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The optimisation of reaction conditions for obtaining thiosulfonate derivatives was performed. S,N-binucleophiles (sodium 

salts of 4-amino- and 4-acetylaminobenzenethiosulfonic acids) were used. The parameters of the reaction for the synthesis of 

derivatives by a thiosulfonate fragment were determined. Thiosulfonate derivatives based on a number of quinones and 

quinoxalines were synthesized. 
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Introduction 

 

Thiosulfonates and their derivatives are known to 
possess a wide spectrum of antimicrobial activity and 
also are used as fungicides and bacteriocides [1–8]. 
Quinone and its derivatives – the natural and synthetic 
compounds – play a considerable role as they are 
involved in photosynthesis and are the moiety of some 
vitamins. The efficacy of anthracycline antibiotics, such 
as daunomycin and adriamycin, in the treatment of a 
variety of human malignancies has stimulated a continued 
interest in the synthesis of this antitumor class agents [9, 
10]. Likewise, quinoxaline derivatives show very 
interesting biological properties [11, 12] such as 
antibacterial, antiviral, anticancer, antifungal, anti-HIV, 
anti-inflammatory.  

The aforementioned properties and clinical 
significance of these classes of compounds have 
stimulated the synthesis of new lead compounds with the 
expected broad spectrum of properties. 

 
Materials and methods 

 

Melting points were determined on a Büchi capillary 
melting point apparatus and are uncorrected. Element 
analyses were performed by the centre of Microanalyse 
of the Aix-Marseille University. Both 1H and 13C NMR 

spectra were determined on a Bruker AC 200 
spectrometer. The 1H and 13C chemical shifts are reported 
from CDCl3 peaks: 1H (7.26 ppm) and 13C (77.16 ppm), 
and from DMSO-d6 peaks: 1H (2.50 ppm) and 13C 
(39.52 ppm).  

The following adsorbents were used for column 
chromatography: silica gel 60 (Merck, particle size 
0.063–0.200 mm, 70–230 mesh ASTM). TLC was 
performed on 5 cm × 10 cm aluminium plates coated with 
silica gel 60 F254 (Merck) in an appropriate solvent. 

 

General procedure for the synthesis of 4-amino-

benzenethiosulfonic acid S-(R-methyl) esters 3 a–i 

Into a two-necked flask equipped with a nitrogen 
inlet, a solution of the appropriate methylhalogenated 
derivatives 1 a–i in THF and dissolved in a portion of 
THF sodium salt of 4-aminobenzenethiosulfonic acid 
(2 a) were added. The solution was stirred and kept at 
room temperature for 5 hours. After this time, a TLC 
analysis showed that compound 2 had been totally 
consumed. The reaction mixture was treated with ice 
water and extracted 3 times with dichloromethane. The 
organic phase was washed with water and then dried over 
anhydrous sodium sulfate. After evaporation, the product 
purified by silica gel chromatography and recrystallized 
from ethanol gave the corresponding 4-aminobenzene-
thiosulfonic acid S-(R-methyl) esters 3 a–i. 
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By these procedure compounds 3 a–i were 
synthesized. 

4-Aminobenzenethiosulfonic acid S-(4-nitrobenzyl) 

ester (3 a)  

Yellow precipitate, Mp. 273–276 °С, yield 63 %. 
1H NMR (200 MHz, DMSO-d6) δ, ppm: 4.68 (s, 2H, 

CH2), 6.18 (bs, 2H, NH2), 6.55 (d, J = 8.7 Hz, 2H, Ar-H), 
7.25 (d, J = 8.7 Hz, 2H, Ar-H), 7.40 (d, J = 8.7 Hz, 2H, 
Ar-H), 8.17 (d, J = 8.7 Hz, 2H, Ar-H). 

13C NMR (50 MHz, DMSO-d6) δ, ppm: 38.7 (CH2), 
113.0 (2CH), 123.0 (C), 123.6 (2CH), 130.5 (2CH), 
132.6 (2CH), 137.9 (C), 147.7 (C), 154.3 (C). 

Calculated for (C13H12N2O4S2), %: C 48.14; H 3.73; 
N 8.64; S 19.77. 

Found, %: C 48.56; H 3.91; N 8.75; S 19.35. 
 

