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I. General Remarks   

All reactions and manipulations which are sensitive to moisture or air were performed in an argon-filled 

glovebox or using standard Schlenk techniques. Hydrogen gas (99.999%) was purchased from Shanghai Regulator 

Factory Co., Ltd. Simple ketones, were purchased from Aldrich or Alfa Aesar chemical company, and they were 

further purified by distilled. Anhydrous THF, 1,4-dioxane and toluene  was  distilled  from  sodium 

benzophenone ketyl. Anhydrous i-PrOH, EA, CH2Cl2 were freshly distilled from calcium hydride. Anhydrous 

MeOH and EtOH were freshly distilled from Mg. Anhydrous CF3CH2OH were purchased from Sigma-Aldrich. 

Solvents were transferred by syringe. [Ir(COD)Cl]2 was prepared according to the literature.1-2 1H, 13C and 31P 

NMR spectra were recorded with a Bruker ADVANCE III (400 MHz) spectrometer with CDCl3 as the solvent and 

tetramethylsilane (TMS) as the internal standard. Chemical shifts are reported in parts per million (ppm, δ scale) 

downfield from TMS at 0.00 ppm and referenced to the CDCl3 at 7.26 ppm (for 1H NMR) or 77.0 ppm (for 13C 

NMR). Data are reported as: multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet), coupling 

constant in hertz (Hz) and signal area integration in natural numbers. 13C NMR and 31P NMR analyses were run 

with decoupling. Optical rotations [α]D were determined using a PERKIN ELMER polarimeter 343 instrument. GC 

analyses were performed using SHIMADZU Lab Solution instrument. HPLC analyses were performed using 

Daicel chiral column. Aliphatic -hydroxy ketones were purchased from Sigma-Aldrich and all the aromatic 

-hydroxy ketones were prepared according the literature.3-7 The characterization data of compounds 2a-2c, 2e, 2j, 

2l, 2n, 2o, 2r are in accordance with the reported data in the literature.6 The characterization data of compounds 2d, 

2g, 2i, 2q, 2m are in accordance with the reported data in the literature.5, 11 The characterization data of compounds 

2f, 2h, 2k, 2p, 2s are in accordance with the reported data in the literature. 12-16 

 

II. General procedure for asymmetric hydrogenation 

General procedure for S/C = 10,000: To a 4.0 mL vial was added the catalyst precursor [Ir(COD)Cl]2 (1.4 mg, 

2.0×10-3 mmol), ligand L3 (2.4 mg, 4.2×10-3 mmol) and anhydrous iPrOH (2.0 mL) under argon atmosphere. The 

mixture was stirred for 2.0 h at 25 oC giving orange red solution in the argon-filled glovebox. The resulting 

solution (10 μL) and a solution of K2CO3 (10 μL, c = 0.02 mmol/mL) transferred by syringe into a 5.0 mL vial 

charged with fresh distilled substrate ketones (0.2 mmol) in 1.0 mL anhydrous iPrOH. The vials were transferred to 

an autoclave, which was then charged with 20 atm of H2 and stirred at room temperature for 2 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. The product was analyzed by chiral GC or chiral HPLC for ee values. 

The characterization data of compounds 2a-2s are in accordance with the reported data in the literature.5-10 
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(S)-1-Phenyl-1,2-ethanediol 2a  

Colorless solid, 27.4 mg, 99% yield; >99% ee; [α]D
25 = +34.8 (c = 0.50, MeOH). The 

enantiomeric excess was determined by HPLC on Chiralpak OD-H column, hexane: isopropanol = 98:2; flow rate 

= 1.0 mL/min; UV detection at 220 nm; tR(R) = 33.61 min (minor), tR(S) = 37.82 min (major). 1H NMR (400 MHz, 

CD3OD) δ 7.36- 7.24 (m, 4H), 7.23-7.17 (m, 1H), 4.64 (dd, J = 7.1, 5.0 Hz, 1H), 3.57 (dd, J = 6.1, 2.6 Hz, 2H); 13C 

NMR (101 MHz, CD3OD) δ 141.91, 127.88, 127.15, 126.03, 74.59, 67.39. 

