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1. General Details 

All reactions were performed in flame-dried glassware under an atmosphere of dried Nitrogen, and 

the workup was carried out in air. Solvents were dried and distilled through standard procedures. 

The solvent of dried o-xylene was purchased from Energy Chemical without further purification. 

Commercially available materials purchased from Adamas-beta, TCI or Energy Chemical and were 

used as received. The NMR spectra were recorded on a Varian Mercury Plus-400 (400 MHz, 1H; 

100 MHz, 13C) spectrometer. HRMS of substrates were performed on a Fourier-transform mass 

spectrometry at the Instrumental Analysis Center of Shanghai Jiao Tong University. The ee values 

were determined by HPLC using a Daicel chiral column or purchased from Guangzhou Research & 

Creativity Biotechnology Co., Ltd. Melting points were measured with SGW X-4 micro melting 

point apparatus. Optical rotations were measured on a Rudolph Research Analytical Autopol VI 

automatic polarimeter using a 50 mm path-length cell at 589 nm. The absolute configuration of 

hydrogenated products was determined by X-ray analysis of the single crystal of 2e an 4e. 
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2. Preparation of 3-Substituted-2H-chromene1 

 
To a suspension of substituted 2-hydroxybenzyl alcohol (I) (6.3 mmol, 1.0 equiv.), K2CO3 (7.6 

mmol, 1.2 equiv.) in acetone (20.0 mL), substituted 2-bromo-1-phenylethan-1-one (II) (6.3 mmol, 

1.0 equiv.) was added dropwise. After stirring at room temperature for a complete reaction, the 

acetone was removed under reduced pressure, water (20.0 mL) was added, and extracted with 

EtOAc (10.0 mL×3). The organic layers were combined, washed with brine (10.0 mL), dried by 

anhydrous Na2SO4 and filtered. The filtrate was concentrated under reduced pressure. The residue 

was purified with 200-300 mesh silica gel column chromatography (15:1 petroleum ether : EtOAc) 

to give the corresponding products (III). 

PPh3•HBr (8.3 mmol, 1.0 equiv.) was added into III (8.3 mmol, 1.0 equiv.) in MeCN (20.0 

mL), the reaction system was warmed up to 90 oC. After cooling, the crystalline precipitate (IV) 

was filtered and washed with ether.  

The crude triphenylphosphonium salts (IV) (8.0 mmol, 1.0 equiv.), EtONa (8.0 mmol, 1.0 

equiv.) were suspended in absolute ethanol (15.0 mL) dropwise at room temperature. After 24 h, 

water was added to the suspension in such amounts so as to have an ethanol-water mixture of 3:2 

and extracted with EtOAc (10.0 mL×3). The organic layers were combined, washed with brine (15.0 

mL), dried by anhydrous Na2SO4 and filtered. The filtrate was concentrated under reduced pressure. 

The residue was purified with 200-300 mesh silica gel column chromatography (20:1 petroleum 

ether : EtOAc) to give the 3-substituted-2H-chromene (V). 

 

3-Phenyl-2H-chromene (1a). White crystal, m.p. = 82.1 – 83.0 °C. 86% overall yield, 1.4 g. 1H 

NMR (400 MHz, Chloroform-d) δ 7.47 – 7.36 (m, 4H), 7.35 – 7.29 (m, 1H), 7.17 – 7.07 (m, 2H), 

6.95 – 6.89 (m, 1H), 6.86 (d, J = 8.0 Hz, 1H), 6.82 (s, 1H), 5.18 (d, J = 1.2 Hz, 2H). 13C NMR 

(100 MHz, CDCl3) δ 153.3, 136.8, 131.8, 129.1, 128.8, 128.1, 127.0, 124.8, 123.0, 121.6, 120.2, 

115.5, 67.2. HRMS (ESI) calcd for C15H13O (M+H)+: 209.0966; found: 209.0960. 

 
                                                                    
1 Burali, C.; Desideri, N.; Stein, M. L.; Conti, C.; Orsi, N. Eur. J. Med. Chem. 1987, 22, 119-123. 
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6-Fluoro-3-phenyl-2H-chromene (1b). White crystal, m.p. = 106.2 – 107.1 °C. 84% overall yield, 

1.5 g. 1H NMR (400 MHz, Chloroform-d) δ 7.45 – 7.37 (m, 4H), 7.36 – 7.31 (m, 1H), 6.80 (m, 3H), 

6.74 (s, 1H), 5.13 (d, J = 1.4 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 157.8 (d, JC-F = 236.6), 149.1, 

136.4, 133.5, 128.8, 128.4, 124.9, 124.1 (d, JC-F = 8.4), 119.5, 116.3 (d, JC-F = 8.1), 115.0 (d, JC-F = 

23.3), 113.0 (d, JC-F = 23.5), 67.3. 19F NMR (376 MHz, CDCl3) δ -122.8. HRMS (ESI) calcd for 

C15H12FO (M+H)+: 227.0872; found: 227.0874. 

 

6-Chloro-3-phenyl-2H-chromene (1c). White crystal, m.p. = 45.2 – 46.1 °C. 87% overall yield, 

1.7 g. 1H NMR (400 MHz, Chloroform-d) δ 7.46 – 7.38 (m, 4H), 7.37 – 7.30 (m, 1H), 7.09 – 7.04 

(m, 2H), 6.80 – 6.76 (m, 1H), 6.73 (s, 1H), 5.17 (d, J = 1.4 Hz, 2H). 13C NMR (100 MHz, CDCl3) 

δ 151.7, 136.3, 133.1, 128.8, 128.54, 128.46, 126.4, 126.3, 124.9, 124.3, 119.1, 116.7, 67.3. HRMS 

(ESI) calcd for C15H12ClO (M+H)+: 243.0577; found: 243.0579. 

 

6-Bromo-3-phenyl-2H-chromene (1d). White crystal, m.p. = 109.4 – 110.1 °C. 84% overall yield, 

1.9 g. 1H NMR (400 MHz, Chloroform-d) δ 7.41 (m, 4H), 7.34 (m, 1H), 7.23 – 7.18 (m, 2H), 6.75 

– 6.72 (m, 1H), 6.72 (s, 1H), 5.17 (d, J = 1.4 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 152.3, 136.2, 

133.1, 131.5, 129.3, 128.8, 128.5, 124.87, 124.86, 118.9, 117.2, 113.6, 67.3. HRMS (ESI) calcd for 

C15H12BrO (M+H)+: 287.0072; found: 287.0070.  

 

7-Chloro-3-phenyl-2H-chromene (1e). White crystal, m.p. = 112.3 – 113.0 °C. 89% overall yield, 

1.7 g. 1H NMR (400 MHz, Chloroform-d) δ 7.46 – 7.36 (m, 4H), 7.35 – 7.29 (m, 1H), 7.00 (d, J = 

8.0 Hz, 1H), 6.90 – 6.84 (m, 2H), 6.77 (s, 1H), 5.17 (d, J = 1.4 Hz, 2H). 13C NMR (100 MHz, CDCl3) 

δ 153.8, 136.4, 133.8, 131.8, 128.8, 128.3, 127.6, 124.8, 121.7, 121.5, 119.2, 116.0, 67.3. HRMS 

(ESI) calcd for C15H12ClO (M+H)+: 243.0577; found: 243.0573.  

