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1. General and Materials 

General: All reactions were carried out under an atmosphere of nitrogen using the standard 

Schlenk techniques, unless otherwise noted. 1H NMR, 13C NMR spectra were recorded at 400 

MHz and 100 MHz with Brucker spectrometer. 19F was recorded at 376 MHz with Brucker 

spectrometer. Chemical shifts are reported in ppm using tetramethylsilane (0) as internal standard 

when using CDCl3 as solvent for 1H NMR spectra. The following abbreviations were used to 

symbolize the multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = 

broad. Flash column chromatography was performed on silica gel (200-300 mesh). All reactions 

were monitored by TLC analysis. Optical rotations were measured by polarimeter. Enantiomeric 

excess was determined by HPLC analysis using chiral column described below in detail. High 

resolution mass spectra were recorded using Q-TOF time-of-flight mass spectrometer. X-ray 

crystallography data were collected using a Bruker D8 Venture with 3.0 ius cu and 3.0 ius mo. 

Materials: Commercially available reagents and solvents were used throughout without further 

purification. The NAD(P)H Models CYNAMs 3a-3c could be synthesized according to the known 

literature procedure.1 

2. Synthesis of Substrate 3-Sulfonyl Coumarins 

3-Sulfonyl coumarins 1 could be conveniently prepared from aryl alkynoate and N-tosylproline 

according to the known literature procedure with minor modification.2-3 Among them, compounds 

1g, 1l, 1n, 1p and 1t are the unknown compounds. 

 

To a 250 mL Schlenk flask were added phenyl 3-phenylpropiolate S1 (1.111 g, 5.0 mmol), N-

tosylproline S2 (1.616 g, 6.0 mmol), potassium persulfate (K2S2O8, 2.703 g, 10.0 mmol), silver 

nitrate (0.043 g, 0.25 mmol, 5 mol%) and acetonitrile/water (2:1, 90 mL). Then the bottle was 

charged with nitrogen, and the reaction mixture was stirred at 50 °C for 24 hours. The resulting 

mixture was extracted with ethyl acetate. The combined organic layers were dried over anhydrous 

sodium sulfate, filtered, and concentrated under the reduced pressure. The resulting residue was 

purified by column chromatography on silica gel using petroleum ether and ethyl acetate as eluent 

to afford the desired product 3-sulfonyl coumarin 1g. 
_______________________________________________________________________________ 

4-Phenyl-3-(m-tolylsulfonyl)-2H-chromen-2-one (1g): 

0.928 g, 49% yield, white solid, new compound, mp = 166-167 oC, Rf = 0.51 (hexanes/ethyl 

acetate 3/1). 1H NMR (400 MHz, CDCl3) δ 7.81 (s, 1H), 7.79-7.70 (m, 1H), 7.63-7.56 (m, 4H), 

7.41-7.31 (m, 5H), 7.22-7.16 (m, 1H), 7.05-6.99 (m, 1H), 2.41 (s, 3H). 13C NMR (100 MHz, 

CDCl3) δ 159.4, 155.6, 153.9, 140.1, 138.8, 134.7, 134.5, 132.6, 130.0, 129.4, 129.3, 128.5, 128.2, 

127.5, 126.2, 126.0, 124.9, 120.3, 116.8, 21.4. HRMS (ESI) m/z: [M+H]+ Calcd for C22H17O4S 

377.0842, found: 377.0846. 
_______________________________________________________________________________ 
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To a 100 mL flask were added aryl alkynoate S3 (5.0 mmol), bis(4-methylphenyl) disulfide S4 

(7.5 mmol), potassium persulfate (4.055 g, 15.0 mmol) and acetonitrile/water (1:1, 30 mL). Then 

the bottle was charged with nitrogen, and the reaction mixture was stirred at 90 °C for 24 h. The 

resulting mixture was extracted with ethyl acetate. The combined organic layers were dried over 

anhydrous sodium sulfate, filtered, and concentrated under the reduced pressure. The residue was 

purified by column chromatography (hexanes and ethyl acetate) to afford the products 1. 
_______________________________________________________________________________ 

4-(4-Fluorophenyl)-3-tosyl-2H-chromen-2-one (1l): 

0.763 g, 39% yield, white solid, new compound, mp = 165-166 oC, Rf = 0.37 (hexanes/ethyl 

acetate 5/1). 1H NMR (400 MHz, CDCl3) δ 7.87 (d, J = 8.3 Hz, 2H), 7.65-

7.60 (m, 1H), 7.38-7.27 (m, 7H), 7.24-7.19 (m, 1H), 7.04-7.01 (m, 1H), 

2.42 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 163.2 (d, 1JF-C= 247.9 Hz), 

158.2, 155.5, 153.9, 145.0, 137.1, 134.8, 129.6 (d, 3JF-C= 13.1 Hz), 129.5, 

129.4, 129.3, 128.4 (d, 4JF-C= 3.7 Hz), 126.6, 125.0, 120.2, 116.9, 115.6 (d, 
2JF-C= 21.8 Hz), 21.7. 19F NMR (376 MHz, CDCl3) δ -111.27. HRMS 

(ESI) m/z: [M+H]+ Calcd for C22H16FO4S 395.0748, found: 395.0747. 
_______________________________________________________________________________ 

4-(4-Bromophenyl)-3-tosyl-2H-chromen-2-one (1n): 

1.590 g, 40% yield, white solid, new compound, mp = 237-238 oC, Rf = 0.36 (hexanes/ethyl 

acetate 5/1). 1H NMR (400 MHz, CDCl3) δ 7.87 (d, J = 8.2 Hz, 2H), 7.72 

(d, J = 8.3 Hz, 2H), 7.65-7.59 (m, 1H), 7.36-7.28 (m, 3H), 7.25-7.18 (m, 

3H), 7.03-6.98 (m, 1H), 2.42 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 

157.8, 155.4, 153.9, 145.0, 137.0, 134.8, 131.6, 131.6, 129.6, 129.4, 129.3, 

129.1, 126.5, 125.0, 123.7, 119.9, 117.0, 21.7. HRMS (ESI) m/z: [M+H]+ 

Calcd for C22H16BrO4S 454.9947 (79Br) and 456.9934 (81Br), found: 

454.9945 (79Br) and 456.9925 (81Br). 
_______________________________________________________________________________ 

4-(o-Tolyl)-3-tosyl-2H-chromen-2-one (1p): 

