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General experimental details 

 

Analytical thin-layer chromatography (TLC) was carried out using 0.2 mm commercial sil-

ica gel plates (Yantai Jiangyou Silica Gel Development Co., Ltd., silica gel HSGF 254). Prepar-

ative column chromatography employing silica gel (Qingdao Shenghai Fine Silica Gel Chemi-

cal Co., Ltd., 200-300 mesh) was performed according to the method of Still. Solvents for the 

chromatography are listed as volume/volume ratios. High-resolution mass spectra (HRMS) were 

performed at Instrumental Analysis Center of Xi’an Jiao Tong University using ESI method. 

Proton nuclear magnetic resonance (1H NMR) spectra were recorded with a Varian Mercuryplus 

400 (400 MHz) spectrometer. Chemical shifts are reported in delta (δ) units, parts per million 

(ppm) downfield from tetramethylsilane or ppm relative to the center of the singlet at 7.26 ppm 

for deuteriochloroform. Coupling constants are reported in Hertz (Hz). Carbon-13 nuclear mag-

netic resonance (13C NMR) spectra were recorded with a Varian Gemini 400 (100 MHz) spec-

trometer. Chemical shifts are reported in delta (δ) units, ppm relative to the center of the triplet 

at 77.0 ppm for deuteriochloroform. 13C NMR spectra were routinely run with broadband de-

coupling. High performance liquid chromatography (HPLC) was performed with FuLi (instru-

ments) spectrometers using chiral column as noted for each compound with hexane/2-propanol 

as eluent. Optical rotations were measured on SGW®-1 polarimeter. 

All commercially available reagents were purchased from Energy Chemicals and Ala-

din/Sigma-Aldrich companies and used as received for the reactions without any purification. 
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-hydroxy esters and different amine used in the current study: 
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Preparation of -substituted -hydroxy esters 

Most of the -hydroxy esters used in this study are known compounds, some are commercially 

available and other were synthesized according to the previous reported procedures.[1] All char-

acterization data are in accordance with the literature.[2] Previously unknown compounds have 

been fully characterized. 

Procedure A: 

 

To a 100 mL flame-dried round bottom flask equipped with a stirrer bar in 20 mL of pyridine, 

were added the corresponding substituted ketones (2 mmol) and selenium dioxide (3 mmol). 

The mixture was stirred at reflux and monitored by thin layer chromatography (TLC). After 

completion of reaction, the dark solution was filtered and the residue was washed with EtOAc 

three times. The collected filtrate was then treated with concentrated HCl and extracted with 

EtOAc (3×20 mL). The combined organic layer was dried over anhydrous Na2SO4 and concen-

trated in vacuum. The desired α-aryl ketone acids were isolated by silica gel column chroma-

tography.[1a] 

The obtained α-aryl ketone acids (14 mmol) and triethylamine (1.95 mL, 14 mmol) were dis-

solved in CH2Cl2 (15 mL), and then thionyl chloride (2.03 mL, 28 mmol) was added dropwise 

at 0 ℃. The mixture was stirred overnight at room temperature in the presence of a catalytic 

amount of DMF (two drops). Afterwards, the above prepared mixture was added dropwise over 

1 h to a solution of corresponding alcohol (3.4 mL, 84 mmol) and triethylamine (5.87 mL, 42 

mmol) in CH2Cl2 (25 mL) at 0 ℃. After 1 h, saturated aqueous NaHCO3 solution (20 mL) was 

added to quench the reaction and the mixture was extracted with CH2Cl2 (3×30 mL). After being 

dried and concentrated, the crude products were purified by column chromatography using 

PE/EA as eluent to give the α-keto-ester products.[1a] 

The obtained -keto-esters (11.2 mmol) were suspended in EtOH (20 mL) at –30 °C. To this 

mixture NaBH4 (0.21 g, 5.6 mmol) was added in three small portions. After 1 hours, the reaction 

completion was monitored from TLC. When the reaction was complete the mixture was 

quenched with 10% HCl until evolution of gas stopped. For work-up the mixture was diluted 

with H2O and extraction was performed with EtOAc. The organic layer was washed with sat. 

NaCl solution (250 mL) and dried over MgSO4. The curd -hydroxy ester products were puri-

fied by column chromatography. 

Procedure B: 
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In a two-necked round-bottomed flask, AlCl3 (1.129 g, 8.49 mmol) was suspended in CH2Cl2 

(60 mL) at 0 °C under inert conditions. To this mixture ethyl oxalate chloride (0.95 mL, 8.49 

mmol) was added dropwise in about 15 minutes. After few minutes, the stirred suspension be-

came a pale-yellow solution. At 0 °C arene (4.7 mmol) was added dropwise in about 10 min. 

Then the solution was stirred at room temperature for 2 h. To this reaction mixture H2O was 

carefully added and extraction was performed with EtOAc. The organic layer was collected and 

washed with sat. NaCl solution, dried over Na2SO4 and concentrated in vacuo. The crude prod-

uct was purified by column chromatography using PE/EA as eluent.[1b] 

The obtained -keto-esters (11.2 mmol) were suspended in EtOH (20 mL) at –30 °C. To this 

mixture NaBH4 (0.21 g, 5.6 mmol) was added in three small portions. After 1 hours, the reaction 

completion was monitored from TLC. When the reaction was complete the mixture was 

quenched with 10% HCl until evolution of gas stopped. For work-up the mixture was diluted 

with H2O and extraction was performed with EtOAc. The organic layer was washed with sat. 

NaCl solution and dried over MgSO4. The curd -hydroxy ester products were purified by col-

umn chromatography. 

Procedure C: 

 

Aliphatic -keto-esters (11.2 mmol) were suspended in EtOH (20 mL) at –30 °C. To this mix-

ture NaBH4 (0.21 g, 5.6 mmol) was added in three small portions. After 1 hours, the reaction 

completion was monitored from TLC. When the reaction was complete the mixture was 

quenched with 10% HCl until evolution of gas stopped. For work-up the mixture was diluted 

with H2O and extraction was performed with EtOAc. The organic layer was washed with sat. 

NaCl solution and dried over MgSO4. The curd -hydroxy ester products were purified by col-

umn chromatography. 
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Characterization of unknown -hydroxy esters 

ethyl 2-(6-bromonaphthalen-2-yl)-2-hydroxyacetate (1m) 

 

Prepared through procedure B and was obtained as a white solid; 1H NMR (400 MHz, 

CDCl3) δ 8.34 (s, 1H), 7.79 (d, J = 8.3 Hz, 1H), 7.72 (d, J = 8.8 Hz, 1H), 7.58−7.53 (m, 2H), 

7.47−7.43 (m, 1H), 5.73 (s, 1H), 4.31−4.12 (m, 2H), 3.66 (bs, 1H), 1.16 (t, J = 7.3 Hz, 3H); 13C 

NMR (100 MHz, CDCl3) δ 173.7, 133.4, 132.3, 132.1, 130.3, 129.2, 129.1, 126.4, 126.3, 125.6, 

120.8, 70.9, 62.4, 13.9; HRMS (ESI) m/z: calcd. for C14H13BrNaO3 [M+Na]+ 330.9940; Found 

330.9936. 

ethyl 2-(2,3-dihydrobenzofuran-5-yl)-2-hydroxyacetate (1n) 

 

Prepared through procedure B and was obtained as a white solid; 1H NMR (400 MHz, 

CDCl3) δ 7.23 (s, 1H), 7.12 (d, J = 8.2 Hz, 1H), 6.73 (d, J = 8.1 Hz, 1H), 5.07 (s, 1H), 4.55 (t, J 

= 8.6 Hz, 2H), 4.30−4.10 (m, 2H), 3.56 (s, 1H), 3.18 (t, J = 8.6 Hz, 2H), 1.22 (t, J = 7.2 Hz, 3H); 

13C NMR (100 MHz, CDCl3) δ 173.8, 160.2, 130.6, 127.4, 126.7, 123.1, 109.1, 72.7, 71.3, 61.9, 

29.5, 13.9; HRMS (ESI) m/z: calcd. for C12H14NaO4 [M+Na]+ 245.0784; Found 245.0784. 

methyl 2-(2,3-dihydrobenzofuran-5-yl)-2-hydroxyacetate (1o) 

 

Prepared through procedure B and was obtained as a white solid; 1H NMR (400 MHz, 

CDCl3) δ 7.25 (s, 1H), 7.15 (d, J = 8.3 Hz, 1H), 6.77 (d, J = 8.2 Hz, 1H), 5.11 (s, 1H), 4.59 (t, J 

= 8.6 Hz, 2H), 3.78 (s, 1H), 3.43 (bs, 1H), 3.22 (t, J = 8.6 Hz, 2H); 13C NMR (100 MHz, CDCl3) 
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δ 174.4, 160.4, 130.4, 127.6, 126.9, 123.2, 109.2, 72.7, 71.4, 52.9, 29.5; HRMS (ESI) m/z: 

calcd. for C11H12NaO4 [M+Na]+ 231.0628; Found 231.0626. 

methyl 2-(benzo[d][1,3]dioxol-5-yl)-2-hydroxyacetate (1q) 

 

Prepared through procedure B and was obtained as a white solid; 1H NMR (400 MHz, 

CDCl3) δ 6.90−6.87 (m, 2H), 6.81−6.78 (m, 1H), 5.96 (s, 2H), 5.07 (s, 1H), 3.77 (s, 3H), 3.38 

(bs, 1H); 13C NMR (100 MHz, CDCl3) δ 174.1, 147.9, 147.8, 132.1, 120.4, 108.3, 107.0, 101.2, 

72.7, 53.0; HRMS (ESI) m/z: calcd. for C10H10NaO5 [M+Na]+ 233.0420; Found 233.0423. 

methyl 2-hydroxy-2-(thiophen-2-yl)acetate (1s) 

 

Prepared through procedure A and was obtained as a white solid; 1H NMR (400 MHz, 

CDCl3) δ 7.26−7.24 (m, 1H), 7.07 (s, 1H), 6.97−6.94 (m, 1H), 5.41 (s, 1H), 3.94 (bs, 1H), 3.76 

(s, 3H); 13C NMR (100 MHz, CDCl3) δ 172.9, 141.3, 127.0, 125.8, 125.5, 69.1, 53.1; HRMS 

(ESI) m/z: calcd. for C7H8NaO3S [M+Na]+ 195.0086; Found 195.0084. 

ethyl 2-hydroxy-2-(pyren-2-yl)acetate (1t) 

 

Prepared through procedure B and was obtained as a white solid; 1H NMR (400 MHz, 

CDCl3) δ 8.42 (d, J = 9.2 Hz, 1H), 8.21−8.00 (m, 8H), 6.15 (s, 1H), 4.32−4.12 (m, 2H), 4.01 (bs, 

1H), 1.13 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 174.3, 131.5, 131.2, 130.6, 128.9, 

128.1, 127.8, 127.3, 126.1, 125.5, 125.3, 125.0, 124.9, 124.6, 122.9, 71.0, 62.4, 14.0; HRMS 

(ESI) m/z: calcd. for C20H16NaO3 [M+Na]+ 327.0992; Found 327.0986. 
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methyl 2-hydroxy-2-(pyren-2-yl)acetate (1u) 

 

Prepared through procedure B and was obtained as a white solid; 1H NMR (400 MHz, 

CDCl3) δ 8.39 (d, J = 9.2 Hz, 1H), 8.20−8.13 (m, 4H), 8.09−7.99 (m, 4H), 6.14 (s, 1H), 3.75 (bs, 

1H), 3.71 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 174.6, 131.6, 131.3, 131.3, 130.6, 128.9, 

128.3, 127.9, 127.3, 126.1, 125.6, 125.4, 125.1, 125.0, 124.9, 124.6, 122.8, 71.0, 53.2; HRMS 

(ESI) m/z: calcd. for C19H14NaO3 [M+Na]+ 313.0835; Found 313.0835. 

ethyl 7-chloro-2-hydroxyheptanoate (1z) 

 

Prepared through procedure C and was obtained as a white solid; 1H NMR (400 MHz, 

CDCl3) δ 4.27−4.22 (m, 2H), 4.20−4.15 (m, 1H), 3.54 (t, J = 5.8 Hz, 2H), 2.91 (s, 1H), 

1.82−1.75 (m, 3H), 1.68−1.60 (m, 1H), 1.49−1.40 (m, 4H), 1.30 (t, J = 7.2 Hz, 3H); 13C NMR 

(100 MHz, CDCl3) δ 175.1, 70.1, 61.5, 44.8, 34.0, 32.3, 26.4, 24.0, 14.1; HRMS (ESI) m/z: 

calcd. for C9H17ClNaO3 [M+Na]+ 231.0758; Found 231.0756. 

cyclohexyl 2-hydroxy-2-(naphthalen-2-yl)acetate (1zc) 

 

Prepared through procedure A and was obtained as a white solid; 1H NMR (400 MHz, 

CDCl3) δ 8.19 (d, J = 8.3 Hz, 1H), 7.90−7.78 (m, 2H), 7.52−7.40 (m, 4H), 5.79 (s, 1H), 

4.88−4.80 (m, 1H), 3.78 (s, 1H), 1.55−1.09 (m, 10H); 13C NMR (100 MHz, CDCl3) δ 173.5, 

134.4, 133.8, 130.9, 129.0, 128.5, 126.1, 125.6, 125.3, 125.0, 123.8, 74.5, 71.1, 31.0, 30.7, 24.9, 

23.0, 22.7; HRMS (ESI) m/z: calcd. for C18H20NaO3 [M+Na]+ 307.1305; Found 307.1301. 
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cyclohexyl 2-hydroxy-2-(thiophen-2-yl)acetate (1zd) 

 

Prepared through procedure A and was obtained as a white solid; 1H NMR (400 MHz, 

CDCl3) δ 7.26 (s, 1H), 7.10 (s, 1H), 6.99−6.96 (m, 1H), 5.38 (d, J = 6.5 Hz, 1H), 4.92−4.86 (m, 

1H), 3.65 (d, J = 6.2 Hz, 1H), 1.90−  (m, 1H), 1.78−1.70 (m, 2H), 1.63−1.48 (m, 3H), 

1.42−1.25 (m, 5H); 13C NMR (100 MHz, CDCl3) δ 171.9, 141.7, 126.8, 125.4, 125.0, 75.1, 69.1, 

31.3, 31.0, 25.1, 23.3, 23.2; HRMS (ESI) m/z: calcd. for C12H16NaO3S [M+Na]+ 263.0712; 

Found 263.0714. 

cyclohexyl 2-hydroxy-4-phenylbutanoate (1zf) 

 

Prepared through procedure C and was obtained as a white solid; 1H NMR (400 MHz, 

CDCl3) δ 7.30−7.26 (m, 2H), 7.21−7.17 (m, 3H), 4.89−4.15 (m, 1H), 4.20−4.15 (m, 1H), 2.98 (s, 

1H), 2.83−2.67 (m, 2H), 2.15−  (m, 1H), 1.98−1.91 (m, 1H), 1.87−1.83 (m, 2H), 1.74−1.72 

(m, 2H), 1.50−1.26 (m, 6H); 13C NMR (100 MHz, CDCl3) δ 174.6, 141.3, 128.5, 128.4, 125.9, 

74.3, 69.7, 36.1, 31.5, 31.4, 31.0, 25.2, 23.5; HRMS (ESI) m/z: calcd. for C16H22NaO3 [M+Na]+ 

285.1461; Found 285.1465. 

ethyl 7-chloro-2-hydroxyheptanoate (1zg) 

 

Prepared through procedure C and was obtained as a white solid; 1H NMR (400 MHz, 

CDCl3) δ 4.86 (s, 1H), 4.17−4.13 (m, 1H), 3.53 (t, J = 5.8 Hz, 2H), 2.91 (d, J = 5.4 Hz, 1H), 

1.87−1.64 (m, 8H), 1.57−1.33 (m, 10H); 13C NMR (100 MHz, CDCl3) δ 174.6, 74.1, 70.1, 44.8, 

34.1, 32.3, 31.4, 31.3, 26.5, 25.1, 23.9, 23.5; HRMS (ESI) m/z: calcd. for C13H13ClNaO3 

[M+Na]+ 285.1228; Found 285.1232. 
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Preparation of chiral Mo-complexes 

Synthesis of Mo-1 complex: 

 

A 100 mL Schleck round bottom flask was charged with Mo(CO)6 (1.0 mmol, 264.0 mg), 

20 mL THF and a solution of ligand-a (1.0 mmol, 330.4 mg) in 5 mL THF under nitrogen at-

mosphere. The mixture was stirred at 60 ˚C for overnight. The solvent was removed in vacuo. 

The resulting mixture was washed with hexane and filtered through Gooch filter. The solid ob-

tained was washed with 20 mL of hexane and dried in vacuo to afford 301.5 mg (56% yields) of 

the title compound as a light-red solid. 1H NMR (400 MHz, CDCl3) δ 8.17 (d, J = 7.4 Hz, 2H), 

7.35−7.27 (m, 4H), 7.22−7.17 (m, 2H), 5.55 (d, J = 7.5 Hz, 2H), 5.37−5.33 (m, 2H), 3.36−3.23 

(m, 6H); 13C NMR (100 MHz, CDCl3) δ 205.7, 163.5, 139.2, 138.8, 129.6, 127.8, 127.4, 124.9, 

85.1, 80.4, 38.2, 29.6; HRMS (ESI) m/z: calcd. for C25H19MoN2O6 [M + H]+ 541.0292; Found 

541.0286. 

Synthesis of Mo-2 complex: 

 

First ligand-b was synthesized according to the following modified procedures.[3a] To a two 

necked round bottom flask equipped with a magnetic stir bar, MgSO4 (674.2 mg, 5.6 mmol) in 

CH2Cl2 (40 mL) was added (S)-2-methyl benzylamine (3.39 g, 28.0 mmol). After stirring for 10 

minutes, 2-pyridine carboxyaldehyde (3.0 g, 28.0 mmol) was added and the reaction mixture 

was stirred at room temperature and monitored by TLC. After the reaction is completed, the 

crude mixture was filtered and the solvent was removed under reduced pressure to give the de-

sired product (ligang-b) as yellow-brown oil in 92% yield (5.4 g). 1H NMR (400 MHz, CDCl3) 

δ 8.60 (d, J = 4.6 Hz, 1H), 8.47 (s, 1H), 8.08 (d, J = 7.8 Hz, 1H), 7.67 (t, J = 7.6 Hz, 1H), 7.43 

(d, J = 7.6 Hz, 2H), 7.33 (t, J = 7.6 Hz, 2H), 7.25−7.21 (m, 2H), 4.63 (q, J = 6.6 Hz, 1H), 1.60 
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(d, J = 6.6 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 160.2, 154.5, 149.1, 144.3, 136.3, 128.3, 

126.8, 126.5, 124.5, 121.2, 69.4, 24.4; All other data are in accordance with literature.[3a] 

A 100 mL Schleck round bottom flask was charged with Mo(CO)6 (4.8 mmol, 1.27 g), 50 

mL THF and a solution of Ligand-b (4.0 mmol, 0.842 g) in 5 mL THF under nitrogen atmos-

phere. The mixture was stirred at 60 ˚C for overnight. The solvent was removed in vacuo. The 

resulting mixture was washed with hexane and filtered through Gooch filter. The cake was 

washed with more hexane and dried in vacuo to afford 1.46 g (87% yield) of the title compound 

as a brown crystalline solid. 1H NMR (400 MHz, CDCl3) δ 9.11 (d, J = 5.4 Hz, 1H), 8.53 (s, 

1H), 7.91−7.86 (m, 1H), 7.72 (d, J = 7.6 Hz, 1H), 7.42−7.34 (m, 6H), 4.32 (q, J = 6.7 Hz, 1H), 

1.97 (d, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 203.2, 159.7, 153.9, 153.1, 139.6, 

136.7, 128.8, 128.5, 127.8, 127.4, 125.9, 71.7, 21.2; HRMS (ESI) m/z: calcd. for 

C18H15MoN2O4 [M + H]+ 421.0080; Found 421.0073. 

