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I. General Experimental

Unless noted otherwise, all starting materials and reagents were obtained from commercial suppliers
and were used without further purification. Tetrahydrofuran and Et,O were distilled from sodium
benzophenone °. Dichloromethane, chloroform, triethylamine, acetonitrile and pyridine were freshly
distilled from calcium hydride. All solvents used for routine isolation of products and chromatography
were reagent grade and glass distilled. Reaction flasks were dried at 100 °C. Air and moisture sensitive
reactions were performed under argon atmosphere. Flash column chromatography was performed using
silica gel 60 (230-400 mesh, Merck) with the indicated solvents. Thin-layer chromatography was
performed using 0.25 mm silica gel plates (Merck). Optical rotations were measured with JASCO P-
2000 digital polarimeter at ambient temperature using 100 mm cell of 2 mL capacity. Infrared spectra
were recorded on a JASCO FT-IR-4200 spectrometer. High resolution mass spectra were obtained with
JEOL JMS-700 instrument and Agilent Q TOF 6530. 'H and '3C NMR spectra were recorded using
JEOL JNM-ECA-600, JEOL JNM-LA 300, BRUKER AVANCE-500, BRUKER AVANCE-400, and
BRUKER AVANCE-800. Chemical shifts are expressed in parts per million (ppm, d) downfield from
tetramethylsilane and are referenced to the deuterated solvent (CHCIl;). 'H-NMR data were reported in
the order of chemical shift, multiplicity (s, singlet; d, doublet; t, triplet; q, quartet; quint, quintet; m,

multiplet and/or multiple resonances), number of protons, and coupling constant in hertz (Hz).
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I1. Experimental procedures

((2R,3R)-3-Vinyloxiran-2-yl)methyl 4-methylbenzenesulfonate (9)

0 TsCl, EtsN, DMAP 0
HOL <Ly _— TsO <L

CH,Cly,0°C, 2 h
9a

91% 9

To a cooled (0 °C) solution of known alcohol! 9a (3.4 g, 34.0 mmol) in CH,Cl, (170 mL) were added
Et;N (9.5 mL, 68.2 mmol) and 4-toluenesulfonyl chloride (7.8 g, 40.8 mmol). The mixture was stirred
for 2 h at the same temperature, quenched with saturated NH4Cl solution, and extracted with CH,Cl,.
The combined organic layer was washed with brine, dried over MgSQ,, and concentrated in vacuo. The
residue was purified by flash column chromatography (EtOAc/Hexane = 1:6) to provide 7.8 g (91%) of
9 as an amorphous powder. [a]p?® = +32.76 (¢ 1.00, CHCI;); 'H NMR (800 MHz, CDCl;) 6 7.78 (d, J
= 8.3 Hz, 2H), 7.33 (d, J = 8.0 Hz, 2H), 5.49 (ddd, /=17.2, 9.8, 7.1 Hz, 1H), 5.45 (dd, /=172, 2.0
Hz, 1H), 5.30 (dd, /=9.5,2.0 Hz, 1H), 4.22 (dd, /= 11.4, 3.7 Hz, 1H), 4.00 (dd, J=11.5, 5.7Hz, 1H),
3.21(dd, J=17.0, 2.0 Hz, 1H), 3.09 (ddd, /= 5.7, 3.7, 2.1 Hz, 1H), 2.43 (s, 3H); *C NMR (200 MHz,
CDCl;) 6 145.1, 133.6, 132.6, 129.9, 128.0, 120.8, 69.4, 56.4 56.3, 21.6; IR (thin film, thin film, neat)
Vmax 3090, 2990, 2926, 1598, 1455, 1364, 1190, 1097, 963, 816, 762 cm’!; HR-MS (ESI+) calcd for

C1,H14NaO,S (M + Na*) 277.0505, found 277.0511.

(S,E)-Hex-2-ene-1,4-diol (11a)

OH

DIBAL-H OH
EtO X —_— \/\/k/
THF, -78 °C, 30 min HO x
O
11 81% 11a

To a cooled (-78 °C) solution of known ester? 11 (16.5 g, 104.0 mmol) in THF (500 mL) was added
DIBAL-H (1 M in toluene, 208 mL, 208.0 mmol). The mixture was stirred for 30 min at the same

temperature, quenched with saturated Rochelle’s solution (500 mL), extracted with iPrOH/CHCI; (1:4).
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The combined organic layer was washed with brine, dried over MgSQ,, and concentrated in vacuo. The
residue was purified by flash column chromatography (EtOAc/Hexane = 1:3 to EtOAc only) to provide
9.8 g (81%) of 11a as a colorless oil. [a]p** = +11.96 (¢ 1.00, CHCls); 'H NMR (300 MHz, CDCl;) ¢
5.80 (dt, J = 15.6, 5.0 Hz, 1H), 5.69 (dd, J = 15.6, 6.2 Hz, 1H), 4.11 (d, J = 5.1 Hz, 2H), 4.02 (q, J =
6.4 Hz, 1H), 2.22 (br s, 2H), 1.61-1.46 (m, 2H), 0.89 (t, J= 7.5 Hz, 3H); *C NMR (150 MHz, CDCls)
0134.2,129.9,73.6, 63.0,30.1,9.7; IR (thin film, neat) v, 3315, 2959, 2926, 2856, 1731, 1463, 1378,
1286, 1123, 1075, 967, 799, 742 cm!'; HR-MS (ESI+) caled for C4H;,NaO, (M + Na*) 139.0730, found

139.0727.

(S,E)-Ethyl (4-hydroxyhex-2-en-1-yl) carbonate (10)

OH EtOCOCI, 2,6-lutidine OH
H \/\/k/ Et \/\/'\/
O MeCN, -20 °C, 2 h 0L0
11a 84% 10

To a cooled (-20 °C) solution of diol 11a (9.0 g, 77.5 mmol) in MeCN (390 mL) was added 2,6-
lutidine (18.1 mL, 155.4 mmol). The mixture was stirred for 30 min at the same temperature, and a
solution of ethyl chloroformate (8.2 mL, 85.8 mmol) in MeCN (77.5 mL) was slowly added for 30 min.
The mixture was stirred for 1 h at the same temperature, quenched with saturated NH,Cl1 solution, and
extracted with Et,0. The combined organic layer was washed with brine, dried over MgSQO,, and
concentrated in vacuo. The residue was purified by flash column chromatography (EtOAc/Hexane =
1:6) to provide 12.3 g (84%) of 10 as a colorless oil. [a]p?® = +5.93 (¢ 1.00, CHCl;); '"H NMR (800
MHz, CDCl3) 6 5.81 (dd, J=15.6, 5.4 Hz, 1H), 5.78 (dt, J=15.7, 5.2 Hz, 1H), 4.60 (d, /= 4.8 Hz, 2H),
4.18 (q, J = 7.1 Hz, 2H), 4.06-4.05 (m, 1H), 1.60 (s, 1H), 1.57-1.52 (m, 2H), 1.29 (t, /= 7.2 Hz, 3H),
0.90 (t,J=7.5 Hz, 3H); 3C NMR (200 MHz, CDCl;) 6 154.9, 137.8, 124.0, 73.3, 67.4, 64.0, 29.9, 14.2,
9.6; IR (thin film, neat) v,,,, 3428, 2968, 2936, 2878, 1680, 1465, 1382, 1118, 1061, 918, 792, 734 cm™!;

HR-MS (ESI+) caled for CoHsNaO4 (M + Na®) 211.0941, found 211.0936.
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(2R,38)-3-(((S,E)-6-((Ethoxycarbonyl)oxy)hex-4-en-3-yl)oxy)-2-hydroxypent-4-en-1-yl 4-

methylbenzenesulfonate (12)

(o)
TSOM 9 OH OH

T R
on Cu(OTf), so\/'\\\ N TsOM
_
EtOzCO\/\/'\/ CH,Cl,,0°C, 1h o o
Et0,CO_ A Et0,CO A
59% for 12 + 29% for 12a N N

10 12 12a

To a cooled (0 °C) solution of alcohol 10 (5.8 g, 30.7 mmol) and epoxide 9 (2.6 g, 10.2 mmol) in
CH,Cl, (20 mL) was added copper(Il) trifluoromethanesulfonate (0.4 g, 1.0 mmol). The mixture was
stirred for 1 h at the same temperature, quenched with saturated NaHCOj; solution, and extracted with
CH,Cl,. The combined organic layer was washed with brine, dried over MgSQO,, and concentrated in
vacuo. The residue was purified by flash column chromatography (EtOAc/Hexane = 1:6) to provide 2.7
2 (59%) of 12 as a colorless oil, 1.3 g (29%) of regioisomer 12a as a colorless oil, and 4.0 g of remained
alcohol 10. [a]p*® = +10.52 (¢ 0.50, CHCl;); 'H NMR (500 MHz, CDCl;) ¢ 7.78 (d, J = 8.2 Hz, 2H),
7.33 (d, J= 8.1 Hz, 2H), 5.70-5.62 (m, 3H), 5.23 (d, J = 10.2 Hz, 1H), 5.22 (d, J = 17.6 Hz, 1H), 4.56
(d,/=5.3Hz, 2H),4.18 (q,J=7.2 Hz, 2H), 4.11 (dd, J=10.3, 3.8 Hz, 1H), 4.07 (dd, /= 10.4, 6.1 Hz,
1H), 3.87-3.84 (m, 1H), 3.81-3.79 (m, 1H), 3.77 (q, J = 6.2 Hz, 1H), 2.43 (s, 3H), 2.20 (d, J=4.1 Hz,
1H), 1.54 (dqd, J=13.5, 7.2, 6.0 Hz,1H), 1.44 (d quint, J=13.9, 7.0 Hz, 1H), 1.29 (t, J= 7.1 Hz, 3H),
0.80 (t,J= 7.4 Hz, 3H); 3C NMR (150 MHz, CDCl;) ¢ 154.9, 145.0, 135.6, 135.0, 132.7, 129.9, 128.0,
125.2,119.6,79.7,78.9,71.3,70.4, 67.4, 64.0,27.3,21.6, 14.3, 9.2; IR (thin film, neat) v,,,, 3525, 2966,
2931, 2878, 1746, 1598, 1457, 1400, 1363, 1257, 1177, 982, 917, 871, 816, 732 cm’'; HR-MS (ESI+)

calced for C,;H30NaOgS (M + Na*) 465.1554, found 465.1572.

