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1. General Information 

Melting points were taken without correction. Optical rotations were measured on a WZZ-2A digital 

polarimeter or a Rudolph research analytical autopol Ⅲ automatic polarimeter at the wavelength of 

the sodium D-line (589 nm). 1H, 13C and 31P NMR spectra were recorded on Bruker 500 or 400 

spectrometer. The chemical shifts of 1H NMR and 13C NMR spectra were referenced to 

tetramethylsilane (0.00 ppm) using CDCl3 as solvent. The chemical shifts of 31P NMR spectra were 

referenced to an external H3PO4 signal (0.00 ppm). IR spectra were recorded on Nicolet Magna-I 550 

or THERMO IR 200 spectrometer. High Resolution Mass spectra (HRMS) were recorded on 

Micromass GCT or KE465 LCT Premier/XE spectrometer. HPLC analysis was performed on Waters 

equipment using Daicel Chiralpak AS-H or AD-H column. 

DMSO was dried over CaH2 and distilled under reduced pressure. Toluene, THF and ether were 

distilled from sodium-benzophenone. Dichloromethane, chloroform and acetonitrile were distilled from 

CaH2. Ethanol and t-BuOH was distilled from magnesium. 

 

2. Synthesis of Chiral Bifunctional Organophosphine Catalysts 

2.1 Synthesis of Phospinothiourea Catalysts 

 

To a solution of amino-phosphine compounds 81 (1.0 mmol) in 2.0 mL CH2Cl2 was added the 

corresponding isothiocyanate (1.1 mmol) at room temperature, and the resulting mixture was stirred at 

room temperature until the reaction completed (monitoring by TLC). Then the solvent was removed 

under reduced pressure and the residue was purified by column chromatography (petroleum ether/ethyl 

acetate) to afford the chiral phosphinothiourea compounds 1a-k. The catalysts 1b-f and 1h-j were 

described in our previous work.2 The analytic data of compounds 1a, 1g and 1k are given as follow. 

 

Colorless oil, 65% yield, [α]D
30 -7.0 (c 1.50, CHCl3); 

1H NMR (400 MHz, CDCl3): δ 

7.65 (br, 1H), 7.44-7.34 (m, 7H), 7.33-7.27 (m, 8H), 7.25-7.12  (m, 5H), 6.55 (d, J 

= 6.8 Hz, 1H), 5.65 (br, 1H), 2.77-2.66 (m, 1H), 2.65-2.57 (m, 1H); 13C NMR (100 

MHz, CDCl3): δ 179.9, 141.8 (d, J = 4.4 Hz), 138.8 (d, J = 12.3 Hz), 137.8 (d, J = 

11.6 Hz), 136.6, 133.3, 133.2, 130.3, 129.1 (2), 129.0, 128.9, 128.8 (3), 128.0, 127.2, 126.7, 125.1, 57.2 

(d, J = 17.5 Hz), 37.1 (d, J = 15.5 Hz); IR (KBr, cm-1): ν 3373, 3239, 3052, 2923, 2853, 1596, 1522, 

1494, 738, 694; 31P NMR (162 MHz, CDCl3, 85% H3PO4): δ -24.16; HRMS (ESI) calcd for 

C27H26N2PS ([M+H]+) 441.1554, found: 441.1558. 
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White solid, 74% yield, mp: 116.8-117.2 oC; [α]D
30 +35.0 (c 0.1, CHCl3); 

1H 

NMR (CDCl3, 400 MHz): δ 8.52 (br, 1H), 7.41-7.29 (m, 6H), 7.27-7.17 (m, 

6H), 6.88 (d, J = 8.4 Hz, 2H), 5.94 (br, 1H), 4.50 (br, 1H), 2.40-2.30 (m, 

1H), 2.23-2.12 (m, 1H), 2.10-1.97 (m, 1H), 0.85-0.69 (m, 6H); 13C NMR 

(CDCl3, 100 MHz): δ 179.8, 138.3 (d, J = 11.5 Hz), 138.7 (d, J = 12.0 Hz), 135.4, 133.0, 132.9, 132.8, 

132.7, 128.9 (2), 128.7, 128.6 (3), 126.5, 120.1, 58.5 (d, J = 14.1 Hz), 32.0 (d, J = 7.7 Hz), 31.1 (d, J = 

14.1 Hz), 18.8, 18.4; 31P NMR (162 MHz, CDCl3, 85% H3PO4): δ -24.71; IR (KBr, cm-1): ν 3218, 3030, 

2959, 2867, 1529, 1487, 1338, 1300, 1008, 697; HRMS (ESI) calcd for C24H26N2BrPS ([M+H]+) 

485.0816, found: 485.0824. 

