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1. General information. 

1H and 13C NMR spectra were recorded on a Varian instrument (400 MHz and 100 MHz, 

respectively) and internally referenced to tetramethylsilane signal or residual protio solvent 

signals. Data for 1H NMR are recorded as follows: chemical shift (δ, ppm), multiplicity (s, 

singlet; d, doublet; t, triplet; q, quartet; m, multiplet), integration, coupling constant (Hz). Data 

for 13C NMR are reported in terms of chemical shift (δ, ppm). Infrared spectra were recorded 

on a Perkin Elmer FT-IR Spectrometer and are reported in frequency of absorption. Low 

resolution and high resolution mass spectra were recorded on either a Micromass 70-VSE-B 

instrument (EI, CI) or a Micromass Q-TOF instrument (ESI). Specific rotations were measured 

on a Jasco Digital Polarimeter.

High performance liquid chromatography (HPLC) analyses were performed on a Hewlett 

Packard 1100 Series instrument equipped with a quaternary pump, using Daicel Chiralpak AD, 

AS, AD-H and AS-H columns, Daicel Chiralcel OJ, OJ-H Columns. UV absorption was 

monitored at 254 nm.

2. Materials and methods

A. Aliphatic aldehydes:

Aldehydes 7a-c were purchased from Sigma-Aldrich and were distilled before use. Aldehyde 

7d was purchased from Alfa Aesar and was purified by flash column chromatography before 

use.

B. 4-Alkyl-2-phenyl-5-(4H)-oxazolones (azlactones):

All natural and unnatural amino acids were purchased from Sigma Aldrich and used as 

received. Benzoyl chloride was purchased from Sigma Aldrich and used without out further 
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purification. EDCI was purchased from TCI and used without further purification. Thionyl 

chloride was purchased from Sigma Aldrich and distilled before use.

General procedure for the preparation of N-benzoyl amino acids: 
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To the mixture of a DL-amino acid (10 mmol) and KOH (23 mmol, 2.3 eq) in water was added 

benzoyl chloride (11 mmol, 1.1 eq) at 0 °C dropwise. The reaction was allowed to warm to 

room temperature and was stirred for one day. The reaction mixture was acidified with 6N HCl 

carefully to adjust the pH to 1 and was then extracted with EA. The combined organic phase 

was evaporated and the crude solid product was recrystallized from EA/Hex to give the 

corresponding N-benzoyl amino acid. All spectroscopic data were in accordance with reported 

literature data1-5.

General procedure for the preparation of azlactones: 
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To the stirred suspension of an N-benzoyl amino acid (0.5 mmol) in CH2Cl2 (5 mL, 0.1 M) 

cooled in an ice bath was added EDCI in one portion (0.5 mmol, 1 eq). After 1h, the reaction 

was diluted with 20 mL of Et2O, washed with water (15 mL x 2) and brine (10 mL). The 

combined organic phase was dried over MgSO4, filtered and evaporated to give the 

corresponding azlactone in reasonably pure form without further purification. The 

spectroscopic data of all azlactones (6a-h) were in accordance with reported literature data6-8.

C. Catalysts
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Catalysts 1 and 2 were purchased from Sigma Aldrich and used without further purification. All 

the other catalysts were synthesized according to literature procedures9-14.

Catalyst 3e was obtained as a white solid.  = +312.3 (c = 1.22, [α]   20
D

CH2Cl2). 1H NMR (400 MHz, CDCl3): δ = 9.45 (br, 1H), 8.74 – 8.49 (m, 2H), 

7.98 (d, J = 9.0 Hz, 1H), 7.88 (d, J = 6.4 Hz, 2H), 7.59 (t, J = 7.3 Hz, 2H), 

7.51 (t, J = 9.2 Hz, 3H), 7.26 (d, J = 9.5 Hz, 1H), 7.23 – 7.14 (m, 2H), 7.04 – 

6.92 (m, 3H), 3.18 – 2.98 (m, 3H), 2.74 – 2.56 (m, 1H), 2.27 (d, J = 11.8 Hz, 

1H), 1.81 – 1.67 (m, 1H), 1.59 (s, 1H), 1.53 – 1.30 (m, 2H), 1.20 – 1.01 (m, 

3H), 0.89 – 0.76 (m, 1H), 0.69 (t, J = 7.3 Hz, 3H). 13C NMR (100 MHz, 

CDCl3): δ = 166.13, 162.84, 159.82, 157.22, 146.46, 144.08, 143.72, 135.26, 132.31, 131.27, 

131.08, 130.02, 128.77, 128.74, 128.43, 128.25, 127.41, 123.18, 118.69, 117.27, 107.71, 

77.48, 77.16, 76.84, 76.53, 58.60, 58.37, 43.50, 36.89, 27.35, 26.73, 25.01, 20.54, 11.94. IR 
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(neat): ν = 3054, 2957, 2953, 2877, 2360, 2338, 1619, 1571, 1515, 1407, 1377, 1264,1210, 

1030, 999, 846, 809, 735, 700 cm-1. HRMS (ESI/[M+H]+) = Calcd. for C26H29N2O3 m/z = 

577.2370, found m/z = 577.2368.

D. The other materials:

Molecular Sieves (4Å, purchased from Alfa Aesar) were dried in a round-bottom flask under 

vacuum with a Bunsen burner. Triethylamine, dihydropyran (DHP) and pyridinium p-

toluenesulfonate (PPTS) were purchased from Alfa Aesar and used without further purification. 

HCl in MeOH (~1.25 M) was purchased from Sigma Aldrich and was used without further 

purification. Thionyl chloride was purchased from Sigma Aldrich and distilled before use. 4-

(Dimethylamino)pyridine (DMAP) was purchased from Sigma Aldrich and used as received. 

3. Aldol reaction of azlactones and aliphatic aldehydes

General procedure for racemic reactions (Table 1 & 2):
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Freshly prepared azlactone 6 (0.5 mmol), freshly distilled or purified aldehyde 7 (1 mmol) and 

freshly dried 4Å Molecular Sieves (50 mg) were added to a vial (22 mL), followed by CH2Cl2 (5 

mL). The vial was gently shaken and then placed in a -50 °C freezer. After 15 minutes, 

triethylamine (70 µL) was added by a micro syringe. The vial was gently shaken again and was 

placed back to the -50 °C freezer. The reaction progress was monitored by TLC. Usually it 

takes 3 days to complete. The reaction mixture was passed through a short pad of silica gel 

with washing by Et2O. The filtrate was concentrated to give a crude product which was suitable 
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for HPLC analysis and further transformations. All crude products were stored in a -50 °C 

freezer due to instability.

General procedure for asymmetric reactions (Table 1 & 2):
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Freshly prepared azlactone 6 (0.1mmol), catalyst 3d or 3e (8.7 mg, 0.015 mmol) and freshly 

dried 4Å Molecular Sieves (10 mg) were added to a vial (2 mL), followed by CH2Cl2 (1 mL). 