(S,E)-5-(((S,E)-6-((Ethoxycarbonyl)oxy)hex-4-en-3-yl)oxy)-2-hydroxypent-3-en-1-yl 4-
methylbenzenesulfonate (12a): [a]p?° = +6.57 (¢ 1.00, CHCl;); '"H NMR (300 MHz, CDCI3) ¢ 7.78
(d, J= 8.2 Hz, 2H), 7.33 (d, J = 8.4 Hz, 2H), 5.85 (dtd, J = 15.6, 5.3, 1.3 Hz, 1H), 5.71 (dt, J = 15.7,
5.6 Hz, 1H), 5.61 (d, J = 16.5 Hz, 1H), 5.59 (d, J = 15.6 Hz, 1H), 4.60 (d, J = 5.5 Hz, 2H), 4.39 (m,
1H), 4.18 (q, J= 7.1 Hz, 2H), 4.03 (dd, J= 10.1, 3.4 Hz, 1H), 3.94 (dd, J= 13.2, 5.1 Hz, 1H), 3.88 (dd,
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J=17.6,10.2 Hz, 1H), 3.80 (dd, /= 13.2, 5.5 Hz, 1H), 3.60 (dt, J = 6.8, 6.6 Hz, 1H), 2.43 (s, 3H), 1.64-
1.40 (m, 3H), 1.29 (t, J= 7.1 Hz, 3H), 0.85 (t, /= 7.4 Hz, 3H) ; *C NMR (200 MHz, CDCl;) § 154.9,
145.1, 135.5, 132.6, 131.0, 129.9, 128.0, 128.0, 126.1, 81.0, 73.0, 69.8, 67.9, 67.4, 64.1, 28.2, 21.6,
14.2, 9.6; IR (thin film, neat) vmex 3525, 2967, 2936, 2876, 1813, 1746, 1454, 1363, 1257, 1177, 1097,

975, 816, 792, 756 cm™!'; HR-MS (ESI+) caled for C;H30NaOgS (M + Na*) 465.1554, found 465.1558.

ethyl ((S,E)-4-(((35,45)-4-Hydroxy-5-iodopent-1-en-3-yl)oxy)hex-2-en-1-yl) carbonate (12b)

OH OH
TSO\/H‘\\\\ Nal |\/'\|‘\\\\
9 Aceti fl 12 h 9
cetone, reflux, \/\/l\/
EtozcoM E0,CO\
0,
12 92% 12b

To a refluxing solution of tosylate 12 (5.1 g, 11.5 mmol) in acetone (57 mL) was added sodium iodide
(17.3 g, 115.2 mmol). After refluxing for 12 h, the reaction mixture was cooled to room temperature
and concentrated in vacuo. The reaction mixture was diluted with water and extracted with EtOAc. The
combined organic layer was washed with brine, dried over MgSQO,, and concentrated in vacuo. The
residue was purified by flash column chromatography (EtOAc/Hexane = 1:10 to 1:6) to provide 4.2 g
(92%) of 12b as a colorless oil. [a]p?° = -10.79 (¢ 1.00, CHCI3); 'H NMR (600 MHz, CDCls) ¢ 5.77-
5.68 (m, 2H), 5.65 (dd, J=15.6, 6.4 Hz, 1H), 5.30 (d, /= 11.5 Hz, 1H), 5.29 (d, /= 16.3 Hz, 1H), 4.58
(d, J=5.5 Hz, 2H), 4,18 (td, J = 7.4, 6.8 Hz, 2H), 3.88-3.85 (m, 1H), 3.84 (td, J = 6.4, 5.9 Hz, 1H),
3.57(dq,J=5.3,4.8 Hz,1H) 3.31 (d, /= 5.5 Hz, 2H), 2,24 (d, /= 4.1 Hz, 1H), 1.61 (dqd, /= 13.7, 7.8,
6.0 Hz, 1H), 1.52 (d quint, J = 14.7, 6.4 Hz, 1H), 1.29 (t, /= 7.4 Hz, 3H), 0.86 (t, /= 7.6 Hz, 3H); 13C
NMR (150 MHz, CDCl3) 6 154.9, 135.8, 135.1, 125.2, 119.9, 81.0, 79.4, 72.6, 67.4, 64.0, 27.4, 14.3,
9.8, 9.3; IR (thin film, neat) vy, 3502, 3078, 2967, 2933, 2877, 1746, 1644, 1464, 1382, 1259, 1062,

975, 930, 873, 792, 732 cm’!; HR-MS (ESI+) caled for C14H,4105 (M + H*) 399.0663, found 399.0667.
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(S,E)-4-(((35,45)-4-((tert-Butyldimethylsilyl)oxy)-5-iodopent-1-en-3-yl)oxy)hex-2-en-1-yl ethyl

carbonate (12c¢)

OH OTBS
I \
\/H-“‘\ TBSOTY, 2,6-lutidine '\/H-‘ X
? CH,Cl,, 0 °C, 1h T
EtOZCO\/\/'\/ 2= Etozco\/\/'\/
12b 93% 12¢

To a cooled (0 °C) solution of iodide 12b (3.9 g, 9.8 mmol) in CH,Cl, (48 mL) were slowly added
2,6-lutidine (2.3 mL, 19.8 mmol) and #-butyldimehtylsilyl trifluoromethanesulfonate (3.4 mL, 14.8
mmol). The mixture was stirred for 1 h at the same temperature, quenched with saturated NH,Cl
solution, and extracted with CH,Cl,. The combined organic layer was washed with brine, dried over
MgSO,, and concentrated in vacuo. The residue was purified by flash column chromatography
(EtOAc/Hexane = 1:20 to 1:10) to provide 4.7 g (93%) of 12¢ as a colorless oil. [a]p?° = -56.04 (¢ 1.00,
CHCl;); 'H NMR (600 MHz, CDCl3) ¢ 5.72 (ddd, J = 17.4, 10.6, 7.3 Hz, 1H), 5.68 (dt, J = 15,6, 6.0
Hz, 1H), 5.64 (dd, J=15.6, 6.4 Hz, 1H), 5.21(d, J=16.7 Hz, 1H), 5.19 (d, J=10.6 Hz, 1H), 4.57 (d, J
=5.5 Hz, 2H), 4.18 (q, J = 7.3 Hz, 2H), 3.91-3.89 (m, 1H), 3.85 (td, J = 6.4, 6.0 Hz, 1H), 3.80 (td, J =
5.0, 4.6 Hz, 1H), 3.62 (dd, J=11.5, 5.0 Hz, 1H), 3.51 (dd, /= 11.5, 4.1 Hz, 1H), 1.60 (dqd, J = 13.7,
7.3,5.5 Hz, 1H), 1.51 (d quint, J = 14.2, 6.9 Hz, 1H), 1.29 (t,J= 7.1 Hz, 3H), 0.87 (s, 9H), 0.85 (t, J =
7.6 Hz, 3H), 0.07 (s, 3H), 0.04 (s, 3H); 3C NMR (75 MHz, CDCl;) ¢ 155.0, 136.3, 136.3, 125.0, 118.3,
79.6, 79.6, 75.0, 67.6, 64.0, 46.3, 27.4, 25.8, 18.1, 14.3, 9.2, -4.4, -4.6; IR (thin film, neat) v, 2961,
2932, 2886, 2858, 1749, 1465, 1366, 1257, 1118, 1007, 930, 876, 838, 793, 704 cm''; HR-MS (ESI+)

calcd for C,0H;37INaOsSi (M + Na*) 535.1347, found 535.1354.

Methyl (4R,55)-4-((tert-butyldimethylsilyl)oxy)-5-(((S,E)-6-((ethoxycarbonyl)oxy)hex-4-en-3-

yloxy)-2-(phenylsulfonyl)hept-6-enoate (8)
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OTBS MeO,C OTBS
MeO,C._-SO,Ph

[ X R
N NaH PhO,S X
o] —_— o]
DMF, 80 °C, 20 h \/\/i\/
EtOZCO\/\/k/ EtO,CO
12¢ 1% 8

To a cooled (0 °C) suspension of 60% sodium hydride (0.73 g, 32.1 mmol) in DMF (16 mL) was
added methyl phenylsulfonylacetate (5.27 mL, 32.1 mmol). The mixture was stirred for 1 h at room
temperature, and a solution of iodide 12¢ (4.11 g, 8.0 mmol) in DMF (16 mL) was added. The reaction
mixture was stirred for 20 h at 80 °C, cooled to room temperature, quenched with saturated NH,Cl
solution, and extracted with Et,O. The combined organic layer was washed with brine, dried over
MgSO,, and concentrated in vacuo. The residue was purified by flash column chromatography
(EtOAc/Hexane = 1:6) to provide 3.41g (71%, 1.5:1 mixture of inseparable two diastereomers) of 8 as
a colorless oil. "H NMR (800 MHz, CDCl;, mixture of diastereomers) o 7.84-7.82 (m, 2H for each
isomer, mixture of two isomers), 7.66-7.64 (m, 1H for each isomer, mixture of two isomers), 7.54 (t, J
= 7.8 Hz, 2H for each isomer, mixture of two isomers), 5.65-5.56 (m, 3H for each isomer, mixture of
two isomers), 5.15-5.08 (m, 2H for each isomer, mixture of two isomers), 4.56 (d, /= 5.4 Hz, 2H, major
isomer), 4.55 (d, J = 5.7 Hz, 2H, minor isomer), 4.31 (dd, J = 11.7, 2.4 Hz, 1H, major isomer), 4.28
(dd, J=8.5, 4.6 Hz, 1H, minor isomer), 4.18 (q,J= 7.1 Hz, 2H, major isomer), 4.17 (q, /= 7.1 Hz, 2H,
minor isomer), 3.80 (td, /= 6.4, 5.9 Hz, 1H, major isomer), 3.78-3.76 (m, 2H, minor isomer), 3.72-3.71
(m, 1H, major isomer), 3.69 (dd, J = 6.9, 3.8 Hz, 1H, minor isomer), 3.65 (s, 3H, major isomer), 3.61
(s, 3H, minor isomer), 3.58 (dt, /= 8.6, 2.8 Hz, 1H, major isomer), 2.25-2.17 (m, 1H for major isomer,
2H for minor isomer, mixture of two isomers), 2.10 (ddd, J = 13.9, 11.8, 2.9 Hz, 1H, major isomer),
1.61-1.54 (m, 1H for each isomer, mixture of two isomers), 1.44 (d quint, J = 13.9, 7.0 Hz, 1H, major
isomer), 1.41 (d quint, /= 13.7, 7.2 Hz, 1H, minor isomer), 1.29(t, J = 7.1 Hz, major isomer), 1.29(t, J
= 7.1 Hz, minor isomer), 0.85 (s, 9H, minor isomer), 0.82 (s, 9H, major isomer), 0.80 (t, J = 7.4 Hz,
3H, major isomer), 0.80 (t, J = 7.4 Hz, 3H, minor isomer), 0.06 (s, 3H, minor isomer), 0.03 (s, 3H,
minor isomer), 0.01 (s, 3H, major isomer), -0.06 (s, 3H, major isomer); 3*C NMR (200 MHz, CDCl;,

mixture of diastereomers) J 166.6, 166.3, 154.9, 137.6, 137.2, 136.4, 136.3, 136.3, 135.7, 134.1, 134.1,
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129.3, 129.1, 129.0, 129.0, 124.9, 124.9, 118.2, 118.1, 82.6, 82.3, 80.3, 80.2, 72.4, 72.3, 67.5, 67.5,
67.5, 67.3, 64.0, 52.8, 30.4, 29.7, 27.6, 27.4, 25.9, 25.9, 18.1, 18.0, 14.3,9.3, 9.3, -3.8, -4.4, -4.8, -5.4;
IR (thin film, neat) vy, 3069, 2956, 2930, 2857, 1747, 1464, 1366, 1329, 1259, 1196, 1149, 1085, 1004,
937, 837, 810, 780, 723 cm'; HR-MS (ESI+) caled for CagHygKOuSSi (M + K¥) 637.2263, found

637.2273.

