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1. General information 

 

Flash chromatography was performed using silica gel 60 (200-300 mesh). Thin 

layer chromatography was carried out on silica gel 60 F-254 TLC plates of 20 cm × 

20 cm. Melting points are uncorrected. IR spectra were collected on Bruker Vector 22 

in KBr pellets. Values of optical rotation were measured on Rudolph Automatic 

Polarimeter A21101 at the wavelength of the sodium D-line (589 nm) at 25 °C. 
1
H 

and 
13

C NMR (TMS used as internal standard) spectra were recorded with a Bruker 

ARX 400 spectrometer. High resolution mass spectra for all the new compounds were 

done by Micromass Q-Tof instrument (ESI). HPLC analysis was performed on 

Shimadzu SPD-20A using Daicel Chiralpak OD-H or IA column. 

Organic solvents used were dried by standard methods when necessary. β-keto 

acids
 
[1-2] and α-keto esters

 
[3] were prepared according to the previous reports. 

2. General procedure for the decarboxylative aldol reaction  

A dry Schlenk tube under N2 atmosphere was charged with Sc(OTf)3 (0.01 mmol, 

0.1 equiv.) and pyBOX 6a (0.012 mmol, 0.12 equiv.). Dry CHCl3 (0.5 mL) was added 

and the solution was stirred at 0°C for 30 min. Subsequently, α-keto ester  (0.1 

mmol), β-keto acid (0.2 mmol, 2.0 equiv.) were added and the Schlenk tube was 

sealed. After complete consumption of starting material (0°C, 48 hours, TLC control), 

the solvent was evaporated under reduced pressure, the residue was purified by a flash 

column chromatography on silica gel to afford the desired adducts and the ee values 

were determined by HPLC analysis with chiral column. 
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Compound 3a: colorless solid, yield 90%, 84% ee, mp 67-69 
o
C, [α]D

25
 -30.00 (c = 

0.20, CHCl3). 
1
H NMR (400 MHz, CDCl3): δ = 7.97-7.94 (m, 2H), 7.69-7.67 (m, 2H), 

7.61-7.57 (m, 1H), 7.48-7.31(m, 5H), 4.51 (s, 1H), 4.26 (q, J = 7.1 Hz, 2H), 4.06 (d, J 

= 17.7 Hz, 1H), 3.58 (d, J = 17.7 Hz, 1H), 1.25 (t, J = 7.1 Hz, 3H). 13
C NMR (101 

MHz, CDCl3): δ = 198.66, 174.01, 140.72, 136.41, 133.73, 128.71, 128.52, 128.20, 

128.08, 125.11, 76.44, 62.24, 49.00, 14.01. IR (KBr): ν = 3492, 3060, 2956, 1723, 

1676, 1596, 1448, 1365, 1275, 1209, 1138, 1097, 1066, 1001, 949, 752, 701, 685, 658, 

578. HRMS [M+Na
+
]: calcd for C18H18O4Na: 321.1103, found: 321.1105. HPLC 

analysis (IA column, λ = 254 nm, eluent: hexane/2-propanol 80/20, flow rate: 0.8 

mL/min): tR = 10.80 min (minor), 17.04 min (major). 

 

Compound 3b: colorless solid, yield 90%, 78% ee, mp 90-91 
o
C, [α]D

25
 -77.29 (c = 

0.41, CHCl3). 
1
H NMR (400 MHz, CDCl3): δ = 7.95-7.92 (m, 2H), 7.67-7.64 (m, 2H), 

7.58-7.54 (m, 1H), 7.45-7.42 (m, 2H), 7.07-7.03 (m, 2H), 4.57 (s, 1H), 4.23 (q, J = 

7.1 Hz, 2H), 4.04 (d, J = 17.7 Hz, 1H), 3.55 (d, J = 17.7 Hz, 1H), 1.22 (t, J = 7.1 Hz, 

3H).
 13

C NMR (101 MHz, CDCl3): δ = 198.45, 173.87, 163.77, 161.31, 136.58, 

136.55, 136.31, 133.80, 128.73, 128.19, 127.14, 127.06, 115.40, 115.19, 76.07, 62.28, 

49.00, 13.98. IR (KBr): ν = 3512, 3096, 2923, 1731, 1679, 1597, 1508, 1449, 1353, 