 

Colorless oil, 75% yield, [α]D
11 -4.8 (c 3.0, CHCl3); 

1H NMR (CDCl3, 400 

MHz): δ 7.50-7.40 (m, 4H), 7.37-7.27 (m, 6H), 6.26-5.19 (br, 2H), 3.43-3.65 (br, 

2H), 2.50-2.39 (m, 1H), 2.36-2.23 (m, 1H), 2.17-2.07 (m, 1H), 1.51-1.35 (m, 

2H), 1.33-1.19 (m, 18H), 0.95-0.84 (m, 9H); 13C NMR (CDCl3, 100 MHz): δ 

181.0, 138.5 (d, J = 12.1 Hz), 138.1 (d, J = 11.7 Hz), 133.0 (2), 132.8 (2), 128.9, 128.8, 128.7, 128.6 

(3), 57.8, 43.7, 32.2 (d, J = 8.4 Hz), 31.9, 31.4 (d, J = 12.4 Hz), 29.7, 29.6 (2), 29.5, 29.4, 29.3, 28.8, 

26.9, 22.7, 18.9, 18.2, 14.2; 31P NMR (162 MHz, CDCl3, 85% H3PO4): δ -24.11; IR (KBr, cm-1): ν 3273, 

3072, 2958, 2924, 2854, 1539, 1465, 1434, 1385, 1355, 738, 695; HRMS (ESI) calcd for 

C30H47N2PSNa ([M+Na]+) 521.3095, found: 521.3099. 

 

2.2 Synthesis of L-Valine-derived Phosphine-amide 2 

 

To a solution of aminophosphine compound 8d (1.0 mmol) in 2.0 mL CH2Cl2 was added benzoyl 

chloride (1.1 mmol), and the resulting mixture was stirred at room temperature overnight (monitoring 

by TLC). The solvent was removed under reduced pressure and the residue was purified by column 

chromatography (petroleum ether/ethyl acetate) to afford the L-valine-derived phosphine-amide 2 in 

65% yield. 

White solid, mp: 144.9-146.8 oC; [α]D
25 +2.2 (c 0.3, CHCl3); 

1H NMR (CDCl3, 400 MHz): δ 7.55-7.27 

(m, 15H), 5.88 (d, J = 9.2 Hz, 1H), 4.27-4.15 (m, 1H), 2.47-2.31 (m, 2H), 2.17-2.05 (m, 1H), 0.95 (d, J 

= 6.8 Hz, 6H); 13C NMR (CDCl3, 100 MHz): δ 166.9, 138.5 (d, J = 8.6 Hz), 138.4 (d, J = 9.4 Hz), 

134.8, 133.0, 132.9, 132.8, 132.7, 131.2, 128.8, 128.7 (2), 128.6 (3), 128.4, 126.8, 53.0 (d, J = 13.6 Hz), 

32.6 (d, J = 8.5 Hz), 31.6 (d, J = 14.5 Hz), 18.9, 18.2; 31P NMR (162 MHz, CDCl3, 85% H3PO4): δ 

-23.69; IR (KBr, cm-1): ν 3325, 2963, 1638, 1538, 1488, 741, 696; HRMS (ESI) calcd for C24H27NPO 
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([M+H]+) 376.1830, found: 376.1814. 

 

2.3 Synthesis of L-Valine-derived Phosphine-sulfonamide 3 

 

The compound 3 was synthesized from L-valinol according to the literature procedure.3 
1H NMR (CDCl3, 400 MHz): δ 7.66 (d, J = 8.4 Hz, 2H), 7.33-7.13 (m, 12H), 5.37 (d, J = 8.0 Hz, 1H), 

3.17-3.06 (m, 1H), 2.35 (s, 3H), 2.17-2.07 (m, 3H), 0.77 (d, J = 6.8 Hz, 3H), 0.74 (d, J = 6.8 Hz, 3H). 

 

3. Synthesis of the Substrates4  

3.1 Synthesis of Symmetrical Bis(enones) 4a-o 

 

To a solution of stabilized ylide 9 (3.0 mmol) in 10 mL THF was added aqueous glutaric dialdehyde 

solution (25%, 0.45 mL, 1.2 mmol) and MgSO4 (ca. 1.4 g). The mixture was stirred under reflux and 

monitored by TLC. After removing the precipitate and the solvent, the residue was purified by column 

chromatography to afford the bis(enones) 4a-o. Bis(enones) 4a, 4b, 4g, 4j, 4l, 4m, 4n and 4o are 

known compounds.5-7 

 

Colorless oil, 61% yield; 1H NMR (400 MHz, CDCl3): δ 7.86 (d, J = 7.2 Hz, 

4H), 7.54-7.45 (t, J = 7.2 Hz, 2H), 7.44-7.34 (t, J = 7.2 Hz, 4H), 7.05-6.93 (m, 

2H), 6.85 (d, J = 15.6 Hz, 2H), 2.39-2.27 (m, 4H), 1.78-1.65 (m, 2H). 