Synthesis of Mo-3 complex: 

 

A mixture of glyoxal (0.79 mL, 6.89 mmol, 40% aqueous solution), -chiral amine (2.03 g, 

13.78 mmol), formic acid (52.0 mL, 1.38 mmol) and MgSO4 (1.66 g, 13.78 mmol) was stirred 

in CH2Cl2 (50 mL) at 20 ˚C. After completion of reaction, the mixture was filtered over Celite 

and concentrated via rotary evaporator. The residue was dissolved in cyclohexane, dried over 

Na2SO4 and the solvent was evaporated to give the product (ligand-c)[3b] as a pale-yellow oil; 

yield: 1.65 g (76%); 1H NMR (400 MHz, CDCl3) δ 8.08 (s, 1H), 7.19−7.11 (m, 3H), 6.97 (d, J 

= 7.2 Hz, 1H), 4.53 (q, J = 5.2 Hz, 1H), 2.95−2.77 (m, 2H), 2.08−1.80 (m, 4H); 13C NMR (100 

MHz, CDCl3) δ 161.4, 137.2, 135.8, 129.4, 129.0, 127.3, 126.0, 68.0, 31.1, 29.3, 19.5; All other 

data are in accordance with literature.[3b] 

A 100 mL Schleck round bottom flask was charged with Mo(CO)6 (2.0 mmol, 528.04 mg), 

20 mL THF and a solution of ligand-c (2.0 mmol, 632.9 mg) in 5 mL THF under nitrogen at-

mosphere. The mixture was stirred at 60 ˚C for overnight. The solvent was removed in vacuo. 

The resulting mixture was washed with hexane and filtered through Gooch filter. The solid ob-

tained was washed with 20 mL of hexane and dried in vacuo to afford 0.86 g (82% yields) of the 

title compound as a dark-brown solid. 1H NMR (400 MHz, CDCl3) δ 8.10 (s, 1H), 7.29−7.19 

(m, 3H), 6.95 (d, J = 7.6 Hz, 1H), 5.38 (q, J = 6.8 Hz, 1H), 3.07−2.99 (m, 1H), 2.90−2.83 (m, 
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1H), 2.67−2.59 (m, 1H), 2.35−2.27 (m, 1H), 1.92−1.85 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 

203.0, 158.2, 138.1, 134.7, 129.3, 128.1, 126.3, 72.3, 32.5, 29.3, 19.6; HRMS (ESI) m/z: calcd. 

for C26H25MoN2O4 [M + H]+ 527.0863; Found 527.0857. 

Synthesis of Mo-4 complex: 

 

A mixture of glyoxal (2.4 mL, 16.12 mmol, 40% aqueous solution), 

-(S)-methylbenzylamine (4.0 g, 33.02 mmol), formic acid (0.11 mL, 2.8 mmol) and MgSO4 

(8.2 g) was stirred in CH2Cl2 (40 mL) for 30 min at 20 ˚C. After completion of reaction, the 

mixture was filtered over Celite and concentrated via rotary evaporator. The residue was dis-

solved in cyclohexane, dried over Na2SO4 and the solvent was evaporated to give the product 

(ligand-d)[3c] as a pale-yellow oil; yield: 3.8 g (89%); 1H NMR (400 MHz, CDCl3) δ 8.05 (s, 

2H), 7.37−7.30 (m, 8H), 7.28−7.21 (m, 2H), 4.51 (q, J = 6.6 Hz, 2H), 1.58 (d, J = 6.6 Hz, 6H); 

13C NMR (100 MHz, CDCl3) δ 160.7, 143.6, 128.6, 127.2, 126.6, 69.7, 23.9; All other data are 

in accordance with literature.[3c] 

A 100 mL Schleck round bottom flask was charged with Mo(CO)6 (2.4 mmol, 634 mg), 30 

mL THF and a solution of ligand-d (2.0 mmol, 528 mg) in 5 mL THF under nitrogen atmos-

phere. The mixture was stirred at 60 ˚C for overnight. The solvent was removed in vacuo. The 

resulting mixture was washed with hexane and filtered through Gooch filter. The solid obtained 

was washed with 20 mL of hexane and dried in vacuo to afford 0.858 g (91% yields) of the title 

compound as a dark-brown solid. 1H NMR (400 MHz, CDCl3) δ 8.27 (s, 2H), 7.40-7.30 (m, 

10H), 5.36 (q, J = 6.6 Hz, 2H), 1.90 (d, J = 6.7 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 201.0, 

156.4, 140.0, 128.7, 128.3, 127.7, 72.0, 21.5; HRMS (ESI) m/z: calcd. for C22H21MoN2O4 [M + 

H]+ 475.0550; Found 475.0543. 

Synthesis of Mo-5 complex: 
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A mixture of glyoxal (0.57 mL, 5.0 mmol, 40% aqueous solution), -chiral amine (1.71 g, 

10.0 mmol), formic acid (46 mL, 1.0 mmol) and MgSO4 (1.2 g, 10.0 mmol) was stirred in 

CH2Cl2 (30 mL) at 20 ˚C. After completion of reaction, the mixture was filtered over Celite and 

concentrated via rotary evaporator. The residue was dissolved in cyclohexane, dried over 

Na2SO4 and the solvent was evaporated to give the product (ligand-e)[3b] as a pale-yellow oil; 

yield: 1.4 g (72%); 1H NMR (400 MHz, CDCl3) δ 8.13 (s, 1H), 8.11 (d, J = 8.4 Hz, 1H), 7.85 (d, 

J = 8.2 Hz, 1H), 7.75 (d, J = 8.2 Hz, 1H), 7.64 (d, J = 7.2 Hz, 1H), 7.52−7.42 (m, 3H), 5.38 (q, J 

= 7.2 Hz, 1H), 1.71 (d, J = 6.0 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 161.2, 139.4, 134.0, 

130.6, 129.0, 127.8, 126.0, 125.6, 125.4, 124.0, 123.2, 64.8, 23.6; All other data are in accord-

ance with literature.[3b] 

A 100 mL Schleck round bottom flask was charged with Mo(CO)6 (2.0 mmol, 528.04 mg), 

30 mL THF and a solution of ligand-e (2.0 mmol, 729.0 mg) in 10 mL THF under nitrogen at-

mosphere. The mixture was stirred at 60 ˚C for overnight. The solvent was removed in vacuo. 

The resulting mixture was washed with hexane and filtered through Gooch filter. The solid ob-

tained was washed with 20 mL of hexane and dried in vacuo to afford 0.93 g (82% yields) of the 

title compound as a dark-brown solid. 1H NMR (400 MHz, CDCl3) δ 7.88−7.84 (m, 1H), 

7.74−7.69 (m, 2H), 7.41−7.32 (m, 5H), 6.07 (q, J = 7.2 Hz, 1H), 1.89 (d, J = 6.2 Hz, 3H); 13C 

NMR (100 MHz, CDCl3) δ 202.8, 157.3, 135.2, 134.1, 131.2, 129.5, 129.0, 127.0, 126.2, 125.2, 

125.0, 123.9, 66.8, 22.2; HRMS (ESI) m/z: calcd. for C30H25MoN2O4 [M + H]+ 575.0863; 

Found 575.0867. 

Synthesis of Mo-6 complex: 
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Step 1: To a flask containing a solution of the (R)-sulfonamide (10.42 mmol, 1.2 equiv.) and the 

1-Pyrenecarboxaldehyde (8.69 mmol, 1.0 equiv.) was added Ti(OiPr)4 (13.03 mmol, 1.5 equiv.) 

in THF and the reaction mixture was heated at 50 ℃ for overnight. Upon reaction completion, 

the reaction mixture was allowed to cool to room tempera-

ture, diluted with EtOAc, silica gel was added, and poured 

into brine with rapid stirring. The resulting suspension was 

filtered through a plug of Celite and the filter cake washed 

with EtOAc. The filtrate was transferred to a separatory 

funnel, and the organic layer was washed with an equal volume of brine. The organic phase was 

dried (MgSO4), filtered, concentrated, and purified by flash chromatography to obtained 2.49 g 

(86%) of the title compound. 1H NMR (400 MHz, CDCl3) δ 9.55 (s, 1H), 9.02−8.99 (m, 1H), 

8.60−8.57 (m, 1H), 8.24−8.13 (m, 5H), 8.06−8.03 (m, 2H), 1.37 (s, 9H); 13C NMR (100 MHz, 

CDCl3) δ 161.1, 134.2, 131.0, 130.8, 130.4, 129.7, 129.6, 127.6, 127.2, 126.5, 126.4, 126.3, 

126.0, 124.9, 124.8, 124.3, 122.4, 57.9, 22.7; HRMS (ESI) m/z: calcd. for C21H20NOS [M+H]+ 

334.1260; Found 334.1258. 

Step 2: To a stirred solution of imine from step 1 (2.0 g, 6.00 mmol) in dry toluene was added 

MeMgBr (15.0 mmol, 1.0 mol/L in THF) dropwise at -78 ºC 

under nitrogen environment. The mixture was allowed to 

stir at -78 ºC for 1 h and then warmed to room temperature. 

The reaction was quenched with aqueous solution of satu-

rated NH4Cl and extracted with EtOAc (20 mL×3). The 

combined organic phases were dried over Na2SO4, filtered, and concentrated in vacuo. The 

crude mixture was purified by column chromatography (silica gel) to give the title compound 

(1.51 g, 72 %). 1H NMR (400 MHz, CDCl3) δ 8.48−8.40 (m, 1H), 8.19−8.11 (m, 5H), 

8.02−7.98 (m, 3H), 5.74−5.68 (m, 1H), 3.58 (bs, 1H), 1.83 (d, J = 6.4 Hz, 3H), 1.21 (s, 9H); 13C 

NMR (100 MHz, CDCl3) δ 136.5, 131.4, 130.7, 128.3, 127.8, 127.4, 126.0, 125.3, 125.1, 125.0, 

124.9, 124.2, 122.6, 55.8, 51.2, 25.0, 22.6; HRMS (ESI) m/z: calcd. for C22H24NOS [M+H]+ 

350.1573; Found 350.1569. 

Step 3: To a stirred solution of the addition product (step 2) in dry CH2Cl2 was added HCl (2 M 

in CH2Cl2, 4 equiv.) dropwise at 24 ºC (a white precipitate was 

formed upon addition.). The mixture was allowed to stir at 24 ºC 

for 1 h. The white precipitate was then collected by filtration, 

suspended in CH2Cl2, and basified with NaOH (aq, 10% w/w). 
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The organic layer was dried over Na2SO4, filtered and concentrated to give desired chiral amine 

which was used for preparation of molybdenum complex without further purification. 1H NMR 

(400 MHz, CDCl3) δ 8.37 (d, J = 9.2 Hz, 1H), 8.23−8.10 (m, 5H), 8.03−7.97 (m, 3H), 5.31−5.27 

(m, 1H), 1.89 (bs, 2H), 1.66 (d, J = 6.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 141.0, 131.4, 

130.7, 130.1, 127.5, 127.4, 126.9, 125.8, 125.2, 125.1, 125.0, 124.9, 124.8, 122.3, 122.1, 46.7, 

25.4; HRMS (ESI) m/z: calcd. for C18H16N [M+H]+ 246.1277; Found 246.1279. 

A mixture of glyoxal (0.457 mL, 

4.0 mmol, 40% aqueous solution), 

-chiral amine (1.96 g, 8 mmol), 

formic acid (30 mL, 0.8 mmol) 

and MgSO4 (0.963 g, 8 mmol) was 

stirred in CH2Cl2 (60 mL) at 20 ˚C. After completion of reaction, the mixture was filtered over 

Celite and concentrated via rotary evaporator. The residue was dissolved in cyclohexane, dried 

over Na2SO4 and the solvent was evaporated to give the product (ligand-f) as a brown solid; 

yield: 1.27 g (62%); 1H NMR (400 MHz, CDCl3) δ 8.35 (d, J = 8.2 Hz, 1H), 8.24−8.08 (m, 6H), 

8.01−7.95 (m, 3H), 5.74−5.65 (m, 1H), 1.83 (d, J = 6.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 

161.3, 137.2, 131.3, 130.6, 130.4, 127.7, 127.6, 127.4, 127.1, 125.9, 125.2, 125.1, 125.0, 124.9, 

124.3, 122.5, 65.1, 24.3; HRMS (ESI) m/z: calcd. for C38H29N2 [M+H]+ 513.2325; Found 

513.2321. 

 Complex Mo-6: A 100 mL Schleck round bottom flask was charged with Mo(CO)6 (2.4 mmol, 

634 mg), 30 mL THF and a solution 

of ligand-f (2.0 mmol, 1.03 g) in 10 

mL THF under nitrogen atmosphere. 

The mixture was stirred at 60 ˚C for 

overnight. The solvent was re-

moved in vacuo. The resulting 

mixture was washed with hexane 

and filtered through Gooch filter. The solid obtained was washed with 20 mL of hexane and 

dried in vacuo to afford 0.81 g (56% yields) of the title compound as a dark-brown solid. 1H 

NMR (400 MHz, CDCl3) δ 8.26−8.19 (m, 3H), 8.15−8.01 (m, 6H), 7.45 (s, 1H), 6.57−6.52 (m, 

1H), 2.19 (d, J = 5.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 202.8, 157.4, 132.6, 131.6, 130.6, 

129.1, 128.6, 128.1, 127.2, 126.3, 125.8, 125.7, 125.2, 124.5, 124.4, 124.3, 122.9, 67.2, 26.9; 

HRMS (ESI) m/z: calcd. for C42H29MoN2O4 [M+H]+ 723.1176; Found 723.1161. 
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Optimization study for the amination of -hydroxy esters 

Table S1. Initial experiments and evaluation of different metal hexacarbonyl complexesa 

 

entry Mn(CO)x yield (%)b 

1 Mo(CO)6 17 

2 W(CO)6 <5 

3 Cr(CO)6 <5 

4 Ru3(CO)12 14 

a Reaction conditions: Mn(CO)x (5 mol%), DPEPhos (6 mol%), 1a (0.6 mmol, 3 equiv.), 

p-anisidine 2a (0.2 mmol, 1 equiv.), t-Amyl-OH (2.0 mL), 5Å MS ( 80-100 mg), reflux (150 

℃), 24 hours. b Isolated yields. 
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Table S2. Evaluation of additives and solventsa 

 

entry additives solvent yield of 3 (%)b 

1 no t-Amyl-OH 17 

2c PA-1 t-Amyl-OH 24 

3c PA-2 t-Amyl-OH 37 

4 PA-3 t-Amyl-OH 44 

5 KOtBu t-Amyl-OH 12 

6 PA-3 toluene <10 

7 PA-3 dioxane 18 

8d PA-3 t-Amyl-OH 52 

9e PA-3 t-Amyl-OH 21 

10f PA-3 t-Amyl-OH 36 

a Reaction conditions: Mo(CO)6 (5 mol%), DPEPhos (6 mol%), 1a (0.6 mmol, 3 equiv.), 

p-anisidine 2a (0.2 mmol, 1 equiv.), solvent (2.0 mL), additives (10 mol%), 5Å MS ( 80-100 

mg), reflux (150 ℃), 24 hours. b Isolated yields. c 20 mol% of phosphoric acid (PA) was used. d 

Reaction was performed with 10 mol% of Mo(CO)6 and 12 mol% of DPEPhos. e Reaction was 

performed at 100 ℃. f Reaction was performed with 2 mol% of Ru3(CO)12 and 6 mol% of 

DPEPhos. 
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Table S3. Evaluation of liganda 

 

entry 1a:2a ligand yield of 3 (%)b 

1 3:1 L1 23 

2 3:1 L2 34 

3 3:1 L3 75 

4 3:1 L4 62 

5 3:1 L5 21 

6 3:1 L6 25 

7 3:1 L7 16 

8 3:1 L8 63 

9 3:1 L9 35 

10 3:1 L10 10 

11 3:1 L11 38 

12 3:1 L12 12 

13 3:1 L13 10 

14 2:1 L3 68 

15 1:1 L3 52 

16c 3:1 L3 62 

a Reaction conditions: Mo(CO)6 (10 mol%), ligand (12 mol%), 1a (0.6 mmol, 3 equiv.), 

p-anisidine 2a (0.2 mmol, 1 equiv.), t-Amyl-OH (2.0 mL), PA-3 (10 mol%), 5Å MS ( 80-100 

mg), reflux (150 ℃), 24 hours. b Isolated yields. c Reaction was performed with 5 mol% of 

Mo(CO)6 and 6 mol% of L3. 
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General procedure A for molybdenum-catalysed amination of -hydroxy esters via 

borrowing hydrogen. 