2.956 g, 41% yield, orange solid, new compound, mp = 122-123 oC, Rf = 0.25 (hexanes/ethyl 

acetate 5/1). 1H NMR (400 MHz, CDCl3) δ 7.90 (d, J = 8.3 Hz, 2H), 7.63-

7.58 (m, 1H), 7.49-7.45 (m, 1H), 7.41-7.33 (m, 3H), 7.30 (d, J = 8.2 Hz, 

2H), 7.17 (t, J = 7.7 Hz, 1H), 7.11 (d, J = 7.4 Hz, 1H), 6.91 (dd, J = 8.1, 

1.2 Hz, 1H), 2.41 (s, 3H), 2.21 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 

159.4, 155.7, 154.0, 144.9, 137.2, 135.1, 134.7, 132.7, 130.1, 129.4, 129.4, 

129.3, 129.3, 126.6, 126.4, 125.6, 125.1, 119.5, 116.9, 21.7, 20.0. HRMS (ESI) m/z: [M+H]+ 

Calcd for C23H19O4S 391.0999, found: 391.1000. 
_______________________________________________________________________________ 
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_______________________________________________________________________________ 

4-(Thiophen-3-yl)-3-tosyl-2H-chromen-2-one (1t): 

0.207 g, 11% yield, brown solid, new compound, mp = 157-158 oC, Rf = 0.35 (hexanes/ethyl 

acetate 5/1). 1H NMR (400 MHz, CDCl3) δ 7.88 (d, J = 8.2 Hz, 2H), 7.64-

7.55 (m, 2H), 7.41-7.37 (m, 1H), 7.34-7.27 (m, 3H), 7.25-7.14 (m, 3H), 

2.41 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 155.5, 155.4, 153.7, 144.8, 

137.3, 134.6, 131.5, 129.5, 129.3, 129.2, 128.3, 127.1, 126.2, 124.9, 120.2, 

116.8, 21.7. HRMS (ESI) m/z: [M+H]+ Calcd for C20H15O4S2 383.0406, 

found: 383.0405. 
_______________________________________________________________________________ 
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3. Synthesis of the New NAD(P)H Model CYNAM 

 

Under nitrogen, a solution of the alcohol (Rp)-S3 (1.275 g, 3.5 mmol), bis(triphenylphos- 

phine)palladium(II) chloride (491 mg, 0.7 mmol), potassium hydroxide (589 mg, 10.5 mmol) and 

the 2-aminoarylboronic acid pinacolate ester (1.954 g, 7.0 mmol) in tetrahydrofuran (52 mL) and 

water (13 mL) was heated at 82 oC for 24 h. The mixture was cooled to room temperature and 

extracted with ethyl acetate (20 mL×3). The combined organic layer was dried over anhydrous 

sodium sulfate and concentrated in vacuo. The residue was purified by flash column chromato-

graphy on silica gel using hexanes and ethyl acetate as eluent to achieve the intermedaite (Sp)-S4 

(0.792 g, 58% yield).  

Then, under nitrogen, to a solution of oxalyl chloride (0.434 g, 3.4 mmol, 0.29 mL) in dichloro-

methane (10 mL) at -78oC was slowly added a solution of dimethyl sulfoxide (0.534 g, 6.8 mmol, 

0.49 mL) in dichloromethane (5 mL). After stirring for 5 min, a solution of (Sp)-S4 (0.666 g, 1.7 

mmol) in dichloromethane (5 mL) was added dropwise. After the mixture was stirred for 15 min, 

triethylamine (1.730 g, 17.1 mmol, 2.4 mL) was then added dropwise. 10 min later, the mixture 

was warmed to room temperature and stirred for 3 h. The reaction mixture was quenched with 

water (10 mL). After being extracted with dichloromethane and washed with water twice, the 

combined organic layer was dried over anhydrous sodium sulfate and concentrated in vacuo. The 

residue was purified by flash column chromatography using hexanes and ethyl acetate as eluent to 

achieve the product NAD(P)H model (Sp)-3d (0.224 g, 39% yield). 
_______________________________________________________________________________ 

(Sp)-2,3-Dimethoxy[2]paracyclo[2](7,10)phenanthridinophane (3d): 

0.244 g, 39% yield, yellow solid, new compound, mp = 86-87 oC, Rf = 0.15 (hexanes/ethyl acetate 

1/1), >99% ee, []20
D = +254.23 (c 0.80, CHCl3). 

1H NMR (400 MHz, CDCl3) δ 9.07 (s, 1H), 7.89 

(s, 1H), 7.60 (s, 1H), 7.06 (d, J = 7.4 Hz, 1H), 6.87 (d, J = 7.4 Hz, 1H), 6.56-6.47 (m, 2H), 5.92-

5.71 (m, 1H), 5.37-5.29 (m, 1H), 4.35-4.28 (m, 1H), 4.12 (s, 3H), 4.10 (s, 3H), 4.05-3.97 (m, 1H), 

3.37-3.25 (m, 2H), 3.20-3.03 (m, 3H), 2.85-2.76 (m, 1H). 13C NMR (100 MHz, CDCl3) δ 150.2, 

148.7, 148.3, 141.0, 138.4, 138.3, 138.0, 137.8, 134.6, 134.4, 132.2, 132.1, 131.8, 130.0, 128.1, 

128.0, 119.3, 109.6, 106.1, 56.2, 56.1, 38.7, 34.7, 34.1, 32.5. HRMS (ESI) m/z: [M+H]+ Calcd for 

C25H24NO2 370.1802, found: 370.1801. 
_______________________________________________________________________________ 
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4. Biomimetic Asymmetric Reduction of 3-Sulfonyl Coumarins 

 

A mixture of [Ru(p-cymene)I2]2 (2.2 mg, 0.00225 mmol), chiral NAD(P)H model (Sp)-3d (5.5 

mg, 0.015 mmol) and 3-sulfonyl coumarins 1 (0.15 mmol) in benzotrifluoride (3.0 mL) was stirred 

at room temperature for 5 min in glove box and then the mixture was transferred to an autoclave. 

The hydrogenation was performed at 90 oC under hydrogen gas (55 bar) for 28 h. After carefully 

release of the hydrogen gas, the autoclave was opened. The mixture was concentrated under the 

reduced pressure, and then purified by column chromatography on silica gel using hexanes and 

ethyl acetate as eluent to give the biomimetic reductive products 2.  

The enantiomeric excesses of the reductive products 2 were determined by chiral HPLC. The 

racemates could be synthesized under the above condition with readily available phenanthridine 

instead of chiral NAD(P)H model. 
_______________________________________________________________________________ 

(+)-4-Phenyl-3-tosylchroman-2-one (2a): 

56 mg, 99% yield, colorless oil, new compound, Rf = 0.51 (hexanes/ethyl acetate 5/1), d.r. > 20:1, 

98% ee, []20
D = +160.08 (c 1.12, CHCl3), 

1H NMR (400 MHz, CDCl3) δ 

7.71-7.64 (m, 2H), 7.35-7.26 (m, 7H), 7.21-7.16 (m, 1H), 7.09-7.04 (m, 

2H), 7.00-6.94 (m, 1H), 5.17 (s, 1H), 4.41 (s, 1H), 2.43 (s, 3H). 13C NMR 

(100 MHz, CDCl3) δ 159.9, 150.9, 146.0, 139.4, 133.9, 129.9, 129.6, 

129.4, 129.2, 129.1, 128.2, 127.1, 125.7, 120.9, 116.9, 72.1, 42.3, 21.8. 

