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General procedures. Reactions were carried out in a dry nitrogen atmosphere. Tetrahydrofuran 

(THF) was freshly distilled under sodium metal and benzophenone. HPLC solvents were filtered 

through Millipore filter paper. 4,4,5,5-tetramethyl-1,3,2-dioxaborolane (pinBH) was distilled 

immediately before use. All synthesized compounds were purified with flash chromatography 

using EMD Silica Gel 60 Geduran®, distilled via short path distillation, or triturated. Thin Layer 

Chromatography analyses were performed on Analtech Silica Gel HLF (0.25 mm) precoated 

analytical plates and visualized with use of handheld short wavelength UV light, Iodine stain (I2 

and EMD Silica Gel 60 Geduran®) and Vanillin stain (Ethanol, H2SO4, and vanillin). HPLC 

analyses were performed with use of an ISCO model 2360 HPLC and Chiral Technologies, Inc. 

chiral HPLC columns (Chiralcel-AD, column: 250 x 4.6 mm; Chiralcel-OD, column: 250 x 4.6 

mm; Chiralpak-IC, column: 250 x 4.6 mm) and monitored with UV-VIS detector (Shimadzu SPD-

10AVP/10AVP, λ = 210 nm). Data were recorded and analyzed with ChromPerfect chromatography 

software (version 5.1.0). NMR spectra were recorded on 400 MHz and 300 MHz Bruker Advance 

NMR spectrometers using residue CHCl3 (δ 7.27 ppm) or CDCl3 (δ 77.0 ppm) for reference unless 

otherwise specified. Peaks are expressed as m (unresolved multiplet), q (quartet), t (triplet), d 

(doublet) or s (singlet). IR spectra were recorded using an Avatar 360 FT-IR. Optical rotations 

were measured as solutions, 1.0 g/100 mL in chloroform or methanol unless indicated otherwise, 

and recorded using an Autopol III automatic polarimeter. HRMS analyses were performed by the 

Nebraska Center for Mass Spectrometry. Ligands B1–5 are prepared as previously reported.1 
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General procedure for the preparation of (E)--unsaturated amides via 

trimethylaluminum mediated amide bond formation (GP1) 
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(E)-5-phenyl-4-pentenecarboxylic acid benzyl amide (3a). To a solution of benzyl amine (2 

equiv, 10 mmol, 1.1 mL) in DCM (20 mL) was slowly added trimethylaluminum (1.62 equiv, 2.0 

M in hexanes, 8.1 mmol, 4.05 mL) at room temperature. The resulting mixture was stirred at room 

temp for 30 mins, and the corresponding ethyl ester ((E)-5-phenyl-4-pentenecarboxylic acid ethyl 

ester, (E)-14, (5 mmol, 1.02 g)) was added dropwise. The resultant mixture was heated overnight 

at 35 oC. After cooling to room temperature, the reaction mixture was quenched with HCl (1M) 

and extracted with DCM (3 x 20 mL). The combined organic extracts were dried (anhyd. Na2SO4) 

and concentrated under reduced pressure. Flash chromatography on silica gel (80:20–60:40 

hexanes:ethyl acetate), the title compound (1.05 g, 79%) as a white solid: m.p. 85.0–86.5 oC; TLC 

analysis Rf  0.4 (60:40 hexanes:ethyl acetate); 1H NMR (400 MHz, CDCl3) δ 7.20–7.40 (10H, m, 

a,b,b’,c,c’,l,l’,m,m’,n), 6.46 (1H, d, J = 15.8 Hz, j), 6.22 (1H, dt, J = 15.8 and 6.9 Hz, i), 6.07 (1H, 

br s, NH), 4.45 (2H, d, J = 5.7 Hz, e), 2.55–2.65 (2H, m, h), 2.39 (2H, t, J = 7.4 Hz, g); 13C NMR 

(100 MHz, CDCl3) δ 172.10 (f), 138.40 (d), 137.42 (k), 131.30 (j), 128.81 (b,b’), 128.75 (i), 128.64 

(l,l’), 127.90 (m,m’), 127.59 (n), 127.30 (a), 126.20 (c,c’), 43.72 (e), 36.51 (g), 29.13 (h); IR (neat) 

3292 (N-H stretch), 3062, 3029, 1635 (C=O stretch), 1545, 1492, 1445 (C-N stretch), 1223, 967, 

732, 671 cm-1; HRMS (EI) calcd. for C18H19NO (M): 265.1467, found 265.1476 m/z. 

 

(E)-5-(4-trifluoromethyl)phenyl-4-pentenecarboxylic acid benzyl amide (3b). 

Following GP1 with the corresponding ethyl ester ((E)-5-(4-trifluoromethyl)phenyl-4-

pentenecarboxylic acid ethyl ester (5 mmol, 1.36 g) and benzyl amine (2 equiv, 10 mmol, 1.1 mL) 

affords, after flash chromatography on silica gel (80:20–60:40 hexanes:ethyl acetate), the title 
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compound (1.18 g, 71%) as a white solid: m.p. 127.0–128.0 oC; TLC analysis Rf  0.4 (60:40 

hexanes:ethyl acetate); 19F NMR (376 MHz, CDCl3) δ –62.44 (CF3); 1H NMR (400 MHz, CDCl3) 

δ 7.56 (2H, d, J = 8.2 Hz, l,l’), 7.41 (2H, d, J = 8.2 Hz, m,m’), 7.25–7.35 (5H, m, a,b,b’,c,c’), 6.49 

(1H, d, J = 15.8 Hz, j), 6.34 (1H, dt, J = 15.8 and 6.8 Hz, i), 5.81 (1H, br s, NH), 4.48 (2H, d, J = 

5.7 Hz, e), 2.64 (2H, q, J = 7.1 Hz, h), 2.42 (2H, t, J = 7.3 Hz, g); 13C NMR (100 MHz, CDCl3) δ 

171.75 (f), 140.90 (k), 138.32 (d), 131.62 (aryl), 130.08 (aryl), 128.83 (aryl), 127.92 (aryl), 127.68 

(aryl), 126.31 (aryl), 125.57 (q, J = 4,1 Hz, aryl), 43.76 (e), 36.17 (g), 29.04 (h); IR (neat) 3292 

(N-H stretch), 1634 (C=O stretch), 1603, 1542, 1327, 1165, 1109, 1068, 742, 691 cm-1; HRMS 

(EI) calcd. for C19H18F3NO (M): 333.1340, found 333.1356 m/z. 

 

(E)-5-(4-fluoro)phenyl-4-pentenecarboxylic acid benzyl amide (3c). Following GP1 with the 

corresponding ethyl ester ((E)-5-(4-fluoro)phenyl-4-pentenecarboxylic acid ethyl ester (5 mmol, 

1.11 g) and benzyl amine (2 equiv, 10 mmol, 1.1 mL) affords, after flash chromatography on silica 

gel (80:20–60:40 hexanes:ethyl acetate), the title compound (1.06 g, 75%) as a white solid: m.p. 

92.5–93.5 oC; TLC analysis Rf  0.4 (60:40 hexanes:ethyl acetate); 19F NMR (376 MHz, CDCl3) δ 

–115.10 to –115.25 (m, F); 1H NMR (400 MHz, CDCl3) δ 7.20–7.30 (7H, m, a,b,b’,c,c’,l,l’), 6.99 

(2H, t, J = 8.7 Hz, m,m’), 6.41 (1H, d, J = 15.8 Hz, j), 6.13 (1H, dt, J = 15.8 and 6.9 Hz, i), 5.99 

(1H, br s, NH), 4.45 (2H, d, J = 5.7 Hz, e), 2.58 (2H, q, J = 7.2 Hz, h), 2.39 (2H, t, J = 7.4 Hz, g); 

13C NMR (100 MHz, CDCl3) δ 172.08 (f), 162.18 (d, J = 244 Hz, n), 138.40 (d), 133.61 and 133.58 

(k), 130.10 (j), 128.80 (b,b’), 128.50 and 128.48 (i), 127.88 (l,l’), 127.68 (a), 127.60 (c,c’), 115.48 

(d, J = 22 Hz, m,m’), 43.70 (e), 36.43 (g), 29.05 (h); IR (neat) 3286 (N-H stretch), 2917, 1632 

(C=O stretch), 1544, 1507, 1224, 1157, 968, 849, 810, 738, 694 cm-1; HRMS (EI) calcd. for 

C18H18FNO (M): 283.1372, found 283.1383 m/z. 

 

(E)-5-(4-chloro)phenyl-4-pentenecarboxylic acid benzyl amide (3d). Following GP1 

with the corresponding ethyl ester ((E)-5-(4-chloro)phenyl-4-pentenecarboxylic acid ethyl ester (5 
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mmol, 1.19 g) and benzyl amine (2 equiv, 10 mmol, 1.1 mL) affords, after flash chromatography 

on silica gel (80:20–60:40 hexanes:ethyl acetate), the title compound (1.17 g, 77%) as a white 

solid: m.p. 122.5–124.5 oC; TLC analysis Rf  0.4 (60:40 hexanes:ethyl acetate); 1H NMR (400 

MHz, CDCl3) δ 7.20–7.30 (9H, m, a,b,b’,c,c’,l,l’,m,m’), 6.39 (1H, d, J = 15.8 Hz, j), 6.19 (1H, dt, 

J = 15.8 and 6.9 Hz, i), 6.00 (1H, br s, NH), 4.45 (2H, d, J = 5.7 Hz, e), 2.59 (2H, q, J = 7.0 Hz, 

h), 2.39 (2H, t, J = 7.4 Hz, g); 13C NMR (100 MHz, CDCl3) δ 172.00 (f), 138.39 (n), 135.93 (d), 

132.83 (k), 130.07 (j), 129.52 (i), 128.81 (l,l’), 128.75 (b,b’), 127.89 (m,m’), 127.62 (a), 127.40 

(c,c’), 43.71 (e), 36.30 (g), 29.06 (h); IR (neat) 3294 (N-H stretch), 1634 (C=O stretch), 1548, 

1489, 1093, 1010, 970, 851, 806, 745, 696 cm-1; HRMS (EI) calcd. for C18H18ClNO (M): 

299.1077, found 299.1082 m/z. 

 

(E)-5-(4-methoxy)phenyl-4-pentenecarboxylic acid benzyl amide (3e). Following GP1 

with the corresponding ethyl ester ((E)-5-(4-methoxy)phenyl-4-pentenecarboxylic acid ethyl ester 

(5 mmol, 1.17 g) and benzyl amine (2 equiv, 10 mmol, 1.1 mL) affords, after flash chromatography 

on silica gel (80:20–60:40 hexanes:ethyl acetate), the title compound (1.11 g, 75%) as a white 

solid: m.p. 123.5–124.5 oC; TLC analysis Rf  0.4 (60:40 hexanes:ethyl acetate); 1H NMR (400 

MHz, CDCl3) δ 7.20–7.30 (7H, m, a,b,b’,c,c’,l,l’), 6.85 (2H, d, J = 8.7 Hz ,m,m’), 6.39 (1H, d, J 

= 15.8 Hz, j), 6.07 (1H, dt, J = 15.8 and 6.9 Hz, i), 4.44 (2H, d, J = 5.8 Hz, e), 3.82 (3H, s, o), 2.57 

(2H, q, J = 7.3 Hz, h), 2.38 (2H, t, J = 7.4 Hz, g); 13C NMR (100 MHz, CDCl3) δ 172.30 (f), 159.01 

(n), 138.47 (d), 130.64 (j), 130.28 (k), 128.78 (l,l’), 127.87 (b,b’), 127.53 (a), 127.32 (c,c’), 126.57 

(i), 114.06 (m,m’), 55.42 (o), 43.66 (e), 36.62 (g), 29.16 (h); IR (neat) 3292 (N-H stretch), 3065, 

3032, 2918, 1636 (C=O stretch), 1605, 1545, 1509, 1454, 1439, 1248, 1221, 1174, 1029, 969, 845, 

805, 693 cm-1; HRMS (EI) calcd. for C19H21NO2 (M): 295.1572, found 295.1567 m/z. 
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(E)-5-(3-methoxy)phenyl-4-pentenecarboxylic acid benzyl amide (3f). Following GP1 

with the corresponding ethyl ester ((E)-5-(3-methoxy)phenyl-4-pentenecarboxylic acid ethyl ester 

(5 mmol, 1.17 g) and benzyl amine (2 equiv, 10 mmol, 1.1 mL) affords, after flash chromatography 

on silica gel (80:20–60:40 hexanes:ethyl acetate), the title compound (1.07 g, 72%) as a white 

solid: m.p. 57.5–59.0 oC; TLC analysis Rf  0.4 (60:40 hexanes:ethyl acetate); 1H NMR (400 MHz, 

CDCl3) δ 7.20–7.30 (6H, m, a,b,b’,c,c’,m), 6.93 (1H, d, J = 7.6 Hz ,l), 6.88 (1H, d, J = 2.1 Hz, p), 

6.80 (1H, dd, J = 8.2 and 2.5 Hz, n), 6.43 (1H, d, J = 15.8 Hz, j), 6.22 (1H, dt, J = 15.8 and 6.9 Hz, 

i), 5.95 (1H, br s, NH), 4.45 (2H, d, J = 5.7 Hz, e), 3.82 (3H, s, q), 2.60 (2H, q, J = 7.5 Hz, h), 2.39 

(2H, t, J = 7.5 Hz, g); 13C NMR (100 MHz, CDCl3) δ 172.12 (f), 159.92 (o), 138.90 (k), 138.38 

(d), 131.19 (j), 129.61 (i), 129.12 (m), 128.81 (b,b’), 127.89 (c,c’), 127.59 (a), 118.87 (l), 112.94 

(n), 111.59 (p), 55.33 (q), 43.72 (e), 36.43 (g), 29.08 (h); IR (neat) 3284 (N-H stretch), 3062, 3027, 

2914, 2834, 1642 (C=O stretch), 1603, 1598, 1577, 1544, 1491, 1464, 1453, 1430, 1256, 1154, 

1041, 965, 772, 733, 689 cm-1; HRMS (EI) calcd. for C19H21NO2 (M): 295.1572, found 295.1571 

m/z. 

 

(E)-5-(3,5-dimethoxy)phenyl-4-pentenecarboxylic acid benzyl amide (3g). Following 

GP1 with the corresponding ethyl ester ((E)-5-(3,5-dimethoxy)phenyl-4-pentenecarboxylic acid 

ethyl ester (5 mmol, 1.32 g) and benzyl amine (2 equiv, 10 mmol, 1.1 mL) affords, after flash 

chromatography on silica gel (80:20–60:40 hexanes:ethyl acetate), the title compound (1.16 g, 

71%) as a white solid: m.p. 91.0–92.0 oC; TLC analysis Rf  0.4 (60:40 hexanes:ethyl acetate); 1H 

NMR (400 MHz, CDCl3) δ 7.20–7.30 (5H, m, a,b,b’,c,c’), 6.60 (2H, d, J = 2.2 Hz ,l,l’), 6.30–6.40 

(2H, m, j,n), 6.20 (1H, dt, J = 15.8 and 6.8 Hz, i), 6.14 (1H, br s), 4.43 (2H, d, J = 5.8 Hz, e), 3.79 

(6H, s, o,o’), 2.57 (2H, q, J = 6.9 Hz, h), 2.37 (2H, t, J = 7.5 Hz, g); 13C NMR (100 MHz, CDCl3) 

δ 172.18 (f), 161.01 (o,o’), 139.52 (k), 138.43 (d), 131.20 (j), 129.40 (i), 128.78 (b,b’), 127.83 

(c,c’), 127.54 (a), 104.34 (l,l’), 99.60 (n), 55.43 (o,o’), 43.66 (e), 36.30 (g), 29.03 (h); IR (neat) 

3287 (N-H stretch), 2936, 2359, 1629 (C=O stretch), 1587, 1536, 1454, 1422, 1203, 1149, 1058, 

960, 819, 749, 697, 680 cm-1; HRMS (EI) calcd. for C20H23NO3 (M): 325.1678, found 325.1685 

m/z. 
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(E)-5-(benzo[d][1,3]dioxol-5-yl-4-pentenecarboxylic acid benzyl amide (3h). 

Following GP1 with the corresponding ethyl ester ((E)-5-(benzo[d][1,3]dioxol-5-yl-4-

pentenecarboxylic acid ethyl ester (5 mmol, 1.24 g)) and benzyl amine (2 equiv, 10 mmol, 1.1 mL) 

affords, after flash chromatography on silica gel (80:20–60:40 hexanes:ethyl acetate), the title 

compound (1.11 g, 72%) as a white solid: m.p. 100.5–102.0 oC; TLC analysis Rf  0.4 (60:40 

hexanes:ethyl acetate); 1H NMR (400 MHz, CDCl3) δ 7.20–7.35 (5H, m, a,b,b’,c,c’), 6.85–6.90 

(1H, m, p), 6.70–6.75 (2H, m, l,m), 6.35 (1H, d, J = 15.8 Hz, j), 6.03 (1H, dt, J = 15.7 and 6.9 Hz, 

i), 6.03 (1H, br s, NH, overlapped with i), 5.95 (2H, s, q), 4.44 (2H, d, J = 5.7 Hz, e), 2.55 (2H, q, 

J = 7.0 Hz, h), 2.37 (2H, t, J = 7.5 Hz, g); 13C NMR (100 MHz, CDCl3) δ 172.20 (f), 148.08 (o), 

146.97 (n), 138.43 (d), 131.97 (k), 130.82 (j), 128.80 (b,b’), 127.88 (c,c’), 127.58 (a), 126.99 (i), 

120.65 (l), 108.34 (m), 105.59 (p), 101.10 (q), 43.69 (e), 36.55 (g), 29.04 (h); IR (neat) 3292 (N-

H stretch), 2971, 2911, 2360, 1635 (C=O stretch), 1603, 1544, 1505, 1489, 1445, 1237, 1031, 967, 

921, 801, 741, 694 cm-1; HRMS (EI) calcd. for C19H19NO3 (M): 309.1365, found 309.1365 m/z. 

