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Abstract


We have synthesized a variety of 2-[(2-alkyl-1H-indol-3-yl)methylene]malonates and studied their scandium-catalyzed intramolecular Friedel–Crafts reactions leading to the corresponding polycyclic compounds such as indeno[1,2-b]indoles and benzo[1,2-b]carbazoles.
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S: 578.1723; found: 578.1723.Diethyl 2-(2,3-Dimethoxy-5-tosyl-5,10-dihydroindeno[1,2-b]indol-10-yl)malonate (4c): yellow solid; mp 121–124 °C. FTIR (neat): 2980.4, 2935.4, 1730.5, 1368.1, 1256.1, 1177.5, 1142.5 cm–1. 1H NMR (400 MHz, CDCl3): δ = 8.35 (d, J = 8.4 Hz, 1 H), 7.42 (s, 1 H), 7.36 (d, J = 8.8 Hz, 2 H), 7.30 (d, J = 8.0 Hz, 2 H), 7.07 (d, J = 8.4 Hz, 2 H), 6.95 (s, 1 H), 6.60–6.92 (m, 1 H), 4.25 (q, J = 7.2 Hz, 2 H), 3.98 (s, 3 H), 3.93 (s, 1 H), 3.88 (s, 3 H), 3.83 (q, J = 7.2 Hz, 2 H), 2.29 (s, 3 H), 1.27 (t, J = 7.2 Hz, 3 H), 0.59 (t, J = 7.2 Hz, 3 H). 13C NMR (100 MHz, CDCl3): δ = 168.05, 167.97, 148.95, 147.87, 144.82, 143.28, 141.21, 140.62, 135.09, 129.82, 129.77, 129.41, 127.31, 127.06, 126.84, 126.74, 124.24, 123.99, 119.60, 115.62, 108.84, 105.90, 61.61, 61.52, 56.27, 56.22, 54.25, 40.90, 21.60, 13.96, 13.70. HRMS (EI): m/z [M] calcd for C31H31NO8S: 577.1770; found: 577.1769.
Diethyl 2-(2,3-Dimethoxy-8-nitro-5-tosyl-5,10-dihydroindeno[1,2-b]indol-10-yl)malonate (4d): yellow solid; mp 128–130 °C. FTIR (neat): 3109.8, 2934.7, 2854.2, 1730.1, 1521.4, 1392.9, 1343.7, 1215.2 cm–1. 1H NMR (400 MHz, CDCl3): δ = 8.44 (d, J = 2.0 Hz, 1 H), 8.32 (d, J = 8.6 Hz, 1 H), 8.14 (s, 1 H), 8.11 (dd, J = 8.6, 3.0 Hz, 1 H), 7.64 (d, J = 8.4 Hz, 2 H), 7.16 (d, J = 8.4 Hz, 2 H), 7.15 (s, 1 H), 4.54 (d, J = 4.8 Hz, 1 H), 4.16–4.27 (m, 2 H), 4.03 (s, 3 H), 4.00 (d, J = 4.8 Hz, 1 H), 3.96 (s, 3 H), 3.80–3.86 (m, 2 H), 2.30 (s, 3 H), 1.16 (t, J = 7.2 Hz, 3 H), 0.84 (t, J = 7.2 Hz, 3 H). 13C NMR (100 MHz, CDCl3): δ = 168.17, 167.06, 149.04, 148.64, 146.18, 145.63, 144.73, 143.13, 141.32, 134.58, 130.06, 128.69, 126.59, 125.95, 118.56, 115.64, 115.33, 108.35, 105.93, 62.07, 61.39, 56.17, 56.11, 53.92, 40.92, 21.55, 13.89, 13.55. HRMS (EI): m/z [M] calcd for C31H30N2O10S: 622.1621; found: 622.1621.
