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1. General Information  

Unless otherwise noted, all reagents and solvents were purchased from commercial 

suppliers and used without further purification. NMR spectra were recorded on Bruker 

ADVANCE III (400 MHz) spectrometers for 1H NMR and 13C NMR. CDCl3 was the 

solvent used for the NMR analysis, with tetramethylsilane as the internal standard. 

Chemical shifts were reported upfield to TMS (0.00 ppm) for 1H NMR and relative to 

CDCl3 (77.3 ppm) for 13C NMR. Optical rotation was determined using a Perkin Elmer 

343 polarimeter. HPLC analysis was conducted on an Agilent 1260 Series instrument. 

Column Chromatography was performed with silica gel Merck 60 (300-400 mesh). 

2. General procedure for the synthesis of compound 11 

  

Step 1. To a dried 100-mL three-necked flask were added NaH (2.2 g, 60% w/w, 56 

mmol), dimethyl carbonate or diethyl carbonate (40 mmol) and toluene (20 mL) under 

nitrogen. After the mixture was heated to reflux, a solution of acetophenone (20 mmol) 

in toluene (10 mL) was added dropwise over 0.5 h. After the evolution of hydrogen 

ceased (30-45 min), the reaction was cooled down to room temperature. Glacial acetic 

acid (6 mL) was added dropwise and a heavy pasty solid separated. Ice-cold water was 

slowly added until the solid was dissolved completely. Then, the reaction system was 

dilute with EtOAc. The organic layer was separated, washed with water (20 mL) and 

brine (20 mL) and dried over Na2SO4. After the solvent was evaporated, the residue 

was purified by flash chromatography on silica gel with EtOAc/hexanes.  

Step 2. A solution of β-ketoesters (12 mmol) and NH4OAc (4.6 g, 60 mmol) in 

methanol (12 mL) was stirred under reflux for overnight. After the solvent was 

evaporated under reduced pressure, the residue was dilute with CH2Cl2 (50 mL). The 

resulting solid was filtered off and washed with CH2Cl2 (2 x 30 mL). The combined 



filtrate was washed with water and brine and dried over sodium sulfate. Evaporation of 

the solvent gave the enamine intermediate, which was used directly in the next step 

without further purification.  

Step 3.To a solution of the enamine intermediate from the above step (about 12 mmol) 

in THF (12 mL) were added acetic anhydride (3.6 mL, 36 mmol) and pyridine (0.19g, 

2.4 mmol). The reaction mixture was then heated to reflux until the starting material 

completely disappeared. After the mixture was cooled to room temperature, the 

volatiles were evaportated. The residue was dissolved in EtOAc (200 ml), and the 

solution was washed with water, 1N HCl, saturated NaHCO3 and brine. After the 

solution was dried over sodium sulfate, the solvent was evaporated. The residue was 

purified by flash chromatography on silica gel with EtOAc/hexanes to afford desired 

products. (Some products are Z/E mixtures, which can not be separated by 

chromatography) 

 

methyl (Z)-3-acetamido-3-phenylacrylate (1a): Step 1. To a dried 100-mL three-

necked flask were added NaH (2.2 g, 60% w/w, 56 mmol), dimethyl carbonate (3.6g, 

40 mmol) and toluene (20 mL) under nitrogen. After the mixture was heated to reflux, 

a solution of acetophenone (2.4 g, 20 mmol) in toluene (10 mL) was added dropwise 

over 0.5 h. After the evolution of hydrogen ceased (30 min), the reaction was cooled 

down to room temperature. Glacial acetic acid (6 mL) was added dropwise and a heavy 

pasty solid separated. Ice-cold water was slowly added until the solid was dissolved 

completely. Then, the reaction system was dilute with EtOAc. The organic layer was 

separated, washed with water (20 mL) and brine (20 mL) and dried over Na2SO4. After 

the solvent was evaporated, the residue was purified by flash chromatography on silica 

gel with EtOAc/hexanes to afford methyl 3-oxo-3-phenylpropanoate (2.2 g, yield: 60%). 

Step 2. A solution of methyl 3-oxo-3-phenylpropanoate (2.2 g, 12 mmol) and 

NH4OAc (4.6 g, 60 mmol) in methanol (12 mL) was stirred under reflux for overnight. 

After the solvent was evaporated under reduced pressure, the residue was dilute with 



CH2Cl2 (50 mL). The resulting solid was filtered off and washed with CH2Cl2 (2 x 30 

mL). The combined filtrate was washed with water and brine and dried over sodium 

sulfate. Evaporation of the solvent gave the enamine intermediate, which was used 

directly in the next step without further purification.  

