Synthesis, antibacterial and antifungal evaluation of thio or piperazinyl substituted 1,4-naphthoquinone derivatives
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Spectral Characterization of other novel compounds: 
3-(3-[4-(4-chloro-3-trifluoromethyl-phenyl)-4-hydroxy-piperidin-1-yl]-1,4-dioxo-1,4-dihydro-naphthalen-2-ylsulfanyl)-propionic acid methyl ester (31a) was synthesized from the reactions of 29 (0.050 g, 0.106 mmol ) with 30a (0.012 g, 0.106 mmol) according to the general procedure 2. 
(31a): Yield: 0.059 g, (27%), Rf : 0.14 [CHCl3], IR (KBR, cm-1): 3373(-OH), 3069, 2960, 2920 (C-H), 1738(ester C=O) 1666 (C=O), 1594 (C=C). 1H NMR (499.74 MHz, CDCl3): δ 2.54-2.70 (m, 8H,-NCH2),  3.10 (t, J = 7.32, 2H, COCH2), 3.55 (t, J = 5.32, 2H, -SCH2),  3.67 (s, 3H, -OCH3),  7.41-8.10 (m, 7H, CHarom); 13C NMR (125.66 MHz, CDCl3): δ 28.68 (-SCH2),  33.77 (-CH2COO), 38.09, 47.66(-NCH2), 51.19 (-OCH2); 70.29 (-C-OH), 125.65, 125.89, 126.15, 128.35, 130.49, 131.94, 132.80, 133.42, 135.28 146.19, 153.09, 154.22 (CHarom, Carom), 153.09 (=C-N), 170.21 (O-C=O), 180.97, 180.85 (quinone C=O);MS (+ESI): m/z 554 (M)-; C26H23ClF3NO5S (M, 553.98). Calcd. C, 56.37; H, 4.18; N, 2.53; S, 5.79. Found C, 56.25; H, 4.17; N, 2.52; S, 5.81. %.
3-(3-[4-(4-chloro-3-trifluoromethyl-phenyl)-4-hydroxy-piperidin-1-yl]-1,4-dioxo-1,4-dihydro-naphthalen-2-ylsulfanyl)-propionic acid butyl ester (31b) was synthesized from the reactions of 29 (0.16 g, 0.340 mmol ) with 30b (0.06 g, 0.340 mmol) according to the general procedure 2. 
(31b): Yield: 0.194 g, (95%), Rf : 0.15 [CHCl3], IR (KBR, cm-1): 3462(-OH), 3081, 2960, 2931 (C-H), 1731(ester C=O) 1670 (C=O), 1593 (C=C). 1H NMR (499.74 MHz, CDCl3): δ 0.82 (t, J = 7.32, 3H, CH3), 1.10–1.60 (m, 4H, CH2), 1.77-2.32 (m, 8H,-NCH2), 2.65 (t, J = 7.32 H, COCH2), 3.11 (t, J = 7.32, 2H, -SCH2),  3.98 (t, J = 6.84, 2H, -OCH2), 7.41-7.95 (m, 7H, CHarom); 13C NMR (125.66 MHz, CDCl3): δ 12.64 (-CH3), 18.07, 28.49, (-CH2), 29.55 (-SCH2), 34.00 (-CH2COO), 38.10, 47.59 (-NCH2), 63.65 (-OCH2), 70.32 (-C-OH), 120.39, 123.08, 123.12, 123.71, 125.40, 125.64, 127.22, 127.47, 128.33, 130.12, 130.49, 131.13, 131.32, 131.87, 131.93, 132.78, 149.58, 154.09 (CHarom, Carom), 149.58 (=C-N); 170.40 (O-C=O), 180.84, 180.83 (quinone C=O);MS (-ESI): m/z 596 (M)-; C29H29ClF3NO5S (M, 596.06). Calcd. C, 58.44; H, 4.90; N, 2.35; S, 5.38. Found C, 58.55; H, 4.89; N, 2.36; S, 5.40. %.
2-[4-(4-chloro-3-trifluoromethyl-phenyl)4-hydroxy-piperidin-1-yl]-3-(4-methyl-2-oxo-2H-chromene-7-ylsulfanyl)-1,4-naphthoquinone (31c) was synthesized from the reactions of 29 (0.088 g, 0.190 mmol ) with 30c (0.0359 g, 0.190 mmol) according to the general procedure 2.
