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1. General experimental information 

  All reactions were performed in an argon-filled glovebox. Anhydrous EA and 

toluene were distilled from sodium benzophenoneketyl. Anhydrous MeOH, EtOH and 

iPrOH were freshly distilled from magnesium. Hydrogen gas (99.999%), [Ir(COD)Cl]2 

and other chemical reagents were purchased from commercial suppliers. 1H NMR (400 

or 600 MHz), 13C NMR (100 or 151 MHz) and 19F NMR (376 or 565 MHz) spectra 

were recorded on a Bruker ADVANCE III instruments in CDCl3 with TMS as internal 

standard. 1H NMR chemical shifts were referenced to Deuterium chloroform signal 

(7.26 ppm), 13C NMR chemical shifts were referenced to the solvent resonance (77.00 

ppm, CDCl3). Optical rotations were determined using an AUTOPOL V polarimeter. 

HPLC analysis were performed using Agilent 1100 or Waters e2695 equipped with ID-

H, OD-H, AD-H and IJ-H. HRMS spectra were recorded on an Agilent 1200HPLC-

6210TOFMS using ESI as ion source. The conversion of starting materials was 

monitored by thin layer chromatography (TLC) using silica gel plates (silica gel 60 

F254 0.25 mm), and components were visualized by observation under UV light (254 

and 365 nm). 

2. General procedure for the preparation of ligands 

Ligand 1-6 were prepared according to a procedure reported in our previous 

papers.1-5 

3. General procedure for the preparation of substrates 

 

Step 16: To a dried three-necked flask equipped with a dropping funnel, a condenser, 

and a magnetic stirrer, DMAc (20 mmol) and THF (20 ml) were added under N2 

atmosphere. The mixture was cooled to -78 ℃. A solution of LDA (40 mmol) in THF 

(10 mL) was added dropwise from the dropping funnel over 0.5 h and the reaction 

mixture stirred for another 0.5 h. Ethyl benzoate (23 mmol) was then added and the 

reaction mixture stirred for a further 0.5 h. The reaction mixture was poured onto 

saturated aqueous NH4Cl and extracted with dichloromethane (3×15 mL). The 

combined organic extracts were washed with brine, dried over Na2SO4 and the solvent 

removed in vacuo. The residue was purified by flash column chromatography over 

silica to give the corresponding key intermediates S1 in 55-86% yield. 
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Step 27: To a dried flask equipped with a magnetic stirrer, Iodosyl benzene (2.7 

mmol), Et3N·3HF (18 mmol) and DCM (6 ml) were added. The mixture was stirred at 

room temperature for 20 minutes. S1 (2 mmol) was added and the reaction mixture 

stirred for another 0.5 h. The mixture was heated to 40 ℃ for 10 h. The reaction mixture 

was poured onto saturated aqueous NaHCO3 and extracted with dichloromethane (3 × 

15 mL). The combined organic extracts were washed with brine, dried over Na2SO4 

and the solvent removed in vacuo. The residue was purified by flash column 

chromatography over silica to give the corresponding α-F-β-ketone amides (Esters) 1a-

3h in 68-95% yield. 

4. General procedure for the asymmetric hydrogenation of α-F-β-

ketone amides (Esters) 

 

General procedure for the Preparation procedure of Ir-L2 catalyst: Under argon 

atmosphere, [Ir(COD)Cl]2 (1.68 mg, 0.0025 mmol), L2 (3.48 mg, 0.0055 mmol), and 

anhydrous iPrOH (2 mL) were added to an oven-dried vial (10 mL) and then stirred at 

40 °C for 1.0 h to give a clear yellow solution. The mixture was concentrated to dryness, 

then 2 mL of dried ethyl acetate or Toluene was added to the crude Ir-L2 complex.  

General procedure for the asymmetric hydrogenation of α-F-β-ketone amides: 

An aliquot of the catalyst solution (0.4 mL, 0.001 mmol) was transferred into a 10 mL 

hydrogenation vessel, and then substrates (1.0 mmol), NaOH (4.0 mg, 0.10 mmol, in 

EA) and anhydrous ethyl acetate were added. The vial was placed in an alloy plate 

which was then placed into the autoclave. And the autoclave was purged five times 

with argon atmosphere and hydrogen, then pressurized to 5 atm of H2 and stirred at 

25°C for 16 h. Upon completion, the reaction mixture was cooled to room temperature. 

After the hydrogen pressure was slowly released, the solvent was removed, and the 

mixture was purified by passing through a short column of silica gel to afford the 

corresponding products. The ee values of all compounds were determined by HPLC 

with a chiral column. 

General procedure for the asymmetric hydrogenation of α-F-β-ketone Esters: 

An aliquot of the catalyst solution (0.4 mL, 0.001 mmol) was transferred into a 10 mL 

hydrogenation vessel, and then substrates (1.0 mmol), NaOH (4.0 mg, 0.10 mmol, in 

Toluene) and anhydrous Toluene (2 mL) were added. The vial was placed in an alloy 

plate which was then placed into the autoclave. And the autoclave was purged five 

times with argon atmosphere and hydrogen, then pressurized to 10 atm of H2 and stirred 

at 40 °C for 24 h. Upon completion, the reaction mixture was cooled to room 

temperature. After the hydrogen pressure was slowly released, the solvent was removed, 

and the mixture was purified by passing through a short column of silica gel to afford 
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the corresponding products. The ee values of all compounds were determined by HPLC 

with a chiral column. 

 

 

(2S,3S)-2-fluoro-3-hydroxy-N,N-dimethyl-3-phenylpropanamide (2a): 

White solid, 99% yield, ＞99% ee, 97/3 dr, m.p. 67.4 - 70.6 ℃; [α]20
D = +372.0 (c = 

0.1, CH2Cl2). The ee was determined by HPLC on Chiralpak ID-H column, hexane: 

isopropanol = 90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection 

at 220 nm; tR1 = 25.99 min (major), tR2 = 28.31 min (minor), tR3= 33.94 min (minor), 

tR4 = 35.06 min (minor).1H NMR (400 MHz, CDCl3) δ 7.43 (d, J = 7.2 Hz, 2H), 7.39 – 

7.33 (m, 3H), 5.11 (t, J = 7.2 Hz, 1H), 4.97 (dd, J = 46.0, 7.2 Hz, 1H), 4.28 (s, 1H), 

2.98 (s, 3H), 2.94 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 168.0 (d, J = 19.8 Hz), 128.5, 

128.4, 127.0 (d, J = 1.3 Hz), 88.5 (d, J = 185.0 Hz), 72.8 (d, J = 24.2 Hz), 36.9 (d, J = 

5.8 Hz), 35.9. 19F NMR (376 MHz, CDCl3) δ -187.12. HRMS (ESI) calcd for 

C16H18BrO3S [M+H]+: 211.1009, found: 211.1005. 

 

 

(2S,3S)-3-(4-bromophenyl)-2-fluoro-3-hydroxy-N,N-dimethylpropanamide (2b): 

White solid, 98% yield, 99% ee, 97/3 dr, m.p. 131.5-133.6 ℃; [α]20
D = +62.0 (c = 0.1, 

CH2Cl2). The ee was determined by HPLC on Chiralpak IJ-H column, hexane: 

isopropanol = 90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection 

at 220 nm; tR1 = 11.22 min (minor), tR2 = 12.33 min (major), tR3= 14.25 min (minor), 

tR4 = 16.21 min (minor). 1H NMR (400 MHz, CDCl3) δ 7.51 (d, J = 8.4 Hz, 2H), 7.32 

(d, J = 8.4 Hz, 2H), 5.08 (t, J = 8.0, 1H), 4.87 (dd, J = 46.0, 7.6 Hz, 1H), 4.13 (s, 1H), 

3.01 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 167.9 (d, J = 19.6 Hz), 138.0, 131.6, 128.8 

(d, J = 1.6 Hz), 122.4, 88.4 (d, J = 185.8 Hz), 72.1 (d, J = 24.4 Hz), 37.0 (d, J = 6.2 

Hz), 36.0. 19F NMR (376 MHz, CDCl3) δ -187.01. HRMS (ESI) calcd for C17H20BrO3S 

[M+H]+: 289.0114, found: 289.0112. 