1273, 1212, 1141, 1063, 1011, 846, 757, 690, 624, 562. HRMS [M+Na
+
]: calcd for 

C18H17FO4Na: 339.1009, found: 339.1004. HPLC analysis (IA column, λ = 254 nm, 

eluent: hexane/2-propanol 80/20, flow rate: 0.8 mL/min): tR = 11.06 min (minor), 

17.83 min (major). 
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Compound 3c: colorless oil, yield 91%, 81% ee, [α]D
25

 -62.53 (c = 0.39, CHCl3). 
1
H 

NMR (400 MHz, CDCl3): δ = 7.93-7.91 (m, 2H), 7.58-7.53 (m, 3H), 7.50-7.40 (m, 

4H), 4.58 (s, 1H), 4.22 (q, J = 7.1 Hz, 2H), 4.01 (d, J = 17.7 Hz, 1H), 3.54 (d, J = 17.7 

Hz, 1H), 1.21 (t, J = 7.1 Hz, 3H). 
13

C NMR (101 MHz, CDCl3): δ = 198.28, 173.60, 

139.92, 136.25, 133.84, 131.59, 128.75, 128.21, 127.13, 122.28, 76.14, 62.38, 48.85, 

14.03. IR (KBr): ν = 3506, 2980, 2934, 1731, 1682, 1597, 1486, 1449, 1356, 1215, 

1010, 831, 755, 689, 587. HRMS [M+Na
+
]: calcd for C18H17BrO4Na: 399.0208, found: 

399.0208. HPLC analysis (IA column, λ = 254 nm, eluent: hexane/2-propanol 80/20, 

flow rate: 0.8 mL/min): tR = 12.10 min (minor), 21.04 min (major). 

 

Compound 3d: colorless oil, yield 92%, 76% ee, [α]D
25

 -40.28 (c = 0.14, CHCl3). 
1
H 

NMR (400 MHz, CDCl3): δ = 7.95-7.93 (m, 2H), 7.75-7.71 (m, 2H), 7.60-7.56 (m, 

1H), 7.47-7.44 (m, 2H), 7.26-7.22 (m, 2H), 4.57 (s, 1H), 4.26 (q, J = 7.1 Hz, 2H), 

4.04 (d, J = 17.7 Hz, 1H), 3.56 (d, J = 17.7 Hz, 1H), 1.25 (t, J = 7.1 Hz, 3H).
 13

C 

NMR (101 MHz, CDCl3): δ = 198.31, 173.65, 149.03, 149.01, 139.39, 136.24, 133.85, 

128.74, 128.19, 126.87, 120.82, 76.09, 62.44, 49.04, 13.95. IR (KBr): ν = 3504, 3068, 

2983, 2930, 1737, 1680, 1597, 1506, 1449, 1358, 1261, 1214, 1168, 1104, 1019, 852, 

757, 689, 587. HRMS [M+Na
+
]: calcd for C19H17F3O5Na: 405.0926, found: 405.0926. 

HPLC analysis (IA column, λ = 254 nm, eluent: hexane/2-propanol 80/20, flow rate: 

0.8 mL/min): tR = 9.86 min (minor), 15.48 min (major). 
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Compound 3e: colorless solid, yield 85%, 49% ee, mp 77-79 
o
C, [α]D

25
 -11.77 (c = 

0.34, CHCl3). 
1
H NMR (400 MHz, CDCl3): δ = 7.96-7.94 (m, 2H), 7.60-7.55 (m, 3H), 

7.48-7.44 (m, 2H), 6.92-6.89 (m, 2H), 4.46 (s, 1H), 4.24 (q, J = 7.1 Hz, 2H), 

4.07-4.01 (m, 3H), 3.56 (d, J = 17.7 Hz, 1H), 1.41 (t, J = 7.0 Hz, 3H), 1.24 (t, J = 7.1 

Hz, 3H).
 13

C NMR (101 MHz, CDCl3): δ = 198.76, 174.21, 158.78, 136.46, 133.69, 

132.61, 128.70, 128.19, 126.36, 114.38, 76.10, 63.49, 62.12, 48.93, 14.83, 14.03. IR 

(KBr): ν = 3521, 3466, 2984, 2936, 1732, 1683, 1606, 1509, 1450, 1346, 1245, 1204, 

1177, 1106, 1042, 842, 761, 691, 575. HRMS [M+Na
+
]: calcd for C20H22O5Na: 

365.1365, found: 365.1366. HPLC analysis (IA column, λ = 254 nm, eluent: 

hexane/2-propanol 80/20, flow rate: 0.8 mL/min): tR = 13.04 min (minor), 21.42 min 

(major). 

