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Experimental

General

Melting points are uncorrected and were determined in capillary tubes on a precision melting point apparatus containing silicon oil. IR spectra were recorded using a Perkin Elmer’s RX I FTIR spectrophotometer. 1H NMR and 13C NMR spectra were recorded either on a Bruker DPX-200 or Bruker Avance DRX-300 FT spectrometers, using TMS as an internal standard (chemical shifts in (). The ESMS were recorded on MICROMASS Quadro-II LCMS system. The HRMS spectra were recorded as ESI-HR-MS on Agilent 6520 Q-TOF, LC-MS/MS mass spectrometer. The room temperature varied between 20oC and 35oC. All the solvents and chemicals were used as procured from the suppliers.
General Procedure for intermediates 7a-e-9a-e as exemplified for the synthesis of tert-Butyl (2-(3-benzylpyrrolidin-1-yl)ethyl)carbamate (7a). 

To a stirred solution of 6a (3.36 g, 10 mmol) in toluene (100 mL), Et3N (4.18 mL, 30 mmol) and tert-butyl 2-aminoethylcarbamate (3.2 g, 20 mmol) were added and the reaction mixture was heated at 85 oC for 12 h. After completion of the reaction, toluene was removed under vacuum, 50 mL water was added and the mixture was extracted with EtOAc (3 x 30 mL). The organic layers were pooled, washed with brine (30 mL), dried (Na2SO4) and concentrated to afford a yellow residue which was purified via column chromatography using basic alumina with CHCl3/hexanes (02:98, v/v) as eluent to obtain the pure [2-(3-benzyl-pyrrolidin-1-yl)-ethyl]-carbamic acid tert-butyl ester as a white solid (2.46 g, 81%).
tert-Butyl (2-(3-benzylpyrrolidin-1-yl)ethyl)carbamate[image: image1.emf]O
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 (7a). Rf = 0.40 (MeOH/CHCl3, 5:95, v/v); mp 69-71 oC; IR (KBr) (max = 1703 (CO) cm-1, 3424 (NH) cm-1; 1H NMR (300 MHz, CDCl3) δ = 1.44 (s, 9H, 3 x CH3), 1.48-1.55 (m, 1H, CHH), 1.90-2.00 (m, 1H, CH), 2.21 (dd, 1H, J1 = 6.8 Hz, J2 = 8.8 Hz, CHH), 2.44-2.58 (m, 4H, 2 x CH2), 2.60-2.73 (m, 4H, 2 x CH2), 3.20 (q, 2H, J = 5.6 Hz, CH2), 4.98 (brs, 1H, NH), 7.15-7.22 (m, 3H, ArH), 7.25-7.33 (m, 2H, ArH); 13C NMR (50 MHz, CDCl3+CCl4) δ = 28.6, 30.7, 39.2, 41.7, 53.8, 55.4, 59.9, 79.1, 126.0, 128.4, 128.8, 141.3, 156.0; ESI-MS m/z = 305.0 [M+H]+; ESI-HR-MS m/z = 305.2235, calcd. for C18H28N2O2 [MH]+ 305.2229.
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tert-Butyl (2-(3-(4-methoxybenzyl)pyrrolidin-1-yl)ethyl)carbamate (7b). 83% as colourless oil (2.77 g from 3.66 g); Rf = 0.42 (MeOH/CHCl3, 5:95, v/v); IR (Neat) (max = 1707 (CO), 3366 (NH) cm-1; 1H NMR (300 MHz, CDCl3) δ = 1.44 (s, 9H, 3 x CH3), 1.48-1.53 (m, 1H, CHH), 1.87-1.99 (m, 1H, CH), 2.17 (dd, 1H, J1 = 6.8 Hz, J2 = 8.8 Hz, CHH), 2.35-2.60 (m, 4H, 2 x CH2), 2.62-2.70 (m, 4H, 2 x CH2), 3.20 (q, 2H, J = 5.5 Hz, CH2), 3.79 (s, 3H, OCH3), 4.98 (brs, 1H, NH), 6.82 (d, 2H, J = 8.5 Hz, ArH), 7.08 (d, 2H, J = 8.4 Hz, ArH); 13C NMR (75 MHz, CDCl3) δ = 28.6, 30.5, 39.4, 40.6, 53.9, 55.3, 55.5, 59.9, 65.6, 79.2, 113.9, 129.7, 130.1, 133.4, 156.2, 158.0; ESI-MS m/z = 335.0 [M+H]+; ESI-HR-MS m/z = 335.2341, calcd. for C19H30N2O3 [MH]+ 335.2335.
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tert-Butyl (2-(3-(3,4-dimethoxybenzyl)pyrrolidin-1-yl)ethyl)carbamate (7c). 84% as colourless oil (3.06g from 3.96 g); Rf = 0.41 (MeOH/CHCl3, 5:95, v/v); IR (Neat) (max = 1708 (CO), 3380 (NH) cm-1; 1H NMR (300 MHz, CDCl3) δ = 1.44 (m, 9H, 3 x CH3), 1.47-1.54 (m, 1H, CHH), 1.88-2.00 (m, 1H, CH), 2.20 (dd, 1H, J1 = 6.8 Hz, J2 = 8.8 Hz, CHH), 2.40-2.71 (m, 8H, 4 x CH2), 3.21 (q, 2H, J = 5.6 Hz, CH2), 3.86 (s, 3H, OCH3), 3.87 (s, 3H, OCH3), 4.98 (brs, 1H, NH), 6.69-6.72 (m, 2H, ArH), 6.79 (d, 1H, J = 8.6 Hz, ArH); 13C NMR (50 MHz, CDCl3+CCl4) δ = 28.8, 30.7, 39.6, 41.1, 54.2, 55.8, 56.2, 56.3, 60.0, 79.5, 111.7, 112.4, 120.9, 133.8, 147.8, 149.3, 156.3; ESI-MS m/z = 365.1 [M+H]+; ESI-HR-MS m/z = 365.2443, calcd. for C20H32N2O4 [MH]+ 365.2440.
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tert-Butyl (2-(3-(3,4,5-trimethoxybenzyl)pyrrolidin-1-yl)ethyl)carbamate (7d). 82% as a white solid (3.23 g from 4.26 g); mp 81-83 oC; Rf = 0.40 (MeOH/CHCl3, 5:95, v/v); IR (KBr) (max = 1687 (CO), 3374 (NH) cm-1; 1H NMR (200 MHz, CDCl3) δ = 1.44 (m, 9H, 3 x CH3), 1.53-1.56 (m, 1H, CHH), 1.87-2.04 (m, 1H, CH), 2.20 (dd, 1H, J1 = 6.8 Hz, J2 = 8.8 Hz, CHH), 2.38-2.74 (m, 8H, 4 x CH2), 3.19 (q, 2H, J = 5.6 Hz, CH2), 3.82 (s, 3H, OCH3), 3.85 (s, 6H, 2 x OCH3), 4.99 (brs, 1H, NH), 6.38 (s, 2H, ArH); 13C NMR (50 MHz, CDCl3) δ = 28.6, 30.6, 39.2, 42.0, 53.8, 54.4, 56.2, 59.9, 61.0, 80.0, 105.6, 136.3, 137.1, 153.2, 156.1; ESI-MS m/z = 395.1 [M+H]+ ESI-HR-MS m/z = 395.2538, calcd. for C21H34N2O5 [MH]+ 395.2542.
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tert-Butyl (2-(3-(benzo[d][1,3]dioxol-5-ylmethyl)pyrrolidin-1-yl)ethyl)carbamate (7e). 76% as colourless oil (2.64 g from 3.80 g); Rf = 0.42 (MeOH/CHCl3, 5:95, v/v); IR (Neat) (max = 1708 (CO), 3405 (NH) cm-1; 1H NMR (300 MHz, CDCl3) δ = 1.44 (m, 9H, 3 x CH3), 1.50-1.52 (m, 1H, CHH), 1.88-2.00 (m, 1H, CH), 2.19 (dd, 1H, J1 = 6.8 Hz, J2 = 8.8 Hz, CHH), 2.36-2.71 (m, 8H, 4 x CH2), 3.20 (q, 2H, J = 5.6 Hz, CH2), 5.00 (brs, 1H, NH), 5.92 (s, 2H, OCH2O), 6.59-6.76 (m, 3H, ArH); 13C NMR (50 MHz, CDCl3+CCl4) δ = 28.9, 30.9, 39.5, 41.9, 54.1, 55.7, 60.2, 79.3, 126.3, 126.5, 128.7, 129.0, 141.5, 156.3; ESI-MS m/z = 349.0 [M+H]+ ESI-HR-MS m/z = 349.2129, calcd. for C19H28N2O4 [MH]+ 349.2127.
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tert-Butyl (3-(3-benzylpyrrolidin-1-yl)propyl)carbamate (8a). 77% as colourless oil (2.45 g from 3.36 g); Rf = 0.44 (MeOH/CHCl3, 5:95, v/v); IR (Neat) (max = 1700 (CO), 3453 (NH) cm-1; 1H NMR (300 MHz, CDCl3) δ = 1.44 (s, 9H, 3 x CH3), 1.49-1.54 (m, 1H, CHH), 1.60-1.69 (m, 2H, CH2), 1.90-2.02 (m, 1H, CH), 2.31-2.33 (m, 1H, CHH), 2.41-2.69 (m, 8H, 4 x CH2), 3.19 (q, 2H, J = 4.7 Hz, CH2), 5.59 (brs, 1H, NH), 7.14-7.18 (m, 3H, ArH), 7.23-7.28 (m, 2H, ArH); 13C NMR (50 MHz, CDCl3+CCl4) δ = 28.0, 28.5, 30.5, 39.0, 40.2, 41.8, 54.1, 55.0, 59.7, 79.9, 125.9, 128.3, 128.7, 141.1, 155.9; ESI-MS m/z = 319.6 [M+H]+; ESI-HR-MS m/z = 319.2382, calcd. for C19H30N2O2 [MH]+ 319.2386.
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tert-Butyl (3-(3-(4-methoxybenzyl)pyrrolidin-1-yl)propyl)carbamate (8b). 79% as colourless oil (2.75 g from 3.66 g); Rf = 0.43 (MeOH/CHCl3, 5:95, v/v); IR (Neat) (max = 1730 (CO) cm-1, 3451 (NH) cm-1; 1H NMR (200 MHz, CDCl3) δ = 1.43 (s, 9H, 3 x CH3), 1.47-1.54 (m, 1H, CHH), 1.61-1.67 (m, 2H, CH2), 1.87-2.04 (m, 1H, CH), 2.21-2.29 (m, 1H, CHH), 2.47-2.64 (m, 8H, 4 x CH2), 3.20 (q, 2H, J = 5.5 Hz, CH2), 3.79 (s, 3H, OCH3), 5.63 (brs, 1H, NH), 6.82 (d, 2H, J = 8.6 Hz, ArH), 7.09 (d, 2H, J = 8.5 Hz, ArH); 13C NMR (50 MHz, CDCl3) δ = 26.6, 28.5, 30.8, 39.5, 41.0, 54.3, 54.5, 55.6, 56.5, 60.3, 79.2, 114.1, 130.0, 133.7, 156.5, 158.2; ESI-MS m/z = 349.1 [M+H]+; ESI-HR-MS m/z = 349.2497, calcd. for C20H32N2O3 [MH]+ 349.2491.
