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General: HRMS (ESI) Mass spectra were recorded on a Bio TOF ⅢQ from Bruker Daltonics 

Inc. at Chengdu Institute of Biology (CIB), the Chinese Academy of Sciences (CAS). 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 OD, AD, 

IA were 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 catalysts.  

 

Materials: Dichloromethane was distilled over calcium hydride. Aldimines 3 and 6 were 

prepared from condensation of the corresponding aldehydes with amines according to the 

literature method.[1] Chiral phosphoric acid 5a-e were prepared according to the literature 

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

were carried out under an argon atmosphere in a well-dried glassware.                                  
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General Procedure for the Enantioselective Three-Component Reactions (Table 2):   

 A solution of Rh (OAc)2 4 (0.005 mmol), chiral phosphoric acid 5b (0.005 mmol), alcohol 2e 

(0.25 mmol) , imine 3 or 6 (0.275 mmol) and 4Å MS (0.1 g) in 2 mL CH Cl2 2 under an argon 

atmosphere was cooled to –20°C. Diazo compound 1 (0.25 mmol) in 1 mL CH Cl2 2 was then 

added over 1 h period of time via a syringe pump. After completion of the addition, the reaction 

mixture was stirred for additional 3 h and followed by addition of saturated aqueous NaHCO3 

(0.1 ml) to quench the reaction. Solvents were removed to give the crude products, which were 

subjected to 1H NMR spectroscopy analysis for the determination of diastereoselectivity. The 

crude products were purified by flash chromatography on silica gel (eluent: EtOAc/light 

petroleum ether = 1:50 ~1:20) to give the pure products.  

 

(2S,3S)-methyl 2-(9-anthrylmethoxy)-2,3-diphenyl-3-(phenylamino) 

propanoate (4e): yield 86%; [α]D
20 = +67.3°(c = 1, EtOAc); 93% ee, 

determined by HPLC (Daicel Chirapak IA, flow rate 1.0 mL/min, 

hexane / isopropanol = 97 : 3, 254nm, Retention time: tmajor = 7.3 min, 

and tminor = 9.4 min.); 1H NMR (CDCl3, 400 MHz) δ (ppm) 3.70 (s, 

3H), 4.87 (d, J = 9.6 Hz, 1H), 5.17 (d, J = 9.6 Hz, 1H), 5.21 (d, J = 10.3 Hz, 1H), 5.76 (d, J = 

10.3 Hz, 1H), 6.41 (dd, J

N
H

O
COOMe

1 = 1.0 Hz, J2 = 8.6 Hz, 2H), 6.65 (m, 1H), 6.97 (m, 2H), 7.13 (m, 5H), 

7.47-7.54 (m, 7H), 7.82 (m, 2H), 8.06 (m, 2H), 8.30 (m, 2H), 8.53 (s, 1H); 13C NMR (CDCl3, 100 

MHz) δ (ppm) 51.93, 60.60, 64.30, 87.90, 114.04, 117.63, 125.07, 125.11, 126.10, 127.59, 

127.62, 128.37, 128.50, 128.96, 129.02, 129.15, 129.26, 131.17, 131.65, 136.41, 136.74, 146.25, 

171.69; HRMS (EI) calcd for C +
37H31NO3 (M)  537.2304, found 537.2300; 

 

 (2S,3S)-methyl 2-(9-anthrylmethoxy)-2-phenyl-3-(4-methoxy 

phenylamino)-3-m-tolylpropanoate (7a): yield 95%; [α]D
20 = 

+49.2°(c = 1, EtOAc); 90% ee, determined by HPLC (Daicel 

Chirapak IA, flow rate 1.0 mL/min, hexane / isopropanol = 80 : 20, 

254nm, Retention time: tmajor = 4.9 min, and tminor = 5.6 min.); 1H 

NMR (CDCl

N
H

O
COOMe

MeO

3, 400 MHz) δ (ppm) 2.05 (s, 3H), 3.57 (s, 3H), 3.67 (s, 3H), 4.48 (bs, 1H), 5.02 (bs, 

1H), 5.18 (d, J = 10.3 Hz, 1H), 5.68 (d, J = 10.3 Hz, 1H), 6.33 (d, J = 9.0 Hz, 2H), 6.53 (d, J = 

9.0 Hz, 2H), 6.86-6.93 (m, 4H), 7.41-7.48 (m, 7H), 7.79 (m, 2H), 7.99 (d, J = 9.5 Hz, 2H), 8.26 
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(d, J = 9.5 Hz, 2H), 8.45 (s, 1H); 13C NMR (CDCl3, 100 MHz) δ (ppm) 21.35, 51.85, 55.63, 

60.44, 65.38, 87.94, 114.63, 115.44, 125.03, 126.06, 126.14, 127.24, 128.16, 128.26, 128.41, 

128.84, 128.90, 129.12, 129.41, 129.84, 131.13, 131.60, 136.43, 138.64, 140.55, 152.14, 171.73; 

HRMS (ESI) calcd for C +
39H36NO  (M+H)  582.2639, found 582.2617. 4

 

 (2S,3S)-methyl 2-(9-anthrylmethoxy)-3-(4-methoxyphenylamino) 

-2,3-diphenylpropanoate (7b): yield 83%; [α]D
20 = +57.6°(c = 1, 

EtOAc); 94% ee, determined by HPLC (Daicel Chirapak IA, flow 

rate 1.0 mL/min, hexane / isopropanol / EtOH / TFA = 450 : 25 : 25 : 

