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Abstract

The Pd(0)-catalyzed ring-expansion reactions of hydroxy methoxyallenyl-4,4-dialkylisochroman derivatives in the presence of P(o-tolyl)3 proceeded smoothly via hydropalladation to give 3-benzoxepan-1-one derivatives in high yields. Treatment of isochroman-1-one derivatives with lithio methoxyallene followed by quenching the reaction with water furnished 3-benzoxocan-6-one derivatives in good yields.
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Typical Procedure for the Ring-Expansion Reaction of Hydroxy Methoxyallenyl-4,4-dialkylisochromans 7a-c: A mixture of 1-hydroxy-1-methoxyallenyl-4,4-dimethyl-isochroman (7a; 173.1 mg, 0.703 mmol), Pd(PPh3)4 (40.6 mg, 5.0 mol%), P(o-tolyl)3 (21.4 mg, 10.0 mol%) in THF (7.0 mL) was refluxed under an argon atmosphere for 3 h. The reaction mixture was evaporated in vacuo to afford a solid residue, which was purified by column chromato-graphy on silica gel with n-hexane-EtOAc (3:1) to give 5,5-dimethyl-2-methoxy-2-vinyl-3-benzoxepan-1-one (8a; 137.4 mg, 79%) as colorless prisms.
Compound 8a: colorless prisms; mp 78.5-79.5 °C (n-hexane-EtOAc). IR (KBr): 1711 cm-1. 1H NMR (400 MHz, CDCl3): δ = 1.14 (s, 3 H), 1.60 (s, 3 H), 3.36 (s, 3 H), 3.69 (d, J = 13.2 Hz, 1 H), 4.03 (d, J = 13.2 Hz, 1 H), 5.37 (dd, J = 1.6, 10.3 Hz, 1 H), 5.53 (dd, J = 1.6, 17.3 Hz, 1 H), 5.65 (dd, J = 10.3, 17.3 Hz, 1 H), 7.21-7.25 (m, 1 H), 7.41-7.50 (m, 3 H). HRMS-EI calcd for C15H18O3: MW 246.1256. Found: m/z = 246.1258 (M+). Anal. Calcd for C15H18O3: C, 73.15; H, 7.37. Found: C, 73.03; H, 7.38. Compound 8b: colorless oil. IR (neat): 1700 cm-1. 1H NMR (400 MHz, CDCl3): δ = 0.46 (t, J = 7.5 Hz, 3 H), 1.07 (t, J = 7.5 Hz, 3 H) 1.44-1.58 (m, 2 H), 1.76-1.89 (m, 1 H), 2.13-2.23 (m, 1 H), 3.35 (s, 3 H), 3.86 (d, J = 13.7 Hz, 1 H), 4.10 (d, J = 13.7 Hz, 1 H), 5.35 (dd, J = 1.5, 10.5 Hz, 1 H), 5.48 (dd, J = 1.5, 17.3 Hz, 1 H), 5.62 (dd, J = 10.5, 17.3 Hz, 1 H), 7.22-7.26 (m, 1 H), 7.24 (d, J = 7.8 Hz, 1 H), 7.42 (dd, J = 1.5, 7.7 Hz, 1 H), 7.46-7.50 (m, 1 H). HRMS-EI calcd for C17H22O3: MW 274.1569. Found: m/z = 274.1558 (M+). Anal. Calcd for C17H22O3: C, 74.42; H, 8.08. Found: C, 74.17; H, 8.08. Compound 8c: colorless oil. IR (neat): 1701 cm-1. 1H NMR (400 MHz, CDCl3): δ = 0.54-0.73 (m, 4 H), 0.92-1.04 (m, 4 H), 1.33-1.50 (m, 3 H), 1.63-1.78 (m, 3 H), 3.34 (s, 3 H), 3.87 (d, J = 13.7 Hz, 1 H), 4.11 (d, J = 13.7 Hz, 1 H), 5.35 (dd, J = 1.5, 10.5 Hz, 1 H), 5.48 (dd, J = 1.5, 17.3 Hz, 1 H), 5.61 (dd, J = 10.5, 17.3 Hz, 1 H), 7.21-7.24 (m, 1 H), 7.36 (d, J = 7.8 Hz, 1 H), 7.40 (dd, J = 1.5, 7.8 Hz, 1 H), 7.46-7.50 (m, 1 H). HRMS-EI calcd for C19H26O3: MW 302.1882. Found: m/z = 302.1888 (M+). Anal. Calcd for C19H26O3: C, 75.46; H, 8.67. Found: C, 75.21; H, 8.71.
[bookmark: RU29303ST-12]12  X-ray data for 8a: C15H18O3, MW = 246.31, colorless block, orthorhombic, space group Aba2 (#41), a = 22.4114 Å, b = 7.929(2) Å, c = 14.737 (4) Å, V = 2618 (1) Å3, Z = 8, R = 0.181, Rw = 0.181. The structure factors are available from the author upon request.