 

(E)-5-(2-methoxy)phenyl-4-pentenecarboxylic acid benzyl amide (3i). Following GP1 

with the corresponding ethyl ester ((E)-5-(2-methoxy)phenyl-4-pentenecarboxylic acid ethyl ester 

(5 mmol, 1.17 g) and benzyl amine (2 equiv, 10 mmol, 1.1 mL) affords, after flash chromatography 

on silica gel (80:20–60:40 hexanes:ethyl acetate), the title compound (1.05 g, 71%) as a white 

solid: m.p. 87.5–88.0 oC; TLC analysis Rf  0.4 (60:40 hexanes:ethyl acetate); 1H NMR (400 MHz, 

CDCl3) δ 7.39 (1H, dd, J = 7.8 and 1.6 Hz, n), 7.20–7.30 (6H, m, a,b,b’,c,c’,l), 6.93 (1H, t, J = 7.4 

Hz , m), 6.88 (1H, d, J = 8.2 Hz, o), 6.80 (1H, d, J = 16.0 Hz, j), 6.23 (1H, dt, J = 16.0 and 6.9 Hz, 

i), 6.04 (1H, br s), 4.45 (2H, d, J = 5.8 Hz, e), 3.83 (3H, s, q), 2.61 (2H, q, J = 7.3 Hz, h), 2.40 (2H, 

t, J = 7.6 Hz, g); 13C NMR (100 MHz, CDCl3) δ 172.35 (f), 156.50 (p), 138.49 (d), 129.48 (j), 

128.77 (b,b’), 128.33 (l), 127.88 (c,c’), 127.52 (a), 126.68 (n), 126.49 (k), 125.90 (i), 120.77 (m), 

110.92 (o), 55.53 (q), 43.68 (e), 36.62 (g), 29.61 (h); IR (neat) 3307 (N-H stretch), 2923, 2359, 
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1636 (C=O stretch), 1544, 1488, 1242, 1027, 963, 752, 743, 729, 700 cm-1; HRMS (EI) calcd. for 

C19H21NO2 (M): 295.1572, found 295.1562 m/z. 

 

(E)-5-(2-methyl)phenyl-4-pentenecarboxylic acid benzyl amide (3j). Following GP1 

with the corresponding ethyl ester ((E)-5-(2-methyl)phenyl-4-pentenecarboxylic acid ethyl ester 

(5 mmol, 1.09 g) and benzyl amine (2 equiv, 10 mmol, 1.1 mL) affords, after flash chromatography 

on silica gel (80:20–60:40 hexanes:ethyl acetate), the title compound (992 mg, 71%) as a white 

solid: m.p. 67.5–68.5 oC; TLC analysis Rf  0.4 (60:40 hexanes:ethyl acetate); 1H NMR (400 MHz, 

CDCl3) δ 7.35–7.45 (1H, m, aryl), 7.25–7.35 (5H, m, aryl), 7.10–7.20 (3H, m, aryl), 6.67 (1H, d, 

J = 15.6 Hz, j), 6.10 (1H, dt, J = 15.6 and 6.9 Hz, i), 5.97 (1H, br s), 4.47 (2H, d, J = 5.7 Hz, e), 

2.63 (2H, q, J = 7.3 Hz, h), 2.42 (2H, t, J = 7.5 Hz, g), 2.33 (3H, s, q); 13C NMR (100 MHz, CDCl3) 

δ 172.15 (f), 138.41 (aryl), 136.54 (aryl), 135.19 (aryl), 130.34 (aryl), 130.09 (i), 129.14 (j), 128.82 

(aryl), 127.91 (aryl), 127.61 (aryl), 127.25 (aryl), 126.16 (aryl), 125.61 (aryl), 43.72 (e), 36.67 (g), 

29.47 (h), 19.93 (q); IR (neat) 3297 (N-H stretch), 2914, 2359, 1633 (C=O stretch), 1533, 1242, 

1173, 966, 747, 697 cm-1; HRMS (EI) calcd. for C19H21NO (M): 279.1623, found 279.1625 m/z. 

 

(E)-5-(2-furanyl)-4-pentenecarboxylic acid benzyl amide (3k). Following GP1 with the 

corresponding ethyl ester ((E)-5-(2-furanyl)phenyl-4-pentenecarboxylic acid ethyl ester (5 mmol, 

970 mg) and benzyl amine (2 equiv, 10 mmol, 1.1 mL) affords, after flash chromatography on 

silica gel (80:20–60:40 hexanes:ethyl acetate), the title compound (830 mg, 65%) as a light yellow 

solid: m.p. 93.5–94.5 oC; TLC analysis Rf  0.4 (60:40 hexanes:ethyl acetate); 1H NMR (400 MHz, 

CDCl3) δ 7.20–7.35 (6H, m, a,b,b’,c,c’,n), 6.37 (1H, dd, J = 3.2 and 1.9 Hz, m), 6.28 (1H, d, J = 

15.9 Hz, j), 6.10–6.20 (2H, m, i and l, overlapped), 5.95 (1H, br s, NH), 4.45 (2H, d, J = 5.7 Hz, 

e), 2.57 (2H, q, J = 7.2 Hz, h), 2.37 (2H, t, J = 7.5 Hz, g); 13C NMR (100 MHz, CDCl3) δ 172.03 

(f), 152.89 (k), 141.63 (n), 138.36 (d), 128.78 (b,b’), 127.87 (c,c’), 127.64 (i), 127.57 (a), 119.92 

(j), 111.28 (m), 106.90 (l), 43.71 (e), 36.37 (g), 28.90 (h); IR (neat) 3273 (N-H stretch), 2361, 1635 
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(C=O stretch), 1538, 1219, 1152, 1012, 957, 921, 726, 696 cm-1; HRMS (EI) calcd. for C16H17NO2 

(M): 255.1259, found 255.1252 m/z. 

 

(E)-5-(3-furanyl) -4-pentenecarboxylic acid benzyl amide (3l). Following GP1 with the 

corresponding ethyl ester ((E)-5-(3-furanyl)phenyl-4-pentenecarboxylic acid ethyl ester (5 mmol, 

970 mg) and benzyl amine (2 equiv, 10 mmol, 1.1 mL) affords, after flash chromatography on 

silica gel (80:20–60:40 hexanes:ethyl acetate), the title compound (870 mg, 68%) as a light yellow 

solid: m.p. 91.0–92.5 oC; TLC analysis Rf  0.4 (60:40 hexanes:ethyl acetate); 1H NMR (400 MHz, 

CDCl3) δ 7.20–7.40 (7H, m, a,b,b’,c,c’,l,m), 6.49 (1H, d, J = 0 Hz, n), 6.30 (1H, d, J = 15.8 Hz, j), 

5.94 (1H, dt, J = 15.8 and 6.9 Hz, i), 5.89 (1H, br s, NH), 4.46 (2H, d, J = 5.7 Hz, e), 2.55 (2H, q, 

J = 7.4 Hz, h), 2.37 (2H, t, J = 7.4 Hz, g); 13C NMR (100 MHz, CDCl3) δ 172.10 (f), 143.50 (m), 

139.90 (l), 138.40 (d), 128.81 (b,b’), 128.33 (i), 127.89 (c,c’), 127.61 (a), 124.21 (k), 120.94 (j), 

107.60 (n), 43.70 (e), 36.49 (g), 28.97 (h); IR (neat) 3294 (N-H stretch), 2360, 2342, 1635 (C=O 

stretch), 1548, 1225, 1158, 1072, 1021, 963, 873, 779, 746, 728, 694 cm-1; HRMS (EI) calcd. for 

C16H17NO2 (M): 255.1259, found 255.1259 m/z. 

 

 

(E)-5-(2-thiophenyl)-4-pentenecarboxylic acid benzyl amide (3m). Following GP1 

with the corresponding ethyl ester ((E)-5-(2-thiophenyl)phenyl-4-pentenecarboxylic acid ethyl 

ester (5 mmol, 1.05 g) and benzyl amine (2 equiv, 10 mmol, 1.1 mL) affords, after flash 

chromatography on silica gel (80:20–60:40 hexanes:ethyl acetate), the title compound (936 mg, 

69%) as a white solid: m.p. 88.5–90.0 oC; TLC analysis Rf  0.4 (60:40 hexanes:ethyl acetate); 1H 

NMR (400 MHz, CDCl3) δ 7.25–7.35 (5H, m, a,b,b’,c,c’), 7.13 (1H, d, J = 5.0 Hz, n), 6.96 (1H, 

dd, J = 5.0 and 3.6 Hz, l), 6.89 (1H, d. J = 3.3 Hz, m), 6.58 (1H, d, J = 15.7 Hz, j), 6.06 (1H, dt, J 

= 15.7 and 7.0 Hz, i),  5.91 (1H, br s), 4.46 (2H, d, J = 5.7 Hz, e), 2.57 (2H, q, J = 7.2 Hz, h), 2.38 

(2H, t, J = 7.3 Hz, g); 13C NMR (100 MHz, CDCl3) δ 171.98 (f), 142.57 (k), 138.33 (d), 128.81 
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(b,b’), 128.56 (i), 127.87 (c,c’), 127.59 (a) , 127.39 (l), 124.98 (m), 124.60 (j). 123.67 (n), 43.73 

(e), 36.36 (g), 28.92 (h); IR (neat) 3305 (N-H stretch), 2360, 1648 (C=O stretch), 1538, 1454, 953, 

736, 694 cm-1; HRMS (EI) calcd. for C16H17NOS (M): 271.1031, found 271.1034 m/z. 

 

(E)-5-(3-thiophenyl)-4-pentenecarboxylic acid benzyl amide (3n). Following GP1 with 

the corresponding ethyl ester ((E)-5-(3-thiophenyl)phenyl-4-pentenecarboxylic acid ethyl ester (5 

mmol, 1.05 g) and benzyl amine (2 equiv, 10 mmol, 1.1 mL) affords, after flash chromatography 

on silica gel (80:20–60:40 hexanes:ethyl acetate), the title compound (963 mg, 79%) as a white 

solid: m.p. 111.5–112.5 oC; TLC analysis Rf  0.4 (60:40 hexanes:ethyl acetate); 1H NMR (400 

MHz, CDCl3) δ 7.20–7.35 (6H, m, a,b,b’,c,c’,l,), 7.17 (1H, dd, J = 5.0 and 0 Hz, m), 7.07 (1H, dd, 

J = 2.2 and 0 Hz, n), 6.46 (1H, d, J = 15.8 Hz, j), 6.07 (1H, dt, J = 15.8 and 6.9 Hz, i), 5.94 (1H, 

br s), 4.46 (2H, d, J = 5.7 Hz, e), 2.57 (2H, q, J = 7.3 Hz, h), 2.38 (2H, t, J = 7.4 Hz, g); 13C NMR 

(100 MHz, CDCl3) δ 172.11 (f), 140.03 (k), 138.40 (d), 128.81 (b,b’), 128.65 (i), 127.89 (c,c’), 

127.60 (a), 126.01 (l), 125.60 (j), 125.03 (m), 121.23 (n), 43.70 (e), 36.49 (g), 29.01 (h); IR (neat) 

3289 (N-H stretch), 2360, 1633 (C=O stretch), 1545, 1453, 1222, 964, 763, 746, 727, 693 cm-1; 

HRMS (EI) calcd. for C16H17NOS (M): 271.1031, found 271.1040 m/z. 

 

(E)-5-phenyl-4-pentenecarboxylic acid phenyl amide (5a). Following GP1 with the 

corresponding ethyl ester ester ((E)-5-phenyl-4-pentenecarboxylic acid ethyl ester (5 mmol, 1.02 

g)) and aniline (2 equiv, 10 mmol, 0.91 mL) affords, after flash chromatography on silica gel 

(80:20–60:40 hexanes:ethyl acetate), the title compound (892 mg, 71%) as a white solid: m.p. 

112.5–114.0 oC; TLC analysis Rf  0.65 (60:40 hexanes:ethyl acetate); 1H NMR (400 MHz, CDCl3) 

δ 7.53 (2H, d, J = 7.8 Hz, k,k’), 7.30–40 (7H, m, b,b’,c,c’,l,l’,NH), 7.24 (1H, t, J = 7.0 Hz, a), 7.13 

(1H, t, J = 7.3 Hz, m), 6.51 (1H, d, J = 15.8 Hz, e), 6.25 (1H, dt, J = 15.8 and 6.7 Hz, f), 2.67 (2H, 

q, J = 7.1 Hz, g), 2.55 (2H, t, J = 7.4 Hz, h); 13C NMR (100 MHz, CDCl3) δ 170.61 (i), 137.94 (j), 

137.36 (d), 131.47 (e), 129.13 (l,l’), 128.67 (b,b’), 128.63 (m), 127.37 (f), 126.21 (c,c’), 124.44 
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(a), 120.04 (k,k’), 37.43 (h), 28.94 (g); IR (neat) 3279 (N-H stretch), 3026, 1650 (C=O stretch), 

1598, 1526, 1441, 964, 738, 690 cm-1; HRMS (EI) calcd. for C17H7NO (M): 251.1310, found 

251.1313 m/z. 

 

(E)-5-phenyl-4-pentenecarboxylic acid morpholine amide (5b). Following GP1 the 

corresponding ethyl ester ester ((E)-5-phenyl-4-pentenecarboxylic acid ethyl ester (5 mmol, 1.02 

g)) and morpholine (2 equiv, 10 mmol, 0.87 mL) affords, after flash chromatography on silica gel 

(70:30–50:50 hexanes:ethyl acetate), the title compound (957 mg, 78%) as a yellow oil; TLC 

analysis Rf  0.4 (40:60 hexanes:ethyl acetate); 1H NMR (400 MHz, CDCl3) δ 7.34 (2H, d, J = 7..2 

Hz, c,c’), 7.29 (2H, t, J = 7.3 Hz, b,b’), 7.20 (1H, t, J = 7.1 Hz, a), 6.44 (1H, d, J = 15.9 Hz, e), 

6.26 (1H, dt, J = 15.9 and 6.8 Hz, f), 3.60–3.70 (6H, m, j,j’,k,k’), 3.45–3.50 (2H, m, j,j’), 2.57 

(2H, q, J = 6.8 Hz, h), 2.47 (2H, t, J = 7.5 Hz, g); 13C NMR (100 MHz, CDCl3) δ 170.91 (i), 137.50 

(d), 130.94 (e), 129.24 (f), 128.64 (b,b’), 127.24 (a), 126.13 (c,c’), 67.02 and 66.72 (k,k’), 46.06 

and 42.06 (j,j’), 32.86 (g), 28.67 (h); IR (neat) 2962, 2897, 2853, 1639 (C=O stretch), 1429, 1220, 

1112, 1024, 964, 746, 693 cm-1; HRMS (EI) calcd. for C15H19NO2 (M): 245.1416, found 245.1413 

m/z. 

 

(R,E)-5-phenyl-4-pentenecarboxylic acid 1-phenylethyl amide (8). Following GP1 with 

the corresponding ethyl ester ((E)-5-phenyl-4-pentenecarboxylic acid ethyl ester (5 mmol, 1.02 g) 

and (R)-(+)--methylbenzylamine (2 equiv, 10 mmol, 1.3 mL) affords, after flash chromatography 

on silica gel (80:20–60:40 hexanes:ethyl acetate), the title compound (1.06 g, 76%) as a white 

solid: m.p. 77.5–79.0 oC; TLC analysis Rf  0.4 (60:40 hexanes:ethyl acetate); [α]D
20 = +44.1 (c 2.0, 

CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.20–7.40 (10H, m, a,b,b’,c,c’,l,l’,m,m’,n), 6.45 (1H, d, J 

= 15.8 Hz, j), 6.21 (1H, dt, J = 15.8 and 6.9 Hz, i), 5.94 (1H, d, J = 7.4 Hz, NH), 5.15–5.20 (1H, 

m, e), 2.58 (2H, q, J = 6.9 Hz, h), 2.30–2.40 (2H, m, g), 1.50 (3H, d, J = 6.9 Hz, o); 13C NMR (100 

MHz, CDCl3) δ 171.33 (f), 143.32 (k), 137.44 (d), 131.25 (j), 128.82 (i), 128.77 (b,b’), 128. 128.64 
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(l,l’), 127.42 (n), 127.29 (a), 126.30 (m,m’), 126.19 (c,c’), 43.77 (e), 36.57 (g), 29.16 (h), 21.86 

(o); IR (neat) 3304 (N-H stretch), 3059, 3025, 2981, 2359, 2341, 1638 (C=O stretch), 1534, 1493, 

1444, 1374, 1217, 959, 743, 694 cm-1; HRMS (ESI) calcd. for C19H21NNaO (M+Na): 302.1521, 

found 302.1525 m/z. 

 

General procedure for the preparation of aryl/ heteroaryl substituted -unsaturated esters 

via Julia-typed olefination (GP2)2 

 

To a solution of 1-phenyl-1H-tetrazole-5-thiol (10.0 g, 56.1 mmol, 1 equiv) and K2CO3 

(15.5 g, 112.3 mmol, 2.0 equiv) in acetone (300 mL) was added ethyl 4-bromobutyrate (8.8 mL, 

61.7 mmol, 1.1 equiv) under nitrogen atmosphere. The resulting mixture was stirred at room 

temperature overnight then filtered through a pad of celite and concentrated under reduced pressure 

to afford light yellow oil crude S1 (16.5 g, quantitative) used in the next step without further 

purification. 