4-Aminobenzenethiosulfonic acid S-(4,5-dimethoxy-

2-nitrobenzyl) ester (3 b) 

Brown precipitate, Mp. 107–109 °С, yield 20 %. 
1H NMR (200 MHz, DMSO-d6) δ, ppm: 3.83 (s, 6H, 

OCH3), 4.46 (s, 2H, CH2), 5.74 (s, 2H, NH2), 6.59 (d, J = 
8.8 Hz, 2H, Ar-H), 6.82 (s, 1H, Ar-H), 7.50 (s, 1H, Ar-
H), 7.52 (s, 1H, Ar-H), 7.57 (s, 1H, Ar-H). 

13C NMR (50 MHz, DMSO-d6) δ, ppm: 37.8 (CH2), 
56.5 (OCH3), 56.7 (OCH3), 108.7 (CH), 113.0 (2CH), 
114.4 (CH), 126.6 (C), 129.1 (C), 129.8 (2CH), 140.2 
(C), 148.5 (C), 153.3 (C), 154.6 (C). 

Calculated for (C15H16N2O6S2), %: C 46.87; H 4.19; 
N 7.29; S 16.68. 

Found, %: C 46.76; H 4.24; N 7.38; S 16.46. 
 

4-Aminobenzenethiosulfonic acid S-(3-chloro-

quinoxalin-2-yl-methyl) ester (3 c) 

Yellow precipitate, Mp. 135–138 °С, yield 29 %. 
1H NMR (200 MHz, CDCl3) δ, ppm: 4,42 (s, 2H, 

CH2); 5,47 (s, 2H, NH2); 6,83–6,89 (m, 2H, Ar-H); 7,65–
7,74 (m, 2H, Ar-H); 7,75–7,82 (m, 2H, Ar-H); 7,96–8,12 
(m, 2H, Ar-H). 

13C NMR (50 MHz, CDCl3) δ, ppm: 41.3 (CH2), 
114.7 (2CH), 129.1 (CH), 129.4 (CH), 129.8 (2CH), 
130.3 (CH), 130.5 (CH), 135.3 (C), 141.6 (C), 141.8 (C), 
148.1 (C), 150.1 (C), 151.9 (C). 

Calculated for (C15H12ClN3O2S2), %: C 49.24; 
H 3.31; Cl 9.69; N 11.49; S 17.53. 

Found, %: C 49.71; H 3.62; N 11.58; S 17.97. 
 

4-Aminobenzenethiosulfonic acid S-(3-methoxy-

quinoxalin-2-ylmethyl) ester (3 d) 

Grey precipitate, Mp. 134–136 °С, yield 26 %. 
1H NMR (200 MHz, DMSO-d6) δ, ppm: 3,98 (s, 3H, 

OCH3); 4,36 (s, 2H, CH2); 6,09 (s, 2H, NH2); 6,62–6,68 
(m, 2H, Ar-H); 7,69–7,77 (m, 1H, Ar-H); 7,72–7,79 (m, 
2H, Ar-H); 7,75–7,88 (m, 2H, Ar-H), 8,03–8,08 (m, 1H, 
Ar-H). 

13C NMR (50 MHz, DMSO-d6) δ, ppm: 36.4 (CH2), 
55.6 (CH3), 113.9 (2CH), 126.8 (CH), 129.2 (2CH), 
129.5 (CH), 130.1 (CH), 131.7 (CH), 135.8 (C), 137.2 
(C), 139.1 (C), 143.7 (C), 152.4 (C), 160.4 (C). 

Calculated for (C16H15N3O3S2), %: C 53.17; H 4.18; 
N 11.63; S 17.74. 

Found, %: C 53.23; H 4.09; N 11.47; S 17.58. 

4-Aminobenzenethiosulfonic acid S,S'-[quinoxaline-

2,3-diylbis(methylene)] ester (3 e) 

Grey precipitate, Mp. 152–155 °С, yield 25 %. 
1H NMR (200 MHz, DMSO-d6) δ, ppm: 4.68 (s, 4H, 

2CH2), 6.33 (s, 4H, 2NH2), 6.53 (s, 4H, Ar-H), 7.48 (s, 
4H, Ar-H), 7.87 (m, 4H, Ar-H). 