[bookmark: RU29303ST-14]14  
            
Typical Experimental Procedure for the Ring-Expansion Reaction of Isochroman-1-ones 9a-e: A solution of methoxyallene (140.2 mg, 2.0 mmol) in dry THF (2.0 mL) was treated with 1.58 M n-BuLi in n-hexane (0.76 mL, 1.2 mmol) under an argon atmosphere at -30 °C with stirring for 30 min. Then the solution was added to a THF (1.0 mL) solution of 7-methoxy-isochroman-1-one (9d; 178.2 mg, 1.0 mmol) at -30 °C. After being stirred at -30 °C for 1 h, the reaction mixture was quenched with H2O and extracted with Et2O. The organic layer was washed with brine, dried over MgSO4, and filtered. The filtrate was evaporated in vacuo to afford a crude product, which was purified by column chromatography on silica gel with n-hexane-EtOAc (3:1) to give 5,8-dimethoxy-4-methyl-1,2-dihydro-3-benzoxocin-6-one (10d; 166.6 mg, 69%) as colorless plates.
Compound 10a: colorless oil. IR (neat): 1619, 1596 cm-1. 1H NMR (400 MHz, CDCl3): δ = 2.12 (s, 3 H), 2.98 (t, J = 5.7 Hz, 2 H), 3.73 (s, 3 H), 4.02 (t, J = 5.7 Hz, 2 H), 7.16 (d, J = 7.6 Hz, 1 H), 7.35 (t, J = 7.6 Hz, 1 H), 7.44 (d, J = 7.6 Hz, 1 H), 7.74 (d, J = 7.6 Hz, 1 H). HRMS-EI calcd for C13H14O3: MW 218.0943. Found: m/z = 218.0957 (M+). Anal. Calcd for C13H14O3: C, 71.54; H, 6.47. Found: C, 71.32; H, 6.43. Compound 10b: colorless needles; mp 72.5-73.5 °C (CHCl3-n-hexane-Et2O). IR (KBr): 1620, 1601
cm-1. 1H NMR (400 MHz, CDCl3): δ = 2.11 (s, 3 H), 2.36 (s, 3 H), 2.94 (t, J = 5.9 Hz, 2 H), 3.72 (s, 3 H), 4.00 (t, J = 5.9 Hz, 2 H), 7.05 (d, J = 7.8 Hz, 1 H), 7.23-7.26 (m, 1 H), 7.56 (d, J = 0.7 Hz, 1 H). HRMS-EI calcd for C14H16O3: MW 232.1100. Found: m/z = 232.1104 (M+). Anal. Calcd for C14H16O3: C, 72.39; H, 6.94. Found: C, 72.13; H, 6.96. Compound 10c: colorless prisms; mp 56.0-56.5 °C (n-hexane-Et2O). IR (KBr): 1617, 1608 cm-1. 1H NMR (400 MHz, CDCl3): δ = 2.11 (s, 3 H), 2.37 (s, 3 H), 2.95 (t, J = 5.7 Hz, 2 H), 3.72 (s, 3 H), 4.01 (t, J = 5.7 Hz, 2 H), 6.97 (s, 1 H), 7.15 (d, J = 8.1 Hz, 1 H), 7.69 (d, J = 8.1 Hz, 1 H); HRMS-EI calcd for C14H16O3: MW 232.1100. Found: m/z = 232.1092 (M+). Anal. Calcd for C14H16O3: C, 72.39; H, 6.94. Found: C, 72.17; H, 6.98. Compound 10d: colorless plates; mp 81.0 °C (n-hexane-EtOAc). IR (KBr): 1613, 1600 cm-1. 1H NMR (400 MHz, CDCl3): δ = 2.12 (s, 3 H), 2.92 (t, J = 5.6 Hz, 2 H), 3.72 (s, 3 H), 3.83 (s, 3 H), 3.99 (t, J = 5.6 Hz, 2 H), 7.00 (dd, J = 2.0, 8.3 Hz, 1 H), 7.07 (d, J = 8.3 Hz, 1 H), 7.30 (d, J = 2.0 Hz, 1 H). HRMS-EI calcd for C14H16O4: MW 248.1049. Found: m/z = 248.1049 (M+). Anal. Calcd for C14H16O4: C, 67.73; H, 6.50. Found: C, 67.76; H, 6.52. Compound 10e: colorless needless; mp 147.0-147.5 °C (n-hexane-EtOAc); IR (KBr) 1617, 1596 cm-1; 1H NMR (400 MHz, CDCl3) d = 2.11 (s, 3 H), 2.97 (t, J = 5.7 Hz, 2 H), 3.72 (s, 3 H), 3.92 (s, 3 H), 3.94 (s, 3 H), 4.03 (t, J = 5.7 Hz, 2 H), 6.62 (s, 1 H), 7.44 (s, 1 H). HRMS-EI calcd for C15H18O5 MW 278.1154, found m/z 278.1172 (M+). Anal. Calcd for C15H18O5: C, 64.47; H, 6.52. Found: C, 64.74; H, 6.58.
[bookmark: RU29303ST-15]15  X-ray data for 10b: C14H16O3, MW = 232.28, colorless needle, monoclinic, space group P21/c (#14), a = 10.223(3) Å, b = 8.743(2) Å, c = 14.193(3) Å, V = 1237.9(5) Å3, β = 102.64(1)o, Z = 4, R = 0.087, Rw = 0.131. The structure factors are available from the author upon request.
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