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1. General information  

 

[Rh(C2H4)2Cl]2 was purchased from TCI chemical. Ligands (L5, L6, L7) were 

prepared according to a reported procedure[1]. Reagents were purchased at the highest 

commercial quality and used without further purification, unless otherwise stated. 

Solvents for chromatography were used as supplied by Adamas-beta®. All reactions 

were carried out under nitrogen atmosphere unless otherwise specified. Solvents were 

purified and dried according to standard methods prior to use.  
1H, 13C and 19F NMR data were recorded on a Bruker Avance Ⅲ 400 NMR and 

500 NMR spectrometers with CDCl3 or DMSO-d6 as the solvent. 1H shifts were 

referenced to CDCl3 at 7.26 ppm, to DMSO-d6 at 2.54 ppm. 13C shifts were 

referenced to CDCl3 at 77 ppm, to DMSO at 40 ppm and obtained with 1H decoupling. 

Multiplicities are abbreviated as follows: singlet (s), doublet (d), triplet (t), quartet (q), 

doublet-doublet (dd), doublet-triplet (dt), doublet-quintet (dq), triplet-doublet (td), 

quintet (q), multiplet (m), and broad (br). MS was measured on Agilent 1100 Series 

LC/MSD (ESI) mass spectrometers. Analytical thin layer chromatography (TLC) was 

performed on precoated silica gel 60 GF254 plates. Flash column chromatography 

was performed using Jiangyou silical gel (200-300 mesh). Infrared spectra were 

recorded on a Nicolet IS50 Fourier transform spectrometer (FT-IR) and were reported 

in wave numbers (cm−1). Chiral HPLC analyses were performed on a Shimadzu 

Essentia SPD - 16 using a chiralcel OD-H, chiralcel AD-H, chiralpak AS-H, chiralpak 

IA, or chiralpak IC column. The optical rotations were measured on an Anton Paar 

Modular Circular Polarimeter. 
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2. General procedure for asymmetric addition of arylboron reagents 

to N-Heteroaryl Ketones (General Procedure A).  

 

To a screw-capped tube was charged N-heteroaryl ketones (0.20 mmol, 1.0 

equiv), arylboron reagents (0.60 mmol, 3.0 equiv “B”), CsF (0.40 mmol, 2.0 equiv), 

(S,S,S,S)-WingPhos (5.3 mg, 0.0072 mmol, 3.6 mol %) and [Rh(C2H4)2Cl]2 (1.2 mg, 

0.0030 mmol, 1.5 mol %). The tube was sealed then evacuated and backfilled with N2 

for three times. B(OMe)3 (20.8 mg, 0.2 mmol, 1 equiv) was added to the above 

mixture via microsyringe, and degassed MTBE (3.5 mL) was added via syringe under 

N2. The resulting mixture was stirred at 80 ºC under nitrogen for 16 h. After this time, 

the screw-capped tube was removed from the bath and allowed to cool to room 

temperature. The heterogenous mixture was diluted with EtOAc (10 mL) and filtered 

through celite, rinsing the celite plug with EtOAc/MeOH (24/1, v/v, 25 mL). The 

filtrate was concentrated, and the resulting residue was purified via flash 

chromatography on silica gel with petroleum ether/ethyl acetate (3/1 → 1/1, v/v), 

affording the desired alcohol products. The enantiomeric excesses were determined 

by chiral HPLC on a chiralcel OD-H, chiralcel AD-H, chiralpak AS-H, or chiralpak 

IC column. 
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3. Analytical data of the products of enantioselective Rh-catalyzed 

addition of arylboronic acids to N-Heteroaryl Ketones. 

 (R)-1-(4-methoxyphenyl)-1-(pyridin-3-yl)ethan-1-ol (3aa): 

General Procedure A was followed using 1-(pyridin-3-yl)ethan 

-1-one (24.2 mg, 0.20 mmol), and (4-methoxyphenyl)boronic 

acid (91.2 mg, 0.60 mmol). After flash chromatography with 

petroleum ether/ethyl acetate (3/1 → 1/1, v/v), the desired product was obtained as a 

colorless solid (41.5 mg, 90% yield, >99% ee). Chiral HPLC conditions: chiralpak 

AS-H, 25 oC, flow rate: 1.0 mL/min, hexane/isopropanol/ diethylamine: 80/20/0.03, 

254 nm, 8.6 min (R), 11.8 min (S); [α]25
D = -52.5° (c = 0.25, CHCl3); 

1H NMR (400 

MHz, Chloroform-d) δ 8.55 (d, J = 2.4 Hz, 1H), 8.36 - 8.35 (m, 1H), 7.71 (dt, J = 8.0, 

2.0 Hz, 1H), 7.33 - 7.28 (m, 2H), 7.20 - 7.17 (m, 1H), 6.86 - 6.81 (m, 2H), 3.78 (s, 

3H), 3.49 (br.s, 1H), 1.92 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 158.2, 146.7, 146.6, 

144.4, 139.6, 133.8, 126.9, 122.8, 113.2, 73.7, 54.9, 30.4; IR (KBr, cm-1) 3251, 2989, 

2957, 2835, 1612, 1576, 1510, 1419, 1253, 1174, 1030, 920, 834, 816, 716; HRMS 

(ESI): m/z calcd. for [M+H, C14H16NO2]
+ : 230.1176; found: 230.1183.  
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 (R)-1-(4-methoxyphenyl)-1-(pyridin-4-yl)ethan-1-ol (3ba): 

General Procedure A was followed using 1-(pyridin-4-yl)ethan- 

1-one (24.2 mg, 0.20 mmol), and (4-methoxyphenyl)boronic 

acid (91.2 mg, 0.60 mmol). After flash chromatography with 

petroleum ether/ethyl acetate (3/1 → 1/1, v/v), the desired 

product was obtained as a colorless solid (43.2 mg, 94% yield, >99% ee). Chiral 

HPLC conditions: chiralcel AD-H, 25 oC, flow rate: 1.0 mL/min, hexane/isopropanol 

/diethylamine: 90/10/0.03, 254 nm, 15.7 min (R), 18.1 min (S); [α]25
D = -25.0 ° (c = 

0.74, CHCl3); 
1H NMR (400 MHz, DMSO-d6) δ 8.48 - 8.42 (m, 2H), 7.40 - 7.36 (m, 

2H), 7.36 - 7.31 (m, 2H), 6.91 - 6.78 (m, 2H), 5.84 (s, 1H), 3.71 (s, 3H), 1.80 (s, 3H); 
13C NMR (101 MHz, DMSO) δ 158.7, 158.4, 149.7, 140.5, 127.3, 121.1, 113.7, 73.9, 

55.5, 30.1; HRMS (FI): m/z calcd. for [M, C14H15NO2]
+ : 229.1097; found: 229.1093. 
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 (R)-1-(4-methoxyphenyl)-1-(pyridin-4-yl)propan-1-ol (3ca): 

General Procedure A was followed using 

1-(pyridin-4-yl)propan-1-one (27.0 mg, 0.20 mmol) and 

(4-methoxyphenyl)boronic acid (91.2 mg, 0.60 mmol). After 

flash chromatography with petroleum ether/ethyl acetate (3/1 

→ 1/1, v/v), the desired product was obtained as a colorless solid (44.8 mg, 92% 

yield, >99% ee). Chiral HPLC conditions: chiralcel AD-H, 25 oC, flow rate: 1.0 

mL/min, hexane/isopropanol /diethylamine: 90/10/0.03, 254 nm, 14.5 min (R), 17.0 

min (S); [α]25
D = -24.8 ° (c = 0.49, CHCl3); 

1H NMR (400 MHz, DMSO-d6) δ 8.53 - 

8.22 (m, 2H), 7.54 - 7.19 (m, 4H), 6.91 - 6.76 (m, 2H), 5.56 (s, 1H), 3.71 (s, 3H), 2.22 

(q, J = 7.2 Hz, 2H), 0.74 (t, J = 7.2 Hz, 3H); 13C NMR (101 MHz, DMSO) δ 158.2, 

157.6, 149.6, 139.6, 127.4, 121.4, 113.7, 76.4, 55.4, 33.4, 8.5; IR (KBr, cm-1): 3103, 

2964, 2934, 2837, 1601, 1510, 1415, 1256, 1174, 1030, 985, 827, 816, 694; HRMS 

(ESI): m/z calcd. for [M+H, C15H18NO2]
+ : 244.1332; found: 244.1337. 
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(R)-1-(5-fluoropyridin-3-yl)-1-(4-methoxyphenyl)ethan-1-ol 

(3da): General Procedure A was followed using 

1-(5-fluoropyridin-3-yl)ethan-1-one (27.8 mg, 0.20 mmol), and 

(4-methoxyphenyl)boronic acid (91.2 mg, 0.60 mmol). After 

flash chromatography with petroleum ether/ethyl acetate (3/1 

→ 1/1, v/v), the desired product was obtained as a colorless oil (47.3 mg, 95% yield, 

99% ee). Chiral HPLC conditions: chiralpak AS-H, 25 oC, flow rate: 1.0 mL/min, 

hexane/isopropanol/diethylamine: 80/20/0.03, 254 nm, 6.6 min (R), 9.0 min (S); 

[α]25
D = -22.1 ° (c = 0.78, CHCl3); 

1H NMR (400 MHz, Chloroform-d) δ 8.28 (t, J = 

1.7 Hz, 1H), 8.14 (d, J = 2.7 Hz, 1H), 7.52 (dt, J = 9.8, 2.3 Hz, 1H), 7.36 - 7.25 (m, 

2H), 6.91 - 6.79 (m, 2H), 4.32 (br.s, 0.88H), 3.79 (s, 3H), 1.91 (s, 3H); 13C NMR (101 

MHz, Chloroform-d) δ 159.2 (d, J = 256.2 Hz), 158.8, 146.5 (d, J = 2.8 Hz), 143.0 (d, 

J = 3.9 Hz), 138.7, 135.5 (d, J = 23.6 Hz), 127.0, 120.7 (d, J = 18.9 Hz), 113.7, 73.8, 

55.2, 30.6; 19F NMR (377 MHz, CDCl3) δ -126.9 (s, 1F); IR (KBr, cm-1): 3242, 2977, 

2935, 2837, 1611, 1511, 1420, 1301, 1255, 1180, 1030, 897, 835, 709; HRMS (ESI): 

m/z calcd. for [M+H, C14H15FNO2]
+ : 248.1081; found: 248.1087.  
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(R)-1-(6-chloropyridin-3-yl)-1-(4-methoxyphenyl)ethan-1-o

l (3ea): General Procedure A was followed using 

1-(6-chloropyridin-3-yl)ethan-1-one (31.0 mg, 0.20 mmol), 

and (4-methoxyphenyl)boronic acid (91.2 mg, 0.60 mmol). 

After flash chromatography with petroleum ether/ethyl acetate (3/1 → 1/1, v/v), the 

desired product was obtained as a colorless solid (50.2 mg, 95% yield, 98% ee). 

Chiral HPLC conditions: chiralpak AS-H, 25 oC, flow rate: 1.0 mL/min, hexane/ 

isopropanol/diethylamine: 80/20/0.03, 254 nm, 8.5 min (R), 13.8 min (S); [α]25
D = 

-46.2 ° (c = 0.10, CHCl3); 
1H NMR (400 MHz, Chloroform -d) δ 8.37 (d, J = 2.5 Hz, 

1H), 7.66 - 7.64 (m, 1H), 7.32 - 7.27 (m, 2H), 7.23 - 7.21 (m, 1H), 6.94 - 6.76 (m, 2H), 

3.79 (s, 3H), 2.64 (br.s, 1H), 1.92 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 158.9, 

149.7, 147.3, 142.8, 138.7, 136.7, 127.1, 123.5, 113.8, 74.3, 55.3, 30.8; IR (KBr, 

cm-1): 3361, 2975, 2934, 2836, 1608, 1583, 1511, 1461, 1372, 1251, 1108, 1028, 916, 

832, 746; HRMS (ESI): m/z calcd. for [M+H, C14H15ClNO2]
+ : 264.0786; found: 

264.0787.    
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(R)-1-(6-bromopyridin-3-yl)-1-(4-methoxyphenyl)ethan-1-

ol (3fa): General Procedure A was followed using 

1-(6-bromopyridin-3-yl)ethan-1-one (39.8 mg, 0.20 mmol), 

and (4-methoxyphenyl)boronic acid (91.2 mg, 0.60 mmol). 

After flash chromatography with petroleum ether/ethyl 

acetate (3/1 → 1/1, v/v), the desired product was obtained as a colorless oil (57.8 mg, 

94% yield, 98% ee). Chiral HPLC conditions: chiralpak AS-H, 25 oC, flow rate: 1.0 

mL/min, hexane/isopropanol/diethylamine: 80/20/0.03, 254 nm, 8.8 min (R), 14.8 min 

(S); [α]25
D = -24.7 ° (c = 0.55, CHCl3); 

1H NMR (400 MHz, Chloroform-d) δ 8.40 (d, 

J = 2.5 Hz, 1H), 7.56 - 7.54 (m, 1H), 7.40 - 7.38 (m, 1H), 7.33 - 7.27 (m, 2H), 6.92 - 

6.81 (m, 2H), 3.80 (s, 3H), 2.32 (br.s, 1H), 1.93 (s, 3H); 13C NMR (101 MHz, CDCl3) 

δ 158.6, 147.7, 143.4, 139.8, 138.6, 136.6, 127.2, 127.0, 113.6, 74.0, 55.1, 30.5; 

HRMS (ESI): m/z calcd. for [M+H, C14H15BrNO2]
+ :308.0281; found: 308.0286. 
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(R)-1-(6-bromopyridin-2-yl)-1-(4-methoxyphenyl)ethan-1-o

l (3ga): General Procedure A was followed using 

1-(6-bromopyridin-2-yl)ethan-1-one (39.8 mg, 0.20 mmol), 

and (4-methoxyphenyl)boronic acid (91.2 mg, 0.60 mmol). 

After flash chromatography with petroleum ether/ethyl acetate 

(3/1 → 1/1, v/v), the desired product was obtained as a colorless oil (57.3 mg, 93% 

yield, 99% ee). Chiral HPLC conditions: chiralpak IC, 25 oC, flow rate: 1.0 mL/min, 

hexane /isopropanol/diethylamine: 80/20/0.03, 254 nm, 6.4 min (S), 9.1 min (R); 

[α]25
D = -115.0 ° (c = 0.92, CHCl3); 

1H NMR (400 MHz, Chloroform-d) δ 7.49 - 7.45 

(m, 1H), 7.41 - 7.31 (m, 3H), 7.21 - 7.19 (m, 1H), 6.88 - 6.81 (m, 2H), 4.95 (br.s, 1H), 

3.78 (s, 3H), 1.89 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 167.0, 158.6, 140.3, 139.1, 

138.3, 127.1, 126.2, 119.0, 113.5, 75.0, 55.2, 29.4; HRMS (ESI): m/z calcd. for 

[M+Na, C14H14BrNNaO2]
+ : 330.0100; found: 330.0107. 
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(R)-1-(4-methoxyphenyl)-1-(5-methoxypyridin-3-yl)etha

n-1-ol (3ha): General Procedure A was followed using 

1-(5-methoxypyridin-3-yl)ethan-1-one (30.2 mg, 0.20 mmol) 

and (4-methoxyphenyl)boronic acid (91.2 mg, 0.60 mmol). 