HPLC (Chiralpak IA column,  = 230 nm, 30 oC, n-Hexane/i-PrOH = 70/30, flow rate = 1.0 

mL/min) retention time = 7.4 min (minor) and 10.5 min (major). HRMS (ESI) m/z: [M+NH4]
+ 

Calcd for C22H22NO4S 396.1264, found: 396.1265. 
_______________________________________________________________________________ 

(+)-4-Phenyl-3-(phenylsulfonyl)chroman-2-one (2b): 

54 mg, 99% yield, colorless oil, new compound, Rf = 0.51 (hexanes/ethyl acetate 5/1), d.r. = 32:1, 

98% ee, []20
D = +145.18 (c 1.08, CHCl3), 

1H NMR (400 MHz, CDCl3) δ 

7.96-7.92 (m, 0.06H), 7.83-7.76 (m, 1.94H), 7.67-7.61 (m, 1H), 7.53-7.46 

(m, 2H), 7.34-7.24 (m, 5H), 7.23-7.16 (m, 1H), 7.16-7.13 (m, 0.06H), 7.09-

7.05 (m, 1.94H), 7.03-6.88 (m, 1H), 5.19 (s, 0.97H), 5.15 (d, J = 6.0 Hz, 

0.03H), 4.66 (d, J = 5.9 Hz, 0.03H), 4.45 (d, J = 0.6 Hz, 0.97H). 13C NMR 

(100 MHz, CDCl3) δ 159.8, 150.9, 139.3, 136.9, 134.7, 129.7, 129.6, 129.3, 129.2, 129.1, 128.2, 

127.1, 125.8, 120.8, 117.0, 72.0, 42.2. HPLC (Chiralpak IA column,  = 230 nm, 30 oC, n-Hexane 
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/i-PrOH = 70/30, flow rate = 1.0 mL/min) retention time = 6.9 min (minor) and 11.4 min (major). 

HRMS (ESI) m/z: [M+NH4]
+ Calcd for C21H20NO4S 382.1108, found: 382.1108. 

_______________________________________________________________________________ 

(+)-3-((4-Methoxyphenyl)sulfonyl)-4-phenylchroman-2-one (2c): 

58 mg, 98% yield, colorless oil, new compound, Rf = 0.37 (hexanes/ethyl acetate 5/1), d.r. > 20:1, 

98% ee, []20
D = +161.71 (c 1.16, CHCl3), 

1H NMR (400 MHz, CDCl3) 

δ 7.75-7.62 (m, 2H), 7.33-7.24 (m, 5H), 7.20-7.15 (m, 1H), 7.09-7.04 

(m, 2H), 6.99-6.94 (m, 1H), 6.93-6.88 (m, 2H), 5.16 (s, 1H), 4.42 (d, J 

= 0.5 Hz, 1H), 3.87 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 164.5, 

160.1, 150.8, 139.5, 131.3, 129.6, 129.5, 129.2, 128.1, 128.1, 127.1, 

125.7, 121.0, 116.9, 114.5, 72.2, 55.8, 42.4. HPLC (Chiralpak IA column,  = 230 nm, 30 oC, n-

Hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min) retention time = 9.0 min (minor) and 13.7 min 

(major). HRMS (ESI) m/z: [M+NH4]
+ Calcd for C22H22NO5S 412.1213, found: 412.1213. 

_______________________________________________________________________________ 

(+)-3-((4-Fluorophenyl)sulfonyl)-4-phenylchroman-2-one (2d): 

57 mg, 99% yield, pale yellow solid, new compound, mp = 118-119 oC, Rf = 0.52 (hexanes/ethyl 

acetate 5/1), d.r. = 32:1, 98% ee, []20
D = +131.83 (c 1.14, CHCl3), 

1H 

NMR (400 MHz, CDCl3) δ 7.91-7.86 (m, 0.06H), 7.84-7.73 (m, 1.94H), 

7.35-7.25 (m, 5H), 7.23-7.18 (m, 1H), 7.14 (t, J = 8.5 Hz, 2H), 7.07 (d, J 

= 7.1 Hz, 2H), 6.97 (d, J = 8.2 Hz, 1H), 5.19 (s, 0.97H), 5.11 (d, J = 6.0 

Hz, 0.03H), 4.67 (d, J = 6.0 Hz, 0.03H), 4.44 (s, 0.97H). 13C NMR (100 

MHz, CDCl3) δ 166.4 (d, 1JF-C= 257.0 Hz), 159.8, 150.8, 139.1, 132.8 (d, 4JF-C= 3.1 Hz), 132.1 (d, 
3JF-C= 9.8 Hz), 129.7, 129.6, 129.2, 128.3, 127.0, 125.9, 120.8, 116.8 (d, 2JF-C= 19.5 Hz), 116.5, 

72.2, 42.3. 19F NMR (376 MHz, CDCl3) δ -101.16, -102.69. HPLC (Chiralpak IA,  = 230 nm, 30 
oC, n-Hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min) retention time = 6.8 min (minor) and 9.7 

min (major). HRMS (ESI) m/z: [M+NH4]
+ Calcd for C21H19FNO4S 400.1013, found: 400.1018. 

_______________________________________________________________________________ 

(+)-3-((4-Chlorophenyl)sulfonyl)-4-phenylchroman-2-one (2e): 

59 mg, 99% yield, colorless oil, new compound, Rf = 0.42 (hexanes/ethyl acetate 5/1), d.r. = 32:1, 

98% ee, []20
D = +149.90 (c 1.18, CHCl3), 

1H NMR (400 MHz, CDCl3) 

δ 7.77 (d, J = 8.6 Hz, 0.06H), 7.68 (d, J = 8.6 Hz, 1.94H), 7.41 (d, J = 

8.6 Hz, 2H), 7.35-7.23 (m, 5H), 7.21-7.15 (m, 1H), 7.13 (d, J = 7.9 Hz, 

0.06H), 7.04 (d, J = 7.0 Hz, 1.94H), 6.98 (d, J = 8.0 Hz, 0.03H), 6.94 (d, 

J = 8.1 Hz, 0.97H), 5.15 (s, 0.97H), 5.08 (d, J = 6.0 Hz, 0.03H), 4.64 (d, 

J = 6.0 Hz, 0.03H), 4.40 (s, 0.97H). 13C NMR (100 MHz, CDCl3) δ 159.7, 150.7, 141.7, 139.1, 

135.2, 130.5, 129.7, 129.7, 129.6, 129.2, 128.3, 127.0, 125.9, 120.7, 117.0, 72.1, 42.2. HPLC 

(Chiralpak IA column,  = 230 nm, 30 oC, n-Hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min) 

retention time = 7.3 min (minor) and 10.2 min (major). HRMS (ESI) m/z: [M+NH4]
+ Calcd for 

