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Regulation of equilibria in the catalytic asymmetric 

allylic transfer reaction: unusual 1,2-carbonyl addition of 3-trimethylsilyl-2-propenylstannane 

Chan-Mo Yu,* Ji-Min Kim, Mi-Sook Shin, and Mee-Ok Yoon

Department of Chemistry and Laboratory for Metal-Catalyzed Reactions

Sungkyunkwan University, Suwon 440-746, Korea

General: All reactions were run in flame dried glassware under an atmosphere of nitrogen. Tetrahydrofuran (THF) was dried by refluxing over sodium/benzophenone ketyl until a permanent purple coloration was presented, and distilled prior to use. Trifluorotoluene was distilled from CaH2 prior to use. All liquid reagents purchased from the Aldrich were distilled properly prior to use, unless otherwise indicated. Purification was conducted by flash column chromatography on silica gel (230-400 mesh), eluting with a mixture of hexane and ethyl acetate, unless otherwise stated. All reactions were monitored by thin layer chromatography carried out on Merck silica gel plate (60 F254) using UV light as visualizing agent and ethanolic anisaldehyde solution and heat as developing agent. FT-IR spectra were recorded on a Nicolet 205. 1H NMR spectra were recorded on a Varian Unity Inova at 500 MHz in CDCl3 as a solvent with TMS or residual chloroform as the internal standard. 13C NMR spectra were measured on a Varian Unity Inova at 125 MHz in CDCl3 as a solvent. EI-mass spectra were obtained on a VG-Instrument Trio 2000 system at 70 eV. Optical rotations were measured on a JASCO P-1020 digital polarimeter at ambient temperature. Enantiomeric ratios were determined by preparation of (+)-MTPA ester derivatives, analysis by 500 MHz 1H NMR spectroscopy, and comparison with corresponding diastereomers which were prepared from (R)-BINOL-Ti(IV) and/or by HPLC analysis using chiral column (Chiracel OD-H column, 1-2% iPrOH in hexanes, UV 254 nm, flow 1.0 mL/min).
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3-(Trimethylsilyl)-2-propenyltributylstannane 2: To a flame-dried 100ml round flask, a solution of BuLi (2.5 M in hexane, 9.48 mL, 23.7 mmol) in hexane (6.0 mL) at 0 oC was treated dropwise with a freshly distilled TMEDA (2.42 g, 23.7 mmol) and then allyltrimethylsilane (3.0 g, 26.3 mmol). This mixture was allowed to warm 45-50 oC until the first persistent of orange color. After the mixture was cooled –20 oC, nBu3SnCl (6.50 g, 18.41 mmol) in THF (15.0 mL) was added via a cannular. After stirring for 30min at –20 oC, water (10 mL) was added to the reaction mixture. The mixture was extracted with ether (3 x 60 mL) and the combined organic layers were washed with water, saturated KOH and then dried with Na2SO4. The solvents were removed under reduced pressure after removal of baseline impurities on a column with Et3N pretreated silica gel (ca. 5 cm.). Distillation under reduced pressure afforded 2 (6.12 g, 15.2 mmol, 81%) as a colorless liquid: bp 113-115 oC (0.3 mmHg); TLC, Rf = 0.77 (hexane); FT-IR (neat) 2955, 2926, 1596, 1463, 1246, 1073, 864, 835 cm-1; 1H NMR (500MHz, CDCl3) δ 0.02 (s, 9H, SiMe3), 0.86-0.92 (m, 15H, Sn(CH2CH2CH2CH3)3), 1.29 (sextet, 6H , Sn(CH2CH2CH2CH3)3), 1.44-1.54 (m, 6H, Sn(CH2CH2CH2CH3)3), 1.90 (dd, J = 8.21, 1.17 Hz, 2H, SnCH2CH=CH), 5.34 (dt, J = 18.23, 1.17 Hz, 1H, SiCH=CH), 6.17 (dt, J = 18.23, 8.21, 1H, SiCH=CH); 13C NMR (125MHz, CDCl3) δ –0.65, 10.16, 13.99, 20.32, 27.82, 29.46, 123.59, 146.99; EI-Ms: m/z 403 (M+(); Calcd for C18H40SiSn: C 53.61, H 10.00; found: C 53.83, H 10.11. 
