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General Considerations: All reactions were carried out in flame-dried or oven-dried 

screw-cap test tubes with magnetic stirring. All solvents (toluene, dichloromethane, 

and THF) were purified by passing through a column of activated alumina under a dry 

argon atmosphere. Ethyl acetate was purchased from Aldrich and dried with 

molecular sieves (4Å). Additional solvents (acetonitrile and chloroform) were 

purchased anhydrous from commercial sources and transferred under an argon 

atmosphere. VAPOL phosphoric acid was synthesized according to the literature 

procedure.1 Chiral BINOL was purchased from commercial sources and used without 

further purification. Substituted BINOL phosphoric acids (A3, and A4) were prepared 

from chiral BINOL according to the known literature procedures.2 Phenylphosphinic 

acid was purchased from commercial sources and used without further purification. 

Thin layer chromatography was performed on Merck TLC plates (silica gel 60 F254). 

Flash column chromatography was performed with Merck silica gel (230-400 mesh). 

Enantiomeric excess (ee) was determined using a Varian Prostar HPLC with a 210 

binary pump and a 335 diode array detector. Column conditions are reported in the 

experimental section below. Melting points were determined using a MEL-TEMP 3.0 

instrument and are uncorrected. Optical rotations were performed on a Rudolph 

Research Analytical Autopol IV polarimeter (λ589) using a 700-　L cell with a path 

length of 1-dm. 1H NMR and 13C NMR were recorded on a Bruker Avance DPX-250 

(250 MHz) instrument with chemical shifts reported relative to tetramethylsilane 

(TMS). Compounds described in the literature were characterized by comparing their 

1H NMR, 13C NMR chemical shift and melting points to the reported values. 
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All enamides were prepared according to the reported procedures except that the 

purification of the enamides was by flash column chromatography (EtOAc / hexane) 

and followed by recrystallization from EtOAc/hexane.3  

 

All racemic amide products were prepared by hydrogenation of the corresponding 

enamide with 10% Pd/C as the catalyst and by using EtOAc as the solvent. 

 

Typical procedure for the asymmetric hydrogenation of enamide catalyzed by a 

dual-catalytic system of a chiral Brønsted acid and acetic acid (Method B): To a 

flame-dried reaction tube was added enamide 1 (0.2 mmol), Hanztsch ester 2 (55.7 

mg, 0.22 mmol) and catalyst A4 (1.4 mg, 0.002 mmol). The mixture was purged with 

argon, then acetic acid (1.0 μL, 0.02 mmol) and toluene (1.2 mL) were added. The 

suspension was heated to 50℃ with stirring. The crude product was purified by flash 

column chromatography (EtOAc/hexane) after the reaction was completed (monitored 

by TLC) to provide pure product amide 3. ee values were measured on HPLC with a 

suitable chiral column.  

 

CH3

NHAc

 (R)-N-(1-phenylethyl)acetamide (3a)4 

The product was obtained by flash chromatography (hexane: EtOAc = 1:1 to EtOAc) 

as a white solid, 31.4 mg, 97% yield, 91% ee. HPLC analysis: Chiralcel AD-H 

(hexane/iPrOH = 95/5, 1.0 mL/min), t r-major 9.12 min, t r-minor 11.60 min. Melting point: 

89-91 oC. [α]20
D

 = 109.3 (c = 1.49, EtOH). 1H NMR (250MHz, CDCl3): δ 1.46 (d, 

J=6.8 Hz, 3H), 1.94 (s, 3H), 5.04-5.15 (m, 1H), 6.09 (br, 1H), 7.27-7.30 (m, 5H). 13C 

NMR (62.5 MHz, CDCl3): δ 21.8, 23.4, 48.8, 126.2, 127.3, 128.7, 143.3, 169.2. 

 

CH3

NHAc

H3C  (R)-N-(1-p-tolylethyl)acetamide (3b)5 

This reaction was performed in 0.1 mmol scale. The product was obtained by flash 
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chromatography (hexane: EtOAc = 1:1 to EtOAc) as a white solid, 16.5 mg, 93% 

yield, 90% ee. HPLC analysis: Chiralcel AD-H (hexane/iPrOH = 95/5, 1.0 mL/min), t 

r-major 9.99 min, t r-minor 13.03 min. Melting point: 80-82oC. [α]20
D

 = +135.7 (c = 0.715, 

EtOH). 1H NMR (250 MHz, CDCl3): δ 1.46 (d, J = 6.8 Hz, 3H), 1.96 (s, 3H), 2.32(s, 

3H), 5.03-5.14 (m, 1H), 5.78 (br, 1H), 7.17(dd, J = 7.8, 9.0 Hz, 4H). 13C NMR 

(62.5MHz, CDCl3): δ 21.1, 21.7, 23.5, 48.6, 126.2, 129.3, 137.1, 140.2, 169.0. 