To an oven dried two-necked round-bottom flask equipped with a magnetic stir bar, 5Å MS 

(80-100 mg), Mo(CO)6 (5.3 mg, 10 mol%), ligand L3 (10.2 mg, 12 mol%), phosphoric acid 

PA-3 (7.0 mg, 10 mol%), -hydroxy ester 1a (108.12 mg, 0.6 mmol), and p-anisidine 2a (24.63 

mg, 0.2 mmol) were added. Anhydrous t-amyl-OH (2 mL) was added and one neck of the flask 

was then fitted with reflux condenser and the other neck was sealed tightly using screw cap and 

paraffin film. The flask was then purged with nitrogen through reflux condenser and the result-

ing mixture was refluxed at 150 ˚C for 24 hours. The reaction mixture was then transferred to a 

50 mL round bottom flask and the solvent was removed in vacuo with the aid of a rotary evapo-

rator. The obtained residue was purified by flash column chromatography on silica gel to afford 

pure -amino ester 3. Other products (4−46) were prepared by following the same procedure. 

ethyl 2-((4-methoxyphenyl)amino)-2-phenylacetate (3)[4a] 

 

Compound 3 was prepared according to the general procedure A and was purified by flash 

column chromatography (Petroleum ether/EtOAc = 30:1) to afford the title compound as a 

light-yellow oil with 75% of isolated yield (42.8 mg). 1H NMR (400 MHz, CDCl3) δ 7.48 (d, J 

= 7.2 Hz, 2H), 7.37−7.29 (m, 3H), 6.71 (d, J = 8.2 Hz, 2H), 6.53 (d, J = 8.2 Hz, 2H), 5.00 (s, 

1H), 4.71 (bs, 1H), 4.27−4.08 (m, 2H), 3.70 (s, 3H), 1.20 (t, J = 7.2 Hz, 3H); 13C NMR (100 

MHz, CDCl3) δ 172.0, 152.4, 140.2, 137.8, 128.7, 128.1, 127.2, 114.8, 114.7, 61.7, 61.6, 55.7, 

14.0. All other data are in accordance with the reported literature.[4a] 

ethyl 2-phenyl-2-(phenylamino)acetate (4)[4a] 

 

Compound 4 was prepared according to the general procedure A and was purified by flash 

column chromatography (Petroleum ether/EtOAc = 50:1) to afford the title compound as a 
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light-yellow oil with 72% of isolated yield (36.7 mg). 1H NMR (400 MHz, CDCl3) δ 7.49 (d, J 

= 7.2 Hz, 2H), 7.36−7.28 (m, 3H), 7.11 (t, J = 6.2 Hz, 2H), 6.69 (t, J = 6.5 Hz, 1H), 6.55 (t, J = 

7.2 Hz, 2H), 5.01 (s, 1H), 4.96 (bs, 1H), 4.27−4.09 (m, 2H), 1.21 (t, J = 7.2 Hz, 3H); 13C NMR 

(100 MHz, CDCl3) δ 171.8, 146.0, 137.7, 129.2, 128.8, 128.2, 127.2, 118.0, 113.4, 61.8, 60.8, 

14.0. All other data are in accordance with the reported literature.[4a] 

ethyl 2-phenyl-2-(p-tolylamino)acetate (5)[4b] 

 

Compound 5 was prepared according to the general procedure A and was purified by flash 

column chromatography (Petroleum ether/EtOAc = 50:1) to afford the title compound as a 

light-yellow oil with 78% of isolated yield (41.6 mg). 1H NMR (400 MHz, CDCl3) δ 7.49 (d, J 

= 6.8 Hz, 2H), 7.36−7.29 (m, 3H), 6.92 (d, J = 7.5 Hz, 2H), 6.48 (d, J = 7.5 Hz, 2H), 5.03 (s, 

1H), 4.82 (bs, 1H), 4.27−4.09 (m, 2H), 2.19 (s, 3H), 1.21 (t, J = 7.2 Hz, 3H); 13C NMR (100 

MHz, CDCl3) δ 171.9, 143.7, 137.8, 129.7, 128.7, 128.1, 127.2, 127.1, 113.5, 61.7, 61.0, 20.4, 

14.0. All other data are in accordance with the reported literature.[4b] 

ethyl 2-((4-bromophenyl)amino)-2-phenylacetate (6)[4b] 

 

Compound 6 was prepared according to the general procedure A and was purified by flash 

column chromatography (Petroleum ether/EtOAc = 30:1) to afford the title compound as a 

light-yellow oil with 67% of isolated yield (44.8 mg). 1H NMR (400 MHz, CDCl3) δ 7.46 (d, J 

= 7.4 Hz, 2H), 7.37−7.29 (m, 3H), 7.19 (d, J = 7.4 Hz, 2H), 6.42 (d, J = 7.4 Hz, 2H), 5.00 (s, 

1H), 4.28−4.09 (m, 2H), 1.21 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 171.4, 144.8, 

137.1, 131.9, 128.9, 128.4, 127.1, 115.0, 109.7, 62.0, 60.6, 14.0. All other data are in accordance 

with the reported literature.[4b] 

butyl 4-((2-ethoxy-2-oxo-1-phenylethyl)amino)benzoate (7) 
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Compound 7 was prepared according to the general procedure A and was purified by flash 

column chromatography (Petroleum ether/EtOAc = 30:1) to afford the title compound as a 

light-yellow oil with 62% of isolated yield (44.1 mg). 1H NMR (400 MHz, CDCl3) δ 7.81 (d, J 

= 6.2 Hz, 2H), 7.47 (d, J = 6.2 Hz, 2H), 7.37−7.30 (m, 3H), 6.51 (d, J = 6.4 Hz, 2H), 5.44 (bs, 

1H), 5.10 (s, 1H), 4.30−4.10 (m, 4H), 1.72−1.64 (m, 2H), 1.47−1.37 (m, 2H), 1.21 (t, J = 7.2 Hz, 

3H), 0.94 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 171.2, 166.7, 149.4, 136.9, 131.4, 

128.9, 128.4, 127.1, 119.6, 112.3, 64.1, 62.1, 60.1, 30.9, 19.3, 14.0, 13.8; HRMS (ESI) m/z: 

calcd. for C21H26NO4 [M+H]+ 356.1856; Found 356.1858. 

ethyl 2-phenyl-2-(o-tolylamino)acetate (9)[4a] 

 

Compound 8 was prepared according to the general procedure A and was purified by flash 

column chromatography (Petroleum ether/EtOAc = 50:1) to afford the title compound as a 

light-yellow oil with 74% of isolated yield (39.8 mg). 1H NMR (400 MHz, CDCl3) δ 7.50 (d, J 

= 7.4 Hz, 2H), 7.36−7.28 (m, 3H), 7.01 (d, J = 7.4 Hz, 1H), 6.96 (t, J = 7.4 Hz, 1H), 6.63 (d, J = 

7.4 Hz, 1H), 6.33 (d, J = 7.4 Hz, 1H), 5.09 (s, 1H), 4.89 (bs, 1H), 4.27−4.09 (m, 2H), 2.27 (s, 

3H), 1.20 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 172.2, 144.0, 137.8, 130.2, 128.8, 

128.1, 127.1, 127.0, 122.4, 117.6, 110.7, 61.8, 60.8, 17.5, 14.0; HRMS (ESI) m/z: calcd. for 

C17H20NO2 [M+H]+ 270.1489; Found 270.1486. 

ethyl 2-((2-benzoylphenyl)amino)-2-phenylacetate (9) 
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Compound 9 was prepared according to the general procedure A and was purified by flash 

column chromatography (Petroleum ether/EtOAc = 30:1) to afford the title compound as a 

light-yellow oil with 61% of isolated yield (43.8 mg). 1H NMR (400 MHz, CDCl3) δ 9.57 (bs, 

1H), 7.66 (d, J = 7.4 Hz, 2H), 7.56−7.43 (m, 6H), 7.28−7.24 (m, 4H), 6.57 (t, J = 7.2 Hz, 1H), 

6.52 (d, J = 7.4 Hz, 1H), 5.20 (d, J = 2.7 Hz, 1H), 4.30−4.13 (m, 2H), 2.27 (s, 3H), 1.23 (t, J = 

7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 199.2, 170.8, 149.4, 140.2, 137.1, 135.4, 134.7, 

130.9, 129.2, 128.9, 128.3, 128.0, 127.2, 118.4, 114.9, 112.3, 61.9, 60.5, 14.1; HRMS (ESI) 

m/z: calcd. for C23H22NO3 [M+H]+ 360.1594; Found 360.1592. 

ethyl 2-((3-acetamidophenyl)amino)-2-phenylacetate (10) 

 

Compound 10 was prepared according to the general procedure A and was purified by flash 

column chromatography (Petroleum ether/EtOAc = 20:1) to afford the title compound as a 

light-yellow oil with 56% of isolated yield (35.0 mg). 1H NMR (400 MHz, CDCl3) δ 7.57 (bs, 

1H), 7.47 (d, J = 6.4 Hz, 2H), 7.34−7.25 (m, 3H), 6.99 (t, J = 8.4 Hz, 2H), 6.67 (d, J = 8.0 Hz, 

1H), 6.25 (d, J = 8.0 Hz, 1H), 5.04 (s, 1H), 5.01 (bs, 1H), 4.27−4.07 (m, 2H), 2.04 (s, 3H), 1.19 

(t, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 171.7, 168.5, 146.6, 139.1, 137.6, 129.6, 

128.8, 128.2, 127.2, 109.4, 109.1, 105.0, 61.9, 60.7, 24.6, 14.0; HRMS (ESI) m/z: calcd. for 

C18H21N2O3 [M+H]+ 313.1547; Found 313.1542. 

ethyl 2-((2,6-dimethylphenyl)amino)-2-phenylacetate (11) 



 

S23 

 

 

Compound 11 was prepared according to the general procedure A and was purified by flash 

column chromatography (Petroleum ether/EtOAc = 30:1) to afford the title compound as a 

light-yellow oil with 22% of isolated yield (12.5 mg). 1H NMR (400 MHz, CDCl3) δ 7.35 (d, J 

= 7.2 Hz, 2H), 7.27−7.20 (m, 3H), 6.85 (d, J = 7.2 Hz, 2H), 6.69 (t, J = 13.5 Hz, 1H), 4.85 (s, 

1H), 4.35 (bs, 1H), 4.12−3.98 (m, 2H), 2.18 (s, 3H), 2.17 (s, 3H), 1.09 (t, J = 6.4 Hz, 3H); 13C 

NMR (100 MHz, CDCl3) δ 173.4, 144.3, 138.7, 129.0, 128.7, 128.6, 128.0, 127.0, 121.7, 63.9, 

61.5, 19.0, 14.0; HRMS (ESI) m/z: calcd. for C18H22NO2 [M+H]+ 284.1645; Found 284.1643. 

ethyl 2-((4-methoxy-3,5-dimethylphenyl)amino)-2-phenylacetate (12) 

 

Compound 12 was prepared according to the general procedure A and was purified by flash 

column chromatography (Petroleum ether/EtOAc = 30:1) to afford the title compound as a 

light-yellow oil with 81% of isolated yield (50.8 mg). 1H NMR (400 MHz, CDCl3) δ 7.48 (d, J 

= 7.2 Hz, 2H), 7.37−7.28 (m, 3H), 6.23 (s, 2H), 4.98 (s, 1H), 4.67 (bs, 1H), 4.26−4.07 (m, 2H), 

3.60 (s, 3H), 2.16 (s, 6H), 1.20 (t, J = 6.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 172.1, 149.4, 

142.2, 140.0, 131.4, 128.8, 128.2, 127.2, 113.5, 61.7, 61.3, 59.9, 16.3, 14.1; HRMS (ESI) m/z: 

calcd. for C19H24NO3 [M+H]+ 314.1751; Found 314.1745. 

ethyl 2-phenyl-2-((3,4,5-trimethoxyphenyl)amino)acetate (13) 
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Compound 13 was prepared according to the general procedure A and was purified by flash 

column chromatography (Petroleum ether/EtOAc = 30:1) to afford the title compound as a 

light-yellow oil with 85% of isolated yield (58.7 mg). 1H NMR (400 MHz, CDCl3) δ 7.49 (d, J 

= 7.2 Hz, 2H), 7.37−7.28 (m, 3H), 5.80 (s, 2H), 5.01 (s, 1H), 4.88 (bs, 1H), 4.28−4.09 (m, 2H), 

3.72 (s, 9H), 1.21 (t, J = 6.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 171.8, 153.8, 142.8, 137.8, 

130.4, 128.9, 128.3, 127.2, 91.1, 61.9, 61.3, 61.0, 55.8, 14.1; HRMS (ESI) m/z: calcd. for 

C19H24NO5 [M+H]+ 346.1649; Found 346.1644. 

ethyl 2-((3-chloro-4-fluorophenyl)amino)-2-phenylacetate (14)[4c] 

 

Compound 14 was prepared according to the general procedure A and was purified by flash 

column chromatography (Petroleum ether/EtOAc = 30:1) to afford the title compound as a 

white solid with 64% of isolated yield (39.4 mg). 1H NMR (400 MHz, CDCl3) δ 7.49 (d, J = 7.4 

Hz, 2H), 7.41−7.34 (m, 3H), 6.90 (t, J = 8.9 Hz, 1H), 6.58 (d, J = 2.4 Hz, 1H), 6.40 (d, J = 7.4 

Hz, 1H), 5.00 (s, 1H), 5.00 (bs, 1H), 4.31−4.12 (m, 2H), 1.24 (t, J = 7.2 Hz, 3H); 13C NMR (100 

MHz, CDCl3) δ 171.4, 152.4, 150.0, 142.8, 136.9, 128.9, 128.4, 127.1, 121.1, 121.0, 116.9, 

116.7, 114.5, 112.5, 62.0, 60.9, 14.0. All other data are in accordance with that reported in liter-

ature.[4c] 

ethyl 2-(naphthalen-2-ylamino)-2-phenylacetate (15)[4d] 
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Compound 15 was prepared according to the general procedure A and was purified by flash 

column chromatography (Petroleum ether/EtOAc = 30:1) to afford the title compound as a 

light-yellow semi solid with 74% of isolated yield (45.2 mg). 1H NMR (400 MHz, CDCl3) δ 

7.62 (d, J = 7.4 Hz, 2H), 7.54−7.47 (m, 3H), 7.36−7.27 (m, 4H), 7.16 (t, J = 8.8 Hz, 1H), 6.94 

(d, J = 8.8 Hz, 1H), 6.64 (s, 1H), 5.18 (s, 1H), 5.14 (bs, 1H), 4.27−4.09 (m, 2H), 1.21 (t, J = 7.2 

Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 171.8, 143.6, 137.5, 134.9, 129.1, 128.9, 128.3, 127.8, 

127.6, 127.3, 126.3, 126.1, 122.3, 118.0, 105.7, 61.9, 60.8, 14.1; HRMS (ESI) m/z: calcd. for 

C20H20NO2 [M+H]+ 306.1489; Found 306.1487. 

ethyl 2-(benzylamino)-2-phenylacetate (16)[4a] 

 

Compound 16 was prepared according to the general procedure A on 0.5 mmol scale, and 

was purified by flash column chromatography (Petroleum ether/EtOAc = 20:1) to afford the title 

compound as a colorless oil with 10% of isolated yield (13.5 mg). 1H NMR (400 MHz, CDCl3) 

δ 7.39−7.22 (m, 10H), 4.37 (s, 1H), 4.22−4.06 (m, 2H), 3.73 (s, 2H), 2.30 (bs, 1H), 1.19 (t, J = 

7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 173.0, 139.6, 138.2, 128.7, 128.4, 128.0, 127.6, 

127.1, 64.5, 61.2, 51.4, 14.2. Other data are in accordance with the reported literature.[4a] 

ethyl 2-(cyclohexylamino)-2-phenylacetate (17)[4a] 

 

Compound 17 was prepared according to the general procedure A on 0.5 mmol scale, and 

was purified by flash column chromatography (Petroleum ether/EtOAc = 20:1) to afford the title 

compound as a colorless oil with 8% of isolated yield (10.5 mg). 1H NMR (400 MHz, CDCl3) δ 

7.38−7.28 (m, 5H), 4.51 (s, 1H), 4.23−4.09 (m, 2H), 2.37−2.34 (m, 1H), 2.05 (s, 1H), 1.87−1.82 

(m, 2H), 1.72−1.70 (m, 2H), 1.59−1.57 (m, 1H), 1.22−1.16 (m, 8H); 13C NMR (100 MHz, 

CDCl3) δ 173.6, 138.8, 128.6, 127.8, 127.3, 62.4, 61.1, 54.4, 33.5, 33.3, 26.0, 24.8, 14.1. All 

other data are in accordance with that reported in literature.[4a] 

ethyl 2-phenyl-2-(pyrrolidin-1-yl)acetate (18)[4e] 
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Compound 18 was prepared according to the general procedure A on 0.5 mmol scale, and 

was purified by flash column chromatography (Petroleum ether/EtOAc = 30:1) to afford the title 

compound as a light-yellow oil with 6% of isolated yield (7.0 mg). 1H NMR (400 MHz, CDCl3) 

δ 7.48 (d, J = 6.8 Hz, 2H), 7.35−7.30 (m, 3H), 4.24−4.08 (m, 2H), 3.90 (s, 1H), 2.58−2.42 (m, 

4H), 1.83−1.79 (m, 4H), 1.20 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 171.7, 137.5, 

128.5, 128.4, 128.2, 74.0, 60.9, 52.5, 23.4, 14.1. All other data are in accordance with that re-

ported in literature.[4e] 

ethyl 2-morpholino-2-phenylacetate (19)[4a] 

 

Compound 19 was prepared according to the general procedure A on 0.5 mmol scale, and 

was purified by flash column chromatography (Petroleum ether/EtOAc = 30:1) to afford the title 

compound as a light-yellow oil with 12% of isolated yield (15.0 mg). 1H NMR (400 MHz, 

CDCl3) δ 7.46 (d, J = 7.2 Hz, 2H), 7.38−7.34 (m, 3H), 4.25−4.09 (m, 2H), 3.98 (s, 1H), 

3.76−3.73 (m, 4H), 2.49− (m, 4H), 1.22 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 

171.2, 128.9, 128.6, 128.4, 74.5, 66.8, 61.0, 51.6, 14.1. All other data are in accordance with 

that reported in literature.[4a] 

ethyl 2-(allyl(methyl)amino)-2-phenylacetate (20) 

 

Compound 20 was prepared according to the general procedure A on 0.5 mmol scale, and 

was purified by flash column chromatography (Petroleum ether/EtOAc = 30:1) to afford the title 

compound as a light-yellow oil with 7% of isolated yield (7.0 mg). 1H NMR (400 MHz, CDCl3) 
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δ 7.35 (d, J = 7.2 Hz, 2H), 7.28−7.22 (m, 3H), 5.85−5.75 (m, 1H), 5.08 (d, J = 7.6 Hz, 1H), 5.05 

(s, 1H), 4.18−4.02 (m, 3H), 3.09− (m, 2H), 2.18 (s, 3H), 1.14 (t, J = 7.2 Hz, 3H); 13C NMR 

(100 MHz, CDCl3) δ 171.8, 136.4, 135.0, 128.8, 128.4, 128.1, 117.9, 72.2, 60.7, 57.7, 39.2, 14.1; 

HRMS (ESI) m/z: calcd. for C14H20NO2 [M+H]+ 234.1489; Found 356.1490. 

methyl 2-((4-methoxyphenyl)amino)-2-phenylacetate (21)[4f] 

 

Compound 21 was prepared according to the general procedure A and was purified by flash 

column chromatography (Petroleum ether/EtOAc = 30:1) to afford the title compound as a 

white solid with 63% of isolated yield (34.2 mg). 1H NMR (400 MHz, CDCl3) δ 7.53 (d, J = 7.2 