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(+)-(4S)-1-(Trimethylsilyl)-dec-1-en-4-ol 4a, Typical procedure: A flame-dried Schlenk flask containing (R)-BINOL (57.3 mg, 0.2 mmol) and activated powdered 4 Å molecular sieves (1.0 g) was evacuated and carefully purged with nitrogen three times and then charged with dry PhCF3 (3 mL) followed by freshly distilled Ti(OiPr)4 (freshly prepared 0.5 M in PhCF3, 0.4 mL, 0.2 mmol). The mixture was allowed to proceed at 45 oC for 2 h. After cooled to 23 oC, 1,1,1,3,3,3-hexafluoro-2-propanol (68 mg, 0.4 mmol) was added. The resulting solution was warmed to 45 oC and kept for 2 h. The solution was cooled to 23 oC, and concentrated under vacuum (ca. 0.5 mmHg) via Schlenk tube. Dryness of the vacuum line was maintained with a drying tube containing CaSO4. Freshly distilled PhCF3 (3 mL) was added and homogeneous solution of BINOL-Ti(IV)[OCH(CF3)2]2 complex (5) was cooled to –20 oC in a dry ice-CCl4 bath. To the resulting red-brown solution of 5 was added heptanal (0.23 g, 2.0 mmol) followed by 3-(trimethylsilyl)-2-propenyltributylstannane (2, 1.00 g, 2.6 mmol) in PhCF3 (1 mL). To this solution was added slowly Et2BSPri (6, 0.35 g, 2.4 mmol) in PhCF3 (1 mL) with gas-tight syringe via a syringe pump over 1 h along the wall of the flask while keeping the temperature below –20 oC. After stirring for 18 h at –20 oC, aq NaHCO3 (5 mL) was added to the reaction mixture, and then diluted with CH2Cl2 (20 mL). The molecular sieves were removed by filtration, and the aqueous layer was extracted with CH2Cl2 (ca 20 mL). After drying the combined organic solution over anhydrous Na2SO4, the solvents were removed under reduced pressure. Flash column chromatography (15% EtOAc in hexanes) afforded 4a (R = nC6H13, 0.406 g, 1.78 mmol, 89%) as a colorless liquid: TLC, Rf = 0.40 (85:15 hexane:EtOAc); []D25 = +5.57 (c = 1.00, CHCl3, 96% ee); FT-IR (neat) 3346.46 (br), 2955.48, 2928.49, 1616.70, 1457.09, 1247.38, 990.31, 862.70, 836.50 cm-1; 1H NMR (500 MHz, CDCl3) δ 0.06 (s, 9H, SiMe3), 0.88 (t,  J = 7.04 Hz, 3H, CH3CH2CH2CH2CH2CH2), 1.23-1.50 (m, 10H, CH3CH2CH2CH2CH2CH2), 1.53 (d, J = 4.1 Hz, 1H, CHOH), 2.19 (m, 1H, CH=CHCHH), 2.37 (m, 1H, CH=CHCHH), 3.65 (m, 1H, OHCH), 5.78 (dt, J = 18.55, 1.17 Hz, 1H, CH2CH=CH), 6.03 (ddd, J = 18.55, 7.48, 5.87 Hz, 1H, CH2CH=CH); 13C NMR (125 MHz, CDCl3) δ 0.987, 14.353, 22.870, 25.850, 29.559, 32.071, 37.095, 45.212, 70.769, 134.760, 143.057; EI-Ms: m/z 228 (M+(); Calcd for C13H28OSi: C 68.35, H 12.35; found: C 68.13, H 12.44. [Diagnostic 1H NMR (500MHz, CDCl3) of (+)-MTPA ester: δ 5.70 (Major), 5.78 (minor), (m, 1H, CH2CH=CH); 5.83 (Major), 5.92 (minor), (m, 1H, CH2CH=CH)]
