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Abstract

The VO(acac)2/TBHP (1.5 mol%/1.3 equiv) system has been successfully used for the epoxidation of variously double bond substituted 2-(2-alkenyl)phenols under mild conditions. Moreover, a one-pot conversion to 2,3-dihydrobenzofuranols and 3-chromanols is achieved with high or complete regio- and diastereoselectivity in the presence of catalytic amounts of TFA (20 mol%). This metal-catalyzed methodology was shown to be more practical and superior to the previously employed m-CPBA for the epoxidation and the oxidative cyclization of 2-(2-alkenyl)phenols.
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[bookmark: RD04902ST-11]11  
            
Typical Experimental Procedure for the Epoxidation: To a stirred solution of anhyd CH2Cl2 (8 mL), under an argon atmosphere, were added VO(acac)2 (3.9 mg, 0.015 mmol) and 1 (1 mmol); then after 5 min TBHP (230 µL, 1.3 mmol of 5.5 M decane solution) was added. Upon completion, after monitoring on TLC using PE/Et2O mixtures, the solvent of the crude reaction mixture was partially removed in vacuo and then the concentrated crude mixture was filtered through a small pad of silica gel before 1H NMR analysis. The reaction mixture was purified by flash chromatography (PE/Et2O) to give the desired epoxides 2. 2a: 1H NMR (400 MHz, CDCl3): δ = 2.68-2.74 (2 H, m), 2.93 (1 H, t, J = 4.0 Hz), 3.22 (1 H, dd, J = 5.0, 2.4 Hz), 3.27-3.32 (1 H, m), 6.80-6.92 (2 H, m), 6.97 (1 H, s), 7.08-7.11 (1 H, m), 7.15-7.19 (1 H, m). 13C NMR (100 MHz, CDCl3): δ = 34.5, 48.0, 53.4, 116.8, 120.5, 123.1, 128.6, 130.9, 155.3. IR (KBr): 753, 848, 825, 1234, 1456, 1594, 2925, 3330 cm-1. MS: m/z (%) = 150(72) [M+], 131(100), 119(40), 91(97), 77(16). Anal. Calcd for C9H10O2: C, 71.98; H, 6.71. Found: C, 71.80; H, 6.66. 2b was obtained as inseparable (trans/cis 85:15) mixture of diastereoisomers. 1H NMR (400 MHz, CDCl3): δ (trans-isomer, distinct signals) = 1.33 (3 H, d, J = 4.9 Hz), 2.73 (1 H, dd, J = 14.9, 7.0 Hz), 3.17 (1 H, dd, J = 14.9, 2.0 Hz). δ (cis-isomer, distinct signals) = 1.49 (3 H, d, J = 5.4 Hz), 2.85 (1 H, dd, J = 9.3, 4.9 Hz), 2.91 (1 H, dd, J = 14.9, 3.2 Hz), 3.30 (1 H, quint, J = 5.4 Hz). Overlapped signals δ = 3.00-3.06 (2 H, trans; 1 H cis, m), 6.83-6.88 (1 H, trans; 1 H, cis, m), 6.90-6.92 (1 H, trans; 1 H, cis, m), 7.06-7.09 (1 H, trans; 1 H, cis, m), 7.14-7.16 (1 H, trans; 1 H, cis, m). 13C NMR (100 MHz, CDCl3): δ = 17.0, 17.5, 34.4, 56.1, 60.8, 68.1, 86.3, 109.0, 117.0, 120.4, 120.5, 123.4, 124.9, 127.8, 128.6, 130.8, 155.5. IR (KBr): 752, 842, 830, 1233, 1457, 1595, 2923, 3330 cm-1. MS: m/z (%) = 164(69) [M+], 146(30), 131(100), 119(29), 107(27), 91(73), 77(13). Anal. Calcd for C10H12O2: C, 73.15; H, 7.37. Found: C, 72.88; H, 7.46. 2c: 1H NMR (400 MHz, CDCl3): δ = 2.90 (1 H, dd, J = 14.9, 7.2 Hz), 3.29 (1 H, dd, J = 14.9, 2.0 Hz), 3.32-3.37 (1 H, m), 3.86 (1 H, d, J = 2.0 Hz), 6.60-6.69 (3 H, m), 7.10-7.39 (6 H, m). 13C NMR (100 MHz, CDCl3): δ = 34.6, 59.5, 63.6, 117.0, 120.7, 123.1, 125.7, 127.6, 128.5, 128.8, 131.0, 136.0, 155.4. IR (KBr): 698, 752, 1240, 1457, 1487, 2923, 3420 cm-1.
MS: m/z (%) = 226(16) [M+], 210(26), 134(58), 120(42), 107(100), 91(86), 77(34). Anal. Calcd for C15H14O2:
