
 1

Supporting Information 
Cooperative Catalysis in Highly Enantioselective 
Mannich-type Three-component Reactions of a 

Diazoacetophenone with an Alcohol and an Imine 

Xinfang Xu, Yu Qian, Liping Yang and Wenhao Hu* 

 

Institute of Drug Discovery and Development, and Department of Chemistry, East 

China Normal University, Shanghai, 200062, China 

 E-mail: whu@chem.ecnu.edu.cn  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011



 2

Table of Contents 

1. General & Materials 

2. General Procedure 

3. NMR, Chiral HPLC and HRMS(ESI) analysis data of the 

products 

4. Control Experiment and Derivation 

5. References 

6. NMR and Chiral HPLC analysis figures of the products 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011



 3

 
 

General: HRMS (ESI) Mass spectra were recorded on Bruker micrOTOF-II mass 

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

HPLC analysis was performed on Shimadzu (SPD-20AV UV-VIS Detector and 

LC-20AT Liquid Chromatograph Pump). Chiralpak OD, AD, AD-H, 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 from calcium hydride. Diazo compounds 1 

were prepared according to the literature procedure.1 Imines 3 were prepared by 

condensation of corresponding aldehydes and amines.2 Cyclohexanecarboxaldehyde 

was purchased from ACROS. Chiral phosphoric acid 5 were prepared according to the 

literature procedure.3 Solvents for the column chromatography were distilled before 

using. 

 

General Procedure for the Enantioselective Three-component Reaction of 

9-anthryl Alcohol (2a) With Various Diazo Compounds 1 and Imines 3 (Table 2 in 

the manuscript): 

To an flame-dried vial, Rh2(OAc)4 (0.004 mmol), chiral phosphoric acid 5f (0.01 

mmol), alcohol 2a (0.20 mmol), imine 3 (0.20 mmol) and 5Å MS (0.1 g) were added 

and charged with 1.5 mL toluene. Diazo compound 1 (0.24 mmol) in 0.5 mL of 

toluene was then added over 1 h period of time via a syringe pump at room 

temperature. 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 ~1:30) to give the pure 

products. 
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(4a): yield 85%; 90% ee, determined by HPLC (Daicel 
Chirapak IA, flow rate 1.0 mL/min, hexane/isopropanol/EtOH 
= 450: 25: 25, 254nm, Retention time: tmajor = 9.2 min, and 
tminor = 12.4 min.); 1H NMR (CDCl3, 500 MHz): δ (ppm) 4.80 
(br, 1H), 4.90 (m, 1H), 5.14 (m, 1H), 5.32 (d, J = 11.5 Hz, 
1H), 5.66 (d, J = 11.5 Hz, 1H), 6.30-8.07 (m, 23H), 8.49 (s, 
1H); 13C NMR (CDCl3, 100 MHz): δ (ppm) 59.36, 64.71, 
84.52, 113.58, 117.41, 124.30, 124.97, 126.40, 127.04, 

127.15, 127.37, 128.44, 128.74, 128.81, 128.82, 128.86, 131.18, 131.29, 133.34; 
135.93, 139.69, 146.62, 198.57; HRMS (ESI) calcd for C36H29NNaO2 (M+Na)+ 
530.2091, found 530.2088. 

 

 

(4b): yield 88%; 91% ee, determined by HPLC (Daicel 
Chirapak AD-H, flow rate 1.0 mL/min, 
hexane/isopropanol/EtOH = 450: 25: 25, 254nm, 
Retention time: tmajor = 15.5 min, and tminor = 21.3 min.); 
1H NMR (CDCl3, 500 MHz): δ (ppm) 3.60 (s, 3H), 4.50 
(br, 1H), 4.80 (m, 1H), 5.08 (m, 1H), 5.25 (d, J = 11.0 
Hz, 1H), 5.62 (d, J = 11.0 Hz, 1H), 6.22 (d, J = 9.0 Hz, 
2H), 6.51 (d, J = 9.0 Hz, 2H), 7.13-8.03 (m, 18H), 8.46 
(s, 1H); 13C NMR (CDCl3, 125 MHz): δ (ppm) 55.59, 

60.31, 64.72, 84.85, 114.47, 114.87, 124.30, 124.97, 126.39, 127.15, 127.22, 127.35, 
128.42, 128.45, 128.68, 128.83, 131.16, 131.29, 133.24; 136.06, 139.78, 140.84, 
151.96, 198.80; HRMS (ESI) calcd for C37H31NNaO3 (M+Na)+ 560.2196, found 
560.2205. 