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(–)-(3S)-1-Phenyl-6-(trimethylsilyl)-hex-5-en-3-ol 4b: Compound 4b was obtained according to the above procedure for 4a as a colorless oil: Yield, 81%; TLC, Rf = 0.27 (9:1 hexane:EtOAc); []D25 = –13.22 (c = 0.69, CHCl3, 93% ee); FT-IR (neat) 3347 (br), 3026, 2952, 1617, 1495, 1454, 1247, 861 cm-1; 1H NMR (500 MHz, CDCl3) δ 0.06 (s, 9H, SiMe3), 1.58 (d, J = 3.81 Hz, 1H, CHOH), 1.78 (m, 2H, PhCH2CH2CHOH), 2.23 (m, 1H, OHCHHCH=CH), 2.39 (m, 1H, CHOHCHHCH=CH), 2.68 (m, 1H, PhCHHCH2CHOH), 2.80 (m, 1H, PhCHHCH2CHOH), 3.70 (m, 1H, PhCH2CH2CHOH), 5.78 (dt, J = 18.46, 1.13 Hz, 1H, CH2CH=CH), 6.01 (ddd, J = 18.46, 7.54, 5.86 Hz, 1H, CH2CH=CH), 7.17-7.29 (m, 5H); 13C NMR (125 MHz, CDCl3) δ –0.97, 32.25, 38.72, 45.31, 69.98, 126.07, 128.65, 128.70, 135.17, 142.34, 142.65; EI-Ms: m/z 248 (M+(); Calcd for C15H24OSi: C 72.52, H 9.74; found: C 72.50, H 9.88. [Diagnostic 1H NMR (500MHz, CDCl3) of (+)-MTPA ester: δ 5.75 (Major), 5.80 (minor), (d, 1H, CH2CH=CH) 5.84 (Major), 5.93 (minor), (m, 1H, CH2CH=CH)]
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(+)-(1R)-1-Phenyl-4-(trimethylsilyl)-but-3-en-1-ol 4c: Compound 4c was obtained according to the above procedure for 4a as a colorless oil: Yield, 76%; TLC, Rf = 0.4 (85:15 hexane:EtOAc); []D25 = + 20.96 (c = 1.06, CHCl3, 91% ee); FT-IR (neat) 3372 (br), 3029, 2954, 2896, 1616, 1493, 1453, 1247, 1050, 990, 862, 838cm-1; 1H NMR (500 MHz, CDCl3) δ 0.06 (s, 9H, SiMe3), 2.04 (d, J = 2.93 Hz, 1H, OH), 2.48-2.59 (m, 2H, CH2CH=CH), 4.75 (m, 1H, OHCHCH2), 5.80 (dt, J = 18.48, 1.17 Hz, 1H, CH2CH=CH), 6.03 (ddd, J = 18.48, 7.04, 6.16 Hz, 1H, CH2CH=CH), 7.25-7.38 (m, 5H); 13C NMR (125 MHz, CDCl3) δ –0.99, 47.18, 73.43, 126.04, 127.74, 128.63, 135.30, 142.51, 144.22; EI-Ms: m/z 220 (M+(); Calcd for C14H20OSi: C 70.85, H 9.15; found: C 71.10, H 9.09. [Diagnostic 1H NMR (500MHz, CDCl3) of (+)-MTPA ester: δ 5.55 (Major), 5.68 (minor), (d, 1H, CH2CH=CH)]
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(+)-(1R)-1-(4-Bromophenyl)-4-(trimethylsilyl)-but-3-en-1-ol 4d: Compound 4d was obtained according to the above procedure for 4a as a colorless oil: Yield, 81%; TLC, Rf = 0.4 (85:15 hexane:EtOAc); []D25 = + 24.39 (c = 1.21, CHCl3, 93% ee); FT-IR (neat) 3376 (br), 2953, 2896, 1616, 1592, 1487, 1405, 1247, 1070, 1010, 990, 863, 837 cm-1; 1H NMR (500 MHz, CDCl3) δ 0.05 (s, 9H, SiMe3), 2.05 (d, J = 2.93 Hz, 1H, OH), 2.43-2.56 (m, 2H, CH2CH=CH), 4.72 (m, 1H, OHCHCH2), 5.80 (dt, J = 18.39, 1.18 Hz, 1H, CH2CH=CH), 5.99 (ddd, J = 18.39, 7.33, 6.16 Hz, 1H, CH2CH=CH), 7.22 (d, J = 8.51 Hz, 2H, Ph), 7.47 (d, J = 8.51 Hz, 2H, Ph); 13C NMR (125 MHz, CDCl3) δ 0.42, 47.08, 72.74, 121.42, 127.77, 131.66, 135.88, 141.88, 143.36; EI-Ms: m/z 299 (M+(); Calcd for C13H19BrOSi: C 52.17, H 6.40; found: C 51.80, H 6.09. [Diagnostic 1H NMR (500MHz, CDCl3) of (+)-MTPA ester; δ 5.77(Major), 5.80(minor), (minor, 1H, CH2CH=CH), 6.00(Major), (m, 1H, CH2CH=CH)].