Step 3. To a solution of the enamine intermediate from the above step (about 12 

mmol) in THF (12 mL) were added acetic anhydride (3.6 mL, 36 mmol) and pyridine 

(0.19 g, 2.4 mmol). The reaction mixture was then heated to reflux until the starting 

material completely disappeared. After the mixture was cooled to room temperature, 

the volatiles were evaportated. The residue was dissolved in EtOAc (200 ml), and the 

solution was washed with water, 1N HCl, saturated NaHCO3 and brine. After the 

solution was dried over sodium sulfate, the solvent was evaporated. The residue was 

purified by flash chromatography on silica gel with EtOAc/hexanes to afford methyl 

(Z)-3-acetamido-3-phenylacrylate (2.2 g, yield: 83%). The physical data were identical 

in all respect to those previously reported. [1] [2] 

3. General Procedure for Asymmetric Hydrogenation of compound 1  

A stock solution was made by mixing Ni(OAc)2 (1.8 mg, 0.01 mmol) with (S)-Binapine 

(8.0 mg, 0.011mmol) in a 1:1.1 molar ratio in CF3CH2OH (1 ml) at room temperature 

for 30 min in a nitrogen-filled glovebox. An aliquot of the catalyst solution (0.1 mL, 

0.001 mmol) was transferred by syringe into the vials charged with different substrates 

(0.1 mmol for each) in anhydrous CF3CH2OH (0.9 mL). The vials were subsequently 

transferred into an autoclave into which hydrogen gas was charged. The reaction was 

then stirred under H2 (50 atm) at 50 C for 24 h. The hydrogen gas was released slowly 

and carefully. The solution was concentrated and passed through a short column of 

silica gel (eluant: EtOAc) to remove the metal complex. The ee values of all compounds 

2 were determined by HPLC analysis on a chiral stationary phase. The physical data 

were identical in all respect to those previously reported. [1] [2] 

 

methyl (R)-3-acetamido-3-phenylpropanoate (2a): [1a] [2] colorless oil; 215 mg, 



isolated yield: 97%; 99% ee; [α]20
D = 77.2 (c = 1.0, MeOH); The enantiomeric excess 

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

flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 28.6 min (major), 31.4 min 

(minor). 1H NMR (400 MHz, CDCl3) δ: 7.35-7.26 (m, 5H), 6.67 (d, J = 5.9 Hz, 1H), 

5.43 (dt, J = 8.4, 6.0 Hz, 1H), 3.61 (s, 3H), 2.93 (dd, J = 15.8, 5.9 Hz, 1H), 2.83 (dd, J 

= 15.8, 6.0 Hz, 1H) 2.01 (s, 3H). 13C NMR (101 MHz, CDCl3) δ: 171.8, 169.7, 140.7, 

128.8, 127.8, 126.5, 52.0, 49.8, 40.0, 23.4 ppm. 

 

ethyl (R)-3-ace  tamido-3-phenylpropanoate (2b): [1b] colorless oil; 226 mg, 

isolated yield: 96%; 99% ee; [α]20
D = 67.8 (c = 1.0, MeOH); 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 210 nm; tR = 26.8 min (major), 33.7 min 

(minor). 1H NMR (400 MHz, CDCl3) δ: 7.41-7.16 (m, 5H), 6.95 (d, J = 7.7 Hz, 1H), 

5.50-5.31 (m, 1H), 4.05 (q, J = 7.1 Hz, 2H), 3.01-2.71 (m, 2H), 1.97 (d, J = 2.3 Hz, 3H), 

1.15 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ: 171.3, 169.6, 140.8, 128.8, 

127.7, 126.5, 60.9, 49.8, 40.3, 23.4, 14.2 ppm. 

 

methyl (R)-3-acetamido-3-(p-tolyl)propanoate (2c): [1c] [2] colorless oil; 225 mg, 

isolated yield: 96%; 99% ee; [α]20
D = 88.6 (c = 1.0, MeOH); 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 210 nm; tR = 28.2 min (major), 36.4 min 

(minor). 1H NMR (400 MHz, CDCl3) δ: 7.14 (dd, J = 22.4, 8.1 Hz, 4H), 6.80 (s, 1H), 

5.37 (dd, J = 14.5, 6.2 Hz, 1H), 3.60 (s, 3H), 3.02-2.72 (m, 2H), 2.31 (s, 3H), 1.96 (s, 

3H). 13C NMR (101 MHz, CDCl3) δ: 171.8, 169.6, 137.8, 137.4, 129.5, 126.4, 52.0, 

49.6, 40.0, 23.5, 21.2 ppm. 