 

 

(2S,3S)-3-(3-bromophenyl)-2-fluoro-3-hydroxy-N,N-dimethylpropanamide (2c): 

Colorless liquid, 95% yield, 99% ee, 93/7 dr; [α]20
D = +72.0 (c = 0.1, CH2Cl2). The ee 

was determined by HPLC on Chiralpak ID-H column, hexane: isopropanol = 94:6; flow 

rate = 1 mL/min; column temperature 25 ℃; UV detection at 220 nm; tR1 = 20.23 min 
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(major), tR2 = 31.81 min (minor), tR3= 34.23 min (minor), tR4 = 39.17 min (minor). 1H 

NMR (400 MHz, CDCl3) δ 7.66 (s, 1H), 7.50 (d, J = 8.0 Hz, 1H), 7.40 (d, J = 7.6 Hz, 

1H), 7.29 (d, J = 7.6 Hz, 1H), 5.12 (t, J = 6.0, 1H), 4.94 (dd, J = 46.4, 8.0 Hz, 1H), 3.05 

(s, 6H). 13C NMR (100 MHz, CDCl3) δ 167.9 (d, J = 19.7 Hz), 141.3, 131.5, 130.1, 

130.0, 125.9 (d, J = 1.7 Hz), 122.6, 88.4 (d, J = 185.9 Hz), 72.0 (d, J = 24.4 Hz), 37.0 

(d, J = 6.0 Hz), 36.0. 19F NMR (376 MHz, CDCl3) δ -187.12. HRMS (ESI) calcd for 

C20H26BrO3S [M+H]+: 289.0114, found: 289.0113. 

 

 

(2S,3S)-3-(2-bromophenyl)-2-fluoro-3-hydroxy-N,N-dimethylpropanamide (2d): 

White solid, 80% yield, 10% ee, 40/60 dr, m.p.75.0-78.0 ℃; [α]20
D = +16.0 (c = 0.1, 

CH2Cl2). The ee was determined by HPLC on Chiralpak ID-H column, hexane: 

isopropanol = 90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection 

at 220 nm; tR1 = 19.03 min (minor), tR2 = 23.69 min (minor), tR3= 26.20 min (major), 

tR4 = 32.15 min (minor). 1H NMR (400 MHz, CDCl3) δ 7.56 (dd, J = 12.4, 8.0 Hz, 2H), 

7.37 (t, J = 7.6 Hz, 1H), 7.19 (t, J = 8.0 Hz, 1H), 5.58 (t, J = 7.6 Hz,1H), 5.28 (dd, J = 

45.2, 4.8 Hz, 1H), 4.76 (d, J = 5.6 Hz, 1H), 2.92 (s, 4H), 2.81 (s, 6H). 13C NMR (100 

MHz, CDCl3) δ 167.5 (d, J = 20.3 Hz), 137.7 (d, J = 5.1 Hz), 132.8, 129.9, 128.8, 127.9, 

123.0, 86.5 (d, J = 185.8 Hz), 72.6 (d, J = 24.2 Hz), 36.8 (d, J = 4.6 Hz), 35.8. 19F NMR 

(376 MHz, CDCl3) δ -187.52. HRMS (ESI) calcd for C16H17BrNO5S [M+H]+: 289.0114, 

found: 289.0111. 

 

 

(2S,3S)-2-fluoro-3-(4-fluorophenyl)-3-hydroxy-N,N-dimethylpropanamide (2e): 

White solid, 99% yield, 97% ee, 99/1 dr, m.p. 113.3-116.3 ℃; [α]20
D = +48.0 (c = 0.1, 

CH2Cl2). The ee was determined by HPLC on Chiralpak OD-H column, hexane: 

isopropanol = 96:4; flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 

220 nm; tR1 = 18.37 min (minor), tR2 = 24.78 min (minor), tR3= 29.01 min (major), tR4 

= 47.61 min (minor). 1H NMR (400 MHz, CDCl3) δ 7.42 (m, 2H), 7.07 (t, J = 8.8 Hz, 

2H), 5.09 (t, J = 7.2 Hz, 1H), 4.88 (dd, J = 46.4, 8.0 Hz, 1H), 4.21 (s, 1H), 3.01 (s, 6H). 

13C NMR (100 MHz, CDCl3) δ 168.0 (d, J = 19.5 Hz), 164.1, 161.6, 134.7, 134.7 (d, J 

= 1.2 Hz), 128.9 (d, J = 1.6 Hz), 128.8 (d, J = 1.4 Hz), 115.4 (d, J = 21.4 Hz), 88.6 (d, 

J = 185.6 Hz), 72.1 (d, J = 24.4 Hz), 37.0 (d, J = 6.3 Hz), 36.0. 19F NMR (376 MHz, 

CDCl3) δ -113.96, -186.98. HRMS(ESI) calcd for C16H17BrFO3S [M+H]+: 229.0914, 

found: 229.0911. 
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(2S,3S)-2-fluoro-3-hydroxy-N,N-dimethyl-3-(4-(trifluoromethyl)phenyl)propane- 

mide (2f): 

White solid, 99% yield, 99% ee, 96/4 dr, m.p.140.0-143.2 ℃; [α]20
D = +78.0 (c = 0.1, 

CH2Cl2). The ee was determined by HPLC on Chiralpak ID-H column, hexane: 

isopropanol = 90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection 

at 220 nm; tR1 = 8.03 min (minor), tR2 = 8.86 min (minor), tR3= 12.86 min (major), tR4 

= 19.35 min (minor). 1H NMR (400 MHz, CDCl3) δ 7.64 (d, J = 8.4 Hz, 2H), 7.57 (d, 

J = 8.4 Hz, 2H), 5.17 (t, J = 6.4 Hz, 1H), 4.89 (dd, J = 46.4, 8.0 Hz, 1H), 4.38 (s, 1H), 

3.01 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 167.5 (d, J = 19.5 Hz), 142.7, 130.4, 130.1, 

127.2 (d, J = 1.7 Hz), 125.2, 125.1 (q, J = 3.7 Hz), 122.5, 88.1 (d, J = 186.2 Hz), 71.7 

(d, J = 24.2 Hz), 36.7 (d, J = 6.2 Hz), 35.7. 19F NMR (376 MHz, CDCl3) δ -62.57, -

187.21. HRMS (ESI) calcd for C17H17BrF3O3S [M+H]+: 279.0882, found: 279.0884. 

 

 

(2S,3S)-3-(4-cyanophenyl)-2-fluoro-3-hydroxy-N,N-dimethylpropanamide (2g): 

Colorless liquid, 92% yield, 98% ee, 95/5 dr.; [α]20
D = +36.0 (c = 0.1, CH2Cl2). The ee 

was determined by HPLC on Chiralpak OD-H column, hexane: isopropanol = 90:10; 

flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 220 nm; tR1 = 43.16 

min (minor), tR2 = 47.60 min (minor), tR3= 63.71 min (major), tR4 = 95.60 min (minor). 
1H NMR (600 MHz, Chloroform-d) δ 7.70 (d, J = 8.4 Hz, 1H), 7.60 (d, J = 8.4 Hz, 1H), 

5.181 (t, J = 7.8, 1H), 4.86 (dd, J = 46.2, 8.4 Hz, 1H), 4.36 (s, 1H), 3.07 (s, 3H), 3.05 

(s, 3H). 13C NMR (151 MHz, Chloroform-d) δ 167.6 (d, J = 19.5 Hz), 144.3, 132.2, 

127.9 (d, J = 2.0 Hz), 118.9, 112.2, 88.3 (d, J = 188.3 Hz), 71.9 (d, J = 24.3 Hz), 37.1 

(d, J = 6.5 Hz), 36.1. 19F NMR (565 MHz, Chloroform-d) δ -187.16. HRMS (ESI) calcd 

for C17H21O4S [M+H]+: 236.0961, found: 236.0965.  

 

 

(2S,3S)-2-fluoro-3-hydroxy-N,N-dimethyl-3-(4-nitrophenyl)propenamide (2h): 

White solid, 90% yield, 96% ee, 90/10 dr, m.p. 132.2-135.1 ℃; [α]20
D = +96.0 (c = 0.1, 

CH2Cl2). The ee was determined by HPLC on Chiralpak OD-H column, hexane: 

isopropanol = 93:7; flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 

220 nm; tR1 = 56.05 min (minor), tR2 = 70.50 min (minor), tR3= 100.66 min (major), tR4 

= 166.4 min (minor). 1H NMR (600 MHz, Chloroform-d) δ 8.23 (d, J = 8.4 Hz, 2H), 
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7.64 (d, J = 8.4 Hz, 2H), 5.22 (t, J = 7.2 Hz, 1H), 4.87 (dd, J = 46.2, 7.8 Hz, 1H), 4.46 

(s, 1H), 3.03 (s, 6H). 13C NMR (151 MHz, Chloroform-d) δ 167.4 (d, J = 19.6 Hz), 

147.8, 146.2, 128.0, 123.5, 88.2 (d, J = 188.1 Hz), 71.6 (d, J = 24.2 Hz), 37.0 (d, J = 

6.3 Hz), 36.0. 19F NMR (565 MHz, Chloroform-d) δ -187.13. HRMS (ESI) calcd for 

C17H21O4S [M+H]+: 256.0895, found: 256.0892.  