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(+)-(10S)-10-Hydroxy-13-(trimethylsilyl)-tridec-12-en-6-ol 4e: Compound 4e was obtained according to the above procedure for 4a as a colorless oil: Yield, 84%; TLC, Rf = 0.43 (4:1 hexane:EtOAc); []D23 = + 6.90 (c = 1.39, CHCl3, 91% ee); FT-IR(neat) 3419 (br), 2954, 1714, 1616, 1456, 1246, 990, 863, 836 cm-1; 1H NMR (500 MHz, CDCl3) δ 0.06 (s, 9H, SiMe3), 0.87 (t, 3H, CH3CH2CH2CH2), 1.20-1.37 (m, 4H, CH3CH2CH2CH2CH2C=O), 1.40-1.49 (m, 2H, CH3CH2CH2CH2CH2C=O), 1.51-1.59 (quintet, J = 7.32 Hz, 2H, C=OCH2CH2CH2CHOH), 1.60-1.74 (m, 2H, C=OCH2CH2CH2CHOH), 1.83 (d, J = 4.03 Hz, 1H, OH), 2.18 (m, 1H, OHCH2CHHCH=CH), 2.33 (m, 1H, HO CH2CHHCH=CH), 2.38 (t,  J  =  7.69 Hz, 2H, C3H7CH2CH2C=O), 2.43 (t, J = 7.33 Hz, 2H, C=OCH2CH2CH2CHOH), 3.63 (m, 1H, C=OCH2CH2CH2CHOH), 5.73 (dt, J = 18.40, 1.13 Hz, 1H, CH2CH=CH), 6.00 (ddd, J = 18.40, 7.54, 6.03 Hz 1H, CH2CH=CH); 13C NMR (125 MHz, CDCl3) δ –0.98, 14.28, 20.00, 22.07, 23.80, 31.66, 36.47, 42.74, 43.04, 45.17, 70.34, 134.87, 142.81, 211.81; EI-Ms: m/z 284 (M+(); Calcd for C16H32O2Si: C 67.54, H 11.34; found: C 67.80, H 11.59. [Diagnostic 1H NMR (500MHz, CDCl3) of (+)-MTPA ester δ 5.70 (Major), (1H, CH2CH=CH), 5.82 (Major), 5.99 (minor), (1H, CH2CH=CH)]
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(+)-(3R)-1-Phenyl-6-(trimethylsilyl)-hex-5-en-1-yn-3-ol 4f: Compound 4f was obtained according to the above procedure for 4a as a colorless oil: Yield, 77%; TLC, Rf = 0.37 (85:15 hexane:EtOAc); []D23 = + 9.89 (c= 1.39, CHCl3, 88% ee); FT-IR(neat) 3322 (br), 3061, 2953, 1618, 1489, 1247, 1030, 836 cm-1; 1H NMR (500 MHz, CDCl3) δ 0.06 (s, 9H, SiMe3), 2.00 (d, J = 5.86 Hz, 1H, OH), 2.60-2.65 (m, 2H, CH2CH=CH), 4.66 (dd, J = 6.23, 6.23 Hz, 1H, OHCHCH2), 5.90 (dt, J = 18.68, 1.51 Hz, 1H, CH2CH=CH), 6.15 (ddd, J = 18.68, 6.40, 6.40 Hz, 1H, CH2CH=CH), 7.27-7.45 (m, 5H, Ph); 13C NMR (125 MHz, CDCl3) δ –0.96, 45.33, 85.49, 89.71, 122.82, 128.54, 128.67, 131.93, 135.99, 140.84, 143.04; EI-Ms: m/z 244 (M+(); Calcd for C15H20OSi: C 73.71, H 8.25; found: C 73.77, H 8.31. [Diagnostic 1H NMR (500 MHz, CDCl3) of (+)-MTPA ester; δ5.83 (Major), 5.90 (minor), (1H, CH2CH=CH), 5.95 (Major), 6.02 (minor), (1H, CH2CH=CH)]