 

 

Yellow solid, 25% yield, mp: 83.7-84.0 oC; 1H NMR (400 

MHz, CDCl3): δ 8.33 (d, J = 8.0 Hz, 4H), 8.06 (d, J = 8.0 Hz, 

4H), 7.18-7.08 (m, 2H), 6.93 (s, 1H), 6.89 (s, 1H), 2.50-2.40 

(m, 4H), 1.88-1.76 (m, 2H). 
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Colorless oil, 56% yield; 1H NMR (400 MHz, CDCl3): δ 7.75-7.68 (m, 

2H), 7.53-7.45 (m, 2H), 7.26-7.19 (m, 2H), 7.15-7.08 (m, 2H), 7.04-6.92 

(m, 2H), 6.79-6.76 (m, 1H), 6.75-6.71 (m, 1H), 2.42-2.31 (m, 4H), 

1.80-1.69 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 189.4 (2), 161.0 (d, J 

= 251.5Hz), 149.0, 133.8 (d, J = 8.7Hz), 130.8 (d, J = 2.8Hz), 130.1 (d, 

J = 5.8Hz), 126.9 (d, J = 13.3Hz), 124.4 (d, J = 3.4Hz), 116.4 (d, J = 22.8Hz), 31.9, 26.4; IR (KBr, 

cm-1): ν 2934, 2864, 1672, 1612, 1480, 1452, 1301, 1211, 1153, 1102, 977, 763; HRMS (ESI) calcd for 

C21H19F2O2 ([M+H]+) 341.1353, found: 341.1348. 

 

Yellow solid, 79% yield, mp: 77.2-78.6 oC; 1H NMR (400 MHz, 

CDCl3): δ 7.88 (d, J = 4.4 Hz, 4H), 7.10-6.92 (m, 6H), 6.81 (d, J = 

15.2 Hz, 2H), 2.37-2.25 (m, 4H), 1.77-1.63 (m, 2H); 13C NMR 

(100 MHz, CDCl3): δ 188.8, 165.6 (d, J = 252.8 Hz), 148.7, 134.1 

(d, J = 2.7 Hz), 131.1 (d, J = 9.1 Hz), 126.0, 115.7 (d, J = 21.7 Hz), 

32.2, 26.7; IR (KBr, cm-1): ν 2944, 1668, 1620, 1593, 1504, 1407, 1334, 1301, 1265, 1231, 1201, 1158, 

995, 824, 602; HRMS (ESI) calcd for C21H18F2O2K ([M+K]+) 379.0912, found: 379.0914. 

 

Colorless oil, 50% yield; 1H NMR (400 MHz, CDCl3): δ 7.42-7.28 (m, 

8H), 6.73-6.64 (m, 2H), 6.51-6.48 (m, 1H), 6.47-6.44 (m, 1H), 2.36-2.27 

(m, 4H), 1.73-1.63 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 194.0, 

150.9, 138.9, 131.3, 131.0, 130.9, 130.2, 129.1, 126.8, 32.0, 26.1; IR 

(KBr, cm-1): ν 2932, 2860, 1658, 1618, 1590, 1467, 1432, 1295, 1253, 1215, 1040, 974, 762; HRMS 

(ESI) calcd for C21H19Cl2O2 ([M+H]+) 373.0762, found: 373.0759. 

 

Colorless oil, 50% yield; 1H NMR (400 MHz, CDCl3): δ 

7.91-7.87 (d, J = 2.0 Hz, 2H), 7.82-7.77 (m, 2H), 7.54-7.49 (m, 

2H), 7.43-7.37 (d, J = 8.0 Hz, 2H), 7.13-7.04 (m, 2H), 6.88 (d, J 

= 15.2 Hz, 2H), 2.45-2.35 (m, 4H), 1.83-1.74 (m, 2H); 13C NMR 

(100 MHz, CDCl3): δ 189.2, 149.5, 139.4, 134.8, 132.7, 129.9, 

128.6, 126.6, 126.0, 32.2, 26.6; IR (KBr, cm-1): ν 2931, 2859, 1671, 1651, 1618, 1568, 1423, 1296, 

1214, 1075, 976, 789, 720; HRMS (ESI) calcd for C21H19Cl2O2 ([M+H]+) 373.0762, found: 373.0759. 

 

Yellow solid, 58% yield, mp: 65.6-67.2 oC; 1H NMR (400 MHz, 

CDCl3): δ 7.80 (d, J = 8.8 Hz, 4H), 7.37 (d, J = 8.8 Hz, 4H), 

7.05-6.95 (m, 2H), 6.81 (d, J = 15.6 Hz, 2H), 2.38-2.28 (m, 4H), 
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1.77-1.66 (m, 2H). 

 

Colorless oil, 45% yield; 1H NMR (400 MHz, CDCl3): δ 7.52 (d, J = 8.0 

Hz, 2H), 7.33-7.27 (t, J = 6.4 Hz, 2H), 7.26-7.20 (m, 4H), 6.63-6.53 (m, 

2H), 6.38 (d, J = 15.6 Hz, 2H), 2.30-2.21 (m, 4H), 1.68-1.57 (m, 2H); 
13C NMR (100 MHz, CDCl3): δ 194.9, 151.2, 141.0, 133.3, 131.2, 130.8, 

128.9, 127.3, 119.3, 32.0, 26.1; IR (KBr, cm-1): ν 2925, 2854, 1659, 

1633, 1589, 1467, 1429, 1292, 1025, 977, 761, 734; HRMS (ESI) calcd for C21H19Br2O2 ([M+H]+) 

460.9752, found: 460.9778. 

