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1. General information  

All starting materials were of the highest commercially available grade and used without 

further purification. All solvents used in the reactions were distilled from appropriate drying 

agents prior to use. Reactions were monitored by thin layer chromatography using silica gel 

HSGF254 plates. Flash chromatography (FC) was performed using silica gel HG/T2354-92. 

1H NMR and 13C NMR (300 and 75 MHz, respectively) spectra were recorded in CDCl3. 
1H 

NMR chemical shifts are reported in ppm ( δ ) relative to tetramethylsilane (TMS) with the 

solvent resonance employed as the internal standard (CDCl3, δ 7.26 ppm). Data are reported 

as follows: chemical shift, multiplicity (s = singlet, brs = broad singlet, d = doublet, t = triplet, 

q = quartet, m = multiplet ), coupling constants (Hz) and integration. 13C NMR chemical 

shifts are reported in ppm from tetramethylsilane (TMS) with the solvent resonance as the 

internal standard (CDCl3, δ 77.0 ppm). All enantiomeric ratios have been controlled by 

co-injections of the pure sample with the racemic compounds. 

 

2. Preparation and characterization of catalysts (2a-2g) 

2a: R2 = Ph, R3 = H
2b: R2 = p-FC6H4, R

3 = H
2c: R2=p-MeOC6H4, R

3=H
2d: R2 =p-MeC6H4, R3=H
2e: R2 =Ph, R3 = Me
2f: R2 = Bn, R3 = H
2g: R2 = Cy, R3 = H
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(1) Preparation and characterization of catalysts (2a-2f): 

R2Br, Mg

2a: R2 = Ph, R3 = H
2b: R2 = p-FC6H4, R3 = H
2c: R2=p-MeOC6H4, R3=H
2d: R2 =p-MeC6H4, R

3=H
2e: R2 =Ph, R3 = Me
2f: R2 = Bn, R3 = H
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4a: R2 = Ph
4b: R2 = p-FC6H4

4c: R2 = p-MeOC6H4

4d: R2 = p-MeC6H4
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Picolinic acid, DCM

iPrOCOCl, NMM

or DMP, TsOH

12a: R2 = Ph
12b: R2 = p-FC6H4

12c: R2 = p-MeOC6H4

12d: R2 = p-MeC6H4

12e: R2 = Bn
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General procedure for synthesis of 4a-4e: 

Compounds 4a-4e were synthesized according to the literature method.[1] To a stirred 

suspension of (S)-methyl 2-amino-3-hydroxypropanoate hydrochloride 3 (3.0 g, 19.28 mmol) 

in Et2O (80 mL) was added dropwise Grignard reagent [prepared from Mg (3.28 g, 134.97 

mmol) and appropriate bromide (136.88 mmol) in Et2O (100 mL)] at 10 oC. After stirring for 

overnight, only sufficient water was added to ensure that the magnaesium salt was converted 

into a coarse granular structure without forming an aqueous phase. The mixture was then 

filtered, and washed with DCM (3 × 100 mL), dried over anhydrous Na2SO4. Concentration 

in vacuo gave a residue, which was purified on silica gel column [PET: EA = 1:1, then MeOH: 

DCM = 1: 10] to give the product. Yield: 88 % for 4a (4.12 g, white solid); 66 % for 4b (3.55 

g, colorless oil); 87 % for 4c (5.08 g, white solid); 84 % for 4d (4.4 g, yellow oil); 81 % for 

4e (4.25 g, colorless oil). 

 

General procedure for synthesis of 12a-12e: 

A 250 mL three-necked flask is charged with picolinic acid (1.83 g, 14.87 mmol) and 

the flask is flushed with nitrogen. It is dissolved in DCM (80 mL) and N-methylmorpholine 

(1.82 mL). The reaction mixture was cooled to -15 oC, then isobutylchloroformate (2.14 g, 

1.0 eq) was added dropwise over 10 min. The reaction mixture was stirred at this temperature 

for 1 hour. Then a solution of compound 4 (15.66 mmol) in DCM (50 mL) and NMM (2.5 

mL) was added dropwise to the above reaction mixture at -10 oC. The reaction mixture was 

allowed to warm to room temperature, and stirred for an additional hour. The reaction 

mixture was diluted with DCM (100 mL), washed with 1N HCl (100 mL), H2O (100 mL), 

brine and dried over anhydrous Na2SO4. Solvent was removed in vacuo and the residue was 

purified on silica gel column [PET: EA = 3:1] to give the pure product. 

 

(S)-N-(1,3-dihydroxy-1,1-diphenylpropan-2-yl)picolinamide (12a): 

white solid, yield 85%, 1H NMR (300 MHz, CDCl3): δ 2.50 (brs, 1H), 

3.86 (d, J = 10.9 Hz, 1H), 3.99 (d, J = 11.5 Hz, 1H), 4.88 (s, 1H), 5.16 (dt, 

J1 = 2.7 Hz, J2 = 8.8 Hz, 1H), 7.10 (t, J = 7.2 Hz, 1H), 7.20-7.25 (m, 3H), 7.32-7.37 (m, 3H), 

7.52-7.59 (m, 4H), 7.78 (td, J1 = 1.5 Hz, J2 = 7.7 Hz, 1H), 8.11 (d, J = 7.7 Hz, 1H), 8.46 (d, J 

N

H
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O
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= 4.7 Hz, 1H), 8.83 (d, J = 9.1 Hz, 1H). 

 

(S)-N-(1,1-bis(4-fluorophenyl)-1,3-dihydroxypropan-2-yl) 

picolinamide (12b): white solid, yield 86%, 1H NMR (300 MHz, 

CDCl3): δ 2.67 (t, J = 4.9 Hz, 1H), 3.84-3.90 (m, 1H), 3.96-3.99 (m, 

1H), 5.06-5.09 (m, 1H), 5.17 (s, 1H), 6.86-6.92 (m, 2H), 7.01-7.07 (m, 

1H), 7.34-7.39 (m, 1H), 7.45-7.55 (m, 4H), 7.79 (td, J1 = 1.6 Hz, J2 = 7.7 Hz, 1H), 8.08 (d, J 

= 7.8 Hz, 1H), 8.44 (d, J = 4.1 Hz), 8.81 (d, J = 8.8 Hz, 1H). 

 

 (S)-N-(1,3-dihydroxy-1,1-bis(4-methoxyphenyl)propan-2-yl) 

picolinamide (12c): white solid, yield 88%, 1H NMR (300 MHz, 

CDCl3): δ 5.58 (t, J = 5.0 Hz, 1H), 3.68 (s, 3H), 3.78 (s, 3H), 

3.84-3.88 (m, 1H), 3.93-3.98 (m, 1H), 4.72 (s, 1H), 5.04-5.07 (m, 

1H), 6.75 (d, J = 8.8 Hz, 2H), 6.87 (d, J = 8.8 Hz, 2H), 7.34-7.38 (m, 1H), 7.43 (t, J = 8.8 Hz), 

7.79 (td, J1 = 1.5 Hz, J2 = 7.7 Hz, 1H), 8.11 (d, J = 7.8 Hz, 1H), 8.46 (d, J = 4.6 Hz, 1H), 8.82 

(d, J = 8.7 Hz, 1H). 

