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Synthesis
General Information.  All reactions were carried out under an inert atmosphere of dry argon in oven or flame-dried glassware, unless the reaction procedure states otherwise. Tetrahydrofuran (THF) and ether (diethyl ether) were distilled from sodium-benzophenone in a continuous still under an atmosphere of argon. Dichloromethane, di-iso-propylamine and  triethylamine were distilled from calcium hydride in a continuous still under and atmosphere of argon. Reaction temperatures were controlled by IKA ETS-D4 fuzzy thermo couples.  Room temperature reactions were carried out between 22-24 (C. Analytical thin-layer chromatography (TLC) was performed using pre-coated TLC plates with Silica Gel 60 F254 (EMD no. 5715-7) and visualized using combinations of UV, anisaldehyde, ceric ammonium molybdate (CAM), potassium permanganate, and iodine staining.  Flash column chromatography was preformed using 40-63 m silica gel (Merck, Geduran, no. 11567-1) as the stationary phase. Proton magnetic resonance spectra were recorded at 400, 500, and 600 MHz on Varian Unity Inova. Carbon magnetic resonance spectra were recorded at 400 MHz, 500 MHz, and 600 MHz on Varian Unity Inova, and Varian Unity Inova spectrometers.  All Chemical shifts were reported in units relative to tetramethylsilane. High Resolution mass spectral data were obtained by the Mass Spectrometry laboratory at the University of California, Santa Barbara. 
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(E)-Ethyl 2,4-dimethylpent-2-enoate 5. Ethyl 2-(triphenylphosphoranylidene)propanoate (7.97 g, 22.0 mmol) in dry dichloromethane (25.0 mL) was cooled to 0 (C. Freshly distilled isobutyraldehyde (1.8 mL, 20.0 mmol) was added dropwise via syringe within 5 min. This mixture was warmed to 23 (C and stirred for an additional 4 h. The crude yellow mixture was concentrated and purified by column chromatography (silica, 10% diethyl ether – pentanes, then 30% diethyl ether – pentanes) to give the desired ester 5 (2.73 g, 17.5 mmol, 79% yield) as a clear liquid. 1H NMR (500 MHz, CDCl3); δ(ppm): 6.54 (dd, J = 9.7, 1.4 Hz, 1H), 4.16 (q, J = 7.1 Hz, 2H), 2.61 (dhept, J = 9.7, 6.7 Hz, 1H), 1.81 (d, J = 1.4 Hz, 3H), 1.29 – 1.26 (m, 3H), 1.00 (d, J = 6.7 Hz, 6H); 13C NMR (500 MHz, CDCl3); δ(ppm):  168.48, 148.68, 125.57, 60.34, 27.86, 21.91, 14.25, 12.21; HRMS-EI (m/z): [M+] calcd for HRMS (EI) calcd for C9H16O2, 156.1150; found,  156.1156, found 156.1150 [M+]LRMS (EI) calcd for C9H16O2: 156.12; found 156.11. 
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(E)-2,4-Dimethylpent-2-en-1-ol. (E)-Ethyl 2,4-dimethylpent-2-enoate 5 (1.40 g, 8.96 mmol) in dry diethyl ether (10.0 mL) was added dropwise with a syringe over 5 min to a mixing solution of LiAlH4 (0.850 g, 22.40 mmol) in diethyl ether (35.0 mL) at 0 (C. After stirring at 23 (C for 45 min, the solution was cooled to 0 (C. To the cooled mixture, H2O (0.9 mL), 3 M NaOH (0.9 mL) and another portion of H2O (2.6 mL) were added sequentially at 5 min intervals while stirring vigorously. The resultant mixture was warmed to 23 (C and stirred for 3 h. The salts were filtered and washed with ether (3 x 10 mL), and the combined filtrate was dried with magnesium sulfate and evaporated. The crude clear mixture was purified by column chromatography (silica, 20% diethyl ether – pentanes, then 40% diethyl ether – pentanes) to give the desired alcohol S1 (0.844 g, 7.39 mmol, 82% yield) as a clear liquid. 1H NMR (500 MHz, CDCl3); δ(ppm): 5.22 (ddd, J = 9.2, 2.6, 1.3 Hz, 1H), 3.97 (d, J = 4.3 Hz, 2H), 2.58 – 2.48 (m, 1H), 1.66 (d, J = 1.3 Hz, 3H), 1.40 (t, J = 5.3 Hz, 1H), 0.95 (d, J = 6.7 Hz, 6H); 13C NMR (500 MHz, CDCl3) ; δ(ppm): 133.93, 132.34, 76.75, 69.00, 26.80, 22.87, 13.57.