1, 254nm, Retention time: tmajor = 6.9 min, and tminor = 8.4 min.); 1H 

NMR (CDCl

N
H

O
COOMe

MeO

3, 400 MHz) δ (ppm) 3.57 (s, 3H), 3.67 (s, 3H), 4.52 (bs, 1H), 5.06 (bs, 1H), 5.17 (d, 

J = 10.3 Hz, 1H), 5.68 (d, J = 10.3 Hz, 1H), 6.33 (d, J = 9.0 Hz, 2H), 6.53 (d, J = 9.0 Hz, 2H), 

7.04 (m, 5H), 7.41-7.49 (m, 7H), 7.80 (m, 2H), 8.01 (d, J = 9.5 Hz, 2H), 8.27 (d, J = 9.5 Hz, 2H), 

8.46(s, 1H); 13C NMR (CDCl3, 100 MHz) δ (ppm) 51.90, 55.63, 60.55, 65.49, 87.96, 114.63, 

115.45, 125.07, 126.04, 127.50, 128.24, 128.44, 128.77, 128.92, 129.09, 129.35, 129.47, 131.12, 

131.61, 136.38, 138.76, 10.44, 152.20, 171.70; HRMS (ESI) calcd for C +
38H34NO  (M+H)4  

568.2482, found 568.2489. 

 

 (2S,3S)-methyl 2-(9-anthrylmethoxy)-3-(4-methoxyphenyl 

amino)-3-(2,3-dichlorophenyl)-2-phenylpropanoate (7c): yield 

95%; [α]D
20 = +18.8°(c = 1, EtOAc); 93% ee, determined by 

HPLC (Daicel Chirapak AD-H, flow rate 1.0 mL/min, hexane / 

EtOH / DEA = 90 : 10 : 0.1, 254nm, Retention time: tminor = 5.6 

min, and tmajor = 7.4 min.); 1H NMR (CDCl3, 400 MHz) δ (ppm) 

3.66 (s, 3H), 3.71 (s, 3H), 4.71 (d, J = 10.5 Hz, 1H), 5.15 (d, J = 10.5 Hz, 1H), 5.86 (d, J = 10.5 

Hz, 1H), 5.89 (d, J = 10.5Hz, 1H), 6.44 (d, J = 8.5 Hz, 2H), 6.63 (d, J = 8.5 Hz, 2H), 6.93 (m, 

1H), 7.29(m, 2H), 7.53-7.58 (m, 7H), 7.97 (m, 2H), 8.09 (m, 2H), 8.35 (m, 2H), 8.55 (s, 1H); 

N
H

O
COOMe

MeO

Cl
Cl

13C 

NMR (CDCl3, 100 MHz) δ (ppm) 29.62, 51.66, 55.48, 60.05, 60.40, 87.28, 114.62, 115.12, 

124.79, 124.98, 126.03, 126.99, 128.32, 128.38, 128.42, 128.62, 128.80, 129.04, 129.12, 129.53, 

131.10, 131.47, 132.28, 132.68, 136.51, 139.31, 140.04, 152.29, 171.43; HRMS (ESI) calcd for 

C +
38H31Cl KNO  (M+K)  674.1262, found 674.1228. 2 4
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 (2S,3S)-methyl 2-(9-anthrylmethoxy)-3-(4-methoxyphenyl 

amino)-2-phenyl-3-o-tolylpropanoate (7d): yield 95%; [α]D
20 = 

+33.2°(c = 1, EtOAc); 93% ee, determined by HPLC (Daicel 

Chirapak IA, flow rate 1.0 mL/min, hexane / isopropanol = 95 : 5, 

254nm, Retention time: tmajor = 5.8 min, and tminor = 7.7 min.); 1H 

NMR (CDCl

N
H

O
COOMe

MeO

3, 400 MHz) δ (ppm) 2.10 (s, 3H), 3.60 (s, 3H), 3.72 (s, 3H), 4.26 (bs, 1H), 5.20 (d, 

J = 10.3 Hz, 1H), 5.49 (bs, 1H), 5.53 (d, J = 10.3 Hz, 1H), 6.36 (d, J = 8.9 Hz, 2H), 6.55 (d, J = 

8.9 Hz, 2H), 6.80-6.85 (m, 4H). 7.43-7.50 (m, 7H), 7.78 (m, 2H), 8.00 (d, J = 9.0 Hz, 2H), 8.30 

(d, J = 9.0 Hz, 2H) 8.46 (s, 1H); 13C NMR (CDCl3, 100 MHz) δ (ppm) 19.95, 51.98, 55.65, 60.61, 

60.94, 88.47, 114.64, 115.95, 125.06, 125.09, 125.33, 126.04, 127.11, 128.10, 128.52, 128.83, 

128.93, 129.62, 129.82, 131.10, 131.58, 136.24, 137.21, 137.46, 140.63, 152.50, 171.85; HRMS 

(ESI) calcd for C +
39H35KNO  (M+K)  620.2198, found 620.2175. 4

 

 (2S,3S)-methyl 2-(9-anthrylmethoxy)-3-(4-methoxyphenylamino) 

-2-phenyl-3-p-tolylpropanoate (7e): yield 92%; [α]D
20 = +84.7°(c 

= 1, EtOAc); 98% ee, determined by HPLC (Daicel Chirapak IA, 

flow rate 0.9 mL/min, hexane / isopropanol / EtOH / TFA = 425 : 25 : 

25 : 1, Retention time: tmajor = 7.0 min, and tminor = 8.2 min.); 1H 

NMR (CDCl

N
H

O
COOMe

MeO

3, 400 MHz) δ (ppm) 2.19 (s, 3H), 3.57 (s, 3H), 3.68 (s, 3H), 4.52 (bs, 1H), 5.03 (bs, 