 

methyl (R)-3-acetamido-3-(4-methoxyphenyl)propanoate (2d): [1c] [2] colorless oil; 

246 mg, isolated yield: 98%; 99% ee; [α]20
D = 89.4 (c = 1.0, MeOH); 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 210 nm; tR = 52.4 min (major), 65.7 min 

(minor). 1H NMR (400 MHz, CDCl3) δ: 7.21 (d, J = 8.7 Hz, 2H), 6.84 (d, J = 8.7 Hz, 

2H), 6.78 (d, J = 6.3 Hz, 1H), 5.35 (dd, J = 14.5, 6.3 Hz, 1H), 3.77 (s, 3H), 3.61 (s, 3H), 

2.84 (ddd, J = 49.5, 15.6, 6.3 Hz, 2H), 1.97 (s, 3H). 13C NMR (101 MHz, CDCl3) δ: 

171.8, 169.6, 159.1, 132.8, 127.7, 114.2, 55.4, 52.0, 49.3, 40.1, 23.5 ppm. 

 

methyl (R)-3-acetamido-3-(4-fluorophenyl)propanoate (2e): [1c] [2] colorless oil; 230 

mg, isolated yield: 96%; 99% ee; [α]20
D = 62.8 (c = 1.0, MeOH); 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 210 nm; tR = 29.7 min (major), 35.3 min 

(minor). 1H NMR (400 MHz, CDCl3) δ: 7.29-7.25 (m, 2H), 7.02-6.97 (m, 3H), 5.51-

5.30 (m, 1H), 3.61 (s, 3H), 2.84 (ddd, J = 40.7, 15.8, 6.2 Hz, 2H), 1.98 (s, 3H). 13C 

NMR (101 MHz, CDCl3) δ: 171.7, 169.7, 162.2 (d, J = 246.0 Hz), 136.7 (d, J = 3.2 Hz), 

128.2 (d, J = 8.1 Hz), 115.7 (d, J = 21.5 Hz), 52.1, 49.2, 40.0, 23.4 ppm. 

 

methyl (R)-3-acetamido-3-(4-chlorophenyl)propanoate (2f): [1c] colorless oil; 242 

mg, isolated yield: 95%; 97% ee; [α]20
D = 64.0 (c = 1.0, MeOH); The enantiomeric 

excess was determined by HPLC on Chiralpak AD-H column, hexane: isopropanol = 

95:5; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 32.8 min (major), 40.7 min 

(minor). 1H NMR (400 MHz, CDCl3) δ: 7.25 (dd, J = 24.0, 8.5 Hz, 4H), 6.99 (s, 1H), 

5.39-5.34 (m, 1H), 3.62 (s, 3H), 2.83 (ddd, J = 36.3, 15.9, 6.1 Hz, 2H), 1.99 (s, 3H). 13C 



NMR (101 MHz, CDCl3) δ: 171.6, 169.7, 139.4, 133.5, 129.0, 127.9, 52.1, 49.2, 39.8, 

23.4 ppm. 

 

methyl (R)-3-acetamido-3-(4-bromophenyl)propanoate (2g): [1c] [2] white solid; 290 

mg, isolated yield: 97%; 99% ee; [α]20
D = 75.2 (c = 1.0, MeOH); The enantiomeric 

excess was determined by HPLC on Chiralpak AD-H column, hexane: isopropanol = 

95:5; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 36.2 min (major), 45.9 min 

(minor).  1H NMR (400 MHz, CDCl3) δ: 7.47-7.40 (m, 2H), 7.16 (d, J = 8.4 Hz, 2H), 

7.02 (d, J = 8.1 Hz, 1H), 5.35 (dt, J = 8.4, 6.1 Hz, 1H), 3.62 (s, 3H), 2.83 (ddd, J = 35.5, 

15.9, 6.1 Hz, 2H), 1.98 (d, J = 1.7 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ: 171.6, 169.8, 

139.9, 131.9, 128.3, 121.6, 52.1, 49.2, 39.8, 23.4 ppm. 

 

methyl (R)-3-acetamido-3-(4-(trifluoromethyl)phenyl)propanoate (2h):[2] colorless 

oil; 292 mg, isolated yield: 98%; 99% ee; [α]20
D = 65.2 (c = 1.0, MeOH); 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 210 nm; tR = 27.1 min 

(major), 35.1 min (minor). 1H NMR (400 MHz, CDCl3) δ 7.57 (d, J = 8.2 Hz, 2H), 7.41 

(d, J = 8.2 Hz, 2H), 7.12 (d, J = 3.3 Hz, 1H), 5.45 (dd, J = 14.1, 6.1 Hz, 1H), 3.63 (s, 

3H), 2.87 (qd, J = 16.0, 6.0 Hz, 2H), 2.01 (s, 3H). 13C NMR (101 MHz, CDCl3) δ: 171.6, 

169.9, 145.0, 130.0 (q, J = 32.5 Hz), 126.9, 125.8 (q, J = 3.7 Hz), 124.2 (d, J = 272.0 

Hz), 52.2, 49.4, 39.7, 23.4 ppm. 

