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Abstract: The synthesis of new N-(9,10-dioxo-9,10-dihydroanthracen-1(2)-yl)-2-(R-thio) acetamides was carried out using reaction of 2-chloro-N-(9,10-dioxo-9,10-dihydroanthracene-1(2)-yl)acetamides with functionalized thiols in the presence of potassium carbonate in dimethylformamide at room temperature. Evaluation of the synthesized compounds on such indicators of radical scavenging activity as lipid peroxidation (LP) and oxidative modification of proteins (OMP) in vitro in rat liver homogenate was carried out. It was determined that the compounds with a substitute in the first position of  anthracedione core showed better antioxidant properties than their isomers with a substitute in the second position. The compounds 6 and 7 with the best indicators of radical-scavenging activity were determined. Antioxidant effect in OMP processes was also determined for compound 10. The antiplatelet activity study in vitro revealed compound 10 with the inhibited effect of ADP-induced aggregation.
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1. Introduction
Arterial thrombosis is one of the critical factors determining the outcome of cardiovascular and oncological diseases1-4, which share the first place among all diseases, both in Ukraine and in the world.5 They cause sudden death in myocardial infarction, vascular complications of diabetes mellitus, cancer chemotherapy.6 Also, it lowers the effectiveness of surgical treatment of coronary artery disease, etc. There are several mechanisms of thrombosis formation7-9: the activation of platelet and coagulation chains of homeostasis, disruption of synthesis for some blood coagulation factors II (Prothrombin), VII (Proconvertin), IX (Christmas factor), and X (Stuart-Prower factor), a decrease of fibrinolytic activity of blood, activation of lipid peroxidation, disruption of endothelium functional activity, etc.10. Modern antiplatelet and anticoagulant drugs influence the thrombocyte aggregation and blood coagulation system. However, their effectiveness often does not satisfy clinicians. Numerous clinical studies show that the use of modern antiplatelet drugs is often accompanied by such side effects as resistance to their action, an increased risk of uncontrolled bleeding, as well as the development of serious systemic complications.11 The high cost and the listed side effects of these drugs indicate the need for further research in the search for new, more effective, and safe substances and the development of antiplatelet drugs based on them.
In recent years, the important role of lipid peroxidation in the pathogenesis of thrombus formation has been shown. The influence of free radical mechanisms on the development of various types of cancer, atherosclerosis and its thrombonecrotic consequences (heart attack, stroke), diabetes mellitus, chronic nonspecific lung diseases, diseases of the reproductive system, as well as radiation injury, hepatitis, decreased cellular and humoral immunity, etc. has been studied.12-14 Therefore, there has been a constant search for antioxidants, both natural and synthetic.15-16
The quinoid system is the structural block of many natural biologically active molecules, such as vitamins K and E, as well as compounds directly involved in oxidative metabolism, such as coenzyme Q10. Many antioxidants contained in food products are quinones (for example, flavonoids). The derivatives from quarcetine (contained in vegetables and fruits), resveratrol (red vine), catechins and epicatechin (chocolate and tea) and also compounds obtained from tyrosine and tryptophan aminoacids (hydroxytyrosol, 5-hydroxytryptophan and pyrroloquinoline quinone) are considered to be quinone compounds.17 The main advantage of quinones is their aromatic nature, which implies the stability necessary for functioning in an oxidative environment and actively participating in redox reactions.18
Many natural anthracendiones extracted from plants demonstrate antioxidant                                properties.19-21 Among the synthetic derivatives of 9,10-anthracendione were discovered compounds with antioxidant properties22-24 and oxidative stress and cytotoxicity ability.25 It was demonstrated that the amount and position of substitutions in the anthracendion’s ring influence antioxidant properties.26-28 The scientists29,30 discovered some compounds among anthracendione derivatives with antiplatelet and anticoagulant action. Dutch scientists obtained 1,4- and 1,8-derivatives of 9,10-anthracendione included in oligodeoxynucleotides to investigate the influence on coagulation time of fibrinogen in the blood. The investigation showed better anticoagulation properties for 1,8-anthracendione products.31 Some sulfur-containing derivatives of 9,10-anthracendione demonstrated high antioxidant activity.32 There are studies dedicated to researching antithrombotic drugs in Ukraine as well.33,34
Therefore, the purpose of the present work is to carry out the synthesis of new derivatives of 2-chloro-N-(9,10-dioxo-9,10-dihydroanthracen-1(2)-yl)-acetamides using functionalization by thio fragments and in vitro study of obtained derivatives for antioxidant and antiplatelet effects.

2. Experimental
2.1. Chemistry
Melting points were measured in open to air-glass capillaries using a Buchi B-540 melting point apparatus and are uncorrected. Elemental analysis was performed on PerkinElmer 2400 CHN-analyzer, and the results were found to be in good agreement with the calculated values.  1Н NMR spectra and 13С NMR spectra in DMSO-d6 were recorded on Varian Mercury-400 spectrometer with TMS as an internal standard. Mass spectra were recorded on Agilent 1100 Series G1956B LC/MSD SL LCMS system (Zorbax SBC18 column, 4.6х15 mm, 1.8 µm (PN 82(c) 75-932); solvent dimethylsulfoxide), using electrospray ionization at atmospheric pressure (70 eV). Infrared spectra were recorded on a PerkinElmer Spectrum Two FT-IR Spectrometer equipped with an UATR (HR Single-Reflection with a diamond sensor) using PerkinElmer Spectrum 10 Spectroscopy Software with an ATR absorbance correction for Spectrum Two UATR spectra. All chemicals were of reagent grade and used without further purification. The solvents were purified according to the standard procedures.35
2-Chloro-N-(9,10-dioxo-9,10-dihydroanthracen-1(2)-yl)-acetamides 1 and 2 were obtained by methods.36, 37