(31c): Yield: 0.036g, (30%), Rf : 0.15 [CHCl3], IR (KBR, cm-1): 3419 (-OH), 3065, 3018, 2963 (C-H), 1716(lacton-C=O), 1682 (quinone-C=O), 1599 (C=C). 1H NMR (499.74 MHz, CDCl3): δ 1.97 (s, 3H, CH3), 1.75-2.42 (m, 8H,-NH2),  6.11(s, 1H,CHvin.), 6.99-8.02 (m, 10H, CHnapht.,CHarom); 13C NMR (125.66 MHz, CDCl3): δ 17.56 (-CH3), 38.11, 47.65(-NCH2), 70.02 (-C-OH), 1113.01, 113.09, 116.65, 120.45, 121.48, 122.94, 122.98, 123.92, 125.75, 126.04, 128.02, 128.18, 130.52, 131.12, 131.46, 132.20, 133.38, 141.78, 145.80, 151.18, 152.86, 155.97  (CHnaph., CHarom, Carom), 149.45 (=C-N); 159.50 (lactone-C=O), 181.14, 179.99 (quinone C=O); MS (+ESI): m/z 626 (M+H)+; C32H23ClF3NO5S (M, 626.04). Calcd. C, 61.39; H, 3.70; N, 2.20; S, 5.12. Found C, 61.20; H, 3.69; N, 2.19; S, 5.14. %.
Butyl-((3-(4-(4-nitrophenyl)piperazine-1-yl)-1,4-dioxo-1,4–dihydronaphthalene-2-yl)thio) propanoate (34b) was synthesized from the reaction of 33 (0.39 g, 1.08 mmol) with 30b (0.18 mL, 1.08 mmol) according to the general procedure 2.
(34b): Black solid. Yield: 0.45 g (88%). m.p. : 165-166oC. Rf : 0.9 (CHCl3). IR (KBr): υ (cm-1) = 2960, 2933, 2873 (C-Haliphatic), 1592 (C=C), 1677 (C=Oquinone). 1735 (C=Oester).  1H NMR (499.74 MHz, CDCl3): δ = 0.87 (t, 3J = 7.32 Hz, 3H, CH3), 1.32 (m, 2H, CH2), 1.55 (m, 2H, CH2), 2.66 (t, J = 7.33 Hz, 2H, (C=O)-CH2), 2.86 (t, J = 7.32 Hz, 2H, S-CH2), 3.55 (m, 4H, N-CH2piperazine), 3.71 (m, 4H, N-CH2piperazine), 4.03 (m, 2H, O-CH2), 6.76-6.83 (m, 2H, CHaromatic), 7.62-7.67 (m, 2H, CHaromatic), 7.97-8.11 (m, 4H, CHaromatic). 13C NMR (125.66 MHz, CDCl3): δ = 12.68 (CH3), 29.61, 29.55, 18.11 (3CH2), 32.24 ((C=O)-CH2), 33.14 (S-CH2), 49.57, 47.05 (N-CH2piperazine), 63.68 (O-CH2), 153.72, 133.30, 132.89, 132.39, 130.49, 125.03, 124.95, 112.15, 111.94 (Carom), 125.99 (=C-S), 148.55 (=C-N), 170.73 ppm’de (C=Oester), 180.77, 176.99 (C=O). MS [ESI]: m/z = 524 [M]+; C27H29N3O6S (M=523.60 g/mol) = Calculated C, 61.93; H, 5.58; N, 8.03; S, 6.12. Found C, 61.80; H, 5.60; N, 8.15; S, 6.10. %.

2-((3,4-dimethoxyphenyl)thio)-3-(4-(4-nitrophenyl)piperazine-1-yl)naphthalene-1,4-dione (34e) was synthesized from the reaction of 33 (0.40 g, 1.00 mmol) with 30e (0.188 g, 1.11 mmol) according to the general procedure 2.

(34e): Brown solid. Yield: 0.41 g (77%). m.p. : 134-135oC. Rf : 0.8 (CHCl3). IR (KBr): υ (cm-1) = 2905, 2835 (C-Haliphatic), 1587 (C=C), 1677 (C=Oquinone). 1H NMR (499.74 MHz, CDCl3): δ = 3.55 (m, 4H, N-CH2piperazin), 3.70 (m, 4H, N-CH2piperazin), 3.76 (s, 3H, OCH3), 3.80 (s, 3H, OCH3), 6.71-6.73 (m, 1H, CHaromatic), 6.81-6.83 (m, 1H, CHaromatic), 6.94-6.97 (m, 1H, CHaromatic), 7.61-7.68 (m, 2H, CHaromatic), 8.06-8.11 (m, 2H, CHaromatic). 13C NMR (125.66 MHz, CDCl3): δ = 49.56, 47.05 (N-CH2piperazin), 54.92, 54.98 (O-CH3), 138.07, 133.30, 132.38, 130.48, 130.31, 127.66, 125.98, 125.74, 124.95, 122.87, 113.09, 112.15 ve 110.32 (Caromatic), 125.00 (=C-S), 153.71 (=C-N), 180.77, 176.99 (C=O). MS [ESI]: m/z = 532 [M+H]+. Micro analysis: C28H25N3O6S (M=531.15 g/mol) = Calculated C, 63.26; H, 4.74; N, 7.90; S, 6.03. Found C, 62.43; H, 4.75; N, 7.88; S, 6.04. %.
Ethyl 4-(3-((3-methoxy-3-oxopropyl)thio)-1,4-dioxo-1,4-dihydronaphthalene-2-yl) piperazine -1-carboxylate (37a) was synthesized from the reaction of 36 (0.36 g, 1.03 mmol) with 30a (0.12mL, 1.14 mmol) according to the general procedure 2.