 

(4c): yield 83%; [α]D
20 = -23.0°(c = 1, CH2Cl2); 92% 

ee, determined by HPLC (Daicel Chirapak IA, flow rate 
1.0 mL/min, hexane/isopropanol/EtOH = 450: 25: 25, 
254nm, Retention time: tmajor = 11.4 min, and tminor = 
20.0 min.); 1H NMR (CDCl3, 500 MHz): δ (ppm) 2.27 
(s, 3H), 3.60 (s, 3H), 4.51 (br, 1H), 4.77 (m, 1H), 5.04 
(m, 1H), 5.25 (d, J = 11.0 Hz, 1H), 5.61 (d, J = 11.0 Hz, 
1H), 6.22 (d, J = 9.0 Hz, 2H), 6.51 (d, J = 9.0 Hz, 2H), 
6.90 (d, J = 8.0 Hz, 2H), 7.03 (d, J = 8.0 Hz, 2H), 

7.35-8.03 (m, 13H), 8.46 (s, 1H); 13C NMR (CDCl3, 125 MHz): δ (ppm) 21.10, 55.55, 
59.92, 64.62, 84.95, 114.39, 114.79, 124.08, 124.91, 126.28, 126.89, 127.21, 127.55, 
128.46, 128.53, 128.66, 128.78, 129.06, 131.12, 131.23; 133.20, 136.57, 136.74, 
140.87, 151.82, 198.87; HRMS (ESI) calcd for C38H33NNaO3 (M+Na)+ 574.2353, 
found 574.2366. 
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(4d): yield 78%; 92% ee, determined by HPLC (Daicel 
Chirapak IA, flow rate 1.0 mL/min, 
hexane/isopropanol/EtOH = 450: 25: 25, 254nm, 
Retention time: tmajor = 15.6 min, and tminor = 21.0 min.); 
1H NMR (CDCl3, 400 MHz,): δ (ppm) 3.60 (s, 3H), 
4.50 (br, 1H), 4.69 (m, 1H), 4.97 (m, 1H), 5.30 (d, J = 
12.0 Hz, 1H), 5.65 (d, J = 12.0 Hz, 1H), 6.18 (d, J = 8.8 
Hz, 2H), 6.52 (d, J = 8.8 Hz, 2H), 6.93 (d, J = 8.0 Hz, 
2H), 7.12 (d, J = 8.0 Hz, 2H),  7.34-8.01 (m, 13H), 

8.46 (s, 1H); 13C NMR (CDCl3, 125 MHz,): δ (ppm) 55.59, 59.78, 64.46, 84.29, 
114.56, 114.88, 121.26, 123.90, 125.06, 126.51, 126.60, 128.58, 128.98, 129.04, 
129.80, 131.08, 131.21, 131.42, 134.14, 138.52, 139.83, 140.22, 152.26, 197.72; 
HRMS (ESI) calcd for C37H30FNNaO3 (M+Na)+ 578.2102, found 578.2127. 
 

(4e): yield 73%; [α]D
20 = -34.0°(c = 1, CH2Cl2); 98% 

ee, determined by HPLC (Daicel Chirapak IA, flow rate 
1.0 mL/min, hexane/isopropanol/EtOH = 450: 25: 25, 
254nm, Retention time: tmajor = 15.2 min, and tminor = 
25.0 min.); 1H NMR (CDCl3, 500 MHz): δ (ppm) 3.61 
(s, 3H), 4.50 (br, 1H), 4.72 (m, 1H), 4.98 (m, 1H), 5.31 
(d, J = 11.5 Hz, 1H), 5.65 (d, J = 11.5 Hz, 1H), 6.18 (d, 
J = 9.0 Hz, 2H), 6.52 (d, J = 9.0 Hz, 2H), 6.79-8.01 (m, 
17H), 8.47 (s, 1H); 13C NMR (CDCl3, 125 MHz): 

δ (ppm) 55.60, 59.57, 64.40, 84.05, 113.69, 114.53, 114.77, 124.09, 125.02, 126.43, 
126.90, 128.27, 128.34, 128.43, 128.79, 128.91, 131.14, 131.24, 133.38; 138.27, 
140.39, 152.10, 198.56; HRMS (ESI) calcd for C37H30ClNNaO3 (M+Na)+ 594.1806, 
found 594.1793. 
 
