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

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

spectra were recorded on a Brucker-500 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. Aldehydes, amines and alcohols 

were purified by recrystalization or distillation before using. Chiral phosphoric acid 5 were 

prepared according to the literature procedure.1 Solvents for the column chromatography were 

distilled before using. Data of compounds 6a, 6b, 6c, 6e, 6i, 6n, 6q, 6s, 6v, 6w are consistant with 

those reported previously.2
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General Procedure for the Enantioselective Four-Component Reactions (Table 3 in the 

manuscript):

A solution of amine (0.25 mmol, 1.0 eq), aldehyde (0.30 mmol, 1.2 eq), chiral phosphoric acid 

5 (0.005 mmol 2 mol%), MgSO  (0.1 g) and 4Å MS (0.1 g) in CH Cl4 2 2 (1.5 mL) was stirred for 

0.5 ~ 1 h in room temperature. Then Rh (OAc)2 4 (0.005 mmol, 2 mol%), alcohol 2b (0.25 mmol) 

were added to the reaction mixture. The reaction mixture was cooled to –20°C. Diazo compound 

1 (0.275 mmol) in 1.0 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 1 ~ 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.

Methyl 2-(9-anthrylmethoxy)-3-(4-methoxyphenylamino)-3- 

(2-nitrophenyl)-2-phenylpropanoate (6d): yield 81%; [ ]

N
H

PhO
MeOOC

NO2

OMe

D
20 = 

+72.0 (c = 1, EtOAc); 92% ee, determined by HPLC (Daicel 

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

20, 254nm, Retention time: t  = 6.4 min, and tmajor minor = 8.0 min.); 
1H NMR (CDCl3, 500 MHz)  (ppm) 3.63 (s, 3H), 3.74 (s, 3H), 4.42 (d, J = 10.5 Hz, 1H), 5.20 (d, 

J = 10.5 Hz, 1H), 5.53 (d, J = 10.5 Hz, 1H), 6.45 (d, J = 10.5 Hz, 1H), 6.59 (dd, J1 = 9.5 Hz, J2 =

18.5 Hz, 4H), 6.97-7.128 (m, 3H), 7.41-7.63 (m, 10H) , 8.05 (m, 2H), 8. 18 (m, 2H), 8.52 (s, 1H); 
13C NMR (CDCl3, 125 MHz) (ppm) 29.60, 52.33, 55.47, 57.08, 60.63, 87.23, 114.59, 115.51, 

123.98, 124.64, 124.91, 126.00, 127.84, 128.01, 128.15, 128.59, 128.80, 128.95, 129.88, 131.08, 

131.37, 131.66, 133.31, 135.10, 139.18, 150.64, 152.49, 171.04; HRMS (ESI) calcd for 

C38H32KN2O  (M+K)+ 651.1892, found 651.1895.6

Methyl 2-(9-anthrylmethoxy)-3-(4-methoxyphenylamino)-3- 

(2-bromophenyl)-2-phenylpropanoate (6f): yield 96%; [ ]D
20

= +9.9 (c = 1, EtOAc); 97% ee, determined by HPLC (Daicel 

N

Ph

H

O
MeOOC

Br

OMe
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Chirapak IA, flow rate 0.5 mL/min, hexane / isopropanol / EtOH / TFA = 450 : 25 : 25 : 1, 

254nm, Retention time: tmajor = 11.4 min, and t  = 12.0 min.); 1H NMR (CDClminor 3, 500 MHz) 

(ppm) 3.58 (s, 3H), 3.65 (s, 3H), 4.65 (d, J = 9.0 Hz, 1H), 5.10 (d, J = 10.0 Hz, 1H), 5.71 (d, J =

9.0 Hz, 1H), 5.78 (d, J = 10.0 Hz, 1H), 6.41 (d, J = 9.0 Hz, 2H), 6.55 (d, J = 9.0 Hz, 2H), 

6.92-6.96 (m, 2H), 7.32 (m, 2H), 7.45-7.51 (m, 7H), 7.92 (m, 2H), 8.00 (d, J = 8.0 Hz, 2H), 8.31 