tert-Butyl (3-(3-(3,4-dimethoxybenzyl)pyrrolidin-1-yl)propyl)carbamate (8c). 84% as colourless oil (3.18 g from 3.96 g); Rf = 0.42 (MeOH/CHCl3, 5:95, v/v); IR (Neat) (max = 1700 (CO), 3452 (NH) cm-1; 1H NMR (300 MHz, CDCl3) δ = 1.43-1.59 (m, 10H, CHH and 3 x CH3), 1.67-1.71 (m, 2H, CH2), 1.92-2.04 (m, 1H, CH), 2.38-2.70 (m, 9H, CHH and 4 x CH2), 3.20 (q, 2H, J = 4.6 Hz, CH2), 3.85 (s, 3H, OCH3), 3.86 (s, 3H, OCH3), 5.55 (brs, 1H, NH), 6.67-6.69 (m, 2H, ArH), 6.75 (d, 1H, J = 8.6 Hz, ArH); 13C NMR (50 MHz, CDCl3) δ = 28.4, 28.9, 30.8, 39.5, 40.4, 41.6, 54.4, 55.2, 56.1, 56.2, 60.0, 79.0, 111.7, 112.5, 121.0, 134.1, 147.8, 149.3, 156.3; ESI-MS m/z = 379.1 [M+H]+; ESI-HR-MS m/z = 379.2596, calcd. for C21H34N2O4 [MH]+ 379.2597.
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tert-Butyl (3-(3-(3,4,5-trimethoxybenzyl)pyrrolidin-1-yl)propyl)carbamate (8d). 80% as colourless oil (3.26 g from 4.26 g); Rf = 0.41 (MeOH/CHCl3, 5:95, v/v); IR (Neat) (max = 1699 (CO), 3384 (NH) cm-1; 1H NMR (300 MHz, CDCl3) δ = 1.43 (s, 9H, 3 x CH3), 1.48-1.55 (m, 1H, CHH), 1.63-1.67 (m, 2H, CH2), 1.92-2.03 (m, 1H, CH), 2.32 (brs, 1H, CHH), 2.45-2.62 (m, 8H, 4 x CH2), 3.19 (q, 2H, J = 4.3 Hz, CH2), 3.81 (s, 3H, OCH3), 3.84 (s, 6H, 2 x OCH3), 5.53 (brs, 1H, NH), 6.36 (s, 2H, ArH); 13C NMR (50 MHz, CDCl3) δ = 28.5, 28.9, 30.9, 39.4, 40.5, 42.5, 54.4, 55.2, 56.4, 60.1, 61.1, 79.0, 106.1, 136.8, 137.2, 153.5, 156.2; ESI-MS m/z = 409.1 [M+H]+; ESI-HR-MS m/z = 409.2705, calcd. for C22H36N2O5 [MH]+ 409.2702.
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tert-Butyl (3-(3-(benzo[d][1,3]dioxol-5-ylmethyl)pyrrolidin-1-yl)propyl)carbamate (8e). 81% as colourless oil (2.93 g from 3.80 g); Rf = 0.43 (MeOH/CHCl3, 5:95, v/v); IR (Neat) (max = 1698 (CO), 3430 (NH) cm-1; 1H NMR (300 MHz, CDCl3) δ = 1.43 (s, 9H, 3 x CH3), 1.46-1.52 (m, 1H, CHH), 1.60-1.68 (m, 2H, CH2), 1.88-2.00 (m, 1H, CH), 2.28-2.60 (m, 9H, CHH and 4 x CH2), 3.19 (brs, 2H, CH2), 5.91 (s, 2H, CH2), 6.00 (brs, 1H, NH), 6.59-6.71 (m, 3H, ArH); 13C NMR (50 MHz, CDCl3) δ = 28.5, 28.9, 30.8, 39.6, 40.6, 41.8, 54.4, 55.3, 60.0, 79.1, 101.1, 108.4, 109.5, 121.9, 135.4, 146.0, 147.9, 156.4; ESI-MS m/z = 363.1 [M+H]+; ESI-HR-MS m/z = 363.2290, calcd. for C20H30N2O4 [MH]+ 363.2284.
tert-Butyl (4-(3-benzylpyrrolidin-1-yl)butyl)carbamate (9a). 79% as colourless oil (2.62 g from 3.36 g); Rf = 0.46 (MeOH/CHCl3, 5:95, v/v); IR (Neat) (max = 1700 (CO), 3453 (NH) cm-1; 1H NMR (300 MHz, CDCl3) δ = 1.42 (s, 9H, 3 x CH3), 1.53 (brs, 5H, CHH and 2 x CH2), 1.91-2.03 (m, 1H, CH), 2.20-2.25 (m, 1H, CHH), 2.43-2.55 (m, 4H, 2 x CH2), 2.62-2.72 (m, 4H, 2 x CH2), 3.10 (d, 2H, J = 5.2 Hz, CH2), 5.34 (brs, 1H, NH), 7.13-7.18 (m, 3H, ArH), 7.23-7.28 (m, 2H, ArH); 13C NMR (50 MHz, CDCl3) δ = 26.3, 28.1, 28.4, 30.5, 38.9, 40.5, 41.6, 53.8, 56.0, 59.9, 78.5, 125.8, 128.2, 128.6, 141.1, 155.8; ESI-MS m/z = 333.1 [M+H]+; ESI-HR-MS m/z = 333.2545, calcd. for C20H32N2O2 [MH]+ 333.2542.
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tert-Butyl (4-(3-(4-methoxybenzyl)pyrrolidin-1-yl)butyl)carbamate (9b). 85% as colourless oil (3.08 g from 3.66 g); Rf = 0.44 (MeOH/CHCl3, 5:95, v/v); IR (Neat) (max = 1702 (CO), 3356 (NH) cm-1; 1H NMR (300 MHz, CDCl3) δ = 1.43 (s, 9H, 3 x CH3), 1.47-1.53 (m, 5H, CHH and 2 x CH2), 1.88-2.00 (m 1H, CH), 2.13-2.19 (dd, 1H, J1 = 6.8 Hz, J2 = 8.8 Hz, CHH), 2.34-2.50 (m, 4H, 2 x CH2), 2.52-2.70 (m, 4H, 2 x CH2), 3.10 (d, 2H, J = 5.5 Hz, CH2), 3.79 (s, 3H, OCH3), 5.30 (brs, 1H, NH), 6.82 (d, 2H, J = 8.6 Hz, ArH), 7.08 (d, 2H, J = 8.5 Hz, ArH); 13C NMR (50 MHz, CDCl3) δ = 26.7, 28.5, 28.8, 30.8, 39.5, 41.1, 54.4, 55.6, 56.6, 60.4, 79.2, 114.1, 130.0, 133.8, 156.5, 158.2; ESI-MS m/z = 363.2 [M+H]+; ESI-HR-MS m/z = 363.2643, calcd. for C21H34N2O3 [MH]+ 363.2648.
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tert-Butyl (4-(3-(3,4-dimethoxybenzyl)pyrrolidin-1-yl)butyl)carbamate (9c). 82% as colourless oil (3.21 g from 3.96 g); Rf = 0.43 (MeOH/CHCl3, 10:90, v/v); IR (Neat) (max = 1730 (CO), 3456 (NH) cm-1; 1H NMR (300 MHz, CDCl3) δ = 1.43 (s, 9H, 3 x CH3), 1.52 (brs, 5H, CHH and 2 x CH2), 1.93-1.99 (m, 1H, CH), 2.16-2.21 (m, 1H, CHH), 2.41-2.52 (m, 4H, 2 x CH2), 2.60-2.69 (m, 4H, 2 x CH2), 3.10 (d, 2H, J = 5.5 Hz, CH2), 3.85 (s, 3H, OCH3), 3.86 (s, 3H, OCH3), 5.29 (brs, 1H, NH), 6.67-6.69 (m, 2H, ArH), 6.76 (d, 1H, J = 7.5 Hz, ArH); 13C NMR (50 MHz, CDCl3) δ = 26.2, 28.3, 28.7, 30.6, 39.3, 40.6, 41.2, 54.0, 55.9, 56.0, 56.1, 59.9, 78.8, 111.6, 112.4, 120.7, 133.8, 147.6, 149.2, 156.0; ESI-MS m/z = 393.3 [M+H]+; ESI-HR-MS m/z = 393.2757, calcd. for C22H36N2O4 [MH]+ 393.2753.
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tert-Butyl (4-(3-(3,4,5-trimethoxybenzyl)pyrrolidin-1-yl)butyl)carbamate (9d). 77% as colourless oil (3.25 g from 4.26 g); Rf = 0.42 (MeOH/CHCl3, 5:95, v/v); IR (Neat) (max = 1699 (CO), 3397 (NH) cm-1; 1H NMR (300 MHz, CDCl3) δ = 1.43 (s, 9H, 3 x CH3), 1.53 (brs, 5H, CHH and 2 x CH2), 1.92-2.01 (m, 1H, CH), 2.17-2.22 (m, 1H, CHH), 2.37-2.56 (m, 4H, 2 x CH2), 2.60-2.69 (m, 4H, 2 x CH2), 3.11 (d, 2H, J = 4.4 Hz, CH2), 3.82 (s, 3H, OCH3), 3.84 (s, 6H, 2 x OCH3), 5.34 (brs, 1H, NH), 6.36 (s, 2H, ArH); 13C NMR (50 MHz, CDCl3) δ = 26.4, 28.3, 28.5, 28.6, 30.6, 39.0, 40.6, 42.0, 54.0, 56.1, 56.2, 60.0, 60.9, 78.8, 105.7, 137.0, 153.2, 156.1; ESI-MS m/z = 423.2 [M+H]+; ESI-HR-MS m/z = 423.2861, calcd. for C23H38N2O5 [MH]+ 423.2859. 
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tert-Butyl (4-(3-(benzo[d][1,3]dioxol-5-ylmethyl)pyrrolidin-1-yl)butyl)carbamate (9e). 84% as colourless oil (3.16 g from 3.80 g); Rf = 0.43 (MeOH/CHCl3, 10:90, v/v); IR (Neat) (max = 1700 (CO), 3450 (NH) cm-1; 1H NMR (300 MHz, CDCl3) δ = 1.43 (s, 9H, 3 x CH3), 1.51 (brs, 5H, CHH and 2 x CH2), 1.88-2.00 (m, 1H, CH), 2.14 (dd, 1H, J1 = 6.8 Hz, J2 = 8.8 Hz, CHH), 2.35-2.51 (m, 4H, 2 x CH2), 2.53-2.69 (m, 4H, 2 x CH2), 3.10 (d, 2H, J = 5.1 Hz, CH2), 5.33 (brs, 1H, NH), 5.91 (s, 2H, OCH2O), 6.60-6.74 (m, 3H, ArH); 13C NMR (75 MHz, CDCl3) δ = 26.4, 28.2, 28.5, 30.4, 39.2, 40.6, 41.4, 54.0, 56.2, 60.0, 78.9, 100.8, 108.1, 109,1, 121.5, 135.2, 145.7, 147.6, 156.2; ESI-MS m/z = 377.1 [M+H]+; ESI-HR-MS m/z = 377.2434, calcd. for C21H32N2O4 [MH]+ 377.2440. 