C21H19ClNO4S 416.0718 (35Cl) and 418.0700 (37Cl), found: 416.0715 (35Cl) and 418.0689 (37Cl). 
_______________________________________________________________________________ 

(+)-3-((4-Bromophenyl)sulfonyl)-4-phenylchroman-2-one (2f): 

65 mg, 98% yield, colorless solid, new compound, mp = 127-128 oC, Rf = 0.43 (hexanes/ethyl 

acetate 5/1), d.r. > 20:1, 98% ee, []20
D = +145.22 (c 1.30, CHCl3), 

1H NMR (400 MHz, CDCl3) δ 

7.66-7.56 (m, 4H), 7.36-7.26 (m, 5H), 7.23-7.18 (m, 1H), 7.07 (d, J = 7.0 Hz, 2H), 6.96 (d, J = 8.2 
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Hz, 1H), 5.17 (s, 1H), 4.43 (s, 1H). 13C NMR (100 MHz, CDCl3) δ 159.7, 150.7, 139.0, 135.7, 

132.6, 130.5, 129.7, 129.7, 129.2, 128.3, 127.0, 125.9, 120.7, 117.0, 

72.1, 42.2. HPLC (Chiralpak IA column,  = 230 nm, 30 oC, n-Hexane/ 

i-PrOH = 70/30, flow rate = 1.0 mL/min) retention time = 7.7 min 

(minor) and 10.8 min (major). HRMS (ESI) m/z: [M+NH4]
+ Calcd for 

C21H19BrNO4S 460.0213 (79Br) and 462.0200 (81Br), found: 460.0214 

(79Br) and 462.0196 (81Br). 
_______________________________________________________________________________ 

(+)-4-Phenyl-3-(m-tolylsulfonyl)chroman-2-one (2g): 

56 mg, 99% yield, colorless oil, new compound, Rf = 0.51 (hexanes/ethyl acetate 5/1), d.r. > 20:1, 

98% ee, []20
D = +147.85 (c 1.12, CHCl3), 

1H NMR (400 MHz, CDCl3) δ 

7.58 (d, J = 7.6 Hz, 1H), 7.52 (s, 1H), 7.42-7.32 (m, 2H), 7.32-7.27 (m, 2H), 

7.26-7.20 (m, 3H), 7.17-7.13 (m, 1H), 7.04 (d, J = 7.1 Hz, 2H), 6.92 (d, J = 

8.1 Hz, 1H), 5.15 (s, 1H), 4.41 (s, 1H), 2.34 (s, 3H). 13C NMR (100 MHz, 

CDCl3) δ 159.8, 150.9, 139.7, 139.4, 136.7, 135.5, 129.6, 129.6, 129.3, 

129.2, 129.1, 128.2, 127.1, 126.3, 125.6, 120.9, 116.9, 72.1, 42.4, 21.3. HPLC (Chiralpak IA 

column,  = 230 nm, 30 oC, n-Hexane/i-PrOH = 80/20, flow rate = 0.8 mL/min) retention time = 

9.2 min (minor) and 12.8 min (major). HRMS (ESI) m/z: [M+NH4]
+ Calcd for C22H22NO4S 

396.1264, found: 396.1263. 
_______________________________________________________________________________ 

(+)-4-Phenyl-3-(o-tolylsulfonyl)chroman-2-one (2h): 

40 mg, 70% yield, colorless oil, new compound, Rf = 0.51 (hexanes/ethyl acetate 5/1), d.r. > 20:1, 

98% ee, []20
D = +178.71 (c 0.78, CHCl3), 

1H NMR (400 MHz, CDCl3) δ 

7.90-7.82 (m, 1H), 7.54-7.49 (m, 1H), 7.36-7.22 (m, 7H), 7.20-7.15 (m, 1H), 

7.14-7.09 (m, 1H), 7.06-7.01 (m, 2H), 5.17 (s, 1H), 4.40 (d, J = 0.9 Hz, 1H), 

2.69 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 159.8, 151.1, 139.6, 138.6, 

135.5, 134.8, 133.1, 131.5, 129.7, 129.7, 129.2, 128.2, 127.0, 126.8, 125.8, 

121.0, 117.0, 71.2, 41.8, 20.8. HPLC (Chiralpak IA column,  = 230 nm, 30 oC, n-Hexane/i-PrOH 

= 80/20, flow rate = 0.8 mL/min) retention time = 8.8 min (minor) and 18.6 min (major). HRMS 

(ESI) m/z: [M+NH4]
+ Calcd for C22H22NO4S 396.1264, found: 396.1266. 

_______________________________________________________________________________ 

(+)-3-Allyl-3-(methylsulfonyl)-4-phenylchroman-2-one (2i): 

  Procedure for allyl alkylation: Sodium carbonate (63.6 mg, 0.60 mmol), allyl iodide (100.8 mg, 

54.8 µL, 0.60 mmol) and 18-crown-6 (11.8 mg, 10.2 µL, 0.045 mmol) were added to the stirred 

solution of the reductive product of 1i (45 mg, 0.15 mmol) in tetrahydrofuran (3.0 mL). The 

mixture was stirred at ambient temperature for 24 h. The mixture was concentrated under the 

reduced pressure, and then purified by column chromatography on silica gel using hexanes and 

ethyl acetate as eluent to afford the product (+)-2i, 47 mg, 91% yield, white 

solid, new compound, mp = 63-64 oC, Rf = 0.61 (hexanes/ethyl acetate 10/1), 

d.r. > 20:1, 98% ee, []20
D = +250.09 (c 0.94, CHCl3), 

1H NMR (400 MHz, 

CDCl3) δ 7.79-6.87 (m, 9H), 6.16-5.97 (m, 1H), 5.19 (d, J = 10.0 Hz, 1H), 

4.80 (d, J = 17.0 Hz, 1H), 4.53 (s, 1H), 3.06-2.97 (m, 1H), 2.86-2.77 (m, 1H), 

2.16 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 164.3, 149.6, 137.1, 130.6, 129.5, 129.2, 128.8, 126.0, 

124.8, 121.3, 116.9, 73.6, 49.2, 41.4, 35.8. HPLC (Chiralpak AD-H column,  = 230 nm, 30 oC, 
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n-Hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min) retention time = 9.0 min (major) and 10.2 min 

(minor). HRMS (ESI) m/z: [M+NH4]
+ Calcd for C19H22NO4S [M+NH4]

+ 360.1264, found: 

360.1262. 
_______________________________________________________________________________ 

(+)-4-(p-Tolyl)-3-tosylchroman-2-one (2j): 

56 mg, 95% yield, colorless oil, new compound, Rf = 0.37 (hexanes/ethyl acetate 5/1), d.r. > 20:1, 

98% ee, []20
D = +158.56 (c 1.05, CHCl3), 

1H NMR (400 MHz, CDCl3) δ 

7.63 (d, J = 8.3 Hz, 2H), 7.28-7.21 (m, 4H), 7.16-7.12 (m, 1H), 7.08 (d, J 

= 8.0 Hz, 2H), 6.95-6.88 (m, 3H), 5.10 (s, 1H), 4.37 (s, 1H), 2.40 (s, 3H), 

2.27 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 160.0, 150.8, 145.9, 138.0, 

136.5, 133.9, 130.2, 129.9, 129.3, 129.2, 129.1, 126.9, 125.6, 121.2, 116.9, 

72.2, 41.9, 21.7, 21.0. HPLC (Chiralpak ID column,  = 230 nm, 30 oC, n-Hexane/i-PrOH = 70/30, 

flow rate = 1.0 mL/min) retention time = 14.9 min (major) and 18.0 min (minor). HRMS (ESI) 

m/z: [M+NH4]
+ Calcd for C23H24NO4S 410.1421, found: 410.1423. 

