrospray ionization). Conditions for determining 

positively and negatively charged ions: capillary voltage 4 kV, nitrogen pressure in the nebulizer 0.4 bar, 

drying gas flow rate 4 dm3 min-1 and source temperature 180°C. Elemental analysis was performed on a 

PerkinElmer 2400 CHN automatic microanalyzer. The OMNIC-7.0 software package was used for 

processing. The reaction progress and the purity of the obtained compounds were monitored by TLC on 

Silufol and Silica Gel 60 F254 (Merck) plates. Preparative chromatography was performed on Merck silica 

gel 60 (SiO2). The extracts were dried over anhydrous Na2SO4. 

All solvents and reagents from Sigma-Aldrich were used without additional purification; freshly distilled 

solvents were used for the reactions. The starting N-(tert-butyl)-2-oxo-2-phenylethane-1-sulfonamide was 

synthesized according to a published procedure[S1] and used without purification. Benzofuroxan 

derivatives (compounds 5, 10[S2],[S3]) were obtained by oxidation of the corresponding o-nitroanilines 

according to methods described earlier.[S2],[S4] 

 

6,7-Dichloro-3-phenyl-2-sulfamoylquinoxaline 1,4-dioxide (6). Method 1. A solution of N-(tert-butyl)-

2-oxo-2-phenylethane-1-sulfonamide (0.2 g, 0.98 mmol) in EtOH (5 m) was added to a mixture of 5,6-

dichlorobenzofuroxan[S2] (5, 0.1 g,0.48 mmol), K2CO3 (0.14 g,1 mmol) and CaCl2 (0.05 g, 0.45 mmol) in 

THF (2 ml). The mixture was stirred for 8 h at 50°C and concentrated under reduced pressure after 

completion of the reaction (TLC monitoring). The residue was purified by column chromatography on 

silica gel (PhMe–EtOAc, 4:1) and crystallized from a mixture of dichloromethane–n-hexane. Yield of 

compound 6 9 mg (5%), yellow powder. 

Method 2. A solution of 2-(N-(tert-butyl)sulfamoyl)-3-phenyl-6,7-dichloroquinoxaline-1,4-dioxide (7, 0.1 

g, 0.22 mmol) in 2 ml of TFA was stirred under argon flow for 18 h and concentrated under reduced 

pressure. The product was purified by column chromatography on silica gel (PE – EOAc, 6:1) and 
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crystallized from n-hexane–CH2Cl2 mixture. Yield of compound 6 71 mg (84%), yellow powder, mp > 

250°C. 1H NMR (DMSO-d6), δ, ppm: 8.43 (1H, br. s, H-8); 8.21 (1H, br. s, H-5); 7.65 (2H, br. s, 

SO2NH2); 7.47–7.41 (5H, br. m, HPh). 
13C NMR (DMSO-d6), δ, ppm: 155.4; 140.1; 136.8; 134.9; 132.2; 

130.6; 129.6; 129.2; 128.7; 127.5; 121.4; 116.9. Found, m/z: 385.9747 [M+H]+. C14H10Cl2N3O4S. 

Calculated, m/z: 385.9764. Found, %: C, 43.68; H, 2.19; N, 10.66; calculated for C14H9Cl2N3O4S, %: C, 

43.54; H, 2.35; N, 10.88.  

2-[N-(tert-Butyl)sulfamoyl]-6,7-dichloro-3-phenylquinoxaline 1,4-dioxide (7). A solution of N-(tert-

butyl)-2-oxo-2-phenylethane-1-sulfonamide[S1] 1.2 g (4.9 mmol) in EtOH (5 ml) was added to a solution 

of 5,6-dichlorobenzofuroxan (5, 0.5 g, 2.4 mmol), K2CO3 (0.14 g,1 mmol) and CaCl2 (0.05 g,0.45 mmol) 

in THF (5 ml) at room temperature. The mixture was stirred for 5–8 h at 50°C and after completion of the 

reaction (TLC control) was concentrated under reduced pressure. The residue was purified by column 

chromatography on silica gel (PhMe–EtOAc, 5:1) and crystallized from n-hexane–CH2Cl2 mixture. Yield 

of compound 7 389 mg (39%), yellow powder, mp 153–155°C. 1H NMR (DMSO-d6), δ, ppm: 8.75 (1H, 

br s, H-8); 8.66 (1H, br. s, H-5); 7.97 (1H, br. s, NH); 7.52–7.50 (3H, br. m, HPh); 7.40–7.39 (2H, br. m, 

HPh); 1.10 (9H, s, 3CH3). 
13C NMR (DMSO-d6), δ, ppm: 143.8; 142.5; 137.6; 137.0; 136.6; 136.4; 129.8; 

129.7; 129.6; 128.1; 122.3; 121.8; 86.4; 29.6. Found, m/z: 442.0377 [M+H]+. C18H18Cl2N3O4S. 

Calculated, m/z: 442.0390. Found, %: C, 48.97; H, 3.72; N, 9.35; calculated for C18H17Cl2N3O4S, %: C, 

48.88; H, 3.87; N, 9.50.  

