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1. GENERAL INFORMATION  

All solvents were dried before use following the standard procedures. Unless otherwise indicated, all 
starting materials purchased from commercial suppliers were used without further purification. The 1H 
and 13C NMR spectra were recorded on Bruker AV-400 MHz in the indicated solvents. Chemical shifts 
are reported in δ (ppm) referenced to an internal TMS standard for 1H NMR and CDCl3 (δ = 77.10 ppm) 
for 13C NMR. Coupling constants (J) are quoted in Hz. Optical rotations were measured on a JASCO 
P-1030 polarimeter. IR spectra were recorded on Nicolet iN 10 MX. ESI mass spectra were recorded on 
Agilent1200/G6100A. HRMS of boron-containing compounds is based on 10B. 

2. SUBSTRATE PREPARATION 

General procedures for the preparation of (Z)-β-substituted α-dehydroamino 
acid substrates[1] 

 

A well-stirred solution of N-Boc-α-phosphonoglycine trimethyl ester (12, 400 mg, 1.35 mmol, 1.1 
equiv.) and DBU (0.2 mL, 1.05 equiv.) in 2.5 mL DCM was treated with the aldehyde 11 (1.25 mmol). 
After it was stirred overnight at room temperature, the reaction mixture was diluted with 10 mL sulfuric 
acid (1 N) and extracted with ethyl acetate (15 mL × 3). The combined organic phases were washed with 
brine (30 mL), dried over anhydrous Na2SO4 and concentrated under reduced pressure. The residue was 
purified by flash column chromatography using hexane/ethyl acetate eluent to afford the desired product 
(Z)-1. 

Notice: Both the (Z)-1 isomer and (E)-1 isomer can be obtained at the same time, but they can be 
isolated from the flash column chromatography. In our cases, the (E)-1 isomer was minor and appeared in 
an upper position on TLC plate relative to the (Z)-1 isomer. 

(Z)-Methyl 2-((tert-butoxycarbonyl)amino)-3-phenylacrylate [(Z)-1a][1,2] 

White solid. 322 mg, 93% yield. mp 82.7−83.1 oC. 1H NMR (400 MHz, CDCl3) δ 
(ppm) 7.53 (d, J = 7.2 Hz, 2H), 7.38−7.25 (m, 4H), 6.17 (brs, 1H), 3.85 (s, 3H), 
1.39 (s, 9H); 13C NMR (100 MHz, CDCl3) δ (ppm) 166.07, 152.70, 134.07, 
130.17, 129.69, 129.12, 128.46, 124.50, 80.88, 52.50, 20.04; ESI-MS: [M+Na]⊕ 
300.1; HRMS (FTMS-ESI): [M+Na]⊕ calcd for C15H19NO4Na⊕ 300.1206, found 

300.1215; IR (KBr) ν (cm-1) 3327, 3030, 2990, 2971, 2946, 1721, 1701, 1644, 1488, 1368, 1287, 1162, 
990, 761, 716. 
                                                             
[1] (a) Ulrich S.; Helmut G.; Volker L.; Albrecht L.; Rainer M.; Regina M.; Bernd R. Synthesis, 1992, 487. (b) Ya-

suno, Y.; Hamada, M.; Yamada, T.; Shinada, T.; Ohfune, Y. Eur. J. Org. Chem. 2013, 1884. 
[2] Miki K.; Kohki I.; Rumi K.; Hideki K. Bull. Chem. Soc. Jpn. 2009, 82, 364. 
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(E)-Methyl 2-((tert-butoxycarbonyl)amino)-3-phenylacrylate [(E)-1a][1] 

Colorless oil. 24 mg, 7% yield. 1H NMR (400 MHz, CDCl3) δ (ppm) 7.51 (brs, 
1H), 7.31−7.21 (m, 5H), 6.71 (brs, 1H), 3.63 (s, 3H), 1.50 (s, 9H); ESI-MS: 
[M+Na]⊕ 300.1. 

 

 

(Z)-Methyl 3-(4-bromophenyl)-2-((tert-butoxycarbonyl)amino)acrylate [(Z)-1b][1]  

White solid. 390 mg, 88% yield. mp 128.3−129.0 oC. 1H NMR (400 MHz, CDCl3) 
δ (ppm) 7.48 (d, J = 8.8 Hz, 2H), 7.39 (d, J = 8.8 Hz, 2H), 7.19 (s, 1H), 6.24 (brs, 
1H), 3.86 (s, 3H ), 1.40 (s, 9H); 13C NMR (100 MHz, CDCl3) δ (ppm) 165.84, 
152.58, 133.11, 131.57, 131.13, 128.60, 124.98, 123.15, 81.11, 52.64, 28.17, 

28.06; ESI-MS: [M-H]Ө 354.2; HRMS (FTMS-ESI): [M-H]Ө calcd for C15H17
79BrNO4 354.0346, found 

354.0358; IR (KBr) ν (cm-1) 3325, 2992, 2948, 1724, 1698, 1497, 1483, 1369, 1292, 1193, 1070, 991, 814, 
790. 

 

(Z)-Methyl 2-((tert-butoxycarbonyl)amino)-3-(4-chlorophenyl)acrylate [(Z)-1c][2] 

White solid. 311 mg, 80% yield. mp 112.2−113.0 oC. 1H NMR (400 MHz, CDCl3) 
δ (ppm) 7.46 (d, J = 8.4 Hz, 2H),7.32 (d, J = 8.4 Hz, 2H), 7.21 (s, 1H ), 6.25 (brs, 
1H), 3.86 (s, 3H ), 1.40 (s, 9H); 13C NMR (100 MHz, CDCl3) δ (ppm) 165.85, 
152.25, 134.79, 132.68, 130.91, 128.61, 128.45, 124.84, 81.09, 52.62, 28.05; 

ESI-MS: [M+Na]⊕ 334.0; HRMS (FTMS-ESI): [M+Na]⊕ calcd for C15H18
35ClNO4Na⊕ 334.0817, found 

334.0825; IR (KBr) ν (cm-1) 3327, 2992, 2975, 2947, 1725, 1698, 1485, 1439, 1370, 1292, 1193, 990, 
791. 

 

(Z)-Methyl 2-((tert-butoxycarbonyl)amino)-3-(p-tolyl)acrylate [(Z)-1d][2] 

White solid. 349 mg, 96% yield. mp 87.3−88.7 oC.1H NMR (400 MHz, CDCl3) δ 
(ppm) 7.44 (d, J = 8.0 Hz, 2H), 7.25 (s, 1H ), 7.17 (d, J = 8.0 Hz, 2H), 6.13 (brs, 
1H), 3.84 (s, 3H), 2.36 (s, 3H ), 1.41 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 
(ppm) 166.11, 152.91, 139.35, 131.04, 130.73, 129.76, 129.09, 123.75, 80.61, 

52.28, 27.97, 21.28; ESI-MS: [M+Na]⊕ 314.1; HRMS (FTMS-ESI): [M+Na]⊕ calcd for C16H21NO4Na⊕ 
314.1363, found 314.1376; IR (KBr) ν (cm-1) 3339, 2970, 1720, 1707, 1630, 1488, 1343, 1272, 1171, 
1136, 988, 819, 776. 

 

                                                             
[1] Miki K.; Kohki I.; Rumi K.; Hideki K. Bull. Chem. Soc. Jpn. 2009, 82, 364. 
[2] Blake, J. F.; Kallan, N. C.; Xiao, D.; Xu, R.; Bencsik, J. R.; Skelton, N. J.; Spencer, K. L.; Mitchell, I. S.; 

Woessner, R. D.; Gloor, S. L.; Risoma, T.; Gross, S. D.; Martinson, M.; Morales, T. H.; Vigers, G. P. A.; Brand-
huber, B. J. Bioorg. Med. Chem. Lett. 2010, 20, 5607. 
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(Z)-Methyl 3-([1,1'-biphenyl]-4-yl)-2-((tert-butoxycarbonyl)amino)acrylate [(Z)-1e][1] 

White solid. 348 mg, 79% yield. mp 121.2−121.7 oC. 1H NMR (400 MHz, CDCl3) 
δ (ppm) 7.63−7.59 (m, 6H), 7.46−7.42 (m, 2H), 7.38−7.36 (m, 1H), 7.30 (s, 1H ), 
6.24 (brs, 1H), 3.86 (s, 3H ), 1.41 (s, 9H); 13C NMR (100 MHz, CDCl3) δ (ppm) 
166.13, 153.08, 141.78, 140.24, 133.10, 130.35, 130.06, 128.88, 127.73, 127.05, 

127.00, 124.54, 80.94, 52.54, 28.14; ESI-MS: [M+Na]⊕ 376.1; HRMS (FTMS-ESI): [M+Na]⊕ calcd for 
C21H23NO4Na⊕ 376.1519, found 376.1528; IR (KBr) ν (cm-1) 3332, 2977, 2948, 1724, 1706, 1636, 1508, 
1366. 1263, 1161, 1027, 836, 766. 

 

(Z)-Methyl 2-((tert-butoxycarbonyl)amino)-3-(3-chlorophenyl)acrylate [(Z)-1f][1] 

White solid. 357 mg, 92% yield. mp 100.5−101.8 oC. 1H NMR (400 MHz, CDCl3) 
δ (ppm) 7.52 (s, 1H), 7.37 (d, J = 4.4 Hz, 1H), 7.28 (d, J = 5.6 Hz, 2H), 7.19 (s, 
1H), 6.30 (brs, 1H), 3.66 (s, 3H ), 1.41 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 
(ppm) 165.72, 152.43, 136.03, 134.22, 129.55, 129.18, 128.88, 128.05, 127.90, 

125.36, 81.09, 52.63, 28.01; ESI-MS: [M+Na]⊕ 334.1; HRMS (FTMS-ESI): [M+Na]⊕ calcd for 
C15H18

35ClNO4Na⊕ 334.0817, found 334.0815; IR (KBr) ν (cm-1) 3230, 3114, 3060, 2993, 2970, 1709, 
1636, 1453, 1365, 1263, 1144, 1051, 994, 779, 683. 

 

(Z)-Methyl 2-((tert-butoxycarbonyl)amino)-3-(3-fluorophenyl)acrylate [(Z)-1g][2] 

White solid. 258 mg, 70% yield. mp 84.5−86.3 oC. 1H NMR (400 MHz, CDCl3) δ 
(ppm) 7.33−7.21 (m, 4H), 7.01 (t, J = 8.0 Hz, 1H), 6.27 (brs, 1H), 3.86 (s, 3H), 
1.40 (s, 9H); 13C NMR (100 MHz, CDCl3) δ (ppm) 165.80, 162.72 (d, JCF = 244.0 
Hz), 152.46, 136.44 (d, JCF = 8.7 Hz), 129.88 (d, JCF = 7.9 Hz), 128.30 (d, JCF = 

2.3 Hz), 125.62 (d, JCF = 3.2 Hz), 116.08 (d, JCF = 4.0 Hz), 115.88, 115.84, 81.29, 52.71, 28.08; ESI-MS: 
[M+Na]⊕ 318.1; HRMS (FTMS-ESI): [M+Na]⊕ calcd for C15H18FNO4Na⊕ 318.1112, found 318.1115; IR 
(KBr) ν (cm-1) 3212, 3101, 3005, 2990, 2950, 1732, 1698, 1644, 1440, 1358, 1285, 1155, 955, 783. 

 

(Z)-Methyl 2-((tert-butoxycarbonyl)amino)-3-(3-methoxyphenyl)acrylate [(Z)-1h] 

White solid. 357 mg, 93% yield. mp 85.7−86.6 oC. 1H NMR (400 MHz, CDCl3) δ 
(ppm) 7.30−7.26 (m, 2H), 7.13−7.09 (m, 2H), 6.89−6.86 (m, 1H), 6.14 (brs, 1H), 
3.85 (s, 3H), 3.80 (s, 3H), 1.40 (s, 9H); 13C NMR (100 MHz, CDCl3) δ (ppm) 
165.99, 159.43, 153.00, 135.22, 130.14, 129.38, 125.12, 122.24, 115.07, 114.64, 

80.75, 55.04, 52.43, 28.01; ESI-MS: [M+Na]⊕ 330.1; HRMS (FTMS-ESI): [M+Na]⊕ calcd for 
C16H21NO5Na⊕ 330.1312, found 330.1304; IR (KBr) ν (cm-1) 3213, 3106, 2978, 2933, 1727, 1692, 1596, 
1496, 1360, 1271, 1166, 988, 783. 