Methyl (28,3R,9S5,2)-3-((tert-butyldimethylsilyl)oxy)-9-ethyl-5-(phenylsulfonyl)-2-vinyl-

2,3,4,5,6,9-hexahydrooxonine-5-carboxylate (7)

MeO,C  OTBS

PhO,S B Pd(dppe)s
o)
DMSO, 60 °C, 2 h
Et0,CO A
8 75% 7

To a heated (60 °C) solution of allylic carbonate 8 (1.95 g, 3.3 mmol) in DMSO (32.6 mL) was added
Pd(dppe), (0.59 g, 0.7 mmol). The reaction mixture was stirred for 2 h at the same temperature,
quenched with water, and extracted with EtOAc. The combined organic layer was washed with brine,
dried over MgSO,, and concentrated in vacuo. The residue was purified by flash column
chromatography (EtOAc/Hexane = 1:6) to provide 0.63 g (38%) of a diastereomer (top spot of TLC) of

7 as a colorless oil and 0.61 g (37%) of other diastereomer (bottom spot of TLC) of 7 as a white gum.

Top diastereomer: [a]p?® = -11.36 (¢ 1.00, CHCl;); '"H NMR (800 MHz, CDCl3) 6 7.79 (d, J = 8.4
Hz, 2H), 7.64 (t, J = 7.5 Hz, 1H), 7.52 (t, J = 7.9 Hz, 2H), 6.03 (td, J= 10.1, 5.3 Hz, 1H), 5.73 (dd, J =
10.4,3.7 Hz, 1H), 5.70 (ddd, J=17.3, 10.3, 7.5 Hz, 1H), 5.14 (dd, J=17.3, 1.0, 1H), 5.06 (dd, J=10.4,
1.4, 1H), 4.29-4.27 (m, 1H), 3.76 (t, J = 8.0 Hz, 1H), 3.71 (s, 3H), 3.46 (dd, J = 14.8, 11.8 Hz, 1H),
3.27 (t,J = 8.9 Hz, 1H), 3.05 (dd, /= 15.0, 5.3 Hz, 1H), 2.44 (dd, J = 14.2, 9.6 Hz, 1H), 2.28 (d, J =
14.2 Hz, 1H), 1.71 (d quint, J= 13.8, 7.4 Hz, 1H), 1.42 (d quint, J = 13,8, 7.3 Hz, 1H), 0.86 (t, J= 7.3
Hz, 3H), 0.71 (s, 9H), -0.16 (s, 3H), -0.32 (s, 3H); *C NMR (150 MHz, CDCl;) ¢ 168.1, 140.2, 136.1,

135.2, 134.1, 132.3, 130.8, 128.7, 116.8, 78.9, 76.9, 76.2, 72.4, 52.9, 39.0, 29.9, 27.1, 25.8, 17.9, 10.7,
S9



-4.7, -4.9; IR (thin film, neat) vy,.x 3032, 2956, 2856, 1735, 1645, 1584, 1447, 1321, 1252, 1206, 1146,
1081, 1019, 863, 837, 778, 721 cm!; HR-MS (ESI+) calcd for CysH4NaO4SSi (M + Na*) 531.2207,

found 531.2196.

Bottom diastereomer: [o]p?® = +24.05 (¢ 1.00, CHCl;); '"H NMR (800 MHz, CDCl;) 6 7.81 (d, J =
8.4 Hz, 2H), 7.63 (t, J = 7.4 Hz, 1H), 7.51 (t, J = 7.9 Hz, 2H), 5.87 (ddd, J = 17.3, 10.4, 7.4 Hz, 1H),
5.61 (ddd, J=10.4, 3.2, 1.0 Hz, 1H), 5.38 (dtd, J=10.9, 5.0, 2.4 Hz, 1H), 5.17 (dd, J=17.2, 0.6 Hz,
1H), 5.08 (dd, J = 10.4, 1.4 Hz, 1H), 4.37-4.34 (m, 2H), 3.79 (t, J = 11.9 Hz, 1H), 3.76 (t, J = 7.5 Hz,
1H), 3.59 (s, 3H), 2.98 (d, J = 15.8 Hz, 1H), 2.53 (dd, J= 11.0, 3.3 Hz, 1H), 2.34 (dd, /= 15.8, 9.8 Hz,
1H), 1.75 (d quint, J = 13.8, 7.4 Hz, 1H), 1.41 (d quint, J = 13.8, 7.4 Hz, 1H), 0.88 (t, /= 7.4 Hz, 3H),
0.86 (s, 9H), 0.22 (s, 3H), 0.07 (s, 3H); 3C NMR (200 MHz, CDCLy) 6 168.5, 140.5, 136.6, 136.0, 134.0,
130.2, 129.4, 128.6, 115.9, 80.5, 76.5, 75.8, 71.0, 53.2, 38.9, 31.2, 27.1, 26.1, 18.1, 10.8, -4.1, -4.5; IR
(thin film, neat) v, 3071, 2930, 2856, 1736, 1645, 1585, 1462, 1310, 1250, 1146, 1068, 1008, 921,

838,781,721, 689 cm'; HR-MS (ESI+) caled for CpsHy4oNaO4SSi (M + Na*) 531.2207, found 531.2197.

Methyl (25,3R,9S,Z)-3-((tert-butyldimethylsilyl)oxy)-9-ethyl-2-vinyl-2,3,4,5,6,9-

hexahydrooxonine-5-carboxylate (7a)

Sml,
MeO,C

MeOH, THF, -78 °C, 2 h

7 97% 7a

To a cooled (-78 °C) solution of cyclic ether 7 (714 mg, 1.4 mmol) in MeOH (14 mL) was added a
solution of Sml, in THF (0.1 M in THF, 42 ml, 4.2 mmol). The mixture was stirred for 30 min at the
same temperature, quenched with saturated NaHCOj; solution, filtered through a pad of Celite, and
extracted with CH,Cl,. The combined organic layer was washed with brine, dried over MgSQO,, and
concentrated in vacuo. The residue was purified by flash column chromatography (EtOAc/Hexane =

1:10) to provide 502 mg (97%, 3:1 mixture of inseparable two diastereomers) of 7a as a colorless oil.
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'"H NMR (600 MHz, CDCl;, mixture of diastereomers) 0 5.88-5.78 (m, 2H for major isomer, 1H for
minor isomer, mixture of two isomers), 5.71-5.66 (m, 1H, minor isomer), 5.61 (dd, J = 10.8, 4.8 Hz,
1H, minor isomer), 5.43 (dd, J = 10.5, 5.5 Hz, 1H, major isomer), 5.20 (d, J = 17.4 Hz, 1H, minor
isomer), 5.16(d, J = 17.5 Hz, 1H, major isomer), 5.15 (dd, J = 10.1, 1.8 Hz, 1H, minor isomer), 5.05
(dd, J=10.3, 1.2 Hz, major isomer), 4.34 (dt, /= 6.8, 6.4 Hz, 1H, major isomer), 4.17 (td, /= 6.4, 6.0
Hz, 1H, minor isomer), 3.82 (t, J = 8.3 Hz, 1H, minor isomer), 3.76 (t, /= 7.8 Hz, 1H, major isomer),
3.66 (s, 3H, minor isomer), 3.65 (s, 3H, major isomer), 3.63-3.58 (m, 1H for each isomer, mixture of
two isomers), 2.79-2.75 (m, 2H, minor isomer), 2.65-2.56 (m, 2H, major isomer), 2.47 (qd, /= 7.8, 4.6
Hz, 1H, minor isomer), 2.44-2.40 (m, 1H, major isomer), 2.26 (ddd, J = 14.6, 11.5, 7.8 Hz, 1H, minor
isomer), 2,15 (ddd, /= 15.1, 5.9, 2.3 Hz, 1H, major isomer), 2.06 (ddd, /= 15.1, 6.9, 1.8 Hz, 1 H, major
isomer), 1.89 (d, J = 15.1 Hz, 1H, minor isomer), 1.70 (d quint, J = 13.7, 7.3 Hz, 1H, major isomer),
1.68 (d quint, J=13.7, 7.4 Hz, 1H, minor isomer), 1.46 (d quint, J = 13.8, 7.3 Hz, 1H, minor isomer),
1.44 (d quint, J = 13.8, 7.3 Hz, 1H, major isomer), 0.87 (t, J = 7.4 Hz, 3H, major isomer), 0.85 (t, J =
7.4 Hz, 3H, minor isomer), 0.82 (s, 9H for each isomer, mixture of two isomers), 0.01 (s, 3H, minor
isomer), -0.02 (s, 3H, major isomer), -0.03 (s, 3H, minor isomer), -0.05 (s, 3H, major isomer); 3C NMR
(150 MHz, CDCl;, mixture of diastereomers) ¢ 176.8, 176.1, 140.1, 139.1, 134.5, 134.3, 132.0, 131.9,
117.6, 115.9, 81.1, 76.6, 75.7, 74.3, 73.6, 72.9, 51.7, 51.6, 42.3, 38.8, 38.3, 38.2, 31.8, 29.1, 28.7, 28.2,
25.9, 25.8,17.9, 10.6, 10.4, -4.3, -4.5; IR (thin film, neat) vy,,x 3015, 2957, 2930, 2882, 2857, 1739,
1644, 1471, 1436, 1361, 1255, 1193, 1169, 1091, 921, 837, 776 cm’'; HR-MS (ESI+) calcd for

Cy0H3704S1 (M + H") 369.2456, found 369.2448.

(25,3R,95,2)-3-((tert-Butyldimethylsilyl)oxy)-9-ethyl-2-vinyl-2,3,4,5,6,9-hexahydrooxonine-5-

carboxylic acid (13)
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OTBS OTBS
= =
\ LIOH+H,0 \
THF/H,0/MeOH (1:1:1), 8 h

MGOZC

7a 93% 13

To a solution of ester 7a (347 mg, 0.9 mmol) in a mixture of THF, H,O, and MeOH (1:1:1, 9 mL)
was added LiOH-H,O (119 mg, 2.8 mmol) at room temperature. The mixture was stirred for 8 h at the
same temperature, quenched with saturated NH,Cl solution, and extracted with EtOAc. The combined
organic layer was washed with brine, dried over MgSO,, and concentrated in vacuo. The residue was
purified by flash column chromatography (EtOAc/Hexane = 1:6 to 1:3 to 1:1) to provide 232 mg (70%)
of major diastereomer (top spot of TLC) of 13 as a colorless oil and 77 mg (23%) of minor diastereomer

(bottom spot of TLC) of 13 as a colorless oil.

Top (major) diastereomer: [0]p?’ = +4.46 (¢ 0.50, CHCl;); 'H NMR (800 MHz, CDCls) J 5.88-5.84
(m, 1H), 5.84 (ddd, J = 17.2, 10.3, 7.0 Hz, 1H), 5.46 (dd, J = 10.5, 5.4 Hz, 1H), 5.17 (d, J = 17.2 Hz,
1H), 5.07 (dd, J = 10.4, 1.0 Hz, 1H), 4.35 (q,J = 6.4 Hz, 1H), 3.78 (t, J = 7.7 Hz, 1H), 3.64 (td, J = 7.3,
1.4 Hz, 1H), 2.69-2.67 (m, 1H), 2.62 (dt, J= 12,8, 10.1 Hz, 1H), 2,49 (ddd, J= 13.1, 7.1, 2.8 Hz, 1H),
2.19 (ddd, /= 15.1, 6.3, 2.1 Hz, 1H), 2.08 (ddd, J=15.1, 7.0, 1.5 Hz, 1H), 1.71 (d quint, /= 13,6, 7.4
Hz, 1H), 1.45 (d quint, J = 13,7, 7.3 Hz, 1H), 0.87 (t, J = 7.4, 3H), 0.82 (s, 9H), 0.00 (s, 3H), -0.04(s,
3H);3*C NMR (200 MHz, CDCl;) ¢ 181.3, 140.1, 133.9, 132.2, 116.1, 76.9, 75.8, 72.7, 38.2, 38.0, 31.5,
28.6,25.8, 17.9, 10.4, -4.4, -4.5; IR (thin film, neat) vy, 3077, 3016, 2882, 2857, 2310, 1705, 1543,
1472, 1417, 1299, 1253, 1090, 922, 837, 784 cm-'; HR-MS (ESI+) caled for C oH3s0,Si (M + H)

355.2299, found 355.2301.

