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1. General information & Materials 
 
1.1 General information: HRMS (ESI) Mass spectra were recorded on IonSpec FT-ICR 

mass spectrometer at State Key Laboratory and Institute of Elemento-organic Chemistry, 

Nankai University. NMR spectra were recorded on a Brucker-400 MHz spectrometer. 

HPLC analysis was performed on Waters-Breeze (2487 Dual Absorbance Detector and 

1525 Binary HPLC Pump) & Shimadzu (SPD-20AV UV-VIS Detector and LC-20AT 

Liquid Chromatograph Pump). Chiralpak IA was purchased from Daicel Chemical 

Industries, LTD. The racemic standards used in HPLC studies were prepared according to 

the general procedure by using racemic BINOL derivatived phosphoric acid catalyst. 

 
1.2 Materials: Dichloromethane was distilled over calcium hydride. Aldimines 4 and 6 

were prepared from condensation of the corresponding aldehydes with amines according 

to the literature method.[1] chiral phosphoric acid 1a-f were prepared according to the 

literature.[2] Solvents for the column chromatography were distilled before use. All 

reactions were carried out under argon atmosphere in a well-dried glassware. 

 
2. General Procedure for the Enantioselective Three-Component Reactions ： 

A suspension of Rh2(OAc)4 (2.2 mg, 2 mmol%), chiral phosphoric acid 1 (5 mmol%), 

alcohol 3 (0.275 mmol, 1.1 eq) , imine 3 or 6 (0.25 mmol, 1 eq) and 4Å MS (0.1 g) in 2 

mL CH2Cl2 under argon atmosphere was cooled to 0℃, and then diazo compound 1 (0.3 

mmol, 1.2 eq) in 1 mL CH2Cl2 was added over 1 h via a syringe pump. After completion 

of the addition, the reaction was stirred for another 0.5 h and followed by addition of 

saturated aqueous NaHCO3 (0.1 mL) to quench the reaction. Solvent was removed and 

the crude products were purified by flash chromatography on silica gel (eluent: 

EtOAc/light petroleum ether = 1:40~ 1:20) to give the three-component reaction products. 

Diastereoselectivity was determined by 1H NMR spectroscopy of the crude reaction 

mixture. 

 
3. NMR and HRMS(ESI) analysis data of compounds 5b,d-h, 7a-i(5a, see [ref 4a], 5c 

see [ref 4b]) 

 

(2R,3S)-ethyl-2-(anthracen-10-ylmethoxy)-3-(4-methoxyphenylamino)-3-phenylprop 
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 anoate (5b syn): 62% yield; 37:63 dr (syn:anti); 37% ee 

(syn), determined by HPLC Daicel Chirapak IA, flow rate 

1.0 mL/min, hexane/ isopropanol = 90:10, 254 nm, 

Retention time: tminor = 8.4 min, tmajor = 11.9 min.); 1H NMR 

(CDCl3, 400 MHz) δ 1.25 (t, 3H), 3.62 (s, 3H), 4.25 (q, 2H), 

4.35 (d, J = 3.0 Hz, 1H), 4.47 (br, 1H), 4.89 (s, 1H), 5.16 (d, 

J = 10.7 Hz, 2H), 5.66 (d, J = 10.7 Hz, 2H), 6.35 (d, J = 8.8 

Hz, 2H), 6.57 (d, J = 8.8 Hz, 2H), 7.20-7.22 (m, 5H), 

7.37-7.45 (m, 4H), 7.97 (d, 8.0 Hz, 2H), 8.03 (d, 8.8 Hz, 2H), 8.45 (s, 1H); 13C NMR 

(CDCl3, 100 MHz) δ 14.2, 55.6, 60.2, 61.4, 65.6, 82.2, 114.6, 114.8, 124.4, 124.9, 126.3, 

127.2, 127.2, 127.2, 128.3, 128.8, 131.2, 131.3, 139.7, 140.8, 152.0,170.9; HRMS (ESI) 

calcd for C33H32NO4 [M + H]+ = 506.2331, found 506.2326. 

 
(2S,3S)-ethyl-2-(anthracen-10-ylmethoxy)-3-(4-methoxyp

henylamino)-3-phenylpropanoate (5b anti): 55% ee(anti), 

determined by HPLC (Daicel Chirapak IA, flow rate 1.0 

mL/min, hexane/ isopropanol = 90:10, 254 nm, Retention 

time: tminor = 18.9 min, tmajor = 17.7 min.); 1H NMR 

(CDCl3, 400 MHz) δ 1.89 (t, 3H), 3.64 (s, 3H), 4.15 (q, 2H), 

4.40 (d, J = 4.4 Hz, 1H), 4.67 (d, J = 4.4 Hz, 1H), 5.45 (d, J 

= 11.7 Hz, 2H), 5.72 (d, J = 11.7 Hz, 2H), 6.15 (d, J = 8.8 

Hz, 2H), 6.54 (d, J = 8.8 Hz, 2H), 7.19-7.25 (m, 5H), 7.48-7.56 (m, 4H), 8.03 (d, 8.0 Hz, 

2H), 8.33 (d, 8.8 Hz, 2H), 8.49 (s, 1H); 13C NMR (CDCl3, 100 MHz) δ 14.2, 55.6, 59.8, 

61.1, 64.7, 79.9, 114.6, 115.0, 124.2, 125.1, 126.5, 127.5, 127.6, 127.9, 128.2, 128.9, 

129.1, 131.3, 131.4, 138.4, 152.1, 156.1, 170.7. 