Hz, 2H), 7.41−7.31 (m, 3H), 6.75 (dd, J = 3.8, 8.2 Hz, 2H), 6.57 (dd, J = 3.8, 8.2 Hz, 2H), 5.06 

(s, 1H), 4.73 (bs, 1H), 3.76 (s, 3H), 3.74 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 172.5, 152.5, 

140.1, 137.7, 128.8, 128.2, 127.2, 114.8, 114.7, 61.6, 55.6, 52.7. All other data are in accordance 

with that reported in literature.[4f] 

benzyl 2-((4-methoxyphenyl)amino)-2-phenylacetate (22)[4f] 

 

Compound 22 was prepared according to the general procedure A and was purified by flash 

column chromatography (Petroleum ether/EtOAc = 30:1) to afford the title compound as yellow 

oil with 74% of isolated yield (51.4 mg). 1H NMR (400 MHz, CDCl3) δ 7.48 (d, J = 7.2 Hz, 

2H), 7.36−7.28 (m, 6H), 7.17 (d, J = 5.4 Hz, 2H), 6.71 (d, J = 7.4 Hz, 2H), 6.54 (d, J = 7.4 Hz, 

2H), 5.21−5.06 (m, 3H), 4.75 (bs, 1H), 3.71 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 171.9, 

152.5, 140.1, 137.6, 135.3, 128.8, 128.5, 128.3, 127.9, 127.3, 114.8, 67.2, 61.8, 55.7. All other 

data are in accordance with that reported in literature.[4f] 

isopropyl 2-((4-methoxyphenyl)amino)-2-phenylacetate (23)[4f] 
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Compound 23 was prepared according to the general procedure A and was purified by flash 

column chromatography (Petroleum ether/EtOAc = 50:1) to afford the title compound as 

light-yellow oil with 76% of isolated yield (45.5 mg). 1H NMR (400 MHz, CDCl3) δ 7.48 (d, J 

= 6.4 Hz, 2H), 7.36−7.28 (m, 3H), 6.72 (d, J = 6.8 Hz, 2H), 6.53 (d, J = 6.8 Hz, 2H), 5.05−5.00 

(m, 1H), 4.97 (s, 1H), 4.70 (bs, 1H), 3.70 (s, 3H), 1.26 (d, J = 4.8 Hz, 3H), 1.08 (d, J = 4.8 Hz, 

3H); 13C NMR (100 MHz, CDCl3) δ 171.5, 152.4, 140.3, 137.9, 128.7, 128.1, 127.2, 114.8, 

114.7, 69.3, 61.8, 55.7, 21.8, 21.4. All other data are in accordance with that reported in litera-

ture.[4f] 

cyclohexyl 2-((4-methoxyphenyl)amino)-2-phenylacetate (24)[4g] 

 

Compound 24 was prepared according to the general procedure A and was purified by flash 

column chromatography (Petroleum ether/EtOAc = 30:1) to afford the title compound as a col-

orless oil with 82% of isolated yield (55.6 mg). 1H NMR (400 MHz, CDCl3) δ 7.53 (d, J = 6.7 

Hz, 2H), 7.39−7.30 (m, 3H), 6.75 (d, J = 7.0 Hz, 2H), 6.57 (d, J = 7.0 Hz, 2H), 5.03 (s, 1H), 

4.87−4.81 (m, 1H), 4.75 (bs, 1H), 3.73 (s, 3H), 1.89−1.84 (m, 1H), 1.76−1.71 (m, 1H), 

1.65−1.48 (m, 3H), 1.41−1.25 (m, 5H); 13C NMR (100 MHz, CDCl3) δ 171.5, 152.4, 140.3, 

138.1, 128.7, 128.1, 127.2, 114.8, 114.7, 73.9, 61.8, 55.7, 31.4, 30.9, 25.3, 23.4, 23.2. All other 

data are in accordance with that reported in literature.[4g] 

tert-butyl 2-((4-methoxyphenyl)amino)-2-phenylacetate (25)[4g] 
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Compound 25 was prepared according to the general procedure A and was purified by flash 

column chromatography (Petroleum ether/EtOAc = 30:1) to afford the title compound as a 

white solid with 79% of isolated yield (49.5 mg). 1H NMR (400 MHz, CDCl3) δ 7.48 (d, J = 6.4 

Hz, 2H), 7.35−7.25 (m, 3H), 6.71 (d, J = 7.0 Hz, 2H), 6.52 (d, J = 7.0 Hz, 2H), 4.90 (s, 1H), 

4.66 (bs, 1H), 3.70 (s, 3H), 1.37 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 171.1, 152.3, 140.4, 

138.4, 128.6, 127.9, 127.1, 114.8, 114.6, 82.2, 62.1, 55.7, 27.8. All other data are in accordance 

with that reported in literature.[4g] 

3,3,5-trimethylcyclohexyl 2-((4-methoxyphenyl)amino)-2-phenylacetate (26) 

 

Compound 26 was prepared according to the general procedure A and was purified by flash 

column chromatography (Petroleum ether/EtOAc = 50:1) to afford the title compound as color-

less oil with 58% of isolated yield (44.2 mg). 1H NMR (400 MHz, CDCl3) δ 7.40 (d, J = 6.7 Hz, 

2H), 7.29−7.17 (m, 3H), 6.64 (d, J = 7.2 Hz, 2H), 6.46 (d, J = 7.2 Hz, 2H), 4.88 (s, 1H), 

4.86−4.79 (m, 1H), 4.60 (bs, 1H), 3.63 (s, 3H), 1.93−1.36 (m, 3H), 1.25−1.03 (m, 2H), 

0.92−0.68 (m, 11H); 13C NMR (100 MHz, CDCl3) δ 171.6, 152.4, 140.3, 138.0, 128.7, 128.1, 

127.1, 114.8, 114.7, 72.7, 61.8, 55.7, 47.4, 43.3, 40.3, 32.9, 32.2, 27.1, 27.0, 25.4, 22.3; HRMS 

(ESI) m/z: calcd. for C24H32NO3 [M+H]+ 382.2377; Found 382.2375. 

ethyl 2-(4-methoxyphenyl)-2-((4-methoxyphenyl)amino)acetate (27) 
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Compound 27 was prepared according to the general procedure A and was purified by flash 

column chromatography (Petroleum ether/EtOAc = 30:1) to afford the title compound as a 

light-yellow oil with 76% of isolated yield (47.9 mg). 1H NMR (400 MHz, CDCl3) δ 7.40 (d, J 

= 7.8 Hz, 2H), 6.87 (d, J = 7.8 Hz, 2H), 6.72 (d, J = 7.8 Hz, 2H), 6.53 (d, J = 7.8 Hz, 2H), 4.94 

(s, 1H), 4.68 (bs, 1H), 4.26−4.08 (m, 2H), 3.79 (s, 3H), 3.70 (s, 3H), 1.21 (t, J = 7.2 Hz, 3H); 

13C NMR (100 MHz, CDCl3) δ 172.3, 159.5, 152.4, 140.3, 129.8, 128.4, 114.8, 114.7, 114.2, 

61.6, 61.1, 55.7, 55.3, 14.1; HRMS (ESI) m/z: calcd. for C18H22NO4 [M+H]+ 316.1543; Found 

316.1542. 

ethyl 2-(4-isopropylphenyl)-2-((4-methoxyphenyl)amino)acetate (28) 

 

Compound 28 was prepared according to the general procedure A and was purified by flash 

column chromatography (Petroleum ether/EtOAc = 30:1) to afford the title compound as yellow 

oil with 78% of isolated yield (51.1 mg). 1H NMR (400 MHz, CDCl3) δ 7.39 (d, J = 6.8 Hz, 

2H), 7.20 (d, J = 6.8 Hz, 2H), 6.73 (d, J = 6.8 Hz, 2H), 6.56 (d, J = 6.8 Hz, 2H), 4.97 (s, 1H), 

4.75 (bs, 1H), 4.27−4.07 (m, 2H), 3.70 (s, 3H), 2.92−2.85 (m, 1H), 1.29−1.19 (m, 9H); 13C 

NMR (100 MHz, CDCl3) δ 172.3, 152.4, 148.8, 140.4, 135.1, 127.1, 126.9, 114.8, 114.7, 61.6, 

61.5, 55.7, 33.8, 23.9, 14.1; HRMS (ESI) m/z: calcd. for C20H26NO3 [M+H]+ 328.1907; Found 

328.1905. 

ethyl 2-(4-fluorophenyl)-2-((4-methoxyphenyl)amino)acetate (29) 
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Compound 29 was prepared according to the general procedure A and was purified by flash 

column chromatography (Petroleum ether/EtOAc = 30:1) to afford the title compound as yellow 

oil with 62% of isolated yield (37.6 mg). 1H NMR (400 MHz, CDCl3) δ 7.49−7.44 (m, 2H), 

7.05−7.00 (m, 2H), 6.72 (d, J = 7.8 Hz, 2H), 6.51 (d, J = 7.8 Hz, 2H), 4.97 (s, 1H), 4.71 (bs, 1H), 

4.26−4.09 (m, 2H), 3.70 (s, 3H), 1.21 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 171.8, 

163.8, 161.4, 152.5, 140.0, 133.7, 128.9, 128.8, 115.8, 115.6, 114.8, 61.9, 61.0, 55.7, 14.0; 

HRMS (ESI) m/z: calcd. for C17H19FNO3 [M+H]+ 304.1343; Found 304.1345. 

ethyl 2-(2,5-dimethylphenyl)-2-((4-methoxyphenyl)amino)acetate (30) 

 

Compound 30 was prepared according to the general procedure A and was purified by flash 

column chromatography (Petroleum ether/EtOAc = 30:1) to afford the title compound as yellow 

oil with 72% of isolated yield (45.1 mg). 1H NMR (400 MHz, CDCl3) δ 7.20 (s, 1H), 7.08 (d, J 

= 7.0 Hz, 1H), 7.00 (d, J = 7.0 Hz, 1H), 6.73 (d, J = 7.2 Hz, 2H), 6.51 (d, J = 7.2 Hz, 2H), 5.16 

(s, 1H), 4.55 (bs, 1H), 4.27−4.06 (m, 2H), 3.70 (s, 3H), 2.47 (s, 3H), 2.26 (s, 3H), 1.20 (t, J = 

7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 172.6, 152.5, 140.7, 136.0, 135.9, 133.4, 130.7, 

128.8, 126.9, 114.9, 114.6, 61.5, 58.3, 55.7, 21.1, 19.1, 14.1; HRMS (ESI) m/z: calcd. for 

C19H24NO3 [M+H]+ 314.1751; Found 314.1747. 

ethyl 2-((4-methoxyphenyl)amino)-2-(naphthalen-2-yl)acetate (31) 
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Compound 31 was prepared according to the general procedure A and was purified by flash 

column chromatography (Petroleum ether/EtOAc = 30:1) to afford the title compound as yellow 

oil with 76% of isolated yield (50.9 mg). 1H NMR (400 MHz, CDCl3) δ 8.36 (d, J = 8.2 Hz, 

1H), 7.94−7.85 (m, 2H), 7.70−7.45 (m, 4H), 6.76 (d, J = 7.0 Hz, 2H), 6.60 (d, J = 7.0 Hz, 2H), 

5.82 (s, 1H), 4.78 (bs, 1H), 4.32−4.11 (m, 2H), 3.73 (s, 3H), 1.19 (t, J = 7.2 Hz, 3H); 13C NMR 

(100 MHz, CDCl3) δ 172.0, 152.5, 140.5, 134.1, 133.6, 131.3, 129.0, 128.9, 126.5, 125.8, 125.5, 

124.9, 123.5, 114.8, 114.5, 61.7, 58.3, 55.6, 14.0; HRMS (ESI) m/z: calcd. for C21H22NO3 

[M+H]+ 336.1594; Found 336.1592. 

ethyl 2-(6-bromonaphthalen-2-yl)-2-((4-methoxyphenyl)amino)acetate (32) 

 

Compound 32 was prepared according to the general procedure A and was purified by flash 

column chromatography (Petroleum ether/EtOAc = 20:1) to afford the title compound as yellow 

solid with 68% of isolated yield (56.3 mg). 1H NMR (400 MHz, CDCl3) δ 7.98 (s, 1H), 7.93 (s, 

1H), 7.75−7.62 (m, 3H), 7.54 (d, J = 8.8 Hz, 1H), 6.70 (d, J = 7.2 Hz, 2H), 6.55 (d, J = 7.2 Hz, 

2H), 5.13 (s, 1H), 4.83 (bs, 1H), 4.27−4.08 (m, 2H), 3.69 (s, 3H), 1.20 (t, J = 7.2 Hz, 3H); 13C 

NMR (100 MHz, CDCl3) δ 171.7, 152.6, 140.0, 136.1, 134.3, 131.8, 129.8, 129.7, 129.6, 127.7, 

126.3, 126.1, 120.2, 114.9, 114.8, 62.0, 61.8, 55.7, 14.1; HRMS (ESI) m/z: calcd. for 

C21H21BrNO3 [M+H]+ 414.0699; Found 414.0695. 

ethyl 2-(2,3-dihydrobenzofuran-5-yl)-2-((4-methoxyphenyl)amino)acetate (33) 
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Compound 33 was prepared according to the general procedure A and was purified by flash 

column chromatography (Petroleum ether/EtOAc = 30:1) to afford the title compound as a 

light-yellow oil with 78% of isolated yield (51.0 mg). 1H NMR (400 MHz, CDCl3) δ 7.30 (s, 

1H), 7.21 (d, J = 7.7 Hz, 1H), 6.76−6.71 (m, 3H), 6.55 (d, J = 6.6 Hz, 2H), 4.19 (s, 1H), 4.56 (t, 

J = 7.8 Hz, 2H), 4.27−4.07 (m, 2H), 3.71 (s, 3H), 3.18 (t, J = 7.8 Hz, 2H), 1.22 (t, J = 7.2 Hz, 

3H); 13C NMR (100 MHz, CDCl3) δ 172.4, 160.1, 152.5, 140.2, 129.7, 127.7, 127.4, 123.6, 

121.2, 114.8, 109.4, 71.4, 61.6, 61.4, 55.7, 29.7, 14.1; HRMS (ESI) m/z: calcd. for C19H22NO4 

[M+H]+ 328.1543; Found 328.1541. 

methyl 2-(2,3-dihydrobenzofuran-5-yl)-2-((4-methoxyphenyl)amino)acetate (34) 

 

Compound 34 was prepared according to the general procedure A and was purified by flash 

column chromatography (Petroleum ether/EtOAc = 30:1) to afford the title compound as yellow 

solid with 53% of isolated yield (33.2 mg). 1H NMR (400 MHz, CDCl3) δ 7.33 (s, 1H), 7.24 (d, 

J = 8.0 Hz, 1H), 6.79−6.74 (m, 3H), 6.57 (d, J = 6.9 Hz, 2H), 4.96 (s, 1H), 4.67 (bs, 1H), 4.58 (t, 

J = 7.8 Hz, 2H), 3.74 (s, 3H), 3.73 (s, 3H), 3.20 (t, J = 7.8 Hz, 2H); 13C NMR (100 MHz, CDCl3) 

δ 173.0, 160.2, 152.5, 140.3, 129.7, 127.8, 127.4, 123.7, 114.8, 114.7, 109.4, 71.4, 61.3, 55.7, 

52.6, 29.6; HRMS (ESI) m/z: calcd. for C18H20NO4 [M+H]+ 314.1387; Found 314.1385. 

ethyl 2-(benzo[d][1,3]dioxol-5-yl)-2-((4-methoxyphenyl)amino)acetate (35) 
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Compound 35 was prepared according to the general procedure A and was purified by flash 

column chromatography (Petroleum ether/EtOAc = 30:1) to afford the title compound as a 

light-yellow oil with 76% of isolated yield (50.0 mg). 1H NMR (400 MHz, CDCl3) δ 6.97−6.95 

(m, 2H), 6.77 (d, J = 8.2 Hz, 1H), 6.72 (d, J = 7.4 Hz, 2H), 6.52 (d, J = 7.4 Hz, 2H), 5.94 (s, 2H), 

4.90 (s, 1H), 4.64 (bs, 1H), 4.27−4.08 (m, 2H), 3.71 (s, 3H), 1.22 (t, J = 7.2 Hz, 2H); 13C NMR 

(100 MHz, CDCl3) δ 172.0, 152.4, 148.1, 147.5, 140.1, 131.8, 120.8, 114.8, 114.7, 108.4, 107.5, 

101.2, 61.7, 61.3, 55.7, 14.1; HRMS (ESI) m/z: calcd. for C18H20NO5 [M+H]+ 330.1336; Found 

330.1332. 

methyl 2-(benzo[d][1,3]dioxol-5-yl)-2-((4-methoxyphenyl)amino)acetate (36) 

 

Compound 36 was prepared according to the general procedure A and was purified by flash 

column chromatography (Petroleum ether/EtOAc = 30:1) to afford the title compound as yellow 

solid with 64% of isolated yield (40.3 mg). 1H NMR (400 MHz, CDCl3) δ 6.96 (s, 2H), 6.78 (d, 

J = 8.2 Hz, 1H), 6.72 (d, J = 7.4 Hz, 2H), 6.52 (d, J = 7.4 Hz, 2H), 5.95 (s, 2H), 4.91 (s, 1H), 

4.69 (bs, 1H), 3.72 (s, 3H), 3.71 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 172.5, 152.5, 148.1, 

147.6, 140.0, 131.6, 120.8, 114.8, 114.7, 108.5, 107.5, 101.2, 61.3, 55.7, 52.8; HRMS (ESI) 

m/z: calcd. for C18H18NO5 [M+H]+ 316.1179; Found 316.1175. 

ethyl 2-((4-methoxyphenyl)amino)-2-(thiophen-2-yl)acetate (37) 
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Compound 37 was prepared according to the general procedure A and was purified by flash 

column chromatography (Petroleum ether/EtOAc = 50:1) to afford the title compound as yellow 

oil with 68% of isolated yield (39.6 mg). 1H NMR (400 MHz, CDCl3) δ 7.25−7.23 (m, 1H), 

7.14−7.10 (m, 1H), 6.99−6.94 (m, 1H), 6.76 (d, J = 7.2 Hz, 2H), 6.63 (d, J = 7.2 Hz, 2H), 5.26 

(s, 1H), 4.76 (bs, 1H), 4.28−4.16 (m, 2H), 3.73 (s, 3H), 1.26 (t, J = 7.2 Hz, 3H); 13C NMR (100 

MHz, CDCl3) δ 171.1, 153.0, 141.6, 140.0, 127.0, 125.5, 125.4, 115.3, 114.8, 62.0, 58.0, 55.7, 