13C NMR (50 MHz, DMSO-d6) δ, ppm: 40.5 (2CH2), 
112.9 (4CH), 126.4 (2CH), 128.7 (2CH), 129.7 (4CH), 
130.9 (2C), 140.4 (2C), 149.3 (2C), 154.6 (2C). 

Calculated for (C22H20N4O4S4), %: C 49.61; H 3.78; 
N 10.52; S 24.08. 

Found, %: C 49.75; H 3.62; N 10.43; S 24.21. 
 

4-Aminobenzenethiosulfonic acid S-(1-methyl-4,9-

dioxo-4,9-dihydro-1H-benzo[f]indol-3-ylmethyl) ester 

(3 f) 

Grey-yellow precipitate, Mp. 204–207 °С, yield 
32 %. 

1H NMR (200 MHz, DMSO-d6) δ, ppm: 3.85 (s, 3H, 
N-CH3), 4.30 (s, 2H, CH2), 6.55 (d, J = 8.8 Hz, 2H, Ar-
H), 7.00 (s, 1H, Ar-H), 7.44 (d, J = 8.8 Hz, 2H, Ar-H), 
7.71–7.78 (m, 2H, Ar-H), 7.91–7.97 (m, 2H, Ar-H). 

13C NMR (50 MHz, DMSO-d6) δ, ppm: 30.5 (CH2), 
36.4 (CH3), 112.5 (2CH), 118.3 (C), 123.8 (C), 126.0 
(CH), 126.1 (CH), 129.4 (2CH), 130.2 (C), 132.7 (C), 
133.2 (CH), 133.3 (CH), 133.5 (CH), 133.6 (C), 154.2 
(C), 175.0 (CO), 180.7 (CO). 

Calculated for (C20H16N2O4S2), %: C 58.24; H 3.91; 
N 6.79; S 15.55. 

Found, %: C 58.32; H 3.97; N 6.72; S 15.69. 
 

4-Aminobenzenethiosulfonic acid S-(1-methyl-4,9-

dioxo-4,9-dihydro-1H-benzo[f]indol-2-ylmethyl) ester 

(3 g) 

Yellow precipitate, Mp. 183–185 °С, yield 70 %. 
1H NMR (200 MHz, DMSO-d6) δ, ppm: 3.89 (s, 3H, 

N-CH3), 4.46 (s, 2H, CH2), 6.34 (br.s, 2H, NH2), 6,52 (s, 
1H, Ar-H), 6.58 (d, J = 8.6 Hz, 2H, Ar-H), 7.50 (d, J = 
8.6 Hz, 2H, Ar-H), 7.77–7.81 (m, 2H, Ar-H), 7.99–8.07 
(m, 2H, Ar-H). 

13C NMR (50 MHz, DMSO-d6) δ, ppm: 28.2 (CH2), 
33.9 (N-CH3), 104.0 (CH), 114.3 (2CH), 126.3 (C), 127.6 
(CH), 127.9 (CH), 129.8 (2CH), 131.2 (C), 131.9 (C), 
133.5 (C), 134.7 (C), 134.9 (CH), 135.2 (CH), 135.7 (C), 
152.4 (C), 174.6 (CO), 181.2 (CO). 

Calculated for (C20H16N2O4S2), %: C 58.24; H 3.91; 
N 6.79; S 15.55. 

Found, %: C 58.37; H 4.02; N 6.73; S 15.72. 
 

4-Aminobenzenethiosulfonic acid S-(1,4-dimethoxy-

9,10-dioxo-9,10-dihydroanthracen-2-ylmethyl) ester 

(3 h) 

Yellow precipitate, Mp. 215–217 °С, yield 30 %. 
1H NMR (200 MHz, DMSO-d6) δ, ppm: 3.83 (s, 3H, 

OCH3), 3.95 (s, 3H, OCH3), 4.35 (s, 2H, CH2), 6.09 (s, 
2H, NH2), 6.69 (d, J = 8.6 Hz, 2H, Ar-H), 7.28 (s, 1H, 
Ar-H), 7.67 (d, 2H, J = 8.6 Hz, Ar-H), 7.71–7.74 (m, 2H, 
Ar-H), 8.12–8.17 (m, 2H, Ar-H).  