 

Compound 3f : colorless oil, yield 81%, -41% ee (4S-pyBox ligand was used), [α]D
25

 

16.00 (c = 0.20, CHCl3). 
1
H NMR (400 MHz, CDCl3): δ = 7.94-7.54 (m, 5H), 

7.45-7.21 (m, 4H), 4.56 (s, 1H), 4.27-4.20 (m, 2H), 4.03 (dd, J = 17.7, 12.9 Hz, 1H), 

3.55 (dd, J = 17.7, 12.9 Hz, 1H), 1.23 (t, J = 7.1 Hz, 3H).
 13

C NMR (101 MHz, 

CDCl3): δ = 198.61, 198.22, 173.51, 143.07, 136.23, 133.87, 133.74, 131.22, 130.08, 

128.76, 128.72, 128.53, 128.22, 128.09, 125.16, 123.92, 122.79, 76.43, 76.02, 62.47, 

62.20, 49.00, 48.97, 14.02. IR (KBr): ν = 3507, 2981, 2929, 1731, 1682, 1597, 1449, 

1357, 1263, 1215, 1179, 1061, 1002, 755, 689, 575. HRMS [M+Na
+
]: calcd for 

C18H17FO4Na: 339.1009, found: 339.1012. HPLC analysis (IA column, λ = 254 nm, 

eluent: hexane/2-propanol 80/20, flow rate: 0.8 mL/min): tR = 9.09 min (major), 17.77 

min (minor). 
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Compound 3g: colorless oil, yield 93%, 77% ee, [α]D
25

 -23.60 (c = 0.35, CHCl3). 
1
H 

NMR (400 MHz, CDCl3): δ = 7.91-7.89 (m, 2H), 7.55-7.51 (m, 1H), 7.43-7.39 (m, 

2H), 7.28-7.25 (m, 2H), 7.20-7.15 (m, 3H), 4.21 (q, J = 7.1 Hz, 2H), 4.05 (s, 1H), 

3.57 (d, J = 17.4 Hz, 1H), 3.43 (d, J = 17.4 Hz, 1H), 2.93-2.84 (m, 1H), 2.61-2.53 (m, 

1H), 2.11-2.07 (m, 2H), 1.24 (t, J = 7.1 Hz, 3H).
 13

C NMR (101 MHz, CDCl3): δ = 

198.41, 175.31, 141.51, 136.59, 133.64, 128.71, 128.51, 128.48, 128.20, 126.06, 

75.01, 61.81, 47.33, 41.37, 29.58, 14.26. IR (KBr): ν = 3517, 3061, 3027, 2927, 1730, 

1682, 1598, 1451, 1362, 1216, 1122, 1089, 1018, 755, 691, 594, 498. HRMS 

[M+Na
+
]: calcd for C20H22O4Na: 349.1416, found: 349.1416. HPLC analysis (IA 

column, λ = 254 nm, eluent: hexane/2-propanol 80/20, flow rate: 0.8 mL/min): tR = 

10.70 min (minor), 13.27 min (major). 

 

Compound 3h: colorless oil, yield 88%, 60% ee, [α]D
25

 -42.32 (c = 0.11, CHCl3). 
1
H 

NMR (400 MHz, CDCl3): δ = 7.94-7.92 (m, 2H), 7.58-7.54 (m, 1H), 7.46-7.33 (m, 

2H), 4.22 (q, J = 7.6 Hz, 2H), 4.04 (s, 1H), 3.65 (d, J = 17.6 Hz, 1H), 3.36 (d, J = 17.6 

Hz, 1H), 1.51 (s, 3H), 1.23 (t, J = 7.6 Hz, 3H).
 13

C NMR (101 MHz, CDCl3): δ = 

198.64, 175.85, 136.38, 133.56, 128.61, 128.08, 72.55, 61.55, 47.88, 26.41, 14.03. IR 

(KBr): ν = 3510, 2982, 2937, 1730, 1682, 1597, 1581, 1449, 1364, 1284, 1216, 1113, 