After flash chromatography with petroleum ether/ethyl acetate (3/1 → 1/1, v/v), the 

desired product was obtained as a colorless oil (46.6 mg, 90% yield, 99% ee). Chiral 

HPLC conditions: chiralcel OD-H, 25 oC, flow rate: 1.0 mL/min, hexane/isopropanol/ 

diethylamine: 80/20/0.03, 254 nm, 7.8 min (R), 9.0 min (S); [α]25
D = -34.7 ° (c = 0.54, 

CHCl3); 
1H NMR (400 MHz, Chloroform-d) δ 8.00 (d, J = 1.9 Hz, 1H), 7.87 (d, J = 

2.8 Hz, 1H), 7.31 (t, J = 2.3 Hz, 1H), 7.28 - 7.23 (m, 2H), 6.86 - 6.66 (m, 2H), 4.95 

(br.s, 1H), 3.72 (d, J = 7.5 Hz, 6H), 1.84 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 

158.4, 155.3, 145.4, 139.5, 139.2, 134.2, 127.0, 118.8, 113.4, 73.8, 55.3, 55.0, 30.5; 

IR (KBr, cm-1): 3206, 2972, 2933, 2837, 1609, 1583, 1510, 1456, 1423, 1282, 1250, 

1178, 1035, 874, 835, 713; HRMS (ESI): m/z calcd. for [M+H, C15H18NO3]
+ : 

260.1281; found: 260.1287. 
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(R)-1-(4-methoxyphenyl)-1-(2-methoxypyridin-4-yl)etha

n-1-ol (3ia): General Procedure A was followed using 

1-(2-methoxypyridin-4-yl)ethan-1-one (30.2 mg, 0.20 mmol) 

and (4-methoxyphenyl)boronic acid (91.2 mg, 0.60 mmol). 

After flash chromatography with petroleum ether/ethyl acetate (3/1 → 1/1, v/v), the 

desired product was obtained as a colorless solid (48.0 mg, 92% yield, >99% ee). 

Chiral HPLC conditions: chiralpak AS-H, 25 oC, flow rate: 1.0 mL/min, 

hexane/isopropanol/diethylamine: 80/20/0.03, 254 nm, 10.1 min (S), 12.5 min (R); 

[α]25
D = -52.6 ° (c = 0.40, CHCl3);

1H NMR (400 MHz, Chloroform-d) δ 8.03 - 7.99 

(m, 1H), 7.32 - 7.27 (m, 2H), 6.85 - 6.80 (m, 4H), 3.89 (s, 3H), 3.76 (s, 3H), 2.66 (br.s, 

1H), 1.86 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 164.3, 160.1, 158.6, 146.4, 138.6, 

127.0, 114.5, 113.5, 107.4, 74.9, 55.1, 53.4, 29.9; IR (KBr, cm-1): 3183, 2972, 2935, 

2840, 1602, 1512, 1463, 1382, 1299, 1246, 1165, 1029, 896, 840, 767; HRMS (ESI): 

m/z calcd. for [M+H, C15H18NO3]
+ : 260.1281; found: 260.1287. 
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(R)-1-(4-methoxyphenyl)-1-(6-methylpyridin-3-yl)ethan-

1-ol (3ja): General Procedure A was followed using 

1-(6-methylpyridin-3-yl)ethan-1-one (27.0 mg, 0.20 mmol) 

and (4-methoxyphenyl)boronic acid (91.2 mg, 0.60 mmol). 

After flash chromatography with petroleum ether/ethyl acetate (3/1 → 1/1, v/v), the 

desired product was obtained as a colorless solid (31.4 mg, 64% yield, >99% ee). 

Chiral HPLC conditions: chiralpak AS-H, 25 oC, flow rate: 1.0 mL/min, 

hexane/isopropanol/diethylamine: 80/20/0.03, 254 nm, 6.8 min (R), 11.0 min (S); 

[α]25
D = -23.3 ° (c = 0.13, CHCl3); 

1H NMR (400 MHz, Chloroform-d) δ 8.49 (d, J = 

2.2 Hz, 1H), 7.60 - 7.58 (m, 1H), 7.36 - 7.27 (m, 2H), 7.07 (d, J = 8.1 Hz, 1H), 6.90 - 

6.78 (m, 2H), 3.79 (s, 3H), 2.60 (br.s, 0.74H), 2.51 (s, 3H), 1.92 (s, 3H); 13C NMR 

(101 MHz, CDCl3) δ 158.6, 156.5, 146.5, 140.8, 139.6, 134.2, 127.0, 122.6, 113.6, 

74.4, 55.2, 30.8, 23.8; IR (KBr, cm-1): 3166, 3002, 2966, 2833, 1610, 1511, 1377, 

1296, 1248, 1182, 1100, 1032, 924, 835, 767; HRMS (ESI): m/z calcd. for [M+H, 

C15H18NO2]
+ : 244.1332; found: 244.1337. 
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(R)-5-(4-methoxyphenyl)-6,7-dihydro-5H-cyclopenta[b]pyrid

in-5-ol (3ka): General Procedure A was followed using 

6,7-dihydro-5H-cyclopenta[b]pyridin-5-one (26.6 mg, 0.20 

mmol) and (4-methoxyphenyl)boronic acid (91.2 mg, 0.60 

mmol). After flash chromatography with petroleum ether/ethyl 

acetate (3/1 → 1/1, v/v), the desired product was obtained as a colorless solid (32.3 

mg, 67% yield, 97% ee). Chiral HPLC conditions: chiralpak AS-H, 25 oC, flow rate: 

1.0 mL/min, hexane /isopropanol/diethylamine: 80/20/0.03, 254 nm, 7.5 min (R), 12.1 

min (S); [α]25
D = -10.2 ° (c = 0.54, CHCl3); 

1H NMR (400 MHz, Chloroform-d) δ 

8.44 (d, J = 4.7 Hz, 1H), 7.45 - 7.43 (m, 1H), 7.31 - 7.24 (m, 2H), 7.14 - 7.10 (m, 1H), 

6.89 - 6.83 (m, 2H), 3.80 (s, 3H), 3.27 - 3.16 (m, 1H), 3.06 - 2.98 (m, 1H), 2.89 (br.s, 

1H), 2.60 - 2.42 (m, 2H); 13C NMR (101 MHz, CDCl3) δ 164.5, 158.7, 149.4, 141.5, 

138.1, 132.4, 126.7, 121.9, 113.5, 83.2, 55.2, 42.8, 31.6; IR (KBr, cm-1): 3390, 3001, 

2956, 2835, 1613, 1587, 1511, 1421, 1355, 1249, 1171, 1034, 917, 834, 716; HRMS 

(ESI): m/z calcd. for [M+H, C15H16NO2]
+ : 242.1176; found: 242.1174. 
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 (R)-1-(4-methoxyphenyl)-1-(quinolin-3-yl)ethan-1-ol 

(3la): General Procedure A was followed using 

1-(quinolin-3-yl)ethan-1-one (34.2 mg, 0.20 mmol) and 

(4-methoxyphenyl)boronic acid (91.2 mg, 0.60 mmol). 

After flash chromatography with petroleum ether/ethyl 

acetate (3/1 → 1/1, v/v), the desired product was obtained as a colorless solid (52.3 

mg, 93% yield, 98% ee). Chiral HPLC conditions: chiralpak AS-H, 25 oC, flow rate: 

1.0 mL/min, hexane /isopropanol/diethylamine: 80/20/0.03, 254 nm, 8.6 min (R), 9.6 

min (S); [α]25
D = -54.8 ° (c = 0.45, CHCl3); 

1H NMR (400 MHz, Chloroform-d) δ 

8.67 (d, J = 2.3 Hz, 1H), 8.23 (d, J = 2.3 Hz, 1H), 8.01 - 7.99 (m, 1H), 7.73 - 7.71 (m, 

1H), 7.65 - 7.56 (m, 1H), 7.51 - 7.44 (m, 1H), 7.34 - 7.28 (m, 2H), 6.83 - 6.75 (m, 2H), 

4.61 (br.s, 1H), 3.74 (s, 3H), 1.96 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 158.5, 

149.6, 146.1, 141.3, 139.2, 131.8, 129.1, 128.3, 127.9, 127.4, 127.2, 126.6, 113.5, 

74.3, 55.1, 30.5; IR (KBr, cm-1): 3192, 2976, 2931, 2838, 1609, 1514, 1495, 1372, 

1253, 1178, 1028, 914, 835, 757; HRMS (ESI): m/z calcd. for [M+H, C18H18NO2]
+ : 

280.1332; found: 280.1335. 
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 (R)-1-(4-methoxyphenyl)-1-(pyrimidin-5-yl)ethan-1-ol 

(3ma): General Procedure A was followed using 1-(pyrimidin 

-5-yl)ethan-1-one (24.4 mg, 0.20 mmol), (4-methoxyphenyl)- 

boronic acid (91.2 mg, 0.60 mmol). After flash 

chromatography with petroleum ether/ethyl acetate (2/1 → 

1/2, v/v), the desired product was obtained as a colorless solid (32.3 mg, 70% 

yield, >99% ee). Chiral HPLC conditions: chiralcel OD-H, 25 oC, flow rate: 1.0 

mL/min, hexane/isopropanol/diethylamine: 80/20/0.03, 254 nm, 7.3 min (R), 8.9 min 

(S); [α]25
D = -10.6 ° (c = 0.42, CHCl3); 

1H NMR (400 MHz, Chloroform-d) δ 8.93 (s, 

1H), 8.67 (s, 2H), 7.35 - 7.27 (m, 2H), 6.91 - 6.81 (m, 2H), 3.77 (s, 3H), 1.92 (s, 3H); 
13C NMR (101 MHz, CDCl3) δ 158.0, 156.4, 154.4, 141.7, 138.1, 127.0, 113.8, 73.0, 

55.2, 30.4; IR (KBr, cm-1): 3330, 2963, 2932, 2838, 1613, 1563, 1511, 1430, 1409, 

1252, 1098, 1029, 910, 821, 726; HRMS (ESI): m/z calcd. for [M+H, C13H15N2O2]
+ : 

231.1128; found: 231.1133. 
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(R)-1-phenyl-1-(pyridin-3-yl)ethan-1-ol (3ab): General 

Procedure A was followed using 1-(pyridin-3-yl)ethan-1-one 

(24.2 mg, 0.20 mmol) and phenylboronic acid (73.2 mg, 0.60 

mmol). After flash chromatography with petroleum ether/ethyl 

acetate (3/1 → 1/1, v/v), the desired product was obtained as a colorless solid (33.5 

mg, 84% yield, >99% ee). The absolute configuration was determined by comparing 

its optical rotation with reported data[2]. Chiral HPLC conditions: chiralpak IC, 25 oC, 

flow rate: 1.0 mL/min, hexane/isopropanol/diethylamine: 70/30/0.03, 254 nm, 6.1 min 

(R), 10.5 min (S); [α]25
D = -22.5 ° (c = 0.22, CHCl3); 

1H NMR (400 MHz, 

Chloroform-d) δ 8.49 (d, J = 2.0 Hz, 1H), 8.27 - 8.26 (m, 1H), 7.74 - 7.70 (m, 1H), 

7.42 - 7.36 (m, 2H), 7.31 - 7.27 , 2H), 7.26 - 7.20 (m, 1H), 7.17 - 7.14 (m, 1H), 4.48 

(br.s, 1H), 1.91 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 147.4, 147.2, 147.1, 143.9, 

133.9, 128.2, 127.1, 125.8, 123.0, 74.5, 30.5; HRMS (ESI): m/z calcd. for [M+H, 

C13H14NO]+ : 200.1070; found: 200.1074. 
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 (R)-1-(benzo[d][1,3]dioxol-5-yl)-1-(pyridin-3-yl)ethan-1-ol 

(3ac): General Procedure A was followed using 1-(pyridin-3-yl)- 

ethan-1-one (24.2 mg, 0.20 mmol) and benzo[d][1,3]dioxol-5-yl- 

boronic acid (99.6 mg, 0.60 mmol). After flash chromatography 

with petroleum ether/ethyl acetate (2/1 → 1/1, v/v), the desired 

product was obtained as a colorless solid (38.1 mg, 78% yield, >99% ee). Chiral 

HPLC conditions: chiralpak AS-H, 25 oC, flow rate: 1.0 mL/min, hexane 

/isopropanol/diethylamine: 80/20/0.03, 254 nm, 11.5 min (R), 13.1 min (S); [α]25
D = 

-28.8 ° (c = 0.44, CHCl3); 
1H NMR (400 MHz, Chloroform-d) δ 8.45 (d, J = 1.9 Hz, 

1H), 8.25 (dd, J = 4.8, 1.6 Hz, 1H), 7.71 (dt, J = 8.1, 2.0 Hz, 1H), 7.16 - 7.13 (m, 1H), 

6.89 - 6.79 (m, 2H), 6.70 - 6.68 (m, 1H), 5.88 (s, 2H), 4.14 (br.s, 1H), 1.85 (s, 3H); 
13C NMR (101 MHz, CDCl3) δ 147.5, 147.1, 146.9, 146.4, 144.1, 141.5, 133.8, 123.0, 

118.9, 107.6, 106.9, 100.9, 74.2, 30.6; IR (KBr, cm-1): 3224, 2980, 2896, 1489, 1441, 

1377, 1251, 1104, 1087, 1040, 932, 799, 716; HRMS (ESI): m/z calcd. for [M+H, 

C14H14NO3]
+ : 244.0968; found: 244.0971. 
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(R)-1-(4-morpholinophenyl)-1-(pyridin-3-yl)ethan-1-ol 

(3ad): General Procedure A was followed using 

1-(pyridin-3-yl)ethan-1-one (24.2 mg, 0.20 mmol) and 

(4-morpholinophenyl)boronic acid (124.2 mg, 0.60 mmol). 