 

(4f): yield 70%; [α]D
20 = -35.0°(c = 1, CH2Cl2); 93% 

ee, determined by HPLC (Daicel Chirapak IA, flow rate 
1.0 mL/min, hexane/isopropanol/EtOH = 450: 25: 25, 
254nm, Retention time: tmajor = 14.6 min, and tminor = 
33.1 min.); 1H NMR (CDCl3, 500 MHz): δ (ppm) 3.60 
(s, 3H), 4.50 (br, 1H), 4.70 (m, 1H), 4.98 (m, 1H), 5.30 
(d, J = 11.5 Hz, 1H), 5.65 (d, J = 11.5 Hz, 1H), 6.18 (d, 
J = 9.0 Hz, 2H), 6.52 (d, J = 9.0 Hz, 2H), 6.94 (d, J = 
8.5 Hz, 2H), 7.12 (d, J = 8.5 Hz, 2H), 7.35-8.01 (m, 

13H), 8.47 (s, 1H); 13C NMR (CDCl3, 125 MHz): δ (ppm) 55.59, 59.59, 64.39, 83.93, 
114.52, 114.73, 121.10, 124.06, 125.03, 126.44, 126.86, 128.32, 128.60, 128.80, 
128.90, 129.16, 131.12, 131.22, 131.34; 133.39, 135.90, 138.80, 140.34, 152.08, 
198.53; HRMS (ESI) calcd for C37H30BrNNaO3 (M+K)+ 638.1301, found 638.1329. 
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(4g): yield 75%; 90% ee, determined by HPLC (Daicel 
Chirapak IA, flow rate 1.0 mL/min, 
hexane/isopropanol/EtOH = 450: 25: 25, 254nm, 
Retention time: tmajor = 10.9 min, and tminor = 19.4 min.); 
1H NMR (CDCl3, 500 MHz,): δ (ppm) 3.59 (s, 3H), 
4.57 (br, 1H), 4.77 (m, 1H), 5.01 (m, 1H), 5.29 (d, J = 
11.5 Hz, 1H), 5.65 (d, J = 11.5 Hz, 1H), 6.17 (d, J = 8.5 
Hz, 2H), 6.51 (d, J = 8.5 Hz, 2H), 7.16-7.98 (m, 17H), 
8.43 (s, 1H); 13C NMR (CDCl3, 125 MHz,): δ (ppm) 

55.55, 59.73, 64.24, 83.46, 114.53, 114.64, 123.95, 125.02, 125.14, 125.17, 126.39, 
126.71, 127.22, 128.24, 128.83, 128.89, 128.93, 131.08, 131.16, 133.45, 135.82, 
140.15, 143.99, 152.12, 198.37; HRMS (ESI) calcd for C38H30F3NNaO3 (M+Na)+ 
628.2070, found 628.2093. 

 

(4h): yield 76%; 92% ee, determined by HPLC (Daicel 
Chirapak IA, flow rate 1.0 mL/min, 
hexane/isopropanol/EtOH = 450: 25: 25, 254nm, 
Retention time: tmajor = 13.1 min, and tminor = 20.5 min.); 
1H NMR (CDCl3, 500 MHz): δ (ppm) 3.60 (s, 3H), 4.51 
(br, 1H), 4.70 (m, 1H), 5.02 (m, 1H), 5.29 (d, J = 11.5 
Hz, 1H), 5.63 (d, J = 11.5 Hz, 1H), 6.18 (d, J = 9.0 Hz, 
2H), 6.52 (d, J = 9.0 Hz, 2H), 6.89-8.01 (m, 17H), 8.46 
(s, 1H); 13C NMR (CDCl3, 125 MHz): δ (ppm) 55.55, 

59.70, 64.37, 83.80, 114.46, 114.69, 122.55, 123.98, 124.98, 125.69, 126.51, 126.81, 
128.28, 128.77, 128.88, 128.97, 129.84, 129.86, 130.42, 131.10, 131.18, 133.41, 
135.82, 140.27, 142.32, 152.04, 198.42; HRMS (ESI) calcd for C37H30BrNNaO3 
(M+Na)+ 638.1301, found 638.1328. 
 