6-[4-(tert-Butoxycarbonyl)piperazin-1-yl]-2-[N-(tert-butyl)sulfamoyl]-7-chloro-3-phenyl-quinoxaline 

1,4-dioxide (8). N-Boc-piperazine (0.17 g, 0.9 mmol) was added to a solution of 2-[N-(tert-

butyl)sulfamoyl]-6,7-dichloro-3-phenyl-quinoxaline 1,4-dioxide (7, 0.2 g, 0.45 mmol) in THF (10 ml). 

The mixture was stirred for 14 h at room temperature and concentrated under reduced pressure. The 

residue was purified by column chromatography on silica gel (PE – EtOAc, 8:1) and crystallized from n-

hexane–CH2Cl2 mixture. Yield of compound 8 210 mg (81%), yellow powder, mp 224–226°C. 1H NMR 

(CDCl3), δ, ppm: 8.70 (1H, s, H-8); 8.04 (1H, s, H-5); 7.58–7.56 (3Н, m, HPh); 7.45–7.44 (2Н, m, HPh); 

6.92 (1Н, s, NH); 3.68–3.65 (4H, m, 2CH2); 3.25–3.22 (4H, m, 2CH2); 1.50 (9H, s, 3CH3); 1.20 (9H, s, 

3CH3). 
13C NMR (CDCl3), δ, ppm: 154.4; 153.8; 141.9; 141.7; 137.5; 135.4; 132.3; 130.1; 129.0; 128.2; 

128.1; 122.1; 108.9; 80.0; 55.5; 50.7; 50.6; 29.4; 28.0. Found, m/z: 592.1991 [M+H]+. C27H35ClN5O6S. 

Calculated, m/z: 592.1986. Found, %: C, 54.53; H, 5.64; N, 11.66; calculated for C27H34ClN5O6S, %: C, 

54.77; H, 5.79; N, 11.83.  

7-Chloro-3-phenyl-6-(piperazin-1-yl)-2-sulfamoylquinoxaline 1,4-dioxide hydrochloride (9·HCl). A 

solution of Boc-intermediate 8 (0.1 g, 0.17 mmol) in TFA (2 ml) was stirred for 18 h at room temperature 

under argon flow and then concentrated under reduced pressure. The residue was dissolved in THF (1 ml) 

and 3M HCl in MeOH (2 mL) was added. The mixture was stirred at room temperature for 10 min. The 

solvent was concentrated in a rotary evaporator, and the residue was dissolved in H2O (3 mL). The hot 

solution was filtered and concentrated to ~ 1 ml. The product was precipitated by adding a mixture of 

MeOH (3 mL) and Et2O (10 mL). The formed precipitate was filtered off, washed with Me2CO (3 × 3 

ml), Et2O (3 × 3 ml), n-hexane (3 × 3 ml) and dried under reduced pressure. Yield of compound 9·HCl 52 

mg (63%), orange powder, mp 260–262°C (decomp.). 1H NMR (DMSO-d6), δ, ppm: 8.57 (1H, s, H-8); 

7.98 (1H, s, H-5); 7.49–7.47 (5H, m, HPh); 7.41–7.38 (2H, m, SO2NH2); 3.45–3.44 (4H, m, 2CH2); 3.36–

3.35 (4H, m, 2CH2). 
13C NMR (DMSO-d6), δ, ppm: 152.5; 142.5; 141.9; 138.1; 134.0; 133.6; 130.5; 

130.2; 129.7; 128.0; 121.9; 109.9; 48.2; 43.3. Found, m/z: 436.0844 [M+H]+. C18H19ClN5O4S. 

Calculated, m/z: 436.0835. Found, %: C, 43.85; Η, 4.50; N, 14.07; calculated for 

C18H18ClN5O4S*HCl*H2O, %: C, 44.09; H, 4.32; N, 14.28. 

6-[(4-tert-Butoxycarbonyl)piperazin-1-yl]-5-chlorobenzofuroxan (10). This compound was prepared 

from 5-[(4-tert-butoxycarbonylpiperazin-1-yl)-4-chloro-2-nitroaniline as described.[S2] Yield 0.9 g (85%), 

yellow powder, mp 154-155 °C. 1H NMR (400 MHz, DMSO-d6; Me4Si)7.90 (1Н, s, Н-7); 7.01 (1Н, s, 

Н-4); 3.51 (4Н, t, J = 4.7, СН2); 3.05 (4Н, t, J = 4.7, СН2); 1.44 (9H, s, СН3). 
13C NMR (100 MHz, 

DMSO-d6) 151.7; 136.5; 116.7; 101.9 (m, 9-C); 79.6; 51.6; 43.7; 28.6. HRMS (ESI) calculated 

for C15H20ClN4O4
+ (M + H)+ 355.1168, found 355.1155. 