After flash chromatography with petroleum ether/ethyl acetate 

(3/1 → 1/1, v/v), the desired product was obtained as a colorless solid (42.4 mg, 74% 

yield, >99% ee). Chiral HPLC conditions: chiralpak AS-H, 25 oC, flow rate: 1.0 

mL/min, hexane/isopropanol/diethylamine: 80/20/0.03, 254 nm, 15.1 min (R), 20.2 

min (S); [α]25
D = -48.2 ° (c =0.08, CHCl3); 

1H NMR (400 MHz, Chloroform-d) δ 8.63 

(d, J = 2.3 Hz, 1H), 8.45 - 8.44 (m, 1H), 7.72 (m, 1H), 7.36 - 7.27 (m, 2H), 7.23 - 7.19 

(m, 1H), 6.95 - 6.77 (m, 2H), 3.84 (t, J = 4.8 Hz, 4H), 3.14 (t, J = 5.2 Hz, 4H), 2.53 (s, 

1H), 1.94 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 150.1, 147.2, 147.0, 144.2, 138.5, 

133.9, 126.8, 122.9, 115.1, 74.3, 66.7, 49.0, 30.1; IR (KBr, cm-1): 3193, 2964, 2919, 

2849, 1610, 1514, 1450, 1369, 1261, 1229, 1123, 1086, 926, 830, 711; HRMS (ESI): 

m/z calcd. for [M+H, C17H21N2O2]
+ : 285.1598; found: 285.1605. 
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 (R)-1-(4-fluorophenyl)-1-(pyridin-3-yl)ethan-1-ol (3ae): 

General Procedure A was followed using 1-(pyridin-3-yl)ethan-1- 

one (24.2 mg, 0.20 mmol) and (4-fluorophenyl)boronic acid (84.0 

mg, 0.60 mmol). After flash chromatography with petroleum 

ether/ethyl acetate (3/1 → 1/1, v/v), the desired product was 

obtained as a colorless oil (32.5 mg, 75% yield, >99% ee). Chiral HPLC conditions: 

chiralcel OD-H, 25 oC, flow rate: 1.0 mL/min, hexane/isopropanol /diethylamine: 

90/10/0.03, 254 nm, 13.6 min (S), 15.2 min (R); [α]25
D = -9.0 ° (c = 0.80, CHCl3); 

1H 

NMR (400 MHz, Chloroform-d) δ 8.43 (s, 1H), 8.24 (d, J = 4.8 Hz, 1H), 7.70 (dt, J = 

8.0, 1.9 Hz, 1H), 7.39 - 7.28 (m, 2H), 7.18 - 7.15(m, 1H), 7.03 - 6.87 (m, 2H), 4.87 

(br.s, 1H), 1.89 (s, 3H); 13C NMR (101 MHz, Chloroform-d) δ 163.0, 160.5, 147.2 (d, 

J = 40.3 Hz), 143.9, 143.1(d, J = 3.2 Hz), 133.9, 127.6 (d, J = 8.0 Hz), 123.1, 115.0 (d, 

J = 21.3 Hz), 74.1, 30.7; 19F NMR (377 MHz, CDCl3) δ -115.2 (s, 1F); IR (KBr, cm-1): 

3113, 2967, 2818, 1597, 1504, 1430, 1224, 1160, 1138, 1087, 1038, 924, 832, 711; 

HRMS (ESI): m/z calcd. for [M+H, C13H13FNO]+: 218.0976; found: 218.0978. 
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 (R)-1-(3-chlorophenyl)-1-(pyridin-3-yl)ethan-1-ol (3af): 

General Procedure A was followed using 1-(pyridin-3-yl)ethan-1- 

one (24.2 mg, 0.20 mmol) and (3-chlorophenyl)boronic acid (93.8 

mg, 0.60 mmol). After flash chromatography with petroleum 

ether/ethyl acetate (3/1 → 2/1, v/v), the desired product was 

obtained as a colorless oil (27.7 mg, 59% yield, 99% ee). Chiral HPLC conditions: 

chiralpak AS-H, 25 oC, flow rate: 1.0 mL/min, hexane/isopropanol /diethylamine: 

80/20/0.03, 254 nm, 7.3 min (S), 7.8 min (R); [α]25
D = -0.3 ° (c = 0.30, CHCl3); 

1H 

NMR (400 MHz, Chloroform-d) δ 8.44 (d, J = 2.3 Hz, 1H), 8.26 (dd, J = 4.8, 1.6 Hz, 

1H), 7.73 - 7.70 m, 1H), 7.42 (m, 1H), 7.25 - 7.15 (m, 4H), 4.91 (br.s, 1H), 1.89 (s, 

3H); 13C NMR (101 MHz, CDCl3) δ 149.4, 147.5, 146.9, 143.4, 134.2, 134.1, 129.5, 

127.2, 126.1, 124.0, 123.2, 74.1, 30.4; IR (KBr, cm-1): 3179, 2978, 2928, 2854, 1593, 

1572, 1474, 1419, 1191, 1079, 1027, 925, 787, 699; HRMS (ESI): m/z calcd. for 

[M+H, C13H13ClNO]+ : 234.0680; found: 234.0689. 
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 (S)-1-(6-methoxypyridin-3-yl)-1-(pyridin-3-yl)ethan-1-ol 

(3ag): General Procedure A was followed using 1-(pyridin-3-yl)- 

ethan-1-one (24.2 mg, 0.20 mmol) and (6-methoxypyridin-3-yl)- 

boronic acid (91.8 mg, 0.60 mmol). After flash chromatography 

with petroleum ether/ethyl acetate (3/1 → 1/2, v/v), the desired 

product was obtained as a colorless solid (36.6 mg, 79% yield, >99% ee). Chiral 

HPLC conditions: chiralpak AS-H, 25 oC, flow rate: 1.0 mL/min, hexane 

/isopropanol/diethylamine: 90/10/0.03, 254 nm, 16.7 min (S), 18.4 min (R); [α]25
D = 

-6.3 ° (c = 0.28, CHCl3); 
1H NMR (400 MHz, Chloroform-d) δ 8.53 (d, J = 1.8 Hz, 

1H), 8.34 (dd, J = 4.8, 1.6 Hz, 1H), 8.16 - 8.15 m, 1H), 7.73 - 7.70 m, 1H), 7.55 (dd, J 

= 8.7, 2.6 Hz, 1H), 7.22 - 7.18 (m, 1H), 6.67 - 6.65 (m, 1H), 4.21 (br.s, 0.71H), 3.89 (s, 

3H), 1.91 (s, 3H).; 13C NMR (101 MHz, CDCl3) δ 163.3, 147.7, 147.0, 144.0, 143.4, 

137.2, 135.5, 133.9, 123.1, 110.6, 73.2, 53.5, 30.5; IR (KBr, cm-1): 3196, 2955, 2921, 

1606, 1572, 1492, 1366, 1282, 1216, 1020, 919, 836, 709; HRMS (ESI): m/z calcd. 

for [M+H, C13H15N2O2]
+ : 231.1128; found: 231.1133. 
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4. Synthesis of substrates for enantioselective Rh-catalyzed addition 

of arylboronic acids to α-Ketobenzoxazoles 

 

α-Ketobenzoxazoles (except 4m) were synthesized according to the followed 

scheme. Preparation of 4a was shown as a representative example[3]. 

 

  An oven-dried three-necked flask equipped with Dean-Stark apparatus was charged 

with 2-aminophenol (10.0 g, 91.66 mmol, 1.0 equiv) and TsOH (2.63 g, 13.75 mmol, 

0.15 equiv), then fresh distilled toluene (160 mL) was added to the mixture. After 

stirring at room temperature for 5 minutes, the flask was moved to an oil bath, 

(S)-2-hydroxypropanoic acid (8.67 g, 96.24 mmol, 1.05 equiv) was added. The 

toluene collected in Dean-Stark apparatus was removed for 2 times at beginning of 

the reaction. The reaction was stirred at 140 ℃ overnight, then the three-necked flask 

was removed from the bath oil and allowed to cool to room temperature. reaction 

mixture was concentrated in vacuo then was diluted with DCM (40 mL) and filtered 

through celite, rinsing the celite plug with DCM (200 mL). The combined organic 

phase was added water (120 mL), the two phases were separated and the water phase 

was extracted with DCM (100 mL) for 2 times. subsequently, the combined organic 

phase was dried with anhydrous sodium sulfate, filtered, and concentrated in vacuo. 

The crude product was purified by flash chromatography on a silica gel column with 

PE and EA (6/1, v/v) as the eluent to afford the alcohol product 4a’. 

Alcohol 4a’ (5.82 g, 35.65 mmol, 1 equiv) was dissolved in DCM (150 mL), 

Dess-Martin Periodinane (18.20 g, 42.8 mmol, 1.2 equiv) was added in portions to 

above mixture at -15oC. The reaction was stirred for about 2 hours, TLC showed 

the transformation was completed, and reaction was quenched by adding 

saturated NaHCO3 aqueous (20-40 mL) and saturated Na2SO3 aqueous (20-40 

mL) at 0 °C. The mixture was separated, and the water phase was extracted with 

DCM (80 mL x 2) and the combined organic extracts were washed with brine (100 

mL), dried with anhydrous sodium sulfate, filtered, and concentrated in vacuo. The 

crude products were purified by flash chromatography on a silica gel column with PE 

and EA (12/1, v/v) as the eluent to afford the desired product 4a. 
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1-(benzo[d]oxazol-2-yl)ethan-1-one (4a): Aforementioned 

procedure was followed using 2-aminophenol (10.00 g, 91.66 

mmol), (S)-2-hydroxypropanoic acid (8.67 g, 96.24 mmol), and 

TsOH (2.63 g, 13.75 mmol). 4a’ was obtained as an orange oil (6.98 

g, 47% yield) by flash chromatography on silica gel with petroleum ether/ethyl 

acetate (6/1, v/v). Then, using 4a’ (5.82 g, 35.65 mmol) and DMP (18.20 g, 42.8 

mmol), the 4a was obtained as a white solid (4.94 g, 86% yield) by flash 

chromatography with petroleum ether/ethyl acetate (12/1, v/v). 1H NMR (400 MHz, 

Chloroform-d) δ 7.91 - 7.89 (m, 1H), 7.67 - 7.65 (m, 1H), 7.56 - 7.52 (m, 1H), 7.48 - 

7.44 (m, 1H), 2.82 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 187.4, 157.3, 150.8, 140.5, 

128.5, 125.7, 122.2, 111.9, 26.9; HRMS (ESI): m/z calcd. for [M+Na, C9H7NNaO2]
+ : 

184.0369; found: 184.0374. 

 

 

1-(5-methylbenzo[d]oxazol-2-yl)ethan-1-one (4b): 
Aforementioned procedure was followed using 2-amino-4-methyl- 

phenol (3.00 g, 24.36 mmol), (S)-2-hydroxypropanoic acid (2.30 g, 

25.58 mmol), and TsOH (695.0 mg, 3.65 mmol). 4b’ was obtained 

as an orange oil (2.20 g, 51% yield) by flash chromatography on 

silica gel with petroleum ether/ethyl acetate (8/1 → 4/1, v/v). Then, using 4b’ (1.0 g, 

5.65 mmol) and DMP (2.88 g, 6.78 mmol), the 4b was obtained as a white solid 

(902.1 mg, 91% yield) by flash chromatography with petroleum ether/ethyl acetate 

(12/1, v/v) 1H NMR (400 MHz, Chloroform-d) δ 7.67 - 7.66 (m, 1H), 7.53 - 7.51 (m, 

1H), 7.36 - 7.33 (m, 1H), 2.80 (s, 3H), 2.51 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 

187.4, 157.4, 149.0, 140.7, 135.8, 130.0, 121.7, 111.2, 26.9, 21.4; HRMS (ESI): m/z 

calcd. for [M+Na, C10H9NNaO2]
+ : 198.0525; found: 198.0523. 

 

 

1-(5-methoxybenzo[d]oxazol-2-yl)ethan-1-one (4c): 
Aforementioned procedure was followed using 

2-amino-4-methoxyphenol (5.00 g, 35.96 mmol) and 

(S)-2-hydroxypropanoic acid (3.40 g, 37.75 mmol) and TsOH 

(1025.94 mg, 5.40 mmol). 4c’ was obtained as an orange oil (2.92 

g, 42% yield) by flash chromatography on silica gel with petroleum ether/ethyl 

acetate (8/1 → 4/1, v/v). Then, using 4c’ (1.17 g, 6.06 mmol) and DMP (3.08 g, 7.27 

mmol), the 4c was obtained as a white solid (952.9 mg, 92% yield) by flash 

chromatography with petroleum ether/ethyl acetate (12/1, v/v). 1H NMR (400 MHz, 

Chloroform-d) δ 7.54 - 7.52 (m, 1H), 7.31 - 7.30 (m, 1H), 7.16 - 7.13 (dd, J = 9.1, 2.6 

Hz, 1H), 3.88 (s, 3H), 2.79 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 187.3, 158.2, 

158.0, 145.5, 141.4, 118.6, 112.2, 103.5, 55.9, 26.9; IR (KBr, cm-1): 3075, 3029, 2917, 

1707, 1529, 1350, 1123, 832; HRMS (ESI): m/z calcd. for [M+H, C10H10NO3]
+ : 

192.0655; found: 192.0655. 
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1-(5-(tert-butyl)benzo[d]oxazol-2-yl)ethan-1-one (4d): 
Aforementioned procedure was followed using 2-amino-4-(tert- 

butyl)phenol (4.15 g, 25.00 mmol), (S)-2-hydroxypropanoic acid 

(2.38 g, 26.42 mmol) and TsOH (713.3 mg, 3.75 mmol). 4d’ was 

obtained as an orange oil (3.63 g, 66% yield) by flash 

chromatography on silica gel with petroleum ether/ethyl acetate (8/1 → 4/1, v/v). 

Then, using 4d’ (3.62 g, 16.51 mmol) and DMP (8.40 g, 19.81 mmol), the 4d was 

obtained as a white solid (3.08 g, 84% yield) by flash chromatography with petroleum 

ether/ethyl acetate (12/1, v/v). 1H NMR (400 MHz, CDCl3) δ 7.91 - 7.87 (m, 1H), 

7.62 - 7.60 (m, 1H), 7.57 - 7.55 (m, 1H), 2.80 (s, 3H), 1.40 (s, 9H). 13C NMR (101 

MHz, CDCl3) δ 187.4, 157.5, 149.5, 148.9, 140.5, 126.8, 118.3, 111.0, 35.0, 31.6, 

26.9; IR (KBr, cm-1): 3078, 2962, 2869, 1707, 1529, 1475, 1106, 831; HRMS (ESI): 

m/z calcd. for [M+Na, C13H15NNaO2]
+ : 240.0995; found: 240.1001. 

 

 

1-(5-fluorobenzo[d]oxazol-2-yl)ethan-1-one (4e): 
Aforementioned procedure was followed using 2-amino-4-fluoro- 

phenol (3.00 g, 23.61 mmol), (S)-2-hydroxypropanoic acid (2.23 g, 

24.80 mmol) and TsOH (673.2 mg, 3.54 mmol). 4e’ was obtained 

as an orange oil (1.20 g, 28% yield) by flash chromatography on 

silica gel with petroleum ether/ethyl acetate (8/1 → 4/1, v/v). Then, using 4e’ (1.20 g, 

6.64 mmol) and DMP (3.38 g, 7.97 mmol), the 4e was obtained as a pink solid 

(1019.8 mg, 86% yield) by flash chromatography with petroleum ether/ethyl acetate 

(12/1, v/v). 1H NMR (400 MHz, CDCl3) δ 7.63 - 7.60 (m, 1H), 7.56 (dd, J = 8.0, 2.5 

Hz, 1H), 7.33 - 7.26 (m, 1H), 2.81 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 187.1, 

160.5 (d, J = 243.4 Hz), 158.6, 147.1 (d, J = 10.0 Hz), 141.2 (d, J = 13.2 Hz), 116.9 

(d, J = 26.8 Hz), 112.5 (d, J = 9.9 Hz), 108.1 (d, J = 25.3 Hz), 26.9; 19F NMR (377 

MHz, CDCl3) δ -115.1 (s, 1F); IR (KBr, cm-1): 3097, 3067, 3027, 1707, 1533, 1475, 

1124, 825; HRMS (ESI): m/z calcd. for [M+Na, C9H6FNNaO2]
+ : 202.0275; found: 

202.0270. 