1010, 757, 691, 627, 577. HRMS [M+Na
+
]: calcd for C13H16O4Na: 259.0946, found: 

259.0956. HPLC analysis (OD-H column, λ = 254 nm, eluent: hexane/2-propanol 

80/20, flow rate: 0.8 mL/min): tR = 15.29 min (major), 16.99 min (minor). 
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Compound 3i: colorless oil, yield 91%, 56% ee, [α]D
25

 -30.30 (c = 0.20, CHCl3). 
1
H 

NMR (400 MHz, CDCl3): δ = 7.94-7.81 (m, 2H), 7.58-7.54 (m, 1H), 7.47-7.43 (m, 

2H), 4.23 (q, J = 7.1 Hz, 2H), 3.80 (s, 1H), 3.48 (q, J = 17.3 Hz, 2H), 2.04-1.97 (m, 

1H), 1.25 (t, J = 7.1 Hz, 3H), 1.06 (d, J = 6.9 Hz, 3H), 0.96 (d, J = 6.9 Hz, 3H).
 13

C 

NMR (101 MHz, CDCl3): δ = 198.82, 175.49, 136.81, 133.43, 128.60, 128.08, 61.52, 

44.90, 35.76, 17.03, 16.55, 14.15. IR (KBr): ν = 3524, 3062, 2972, 2936, 1730, 1690, 

1597, 1449, 1353, 1271, 1217, 1128, 1040, 1003, 756, 699, 587. HRMS [M+Na
+
]: 

calcd for C15H20O4Na: 287.1259, found: 287.1261. HPLC analysis (IA column, λ = 

254 nm, eluent: hexane/2-propanol 80/20, flow rate: 0.8 mL/min): tR = 8.36 min 

(minor), 9.74 min (major). 

 

Compound 3j: colorless solid, yield 88%, 75% ee, mp 61-62 
o
C, [α]D

25
 -45.05 (c = 

0.11, CHCl3). 
1
H NMR (400 MHz, CDCl3): δ = 7.98-7.96 (m, 2H), 7.68-7.66 (m, 2H), 

7.41-7.25 (m, 3H), 7.14-7.09 (m, 2H), 4.55 (s, 1H), 4.25 (q, J = 7.1 Hz, 2H), 4.02 (d, 

J = 17.6 Hz, 1H), 3.55 (d, J = 17.6 Hz, 1H), 1.24 (t, J = 7.1 Hz, 3H).
 13

C NMR (101 

MHz, CDCl3): δ = 196.98, 174.00, 170.20, 167.39, 164.84, 140.63, 132.90, 132.88, 

132.79, 130.98, 130.89, 128.54, 128.14, 125.10, 115.97, 115.78, 115.75, 115.56, 

76.43, 62.30, 48.89, 13.99. IR (KBr): ν = 3516, 3110, 3000, 1720, 1676, 1599, 1590, 

1450, 1389, 1352, 1273, 1212, 1160, 848, 784, 570. HRMS [M+Na
+
]: calcd for 

C18H17FO4Na: 339.1009, found: 339.1012. HPLC analysis (IA column, λ = 254 nm, 

eluent: hexane/2-propanol 80/20, flow rate: 0.8 mL/min): tR = 11.21 min (minor), 

20.41 min (major). 
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Compound 3k: colorless solid, yield 91%, 60% ee, mp 56-58 
o
C, [α]D

25
 -19.87 (c = 

0.30, CHCl3). 
1
H NMR (400 MHz, CDCl3): δ = 7.90-7.88 (m, 2H), 7.68-7.66 (m, 2H), 

7.45-7.26 (m, 5H), 4.44 (s, 1H), 4.26 (q, J = 7.1 Hz, 2H), 4.00 (d, J = 17.6 Hz, 1H), 

3.54 (d, J = 17.6 Hz, 1H), 1.26 (t, J = 7.1 Hz, 3H).
 13

C NMR (101 MHz, CDCl3): δ = 

197.30, 173.91, 140.59, 140.26, 134.76, 129.61, 129.05, 128.55, 128.15, 125.08, 

76.38, 62.33, 48.94, 14.01. IR (KBr): ν = 3410, 2986, 2922, 1731, 1681, 1588, 1401, 

1379, 1205, 1055, 818, 726, 694. HRMS [M+Na
+
]: calcd for C18H17ClO4Na: 

355.0713, found: 355.0716. HPLC analysis (IA column, λ = 254 nm, eluent: 

hexane/2-propanol 80/20, flow rate: 0.8 mL/min): tR = 12.60 min (minor), 23.56 min 

(major). 

