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(A) General details 
1H and 13C NMR spectra were recorded on a Bruker Advance 400 MHz spectrometer as solutions 

in CDCl3. Chemical shifts are reported in ppm relative to residual solvent signals (CDCl3, 7.26 

ppm for 1H NMR, CDCl3, 77.16 ppm for 13C NMR), Coupling constants are reported in Hertz 

(abbreviated for Hz). The following abbreviations are used to designate chemical shift 

mutiplicities: s= singlet, d= doublet, m= multiplet, br=broad. High-resolution mass spectra were 

obtained with Shimadazu LCMS-IT-TOF mass spectrometer. Optical rotations were measured 

using a 1 mL cell with a 1 dm path length on a Perkin-Elmer 341 digital polarimeter and are 

reported as follows: [α]D
20 (c in gram per 100 mL of solvent). The flash column chromatography 

was carried out over silica gel (230–400 mesh), purchased from Qingdao Haiyang Chemical Co., 

Ltd. Melting points were recorded on an electrothermal digital melting point apparatus and were 

uncorrected. TLC analysis was performed on precoated silica gel GF254 slides, and visualised by 

either UV irradiation or I2 staining. Infrared (IR) spectra were recorded on a Bruker Tensor 37 

spectrophotometer. Data are represented as frequency of absorption (cm-1). Unless otherwise 

stated, all reagents were obtained from commercial sources and used as received. The solvents 

were used as commercial anhydrous grade without further purification. Enantiomeric excesses 

were determined by HPLC using a Daicel Chiralcel AD-H or OD-H column (4.6 mm  25 cm) 

and eluting with n-hexane/i-PrOH solution.  

 

(B) General experimental procedure for the synthesis of α, β-epoxy esters and 

(-)-clausenamide 

Asymmetric synthesis of α, β-epoxy esters  

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013



S2 
 

To a solution of a α, β-unsaturated aldehydes (0.5 mmol) in CH2Cl2 (0.5 mL) was added catalyst 

6 (18 mg, 0.05 mmol, 10 mol %) and H2O2 (30 wt % in H2O, 68 mg, 0.6 mmol, 1.2 equiv.) at 

room temperature. After the reaction mixture was stirred for 2h, CH3OH (1 mL), NBS (116 mg, 

0.65 mmol, 1.3 eq) and Na2CO3 (69 mg, 0.65 mmol, 1.3 eq) were added. The mixture was stirred 

for another 3h. Then it was concentrated under vacuum and purified by flash column 

chromatography.  

The racemic α, β-epoxy esters were obtained by mixing equal amounts of 3 and ent-3 

independently obtained by using catalyst 6 and its enatiomer. 

 (-)-clausenamide was synthesized from 3a according to literature method.1 

 

3a,2  pale yellow oil, 72% yield (ethyl acetate / petrol ether = 1/15). 1H 
NMR (400 MHz, CDCl3) δ 7.38 – 7.36 (m, 3H), 7.30 –7.28 (m, 2H), 4.10 (d, J = 1.6 Hz, 1H), 3.83 

(s, 3H), 3.52 (d, J = 1.6 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 168.72, 134.99, 129.11, 128.76, 

125.90, 58.07, 56.73, 52.68. [ α ]D
20 = + 157.1 (c = 1.3, CHCl3); The enantiomeric excess was 

determined by HPLC with a Chiralcel AD-H column (4.6 mm  25 cm) (n-hexane/i-PrOH = 90/10, 

λ = 220 nm, 0.8 mL/min); tR (major enantiomer) = 18.4 min, tR (minor enantiomer) = 19.7 min, 95% 

ee. 