1H) 5.16 (d, J = 10.4 Hz, 1H), 5.69 (d, J = 10.4 Hz, 1H), 6.32 (d, J = 8.9 Hz, 2H), 6.53 (d, J = 8.9 

Hz, 2H), 6.85 (d, J = 8.0 Hz, 2H), 6.94 (d, J = 8.0 Hz, 2H), 7.41-7.50 (m, 7H), 7.82 (m, 2H), 8.00 

(d, J = 9.2 Hz, 2H), 8.27 (d, J = 9.2 Hz, 2H), 8.46 (s, 1H); 13C NMR (CDCl3, 100 MHz) δ (ppm) 

21.17, 51.88, 55.64, 60.53, 65.14, 88.01, 114.63, 115.46, 125.06, 125.11, 126.02, 128.23, 128.27, 

128.41, 128.86, 128.91, 128.94, 129.14, 129.39, 131.14, 131.61, 135.71, 136.54, 136.98, 140.54, 

152.14, 171.78; HRMS (ESI) calcd for C +
39H35KNO  (M+K)  620.2198, found 620.2215. 4

 

 (2S,3S)-methyl 2-(9-anthrylmethoxy)-3-(4-methoxyphenyl 

amino)-3-(2,5-dichlorophenyl)-2-phenylpropanoate (7f): yield 95%; 

[α]

N
H

O
COOMe

MeO

Cl

Cl
D

20 = +95.5°(c = 1, EtOAc); 93% ee, determined by HPLC (Daicel 

Chirapak AD-H, flow rate 1.0 mL/min, hexane / isopropanol = 95 : 5, 
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254nm, Retention time: tmajor = 7.0 min, and tminor = 9.0 min.); 1H NMR (CDCl3, 400 MHz) δ 

(ppm) 2.18 (s, 3H), 3.79 (s, 3H), 4.72 (d, J = 10.0 Hz, 1H), 5.20 (d, J = 10.0 Hz, 1H), 5.26 (d, J = 

10.5 Hz, 1H), 5.78 (d, J = 10.5 Hz, 1H), 6.37 (d, J = 8.5 Hz, 2H), 6.86 (d, J = 8.5 Hz, 2H), 7.03 

(d, J = 8.5 Hz, 2H), 7.26 (d, J = 8.5 Hz, 2H), 7.52-7.61 (m, 7H), 7.87 (m, 2H), 8.11 (d, J = 3.5 Hz, 

2H), 8.34 (d, J = 3.5 Hz, 2H), 8.56 (s, 1H); 13C NMR (CDCl3, 100 MHz) δ (ppm) 20.23, 51.94, 

60.50, 63.88, 87.50, 114.15, 121.50, 124.78, 124.99, 126.02, 127.08, 128.29, 128.45, 128.69, 

128.88, 128.99, 129.12, 129.49, 130.56, 130.68, 130.98, 131.49, 135.85, 137.77, 143.42, 171.41; 

HRMS (ESI) calcd for C38H31Cl2KNO  (M+K)+ 674.1262, found 674.1228. 4

 

 (2S,3S)-methyl 2-(9-anthrylmethoxy)-3-(4-bromophenyl)-2-phenyl 

-3-(phenylamino)propanoate (7g): yield 87%; [α]D
20 = +86.6°(c = 1, 

EtOAc); 92% ee, determined by HPLC (Daicel Chirapak AD-H, flow 

rate 1.0 mL/min, hexane / isopropanol = 95 : 5, 254nm, Retention time: 

tmajor = 7.2 min, and tminor = 9.6 min.); 1H NMR (CDCl3, 400 MHz) δ 

(ppm) 3.728 (s, 3H), 4.77 (d, J = 9.5 Hz, 1H), 5.13 (d, J = 9.5 Hz, 1H), 5.20 (d, J = 10.5 Hz, 1H), 

5.73 (d, J = 10.5 Hz, 1H), 6.37 (m, 2H), 6.58 (m, 1H), 6.98 (m, 4H) 7.19 (m, 2H), 7.46-7.54 (m, 

7H), 7.79 (m, 2H), 8.06 (d, J = 9.0 Hz, 2H), 8.26 (d, J = 9.0 Hz, 2H), 8.52 (s, 1H); 

N
H

O
COOMe

Br

13C NMR 

(CDCl3, 100 MHz) δ (ppm) 51.98, 60.56, 63.67, 87.53, 114.01, 117.91, 121.59, 124.79, 125.04, 

126.07, 128.36, 128.50, 128.69, 128.93, 128.99, 129.06, 129.09, 130.63, 130.72, 131.02, 131.55, 

135.84, 137.71, 145.79, 171.38; HRMS (ESI) calcd for C +
37H30BrKNO  (M+K)3  654.1041, found 

654.1031. 