 

8-Fluoro-3-phenyl-2H-chromene (1f). White crystal, m.p. = 52.8 – 53.9 °C. 87% overall yield, 1.5 

g. 1H NMR (400 MHz, Chloroform-d) δ 7.46 – 7.37 (m, 4H), 7.38 – 7.30 (m, 1H), 6.98 – 6.92 (m, 

1H), 6.90 – 6.80 (m, 3H), 5.24 (d, J = 1.6 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 150.9 (d, JC-F = 

243.4), 140.6 (d, JC-F = 11.0), 136.4, 132.7, 128.8, 128.4, 125.3 (d, JC-F = 2.5), 124.9, 122.2 (d, JC-F 

= 3.2), 121.2 (d, JC-F = 7.1), 119.5 (d, JC-F = 3.8), 116.1 (d, JC-F = 18.2), 67.4. 19F NMR (376 MHz, 

CDCl3) δ -138.2. HRMS (ESI) calcd for C15H12FO (M+H)+: 227.0872; found: 227.0870.  
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6,7-Dimethyl-3-phenyl-2H-chromene (1g). White crystal, m.p. = 82.5 – 83.0 °C. 85% overall yield, 

1.6 g. 1H NMR (400 MHz, Chloroform-d) δ 7.43 – 7.36 (m, 4H), 7.32 – 7.27 (m, 1H), 6.86 (s, 1H), 

6.77 (s, 1H), 6.67 (s, 1H), 5.11 (d, J = 1.2 Hz, 2H), 2.22 (s, 3H), 2.19 (s, 3H). 13C NMR (100 MHz, 

CDCl3) δ 151.3, 137.8, 137.1, 130.7, 129.4, 128.7, 127.9, 127.7, 124.7, 120.6, 120.2, 116.5, 67.18, 

19.9, 18.9. HRMS (ESI) calcd for C17H17O (M+H)+: 237.3220; found: 237.3220. 

  

6-Methoxy-3-(4-methoxyphenyl)-2H-chromene (1h). White crystal, m.p. = 109.5 – 110.4 °C. 86% 

overall yield, 1.8 g. 1H NMR (400 MHz, Chloroform-d) δ 7.41 – 7.36 (m, 2H), 6.96 – 6.89 (m, 2H), 

6.79 (d, J = 8.8 Hz, 1H), 6.70 – 6.63 (m, 3H), 5.08 (d, J = 1.2 Hz, 2H), 3.83 (s, 3H), 3.78 (s, 3H). 

13C NMR (100 MHz, CDCl3) δ 159.6, 154.3, 147.0, 132.6, 129.2, 126.1, 124.0, 118.5, 115.9, 114.2, 

113.7, 111.8, 67.2, 55.8, 55.4. HRMS (ESI) calcd for C17H17O3 (M+H)+: 269.1178; found: 269.1174. 

 

7-Methoxy-3-(4-methoxyphenyl)-2H-chromene (1i). White crystal, m.p. = 160.1 – 160.8 °C. 86% 

overall yield, 1.8 g. 1H NMR (400 MHz, Chloroform-d) δ 7.37 – 7.33 (m, 2H), 6.98 (d, J = 8.2 Hz, 

1H), 6.93 – 6.89 (m, 2H), 6.68 (s, 1H), 6.51 – 6.43 (m, 2H), 5.11 (d, J = 1.2 Hz, 2H), 3.83 (s, 3H), 

3.79 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 160.4, 159.2, 154.3, 129.5, 128.4, 127.4, 125.8, 118.1, 

116.4, 114.1, 107.3, 101.4, 67.3, 55.4, 55.3. HRMS (ESI) calcd for C17H17O3 (M+H)+: 269.1178; 

found: 269.1179.  

  

3-(4-Methoxyphenyl)-2H-chromene (1j). White crystal, m.p. = 95.2 – 96.0 °C. 88% overall yield, 

1.6 g. 1H NMR (400 MHz, Chloroform-d) δ 7.41 – 7.31 (m, 2H), 7.15 – 7.05 (m, 2H), 6.96 – 6.88 

(m, 3H), 6.85 (d, J = 8.0 Hz, 1H), 6.72 (s, 1H), 5.15 (d, J = 1.2 Hz, 2H), 3.84 (s, 3H). 13C NMR 

(100 MHz, CDCl3) δ 159.6, 153.0, 131.4, 129.3, 128.7, 126.7, 126.0, 123.2, 121.6, 118.3, 115.4, 

114.2, 67.2, 55.4. HRMS (ESI) calcd for C16H15O2 (M+H)+: 239.1072; found: 239.1077.  
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3-(4-Fluorophenyl)-2H-chromene (1k). White crystal, m.p. = 86.7 – 87.2 °C. 81% overall yield, 

1.4 g. 1H NMR (400 MHz, Chloroform-d) δ 7.46 – 7.41 (m, 2H), 7.18 – 7.14 (m, 1H), 7.14 – 7.07 

(m, 3H), 6.96 – 6.92 (m, 1H), 6.88 (d, J = 8.0 Hz, 1H), 6.77 (s, 1H), 5.16 (d, J = 1.4 Hz, 2H). 13C 

NMR (100 MHz, CDCl3) δ 162.5 (d, JC-F = 246.6 Hz), 153.1, 133.0, 130.8, 129.1, 127.0, 126.5 (d, 

JC-F = 8.0 Hz), 122.8, 121.7, 120.0 (d, JC-F = 1.9 Hz), 115.8, 115.6 (d, JC-F = 11.7 Hz), 67.1. 19F 

NMR (376 MHz, CDCl3) δ -113.4. HRMS (ESI) calcd for C15H12FO (M+H)+: 227.0872; found: 

227.0871. 

 

3-(4-(Trifluoromethyl)phenyl)-2H-chromene (1l). White crystal, m.p. = 116.2 – 116.9 °C. 84% 

overall yield, 1.5 g. 1H NMR (400 MHz, Chloroform-d) δ 7.64 (d, J = 8.6 Hz, 2H), 7.53 (d, J = 8.6 

Hz, 2H), 7.20 – 7.15 (m, 1H), 7.12 (dd, J = 7.6, 1.6 Hz, 1H), 6.96 – 6.92 (m, 1H), 6.90 (s, 1H), 6.88 

(d, J = 8.0 Hz, 1H), 5.17 (d, J = 1.2 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 153.4, 140.2 (q, JC-F = 

1.1 Hz), 130.2, 129.8, 129.8 (q, JC-F = 32.4 Hz,), 127.4, 125.7 (q, JC-F = 3.8 Hz), 124.9, 124.1 (q, JC-

F = 270.2 Hz), 122.4, 122.3, 121.8, 115.7, 66.9. 19F NMR (376 MHz, CDCl3) δ -62.6. HRMS (ESI) 

calcd for C16H12F3O (M+H)+: 277.0840; found: 277.0838.  