 

Colorless oil, 61% yield; 1H NMR (400 MHz, CDCl3): δ 

7.97-7.92 (t, J = 1.6 Hz, 2H), 7.77-7.71 (m, 2H), 7.60-7.53 (m, 

2H), 7.28-7.20 (t, J = 8.0 Hz, 2H), 7.03-6.92 (m, 2H), 6.77 (d, J 

= 15.6 Hz, 2H), 2.35-2.25 (m, 4H), 1.73-1.62 (m, 2H); 13C NMR 

(100 MHz, CDCl3): δ 189.0, 149.5, 139.6, 135.6, 131.5, 130.2, 127.0, 126.0, 122.9, 32.2, 26.6; IR (KBr, 

cm-1): ν 2929, 2856, 1671, 1619, 1565, 1421, 1297, 1216, 1068, 971, 788, 700; HRMS (ESI) calcd for 

C21H18Br2O2Na ([M+Na]+) 482.9571, found: 482.9581. 

 

Colorless oil, 46% yield; 1H NMR (400 MHz, CDCl3): δ 7.72 (d, 

J = 8.4 Hz, 4H), 7.54 (d, J = 8.4 Hz, 4H), 7.05-6.94 (m, 2H), 

6.80 (d, J = 15.6 Hz, 2H), 2.37-2.27 (m, 4H), 1.76-1.66 (m, 2H). 

 

 

Colorless oil, 55% yield; 1H NMR (400 MHz, CDCl3): δ 

7.74-7.66 (m, 4H), 7.34-7.26 (m, 4H), 7.07-6.97 (m, 2H), 6.89 

(d, J = 15.6 Hz, 2H), 2.39-2.28 (m, 10H), 1.77-1.67 (m, 2H); 
13C NMR (100 MHz, CDCl3): δ 190.5, 148.3, 138.3, 137.9, 

133.5, 129.0, 128.4, 126.5, 125.7, 32.1, 26.7, 21.3; IR (KBr, cm-1): ν 2926, 2857, 1669, 1621, 1602, 

1585, 1432, 1296, 1167, 978, 784; HRMS (ESI) calcd for C23H24O2Na ([M+Na]+) 355.1674, found: 

355.1682. 

 

Colorless oil, 35% yield; 1H NMR (400 MHz, CDCl3): δ 7.75 (d, 

J = 8.4 Hz, 4H), 7.16 (d, J = 8.0 Hz, 4H), 7.00-6.90 (m, 2H), 

6.83 (d, J = 15.6 Hz, 2H), 2.35-2.24 (m, 10H), 1.73-1.61 (m, 

2H). 
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White solid, 44% yield, mp: 78.4-80.1 oC (lit.8 77-78 oC); 1H 

NMR (400 MHz, CDCl3): δ 7.98-7.95 (m, 2H), 7.95-7.92 (m, 

2H), 7.09-7.00 (m, 2H), 6.97-6.90 (m, 6H), 3.86 (s, 6H), 

2.42-2.34 (m, 4H), 1.82-1.72 (m, 2H). 

 

Colorless oil, 56% yield; 1H NMR (400 MHz, CDCl3): δ 8.45 

(s, 2H), 8.06-8.00 (dd, J = 8.8 Hz, 2.0 Hz, 2H), 7.97-7.83 (m, 

6H), 7.63-7.49 (m, 4H), 7.20-7.06 (m, 4H), 2.52-2.42 (m, 4H), 

1.90-1.80 (m, 2H). 

 

Colorless oil, 88% yield; 1H NMR (400 MHz, CDCl3): δ 7.54 (d, J = 1.2 

Hz, 2H), 7.17 (d, J = 3.6 Hz, 2H), 7.12-7.01 (m, 2H), 6.80-6.72 (d, J = 

15.6 Hz, 2H), 6.51-6.45 (m, 2H), 2.35-2.25 (m, 4H), 1.74-1.63 (m, 2H). 

 

 

3.2 Synthesis of Unsymmetrical Bis(enone) 6 

 

The compound 6 was synthesized according to the literature procedure4 and the analytic data of 

compound 6 were referred to literature 9. 

Yellow solid, 70% yield, mp: 99.5-99.8 oC; 1H NMR (400 MHz, CDCl3): δ 8.33-8.28 (m, 2H), 

8.07-8.02 (m, 2H), 7.97-7.92 (m, 2H), 7.17-7.08 (m, 1H), 7.08-6.99 (m, 1H), 6.98-6.85 (m, 4H), 3.88 (s, 

3H), 2.47-2.37 (m, 4H), 1.85-1.75 (m, 2H). 