Bottom (minor) diastereomer: [a]p?’ = -48.27 (¢ 0.50, CHCl;); '"H NMR (800 MHz, CDCl;) ¢ 5.82
(ddd, /=17.2,10.4, 7.7 Hz, 1H), 5.71 (dtd, J=10.2, 7.2, 1.3 Hz, 1H), 5.63 (dd, /= 10.6, 4.8 Hz, 1H),
521 (d,J=17.3 Hz, 1H), 5.16 (dd, J = 10.4, 1.4 Hz, 1H), 4.19 (td, J = 6.4, 6.1 Hz, 1H) 3.84 (t, /= 8.1
Hz, 1H), 3.62 (td, J=8.1, 1.3 Hz, 1H), 2.83-2.79 (m, 2H), 2.55-2.51 (m, 1H), 2.28 (ddd, J = 14.8, 11.4,

7.6 Hz, 1H), 1.96 (d, J = 14.9 Hz, 1H), 1.69 (d quint, J = 13.6, 7.3 Hz, 1H), 1.46 (d quint, J = 13.6, 7.4
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Hz, 1H), 0.86 (t, J= 7.4 Hz, 3H), 0.82 (s, 9H), 0.03 (s, 3H), -0.02 (s, 3H); *C NMR (200 MHz, CDCl,)
5 180.4, 139.0, 134.6, 131.7, 117.7, 81.0, 74.4, 73.7, 42.0, 38.4, 29.0, 28.2, 25.8, 17.9, 10.6, -4.3, -4.5;
IR (thin film, neat) vpa, 3078, 3021, 2958, 2884, 2857, 1705, 1471, 1417, 1361, 1297, 1255, 1074, 927,

836, 776 cm™'; HR-MS (ESI+) caled for C,9H350,4Si (M + H*) 355.2299, found 355.2303.

1,3-Dioxoisoindolin-2-yl (28,3R,9S,72)-3-((tert-butyldimethylsilyl)oxy)-9-ethyl-2-vinyl-

2,3,4,5,6,9-hexahydrooxonine-5-carboxylate (14)

DCC, DMAP
——

THF, 4 h

13 91% 14

To a solution of acid 13 (281 mg, 0.8 mmol) in THF (8 mL) were added N.N-
dicyclohexylcarbodiimide (254 mg, 1.2 mmol), N-hydroxyphthalimide (194 mg, 1.2 mmol) and 4-
dimethylaminopyridine (5 mg, 0.1 mmol) at room temperature. The mixture was stirred for 4 h at the
same temperature, quenched with saturated NH4Cl solution, and extracted with EtOAc. The combined
organic layer was washed with brine, dried over MgSO,, and concentrated in vacuo. The residue was
purified by flash column chromatography (EtOAc/Hexane = 1:10 to 1:6) to provide 362 mg (91%, 3:1
mixture of inseparable two diastereomers) of 14 as a colorless oil. 'H NMR (800 MHz, CDCl;, mixture
of diastereomers) ¢ 7.86 (dd, J = 5.4, 3.0 Hz, 2H for each isomer, mixture of two isomers), 7.76 (dd, J
= 5.4, 3.0 Hz, 2H for each isomer, mixture of two isomers), 5.98 (dtd, J = 10.3, 7.7, 1.7 Hz, 1H, major
isomer), 5.86 (ddd, J = 17.2, 10.3, 6.9 Hz, 1H, major isomer), 5.84 (ddd, J = 17.2, 10.4, 7.4 Hz, 1H,
minor isomer), 5.79 (tdd, J=10.2, 7.2, 1.6 Hz, 1H, minor isomer), 5.70 (dd, /= 10.7, 4.6 Hz, 1H, minor
isomer), 5.49 (dd, J = 10.5, 5.8 Hz, 1H, major isomer), 5.23 (d, /= 17.1 Hz, 1H, minor isomer), 5.20
(ddd,J=17.3,1.7, 1.1 Hz, 1H, major isomer), 5.17 (dd, J=10.4, 1.3 Hz, 1H, minor isomer), 5.09 (ddd,

J=10.3, 1.8, 0.7 Hz, 1H, major isomer), 4.37 (dt, /= 7.0, 6.2 Hz, 1H, major isomer), 4.23 (dt, /= 6.6,
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6.0 Hz, 1H, minor isomer), 3.86 (t,J= 8.1 Hz, 1H, minor isomer), 3.81 (t,/= 8.1 Hz, 1H, major isomer),
3.73(ddd, J=8.4,5.4, 1.8 Hz, 1H, major isomer), 3.64 (td, /= 8.3, 1.4 Hz, 1H, minor isomer), 3.23-3.20
(m, 1H, minor isomer), 3.01-2.97 (m, 1H for each isomer, mixture of two isomers), 2.74 (ddd, J=13.5,
7.8, 2.1 Hz, 1H, major isomer), 2.64 (dt, /= 13.4, 9.6 Hz, 1H, major isomer), 2.64-2.61 (m, 1H, minor
isomer), 2.40 (ddd, J = 14.9, 11.5, 8.2 Hz, 1H, minor isomer), 2.34 (ddd, J = 15.1, 5.3, 1.6 Hz, 1H,
major isomer), 2.24 (ddd, J=15.2 7.8, 1.9 Hz, 1H, major isomer), 2.12 (dt, /= 14.8, 1.8 Hz, 1H, minor
isomer), 1.72 (d quint, J = 13.5, 7.4 Hz, 1H, major isomer), 1.71 (d quint, J = 13.5, 7.3 Hz, 1H, minor
isomer), 1.48 (d quint, J = 13.7, 7.3 Hz, 1H, major isomer), 1.48 (d quint, J = 13.7, 7.3 Hz, 1H, minor
isomer), 0.89 (t, J = 7.4 Hz, 3H, major isomer), 0.87 (t, J = 7.4 Hz, 3H, minor isomer), 0.85 (s, 9H,
major isomer), 0.84 (s, 9H, minor isomer), 0.07 (s, 3H, minor isomer), 0.05 (s, 3H, major isomer), 0.00
(s, 3H, minor isomer), -0.02 (s, 3H, major isomer); 3C NMR (200 MHz, CDCl;, mixture of
diastereomers) ¢ 172.7, 171.9, 162.0, 139.7, 139.1, 135.4, 134.7, 134.7, 133.1, 132.5, 131.1, 129.0,
129.0, 123.9, 117.5, 116.5, 80.6, 76.1, 75.6, 74.8, 73.7, 72.7, 39.7, 38.6, 38.1, 35.0, 32.3, 29.0, 27.9,
25.8,25.8,17.9,17.9,10.6, 10.3, -4.3, -4.5, -4.6, -4.6; IR (thin film, neat) v, 3518, 3076, 3019, 2930,
2857, 1813, 1615, 1469, 1362, 1255, 1187, 1122, 1082, 991, 904, 878, 837, 777 cm’'; HR-MS (ESI+)

caled for C,7H33sNO6Si (M + HY) 500.2463, found 500.2461.

tert-butyl(((2S,3R,95,2)-9-Ethyl-5-(phenylselanyl)-2-vinyl-2,3,4,5,6,9-hexahydrooxonin-3-
yDoxy)dimethylsilane (6)

Blue LEDs, (PhSe),,

Ru(b Cly*6H,0, BNAH
(bpy)sCl, 2 Phse

THF/H,0 (2:1), 2 h

14 79% for 6 + 11% for 13 6

To a solution of ester 14 (143 mg, 0.3 mmol) in a mixture of THF and H,O (2:1, 6 mL) were added
1-benzyl-1,4-dihydronicotinamide (128 mg, 0.4 mmol), Ru(bpy);Cl,-6H,O (11 mg, 0.01 mmol) and

diphenyldiselenide (144 mg, 0.4 mmol) at room temperature. After stirring for 10 min, the reaction
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mixture was placed in the center of 8 Blue LEDs (5 W, 460-470 nm, 55-75 1Im) loop (circumference:
30 cm). The reaction mixture was irradiated for 2 h and concentrated in vacuo. The reaction mixture
was diluted with water and extracted with EtOAc. The combined organic layer was washed with brine,
dried over MgSO,, and concentrated in vacuo. The residue was purified by flash column
chromatography (pentane only to Et,O/pentane = 1:6) to provide 105 mg (79%, 1.5:1 mixture of
inseparable two diastereomers) of 6 as a colorless oil and 11 mg (11%) of acid 13. "H NMR (800 MHz,
CDCls, mixture of diastereomers) ¢ 7.58-7.57 (m, 2H, minor isomer), 7.53-7.52 (m, 2H, major isomer),
7.27-7.24 (m, 3H for each isomer, mixture of two isomers), 5.85 (ddd, /=17.2, 10.4, 7.1 Hz, 1H, major
isomer), 5. 78 (ddd, J = 17.2, 10.3, 7.8 Hz, 1H, minor isomer), 5.74 (dtd, J = 10.4, 7.0, 1.4 Hz, 1H,
minor isomer), 5.65 (dtd, /= 10.5, 7.0, 1.9 Hz, 1H, major isomer), 5.64 (dd, /= 10.6, 5.0 Hz, 1H, minor
isomer), 5.44 (dd, J = 10.6, 5.1 Hz, 1H, major isomer), 5.18 (ddd, J = 17.1, 1.7, 0.7 Hz, 1H, minor
isomer), 5.17 (ddd, J = 17.2, 1.8, 1.0 Hz, 1H, major isomer), 5.14 (dd, J = 10.4, 1.6 Hz, 1H, minor
isomer), 5.07 (ddd, /=10.4, 1.7, 0.6 Hz, 1H, major isomer), 4.31 (td, /= 6.6, 6.2 Hz, 1H, major isomer),
4.16 (td, J = 6.6, 6.0 Hz, 1H, minor isomer), 3.84 (t, /= 7.7 Hz, 1H, major isomer), 3.82 (t, /= 8.2 Hz,
1H, minor isomer), 3.66 (ddd, J = 8.4, 6.9, 1.4 Hz, 1H, major isomer), 3.63 (dtd, /= 12.4, 4.4, 3.6 Hz,
1H, minor isomer), 3.59 (dddd, J = 10.6, 6.4, 3.4, 2.5 Hz, 1H, major isomer), 3.56 (ddd, J = 8.6, 7.3,
1.3 Hz, 1H, minor isomer), 3.00 (ddd, J=13.5, 10.1, 4.1 Hz, 1H, minor isomer), 2.82 (dt, J=13.0, 10.6
Hz, 1H, major isomer), 2.48-2.44 (m, 1H for each isomer, mixture of two isomers), 2.41 (ddd, J = 14.6,
12.4, 7.3 Hz, 1H, minor isomer), 2.29 (ddd, J = 15.0, 7.0, 2.2 Hz, 1H, major isomer), 2.16 (ddd, J =
15.0, 7.1, 1.5 Hz, 1H, major isomer), 1.90 (dd, J = 14.6, 2.2 Hz, 1H, minor isomer), 1.69 (d quint, J =
13.6, 7.4 Hz, 1H, major isomer), 1.68 (d quint, J = 13.7, 7.3 Hz, 1H, minor isomer), 1.46 (d quint, J =
13.8, 7.4 Hz, 1H, minor isomer), 1.43 (d quint, /= 13.7, 7.4 Hz, 1H, major isomer), 0.86 (t,/= 7,4 Hz,
3H, major isomer), 0.84 (t, J = 7.4 Hz, 3H, minor isomer), 0.83 (s, 9H, major isomer), 0.72 (s, 9H,
minor isomer), -0.01 (s, 3H, major isomer), -0.02 (s, 3H, major isomer), -0.13 (s, 3H, minor isomer), -
0.23 (s, 3H, minor isomer); 3C NMR (200 MHz, CDCl;, mixture of diastereomers) ¢ 140.2, 139.0,
135.6, 134.6, 134.5, 133.9, 132.3, 131.6, 130.9, 129.6, 129.1, 129.0, 127.8, 127.2, 117.7, 116.1, 81.6,