 

 

3b,2 colorless oil, 54% yield (ethyl acetate / petrol ether = 1/15).1H 
NMR (400 MHz, CDCl3) δ 7.17(s, 4H), 4.06 (d, J = 1.7 Hz, 1H), 3.81(s, 3H), 3.50 (d, J = 1.7 Hz, 

1H), 2.34(s, 3H);13C NMR (100 MHz, CDCl3) δ 168.83, 139.04, 131.95, 129.42, 125.86, 58.08, 

56.64, 52.59, 21.27; [ α ]D
20 = +165.5 (c = 1.0, CHCl3); The enantiomeric excess was determined 

by HPLC with a Chiralcel AD-H column (4.6 mm  25 cm) (n-hexane/i-PrOH = 90/10, λ = 220 

nm, 0.8 mL/min); tR (major enantiomer) = 7.8 min, tR (minor enantiomer) = 8.6 min, 96% ee. 

 

3c, colorless oil, 55% yield (ethyl acetate / petrol ether = 1/15).1H NMR 

(400 MHz, CDCl3) δ 7.38– 7.24 (m, 4H),, 4.43 (d, J = 1.4 Hz, 1H), 3.85 (s, 3H), 3.39 (d, J = 1.3 

Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 168.44, 133.60, 133.20, 129.88, 129.47, 127.27, 126.11, 

56.08, 55.65, 52.84; IR (KBr) /cm-1: 1755, 1481, 1442, 1292, 1243, 1211, 1053, 760; [ α ]D
20 = 

+44.5 (c = 0.9, CHCl3); HRMS (ESI) calcd for C10H9ClNaO3 (M + Na) +: 235.0132, found: 

235.0137. The enantiomeric excess was determined by HPLC with a Chiralcel AD-H column (4.6 

mm  25 cm) (n-hexane/i-PrOH = 90/10, λ = 220 nm, 0.8 mL/min); tR (minor enantiomer) = 6.6 

min, tR (major enantiomer) = 8.2 min, 97% ee. 
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3d, pale yellow oil, 71% yield (ethyl acetate / petrol ether = 1/15). 1H 

NMR (400 MHz, CDCl3) δ 7.32– 7.28 (m, 3H), 7.20-7.18 (m, 1H), 4.08(s, 1H), 3.83 (s, 3H), 3.48 

(s, 1H); 13C NMR (100 MHz, CDCl3) δ 168.35, 137.19, 134.97, 130.12, 129.33, 125.95, 124.19, 

57.29, 56.70, 52.82; IR (KBr) /cm-1: 3029, 2960, 1752, 1460, 1416, 1341, 1213, 1180, 993, 878; 

[ α ]D
20 = +145.7 (c = 1.0, CHCl3); HRMS (ESI) calcd for C10H9ClNaO3 (M + Na) +: 235.0132, 

found: 235.0131. The enantiomeric excess was determined by HPLC with a Chiralcel AD-H 

column (4.6 mm  25 cm) (n-hexane/i-PrOH = 90/10, λ = 220 nm, 0.8 mL/min); tR (minor 

enantiomer) = 8.5 min, tR (major enantiomer) = 10.5 min, 93% ee. 

 

3e,2,3 colorless oil, 62% yield (ethyl acetate / petrol ether = 1/15). 1H 

NMR (400 MHz, CDCl3) δ 7.34 (d, J = 8.5 Hz, 2H), 7.22 (d, J = 8.4 Hz, 2H), 4.07 (d, J = 1.7 Hz, 

1H), 3.82 (s, 3H), 3.47 (d, J = 1.7 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 168.45, 135.10, 133.62, 

129.08, 127.28, 57.44, 56.74, 52.77; [ α ]D
20 = +150.6 (c = 1.0, CHCl3); The enantiomeric excess 

was determined by HPLC with a Chiralcel OD-H column (4.6 mm  25 cm) (n-hexane/i-PrOH = 

90/10, λ = 227 nm, 0.8 mL/min); tR (minor enantiomer) = 8.6 min, tR (major enantiomer) = 9.7 min, 

96% ee. 