 

(S)-N-(1,3-dihydroxy-1,1-dip-tolylpropan-2-yl)picolinamide (12d): 

white solid, yield 79%, 1H NMR (300 MHz, CDCl3): δ 2.19 (s, 3H), 

2.30 (s, 3H), 2.73-2.77 (m, 1H), 3.81-3.87 (m, 1H), 3.92-3.98 (m, 1H), 

4.80 (s, 1H), 5.08-5.13 (m, 1H), 7.01 (d, J = 8.1 Hz, 2H), 7.14 (d, J = 

8.0 Hz, 2H), 7.30-7.35 (m, 1H), 7.37-7.44 (m, 4H), 7.76 (td, J1 = 1.6 Hz, J2 = 8.5 Hz, 1H), 

8.09 (d, J = 7.8 Hz, 1H), 8.42 (d, J = 4.7 Hz, 1H), 8.82 (d, J = 8.5 Hz, 1H). 

 

(S)-N-(3-benzyl-1,3-dihydroxy-4-phenylbutan-2-yl)picolinamide (12e): 

colorless oil, yield 76%, 1H NMR (300 MHz, CDCl3): δ 2.82 (d, J = 14.1 

Hz, 1H), 2.90 (d, J = 14.0, 1H), 2.97 (d, J = 14.0, 1H), 3.12 (d, J = 14.1, 

1H), 3.71 (s, 1H), 3.96-4.07 (m, 2H), 4.06-4.17 (m, 1H), 4.26 (brs, 1H), 7.09-7.36 (m, 11H), 

7.74 (td, J1 = 1.6 Hz, J2 = 8.5 Hz, 1H), 8.07 (d, J = 7.8 Hz, 1H), 8.43 (d, J = 4.3 Hz, 1H), 8.69 

(d, J = 8.2 Hz, 1H). 
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Synthesis and characterization of 2a-2f: 

 (S)-N-(4,4-diphenyl-1,3-dioxan-5-yl)picolinamide (2a):  

Compound 12a (3.60 g, 10.33 mmol) was dissolved in EA (100 mL). 

Then, dimethoxymethane (2.1 mL, 2eq.) and BF3.Et2O (4.2 mL, 3eq.) was 

added to the solution. The reaction mixture was refluxed for 6 hours. The reaction mixture 

was cooled to room temperature and quenched with saturated NaHCO3 (100 mL), H2O (50 

mL). The mixture was extracted with EA (100 mL × 3), washed with brine and dried over 

anhydrous Na2SO4. The solvent was removed in vacuo, and the residue was purified on silica 

gel column [PET: EA = 3:1] to give a colorless oil, which solidified under high vacuum, 2a 

(2.30 g), yield 62 %. 1H NMR (300 MHz, CDCl3): δ 4.04 (d, J = 11.4 Hz, 1H), 4.21 (d, J = 

11.4 Hz, 1H), 5.01 (d, J = 6.4 Hz, 1H), 5.18 (d, J = 6.4 Hz, 1H), 5.37 (d, J = 9.7 Hz, 1H), 

6.93-6.98 (m, 1H), 7.09-7.14 (m, 2H), 7.20-7.27 (m, 2H), 7.35-7.46 (m, 4H), 7.63 (td, J1 = 

1.7 Hz, J2 = 7.7 Hz, 1H), 7.97 (d, J = 7.8 Hz, 1H), 8.42-8.44 (m, 1H), 8.87 (d, J = 9.6 Hz, 1H). 

13C NMR (75 MHz, CDCl3): δ 47.9, 67.5, 81.7, 89.1, 121.7, 124.4, 125.7, 126.4, 126.6, 127.4, 

127.6, 128.9, 136.7, 140.9, 143.6, 147.8, 149.0, 163.2. ESI-HR MS exact mass calcd. for 

(C22H20N2NaO3)
+ requires m/z 383.1366, found m/z 383.1375. 

 

 (S)-N-(4,4-bis(4-fluorophenyl)-1,3-dioxan-5-yl)picolinamide (2b):  

Compound 12b (3.84 g, 10.0 mmol) was dissolved in THF (60 mL). 

Then, (CHO)n (6.06 g, 20 eq.) and BF3.Et2O (4.8 mL) was added to the 

solution, and the reaction mixture was heated to reflux overnight. THF was 

removed in vacuum, the residue was dissolved in DCM (100 mL), and 

washed with saturated NaHCO3 (80 mL), H2O (50 mL), brine and dried over anhydrous 

Na2SO4. The solvent was removed in vacuo, and the residue was purified on silica gel [PET: 

EA = 4:1] to give a colorless oil, which solidified in vacuum, 2b (1.80 g), yield 45 %. 1H 

NMR (300 MHz, CDCl3): δ 4.00 (d, J = 11.4 Hz, 1H), 4.16 (d, J = 11.5 Hz, 1H), 4.91 (d, J = 

6.5 Hz, 1H), 5.13 (d, J = 6.4 Hz, 1H), 5.28 (d, J = 9.7 Hz, 1H), 6.74-6.80 (m, 2H), 7.02-7.08 

(m, 2H), 7.23-7.48 (m, 5H), 7.62-7.68 (m, 1H), 7.95 (d, J = 7.7 Hz, 1H), 8.41-8.43 (m, 1H), 

8.84 (d, J = 9.7 Hz, 1H). 13C NMR (75 MHz, CDCl3): δ 47.7, 67.6 (d, J = 10.6 Hz, 1C), 81.2, 

89.0, 114.5 (d, J = 21.3 Hz, 2C), 116.0 (d, J = 21.3 Hz, 2C), 121.8, 125.9, 126.3 (d, J = 8.0 
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Hz, 2C), 128.4 (d, J = 7.9 Hz, 2C), 136.6 (d, J = 3.2 Hz, 1C), 136.9, 139.4 (d, J = 2.6 Hz, 1C), 

147.9, 148.8, 161.1 (d, J = 244.1 Hz, 1C), 161.8 (d, J = 246.4 Hz, 1C), 163.1. ESI-HR MS 

exact mass calcd. for (C22H18F2N2NaO3)
+ requires m/z 419.1178, found m/z 419.1186. 

 

 (S)-N-(4,4-bis(4-methoxyphenyl)-1,3-dioxan-5-yl)picolinamide (2c): 

Compound 12c (3.00 g, 7.34 mmol) was dissolved in THF (60 mL). 

Then, (CHO)n (4.45 g, 20 eq.) and BF3.Et2O (3 mL) was added to the 

solution, and the reaction mixture was heated to reflux for 4 hours. THF 

was removed in vacuo, the residue was dissolved in DCM (100 mL), and 

washed with saturated NaHCO3 (80 mL), H2O (50 mL), brine and dried over anhydrous 

Na2SO4. The solvent was removed in vacuo, and the residue was purified on silica gel [PET : 

EA = 4:1] to give a colorless oil, which solidified under high vacuum, 2c (1.8 g), 58 % yield. 

