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1. General Information

Unless otherwise mentioned, all experiments were carried out under an atmosphere of 

argon in a glovebox or using standard Schlenk techniques. Solvents were dried with 

standard procedures and degassed with Ar2. Flash column chromatography was 

performed using Tsingdao silica gel (60, particle size 300-400 mesh). NMR spectra 

were recorded on a Bruker DPX 400 spectrometer at 400 MHz for 1H NMR, 101 

MHz for 13C NMR and 162 MHz for 31P NMR or a Bruker DPX 600 spectrometer at 

600 MHz for 1H NMR, 150 MHz for 13C NMR in CDCl3, DMSO-d6 and CD3OD with 

tetramethylsilane (TMS) as internal standard. Chemical shifts are reported in ppm and 

coupling constants are given in Hz.
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2. Experimental Details 

2.1 General Procedure for the Synthesis of Substrate 

Procedure A：Preparation of ketones 1a~1q, 1t.1

To a solution of substituted α-bromo aryl ketone (10 mmol, 1.0 eq) in 

dichloromethane (10 mL), was added slowly to a suspension of imidazole (24.5 g, 

0.36 mol) in dichloromethane (10 mL), and the mixture was heated to 40 oC for 2 h 

and then overnight at room temperature. The reaction mixture was washed with water 

and brine (100 mL) and dried (Na2SO4), and solvent was removed under vacuum to 

give a red oil. The desired product was purified by silica gel column chromatography 

with a mixture of petroleum ether and ethyl acetate as eluent. 

Procedure B：Preparation of ketones 1r, 1s, 1u.2

Potassium carbonate (1.5 mmol), nitrogen heterocyclic (1.2 mmol) and α-bromo aryl 

ketone (1.0 mmol) were heated at 80 ℃ in acetonitrile (10 mL) for 10 hours. After 

solvents evaporation under vacuum, water was added to the reaction mixture followed 

by extraction with DCM. The combined organic phases were dried over Na2SO4, 

filtered, and concentrated in vacuo. The desired product was purified by silica gel 

column chromatography. 

2.2 Characterization Data of 1

O
N N

Cl

Cl

1-(2,4-dichlorophenyl)-2-(1H-imidazol-1-yl)ethan-1-one (1a)1：white solid; 83% 

yield. 1H NMR (600 MHz, CDCl3) δ 7.57 (d, J = 8.3 Hz, 1H), 7.54 – 7.49 (m, 2H), 

7.38 (dd, J = 8.4, 1.9 Hz, 1H), 7.12 (s, 1H), 6.94 (s, 1H), 5.33 (s, 2H). 13C NMR (151 

MHz, CDCl3) δ 193.68, 139.27, 138.03, 134.10, 132.49, 131.14, 130.79, 129.83, 

127.99, 119.99, 55.51.
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O
N N

2-(1H-imidazol-1-yl)-1-phenylethan-1-one (1b)1：white solid; 63% yield. 1H NMR 

(400 MHz, CDCl3) δ 8.01 – 7.93 (m, 2H), 7.71 – 7.62 (m, 1H), 7.58 – 7.48 (m, 3H), 

7.12 (s, 1H), 6.94 (d, J = 1.4 Hz, 1H), 5.40 (d, J = 2.1 Hz, 2H). 13C NMR (101 MHz, 

CDCl3) δ 191.73, 138.17, 134.40, 134.18, 129.55, 129.13, 127.98, 120.34, 52.48.

O
N N

2-(1H-imidazol-1-yl)-1-(o-tolyl)ethan-1-one (1c)3：white solid; 79% yield. 1H 

NMR (400 MHz, CDCl3) δ 7.71 (d, J = 7.8 Hz, 1H), 7.52 – 7.45 (m, 2H), 7.33 (t, J = 

7.8 Hz, 2H), 7.13 (s, 1H), 6.94 (s, 1H), 5.30 (s, 2H), 2.53 (s, 3H). 13C NMR (101 MHz, 

CDCl3) δ 194.37, 139.95, 138.13, 133.95, 132.85, 132.76, 129.67, 128.30, 126.07, 

120.21, 54.05, 21.70.

O
N N

O

2-(1H-imidazol-1-yl)-1-(2-methoxyphenyl)ethan-1-one (1d)4：white solid; 81% 

yield. 1H NMR (400 MHz, CDCl3) δ 7.88 (dd, J = 7.8, 1.8 Hz, 1H), 7.56 (ddd, J = 8.4, 

7.3, 1.9 Hz, 1H), 7.47 (s, 1H), 7.10 (t, J = 1.1 Hz, 1H), 7.09 – 7.01 (m, 2H), 6.91 (s, 

1H), 5.32 (s, 2H), 4.00 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 193.15, 159.34, 138.22, 

135.32, 131.28, 129.27, 124.54, 121.29, 120.30, 111.66, 56.90, 55.70.

O
N N

Br

1-(2-bromophenyl)-2-(1H-imidazol-1-yl)ethan-1-one (1e)：white solid; 61% yield. 
1H NMR (400 MHz, CDCl3) δ 7.65 (d, J = 7.1 Hz, 1H), 7.52 (s, 1H), 7.43 – 7.34 (m, 

3H), 7.10 (s, 1H), 6.96 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 196.18, 138.49, 137.96, 

133.88, 132.85, 129.78, 128.98, 127.88, 119.95, 118.91, 55.01. HRMS (ESI) calcd. 

for C11H9BrN2O [M+H]+: 264.9898, Found: 264.9970.
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O
N NCl

1-(3-chlorophenyl)-2-(1H-imidazol-1-yl)ethan-1-one (1f)5：white solid; 84% yield. 
1H NMR (400 MHz, CDCl3) δ 7.94 (t, J = 1.9 Hz, 1H), 7.84 (dt, J = 7.8, 1.3 Hz, 1H), 

7.63 (ddd, J = 8.0, 2.1, 1.0 Hz, 1H), 7.54 – 7.43 (m, 2H), 7.13 (s, 1H), 6.93 (s, 1H), 

5.38 (s, 2H). 13C NMR (101 MHz, CDCl3) δ 190.56, 138.10, 135.64, 135.57, 134.36, 

130.50, 129.70, 128.14, 126.01, 120.26, 52.52.

O
N N

2-(1H-imidazol-1-yl)-1-(p-tolyl)ethan-1-one (1g)3：white solid; 85% yield. 1H 

NMR (400 MHz, CDCl3) δ 7.86 (d, J = 8.2 Hz, 2H), 7.49 (s, 1H), 7.31 (d, J = 8.0 Hz, 

2H), 7.12 (s, 1H), 6.93 (s, 1H), 5.35 (s, 2H), 2.43 (s, 3H). 13C NMR (101 MHz, CDCl3) 

δ 191.20, 145.48, 138.16, 131.71, 129.78, 129.57, 128.07, 120.29, 52.33, 21.79.

O
N

N

1-(4-(tert-butyl)phenyl)-2-(1H-imidazol-1-yl)ethan-1-one (1h): white solid, 86% 

yield. 1H NMR (400 MHz, CDCl3) δ 7.95 – 7.86 (m, 2H), 7.58 – 7.46 (m, 3H), 7.13 (d, 

J = 1.3 Hz, 1H), 6.94 (q, J = 1.3 Hz, 1H), 5.38 (s, 2H), 1.36 (s, 9H). 13C NMR (101 

MHz, CDCl3) δ 191.19, 158.45, 138.15, 131.63, 129.56, 127.99, 126.09, 120.29, 

52.38, 35.33, 31.02. HRMS (ESI) calcd. for C15H18N2O [M+H]+: 242.1419, Found: 

243.1492.

O
N N

F

1-(4-fluorophenyl)-2-(1H-imidazol-1-yl)ethan-1-one (1i)5：white solid; 80% yield. 
1H NMR (400 MHz, CDCl3) δ 8.05 – 7.96 (m, 2H), 7.50 (s, 1H), 7.24 – 7.15 (m, 2H), 

7.13 (s, 1H), 6.93 (t, J = 1.3 Hz, 1H), 5.37 (s, 2H). 13C NMR (101 MHz, CDCl3) δ 
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190.09, 167.69, 165.14, 138.13, 130.80, 130.71, 130.67, 130.64, 129.75, 120.24, 

116.54, 116.32, 52.35. 19F NMR (376 MHz, CDCl3) δ -102.27.