 

(S)-1-(2-Methylphenyl)-1,2-ethanediol 2b  

Colorless solid, 30.1 mg, 99% yield; 99% ee; [α]D
25 = +33.4 (c = 0.35, CHCl3). The 

enantiomeric excess was determined by HPLC on Chiralpak OD-H column, hexane: isopropanol = 98:2; flow rate 

= 1.0 mL/min; UV detection at 220 nm; tR(R) = 29.23 min (minor), tR(S) = 39.62 min (major). 1H NMR (400 MHz, 

d-DMSO) δ 7.40 (d, J = 4.0 Hz, 1H), 7.19-7.06 (m, 3H), 5.14 (d, J = 4.0 Hz, 1H), 4.76-4.74 (m, 1H), 3.39 (dt, J = 

9.4, 3.8 Hz, 1H), 3.34-3.30 (m, 1H), 2.28 (s, 3H); 13C NMR (101 MHz, d-DMSO) δ141.84, 134.84, 130.16, 126.99, 

126.46, 126.06, 71.0, 67.04, 19.28.  

 

(S)-1-(4-Methylphenyl)-1,2-ethanediol 2c  

Colorless solid, 30.1 mg, 99% yield; >99% ee; [α]D
25 = +57.8 (c = 0.225, CHCl3). The 

enantiomeric excess was determined by HPLC on Chiralpak OD-H column, hexane: isopropanol = 98:2; flow rate 

= 1.0 mL/min; UV detection at 210 nm; tR(R) = 29.15 min (minor), tR(S) = 33.59 min (major). 1H NMR (400 MHz, 

CD3OD) δ 7.26 (d, J = 8.0 Hz, 2H), 7.16 (d, J = 8.0 Hz, 2H), 4.70-4.62 (m, 1H), 3.64-3.57 (m, 2H), 2.33 (s, 3H). 

13C NMR (101 MHz, CD3OD) δ 138.82, 136.85, 128.48, 125.97, 74.45, 67.38, 19.79. 

 

(S)-1-(4-Methoxyphenyl)-1,2-ethanediol 2d  

Colorless solid, 33.3 mg, 99% yield; >99% ee; [α]D
25 = +63.8 (c = 0.24, CHCl3). The 

enantiomeric excess was determined by HPLC on Chiralpak OD-H column, hexane: isopropanol = 98:2; flow rate 
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= 1.0 mL/min; UV detection at 220 nm; tR(R) = 50.37 min (minor), tR(S) = 58.49 min (major). 1H NMR (400 MHz, 

CD3OD) δ 7.18 (d, J = 8.0 Hz, 2H), 6.78 (d, J = 8.0 Hz, 2H), 4.52 (t, J = 6.1 Hz, 1H), 3.67 (s, 3H), 3.48 (d, J = 8.0 

Hz, 2H). 13C NMR (101 MHz, CD3OD) δ 159.25, 133.88, 127.21, 113.24, 74.16, 67.31, 54.25. 

 

(S)-1-(4-Ethylphenyl)-1,2-ethanediol 2e 

Colorless solid, 32.9 mg, 99% yield; >99% ee; [α]D
25 = +20.2 (c = 0.50, MeOH). The 

enantiomeric excess was determined by HPLC on Chiralpak OD-H column, hexane: isopropanol = 98:2; flow rate 

= 1.0 mL/min; UV detection at 220 nm; tR(R) = 26.75 min (minor), tR(S) = 30.13 min (major). 1H NMR (400 MHz, 

CDCl3) δ 7.29 (d, J = 8.1 Hz, 2H), 7.20 (d, J = 8.1 Hz, 2H), 4.80 (dd, J = 8.0, 3.4 Hz, 1H), 3.80-3.59 (m, 2H), 2.65 

(q, J = 7.6 Hz, 2H), 2.54 (brs, 1H), 2.17 (brs, 1H), 1.24 (t, J = 8.0 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 144.22, 

137.74, 128.10, 126.12, 74.60, 68.10, 28.58, 15.62. 

 

(S)-1-(3-Fluorophenyl)-1,2-ethanediol 2f  

Colorless solid, 30.9 mg, 99% yield; >99% ee; [α]D
25 = +19.2 (c = 0.50, MeOH). The 

enantiomeric excess was determined by HPLC on Chiralpak OD-H column, hexane: isopropanol = 98:2; flow rate 

= 1.0 mL/min; UV detection at 220 nm; tR(R) = 28.39 min (minor), tR(S) = 32.53 min (major). 1H NMR (400 MHz, 

CDCl3) δ 7.34-7.29 (m, 1H), 7.12-7.08 (m, 2H), 7.01-6.96 (m, 1H), 4.81 (dd, J = 8.1, 3.2 Hz, 1H), 3.77-3.74 (m, 

1H), 3.64-3.59 (m, 1H), 3.07 (brs, 1H), 2.54 (brs, 1H). 13C NMR (101 MHz, CDCl3) δ 162.97 (d, J = 246.3 Hz), 

143.11 (d, J = 6.9 Hz), 130.10 (d, J = 8.1 Hz), 121.62 (d, J = 2.9 Hz), 114.85 (d, J = 21.1 Hz), 113.08 (d, J = 22.1 

Hz), 74.04 (d, J = 1.6 Hz), 67.90. 

