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All reactions were conducted under nitrogen on a dual-manifold schlenk line with purified deoxygenated solvents and standard inert-atmosphere techniques, unless otherwise stated. Reagents and chemical were used as purchased without further purification; 2-iodoacetophenone (Lancaster), 2-bromoacetophenone (Aldrich), zinc powder (Merck) and propiolates (Lancaster, Aldrich, TCI and Acros). Substituted 2-iodoacetophenone1 and nickel catalysts2 were synthesized according to reported procedure. 

General procedure for the cyclization of haloarylketones 1 with alkylpropiolates 2. A round-bottom side-arm flask (25 mL) containing o-iodoaryl ketone 1 (0.50 mmol), Ni(dppe)Br2 (5.0 mol%) and zinc powder (2.75 equiv) was evacuated and purged with nitrogen gas three times. Freshly distilled CH3CN (3.0 mL) and propiolate 2 (1.5 equiv) were added. The reaction mixture was heated with stirring at 80 (C for 13 h and was then cooled and diluted with dichloromethane, stirred in the air for 15 min. The mixture was filtered through a Celite and silica gel pad and washed with dichloromethane several times. The filtrate was concentrated and the residue was purified on a silica gel column using hexane-ethyl acetate as eluent to afford the desired cyclization products 3.

Methyl 1-hydroxy-1-methyl-3-pentyl-1H-2-indenecarboxylate (3a): liquid; 1H NMR (400 MHz, CDCl3):  = 0.88 (3H, t, J = 7.2 Hz), 1.32-1.40 (4H, m), 1.57-1.61 (2H, m), 1.64 (3H, s), 2.86 (2H, m), 3.48 (1H, s), 3.84 (3H, s), 7.30-7.36 (2H, m), 7.38 (1H, dd, J = 1.2 Hz, J = 6.4 Hz), 7.48 (1H, dd, J = 1.2 Hz, J = 6.4 Hz); 13C{1H} NMR (100 MHz, CDCl3):  = 13.7, 22.2, 25.5, 26.4, 28.4, 31.8, 51.0, 81.3, 121.6, 122.0, 128.3, 129.0, 134.5, 140.3, 150.0, 155.4, 165.6; HRMS (m/e): calcd for C17H22O3 274.1568, found 274.1597.
Ethyl 1-hydroxy-1-methyl-3-(1,1,1-trimethylsilyl)-1H-2-indenecarboxylate (3b): liquid; 1H NMR (400 MHz, CDCl3):  = 0.38 (9H, s), 1.38 (3H, t, J = 7.2 Hz), 1.63 (3H, s), 3.32 (1H, brs), 4.26-4.40 (2H, m), 7.24-7.32 (2H, m), 7.47 (1H, d, J = 8.0 Hz), 7.59 (1H, d, J = 8.0 Hz); 13C{1H} NMR (100 MHz, CDCl3):  = 0.86, 14.4, 25.6, 61.0, 83.1, 122.5, 125.3, 128.3, 128.7, 143.7, 150.0, 151.4, 152.8, 166.4; HRMS (m/e): calcd for C16H22SiO3 290.1338, found 290.1334.

Methyl 1-hydroxy-1,3-dimethyl-1H-2-indenecarboxylate (3c): liquid; 1H NMR (400 MHz, CDCl3):  = 1.63 (3H, s), 2.41 (3H, s), 3.83 (3H, s), 7.33-7.36 (3H, m), 7.46 (1H, d, J = 8.0 Hz); 13C{1H} NMR (100 MHz, CDCl3):  = 12.4, 25.3, 51.1, 81.3, 121.5, 121.9, 128.4, 129.2, 135.6, 140.9, 149.6, 151.6, 165.8; HRMS (m/e): calcd for C13H14O3 218.0942, found 218.0931.

Methyl 1-hydroxy-3-(methoxymethyl)-1-methyl-1H-2-indenecarboxylate (3d): liquid; 1H NMR (400 MHz, CDCl3):  = 1.62 (3H, s), 3.33 (3H, s), 3.86 (3H, s), 4.86 (1H, d, J = 13.2 Hz), 4.79 (1H, d, J = 13.2 Hz), 7.30-7.37 (2H, m), 7.47 (1H, dd, J = 2.4 Hz, J = 8.0 Hz), 7.70 (1H, dd, J = 2.4 Hz, J = 8.0 Hz); 13C{1H} NMR (100 MHz, CDCl3):  = 25.2, 51.5, 58.4, 67.0, 81.5, 121.9, 124.1, 128.6, 129.2, 137.0, 139.1, 149.7, 150.1, 165.2; HRMS (m/e): calcd for C14H16O4 248.1048, found 248.1048.