  

3-(3,4-Dimethylphenyl)-2H-chromene (1m). White crystal, m.p. = 66.8 – 67.2 °C. 82% overall 

yield, 1.5 g. 1H NMR (400 MHz, Chloroform-d) δ 7.23 (s, 1H), 7.20 – 7.05 (m, 4H), 6.93 – 6.89 (m, 

1H), 6.85 (d, J = 8.0 Hz, 1H), 6.77 (s, 1H), 5.16 (d, J = 1.4 Hz, 2H), 2.30 (s, 3H), 2.29 (s, 3H). 13C 

NMR (100 MHz, CDCl3) δ 153.2, 136.9, 136.8, 134.3, 131.9, 130.0, 128.8, 126.9, 126.0, 123.2, 

122.2, 121.6, 119.1, 115.4, 67.3, 19.9, 19.6. HRMS (ESI) calcd for C17H17O (M+H)+: 237.3220; 

found: 237.3223.  

 
3-(Naphthalen-2-yl)-2H-chromene (1n). White crystal, m.p. = 145.5 – 146.0 °C. 87% overall yield, 

1.8 g. 1H NMR (400 MHz, Chloroform-d) δ 7.89 – 7.79 (m, 3H), 7.76 (s, 1H), 7.69 (dd, J = 8.6, 2.0 

Hz, 1H), 7.55 – 7.45 (m, 2H), 7.20 – 7.10 (m, 2H), 7.01 – 6.85 (m, 3H), 5.31 (d, J = 1.4 Hz, 2H). 

13C NMR (100 MHz, CDCl3) δ 153.6, 134.0, 133.6, 133.2, 131.6, 129.4, 128.6, 128.4, 127.9, 127.4, 

126.8, 126.5, 123.6, 123.2, 123.1, 122.0, 120.8, 115.8, 67.4. HRMS (ESI) calcd for C19H15O (M+H)+: 
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259.1123; found: 259.1120.  

 
3-(Furan-2-yl)-2H-chromene (1o). White crystal, m.p. = 48.6 – 49.2 °C. 83% overall yield, 1.3 g. 

1H NMR (400 MHz, Chloroform-d) δ 7.45 (s, 1H), 7.15 – 7.07 (m, 2H), 6.91 (t, J = 7.4 Hz, 1H), 

6.88 – 6.81 (m, 2H), 6.45 (m, 1H), 6.33 (d, J = 3.4 Hz, 1H), 5.00 (s, 2H). 13C NMR (100 MHz, 

CDCl3) δ 153.3, 150.6, 142.6, 128.9, 127.1, 122.7, 122.2, 121.8, 117.1, 115.6, 111.5, 106.6, 64.9. 

HRMS (ESI) calcd for C13H11O2 (M+H)+: 199.0759; found: 199.0760.  

 

4-Phenyl-2H-chromene (3a) 3a was prepared according the reported literature.2 Colorless liquid, 

86% yield, 1.4 g. 1H NMR (400 MHz, Chloroform-d) δ 7.44 – 7.32 (m, 5H), 7.18 – 7.14 (m, 1H), 

7.01 (dd, J = 7.8, 1.6 Hz, 1H), 6.92 – 6.83 (m, 2H), 5.80 (t, J = 4.0 Hz, 1H), 4.86 (d, J = 4.0 Hz, 

2H). 

Preparation of 3-Methyl-2H-chromene3 

 

Into a mixture of 1.5 g (10.1 mmol) of ((2-Methylallyl)oxy)benzene in 15.0 ml of CH2C12, m-

chloroperbenzoic acid (2.1 g, 12.2 mmol) was dropped under stirring at 0 °C for 1.0 hour. Then the 

precipitated m-chlorobenzoic acid was filtered. The organic layer was extracted with CH2C12 (5.0 

mL×3). The organic layers were combined, washed with brine (10.0 mL), dried by anhydrous 

Na2SO4 and filtered. The filtrate was concentrated under reduced pressure. The residue was purified 

with 200-300 mesh silica gel column chromatography (50:1 petroleum ether : EtOAc) to give the 

corresponding product. 

 

3.2 g (22.9 mmol) of Olah's reagent were added to a solution of 0.5 g (3.0 mmol) of 2-Methyl-2-

(phenoxymethyl)oxirane in 10.0 ml of CH2C12 with stirring at 0 °C. After continuous stirring for 45 

min at 0 °C, the mixture was neutralized with 2 N NaOH. The organic layer was separated and the 

aqueous layer extracted with CH2C12 (5.0 mL×3). The organic layers were combined, washed with 

brine (10.0 mL), dried by anhydrous Na2SO4 and filtered. The residue was purified with 200-300 

mesh silica gel column chromatography (25:1 petroleum ether : EtOAc) to give the corresponding 

product. 

 

To a boiling solution consisting of 0.75 g of polyphosphoric acid in 15.0 ml of chlorobenzene was 

                                                                    
2 Qu, B.; Samankumara, L. P.; Ma, S.; Frick, K. R.; Desrosiers, J.-N.; Rodriguez, S.; Li, Z.; Haddad, N.; Han, Z. S.; McKellop, K.; 

Pennino, S.; Grinberg, N.; Gonnella, N. C.; Song, J. J.; Senanayake, C. H. Angew. Chem., Int. Ed. 2014, 53, 14428−14432. 
3 Haufe, G.; Weβel, U.; Schulze, K.; Alvernhe, G. J. Fluorine Chem. 1995, 74, 283-291.  
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added 0.55 g of 2-Fluoro-2-methyl-3-phenoxypropan-1-ol and the mixture refluxed for a full 

conversion. After cooling, the mixture separated and washed with EtOAc (5 mL×3) and water. The 

organic layers were combined, washed with brine (10.0 mL), dried by anhydrous Na2SO4 and 

filtered. The residue was purified with 200-300 mesh silica gel column chromatography (petroleum 

ether) to give 3-Methyl-2H-chromene. 

 

3-Methyl-2H-chromene (1p). Colorless liquid, 71% overall yield, 0.4 g. 1H NMR (400 MHz, 

Chloroform-d) δ 7.04 (t, J = 7.6 Hz, 1H), 6.92 – 6.72 (m, 3H), 6.15 (s, 1H), 4.68 (s, 2H), 1.79 (s, 

3H). These data are consistent with literature values.[4] 

3. Preparation of 4-Substituted-benzo[e][1,2]oxathiine 2,2-Dioxide 

 

To a suspension of NaH (10.0 mmol, 2.0 equiv.), substituted phenol (5.0 mmol, 1.0 equiv.) was 

slowly added in DMF (10.0 mL) at 0 oC, then heated to 70 oC for 45 min. MsCl (5.0 mmol, 1.0 

equiv.) was added into the reaction system after it was cooled to room temperature. Stirring at room 

temperature until a full conversion, water (20.0 mL) was added carefully, and extracted with EtOAc 

(10.0 mL×3). The organic layers were combined, washed with brine (10.0 mL), dried by anhydrous 

Na2SO4 and filtered. The filtrate was concentrated under reduced pressure. The crude product was 

taken into next step without purification. To a solution of AcOH (20.0 mL), concentrated HCl (0.5 

mL) was added above product, heated to reflux for 20 h for a full reaction. Water (25.0 mL) was 

added, and extracted with EtOAc (5.0 mL×3). The organic layers were combined, washed with brine 

(10.0 mL), dried by anhydrous Na2SO4 and filtered. The residue was purified with 200-300 mesh 

silica gel column chromatography (5:1 petroleum ether : EtOAc) to give the corresponding products. 