                                                             
[1] Blake, J. F.; Kallan, N. C.; Xiao, D.; Xu, R.; Bencsik, J. R.; Skelton, N. J.; Spencer, K. L.; Mitchell, I. S.; 

Woessner, R. D.; Gloor, S. L.; Risoma, T.; Gross, S. D.; Martinson, M.; Morales, T. H.; Vigers, G. P. A.; Brand-
huber, B. J. Bioorg. Med. Chem. Lett. 2010, 20, 5607. 

[2] Krause, H. W.; Kreuzfeld, H.-J.; Schmidt, U.; Dobler, Ch.; Michalik, M.; Taudien, S.; Fischer, Ch. Chirality 
1996, 8, 173. 
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(Z)-Methyl 2-((tert-butoxycarbonyl)amino)-3-(m-tolyl)acrylate [(Z)-1i] 

White solid. 254 mg, 70% yield. mp 89.0−90.6 oC. 1H NMR (400 MHz, CDCl3) δ 
(ppm) 7.35−7.33 (m, 2H), 7.26−7.23 (m, 2H), 7.13 (d, J = 7.2 Hz, 1H), 6.16 (brs, 
1H), 3.85 (s, 3H), 2.34 (s, 3H), 1.41 (s, 9H); 13C NMR (100 MHz, CDCl3) δ (ppm) 
166.11, 152.92, 137.90, 133.97, 130.46, 130.39, 129.98, 128.32, 126.89, 124.38, 

80.74, 52.44, 28.05, 21.33; ESI-MS: [M+Na]⊕ 314.0; HRMS (FTMS-ESI): [M+Na]⊕ calcd for 
C16H21NO4Na⊕ 314.1363, found 314.1374; IR (KBr) ν (cm-1) 3232, 3111, 2989, 2941, 1718, 1697, 1636, 
1432, 1366, 1275, 1231, 1159, 776. 

 

(Z)-Methyl 2-((tert-butoxycarbonyl)amino)-3-(o-tolyl)acrylate [(Z)-1j] 

White solid. 320 mg, 88% yield. mp 89.3−91.5 oC. 1H NMR (400 MHz, CDCl3) δ 
(ppm) 7.47 (d, J = 7.2 Hz, 1H), 7.25−7.16 (m, 4H), 6.07 (brs, 1H), 3.86 (s, 3H ), 
2.33 (s, 3H ), 2.21 (s, 3H ), 1.35 (s, 9H); 13C NMR (100 MHz, CDCl3) δ (ppm) 
165.84, 152.79, 137.10, 133.15, 130.25, 128.61, 127.98, 127.12, 125.90, 125.72, 

80.62, 52.40, 27.90, 19.89; ESI-MS: [M+Na]⊕ 314.1; HRMS (FTMS-ESI): [M+Na]⊕ calcd for 
C16H21NO4Na⊕ 314.1363, found 314.1364; IR (KBr) ν (cm-1) 3217, 3120, 2986, 2940, 1710, 1642, 1366, 
1263, 1147, 1054, 994, 755. 

 

(Z)-Methyl 2-((tert-butoxycarbonyl)amino)-3-(naphthalen-2-yl)acrylate [(Z)-1k][1] 

White solid. 298 mg, 73% yield. mp 135.1−136.0 oC. 1H NMR (400 MHz, CDCl3) 
δ (ppm) 7.97 (s, 1H), 7.83−7.79 (m, 3H), 7.70 (d, J = 8.8 Hz, 1H), 7.50−7.44 (m, 
3H), 6.31 (brs, 1H), 3.88 (s, 3H), 1.39 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 
(ppm) 166.15, 152.89, 133.45, 133.11, 131.73, 130.38, 128.47, 127.94, 127.60, 

126.96, 126.38, 126.29, 124.60, 124.50, 80.90, 52.55, 28.10; ESI-MS: [M+Na]⊕ 350.0; HRMS 
(FTMS-ESI): [M+Na]⊕ calcd for C19H21NO4Na⊕ 350.1363, found 350.1367; IR (KBr) ν (cm-1) 3312, 
3018, 2970, 1736, 1703, 1638, 1526, 1439, 1348, 1253, 1155, 1047, 917, 789. 

 

(Z)-Methyl 3-(3-bromo-5-methylphenyl)-2-((tert-butoxycarbonyl)amino)acrylate [(Z)-1m]  

White solid. 332 mg, 72% yield. mp 140.1−140.9 oC. 1H NMR (400 MHz, CDCl3) 
δ (ppm) 7.49 (s, 1H), 7.26 (s, 1H ), 7.21 (s, 1H ), 7.15 (s, 1H), 6.34 (brs, 1H), 3.85 
(s, 3H ), 2.31 (s, 3H ), 1.42 (s, 9H); 13C NMR (100 MHz, CDCl3) δ (ppm) 165.70, 
152.22, 139.80, 136.00, 132.45, 129.17, 128.86, 128.09, 124.89, 122.15, 81.04, 

52.63, 28.03, 21.01; ESI-MS: [M+Na]⊕ 391.9; HRMS (FTMS-ESI): [M+Na]⊕ calcd for 
C16H20

79BrNO4Na⊕ 392.0468, found 392.0469; IR (KBr) ν (cm-1) 3223, 3116, 2972, 2943, 1702, 1635, 
1365, 1280, 1158, 1050, 777, 684. 

 

                                                             
[1] Krause, H. W.; Kreuzfeld, H.-J.; Schmidt, U.; Dobler, Ch.; Michalik, M.; Taudien, S.; Fischer, Ch. Chirality 

1996, 8, 173. 
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(Z)-Methyl 2-((tert-butoxycarbonyl)amino)-3-(2,3-dimethylphenyl)acrylate [(Z)-1n] 

Colorless oil. 370 mg, 97% yield. 1H NMR (400 MHz, CDCl3) δ (ppm) 7.26−7.23 
(m, 2H), 7.12−7.06 (m, 2H), 6.00 (brs, 1H), 3.86 (s, 3H), 2.29 (s, 3H), 2.21 (s, 
3H), 1.36 (s, 9H); 13C NMR (100 MHz, CDCl3) δ (ppm) 165.33, 152.85, 137.00, 
135.41, 133.19, 130.11, 128.14, 126.40, 125.93, 125.39, 80.56, 52.36, 27.94, 

20.38, 16.05; ESI-MS: [M+Na]⊕ 328.1; HRMS (FTMS-ESI): [M+Na]⊕ calcd for C17H23NO4Na⊕ 
328.1519, found 328.1515; IR (KBr) ν (cm-1) 3334, 2978, 2951, 1712, 1644, 1457, 1367, 1240, 1163, 
1048, 772. 

 

(Z)-Methyl 2-((tert-butoxycarbonyl)amino)-3-(3,5-di-tert-butylphenyl)acrylate [(Z)-1o] 

White solid. 423 mg, 87% yield. mp 127.5−128.2 oC. 1H NMR (400 MHz, CDCl3) 
δ (ppm) 7.40 (s, 3H), 7.29 (s, 1H), 6.03 (brs, 1H), 3.85 (s, 3H), 1.42 (s, 9H), 1.32 
(s, 18H); 13C NMR (100 MHz, CDCl3) δ (ppm) 166.04, 153.22, 150.77, 133.05, 
132.20, 124.44, 123.98, 123.53, 80.43, 52.28, 34.70, 31.27, 28.07; ESI-MS: 

[M+Na]⊕ 412.1; HRMS (FTMS-ESI): [M+Na]⊕ calcd for C23H35NO4Na⊕ 412.2458, found 412.2466; IR 
(KBr) ν (cm-1) 3218, 3100, 2965, 1731, .1699, 1360, 1250, 1164, 1056, 994, 777. 

 

(Z)-Methyl 3-(benzo[d][1,3]dioxol-5-yl)-2-((tert-butoxycarbonyl)amino)acrylate [(Z)-1p] 

White solid. 361 mg, 90% yield. mp 94.7−95.9 oC. 1H NMR (400 MHz, CDCl3) δ 
(ppm) 7.22 (s, 1H), 7.15 (s, 1H), 7.03 (d, J = 8.0 Hz, 1H), 6.80 (d, J = 8.0 Hz, 1H), 
6.10 (brs, 1H), 5.98 (s, 2H), 3.83 (s, 3H), 1.43 (s, 9H); 13C NMR (100 MHz, 
CDCl3) δ (ppm) 166.18, 152.88, 148.45, 147.76, 131.14, 128.02, 125.70, 122.68, 

109.06, 108.20, 101.35, 80.72, 52.35, 28.06; ESI-MS: [M+Na]⊕ 344.0; HRMS (FTMS-ESI): [M+Na]⊕ 

calcd for C16H19NO6Na⊕ 344.1105, found 344.1108; IR (KBr) ν (cm-1) 3311, 2983, 2947, 2905, 2846, 
1730, 1697, 1485, 1347, 1290, 1227, 1165, 1038, 940, 790. 

 

(Z)-Methyl 2-((tert-butoxycarbonyl)amino)-5-phenylpent-2-enoate [(Z)-1q][1] 

White solid. 343 mg, 90% yield. mp 54.2−56 oC. 1H NMR (400 MHz, CDCl3) δ 
(ppm) 7.31−7.26 (m, 2H), 7.22−7.19 (m, 3H), 6.58 (t, J = 7.2 Hz, 1H), 5.85 (brs, 
1H), 3.76 (s, 3H), 2.79 (t, J = 7.6 Hz, 2H), 2.53 (q, J = 7.6 Hz, 2H), 1.46 (s, 9H); 
13C NMR (100 MHz, CDCl3) δ (ppm) 165.33, 153.31, 141.08, 135.49, 128.44, 

128.36, 126.09, 116.47, 80.44, 52.24, 34.24, 30.06, 28.17; ESI-MS: [M+Na]⊕ 328.1; HRMS (FTMS-ESI): 
[M+Na]⊕ calcd for C17H23NO4Na⊕ 328.1519, found 328.1529; IR (KBr) ν (cm-1) 3241, 3118, 2977, 2928, 
1706, 1662, 1497, 1366, 1267, 1162, 1049, 778, 699. 