General Procedure for intermediates 10a-e-12a-e as exemplified for the synthesis of 2-(3-benzylpyrrolidin-1-yl)ethanamine (10a). To a stirred solution of 7a (2.0 g, 6.5 mmol) in EtOAc (30 mL), HCl (4M, 10 mL) was added and the reaction was continued at rt for 3 h. On completion the reaction mixture was basified (pH = 14) by aq. NaOH solution and extracted with EtOAc (3 x 30 mL). The organic layers were pooled, washed with brine (20 mL), dried (Na2SO4) and concentrated to afford 2-(3-benzylpyrrolidin-1-yl)ethanamine as yellow oil (1.01 g, 74%).
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2-(3-Benzylpyrrolidin-1-yl)ethanamine (10a). 74% as yellow oil (1.01 g from 2.0 g); Rf = 0.21 (MeOH/CHCl3, 10:90, v/v); IR (Neat) (max = 3020 (=CH), 3420 (NH) cm-1; 1H NMR (300 MHz, CDCl3) δ = 1.48-1.57 (m, 1H, CHH), 1.90-2.02 (m, 1H, CH), 2.14-2.28 (m, 1H, CHH), 2.44-2.74 (m, 8H, 4 x CH2), 2.81 (t, 2H, J = 6.1 Hz, CH2), 7.14-7.18 (m, 3H, ArH), 7.23-7.28 (m, 2H, ArH); 13C NMR (50 MHz, CDCl3+CCl4) δ = 30.7, 39.1, 40.3, 41.7, 54.0, 58.3, 60.1, 126.0, 128.4, 128.8, 141.2; ESI-MS m/z = 205.2 [M+H]+; ESI-HR-MS m/z = 205.1708, calcd. for C13H20N2 [MH]+ 205.1705.
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2-(3-(4-Methoxybenzyl)pyrrolidin-1-yl)ethanamine (10b). 75% as yellow oil (1.05 g from 2.0 g); Rf = 0.20 (MeOH/CHCl3, 10:90, v/v); IR (Neat) (max = 3012 (=CH), 3404 (NH) cm-1; 1H NMR (300 MHz, CDCl3) δ = 1.43-1.54 (m, 1H, CHH), 1.88-2.00 (m, 1H, CH), 2.20 (dd, 1H, J1 = 6.9 Hz, J2 = 8.9 Hz, CHH), 2.39-2.72 (m, 8H, 4 x CH2), 2.77 (t, 2H, J = 6.3 Hz, CH2), 3.79 (s, 3H, OCH3), 6.82 (d, 2H, J = 8.6 Hz, ArH), 7.09 (d, 2H, J = 8.6 Hz, ArH); 13C NMR (75 MHz, CDCl3) δ = 30.6, 39.3, 40.8, 40.9, 54.2, 55.4, 59.6, 60.2, 113.9, 129.7, 133.5, 158.0; ESI-MS m/z = 235.3 [M+H]+; ESI-HR-MS m/z = 235.1802, calcd. for C14H22N2O [MH]+ 235.1810.
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2-(3-(3,4-Dimethoxybenzyl)pyrrolidin-1-yl)ethanamine (10c). 73% as colourless oil (1.06 g from 2.0 g); Rf = 0.20 (MeOH/CHCl3, 10:90, v/v); IR (Neat) (max = 3021 (=CH), 3419 (NH) cm-1; 1H NMR (200 MHz, CDCl3) δ = 1.52-1.70 (m, 1H, CHH), 1.92-2.08 (m, 1H, CH), 2.34-2.96 (m, 11H, CHH and 5 x CH2), 3.85 (s, 3H, OCH3), 3.87 (s, 3H, OCH3), 6.67-6.86 (m, 3H, ArH); 13C NMR (75 MHz, CDCl3) δ = 32.3, 39.1, 40.8, 41.2, 53.8, 55.0, 56.0, 59.8, 111.5, 112.2, 120.6, 133.5, 147.5, 149.0; ESI-MS m/z = 265.2 [M+H]+; ESI-HR-MS m/z = 265.1909, calcd. for C15H24N2O2 [MH]+ 265.1916.
2-(3-(3,4,5-Trimethoxybenzyl)pyrrolidin-1-yl)ethanamine (10d). 71% as colourless oil (1.06 g from 2.0 g); Rf = 0.19 (MeOH/CHCl3, 10:90, v/v); IR (Neat) (max = 3018 (=CH), 3391 (NH) cm-1; 1H NMR (200 MHz, CDCl3) δ = 1.48-1.65 (m, 1H, CHH), 1.94-2.06 (m, [image: image19.emf]MeO
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1H, CH), 2.30-2.36 (m, 1H, CHH), 2.40-2.94 (m, 10H, 5 x CH2), 3.81 (s, 3H, OCH3), 3.84 (s, 6H, 2 x OCH3), 6.37 (s, 2H, ArH); 13C NMR (50 MHz, CDCl3+CCl4) δ = 30.6, 39.1, 39.2, 41.7, 53.8, 56.2, 60.1, 60.9, 105.8, 136.5, 136.7, 153.2, 153.3; ESI-MS m/z = 295.2 [M+H]+; ESI-HR-MS m/z = 295.2018, calcd. for C16H26N2O3 [MH]+ 295.2022.
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2-(3-(Benzo[d][1,3]dioxol-5-ylmethyl)pyrrolidin-1-yl)ethanamine (10e). 75% as yellow oil (1.07 g from 2.0 g); Rf = 0.20 (MeOH/CHCl3, 10:90, v/v); IR (Neat) (max = 3446 (NH) cm-1; 1H NMR (300 MHz, CDCl3) δ = 1.43-1.50 (m, 1H, CHH), 1.91-1.98 (m, 1H, CH), 2.18 (dd, 1H, J1 = 6.6 Hz, J2 = 8.8 Hz, CHH), 2.39-2.71 (m, 8H, 4 x CH2), 2.77 (t, 2H, J = 6.3 Hz, CH2), 5.92 (s, 2H, OCH2O), 6.60-6.73 (m, 3H, ArH); 13C NMR (75 MHz, CDCl3) δ = 30.5, 39.3, 40.7, 41.3, 54.1, 59.3, 60.1, 100.8, 108.2, 109.1, 121.5, 135.2, 145.7, 147.6; ESI-MS m/z = 249.2 [M+H]+; ESI-HR-MS m/z = 249.1605, calcd. for C14H20N2O2 [MH]+ 249.1603.
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3-(3-Benzylpyrrolidin-1-yl)propan-1-amine (11a). 74% as yellow oil (1.01 g from 2.0 g); Rf = 0.22 (MeOH/CHCl3, 10:90, v/v); IR (Neat) (max = 3384 (NH) cm-1; 1H NMR (300 MHz, CDCl3) δ = 1.44-1.55 (m, 1H, CHH), 1.61-1.70 (m, 2H, CH2), 1.89-2.00 (m, 1H, CH), 2.21 (dd, 1H, J1 = 6.9 Hz, J2 = 8.8 Hz, CHH), 2.40-2.82 (m, 10H, 5 x CH2), 7.13-7.26 (m, 5H, ArH); 13C NMR (50 MHz, CDCl3+CCl4) δ = 30.6, 31.4, 39.0, 40.6, 41.7, 54.2, 54.5, 60.3, 126.0, 128.4, 128.8, 141.2; ESI-MS m/z = 219.2 [M+H]+; ESI-HR-MS m/z = 219.1868, calcd. for C14H22N2 [MH]+ 219.1861.
[image: image22.emf]N