 

 

1-(5-chlorobenzo[d]oxazol-2-yl)ethan-1-one (4f): 
Aforementioned procedure was followed using 2-amino-4-chloro- 

phenol (5.74 g, 40.00 mmol), (S)-2-hydroxypropanoic acid (3.78 g, 

42.00 mmol) and TsOH (1.14 g, 6.00 mmol). 4f’ was obtained as 

an orange oil (1.96 g, 25% yield) by flash chromatography on 

silica gel with petroleum ether/ethyl acetate (8/1 → 4/1, v/v). Then, using 4f’(1.5 g, 

7.61 mmol) and DMP (3.87 g, 9.13 mmol), the 4f was obtained as a colorless solid 

(1.16 g, 78% yield) by flash chromatography with petroleum ether/ethyl acetate (12/1, 

v/v). 1H NMR (400 MHz, CDCl3) δ 7.88 (m, 1H), 7.60 - 7.58 (m, 1H), 7.52 - 7.49 (m, 

1H), 2.81 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 187.1, 158.1, 149.3, 141.5, 131.3, 

129.0, 122.0, 112.7, 27.0; HRMS (ESI): m/z calcd. for [M+Na, C9H6ClNNaO2]
+ : 

217.9979; found: 217.9976. 
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1-(5-bromobenzo[d]oxazol-2-yl)ethan-1-one (4g): 

Aforementioned procedure was followed using 2-amino-4-bromo- 

phenol (2.93 g, 15.58 mmol), (S)-2-hydroxypropanoic acid (1.47 g, 

16.36 mmol) and TsOH (444.5 mg, 2.34 mmol). 4g’ was obtained 

as an orange oil (1.15 g, 31% yield) by flash chromatography on 

silica gel with petroleum ether/ethyl acetate (8/1 → 4/1, v/v). Then, using 4g’ (1.15 g, 

4.77 mmol) and DMP (2.42 g, 5.73 mmol), the 4g was obtained as a pink solid (869.8 

mg, 76% yield) by flash chromatography with petroleum ether/ethyl acetate (12/1, 

v/v), 1H NMR (400 MHz, CDCl3) δ 8.04 (d, J = 1.6 Hz, 1H), 7.66 - 7.63 m, 1H), 7.56 

- 7.53 (m, 1H), 2.81 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 187.1, 158.0, 149.7, 

142.0, 131.7, 125.1, 118.5, 113.2, 27.0; HRMS (ESI): m/z calcd. for [M+Na, 

C9H6BrNNaO2]
+ : 261.9474; found: 261.9479. 

 

 

1-(6-fluorobenzo[d]oxazol-2-yl)ethan-1-one (4h): Aforementioned 

procedure was followed using 2-amino-5-fluorophenol (2.5 g, 

19.67 mmol), (S)-2-hydroxypropanoic acid (1.86 g, 20.64 mmol) 

and TsOH (561.2 mg, 2.55 mmol). 4h’ was obtained as an orange 

oil (594 mg, 17% yield) by flash chromatography on silica gel 

with petroleum ether/ethyl acetate (8/1 → 4/1, v/v). Then, using 4h’ (500 mg, 2.76 

mmol) and DMP (1.40 g, 3.31 mmol), the 4h was obtained as a colorless solid (408.2 

mg, 83% yield) by flash chromatography with petroleum ether/ethyl acetate (12/1, 

v/v). 1H NMR (400 MHz, CDCl3) δ 7.85 (dd, J = 8.9, 4.9 Hz, 1H), 7.36 (dd, J = 7.7, 

2.4 Hz, 1H), 7.22 (td, J = 9.2, 2.4 Hz, 1H), 2.79 (s, 3H); 13C NMR (101 MHz, CDCl3) 

δ 186.8, 162.6 (d, J = 249.4 Hz), 157.95 (d, J = 4.0 Hz), 150.92 (d, J = 15.0 Hz), 

136.82 (d, J = 1.7 Hz), 123.0 (d, J = 10.5 Hz), 114.5 (d, J = 25.3 Hz), 99.5 (d, J = 28.1 

Hz), 26.8; 19F NMR (377 MHz, CDCl3) δ -108.9 (s, 1F); HRMS (ESI): m/z calcd. for 

[M+H, C9H7FNO2]
+ : 180.0455; found: 180.0451. 

 

 

methyl 2-acetylbenzo[d]oxazole-6-carboxylate (4i): 
Aforementioned procedure was followed using 4-amino-3-hydr- 

oxybenzoate (2.5 g, 14.96 mmol), (S)-2-hydroxypropanoic acid 

(1.59 g, 15.71 mmol) and TsOH (426.8 mg, 2.24 mmol). 4i’ was 

obtained as an orange oil (731.3 mg, 22% yield) by flash 

chromatography on silica gel with petroleum ether/ethyl acetate (8/1 → 4/1, v/v). 

Then, using 4i’ (731.3 mg, 3.31 mmol) and DMP (1.68 g, 3.97 mmol), the 4i was 

obtained as a colorless solid (627.2 mg, 87% yield) by flash chromatography with 

petroleum ether/ethyl acetate (12/1, v/v). 1H NMR (400 MHz, CDCl3) δ 8.34 (m, 1H), 

8.20 - 8.17 (m, 1H), 7.95 - 7.93 (m, 1H), 3.99 (s, 3H), 2.84 (s, 3H); 13C NMR (101 

MHz, CDCl3) δ 187.2, 165.9, 159.0, 150.4, 144.0, 130.4, 127.1, 122.0, 113.7, 52.6, 

27.1; IR (KBr, cm-1): 3106, 3010, 1704, 1425, 1290, 1122, 890, 774; HRMS (ESI): 

m/z calcd. for [M+Na, C11H9NNaO4]
+ : 242.0424; found: 242.0426. 
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1-(4-methylbenzo[d]oxazol-2-yl)ethan-1-one (4j): 

Aforementioned procedure was followed using 2-amino-3-methyl- 

phenol (2.50 g, 20.30 mmol), (S)-2-hydroxypropanoic acid (1.92 g, 

21.32 mmol) and TsOH (965.0 mg, 5.08 mmol). 4j’ was obtained 

as an orange oil (1.25 g, 35% yield) by flash chromatography on 

silica gel with petroleum ether/ethyl acetate (8/1 → 4/1, v/v). Then, using 4j’ (1.0 g, 

5.65 mmol) and DMP (2.87 g, 6.78 mmol), the 4j was obtained as a colorless solid 

(884.2 mg, 89% yield) by flash chromatography with petroleum ether/ethyl acetate 

(12/1, v/v). 1H NMR (400 MHz, CDCl3) δ 7.47 - 7.39 (m, 2H), 7.25 - 7,23 (m, 1H), 

2.82 (s, 3H), 2.68 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 187.7, 156.7, 150.6, 140.1, 

133.2, 128.3, 125.9, 109.0, 27.0, 16.4; IR (KBr, cm-1): 3087, 2922, 1702, 1532, 1305, 

1112, 789; HRMS (ESI): m/z calcd. for [M+Na, C10H9NNaO2]
+ : 198.0525; found: 

198.0532. 
 

 

1-(naphtho[2,3-d]oxazol-2-yl)ethan-1-one (4k): solid, 

Aforementioned procedure was followed using 

3-aminonaphthalen-2-ol (2.00 g, 12.56 mmol), (S)-2-hydroxypro- 

panoic acid (1.19 g, 13.19 mmol) and TsOH (597.0 mg, 3.14 

mmol). 4k’ was obtained as an orange oil (523.7 mg, 20% yield) 

by flash chromatography on silica gel with petroleum ether/ethyl acetate (8/1 → 4/1, 

v/v). Then, using 4k’ (523.7 g, 2.46 mmol) and DMP (1.25 g, 2.95 mmol), the 4k was 

obtained as a yellow solid (308.2 mg, 59% yield) by flash chromatography with 

petroleum ether/ethyl acetate (12/1, v/v). 1H NMR (400 MHz, CDCl3) δ 8.40 (s, 1H), 

8.06 - 8.05 (m, 2H), 8.00 (d, J = 8.1 Hz, 1H), 7.65 - 7.47 (m, 2H), 2.87 (s, 3H); 13C 

NMR (101 MHz, CDCl3) δ 187.8, 158.7, 149.0, 140.0, 133.4, 131.7, 128.8, 128.0, 

126.7, 125.2, 120.6, 107.8, 27.1; IR (KBr, cm-1): 3061, 1706, 1537, 1305, 1265, 870, 

753; HRMS (ESI): m/z calcd. for [M+Na, C13H9NNaO2]
+ : 234.0525; found: 

234.0533. 

 

 

1-(benzo[d]oxazol-2-yl)propan-1-one (4l): Aforementioned 

procedure was followed using 2-aminophenol (2.99 g, 27.44 

mmol), (S)-2-hydroxybutanoic acid (3.00 g, 28.82 mmol) and 

TsOH (782.9 mg, 4.12 mmol). 4l’ was obtained as an orange oil 

(1.74 g, 36% yield) by flash chromatography on silica gel with 

petroleum ether/ethyl acetate (8/1 → 4/1, v/v). Then, using 4l’ (1.73 g, 9.75 mmol) 

and DMP (4.96 g, 11.70 mmol), the 4l was obtained as a white solid (1.46 g, 85% 

yield) by flash chromatography with petroleum ether/ethyl acetate (12/1, v/v). 1H 

NMR (400 MHz, CDCl3) δ 7.90 - 7.88 (m, 1H), 7.67 - 7.65 (m, 1H), 7.56 - 7.52 (m, 

1H), 7.48 - 7.44 (m, 1H), 3.26 (q, J = 7.3 Hz, 2H), 1.30 (t, J = 7.3 Hz, 3H); 
13C NMR 

(101 MHz, CDCl3) δ 190.7, 157.1, 150.6, 140.4, 128.4, 125.6, 122.2, 111.9, 32.9, 7.7; 

HRMS (ESI): m/z calcd. for [M+Na, C10H9NNaO2]
+ : 198.0525; found: 198.0529. 
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1-(benzo[d]thiazol-2-yl)ethan-1-one (4n): Aforementioned procedure 

was followed using 2-aminobenzenethiol (5 g, 39.94 mmol), 

(S)-2-hydroxypropanoic acid (3.78 g, 41.94 mmol) and TsOH 

(1.14 g, 5.99 mmol). 4n’ was obtained as an orange oil (2.51 g, 35% 

yield) by flash chromatography on silica gel with petroleum 

ether/ethyl acetate (8/1 → 4/1, v/v). Then, using 4n’ (1.00 g, 5.58 mmol) and DMP 

(2.84 g, 6.69 mmol), the 4n was obtained as a colorless solid (863.3 mg, 87% yield) 

by flash chromatography with petroleum ether/ethyl acetate (12/1, v/v). 1H NMR (400 

MHz, CDCl3) δ 8.32 - 8.11 (m, 1H), 8.11 - 7.87 (m, 1H), 7.61 - 7.56 (m, 1H), 7.56 - 

7.50 (m, 1H), 2.83 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 193.0, 166.4, 153.5, 137.3, 

127.6, 126.9, 125.4, 122.4, 26.1; HRMS (ESI): m/z calcd. for [M+Na, C9H7NNaOS]+ : 

200.0141; found: 200.0139. 

 

 

 

Compound 4m’ was synthesized according the reference [4]. Benzo[d]oxazole (1.0 

g, 8.39 mmol, 1 equiv) was dissolved in anhydrous THF (7 mL) under N2, and the 

solution was cooled to -15 °C, i-PrMgCl (2M solution in THF, 4.2 mL, 8.39 mmol, 1 

equiv) was added dropwise via syringe to the cooled mixture, and the mixture was 

stirred at -15 °C for about 30 minutes. After this time, butyraldehyde (603.5 mg, 8.39 

mmol, 1 equiv) in 10 mL anhydrous THF (prepared in a separate, flame-dried round 

bottom flask under nitrogen) was added to the cooled mixture dropwise via constant 

pressure funnel and the mixture was stirred at -15 °C for about 20 minutes. After this 

time, the mixture was stirred and allowed to warm up to room temperature for about 3 

h, TLC monitored the process of reaction. The reaction was quenched by adding 

saturated NH4Cl (10-15 mL) at 0 °C. The organic layer was separated, water layer 

was extracted with EtOAc (20 mL x 2), and the combined organic extracts were 

washed with brine (30 mL), dried with anhydrous sodium sulfate, filtered, and 

concentrated in vacuo. The crude products were purified by flash chromatography on 

a silica gel column with PE/EA (8/1 → 4/1, v/v) as the eluent to afford the desired 

product 4m’ (545 mg, 34% yield, the reaction yield was not optimized). Following the 

aforementioned oxidation reaction procedure, 4m’ (545 mg, 2.85 mmol) and DMP 

(1.45 g, 3.42 mmol, 1.2 equiv) was used to provide 4m as a white solid (404mg, 75% 

yield) after flash chromatography on a silica gel column with PE/EA (15/1, v/v). 

 

1-(benzo[d]oxazol-2-yl)butan-1-one (4m): 1H NMR (400 MHz, 

CDCl3) δ 7.90 - 7.88 (m, 1H), 7.67 - 7.65 (m, 1H), 7.55 - 7.51 (m, 

1H), 7.50 - 7.40 (m, 1H), 3.29 - 3.14 (m, 2H), 1.96 - 1.78 (m, 2H), 

1.05 (t, J = 7.4 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 190.1, 

157.2, 150.6, 140.4, 128.3, 125.6, 122.1, 111.8, 41.3, 17.31 13.6; 
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IR (KBr, cm-1): 3092, 3023, 2959, 2875, 1706, 1532, 1350, 1023, 751; HRMS (ESI): 

m/z calcd. for [M+H, C11H12NO2]
+ : 190.0863; found: 190.0862. 

 

 
 

 

5. General procedure of enantioselective Rh-catalyzed addition of 

arylboronic acids to α-Ketobenzoxazoles (General Procedure B). 

 

To a flame-dried Schlenk tube equipped with a magnetic stirring bar was 

charged α-ketobenzoxazoles (0.20 mmol, 1 equiv), arylboronic acids (0.50 mmol, 2.5 

equiv), CsF (0.40 mmol, 2 equiv), (S,S,S,S)-WingPhos (5.3 mg, 0.0072 mmol, 3.6 

mol %) and [Rh(C2H4)2Cl]2 (1.2 mg, 0.0030 mmol, 1.5 mol %). The tube was sealed 

then evacuated and backfilled with N2 for three times. Fresh distilled toluene (3.5 mL) 

was added via syringe and the resulting mixture was stirred at 60 ºC under nitrogen 

for 12 h. After this time, the Schlenk tube was removed from the bath and allowed to 

cool to room temperature. The heterogenous mixture was diluted with EtOAc (10 mL) 

and filtered through celite, rinsing the celite plug with EtOAc (25 mL). The filtrate 

was concentrated, and the resulting residue was purified via flash chromatography on 

silica gel with petroleum ether/ethyl acetate (8/1, v/v), affording the desired alcohol 

products. The enantiomeric excesses were determined by chiral HPLC on a chiralcel 

OD-H, chiralcel AD-H or chiralpak IA column. 

 

To perform the addition reaction by employing 0.3 mol% Rhodium, the 

procedure is: to a flame-dried Schlenk tube equipped with a magnetic stirring bar was 

charged α-ketobenzoxazoles (2.0 mmol, 1 equiv), arylboronic acids (6.0 mmol, 3.0 

equiv), CsF (4.0 mmol, 2 equiv), (S,S,S,S)-WingPhos (5.3 mg, 0.0072 mmol, 0.36 

mol %) and [Rh(C2H4)2Cl]2 (1.2 mg, 0.0030 mmol, 0.15 mol %) The tube was sealed 

then evacuated and backfilled with N2 for three times. Fresh distilled toluene (35 mL) 

was added via syringe and the resulting mixture was stirred at 70 ºC under nitrogen 

for 16 h. Then the reaction mixture was cooled to room temperature, quenched by 

addition of EtOAc (30 mL) and water (20 mL). The organic phase was separated, the 

water phase was extracted with EtOAc (20 mL x 3), then combined the extracts, dried 

over sodium sulfate, concentrated and purified by flash column chromatography to 

provide the desired alcohol product. The enantiomeric excesses were determined by 

chiral HPLC on a chiralcel OD-H, or chiralcel AD-H. 
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6. Analytical data of the products of enantioselective Rh-catalyzed 

addition of arylboronic acids to α-Ketobenzoxazoles. 