The vial was gently shaken and then placed in a -50 °C freezer. After 15 minutes, freshly 

distilled or purified aldehyde 7 (0.15 mmol) was added by a micro syringe. The vial was gently 

shaken again and was placed back to the -50 °C freezer. The reaction progress was monitored 

by TLC (All reaction times in Table 1 and 2 were not optimized). The reaction mixture was 

passed through a short pad of silica gel with washing by Et2O. The filtrate was concentrated to 

give the crude product, which was subject to vacuum to remove solvent and aldehyde residues 

to give product 8 in reasonably pure form. Product 8ad was an exception, which was purified 

by a short deactivated silica gel column (Hex to 1/20 = EA/Hex). All products were stored in a -

50 °C freezer due to instability.

Product 8aa was obtained as a colorless oil (31.2 mg) from a reaction 

catalyzed by 3d. Enantiomeric excess and diastereometric ratio were 

determined by HPLC analysis: Daicel Chiralcel AS-H, Hexanes/IPA = 

95/5, 1.0 ml/min, λ = 254 nm, t (anti, minor) = 13.91 min, t (anti, major) = 

16.59 min, t (syn, major) = 25.53, t (syn, minor) = 39.98.  = [α]   20
D

+129.3 (c = 0.31, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ = 7.78 (d, J = 7.7 Hz, 2H), 7.54 – 7.45 

(m, 1H), 7.38 (t, J = 7.7 Hz, 2H), 7.19 – 7.04 (m, 5H), 4.07 (dd, J = 10.3, 5.5 Hz, 1H), 3.38 (d, J 

= 13.4 Hz, 1H), 3.25 (d, J = 13.4 Hz, 1H), 2.66 (d, J = 6.6 Hz, 1H), 2.00 – 1.84 (m, 1H), 1.73 – 

N
O

O

Ph

OH

92% yield, 94% ee,
anti/syn = 97.5/2.5, 88 h

Ph

8aa
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1.62 (m, 1H), 1.36 – 1.26 (m, 1H), 0.96 (dd, J = 11.3, 6.6 Hz, 6H). 13C NMR (100 MHz, CDCl3): 

δ = 178.00, 161.37, 134.21, 132.84, 130.26, 128.79, 128.26, 127.97, 127.29, 125.36, 78.93, 

73.12, 40.15, 40.12, 24.63, 24.00, 21.26. IR (neat): ν = 3242, 2949, 2925, 2601, 2496, 2360, 

1818, 1724, 1649, 1602, 1581, 1496, 1450, 1367, 1385, 1322, 1337, 1292, 1238, 1212, 1171, 

1141, 1086, 1058, 977, 924, 902, 883, 858, 808, 776, 743, 698, 643, 620, 611 cm-1. HRMS 

(ESI/[M+H]+) = Calcd. for C21H23NO3 m/z = 338.1756, found m/z = 338.1752.

Product 8ba was obtained as a colorless oil (29.6 mg) from a reaction 

catalyzed by 3d. Enantiomeric excess and diastereometric ratio were 

determined by HPLC analysis: Daicel Chiralpak AD-H connected with AD, 

Hexanes/IPA = 95/5, 0.8 ml/min, λ = 254 nm, t (anti, minor) = 17.02 min, t 

(syn, major) = 18.38 min, t (anti, major) = 19.24, t (syn, minor) = 22.86. 

 = +13.1 (c = 0.36, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ = 7.96 (d, [α]   20
D

J = 8.0 Hz, 2H), 7.57 (t, J = 7.3 Hz, 1H), 7.46 (t, J = 7.7 Hz, 2H), 3.95 (d, J = 10.8 Hz, 1H), 2.67 

(s, 1H), 2.08 – 1.79 (m, 3H), 1.72 – 1.58 (m, 1H), 1.37 – 1.04 (m, 5H), 0.94 (dd, J = 12.4, 6.6 

Hz, 6H), 0.85 (t, J = 7.3 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ = 178.71, 161.56, 132.97, 

128.94, 128.14, 125.55, 77.95, 73.06, 39.50, 33.74, 25.99, 24.56, 24.00, 22.74, 21.21, 13.95. 

IR (neat): ν = 3255, 2959, 2944, 2863, 1820, 1642, 1464, 1451, 1365, 1342, 1323, 1289, 1261, 

1184, 1153, 1077, 1067, 986, 963, 889, 854, 840, 797, 778, 734, 697, 684, 614 cm-1. HRMS 

(ESI/[M+H]+) = Calcd. for C18H26NO3 m/z = 304.1913, found m/z = 304.1909.

Product ent-8ba was obtained as a colorless oil (29.5 mg) from a 

reaction catalyzed by 3e. Enantiomeric excess and diastereometric 

ratio were determined by HPLC analysis: Daicel Chiralpak AD-H 

connected with AD, Hexanes/IPA = 95/5, 0.8 ml/min, λ = 254 nm, t 

(anti, major) = 17.57 min, t (syn, minor) = 18.85 min, t (anti, minor) = 

19.66, t (syn, major) = 23.30.  = +10.7 (c = 0.37, CH2Cl2). All the [α]   20
D

other data were the same as product 8ba.
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Product 8ca was obtained as a colorless oil (24 mg) from a reaction 

catalyzed by 3d. Enantiomeric excess and diastereometric ratio were 

determined by HPLC analysis: Daicel Chiralpak AD-H, Hexanes/IPA = 

99/1, 1.0 ml/min, λ = 254 nm, t (anti, minor) = 27.84 min, t (anti, major) = 

31.96 min, t (anti, major) = 37.02, t (syn, minor) = 38.29.  = +10.1 (c [α]   20
D

= 0.33, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ = 8.00 (d, J = 7.4 Hz, 1H), 7.59 (t, J = 7.4 Hz, 

1H), 7.49 (t, J = 7.6 Hz, 2H), 3.90 (dd, J = 10.5, 4.0 Hz, 1H), 2.20 (s, 1H), 1.95 – 1.78 (m, 1H), 

1.69 – 1.58 (m, 1H), 1.55 (s, 3H), 1.29 – 1.22 (m, 1H), 0.94 (dd, J = 12.4, 6.6 Hz, 6H). 13C 
NMR (100 MHz, CDCl3): δ = 179.00, 161.47, 133.00, 128.93, 128.11, 125.61, 73.62, 73.49, 

39.35, 24.59, 23.96, 21.20, 20.48. IR (neat): ν = 3290, 2955, 2870, 2359, 2337, 1819, 1739, 

1649, 1602, 1581, 1495, 1451, 1368, 1323, 1292, 1216, 1173, 1109, 1094, 1069, 1031, 1000, 

957, 929, 885, 849, 780, 738, 696, 613 cm-1. HRMS (ESI/[M+H]+) = Calcd. for C15H20NO3 m/z 

= 262.1443, found m/z = 262.1435.