General procedure for the preparation of N-(9,10-dioxo-9,10-dihydroanthracen-1(2)-yl)-2-(R-thio) acetamides 3-20
To 0.5 g (1.668 mmol) of chloroacetamide 1 or 2 in 40 ml of DMF, 1.835 mmol of the corresponding thiol and 0.507 g (3.67 mmol) of potassium carbonate were added under stirring. The reaction mixture was kept under stirring and at room temperature for 12 hours. Then, the reaction mixture was poured into 200 ml of water, acidified with 10% HCl solution to pH = 6, and left overnight. The mixture was filtered off. The precipitate was washed with 20 ml of cold water and dried.  As a result, target sulfide derivatives 3-20 were obtained with 60-93% yields.
2-((2-((9,10-Dioxo-9,10-dihydroanthracen-1-yl)amino)-2-oxoethyl)thio)acetic acid 3. Yield 93%; m.p.: 217 oC (decomposition). 1H NMR: δ = 12.70 (br. s, 1H, OH), 12.43 (s, 1H, NH), 8.88 (d, J = 7.7 Hz, 1HAr), 8.08 (dd, J = 23.9, 6.1 Hz, 2HAr), 7.84 (d, J = 10.0 Hz, 3HAr), 7.79 (d, J = 7.4 Hz, 1HAr), 3.67 (s, 2H, CH2), 3.46 (s, 2H, CH2). 13C NMR: δ = 186.45, 182.35, 171.26, 169.08 (C=O), 141.28, 135.97, 135.10, 135.02, 134.01, 133.87, 132.48, 127.40, 126.79, 125.83, 122.41, 118.29 (CAr), 37.65, 34.35 (CH2). IR, cm-1: 3196.07, 2928.41, 1751.23, 1670.84, 1652.32, 1590.18, 1517.03, 1420.10, 1345.29, 1281.09, 1169.65, 1021.33, 801.68, 705.48. LC-MS, m/z (Irel, %): 356 [M+1] (100%). Found, %: C, 60.77; H, 3.60; N, 3.88; S, 9.12. Anal. Calcd. for C18H13NO5S, %: C, 60.84; H, 3.69; N, 3.94; S, 9.02. 
Methyl 2-((2-((9,10-dioxo-9,10-dihydroanthracen-1-yl)amino)-2-oxoethyl)thio)acetate 4. Yield 90%; m.p.: 120 oC (decomposition). 1H NMR: δ = 12.41 (br. s, 1H, NH), 8.87 (d, J = 7.7 Hz, 1HAr), 8.07 (dd, J = 22.8, 6.6 Hz, 2HAr), 7.82 (dd, J = 18.2, 7.6 Hz, 4HAr), 3.68 (s, 2H, CH2), 3.59 (s, 3H, CH3), 3.56 (s, 2H, CH2). 13C NMR: δ = 186.48, 182.32, 170.40, 168.96 (C=O), 141.26, 136.01, 135.11, 135.04, 134.03, 133.85, 132.50, 127.37, 126.81, 125.77, 122.44, 118.24 (CAr), 52.55 (CH3), 37.78, 33.84 (CH2). IR, cm-1: 3193.96, 2955.61, 1754.54, 1695.98, 1652.48, 1594.73, 1516.00, 1411.04, 1340.64, 1280.24, 709.26. LC-MS, m/z (Irel, %): 370 [M+1] (100%). Found, %: C, 61.69; H, 4.20; N, 3.60; S, 8.77. Anal. Calcd. for C19H15NO5S, %: C, 61.78; H, 4.09; N, 3.79; S, 8.68.
2-((2-((9,10-Dioxo-9,10-dihydroanthracen-1-yl)amino)-2-oxoethyl)thio)propanoic acid 5. Yield 92%; m.p.: 182 oC (decomposition). 1H NMR: δ = 12.94 (br. s, 1H, OH), 12.46 (s, 1H, NH), 8.84 (d, J = 7.3 Hz, 1HAr), 8.04 (d, J = 6.5 Hz, 1HAr), 7.98 (d, J = 6.7 Hz, 1HAr), 7.85 – 7.79 (m, 2HAr), 7.74 (q, J = 7.5, 7.0 Hz, 2HAr), 3.73 – 3.63 (m, 2H, CH2), 3.57 (q, J = 6.7 Hz, 1H, CH), 1.41 (d, J = 6.9 Hz, 3H, CH3). 13C NMR: δ = 186.29, 182.20, 173.84, 169.06 (C=O), 141.16, 135.90, 135.03, 134.95, 133.88, 133.74, 132.34, 127.32, 126.72, 125.70, 122.36, 118.14 (CAr), 41.62 (CH), 36.88 (CH2), 17.38 (CH3). IR, cm-1: 3135.98, 2985.20, 2933.81, 1749.97, 1673.73, 1652.70, 1593.52, 1520.90, 1283.63. LC-MS, m/z (Irel, %): 370 [M+1] (100%). Found, %: C, 61.71; H, 4.22; N, 3.63; S, 8.81. Anal. Calcd. for C19H15NO5S, %: C, 61.78; H, 4.09; N, 3.79; S, 8.68. 
3-((2-((9,10-Dioxo-9,10-dihydroanthracen-1-yl)amino)-2-oxoethyl)thio)propanoic acid 6. Yield 72%; m.p.: 227 oC (decomposition). 1H NMR: δ = 13.18 (br. s, 1H, OH) 12.46 (s, 1H, NH), 8.87 (d, J = 7.8 Hz, 1H), 8.08 (d, J = 6.8 Hz, 1H), 8.02 (d, J = 7.4 Hz, 1HAr), 7.84 (q, J = 6.5, 4.0 Hz, 2HAr), 7.78 (q, J = 8.5 Hz, 2HAr), 3.59 (s, 2H, CH2), 2.84 (t, J = 7.1 Hz, 2H, CH2), 2.62 (t, J = 7.1 Hz, 2H, CH2). 13C NMR: δ = 186.39, 182.27, 173.27, 169.69 (C=O), 141.25, 135.95, 135.05, 134.97, 133.97, 133.81, 132.42, 127.37, 126.74, 125.67, 122.37, 118.17 (CAr), 37.43, 34.43, 27.86 (CH2). IR, cm-1: 3183.89, 1739.22, 1679.84, 1655.50, 1594.52, 1521.37, 1339.16, 1282.47, 709.32. LC-MS, m/z (Irel, %): 370 [M+1] (100%). Found, %: C, 61.75; H, 4.01; N, 3.72; S, 8.77. Anal. Calcd. for C19H15NO5S, %: C, 61.78; H, 4.09; N, 3.79; S, 8.68.
2-((2-((9,10-Dioxo-9,10-dihydroanthracen-1-yl)amino)-2-oxoethyl)thio)succinic acid 7. Yield 89%; m.p.: 167 oC (decomposition). 1H NMR: δ = 12.72 (br. s, 1H, OH), 12.57 (br. s, 1H, OH), 12.45 (s, 1H, NH), 8.87 (d, J = 7.9 Hz, 1HAr), 8.06 (dd, J = 23.3, 7.8 Hz, 2HAr), 7.93 (s, 1HAr), 7.86 – 7.78 (m, 3HAr), 3.76 (d, J = 3.8 Hz, 2H, CH2), 3.70 (dd, J = 10.2, 5.1 Hz, 1H, CH), 2.85 – 2.76 (m, 2H, CH2). 13C NMR: δ = 186.38, 182.30, 172.64, 172.15, 168.84 (C=O), 141.16, 135.94, 135.07, 135.00, 133.98, 133.85, 132.43, 127.37, 126.76, 125.84, 122.44, 118.32 (CAr), 42.19 (CH), 36.97, 36.23 (CH2). IR, cm-1: 3193.78, 3014.84, 1992.55, 1739.80, 1677.70, 1654.32, 1593.35, 1575.24, 1281.58, 1242.10, 708,99. LC-MS, m/z (Irel, %): 414 [M+1] (100%). Found, %: C, 58.16; H, 3.76; N, 3.48; S, 7.65. Anal. Calcd. for C20H15NO7S, %: C, 58.11; H, 3.66; N, 3.39; S, 7.76.
2-((2-((9,10-Dioxo-9,10-dihydroanthracen-1-yl)amino)-2-oxoethyl)thio)benzoic acid 8. Yield 92%; m.p.: 250-252 oC (decomposition). 1H NMR: δ = 13.18 (br. s, 1H, OH), 12.62 (s, 1H, NH), 8.92 (d, J = 8.1 Hz, 1HAr), 8.15 (d, J = 7.5 Hz, 1HAr), 8.11 (d, J = 6.5 Hz, 1HAr), 7.93 – 7.87 (m, 4HAr), 7.84 (t, J = 8.0 Hz, 1HAr), 7.50 (t, J = 7.6 Hz, 1HAr), 7.43 (d, J = 7.7 Hz, 1HAr), 7.20 (t, J = 7.5 Hz, 1HAr), 4.16 (m, 2H, CH2). 13C NMR: δ = 186.46, 182.48, 169.09, 167.90 (C=O), 141.05, 139.90, 136.05, 135.09, 134.24, 133.99, 132.97, 132.63, 131.51, 129.03, 127.42, 126.84, 125.84, 125.04, 122.57, 118.52 (CAr), 37.59 (CH2). IR, cm-1: 3254.37, 1711.64, 1675.22, 1646.37, 1593.72, 1540.41, 1339.99, 1276.95. LC-MS, m/z (Irel, %): 418 [M+1] (100%). Found, %: C, 66.05; H, 3.65; N, 3.44; S, 7.84. Anal. Calcd. for C23H15NO5S, %: C, 66.18; H, 3.62; N, 3.36; S, 7.68.