(4i): yield 82%; syn: 90% ee, determined by HPLC 
(Daicel Chirapak IA, flow rate 1.0 mL/min, hexane / 
isopropanol / TFA = 90: 10 :0.1, 254nm, Retention time: 
tmajor = 9.7 min, and tminor = 21.8 min.), anti: 63% ee, 
determined by HPLC (Daicel Chirapak IA, flow rate 
1.0 mL/min, hexane / isopropanol / TFA = 90: 10: 0.1, 
254nm, Retention time: tmajor = 17.2 min, and tminor = 
19.3 min.); 1H NMR (CDCl3, 500 MHz, syn): δ (ppm) 
3.64 (s, 3H), 4.58 (br, 1H), 5.10 (m, 1H), 5.23 (m, 1H), 

5.51 (d, J = 12.0 Hz, 1H), 5.69 (d, J = 12.0 Hz, 1H), 6.24 (d, J = 9.0 Hz, 2H), 6.59 (d, 
J = 9.0 Hz, 2H), 6.86-8.24 (m, 17H), 8.47 (s, 1H), 1H NMR (CDCl3, 500 MHz, anti): 
δ (ppm) 3.57 (s, 3H), 5.01 (br, 1H), 5.21 (m, 1H), 5.24 (m, 1H), 5.34 (m, 1H), 5.62 (d, 
J = 11.2 Hz, 1H), 6.14 (d, J = 9.0 Hz, 2H), 6.49 (d, J = 9.0 Hz, 2H), 6.90-8.23 (m, 
17H), 8.42 (s, 1H); 13C NMR (CDCl3, 125 MHz, syn & anti): δ (ppm) 55.49, 55.59, 
58.67, 59.64, 63.93, 64.73, 80.11, 80.77, 114.28, 114.55, 114.84, 124.21, 124.27, 
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124.84, 125.00, 126.31, 126.41, 127.40, 128.22, 128.32, 128.59, 128.72, 128.88, 
128.95, 131.21, 131.30, 132.52, 133.20, 136.17, 140.28, 152.17, 198.80; HRMS (ESI) 
calcd for C37H30BrNNaO3 (M+Na)+ 638.1301, found 638.1329. 
 

(4k): yield 71%; [α]D
20 = -17.4°(c = 1, CH2Cl2); 93% 

ee, determined by HPLC (Daicel Chirapak IA, flow rate 
1.0 mL/min, hexane/isopropanol/TFA = 90: 10: 0.1, 
254nm, Retention time: tmajor = 11.5 min, and tminor = 
27.3 min.); 1H NMR (CDCl3, 500 MHz): δ (ppm) 3.60 
(s, 3H), 4.03 (br, 1H), 4.57 (m, 1H), 4.91 (m, 1H), 5.39 
(d, J = 12.5 Hz, 1H), 5.68 (d, J = 12.5 Hz, 1H), 5.97 (d, 
J = 9.0 Hz, 2H), 6.49 (d, J = 9.0 Hz, 2H), 6.87-8.13 (m, 
16H), 8.51 (s, 1H); 13C NMR (CDCl3, 125 MHz): 

δ (ppm) 55.57, 59.56, 64.12, 83.59, 114.57, 114.84, 123.78, 125.16, 126.71, 126.95, 
127.01, 128.54, 128.84, 129.14, 129.21, 129.68, 130.10, 131.13, 131.33, 131.57, 
132.22, 133.73, 135.66, 138.97, 139.31, 152.31, 198.83; HRMS (ESI) calcd for 
C37H29Cl2NNaO3 (M+Na)+ 628.1417, found 628.1450. 
 

(4l): yield 68%; [α]D
20 = -11.0°(c = 1, CH2Cl2); 93% 

ee, determined by HPLC (Daicel Chirapak AD-H, flow 
rate 1.0 mL/min, hexane/isopropanol/EtOH= 450: 25: 
25, 254nm, Retention time: tmajor = 6.8 min, and tminor = 
20.8 min.); 1H NMR (CDCl3, 500 MHz): δ (ppm) 
0.55-1.76 (m, 11H), 3.26 (br, 1H), 3.65 (s, 3H), 3.79 (m, 
1H), 4.99 (m, 1H), 5.55 (d, J = 12.0 Hz, 1H), 5.82 (d, J 
= 12.0 Hz, 1H), 6.09 (d, J = 9.0 Hz, 2H), 6.47 (d, J = 
9.0 Hz, 2H), 7.30-8.41 (m, 13H), 8.52 (s, 1H); 13C 

NMR (CDCl3, 125 MHz): δ (ppm) 25.50, 26.10, 26.14, 30.10, 30.45, 40.97, 55.72, 
61.89, 63.29, 79.16, 114.17, 114.43, 124.43, 125.10, 126.45, 127.95, 128.48, 128.72, 
129.01, 131.35, 131.51, 132.67, 136.58, 142.67, 151.32, 200.72; HRMS (ESI) calcd 
for C37H37NNaO3 (M+Na)+ 566.2666, found 566.2693. 
 

