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Abstract


A total synthesis of the diarylheptanoid (±)-centrolobine is described. The 2,6-cis-tetrahydropyran core of the natural product was constructed using a gold-catalyzed intramolecular cyclization of a secondary alcohol onto an allyl aryl ether. A B-alkyl Suzuki cross-coupling of the vinyl tetrahydropyran fragment with an aryl iodide completed the assembly of the centrolobine skeleton.
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A 50 mL two-necked flask with stir bar was charged with Grubbs II catalyst (0.0410 g, 0.0483 mmol) and put under argon. CH2Cl2 (15 mL) was added via syringe followed by (Z)-but-2-en-1,4-diol (0.80 mL, 0.85 g, 9.7 mmol) and 1-(4-methoxyphenyl)hex-5-en-1-ol (0.503 g, 2.44 mmol), and the mixture was stirred at r.t. for 3 d, at which time additional (Z)-but-2-en-1,4-diol (0.40 mL, 0.43 g, 4.8 mmol) and Grubbs II catalyst (0.0412 g, 0.0485 mmol) were added. After stirring 3 more days, the reaction mixture was heated to reflux for 18 h. The reaction mixture was then concentrated and purified via flash chromatography (hexanes–EtOAc, 1:2) followed by radial chromatography (2 mm rotor; hexanes–EtOAc, 1:1) to give 6 (0.391 g, 1.65 mmol, 68%) as a pale yellow oil. FTIR (ATR): 3331, 3000, 2933, 2859, 1685, 1611, 1586, 1512, 1458, 1441, 1243, 1175, 1088, 969, 831 cm–1. 1H NMR (CDCl3, 300 MHz): δ = 7.24 (m, 2 H), 6.87 (m, 2 H), 5.62 (m, 2 H), 4.59 (t, J = 6.6 Hz, 1 H), 4.04 (d, J = 4.9 Hz, 2 H), 3.79 (s, 3 H), 2.05 (dt, J = 6.8, 6.8 Hz, 2 H), 1.79 (dddd, J = 12.7, 10.7, 7.3, 5.4 Hz, 1 H), 1.67 (dddd, J = 13.7, 11.2, 5.9, 5.9 Hz, 1 H), 1.47 (dddd, J = 12.7, 12.7, 7.3, 5.4 Hz, 1 H), 1.33 (m, 1 H). 13C NMR (75 MHz, CDCl3): δ = 158.9, 136.8, 132.6, 129.2, 127.1, 113.7, 73.9, 63.5, 55.2, 38.2, 31.9, 25.2. ESI-HRMS: m/z calcd for [C14H20O3 + Na]+: 259.1310; found: 259.1302. 
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[bookmark: OR000-25]25 
          Preparation of Ether 7
A THF solution of diol 6 (0.331 g, 1.40 mmol), Ph3P (0.386 g, 1.47 mmol), 2,4,6-trimethylphenol (0.208 g, 1.52 mmol), and DIAD (0.290 mL, 0.300 g, 1.47 mmol) was stirred at r.t. for 66 h. The reaction mixture was diluted with Et2O, washed with 10% NaOH solution (3 × 10 mL) and dried over anhydrous Na2SO4. The solvent was removed by rotary evaporation, and the crude product was purified via radial chromatography using a gradient elution of hexanes–EtOAc, 19:1 → 3:1) to give 7 (0.197 g, 0.557 mmol, 40%) as a yellow oil. FTIR (ATR): 3415, 2999, 2919, 2858, 2836, 1670, 1611, 1586, 1511, 1482, 1462, 1441, 1373, 1304, 1244, 1209, 1174, 1146, 969, 1034, 853, 830 cm–1. 1H NMR (300 MHz, CDCl3): δ = 7.26 (d, J = 8.2 Hz, 2 H), 6.88 (d, J = 8.8 Hz, 2 H), 6.81 (s, 2 H), 5.76 (m, 2 H), 4.62 (ddd, J = 6.5, 6.5, 2.3 Hz, 1 H), 4.20 (d, J = 4.1 Hz, 2 H), 3.81 (s, 3 H), 2.22 (m, 9 H), 2.11 (m, 2 H), 1.90–1.62 (m, 3 H), 1.60–1.30 (m, 2 H). 13C NMR (125 MHz, CDCl3): δ = 159.1, 153.7, 136.9, 134.6, 132.9, 130.6, 129.3, 127.1, 126.2, 113.8, 74.1, 73.1, 55.3, 38.4, 32.1, 25.2, 20.6, 16.3. ESI-HRMS: m/z calcd for [C23H30O3 + Na]+: 377.2093; found: 377.2093. 









