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General Information  
 
Unless stated otherwise, reactions were performed in oven-dried glassware under a nitrogen atmosphere. 
Solvents were purified over activated alumina using an Innovative Technology solvent purification system. 
Acetylmalononitrile, peracetic acid, tetrabutylammonium fluoride solution (THF, 1.0 M), 
Tris(dimethylamino)sulfonium difluorotrimethylsilicate (TASF), pyrrolidine, benzyl amine, glycine methyl 
ester HCl, valine methyl ester HCl, phenylalanine ethyl ester HCl, and trifluoroacetic acid were purchased 
from Aldrich and used as received.  Ambient temperature refers to 22–26 °C. Lower temperatures were 
maintained using ice (0 °C), a Thermo NEXLAB Cryotrol (−45 to 23 °C), Acetone/CO2(s) (−78 °C) baths. 
Thin-layer chromatography (TLC) was performed using Whatman silica gel 60 Å F254 plates (250 μm) with 
F-254 fluorescent indicator and visualized by UV fluorescence quenching, ceric ammonium molybdate or 
potassium permanganate staining. SiliCycle SiliaFlash P60 silica gel (particle size 40–63 μm) was used for 
flash chromatography. Chiral HPLC was performed on a Agilent HPLC with a Chiralcel®  or ChiralPak® OD-
H, IA, AS-H or AD-H column (250 mm x 10 mm, 5 μm particle size, 1.0 mL/min flow rate) equipped with a 
guard, employing a mixture of isopropanol and hexanes. Melting points were measured on a Thomas 
Hoover Uni-Melt capillary melting point apparatus and are uncorrected. 1H and 13C NMR spectra were 
recorded on Bruker DRX-500 and DMX-500 (at 500 MHz and 125 MHz, respectively) and are reported 
relative to Me4Si (δ 0.0) or residual solvent signals unless otherwise stated. C13 NMR spectra were 
calibrated to residual solvent signals (CHCl3 at 77.23 ppm)  Data for 1H NMR    spectra are reported as 
follows: chemical shift (δ ppm) (multiplicity, coupling constant (Hz), integration). Infrared spectra were 
recorded on a Nicolet 6700 FT-IR spectrometer and are reported in frequency of absorption (cm–1) using 
NaBr salt plates using a thin film. High-resolution mass spectra were recorded on an Agilent 6224 Tof-MS 
(with positive Electrospray ionization mode[+ESi]). Optical rotations were measured on a Perkin Elmer 
141 polarimeter using a 100 mm path-length cell. 
 
Imines (1o-r)1, and 1s2 were prepared according to literature procedure. MAC reagent 2 was prepared as 
described previously.3 Catalyst III prepared according to reported procedure.4 
 
  

                                                 
(1) Best, D.; Kujawa, S.; Lam, H.W. J. Am. Chem. Soc. 2012, 134, 18193. 
(2) Kanazawa, A.M.; Denis, J.; Greene, A.E. J. Org. Chem. 1994, 59, 1238. 
(3) (a) Nemoto, H.; Li, X. M.; Ma, R. J.; Suzuki, I.; Shibuya, M. Tetrahedron Lett. 2003, 44, 73.; (b) Yang, K. S.; Nibbs, A. E.; 
Turkmen, Y. E.; Rawal, V. H. J. Am. Chem. Soc. 2013, 135, 16050. 
(4) Wang, Y.; Li, H. M.; Wang, Y. Q.; Liu, Y.; Foxman, B. M.; Deng, L. J. Am. Chem. Soc. 2007, 129, 6364. 
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General Procedure for the optimization of MAC addition to Imines. 

To a 1 dram (4 mL) vial equipped with a magnetic stir bar was added imine 1 (10.3 mg, 0.05 mmol). A 
solution of MAC reagent 2 (0.05 mmol) in solvent was added and the solution was stirred. Catalyst was 
added as a solid and the vial was sealed. The reaction was monitored by crude analysis of 1H NMR aliquots. 
The reaction mixture was filtered through a plug of silica, and analyzed by chiral HPLC for determination of 
enantioselectivity. 
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General Procedure for the addition of MAC Reagents to Imines 
 
To a 2 dram (8 mL) vial equipped with a magnetic stir bar was added imine 1 (0.33 mmol). A solution of 
TBS MAC reagent 2 (58.9 mg, 0.3 mmol) in 4.5 mL of toluene was added and the solution was stirred at 23 
°C. Catalyst III (3.66 mg, 0.0075 mmol, 2.5 mol %) was added as a solid and the vial was sealed. The 
reaction was monitored by 1H NMR, and upon completion, was concentrated to afford a sticky residue. 
Purification by flash column chromatography produced the desired product 3. 
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Imine Addition Reactions 

 
(3a): Prepared according to general procedure using imine 1a (67.7 mg, 0.33 mmol), MAC 2 (58.9 mg, 0.3 
mmol), and catalyst III (3.66 mg, 0.0075 mmol) in toluene (4.5 mL) at 23 °C for 16 h. Purified by flash 
column chromatography (SiO2, 10% Et2O/Hexanes) to afford 115 mg (96%) of 3a as an amorphous solid. 

Preparative Scale: Modified general procedure using imine 1a (564 mg, 2.75 mmol), MAC 2 (491 mg, 2.5 
mmol), and catalyst III (12.2 mg, 0.025 mmol, 1 mol%) in toluene (37.5 mL) at 23 °C for 36 h. Purified by 
flash column chromatography (SiO2, 10% Et2O/Hexanes) to afford 0.984 g (98%) of 3a as an amorphous 
solid. 

IR (film): 3371, 2958, 2933, 2861, 2243, 1707, 1521, 1367, 1259, 1153, 843, 787, 703 
 
1H NMR (500 MHz, CDCl3) δ 7.40 (s, 5H), 5.49 (s, 1H), 5.39 (s, 1H), 1.46 (s, 9H), 0.85 (s, 9H), 0.27 (s, 3H), 
0.21 (s, 3H). 
 
13C NMR (126 MHz, CDCl3) δ 154.53, 133.16, 129.83, 128.81, 128.63, 114.35, 114.20, 81.52, 68.21, 61.60, 
28.37, 25.31, 18.20, -4.54, -4.68. 
 
HRMS  (+ ESi) Mass calcd. for C21H31N3O3Si [M+H]+:  402.2207, Found [M+H]+: 402.2194. 
 
[α]23.6D = + 7.0° (c = 1.0 , CHCl3) 
 
Enantiomeric ratio: 96:4, Rt1 = 5.1 min, Rt2 = 6.4 min, Chiralcel OD-H, 1% IPA/Hexanes, 1 mL/min. 
 

 

(3b): Prepared according to general procedure using imine 1b (84.3 mg, 0.33 mmol), MAC 2 (58.9 mg, 0.3 
mmol), and catalyst III (3.66 mg, 0.0075 mmol) in toluene (4.5 mL) at 23 °C for 16 h. Purified by flash 
column chromatography (SiO2, 5% EtOAc/Hexanes) to afford 126 mg (93%) of 3b as an amorphous solid. 