7-[4-(tert-Butoxycarbonyl)piperazin-1-yl]-2-[N-(tert-butyl)sulfamoyl]-6-chloro-3-phenylquinoxaline 

1,4-dioxide (11). A solution of N-(tert-butyl)-2-oxo-2-phenylethane-1-sulfonamide[S1] (0.43 g, 1.7 mmol) 
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in EtOH (3 ml) was added to a solution of benzofuroxan 10[S4] (0.3 g, 0.85 mmol), K2CO3 (0.14 g, 1 

mmol) and (0.05 g, 0.45 mmol) CaCl2 in dioxane (5 ml) at room temperature. The mixture was stirred for 

5–8 h at 50°C and after completion of the reaction (TLC control) was concentrated under reduced 

pressure. The residue was purified by column chromatography on silica gel (CHCl3–EtOAc, 3:1) and 

crystallized from n-hexane–CH2Cl2 mixture. Yield of compound 11 182 mg (35%), orange powder, mp 

249–251°C. 1H NMR (CDCl3), δ, ppm: 8.62 (1H, s, H-8); 8.03 (1H, s, H-5); 7.56–7.54 (3H, m, HPh); 

7.45–7.43 (2H, m, HPh); 6.92 (1H, s, NH); 3.67–3.65 (4H, m, 2CH2); 3.26–3.22 (4H, m, 2CH2); 1.49 (9H, 

s, 3CH3); 1.19 (9H, s, 3CH3). 
13C NMR (CDCl3), δ, ppm: 154.6; 154.1; 142.2; 142.1; 136.6; 135.7; 133.9; 

130.5; 129.5; 128.7; 128.4; 122.8; 109.3; 80.3; 55.8; 51.0; 50.9; 29.7; 28.3. Found, m/z: 592.1949 

[M+H]+. C27H35ClN5O6S. Calculated, m/z: 592.1991. Found, %: C, 54.31; H, 5.50; N, 11.92; calculated 

for C27H34ClN5O6S, %: C, 54.77; H, 5.79; N, 11.83. 

6-Chloro-7-(piperazin-1-yl)-2-sulfamoylquinoxaline 1,4-dioxide hydrochloride (12·HCl) was 

obtained from derivative 11 according to the procedure for regioisomer 9·HCl. Yield of compound 12 58 

mg (70%), orange powder, mp > 265°C (decomp.). 1H NMR (DMSO-d6), δ, ppm: 8.49 (1H, s, H-5); 8.02 

(1H, s, H-8); 7.51–7.50 (2H, m, HPh); 7.48–7.47 (3H, m, HPh); 7.41–7.40 (2H, m, SO2NH2); 3.51–3.35 

(8H, m, 4CH2, partially overlapped by the signal of H2O). 13C NMR (DMSO-d6), δ, ppm: 152.0; 143.6; 

140.9; 137.1; 134.9; 134.7; 130.4; 130.1; 129.7; 128.1; 122.5; 109.5; 48.2; 43.3. Found, m/z: 436.0890 

[M+H]+. C18H19ClN5O4S. Calculated, m/z: 436.0841. Found, %: C, 43.87; Η, 4.12; N, 14.06; calculated 

for C18H18ClN5O4S*HCl*H2O, %: C, 44.09, H, 4.32; N, 14.28. 
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Copies of NMR Spectra 

Figure S1. Copy of 1H NMR spectrum of the derivative 6. 

 

 

 

Figure S2. Copy of 13C NMR spectrum of the derivative 6. 
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Figure S3. Copy of 1H NMR spectrum of the derivative 7. 

 
 

 

 

Figure S4. Copy of 13C NMR spectrum of the derivative7. 
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Figure S5. Copy of 1H NMR spectrum of the derivative 8. 

 

 

 

Figure S6. Copy of 13C NMR spectrum of the derivative 8. 
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Figure S7. Copy of 1H NMR spectrum of the derivative 9·HCl. 

 

 

 

Figure S8. Copy of 13C NMR spectrum of the derivative 9·HCl. 
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Figure S9. Copy of 1H NMR spectrum of the derivative 10. 

 

 

 

Figure S10. Copy of 13C NMR spectrum of the derivative 10. 
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Figure S11. Copy of 1H NMR spectrum of the derivative 11. 

 

 

 

 

Figure S12. Copy of 13C NMR spectrum of the derivative 11. 
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Figure S13. Copy of 1H NMR spectrum of the derivative 12·HCl. 

 

 

Figure S14. Copy of 13C NMR spectrum of the derivative 12·HCl. 
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Copies of HRMS ESI Analysis  

Figure S15. Copy of HRMS ESI analysis of the derivatives 6. 
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Figure S16. Copy of HRMS ESI analysis of the derivatives 7. 
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Figure S17. Copy of HRMS ESI analysis of the derivatives 8. 
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Figure S18. Copy of HRMS ESI analysis of the derivative 9·HCl. 
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Figure S19. Copy of HRMS ESI analysis of the derivatives 10. 
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Figure S20. Copy of HRMS ESI analysis of the derivatives 11. 
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Figure S21. Copy of HRMS ESI analysis of the derivatives 12·HCl. 

 

 

 