77.6,75.8,74.3, 74.0, 73.2, 43.8, 42.3, 42.0, 38.4, 36.9, 32.9, 28.3, 25.9, 25.7, 18.0, 17.8, 10.6, 10.5, -
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4.1, -4.4, -4.6, 4.6; IR (thin film, neat) vy, 3072, 3014, 2957, 2928, 2856, 1735, 1644, 1579, 1473,
1361, 1300, 1254, 1189, 1127, 1006, 921, 813, 776, 739 cm™!; HR-MS (ESI+) calcd for Cp4H390,SeSi

(M + H") 467.1880, found 467.1884.

Reaction Apparatus

tert-Butyl(((2S,3R,5Z,77,95)-9-ethyl-2-vinyl-2,3,4,9-tetrahydrooxonin-3-yl)oxy)dimethylsilane

(16)
OTBS OTBS
= H,0,, 2-methyl-2-butene, .
\ pyridine N\
PhSe o) _— Q
CH,Cly, 0°C, 12 h 4
6 67% for 16 + 16% for 16a + 15% for 16b 16b

To a cooled (0 °C) solution of phenylselenide 6 (35 mg, 0.1 mmol) in CH,Cl, (2 mL) were added
pyridine (0.1 mL, 1.2 mmol), 2-methyl-2-butene (0.1 mL, 0.9 mmol), and hydrogen peroxide (0.1 mL,
0.9 mmol). The mixture was stirred for 12 h at the same temperature, quenched with saturated
Na,S,053-5H,0 solution, and extracted with CH,Cl,. The combined organic layer was washed with
brine, dried over MgSQO,, and concentrated in vacuo. The residue was purified by flash column
chromatography (pentane only to Et,O/pentane. 1:40) to provide 15.7 mg (0.051 mmol, 67%) of 16 as
a colorless oil, 3.8 mg (16%) of regioisomer 16a as a colorless oil, and 4 mg (15%) of (£)-olefinic

isomer 16b as a colorless oil. [a]p?° = +94.93 (¢ 0.30, CHC]l;); '"H NMR (600 MHz, CDCl;) 6 6.11 (d,
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J=11.5Hz, 1H), 5.92 (d, J= 10.1 Hz, 1H), 5.90 (ddd, J = 17.4, 10.5, 7.3 Hz, 1H), 5.76 (td, /= 9.6, 7.3
Hz, 1H), 5.58 (ddd, J = 11.5, 5.0, 1.4 Hz, 1H), 5.19 (d, J = 16.9 Hz, 1H), 5.09 (d, J = 10.6 Hz, 1H),
4.09-4.05 (m, 1H), 4.06 (dt, J= 8.5, 7.3 Hz, 1H), 3.51 (td, J = 8.7, 2.3 Hz, 1H), 2.65 (dt, J=13.3,9.4
Hz, 1H), 2.21 (dd, J = 13.3, 7.4 Hz, 1H), 1.69 (d quint, J = 13.3, 7.4 Hz, 1H), 1.46 (d quint, J = 13.7,
7.3 Hz, 1H) 0.84 (s, 9H), 0.84 (t, J = 7.3 Hz, 3H), 0.03 (s, 3H), -0.02 (s, 3H); 3C NMR (200 MHz,
CDCLy) 5 139.9, 134.6, 132.5, 130.0, 127.3, 116.0, 81.3, 76.1, 72.2, 37.8, 28.1, 25.8, 18.0, 10.5, -4.5, -
4.5; IR (thin film, neat) v 3005, 2958, 2857, 1741, 1644, 1463, 1378, 1257, 1188, 1086, 1021, 921,

837, 737 cm'; HR-MS (ESI+) calced for C 3H330,Si (M + H*) 309.2244, found 309.2246.

(28,3R,95,7)-9-Ethyl-5-(phenylselanyl)-2-vinyl-2,3,4,5,6,9-hexahydrooxonin-3-ol (6a)

OTBS OH
= o =
\ TBAF \
PhSe o) —_— PhSe 0
THF,0°C,3h
6 94% 6a

To a cooled (0 °C) solution of phenylselenide 6 (68 mg, 0.2 mmol) in THF (3 mL) was added TBAF
(1M in THF, 0.3 mL, 0.3 mmol). The mixture was stirred for 3 h at the same temperature, quenched
with water, and extracted with EtOAc. The combined organic layer was washed with brine, dried over
MgSO,, and concentrated in vacuo. The residue was purified by flash column chromatography
(EtOAc/Hexane = 1:6) to provide 29 mg (56%) of major diastereomer (top spot of TLC) of 6a as a

colorless oil and 20 mg (38%) of minor diastereomer (bottom spot of TLC) of 6a as a white gum.

Top (major) diastereomer: [a]p?’ =-56.16 (¢ 1.00, CHCl;); '"H NMR (800 MHz, CDCls) ¢ 7.60-7.57
(m, 2H), 7.27-7.24 (m, 3H), 5.94 (ddd, J= 17,9, 9.8, 8.0 Hz, 1H), 5.58 (dtd, /= 10.6, 6.5, 1.4 Hz, 1H),
5.52 (dd, J = 10.6, 5.8 Hz, 1H), 5.31 (d, J = 16.8 Hz, 1H), 5.30 (d, J = 11.4 Hz, 1H), 4.23 (q, J = 6.7
Hz, 1H), 3.91 (ddt, J= 8.8, 6.2, 2.6 Hz, 1H), 3.83 (t, J= 8.5 Hz, 1H), 3.55 (dtd, J=11.8, 4.7, 3.0 Hz,
1H), 2.83 (q, /= 11.7 Hz, 1H), 2.48 (ddd, J = 12.3, 6.0, 2.8 Hz, 1H), 2.45 (ddd, /= 12.4, 5.8, 5.4 Hz,

1H), 1.95 (ddd, J= 15.4, 5.2, 2.2 Hz, 1H), 1.66 (d quint, J= 13.8, 7.3 Hz, 1H), 1.57 (d, /= 2.9 Hz, 1H),
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1.45 (d quint, J = 13.7, 7.4 Hz, 1H), 0.85 (t, J = 7.4 Hz, 3H); 3C NMR (200 MHz, CDCl;) § 138.4,
134.7, 133.8, 132.2, 129.6, 129.1, 127.6, 119.0, 80.2, 73.6, 69.4, 40.6, 38.0, 34.0, 28.5, 10.3; IR (thin
film, neat) v 3356, 2959, 2875, 1578, 1477, 1428, 1377, 1293, 1270, 1231, 1166, 1046, 934, 915,

879, 754 cm™'; HR-MS (ESI+) caled for CsH,50,Se (M + H*) 353.1015, found 353.1018.

Bottom (minor) diastereomer: [a]p?° = -9.28 (¢ 0.70, CHCl;); 'H NMR (800 MHz, CDCls) 6 7.57-
7.55 (m, 2H), 7.27-7.26 (m, 3H), 5.87 (ddd, J = 17.4, 10.3, 8.3 Hz, 1H), 5.80 (dtd, /= 10.6, 6.5, 1.6 Hz,
1H), 5.63 (dd, J=10.8, 4.8 Hz, 1H), 5.33 (dd, /= 10.4, 1.0 Hz, 1H), 5.29 (dd, J = 17.4, 1.4 Hz, 1H),
4.18 (q, J = 6.4 Hz, 1H), 3.80 (t, J = 8.6 Hz, 1H), 3.73 (dtd, J = 12.4, 4.0, 3.7 Hz, 1H), 3.57 (tt, J = 8.0,
2.1 Hz, 1H), 3.07 (ddd, J = 13.6, 10.6, 4.4 Hz, 1H), 2.38 (ddd, J = 13.3, 5.7, 4.7 Hz, 1H), 2.30 (ddd, J
=144, 12.4,7.4 Hz, 1H), 2.10 (d, J = 14.4 Hz, 1H), 1.66 (d quint, J = 13.8, 7.4 Hz, 1H), 1.47 (d quint,
J=13.8,7.3 Hz, 1H), 1.44 (d, J = 2.6 Hz, 1H), 0.86 (t, J = 7.4 Hz, 3H); '*C NMR (200 MHz, CDCl;) ¢
138.3,134.7, 134.3, 131.8, 129.9, 129.1, 127.6, 119.8, 81.2, 74.6, 72.1, 41.8, 40.9, 32.5, 28.2, 10.5; IR
(thin film, neat) v, 3323, 3006, 2963, 2875, 1579, 1509, 1479, 1437, 1300, 1220, 1149, 1042, 989,

927, 878, 738 cm™!'; HR-MS (ESI+) caled for CgH,50,Se (M + H*) 353.1015, found 353.1022.

tert-Butyl(((2S,3R,9S5,2)-9-ethyl-5-(phenylselanyl)-2-vinyl-2,3,4,5,6,9-hexahydrooxonin-3-

yDoxy)diphenylsilane (15)

OH OTBDPS
= =
TBDPSOT, 2,6-Iutidine \
PhSe 0 e ——— PhSe 0
CH,Cly, 0°C, 4 h
6a 94% 15