1H NMR (300 MHz, CDCl3): δ 3.61 (s, 3H), 3.80 (s, 3H), 4.0 (d, J = 11.2 Hz, 1H), 4.20 (d, J 

= 11.2 Hz, 1H), 5.00 (d, J = 6.4 Hz, 1H), 5.14 (d, J = 6.4 Hz, 1H), 5.22 (d, J = 9.7 Hz, 1H), 

6.64 (d, J = 8.9 Hz, 2H), 6.92 (d, J = 8.9 Hz, 2H), 7.28 (d, J = 8.9 Hz, 2H), 7.32-7.37 (m, 1H), 

7.42 (d, J = 8.8 Hz, 2H), 7.74 (td, J1 = 1.7 Hz, J2 = 7.7 Hz, 1H), 8.00 (d, J = 7.8 Hz, 1H), 

8.50-8.52 (m, 1H), 8.83 (d, J = 9.6 Hz, 1H). 13C NMR (75 MHz, CDCl3): δ 47.8, 54.6, 54.8, 

67.4, 81.2, 88.8, 112.8, 114.1, 121.6, 125.5, 125.7, 127.7, 133.0, 136.3, 136.7, 147.8, 148.9, 

157.6, 158.4, 163.1. ESI-HR MS exact mass calcd. for (C24H24N2NaO5)
+ requires m/z 

443.1577, found m/z 443.1578. 

 

 (S)-N-(4,4-dip-tolyl-1,3-dioxan-5-yl)picolinamide (2d): 

Compound 12d (2.70 g, 7.17 mmol) was dissolved in EA (50 mL). Then, 

dimethoxymethane (1.46 mL, 2eq) and BF3.Et2O (2.44 mL, 2.5eq.) was 

added to the solution, and the reaction mixture was stirred at room 

temperature for 24 hours. The reaction mixture was washed with saturated 

NaHCO3 (50 ml), H2O (50 mL), brine and dried over anhydrous Na2SO4. The solvent was 

removed in vacuo, and the residue was purified on silica gel column [PET: EA = 5:1] to give 

a colorless oil, which solidified under high vacuum, 2d (0.94 g), 34 % yield. 1H NMR (300 

MHz, CDCl3): δ 2.10 (s, 3H), 2.32 (s, 3H), 4.02 (d, J = 11.4 Hz, 1H), 4.21 (d, J = 11.5 Hz, 
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1H), 5.03 (d, J = 6.4 Hz, 1H), 5.16 (d, J = 6.4 Hz, 1H), 5.29 (d, J = 9.6 Hz, 1H), 6.92 (d, J = 

8.0 Hz, 2H), 7.20 (d, J = 8.0 Hz, 2H), 7.26-7.33 (m, 3H), 7.40 (d, J = 8.2 Hz, 2H), 7.71 (td, J1 

= 1.6 Hz, J2 = 7.7 Hz, 1H), 7.80 (d, J = 7.8 Hz, 1H), 8.49-8.50 (m, 1H), 8.85 (d, J = 9.6 Hz, 

1H). 13C NMR (75 MHz, CDCl3): δ 20.7, 20.9, 48.0, 67.6, 81.7, 89.1, 121.8, 124.3, 125.8, 

126.5, 128.5, 129.7, 135.8, 136.8, 137.1, 138.2, 141.1, 148.0, 149.3, 163.3. ESI-HR MS exact 

mass calcd. for (C24H24N2NaO3)
+ requires m/z 411.1679, found m/z 411.1682. 

 

 (S)-N-(2,2-dimethyl-4,4-diphenyl-1,3-dioxan-5-yl)picolinamide (2e): 

To a solution of compound 12a (0.17 g, 0.5 mmol) in DCM (5 mL) 

were added DMP (0.26 g, 2.5 mmol) and p-TsOH.H2O (10 mg, 0.05 

mmol) at 0 oC. After stirring at room temperature for 12 hours, the mixture was poured into 

saturated NaHCO3 (10 mL) and extracted with DCM (15 mL × 3), washed with water and 

brine, dried over anhydrous Na2SO4. Concentration in vacuo gave a residue, which was 

purified on silica gel column [PET: EA = 4:1] to give a white solid 2e (0.10 g), 51 % yield. 

1H NMR (300 MHz, CDCl3): δ 0.97 (s, 3H), 1.66 (s, 3H), 3.92 (dd, J1 = 2.3 Hz, J2 = 11.9 Hz, 

1H), 4.49 (dd, J1 = 1.1 Hz, J2 = 11.9 Hz, 1H), 5.25 (d, J = 9.6 Hz, 1H), 6.88-6.93 (m, 1H), 

7.02-7.08 (m, 2H), 7.19-7.32 (m, 7H), 7.47-7.50 (m, 2H), 7.67 (td, J1 = 1.7 Hz, J2 = 7.7 Hz, 

1H), 7.91 (d, J = 7.8 Hz, 1H), 8.44-8.46 (m, 1H), 8.65 (d, J = 9.5 Hz, 1H). 13C NMR (75 

MHz, CDCl3): δ 23.7, 31.0, 46.4, 61.8, 79.7, 100.0, 121.8, 124.9, 125.7, 126.2, 127.1, 127.3, 

127.5, 128.2, 136.8, 144.3, 145.4, 148.0, 149.3, 163.0. ESI-HR MS exact mass calcd. for 

(C24H24N2NaO3)
+ requires m/z 411.1679, found m/z 411.1690. 

 

 (S)-N-(4,4-dibenzyl-1,3-dioxan-5-yl)picolinamide (2f): 

Compound 12e (2.32 g 6.16 mmol) was dissolved in EA (100 mL). 

Then, dimethoxymethane (1.25 mL, 2eq.) and BF3.Et2O (2.1 mL, 2.5eq) 

was added to the solution, and the reaction mixture was stirred at room temperature for 24 

hours. The reaction mixture was washed with saturated NaHCO3 (30 mL), H2O (50 mL), 

brine and dried over anhydrous Na2SO4. The solvent was removed in vacuo, and the residue 

was purified on silica gel column [PET: EA = 4:1] to give a colorless oil, which solidified 

under high vacuum, 12e (1.07 g), 45 % yield. 1H NMR (300 MHz, CDCl3): δ 2.88 (d, J = 
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14.5 Hz, 1H), 3.09 (dd, J = 14.7 Hz, 34.5 Hz, 2H), 3.33 (d, J = 14.6 Hz, 1H), 3.88 (dd, J1 = 

5.2 Hz, J2 = 11.5 Hz, 1H), 4.25 (dd, J1 = 2.8 Hz, J2 = 11.5 Hz, 1H), 4.33-4.40 (m, 1H), 5.20 

(dd, J1 = 6.60 Hz, J2 = 17.8 Hz, 2H), 7.22-7.35 (m, 10H), 7.41-7.46 (m, 1H), 7.85 (td, J1 = 1.6 

Hz, J2 = 7.7 Hz, 1H), 8.19-8.22 (m, 1H), 8.58-8.59 (m, 1H), 8.73 (d, J = 9.9 Hz, 1H). 13C 

NMR (75 MHz, CDCl3): δ 37.3, 38.5, 47.4, 66.3, 78.5, 87.5, 122.1, 126.2, 126.3, 126.5, 

127.9, 128.1, 130.5, 139.7, 135.8, 136.1, 137.2, 148.1, 149.3, 163.6. ESI-HR MS exact mass 

calcd. for (C24H24N2NaO3)
+ requires m/z 411.1679, found m/z 411.1685. 