  

4-Methylbenzo[e][1,2]oxathiine 2,2-dioxide (3b). White crystal, m.p. = 58.3 – 59.0 °C. 74% yield, 

0.72 g. 1H NMR (400 MHz, Chloroform-d) δ 7.56 (dd, J = 7.8, 1.6 Hz, 1H), 7.52 – 7.48 (m, 1H), 

7.36 – 7.32 (m, 1H), 7.29 (dd, J = 8.2, 1.2 Hz, 1H), 6.65 (d, J = 1.4 Hz, 1H), 2.38 (d, J = 1.4 Hz, 

3H). 13C NMR (100 MHz, CDCl3) δ 150.7, 144.7, 132.3, 126.3, 125.9, 120.9, 119.2, 119.2, 19.8. 

HRMS (ESI) calcd for C9H9O3S (M+H)+: 197.0272; found: 197.0270. 

                                                                    

4 Clausen, D. J.; Floreancig, P. E. J. Org. Chem. 2012, 77, 6574−6582.  
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4-Phenylbenzo[e][1,2]oxathiine 2,2-dioxide (3c). White crystal, m.p. = 113.4 – 114.3 °C. 76% 

yield, 0.98 g. 1H NMR (400 MHz, Chloroform-d) δ 7.55 – 7.47 (m, 4H), 7.43 – 7.34 (m, 3H), 7.32 

– 7.26 (m, 2H), 6.74 (s, 1H). 13C NMR (100 MHz, CDCl3) δ 151.3, 149.0, 134.8, 132.5, 130.3, 

129.4, 129.0, 128.9, 125.8, 120.9, 119.4, 119.1. HRMS (ESI) calcd for C14H11O3S (M+H)+: 

259.0429; found: 259.0434.  

 

7-Methoxy-4-phenylbenzo[e][1,2]oxathiine 2,2-dioxide (3d). White crystal, m.p. = 112.0 – 

112.9 °C. 78% yield, 1.1 g. 1H NMR (400 MHz, Chloroform-d) δ 7.55 – 7.46 (m, 3H), 7.43 – 7.38 

(m, 2H), 7.20 (d, J = 8.8 Hz, 1H), 6.88 (d, J = 2.6 Hz, 1H), 6.79 (dd, J = 8.8, 2.6 Hz, 1H), 6.59 (s, 

1H), 3.89 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 162.8, 152.8, 149.2, 135.1, 130.5, 130.2, 129.0, 

128.9, 116.0, 113.8, 112.5, 104.3, 55.9. HRMS (ESI) calcd for C15H13O4S (M+H)+: 289.0535; found: 

289.0530.  

 

4-(p-Tolyl)benzo[e][1,2]oxathiine 2,2-dioxide (3e). White crystal, m.p. = 135.6 – 136.2 °C. 74% 

yield, 1.0 g. 1H NMR (400 MHz, Chloroform-d) δ 7.55 – 7.51 (m, 1H), 7.42 – 7.29 (m, 7H), 6.74 

(s, 1H), 2.47 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 151.3, 149.0, 140.7, 132.4, 131.9, 129.7, 129.4, 

128.9, 125.7, 120.9, 119.3, 118.6, 21.4. HRMS (ESI) calcd for C15H13O3S (M+H)+: 273.0585; found: 

273.0593.  

 

4. General Procedure for Hydrogenation of 2H-Chromenes 

The catalyst (4.0 mg, 0.0024mmol, 0.01 equiv.) and substrate (0.24 mmol, 1.0 equiv.) were placed 

in a 5.0 mL tube equipped with a magnetic stirrer bar. This tube was then put into a nitrogen-filled 

autoclave. Solvent (2.0 mL) was added to the mixture under nitrogen atmosphere. The autoclave 

was then closed, purged three times with hydrogen (less than the pressure needed), and finally 
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pressurized to 10 bar. The reaction mixture was stirred at r.t. for 24 h, and the hydrogen gas was 

slowly released. The conversion of the product was determined by 1H NMR spectroscopic analysis 

of the crude reaction mixture and isolated by chromatography (15:1 petroleum ether : EtOAc). The 

ee was determined by chiral HPLC. 

 

(S)-3-Phenylchromane (2a). White solid, m.p. = 30.1 – 30.8 oC. 98% yield, 49.4 mg. 1H NMR (400 

MHz, Chloroform-d) δ 7.41 – 7.34 (m, 2H), 7.33 – 7.24 (m, 3H), 7.18 – 7.09 (m, 2H), 6.93 – 6.86 

(m, 2H), 4.40 – 4.36 (m, 1H), 4.06 (t, J = 10.6 Hz, 1H), 3.33 – 3.23 (m, 1H), 3.15 – 2.99 (m, 2H). 

13C NMR (100 MHz, CDCl3) δ 154.3, 141.3, 129.8, 128.8, 127.5, 127.4, 127.1, 122.0, 120.4, 116.6, 

70.9, 38.6, 32.4. HRMS (ESI) calcd for C15H15O (M+H)+: 211.1123; found: 211.1120; HPLC 

[DAICEL CHIRALPAK OJ-H, hexane/iPrOH = 95/5, 210 nm, 0.5 mL/min. tR1 = 21.1 min (major), 

tR2 = 26.9 min (minor)]; ee = 98%. [α]25
D = –9.96 (c = 0.63, CHCl3). 

 

(S)-6-Fluoro-3-phenylchromane (2b). Colorless liquid. 99% yield, 54.2 mg. 1H NMR (400 MHz, 

Chloroform-d) δ 7.39 – 7.33 (m, 2H), 7.31 – 7.26 (m, 1H), 7.25 – 7.21 (m, 2H), 6.88 – 6.75 (m, 3H), 

4.36 – 4.32 (m, 1H), 4.01 (t, J = 10.6 Hz, 1H), 3.27 – 3.19 (m, 1H), 3.10 – 2.94 (m, 2H). 13C NMR 

(100 MHz, CDCl3) δ 156.8 (d, JC-F = 236.7 Hz), 150.3 (d, JC-F = 1.9 Hz), 141.0, 128.9, 127.3, 127.2, 

123.1 (d, JC-F = 7.4 Hz), 117.4 (d, JC-F = 8.1 Hz), 115.5 (d, JC-F = 22.4 Hz), 114.2 (d, JC-F = 23.0 Hz), 

70.9, 38.3, 32.5 (d, JC-F = 1.3 Hz). 19F NMR (376 MHz, CDCl3) δ -124.3. HRMS (ESI) calcd for 

C15H14FO (M+H)+: 229.1029; found: 229.1032; HPLC [DAICEL CHIRALPAK OJ-H, 

hexane/iPrOH = 95/5, 210 nm, 0.5 mL/min, 25 oC. tR1 = 25.9 min (major), tR2 = 31.0 min (minor)]; 

ee = 98%. [α]25
D = –9.16 (c = 0.68, CHCl3). 