 

                                                             
[1] Miki K.; Kohki I.; Rumi K.; Hideki K. Bull. Chem. Soc. Jpn. 2009, 82, 364. 
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3. CHIRAL LIGANDS INVESTIGATION 

Table S1. Evaluation of Chiral Ligands for Cu-Catalyzed Asymmetric Hydroboration 
of α-Dehydroamino Acid Derivate (Z)-1a.[a] 

 

Entry L* 2 (x 
mol%) t (h) Yield 

(%)b 
syn-3a 
(%)c 

anti-3a 
(%)d 

ee 
(syn-3a)e 

ee 
(anti-3a)e 

1 (R,Sp)-Josiphos, L1 1.1 17 N.R.j − − − − 
2 (2R,3R)-3-QuinoxP*, L2 1.1 12 51 20 31 60 62 

3f (2S,3S)-3-NHC, L3 1.1 17 74 67 7 9 −10 
4 (R)-MonoPhos, L4 1.1 18 30 20 10 −22 −33 
5 (R)-iPr-PHOX, L5 1.1 17 64 20 44 −50 −40 
6 (S,Sp)-ip-FOXAP, L6 1.1 15 39 16 22 96 95 

7g (S,Sp)-ip-FOXAP, L6 2.0 15 49 22 27 95 93 

8g,h,i (S,Sp)-ip-FOXAP, L6 4.0 13 91 50 41 95 95 

9g,h,i (S,Sp)-ip-FOXAP, L6 5.0 12 >99 54 46 97 96 

10 ((2R,3R)-3-Ph-BPE), L7 1.1 17 20 20 0 0 − 
11 (R)-BINAP, L8 1.1 17 N.R.j − − − − 
12 (R)-MeO-BIPHEP, L9 1.1 40 N.R.j − − − − 
13 (R)-Segphos, L10 1.1 40 N.R.j − − − − 
14 (S)-P-PHOS, L11 1.1 40 trace − − − − 

15 (2R,3R)-3-iPr-Duphos, 
L12 

1.1 17 N.R.j − − − − 

16 (S,S,R,R)-TangPhos, L13 1.1 17 N.R.j − − − − 
17 L14 1.1 19 52 27 25 9 −30 
18 (R)-SIPHOS-PE, L15 1.1 9 57 25 32 8 0 

19f (2R,3R)-3-NHC, L16 1.1 21 62 22 40 2 5 

20 (S)-Ph-PHOX, L17 1.1 16 70 20 50 58 58 

21 L18 1.1 15 65 30 35 2 3 

22 L19 1.1 9 N.R.j − − − − 
23 (2R,3R)-3-PhBOX, L20 1.1 9 N.R.j − − − − 

aReactions were performed under argon atmosphere. bCombined yield of syn-3a and anti-3a. cYield of the isolated product syn-3a. dYield of 
the isolated product anti-3a. eDetermined by HPLC analysis using a chiral stationary phase. fNaOt-Bu (25 mol%) was used. gMeOH (4.0 
equiv) was used. hMolecular sieve (3Å) was added. iL6 (20 mol%) was used. jNo reaction. B2Pin2 = bis(pinacolato)diboron, Boc = 
tert-butoxycarbonyl. 
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Table S2. Evaluation of Chiral Ligands for Cu-Catalyzed Asymmetric Hydroboration 
of α-Dehydroamino Acid Derivate (Z)-1q.[a] 

 

Entry L* t (h) Yield 
(%)b 

syn-3q 
(%)c 

anti-3q 
(%)d 

ee 
(syn-3q)e 

ee 
(anti-3q)e 

1 (2R,3R)-3-QuinoxP*, L2 11 >99 38 62  45 − 
2f (2S,3S)-3-NHC, L3 16 >99 57 43 −11 − 
3 (R)-MonoPhos, L4 13 >99 53 47 −36 − 
4 (R)-iPr-PHOX, L5 13 94 43 51 −17 − 

5 (S,Sp)-ip-FOXAP, L6 11 84 33 51  26  29 

6 ((2R,3R)-3-Ph-BPE), L7 15 >99 50 50 −82 −92 

7 (R)-BINAP, L8 17 trace − − − − 

8 (S)-P-PHOS, L11 12 trace − − − − 

9 (2R,3R)-3-iPr-Duphos, L12 14 >99 38 62 −63 − 

10 L14 15 >99 49 51 −22 − 

11 (S)-Ph-PHOX, L17 10 >99 32 68  42 − 

12 (S,R,R)-L21 15 trace − − − − 

13 (1R,1'R,2S,2'S)-DuanPhos, L22 15 83 23 60  35 − 

14 (2S,3S)-3-DIPAMP, L23 20 >99 45 55  5 − 

15 L24 22 78 55 23 −57 − 
aReactions were performed under argon atmosphere. bCombined yield of syn-3q and anti-3q. cYield of the isolated product syn-3q. dYield of 
the isolated product anti-3q. eDetermined by HPLC analysis using a chiral stationary phase. fNaOt-Bu (25 mol%) was used. B2Pin2 = 
bis(pinacolato)diboron, Boc = tert-butoxycarbonyl. 
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Chemical Structures of Various Chiral Ligands. 
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4. SCOPE OF THE SUBSTRATES 

CO2Me

NHBoc
B2Pin2

CO2Me

NHBoc

Bpin
CuCl (10 mol%)

NaOt-Bu (15 mol%)
(S,Sp)-ip-FOXAP(L6, 20 mol%)

Toluene, RT

+ CO2Me

NHBoc

Bpin

syn-3 anti-3

MeOH (4.0 equiv), 3Å MS

(Z)-1

+

2 t (h)
(5.0 equiv)

Ar
Ar Ar

(Z)-1a (Ar = C6H5-) (Z)-1b (Ar = 4-Br-C6H4-) (Z)-1c (Ar = 4-Cl-C6H4-) (Z)-1d (Ar = 4-Me-C6H4-)
(Z)-1e (Ar = 4-Ph-C6H4-) (Z)-1f (Ar = 3-Cl-C6H4-) (Z)-1g (Ar = 3-F-C6H4-) (Z)-1h (Ar = 3-MeO-C6H4-)
(Z)-1i (Ar = 3-Me-C6H4-) (Z)-1j (Ar = 2-Me-C6H4-) (Z)-1k (Ar = 2-Naphenthyl-) (Z)-1m (Ar = 3-Br-5-Me-C6H3-)
(Z)-1n (Ar = 2,3-(Me)2-C6H3-) (Z)-1o (Ar = 3,5-(t-Bu)2-C6H3-) (Z)-1p (Ar = 3,4-(-OCH2O-)-C6H3-)  

GENERAL PROCEDURE for 3a to 3p: A dried Schlenk flask was charged with CuCl (1.0 mg, 
0.01 mmol), ligand (S,SP)-ip-FOXAP (L6, 10 mg, 0.02 mmol), B2Pin2 (2, 128 mg, 0.50 mmol), NaOtBu 
(1.5 mg, 0.015 mmol) , 3Å molecular sieves (20 mg) and anhydrous toluene (0.5 mL) under argon at-
mosphere. After the mixture was stirred at room temperature for 30 min, a solution of substrate 1 (0.10 
mmol) in anhydrous toluene (0.5 mL) was added, followed by anhydrous MeOH (16 μL, 0.40 mmol). The 
resulting mixture was stirred at room temperature for 1 to 24 hours. Then the reaction mixture was 
quenched with water (5 mL), extracted with EtOAc (15 mL × 3) and washed with brine, dried over an-
hydrous Na2SO4, filtered and concentrated in vacuo. The residue was purified by flash silica gel (300-400 
mesh) chromatography to afford the desired products syn-3 and anti-3. 

(Notice: The hydroboration products were unstable, especially for syn-3, so the purification opera-
tion should be quick). 

************************************************************************************* 

 

PROCEDURE for 3q: A dried Schlenk flask was charged with CuCl (1.0 mg, 0.01 mmol), ligand 
(2R,3R)-3-Ph-BPE (L7, 10 mg, 0.02 mmol), B2Pin2 (2, 128 mg, 0.50 mmol), NaOtBu (1.5 mg, 0.015 
mmol) , 3Å molecular sieves (20 mg) and anhydrous toluene (0.5 mL) under argon atmosphere. After the 
mixture was stirred at room temperature for 30 min, a solution of substrate (Z)-1q (31 mg, 0.10 mmol) in 
anhydrous toluene (0.5 mL) was added, followed by anhydrous MeOH (16 μL, 0.40 mmol). The resulting 
mixture was stirred at room temperature for 15 hours. Then the reaction mixture was quenched with water 
(5 mL), extracted with EtOAc (15 mL × 3) and washed with brine, dried over anhydrous Na2SO4, filtered 
and concentrated in vacuo. The residue was purified by flash silica gel (300-400 mesh) chromatography 
to afford the desired products syn-3q and anti-3q. 
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(2S,3R)-Methyl 2-((tert-butoxycarbonyl)amino)-3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan- 
2-yl)propanoate (syn-3a) 

Colorless oil. 21.9 mg, 54% yield. [α]D
25.7 +17.7 (c 1.11, CHCl3) for 97% ee; 

1H NMR (400 MHz, CDCl3) δ (ppm) 7.26−7.17 (m, 5H), 5.35 (brs, 1H), 4.73 
(brs, 1H), 3.64 (s, 3H), 2.91 (d, J = 5.2 Hz, 1H), 1.40 (s, 9H), 1.26 (s, 6H), 1.24 
(s, 6H); 13C NMR (100 MHz, CDCl3) δ (ppm) 172.96, 155.30, 137.77, 129.68, 
128.51, 126.52, 84.12, 79.70, 56.34, 52.09, 28.41, 24.87, 24.59; ESI-MS: 
[M+Na]⊕ 428.2; HRMS (FTMS-ESI): [M+Na]⊕ calcd for C21H32

10BNO6Na⊕ 
427.2251, found 427.2258; IR (KBr) ν (cm-1) 3432, 3081, 2981, 2952, 2930, 1741, 1698, 1380, 1259, 
1138, 853, 774, 700; HPLC: Chiracel OD-H Column (250 mm); detected at 210 nm; n-hexane / 
i-propanol = 95/5; flow rate = 1.0 mL/min; Retention time: 4.3 min (2S,3R)-3a, 6.6 min (2R,3S)-3a. 

  
 
(2R,3R)-Methyl 2-((tert-butoxycarbonyl)amino)-3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan- 
2-yl)propanoate (anti-3a) 

Colorless oil. 18.6 mg, 46% yield. [α]D
25.7 +9.8 (c 0.94, CHCl3) for 96% ee; 1H 

NMR (400 MHz, CDCl3) δ (ppm) 7.28−7.18 (m, 5H), 4.79 (brs, 2H), 3.71 (s, 
3H), 2.80 (brs, 1H), 1.34 (s, 9H), 1.21 (s, 6H), 1.19 (s, 6H); 13C NMR (100 
MHz, CDCl3) δ (ppm) 173.09, 155.35, 137.61, 129.60, 128.52, 126.42, 83.90, 
79.56, 65.27, 52.21, 28.31, 24.66, 24.61; (The carbon directly attached to the 
boron atom was not detected, likely due to quadrupole relaxation.) ESI-MS: 

[M+Na]⊕ 428.3; HRMS (FTMS-ESI): [M+Na]⊕ calcd for C21H32
10BNO6Na⊕ 427.2251, found 427.2266; 

IR (KBr) ν (cm-1) 3370, 2979, 2927, 2852, 1738, 1691, 1522, 1367, 1320, 1143, 969, 851, 701; HPLC: 
Chiracel OD-H Column (250 mm); detected at 210 nm; n-hexane / i-propanol = 95/5; flow rate = 1.0 
mL/min; Retention time: 5.2 min (2R, 3R)-3a, 6.6 min (2S,3S)-3a. 
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(2S,3R)-Methyl 3-(4-bromophenyl)-2-((tert-butoxycarbonyl)amino)-3-(4,4,5,5-tetramethyl-1,3,2- 
dioxaborolan-2-yl)propanoate (syn-3b) 

Colorless oil. 20.3 mg, 42% yield. [α]D
25.7 +16.7 (c 1.02, CHCl3) for 98% ee; 

1H NMR (400 MHz, CDCl3) δ (ppm) 7.38 (d, J = 8.4 Hz, 2H), 7.08 (d, J = 8.4 
Hz, 2H), 5.29 (brs, 1H), 4.71 (brs, 1H), 3.65 (s, 3H), 2.88 (d, J = 5.2 Hz, 1H), 
1.41 (s, 9H), 1.26 (s, 6H), 1.23 (s, 6H); 13C NMR (100 MHz, CDCl3) δ (ppm) 
172.51, 155.21, 136.76, 131.47, 131.34, 120.51, 84.15, 79.80, 55.99, 52.09, 
28.28, 24.74, 24.48; ESI-MS: [M+Na]⊕ 506.2; HRMS (FTMS-ESI): [M+Na]⊕ 

calcd for C21H31
10B79BrNO6Na⊕ 505.1356, found 505.1374; IR (KBr) ν (cm-1) 3430, 3010, 2976, 2926, 

1746, 1698, 1457, 1374, 1263, 1138, 853, 745; HPLC: Chiracel OD-H Column (250 mm); detected at 210 
nm; n-hexane / i-propanol = 95/5; flow rate = 1.0 mL/min; Retention time: 4.3 min (2S,3R)-3b, 5.5 min 
(2R,3S)-3b. 