(37a): Black oil. Yield: 0.37 g (83%). Rf : 0.46 (CHCl3). IR (KBr): υ (cm-1) = 2983, 2952 (C-Haliphatic), 1592 (C=C), 1697 (C=Oquinone), 1736 (C=Oester). 1H NMR (499.74 MHz, CDCl3): δ = 1.21 (t, 3J = 7.81 Hz, 3H, CH3), 2.54 (t, J = 6.83 Hz, 2H, (C=O)-CH2-), 3.10 (t, J = 6.84 Hz, 2H, S-CH2), 3.42 (m, 4H, N-CH2piperazin), 3.55 (s, 3H, O-CH3), 3.59 (m, 4H, N-CH2piperazin), 4.11 (q, 2H, OCH2), 7.56-7.62 (m, 2H, CHaromatic), 7.90-7.91 (m, 1H, CHaromatic), 7.95-7.97 (m, 1H, CHaromatic). 13C NMR (125.66 MHz, CDCl3): δ = 13.67 (CH3), 28.41 ((C=O)-CH2-), 33.81 (S-CH2), 43.41, 50.85 (CH2piperazin), 51.09 (O-CH3), 60.57 (O-CH2), 132.78, 132.04, 131.73, 130.98, 125.64, 125.36 (Carom), 124.94 (=C-S), 153.42 (=C-N), 170.97 (C=Othiolester), 154.48 (C=Opiperazineester), 180.77, 180.49 (C=O). MS [ESI]: m/z = 433 [M+H]+; C21H24N2O6S (M=432.490 g/mol) = Calculated C, 58.32; H, 5.59; N, 6.48; S, 7.41. Found C, 58.41; H, 5.58; N, 6.47; S, 7.43. %.

Ethyl-4-(3-((3-butoxy-3-oxopropyl)thio)-1,4-dioxo-1,4-dihydronaphthalene-2-yl)piperazine-1-carboxylate (37b) was synthesized from the reaction of 36 (0.35 g, 1.00 mmol) with 30b (0.18 mL, 1.10 mmol) according to the general procedure 2.

(37b): Black oil. Yield: 0.39 g (83%). Rf : 0.55 (CHCl3). IR (KBr): υ (cm-1) = 2960, 2933, 2873 (C-Haliphatic), 1592 (C=C), 1670 (C=Oquinone), 1732 (C=Oester). 1H NMR (499.74 MHz, CDCl3): δ = 0.82 (t, J = 7.32 Hz, 3H, CH3), 1.21 (t, J = 7.32 Hz, 3H, CH3), 1.48 (m, 2H, CH2), 1.55 (m, 2H, CH2), 2.52 (t, J = 6.83 Hz, 2H, (C=O)-CH2-), 3.10 (t, J = 7.32 Hz, 2H, S-CH2), 3.42 (m, 4H, N-CH2piperazin), 3.94 (t, J = 6.83 Hz, 2H, O-CH2), 3.58 (m, 4H, N-CH2piperazin), 4.09 (q, J = 10.60 Hz,  2H, OCH2), 7.56-7.62 (m, 2H, CHaromatic), 7.90-7.91 (m, 1H, CHaromatic), 7.95-7.97 (m, 1H, CHaromatic). 13C NMR (125.66 MHz, CDCl3): δ = 12.66, 12.68 (2CH3),  18.08, 28.46, 29.57 (3CH2), 33.12 ((C=O)-CH2-), 34.05 (S-CH2), 43.42, 51.06 (CH2piperazin), 60.55 (O-CH3), 63.63 (O-CH2), 132.75, 132.03, 131.75, 130.99, 125.63, 125.36 (Carom), 125.18 (=C-S), 153.32 (=C-N), 154.47 (C=Opiperazineester), 170.68 (C=Othiolester), 180.78, 180.48 (C=O). MS [ESI]: m/z = 498 [M+Na]+; C24H30N2O6S (M=474.570 g/mol) = Calculated C, 60.74; H, 6.37; N, 5.90; S, 6.76. Found C, 60.62; H, 6.39; N, 5.92; S, 6.78. %.

3-(3-[4-(3,4)-dichlorophenyl)-piperazin-1-yl]-1,4-dioxo-1,4-dihydro-naphthalen-2-ylsufanyl)-propionic acid propyl ester (43b) was synthesized from the reaction of 42 (0.38 g, 0.901 mmol ) with 30b (0.145 g, 0.901 mmol) according to the general procedure 2.