 

(R)-1-(benzo[d]oxazol-2-yl)-1-(4-methoxyphenyl)ethan-1-ol 

(5aa): General Procedure B was followed using 4a (32.2 mg, 

0.20 mmol) and (4-methoxyphenyl)boronic acid (76.0 mg, 

0.50 mmol). After flash chromatography with petroleum 

ether/ethyl acetate (8/1, v/v), the desired product was obtained 

as a colorless solid (50.9 mg, 94% yield, 97% ee). Chiral HPLC conditions: chiralcel 

AD-H, 25 oC, flow rate: 1.0 mL/min, hexane/isopropanol: 80/20, 254 nm, 9.5 min (S), 

12.1 min (R); [α]25
D = 63.2 ° (c = 0.63, CHCl3); 

1H NMR (400 MHz, Chloroform-d) δ 

7.74 - 7.66 (m, 1H), 7.48 - 7.45 (m, 3H), 7.37 - 7.27 (m, 2H), 6.88 - 6.84 (m, 2H), 

3.77 (s, 3H), 3.68 (br.s, 1H), 2.08 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 169.6, 

159.2, 151.0, 140.4, 135.9, 126.3, 125.1, 124.5, 120.1, 113.8, 110.8, 73.3, 55.2, 28.6; 

IR (KBr, cm-1): 3378, 2992, 2934, 2836, 1610, 1511, 1455, 1302, 1248, 1178, 1031, 

928, 831, 748; HRMS (ESI): m/z calcd. for [M+H, C16H16NO3]
+ : 270.1125; found: 

270.1130. 
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(R)-1-(4-methoxyphenyl)-1-(5-methylbenzo[d]oxazol-2-y

l)ethan-1-ol (5ba): General Procedure B was followed 

using 4b (35.0 mg, 0.20 mmol) and (4-methoxyphenyl) 

boronic acid (76.0 mg, 0.50 mmol). After flash 

chromatography with petroleum ether/ethyl acetate (8/1, v/v), the desired product was 

obtained as a colorless oil (51.1 mg, 90% yield, 96% ee). Chiral HPLC conditions: 

chiralcel OD-H, 25 oC, flow rate: 1.0 mL/min, hexane/isopropanol: 80/20, 254 nm, 

6.0 min (S), 6.7 min (R); [α]25
D = 39.1 ° (c = 2.57, CHCl3); 

1H NMR (400 MHz, 

Chloroform-d) δ 7.51 - 7.40 (m, 3H), 7.33 - 7.31 (m, 1H), 7.10 (dd, J = 8.4, 1.6 Hz, 

1H), 6.90 - 6.81 (m, 2H), 4.26 (br.s, 1H), 3.76 (s, 3H), 2.43 (s, 3H), 2.08 (s, 3H); 13C 

NMR (101 MHz, CDCl3) δ 169.8, 159.1, 149.2, 140.5, 136.1, 134.2, 126.3, 126.1, 

119.9, 113.7, 110.1, 73.2, 55.1, 28.5, 21.3; IR (KBr, cm-1): 3398, 2999, 2932, 2836, 

1610, 1562, 1511, 1462, 1301, 1251, 1178, 1032, 958, 832, 801; HRMS (ESI): m/z 

calcd. for [M+H, C17H18NO3]
+ : 284.1281; found: 284.1285. 
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(R)-1-(5-methoxybenzo[d]oxazol-2-yl)-1-(4-methoxyphe

nyl)ethan-1-ol (5ca): General Procedure B was followed 

using 4c (38.2 mg, 0.20 mmol) and (4-methoxyphenyl)bor- 

onic acid(76.0 mg, 0.50 mmol). After flash chromatography 

with petroleum ether/ethyl acetate (8/1, v/v), the desired product was obtained as a 

colorless oil (54.8 mg, 91% yield, 97% ee). Chiral HPLC conditions: chiralcel AD-H, 

25 oC, flow rate: 1.0 mL/min, hexane/isopropanol: 80/20, 254 nm, 10.6 min (S), 16.4 

min (R); [α]25
D = 33.0 ° (c = 0.26, CHCl3); 

1H NMR (400 MHz, Chloroform-d) δ 7.49 

-7.37 (m, 2H), 7.27 - 7.25 (m, 1H), 7.10 - 7.09 (m, 1H), 6.87 - 6.80 (m, 3H), 4.68 (br.s, 

1H), 3.73 (d, J = 15.2 Hz, 6H), 2.06 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 170.4, 

158.9, 157.0, 145.4, 141.0, 136.0, 126.2, 113.5, 110.7, 102.9, 73.1, 55.7, 55.0, 28.5; 

IR (KBr, cm-1): 3447, 2996, 2936, 2836, 1611, 1559, 1511, 1340, 1151, 1029, 949, 

834, 807; HRMS (ESI): m/z calcd. for [M+H, C17H18NO4]
+ : 300.1230; found: 

300.1234. 
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(R)-1-(5-(tert-butyl)benzo[d]oxazol-2-yl)-1-(4-methoxyp

henyl)ethan-1-ol (5da): General Procedure B was followed 

using 4d (43.4 mg, 0.20 mmol) and (4-methoxyphenyl)bor- 

onic acid (76.0 mg, 0.50 mmol). After chromatography with 

petroleum ether/ethyl acetate (8/1, v/v), the desired product was obtained as a 

colorless oil (58.5 mg, 90% yield, 96% ee). Chiral HPLC conditions: chiralcel OD-H, 

25 oC, flow rate: 1.0 mL/min, hexane/isopropanol: 97/3, 254 nm, 13.9 min (S), 15.3 

min (R); [α]25
D = 36.0 ° (c = 1.50, CHCl3); 

1H NMR (400 MHz, Chloroform-d) δ 7.73 

(s, 1H), 7.48 - 7.45 (m, 2H), 7.38 (s, 2H), 6.87 - 6.85 m, 2H), 4.07 (br.s, 0.71H), 3.78 

(s, 3H), 2.07 (s, 3H), 1.36 (s, 9H); 13C NMR (101 MHz, CDCl3) δ 169.8, 159.1, 149.0, 

148.1, 140.2, 136.0, 126.3, 122.8, 116.6, 113.7, 110.0, 73.3, 55.2, 34.9, 31.7, 28.5; IR 

(KBr, cm-1): 3393, 2961, 2869, 2836, 1611, 1562, 1511, 1481, 1365, 1251, 1179, 936, 

833, 810; HRMS (ESI): m/z calcd. for [M+H, C20H24NO3]
+ : 326.1751; found: 

326.1758. 
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(R)-1-(5-fluorobenzo[d]oxazol-2-yl)-1-(4-methoxyphenyl)

ethan-1-ol (5ea): General Procedure B was followed using 

4e (35.8 mg, 0.20 mmol) and (4-methoxyphenyl)boronic 

acid (76.0 mg, 0.50 mmol). After flash chromatography with 

petroleum ether/ethyl acetate (8/1, v/v), the desired product was obtained as a 

colorless oil (55.4 mg, 89% yield, 96% ee). Chiral HPLC conditions: chiralcel OD-H, 

25 oC, flow rate: 1.0 mL/min, hexane/isopropanol: 85/15, 254 nm, 7.2 min (R), 7.9 

min (S); [α]25
D = 43.9 ° (c = 2.41, CHCl3); 

1H NMR (400 MHz, Chloroform-d) δ 7.45 

- 7.42 (m, 2H), 7.38 (m, 2H), 7.05 (td, J = 9.1, 2.5 Hz, 1H), 6.89 - 6.84 (m, 2H), 3.78 

(s, 3H), 2.06 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 171.4, 160.0 (d, J = 240.0 Hz), 

159.3, 147.4 (d, J = 1.0 Hz), 141.2 (d, J = 13.0 Hz), 135.6, 126.3, 113.8, 112.9 (d, J = 

26.0 Hz), 111.2 (d, J = 10.0 Hz), 106.6 (d, J = 26.0 Hz), 73.3, 55.2, 28.5; 19F NMR 

(377 MHz, CDCl3) δ -117.5 (s, 1F); IR (KBr): 3418, 2993, 2934, 2842, 1611, 1560, 

1512, 1477, 1302, 1251, 1135, 1032, 959, 833, 806; HRMS (ESI): m/z calcd. for 

[M+H, C16H14FNNaO3]
+ : 310.0850; found: 310.0855. 
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(R)-1-(5-chlorobenzo[d]oxazol-2-yl)-1-(4-methoxyphenyl)

ethan-1-ol (5fa): General Procedure B was followed using 

4f (39.0 mg, 0.20 mmol) and (4-methoxyphenyl)boronic acid 

(76.0 mg, 0.50 mmol). After flash chromatography with 

petroleum ether/ethyl acetate (8/1, v/v), the desired product was obtained as a 

colorless oil (52.3 mg, 86% yield, 96% ee). Chiral HPLC conditions: chiralcel OD-H, 

25 oC, flow rate: 1.0 mL/min, hexane/isopropanol: 80/20, 254 nm, 6.6 min (R), 7.7 

min (S); [α]25
D = 31.0 ° (c = 1.45, CHCl3); 

1H NMR (400 MHz, Chloroform-d) δ 7.64 

(d, J = 2.0 Hz, 1H), 7.48 - 7.40 (m, 2H), 7.39 - 7.37 (m, 1H), 7.30 - 7.29 (m, 1H), 6.90 

- 6.83 (m, 2H), 3.78 (s, 3H), 3.40 (br.s, 1H), 2.06 (s, 3H); 13C NMR (101 MHz, CDCl3) 

δ 171.1, 159.3, 149.5, 141.5, 135.5, 130.0, 126.3, 125.5, 120.1, 113.8, 111.5, 73.3, 

55.2, 28.5; IR (KBr, cm-1): 3335, 2993, 2933, 2836, 1610, 1557, 1511, 1451, 1301, 

1253, 1178, 1031, 920, 831, 705; HRMS (ESI): m/z calcd. for [M+H, C16H15ClNO3]
+ : 

304.0735; found: 304.0737. 
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(R)-1-(5-bromobenzo[d]oxazol-2-yl)-1-(4-methoxyphenyl)

ethan-1-ol (5ga): General Procedure B was followed using 

4g (47.8 mg, 0.20 mmol) and (4-methoxyphenyl)boronic 

acid (76.0 mg, 0.50 mmol). After flash chromatography with 

petroleum ether/ethyl acetate (8/1, v/v), the desired prodcut was obtained as a yellow 

solid (58.7 mg, 84% yield, 96% ee). Chiral HPLC conditions: chiralcel OD-H, 25 oC, 

flow rate: 1.0 mL/min, hexane/isopropanol: 85/15, 254 nm, 8.1 min (R), 10.1 min (S); 

[α]25
D = 23.8 ° (c = 1.18, CHCl3); 

1H NMR (400 MHz, Chloroform-d) δ 7.82 (d, J = 

1.9 Hz, 1H), 7.47 - 7.40 (m, 3H), 7.36 - 7.34 (m, 1H), 6.91 - 6.82 (m, 2H), 3.78 (s, 

3H), 3.52 (br.s, 1H), 2.06 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 170.8, 159.3, 150.0, 

142.0, 135.5, 128.2, 126.3, 123.2, 117.3, 113.8, 112.1, 73.3, 55.2, 28.5; IR (KBr, cm-1): 

3395, 2960, 2927, 2853, 1610, 1557, 1502, 1448, 1302, 1248, 1178, 1033, 908, 831, 

802; HRMS (ESI): m/z calcd. for [M+H, C16H15BrNO3]
+ : 348.0230; found: 

348.0233. 
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(R)-1-(6-fluorobenzo[d]oxazol-2-yl)-1-(4-methoxyphenyl

)ethan-1-ol (5ha): General Procedure B was followed 

using 4h (35.8 mg, 0.20 mmol) and (4-methoxyphenyl)bor- 

onic acid (76.0 mg, 0.50 mmol). After chromatography 

with petroleum ether/ethyl acetate (8/1, v/v), the desired product was obtained as a 

colorless solid (51.7 mg, 90% yield, 97% ee). Chiral HPLC conditions: chiralcel 

AD-H, 25 oC, flow rate: 1.0 mL/min, hexane/isopropanol: 90/10, 254 nm, 14.9 min 

(S), 17.9 min (R); [α]25
D = 42.6 ° (c = 2.50, CHCl3); 

1H NMR (400 MHz, Chloroform- 

d) δ 7.62 (dd, J = 8.8, 4.8 Hz, 1H), 7.48 - 7.41 (m, 2H), 7.19 (dd, J = 7.9, 2.4 Hz, 1H), 

7.07 (ddd, J = 9.5, 8.7, 2.4 Hz, 1H), 6.90 - 6.84 (m, 2H), 3.78 (s, 3H), 3.14 (br.s, 1H), 

2.06 (s, 3H); 13C NMR (101 MHz, Chloroform-d) δ 170.0 (d, J = 3.7 Hz), 160.6 (d, J 

= 244.5 Hz), 159.3, 156.0 (d, J = 14.7 Hz), 136.7, 135.6, 126.3, 120.5 (d, J = 10.0 Hz), 

113.9, 112.5 (d, J = 24.7 Hz), 98.9 (d, J = 28.2 Hz), 73.3, 55.2, 28.6; 19F NMR (377 

MHz, CDCl3) δ -114.8 (s, 1F); IR (KBr, cm-1): 3263, 2960, 2927, 2854, 1617, 1541, 

1509, 1483, 1250, 1177, 1079, 1031, 953, 832, 812; HRMS (ESI): m/z calcd. for 

[M+H, C16H15FNO3]
+ : 288.1030; found: 288.1031.  
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Methyl-(R)-2-(1-hydroxy-1-(4-methoxyphenyl)ethyl)b

enzo[d]oxazole-6-carboxylate (5ia): General Procedure 

B was followed using 4i (43.8 mg, 0.20 mmol) and 

(4-methoxyphenyl)boronic acid (76.0 mg, 0.50 mmol). 

After flash chromatography with petroleum ether/ethyl 

acetate (8/1, v/v), the desired product was obtained as a colorless oil (58.4 mg, 89% 

yield, 98% ee). Chiral HPLC conditions: chiralcel AD-H, 25 oC, flow rate: 1.0 

mL/min, hexane/isopropanol: 80/20, 254 nm, 12.2 min (S), 16.0 min (R); [α]25
D = 

65.8 ° (c = 2.65, CHCl3); 
1H NMR (400 MHz, Chloroform-d) δ 8.14 (d, J = 1.5 Hz, 

1H), 8.05 - 8.03 (m, 1H), 7.71 - 7.70 (m, 1H), 7.50 - 7.36 (m, 2H), 6.95 - 6.81 (m, 2H), 

3.93 (s, 3H), 3.77 (s, 3H), 2.08 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 172.2, 166.5, 

159.3, 150.7, 144.3, 135.4, 127.3, 126.3, 126.2, 119.7, 113.8, 112.5, 73.4, 55.2, 52.4, 

28.5; IR (KBr, cm-1): 3445, 2996, 2953, 2836, 1720, 1607, 1511, 1434, 1295, 1254, 

1178, 1074, 834, 775, 746; HRMS (ESI): m/z calcd. for [M+H, C18H18NO5]
+ : 

328.1179; found: 328.1180.  