14.1; HRMS (ESI) m/z: calcd. for C15H18NO3S [M+H]+ 292.1002; Found 292.1004. 

methyl 2-((4-methoxyphenyl)amino)-2-(thiophen-2-yl)acetate (38) 

 

Compound 38 was prepared according to the general procedure A and was purified by flash 

column chromatography (Petroleum ether/EtOAc = 50:1) to afford the title compound as yellow 

solid with 56% of isolated yield (31.0 mg). 1H NMR (400 MHz, CDCl3) δ 7.25−7.23 (m, 1H), 

7.13−7.11 (m, 1H), 6.99−6.96 (m, 1H), 6.75 (d, J = 7.6 Hz, 2H), 6.61 (d, J = 7.6 Hz, 2H), 5.28 

(s, 1H), 4.63 (bs, 1H), 3.77 (s, 3H), 3.72 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 171.7, 153.0, 

141.5, 139.9, 127.1, 125.6, 125.5, 115.2, 114.8, 57.8, 55.6, 52.9; HRMS (ESI) m/z: calcd. for 

C14H16NO3S [M+H]+ 278.0845; Found 278.0843. 

ethyl 2-((4-methoxyphenyl)amino)-2-(pyren-2-yl)acetate (39) 



 

S36 

 

 

Compound 39 was prepared according to the general procedure A and was purified by flash 

column chromatography (Petroleum ether/EtOAc = 30:1) to afford the title compound as yellow 

solid with 70% of isolated yield (57.3 mg). 1H NMR (400 MHz, CDCl3) δ 8.60 (d, J = 9.2 Hz, 

1H), 8.23−8.12 (m, 5H), 8.08−8.00 (m, 3H), 6.67 (d, J = 8.3 Hz, 2H), 6.55 (d, J = 8.3 Hz, 2H), 

6.06 (s, 1H), 4.98 (bs, 1H), 4.27−4.04 (m, 2H), 3.63 (s, 3H), 1.10 (t, J = 7.2 Hz, 3H); 13C NMR 

(100 MHz, CDCl3) δ 172.3, 152.5, 140.4, 131.5, 131.3, 131.2, 130.7, 129.1, 128.2, 127.7, 127.4, 

126.1, 125.5, 125.3, 125.2, 124.8, 124.5, 122.8, 114.9, 114.6, 61.9, 58.4, 55.6, 14.0; HRMS 

(ESI) m/z: calcd. for C27H24NO3 [M+H]+ 410.1751; Found 410.1745. 

methyl 2-((4-methoxyphenyl)amino)-2-(pyren-2-yl)acetate (40) 

 

Compound 40 was prepared according to the general procedure A and was purified by flash 

column chromatography (Petroleum ether/EtOAc = 30:1) to afford the title compound as yellow 

solid with 51% of isolated yield (40.3 mg). 1H NMR (400 MHz, CDCl3) δ 8.56 (d, J = 9.2 Hz, 

1H), 8.21−8.11 (m, 5H), 8.06−7.98 (m, 3H), 6.65 (d, J = 8.0 Hz, 2H), 6.55 (d, J = 8.0 Hz, 2H), 

6.06 (s, 1H), 5.01 (bs, 1H), 3.66 (s, 3H), 3.62 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 172.9, 

152.6, 140.3, 131.4, 131.3, 131.2, 130.7, 129.1, 128.4, 127.8, 127.4, 126.2, 125.6, 125.4, 125.3, 

125.2, 124.8, 124.6, 122.6, 114.9, 114.7, 58.3, 55.6, 52.9; HRMS (ESI) m/z: calcd. for 

C26H22NO3 [M+H]+ 396.1594; Found 396.1590. 

ethyl (4-methoxyphenyl)alaninate (41)4h 
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Compound 41 was prepared according to the general procedure A and was purified by flash 

column chromatography (Petroleum ether/EtOAc = 50:1) to afford the title compound as yellow 

oil with 62% of isolated yield (27.6 mg). 1H NMR (400 MHz, CDCl3) δ 6.77 (d, J = 7.4 Hz, 

2H), 6.60 (d, J = 7.4 Hz, 2H), 4.20−4.14 (m, 2H), 4.08−4.02 (m, 1H), 3.73 (s, 3H), 1.45 (d, J = 

6.7 Hz, 3H), 1.24 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 174.9, 152.8, 140.7, 115.2, 

114.9, 61.0, 55.7, 53.2, 19.0, 14.2. All other data are in accordance with that reported in litera-

ture.[4h] 

methyl (4-methoxyphenyl)alaninate (42) 

 

Compound 42 was prepared according to the general procedure A and was purified by flash 

column chromatography (Petroleum ether/EtOAc = 50:1) to afford the title compound as yellow 

oil with 58% of isolated yield (24.2 mg). 1H NMR (400 MHz, CDCl3) δ 6.77 (d, J = 8.0 Hz, 

2H), 6.59 (d, J = 8.0 Hz, 2H), 4.10−4.04 (m, 1H), 3.74 (s, 3H), 3.71 (s, 3H), 1.46 (d, J = 6.4 Hz, 

3H); 13C NMR (100 MHz, CDCl3) δ 175.4, 152.8, 140.7, 115.1, 114.9, 55.7, 53.1, 52.2, 19.1. 

HRMS (ESI) m/z: calcd. for C11H16NO3 [M+H]+ 210.1125; Found 210.1123. 

ethyl 2-((4-methoxyphenyl)amino)hexanoate (43)[4i] 

 

Compound 43 was prepared according to the general procedure A and was purified by flash 

column chromatography (Petroleum ether/EtOAc = 50:1) to afford the title compound as 

light-yellow oil with 74% of isolated yield (39.2 mg). 1H NMR (400 MHz, CDCl3) δ 6.78 (d, J 
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= 8.2 Hz, 2H), 6.62 (d, J = 8.2 Hz, 2H), 4.17 (q, J = 7.2 Hz, 2H), 3.98 (t, J = 6.2 Hz, 1H), 3.88 

(bs, 1H), 3.76 (s, 3H), 1.86−1.72 (m, 2H), 1.45−1.34 (m, 2H), 1.26 (t, J = 8.2 Hz, 3H), 0.93 (d, J 

= 6.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 174.6, 152.7, 141.1, 115.1, 114.9, 60.9, 57.9, 

55.7, 32.9, 27.8, 22.5, 14.3, 13.9. All other data are in accordance with that reported in litera-

ture.[4i] 

ethyl 2-((4-methoxyphenyl)amino)-4-phenylbutanoate (44)[2f] 

 

Compound 44 was prepared according to the general procedure A and was purified by flash 

column chromatography (Petroleum ether/EtOAc = 30:1) to afford the title compound as 

light-yellow oil with 78% of isolated yield (48.8 mg). 1H NMR (400 MHz, CDCl3) δ 7.35−7.30 

(m, 2H), 7.28−7.22 (m, 3H), 6.79 (d, J = 7.2 Hz, 2H), 6.61 (d, J = 7.2 Hz, 2H), 4.19 (q, J = 7.2 

Hz, 2H), 4.01 (t, J = 6.5 Hz, 1H), 3.93 (bs, 1H), 3.77 (s, 3H), 2.81 (t, J = 7.2 Hz, 2H), 2.22−2.01 

(m, 2H), 1.27 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 174.3, 152.8, 141.0, 140.9, 

128.5, 128.4, 126.1, 115.2, 114.9, 61.0, 57.3, 55.7, 34.8, 31.9, 14.3. All other data are in ac-

cordance with that reported in literature.[2f] 

ethyl 7-chloro-2-((4-methoxyphenyl)amino)heptanoate (45) 

 

Compound 45 was prepared according to the general procedure A and was purified by flash 

column chromatography (Petroleum ether/EtOAc = 50:1) to afford the title compound as a 

light-yellow oil with 62% of isolated yield (38.9 mg). 1H NMR (400 MHz, CDCl3) δ 6.76 (d, J 

= 7.8 Hz, 2H), 6.60 (d, J = 7.8 Hz, 2H), 4.15 (q, J = 7.4 Hz, 2H), 3.96 (t, J = 6.2 Hz, 1H), 3.90 

(bs, 1H), 3.73 (s, 3H), 3.53 (t, J = 6.4 Hz, 2H), 1.87−1.72 (m, 4H), 1.48−1.45 (m, 4H), 1.23 (t, J 

= 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 174.4, 152.8, 141.0, 115.2, 114.9, 61.0, 57.8, 

55.7, 44.9, 33.0, 32.4, 26.6, 25.0, 14.3; HRMS (ESI) m/z: calcd. for C16H25ClNO3 [M+H]+ 

314.1517; Found 314.1513. 
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ethyl 2-cyclohexyl-2-((4-methoxyphenyl)amino)acetate (46)[4i] 

 

Compound 46 was prepared according to the general procedure A and was purified by flash 

column chromatography (Petroleum ether/EtOAc = 50:1) to afford the title compound as 

light-yellow oil with 36% of isolated yield (21.0 mg). 1H NMR (400 MHz, CDCl3) δ 6.78 (d, J 

= 7.0 Hz, 2H), 6.52 (d, J = 7.0 Hz, 2H), 4.10−4.04 (m, 2H), 3.79 (bs, 1H), 3.68 (t, J = 6.2 Hz, 

1H), 3.65 (s, 3H), 1.80−1.58 (m, 6H), 1.25−1.05 (m, 8H); 13C NMR (100 MHz, CDCl3) δ 173.0, 

151.6, 140.6, 114.2, 113.8, 62.4, 59.7, 54.7, 40.3, 28.6, 28.2, 25.2, 25.1, 25.0, 13.3; HRMS (ESI) 

m/z: calcd. for C17H26NO3 [M+H]+ 292.1907; Found 292.1904. 

Scaled-up Experiments and Synthesis of Benazepril tert-Butyl Ester 

 

Scaled-up Experiment: To an oven dried two-necked round-bottom flask equipped with a 

magnetic stir bar, 5Å MS (250-300 mg), Mo(CO)6 (39.6 mg, 10 mol%), dppb (76.8 mg, 12 

mol%), phosphoric acid PA-3 (52.2 mg, 10 mol%), -hydroxy ester 1y (937.2 mg, 4.5 mmol), 

and amine (S)-2s (435.54 mg, 1.5 mmol) were added. Anhydrous t-amyl-OH (10 mL) was add-

ed and one neck of the flask was then fitted with reflux condenser and the other neck was sealed 

tightly using screw cap and paraffin film. The flask was then purged with nitrogen through re-

flux condenser and the resulting mixture was refluxed at 150 ˚C for 48 hours. The reaction mix-

ture was then transferred to a 50 mL round bottom flask and the solvent was removed in vacuo 

with the aid of a rotary evaporator. The obtained residue was purified by flash column chroma-

tography on silica gel to afford pure Benazepril tert-Butyl Ester 47 in 24% of isolated yield 

(173.0 mg). 

Ethyl-2-(((S)-1-(2-(tert-butoxy)-2-oxoethyl)-2-oxo-2,3,4,5-tetrahydro-1H-benzo[b]azepin-3-

yl)amino)-4-phenylbutanoate (47)[5] 
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Compound 47 was obtained as yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.30−7.10 (m, 

9H), 4.61 (d, J = 17.2 Hz, 1H), 4.32 (d, J = 17.2 Hz, 1H), 4.10−4.00 (m, 2H), 3.30−3.22 (m, 3H), 

2.77−2.64 (m, 2H), 2.60−2.55 (m, 1H), 2.45−2.34 (m, 1H), 2.22 (bs, 1H), 2.04−1.88 (m, 3H), 

1.44 (s, 9H), 1.21 (t, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 174.0, 173.9, 167.9, 141.7, 

141.1, 136.2, 129.4, 128.4, 128.3, 127.7, 126.6, 125.7, 122.1, 81.9, 60.7, 59.3, 56.8, 50.9, 38.0, 

34.3, 31.5, 28.5, 28.0, 14.2; HRMS (ESI) m/z: calcd. for C28H37N2O5 [M+H]+ 481.2697; Found 

481.2693. 
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Optimization study for the asymmetric amination of -hydroxy esters 

Table S4. Evaluation of different parametersa 

 

entry [Mo] Ligand CPA yield of 3 (%)b ee of 3 (%)c 

1 Mo(CO)6 (S)-SEGPHOS CPA-1 65 8 

2 Mo(CO)6 (R)-BINAP CPA-1 52 5 

3 Mo(CO)6 (R)-MeO-BIPHEP CPA-1 37 2 

4 Mo(CO)6 (S)-BTDM-SEGPHOS CPA-1 44 14 

5 Mo(CO)6 (R, R)-DIOP CPA-1 12 0 

6 Mo-1 -- CPA-1 16 15 

7 Mo-2 -- CPA-1 38 3 

8 Mo-3 -- CPA-1 52 22 
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9 Mo-4 -- CPA-1 27 17 

10 Mo-5 -- CPA-1 66 27 

11 Mo-6 -- CPA-1 36 24 

12 Mo-5 -- CPA-2 42 30 

13 Mo-5 -- CPA-3 46 67 

14 Mo-5 -- CPA-4 62 53 

15 Mo-5 -- CPA-5 67 72 

16 Mo-5 -- CPA-6 51 70 

17 Mo-6 -- CPA-5 38 59 

18 Mo(CO)6 (S)-BTDM-SEGPHOS CPA-5 72 45 

a Reaction conditions: [Mo] (5 mol%), Ligand (6 mol%), 1a (0.6 mmol, 3 equiv.), p-anisidine 2a 

(0.2 mmol, 1 equiv.), solvent (2.0 mL), CPA (5 mol%), 5Å MS (80-100 mg), reflux (150 ℃), 24 

hours. b Isolated yields. c Determined by HPLC using a Chiral AS-H column. 
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Table S5. Evaluation of -hydroxy estera 

 

a Reaction conditions: [Mo] (5 mol%), (S)-TRIP (5 mol%), 1 (0.6 mmol, 3 equiv.), p-anisidine 

2a (0.2 mmol, 1 equiv.), solvent (2.0 mL), 5Å MS (80-100 mg), reflux (150 ℃), 24 hours. b 

Isolated yields. c Determined by HPLC using Chiral columns. 
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General procedure B for molybdenum-catalysed asymmetric amination of -hydroxy 

esters. 

To an oven dried two-necked round-bottom flask equipped with a magnetic stir bar, 5Å MS 

(100-150 mg), Mo-5 complex (5.7 mg, 5 mol%), chiral phosphoric acid (S)-TRIP (7.5 mg, 5 

mol%), -hydroxy ester 1a (108.12 mg, 0.6 mmol), and p-anisidine 2a (24.63 mg, 0.2 mmol) 

were added. Anhydrous t-amyl-OH (2 mL) was added and one neck of the flask was then fitted 

with reflux condenser and the other neck was sealed tightly using screw cap and paraffin film. 

The flask was then purged with nitrogen through reflux condenser and the resulting mixture was 

refluxed at 150 ˚C for 24 hours. The reaction mixture was then transferred to a 50 mL round 

bottom flask and the solvent was removed in vacuo with the aid of a rotary evaporator. The ob-

tained residue was purified by flash column chromatography on silica gel to afford pure 

-amino ester 48. Other products (49−71) were prepared by following the same procedure. 

ethyl (R)-2-((4-methoxyphenyl)amino)-2-phenylacetate (48)[6a] 

 

Compound 48 was prepared according to general procedure B and was obtained as yellow 

oil (38.2 mg, 67% yield, 72% ee). [α]25
D = −39.9 (c = 0.4, CHCl3). Lit. data:[6a] [α]22

D = +32.5 (c 

= 1.0, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.49 (d, J = 7.2 Hz, 2H), 7.37−7.29 (m, 3H), 6.72 

(d, J = 7.6 Hz, 2H), 6.53 (d, J = 7.6 Hz, 2H), 5.00 (s, 1H), 4.67 (bs, 1H), 4.26−4.09 (m, 2H), 

3.70 (s, 3H), 1.20 (t, J = 6.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 172.0, 152.4, 140.2, 137.9, 

128.8, 128.1, 127.2, 114.8, 114.7, 61.7, 55.7, 14.0; HRMS (ESI) m/z: calcd. for C17H20NO3 

[M+H]+ 286.1438; Found 286.1436; HPLC conditions: Chiralcel AS-H column, 254 nm, flow 

rate: 1 ml/min, i-PrOH/hexanes = 5/95, tminor = 10.1 min, tmajor = 11.4 min; 72% ee. 

methyl (R)-2-((4-methoxyphenyl)amino)-2-phenylacetate (49)[6a] 
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Compound 49 was prepared through general procedure B and was obtained as white solid 

(22.8 mg, 42% yield, 97% ee). [α]25
D = +48.9 (c = 1.1, CHCl3). Lit. data:[6a] [α]22

D = + (c = 

1.0, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.49 (d, J = 7.2 Hz, 2H), 7.36−7.29 (m, 3H), 6.71 

(d, J = 7.6 Hz, 2H), 6.53 (d, J = 7.6 Hz, 2H), 5.01 (s, 1H), 4.68 (bs, 1H), 3.70 (s, 3H), 3.69 (s, 

3H); 13C NMR (100 MHz, CDCl3) δ 172.5, 152.4, 140.1, 137.7, 128.8, 128.2, 127.2, 114.8, 

114.7, 61.6, 55.6, 52.6; HRMS (ESI) m/z: calcd. for C16H18NO3 [M+H]+ 272.1281; Found 

272.1275; HPLC conditions: Chiralcel IC-H column, 254 nm, flow rate: 1 ml/min, 

i-PrOH/hexanes = 5/95, tminor = 14.2 min, tmajor = 16.4 min; 97% ee. 

benzyl (R)-2-((4-methoxyphenyl)amino)-2-phenylacetate (50)[6a] 

 

Compound 50 was prepared through general procedure B and was obtained as white solid 

(52.8 mg, 76% yield, 88% ee). [α]25
D = − (c = 1.3, CHCl3). Lit. data:[6a] [α]22

D = + (c = 

1.0, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.47 (d, J = 6.0 Hz, 2H), 7.35−7.27 (m, 6H), 7.16 (d, 

J = 6.2 Hz, 2H), 6.70 (d, J = 6.4 Hz, 2H), 6.52 (d, J = 6.4 Hz, 2H), 5.20−5.05 (m, 3H), 4.67 (bs, 

1H), 3.68 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 171.9, 152.5, 140.1, 137.6, 135.3, 128.8, 

128.5, 127.8, 127.3, 114.8, 114.7, 67.2, 61.7, 55.6; HRMS (ESI) m/z: calcd. for C22H22NO3 

[M+H]+ 348.1594; Found 348.1592; HPLC conditions: Chiralcel IC-H column, 254 nm, flow 

rate: 1 ml/min, i-PrOH/hexanes = 5/95, tmajor = 13.7 min, tminor = 18.2 min; 88% ee. 