 

(2S,3S)-methyl 2-(9-anthryl)methoxy)-3-(4-chlorophenyl)-2-phenyl 

-3-(4-methoxyphenylamino)propanoate (7h): yield 83%; [α]D
20 = 

+86.1°(c = 1, EtOAc); 93% ee, determined by HPLC (Daicel Chirapak 

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

Retention time: tmajor = 6.3 min, and tminor = 8.3 min.); 1H NMR (CDCl3, 

400 MHz) δ (ppm) 3.70 (s, 3H), 3.84 (s, 3H), 4.59 (bs, 1H), 5.19 (bs, 1H), 5.32 (d, J = 11.0 Hz, 

1H), 5.81 (d, J = 11.0 Hz, 1H), 6.45 (d, J = 9.0 Hz, 2H), 6.68 (d, J = 9.0 Hz, 2H), 7.15 (m, 4H), 

7.57-7.65 (m, 7H), 7.93 (m, 2H), 8.14 (d, J = 8.0 Hz, 2H), 8.41 (d, J = 9.0 Hz, 2H), 8.58 (s, 1H); 

N
H

O
COOMe

Cl

MeO

13C NMR (CDCl , 100 MHz) δ (ppm) 51.90, 53.35, 55.45, 60.45, 64.76, 87.60, 114.52, 115.47, 3
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124.77, 124.96, 125.98, 127.57, 128.21, 128.41, 128.69, 128.86, 128.93, 129.16, 130.29, 130.94, 

131.46, 133.14, 135.82, 137.21, 139.90, 152.29, 171.37; HRMS (ESI) calcd for C38H32ClNNaO4 

(M+Na)+ 624.1912, found 624.1906. 

 

 

 (2S,3S)-methyl 2-(9-anthryl)methoxy)-3-(4-bromophenyl)-2-phenyl 

-3-(4-methoxyphenylamino)propanoate (7i): yield 82%; [α]D
20 = +92.8

°(c = 1, EtOAc); 94% ee, determined by HPLC (Daicel Chirapak IA, 

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

time: t

N
H

O
COOMe

Br

MeO

major = 6.6 min, and tminor = 8.7 min.); 1H NMR (CDCl3, 400 MHz) δ (ppm) 3.69 (s, 3H), 

3.81 (s, 3H), 4.53 (bs, 1H), 5.13 (bs, 1H), 5.27 (d, J = 10.5 Hz, 1H), 5.76 (d, J = 10.5 Hz, 1H), 

6.40 (d, J = 9.0 Hz, 2H), 6.64 (d, J = 9.0 Hz, 2H), 7.00 (d, J = 8.0 Hz, 2H), 7.25 (d, J = 8.0 Hz, 

2H), 7.52-7.62 (m, 7H), 7.87 (m, 2H), 8.12 (d, J = 8.5 Hz, 2H), 8.35 (d, J = 8.5 Hz, 2H), 8.57 (s, 

1H); 13C NMR (CDCl3, 100 MHz) δ (ppm) 51.96, 55.52, 60.50, 64.85, 87.57, 114.55, 115.49, 

121.47, 124.80, 125.00, 126.02, 128.24, 128.45, 128.71, 128.89, 128.97, 129.18, 130.54, 130.57, 

130.97, 131.49, 135.80, 137.74, 139.91, 152.33, 171.39; HRMS (ESI) calcd for C38H33BrNO4 

(M+H)+ 646.1587, found 646.1589. 

 (2S,3S)-methyl 2-(9-anthrylmethoxy)-3-(4-methoxyphenyl 

amino)-3-(1-naphthalenyl)-2-phenylpropanoate (7j): yield 88%; 

[α]D
20 = +80.3°(c = 1, EtOAc); 95% ee, determined by HPLC 

(Daicel Chirapak AD-H, flow rate 1.0 mL/min, hexane / 

isopropanol = 90 : 10, 254nm, Retention time: tminor = 8.6 min, and 

tmajor = 12.0 min.); 1H NMR (CDCl3, 400 MHz) δ (ppm) 3.59 (s, 

3H), 3.69 (s, 3H), 4.70 (bs, 1H), 5.27 (bs, 1H), 5.30 (d, J = 10.5 Hz, 1H), 5.80 (d, J = 10.5 Hz, 

1H), 6.43 (d, J = 9.0 Hz, 2H), 6.57 (d, J = 9.0 Hz, 2H), 7.27 (m, 1H), 7.41 (m, 2H), 7.49-7.59 (m, 

10H), 7.65 (m, 1H), 7.91(m, 2H), 8.09 (m, 2H), 8.36 (m, 2H), 8.54(s, 1H); 

N
H

O
COOMe

MeO

13C NMR (CDCl3, 100 

MHz) δ (ppm) 51.94, 53.44, 55.49, 60.45, 65.50, 87.99, 114.51, 115.46, 124.96, 125.02, 125.56, 

125.68, 126.09, 127.01, 127.44, 128.00, 128.25, 128.29, 128.44, 128.89, 128.93, 129.32, 131.07, 

131.53, 132.74, 136.40, 140.25, 152.10, 171.65; HRMS (ESI) calcd for C +
42H36NO  (M+H)4  

618.2639, found 618.2635. 
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 (2S,3S)-methyl 2-(9-anthrylmethoxy)-2-(3-bromophenyl)-3-phenyl 

-3-(phenylamino)propanoate (7k): yield 98%; [α]D
20 = +124.0°(c = 1, 

EtOAc); 84% ee, determined by HPLC (Daicel Chirapak OD-H, flow 

rate 0.6 mL/min, hexane / isopropanol / EtOH / TFA = 500 : 5 : 5 : 1, 

254nm, Retention time: tmajor = 15.0 min, and tminor = 16.2 min.); 1H 

NMR (CDCl

N
H

O
COOMe

Br

3, 400 MHz) δ (ppm) 3.73 (s, 3H), 4.66 (d, J = 9.5 Hz, 1H), 5.03 (d, J = 9.5 Hz, 1H), 

5.21 (d, J = 10.0 Hz, 1H), 5.70 (d, J = 10.5 Hz, 1H), 6.36 (m, 2H), 6.54 (m, 1H), 6.94 (m, 2H), 