	
[bookmark: OR000-26]26 
          Preparation of 8
A culture tube with a stir bar was charged with Ph3PAuCl (0.0215 g, 0.0435) and AgOTf (0.0113 g, 0.0440 mmol) and put under argon. Dry DCE (5 mL) was added via syringe, and this was stirred for 90 min. A solution of 7 (0.151 g, 0.424 mmol in 1 mL DCE) was added to the catalyst mixture via syringe. The reaction was stirred for 22 h, filtered through a plug of silica gel with hexanes–EtOAc (3:1) and concentrated. The crude product was purified by flash chromatography (hexanes–EtOAc, 12:1) to give 8 (0.0520 g, 0.238 mmol, 56%) as an oil. FTIR (ATR): 3075, 2998, 2934, 2835, 1645, 1612, 1585, 1513, 1244, 1174, 1077, 1034, 914, 827, 812 cm–1. 1H NMR (300 MHz, CDCl3): δ = 7.31 (m, 2 H), 6.87 (m, 2 H), 5.95 (ddd, J = 17.6, 10.6, 5.8 Hz, 1 H), 5.30 (ddd, J = 17.6, 1.5, 1.5 Hz, 1 H), 5.11 (ddd, J = 10.6, 1.5, 1.5 Hz, 1 H), 4.39 (dd, J = 11.2, 1.8 Hz, 1 H), 4.03 (m, 1 H), 3.80 (s, 3 H), 1.98 (m, 1 H), 1.85–1.34 (m, 5 H). 13C NMR (125 MHz, CDCl3): δ = 158.8, 139.5, 135.6, 127.2, 114.4, 113.6, 79.4, 78.7, 55.3, 33.5, 31.3, 23.9. ESI-HRMS: m/z calcd for [C14H18O2 + Na]+: 241.1205; found: 241.1210. 
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          Preparation of 9
A 25 mL two-necked flask with a stir bar was put under argon, and 9-BBN in hexanes (0.5 M, 0.53 mL, 0.26 mmol) was added via syringe. A solution of 8 (0.0446 g, 0.204 mmol) in dry, degassed THF (2 mL) was added to the 9-BBN solution via syringe, and the mixture was stirred for 4.25 h. A degassed NaOH solution (1 M, 0.675 mL, 0.675 mmol) was added via syringe, and the solution was stirred for 10 min. A separate 25 mL two-necked flask with a stir bar was charged with 2-(4-iodophenoxy)tetrahydro-2H-pyran (0.0681 g, 0.225 mmol), Pd(dppf)Cl2 (0.0333 g, 0.0408 mmol), and AsPh3 (0.0133 g, 0.0434 mmol) and put under argon. Degassed THF (1.5 mL) was added followed by the borane reaction solution from the first reaction flask. The reaction mixture turned from bright orange to brown and this mixture was stirred at r.t. for 17 h and then refluxed for 3 h. The reaction was quenched with sat. NH4Cl (25 mL), diluted with EtOAc, and the layers were separated. The aqueous layer was extracted with EtOAc (20 mL), and the organic layers were combined, dried over anhydrous Na2SO4, filtered, and concentrated. Purification of the crude product by flash chromatography (hexanes–EtOAc, 12:1) to give 9 of sufficient purity to carry forward in the reaction sequence (0.0262 g 0.0661 mmol, 32.3%). 1H NMR (500 MHz, CDCl3): δ = 7.31 (m, 2 H), 7.10 (m, 2 H), 6.96 (m, 2 H), 6.88 (m, 2 H), 5.37 (m, 1 H), 4.30 (dt, J = 11.2, 2.0 Hz, 1 H), 3.94 (ddd, J = 12.2 ,9.8, 4.0 Hz, 1 H), 3.80 (s, 3 H), 3.60 (m, 1 H), 3.44 (m, 1 H), 2.70 (m, 2 H), 2.05–1.25 (series of overlapping m, 14 H). 13C NMR (125 MHz, CDCl3): δ = 158.8, 155.0, 135.9, 135.6, 129.3, 127.1, 116.3, 113.6, 96.5, 79.0, 77.1, 62.1, 55.3, 38.2, 33.3, 31.3, 30.8, 30.5, 25.3, 24.0, 18.9. ESI-HRMS: m/z calcd for [C25H32O4 + Na]+: 419.2198; found: 419.2201. 









	
[bookmark: OR000-30]30 
          Preparation of (±)-Centrolobine (5)
A flask containing 9 (0.0200 g, 0.0504 mmol) was charged with PTSA (0.0005 g, 0.003 mmol) and anhydrous MeOH (1.0 mL) was added. The reaction was stirred for 1 h and then concentrated, diluted with CH2Cl2 (2 mL), and washed with water (5 mL). The aqueous layer was extracted with CH2Cl2 (2 × 3 mL). The organic layers were combined, dried with anhydrous MgSO4, filtered, and concentrated. The crude product purified via flash chromatography (hexanes–EtOAc, 6:1) to give centrolobine (5) (0.0116 g, 0.0371 mmol, 74%). FTIR (ATR): 2972, 2943, 2921, 2871, 2850, 1585, 1572, 1483, 1233, 1000, 1174, 1113, 1036, 1010, 872, 820 cm–1. 1H NMR (500 MHz, CDCl3): δ = 7.31 (d, J = 8.8 Hz, 2 H), 7.05 (d, J = 8.3 Hz, 2 H), 6.88 (d, J = 8.8 Hz, 2 H), 6.72 (d, J = 8.8 Hz, 2 H), 4.71 (s, 1 H), 4.29 (dd, J = 11.2, 2.0 Hz, 1 H), 3.81 (s, 3 H), 3.43 (m, 1 H), 2.76–2.61 (m, 2 H), 1.96–1.26 (m, 8 H). 13C NMR (125 MHz, CDCl3): δ = 158.7, 153.4, 135.8, 134.7, 129.5, 127.1, 115.1, 113.6, 79.1, 77.1, 55.3, 38.3, 33.3, 31.2, 30.7, 24.0. ESI-HRMS: m/z calcd for [C20H24O3 + Na]+: 335.1623; found: 335.1627. 
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