isopropyl (R)-2-((4-methoxyphenyl)amino)-2-phenylacetate (51)[6a] 

 

Compound 51 was prepared through general procedure B and was obtained as light-yellow 

oil (38.3 mg, 64% yield, 92% ee). [α]25
D = + (c = 0.6, CHCl3). Lit. data:[6a] [α]22

D = + (c 

= 1.0, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.49 (d, J = 6.4 Hz, 2H), 7.36−7.25 (m, 3H), 6.71 

(d, J = 6.8 Hz, 2H), 6.54 (d, J = 6.8 Hz, 2H), 5.07−5.00 (m, 1H), 4.97 (s, 1H), 4.70 (bs, 1H), 
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3.70 (s, 3H), 1.26 (d, J = 4.8 Hz, 3H), 1.08 (d, J = 4.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 

171.5, 152.4, 140.3, 137.9, 128.7, 128.0, 127.1, 114.8, 114.7, 69.3, 61.7, 55.7, 21.7, 21.3; 

HRMS (ESI) m/z: calcd. for C18H22NO3 [M+H]+ 300.1594; Found 300.1592; HPLC condi-

tions: Chiralcel AS-H column, 254 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 5/95, tminor = 7.2 

min, tmajor = 8.5 min; 92% ee. 

cyclohexyl (R)-2-((4-methoxyphenyl)amino)-2-phenylacetate (52) 

 

Compound 52 was prepared through general procedure B and was obtained as white solid 

(55.6 mg, 82% yield, 97% ee). [α]25
D = − (c = 1.4, CHCl3); 1H NMR (400 MHz, CDCl3) δ 

7.53 (d, J = 6.7 Hz, 2H), 7.39−7.28 (m, 3H), 6.75 (d, J = 7.0 Hz, 2H), 6.57 (d, J = 7.0 Hz, 2H), 

5.03 (s, 1H), 4.87−4.81 (m, 1H), 4.75 (bs, 1H), 3.74 (s, 3H), 1.89−1.84 (m, 1H), 1.75−1.71 (m, 

1H), 1.65−1.48 (m, 4H), 1.41−1.25 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 171.4, 152.3, 140.3, 

138.1, 128.6, 128.0, 127.1, 114.8, 114.6, 739, 61.7, 55.6, 31.4, 30.9, 25.2, 23.3, 23.1; HRMS 

(ESI) m/z: calcd. for C21H26NO3 [M+H]+ 340.1907; Found 340.1904; HPLC conditions: Chi-

ralcel AS-H column, 254 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 5/95, tminor = 10.25 min, 

tmajor = 12.93 min; 97% ee. 

tert-butyl (R)-2-((4-methoxyphenyl)amino)-2-phenylacetate (53)[6a] 

 

Compound 53 was prepared through general procedure B and was obtained as white solid (42.6 

mg, 68% yield, 91% ee). [α]25
D = − (c = 0.45, CHCl3). Lit. data: [α]22

D = + (c = 1.0, 

CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.47 (d, J = 6.4 Hz, 2H), 7.35−7.24 (m, 3H), 6.71 (d, J 

= 7.0 Hz, 2H), 6.52 (d, J = 7.0 Hz, 2H), 4.89 (s, 1H), 4.66 (bs, 1H), 3.70 (s, 3H), 1.37 (s, 9H); 

13C NMR (100 MHz, CDCl3) δ 171.1, 152.2, 140.4, 138.4, 128.6, 127.9, 127.1, 114.8, 114.6, 
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82.2, 62.1, 55.7, 27.8; HRMS (ESI) m/z: calcd. for C19H24NO3 [M+H]+ 314.1751; Found 

314.1753; HPLC conditions: Chiralcel AS-H column, 254 nm, flow rate: 1 ml/min, 

i-PrOH/hexanes = 5/95, tminor = 8.52 min, tmajor = 10.47 min; 91% ee. 

methyl (R)-2-((4-methoxyphenyl)amino)-2-(naphthalen-2-yl)acetate (54)[6b] 

 

Compound 54 was prepared through general procedure B and was obtained as light-yellow 

solid (29.5 mg, 46% yield, 83% ee). [α]25
D = +30.9 (c = 0.9, CHCl3). Lit. data:[6b] [α]20

D = 

+ (c = 1.6, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.95 (s, 1H), 7.83−7.80 (m, 3H), 7.61 

(dd, J = 2.0, 8.8 Hz, 1H), 7.48−7.43 (m, 2H), 6.70 (d, J = 8.8 Hz, 2H), 6.54 (d, J = 8.8 Hz, 2H), 

5.17 (s, 1H), 4.76 (bs, 1H), 3.71 (s, 3H), 3.68 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 172.5, 

152.6, 140.2, 135.4, 133.4, 133.3, 128.8, 128.1, 127.8, 126.5, 126.4, 126.3, 125.0, 114.9, 114.8, 

61.9, 55.7, 52.9; HRMS (ESI) m/z: calcd. for C20H20NO3 [M+H]+ 322.1438; Found 322.1432; 

HPLC conditions: Chiralcel AS-H column, 254 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 

5/95, tminor = 12.76 min, tmajor = 15.11 min; 83% ee. 

cyclohexyl (R)-2-((4-methoxyphenyl)amino)-2-(naphthalen-2-yl)acetate (55) 

 

Compound 55 was prepared through general procedure B and was obtained as light-yellow 

oil (53.7 mg, 69% yield, 95% ee). [α]25
D = +61.8 (c = 0.92, CHCl3); 1H NMR (400 MHz, CDCl3) 

δ 7.96 (s, 1H), 7.83−7.80 (m, 3H), 7.61 (d, J = 9.2 Hz, 1H), 7.47−7.45 (m, 2H), 6.71 (d, J = 8.4 

Hz, 2H), 6.57 (d, J = 8.4 Hz, 2H), 5.15 (s, 1H), 4.97 (bs, 1H), 4.81 (s, 1H), 3.68 (s, 3H), 

1.85−1.12 (m, 10H); 13C NMR (100 MHz, CDCl3) δ 171.3, 152.4, 140.3, 135.6, 133.3, 133.1, 

128.4, 128.0, 127.6, 126.2, 126.1, 126.0, 125.0, 114.8, 114.7, 74.1, 61.9, 55.7, 31.4, 31.0, 25.2, 

23.4, 23.2; HRMS (ESI) m/z: calcd. for C25H28NO3 [M+H]+ 390.2064; Found 390.2062; HPLC 
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conditions: Chiralcel AS-H column, 254 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 5/95, tmajor 

= 10.12 min, tminor = 12.73 min; 95% ee. 

methyl (R)-2-((4-methoxyphenyl)amino)-2-(thiophen-2-yl)acetate (56) 

 

Compound 56 was prepared through general procedure A and was obtained as light-yellow 

oil (23.2 mg, 42% yield, 32% ee). [α]25
D = − (c = 0.75, CHCl3); 1H NMR (400 MHz, CDCl3) 

δ 7.24 (s, 1H), 7.12 (s, 1H), 6.98−6.95 (m, 1H), 6.75 (d, J = 7.6 Hz, 2H), 6.61 (d, J = 7.6 Hz, 

2H), 5.28 (s, 1H), 4.66 (bs, 1H), 3.77 (s, 3H), 3.71 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 

171.6, 152.9, 141.4, 139.9, 127.0, 125.6, 125.5, 115.2, 114.8, 57.8, 55.6, 52.9; HRMS (ESI) 

m/z: calcd. for C14H16NO3S [M+H]+ 278.0845; Found 278.0843; HPLC conditions: Chiralcel 

AS-H column, 254 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 5/95, tmajor = 17.78 min, tminor = 

21.34 min; 29% ee. 

cyclohexyl (R)-2-((4-methoxyphenyl)amino)-2-(thiophen-2-yl)acetate (57) 

 

Compound 57 was prepared through general procedure A and was obtained as light-yellow 

oil (46.2 mg, 67% yield, 93% ee). [α]25
D = +36.8 (c = 0.3, CHCl3); 1H NMR (400 MHz, CDCl3) 

δ 7.23 (s, 1H), 7.13 (s, 1H), 6.99−6.95 (m, 1H), 6.75 (d, J = 7.6 Hz, 2H), 6.62 (d, J = 7.6 Hz, 

2H), 5.24 (s, 1H), 4.87−4.82 (m, 1H), 3.66 (bs, 1H), 3.72 (s, 3H), 1.83−1.26 (m, 10H); 13C 

NMR (100 MHz, CDCl3) δ 170.5, 152.9, 141.9, 140.1, 126.9, 125.4, 125.2, 115.2, 114.8, 74.4, 

58.1, 55.7, 31.4, 31.0, 25.2, 23.4, 23.3; HRMS (ESI) m/z: calcd. for C19H24NO3S [M+H]+ 

346.1471; Found 346.1467; HPLC conditions: Chiralcel AS-H column, 254 nm, flow rate: 1 

ml/min, i-PrOH/hexanes = 5/95, tmajor = 10.02 min, tminor = 14.20 min; 93% ee. 

methyl (S)-2-((4-methoxyphenyl)amino)propanoate (58)[6c] 
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Compound 59 was prepared through general procedure A and was obtained as light-yellow 

oil (16.3 mg, 39% yield, 70% ee). [α]25
D = − (c = 0.34, CHCl3). Lit. data:[6c] [α]25

D = + 

(c = 0.65, CHCl3); 1H NMR (400 MHz, CDCl3) δ 6.77 (d, J = 8.4 Hz, 2H), 6.59 (d, J = 8.4 Hz, 

2H), 4.11−4.05 (m, 1H), 3.86 (bs, 1H), 3.74 (s, 3H), 3.71 (s, 3H), 1.46 (d, J = 6.8 Hz, 3H); 13C 

NMR (100 MHz, CDCl3) δ 175.4, 152.8, 140.6, 115.0, 114.9, 55.7, 53.0, 52.1, 19.1; HRMS 

(ESI) m/z: calcd. for C11H16NO3 [M+H]+ 210.1125; Found 210.1122; HPLC conditions: Chi-

ralcel AS-H column, 254 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 5/95, tminor = 23.12 min, 

tmajor = 27.56 min; 70% ee. 

cyclohexyl (S)-2-((4-methoxyphenyl)amino)propanoate (59) 

 

Compound 59 was prepared through general procedure A and was obtained as light-yellow 

oil (25.5 mg, 46% yield, 80% ee). [α]25
D = − (c = 0.86, CHCl3); 1H NMR (400 MHz, CDCl3) 

δ 6.76 (d, J = 7.8 Hz, 2H), 6.59 (d, J = 7.8 Hz, 2H), 4.80−4.75 (m, 1H), 4.06−4.01 (m, 1H), 3.89 

(bs, 1H), 3.73 (s, 3H), 1.81−1.63 (m, 4H), 1.54−1.26 (m, 9H); 13C NMR (100 MHz, CDCl3) δ 

174.3, 152.6, 140.8, 115.0, 114.8, 73.2, 55.6, 53.2, 31.5, 31.3, 25.3, 23.5, 23.3, 19.0; HRMS 

(ESI) m/z: calcd. for C16H24NO3 [M+H]+ 278.1751; Found 278.1748; HPLC conditions: Chi-

ralcel AD-H column, 254 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 5/95, tminor = 8.05 min, 

tmajor = 9.54 min; 80% ee. 

ethyl (S)-2-((4-methoxyphenyl)amino)-4-phenylbutanoate (60)[6d] 
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Compound 60 was prepared through general procedure A and was obtained as light-yellow 

oil (29.4 mg, 47% yield, 45% ee). [α]25
D = +9.4 (c = 0.27, CHCl3). Lit. data:[6d] [α]20

D = + (c 

= 0.027, acetone); 1H NMR (400 MHz, CDCl3) δ 7.30−7.26 (m, 2H), 7.22−7.18 (m, 3H), 6.75 

(d, J = 7.0 Hz, 2H), 6.57 (d, J = 7.0 Hz, 2H), 4.18−4.12 (m, 2H), 3.99−95 (m, 1H), 3.89 (bs, 

1H), 3.73 (s, 3H), 2.77 (t, J = 7.2 Hz, 2H), 2.18−1.98 (m, 2H), 1.23 (t, J = 7.2 Hz, 3H); 13C 

NMR (100 MHz, CDCl3) δ 174.3, 152.7, 141.0, 140.9, 128.5, 128.4, 126.1, 115.2, 114.8, 61.0, 

57.3, 55.7, 34.7, 31.8, 14.2; HRMS (ESI) m/z: calcd. for C19H24NO3 [M+H]+ 314.1751; Found 

314.1753; HPLC conditions: Chiralcel OJ-H column, 254 nm, flow rate: 1 ml/min, 

i-PrOH/hexanes = 10/90, tmajor = 21.4 min, tminor = 28.87 min; 45% ee. 

cyclohexyl (S)-2-((4-methoxyphenyl)amino)-4-phenylbutanoate (61) 

 

Compound 61 was prepared through general procedure A and was obtained as light-yellow 

oil (46.3 mg, 63% yield, 67% ee). [α]25
D = +12.1 (c = 1.2, CHCl3); 1H NMR (400 MHz, CDCl3) 

δ 7.28−7.25 (m, 2H), 7.20−7.18 (m, 3H), 6.75 (d, J = 8.0 Hz, 2H), 6.58 (d, J = 8.0 Hz, 2H), 

4.82−4.77 (m, 1H), 3.98−95 (m, 1H), 3.77 (bs, 1H), 3.72 (s, 3H), 2.76 (t, J = 7.2 Hz, 2H), 

2.17−1.97 (m, 2H), 1.81−1.67 (m, 4H), 1.53−1.21 (m, 6H); 13C NMR (100 MHz, CDCl3) δ 

173.7, 152.7, 141.1, 141.0, 128.5, 128.4, 126.1, 115.2, 114.8, 73.4, 57.5, 55.7, 34.9, 31.9, 31.6, 

31.5, 25.3, 23.7, 23.6; HRMS (ESI) m/z: calcd. for C23H30NO3 [M+H]+ 368.2220; Found 

368.2217; HPLC conditions: Chiralcel OJ-H column, 254 nm, flow rate: 1 ml/min, 

i-PrOH/hexanes = 10/90, tminor = 16.52 min, tmajor = 22.42 min; 67% ee. 

ethyl (S)-7-chloro-2-((4-methoxyphenyl)amino)heptanoate (62) 

 

Compound 62 was prepared through general procedure A and was obtained as light-yellow 

oil (32.0 mg, 51% yield, 54% ee). [α]25
D = +15.6 (c = 0.64, CHCl3); 1H NMR (400 MHz, CDCl3) 

δ 6.76 (d, J = 8.4 Hz, 2H), 6.60 (d, J = 8.4 Hz, 2H), 4.19−4.13 (m, 2H), 3.98−94 (m, 1H), 3.73 
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(s, 3H), 3.53 (t, J = 7.2 Hz, 2H), 1.86−1.71 (m, 4H), 1.52−1.43 (m, 4H), 1.23 (t, J = 7.2 Hz, 3H); 

13C NMR (100 MHz, CDCl3) δ 174.4, 152.7, 141.0, 115.1, 114.8, 60.9, 57.7, 55.7, 44.9, 33.0, 

32.3, 26.6, 24.9, 14.2; HRMS (ESI) m/z: calcd. for C16H25ClNO3 [M+H]+ 314.1517; Found 

314.1514; HPLC conditions: Chiralcel OJ-H column, 254 nm, flow rate: 1 ml/min, 

i-PrOH/hexanes = 10/90, tminor = 7.50 min, tmajor = 9.25 min; 54% ee. 

cyclohexyl (S)-7-chloro-2-((4-methoxyphenyl)amino)heptanoate (63) 

 

Compound 63 was prepared through general procedure A and was obtained as light-yellow 

oil (58.1 mg, 79% yield, 82% ee). [α]25
D = +18.9 (c = 0.71, CHCl3); 1H NMR (400 MHz, CDCl3) 

δ 6.76 (d, J = 7.8 Hz, 2H), 6.60 (d, J = 7.8 Hz, 2H), 4.78 (s, 1H), 95 (t, J = 6.7 Hz, 1H), 3.85 

(bs, 1H), 3.73 (s, 3H), 3.53 (t, J = 6.8 Hz, 2H), 1.81−1.63 (m, 8H), 1.53−1.26 (m, 10H); 13C 

NMR (100 MHz, CDCl3) δ 173.8, 152.7, 141.1, 115.1, 114.8, 73.2, 57.8, 55.7, 44.9, 33.0, 32.4, 

31.6, 31.5, 26.6, 25.3, 24.9, 23.6, 23.5; HRMS (ESI) m/z: calcd. for C20H31ClNO3 [M+H]+ 

368.1987; Found 368.1985; HPLC conditions: Chiralcel OJ-H column, 254 nm, flow rate: 1 

ml/min, i-PrOH/hexanes = 10/90, tminor = 8.43 min, tmajor = 11.17 min; 82% ee. 

ethyl (S)-2-cyclohexyl-2-((4-methoxyphenyl)amino)acetate (64)[6e] 

 

Compound 64 was prepared through general procedure A and was obtained as light-yellow 

oil (14.0 mg, 24% yield, 32% ee). [α]25
D = +5.3 (c = 0.46, CHCl3); 1H NMR (400 MHz, CDCl3) 

δ 6.78 (d, J = 8.2 Hz, 2H), 6.62 (d, J = 8.2 Hz, 2H), 4.20−4.14 (m, 2H), 3.89 (bs, 1H), 3.79 (s, 

1H), 3.75 (s, 3H), 1.90−1.68 (m, 6H), 1.35−1.15 (m, 8H); 13C NMR (100 MHz, CDCl3) δ 174.0, 

152.6, 141.7, 115.2, 114.8, 63.4, 60.7, 55.7, 41.3, 29.7, 29.2, 26.2, 26.1, 26.0, 14.3; HRMS (ESI) 

m/z: calcd. for C17H26NO3 [M+H]+ 292.1907; Found 292.1904; HPLC conditions: Chiralcel 

AS-H column, 254 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 5/95, tminor = 5.76 min, tmajor = 

6.72 min; 32% ee. 
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cyclohexyl (R)-2-phenyl-2-(phenylamino)acetate (65) 

 

Compound 65 was prepared through general procedure A and was obtained as a white 

solid (39.6 mg, 64% yield, 95% ee). [α]25
D = +61.5 (c = 0.30, CHCl3); 1H NMR (400 MHz, 

CDCl3) δ 7.50 (d, J = 8.2 Hz, 2H), 7.36-7.28 (m, 3H), 7.11 (t, J = 8.0 Hz, 2H), 6.69 (t, J = 8.0 

Hz, 1H), 6.56 (d, J = 8.2 Hz, 2H), 5.04 (s, 1H), 4.98 (bs, 1H), 4.84−4.78 (m, 1H), 1.85−1.22 (m, 