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(+)-(1E,3R,5E)-1-Phenyl-6-(trimethylsilyl)-hexadien-3-ol 4g: Compound 4g was obtained according to the above procedure for 4a as a colorless oil: Yield, 47%; TLC Rf = 0.51 (3:1 hexane:EtOAc); []D23 = +24.29 (c= 0.305, CHCl3, 83% ee); FT-IR (neat) 3364 (br), 3026, 2954, 2854, 1615, 1493, 1448, 1247, 1096, 965, 861, 837, 748, 692cm-1; 1H NMR (500 MHz, CDCl3) δ 0.08 (s, 9H, SiMe3), 1.75 (d, J = 3.75 Hz, 1H, OH), 2.40-2.44 (m, 1H, CHHCH=CH), 2.46-2.51 (m, 1H, CHHCH=CH), 4.38 (m, 1H, OHCHCH2), 5.84 (dt, J = 18.48, 1.47 Hz, 1H, CH2CH=CHSiMe3), 6.04 (ddd, J = 18.48, 6.75, 6.75 Hz, 1H, CH2CH=CHSiMe3), 6.24 (dd, J = 15.99, 6.45 Hz, 1H, OHCHHC=CHPh), 6.60 (d, J = 15.99 Hz, 1H, OHCHCH=CHPh), 7.40-7.21 (m, 5H, Ph); 13C NMR (125MHz, CDCl3) δ 0.97, 45.27, 71.84, 126.71, 127.88, 128.82, 130.43, 131.97, 135.46, 136.96, 142.04; EI-Ms: m/z 246 (M+(); Calcd for C15H22OSi: C 73.11, H 9.00; found: C 73.23, H 8.84. [Diagnostic 1H NMR(500MHz, CDCl3) of (+)-MTPA ester; δ 5.76 (Major), 5.81(minor) (1H, OHCHCH=CH), 5.88 (Major), 6.00 (minor), (1H, OHCHCH=CH), 6.18 (Major), 6.09 (minor), (1H, OHCHCH=CH), 6.67(Major), 6.66 (minor), (1H, OHCHCH=CH)]
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(–)-(3S)-1-Phenyl-6-bromo-hex-(5Z)-en-3-ol 8: Bromine solution (1.65 mL, 0.46M in CH2Cl2) was added dropwise to 4b (172 mg, 0.693 mmol) in CH2Cl2 (2.0 mL) at –78 oC until the first persistent of halogen colour. The resulting solution was then shaken with aqueous Na2CO3 (10% aqueous). The organic layer was separated and the aqueous phase extracted (3x10 mL, CH2Cl2). The combined organic layers were washed with brine and water and then dried (MgSO4). Tetrabutylammonium fluoride trihydrate (0.85 mL, 1.1equiv, 0.896 M in THF) was then added to the crude dibromo intermediate in CH2Cl2 at –20 oC. Silica gel was added and the solvent evaporated followed by chromatography giving 8 (139 mg, 0.55 mmol, 79%) as a pale yellow liquid: TLC, Rf = 0.23 (85:15 Hexane:EtOAc); []D24 = –13.35 (c = 0.190, CHCl3); FT-IR (neat) 3373, 3025, 2924, 2859, 1622, 1602, 1492, 1454, 1324, 1068, 699cm-1; 1H NMR (500MHz, CDCl3) δ 1.47 (d, J = 5.13, 1H, OH), 1.79-1.83 (m, 2H, PhCH2CH2CHOH), 2.43-2.47 (m, 2H, CH2CH=CH), 2.65 (m, 1H, PhCHHCH2CHOH), 2.75 (m, 1H, PhCHHCH2CHOH), 3.79 (m, 1H, OHCHCH2), 6.10 (ddd, J = 7.32, 7.32, 6.96 Hz, 1H, CH2CH=CH), 6.30 (d, J = 6.96Hz, 1H, CH2CH=CHBr), 7.25-7.30 (m, 5H, Ph); 13C NMR (125MHz, CDCl3) δ 32.42, 37.71, 38.59, 38.97, 70.09, 110.12, 125.92, 128.34, 130.86, 141.72; EI-Ms: m/z 254 (M+(); Calcd for C12H15BrO: C 56.49, H 5.93; found: C 56.21, H 5.89.
