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General Procedures: All synthetic reactions and manipulations were performed in a 

nitrogen or argon atmosphere using standard Schlenk techniques. Solvents were 

reagent grade, dried and distilled before use following standard procedures. 

(Sc,Rp,Sa)-1,1 Bophoz-Me and Bophoz-H2 were prepared according the literature 

procedure. β-aryl-β-(acylamino)acrylates 33 and β-alkyl-β-(acylamino)acrylates 44 

were known compounds which were synthesized according to the literature procedure. 

All other chemicals obtained commercially. Optical rotations were measured on a 

JASCO P-1020 high sensitive polarimeter. 1H, 13C and 31P NMR spectra were 

recorded at room temperature on a BRUKER DEX 400 (400 MHz) spectrometers. 

Chemical shifts were determined relative to the residual solvent peaks (e.g. CH2Cl2, δ 

= 5.30 ppm for proton atoms, δ = 54.2 ppm for carbon atoms; H3PO4, δ = 0 ppm for 

phosphorus atoms). Enantiomeric excesses were determined by capillary GC analysis 

with a Chiral Select 1000 column (0.25mm x 30m) for 5a-h, 6a-b and 6d, with a 

CP-Chiralsil-L-Val capillary column (0.25mm x 25m) for 6e, and HPLC analysis with 

a chiralcel OD column for 6c. 

 

Synthesis of ferrocenylphosphine-phosphoramidite ligand (Sc,Rp,Sa)-2 

(Sa)-Chlorophosphite 8 (350.5 mg, 1.0 mmol) was dissolved in 4.0 mL of dried 

dichloromethane, which was cooled to 0oC. A solution of (Sc,Rp)-PPFNH2 7 (413 mg, 
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1.0 mmol) and Et3N (303 mg, 3.0 mmol) in 4.0 mL of dichloromethane was added to 

above-solution during 30 minutes. The resulting mixture was standing at room 

temperature overnight. The precipitation was filtrated. The filtrate was collected, and 

concentrated under reduced pressure to c.a. 2 mL. Adding the n-hexane to the filtrate 

gave the yellow power, which was sufficient pure for further use. An analytic sample 

was obtained by column chromatography purification (silica gel, hexanes / ethyl 

acetate = 1 / 1) to give yellow power (Sc,Rp,Sa)-2, which can be crystallized from 

hexane/dichloromethane. 1H NMR (400 MHz, CD2Cl2): δ 1.69-1.70 (d, J = 6.8 Hz, 3 

H), 3.35-3.36 (m, 1 H), 3.85 (s, 1 H), 3.97 (s, 5 H), 4.28-4.29 (t, J = 2.4 Hz, 1 H), 4.41 

(s, 1 H), 4.75-4.84 (m, 1 H), 6.95-6.98 (m, 1 H), 7.11-7.59 (m, 17 H), 7.84-7.92 (m, 4 

H) ppm; 1C NMR (400 MHz, CD2Cl2): 26.1, 46.5, 69.5, 69.9, 70.5, 72.5, 122.6, 123.5, 

125.4, 126.7, 127.4, 128.3, 128.6, 128.8, 129.0, 129.9, 130.1, 130.6, 132.0, 133.1, 

133.3, 136.0, 136.2 ppm;  31P NMR (400 MHz, CD2Cl2): δ -24.2, 152.7 (d, J = 58.0 

Hz) ppm. HRMS calcd for C45H35FeNO2P2: 727.1492, found: 727.1480. 

  

General procedure for asymmetric hydrogenation and determination of 

enantiomeric excesses. 

In a nitrogen-filled glovebox, a stainless steel autoclave was charged with 

Rh(COD)2BF4 (2.0 mg, 0.5 x 10-2 mmol) and ferrocenylphosphine-phosphoramidite 

ligand (Sc,Rp,Sa)-2 (4.0 mg, 0.55 x 10-2 mmol) in 1.5 mL of a degassed solvent. After 

stirring for 10 min at room temperature. A substrate (0.5 mmol) in 1.5 mL of same 

solvents was added to the reaction mixture, and then the hydrogenation was 

performed under 10 bar of H2 pressure for 12 hour at the indicated temperature. The 

reaction mixture was passed through a short silica gel column to remove the catalyst. 

After evaporation of the solvent, the crude reaction mixture was subjected for GC to 

determine the conversion and enantiomeric excesses.  

Determination of Enantiomeric Excesses for β-Aryl-β-(Acetylamino)propanoate 

5: Chiral Capillary GC Column. Chiral Select-1000 column (dimensions 30 m x 

0.25 mm (i.d.)). Carrier gas: N2. The racemic products were obtained by 

hydrogenation of substrates with an achiral catalyst prepared from PPh3 and 
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Rh(COD)2BF4. The following are the retention times for the racemic products. 