Methyl 3-butyl-1-hydroxy-1-methyl-1H-2-indenecarboxylate (3e): liquid; 1H NMR (400 MHz, CDCl3):  = 0.93 (3H, t, J = 7.2 Hz), 1.39-1.44 (2H, m), 1.54-1.59 (2H, m), 1.64 (3H, s), 2.87-2.93 (2H, m), 3.45 (1H, s), 3.84 (3H, s), 7.31-7.39 (3H, m), 7.48 (1H, dd, J = 0.8 Hz, J= 6.0 Hz); 13C{1H} NMR (100 MHz, CDCl3):  = 13.7, 22.8, 25.6, 26.2, 30.9, 51.0, 81.3, 121.7, 122.0, 128.3, 129.0, 134.5, 140.3, 150.0, 155.5, 165.7; HRMS (m/e): calcd for C16H20O3 260.1412, found 260.1425.

Methyl 1-hydroxy-1-methyl-3-phenyl-1H-2-indenecarboxylate (3f): liquid; 1H NMR (400 MHz, CDCl3):  = 1.42 (3H, s), 3.64 (3H, s), 7.23-7.42 (8H, m), 7.64 (1H, d, J = 8.0 Hz); 13C{1H} NMR (100 MHz, CDCl3):  = 23.8, 51.4, 83.1, 122.0, 122.3, 127.0, 127.9, 128.2, 128.3, 128.8, 129.0, 133.9, 138.0, 148.0, 158.3, 165.5; HRMS (m/e): calcd for C18H16O3 280.1099, found 280.1073.

Methyl 1-hydroxy-5-methoxy-1-methyl-3-pentyl-1H-2-indenecarboxylate (3g): liquid; 1H NMR (400 MHz, CDCl3):  = 0.88 (3H, t, J = 6.8 Hz), 1.31-1.41 (4H, m), 1.56-1.60 (2H, m), 1.63 (3H, s), 2.79-2.91 (2H, m), 3.34 (1H, s), 3.82 (3H, s), 3.86 (3H, s), 6.89 (1H, d, J = 8.0 Hz), 6.91 (1H, s), 7.39 (1H, d, J = 8.0 Hz); 13C{1H} NMR (100 MHz, CDCl3):  = 13.9, 22.4, 25.8, 26.6, 28.5, 32.0, 51.2, 55.6, 80.9, 108.1, 113.9, 122.8, 135.6, 142.1, 142.3, 155.3, 160.4, 165.7; HRMS (m/e): calcd for C18H24O4 304.1674, found 304.1672.

Methyl 1-hydroxy-5-methoxy-1,3-dimethyl-1H-2-indenecarboxylate (3h): liquid; 1H NMR (400 MHz, CDCl3):  = 1.62 (3H, s), 2.40 (3H, s), 3.33 (1H, s), 3.80 (3H, s) 3.85 (3H, s), 6.88 (1H, d, J = 8.0 Hz), 6.89 (1H, s), 7.37 (1H, d, J = 8.0 Hz); 13C{1H} NMR (100 MHz, CDCl3):  = 12.5, 25.5, 51.2, 55.5, 80.8, 107.6, 114.3, 122.7, 136.1, 141.9, 142.6, 150.6, 160.4, 165.8; HRMS (m/e): calcd for C14H16O4 248.1048, found 248.1046

Methyl 3-(tert-butyl)-1-hydroxy-5-methoxy-1-methyl-1H-2-indenecarboxylate (3i): liquid; 1H NMR (400 MHz, CDCl3):  = 1.35 (9H, s), 1.53 (3H, s), 2.22 (1H, s), 3.79 (3H, s), 3.81 (3H, s), 6.73 (1H, d, J = 8.0 Hz), 7.08 (1H, s), 7.31 (1H. d, J = 8.0 Hz); 13C{1H} NMR (100 MHz, CDCl3):  = 24.2, 29.1, 34.3, 51.8, 55.5, 81.6, 110.5, 111.9, 122.2, 139.0, 141.3, 141.6, 147.7, 159.8, 169.4; HRMS (m/e): calcd for C17H22O4 290.1518, found 290.1516.