 

(S)-6-Chloro-3-phenylchromane (2c). Colorless liquid. 97% yield, 56.8 mg. 1H NMR (400 MHz, 

Chloroform-d) δ 7.39 – 7.35 (m, 2H), 7.33 – 7.26 (m, 1H), 7.26 – 7.23 (m, 2H), 7.11 – 7.06 (m, 2H), 

6.82 – 6.78 (m, 1H), 4.38 – 4.34 (m, 1H), 4.03 (t, J = 10.6 Hz, 1H), 3.27 – 3.19 (m, 1H), 3.10 – 2.94 

(m, 2H). 13C NMR (100 MHz, CDCl3) δ 152.9, 140.8, 129.3, 128.9, 127.4, 127.35, 127.3, 125.1, 

123.6, 117.9, 70.9, 38.2, 32.2. HRMS (ESI) calcd for C15H14ClO (M+H)+: 245.0733; found: 

245.0733; HPLC [DAICEL CHIRALPAK OJ-H, hexane/iPrOH = 97/3, 210 nm, 1.0 mL/min, 25 

oC. tR1 = 10.9 min (major), tR2 = 12.0 min (minor)]; ee = 98%. [α]25
D = –0.67 (c = 0.40, CHCl3). 
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(S)-6-Bromo-3-phenylchromane (2d). Colorless liquid. 98% yield, 67.7 mg. 1H NMR (400 MHz, 

Chloroform-d) δ 7.40 – 7.36 (m, 2H), 7.33 – 7.20 (m, 5H), 6.79 – 6.73 (m, 1H), 4.38 – 4.34 (m, 1H), 

4.03 (t, J = 10.6 Hz, 1H), 3.27 – 3.19 (m, 1H), 3.11 – 2.95 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 

153.5, 140.8, 132.2, 130.3, 128.9, 127.3, 127.27, 124.2, 118.4, 112.4, 70.9, 38.2, 32.1. HRMS (ESI) 

calcd for C15H14BrO (M+H)+: 289.0228; found: 289.0225; HPLC [DAICEL CHIRALPAK OJ-H, 

hexane/iPrOH = 95/5, 210 nm, 1.0 mL/min, 25 oC. tR1 = 11.3 min (major), tR2 = 12.5 min (minor)]; 

ee = 97%. [α]25
D = –1.44 (c = 0.61, CHCl3).  

 

(S)-7-Chloro-3-phenylchromane (2e). White solid, m.p. = 32.2 – 32.9 °C. 98% yield, 57.9 mg. 1H 

NMR (400 MHz, Chloroform-d) δ 7.38 – 7.34 (m, 2H), 7.31 – 7.26 (m, 1H), 7.26 – 7.20 (m, 2H), 

7.01 (d, J = 8.0 Hz, 1H), 6.90 – 6.83 (m, 2H), 4.39 – 4.33 (m, 1H), 4.03 (t, J = 10.6 Hz, 1H), 3.26 – 

3.19 (m, 1H), 3.04 – 2.95 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 154.9, 140.9, 132.4, 130.6, 128.9, 

127.3, 127.2, 120.6, 120.5, 116.7, 70.9, 38.3, 31.9. HRMS (ESI) calcd for C15H14ClO (M+H)+: 

245.0733; found: 245.0736; HPLC [DAICEL CHIRALPAK OD-H, hexane/iPrOH = 99.9/0.1, 210 

nm, 0.5 mL/min. tR1 = 57.0 min (minor), tR2 = 60.1 min (minor)]; ee = 99%. [α]25
D = –9.80 (c = 0.73, 

CHCl3).  

 
(S)-8-Fluoro-3-phenylchromane (2f). White solid, m.p. = 55.3 – 56.2 oC. 98% yield, 53.6 mg. 1H 

NMR (400 MHz, Chloroform-d) δ 7.38 – 7.34 (m, 2H), 7.31 – 7.21 (m, 3H), 6.96 – 6.88 (m, 1H), 

6.88 – 6.84 (m, 1H), 6.81 – 6.75 (m, 1H), 4.78 – 4.43 (m, 1H), 4.06 (t, J = 10.6 Hz, 1H), 3.29 – 3.21 

(m, 1H), 3.12 – 2.97 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 151.7 (d, JC-F = 243.1 Hz), 142.6 (d, 

JC-F = 10.9 Hz), 140.8, 128.9, 127.4, 127.3, 124.7, 124.6 (d, JC-F = 1.6 Hz), 119.8 (d, JC-F = 7.2 Hz), 

113.9 (d, JC-F = 17.8 Hz), 71.1, 38.3, 32.1 (d, JC-F = 2.6 Hz). 19F NMR (376 MHz, CDCl3) δ -137.3. 

HRMS (ESI) calcd for C15H14FO (M+H)+: 229.1029; found: 229.1032; HPLC [DAICEL 

CHIRALPAK OJ-H, hexane/iPrOH = 95/5, 210 nm, 0.5 mL/min, 25 oC. tR1 = 22.9 min (major), tR2 

= 25.2 min (minor)]; ee = 98%. [α]25
D = –7.99 (c = 0.68, CHCl3).  
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(S)-6,7-Dimethyl-3-phenylchromane (2g). White solid, m.p. = 63.2 – 64.0 oC. 99% yield, 56.5 mg. 

1H NMR (400 MHz, Chloroform-d) δ 7.38 – 7.31 (m, 2H), 7.30 – 7.21 (m, 3H), 6.85 (s, 1H), 6.67 

(s, 1H), 4.34 – 4.29 (m, 1H), 3.99 (t, J = 10.6 Hz, 1H), 3.26 – 3.17 (m, 1H), 3.06 – 2.90 (m, 2H), 

2.21 (s, 3H), 2.18 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 152.2, 141.6, 135.8, 130.5, 128.8, 128.4, 

127.4, 127.0, 118.9, 117.4, 70.8, 38.9, 32.0, 19.6, 18.8. HRMS (ESI) calcd for C17H19O (M+H)+: 

239.1436; found: 239.1439; HPLC [DAICEL CHIRALPAK OJ-H, hexane/iPrOH = 95/5, 210 nm, 

0.5 mL/min, 25 oC. tR1 = 22.3 min (major), tR2 = 32.1 min (minor)]; ee = 98%. [α]25
D = –12.12 (c = 

0.42, CHCl3).  