 

CH3

NHAc

Cl  (R)-N-(1-(4-chlorophenyl)ethyl)acetamide (3c)6 

The product was obtained by flash chromatography (hexane: EtOAc = 1:1 to EtOAc) 

as a white solid, 34.6 mg, 88% yield, 91% ee. HPLC analysis: Chiralcel AD-H 

(hexane/iPrOH = 95/5, 1.0 mL/min), t r-major 10.71 min, t r-minor 14.21 min. Melting 

point: 97-99 oC. [α]20
D

 = + 122.3 (c = 1.38, EtOH). 1H NMR (250 MHz, CDCl3): 

δ 1.43 (d, J = 6.8 Hz, 3H), 1.95 (s, 3H), 4.99-5.11 (m, 1H), 6.02 (br, 1H), 7.25 (dd, J = 

8.8, 6.8 Hz, 4H). 13C NMR (62.5 MHz, CDCl3): δ  21.7, 23.3, 48.2, 127.6, 128.7, 

133.0, 141.9, 169.2. 

 

CH3

NHAc

F  N-(1-(4-fluorophenyl)ethyl)acetamide (3d)7 

The product was obtained by flash chromatography (hexane: EtOAc = 1:1 to EtOAc) 

as a white solid, 34.9 mg, 96% yield, 89% ee. HPLC analysis: Chiralcel AD-H 

(hexane/iPrOH = 95/5, 1.0 mL/min), t r-major 9.88 min, t r-minor 12.65 min. Melting point: 

118-120 oC. [α]20
D

 = + 105.2 (c =1.60, EtOH). 1H NMR (250 MHz, CDCl3): δ 1.44 (d, 

J = 7.0 Hz, 3H), 1.95 (s, 3H), 5.01-5.13 (m, 1H), 6.11 (br, 1H), 6.99 (t, J = 8.6, 2H), 

7.24-7.29 (m, 2H). 13C NMR (62.5 MHz, CDCl3): δ 21.8, 23.3, 48.2, 115.3 (d, J = 

21.3 Hz),  127.8 ( d, J = 8.0 Hz), 139.2(d, J = 3.1 Hz), 161.9 (d, J = 243.8 Hz), 169.2. 
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CH3

NHAc

F3C  (R)-N-(1-(4-(trifluoromethyl)phenyl)ethyl)acetamide (3e)5 

The product was obtained by flash chromatography (hexane: EtOAc = 1:1 to EtOAc) 

as a white solid, 44.3 mg, 96% yield, 87% ee. Melting point: 101-102 oC. HPLC 

analysis: Chiralcel AD-H (hexane/iPrOH = 95/5, 1.0 mL/min), t r-major 8.71 min, t 

r-minor 11.63 min. [α]20
D

 = + 85.8 (c = 1.62, EtOH). 1H NMR (250 MHz, CDCl3): 

δ 1.44(d, J = 7.0 Hz, 3H), 1.96 (s, 3H), 5.05-5.16 (m, 1H), 6.18 (br, 1H), 7.34 (d, J = 

8.0, 2H), 7.56(d, J = 8.0, 2H). 13C NMR (62.5 MHz, CDCl3): δ  21.8, 23.2, 48.6, 

124.1 (d, J = 270.3 Hz), 125.6 (q, J = 4.0 Hz), 126.4, 129.5 (d, J = 32.1Hz), 147.5, 

169.4. 

CH3

NHAc

MeO (R)-N-(1-(4-methoxyphenyl)ethyl)acetamide (3f)5 

No cocatalyst acetic acid was used in this case. The product was obtained by flash 

chromatography (hexane: EtOAc = 1:1 to EtOAc) as a white solid, 37.1 mg, 96% 

yield, 95% ee. Melting point: 84-85 oC. HPLC analysis: Chiralcel AD-H 

(hexane/iPrOH = 95/5, 1.0 mL/min), t r-minor 16.48 min, t r-major 18.64 min. [α]20
D

 = + 

140.9 (c = 1.475, EtOH). 1H NMR (250 MHz, CDCl3): δ 1.45(d, J = 7.0 Hz, 3H), 1.94 

(s, 3H), 3.78(s, 3H), 4.99-5.11(m, 1H), 5.93 (br, 1H), 6.85(d, J = 8.8, Hz, 2H), 7.23(d, 

J = 8.8, Hz, 2H). 13C NMR (62.5 MHz, CDCl3): δ  21.7, 23.4, 48.2, 114.0, 127.4, 

135.4, 158.8, 169.1. 