IR (film): 3367, 2931, 2850, 2243, 1706, 1506, 1368, 1150, 843, 786 
 
1H NMR (500 MHz, CDCl3) δ 7.90 – 7.79 (m, 4H), 7.56 – 7.43 (m, 3H), 5.62 (s, 1H), 5.57 (s, 1H), 1.47 (s, 9H), 
0.85 (s, 9H), 0.26 (s, 3H), 0.19 (s, 3H). 
 
13C NMR (126 MHz, CDCl3) δ 154.60, 133.79, 132.96, 130.60, 128.65, 128.60, 128.39, 127.88, 127.20, 
126.93, 125.44, 114.38, 114.27, 81.60, 68.23, 61.87, 28.39, 25.32, 18.21, -4.52, -4.63. 
 
HRMS  (+ ESi) Mass calcd. for C25H34N3O3Si [M+H]+ : 452.2364, Found [M+H]+ : 452.2354. 
 
[α]23.6D =   –16.0° (c = 1.0 , CHCl3) 
 
Enantiomeric ratio: 95.5:4.5, Rt1 = 5.7 min, Rt2 = 11.9 min, Chiralcel OD-H, 1% IPA/Hexanes, 1 mL/min 
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(3c): Prepared according to modified general procedure using imine 1c (79.0 mg, 0.33 mmol), MAC 2 (58.9 
mg, 0.3 mmol), and catalyst III (7.33 mg, 0.015 mmol, 5 mol %) in toluene (4.5 mL) at 23 °C for 72 h. 
Purified by flash column chromatography (SiO2, 10% Et2O/Hexanes) to afford 124 mg (95%) of 3c as a 
viscous oil. 

IR (film): 3282, 2932, 2861, 2243, 1708, 1473, 1376, 1259, 1156, 843, 787, 754 
 
1H NMR   (500 MHz, CDCl3) δ 7.56 – 7.40 (m, 2H), 7.37 – 7.30 (m, 2H), 6.15 (s, 1H), 5.46 (s, 1H), 1.46 (s, 9H), 
0.84 (s, 9H), 0.29 (s, 3H), 0.29 (s, 3H). 
 
13C NMR (126 MHz, CDCl3) δ 154.30, 135.34, 132.10, 130.79, 130.35, 128.37, 127.35, 114.12 (x2), 81.69, 
67.63, 56.93, 28.34, 25.29, 18.20, -4.45, -4.62. 
 
HRMS  (+ ESi) Mass calcd. for C21H31ClN3O3Si [M+H]+ : 436.1818, Found [M+H]+ : 436.1801. 
 
[α]23.6D =  – 4.0° (c = 0.5 , CHCl3) 
 
Enantiomeric ratio: 92.5:7.5, Rt1 = 8.7 min, Rt2 = 11.7 min, Chiralcel AD-H, 2% IPA/Hexanes, 1 mL/min 
 

 

(3d): Prepared according to general procedure using imine 1d (90.5 mg, 0.33 mmol), MAC 2 (58.9 mg, 0.3 
mmol), and catalyst III (3.66 mg, 0.0075 mmol) in toluene (4.5 mL) at 23 °C for 14 h. Purified by flash 
column chromatography (SiO2, 33% Dichloromethane/Hexanes to 66% Dichloromethane/Hexanes) to 
afford 137 mg (97%) of 3d as an amorphous solid. 

IR (film): 3362, 2957, 2932, 2861, 2244, 1707, 1473, 1368, 1259, 1146, 842, 787 
 
1H NMR   (500 MHz, CDCl3) δ 7.50 (d, J = 8.3 Hz, 2H), 7.28 – 7.24 (m, 1H), 5.40 (s, 1H), 5.36 (s, 1H) 1.47 (s, 
9H), 0.88 (s, 9H), 0.30 (s, 3H), 0.26 (s, 3H). 
 
13C NMR (126 MHz, CDCl3) δ 154.29, 134.31, 133.53, 133.18, 130.90, 130.81, 127.77, 113.94, 113.82, 82.14, 
67.66, 60.75, 28.38, 25.35, 18.26, -4.50, -4.57. 
 
HRMS (+ ESi) Mass calcd. for C21H30Cl2N3O3Si [M+H]+ : 470.1428, Found [M+H]+ : 470.1403 
 
[α]23.6D =  – 1.7° (c = 1.0 , CHCl3) 
 
Enantiomeric ratio: 94:6, Rt1 = 5.0 min, Rt2 = 7.0 min, Chiralcel OD-H, 1% IPA/Hexanes, 1 mL/min 
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(3e):  Prepared according to general procedure using imine 1e (90.3 mg, 0.33 mmol), MAC 2 (58.9 mg, 0.3 
mmol), and catalyst III (3.66 mg, 0.0075 mmol) in toluene (4.5 mL) at 23 °C for 14 h. Purified by flash 
column chromatography (SiO2, 10% Et2O/Hexanes) to afford 138 mg (98%) of 3e as an amorphous solid. 

IR (film): 3363, 2934, 2863, 2244, 1708, 1513, 1368, 1327, 1260, 1168, 1134, 1070, 840, 787  
 
1H NMR   (500 MHz, CDCl3) δ 7.68 (d, J = 8.2 Hz, 2H), 7.56 (d, J = 8.0 Hz, 2H), 5.57 (s, 1H), 5.49 (s, 1H), 1.47 
(s, 9H), 0.85 (s, J = 48.3 Hz, 9H), 0.29 (s, 3H), 0.23 (s, 3H). 
 
 13C NMR (126 MHz, CDCl3) δ 154.41, 137.23, 132.04 (q, J = 33.2 Hz), 129.25, 125.73, 123.87 (q, J = 272.4 
Hz), 114.05, 113.92, 81.94, 67.84, 61.24, 28.33, 25.27, 18.20, -4.55, -4.67. 
   
HRMS  (+ ESi) Mass calcd. for C22H31F3N3O3Si [M+H]+ : 470.2081, Found [M+H]+ : 470.2058. 
 
[α]23.6D =  + 5.3° (c = 1.0 , CHCl3) 
 
Enantiomeric ratio: 94:6, Rt1 = 4.5, Rt2 = 5.5, Chiralcel OD-H, 1% IPA/Hexanes, 1 mL/min 
 

 

(3f):  Prepared according to general procedure using imine 1f (77.6 mg, 0.33 mmol), MAC 2 (58.9 mg, 0.3 
mmol), and catalyst III (3.66 mg, 0.0075 mmol) in toluene (4.5 mL) at 23 °C for 24 h. Purified by flash 
column chromatography (SiO2, 10% Et2O/Hexanes) to afford 124 mg (96%) of 3f as an amorphous solid. 

IR (film): 3371, 2933, 2861, 2243, 1707, 1512, 1367, 1256, 1154, 1032, 835, 787 
 
1H NMR   (500 MHz, CDCl3) δ 7.35 – 7.29 (m, 2H), 6.96 – 6.87 (m, 2H), 5.49 (s, 1H), 5.33 (s, 1H), 3.81 (s,3H), 
1.45 (s, 9H), 0.87 (s, 9H), 0.28 (s, 3H), 0.23 (s, 3H). 
 