10H); 13C NMR (100 MHz, CDCl3) δ 171.2, 146.1, 138.0, 129.2, 128.7, 128.1, 127.1, 117.9, 

113.4, 74.0, 60.9, 31.4, 30.9, 25.3, 23.4, 23.1; HRMS (ESI) m/z: calcd. for C20H24NO2 [M+H]+ 

310.1802; Found 310.1801; HPLC conditions: Chiralcel AS-H column, 254 nm, flow rate: 1 

ml/min, i-PrOH/hexanes = 5/95, tminor = 6.32 min, tmajor = 7.64 min; 95% ee. 

cyclohexyl (R)-2-phenyl-2-(p-tolylamino)acetate (66) 

 

Compound 66 was prepared through general procedure A and was obtained as a white 

solid (49.2 mg, 76% yield, 90% ee). [α]25
D = +64.8 (c = 0.50, CHCl3); 1H NMR (400 MHz, 

CDCl3) δ 7.49 (d, J = 7.6 Hz, 2H), 7.35−7.24 (m, 3H), 6.92 (d, J = 7.8 Hz, 2H), 6.48 (d, J = 7.8 

Hz, 2H), 5.04 (s, 1H), 4.84−4.78 (m, 2H), 2.19 (s, 3H), 1.84−1.24 (m, 10H); 13C NMR (100 

MHz, CDCl3) δ 171.4, 143.8, 138.1, 129.7, 128.7, 128.0, 127.2, 127.1, 113.5, 74.0, 61.2, 31.4, 

30.9, 25.3, 23.4, 23.2, 20.4; HRMS (ESI) m/z: calcd. for C21H26NO2 [M+H]+ 324.1958; Found 

324.1951; HPLC conditions: Chiralcel AS-H column, 254 nm, flow rate: 1 ml/min, 

i-PrOH/hexanes = 5/95, tmajor = 6.93 min, tminor = 8.61 min; 90% ee. 

cyclohexyl (R)-2-((4-bromophenyl)amino)-2-phenylacetate (67) 



 

S53 

 

 

Compound 67 was prepared through general procedure A and was obtained as a white 

solid (45.0 mg, 58% yield, 90% ee). [α]25
D = +65.7 (c = 0.25, CHCl3); 1H NMR (400 MHz, 

CDCl3) δ 7.46 (d, J = 6.8 Hz, 2H), 7.36−7.31 (m, 3H), 7.18 (d, J = 8.4 Hz, 2H), 6.43 (d, J = 8.4 

Hz, 2H), 5.03 (s, 1H), 4.99 (bs, 1H), 4.83−4.78 (m, 1H), 1.83−1.25 (m, 10H); 13C NMR (100 

MHz, CDCl3) δ 170.9, 144.9, 137.4, 131.9, 128.8, 128.3, 127.1, 115.0, 109.6, 74.3, 60.7, 31.4, 

30.9, 25.2, 23.3, 23.1; HRMS (ESI) m/z: calcd. for C20H23BrNO2 [M+H]+ 388.0907; Found 

388.0901; HPLC conditions: Chiralcel AS-H column, 254 nm, flow rate: 1 ml/min, 

i-PrOH/hexanes = 5/95, tmajor = 8.58 min, tminor = 10.83 min; 90% ee. 

butyl (R)-4-((2-(cyclohexyloxy)-2-oxo-1-phenylethyl)amino)benzoate (68) 

 

Compound 68 was prepared through general procedure A and was obtained as a white 

solid (58.9 mg, 72% yield, 95% ee). [α]25
D = +83.4 (c = 0.30, CHCl3); 1H NMR (400 MHz, 

CDCl3) δ 7.81 (d, J = 7.8 Hz, 2H), 7.47 (d, J = 7.2 Hz, 2H), 7.36−7.30 (m, 3H), 6.52 (d, J = 7.8 

Hz, 2H), 5.45 (s, 1H), 5.10 (bs, 1H), 4.82 (s, 1H), 4.23 (t, J = 6.4 Hz, 2H), 1.84−1.65 (m, 4H), 

1.59−1.26 (m, 10H), 0.95 (t, J = 6.9 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 170.6, 166.8, 

149.5, 137.1, 131.4, 128.8, 128.3, 127.0, 119.5, 112.3, 74.4, 64.1, 60.2, 31.4, 30.9, 30.8, 25.2, 

23.3, 23.1, 19.3, 13.8; HRMS (ESI) m/z: calcd. for C25H32NO4 [M+H]+ 410.2326; Found 

410.2328; HPLC conditions: Chiralcel IC-H column, 254 nm, flow rate: 1 ml/min, 

i-PrOH/hexanes = 5/95, tminor = 5.60 min, tmajor = 6.03 min; 95% ee. 

cyclohexyl (R)-2-phenyl-2-((3,4,5-trimethoxyphenyl)amino)acetate (69) 
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Compound 69 was prepared through general procedure A and was obtained as a white 

solid (63.1 mg, 79% yield, 96% ee). [α]25
D = +30.1 (c = 0.23, CHCl3); 1H NMR (400 MHz, 

CDCl3) δ 7.87 (d, J = 6.8 Hz, 2H), 7.54−7.45 (m, 3H), 6.24 (s, 2H), 4.91−4.85 (m, 1H), 

4.43−4.36 (m, 1H), 3.93 (bs, 1H), 3.83 (s, 6H), 3.82 (s, 3H), 1.64−1.25 (m, 10H); 13C NMR 

(100 MHz, CDCl3) δ 164.6, 160.6, 153.3, 146.3, 135.2, 133.8, 131.8, 128.7, 127.9, 97.3, 74.4, 

61.0, 60.9, 56.1, 31.2, 25.1, 23.3; HRMS (ESI) m/z: calcd. for C23H30NO5 [M+H]+ 400.2118; 

Found 400.2116; HPLC conditions: Chiralcel IC-H column, 254 nm, flow rate: 1 ml/min, 

i-PrOH/hexanes = 5/95, tminor = 5.28 min, tmajor = 6.16 min; 96% ee. 

cyclohexyl (R)-2-((3-chloro-4-fluorophenyl)amino)-2-phenylacetate (70) 

 

Compound 70 was prepared through general procedure A and was obtained as a white 

solid (40.5 mg, 56% yield, 86% ee). [α]25
D = +61.0 (c = 0.34, CHCl3); 1H NMR (400 MHz, 

CDCl3) δ 7.46 (d, J = 7.4 Hz, 2H), 7.37−7.30 (m, 3H), 6.88 (t, J = 8.4 Hz, 1H), 6.57−6.53 (m, 

1H), 6.40−6.35 (m, 1H), 4.95 (s, 2H), 4.84−4.78 (m, 1H), 1.84−1.80 (m, 1H), 1.72−1.67 (m, 

1H), 1.58−1.55 (m, 1H), 1.51−1.45 (m, 3), 1.37−1.24 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 

170.8, 152.4, 150.0, 142.9, 137.2, 128.9, 128.4, 127.1, 121.2, 121.0, 116.9, 116.7, 114.5, 112.5, 

74.3, 61.1, 31.4, 30.9, 25.2, 23.3, 23.1; HRMS (ESI) m/z: calcd. for C20H22ClFNO2 [M+H]+ 

362.1318; Found 362.1321; HPLC conditions: Chiralcel IC-H column, 254 nm, flow rate: 1 

ml/min, i-PrOH/hexanes = 5/95, tmajor = 8.13 min, tminor = 10.13 min; 86% ee. 

cyclohexyl (R)-2-(naphthalen-2-ylamino)-2-phenylacetate (71) 
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Compound 71 was prepared through general procedure A and was obtained as a white 

solid (51.7 mg, 72% yield, 96% ee). [α]25
D = +115.6 (c = 0.43, CHCl3); 1H NMR (400 MHz, 

CDCl3) δ 7.65−7.48 (m, 5H), 7.37−7.28 (m, 4H), 7.17 (t, J = 7.6 Hz, 1H), 6.96 (d, J = 8.8 Hz, 

1H), 6.65 (s, 1H), 5.18 (s, 1H), 5.15 (bs, 1H), 4.83 (s, 1H), 1.87−1.82 (m, 1H), 1.72−1.69 (m, 

1H), 1.62−1.26 (m, 8H); 13C NMR (100 MHz, CDCl3) δ 171.2, 143.6, 137.6, 134.9, 129.0, 

128.7, 128.2, 127.7, 127.6, 127.1, 126.2, 126.0, 122.2, 118.0, 105.6, 74.1, 60.9, 31.4, 309, 25.2, 

23.4, 23.1; HRMS (ESI) m/z: calcd. for C24H26NO2 [M+H]+ 360.1958; Found 360.1956; HPLC 

conditions: Chiralcel AS-H column, 254 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 5/95, tminor 

= 6.03 min, tmajor = 7.28 min; 96% ee. 

Synthesis of 52 on large scale: 

 

To an oven dried two-necked round-bottom flask equipped with a magnetic stir bar, 5Å MS 

(250-500 mg), Mo-5 complex (57.2 mg, 5 mol%), chiral phosphoric acid (S)-TRIP (76.0 mg, 5 

mol%), -hydroxy ester 1e (1.41 g, 6 mmol), and p-anisidine 2a (246.3 mg, 2 mmol) were add-

ed. Anhydrous t-amyl-OH (20 mL) was added and one neck of the flask was then fitted with 

reflux condenser and the other neck was sealed tightly using screw cap and paraffin film. The 

flask was then purged with nitrogen through reflux condenser and the resulting mixture was re-

fluxed at 150 ˚C for 48 hours. The reaction mixture was then transferred to a 100 mL round 

bottom flask and the solvent was removed in vacuo with the aid of a rotary evaporator. The ob-

tained residue was purified by flash column chromatography on silica gel to afford pure 

-amino ester 52 with 64% (434.5 mg) of isolated yield and 96% of enantioselectivity. 
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Synthesis of compound 73: 

 

According to the literature,[7b] cyclohexyl (R)-2-((4-methoxyphenyl)amino)-2-phenylacetate 52 

(339.44 mg, 1.0 mmol) was dissolved in acetonitrile/water (4 mL/2 mL), and hydrochloric acid 

(1 M, 2 mL) was added. Then ceric ammonium nitrate (CAN) aqueous solution (2.03 g dis-

solved in 3 mL water, 3.71 mmol) was added in four portions to the reaction mixture in an ice 

bath. After stirring for 5 h, the resulting dark brown solution was diluted with EtOAc (10 mL) 

and extracted with water (3 × 5 mL). The combined aqueous layer was treated with saturated 

NaHSO3 solution (5 mL) and was then extract the aqueous layer. The collected organic layer 

was dried over Na2SO4, and concentrated in vacuo. The crude product was purified by silica-gel 

column chromatography. The obtained product 73 was a colorless oily liquid with 76% (177.3 

mg) of isolated yield and 90% of enantioselectivity. [α]25
D = +30.5 (c = 0.70, CHCl3); 1H NMR 

(400 MHz, CDCl3) δ 7.39−7.25 (m, 5H), 4.82−4.75 (m, 1H), 4.58 (s, 1H), 1.98 (bs, 2H), 

1.84−1.80 (m, 1H), 1.69−1.66 (m, 2H), 1.56−1.45 (m, 3H), 1.40−1.20 (m, 4H); 13C NMR (100 

MHz, CDCl3) δ 173.4, 140.6, 128.6, 127.8, 126.7, 73.5, 58.9, 31.4, 31.0, 25.2, 23.5, 23.3; 

HRMS (ESI) m/z: calcd. for C14H20NO2 [M+H]+ 234.1489; Found 234.1487; HPLC condi-

tions: Chiralcel IC-H column, 254 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 30/70, tmajor = 

7.89 min, tminor = 8.69 min; 90% ee. 

Synthesis of (−)-Flamprop-methyl (74): 
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To an oven dried two-necked round-bottom flask equipped with a magnetic stir bar, 5Å MS 

(250-500 mg), Mo-5 complex (57.2 mg, 5 mol%), chiral phosphoric acid (S)-TRIP (76.0 mg, 5 

mol%), -hydroxy ester 1w (2.03 g, 6 mmol), and 3-chloro-4-fluoroaniline 2l (291.12 mg, 2 

mmol) were added. Anhydrous t-amyl-OH (20 mL) was added and one neck of the flask was 

then fitted with reflux condenser and the other neck was sealed tightly using screw cap and par-

affin film. The flask was then purged with nitrogen through reflux condenser and the resulting 

mixture was refluxed at 150 ˚C for 48 hours. The reaction mixture was then transferred to a 100 

mL round bottom flask and the solvent was removed in vacuo with the aid of a rotary evaporator. 

The obtained residue was purified by flash column chromatography on silica gel to afford pure 

-amino ester 74 with 53% (245.5 mg) of isolated yield and 64% of enantioselectivity. [α]25
D = 

+19.1 (c = 1.2, CHCl3). Lit. data:[7a] [α]20
D = −39.7 (c = 0.42, CH2Cl2); 1H NMR (400 MHz, 

CDCl3) δ 6.93 (t, J = 8.8 Hz, 1H), 6.60 (dd, J = 6.6, 2.8 Hz, 1H), 6.43 (dt, J = 8.9, 3.3 Hz, 1H), 

4.15 (s, 1H), 4.08−4.01 (m, 1H), 3.73 (s, 3H), 1.45 (d, J = 6.8 Hz, 3H); 13C NMR (100 MHz, 

CDCl3) δ 174.7, 152.6, 150.2, 143.5, 143.5, 1213, 121.1, 117.0, 116.8, 114.5, 112.7, 112.6, 52.4, 

52.3, 18.8; HRMS (ESI) m/z: calcd. for C10H12ClFNO2 [M+H]+ 232.0535; Found 232.0530; 

HPLC conditions: Chiralcel OJ-H column, 254 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 

5/95, tmajor = 5.92 min, tminor = 7.77 min; 64% ee. 

 

According to the literature,[7b] benzoyl chloride (140.6 mg, 1.0 mmol) was added dropwise to 

the solution of 74 (115.8 mg, 0.5 mmol) in CH2Cl2 (5.0 mL) and stirred for 20 minutes under a 

nitrogen atmosphere. The triethylamine (50.6 mg, 0.5 mmol) was slowly added and stirred at 

room temperature for overnight. The resulting mixture was purified by flash column chroma-

tography (EA/PE = 1:10) to afford pure 75 with 87% (146.0 mg) of isolated yield and 63% of 

enantioselectivity. [α]25
D = − (c = 1.6, CHCl3). Lit. data:[7b] [α]20

D = + (c = 0.5, CHCl3); 

1H NMR (400 MHz, CDCl3) δ 7.92−7.19 (m, 6H), 7.05−6.94 (m, 2H), 5.09−5.03 (m, 1H), 3.80 

(s, 3H), 1.45 (d, J = 6.6 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 172.1, 170.6, 158.3, 155.8, 

137.9, 135.3, 133.5, 131.4, 130.1, 129.5, 128.2, 128.0, 121.3, 121.1, 116.8, 116.6, 56.7, 52.5, 

52.4, 15.4; HRMS (ESI) m/z: calcd. for C17H16ClFNO3 [M+H]+ 336.0797; Found 336.0794; 
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HPLC conditions: Chiralcel OD-H column, 254 nm, flow rate: 1 ml/min, i-PrOH/hexanes = 

5/95, tminor = 12.89 min, tmajor = 16.43 min; 63% ee. 

Procedures for Mechanistic Experiments 

 

The reaction was set up following the asymmetric amination general procedure B without the 

addition of Mo-5 complex. After cooling to room temperature, the crude reaction mixture was 

passed through a short silica-packed column, concentrated under reduced pressure and was ana-

lyzed by 1H NMR. 

 

The reaction was set up following the asymmetric amination general procedure B without the 

addition of (S)-TRIP. After cooling the reaction to room temperature, the crude reaction mixture 

was purified by column chromatography and compound 52 was collected in 15% of isolated 

yield with 43% of enantioselectivity. 

 

The reaction was set up for the amination of chiral ester (S)-1b by following general amination 

procedure A. After cooling the reaction to room temperature, the crude reaction mixture was 
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purified by column chromatography and compound 49 was collected in 50% of isolated yield 

with 0% of enantioselectivity. 

 

To an oven dried two-necked round-bottom flask equipped with a magnetic stir bar, 5Å MS 

(80-100 mg), Mo-5 complex (5.7 mg, 10 mol%), chiral phosphoric acid (S)-TRIP (7.5 mg, 5 

mol%), -ketimin-ester (67.48 mg, 0.2 mmol), and -hydroxy ester 1b (46.86 mg, 0.2 mmol) 

were added. Anhydrous t-amyl-OH (2 mL) was added and the reaction was refluxed for 24 

hours according to general procedure B. The reaction mixture was then transferred to a 50 mL 

round bottom flask and the solvent was removed in vacuo with the aid of a rotary evaporator. 

The obtained residue was purified by flash column chromatography on silica gel to afford pure 

-amino ester 52 in 76% of isolated yield with 90% of enantioselectivity. 

Preparation of imine ester: This compound was prepared ac-

cording to the previously reported literature procedure and was 

collected as yellow solid.[1a] 1H NMR (400 MHz, CDCl3) δ 7.87 

(d, J = 6.8 Hz, 2H), 7.51−7.43 (m, 3H), 6.96 (d, J = 8.2 Hz, 2H), 

6.86 (d, J = 8.2 Hz, 2H), 4.93−4.87 (m, 1H), 3.80 (s, 3H), 

1.66−1.16 (m, 10H); 13C NMR (100 MHz, CDCl3) δ 165.0, 

159.9, 157.2, 143.4, 134.2, 131.4, 128.6, 127.8, 121.2, 114.0, 

74.3, 55.5, 31.2, 25.1, 23.4; HRMS (ESI) m/z: calcd. for C21H24NO3 [M+H]+ 338.1751; Found 

338.1749. 

General procedure for nonlinear effect (NLE) studies 

NLE studies with achiral phosphoric acid (rac-TRIP): 
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Combining the certain amounts of optically pure (S)-Mo-5 with pure (R)-Mo-5 leads to the 

formation of the specified ee values of Mo-5. Several reactions containing the mixed catalyst 

(Mo-5) of racemic, 20%, 40%, 60%, 80% and 100% (>99%) ee were performed in parallel 

(Figure S1). A linear plot of eeprod (the enantiomeric excess of product) as a function of eeMo-5 

(the enantiomeric excess of catalyst Mo-5) was obtained (R2 = 0.9973). The absence of an NLE 

indicated that one chiral catalyst Mo-5 was involved in the catalytic cycle. 

 

Entry ee of Mo-5 (%) ee of product 52 (%) 

1 0 0 

2 20 8 

3 40 17 

4 60 24 

5 80 35 

6 100 42 

Figure S1. Nonlinear effect studies of achiral phosphoric acid (rac-TRIP). 