 

(S)-6-Methoxy-3-(4-methoxyphenyl)chromane (2h). Colorless liquid. 99% yield, 64.1 mg. 1H 

NMR (400 MHz, Chloroform-d) δ 7.19 – 7.14 (m, 2H), 6.92 – 6.86 (m, 2H), 6.79 (d, J = 8.8 Hz, 

1H), 6.71 (dd, J = 8.8, 3.0 Hz, 1H), 6.63 (d, J = 3.0 Hz, 1H), 4.30 – 4.26 (m, 1H), 3.95 (t, J = 10.6 

Hz, 1H), 3.81 (s, 3H), 3.76 (s, 3H), 3.23 – 3.15 (m, 1H), 3.07 – 2.92 (m, 2H). 13C NMR (100 MHz, 

CDCl3) δ 158.6, 153.4, 148.4, 133.4, 128.3, 122.6, 117.1, 114.2, 114.18, 113.5, 71.1, 55.8, 55.3, 

37.8, 32.8. HRMS (ESI) calcd for C17H19O3 (M+H)+: 271.1334; found: 271.1329; HPLC [DAICEL 

CHIRALPAK OJ-H, hexane/iPrOH = 95/5, 210 nm, 1.0 mL/min. tR1 = 32.8 min (major), tR2 = 39.5 

min (minor)]; ee = 99%. [α]25
D = +1.23 (c = 0.81, CHCl3). 

 

(S)-7-Methoxy-3-(4-methoxyphenyl)chromane (2i). White solid, m.p. = 81.5 – 82.4 oC. 99% yield, 

64.1 mg. 1H NMR (400 MHz, Chloroform-d) δ 7.20 – 7.13 (m, 2H), 6.98 (d, J = 8.4 Hz, 1H), 6.92 

– 6.86 (m, 2H), 6.48 (dd, J = 8.4, 2.6 Hz, 1H), 6.43 (d, J = 2.6 Hz, 1H), 4.32 – 4.28 (m, 1H), 3.97 

(t, J = 10.6 Hz, 1H), 3.81 (s, 3H), 3.77 (s, 3H), 3.22 – 3.12 (m, 1H), 3.02 – 2.88 (m, 2H). 13C NMR 

(100 MHz, CDCl3) δ 159.1, 158.6, 155.0, 133.4, 130.2, 128.3, 114.17, 114.16, 107.3, 101.4, 71.1, 

55.33, 55.3, 37.9, 31.9. HRMS (ESI) calcd for C17H19O3 (M+H)+: 271.1334; found: 271.1332; 

HPLC [DAICEL CHIRALPAK OJ-H, hexane/iPrOH = 95/5, 210 nm, 1.0 mL/min, 25 oC. tR1 = 27.8 

min (major), tR2 = 34.8 min (minor)]; ee = 98%. [α]25
D = –7.94 (c = 0.81, CHCl3). 

 

(S)-3-(4-Methoxyphenyl)chromane (2j). Colorless liquid. 98% yield, 56.4 mg. 1H NMR (400 

MHz, Chloroform-d) δ 7.21 – 7.05 (m, 4H), 6.94 – 6.84 (m, 4H), 4.34 – 4.30 (m, 1H), 3.99 (t, J = 

10.6 Hz, 1H), 3.80 (s, 3H), 3.24 – 3.17 (m, 1H), 3.08 – 2.98 (m, 2H). 13C NMR (100 MHz, CDCl3) 

δ 158.6, 154.3, 133.4, 129.8, 128.3, 127.4, 122.1, 120.4, 116.5, 114.2, 71.1, 55.3, 37.7, 32.6. HRMS 

(ESI) calcd for C16H17O2 (M+H)+: 241.1229; found: 241.1232; HPLC [DAICEL CHIRALPAK OJ-
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H, hexane/iPrOH = 95/5, 210 nm, 0.5 mL/min, 25 oC. tR1 = 24.9 min (major), tR2 = 29.1 min (minor)]; 

ee = 98%. [α]25
D = –1.39 (c = 0.72, CHCl3).  

 

(S)-3-(4-Fluorophenyl)chromane (2k). White solid, m.p. = 30.1 – 30.6 oC. 97% yield, 53.0 mg. 1H 

NMR (400 MHz, Chloroform-d) δ 7.24 – 7.19 (m, 2H), 7.18 – 6.98 (m, 4H), 6.93 – 6.82 (m, 2H), 

4.37 – 4.29 (m, 1H), 4.01 (t, J = 10.6 Hz, 1H), 3.29 – 3.22 (m, 1H), 3.03 (d, J = 8.2 Hz, 2H). 13C 

NMR (100 MHz, CDCl3) δ 161.9 (d, JC-F = 243.8 Hz), 154.2, 137.1 (d, JC-F = 3.3 Hz), 129.8, 128.8 

(d, JC-F = 8.0 Hz), 127.5, 121.7, 120.5, 116.6, 115.6 (d, JC-F = 21.0 Hz), 70.8, 37.9, 32.5. 19F NMR 

(376 MHz, CDCl3) δ -115.7. HPLC [DAICEL CHIRALPAK OJ-H, hexane/iPrOH = 97/3, 210 nm, 

0.5 mL/min, 25 oC. tR1 = 10.4 min (major), tR2 = 11.4 min (minor)]; ee = 97%. HRMS (ESI) calcd 

for C15H14FO (M+H)+: 229.1029; found: 229.1035. [α]25
D = –11.98 (c = 0.10, CHCl3). 

 

(S)-3-(4-(Trifluoromethyl)phenyl)chromane (2l). White solid, m.p. = 58.3 – 59.1 oC. 99% yield, 

66.0 mg. 1H NMR (400 MHz, Chloroform-d) δ 7.61 (d, J = 8.0 Hz, 2H), 7.37 (d, J = 8.0 Hz, 2H), 

7.19 – 7.06 (m, 2H), 6.93 – 6.84 (m, 2H), 4.36 (dd, J = 10.6, 3.6 Hz, 1H), 4.07 (t, J = 10.6 Hz, 1H), 

3.38 – 3.29 (m, 1H), 3.07 (d, J = 8.0 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 154.2, 145.5, 129.7, 

129.4 (q, JC-F = 32.3 Hz), 127.8, 127.6, 125.7 (q, JC-F = 3.8 Hz), 124.1 (q, JC-F = 271.2 Hz), 121.3, 

120.6, 116.7, 70.3, 38.5, 32.1. 19F NMR (376 MHz, CDCl3) δ -62.5. HRMS (ESI) calcd for 

C16H14F3O (M+H)+: 279.0997; found: 279.0993; HPLC [Enantiopak OD-H, hexane/iPrOH = 99/1, 

210 nm, 0.5 mL/min, 25 oC. tR1 = 31.9 min (major), tR2 = 34.1 min (minor)]; ee = 99%. [α]25
D = 

+0.48 (c = 0.83, CHCl3).  