13C NMR (126 MHz, CDCl3) δ 160.70, 154.48, 129.82, 125.29, 114.41, 114.30, 114.17, 81.36, 68.33, 61.26, 
55.47, 28.36, 25.33, 18.19, -4.54, -4.64. 
HRMS  (+ ESi) Mass calcd. for C22H34N3O4Si [M+Na]+ : 454.2133, Found [M+Na]+ : 454.2120. 
 
[α]23.6D =  – 4.2° (c = 1.0 , CHCl3) 
  
Enantiomeric ratio: 95:5, Rt1 = 5.8, Rt2 = 7.8, Chiralcel OD-H, 1% IPA/Hexanes, 1 mL/min 
 

 

(3g):  Prepared according to general procedure using imine 1g (77.6 mg, 0.33 mmol), MAC 2 (58.9 mg, 0.3 
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mmol), and catalyst III (3.66 mg, 0.0075 mmol) in toluene (4.5 mL) at 23 °C for 14 h. Purified by flash 
column chromatography (SiO2, 75% Dichloromethane/Hexanes, then 10% EtOAc/Hexanes) to afford 125 
mg (97%) of 3g as an amorphous solid. 

IR (film): 3365, 2933, 2861, 2243, 1707, 1603, 1494, 1367, 1258, 1153, 1044. 844, 786 
 
1H NMR   (500 MHz, CDCl3) δ 7.31 (dd, J = 8.4, 7.7 Hz, 1H), 6.99 (d, J = 7.7 Hz, 1H), 6.96 – 6.91 (m, 2H), 5.49 
(d, J = 7.9 Hz, 1H), 5.34 (d, J = 7.8 Hz, 1H), 3.81 (s, 3H), 1.46 (s, 9H), 0.86 (s, 9H), 0.28 (s, 3H), 0.23 (s, 3H). 
 
13C NMR (126 MHz, CDCl3) δ 159.86, 154.52, 134.69, 129.89, 120.69, 115.33, 114.55, 114.38, 114.27, 81.53, 
68.16, 61.71, 55.51, 28.38, 25.32, 18.20, -4.52, -4.65. 
 
HRMS  (+ ESi) Mass calcd. for C22H34N3O4Si [M+Na]+ : 454.2133, Found [M+Na]+ : 454.2123. 
 
[α]23.6D =  + 1.4° (c = 1.0 , CHCl3) 
 
Enantiomeric ratio: 97:3, Rt1 = 5.6, Rt2 = 7.0, Chiralcel OD-H, 1% IPA/Hexanes, 1 mL/min 
 

 

(3h):  Prepared according to general procedure using imine 1h (82.3 mg, 0.33 mmol), MAC 2 (58.9 mg, 0.3 
mmol), and catalyst III (3.66 mg, 0.0075 mmol) in toluene (4.5 mL) at 23 °C for 16 h. Purified by flash 
column chromatography (SiO2, 10% Et2O, 30% CHCl3, 60% Hexanes) to afford 128 mg (96%) of 3h as an 
amorphous solid. 

IR (film): 3376, 2957, 2932, 2861, 2243, 1706, 1505, 1490, 1368, 1242, 1155, 1041, 844, 787 
 
1H NMR   (500 MHz, CDCl3) δ 6.91 – 6.85 (m, 2H), 6.81 (d, J = 8.4 Hz, 1H), 5.98 (s, 2H), 5.44 (s, 1H), 5.29 (s, 
1H), 1.46 (s, 9H), 0.88 (s, 9H), 0.30 (s, 3H), 0.26 (s, 3H). 
 
13C NMR (126 MHz, CDCl3) δ 154.42, 148.79, 148.07, 126.96, 122.64, 114.30, 114.19, 108.73, 108.44, 
101.66, 81.45, 68.18, 61.53, 28.34, 25.33, 18.20, -4.52, -4.62. 
HRMS  (+ ESi) Mass calcd. for C22H31N3O5Si [M+Na]+ : 468.1925, Found [M+Na]+ : 468.1918. 
 
[α]23.6D =  – 2.8° (c = 1.0 , CHCl3) 
 
Enantiomeric ratio: 96:4, Rt1 = 6.7, Rt2 = 9.3,  Chiralcel OD-H, 1% IPA/Hexanes, 1 mL/min 
 

 

(3i):  Prepared according to general procedure using imine 1i (68.1 mg, 0.33 mmol), MAC 2 (58.9 mg, 0.3 
mmol), and catalyst III (3.66 mg, 0.0075 mmol) in toluene (4.5 mL) at 23 °C for 14 h. Purified by flash 
column chromatography (SiO2, 30% EtOAc/Hexanes) to afford 118 mg (98%) of 3i as an amorphous solid. 

IR (film): 3310, 2957, 2933, 2861, 2243, 1721, 1522, 1368, 1257, 1154, 1048, 843,787 
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1H NMR (500 MHz,  CDCl3) δ 8.68 (s, 2H), 7.79 (d, J = 6.4 Hz, 1H), 7.37 (dd, J = 7.8, 4.9 Hz, 1H), 5.85 (s, 1H), 
5.49 (s, 1H), 1.47 (s, 9H), 0.85 (s, 9H), 0.29 (s, 3H), 0.23 (s, 3H). 
 
13C NMR (126 MHz, CDCl3) δ 154.47, 150.94, 150.14, 135.81, 129.30, 123.54, 114.02, 113.85, 81.95, 67.81, 
59.79, 28.31, 25.27, 18.17, -4.53, -4.66. 
 
HRMS  (+ ESi) Mass calcd. for C20H31N4O3Si [M+H]+ : 403.2160,  Found [M+H]+ : 403.2151. 
 
[α]23.6

D =  + 3.1° (c = 1.0 , CHCl3) 
 
Enantiomeric ratio: 93:7, Rt1 = 6.3, Rt2 = 8.0, Chiralcel AD-H, 8% IPA/Hexanes, 1 mL/min 
 

 

(3j):  Prepared according to general procedure using imine 1j (69.7 mg, 0.33 mmol), MAC 2 (58.9 mg, 0.3 
mmol), and catalyst III (3.66 mg, 0.0075 mmol) in toluene (4.5 mL) at 23 °C for 12 h. Purified by flash 
column chromatography (SiO2, 10% Et2O/Hexanes) to afford 121 mg (99%) of 3j as an amorphous solid. 

IR (film): 3357, 2933, 2861, 2243, 1710, 1506, 1368, 1258, 1156, 842, 787 
 
1H NMR   (500 MHz, CDCl3) δ 7.35 (dd, J = 5.1, 0.9 Hz, 1H), 7.22 (d, J = 3.5 Hz, 1H), 7.04 (dd, J = 5.0, 3.7 Hz, 
1H), 5.68 (d, J = 8.9 Hz, 1H), 5.42 (s, 1H), 1.47 (s, 9H), 0.92 (s, 9H), 0.33 (s, 3H), 0.30 (s, 3H). 
 
13C NMR (126 MHz, CDCl3) δ 154.28, 135.24, 128.17, 127.11, 127.05, 114.05, 113.98, 81.63, 68.13, 58.08, 
28.30, 25.32, 18.19, -4.53, -4.64. 
 
