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Experimental Section 

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 used as the solvent 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 (77.0 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). All new products were further characterized by HRMS. A positive ion mass spectrum 

of sample was acquired on a Thermo LTQ-FT mass spectrometer with an electrospray ionization 

source. 

 

General procedure for the synthesis of -alkyl 

(Z)-N-acetyldehydroamino esters 

 

Tetramethylguanidine (13.5 mmol) was added to a solution of the phosphonate 4 (10 mmol) in distilled 

THF (35 mL) at -78℃. After 15 min, aldehyde 3 (12 mmol) was added and the resulting solution was 

stirred at -78 ℃ for 2 h then allowed to warm to 25 ℃ over a period of 2 h. The mixture was 

quenched with water and extracted with EA (3×20 mL). The organic layer was combined and dried 

with MgSO
4 and concentrated under reduced pressure to give an oil. Purification by flash 

chromatography on silica gel using ethyl acetate and petroleum ether (1:1) gave the (Z)-esters 1 as a 

white solid.[1] Results of the preparation of 1 were summarized in Table 1. 

 

Table 1. Preparation of -alkyl (Z)-N-acetyldihydroamino esters 
a 
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Entry R Product Yield (%)
b
 

1  1a 88 

2  1b 90 

3  1c 85 

4  1d 82 

5  1e 97 

6  1f 93 

7 

 

1g 85 

8 

 

1h 50 

9  1i 82 

10 

 

1j 80 

11 

 

1k 57 

[a] Unless otherwise mentioned, all reactions were carried out in THF  

at atemperature from -78 °C to rt for 2 h, all the product was determined  

as Z-configuration; [b] isolated yield. 

 

(Z)-methyl 2-acetamidohex-2-enoate, 1a 

 

White solid; Yield: 80 %;1H NMR (400 MHz, CDCl3) δ 7.74 (br, 1H), 6.70 - 6.68 (m, 1H), 3.76 (s, 3H), 

2.16 – 2.10 (m, 5H), 1.52 – 1.43 (m, 2H), 0.95 – 0.91 (m, 3H); 13C NMR(101 MHz, CDCl3) δ 168.98, 

165.05, 139.04, 125.17, 52.03, 30.35, 22.85, 21.24, 13.68. ESI-HRMS Calculated for 

C9H15NO3
+([M+H]+): 86.1125, found: 86.1127. 

 

(Z)-methyl 2-acetamidooct-2-enoate, 1b 
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White solid; Yield: 90%; 1H NMR(400 MHz, CDCl3)δ 7.71 (s, 1H), 6.70 – 6.66 (m, 1H), 3.75 (s, 3H), 

3.71 – 3.66 (m, 1H), 2.15 – 2.10 (m, 5H), 1.46 – 1.43 (m, 2H), 1.31 - 1.19 (m, 6H), 0.90 – 0.87 (m, 3H); 
13C NMR(101MHz, CDCl3) δ 168.97, 165.03, 139.37, 125.00, 57.71, 51.97, 51.87, 31.29, 28.33, 27.62, 

22.77, 22.17, 18.01, 13.67. ESI-HRMS Calculated for C11H20NO3
+([M+H]+): 214.1438, found: 

214.1442. 

 

(Z)-methyl 2-acetamidonon-2-enoate, 1c 

 

White solid; Yield: 84%; 1H NMR (400 MHz, CDCl3) δ 6.89 (br, 1H), 6.73 – 6.69 (m, 1H), 3.77 (s, 

3H), 2.18 – 2.13 (m, 5H), 1.52 - 1.37 (m, 2H), 1.36 - 1.16 (m, 6H), 0.90 – 0.86 (m, 3H).; 13C NMR 

(101 MHz, CDCl3)δ168.35, 165.19, 139.46, 124.56, 52.33, 31.56, 29.07, 29.00, 28.14, 23.41, 22.51, 