2-((2-((9,10-Dioxo-9,10-dihydroanthracen-1-yl)amino)-2-oxoethyl)thio)nicotinic acid 9. Yield 91%; m.p.: 192 oC (decomposition). 1H NMR: δ = 13.57 (br. s, 1H, OH), 12.44 (s, 1H, NH), 8.86 (d, J = 5.4 Hz, 1HAr), 8.60 (d, J = 3.1 Hz, 1HAr), 8.24 (d, J = 5.9 Hz, 1HAr), 8.02 (t, J = 9.2 Hz, 2HAr), 7.96 – 7.91 (m, 1HAr), 7.83 (t, J = 7.1 Hz, 2HAr), 7.78 – 7.76 (m, 1HAr), 7.23 (dd, J = 7.8, 4.7 Hz, 1HAr), 4.10 (s, 2H, CH2). 13C NMR: δ = 186.26, 182.32, 169.50, 166.76 (C=O), 159.59, 152.44, 141.29, 139.61, 135.88, 134.98, 134.92, 134.04, 133.86, 132.48, 127.22, 126.72, 125.76, 124.23, 122.20, 120.06, 118.13 (CAr), 35.89 (CH2). IR, cm-1: 3492.52, 3217.87, 3085.59, 2926.78, 1698.96, 1672.50, 1643.98, 1581.67, 1558.28, 1519.99, 1466.38, 1411.38, 1338.67, 1313.37, 1274.00, 1246.80, 1236.69, 1157.46, 1068.96, 708.93. LC-MS, m/z (Irel, %): 419 [M+1] (100%). Found, %: C, 63.17; H, 3.37; N, 6.59; S, 7.73. Anal. Calcd. for C22H14N2O5S, %: C, 63.15; H, 3.37; N, 6.70; S, 7.66.
N-(9,10-Dioxo-9,10-dihydroanthracen-1-yl)-2-((2-hydroxyethyl)thio)acetamide 10. Yield 82%; m.p.: 145 oC (decomposition). 1H NMR: δ = 12.53 (s, 1H, NH), 8.92 (d, J = 7.9 Hz, 1HAr), 8.13 (d, J = 8.1 Hz, 1HAr), 8.06 (d, J = 6.5 Hz, 1HAr), 7.89 – 7.79 (m, 4HAr), 4.87 (t, J = 5.1 Hz, 1H, OH), 3.65 – 3.58 (m, 4H, 2CH2), 2.73 (t, J = 6.6 Hz, 2H, CH2). 13C NMR: δ = 186.07, 182.00, 169.55 (C=O), 140.91, 135.57, 134.68, 134.59, 133.70, 133.52, 132.12, 126.98, 126.38, 125.30, 121.97, 117.91 (CAr), 60.46 (CH2-OH), 37.27, 34.80 (CH2). IR, cm-1: 3460.15, 2945.84, 1689.32, 1652.84, 1590.36, 1521.72, 1414.92, 1342.11, 1277.93, 1171.80, 707.98. LC-MS, m/z (Irel, %): 342 [M+1] (100%). Found, %: C, 63.32; H, 4.29; N, 4.01; S, 9.47. Anal. Calcd. for C18H15NO4S, %: C, 63.33; H, 4.43; N, 4.10; S, 9.39. 
2-((2,3-Dihydroxypropyl)thio)-N-((9,10-dioxo-9,10-dihydroanthracen-1-yl) acetamide 11. Yield 72%; m.p.: 162 oC (decomposition). 1H NMR: δ = 12.61 (s, 1H, NH), 8.96 (dd, J = 14.4, 6.6 Hz, 1HAr), 8.21 (dd, J = 5.1, 2.4 Hz, 1HAr), 8.16 – 8.12 (m, 2HAr), 7.95 – 7.89 (m, 3HAr), 4.89 (t, J = 6.1 Hz, 1H, OH), 4.66 – 4.60 (m, 2H, CH2), 4.25 (dd, J = 13.6, 4.2 Hz, 1H, CH), 4.12 – 3.90 (m, 2H), 3.61 (d, J = 3.0 Hz, 2H, CH2), 2.78 (dd, J = 13.3, 4.6 Hz, 2H, CH2). 13C NMR: δ = 186.51, 182.52, 170.04 (C=O), 141.37, 136.03, 135.18, 135.07, 134.15, 133.99, 132.55, 127.47, 126.83, 125.78, 122.40, 118.41 (CAr), 71.67 (CH-OH), 64.92 (CH2-OH), 36.51, 34.43 (CH2). IR, cm-1: 3380.05, 3190.26, 3106.35, 2988.43, 2934.29, 2845.55, 2780.01, 1674.85, 1647.56, 1591.37, 1575.92, 1515.35, 1476.80, 1408.66, 1337.05, 1280.48, 1238.14, 1172.97, 1021.33, 706.82. LC-MS, m/z (Irel, %): 372 [M+1] (100%). Found, %: C, 61.40; H, 4.52; N, 3.68; S, 8.72. Anal. Calcd. for C19H17NO5S, %: C, 61.44; H, 4.61; N, 3.77; S, 8.63.
2-((2-((9,10-dioxo-9,10-dihydroanthracen-2-yl)amino)-2-oxoethyl)thio)acetic acid 12. Yield 73%; m.p.: 136 oC (decomposition). 1H NMR: δ = 11.36 (br. s, 1H, OH), 10.69 (s, 1H, NH), 8.28 – 8.26 (m, 1HAr), 8.05 (d, J = 7.8 Hz, 2HAr), 8.01 (d, J = 8.4 Hz, 1HAr), 7.94 (d, J = 7.7 Hz, 1HAr), 7.83 – 7.79 (m, 2HAr), 3.48 (d, J = 11.6 Hz, 4H, 2CH2). 13C NMR: δ = 182.66, 181.58, 171.50, 168.81 (C=O), 144.79, 134.88, 134.54, 134.40, 133.42, 133.38, 128.81, 128.35, 127.08, 127.01, 124.12, 124.04, 116.24 (CAr), 36.46, 34.27 (CH2). IR, cm-1: 3589.84, 3516.18, 3296.49, 3203.80, 3102.15, 3064.54, 2957.96, 1719.69, 1675.77, 1656.88, 1644.88, 1589.23, 1574.78, 1548.17, 1425.65, 1332.17, 1302.35, 1226.20, 1192.26, 1133.81, 712.54. LC-MS, m/z (Irel, %): 356 [M+1] (100%). Found, %: C, 60.79; H, 3.64; N, 3.88; S, 9.10. Anal. Calcd. for C18H13NO5S, %: C, 60.84; H, 3.69; N, 3.94; S, 9.02.
Methyl 2-((2-((9,10-dioxo-9,10-dihydroanthracen-2-yl)amino)-2-oxoethyl)thio)acetate 13. Yield 79%; m.p.: 180 oC (decomposition). 1H NMR: δ = 10.69 (s, 1H, NH), 8.35 – 8.31 (m, 1HAr), 8.13 – 8.05 (m, 3HAr), 7.98 (d, J = 7.5 Hz, 1HAr), 7.86 – 7.83 (m, 1HAr), 3.67 – 3.60 (m, 3H, CH3), 3.56 – 3.54 (m, 2H, CH2), 3.52 – 3.48 (m, 2H, CH2). 13C NMR: δ = 182.69, 181.61, 170.60, 168.67 (C=O), 144.77, 134.91, 134.57, 134.44, 133.45, 133.41, 128.86, 128.39, 127.09, 127.02, 124.12, 116.24 (CAr), 52.59 (CH3), 36.49, 33.68 (CH2). IR, cm-1: 3328.94, 3297.88, 3237.78, 3104.62, 2966.01, 2921.55, 1726.79, 1709.91, 1670.16, 1651.28, 1583.47, 1538.40, 1345.28, 1293.99, 1171.15, 1126.35, 713.52. LC-MS, m/z (Irel, %): 370 [M+1] (100%). Found, %: C, 61.93; H, 4.00; N, 3.78; S, 8.57. Anal. Calcd. for C19H15NO5S, %: C, 61.78; H, 4.09; N, 3.79; S, 8.68.
2-((2-((9,10-Dioxo-9,10-dihydroanthracen-2-yl)amino)-2-oxoethyl)thio)propanoic acid 14. Yield 75%; m.p.: 138 oC (decomposition). 1H NMR: δ = 12.70 (s, 1H, OH), 10.74 (s, 1H, NH), 8.29 – 8.27 (m, 1HAr), 8.06 – 8.03 (m, 2HAr), 8.00 (d, J = 8.5 Hz, 1HAr), 7.94 (d, J = 9.1 Hz, 1HAr), 7.82 – 7.79 (m, 2HAr), 3.62 (q, J = 6.7 Hz, 1H, CH), 3.56 (d, J = 3.3 Hz, 2H, CH2), 1.38 (d, J = 7.1 Hz, 3H, CH3). 13C NMR: δ = 182.16, 181.08, 173.64, 168.34 (C=O), 144.32, 134.37, 134.03, 133.90, 132.93, 132.89, 128.30, 127.85, 126.58, 126.51, 123.64, 115.76 (CAr), 41.12 (CH), 35.42 (CH2), 17.28 (CH3). IR, cm-1: 3563.85, 3480.16, 3175.69, 3102.14, 3056.23, 2990.48, 2942.47, 1729.97, 1676.97, 1589.49, 1576.80, 1548.81, 1423.12, 1349.47, 1333.52, 1303.10, 1180.68, 851.93, 713.74. LC-MS, m/z (Irel, %): 370 [M+1] (100%). Found, %: C, 61.69; H, 4.17; N, 3.82; S, 8.80. Anal. Calcd. for C19H15NO5S, %: C, 61.78; H, 4.09; N, 3.79; S, 8.68.