NH

2

O

O

3-(3-(4-Methoxybenzyl)pyrrolidin-1-yl)propan-1-amine (11b). 79% as colourless oil (1.13 g from 2.0 g); Rf = 0.21 (MeOH/CHCl3, 10:90, v/v); IR (Neat) (max = 3419 (NH) cm-1; 1H NMR (300 MHz, CDCl3) δ = 1.43-1.54 (m, 1H, CHH), 1.59-1.70 (m, 2H, CH2), 1.86-1.99 (m, 1H, CH), 2.17 (dd, 1H, J1 = 8.9 Hz, J2 = 6.8 Hz, CHH), 2.43-2.66 (m, 8H, 4 x CH2), 2.75 (t, 2H, J = 6.7 Hz, CH2), 3.78 (s, 3H, OCH3), 6.78 (d, 2H, J = 8.6 Hz, ArH), 7.05 (d, 2H, J = 8.6 Hz, ArH); 13C NMR (50 MHz, CDCl3 and CCl4) δ = 30.5, 30.8, 39.5, 40.9, 54.4, 55.0, 55.5, 60.2, 60.4, 114.1, 129.9, 133.3, 133.5, 158.2; ESI-MS m/z = 249.3 [M+H]+; ESI-HR-MS m/z = 249.1973, calcd. for C15H24N2O [MH]+ 249.1967.
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3-(3-(3,4-Dimethoxybenzyl)pyrrolidin-1-yl)propan-1-amine (11c). 76% as colourless oil (1.12 g from 2.0 g); Rf = 0.20 (MeOH/CHCl3, 10:90, v/v); IR (Neat) (max = 3381 (NH) cm-1; 1H NMR (300 MHz, CDCl3) δ = 1.45-1.62 (m, 1H, CHH), 1.64-1.69 (m, 2H, CH2), 1.92-1.99 (m, 1H, CH), 2.19 (dd, 1H, J1 = 6.9 Hz, J2 = 9.0 Hz, CHH), 2.43-2.70 (m, 8H, 4 x CH2), 2.75 (t, 2H, J = 6.6 Hz, CH2), 3.85 (s, 3H, OCH3), 3.86 (s, 3H, OCH3), 6.69-6.71 (m, 2H, ArH), 6.78 (d, 1H, J = 8.6 Hz, ArH); 13C NMR (75 MHz, CDCl3) δ = 30.5, 31.8, 39.1, 41.2, 54.1, 54.5, 55.8, 55.9, 60.2, 111.2, 112.0, 120.6, 133.9, 147.2, 148.8; ESI-MS m/z = 279.6 [M+H]+; ESI-HR-MS m/z = 279.2077, calcd. for C16H26N2O2 [MH]+ 279.2073.
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3-(3-(3,4,5-Trimethoxybenzyl)pyrrolidin-1-yl)propan-1-amine (11d). 80% as colourless oil (1.21 g from 2.0 g); Rf = 0.20 (MeOH/CHCl3, 10:90, v/v); IR (Neat) (max = 3420 (NH) cm-1; 1H NMR (300 MHz, CDCl3) δ = 1.43-1.52 (m, 1H, CHH), 1.63-1.67 (m, 2H, CH2), 1.90-2.02 (m, 1H, CH), 2.22-2.24 (m, 1H, CHH), 2.43-2.68 (m, 8H, 4 x CH2), 2.79 (t, 2H, J = 6.3 Hz, CH2), 3.80 (s, 3H, OCH3), 3.83 (s, 6H, 2 x OCH3), 6.36 (s, 2H, ArH); 13C NMR (50 MHz, CDCl3) δ = 30.6, 31.2, 39.4, 40.7, 41.6, 54.2, 54.7, 60.2, 108.3, 109.2, 121.6, 135.1, 145.9, 147.8; ESI-MS m/z = 309.3 [M+H]+; ESI-HR-MS m/z = 309.2181, calcd. for C17H28N2O3 [MH]+ 309.2178.
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3-(3-(Benzo[d][1,3]dioxol-5-ylmethyl)pyrrolidin-1-yl)propan-1-amine (11e). 78% as yellow oil (1.13 g from 2.0 g); Rf = 0.22 (MeOH/CHCl3, 10:90, v/v); IR (Neat) (max = 3381(NH) cm-1; 1H NMR (300 MHz, CDCl3) δ = 1.44-1.55 (m, 1H, CHH), 1.71-1.77 (m, 2H, CH2), 1.95-2.04 (m, 1H, CH), 2.26 (dd, 1H, J1 = 7.0 Hz, J2 = 9.3 Hz, CHH), 2.36-2.50 (m, 1H, CHH), 2.57-2.64 (m, 5H, CHH and 2 x CH2), 2.69-2.80 (m, 2H, CH2), 2.87-2.95 (m, 2H, CH2), 5.91 (s, 2H, OCH2O), 6.58-6.71 (m, 3H, ArH); 13C NMR (50 MHz, CDCl3) δ = 27.8, 30.4, 39.2, 39.9, 41.1, 53.8, 54.6, 59.9, 100.8, 108.2, 109.2, 121.6, 134.8, 145.9, 147.7; ESI-MS m/z = 263.2 [M+H]+; ESI-HR-MS m/z = 263.1767, calcd. for C15H22N2O2 [MH]+ 263.1760.
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4-(3-Benzylpyrrolidin-1-yl)butan-1-amine (12a). 77% as colourless oil (1.08 g from 2.0 g); Rf = 0.23 (MeOH/CHCl3, 10:90, v/v); IR (Neat) (max = 3414 (NH) cm-1; 1H NMR (300 MHz, CDCl3) δ = 1.44-1.55 (m, 5H, CHH and 2 x CH2), 1.94-2.01 (m, 1H, CH), 2.15-2.20 (m, 1H, CHH), 2.36-2.54 (m, 5H, CHH and 2 x CH2), 2.61-2.72 (m, 5H, CHH and 2 x CH2), 7.16-7.20 (m, 3H, ArH), 7.25-7.30 (m, 2H, ArH); 13C NMR (50 MHz, CDCl3) δ = 26.4, 27.7, 30.6, 39.1, 39.5, 41.6, 54.0, 56.1, 60.0, 126.0, 128.4, 128.8, 141.2; ESI-MS m/z = 233.2 [M+H]+; ESI-HR-MS m/z = 233.2016, calcd. for C15H24N2 [MH]+ 233.2018.
[image: image27.emf]N