Product 8ca was obtained as a light yellow oil (27.4 mg) from a reaction 

catalyzed by 3d. Enantiomeric excess and diastereometric ratio were 

determined by HPLC analysis: Daicel Chiralpak AD-H, Hexanes/IPA = 

96/4, 1.0 ml/min, λ = 254 nm, t (anti, minor) = 16.41 min, t (syn, major) = 

18.02 min, t (anti, major) = 19.49, t (syn, minor) = 26.28.  = +61 (c [α]   20
D

= 0.72, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ = 8.00 (d, J = 7.8 Hz, 2H), 7.59 (t, J = 7.4 Hz, 

1H), 7.49 (t, J = 7.6 Hz, 2H), 5.62 (td, J = 17.0, 7.4 Hz, 1H), 5.19 (d, J = 17.0 Hz, 1H), 5.10 (d, 

J = 10.1 Hz, 1H), 3.97 (d, J = 10.3 Hz, 1H), 2.83 (dd, J = 13.6, 6.7 Hz, 1H), 2.67 (dd, J = 13.7, 

8.0 Hz, 1H), 2.16 (d, J = 21.5 Hz, 1H), 1.96 – 1.79 (m, 1H), 1.60 (ddd, J = 14.6, 11.1, 3.8 Hz, 

1H), 1.25 – 1.15 (m, 1H), 0.93 (dd, J = 11.1, 6.6 Hz, 6H). 13C NMR (100 MHz, CDCl3): δ = 

177.98, 161.62, 133.03, 130.58, 128.93, 128.17, 125.50, 120.80, 77.91, 72.69, 39.69, 38.24, 

24.55, 23.99, 21.22. IR (neat): ν = 3318, 2955, 2910, 2870, 2359, 1816, 1739, 1648, 1580, 

1495, 1647, 1451, 1368, 1322, 1289, 1217, 1178, 1042, 1026, 970, 925, 900, 850, 779, 700, 

N
O

O

Ph

OH

92% yield, 95% ee,
anti/syn = 98/2, 103 h

8ca

N
O

O

Ph

OH

95% yield, 94% ee,
anti/syn = 98/2, 109 h

8da
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689, 668 cm-1. HRMS (ESI/[M+H]+) = Calcd. for C17H22NO3 m/z = 288.1600, found m/z = 

288.1598.

Product 8ea was obtained as a colorless yellow oil (27 mg) from a 

reaction catalyzed by 3d. Enantiomeric excess and diastereometric ratio 

were determined by HPLC analysis: Daicel Chiralpak AD-H, 

Hexanes/IPA = 96/4, 1.0 ml/min, λ = 254 nm, t (anti, minor) = 12.65 min, 

t (anti, major) = 15.16 min, t (syn, major) = 17.11, t (syn, minor) = 25.16. 

 = +52.7 (c = 0.34, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ = 8.03 [α]   20
D

– 7.95 (m, 2H), 8.04 – 7.97 (m, 2H), 7.59 (t, J = 7.4 Hz, 1H), 7.49 (t, J = 7.5 Hz, 2H), 3.88 (dd, 

J = 10.3, 5.5 Hz, 1H), 2.37 – 2.14 (m, 1H), 2.05 (dd, J = 14.0, 5.1 Hz, 1H), 1.92 – 1.77 (m, 2H), 

1.70 – 1.52 (m, 2H), 1.30 – 1.19 (m, 1H), 0.95 (d, J = 6.7 Hz, 3H), 0.91 (dd, J = 6.5, 3.9 Hz, 

6H), 0.83 (d, J = 6.6 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ = 179.21, 161.34, 132.95, 128.97, 

128.11, 125.62, 77.48, 77.16, 76.85, 74.01, 42.61, 38.89, 24.99, 24.59, 24.33, 24.02, 22.96, 

21.18. IR (neat): ν = 3289, 2955, 2927, 2870, 1817, 1649, 1580, 1495, 1467, 1450, 1387, 1368, 

1323, 1289, 1166, 1078, 1043, 1024, 970, 885, 855, 779, 698, 654, 623, 613, 602 cm-1. HRMS 

(ESI/[M+H]+) = Calcd. for C18H26NO3 m/z = 304.1913, found m/z = 304.1913.

Product 8fa was obtained as a light yellow oil (31 mg) from a reaction 

catalyzed by 3d. Enantiomeric excess and diastereometric ratio were 

determined by HPLC analysis: Daicel Chiralpak AD-H, Hexanes/IPA = 

96.5/3.5, 1.0 ml/min, λ = 254 nm, t (anti, minor) = 32.10 min, t (syn, major) 

= 34.33 min, t (syn, minor) = 44.90, t (anti, major) = 47.92.  = +29.8 [α]   20
D

(c = 0.4, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ = 7.98 (d, J = 7.6 Hz, 2H), 7.58 (t, J = 7.4 Hz, 

1H), 7.48 (t, J = 7.7 Hz, 2H), 3.92 (dd, J = 10.6, 4.2 Hz, 1H), 2.56 (d, J = 6.0 Hz, 1H), 2.51 – 

2.23 (m, 4H), 2.04 (s, 3H), 1.94 – 1.76 (m, 1H), 1.68 – 1.58 (m, 1H), 1.25 – 1.15 (m, 1H), 0.93 

(dd, J = 14.1, 6.6 Hz, 6H). 13C NMR (100 MHz, CDCl3): δ = 178.59, 162.23, 133.13, 128.96, 

128.18, 125.48, 76.63, 73.30, 39.25, 32.71, 28.91, 24.53, 23.96, 21.19, 15.21. IR (neat): ν = 

N
O

O

Ph

OH

89% yield, 93% ee,
anti/syn = 97.5/2.5, 99 h

8ea

N
O

O

Ph

OH

S

96% yield, 92% ee,
anti/syn = 97/3, 120 h

8fa
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3460, 2956, 2911, 2869, 2360, 2337, 1812, 1739, 1649, 1580, 1495, 1451, 1367, 1321, 1292, 

1216, 1139, 1070, 1066, 1009, 1001, 963, 908, 881, 850, 780, 730, 695, 647, 609 cm-1. HRMS 

(ESI/[M+H]+) = Calcd. for C17H24NO3S m/z = 322.1477, found m/z = 322.1478.