7.06-7.28 (m, 6H), 7.49-7.56 (m, 5H),7.75 (m,1H), 7.90 (s, 1H), 8.05 (d, J = 8.0 Hz, 2H), 8.27 (d, 

J = 8.0 Hz, 2H), 8.52 (s, 1H); 13C NMR (CDCl3, 100 MHz) δ (ppm) 52.17, 60.75, 64.96, 87.48, 

114.11, 117.86, 122.45, 124.81, 125.08, 126.31, 127.61, 127.73, 127.76, 128.45, 128.65, 128.94, 

129.70, 131.00, 131.50, 131.94, 132.25, 138.02, 138.45, 146.13, 170.93; HRMS (ESI) calcd for 

C +
37H30BrKNO  (M+K)  654.1041, found 654.1041. 3

 

 (2S,3S)-methyl 2-(9-anthrylmethoxy)-3-(4-methoxyphenyl 

amino)-2-(4-methoxyphenyl)-3-phenylpropanoate (7l): yield 

98%; [α]D
20 = +36.4°(c = 1, EtOAc); >99% ee, determined by 

HPLC (Daicel Chirapak AD-H, flow rate 1.0 mL/min, hexane / 

isopropanol / EtOH / TFA = 490 : 10 : 10 : 1, 254nm, Retention 

time: t

N
H

O
COOMe

MeO

MeO

major = 33.0 min, and tminor = 41.7 min.); 1H NMR (CDCl3, 400 MHz) δ (ppm) 3.62 (s, 3H), 

3.70 (s, 3H), 3.90 (s, 3H), 4.60 (bs, 1H), 5.07 (bs, 1H), 5.20 (d, J = 10.5 Hz, 1H), 5.70 (d, J = 

10.5 Hz, 1H), 6.37 (d, J = 9.0 Hz, 2H), 6.58 (d, J = 8.5 Hz, 2H), 6.98 (d, J=8.5 Hz, 2H), 

7.07-7.15 (m, 5H), 7.50-7.55 (m, 4H), 7.78 (d, J = 8.5 Hz, 2H), 8.06 (d, J = 8 Hz, 2H), 8.33 (d, J 

= 8.5 Hz, 2H), 8.51 (s, 1H); 13C NMR (CDCl3, 100 MHz) δ (ppm) 51.78, 55.31, 55.58, 60.27, 

65.43, 87.54, 113.47, 114.58, 115.38, 124.99, 125.04, 125.95, 127.42, 128.30, 128.43, 128.84, 

129.05, 129.15, 130.67, 131.07, 131.54, 138.80, 140.40, 152.09, 159.82, 171.83; HRMS (ESI) 

calcd for C +
39H35KNO  (M+K)  636.2147, found 636.2151. 5

 

N
H

O
COOMe

MeO

MeO

Br

 (2S,3S)-methyl 2-(9-anthrylmethoxy)-3-(4-methoxyphenylamino) 

-3-(4-bromophenyl)-2-(4-methoxyphenyl)propanoate (7m): yield 

97%; [α]D
20 = +53.5°(c = 1, EtOAc); 95% ee, determined by HPLC 
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(Daicel Chirapak AD-H, flow rate 1.0 mL/min, hexane / isopropanol / EtOH / TFA = 450 : 25 : 

25 : 1, 254nm, Retention time: tmajor = 11.8 min, and tminor = 18.6 min.); 1H NMR (CDCl3, 400 

MHz) δ (ppm) 3.63 (s, 3H), 3.73 (s, 3H), 3.90 (s, 3H), 4.50 (bs, 1H), 5.03 (bs, 1H), 5.20 (d, J = 

10.5 Hz, 1H), 5.68 (d, J = 10.5 Hz, 1H), 6.34 (d, J = 8.5 Hz, 2H), 6.59 (d, J = 8.5 Hz, 2H), 6.95 

(d, J = 8.5 Hz, 2H), 6.80 (d, J = 9.0 Hz, 2H), 7.20 (d, J = 8.5 Hz, 2H), 7.50-7.56 (m, 4H), 7.74 (d, 

J = 8.5 Hz, 2H), 8.06 (d, J = 8 Hz, 2H), 8.30 (d, J = 8.5 Hz, 2H), 8.51 (s, 1H); 13C NMR (CDCl3, 

100 MHz) δ (ppm) 51.93, 55.33, 55.57, 60.31, 64.91, 87.25, 113.56, 114.61, 115.49, 121.46, 

124.86, 125.02, 126.03, 127.90, 128.41, 128.90, 130.56, 130.61, 130.73, 131.02, 131.54, 137.89, 

139.98, 152.32, 159.93, 171.63; HRMS (ESI) calcd for C +
39H34BrKNO  (M+K)5  714.1252, found 

714.1243. 