  

 
(2R,3R)-Methyl 3-(4-bromophenyl)-2-((tert-butoxycarbonyl)amino)-3-(4,4,5,5-tetramethyl-1,3,2- 
dioxaborolan-2-yl)propanoate (anti-3b) 

Colorless oil. 24.6 mg, 51% yield. [α]D
25.6 +11.5 (c 1.23, CHCl3) for 96% ee; 

1H NMR (400 MHz, CDCl3) δ (ppm) 7.38 (d, J = 8.4 Hz, 2H), 7.11 (d, J = 8.4 
Hz, 2H), 4.78 (brs, 2H), 3.71 (s, 3H), 2.73 (brs, 1H), 1.35 (s, 9H), 1.21 (s, 6H), 
1.19 (s, 6H); 13C NMR (100 MHz, CDCl3) δ (ppm) 172.71, 155.21, 136.71, 
131.41, 131.22, 120.27, 83.91, 55.17, 52.26, 28.15, 24.55, 24.49; (The carbon 
directly attached to the boron atom was not detected, likely due to quadrupole 

relaxation.) ESI-MS: [M+Na]⊕ 506.1; HRMS (FTMS-ESI): [M+Na]⊕ calcd for C21H31
10B79BrNO6Na⊕ 

505.1356, found 505.1370; IR (KBr) ν (cm-1) 3373, 2979, 2929, 2851, 1717, 1506. 1488, 1367, 1271, 
1166, 1011, 968, 850, 738; HPLC: Chiracel OD-H Column (250 mm); detected at 210 nm; n-hexane / 
i-propanol = 95/5; flow rate = 1.0 mL/min; Retention time: 5.6 min (2R,3R)-3b, 8.7 min (2S,3S)-3b. 
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(2S,3R)-Methyl 2-((tert-butoxycarbonyl)amino)-3-(4-chlorophenyl)-3-(4,4,5,5-tetramethyl-1,3,2- 
dioxaborolan-2-yl)propanoate (syn-3c) 

Colorless oil. 19.8 mg, 45% yield. [α]D
25.6 +17.1 (c 0.88, CHCl3) for 98% ee; 

1H NMR (400 MHz, CDCl3) δ (ppm) 7.23 (d, J = 8.0 Hz, 2H), 7.14 (d, J = 8.0 
Hz, 2H), 5.30 (brs, 1H), 4.71 (brs, 1H), 3.65 (s, 3H), 2.89 (d, J = 4.8 Hz, 1H), 
1.41 (s, 9H), 1.26 (s, 6H), 1.23 (s, 6H); 13C NMR (100 MHz, CDCl3) δ (ppm) 
172.57, 136.37, 132.44, 130.98, 128.55, 127.48, 84.19, 79.83, 56.14, 52.04, 
28.31, 24.76, 24.52; ESI-MS: [M+Na]⊕ 462.3; HRMS (FTMS-ESI): [M+Na]⊕ 

calcd for C21H31
10B35ClNO6Na⊕ 461.1861, found 461.1878; IR (KBr) ν (cm-1) 3435, 2979, 2931, 1721, 

1493, 1368, 1255, 1166, 1016, 851, 778; HPLC: Chiracel OD-H Column (250 mm); detected at 210 nm; 
n-hexane / i-propanol = 95/5; flow rate = 1.0 mL/min; Retention time: 4.2 min (2S,3R)-3c, 5.3 min 
(2R,3S)-3c. 

  
 
((2R,3R)-Methyl 2-((tert-butoxycarbonyl)amino)-3-(4-chlorophenyl)-3-(4,4,5,5-tetramethyl-1,3,2- 
dioxaborolan-2-yl)propanoate (anti-3c) 

Colorless oil. 20.6 mg, 47% yield. [α]D
25.7 +10.6 (c 0.87, CHCl3) for 96% ee; 

1H NMR (400 MHz, CDCl3) δ (ppm) 7.23 (d, J = 8.0 Hz, 2H), 7.17 (d, J = 8.0 
Hz, 2H), 4.78 (brs, 2H), 3.71 (s, 3H), 2.75 (brs, 1H)), 1.35 (s, 9H), 1.21 (s, 6H), 
1.19 (s, 6H); 13C NMR (100 MHz, CDCl3) δ (ppm) 173.00, 155.35, 136.16, 
132.13, 130.81, 128.45, 83.90, 79.69, 55.22, 52.25, 28.15, 24.53, 24.49; (The 
carbon directly attached to the boron atom was not detected, likely due to qua-

drupole relaxation.) ESI-MS: [M+Na]⊕ 462.1; HRMS (FTMS-ESI): [M+Na]⊕ calcd for 
C21H31

10B35ClNO6Na⊕ 461.1861, found 461.1879; IR (KBr) ν (cm-1) 3370, 2978, 2931, 1717, 1491, 1367, 
1326, 1166, 1015, 968, 851, 737; HPLC: Chiracel OD-H Column (250 mm); detected at 210 nm; 
n-hexane / i-propanol = 95/5; flow rate = 1.0 mL/min; Retention time: 5.4 min (2R, 3R)-3c, 8.2 min 
(2S,3S)-3c. 
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(2S,3R)-Methyl 2-((tert-butoxycarbonyl)amino)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3- 
(p-tolyl)propanoate (syn-3d) 

Colorless oil. 18.4 mg, 44% yield. [α]D
25.0 +15.1 (c 0.93, CHCl3) for 92% ee; 

1H NMR (400 MHz, CDCl3) δ (ppm) 7.06 (d, J = 8.0 Hz, 4H), 5.33 (brs, 1H), 
4.71 (brs, 1H), 3.64 (s, 3H), 2.86 (d, J = 5.2 Hz, 1H), 2.29 (s, 3H), 1.40 (s, 9H), 
1.26 (s, 6H), 1.24 (s, 6H); 13C NMR (100 MHz, CDCl3) δ (ppm) 172.92, 
155.20, 135.87, 134.42, 129.43, 129.14, 83.94, 79.55, 56.28, 51.95, 28.31, 
24.75, 24.49, 20.97; ESI-MS: [M+Na]⊕ 442.2; HRMS (FTMS-ESI): [M+Na]⊕ 

calcd for C22H34
10BNO6Na⊕ 441.2408, found 441.2410; IR (KBr) ν (cm-1) 3436, 2978, 2927, 1720, 1512, 

1368, 1166, 1053, 852, 779; HPLC: Chiracel OD-H Column (250 mm); detected at 210 nm; n-hexane / 
i-propanol = 95/5; flow rate = 1.0 mL/min; Retention time: 4.1 min (2S,3R)-3d, 5.0 min (2R,3S)-3d. 

  
 
(2R,3R)-Methyl 2-((tert-butoxycarbonyl)amino)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3- 
(p-tolyl)propanoate (anti-3d) 

Colorless oil. 21.8 mg, 52% yield. [α]D
25.1 +8.84 (c 1.1, CHCl3) for 94% ee; 1H 

NMR (400 MHz, CDCl3) δ (ppm) 7.08 (dd, J = 15.2 Hz, J = 8.4 Hz, 4H), 4.77 
(brs, 2H), 3.70 (s, 3H), 2.75 (brs, 1H), 2.29 (s, 3H), 1.35 (s, 9H), 1.21 (s, 6H), 
1.19 (s, 6H); 13C NMR (100 MHz, CDCl3) δ (ppm) 173.00, 155.28, 135.78, 
134.16, 129.35, 129.14, 83.72, 79.44, 55.36, 52.08, 28.18, 24.56, 24.50, 20.97; 
(The carbon directly attached to the boron atom was not detected, likely due to 

quadrupole relaxation.) ESI-MS: [M+Na]⊕ 442.2; HRMS (FTMS-ESI): [M+Na]⊕ calcd for 
C22H34

10BNO6Na⊕ 441.2408, found 441.2412; IR (KBr) ν (cm-1) 3378, 2978, 2925, 2850, 1717, 1513, 
1366, 1326, 1166, 969, 851; HPLC: Chiracel OD-H Column (250 mm); detected at 210 nm; n-hexane / 
i-propanol = 95/5; flow rate = 1.0 mL/min; Retention time: 5.1 min (2R, 3R)-3d, 6.1 min (2S,3S)-3d. 
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(2S,3R)-Methyl 3-([1,1'-biphenyl]-4-yl)-2-((tert-butoxycarbonyl)amino)-3-(4,4,5,5-tetramethyl-1,3,2- 
dioxaborolan-2-yl)propanoate (syn-3e) 

Colorless oil. 17.8 mg, 37% yield. [α]D
25.9 +8.3 (c 0.86, CHCl3) for 96% ee; 1H 

NMR (400 MHz, CDCl3) δ (ppm) 7.56 (d, J = 8.0 Hz, 2H), 7.49 (d, J = 8.0 Hz, 
2H), 7.41 (t, J = 7.6 Hz, 2H), 7.33−7.26 (m, 3H), 5.39 (brs, 1H), 4.78 (brs, 1H), 
3.66 (s, 3H), 2.96 (d, J = 5.2 Hz, 1H), 1.41 (s, 9H), 1.28 (s, 6H), 1.26 (s, 6H); 
13C NMR (100 MHz, CDCl3) δ (ppm) 172.91, 155.34, 141.06, 139.34, 136.87, 
130.09, 128.77, 127.25, 127.14, 127.06, 84.21, 79.80, 56.31, 52.16, 28.43, 

24.90, 24.62; ESI-MS: [M-Boc+H]⊕ 382.3; HRMS (FTMS-ESI): [M+Na]⊕ calcd for C27H36
10BNO6Na⊕ 

503.2564, found 503.2572; IR (KBr) ν (cm-1) 3428, 3029, 2978, 2927, 1720, 1488, 1368, 1166, 1009, 852, 
767; HPLC: Chiracel OD-H Column (250 mm); detected at 210 nm; n-hexane / i-propanol = 95/5; flow 
rate = 1.0 mL/min; Retention time: 5.0 min (2S,3R)-3e, 6.3 min (2R,3R)-3e. 

  
 
(2R,3R)-Methyl 3-([1,1'-biphenyl]-4-yl)-2-((tert-butoxycarbonyl)amino)-3-(4,4,5,5-tetramethyl-1,3,2- 
dioxaborolan-2-yl)propanoate (anti-3e) 

Colorless oil. 26.5 mg, 55% yield. [α]D
25.9 +16.5 (c 1.00, CHCl3) for 94% ee; 

1H NMR (400 MHz, CDCl3) δ (ppm) 7.57 (d, J = 7.6 Hz, 2H), 7.50 (d, J = 8.0 
Hz, 2H), 7.42 (t, J = 7.6 Hz, 2H), 7.33−7.29 (m, 3H), 4.84 (brs, 2H), 3.73 (s, 
3H), 2.83 (brs, 1H), 1.34 (s, 9H), 1.23 (s, 6H), 1.21 (s, 6H); 13C NMR (100 
MHz, CDCl3) δ (ppm) 172.96, 155.28, 140.91, 139.10, 136.58, 129.91, 128.67, 
127.07, 127.03, `126.90, 83.85, 79.60, 55.20, 52.20, 28.18, 24.58, 24.52; (The 

carbon directly attached to the boron atom was not detected, likely due to quadrupole relaxation.) ESI-MS: 
[M-Boc+H]⊕ 382.3; HRMS (FTMS-ESI): [M+Na]⊕ calcd for C27H36

10BNO6Na⊕ 503.2564, found 
503.2564; IR (KBr) ν (cm-1) 3382, 2977,  2931，2850，1716, 1506, 1488, 1366, 1165, 1048, 851, 740; 
HPLC: Phenomenex Lux 5u Cellulose-4 (PC-4) Column; detected at 214 nm; n-hexane / i-propanol = 
80/20; flow rate = 0.7 ml/min; Retention time: 7.5 min (2R, 3R)-3e, 8.7 min (2S,3S)-3e. 
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(2S,3R)-Methyl 2-((tert-butoxycarbonyl)amino)-3-(3-chlorophenyl)-3-(4,4,5,5-tetramethyl-1,3,2- 
dioxaborolan-2-yl)propanoate (syn-3f) 

Colorless oil. 18.0 mg, 41% yield. [α]D
25.1 +15.7 (c 0.86, CHCl3) for 96% ee; 

1H NMR (400 MHz, CDCl3) δ (ppm) 7.23−7.18 (m, 3H), 7.10 (d, J = 6.0 Hz, 
1H), 5.35(brs, 1H), 4.72 (brs, 1H), 3.67 (s, 3H), 2.91 (d, J = 4.8 Hz, 1H), 1.41 
(s, 9H), 1.26 (s, 6H), 1.24 (s, 6H); 13C NMR (100 MHz, CDCl3) δ (ppm) 
172.60, 155.25, 140.03, 134.20, 129.83, 129.69, 127.92, 126.75, 84.34, 79.95, 
56.17, 52.20, 28.38, 24.85, 24.61; ESI-MS: [M-Boc+H]⊕ 340.1; HRMS 

(FTMS-ESI): [M+Na]⊕ calcd for C21H31
10B35ClNO6Na⊕ 461.1861, found 461.1876; IR (KBr) ν (cm-1) 

3434, 2979, 2923, 2850, 1720, 1596, 1503, 1478, 1368, 1165, 1057, 852, 787, 698; HPLC: Chiracel 
OD-H Column (250 mm); detected at 210 nm; n-hexane / i-propanol = 95/5; flow rate = 1.0 mL/min; Re-
tention time: 4.4 min (2S,3R)-3f, 6.8 min (2R,3S)-3f. 