_______________________________________________________________________________ 

(+)-4-(4-Methoxyphenyl)-3-tosylchroman-2-one (2k): 

55 mg, 90% yield, pale yellow solid, new compound, mp = 132-133 oC, Rf = 0.30 (hexanes/ethyl 

acetate 5/1), d.r. > 20:1, 98% ee, []20
D = +156.08 (c 1.10, CHCl3), 

1H 

NMR (400 MHz, CDCl3) δ 7.62 (d, J = 8.1 Hz, 2H), 7.28-7.20 (m, 4H), 

7.17-7.12 (m, 1H), 7.00-6.89 (m, 3H), 6.79 (d, J = 8.6 Hz, 2H), 5.08 (s, 

1H), 4.36 (s, 1H), 3.72 (s, 3H), 2.39 (s, 3H). 13C NMR (100 MHz, CDCl3) 

δ 160.0, 159.3, 150.8, 145.9, 133.9, 131.4, 129.9, 129.3, 129.1, 129.0, 

128.2, 125.7, 121.3, 116.9, 114.9, 72.3, 55.3, 41.6, 21.7. HPLC (Chiral-

pak IA column,  = 230 nm, 30 oC, n-Hexane/i-PrOH = 70/30, flow rate =1.0 mL/min) retention 

time = 11.1 min (minor) and 13.5 min (major). HRMS (ESI) m/z: [M+NH4]
+ Calcd for C23H24N 

O5S 426.1370, found: 426.1370. 
_______________________________________________________________________________ 

(+)-(3R,4S)-4-(4-Fluorophenyl)-3-tosylchroman-2-one (2l): 

59 mg, 99% yield, pale yellow solid, new compound, mp = 117-118 oC, Rf = 0.37 (hexanes/ethyl 

acetate 5/1), d.r. > 20:1, 98% ee, []20
D = +151.60 (c 1.18, CHCl3), 

1H 

NMR (400 MHz, CDCl3) δ 7.63 (d, J = 8.3 Hz, 2H), 7.31-7.22 (m, 4H), 

7.19-7.14 (m, 1H), 7.03-6.93 (m, 5H), 5.13 (s, 1H), 4.34 (s, 1H), 2.40 (s, 

3H). 13C NMR (100 MHz, CDCl3) δ 162.3 (d, 1JF-C= 246.3 Hz), 159.8, 

150.8, 146.1, 135.2 (d, 4JF-C= 3.5 Hz), 133.8, 129.9, 129.6, 129.1, 129.1, 

128.8 (d, 3JF-C= 8.1 Hz), 125.8, 120.8, 117.0, 116.5 (d, 2JF-C= 21.6 Hz), 

72.1, 41.6, 21.7. 19F NMR (376 MHz, CDCl3) δ -113.53. HPLC (Chiralpak IA column,  = 230 

nm, 30 oC, n-Hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min) retention time = 7.8 min (minor) 

and 10.2 min (major). HRMS (ESI) m/z: [M+NH4]
+ Calcd for C22H21FNO4S 414.1170, found: 

414.1165. 
_______________________________________________________________________________ 

(+)-4-(4-Chlorophenyl)-3-tosylchroman-2-one (2m): 

61 mg, 99% yield, colorless oil, new compound, Rf = 0.50 (hexanes/ethyl acetate 5/1), d.r. > 20:1, 

98% ee, []20
D = +147.37 (c 1.22, CHCl3), 

1H NMR (400 MHz, CDCl3) δ 7.63 (d, J = 8.2 Hz, 2H), 

O O
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7.32-7.21 (m, 6H), 7.19-7.14 (m, 1H), 7.00-6.93 (m, 3H), 5.12 (s, 1H), 

4.33 (s, 1H), 2.41 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 159.7, 150.8, 

146.1, 137.9, 134.2, 133.7, 129.9, 129.7, 129.1, 129.1, 128.5, 125.8, 120.5, 

117.0, 71.8, 41.6, 21.8. HPLC (Chiralpak IA column,  = 230 nm, 30 oC, 

n-Hexane/i-PrOH = 75/25, flow rate = 1.0 mL/min) retention time = 10.1 

min (minor) and 13.0 min (major). HRMS (ESI) m/z: [M+H]+ Calcd for C22H18ClO4S 413.0609 

(35Cl) and 415.0592 (37Cl), found:413.0609 (35Cl) and 415.0576 (37Cl). 
_______________________________________________________________________________ 

(+)-4-(4-Bromophenyl)-3-tosylchroman-2-one (2n): 

68 mg, 99% yield, colorless oil, new compound, Rf = 0.54 (hexanes/ethyl acetate 5/1), d.r. > 20:1, 

98% ee, []20
D = +135.43 (c 1.36, CHCl3), 

1H NMR (400 MHz, CDCl3) δ 

7.63 (d, J = 7.9 Hz, 2H), 7.41 (d, J = 8.0 Hz, 2H), 7.31-7.20 (m, 4H), 

7.19-7.14 (m, 1H), 6.97-6.86 (m, 3H), 5.11 (s, 1H), 4.34 (s, 1H), 2.40 (s, 

3H). 13C NMR (100 MHz, CDCl3) δ 159.7, 150.8, 146.1, 138.4, 133.7, 

132.7, 129.9, 129.7, 129.1, 129.1, 128.8, 125.8, 122.3, 120.4, 117.0, 71.7, 

41.7, 21.8. HPLC (Chiralpak IA column,  = 230 nm, 30 oC, n-Hexane/i-

PrOH = 75/25, flow rate = 1.0 mL/min) retention time = 10.6 min (minor) and 14.0 min (major). 