 

methyl (R)-3-acetamido-3-(m-tolyl)propanoate (2i): [2] colorless oil; 230 mg, 

isolated yield: 98%; 99% ee; [α]20
D = 66.0 (c = 1.0, MeOH); The enantiomeric excess 



was determined by HPLC on Chiralpak OD-H column, hexane: isopropanol = 92:8; 

flow rate = 0.8 mL/min; UV detection at 210 nm; tR = 20.4 min (major), 29.0 min 

(minor). 1H NMR (400 MHz, CDCl3) δ: 7.20 (t, J = 7.5 Hz, 1H), 7.13-7.02 (m, 3H), 

6.83 (s, 1H), 5.51-5.31 (m, 1H), 3.61 (s, 3H), 3.02-2.69 (m, 2H), 2.32 (s, 3H), 1.97 (s, 

3H). 13C NMR (101 MHz, CDCl3) δ 171.8, 169.6, 140.7, 138.5, 128.7, 128.5, 127.3, 

123.4, 52.0, 49.8, 40.1, 23.5, 21.6 ppm. 

 

methyl (R)-3-acetamido-3-(o-tolyl)propanoate (2j): [1c] colorless oil; 232 mg, 

Isolated yield: 98%; 99% ee; [α]20
D = 56.8 (c = 1.0, MeOH); The enantiomeric excess 

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

flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 17.0 min (major), 20.4 min 

(minor). 1H NMR (400 MHz, CDCl3) δ: 7.24-7.22 (m, 1H), 7.20-7.13 (m, 3H), 6.61 

(s, 1H), 5.60 (dd, J = 14.7, 6.8 Hz, 1H), 3.60 (s, 3H), 2.82 (qd, J = 15.4, 6.7 Hz, 2H), 

2.41 (s, 3H), 1.94 (s, 3H). 13C NMR (101 MHz, CDCl3) δ: 171.7, 169.5, 138.9, 136.1, 

131.0, 127.8, 126.5, 125.2, 52.0, 46.6, 39.5, 23.4, 19.4 ppm. 

 

methyl (R)-3-acetamido-3-(thiophen-2-yl)propanoate (2k): [2] colorless oil; 222 

mg, isolated yield: 98%; 99% ee; [α]20
D = 77.4 (c = 1.0, MeOH); The enantiomeric 

excess was determined by HPLC on Chiralpak AD-H column, hexane: isopropanol = 

95:5; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 30.0 min (minor), 30.8 

min (major). 1H NMR (400 MHz, CDCl3): δ 7.20 (dd, J = 4.0, 2.2 Hz, 1H), 6.94-6.93 

(m, 2H), 6.68 (d, J = 7.7 Hz, 1H), 5.71-5.67 (m, 1H), 3.67 (s, 3H), 2.98 (dd, J = 16.1, 

5.4 Hz, 1H), 2.90 (dd, J = 16.1, 5.8 Hz, 1H), 2.02 (s, 3H). 13C NMR (101 MHz, 

CDCl3): δ 171.6, 169.3, 144.4, 127.0, 124.7, 124.5, 52.1, 45.6, 40.0, 23.4 ppm. 

 



methyl (R)-3-acetamido-3-(furan-2-yl)propanoate (2l): [2] colorless oil; 203 mg, 

isolated yield: 95%; 99% ee; [α]20
D = 99.2 (c = 1.0, MeOH); The enantiomeric excess 

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

flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 23.9 min (minor), 26.8 min 

(major). 1H NMR (400 MHz, CDCl3) δ 7.33 (dd, J = 1.6, 0.6 Hz, 1H), 6.55 (d, J = 7.6 

Hz, 1H), 6.31 (dd, J = 3.2, 1.9 Hz, 1H), 6.20 (d, J = 3.3 Hz, 1H), 5.54-5.49 (m, 1H), 

3.67 (s, 3H), 2.95 (dd, J = 16.0, 5.3 Hz, 1H), 2.83 (dd, J = 16.0, 6.2 Hz, 1H), 2.02 (s, 

3H). 13C NMR (101 MHz, CDCl3) δ 171.6, 169.6, 153.1, 142.2, 110.6, 106.6, 52.1, 

44.1, 37.7, 23.5 ppm. 