13C NMR (50 MHz, DMSO-d6) δ, ppm: 34.5 (CH2), 
56.8 (OCH3), 62.7 (OCH3), 114.0 (2CH), 120.4 (CH), 
125.4 (C), 126.4 (CH), 126.6 (CH), 127.1 (C), 129.6 
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(CH), 133.0 (C), 133.4 (CH), 133.6 (C), 133.8 (2CH), 
134.2 (C), 138.3 (C), 151.1 (C), 152.3 (C), 156.2 (C), 
182.7 (CO), 183.0 (CO). 

Calculated for (C23H19NO6S2), %: C 58.84; H 4.08; 
N 2.98; S 13.66. 

Found, %: C 58.02; H 4.41; N 2.76; S 12.85. 
 

4-Aminobenzenethiosulfonic acid S,S'-[(1,4-di-

methoxy-9,10-dioxo-9,10-dihydroanthracene-2,3-di-

yl)bis(methylene)] ester (3 i) 

Yellow precipitate, Mp. 121–124 °С, yield 40 %. 
1H NMR (200 MHz, DMSO-d6) δ, ppm: 3.64 (s, 6H, 

2OCH3), 4.32 (s, 4H, 2CH2), 6.12 (s, 4H, 2NH2), 6.62–
6.69 (m, 4H,  Ar-H), 7.72–7.78 (m, 4H, Ar-H), 7.84–7.88 
(m, 2H, Ar-H), 8.04–8.07 (m, 2H, Ar-H). 

13C NMR (50 MHz, DMSO-d6) δ, ppm: 27.3 (2CH2), 
61.8 (2CH3), 113.9 (4CH), 122.8 (2C), 126.7 (2CH), 
129.4 (2CH), 134.9 (2CH), 135.6 (2C), 135.9 (2C), 135.8 
(2C), 152.6 (2C), 154.8 (2C), 182.3 (2CO). 

Calculated for (C30H26N2O8S4), %: C 53.72; H 3.91; 
N 4.18; S 19.12. 

Found, %: C 53.57; H 3.84; N 4.24; S 18.89. 
 

General procedure for the synthesis of 4-acetyl-

aminobenzenethiosulfonic acid S-(R-methyl) esters 

4 a–i 

Into a two-necked flask equipped with nitrogen inlet, 
a solution of appropriate methyl halogenated derivatives 
1 a–i in DMF and dissolved in portions of DMF sodium 
salt of 4-acetylaminobenzenethiosulfonic acid (2 b) was 
added. The solution was stirred and kept at room 
temperature for 5 hours. After this time, a TLC analysis 
showed that compound 2 had been totally consumed. The 
reaction mixture was treated with ice water and extracted 
3 times with dichloromethane. The organic phase was 
washed with water and then dried over anhydrous sodium 
sulphate. After evaporation, the product was purified by 
silica gel chromatography and recrystallized from ethanol 
and gave the corresponding 4-acetylaminobenzene-
thiosulfonic acid S-(R-methyl) esters 4 a–i. 

By these procedure compounds 4 a–i were 
synthesized. 

4-Acetylaminobenzenethiosulfonic acid S-(4-nitro-

benzyl) ester (4 a) 

White precipitate, Mp 170–173 °С, yield 60 %. 
1H NMR (200 MHz, DMSO-d6) δ, ppm: 2.09 (s, 3H, 

CH3), 4.85 (s, 2H, CH2), 7.42 (d, J = 8.7 Hz, 2H, Ar-H), 
7.61 (d, J = 8.8 Hz, 2H, Ar-H), 7.76 (d, J = 8.8 Hz, 2H, 
Ar-H), 8.19 (d, J = 8.7 Hz, 2H, Ar-H), 10.41 (s, 1H, NH). 

13C NMR (50 MHz, DMSO-d6) δ, ppm: 24.6 (CH3), 
38.3 (CH2), 119.8 (2CH), 124.3 (2CH), 129.4 (2CH), 
129.5 (2CH), 139.0 (C), 142.6 (CH), 144.3 (C), 147.3 
(C), 169.5 (CO). 