 

 

 

 

 



S39 

 

 

(R)-1-(4-methoxyphenyl)-1-(4-methylbenzo[d]oxazol-2-yl)

ethan-1-ol (5ja): General Procedure B was followed using 4j 

(35.0 mg, 0.20 mmol) and (4-methoxyphenyl)boronic acid 

(76.0 mg, 0.50 mmol). After flash chromatography with 

petroleum ether/ethyl acetate (8/1, v/v), the desired product was obtained as a 

colorless oil (51.1 mg, 90% yield, 95% ee). Chiral HPLC conditions: chiralpak IA, 25 
oC, flow rate: 1.0 mL/min, hexane/ isopropanol: 95/5, 254 nm, 11.5 min (S), 12.1 min 

(R); [α]25
D =34.8 ° (c = 2.21, CHCl3); 

1H NMR (400 MHz, Chloroform-d) δ 7.53 - 

7.45 (m, 2H), 7.32 - 7.30 (m, 1H), 7.21 (t, J = 7.8 Hz, 1H), 7.14 -7.12 (m, 1H), 6.92 - 

6.84 (m, 2H), 4.05 (br.s, 0.84H), 3.78 (s, 3H), 2.62 (s, 3H), 2.07 (s, 3H); 13C NMR 

(101 MHz, CDCl3) δ 168.7, 159.1, 150.9, 139.6, 136.0, 130.7, 126.3, 125.0, 124.7, 

113.7, 108.0, 73.3, 55.2, 28.5, 16.5; IR (KBr, cm-1): 3427, 2991, 2931, 2836, 1608, 

1511, 1456, 1302, 1249, 1178, 1033, 832, 778, 757; HRMS (ESI): m/z calcd. for 

[M+H, C17H18NO3]
+ : 284.1281; found: 284.1286. 

 

 

 

 

 



S40 

 

 

(R)-1-(4-methoxyphenyl)-1-(naphtho[2,3-d]oxazol-2-yl)

ethan-1-ol (5ka): General Procedure B was followed 

using 4k (42.2 mg, 0.20 mmol) and (4-methoxyphenyl)bo- 

ronic acid (76.0 mg, 0.50 mmol). After chromatography 

with petroleum ether/ethyl acetate (8/1, v/v), the desired product was obtained as a 

colorless solid (54.2 mg, 85% yield, 96% ee). Chiral HPLC conditions: chiralcel 

OD-H, 25 oC, flow rate: 1.0 mL/min, hexane/isopropanol: 80/20, 254 nm, 9.0 min (R), 

10.4 min (S); [α]25
D = 56.5 ° (c = 1.16, CHCl3);

 1H NMR (400 MHz, Chloroform-d) δ 

8.13 (s, 1H), 8.02 - 7.95 (m, 1H), 7.95 - 7.88 (m, 1H), 7.85 (s, 1H), 7.58 - 7.42 (m, 

4H), 6.93 - 6.84 (m, 2H), 3.91 (s, 1H), 3.78 (s, 3H), 2.12 (s, 3H); 13C NMR (101 MHz, 

CDCl3) δ 171.7, 159.3, 150.0, 140.4, 135.6, 131.6, 131.3, 128.5, 127.9, 126.4, 125.6, 

124.8, 117.7, 113.9, 106.8, 73.4, 55.3, 28.4; IR (KBr, cm-1): 3345, 3053, 2996, 2932, 

2834, 1610, 1511, 1443, 1302, 1248, 1179, 1073, 1033, 865, 834, 742; HRMS (ESI): 

m/z calcd. for [M+H, C20H18NO3]
+ : 320.1281; found: 320.1282. 

 

 

 

 

 



S41 

 

 

(R)-1-(benzo[d]oxazol-2-yl)-1-(4-methoxyphenyl)propan-1

-ol (5la): General Procedure B was followed using 4l (35.0 

mg, 0.20 mmol) and (4-methoxyphenyl)boronic acid (76.0 

mg, 0.50 mmol). After flash chromatography with petroleum 

ether/ethyl acetate (10/1, v/v), the desired product was obtained as a colorless oil 

(47.4 mg, 83% yield, 97% ee). Chiral HPLC conditions: chiralcel AD-H, 25 oC, flow 

rate: 1.0 mL/min, hexane/isopropanol: 85/15, 254 nm, 11.2 min (R), 16.7 min (S); 

[α]25
D = 60.3 ° (c = 2.39, CHCl3);

 1H NMR (400 MHz, Chloroform-d) δ 7.76 - 7.67 

(m, 1H), 7.58 - 7.46 (m, 3H), 7.37 - 7.28 (m, 2H), 6.93 - 6.84 (m, 2H), 3.78 (s, 3H), 

2.49 (dq, J = 14.5, 7.3 Hz, 1H), 2.35 (dq, J = 14.6, 7.4 Hz, 1H), 0.96 (t, J = 7.3 Hz, 

3H); 13C NMR (101 MHz, CDCl3) δ 169.2, 159.0, 151.2, 140.3, 134.7, 126.6, 125.0, 

124.5, 120.0, 113.7, 110.8, 76.1, 55.2, 33.9, 7.9; IR (KBr, cm-1): 3441, 2970, 2935, 

2836, 1610, 1558, 1511, 1455, 1302, 1247, 1177, 1034, 1003, 880, 831, 748; HRMS 

(ESI): m/z calcd. for [M+H, C17H18NO3]
+ : 284.1281; found: 284.1284. 

 

 

 

 



S42 

 

 

(R)-1-(benzo[d]oxazol-2-yl)-1-(4-methoxyphenyl)butan-1-

ol (5ma): General Procedure B was followed using 4m (37.8 

mg, 0.20 mmol) and (4-methoxyphenyl)boronic acid (121.6 

mg, 0.8 mmol). After flash chromatography with petroleum 

ether/ethyl acetate (12/1, v/v), the desired product was obtained as a colorless oil 

(34.7 mg, 58% yield, 93% ee). Chiral HPLC conditions: chiralcel OD-H, 25 oC, flow 

rate: 1.0 mL/min, hexane/isopropanol: 80/20, 230 nm, 4.9 min (R), 5.3 min (S); [α]25
D 

= 63.5 ° (c = 0.88, CHCl3); 
1H NMR (400 MHz, Chloroform-d) δ 7.76 - 7.68 (m, 1H), 

7.59 - 7.51 (m, 2H), 7.51 - 7.47 (m, 1H), 7.36 - 7.28 (m, 2H), 6.95 - 6.81 (m, 2H), 

3.93 (br.s, 0.8H), 3.78 (s, 3H), 2.43 (ddd, J = 13.7, 11.6, 4.8 Hz, 1H), 2.32 (ddd, J = 

13.8, 11.7, 4.7 Hz, 1H), 1.50 - 1.48 (m, 1H), 1.34 - 1.30 (m, 1H), 0.94 (t, J = 7.4 Hz, 

3H); 13C NMR (101 MHz, CDCl3) δ 169.4, 159.0, 151.1, 140.3, 135.0, 126.6, 125.0, 

124.4, 120.0, 113.6, 110.8, 75.8, 55.1, 43.2, 16.8, 14.1; IR (KBr, cm-1): 3444, 2960, 

2931, 2873, 1610, 1559, 1511, 1455, 1300, 1248, 1177, 1035, 830, 746; HRMS (ESI): 

m/z calcd. for [M+H, C18H20NO3]
+ : 298.1438; found: 298.1440. 

 

 

 

 



S43 

 

 

 

(R)-1-(benzo[d]thiazol-2-yl)-1-(4-methoxyphenyl)ethan-1-o

l (5na): General Procedure B was followed using 4n (35.4 mg, 

0.20 mmol) and (4-methoxyphenyl)boronic acid (76.0 mg, 

0.50 mmol). After flash chromatography with petroleum 

ether/ethyl acetate (10/1, v/v), the desired product was obtained as a colorless oil 

(42.3 mg, 74% yield, 96% ee). Chiral HPLC conditions: chiralcel OD-H, 25 oC, flow 

rate: 1.0 mL/min, hexane/ isopropanol: 80/20, 254 nm, 6.6 min (S), 8.2 min (R); [α]25
D 

= -6.1 ° (c = 0.23, CHCl3); 
1H NMR (400 MHz, Chloroform-d) δ 7.99 (d, J = 8.2 Hz, 

1H), 7.83 (d, J = 8.0 Hz, 1H), 7.58 - 7.51 (m, 2H), 7.48 - 7.43 (m, 1H), 7.37 - 7.33 (m, 

1H), 6.94 - 6.82 (m, 2H), 3.84 (s, 1H), 3.78 (s, 3H), 2.12 (s, 3H); 13C NMR (101 MHz, 

CDCl3) δ 179.2, 159.1, 152.8, 137.2, 135.7, 126.8, 126.0, 125.0, 123.1, 121.7, 113.7, 

76.2, 55.3, 30.3; IR (KBr, cm-1): 3242, 2985, 2966, 2845, 1609, 1547, 1455, 1310, 

1254, 1178, 1029, 917, 834, 763, 732; HRMS (ESI): m/z calcd. for [M+H, 

C16H16NO2S]+ : 286.0896; found: 286.0901. 

 

 

 

 



S44 

 

 (R)-1-(benzo[d]oxazol-2-yl)-1-(p-tolyl)ethan-1-ol (5ab): 

General Procedure B was followed using 4a (32.2 mg, 0.20 

mmol) and p-tolylboronic acid (68.0 mg, 0.50 mmol). After 

flash chromatography with petroleum ether/ethyl acetate (10/1, 

v/v), the desired product was obtained as a colorless oil (28.4 

mg, 56% yield, 96% ee). Chiral HPLC conditions: chiralcel OD-H, 25 oC, flow rate: 

1.0 mL/min, hexane/isopropanol: 80/20, 254 nm, 4.7 min (S), 5.2 min (R); [α]25
D = 

62.4 ° (c = 1.39, CHCl3); 
1H NMR (400 MHz, Chloroform-d) δ 7.74 - 7.67 (m, 1H), 

7.51 - 7.43 (m, 3H), 7.36 - 7.28 (m, 2H), 7.17 - 7.15 (m, 2H), 4.32 (br.s, 1H), 2.34 (s, 

3H), 2.12 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 169.5, 150.9, 140.8, 140.3, 137.5, 

129.0, 125.1, 124.9, 124.4, 120.1, 110.7, 73.5, 28.5, 20.9; IR (KBr, cm-1): 3391, 3027, 

2988, 2924, 1611, 1561, 1511, 1455, 1241, 1105, 1082, 929, 818, 748; HRMS (ESI): 

m/z calcd. for [M+H, C16H16NO2]
+ : 254.1176; found: 254.1182. 

 

 

 

 

 

 

 



S45 

 

 (R)-1-(benzo[d]oxazol-2-yl)-1-phenylethan-1-ol (5ac): 

General Procedure B was followed using 4a (32.2 mg, 0.20 mmol) 

and phenylboronic acid (61.0 mg, 0.50 mmol). After flash 

chromatography with petroleum ether/ethyl acetate (10/1, v/v), 

the desired product was obtained as a colorless oil (43.3 mg, 90% 

yield, 98% ee). The absolute configuration was determined based on 6c. Chiral HPLC 

conditions: chiralcel OD-H, 25 oC, flow rate: 1.0 mL/min, hexane/isopropanol: 80/20, 

254 nm, 5.0 min (S), 5.5 min (R); [α]25
D = 77.6 ° (c = 0.65, CHCl3); 

1H NMR (400 

MHz, Chloroform-d) δ 7.74 - 7.66 (m, 1H), 7.61 - 7.53 (m, 2H), 7.51 - 7.43 (m, 1H), 

7.40 - 7.26 (m, 5H), 4.10 (br.s, 1H), 2.11 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 

169.4, 151.0, 143.7, 140.3, 128.4, 127.8, 125.2, 125.0, 124.5, 120.1, 110.8, 73.6, 28.6; 

HRMS (ESI): m/z calcd. for [M+H, C15H14NO2]+ : 240.1019; found: 240.1024. 

 

 

 

 

 

 

 



S46 

 

 (R)-1-(benzo[d]oxazol-2-yl)-1-(4-fluorophenyl)ethan-1-ol 

(5ad): General Procedure B was followed using 4a (32.2 mg, 

0.20 mmol) and (4-fluorophenyl)boronic acid (70.0 mg, 0.50 

mmol). After flash chromatography with petroleum ether/ethyl 

acetate (8/1, v/v), the desired product was obtained as a 

colorless oil (45.4 mg, 88% yield, 97% ee). Chiral HPLC conditions: chiralcel OD-H, 

25 oC, flow rate: 1.0 mL/min, hexane/ isopropanol: 80/20, 254 nm, 4.6 min (S), 5.0 

min (R); [α]25
D = 62.5 ° (c = 1.66, CHCl3); 

1H NMR (400 MHz, Chloroform-d) δ 7.74 

- 7.69 (m, 1H), 7.58 - 7.45 (m, 3H), 7.39 - 7.30 (m, 2H), 7.06 - 7.00 (m, 2H), 4.06 

(br.s, 1H), 2.07 (s, 3H); 13C NMR (101 MHz, Chloroform-d) δ 169.1, 162.3 (d, J = 

246.8 Hz), 151.1, 140.3, 139.5, 127.0 (d, J = 8.3 Hz), 125.4, 124.7, 120.2, 115.3 (d, J 

= 21.6 Hz), 110.9, 73.2, 28.8; IR (KBr, cm-1): 3417, 3074, 2990, 2934, 1603, 1562, 

1508, 1454, 1239, 1161, 1095, 928, 835, 748; HRMS (ESI): m/z calcd. for [M+H, 

C15H13FNO2]
+ : 258.0925; found: 258.0929. 

 

 

 

 

 

 



S47 

 

 

 (R)-1-(benzo[d]oxazol-2-yl)-1-(3-chlorophenyl)ethan-1-ol 

(5ae): General Procedure B was followed using 4a (32.2 mg, 

0.20 mmol) and (3-chlorophenyl)boronic acid (78.0 mg, 0.50 

mmol). After flash chromatography with petroleum ether/ethyl 

acetate (8/1, v/v), the desired product was obtained as a 

colorless solid (37.8 mg, 69% yield, 95% ee). Chiral HPLC conditions: chiralcel 

OD-H, 25 oC, flow rate: 1.0 mL/min, hexane/isopropanol: 80/20, 254 nm, 4.6 min (S), 

5.0 min (R); [α]25
D = 80.5 ° (c = 1.06, CHCl3); 

1H NMR (400 MHz, Chloroform-d) δ 

7.67 - 7.62 (m, 1H), 7.53 - 7.52 (m, 1H), 7.45 - 7.40 (m, 1H), 7.37 - 7.32 (m, 1H), 

7.29 - 7.25 (m, 2H), 7.22 - 7.16 (m, 2H), 3.63 (br.s, 1H), 1.99 (s, 3H); 13C NMR (101 

MHz, CDCl3) δ 168.6, 151.1, 145.7, 140.2, 134.5, 129.8, 128.1, 125.4, 125.4, 124.7, 

123.3, 120.3, 111.0, 73.2, 28.7; IR (KBr, cm-1): 3325, 3078, 2991, 2925, 1595, 1564, 

1454, 1241, 1138, 1082, 933, 798, 740; HRMS (ESI): m/z calcd. for [M+H, 

C15H13ClNO2]
+ : 274.0629; found: 274.0634. 