 

methyl (R)-3-acetamido-3-(naphthalen-2-yl)propanoate (2m): [2] colorless oil; 260 

mg, isolated yield: 96%; 98% ee; [α]20
D = 104.1 (c = 1.0, MeOH); The enantiomeric 

excess was determined by HPLC on Chiralpak AD-H column, hexane: isopropanol = 

92:8; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 22.1 min (major), 27.3 

min (minor). 1H NMR (400 MHz, CDCl3) δ: 7.83-7.76 (m, 4H), 7.53-7.37 (m, 3H), 

7.07 (d, J = 4.7 Hz, 1H), 5.60 (dd, J = 14.5, 6.2 Hz, 1H), 3.61 (s, 3H), 3.09-2.83 (m, 

2H), 2.02 (s, 3H). 13C NMR (101 MHz, CDCl3) δ: 171.8, 169.74, 138.2, 133.4, 132.9, 

128.7, 128.1, 127.8, 126.4, 126.2, 125.2, 124.7, 52.0, 49.9, 40.0, 23.5 ppm. 

  

methyl (R)-3-acetamido-3-(naphthalen-1-yl)propanoate (2n): [2] colorless oil; 265 

mg, isolated yield: 98%; 99% ee; [α]20
D = 30.9 (c = 1.0, MeOH); The enantiomeric 

excess was determined by HPLC on Chiralpak AD-H column, hexane: isopropanol = 

95:5; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 29.5 min (minor), 40.3 

min (major). 1H NMR (400 MHz, CDCl3) δ: 8.10-8.05 (m, 1H), 7.87-7.80 (m, 1H), 

7.76 (d, J = 7.8 Hz, 1H), 7.56-7.45 (m, 2H), 7.44-7.34 (m, 2H), 6.77 (d, J = 5.6 Hz, 

1H), 6.19 (dd, J = 14.9, 6.6 Hz, 1H), 3.56 (d, J = 3.9 Hz, 3H), 2.98 (t, J = 6.6 Hz, 2H), 



1.91 (d, J = 5.4 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ: 171.8, 169.5, 136.2, 134.1, 

130.9, 129.1, 128.7, 126.9, 126.1, 125.3, 123.2, 123.0, 52.0, 46.1, 39.5, 23.3 ppm. 

 

ethyl (S)-3-acetamidobutanoate (2o): [1a-b] [2] colorless oil ; 173 mg, isolated yield: 

95%; 98% ee; [α]20
D = -38.9 (c = 1.0, MeOH); The enantiomeric excess was 

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

rate = 0.5 mL/min; UV detection at 210 nm; tR = 24.2 min (major), 26.6 min (minor). 

1H NMR (400 MHz, CDCl3) δ: 6.30 (d, J = 5.8 Hz, 1H), 4.34-4.19 (m, 1H), 4.13-3.98 

(m, 2H), 2.44 (d, J = 5.5 Hz, 2H), 1.89 (s, 3H), 1.22-1.14 (m, 6H). 13C NMR (101 

MHz, CDCl3) δ: 171.9, 169.5, 60.8, 42.2, 40.2, 23.6, 20.2, 14.4 ppm. 

4. General procedure for gram-scale asymmetric hydrogenation with 0.2 mol% 

catalysis loading 

A stock solution was made by mixing Ni(OAc)2 (1.8 mg, 0.01 mmol) with (S)-

Binapine (8.0 mg, 0.011mmol) in a 1:1.1 molar ratio in CF3CH2OH (1 ml) at room 

temperature for 30 min in a nitrogen-filled glovebox. Then the catalyst solution (1.0 

mL, 0.01 mmol) was transferred by syringe into the vials charged with substrate 1b (5 

mmol, 1.17 g) in anhydrous CF3CH2OH (12 mL). The vials were subsequently 

transferred into an autoclave into which hydrogen gas was charged. The reaction was 

then stirred under H2 (80 atm) at 50C for 70 h. The hydrogen gas was released slowly 

and carefully. The solution was concentrated and passed through a short column of 

silica gel (eluant: EtOAc) to remove the metal complex. The ee values of all compounds 

2b were determined by HPLC analysis on Chiralpak OD-H column. 
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6. NMR spectra of 2 
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7 HPLC spectra of 2 



 



 

 

 

 

 





 

 

 

 

 



 

 



 

 

 



 

 



 

 

 





 

 

 

 

 





 

 

 

 

 





 

 

 

 

 





 

 

 

 

 





 

 

 

 

 





 

 

 

 

 





 

 

 

 

 





 

 

 

 

 





 

 

 

 

 





 

 

 

 

 





 