 

3f,3 white solid, 69% yield (ethyl acetate / petrol ether = 1/15). mp: 

69-70 °C; 1H NMR (400 MHz, CDCl3) δ 7.50 (d, J = 8.4 Hz, 2H), 7.16 (d, J = 8.5 Hz, 2H), 4.07 (d, 

J = 1.6 Hz, 1H), 3.83 (s, 3H), 3.46 (d, J = 1.6 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 168.45, 

134.14, 132.03, 127.57, 123.22, 57.52, 56.72, 52.82; [ α ]D
20 = +127.6 (c = 1.0, CHCl3); The 

enantiomeric excess was determined by HPLC with a Chiralcel AD-H column (4.6 mm  25 cm) 

(n-hexane/i-PrOH = 90/10, λ = 230 nm, 0.8 mL/min); tR (minor enantiomer) = 8.6 min, tR (major 

enantiomer) = 10.5 min, 96% ee. 

 

3g, white solid, 67% yield (ethyl acetate / petrol ether = 1/15). mp: 

60-62 °C; 1H NMR (400 MHz, CDCl3) δ 8.22 (d, J = 8.2 Hz, 1H), 7.72 – 7.52 (m, 3H), 4.70 (s, 

1H), 3.88 (s, 3H), 3.39 (d, J = 1.7 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 168.13, 134.66, 132.23, 

129.58, 127.44, 125.07, 56.35, 55.83, 53.02; IR (KBr) /cm-1: 2961, 1755, 1745, 1578, 1526, 1443, 

1347, 1210, 907; [ α ]D
20 = +149.5 (c = 1.0, CHCl3); HRMS (ESI) calcd for C10H9NNaO5 (M + Na) 

+: 246.0373, found: 246.0380. The enantiomeric excess was determined by HPLC with a Chiralcel 
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AD-H column (4.6 mm  25 cm) (n-hexane/i-PrOH = 90/10, λ = 254 nm, 0.8 mL/min); tR (minor 

enantiomer) = 13.2 min, tR (major enantiomer) = 45.2 min, 97% ee. 

 

3h,4 white solid, 63% yield (ethyl acetate / petrol ether = 1/5). mp: 

137-139 °C; 1H NMR (400 MHz, CDCl3) δ 8.24 (d, J = 8.7 Hz, 2H), 7.48 (d, J = 8.8 Hz, 2H), 4.22 

(d, J = 1.5 Hz, 1H), 3.86 (s, 3H), 3.50 (d, J = 1.6 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 167.88, 

148.51, 142.28, 126.81, 124.13, 56.98, 56.90, 53.02; [ α ]D
20 = +151.6 (c = 1.0, CHCl3); The 

enantiomeric excess was determined by HPLC with a Chiralcel AD-H column (4.6 mm  25 cm) 

(n-hexane/i-PrOH = 90/10, λ = 254 nm, 0.8 mL/min); tR (minor enantiomer) = 20.2 min, tR (major 

enantiomer) = 22.6 min, 99% ee. 

 

3i, white solid, 73% yield (ethyl acetate / petrol ether = 1/15). mp: 

114-116 °C; 1H NMR (400 MHz, CDCl3) δ 7.66 (d, J = 8.3 Hz, 2H), 7.40 (d, J = 8.2 Hz, 2H), 4.15 

(d, J = 1.5 Hz, 1H), 3.83 (s, 3H), 3.46 (d, J = 1.6 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 167.91, 

140.36, 132.61, 126.58, 118.38, 112.96, 57.03, 56.87, 52.92; IR (KBr) /cm-1: 2228, 1754, 1611, 

1446, 1345, 1214, 992, 846, 810; [ α ]D
20 = +152.6 (c = 1.0, CHCl3); HRMS (ESI) calcd for 

C11H8NO3 (M - H) -: 202.0524, found:202.0510. The enantiomeric excess was determined by 

HPLC with a Chiralcel AD-H column (4.6 mm  25 cm) (n-hexane/i-PrOH = 90/10, λ = 230 nm, 

0.8 mL/min); tR (minor enantiomer) = 18.6 min, tR (major enantiomer) = 20.7 min, 95% ee. 