(d, J = 8.0 Hz, 2H), 8.46 (s, 1H); 13C NMR (CDCl3, 125 MHz) (ppm) 51.72, 55.51, 60.39, 

62.07, 87.46, 114.52, 115.43, 124.96, 125.00, 125.46, 126.04, 127.34, 128.35, 128.42, 128.81, 

128.94, 129.02, 129.16, 130.40, 131.16, 131.50, 132.15, 136.77, 139.11, 139.63, 152.17, 171.53; 

HRMS (ESI) calcd for C38H32BrKNO  (M+K)+ 684.1146, found 684.1139. 4

Methyl 2-(9-anthrylmethoxy)-3-(p-tolylamino)-3-(4-bromophenyl)- 

2-phenylpropanoate (6g): yield 85%; [ ]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, 254nm, Retention time: tmajor = 

7.0 min, and tminor = 9.0 min.); 1H NMR (CDCl3, 500 MHz)  (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), 5.27 (d, J = 10.5 Hz, 1H), 5.79 (d, J = 10.5 Hz, 1H), 6.38 (d, J

= 8.5 Hz, 2H), 6.87 (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), 8.35 (d, J = 3.5 Hz, 2H), 8.56 (s, 1H); 

NH

O
MeOOC

Br

13C NMR (CDCl3, 125 MHz) (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 C38H32BrKNO  (M+K)+
3

668.1197, found 668.1208.

Methyl 2-(9-anthrylmethoxy)-3-(4-methoxyphenylamino)-3- 

(4-chlorophenyl)-2-(4-methoxyphenyl)propanoate (6h): yield 

72%; [ ]

NH

O
MeOOC

OMe

OMe

Cl

D
20 = +62.3 (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: tmajor = 8.1 min, and tminor = 12.4 min.); 1H NMR (CDCl3,

500 MHz)  (ppm) 3.61 (s, 3H), 3.71 (s, 3H), 3.88 (s, 3H), 4.45 
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(bs, 1H), 5.01 (bs, 1H), 5.17 (d, J = 10.0 Hz, 1H), 5.64 (d, J = 10.5 Hz, 1H), 6.30 (d, J = 9.0 Hz, 

2H), 6.55 (d, J = 9.0 Hz, 2H), 6.99 (m, 6H), 7.50 (m, 4H), 7.70 (d, J = 8.5 Hz, 2H), 8.05 (m, 2H),

8.26 (d, J = 8.5 Hz, 2H), 8.50 (s, 1H); 13C NMR (CDCl3, 125 MHz) (ppm) 51.96, 55.36, 55.60, 

64.85, 87.34, 113.57, 114.63 115.50, 124.89, 125.04, 126.04, 127.64, 127.95, 128.42, 128.92, 

130.38, 130.63, 131.05, 131.56, 133.18, 137.37, 140.02, 152.31, 159.94, 171.67; HRMS (ESI) 

calcd for C39H34ClKNO (M+K)+ 670.1757, found 670.1750; 5

Methyl 2-(9-anthrylmethoxy)-3-(4-methoxyphenylamino)- 

2-(4-methoxyphenyl)-3-m-tolylpropanoate (6j): yield 62%; 

92% 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 = 6.4 min, and tminor = 8.1 min.); 1H

NMR (CDCl3, 500 MHz)  (ppm) 2.08 (s, 3H), 3.61 (s, 3H), 3.68 

(s, 3H), 3.88 (s, 3H), 4.55 (bs, 1H), 5.01 (bs, 1H), 5.18 (d, J =

10.5 Hz, 1H), 5.68 (d, J = 10.5 Hz, 1H), 6.35 (d, J = 9.0 Hz, 2H), 

6.56 (d, J = 8.5 Hz, 2H), 6.84-6.97 (m, 6H), 7.49-7.51 (m, 4H), 7.74 (d, J = 8.5 Hz, 2H), 8.03 (m, 