NH

2

O

O

4-(3-(4-Methoxybenzyl)pyrrolidin-1-yl)butan-1-amine (12b). 82% as colourless oil (1.2 g from 2.0 g); Rf = 0.22 (MeOH/CHCl3, 10:90, v/v); IR (Neat) (max = 3424 (NH) cm-1; 1H NMR (200 MHz, CDCl3) δ = 1.50 (brs, 5H, CHH and 2 x CH2), 1.89-1.99 (m, 1H, CH), 2.13-2.21 (m, 1H, CHH), 2.41-2.76 (m, 10H, 5 x CH2), 3.71 (brs, 2H, NH2), 3.78 (s, 3H, OCH3), 6.81 (d, 2H, J = 8.5 Hz, ArH), 7.08 (d, 2H, J = 8.5 Hz, ArH); 13C NMR (50 MHz, CDCl3) δ = 26.2, 30.5, 39.1, 40.6, 41.6, 54.0, 55.3, 56.5, 60.0, 113.8, 129.6, 133.4, 157.9; ESI-MS m/z = 263.2 [M+H]+; ESI-HR-MS m/z = 263.2129, calcd. for C16H26N2O [MH]+ 263.2123.
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4-(3-(3,4-Dimethoxybenzyl)pyrrolidin-1-yl)butan-1-amine (12c). 78% as colourless oil (1.16 g from 2.0 g); Rf = 0.21 (MeOH/CHCl3, 10:90, v/v); IR (Neat) (max = 3411 (NH) cm-1; 1H NMR (300 MHz, CDCl3) δ = 1.54 (m, 5H, CHH and 2 x CH2), 1.91-2.02 (m, 1H, CH), 2.16-2.23 (m, 1H, CHH), 2.43-2.55 (m, 5H, CHH and 2 x CH2), 2.61-2.74 (m, 5H, CHH and 2 x CH2), 3.85 (s, 3H, OCH3), 3.86 (s, 3H, OCH3), 6.69-6.70 (m, 2H, ArH), 6.77 (d, 1H, J = 8.5 Hz, ArH); 13C NMR (75 MHz, CDCl3) δ = 26.4, 30.5, 30.8, 39.1, 41.1, 41.6, 54.0, 55.9, 56.4, 60.0, 111.4, 112.2, 120.6, 133.8, 147.4, 148.9; ESI-MS m/z = 293.2 [M+H]+; ESI-HR-MS m/z 293.2235, calcd. for C17H28N2O2 [MH]+ 293.2229.
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4-(3-(3,4,5-Trimethoxybenzyl)pyrrolidin-1-yl)butan-1-amine (12d). 75% as colourless oil (1.14 g from 2.0 g); Rf = 0.21 (MeOH/CHCl3, 10:90, v/v); IR (Neat) (max = 3431 (NH) cm-1; 1H NMR (300 MHz, CDCl3) δ = 1.52-1.53 (m, 5H, CHH and 2 x CH2), 1.95-2.04 (m, 1H, CH), 2.19-2.24 (m, 1H, CHH), 2.40-2.76 (m, 10H, 5 x CH2), 3.82 (s, 3H, OCH3), 3.84 (s, 6H, 2 x OCH3), 6.40 (s, 2H, ArH); 13C NMR (50 MHz, CDCl3) δ = 26.4, 30.6, 31.3, 41.8, 41.9, 54.0, 56.2, 56.5, 60.0, 60.9, 105.7, 136.3, 136.9, 137.0, 153.1; ESI-MS m/z = 323.2 [M+H]+; ESI-HR-MS m/z 323.2346, calcd. for C18H30N2O3 [MH]+ 323.2335.
[image: image30.emf]N

NH

2

MeO

4-(3-(Benzo[d][1,3]dioxol-5-ylmethyl)pyrrolidin-1-yl)butan-1-amine (12e). 79% as colourless oil (1.16 g from 2.0 g); Rf = 0.23 (MeOH/CHCl3, 10:90, v/v); IR (Neat) (max = 3386 (NH) cm-1; 1H NMR (300 MHz, CDCl3) δ = 1.42-1.54 (m, 5H, CHH and 2 x CH2), 1.94-2.15 (m, 1H, CH), 2.16-2.21 (m, 1H, CHH), 2.36-2.75 (m, 10H, 5 x CH2), 5.91 (d, 2H, J = 1.8 Hz, OCH2O), 6.59-6.71 (m, 3H, ArH); 13C NMR (50 MHz, CDCl3) δ = 26.8, 30.4, 39.3, 41.2, 53.7, 56.1, 56.2, 59.5, 59.8, 100.9, 108.3, 109.2, 121.6, 134.7, 146.0, 147.8; ESI-MS m/z = 277.2 [M+H]+; ESI-HR-MS m/z 277.1912, calcd. for C16H24N2O2 [MH]+ 277.1916.
General Procedure for 13a-e-15a-e as exemplified for the synthesis of N-(2-(3-Benzylpyrrolidin-1-yl)ethyl)-6-chloro-2-methoxyacridin-9-amine (13a). To a solution of 10a (1.0 g, 4.9 mmol) in acetonitrile (20 mL) were added Et3N (2.5 mL, 19.5 mmol) and 6,9-dichloro-2-methoxyacridine (1.35 g, 5 mmol). The reaction mixture was heated at reflux and after completion as monitored by TLC, the solvent was removed under vacuum. The residue was extracted with CHCl3 (3 x 50 mL) and water (50 mL) and the organic phases were combined, dried over Na2SO4 and concentrated in vacuum to obtain the crude product. Purification of the crude product by column chromatography over basic alumina using MeOH/CHCl3 (1:99, v/v) as eluent afforded pure N-(2-(3-benzylpyrrolidin-1-yl)ethyl)-6-chloro-2-methoxyacridin-9-amine (13a) as yellow oil (1.42 g, 65%).
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N-(2-(3-Benzylpyrrolidin-1-yl)ethyl)-6-chloro-2-methoxyacridin-9-amine (13a). Rf = 0.61 (MeOH/CHCl3, 10:90, v/v); IR (Neat) (max = 3337 (NH) cm-1; 1H NMR (300 MHz, CDCl3) δ = 1.56-1.63 (m, 1H, CHH), 2.02-2.08 (m, 1H, CHH), 2.35-2.40 (m, 1H, CHH), 2.54-2.62 (m, 1H, CHH), 2.66-2.80 (m, 7H, 3 x CH2 and CH), 3.75 (brs, 2H, CH2), 3.93 (s, 3H, OCH3), 6.13 (brs, 1H, NH), 7.14-7.17 (m, 2H, ArH), 7.21 (d, 1H, J = 7.1 Hz, ArH), 7.26-7.30 (m, 4H, ArH), 7.40 (dd, 1H, J1 = 2.6 Hz, J2 = 9.4 Hz, ArH), 7.99 (d, 1H, J = 9.4 Hz, ArH), 8.05-8.10 (m, 2H, ArH); 13C NMR (50 MHz, CDCl3) δ = 30.8, 39.5, 41.7, 48.2, 53.5, 55.5, 55.6, 59.6, 99.4, 115.9, 118.0, 124.2, 124.7, 126.2, 128.1, 128.5, 128.8, 131.4, 134.9, 141.0, 146.7, 148.5, 150.6, 155.9; ESI-MS m/z = 446.3 [M+H]+; ESI-HR-MS m/z = 446.2004, calcd. for C27H28ClN3O [MH]+ 446.1999.
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6-Chloro-2-methoxy-N-(2-(3-(4-methoxybenzyl)pyrrolidin-1-yl)ethyl)acridin-9-amine (13b). 67% as yellow oil (1.36 g from 1.0 g); Rf = 0.58 (MeOH/CHCl3, 10:90, v/v); IR (Neat) (max = 3346 (NH) cm-1; 1H NMR (300 MHz, CDCl3) δ = 1.53-1.64 (m, 1H, CHH), 1.98-2.09 (m, 1H, CHH), 2.33-2.38 (m, 1H, CHH), 2.47-2.57 (m, 1H, CHH), 2.64-2.79 (m, 7H, 3 x CH2 and CH), 3.75 (brs, 2H, CH2), 3.79 (s, 3H, OCH3), 3.94 (s, 3H, OCH3), 6.13 (brs, 1H, NH), 6.80 (s, 1H, ArH), 6.83 (s, 1H, ArH), 7.05 (s, 1H, ArH), 7.08 (s, 1H, ArH), 7.28-7.30 (m, 2H, ArH), 7.39-7.43 (m, 1H, ArH), 7.99 (d, 1H, J = 9.4 Hz, ArH), 8.05-8.11 (m, 2H, ArH); 13C NMR (75 MHz, CDCl3) δ = 30.8, 39.7, 40.8, 48.3, 53.6, 55.4, 55.5, 55.6, 59.5, 99.5, 114.0, 115.9, 118.1, 124.2, 124.5, 124.7, 128.2, 129.6, 131.5, 133.1, 134.9, 146.8, 148.6, 150.6, 156.0, 158.1; ESI-MS m/z = 476.2 [M+H]+; ESI-HR-MS m/z = 476.2112, calcd. for C28H30ClN3O2 [MH]+ 476.2104.
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6-Chloro-N-(2-(3-(3,4-dimethoxybenzyl)pyrrolidin-1-yl)ethyl)-2-methoxyacridin-9-amine (13c). 59% as yellow oil (1.13 g from 1.0 g); Rf = 0.52 (MeOH/CHCl3, 10:90, v/v); IR (Neat) (max = 3378 (NH) cm-1; 1H NMR (300 MHz, CDCl3) δ = 1.56-1.65 (m, 1H, CHH), 2.04-2.08 (m, 1H, CHH), 2.35-2.40 (m, 1H, CHH), 2.51-2.60 (m, 1H, CHH), 2.65-2.81 (m, 7H, 3 x CH2 and CH), 3.75 (brs, 2H, CH2), 3.85 (s, 3H, OCH3), 3.90 (s, 3H, OCH3), 3.94 (s, 3H, OCH3), 6.15 (brs, 1H, NH), 6.67-6.78 (m, 3H, ArH), 7.29-7.31 (m, 2H, ArH), 7.41 (dd, 1H, J1 = 2.6 Hz, J2 = 9.4 Hz, ArH), 7.99 (d, 1H, J = 9.4 Hz, ArH), 8.05-8.12 (m, 2H, ArH); 13C NMR (75 MHz, CDCl3) δ = 30.8, 39.6, 41.4, 48.2, 53.6, 55.4, 55.5, 55.9, 56.0, 59.4, 99.4, 111.3, 112.1, 115.8, 117.9, 120.6, 124.2, 124.5, 124.6, 128.1, 131.4, 133.7, 134.9, 146.7, 147.5, 148.5, 148.9, 150.6, 155.9; ESI-MS m/z = 506.2 [M+H]+; ESI-HR-MS m/z = 506.2208, calcd. for C29H32ClN3O3 [MH]+ 506.2210.
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6-Chloro-2-methoxy-N-(2-(3-(3,4,5-trimethoxybenzyl)pyrrolidin-1-yl)ethyl)acridin-9-amine (13d). 61% as yellow oil (1.11 g from 1.0 g); Rf = 0.51 (MeOH/CHCl3, 10:90, v/v); IR (Neat) (max = 3368 (NH) cm-1; 1H NMR (300 MHz, CDCl3) δ = 1.57-1.66 (m, 1H, CHH), 2.03-2.14 (m, 1H, CHH), 2.37-2.14 (m, 1H, CHH), 2.67-2.83 (m, 7H, 3 x CH2 and CH), 3.81 (brs, 12H, 3 x OCH3, CH2 and CHH), 3.95 (s, 3H, OCH3), 6.21 (brs, 1H, NH), 6.35 (s, 2H, ArH), 7.26-7.32 (m, 2H, ArH), 7.41 (dd, 1H, J1 = 2.6 Hz, J2 = 9.4 Hz, ArH), 7.98-8.14 (m, 3H, ArH); 13C NMR (75 MHz, CDCl3) δ = 29.8, 30.8, 39.6, 41.4, 48.2, 53.6, 55.4, 55.5, 55.9, 56.0, 59.4, 99.4, 111.3, 112.1, 115.8, 117.9, 120.6, 124.2, 124.5, 124.6, 128.1, 131.4, 133.7, 134.9, 146.7, 147.5, 148.5, 148.9, 150.6, 155.9; ESI-MS m/z = 536.2 [M+H]+; ESI-HR-MS m/z = 536.2311, calcd. for C30H34ClN3O4 [MH]+ 536.2316.
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N-(2-(3-(Benzo[d][1,3]dioxol-5-ylmethyl)pyrrolidin-1-yl)ethyl)-6-chloro-2-methoxyacridin-9-amine (13e). 60% as yellow oil (1.18 g from 1.0 g); Rf = 0.54 (MeOH/CHCl3, 10:90, v/v); IR (Neat) (max = 3446 (NH) cm-1; 1H NMR (300 MHz, CDCl3) δ = 1.52-1.63 (m, 1H, CHH), 1.98-2.07 (m, 1H, CHH), 2.32-2.37 (m, 1H, CHH), 2.48-2.55 (m, 1H, CHH), 2.62-2.80 (m, 7H, 3 x CH2 and CH), 3.76 (brs, 2H, CH2), 3.94 (s, 3H, OCH3), 5.93 (s, 2H, OCH2O), 6.24 (brs, 1H, NH), 6.58-6.74 (m, 3H, ArH), 7.26-7.29 (m, 2H, ArH), 7.41 (dd, 1H, J1 = 2.6 Hz, J2 = 9.4 Hz, ArH), 7.98-8.11 (m, 3H, ArH); 13C NMR (75 MHz, CDCl3) δ = 30.8, 34.0, 39.7, 41.4, 48.3, 53.6, 55.5, 55.6, 59.5, 99.5, 101.0, 108.3, 109.1, 116.0, 118.1, 121.6, 124.3, 124.6, 124.7, 128.2, 131.5, 134.9, 145.9, 146.8, 147.8, 148.6, 150.7, 156.0; ESI-MS m/z = 490.2 [M+H]+; ESI-HR-MS m/z = 490.1891, calcd. for C28H28ClN3O3 [MH]+ 490.1897.