1-(5-Tosyl-5,10-dihydroindeno[1,2-b]indol-10-yl)propan-2-one (4e): yellow solid; mp 108–110 °C. FTIR (neat): 3053.5, 2981.5, 2918.8, 1717.7, 1596.8, 1451.5, 1372.8, 1177.7 cm–1. 1H NMR (400 MHz, CDCl3): δ = 8.48 (d, J = 7.6 Hz, 1 H), 8.27 (d, J = 8.4 Hz, 1 H), 7.66 (d, J = 8.4 Hz, 2 H), 7.41–7.45 (m, 3 H), 7.23–7.33 (m, 3 H), 7.11 (d, J = 8.4 Hz, 2 H), 4.39 (t, J = 6.8 Hz, 1 H), 2.88 (d, J = 6.8 Hz, 2 H), 2.27 (s, 3 H), 2.16 (s, 3 H). 13C NMR (100 MHz, CDCl3): δ = 207.55, 151.33, 144.90, 142.15, 141.14, 135.23, 134.03, 133.49, 129.88, 129.85, 127.93, 126.77, 126.40, 126.35, 126.19, 124.66, 124.38, 124.27, 122.04, 119.72, 115.82, 115.73, 46.39, 37.02, 30.74, 21.65. HRMS (EI): m/z [M] calcd for C25H21NO3S: 415.1242; found: 415.1243.
1-Phenyl-2-(5-tosyl-5,10-dihydroindeno[1,2-b]indol-10-yl)ethanone (4f): yellow solid; mp 130–132 °C. FTIR (neat): 3065.4, 2922.2, 2852.0, 1713.2, 1597.7, 1448.9, 1377.9, 1176.9 cm–1. 1H NMR (400 MHz, CDCl3): δ = 8.34 (d, J = 8.4 Hz, 1 H), 7.79 (d, J = 6.6 Hz, 1 H), 7.28–7.55 (m, 10 H), 7.13 (d, J = 8.4 Hz, 2 H), 7.02 (d, J = 7.6 Hz, 2 H), 6.52 (t, J = 7.2 Hz, 1 H), 4.45 (br s, 1 H), 2.79–2.97 (m, 2 H), 2.36 (s, 3 H). 13C NMR (100 MHz, CDCl3): δ = 205.29, 156.72, 144.87, 136.79, 135.48, 135.21, 131.60, 130.80, 129.49, 129.22, 128.10, 127.91, 127.01, 126.24, 125.12, 123.91, 123.71, 123.02, 119.65, 116.35, 43.85, 35.49, 35.46, 21.74. HRMS (EI): m/z [M] calcd for C30H23NO3S: 477.1399; found: 477.1396.
(Z)-4-Hydroxy-3-(5-tosyl-5,10-dihydroindeno[1,2-b]indol-10-yl)pent-3-en-2-one (4h): yellow solid; mp 142–145 °C. FTIR (neat): 3524.2, 3064.0, 2917.0, 2848.7, 1706.7, 1597.1, 1373.3, 1177.7 cm–1. 1H NMR (400 MHz, CDCl3): δ = 8.54 (d, J = 8.0 Hz, 1 H), 8.34 (d, J = 8.4 Hz, 1 H), 7.63 (d, J = 8.4 Hz, 2 H), 7.48 (t, J = 7.6 Hz, 1 H), 7.24–7.37 (m, 6 H), 7.05 (d, J = 8.0 Hz, 2 H), 4.66 (s, 1 H), 2.53 (s, 3 H), 2.25 (s, 3 H), 0.83 (s, 3 H). 13C NMR (100 MHz, CDCl3): δ = 196.76, 188.35, 150.77, 145.11, 141.99, 141.41, 135.14, 133.93, 133.31, 129.84, 128.19, 126.70, 126.62, 126.34, 125.23, 124.61, 123.98, 122.35, 118.96, 116.36, 106.88, 41.10, 31.73, 23.41, 23.27, 22.80, 21.63, 14.27. HRMS (EI): m/z [M] calcd for C27H23NO4S: 457.1348; found: 457.1346.
5-Tosyl-5H-benzo[b]carbazole (5j):21 yellow solid; mp 155–158 °C. 1H NMR (400 MHz, CDCl3): δ = 8.73 (s, 1 H), 8.31–8.34 (m, 2 H), 8.05 (d, J = 8.0 Hz, 1 H), 7.99 (d, J = 8.0 Hz, 1 H) 7.95 (d, J = 8.0 Hz, 1 H), 7.70 (d, J = 8.4 Hz, 2 H), 7.46–7.55 (m, 3 H), 7.37 (t, J = 7.6 Hz, 1 H), 7.05 (d, J = 8.0 Hz, 2 H), 2.20 (s, 3 H). 13C NMR (100 MHz, CDCl3): δ = 144.97, 140.17, 137.42, 134.79, 133.09, 130.67, 129.74, 128.59, 128.48, 128.12, 126.66, 126.46, 126.04, 125.24, 124.28, 120.73, 118.49, 115.49, 112.35, 21.57.