 

CH3

NHAc

(R)-N-(1-(naphthalen-2-yl)ethyl)acetamide (3g)8 

The product was obtained by flash chromatography (hexane: EtOAc = 1:1 to EtOAc) 

as a white solid, 43.0 mg, 99% yield, 92% ee. Melting point: 108-109 oC. HPLC 

analysis: Chiralcel AD-H (hexane/iPrOH = 95/5, 1.0 mL/min), t r-major 13.12 min, t 

r-minor 19.56 min. [α]20
D

 = + 102.0 (c = 1.97, EtOH). 1H NMR (250 MHz, CDCl3): 

δ 1.54(d, J = 7.0 Hz, 3H), 1.97 (s, 3H), 5.21-5.32 (m, 1H), 6.21 (d, J = 6.5 Hz, 1H), 
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7.40-7.48 (m, 3H), 7.73-7.81 (m, 4H). 13C NMR (62.5 MHz, CDCl3): δ 21.7, 23.4, 

48.9, 124.6, 124.8, 125.9, 126.3, 127.6, 127.9, 128.5, 132.7, 133.4, 140.7, 169.3.  

 

CH3

NHAc

 (S)-N-(1-(naphthalen-1-yl)ethyl)acetamide (3h)5, 9  

The product was obtained by flash chromatography (hexane: EtOAc = 1:1 to EtOAc) 

as a white solid, 18.2 mg, 43% yield, 78% ee. Melting point: 147-149 oC. HPLC 

analysis: Chiralcel AS-H (hexane/iPrOH = 95/5, 1.0 mL/min), t r-major 29.43 min, t 

r-minor 36.89 min. [α]20
D

 = - 47.9 (c = 0.82, EtOH). 1H NMR (250 MHz, CDCl3): 

δ 1.66 (d, J = 6.5 Hz, 3H), 1.94 (s, 3H), 5.83-5.94 (m, 2H), 7.44-7.55 (m, 4H), 

7.78-8.12 (m, 3H).  13C NMR (62.5 MHz, CDCl3): δ 20.7, 23.4, 44.7, 122.6, 123.5, 

125.2, 125.9, 126.6, 128.4, 128.8, 131.2, 134.0, 138.3, 168.9. 

 

CH3

NHAc

OMe  (R)-N-(1-(3-methoxyphenyl)ethyl)acetamide (3i)10 

The product was obtained by flash chromatography (hexane: EtOAc = 1:1 to EtOAc) 

as an oil, 38.0 mg, 98% yield, 71% ee. HPLC analysis: Chiralcel AD-H 

(hexane/iPrOH = 95/5, 1.0 mL/min), t r-major 13.40 min, t r-minor 16.69 min. [α]20
D

 = + 

93.8 (c =1.58, EtOH). 1H NMR (250 MHz, CDCl3): δ 1.44 (d, J = 7.0 Hz, 3H), 1.94 (s, 

3H), 3.78 (s, 3H), 5.00-5.11 (m, 1H), 6.09 (br, 1H), 6.76-6.89 (m, 3H), 7.23 (t, J = 7.8 

Hz, 1H).  13C NMR (62.5 MHz, CDCl3): δ 21.8, 23.4, 55.2, 112.3, 112.4, 118.4, 

129.7, 145.0, 159.8, 169.2.  

 

CH3

NHAc

OMe (S)-N-(1-(2-methoxyphenyl)ethyl)acetamide (3j)10b 

The product was obtained by flash chromatography (hexane: EtOAc = 1:1 to EtOAc) 

as a white solid, 36.9 mg, 96% yield, 41% ee. HPLC analysis: Chiralcel AD-H 
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(hexane/iPrOH = 95/5, 1.0 mL/min), t r-minor 11.97 min, t r-major 16.69 min. Melting 

point: 142-144 oC. [α]20
D

 = - 38.3 (c = 1.69, EtOH). 1H NMR (250 MHz, CDCl3): 

δ 1.41(d, J = 7.0 Hz, 3H), 1.95 (s, 3H), 3.86 (s, 3H), 5.20-5.32 (m, 1H), 6.50 (d, J = 

6.8Hz, 1H), 6.90 (t, J = 7.5 Hz, 2H), 7.19-7.25 (m, 2H).  13C NMR (62.5 MHz, 

CDCl3): δ 21.5, 23.6, 55.4, 111.1, 120.9, 128.0, 128.4, 131.0, 157.0, 168.8. 
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Product 3a
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Product 3a
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Product 3a



S11

Product 3b
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Product 3b
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Product 3b
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Product 3c
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Product 3c
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Product 3c
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Product 3d
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Product 3d
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Product 3d
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Product 3e
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Product 3e
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Product 3e
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Product 3f



S24

Product 3f
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Product 3f
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Product 3g
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Product 3g
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Product 3g
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Product 3h
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Product 3h
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Product 3h
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Product 3i
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Product 3i
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Product 3i
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Product 3j
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Product 3j
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Product 3j
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