HRMS (ESI) m/z: [M+Na]+ Calcd for C22H17BrNaO4S 478.9923 (79Br) and 480.9910 (81Br), 

found: 478.9923 (79Br) and 480.9894 (81Br). 
_______________________________________________________________________________ 

(+)-4-(m-Tolyl)-3-tosylchroman-2-one (2o): 

58 mg, 99% yield, pale yellow oil, new compound, Rf = 0.54 (hexanes/ethyl acetate 5/1), d.r. > 

20:1, 98% ee, []20
D = +160.25 (c 1.16, CHCl3), 

1H NMR (400 MHz, 

CDCl3) δ 7.64 (d, J = 8.2 Hz, 2H), 7.29-7.21 (m, 4H), 7.17-7.12 (m, 2H), 

7.03 (d, J = 7.5 Hz, 1H), 6.93 (d, J = 8.1 Hz, 1H), 6.85 (s, 1H), 6.80 (d, J 

= 7.7 Hz, 1H), 5.10 (s, 1H), 4.38 (s, 1H), 2.39 (s, 3H), 2.26 (s, 3H). 13C 

NMR (100 MHz, CDCl3) δ 160.0, 150.8, 146.0, 139.4, 139.4, 133.9, 

129.9, 129.4, 129.4, 129.2, 129.1, 128.9, 127.7, 125.7, 124.1, 121.0, 116.9, 72.1, 42.2, 21.8, 21.5. 

HPLC (Chiralpak IA column,  = 230 nm, 30 oC, n-Hexane/i-PrOH = 75/25, flow rate = 1.0 mL/ 

min) retention time = 7.0 min (minor) and 8.4 min (major). HRMS (ESI) m/z: [M+H]+ Calcd for 

C23H21O4S 393.1155, found: 393.1154. 
_______________________________________________________________________________ 

(+)-4-(o-Tolyl)-3-tosylchroman-2-one (2p): 

14 mg, 24% yield, colorless oil, new compound, Rf = 0.52 (hexanes/ethyl acetate 5/1), d.r. > 20:1, 

98% ee, []20
D = +113.92 (c 0.28, CHCl3), 

1H NMR (400 MHz, CDCl3) δ 

7.66 (d, J = 8.2 Hz, 2H), 7.33-7.26 (m, 2H), 7.25-7.21 (m, 2H), 7.20-7.11 

(m, 3H), 7.04-6.97 (m, 2H), 6.55 (d, J = 7.7 Hz, 1H), 5.39 (s, 1H), 4.21 (s, 

1H), 2.54 (s, 3H), 2.41 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 159.8, 

151.5, 146.0, 137.1, 134.9, 133.9, 131.5, 129.9, 129.4, 129.3, 129.0, 128.1, 

127.3, 127.2, 125.8, 121.1, 116.8, 70.7, 38.7, 21.8, 19.4. HPLC (Chiralpak IA column,  = 230 nm, 

30 oC, n-Hexane/i-PrOH = 75/25, flow rate = 1.0 mL/min) retention time = 6.7 min (minor) and 

8.4 min (major). HRMS (ESI) m/z: [M+H]+ Calcd for C23H21O4S 393.1155, found: 393.1152. 
_______________________________________________________________________________ 
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_______________________________________________________________________________ 

 (+)-4-(Naphthalen-2-yl)-3-tosylchroman-2-one (2q): 

64 mg, 99% yield, pale yellow oil, new compound, Rf = 0.55 (hexanes/ethyl acetate 5/1), d.r. > 

20:1, 97% ee, []20
D = +156.55 (c 1.28, CHCl3),

1H NMR (400 MHz, 

CDCl3) δ 7.80-7.73 (m, 2H), 7.70-7.63 (m, 3H), 7.46-7.41 (m, 2H), 7.37 

(s, 1H), 7.33-7.25 (m, 2H), 7.22 (d, J = 8.5 Hz, 3H), 7.18-7.13 (m, 1H), 

6.98 (d, J = 8.0 Hz, 1H), 5.31 (s, 1H), 4.50 (s, 1H), 2.37 (s, 3H). 13C 

NMR (100 MHz, CDCl3) δ 160.0, 151.0, 146.1, 136.7, 133.8, 133.4, 

132.8, 129.9, 129.8, 129.6, 129.4, 129.1, 128.0, 127.7, 126.8, 126.7, 

126.1, 125.8, 124.7, 120.9, 117.0, 71.9, 42.4, 21.8. HPLC: (Chiralpak IA column,  = 230 nm, 30 
oC, n-Hexane/i-PrOH = 75/25, flow rate = 1.0 mL/min) retention time = 12.2 min (minor) and 

14.7 min (major). HRMS (ESI) m/z: [M+H]+ Calcd for C26H21O4S 429.1155, found: 429.1151. 
_______________________________________________________________________________ 

(+)-7-Methyl-4-phenyl-3-tosylchroman-2-one (2r): 

49 mg, 83% yield, colorless oil, new compound, Rf = 0.50 (hexanes/ethyl acetate 5/1), d.r. > 20:1, 

98% ee, []20
D = +156.62 (c 0.98, CHCl3), 

1H NMR (400 MHz, CDCl3) 

δ 7.63 (d, J = 7.9 Hz, 2H), 7.31-7.18 (m, 5H), 7.14-6.94 (m, 4H), 6.73 

(s, 1H), 5.09 (s, 1H), 4.36 (s, 1H), 2.40 (s, 3H), 2.32 (s, 3H). 13C NMR 

(100 MHz, CDCl3) δ 160.2, 150.8, 145.9, 140.0, 139.6, 134.0, 129.8, 

129.5, 129.1, 128.9, 128.1, 127.1, 126.5, 117.8, 117.3, 72.2, 42.0, 21.8, 

21.2. HPLC (Chiralpak IA column,  = 230 nm, 30 oC, n-Hexane/i-PrOH = 70/30, flow rate = 1.0 

mL/min) retention time = 7.5 min (minor) and 9.9 min (major). HRMS (ESI) m/z: [M+H]+ Calcd 

for C23H21O4S 393.1155, found: 393.1152. 
_______________________________________________________________________________ 

(+)-6,8-Dimethyl-4-phenyl-3-tosylchroman-2-one (2s): 

58 mg, 95% yield, colorless oil, new compound, Rf = 0.53 (hexanes/ethyl acetate 5/1), d.r. > 20:1, 

99% ee, []20
D = +128.61 (c 1.16, CHCl3), 

1H NMR (400 MHz, CDCl3) 

δ 7.58 (d, J = 8.2 Hz, 2H), 7.30-7.16 (m, 5H), 7.03 (d, J = 7.3 Hz, 2H), 

6.86 (d, J = 4.3 Hz, 2H), 5.03 (s, 1H), 4.39 (s, 1H), 2.38 (s, 3H), 2.24 (s, 

3H), 2.09 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 160.3, 147.1, 145.8, 

139.5, 134.9, 133.9, 131.6, 129.6, 129.5, 129.0, 128.1, 127.1, 127.0, 

125.9, 120.1, 72.5, 42.8, 21.7, 20.7, 15.4. HPLC (Chiralpak IA column,  = 230 nm, 30 oC, n-

Hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min) retention time = 5.9 min (minor) and 7.4 min 