F

F
F

O
N

N

2-(1H-imidazol-1-yl)-1-(4-(trifluoromethyl)phenyl)ethan-1-one (1j): white solid; 

80% yield. 1H NMR (600 MHz, CDCl3) δ 8.09 (d, J = 8.0 Hz, 2H), 7.81 (d, J = 8.8 Hz, 

2H), 7.56 (s, 1H), 7.15 (s, 1H), 6.96 (s, 1H), 5.46 (s, 2H). 13C NMR (151 MHz, CDCl3) 

δ 191.14, 138.11, 136.78, 135.53 (q, J = 33.1 Hz), 129.43, 128.43, 126.17 (q, J = 3.7 

Hz), 123.31 (q, J = 272.9 Hz), 120.36, 52.76. 19F NMR (376 MHz, CDCl3) δ -63.31. 

HRMS (ESI) calcd. for C12H9F3N2O [M+H]+: 254.0667, Found: 255.0739.

O
N N

Cl

1-(4-chlorophenyl)-2-(1H-imidazol-1-yl)ethan-1-one (1k)3：white solid; 83% yield. 

1H NMR (400 MHz, CDCl3) δ 7.91 (d, J = 8.6 Hz, 2H), 7.56 – 7.47 (m, 3H), 7.14 (s, 

1H), 6.94 (s, 1H), 5.37 (s, 2H). 13C NMR (101 MHz, CDCl3) δ 190.49, 141.05, 138.12, 

132.49, 129.81, 129.53, 129.37, 120.21, 52.41.

O
N

N

MeO2C

methyl 4-(2-(1H-imidazol-1-yl)acetyl)benzoate (1l): white solid, 87% yield. 1H 

NMR (400 MHz, CDCl3) δ 8.22 – 8.16 (m, 2H), 8.06 – 8.01 (m, 2H), 7.53 (s, 1H), 

7.15 (s, 1H), 6.96 (s, 1H), 5.44 (s, 2H), 3.97 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 

191.28, 165.83, 138.11, 137.26, 135.07, 130.27, 129.78, 127.94, 120.23, 52.73, 52.68. 

HRMS (ESI) calcd. for C13H12N2O3 [M+H]+: 244.0848, Found: 245.0921.

O
N

N

O
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1-(furan-2-yl)-2-(1H-imidazol-1-yl)ethan-1-one (1m)6：white solid; 51% yield. 1H 

NMR (600 MHz, DMSO-d6) δ 8.10 (s, 1H), 7.59 (s, 2H), 7.12 (d, J = 2.6 Hz, 1H), 

6.91 (d, J = 2.5 Hz, 1H), 6.80 (s, 1H), 5.50 (s, 2H). 13C NMR (151 MHz, DMSO-d6) δ 

182.64, 150.39, 148.88, 138.82, 128.44, 121.31, 119.72, 113.23, 52.07.

O
N

N

N

2-(1H-imidazol-1-yl)-1-(pyridin-2-yl)ethan-1-one (1n)6：white solid; 57% yield. 1H 

NMR (600 MHz, CDCl3) δ 8.70 (s, 1H), 8.06 (d, J = 6.7 Hz, 1H), 7.89 (t, J = 7.8 Hz, 

1H), 7.54 (d, J = 19.7 Hz, 2H), 7.12 (s, 1H), 6.96 (s, 1H), 5.65 (s, 2H). 13C NMR (151 

MHz, CDCl3) δ 193.48, 151.33, 149.24, 138.27, 137.37, 129.50, 128.29, 122.38, 

120.29, 52.28.

O
N N

S

2-(1H-imidazol-1-yl)-1-(thiophen-2-yl)ethan-1-one (1o)7：white solid; 73% yield. 
1H NMR (400 MHz, CDCl3) δ 7.76 (ddd, J = 7.8, 4.4, 1.1 Hz, 2H), 7.54 (s, 1H), 7.20 

(dd, J = 4.9, 3.8 Hz, 1H), 7.13 (s, 1H), 6.97 (d, J = 1.4 Hz, 1H), 5.29 (s, 2H). 13C 

NMR (101 MHz, CDCl3) δ 184.73, 140.59, 138.11, 135.36, 132.52, 129.74, 128.65, 

120.24, 52.57.

O
N N

2-(1H-imidazol-1-yl)-1-(naphthalen-2-yl)ethan-1-one (1p)7：white solid; 85% 

yield; 1H NMR (400 MHz, CDCl3) δ 8.48 (d, J = 1.7 Hz, 1H), 8.03 – 7.88 (m, 4H), 

7.72 – 7.51 (m, 3H), 7.16 (d, J = 1.1 Hz, 1H), 6.99 (s, 1H), 5.53 (s, 2H). 13C NMR 

(151 MHz, CDCl3) δ 193.99, 138.86, 135.78, 132.58, 132.24, 130.50, 130.07, 129.46, 

129.03, 128.39, 128.27, 127.68, 123.81, 121.43, 53.10. 
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Cl

Cl

O
N

N
O

O

Methyl (E)-3-(1-(2-(2,4-dichlorophenyl)-2-oxoethyl)-1H-imidazol-4-yl)acrylate 

(1q): white solid, 79% yield. 1H NMR (400 MHz, DMSO-d6) δ 7.98 (d, J = 8.4 Hz, 

1H), 7.83 (d, J = 2.0 Hz, 1H), 7.71 (s, 1H), 7.67 (dd, J = 8.4, 2.0 Hz, 1H), 7.59 – 7.53 

(m, 2H), 6.37 (d, J = 15.5 Hz, 1H), 5.64 (s, 2H), 3.69 (s, 3H). 13C NMR (151 MHz, 

DMSO-d6) δ 194.01, 167.09, 140.26, 137.36, 137.30, 136.67, 133.62, 132.05, 131.49, 

130.54, 127.71, 124.78, 113.61, 54.99, 51.19. HRMS (ESI) calcd. for C15H12Cl2N2O3 

[M+H]+: 338.0225, Found: 339.0299.

O
N N

N
Cl

Cl

1-(2,4-dichlorophenyl)-2-(1H-1,2,3-triazol-1-yl)ethan-1-one (1r)8：white solid; 69% 

yield. 1H NMR (400 MHz, CDCl3) δ 7.70 (s, 2H), 7.62 (d, J = 8.4 Hz, 1H), 7.49 (d, J 

= 2.0 Hz, 1H), 7.35 (dd, J = 8.4, 2.0 Hz, 1H), 5.88 (s, 2H). 13C NMR (101 MHz, 

CDCl3) δ 192.52, 139.16, 135.37, 133.80, 132.92, 131.38, 130.78, 127.73, 62.91.

O
N N

NNCl

1-(2-chlorophenyl)-2-(2H-tetrazol-2-yl)ethan-1-one (1s)9：white solid; 60% yield. 
1H NMR (400 MHz, CDCl3) δ 8.63 (s, 1H), 7.77 – 7.72 (m, 1H), 7.54 (dd, J = 6.2, 1.7 

Hz, 2H), 7.44 (ddd, J = 7.8, 6.2, 2.3 Hz, 1H), 6.17 (s, 2H). 13C NMR (151 MHz, 

CDCl3) δ 190.99, 153.34, 134.73, 133.94, 132.11, 131.11, 130.67, 127.52, 77.31, 

77.10, 76.88, 60.78, 25.37.

O
N N

Cl

Cl
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2-(1H-benzo[d]imidazol-1-yl)-1-(2,4-dichlorophenyl)ethan-1-one (1t)10：white 

solid; 80% yield. 1H NMR (400 MHz, CDCl3) δ 8.07 – 8.00 (m, 2H), 7.93 (s, 1H), 

7.88 – 7.82 (m, 1H), 7.72 – 7.66 (m, 1H), 7.56 (dd, J = 8.5, 7.1 Hz, 2H), 7.33 – 7.26 

(m, 2H), 7.25 – 7.21 (m, 1H), 5.57 (s, 2H). 13C NMR (101 MHz, CDCl3) δ 191.24, 

143.77, 143.63, 134.50, 134.25, 129.20, 128.07, 123.30, 122.37, 120.62, 109.23, 

77.36, 77.04, 76.73, 50.39.