 

 

 

 

 



S48 

 

(R)-1-(benzo[d]oxazol-2-yl)-1-(4-((tert-butyldimethylsilyl)

oxy)phenyl)ethan-1-ol (5af): General Procedure B was 

followed using 4a (32.2 mg, 0.20 mmol) and 

(4-((tert-butyldimethylsilyl)oxy)phenyl) boronic acid (126.2 

mg, 0.50 mmol). After flash chromatography with petroleum 

ether/ethyl acetate (10/1, v/v), the desired product was obtained as a colorless oil 

(66.7 mg, 90% yield, 98% ee). Chiral HPLC conditions: chiralcel OD-H, 25 oC, flow 

rate: 1.0 mL/min, hexane/isopropanol: 95/5, 254 nm, 5.9 min (S), 6.7 min (R); [α]25
D 

= 42.5 ° (c = 3.36, CHCl3); 
1H NMR (400 MHz, Chloroform-d) δ 7.80 - 7.66 (m, 1H), 

7.53 - 7.44 (m, 1H), 7.44 - 7.35 (m, 2H), 7.35 - 7.28 (m, 2H), 6.86 - 6.76 (m, 2H), 

4.18 (br.s, 0.87H), 2.07 (s, 3H), 0.98 (s, 9H), 0.18 (s, 6H); 13C NMR (101 MHz, 

CDCl3) δ 169.7, 155.3, 151.0, 140.4, 136.4, 126.3, 125.1, 124.5, 120.1, 119.8, 110.8, 

73.4, 28.6, 25.6, 18.1, -4.5; IR (KBr, cm-1): 3349, 2956, 2930, 2858, 1607, 1509, 1455, 

1362, 1267, 1173, 916, 839, 779, 741; HRMS (ESI): m/z calcd. for [M+H, 

C21H28NO3Si]+ : 370.1833; found: 370.1839. 

 

 

 

 

 



S49 

 

(R)-1-(benzo[d]oxazol-2-yl)-1-(4-morpholinophenyl)etha

n-1-ol (5ag): General Procedure B was followed using 4a 

(32.2 mg, 0.20 mmol) and (4-morpholinophenyl)boronic 

acid (103.6 mg, 0.50 mmol). After flash chromatography 

with petroleum ether/ethyl acetate (8/1, v/v), the desired 

product was obtained as a colorless oil (59.7 mg, 92% yield, 96% ee). Chiral HPLC 

conditions: chiralcel OD-H, 25 oC, flow rate: 1.0 mL/min, hexane/ isopropanol: 95/5, 

254 nm, 13.0 min (S), 14.3 min (R); [α]25
D = 41.3 ° (c = 1.43, CHCl3); 

1H NMR (400 

MHz, Chloroform-d) δ 7.75 - 7.66 (m, 1H), 7.52 - 7.39 (m, 3H), 7.37 - 7.26 (m, 2H), 

6.93 - 6.76 (m, 2H), 3.93 (br.s, 1H), 3.95 - 3.58 (m, 4H), 3.25 - 2.83 (m, 4H), 2.07 (s, 

3H); 13C NMR (101 MHz, CDCl3) δ 169.6, 151.0, 150.7, 140.4, 134.9, 126.0, 125.0, 

124.4, 120.1, 115.2, 110.8, 73.2, 66.7, 48.9, 28.4; IR (KBr): 3390, 2963, 2855, 2824, 

1610, 1514, 1453, 1377, 1238, 1119, 927, 825, 745; HRMS (ESI): m/z calcd. for 

[M+H, C19H21N2O3]
+ : 325.1547; found: 325.1552. 

 

 

 

 

 

 



S50 

 

 

(R)-1-(benzo[d][1,3]dioxol-5-yl)-1-(benzo[d]oxazol-2-yl)eth

an-1-ol (5ah): General Procedure B was followed using 4a 

(32.2 mg, 0.20 mmol) and benzo[d][1,3]dioxol-5-ylboronic 

acid (83.0 mg, 0.50 mmol). After flash chromatography with 

petroleum ether/ethyl acetate (8/1, v/v), the desired product 

was obtained as a colorless oil (51.3 mg, 90% yield, 98% ee). Chiral HPLC 

conditions: chiralcel OD-H, 25 oC, flow rate: 1.0 mL/min, hexane/ isopropanol: 95/5, 

254 nm, 17.0 min (S), 18.2 min (R); [α]25
D = 56.8 ° (c = 2.29, CHCl3); 

1H NMR (400 

MHz, Chloroform-d) δ 7.76 - 7.67 (m, 1H), 7.54 - 7.43 (m, 1H), 7.38 - 7.29 (m, 2H), 

7.07 - 7.06 (m, 1H), 7.01 - 6.98 (m, 1H), 6.76 - 6.74 (m, 1H), 5.93 (s, 2H), 3.66 (br.s, 

1H), 2.05 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 169.3, 151.0, 147.8, 147.2, 140.3, 

137.8, 125.2, 124.6, 120.2, 118.4, 110.9, 108.0, 106.1, 101.2, 73.4, 28.7; IR (KBr, 

cm-1): 3375, 3078, 2988, 2894, 1609, 1562, 1487, 1454, 1242, 1100, 1040, 934, 814, 

749; HRMS (ESI): m/z calcd. for [M+H, C16H14NO4]
+ : 284.0917; found: 284.0920. 

 

 

 

 

 



S51 

 

 (R)-1-(benzo[d]oxazol-2-yl)-1-(thiophen-3-yl)ethan-1-ol (5ai): 

General Procedure B was followed using 4a (32.2 mg, 0.20 mmol) 

and thiophen-3-ylboronic acid (76.8 mg, 0.60 mmol). After flash 

chromatography with petroleum ether/ethyl acetate (8/1, v/v), the 

desired product was obtained as a colorless solid (40.0 mg, 81% 

yield, 95% ee). Chiral HPLC conditions: chiralcel OD-H, 25 oC, flow rate: 1.0 

mL/min, hexane/isopropanol: 90/10, 254 nm, 8.0 min (S), 9.0 min (R); [α]25
D = 27.3 ° 

(c = 0.42, CHCl3); 
1H NMR (400 MHz, Chloroform-d) δ 7.75 - 7.68 (m, 1H), 7.56 - 

7.47 (m, 1H), 7.38 - 7.31 (m, 3H), 7.30 - 7.28 (m, 1H), 7.22 - 7.20 (m, 1H), 3.43 (br.s, 

1H), 2.09 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 169.1, 151.1, 145.2, 140.4, 126.3, 

125.7, 125.2, 124.6, 121.3, 120.2, 110.8, 71.9, 28.4; IR (KBr, cm-1): 3392, 3091, 3024, 

2961, 1604, 1533, 1350, 1300, 1120, 1099, 968, 892, 768, 754; HRMS (ESI): m/z 

calcd. for [M+H, C13H12NO2S]+ : 246.0583; found: 246.0586. 

 

 

 

 

 

 

 



S52 

 

 

 (R)-1-(benzo[d]oxazol-2-yl)-1-(furan-2-yl)ethan-1-ol (5aj): 

General Procedure B was followed using 4a (32.2 mg, 0.20 mmol) 

and furan-2-ylboronic acid (78.4 mg, 0.70 mmol). After flash 

chromatography with petroleum ether/ethyl acetate (8/1, v/v), the 

desired product was obtained as a colorless solid (34.6 mg, 75% 

yield, 80% ee). Chiral HPLC conditions: chiralcel OD-H, 25 oC, flow rate: 1.0 

mL/min, hexane/isopropanol: 90/10, 230 nm, 8.5 min (S), 9.2 min (R); [α]25
D = 3.0 ° 

(c = 1.13, CHCl3); 
1H NMR (400 MHz, Chloroform-d) δ 7.77 - 7.69 (m, 1H), 7.56 - 

7.49 (m, 1H), 7.41 - 7.31 (m, 3H), 6.40 - 6.38 (m, 1H), 6.36 - 6.35 (m, 1H), 2.87 (br.s, 

1H), 2.10 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 167.6, 154.9, 151.1, 142.7, 140.4, 

125.3, 124.6, 120.3, 110.9, 110.4, 106.7, 69.7, 25.2; IR (KBr, cm-1): 3317, 2995, 2929, 

2859, 1611, 1563, 1455, 1241, 1158, 1129, 1084, 940, 830, 744; HRMS (ESI): m/z 

calcd. for [M+H, C13H12NO3]
+ : 230.0812; found: 230.0816. 

 

 

 

 

 

 



S53 

 

(R)-1-(benzo[d]oxazol-2-yl)-1-(6-methoxypyridin-3-yl)eth

an-1-ol (5ak): General Procedure B was followed using 4a 

(32.2 mg, 0.20 mmol) and (6-methoxypyridin-3-yl)boronic 

acid (76.5 mg, 0.50 mmol). After flash chromatography with 

petroleum ether/ethyl acetate (8/1, v/v), the desired product 

was obtained as a colorless oil (47.2 mg, 87% yield, 93% ee). Chiral HPLC 

conditions: chiralcel AD-H, 25 oC, flow rate: 1.0 mL/min, hexane/isopropanol: 85/15, 

254 nm, 8.0 min (S), 8.7 min (R); [α]25
D = 40.5 ° (c = 2.2, CHCl3); 

1H NMR (400 

MHz, Chloroform-d) δ 8.33 (d, J = 2.6 Hz, 1H), 7.79 - 7.76 (m, 1H), 7.70 - 7.63 (m, 

1H), 7.48 - 7.44 (m, 1H), 7.33 - 7.29 (m, 2H), 6.70 (d, J = 8.7 Hz, 1H), 4.59 (br.s, 

0.82H), 3.89 (s, 3H), 2.07 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 168.9, 163.7, 151.0, 

143.9, 140.2, 136.3, 132.2, 125.4, 124.7, 120.1, 110.8, 110.5, 72.1, 53.5, 28.5; IR 

(KBr, cm-1): 3332, 2991, 2947, 2848, 1607, 1493, 1455, 1381, 1289, 1123, 1083, 

1024, 832, 748; HRMS (ESI): m/z calcd. for [M+H, C15H15N2O3]
+ : 271.1077; found: 

271.1074. 
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 (R)-1-(benzo[d]oxazol-2-yl)-1-(naphthalen-2-yl)ethan-1-ol 

(5al): General Procedure B was followed using 4a (32.2 mg, 

0.20 mmol) and naphthalen-2-ylboronic acid (86.0 mg, 0.50 

mmol). After flash chromatography with petroleum ether/ethyl 

acetate (8/1, v/v), the desired product was obtained as a colorless 

solid (40.7 mg, 70% yield, 94% ee). Chiral HPLC conditions: chiralpak IA, 25 oC, 

flow rate: 1.0 mL/min, hexane/isopropanol: 85/15, 254 nm, 8.1 min (S), 8.7 min (R); 

[α]25
D = 90.6 ° (c = 0.78, CHCl3); 

1H NMR (400 MHz, Chloroform-d) δ 8.05 (s, 1H), 

7.88 - 7.72 (m, 4H), 7.70 - 7.60 (m, 1H), 7.49 - 7.46 (m, 3H), 7.35 - 7.32 (m, 2H), 

4.20 (br.s, 1H), 2.21 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 169.3, 151.1, 141.0, 

140.4, 133.0, 132.8, 128.3, 127.5, 126.2, 125.2, 124.6, 123.7, 123.2, 120.2, 110.9, 

73.8, 28.6; IR (KBr, cm-1): 3345, 3056, 2985, 2933, 2836, 1602, 1562, 1454, 1371, 

1241, 1127, 1085, 931, 858, 818, 745; HRMS (ESI): m/z calcd. for [M+H, 

C19H16NO2]
+ : 290.1176; found: 290.1184. 
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7. General procedure of hydrolysis of chiral tertiary alcohol for 

synthesis of chiral α-Hydroxy Acids (General Procedure C). 

 

To a Schlenk tube was added 5aa (103.7 mg, 0.39 mmol, 1.0 equiv), KOH 

(480.3 mg, 7.71 mmol, 20 equiv, 90 wt%), and glycol (3.9 mL). The resulting mixture 

was stirred at 150 ºC under nitrogen for 16 h. Then cooled to room temperature, ether 

(6 mL) was added to the mixture. Reaction mixture pH was adjusted to 1 by adding 

aqueous HCl (~2.6 mL, 3M ) at -15 ºC. The mixture was added water (6 mL) and 

extracted with ether (10-20 mL x 3), the combined organic phase was washed with 

water (20 mL), and brine (15 mL), dried over sodium sulfate, filtered, and 

concentrated to provide the desired product with high purity. The enantiomeric 

excesses were determined by chiral HPLC on a chiralpak AS-H or chiralcel AD-H 

column. 
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8. Analytical data of chiral α-Hydroxy Acids 

 

 (R)-2-hydroxy-2-(4-methoxyphenyl)propanoic acid (6a): 

General Procedure C was followed using 5aa (103.7 mg, 0.39 

mmol). After extraction, the desired product was obtained as 

solid (68.3 mg, 89% yield, 97% ee). Chiral HPLC conditions: 

chiralpak AS-H, 25 oC, flow rate: 1.0 mL/min, 

hexane/isopropanol /trifluoroacetic acid: 80/20/0.1, 230 nm, 7.7 min (S), 8.9 min (R); 

[α]25
D = -27.0 ° (c = 0.2, CHCl3); 

1H NMR (400 MHz, DMSO-d6) δ 12.56 (br.s, 1H), 

7.43 - 7.41 (m, 2H), 6.89 - 6.87 (m, 2H), 5.67 (br.s, 1H), 3.73 (s, 3H), 1.59 (s, 3H); 
13C NMR (101 MHz, DMSO) δ 176.8, 158.8, 136.9, 126.9, 113.7, 74.9, 55.5, 27.8; 

HRMS (ESI): m/z calcd. for [M+2Na-H, C10H11Na2O4]
+ : 241.0447; found: 241.0453. 
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(R)-2-hydroxy-2-(p-tolyl)propanoic acid (6b): General 

Procedure C was followed using 5ab (92.4 mg, 0.36 mmol). 

After extraction, the desired product was obtained as solid (58.6 

mg, 90% yield, 96% ee). Chiral HPLC conditions: chiralpak 

AS-H, 25 oC, flow rate: 1.0 mL/min, hexane/isopropanol/ 

trifluoroacetic acid: 85/15/0.1, 230 nm, 6.7 min (S), 7.7 min (R); [α]25
D = -16.7 ° (c = 

0.66, CHCl3); 
1H NMR (400 MHz, DMSO-d6) δ 12.60 (br.s, 1H), 7.39 - 7.37 (m, 2H), 

7.14 - 7.12 (m, 2H), 5.68 (br.s, 1H), 2.27 (s, 3H), 1.58 (s, 3H); 13C NMR (101 MHz, 

DMSO) δ 176.7, 141.9, 136.6, 128.9, 125.6, 75.2, 27.8, 21.1; HRMS (ESI): m/z calcd. 

for [M+2Na-H, C10H11Na2O3]
+ : 225.0498; found: 225.0501. 
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 (R)-2-hydroxy-2-phenylpropanoic acid (6c): General Procedure 

C was followed using 5ac (416 mg, 1.7 mmol). After extraction, the 

desired product was obtained as solid (257 mg, 91% yield, 97% ee). 

