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Abstract
        


The Z-isomer of α-bromo-γ-(bromomethylene)butenolide was prepared from α-angelica lactone or levulinic acid in three and four steps, respectively. Successive Stille-couplings with an unsaturated stannane, with the potential to use a different second unsaturated stannane, involved the γ-substituent first and the α-substituent thereafter. Thereby, α-alkenyl-γ-alkylidenebutenolides and their arene analogs were obtained Z-selectively.
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            J
            1
            ′′
            -Me,2
            ′′ = 1.1 Hz, 1′′-H3), 4.20 (dd, J
            4
            ′
            ,3
            ′ = 5.2 Hz, 4
            J
            4
            ′
            ,2
            ′ = 1.7 Hz, 4′-H2), 4.30 (d, J
            3
            ′′
            ,2
            ′′ = 6.5 Hz, 3′′-H2), 6.00 (d, J
            1
            ′
            ,2
            ′ = 11.4 Hz, 1′-H), 6.16 (dtd, J
            3
            ′
            ,2
            ′ = 15.4 Hz, J
            3
            ′
            ,4′ = 5.3 Hz, 4
            J
            3
            ′
            ,1
            ′ = 0.9 Hz, 3′-H), 6.76 (ddt, J
            2
            ′
            ,3
            ′ = 15.5 Hz, J
            2
            ′
            ,1
            ′ = 11.4 Hz, 4
            J
            2
            ′
            ,4
            ′ = 1.9 Hz, 2′-H), 6.96 (incompletely resolved br tq, J
            2
            ′′
            ,3
            ′′ = 6.5 Hz, 4
            J
            2
            ′′
            ,1
            ′′
            -Me = 1.1 Hz, 2′′-H), 7.41 (s, 4-H). 13C NMR (125.7 MHz, CD3OD-D2HCOD): δ = 14.71 (1′′-CH3), 59.79 (C-3′′), 63.14 (C-4′), 114.39 (C-1′), 123.89 (C-2′), 128.10 (low intensity; C-1′′), 134.75 (C-2′′), 135.80 (C-4), 140.29 (C-3′), 148.53 (C-5), 169.18 (C-2). HRMS (EI, 70 eV): m/z calcd for C12H12O3, 204.078645; found, 204.078238 (M+ - H2O).
[bookmark: RG10905ST-26]26  (Z
            )-5-(
            trans
            -4-Hydroxy-2-methyl-2-butenylidene)-3-(
            trans
            -3-hydroxy-1-propenyl)-2(5
            H
            )-furanone (37; 92:8 mixture with the E-isomer): Yellow solid; mp 111-113 °C. 1H NMR (499.9 MHz, CD3OD-D2HCOD): δ = 2.06 (d, 4
            J
            Me,1
            ′ = 1.1 Hz, 2′-Me), 4.22 (dd, J
            3
            ′′
            ,2
            ′′ = 5.1 Hz, 4
            J
            3
            ′′
            ,1
            ′′ = 1.9 Hz, 3′′-H2), 4.26 (d, J
            4
            ′
            ,3
            ′ = 6.5 Hz, 4′-H2), 5.83 (br s, 1′-H), 5.99 (incompletely resolved tqd, J
            3
            ′
            ,4
            ′ = 6.6 Hz, 4
            J
            3
            ′
            ,2
            ′
            -Me = 4
            J
            3
            ′
            ,1
            ′ = 1.1 Hz, 3′-H), 6.45 (dt, J
            1
            ′′
            ,2
            ′′ = 16.0 Hz, 4
            J
            1
            ′′
            ,3
            ′′ = 1.9 Hz, 1′′-H), 6.90 (dt, J
            2
            ′′
            ,1
            ′′ = 16.0 Hz, J
            2
            ′′
            ,3
            ′′ = 5.0 Hz, 2′′-H), 7.38 (s, 4-H). 13C NMR (125.7 MHz, CD3OD-D2HCOD): δ = 15.46 (2′-CH3), 59.56 (C-4′), 63.18 (C-3′′), 118.89 (C-1′), 119.13 (C-1′′), 138.38 (C-2′′), 138.51 (C-4), 139.14 (C-3′), 148.09 (very low intensity, C-5), 170.50 (very low intensity, C-2); the signals of C-3 and C-2′ were not identified unambiguously. Anal. calcd for C12H14O4 (204.1): C 64.85; H 6.35. Found: C 64.55; H 6.32.
[bookmark: RG10905ST-27]27  (Z
            )-5-(
            trans
            -4-Hydroxy-2-butenylidene)-3-(
            trans
            -3-hydroxy-1-propenyl)-2(5
            H
            )-furanone (38): Stannane 34 (586 mg, 1.69 mmol, 2.20 equiv) was added to a degassed solution of dibromobutenolide Z-8 (192 mg, 0.768 mmol), Pd(dba)2 (20.2 mg, 35.1 µmol, 5 mol%), and AsPh3 (37.2 mg, 0.122 mmol, 0.16 equiv) in THF (2.0 mL). The resulting solution was heated at 50-60 °C for 1.5 h, cooled to room temperature, and concentrated in vacuo. Flash chromatography (cyclohexane-EtOAc, 2:1→1:1; tert-butylmethylether-EtOAc, 1:1) provided the title compound (105.0 mg, 66%) as a yellow solid; mp 124-126 °C (Ref.
   [28]
  126-127 °C).
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