14.02. ESI-HRMS Calculated for C11H22NO3
+([M+H]+): 228.1594, found: 228.1595. 

 

(Z)-methyl 2-acetamidododec-2-enoate, 1d 

 
White solid; Yield: 93 %;1H NMR (400 MHz, CDCl3) δ 7.70 (br, 1H), 6.69 – 6.67 (m, 1H), 3.76 (s, 3H), 

2.99 – 2.97 (m, 2H), 2.12 – 2.11 (m, 5H), 1.45 – 1.43(m, 2H), 1.31 – 1.21 (m, 9H), 0.89 – 0.87 (m, 3H); 
13C NMR(101 MHz, CDCl3) δ 168.88, 165.21, 139.42, 125.00, 52.13, 39.52, 31.70, 29.27, 29.13, 28.58, 

28.07, 24.66, 23.01, 22.50, 13.95. ESI-HRMS Calculated for C15H27NO3
+([M+H]+): 270.2064, found: 

270.2067. 

 

(Z)-methyl 2-acetamidotetradec-2-enoate, 1e 

 

White solid; Yield: 97 %;1H NMR (400 MHz, CDCl3) δ 7.15 (br, 1H), 6.72 – 6.68 (m, 1H), 3.77 (s, 3H), 

2.17 – 2.12 (m, 5H), 1.46 – 1.43 (m, 2H), 1.33 – 1.21 (m, 17H), 0.90 – 0.86 (m, 3H); 13C NMR(101 
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MHz, CDCl3) δ 168.51, 165.19, 139.48, 124.66, 52.27, 39.61, 31.83, 29.54, 29.47, 29.37, 29.36,  

29.26, 28.88, 28.16, 23.29, 22.61, 14.05. ESI-HRMS Calculated for C17H31NO3
+([M+H]+):298.2377, 

found: 298.2367. 

 

(Z)-methyl 2-acetamido-7-chlorohept-2-enoate, 1f 

 

White solid; Yield: 82 %;1H NMR (400 MHz, CDCl3) δ 7.31 (br, 1H), 6.69 – 6.65 (m, 1H), 3.77 (s, 3H), 

3.56 – 3.53 (m, 2H), 2.22 – 2.12 (m, 5H), 1.82 – 1.78 (m, 2H), 1.64 – 1.60 (m, 2H); 13C NMR(101 

MHz, CDCl3) δ168.56, 164.95, 137.95, 125.12, 52.29, 44.54, 31.98, 27.95, 25.29, 23.21.. ESI-HRMS 

Calculated for C10H16ClNO3
+([M+H]+):234.0891, found: 234.0897. 

 

(Z)-methyl 2-acetamido-4-methylpent-2-enoate, 1g 

 

White solid; Yield: 87%; 1H NMR (400 MHz, CDCl3) δ7.10 (br, 1H), 6.54 – 6.51 (m, 1H), 3.76 (s, 3H), 

2.62 – 2.58 (m, 1H), 2.12 (s, 3H), 1.07 -1.02 (m, 6H); 13C NMR (101 MHz, CDCl3) δ169.17, 165.39, 

145.87, 123.03, 52.30, 27.96, 23.16, 21.51.ESI-HRMS Calculated for C11H20NO3
+ ([M+H]+): 186.1125, 

found: 186.1127. 

 

(Z)-methyl 2-acetamido-4-ethylhex-2-enoate, 1h 

 

White solid; Yield: 87%; 1H NMR (400 MHz, CDCl3) δ 6.81 (br, 1H), 6.49 - 6.46 (m, 1H), 3.81 (s, 3H), 

2.26 – 2.23 (m, 1H), 2.11 (s, 3H), 1.53 – 1.50 (m, 2H), 1.38 – 1.31 (m, 2H), 0.88 – 0.84 (m, 6H); 13C 

NMR (101 MHz, CDCl3)δ169.11, 165.15, 143.85, 125.75, 52.28, 41.42, 26.65, 23.14, 11.73, 

11.60.ESI-HRMS Calculated for C11H20NO3
+([M+H]+): 214.1438, found: 214.1442. 