CO2R2
NHAc

R1

5a: R1 = H, R2 = Et;           5b: R1 = 4-Me, R2 = Et;
5c: R1 = 4-Me, R2 = Me;    5d: R1 = 4-OMe, R2 = Et;
5e: R1 = 4-OMe, R2 = Me; 5f: R1 = 4-Cl, R2 = Et;
5g: R1 = 4-Cl, R2 = Me;     5h: R1 = 4-F, R2 = Me;
5i: R1 = 3-OMe, R2 = Me  

 Ethyl 3-Acetamido-3-phenylpropanoate (5a): (capillary GC, Chiral 

Select-1000 column, 155oC, 15 psi) (S) t1 = 29.96, (R) t2 = 31.86; (capillary GC, 

Chiral Select-1000 column, 160oC, 15 psi) (S) t1 = 22.96, (R) t2 = 24.86. 

Ethyl 3-Acetamido-3-(4-methylphenyl)propanoate (5b): (capillary GC, Chiral 

Select-1000 column, 160oC, 10 psi) (S) t1 = 58.19, (R) t2 = 60.76. 

Methyl 3-Acetamido-3-(4-methylphenyl)propanoate (5c): (capillary GC, 

Chiral Select-1000 column, 160oC, 10 psi) (S) t1 = 44.22, (R) t2 = 46.78. 

Ethyl 3-Acetamido-3-(4-methoxyphenyl)propanoate (5d): (capillary GC, 

Chiral Select-1000 column, 160oC, 10 psi) (S) t1 = 130.12, (R) t2 = 134.49. 

Methyl 3-Acetamido-3-(4-methoxyphenyl)propanoate (5e): (capillary GC, 

Chiral Select-1000 column, 160oC, 10 psi) (S) t1 = 103.6, (R) t2 = 108.8. 

Ethyl 3-Acetamido-3-(4-chlorophenyl)propanoate (5f): (capillary GC, Chiral 

Select-1000 column, 160oC, 15 psi) (S) t1 = 72.15, (R) t2 = 76.93. 

Methyl 3-Acetamido-3-(4-chlorophenyl)propanoate (5g): (capillary GC, Chiral 

Select-1000 column, 160oC, 15 psi) (S) t1 = 58.40, (R) t2 = 63.19. 

Methyl 3-Acetamido-3-(4-fluorophenyl)propanoate (5h): (capillary GC, Chiral 

Select-1000 column, 160oC, 15 psi) (S) t1 = 20.86, (R) t2 = 22.32. 

Methyl 3-Acetamido-3-(3-methoxyphenyl)propanoate (5i): (capillary GC, 

Chiral Select-1000 column, 160oC, 10 psi) (S) t1 = 80.31, (R) t2 = 85.17. 

 

Determination of Enantiomeric Excesses for β-Alkyl-β-(Acylamino)propanoate 6: 

Chiral Select-1000 column (dimensions 30 m x 0.25 mm (i.d.)), carrier gas: N2, or 

CP-Chiralsil-L-Val column (dimensions 25 m x 0.25 mm (i.d.)), carrier gas: H2. The 
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racemic products were obtained by hydrogenation of substrates with an achiral 

catalyst prepared from PPh3 and Rh(COD)2BF4. The following are the retention times 

for the racemic products. 

 

R1 CO2R3
NHCOR2

*

6a: R1 = Me, R2 = Me, R3 = Me;
6b: R1 = Me, R2 = Me, R3 = Et;
6c: R1 = Me, R2 = Ph, R3 = Me;
6d: R1 = Et, R2 = Me, R3 = Me;
6e: R1 = i-Pr, R2 = Me, R3 = Me  

 

 Methyl 3-Acetamidobutanoate (6a): (capillary GC, Chiral Select-1000 column, 

130oC, 15 psi) (S) t1 = 4.54, (R) t2 = 5.22. 

 Ethyl 3-Acetamidobutanoate (6b): (capillary GC, Chiral Select-1000 column, 

130oC, 15 psi) (S) t1 = 6.30, (R) t2 = 7.20. 

 Methyl 3-Benzamidobutanoate (6c): (HPLC, Chiralcel OD column, 

hexane/i-propanol = 95: 5, 1 ml/min, 254nm ) (S) t1 = 40.41, (R) t2 = 45.44. 

 Methyl 3-Acetamidopentanoate (6d): (capillary GC, Chiral Select-1000 column, 

110oC, 15 psi) (S) t1 = 14.82, (R) t2 = 16.52. (capillary GC, Chiral Select-1000 column, 

110oC, 17 psi) (S) t1 = 13.03, (R) t2 = 14.52. 

 Methyl 4-methyl-3-Acetamidopentanoate (6e): (capillary GC, 

CP-Chiralsil-L-Val column, 125oC, 20 psi) (S) t1 = 5.40, (R) t2 = 5.67. 
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