  
 
(2R,3R)-Methyl 2-((tert-butoxycarbonyl)amino)-3-(3-chlorophenyl)-3-(4,4,5,5-tetramethyl-1,3,2- 
dioxaborolan-2-yl)propanoate (anti-3f) 

Colorless oil. 22.0 mg, 50% yield. [α]D
25.2 +15.7 (c 1.00, CHCl3) for 97% ee; 

1H NMR (400 MHz, CDCl3) δ (ppm) 7.22−7.13 (m, 4H), 4.78 (brs, 2H), 3.72 
(s, 3H), 2.76 (brs, 1H), 1.35 (s, 9H), 1.21 (s, 6H), 1.20 (s, 6H); 13C NMR (100 
MHz, CDCl3) δ (ppm) 172.80, 155.22, 139.92, 134.16, 129.74, 129.64, 127.69, 
126.60, 84.06, 83.16, 55.28, 52.40, 28.26, 24.65, 24.57; (The carbon directly 
attached to the boron atom was not detected, likely due to quadrupole relaxa-

tion.) ESI-MS: [M-Boc+H]⊕ 340.1; HRMS (FTMS-ESI): [M+Na]⊕ calcd for C21H31
10B35ClNO6Na⊕ 

461.1861, found 461.1857; IR (KBr) ν (cm-1) 3370, 2978, 2928, 1713, 1596, 1512, 1477, 1367, 1165, 968, 
849, 786; HPLC: Chiracel OD-H Column (250 mm); detected at 210 nm; n-hexane / i-propanol = 95/5; 
flow rate = 1.0 mL/min; Retention time: 5.2 min (2R, 3R)-3f, 7.0 min (2S,3S)-3f. 
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(2S,3R)-Methyl 2-((tert-butoxycarbonyl)amino)-3-(3-fluorophenyl)-3-(4,4,5,5-tetramethyl-1,3,2- 
dioxaborolan-2-yl)propanoate  (syn-3g) 

Colorless oil. 14.0 mg, 33% yield. [α]D
25.3 +16.4 (c 0.68, CHCl3) for 96% ee; 

1H NMR (400 MHz, CDCl3) δ (ppm) 7.25−7.19 (m, 1H), 6.99−6.87 (m, 3H), 
5.35(brs, 1H), 4.73 (brs, 1H), 3.66 (s, 3H), 2.93 (d, J = 4.0 Hz, 1H), 1.41 (s, 
9H), 1.27 (s, 6H), 1.24 (s, 6H); 13C NMR (100 MHz, CDCl3) δ (ppm) 172.66, 
162.90 (d, JCF = 243.6 Hz),, 155.28, 140.47 (d, JCF = 7.3 Hz), 129.85 (d, JCF = 
8.7 Hz), 125.49 (d, JCF = 2.2 Hz), 116.56 (d, JCF = 11.1 Hz), 113.48 (d, JCF = 

21.2 Hz), 84.32, 79.92, 56.20, 52.18, 28.38, 24.86, 24.60; ESI-MS: [M-Boc+H]⊕ 324.2; HRMS 
(FTMS-ESI): [M+Na]⊕ calcd for C21H31

10BFNO6Na⊕ 445.2157, found 445.2137; IR (KBr) ν (cm-1) 3438, 
2979, 2924, 2851, 1721, 1614, 1588, 1503, 1449, 1368, 1251, 1166, 869, 782; HPLC: Chiracel OD-H 
Column (250 mm); detected at 210 nm; n-hexane / i-propanol = 95/5; flow rate = 1.0 mL/min; Retention 
time: 4.3 min (2S,3R)-3g, 6.7 min (2R,3S)-3g. 

  
(2R,3R)-Methyl 2-((tert-butoxycarbonyl)amino)-3-(3-fluorophenyl)-3-(4,4,5,5-tetramethyl-1,3,2- 
dioxaborolan-2-yl)propanoate (anti-3g) 

 Colorless oil. 21.2 mg, 50% yield. [α]D
25.3 +15.6 (c 1.06, CHCl3) for 96% ee; 

1H NMR (400 MHz, CDCl3) δ (ppm) 7.22 (dd, J = 14.4 Hz,, J = 8.0 Hz,1H), 
7.00−6.96 (m, 2H), 6.88 (t, J = 8.4 Hz, 1H), 4.79 (brs, J = 7.6 Hz, 1H), 3.72 (s, 
3H), 2.79 (brs, J = 7.6 Hz, 1H), 1.35 (s, 9H), 1.22 (s, 6H), 1.20 (s, 6H); 13C 
NMR (100 MHz, CDCl3) δ (ppm) 172.70, 162.75 (d, JCF = 244.5 Hz), 155.12, 
140.22 (d, JCF = 7.6 Hz), 129.68 (d, JCF = 7.6 Hz), 125.16 (d, JCF = 1.6 Hz), 

116.34 (d, JCF = 22.0 Hz), 113.21 (d, JCF = 22.0 Hz), 83.93, 79.73, 55.24, 52.26, 28.15, 24.52, 24.47; (The 
carbon directly attached to the boron atom was not detected, likely due to quadrupole relaxation.) ESI-MS: 
[M-Boc+H]⊕ 324.2; HRMS (FTMS-ESI): [M+Na]⊕ calcd for C21H31

10BFNO6Na⊕ 445.2157, found 
445.2137; IR (KBr) ν (cm-1) 3340, 2980, 2924, 2851, 1732, 1687, 1588, 1532, 1368, 1296, 1146, 971, 870, 
784; HPLC: Chiracel OD-H Column (250 mm); detected at 210 nm; n-hexane / i-propanol = 95/5; flow 
rate = 1.0 mL/min; Retention time: 5.1 min (2R, 3R)-3g, 6.5 min (2S,3S)-3g. 
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(2S,3R)-Methyl 2-((tert-butoxycarbonyl)amino)-3-(3-methoxyphenyl)-3-(4,4,5,5-tetramethyl-1,3,2- 
dioxaborolan-2-yl)propanoate  (syn-3h) 

 Colorless oil. 19.6 mg, 45% yield. [α]D
24.8 +15.0 (c 0.99, CHCl3) for 95% ee; 

1H NMR (400 MHz, CDCl3) δ (ppm) 7.17(t, J = 8.0 Hz, 1H), 6.80−6.73 (m, 
3H), 5.38(brs, 1H), 4.73 (brs, 1H), 3.77 (s, 3H), 3.65 (s, 3H), 2.88 (d, J = 4.8 
Hz, 1H), 1.41 (s, 9H), 1.27 (s, 6H), 1.24 (s, 6H); 13C NMR (100 MHz, CDCl3) 
δ (ppm) 172.87, 159.51, 155.27, 139.13, 129.30, 121.96, 115.03, 112.08, 84.02, 
79.61, 56.12, 55.01, 52.01, 28.28, 24.75, 24.49; ESI-MS: [M+Na]⊕ 458.1; 

HRMS (FTMS-ESI): [M+Na]⊕ calcd for C22H34
10BNO7Na⊕ 457.2357, found 457.2365; IR (KBr) ν (cm-1) 

3428, 2978, 2930, 2850, 1720, 1601, 1492, 1456, 1368, 1258, 1165, 1051, 852, 781; HPLC: Chiracel 
OD-H Column (250 mm); detected at 210 nm; n-hexane / i-propanol = 95/5; flow rate = 1.0 mL/min; Re-
tention time: 5.0 min (2S,3R)-3h, 7.1 min (2R,3S)-3h. 

  
(2R,3R)-Methyl 2-((tert-butoxycarbonyl)amino)-3-(3-methoxyphenyl)-3-(4,4,5,5-tetramethyl-1,3,2- 
dioxaborolan-2-yl)propanoate (anti-3h) 

Colorless oil. 21.3 mg, 49% yield. [α]D
24.9 +10.0 (c 1.04, CHCl3) for 94% ee; 

1H NMR (400 MHz, CDCl3) δ (ppm) 7.17(t, J = 8.0 Hz, 1H), 6.81−6.72 (m, 
3H), 4.78 (brs, 2H), 3.78 (s, 3H), 3.71 (s, 3H), 2.77 (brs, 1H), 1.35 (s, 9H), 
1.21 (s, 6H), 1.19 (s, 6H); 13C NMR (100 MHz, CDCl3) δ (ppm) 172.94, 
159.54, 155.25, 138.96, 129.30, 121.85, 114.78, 112.11, 83.78, 79.53, 55.06, 
52.15, 28.18, 24.56, 24.48; (The carbon directly attached to the boron atom 

was not detected, likely due to quadrupole relaxation.) ESI-MS: [M+Na]⊕ 458.2; HRMS (FTMS-ESI): 
[M+Na]⊕ calcd for C22H34

10BNO7Na⊕ 457.2357, found 457.2360; IR (KBr) ν (cm-1) 3370, 2978, 2930, 
2850, 1717, 1600, 1491, 1456, 1367, 1260, 1048, 969, 850, 783; HPLC: Phenomenex Lux 5u Cellulose-4 
(PC-4) Column; detected at 214 nm; n-hexane / i-propanol = 70/30; flow rate = 0.7 ml/min; Retention 
time: 5.9 min (2R, 3R)-3h, 6.9 min (2S,3S)-3h. 
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(2S,3R)-Methyl 2-((tert-butoxycarbonyl)amino)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3- 
(m-tolyl)propanoate (syn-3i) 

 Colorless oil. 21.0 mg, 50% yield. [α]D
25.6 +16.2 (c 1.05, CHCl3) for 95% ee; 

1H NMR (400 MHz, CDCl3) δ (ppm) 7.14 (t, J = 8.0 Hz, 1H), 7.05−6.97 (m, 
3H), 5.37(brs, 1H, N-H), 4.71 (brs, 1H, N-CH-), 3.64 (s, 3H), 2.87 (d, J = 4.8 
Hz, 1H), 2.30 (s, 3H), 1.41 (s, 9H), 1.26 (s, 6H), 1.24 (s, 6H); 13C NMR (100 
MHz, CDCl3) δ (ppm) 173.00, 155.30, 137.83, 137.60, 130.39, 128.23, 127.17, 
126.40, 83.98, 79.49, 56.18, 51.96, 28.30, 24.74, 24.46, 21.28; ESI-MS: 

[M+Na]⊕ 442.2; HRMS (FTMS-ESI): [M+Na]⊕ calcd for C22H34
10BNO6Na⊕ 441.2408, found 441.2422; 

IR (KBr) ν (cm-1) 3436, 2978, 2926, 2850, 1721, 1606, 1503, 1368, 1166, 1054, 1014, 850, 707; HPLC: 
Chiracel OD-H Column (250 mm); detected at 210 nm; n-hexane / i-propanol = 95/5; flow rate = 1.0 
mL/min; Retention time: 4.0 min (2S,3R)-3i, 5.3 min (2R,3S)-3i. [Notice: The HSQC spectra (see page 
S101) could help to distinguish hydrogen atoms between N-H and N-CH-.] 