2H), 8.29 (d, J = 9.0 Hz, 2H), 8.49 (s, 1H); 

NH

O
MeOOC

OMe

OMe

13C NMR (CDCl3, 125 MHz) (ppm) 21.28, 51.73, 

55.30, 55.56, 60.12, 65.24, 87.46, 113.38, 114.54, 115.28, 124.94, 124.98, 125.96, 126.07, 

127.14, 128.14, 128.25, 128.47, 128.79, 129.18, 129.78, 130.69, 131.05, 136.75, 138.66, 140.46, 

151.98, 159.76, 171.86; HRMS (ESI) calcd for C40H37KNO  (M+K)+ 650.2303, found 650.2297. 5

Methyl 2-(9-anthrylmethoxy)-3-(4-methoxyphenylamino)- 

2-(4-methoxyphenyl)-3-p-tolylpropanoate (6k): yield 54%; 

91% ee, determined by HPLC (Daicel Chirapak IA, flow rate 1.0 

mL/min, hexane / isopropanol / EtOH / TFA = 400 : 50 : 50 : 1, 

254nm, Retention time: tminor = 6.2 min, and tmajor = 8.2 min.); 1H

NMR (CDCl3, 500 MHz)  (ppm) 2.21 (s, 3H), 3.60 (s, 3H), 3.67 

(s, 3H), 3.87 (s, 3H), 4.53 (d, J = 9.5 Hz, 1H), 4.99 (d, J = 9.0 Hz, 

1H), 5.15 (d, J = 10.5 Hz, 1H), 5.67 (d, J = 10.5 Hz, 1H), 6.32 (d, 

J = 9.0 Hz, 2H), 6.54 (d, J = 8.5 Hz, 2H), 6.85-6.96 (m, 6H), 7.47-7.52 (m, 4H), 7.74 (d, J = 8.0 

Hz, 2H), 8.02 (m, 2H), 8.28 (d, J = 8.0 Hz, 2H), 8.49 (s, 1H); 

NH

O
MeOOC

OMe

OMe

13C NMR (CDCl , 125 MHz) 3
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(ppm) 21.10, 57.76, 55.31, 55.58, 60.22, 65.04, 87.55, 113.44, 114.55, 115.31, 124.98, 125.05, 

125.92, 128.18, 128.25, 128.58, 128.81, 128.88, 129.21, 130.68, 131.07, 131.53, 135.73, 136.86, 

140.48, 159.77, 171.91; HRMS (ESI) calcd for C40H37NNaO  (M+Na)+
5  634.2564, found 

634.2547.

Methyl 2-(9-anthrylmethoxy)-3-(4-methoxyphenylamino)- 

3-(2-bromophenyl)-2-(4-methoxyphenyl)propanoate (6l): yield

79%; [ ]D
20 = -15.8 (c = 1, EtOAc); 95% ee, determined by 

HPLC (Daicel Chirapak IA, flow rate 0.6 mL/min, hexane / 

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

time: tmajor = 11.1 min, and tminor = 11.9 min.); 1H NMR (CDCl3,

500 MHz)  (ppm) 3.63 (s, 3H), 3.66 (s, 3H), 3.90 (s, 3H), 4.70 

(bs, 1H), 5.12 (d, J = 10.0 Hz, 1H), 5.70 (bs, 1H), 5.78 (d, J =

10.0 Hz, 1H), 6.45 (d, J = 9.0 Hz, 2H), 6.59 (d, J = 9.0 Hz, 2H), 6.96-7.03 (m, 4H), 7.35 (m, 2H), 

7.53 (m, 4H), 7.87 (d, J = 9.0 Hz, 2H), 8.05 (d, J = 8.0 Hz, 2H), 8.35 (d, J = 8.0 Hz, 2H), 8.52 (s, 