 

(2R,3S)-tert-butyl-2-(anthracen-10-ylmethoxy)-3-(4-meth

oxyphenylamino)-3-phenylpropanoate (5d syn): 55% 

yield; 45:55 dr (syn:anti); 49% ee (syn) reacted with 1a, 52% 

ee (syn) reacted with 1b, determined by HPLC (Daicel 

Chirapak IA, flow rate 1.0 mL/min, hexane/ isopropanol = 
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90:10, 254 nm, Retention time: tminor = 7.1 min, tmajor = 8.3 min.); 1H NMR (CDCl3, 400 

MHz) δ 1.45 (s, 9H), 3.67 (s, 3H), 4.18 (br, 1H), 4.32 (d, J = 4.5 Hz, 1H), 4.66 (d, J = 4.5 

Hz, 1H), 5.50 (d, J = 11.7 Hz, 1H), 5.74 (d, J = 11.7 Hz, 1H), 6.19 (d, J = 9.0 Hz, 2H), 

6.57 (d, J = 9.0 Hz, 2H), 7.23-7.34 (m, 5H), 7.51-7.58 (m, 4H), 8.06 (d, 8.2 Hz, 2H), 8.38 

(d, 8.2 Hz, 2H), 8.51 (s, 1H); 13C NMR (CDCl3, 100 MHz) δ 28.0, 55.6, 59.8, 64.6, 80.2, 

82.1, 114.6, 114.9, 124.3, 125.0, 126.4, 127.5, 127.8, 128.0, 128.2, 128.8, 129.1, 131.3, 

131.4, 138.7, 140.4, 152.0, 169.8; HRMS (ESI) calcd for C35H36NO4 [M + H]+ = 

534.2644, found 534.2639. 

 

(2S,3S)-tert-butyl-2-(anthracen-10-ylmethoxy)-3-(4-meth

oxyphenylamino)-3-phenylpropanoate (5d anti): 72% ee 

(anti) reacted with 1a, 32% ee (anti) reacted with 1b, 

determined by HPLC (Daicel Chirapak IA, flow rate 1.0 

mL/min, hexane/ isopropanol= 90:10, 254 nm, Retention 

time: tminor = 10.5 min, tmajor = 9.2 min.); 1H NMR (CDCl3, 

500 MHz) δ 1.46 (s, 9H), 3.63 (s, 3H), 4.22 (d, J = 3.4 Hz, 

1H), 4.44 (br, 1H), 4.80 (d, J = 3.6 Hz, 1H), 5.24 (d, J = 11.0 

Hz, 2H), 5.64 (d, J = 11.0 Hz, 2H), 6.34 (d, J = 9.8 Hz, 2H), 6.57 (d, J = 9.8 Hz, 2H), 

7.14-7.19 (m, 5H), 7.36-7.45 (m, 4H), 7.96 (d, 7.8 Hz, 2H), 8.05 (d, 7.8 Hz, 2H), 8.44 (s, 

1H); 13C NMR (CDCl3, 100 MHz) δ 28.1, 55.6, 60.3, 65.2, 82.2, 82.2, 114.6, 114.6, 

124.4, 124.9, 126.3, 127.1, 127.2, 127.4, 128.2, 128.7, 128.8, 131.3, 131.3, 139.8, 141.2, 

151.8, 170.0. 

 

(2R,3S)-tert-butyl-2-(benzyloxy)-3-(4-methoxyphenylami

no)-3-phenylpropanoate(5e syn): 56% yield; 54:46 dr 

(syn:anti), 84% ee (syn); determined by HPLC (Daicel 

Chirapak IA, flow rate 1.0 mL/min, hexane/ isopropanol = 

90:10, 254 nm, Retention time: tminor = 6.2 min, tmajor = 5.8 

min.); 1H NMR (CDCl3, 400 MHz) δ 1.39 (s, 9H), 3.66 (s, 

3H), 4.06 (d, J = 3.4 Hz, 1H), 4.28 (d, J = 12.0 Hz, 1H), 4.57 

(br, 1H), 4.68 (d, J = 12.0 Hz, 1H), 4.80 (d, J = 3.4 Hz, 1H), 
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6.45 (d, J = 8.8 Hz, 2H), 6.64 (d, J = 8.8 Hz, 2H), 7.00 (m, 2H), 7.20-7.36 (m, 8H); 13C 

NMR (CDCl3, 100 MHz) δ 28.0, 55.6, 60.4, 72.7, 81.8, 82.1, 114.6, 114.7, 127.2, 127.3, 

127.7, 127.8, 128.2, 128.3, 137.1, 140.0, 141.2, 151.9, 169.7; HRMS (ESI) calcd for 

C27H32NO4 [M + H]+ = 434.2331, found 434.2326. 

 

(2S,3S)-tert-butyl-2-(benzyloxy)-3-(4-methoxyphenylami

no)-3-phenylpropanoate(5e anti): 16% ee (anti), 

determined by HPLC (Daicel Chirapak IA, flow rate 1.0 

mL/min, hexane/ isopropanol = 90:10, 254 nm, Retention 

time: tminor = 9.3 min, tmajor = 7.1 min.); 1H NMR (CDCl3, 

400 MHz) δ 1.24 (s, 9H), 3.60 (s, 3H), 4.11 (d, J = 5.0 Hz, 

1H), 4.29 (d, J = 11.7 Hz, 1H), 4.36 (br, 1H), 4.62 (m, 2H), 

6.41 (d, J = 8.6 Hz, 2H), 6.59 (d, J = 8.6 Hz, 2H), 7.15-7.31 

(m, 10H); 13C NMR (CDCl3, 100 MHz) δ 27.9, 55.6, 60.4, 72.6, 81.0, 82.0, 114.7, 115.3, 

127.5, 127.9, 127.9, 128.0, 128.1, 128.4, 137.4, 138.8, 140.8, 152.3, 169.5.  