3-((2-((9,10-Dioxo-9,10-dihydroanthracen-2-yl)amino)-2-oxoethyl)thio)propanoic acid 15. Yield 88%; m.p.: 149 oC (decomposition). 1H NMR: δ = 12.32 (s, 1H, OH), 10.90 (s, 1H, NH), 8.42 – 8.40 (m, 1HAr), 8.14 – 8.12 (m, 2HAr), 8.10 – 8.09 (m, 1HAr), 8.04 (d, J = 8.4 Hz, 1HAr), 7.87 (t, J = 8.0 Hz, 2HAr), 3.43 – 3.42 (m, 2H, CH2), 2.84 (t, J = 7.0 Hz, 2H, CH2), 2.59 (t, J = 7.0 Hz, 2H, CH2). 13C NMR: δ = 182.77, 181.70, 173.32, 169.56 (C=O), 144.95, 134.95, 134.62, 134.52, 133.50, 133.47, 128.87, 128.41, 127.13, 127.05, 124.20, 116.27 (CAr), 35.98, 34.51, 27.54 (CH2). IR, cm-1: 3066.41, 3014.57, 2980.94, 2934.81, 1745.47, 1724.84, 1667.40, 1651.21, 1644.45, 1589.56, 1573.68, 1511.50, 1417.25, 1385.74, 1332.89, 1279.43, 1239.20, 1162.90, 1081.52, 707.49. LC-MS, m/z (Irel, %): 370 [M+1] (100%). Found, %: C, 61.71; H, 4.10; N, 3.80; S, 8.72. Anal. Calcd. for C19H15NO5S, %: C, 61.78; H, 4.09; N, 3.79; S, 8.68.
2-((2-((9,10-Dioxo-9,10-dihydroanthracen-2-yl)amino)-2-oxoethyl)thio)succinic acid 16. Yield 56%; m.p.: 185 oC (decomposition). 1H NMR: δ = 12.80 (br. s, 1H, OH), 12.50 (br. s, 1H, OH), 10.97 (s, 1H, NH), 8.47 (d, J = 8.1 Hz, 1HAr), 8.15 – 8.08 (m, 3HAr), 7.97 – 7.94 (m, 1HAr), 7.82 – 7.76 (m, 2HAr), 3.92 – 3.89 (m, 1H, CH), 3.67 – 3.60 (d, J = 7.6 Hz, 2H, CH2), 2.69 – 2.59 (m, 2H, CH2). 13C NMR: δ = 182.18, 181.22, 171.68, 171.29, 168.72 (C=O), 142.77, 133.92, 133.44, 133.35, 132.62, 127.58, 127.11, 123.53, 116.01 (CAr), 42.30 (CH), 36.17, 34.78 (CH2). IR, cm-1: 3335.94, 3008.21, 2786.81, 1717.18, 1675.41, 1589.10, 1543.68, 1468.67, 1417.92, 1339.34, 1299.14, 1235.29, 1177.40, 711.15. LC-MS, m/z (Irel, %): 414 [M+1] (100%). Found, %: C, 58.18; H, 3.59; N, 3.27; S, 7.70. Anal. Calcd. for C20H15NO7S, %: C, 58.11; H, 3.66; N, 3.39; S, 7.76.
2-((2-((9,10-Dioxo-9,10-dihydroanthracen-2-yl)amino)-2-oxoethyl)thio)benzoic acid 17. Yield 80%; m.p.: 237 oC (decomposition). 1H NMR: δ = 12.73 (br. s, 1H, OH), 10.94 (s, 1H, NH), 8.37 – 8.32 (m, 1HAr), 8.13 – 8.04 (m, 2HAr), 7.98 (d, J = 8.7 Hz, 2HAr), 7.92 (d, J = 7.7 Hz, 2HAr), 7.87 – 7.80 (m, 2HAr), 7.57 – 7.52 (m, 2HAr), 7.24 (t, J = 6.6 Hz, 1HAr), 3.96 – 3.93 (m, 2H, CH2). 13C NMR: δ = 182.25, 181.20, 167.88, 167.45 (C=O), 144.24, 140.26, 134.47, 134.13, 134.03, 133.01, 132.97, 132.52, 131.02, 128.44, 128.05, 127.91, 126.65, 126.58, 125.74, 124.40, 123.75, 115.83 (CAr), 36.71 (CH2). IR, cm-1: 3568.41, 3506.01, 3244.18, 3173.85. 3101.99, 3061.49, 2931.53, 2882.55, 1671.01, 1643.70, 1590.20, 1576.63, 1541.84, 1466.10, 1331.88, 1299.86, 1259.74, 1159.88, 1119.05, 710.97. LC-MS, m/z (Irel, %): 418 [M+1] (100%). Found, %: C, 66.05; H, 3.65; N, 3.44; S, 7.84. Anal. Calcd. for C23H15NO5S, %: C, 66.18; H, 3.62; N, 3.36; S, 7.68.
2-((2-((9,10-Dioxo-9,10-dihydroanthracen-2-yl)amino)-2-oxoethyl)thio)nicotinic acid 18. Yield 75%; m.p.: 180 oC (decomposition). 1H NMR: δ = 12.60 (br. s, 1H, OH), 10.90 (s, 1H, NH), 8.57 (s, 1HAr), 8.37 (s, 1HAr), 8.23 (d, J = 7.1 Hz, 1HAr), 8.10 – 7.99 (m, 5HAr), 7.83 (s, 2HAr), 7.26 – 7.21 (m, 1HAr), 4.09 (s, 2H, CH2). 13C NMR: δ = 182.71, 181.59, 168.67, 166.96 (C=O), 160.38, 152.02, 145.04, 139.45, 134.84, 134.50, 134.45, 133.41, 128.81, 128.19, 127.05, 126.98, 124.42, 124.07, 119.67, 116.17 (CAr), 35.74 (CH2). IR, cm-1: 3588.77, 3528.34, 3241.81, 3174.17, 3102.68, 3000.36, 2636.05, 1670.57, 1648.96, 1632.10, 1590.54, 1575.51, 1556.74, 1543.53, 1419.68, 1389.13, 1331.30, 1301.77, 1252.08, 1233.62, 1156.54, 1129.87, 1070.10, 710.97. LC-MS, m/z (Irel, %): 419 [M+1] (100%). Found, %: C, 63.09; H, 3.23; N, 6.78; S, 7.77. Anal. Calcd. for C22H14N2O5S, %: C, 63.15; H, 3.37; N, 6.70; S, 7.66.
N-(9,10-dioxo-9,10-dihydroanthracen-2-yl)-2-((2-hydroxyethyl)thio)acetamide 19. Yield 85%; m.p.: 187 oC (decomposition). 1H NMR: δ = 10.70 (s, 1H, NH), 8.40 – 8.37 (m, 1HAr), 8.14 – 8.12 (m, 2HAr), 8.11 – 8.09 (m, 1HAr), 8.01 (d, J = 8.4 Hz, 1HAr), 7.87 (t, J = 7.6 Hz, 2HAr), 4.88 (t, J = 5.3 Hz, 1H, OH), 3.60 (q, J = 6.1 Hz, 2H, CH2), 3.40 – 3.39 (m, 2H, CH2), 2.74 (t, J = 6.6 Hz, 2H, CH2). 13C NMR: δ = 182.34, 181.25, 169.21 (C=O), 144.48, 134.51, 134.17, 134.10, 133.08, 133.05, 128.47, 127.99, 126.69, 126.61, 123.73, 123.65, 115.82, 115.74 (CAr), 60.44 (CH2-OH), 35.90, 34.62 (CH2). IR, cm-1: 3589.84, 3516.18, 3296.49, 3203.80, 3102.15, 3064.54, 2957.96, 1719.69, 1675.77, 1656.88, 1644.88, 1589.23, 1574.78, 1548.17, 1425.65, 1352.14, 1332.17, 1302.35, 1226.20, 1192.26, 1167.14, 1151.73, 1133.81, 931.71, 712.54. LC-MS, m/z (Irel, %): 342 [M+1] (100%). Found, %: C, 63.20; H, 4.30; N, 4.09; S, 9.29. Anal. Calcd. for C18H15NO4S, %: C, 63.33; H, 4.43; N, 4.10; S, 9.39. 
2-((2,3-Dihydroxypropyl)thio)-N-((9,10-dioxo-9,10-dihydroanthracen-2-yl) acetamide 20. Yield 81%; m.p.: 163 oC (decomposition). 1H NMR: δ = 11.06 (s, 1H, NH), 8.45 (d, J = 2.3 Hz, 1HAr), 8.20 – 8.12 (m, 2HAr), 8.04 (dd, J = 8.6, 2.3 Hz, 1HAr), 7.91 – 7.86 (m, 3HAr), 5.21 (dd, J = 19.7, 5.4 Hz, 1H, CH) 4.83 (t, J = 6.3 Hz, 1H, OH), 4.09 (t, J = 12.6 Hz, 1H, OH), 3.43 (d, J = 5.0 Hz, 2H, CH2), 3.24 – 3.00 (m, 1H, CH2), 2.99 – 2.77 (m, 2H, CH2). 13C NMR: δ = 182.65, 181.64, 165.00 (C=O), 144.34, 134.96, 134.63, 134.46, 133.41, 128.87, 128.68, 127.10, 127.03, 124.30, 116.38 (CAr), 66.76 (CH-OH), 59.23 (CH2-OH), 36.27, 34.66 (CH2). IR, cm-1: 3335.95, 3104.86, 3069.88, 2927.97, 1675.70, 1589.96, 1542.74, 1419.12, 1340.62, 1299.62, 1237.15, 933.59, 711.60. LC-MS, m/z (Irel, %): 372 [M+1] (100%). Found, %: C, 61.32; H, 4.57; N, 3.69; S, 8.52. Anal. Calcd. for C19H17NO5S, %: C, 61.44; H, 4.61; N, 3.77; S, 8.63. 
 