 

(2) Preparation and characterization of catalyst 2g: 

5

O

O
NH

O

N

HO
CO2Me

NHBoc

HO
CO2Me

NH2.HCl

HCl (gas)
HO

NH2.HCl

Cy

Cy
HO Picolinic acid, DCM

(CHO)n, BF3.Et2O

6

2g

Et3N

(Boc)2O

3

HO

NHBoc

Cy

Cy
HO

EtOAc

Mg, Et2O

Br

N

H
N

O
OH

OH

Cy
Cy

12f

iBuOCOCl, NMM

13

 

Methyl L-serinate hydrochloride 3 (11.89 g, 76.42 mmol) was suspended in THF (150 

mL), Then Et3N (16.62 g, 164.3 mmol) was added. The resulting white suspension was 

cooled to 0 oC and a solution of (Boc)2O (16.66 g, 76.37 mmol) in THF (75 mL) was added 

dropwise over 30 min. The mixture was allowed to warm to room temperature and stirred for 

12 hours. The solvent was removed in vacuo, and the residue partitioned between Et2O (100 

mL) and H2O (100 mL). The aqueous phase was extracted with Et2O (60 mL × 2), and the 

organic phase was washed with 1N HCl (60 mL), saturated NaHCO3 (60 mL) and brine (100 

mL), dried over anhydrous Na2SO4. Solvent was removed to afford N-(Boc)-L-serine methyl 

ester (5) as a colorless oil, 15.90 g, 95 % yield. 

To a stirred suspension of Grignard reagent [prepared from Mg (5.08 g, 209 mmol) and 

1-bromocyclohexane (35.55 g, 218.05 mmol) in Et2O (150 mL)] was added dropwise to a 
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solution of N-(Boc)-L-serine methyl ester 5 (6.55 g, 29.87 mmol) in Et2O (80 mL) at -10 oC. 

After stirring overnight, the resulting mixture was quenched with saturated NH4Cl (100 mL) 

and H2O (100 mL). The mixture was extracted with EtOAc (3 × 100 mL), and washed with 

brine, dried over anhydrous Na2SO4. Concentration in vacuo gave a residue, which was 

purified on silica gel column [PET: EA = 10:1] to give (S)-tert-butyl 

1,1-dicyclohexyl-1,3-dihydroxypropan-2-ylcarbamate (13) as a white solid, 6.16 g, 58 % 

yield. 

 (S)-tert-butyl 1,1-dicyclohexyl-1,3-dihydroxypropan-2-ylcarbamate (13): 

white solid, yield 58 %, 1H NMR (300 MHz, CDCl3): δ 1.07-1.25 (m, 10H), 

1.46 (s, 9H), 1.65-1.80 (m, 12H), 2.45-2.48 (m, 1H), 2.63 (brs, 1H), 

3.78-3.97 (m, 3H), 5.39 (d, J = 7.1 Hz, 1H). 

The white solid 13 (6.16 g) was dissolved in ethyl acetate, and cooled to 0 oC. Then 

hydrogen chloride (gas) was bubbled in the solution for 2 hours. The product was filtered, 

washed with ethyl acetate, gave a white solid 6, 3.52 g, 70 % yield. 

A 100 mL of three-necked flask was charged with picolinic acid (0.92 g, 7.44 mmol) and 

the flask was flushed with nitrogen. Then DCM (25 mL) and N-methylmorpholine (1.0 mL) 

were introduced in the flask to dissolve the material. The reaction mixture was cooled to -15 

oC, then 1.15 mL of isobutylchloroformate (1.2 eq.) was added dropwise over 5 min. The 

reaction mixture was stirred at this temperature for 1 hour. Then a solution of compound 6 

(2.50 g, 8.56 mmol) in DCM (40 mL) and NMM (2.2 mL) was added dropwise to the above 

reaction mixture at -10 oC. The reaction mixture was allowed to warm to room temperature, 

and stirred for one additional hour. The reaction mixture was diluted with DCM (50 mL), 

washed with 1N HCl (50 mL), H2O (50 mL), brine and dried over anhydrous Na2SO4. 

Solvent was removed in vaccuo, and the residue was purified on silica gel [PET: EA = 3:1] to 

give a white solid 12f, 2.40 g, 90 % yield. 

 

 (S)-N-(1,1-dicyclohexyl-1,3-dihydroxypropan-2-yl)picolinamide (12f): 

white solid, yield 90 %, 1H NMR (300 MHz, CDCl3): δ 1.01-1.25 (m, 

10H), 1.55-1.91 (m, 12H), 2.66 (s, 1H), 3.07 (brs, 1H), 3.93-4.08 (m, 2H), 

4.37-4.40 (m, 1H), 7.40-7.45 (m, 1H), 7.84 (td, J1 = 1.6 Hz, J2 = 7.7 Hz, 

HO
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1H), 8.18 (d, J = 7.8 Hz, 1H), 8.59 (d, J = 4.0 Hz, 1H), 8.85 (d, J = 8.2 Hz, 1H). 

 

Compound 12f (0.36 g, 1 mmol) was dissolved in THF (20 mL). Then, (CHO)n (0.6 g, 

20eq.) and BF3.Et2O (0.5 mL) was added to the solution, and the reaction mixture was heated 

to reflux for overnight. THF was removed in vacuo. The residue was dissolved in DCM (100 

mL) and washed with saturated NaHCO3 (30 mL), H2O (50 mL), brine and dried over 

anhydrous Na2SO4. The Solvent was removed in vaccuo, and the residue was purified on 

silica gel [PET: EA = 6:1] to give a colorless oil, solidified under high vacuum, 2g (0.32 g), 

86 % yield. 

 (S)-N-(4,4-dicyclohexyl-1,3-dioxan-5-yl)picolinamide (2g): white solid, 

86%. 1H NMR (300 MHz, CDCl3): δ 0.81-1.36 (m, 11H), 1.52 (m, 11H), 

2.30-2.37 (m, 1H), 3.74 (dd, J1 = 2.4 Hz, J2 = 11.8 Hz, 1H), 4.24-4.30 (m, 2H), 

4.88 (d, J = 6.5 Hz, 1H), 5.00 (d, J = 6.5 Hz, 1H), 7.39-7.44 (m, 1H), 7.83 (td, 

J1 = 1.6 Hz, J2 = 7.7 Hz, 1H), 8.17 (d, J = 7.8 Hz, 1H), 8.60-8.61 (m, 1H), 

8.97 (d, J = 10.0 Hz, 1H). 13C NMR (75 MHz, CDCl3): δ 26.7, 26.9, 27.3, 27.5, 27.8, 28.1, 

28.6, 29.2, 40.8, 46.1, 46.5, 67.2, 79.6, 87.6, 122.0, 126.0, 137.1, 148.3, 149.7, 163.3. 

ESI-HR MS exact mass calcd. for (C22H32N2NaO3)
+ requires m/z 395.2305, found m/z 

395.2314. 

 

3. Asymmetric hydrosilylation of β-enamino esters: 

β-Enamino esters 7a-m, 7o and 7y[2], 7r[3], 7t[4], 7q[5], 7n, 7p, 7s, 7u-7x [6] were 

prepared from the corresponding β-keto esters according to the literatures. 

 

General procedure: 

A solution of trichlorosilane dissolved in (ClCH2)2 (1/4, v/v, 0.3 mL, 2.0 equiv.) was 

added to a solution of the catalyst (10 mol %) and the corresponding β-enamino ester (0.3 

mmol) in dry 1,2-dichloroethane (3 mL) at -10 oC. The reaction mixture was stirred at -10 oC 

for 10 hours. Then the reaction was quenched with saturated aqueous solution of NaHCO3 (1 

mL). The mixture was filtered through a pad of celite, washed with DCM (70 mL), and dried 

O
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over anhydrous Na2SO4. The solution was filtered and the solvent was removed in vacuum. 