O
N N

NCl

Cl

2-(2H-benzo[d][1,2,3]triazol-2-yl)-1-(2,4-dichlorophenyl)ethan-1-one (1u)：white 

solid; 65% yield. 1H NMR (400 MHz, CDCl3) δ 8.10 (d, J = 8.4 Hz, 1H), 7.67 (d, J = 

8.4 Hz, 1H), 7.55 – 7.49 (m, 2H), 7.47 – 7.35 (m, 3H), 6.06 (s, 2H). 13C NMR (101 

MHz, CDCl3) δ 192.06, 146.06, 139.50, 133.69, 133.63, 132.87, 131.41, 130.92, 

128.03, 127.99, 124.17, 120.31, 109.29, 77.35, 77.04, 76.72, 56.63. HRMS (ESI) 

calcd. for C14H9Cl2N3O [M+H]+: 306.0123, Found: 306.0200.
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3. General procedure for the asymmetric hydrogenation 

3.1 General procedure for the asymmetric hydrogenation conducted with S/C = 

100

To a 4.0 mL vial was added the catalyst (2×10-2 mmol, 24 mg) and anhydrous THF 

(2.0 mL) under argon atmosphere. The mixture was stirred in the argon-filled 

glovebox. The resulting solution (200 μL) and KOH (0.1 mg) were transferred by 

syringe into a 5.0 mL vial charged with substrate (0.2 mmol) in 0.5 mL anhydrous 

THF. The vials were transferred to an autoclave, which was then charged with 50 atm 

of H2 and stirred at room temperature for 24 h. The hydrogen gas was released slowly 

in a well-ventilated hood and the solution was concentrated and passed through a 

short column of silica gel to remove the metal complex.

OH
N N

Cl

Cl

(S)-1-(2,4-dichlorophenyl)-2-(1H-imidazol-1-yl)ethan-1-ol (2a)1：white solid; 99% 

yield, >99% ee, [α]25
D = +85 (c 1.0, MeOH) (lit.1 [α]25

D = +83.8 (c 0.998, MeOH), 91% 

ee, S); 1H NMR (600 MHz, DMSO-d6) δ 7.59 (d, J = 3.3 Hz, 1H), 7.45 (dt, J = 23.0, 

5.4 Hz, 3H), 7.05 (s, 1H), 6.84 (s, 1H), 6.06 (s, 1H), 5.13 – 5.04 (m, 1H), 4.17 (dd, J = 

14.1, 2.9 Hz, 1H), 4.05 (ddd, J = 14.3, 6.8, 3.3 Hz, 1H). 13C NMR (151 MHz, DMSO-

d6) δ 139.12, 138.21, 133.22, 132.28, 129.85, 128.88, 128.42, 127.93, 120.50, 69.16, 

52.08. The enantiomeric excess of 2a was determined by HPLC analysis on Chiralpak 

AS-H column. Conditions: hexane/isopropanol = 90/10, flow rate = 1.0 mL/min, uv-

vis detection at λ = 208 nm, tR = 10.4 min (major), 13.1 min (minor).

OH
N N

(S)-2-(1H-imidazol-1-yl)-1-phenylethan-1-ol (2b)1：white solid; 97% yield, >99% 

ee, [α]25
D = +81 (c 0.5, MeOH) (lit.1 [α]25

D = +46.1 (c 0.98, EtOH), 97% ee, S); 1H 
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NMR (600 MHz, DMSO-d6) δ 7.49 (d, J = 8.5 Hz, 1H), 7.35 (d, J = 6.9 Hz, 4H), 7.30 

– 7.24 (m, 1H), 7.11 (d, J = 8.3 Hz, 1H), 6.83 (d, J = 8.4 Hz, 1H), 5.72 (s, 1H), 4.82 

(td, J = 8.5, 4.0 Hz, 1H), 4.14 (tt, J = 9.2, 4.3 Hz, 1H), 4.04 (dt, J = 13.7, 8.3 Hz, 1H). 
13C NMR (151 MHz, DMSO-d6) δ 143.12, 138.18, 128.54, 128.19, 127.80, 126.49, 

120.50, 72.55, 54.01. The enantiomeric excess of 2b was determined by HPLC 

analysis on Chiralpak AS-H column. Conditions: hexane/isopropanol = 90/10, flow 

rate = 1.0 mL/min, uv-vis detection at λ = 208 nm, tR = 10.4 min (major), 13.1 min 

(minor).

OH
N N

(S)-2-(1H-imidazol-1-yl)-1-(o-tolyl)ethan-1-ol (2c)：white solid; 98% yield, >99% 

ee, [α]25
D = +67 (c 0.5, MeOH). 1H NMR (600 MHz, CD3OD) δ 7.50 (s, 1H), 7.41 – 

7.38 (m, 1H), 7.18 – 7.12 (m, 3H), 7.04 (s, 1H), 6.90 (s, 1H), 5.16 – 5.11 (m, 1H), 

4.21 – 4.14 (m, 2H), 2.28 (s, 3H). 13C NMR (151 MHz, CD3OD) δ 139.53, 137.61, 

134.55, 129.92, 127.33, 126.98, 125.87, 125.43, 120.16, 69.34, 52.86, 17.62. HRMS 

(ESI) calcd. for C12H14N2O [M+H]+: 203.1106, Found: 203.1177. The enantiomeric 

excess of 2c was determined by HPLC analysis on Chiralpak IB column. Conditions: 

hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, uv-vis detection at λ = 208 nm, 

tR = 11.4 min (minor), 23.6 min (major).

OH
N N

O

(S)-2-(1H-imidazol-1-yl)-1-(2-methoxyphenyl)ethan-1-ol (2d)：white solid; 98% 

yield, >99% ee, [α]25
D = +80 (c 0.5, MeOH). 1H NMR (600 MHz, CD3OD) δ 7.50 (s, 

1H), 7.38 – 7.34 (m, 1H), 7.28 (td, J = 7.8, 1.7 Hz, 1H), 7.03 (s, 1H), 6.99 (d, J = 7.3 

Hz, 1H), 6.94 (t, J = 7.5 Hz, 1H), 6.90 (s, 1H), 5.25 (dd, J = 7.1, 3.4 Hz, 1H), 4.26 (dd, 

J = 14.1, 3.4 Hz, 1H), 4.12 (dd, J = 14.0, 7.1 Hz, 1H), 3.88 (s, 3H).  13C NMR (151 

MHz, CD3OD) δ 155.97, 137.56, 129.29, 128.49, 126.84, 126.09, 120.22, 120.12, 

109.88, 67.70, 54.47, 52.57. HRMS (ESI) calcd. for C12H14N2O2 [M+H]+: 219.1055, 
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Found: 219.1126. The enantiomeric excess of 2d was determined by HPLC analysis 

on Chiralpak AS-H column. Conditions: hexane/isopropanol = 90/10, flow rate = 1.0 

mL/min, uv-vis detection at λ = 208 nm, tR = 16.3 min (major), 22.2 min (minor).

OH
N N

Br

(S)-1-(2-bromophenyl)-2-(1H-imidazol-1-yl)ethan-1-ol (2e)：white solid; 97% 

yield, >99% ee, [α]25
D = +65 (c 0.5, MeOH). 1H NMR (600 MHz, CD3OD) δ 7.57 (d, 

J = 7.5 Hz, 2H), 7.49 (dd, J = 7.8, 1.7 Hz, 1H), 7.34 (t, J = 7.5 Hz, 1H), 7.20 (td, J = 

7.7, 1.8 Hz, 1H), 7.07 (s, 1H), 6.92 (s, 1H), 5.25 (dd, J = 7.3, 3.0 Hz, 1H), 4.30 (dd, J 

= 14.3, 3.1 Hz, 1H), 4.13 (dd, J = 14.3, 7.3 Hz, 1H). 13C NMR (151 MHz, CD3OD) δ 

140.38, 137.58, 132.27, 129.21, 127.66, 127.52, 126.86, 121.26, 120.17, 71.69, 52.38. 