Inside a nitrogen glove bag, to a solution of S1 (16.4 g, 56 mmol, 1 equiv) in DCM (200 

mL) was added m-CPBA (48.4 g, 278 mmol, 5 equiv) and NaHCO3 (11.7 g, 140 mmol, 2.5 equiv. 

After an overnight stir, the resulting mixture was filtered, washed with EtOAc, and concentrated 

under reduced pressure. The residue was then dissolved in the minimum amount of DCM and 

pushing through a plug of silica gel eluting with 1:1 EtOAc:hexanes to afford the Julia-typed 

intermediate S2 as light yellow solid (17.3 g, 95%). Crude S2 is used as a common intermediate 

for Julia olefination. 
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Representative Julia olefination example:  

 

(E)- 5-phenyl-4-pentenecarboxylic acid ethyl ester (14). To a solution of Julia reagent 

S2 (1.6 g, 4.93 mmol, 1 equiv) in THF (25 mL) was added NaHMDS (2M, 2.7 mL, 5.43 mmol, 

1.1 equiv) at –78 oC. The resulting mixture was stirred at the same temperature for 30 mins then 

benzaldehyde (0.75 mL, 7.4 mmol, 1.5 equiv) was added dropwise. The resultant mixture was 

slowly warmed to room temperature and stir overnight after quenching with water and EtOAc. The 

organic layer was separated and the aqueous layer was extract with EtOAc (10 mL x 2). The 

combined organic layers were dried (anhyr. Na2SO4) and concentrated under reduced pressure 

affords, after flash chromatography on silica gel (95:5 hexanes:ethyl acetate), the title compound 

(1.09 g, 72%) as a yellow liquid; TLC analysis Rf  0.7 (90:10 hexanes:ethyl acetate). 

Characterization data match with literature report:3 1H NMR (400 MHz, CDCl3) δ 7.30–7.40 (4H, 

m, b,b’,c,c’), 7.24 (1H, t, J = 7.0 Hz, a), 6.48 (1H, d, J = 15.8 Hz, e), 6.25 (1H, dt, J = 15.8 and 

6.3 Hz, f), 4.19 (2H, q, J = 7.1 Hz, j), 2.50–2.60 (4H, m, g,h), 1.30 (3H, t, J = 7.1 Hz, k); 13C NMR 

(100 MHz, CDCl3) δ 173.08 (i), 137.54 (d), 131.09 (f), 128.63 (b,b’,e), 127.26 (a), 126.19 (c,c’), 

60.51 (j), 34.20 (h), 28.45 (g), 14.41 (k). 

 Ester 14 was isolated for screening purpose. All other esters prepared via this method were 

passed through a short pad of silica gel eluting with 10% EtOAc:hexanes, concentrated under 

reduced pressure, and used without further purification. 
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Preparation of OTIPS substrate 16 

 

(E)-triisopropyl((5-phenylpent-4-en-1-yl)oxy)silane (16). To a cooled (0 oC) solution of 

(E)- 5-phenyl-4-pentenecarboxylic acid ethyl ester 14 (3.3 mmol, 679 mg, 1 equiv) in THF (15 

mL) was added lithium aluminum hydride (LAH, 1.05 equiv, 3.5 mmol, 133 mg). The resulting 

mixture was warmed to room temperature and stirred overnight. The reaction mixture was 

quenched with 5N KOH (0.3 mL) and water (0.15 mL). Following by 30-min stir, the resultant 

mixture was filtered through a pad of celite and washed with ethyl acetate (2 x 5 mL). The filtrate 

was dried (anhyd. Na2SO4) and concentrated under reduced pressure to give the crude yellow oil 

S3 in quantitative yield (535 mg) which was used in the next step without further purification. 

 To the solution of alcohol S3 (520 mg, 3.2 mmol, 1 equiv) and imidazole (435 mg, 6.4 

mmol, 2 equiv) in DCM (10 mL) was added dropwise triisopropylsilyl chloride (645 mg, 3.36 

mmol, 1.05 equiv) at room temperature. The resultant mixture was stirred overnight then 

concentrated under reduced pressure affords, after flash chromatography on silica gel (95:5 

hexanes:ethyl acetate), the title compound (814 mg, 80%) as a colorless liquid; TLC analysis Rf  

0.7 (90:10 hexanes:ethyl acetate); 1H NMR (400 MHz, CDCl3) δ 7.41 (2H, d, J = 7.2 Hz, c,c’), 

7.36 (2H, t, J = 7.4 Hz, b,b’), 7.26 (1H, t, J = 7.0 Hz, a), 6.49 (1H, d, J = 15.8 Hz, e), 6.32 (1H, dt, 

J = 15.8 and 6.8 Hz, f), 3.83 (2H, d, J = 6.4 Hz, i), 2.35–2.45 (2H, m, g), 1.75–1.85 (2H, m, h), 

1.15–1.20 (21H, m, j,j’,j’’,k,k’,k’’); 13C NMR (100 MHz, CDCl3) δ 138.06 (d), 130.78 (f), 130.21 

(e), 128.61 (b,b’), 126.94 (a), 126.08 (c,c’), 62.88 (i), 32.81 (h), 29.54 (g), 18.22 (k,k’,k’’), 12.21 

(j,j’,j’’); IR (neat) 2141, 2891, 2864, 1462, 1102, 962, 881, 679, 657 cm-1; HRMS (EI) calcd. for 

C17H27OSi (M–C3H7): 275.1831, found 275.1843 m/z. 
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Preparation of -unsaturated benzyl amide substrate 18 involving general procedure for 

the preparation of unsaturated amides via acid chloride intermediates (GP3) 

 

(E)-6-phenyl-5-hexanecarboxylic acid benzyl amide (18). To a solution of 4-

(carboxybutyl)triphenylphosphonium bromide (2.0 g, 4.5 mmol, 1 equiv) in THF (10 mL) was 

added LiHMDS  (1.8 mL, 9..5 mmol, 2.1 equiv) over 15 mins at room temperature. After 15 min, 

benzaldehyde (0.5 mL, 4.5 mmol) was added dropwise at room temperature. After 15 min, water 

(15 mL) and ether (15 mL) were added. The organic phase was rinsed with water (10 mL). The 

combined aqueous solution was washed with EtOAc (15 mL), acidified (10% HCl), and extracted 

with EtOAc (2 x 15 mL). The combined organic extracts were dried and concentrated under 

reduced pressure to afford crude S44 (771 mg, 90%).  

 (GP3) To a cooled solution (0 oC) of the crude carboxylic acid S4 (750 mg, 3.94 mmol) in 

dichloromethane (20 mL) was added dropwise oxalyl chloride (1.35 mL, 4.0 equiv, 15.7 mmol) 

followed by 3 drops of DMF. The resultant mixture was slowly warmed to room temperature and 

stir for the total of 1.5 h. The reaction mixture was then concentrated. The resulting acid chloride 

was redissolved in dichloromethane (20 mL) and cooled to 0 oC. The resultant mixture was then 

added dropwise aniline (0.55 mL, 1.5 equiv, 5.85 mmol) followed by dropwise addition of 

triethylamine (1.1 mL, 2.0 equiv, 7.8 mmol). The reaction mixture was slowly warm to room temp 

and stir for the total of 1.5 h. Whereupon it was diluted, it was washed twice with HCl (3M), once 

with satd. NaHCO3 solution, and once with brine. The organic extracts were dried (Na2SO4) and 

concentrated under reduced pressure affords, after flash chromatography on silica gel (80:20–

60:40 hexanes:ethyl acetate), the mixture of 7:1 E/Z 18 as a yellow solid; TLC analysis Rf  0.4 
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(60:40 hexanes:ethyl acetate). The mixture of 7:1 E/Z 18 was then diluted with a minimum amount 

of EtOAc following by addition of hexanes (9:1 hexanes:EtOAc). After 2 hours, the resultant 

mixture was filtered to afford the title compound (672 mg, 61%) as a white solid: m.p. 103.5–

105.0 oC; 1H NMR (400 MHz, CDCl3) δ 7.25–7.40 (9H, m, a,b,b’,c,c’,m,m’,n,n’), 7.22 (1H, t, J = 

6.7 Hz, o), 6.39 (1H, d, J = 15.8 Hz, e), 6.20 (1H, dt, J = 15.8 and 6.9 Hz, f), 5.74 (1H, br s, NH), 

4.46 (2H, d, J = 5.7 Hz, k), 2.25–2.35 (4H, m, g, i), 1.85–1.95 (2H, m, h); 13C NMR (100 MHz, 

CDCl3) δ 172.65 (j), 138.45 (l), 137.62 (d), 130.93 (e), 129.80 (f), 128.86 (n,n’), 128.63 (b,b’), 

128.00 (c,c’), 128.67 (o), 127.14 (a), 126.08 (m,m’), 43.77 (k), 36.01 (i), 32.52 (g), 25.24 (h); IR 

(neat) 3278 (N-H stretch), 1630 (C=O stretch), 1552, 1546, 1451, 965, 728, 689 cm-1; HRMS (EI) 

calcd. for C19H21NO (M): 279.1623, found 279.1632 m/z. 

 

Preparation sequence of pre-installed -chiral center aryl substituted -unsaturated amide 

10 

 

  

 To a cooled (–78 oC) solution of (S)-4-benzyl-3-propionyloxazolidin-2-one5 (4.4 mmol, 

1.03 g) in THF (15 mL) was added NaHMDS (1.1 equiv, 2M, 4.84 mmol, 2.4 mL) dropwise. The 

resultant mixture was stirred at –78 oC for 1h, and cinnamyl bromide (2 equiv, 8.8 mmol, 1.73 g) 

was added dropwise. The resulting mixture was slowly warmed to room temp and stirred for 

another 5h before quenching with water. The crude reaction was extracted with EtOAc (3 x 30 
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mL). The organic extracts were combined, dried (anhyd. Na2SO4), and concentrated under reduced 

pressure. Flash chromatography on silica gel (75:25 hexanes:ethyl acetate) affords the title 

compound S5 (1.18 g, 77%) as a white solid: 98.5–99.5 ºC; TLC analysis Rf 0.4 (70:30 

hexanes:ethyl acetate); [α]D
20 = +14.6o (c 1.0, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.10–7.50 

(10H, m, aryl), 6.49 (1H, d, J = 15.8 Hz, n), 6.28 (1H, dd, J = 15.5 and 7.3 Hz, m), 4.65–4.75 (1H, 

m, f), 4.20 (1H, dd, J = 8.7 and 8.7 Hz, g), 4.14 (1H, dd, J = 9.1 and 3.0 Hz, g), 3.95–4.05 (1H, m, 

e), 3.29 (1H, dd, J = 13.4 and 3.3 Hz, e), 2.60–2.75 (2H, m, j,l), 2.35–2.50 (1H, m, l), 1.27 (3H, d, 

J = 6.8 Hz, k); 13C NMR (100 MHz, CDCl3) δ 176.71 (j), 153.30 (h), 137.41 (d), 135.45 (o), 132.60 

(n), 129.48 (aryl), 129.03 (aryl), 128.66 (aryl), 127.41 (aryl), 127.33 (aryl), 127.15 (m), 126.24 

(aryl), 66.13 (g), 55.45 (f), 38.12 (e), 37.79 (j), 37.63 (l), 16.77 (k); IR (neat) 3025, 2971, 1780 

(C=O stretch), 1692 (C=O stretch), 1384, 1348, 1247, 1215, 1097, 967, 744, 697 cm-1; HRMS 

(ESI) calcd. for C22H23NNaO3 (M+Na): 372.1576, found 372.1582 m/z. 

 To cooled (0 oC) a solution of S5 (665 mg, 1.9 mmol) in THF (30 mL) and water (10 mL) 

was added LiOH (150 mg, 3.8 mmol) and hydrogen peroxide (30%, 1.4 mL). The resulting mixture 

was stirred at the same temperature for 2h before quenching with aqueous Na2SO3 (1.5M, 13 mL). 

The resultant mixture was then acidified with dilute HCl (1M) to pH=1. Following by extraction 

with DCM (20 mL x 3), the combined organic layers dried (anhyd. Na2SO4), and concentrated 

under reduced pressure to afford crude acid S6 in quantitative yield used in the next step without 

further purification. 

 Following GP3 for the preparation of unsaturated amides via acid chloride intermediates, 

crude acid S6 (1.9 mmol) affords, after flash chromatography on silica gel (80:20–60:40 

hexanes:ethyl acetate), the title compound 10 (425 mg, 80%) as a white solid: m.p. 92.5–93.5 oC; 

TLC analysis Rf  0.4 (60:40 hexanes:ethyl acetate); [α]D
20 = +4.7o (c 2.0, CHCl3); 1H NMR (300 

MHz, CDCl3) δ 7.20–7.35 (10H, m, a,b,b’,c,c’,l,l’,m,m’,n), 6.44 (1H, d, J = 15.8 Hz, j), 6.21 (1H, 

dt, J = 15.8 and 7.3 Hz, i), 5.91 (1H, br s, NH), 4.55 (1H, dd, J = 14.7 and 8.2 Hz, e), 4.37( 1H, 

dd, J = 14.7 and 8.2 Hz, e)  2.50–2.70 (1H, m, h), 2.30–2.50 (2H, m, g,h), 1.25 (3H, d, J = 6.4 Hz, 

o); 13C NMR (75 MHz, CDCl3) δ 175.49 (f), 138.41 (d), 137.33 (k), 132.17 (j), 128.68 (b,b’), 

128.53 (l,l’), 127.75 (m,m’), 127.49 (i), 127.41 (a) 127.21 (n), 126.13 (c,c’), 43.44 (e), 41.92 (g), 

37.74 (h), 17.68 (o); IR (neat) 3303 (N-H stretch), 2966, 2360, 1633 (C=O stretch), 1603, 1539, 

1495, 1453, 962, 739, 724, 691 cm-1; HRMS (ESI) calcd. for C19H21NNaO (M+Na): 302.1521, 

found 302.1526 m/z. 
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Preparation sequence of pre-installed - and chiral centers aryl substituted -

unsaturated amide 121 

 

Chiral auxiliary S7 was prepared as reported in literature.6 Benzyl amine (2.5 mmol, 0.28 

mL) was added to a solution of chiral auxiliary S7 (2.5 mmol, 995 mg) in THF (5 mL). The 

resultant mixture was stirred at room temperature for 15 mins and poured into 1% aqueous 

NaHCO3 (100 mL). After a 5 min-stir, dicholoromethane (DCM, 30 mL) was added and the two 

layers were separated. The aqueous layer was extracted with DCM (2 x 30 mL). The combined 

organic layers were dried (anhyd. Na2SO4) and concentrated under reduced pressures. Flash 

chromatography on silica gel (90:10–70:30 DCM:ethyl acetate) affords the title compound S8 (673 

mg, 91%) as a white solid: m.p. 137.5–139.0 oC; TLC analysis Rf  0.4 (40:60 hexanes:ethyl 

acetate); [α]D
20 = +10.5o (c 1.0, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.20–7.40 (10H, m, aryl), 

6.66 (1H, d, J = 15.8 Hz, j), 6.22 (1H, br s, NH, overlapped with i), 6.22 (1H, dd, J = 15.9 and 6.6 

Hz, i), 4.54 (1H, dd, J = 14.8 and 6.1 Hz, e), 4.35–4.45 (2H, m, e,h), 3.61 (1H, d, J = 5.9 Hz, OH), 

2.40–2.50 (1H, m, g), 1.32 (3H, d, J = 7.1 Hz, o); 13C NMR (100 MHz, CDCl3) δ 175.37 (f), 138.12 

(d), 136.58 (k), 131.75 (j), 130.15 (i), 128.83 (aryl), 128.70 (aryl), 127.92 (aryl), 127.73 (aryl), 

127.60 (aryl), 126.71 (aryl), 75.06 (h), 46.58 (g), 43.47 (e), 15.46 (o); IR (neat) 3336, 3281 (N-H 

                                                            
1 The compound is unstable; it is quickly self-deprotected back to the corresponding alcohol S8 at room temperature, 
and thus should be used immediately after being prepared. 
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stretch), 3025, 2979, 2359, 2343, 1647 (C=O stretch), 1556, 1494, 1454, 1415, 1361, 1258, 1226, 

1110, 978, 965, 736, 686 cm-1; HRMS (ESI) calcd. for C19H21NNaO2 (M+Na): 318.1470, found 

318.1476 m/z. 