N-(3-(3-Benzylpyrrolidin-1-yl)propyl)-6-chloro-2-methoxyacridin-9-amine (14a). 58% as yellow oil (1.22 g from 1.0 g); Rf = 0.61 (MeOH/CHCl3, 10:90, v/v); IR (Neat) (max = 3335 (NH) cm-1; 1H NMR (300 MHz, CDCl3) δ = 1.62-1.71 (m, 2H, CH2), 1.89-1.93 (m, 2H, CH2), 2.07-2.17 (m, 1H, CHH), 2.24-2.30 (m, 1H, CHH), 2.54-2.62 (m, 1H, CH), 2.73-2.83 (m, 4H, 2 x CH2), 2.87-2.96 (m, 2H, CH2), 3.91 (brs, 5H, CH2 and OCH3), 7.18-7.22 (m, 4H, ArH), 7.26-7.31 (m, 2H, ArH), 7.36-7.43 (m, 2H, ArH), 7.96-8.06 (m, 3H, ArH); 13C NMR (75 MHz, CDCl3) δ = 28.2, 30.7, 39.4, 41.5, 51.2, 54.5, 55.8, 56.5, 60.9, 102.0, 115.0, 117.0, 123.3, 123.6, 124.5, 126.2, 128.0, 128.5, 128.8, 131.2, 134.8, 141.1, 147.0, 148.6, 150.9, 155.2; ESI-MS m/z = 460.3 [M+H]+; ESI-HR-MS m/z = 460.2158, calcd. for C28H30ClN3O [MH]+ 460.2156.

[image: image36.emf]N

N

H

O

O

[image: image37.emf]O

O

N

N

H

O

O

6-Chloro-2-methoxy-N-(3-(3-(4-methoxybenzyl)pyrrolidin-1-yl)propyl)acridin-9-amine (14b). 66% as yellow oil (1.3 g from 1.0 g); Rf = 0.59 (MeOH/CHCl3, 10:90, v/v); IR (Neat) (max = 3436 (NH) cm-1; 1H NMR (300 MHz, CDCl3) δ = 1.63-1.67 (m, 1H, CHH), 1.89-1.92 (m, 2H, CH2), 2.11-2.13 (m, 1H, CHH), 2.22-2.27 (m, 1H, CH), 2.55-2.78 (m, 6H, 3 x CH2), 2.88-2.98 (m, 2H, CH2), 3.79 (s, 3H, OCH3), 3.91 (s, 3H, OCH3), 3.92 (brs, 2H, CH2), 6.82 (s, 1H, ArH), 6.84 (s, 1H, ArH), 7.09 (s, 1H, ArH), 7.11 (s, 1H, ArH), 7.34-7.42 (m, 3H, ArH), 7.96-8.06 (m, 3H, ArH); 13C NMR (50 MHz, CDCl3) δ = 28.1, 30.7, 39.5, 40.6, 51.2, 54.6, 55.4, 55.7, 56.5, 60.9, 102.0, 113.9, 115.1, 117.0, 123.3, 123.5, 124.5, 128.1, 129.6, 131.3, 133.2, 134.7, 147.2, 148.7, 150.8, 155.1, 158.0; ESI-MS m/z = 490.2 [M+H]+; ESI-HR-MS m/z = 490.2252, calcd. for C29H32ClN3O2 [MH]+ 490.2261.