HRMS (ESI) calcd. for C11H11BrN2O [M+H]+: 267.0055, Found: 267.0124. The 

enantiomeric excess of 2e was determined by UPLC analysis on Chiralpak IB-U 

column. Conditions: hexane/isopropanol = 80/20, flow rate = 0.5 mL/min, uv-vis 

detection at λ = 210 nm, tR = 3.0 min (major), 3.6 min (minor).

OH
N NCl

(S)-1-(3-chlorophenyl)-2-(1H-imidazol-1-yl)ethan-1-ol (2f)：white solid; 98% 

yield, >99% ee, [α]25
D = +23 (c 0.5, MeOH). 1H NMR (600 MHz, CD3OD) δ 7.71 (s, 

1H), 7.35 (s, 1H), 7.33 – 7.24 (m, 3H), 7.15 (s, 1H), 7.00 (s, 1H), 4.95 (dd, J = 7.3, 

4.1 Hz, 1H), 4.28 (dd, J = 14.1, 4.0 Hz, 1H), 4.19 (dd, J = 14.1, 7.3 Hz, 1H). 13C 

NMR (151 MHz, CD3OD) δ 143.93, 137.37, 134.04, 129.61, 127.53, 125.79, 125.74, 

124.07, 120.61, 53.99. HRMS (ESI) calcd. for C11H11ClN2O [M+H]+: 223.0560, 

Found: 223.0641. The enantiomeric excess of 2f was determined by HPLC analysis 

on Chiralpak IB column. Conditions: hexane/isopropanol = 90/10, flow rate = 1.0 

mL/min, uv-vis detection at λ = 208 nm, tR = 18.3 min (major), 23.9 min (minor).

 

OH
N N
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(S)-2-(1H-imidazol-1-yl)-1-(p-tolyl)ethan-1-ol (2g)：white solid; 99% yield, >99% 

ee, [α]25
D = +35 (c 0.5, MeOH). 1H NMR (600 MHz, DMSO-d6) δ 7.49 (s, 1H), 7.22 

(d, J = 7.9 Hz, 2H), 7.13 (d, J = 7.8 Hz, 2H), 7.10 (s, 1H), 5.63 (s, 1H), 4.77 (dd, J = 

7.9, 4.1 Hz, 1H), 4.10 (dd, J = 13.9, 4.2 Hz, 1H), 4.01 (dd, J = 13.9, 7.9 Hz, 1H), 2.28 

(s, 3H). 13C NMR (151 MHz, DMSO-d6) δ 140.11, 138.15, 136.83, 129.09, 128.09, 

126.41, 120.51, 72.37, 54.05, 21.18. HRMS (ESI) calcd. for C12H14N2O [M+H]+: 

203.1106, Found: 203.1177. The enantiomeric excess of 2g was determined by HPLC 

analysis on Chiralpak AS-H column. Conditions: hexane/isopropanol = 90/10, flow 

rate = 1.0 mL/min, uv-vis detection at λ = 210 nm, tR = 21.8 min (major), 24.3 min 

(minor).

OH
N

N

(S)-1-(4-(tert-butyl)phenyl)-2-(1H-imidazol-1-yl)ethan-1-ol (2h): white solid, 98% 

yield, >99% ee, [α]25
D = +33 (c 0.1, MeOH). 1H NMR (400 MHz, CDCl3) δ 7.50 (s, 

1H), 7.38 (dt, J = 8.4, 2.0 Hz, 2H), 7.25 (dt, J = 8.5, 2.1 Hz, 2H), 7.08 (t, J = 1.3 Hz, 

1H), 6.91 (s, 1H), 4.86 (d, J = 2.3 Hz, 1H), 4.25 – 4.11 (m, 2H), 1.31 (s, 9H). 13C 

NMR (101 MHz, CDCl3) δ 154.58, 142.51, 141.56, 130.90, 129.40, 128.88, 124.03, 

76.64, 57.84, 37.91, 34.33. HRMS (ESI) calcd. for C15H20N2O [M+H]+: 244.1576, 

Found: 245.1649. The enantiomeric excess of 2h was determined by UPLC analysis 

on Chiralpak IB-U column. Conditions: hexane/isopropanol = 75/25, flow rate = 0.5 

mL/min, uv-vis detection at λ = 220 nm, tR = 3.40 min (major), 3.91 min (minor).

OH
N N

F

(S)-1-(4-fluorophenyl)-2-(1H-imidazol-1-yl)ethan-1-ol (2i)：white solid; 98% yield, 

>99% ee, [α]25
D = +41 (c 0.5, MeOH). 1H NMR (600 MHz, CD3OD) δ 7.48 (s, 1H), 

7.32 (dd, J = 8.4, 5.4 Hz, 2H), 7.07 – 7.01 (m, 3H), 6.89 (s, 1H), 4.92 (dd, J = 7.2, 4.5 

Hz, 1H), 4.20 (dd, J = 14.1, 4.4 Hz, 1H), 4.15 (dd, J = 14.1, 7.1 Hz, 1H). 13C NMR 

(151 MHz, CD3OD) δ 163.22, 161.60, 137.64, 127.63, 127.57, 127.02, 120.13, 
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114.74, 114.60, 72.11, 53.82. 19F NMR (377 MHz, CD3OD) δ -116.94. HRMS (ESI) 

calcd. for C11H11FN2O [M+H]+: 207.0855, Found: 207.0924. The enantiomeric excess 

of 2i was determined by UPLC analysis on Chiralpak IB-U column. Conditions: 

hexane/isopropanol = 80/20, flow rate = 0.5 mL/min, uv-vis detection at λ = 230 nm, 

tR = 3.2 min (major), 3.7 min (minor).

F

F
F

OH
N

N

(S)-2-(1H-imidazol-1-yl)-1-(4-(trifluoromethyl)phenyl)ethan-1-ol (2j): white solid; 

98% yield, >99% ee, [α]25
D = +30 (c 0.1, MeOH).. 1H NMR (400 MHz, DMSO-d6) δ 

7.70 (d, J = 8.1 Hz, 2H), 7.56 (d, J = 8.0 Hz, 2H), 7.48 (s, 1H), 7.12 (s, 1H), 6.83 (s, 

1H), 5.92 (d, J = 4.6 Hz, 1H), 4.95 (dt, J = 8.2, 4.4 Hz, 1H), 4.19 (dd, J = 14.0, 4.1 Hz, 

1H), 4.07 (dd, J = 13.9, 7.6 Hz, 1H). 13C NMR (151 MHz, DMSO-d6) δ 147.78, 

138.22, 128.42 (q, J = 31.6 Hz), 128.27, 127.29, 125.40 (q, J = 3.8 Hz), 124.79 (q, J = 

271.9, 270.7 Hz), 120.54, 71.90, 53.63. 19F NMR (376 MHz, DMSO-d6) δ -59.99. 

HRMS (ESI) calcd. for C12H11F3N2O [M+H]+: 256.0823, Found: 257.0895. The 

enantiomeric excess of 2j was determined by UPLC analysis on Chiralpak IB-U 

column. Conditions: hexane/isopropanol = 75/25, flow rate = 0.5 mL/min, uv-vis 

detection at λ = 220 nm, tR = 2.38 min (major), 2.84 min (minor).

OH
N N

Cl

(S)-1-(4-chlorophenyl)-2-(1H-imidazol-1-yl)ethan-1-ol (2k)：white solid; 97% 

yield, >99% ee, [α]25
D = +86 (c 0.5, MeOH). 1H NMR (600 MHz, CD3OD) δ 7.48 (s, 

1H), 7.30 (q, J = 8.5 Hz, 4H), 7.05 (s, 1H), 6.89 (s, 1H), 4.92 (dd, J = 7.1, 4.3 Hz, 1H), 

4.22 (dd, J = 14.1, 4.4 Hz, 1H), 4.16 (dd, J = 14.1, 7.1 Hz, 1H). 13C NMR (151 MHz, 

CD3OD) δ 140.47, 137.66, 133.16, 128.08, 127.34, 127.04, 120.14, 72.05, 53.68. 

HRMS (ESI) calcd. for C11H11ClN2O [M+H]+: 223.0560, Found: 223.0641. The 

enantiomeric excess of 2k was determined by HPLC analysis on Chiralpak IB column. 