 

4. Asymmetric Intramolecular Rauhut-Currier Reaction (Table 3) 

General procedure: To a solution of the chiral phosphinothiourea (0.04 mmol) in CH2Cl2 (1.0 mL) was 

added the bis(enones) (0.2 mmol) at -30 oC. The reaction mixture was stirred at -30 oC until the 

reaction completed (monitoring by TLC). Then the solvent was removed under reduced pressure and 

the residue was purified by a flash column chromatography to afford the desired cyclic products. The 

ee values were determined by HPLC analysis with Chiralcel AD-H or AS-H column. Products 5a, 5b, 

5g, 5j, 5m, 5n, 5o, 7a and 7b are known compounds.5, 6, 9 

 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010



 
 

S8

80% yield, 99.4% ee, [α]D
25 +30.0 (c 0.35, CHCl3); 

1H NMR (400 MHz, CDCl3): δ 

8.10-8.05 (m, 2H), 7.70-7.65 (m, 2H), 7.57-7.40 (m, 6H), 6.65-6.61 (m, 1H), 

3.54-3.46 (m, 1H), 3.45-3.38 (dd, J = 14.8 Hz, 3.2 Hz, 1H), 2.86-2.76 (m, 1H), 

2.40-2.29 (m, 1H), 2.26-2.15 (m, 1H), 1.82-1.59 (m, 4H). HPLC (AD-H column, λ = 

254 nm, eluent: hexane/2-propanol = 90/10, flow rate: 1.0 mL/min): tR = 10.5 min 

(minor), 13.7 min (major). 

 

92% yield, 81% ee, [α]D
25 -17.5 (c 0.20, CHCl3); 

1H NMR (400 

MHz, CDCl3): δ 8.39-8.28 (m, 4H), 8.24 (d, J = 8.4 Hz, 2H), 7.79 

(d, J = 8.0 Hz, 2H), 6.73-6.66 (m, 1H), 3.51-3.37 (m, 2H), 

3.04-2.94 (m, 1H), 2.42 (d, J = 19.6 Hz, 1H), 2.28 (d, J = 19.6 Hz, 

1H), 1.83-1.65 (m, 4H). HPLC (AD-H column, λ = 254 nm, eluent: 

hexane/2-propanol = 70/30, flow rate: 1.0 mL/min): tR = 29.3 min (major), 31.6 min (minor). 

 

99% yield, 98% ee, [α]D
25 -14.0 (c 0.50, CHCl3); 

1H NMR (400 MHz, 

CDCl3): δ 7.84-7.77 (m, 1H), 7.45-7.26 (m, 3H), 7.17-6.95 (m, 4H), 

6.59-6.53 (m, 1H), 3.51-3.43 (m, 1H), 3.25-3.16 (dt, J = 17.2 Hz, 2.8 Hz, 1H), 

3.03-2.92 (m, 1H), 2.28-2.05 (m, 2H), 1.77-1.50 (m, 4H); 13C NMR (100 

MHz, CDCl3): δ 197.6 (d, J = 3.7 Hz), 194.4, 162.9 (d, J = 223.1 Hz), 159.4 

(d, J = 218.5 Hz), 147.3, 142.7, 134.2 (d, J = 8.9 Hz), 131.9 (d, J = 8.0 Hz), 130.7 (d, J = 2.7 Hz), 

130.0 (d, J = 3.0 Hz), 128.0 (d, J = 15.7 Hz), 126.1 (d, J = 12.5 Hz), 124.4 (d, J = 3.5 Hz), 124.0 (d, J = 

3.5 Hz), 116.7 (d, J = 23.5 Hz), 116.0 (d, J = 21.6 Hz), 46.8 (d, J = 6.5 Hz), 28.3, 26.7, 26.4, 17.7; IR 

(KBr, cm-1): ν 2935, 2865, 1685, 1652, 1609, 1480, 1450, 1286, 1213, 1100, 757; HRMS (ESI) calcd 

for C21H19F2O2 ([M+H]+) 341.1353, found: 341.1346. HPLC (AD-H column, λ = 254 nm, eluent: 

hexane/2-propanol = 90/10, flow rate: 1.0 mL/min): tR = 11.9 min (minor), 15.1 min (major). 

 

93% yield, 96% ee, [α]D
25 +21.0 (c 0.31, CHCl3); 

1H NMR (400 MHz, 

CDCl3): δ 8.05-7.98 (m, 2H), 7.68-7.60 (m, 2H), 7.09-6.99 (m, 4H), 

6.55-6.49 (t, J = 3.6 Hz, 1H), 3.42-3.32 (m, 1H), 3.31-3.23 (dd, J = 

14.8 Hz, 3.2 Hz, 1H), 2.76-2.66 (m, 1H), 2.35-2.21 (m, 1H), 2.20-2.06 

(m, 1H), 1.78-1.46 (m, 4H); 13C NMR (100 MHz, CDCl3): δ 198.0, 

196.6, 166.6 (d, J = 78.7 Hz), 164.1 (d, J = 77.2 Hz), 144.7, 141.3, 134.8 (d, J = 3.0 Hz), 133.2 (d, J = 

2.9 Hz), 131.5 (d, J = 8.9 Hz), 131.1 (d, J = 9.1 Hz), 115.7 (d, J = 21.5 Hz), 115.3 (d, J = 21.5 Hz), 

42.42, 30.58, 26.57, 26.12, 18.15; IR (KBr, cm-1): ν 2921, 2859, 1681, 1596, 1506, 1409, 1234, 1157, 

850, 757; HRMS (ESI) calcd for C21H18F2O2Na ([M+Na]+) 363.1173, found: 363.1170. HPLC (AD-H 
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column, λ = 254 nm, eluent: hexane/2-propanol = 90/10, flow rate: 1.0 mL/min): tR = 12.7 min (minor), 

16.6 min (major). 