To a solution of benzyl amide S8 (2 mmol, 590 mg), 1 crystal of DMAP, imidazole (3 

mmol (3 mmol, 1.5 equiv, 205 mg)  in THF (10 mL) was added dropwise trimethylsilyl chloride 

(2.2 mmol, 1.1 equiv, 0.28 mL). The resultant mixture was stirred 6h at room temperature and 

quenched with water. The aqueous layer was extracted with DCM (2 x 30 mL). The combined 

organic layers were dried (anhyd. Na2SO4) and concentrated under reduced pressures. Flash 

chromatography on silica gel (80:20–60:40 hexanes:ethyl acetate) affords the title compound 12 

(640 mg, 87%) as a white solid: m.p. 106.0–107.5 oC; TLC analysis Rf  0.5 (60:40 hexanes:ethyl 

acetate); [α]D
20 = +77.7o (c 2.0, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.20–7.40 (10H, m, aryl), 

6.54 (1H, d, J = 4.9 Hz, NH, overlapped with j), 6.54 (1H, d, J = 15.7 Hz, j), 6.15 (1H, dd, J = 15.9 

and 7.1 Hz, i), 4.54 (1H, dd, J = 14.8 and 5.9 Hz, e), 4.35–4.45 (2H, m, e,h), 2.40–2.50 (1H, m, g), 

1.22 (3H, d, J = 7.1 Hz, o), 0.13 (9H, s, p,p’,p’’); 13C NMR (100 MHz, CDCl3) δ 174.49 (f), 138.68 

(d), 136.64 (k), 131.58 (j), 130.42 (i), 128.75 (aryl), 128.72 (aryl), 127.87 (aryl), 127.43 (aryl), 

126.67 (aryl), 76.08 (h), 48.42 (g), 43.57 (e), 15.19 (o), 0.39 (p,p’,p’’); IR (neat) 3260 (N-H 

stretch), 2958, 1642 (C=O stretch), 1563, 1247, 1051, 970, 883, 838, 736, 692 cm-1. 
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General procedure for CAHB without subsequent oxidation. (GP4) 
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(R)-5-phenyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentanecarboxylic acid benzyl 

amide (4a). To a yellow solution of 0.5 mol% [Rh(nbd)2BF4/ 2(R)-B1] (i.e., Rh(nbd)2BF4 (1.0 mg, 

2.64 µmol) and (R)-(BINOL)PN(Me)Ph B1 (2.23 mg, 5.28 µmol)) in THF (2.0 mL) was added 

-unsaturated amide 3a (140 mg, 0.528 mmol) as a solution in THF (2.0 mL). To the resulting 

solution was added dropwise a solution of 4,4,5,5-tetramethyl-1,3,2-dioxaborolane (pinBH, 101 

mg, 0.8 mmol, 1.5 equiv) in THF (1.0 mL). The mixture was then stirred at 40 oC for 12h. 

Afterwards, the reaction was concentrated under reduced pressure and purified via flash 

chromatography on silica gel (95:5–90:10 DCM:ethyl acetate) to afford the title compound (185 

mg, 89%) as a yellow oil: TLC analysis Rf 0.4 (40:60 hexanes:ethyl acetate); 1H NMR (400 MHz, 

CDCl3) δ 7.10–7.40 (10H, m, a,b,b’,c,c’,n,n’,o,o’,p), 5.76 (1H, br s, NH), 4.44 (2H, d, J = 5.6 Hz, 

e), 2.32 (1H, t, J = 7.3 Hz, j), 2.23 (2H, t, J = 7.4 Hz, g), 1.80–1.95 (1H, m, h), 1.60–1.75 (3H, m, 

h,i), 1.21 and 1.19 (12H, s, l,l’); 13C NMR (100 MHz, CDCl3) δ 172.76 (f), 142.94 (m), 138.55 

(d), 128.79 (b,b’), 128.48 (n,n’,o,o’), 127.93 (c,c’), 127.56 (a), 125.43 (p), 83.52 (k,k’), 43.64 (e), 

36.81 (g), 32.25 (h), 25.44 (i), 24.73 and 24.70 (l,l’). 

 

(R)-5-(4-trifluoromethyl)phenyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl) 

pentanecarboxylic acid benzyl amide (4b). Following GP4 with (R)-B3 (2.55 mg, 5.28 µmol) 

and 3b (176 mg, 0.528 mmol) affords, after flash chromatography on silica gel (95:5–90:10 

DCM:ethyl acetate), the title compound (190 mg, 78%) as a yellow oil: TLC analysis Rf 0.4 (40:60 

hexanes:ethyl acetate); 1H NMR (400 MHz, CDCl3) δ 7.51 (2H, d, J = 8.1 Hz, o,o’), 7.25–7.35 

(7H, m, a,b,b’,c’c’,n,n’), 5.87 (1H, br s, NH), 4.43 (2H, d, J = 5.5 Hz, e), 2.40 (1H, t, J = 7.2 Hz, 

j), 2.22 (2H, t, J = 7.4 Hz,  g), 1.80–2.00 (1H, m, h), 1.60–1.80 (3H, m, h,i), 1.21 and 1.20 (12H, 
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s, l,l’); 13C NMR (100 MHz, CDCl3) δ 172.62 (f), 147.35 (m), 138.49 (d), 128.80 (aryl), 128.67 

(aryl), 127.92 (aryl), 127.60 (aryl), 125.37 (q, J = 3.7 Hz, aryl), 83.79 (k,k’), 43.66 (e), 36.63 (g), 

31.93 (h), 25.33 (i), 24.71 and 24.69 (l,l’). 

 

(R)-5-(4-fluoro)phenyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentanecarboxylic 

acid benzyl amide (4c). Following GP4 with 3c (150 mg, 0.528 mmol) affords, after flash 

chromatography on silica gel (95:5–90:10 DCM:ethyl acetate), the title compound (167 mg, 77%) 

as a yellow oil: TLC analysis Rf 0.4 (40:60 hexanes:ethyl acetate); 1H NMR (400 MHz, CDCl3) δ 

7.25–7.40 (5H, m, aryl), 7.14 (2H, dd, J = 8.6 and 5.5 Hz, aryl), 6.94 (2H, J = 8.8 Hz, aryl), 5.81 

(1H, br s, NH), 4.44 (2H, d, J = 5.9 Hz, e), 2.30 (1H, t, J = 7.3 Hz, j), 2.22 (2H, t, J = 7.4 Hz, g), 

1.80–1.90 (1H, m, h), 1.60–1.75 (3H, m, f,h), 1.21 and 1.19 (12H, s, l,l’); 13C NMR (100 MHz, 

CDCl3) δ 172.69 (f), (d, J = 242 Hz, p), 138.54 (d), 129.74 (aryl), 129.66 (aryl), 128.79 (aryl), 

127.83 (aryl), 127.59 (aryl), 115.19 (d, J = 21 Hz, o,o’), 83.59 (k,k’), 43.65 (e), 36.73 (g), 32.35 

(h), 25.33 (i), 24.72 and 24.69 (l,l’). 

 

(R)-5-(4-chloro)phenyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentanecarboxylic 

acid benzyl amide (4d). Following GP4 with (R)-B2 (2.63 mg, 5.28 µmol) and 3d (158 mg, 0.528 

mmol) affords, after flash chromatography on silica gel (95:5–90:10 DCM:ethyl acetate), the title 

compound (169 mg, 75%) as a yellow oil: TLC analysis Rf 0.4 (40:60 hexanes:ethyl acetate); 1H 

NMR (400 MHz, CDCl3) δ 7.25–7.35 (5H, m, a,b,b’,o,o’,p), 7.22 (2H, d, J = 8.4 Hz, c,c’), 7.12 

(2H, d, J = 8.4 Hz, n,n’), 5.90 (1H, br s, NH), 4.42 (2H, d, J = 5.7 Hz, e), 2.29 (1H, t, J = 7.3 Hz, 

j), 2.20 (2H, t, J = 7.4 Hz, g), 1.80–1.90 (1H, m, h), 1.50–1.70 (3H, m, f,h), 1.21 and 1.19 (12H, s, 

l,l’); 13C NMR (100 MHz, CDCl3) δ 172.68 (f), 141.50 (m), 138.55 (d), 131.09 (p). 129.78 (n,n’), 
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128.79 (b,b’), 128.56 (o,o’), 127.92  (c,c’), 127.57 (a), 83.66 (k,k’), 43.63 (e), 36.67 (g), 32.10 (h), 

25.33 (i), 24.73 and 24.70 (l,l’). 

 

(R)-5-(4-methoxy)phenyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentanecarboxylic 

acid benzyl amide (4e). Following GP4 with (R)-B2 (2.63 mg, 5.28 µmol) and 3e (156 mg, 0.528 

mmol) affords, after flash chromatography on silica gel (95:5–90:10 DCM:ethyl acetate), the title 

compound (177 mg, 79%) as a yellow oil: TLC analysis Rf 0.4 (40:60 hexanes:ethyl acetate); 1H 

NMR (400 MHz, CDCl3) δ 7.20–7.35 (5H, m, a,b,b’,c,c’), 7.10 (2H, d, J = 8.6 Hz, n,n’), 6.80 (2H, 

d, J = 8.6 Hz, o,o’), 5.94 (1H, br s, NH), 4.41 (2H, d, J = 5.7 Hz, e), 3.77 (3H, s, s), 2.15–2.30 (3H, 

m, g,j), 1.80–1.90 (1H, m, h), 1.55–1.70 (3H, m, h,i), 1.21 and 1.19 (12H, s, l,l’); 13C NMR (100 

MHz, CDCl3) δ 172.92 (f), 157.51 (q), 138.59 (d), 134.90 (m), 129.34 (n,n’), 128.75 (b,b’), 127.90 

(c,c,’), 127.51 (a), 113.94 (o,o’), 83.46 (k,k’), 55.28 (s), 43.59 (e), 36.76 (g), 32.49 (h), 25.39 (i), 

24.73 and 24.71 (l,l’). 

 

(R)-5-(3-methoxy)phenyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentanecarboxylic 

acid benzyl amide (4f). Following GP4 with 3f (156 mg, 0.528 mmol) affords, after flash 

chromatography on silica gel (95:5–90:10 DCM:ethyl acetate), the title compound (161 mg, 72%) 

as a yellow oil: TLC analysis Rf 0.4 (40:60 hexanes:ethyl acetate); 1H NMR (400 MHz, CDCl3) δ 

7.20–7.40 (5H, m, aryl), 7.17 (1H, t, J = 7.7 Hz, aryl), 6.75–6.85 (2H, m, aryl), 6.71 (1H, d, J = 

7.8 Hz, aryl), 5.87 (1H, br s, NH)), 4.43 (2H, d, J = 5.5 Hz, e), 3.79 (3H, s, s), 2.15–2.35 (3H, m, 

g,j), 1.80–1.95 (1H, m, h), 1.55–1.80 (3H, m, h,i), 1.22 and 1.20 (12H, s, l,l’); 13C NMR (100 MHz, 

CDCl3) δ 172.81 (f), 159.72 (q), 144.61 (m), 138.85 (d), 129.35 (o), 128.77 (b,b’), 127.90 (c,c,’), 
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127.53 (a), 120.99 (n), 114.14 (p), 110.90 (r), 83.53 (k,k’), 55.18 (s), 43.62 (e), 36.79 (g), 32.26 

(h), 25.46 (i), 24.73 (l,l’). 

 

(R)-5-(3,5-dimethoxy)phenyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentanecarboxylic acid benzyl amide (4g). Following GP4 with (R)-B2 (2.63 mg, 5.28 µmol) 

and 3g (172 mg, 0.528 mmol) affords, after flash chromatography on silica gel (95:5–90:10 

DCM:ethyl acetate), the title compound (191 mg, 80%) as a yellow oil: TLC analysis Rf 0.4 (40:60 

hexanes:ethyl acetate); 1H NMR (400 MHz, CDCl3) δ 7.25–7.35 (5H, m, a,b,b’,c,c’), 6.38 (2H, d, 

J = 2.2 Hz, n,n’), 6.37 (1H, t, J = 2.2 Hz, p), 5.80 (1H, br s, NH), 4.44 (2H, d, J = 5.7 Hz, e), 3.77 

(6H, s, q,q’), 2.15–2.30 (3H, m, g,j), 1.80–1.90 (1H, m, h), 1.60–1.75 (3H, m, h,i), 1.22 and 1.21 

(12H, s, l,l’); 13C NMR (100 MHz, CDCl3) δ 172.79 (f), 160.78 (o,o’), 145.39 (m), 138.55 (d), 

128.78 (b,b’), 127.90 (c,c,’), 127.55 (a), 106.54 (n,n’), 97.71 (p), 83.55 (k,k’), 55.30 (s), 43.64 (e), 

36.82 (g), 32.25 (h), 25.45 (i), 24.77 and 24.71 (l,l’). 

 

(R)-5-(benzo[d][1,3]dioxol-5-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentanecarboxylic acid benzyl amide (4h). Following GP4 with (R)-B2 (2.63 mg, 5.28 µmol) 

and 3h (163 mg, 0.528 mmol) affords, after flash chromatography on silica gel (95:5–90:10 

DCM:ethyl acetate), the title compound (164 mg, 71%) as a yellow oil: TLC analysis Rf 0.4 (40:60 

hexanes:ethyl acetate); 1H NMR (400 MHz, CDCl3) δ 7.25–7.35 (5H, m, a,b,b’,c,c’), 6.70–6.75 

(2H, m, aryl), 6.60–6.65 (1H, m, aryl), 5.90–5.95 (2H, m, s), 5.86 (1H, br s, NH), 4.43 (2H, d, J = 

5.7 Hz, e), 2.15–2.25 (3H, m, g,j), 1.80–1.90 (1H, m, h), 1.60–1.70 (3H, m, h,i), 1.22 and 1.20 

(12H, s, l,l’); 13C NMR (100 MHz, CDCl3) δ 172.80 (f), 147.67 (o), 145.38 (p), 138.56 (d), 136.74 
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(m), 128.78 (b,b’), 127.91 (c,c,’), 127.56 (a), 121.28 (aryl), 108.91 (aryl), 108.31 (aryl), 100.77 

(s), 83.53 (k,k’), 43.63 (e), 36.77 (g), 32.57 (h), 25.31 (i), 24.74 and 24.72 (l,l’). 

 

(R)-5-(2-methoxy)phenyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentanecarboxylic 

acid benzyl amide (4i). Following GP4 with 3i (156 mg, 0.528 mmol) affords, after flash 

chromatography on silica gel (95:5–90:10 DCM:ethyl acetate), the title compound (183 mg, 82%) 

as a yellow oil: TLC analysis Rf 0.4 (40:60 hexanes:ethyl acetate); 1H NMR (400 MHz, CDCl3) δ 

7.30–7.35 (2H, m, b,b’), 7.25–7.30 (3H, m, a,c,c’), 7.10–7.20 (2H, m, q,r), 6.88 (1H, t, J = 7.0 Hz, 

p), 6.82 (1H, d, J = 8.3 Hz, o), 5.95 (1H, br s, NH), 4.42 (2H, dd, J = 5.5 and 1.8 Hz, e), 3.77 (3H, 

s, s), 2.43 (1H, t, J = 6.9 Hz, j), 2.22 (2H, td, J = 8.1 and 2.8 Hz,  g), 1.80–1.95 (1H, m, h), 1.55–

1.75 (3H, m, h,i), 1.24 and 1.21 (12H, s, l,l’); 13C NMR (100 MHz, CDCl3) δ 173.14 (f), 157.04 

(n), 138.68 (d), 131.87 (m), 130.12 (r), 128.74 (b,b’), 127.87 (c,c,’), 127.47 (a), 126.64 (q), 120.74 

(p), 110.20 (o), 83.23 (k,k’), 55.15 (s), 43.56 (e), 36.84 (g), 30.54 (h), 25.47 (i), 24.90 and 24.77 

(l,l’). 

 

(R)-5-(2-methyl)phenyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentanecarboxylic 

acid benzyl amide (4j). Following GP4 with (R)-B2 (2.63 mg, 5.28 µmol) and 3j (148 mg, 0.528 

mmol) affords, after flash chromatography on silica gel (95:5–90:10 DCM:ethyl acetate), the title 

compound (181 mg, 84%) as a yellow oil: TLC analysis Rf 0.4 (40:60 hexanes:ethyl acetate); 1H 

NMR (400 MHz, CDCl3) δ 7.30–7.35 (2H, m, b,b’), 7.25–7.30 (3H, m, c,c’,o), 7.19 (1H, d, J = 

7.5 Hz, a), 7.10–7.15 (2H, m, q,r), 7.00–7.10 (1H, m, p), 5.92 (1H, br s, NH), 4.43 (2H, d, J = 5.9 

Hz, e), 2.54 (1H, t, J = 7.0 Hz, j), 2.34 (3H, s, s), 2.23 (2H, t, J = 6.8 Hz,  g), 1.85–2.00 (1H, m, 

h), 1.60–1.80 (3H, m, h,i), 1.22 and 1.20 (12H, s, l,l’); 13C NMR (100 MHz, CDCl3) δ 172.84 (f), 
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141.44 (m), 138.61 (d), 136.08 (n), 130.35 (o), 128.77 (b,b’), 127.91 (c,c,’), 127.86 (r), 127.53 (a), 

126.07 (p), 125.25 (q), 83.44 (k,k’), 43.61 (e), 36.90 (g), 31.86 (h), 25.64 (i), 24.80 and 24.70 (l,l’), 

20.30 (s). 

 

(R)-5-(2-furanyl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentanecarboxylic acid 

benzyl amide (4k). Following GP4 with (R)-B3 (2.55 mg, 5.28 µmol) and 3 equiv pinBH (203 

mg, 0.16 mmol) and 3k (135 mg, 0.528 mmol) affords, after flash chromatography on silica gel 

(95:5–90:10 DCM:ethyl acetate), the title compound (140 mg, 69%) as a yellow oil: TLC analysis 

Rf 0.4 (40:60 hexanes:ethyl acetate); 1H NMR (400 MHz, CDCl3) δ 7.30–7.40 (2H, m, b,b’), 7.25–

7.30 (4H, m, a,c,c’,p), 6.27 (1H, t, J = 2.5 Hz, o), 6.03 (1H, d, J = 2.9 Hz, n), 5.84 (1H, br s, NH), 

4.45 (2H, d, J = 5.6 Hz, e), 2.49 (1H, t, J = 7.1 Hz, j), 2.23 (2H, t, J = 7.4 Hz,  g), 1.75–1.85 (2H, 

m, h), 1.65–1.75 (2H, m, i), 1.26 and 1.25 (12H, s, l,l’); 13C NMR (100 MHz, CDCl3) δ 172.74 (f), 

156.37 (m), 140.86 (p), 138.54 (d), 128.78 (b,b’), 127.91 (c,c,’), 127.55 (a), 110.29 (o), 105.10 

(n), 83.83 (k,k’), 43.85 (e), 36.65 (g), 29.81 (h), 25.20 (i), 24.80 and 24.73 (l,l’). 