 

 (2S,3S)-methyl 2-(9-anthrylmethoxy)-3-(4-methoxyphenylamino) 

-2-(4-bromophenyl)-3-phenylpropanoate (7n): yield 84%; [α]D
20 = 

+14.0°(c = 1, EtOAc); 94% ee, determined by HPLC (Daicel 

Chirapak AD-H, flow rate 1.0 mL/min, hexane / isopropanol / EtOH 

/ TFA = 490 : 10 : 10 : 1, 254nm, Retention time: tmajor = 17.0 min, 

and t

N
H

O
COOMe

Br

MeO

minor = 31.2 min.); 1H NMR (CDCl3, 400 MHz) δ (ppm) 3.60 (s, 3H), 3.70 (s, 3H), 4.36 (d, J 

= 9.0 Hz, 1H), 5.00 (d, J = 9.0 Hz, 1H), 5.19 (d, J = 10.5 Hz, 1H), 5.66 (d, J = 10.5 Hz, 1H), 6.34 

(d, J = 9.0 Hz, 2H), 6.55 (d, J = 9.0 Hz, 2H), 7.01-7.11 (m, 5H), 7.48-7.53 (m, 6H), 7.66 (d, J = 

8.5 Hz, 2H), 8.05 (d, J = 8 Hz, 2H), 8.25 (d, J = 8.5 Hz, 2H), 8.50 (s, 1H); 13C NMR (CDCl3, 100 

MHz) δ (ppm) 29.68, 52.03, 55.57, 60.67, 65.67, 87.57, 114.57, 115.64, 123.15, 124.82, 125.03, 

126.06, 127.52, 127.59, 128.52, 128.61, 128.93, 130.94, 131.07, 131.18, 131.52, 135.31, 138.18, 

140.17, 171.22; HRMS (ESI) calcd for C +
38H32BrKNO  (M+K)  684.1146, found 684.1122. 4

 

 (2S,3S)-methyl 2-(9-anthrylmethoxy)-3-(4-methoxyphenylamino) 

-2-(4-bromophenyl)-3-(4-chlorophenyl)propanoate (7o): yield 

95%; [α]D
20 = +45.2°(c = 1, EtOAc); 92% ee, determined by HPLC 

(Daicel Chirapak AD-H, flow rate 1.0 mL/min, hexane / isopropanol 

/ EtOH / TFA = 490 : 10 : 10 : 1, 254nm, Retention time: tmajor = 14.0 

min, and t

N
H

O
COOMe

Br

MeO

Cl

 = 22.6 min.); 1H NMR (CDClminor 3, 400 MHz) δ (ppm) 3.64 (s, 3H), 3.78 (s, 3H), 4.35 

(d, J = 9.5 Hz, 1H), 5.06 (d, J = 9.5 Hz, 1H), 5.23 (d, J = 10.5 Hz, 1H), 5.70 (d, J = 10.5 Hz, 1H), 
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6.37 (d, J = 9.0 Hz, 2H), 6.60 (d, J = 8.5 Hz, 2H), 7.00 (d, J = 8.5 Hz, 2H), 7.08 (d, J = 8.5 Hz, 

2H), 7.52-7.61 (m, 6H), 7.71 (d, J = 8.5 Hz, 2H), 8.07 (d, J = 8.0 Hz, 2H), 8.29 (d, J = 9.0 Hz, 

2H), 8.52 (s, 1H); 13C NMR (CDCl3, 100 MHz) δ (ppm) 52.10, 55.46, 60.64, 64.99, 87.28, 

114.57, 115.71, 123.29, 124.61, 125.01, 126.09, 127.68, 128.33, 128.58, 128.94, 130.22, 130.85, 

130.96, 131.26, 131.46, 133.33, 134.86, 136.75, 139.70, 152.53, 170.98; HRMS (ESI) calcd for 

C +
38H31BrClKNO  (M+K)  718.0757, found 718.0751 4

 

10.5 Hz, 1H), 5.76 (d

.69 

, 

 (2S,3S)-methyl 2-(9-anthrylmethoxy)-2-(4-bromophenyl)-3-phenyl 

-3-(phenylamino)propanoate (7p): yield 84%; [α]D
20 = +21.7°(c = 1, 

EtOAc); 92% ee, determined by HPLC (Daicel Chirapak AD-H, flow 

rate 1.0 mL/min, hexane / isopropanol / EtOH / TFA = 450 : 25 : 25 : 1, 

254nm, Retention time: tmajor = 7.5 min, and tminor = 10.1 min.); 1H NMR 

(CDCl

N
H

O
COOMe

Br

3, 400 MHz) δ (ppm) 3.66 (s, 3H), 4.69 (d, J = 10.0 Hz, 1H), 5.07 (d, J = 10.0 Hz, 1H), 

5.17 (d, J = 10.5 Hz, 1H), 5.68 (d, J = 10.5 Hz, 1H), 6.37 (d, J = 8.0 Hz, 2H), 6.55 (m, 1H), 6.96 

(m, 2H), 7.07-7.13 (m, 5H), 7.47-7.53 (m, 6H), 7.66 (d, J = 8.5 Hz, 2H), 8.02 (d, J = 8.5 Hz, 2H), 

8.23 (d, J = 8.5 Hz, 2H), 8.48 (s, 1H); 13C NMR (CDCl3, 100 MHz) δ (ppm) 52.01, 60.66, 64.44, 

87.45, 114.07, 117.87, 123.21, 124.76, 125.02, 126.08, 127.56, 127.66, 128.54, 128.93, 128.95, 

130.93, 131.27, 131.49, 135.31, 138.12, 145.99, 171.12; HRMS (ESI) calcd for C37H30BrKNO3 

(M+K)+ 654.1041, found 654.1070. 