 

(2R,3S)-tert-butyl-2-(4-methoxybenzyloxy)-3-(4-methoxy

phenylamino)-3-phenylpropanoate (5f syn): 45% yield; 

47:53 dr (syn:anti), 86% ee (syn), determined by HPLC 

(Daicel Chirapak IA, flow rate 1.0 mL/min, hexane/ EtOH= 

30:1, 254 nm, Retention time: tminor = 10.7 min, tmajor = 11.3 

min.); 1H NMR (CDCl3, 400 MHz) δ 1.39 (s, 9H), 3.66 (s, 

3H), 3.77 (s, 3H), 4.03 (d, J = 3.6 Hz, 1H), 4.22 (d, J = 11.5 

Hz, 1H), 4.57 (br, 1H), 4.60 (d, J = 11.5 Hz, 1H), 4.78 (m, 

1H), 6.45 (d, J = 8.8 Hz, 2H), 6.63 (d, J = 8.8 Hz, 2H), 6.73 

(d, J = 8.6 Hz, 2H), 6.92 (d, J = 8.6 Hz, 2H), 7.27-7.35 (m, 5H); 13C NMR (CDCl3, 100 

MHz) δ 28.0, 55.2, 55.6, 60.4, 72.4, 81.4, 82.0, 113.6, 114.6, 127.2, 127.3, 128.2, 129.2, 

129.5, 140.1, 141.2, 151.9, 159.2, 169.8; HRMS (ESI) calcd for C28H34NO5 [M + H]+ = 

464.2437, found 464.2431. 
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(2S,3S)-tert-butyl-2-(4-methoxybenzyloxy)-3-(4-methoxy

phenylamino)-3-phenylpropanoate (5f anti): 18% ee 

(anti), determined by HPLC (Daicel Chirapak IA, flow rate 

1.0 mL/min, hexane/ isopropanol = 90:10, 254 nm, 

Retention time: tminor = 13.2 min, tmajor = 9.6 min.); 1HNMR 

(CDCl3, 400 MHz) δ 1.31 (s, 9H), 3.67 (s, 3H), 3.79 (s, 3H), 

4.16 (d, J = 4.3 Hz, 1H), 4.30 (d, J = 11.5 Hz, 1H), 4.42 (br, 

1H), 4.65 (m, 2H), 6.48 (d, J = 9.0 Hz, 2H), 6.66 (d, J = 9.0 

Hz, 2H), 6.84 (d, J = 8.6 Hz, 2H), 7.19-7.28 (m, 5H), 7.35 (d, J = 6.6 Hz, 2H); 13C NMR 

(CDCl3, 100 MHz) δ 27.9, 55.2, 55.6, 60.3, 72.2, 80.5, 81.9, 113.8, 114.6, 115.2, 127.5, 

127.9, 128.1, 129.4, 129.6, 138.8, 140.8, 152.2, 159.3, 169.6. 

 

(2R,3S)-tert-butyl-2-(2-bromobenzyloxy)-3-(4-methoxyp

henylamino)-3-phenylpropanoate (5g syn): 52% yield; 

52:48 dr (syn:anti); 86% ee (syn), determined by HPLC 

(Daicel Chirapak IA, flow rate 1.0 mL/min, hexane/ 

isopropanol = 90:10, 254 nm, Retention time: tminor = 11.1 

min, tmajor = 6.3 min.); 1H NMR (CDCl3, 400 MHz) δ 1.40 (s, 

9H), 3.67 (s, 3H), 4.12 (d, J = 3.9 Hz, 1H), 4.43 (d, J = 13.0 

Hz, 1H), 4.61 (br, 1H), 4.73 (d, J = 13.0 Hz, 2H), 4.79 (d, J 

= 3.6 Hz, 1H), 6.48 (d, J = 9.0 Hz, 2H), 6.65 (d, J = 8.6 Hz, 2H), 7.03-7.47 (m, 9H); 13C 

NMR (CDCl3, 100 MHz) δ 28.0, 55.7, 60.6, 71.9, 82.2, 82.6, 114.7, 114.8, 122.8, 127.3, 

127.3, 127.4, 128.4, 129.0, 129.5, 132.4, 136.6, 139.8, 141.2, 152.1, 169.5; HRMS (ESI) 

calcd for C27H31BrNO4 [M + H]+ = 512.1436, found 512.1431. 

 

(2S,3S)-tert-butyl-2-(2-bromobenzyloxy)-3-(4-methoxyph

enylamino)-3-phenylpropanoate (5g anti): 33% ee (anti), 

determined by HPLC (DaicelChirapak IA, flow rate 1.0 

mL/min, hexane/ isopropanol = 90:10, 254 nm, Retention 

time: tminor = 9.4 min, tmajor = 7.1 min.); 1H NMR (CDCl3, 

400 MHz) δ 1.26 (s, 9H), 3.61 (s, 3H), 4.18 (d, J = 4.9 Hz, 
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1H), 4.46 (m, 2H), 4.68 (m, 2H), 6.43 (d, J = 9.0 Hz, 2H), 6.59 (d, J = 9.0 Hz, 2H), 

7.08-7.48 (m, 9H); 13C NMR (CDCl3, 100 MHz) δ 27.9, 55.7, 60.3, 71.9, 81.3, 82.2, 

114.7, 115.2, 123.0, 127.5, 127.6, 128.1, 128.2, 129.3, 129.9, 132.6, 136.8, 138.7, 140.8, 

152.2, 169.3.  

