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Abstract

The reduction of readily available optically active β-sultones bearing a β-trichloromethyl substituent proceeds chemoselectively at three different sites via C-Cl, C-O or S-O bond cleavage and allows for the formation of highly enantioenriched β-hydroxysulfinic acids and allylsulfonic acids.
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            22.0 +31.93 ± 0.49 (c = 1.00, CHCl3; sample with ee = 96%). 5e: 1H NMR (300 MHz, CDCl3): δ = 7.25-7.35 (m, 5 H, CHPh), 5.23 (br, 2 H, OH, SO2H), 5.15 (m, 1 H, CHOH), 2.60-3.78 (m, 2 H, CHHPh, CHS), 3.12 (dd, J = 11.5, 15.3 Hz, 1 H, CHHPh). 13C NMR (75 MHz, CDCl3): δ = 129.2 (2 × CPh), 128.8 (2 × CPh), 128.7 (CPh,q), 127.2 (CPh), 101.8 (CCl3), 76.0 (CHCCl3), 65.5 (CSO2H), 29.7 (CH2Ph). IR (ATR): 3383, 1496, 1454, 1106 cm-1. [α]D
            21.5 +41.51 ± 0.44 (c = 1.15, CHCl3; sample with ee = 99%). γ-Sultine 6: HRMS (EI): m/z [M]+ calcd for C5H7O3SCl3: 251.9176; found: 251.9175. Anal. Calcd for C5H7Cl3O3S: C, 23.69; H, 2.78. Found: C, 23.90; H, 2.88. (2S)-6: R
            
              f
             0.39 (EtOAc-cyclohexane, 1:1); mp 123.5-124.4 °C. 1H NMR (300 MHz, CDCl3): δ = 4.88 (ddd, J = 4.0, 8.7, 12.8 Hz, 1 H, CHHO), 4.70 (m, 1 H, CHOH), 4.48-4.57 (m, 1 H, CHHO), 3.76 (d, J = 4.4 Hz, 1 H, OH), 3.72 (ddd, J = 4.4, 8.4, 10.6 Hz, 1 H, CHS), 2.76-2.90 (m, 1 H, CH2CHHCH), 2.39-2.49 (m, 1 H, CH2CHHCH). 13C NMR (75 MHz, CDCl3): δ = 101.4 (CCl3), 78.6 (Cl3CCHO), 76.0 (CH2
            CH2O), 68.5 (CHS), 24.1 (CH2
            CH2CH). IR (ATR): 3292, 1082, 1075 cm-1. [α]D
            23.9 -92.33 ± 0.21 (c = 1.05, CHCl3; sample with ee = 96%). (2R)-6: R
            