[image: image38.emf]N

HN

O

MeO

OMe

MeO

O

6-Chloro-N-(3-(3-(3,4-dimethoxybenzyl)pyrrolidin-1-yl)propyl)-2-methoxyacridin-9-amine (14c). 69% as yellow oil (1.28 g from 1.0 g); Rf = 0.56 (MeOH/CHCl3, 10:90, v/v); IR (Neat) (max = 3431 (NH) cm-1; 1H NMR (300 MHz, CDCl3) δ = 1.61-1.68 (m, 2H, CH2), 1.90-1.94 (m, 2H, CH2), 2.12-2.13 (m, 2H, CH2), 2.24-2.30 (m, 1H, CH), 2.59-2.81 (m, 5H, 2 x CH2 and CH), 2.88-2.96 (m, 2H, CH2), 3.85 (s, 6H, 2 x OCH3), 3.92 (s, 3H, OCH3), 6.70-6.80 (m, 3H, ArH), 7.19-7.26 (m, 2H, ArH), 7.38-7.43 (m, 3H, ArH), 7.96-8.07 (m, 2H, ArH); 13C NMR (50 MHz, CDCl3) δ = 28.1, 30.7, 39.5, 40.6, 51.2, 54.6,55.4, 55.7, 56.5, 60.9, 102.0, 113.9, 115.1, 117.0, 123.3, 123.5, 124.5, 128.1, 129.6, 131.3, 133.2, 134.7, 147.2, 148.7, 150.8, 155.1, 158.0; ESI-MS m/z = 520.2 [M+H]+; ESI-HR-MS m/z = 520.2365, calcd. for C30H34ClN3O3 [MH]+ 520.2367.
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6-Chloro-2-methoxy-N-(3-(3-(3,4,5-trimethoxybenzyl)pyrrolidin-1-yl)propyl)acridin-9-amine (14d). 62% as yellow oil (1.11 g from 1.0 g); Rf = 0.48 (MeOH/CHCl3, 10:90, v/v); IR (Neat) (max = 3447 (NH) cm-1; 1H NMR (300 MHz, CDCl3) δ = 1.93-1.96 (m, 3H, CH2 and CHH), 1.90-1.94 (m, 2H, CH2), 2.11-2.14 (m, 2H, CH2), 2.31-2.33 (m, 1H, CHH), 2.63-2.68 (m, 3H, CH2 and CH), 2.78-2.84 (m, 2H, CH2), 2.88-2.99 (m, 2H, CH2), 3.83 (s, 9H, 3 x OCH3), 3.92 (s, 3H, OCH3), 6.39 (s, 2H, ArH), 7.21 (dd, 1H, J1 = 2.6 Hz, J2 = 9.4 Hz, ArH), 7.38-7.42 (m, 2H, ArH), 7.98-8.07 (m, 3H, ArH); 13C NMR (50 MHz, CDCl3) δ = 28.1, 30.7, 39.5, 40.6, 51.2, 54.6,55.4, 55.7, 56.5, 60.9, 102.0, 113.9, 115.1, 117.0, 123.3, 123.5, 124.5, 128.1, 129.6, 131.3, 133.2, 134.7, 147.2, 148.7, 150.8, 155.1, 158.0; ESI-MS m/z = 550.2 [M+H]+; ESI-HR-MS m/z = 550.2470, calcd. for C31H36ClN3O4 [MH]+ 550.2473.
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N-(3-(3-(Benzo[d][1,3]dioxol-5-ylmethyl)pyrrolidin-1-yl)propyl)-6-chloro-2-methoxyacridin-9-amine (14e). 67% as yellow oil (1.3 g from 1.0 g); Rf = 0.48 (MeOH/CHCl3, 10:90, v/v); IR (Neat) (max = 3421 (NH) cm-1; 1H NMR (300 MHz, CDCl3) δ = 1.90-1.94 (m, 2H, CH2), 2.11-2.14 (m, 2H, CH2), 2.24-2.27 (m, 2H, CH2), 2.56-2.65 (m, 4H, 2 x CH2), 2.75-2.80 (m, 2H, CH2), 2.89-2.94 (m, 2H, CH2), 3.93 (s, 4H, CH and OCH3), 5.92 (s, 2H, OCH2O), 6.61-6.74 (m, 3H, ArH), 7.19 (dd, J1 = 2.6 Hz, J2 = 9.4 Hz, 1H, ArH), 7.36-7.44 (m, 2H, ArH), 7.98-8.06 (m, 3H, ArH); 13C NMR (75 MHz, CDCl3) δ = 28.1, 30.6, 36.9, 39.5, 41.2, 51.1, 54.5, 55.8, 56.4, 60.8, 100.9, 102.0, 108.3, 109.1, 114.8, 116.9, 121.5, 123.3, 123.4, 124.6, 127.8, 130.9, 134.9, 145.9, 146.7, 147.7, 148.4, 151.0, 155.1; ESI-MS m/z = 504.1 [M+H]+; ESI-HR-MS m/z = 504.2058, calcd. for C29H30ClN3O3 [MH]+ 504.2054.

N-(4-(3-Benzylpyrrolidin-1-yl)butyl)-6-chloro-2-methoxyacridin-9-amine (15a). 70% as yellow oil (1.43 g from 1.0 g); Rf = 0.65 (MeOH/CHCl3, 10:90, v/v); IR (Neat) (max = 3439 (NH) cm-1; 1H NMR (300 MHz, CDCl3) δ = 1.50-1.55 (m, 2H, CH2), 1.64-1.69 (m, 3H, CH2 and CHH), 2.13-2.19 (m, 1H, CHH), 2.47-2.54 (m, 4H, 2 x CH2), 2.65-2.76 (m, 5H, 2 x CH2 and CH), 3.72 (t, 2H, J = 6.5 Hz, CH2), 3.94 (s, 3H, OCH3), 7.14-7.21 (m, [image: image41.emf]N
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4H, ArH), 7.25-7.28 (m, 4H, ArH), 7.41 (dd, 1H, J1 = 2.7 Hz, J2 = 9.4 Hz, ArH), 8.01 (d, 1H, J = 2.5 Hz, ArH) 8.05 (d, 1H, J = 2.4 Hz, ArH); 13C NMR (75 MHz, CDCl3) δ = 28.2, 30.7, 39.4, 41.5, 51.2, 54.5, 55.8, 56.5, 60.9, 102.0, 115.0, 117.0, 123.3, 123.6, 124.5, 126.2, 128.0, 128.5, 128.8, 131.2, 134.8, 141.1, 147.0, 148.6, 150.9, 155.2; ESI-MS m/z = 474.2 [M+H]+; ESI-HR-MS m/z = 474.2319, calcd. for C29H32ClN3O [MH]+ 474.2312.

[image: image42.emf]O

N

N

H

O

O

O

6-Chloro-2-methoxy-N-(4-(3-(4-methoxybenzyl)pyrrolidin-1-yl)butyl)acridin-9-amine (15b). 72% as yellow oil (1.38 g from 1.0 g); Rf = 0.57 (MeOH/CHCl3, 10:90, v/v); IR (Neat) (max = 3350 (NH) cm-1; 1H NMR (300 MHz, CDCl3) δ = 1.64-1.69 (m, 2H, CH2), 1.94-2.05 (m, 3H, CH2 and CH), 2.12-2.17 (m, 2H, CH2), 2.42-2.55 (m, 4H, 2 x CH2), 2.58-2.65 (m, 2H, CH2), 2.68-2.75 (m, 2H, CH2), 3.32-3.78 (m, 5H, CH2 and OCH3), 3.95 (s, 3H, OCH3), 6.79 (s, 1H, ArH), 6.82 (s, 1H, ArH), 7.04 (s, 1H, ArH), 7.07 (s, 1H, ArH), 7.26-7.28 (m, 2H, ArH), 7.41 (dd, 1H, J1 = 2.6 Hz, J2 = 9.4 Hz, ArH), 7.98-8.06 (m, 3H, ArH); 13C NMR (75 MHz, CDCl3) δ = 22.8, 26.6, 29.8, 30.5, 32.0, 39.3, 40.7, 50.8, 54.2, 55.4, 55.7, 56.1, 60.2, 100.2, 113.9, 117.8, 124.3, 128.0, 129.6, 131.3, 133.3, 135.0, 150.4, 155.8, 158.0; ESI-MS m/z = 504.3 [M+H]+; ESI-HR-MS m/z = 504.2414, calcd. for C30H34ClN3O2 [MH]+ 504.2418.
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6-Chloro-N-(4-(3-(3,4-dimethoxybenzyl)pyrrolidin-1-yl)butyl)-2-methoxyacridin-9-amine (15c). 69% as yellow oil (1.26 g from 1.0 g); Rf = 0.53 (MeOH/CHCl3, 10:90, v/v); IR (Neat) (max = 3321 (NH) cm-1; 1H NMR (300 MHz, CDCl3) δ = 1.65-1.72 (m, 2H, CH2), 1.80-1.84 (m, 5H, 2 x CH2 and CHH), 2.13-2.18 (m, 1H, CHH), 2.45-2.56 (m, 4H, 2 x CH2), 2.59-2.76 (m, 3H, CH2 and CH), 3.72-3.77 (m, 2H, CH2), 3.84 (s, 3H, OCH3), 3.85 (s, 3H, OCH3), 3.95 (s, 3H, OCH3), 6.67-6.78 (m, 3H, ArH), 7.26-7.28 (m, 2H, ArH), 7.41 (dd, 1H, J1 = 2.6 Hz, J2 = 9.4 Hz, ArH), 7.98-8.05 (m, 3H, ArH); 13C NMR (75 MHz, CDCl3) δ = 26.6, 29.7, 30.5, 39.2, 41.2, 50.8, 53.5, 54.2, 55.7, 56.0, 56.1, 60.2, 100.2, 111.3, 112.1, 115.7, 117.8, 120.5, 124.3, 128.1, 131.3, 133.8, 134.9, 146.8, 147.4, 148.4, 148.9, 150.3, 155.8; ESI-MS m/z = 534.3 [M+H]+; ESI-HR-MS m/z = 534.2518, calcd. for C31H36ClN3O3 [MH]+ 534.2523.
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6-Chloro-2-methoxy-N-(4-(3-(3,4,5-trimethoxybenzyl)pyrrolidin-1-yl)butyl)acridin-9-amine (15d). 63% as yellow oil (1.1 g from 1.0 g), Rf = 0.50 (MeOH/CHCl3, 10:90, v/v); IR (Neat) (max = 3420 (NH) cm-1; 1H NMR (300 MHz, CDCl3) δ = 1.54-1.59 (m, 1H, CHH), 1.70-1.74 (m, 2H, CH2), 1.85-1.89 (m, 2H, CH2), 1.99-2.05 (m, 2H, CH2), 2.23-2.28 (m, 1H, CHH), 2.51-2.63 (m, 6H, 3 x CH2), 2.72-2.84 (m, 2H, CH2), 2.81-3.82 (m, 10H, 3 x OCH3 and CH), 3.95 (s, 3H, OCH3), 6.36 (s, 2H, ArH), 7.24-7.31 (m, 2H, ArH), 7.38 (dd, 1H, J1 = 2.6 Hz, J2 = 9.4 Hz, ArH)), 7.95-8.06 (m, 3H, ArH); 13C NMR (75 MHz, CDCl3) δ = 14.2, 22.8, 25.1, 28.5, 30.3, 31.8, 32.1, 34.0, 34.4, 39.1, 55.7, 56.0, 56.3, 61.0, 105.8, 114.2, 116.0, 123.5, 124.1, 125.7, 128.2, 131.8, 132.6, 137.9, 139.4, 141.5, 143.8, 147.6, 153.4; ESI-MS m/z = 564.3 [M+H]+; ESI-HR-MS m/z = 564.2635, calcd. for C32H38ClN3O4 [MH]+ 564.2629.
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N-(4-(3-(Benzo[d][1,3]dioxol-5-ylmethyl)pyrrolidin-1-yl)butyl)-6-chloro-2-methoxyacridin-9-amine (15e). 62% as yellow oil (1.16 g from 1.0 g); Rf = 0.45 (MeOH/CHCl3, 10:90, v/v); IR (Neat) (max = 3306 (NH) cm-1; 1H NMR (300 MHz, CDCl3) δ = 1.66 (s, 5H, CH2 and CHH), 2.04-2.17 (m, 3H, CH2 and CHH), 2.44-2.51 (m, 3H, CH2 and CH), 2.56-2.60 (m, 2H, CH2), 2.64-2.74 (m, 2H, CH2), 3.70-3.77 (m, 2H, CH2), 3.95 (s, 3H, OCH3), 5.39 (brs, 1H, NH), 5.91 (s, 2H, OCH2O), 6.57-6.72 (m, 3H, ArH), 7.26-7.29 (m, 2H, ArH), 7.42 (dd, 1H, J1 = 2.6 Hz, J2 = 9.3 Hz, ArH), 7.98-8.06 (m, 3H, ArH); 13C NMR (75 MHz, CDCl3) δ = 30.5, 39.3, 41.3, 50.8, 53.5, 54.2, 55.7, 56.1, 60.1, 100.2, 100.9, 108.2, 109.1, 109.5, 117.8, 121.5, 122.1, 124.2, 124.3, 128.1, 131.3, 134.9, 135.1, 145.8, 146.8, 147.7, 148.4, 150.3, 155.8; ESI-MS m/z = 518.2 [M+H]+; ESI-HR-MS m/z = 518.2214, calcd. for C30H32ClN3O3 [MH]+ 518.2210.
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 Scheme 1. Reagents and conditions: i) NaOMe, PhMe, 0 oC, 8 h; ii) 10% Pd/C, H2, MeOH, rt, 2 h; iii) NaBH4, EtOH, reflux, 5 h; iv) MsCl, Et3N, CH2Cl2, 0-5 oC, 1 h; v) H2N(CH2)nNHBoc, Et3N, PhMe, reflux, overnight; vi) aq. HCl, EtOAc, 2 h; vii) 6,9-dichloro-2-methoxy acridine 27, Et3N, MeCN, reflux, 3 d.
� EMBED ChemDraw.Document.6.0  ���





� EMBED ChemDraw.Document.6.0  ���





� EMBED ChemDraw.Document.6.0  ���





� EMBED ChemDraw.Document.6.0  ���





� EMBED ChemDraw.Document.6.0  ���





� EMBED ChemDraw.Document.6.0  ���





� EMBED ChemDraw.Document.6.0  ���





� EMBED ChemDraw.Document.6.0  ���





� EMBED ChemDraw.Document.6.0  ���





� EMBED ChemDraw.Document.6.0  ���





� EMBED ChemDraw.Document.6.0  ���





� EMBED ChemDraw.Document.6.0  ���





� EMBED ChemDraw.Document.6.0  ���





� EMBED ChemDraw.Document.6.0  ���





� EMBED ChemDraw.Document.6.0  ���





� EMBED ChemDraw.Document.6.0 ���





� EMBED ChemDraw.Document.6.0 ���





� EMBED ChemDraw.Document.6.0 ���





� EMBED ChemDraw.Document.6.0 ���





� EMBED ChemDraw.Document.6.0 ���





� EMBED ChemDraw.Document.6.0 ���





� EMBED ChemDraw.Document.6.0 ���





� EMBED ChemDraw.Document.6.0 ���





� EMBED ChemDraw.Document.6.0 ���





� EMBED ChemDraw.Document.6.0 ���





� EMBED ChemDraw.Document.6.0 ���





� EMBED ChemDraw.Document.6.0 ���





� EMBED ChemDraw.Document.6.0 ���





� EMBED ChemDraw.Document.6.0 ���





� EMBED ChemDraw.Document.6.0 ���





� EMBED ChemDraw.Document.6.0 ���





� EMBED ChemDraw.Document.6.0 ���





� EMBED ChemDraw.Document.6.0 ���





� EMBED ChemDraw.Document.6.0 ���





� EMBED ChemDraw.Document.6.0 ���





� EMBED ChemDraw.Document.6.0 ���





� EMBED ChemDraw.Document.6.0 ���





� EMBED ChemDraw.Document.6.0 ���





� EMBED ChemDraw.Document.6.0 ���





� EMBED ChemDraw.Document.6.0 ���





� EMBED ChemDraw.Document.6.0 ���





� EMBED ChemDraw.Document.6.0 ���





� EMBED ChemDraw.Document.6.0 ���





� EMBED ChemDraw.Document.6.0 ���





� EMBED ChemDraw.Document.6.0 ���








PAGE  
S-2

[image: image46.emf]N

N

H

O

O

[image: image47.emf]N

NH

2

MeO

[image: image48.emf]N

NH

2

MeO

MeO

[image: image49.emf]N

NH

2

MeO

MeO

MeO

[image: image50.emf]N

NH

2

O

O

[image: image51.emf]N

NH

2

[image: image52.emf]MeO

N

NH

2

[image: image53.emf]MeO

N

NH

2

OMe

[image: image54.emf]MeO

N

NH

2

OMe

MeO

[image: image55.emf]N

NH

2

O

O

[image: image56.emf]N NH

2

[image: image57.emf]MeO

N

NH

2

[image: image58.emf]MeO

N

NH

2

MeO

[image: image59.emf]MeO

N

NH

2

OMe

MeO

[image: image60.emf]O

N

NH

2

O

[image: image61.emf]N

H

N

N

MeO

Cl

MeO

[image: image62.emf]N

H

N

N

MeO

Cl

MeO

MeO

[image: image63.emf]N

H

N

N

MeO

Cl

MeO

MeO

MeO

[image: image64.emf]N

H

N

N

MeO

Cl

O

O

[image: image65.emf]N

H

N

N

MeO

Cl

[image: image66.emf]N

H

N

N

MeO

Cl

MeO

[image: image67.emf]N

H

N

N

MeO

Cl

MeO

MeO

[image: image68.emf]N

H

N

N

MeO

Cl

MeO

MeO

MeO

[image: image69.emf]N

H

N

N

MeO

Cl

O

O

[image: image70.emf]N

H

N

N

MeO

Cl

[image: image71.emf]N

H

N

N

MeO

Cl

MeO

[image: image72.emf]N

H

N

N

MeO

Cl

MeO

MeO

[image: image73.emf]N

H

N

N

MeO

Cl

MeO

MeO

MeO

[image: image74.emf]N

H

N

N

MeO

Cl

O

O

[image: image75.emf]N

N

H

O

O

[image: image76.emf]MeO

N

N

H

O

O

[image: image77.emf]MeO

OMe

N

N

H

O

O

[image: image78.emf]N

NH

O

MeO

OMe

MeO

O

[image: image79.emf]O

N

N

H

O

O

O

[image: image80.emf]N

H

N

O

O

[image: image81.emf]MeO

N

H

N

O

O

[image: image82.emf]MeO

OMe

N

N

H

O

O

[image: image83.emf]N

HN

O

MeO

OMe

MeO

O

[image: image84.emf]O

O

N

N

H

O

O

[image: image85.emf]N

N

H

O

O

[image: image86.emf]MeO

N

N

H

O

O

[image: image87.emf]MeO

N

N

H

O

O

OMe

[image: image88.emf]MeO

N

N

H

O

O

OMe

MeO

[image: image89.emf]O

N

N

H

O

O

O

[image: image90.emf]N

NH

2

_1497946432.cdx

_1516459656.cdx

_1516463262.cdx

_1516463417.cdx

_1516463487.cdx

_1516463614.cdx

_1516463452.cdx

_1516463349.cdx

_1516463381.cdx

_1516463309.cdx

_1516463083.cdx

_1516463171.cdx

_1516463209.cdx

_1516463126.cdx

_1516462999.cdx

_1516463048.cdx

_1516462908.cdx

_1516462955.cdx

_1516462803.cdx

_1497946519.cdx

_1497946617.cdx

_1497946618.cdx

_1497946616.cdx

_1497946461.cdx

_1497946494.cdx

_1497946442.cdx

_1497946033.cdx

_1497946334.cdx

_1497946395.cdx

_1497946412.cdx

_1497946379.cdx

_1497946239.cdx

_1497946321.cdx

_1497946073.cdx

_1497945969.cdx

_1497946005.cdx

_1497946021.cdx

_1497945986.cdx

_1497944846.cdx

_1497944956.cdx

_1497944967.cdx

_1497944945.cdx

_1497944795.cdx

_1497944832.cdx

_1497944782.cdx

_1497944771.cdx