To a cooled (0 °C) solution of alcohol 6a (46 mg, 0.1 mmol) in CH,CI, (1.3 mL) were added 2,6-
lutidine (0.91 mL, 0.8 mmol) and #-butyldiphenylsilyl trifluoromethanesulfonate (152 mg, 0.4 mmol).
The mixture was stirred for 4 h at the same temperature, quenched with saturated NH,Cl solution, and
extracted with CH,Cl,. The combined organic layer was washed with brine, dried over MgSQO,, and

concentrated in vacuo. The residue was purified by flash column chromatography (Et,O/pentane = 1:20)
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to provide 68 mg (88%, 1.5:1 mixture of inseparable two diastereomers along with trace amount of
tirene 17) of 15 as a colorless oil. 'H NMR (600 MHz, CDCl;, mixture of diastercomers) ¢ 7.68 (dd, J
= 8.2, 1.4 Hz, 2H, major isomer), 7.61 (dd, /= 7.8, 1.4 Hz, 2H, major isomer), 7.59 (dd, /= 8.0, 1.4
Hz, 2H, minor isomer), 7.54 (dd, J = 7.8, 1.4 Hz, 2H, minor isomer), 7.45 (dd, J = 8.0, 1.6 Hz, 2H,
major isomer), 7.42-7.27 (m, 6H for major isomer, 8H for minor isomer, mixture of two isomers), 7.25-
7.19 (m, 3H for major isomer, 1H for minor isomer, mixture of two isomers), 7.14 (t, /= 7.6 Hz, 2H,
minor isomer), 5.72-5.66 (m, 1H for each isomer, mixture of two isomers), 5.64 (td, /= 10.1, 8.7 Hz,
1H, major isomer), 5.51-5.49 (m, 2H, minor isomer), 5.47 (dd, J = 11.0, 5.0 Hz, 1H, major isomer),
5.27 (dd, J=17.5, 1.4 Hz, 1H, minor isomer), 5.18 (dd, J=10.0, 1.9 Hz, 1H, minor isomer), 4.96 (d, J
=11.0 Hz, 1H, major isomer), 4.96 (d, J = 17.0 Hz, 1H, major isomer), 4.12 (q, J = 6.4 Hz, 1H, major
isomer), 3.98-3.91 (m, 1H for major isomer, 2H for minor isomer, mixture of two isomers), 3.88-3.85
(m, 1H, minor isomer), 3.78 (td, /= 6.9, 1.4 Hz, 1H, major isomer), 3.74-3.71 (m, 1H, major isomer),
2.93-2.90 (m, 1H, major isomer), 2.75 (dddd, J = 12.5, 9.1, 6.5, 3.5 Hz, 1H, minor isomer), 2.49 (dt, J
=13.7, 8.4 Hz, 1H for each isomer, mixture of two isomers), 2.35 (ddd, J = 14.7, 12.8, 6.2 Hz, 1H,
minor isomer), 2.27-2.23 (m, 1H, minor isomer), 2.14 (ddd, J = 14.7, 7.8, 2.8 Hz, 1H, major isomer),
2.06-2.01 (m, 1H for each isomer, mixture of two isomers), 1.61 (d quint, J = 13.7, 7.8 Hz, 1H, major
isomer), 1.60 (d quint, J = 13.7, 7.3 Hz, 1H, minor isomer), 1.45 (d quint, J = 13.7, 7.3 Hz, 1H, major
isomer), 1.41 (d quint, J = 13.7, 7.3 Hz, minor isomer), 1.02 (s, 9H, major isomer), 0.93 (s, 9H, minor
isomer), 0.84 (t, /= 7.4 Hz, 3H, major isomer), 0.77 (t, J = 7.3 Hz, 3H, minor isomer); IR (thin film,
neat) vmax 3439, 3071, 3012, 2959, 2930, 2857, 1730, 1692, 1578, 1473, 1462, 1437, 1362, 1111, 1065,

934, 822, 740 cmr'; HR-MS (ESI+) caled for Ca4Ha;0,SeSi (M + H¥) 591.2195, found 591.2208.

tert-Butyl(((28,3R,5Z,7Z,95)-9-ethyl-2-vinyl-2,3,4,9-tetrahydrooxonin-3-yl)oxy)diphenylsilane

17
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OTBDPS OTBDPS OTBDPS
H,0,, 2-methyl-2-butene,
pyridine
PhSe e} _—

CH.Cl,, 0°C, 12 h

R
R

15 90% for 17 + 9% for 17a

To a cooled (0 °C) solution of phenylselenide 15 (61 mg, 0.1 mmol) in CH,Cl, (3 mL) were added
pyridine (0.1 mL, 1.2 mmol), 2-methyl-2-butene (0.1 mL, 0.9 mmol) and hydrogen peroxide (0.1 mL,
0.9 mmol). The mixture was stirred for 12 h at the same temperature, quenched with saturated
Na,S,053-5H,0 solution, and extracted with CH,Cl,. The combined organic layer was washed with
brine, dried over MgSQO,, and concentrated in vacuo. The residue was purified by flash column
chromatography (pentane only to Et,O/pentane = 1:40) to provide 40 mg (90%) of 17 as a colorless oil
and 4 mg (9%) of regioisomer 17a as a colorless oil. [a]p?° = +80.09 (¢ 0.70, CHCl;); '"H NMR (500
MHz, CDCl;) 6 7.65 (d, J= 7.2 Hz, 4H), 7.41-7.38 (m, 2H), 7.34 (dt, J= 7.2, 6.9 Hz, 4H), 6.02 (dd, J
=11.3, 1.1 Hz, 1H), 5.94 (ddd, /= 17.2, 10.3, 7.4 Hz, 1H), 5.73 (d, /= 11.0 Hz, 1H), 5.54 (ddd, J =
11.3,5.5, 1.0 Hz, 1H), 5.25 (td, J=10.5, 6.8 Hz, 1H), 5.22 (d, /= 17.2 Hz, 1H), 5.10 (dd, J=10.3, 1.1
Hz, 1H), 4.19 (t, J= 7.6 Hz, 1H), 3.97 (td, J= 6.6, 6.3 Hz, 1H), 3.67 (td, /= 8.4, 2.1 Hz, 1H), 2.57 (dt,
J=13.2,9.4Hz, 1H), 2.07 (dd, J=13.2, 7.2 Hz, 1H), 1.67 (d quint, J=13.6, 7.2 Hz, 1H), 1.44 (d quint,
J=13.6, 7.3 Hz, 1H), 1.00 (s, 9H), 0.80 (t, J = 7.4 Hz, 3H); '3C NMR (150 MHz, CDCls) ¢ 139.7,
136.1, 136.0, 134.7, 134.4, 133.5, 132.4, 130.1, 129.6, 129.5, 127.5, 127.4, 126.9, 116.5, 82.2, 75.7,
73.4,37.4, 28.3,27.0, 19.4, 10.4; IR (thin film, neat) vy, 3071, 3002, 2961, 2858, 1641, 1589, 1472,
1428, 1362, 1304, 1246, 1189, 1110, 997, 922, 790, 739 cm'; HR-MS (ESI+) calcd for CyH3,0,Si (M

+ H") 433.2557, found 433.2564.

tert-Butyl(((2S,3R,4Z,77,95)-9-ethyl-2-vinyl-2,3,6,9-tetrahydrooxonin-3-yl)oxy)diphenylsilane
(17a): [a]p?® = +38.50 (¢ 0.50, CHCI;); '"H NMR (800 MHz, CDCls) 6 7.68 (d, J = 6.8 Hz, 2H), 7.63 (d,
J=6.7Hz, 2H), 7.41 (t, J=7.4 Hz, 1H), 7.38 (t, /= 7.4 Hz, 1H), 7.35 (t, /= 7.4 Hz, 2H), 7.33 (t, /=
7.4 Hz, 2H), 5.87 (ddd, /= 17.2, 10.2, 8.3 Hz, 1H), 5.70 (td, /= 10.0, 7.8 Hz, 1H), 5.46-5.41 (m, 2H),
5.29 (d, J=17.0 Hz, 1H), 5.22-5.19 (m, 2H), 5.13 (t, /= 7.0 Hz, 1H), 4.15 (td, J = 8.0, 4.2 Hz, 1H),

4.11 (t,J = 7.8 Hz, 1H), 2.79 (dt, J = 12.8, 9.4 Hz, 1H), 2.23-2.19 (m, 1H), 1.56 (dqd, J = 13.1, 7.5, 4.2
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Hz, 1H), 1.41 (d quint, J = 13.0, 7.4 Hz, 1H), 1.02 (s, 9H), 0.72 (t, J = 7.5 Hz, 3H); *C NMR (200
MHz, CDCly) § 136.9, 136.2, 136.1, 134.3, 133.8, 133.2, 132.4, 132.2, 129.6, 129.5, 127.9, 127.4,
127.3, 119.1, 84.2, 69.3, 69.2, 29.3, 27.0, 26.8, 19.3, 9.2; IR (thin film, neat) vy 3071, 3015, 2961,
2930, 2857, 1737, 1589, 1462, 1427, 1362, 1260, 1191, 1111, 960, 918, 821, 740 cm™'; HR-MS (ESI+)

calcd for C,3H3sNaO,Si (M + Na*) 455.2377, found 455.2374.

2-((28,3R,5Z,7Z,95)-3-((tert-Butyldiphenylsilyl)oxy)-9-ethyl-2,3,4,9-tetrahydrooxonin-2-

ylethan-1-ol (5)

OTBDPS OTBDPS OH
—

(9-BBN) 2, THF, 8 h
—>
then, 2N NaOH, H,0,, 0 °C, 1 h

To a solution of 9-borabicyclo[3.3.1]nonane dimer (21 mg, 0.1 mmol) in THF (0.2 mL) was added a
solution of triene 17 (33 mg, 0.1 mmol) in THF (0.5 mL) at room temperature. The mixture was stirred
for 8 h at room temperature, and aqueous 2N NaOH (0.4 mL) and hydrogen peroxide (0.2 mL) were
added at 0 °C. The resulting mixture was stirred for 30 min at the same temperature, quenched with
saturated Na,S,0;-5H,0 solution, and extracted with Et,O. The combined organic layer was washed
with brine, dried over MgSQO,, and concentrated in vacuo. The residue was purified by flash column
chromatography (Et,O/pentane = 1:10 to 1:6 to 1:3) to provide 25 mg (72%) of 5 as a colorless oil.
[a]p?® = +85.94 (¢ 0.70, CHCl;); 'H NMR (600 MHz, CDCl;) 6 7.67-7.65 (m, 4H), 7.44-7.40 (m, 2H),
7.38-7.35 (m, 4H), 5.99 (dd, /= 11.5, 2.3 Hz, 1H), 5.64 (dd, /= 11.2, 3.0 Hz, 1H), 5.38(dd, J=11.0,
7.8 Hz, 1H), 5.05 (dt, /= 11.0, 8.5 Hz, 1H), 4.09 (td, J = 7.8, 3.2 Hz, 1H), 3.92 (td, /= 7.8, 5.9 Hz,
1H), 3.79-3.75 (m, 2H), 3.73-3.69 (m, 1H), 2.56-2.51 (m, 2H), 2.11 (dd, J = 14.2, 7.8 Hz, 1H), 2.01
(dddd, J=14.7,7.3,4.6, 2.8 Hz, 1H), 1.95-1.89 (m, 1H), 1.64 (dqd, J=13.3, 7.4, 5.5 Hz, 1H), 1.48 (d
quint, J=13.7,7.6 Hz, 1H), 1.03 (s, 9H), 0.80 (t, /= 7.6 Hz, 3H); 13*C NMR (200 MHz, CDCl;) ¢ 136.0,

135.9, 134.3, 133.2, 132.8, 132.1, 129.8, 129.7, 129.6, 127.7, 127.6, 127.0, 83.2, 74.0, 73.6, 61.6, 37.8,
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34.6, 29.1, 27.0, 19.4, 9.8; IR (thin film, neat) vy, 3430, 3071, 3004, 2960, 2857, 1726, 1636, 1589,
1463, 1427, 1361, 1260, 1188, 1110, 1008, 939, 823, 741 cm™'; HR-MS (ESI+) calcd for CpsH3sNaO;Si

(M + Nat) 473.2482, found 473.2491.