 

 

(2S,3S)-3-(4-chlorophenyl)-2-fluoro-3-hydroxy-N,N-dimethylpropanamide (2i): 

White solid, 95% yield, 99% ee, 96/4 dr, m.p. 117.5-121.7 ℃; [α]20
D = +58.0 (c = 0.1, 

CH2Cl2). The ee was determined by HPLC on Chiralpak ID-H column, hexane: 

isopropanol = 90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection 

at 220 nm; tR1 = 16.42 min (major), tR2 = 18.52 min (minor), tR3= 19.56 min (minor), 

tR4 = 23.82 min (minor). 1H NMR (400 MHz, CDCl3) δ 7.39 – 7.33 (m, 4H), 5.09 (t, J 

= 6.8 Hz, 1H), 4.87 (dd, J = 46.0, 7.6 Hz, 1H), 4.28 (s, 1H), 3.00 (s, 6H). 13C NMR 

(100 MHz, CDCl3) δ 167.9 (d, J = 19.5 Hz), 137.5 (d, J = 1.4 Hz), 134.2, 128.7, 128.5 

(d, J = 1.5 Hz), 88.5 (d, J = 185.7 Hz), 72.0 (d, J = 24.4 Hz), 37.0 (d, J = 6.1 Hz), 36.0. 

19F NMR (376 MHz, CDCl3) δ -187.08. HRMS (ESI) calcd for C17H20BrO3S [M+H]+: 

245.0619, found: 245.0613. 

 

 

 (2S,3S)-2-fluoro-3-hydroxy-N,N-dimethyl-3-(p-tolyl)propanamide (2j): 

White solid, 99% yield, 99% ee, 90/10 dr, m.p.88.1-90.5 ℃; [α]20
D = +52.0 (c = 0.1, 

CH2Cl2). The ee was determined by HPLC on Chiralpak ID-H column, hexane: 

isopropanol = 90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection 

at 220 nm; tR1 = 20.27 min (major), tR2 = 24.15 min (minor), tR3= 26.71 min (minor), 

tR4 = 32.28 min (minor). 1H NMR (400 MHz, CDCl3) δ 7.32 (d, J = 8.0 Hz, 2H), 7.19 

(d, J = 8.0 Hz, 2H), 5.09 (t, J = 7.2 Hz, 1H), 4.95 (dd, J = 46.4, 7.6 Hz, 1H), 4.13 (s, 

1H), 3.00 (s, 3H), 2.97 (s, 3H), 2.35 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 168.1 (d, 

J = 19.8 Hz), 138.2, 135.9 (d, J = 1.8 Hz), 130.3, 129.2, 127.0 (d, J = 1.3 Hz), 88.6 (d, 

J = 184.7 Hz), 72.7 (d, J = 24.9 Hz), 37.0 (d, J = 5.8 Hz), 36.0, 21.3. 19F NMR (376 

MHz, CDCl3) δ -186.87. HRMS (ESI) calcd for C16H17BrFO3S [M+H]+: 225.1165, 

found:225.1168. 

 

 

(2S,3S)-2-fluoro-3-hydroxy-N,N-dimethyl-3-(m-tolyl)propanamide (2k): 
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Colorless liquid, 99% yield, 98% ee, 96/4 dr. [α]20
D = +74.0 (c = 0.1, CH2Cl2). The ee 

was determined by HPLC on Chiralpak OD-H column, hexane: isopropanol = 90:10; 

flow rate = 1.0 mL/min; column temperature 25 ℃; UV detection at 220 nm; tR1 = 

10.61 min (minor), tR2 = 11.43 min (minor), tR3= 13.08 min (major), tR4 = 15.78 min 

(minor). 1H NMR (400 MHz, Chloroform-d) δ 7.26 (m, 2H), 7.22 (d, J = 7.6 Hz, 1H), 

7.15 (d, J = 7.2 Hz, 1H), 5.08 (t, J = 7.2 Hz, 1H), 4.97 (dd, J = 46.4, 7.6 Hz, 1H), 4.18 

(d, J = 3.6 Hz, 1H), 3.00 (s, 3H), 2.97 (s, 3H), 2.37 (s, 3H). 13C NMR (100 MHz, CDCl3) 

δ 168.0 (d, J = 19.8Hz), 138.7 (d, J = 1.8 Hz), 138.1, 129.2, 128.3, 127.5, 124.1 (d, J = 

1.4Hz), 88.4 (d, J = 184.8 Hz), 72.7 (d, J = 24.5 Hz), 36.9 (d, J = 5.8 Hz), 35.8, 21.5. 

19F NMR (376 MHz, CDCl3) δ -186.91. HRMS (ESI) calcd for C16H17BrO3S [M+H]+: 

225.1165, found: 225.1162. 

 

 

(2S,3S)-2-fluoro-3-hydroxy-N,N-dimethyl-3-(o-tolyl)propanamide (2l): 

White solid, 85% yield, 60% ee, 89/11 dr, m.p.87.0-90.8 ℃; [α]20
D = +60.0 (c = 0.1, 

CH2Cl2). The ee was determined by HPLC on Chiralpak ID-H column, hexane: 

isopropanol = 90:10; flow rate = 1.0 mL/min; column temperature 25 ℃; UV detection 

at 220 nm; tR1 = 20.27 min (major), tR2 = 23.15 min (minor), tR3= 26.33 min (minor), 

tR4 = 31.41 min (minor). 1H NMR (400 MHz, CDCl3) δ 7.52 (d, J = 5.6 Hz, 1H), 7.22 

(m, 2H), 7.17 (d, J = 5.2 Hz, 1H), 5.44 (t, J = 6.0 Hz, 1H), 5.02 (dd, J = 46.4, 7.6 Hz, 

1H), 4.09 (s, 1H), 3.01 (s, 3H), 2.94 (s, 3H), 2.38 (s, 3H). 13C NMR (101 MHz, CDCl3) 

δ 168.2 (d, J = 19.7 Hz), 137.1, 136.4, 130.4, 128.2, 126.4, 126.4, 88.7 (d, J = 184.7 

Hz), 68.8 (d, J = 24.9 Hz), 36.9 (d, J = 5.9 Hz), 36.0, 19.5 (d, J = 2.6 Hz). 19F NMR 

(376 MHz, CDCl3) δ -187.64. HRMS (ESI) calcd for C20H20BrO3S [M+H]+:225.1165, 

found: 225.1160. 

 

 

(2S,3S)-2-fluoro-3-hydroxy-3-(4-methoxyphenyl)-N,N-dimethylpropanamide 

(2m): 

White solid, 85% yield, 99% ee, 87/13 dr, m.p.73.7-76.2 ℃; [α]20
D = +54.0 (c = 0.1, 

CH2Cl2). The ee was determined by HPLC on Chiralpak ID-H column, hexane: 

isopropanol = 90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection 

at 220 nm; tR1 = 38.81 min (major), tR2 = 49.46 min (minor), tR3= 53.49 min (minor), 

tR4 = 59.93 min (minor). 1H NMR (400 MHz, CDCl3) δ 7.35 (d, J =8.4 Hz, 2H), 6.91 

(d, J = 8.8 Hz, 2H), 5.07 (t, J = 6.8 Hz, 1H), 4.94 (dd, J = 46.4, 7.6 Hz, 1H), 3.81 (s, 

3H), 2.99 (s, 3H), 2.97 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 168.1 (d, J = 19.7 Hz), 
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159.6, 130.9 (d, J = 1.8 Hz), 128.2, 128.1, 113.8, 88.5 (d, J = 184.6 Hz), 72.3 (d, J = 

24.4 Hz), 55.3, 36.9 (d, J = 5.8 Hz), 35.9. 19F NMR (376 MHz, CDCl3) δ -186.83. 

HRMS (ESI) calcd for C15H17BrNO3S [M+H]+: 241.1114, found: 241.1118. 

