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Experimental procedure and compound characterization for 12, 13-anti, 14, 15, and 13-syn 
 
(E)-2-(((2S*,3S*)-3-((Benzyloxy)methyl)oxiran-2-yl)methylene)cyclohexanone (12): To a freshly 

prepared THF solution of lithium diisopropylamide, which was prepared from i-Pr2NH (614 µL, 4.38 
mmol) and n-BuLi (2.69 M in hexane, 1.6 mL, 4.38 mmol) in THF (12 mL) was added a solution of 

cyclohexanone (432 µL, 4.17 mmol) in THF (1 mL) slowly at –78 °C and the stirring was continued at 

this temperature for 2 h. Then, a solution of ZnBr2 (freshly dried, 939 mg, 4.17 mmol) in THF (4 mL) 

was added, and the mixture was stirred at –78 °C for 2 h. A solution of aldehyde 10 (842 mg, 4.38 

mmol) in THF (2 mL) was added at –78 °C, and the mixture was stirred at this temperature for an 

additional 1 h. After a saturated aqueous solution of NH4Cl was added, the mixture was filtered through 

a pad of Celite by the aid of EtOAc. The organic layer was separated and the aqueous layer was 

extracted with EtOAc. The combined organic layers were washed with water and brine, dried over 

MgSO4, and concentrated under reduced pressure. The crude aldol product 11 was used for next step 

without further purification. 

To a solution of the crude aldol product 11 in CH2Cl2 (14 mL) were added Et3N (1.4 mL, 10.0 mmol) 

and MsCl (389 µL, 5.00 mmol) at 0 °C. After the solution was stirred at room temperature for 40 min, 
DBU (1.5 mL, 10.0 mmol) wad added, and the mixture was stirred at room temperature for 45 min. The 

reaction was quenched with saturated aqueous NaHCO3 solution. After the layers were separated, the 

aqueous layer was extracted with EtOAc. The combined organic layers were washed with brine, dried 

over MgSO4, and concentrated under reduced pressure. The residue was purified by flash column 

chromatography (SiO2, hexane/EtOAc = 5:1) twice to give trans-epoxide 12 (556 mg, 2.04 mmol, 49% 

for 2 steps): Yellow oil; IR (neat) ν 2939, 2863, 1729, 1690, 1622, 1497, 1454, 1301, 1232, 1141, 1100, 

880, 740 cm–1; 1H NMR (500 MHz, CDCl3) δ 7.38–7.27 (m, 5H), 6.09 (dt, J = 9.2, 1.7 Hz, 1H), 4.59 (d, 
J = 12.1 Hz, 1H), 4.56 (d, J = 12.0 Hz, 1H), 3.77 (dd, J = 11.5, 2.9 Hz, 1H), 3.58 (dd, J = 11.5, 5.2 Hz, 

1H), 3.51 (dd, J = 9.2, 3.2 Hz, 1H), 3.22 (quintet, J = 2.3 Hz, 1H), 2.77–2.65 (m, 1H), 2.58–2.39 (m, 

3H), 1.94–1.74 (m, 4H); 13C NMR (125.8 MHz, CDCl3) δ 200.1, 141.3, 137.6, 133.2, 128.4, 127.8, 
127.7, 73.4, 69.2, 58.6, 51.2, 40.2, 27.2, 23.4, 23.3; MS (FI) m/z 272 (M+, 100%); HRHS (FI) calcd for 

C17H20O3 (M+): 272.1412, found: 272.1405.  

 

SN2´ methylation reaction of 12: To a mixture of trans-epoxide 12 (38.0 mg, 0.140 mmol) and CuCN 

(26.3 mg, 0.294 mmol) in DMF (350 µL) was added Me2Zn (2.0 M in toluene, 147 µL, 0.294 mmol) at 
–50 °C. After the reaction mixture was stirred at this temperature for 1 h, it was quenched by the 

addition of a mixture of saturated aqueous NH4Cl and 35% aqueous NH4OH (9:1) and extracted with 

Et2O. The combined organic layers were washed with water and brine, dried over MgSO4, and 
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concentrated under reduced pressure to give 48.6 mg of the crude methylation products 13-anti and 14. 