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(–)-(4S)-6-Phenyl-1-hexen-4-ol 9: Tributyltin hydride (79 mg, 0.27 mmol, 1.2equiv) was added to a solution of 8 (60 mg, 0.24 mmol) in benzene (5.0 mL) containing catalytic amounts of azoisobutyronitrile (AIBN, 3 mg, 0.018 mmol). The mixture was heated under reflux for 2 h and then concentrated under reduced pressure. Ether (5.0 mL) and saturated KF (4.0mL) were added and it was stirred for 1 h. The aqueous layers were extracted with ether (10mLx3) and organic layers were washed with water and brine. After drying over anhydrous MgSO4, the solvent was evaporated under reduced pressure and followed by flash chromatography afforded 9 (26.4 mg, 0.15 mmol, 63%) as a colorless liquid: TLC, Rf = 0.30 (9:1 Hexane:EtOAc); []D25 = –20.3 (c = 1.25, CHCl3); FT-IR (neat) 3391, 3076, 3032, 2958, 2870, 1454, 1048, 916 cm-1; 1H NMR (500MHz, CDCl3) δ 1.77-1.88 (m, 2H), 2.13-2.43 (m, 2H), 2.62-2.93 (m, 2H), 3.63-3.79 (m, 1H), 5.10-5.21 (m, 2H), 5.75-5.97 (m, 1H), 7.16-7.39 (m, 5H); EI-Ms: m/z 176 (M+().
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Ethyl [(–)-(2R,6S)-6-(Phenylethyl)-5,6-dihydro-2H-pyran-2-yl]acetate 10: A solution of 8 (100mg, 0.39 mmol) in CH2Cl2 (1.5 mL) was added ethylpropiolate (47.6㎕, 0.47 mmol) and NMM (65㎕, 0.60 mmol). This mixture was allowed to rt for 5 h. The reaction was quenched by the addition of water (2.0 mL) and extracted with ether (30 mL). The combined organic layers were washed with water and brine. After drying over MgSO4, the solvent was removed under reduced pressure and purified by column chromatography to give the corresponding -alkoxy acrylate (114.4 mg, 0.324 mmol, 83%) as a colorless liquid; TLC, Rf = 0.4 (85:15 hexane:EtOAc); []D25 = –21.09 (c= 0.955, CHCl3); FT-IR(neat) 3084, 3026, 2979, 2931, 1706, 1641, 1621, 1495, 1454, 1202, 1131, 1044cm-1; 1H NMR (500 MHz, CDCl3) δ 1.26 (t, J = 6.97 Hz, 3H, OCH2CH3), 1.85-2.03 (m, 2H, PhCH2CH2), 2.56 (m, 2H, CH2CH=CHBr), 2.65 (m, 1H, PhCHHCH2), 2.75 (m, 1H, PhCHHCH2), 4.02 (m, 1H, OCHCH2), 4.17 (q, J = 6.97 Hz, 2H, OCH2CH3), 5.27 (d, J = 12.45 Hz, 1H, OCH=CHCO2Et), 6.10 (dt, J = 7.32, 6.95Hz, 1H, CH2CH=CH), 6.32 (d, J = 6.95 Hz, 1H, CH2CH=CHBr), 7.11-7.34 (m, 5H, Ph), 7.50 (d, J = 12.45 Hz, 1H, OCH=CH); 13C NMR (125 MHz, CDCl3) δ 14.34, 31.28, 34.46, 35.56, 59.73, 81.19, 97.87, 111.04, 126.20, 128.30, 128.42, 129.08, 140.76, 161.84, 167.92; EI-Ms: m/z 352 (M+(); Calcd for C17H21BrO3: C 57.80, H 5.99; found: C 57.71, H 5.88. 