(major). HRMS (ESI) m/z: [M+H]+ Calcd for C24H23O4S 407.1312, found: 407.1305. 
_______________________________________________________________________________ 

(+)-4-(Thiophen-3-yl)-3-tosylchroman-2-one (2t): 

50 mg, 87% yield, colorless oil, new compound, Rf = 0.53 (hexanes/ethyl acetate 5/1), d.r. > 20:1, 

98% ee, []20
D = +128.47 (c 0.92, CHCl3), 

1H NMR (400 MHz, CDCl3) δ 

7.64-7.59 (m, 2H), 7.30-7.21 (m, 5H), 7.18-7.13 (m, 1H), 6.91-6.86 (m, 

2H), 6.84-6.76 (m, 1H), 5.17 (s, 1H), 4.46 (s, 1H), 2.40 (s, 3H). 13C NMR 

(100 MHz, CDCl3) δ 160.1, 150.5, 146.0, 139.6, 134.0, 129.9, 129.4, 

129.0, 128.9, 127.9, 125.9, 125.6, 122.4, 121.4, 117.0, 71.2, 38.1, 21.7. HPLC (Chiralpak AD-H 

column,  = 230 nm, 30 oC, n-Hexane/i-PrOH = 70/30, flow rate = 0.8 mL/min) retention time = 
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13.5 min (minor) and 19.1 min (major). HRMS (ESI) m/z: [M+NH4]
+ Calcd for C20H20NO4S2 

402.0828, found: 402.0829. 
_______________________________________________________________________________ 

(-)-3-Allyl-4-methyl-3-tosylchroman-2-one (2u): 

Procedure for allyl alkylation: Potassium carbonate (82.8 mg, 0.60 mmol), allyl iodide (100.8 

mg, 54.8 µL, 0.60 mmol), 18-crown-6 (11.8 mg, 10.2 µL, 0.045 mmol) and tetrahydrofuran (3.0 

mL) were added to the mixture of the reduction system. The mixture was stirred at ambient 

temperature for 48 h. The mixture was concentrated under the reduced pressure, and then purified 

by column chromatography on silica gel using hexanes and ethyl acetate as eluent to afford the 

product (-)-2u, 30 mg, 56% yield, colorless oil, new compound, Rf = 0.60 (hexanes/ethyl acetate 

5/1), d.r. > 20:1, 93% ee, []20
D = -22.25 (c 0.40, CHCl3), 

1H NMR (400 MHz, 

CDCl3) δ 7.69 (d, J = 8.3 Hz, 2H), 7.30-7.26 (m, 2H), 7.25-7.20 (m, 2H), 7.19-

7.14 (m, 1H), 6.87 (dd, J = 7.9, 1.1 Hz, 1H), 5.65-5.49 (m, 1H), 5.19-5.10 (m, 

2H), 3.65 (q, J = 7.1 Hz, 1H), 3.02 (dd, J = 14.4, 5.7 Hz, 1H), 2.78 (dd, J = 

14.4, 8.8 Hz, 1H), 2.41 (s, 3H), 1.76 (d, J = 7.1 Hz, 3H). 13C NMR (100 MHz, 

CDCl3) δ 163.6, 150.1, 145.6, 134.0, 130.2, 130.1, 129.5, 128.4, 126.1, 125.5, 125.3, 121.6, 115.8, 

73.2, 35.3, 34.6, 21.7, 13.4. HPLC (Chiralpak AD-H column,  = 230 nm, 30 oC, n-Hexane/i-

PrOH = 90/10, flow rate = 1.0 mL/min) retention time = 12.4 min (minor) and 13.2 min (major). 

HRMS (ESI) m/z: [M+NH4]
+ Calcd for C20H24NO4S 374.1421, found: 374.1413. 

_______________________________________________________________________________ 
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5. Transformation of the Biomimetic Reductive Products 

 

Sodium carbonate (42.4 mg, 0.40 mmol), allyl iodide (67.2 mg, 36.5 µL, 0.40 mmol) and 18-

crown-6 (7.9 mg, 6.8 µL, 0.03 mmol) were added to the stirred solution of (+)-2l (39.6 mg, 0.10 

mmol, 99% ee) in tetrahydrofuran (2.0 mL). The mixture was stirred at ambient temperature for 

28 hours. The mixture was concentrated under the reduced pressure, and then purified by column 

chromatography on silica gel using hexanes and ethyl acetate as eluent to afford the desirable 

alkylation product (+)-4. 
_______________________________________________________________________________ 

(+)-(3S,4S)-3-Allyl-4-(4-fluorophenyl)-3-tosylchroman-2-one (4): 

43 mg, 98% yield, colorless oil, new compound, Rf = 0.41 (hexanes/ethyl acetate 5/1), >99% ee, 

[]20
D = +176.03 (c 0.86, CHCl3), 

1H NMR (400 MHz, CDCl3) δ 7.74 (d, J = 8.1 Hz, 2H), 7.30 (t, 

J = 7.2 Hz, 3H), 7.20 (d, J = 8.1 Hz, 2H), 7.15-7.05 (m, 3H), 6.91 (t, J = 8.3 Hz, 2H), 5.83-5.68 

(m, 7.3 Hz, 1H), 5.15 (d, J = 10.0 Hz, 1H), 4.79 (d, J = 16.9 Hz, 1H), 4.70 (s, 1H), 2.84-2.72 (m, 

2H), 2.39 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 163.5, 162.5 (d, 1JF-C= 246.2 Hz), 149.4, 145.2, 

134.8, 133.1 (d, 4JF-C= 3.1 Hz), 131.3 (d, 3JF-C= 6.7 Hz), 131.1, 130.0, 129.2, 129.2, 128.7, 125.6, 

125.0, 121.7, 116.7, 115.7 (d, 2JF-C= 21.3 Hz), 74.6, 48.0, 37.5, 21.7. 19F NMR (376 MHz, CDCl3) 

δ -113.68. HPLC (Chiralpak IC column, 230 nm, 30 oC, n-Hexane/i-PrOH = 80/20, flow = 1.0 

mL/min) retention time = 14.9 min (minor) and 16.2 min (major). HRMS (ESI) m/z: [M+NH4]
+ 

Calcd for C25H25FNO4S 454.1483, found: 454.1486. 
_______________________________________________________________________________ 

 