(43b): Yield: 0.059 g, (60%), Rf : 0.20 [CHCl3], IR (KBR, cm-1): 3067, 2959, 2962 (C-H), 1732(ester C=O) 1668 (C=O), 1594 (C=C); 1H NMR (499.74 MHz, CDCl3): δ 0.83 (t, J = 7.32 Hz, 3H, -CH3),  1.22-1.52 (m, 4H, CH2), 2.55 (t, J = 6.83 Hz, 2H, COCH23.12 (t, J = 7.32 Hz, 2H, -SCH2), 3.27 (t, J = 5.34 Hz, 2H, -NCH2), 3.63 (t, J = 5.32 Hz, 2H, -NCH2), 3.97 (t, J = 7.32 Hz, 2H, -OCH2),  6.67-8.01 (m, 7H, CHarom); 13C NMR (125.66 MHz, CDCl3): δ 13.90 (-CH3), 19.32, 29.78 (-CH2), 30.81 (-SCH2),  35.28 (-CH2COO), 49.88, 52.14(-NCH2), 64.95 (-OCH2), 171.89, 134.06, 133.28, 133.16, 133.05, 132.27, 130.78, 126.92, 126.67, 125.79, 122.94, 117.85, 115.93, (CHarom, Carom), 154.43 (=C-N); 171.89 (O-C=O), 182.05, 181.88 (quinone C=O); MS (+ESI): m/z 569 (M+Na)+; C27H28Cl2N2O4S (M, 547.49). Calcd. C, 59.23; H, 5.15; N, 5.12; S, 5.86. Found C, 59.18; H, 5.14; N, 5.14; S, 5.88. %.
General procedure 3: for the synthesis 12, 13, 21, 23, 25, 27 
Appropriate amount of  2,3-dichloro-1,4-naphthoquinone 1 and corresponding nucleophile were stirred in chloroform (30 mL) with Na2CO3 (1.56 g) solution for 2-3 h at room temperature. The colour of the solution quickly changed and the reaction was monitored by TLC. Chloroform (30 mL) was added to the reaction mixture. The organic layer was washed with water (4 × 30 mL), and dried over Na2SO4. After the solvent was evaporated the residue was purified by column chromatography on silica gel.
2-chloro-3-(3-hydroxypropylthio)naphthalene-1,4-dione (12) and 2,3-bis(3-hydroxypropylthio)naphthalene-1,4-dione (13)[9] were synthesized from the reaction of 1 (0.5 g, 2.2 mmol) with 11 (0.38 g, 2.2 mmol) according to the general procedure 3.

(12): Orange oil. Yield: 0.18 g (29%). Rf : 0.17 [CHCl3/EtAc(2:1)]. IR (KBr): ν = 3486 (OH), 3017, 2828 (C-H), 1670 (C=O), 1590 (C=C) cm-1. 1H-NMR (499.74 MHz, CDCl3): δ = 1.18 (s, 1H, OH), 1.84-1.89 (m, 2H, CH2), 3.43 (t, J = 7.32 Hz, 2H, S-CH2), 3.73 (t, J = 6.84 Hz, 2H, O-CH2), 7.64-7.67 (m, 2H, CHarom), 7.98-7.99 (m, 1H, CHarom), 8.03-8.05 ppm (m, 1H, CHarom). 13C-NMR (125.66 MHz, CDCl3): δ = 31.1, 33.3, 61.1 (CH2, S-CH2, O-CH2), 127.5, 127.6, 131.4, 132.8, 134.1, 134.4 (CHarom, Carom), 140.5, 149.1 (S-C-C=O, Cl-C-C=O), 175.3, 180.1 ppm (C=O). MS (-ESI): m/z 282.3 (M)-; C13H11ClO3S (M, 282.75) = Calculated C, 55.22; H, 3.92; S, 11.34%. Found C, 55.35; H, 3.93; S, 11.37. %.
(13)[9]: Orange oil. Yield: 0.16 g (%21). Rf : 0.10 [CHCl3/EtAc(2:1)]. IR (KBr): ν = 3357 (OH), 2924, 2855 (C-H), 1655 (C=O), 1590 cm-1 (C=C). Micro analysis: C16H18O4S2 (M, 338.45) = Calculated C, 56.78; H, 5.36; S, 18.95%. Found C, 56.69; H, 5.35; S, 18.93%.
Butyl3-(3-(6-hydroxyhexylthio)-1,4-dioxo-1,4-dihydronaphthalen-2-ylthio) propanoate (21) was synthesized from the reaction of 16 (0.2 g, 0.6 mmol) with 6 (0.097 g, 0.6 mmol) according to the general procedure 3.