 

(Z)-methyl 2-acetamido-3-cyclopropylacrylate, 1i 
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White solid; Yield: 85%; 1H NMR (400 MHz, CDCl3) δ 6.96 (br, 1H), 6.15 – 6.14 (m, 1H), 3.75 (s, 

3H), 2.15 (s, 3H), 1.61 – 1.59 (m, 1H), 1.08 – 1.02 (m, 2H), 0.70 – 0.68 (m, 2H); 13C NMR (101 MHz, 

CDCl3) δ168.73, 164.98, 144.82, 123.14, 52.20, 23.41, 12.21, 8.84.ESI-HRMS Calculated for 

C11H20NO3
+([M+H]+): 184.0968, found: 184.0976. 

 

(Z)-methyl 2-acetamido-3-cyclohexylacrylate, 1j 

 

White solid; Yield: 85%; 1H NMR (400 MHz, CDCl3) δ 6.84 (br, 1H), 6.55 - 6.53 (m, 1H), 3.76 (s, 3H), 

2.31 – 2.29 (m, 1H), 2.13 (s, 3H), 1.82 - 1.65 (m, 5H), 1.30 – 1.12 (m, 5H); 13C NMR (101 MHz, 

CDCl3) δ 169.28, 165.44, 144.33, 123.44, 52.30, 37.58, 37.39, 32.96, 31.36, 25.75, 25.31, 23.16. 

ESI-HRMS Calculated for C12H20NO3
+  ([M+H]+): 226.1438, found: 226.1436. 

 

(Z)-methyl 2-acetamido-5-(1,3-dioxoisoindolin-2-yl)pent-2-enoate, 1k 

 

Light yellow solid; Yield: 57 %;1H NMR (400 MHz, CDCl3) δ 7.82 -7.85(m, 2H), 7.75 – 7.32(m, 2H), 

7.27 (br, 1H), 6.69 – 6.65 (m, 1H), 3.85 – 3.80(m, 2H), 3.76 (s, 3H), 2.60 – 2.55 (m, 2H), 2.11 (s, 3H); 
13C NMR(101 MHz, CDCl3) δ168.39, 168.10, 164.71, 133.94, 132.80, 131.83, 126.76, 123.17, 52.46, 

36.20, 28.30, 23.28. ESI-HRMS Calculated for C6H16N2O5
+([M+H]+):317.1132, found: 317.1132. 

 

General Procedure for Asymmetric Hydrogenation of compound 1 

In a nitrogen-filled glove box, [Rh(NBD)2]BF4 (0.01 mmol) and Duanphos (0.011 mmol) were 

dissolved in MeOH (1 mL) and stirred for 30 min. 0.1 mL of the resulting solution was transferred by 

syringe into the vials charged with different substrates (0.1 mmol for each). Additional MeOH was 

added to bring the total reaction volume to 1 mL. The vials were subsequently transferred into an 

autoclave which was charged with hydrogen (100 psi). The reaction was then stirred at rt for 2 h. The 

hydrogen gas was released slowly and carefully. The solution was passed through a short column of 

silica gel (eluent: EtOAc) to remove the metal complex and concentrated to give compounds 2. The ee 

values of compounds 2 were then determined by HPLC analysis on a chiral stationary phase. 
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(R)-methyl 2-acetamidohexanoate, 2a 

 

White solid; 99.0% ee; [α]D
20 = -26.60 (c = 0.5, CH2Cl2); The enantiomeric excess was determined by 

HPLC on Chiralpak AD-H column, hexane: isopropanol = 90:10; flow rate = 1.0 mL/min; UV 

detection at 205 nm; tR = 5.5 min (major), 7.2 min (minor). 1H NMR (400 MHz, CDCl3) δ 6.16 (br, 