 

99% yield, 93% ee, [α]D
25 +6.4 (c 0.55, CHCl3); 

1H NMR (400 MHz, CDCl3): 

δ 7.64-7.60 (m, 1H), 7.44-7.22 (m, 7H), 6.58-6.54 (t, J = 4.0 Hz, 1H), 

3.52-3.44 (m, 1H), 3.42-3.35 (dd, J = 16.8 Hz, 2.8 Hz, 1H), 3.04-2.93 (m, 

1H), 2.34-2.12 (m, 2H), 1.89-1.63 (m, 4H); 13C NMR (100 MHz, CDCl3): δ 

202.3, 196.2, 148.9, 141.8, 139.2, 139.1, 131.5, 131.0 (2), 130.6, 130.5, 129.8, 

129.2, 128.7, 126.9, 126.5, 46.1, 28.5, 26.5, 26.3, 17.5; IR (KBr, cm-1): ν 2921, 2856, 1696, 1655, 1630, 

1589, 1469, 1434, 1284, 1245, 1049, 757; HRMS (ESI) calcd for C21H19Cl2O2 ([M+H]+) 373.0762, 

found: 373.0763. HPLC (AD-H column, λ = 254 nm, eluent: hexane/2-propanol = 90/10, flow rate: 1.0 

mL/min): tR = 14.7 min (minor), 17.8 min (major). 

 

93% yield, 95% ee, [α]D
25 +17.3 (c 0.52, CHCl3); 

1H NMR (400 MHz, 

CDCl3): δ 8.03-8.00 (t, J = 1.6 Hz, 1H), 7.99-7.94 (m, 1H), 7.64-7.61 

(t, J = 1.6 Hz, 1H), 7.56-7.46 (m, 3H), 7.45-7.35 (m, 2H), 6.69-6.64 

(m, 1H), 3.50-3.42 (m, 1H), 3.37-3.29 (dd, J = 15.2 Hz, 3.2 Hz, 1H), 

2.90-2.81 (m, 1H), 2.43-2.32 (m, 1H), 2.29-2.18 (m, 1H), 1.78-1.62 

(m, 4H); 13C NMR (100 MHz, CDCl3): δ 198.2, 196.4, 146.3, 141.1, 140.4, 138.3, 135.0, 134.3, 133.0, 

131.6, 130.0, 129.5, 129.1, 128.5, 127.3, 126.6, 42.5, 30.1, 26.5, 26.3, 18.0; IR (KBr, cm-1): ν 2931, 

2864, 1682, 1642, 1566, 1419, 1249, 1075, 996, 774; HRMS (ESI) calcd for C21H19Cl2O2 ([M+H]+) 

373.0762, found: 373.0753. HPLC (AD-H column, λ = 254 nm, eluent: hexane/2-propanol = 90/10, 

flow rate: 1.0 mL/min): tR = 9.0 min (minor), 9.8 min (major). 

 

98% yield, 93% ee, [α]D
30 +14.2 (c 2.52, CHCl3); 

1H NMR (400 MHz, 

CDCl3): δ 7.96-7.90 (dt, J = 8.8 Hz, 2.0 Hz, 2H), 7.59-7.52 (dt, J = 

8.4 Hz, 2.4 Hz, 2H), 7.40-7.31 (m, 4H), 6.57-6.51 (t, J = 3.6 Hz, 1H), 

3.42-3.31 (m, 1H), 3.31-3.21 (dd, J = 14.8 Hz, 3.2 Hz, 1H), 2.78-2.67 

(m, 1H), 2.36-2.22 (m, 1H), 2.22-2.08 (m, 1H), 1.74-1.51 (m, 4H). 

HPLC (AD-H column, λ = 254 nm, eluent: hexane/2-propanol = 90/10, flow rate: 1.0 mL/min): tR = 

16.3 min (minor), 20.7 min (major). 

 

95% yield, 90% ee, [α]D
12 +10.0 (c 0.50, CHCl3); 

1H NMR (400 MHz, 

CDCl3): δ 7.57-7.44 (m, 3H), 7.36-7.11 (m, 5H), 6.51-6.45 (t, J = 3.6 Hz, 1H), 

3.45-3.29 (m, 2H), 2.94-2.84 (m, 1H), 2.27-2.04 (m, 2H), 1.86-1.55 (m, 4H); 
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13C NMR (100 MHz, CDCl3): δ 203.0, 196.8, 149.3, 141.4, 141.2, 141.1, 133.8, 132.9, 131.5, 130.6, 

128.9, 128.6, 127.5, 127.0, 119.5, 118.9, 45.8, 28.4, 26.6, 26.3, 17.5; IR (KBr, cm-1): ν 2931, 2861, 

1697, 1653, 1631, 1429, 1285, 1245, 1072, 1026, 757; HRMS (ESI) calcd for C21H18Br2O2Na 

([M+Na]+) 482.9571, found: 482.9567. HPLC (AD-H column, λ = 254 nm, eluent: hexane/2-propanol 

= 90/10, flow rate: 1.0 mL/min): tR = 20.3 min (minor), 24.6 min (major). 