(21): Red oil. Yield: 0.062 g (60%). Rf : 0.4 [CHCl3/EtAc(5:1)]. IR (KBr): ν = 3424 (OH), 2932, 2860 (C-Haliphatic), 1591 (C=C), 1659 (C=Oquinone), 1659 (C=Oester) cm-1. 1H-NMR (499.74 MHz, CDCl3): δ = 0.84 (t, J = 7.32 Hz, 3H, CH3), 1.28-1.40 (m, 6H, CH2), 1.45-1.59 (m, 6H, CH2), 1.88 (s, 1H, OH), 2.65 (t, J = 7.32 Hz, 2H, O-CH2), 3.20 (t, J = 5.34 Hz, 2H, S-CH2), 3.42 (t, J = 5.34 Hz, 2H, S-CH2), 3.54 (t, J = 7.32 Hz,  2H, O-CH2), 4.00 (t, J = 7.32 Hz,  2H, O-CH2), 7.60-7.62 (m, 2H, CHarom), 7.94-7.97 ppm (m, 2H, CHarom). 13C-NMR (125.66 MHz, CDCl3): δ = 12.7, 18.1, 24.2, 27.4, 28.7, 29.3, 29.6, 31.5, 33.9, 34.5 (CH3, CH2, S-CH2), 61.6, 63.7 (O-CH2), 125.8, 125.9, 131.8, 131.9, 132.5, 132.6 (CHarom, Carom), 145.3, 147.7 (S-C-C=O), 170.5 (O-C=O), 177.8, 177.9 ppm (C=O). MS (+ESI): m/z 451.3 (M)-; C23H30NO5S2 (M, 450.62) = Calculated C, 61.31; H, 6.71; S, 14.23%. Found C, 61.39; H, 6.69; S, 14.26. %.
2-(6-hydroxyhexylthio)-3-morpholino-neaphthalene-1,4-dione (23) was synthesized from the reaction of 16 (0.2 g, 0.6 mmol) with 22 (0.06 g, 0.6 mmol) according to the general procedure 3.
(23): Red oil. Yield: 0.05 g (93%). Rf : 0.33 [CHCl3/EtAc(1:1)]. IR (KBr): ν = 3424 (OH), 2929, 2857 (C-Haliphatic), 1592 (C=C), 1667 (C=Oquinone) cm-1. H-NMR (499.74 MHz, CDCl3): δ = 1.19 (s, 1H, OH), 1.27-1.31 (m, 2H, CH2), 1.33-1.39 (m, 2H, CH2), 1.46-1.53 (m, 4H, CH2), 2.85-2.88 (m, 2H, S-CH2), 3.50 (t, J = 5.32 Hz, 4H, N-CH2), 3.53-3.56 (m, 2H, O-CH2), 3.80 (t, J = 7.33 Hz, 4H, O-CH2), 7.56-7.62 (m, 2H, CHarom), 7.91-7.93 (m, 1H, CHarom), 7.97-7.99 ppm (m, 1H, CHarom). 13C-NMR (125.66 MHz, CDCl3): δ = 25.5, 28.7, 29.9, 32.8, 34.8, 52.8, 63.0, 67.8 (CH2), 126.5, 126.8, 127.1, 132.3, 133.1, 133.2, 133.9, 153.7 (CHarom, Carom), 181.9, 182.3 ppm (C=O). MS (+ESI): m/z 376.4 (M)+; C20H25NO4S (M, 375.49) = Calculated C, 63.98; H, 6.71; N, 3.73; S, 8.54%. Found C, 63.82; H, 6.73; N, 3.75; S, 8.56. %.
2-(4-(2-hydroxyethyl)piperazine-1-yl)-3-(6-hydroxyhexylthio)-napthalene-1,4-dione (25) was synthesized from the reaction of 16 (0.2 g, 0.6 mmol) with 24 (0.08 g, 0.6 mmol) according to the general procedure 3
(25): Red oil. Yield: 0.07 g (88%). Rf : 0.17 (EtAc). IR (KBr): ν = 3431 (OH), 3020, 2962 (C-Haliphatic), 1637 (C=Oquinone) cm-1. 1H-NMR (499.74 MHz, CDCl3): δ = 1.19 (s, 1H, OH), 1.28-1.32 (m, 2H, CH2), 1.33-1.38 (m, 2H, CH2), 1.45-1.54 (m, 4H, CH2), 2.0 (s, 1H, OH), 2.63-2.65, (m, 2H, CH2), 2.74 (t, J = 4.40 Hz, 2H, CH2), 2.84 (t, J = 7.32 Hz, 2H, CH2), 3.15-3.31 (m, 4H, N-CH2), 3.54-3.57 (m, 4H, N-CH2), 3.66 (t, J = 7.32 Hz, 2H, CH2), 7.56-7.62 (m, 2H, CHarom), 7.91-7.93 (m, 1H, CHarom), 7.97-7.99 ppm (m, 1H, CHarom). 13C-NMR (125.66 MHz, CDCl3): δ = 24.2, 27.3, 28.5, 31.5, 33.6, 50.5, 52.5, 56.5, 58.6, 61.6 (CH2), 125.9, 125.6, 126.1, 131.1, 131.8, 131.9, 132.7, 152.7 (CHarom, Carom), 180.7, 181.1 ppm (C=O). MS (+ESI): m/z 419.5 (M)+; C22H30N2O4S (M, 418.56) = Calculated C, 63.13; H, 7.22; N, 6.69; S, 7.56%. Found C, 63.28; H, 7.26; N, 6.72; S, 7.59. %.
3,3’-(propane-1,3-diylbis(sulfanediyl))bis(2-(6-hydroxyhexylthio)naphthalene-1,4-dione) (27) was synthesized from the reaction of 16 (0.2 g, 0.6 mmol) with 26 (0.062 g, 0.6 mmol) according to the general procedure 3.