 

 

(2S,3S)-3-(3,5-dimethylphenyl)-2-fluoro-3-hydroxy-N,N-dimethylpropanamide 

(2n): 

Colorless liquid, 99% yield, 99% ee, 93/7 dr; [α]20
D = +83.0 (c = 0.1, CH2Cl2). The ee 

was determined by HPLC on Chiralpak ID-H column, hexane: isopropanol = 90:10; 

flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 220 nm; tR1 = 17.35 

min (minor), tR2 = 18.96 min (major), tR3= 22.72 min (minor), tR4 = 24.52 min (minor). 
1H NMR (400 MHz, CDCl3) δ 7.05 (s, 2H), 6.99 (s, 1H), 5.04 – 4.91 (m, 2H), 4.20 (s, 

1H), 3.00 (s, 3H), 2.97 (s, 3H), 2.32 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 168.1 (d, J 

= 19.9 Hz), 138.7 (d, J = 1.7 Hz), 138.0, 130.1, 124.7 (d, J = 1.3 Hz), 88.4(d, J = 184.5 

Hz), 72.7 (d, J = 24.5 Hz), 36.9 (d, J = 5.7 Hz), 35.9, 21.3. 19F NMR (376 MHz, CDCl3) 

δ -186.87. HRMS (ESI) calcd for C14H16BrO3S2 [M+H]+: 239.1322, found: 239.1325. 

 

 

(2S,3S)-N,N-diethyl-2-fluoro-3-hydroxy-3-phenylpropanamide (2o): 

Colorless liquid, 96% yield, 99% ee, 99/1 dr; [α]20
D = +46.0 (c = 0.1, CH2Cl2). The ee 

was determined by HPLC on Chiralpak ID-H column, hexane: isopropanol = 95:5; flow 

rate = 1 mL/min; column temperature 25 ℃; UV detection at 220 nm; tR1 = 14.77 min 

(major), tR2 = 15.86 min (minor), tR3= 20.23 min (minor), tR4 = 21.69 min (minor). 1H 

NMR (400 MHz, CDCl3) δ 7.44 (d, J = 6.4 Hz, 2H), 7.40 – 7.33 (m, 3H), 5.14 (t, J = 

7.2 Hz, 1H), 4.91 (dd, J = 46.8, 7.6 Hz, 1H), 4.41 (s, 1H), 3.47 – 3.23 (m, 4H), 1.17 – 

1.09 (m, 6H). 13C NMR (100 MHz, CDCl3) δ 167.4 (d, J =19.8 Hz), 138.8 (d, J = 1.9 

Hz), 128.4, 127.0, 88.3 (d, J = 185.0 Hz), 72.8 (d, J = 24.4 Hz), 41.9 (d, J = 4.5 Hz), 

40.7. 19F NMR (376 MHz, CDCl3) δ -186.09. HRMS (ESI) calcd for C11H16BrO3S 

[M+H]+: 239.1322, found: 239.1320. 

 

 

(2S,3S)-2-fluoro-3-hydroxy-N,N-diisopropyl-3-phenylpropanamide (2p): 
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White solid, 96% yield, 57% ee, 61/39 dr, m.p. 89.2-102.3 ℃; [α]20
D = +16.0 (c = 0.1, 

CH2Cl2). The ee was determined by HPLC on Chiralpak ID-H column, hexane: 

isopropanol = 90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection 

at 220 nm; tR1 = 9.98 min (minor), tR2 = 11.02 min (major), tR3= 13.35 min (minor), tR4 

= 15.65 min (minor). 1H NMR (400 MHz, CDCl3) δ 7.45 (d, J = 7.2 Hz, 2H), 7.39 – 

7.31 (m, 3H), 5.20 (dd, J = 24.4, 3.6 Hz, 1H), 5.05 (dd, J = 47.2, 3.6 Hz, 1H), 4.21 (s, 

1H), 3.96 – 3.89 (m, 1H), 3.48 – 3.44 (m, 1H), δ 1.45 – 1.35 (m, 6H), 1.06 (dd, J = 54.0, 

6.8 Hz, 6H). 13C NMR (100 MHz, CDCl3) δ 166.8 (d, J = 20.0 Hz), 138.2 (d, J = 3.5 

Hz), 128.5, 128.3, 127.1, 90.3 (d, J = 186.5 Hz), 73.7 (d, J = 19.9 Hz), 49.1 (d, J = 5.0 

Hz), 46.8, 20.9 (d, J = 35.1 Hz), 20.3, 20.2. 19F NMR (376 MHz, CDCl3) δ -197.39. 

HRMS (ESI) calcd for C18H20BrO3S [M+H]+: 267.1635, found: 267.1632. 

 

 

(2S,3S)-2-fluoro-3-hydroxy-3-phenyl-1-(pyrrolidin-1-yl)propan-1-one (2q)： 

Colorless liquid, 99% yield, 94% ee, 84/16 dr; [α]20
D = +23.8 (c = 0.1, CH2Cl2). The ee 

was determined by HPLC on Chiralpak IA-H column, hexane: isopropanol = 94:6; flow 

rate = 1 mL/min; column temperature 25 ℃; UV detection at 220 nm; tR1 = 24.60 min 

(minor), tR2 = 27.21 min (minor), tR3= 28.98 min (major), tR4 = 32.10 min (minor). 1H 

NMR (400 MHz, Chloroform-d) δ 7.46 – 7.30 (m, 5H), 5.13 (t, J = 4.0 Hz, 1H), 4.90 

(dd, J = 47.2, 7.2 Hz, 1H), 4.40 (d, J = 4.4 Hz, 1H), 3.53 – 3.46 (m, 2H), 3.45 – 3.34 

(m, 1H), 3.29 – 3.18 (m, 1H), 1.85 – 1.73 (m, 4H). 13C NMR (100 MHz, Chloroform-

d) δ 166.7 (d, J = 20.3 Hz), 138.9 (d, J = 2.2 Hz), 128.5, 128.5, 127.0, 89.9 (d, J = 186.4 

Hz), 73.2 (d, J = 23.6 Hz), 46.6, 26.1 (d, J = 1.8 Hz), 23.7. 19F NMR (376 MHz, 

Chloroform-d) δ -190.30. HRMS (ESI) calcd for C14H14BrO3S [M+H]+: 237.1165, 

found: 237.1162. 

 

 

(2S,3S)-2-fluoro-3-hydroxy-N-methyl-3-phenylpropanamide (2r): 

White solid, 98% yield, 99% ee, 75/25 dr, m.p. 123.0-125.4 ℃; [α]20
D = -74.0 (c = 0.1, 

CH2Cl2). The ee was determined by HPLC on Chiralpak IA-H column, hexane: 

isopropanol = 90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection 

at 220 nm; tR1 = 17.78 min (minor), tR2 = 20.87 min (major), tR3= 22.83 min (minor), 

tR4 = 26.44 min (minor). 1H NMR (400 MHz, Chloroform-d) δ 7.43 – 7.31 (m, 5H), 

6.32 (s, 1H), 5.01 (t, J = 6.8 Hz, 1H), 4.90 (dd, J = 48.4, 6.8 Hz, 1H), 4.08 (s, 1H), 2.82 

(d, J = 4.8 Hz, 1H). 13C NMR (100 MHz, Chloroform-d) δ 169.7 (d, J = 19.0 Hz), 138.1 

(d, J = 1.4 Hz), 128.6, 128.4, 127.2, 91.6 (d, J = 193.3 Hz), 73.6 (d, J = 20.8 Hz), 25.7. 
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19F NMR (376 MHz, Chloroform-d) δ -197.72. HRMS (ESI) calcd for C16H19O3S 

[M+H]+: 197.0852, found:197.0856. 