  

16

Conditions: hexane/isopropanol = 90/10, flow rate = 1.0 mL/min, uv-vis detection at λ 

= 208 nm, tR = 20.3 min (major), 23.5 min (minor).

OH
N

N

MeO2C

methyl (S)-4-(1-hydroxy-2-(1H-imidazol-1-yl)ethyl)benzoate (2l): white solid, 99% 

yield, >99% ee, [α]25
D = +120 (c 0.1, MeOH). 1H NMR (400 MHz, CD3OD) δ 7.97 (d, 

J = 8.4 Hz, 2H), 7.49 (s, 1H), 7.44 (d, J = 8.3 Hz, 2H), 7.06 (s, 1H), 6.90 (s, 1H), 5.01 

(dd, J = 7.0, 4.2 Hz, 1H), 4.27 (dd, J = 14.1, 4.3 Hz, 1H), 4.19 (dd, J = 14.1, 7.0 Hz, 

1H), 3.89 (s, 3H). 13C NMR (101 MHz, CD3OD) δ 166.91, 147.14, 137.68, 129.40, 

129.22, 127.06, 128.89, 120.19, 72.29, 53.62, 51.26. HRMS (ESI) calcd. for 

C13H14N2O3 [M+H]+: 246.1004, Found: 247.1077. The enantiomeric excess of 2l was 

determined by UPLC analysis on Chiralpak IB-U column. Conditions: 

hexane/isopropanol = 75/25, flow rate = 0.5 mL/min, uv-vis detection at λ = 210 nm, 

tR = 4.53 min (major), 5.33 min (minor).

OH
N

N

O

(R)-1-(furan-2-yl)-2-(1H-imidazol-1-yl)ethan-1-ol (2m)：white solid; 96% yield, 

>99% ee, [α]25
D = +34 (c 0.5, MeOH). 1H NMR (600 MHz, CDCl3) δ 7.41 (d, J = 1.8 

Hz, 1H), 7.31 (s, 1H), 6.84 – 6.80 (m, 2H), 6.35 (dd, J = 3.3, 1.8 Hz, 1H), 6.29 (d, J = 

3.3 Hz, 1H), 5.05 (s, 1H), 4.92 (dd, J = 7.7, 3.9 Hz, 1H), 4.27 (dd, J = 14.1, 4.0 Hz, 

1H), 4.20 (dd, J = 14.1, 7.7 Hz, 1H). 13C NMR (151 MHz, CDCl3) δ 153.78, 142.24, 

137.61, 128.42, 119.61, 110.55, 107.18, 67.32, 52.07. HRMS (ESI) calcd. for 

C9H10N2O2 [M+H]+: 179.0742, Found: 179.0813. The enantiomeric excess of 2m was 

determined by UPLC analysis on Chiralpak IB-U column. Conditions: 

hexane/isopropanol = 80/20, flow rate = 0.5 mL/min, uv-vis detection at λ = 210 nm, 

tR = 1.9 min (major), 2.5 min (minor).
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OH
N

N

N

(R)-2-(1H-imidazol-1-yl)-1-(pyridin-2-yl)ethan-1-ol (2n)：white solid; 97% yield, 

>99% ee, [α]25
D = +18 (c 0.5, MeOH). 1H NMR (600 MHz, CD3OD) δ 8.53 (s, 1H), 

7.80 (t, J = 7.8 Hz, 1H), 7.54 – 7.45 (m, 2H), 7.35 – 7.29 (m, 1H), 7.03 (s, 1H), 6.88 

(s, 1H), 5.01 – 4.95 (m, 1H), 4.42 (dt, J = 14.3, 3.3 Hz, 1H), 4.32 – 4.21 (m, 1H). 13C 

NMR (151 MHz, CD3OD) δ 160.42, 148.23, 137.68, 137.39, 127.04, 122.86, 120.92, 

120.10, 73.07, 52.66. HRMS (ESI) calcd. for C10H11N3O [M+H]+: 190.0902, Found: 

190.0973. The enantiomeric excess of 2n was determined by UPLC analysis on 

Chiralpak IG-3 column. Conditions: hexane/isopropanol = 80/20, flow rate = 0.5 

mL/min, uv-vis detection at λ = 210 nm, tR = 5.3 min (major), 5.7 min (minor).

OH
N N

S

(R)-2-(1H-imidazol-1-yl)-1-(thiophen-2-yl)ethan-1-ol (2o)：yellow solid; 96% 

yield, >99% ee, [α]25
D = +10 (c 0.5, MeOH). 1H NMR (600 MHz, CD3OD) δ 7.54 (s, 

1H), 7.33 (dd, J = 4.9, 1.3 Hz, 1H), 7.10 (s, 1H), 6.96 (dt, J = 7.4, 3.5 Hz, 2H), 6.91 (s, 

1H), 5.17 (dd, J = 7.4, 4.5 Hz, 1H), 4.30 (dd, J = 14.0, 4.5 Hz, 1H), 4.23 (dd, J = 14.1, 

7.4 Hz, 1H). 13C NMR (151 MHz, CD3OD) δ 145.30, 137.66, 127.06, 126.37, 124.47, 

123.77, 120.08, 69.05, 53.99. HRMS (ESI) calcd. for C9H1N2S [M+H]+: 195.0514, 

Found: 195.0585. The enantiomeric excess of 2o was determined by UPLC analysis 

on Chiralpak AS-H column. Conditions: hexane/isopropanol = 90/10, flow rate = 1.0 

mL/min, uv-vis detection at λ = 210 nm, tR = 2.4 min (major), 2.9 min (minor).

OH
N N

(S)-2-(1H-imidazol-1-yl)-1-(naphthalen-2-yl)ethan-1-ol (2p): white solid; 99% 

yield, >99% ee, [α]25
D = +43 (c 0.5, MeOH). 1H NMR (600 MHz, CD3OD) δ 7.67 (s, 

2H), 7.58 (d, J = 8.4 Hz, 1H), 7.43 (d, J = 2.1 Hz, 1H), 7.35 (d, J = 8.6 Hz, 1H), 5.57 

(dd, J = 8.1, 3.9 Hz, 1H), 4.65 (dd, J = 13.8, 3.9 Hz, 1H), 4.57 (dd, J = 13.8, 8.0 Hz, 
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1H). 13C NMR (151 MHz, CD3OD) δ 137.83, 134.08, 133.84, 132.43, 128.85, 128.54, 

127.25, 68.55, 59.31. HRMS (ESI) calcd. for C15H14N2O [M+H]+: 239.1106, Found: 

239.1177. The enantiomeric excess of 2p was determined by HPLC analysis on 

Chiralpak IB column. Conditions: hexane/isopropanol = 90/10, flow rate = 1.0 

mL/min, uv-vis detection at λ = 208 nm, tR = 26.6 min (major), 30.9 min (minor).

Cl

Cl

OH
N

N
O

O

methyl (S, E)-3-(1-(2-(2,4-dichlorophenyl)-2-hydroxyethyl)-1H-imidazol-4-yl) 

acrylate (2q): white solid, 98% yield, >99% ee, [α]25
D = +21 (c 0.1, MeOH). 1H 

NMR (400 MHz, DMSO-d6) δ 7.62 (t, J = 1.2 Hz, 1H), 7.59 – 7.58 (m, 1H), 7.55 (s, 

1H), 7.50 (d, J = 15.6 Hz, 1H), 7.45 (d, J = 1.5 Hz, 2H), 6.33 (d, J = 15.6 Hz, 1H), 

6.08 (d, J = 4.6 Hz, 1H), 5.08 (ddd, J = 7.7, 4.7, 3.3 Hz, 1H), 4.20 (dd, J = 14.1, 3.3 

Hz, 1H), 4.05 (dd, J = 14.1, 7.3 Hz, 1H), 3.68 (s, 3H). 13C NMR (151 MHz, DMSO-

d6) δ 167.59, 140.30, 138.83, 137.88, 137.06, 133.34, 132.26, 129.82, 128.97, 128.01, 

124.73, 113.81, 68.93, 52.31, 51.63. HRMS (ESI) calcd. for C15H14Cl2N2O3 [M+H]+: 

340.0381, Found: 341.0455. The enantiomeric excess of 2q was determined by UPLC 

analysis on Chiralpak IA-U column. Conditions: hexane/isopropanol = 75/25, flow 

rate = 0.5 mL/min, uv-vis detection at λ = 280 nm, tR = 1.92 min (major), 3.02 min 

(minor).