 

(2S,3R)-tert-butyl2-(2,6-dichlorobenzyloxy)-3-(4-methox

yphenylamino)-3-phenylpropanoate (5h syn): 68% yield; 

88% ee (syn), determined by HPLC (Daicel Chirapak IA, 

flow rate 1.0 mL/min, hexane/ isopropanol = 20：1, 254 nm, 

Retention time: tminor = 7.6 min, tmajor = 12.7 min.); 1H NMR 

(CDCl3, 400 MHz) δ 1.31 (s, 9H), 3.57 (s, 3H), 3.99 (d, J = 

4.0 Hz, 1H), 4.62 (m, 2H), 4.87 (d, J = 8.0 Hz, 1H), 6.37 (d, 

J = 8.0 Hz, 2H), 6.54 (d, J = 8.0 Hz, 2H), 7.01-7.05 (m, 1H), 

7.08-7.16 (m, 5H), 7.19-7.21 (m, 2H); 13C NMR (CDCl3, 100 MHz) δ 27.9, 55.6, 60.5, 

66.8, 82.0, 82.2, 114.5, 114.9, 127.1, 127.2, 128.1, 128.2, 130.0, 132.2, 136.9, 139.5, 

141.3, 151.9, 169.3; HRMS (ESI) calcd for C27H29Cl2NNaO4 [M + Na]+ = 524.1371, 

found 524.1362. 

(2S,3R)-tert-butyl2-(2,6-dichlorobenzyloxy)-3-(4-ethox

yphenylamino)-3-phenylpropanoate (7a): 73% yield; 

87% ee, determined by HPLC (Daicel Chirapak IA, flow 

rate 1.0 mL/min, hexane/ isopropanol = 20: 1, 254 nm, 

Retention time: tminor = 9.6 min, tmajor = 17.4 min.); 1H 

NMR (CDCl3, 400 MHz) δ 1.21 (t, 3H), 1.27 (s, 9H) ,3,75 

(f, 2H), 4.12 (d, J = 4.0 Hz, 1H), 4.51 (br, 1H), 4.61 (br, 

1H), 4.75 (d, J = 12.0 Hz, 1H), 4.94 (d, J = 12.0 Hz, 1H), 

6.34 (d, J = 8.0 Hz, 2H), 6.53 (d, J = 8.0 Hz, 2H), 7.05-7.29 (m, 8H); 13C NMR (CDCl3, 

100 MHz) δ 14.9, 27.9, 60.5, 63.8, 66.8, 82.0, 82.2, 114.8, 115.4, 127.1, 127.2, 128.1, 

128.2, 130.0, 132.2, 136.9, 139.6, 141.3, 151.2, 169.3; HRMS (ESI) calcd for calcd for 

C28H31Cl2NNaO4 [M + Na]+ = 538.1528, found 538.1519. 
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(2S,3R)-tert-butyl-2-(2,6-dichlorobenzyloxy)-3-(4-chlor

ophenyl)-3-(4-methoxyphenylamino)propanoate (7b): 

64% yield; 82% ee, result after recrystallization [α]D
20 = 

-16.9° (c = 1.0 in CH2Cl2), >99% ee, determined by HPLC 

(Daicel Chirapak IA, flow rate 1.0 mL/min, hexane/ 

isopropanol = 20: 1, 254 nm, Retention time: tminor = 8.1 

min, tmajor = 11.8 min.); mp 149–151°C; 1H NMR (CDCl3, 

400 MHz) δ 1.42 (s, 9H), 3.66 (s, 3H), 4.03 (d, J = 4.0 Hz, 

1H), 4.69 (m, 2H), 4.96 (d, J = 12.0 Hz, 1H), 6.41 (d, J = 12.0 Hz, 2H), 6.63 (d, J = 12.0 

Hz, 2H), 7.11-7.20 (m, 3H), 7.21-7.25 (m, 4H); 13C NMR (CDCl3, 100MHz) δ 28.0, 55.6, 

59.8, 66.7, 81.7, 82.3, 114.6, 114.8, 128.2, 128.3, 128.5, 130.1, 132.0, 132.7, 136.9, 138.2, 

140.8, 152.1, 169.2; HRMS (ESI) calcd for C27H28Cl3NNaO4 [M + Na]+ = 558.0982, 

found 558.0973.  

 

(2S,3R)-tert-butyl-2-(2,6-dichlorobenzyloxy)-3-(4-bromo

pheny)-3-(4-methoxyphenylamino) propanoate (7c): 72% 

yield; 83% ee, result after recrystallization [α]D
20 = -21.0° (c 

= 1.0 in CH2Cl2), >99% ee, determined by HPLC (Daicel 

Chirapak IA, flow rate 1.0 mL/min, hexane/ isopropanol = 

20: 1, 254 nm, Retention time: tminor = 8.6 min, tmajor = 12.5 

min.); mp 151– 153°C; 1H NMR (CDCl3, 400 MHz) δ 1.42 

(s, 9H), 3.67 (s, 3H), 4.02 (d, J = 4.0 Hz, 1H), 4.54 (br, 1H), 

4.67 (br, 1H), 4.67 (d, J = 16.5 Hz, 2H), 4.96 (d, J = 16.5 Hz, 1H), 6.41 (d, J = 9.0 Hz, 

2H), 6.63 (d, J = 9.0 Hz, 2H), 7.10-7.16 (m, 3H), 7.20-7.23 (m, 2H), 7. 26 (m, 1H); 13C 

NMR (CDCl3, 100 MHz) δ 28.0, 55.7, 59.1, 60.2, 66.7, 79.7, 82.3, 114.7, 115.0, 121.5, 

128.5, 128.5, 130.0, 130.3, 131.1, 132.4, 137.0, 137.6, 140.1, 152.2, 168.9; HRMS (ESI) 

calcd for C27H28BrCl2NNaO4 [M + Na]+ = 602.0476, found 602.0462. 