 

 

(2S,3S)-2-fluoro-3-hydroxy-3-phenyl-N-propylpropanamide (2s): 

White solid, 98% yield, 99% ee, 74/26 dr, m.p. 101.7-104.6 ℃; [α]20
D = -42.0 (c = 0.1, 

CH2Cl2). The ee was determined by HPLC on Chiralpak IJ-H column, hexane: 

isopropanol = 90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection 

at 220 nm; tR1 = 11.04 min (minor), tR2 = 12.38 min (minor), tR3= 19.94 min (major), 

tR4 = 25.97 min (minor). 1H NMR (400 MHz, Chloroform-d) δ 7.43 – 7.31 (m, 5H), 

6.27 (s, 1H), 5.03 (t, J = 8.8, 1H), 4.93 (dd, J = 49.2, J = 6.4, 1H), 4.00 (s, 1H), 3.29 – 

3.08 (m, 2H), 1.73 (s, 1H), 1.46 (q, J = 7.0 Hz, 2H), 0.84 (t, J = 7.6 Hz, 3H). 13C NMR 

(100 MHz, Chloroform-d) δ 169.0 (d, J = 18.7 Hz), 138.1, 128.7, 128.5, 127.3, 126.5 

(d, J = 1.2 Hz), 91.8 (d, J = 193.5 Hz), 73.8 (d, J = 20.4 Hz), 40.8, 22.6, 11.3. 19F NMR 

(376 MHz, Chloroform-d) δ -198.20. HRMS (ESI) calcd for C17H21O3S [M+H]+: 

225.1165, found:225.1162. 

 

 

(2S,3S)-2-fluoro-3-hydroxy-N-isopropyl-3-phenylpropanamide (2t): 

White solid, 94% yield, 99% ee, 73/27 dr, m.p. 112.4-117.3 ℃; [α]20
D = -18.0 (c = 0.1, 

CH2Cl2). The ee was determined by HPLC on Chiralpak AD-H column, hexane: 

isopropanol = 98:2; flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 

220 nm; tR1 = 11.01 min (minor), tR2 = 12.53 min (minor), tR3= 28.05 min (major), tR4 

= 43.78 min (minor). 1H NMR (400 MHz, Chloroform-d) δ 7.43 – 7.32 (m, 5H), 6.01 

(s, 1H), 5.02 (dd, J = 15.6, 6.0 Hz, 1H), 4.90 (dd, J = 49.2, 6.0 Hz, 1H), 4.06 (m, 1H), 

3.96 (s, 1H), 1.14 (d, J = 6.4 Hz, 3H), 1.02 (d, J = 6.4 Hz, 3H). 13C NMR (100 MHz, 

Chloroform-d) δ 167.9 (d, J = 18.6 Hz), 138.0 (d, J = 1.5 Hz), 128.5, 128.3, 127.2 (d, J 

= 1.1 Hz), 91.6 (d, J = 193.7 Hz), 73.7 (d, J = 20.4 Hz), 41.3, 22.4. 19F NMR (376 MHz, 

Chloroform-d) δ -198.36. HRMS (ESI) calcd for C17H21O4S [M+H]+: 225.1165, found: 

225.1161. 

 

 

(2S,3S)-N-(tert-butyl)-2-fluoro-3-hydroxy-3-phenylpropanamide (2u): 

White solid, 94% yield, 98% ee, 91/9 dr, m.p. 153.9-156.4 ℃; [α]20
D = -24.0 (c = 0.1, 

CH2Cl2). The ee was determined by HPLC on Chiralpak ID-H column, hexane: 
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isopropanol = 90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection 

at 220 nm; tR1 = 21.08 min (minor), tR2 = 24.19 min (minor), tR3= 27.18 min (minor), 

tR4 = 31.07 min (major). 1H NMR (400 MHz, CDCl3) δ 7.40 – 7.34 (m, 5H), 5.97 (s, 

1H), 5.01 (dd, J = 16.0, 6.0 Hz, 1H), 4.84 (dd, J = 49.6, 6.0 Hz, 1H), 1.29 (s, 9H). 13C 

NMR (100 MHz, CDCl3) δ 168.1 (d, J = 17.4 Hz), 138.1 (d, J = 1.4 Hz), 128.6, 128.4, 

127.4, 91.7 (d, J = 194.9 Hz), 73.9 (d, J = 20.4 Hz), 51.8, 28.6. 19F NMR (376 MHz, 

CDCl3) δ -195.90. HRMS (ESI) calcd for C17H18F3O3S [M+H]+: 239.1322, found: 

239.1320. 

 

 

(2S,3R)-2-fluoro-3-hydroxy-N,N-dimethyl-3-(thiophen-2-yl)propanamide (4a): 

Colorless liquid, 99% yield, 99% ee, 97/3 dr; [α]20
D = +89.0 (c = 0.1, CH2Cl2). The ee 

was determined by HPLC on Chiralpak ID-H column, hexane: isopropanol = 90:10; 

flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 220 nm; tR1 = 11.19 

min (minor), tR2 = 12.43 min (minor), tR3= 13.33 min (major), tR4 = 17.07 min (minor). 
1H NMR (400 MHz, CDCl3) δ 7.32 (d, J = 4.8 Hz, 1H), 7.10 (d, J = 3.6 Hz, 1H), 7.01 

(dd, J =  4.8 Hz, J =  3.6 Hz, 1H), 5.38 (t, J =  3.2 Hz, 1H), 4.99 (dd, J = 46.4, 7.6 

Hz, 1H), 4.42 (d, J = 4.0 Hz, 1H), 3.06 (s, 3H), 3.01 (s, 3H). 13C NMR (100 MHz, 

CDCl3) δ 167.8 (d, J = 19.6 Hz), 142.3, 142.3, 127.0, 125.7 (d, J = 1.7 Hz), 125.6, 88.2 

(d, J = 185.9 Hz), 69.5 (d, J = 25.4 Hz), 37.1 (d, J = 5.9 Hz), 36.0. 19F NMR (376 MHz, 

CDCl3) δ -186.22. HRMS (ESI) calcd for C16H18FO3S [M+H]+: 217.0573, found: 

217.0575. 

 

 

(2S,3S)-2-fluoro-3-hydroxy-N,N-dimethyl-3-(naphthalen-2-yl)propanamide (4b): 

White solid, 98% yield, 92% ee, 96/4 dr, m.p. 137.1-141.8 ℃; [α]20
D = +52.0 (c = 0.1, 

CH2Cl2). The ee was determined by HPLC on Chiralpak OD-H column, hexane: 

isopropanol = 90:10; flow rate = A mL/min; column temperature 25 ℃; UV detection 

at 220 nm; tR1 = 13.02 min (minor), tR2 = 15.76 min (minor), tR3= 19.96 min (major), 

tR4 = 24.42 min (minor). 1H NMR (400 MHz, Chloroform-d) δ 7.93 (s, 1H), 7.89 – 7.82 

(m, 3H), 7.55 (d, J = 8.8 Hz, 1H), 7.53 – 7.46 (m, 2H), 5.30 (t, J = 6.8 Hz, 1H), 5.06 

(dd, J = 46.4, 7.2 Hz, 1H), 4.33 (s, 1H), 3.01 (d, J = 1.6 Hz, 3H), 2.97 (d, J = 2.4 Hz, 

3H). 13C NMR (100 MHz, Chloroform-d) δ 168.0 (d, J = 19.6 Hz), 136.2 (d, J = 1.7 

Hz), 133.3 (d, J = 15.0 Hz), 128.1 (d, J = 1.4 Hz), 127.7, 126.2, 126.2, 124.6, 88.4 (d, 

J = 185.2 Hz), 72.9 (d, J = 24.3 Hz), 36.9 (d, J = 5.8 Hz), 35.9. 19F NMR (376 MHz, 

Chloroform-d) δ -186.61. HRMS (ESI) calcd for C17H21O3S [M+H]+: 261.1165, found: 

261.1162. 
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(2S,3S)-3-([1,1'-biphenyl]-4-yl)-2-fluoro-3-hydroxy-N,N-dimethylpropanamide 

(4c): 

White solid, 99% yield, 95% ee, 96/4 dr, m.p. 136.3-139.2 ℃; [α]20
D = +58.0 (c = 0.1, 

CH2Cl2). The ee was determined by HPLC on Chiralpak ID-H column, hexane: 

isopropanol = 90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection 

at 220 nm; tR1 = 34.48 min (major), tR2 = 37.97 min (minor), tR3= 43.12 min (minor), 

tR4 = 49.75 min (minor). 1H NMR (400 MHz, CDCl3) δ 7.61 (t, J = 7.6, 4H), 7.52 (d, J 

= 8.0 Hz, 2H), 7.44 (t, J = 8.0 Hz, 2H), 7.35 (t, J = 7.2 Hz, 1H), 5.17 (t, J = 4.0 Hz, 1H), 

5.00 (dd, J = 46.4, 7.6 Hz, 1H), 4.24 (d, J = 4.0 Hz, 1H), 3.01 (s, 6H). 13C NMR (100 

MHz, CDCl3) δ 168.1 (d, J = 19.6 Hz), 141.4, 140.9, 137.9, 137.9, 128.9, 127.5, 127.5, 

127.3 (d, J = 1.8 Hz), 88.5 (d, J = 185.2 Hz), 72.6 (d, J = 24.4 Hz), 37.0 (d, J = 5.9 Hz), 

36.0, 1.2. 19F NMR (376 MHz, CDCl3) δ -186.83. HRMS (ESI) calcd for C17H21O4S 

[M+H]+: 287.1322, found: 287.1326.  