(4m): yield 67%; 94% ee, determined by HPLC 
(Daicel Chirapak IA, flow rate 1.0 mL/min, 
hexane/isopropanol/TFA = 90: 10: 0.1, 254nm, 
Retention time: tmajor = 12.9 min, and tminor = 25.6 
min.); 1H NMR (CDCl3, 500 MHz,): δ (ppm) 3.61 
(s, 3H), 4.48 (br, 1H), 4.65 (m, 1H), 4.85 (m, 1H), 
5.32 (d, J = 11.5 Hz, 1H), 5.62 (d, J = 11.5 Hz, 1H), 
6.19 (d, J = 9.0 Hz, 2H), 6.53 (d, J = 9.0 Hz, 2H), 
6.92 (d, J = 8.5 Hz, 2H), 7.14 (d, J = 8.5 Hz, 2H),  

7.35-8.01 (m, 12H), 8.47 (s, 1H); 13C NMR (CDCl3, 125 MHz,): δ (ppm) 55.59, 59.78, 
64.46, 84.29, 114.56, 114.88, 121.26, 123.90, 125.06, 126.51, 126.60, 128.58, 128.98, 
129.04, 129.80, 131.08, 131.21, 131.42, 134.14, 138.52, 139.83, 140.22, 152.26, 
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197.72; HRMS (ESI) calcd for C37H29BrClNNaO3 (M+K)+ 672.0912, found 
672.0895. 
 

(4n): yield 77%; 92% ee, determined by HPLC 
(Daicel Chirapak IA, flow rate 1.0 mL/min, 
hexane/isopropanol/EtOH/TFA = 500: 20: 20: 1, 
254nm, Retention time: tmajor = 18.3 min, and tminor 
= 40.0 min.); 1H NMR (CDCl3, 400 MHz): δ (ppm) 
3.61 (s, 3H), 4.46 (br, 1H), 4.65 (m, 1H), 4.85 (m, 
1H), 5.32 (d, J = 12.0 Hz, 1H), 5.63 (d, J = 12.0 Hz, 
1H), 6.20 (d, J = 8.8 Hz, 2H), 6.53 (d, J = 8.8 Hz, 
2H), 6.92 (d, J = 8.4 Hz, 2H), 7.14 (d, J = 8.4 Hz, 

2H), 7.24-8.01 (m, 12H), 8.47 (s, 1H); 13C NMR (CDCl3, 125 MHz): δ (ppm) 55.60, 
59.75, 64.54, 84.24, 114.57, 114.98, 121.31, 123.07, 123.87, 125.08, 126.59, 126.73, 
128.62, 128.99, 129.08, 130.18, 131.09, 131.21, 131.42, 131.45, 136.12, 137.58, 
138.45, 140.18, 152.32, 197.63; HRMS (ESI) calcd for C37H29Br2NNaO3 (M+Na)+ 
716.0406, found 716.0351. 
 

(4o): yield 74%; 87% ee, determined by HPLC (Daicel 
Chirapak AD-H, flow rate 1.0 mL/min, 
hexane/isopropanol/EtOH = 450: 25: 25, 254nm, 
Retention time: tmajor = 15.8 min, and tminor = 37.6 min.); 
1H NMR (CDCl3, 500 MHz): δ (ppm) 3.68 (s, 3H), 4.03 
(br, 1H), 4.70 (m, 1H), 5.06 (m, 1H), 5.46 (d, J = 12.0 
Hz, 1H), 5.67 (d, J = 12.0 Hz, 1H), 6.11 (d, J = 8.5 Hz, 
2H), 6.58 (d, J = 8.5 Hz, 2H), 6.80-8.19 (m, 16H), 8.53 
(s, 1H); 13C NMR (CDCl3, 125 MHz): δ (ppm) 57.01, 

60.66, 66.46, 86.67, 116.02, 116.48, 120.07, 121.06, 123.09, 125.42, 126.53, 128.09, 
128.43, 128.64, 130.51, 130.60, 130.68, 131.35, 132.57, 132.78, 133.42, 135.47, 
138.72, 140.10, 140.89, 153.78, 203.55; HRMS (ESI) calcd for C37H29Br2NNaO3 
(M+Na)+ 716.0406, found 716.0422. 
 
Control experiment of 6 with 3b was carried out in the strand conditions. 