1H), 4.63 – 4.58 (m, 1H), 3.75 (s, 3H), 2.03 (s, 3H), 1.83 – 1.80 (m, 1H), 1.67 – 1.65 (m, 1H), 1.33 - 

1.26 (m, 4H), 0.91 – 0.88 (m, 3H); 13C NMR (101 MHz, CDCl3) δ173.27, 169.79, 52.26, 52.07, 32.14, 

27.25, 23.09 

 

(R)-methyl 2-acetamidooctanoate, 2b 

 

White solid; 99.2% ee; [α]D
20= -29.80 (c = 0.5, CH2Cl2); The enantiomeric excess was determined by 

HPLC on Chiralpak AD-H column, hexane: isopropanol = 90:10; flow rate = 1.0 mL/min; UV 

detection at 205 nm; tR = 5.4 min (major), 6.7 min (minor).1H NMR(400 MHz, CDCl3) δ6.12 (br, 1H), 

4.63 – 4.58 (m, 1H), 3.75(s, 3H), 2.03(s, 3H), 1.84- 1.79(m, 1H), 1.69 – 1.63(m,1H), 1.29 – 1.26(m, 

8H), 0.89 – 0.86(m, 3H); 13C NMR(101MHz, CDCl3) δ173.28, 169.77, 52.28, 52.09, 32.44, 31.51, 

28.81, 25.09, 23.13, 22.47, 13.98. ESI-HRMS Calculated for C11H21NO3
+([M+H]+): 216.1600, found: 

216.1589 

 

(R)-methyl 2-acetamidononanoate, 2c 

 

White solid; 99.5% ee; [α]D
20 = -26.00 (c = 0.5, CH2Cl2); The enantiomeric excess was determined by 

HPLC on Chiralpak AD-H column, hexane: isopropanol = 90:10; flow rate = 1.0 mL/min; UV 

detection at 205 nm; tR = 5.2 min (major), 6.2 min (minor). 1H NMR (400 MHz, CDCl3) δ 6.09 (br, 

1H), 4.63 – 4.58 (m, 1H), 3.75 (s, 3H), 2.03 (s, 3H), 1.84 – 1.79 (m, 1H), 1.68 – 1.64 (m, 1H), 1.38 – 

1.19 (m, 10H), 0.89 – 0.86(m, 3H); 13C NMR (101 MHz, CDCl3) δ 173.28, 169.73, 52.27, 52.11, 32.46, 

31.66, 29.11, 29.00, 25.14, 23.14, 22.55, 14.02. ESI-HRMS Calculated for C12H23NO3
+  ([M+H]+): 

230.1756,  found: 230.1744. 

 

(R)-methyl 2-acetamidododecanoate, 2d 
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White solid; 99.2% ee; [α]D
20 = -49.40 (c = 0.5, CH2Cl2); 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 205 nm; tR = 6.9 min (major), 8.2 min (minor). 1H NMR (400 MHz, CDCl3) δ 6.38 (br, 1H), 4.61 – 

4.59 (m, 1H), 3.74 (s, 3H), 2.03 (s, 3H), 1.84 – 1.78 (m, 1H), 1.68 – 1.63 (m, 1H), 1.30 – 1.17 (m, 16H), 

0.89 – 0.86 (m, 3H); 13C NMR (101 MHz, CDCl3) δ 173.29, 169.85, 77.32, 77.00, 76.68, 52.16, 52.05, 

32.30, 31.77, 29.44, 29.40, 29.27, 29.19, 29.09, 25.13, 22.96, 22.55, 13.99. ESI-HRMS Calculated for 

C15H29NO3
+  ([M+H]+): 272.2226, found 272.2213. 