HRMS  (+ ESi) Mass calcd. for C19H29N3O3SSi [M+Na]+ : 430.1591,  Found [M+Na]+ : 430.158. 
 
[α]23.6D =  + 0.5° (c = 1.0 , CHCl3) 
 
Enantiomeric ratio: 97.5:2.5, Rt1 = 5.0, Rt2 = 5.7, Chiralcel AD-H, 8% IPA/Hexanes, 1 mL/min 
 

 

(3k):  Prepared according to general procedure using imine 1k (64.4 mg, 0.33 mmol), MAC 2 (58.9 mg, 0.3 
mmol), and catalyst III (3.66 mg, 0.0075 mmol) in toluene (4.5 mL) at 23 °C for 36 h. Purified by flash 
column chromatography (SiO2, 10% Et2O/Hexanes) to afford 113 mg (96%) of 3k as an amorphous solid. 

IR (film): 3364, 2933, 2861, 2244, 1708, 1506, 1358, 1259, 1156, 1023, 844, 787 
 
1H NMR   (500 MHz, CDCl3) δ 7.57 (s, 1H), 7.45 (t, J = 1.5 Hz, 1H), 6.52 (d, J = 0.7 Hz, 1H), 5.38 (s, 1H), 5.26 
(s, 1H), 1.47 (s, 9H), 0.90 (s, 9H), 0.33 (s, 3H), 0.31 (s, 2H). 
 
13C NMR (126 MHz, CDCl3) δ 154.47, 143.97, 141.89, 118.82, 114.36, 114.31, 109.39, 81.60, 68.14, 55.22, 
28.38, 25.33, 18.21, -4.49, -4.58. 
 
HRMS  (+ ESi) Mass calcd. for C19H29N3O4Si [M+Na]+ : 414.1820,  Found [M+Na]+ : 414.1809 
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[α]23.6D =  7.3° (c = 1.0 , CHCl3) 
 
Enantiomeric ratio: 93.5:6.5, Rt1 = 5.0, Rt2 = 5.7, Chiralcel OD-H, 1% IPA/Hexanes, 1 mL/min 
 

 

(3l):  Prepared according to modified general procedure using imine 1l (69.7 mg, 0.33 mmol), MAC 2 (58.9 
mg, 0.3 mmol), and catalyst III (7.33 mg, 0.015 mmol) in toluene (3 mL) at 23 °C for 72 h. Purified by flash 
column chromatography (SiO2, 10% Et2O/Hexanes) to afford 110 mg (90%) of 3l as a clear viscous oil. 

IR (film): 3363, 2931, 2858, 2242, 1709, 1506, 1367, 1259, 1153, 1007, 843, 786 
 
1H NMR   (500 MHz, CDCl3) δ 4.85 (d, J = 10.9 Hz, 1H), 4.17 (dd, J = 10.9, 3.9 Hz, 1H), 1.97 – 1.62 (m, 6H), 
1.47 (s, 9H), 1.35 – 1.00 (m, 5H), 0.94 (s, 9H), 0.38 (s, 3H), 0.37 (s, 2H). 
 
13C NMR (126 MHz, CDCl3) δ 155.19, 114.80, 114.70, 80.87, 66.96, 61.92, 38.70, 31.41, 28.36, 27.49, 26.19, 
25.89, 25.88, 25.33, 18.20, -4.47, -4.57. 
 
HRMS  (+ ESi) Mass calcd. for C21H37N3O3Si [M+H]+ : 430.2491,  Found [M+H]+ : 430.2496 
 
 [α]23.6D =  29.6° (c = 1.0 , CHCl3) 
 
Enantiomeric ratio: 92:8 (derived from benzyl amide (8),)  
 

 

(3m):  To a 1 dram (4 mL) vial equipped with a magnetic stir bar was added imine 1m (84.0 mg 0.33 
mmol). A solution of MAC 2 (58.9 mg, 0.3 mmol) in 0.6 mL of CHCl3 was added. The sealed vial was 
submerged in a –40 °C bath and stirred for 10 minutes before catalyst III (7.33 mg, 0.015 mmol, 5 mol %) 
was added as a solid. The vial was re-sealed, stirred for 30 h, warmed to 23 °C, concentrated, and purified 
by flash column chromatography (SiO2, 5% to 10% EtOAc/Hexanes) to afford 116 mg (90%) of 3m as a 
clear viscous oil. 

IR (film): 3374, 2932, 2861, 2243, 1709, 1497, 1367, 1259, 1141, 1048, 843, 787  
 
1H NMR   (500 MHz, CDCl3) δ 7.30 (t, J = 7.4 Hz, 2H), 7.21 (t, J = 7.4 Hz, 1H), 7.17 (d, J = 7.2 Hz, 2H), 4.72 (d, J 
= 10.4 Hz, 1H), 4.27 (td, J = 11.4, 2.1 Hz, 1H), 2.81 (dd, J = 8.6, 5.3 Hz, 1H), 2.67 (dd, J = 14.0, 8.0 Hz, 1H), 2.26 
– 2.11 (m, 1H), 1.87 – 1.71 (m, 1H), 1.48 (s, 9H), 0.90 (s, 9H), 0.35 (s, 3H), 0.33 (s,3). 
 
13C NMR (126 MHz, CDCl3) δ 154.96, 140.12, 128.85, 128.58, 126.66, 114.35, 114.28, 81.15, 67.94, 58.01, 
31.90, 31.33, 28.42, 25.37, 18.22, -4.47, -4.51. 
 
HRMS  (+ ESi) Mass calcd. for C23H35N3O3Si [M+Na]+ : 452.2340,  Found [M+Na]+ : 452.2331 
 
[α]23.6

D =  + 39.4° (c = 1.0 , CHCl3) 
 
Enantiomeric ratio: 92:8, Rt1 = 12.2, Rt2 = 15.9, Chiralcel AD-H, 1% IPA/Hexanes, 1 mL/min 
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Experimental protocols for the unmasking 3a 

 

(4a): To a 2 dram (8 mL) vial was added adduct 3a (68 mg, 0.17 mmol), 1.10 mL MeOH, and 0.57 mL THF. 
The vial was sealed with a Septa-cap, and cooled to –45 °C for 15 minutes before TBAF (1.0 M in THF) (0.19  
mL, 0.19 mmol) was added dropwise over 5 minutes. The reaction was allowed to stir for 2 hours at –45 °C 
before being quenched with aq. NH4Cl (3 mL), and H2O (3 mL). The reaction was warmed to ambient 
temperature, and extracted with EtOAc (10 mL, 3x) The combined organic solvents were dried over 
Na2SO4, concentrated, and purified by flash column chromatography (SiO2, 10% to 15% EtOAc/Hexanes) to 
afford 42 mg (93%) of 4a as a white solid. 

IR (film): 3374, 2977, 1746, 1715, 1497, 1436, 1165, 1053 
 
1H NMR   (500 MHz, CDCl3) δ 7.41 – 7.29 (m, 5H), 5.56 (d, J = 5.6 Hz, 1H), 5.32 (d, J = 7.4 Hz, 1H), 3.71 (s, 
3H), 1.43 (s, 9H). 
 