2.2. Antioxidant activity
2.2.1 Method of study of lipid peroxidation (LP) and oxidative modification of proteins (OMP) of thioether acetamides
The LP and OMP processes study was performed in vitro on rat’s liver homogenate according to the Lushchak’s method.38 The amount of protein in the sample was determined due to the Lowry method. This method is based on LP activation by ferrous iron ions to a level recorded spectrophotometrically by reaction with thiobarbituric acid. The degree of OMP was evaluated calculating the amount of additional CGs formed in the side chains of aminoacids under the reaction with 2,4-dinitrophenylhydrazine. The methanol solutions served as control, while the standard of measurement was 10-6 М solution of quarcetine. Experimental data were analyzed considering the arithmetic mean M and standard error m in the form of (M±m), n=5. Differences between experimental data were determined via Tukey’s test of one-way analysis (ANOVA), and the differences were considered to be statistically significant at P<0,05.39
At the beginning of our experiment, to 0.3 g of rat liver homogenate 0.3 cm3 methanol solutions of sulfur-containing derivatives of 2-chloro-N-(9,10-dioxo-9,10-dihydroanthracen-1(2)-yl)-acetamides (10-6 М concentration) was poured. Iron(II) sulfate solution (0.3 cm3 of 2.8%) was introduced to the obtained solution. The reaction of LP was induced within 10 minutes. Then 0.3 cm3 of 4% solution of hydrogen peroxide was added, and the solution was incubated for 2 hours. The reaction was stopped after introducing 1.2 ml of 40% trichloroacetic acid, precipitating polypeptides.  Reaction mixture was centrifuged for 10 minutes at 5·103 RPM. Bioactive compounds' influence analyses on FRO were conducted for a single sample. Carbonyl groups were determined in the sediment, and products of lipids interaction with TBA were determined from the supernatant.
2.2.2. Determination of the content of products of lipids interaction with TBA in the supernatant 
1.5 cm3 of 0.8% TBA was added to the supernatant separated from the sediment. The reaction between TBA and MDA proceeds during the heating of this solution to 100 oС for about 1 hour. The formation of the pinky colored complex allows determining the content of TBA-active products:



After cooling, 3 ml of butanol was added to the reaction mass and was left for 2 hours. After, the formation of two phases was observed. Determination of the extinction coefficient was determined from the butanol fraction at  = 532 nm. 
[bookmark: _GoBack]Calculation of TBA-active products we performed according to: 
 
μmol/mg of protein             (1)

where E – extinction coefficient of the test sample;  - millimolar extinction coefficient (=156 cm2/mol); V1 – a volume of butanol, cm3; V2 – sample volume, cm3; V – supernatant volume, cm3; C – protein concentration in the supernatant, μmol.

2.2.3. Determination of CGs proteins in the precipitate
To the formed precipitate 1 cm3 of 1% 2,4-dinitrophenylhydrazine solution was added.



The resulting solution was incubated for an hour, then centrifuged at 5·103 RPM for 10 minutes. The precipitate was washed three times with the addition of 1 cm3 of ethanol-ethyl acetate solution (1:1) and centrifuged. Then 3 cm3 of 50% urea solution was added to the precipitate, centrifuged, and the additional CG was determined using a spectrophotometer ( = 370 nm).




2.3. Anti-platelet activity
2.3.1. Preparation of rabbit platelet-rich plasma 
[bookmark: article1.body1.sec2.sec4.p1]Platelet-rich plasma (PRP) was obtained from at least 3 different healthy adult rabbits. The Scientific Ethics Committee of Taras Shevchenko National University of Kyiv, Ukraine approved the study protocol. 
Rabbit blood was collected from the ear artery into a polyethylene tube with 3.8% sodium citrate in the ratio 9:1. PRP was obtained by centrifugation of stabilized blood at 300 g for 10 min. The supernatant (PRP) was carefully separated and used further in the aggregation assay. Platelet-pure plasma (PPP) was prepared by further centrifugation of the remained stabilized blood at 1,500 g for 30 min. 