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(E)-2,4-Dimethylpent-2-enal 6. Dimethylsulfoxide (1.1 mL, 16.1 mmol) was added dropwise to a solution of (COCl)2 (0.7 mL, 8.04 mmol) in dry dichloromethane (10.0 mL) at -78 (C. After stirring for 15 min, (E)-2,4-dimethylpent-2-en-1-ol S1 (0.612 g, 5.36 mmol) in dry dichloromethane (7.0 mL) was added via syringe at -78 (C and stirred for 25 min. Triethylamine (3.4 mL, 24.1 mmol) was added over 5 min at -78 (C, and then the reaction mixture was warmed to 0 (C and stirred for an additional 25 min. The solution was diluted with diethyl ether (10 mL) and H2O (10 mL) and stirred for 5 min. A 1:1 mixture of brine (10 mL) and 1 M HCl (10 mL) was added and the aquesous phase was extracted with diethyl ether (3 x 10 mL). The combined organic layers were washed with a mixture of brine (10 mL) and saturated aqueous sodium bicarbonate (10 mL), dried with sodium sulfate, and the crude clear mixture was purified by column chromatography (silica, 20% diethyl ether – pentanes, then 40% diethyl ether – pentanes) to give the desired aldehyde 6 (0.367 g, 3.28 mmol, 61% yield) as a clear liquid. 1H NMR (500 MHz, CDCl3); δ(ppm): 9.34 (s, 1H), 6.26 (dd, J = 9.6, 1.3 Hz, 1H), 2.81 (dhept, J = 9.7, 6.7 Hz, 1H), 1.72 (d, J = 1.3 Hz, 3H), 1.06 (d, J = 6.7 Hz, 6H); 13C NMR (500 MHz, CDCl3) ; δ(ppm): 195.60, 161.15, 137.05, 28.16, 21.71, 9.05.
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6-((1E,3E)-3,5-Dimethylhexa-1,3-dien-1-yl)-2,2-dimethyl-4H-1,3-dioxin-4-one  8. Diethyl ((2,2-dimethyl-4-oxo-4H-1,3-dioxin-6-yl)methyl)phosphinate 7 (3.07 g, 11.0 mmol) was dissolved in dry THF (23.0 mL) and added dropwise to a suspension of NaH (60% in mineral oil, 0.463 g, 11.0 mmol) in dry THF (23.0 mL) at 0 (C. The resulting solution was warmed to 23 (C and stirred for an additional 30 min. A solution of (E)-2,4-Dimethylpent-2-enal 6 (1.30 g, 11.6 mmol) in dry THF (23.0 mL) was added via cannula at -78 (C over 15 min. The reaction mixture was warmed to 23 (C and stirred for 12 h and then quenched with H2O (5 mL), diluted with ethyl acetate (20 mL), and washed with brine (20 mL). The organic layer was dried with sodium sulfate and evaporated. The crude product was purified by column chromatography (silica, 10% ethyl acetate – hexanes) to give a white crystalline solid 8 (1.58 g, 6.68 mmol, 58%). 1H NMR (500 MHz, CDCl3); δ(ppm): 6.92 (d, J = 15.6 Hz, 1H), 5.87 (d, J = 15.6 Hz, 1H), 5.68 (d, J = 9.4 Hz, 1H), 5.28 (s, 1H), 2.67 (ddt, J = 13.3, 9.4, 6.6 Hz, 1H), 1.78 (d, J = 1.1 Hz, 3H), 1.69 (s, 6H), 0.99 (d, J = 6.6 Hz, 6H); 13C NMR (125 MHz, CDCl3); δ(ppm): 164.11, 162.08, 148.89, 143.31, 130.80, 117.16, 106.10, 93.61, 
S2