  
(2R,3R)-Methyl 2-((tert-butoxycarbonyl)amino)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3- 
(m-tolyl)propanoate (anti-3i) 

Colorless oil. 21.0 mg, 50% yield. [α]D
25.6 +9.7 (c 1.05, CHCl3) for 92% ee; 1H 

NMR (400 MHz, CDCl3) δ (ppm) 7.15(t, J = 7.6 Hz, 1H), 7.03−6.98 (m, 3H), 
4.77 (brs, 2H), 3.71 (s, 3H), 2.74 (brs, 1H), 2.30 (s, 3H), 1.34 (s, 9H), 1.21 (s, 
6H), 1.19 (s, 6H); 13C NMR (100 MHz, CDCl3) δ (ppm) 173.04, 155.33, 
137.87, 137.27, 130.27, 128.25, 127.06, 126.34, 83.72, 79.61, 55.29, 52.11, 
28.18, 24.53, 24.46, 21.37; (The carbon directly attached to the boron atom 

was not detected, likely due to quadrupole relaxation.) ESI-MS: [M+Na]⊕ 442.2; HRMS (FTMS-ESI): 
[M+Na]⊕ calcd for C22H34

10BNO6Na⊕ 441.2408, found 441.2417; IR (KBr) ν (cm-1) 3377, 2977, 2923, 
2850, 1717, 1606, 1505, 1366, 1324, 1167, 1049, 969, 849, 786, 715; HPLC: Phenomenex Lux 5u Cellu-
lose-4 (PC-4) Column; detected at 214 nm; n-hexane / i-propanol = 70/30; flow rate = 0.7 ml/min; Reten-
tion time: 5.6 min (2R, 3R)-3i, 6.3 min (2S,3S)-3i. 
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(2S,3R)-Methyl 2-((tert-butoxycarbonyl)amino)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3- 
(o-tolyl)propanoate (syn-3j) 

Colorless oil. 14.7 mg, 35% yield. [α]D
25.3 −6.7 (c 0.74, CHCl3) for 97% ee; 1H 

NMR (400 MHz, CDCl3) δ (ppm) 7.15−7.08 (m, 4H), 5.47 (brs, 1H), 4.63 (brs, 
1H), 3.66 (s, 3H), 3.19 (d, J = 5.2 Hz, 1H), 2.36 (s, 3H), 1.36 (s, 9H), 1.27 (s, 
6H), 1.23 (s, 6H); 13C NMR (100 MHz, CDCl3) δ (ppm) 173.11, 155.28, 
136.80, 136.18, 130.59, 129.33, 126.38, 125.71, 83.99, 79.48, 55.27, 52.08, 
28.28, 24.81, 24.40, 19.87; ESI-MS: [M+Na]⊕ 442.3; HRMS (FTMS-ESI): 

[M+Na]⊕ calcd for C22H34
10BNO6Na⊕ 441.2408, found 441.2407; IR (KBr) ν (cm-1) 3436, 2978, 2930, 

1721, 1506, 1457, 1372, 1330, 1167, 1053, 851, 733; HPLC: Chiracel OD-H Column (250 mm); detected 
at 210 nm; n-hexane / i-propanol = 95/5; flow rate = 1.0 mL/min; Retention time: 4.0 min (2S,3R)-3j, 4.5 
min (2R,3S)-3j. 

  
 
(2R,3R)-Methyl 2-((tert-butoxycarbonyl)amino)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3- 
(o-tolyl)propanoate (anti-3j) 

Colorless oil. 27.2 mg, 65% yield. [α]D
25.5+11.2 (c1.30, CHCl3) for 98% ee; 1H 

NMR (400 MHz, CDCl3) δ (ppm) 7.26 (d, J = 7.6 Hz, 1H), 7.13−7.04 (m, 3H), 
4.79 (brs, 2H), 3.71 (s, 3H), 3.01 (brs, 1H), 2.32 (s, 3H), 1.34 (s, 9H), 1.18 (s, 
6H), 1.16 (s, 6H); 13C NMR (100 MHz, CDCl3) δ (ppm) 173.35, 155.24, 
139.76, 136.78, 135.80, 130.31, 128.72, 125.91, 83.63, 79.59, 54.92, 52.15, 
28.28, 24.59, 24.53, 20.11; (The carbon directly attached to the boron atom 

was not detected, likely due to quadrupole relaxation.) ESI-MS: [M+Na]⊕ 442.3; HRMS (FTMS-ESI): 
[M+Na]⊕ calcd for C22H34

10BNO6Na⊕ 441.2408, found 441.2418; IR (KBr) ν (cm-1) 3391, 2977, 2929, 
1717, 1506, 1390, 1323, 1165, 1142, 1052, 969, 850, 733; HPLC: Chiracel OD-H Column (250 mm); de-
tected at 210 nm; n-hexane / i-propanol = 95/5; flow rate = 1.0 mL/min; Retention time: 4.3 min (2R, 
3R)-3j, 5.0 min (2S,3S)-3j. 
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(2S,3R)-Methyl 2-((tert-butoxycarbonyl)amino)-3-(naphthalen-2-yl)-3-(4,4,5,5-tetramethyl-1,3,2- 
dioxaborolan-2-yl)propanoate (syn-3k) 

Colorless oil. 22.3 mg, 49% yield. [α]D
26.0 +9.6 (c 0.75, CHCl3) for 98% ee; 1H 

NMR (400 MHz, CDCl3) δ (ppm) 7.79−7.73 (m, 3H), 7.65 (s, 1H), 7.45−7.36 
(m, 3H), 5.39 (brs, 1H), 4.84 (brs, 1H), 3.63 (s, 3H), 3.08 (d, J = 5.6 Hz, 1H), 
1.38 (s, 9H), 1.27 (s, 6H), 1.25 (s, 6H); 13C NMR (100 MHz, CDCl3) δ (ppm) 
172.89, 155.21, 135.24, 133.56, 132.21, 128.07, 127.94, 127.91, 127.66, 
127.48, 125.76, 125.38, 84.11, 79.68, 56.09, 52.02, 28.27, 24.76, 24.62; 

ESI-MS: [M+Na]⊕ 478.0; HRMS (FTMS-ESI): [M+Na]⊕ calcd for C25H34
10BNO6Na⊕ 477.2408, found 

477.2400; IR (KBr) ν (cm-1) 3428, 3056, 2978, 2927, 2851, 1717, 1506, 1368, 1332, 1166, 1055, 1013, 
858, 749; HPLC: Chiracel OD-H Column (250 mm); detected at 210 nm; n-hexane / i-propanol = 95/5; 
flow rate = 1.0 mL/min; Retention time: 4.8 min (2S,3R)-3k, 5.7 min (2R,3S)-3k. 

 
 

(2R,3R)-Methyl 2-((tert-butoxycarbonyl)amino)-3-(naphthalen-2-yl)-3-(4,4,5,5-tetramethyl-1,3,2- 
dioxaborolan-2-yl)propanoate (anti-3k) 

Colorless oil. 22.8 mg, 50% yield. [α]D
25.8 +18.2 (c 1.13, CHCl3) for 95% ee; 

1H NMR (400 MHz, CDCl3) δ (ppm) 7.79−7.74 (m, 3H), 7.66 (s, 1H), 
7.45−7.38 (m, 3H), 4.89 (brs, 1H), 4.79 (brs, 1H), 3.73 (s, 3H), 2.95 (d, J = 9.2 
Hz, 1H), 1.28 (s, 9H), 1.21 (s, 6H), 1.18 (s, 6H); 13C NMR (100 MHz, CDCl3) 
δ (ppm) 173.03, 155.24, 135.36, 133.59, 132.21, 128.06, 127.93, 127.60, 
127.53, 127.50, 125.79, 125.34, 83.85, 79.61, 85.27, 55.27, 52.24, 28.11, 24.56, 

24.49; (The carbon directly attached to the boron atom was not detected, likely due to quadrupole relaxa-
tion.) ESI-MS: [M+Na]⊕ 478.2; HRMS (FTMS-ESI): [M+Na]⊕ calcd for C25H34

10BNO6Na⊕ 477.2408, 
found 477.2403; IR (KBr) ν (cm-1) 3444, 2976, 2927, 2851, 1755, 1719, 1480, 1365, 1270, 1156, 970, 
860, 760; HPLC: Phenomenex Lux 5u Cellulose-2 (PC-2) Column; detected at 214 nm; n-hexane / 
i-propanol = 80/20; flow rate = 0.7 ml/min; Retention time: 7.6 min (2R, 3R)-3k, 9.8 min (2S,3S)-3k. 
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(2S,3R)-Methyl 3-(3-bromo-5-methylphenyl)-2-((tert-butoxycarbonyl)amino)-3-(4,4,5,5-tetramethyl 
-1,3,2-dioxaborolan-2-yl)propanoate  (syn-3m) 

Colorless oil. 21.4 mg, 43% yield. [α]D
25.4 +17.7 (c 1.01, CHCl3) for 96% ee; 

1H NMR (400 MHz, CDCl3) δ (ppm) 7.16 (s, 2H), 6.94 (s, 1H), 5.36 (brs, 1H), 
4.69 (brs, 1H), 3.67 (s, 3H), 2.86 (d, J = 4.8 Hz, 1H), 2.27 (s, 3H), 1.42 (s, 9H), 
1.26 (s, 6H), 1.24 (s, 6H); 13C NMR (100 MHz, CDCl3) δ (ppm) 172.58, 
155.22, 139.94, 139.77, 130.18, 129.46, 129.17, 122.10, 84.18, 79.73, 55.96, 
52.09, 28.28, 24.98, 24.69, 24.44; ESI-MS: [M-Boc+H]⊕ 398.1; HRMS 

(FTMS-ESI): [M-Boc+H]⊕ calcd for C17H26
10B79BrNO4

⊕ 397.1169, found 397.1154; IR (KBr) ν (cm-1) 
3426, 2978, 2925, 1721, 1601, 1503, 1445, 1367, 1166, 1057, 1021, 852; HPLC: Chiracel OD-H Column 
(250 mm); detected at 210 nm; n-hexane / i-propanol = 95/5; flow rate = 1.0 mL/min; Retention time: 4.1 
min (2S,3R)-3m, 5.2 min (2R,3S)-3m. 