Product 8ga was obtained as a colorless oil (47 mg) from a reaction 

catalyzed by 3d. Enantiomeric excess and diastereometric ratio were 

determined by HPLC analysis: Daicel Chiralpak AD-H, Hexanes/IPA = 

87/13, 1.0 ml/min, λ = 254 nm, t (anti, minor) = 26.73 min, t (anti, major) 

= 32.71 min, t (syn, minor) = 36.01, t (syn, major) = 37.89.  = [α]   20
D

+12.1 (c = 0.56, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ = 7.98 (d, J = 

7.4 Hz, 2H), 7.57 (t, J = 7.4 Hz, 1H), 7.47 (t, J = 7.6 Hz, 2H), 7.38 – 7.27 (m, 5H), 5.05 (s, 2H), 

4.79 (s, 1H), 3.92 (d, J = 10.3 Hz, 1H), 3.26 – 2.97 (m, 2H), 2.63 (s, 1H), 2.11 – 1.75 (m, 3H), 

1.67 – 1.55 (m, 1H), 1.55 – 1.39 (m, 2H), 1.24 – 1.04 (m, 3H), 0.91 (dd, J = 12.2, 6.6 Hz, 6H). 
13C NMR (100 MHz, CDCl3): δ = 178.57, 161.60, 156.41, 136.57, 133.06, 128.95, 128.59, 

128.18, 128.14, 125.43, 77.75, 72.94, 66.71, 40.63, 39.59, 33.40, 29.81, 24.50, 23.94, 21.17, 

21.05. IR (neat): ν = 3334, 2954, 2910, 2867, 1813, 1697, 1650, 1580, 1526, 1496, 1452, 1368, 

1321, 1288, 1254, 1178, 1134, 1044, 1022, 972, 882, 850, 777, 736, 694, 606 cm-1. HRMS 

(ESI/[M+H]+) = Calcd. for C26H33N2O5 m/z = 453.2389, found m/z = 453.2390.

Product 8bb was obtained as a colorless oil (24.2 mg) from a reaction 

catalyzed by 3d. Enantiomeric excess and diastereometric ratio were 

determined by HPLC analysis: Daicel Chiralcel OJ-H connected with 

OJ, Hexanes/IPA = 96/4, 0.8 ml/min, λ = 254 nm, t (anti, minor) = 40.78 

min, t (anti, major) = 59.11 min, t (syn, minor) = 63.58, t (syn, minor) = 

73.38.  = +1.2 (c = 1.2, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ = [α]   20
D

8.01 (d, J = 7.3 Hz, 2H), 7.59 (t, J = 7.3 Hz, 1H), 7.49 (t, J = 7.6 Hz, 2H), 4.16 – 3.97 (m, 1H), 

2.37 (s, 1H), 2.07 – 1.85 (m, 2H), 1.41 – 1.02 (m, 7H), 0.86 (t, J = 7.2 Hz, 3H). 13C NMR (100 

MHz, CDCl3): δ = 178.54, 161.73, 133.03, 128.95, 128.17, 125.56, 77.89, 71.18, 33.56, 26.08, 

N
O

O

Ph

OH

95% yield, 94% ee,
anti/syn = 97.5/2.5, 112 h

NHCbz
8ga

N
O

O

Ph

OH

93% yield, 88% ee,
anti/syn = 90.5/9.5, 114 h

8bb
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22.73, 16.98, 13.94. IR (neat): ν = 3392, 2957, 2930, 2872, 2360, 2321, 1813, 1739, 1650, 

1602, 1580, 1520, 1494, 1451, 1378, 1321, 1291, 1230, 1198, 1164, 1074, 1037, 1022, 954, 

913, 881, 780, 694, 671, 605 cm-1. HRMS (ESI/[M+H]+) = Calcd. for C15H20NO3 m/z = 

262.1443, found m/z = 262.1443.

Product 8bc was obtained as a colorless oil (27.5 mg) from a reaction 

catalyzed by 3d. Enantiomeric excess and diastereometric ratio were 

determined by HPLC analysis: Daicel Chiralpak AD-H connected with 

AD, Hexanes/IPA = 95/5, 0.8 ml/min, λ = 254 nm, t (anti, minor) = 

62.88 min, t (anti, major) = 83.69 min, t (syn, major) = 87.09, t (syn, 

minor) = 90.83.  = +17.1 (c = 0.35, CH2Cl2). 1H NMR (400 MHz, [α]   20
D

CDCl3): δ = 8.01 (d, J = 7.5 Hz, 2H), 7.59 (t, J = 7.4 Hz, 1H), 7.49 (t, J = 7.6 Hz, 2H), 3.93 – 

3.75 (m, 1H), 2.31 – 2.19 (m, 1H), 2.05 (td, J = 12.9, 4.8 Hz, 1H), 2.00 – 1.90 (m, 1H), 1.72 – 

1.02 (m, 8H), 0.93 (t, J = 7.2 Hz, 3H), 0.86 (t, J = 7.3 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ = 

178.81, 161.52, 132.97, 128.93, 128.14, 125.58, 77.93, 77.48, 77.16, 76.84, 74.72, 33.68, 

32.90, 25.98, 22.74, 19.49, 13.94, 13.92. IR (neat): ν = 3444, 2958, 2930, 2872, 2337, 1815, 

1739, 1649, 1602, 1581, 1495, 1451, 1377, 1322, 1290, 1229, 1217, 1157, 1076, 1041, 1023, 

966, 880, 855, 804, 778, 732, 696, 612 cm-1. HRMS (ESI/[M+H]+) = Calcd. for C17H24NO3 m/z 

= 290.1756, found m/z = 290.1760.

Product ent-8bc was obtained as a colorless oil (28.3 mg) from a reaction 

catalyzed by 3d. Enantiomeric excess and diastereometric ratio were 

determined by HPLC analysis: Daicel Chiralpak AD-H connected with AD, 

Hexanes/IPA = 95/5, 0.8 ml/min, λ = 254 nm, t (anti, major) = 68.47 min, t 

(anti, minor) = 94.59 min, t (syn, major) = 97.69, t (syn, minor) = 101.46. 

All the other data were the same as product 8bc.

N
O

O

Ph

OH

95% yield, 94% ee,
anti/syn = 97.5/2.5, 112 h

8bc

N
O

O

Ph

OH

98% yield, -92% ee,
anti/syn = 97/3,132 h

ent-8bc
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Product 8dc was obtained as a yellow oil (26.5 mg) from a reaction 

catalyzed by 3d. Enantiomeric excess and diastereometric ratio were 

determined by HPLC analysis: Daicel Chiralcel OJ-H, Hexanes/IPA = 

97/3, 1.0 ml/min, λ = 254 nm, t (anti, minor) = 18.09 min, t (anti, major) = 

21.01 min, t (syn, minor) = 26.48, t (syn, minor) = 34.97.  = +26.9 [α]   20
D

(c = 0.33, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ = 8.02 – 7.95 (m, 2H), 7.59 (t, J = 6.8 Hz, 1H), 

7.53 – 7.44 (m, 2H), 5.62 (td, J = 17.0, 7.8 Hz, 1H), 5.19 (d, J = 17.0 Hz, 1H), 5.10 (d, J = 10.1 

Hz, 1H), 3.93 – 3.82 (m, 1H), 2.85 (dd, J = 13.6, 6.5 Hz, 1H), 2.68 (dd, J = 13.6, 7.9 Hz, 1H), 

2.45 – 2.19 (m, 1H), 1.69 – 1.51 (m, 2H), 1.51 – 1.30 (m, 2H), 0.93 (t, J = 7.2 Hz, 3H). 13C 
NMR (100 MHz, CDCl3): δ = 178.00, 161.61, 133.04, 130.59, 128.92, 128.16, 125.47, 120.80, 

77.92, 77.48, 77.16, 76.84, 74.28, 38.17, 33.07, 19.41, 13.91. IR (neat): ν = 3400, 2960, 2900, 

2848, 1815, 1648, 1580, 1494, 1451, 1322, 1289, 1179, 1156, 1042, 1024, 969, 926, 889, 779, 

690 cm-1. HRMS (ESI/[M+H]+) = Calcd. for C16H20NO3 m/z = 274.1443, found m/z = 274.1446.