(27): Red oil. Yield: 0.6 g (47%). Rf : 0.8 (CHCl3). IR (KBr): ν = 3418 (OH), 2930, 2857 (C-Haliphatic), 1590 (C=C), 1658 (C=Oquinone) cm-1. 1H-NMR (499.74 MHz, CDCl3): δ = 1.30-1.35 (m, 8H, OH, CH2), 2.07-2.12 (m, 6H, CH2), 2.71-2.73 (m, 6H, CH2), 3.54-3.56 (m, 12H, S-CH2, O-CH2), 7.59-7.61 (m, 4H, CHarom), 7.95-7.97 ppm (m, 4H, CHarom). 13C-NMR (125.66 MHz, CDCl3): δ = 24.1, 24.4, 25.4, 27.2, 27.3, 27.5, 28.1, 29.3, 31.5, 31.6, 61.8 (CH2), 125.8, 130.8, 132.7 (CHarom, Carom), 143.4 (S-C-C=O), 179.2 ppm (C=O). MS (+ESI): m/z 684.4 (M)+; C35H40O6S4 (M, 684.96) = Calculated C, 61.37; H, 5.89; S, 18.72%. Found C, 61.28; H, 5.87; S, 18.88.%.
General procedure 4: for the synthesis 15, 16 
Appropriate amount of 2,3-dichloro-1,4-naphthoquinone 1 and corresponding nucleophile were stirred in acetonitrile (30 mL) with Na2CO3 (1.56 g) solution for 2-3 h at room temperature. The colour of the solution quickly changed and the reaction was monitored by TLC. Chloroform (30 mL) was added to the reaction mixture. The organic layer was washed with water (4 × 30 mL), and dried over Na2SO4. After the solvent was evaporated the residue was purified by column chromatography on silica gel.
2,3-bis(6-hydroxyhexylthio)naphthalene-1,4-dione (15)[18] and 2-chloro-3-(6-hydroxyhexylthio) naphthalene-1,4-dione) (16) [17] were synthesized from the reaction of 1 (1 g, 2.2 mmol) with 14 (0.6 mL, 2.2 mmol) in according to the general procedure 4.
(15) [18]:Red solid. Yield: 0.13 g (7%). m.p. : 70.1-70.6 ºC. Rf : 0.3 [CH2Cl2/EtAc(3:1)]. IR (KBr): ν = 3382, 3304 (OH), 2922, 2854 (C-H), 1654 (C=O), 1589 cm-1 (C=C); C22H30O4S2 (M, 422.61) = Calculated C, 62.53; H, 7.16; S, 15.17%. Found C, 62.65; H, 7.15; S, 15.19. %.
(16) [17]: Red oil. Yield: 0.83 g (58%). Rf : 0.45 [CH2Cl2/EtAc(3:1)]. IR (KBr): ν = 3380, 3311 (OH), 2992, 2938, 2859 (C-H), 1670 (C=O), 1590, 1529 cm-1 (C=C). MS (+ESI): m/z 347.19 (M+Na)+. Micro analysis: C16H17ClO3S (M, 324.83) = Calculated C, 59.16; H, 5.28; S, 9.87%. Found C, 59.29; H, 5.31; S, 9.85. %.
General procedure 5: for the synthesis compounds 29, 33, 36, 42
Appropriate amount of 2,3-dichloro-1,4-naphthoquinone 1 and corresponding nucleophile were stirred in CH2Cl2 (30 mL) with Na2CO3 (1.56 g) solution for 2-3 h at room temperature. The colour of the solution quickly changed and the reaction was monitored by TLC. Chloroform (30 mL) was added to the reaction mixture. The organic layer was washed with water (4 × 30 mL), and dried over Na2SO4. After the solvent was evaporated the residue was purified by column chromatography on silica gel.
2-Chloro-3-[4-(4-chloro-3-trifluoromethyl-phenyl)-4-hydroxy-piperidin-1-yl]-1,4-naphthoquinone (29) was synthesized from the reactions of 1 (0.5g, 2.033 mmol ) with 28 (0.62 g, 2.033 mmol) in according to the general procedure 5.
(29): Red solid Yield: 0.65g, (62%),  , m.p. : 176-177 ºC,Rf : 0.40 [CHCl3] IR (KBR, cm-1): 3465(-OH), 3069, 3038,  2945 (C-H), 1673 (C=O), 1593 (C=C). 1H NMR (499.74 MHz, CDCl3): δ 1.79-2.30 (m, 8H,-NCH2),  7.44-8.07 (m, 7H, CHarom); 13C NMR (125.66 MHz, CDCl3): δ 38.15, 46.56(-NCH2); 70.24 (-C-O); 133.13, 132.16, 130.64, 130.54, 130.49, 128.23, 125.92, 125.67, 123.05, 122.58, 108.77 (CHarom, Carom); 149.48 (=C-N); 180.99, 177.10 (quinone C=O); MS (+ESI): m/z 470 (M+H)+; C22H16Cl2F3NO3 (M, 470.27). Calcd. C, 56.19; H, 3.43; N, 2.98. Found C, 56.29; H, 3.44; N, 2.96. %.