General Procedure: To an oven dried two-necked round-bottom flask equipped with a mag-

netic stir bar, 5Å MS (100-150 mg), Mo-5 complex (11.4 mg, x ee %, 10 mol%), achiral phos-

phoric acid (rac-TRIP) (15.0 mg, 10 mol%), -hydroxy ester 1e (140.58 mg, 0.6 mmol), and 
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p-anisidine 2a (24.63 mg, 0.2 mmol) were added. Anhydrous t-amyl-OH (2 mL) was added and 

one neck of the flask was then fitted with reflux condenser and the other neck was sealed tightly 

using screw cap and paraffin film. The flask was then purged with nitrogen through reflux con-

denser and the resulting mixture was refluxed at 150 ˚C for 24 hours. The reaction mixture was 

then transferred to a 50 mL round bottom flask and the solvent was removed in vacuo with the 

aid of a rotary evaporator. The obtained residue was purified by flash column chromatography 

on silica gel to afford pure -amino ester 52. A graph of ee of product vs. ee of catalyst was then 

plotted. 

NLE studies with chiral phosphoric acid (S-TRIP): 

 

Combining the certain amounts of optically pure (S)-Mo-5 with pure (R)-Mo-5 leads to the 

formation of the specified ee values of Mo-5. Several reactions containing the mixed catalyst 

(Mo-5) of 0% (racemic), 20%, 40%, 60%, 80% and 100% (optically pure (S)-Mo-5) were per-

formed in parallel (Figure S2) and a positive nonlinear effect was obtained. 

General Procedure: To an oven dried two-necked round-bottom flask equipped with a mag-

netic stir bar, 5Å MS (100-150 mg), Mo-5 complex (11.4 mg, x ee %, 10 mol%), chiral phos-

phoric acid (S)-TRIP (15.0 mg, 10 mol%), -hydroxy ester 1e (140.58 mg, 0.6 mmol), and 

p-anisidine 2a (24.63 mg, 0.2 mmol) were added. Anhydrous t-amyl-OH (2 mL) was added and 

one neck of the flask was then fitted with reflux condenser and the other neck was sealed tightly 

using screw cap and paraffin film. The flask was then purged with nitrogen through reflux con-

denser and the resulting mixture was refluxed at 150 ˚C for 24 hours. The reaction mixture was 

then transferred to a 50 mL round bottom flask and the solvent was removed in vacuo with the 

aid of a rotary evaporator. The obtained residue was purified by flash column chromatography 
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on silica gel to afford pure -amino ester 52. A graph of ee of product vs. ee of catalyst was then 

plotted. 

 

Entry ee of Mo-5 (%) ee of product 52 (%) 

1 0 <5 

2 20 34 

3 40 59 

4 60 72 

5 80 85 

6 100 96 

Figure S2. Nonlinear effect studies of chiral phosphoric acid (S-TRIP). 

X-ray crystallography of compound 53 

A single-crystal of compound 53 was obtained through slow evaporation from its solution in 

n-hexane. The structure of 53 was then determined by X-ray crystallographic analysis (CCDC 

No: 2325435). Diffraction data were collected on a Bruker SMART Apex-II CCD-based X-ray 

diffractometer with Cu-Kα radiation. The empirical absorption correction was applied by using 

the SADABS program. The structure was solved using direct method, and refined by full-matrix 
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least-squares on F2 (G.M. Sheldrick, SHELXTL2008, program of crystal structure refinement, 

University of Gӧttingen, Germany, 1997). H-atoms were refined isotopically, while all other 

atoms were refined anisotropically. The crystallographic data is summarized in Table S6 and the 

diagram is shown in Figure S3. 

 

Figure S3. X-ray of compound 53. 

Table S6. Crystal data and structure refinement for compound 53. 

Identification code A 

Empirical formula C19H23NO3 

Formula weight 313.38 

Temperature/K 193.00 

Crystal system monoclinic 

Space group P21 

a/Å 5.8435(3) 

b/Å 10.3279(5) 

c/Å 14.3119(8) 

α/° 90 

β/° 95.862(2) 
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γ/° 90 

Volume/Å3 859.22(8) 

Z 2 

ρcalcg/cm3 1.211 

μ/mm-1 0.081 

F(000) 336.0 

Crystal size/mm3 0.12 × 0.1 × 0.09 

Radiation MoKα (λ = 0.71073) 

2Θ range for data collection/° 4.872 to 52.736 

Index ranges -7 ≤ h ≤ 7, -12 ≤ k ≤ 11, -17 ≤ l ≤ 17 

Reflections collected 7479 

Independent reflections 2689 [Rint = 0.0503, Rsigma = 0.0527] 

Data/restraints/parameters 2689/1/212 

Goodness-of-fit on F2 1.109 

Final R indexes [I>=2σ (I)] R1 = 0.0439, wR2 = 0.0897 

Final R indexes [all data] R1 = 0.0660, wR2 = 0.1014 

Largest diff. peak/hole / e Å-3 0.15/-0.17 

Flack parameter 0.3(10) 

 

X-ray crystallography of Mo-5 complex. 

A single-crystal of Mo-complex 5 was obtained through slow evaporation from its solution in 

dichloromethane/n-hexane. The structure of Mo-complex 5 was then determined by X-ray crys-

tallographic analysis (CCDC No: 2325435). Diffraction data were collected on a Bruker 

SMART Apex-II CCD-based X-ray diffractometer with Cu-Kα radiation. The empirical absorp-

tion correction was applied by using the SADABS program. The structure was solved using di-

rect method, and refined by full-matrix least-squares on F2 (G.M. Sheldrick, SHELXTL2008, 

program of crystal structure refinement, University of Gӧttingen, Germany, 1997). H-atoms 



 

S65 

 

were refined isotopically, while all other atoms were refined anisotropically. The crystallo-

graphic data is summarized in Table S7 and the diagram is shown in Figure S4. 

 

 

Figure S4. X-ray of Mo-5 complex. 

Table S7. Crystal data and structure refinement for compound Mo-5 complex. 

Identification code 230520_WQANGZ_154251_0m 

Empirical formula C30H24MoN2O4 

Formula weight 572.45 

Temperature/K 193.00 

Crystal system hexagonal 

Space group P65/22 

a/Å 7.3913(3) 

b/Å 7.3913(3) 

c/Å 80.695(5) 

α/° 90 

β/° 90 

γ/° 120 

Volume/Å3 3817.8(4) 

Z 6 

ρcalcg/cm3 1.494 
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μ/mm-1 3.045 

F(000) 1752.0 

Crystal size/mm3 0.13 × 0.12 × 0.1 

Radiation GaKα (λ = 1.34139) 

2Θ range for data collection/° 5.716 to 120.69 

Index ranges -9 ≤ h ≤ 8, -8 ≤ k ≤ 8, -93 ≤ l ≤ 102 

Reflections collected 21211 

Independent reflections 2784 [Rint = 0.0882, Rsigma = 0.0682] 

Data/restraints/parameters 2784/0/169 

Goodness-of-fit on F2 1.154 

Final R indexes [I>=2σ (I)] R1 = 0.0879, wR2 = 0.1587 

Final R indexes [all data] R1 = 0.1025, wR2 = 0.1659 

Largest diff. peak/hole / e Å-3 0.71/-1.13 

Flack parameter 0.11(7) 
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1H NMR of Compound 1m (CDCl3, 400 MHz): 

 
13C NMR of Compound 1m (CDCl3, 100 MHz): 
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1H NMR of Compound 1n (CDCl3, 400 MHz): 

 

13C NMR of Compound 1n (CDCl3, 100 MHz): 
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1H NMR of Compound 1o (CDCl3, 400 MHz): 

 

13C NMR of Compound 1o (CDCl3, 100 MHz): 
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1H NMR of Compound 1q (CDCl3, 400 MHz): 

 

13C NMR of Compound 1q (CDCl3, 100 MHz): 
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1H NMR of Compound 1s (CDCl3, 400 MHz): 

 

13C NMR of Compound 1s (CDCl3, 100 MHz): 
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1H NMR of Compound 1t (CDCl3, 400 MHz): 

 

13C NMR of Compound 1t (CDCl3, 100 MHz): 
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1H NMR of Compound 1u (CDCl3, 400 MHz): 

 

13C NMR of Compound 1u (CDCl3, 100 MHz): 

 



 

S75 

 

1H NMR of Compound 1z (CDCl3, 400 MHz): 

 

13C NMR of Compound 1z (CDCl3, 100 MHz): 
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1H NMR of Compound 1zc (CDCl3, 400 MHz): 

 

13C NMR of Compound 1zc (CDCl3, 100 MHz): 
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1H NMR of Compound 1zd (CDCl3, 400 MHz): 

 

13C NMR of Compound 1zd (CDCl3, 100 MHz): 
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1H NMR of Compound 1zf (CDCl3, 400 MHz): 

 

13C NMR of Compound 1zf (CDCl3, 100 MHz): 
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1H NMR of Compound 1zg (CDCl3, 400 MHz): 

 

13C NMR of Compound 1zg (CDCl3, 100 MHz): 
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1H NMR of Mo-1 complex (CDCl3, 400 MHz): 

 

13C NMR of Mo-1 complex (CDCl3, 100 MHz): 
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1H NMR of ligand-b (CDCl3, 400 MHz): 

 

13C NMR of ligand-b (CDCl3, 100 MHz): 
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1H NMR of Mo-2 complex (CDCl3, 400 MHz): 

 

 

13C NMR of Mo-2 complex (CDCl3, 100 MHz): 
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1H NMR of ligand-c (CDCl3, 400 MHz): 

8.  

13C NMR of ligand-c (CDCl3, 100 MHz): 
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1H NMR of Mo-3 complex (CDCl3, 400 MHz): 

 

13C NMR of Mo-3 complex (CDCl3, 100 MHz): 
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1H NMR of ligand-d (CDCl3, 400 MHz): 

 

1H NMR of ligand-d (CDCl3, 400 MHz): 
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1H NMR of Mo-4 complex (CDCl3, 400 MHz): 

 

 

1H NMR of Mo-4 complex (CDCl3, 400 MHz): 
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1H NMR of ligand-e (CDCl3, 400 MHz): 

 

1H NMR of ligand-e (CDCl3, 400 MHz): 
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1H NMR of Mo-5 complex (CDCl3, 400 MHz): 

 

1H NMR of Mo-5 complex (CDCl3, 400 MHz): 
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1H NMR of Ellman’s imine (CDCl3, 400 MHz): 

 

1H NMR of Ellman’s imine (CDCl3, 400 MHz): 
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1H NMR of protected amine (CDCl3, 400 MHz): 

 

1H NMR of protected amine (CDCl3, 400 MHz): 
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1H NMR of unprotected amine (CDCl3, 400 MHz): 

 

1H NMR of unprotected amine (CDCl3, 400 MHz): 
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1H NMR of ligand-f (CDCl3, 400 MHz): 

 

1H NMR of ligand-f (CDCl3, 400 MHz): 
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1H NMR of Mo-6 complex (CDCl3, 400 MHz): 

 

1H NMR of Mo-6 complex (CDCl3, 400 MHz): 
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1H NMR of Compound 3 (CDCl3, 400 MHz): 

 

13C NMR of Compound 3 (CDCl3, 100 MHz): 

 



 

S95 

 

1H NMR of Compound 4 (CDCl3, 400 MHz): 

 

13C NMR of Compound 4 (CDCl3, 100 MHz): 
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1H NMR of Compound 5 (CDCl3, 400 MHz): 

 

13C NMR of Compound 5 (CDCl3, 100 MHz): 
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1H NMR of Compound 6 (CDCl3, 400 MHz): 

 

13C NMR of Compound 6 (CDCl3, 100 MHz): 

 



 

S98 

 

1H NMR of Compound 7 (CDCl3, 400 MHz): 

 

13C NMR of Compound 7 (CDCl3, 100 MHz): 
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1H NMR of Compound 8 (CDCl3, 400 MHz): 

 

13C NMR of Compound 8 (CDCl3, 100 MHz): 
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1H NMR of Compound 9 (CDCl3, 400 MHz): 

 

13C NMR of Compound 9 (CDCl3, 100 MHz): 
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1H NMR of Compound 10 (CDCl3, 400 MHz): 

 

13C NMR of Compound 10 (CDCl3, 100 MHz): 
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1H NMR of Compound 11 (CDCl3, 400 MHz): 

 

13C NMR of Compound 11 (CDCl3, 100 MHz): 
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1H NMR of Compound 12 (CDCl3, 400 MHz): 

 

13C NMR of Compound 12 (CDCl3, 100 MHz): 
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1H NMR of Compound 13 (CDCl3, 400 MHz): 

 

13C NMR of Compound 13 (CDCl3, 100 MHz): 
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1H NMR of Compound 14 (CDCl3, 400 MHz): 

 

13C NMR of Compound 14 (CDCl3, 100 MHz): 
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1H NMR of Compound 15 (CDCl3, 400 MHz): 

 

13C NMR of Compound 15 (CDCl3, 100 MHz): 
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1H NMR of Compound 16 (CDCl3, 400 MHz): 

 

13C NMR of Compound 16 (CDCl3, 100 MHz): 
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1H NMR of Compound 17 (CDCl3, 400 MHz): 

 

13C NMR of Compound 17 (CDCl3, 100 MHz): 
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1H NMR of Compound 18 (CDCl3, 400 MHz): 

 

13C NMR of Compound 18 (CDCl3, 100 MHz): 
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1H NMR of Compound 19 (CDCl3, 400 MHz): 

 

13C NMR of Compound 19 (CDCl3, 100 MHz): 
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1H NMR of Compound 20 (CDCl3, 400 MHz): 

 

13C NMR of Compound 20 (CDCl3, 100 MHz): 
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1H NMR of Compound 21 (CDCl3, 400 MHz): 

 

13C NMR of Compound 21 (CDCl3, 100 MHz): 
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1H NMR of Compound 22 (CDCl3, 400 MHz): 

 

13C NMR of Compound 22 (CDCl3, 100 MHz): 
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1H NMR of Compound 23 (CDCl3, 400 MHz): 

 

13C NMR of Compound 23 (CDCl3, 100 MHz): 
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1H NMR of Compound 24 (CDCl3, 400 MHz): 

 

13C NMR of Compound 24 (CDCl3, 100 MHz): 
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1H NMR of Compound 25 (CDCl3, 400 MHz): 

 

13C NMR of Compound 25 (CDCl3, 100 MHz): 
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1H NMR of Compound 26 (CDCl3, 400 MHz): 

 

13C NMR of Compound 26 (CDCl3, 100 MHz): 
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1H NMR of Compound 27 (CDCl3, 400 MHz): 

 

13C NMR of Compound 27 (CDCl3, 100 MHz): 
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1H NMR of Compound 28 (CDCl3, 400 MHz): 

 

13C NMR of Compound 28 (CDCl3, 100 MHz): 
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1H NMR of Compound 29 (CDCl3, 400 MHz): 

 

13C NMR of Compound 29 (CDCl3, 100 MHz): 
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1H NMR of Compound 30 (CDCl3, 400 MHz): 

 

13C NMR of Compound 30 (CDCl3, 100 MHz): 
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1H NMR of Compound 31 (CDCl3, 400 MHz): 

 

13C NMR of Compound 31 (CDCl3, 100 MHz): 
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1H NMR of Compound 32 (CDCl3, 400 MHz): 

 

13C NMR of Compound 32 (CDCl3, 100 MHz): 

 



 

S124 

 

1H NMR of Compound 33 (CDCl3, 400 MHz): 

 

13C NMR of Compound 33 (CDCl3, 100 MHz): 
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1H NMR of Compound 34 (CDCl3, 400 MHz): 

 

13C NMR of Compound 34 (CDCl3, 100 MHz): 
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1H NMR of Compound 35 (CDCl3, 400 MHz): 

 

13C NMR of Compound 35 (CDCl3, 100 MHz): 
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1H NMR of Compound 36 (CDCl3, 400 MHz): 

 

13C NMR of Compound 36 (CDCl3, 100 MHz): 
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1H NMR of Compound 37 (CDCl3, 400 MHz): 

 

13C NMR of Compound 37 (CDCl3, 100 MHz): 
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1H NMR of Compound 38 (CDCl3, 400 MHz): 

 

13C NMR of Compound 38 (CDCl3, 100 MHz): 
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1H NMR of Compound 39 (CDCl3, 400 MHz): 

 

13C NMR of Compound 39 (CDCl3, 100 MHz): 
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1H NMR of Compound 40 (CDCl3, 400 MHz): 

 

13C NMR of Compound 40 (CDCl3, 100 MHz): 
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1H NMR of Compound 41 (CDCl3, 400 MHz): 

 

13C NMR of Compound 41 (CDCl3, 100 MHz): 
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1H NMR of Compound 42 (CDCl3, 400 MHz): 

 

13C NMR of Compound 42 (CDCl3, 100 MHz): 
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1H NMR of Compound 43 (CDCl3, 400 MHz): 

 

13C NMR of Compound 43 (CDCl3, 100 MHz): 
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1H NMR of Compound 44 (CDCl3, 400 MHz): 

 

13C NMR of Compound 44 (CDCl3, 100 MHz): 
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1H NMR of Compound 45 (CDCl3, 400 MHz): 

 

13C NMR of Compound 45 (CDCl3, 100 MHz): 
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1H NMR of Compound 46 (CDCl3, 400 MHz): 

 

13C NMR of Compound 46 (CDCl3, 100 MHz): 
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1H NMR of Compound 47 (CDCl3, 400 MHz): 

 

13C NMR of Compound 47 (CDCl3, 100 MHz): 
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1H NMR of Compound 48 (CDCl3, 400 MHz): 

 

13C NMR of Compound 48 (CDCl3, 100 MHz): 
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1H NMR of Compound 49 (CDCl3, 400 MHz): 

 

13C NMR of Compound 49 (CDCl3, 100 MHz): 
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1H NMR of Compound 50 (CDCl3, 400 MHz): 

 

13C NMR of Compound 50 (CDCl3, 100 MHz): 
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1H NMR of Compound 51 (CDCl3, 400 MHz): 

 

13C NMR of Compound 51 (CDCl3, 100 MHz): 
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1H NMR of Compound 52 (CDCl3, 400 MHz): 

 

13C NMR of Compound 52 (CDCl3, 100 MHz): 
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1H NMR of Compound 53 (CDCl3, 400 MHz): 

 

13C NMR of Compound 53 (CDCl3, 100 MHz): 
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1H NMR of Compound 54 (CDCl3, 400 MHz): 

 

1H NMR of Compound 54 (CDCl3, 400 MHz): 
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1H NMR of Compound 55 (CDCl3, 400 MHz): 

 

1H NMR of Compound 55 (CDCl3, 400 MHz): 
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