The residue was subjected to flash chromatography on silica gel with petroleum ether/ethyl 

acetate (15:1) as the eluent to afford the pure product. The ee values were determined using 

established HPLC techniques with chiral stationary phases. 

The corresponding racemates were prepared using DMF as the catalyst. 

 

methyl 3-phenyl-3-(phenylamino)propanoate (8a): 

White solid, 97 % yield. 1H NMR (300 MHz, CDCl3): δ 2.80-2.86 (m, 2H), 

3.65 (s, 3H), 4.58 (brs, 1H), 4.83 (t, J = 6.7 Hz, 1H), 6.56 (d, J = 7.7 Hz, 2H), 

6.67 (t, J = 7.3 Hz, 1H), 7.10 (dd, J1 = 7.5 Hz, J2 = 8.3 Hz, 2H), 7.22-7.39 (m, 5H). HPLC 

analysis: 94 % ee, Chiralcel AD-H (hexane/iPrOH = 80/20, 1.0 mL/min), tr-minor = 11.7 min, 

tr-major = 10.1 min. [α]D
20 = +1.4 (c 0.9, CHCl3).  

 

methyl 3-(4-fluorophenylamino)-3-phenylpropanoate (8b): 

Colorless oil, 97 % yield. 1H NMR (300 MHz, CDCl3): δ 2.74-2.88 (m, 

2H), 3.66 (s, 3H), 4.50 (brs, 1H), 4.75-4.80 (m, 1H), 6.47-6.52 (m, 2H), 

6.78-6.84 (m, 2H), 7.26-7.38 (m, 5H). HPLC analysis: 93 % ee, Chiralcel 

AD-H (hexane/iPrOH = 95/5, 1.0 mL/min), tr-minor = 12.9 min, tr-major = 10.9 min. [α]D
20 = 

-12.1 (c 0.474, CHCl3).  

 

 methyl 3-(4-chlorophenylamino)-3-phenylpropanoate (8c) 

White solid, 97 % yield. 1H NMR (300 MHz, CDCl3): δ 2.73-2.88 (m, 

2H), 3.66 (s, 3H), 4.62 (s, 1H), 4.75-4.80 (m, 1H), 6.46-6.50 (m, 2H), 

7.04 (dd, J1 = 2.1 Hz, J2 = 6.7 Hz, 2H), 7.24-7.34 (m, 5H). HPLC 

analysis: 91 % ee, Chiralcel AD-H (hexane/iPrOH = 95/5, 1.0 mL/min), tr-minor = 14.7 min, 

tr-major = 12.2 min. [α]D
20 = +8.8 (c 0.49, CHCl3).  

 

 methyl 3-(4-bromophenylamino)-3-phenylpropanoate (8d) 

White solid, 97 % yield. 1H NMR (300 MHz, CDCl3): δ 2.73-2.88 (m, 

2H), 3.66 (s, 3H), 4.62 (s, 1H), 4.75-4.79 (m, 1H), 6.41-6.45 (m, 2H), 
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7.15-7.34 (m, 7H). HPLC analysis: 92 % ee, Chiralcel AD-H (hexane/iPrOH = 95/5, 1.0 

mL/min), tr-minor  = 16.0 min, tr-major = 13.3 min. [α]D
20 = +15.1 (c 0.666, CHCl3). 

methyl 3-phenyl-3-(p-tolylamino)propanoate (8e) 

White solid, 97 % yield. 1H NMR (300 MHz, CDCl3): δ 2.21 (s, 3H), 

2.76-2.86 (m, 2H), 3.66 (s, 3H), 4.10 (brs, 1H), 4.83 (t, J = 6.8 Hz, 1H), 

6.50 (d, J = 8.2 Hz, 2H), 6.93 (d, J = 8.2 Hz, 2H), 7.23-7.40 (m, 5H). 

HPLC analysis: 98 % ee, Chiralcel AD-H (hexane/iPrOH = 95/5, 1.0 mL/min), tr-minor = 7.2 

min, tr-major = 6.3 min. [α]D
20 = +5.1 (c 0.666, CHCl3). 

 

methyl 3-(4-methoxyphenylamino)-3-phenylpropanoate (8f) 

White solid, 96 % yield. 1H NMR (300 MHz, CDCl3): δ 2.80-2.82 (m, 

2H), 3.66 (s, 3H), 3.70 (s, 3H), 4.31 (brs, 1H), 4.83 (t, J = 6.7 Hz, 1H), 

6.54 (d, J = 8.8 Hz, 2H), 6.68-6.72 (m, 2H), 7.23-7.39 (m, 5H). HPLC 

analysis: 94 % ee, Chiralcel AD-H (hexane/iPrOH = 95/5, 1.0 mL/min), tr-minor = 20.0 min, 

tr-major = 17.4 min. [α]D
20 = +9.1 (c 0.496, CHCl3). 

 

methyl 3-(4-fluorophenyl)-3-(4-methoxyphenylamino)propanoate 

(5g) 

White solid, 98 % yield. 1H NMR (300 MHz, CDCl3): δ 2.79 (d, J = 

6.7 Hz, 2H), 3.66 (s, 3H), 3.71 (s, 3H), 4.35 (brs, 1H), 4.75 (t, J = 6.6 

Hz, 1H), 6.50-6.53 (m, 2H), 6.72 (d, J = 8.8 Hz, 2H), 7.01 (t, J = 8.6 Hz, 2H), 7.27-7.37 (m, 

2H). HPLC analysis: 88 % ee, Chiralcel AD-H (hexane/iPrOH = 95/5, 1.0 mL/min), tr-minor = 

24.6 min, tr-major = 20.2 min. [α]D
20 = -7.0 (c 0.8, CHCl3). 

 

methyl 3-(4-bromophenyl)-3-(4-methoxyphenylamino) propanoate 

(8h) 

White solid, 97 % yield. 1H NMR (300 MHz, CDCl3): δ 2.78 (d, J = 

6.6 Hz, 2H), 3.67 (s, 3H), 3.71 (s, 3H), 4.25 (brs, 1H), 4.72 (t, J = 6.6 

Hz, 1H), 6.51 (d, J = 8.8 Hz, 2H), 6.72 (d, J = 8.8 Hz, 2H), 7.26 (d, J = 8.3 Hz, 2H), 7.44(d, J 

= 8.3 Hz, 2H). HPLC analysis: 92 % ee, Chiralcel AD-H (hexane/iPrOH = 95/5, 1.0 mL/min), 
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tr-minor = 23.7 min, tr-major = 21.2 min. [α]D
20 = +22.1 (c 1.2, CHCl3). 

 

methyl 3-(4-methoxyphenylamino)-3-p-tolyl propanoate (8i) 

White solid, 98 % yield. 1H NMR (300 MHz, CDCl3): δ 2.33 (s, 3H), 

2.80 (d, J = 6.8 Hz, 2H), 3.67 (s, 3H), 3.71 (s, 3H), 4.55 (brs, 1H), 4.74 

(t, J = 6.7 Hz, 1H), 6.53-6.57 (m, 2H), 6.69-6.74 (m, 2H), 7.13-7.27 (m, 

4H). HPLC analysis: 95 % ee, Chiralcel AD-H (hexane/iPrOH = 95/5, 1.0 mL/min), tr-minor = 

16.7 min, tr-major = 1 4.3 min. [α]D
20 = +22.9 (c 0.49, CHCl3). 