13C NMR (126 MHz, CDCl3) δ 171.85, 155.02, 137.14, 129.09, 128.63, 127.34, 80.35, 57.82, 52.85, 28.50. 
 
HRMS  (+ ESi) Mass calcd. for C14H19NO4 [M+H]+ : 266.1387,  Found [M+H]+ : 266.1350 
 
[α]23.6D =  – 119.4° (c = 1.0 , CHCl3)    Lit: [α]20D: – 130 (c = 1.0 , CHCl3)5 
 
Enantiomeric ratio: 96:4,  Rt1 = 5.9, Rt2 = 6.8, Chiralcel OD-H, 4% IPA/Hexanes, 1 mL/min. 
 

 

(4c): To a 2 dram (8 mL) vial was added adduct 3c (84 mg, 0.193 mmol), 1.33 mL MeOH, and 0.67 mL THF. 
The vial was sealed with a Septa-cap, and cooled to –45 °C for 15 minutes before TBAF (1.0 M in THF) (0.21  
mL, 0.21 mmol) was added dropwise over 5 minutes. The reaction was allowed to stir for 2 hours at –45 °C 
before being quenched with aq. NH4Cl (3 mL). The reaction was warmed to ambient temperature, diluted 
with EtOAc (10 mL), H2O (5 mL), and brine (2 mL). The organic layer was separated and the aqueous layer 
was extracted with EtOAc (10 mL, 2x). The combined organic solvents were dried over Na2SO4, 
concentrated, and purified by flash column chromatography (SiO2, 10% EtOAc/Hexanes) to afford 55 mg 
(95%) of 4c as a white solid. 

IR (film): 3373, 2977, 1748, 1715, 1494, 1162, 1054, 755 
 
1H NMR   (500 MHz, CDCl3) δ 7.42 – 7.31 (m, 2H), 7.27 – 7.20 (m, 2H), 5.72 (br m, 2H), 3.71 (s, 3H), 1.42 (s, 
9H). 
 

                                                 
(5) Yuste, F.; Ortiz, B.; Carrasco, A.; Peralta, M.; Quintero, L.; Sanchez-Obregon, R.; Walls, F.; Ruano, J. L. G. Tetrahedron: 
Asymmetry. 2000, 11, 3079. 
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13C NMR (126 MHz, CDCl3) δ 171.15, 154.94, 135.37, 133.70, 130.17, 129.88, 129.67, 127.33, 80.27, 55.70, 
52.91, 28.36. 
 
HRMS  (+ ESi) Mass calcd. for C14H18ClNO4 [M+Na]+ : 322.0817,  Found [M+Na]+ : 322.0813 
 
[α]23.6D =  – 100.5° (c = 1.0 , CHCl3)   Lit [α]25D: 119.3  (c = 1.0 , CHCl3) 6 
 
Enantiomeric ratio: 92.5:7.5, Rt1 = 7.7, Rt2 = 9.2, Chiralcel OD-H, 3% IPA/Hexanes, 1 mL/min 
 

 

(5): To a 1 dram (4 mL) vial was added adduct 3a (71 mg, 0.177 mmol), pyrrolidine (37.8 mg, 0.531 mmol), 
and 0.54 mL Dichloromethane. The vial was sealed with a Septa-cap, and cooled to –78 °C in a CO2/Acetone 
bath for 15 minutes before TASF (58.5 mg, 0.21 mmol) in DCM (0.12 mL) (1.8 M) was added dropwise over 
5 minutes. The reaction was allowed to stir for 1.5 hours at –78 °C before being quenched with aq. HCl 
(1.0M,  3 mL). The reaction was warmed to ambient temperature, diluted with EtOAc (10 mL), H2O (5 mL), 
and brine (2 mL). The organic layer was separated and the aqueous layer was extracted with EtOAc (10 mL, 
2x). The combined organic solvents were dried over Na2SO4, concentrated, and purified by flash column 
chromatography (SiO2, 50% EtOAc/Hexanes) to afford 52 mg (96%) of 5 as a white solid. 

IR (film): 3411, 3324, 2974, 2877, 1711, 1645, 1435, 1166, 1053, 700 
 
1H NMR   (500 MHz, CDCl3) δ 7.47 – 7.28 (m, 5H), 6.05 (d, J = 7.4 Hz, 1H), 5.37 (d, J = 7.7 Hz, 1H), 3.62 – 3.50 
(m, 2H), 3.46 – 3.34 (m, 1H), 3.14 – 3.00 (m, 1H), 1.96 – 1.63 (m, 4H), 1.41 (s, 9H). 
 
13C NMR (126 MHz, CDCl3) δ 168.59, 155.23, 138.04, 129.06, 128.26, 128.10, 79.75, 56.73, 46.38, 46.28, 
28.54, 26.07, 24.14. 
 
HRMS  (+ ESi) Mass calcd. for C17H24N2O3 [M+Na]+ : 327.1679,  Found [M+Na]+ : 327.1674. 
 
[α]23.6D =  =  – 129.8° (c = 1.0 , CHCl3) 
 
Enantiomeric ratio: 96:4, Rt1 = 8.0, Rt2 = 9.4, Chiralcel OD-H, 6% IPA/Hexanes, 1 mL/min 
 

 

(6): To a 1 dram (4 mL) vial was added adduct 3j (82 mg, 0.20 mmol), benzylamine (64.3 mg, 0.60 mmol) 
and 0.60 mL Dichloromethane. The vial was sealed with a Septa-cap, and cooled to –78 °C in a CO2/Acetone 
bath for 15 minutes before TASF (66.1 mg, 0.24 mmol) in DCM (0.13 mL) (1.8 M) was added dropwise over 
5 minutes. The reaction was allowed to stir for 2 hours at –78 °C before being quenched with aq. HCl (1.0M,  
3 mL). The reaction was warmed to ambient temperature, diluted with EtOAc (10 mL), H2O (5 mL), and 
brine (2 mL). The organic layer was separated and the aqueous layer was extracted with EtOAc (10 mL, 2x). 
The combined organic solvents were dried over Na2SO4, concentrated, and purified by flash column 
chromatography (SiO2, 30% EtOAc/Hexanes) to afford 65 mg (93%) of 6 as a white solid. 

                                                 
(6) Ferraboschi, P.; De Mieri, M.; Galimberti, F. Tetrahedron: Asymmetry. 2010, 21, 2136. 
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IR (film): 3308, 2977, 2929, 1693, 1660, 1496, 1367, 1247, 1164, 1064, 697. 
 
1H NMR   (500 MHz, CDCl3) δ 7.29 – 7.19 (m, 4H), 7.15 (d, J = 6.8 Hz, 2H), 7.01 (d, J = 3.4 Hz, 1H), 6.90 (dd, J 
= 5.0, 3.6 Hz, 1H), 6.86 (s, 1H), 5.87 (s, 1H), 5.59 (s, 1H), 4.40 (ddd, J = 36.4, 15.0, 5.8 Hz, 2H), 1.37 (s, 9H). 
 
13C NMR (126 MHz, CDCl3) δ 169.65, 155.30, 141.02, 137.86, 128.76, 127.69, 127.59, 127.03, 126.22, 
125.83, 80.49, 54.24, 43.80, 28.40. 
 