 

(2S,3R)-tert-butyl2-(2,6-dichlorobenzyloxy)-3-(4-methoxyphenylamino)-3-(4-(trifluo

romethyl)phenyl)propanoate (7d): 70% yield; 91% ee, result after recrystallization 

[α]D
20 = -15.0° (c = 1.0 in CH2Cl2); >99:1 ee, determined by HPLC (Daicel Chirapak IA, 
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flow rate 1.0 mL/min, hexane/ isopropanol = 20: 1, 254 nm, 

Retention time: tminor = 7.3 min, tmajor = 9.4 min.); mp 157– 

158°C; 1H NMR (CDCl3, 400 MHz) δ 1.36 (s, 9H), 3.60 (s, 

3H), 3.98 (d, J = 4.0 Hz, 1H), 4.51 (br, 1H), 4.63 (d, J = 

12.0 Hz, 1H), 4.73 (bs, 1H), 4.88 (d, J = 12.0 Hz, 1H), 6.35 

(d, J = 8.0 Hz, 2H), 6.57 (d, J = 8.0 Hz, 2H), 7.04-7.09 (m, 

3H), 7.24 (d, J = 8.0 Hz, 2H), 7.2431 (d, J = 8.0 Hz, 2H); 
13CNMR (CDCl3, 100MHz) δ 28.0, 55.6, 59.9, 66.6, 81.1, 

82.5, 114.6, 114.7, 125.0, 125.0, 127.3, 128.2, 130.2, 131.8, 136.8, 140.6, 152.1, 169.1; 

HRMS (ESI) calcd for C28H28Cl2F3NNaO4 [M + Na]+ = 592.1245, found 592.1237. 

 

 

(2S,3R)-tert-butyl-2-(2,6-dichlorobenzyloxy)-3-(4-fluorop

henyl)-3-(4-methoxyphenylamino)propanoate (7e): 61% 

yield; 81% ee, determined by HPLC (Daicel Chirapak IA, 

flow rate 1.0 mL/min, hexane/ isopropanol = 20: 1, 254 nm, 

Retention time: tminor = 11.3 min, tmajor = 19.0 min.); 1H 

NMR (CDCl3, 400 MHz) δ 1.29 (s, 9H), 3.57 (s, 3H), 4.11 

(d, J = 4.0 Hz, 1H), 4.48 (br, 1H), 4.60 (br, 1H), 4.76 (d, J = 

12.0 Hz, 1H), 4.96 (d, J = 12.0 Hz, 1H), 6.34 (d, J = 8.0 Hz, 

2H), 6.55 (d, J = 8.0 Hz, 2H), 6.83-6.88 (m, 2H), 7.09-7.27 (m, 5H); 13C NMR (CDCl3, 

100 MHz) δ 27.9, 55.6, 58.7, 66.6, 79.6, 82.1, 100.5, 114.6, 114.8, 114.9, 115.0, 128.5, 

129.8, 129.9, 130.3, 132.4, 134.1, 137.0, 140.2, 152.0, 161.0, 169.0; HRMS (ESI) calcd 

for C27H28Cl2FNNaO4 [M + Na]+ = 542.1277, found 542.1260.  

 

(2S,3R)-tert-butyl2-(2,6-dichlorobenzyloxy)-3-(3-bromop

henyl)-3-(4-methoxyphenylamino)propanoate (7f): 65% 

yield; 70% ee, determinedmby HPLC (Daicel Chirapak IA, 

flow rate 1.0 mL/min, hexane/ isopropanol = 20: 1, 254 nm, 

Retention time: tminor = 8.1 min, tmajor = 10.6 min.); 1H NMR 

(CDCl3, 400 MHz) δ 1.35 (s, 9H), 3.60 (s, 3H), 3.94 (d, J = 

7e

O

NH

O

O

O

Cl
F

Cl

7f

O

NH

O

O

O

Cl ClBr

7d

O

NH

O

O

O

Cl Cl
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4.0 Hz 1H), 4.60 (d, J = 4.0 Hz, 1H), 4.63 (d, J = 12.0 Hz, 1H), 4.89 (d, J = 12.0 Hz, 1H), 

6.35 (d, J = 8.0 Hz, 2H), 6.57 (d, J = 8.0 Hz, 2H), 6.98-7.29 (m, 7H); 13C NMR (CDCl3, 

100 MHz) δ 28.0, 29.7, 55.6, 59.9, 66.7, 81.5, 82.3, 114.6, 114.7, 114.9, 122.4, 125.9, 

128.3, 129.7, 130.1, 130.2, 130.3, 131.9, 136.9, 140.8, 142.3, 153.1, 169.1; HRMS (ESI) 

calcd for C27H28BrCl2NNaO4 [M + Na]+ = 602.0476, found 602.0460. 

 

(2S,3R)-tert-butyl-2-(2,6-dichlorobenzyloxy)-3-(4-methox

yphenylamino)-3-p-tolylpropanoate (7g): 63% yield; 88% 

ee, determined by HPLC (Daicel Chirapak IA, flow rate 1.0 

mL/min, hexane/ isopropanol = 20: 1, 254 nm, Retention 

time: tminor = 8.0 min, tmajor = 11.4 min.); mp 97– 98°C; 1H 

NMR (CDCl3, 400 MHz) δ 1.32 (s, 9H), 2.20 (s, 3H), 3.58 (s, 

3H), 3.97 (d, J = 4.0 Hz, 1H), 4.49 (br, 1H), 4.57 (br, 1H), 

4.61 (d, J = 12.0 Hz, 1H), 4.86 (d, J = 12.0 Hz, 1H), 6.37 (d, J = 12.0 Hz, 2H), 6.54 (d, J 

= 12.0 Hz, 2H), 6.91-7.10 (m, 4H), 7.13-7.18 (m, 2H); 13C NMR (CDCl3, 100 MHz) δ 

27.9, 55.6, 60.3, 66.9, 81.9, 82.6, 114.5, 114.9, 127.1, 128.2, 128.8, 123.0, 132.3, 136.4, 

136.6, 137.0, 141.5, 151.9, 169.4; HRMS (ESI) calcd for C28H31Cl2NNaO4 [M + Na]+ = 

538.1528, found 538.1519. 