 

(S)-1-(4-Fluorophenyl)-1,2-ethanediol 2g  

Colorless solid, 30.9 mg, 99% yield; >99% ee; [α]D
25 = +56.4 (c = 0.225, CHCl3). The 

enantiomeric excess was determined by HPLC on Chiralpak OD-H column, hexane: isopropanol = 98:2; flow rate 

= 1.0 mL/min; UV detection at 210 nm; tR(R) = 31.60 min (minor), tR(S) = 35.53 min (major). 1H NMR (400 MHz, 

CD3OD) δ 7.30-7.26 (m, 2H), 6.97-6.93 (m, 2H), 4.57 (t, J = 8.0 Hz, 1H), 3.50-3.48 (m, 2H). 13C NMR (101 MHz, 
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CD3OD) δ 162.24 (d, J = 243.6 Hz), 138.05 (d, J = 3.0 Hz), 127.87 (d, J = 8.1 Hz), 114.44 (d, J = 21.5 Hz), 73.79, 

67.23. 

 

(S)-1-(2-Chlorophenyl)-1,2-ethanediol 2h  

Colorless solid, 34.2 mg, 99% yield; 95% ee; [α]D
25 = +32.4 (c = 0.50, MeOH). The 

enantiomeric excess was determined by HPLC on Chiralpak OD-H column, hexane: isopropanol = 98:2; flow rate 

= 1.0 mL/min; UV detection at 205 nm; tR(R) = 24.34 min (minor), tR(S) = 33.78 min (major). 1H NMR (400 MHz, 

d-DMSO) δ 7.58-7.55 (m, 1H), 7.41-7.30 (m, 2H), 7.29-7.26 (m, 1H), 5.47 (d, J = 4.0 Hz, 1H), 4.92-4.87 (m, 1H), 

3.51-3.47 (m, 1H), 3.36-3.26 (m, 1H). 13C NMR (101 MHz, d-DMSO) δ 140.82, 131.52, 129.26, 128.99, 128.80, 

127.50, 71.02, 66.09. 

 

(S)-1-(3-Chlorophenyl)-1,2-ethanediol 2i  

Colorless solid, 34.2 mg, 99% yield; >99% ee; [α]D
25 = +50.8 (c = 0.24, CHCl3). The 

enantiomeric excess was determined by HPLC on Chiralpak OD-H column, hexane: isopropanol = 98:2; flow rate 

= 1.0 mL/min; UV detection at 220 nm; tR(R) = 33.02 min (minor), tR(S) = 39.22 min (major). 1H NMR (400 MHz, 

CD3OD) δ 7.43 (s, 1H), 7.38-7.21 (m, 3H), 4.70-4.67 (m, 1H), 3.63-3.61 (m, 2H). 13C NMR (101 MHz, CD3OD) δ 

144.61, 133.77, 129.37, 127.07, 126.11, 124.46, 73.76, 67.10. 

 

(S)-1-(4-Chlorophenyl)-1,2-ethanediol 2j  

Colorless solid, 34.2 mg, 99% yield; >99% ee; [α]D
25 = +11.8 (c = 0.50, MeOH). The 

enantiomeric excess was determined by HPLC on Chiralpak OD-H column, hexane: isopropanol = 98:2; flow rate 

= 1.0 mL/min; UV detection at 220 nm; tR(R) = 33.41 min (minor), tR(S) = 37.63 min (major). 1H NMR (400 MHz, 

CD3OD) δ 7.36-7.25 (m, 4H), 4.64-4.61 (m, 1H), 3.59-3.51 (m, 2H). 13C NMR (101 MHz, CD3OD) δ 140.91, 

132.72, 127.89, 127.68, 73.75, 67.11. 