1H);

NH

O
MeOOC

OMe

OMe

Br

13C NMR (CDCl3, 125 MHz) (ppm) 51.71, 55.34, 55.58, 60.22, 62.07, 87.13, 113.68, 

114.58, 115.45, 125.03, 125.05, 125.50, 126.07, 127.40, 128.38, 128.83, 128.96, 128.98, 129.01, 

130.46, 130.57, 131.22, 131.56, 132.18, 139.69, 152.17, 159.97, 171.82; HRMS (ESI) calcd for 

C +
39H34BrKNO  (M+K)  714.1252, found 714.1254. 5

Methyl 2-(9-anthrylmethoxy)-3-(4-methoxyphenylamino)- 

3-(3-bromophenyl)-2-(4-methoxyphenyl)propanoate (6m): 

yield 61%; [ ]D
20 = +13.2 (c = 1, EtOAc); 97% ee, determined 

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

isopropanol / EtOH / TFA = 400 : 50 : 50 : 1, 254nm, Retention 

time: tmajor = 6.9 min, and tminor = 8.0 min.); 1H NMR (CDCl3, 5

MHz)  (ppm) 3.60 (s, 3H), 3.70 (s, 3H), 3.87 (s, 3H), 4.44 (d, J

= 9.0 Hz, 1H), 4.98 (d, J = 9.0 Hz, 1H) 5.19 (d, J = 10.5 Hz, 1H), 

5.66 (d, J = 10.5 Hz, 1H), 6.31 (d, J = 8.5 Hz, 2H), 6.55 (d, J = 8.5 Hz, 2H), 6.89-6.96 (m, 4H), 

7.23 (m, 2H), 7.46-7.53 (m, 4H), 7.68 (d, J = 8.5 Hz, 2H), 8.02 (d, J = 8.0 Hz, 2H), 8.25 (d, J =

8.5 Hz, 2H), 8.48 (s, 1H); 

NH

O
MeOOC

OMe

OMe

Br
00

13C NMR (CDCl , 125 MHz) (ppm) 51.85, 55.34, 55.59, 60.36, 3
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65.21, 87.42, 113.57, 114.68, 115.47, 121.59, 124.81, 124.97, 126.13, 127.59, 127.94, 128.37, 

128.86, 128.91, 128.97, 130.51, 130.62, 131.04, 131.55, 132.09, 140.01, 141.36, 152.39, 159.99, 

171.54; HRMS (ESI) calcd for C +
39H34BrKNO  (M+K)  714.1252, found 714.1244. 5

00

(bs,

(m, 

Methyl 2-(9-anthrylmethoxy)-3-(4-methoxyphenylamino)- 

2-(4-methoxyphenyl)-3-(1-naphthyl)propanoate (6o): yield 

42%; [ ]D
20 = -120.0 (c = 1, EtOAc); 96% 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 = 7.4 min, and tminor = 8.3 min.); 1H NMR (CDCl3, 5

MHz)  (ppm) 3.36 (s, 3H), 3.55 (s, 3H), 3.89 (s, 3H), 4.60 (bs, 

1H), 5.17 (d, J = 10.5 Hz, 1H), 5.58 (d, J = 10.5 Hz, 1H), 6.10 

1H), 6.34 (d, J = 9.0 Hz, 2H), 6.47 (d, J = 9.0 Hz, 2H), 6.96 (d, J = 9.0 Hz, 2H), 7.11-7.25 

4H), 7.50 (m, 4H), 7.59 (m, 1H), 7.65 (d, J = 8.0 Hz, 1H), 7.70 (d, J = 8.5 Hz, 2H), 8.02 (m, 2H), 

8.22 (d, J = 9.0 Hz, 1H), 8.27 (d, J = 9.5 Hz, 2H), 8.46 (s, 1H); 

NH

O
MeOOC

OMe

OMe

13C NMR (CDCl3, 125 MHz) 

(ppm) 51.66, 55.35, 55.53, 60.25, 87.72, 113.40, 114.57, 115.26, 124.05, 124.75, 124.93, 

124.99, 125.26, 125.93, 127.97, 128.28, 128.31, 128.82, 128.86, 130.86, 131.01, 131.47, 132.49, 

133.14, 135.33, 140.25, 152.10, 159.85, 171.74; HRMS (ESI) calcd for C43H37KNO  (M+K)+
5

686.2303, found 686.2287. 