HRMS  (+ ESi) Mass calcd. for C18H22N2O3S [M+H]+ : 347.1424,  Found [M+H]+ : 347.1414 
 
[α]23.6D =  =  – 63.8° (c = 1.0 , CHCl3) 
 
Enantiomeric ratio: 97.5:2.5, Rt1 = 10.0, Rt2 = 15.0, Chiralcel OD-H, 5% IPA/Hexanes, 1 mL/min 
 

 

(7): To a 1 dram (4 mL) vial was added 6 (35 mg, 0.1 mmol), and 0.50 mL Dichloromethane. The vial was 
sealed with a Septa-cap, and cooled to 0 °C in an ice bath for 15 minutes before Trifluoroacetic acid (0.5 
mL) was added dropwise. The reaction was allowed to stir for 1 hour at 0 °C, before being concentrated in 
vacuo with stirring at 0 °C. The ice bath was removed and the dry residue was re-dissolved in pyridine (0.5 
mL). Acetic Anhydride (102 mg, 1 mmol) was added and the reaction was stirred with 2 h at ambient 
temperature. The reaction was diluted with 15 mL EtOAc, and washed with aq. NaHCO3 (5 mL), aq HCl 
(1.0M, 5 mL), and Brine (5 mL). The organic layer was dried over Na2SO4, concentrated, and purified by 
flash column chromatography (SiO2, 50% to 100% EtOAc/Hexanes) to afford 27.7 mg (96%) of 7 as a white 
solid. 

IR (film): 3283, 3065, 1638, 1539, 1376, 1229, 696. 
 
1H NMR   (500 MHz, CDCl3) δ 7.32 (t, J = 5.1 Hz, 1H), 7.30 – 7.23 (m, 3H), 7.22 – 7.16 (m, 3H), 7.08 (d, J = 7.6 
Hz, 1H), 7.03 (d, J = 3.4 Hz, 1H), 6.90 (dd, J = 5.1, 3.6 Hz, 1H), 6.02 (d, J = 7.7 Hz, 1H), 4.39 (ddd, J = 20.5, 14.5, 
5.5 Hz, 2H), 1.88 (s, 9H). 
 
13C NMR (126 MHz, CDCl3) δ 170.02, 169.53, 140.76, 137.71, 128.84, 127.89, 127.71, 127.07, 126.52, 
125.86, 52.65, 44.04, 23.11. 
 
HRMS  (+ ESi) Mass calcd. for C15H16N2O2S [M+H]+ : 289.1005,  Found [M+H]+ : 289.0997 
 
 [α]23.6D =  =  – 90.0° (c = 1.0 , CHCl3) 
 
Enantiomeric ratio: 97.5:2.5, Rt1 = 6.4, Rt2 = 13.5, Chiralcel AD-H, 25% IPA/Hexanes, 1 mL/min 
 

 

(8): To a 2 dram (8 mL) vial was added adduct 3a (110 mg, 0.27 mmol), benzylamine (86.8 mg, 0.81 mmol) 
and 0.82 mL Dichloromethane. The vial was sealed with a Septa-cap, and cooled to –78 °C in a CO2/Acetone 
bath for 15 minutes before TASF (89 mg, 0.32 mmol) in DCM (0.18 mL) (1.8 M) was added dropwise over 5 
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minutes. The reaction was allowed to stir for 1.5 hours at –78 °C before being quenched with aq. HCl (1.0M,  
5 mL). The reaction was warmed to ambient temperature, diluted with EtOAc (10 mL), H2O (5 mL), and 
brine (2 mL). The organic layer was separated and the aqueous layer was extracted with EtOAc (10 mL, 2x). 
The combined organic solvents were dried over Na2SO4, concentrated, and purified by flash column 
chromatography (SiO2, 20% EtOAc/Hexanes) to afford 90 mg (92%) of 8 as a clear viscous oil. 

IR (film): 3296, 2927, 2852, 1684, 1653, 1522, 1455, 1294, 1245, 1173, 697.  
 
1H NMR   (500 MHz, CDCl3) δ 7.32 – 7.26 (m, 2H), 7.26 – 7.20 (m, 3H), 6.76 (s, 1H), 5.25 (d, J = 8.6 Hz, 1H), 
4.40 (ddd, J = 36.7, 14.9, 5.6 Hz, 2H), 3.97 (t, J = 7.4 Hz, 1H), 1.88 – 1.56 (m, 6H), 1.39 (s, J = 10.0 Hz, 9H), 
1.29 – 0.67 (m, 5H). 
 
13C NMR (126 MHz, CDCl3) δ 171.86, 156.11, 138.31, 128.77, 127.81, 127.54, 79.92, 59.85, 43.54, 40.51, 
29.95, 28.66, 28.48, 26.31, 26.11. 
 
HRMS  (+ ESi) Mass calcd. for C20H30N2O3 [M+Na]+ : 369.2149,  Found [M+Na]+ : 369.2143 
 
[α]23.6D =  =  – 0.3° (c = 1.0 , CHCl3) 
 
Enantiomeric ratio: 92:8,  Rt1 = 6.1, Rt2 = 8.1, Chiralcel AD-H, 10% IPA/Hexanes, 1 mL/min 
 

 

(9): To a 1 dram (4 mL) vial was added adduct 3a (70 mg, 0.174 mmol), 0.52 mL Dichloromethane, glycine 
methyl ester hydrochloride (43.8 mg, 0.348 mmol), diisopropyl ethyl amine (45.1 mg, 0.348 mmol, and 
stirred at ambient temperature until dissolution. The vial was sealed with a Septa-cap, and cooled to –78 °C 
in a CO2/Acetone bath for 15 minutes before TASF (58 mg, 0.21 mmol) in DCM (0.12 mL) (1.8 M) was 
added dropwise over 5 minutes. The reaction was allowed to stir for 2 hours at –78 °C before being 
quenched with aq. HCl (1.0M,  3 mL). The reaction was warmed to ambient temperature, diluted with 
EtOAc (10 mL), H2O (5 mL), and brine (2 mL). The organic layer was separated and the aqueous layer was 
extracted with EtOAc (10 mL, 2x). The combined organic solvents were dried over Na2SO4, concentrated, 
and purified by flash column chromatography (SiO2, 35% EtOAc/Hexanes) to afford 52.0 mg (93%) of 9 as 
a white solid. 

IR (film): 3320, 2977, 1751, 1667, 1497, 1367, 1167, 698. 
 
1H NMR   (500 MHz, CDCl3) δ 7.41 – 7.28 (m, 5H), 6.66 (s, 1H), 5.82 (s, 1H), 5.26 (s, 1H), 3.99 (ddd, J = 22.3, 
18.2, 4.8 Hz, 2H), 3.70 (s, 3H), 1.41 (s, 9H). 
 
13C NMR (126 MHz, CDCl3) δ 170.70, 170.08, 155.30, 138.20, 129.12, 128.54, 127.47, 80.29, 58.59, 52.48, 
41.53, 28.45. 
 
HRMS  (+ ESi) Mass calcd. for C16H22N2O5 [M+Na]+ : 345.1421,  Found [M+Na]+ : 345.1415. 
 