 

(2S,3R)-tert-butyl-2-(2,6-dichlorobenzyloxy)-3-(4-methox

yphenyl)-3-(4-methoxyphenylamino)propanoate (7h): 

61% yield; 82% ee, determined by HPLC (Daicel Chirapak 

IA, flow rate 1.0 mL/min, hexane/ isopropanol = 20: 1, 254 

nm, Retention time: tminor = 6.4 min, tmajor = 10.0min.); mp 

94– 95°C; 1H NMR (CDCl3, 400 MHz) δ 1.32 (s, 9H), 3.59 

(s, 3H), 3.67 (s, 3H), 3.94 (d, J = 8.0 Hz, 1H), 4.49 (br, 1H), 

4.55 (d, J = 8.0 Hz, 1H), 5.62 (d, J = 8.0 Hz, 1H), 4.88 (d, J = 8.0 Hz, 2H), 6.37 (d, J = 

8.0 Hz, 2H), 6.855 (d, J = 8.0 Hz, 2H), 6.65 (d, J = 8.0 Hz, 2H), 7.06-7.18 (m, 5H); 13C 

NMR (CDCl3, 100 MHz) δ 27.9, 55.2, 55.6, 60.0, 66.8, 82.0, 82.5, 113.6, 114.5, 115.0, 

128.3, 128.3, 130.1, 131.5, 132.3, 136.9, 141.4, 151.9, 158.7, 169.4; HRMS (ESI) calcd 

for C28H31Cl2NNaO5 [M + Na]+ = 554.1477, found 554.1476. 
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(2S,3R)-tert-butyl2-(2,6-dichlorobenzyloxy)-3-(3,4-dimet

hoxyphenyl)-3-(4-methoxyphenylamino)propanoate (7i): 

67% yield; 80% ee, determined by HPLC (Daicel Chirapak 

IA, flow rate 1.0 mL/min, hexane/ isopropanol = 20: 1, 254 

nm, Retention time: tminor = 15.9 min, tmajor = 27.2min.); 1H 

NMR (CDCl3, 400 MHz) δ 1.26 (s, 9H), 3.72 (s, 3H), 3.81 (s, 

3H), 3.86 (s, 3H), 4.62 (d, J = 12.0 Hz, 1H), 4.67 (d, J = 12.0 

Hz, 1H), 5.05 (d, J = 4.0 Hz, 1H), 5.08 (d, J = 4.0 Hz, 1H), 6.74-6.91 (m, 5H), 7.09-7.26 

(m, 5H); 13C NMR (CDCl3, 100 MHz) δ 29.7, 31.9, 55.4, 55.9, 62.4, 67.4, 76.7, 77.0, 

77.3, 84.0, 110.8, 111.1, 114.2, 118.8, 120.9, 125.8, 128.2, 130.1, 130.7, 132.2, 136.9, 

149.0, 149.2, 156.3, 163.4; HRMS (ESI) calcd for C29H33Cl2NNaO6 [M + Na]+ = 

584.1583, found 584.1578. 

 

4. Procedure of the synthesis of taxol side chain and (-)-epi-cytoxazone and the 

analysis data of compounds 8-15 

 

4.1 Procedure of the synthesis of taxol side chain 

 

(2R,3S)-tert-butyl-2-hydroxy-3-(4-methoxyphenylamino)

-3-phenylpropanoate (8): The protected phenylpropanoate 

5e (84% ee) was hydrogenolyzed separately using 

ammonium formate (3 equivalents) and 10% Pd/C (1 

equivalent) in methanol (15 mL/g) for 12 h at 35℃. The 

catalyst was filtered and washed with methanol twice. The combined washings and 

filtrate were evaporated in vacuo and the residue taken into CHCl3, washed with water, 

and dried over Na2SO4. The solvent was removed under reduced pressure and get the 

white solid product, and recrystallized by the solvent (EA:n-hex = 1:50) in the yield of 

48% (two steps). [α]D
20 = -9.5°(c = 1.0 in CH2Cl2), >99% ee, determined by HPLC 

(Daicel Chirapak IA, flow rate 1.0 mL/min, hexane/ isopropanol = 70:30, 254 nm, 

Retention time: tminor = 15.5 min, tmajor = 7.7 min.); mp 140– 141°C; 1H NMR (CDCl3, 

400 MHz) δ 1.41 (s, 9H), 3.23 (d, J = 4.0 Hz, 1H) , 3.67 (s, 3H), 4.38 (br, 1H), 4.46 (br, 

7i

O

NH

O

O

O

Cl Cl
O

O
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O
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1H), 4.80 (br, 1H), 6.50 (d, J = 12.0 Hz, 2H), 6.66 (d, J = 12.0 Hz, 2H), 7.23-7.38 (m,5H); 
13C NMR (CDCl3, 100MHz) δ 27.9, 55.6, 59.9, 74.6, 83.4, 114.7, 114.9, 127.0, 127.3, 

128.4, 139.6, 140.8, 152.1, 172.2; HRMS (ESI) calcd for C20H25NNaO4 [M + Na]+ = 

366.1681, found 366.1676. 