 

 

(2S,3S)-3-(benzo[d][1,3]dioxol-5-yl)-2-fluoro-3-hydroxy-N,N-dimethylpropanami

-de (4d): 

White solid, 91% yield, 98% ee, 92/8 dr,m.p. 140.2-143.6 ℃; [α]20
D = +58.0 (c = 0.1, 

CH2Cl2). The ee was determined by HPLC on Chiralpak OD-H column, hexane: 

isopropanol = 90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection 

at 220 nm; tR1 = 38.58 min (minor), tR2 = 43.85 min (minor), tR3= 51.53 min (major), 

tR4 = 71.31 min (minor). 1H NMR (600 MHz, Chloroform-d) δ 6.94 (s, 1H), 6.89 (d, J 

= 7.8 Hz, 1H), 6.80 (d, J = 7.8 Hz, 1H), 5.96 (s, 4H), 5.02 (t, J = 6.6 Hz, 1H), 4.89 (dd, 

J = 46.2, 7.8 Hz, 1H), 4.16 (s, 1H), 3.01 (s, 6H). 13C NMR (151 MHz, Chloroform-d) 

δ 168.1 (d, J = 19.9 Hz), 147.8 (d, J = 29.0 Hz), 132.8, 120.8, 108.3, 107.4, 101.2, 88.5 

(d, J = 186.0 Hz), 72.5 (d, J = 24.9 Hz), 37.0 (d, J = 5.9 Hz), 36.0. 19F NMR (565 MHz, 

Chloroform-d) δ -186.69. HRMS (ESI) calcd for C17H21O4S [M+H]+: 255.0907, found: 

255.0905.  

 

Methyl (2S,3S)-2-fluoro-3-hydroxy-3-phenylpropanoate (4e): 

White solid, 85% yield, 70% ee, 70/30 dr,m.p.136.6-140.0 ℃; [α]20
D = +6.0 (c = 0.1, 

CH2Cl2). The ee was determined by HPLC on Chiralpak OJ-H column, hexane: 
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isopropanol = 90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection 

at 220 nm; tR1 = 43.61 min (minor), tR2 = 45.87 min (minor), tR3= 51.64 min (minor), 

tR4 = 60.24 min (major). 1H NMR (400 MHz, Chloroform-d) δ 7.43 – 7.33 (m, 5H), 

5.13 (d, J = 2.4 Hz, 1H), 5.05 (dd, J = 38.0, 5.2 Hz, 1H), 3.74 (s, 3H). 13C NMR (100 

MHz, Chloroform-d) δ 168.4 (d, J = 23.3 Hz), 137.7 (d, J = 2.7 Hz), 126.8 (d, J = 1.2 

Hz), 91.1 (d, J = 189.6 Hz), 73.7 (d, J = 22.2 Hz), δ 52.6 (s, J = 23.3 Hz). 19F NMR 

(376 MHz, Chloroform-d) δ -197.67. HRMS (ESI) calcd for C16H18BrO3S [M+H]+: 

198.0692, found: 198.0695. 

 

 

Ethyl (2S,3S)-2-fluoro-3-hydroxy-3-phenylpropanoate (4f): 

Colorless liquid, 90% yield, 95% ee, 95/5 dr.; [α]20
D = +28.0 (c = 0.1, CH2Cl2). The ee 

was determined by HPLC on Chiralpak ID-H column, hexane: isopropanol = 94:6; flow 

rate = 1 mL/min; column temperature 25 ℃; UV detection at 220 nm; tR1 = 50.41 min 

(minor), tR2 = 54.17 min (minor), tR3= 60.90 min (minor), tR4 = 78.50 min (major). 1H 

NMR (400 MHz, CDCl3) δ 7.39 – 7.34 (m, 5H), 5.13 (t, J =4.0 Hz, 1H), 5.04 (dd, J = 

48.0, 4.8 Hz, 1H), 4.18 (q, J = 7.2 Hz, 2H), 3.02 (d, J = 4.0 Hz, 1H), 1.19 (t, J = 8.0 Hz, 

3H). 13C NMR (100 MHz, CDCl3) δ 167.9 (d, J = 23.2 Hz), 137.7 (d, J = 3.0 Hz), 128.7, 

128.6, 126.9 (d, J = 1.4 Hz), 91.1 (d, J = 189.6 Hz), 73.8 (d, J = 22.0 Hz), 61.9, 14.1. 
19F NMR (376 MHz, CDCl3) δ -197.73. HRMS (ESI) calcd for C17H21O3S [M+H]+: 

212.0849, found: 212.0845. 

 

 

(3R,5R,7R)-adamantan-1-yl-(2S,3S)-2-fluoro-3-hydroxy-3-phenylpropanoate (4g): 

Colorless liquid, 85% yield, 73% ee, 95/5 dr; [α]20
D = +54.0 (c = 0.1, CH2Cl2). The ee 

was determined by HPLC on Chiralpak IJ-H column, hexane: isopropanol = 90:10; 

flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 220 nm; tR1 = 12.43 

min (minor), tR2 = 13.59 min (major), tR3= 15.31 min (minor), tR4 = 16.27 min (minor). 
1H NMR (400 MHz, Chloroform-d) δ 7.44 – 7.30 (m, 5H), 5.10 (d, J = 16.4 Hz, 1H), 

4.95 (dd, J = 48.5, 4.8 Hz, 1H), 2.83 (d, J = 4.4 Hz, 1H), 2.18 – 2.11 (m, 3H), 2.00 (s, 

3H), 1.63 (s, 3H). 13C NMR (100 MHz, Chloroform-d) δ 166.3 (d, J = 23.2 Hz), 137.9 

(d, J = 3.3 Hz), 128.5, 128.4, 91.1 (d, J = 189.2 Hz), 83.5, 73.8 (d, J = 21.7 Hz), 68.1, 

41.2, 36.1, 31.0, 25.7. 19F NMR (376 MHz, Chloroform-d) δ -196.06. HRMS (ESI) 

calcd for C17H21O4S [M+H]+: 318.1631, found: 318.1635. 
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2-fluoro-1-phenyl-2-(phenylsulfonyl)ethan-1-ol (4h): 

Colorless liquid, 87% yield, 99% ee, 82/18 dr; [α]20
D = -18.0 (c = 0.1, CH2Cl2). The ee 

was determined by HPLC on Chiralpak ID-H column, hexane: isopropanol = 90:10; 

flow rate = 1 mL/min; column temperature 25 ℃; UV detection at 220 nm; tR1 = 83.61 

min (minor), tR2 = 85.50 min (major), tR3= 89.80 min (minor), tR4 = 123.58 min (minor). 
1H NMR (400 MHz, Chloroform-d) δ 7.99 (d, J = 7.6 Hz, 2H), 7.74 (t, J = 7.6 Hz, 1H), 

7.62 (t, J = 7.6 Hz, 2H), 7.43 – 7.31 (m, 5H), 5.22 – 5.17 (m, 1H), 5.07 (dd, J = 45.6, 

8.4 Hz, 1H), 3.53 (s, 1H). 13C NMR (100 MHz, Chloroform-d) δ 136.8, 135.4, 135.2, 

129.6, 129.6, 129.3, 128.7, 127.4 (d, J = 1.6 Hz), 101.6 (d, J = 224.2 Hz), 70.6 (d, J = 

22.2 Hz). 19F NMR (376 MHz, Chloroform-d) δ -177.95. HRMS (ESI) calcd for 

C17H21O4S [M+H]+: 280.0569, found: 280.0563. 