 

(R)-methyl 2-acetamidotetradecanoate, 2e 

 

White solid; 99.5% ee; [α]D
20 = -36.60 (c = 0.5, CH2Cl2); The enantiomeric excess was determined by 

HPLC on Chiralpak AD-H column, hexane: isopropanol = 90:10; flow rate = 1.0 mL/min; UV 

detection at 205 nm; tR = 4.5 min (major), 5.0 min (minor). 1H NMR (400 MHz, CDCl3) δ 6.29 (br, 

1H),4.63 - 4.58 (m, 1H), 3.74 (s, 3H), 2.03 (s, 3H), 1.84 - 1.79 (d, J = 8.3 Hz, 1H), 1.70 - 1.61 (s, 1H), 

1.32 – 1.25 (m, 20H), 0.90 - 0.86 (m, 3H); 13C NMR (101 MHz, CDCl3) δ173.29, 169.81, 52.20, 52.07, 

32.35, 31.82, 29.56, 29.54, 29.52, 29.44, 29.30, 29.26, 29.12, 25.14, 23.02, 22.60, 14.03. ESI-HRMS 

Calculated for C11H15N2O3
+ ([M+H]+):300.2539, found: 300.2526. 

 

(R)-methyl 2-acetamido-7-chloroheptanoate, 2f 

 

White solid; 99.7% ee; [α]D
20 = -64.80 (c = 0.5, CH2Cl2); The enantiomeric excess was determined by 

HPLC on Chiralpak AD-H column, hexane: isopropanol = 90:10; flow rate = 1.0 mL/min; UV 

detection at 205 nm; tR = 8.7 min (major), 10.0 min (minor). 1H NMR (400 MHz, CDCl3) δ 6.27 (br, 

1H), 6.64 – 4.59 (m, 1H), 3.75 (s, 3H), 3.54 - 3.51 (m, 2H), 2.03 (s, 3H), 1.85 – 1.66 (m, 4H), 1.48 – 

1.32 (m, 4H); 13C NMR (101 MHz, CDCl3) δ173.03, 169.86, 52.31, 51.90, 44.76, 32.25, 32.16, 26.32, 

24.47, 23.04. ESI-HRMS Calculated for C10H18ClNO3
+ ([M+H]+): 236.1053, found: 236.1042. 

 

(R)-methyl 2-acetamido-4-methylpentanoate, 2g 
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White solid; 98.5% ee; [α]D
20 = -4.00 (c = 0.5, CH2Cl2); The enantiomeric excess was determined by 

HPLC on Chiralpak AD-H column, hexane: isopropanol = 90:10; flow rate = 1.0 mL/min; UV 

detection at 205 nm; tR = 5.0 min (major), 6.7 min (minor). 1H NMR (400 MHz, CDCl3) δ 6.10 (br, 

1H), 4.65 – 4.63 (m, 1H), 3.74 (s, 3H), 2.02 (s, 3H), 1.67 – 1.60 (m, 2H), 1.55 – 1.50 (m, 1H), 0.95 – 

0.93 (m, 6H); 13C NMR (101 MHz, CDCl3) δ 173.75, 169.96, 52.23, 50.65, 41.57, 24.79, 23.04, 22.72, 

21.89.. ESI-HRMS Calculated for C9H17NO3
+([M+H]+): 188.1287, found: 188.1275. 

 

(R)-methyl 2-acetamido-4-ethylhexanoate, 2h 

 
White solid; 96.5% ee; [α]D

20 = -3.80 (c = 0.5, CH2Cl2); The enantiomeric excess was determined by 

HPLC on Chiralpak AD-H column, hexane: isopropanol = 90:10; flow rate = 1.0 mL/min; UV 

detection at 205 nm; tR = 5.0 min (major), 7.2 min (minor). 1H NMR (400 MHz, CDCl3) δ 6.07 (br, 

1H), 4.66 – 4.61 (m, 1H), 3.74 (s, 3H), 2.02 (s, 3H), 1.70 – 1.64 (d, J = 6.7 Hz, 1H), 1.56 – 1.50 (m, 

1H), 1.39 - 1.26 (m, 5H), 0.87 – 0.82 (m, 6H); 13C NMR (101 MHz, CDCl3)δ 173.89, 169.89, 52.21, 

50.46, 36.61, 36.18, 25.28, 24.55, 23.06, 10.60, 10.10. ESI-HRMS Calculated for C11H21NO3
+  

([M+H]+): 216.1600, found: 216.1587. 