 

COOCH3
O

F3C 3j,2 white solid, 63% yield (ethyl acetate / petrol ether = 1/15). mp: 

52-54 °C; 1H NMR (400 MHz, CDCl3) δ 7.64 (d, J = 8.1 Hz, 2H), 7.43 (d, J = 8.1 Hz, 2H), 4.17 (d, 

J = 1.6 Hz, 1H), 3.85 (s, 3H), 3.50 (d, J = 1.6 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 168.23, 

139.14, 131.82 – 130.88 (m),126.27, 125.83 (q, J = 3.7 Hz), 125.34, 122.64, 57.26, 56.83, 52.87; 

[ α ]D
20 = +123.9 (c = 0.9, CHCl3); The enantiomeric excess was determined by HPLC with a 

Chiralcel AD-H column (4.6 mm  25 cm) (n-hexane/i-PrOH = 90/10, λ = 230 nm, 0.8 mL/min); 

tR (minor enantiomer) = 8.8 min, tR (major enantiomer) = 9.2 min, 96% ee. 

 

7a,1 white solid, 80% yield. 1H NMR (400 MHz, CDCl3) δ 7.42 – 7.21 

(m, 10H), 5.05 – 4.91 (m, 1H), 4.08 – 4.03 (m, 1H), 3.83 – 3.44 (m, 4H), 3.07, 2.98 (2s, 3H). 
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7b,1 pale yellow oil, 86% yield. 1H NMR (400 MHz, CDCl3) δ 7.96– 

7.18 (m, 10H), 5.01 – 4.76 (m, 2H), 4.10, 4.00 (2d, J = 1.7 Hz, 1H), 3.78, 3.48 (2d, J = 1.8 Hz, 

1H), 3.18, 3.05 (2s, 3H). 

 

7c,1 white solid, 45% yield. 1H NMR (400 MHz, CDCl3) δ 7.52 (d, J = 7.5 Hz, 
2H), 7.40 (t, J = 7.4 Hz, 1H), 7.26 – 7.21 (m, 2H), 7.12 – 6.98 (m, 5H), 5.39 (d, J = 8.9 Hz, 1H), 

4.91 (d, J = 9.8 Hz, 1H), 3.86 (t, J = 9.3 Hz, 1H), 2.88 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 

197.41, 175.19, 136.46, 134.31, 133.62, 128.69, 128.65, 128.46, 128.26, 127.98, 72.04, 65.08, 

51.52, 29.73. 

 

. 7d, white solid, 28% overall yield (CH3OH /CH2Cl2 = 1/10). mp: 154-156 °C; 

1H NMR (400 MHz, CDCl3) δ 7.39 – 7.18 (m, 8H), 6.80 (d, J = 7.2 Hz, 2H), 4.81 (d, J = 3.9 Hz, 

1H), 4.22 (dd, J = 8.3, 3.9 Hz, 1H), 4.05 (d, J = 10.9 Hz, 1H), 3.74 (dd, J = 10.6, 8.5 Hz, 1H), 2.97 

(s, 3H), 2.37 (br, 2H); 13C NMR (100 MHz, CDCl3) δ 175.20, 139.24, 135.04, 128.82, 128.50, 

128.42, 127.55, 127.37, 74.06, 69.46, 66.38, 50.39, 31.59; IR (KBr) /cm-1: 2957, 1743, 1557, 

1438, 1368, 1293, 1121; [ α ]D
20 = -128.0 (c = 1.0, CH3OH); HRMS (ESI) calcd for C18H20NO3 

(M + H) +: 298.1438, found: 298.1436. The enantiomeric excess was determined by HPLC with a 

Chiralcel AD-H column (4.6 mm  25 cm) (n-hexane/i-PrOH = 90/10, λ = 220 nm, 0.8 mL/min); 

tR (minor enantiomer) =41.1 min, tR (major enantiomer) = 49.7 min, >99% ee. 
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(C) NMR spectra of α, β-epoxy esters and (-)-clausenamide 
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(D) HPLC chromatogram of α, β-epoxy esters and (-)-clausenamide 
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