 

5. General procedure for gram-scale reaction and Further 

transformations 

Gram-scale reaction 

 

Under argon atmosphere, [Ir(COD)Cl]2 (1.95 mg, 0.0029 mmol), L2 (3.48 mg, 

0.0061 mmol), and anhydrous iPrOH (4 mL) were added to an oven-dried vial (10 mL) 

and then stirred at 40 °C for 1.0 h to give a clear yellow solution. The mixture was 

concentrated to dryness, then 2 mL of dried ethyl acetate was added to the crude Ir-L2 

complex. An aliquot of the catalyst solution (0.2 mL, 0.00058 mmol) was transferred 

into a 10 mL hydrogenation vessel, and then substrates 1a (5.8 mmol), NaOH (23.2 mg, 

0.58 mmol, in EA) and anhydrous ethyl acetate were added. The vial was placed in an 

alloy plate which was then placed into the autoclave. And the autoclave was purged 

five times with argon atmosphere and hydrogen, then pressurized to 5 atm of H2 and 

stirred at 25 °C for 24 h. Upon completion, the reaction mixture was cooled to room 

temperature. After the hydrogen pressure was slowly released, the solvent was removed, 

and the mixture was purified by passing through a short column of silica gel to afford 

the corresponding products 2a with 1.10 g, 90% yield in 99% ee and 97/3 dr. 

Further transformations 

(1) The synthesis of 5a 



 15 

 

Under N2 atmosphere, a solution of 4f (2.17 mmol) and NaBH4 (3.26 mmol, 1.5 eq.) 

in the solvent MeOH (5 mL) was stirred at 0 ℃ for 0.5 h. The solvent was removed 

under vacuum and 20 mL water and 15 mL DCM were added, organic layer was 

combined and dried by anhydrous sodium sulfate. The reaction mixture was filtered 

and concentrated to get the crude product 5a. The crude product 5a was purified by 

column chromatography on silica gel to get colorless liquid 0.330 g, 90% yield, 95% 

ee, 93/7 dr. 

 

 

(1S,2S)-2-fluoro-1-phenylpropane-1,3-diol (5a): 

Colorless liquid, 90% yield, 93% ee; [α]20
D = +38.0 (c = 0.1, CH2Cl2). The ee was 

determined by HPLC on Chiralpak IJ-H column, hexane: isopropanol = 92:8; flow rate 

= 0.8 mL/min; column temperature 25 ℃; UV detection at 220 nm; tR1 = 38.14 min 

(major), tR2 = 41.71 min (minor), tR3= 43.79 min (minor), tR4 = 49.06 min (minor). 1H 

NMR (600 MHz, Chloroform-d) δ 7.40 – 7.31 (m, 5H), 5.00 (dd, J = 10.8, 6.0 Hz, 1H), 

4.67 – 4.54 (m, 1H), 3.93 – 3.82 (m, 2H). 13C NMR (150 MHz, Chloroform-d) δ 139.4 

(d, J = 4.5 Hz), 128.7, 128.3, 126.4, 95.1 (d, J = 175.6 Hz), 73.5 (d, J = 24.5 Hz), 61.7 

(d, J = 21.9 Hz). 19F NMR (565 MHz, Chloroform-d) δ -195.22. HRMS (ESI) calcd for 

C22H23O3S [M+H]+: 170.0473, found: 170.0476. 

 

(2) The synthesis of 5b 

 

Under N2 atmosphere, LiAlH4 (1.83 mmol, 1.5 eq.) was added to a solution of 2r 

(1.22 mmol) in 10 mL dry THF at 0 ℃ and was stirred for an hour. Then the mixture 

was stirred at 70 ℃ overnight. The reaction was quenched with water in an ice-water 

after the finishing reaction. The solvent was removed and 20 mL water and 15 mL 

DCM were added, organic layer was combined and dried by anhydrous sodium sulfate. 
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The reaction mixture was filtered and concentrated to get the crude product 5b. The 

crude product 5b was purified by column chromatography on silica gel to get a white 

solid, 120 mg, 75% yield, 99% ee. and 85/15 dr. 

 

 

(S)-((R)-1-methylaziridin-2-yl)(phenyl)methanol (5b):  

White solid, 75% yield, 99% ee, 85/15 dr., m.p. 82.5-85.6 ℃; [α]20
D = -48.0 (c = 0.1, 

CH2Cl2). The ee was determined by HPLC on Chiralpak ID-H column, hexane: 

isopropanol = 90:10; flow rate = 1 mL/min; column temperature 25 ℃; UV detection 

at 210 nm; tR1 = 12.94 min (major), tR2 = 17.13 min (minor), tR3= 31.02 min (minor), 

tR4 = 68.02 min (minor). 1H NMR (600 MHz, Chloroform-d) δ 7.41 (d, J = 7.8 Hz, 2H), 

7.36 (t, J = 7.8 Hz, 2H), 7.29 (t, J = 7.8 Hz, 1H), 4.71 (s, 1H), 4.23 (d, J = 6.0 Hz, 1H), 

2.41 (s, 3H), 1.92 (d, J = 3.6 Hz, 1H), 1.74 – 1.72 (m, 1H), 1.33 (d, J = 6.6 Hz, 1H). 
13C NMR (151 MHz, Chloroform-d) δ 142.6, 128.6, 127.7, 126.1, 74.5, 47.3, 46.8, 33.5. 

HRMS (ESI) calcd for C19H21O3S [M+H]+: 163.0997, found: 163.0993.  

 

6. Determination of the absolute configuration 

Crystal structure determination of 2f 

Crystal Data for C12H13F4NO2 (M = 279.23 g/mol): monoclinic, space group P21 

(no. 4), a = 6.3753(5) Å, b = 7.7643(6) Å, c = 13.1312(9) Å, β = 97.979(3), V = 643.70(8) 

Å3, Z = 2, T = 170.00 K, μ(GaKα) = 0.764 mm-1, Dcalc = 1.441 g/cm3, 15240 reflections 

measured (11.548° ≤ 2Θ ≤ 122.216°), 2915 unique (Rint = 0.0434, Rsigma = 0.0386) 

which were used in all calculations. The final R1 was 0.0366 (I > 2σ(I)) and wR2 was 

0.1008 (all data).  

 

 

 

 

 

 



 17 

7. References 

1. F. Ling, S. Nian, J. Chen, W. Luo, Z. Wang, Y. Lv and W. Zhong, Development of 

Ferrocene-Based Diamine-Phosphine-Sulfonamide Ligands for Iridium-Catalyzed 

Asymmetric Hydrogenation of Ketones, J. Org. Chem., 2018, 83, 10749-10761. 

2. S. Nian, F. Ling, J. Chen, Z. Wang, H. Shen, X. Yi, Y. F. Yang, Y. She and W. 

Zhong, Highly Enantioselective Hydrogenation of Non-ortho-Substituted 2-Pyridyl 

Aryl Ketones via Iridium f-Diaphos Catalysis, Org. Lett., 2019, 21, 5392-5396. 

3. F. Ling, Y. Wang, A. Huang, Z. Wang, S. Wang, J. He, X. Zhao and W. Zhong, 

Iridium-Catalyzed Enantioselective and Diastereoselective Hydrogenation of 

Racemic β’‐Keto‐β-Amino Esters via Dynamic Kinetic Resolution, Adv. Synth. 

Catal., 2021, 363, 4714-4719. 

4. Z. Wang, X. Zhao, S. Wang, A. Huang, Y. Wang, J. He, F. Ling and W. Zhong, 

Iridium/f-diaphos catalyzed asymmetric hydrogenation of 2-imidazolyl aryl/alkyl 

ketones, Org. Biomol. Chem., 2021, 19, 9746-9751. 

5. X. Zhao, Z. Yang, Y. Cheng, A. Huang, F. Hu, F. Ling and W. Zhong, Divergent 

Synthesis of β-Hydroxy Amides (Esters) and γ-Amino Alcohols via Ir/f-Diaphos 

Catalyzed Asymmetric Hydrogenation, Adv. Synth. Catal., 2022, 364, 3074-3080 

6. A. M. Goldys, M. G. Nunez and D. J. Dixon, Creation through immobilization: a 

new family of high performance heterogeneous bifunctional iminophosphorane 

(BIMP) superbase organocatalysts, Org. Lett., 2014, 16, 6294-6297. 