 

(S)-3-(3,4-Dimethylphenyl)chromane (2m). Colorless liquid. 99% yield, 56.5 mg. 1H NMR (400 

MHz, Chloroform-d) δ 7.15 – 7.06 (m, 3H), 7.02 (s, 1H), 6.98 (dd, J = 7.6, 1.8 Hz, 1H), 6.89 – 6.85 

(m, 2H), 4.36 – 4.31 (m, 1H), 4.00 (t, J = 10.6 Hz, 1H), 3.23 – 3.15 (m, 1H), 3.10 – 2.93 (m, 2H), 

2.27 (s, 3H), 2.25 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 154.3, 138.8, 137.0, 135.4, 130.0, 129.8, 

128.7, 127.4, 124.6, 122.2, 120.3, 116.5, 71.1, 38.2, 32.5, 19.9, 19.4. HRMS (ESI) calcd for C17H19O 

(M+H)+: 239.1436; found: 239.1439; HPLC [DAICEL CHIRALPAK OJ-H, hexane/iPrOH = 95/5, 

210 nm, 0.5 mL/min, 25 oC. tR1 = 16.3 min (major), tR2 = 17.4 min (minor)]; ee = 98%. [α]25
D = –

6.70 (c = 0.71, CHCl3).  
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(S)-3-(Naphthalen-2-yl)chromane (2n). White solid, m.p. = 97.3 – 98.0 oC. 98% yield, 61.1 mg. 

1H NMR (400 MHz, Chloroform-d) δ 7.87 – 7.79 (m, 3H), 7.70 (s, 1H), 7.52 – 7.43 (m, 2H), 7.39 

(dd, J = 8.6, 1.8 Hz, 1H), 7.18 – 7.11 (m, 2H), 6.92 – 6.88 (m, 2H), 4.47 – 4.43 (m, 1H), 4.15 (t, J 

= 10.6 Hz, 1H), 3.47 – 3.38 (m, 1H), 3.24 – 3.17 (m, 1H), 3.13 – 3.07 (m, 1H). 13C NMR (100 MHz, 

CDCl3) δ 154.3, 138.7, 133.6, 132.6, 129.8, 128.5, 127.7, 127.6, 127.5, 126.3, 125.8, 125.79, 125.75, 

121.9, 120.5, 116.6, 70.9, 38.7, 32.4. HRMS (ESI) calcd for C19H17O (M+H)+: 261.1279; found: 

261.1283; HPLC [DAICEL CHIRALPAK OJ-H, hexane/iPrOH = 95/5, 210 nm, 0.5 mL/min, 25 

oC. tR1 = 42.2 min (major), tR2 = 46.8 min (minor)]; ee = 98%. [α]25
D = +11.52 (c = 0.78, CHCl3).  

 

(R)-3-(Furan-2-yl)chromane (2o). Colorless liquid. 99% yield, 47.5 mg. 1H NMR (400 MHz, 

Chloroform-d) δ 7.40 (dd, J = 2.0, 0.8 Hz, 1H), 7.18 – 7.09 (m, 2H), 6.94 – 6.85 (m, 2H), 6.36 (dd, 

J = 3.2, 2.0 Hz, 1H), 6.15 (d, J = 3.2 Hz, 1H), 4.51 – 4.47 (m, 1H), 4.08 (dd, J = 10.6, 9.4 Hz, 1H), 

3.46 – 3.39 (m, 1H), 3.16 – 3.04 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 154.7, 154.2, 141.7, 129.8, 

127.5, 120.9, 120.5, 116.6, 110.2, 105.3, 68.7, 32.6, 29.7. HRMS (ESI) calcd for C13H13O2 (M+H)+: 

201.0916; found: 201.0919; HPLC [DAICEL CHIRALPAK OJ-H, hexane/iPrOH = 95/5, 210 nm, 

1.0 mL/min, 25 oC. tR1 = 7.8 min (major), tR2 = 8.7 min (minor)]; ee = 99.7%. [α]25
D = –6.99 (c = 

0.40, CHCl3).  

 

(R)-3-Methylchromane (2p) 5 . Colorless liquid. 93% yield, 33.0 mg. 1H NMR (400 MHz, 

Chloroform-d) δ 7.11 – 7.00 (m, 2H), 6.85 – 6.75 (m, 2H), 4.20 – 4.14 (m, 1H), 3.68 (t, J = 10.0 Hz, 

1H), 2.83 (dd, J = 15.2, 4.2 Hz, 1H), 2.44 (dd, J = 16.0, 9.6 Hz, 1H), 2.19 – 2.10 (m, 1H), 1.04 (d, 

J = 6.6 Hz, 3H). HPLC [DAICEL CHIRALPAK OJ-H, hexane/iPrOH = 98/2, 200 nm, 0.5 mL/min, 

25 oC. tR1 = 11.8 min (major), tR2 = 12.4 min (minor)]; ee = 93%. [α]25
D = –19.97 (c = 0.10, CHCl3). 

 

(S)-4-Phenylchromane (4a). Colorless liquid. 99% yield, 49.8 mg. 1H NMR (400 MHz, 

Chloroform-d) δ 7.34 – 7.28 (m, 2H), 7.25 – 7.20 (m, 1H), 7.17 – 7.10 (m, 3H), 6.90 – 6.76 (m, 3H), 

4.21 – 4.17 (m, 3H), 2.38 – 2.27 (m, 1H), 2.15 – 2.05 (m, 1H). HPLC [DAICEL CHIRALPAK OJ-

                                                                    
5 Wipf, P.; Ribe, S. Org. Lett., 2001, 3, 1503-1505. 
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H, hexane/iPrOH = 95/5, 210 nm, 1.0 mL/min, 25 oC. tR1 = 8.8 min (major), tR2 = 17.6 min (minor)]; 

ee = 13%. [α]25
D = +1.97 (c = 0.29, CHCl3). 

 
(S)-4-Methyl-3,4-dihydrobenzo[e][1,2]oxathiine 2,2-dioxide (4b). Colorless liquid. 99% yield, 

47.0 mg. 1H NMR (400 MHz, Chloroform-d) δ 7.37 – 7.27 (m, 2H), 7.24 – 7.20 (m, 1H), 7.05 (dd, 

J = 8.0, 1.4 Hz, 1H), 3.73 – 3.65 (m, 1H), 3.63 – 3.57 (m, 1H), 3.24 (dd, J = 13.6, 9.8 Hz, 1H), 1.57 

(d, J = 7.0 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 150.7, 129.0, 127.9, 126.0, 125.9, 119.2, 51.6, 

32.2, 19.9. HRMS (ESI) calcd for C9H11O3S (M+H)+: 199.0429; found: 199.0432; HPLC [DAICEL 

CHIRALPAK OJ-H, hexane/iPrOH = 80/20, 210 nm, 1.0 mL/min, 25 oC. tR1 = 18.8 min (major), 

tR2 = 20.3 min (minor)]; ee = 27%. [α]25
D = –7.72 (c = 0.59, CHCl3).  