 

90% yield, 93% ee, [α]D
25 +11.1 (c 0.45, CHCl3); 

1H NMR (400 MHz, 

CDCl3): δ 8.08 (s, 1H), 7.93 (d, J = 8.0 Hz, 1H), 7.70 (s, 1H), 

7.63-7.53 (m, 2H), 7.50 (d, J = 7.6 Hz, 1H), 7.32-7.20 (m, 2H), 

6.61-6.55 (t, J = 3.6 Hz, 1H), 3.43-3.32 (d, J = 6.0 Hz, 1H), 3.29-3.19 

(dd, J = 15.2 Hz, 3.2 Hz, 1H), 2.83-2.71 (m, 1H), 2.36-2.21 (m, 1H), 

2.21-2.08 (m, 1H), 1.74-1.50 (m, 4H); 13C NMR (100 MHz, CDCl3): δ 198.1, 196.2, 146.3, 141.1, 

140.6, 138.5, 135.9, 134.5, 132.0, 131.4, 130.3, 129.8, 127.8, 127.1, 123.0, 122.4, 42.4, 30.1, 26.6, 26.3, 

18.0; IR (KBr, cm-1): ν 2933, 2871, 1681, 1633, 1565, 1403, 1247, 1070, 997; HRMS (ESI) calcd for 

C21H18Br2O2Na ([M+Na]+) 482.9571, found: 482.9577. HPLC (AD-H column, λ = 254 nm, eluent: 

hexane/2-propanol = 90/10, flow rate: 1.0 mL/min): tR = 9.8 min (minor), 11.0 min (major). 

 

91% yield, 90% ee, [α]D
11 -9.0 (c 0.50, CHCl3); 

1H NMR (400 MHz, 

CDCl3): δ 7.84 (d, J = 8.8 Hz, 2H), 7.57-7.43 (m, 6H), 6.57-6.51 (t, J 

= 3.6 Hz, 1H), 3.40-3.31 (m, 1H), 3.29-3.21 (dd, J = 14.8 Hz, 3.2 Hz, 

1H), 2.78-2.67 (m, 1H), 2.34-2.21 (m, 1H), 2.20-2.07 (m, 1H), 

1.74-1.51 (m, 4H). HPLC (AD-H column, λ = 254 nm, eluent: 

hexane/2-propanol = 90/10, flow rate: 1.0 mL/min): tR = 17.9 min (minor), 22.6 min (major). 

 

72% yield, 99% ee, [α]D
25 +28.6 (c 0.35, CHCl3); 

1H NMR (400 

MHz, CDCl3): δ 7.84-7.75 (m, 2H), 7.43-7.34 (m, 2H), 7.30-7.19 (m, 

4H), 6.56-6.50 (t, J = 3.6 Hz, 1H), 3.46-3.36 (m, 1H), 3.34-3.26 (dd, 

J = 15.2 Hz, 3.2 Hz, 1H), 2.76-2.66 (m, 1H), 2.32 (s, 6H), 2.30-2.20 

(m, 1H), 2.18-2.05 (m, 1H), 1.76-1.46 (m, 4H); 13C NMR (100 MHz, 

CDCl3): δ 199.9, 198.3, 144.7, 141.7, 138.9, 138.3, 138.0, 136.8, 133.7, 132.4, 129.6, 128.9, 128.5, 

127.9, 126.5, 125.8, 42.6, 30.4, 26.5, 26.1, 21.4, 18.2; IR (KBr, cm-1): ν 2933, 2865, 1668, 1633, 1402, 

1276, 1186, 786, 752, 692; HRMS (ESI) calcd for C23H24O2Na ([M+Na]+) 355.1674, found: 355.1668. 

HPLC (AD-H column, λ = 254 nm, eluent: hexane/2-propanol = 90/10, flow rate: 1.0 mL/min): tR = 

10.8 min (minor), 12.9 min (major). 
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(Table 3, entry 13) 85% yield, 99% ee, [α]D
25 +10.0 (c 0.40, CHCl3); 

1H NMR (400 MHz, CDCl3): δ 7.88 (d, J = 8.0 Hz, 2H), 7.53 (d, J = 

8.0 Hz, 2H), 7.22-7.12 (m, 4H), 6.54-6.47 (t, J = 3.6 Hz, 1H), 

3.46-3.36 (m, 1H), 3.36-3.25 (dd, J = 14.8 Hz, 3.2 Hz, 1H), 

2.73-2.62 (m, 1H), 2.33 (s, 3H), 2.32(s, 3H), 2.29-2.19 (m, 1H), 

2.18-2.05 (m, 1H), 1.77-1.46 (m, 4H); 13C NMR (100 MHz, CDCl3): δ 199.4, 197.9, 143.8, 143.7, 

142.4, 141.6, 136.0, 134.3, 129.5, 129.3, 128.8, 128.6, 42.5, 30.7, 26.6, 26.1, 21.7, 21.6, 18.2; IR (KBr, 

cm-1): ν 2926, 2864, 1679, 1643, 1605, 1448, 1407, 1270, 1180, 808, 750；HRMS (ESI) calcd for 

C23H24O2Na ([M+Na]+) 355.1674, found: 355.1678. HPLC (AS-H column, λ = 254 nm, eluent: 

hexane/2-propanol = 90/10, flow rate: 1.0 mL/min): tR = 9.8 min (minor), 10.6 min (major). 