 

(R)-5-(3-furanyl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentanecarboxylic acid 

benzyl amide (4l). Following GP4 with with (R)-B2 (2.63 mg, 5.28 µmol) and 3 equiv pinBH 

(203 mg, 0.16 mmol) and 3l (135 mg, 0.528 mmol) affords, after flash chromatography on silica 

gel (95:5–90:10 DCM:ethyl acetate), the title compound (146 mg, 72%) as a yellow oil: TLC 

analysis Rf 0.4 (40:60 hexanes:ethyl acetate); 1H NMR (400 MHz, CDCl3) δ 7.20–7.40 (7H, m, 

a,b,b’,c,c’,o,p), 6.28 (1H, d, J = 0.0 Hz, n), 5.90 (1H, br s, NH), 4.43 (2H, d, J = 5.6 Hz, e), 2.15–

2.30 (3H, m, g,j), 1.60–1.80 (2H, m, h,i), 1.23 (12H, s, l,l’); 13C NMR (100 MHz, CDCl3) δ 172.90 
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(f), 142.62 (o), 138.89 (p), 138.55 (d), 128.77 (b,b’), 127.89 (c,c,’), 127.54 (a), 125.20 (m), 111.13 

(n), 83.59 (k,k’), 43.62 (e), 36.69 (g), 31.32 (h), 25.26 (i), 24.79 and 24.74 (l,l’). 

 

(R)-5-(2-thiophenyl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentanecarboxylic acid 

benzyl amide (4m). Following GP4 with with (R)-B2 (2.63 mg, 5.28 µmol) and 3 equiv pinBH 

(203 mg, 0.16 mmol) and 3m (143 mg, 0.528 mmol) affords, after flash chromatography on silica 

gel (95:5–90:10 DCM:ethyl acetate), the title compound (152 mg, 72%) as a yellow oil: TLC 

analysis Rf 0.4 (40:60 hexanes:ethyl acetate); 1H NMR (400 MHz, CDCl3) δ 7.30–7.40 (2H, m, 

b,b’), 7.25–7.30 (3H, m, a,c,c’), 7.09 (1H, dd, J = 5.1 and 0.9 Hz, p), 6.91 (1H, dd, J = 5.1 and 3.4 

Hz, o), 6.81 (1H, d, J = 3.4 Hz, n), 5.82 (1H, br s, NH), 4.44 (2H, d, J = 5.7 Hz, e), 2.66 (1H, t, J 

= 7.1 Hz, j), 2.24 (2H, t, J = 7.3 Hz,  g), 1.85–1.95 (1H, m, h), 1.65–1.80 (3H, m, h,i), 1.24 and 

1.23 (12H, s, l,l’); 13C NMR (100 MHz, CDCl3) δ 172.66 (f), 145.87 (m), 138.53 (d), 128.80 (b,b’), 

127.92 (c,c,’), 127.57 (a), 126.88 (o), 124.09 (n), 122.78 (p), 83.84 (k,k’), 43.66 (e), 36.67 (g), 

33.28 (h), 25.18 (i), 24.74 and 24.73 (l,l’). 

 

(R)-5-(2-thiophenyl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentanecarboxylic acid 

benzyl amide (4n). Following GP4 with with (R)-B2 (2.63 mg, 5.28 µmol) and 3 equiv pinBH 

(203 mg, 0.16 mmol) and 3n (143 mg, 0.528 mmol) affords, after flash chromatography on silica 

gel (95:5–90:10 DCM:ethyl acetate), the title compound (154 mg, 73%) as a yellow oil: TLC 

analysis Rf 0.4 (40:60 hexanes:ethyl acetate); 1H NMR (400 MHz, CDCl3) δ 7.30–7.35 (2H, m, 

b,b’), 7.25–7.30 (3H, m, a,c,c’), 7.22 (1H, dd, J = 4.8 and 3.0 Hz, o), 6.90–7.00 (2H, m, n,p), 5.91 

(1H, br s, NH), 4.43 (2H, d, J = 5.7 Hz, e), 2.48 (1H, t, J = 7.1 Hz, j), 2.22 (2H, t, J = 7.4 Hz,  g), 

1.80–1.90 (1H, m, h), 1.60–1.80 (3H, m, h,i), 1.22 and 1.21 (12H, s, l,l’); 13C NMR (100 MHz, 
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CDCl3) δ 172.82 (f), 142.67 (m), 138.57 (d), 128.78 (b,b’), 128.30 (n), 127.92 (c,c,’), 127.55 (a), 

125.07 (o), 119.70 (p), 83.58 (k,k’), 43.63 (e), 36.72 (g), 31.88 (h), 25.40 (i), 24.77 and 24.72 (l,l’). 

 

(R)-5-phenyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentanecarboxylic phenyl 

amide (6). Following GP4 with 5a (133 mg, 0.528 mmol) affords, after flash chromatography on 

silica gel (95:5–90:10 DCM:ethyl acetate), the title compound (152 mg, 76%) as a yellow oil: TLC 

analysis Rf 0.6 (50:50 hexanes:ethyl acetate); 1H NMR (400 MHz, CDCl3) δ 7.51 (2H, d, J = 7.8 

Hz, k,k’), 7.20–7.35 (6H, m, b,b’c,c’,l,l’), 7.16 (1H, t, J = 7.1 Hz, a), 7.11 (1H, t, J = 7.1 Hz, m), 

2.30–2.40 (3H, e,h), 1.85–2.00 (1H, m, g), 1.65–1.80 (3H, m, f,g), 1.23 and 1.21 (12H, s, o,o’); 
13C NMR (100 MHz, CDCl3) δ 171.31 (i), 142.91 (d), 138.11 (j), 129.04 (l,l’), 128.52 (b,b’,c,c’), 

125.49 (a), 124.23 (m), 120.00 (k,k’), 83.58 (n,n’), 37.79 (g), 32.14 (h), 25.36 (f), 24.76 and 24.73 

(o,o’). 

 

(R)-5-phenyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentanecarboxylic phenyl 

amide (7). Following GP4 with (R)-B2 (2.63 mg, 5.28 µmol) and 5b (130 mg, 0.528 mmol) 

affords, after flash chromatography on silica gel (95:5–90:10 DCM:ethyl acetate), the title 

compound (154 mg, 78%) as a yellow oil: TLC analysis Rf 0.4 (30:70 hexanes:ethyl acetate); 1H 

NMR (400 MHz, CDCl3) δ 7.15–7.25 (4H, m, b,b’,c,c’), 7.12 (1H, t, J = 7.0 Hz, a), 3.55–3.65 

(6H, m, j,j’,k,k’), 3.30–3.35 (2H, m, j,j’), 2.20–2.35 (3H, m, e,h), 1.85–1.95 (1H, m, g), 1.65–1.75 

(1H, m, g), 1.55–1.65 (2H, m, f), 1.20 and 1.18 (12H, s, m,m’); 13C NMR (100 MHz, CDCl3) δ 

171.76 (i), 142.90 (d), 128.48 (b,b’), 128.43 (c,c’), 125.39 (a), 83.46 (l,l’), 67.00 and 67.71 (k,k’), 

46.10 and 41.91 (j, j’), 33.32 (g), 32.22 (h), 24.86 (f), 24.74 and 24.71 (m,m’). 
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(R)-5-phenyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentanecarboxylic ethyl ester 

(15). Following GP4 with 14 (108 mg, 0.528 mmol) affords, after flash chromatography on silica 

gel (95:5 hexanes:ethyl acetate), the title compound (135 mg, 77%) as a yellow oil: TLC analysis 

Rf 0.7 (80:20 hexanes:ethyl acetate); 1H NMR (400 MHz, CDCl3) δ 7.25–7.30 (2H, m, b,b’), 7.15–

7.25 (2H, m, c,c’), 7.10–7.15 (1H, m, a), 4.12 (2H, q, J = 7.1 Hz, j), 2.20–2.40 (3H, m, e,h), 1.85–

1.95 (1H, m, g), 1.65–1.75 (1H, m, g), 1.55–1.65 (2H, m, f), 1.25 (3H, t, J = 7.2 Hz, k), 1.23 and 

1.21 (12H, s, m,m’); 13C NMR (100 MHz, CDCl3) δ 173.74 (i), 142.94 (d), 128.46 (b,b’), 128.43 

(c,c’), 125.37 (a), 83.45 (l,l’), 60.23 (j), 34.48 (g), 32.10 (h), 24.74 and 24.69 (f,m,m’), 14.34 (k). 

 

(R)-2-(5-((3-isopropyl-2,4-dimethylpentan-3-yl)oxy)-1-phenylpentyl)-4,4,5,5-tetramethyl-

1,3,2-dioxaborolane (17). Following GP4 with 16 (168 mg, 0.528 mmol) affords, after flash 

chromatography on silica gel (95:5 hexanes:ethyl acetate), the title compound (170 mg, 75%) as a 

colorless oil: TLC analysis Rf 0.7 (80:20 hexanes:ethyl acetate); 1H NMR (400 MHz, CDCl3) δ 

7.20–7.30 (4H, m, b,b’,c,c’), 7.10–7.20 (1H, m, a), 3.67 (2H, t, J = 6.6 Hz, l), 2.34 (1H, t, J = 7.9 

Hz, e), 1.85–2.00 (1H, m, h), 1.65–1.75 (1H, m, h), 1.50–1.65 (2H, m, g), 1.30–1.45 (2H, m, f), 

1.24 and 1.22 (12H, s, n,n’), 1.05–1.10 (21H, m, j,j’,j’’,k,k’,k’’); 13C NMR (100 MHz, CDCl3) δ 

143.51 (d), 128.49 (b,b’), 128.34 (c,c’), 125.20 (a), 83.33 (m,m’), 63.57 (l), 33.24 (g), 32.70 (h), 

25.77 (f), 24.74 and 24.71 (n,n’), 18.17 (k,k’,k’’), 12.14 (j,j’,j’’). 
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(R)-6-phenyl-6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)hexanecarboxylic benzyl amide 

(19). Following GP4 with 18 (148 mg, 0.528 mmol) affords, after flash chromatography on silica 

gel (95:5–90:10 DCM:ethyl acetate), the title compound (168 mg, 78%) as a yellow oil: TLC 

analysis Rf 0.4 (40:60 hexanes:ethyl acetate); 1H NMR (400 MHz, CDCl3) δ 7.15–7.40 (9H, m, 

b,b’,c,c’,o,o’,p,p’,q), 7.14 (1H, t, J = 7.1 Hz, a), 5.72 (1H, br s, NH), 4.42 (2H, d, J = 5.7 Hz, k), 

2.30 (1H, t J = 7.8 Hz, e), 2.18 (2H, t, J = 7.2 Hz, i), 1.80–1.90 (1H, m, h), 1.60–1.80 (3H, m, f,h), 

1.25–1.40 (2H, m, g), 1.22 and 1.20 (12H, s, m,m’); 13C NMR (100 MHz, CDCl3) δ 172.97 (j), 

143.25 (n), 138.54 (d), 128.81 (b,b’), 128.48 (p,p’), 128.44 (c,c’), 127.92 (q), 125.30 (a), 83.41 

(l,l’), 43.66 (k), 36.79 (i), 32.24 (h), 28.97 (g), 25.87 (f), 24.75 and 24.69 (m,m’). 
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General procedure for oxidation of secondary benzylic boronic esters for further 

characterizations (GP5) 

GP5A (mild conditions): for boronic esters containing versatile directing groups (i.e., 

ethylesters and morpholino amides). To a solution of boronic ester (0.1056 mmol) in THF (1.0 

mL) was added NaBO3 (100 mg) and water (1.0 mL) at room temperature. The resultant mixture 

was stirred for 5 hours then extracted with ethyl acetate (3 x 2 mL), dried (anhyd. Na2SO4), and 

concentrated under reduced pressure. Flash chromatography on silica gel affords the title 

compound.  

GP5B (harsh conditions): To a solution of boronic ester (0.1056 mmol) in THF (1.0 mL) was 

added MeOH (1.0 mL), NaOH (3M, 1.5 mL), and H2O2 (30%, 0.2 mL) at room temperature. The 

resultant mixture was shaken (with glass ball) or stirred for 1 hour then extracted with DCM (3 x 

2 mL), dried (anhyd. Na2SO4), and concentrated under reduced pressure. Flash chromatography 

on silica gel affords the title compound. 

Isolated yields range from 92–99%. 

Column chromatography conditions: 

1. For ethylester-, OTIPS-, and phenyl amide-containing boronic esters: 90:10–60:40 

hexanes:ethyl acetate. 

2. For benzyl amide-containing boronic esters: 60:40 hexanes:ethyl acetate until all 

pinacol diol (visible with Vanillin stain) side-product came out, then switch to 100% ethyl 

acetate. 

3. For morpholino-containing boronic esters: 60:40 hexanes:ethyl acetate until all pinacol 

diol (visible with Vanillin stain) side-product came out, then switch to 100% acetone. 

 

 

(R)-5-hydroxy-5-phenylpentanecarboxylic acid benzyl amide (4a-OH). Following GP5B 

affords, after flash chromatography on silica gel the title compound as a semi-solid; [α]D
20 = –

16.3o (c 2.0, CHCl3);  1H NMR (400 MHz, CDCl3) δ 7.20–7.40 (10H, m, a,b,b’,c,c’,l,l’,m,m’,n), 
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6.24 (1H, br s, NH), 4.60–4.70 (1H, m, j), 4.37 (2H, d, J = 5.7 Hz, e), 3.17 (1H, br s, OH), 2.22 

(2H, t, J = 6.8 Hz, g), 1.65–1.85 (4H, m, h,i); 13C NMR (100 MHz, CDCl3) δ 172.19 (f), 144.92 

(k), 138.48 (d), 128.78 (m,m’), 128.52 (b,b’), 127.90 (l,l’), 127.56 (n), 127.51 (a), 125.93 (c,c’), 

73.97 (j), 43.63 (e), 38.56 (i), 36.20 (g), 22.04 (h); Enantiomeric ratio was checked by converting 

to the corresponding Mosher’s ester 4a-Mosher (general procedure GP6 vide infra); crude 19F 

NMR (375 MHz, CDCl3) shows δ –71.36 (major 95%) and –71.61 (minor 5%); IR (neat) 3285 

(O–H stretch), 3029 (N–H stretch), 2925, 1642 (C=O stretch), 1544, 1494, 1453, 1247, 1027, 749, 

696 cm-1; HRMS (EI) calcd. for C18H21NO2 (M): 283.1572, found 283.1578 m/z. 

 

(R)-5-hydroxy-5-(4-(trifluoromethyl)phenyl)pentanecarboxylic acid benzyl amide (4b-OH). 

Following GPxB affords, after flash chromatography on silica gel the title compound as a white 

solid: 71.5–72.5 oC; [α]D
20 = –22.5o (c 1.0, CHCl3); 19F NMR (376 MHz, CDCl3) δ –62.39 (CF3); 

1H NMR (400 MHz, CDCl3) δ 7.58 (2H, d, J = 8.1 Hz, m,m’), 7.44 (2H, d, J = 8.1 Hz, c,c’), 7.20–

7.35 (5H, m, a,b,b’,l,l’), 6.00 (1H, br s, NH), 4.70–4.80 (1H, m, j), 4.41 (2H, d, J = 5.7 Hz, e), 3.34 

(1H, br s, OH), 2.28 (2H, t, J = 6.7 Hz, g), 1.70–1.85 (4H, m, h,i); 13C NMR (100 MHz, CDCl3) δ 

173.00 (f), 148.91 (k), 138.25 (d), 129.86 (n), 129.60 (q, J = 32.1 Hz, o), 128.85 (b,b’), 127.91 

(l,l’), 127.70 (a), 126.15 (c,c’), 125.43 (q, J = 3.8 Hz, m,m’), 73.23 (j), 43.76 (e), 38.63 (i), 35.97 

(g), 21.59 (h); Enantiomeric excess was checked by converting to the corresponding Mosher’s 

ester 4b-Mosher (general procedure GP6 vide infra); crude 19F NMR (375 MHz, CDCl3) shows 

δ –71.28 (major 95%) and –71.47 (minor 5%); IR (neat) 3296 (O–H stretch), 2924, 1644 (C=O 

stretch), 1545, 1323, 1161, 1110, 1066, 1016, 840, 730, 697, 603 cm-1; HRMS (ESI) calcd. for 

C19H20F3NNaO2 (M+Na): 374.1344, found 374.1351 m/z. 
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(R)-5-(4-fluorophenyl)-5-hydroxypentanecarboxylic acid benzyl amide (4c-OH). Following 

GP5B affords, after flash chromatography on silica gel the title compound as a white solid: 64.5–

65.5 oC; [α]D
20 = –20.1o (c 2.0, CHCl3); 19F NMR (376 MHz, CDCl3) δ –115.30 to –115.40 

(C(sp2)–F); 1H NMR (400 MHz, CDCl3) δ 7.25–7.35 (7H, m, a,b,b’,c,c’,l,l’), 7.00 (2H, t, J = 8.7 

Hz, m,m’), 6.11 (1H, br s, NH), 4.60–4.70 (1H, m, j), 4.39 (2H, d, J = 5.7 Hz, e), 3.09 (1H, br s, 

OH), 2.24 (2H, t, J = 6.9 Hz, g), 1.65–1.80 (4H, m, h,i); 13C NMR (100 MHz, CDCl3) δ 173.07 

(f), 162.17 (d, J = 243 Hz, n), 140.65 and 140.62 (k), 138.36 (d), 128.82 (b,b’), 127.90 (l,l’), 127.63 

and 127.56 and 127.48 (a,c,c’), 115.28 (d, J = 21 Hz, m,m’), 73.30 (j), 43.69 (e), 38.64 (i), 36.11 

(g), 21.87 (h); Enantiomeric excess was checked by converting to the corresponding Mosher’s 

ester 4c-Mosher (general procedure GP6 vide infra); crude 19F NMR (375 MHz, CDCl3) shows δ 

–71.25 (major 95%) and –71.51 (minor 5%); IR (neat) 3283 (O–H stretch), 2921, 1643 (C=O 

stretch), 1548, 1508, 1219, 1155, 1076, 1014, 835, 730, 697 cm-1; HRMS (ESI) calcd. for 

C18H20FNNaO2 (M+Na): 324.1376, found 324.1385 m/z. 