2-chloro-3-(4-(4-nitrophenyl)piperazin-1-yl)naphthalene-1,4-dione (33)[8] was synthesized by the reaction of 1 (1 g, 4.38 mmol) and 32 (0.91 g, 4.38 mmol) in according to the general procedure 5.
(33)[8]: Brown solid. Yield: 1.20 g (69%). m.p. : 219-220oC. Rf : 0.68 with CHCl3 as an eluent IR (KBr): υ (cm-1) = 3110, 3059 (C-Harom), 2920, 2844 (C-Haliph), 1589, 1557 (C=C), 1678, 1631 (C=O). MS [ESI]: m/z 397 [M]+; C20H16ClN3O4 (M, 397.812): Calcd. C, 60.38; H, 4.05; N, 10.56%. Found: C, 60.55; H, 4.08; N, 10.52. %.

4-(3-chloro-1,4-dioxo-1,4-dihydronaphthalene-2-yl)piperazine-1-carboxylate (36) was synthesized from the reaction of 1 (1 g, 4.404 mmol) with 35 (0.70 g, 4.40 mmol) in according to the general procedure 5.

(36): Dark red solid. Yield: 1.43 g (93%). m.p. : 117-118oC. Rf : 47 (CHCl3). IR (KBr): υ (cm-1) = 2977, 2902 (C-Haliphatic), 1591 (C=C), 1672 (C=Oquinone), 1704 (C=O). 1H NMR (499.74 MHz, CDCl3): δ = 1.20 (t, J = 7.32 Hz, 3H, CH3), 3.45 (m, 4H, CH2piperazin), 3.57 (m, 4H, CH2piperazin), 4.09 (q, J = 10.50 Hz,  2H, OCH2), 7.53-7.60 (m, 1H, CHaromatic), 7.84-7.86 (m, 1H, CHaromatic), 7.91-7.93 (m, 2H, CHaromatic). 13C NMR (125.66 MHz, CDCl3): δ = 14.88 (CH3), 44.68, 51.27 (N-CH2piperidin), 61.79 (O-CH2), 134.81, 134.30, 133.40, 131.57, 131.44, 127.88, 127.04, 126.70 (Caromatic), 124.28 (=C-Cl), 150.10 (=C-N), 155.59 (C=Oester), 181.74, 177.98 (C=O). MS [ESI]: m/z = 349 [M+H]+; C17H17ClN2O4 (M=348.088 g/mol) = Calculated C, 58.54; H, 4.91; N, 8.03. Found C, 58.50; H, 4.88; N, 8.05. %.
2-​chloro-​3-​[4-​(3,​4-​dichlorophenyl)​-​1-​piperazinyl]​-1,​4-​Naphthalene-dione (42)[19] was synthesized from the reaction of 1 (0,5 g, 2.2 mmol) with 41 (0.5 g, 2.2 mmol) according to the general procedure 5.
(42) [19]: Red brown solid. Yield: 0.61 g (66%). m.p. : 181-182 oC .Rf : 0.35 [CHCl3]. IR (KBr): ν = 2996, 2901, 2879 (C-Haliphatic), 1589 (C=C), 1667 (C=O). MS (+ESI): m/z 422 (M+H)+. Micro analysis: C20H15Cl3N2O2 (M, 421.70) = Calculated C, 56.96; H, 3.59; N, 6.64%. Found C, 56.88; H, 3.57; N, 6.67. %.
General procedure 6: for the synthesis compound 39
Appropriate amount of 2,3-dichloro-1,4-naphthoquinone 1 and corresponding nucleophile were stirred in CHCl3 (30 mL) with triethylamine (2 mL) solution for 2-3 h at room temperature. The colour of the solution quickly changed and the reaction was monitored by TLC. Chloroform (30 mL) was added to the reaction mixture. The organic layer was washed with water (4 × 30 mL), and dried over Na2SO4. After the solvent was evaporated the residue was purified by column chromatography on silica gel.
3,3'-([4,4'-bipiperidin]-1,1'-diyl)bis(2-chloro)-naphthalene-1,4-dione (39) was synthesized from the reaction of 1 (1 g, 4.404 mmol) with 38 (1.06 g, 4.40 mmol)  according to the general procedure 6.