 

methyl 3-(4-methoxyphenyl)-3-(4-methoxyphenyl amino) 

propanoate (8j) 

White solid, 96 % yield. 1H NMR (300 MHz, CDCl3): δ 2.79 (d, J = 

6.5 Hz, 2H), 3.66 (s, 3H), 3.71 (s, 3H), 3.79 (s, 3H), 4.15 (brs, 1H), 

4.73 (t, J = 6.7 Hz, 1H), 6.55 (d, J = 8.9 Hz, 2H), 6.70-6.73 (m, 2H), 6.86 (d, J = 8.7 Hz, 2H), 

7.28 (d, J = 8.7 Hz, 2H). HPLC analysis: 94 % ee, Chiralcel AD-H (hexane/iPrOH = 95/5, 1.0 

mL/min), tr-minor = 37.0 min, tr-major = 34.7 min. [α]D
20 = +19.7 (c 0.94, CHCl3). 

 

methyl 3-(3-chlorophenyl)-3-(4-methoxyphenyl amino)propanoate 

(8k) 

White solid, 97 % yield. 1H NMR (300 MHz, CDCl3): δ 2.76-2.81 (m, 

2H), 3.66 (s, 3H), 3.70 (s, 3H), 4.31 (brs, 1H), 4.73 (t, J = 6.6 Hz, 1H), 

6.50 (d, J = 8.8 Hz, 2H), 6.68-6.74 (m, 2H), 7.19-7.38 (m, 4H). HPLC 

analysis: 94 % ee, Chiralcel OD-H (hexane/iPrOH = 95/5, 1.0 mL/min), tr-minor = 22.2 min, 

tr-major = 20.0 min. [α]D
20 = +2.7(c 0.96, CHCl3). 

 

methyl 3-(2-chlorophenyl)-3-(4-methoxyphenyl amino)propanoate 

(8l) 

White solid, 98 % yield. 1H NMR (300 MHz, CDCl3): δ 2.71 (dd, J1 = 

8.5 Hz, J2 = 15.0 Hz, 1H), 2.93 (dd, J1 = 4.0 Hz, J2 = 15.0 Hz, 1H), 3.66 

(s, 3H), 3.69 (s, 3H), 4.62 (brs, 1H), 5.15 (dd, J1 = 4.0 Hz, J2 = 8.5 Hz, 1H), 6.47 (d, J = 8.8 
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Hz, 2H), 6.69 (d, J = 8.9 Hz, 2H), 7.36-7.45 (m, 4H). HPLC analysis: 80 % ee, Chiralcel 

AD-H (hexane/iPrOH = 95/5, 1.0 mL/min), tr-minor = 17.8 min, tr-major = 16.2 min. [α]D
20 = 

-50.3 (c 0.52, CHCl3). 

 

methyl 3-(4-methoxyphenylamino)-3-(naphthalen-2-yl) 

propanoate (8m) 

White solid, 96 % yield. 1H NMR (300 MHz, CDCl3): δ 2.89-2.94 (m, 

2H), 3.67 (s, 3H), 3.69 (s, 3H), 4.43 (brs, 1H), 4.95 (t, J = 6.8 Hz, 1H), 

6.59-6.73 (m, 4H), 7.44-7.54 (m, 3H), 7.82-7.86 (m, 4H). HPLC analysis: 96 % ee, Chiralcel 

AD-H (hexane/iPrOH = 90/10, 1.0 mL/min), tr-minor = 23.7 min, tr-major = 25.1 min. [α]D
20 = 

+23.7 (c 0.38, CHCl3). 

 

methyl 3-(4-(benzyloxy)phenyl)-3-(4-fluorophenyl amino) 

propanoate (8n) 

White solid, 96 % yield. 1H NMR (300 MHz, CDCl3): δ 2.80 (d, J = 

6.7 Hz, 2H), 3.67 (s, 3H), 4.45 (brs, 1H), 4.46 (t, J = 6.7 Hz, 1H), 

5.04 (s, 2H), 6.49-6.53 (m, 2H), 6.80-6.97 (m, 4H), 7.27-7.45 (m, 7H). HPLC analysis: 95 % 

ee, Chiralcel AS-H (hexane/iPrOH = 85/15, 1.0 mL/min), tr-minor = 24.2min, tr-major = 17.6 min. 

[α]D
20 = +1.7 (c 0.65, CHCl3). 

 

methyl 3-(3-methoxyphenyl)-3-(phenylamino)propanoate (8o) 

White solid, 96 % yield. 1H NMR (300 MHz, CDCl3): δ 2.80-2.83 (m, 2H), 

3.66 (s, 3H), 3.78 (s, 3H), 4.54 (s, 1H), 4.80-4.84 (m, 1H), 6.57-6.60 (m, 2H), 

6.66-6.71 (m, 1H), 6.78-6.81 (m, 1H), 6.94-6.99 (m, 2H), 7.09-7.14 (m, 2H), 

7.22-7.28 (m, 1H). HPLC analysis: 92 % ee, Chiralcel AD-H (hexane/iPrOH = 90/10, 1.0 

mL/min), tr-minor = 9.7 min, tr-major = 9.0 min. ESI-HR MS exact mass calcd. for (C17H20NO3)
+ 

requires m/z 286.1438, found m/z 286.1438. 

 

methyl 3-(4-methoxyphenylamino)-4-phenylbutanoate (8p) 

Colorless oil, 96 % yield. 1H NMR (300 MHz, CDCl3): δ 2.41-2.55 (m, 

O

NH O

MeO

O

NH O

F

BnO

O

NH O

O

O

NH O

O

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013



S15 
 

2H), 2.84 (dd, J1 = 7.16 Hz, J2 = 13.6 Hz, 1H), 2.96 (dd, J1 = 5.12 Hz, J2 = 13.6 Hz, 1H), 3.56 

(brs, 1H), 3.65 (s, 3H), 3.75 (m, 3H), 4.04 (dd, J1 = 6.03 Hz, J2 = 12.2 Hz, 1H), 6.50 (d, J = 

8.9 Hz, 2H), 6.82 (d, J = 8.9 Hz, 2H),7.17-7.33 (m, 5H). HPLC analysis: 45 % ee, Chiralcel 

AD-H (hexane/iPrOH = 95/5, 1.0 mL/min), tr-minor = 14.9 min, tr-major = 16.8 min. 

 

methyl 3-(benzylamino)-3-phenylpropanoate (8q) 

Colorless oil, 97 % yield. 1H NMR (300 MHz, CDCl3): δ 2.02-2.05 (m, 2H), 

2.60-2.78 (m, 2H), 3.52-3.56 (m, 1H), 3.64 (s, 3H), 3.69 (s, 1H), 4.12 (dd, J1 

= 5.2 Hz, J2 = 8.7 Hz, 1H), 7.21-7.37 (m, 10H). HPLC analysis: 82 % ee, Chiralcel OD-H 

(hexane/iPrOH = 90/10, 1.0 mL/min), tr-minor = 9.2 min, tr-major = 6.0 min. [α]D
20 = +26.7 (c 

0.68, CHCl3). 