Ph

O

O Ar2

imine 3b
NR

 (Ar2 = 9-anthryl)

Rh2(OAc)4 
(2 mol% )

5f (5 mol%)
5A MS, toluene, rt

Ph

O

N2

H Ar2CH2OH+

1a
2a

6

then
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Deprotection of the product 4b: 4 

NaI, TMSCl 

CH3CN, 35oC
Ph

O

OH
Ph

HN PMP

7, yield 68%
[α]25 = 8.7o (c = 1.0, CHCl3)

Ph

O

O
Ph

HN
PMP

Ar2

4b,  Ar2 = 9-anthryl
91% ee D  

To a solution of compound 4b (0.1 mmol) and NaI (30mg, 2eq) in 1.0 mL of 
CH3CN was added 30 µL TMSCl (2 ~ 2.5eq) via a syringe pump at room temperature 
under an argon atmosphere. The reaction temperature was warmed to 30 °C and 
stirred over night. The reaction 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 Na2S2O3, and dried over anhydrous MgSO4. After 
evaporating the solvents, the crude product was purified by flash chromatography on 
silica gel (eluent: EtOAc/light petroleum ether = 1:50~1:30) to give compound 7 in 
68% yield. After recrystallization from CH2Cl2, EtOAc and light petroleum ether, 
give the optical pure product in 47% yield. [α]D

25 = 8.7o (c =1.0, CHCl3,); 99% ee, 
determined by HPLC (Daicel Chirapak OD, flow rate 0.9 mL/min, 
hexane/isopropanol = 90:10, 254nm, Retention time: tminor = 17.8 min, and tmajor = 
20.5 min.); 1H NMR (CDCl3, 500 MHz): δ (ppm) 3.68 (s, 3H), 4.86 (d, J = 2.7 Hz, 
1H), 5.59 (d, J = 2.7 Hz, 1H), 6.55 (d, J = 9.0 Hz, 2H), 6.69 (d, J = 9.0 Hz, 2H), 
6.92-7.18 (m, 5H), 7.53-7.90 (m, 5H); HRMS (ESI) calcd for C22H21NNaO3 (M+Na)+ 
370.1419, found 370.1408. Reference Data: 4 [α]D

25 = -9.58o (c = 0.748, CHCl3, 99% 
ee); syn diastereomer: tmajor = 18.1 min, and tminor = 20.9 min, (Chiralcel OD, 254 nm, 
heptane/i-PrOH = 90:10, 0.9 mL/min); 1H NMR (CDCl3, 300 MHz): δ (ppm) 3.66 (s, 
3 H), 4.82 (dd, J = 1.9, 6.8 Hz, 1 H), 5.58 (br s, 1 H), 6.54 (d, J = 8.8 Hz, 2 H), 6.66 
(d, J = 8.8 Hz, 2 H), 7.14 (m, 2 H), 6.90 (m, 2 H), 7.52 (t, J = 7.8 Hz, 3 H), 7.88 (m, 3 
H). 

 
 

Oxidation of the product 4b: 5 

Ph

O

O
Ph

HN
PMP

Ar2

4b,  Ar2 = 9-anthryl
91% ee

m-CPBA, DCM 

rt, 5 mins
PhO

O

O
Ph

HN PMP

Ar2

8,  Ar2 = 9-anthryl
yield 53% (35% 4b recovered)

 
To a solution of compound 4b (0.19 mmol) in 2.0 mL of CH2Cl2 was added 

NaH2PO4·2H2O (106 mg, 0.76 mmol), and m-CPBA (98 mg, 0.57 mmol) was added 
in portions at room temperature. About 5 min later, the reaction mixture was 
quenched by aqueous Na2S2O3, and extracted with ether, washed with cold aqueous 
NaHCO3 and aqueous NaCl in sequence. Then the organic phase was dried over 
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anhydrous MgSO4. After evaporating the solvents, the crude product was purified by 
flash chromatography on silica gel (eluent: EtOAc/light petroleum ether = 1:80~1:50) 
to give compound 8 in 53% yield (with 35% of the material recovered). 1H NMR 
(CDCl3, 500 MHz): δ (ppm) 3.63 (s, 3H), 4.85 (d, J = 3.2 Hz, 1H), 5.10 (d, J = 3.2 Hz, 
1H), 5.12 (d, J = 10.8 Hz, 2H), 5.46 (d, J = 10.8 Hz, 2H), 6.19 -6.97 (m, 4H), 7.19 
-8.03 (m, 18H), 8.39 (s, 1H); HRMS (ESI) calcd for C37H31NaO4 (M+Na)+ 576.2151, 
found 576.2137. 
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