2.3.2. Platelet aggregation assay
Platelet aggregation was assessed within the first 3 h after blood sampling using photo-optical aggregometer AT-02 (Medtech, Russia). Before the assessment, the platelet count in PRP was adjusted with PPP to about 230×103-250×103 cells/μL. 
The studied compounds were dissolved in pure dimethyl sulfoxide (DMSO) and their test concentrations were prepared using distilled water. The final DMSO concentration in all experiments was fixed at 1% to minimize the effect of DMSO on the platelet aggregation.
Primary screening for anti-aggregation activity of compounds 3-20 was performed in vitro: PRP was incubated with studied compounds (final concentration was 50 μM) in a cuvette for 2 min at 37oC with constant stirring (500 rpm). PRP incubated with DMSO alone was used as a control. ADP (Sigma, USA) in the final concentration of 5×10-6 M was added to the sample, and the change of light transmission was monitored for 8 minutes ADP to induce platelet aggregation. In this experiment the level of spontaneous aggregation induced by addition of the tested compounds to PRP was studied. The degree of platelet aggregation (the maximal level of light transmission of PRP after addition of inducer) was evaluated. T he degree of inhibition of ADP-dependent aggregation under the action of obtained derivatives 3-20 relative to control, which was taken as 100%, was calculated. 

3. Results and Discussion
3.1. Synthesis of N-(9,10-dioxo-9,10-dihydroanthracen-1(2)-yl)-2-(R-thio) acetamides
In continuation of the previous studies of our group on the functionalization of 9,10-anthracenedione36,37,40-46, a structural modification of 2-chloro-N-(9,10-dioxo-9,10-dihydroanthracene-1(2)-yl)acetamides 1, 2 by pharmacophore fragments, namely, sulfur-containing substituents was carried out. In this work, the reaction of chloroacetamides 1, 2 with a number of alkyl(aryl/hetaryl)thiols, additionally functionalised with mercapto, hydroxy, carboxy and carboxylate groups was carried out (Scheme 1). It can be a key aspect for improving biological activity, including antiplatelet and antioxidant actions, as well as bioavailability due to an increase in the polarity of the obtained compounds and better water solubility.
Modification of chloroacetamides 1, 2 with the corresponding thiols was carried out using their interaction at room temperature in the presence of potassium carbonate in DMF (Scheme 1). As a result, the corresponding sulfide derivatives 3–20 were obtained in good and high yields up to 93%. 
The structure of new thioether acetamides 3-20 reliably confirmed by modern physicochemical analysis methods, namely 1H and 13C NMR, LC-MS, IR-Fourier spectroscopy and elemental analysis. In particular, the secondary amino group resonates at 12.41-12.62 ppm for sulfides 3-11, and in the case of sulfides 12-20 at 10.69-10.94 ppm in the 1H NMR spectra.
In turn, the methylene group of the oxoethyl fragment of acetamide in 1Н NMR observed for compounds 3-7, 10, 11 at 3.59-3.76 ppm, and for compounds 12-16, 19, 20 at 3.40-3.56 ppm. In the case of the aromatic thioether substituent of 8, 9, 17, 18, the CH2 group shifts downfield and resonates within 3.94–4.16. In 13С NMR spectra, the appearance of a signal of the carbon atom of the carboxyl group at 167.88-173.84 ppm is characteristic for sulfide derivatives 4, 6-9, 12, 14-18. For sulfide derivatives 9 and 18 containing a fragment of nicotinic acid in their structures, the appearance of signals of the quaternary carbon atom of the N-C-S group of the nicotine fragment was determined at 159.59 and 160.38 ppm, respectively. 




Scheme 1. Synthesis of N-(9,10-dioxo-9,10-dihydroanthracene-1(2)-yl)-2-(R-thio) acetamides 3-20

3.2. Antioxidant properties
	The free-radical oxidation (FRO) research was conducted in vitro using a rat liver homogenate. LP and OMP as two markers of oxidative stress were used for the evaluation of antioxidant properties of the compounds. This method is based on the LP activation by ferrous ions to a level registered spectrometrically by reaction with thiobarbituric acid (TBA-active products content). The degree of OMP was determined by the amount of additional carbonyl groups formed (CG content) in the side chains of amino acids using the reaction with 2,4-diphenylhydrazine.
	The results of this investigation, in particular the content of TBA-active products and CGs, found from a comparison of isomers (compounds where the substituent introduced in position 1 or 2). Data are presented in Figures 1, 2. All compounds were compared with control, as well as with reference antioxidant quercetin. Quercetin in the LP processes acted as a control, and in the processes of OMP it showed antioxidant properties, reducing the level of CG relative to the control by 41.5%.

[image: ]
Figure 1. Influence of compounds 3-20 on amount of TBA-active products in rat liver homogenate (*- р≤0,05; Mm; n=5)
[image: ]
Figure 2. Influence of compounds 3-20 on amount of CGs of proteins in rat liver homogenate (*- р≤0,05; **- р≤0,01; Mm; n=5)