Methyl 1-butyl-1-hydroxy-5-methoxy-3-pentyl-1H-2-indenecarboxylate (3j): liquid; 1H NMR (400 MHz, CDCl3):  = 0.71 (3H, t, J = 7.2 Hz), 0.87 (3H, t, J = 7.2 Hz), 1.07-1.14 (2H, m), 1.28-1.38 (4H, m), 1.54-1.60 (2H, m), 2.01-2.12 (2H, m), 2.74-2.81 (1H, m), 2.88-2.95 (1H, m), 3.35 (1H, s), 3.80 (3H, s), 3.83 (3H, s), 6.85 (1H, d, J = 8.0 Hz), 6.89 (1H, s), 7.32 (1H, d, J = 8.0 Hz); 13C{1H} NMR (100 MHz, CDCl3):  =13.7, 13.8, 22.3, 22.7, 26.1, 26.6, 28.6, 31.9, 38.6, 51.1, 55.4, 83.9, 107.9, 113.6, 123.0, 134.4, 140.8, 142.9, 156.2, 160.2, 165.7; HRMS (m/e): calcd for C21H30O4 346.2144, found 346.2140.

Ethyl1-butyl-1-hydroxy-5-methoxy-3-(1,1,1-trimethylsilyl)-1H-2-indenecarboxy-ate (3k): liquid; 1H NMR (400 MHz, CDCl3):  = 0.36 (9H, s), 0.73 (3H, t, J = 7.2 Hz), 0.81-0.91 (2H, m), 1.09-1.16 (2H, m), 1.36 (3H, t, J = 7.2 Hz), 2.00-2.05 (2H, m), 3.24 (1H, s), 3.78 (3H, s), 4.25-4.36 (2H, m), 6.79 (1H, dd, J = 2.4 Hz, J = 8.0 Hz), 7.1 (1H, d, J = 2.4 Hz), 7.28 (1H, d, J = 8.0 Hz) ; 13C{1H} NMR (100 MHz, CDCl3):  = 0.51, 13.7, 14.1, 22.6, 25.7, 38.3, 55.3, 60.6, 85.3, 111.5, 112.2, 122.7, 140.4, 145.8, 151.3, 152.8, 160.0, 166.1; HRMS (m/e): calcd for C20H30O4Si 362.1913, found 362.1907

Methyl 1-butyl-1-hydroxy-5-methoxy-3-methyl-1H-2-indenecarboxylate (3l): liquid; 1H NMR (400 MHz, CDCl3):  = 0.72 (3H, t, J = 7.2 Hz), 0.82-0.93 (2H, m), 1.09-1.16 (2H, m), 2.06-2.11 (2H, m), 2.41 (3H, s), 3.30 (1H, s), 3.82 (3H, s), 3.85 (3H, s), 6.86 (1H, d, J = 8.4 Hz), 6.89 (1H, s), 7.33 (1H, d, J = 8.4 Hz); 13C{1H} NMR (100 MHz, CDCl3):  = 12.5, 13.7, 22.7, 26.0, 38.5, 51.1, 55.4, 83.9, 107.4, 114.0, 122.9, 134.9, 140.5, 143.5, 151.5, 160.3, 165.8; HRMS (m/e): calcd for C17H22O4 290.1518, found 290.1514

1-Butyl-5-methoxy-2,3-diphenyl-1H-1-indenol (4): solid; 1H NMR (400 MHz, CDCl3):  = 0.69 (3H, t, J = 7.2 Hz), 0.81-0.91 (1H, m), 0.99-1.16 (2H, m), 1.25-1.32 (1H, m), 1.89 (1H, td, J = 12.4 Hz, J = 4.4 Hz), 2.03 (1H, td, J =12.4 Hz, J = 4.4 Hz), 2.28 (1H, s), 3.76 (3H, s), 6.74 (1H, dd, J = 2.4 Hz, J = 8.0 Hz), 6.77 (1H, d, J = 2.4 Hz), 7.19-7.22 (3H, m), 7.28-7.36 (6H, m), 7.41-7.44 (2H, m); 13C{1H} NMR (100 MHz, CDCl3):  = 13.7, 22.6, 25.4, 36.6, 55.3, 85.7, 107.3, 110.8, 122.6, 127.2, 127.4, 127.8, 128.4, 129.2, 129.2, 134.6, 134.8, 139.6, 140.2, 144.7, 147.0, 160.2; HRMS (m/e): calcd for C26H26O2 370.1932, found 370.1923.
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In the case of 3a, the selective irradiation of methyl protons at  1.64 led to enhancement of the signals at  3.48 by 1.16% and at  7.48 by 0.85%, respectively, whereas irradiation of the methylene protons at  2.86 caused an enhancement of the signals at  7.38 by 2.06% and  1.61 by 2.85% for the aromatic and other methylene protons, respectively. These NOE results strongly support the proposed structure for product 3a shown in scheme 1 and exclude the possibility of other regioisomer.
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