 

(2R,3S)-tert-butyl-2-(tert-butyldimethylsilyloxy)-3 -(4-me

thoxyphenylamino)-3-phenylpropanoate (9): To a solvent 

of the hydroxyl phenylpropanoate 8 and TBSCl (1.5 

equivalents) in CH3CN (20 mL/g) was stirred at room 

temperature and DBU (1.2 equivalents) was added dropwise 

to the solution. After the reaction mixture was stirred for 10 

h, the solvent was removed under reduced pressure and the remains washed with water 

and extracted with ethyl acetate. After a usual work, the crude product was 

chromatographed on flash silica gel to afford the desired protected phenylpropanoate 9 in 

quant yield. 1H NMR (CDCl3, 400 MHz) δ -0.22 (s, 3H), 0.00 (s, 3H), 0.93 (s, 9H), 1.55 

(s, 9H), 3.82 (d, J = 4.0 Hz, 1H), 3.67 (s, 3H), 4.38 (br, 1H), 4.46 (br, 1H), 4.80 (br, 1H), 

6.50 (d, J = 12.0 Hz, 2H), 6.66 (d, J = 12.0 Hz, 2H), 7.23-7.38 (m,5H); 13C NMR (CDCl3, 

100 MHz) δ -6.1, -5.5, 1.0, 18.2, 25.5, 28.0, 55.6, 61.1, 81.6, 114.4, 114.6, 127.2, 127.3, 

128.2, 140.3, 141.2, 151.7, 170.8.  

 

(2R,3S)-tert-butyl-3-benzamido-2-hydroxy-3-phenylpropanoa

te (10): To a solution of (2R,3S)-tert-butyl-2-(tert- 

butyldimethylsilyloxy)-3-(4-methoxyphenylamino)-3- phenyl- 

propanoate (457 mg, 1 mmol) in the wet CH3CN (20 mL) was 

added the solution of cerium ammonium nitrate (CAN, 2.19 g, 4 

mmol) in wet CH3CN (5 mL) at 0℃. After the reaction mixture was stirred for 1h, the 

mixture was added saturated NaHCO3 aqueous till the PH of the solution became >7. 

Insoluble materials were filtered and the aqueous layer was extracted with ethyl acetate 

and dried over Na2SO4. The solvent was removed under reduced pressure and the crude 

product directly dissolved in the CH2Cl2 (20 mL), then the Triethylamine (3.03 g, 3 mmol) 

was added dropwise to the solution and the mixture stirred for 15min at room temperature. 

9
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NH

O
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Freshly distilled benzoyl chloride (140 mg, 1 mmol) in the CH2Cl2 (2 mL) was added 

dropwise to the resultant solution and stirring was continued at room temperature for 2h. 

The solution was then diluted with CH2Cl2 (20 mL) and water (20 mL) was added. The 

organic layer was separated and aqueous layer extracted with further CH2Cl2 (2 × 20 mL). 

The combined organic extracts were dried (MgSO4), filtered and evaporated under 

reduced pressure, the crude product was chromatographed on flash silica gel to afford the 

desired product. To a solution of the product in anhydrous tetrahydrofuran (10 mL) was 

treated with TBAF (260 mg, 1 mmol). After the mixture was stirred for 2 h at room 

temperature, the mixture was evaporated and the crude product was chromatographed on 

flash silica gel to afford the desired compound 10 as a white solid (156 mg, 46%, three 

steps). [α]D
20 = -21.3°(c = 1.0 in CH2Cl2), >99% ee, determined by HPLC (Daicel 

Chirapak IA, flow rate 1.0 mL/min, hexane/ isopropanol = 70:30, 254 nm, Retention time: 

tminor =13.7 min, tmajor = 6.9 min.); mp 111– 112°C; 1H NMR (CDCl3, 500 MHz) δ 1.49 (s, 

9H), 3.34 (br, 1H), 4.54 (s, 1H), 5.77 (dd, J1 = 1.6 Hz, J2 = 10.9 Hz, 1H), 6.98 (br, 1H), 

7.26-7.51(m, 8H), 7.76-7.78 (m, 2H); 13CNMR (CDCl3, 100MHz) δ 27.8, 54.5, 73.4, 84.1, 

126.8, 127.0, 127.6, 128.5, 128.6, 131.6, 134.2, 138.8, 166.8, 172.0; HRMS (ESI) calcd 

for C20H23NNaO4 [M + Na]+ = 364.1525, found 364.1520.  

 

(2R,3S)-3-benzamido-2-hydroxy-3-phenylpropanoic acid (11) A 

solution of the tert-butyl ester 10 (68.0 mg, 0.2 mmol) and 

trifluoroacetic acid (0.4 mL) in CH2Cl2 (1 mL) was stirred at room 

temperature for 6 h. The solvent was evaporated and the residue 

crystallized from ethyl acetate (2 mL) to give the acid 11 (47.4 mg, 

83%).[3] [α]D
20 = -37.0°(c = 1.0 in EtOH) ([α]D

20 = -38.6°(c = 1.05 in EtOH))[3]; mp 

158– 160°C; 1H NMR (DMSO-d6, 500 MHz) δ 4,39 (br, 1H), 5.46 (dd, J1 =4.0 Hz, J2 = 

13.0 Hz, 1H), 5.53 (br, 1H), 7.23-7.57 (m, 8H), 7.84 (m, 2H), 8.53 (d, J =9.0 Hz, 1H), 

12.73 (s, 1H); 13C NMR (CDCl3, 100MHz) δ 55.8, 73.6, 127.0, 127.2, 127.4, 128.1, 

128.4, 131.4, 134.4, 140.3, 166.1, 173.5; HRMS (ESI) calcd for C16H16NO4 [M + H]+ = 

286.1079, found 286.1079.  