  
 
(2R,3R)-Methyl 3-(3-bromo-5-methylphenyl)-2-((tert-butoxycarbonyl)amino)-3-(4,4,5,5-tetramethyl 
-1,3,2-dioxaborolan-2-yl)propanoate (anti-3m) 

Colorless oil. 25.4 mg, 51% yield. [α]D
25.5 +15.6 (c 1.21, CHCl3) for 97% ee; 

1H NMR (400 MHz, CDCl3) δ (ppm) 7.16 (d, J = 10.8 Hz, 2H), 6.96 (s, 1H), 
4.75 (brs, 2H), 3.72 (s, 3H), 2.72 (brs, J = 8.4Hz, 1H), 2.28 (s, 3H), 1.36 (s, 
9H), 1.21 (s, 6H), 1.20 (s, 6H); 13C NMR (100 MHz, CDCl3) δ (ppm) 172.73, 
155.22, 139.90, 139.74, 130.04, 129.41, 128.90, 122.09, 83.89, 79.70, 55.25, 
52.25, 28.25, 24.65, 24.41, 21.07; (The carbon directly attached to the boron 

atom was not detected, likely due to quadrupole relaxation.) ESI-MS: [M-Boc+H]⊕ 398.1; HRMS 
(FTMS-ESI): [M+Na]⊕ calcd for C22H33

10B79BrNO6Na⊕ 519.1513, found 519.1505; IR (KBr) ν (cm-1) 
3382, 2977, 2924, 2851, 1713, 1568, 1505, 1445, 1367, 1166, 1049, 852, 669; HPLC: Chiracel OD-H 
Column (250 mm); detected at 210 nm; n-hexane / i-propanol = 95/5; flow rate = 1.0 mL/min; Retention 
time: 4.9 min (2R, 3R)-3m, 5.8 min (2S,3S)-3m. 
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(2S,3R)-Methyl 2-((tert-butoxycarbonyl)amino)-3-(2,3-dimethylphenyl)-3-(4,4,5,5-tetramethyl-1, 
3,2-dioxaborolan-2-yl)propanoate (syn-3n) 

Colorless oil. 21.7 mg, 50% yield. [α]D
26.0 −6.1 (c 0.98, CHCl3) for 94% ee; 1H 

NMR (400 MHz, CDCl3) δ (ppm) 6.99−6.98(m, 3H), 5.50 (brs, 1H), 4.60 (brs, 
1H), 3.67 (s, 3H), 3.29 (d, J = 4.8 Hz, 1H), 2.26 (s, 3H), 2.25 (s, 3H), 1.36 (s, 
9H), 1.28 (s, 6H), 1.23 (s, 6H); 13C NMR (100 MHz, CDCl3) δ (ppm) 173.11, 
155.48, 137.05, 136.05, 135.49, 128.29, 127.36, 124.96, 83.96, 79.42, 55.58, 
52.07, 28.29, 24.84, 24.37, 21.19, 15.26; ESI-MS: [M+Na]⊕ 456.2; HRMS 

(FTMS-ESI): [M+Na]⊕ calcd for C23H36
10BNO6Na⊕ 455.2564, found 455.2565; IR (KBr) ν (cm-1) 3413, 

2978, 2925, 2852, 1760, 1710, 1503, 1374, 1166, 1052, 964, 856, 789; HPLC: Chiracel OD-H Column 
(250 mm); detected at 210 nm; n-hexane / i-propanol = 95/5; flow rate = 1.0 mL/min; Retention time: 3.9 
min (2S,3R)-3n, 4.6 min (2R,3S)-3n. 

  
 
(2R,3R)-Methyl 2-((tert-butoxycarbonyl)amino)-3-(2,3-dimethylphenyl)-3-(4,4,5,5-tetramethyl-1, 
3,2-dioxaborolan-2-yl)propanoate (anti-3n) 

 Colorless oil. 21.7 mg, 50% yield. [α]D
26.0 +10.4 (c 1.09, CHCl3) for 94% ee; 

1H NMR (400 MHz, CDCl3) δ (ppm) 7.11 (d, J = 7.6 Hz, 1H), 7.03−6.96 (m, 
2H), 4.77 (brs, 2H), 3.71 (s, 3H), 3.09 (brs, 1H), 2.26 (s, 3H), 2.21 (s, 3H), 
1.34 (s, 9H), 1.19 (s, 6H), 1.17 (s, 6H); 13C NMR (100 MHz, CDCl3) δ (ppm) 
173.35, 155.19, 135.17, 135.42, 127.91, 127.85, 126.90, 125.21, 83.63, 79.53, 
55.17, 52.08, 28.18, 24.52, 24.45, 21.18, 15.56; (The carbon directly attached 

to the boron atom was not detected, likely due to quadrupole relaxation.) ESI-MS: [M-Boc+H]⊕ 334.2; 
HRMS (FTMS-ESI): [M+Na]⊕ calcd for C23H36

10BNO6Na⊕ 455.2564, found 455.2570; IR (KBr) ν (cm-1) 
3403, 2980, 2924, 2852, 1739, 1717, 1510, 1478, 1361, 1320, 1274, 1149, 1020, 969, 847, 792; HPLC: 
Chiracel OD-H Column (250 mm); detected at 210 nm; n-hexane / i-propanol = 95/5; flow rate = 1.0 
mL/min; Retention time: 4.3 min (2R, 3R)-3n, 5.0 min (2S,3S)-3n. 
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(2S,3R)-methyl 2-((tert-butoxycarbonyl)amino)-3-(3,5-di-tert-butylphenyl)-3-(4,4,5,5-tetramethyl-1, 
3,2-dioxaborolan-2-yl)propanoate (syn-3o) 

Colorless oil. 25.9 mg, 50% yield. [α]D
25.8 +17.6 (c 1.29, CHCl3) for 98% ee; 

1H NMR (400 MHz, CDCl3) δ (ppm) 7.22 (s, 1H), 7.04 (s, 2H), 5.37 (brs, 1H), 
4.75 (brs, 1H), 3.62 (s, 3H), 2.88 (d, J = 5.2 Hz, 1H), 2.27 (s, 3H), 1.41 (s, 9H), 
1.29 (s, 18H), 1.28 (s, 6H), 1.26 (s, 6H); 13C NMR (100 MHz, CDCl3) δ (ppm) 
173.00, 155.11, 150.27, 136.20, 123.94, 120.11, 83.86, 79.42, 56.15, 51.91, 
34.72, 31.45, 28.33, 24.83, 24.56; ESI-MS: [M-Boc+H]⊕ 418.4; HRMS 

(FTMS-ESI): [M+Na]⊕ calcd for C29H48
10BNO6Na⊕ 539.3503, found 539.3499; IR (KBr) ν (cm-1) 3441, 

2966, 2868, 1721, 1598, 1506, 1366, 1166, 1056, 871, 851, 715; HPLC: Phenomenex Lux 5u Cellulose-4 
(PC-4) Column; detected at 214 nm; n-hexane / i-propanol = 90/10; flow rate = 0.7 ml/min; Retention 
time: 5.4 min (2S,3R)-3o, 6.0 min (2R,3S)-3o. 

  
(2R,3R)-methyl 2-((tert-butoxycarbonyl)amino)-3-(3,5-di-tert-butylphenyl)-3-(4,4,5,5-tetramethyl-1, 
3,2-dioxaborolan-2-yl)propanoate (anti-3o) 

Colorless oil. 23.3 mg, 45% yield. [α]D
25.7 +5.5 (c 1.14, CHCl3) for 97% ee; 1H 

NMR (400 MHz, CDCl3) δ (ppm) 7.22 (s, 1H), 7.03 (s, 2H), 4.75 (brs, 2H), 
3.71 (s, 3H), 2.79 (brs, 1H), 2.27 (s, 3H), 1.34 (s, 9H), 1.29 (s, 18H), 1.22 (s, 
6H), 1.20 (s, 6H); 13C NMR (100 MHz, CDCl3) δ (ppm) 173.11, 155.07, 
150.46, 135.94, 123.94, 120.03, 83.62, 79.16, 55.14, 52.08, 34.72, 31.43, 28.21, 
24.62, 24.53; (The carbon directly attached to the boron atom was not detected, 

likely due to quadrupole relaxation.) ESI-MS: [M-Boc+H]⊕ 418.2; HRMS (FTMS-ESI): [M+Na]⊕ calcd 
for C29H48

10BNO6Na⊕ 539.3503, found 539.3515; IR (KBr) ν (cm-1) 3398, 2965, 2925, 2867, 1731, 1713, 
1597, 1477, 1363, 1248, 1146, 1012, 876, 850; HPLC: Phenomenex Lux 5u Amylose-2 (PA-2) Column; 
detected at 214 nm; n-hexane / i-propanol = 80/20; flow rate = 0.7 ml/min; Retention time: 4.9 min (2R, 
3R)-3o, 5.8 min (2S,3S)-3o. 
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(2S,3R)-Methyl 3-(benzo[d][1,3]dioxol-5-yl)-2-(( tert -butoxycarbonyl)amino)-3-(4,4,5,5-tetramethyl- 
1,3,2-dioxaborolan-2-yl)propanoate (syn-3p) 

Colorless oil. 21.1 mg, 47% yield. [α]D
25.3 +12.9 (c 0.70, CHCl3) for 91% ee; 

1H NMR (400 MHz, CDCl3) δ (ppm) 6.71 (d, J = 10.8 Hz, 2H), 6.64 (d, J = 
7.6 Hz, 1H), 5.90 (d, J = 6.8 Hz, 2H), 5.32 (brs, 1H), 4.68 (brs, 1H), 3.66 (s, 
3H), 2.82 (d, J = 4.4 Hz, 1H), 1.41 (s, 9H), 1.26 (s, 6H), 1.24 (s, 6H); 13C 
NMR (100 MHz, CDCl3) δ (ppm) 172.77, 155.38, 147.62, 146.20, 131.29, 
122.83, 110.01, 108.24, 100.76, 84.03, 79.61, 56.43, 52.02, 28.28, 24.75, 24.49; 

ESI-MS: [M+Na]⊕ 472.2; HRMS (FTMS-ESI): [M+Na]⊕ calcd for C22H32
10BNO8Na⊕ 471.2150, found 

471.2157; IR (KBr) ν (cm-1) 3389, 2979, 2924, 1745, 1694, 1493, 1445, 1368, 1251, 1163, 1039, 930, 854; 
HPLC: Chiracel OD-H Column (250 mm); detected at 210 nm; n-hexane / i-propanol = 95/5; flow rate = 
1.0 mL/min; Retention time: 5.5 min (2S,3R)-3p, 7.0 min (2R,3S)-3p. 

  
 
(2R,3R)-Methyl 3-(benzo[d][1,3]dioxol-5-yl)-2-((tert-butoxycarbonyl)amino)-3-(4,4,5,5-tetramethyl- 
1,3,2-dioxaborolan-2-yl)propanoate (anti-3p) 

Colorless oil. 22.0 mg, 49% yield. [α]D
25.5 −16.5 (c 1.10, CHCl3) for 92% ee; 

1H NMR (400 MHz, CDCl3) δ (ppm) 6.76−6.64 (m, 3H), 5.91 (d, J = 4.0 Hz, 
1H), 4.81 (brs, 1H), 4.70 (brs, 1H), 3.71 (s, 3H), 2.72 (4.81 (brs, 1H), 1H), 
1.37 (s, 9H), 1.22 (s, 6H), 1.21 (s, 6H); 13C NMR (100 MHz, CDCl3) δ (ppm) 
172.84, 155.21, 147.56, 146.17, 131.01, 122.71, 109.89, 108.24, 100.78, 83.83, 
79.56, 55.52, 52.14, 28.20, 24.57, 24.52; (The carbon directly attached to the 

boron atom was not detected, likely due to quadrupole relaxation.)   ESI-MS: [M-Boc+H]⊕ 350.2; 
HRMS (FTMS-ESI): [M+Na]⊕ calcd for C22H32

10BNO8Na⊕ 471.2150, found 471.2157; IR (KBr) ν (cm-1) 
3389, 2979, 2925, 2853, 1698, 1506, 1446, 1369, 1249, 1165, 1039, 983, 932, 852; HPLC: Chiracel 
OD-H Column (250 mm); detected at 210 nm; n-hexane / i-propanol = 95/5; flow rate = 1.0 mL/min; Re-
tention time: 6.6 min (2R,3R)-3p, 8.3 min (2S,3S)-3p. 
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(2S,3R)-Methyl 2-((tert-butoxycarbonyl)amino)-5-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan- 
2-yl)pentanoate (syn-3q) 

Colorless oil. 21.7 mg, 50% yield. [α]D
21.7 −3.7 (c 1.07, CHCl3) for −82% ee; 

1H NMR (400 MHz, CDCl3) δ (ppm) 7.26 (t, J = 7.6 Hz, 2H), 7.18−7.15 (m, 
3H), 5.38 (brs, 1H), 4.51 (brs, 1H), 3.69 (s, 3H), 2.69−2.63 (m, 2H), 1.79−1.65 
(m, 3H), 1.45 (s, 9H), 1.25 (s, 6H), 1.24 (s, 6H); 13C NMR (100 MHz, CDCl3) 
δ (ppm) 173.47, 155.77, 142.15, 128.42, 128.27, 125.75, 83.73, 79.58, 54.26, 
52.05, 34.99, 29.66, 28.34, 24.84, 24.56; ESI-MS: [M+Na]⊕ 456.2; HRMS 

(FTMS-ESI): [M+Na]⊕ calcd for C23H36
10BNO6Na⊕ 455.2564, found 455.2568; IR (KBr) ν (cm-1) 3432, 

2978, 2928, 2856, 1718, 1498, 1456, 1371, 1284, 1168, 850, 701; HPLC: Phenomenex Lux 5u Cellu-
lose-4 (PC-4) Column; detected at 214 nm; n-hexane / i-propanol = 70/30; flow rate = 0.7 ml/min; Reten-
tion time: 5.1 min (2R,3S)-3q, 6.6 min (2S,3R)-3q. 