Calculated for (C15H14N2O5S2), %: C 49.17; H 3.85; 
N 7.65; S 17.50. 

Found, %: C 49.28; H 3.72; N 7.53; S 17.58. 
 

4-Acetylaminobenzenethiosulfonic acid S-(4,5-di-

methoxy-2-nitrobenzyl) ester (4 b) 

Yellow precipitate, Mp. 176–178 °С, yield 65 %. 

1H NMR (200 MHz, CDCl3) δ, ppm: 2.22 (s, 3H, 
CH3), 3.94 (s, 6H, 2OCH3), 4.53 (s, 2H, CH2), 6.87 (s, 
1H, NH), 7.62–7.77 (m, 6H, Ar-H). 

13C NMR (50 MHz, CDCl3) δ, ppm: 24.8 (CH3), 38.5 
(CH2), 56.4 (OCH3), 56.6 (OCH3), 108.3 (CH), 113.7 
(CH), 119.1 (2CH), 126.1 (C), 128.3 (2CH), 139.2 (C), 
140.0 (C), 142.8 (C), 148.7 (C), 153.3 (C), 168.7 (CO). 

Calculated for (C17H18N2O7S2), %: C 47.88; H 4.25; 
N 6.57; S 15.04. 

Found, %: C 47.80; H 4.14; N 6.45; S 15.16. 
 

4-Acetylaminobenzenethiosulfonic acid S-(3-chloro-

quinoxalin-2-yl-methyl) ester (4 c) 

White precipitate, Mp. 175–179 °С, yield 50 %. 
1H NMR (200 MHz, CDCl3) δ, ppm: 2.20 (s, 3H, 

CH3), 4.70 (s, 2H, CH2), 7.53 (d, J = 8.9 Hz, 2H, Ar-H), 
7.74–7.79 (m, 2H, Ar-H), 7.86 (d, J = Hz, 2H, Ar-H), 
7.94–7.99 (m, 2H, Ar-H). 

13C NMR (50 MHz, CDCl3) δ, ppm: 24.5 (CH3), 41.3 
(CH2), 121.8 (2CH), 128.6 (CH), 128.7 (2CH), 128.9 
(CH), 130.1 (CH), 130.3 (CH), 138.8 (C), 140.4 (C), 
141.8 (C), 143.7 (C), 147.9 (C), 149.8 (C), 168.7 (CO). 

Calculated for (C17H14N3O3S2Cl), %: C 50.06; 
H 3.46; N 10.30; S 15.72; Cl 8.69. 

Found, %: C 50.21; H 3.52; N 10.38; S 15.74.  
 

4-Acetylaminobenzenethiosulfonic acid S-(3-

methoxyquinoxalin-2-ylmethyl) ester (4 d) 

Pink precipitate, Mp. 78–80 °С, yield 50 %. 
1H NMR (200 MHz, DMSO-d6) δ, ppm: 2.06 (s, 3H, 

CH3), 4.01 (s, 3H, OCH3), 4.56 (s, 2H, CH2), 7.40–7.88 
(m, 8H, Ar-H), 10.28 (s, 1H, NH). 

13C NMR (50 MHz, DMSO-d6) δ, ppm: 24.6 (CH3), 
36.4 (CH2), 55.5 (OCH3), 119.7 (2CH), 126.9 (CH), 
129.3 (2CH), 129.5 (CH), 129.9 (CH), 131.6 (CH), 136.9 
(C), 139.3 (C), 139.4 (C), 143.4 (C), 144.3 (C), 160.2 
(C), 169.6 (CO). 

Calculated for (C18H17N3O4S2), %: C 53.58; H 4.25; 
N 10.41; S 15.89. 

Found, %: C 53.65; H 4.31; N 10.47; S 15.95. 
 

4-Acetylaminobenzenethiosulfonic acid S,S'-

[quinoxaline-2,3-diylbis(methylene)] ester (4 e) 

White precipitate, Mp. 163–167 °С, yield 40 %. 
1H NMR (200 MHz, DMSO-d6) δ, ppm: 2.07 (s, 6H, 

2CH3), 4.77 (s, 4H, 2CH2), 7.59–7.77 (m, 12H, Ar-H), 
10.29 (s, 2H, 2NH). 