              f
            : 0.50 (EtOAc-cyclohexane, 1:1); mp 108.1-110.0 °C. 1H NMR (300 MHz, CDCl3): δ = 4.89 (dt, J = 7.2, 8.4 Hz, 1 H, CHHO), 4.70-4.78 (m, 1 H, CHHO), 4.58 (m, 1 H, CHOH), 3.78-3.85 (m, 1 H, CHS), 3.38 (br, 1 H, OH), 2.52-2.73 (m, 2 H, CH2CH
            2CH). 13C NMR (75 MHz, CDCl3): δ = 102.0 (CCl3), 78.1 (Cl3CCHO), 77.2 (CHS), 75.7 (CH2
            CH2O), 24.6 (CH2
            CH2CH). IR (ATR): 3289, 1088, 1051 cm-1. [α]D
            23.6 +4.24 ± 1.1 (c = 0.20, CHCl3; sample with ee = 96%).
[bookmark: RG07608ST-16]16  Analytical data for sulfonic acids 7 and 11: 7a: 1H NMR (300 MHz, D2O): δ = 5.83 (d, J = 10.1 Hz, 1 H, CH=CCl2), 3.78-3.88 (m, 1 H, CHS), 1.26 (d, J = 6.9 Hz, 3 H, Me). 13C NMR (75 MHz, D2O): δ = 126.0 (C=C), 123.8 (C=C), 56.6 (CSO3H), 14.8 (Me). IR (ATR): 2941, 1621, 1141, 1007 cm-1. HRMS (ESI): m/z [M - H]- calcd for C4H6O3SCl2: 202.9332; found: 202.9343. [α]D
            22.9 -75.46 ± 0.42 (c = 1.30, H2O; sample with ee = 85%). 7b: 1H NMR (300 MHz, D2O): δ = 5.77 (d, J = 10.4 Hz, 1 H, CH=CCl2), 3.57-3.67 (m, 1 H, CHS), 1.79-1.95 (m, 1 H, CHHCHS), 1.41-1.57 (m, 1 H, CHHCHS), 0.79 (t, J = 7.3 Hz, 3 H, Me). 13C NMR (75 MHz, D2O): δ = 125.1 (C=C), 124.9 (C=C), 63.1 (CSO3H), 23.1 (CH2CHS), 10.2 (Me). IR (ATR): 3412, 1663, 1621, 1178, 1039 cm-1. HRMS (ESI): m/z [M - H]- calcd for C5H8O3SCl2: 216.9498; found: 216.9495. [α]D
            28.0 -87.32 ± 0.10 (c = 0.95, H2O; sample with ee >99%). 7c: 1H NMR (300 MHz, D2O): δ = 5.77 (d, J = 10.4 Hz, 1 H, CH=CCl2), 3.66-3.77 (m, 1 H, CHS), 1.70-1.85 (m, 1 H, CHHCHS), 1.42-1.59 (m, 1 H, CHHCHS), 1.07-1.36 (m, 2 H, CH
            2CH3), 0.75 (t, J = 7.3 Hz, 3 H, Me). 13C NMR (75 MHz, D2O): δ = 125.4 (C=C), 124.7 (C=C), 61.3 (CSO3H), 31.5 (CH2CHS), 19.1 (CH2CH3), 12.8 (Me). IR (ATR): 2958, 1622, 1198, 1080 cm-1. HRMS (ESI): m/z [M - H]- calcd for C6H10O3SCl2: 230.9655; found: 230.9654. [α]D
            26.4 -79.53 ± 0.14 (c = 1.20, H2O; sample with ee = 86%). 7d: 1H NMR (300 MHz, D2O): δ = 5.83 (d, J = 10.4 Hz, 1 H, CH=CCl2), 3.99 (td, J = 3.7, 10.4 Hz, 1 H, CHS), 3.64 (td, J = 5.4, 10.9 Hz, 1 H, CHHCl), 3.37-3.38 (m, 1 H, CHHCl), 2.23-2.36 (m, 1 H, CHHCHS), 1.96-2.28 (m, 1 H, CHHCHS). 13C NMR (75 MHz, D2O): δ = 126.0 (C=C), 124.0 (C=C), 59.0 (CSO3H), 41.7 (CH2Cl), 32.5 (CH2CHS). IR (ATR): 2539, 1621, 1193, 1060 cm-1. HRMS (ESI): m/z [M - H]- calcd for C5H7O3SCl3: 250.9109; found: 250.9109. [α]D
            28.5 -134.18 ± 0.07 (c = 1.37, MeOH; sample with ee = 94%). 7e: 1H NMR (300 MHz, D2O): δ = 7.20-7.35 (m, 5 H, CHPh), 5.94 (d, J = 10.3 Hz, 1 H, CH=CCl2), 4.09 (m, 1 H, CHS), 3.37 (dd, J = 3.1, 13.7 Hz, 1 H, CHHPh), 2.82 (m, 1 H, CHHPh). 13C NMR (75 MHz, D2O): δ = 139.7 (CPh,q), 131.7 (2 × CPh), 131.1 (2 × CPh), 129.3, 127.9, 127.2 (C=C), 65.5 (CSO3H), 38.5 (CH2Ph). IR (ATR): 3029, 1621, 1216, 1154, 1038 cm-1. HRMS (ESI): m/z [M - H]- calcd for C10H10O3SCl2: 278.9655; found: 278.9654. [α]D
            23.8 -75.97 ± 0.13 (c = 0.95, MeOH; sample with ee = 99%). 7f: 1H NMR (300 MHz, D2O): δ = 6.75-6.85 (m, 4 H, CHPh), 5.84 (d, J = 10.6 Hz, 1 H, CH=CCl2), 3.90-4.05 (m, 2 H, CHS, CH2OAr), 3.75-3.87 (m, 1 H, CH2Cring), 3.63 (s, 3 H, OMe), 2.23-2.39 (m, 1 H, CH
            2CHS), 1.81-1.97 (m, 1 H, CH
            2CHS). 13C NMR (75 MHz, D2O): δ = 153.2 (CPh), 151.9 (CPh), 125.2 (C=C), 124.4 (C=C), 116.4 (2 × CHPh), 114.8 (2 × CHPh), 65.9 (CH2O), 58.9 (CSO3H), 55.7 (OMe), 29.5 (CH2CHS). IR (ATR): 3422, 1621, 1509, 1216, 1167, 1032 cm-1. HRMS (ESI): 
              m/z [M - H]- calcd for C12H14O5SCl2: 338.9866; found: 338.9866. [α]D
            20.3 -80.63 ± 0.26 (c = 0.55, MeOH; sample with ee >99%). 11b: 1H NMR (300 MHz, D2O; E-isomer): δ = 6.34 (d, J = 13.4 Hz, 1 H, CH=CHCl), 5.81 (dd, J = 10.3, 13.4 Hz, 1 H, CH=CHCl), 3.38 (dt, J = 3.7, 10.3 Hz, 1 H, CHS), 1.88-2.04 (m, 1 H, CHHCHS), 1.50-1.66 (m, 1 H, CHHCHS), 0.86 (t, J = 7.5 Hz, 3 H, Me). 1H NMR (300 MHz, D2O; Z-isomer): δ = 6.45 (d, J = 7.2 Hz, 1 H, CH=CHCl), 5.74 (dd, J = 7.2, 10.3 Hz, 1 H, CH=CHCl), 3.95 (dt, J = 3.2, 10.3 Hz, 1 H, CHS), 1.88-2.04 (m, 1 H, CHHCHS), 1.50-1.66 (m, 1 H, CHHCHS), 0.87 (t, J = 7.5 Hz, 3 H, Me). 13C NMR (75 MHz, D2O; E-isomer): δ = 127.9 (C=C), 123.0 (C=C), 64.1 (CSO3H), 22.7 (CH2CHS), 10.6 (Me). 13C NMR (75 MHz, D2O; Z-isomer): δ = 126.3 (C=C), 123.6 (C=C), 60.5 (CSO3H), 23.2 (CH2CHS), 10.4 (Me). IR (ATR): 2973, 1694, 1115 cm-1. HRMS (ESI): m/z [M - H]- calcd for C5H9O3SCl: 182.9888; found: 182.9889.
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