 

(S)-4-Phenyl-3,4-dihydrobenzo[e][1,2]oxathiine 2,2-dioxide (4c). Colorless liquid. 99% yield, 

61.7 mg. 1H NMR (400 MHz, Chloroform-d) δ 7.45 – 7.36 (m, 3H), 7.34 – 7.30 (m, 1H), 7.28 – 

7.23 (m, 2H), 7.17 – 7.07 (m, 2H), 6.90 – 6.87 (m, 1H), 4.81 (dd, J = 12.6, 6.0 Hz, 1H), 3.74 (dd, J 

= 14.0, 6.0 Hz, 1H), 3.61 (dd, J = 14.0, 12.6 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 151.2, 139.8, 

130.2, 129.4, 129.3, 128.7, 128.3, 125.6, 124.6, 119.1, 51.7, 44.4. HRMS (ESI) calcd for C14H13O3S 

(M+H)+: 261.0585; found: 261.0587; HPLC [DAICEL CHIRALPAK OJ-H, hexane/iPrOH = 80/20, 

210 nm, 1.0 mL/min, 25 oC. tR1 = 39.3 min (minor), tR2 = 41.8 min (major)]; ee = 94%. [α]25
D = 

+2.82 (c = 0.78, CHCl3). 

 

(S)-7-Methoxy-4-phenyl-3,4-dihydrobenzo[e][1,2]oxathiine 2,2-dioxide (4d). Colorless liquid. 

98% yield, 68.2 mg. 1H NMR (400 MHz, Chloroform-d) δ 7.42 – 7.32 (m, 3H), 7.24 – 7.22 (m, 2H), 

6.74 (d, J = 8.6 Hz, 1H), 6.66 – 6.60 (m, 2H), 4.71 (dd, J = 12.6, 6.0 Hz, 1H), 3.79 (s, 3H), 3.67 (dd, 

J = 13.8, 6.0 Hz, 1H), 3.53 (dd, J = 13.8, 12.6 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 160.1, 151.8, 

140.1, 130.8, 129.4, 128.64, 128.3, 116.3, 112.6, 103.6, 55.6, 51.7, 43.8. HRMS (ESI) calcd for 

C15H15O4S (M+H)+: 291.0691; found: 291.0687; HPLC [DAICEL CHIRALPAK OD-H, 

hexane/iPrOH = 80/20, 210 nm, 1.0 mL/min, 25 oC. tR1 = 10.4 min (minor), tR2 = 11.1 min (major)]; 

ee = 91%. [α]25
D = –2.99 (c = 0.87, CHCl3). 
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(S)-4-(p-Tolyl)-3,4-dihydrobenzo[e][1,2]oxathiine 2,2-dioxide (4e). White solid, m.p. = 136.8 – 

137.6 oC. 98% yield, 64.4 mg. 1H NMR (400 MHz, Chloroform-d) δ 7.32 – 7.27 (m, 1H), 7.22 (d, 

J = 8.0 Hz, 2H), 7.16 – 7.05 (m, 4H), 6.90 – 6.85 (m, 1H), 4.76 (dd, J = 12.6, 6.0 Hz, 1H), 3.69 (dd, 

J = 14.0, 6.0 Hz, 1H), 3.57 (dd, J = 14.0, 12.6 Hz, 1H), 2.38 (s, 3H). 13C NMR (100 MHz, CDCl3) 

δ 151.2, 138.2, 136.8, 130.2, 130.1, 129.2, 128.6, 125.6, 124.8, 119.0, 51.7, 44.0, 21.1. HRMS (ESI) 

calcd for C15H15O3S (M+H)+: 275.0742; found: 275.0741; HPLC [DAICEL CHIRALPAK OJ-H, 

hexane/iPrOH = 80/20, 210 nm, 1.0 mL/min, 25 oC. tR1 = 21.5 min (major), tR2 = 23.9 min (minor)]; 

ee = 91%. [α]25
D = +10.47 (c = 0.82, CHCl3).  

5. Larger Scale Synthesis of (S)-Equol by Asymmetric Hydrogenation 

Larger scale of hydrogenation: The catalyst (2.0 mg, 0.0012mmol, 0.001 equiv.) and 7-

methoxy-3-(4-methoxyphenyl)-2H-chromene (323.0 mg, 1.2 mmol, 1.0 equiv.) were placed in a 

10.0 mL tube equipped with a magnetic stirrer bar. This tube was then put into a nitrogen-filled 

autoclave. CH2Cl2 (4.0 mL) was added to the mixture under nitrogen atmosphere. The autoclave 

was then closed, purged three times with hydrogen (less than the pressure needed), and finally 

pressurized to 60 bar. The reaction mixture was stirred at 40 oC for 72 h, and the hydrogen gas was 

slowly released. The conversion of the product was determined by 1H NMR spectroscopic analysis 

of the crude reaction mixture and isolated by chromatography (15:1 petroleum ether : EtOAc) to 

give the desired product in 98% yield (319 mg). The ee was determined to be 98% by chiral HPLC. 

Synthesis of (S)-Equol: A 50 mL round bottom flask was charged with (S)-7-methoxy-3-(4-

methoxyphenyl)chromane (319 mg, 1.2 mmol, 1.0 equiv.) and pyridine hydrochloride (3.5 g, 30.0 

mmol, 25 equiv.) then sealed with a septum equipped with a drying tube. The mixture was heated 

to a melt in an oil bath at 150 oC with stirring for 48 h, then cooled to room temperature. Water (10.0 

mL) and EtOAc (10.0 mL) were added, the phases were separated, and the aqueous phase was 

extracted with EtOAc (3 x 5.0 mL). The combined organic phase was dried over Na2SO4, filtered, 

which was purified by silica gel chromatography (3:1 to 1:1 petroleum ether : EtOAc) to provide 

209 mg of white solid. 

 

(S)-Equol. White solid, m.p. = 187.8– 188.6 oC. 82% yield, 209.0 mg. 1H NMR (400 MHz, 

Methanol-d4) δ 7.09 (d, J = 8.6 Hz, 2H), 6.87 (d, J = 8.4 Hz, 1H), 6.74 (d, J = 8.6 Hz, 2H), 6.31 (dd, 

J = 8.2, 2.4 Hz, 1H), 6.22 (d, J = 2.4 Hz, 1H), 4.21 – 4.17 (m, 1H), 3.91 (t, J = 10.6 Hz, 1H), 3.09 – 

3.01 (m, 1H), 2.91 – 2.80 (m, 2H). 13C NMR (100 MHz, Methanol-d4) δ 156.2, 155.9, 154.9, 132.4, 
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129.8, 127.9, 115.0, 113.2, 107.7, 102.4, 70.8, 38.1, 31.7. HRMS (ESI) calcd for C15H15O3 (M+H)+: 

243.1021; found: 243.1024; HPLC [DAICEL CHIRALPAK IA, hexane/iPrOH = 90/10, 200 nm, 

1.0 mL/min, 25 oC. tR1 = 42.0 min (major), tR2 = 33.5 min (minor)]; ee = 95%. [α]25
D = –20.21 (c = 

0.81, EtOH). 

  



17 

 

6. X-ray Analysis Data 

 

 

 

Note: These data (CCDC 1562372) can be obtained free of charge from The Cambridge 

Crystallographic Data Centre via www.ccdc.cam.ac. uk/data_request/cif. 
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Note: These data (CCDC 1562373) can be obtained free of charge from The Cambridge 

Crystallographic Data Centre via www.ccdc.cam.ac. uk/data_request/cif. 
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7. NMR Spectra and HPLC Charts 
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