 

ethyl 3-(4-methoxyphenylamino)-2,3-diphenylpropanoate(8r) 

White solid, 97 % yield. 1H NMR (300 MHz, CDCl3): δ 0.96 (t, J = 7.1 Hz, 

3H), 3.64-3.67 (m, 4H), 3.83-3.91 (m, 3H), 4.86 (d, J = 10.0Hz, 1H), 6.34 (d, 

J = 8.5 Hz, 2H), 6.58 (d, J = 8.9 Hz, 2H), 7.24-7.46 (m, 6H), 7.48-7.49 (m, 

4H). HPLC analysis: 34 % ee, 21: 1 dr, Chiralcel AD-H (hexane/iPrOH = 

85/15, 1.0 mL/min), tr-minor = 14.9 min, tr-major = 9.5 min. [α]D
20 = -21.0 (c 0.48, CHCl3). 

 

methyl 2-((4-methoxyphenylamino)(phenyl)methyl) pent-4-enoate (8s) 

Colorless oil, 90 % yield. 1H NMR (300 MHz, CDCl3): δ 2.22-2.29 (m, 1H), 

2.43-2.53 (m, 1H), 2.82-2.93 (m, 1H), 3.56-3.59 (m, 3H), 3.68-3.69 (m, 3H), 

4.52 (d, J = 6.9 Hz, 1.39H), 4.59 (d, J = 5.9 Hz, 0.43H), 5.01-5.05 (m, 1.5H), 

5.08-5.10 (m, 0.5H), 5.68-5.77 (m, 1H), 6.48- 6.52 (m, 2H), 6.66-6.70 (m, 

2H), 7.22-7.32 (m, 5H). 13C NMR (75 MHz, CDCl3): δ 31.9, 34.4, 51.5, 51.6, 52.2, 52.6, 55.6, 

59.8, 60.0, 114.6, 114.7, 114.9, 117.0, 117.4, 126.6, 126.9, 127.3, 127.4, 128.4, 128.5, 134.7, 

135.3, 140.7, 140.9, 141.1, 141.3, 151.9, 152.2, 173.5, 174.4. HPLC analysis: 90 % ee, 3.2: 1 

dr, Chiralcel AD-H (hexane/iPrOH = 95/5, 1.0 mL/min), tr-minor = 11.1 min, tr-major = 10.5 min. 

[α]D
20 = +9.8 (c 1.24, CHCl3). ESI-HR MS exact mass calcd. for (C20H23NNaO3)

+ requires 

m/z 348.1570, found m/z 348.1573. 
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methyl 2-hydroxy-3-(4-methoxyphenylamino)-3-phenyl 

propanoate 

White solid, 82 % yield (two steps). 1H NMR (300 MHz, CDCl3): δ 

1.29 (t, J = 7.1 Hz, 3H), 3.44 (brs, 2H), 3.68 (s, 3H), 4.24 (q, J = 7.1 

Hz, 2H), 4.47 (d, J = 2.7 Hz, 1H), 4.85 (d, J = 2.7 Hz, 1H), 6.52-6.71 (m, 4H), 7.22-7.39 (m, 

5H). HPLC analysis: 90 % ee, 91:9 dr, Chiralcel AD-H (hexane/iPrOH = 90/10, 1.0 mL/min), 

t = 20.4, 27.7, 28.8, 46.7 min. [α]D
20 = -1.0 (c 0.72, CHCl3). 

 

methyl 1-(4-methoxyphenylamino)-2,3-dihydro-1H- indene-2- 

carboxylate (8u) 

White solid, 98 % yield. 1H NMR (300 MHz, CDCl3): δ 3.12 (dd, J1 = 8.4 

Hz, J2 = 16.3 Hz, 1H), 3.40-3.46 (m, 1H), 3.48 (s, 3H), 3.62-3.69 (m, 1H), 3.76 (s, 3H), 3.82 

(s, 1H), 5.30 (d, J = 7.5 Hz, 1H), 6.69-6.81 (m, 4H), 7.21-7.31(m, 4H). HPLC analysis: 95 % 

ee, > 99: 1 dr, Chiralcel AD-H (hexane/iPrOH = 95/5, 1.0 mL/min), tr-minor = 14.4 min, tr-major 

= 29.0 min. [α]D
20 = -28.5 (c 1.06, CHCl3). 

 

methyl 5-bromo-1-(4-methoxyphenylamino)-2,3-dihydro- 

1H-indene-2-carboxylate (8v) 

Colorless oil, 95 % yield. 1H NMR (300 MHz, CDCl3): δ 3.10 (dd, J1 

= 8.4 Hz, J2 = 16.6 Hz, 1H),3.39 (dd, J1 = 5.8 Hz, J2 = 16.6 Hz, 1H), 3.48 (s, 3H), 3.62-3.69 

(m, 1H), 3.76 (s, 3H), 3.82 (s, 1H), 5.22 (d, J = 7.5 Hz, 1H), 6.67-6.81 (m, 4H), 7.15 (d, J = 

8.06 Hz, 1H), 7.32 (d, J = 8.07 Hz, 1H), 7.39 (s, 1H). 13C NMR (75 MHz, CDCl3): δ 33.5, 

48.2, 51.5, 55.6, 61.2, 114.7, 115.2, 122.1, 125.8, 127.9, 130.2, 140.9, 141.8, 143.2, 152.5, 

173.1. HPLC analysis: 96 % ee, >99:1 dr, Chiralcel AD-H (hexane/iPrOH = 85/15, 1.0 

mL/min), tr-minor = 8.5 min, tr-major = 14.2 min. [α]D
20 = +7.7 (c 1.06, CHCl3). ESI-HR MS 

exact mass calcd. for (C18H19BrNO3)
+ requires m/z 376.0543, found m/z 376.0546. 

 

methyl 1-(4-methoxyphenylamino)-1,2,3,4-tetrahydronaphthalene-2- 

carboxylate (8w) 

Colorless oil, 95 % yield. 1H NMR (300 MHz, CDCl3): δ 2.06-2.23 (m, 
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2H), 2.74-2.85 (m, 1H), 2.90-3.06 (m, 2H), 3.63 (s, 3H), 3.71-3.77 (m, 4H), 4.96 (d, J = 4.4 

Hz, 1H), 6.70-6.81 (m, 4H), 7.08-7.26 (m, 4H). HPLC analysis: 92 % ee, >99:1 dr, Chiralcel 

AD-H (hexane/iPrOH = 95/5, 1.0 mL/min), tr-minor = 12.1 min, tr-major = 15.6 min. [α]D
20 = 

+128.0 (c 0.14, CHCl3). 

 

(1R,2R)-ethyl 1-(4-methoxyphenylamino)-1,2,3,4-tetrahydronaphthalene 

-2-carboxylate (8x) 

Colorless oil, 98 % yield. 1H NMR (300 MHz, CDCl3): δ 1.18 (t, J = 7.1 Hz, 

3H), 2.02-2.20 (m, 2H), 2.71-3.0 (m, 3H), 3.68(s, 1H), 3.74 (s, 3H), 3.95-4.14 (m, 2H), 4.93 

(d, J = 4.4 Hz, 1H), 6.70-6.77 (m, 4H), 7.06-7.24 (m, 4H). 13C NMR (75 MHz, CDCl3): δ 

14.1, 21.0, 27.7, 44.7, 54.6, 55.6, 60.4, 114.6, 115.6, 126.1, 127.1, 128.2, 128.8, 135.1, 137.7, 

141.7, 152.3, 173.2. HPLC analysis: 90 % ee, >99:1 dr, Chiralcel AD-H (hexane/iPrOH = 

70/30, 1.0 mL/min), tr-minor = 5.4 min, tr-major = 6.5 min. [α]D
20 = +204.0 (c 0.226, CHCl3). 