 

Compound 3l: colorless solid, yield 92%, 60% ee, mp 74-76 
o
C, [α]D

25
 -47.58 (c = 

0.22, CHCl3). 
1
H NMR (400 MHz, CDCl3): δ = 7.85-7.83 (m, 2H), 7.69-7.67 (m, 2H), 

7.38-7.35 (m, 2H), 7.31-7.30 (m, 1H), 7.24-7.22 (m, 2H), 4.58 (s, 1H), 4.23 (q, J = 

7.1 Hz, 2H), 4.04 (d, J = 17.7 Hz, 1H), 3.53 (d, J = 17.7 Hz, 1H), 2.39 (s, 3H), 1.22 (t, 

J = 7.1 Hz, 3H).
 13

C NMR (101 MHz, CDCl3): δ = 198.37, 174.06, 144.71, 140.81, 

133.97, 129.40, 128.51, 128.35, 128.05, 125.15, 76.50, 62.15, 48.86, 21.71, 14.02. IR 

(KBr): ν = 3509, 3059, 2977, 2932, 1716, 1670, 1607, 1451, 1353, 1335, 1272, 1213, 

1185, 1059, 944, 813, 710, 573. HRMS [M+Na
+
]: calcd for C19H20O4Na: 335.1259, 

found: 335.1260. HPLC analysis (IA column, λ = 254 nm, eluent: hexane/2-propanol 

80/20, flow rate: 0.8 mL/min): tR = 13.80 min (minor), 20.67 min (major). 



 

S9 
 

 

Compound 3m: colorless solid, yield 93%, 59% ee, mp 78-79 
o
C, [α]D

25
 -71.96 (c = 

0.21, CHCl3). 
1
H NMR (400 MHz, CDCl3): δ = 8.44 (s, 1H), 8.01-7.98 (m, 1H), 

7.91-7.83 (m, 3H), 7.74-7.72 (m, 2H), 7.60-7.50 (m, 2H), 7.43-7.32 (m, 3H), 4.59 (s, 

1H), 4.29-4.16 (m, 3H), 3.71 (d, J = 17.6 Hz, 1H), 1.25 (t, J = 7.1 Hz, 3H).
 13

C NMR 

(101 MHz, CDCl3): δ = 198.57, 174.09, 140.85, 135.88, 133.75, 132.44, 130.27, 

129.67, 128.85, 128.63, 128.58, 128.14, 127.84, 126.97, 125.21, 123.58, 76.58, 62.27, 

49.12, 14.07. IR (KBr): ν = 3524, 3055, 2923, 1725, 1658, 1626, 1597, 1468, 1449, 

1366, 1209, 1209, 1187, 1122, 1056, 859, 817, 698, 583. HRMS [M+Na
+
]: calcd for 

C22H20O4Na: 371.1259, found: 371.1259. HPLC analysis (IA column, λ = 254 nm, 

eluent: hexane/2-propanol 80/20, flow rate: 0.8 mL/min): tR = 14.86 min (minor), 

24.72 min (major). 

 

Compound 3n: colorless oil, yield 81%, 49% ee, [α]D
25

 -14.82 (c = 0.11, CHCl3). 
1
H 

NMR (400 MHz, CDCl3): δ = 7.59-7.57 (m, 2H), 7.37-7.26 (m, 3H), 4.44 (s, 1H), 

4.22 (q, J = 7.1 Hz, 2H), 3.52 (d, J = 17.4 Hz, 1H), 2.98 (d, J = 17.4 Hz, 1H), 

3.00-2.96 (m, 2H), 1.24 (t, J = 7.1 Hz, 3H), 1.07 (t, J = 7.3 Hz, 3H).
 13

C NMR (101 

MHz, CDCl3): δ = 210.43, 173.92, 140.61, 128.44, 127.99, 124.94, 76.39, 62.22, 

51.87, 36.71, 13.97, 7.41. IR (KBr): ν = 3483, 2980, 2938, 1736, 1719, 1599, 1448, 