 

(R)-methyl 2-acetamido-3-cyclopropylpropanoate, 2i 

 

White solid; 99.7% ee; [α]D
20 = -19.4 (c = 0.5, CH2Cl2); The enantiomeric excess was determined by 

HPLC on Chiralpak AD-H column, hexane: isopropanol = 90:10; flow rate = 1.0 mL/min; UV 

detection at 205 nm; tR = 6.3 min (major), 8.2 min (minor). 1H NMR (400 MHz, CDCl3) δ 6.29 (s, 1H), 

4.72 – 4.67 (m, 1H), 3.76 (s, 3H), 2.04 (s, 3H), 1.76 – 1.65 (m, 2H), 0.70 – 0.66 (m, 1H), 0.49 –0.46 (m, 

2H), 0.08 – 0.06 (m, 2H); 13C NMR (101 MHz, CDCl3) δ 173.06, 169.67, 52.51, 52.21, 37.00, 23.08, 

6.78, 4.09, 3.97.. ESI-HRMS Calculated for C9H15NO3
+([M+H]+): 186.1130, found: 186.1118. 

 

(R)-methyl 2-acetamido-3-cyclohexylpropanoate, 2j 
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White solid; 99.5% ee; [α]D
20 = -2.80(c = 0.5, CH2Cl2); The enantiomeric excess was determined by 

HPLC on Chiralpak AD-H column, hexane: isopropanol = 90:10; flow rate = 1.0 mL/min; UV 

detection at 205 nm; tR = 6.9 min (major), 10.7 min (minor). 1H NMR(400 MHz, CDCl3) δ 6.04 (br, 

1H), 4.67 – 4.64 (m, 1H), 3.73 (s, 3H), 2.03 (s, 3H), 1.71 – 1.65 (m, 6H), 1.54 – 1.51 (m, 1H), 1.26 – 

1.14 (m, 4H), 0.96 – 0.88 (m, 2H); 13C NMR(101 MHz, CDCl3) δ173.83, 169.87, 52.22, 50.04, 40.10, 

34.03, 33.41, 32.49, 26.28, 26.10, 25.92, 23.09. ESI-HRMS Calculated for C12H21NO3
+ 

([M+H]+):228.1600, found: 228.1584. 

 

(R)-methyl 2-acetamido-7-chloroheptanoate, 2k 

 

White solid; 99.8% ee; [α]D
20 = -21.75 (c = 0.4, CH2Cl2); The enantiomeric excess was determined by 

HPLC on Chiralpak AD-H column, hexane: isopropanol = 80:20; flow rate = 1.0 mL/min; UV 

detection at 205 nm; tR = 14.1 min (major), 22.3 min (minor). 1H NMR (400 MHz, CDCl3) δ 7.85 – 

7.83 (m, 2H),7.75 – 7.72 (m, 2H), 6.33 (br, 1H), 3.74 – 3.68 (m, 5H), 2.03 (s, 3H), 1.90 – 1.88 (m, 1H), 

1.77 – 1.69 (m, 3H); 13C NMR (101 MHz, CDCl3) δ 172.68, 169.92, 168.28, 133.97, 131.86, 123.18, 

52.43, 51.71, 37.32, 29.54, 24.64, 23.06.. ESI-HRMS Calculated for C16H18N2O5
+([M+H]+): 319.1294, 

found: 319.1285. 
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Experimental Procedure for the Synthesis of (R)-piperidin-3-amine 

chloride 7k 

(R)-2,5-diaminopentanoic acid chloride, 5k 

 

6 M HCl (40 ml) was added to a stirred solution of (R)-methyl 2-acetamido-7-chloroheptanoate 

(2.8 g, 8.8 mmol). The reaction mixture was heated to reflux for 10 h. After the solution was 

cooled to room temperature, insoluble solid was filtered off, and washed with 6M HCl three times. 