 

(S)-1-(3-Bromophenyl)-1,2-ethanediol 2k  



6 
 

Colorless solid, 42.9 mg, 99% yield; >99% ee; [α]D
25 = +14.8 (c = 0.50, MeOH). The 

enantiomeric excess was determined by HPLC on Chiralpak OD-H column, hexane: isopropanol = 98:2; flow rate 

= 1.0 mL/min; UV detection at 210 nm; tR(R) = 37.16 min (minor), tR(S) = 45.84 min (major). 1H NMR (400 MHz, 

d-DMSO) δ 7.53 (t, J = 1.7 Hz, 1H), 7.42 (ddd, J = 7.8, 2.0, 1.2 Hz, 1H), 7.36-7.32 (m, 1H), 7.27 (t, J = 7.7 Hz, 

1H), 5.42 (brs, 1H), 4.80 (brs, 1H), 4.54 (t, J = 5.8 Hz, 1H), 3.53-3.44 (m, 1H), 3.43-3.40 (m, 1H). 13C NMR (101 

MHz, d-DMSO) δ 146.93, 130.50, 130.04, 129.52, 125.92, 121.80, 73.47, 67.55. 

 

(S)-1-(4-Bromophenyl)-1,2-ethanediol 2l 

Colorless solid, 42.6 mg, 98% yield; >99% ee; [α]D
25 = +31.8 (c = 0.50, CHCl3). The 

enantiomeric excess was determined by HPLC on Chiralpak OD-H column, hexane: isopropanol = 98:2; flow rate 

= 1.0 mL/min; UV detection at 220 nm; tR(R) = 39.54 min (minor), tR(S) = 42.78 min (major). 1H NMR (400 MHz, 

CD3OD) δ 7.46-7.43 (m, 2H), 7.27-7.25 (m, 2H), 4.62-4.60 (m, 1H), 3.56–3.54 (m, 2H). 13C NMR (101 MHz, 

CD3OD) δ 141.41, 130.90, 128.02, 120.70, 73.79, 67.06. 

 

(S)-1-(3,5-bis(trifluoromethyl)phenyl)-1,2-ethanediol 2m 

Colorless solid, 54.3 mg, 99% yield; >99% ee; [α]D
25 = +35.8 (c = 0.50, CHCl3). The 

enantiomeric excess was determined by HPLC on Chiralpak OD-H column, hexane: isopropanol = 98:2; flow rate 

= 1.0 mL/min; UV detection at 220 nm; tR(R) = 18.64 min (minor), tR(S) = 20.74 min (major). 1H NMR (400 MHz, 

CD3OD) δ 7.90 (s, 2H), 7.76 (s, 1H), 4.75 (t, J = 8.0 Hz, 1H), 3.57 (d, J = 8.0 Hz, 2H). 13C NMR (101 MHz, CDCl3) 

δ 143.03, 131.80 (q, J = 33.0 Hz), 126.27, 121.86, 99.99, 73.39, 67.58. 19F NMR (377 MHz, CDCl3) δ -62.89. 

 

(S)-1-(1-Naphtyl)-1,2-ethanediol 2n 

Colorless solid, 37.3 mg, 99% yield; 97% ee; [α]D
25 = +35.8 (c = 0.50, MeOH). The 

enantiomeric excess was determined by HPLC on Chiralpak OD-H column, hexane: isopropanol = 70:30; flow rate 
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= 0.5mL/min; UV detection at 254 nm; tR(R) = 10.54 min (minor), tR(S) = 14.83 min (major). 1H NMR (400 MHz, 

CD3OD) δ 8.17 (d, J = 8.0 Hz, 1H), 7.92-7.90 (m, 1H), 7.83-7.81 (m, 1H), 7.59 (d, J = 7.1 Hz, 1H), 7.74-7.72 (m, 

1H), 7.56-7.49 (m, 3H), 5.57-5.55 (m, 1H), 3.90-3.86 (m, 1H), 3.73-3.68 (m, 1H). 13C NMR (101 MHz, CD3OD) δ 

137.30, 133.83, 130.65, 128.47, 127.53, 125.62, 125.09, 125.01, 123.29, 122.60, 71.37, 67.02. 

 

(S)-1-(2-Naphtyl)-1,2-ethanediol 2o 

Colorless solid, 37.3 mg, 99% yield; 99% ee; [α]D
25 = +13.6 (c = 0.50, MeOH). The 

enantiomeric excess was determined by HPLC on Chiralpak OD-H column, hexane: isopropanol = 70:30; flow rate 

= 0.5 mL/min; UV detection at 254 nm; tR(R) = 11.18 min (minor), tR(S) = 12.39 min (major). 1H NMR (400 MHz, 

CD3OD) δ 7.87-7.84 (m, 4H), 7.48-7.46 (m, 3H), 4.91-4.83 (m, 1H), 3.75-3.72 (m, 2H). 13C NMR (101 MHz, 

CD3OD) δ 139.43, 133.39, 133.12, 127.53, 127.51, 127.24, 125.66, 125.38, 124.84, 124.17, 74.65, 67.24. 