 

(R)-5-(4-chlorophenyl)-5-hydroxypentanecarboxylic acid benzyl amide (4d-OH). Following 

GP5B affords, after flash chromatography on silica gel the title compound as a white solid: 108.5–

110.0 oC; [α]D
20 = –21.1o (c 2.0, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.20–7.35 (9H, m, 

a,b,b’,c,c’,l,l’,m,m’), 6.02 (1H, br s, NH), 4.60–4.80 (1H, m, j), 4.40 (2H, d, J = 5.7 Hz, e), 3.10 

(1H, br s, OH), 2.25 (2H, t, J = 6.4 Hz, g), 1.65–1.85 (4H, m, h,i); 13C NMR (100 MHz, CDCl3) δ 

172.89 (f), 143.31 (k), 138.32 (d), 133.14 (n), 128.86 (b,b’), 128.66 (m,m’), 127.96 (l,l’), 127.70 

(a), 127.29 (c,c’), 73.32 (j), 43.77 (e), 38.58 (i), 36.10 (g), 21.71 (h). Enantiomeric excess was 

checked by converting to the corresponding Mosher’s ester 4d-Mosher (general procedure GP6 

vide infra); crude 19F NMR (375 MHz, CDCl3) shows δ –71.35 (major 95%) and –71.57 (minor 

5%); IR (neat) 3281 (O–H stretch), 2915, 2360, 1629 (C=O stretch), 1531, 1486, 1454, 1077, 1009, 

936, 831, 799, 749, 698 cm-1; HRMS (EI) calcd. for C18H20ClNO2 (M): 317.1183, found 317.1189 

m/z. 
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(R)-5-hydroxy-5-(4-methoxyphenyl)pentanecarboxylic acid benzyl amide (4e-OH). 

Following GP5B affords, after flash chromatography on silica gel the title compound as a colorless 

oil; [α]D
20 = –21.0o (c 2.0, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.20–7.40 (7H, m, 

a,b,b’,c,c’,l,l’), 6.86 (2H, d, J = 8.6 Hz, m,m’), 6.11 (1H, br s, NH), 4.61 (1H, dd, J = 6.8 and 4.7 

Hz, j), 4.39 (2H, d, J = 5.7 Hz, e), 3.80 (3H, s, o), 2.78 (1H, br s, OH), 2.23 (2H, t, J = 6.8 Hz, g), 

1.65–1.85 (4H, m, h,i); 13C NMR (100 MHz, CDCl3) δ 172.94 (f), 159.11 (n), 138.44 (d), 136.94 

(k), 128.82 (b,b’), 127.95 (l,l’), 127.61 (a), 127.16 (c,c’), 113.95 (m,m’), 73.76 (j), 55.40 (o), 43.71 

(e), 38.44 (i), 36.31 (g), 22.06 (h); Enantiomeric excess was checked by converting to the 

corresponding Mosher’s ester 4e-Mosher (general procedure GP6 vide infra); crude 19F NMR 

(375 MHz, CDCl3) shows δ –71.40 (major 96%) and –71.68 (minor 4%); IR (neat) 3287 (O–H 

stretch), 2924, 1643 (C=O stretch), 1611, 1543, 1510, 1454, 1242, 1174, 1029, 831, 732, 697 cm-

1; HRMS (ESI) calcd. for C19H23NNaO3 (M+Na): 336.1576, found 336.1588 m/z. 

 

(R)-5-hydroxy-5-(3-methoxyphenyl)pentanecarboxylic acid benzyl amide (4f-OH). Following 

GP5B affords, after flash chromatography on silica gel the title compound as a colorless oil; [α]D
20 

= –15.9o (c 2.0, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.20–7.35 (6H, m, a,b,b’,c,c’,o), 6.85–6.90 

(2H, m, l,p), 6.79 (1H, dd, J = 8.0 and 2.0 Hz, n), 6.32 (1H, dd, J = 5.3 and 0.0 Hz, NH), 4.61 (1H, 

dd, J = 7.4 and 4.3 Hz, j), 4.35 (2H, d, J = 5.7 Hz, e), 3.78 (3H, s, q), 3.36 (1H, br s, OH), 2.21 

(2H, t, J = 6.8 Hz, g), 1.60–1.85 (4H, m, h,i); 13C NMR (100 MHz, CDCl3) δ 173.30 (f), 159.78 

(m), 146.71 (k), 138.46 (d), 129.52 (o), 128.76 (b,b’), 127.86 (c,c’), 127.53 (a), 118.29 (p), 112.85 

(n), 111.51 (l), 73.81 (j), 55.31 (q), 43.61 (e), 38.54 (i), 36.18 (g), 22.05 (h); Chiral HPLC analysis 

(Chiralcel-AD, 60:40 hexanes:isopropanol, flowrate = 1.0 mL/min) showed peaks at 15 minutes 
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(97.0% (R)) and 19 minutes (3.0% (S)); IR (neat) 3299 (O–H stretch), 2917, 1643 (C=O stretch), 

1602, 1585, 1540, 1487, 1454, 1433, 1317, 1253, 1153, 1040, 783, 731, 696 cm-1; HRMS (EI) 

calcd. for C19H23NO3 (M): 313.1678, found 313.1680 m/z. 

 

(R)-5-(3,5-dimethoxyphenyl)-5-hydroxypentanecarboxylic acid benzyl amide (4g-OH). 

Following GP5B affords, after flash chromatography on silica gel the title compound as a white 

solid: 110.0–110.5 oC; [α]D
20 = –14.1o (c 2.0, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.20–7.35 

(5H, m, a,b,b’,c,c’,o), 6.50 (2H, d, J = 2.2 Hz, l,l’), 6.36 (1H, t, J = 2.2 Hz, n), 6.04 (1H, br s, NH), 

4.55–4.65 (1H, m, j), 4.40 (2H, d, J = 5.7 Hz, e), 3.78 (6H, s, o,o’), 2.86 (1H, br s, OH), 2.25 (2H, 

t, J = 6.8 Hz, g), 1.65–1.85 (4H, m, h,i); 13C NMR (100 MHz, CDCl3) δ 173.02 (f), 160.95 (m,m’), 

147.52 (k), 138.42 (d), 128.80 (b,b’), 127.91 (c,c’), 127.59 (a), 103.84 (l,l’), 99.41 (n), 74.08 (j), 

55.44 (o,o’), 43.69 (e), 38.48 (i), 36.26 (g), 21.98 (h); Enantiomeric excess was checked by 

converting to the corresponding Mosher’s ester 4g-Mosher (general procedure GP6 vide infra); 

crude 19F NMR (375 MHz, CDCl3) shows δ –71.34 (major 96.5%) and –71.50 (minor 3.5%); IR 

(neat) 3305, 3276 (O–H stretch), 2943, 2833, 2359, 2342, 1633 (C=O stretch), 1598, 1537, 1464, 

1452, 1204, 1192, 1148, 1083, 1051, 859, 822, 747, 693 cm-1; HRMS (EI) calcd. for C20H25NO4 

(M): 343.1784, found 343.1799 m/z. 

 

(R)-5-(benzo[d][1,3]dioxol-5-yl)-5-hydroxypentanecarboxylic acid benzyl amide (4h-OH). 

Following GP5B affords, after flash chromatography on silica gel the title compound as a colorless 

oil; [α]D
20 = –12.9o (c 1.0, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.25–7.40 (5H, m, a,b,b’,c,c’), 

6.80–6.90 (1H, m, p), 6.75–6.80 (2H, m, l,m), 5.99 (1H, br s, NH), 5.94 (2H, s, q), 4.59 (1H, dd, J 

= 7.4 and 4.7 Hz, j), 4.42 (2H, d, J = 5.7 Hz, e), 2.66 (1H, br s, OH), 2.25 (2H, t, J = 6.8 Hz, g), 
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1.65–1.85 (4H, m, h,i); 13C NMR (100 MHz, CDCl3) δ 172.95 (f), 147.87 (o), 146.97 (n), 138.90 

(k), 138.41 (d), 128.83 (b,b’), 127.95 (c,c’), 127.64 (a), 119.31 (l), 108.17 (m), 106.44 (p), 101.07 

(q), 73.97 (j), 43.72 (e), 38.52 (i), 36.26 (g), 21.99 (h); Enantiomeric excess was checked by 

converting to the corresponding Mosher’s ester 4h-Mosher (general procedure GP6 vide infra); 

crude 19F NMR (375 MHz, CDCl3) shows δ –71.33 (major 92%) and –71.64 (minor 8%); IR (neat) 

3295 (O–H stretch), 2923, 1644 (C=O stretch), 1545, 1501, 1486, 1440, 1238, 1036, 933, 809, 

729, 697 cm-1; HRMS (ESI) calcd. for C19H21NNaO4 (M+Na): 350.1368, found 350.1375 m/z. 
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(R)-5-hydroxy-5-(2-methoxyphenyl)pentanecarboxylic acid benzyl amide (4i-OH). Following 

GP5B affords, after flash chromatography on silica gel the title compound as a white solid: 79.5–

81.0 oC; [α]D
20 = –10.8o (c 2.0, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.20–7.35 (7H, m, 

a,b,b’,c,c’,l,m), 6.96 (1H, t, J = 7.1 Hz, n), 6.87 (1H, d, J = 8.2 Hz, o), 6.13 (1H, br s, NH), 4.85–

5.00 (1H, m, j), 4.41 (2H, d, J = 5.7 Hz, e), 3.82 (3H, s, q), 3.02 (1H, br s, OH), 2.20–2.30 (2H, m, 

g), 1.70–1.90 (4H, m, h,i); 13C NMR (100 MHz, CDCl3) δ 173.16 (f), 156.44 (p), 138.57 (d), 

132.61 (k), 128.77 (b,b’), 128.37 (l), 127.91 (c,c’), 127.52 (a), 126.85 (n), 120.90 (m), 110.58 (o), 

70.03 (j), 55.38 (q), 43.63 (e), 36.74 (i), 36.43 (g), 22.41 (h); Chiral HPLC analysis (Chiralcel-

AD, 60:40 hexanes:isopropanol, flowrate = 1.0 mL/min) showed peaks at 17 minutes (85.5% (R)) 

and 23 minutes (14.5% (S)); IR (neat) 3294 (O–H stretch), 2923, 1643 (C=O stretch), 1601, 1586, 

1544, 1490, 1454, 1438, 1285, 1237, 1049, 1027, 752, 697 cm-1; HRMS (ESI) calcd. for 

C19H23NNaO3 (M+Na): 336.1576, found 336.1583 m/z. 
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(R)-5-hydroxy-5-(2-methylphenyl)pentanecarboxylic acid benzyl amide (4j-OH). Following 

GP5B affords, after flash chromatography on silica gel the title compound as a semi solid; [α]D
20 

= –24.6o (c 2.0, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.45 (1H, d, J = 7.3 Hz, o), 7.10–7.35 (8H, 
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m, a,b,b’,c,c’,l,m,n), 6.20 (1H, br s, NH), 4.85–4.95 (1H, m, j), 4.39 (2H, d, J = 5.7 Hz, e), 2.91 

(1H, br s, OH), 2.31 (3H, s, q), 2.20–2.30 (2H, m, g), 1.70–1.90 (4H, m, h,i); 13C NMR (100 MHz, 

CDCl3) δ 173.15 (f), 143.03 (k), 138.47 (d), 134.32 (p), 130.45 (n), 128.79 (b,b’), 127.91 (c,c’), 

127.57 (a), 127.19 (l), 126.36 (m), 125.26 (o), 70.28 (j), 43.65 (e), 37.44 (i), 36.24 (g), 22.29 (h), 

19.16 (q); Chiral HPLC analysis (Chiralpak-IC, 60:40 hexanes:isopropanol, flowrate = 1.4 

mL/min) showed peaks at 14.5 minutes (93.0% (R)) and 16.5 minutes (7.0% (S)); IR (neat) 3292 

(O–H stretch), 2920, 2360, 2342, 1635 (C=O stretch), 1538, 1495, 1453, 1059, 748, 724, 696 cm-

1; HRMS (EI) calcd. for C19H23NO2 (M): 297.1729, found 297.1725 m/z. 

 

(R)-5-(2-furanyl)-5-hydroxypentanecarboxylic acid benzyl amide (4k-OH). Following GP5B 

affords, after flash chromatography on silica gel the title compound as a colorless oil; [α]D
20 = –

14.2o (c 1.0, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.25–7.40 (6H, m, a,b,b’,c,c’,n), 6.33 (1H, 

dd, J = 3.2 and 1.8 Hz, m), 6.24 (1H, d, J = 3.2 Hz, l), 6.03 (1H, br s), 4.69 (1H, dd, J = 11.1 and 

6.2, j), 4.43 (2H, d, J = 5.7 Hz, e), 2.82 (1H, d, J = 4.7 Hz, OH), 2.28 (2H, t, J = 7.2 Hz, g), 1.75–

1.95 (4H, m, h,i); 13C NMR (100 MHz, CDCl3) δ 172.93 (f), 156.77 (k), 141.95 (n), 138.41 (d), 

128.82 (b,b’), 127.94 (c,c’), 127.62 (a), 110.28 (m), 106.94 (l), 67.36 (j), 43.72 (e), 36.08 (g), 34.96 

(i), 21.60 (h); Enantiomeric excess was checked by converting to the corresponding Mosher’s ester 

4k-Mosher (general procedure GP6 vide infra); crude 19F NMR (375 MHz, CDCl3) shows δ –

71.59 (major 97%) and –72.00 (minor 3%); IR (neat) 3283 (O–H stretch), 2926, 2360, 1640 (C=O 

stretch), 1544, 1454, 1250, 1070, 1008, 733, 697 cm-1; HRMS (ESI) calcd. for C16H19NNaO3 

(M+Na): 296.1263, found 296.1265 m/z. 

 

(R)-5-(3-furanyl)-5-hydroxypentanecarboxylic acid benzyl amide (4l-OH). Following GP5B 

affords, after flash chromatography on silica gel the title compound as a colorless oil; [α]D
20 = –
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19.6o (c 1.0, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.25–7.40 (7H, m, a,b,b’,c,c’,l,m), 6.39 (1H, 

m, n), 5.97 (1H, br s), 4.60–4.70 (1H, m, j), 4.44 (2H, d, J = 5.7 Hz, e), 2.57 (1H, br s, OH), 2.29 

(2H, t, J = 6.4 Hz, g), 1.75–1.85 (4H, m, h,i); 13C NMR (100 MHz, CDCl3) δ 172.95 (f), 143.42 

(m), 139.09 (l), 138.38 (d), 129.16 (k), 128.84 (b,b’), 127.95 (c,c’), 127.66 (a), 108.59 (n), 66.54 

(j), 43.75 (e), 37.26 (i), 36.13 (g), 21.63 (h); Enantiomeric excess was checked by converting to 

the corresponding Mosher’s ester 4l-Mosher (general procedure GP6 vide infra); crude 19F NMR 

(375 MHz, CDCl3) shows δ –71.49 (major 92%) and –71.72 (minor 8%); IR (neat) 3281 (O–H 

stretch), 2928, 1632 (C=O stretch), 1547, 1453, 1007, 735, 696 cm-1; HRMS (ESI) calcd. for 

C16H19NNaO3 (M+Na): 296.1263, found 296.1263 m/z. 

 

(R)-5-hydroxy-5-(2-thiophenyl)pentanecarboxylic acid benzyl amide (4m-OH). Following 

GP5B affords, after flash chromatography on silica gel the title compound as a colorless oil; [α]D
20 

= –9.3o (c 1.0, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.20–7.35 (6H, m, a,b,b’,c,c’,n), 6.90–7.00 

(2H, m, l,m), 6.23 (1H, br s), 4.85–4.95 (1H, m, j), 4.38 (2H, d, J = 5.7 Hz, e), 3.43 (1H, d, J = 4.3 

Hz, OH), 2.24 (2H, t, J = 7.2 Hz, g), 1.70–1.90 (4H, m, h,i); 13C NMR (100 MHz, CDCl3) δ 173.16 

(f), 148.99 (k), 138.42 (d), 128.80 (b,b’), 127.90 (c,c’), 127.58 (a), 126.74 (m), 124.42 (n), 123.61 

(l), 69.74 (j), 43.67 (e), 38.73 (i), 36.03 (g), 21.88 (h); Enantiomeric excess was checked by 

converting to the corresponding Mosher’s ester 4m-Mosher (general procedure GP6 vide infra); 

crude 19F NMR (375 MHz, CDCl3) shows δ –71.32 (major 92.5%) and –71.74 (minor 7.5%); IR 

(neat) 3292 (O–H stretch), 2916, 1640 (C=O stretch), 1539, 1495, 1454, 1357, 1250, 1077, 1028, 

694 cm-1; HRMS (ESI) calcd. for C16H19NNaO2S (M+Na): 312.1034, found 312.1039 m/z. 