The solvent was evaporated and dried in vacuum 24 h to give the product, 1.5 g ; Yield: 85%; 

[α]D
20 = -13.40 (c = 0.5, H2O); 1H NMR (400 MHz, D2O) δ 3.95 – 3.92(t, J=8 Hz, 4 Hz, 1H), 2.93 – 

2.90 (t, J=8 Hz, 4Hz, 2H), 1.91 – 1.83 (m, 2H), 1.76 – 1.64 (m, 2H); 13C NMR(101 MHz, D2O) δ 

171.81, 52.43, 38.62, 26.78, 22.60 

 

(R)-3-aminopiperidin-2-one
[2]

, 6k
 

 

(R)-2,5-diaminopentanoic acid chloride (10 g, 0.059 mol) was added to a stirred solution of 

sodium hydroxide pellets (2.38 g, 0.059 mol) in water (100 ml) at 25℃. After 15 min, this solution 

was added to a stirred mixture of alumina (30 g) and toluene (100 ml) and heated under reflux for 

1.5 h. The water produced during the reaction was collected in a Dean-Stark trap. The reaction 

mixture was allowed to cool and the alumina was filtered off and washed with 10% 

MeOH/CH2Cl2(30 ml). The filtration was combined and the solvent was removed under vacuum 

to leave 6k, 5.8 g, Yield: 86 %;[α]D
20 = -3.40 (c = 0.5, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 7.20 

（br, 1H）3.29 – 3.23(m, 3H), 2.15– 2.14 (m, 1H), 1.87– 1.85 (m, 1H), 1.80– 1.72 (m, 3H), 1.58 – 1.49 

(m, 1H); 13C NMR (101 MHz, D2O) δ 175.11, 51.21, 42.07, 29.53, 21.19 

 

(R)-piperidin-3-amine chloride, 7k 

 

THF (27 ml) was added to lithium aluminum hydride (0.252 g, 6.64 mmol). To the resulting 

suspension, (R)-3-aminopiperidin-2-one (0.4 g, 2.66 mmol) was gradually added while ensuring 

the temperature range of 5 ℃ to 16 ℃. Ten minutes after the completion of the addition, the 
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mixture was warmed to room temperature and further vigorously stirred for 3 h. Lithium 

aluminum hydride (20.2 mg, 0.532 mmol) was added to the mixture, and the mixture was stirred 

for 50 min. The mixture was ice cooled, and water (0.91 ml) was added to the cooled mixture. The 

mixture was warmed to room temperature and vigorously stirred for 1.5 h. The precipitated 

inorganic material was filtered through Celite and was then washed with THF. The filtration was 

combined and dried over anhydrous Na2SO4. Aqueous HCl (4 M) in AcOEt (1.33 ml, 5.3 mmol) was 

added to the mixture, and the solvent was removed by distillation under reduced pressure. The residue 

was subjected to azeotropic distillation with MeOH to give hydrochloride salt of 7K, 0.26 g; Yield: 

56 %;[α]D
20 = -0.80 (c = 0.5, CH3OH); 1H NMR (400 MHz, D2O) δ 3.73(m, 2H), 3.47 – 3.44 (m, 1H), 

3.20 – 3.17 (m, 1H), 3.05 – 3.04 (m, 1H), 2.30 – 2.28 (m, 1H), 2.14 – 2.10 (m, 1H), 1.97– 1.94 (m, 1H), 

1.84– 1.82 (m, 1H); 13C NMR(101 MHz, D2O) δ 44.91, 44.55, 43.23, 26.28, 20.17. 
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HPLC results for determining the enantioselectivity 
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