Product ent-8dc was obtained as a yellow oil (25.8 mg) from a reaction 

catalyzed by 3d. Enantiomeric excess and diastereometric ratio were 

determined by HPLC analysis: Daicel Chiralcel OJ-H, Hexanes/IPA = 97/3, 

1.0 ml/min, λ = 254 nm, t (anti, major) = 18.21 min, t (anti, minor) = 20.54 

min, t (syn, major) = 25.48, t (syn, minor) = 35.65.  = -26.2 (c = 0.33, [α]   20
D

CH2Cl2). All the other data were the same as product 8dc.

Product 8ad was obtained as a colorless oil (36 mg) from a reaction 

catalyzed by 3d. Enantiomeric excess and diastereometric ratio were 

determined by HPLC analysis: Daicel Chiralcel AS-H, Hexanes/IPA = 

96.5/3.5, 1.0 ml/min, λ = 254 nm, t (anti, minor) = 16.62 min, t (anti, 

major) = 20.50 min, t (syn, major) = 29.36, t (syn, minor) = 44.78. 

 = +74 (c = 0.45, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ = 7.81 [α]   20
D

(d, J = 7.5 Hz, 2H), 7.51 (t, J = 7.5 Hz, 1H), 7.39 (t, J = 7.6 Hz, 2H), 7.17 – 7.05 (m, 5H), 3.91 

N
O

O

Ph

OH

97% yield, 94% ee,
anti/syn = 97.5/2.5, 95 h

8dc

N
O

O

Ph

OH

94% yield, -92% ee,
anti/syn = 97/3, 136 h

ent-8dc

N
O

O

Ph

OH

Ph

83% yield, 92% ee,
anti/syn = 95.5/4.5, 131 h

10

8ad
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(dd, J = 12.5, 6.7 Hz, 1H), 3.39 (d, J = 13.4 Hz, 1H), 3.23 (d, J = 13.4 Hz, 1H), 2.16 (d, J = 7.2 

Hz, 1H), 1.65 – 1.47 (m, 5H), 1.22 (s, 20H), 0.85 (t, J = 6.7 Hz, 3H). 13C NMR (100 MHz, 

CDCl3): δ = 178.05, 161.35, 134.23, 132.84, 130.27, 128.78, 128.25, 127.97, 127.27, 125.37, 

78.94, 77.48, 77.16, 76.84, 74.97, 40.10, 32.04, 31.48, 29.75, 29.72, 29.70, 29.48, 26.32, 

22.82, 14.27. IR (neat): ν = 3293, 2922, 2852, 1816, 1714, 1650, 1581, 1495, 1452, 1322, 

1292, 1237, 1171, 1056, 973, 893, 777, 696, 611 cm-1. HRMS (ESI/[M+H]+) = Calcd. for 

C16H20NO3 m/z = 436.2852, found m/z = 436.2852.

4. Transformation of Aldol products

COOMe
OH

BzHN

87% yield, -92% ee
ent-10bc

N
O

O

Ph

OH

ent-8bc

1) PPTS, DHP, CH2Cl2, rt
2) K2CO3, Na2SO4, MeOH, rt

3) HCl in MeOH (~1.25 M), rt

Aldol product ent-8bc was made according to the general procedure reported in previous 

section. To a 4 mL vial containing Aldol product ent-8bc (from 0.1 mmol scale reaction) were 

added dihydropyran (DHP, 0.14 mL, 1.5 mmol, 15 eq), CH2Cl2 (0.5 mL) and pyridinium p-

toluenesulfonate (PPTS, 25.1 mg, 0.1 mmol, 1 eq) sequentially. The reaction mixture was 

stirred at room temperature for 20 h. After protection with DHP was complete, anhydrous 

Na2SO4 (100 mg), anhydrous MeOH (0.5 mL) and K2CO3 (34.6 mg, 0.25 mmol, 2.5 eq) were 

added to the reaction mixture. After 16 h, HCl in MeOH (1 mL, ~1.25 M) was added. After 

stirring at room temperature for 19.5 h, the reaction was concentrated and purified by flash 

column chromatography (1/10 = EA/Hex to 1/5) to give ent-10bc as a colorless oil (28 mg, 87% 

yield based on a 0.1 mmol Aldol reaction). All reaction times were not optimized. Racemic 

product was obtained according to the same procedure. Enantiomeric excess of ent-10bc was 

determined by HPLC analysis: Daicel Chiralpak AD-H, Hexanes/IPA = 90/10, 1.0 ml/min, λ = 

254 nm, t (anti, major) = 9.17 min, t (anti, minor) = 10.23 min.  = -11.1 (c = 0.35, CH2Cl2). 
[α]   20

D

1H NMR (400 MHz, CDCl3): δ = 7.85 (d, J = 7.4 Hz, 2H), 7.70 (s, 1H), 7.57 (t, J = 7.3 Hz, 1H), 

7.49 (t, J = 7.5 Hz, 2H), 5.67 (d, J = 10.9 Hz, 1H), 4.06 – 3.96 (m, 1H), 3.86 (s, 3H), 2.66 (td, J 
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= 14.0, 3.9 Hz, 1H), 2.01 – 1.87 (m, 1H), 1.61 (tt, J = 11.4, 5.9 Hz, 1H), 1.46 – 1.17 (m, 6H), 

1.13 – 0.92 (m, 2H), 0.86 (q, J = 7.0 Hz, 6H). 13C NMR (100 MHz, CDCl3): δ = 174.21, 167.93, 

133.78, 132.29, 128.92, 127.29, 75.36, 71.10, 53.63, 36.33, 32.22, 26.56, 22.66, 19.32, 14.05, 

14.04. IR (neat): ν = 3396, 2957, 2931, 2872, 1729, 1645, 1602, 1579, 1516, 1485, 1440, 1339, 

1290, 1249, 1215, 1185, 1128, 1074, 1016, 960, 914, 866, 822, 711, 690, 664 cm-1. HRMS 

(ESI/[M+H]+) = Calcd. for C18H28NO4 m/z = 322.2018, found m/z = 322.2011.

N
O

O

Ph

+
H

O

7c6c

105 mg, 0.6 mmol 81 μL, 0.9 mmol

N
O

O

Ph

OH

8cc

CH2Cl2, 4Å MS, -50 °C

3d (15 mol%)

Aldol product 8cc was made from a 0.6 mmol reaction (4 d) according to the general 

procedure reported in the previous section. It was used directly for the following steps.