 

(2S,3R)-tert-butyl2-hydroxy-3-(4-methoxyphenyl)-3-(4-methoxyphenylamino) 

11

OH

NH O

OH

O
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propanoate (12): The compound 12 was synthesized from 

the compound 7h by employing a procedure similar to that 

described for the synthesis of the compound 8, in an 84% 

yield. Notably, with a longer reaction time, a lower yield 

was afforded (after 20 h, a 42% yield was afforded); 1H 

NMR (CDCl3, 500 MHz): δ 1.43 (s, 9H), 3.20 (br, 1H), 3.69 

(s, 3H), 3.77 (s, 3H), 4.35 (s, 1H), 4.76 (s, 3H), 6.52 (d, J = 8.5 Hz, 2H), 6.68 (d, J = 8.5 

Hz, 2H), 6.85 (d, J = 8.5 Hz, 2H), 7.29 (d, J = 8.5 Hz, 2H); 13C NMR (CDCl3, 100 MHz): 

δ 27.9, 55.2, 55.6, 59.4, 74.7, 83.4, 113.9, 114.7, 115.0, 128.1, 131.6, 140.8, 152.1, 158.9, 

172.2; HRMS (ESI) calcd for C21H27NNaO5 [M + Na]+ = 396.1787, found 396.1776. 

 

(4R,5S)-tert-butyl-3,4-bis(4-methoxyphenyl)-2-oxooxazolidine-

5-carboxylate (13): To a solution of the amino ester 12 (230 mg, 

0.61 mmol) in anhydrous CH2Cl2 (10 mL) at 0°C was added 

DIPEA (0.3 mL, 1.83 mmol) dropwise and a solution of 

triphoshene (220 mg, 0.73 mmol) in anhydrous CH2Cl2 (5 mL) 

was added over a time of 0.5 h via a syringe pump. After 

completion of the addition, the reaction was stirred for another 0.5 

h and the product was washed with water and brine and dried over Na2SO4, and the 

solvent was removed by rotary evaporation. The residue was purified by flash column 

chromatography to yield the oxazolidinone 13 (215 mg, 87%). 1H NMR (CDCl3, 500 

MHz): δ 1.52 (s, 9H), 3.71 (s, 3H), 3.76 (s, 3H), 4.62 (d, J = 5.0 Hz, 1H), 5.20 (d, J = 5.0 

Hz, 1H), 6.77 (d, J = 8.5 Hz, 2H), 6.86 (d, J = 8.5 Hz, 2H), 7.22 (m, 2H); 13C NMR 

(CDCl3, 100 MHz): δ 27.9, 55.2, 55.3, 63.8, 78.2, 83.8, 114.2, 114.6, 123.4, 127.7, 129.4, 

129.5, 154.6, 157.0, 159.9, 167.2; HRMS (ESI) calcd for C22H26NO6 [M + H]+ = 

400.1760, found 400.1756.  

 

(4R,5S)-tert-butyl-4-(4-methoxyphenyl)-2-oxooxazolidine-5- 

carboxylate (14): To a solution of 13 (200 mg, 0.5 mmol) in 

CH3CN and water (15 mL, 2:1) was added the solution of cerium 

ammonium nitrate (CAN, 825 mg, 1.5 mmol) in water (5.0 mL) 
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over a time of 0.5 h via a syringe pump at 0°C. After the mixture was stirred for another 1 

h, saturated NaHCO3 aqueous was added till the PH of the solution exceeded 7. Then, the 

insoluble materials were filtered and the aqueous layer was extracted with ethyl acetate 

and dried over Na2SO4. The crude product was purified by flash column chromatography 

to afford the compound 14 (91 mg, 62%). 1H NMR (CDCl3, 500 MHz): δ 1.53 (s, 9H), 

3.83 (s, 3H), 4.61 (d, J = 5.5 Hz, 1H), 4.87 (d, J = 5.5 Hz, 1H), 5.75 (s, 1H), 6.93 (d, J = 

8.5 Hz, 2H), 7.27 (d, J = 8.5 Hz, 2H); 13C NMR (CDCl3, 100 MHz): δ 28.0, 55.4, 58.8, 

81.0, 83.7, 114.5, 127.3, 130.9, 132.6, 160.1, 167.2; HRMS (ESI) calcd for C15H19NNaO5 

[M + Na]+ = 316.1161, found 316.1160. 

 

(4R,5S)-5-(hydroxymethyl)-4-(4-methoxyphenyl)oxazolidin-2-

one (15): To a stirred solution of 14 (29.0 mg, 0.1 mmol) in 

aqueous THF (2.5 mL) at 0°C was added Superhydride (1.0 M in 

THF, 1.0 mL, 1.0 mmol) over a time of 1 h via a syringe pump at 

0°C, and the reaction mixture was allowed to warm to room 

temperature over a time of 6 h before the addition of a saturated 

aqueous NH4Cl solution. The aqueous layer was extracted with ethyl acetate (3 × 5 mL). 

The combined organic extracts were washed with brine, dried over Na2SO4, and 

concentrated by rotary evaporation. The crude product was purified by flash column 

chromatography in order to afford alcohol 15 (10.5 mg, 69%) as a white solid; 1H NMR 

(CDCl3, 500 MHz): δ 2.13 (t, 1H), 3.70 (m, 1H), 3.81 (s, 3H), 3.94 (m, 1H), 4.38 (m, 1H), 

4.87 (d, J = 7.0 Hz, 1H), 5.27 (s, 1H), 6.92 (d, J = 8.5 Hz, 2H), 7.28 (d, J = 8.5 Hz, 2H); 

HRMS (ESI) calcd for C11H13NNaO4 [M + H]+ = 246.0742, found 246.0744. 
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6. NMR analysis spectra for 5b,d-h, 7a-i, 8-15 (5a, see[ref 5a], 5c see[ref 5b]) 
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7. Chiral HPLC analysis figures of 5b, 5d-h, 7a-i, 8, 10 
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