To a solution of (+)-2l (39.6 mg, 0.10 mmol, 99% ee) in ethyl ether (3.0 mL) was added lithium 

aluminium tetrahydride (5.7 mg, 0.15 mmol) at 0 oC. The reaction mixture was stirred for 3 h. The 

solution was quenched with water (3.0 mL) and 1N HCl (3.0 mL). The aqueous layer was 

extracted with ethyl acetate (10 mL×3), washed with brine, dried over anhydrous sodium sulfate, 

and concentrated under the reduced pressure. Then, to the solution of the concentrated mixture 

above in dichloromethane (3.0 mL) was added triethylamine (101 mg, 0.14 mL, 1.0 mmol), 4-
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dimethylaminopyridine (6.1 mg, 0.05 mmol) and acetic anhydride (51.1 mg, 47.3 μL, 0.5 mmol) 

at ambient temperature. The reaction mixture was stirred overnight. The solution was quenched 

with saturated ammonium chloride aqueous solution (10 mL). The aqueous layer was extracted 

with dichloromethane, washed with brine, dried over anhydrous sodium sulfate, and concentrated 

under the reduced pressure. The residue was purified by silica gel column chromatography using 

hexanes and ethyl acetate as eluent to afford the desirable product (-)-5. 
_______________________________________________________________________________ 

(-)-2-((1S,2R)-3-Acetoxy-1-(4-fluorophenyl)-2-tosylpropyl)phenyl acetate (5): 

46 mg, 95% yield, colorless oil, new compound, Rf = 0.31 (hexanes/ethyl acetate 2/1), >99% ee, 

[]20
D = -44.45 (c 0.92, CHCl3), 

1H NMR (400 MHz, CDCl3) δ 7.45 (d, J = 8.2 Hz, 2H), 7.26-7.12 

(m, 7H), 7.03 (d, J = 8.0 Hz, 1H), 6.81 (t, J = 8.6 Hz, 2H), 4.94 (d, J = 9.8 Hz, 1H), 4.55-4.47 (m, 

1H), 4.30-4.21 (m, 2H), 2.39 (s, 3H), 2.38 (s, 3H), 1.84 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 

170.1, 169.1, 161.7 (d, 1JF-C= 244.8 Hz), 148.1, 144.5, 137.0, 135.4 (d, 4JF-C= 2.9 Hz), 132.1, 

130.0 (d, 3JF-C= 8.1 Hz), 129.5, 128.7, 128.4, 128.3, 126.5, 123.4, 115.3 (d, 2JF-C= 21.5 Hz), 66.2, 

60.9, 41.0, 21.6, 21.1, 20.4. 19F NMR (376 MHz, CDCl3) δ -115.37. HPLC (Chiralpak AD-H 

column, 230 nm, 30 oC, n-Hexane/i-PrOH = 60/40, flow = 1.0 mL/min) retention time = 9.7 min 

(minor) and 15.2 min (major). HRMS (ESI) m/z: [M+NH4]
+ Calcd for C26H29FNO6S 502.1694, 

found: 502.1696. 
_______________________________________________________________________________ 
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6. Determination of the Absolute Configuration 

To determine the absolute configuration of (+)-4-(4-fluorophenyl)-3-tosylchroman-2-one (2l) 

(98% ee): firstly, (+)-2l was upgraded to >99% ee by recrystallization with n-hexane/dichloro-

methane and completely dissolved in dichloromethane (2 mL). Then part of dichloromethane was 

evaporated and n-hexane (3 mL) was added slowly at ambient temperature. The solvent was 

slowly evaporated and the single crystal of was obtained after one day. The structure in Figure S1 

showed the absolute configuration of (+)-2l is (3R,4S). The CCDC number is 2069554. These 

details can be obtained free of charge via www.ccdc.com.ac.uk/data_request/cif from the 

Cambridge Crystallographic Data Centre. 

 

 

Figure S1. X-ray Crystallographic Analysis of (+)-(3R,4S)-2l 
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Crystal Data and Structure Refinement for mo_d8v21165_0m for (+)-(3R,4S)-2l

Identification code  mo_d8v21165_0m 

Empirical formula  C22 H17 F O4 S 

Formula weight  396.41 

Temperature  293(2) K 

Wavelength  0.71073 Å 

Crystal system  Monoclinic 

Space group  P 21 

Unit cell dimensions a = 8.3425(2) Å = 90° 

 b = 24.9386(7) Å = 99.1170(10)° 

 c = 9.4740(3) Å   = 90° 

Volume 1946.17(9) Å3 

Z 4 

Density (calculated) 1.353 Mg/m3 

Absorption coefficient 0.201 mm-1 

F(000) 824 

Crystal size 0.200 x 0.150 x 0.120 mm3 

Theta range for data collection 2.473 to 25.999°. 

Index ranges -10<=h<=10, -30<=k<=30, -9<=l<=11 

Reflections collected 20019 

Independent reflections 7567 [R(int) = 0.0238] 

Completeness to theta = 25.242° 99.1 % 

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.7456 and 0.6411 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 7567 / 1 / 508 

Goodness-of-fit on F2 1.020 

Final R indices [I>2sigma(I)] R1 = 0.0333, wR2 = 0.0780 

R indices (all data) R1 = 0.0404, wR2 = 0.0838 

Absolute structure parameter 0.020(18) 

Extinction coefficient 0.018(4) 

Largest diff. peak and hole 0.157 and -0.165 e.Å-3 
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7. Mechanistic Investigation 

7.1 The Reduction of NAD(P)H Model (Sp)-3c with Hydrogen Gas 

 

A mixture of [Ru(p-cymene)I2]2 (4.9 mg, 0.005 mmol), (Sp)-3c (33.9 mg, 0.10 mmol) in ethyl 

acetate (2 mL) was stirred at room temperature for 5 min in glove box and then the mixture was 

transferred to an autoclave. The hydrogenation was performed at 50 oC under hydrogen gas (55 

bar) for 18 h. After careful release of the gas, the autoclave was opened, and it gave the reductive 

(Sp)-3c-H (about 95% yield).  Because (Sp)-3c-H was unstable (easy rearomatization to 3c), it 

directly participated in the next reaction without further separation. 

7.2 Control Experiments of Ruthenium Complex 

 

Conditions A: in a 10 mL sealed tube, a mixture of (Sp)-3c-H (34.2 mg, 0.10 mmol), [Ru(p-

cymene)I2]2 (1.5 mg, 0.0015 mmol) and substrate 1n (45.5, 0.10 mmol) in benzotrifluoride (3.0 

mL) was stirred at 90 oC for 23 h. The final reaction mixture was concentrated in vacuo and gave 

product 2n with 32% yield and 98% ee. 

Conditions B: in a 10 mL sealed tube, a mixture of (Sp)-3c-H (34.2 mg, 0.10 mmol) and 

substrate 1n (45.5, 0.10 mmol) in benzotrifluoride (3.0 mL) was stirred at 90 oC for 23 h. The final 

reaction mixture was concentrated in vacuo and gave product 2n with 30% yield and 98% ee. 

Similar results could be achieved for conditions A and B, which indicated that reduced (Sp)-3c-

H reagent participated in the hydrogenation process without the ruthenium complex. Based on the 

experimental results and our previous work1,4-5, a plausible mechanism for the biomimetic 

asymmetric reduction of 3-sulfonyl coumarins was illustrated in the scheme below. 
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9. Copy of NMR and HPLC Spectra 
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