 

 (2S,3S)-methyl 2-(9-anthrylmethoxy)-3-(4-methoxyphenylamino) 

-2-(2-bromophenyl)-3-(4-bromophenyl)propanoate (7q): yield 91%; 

83% ee, determined by HPLC (Daicel Chirapak IA, flow rate 0.7 mL/min, 

hexane / isopropanol / EtOH / TFA = 450 : 25 : 25 : 1, 254nm, Retention 

time: tminor = 10.8 min, and tmajor = 13.8 min.); 1H NMR (CDCl3, 400 MHz) 

δ (ppm) 3.61 (s, 3H), 3.71 (s, 3H), 4.60 (s, 1H), 5.19 (s, 1H), 5.47 (d, J = 

, J = 10.5 Hz, 1H), 6.20 (d, J = 8.5 Hz, 2H), 6.52 (d, J = 9.0 Hz, 2H), 7.04 

(d, J = 8.0 Hz, 2H), 7.19 (d, J = 8.0 Hz, 2H), 7.26 (m, 1H), 7.29 (m, 1H), 7.48-7.53 (m, 4H), 7

(d, J = 8.0 Hz, 1H), 8.06 (d, J = 8.0 Hz, 2H), 8.11 (d, J = 8.0 Hz, 1H), 8.19 (d, J = 8.0 Hz, 2H), 

8.54 (s, 1H); 

O
MeOOC

NH
Br

OMe

Br

13C NMR (CDCl3, 100 MHz) δ (ppm) 52.31, 55.60, 61.38, 64.10, 86.91, 114.66, 

115.01, 121.37, 123.94, 124.73, 125.09, 126.25, 127.75, 128.15, 128.77, 128.97, 130.17, 130.49
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131.02, 131.37, 131.57, 131.65, 134.70, 137.48, 138.32, 139.85, 152.20, 170.10. 

 
 (2S,3S)-methyl 2-(9-anthrylmethoxy)-3-(4-methoxyphenylamino) 

20 = 

 

. 2 = 

, 

71, 

(2S,3S)-methyl 2-(9-anthrylmethoxy)-3-(4-methoxyphenylamino) 

 

 

6  

. 

O
-2-(trans-styryl)-3-(4-bromophenyl)propanoate (7r): yield 43%; [α]D

+62.0°(c = 1, EtOAc); 95% ee, determined by HPLC (Daicel Chirapak IA, 

flow rate 1.0 mL/min, hexane / isopropanol / EtOH / TFA = 450 : 25 : 25 : 

1, 254nm, Retention time: t

MeOOC

NH

Br

major = 10.8 min, and tminor = 12.7 min.); H 

NMR (CDCl

1

OMe
3, 400 MHz) δ (ppm) 1.30 (t, J = 7.5 Hz, 3H),3.61 (s, 3H),

51 (d, J = 8.5 Hz, 1H), 4.68 (d, J = 8.0 Hz, 1H), 5.64 (dd, J4.21-4.28 (m, 2H), 4 1 = 10.5 Hz, J

22.0 Hz, 2H), 6.29 (d, J = 8.5 Hz, 2H), 6.54 (d, J = 9.0 Hz, 2H), 6.83 (m, 2H), 7.14 (d, J = 8.5 Hz

2H), 7.28 (d, J = 8.5 Hz, 2H), 7.38-7.46 (m, 5H), 7.50-7.52 (m, 4H), 8.06 (m, 2H), 8.44 (m, 2H), 

8.52 (s, 1H); C NMR (CDCl13
3, 100 MHz) δ (ppm) 14.15, 55.60, 59.94, 61.72, 65.96, 86.15, 

114.57, 115.20, 121.63, 124.80, 125.06, 126.16, 126.94, 128.48, 128.76, 128.96, 128.99, 130.

130.82, 130.97, 131.54, 135.29, 135.89, 137.63, 140.69, 152.18, 170.84. 

 

 

-3-cyclohexyl-2-(4-methoxyphenyl)propanoate (7s): yield 34%; 49% 

ee, determined by HPLC (Daicel Chirapak AD-H, flow rate 1.0 mL/min,

hexane / isopropanol / EtOH / TFA = 450 : 25 : 25 : 1, 254nm, Retention 

time: tmajor = 5.3 min, and tminor = 10.1 min.); 1H NMR (CDCl3, 400 MHz)

δ (ppm) 0.64-0.66 (m, 1H), 0.84-1.07 (m, 6H), 1.34-1.50 (m, 4H), 3.43 

7 (s, 3H), 3.81 (s, 3H), 3.87 (s, 3H), 4.01 (d, J = 10.5 Hz, 1H), 5.31 (d, J

= 10.5 Hz, 1H), 5.51 (d, J = 10.5 Hz, 1H), 6.39 (d, J = 4.5 Hz, 2H), 6.60 (d, J = 4.0 Hz, 2H), 6.85 

(d, J = 9.0 Hz, 2H), 7.44-7.50 (m, 4H), 7.60 (d, J = 9.0 Hz, 2H), 8.00 (d, J = 8.0 Hz, 2H), 8.32 (d, 

J = 8.5 Hz, 2H), 8.46 (s, 1H); 

(d, J = 10.5 Hz, 1H), 3.