[α]23.6D =  =  – 81.4° (c = 1.0 , CHCl3)   
 
Enantiomeric ratio: 96:4, Rt1 = 17.6, Rt2 = 24.0, Chiralcel AD-H, 10% IPA/Hexanes, 1 mL/min 
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(10): To a 2 dram (8 mL) vial was added adduct 3a (82 mg, 0.204 mmol), valine methyl ester 7 (80.4 mg, 
0.612 mmol), and Dichloromethane (0.62 mL). The vial was sealed with a Septa-cap, and cooled to –45 °C in 
cryogenic bath for 15 minutes before TASF (67.4 mg, 0.245 mmol) in DCM (0.135 mL) (1.8 M) was added 
dropwise over 5 minutes. The reaction was allowed to stir for 6 hours at –45 °C before being quenched 
slowly by the dropwise addition of a 1.0 M solution of Trifluoroacetic acid in DCM (2 mL, 2 mmol) over 5 
minutes. Aq. HCl (1.0M,  3 mL) was added and the reaction was warmed to ambient temperature, diluted 
with EtOAc (20 mL), and washed aq. HCl (1.0 M, 10 mL, 2x), sat. NaHCO3 (10 mL), and brine (5 mL). 8 The 
organic layer was separated and dried over Na2SO4, concentrated, and purified by flash column 
chromatography (SiO2, 20-25% EtOAc/Hexanes) to afford 53.6 mg (72%) of 10 as a white solid.  

IR (film): 3318, 2967, 1742, 1716, 1662, 1450, 1366, 1054, 698. 
 
1H NMR (major diastereomer)  (500 MHz, CDCl3) δ 7.44 – 7.28 (m, 5H), 6.32 (d, J = 8.7 Hz, 1H), 5.77 (s, 1H), 
5.19 (s, 1H), 4.54 (dd, J = 9.0, 4.9 Hz, 1H), 3.74 (s, 3H), 2.11 – 2.03 (m, 1H), 1.41 (s, 9H), 0.74 (d, J = 6.9 Hz, 
3H), 0.69 (d, J = 6.9 Hz, 3H). 
 

13C NMR (major diastereomer)  (126 MHz, CDCl3) δ 172.31, 170.11, 155.17, 138.68, 129.22, 128.60, 127.38, 
80.31, 59.08, 57.25, 52.43, 31.52, 28.47, 18.92, 17.47. 
 
HRMS  (+ ESi) Mass calcd. for C19H28N2O5 [M+Na]+ : 387.1890,  Found [M+Na]+ : 387.1883 

 

 

(11): To a 2 dram (8 mL) vial was added adduct 3a (73 mg, 0.182 mmol), Phenylalanine ethyl ester7 (105.4 
mg, 0.545 mmol), and Dichloromethane (0.55 mL). The vial was sealed with a Septa-cap, and cooled to –45 
°C in cryogenic bath for 15 minutes before TASF (60 mg, 0.218 mmol) in DCM (0.12 mL) (1.8 M) was added 
dropwise over 5 minutes. The reaction was allowed to stir for 5 hours at –45 °C before being quenched 
slowly by the dropwise addition of a 1.0 M solution of Trifluoroacetic acid in DCM (2 mL, 2 mmol) over 5 
minutes. Aq. HCl (1.0M,  3 mL) was added and the reaction was warmed to ambient temperature, diluted 
with EtOAc (20 mL), and washed aq. HCl (1.0 M, 10 mL, 2x), sat. NaHCO3 (10 mL), and brine (5 mL).8  The 
organic layer was separated and dried over Na2SO4, concentrated, and purified by flash column 
chromatography (SiO2, 20-25% EtOAc/Hexanes) to afford 54.2 mg (70%) of 11 as a white solid.  
 
IR (film): 3320, 2978, 2931, 1734, 1717, 1662, 1497, 1367, 1168, 699. 
 
1H NMR  (major diastereomer)  (500 MHz, CDCl3) δ 7.40 – 7.28 (m, 5H), 7.14 (t, J = 7.4 Hz, 1H), 7.06 (t, J = 

                                                 
7 Free base obtained by washing the amino ester hydrochloride salt with sat. aq. K2CO3, extraction with 
DCM, and concentration. The concentrated free base was stable for weeks in the fridge. 
8 It is essential to wash away excess free amine with aq. HCl prior to washing with aq. NaHCO3 (to remove 
TFA) since the amine will react with the unreacted acyl cyanide at elevated temperatures and lead to 
noticeable epimerization. 
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7.5 Hz, 2H), 6.66 (d, J = 6.2 Hz, 2H), 6.15 (s, 1H), 5.82 (s, 1H), 5.08 (s, 1H), 4.87 (dt, J = 8.0, 5.4 Hz, 1H), 4.22 – 
4.11 (m, 2H), 3.03 – 2.88 (m, 2H), 1.41 (s, 9H), 1.25 (t, J = 7.2 Hz, 3H). 
 
13C NMR (major diastereomer)  (126 MHz, CDCl3) δ 171.09, 169.55, 155.18, 138.62, 135.37, 129.37, 129.32, 
128.62, 128.58, 127.48, 127.13, 80.21, 61.85, 58.87, 53.27, 37.86, 28.49, 14.30. 
 
HRMS  (+ ESi) Mass calcd. for C24H30N2O5 [M+Na]+ : 449.2047,  Found [M+Na]+ : 449.2043 
 

 

(12): To a 1 dram (4 mL) vial was added adduct 3a (32 mg, 0.079 mmol), valine methyl ester7 (20.6 mg, 
0.157 mmol), and Dichloromethane (0.24 mL). The vial was sealed with a Septa-cap, and cooled to –78 °C in 
cryogenic bath for 15 minutes before TASF (26 mg, 0.094 mmol) in DCM (0.052 mL) (1.8 M) was added 
dropwise over 5 minutes. The reaction was allowed to stir for 3 hours at –78 °C, and another 5 hours at –45 
°C before being quenched with aq. HCl (1.0M,  2 mL). The reaction was warmed to ambient temperature, 
diluted with EtOAc (10 mL), H2O (3mL), and brine (2 mL). The organic layer was separated and the 
aqueous layer was extracted with EtOAc (10 mL, 2x). The combined organic solvents were dried over 
Na2SO4, concentrated, and purified by flash column chromatography (SiO2, 20% EtOAc/Hexanes) to afford 
27 mg (93%) of 12 as an amorphous solid. 

IR (film): 3314, 2926, 2852, 1746, 1682, 1650, 1530, 1450, 1366, 1256, 1177, 1018 
 
1H NMR   (major diastereomer)  (500 MHz, CDCl3) δ 6.51 (d, J = 8.7 Hz, 1H), 5.05 (s, 1H), 4.55 (dd, J = 8.7, 4.8 
Hz, 1H), 3.99 (s, 1H), 3.74 (s, 3H), 2.25 – 2.13 (m, 1H), 1.90 – 1.79 (m, 1H), 1.79 – 1.62 (m, 5H), 1.44 (d, J = 
3.4 Hz, 9H), 1.34 – 1.18 (m, 3H), 1.18 – 1.06 (m, 2H), 1.01 (ddd, J = 25.0, 12.5, 3.5 Hz, 1H), 0.94 (d, J = 6.9 Hz, 
3H), 0.90 (d, J = 6.9 Hz, 3H). 
 