Methyl 2-(9-anthrylmethoxy)-3-(4-methoxyphenylamino)- 

3-(5-benzo[d][1,3]dioxolyl)-2-(4-methoxyphenyl)propanoate 

(6p): yield 68%; 92% 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 = 12.0 min, and 

tminor = 14.4 min.); 1H NMR (CDCl3, 500 MHz)  (ppm) 3.61 (s, 

3H), 3.71 (s, 3H), 3.88 (s, 3H), 4.49 (d, J = 7.5 Hz, 1H), 4.94 (d, 

J = 7.5 Hz, 1H), 5.16 (d, J = 10.5 Hz, 1H), 5.69 (d, J = 10.5 Hz, 

1H), 5.81 (s, 1H), 5.86 (s, 1H), 6.32 (d, J = 9.0 Hz, 2H), 6.55 (m, 4H), 6.62 (s, 1H), 6.96 (d, J =

9.0 Hz, 2H), 7.47-7.53 (m, 4H), 7.76 (d, J = 8.5 Hz, 2H), 8.03 (d, J = 8.0 Hz, 2H), 8.28 (d, J =

8.5 Hz, 2H), 8.49 (s, 1H); 

NH

O
MeOOC

OMe

OMe

O
O

13C NMR (CDCl , 125 MHz) (ppm) 51.82, 55.30, 55.56, 60.25, 3
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65.00, 87.53, 100.72, 107.09, 109.26, 113.47, 114.54, 115.32, 122.65, 124.91, 124.97, 126.00, 

128.28, 128.44, 128.82, 129.06, 130.63, 131.02, 131.50, 132.79, 140.23, 146.74, 147.03, 152.06, 

159.80, 171.81; HRMS (ESI) calcd for C +
40H35KNO  (M+K)  680.2045, found 680.2041.7

Methyl 2-(9-anthrylmethoxy)-3-(4-methoxyphenylamino)-3- 

(4-bromophenyl)-2-(3-chlorophenyl)propanoate (6r): yield 75%; 

87% 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 = 12.7 min, and tminor = 18.2 min.); 1H

NMR (CDCl3, 500 MHz)  (ppm) 3.62 (s, 3H), 3.80 (s, 3H), 4.32 

(bs, 1H), 4.99 (bs, 1H), 5.29 (d, J = 10.5 Hz, 1H), 5.71 (d, J = 10.5 

Hz, 1H), 6.35 (d, J = 9.0 Hz, 2H), 6.58 (d, J = 8.5 Hz, 2H), 6.94 (d, 

J = 8.5 Hz, 2H), 7.23 (d, J = 8.5 Hz, 2H), 7.38-7.59 (m, 6H), 7.71 (d, J = 8.0 Hz, 1H), 7.83 (s, 

1H), 8.07 (d, J = 8.5 Hz, 2H), 8.30 (d, J = 9.0 Hz, 2H), 8.52 (s, 1H);

NH

O
MeOOC

OMe

Br

Cl

13C NMR (CDCl3, 125 MHz) 

(ppm) 52.13, 55.45, 60.69, 65.53, 87.21, 114.49, 115.75, 121.63, 124.59, 125.00, 126.20, 

127.28, 128.23, 128.61, 128.91, 129.03, 129.33, 129.36, 130.53, 130.61, 130.88, 131.44, 134.25, 

137.24, 137.83, 139.77, 152.51, 170.76; HRMS (ESI) calcd for C +
38H31BrClKNO  (M+K)4

718.0757, found 718.0735.