1367, 1250, 1203, 1131, 1093, 1027, 728, 700, 581. HRMS [M+Na
+
]: calcd for 

C14H18O4Na: 273.1103, found: 273.1156. HPLC analysis (OD-H column, λ = 254 nm, 

eluent: hexane/2-propanol 80/20, flow rate: 0.8 mL/min): tR = 7.62 min (major), 9.87 

min (minor). 
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Compound 3o: colorless solid, yield 93%, 47% ee, mp 67-69 
o
C, [α]D

25
 -31.23 (c = 

0.20, CHCl3). 
1
H NMR (400 MHz, CDCl3): δ = 7.94-7.91 (m, 2H), 7.68-7.66 (m, 2H), 

7.57-7.53 (m, 1H), 7.44-7.29 (m, 5H), 4.57 (s, 1H), 4.06 (d, J = 17.7 Hz, 1H), 3.74 (s, 

3H), 3.57 (d, J = 17.7 Hz, 1H).
 13

C NMR (101 MHz, CDCl3): δ = 198.79, 174.58, 

140.62, 136.31, 133.83, 128.75, 128.60, 128.25, 128.18, 125.14, 76.54, 53.12, 49.00. 

IR (KBr): ν = 3515, 3062, 2950, 1729, 1665, 1594, 1448, 1268, 1213, 1062, 1002, 

948, 753, 689, 581. HRMS [M+Na
+
]: calcd for C17H16O4Na: 307.0942, found: 

307.0943. HPLC analysis (IA column, λ = 254 nm, eluent: hexane/2-propanol 80/20, 

flow rate: 0.8 mL/min): tR = 11.94 min (minor), 16.49 min (major). 

  

Compound 3p: colorless solid, yield 91%, 71% ee, mp 71-72 
o
C, [α]D

25
 -16.01 (c = 

0.20, CHCl3). 
1
H NMR (400 MHz, CDCl3): δ = 7.92-7.90 (m, 2H), 7.70-7.67 (m, 2H), 

7.53-7.50 (m, 1H), 7.42-7.27 (m, 5H), 5.13-5.03 (m, 1H), 4.51 (s, 1H), 4.02 (d, J = 

17.7 Hz, 1H), 3.55 (d, J = 17.7 Hz, 1H), 1.21 (d, J = 6.3 Hz, 3H), 1.17 (d, J = 6.3 Hz, 

3H).
 13

C NMR (101 MHz, CDCl3): δ = 198.36, 173.53, 141.01, 136.53, 133.66, 

128.72, 128.48, 128.17, 128.04, 125.20, 76.35, 69.95, 49.01, 21.57, 21.50. IR (KBr): 

ν = 3495, 2981, 2933, 1722, 1684, 1597, 1580, 1449, 1354, 1265, 1213, 1110, 1058, 

1002, 759, 699, 571. HRMS [M+Na
+
]: calcd for C17H16O4Na: 335.1252, found: 

335.1260. HPLC analysis (IA column, λ = 254 nm, eluent: hexane/2-propanol 80/20, 

flow rate: 0.8 mL/min): tR = 9.9 min (minor), 16.88 min (major). 
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Compound 3q: colorless solid, yield 89%, 67% ee, mp 90-91 
o
C, [α]D

25
 -23.50 (c = 

0.20, CHCl3). 
1
H NMR (400 MHz, CDCl3): δ = 7.91-7.88 (m, 2H), 7.66-7.63 (m, 2H), 

7.55-7.51 (m, 1H), 7.43-7.18 (m, 10H), 5.21-5.15 (m, 2H), 4.58 (s, 1H), 4.05 (d, J = 

17.7 Hz, 1H), 3.57 (d, J = 17.7 Hz, 1H).
 13

C NMR (101 MHz, CDCl3): δ = 198.72, 

173.97, 140.54, 136.39, 135.33, 133.81, 128.75, 128.58, 128.51, 128.31, 128.26, 

128.21, 128.17, 125.28, 76.60, 67.83, 48.85. IR (KBr): ν = 3529, 3058, 3031, 2927, 

1739, 1674, 1597, 1452, 1351, 1266, 1217, 1193, 1057, 995, 753, 688, 572. HRMS 

[M+Na
+
]: calcd for C23H20O4Na: 383.1024, found: 383.1256. HPLC analysis (IA 

column, λ = 254 nm, eluent: hexane/2-propanol 80/20, flow rate: 0.8 mL/min): tR = 

17.17 min (minor), 25.04 min (major). 