COOMe
OH

BzHN

81% yield, 95% ee

10cc

N
O

O

Ph

OH

8cc

1) PPTS, DHP, CH2Cl2, rt; then K2CO3, Na2SO4 MeOH, rt

2) 2N HCl, MeOH, rt

To a 22 mL vial containing Aldol product 8cc (from 0.6 mmol scale reaction) were added 

dihydropyran (DHP, 0.82 mL, 9 mmol, 15 eq), CH2Cl2 (3 mL) and pyridinium p-

toluenesulfonate (PPTS, 151 mg, 0.6 mmol, 1 eq) sequentially. The reaction mixture was 

stirred at room temperature for 9 h. After protection with DHP was complete, anhydrous 

Na2SO4 (600 mg), anhydrous MeOH (3 mL) and K2CO3 (207 mg, 1.5 mmol, 2.5 eq) were 

added to the reaction mixture. After 6.5 h, the reaction mixture was passed through a short 

silica gel column and concentrated. Then 2N HCl (1 mL) and MeOH (4 mL) was added. After 

stirring at room temperature for 17 h, the reaction was concentrated and purified by flash 

column chromatography (1/5 = EA/Hex to 2/5) to give 10cc as a colorless oil (135 mg, 81% 
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yield based on a 0.6 mmol Aldol reaction). All reaction times were not optimized. Racemic 

product was obtained according to the same procedure. Enantiomeric excess of 10cc was 

determined by HPLC analysis: Daicel Chiralpak AD-H, Hexanes/IPA = 90/10, 1.0 ml/min, λ = 

254 nm, t (anti, minor) = 12.87 min, t (anti, major) = 13.80 min.  = -8.4 (c = 0.45, CH2Cl2). 
[α]   20

D

1H NMR (400 MHz, CDCl3): δ = 7.83 (d, J = 7.6 Hz, 2H), 7.64 (s, 1H), 7.56 (t, J = 7.3 Hz, 1H), 

7.48 (t, J = 7.4 Hz, 2H), 5.18 (d, J = 10.6 Hz, 1H), 3.98 (t, J = 10.1 Hz, 1H), 3.86 (s, 3H), 1.74 

(s, 3H), 1.69 – 1.53 (m, 1H), 1.46 – 1.27 (m, 2H), 1.24 – 1.10 (m, 1H), 0.88 (t, J = 7.0 Hz, 3H). 
13C NMR (100 MHz, CDCl3): δ = 174.96, 167.95, 133.89, 132.31, 128.94, 127.36, 75.13, 66.15, 

53.70, 35.91, 20.80, 19.53, 14.15. IR (neat): ν = 3394, 2964, 2875, 1731, 1655, 1622, 1575, 

1537, 1490, 1463, 1441, 1379, 1325, 1236, 1160, 1115, 1063, 1027, 999, 973, 941, 917, 874, 

829, 804, 715, 694, 613 cm-1. HRMS (ESI/[M+H]+) = Calcd. for C15H22NO4 m/z = 280.1549, 

found m/z = 280.1549.

N
O

O

Ph

+
H

O

101 mg, 0.5 mmol

N
O

O

Ph

OH

8da
6d 7a

CH2Cl2, 4Å MS, -50 °C

3d (15 mol%)

81 μL, 0.75 mmol

Aldol product 8da was made from a 0.5 mmol reaction (5 d) according to the general 

procedure reported in the previous section. It was used directly for the following steps.

COOMe
OH

BzHN

90% yield, 95% ee

N
O

O

Ph

OH

8da 10da

1) PPTS, DHP, CH2Cl2, rt; then K2CO3, Na2SO4, MeOH, rt

2) HCl in MeOH (1.25 M) , CH2Cl2, rt

To a 22 mL vial containing Aldol product 8da (from 0.5 mmol scale reaction) were added 

dihydropyran (DHP, 0.68 mL, 7.5 mmol, 15 eq), CH2Cl2 (3 mL)  and pyridinium p-

toluenesulfonate (PPTS, 126 mg, 0.5 mmol, 1 eq) sequentially. The reaction mixture was 
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stirred at room temperature for 17.5 h. After protection with DHP was complete, anhydrous 

Na2SO4 (500 mg), anhydrous MeOH (2.5 mL) and K2CO3 (138 mg, 1 mmol, 2 eq) were added 

to the reaction mixture. After 18 h, the reaction mixture was passed through a short silica gel 

column and concentrated to remove all volatiles. Then HCl in MeOH (1 mL, ~1.25 M) and 

CH2Cl2 (2 mL) were added. After stirring at room temperature for 6.5 h, the reaction was 

concentrated and purified by flash column chromatography (1/10 = EA/Hex) to give 10da as a 

colorless oil (144 mg, 90% yield based on a 0.5 mmol Aldol reaction). All reaction times were 

not optimized. Racemic product was obtained according to the same procedure. Enantiomeric 

excess of 10da was determined by HPLC analysis: Daicel Chiralpak AD-H, Hexanes/IPA = 

90/10, 1.0 ml/min, λ = 254 nm, t (anti, minor) = 8.96 min, t (anti, major) = 9.76 min.  = [α]   20
D

+28.1 (c = 0.59, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ = 7.83 (d, J = 7.2 Hz, 2H), 7.65 – 7.53 

(m, 2H), 7.48 (t, J = 7.4 Hz, 2H), 5.68 – 5.54 (m, 2H), 5.14 – 5.04 (m, 2H), 4.11 (t, J = 10.7 Hz, 

1H), 3.85 (s, 3H), 3.40 (dd, J = 14.3, 7.8 Hz, 1H), 2.68 (dd, J = 14.4, 7.3 Hz, 1H), 2.01 – 1.82 

(m, 1H), 1.45 – 1.34 (m, 1H), 0.87 (dd, J = 9.7, 6.8 Hz, 6H), 0.81 (d, J = 13.2 Hz, 1H). 13C NMR 

(100 MHz, CDCl3): δ = 173.44, 168.18, 133.79, 132.33, 132.12, 128.92, 127.34, 119.94, 73.46, 

71.02, 53.58, 43.36, 37.06, 24.53, 23.98, 21.55. IR (neat): ν = 3396, 2954, 2869, 1731, 1644, 

1602, 1579, 1515, 1485, 1439, 1334, 1259, 1224, 1179, 1132, 1089, 1058, 1032, 984, 957, 

922, 890, 837, 799, 739, 712, 690, 666, 623 cm-1. HRMS (ESI/[M+H]+) = Calcd. for C18H26NO4 

m/z = 320.1862, found m/z = 320.1867.