7. S. Suzuki, T. Kamo, K. Fukushi, T. Hiramatsu, E. Tokunaga, T. Dohi, Y. Kita and 

N. Shibata, Iodoarene-catalyzed fluorination and aminofluorination by an Ar-

I/HF·pyridine/m-CPBA system, Chem. Sci., 2014, 5, 2754-2760. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 18 

8. Copies of NMR spectra 

(2S,3S)-2-fluoro-3-hydroxy-N,N-dimethyl-3-phenylpropanamide (2a): 

 

 

 

 



 19 

 

 

(2S,3S)-3-(4-bromophenyl)-2-fluoro-3-hydroxy-N,N-dimethylpropanamide (2b): 
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(2S,3S)-3-(3-bromophenyl)-2-fluoro-3-hydroxy-N,N-dimethylpropanamide (2c): 
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(2S,3S)-3-(2-bromophenyl)-2-fluoro-3-hydroxy-N,N-dimethylpropanamide (2d): 
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(2S,3S)-2-fluoro-3-(4-fluorophenyl)-3-hydroxy-N,N-dimethylpropanamide (2e): 
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(2S,3S)-2-fluoro-3-hydroxy-N,N-dimethyl-3-(4-(trifluoromethyl)phenyl)propane- 

mide (2f): 
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(2S,3S)-3-(4-cyanophenyl)-2-fluoro-3-hydroxy-N,N-dimethylpropanamide (2g): 
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(2S,3S)-2-fluoro-3-hydroxy-N,N-dimethyl-3-(4-nitrophenyl)propenamide (2h): 
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(2S,3S)-3-(4-chlorophenyl)-2-fluoro-3-hydroxy-N,N-dimethylpropanamide (2i): 
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(2S,3S)-2-fluoro-3-hydroxy-N,N-dimethyl-3-(p-tolyl)propanamide (2j): 
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(2S,3S)-2-fluoro-3-hydroxy-N,N-dimethyl-3-(m-tolyl)propanamide (2k): 
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(2S,3S)-2-fluoro-3-hydroxy-N,N-dimethyl-3-(o-tolyl)propanamide (2l): 
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(2S,3S)-2-fluoro-3-hydroxy-3-(4-methoxyphenyl)-N,N-dimethylpropanamide 

(2m): 
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(2S,3S)-3-(3,5-dimethylphenyl)-2-fluoro-3-hydroxy-N,N-dimethylpropanamide 

(2n): 
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(2S,3S)-N,N-diethyl-2-fluoro-3-hydroxy-3-phenylpropanamide (2o): 
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(2S,3S)-2-fluoro-3-hydroxy-N,N-diisopropyl-3-phenylpropanamide (2p): 
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(2S,3S)-2-fluoro-3-hydroxy-3-phenyl-1-(pyrrolidin-1-yl)propan-1-one (2q)： 
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(2S,3S)-2-fluoro-3-hydroxy-N-methyl-3-phenylpropanamide (2r): 
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(2S,3S)-2-fluoro-3-hydroxy-3-phenyl-N-propylpropanamide (2s): 
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(2S,3S)-2-fluoro-3-hydroxy-N-isopropyl-3-phenylpropanamide (2t): 
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(2S,3S)-N-(tert-butyl)-2-fluoro-3-hydroxy-3-phenylpropanamide (2u): 
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(2S,3R)-2-fluoro-3-hydroxy-N,N-dimethyl-3-(thiophen-2-yl)propanamide (4a): 
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(2S,3S)-2-fluoro-3-hydroxy-N,N-dimethyl-3-(naphthalen-2-yl)propenamide (4b):  
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(2S,3S)-3-([1,1'-biphenyl]-4-yl)-2-fluoro-3-hydroxy-N,N-dimethylpropanamide 

(4c): 
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(2S,3S)-3-(benzo[d][1,3]dioxol-5-yl)-2-fluoro-3-hydroxy-N,N-dimethylpropanami

-de (4d): 
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Methyl (2S,3S)-2-fluoro-3-hydroxy-3-phenylpropanoate (4e): 
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Ethyl (2S,3S)-2-fluoro-3-hydroxy-3-phenylpropanoate (4f): 
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(3R,5R,7R)-adamantan-1-yl(2S,3S)-2-fluoro-3-hydroxy-3-phenylpropanoate (4g): 
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(1S,2S)-2-fluoro-1-phenyl-2-(phenylsulfonyl)ethan-1-ol (4h): 
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(1S,2S)-2-fluoro-1-phenylpropane-1,3-diol (5a): 
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(S)-(R)-1-methylaziridin-2-yl)(phenyl)methanol (5b): 

 

 

 

 

 



 64 

9. Copies of HPLC charts 

(2S,3S)-2-fluoro-3-hydroxy-N,N-dimethyl-3-phenylpropanamide (2a): 
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(2S,3S)-3-(4-bromophenyl)-2-fluoro-3-hydroxy-N,N-dimethylpropanamide (2b): 
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(2S,3S)-3-(3-bromophenyl)-2-fluoro-3-hydroxy-N,N-dimethylpropanamide (2c): 
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(2S,3S)-3-(2-bromophenyl)-2-fluoro-3-hydroxy-N,N-dimethylpropanamide (2d): 
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(2S,3S)-2-fluoro-3-(4-fluorophenyl)-3-hydroxy-N,N-dimethylpropanamide (2e): 
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(2S,3S)-2-fluoro-3-hydroxy-N,N-dimethyl-3-(4-(trifluoromethyl)phenyl)propane- 

mide (2f): 
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(2S,3S)-3-(4-cyanophenyl)-2-fluoro-3-hydroxy-N,N-dimethylpropanamide (2g): 
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(2S,3S)-2-fluoro-3-hydroxy-N,N-dimethyl-3-(4-nitrophenyl)propenamide (2h): 
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(2S,3S)-3-(4-chlorophenyl)-2-fluoro-3-hydroxy-N,N-dimethylpropanamide (2i): 
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(2S,3S)-2-fluoro-3-hydroxy-N,N-dimethyl-3-(p-tolyl)propanamide (2j): 
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(2S,3S)-2-fluoro-3-hydroxy-N,N-dimethyl-3-(m-tolyl)propanamide (2k): 
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(2S,3S)-2-fluoro-3-hydroxy-N,N-dimethyl-3-(o-tolyl)propanamide (2l): 
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(2S,3S)-2-fluoro-3-hydroxy-3-(4-methoxyphenyl)-N,N-dimethylpropanamide 

(2m): 
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(2S,3S)-3-(3,5-dimethylphenyl)-2-fluoro-3-hydroxy-N,N-dimethylpropanamide 

(2n): 
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(2S,3S)-N,N-diethyl-2-fluoro-3-hydroxy-3-phenylpropanamide (2o): 
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(2S,3S)-2-fluoro-3-hydroxy-N,N-diisopropyl-3-phenylpropanamide (2p): 
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(2S,3S)-2-fluoro-3-hydroxy-3-phenyl-1-(pyrrolidin-1-yl)propan-1-one (2q)： 
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(2S,3S)-2-fluoro-3-hydroxy-N-methyl-3-phenylpropanamide (2r): 
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(2S,3S)-2-fluoro-3-hydroxy-3-phenyl-N-propylpropanamide (2s): 
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(2S,3S)-2-fluoro-3-hydroxy-N-isopropyl-3-phenylpropanamide (2t): 
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(2S,3S)-N-(tert-butyl)-2-fluoro-3-hydroxy-3-phenylpropanamide (2u): 
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(2S,3R)-2-fluoro-3-hydroxy-N,N-dimethyl-3-(thiophen-2-yl)propanamide (4a): 
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(2S,3S)-2-fluoro-3-hydroxy-N,N-dimethyl-3-(naphthalen-2-yl)propanamide (4b): 
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(2S,3S)-3-([1,1'-biphenyl]-4-yl)-2-fluoro-3-hydroxy-N,N-dimethylpropanamide 

(4c): 
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(2S,3S)-3-(benzo[d][1,3]dioxol-5-yl)-2-fluoro-3-hydroxy-N,N-dimethylpropanami

-de (4d): 
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Methyl (2S,3S)-2-fluoro-3-hydroxy-3-phenylpropanoate (4e): 
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Ethyl (2S,3S)-2-fluoro-3-hydroxy-3-phenylpropanoate (4f):  
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(3R,5R,7R)-adamantan-1-yl(2S,3S)-2-fluoro-3-hydroxy-3-phenylpropanoate (4g): 
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(1S,2R)-2-fluoro-1-phenyl-2-(phenylsulfonyl)ethan-1-ol (4h): 
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(1S,2S)-2-fluoro-1-phenylpropane-1,3-diol (5a): 
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(S)-(R)-1-methylaziridin-2-yl)(phenyl)methanol (5b): 

 

 

 

 