Ethyl 2-(9-anthrylmethoxy)-3-(4-methoxyphenylamino)-3- 

(4-bromophenyl)-2-(4-methoxyphenyl)propanoate (6t): yield 

87%;91% 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 = 7.3 min, and tminor = 13.8 

min.); 1H NMR (CDCl3, 500 MHz)  (ppm) 1.26 (t, J = 14.0, 3H), 

3.58 (s, 3H), 3.86 (s, 3H), 4.12 (m, 1H), 4.25 (m, 1H), 4.50 (d, J

= 9.5 Hz, 1H), 5.00 (d, J = 9.5 Hz, 1H), 5.17 (d, J = 10.0 Hz, 1H), 

5.61 (d, J = 10.5 Hz, 1H), 6.31 (d, J = 9.0 Hz, 2H), 6.54 (d, J = 9.0 Hz, 2H), 6.91 (d, J = 8.0 Hz, 

2H), 6.95 (d, J = 9.0 Hz, 2H), 7.14 (d, J = 8.5 Hz, 2H), 7.46-7.52 (m, 4H), 7.71 (d, J = 8.5 Hz, 

2H), 8.01 (d, J = 8.0 Hz, 2H), 8.29 (d, J = 8.5 Hz, 2H), 8.46 (s, 1H); 

NH

O
EtOOC

OMe

OMe

Br

13C NMR (CDCl3, 125 MHz) 

(ppm) 14.06, 55.27, 55.50, 60.23, 61.46, 64.98, 87.02, 113.42, 114.52, 115.41, 121.34, 124.88, 
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124.98, 125.93, 127.89, 128.36, 128.87, 130.44, 130.60, 130.76, 130.96, 131.46, 137.80, 139.99, 

152.21, 159.78, 171.07; HRMS (ESI) calcd for C40H36BrKNO  (M+K)+
5  728.1408, found 

728.1417.

00

.99

,

 MHz) 

.13,

Ethyl 2-(9-anthrylmethoxy)-3-(4-methoxyphenylamino)-3- 

(2-bromophenyl)-2-(4-methoxyphenyl)propanoate (6u): yield

90%; [ ]D
20 = -14.7 (c = 1, EtOAc); 97% ee, determined by 

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

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

time: tminor = 5.6 min, and tmajor = 6.4 min.); 1H NMR (CDCl3, 5

MHz)  (ppm) 1.25 (t, J = 14.0, 3H), 3.60 (s, 3H), 3.88 (s, 3H), 

4.05 (m, 1H), 4.22 (m, 1H), 4.56 (d, J = 10.5 Hz, 1H), 5.14 (d, J

= 10.5 Hz, 1H), 5.67-5.70 (m, 2H), 6.41 (d, J = 9.0 Hz, 1H), 6.56 (d, J = 9.0 Hz, 2H), 6.92-6

(m, 4H), 7.28 (d, J = 8.0 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 7.48-7.51 (m, 4H), 7.83 (d, J = 8.5 Hz

2H), 8.02 (d, J = 9.0 Hz, 2H), 8.35 (d, J = 9.0 Hz, 2H), 8.49 (s, 1H); 

NH

O
EtOOC

OMe

OMe

Br

13C NMR (CDCl3, 125

(ppm) 13.99, 55.30, 55.55, 60.28, 61.41, 62.42, 87.13, 113.51, 114.51, 115.64, 125.00, 125

125.70, 125.94, 127.18, 128.35, 128.80, 128.89, 129.01, 130.39, 130.61, 131.15, 131.51, 132.14, 

139.26, 139.78, 152.14, 159.83, 171.20; HRMS (ESI) calcd for C +
40H36BrKNO  (M+K)5

728.1408, found 728.1392. 