COOMe
OBz

H2N

85% yield, syn
12da

NO

Ph

COOMe

11da

COOMe
OH

BzHN

anti, 95% ee
10da

SOCl2

THF, 0 °C to rt THF, rt

2N HCl

To a 22 mL vial containing product 10da (52.8 mg, 0.165 mmol) was charged 1.5 mL 

anhydrous THF, followed by addition of freshly distilled thionyl chloride (120 μL, 1.65 mmol, 10 

eq). The reaction was stirred at room temperature for 24 h. Then 1 mL 2N HCl and 0.5 mL 

THF was added to the reaction mixture. After stirring at room temperature for 22.5 h, saturated 

NaHCO3 (aq) was added to quench the reaction and render the reaction mixture basic (pH ≈ 
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10), followed by extraction with Et2O (10 mL x 3). The combined organic layer was washed by 

brine, dried over MgSO4 and concentrated. The crude was purified by flash column 

chromatography (1/5 = EA/Hex) to give product 12da as a pale yellow oil (44.7 mg, 85 % yield 

over 2 steps). All reaction times were not optimized.  = -23.6 (c = 1.00, CH2Cl2). 1H NMR [α]   20
D

(400 MHz, CDCl3): δ = 8.01 (d, J = 7.6 Hz, 2H), 7.57 (t, J = 7.4 Hz, 1H), 7.44 (t, J = 7.6 Hz, 2H), 

5.64 (td, J = 16.7, 9.0 Hz, 1H), 5.54 (d, J = 10.5 Hz, 1H), 5.24 – 5.13 (m, 2H), 3.65 (s, 3H), 

2.65 (dd, J = 13.3, 6.2 Hz, 1H), 2.28 (dd, J = 13.3, 8.5 Hz, 1H), 1.90 – 1.79 (m, 1H), 1.73 (s, 

2H), 1.66 – 1.52 (m, 1H), 1.50 – 1.38 (m, 1H), 0.99 (d, J = 6.4 Hz, 3H), 0.92 (d, J = 6.6 Hz, 3H). 
13C NMR (100 MHz, CDCl3): δ = 175.62, 165.66, 133.17, 131.86, 129.94, 129.77, 128.52, 

120.50, 76.59, 64.39, 52.49, 40.20, 38.34, 24.51, 24.02, 21.68. IR (neat): ν = 3074, 2956, 2929, 

2871, 2366, 2343, 1728, 1720, 1602, 1451, 1269, 1217, 1177, 1109, 1070, 1026, 997, 925, 

855, 815, 712, 667 cm-1. HRMS (ESI/[M+H]+) = Calcd. for C18H26NO4 m/z = 320.1862, found 

m/z = 320.1856.

Determination of enantiomeric excess of product 11da:

COOMe
OBz

BzHN

COOMe
OBz

H2N

PhCOCl, NEt3

CH2Cl2, RT

12da 13da

MeOH, 0 °C, 1 h

K2CO3 (1 eq) COOMe
OH

BzHN

14da, 95% ee

To a solution of 12da (23.2 mg, 0.073 mmol) and benzoyl chloride (12.7 μL, 1.5 eq) in CH2Cl2 

(1 mL) was added triethylamine (30 μL, 3 eq). The reaction was stirred at room temperature for 

17 h. Then 1N HCl was added to quench the reaction, followed by extraction with Et2O (10 mL 

x 3). The combine organic layer was washed with sat. NaHCO3 and brine. Then it was dried 

over MgSO4 and concentrated. The crude was purified by flash column chromatography (1/10 

= EA/Hex) to give 13da as a colorless oil (27.3 mg, 89% yield) which contained small amount 

of impurities. Half of this compound (13.5 mg) was dissolved in MeOH (1 mL) and cooled in an 

ice-bath with stirring. Then K2CO3 (6.6 mg) was added in one portion to the reaction. After 

stirring at 0 C for 1 h, the reaction was diluted by water and extracted with Et2O (5 mL x 3). 

The combined organic layer was washed with brine, dried over MgSO4 and concentrated. The 
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crude was purified by preparative thin-layer chromatography to give 14da as a pale white solid 

(8.4 mg, 83% yield, 95% ee). Enantiomeric excess of 14da was determined by HPLC analysis: 

Daicel Chiralpak AD-H, Hexanes/IPA = 90/10, 1.0 ml/min, λ = 254 nm, t (anti, minor) = 7.79 

min, t (anti, major) = 12.99 min.  = -148.1 (c = 0.15, CH2Cl2). 1H NMR (400 MHz, CDCl3): 
[α]   20

D

δ = 7.78 (d, J = 7.7 Hz, 2H), 7.54 (t, J = 7.2 Hz, 1H), 7.46 (t, J = 7.4 Hz, 2H), 6.71 (s, 1H), 5.69 

(dt, J = 15.3, 9.5 Hz, 1H), 5.39 – 5.23 (m, 2H), 4.76 (d, J = 11.0 Hz, 1H), 4.13 (t, J = 10.6 Hz, 

1H), 3.83 (s, 3H), 2.95 (dd, J = 13.7, 4.8 Hz, 1H), 2.71 (dd, J = 13.7, 9.8 Hz, 1H), 2.03 – 1.87 

(m, 1H), 1.44 – 1.32 (m, 1H), 1.32 – 1.20 (m, 2H), 0.93 (t, J = 7.0 Hz, 6H). 13C NMR (100 MHz, 

CDCl3): δ = 171.96, 168.23, 134.41, 132.48, 132.05, 128.83, 127.15, 121.01, 73.38, 69.01, 

53.02, 41.62, 38.84, 24.72, 24.09, 21.59. IR (neat): ν = 3460, 3389, 2954, 2865, 1730, 1637, 

1603, 1579, 1517, 1481, 1435, 1413, 1330, 1292, 1258, 1231, 1176, 1137, 1092, 1055, 1030, 

988, 960, 919, 887, 871, 846, 803, 773, 707, 687, 626 cm-1. HRMS (ESI/[M+H]+) = Calcd. for 

C18H26NO4 m/z = 320.1862, found m/z = 320.1862.

5. Determination of relative configurations

N
O

O

Ph

+
H

O

N
O

O

Ph

OH

rac-8da
6d 7a

CH2Cl2, 4Å MS, -50 °C

NEt3 (100 mol%)

0.53 mmol 0.8 mmol, 1.5 eq

Aldol product rac-8da was made from a 0.53 mmol reaction (4 d) according to the general 

procedure reported in the previous section. It was used directly for the following steps.

COOMe
OH

BzHNN
O

O

Ph

OH

rac-8da anti, rac-10da

1) PPTS, DHP, CH2Cl2, rt;
then K2CO3, Na2SO4, MeOH, rt

2) HCl in MeOH (1.25 M) , CH2Cl2, rt

COOMe
OH

BzHN

syn, rac-14da

+
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The reation was carried out by following the same procedure used for compound 10da, giving 

rac-10da as a colorless oil (90.6 mg, 53% yield) and rac-14da as a pale yellow solid (64.5 mg, 

38% yield). All spectroscopic data were the same as those of 10da and 14da.