13C NMR (major diastereomer)  (126 MHz, CDCl3) δ 172.40, 171.62, 80.14, 59.86, 57.20, 52.33, 40.48, 31.37, 
30.05, 28.50, 28.17, 26.29, 26.23, 26.18, 19.16, 17.94. 
 
HRMS  (+ ESi) Mass calcd. for C19H34N2O5Si [M+Na]+ : 393.2360,  Found [M+Na]+ : 393.2354.  
 

 
(13): To a 1 dram (4 mL) vial was added adduct 3b (49 mg, 0.1085 mmol), sarcosine methyl ester7 (33.6 
mg, 0.325 mmol), and dichloromethane (0.33 mL). The vial was sealed with a Septa-cap, and cooled to –78 
°C in cryogenic bath for 15 minutes before TASF (36 mg, 0.13 mmol) in dichloromethane (0.072 mL) (1.8 
M) was added dropwise over 5 minutes. The reaction was allowed to stir for 2 hours at –78 °C, and another 
5 hours at –45 °C before being quenched by the dropwise addition of a 1.0 M solution of Trifluoroacetic 
acid in DCM (1 mL, 2 mmol) over 5 minutes. Aq. HCl (1.0M,  2 mL) was added and the reaction was warmed 
to ambient temperature, diluted with EtOAc (15 mL), and washed aq. HCl (1.0 M, 5 mL, 2x), sat. NaHCO3 (10 
mL), and brine (5 mL).8  The organic layer was separated and dried over Na2SO4, concentrated, and purified 
by flash column chromatography (SiO2, 25-30% EtOAc/Hexanes) to afford 34 mg (81%) of 13 as an 
amorphous solid.  
 

IR (film): - 3419, 3328, 2977, 2849, 1751, 1707, 1653, 1486, 1405, 1366, 1165, 751  
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1H NMR   - (major rotamer) (500 MHz, CDCl3) δ 7.93 – 7.77 (m, 4H), 7.58 – 7.40 (m, 3H), 6.03 (d, J = 7.8 Hz, 
1H), 5.80 (d, J = 7.9 Hz, 1H), 4.16 (dd, J = 145.6, 17.2 Hz, 2H), 3.73 (s, 3H), 2.95 (s, 3H), 1.41 (s, 9H). 
 
13C NMR – (major rotamer) (126 MHz, CDCl3) δ 171.07, 169.35, 155.30, 134.89, 133.56, 133.29, 129.10, 
128.40, 127.86, 127.40, 126.59, 126.54, 125.73, 80.02, 55.62, 52.38, 50.16, 36.57, 28.56 
 
HRMS  (+ ESi) Mass calcd. for C21H27N2O5 [M+H]+ : 387.1914,  Found [M+Na]+ : 387.1898.  
 

[α]23.6
D =  =  – 147.6° (c = 1.0 , CHCl3)   

 
Enantiomeric ratio: 95.5:4.5, Rt1 = 10.7, Rt2 = 13.5, Chiralcel OD-H, 10% IPA/Hexanes, 1 mL/min 
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HPLC Traces of Racemic and Enantioenriched Compounds 

 
 
 
 
 
 

 
 
 

 
 

 
 

 
 

Enantiomeric ratio: 96:4 
Rt1 = 5.1 min, Rt2 = 6.4 min 

Chiracel OD-H, 1% IPA/Hexanes, 1 mL/min 
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Enantiomeric ratio: 95.5:4.5, 
Rt1 = 5.7 min, Rt2 = 11.9 min 

Chiracel OD-H, 1% IPA/Hexanes, 1 mL/min 
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Enantiomeric ratio: 92.5:7.5 
Rt1 = 8.7 min, Rt2 = 11.7 min 

Chiracel AD-H, 2% IPA/Hexanes, 1 mL/min 
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Enantiomeric ratio: 94:6 
Rt1 = 5.0 min, Rt2 = 7.0 min 

Chiracel OD-H, 1% IPA/Hexanes, 1 mL/min   
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Enantiomeric ratio: 94:6 
Rt1 = 4.5, Rt2 = 5.5 

Chiracel OD-H, 1% IPA/Hexanes, 1 mL/min 
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Enantiomeric ratio: 95:5 

Rt1 = 5.8, Rt2 = 7.8 
Chiracel OD-H, 1% IPA/Hexanes, 1 mL/min   
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Enantiomeric ratio: 97:3 
Rt1 = 5.6, Rt2 = 7.0 

Chiracel OD-H, 1% IPA/Hexanes, 1 mL/min 
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Enantiomeric ratio: 96:4 
Rt1 = 6.7, Rt2 = 9.3 

Chiracel OD-H, 1% IPA/Hexanes, 1 mL/min   
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Enantiomeric ratio: 93:7 
Rt1 = 6.3, Rt2 = 8.0 

Chiracel AD-H, 8% IPA/Hexanes, 1 mL/min 
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Enantiomeric ratio: 97.5:2.5 
Rt1 = 5.0, Rt2 = 5.7 

Chiracel AD-H, 8% IPA/Hexanes, 1 mL/min 
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Enantiomeric ratio: 93.5:6.5 
Rt1 = 5.0, Rt2 = 5.7 

Chiracel OD-H, 1% IPA/Hexanes, 1 mL/min 
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Enantiomeric ratio: 92:8, 
Rt1 = 12.2, Rt2 = 15.9 

Chiracel AD-H, 1% IPA/Hexanes, 1 mL/min 
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Enantiomeric ratio: 96:4 
Rt1 = 5.9, Rt2 = 6.8 

Chiracel OD-H, 4% IPA/Hexanes, 1 mL/min 
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Enantiomeric ratio: 92.5:7.5 
Rt1 = 7.7, Rt2 = 9.2 

Chiracel OD-H, 3% IPA/Hexanes, 1 mL/min   
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Enantiomeric ratio: 96:4 
Rt1 = 8.0, Rt2 = 9.4 

Chiracel OD-H, 6% IPA/Hexanes, 1 mL/min 
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Enantiomeric ratio: 97.5:2.5 
Rt1 = 10.0, Rt2 = 15.0 

Chiracel OD-H, 5% IPA/Hexanes, 1 mL/min 
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Enantiomeric ratio: 97.5:2.5 
Rt1 = 6.4, Rt2 = 13.5 

Chiracel AD-H, 25% IPA/Hexanes, 1 mL/min 
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Enantiomeric ratio: 96:4 
Rt1 = 17.6, Rt2 = 24.0 

Chiracel AD-H, 10% IPA/Hexanes, 1 mL/min 
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Enantiomeric ratio: 92:8 
Rt1 = 6.1, Rt2 = 8.1 

Chiracel AD-H, 10% IPA/Hexanes, 1 mL/min 
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Enantiomeric ratio: 95.5:4.5 
Rt1 = 10.7, Rt2 = 13.5 

Chiracel OD-H, 10% IPA/Hexanes, 1 mL/min 
 
 