ESI-HR MS exact mass calcd. for (C20H24NO3)
+ (M+H+) requires m/z 326.1751, found m/z 

326.1738; (C20H23NNaO3)
+ (M+Na+) requires m/z 348.1570, found m/z 348.1559. 

 

methyl 2-(4-methoxyphenylamino)cyclopentanecarboxylate (8y) 

Colorless oil, 95 % yield. 1H NMR (300 MHz, CDCl3): δ 1.63-2.10 (m, 6H), 

3.06 (dd, J1 = 7.4 Hz, J2 = 15.4 Hz, 1H), 3.52 (s, 3H), 3.73 (s, 3H), 3.76 (br s, 

1H), 4.02 (dd, J1 = 6.5 Hz, J2 = 13.3 Hz, 1H), 6.58 (d, J = 8.9 Hz, 2H), 6.75 (d, J = 8.9 Hz, 

2H). HPLC analysis: 18 % ee, >99:1 dr, Chiralcel AD-H (hexane/iPrOH = 95/5, 1.0 mL/min), 

tr-minor = 11.2 min, tr-major = 8.9 min. [α]D
20 = +15.0 (c 0.144, CHCl3). 

 

4. Preparation and Characterization of compound 9, 10 and 11 

4.1 Synthesis of chiral 3-aminoindan-1-one derivative 9 

The chiral product 8o (0.95 g, 3.33 mmol) obtained above was hydrolyzed by LiOH (2 eq.) 

in THF/MeOH/H2O (2/2/1) at room temperature. The mixture was adjusted to pH ~ 3-4 with 

3N HCl, and extracted with DCM (20 mL × 3). The organic phase was washed with brine and 

HN

CO2Me
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dried over anhydrous Na2SO4. The solvent was removed under reduced pressure and the acid 

was subjected to the next step without further purification.  

The acid was treated with PPA (20 mL) at 110 oC for 0.5 hour and the reaction mixture 

was poured into ice water (50 mL) and then neutralized with K2CO3 to pH = 8. Extracted of 

the mixture with EtOAc (2×60 mL) followed by chromatography (PET: EA = 6: 1) afforded 

5-methoxy-3-(phenylamino)-2,3-dihydro-1H-inden-1-one 9 (0.48 g, 57 %) as a solid. 

5-methoxy-3-(phenylamino)-2,3-dihydro-1H-inden-1-one (9) 

White solid, 57 % yield (two steps). 1H NMR (300 MHz, CDCl3): δ 2.45 (dd, 

J1 = 3.2 Hz, J2 = 18.7 Hz, 1H), 3.10 (dd, J1 = 6.8 Hz, J2 = 18.7 Hz, 1H), 3.84 (s, 

3H), 4.21 (d, J = 5.7 Hz, 1H), 5.05 (s, 1H), 6.70 (d, J = 7.7 Hz, 2H), 6.77 (t, J 

= 7.3 Hz, 1H), 6.96 (dd, J1 = 2.1 Hz, J2 = 8.5 Hz, 1H), 7.10 (d, J = 1.9 Hz, 1H), 7.18-7.26 (m, 

2H), 7.63 (d, J = 8.5Hz, 1H). 13C NMR (75 MHz, CDCl3): δ 45.3, 51.2, 55.5, 108.7, 113.2, 

116.9, 118.1, 124.8, 129.3, 129.8, 146.8, 157.5, 165.4, 201.8. HPLC analysis: 90 % ee, 

Chiralcel AD-H (hexane/iPrOH = 70/30, 1.0 mL/min), tr-minor = 9.4 min, tr-major = 8.5 min. 

[α]D
20 = -222.1 (c 1.4, CHCl3). ESI-HR MS exact mass calcd. for (C16H15NNaO2)

+ requires 

m/z 276.0995, found m/z 276.0997. 

 

4.2 Synthesis of compounds 11[7] and 12 

Na (100 mg, 4.34 mmol) was dissolved in dry EtOH (10 mL). Compound 8x (150 mg) was 

added to the solution and the mixture was refluxed for 5 minutes. The reaction mixture was 

adjusted to pH = 8. Then EtOH was removed, the residue was extracted with EA. The organic 

layer was washed with brine, dried over anhydrous Na2SO4. The solvent was removed and 

the residue was purified on FC (PET: EA = 20:1) to give the diastereoisomer mixture (8x:10 

= 1:5). 

Data for diastereoisomer mixture: Colorless oil. 1H NMR (300 MHz, CDCl3): δ 

1.16-1.37(m, 8H), 2.10-2.12 (m, 3H), 2.85-2.93 (m, 4H), 3.70 (brs, 1H), 3.74 (s, 3H), 3.75 (s, 

0.9H), 4.03-4.15(m, 2.6H), 4.91 (d, J = 7.1 Hz, 1H), 4.94 (d, J = 5.2 Hz, 0.2H), 6.62-6.79 (m, 

5H), 7.11-7.43 (m, 5.3H). 

To a solution of compound 8x (0.69 g, 2.12 mmol) in MeCN/H2O (4:1, 25 mL) was added 

ceric ammonium nitrate (4.65 g, 8.48 mmol) at room temperature, and the reaction mixture 

O

NHPh

OMe
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was stirred for 1 hour. The reaction was quenched with 10% aqueous NaOH and adjusted to  

pH = 9 to give a mass. The mass was filtered through a pad of celite, washed with DCM. The 

solution was extracted with DCM. The organic phase was washed with brine and dried over 

anhydrous Na2SO4. The solvent was removed and the residue was purified on FC (PET: 

EA=2:1 to DCM: MeOH=30:1) to give a brown oil, which was dissolved in EA/Et2O= 1:2. 

Hydrogen Chloride was bubbled in the solution for 5 minutes. White solid precipitated. The 

solid was collected by filtration and washed with Et2O, dried under reduced pressure to give 

the product 11 (0.41 g, 76 % yield). 

(1R,2R)-ethyl 1-amino-1,2,3,4-tetrahydronaphthalene-2-carboxylate 

hydrochloride (11): white solid, 76 % yield. 1H NMR (300 MHz, CDCl3): δ 

1.20 (t, J = 7.1 Hz, 3H), 2.09-2.14 (m, 2H), 2.79-2.84 (m, 2H), 3.20-3.23 (m, 1H), 4.10-4.17 

(m, 2H), 4.65 (s, 1H), 7.15-7.25 (m, 3H), 7.54 (d, J = 6.8 Hz, 1H), 8.58 (s, 3H). 13C NMR (75 

MHz, CDCl3): δ 13.9, 20.1, 27.1, 41.6, 48.7, 60.9, 126.0, 128.5, 129.1, 129.3, 131.8, 136.5, 

171.5. [α]D
20 = +35.0 (c 0.15, EtOH). 
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1H-NMR and 13C-NMR Spectra 
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