OH
N N

N
Cl

Cl

(S)-1-(2,4-dichlorophenyl)-2-(1H-1,2,3-triazol-1-yl)ethan-1-ol (2r): white solid; 98% 

yield, >99% ee, [α]25
D = +22 (c 0.5, MeOH). 1H NMR (600 MHz, CD3OD) δ 7.67 (s, 

2H), 7.58 (d, J = 8.4 Hz, 1H), 7.43 (d, J = 2.1 Hz, 1H), 7.35 (d, J = 8.6 Hz, 1H), 5.57 

(dd, J = 8.1, 3.9 Hz, 1H), 4.65 (dd, J = 13.8, 3.9 Hz, 1H), 4.57 (dd, J = 13.8, 8.0 Hz, 

1H). 13C NMR (151 MHz, CD3OD) δ 137.83, 134.08, 133.84, 132.43, 128.85, 128.54, 

127.25, 68.55, 59.31. HRMS (ESI) calcd. for C10H9Cl2N3O [M+H]+: 258.0123, Found: 

258.0194. The enantiomeric excess of 2r was determined by HPLC analysis on 
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Chiralpak IB column. Conditions: hexane/isopropanol = 90/10, flow rate = 1.0 

mL/min, uv-vis detection at λ = 208 nm, tR = 11.6 min (major), 12.2 min (minor).

OH
N N

N
NCl

(S)-1-(2-chlorophenyl)-2-(2H-tetrazol-2-yl)ethan-1-ol (2s): white solid; 98% yield, 

98.5% ee, [α]25
D = +66 (c 0.25, MeOH). 1H NMR (600 MHz, CDCl3) δ 8.54 (s, 1H), 

7.63 (dd, J = 7.7, 1.8 Hz, 1H), 7.40 (dd, J = 7.8, 1.5 Hz, 1H), 7.32 (dtd, J = 22.8, 7.5, 

1.6 Hz, 2H), 5.73 (dt, J = 8.5, 3.3 Hz, 1H), 4.99 (dd, J = 13.9, 2.7 Hz, 1H), 4.79 (dd, J 

= 13.9, 8.7 Hz, 1H), 3.26 (d, J = 4.2 Hz, 1H). 13C NMR (151 MHz, CDCl3) δ 152.91, 

136.63, 131.78, 129.79, 129.71, 127.51, 127.37, 69.25, 58.00. HRMS (ESI) calcd. for 

C9H9ClN4O [M+H]+: 224.0456, Found: 224.0527. The enantiomeric excess of 2s was 

determined by HPLC analysis on Chiralpak IC column. Conditions: 

hexane/isopropanol = 75/25, flow rate = 1.0 mL/min, uv-vis detection at λ = 208 nm, 

tR = 6.8 min (major), 7.6 min (minor).

OH
N N

Cl

Cl

(S)-2-(1H-benzo[d]imidazol-1-yl)-1-(2,4-dichlorophenyl)ethan-1-ol (2t): white 

solid; 98% yield, >99% ee, [α]25
D = +10 (c 0.5, MeOH). 1H NMR (600 MHz, CD3OD) 

δ 7.99 (s, 1H), 7.65 (dd, J = 7.2, 1.5 Hz, 1H), 7.51 (dd, J = 7.4, 1.5 Hz, 1H), 7.36 – 

7.31 (m, 4H), 7.30 – 7.24 (m, 3H), 5.07 (dd, J = 7.2, 4.8 Hz, 1H), 4.51 – 4.43 (m, 2H). 

13C NMR (151 MHz, CD3OD) δ 144.01, 142.32, 141.65, 133.91, 128.10, 127.57, 

125.71, 122.71, 121.91, 118.51, 110.23, 71.83, 51.89. HRMS (ESI) calcd. for 

C15H12Cl2N2O [M+H]+: 307.0329, Found: 307.0400. The enantiomeric excess of 2t 

was determined by HPLC analysis on Chiralpak IB column. Conditions: 

hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, uv-vis detection at λ = 210 nm, 

tR = 14.2 min (major), 17.2 min (minor).
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OH
N N

NCl

Cl

(S)-2-(2H-benzo[d][1,2,3]triazol-2-yl)-1-(2,4-dichlorophenyl)ethan-1-ol (2u): 

white solid; 98% yield, 97% ee, [α]25
D = +34 (c 0.5, MeOH). 1H NMR (600 MHz, 

DMSO-d6) δ 8.02 (d, J = 8.3 Hz, 1H), 7.80 (d, J = 8.3 Hz, 1H), 7.61 (d, J = 2.1 Hz, 

1H), 7.58 – 7.51 (m, 2H), 7.45 (dd, J = 8.4, 2.1 Hz, 1H), 7.42 – 7.36 (m, 1H), 6.08 (s, 

1H), 5.40 (dd, J = 7.6, 3.8 Hz, 1H), 4.88 (dd, J = 14.4, 3.8 Hz, 1H), 4.82 (dd, J = 14.4, 

7.6 Hz, 1H). 13C NMR (151 MHz, CD3OD) δ 145.10, 137.87, 133.94, 132.26, 128.83, 

128.55, 127.26, 127.16, 124.10, 118.28, 110.68, 68.72, 53.35. HRMS (ESI) calcd. for 

C14H11Cl2N3O [M+H]+: 308.0279, Found: 308.0350. The enantiomeric excess of 2u 

was determined by UPLC analysis on Chiralpak IB-U column. Conditions: 

hexane/isopropanol = 80/20, flow rate = 0.5 mL/min, uv-vis detection at λ = 210 nm, 

tR = 2.9 min (minor), 3.2 min (major).

N

N
OH

(R)-6,7-dihydro-5H-pyrrolo[1,2-a]imidazol-7-ol (2v)11: white solid; 65% yield, >99% 

ee, [α]25
D = +35.4 (c 0.125, MeOH) (lit.11 [α]24

D = +11 (c 0.48, MeOH), 99% ee, R). 
1H NMR (600 MHz, CD3OD) δ 7.04 (s, 2H), 5.04 – 5.00 (m, 1H), 4.16 (ddt, J = 10.2, 

7.6, 3.6 Hz, 1H), 3.96 (td, J = 8.4, 4.2 Hz, 1H), 2.93 (dq, J = 14.4, 7.4 Hz, 1H), 2.42 

(ddd, J = 13.8, 7.4, 3.6 Hz, 1H). 13C NMR (151 MHz, CD3OD) δ 154.36, 131.51, 

114.44, 64.12, 42.05, 36.45. HRMS (ESI) calcd. for C6H8N2O [M+H]+: 125.0637, 

Found: 125.0708. The enantiomeric excess of 2v was determined by UPLC analysis 

on Chiralpak OD column. Conditions: hexane/isopropanol = 80/20, flow rate = 0.5 

mL/min, uv-vis detection at λ = 210 nm, tR = 1.9 min (major), 3.4 min (minor).

3.2 General procedure for the asymmetric hydrogenation conducted with S/C = 
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4000

RuCl2[(R)-xylbinap] [(R)-daipen] (1.25×10-4 mmol) and KOH (0.1 mg) transferred by 

syringe into a 10 mL vial charged with substrate (1.27 g, 5 mmol) in 2.0 mL 

anhydrous THF. The vial was transferred to an autoclave, which was then charged 

with 50 atm of H2 and stirred at room temperature for 48 h. The hydrogen gas was 

released slowly in a well-ventilated hood and the solution was concentrated and 

passed through a short column of silica gel to remove the metal complex. 