13C NMR (50 MHz, DMSO-d6) δ, ppm: 24.4 (2CH3), 
39.7 (2CH2), 118.5 (4CH), 128.2 (2CH), 128.3 (2CH), 
130.5 (4CH), 137.3 (2C), 139.8 (2C), 144.3 (2C), 148.5 
(2C), 169.2 (2CO). 

Calculated for (C26H24N4O6S4), %: C 50.63; H 3.92; 
N 9.08; S 20.80. 

Found, %: C 50.75; H 3.86; N 9.02; S 20.89. 
 

4-Acetylaminobenzenethiosulfonic acid S-(1-methyl-

4,9-dioxo-4,9-dihydro-1H-benzo[f]indol-3-ylmethyl) 

ester (4 f) 

Yellow precipitate, Mp. 224–227 °С, yield 70 %. 
1H NMR (200 MHz, DMSO-d6) δ, ppm: 2.07 (s, 3H, 

CH3), 3.87 (s, 3H, N-CH3), 4.44 (s, 2H, CH2), 7.15 (s, 
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1H, Ar-H), 7.68 (d, J = 4.4 Hz, 4H, Ar-H), 7.78–7.82 (m, 
2H, Ar-H), 7.97-8.04 (m, 2H, Ar-H), 10.33 (s, 1H, NH). 

13C NMR (50 MHz, DMSO-d6) δ, ppm: 24.4 (CH3), 
31.0 (CH2), 36.4 (N-CH3), 117.6 (C), 118.3 (2CH), 123.8 
(C),126.0 (CH), 126.1 (CH), 128.4 (CH), 130.3 (C), 
133.0 (CH), 133.2 (C), 133.4 (C), 133.7 (CH), 133.8 
(CH), 137.7 (C), 144.2 (C), 169.3 (C(O)N), 175.1 (CO), 
180.7 (CO). 

Calculated for (C22H18N2O5S2), %: C 58.14; H 3.99; 
N 6.16; S 14.11. 

Found, %: C 58.43; H 3.82; N 6.37; S 14.03. 
 

4-Acetylaminobenzenethiosulfonic acid S-(1-methyl-

4,9-dioxo-4,9-dihydro-1H-benzo[f]indol-2-ylmethyl) 

ester (4 g) 

Yellow precipitate, Mp. 208–211 °С, yield 55 %. 
1H NMR (200 MHz, DMSO-d6) δ, ppm: 1.82 (s, 3H, 

CH3), 3.87 (s, 3H, N-CH3), 4.57 (s, 2H, CH2), 6.40 (s, 
1H, Ar-H), 7.56 (d, J = 8.9 Hz, 2H, Ar-H), 7.67 (d, J = 
8.9 Hz, 2H, Ar-H), 7.76-7.80 (m, 2H, Ar-H), 7.96–8.02 
(m, 2H, Ar-H), 10.13 (s, 1H, NH). 

13C NMR (50 MHz, DMSO-d6) δ, ppm: 24.1 (CH3), 
31.0 (CH2), 33.1 (N-CH3), 109.5 (CH), 118.0 (CH), 118.2 
(CH), 126.1 (CH), 126.3 (CH), 126.8 (C), 128.1 (2CH), 
130.9 (C), 132.9 (C), 133.6 (2CH), 133.7 (C), 135.7 (C), 
137.3 (C), 144.3 (C), 168.9 (C(O)N), 175.0 (CO), 179.7 
(CO). 

Calculated for (C22H18N2O5S2), %: C 58.14; H 3.99; 
N 6.16; S 14.11. 

Found, %: C 58.37; H 3.78; N 6.26; S 14.23. 
 

4-Acetylaminobenzenethiosulfonic acid S-(1,4-di-

methoxy-9,10-dioxo-9,10-dihydroanthracen-2-yl-

methyl) ester (4 h) 

Orange precipitate, Mp. 207–212 °С, yield 30 %. 
1H NMR (200 MHz, DMSO-d6) δ, ppm: 1,97 (s, 3H, 

CH3), 3.70 (s, 3H, OCH3), 3.82 (s, 3H, OCH3), 4.43 (s, 
2H, CH2), 7.40 (s, 1H, Ar-H), 7.68 (d, J = 9.0 Hz, 2H, 
Ar-H), 7.77–7.88 (m, 4H, Ar-H), 7.98-8.06 (m, 2H, Ar-
H), 10,10 (s, 2H, NH). 