13C NMR (CDCl3, 100 MHz) δ (ppm) 26.14, 26.18, 26.94, 27.82, 

33.88, 41.25, 51.88, 55.29, 55.73, 60.56, 65.28, 88.53, 113.31, 114.18, 114.61, 124.93, 125.15, 

125.76, 128.23, 128.39, 128.83, 129.38, 129.98, 130.89, 131.51, 142.73, 151.38, 159.45, 172.93

 
 
 
 
 
 

O
MeOOC

NH

OMe

OMe
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Deprotection of three-component product 7b[3]  
Ar

7b, Ar= 9-anthryl, ee=93.5%

O
Ph

MeOOC

H
N

Ph
PMP

OHTMSCl, NaI

CH CN, 50oC
H
N

Ph

MeOOC PMP
Ph

3

8 ee=93.2%

75%

 
To a solution of compound 7b (0.05 mmol) and NaI (15 mg, 2eq) in 0.5 mL of CH3CN was 

action 

h 

(2S,3S)-methyl 3-(4-methoxyphenylamino)-2-hydroxy-2,3-diphenyl 

e 

3H 33 

 

6; 
+

eference and notes: 
, Y.; Umezawa, K. Bioorg. Med. Chem. 2001, 9, 1233. 
rada, M. J. Am. Chem. Soc. 2004, 126, 5356. (b) Akiyama, T.; Morita, H.; Itoh, J.; 

Millan, D. W. C. J. Am. Chem. 

added 15 μl TMSCl (2 ~ 2.5eq) via a syringe pump at room temperature under an argon 

atmosphere. The reaction temperature was warmed to 50 °C and stirred over night. The re

mixture was poured into water and stirred for 10 min. The aqueous phase was extracted with 

EtOAc. The organic phase was separated, washed with saturated aqueous Na S O2 2 3, and dried 

over anhydrous MgSO4. After evaporating the solvents, the crude product was purified by flas

chromatography on silica gel (eluent: EtOAc/light petroleum ether = 1:30~1:20) to give 

β-amino-α-hydroxyl carboxylate compound 8. 

 

 
OH

COOMe propanoate (8): yield 75%; [α]D
20 = -136.0°(c = 1, EtOAc); 93% ee, 

determined by HPLC (Daicel Chirapak IA, flow rate 0.9 mL/min, hexan

FA = 425 : 25 : 25 : 1, 254nm, Retention time: t/ isopropanol / EtOH / T major = 16.2 min, and tminor 

= 23.2 min.); 1H NMR (CDCl3, 400 MHz) δ (ppm) 3.63 (s, 3H), 3.64 (s, ), 3.84 (bs, 1H), 4.

(bs, 1H), 5.21 (bs, 1H), 6.38 (d, J = 9.0 Hz, 2H), 6.60 (d, J = 9.0 Hz, 2H), 7.25-7.45 (m, 6H), 7.76

(d, J = 7.5 Hz, 2H); 13C NMR (CDCl3, 100 MHz) δ (ppm) 53.21, 55.62, 63.08, 81.26, 114.54, 

114.59, 126.45, 128.03, 128.12, 128.31, 128.34, 128.41, 138.37, 138.67, 140.79, 151.83, 173.4

HRMS (ESI) calcd for C23H24NO4 (M+H)  378.1700, found 378.1702. 

 

 

R
[1] Shiino, M.; Watanabe
[2] (a) Uraguchi, D.; Te
Fuchibe, K. Org. Lett. 2005, 7, 2583. (c) Storer, R. I.; Carrera, D. E.; Ni, Y.; Mac
Soc. 2006, 128, 84. (d) Uraguchi, D.; Sorimachi, K.; Terada, M. Angew. Chem. Int. Ed. 2006, 45, 2254. (e) 
Yamanaka, M.; Junji Itoh; Fuchibe, K.; Akiyama, T. J. Am Chem. Soc. 2007, 129, 6756. (f) Guo, Q.-X.; Liu, H.; 
Guo, C.; Luo, S.-W.; Gu, Y.; Gong, L.-Z. J. Am. Chem. Soc. 2007, 129, 3790. (g) Jiang, J.; Yu, J.; Sun, X.-X.; 
Rao, Q.-Q.; Gong, L.-Z. Angew. Chem. Int. Ed. 2008, 47, 2458. (h) Masahiro, T.; Daisuke, U.; Keiichi, S.; 
Hideo, S. PCT Int. Appl. 2005 WO2005070875. 
[3] (a) George A.O.; Subhash, C.N.; Balaram Gupta, B. G.; Ripudaman, M. J. Org. Chem. 1979. 44. 1247. (b) 
Michael, E. J.; Mark, A. L.; J. Org. Chem. 1977, 42, 3761. 
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X-ray data of 7k  

 
Identification code               cd2859  

r N O3  

 

,  P2(1)2(1)2(1)  

g.  

 

  

 0.237 x 0.180 mm  

 -28<=l<=25  

  

0.77861  

res on F^2  

532, wR2 = 0.0962  

.345 e.A^-3  

Empirical formula                 C37 H30 B

Formula weight                    616.53  

Temperature                       293(2) K 

Wavelength                        0.71073 A  

Crystal system, space group       Orthorhombic

Unit cell dimensions              a = 6.6746(5) A   alpha = 90 de

                                  b = 20.6662(16) A    beta = 90 deg. 

                                  c = 22.0533(18) A   gamma = 90 deg.  

Volume                            3042.0(4) A^3  

Z, Calculated density             4,  1.346 Mg/m^3

Absorption coefficient            1.389 mm^-1  

F(000)                            1272  

Crystal size                      0.421 x

Theta range for data collection   1.35 to 27.00 deg.  

Limiting indices                  -8<=h<=8, -22<=k<=26,

Reflections collected / unique    18175 / 6601 [R(int) = 0.0908]  

Completeness to theta = 27.00     99.6 %  

Absorption correction             Empirical

Max. and min. transmission        1.00000 and 

Refinement method                 Full-matrix least-squa

Data / restraints / parameters    6601 / 1 / 384  

Goodness-of-fit on F^2            0.954  

Final R indices [I>2sigma(I)]     R1 = 0.0

R indices (all data)              R1 = 0.0799, wR2 = 0.1048  

Absolute structure parameter      -0.012(8)  

Largest diff. peak and hole       0.331 and -0
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