Yields of 13-anti and 14 were determined by 1H NMR using pyrazine as an internal standard. For 

characterization, the mixture of the crude products was purified by preparative thin layer 

chromatography (hexane/EtOAc = 1.2:1) to afford analytically pure samples. 

 

(R*)-2-((3R*,1E)-4-(Benzyloxy)-3-hydroxybut-1-en-1-yl)-2-methylcyclohexanone (13-anti): 

Colorless oil; IR (neat) ν 3446, 2931, 2861, 1706, 1452, 1117, 974, 907, 739, 699 cm–1; 1H NMR (500 

MHz, CDCl3) δ 7.37–7.27 (m, 5H), 5.98 (dd, J = 16.1, 1.2 Hz, 1H), 5.40 (dd, J = 16.0, 5.7 Hz, 1H), 4.56 
(s, 2H), 4.37–4.31 (m, 1H), 3.50 (dd, J = 9.8, 3.5 Hz, 1H), 3.34 (dd, J = 9.7, 8.1 Hz, 1H), 2.53 (d, J = 3.5 

Hz, 1H), 2.48 (ddd, J = 14.4, 10.9, 5.8 Hz, 1H), 2.35–2.27 (m, 1H), 2.00–1.90 (m, 2H), 1.83–1.57 (m, 

4H), 1.15 (s, 3H); 13C NMR (125.8 MHz, CDCl3) δ 213.2, 137.7, 136.7, 128.5, 128.4, 127.8, 127.7, 74.1, 
73.3, 71.1, 51.1, 40.0, 39.2, 27.5, 24.0, 21.6; MS (FI) m/z 289 ([M+H]+, 100%); HRHS (FI) calcd for 

C18H24O3 (M+): 288.1725, found: 288.1700. 

 

(E)-2-(4-(Benzyloxy)-3-hydroxy-2-methylbutylidene)cyclohexanone (14): Colorless oil; IR (neat) ν 

3444, 2932, 2867, 1684, 1614, 1143, 1100, 997, 817, 738, 699 cm–1; 1H NMR (500 MHz, CDCl3) δ 
7.38–7.27 (m, 5H), 6.56 (brd, J = 9.8 Hz, 1H),  4.56 (d, J = 12.0 Hz, 1H), 4.53 (d, J = 12.0 Hz, 1H), 

3.81–3.75 (m, 1H), 3.53 (dd, J = 9.2, 3.5 Hz, 1H), 3.40 (dd, J = 9.2, 7.4 Hz, 1H) 2.68–2.41 (m, 5H), 2.33 

(d, J = 3.4 Hz, 1H), 1.88–1.68 (m, 4H), 1.01 (d, J = 6.9 Hz, 3H); 13C NMR (125.8 MHz, CDCl3) δ 201.2, 
140.0, 137.8, 136.8, 128.4, 127.8, 127.7, 73.6, 73.4, 72.3, 40.2, 35.1, 26.9, 23.3, 23.3, 15.8; MS (FI) m/z 

288 (M+, 100%); HRHS (FI) calcd for C18H24O3 (M+): 288.1725, found: 288.1730. 

 

(E)-2-((2R*,3S*)-4-(Benzyloxy)-2-chloro-3-hydroxybutylidene)cyclohexanone (15): A mixture of 

trans-epoxide 12 (150 mg, 0.550 mmol) and MgCl2 (262 mg, 2.75 mmol) in MeCN (2.8 mL) was stirred 

at 50 °C for 12 h. After the mixture was cooled to room temperature, water was added, and the mixture 

was extracted with EtOAc. The combined organic extracts were washed with water and brine, dried over 

MgSO4, and concentrated under reduced pressure. The residue was quickly purified by flash column 

chromatography (SiO2, hexane/EtOAc = 5:3) to afford chlorohydrin 15 (170 mg, 0.550 mmol, quant.): 