4. Synthetic Applications

Cl OH
N N

NN

O
N N

NN

Cl

O

H2N1) THF

2) H2O

Cl
S
NCO

O O
+

Cl O
N N

NN
RuCl2[(R)-xylbinap] [(R)-daipen], Cs2CO3

THF, H2 (50 atm), rt, 48h
S/C = 1000

1s, 1.11 g (R)-2s, 1.11g, 99% yield, 99% ee

3s. cenobamate
1.14 g, 86% yield, 98% ee

Step 1: I RuCl2[(R)-xylbinap] [(R)-daipen] (5×10-4 mmol) and Cs2CO3 (0.3 mg) 

transferred by syringe into a 10 mL vial charged with substrate (1.11 g, 5 mmol) in 

2.0 mL anhydrous THF. The vial was transferred to an autoclave, which was then 

charged with 50 atm of H2 and stirred at room temperature for 48 h. The hydrogen gas 

was released slowly in a well-ventilated hood and the solution was concentrated and 

passed through a short column of silica gel to remove the metal complex.

Step 212: Chlorosulfonylisocyanate (1.5 equiv) was dissolved in dry THF (0.1-0.15 M) 

and placed in an ice bath. The (R)-2s (1 equiv) dissolved in dry THF (0.3 M) was 

added slowly to the reaction. The ice bath was removed and stirred until consumption 

of alcohol was apparent by TLC. The reaction was placed back in an ice bath and 

water was added. The reaction flask was fitted with a reflux condenser and refluxed 
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until TLC indicated complete conversion of the starting material. Water was added 

and the organic phase separated collected. The aqueous layer was extracted with 3 

portions of ethyl acetate, the organics combined, dried over anhydrous sodium sulfate 

and concentrated under reduced pressure. The residue was purified by silica gel 

chromatography. The products 3s13 were obtained as oil (1.14 g, 86% yield, 98% ee). 

[α]25
D = 3.4 (c 0.5, MeOH).1H NMR (400 MHz, CD3OD) δ 8.70 (s, 1H), 7.45 (ddd, J 

= 9.5, 5.5, 3.5 Hz, 2H), 7.39 – 7.27 (m, 2H), 6.54 (dd, J = 8.1, 3.6 Hz, 1H), 5.10 (dd, J 

= 14.2, 8.2 Hz, 1H), 5.03 (dd, J = 14.3, 3.6 Hz, 1H), 4.85 (s, 2H). 13C NMR (151 

MHz, CD3OD) δ 156.19, 152.77, 134.57, 131.75, 129.84, 129.46, 127.31, 127.08, 

70.46, 55.34. The enantiomeric excess of 3s was determined by UPLC analysis on 

Chiralpak IB-U column. Conditions: hexane/isopropanol = 80/20, flow rate = 0.5 

mL/min, uv-vis detection at λ = 230 nm, tR = 2.8 min (minor), 3.9 min (major).



  

23

5. Spectroscopic data
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1H NMR (400 MHz, CDCl3) of 1b: 
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1H NMR (400 MHz, CDCl3) of 1c: 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.511.0
f1 (ppm)

3.
04

2.
06

0.
96

0.
99

1.
98

2.
00

1.
00

2.
53

5.
30

6.
94

7.
13

7.
26

7.
31

7.
33

7.
35

7.
45

7.
46

7.
47

7.
48

7.
50

7.
70

7.
72

13C NMR (101 MHz, CDCl3) of 1c: 

-100102030405060708090100110120130140150160170180190200210
f1 (ppm)

21
.7

0

54
.0

5

76
.7

3
77

.0
5

77
.3

7

12
0.

21
12

6.
07

12
8.

30
12

9.
67

13
2.

76
13

2.
85

13
3.

95
13

8.
13

13
9.

95

19
4.

37



  

26

1H NMR (400 MHz, CDCl3) of 1d: 
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1H NMR (400 MHz, CDCl3) of 1e: 
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1H NMR (400 MHz, CDCl3) of 1f: 
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1H NMR (400 MHz, CDCl3) of 1g: 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.0
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1H NMR (400 MHz, CDCl3) of 1h: 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5
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1H NMR (400 MHz, CDCl3) of 1i: 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.511.0
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19F NMR (376 MHz, CDCl3) of 1i:

-220-210-200-190-180-170-160-150-140-130-120-110-100-90-80-70-60-50-40-30-20-1001020
f1 (ppm)
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13C NMR (151 MHz, CDCl3) of 1j: 

-100102030405060708090100110120130140150160170180190200210
f1 (ppm)
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1H NMR (400 MHz, CDCl3) of 1k: 
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f1 (ppm)
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1H NMR (400 MHz, CDCl3) of 1l: 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5
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1H NMR (600 MHz, DMSO-d6) of 1m: 
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1H NMR (600 MHz, CDCl3) of 1n: 
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1H NMR (400 MHz, CDCl3) of 1o: 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.511.0
f1 (ppm)

2.
09

1.
00

0.
98

1.
06

0.
99

2.
03

5.
29

6.
97

6.
97

6.
98

7.
13

7.
13

7.
19

7.
20

7.
20

7.
21

7.
27

7.
54

7.
74

7.
74

7.
75

7.
75

7.
76

7.
76

7.
77

7.
77

13C NMR (101 MHz, CDCl3) of 1o: 

-100102030405060708090100110120130140150160170180190200210
f1 (ppm)

52
.5

7

76
.7

5
77

.0
6

77
.3

8

12
0.

24
12

8.
65

12
9.

74
13

2.
52

13
5.

36
13

8.
11

14
0.

59

18
4.

73



  

39

1H NMR (400 MHz, CDCl3) of 1p: 
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1H NMR (400 MHz, DMSO-d6) of 1q: 
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1H NMR (400 MHz, CDCl3) of 1r: 
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1H NMR (400 MHz, CDCl3) of 1s: 
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1H NMR (400 MHz, CDCl3) of 1t: 
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1H NMR (400 MHz, CDCl3) of 1u: 
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1H NMR (600 MHz, DMSO-d6) of 2a: 
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1H NMR (600 MHz, DMSO-d6) of 2b: 
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1H NMR (600 MHz, CD3OD) of 2c: 



  

47

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.5
f1 (ppm)

3.
00

2.
09

1.
04

0.
95

1.
06

3.
08

0.
98

0.
97

2.
28

3.
30

4.
14

4.
15

4.
16

4.
17

4.
17

4.
18

4.
18

4.
19

4.
20

4.
87

5.
12

5.
13

5.
14

6.
90

7.
04

7.
12

7.
12

7.
13

7.
13

7.
15

7.
16

7.
16

7.
17

7.
17

7.
17

7.
18

7.
39

7.
40

7.
40

7.
50

13C NMR (151 MHz, CD3OD) of 2c: 
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1H NMR (600 MHz, CD3OD) of 2d: 
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1H NMR (600 MHz, CD3OD) of 2e: 
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1H NMR (600 MHz, CD3OD) of 2f:
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-100102030405060708090100110120130140150160170180190200210
f1 (ppm)

47
.2

0
47

.3
4

47
.4

8
47

.6
3

47
.7

7
47

.9
1

48
.0

5
53

.9
9

12
0.

61
12

4.
07

12
5.

74
12

5.
79

12
7.

53
12

9.
61

13
4.

04
13

7.
37

14
3.

93

1H NMR (600 MHz, DMSO-d6) of 2g: 
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-100102030405060708090100110120130140150160170180190200210
f1 (ppm)

21
.1

8
39

.5
6

39
.7

0
39

.8
4

39
.9

8
40

.1
2

40
.2

6
40

.4
0

54
.0

5

72
.3

7

12
0.

51
12

6.
41

12
8.

09
12

9.
09

13
6.

83
13

8.
15

14
0.

11

1H NMR (400 MHz, CD3OD) of 2h: 
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1H NMR (600 MHz, CD3OD) of 2i: 
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19F NMR (377 MHz, CD3OD) of 2i:
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13C NMR (151 MHz, DMSO-d6) of 2j:
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19F NMR (376 MHz, DMSO-d6) of 2j:
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1H NMR (600 MHz, CD3OD) of 2k: 
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1H NMR (400 MHz, CD3OD) of 2l: 
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1H NMR (600 MHz, CDCl3) of 2m: 
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13C NMR (151 MHz, CDCl3) of 2m: 
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1H NMR (600 MHz, CD3OD) of 2n: 
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1H NMR (600 MHz, CD3OD) of 2o: 
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1H NMR (400 MHz, DMSO-d6) of 2q:



  

62

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5
f1 (ppm)

3.
31

1.
13

1.
13

1.
13

1.
00

1.
08

1.
92

1.
18

1.
03

1.
02

0.
99

3.
68

4.
02

4.
04

4.
06

4.
08

4.
18

4.
19

4.
21

4.
22

5.
07

5.
07

5.
08

5.
08

5.
09

5.
10

5.
10

6.
08

6.
09

6.
31

6.
34

7.
45

7.
45

7.
48

7.
52

7.
55

7.
58

7.
58

7.
59

7.
62

7.
62

7.
62

13C NMR (151 MHz, DMSO-d6) of 2q:

-100102030405060708090100110120130140150160170180190200210
f1 (ppm)

51
.6

3
52

.3
1

68
.9

3

11
3.