 

(R)-1-(2-Furyl)-1,2-ethanediol 2p 

Colorless solid, 25.4 mg, 99% yield; >99% ee; [α]D
25 = +4.4 (c = 0.50, MeOH). The enantiomeric 

excess was determined by HPLC on Chiralpak OD-H column, hexane: isopropanol = 95:5; flow rate = 0.8 mL/min; 

UV detection at 230 nm; tR(S) = 25.36 min (minor), tR(R) = 29.82 min (major). 1H NMR (400 MHz, CDCl3) δ 7.37 

(s, 1H), 6.34-6.29 (m, 2H), 4.79–4.77 (m, 1H), 3.87-3.79 (m, 2H), 3.74 (brs, 1H), 3.29 (brs, 1H). 13C NMR (101 

MHz, CDCl3) δ 153.55, 142.32, 110.34, 107.02, 68.34, 65.04. 

 

(R)-1-(2-Thienyl)-1,2-ethanediol 2q 

Colorless solid, 28.6 mg, 99% yield; >99% ee; [α]D
25 = +36.9 (c = 0.52, CHCl3). The 

enantiomeric excess was determined by HPLC on Chiralpak OD-H column, hexane: isopropanol = 95:5; flow rate 

= 1.0 mL/min; UV detection at 220 nm; tR(S) = 7.59 min (minor), tR(R) = 9.02 min (major). 1H NMR (400 MHz, 

CDCl3) δ 7.27-7.25 (m, 1H), 6.99-6.97 (m, 2H), 5.01 (dd, J = 7.6, 3.6 Hz, 1H), 3.81-3.68 (m, 2H), 3.68 (brs, 1H), 

3.20 (brs, 1H). 13C NMR (101 MHz, CDCl3) δ 143.86, 126.89, 125.10, 124.46, 70.70, 67.69. 

 

(S)-1,2-Propanediol 2r 
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Colorless oil, 15.1 mg, 99% yield; 93% ee; [α]D
25 = +7.0 (c = 0.50, MeOH). The enantiomeric excess 

was determined by HPLC on Chiralpak OD-H column, hexane: isopropanol = 98:2; flow rate = 1.0 mL/min; UV 

detection at 205 nm; tR(R) = 41.36 min (minor), tR(S) = 43.34 min (major). HPLC conditions (To the corresponding 

p-Toluenesulfonyl derivatives). 1H NMR (400 MHz, d-DMSO) δ 4.39-4.37 (m, 1H), 4.32 (d, J = 4.5 Hz, 1H), 

3.50-3.38 (m, 1H), 3.20-3.11 (m, 1H), 3.07-3.03 (m, 1H), 0.89 (d, J = 6.3 Hz, 3H). 13C NMR (101 MHz, d-DMSO) 

δ 67.69, 67.64, 20.42. 

 

(R)-1,2-Butanediol 2s 

Colorless oil, 17.8 mg, 99% yield; 96% ee; [α]D
25 = +0.8 (c = 0.28, MeOH). The enantiomeric 

excess was determined by HPLC on Chiralpak OD-H column, hexane: isopropanol = 98:2; flow rate = 1.0 mL/min; 

UV detection at 205 nm; tR(S) = 28.2 min (minor), tR(R) = 32.37 min (major). HPLC conditions (To the 

corresponding p-Toluenesulfonyl derivatives). 1H NMR (400 MHz, CD3OD) δ 3.41-3.22 (m, 3H), 1.45-1.43 (m, 

1H), 1.32-1.26 (m, 1H), 0.86 (t, J = 8.0 Hz, 3H). 13C NMR (101 MHz, CD3OD) δ 73.30, 65.60, 25.81, 8.94. 

 

Asymmetric Hydrogenation of acetophenone at S/C = 1 000 000 

To a 4 mL vial was added the catalyst precursor [Ir(COD)Cl]2 (1.4 mg, 2.0×10-3 mmol), ligand L3 (2.4 mg, 

4.2×10-3 mmol) and anhydrous iPrOH (2.0 mL) under argon atmosphere. The mixture was stirred for 2.0 h at 25 oC 

giving orange red solution in the argon-filled glovebox. The resulting solution (50 μL) and K2CO3 (13.8 mg) 

transferred by syringe into a 100 mL vial charged with recrystallized hydroxyacetophenone (100 mmol) in 25 

mL anhydrous iPrOH. The vial was 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 column of silica gel to remove the metal complex. The product 

(S)-1-Phenyl-1,2-ethanediol 2a was analyzed by chiral HPLC, >99% yield and >99% ee.  
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III. GC and HPLC spectra 
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IV. NMR spectra 
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