13C NMR (50 MHz, DMSO-d6) δ, ppm: 24.3 (CH3), 
34.6 (CH2), 56.7 (OCH3), 62.2 (OCH3), 118.5 (2CH), 
121.3 (CH), 126.1 (CH), 126.2 (2CH), 126.6 (C), 128.5 
(2CH), 133.4 (C), 133.7 (CH), 134.0 (CH), 134.1 (C), 
137.3 (C), 138.0 (C), 144.5 (C), 151.7 (C),155.5 (C), 
169.2 (C), 181.4 (CO), 182.3 (CO). 

Calculated for (C25H21NO7S2), %: C 58.70; H 4.14; 
N 2.74; S 12.54. 

Found, %: C 58.83; H 4.02; N 2.67; S 12.62. 
 

4-Acetylaminobenzenethiosulfonic acid S,S'-[(1,4-

dimethoxy-9,10-dioxo-9,10-dihydroanthracene-2,3-di-

yl)bis(methylene)] ester (4 i) 

Orange precipitate, Mp. 214–217 °С, yield 22 %. 
1H NMR (200 MHz, DMSO-d6) δ, ppm: 2.00 (s, 6H, 

2CH3), 3.63 (s, 6H, 2OCH3), 4.41 (s, 4H, 2CH2), 7.72–
7.85 (m, 10H, Ar-H), 8.03 (s, 2H, Ar-H), 10.37 (s, 2H, 
2NH). 

13C NMR (50 MHz, DMSO-d6) δ, ppm: 24.6 (2CH3), 
31.7 (2CH2), 63.0 (2OCH3), 119.0 (4CH), 126.6 (2CH), 
128.7 (4CH), 133.7 (2C), 134.5 (2CH), 136.3 (2C), 137.3 
(2C), 144.9 (2C), 155.2 (2C), 169.6 (2CO), 181.7 (2CO).  

Calculated for (C34H30N2O10S4), %: C 54.10; H 4.01; 
N 3.71; S 16.99. 

Found, %: C 54.19; H 4.23; N 3.64; S 16.87. 
 

Results and discussion 

 

In this paper, an approach to the synthesis of new 
derivatives of quinones and quinoxalines with 
thiosulfonates is discussed. The implementation of this 
approach could be carried out by the interaction of the 
corresponding salts of thiosulfoacids that have properties 
of S,N-binucleophiles with quinoxaline and quinone 
derivatives. It is known that the selected compounds are 
bifunctional molecules that can react with halogen 
derivatives of quinones and quinoxalines in two 
alternative ways: by a thiosulfonate fragment and also by 
an amino group. The direction of the reaction can be 
determined according to the conditions of the synthesis, 
and the main factor is the selection of the solvent. 

Choosing the conditions of the reaction, we took into 
account our previous works in the synthesis of 
compounds with the thiosulfonate “core”[13–16]. 

Due to the bifunctional properties of the selected 
binucleophiles, we managed to find the conditions of the 
reaction that lead to products of S-nucleophilic 
substitution, so experimentally it was found that when 
carrying out the reaction in polar solvents (EtOH, 
(CH3)2CO, THF), the products of the reaction – 4-amino-
benzenethiosulfonic acid S-(4-nitrobenzyl) ester (3 a) – 

were isolated with a good yield of 35–63 %, respectively.  
 