 

64% yield, 99% ee, [α]D
30 -5.6 (c 1.59, CHCl3); 

1H NMR (400 

MHz, CDCl3): δ 8.07-8.02 (m, 2H), 7.76-7.71 (m, 2H), 6.97-6.91 

(m, 4H), 6.55-6.51 (m, 1H), 3.87 (s, 3H), 3.86 (s, 3H), 3.50-3.42 

(m, 1H), 3.37-3.30 (dd, J = 14.4 Hz, 3.2 Hz, 1H), 2.73-2.65 (m, 

1H), 2.39-2.27 (m, 1H), 2.25-2.13 (m, 1H), 1.82-1.57 (m, 4H). 

HPLC (AD-H column, λ = 254 nm, eluent: hexane/2-propanol = 90/10, flow rate: 1.0 mL/min): tR = 

41.8 min (minor), 59.6 min (major). 

 

91% yield, 96% ee, [α]D
25 -25.5 (c 0.55, CHCl3); 

1H NMR (400 

MHz, CDCl3): δ 8.68 (s, 1H), 8.19 (s, 1H), 8.13-8.08 (dd, J = 8.4 

Hz, 1.6 Hz, 1H), 8.50 (d, J = 8.0 Hz, 1H), 7.94 (d, J = 7.6 Hz, 1H), 

7.91-7.80 (m, 5H), 7.61-7.48 (m, 4H), 6.73-6.67 (t, J = 3.6 Hz, 1H), 

3.70-3.56 (m, 2H), 3.03-2.93 (m, 1H), 2.45-2.32 (m, 1H), 2.29-2.15 

(m, 1H), 1.90-1.60 (m, 4H); 13C NMR (100 MHz, CDCl3): δ 199.7, 198.1, 144.9, 141.8, 136.1, 135.6, 

134.9, 134.1, 132.7, 132.3, 130.5, 130.3, 129.8, 129.2, 128.4 (2), 128.2, 127.9, 127.8, 127.7, 126.7, 

126.6, 125.7, 124.2, 42.8, 30.9, 26.7, 26.3, 18.3; HRMS (ESI) calcd for C29H24O2Na ([M+Na]+) 

427.1674, found: 427.1665. HPLC (AS-H column, λ = 254 nm, eluent: hexane/2-propanol = 90/10, 

flow rate: 1.0 mL/min): tR = 13.5 min (major), 18.3 min (minor). 

 

74% yield, 96% ee, [α]D
25 -9.5 (c 0.37, CHCl3); 

1H NMR (400 MHz, CDCl3): 

δ 7.55 (s, 1H), 7.49 (s, 1H), 7.32 (s, 1H), 7.04 (s, 1H), 6.92 (s, 1H), 6.45 (s, 

2H), 3.38 (m, 1H), 3.02 (d, J = 14.0 Hz, 1H), 2.67-2.53 (m, 1H), 2.37-2.10 (m, 

2H), 1.76-1.47 (m, 4H). HPLC (AD-H column, λ = 254 nm, eluent: 

hexane/2-propanol = 90/10, flow rate: 1.0 mL/min): tR = 22.7 min (minor), 
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34.2 min (major). 

 

71% ee, [α]D
30 -3.3 (c 0.61, CHCl3); 

1H NMR (400 MHz, CDCl3): 

δ 8.34-8.29 (m, 2H), 8.25-8.20 (m, 2H), 7.74-7.69 (m, 2H), 

6.97-6.92 (m, 2H), 6.64-6.54 (m, 1H), 3.88 (s, 3H), 3.48-3.40 (m, 

2H), 2.87-2.78 (m, 1H), 2.42-2.30 (m, 1H), 2.28-2.18 (m, 1H), 

1.81-1.62 (m, 4H). HPLC (AD-H column, λ = 254 nm, eluent: 

hexane/2-propanol = 85/15, flow rate: 0.9 mL/min): tR = 43.1 min (minor), 54.5 min (major). 

 

87% ee, [α]D
28 -4.1 (c 0.26, CHCl3); 

1H NMR (400 MHz, CDCl3): 

δ 8.31-8.26 (m, 2H), 8.07-8.02 (m, 2H), 7.83-7.78 (m, 2H), 

6.98-6.92 (m, 2H), 6.63-6.58 (t, J = 4.0 Hz, 1H), 3.87 (s, 3H), 

3.51-3.42 (m, 1H), 3.35-3.28 (dd, J = 14.8 Hz, 3.6 Hz, 1H), 

2.92-2.83 (m, 1H), 2.45-2.32 (m, 1H), 2.30-2.17 (m, 1H), 

1.84-1.60 (m, 4H). HPLC (AD-H column, λ = 254 nm, eluent: hexane/2-propanol = 85/15, flow rate: 

0.9 mL/min): tR = 59.7 min (minor), 63.8 min (major). 
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6. 1H NMR and 13C NMR Spectra of the Substrates and the RC Products 
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7. HPLC Spectra for the RC Products 
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