 

Proof of absolute stereochemistry. The spectral data for Compound 3g are consistent 

with those reported in the literature[4-5]. Moreover, as summarized in the table 1, the 

optical rotation measurements correspond to the (R) enantiomer being formed as the 

major enantiomer with chiral ligand 6a. 

 

Table 1. Comparison of Specific Rotation Values 

Entry study 
Product 

ee(%) 
Specific rotation [(α)D] 

absolute 

configuration 

1 Bolm (ref 4) 96 –28.5 (c = 0.80, CHCl3) R 

2 Hoveyda (ref 5) 86 -26.5 (c = 1.00, CHCl3) R 

2 This Study 77 –23.6 (c = 0.35, CHCl3) R 

 

 

 

 

 



 

S12 
 

References 

1. H. He, X.-J. Zheng, Y. Li, L.-X. Dai and S.-L. You, Org. Lett., 2007, 9, 

4339-4341. 

2. H.-J. Zheng, W.-B. Chen, Z.-J. Wu, J.-G. Deng, W.-Q. Lin, W.-C. Yuan and 

X.-M. Zhang, Chem. Eur. J., 2008, 14, 9864-9867.  

3. M. Hayashi and S. Nakamura, Angew. Chem. Int. Ed., 2011, 50, 

2249-2252. 

4. M. Langner and C. Bolm, Angew. Chem. Int. Ed., 2004, 43, 5984-5987.  

5. L. C. Akullian, M. L. Snapper and A. H. Hoveyda, J. Am. Chem. Soc., 2006, 

128, 6532-6533. 



 

S13 
 

 

3. 
1
H and 

13
C NMR spectra for compound 3         

 

1
H NMR of 3a 

 
13

C NMR of 3a 

 
 



 

S14 
 

 
1
H NMR of 3b 

 
13

C NMR of 3b 

 

 

 



 

S15 
 

 
1
H NMR of 3c 

 

13
C NMR of 3c 

 

 



 

S16 
 

 
1
H NMR of 3d 

 

13
C NMR of 3d 

 

 



 

S17 
 

 
1
H NMR of 3e 

 
13

C NMR of 3e 

 

 

 

 



 

S18 
 

 
1
H NMR of 3f 

 
13

C NMR of 3f 

 

 



 

S19 
 

 
1
H NMR of 3g 

 

13
C NMR of 3g 

 

 



 

S20 
 

 
1
H NMR of 3h 

 
13

C NMR of 3h 

 

 

 

 



 

S21 
 

 
1
H NMR of 3i 

 

13
C NMR of 3i 

 

 



 

S22 
 

 
1
H NMR of 3j 

 
13

C NMR of 3j 

 
 

 

 



 

S23 
 

 
1
H NMR of 3k 

 
13

C NMR of 3k 

 

 

 



 

S24 
 

 
1
H NMR of 3l 

 
13

C NMR of 3l 

 

 



 

S25 
 

 
1
H NMR of 3m 

 
13

C NMR of 3m 

 

 



 

S26 
 

 
1
H NMR of 3n 

 
13

C NMR of 3n 

 

 

 



 

S27 
 

 
1
H NMR of 3o 

 
13

C NMR of 3o 

 
 

 

 



 

S28 
 

 
1
H NMR of 3p 

 

13
C NMR of 3p 

 

 



 

S29 
 

 
1
H NMR of 3q 

 

13
C NMR of 3q 

 

 



 

S30 
 

 

4. HPLC of compound 3 

HPLC of compound 3a 

 

 

 

 



 

S31 
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HPLC of compound 3d 
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HPLC of compound 3e 
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HPLC of compound 3f 
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HPLC of compound 3g 
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HPLC of compound 3h 
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HPLC of compound 3i 
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HPLC of compound 3j 
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HPLC of compound 3l 
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HPLC of compound 3q 

 

 

 

 

 