tert-Butyl(((2S,3R,5Z,77,98)-9-ethyl-2-((£)-5-(trimethylsilyl)pent-2-en-4-yn-1-yl)-2,3,4,9-

tetrahydrooxonin-3-yl)oxy)diphenylsilane (5a)

—
OTBDPS 0OH TBDPSO (\TMS TBDPSO S —
o~ —7 T=—1ms
\ DMP, NaHCO3, CH,Cly, 1 h N
_—
then, N Qo 18
A\ S~
©:s>_ \——=—1Ms
5 5a 5b

DBU, CHCly, -55 °C, 2 h

83% (Z: E>20:1)

To a solution of alcohol 5 (20 mg, 0.05 mmol) in CH,Cl, (1 mL) were added NaHCO; (8 mg, 0.1
mmol) and Dess-Martin Periodinane (29 mg, 0.1 mmol) at room temperature. The mixture was stirred
for 1 h at the same temperature, and benzothiazolyl sulfone 18 (42 mg, 0.1 mmol) and 1,8-
diazabicyclo[5.4.0Jundec-7-ene(0.04 mL, 0.3 mmol) were added at -55 °C. The reaction mixture was
stirred for 2 h at the same temperature, quenched with saturated NaHCOj; solution, and extracted with
CH,Cl,. The combined organic layer was washed with brine, dried over MgSQ,, and concentrated in
vacuo. The residue was purified by flash column chromatography (Et,O/pentane = 1:40) to provide 20
mg (83% isolated yield) of 5a as a colorless oil and (E)-isomer 5b (Z/E > 20:1 by 'H NMR analysis) as
a colorless oil. [a]p?° = +78.45 (¢ 0.20, CHCl;); '"H NMR (800 MHz, CDCl;) 6 7.68-7.66 (m, 4H), 7.42-
7.40 (m, 2H), 7.37 (td, J= 7.1, 5.8 Hz, 4H), 5.99 (dt, J=11.0, 6.7 Hz, 1H), 5.90 (d, /= 11.2 Hz, 1H),
5.61(dd,J=11.0,2.2 Hz, 1H), 5.52 (d, J=11.0 Hz, 1H), 5.44 (dd, J=11.2, 7.0 Hz, 1H), 5.06 (td, J =
10.2, 7.5 Hz, 1H), 4.00 (td, J = 7.6, 4.1 Hz, 1H), 3.87 (td, J= 7.2, 5.8 Hz, 1H), 3.80 (td, /= 7.5, 1.7 Hz,
1H), 2.83-2.80 (m, 1H), 2.71 (ddd, J=13.7, 8.4, 8.0 Hz, 1H), 2.68 (d quint, /= 16.2, 8.0 Hz, 1H), 2.05
(dd, J=13.5, 7.1 Hz, 1H), 1.64 (dqd, J = 13.3, 7.3, 5.5 Hz, 1H), 1.47 (d quint, J = 13.4, 7.6 Hz, 1H)

1.02 (s, 9H), 0.77 (t, J = 7.4 Hz, 3H), 0.16 (s, 9H); 3C NMR (200 MHz, CDCl;) ¢ 142.5, 136.0, 135.9,
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134.5,133.8,133.2,131.1,130.1, 129.8, 129.6, 127.8, 127.5, 126.7, 110.3, 102.3, 98.9, 83.2, 73.7, 73.3,
36.7,34.3,29.1,27.1,19.4, 9.8, 0.1; IR (thin film, neat) v,,,x 3071, 3049, 2960, 2858, 2148, 1730, 1590,
1463, 1428, 1250, 1220, 1110, 1044, 940, 844, 772, 741 cm’!; HR-MS (ESI+) caled for C34,H4,0,Si, (M

+ H*) 543.3109, found 543.3106.

tert-Butyl(((2S,3R,5Z,7Z,98)-9-ethyl-2-((E)-5-(trimethylsilyl)pent-2-en-4-yn-1-yl)-2,3,4,9-
tetrahydrooxonin-3-yl)oxy)diphenylsilane (5b): [a]p?° = +28.21 (¢ 0.10, CHCI;); '"H NMR (800 MHz,
CDCl;) 6 7.66-7.65 (m, 4H), 7.41 (t,J= 7.4 Hz, 2H), 7.38-7.35 (m, 4H), 6.24 (dt, /= 15.6, 7.0 Hz, 1H),
591 (dd, J=11.3, 1.9 Hz, 1H), 5.63 (dd, /= 11.2, 2.9 Hz, 1H), 5.48 (dt, /= 16.0, 1.4 Hz, 1H), 5.43
(dd, /=112, 6.9 Hz, 1H), 5.11 (td, J = 10.2, 7.5 Hz, 1H), 3.90 (td, J = 7.8, 3.4 Hz, 1H), 3.86 (q, J =
6.7 Hz, 1H), 3.70 (td, J = 7.7, 2.0 Hz, 1H), 2.70 (ddd, /= 13.8, 9.4, 7.7 Hz, 1H), 2.49 (dddd, J = 15.1,
7.3,3.5,1.6 Hz, 1H), 2.40 (dtd, J=15.2, 7.2, 1.5 Hz, 1H), 2.09 (dd, J=13.4, 7.3 Hz, 1H), 1.57 (dqd, J
=13.3,7.5,5.8 Hz, 1H), 1.47 (d quint, J = 13.4, 7.6 Hz, 1H) 1.01 (s, 9H), 0.78 (t, /= 7.4 Hz, 3H), 0.17
(s, 9H); *C NMR (200 MHz, CDCl;) 6 143.2, 136.0, 134.2, 133.7, 133.2, 131.1, 130.2, 129.8, 129.6,
127.8, 127.5,126.7, 111.4, 104.2, 92.7, 82.9, 73.6, 73.6, 36.7, 36.5, 29.2, 27.0, 19.3, 9.8, 0.0; IR (thin
film, neat) v 3071, 3049, 2961, 2927, 2856, 2148, 1738, 1463, 1428, 1377, 1261, 1098, 1029, 843,

756, 741 cm'; HR-MS (ESI+) caled for C;34H,,0,Si, (M + H*) 543.3109, found 543.3104.

(28,3R,57,77Z,95)-9-Ethyl-2-((Z)-pent-2-en-4-yn-1-yl)-2,3,4,9-tetrahydrooxonin-3-ol (19)

=
TBDPSO (\TMS

TBAF

THF, 6 h

5a 99% 19

To a solution of enyne 5a (13 mg, 0.02 mmol) in THF (1 mL) was added TBAF (1M in THF, 0.1
mL, 0.1 mmol) at room temperature. The mixture was stirred for 6 h at the same temperature, quenched
with water, and extracted with Et,O. The combined organic layer was washed with brine, dried over

MgSO,, and concentrated in vacuo. The residue was purified by flash column chromatography
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(Et,O/pentane = 1:6) to provide 6 mg (99%) of 19 as a white solid.? mp. 48-49 °C; [a]p?* = +368.20 (c
0.20, CHCl;); '"H NMR (600 MHz, CDCl3) 6 6.24 (dddd, J=11.0, 9.2, 5.9, 0.9 Hz, 1H), 6.12 (ddd, J =
11.5,3.2, 1.4 Hz, 1H), 5.92 (d, J=11.0 Hz, 1H), 5.79 (td, J = 9.6, 7.3 Hz, 1H), 5.58 (d, /= 11.0 Hz,
1H), 5.54 (ddd, J=11.2, 5.7, 1.1 Hz, 1H), 4.06 (q, J = 6.4 Hz, 1H), 3.86 (dt, /= 8.3, 5.0 Hz, 1H), 3.60
(tdd, /=8.7,5.0, 2.8 Hz, 1H), 3.13 (d, J=2.3 Hz, 1H), 2.87 (ddd, J = 15.1, 9.2, 5.0 Hz, 1H), 2.68 (dt,
J=13.3,9.2 Hz, 1H), 2.57 (dtd, J=14.7,5.5, 1.7 Hz, 1H), 2.28 (dd, /= 13.3, 6.9 Hz, 1H), 1.92 (d, /=
5.1 Hz, 1H), 1.70 (d quint, J = 13.7, 7.4 Hz, 1H), 1.55 (d quint, J = 13.3, 7.4 Hz, 1H), 0.89 (t, /= 7.6
Hz, 3H); 3C NMR (200 MHz, CDCl3) 0 142.5, 134.1, 132.7, 130.0, 127.5, 109.8, 82.2, 80.6, 79.6, 75.0,
70.9, 36.6, 34.6, 29.0, 10.2; IR (thin film, neat) vy, 3423, 3311, 3006, 2960, 2926, 2874. 2096, 1727,
1637, 1442, 1378, 1232, 1122, 1063, 891, 860, 752 cm™!'; HR-MS (ESI+) caled for C;sHyNaO, (M +

Na*) 255.1356, found 255.1350.

(+)-Brasilenyne (1)34

CC|4, P(Oct)3

toluene, 60 °C, 12 h

93% (+)-brasilenyne (1)

To a solution of alcohol 19 (4.4 mg, 0.02 mmol) in toluene (0.5 mL) were added carbon tetrachloride
(0.01 mL, 0.1 mmol) and (n#-Oct);P (0.08 mL, 0.2 mmol). The mixture was stirred for 30 min at room
temperature and then was warmed to 60 °C. The reaction mixture was stirred for 12 h, quenched with
saturated Na,SO; solution, and extracted with Et,O. The combined organic layer was washed with brine,
dried over MgSO,, and concentrated in vacuo. The residue was purified by flash column
chromatography (Et,O/pentane = 1:50) to provide 4.2 mg (93%) of (+)-brasilenyne (1) as a white
solid.>* mp. 37-38 °C; [a]p?® = +224.47 (c 0.35, CHCl;); '"H NMR (600 MHz, CDCl;) ¢ 6.21 (d, J =
11.5 Hz, 1H), 6.05 (d, J=11.5 Hz, 1H), 6.03 (dt, /= 11.5, 7.6 Hz, 1H), 5.79 (dt, /= 11.0, 7.8 Hz, 1H),
5.55(dd,J=11.0, 1.4 Hz, 1H), 5.53 (d, J = 11.0 Hz, 1H), 4.27 (q, /= 6.9 Hz, 1H), 4.07 (d, /= 8.2 Hz,
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1H), 3.89 (t, J= 6.9 Hz, 1H), 3.11 (d, J= 2.0 Hz, 1H), 2.70 (dt, J= 14.2, 7.8 Hz, 1H), 2.65 (dt, /= 13.7,
7.6 Hz, 1H), 2.60 (dt, J= 13.3, 7.1 Hz, 1H), 2.46 (dd, J = 13.5, 8.0 Hz, 1H), 1.70 (d quint, J = 13.7, 7.3
Hz, 1H), 1.51 (d quint, J = 13.7, 7.3 Hz, 1H), 0.89 (t, J = 7.3 Hz, 3H); 3C NMR (150 MHz, CDCl;) §
141.4, 134.3, 133.5, 129.7, 128.7, 110.5, 82.2, 80.2, 75.7, 75.6, 63.0, 36.5, 36.0, 28.7, 10.1; IR (thin
film, neat) vmax 3296, 3007, 2962, 2930, 2875, 2096, 1731, 1624, 1463, 1435, 1379, 1353, 1328, 1261,