The absolute configuration was determined by comparing its optical 

rotation with reported data[5]. Chiral HPLC conditions: chiralpak 

AS-H, 25 oC, flow rate: 1.0 mL/min, hexane/isopropanol/trifluoroacetic acid: 

90/10/0.1, 230 nm, 10.5 min (S), 11.6 min (R); [α]25D = -24.2 ° (c = 1.2, CHCl3); 
1H 

NMR (400 MHz, DMSO-d6) δ 12.62 (br.s, 1H), 7.55 - 7.47 (m, 2H), 7.37 - 7.30 (m, 

2H), 7.28 - 7.22 (m, 1H), 5.77 (br.s, 1H), 1.61 (s, 3H); 13C NMR (101 MHz, DMSO) 

δ 176.6, 144.9, 128.3, 127.5, 125.7, 75.3, 27.8; HRMS (ESI): m/z calcd. for 

[M+2Na-H, C9H9Na2O3]
+ : 211.0342; found: 211.0345. 
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(R)-2-(4-fluorophenyl)-2-hydroxypropanoic acid (6d): 

General Procedure C was followed using 5ad (84.2 mg, 0.32 

mmol). After extraction, the desired product was obtained as 

solid (54.2 mg, 87% yield, 97% ee). Chiral HPLC conditions: 

chiralcel AD-H, 25 oC, flow rate: 1.0 mL/min, hexane 

/isopropanol/trifluoroacetic acid: 90/10/0.1, 230 nm, 10.5 min (S), 11.4 min (R); 

[α]25
D = -11.0 ° (c = 0.4, CHCl3); 

1H NMR (400 MHz, DMSO-d6) δ 7.56 - 7.52 (m, 

2H), 7.15 (t, J = 8.7 Hz, 1H), 3.51 (br.s, 1H), 1.61 (s, 3H); 13C NMR (101 MHz, 

DMSO-d6) δ 176.4 , 161.8 (d, J = 242.9 Hz), 141.1 (d, J = 3.0 Hz), 127.8 (d, J = 8.1 

Hz), 115.0 (d, J = 21.2 Hz), 75.0, 27.9; HRMS (ESI): m/z calcd. for [M+2Na-H, 

C9H8FNa2O3]
+ : 229.0247; found: 229.0246.   

 

 

 

 

 

 

 

 



S60 

 

(R)-2-(3-chlorophenyl)-2-hydroxypropanoic acid (6e): General 

Procedure C was followed using 5ae (65.0 mg, 0.24 mmol). After 

extraction, the desired product was obtained as solid (43.6 mg, 91% 

yield, 95% ee). Chiral HPLC conditions: chiralcel AD-H, 25 oC, 

flow rate: 1.0 mL/min, hexane/isopropanol/ trifluoroacetic acid: 

90/10/0.1, 230 nm, 9.1 min (S), 10.9 min (R); [α]25
D = -24.7 ° (c 

= 1.0, CHCl3); 
1H NMR (400 MHz, DMSO-d6) δ 7.58 (t, J = 1.9 Hz, 1H), 7.50 (dt, J 

= 7.5, 1.6 Hz, 1H), 7.45 - 7.34 (m, 2H), 3.48 (br.s, 1H), 1.65 (s, 3H); 13C NMR (101 

MHz, DMSO) δ 176.0, 147.4, 133.3, 130.4, 127.6, 125.7, 124.6, 75.2, 27.8; HRMS 

(ESI): m/z calcd. For [M+Na, C9H9ClNaO3]
+ : 223.0132; found: 223.0129. 

 

 

 

 

 

 

 

 

 

 



S61 

 

 (R)-2-hydroxy-2-(naphthalen-2-yl)propanoic acid (6f): 

General Procedure C was followed using 5al (66.4 mg, 0.24 

mmol). After extraction, the desired product was obtained as 

solid (46.8 mg, 94% yield, 93% ee). Chiral HPLC conditions: 

chiralpak AS-H, 25 oC, flow rate: 1.0 mL/min, hexane 

/isopropanol/trifluoroacetic acid: 85/15/0.1, 230 nm, 9.8 min (S), 11.9 min (R); [α]25
D 

= -8.1 ° (c = 0.20, CHCl3); 
1H NMR (400 MHz, DMSO-d6) δ 12.56 (br, 0.89H), 8.04 

(s, 1H), 7.96 - 7.82 (m, 3H), 7.68 - 7.65 (m, 1H), 7.50 (m, 2H), 6.05 (br, 0.74H), 1.74 

(s, 3H); 13C NMR (101 MHz, DMSO) δ 176.5, 142.4, 133.0, 132.6, 128.6, 127.9, 

127.8, 126.6, 126.4, 124.5, 124.1, 75.6, 27.8; HRMS (ESI): m/z calcd. for [M+Na, 

C13H12NaO3]
+ : 239.0679; found: 239.0676. 
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(R)-2-hydroxy-2-(thiophen-3-yl)propanoic acid (6g): General 

Procedure C was followed using 5ai (87.4 mg, 0.36 mmol). After 

extraction, the desired product was obtained as solid (53.7 mg, 87% 

yield, 94% ee). Chiral HPLC conditions: chiralpak AS-H, 25 oC, 

flow rate: 1.0 mL/min, hexane/isopropanol/trifluoroacetic acid: 

85/15/0.1, 230 nm, 8.7 min (S), 11.3 min (R); [α]25
D = -9.7 ° (c = 0.3, CHCl3); 

1H 

NMR (400 MHz, DMSO-d6) δ 12.62 (br.s, 1H), 7.45 (m, 1H), 7.40 - 7.39 (m, 1H), 

7.13 (dd, J = 5.0, 1.3 Hz, 1H), 5.73 (br.s, 1H), 1.60 (s, 3H); 13C NMR (101 MHz, 

DMSO) δ 176.3, 146.6, 127.0, 126.2, 121.4, 74.0, 27.8; HRMS (ESI): m/z calcd. for 

[M+2Na-H, C7H7Na2O3S]+ : 216.9906; found: 216.9909. 
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(R)-2-hydroxy-2-(4-methoxyphenyl)butanoic acid (6h): 

General Procedure C was followed using 5la (95.2 mg, 0.32 

mmol). After extraction, the desired product was obtained as a 

colorless solid (12.8 mg, 19% yield, 97% ee). Chiral HPLC 

conditions: chiralpak AS-H, 25 oC, flow rate: 1.0 mL/min, 

hexane/isopropanol /trifluoroacetic acid: 90/10/0.1, 230 nm, 10.9 min (S), 11.9 min 

(R); [α]25
D = -41.4 ° (c = 0.3, CHCl3); 

1H NMR (400 MHz, DMSO-d6) δ 12.62 (br.s, 

1H), 7.52 - 7.33 (m, 2H), 6.97 - 6.77 (m, 2H), 5.41 (br.s, 1H), 3.73 (s, 3H), 2.07 (dq, J 

= 14.3, 7.2 Hz, 1H), 1.83 (dq, J = 14.3, 7.3 Hz, 1H), 0.78 (t, J = 7.2 Hz, 3H); 13C 

NMR (101 MHz, DMSO) δ 176.5, 158.8, 135.6, 127.3, 113.7, 77.9, 55.5, 32.8, 8.7; 

HRMS (ESI): m/z calcd. for [M+Na, C11H14NaO4]
+ : 233.0784; found: 233.0786. 
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9. Transformations of chiral α-Hydroxy Acid. 

 

Compound 7 was synthesized according reported literature[6]. 2-Bromobutanoyl 

bromide (151.7mg, 0.66 mmol) was added to a stirred solution of (R)-6c (100mg, 

0.6mmol) and Et3N (67 mg, 0.66 mmol) in MeCN (2 mL) at 0-5oC under an N2 

atmosphere and the mixture was stirred for 30 min. Et3N (67mg, 0.66 mmol) was 

added to the mixture at the same temperature, then the reaction was stirred at 50-55oC 

for 3 h and at 70-75oC for 30 min. The mixture was allowed to cool to r.t. then aq HCl 

(1M, 1mL) was added and the mixture was diluted with EtOAc (10 mL) and water (8 

mL). Organic layer was separated, the water layer was extracted with EtOAc (10 mL 

x 2). The combined organic phase was washed with H2O (15 mL), brine (15 mL), 

dried over sodium sulfate, concentrated, and purified by flash chromatography with 

petroleum ether/ethyl acetate (40/1 → 30/1, v/v) to afford the desired product 7 as 

white solid (119mg, 85% yield, 97% ee). Chiral HPLC conditions: chiralpak IC, 25 
oC, flow rate: 1.0 mL/min, hexane/isopropanol: 98/2, 254 nm, 6.6 min (R), 7.4 min (S); 

[α]25
D = -77.9 ° (c = 0.82, CHCl3); 

1H NMR (400 MHz, Chloroform-d) δ 7.46 - 7.37 

(m, 5H), 4.27 (q, J = 11.04 Hz, 1H), 2.12 - 1.75 (m, 5.39H), 0.98 (t, J = 7.4 Hz, 3H); 
13C NMR (101 MHz, CDCl3) δ 167.3, 167.0, 137.1, 129.7, 129.4, 123.8, 84.2, 77.0, 

28.1, 23.5, 8.5; IR (KBr, cm-1): 3061, 2976, 1734, 1448, 1259, 1101, 799, 698; HRMS 

(FI): m/z calcd. for [M, C13H14O4]
+ : 234.0887; found: 234.0889. 
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Compound 8 was synthesized according reported literature[7]. To a suspension of 

LiAlH4 (189.7 mg, 5 mmol) in extra dry diethyl ether (5 mL) at 0oC was added slowly 

a solution of α-hydroxy acid 6c (332.3 mg, 2 mmol) in diethyl ether (10 mL) under N2 

atmosphere. The reaction was stirred at room temperature for 2 h, then quenched by 

consecutive addition of 0.25 mL H2O, 0.25 mL NaOH aq (15 wt%) and 0.6 mL H2O. 

The solid in mixture was filtered and washed with ether (50 mL). The collective 

organic phase was dried over anhydrous sodium sulfate, filtered, and concentrated to 

provide crude product, which was purified by flash chromatography with petroleum 

ether/ethyl acetate (4/1 → 2/1, v/v) to afford diol 8 as colorless oil (276 mg, 91% 

yield 97% ee). Chiral HPLC conditions: chiralcel AD-H, 25 oC, flow rate: 1.0 mL/min, 

hexane/isopropanol: 80/20, 254 nm, 5.3 min (S), 5.7 min (R); [α]25
D = -7.7 ° (c = 1.15, 

CHCl3); 
1H NMR (400 MHz, Chloroform-d) δ 7.30 - 7.27 (m, 2H), 7.23 - 7.20 (m, 

2H), 7.17 - 7.10 (m, 1H), 3.54 (d, J = 11.2 Hz, 1H), 3.40 (d, J = 11.3 Hz, 1H), 3.31 

(br.s, 0.88H), 1.34 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 144.9, 128.2, 126.9, 125.0, 

74.8, 70.6, 25.8; HRMS (FI): m/z calcd. for [M, C9H12O2]
+ : 152.0832; found: 

152.0829. 
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Compound 9 was synthesized according reported literature[7a, 8]. To a solution of 

8 (232 mg, 1.52 mmol) in extra dry CH2Cl2 (16 mL) was added Et3N (200 mg, 1.97 

mmol) and the mixture was cooled to 0oC. Subsequently, tosyl chloride (348.8 mg, 

1.83 mmol) and DMAP (18.5 mg, 0.15 mmol) were added to the reaction mixture, the 

reaction was stirred at the same temperature overnight. After starting material was 

completely consumed, water (15 mL) was added to the reaction. The mixture was 

extracted with CH2Cl2 (20 mL x 2), and combined organic phase was dried over 

anhydrous sodium sulfate, filtered, concentrated. Crude product was purified by flash 

column chromatography with petroleum ether/ethyl acetate (10/1 → 4/1, v/v) to 

provide the tosylate in 85% yield (395 mg). 
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Tosylate (97 mg, 0.31 mmol) was dissolved in methanol (4 mL), and potassium 

carbonate (87.5 mg, 0.62 mmol) was added in one portion. The reaction was stirred at 

room temperature for about 30 min., TLC showed starting material disappeared. The 

reaction mixture was diluted with water (15 mL) and extracted with diethyl ether (15 

mL x 3). The combined organic layer was washed with saturated sodium chloride 

solution (20 mL), dried over anhydrous sodium sulfate, filtered and concentrated to 

give 9 as colorless oil (36.8 mg, 87%, 97% ee). Chiral HPLC conditions: chiralcel 

OD-H, 25 oC, flow rate: 1.0 mL/min, hexane/isopropanol: 80/20, 254 nm, 4.6 min (R), 

5.1 min (S); [α]25D = -21.4 ° (c = 0.1, CHCl3); 
1H NMR (400 MHz, Chloroform-d) δ 

7.40 - 7.27 (m, 5H), 2.98 (d, J = 5.4 Hz, 1H), 2.81 (d, J = 5.4 Hz, 1H), 1.73 (s, 3H); 
13C NMR (101 MHz, CDCl3) δ 141.2, 128.3, 127.4, 125.3, 57.0, 56.7, 21.8; HRMS 

(FI): m/z calcd. for [M, C9H10O]+ : 134.0726; found: 134.0725.  
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Compound 10 was synthesized according the reported literature[7a]. To a solution 

of tosylate (155mg, 0.5 mmol) in extra dry DMF (4 mL) was added sodium azide (82 

mg, 1.25 mmol) and nBu4NI (9.2 mg, 0.025 mmol) at room temperature under N2. 

Subsequently, the reaction mixture was heated to 80oC and stirred at that temperature 

for about 5 h. Then, the solution was cooled to room temperature, water (15 mL) was 

added and the mixture was extracted with diethyl ether (20 mL x 3). The combined 

organic phase was washed with water (15 mL), dried over sodium sulfate, filtered off, 

and concentrated. Purification by flash column chromatography with petroleum 

ether/ethyl acetate (10/1, v/v) provided the azidoalcohol 10 as colorless oil (75.2 mg, 

85%, 97% ee). Chiral HPLC conditions: chiralcel OD-H, 25 oC, flow rate: 1.0 

mL/min, hexane/isopropanol: 97/3, 254 nm, 15.6 min (R), 17.9 min (S); [α]25
D = 

-33.4 ° (c = 0.80, CHCl3); 
1H NMR (400 MHz, Chloroform-d) δ 7.52 - 7.43 (m, 2H), 

7.41 - 7.37 (m, 2H), 7.36 -7.27 (m, 1H), 3.60 (d, J = 12.3 Hz, 1H), 3.45 (d, J = 12.3 

Hz, 1H), 2.57 (br.s, 1H), 1.60 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 144.6, 128.4, 

127.4, 124.8, 74.5, 62.0, 27.0; HRMS (FI): m/z calcd. for [M, C9H11ON3]
+ : 177.0897; 

found: 177.0901. 
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11. NMR Spectra 
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