 

(R)-5-hydroxy-5-(3-thiophenyl)pentanecarboxylic acid benzyl amide (4n-OH). Following 

GP5B affords, after flash chromatography on silica gel the title compound as a white solid: 81.0–
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82.5 oC; [α]D
20 = –18.2o (c 1.0, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.25–7.35 (7H, m, 

a,b,b’,c,c’,m), 7.16 (1H, d, J = 2.6 Hz, n), 7.05 (1H, d, J = 5.0 Hz, l), 6.07 (1H, br s), 4.70–4.80 

(1H, m, j), 4.41 (2H, d, J = 5.7 Hz, e), 2.90 (1H, d, J = 3.6 Hz, OH), 2.26 (2H, t, J = 6.7 Hz, g), 

1.70–1.90 (4H, m, h,i); 13C NMR (100 MHz, CDCl3) δ 173.04 (f), 146.30 (k), 138.43 (d), 128.82 

(b,b’), 127.93 (c,c’), 127.62 (a), 126.15 (m), 125.79 (n), 120.73 (l), 70.13 (j), 43.70 (e), 37.80 (i), 

36.16 (g), 21.78 (h); Enantiomeric excess was checked by converting to the corresponding 

Mosher’s ester 4n-Mosher (general procedure GP6 vide infra); crude 19F NMR (375 MHz, 

CDCl3) shows δ –71.34 (major 94%) and –71.60 (minor 6%); IR (neat) 3284 (O–H stretch), 2360, 

2341, 1630 (C=O stretch), 1537, 1454, 1068, 844, 789, 747, 696 cm-1; HRMS (ESI) calcd. for 

C16H19NNaO2S (M+Na): 312.1034, found 312.1036 m/z. 

 

(R)-5-hydroxy-5-phenylpentanecarboxylic acid phenyl amide (6-OH). Following GP5B 

affords, after flash chromatography on silica gel the title compound as a white solid: 84.5–86.0 oC; 

[α]D
20 = –21.6o (c 1.0, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.71 (1H, br s, NH), 7.51 (2H, d, J 

= 7.9 Hz, k,k’), 7.25–7.40 (7H, m, a,b,b’,c,c’,l,l’), 7.11 (1H, t, J = 7.4 Hz, m), 4.65–4.80 (1H, m, 

e), 2.79 (1H, br s, OH), 2.40 (2H, t, J = 6.4 Hz, h), 1.75–1.95 (4H, m, f,g); 13C NMR (100 MHz, 

CDCl3) δ 171.64 (i), 144.68 (d), 138.06 (j), 129.07 (l,l’), 128.61 (b,b’), 127.68 (m), 125.91 (c,c’), 

124.34 (a), 120.03 (k,k’), 74.32 (e), 38.28 (g), 37.28 (h), 22.04 (f); Enantiomeric excess was 

checked by converting to the corresponding Mosher’s ester 6-Mosher (general procedure GP6 

vide infra); crude 19F NMR (375 MHz, CDCl3) shows δ –71.41 (major 94%) and –71.61 (minor 

6%); IR (neat) 3294 (O–H stretch), 2360, 2342, 1668 (C=O stretch), 1655, 1600, 1557, 1499, 1489, 

1444, 1088, 951, 699, 691 cm-1; HRMS (EI) calcd. for C17H19NO2 (M): 269.1416, found 269.1422 

m/z. 
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(R)-5-hydroxy-5-phenylpentanecarboxylic acid morpholino amide (7-OH). Following GP5A 

affords, after flash chromatography on silica gel the title compound as a light yellow oil; [α]D
20 = 

–22.7o (c 2.0, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.20–7.40 (5H, m, aryl), 4.60–4.70 (1H, m, 

e), 3.55–3.65 (6H, m, j,j’,k’k’), 3.35–3.45 (2H, m, k,k’), 3.25 (1H, br s, OH), 2.25–2.35 (2H, m, 

h), 1.60–1.85 (4H, m, f,g); 13C NMR (100 MHz, CDCl3) δ 171.81 (i), 144.99 (d), 128.47 (b,b’), 

127.45 (a), 125.96 (c,c’), 73.90 (e), 66.97 and 66.68 (k,k’), 46.03 and 42.01 (j,j’), 38.80 (g), 32.80 

(h), 21.32 (f); Enantiomeric excess was checked by converting to the corresponding Mosher’s ester 

7-Mosher (general procedure GP6 vide infra); 19F NMR (375 MHz, CDCl3) shows δ –71.22 

(major 95.5%) and –71.61 (minor 4.5%); IR (neat) 3410 (O–H stretch), 2915, 2856, 1621 (C=O 

stretch), 1433, 1271, 1237, 1113, 1066, 1026, 701 cm-1; HRMS (EI) calcd. for C15H21NO3 (M): 

263.1521, found 263.1523 m/z. 

 

(R)-5-hydroxy-5-phenylpentanecarboxylic acid ethyl ester (15-OH). Following GP5A affords, 

after flash chromatography on silica gel the title compound as a colorless oil; [α]D
20 = –19.5o (c 

2.0, CHCl3); 1H NMR (300 MHz, CDCl3) δ 7.25–7.45 (5H, m, aryl), 4.65–4.75 (1H, m, e), 4.13 

(2H, q, J = 9.5 Hz, j), 2.34 (2H, t, J = 8.7 Hz, h), 2.24 (1H, br s, OH), 1.60–1.85 (4H, m, f,g), 1.26 

(3H, t, J = 9.5 Hz, k); 13C NMR (75 MHz, CDCl3) δ 173.67 (i), 144.54 (d), 128.49 (b,b’), 127.59 

(a), 125.85 (c,c’), 74.12 (e), 60.34 (j), 38.37 (f), 34.03 (h), 21.21 (g), 14.23 (k); Enantiomeric 

excess was checked by converting to the corresponding Mosher’s ester 15-Mosher (general 

procedure GP6 vide infra); crude 19F NMR (375 MHz, CDCl3) shows δ –71.44 (major 85%) and 

–71.63 (minor 15%); IR (neat) 3342 (O–H stretch), 2979, 2936, 1731 (C=O stretch), 1453, 1373, 

1238, 1185, 1146, 1065, 1026, 736, 700 cm-1; HRMS (EI) calcd. for C13H18O3 (M): 222.1256, 

found 222.1262 m/z. 
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(R)-1-phenyl-5-((triisopropylsilyl)oxy)pentan-1-ol (17-OH). Following GP5B affords, after 

flash chromatography on silica gel the title compound as a colorless oil; [α]D
20 = –11.0o (c 2.0, 

CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.35–7.40 (4H, m, b,b’,c,c’), 7.25–7.35 (1H, m, a), 4.70 

(1H, dd, J = 7.2 and 6.0 Hz, e), 3.69 (2H, d, J = 6.4 Hz, i), 1.97 (1H, br s, OH), 1.80–1.90 (1H, m, 

f), 1.70–1.80 (1H, m, f), 1.55–1.65 (2H, m, h), 1.45–1.55 (1H, m, g), 1.35–1.45 (1H, m, g), 1.05–

1.10 (21H, m, j,j’,j’’,k,k’,k’’); 13C NMR (100 MHz, CDCl3) δ 144.96 (d), 128.53 (b,b’), 127.59 

(a), 126.01 (c,c’), 74.76 (e), 63.36 (i), 38.99 (f), 32.89 (h), 22.26 (g), 18.15 (k,k’,k’’), 12.12 

(j,j’,j’’); Chiral HPLC analysis (Chiralcel-OD, 99:1 hexanes:isopropanol, flowrate = 1.0 mL/min) 

showed peaks at 35 minutes (10.0% (S)) and 42 minutes (90.0% (R)); IR (neat) 3369 (O–H stretch), 

2940, 2891, 2864, 1462, 1101, 1069, 881, 759, 698, 679, 657 cm-1; HRMS (ESI) calcd. for 

C20H36NaO2Si (M+Na): 359.2382, found 359.2385 m/z. 

 

(R)-6-hydroxy-6-phenylhexanecarboxylic acid benzyl amide (19-OH). Following GPxB 

affords, after flash chromatography on silica gel the title compound as a semi-solid; [α]D
20 = –

16.8o (c 2.0, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.20–7.40 (10H, m, a,b,b’,c,c’,l,m,m’,n,n’,o), 

5.91 (1H, br s, NH), 4.67 (1H, dd, J = 7.6 and 5.6 Hz, e), 4.40 (2H, d, J = 5.7 Hz, k), 2.40 (1H, br 

s, OH), 2.19 (2H, t, J = 7.5 Hz, i), 1.75–1.85 (1H, m, f), 1.65–1.75 (3H, m, f,h), 140–1.55 (1H, m, 

g), 1.30–1.40 (1H, m, g); 13C NMR (100 MHz, CDCl3) δ 172.98 (j), 144.96 (d), 138.49 (l), 128.81 

(n,n’), 128.55 (b,b’), 1)27.93 (c,c’), 127.59 (a and o), 125.97 (m,m’), 74.32 (e), 43.67 (k), 38.79 

(f), 36.60 (i), 25.54 (g and h); Chiral HPLC analysis (Chiralpak-IC, 60:40 hexanes:isopropanol, 

flowrate = 1.0 mL/min) showed peaks at 47 minutes (90.5% (R)) and 56 minutes (9.5% (S)); IR 

(neat) 3281 (O–H stretch), 2929, 2858, 1642 (C=O stretch), 1544, 1494, 1453, 1028, 747, 696 cm-

1; HRMS (EI) calcd. for C19H23NO2 (M): 297.1729, found 297.1742 m/z. 
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(R)-5-hydroxy-5-phenyl-N-((R)-1-phenylethyl)pentanamide ((5R)-9). Following GP4 with 8 

(74 mg, 0.264 mmol) without purification then GP5B affords, after flash chromatography on silica 

gel (80:20-0:100 hexanes:ethyl acetate), the title compound (64 mg, 82%) as a white solid: 65.5–

67.0 oC; [α]D
20 = +43.6o (c 2.0, CHCl3); TLC analysis Rf 0.4 (0:100 hexanes:ethyl acetate);  1H 

NMR (400 MHz, CDCl3) δ 7.20–7.40 (10H, m, aryl), 6.05 (1H, d, J = 7.6 Hz, NH), 5.05–5.15 (1H, 

m, e), 4.60–4.70 (1H, m, j), 2.91 (1H, br s, OH), 2.10–2.30 (2H, m, g), 1.60–1.80 (4H, m, h,i), 1.47 

(3H, d, J = 6.9 Hz, q); 13C NMR (100 MHz, CDCl3) δ 172.24 (f), 144.92 (m), 143.40 (d), 128.77, 

128.53, 127.53, 127.43, 126.31, 125.92, 74. 02 (j), 48.78 (e), 38.52 (i), 36. 29 (g), 22.02 (minor q, 

5.5%), 21.97 (major q, 94.5%), 21.86 (h); IR (neat) 3338 (O–H stretch), 2360, 2340, 1639 (C=O 

stretch), 1620, 1529, 1493, 1448, 1066, 1029, 758, 698 cm-1; HRMS (EI) calcd. for C19H23NO2 

(M): 297.1729, found 297.1737 m/z. 

 

(S)-5-hydroxy-5-phenyl-N-((R)-1-phenylethyl)pentanamide ((5S)-9). Following GP4 with (S)-

B1 and 8 (74 mg, 0.264 mmol) without purification then GP5B affords, after flash chromatography 

on silica gel (80:20-0:100 hexanes:ethyl acetate), the title compound (63 mg, 80%) as a white 

solid: 96.5–97.5 oC; [α]D
20 = +91.3o (c 2.0, CHCl3); TLC analysis Rf 0.4 (0:100 hexanes:ethyl 

acetate);  1H NMR (400 MHz, CDCl3) δ 7.20–7.40 (10H, m, aryl), 6.04 (1H, d, J = 7.6 Hz, NH), 

5.05–5.15 (1H, m, e), 4.60–4.70 (1H, m, j), 2.88 (1H, br s, OH), 2.21 (2H, t, J = 6.6 Hz, g), 1.60–

1.85 (4H, m, h,i), 1.47 (3H, d, J = 6.9 Hz, q); 13C NMR (100 MHz, CDCl3) δ 172.23 (f), 144.90 

(m), 143.39 (d), 128.76, 128.53, 127.53, 127.43, 126.32, 125.91, 74. 07 (j), 48.78 (e), 38.50 (i), 

36. 33 (g), 22.02 (major q, 9.0%), 21.96 (major q, 91%), 21.86 (h); IR (neat) 3318 (O–H stretch), 
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2360, 2341, 1640 (C=O stretch), 1532, 1493, 1449, 1074, 1028, 753, 697 cm-1; HRMS (EI) calcd. 

for C19H23NO2 (M): 297.1729, found 297.1717 m/z. 

 

(2R,5R)-5-hydroxy-2-methyl-5-phenylpentanecarboxylic acid benzyl amide ((2R,5R)-11). 

Following GP4 with 10 (74 mg, 0.264 mmol) without purification then GP5B affords, after flash 

chromatography on silica gel (80:20-0:100 hexanes:ethyl acetate), the title compound (62 mg, 

79%) as a white solid: 63.0–64.5 oC; [α]D
20 = –35.6o (c 2.0, CHCl3); TLC analysis Rf 0.4 (0:100 

hexanes:ethyl acetate);  1H NMR (400 MHz, CDCl3) δ 7.20–7.35 (10H, m, aryl), 6.21 (br s, minor 

8.0%, NH), 6.13 (br s, major 92.0%, NH), 4.63 (1H, dd, J = 6.2 and 6.2 Hz, j), 4.38 (2H, d, J = 5.7 

Hz, e), 2.90 (1H, br s, OH), 2.20–2.30 (1H, m, g), 1.70–1.90 (3H, m, h,i), 1.55–1.65 (0.08H, m, 

minor i), 1.35–1.50 (0.92H, m, major i), 1.13 (3H, d, J = 6.9 Hz, o); 13C NMR (100 MHz, CDCl3) 

δ 176.46 (f), 144.88 (k), 138.61 (d), 128.78 (aryl), 128.52 (aryl), 127.87 (aryl), 127.54 (aryl), 

127.53 (aryl), 125.97 (aryl, 92.0%, major), 125.88 (aryl, 8.0%, minor), 74.31 (j), 43.49 (e), 41.27 

(g), 36.95 (i), 30.42 (h), 18.16 (o); IR (neat) 3571, 3542, 3446, 3307 (O–H stretch), 2916, 1640 

(C=O stretch), 1545, 1494, 1243, 1056, 761, 728, 695 cm-1; HRMS (EI) calcd. for C19H23NO2 (M): 

297.1729, found 297.1724 m/z. 

 

(2R,5S)-5-hydroxy-2-methyl-5-phenylpentanecarboxylic acid benzyl amide ((2R,5S)-11). 

Following GP4 with (S)-B1 and 10 (74 mg, 0.264 mmol) without purification then GP5B affords, 

after flash chromatography on silica gel (80:20-0:100 hexanes:ethyl acetate), the title compound 

(62 mg, 79%) as a white solid: 93.0–95.0 oC; [α]D
20 = +22.9o (c 2.0, CHCl3); TLC analysis Rf 0.4 

(0:100 hexanes:ethyl acetate);  1H NMR (400 MHz, CDCl3) δ 7.20–7.40 (10H, m, aryl), 6.17 (br 

s, major 91.0%, NH), 6.08 (br s, minor 9.0%, NH), 4.60–4.65 (1H, m, j), 4.39 (2H, d, J = 5.6 Hz, 

e), 2.82 (1H, br s, OH), 2.20–2.35 (1H, m, g), 1.65–1.80 (3H, m, h,i), 1.50–1.65 (0.91H, m, major 
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i), 1.35–1.45 (0.09H, m, minor i), 1.15 (3H, d, J = 6.8 Hz, o); 13C NMR (100 MHz, CDCl3) δ 

176.54 (f), 144.97 (k), 138.61 (d), 128.79 (aryl), 128.53 (aryl), 127.90 (aryl), 127.53 (aryl), 127.53 

(aryl), 12.96 (aryl, 8.0%, minor), 125.87 (aryl, 92.0%, major), 74.35 (j), 43.51 (e), 41.16 (g), 36.91 

(i), 30.82 (h), 18.24 (o); IR (neat) 3285 (O–H stretch), 2919, 1636 (C=O stretch), 1548, 1495, 

1451, 1350, 1225, 1089, 1056, 1027, 753, 735, 695 cm-1; HRMS (EI) calcd. for C19H23NO2 (M): 

297.1729, found 297.1719 m/z.                                                                                                                                  

                                       

(2S,3S,5R)-3,5-dihydroxy-2-methyl-5-phenylpentanecarboxylic acid benzyl amide 

((2S,3S,5R)-13). Following GP4 with 3.0 mol% [Rh(nbd)2BF4/ 2(R)-B1] and 12 (97 mg, 0.264 

mmol) affords, after flash chromatography on silica gel (80:20-0:100 hexanes:ethyl acetate), the 

title compound (62 mg, 75%) as a white solid: 109.0–110.0 oC; [α]D
20 = –14.5o (c 0.775, CHCl3); 

TLC analysis Rf 0.3 (0:100 hexanes:ethyl acetate);  1H NMR (400 MHz, CDCl3) δ 7.25–7.40 (10H, 

m, aryl), 6.39 (br s, minor 13.0%, NH), 6.31 (br s, major 87.0%, NH), 5.07 (0.87H, dd, J = 7.3 and 

4.1 Hz, j), 4.97 (0.13H, dd, J = 9.6 and 3.3 Hz, j), 4.44 (2H, d, J = 5.7 Hz, e), 3.80–4.20 (2H, m, 

h,OH), 3.36 (1H, br s, OH), 2.30–2.40 (1H, m, g), 1.85–1.95 (2H, m, i), 1.26 (3H, d, J = 7.2 Hz, 

o); 13C NMR (100 MHz, CDCl3) δ 175.99 (f), 144.65 (k), 138.09 (d), 128.88 (aryl), 128.57 (aryl), 

127.80 (aryl), 127.69 (aryl), 127.41 (aryl), 125.60 (aryl), 74.44 (j), 71.23 (h), 46.09 (g), 43.52 (i), 

43.48 (e), 15.56 (o); IR (neat) 3295 (O–H stretch), 2925, 2359, 2341, 1636 (C=O stretch), 1537, 

1495, 1453, 1369, 1028, 751, 696 cm-1; HRMS (ESI) calcd. for C19H23NNaO3 (M+Na): 336.1576, 

found 336.1583 m/z. 
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General procedure for preparation of Mosher’s ester via DCC condensation with benzylic 

alcohol and (S)-Mosher acid (GP6): checking ee and determining absolute configuration 

purposes.  