9-Phenyl-5-tosyl-5H-benzo[b]carbazole (5k):19 yellow solid; mp 175–178 °C. 1H NMR (400 MHz, CDCl3): δ = 8.76 (s, 1 H), 8.34–8.37 (m, 2 H), 8.11–8.16 (m, 2 H), 8.02 (d, J = 7.6 Hz, 1 H), 7.82 (d, J = 7.6 Hz, 1 H), 7.71–7.76 (m, 4 H), 7.49–7.55 (m, 3 H), 7.37–7.42 (m, 2 H), 7.05 (d, J = 8.0 Hz, 2 H), 2.21 (s, 3 H). 13C NMR (100 MHz, CDCl3): δ = 144.99, 141.06, 140.23, 137.99, 137.51, 134.81, 132.27, 130.94, 129.75, 129.09, 129.03, 128.55, 127.51, 127.48, 126.66, 126.42, 125.90, 125.86, 124.32, 120.77, 118.76, 115.53, 112.16, 21.57.
9-Methoxy-5-tosyl-5H-benzo[b]carbazole (5l):19 yellow solid; mp 159–161 °C. 1H NMR (400 MHz, CDCl3): δ = 8.66 (s, 1 H), 8.32 (d, J = 8.4 Hz, 1 H), 8.22 (s, 1 H), 7.93–7.99 (m, 2 H), 7.68 (d, J = 8.0 Hz, 2 H), 7.52 (t, J = 7.6 Hz, 1 H), 7.38 (t, J = 7.6 Hz, 1 H), 7.21–7.24 (m, 2 H), 7.04 (d, J = 8.0 Hz, 2 H), 3.95 (s, 3 H), 2.22 (s, 3 H). 13C NMR (100 MHz, CDCl3): δ = 157.16, 144.72, 140.04, 135.88, 134.66, 131.68, 129.85, 129.56, 128.60, 128.24, 127.29, 126.52, 126.42, 124.07, 120.50, 119.29, 116.91, 115.44, 112.40, 105.41, 55.34, 21.45.
8,9-Dimethoxy-5-tosyl-5H-benzo[b]carbazole (5m):22 yellow solid; mp 163–165 °C. 1H NMR (400 MHz, CDCl3): δ = 8.59 (s, 1 H), 8.30 (d, J = 8.0 Hz, 1 H), 8.16 (s, 1 H), 7.93 (d, J = 7.2 Hz, 1 H), 7.69 (d, J = 8.0 Hz, 2 H), 7.48 (t, J = 8.0 Hz, 1 H), 7.35 (t, J = 8.0 Hz, 1 H), 7.38 (s, 1 H), 7.22 (s, 1 H), 7.05 (d, J = 8.0 Hz, 2 H), 4.07 (s, 3 H), 4.02 (s, 3 H), 2.20 (s, 3 H). 13C NMR (100 MHz, CDCl3): δ = 149.85, 149.15, 144.70, 139.53, 136.39, 134.74, 129.57, 129.07, 127.66, 126.67, 126.50, 126.40, 125.20, 124.02, 120.12, 120.09, 116.71, 115.33, 110.93, 106.61, 105.97, 55.94, 55.89, 21.46.
12-Tosyl-12H-naphtho[1,2-b]carbazole (5n):19 yellow solid; mp 179–181 °C. 1H NMR (400 MHz, CDCl3): δ = 9.65 (s, 1 H), 8.92 (d, J = 8.0 Hz, 1 H), 8.38 (d, J = 8.0 Hz, 1 H), 8.33 (s, 1 H), 8.02 (d, J = 7.2 Hz, 1 H), 7.91 (d, J = 8.0 Hz, 1 H), 7.81 (d, J = 8.8 Hz, 1 H), 7.71–7.77 (m, 4 H), 7.65 (t, J = 7.6 Hz, 1 H), 7.54 (t, J = 8.0 Hz, 1 H), 7.40 (t, J = 7.6 Hz, 1 H), 7.02 (d, J = 8.0 Hz, 2 H), 2.19 (s, 3 H). 13C NMR (100 MHz, CDCl3): δ = 144.89, 139.82, 137.89, 134.72, 132.05, 130.57, 130.09, 129.63, 129.05, 128.62, 128.10, 126.91, 126.87, 126.78, 126.50, 126.35, 126.28, 124.20, 123.15, 120.48, 119.09, 115.49, 108.19, 21.42. 
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