Yellow oil; IR (neat) ν 3434, 2939, 2866, 1686, 1618, 1454, 1114, 916, 816, 738 cm–1; 1H NMR (500 

MHz, CDCl3) δ 7.38–7.28 (m, 5H), 6.59 (dt, J = 10.3, 2.3 Hz, 1H), 4.72 (dd, J = 10.3, 6.3 Hz, 1H), 4.56 

(s, 2H), 3.99 (quintet, J = 5.5 Hz, 1H), 3.69 (dd, J = 9.7, 5.7 Hz, 1H), 3.61 (dd, J = 9.7, 4.6 Hz, 1H), 2.71 

(d, J = 5.2 Hz, 1H), 2.63 (dtd, J = 16.7, 5.7, 1.7 Hz, 1H), 2.53 (dtd, J = 16.1, 6.3, 1.7 Hz, 1H), 2.47 (t, J 

= 6.3 Hz, 2H), 1.93–1.73 (m, 4H); 13C NMR (125.8 MHz, CDCl3) δ 200.6, 139.9, 137.5, 132.1, 128.5, 

127.9, 127.8, 73.6, 73.2, 70.3, 55.8, 40.4, 27.2, 23.3, 23.2; MS (FD) m/z 308 (M+, 60%); HRHS (FD) 
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calcd for C17H21
35ClO3 (M+): 308.1179, found: 308,1183. 

 

(S*)-2-((3R*,1E)-4-(Benzyloxy)-3-hydroxybut-1-en-1-yl)-2-methylcyclohexanone (13-syn): To a 

mixture of chlorohydrin 15 (170 mg, 0.550 mmol) and CuCN (98.7 mmol, 1.10 mmol) in MeCN (3.7 

mL) was added Me3Al (2.0 M in hexane, 1.1 mL, 2.20 mmol) at 0 °C. After the reaction mixture was 

stirred at this temperature for 1 h, it was quenched by the addition of water, diluted with EtOAc, and 

filtered through a pad of Celite, which was rinsed with EtOAc. The aqueous layer was extracted with 

EtOAc, and the combined organic layers were washed with brine, dried over MgSO4, and concentrated 

under reduced pressure. The residue was purified by flash column chromatography (SiO2, 

hexane/EtOAc = 5:2) to afford methylation product 13-syn (123 mg, 0.425 mmol, 77% for 2 steps): 

Colorless oil; IR (neat) ν 3443, 2929, 2861, 1707, 1497, 1453, 1117, 975, 907, 738, 699 cm–1; 1H NMR 

(500 MHz, CDCl3) δ 7.32–7.27 (m, 5H), 5.96 (dd, J = 16.0, 1.2 Hz, 1H), 5.38 (dd, J = 16.1, 5.7 Hz, 1H), 

4.55 (s, 2H), 4.36–4.31 (m, 1H), 3.50 (dd, J = 9.8, 3.5 Hz, 1H), 3.33 (dd, J = 9.2, 8.0 Hz, 1H), 2.55 (d, J 

= 3.5 Hz, 1H), 2.50 (ddd, J = 14.3, 10.9, 5.2 Hz, 1H), 2.35–2.28 (m, 1H), 1.99–1.89 (m, 2H), 1.83–1.57 

(m, 4H), 1.15 (s, 3H); 13C NMR (125.8 MHz, CDCl3) δ 213.3, 137.7, 136.9, 128.5, 128.4, 127.8, 127.7, 

74.0, 73.3, 71.1, 51.1, 40.0, 39.2, 27.6, 24.3, 21.6; MS (FI) m/z 289 ([M+H]+, 100%); HRHS (FI) calcd 

for C18H24O3 (M+): 288.1725, found: 288.1722. 
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NOE data for structural assignments of 16a, 17a-anti, and 17a-syn 
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Figure S1. The key NOE for the determination of the configuration of 16a 
 
 

Scheme S1. Determinations of the stereochemistries of 17a-anti and 17a-syn 
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