The comparison antioxidant activity of isomers 3-11 and 12-20 are as follows. Compound 8 contained the residue of 2-((2-amino-2-oxoethyl)thio)benzoic acid in the position 1, showed minor antioxidant properties (8.3 % content of TBA-active products) compared to the control as presented in Fig. 1. The derivative 17 increased the content of TBA-active products by 8.6%, i.e., it had prooxidant properties relative to control. The compounds 8 and 17 demonstrated antioxidant effect in OMP processes decreasing the CGs level by 15.7% and 26.4%, respectively. The compound 17 contained the residue of 2-((2-amino-2-oxoethyl)thio)benzoic acid in the position 2, decreased the level of CGs by 10.7% more than the derivative 8 in the free radical processes of protein oxidation. Therefore, 2-((2-((9,10-dioxo-9,10-dihydroanthracen-1-yl)amino)-2-oxoethyl)thio)benzoic acid 8 exhibited antioxidant properties on two FRO markers.
The compounds 10 and 19 contained 2-((2-hydroxyethyl)thio)acetamide residue in  positions 1, 2 of anthracendione ring demonstrated similar results. In this case, derivative 10 reduced the content of TBA-active products relative to control slightly, namely by 8.7%. Compound 19 showed high prooxidant properties and significantly (by 41.0%) increased the content of TBA-active products compared to control (Fig. 1). In contrast, compound 19 showed better results on OMP processes than compound 10 and reduced the CG content by 33.7% compared to the control (Fig. 2). In turn, derivative 10 also exhibited antioxidant properties in OMP processes, reducing the level of CG proteins relative to control by 24.4%.
Moreover, compounds 6 and 15 show antioxidant activity in LP processes (Fig. 1). Derivative 6 reduces the content of TBA-active products by 28.0% relative to the control (p≤0.05), whereas derivative 15 decreases the value by 10.1%. The studied compound 6 a statistically significant (p≤0.01) decreases the formation of CGs in proteins in FRP of OMP processes by 37.8% relative to the control (Fig. 2). Meanwhile, the content of CGs under the action of compound 15 shows no difference to the control with a value at 100.5 ± 15.2%.
	Comparing compounds, which contain in anthracendione nuclei the residue of succinic acid in the first (7) or second (16) position, demonstrates that compound 7 has antioxidant properties to lipids and lowers the content of TBA-active products by 21.1% (Fig. 1). Compound 16, in contrast to compound 7, exhibits pro-oxidant properties and increases the content of TBA-active products by 25.2% relative to control. In addition, compound 7 (Fig. 2) shows antioxidant effect in OMP processes and statistically significant (p≤0.01) decreases the level of CGs proteins by 40.3% compared to the control. In turn, 2-((2-((9,10-dioxo-9,10-dihydroanthracen-2-yl)amino)-2-oxoethyl)thio)succinic acid 16 increases the CGs content by 11.3%.
The LP study of compound 11, which contains ( dihydroxypropyl)thio)acetamide residue in the structure, has not shown antioxidant properties due to no difference in the TBA-active products content to the control (Fig. 1). Compound 20 with the (dihydroxypropyl)thio)acetamide residue in the structure at position 2 of anthracenedione exhibits prooxidant properties and increases the content of the TBA-active product by 27.0% relative to control (Fig. 1). Compounds 11 and 20, based on the results of the study of OMP (Fig. 2), showed that the content of protein CGs does not differ from the control.  Such contents for derivatives 11 and 20 are 101.6 ± 6.6% and 101.0 ± 8.9%, respectively. Thus, these compounds are neutral to the oxidation process. 
In turn, compounds 3 and 12 almost equally increase the content of TBA-active products compared to the control, namely, by 13.6% and 12.8%, respectively (Fig. 1). The compound 3 in the OMP processes, as well as for LP, demonstrates a prooxidant effect due to an increase of CGs for 11.4% compared to the control (Fig. 2). In contrast, compound 12 has shown minor antioxidant properties and decreased CGs by 4.2%.
	Compound 4, due to the results of LP investigation, has the same effect as the control (Fig. 1) decreases the level of TBA-active products only by 2.8%. Compound 13, which has in structure the aminooxoethylthioacetate residue at the second position of anthraquinone, showed better antioxidant properties compared to its isomer 4 and reduced the content of TBA-active products relative to control by 12.8%. Furthermore, compound 4, according to the results of OMP (Fig. 2), exhibits antioxidant properties and reduces the content of CGs by 24.9% in comparison with the control. Moreover, compound 13 shows the opposite effect due to the increasing content of CGs relative to the control by 17.9%, which indicates an increase in free radical processes in the proteins (Fig. 2).
Hence, summarizing the obtained results, the studied compounds with a substituent in the first position of anthracenedione fragment exhibit higher antioxidant properties than their isomers with a substituent in the second position. Compounds with a substitution in the first position 6, 7, 8 and 10 demonstrate the antioxidant properties concerning oxidative stress markers POL and OMP. Moreover, compound 6 reduces the content of TBA-active products by 28.0% and content of CGs by 36.8%, whereas derivative 7 decreases by 21.1% and 41.3%, respectively. Test compounds 4, 10, 17, 19, as well as quercetin, showed antioxidant properties only in OMP processes.

3.3. Antiplatelet activity
Antiplatelet activity of derivatives 3-20 was studied in vitro using rabbit PRP. As can be seen from the results (Fig. 3), among the 20 tested compounds, only six (3, 4, 5, 9, 10, 18) showed moderate antiplatelet activity. 
[image: ]
Figure 3. Effect of derivatives 3-20 at a concentration of 50μM on ADP-induced platelet aggregation in rabbit PRP (M ± SEM; n = 6, * p≤0.05 changes are statistically significant compared to the control 1% DMSO)

The most active compound, namely compound 10, inhibited ADP-induced aggregation by 28%, while the inhibitory effect of others ranged from 12% to 20%. The latter is associated with the structure of the thio fragment and the inhibitory effect is characteristic for five compounds (3, 4, 5, 9, 10), and increases in the following order of substituents (Fig. 4):


 

Figure 4. Correlation of substituent of the thio fragment and the inhibitory effect for five compounds 3, 4, 5, 9, 10

Analysis of the influence of the structure of the thio fragment on the manifestation of the antiplatelet activity of compounds 3-20 showed that anthracenedione derivatives containing this residue in the firstposition  of the anthracenedione ring (3, 4, 5, 9, 10) can inhibit platelet aggregation. It was found that the presence of a less branched 2-((2-hydroxyethyl)thio)acetamide residue (compound 10) causes the highest percentage of the degree of inhibition. At the same time, derivatives 12-20 with a thio substituent in position 2 of the anthracenedione nucleus and compounds 6-8, 11 with branched and bulky substituents near the sulfur atom do not affect on the degree of inhibition. 
4. Conclusions
A convenient way to obtain new sulfide derivatives with a 9,10-anthracenedione ring has been proposed. It includes the interaction of 2-chloro-N-(9,10-dioxo-9,10-dihydroanthracen-1(2)-yl)-acetamides 1, 2 with a number of alkyl(aryl/hetaryl)thiols at room temperature in the presence of potassium carbonate in DMF. The study of antioxidant activity in terms of lipid peroxidation and oxidative modification of proteins in rat liver homogenate in vitro identified compounds 6 and 7 with the best properties of radical scavenging activity in terms of the content of TBA-active products and CGs in the corresponding range 21,1-28 % and 36.8-41.3%.  An in vitro study of the antiplatelet activity using rabbit PRP revealed derivative 10, exhibiting the highest degree of inhibition of platelet aggregation among the synthesized compounds. Sulfide derivative 10 also demonstrated antioxidant properties in OMP processes, which manifested in lowering CGs protein level compared to control for 24.4%. The structure-activity relationships for the obtained N-(9,10-dioxo-9,10-dihydroanthracene-1(2)-yl)-2-(R-thio) acetamides were determined. The data obtained are the basis for further studies on molecular design and the search for new compounds with antioxidant and antiplatelet activity in a series of new derivatives of 9,10-anthracenedione.
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