(39): Dark red solid. Yield: 2.01 g (83%). m.p. : 187-188oC. Rf : 0.81 (CHCl3). IR (KBr): υ (cm-1) = 3097 (C-Haromatic), 2939, 2907, 2853 (C-Haliphatic), 1588, 1556 (C=C), 1676, 1633 (C=O). 1H NMR (499.74 MHz, CDCl3): δ = 1.32-1.51 (m, 2H, N-CH2-CH2-CHpiperidin), 1.80 (m, 8H, N-CH2-CH2piperidin), 3.20 (m, 8H, N-CH2piperidin), 7.72-7.75 (m, 4H, CHaromatic), 8.09-8.12 (m, 4H, CHaromatic). 13C NMR (125.66 MHz, CDCl3): δ = 29.41, 39.66, 51.31 (CH2piperidin), 142.51, 133.66, 131.95, 129.90, 126.80, 125.82 (Carom), 125.49 (=C-Cl), 174.99 (=C-N), 181.00, 176.97 (C=O). MS [ESI]: m/z = 548 [M]+; C30H26Cl2N2O4 (M=549.444 g/mol) = Calculated C, 65.58; H, 4.77; N, 5.10. Found C, 65.48; H, 4.78; N, 5.12. %.
General procedure 7: for the synthesis compounds 40d, 40f
Appropriate amount of 2,3-dichloro-1,4-naphthoquinone 1 and corresponding nucleophile were stirred in dimethylformamide (30 mL) with triethylamine (2 mL) solution for 2-3 h at room temperature. The colour of the solution quickly changed and the reaction was monitored by TLC. Chloroform (30 mL) was added to the reaction mixture. The organic layer was washed with water (4 × 30 mL), and dried over Na2SO4. After the solvent was evaporated the residue was purified by column chromatography on silica gel.
3,3'-([4,4'-bipiperidin]-1,1'-diyl)-bis-2-(p-tolylthio)-naphthalene-1,4-dione (40d) was synthesized from the reaction of 39 (0.45 g, 0.82 mmol) with 30d (0.215 g, 1.72 mmol) according to the general procedure 7.
(40d): Brown solid. Yield: 0.42 g (71%). m.p. : 176-177oC. Rf: 0.64 (PET:CHCl3=1:2). IR (KBr): υ (cm-1) = 3050 cm-1 (C-Haromatic), 2975, 2940, 2676 cm-1 (C-Haliphatic), 1594, 1526 (C=C), 1634, 1673 (C=O). 1H NMR (499.74 MHz, CDCl3): δ = 1.33 (m, 2H, N-CH2-CH2-CHpiperidin), 2.24 (s, 6H, 2CH3), 2.80-2.88 (m, 8H, N-CH2-CH2piperidin), 2.88-3.05 (m, 8H, N-CH2piperidin), 6.94-7.07 (m, 4H, CHaromatic), 7.28-7.31 (m, 4H, CHaromatic), 7.56-7.61 (m, 4H, CHaromatic), 7.93-7.98 (m, 4H, CHaromatic). 13C NMR (125.66 MHz, CDCl3): δ = 29.21, 39.42, 51.55 (CH2piperidin), 44.81 (CH3), 119.31, 125.65, 126.90, 127.52, 128.63, 128.78, 131.18, 131.72, 131.92, 132.81, 136.47 (Carom), 125.38 (=C-S), 161.53 (=C-N), 180.72, 181.28 (C=O). MS [ESI]: m/z = 726 [M+H]+; C44H40N2O4S2 (M=724.929 g/mol) = Calculated C, 72.90; H, 5.56; N, 3.86; S, 8.85. Found C, 72.81; H, 5.58; N, 3.85; S, 8.87. %.

3,3'-([4,4'-bipiperidin]-1,1'-diyl)-bis-2-((4-chlorophenyl)thio)- naphthalene -1,4-dione (40f) was synthesized from the reaction of 39 (0.8 g, 1.46 mmol) with 30f (0.44 g, 3.07 mmol) according to the general procedure 7.
(40f): Purple oil. Yield: 0.57 g (51%). Rf: 0.63 (PET:CHCl3=1:2). IR (KBr): υ (cm-1) = 3090 cm-1 (C-Haromatic), 2975, 2936, 2845 cm-1 (C-Haliphatic), 1525, 1590 (C=C), 1667, 1634 (C=O). 1H NMR (499.74 MHz, CDCl3): δ = 1.33 (m, 2H, N-CH2-CH2-CHpiperidin), 2.80-2.91 (m, 8H, N-CH2-CH2piperidin), 3.01-3.06 (m, 8H, N-CH2piperidin), 7.07-7.12 (m, 4H, CHaromatic), 7.18-7.21 (m, 4H, CHaromatic), 7.30-7.33 (m, 4H, CHaromatic), 7.56-7.62 (m, 2H, CHaromatic), 7.93-7.98 (m, 2H, CHaromatic). 13C NMR (125.66 MHz, CDCl3): δ = 30.45, 40.60, 53.05 (CH2piperidin), 118.73, 126.70, 128.98, 129.22, 129.52, 129.55, 133.09, 133.84, 135.34, 135.64 (Carom), 127.01 (=C-S), 155.55 (=C-N), 181.60, 182.45 (C=O). MS [ESI]: m/z = 789 [M+Na]+; C42H34Cl2N2O4S2 (M=765.766 g/mol) = Calculated C, 65.88; H, 4.48; N, 3.66; S, 8.37. Found C, 65.80; H, 4.49; N, 3.67; S, 8.39. %.
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