S-8

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2008



Fig . Diastereocontrol measurement of 6a by 1H NMR spectroscopy of the crude reaction mixture

Zoom in 

H

Ph COOMe

N2

PhNH2PhCHO

COOMe

HN Ph

O
Ph

Ph

BnOH
1 2

4 3 6a

Rh2(AcO)4  2% mmol

TsOH, 10% mmol

1H NMR spectroscopy of the crude reaction mixture

Ph
Hb a

syn 6a, Ha and Hb 
J = 10.5Hz 

anti 6a, Ha and Hb 
J = 10.5Hz 

Diastereoselctivity 
Dr = 2.000 : 0.457 = 81:19 
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Table . Diastereocontrol measurement by 1H NMR spectroscopy of the crude reaction mixture

COOR1

NH

Ar4
O

Ar1Ar3

6 Ar2

Hb
Ha

6 JEntry Dr (Hz) Jsyn Ha and Hb (ppm) syn anti Ha and Hb (ppm) anti (Hz)

6a1 81:19 4.38, 4.61 10.5 4.27, 4.90 10.5 

6d2 82:18 5.19, 5.52 10.2 4.98, 5.85 10.2 

6g3 95:5 5.17, 5.69 10.5 4.97, 5.79 10.5 

6w 4 95:5 5.34, 5.54 11.0 5.23, 5.80 11.0 
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Table 1.

Reference and notes: 
1 (a) D. Uraguchi and M. Terada, J. Am. Chem. Soc., 2004, 126, 5356; (b) T. Akiyama, H. Morita, J. Itoh and K. 

Fuchibe, Org. Lett., 2005, 7, 2583; (c) R. I. Storer, D. E. Carrera, Y. Ni and D. W. C. MacMillan, J. Am. 
Chem. Soc., 2006, 128, 84; (d) D. Uraguchi, K. Sorimachi and M. Terada, Angew. Chem. Int. Ed., 2006, 45,
2254; (e) M. Yamanaka, I. Junji, K. Fuchibe and T. Akiyama, J. Am Chem. Soc., 2007, 129, 6756; (f) Q.-X. 
Guo, H. Liu, C. Guo, S.-W. Luo, Y. Gu and L.-Z. Gong, J. Am. Chem. Soc., 2007, 129, 3790; (g) J. Jiang, J. 
Yu, X.-X. Sun, Q.-Q. Rao and L.-Z. Gong, Angew. Chem. Int. Ed., 2008, 47, 2458; (h) T. Masahiro, U. 
Daisuke, S. Keiichi and S. Hideo, PCT Int. Appl., 2005, WO2005070875. 

2 (a) C.-D. Lu, H. Liu, Z.-Y. Chen, W.-H. Hu and A.-Q. Mi, Org. Lett., 2005, 7, 83; (b) W.-H. Hu, X.-F. Xu, J. 
Zhou, W.-J. Liu, H.-X. Huang, J. Hu, L.-P. Yang and L.-Z. Gong, J. Am. Chem. Soc., 2008, 130, 7782; (c) 
H.-X. Huang, X. Guo and W.-H. Hu, Angew. Chem. Int. Ed., 2007, 46, 1337. 

Fig 1. Effect of phosphoric acid 5 in promoting the equilibrium to imine formation.

Effect of phosphoric acid 5 in promoting the equilibrium to imine formation.a

N
PMP

B
H

N
PMP

PMPNH2PhCHO
Ph IVIIIPh

Cat* BH

0.1 mmol         0.1 mmol

bConversion (%) 
Time 

Cat = Cat 5 (2 mol%) Cat = None 
0 0 0

5 mins 58 92

30 mins 75 92

2 hrs 82 92

1 day 89 - c

2 days 88 - c

a b The reaction was carried out in NMR tube with 0.5 ml CD2Cl2.  Determined by 1H NMR 
spectroscopy of the reaction mixture in the NMR tube. c Not determined. 
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