-alkoxy acrylate (70 mg, 0.20 mmol) was dissolved in benzene (10 mL) and azoisobutyronitrile (AIBN, 4.4 mg, 0.028mmol) was added and the solution was heated under reflux. Bu3SnH (70 mg, 0.24 mmol) in benzene (1 mL) was added over 5 h via syringe pump. The mixture was cooled to rt and the solvent was removed by reduced pressure. Ether (5.0mL) and saturated KF (5.0mL) were added and then stirred for 1 h. The aqueous layer was extracted with ether (20 mLx2) and the organic layers were washed with water and brine. After drying over MgSO4, the solvent was removed under reduced pressure and purified by column chromatography to give 10 (39.80 mg, 0.145 mmol, 73%) as a colorless liquid: TLC, Rf = 0.4 (85:15 hexane:EtOAc); []D25 = –19.37 (c= 0.480, CHCl3); FT-IR(neat) 3027, 2980, 2927, 2858, 1737, 1641, 1454, 1370, 1275, 1083, 1000, 700 cm-1; 1H NMR (500MHz, CDCl3) δ 1.29 (t, J = 6.96 Hz, 3H, OCH2CH3), 1.74 (m, 1H, PhCH2CHHCH) 1.84 (m, 1H, PhCH2CHHCH), 1.90 (M, 1H, CHHCH=CHO), 2.05 (m, 1H, CHHCH=CHO), 2.45 (dd, J = 15.01, 5.86 Hz, 1H, CHHCO2Et), 2.58 (dd, J = 15.01, 8.43, 1H, CHHCO2Et), 2.65 (m, 1H, PhCHHCH2CH), 2.75 (m, 1H, PhCHHCH2CH), 3.50 (m, 1H, PhCH2CH2CHO), 4.20 (q, J = 6.96 Hz, 2H, OCH2CH3), 4.57 (m, 1H, OCHCH2CO2Et), 5.63 (dd, J = 10.25, 1.46 Hz, 1H, OCHCH=CH), 5.83 (ddd, J = 10.25, 5.49, 2.20 Hz, 1H, CHCH2CH=CH), 7.09-7.15 (m, 5H, Ph); 13C NMR (125 MHz, CDCl3) δ 1.29, 14.66, 31.58, 34.76, 35.86, 60.06, 81.50, 98.01, 111.37, 126.44, 128.65, 128.83, 129.37, 141.06, 162.18, 168; EI-Ms: m/z 274 (M+(); Calcd for C17H22O3: C 74.42, H 8.08; found: C 74.66, H 7.99.
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(–)-(6S)-Phenethyl-5,6-dihydro-2H-pyran-2-one 11:  A 15mL schlenk flask equipped with a reflux condenser was charged with bis(triphenylphosphine)dicarbonylnickel (192 mg, 0.30 mmol, 1.1 equiv) and 8 (70mg, 0.27 mmol, 1.0 equiv). The system was alternately evacuated and filled with argon. PhCF3 (4 mL) was introduced via syringe, the system was alternately evacuated (until the solvent vigorously frothed) and filled with argon five times and then triethylamine (55 mg, 0.54 mmol, 2.0 equiv) was added. The mixture was heated at reflux for 30 min, during which the color changed from yellow to orange to brown and finally to green. The mixture was cooled to 25 oC, poured into ether (20 mL), and washed with two portion of aqueous 1N hydrochloride acid. The combined aqueous layers were extracted with ether (20x2 mL), and then the combined organic layers were washed with saturated aqueous sodium bicarbonate and saturated aqueous sodium chloride. After drying over anhydrous MgSO4, the organic solution was concentrated under reduced pressure to yield a heterogeneous green residue. Final purification was effected by column chromatography to give 11 (45.3 mg, 0.224 mmol, 83%) as a colorless liquid: TLC, Rf = 0.23 (3:1 hexane:EtOAc); []D25 = –23.86 (c= 0.725, CHCl3); FT-IR (neat) 3026, 2933, 1714, 1603, 1495, 1390, 1245, 1078, 1036, 816 cm-1; 1H NMR (500 MHz, CDCl3 ) δ 1.92 (m, 1H, PhCH2CHH), 2.18 (m, 1H, PhCH2CHH), 2.34 (m, 2H, CH2CH=CH), 2.78 (ddd, J = 14.01, 9.34, 7.29 Hz, 1H, PhCHHCH2), 2.89 (ddd, J = 14.01, 9.22, 5.55 Hz, 1H, PhCHHCH2), 4.42 (m, 1H, CH2CHO), 6.02 (ddd, J = 9.63, 2.34, 1.17 Hz, 1H, CH2CH=CH), 6.86 (ddd, J = 9.63, 5.25, 3.21 Hz, 1H, CH2CH=CH), 7.21-7.30 (m, 5H, Ph); 13C NMR (125MHz, CDCl3) δ 29.74, 31.21, 36.80, 76.90, 77.16, 77.32, 121.74, 126.44, 128.77, 128.83, 145.28; EI-Ms: m/z 202 (M+(); Calcd for C13H14O2: C 77.22, H 6.98; found: C 76.98, H 7.03.
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