COOMe
OH

BzHN

SOCl2

THF, rt, 14.5 h

NO

Ph

COOMe

rac-11da, 89% yield
anti, rac-10da

To a solution of rac-10da (30.7 mg, 0.096 mmol) in 1 mL anhydrous THF was added freshly 

distilled thionyl chloride (35 μL, 0.48 mmol, 5 eq) at room temperature. The reaction was 

stirred at room temperature for 14.5 h. Then saturated NaHCO3 (aq) was added to quench the 

reaction and render the reaction mixture basic (pH ≈ 10), followed by extraction with Et2O (10 

mL x 3). The combined organic layer was washed by brine, dried over MgSO4 and 

concentrated. The crude was purified by flash column chromatography (1/5 = EA/Hex) to give 

product rac-11da as a brown oil (25.9 mg, 89% yield). 1H NMR (400 MHz, CDCl3): δ = 8.02 – 

7.97 (m, 2H), 7.52 – 7.45 (m, 1H), 7.44 – 7.36 (m, 2H), 5.97 – 5.81 (m, 1H), 5.18 – 5.08 (m, 

2H), 4.82 (dd, J = 10.9, 2.6 Hz, 1H), 3.78 (s, 3H), 2.65 (dd, J = 13.9, 7.6 Hz, 1H), 2.52 (dd, J = 

13.9, 6.5 Hz, 1H), 2.03 – 1.87 (m, 1H), 1.78 (ddd, J = 14.1, 10.9, 5.2 Hz, 1H), 1.61 (ddd, J = 

14.0, 8.5, 2.7 Hz, 1H), 1.04 (dd, J = 6.6, 4.2 Hz, 6H). 13C NMR (100 MHz, CDCl3): δ = 173.80, 

164.23, 132.96, 131.80, 128.67, 128.35, 127.59, 118.85, 83.68, 79.08, 52.65, 38.55, 38.31, 

26.08, 23.59, 21.89. IR (neat): ν = 3073, 2956, 2877, 2341, 1963, 1911, 1730, 1643, 1580, 

1495, 1450, 1444, 1354, 1322, 1250, 1228, 1136, 1086, 1069, 1026, 975, 919, 836, 780, 697 

cm-1. HRMS (ESI/[M+H]+) = Calcd. for C18H26NO4 m/z = 302.1756, found m/z = 302.1763.

Relative configuration of rac-11da was determined by 1D NOESY experiment. Therefore, 

relative configuration of rac-10da was determined to be anti. Relative configurations of all the 

other products were assigned based on these results.
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6. Determination of absolute configurations

COOMe
OH
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(S)-MTPA ester
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(S)-15da

To a solution of 14da (4.2 mg, 0.013 mmol) in CH2Cl2 (0.5 mL) were added (R)-(−)-α-Methoxy-

α-(trifluoromethyl)phenylacetyl chloride ((R)-(−)-MTPA-Cl, Mosher’s acid chloride, 4 mg, 

0.0156 mmol, 1.2 equiv), triethylamine (18 μL, 0.13 mmol, 10 equiv) and 4-

dimethylaminopyridine (DMAP, 3.2 mg, 0.026 mmol, 2 equiv) sequentially at room temperature. 

After stirring for 14 h, the reaction mixture was concentrated and purified by preparative thin-

NO
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H
H H H
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No NOE
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layer chromatography (1/5 = EA/Hex) to give (S)-15da as a colorless oil (4.6 mg, 66% yield). 
1H NMR (400 MHz, CDCl3): δ = 7.72 (d, J = 7.7 Hz, 2H), 7.58 (d, J = 7.1 Hz, 2H), 7.52 (t, J = 

7.3 Hz, 1H), 7.48 – 7.33 (m, 5H), 7.03 (s, 1H), 6.09 (d, J = 8.9 Hz, 1H), 5.57 (td, J = 17.3, 7.8 

Hz, 1H), 5.10 – 4.95 (m, 2H), 3.77 (s, 3H), 3.54 (s, 3H), 3.47 (dd, J = 13.8, 7.0 Hz, 1H), 2.55 

(dd, J = 13.7, 7.6 Hz, 1H), 1.66 – 1.53 (m, 2H), 1.53 – 1.45 (m, 1H), 0.90 (d, J = 6.3 Hz, 3H), 

0.85 (d, J = 6.5 Hz, 3H). HRMS (ESI/[M+H]+) = Calcd. for C18H26NO4 m/z = 536.2260, found 

m/z = 536.2265.

COOMe
OH

NHBz
(S)

Cl

O
Ph

H3CO CF3

+
COOMe(R)

(S)

O

NHBz

O
(R)
Ph

OCH3

CF3

(R)-MTPA ester

CH2Cl2, rt

DMAP, NEt3

14da

(R)-15da

By following the same procedure, product (R)-15da was synthesized from (S)-(−)-MTPA-Cl 

and obtained as a colorless oil (4.5 mg, 65% yield). 1H NMR (400 MHz, CDCl3): δ = 7.72 (d, J 

= 7.7 Hz, 2H), 7.58 (d, J = 7.1 Hz, 2H), 7.52 (t, J = 7.3 Hz, 1H), 7.48 – 7.33 (m, 5H), 7.03 (s, 

1H), 6.09 (d, J = 8.9 Hz, 1H), 5.57 (td, J = 17.3, 7.8 Hz, 1H), 5.10 – 4.95 (m, 2H), 3.77 (s, 3H), 

3.54 (s, 3H), 3.47 (dd, J = 13.8, 7.0 Hz, 1H), 2.55 (dd, J = 13.7, 7.6 Hz, 1H), 1.66 – 1.53 (m, 

2H), 1.53 – 1.45 (m, 1H), 0.90 (d, J = 6.3 Hz, 3H), 0.85 (d, J = 6.5 Hz, 3H). HRMS (ESI/[M+H]+) 

= Calcd. for C18H26NO4 m/z = 536.2260, found m/z = 536.2267.



23

O

CF3

Ph OMe

O

H

N
O H

H

H

H

COOMeH

(S)

-0.0315
-0.0210

0.0214
0.0070

0.0196

0.0153

0.0078
0.0081

(R) COOMe
(S)

OBz

H2N

(R) COOMe
(R)

OH

BzHN N
O

(R)

O

Ph

(R)

OH

8da10da

12da

(S)
(R)

NO

Ph

COOMe

11da

H
0.0436

H

H

0.0070

MPTA ester 15da

3

2

By employing the modified Mosher’s method15-17, the absolute configuration at the C3 position 

of 15da was determined to be S on the basis of the ∆δ values (δ(S)-MTPA - δ(R)-MTPA in ppm). 

Based on the relative stereochemistry, the absolute configuration at the C2 position of 15da 

was determined to be R. Therefore, the absolute configurations of 12da, 11da, 10da and 8da 

were all assigned. Absolute configurations of all the other products were assigned based on 

these results.
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