81
12

4.
73

12
8.

01
12

8.
97

12
9.

82
13

2.
26

13
3.

34
13

7.
06

13
7.

88
13

8.
83

14
0.

30

16
7.

59

1H NMR (600 MHz, CD3OD) of 2r: 
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1H NMR (600 MHz, CDCl3) of 2s:
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1H NMR (600 MHz, CD3OD) of 2t:
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1H NMR (600 MHz, DMSO-d6) of 2u:
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1H NMR (600 MHz, CD3OD) of 2v:
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1H NMR (400 MHz, CD3OD) of 3s:



  

68

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.511.0
f1 (ppm)

1.
99

1.
01

1.
10

1.
00

2.
06

2.
10

0.
95

4.
85

5.
01

5.
02

5.
04

5.
05

5.
07

5.
09

5.
11

5.
13

6.
53

6.
54

6.
55

6.
56

7.
31

7.
32

7.
32

7.
33

7.
33

7.
34

7.
42

7.
43

7.
43

7.
44

7.
45

7.
46

7.
46

7.
47

8.
70

13C NMR (101 MHz, CD3OD) of 3s: 

-100102030405060708090100110120130140150160170180190200210
f1 (ppm)

47
.2

9
47

.4
3

47
.5

7
47

.7
2

47
.8

6
48

.0
0

48
.1

4
55

.3
4

70
.4

6

12
7.

08
12

7.
31

12
9.

46
12

9.
84

13
1.

75
13

4.
57

15
2.

77
15

6.
19

6. HPLC spectra



  

69

  

OH
N N

Cl

Cl

OH
N N

Cl

Cl



  

70

OH
N N

OH
N N



  

71

OH
N N

O

OH
N N

O



  

72

OH
N N

Br

OH
N N

Br



  

73

OH
N NCl

OH
N NCl



  

74

OH
N N

OH
N N



  

75

 

OH
N

N

OH
N

N



  

76

OH
N N

F

OH
N N

F



  

77

F
F

F

OH
N

N

F

F
F

OH
N

N



  

78

OH
N N

Cl

OH
N N

Cl



  

79

OH
N

N

O

O

OH
N

N

MeO2C



  

80

OH
N

N

O

OH
N

N

O



  

81

OH
N

N

N

OH
N

N

N



  

82

 

OH
N N

S

OH
N N

S



  

83

OH
N

N

OH
N

N



  

84

Cl

Cl

OH
N

N
O

O

Cl

Cl

OH
N

N
O

O



  

85

 

OH
N N

N
Cl

Cl

OH
N N

N
Cl

Cl



  

86

 

OH
N N

NNCl

OH
N N

N
NCl



  

87

OH
N N

Cl

Cl

OH
N N

Cl

Cl



  

88

OH
N N

NCl

Cl

OH
N N

NCl

Cl



  

89

N

N
OH

N

N
OH



  

90

O
N N

NN

Cl

O

H2N

O
N N

NN

Cl

O

H2N



  

91

7. References

1. I. C. Lennon and J. A. Ramsden, An Efficient Catalytic Asymmetric Route to 1-

Aryl-2-imidazol-1-yl-ethanols, Org. Process Res. Dev., 2005, 9, 110-112.

2. L. Zhang, L. Fu, S. Zhang, J. Zhang, Y. Zhao, Y. Zheng, G. He, S. Yang, L. 

Ouyang and B. Liu, Discovery of a small molecule targeting ULK1-modulated cell 
death of triple negative breast cancer in vitro and in vivo, Chemical Science, 2017, 
8, 2687-2701.

3. S. Dhiman, K. Pericherla, N. K. Nandwana, D. Kumar and A. Kumar, Synthesis of 

Aza-Fused Isoquinolines through Domino Cross-Aldol Condensation and 
Palladium-Catalyzed Intramolecular Direct Arylation, J. Org. Chem., 2014, 79, 
7399-7404.

4. A. S. Wagman, R. S. Boyce, S. P. Brown, E. Fang, D. Goff, J. M. Jansen, V. P. Le, 

B. H. Levine, S. C. Ng, Z.-J. Ni, J. M. Nuss, K. B. Pfister, S. Ramurthy, P. A. 
Renhowe, D. B. Ring, W. Shu, S. Subramanian, X. A. Zhou, C. M. Shafer, S. D. 
Harrison, K. W. Johnson and D. E. Bussiere, Synthesis, Binding Mode, and 
Antihyperglycemic Activity of Potent and Selective (5-Imidazol-2-yl-4-
phenylpyrimidin-2-yl)[2-(2-pyridylamino)ethyl]amine Inhibitors of Glycogen 
Synthase Kinase 3, J. Med. Chem., 2017, 60, 8482-8514.

5. Y. Zhou, X. Lu, C. Du, Y. Liu, Y. Wang, K. H. Hong, Y. Chen and H. Sun, Novel 

BuChE-IDO1 inhibitors from sertaconazole: Virtual screening, chemical 
optimization and molecular modeling studies, Bioorg. Med. Chem. Lett., 2021, 34, 
127756.

6. C. Liu, C. Shi, F. Mao, Y. Xu, J. Liu, B. Wei, J. Zhu, M. Xiang and J. Li, 

Discovery of New Imidazole Derivatives Containing the 2,4-Dienone Motif with 
Broad-Spectrum Antifungal and Antibacterial Activity, Molecules, 2014, 19, 
15653-15672.

7. G. Roman, J. Z. Vlahakis, D. Vukomanovic, K. Nakatsu and W. A. Szarek, Heme 

Oxygenase Inhibition by 1-Aryl-2-(1H-imidazol-1-yl/1H-1,2,4-triazol-1-
yl)ethanones and Their Derivatives, ChemMedChem, 2010, 5, 1541-1555.

8. V. K. Vyas and B. M. Bhanage, Catalytic asymmetric synthesis of β-triazolyl 

amino alcohols by asymmetric transfer hydrogenation of α-triazolyl amino 
alkanones, Tetrahedron: Asymmetry, 2017, 28, 974-982.

9. Y. Li, K. K. Pasunooti, R.-J. Li, W. Liu, S. A. Head, W. Q. Shi and J. O. Liu, 



  

92

Novel Tetrazole-Containing Analogues of Itraconazole as Potent Antiangiogenic 
Agents with Reduced Cytochrome P450 3A4 Inhibition, J. Med. Chem., 2018, 61, 
11158-11168.

10. L. Zhang, L. Fu, S. Zhang, J. Zhang, Y. Zhao, Y. Zheng, G. He, S. Yang, L. 

Ouyang and B. Liu, Discovery of a small molecule targeting ULK1-modulated cell 
death of triple negative breast cancer in vitro and in vivo, Chem. Sci., 2017, 8, 
2687-2701.

11. Z. Zhang, F. Xie, J. Jia and W. Zhang, Chiral Bicycle Imidazole Nucleophilic 

Catalysts: Rational Design, Facile Synthesis, and Successful Application in 
Asymmetric Steglich Rearrangement, J. Am. Chem. Soc., 2010, 132, 15939-15941.

12. R. D. Grigg, J. W. Rigoli, S. D. Pearce and J. M. Schomaker, Synthesis of 

Propargylic and Allenic Carbamates via the C–H Amination of Alkynes, Org. Lett., 
2012, 14, 280-283.

13. J.-x. Huang, W. Hong-yi, W. Ze-nong, S. Xun and Z. Fu-li, Improved synthesis of 

cenobamate, Chin. J. Med. Chem., 2021, 31, 419-421.