1121, 1089, 1026, 860, 750; HR-MS (ESI+) caled for C;sH;oCINaO (M + Na*) 273.1017, found

273.1027.
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Table 1. "H NMR Data of Natural and Synthetic (+)-Brasilenyne (2)

Table 2. 3C NMR Data of Natural and Synthetic (+)-Brasilenyne (2)

S26

Denmark’s Synthetic 2 Synthetic 2 Denmark’s .
Natural 2 Solvent: CDyCl3 (500 Solvent: CDCl; (600 Natural 2 Synthetic 2 Synthetic 2 Ad
Carbon Solvent: CCly (220 . . Solvent: CDCl; (Natural 2/
No. MHz) MHz) MHz) Carbon Solvent: CCly Solvent: CDCl, (150 MHz) Denmark’s
Ref. peak: TMS Ref. peak: CHCI; (8 7.26 Ref. peak: CHCl; No. (55 MHz) (125 MHz) Ref. peak: CDCls Synthetic
) ) ppm) (8 7.24 ppm) Ref. peak: TMS Ref. peak: CDCl; (5 770 i)pm) 2)
; 6.24 (ddd, J=10.0, | 6.23(ddd,J=11.0,2.5, 621 (d.J—11.5 H2) (8 77.0 ppm) '
2.0, 1.0 Hz) 1.5 Hz) S : 2 141.2 141.4 141.4 +0.2/0
~6.0(dd,J=11.0, ~ B 8 134.2 134.3 134.3 +0.1/0
6 2.0H2) 6.07 (brd, J=11.5 Hz) 6.05 (d, J=11.5 Hz) > 333 35 335 0270
5 609 (m) 6.04 (dddd, J=11.0,8.0, | 6.03(dt,J=11.5,7.6 6 129.5 129.7 129.7 +0.2/0
i 7.0, 1.0 Hz) Hz) 5 128.6 128.7 128.7 +0.1/0
s 5.82(ddd, J=11.0, | 5.81(dddd,J=11.0,7.5, | 5.79(dt,J=11.0,7.8 3 110.4 110.7 110.5 $0.1/-02
8.0, 8.0 Hz) 7.5,1.0 Hz) Hz) 5’ 82.0 82.2 82.2 +0.2/0
3 ~5.55(dd, J=10.0, 5.55(ddd, J=11.0, 7.0, 5.55(@dd,J=11.0,1.4 4’ 80.1 80.2 80.2 +0.1/0
8.0 Hz) 1.0 Hz) Hz) 2 76.0 75.7 75.7 -0.3/0
3 ~3:35(dd, J=T10, | 554 44 7= 11.0, 1.0) 5.53(d,J=11.0 Hz) 9 75.6 75.5 75.6 0/40.1
429 (jé(()i? ? 8.0, | 429 (ddd,J=7.0,7.0,7.0 : 622 8 832 *0.10
: »J=8.0, | 4 »J/=70,7.0,7. - I 36.3 36.4 36.5 +0.2/+0.1
’ 7.0,7.0,1.0 Hz) Hz) w27 T oo 4 35.9 36.0 36.0 +0.1/0
3 4'02 %dﬁd’o‘%‘z)g'o’ 4.08 (br d,J= 8.0 Hz) 4.07 (d,J=8.2Hz) 10 28.5 286 28.7 +0.2/40.1
3.91 '((id(i, J=70, |3.90(ddd,J=8.5,6.5,1.0 1 2 101 10.1 0200
2 7.0. 1.0 Ha) H2) 3.89 (t,J=6.9 Hz)
5 3.14 (d, J=2.0) 3.13(d, J=2.0) 3.11(d, J=2.0 Hz)
N 27 (m) 2.72 (dddd, J=14.0,8.0, | 2.70(dt,J=142,78
) 8.0, 1.0 Hz) Hz)
2.67(dddd,J=13.5,7.5, | 2.65(dt J=13.7,7.6
4 ~2.7 (m) 7.5, 1.0 Hz) Hz)
N ~2.60(ddd, J=14.0, | 2.61 (dddd,J=14.0,7.0, | 2.60 (dt,J=13.3,7.1
8.0, 8.0 Hz) 6.5, 1.0 Hz) Hz)
2.50 (ddd, J = 14.0, _ 2.46 (dd, J=13.5, 8.0
4 8.0, 3.0 Hy) 2.48 (dd,J=13.5,8.0 Hz) Hy)
10 1.73 (dddd, J=14.0, | 1.72(ddq,J=14.5,7.5, | 1.70 (d quint,J=13.7,
7.0, 7.0, 7.0 Hz) 7.5 Hz) 7.3 Hz)
10 1.55 (dddd, J=14.0, | 1.53(ddq,J=14.5,7.5, | 1.51(d quint,J=13.7,
7.0, 7.0,7.0 Hz) 7.5 Hz) 7.3 Hz)
11 0.91 (dd,J=7.0,7.0) | 0.91(dd,J=7.5,7.5 Hz) 0.89 (t, J=7.3 Hz)
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7-top diastereomer
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13C NMR, CDCl3, 150 MHz

400

T — T
190.0 180.0 170.0 160.0

e
200.0

—
210.0

6TOE0L

E£TIP'6I

§566°97
BELT'ST

STTY'LE

T60b°EL
TLOL'SL
T68L9L
L6669
POITLL
8TTTT8

n

o
198191172
£868'921
LSTF LTI
01Z8'LT1
06LY'671
SL79°621
LTLO'0ET
TTOEZET
SLIY'EET
SO0bbET
0659°FET
LOLG'SET
6ET1I9ET
9EEL'6ET



20LL°0
1020
¥62L°0
81080
vELB'O
08180
¥618'0
86280
9660
GGE6'0
26101
S0’
82L0'L
SeeT' L
°689T'L
8L6E°L
bZov' L4
oviv'L
765}

-
w0
o]
M~
(=]

eSS

o
I~
<t
w
-

€255}
G985’}
8195t
€695}
S602'2
#p0Lp
WLl
8ezl'
08¥L P
6251
8aLL's
15218
£reL's
26615
9/0Z'G
96025
912G
6022'S
9722'S
LE8Z'S
8Y0%'S
Z82Y'S
szev'e
098P'S
188H'C
pLbP'C
£669'C
169°C
e
5298

ZHA'S
9z.8'S
00vZL
LOLEL
85252
Z58e2
LOYE"L
£6YE"2
185€°2 -
1S1€°L

BY8E°4

£r6e°L |
29664
BL6E".
LLOY' L -
22294
089",

6829/

1629/

0e89'/

=

OTBDPS

17a
"H NMR, CDCl3, 800 MHz

=L,

l]lrl!llvlllllil\llllllllllllllil

3.0

3.5

T

4.5

k)

9.0

T

0.5 ppm

1.5 1.0

2.0

25

4.0

80 75 70 65 60 55 5.0

8.5

9.5

:

6960
0460

:

020°1
696°L
G660
6L
=686°0
=000’}

|

:

/98E°C
=ylee
vmwv.m
=§9€7T

44 X4

S66



eriee —

89€E6L —

99.0'6LL
vS6e'LT)
9LLE'LCL

106821
8E.LV'6CL
059562} /
v1812€1

Nwmw.mmv .\.
\.mw.m.mm_‘
L60g'vEL
£5690'9¢1

9602'9¢1
L668'g€L

OTBDPS

17a

13C NMR, CDCl3, 200 MHz

J

Ilull II| I

| | e , | , ; . e
210 200 190 180 170 160 150 140 130 120 110 100 S0 80 70 60 50 30

10 ppm

20

40

S67



19

20

2.1

SO'T

38

37

4.0 39

4.1

OTBDPS OH

I

0T
|

it

£0°T

\
o't

\
10T

' =
£0'L

o=
0'r u

\

1

Vo=

"H NMR, CDCl3, 600 MHz

oy

S68



7086 —

6€9€°6} —

8900 L —
8evl'6c—

VeLove —
asv8 e —

6055 9 —
V665 EL
0220°%L /

8/€8'9/
6666'9L W
e5G1°LL

99tz e8—"

cl86'9zl
8199°Lcl
€8€L°L2l
¥S29'6ct
8089°621 W-

L1Eg’6et
lecheel —=

::m.mm_ .\
:mm.mm:
mmwmef
£086°GE 1
80G6'SEL

OTBDPS OH

\-.--/

13C NMR, CDCl3, 200 MHz

70 60 50 40 30 20 10 ppm

80

190 180 170 160 150 140 130 120 110 100 90

210 200

S69



—

———TMS

4

5a

'H NMR, CDCl3, 800 MHz

TBDPSO

T

T T

SIS i T T

S

9.0

20 1.5
g

2.5

o]
co
o
o

666

:

3.0

3.5

4.5

8.0

8.5

9.5

S70



01500 —
0566 —

62Ge'6L —

6490°L8 ——
9160'6¢ —

2992 € ——
180L79€ ——

LEOEEL
8689°'€L

89680,
9166'9L W.
95121

€LLLER—

1006'86 ——
¥8L2 201 —

2562 0L ——
L6LL'921
L86¥'LE1
vivLLel

(VAN TA
6008'6¢1 V
8GEL°0¢L

L926'SE )
8.66°GEL
y8ESCYL

i

——"TMS

—

\)
\)
™

5a
13C NMR, CDCl3, 200 MHz

TBDPSO

ARARS AN

70 60 50 40 30 20 10 ppm

80

110 100 90

S71

140 130 120

180 170 160 150

210 200 190



AA__A

A

e ——
———TMS

Y

TBDPSO

Sb

'H NMR, CDCl3, 800 MHz

3.5

4.0

6.0 565 50 45

6.5

7.0

7

9.0 85 8.0

9.5

=89l°IL

|

€917

\0¥0’L

= E0}’}

/L6T'L

|

l

L'l
=09t}

=20}’

=_0o0’L

—/16€’'S
\68¢€'C

=969t

S/2



900070~ ~—_
4800} —

SL5L6—

lele'el —
82¢€0°LC —
€dgc’6e —

L/6V°9€E
€1e.'9¢

LE19'¢€L

S/E€LC6 —

§Gee POl —

LOEV L ——
6cLL9¢h
6€2S LSt
v0SL LC)

p0E9'62 1
0928'62 WW
y2910el
AR

oveeeel
visg'eet
9e0e el \

1996°GE L
FASI A4

o
=
=

5b
13C NMR, CDCl;, 200 MHz

SRRRTA | N By NN

TBDPSO

70 60 50 40 30 20 10 ppm

80

120 110 100 90

180 170 160 150 140 130

190

210 200

S73



1

E>20:

Z

J=11.0Hz
b

15.6 Hz

S

—|

-

7 T "TMS

%, O

TBDPSO

5a

5b

6L1TY

TOET'9

Y

19579

3979

S74



LY'E

4.1

T

601 -
/ -
60T
r S—

/ = ~
i
™
't C
/ - Loy
i
)
a
60 =
Hl.rrﬂ...nﬂ‘\\ S — L
0

w

=)

v

o}

wi

Lo

LW

&

"6

-2

b

| o

-G

g7

19

"H NMR, CDCl3, 600 MHz

1.0

[l /(Iil




8.02°0L —

£656'82 —

6¥SSVE —
188G°9¢ —

16804
GLE0'GL

S22

816128

19€8°'60} —

025¥° L2} —_
050006} ——
$902'2eL —
¥680°vEL —

o8yl —

19
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