  
 
(2R,3R)-Methyl 2-((tert-butoxycarbonyl)amino)-5-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan 
-2-yl)pentanoate (anti-3q) 

Colorless oil. 21.7 mg, 50% yield. [α]D
21.7 −4.9 (c 0.92, CHCl3) for −92% ee; 

1H NMR (400 MHz, CDCl3) δ (ppm) 7.26 (t, J = 7.6 Hz, 2H), 7.18−7.15 (m, 
3H), 5.25 (brs, 1H), 4.47 (brs, 1H), 3.68 (s, 3H), 2.76−2.69 (m, 1H), 2.61−2.54 
(m, 1H), 1.89−1.79 (m, 1H), 1.62 (brs, 2H), 1.43 (s, 9H), 1.27 (s, 12H); 13C 
NMR (100 MHz, CDCl3) δ (ppm) 173.46, 155.43, 142.25, 128.54, 128.37, 
125.86, 83.77, 79.72, 54.68, 52.11, 35.09, 29.30, 28.43, 25.09, 24.76; ESI-MS: 

[M+Na]⊕ 456.2; HRMS (FTMS-ESI): [M+Na]⊕ calcd for C23H36
10BNO6Na⊕ 455.2564, found 455.2565; 

IR (KBr) ν (cm-1) 3427, 2979, 2927, 2854, 1716, 1498, 1381, 1266, 1167, 739, 702; HPLC: Phenomenex 
Lux 5u Cellulose-4 (PC-4) Column; detected at 230 nm; n-hexane / i-propanol = 90/10; flow rate = 0.7 
ml/min; Retention time: 6.9 min (2R,3R)-3q, 7.5 min (2S,3S)-3q. 
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5. MECHANISM PRELIMINARY INVESTIGATION 
To probe the ‘hydrogen’ source of this conjugate hydroboration reaction, [D4]-mathanol experiment 

was investigated.  

CO2Me

NHBoc
B2Pin2 (2, 5.0 equiv)

CO2Me

NHBoc

Bpin
CuCl (10 mol%)

NaOt-Bu (15 mol%)
(S,Sp)-ip-FOXAP(L6, 20 mol%)

Toluene, RT, 12 h

+ CO2Me

NHBoc

Bpin

syn-3i/[D]-syn-3i = 51:49 anti-3i/[D]-anti-3i = 50:50

[D4]-MeOH (4.0 equiv), 3Å MS

(Z)-1i

Me
Me Me

H/D H/D

47% yield 46% yield

 

PROCEDURE: A dried Schlenk flask was charged with CuCl (1.0 mg, 0.01 mmol), ligand 
(S,SP)-ip-FOXAP (L6, 10 mg, 0.02 mmol), B2Pin2 (2, 128 mg, 0.50 mmol), NaOtBu (1.5 mg, 0.015 
mmol) , 3Å molecular sieves (20 mg) and anhydrous toluene (0.5 mL) under argon atmosphere. After the 
mixture was stirred at room temperature for 30 min, a solution of substrate (Z)-1i (29 mg, 0.10 mmol) in 
anhydrous toluene (0.5 mL) was added, followed by anhydrous [D4]-MeOH (16 μL, 0.40 mmol). The re-
sulting mixture was stirred at room temperature for 1 to 24 hours. Then the reaction mixture was 
quenched with water (5 mL), extracted with EtOAc (15 mL × 3) and washed with brine, dried over an-
hydrous Na2SO4, filtered and concentrated in vacuo. The residue was purified by flash silica gel (300-400 
mesh) chromatography to afford the desired products syn-3i and anti-3i. [Only 50% of deuterated product 
was observed with [D4]-MeOH (4 equiv) as additive, which showed that the trace water in reaction sys-
tem also could provide the protons. The HSQC spectra (see page S101) of syn-3i could help to distinguish 
its hydrogen atoms between N-H and N-CH-.] 

PROPOSED MECHANISM: Initiation of the reaction through the transmetallation of a (pinacolato)boron 
group (Bpin) from boron to copper species A generated the borylated copper B, which was coordinated 
with substrate (Z)-1 and subsequently underwent conjugate addition to α,β-unsaturated double bond in 
the substrate (Z)-1 to afford borylated enloate-copper intermediate D. [Due to the steric hindrance (see 
C’), the conjugate addition of (E)-1 was difficult to occur.] The intermediate D was readily protonated by 
trace water or methanol to regenerate A and liberate the product 3.  

 
Scheme S5-1 Proposed mechanism 
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6. TRANSFORMATION OF THE HYDROBORATION PRODUCTS 

6.1 The Transformation of Hydroboration Product syn-3a. 

 

(2S,3R)-Methyl 2-((tert-butoxycarbonyl)amino)-3-hydroxy-3-phenylpropanoate (4a)[1]  

To a solution of syn-3a (55 mg, 0.136 mmol) in THF/H2O (1:1, 3 mL) was added NaBO3•4H2O (104 mg, 
5.0 equiv) and the reaction mixture was stirred at room temperature for 5 hours. Then it was diluted with 
H2O (10 mL) and extracted with ethyl acetate (15 mL ×3). The combined organic phases were washed 
with brine (10 mL), dried over anhydrous Na2SO4 and concentrated under reduced pressure. The residue 
was purified by flash column chromatography using hexane/ethyl acetate eluent (3:1) to afford the desired 
product 4a (34.1 mg, 85% yield) as white solid. [α]D

25.3 −24.4 (c 1.45, CHCl3) for 98% ee; 1H NMR (400 
MHz, CDCl3) δ (ppm) 7.37−7.28 (m, 5H), 5.35 (brs, 1H), 5.21 (s, 1H), 4.53 (brs, 1H), 3.74 (s, 3H), 3.02 
(s, 1H), 1.32 (s, 9H); ESI-MS: [M+Na]⊕ 318.1; HPLC: Chiracel AD-H Column (250 mm); detected at 
210 nm; n-hexane / i-propanol = 95/5; flow rate = 1.0 mL/min; Retention time: 31.9 min (2S, 3R)-4a, 
34.2 min (2R,3S)-4a. 

  

 

(2S,3R)-Methyl 2-amino-3-hydroxy-3-phenylpropanoate hydrochloride salt (5a)[2] 

To a 1,4-dioxane (4 mL) solution of HCl (gas, 4M) was added 4a (53.7 mg, 0.182 mmol). The resulting 
mixture was stirred at 80 oC for 2 h and concentrated to afford the desired product 5a (40 mg, 95% yield) 
as faint yellow solid. [α]D

25.5 −31.1 (c 0.80, MeOH); 1H NMR (400 MHz, CD3OD) δ (ppm) 7.51−7.39 (m, 
5H), 5.28 (d, J = 4.8 Hz, 1H), 4.26 (d, J = 4.4 Hz, 1H), 3.82 (s, 3H); ESI-MS: [M-HCl+H]⊕ 196.1. 

                                                             
[1] (a) Okiko M.; Hiroshi A.; Takeaki N. Chem. Pharm. Bull., 2005, 53, 355. (b) Crich, D.; Banerjee, A. J. 

Org. Chem. 2006, 71, 7106. 
[2] Sparr, C.; Gilmour, R. Angew. Chem. Int. Ed. 2010, 49, 6520. 
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6.2 The Transformation of Hydroboration Product syn-3p. 

 
(2S,3R)-Methyl 3-(benzo[d][1,3]dioxol-5-yl)-2-((tert-butoxycarbonyl)amino)-3-hydroxypropanoate 
(4p) To a solution of syn-3p (183 mg, 0.407 mmol) in THF/H2O (1:1, 10mL) was added NaBO3•4H2O 
(310 mg, 5.0 equiv) and the reaction mixture was stirred at room temperature for 1.5 hours. Then it was 
diluted with H2O (20 mL) and extracted with ethyl acetate (20 mL × 3). The combined organic phases 
were washed with brine (20 mL), dried over anhydrous Na2SO4 and concentrated under reduced pressure. 
The residue was purified by flash column chromatography using n-hexane/ethyl acetate eluent (3:1) to 
afford the desired product 4p (124 mg, 90% yield) as colorless oil. [α]D

23.4 −13.2 (c 1.00, CHCl3) for 91% 
ee; 1H NMR (400 MHz, CDCl3) δ (ppm) 6.88 (s, 1H), 6.79 (dd, J = 18.0 Hz, J = 8.0 Hz, 2H), 5.93 (d, J = 
6.8 Hz, 2H), 5.34 (brs, 1H), 5.12 (s, 1H), 4.45 (brs, 1H), 3.75 (s, 3H), 2.85 (brs, 1H), 1.36 (s, 9H); 13C 
NMR (100 MHz, CDCl3) δ (ppm) 171.36, 155.69, 147.59, 147.16, 134.05, 119.43, 107.99, 106.68, 
100.96, 80.06, 73.45, 59.59, 52.47, 28.11; ESI-MS: [M+Na]⊕ 362.0; HRMS (FTMS-ESI): [M+Na]⊕ calcd 
for C16H21NO7Na⊕ 362.1210, found 362.1210; IR (KBr) ν (cm-1) 3401, 2978, 2923, 1698, 1505, 1492, 
1444, 1368, 1251, 1163, 1039, 934, 855; HPLC: Chiracel AD-H Column (250 mm); detected at 210 nm; 
n-hexane / i-propanol = 90/10; flow rate = 1.0 mL/min; Retention time: 23.9 min (2S,3R)-4p, 27.3 min 
(2R,3S)-4p. 

  

 
(2S,3R)-Methyl-2-amino-3-(benzo[d][1,3]dioxol-5-yl)-3-hydroxypropanoate hydrochloride salt (5p)  
To a 1,4-dioxane (4 mL) solution of HCl (gas, 4M) was added 4p (43 mg, 0.127 mmol). The resulting 
mixture was stirred at 80 oC for 1 h and concentrated to afford the desired product 5p (29.5 mg, 85% 
yield) as faint yellow solid. mp 80.1−82.0 oC. [α]D

23.8 −10.9 (c 0.65, MeOH); 1H NMR (400 MHz, 
CD3OD) δ (ppm) 6.88 (s, 1H), 6.82 (d, J = 7.6 Hz, 1H), 6.75 (d, J = 8.0 Hz, 1H), 5.87 (s, 2H), 5.06 (d, J 
=3.6 Hz, 1H), 4.08 (d, J = 3.6 Hz, 1H), 3.69 (s, 3H); 13C NMR (100 MHz, CD3OD) δ (ppm) 169.10, 
149.60, 149.26, 134.21, 120.76, 109.31, 107.45, 102.68, 71.92, 60.59, 53.69; ESI-MS: [M-HCl+H]⊕ 
239.9; HRMS (FTMS-ESI): [M-HCl+H]⊕ calcd for C11H14NO5

⊕ 240.0866, found 240.0870; IR (KBr) ν 
(cm-1) 3383, 2920, 1746, 1505, 1488, 1444, 1244, 1035, 929, 810. 
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7. 1H NMR, 13C NMR, HSQC COPIES 
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