C, 79.62; H, 6.24. Found: C, 79.79; H, 6.32. 2d: 1H NMR (400 MHz, CDCl3): δ = 1.33 (3 H, s), 2.73 (1 H, AB, J = 15.0 Hz), 2.84 (1 H, AB, J = 4.1 Hz), 2.90 (1 H, AB, J
             = 4.1 Hz), 3.31 (1 H, AB, J = 15.0 Hz), 6.83-6.87 (1 H, m), 6.92-6.94 (1 H, m), 7.03-7.06 (1 H, m), 7.15-7.19 (1 H, m), 7.55 (1 H, s). 13C NMR (100 MHz, CDCl3): δ = 20.1, 39.4, 55.5, 59.5, 117.3, 120.3, 122.9, 128.8, 131.5, 155.7. IR (KBr): 747, 861, 884, 1241, 1459, 1481, 2923, 3336 cm-1. MS: m/z (%) = 164(90) [M+], 146(30), 131(100), 119(35), 105(68), 91(87), 77(28). Anal. Calcd for C10H12O2: C, 73.15; H, 7.37. Found: C, 73.29; H, 7.45. 2e: 1H NMR (400 MHz, CDCl3): δ = 1.33 (3 H, s), 1.35 (3 H, s), 2.82 (1 H, J = 14.7, 9.8 Hz), 2.94 (1 H, dd, J = 14.7, 2.7 Hz), 3.04 (1 H, dd, J = 9.8, 2.7 Hz), 6.84-6.86 (1 H, m), 6.92-6.93 (1 H, m), 7.01 (1 H, s), 7.10-7.12 (1 H, m), 7.15-7.17 (1 H, m). 13C NMR (100 MHz, CDCl3): δ = 18.8, 24.6, 31.6, 61.0, 65.3, 116.9, 120.5, 124.8, 128.5, 130.6, 155.4. IR (KBr): 751, 870, 861, 1233, 1457, 1481, 2924, 3490 cm-1. MS: m/z (%) = 178(100) [M+], 161(49), 145(54), 120(32), 107(43), 91(48). Anal. Calcd for C11H14O2: C, 74.13; H, 7.92. Found: C, 73.95; H, 7.81. 2f: 1H NMR (400 MHz, CDCl3): δ = 1.49 (3 H, s), 1.61 (3 H, s), 1.68 (3 H, s), 1.60-1.70 (2 H, m), 2.06-2.11 (2 H, m), 2.84 (1 H, dd, J = 14.6, 9.4 Hz), 2.90 (1 H, dd, J = 14.6, 3.3 Hz), 3.04 (1 H, dd, J = 9.4, 3.3 Hz), 5.03-5.08 (1 H, m), 6.84-6.86 (1 H, m), 6.91-6.93 (1 H, m), 7.06 (1 H, s), 7.10-7.12 (1 H, m), 7.15-7.17 (1 H, m). 13C NMR (100 MHz, CDCl3): δ = 16.7, 17.6, 23.5, 25.6, 31.6, 38.4, 63.4, 64.5, 117.0, 120.5, 123.1, 124.3, 128.5, 130.6, 132.2, 155.5. IR (KBr): 751, 860, 855, 1233, 1456, 1479, 2923, 3325 cm-1. MS: m/z (%) = 246(64) [M+], 178(58), 145(40), 133(100), 107(56), 95(58), 91(42), 77(20). Anal. Calcd for C16H22O2: C, 78.01; H, 9.00. Found: C, 78.20; H, 8.89.
[bookmark: RD04902ST-12]12  From 1H NMR analysis of the crude mixture a complete conversion of 1c was observed; partial decomposition of the final product during silica gel chromatography may be responsible of the lower isolated yield.
[bookmark: RD04902ST-17]17  The 2S*,3R* configuration was determined on the corresponding acetylated 4c by comparison with 1H NMR data reported in ref.
   [23]
 
          
[bookmark: RD04902ST-18]18  The 2S*,3R* configuration was determined by comparison with 1H NMR data reported in ref.
   [24]
 
          
[bookmark: RD04902ST-19]19  The erythro/threo ratio was determined by comparison with 1H NMR data reported in ref.
   [8]
 
          
[bookmark: RD04902ST-20]20  It is interesting to note that in the oxidative cyclization of bishomoallylic alcohols using VO(acac)2/TBHP/HOAc, the regioselective formation of tetrahydrofuranols through a 5-exo ring closure of the intermediate epoxides was observed, without loss of the stereoselectivity obtained in the epoxidation step. Although the formation of 6-endo products, tetrahydropyranols, had been possible via more stable tertiary carbocations, these compounds were not isolated. The authors invoked steric factors to justify the experimental results. See ref.
   [9c]
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