 

 

Scheme 1. Optimization of the reaction conditions 

 

Analyzing the optimization data of reaction 
conditions, the best yield of compound (3 a) was obtained 
in the reaction between sodium salt of 4-amino-
benzenethiosulfonic acid (2 a) and 1-bromomethyl-4-
nitrobenzene (1 a) in the THF medium at room 
temperature for 5 hours. Using the developed method, a 
number of thiosulfonate derivatives based on quinones 
and quinoxalines were obtained (Scheme 2). 
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Scheme 2. Synthesis of a number of 4-aminobenzenethiosulfonic acid S-(R-methyl) esters 3 a–i 

 

 

 

Fig. 1. 1Н NMR spectrum of 4-aminobenzenethiosulfonic acid S-(1-methyl-4,9-dioxo-4,9-dihydro-1H-benzo[f]indol-2-ylmethyl) 

ester (3g) in DMSO-d6 

 
According to the TLC we detected the formation of 

the product after 30 minutes. So, on the NMR spectrum 
of compound (3 g) 4-aminobenzenethiosulfonic acid 
S-(1-methyl-4,9-dioxo-4,9-dihydro-1H-benzo[f]indol-2-
ylmethyl) ester, we could observe the signals of a p-
aminobenzenethiosulfonic acid fragment in the aromatic 
part of the spectrum at 6.52–8.07 ppm and the signals of 
two protons of the -NH2 group at 6.34 ppm (Fig. 1). 

The next step was the optimization of the obtained 
structures by an electrophilic attack of the free amino 
group. The possibility of acylation of the products of 4-
aminobenzenethiosulfonic acid S-(R-methyl) ester 3 a–i 
using acetyl chloride is shown in the following scheme 
(path A). 

 

 
 

Scheme 3. Synthesis of 4-acetylaminobenzenethiosulfonic acid S-(R-methyl) esters 4 a–i 

 
Derivatives of 4-acetylaminobenzenethiosulfonic 

acid S-(R-methyl) ester obtained at this stage were 
isolated with very low yields. So, for the synthesis of acyl 
derivatives, we took the sodium salt of 4-acetylamino-
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benzenethiosulfonic acid (2 b). The use of the already 
acylated salts of thiosulfoacids that enabled reacting in 
the stiff conditions (DMF medium) excluded the 
possibility of the reaction of N-alkylation and allowed 
obtaining products of 4-acetylaminobenzenethiosulfonic 
acid S-(R-methyl) ester 4 a–i with the yields of 25–70 % 
(path B). 

These high yields can be explained by using DMF as 
a solvent, which due to its high polarity causes a rapid 

dissociation of the S–Na bond with the formation of a 
thiosulfonate-anion and -CH2-Cl bond and forming the 
corresponding carbocation. 

The yield of the products of 4-aminobenzene-
thiosulfonic acid S-(R-methyl) esters 3 a–i and 4-acetyl-
aminobenzenethiosulfonic acid S-(R-methyl) esters 4 a–i 
is shown in Table 1. 

 

Table 1. The yield of the products of 4-aminobenzenethiosulfonic acid S-(R-methyl) esters 3 a–i and 4-acetylamino-

benzenethiosulfonic acid S-(R-methyl) esters 4 a–i 
 

Product № Yield, % Product № Yield, %  

3 a 63 4 a 60 

 

3 b 20 4 b 65 

 

3 c 29 4 c 50 

 

3 d 26 4 d 50 

 

3 e 25 4 e 40 

 

3 f 32 4 f 70 

 

3 g 70 4 g 55 

3 h 30 4 h 30 

3 i 40 4 i 22 

 

Conclusions 

 
In this study, we have prepared a number of quinone 

and quinoxaline derivatives of thiosulfonates using the 
nucleophilic substitution reaction. We optimised the 
reaction conditions for the synthesis compounds by a 

thiosulfonate fragment. The products were obtained in 
good yields (20–70 %). These studies constitute the first 
example of the interaction of thiosulfonates with 
quinones and quinoxalines. 
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K. Bolibrukh, N. Monka, S. Polovkovych, V. Lubenets, 
V. Novikov, O. Khoumeri, T. Terme, P. Vanelle, 
O. Solovyov 
 
CHINONO IR CHINOKSALINO FRAGMENTUS 
TURINČIŲ TIOSULFONATŲ SINTEZĖ 
 
S a n t r a u k a 
 

Susintetinti nauji tiosulfonatai, turintys naftochinono ir 

chinoksalino fragmentus. Sintezei panaudoti S,N-binukleofilai: 

4-amino- ir 4-acetilaminobenzentiosulfoninių rūgščių natrio 

druskos. Optimizuotos sintezės sąlygos, leidžiančios gerokai 

padidinti sintetinamų junginių išeigą. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