 

(R)-5-morpholino-5-oxo-1-phenylpentyl (S)-3,3,3-trifluoro-2-methoxy-2-phenylpropanoate 

(7-Mosher). To a solution of 7-OH (0.06 mmol, 15.8 mg) and (S)-Mosher acid (3.1 equiv, 0.186 

mmol, 44 mg) in DCM (1 mL) was added DCC (3.1 equiv, 0.186 mmol, 38.6 mg) and DMAP (3.1 

equiv, 0.186 mmol, 22.8 mg). The resultant mixture was stirred at room temp for 5h then 

concentrated under vacuum. Flash column chromatography (80:20-50:50 hexanes:ethyl acetate) 

the title compound (26 mg, 90%)  as a white semi-solid; [α]D
20 = –48.0o (c 1.0, CHCl3); TLC 

analysis Rf 0.5 (50:50 hexanes:ethyl acetate); 19F NMR (375 MHz, CDCl3) δ –71.22 (s, CF3, major 

95.5%) and –71.61 (s, CF3, minor 4.5%); 1H NMR (400 MHz, CDCl3) δ 7.20–7.45 (10H, m, aryl), 

6.01 (0.955H, t, J = 6.4 Hz, g major), 5.93 (0.045H, t, J = 7.0 Hz, g minor), 3.50–3.70 (6H, m, 

a,a’,b,a’), 3.46 (3H, s, j), 3.35–3.40 (2H, m, b,b’), 2.28 (2H, t, J =7.3 Hz, d), 2.00–2.10 (1H, m, f), 

1.85–2.00 (1H, m, f), 1.55–1.75 (2H, m, e); 13C NMR (100 MHz, CDCl3) δ 170.91, 166.11, 138.88, 

132.38, 129.66, 128.73, 128.70, 128.45, 127.55, 127.08, 78.55, 67.01, 66.68, 55.49, 45.98, 41.98, 

35.41, 32.45, 20.93; IR (neat) 2953, 2925, 2851, 1743 (C=O stretch), 1644 (C=O stretch), 1452, 

1433, 1269, 1237, 1165, 1113, 1014, 989, 763, 717, 698 cm-1; HRMS (ESI) calcd. for 

C25H28F3NNaO5 (M+Na): 502.1817, found 502.1825 m/z. 

The absolute configuration of -borylation of -unsaturated amides was obtained via 1H 

NMR analysis of Mosher’s ester 7-Mosher; the latter is synthesized from DCC condensation of 

the -hydroxy morpholine amide 7-OH (obtained via CAHB/ oxidation of 5b using 0.5% 

[Rh(nbd)2BF4/ 2(R)-B2]) with (S)-Mosher acid as shown in the above GP6 scheme. The secondary 

benzylic Mosher’s ester (e.g., 7-Mosher) is deemed a trustworthy source for determining absolute 

configurations. According to Feng Shao’s7 and co-workers, the major benzylic methyne proton is 

more downfield, it is on the same side of the methoxy group and on the opposite side of the phenyl 

group resulting in R,S-configuration of 7-Mosher and thus R-configuration of 7-OH. 
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The above Mosher’s ester (i.e., 7-Mosher) was isolated for proof of CAHB absolute 

configuration purpose; other benzylic alcohols applied this method to determine the ee were run 

at 0.02 mmol scale and the Mosher’s esters were not isolated; the crude 19F NMR were essentially 

clean to obtain the ee. 
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m.p. 85.0–86.5 oC 
TLC analysis Rf  0.4 (60:40 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 
δ 7.20–7.40 (10H, m, a,b,b’,c,c’,l,l’,m,m’,n), 6.46 (1H, d, J = 15.8 Hz, j), 6.22 (1H, dt, J 
= 15.8 and 6.9 Hz, i), 6.07 (1H, br s, NH), 4.45 (2H, d, J = 5.7 Hz, e), 2.55–2.65 (2H, m, 
h), 2.39 (2H, t, J = 7.4 Hz, g) 

13C NMR (100 MHz, CDCl3) 
δ 172.10 (f), 138.40 (d), 137.42 (k), 131.30 (j), 128.81 (b,b’), 128.75 (i), 128.64 (l,l’), 
127.90 (m,m’), 127.59 (n), 127.30 (a), 126.20 (c,c’), 43.72 (e), 36.51 (g), 29.13 (h) 

IR (neat) 
3292 (N-H stretch), 3062, 3029, 1635 (C=O stretch), 1545, 1492, 1445 (C-N stretch), 
1223, 967, 732, 671 cm-1 

HRMS (EI) C18H19NO (M): 265.1467, found 265.1476 m/z 
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1H NMR 
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13C NMR 
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m.p. 127.0–128.0 oC 
TLC analysis Rf  0.4 (60:40 hexanes:ethyl acetate) 
19F NMR (376 MHz, CDCl3) δ –62.44 (CF3) 

1H NMR (400 MHz, CDCl3) 

δ 7.56 (2H, d, J = 8.2 Hz, l,l’), 7.41 (2H, d, J = 8.2 Hz, m,m’), 7.25–7.35 (5H, m, 
a,b,b’,c,c’), 6.49 (1H, d, J = 15.8 Hz, j), 6.34 (1H, dt, J = 15.8 and 6.8 Hz, i), 5.81 (1H, 
br s, NH), 4.48 (2H, d, J = 5.7 Hz, e), 2.64 (2H, q, J = 7.1 Hz, h), 2.42 (2H, t, J = 7.3 Hz, 
g) 

13C NMR (100 MHz, CDCl3) 
δ 171.75 (f), 140.90 (k), 138.32 (d), 131.62 (aryl), 130.08 (aryl), 128.83 (aryl), 127.92 
(aryl), 127.68 (aryl), 126.31 (aryl), 125.57 (q, J = 4,1 Hz, aryl), 43.76 (e), 36.17 (g), 
29.04 (h) 

IR (neat) 
3292 (N-H stretch), 1634 (C=O stretch), 1603, 1542, 1327, 1165, 1109, 1068, 742, 691 
cm-1 

HRMS (EI) C19H18F3NO (M): 333.1340, found 333.1356 m/z 
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19F NMR 
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1H NMR 
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13C NMR 
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m.p. 92.5–93.5 oC 
TLC analysis Rf  0.4 (60:40 hexanes:ethyl acetate) 
19F NMR (376 MHz, CDCl3) δ –115.10 to –115.25 (m, F) 

1H NMR (400 MHz, CDCl3) 
δ 7.20–7.30 (7H, m, a,b,b’,c,c’,l,l’), 6.99 (2H, t, J = 8.7 Hz, m,m’), 6.41 (1H, d, J = 15.8 
Hz, j), 6.13 (1H, dt, J = 15.8 and 6.9 Hz, i), 5.99 (1H, br s, NH), 4.45 (2H, d, J = 5.7 Hz, 
e), 2.58 (2H, q, J = 7.2 Hz, h), 2.39 (2H, t, J = 7.4 Hz, g) 

13C NMR (100 MHz, CDCl3) 
δ 172.08 (f), 162.18 (d, J = 244 Hz, n), 138.40 (d), 133.61 and 133.58 (k), 130.10 (j), 
128.80 (b,b’), 128.50 and 128.48 (i), 127.88 (l,l’), 127.68 (a), 127.60 (c,c’), 115.48 (d, J 
= 22 Hz, m,m’), 43.70 (e), 36.43 (g), 29.05 (h) 

IR (neat) 
3286 (N-H stretch), 2917, 1632 (C=O stretch), 1544, 1507, 1224, 1157, 968, 849, 810, 
738, 694 cm-1 

HRMS (EI) C18H18FNO (M): 283.1372, found 283.1383 m/z 
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19F NMR 
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1H NMR 
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m.p. 122.5–124.5 oC 
TLC analysis Rf  0.4 (60:40 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 
δ 7.20–7.30 (9H, m, a,b,b’,c,c’,l,l’,m,m’), 6.39 (1H, d, J = 15.8 Hz, j), 6.19 (1H, dt, J = 
15.8 and 6.9 Hz, i), 6.00 (1H, br s, NH), 4.45 (2H, d, J = 5.7 Hz, e), 2.59 (2H, q, J = 7.0 
Hz, h), 2.39 (2H, t, J = 7.4 Hz, g) 

13C NMR (100 MHz, CDCl3) 
δ 172.00 (f), 138.39 (n), 135.93 (d), 132.83 (k), 130.07 (j), 129.52 (i), 128.81 (l,l’), 
128.75 (b,b’), 127.89 (m,m’), 127.62 (a), 127.40 (c,c’), 43.71 (e), 36.30 (g), 29.06 (h) 

IR (neat) 
3294 (N-H stretch), 1634 (C=O stretch), 1548, 1489, 1093, 1010, 970, 851, 806, 745, 
696 cm-1 

HRMS (EI) C18H18ClNO (M): 299.1077, found 299.1082 m/z 
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m.p. 123.5–124.5 oC 
TLC analysis Rf  0.4 (60:40 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 
δ 7.20–7.30 (7H, m, a,b,b’,c,c’,l,l’), 6.85 (2H, d, J = 8.7 Hz ,m,m’), 6.39 (1H, d, J = 15.8 
Hz, j), 6.07 (1H, dt, J = 15.8 and 6.9 Hz, i), 4.44 (2H, d, J = 5.8 Hz, e), 3.82 (3H, s, o), 
2.57 (2H, q, J = 7.3 Hz, h), 2.38 (2H, t, J = 7.4 Hz, g) 

13C NMR (100 MHz, CDCl3) 
δ 172.30 (f), 159.01 (n), 138.47 (d), 130.64 (j), 130.28 (k), 128.78 (l,l’), 127.87 (b,b’), 
127.53 (a), 127.32 (c,c’), 126.57 (i), 114.06 (m,m’), 55.42 (o), 43.66 (e), 36.62 (g), 29.16 
(h) 

IR (neat) 
3292 (N-H stretch), 3065, 3032, 2918, 1636 (C=O stretch), 1605, 1545, 1509, 1454, 
1439, 1248, 1221, 1174, 1029, 969, 845, 805, 693 cm-1 

HRMS (EI) C19H21NO2 (M): 295.1572, found 295.1567 m/z 
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m.p. 57.5–59.0 oC 
TLC analysis Rf  0.4 (60:40 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 

δ 7.20–7.30 (6H, m, a,b,b’,c,c’,m), 6.93 (1H, d, J = 7.6 Hz ,l), 6.88 (1H, d, J = 2.1 Hz, 
p), 6.80 (1H, dd, J = 8.2 and 2.5 Hz, n), 6.43 (1H, d, J = 15.8 Hz, j), 6.22 (1H, dt, J = 
15.8 and 6.9 Hz, i), 5.95 (1H, br s, NH), 4.45 (2H, d, J = 5.7 Hz, e), 3.82 (3H, s, q), 2.60 
(2H, q, J = 7.5 Hz, h), 2.39 (2H, t, J = 7.5 Hz, g) 

13C NMR (100 MHz, CDCl3) 
δ 172.12 (f), 159.92 (o), 138.90 (k), 138.38 (d), 131.19 (j), 129.61 (i), 129.12 (m), 128.81 
(b,b’), 127.89 (c,c’), 127.59 (a), 118.87 (l), 112.94 (n), 111.59 (p), 55.33 (q), 43.72 (e), 
36.43 (g), 29.08 (h) 

IR (neat) 
3284 (N-H stretch), 3062, 3027, 2914, 2834, 1642 (C=O stretch), 1603, 1598, 1577, 
1544, 1491, 1464, 1453, 1430, 1256, 1154, 1041, 965, 772, 733, 689 cm-1 

HRMS (EI) C19H21NO2 (M): 295.1572, found 295.1571 m/z 
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1H NMR 
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m.p. 91.0–92.0 oC 
TLC analysis Rf  0.4 (60:40 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 
δ 7.20–7.30 (5H, m, a,b,b’,c,c’), 6.60 (2H, d, J = 2.2 Hz ,l,l’), 6.30–6.40 (2H, m, j,n), 
6.20 (1H, dt, J = 15.8 and 6.8 Hz, i), 6.14 (1H, br s), 4.43 (2H, d, J = 5.8 Hz, e), 3.79 
(6H, s, o,o’), 2.57 (2H, q, J = 6.9 Hz, h), 2.37 (2H, t, J = 7.5 Hz, g) 

13C NMR (100 MHz, CDCl3) 
δ 172.18 (f), 161.01 (o,o’), 139.52 (k), 138.43 (d), 131.20 (j), 129.40 (i), 128.78 (b,b’), 
127.83 (c,c’), 127.54 (a), 104.34 (l,l’), 99.60 (n), 55.43 (o,o’), 43.66 (e), 36.30 (g), 29.03 
(h) 

IR (neat) 
3287 (N-H stretch), 2936, 2359, 1629 (C=O stretch), 1587, 1536, 1454, 1422, 1203, 
1149, 1058, 960, 819, 749, 697, 680 cm-1 

HRMS (EI) C20H23NO3 (M): 325.1678, found 325.1685 m/z 
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m.p. 100.5–102.0 oC 
TLC analysis Rf  0.4 (60:40 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 

δ 7.20–7.35 (5H, m, a,b,b’,c,c’), 6.85–6.90 (1H, m, p), 6.70–6.75 (2H, m, l,m), 6.35 (1H, 
d, J = 15.8 Hz, j), 6.03 (1H, dt, J = 15.7 and 6.9 Hz, i), 6.03 (1H, br s, NH, overlapped 
with i), 5.95 (2H, s, q), 4.44 (2H, d, J = 5.7 Hz, e), 2.55 (2H, q, J = 7.0 Hz, h), 2.37 (2H, 
t, J = 7.5 Hz, g) 

13C NMR (100 MHz, CDCl3) 
δ 172.20 (f), 148.08 (o), 146.97 (n), 138.43 (d), 131.97 (k), 130.82 (j), 128.80 (b,b’), 
127.88 (c,c’), 127.58 (a), 126.99 (i), 120.65 (l), 108.34 (m), 105.59 (p), 101.10 (q), 43.69 
(e), 36.55 (g), 29.04 (h) 

IR (neat) 
3292 (N-H stretch), 2971, 2911, 2360, 1635 (C=O stretch), 1603, 1544, 1505, 1489, 
1445, 1237, 1031, 967, 921, 801, 741, 694 cm-1 

HRMS (EI) C19H19NO3 (M): 309.1365, found 309.1365 m/z 
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m.p. 87.5–88.0 oC 
TLC analysis Rf  0.4 (60:40 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 

δ 7.39 (1H, dd, J = 7.8 and 1.6 Hz, n), 7.20–7.30 (6H, m, a,b,b’,c,c’,l), 6.93 (1H, t, J = 
7.4 Hz , m), 6.88 (1H, d, J = 8.2 Hz, o), 6.80 (1H, d, J = 16.0 Hz, j), 6.23 (1H, dt, J = 
16.0 and 6.9 Hz, i), 6.04 (1H, br s), 4.45 (2H, d, J = 5.8 Hz, e), 3.83 (3H, s, q), 2.61 (2H, 
q, J = 7.3 Hz, h), 2.40 (2H, t, J = 7.6 Hz, g) 

13C NMR (100 MHz, CDCl3) 
δ 172.35 (f), 156.50 (p), 138.49 (d), 129.48 (j), 128.77 (b,b’), 128.33 (l), 127.88 (c,c’), 
127.52 (a), 126.68 (n), 126.49 (k), 125.90 (i), 120.77 (m), 110.92 (o), 55.53 (q), 43.68 
(e), 36.62 (g), 29.61 (h) 

IR (neat) 
3307 (N-H stretch), 2923, 2359, 1636 (C=O stretch), 1544, 1488, 1242, 1027, 963, 752, 
743, 729, 700 cm-1 

HRMS (EI) C19H21NO2 (M): 295.1572, found 295.1562 m/z 
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m.p. 67.5–68.5 oC 
TLC analysis Rf  0.4 (60:40 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 
δ 7.35–7.45 (1H, m, aryl), 7.25–7.35 (5H, m, aryl), 7.10–7.20 (3H, m, aryl), 6.67 (1H, d, 
J = 15.6 Hz, j), 6.10 (1H, dt, J = 15.6 and 6.9 Hz, i), 5.97 (1H, br s), 4.47 (2H, d, J = 5.7 
Hz, e), 2.63 (2H, q, J = 7.3 Hz, h), 2.42 (2H, t, J = 7.5 Hz, g), 2.33 (3H, s, q) 

13C NMR (100 MHz, CDCl3) 
δ 172.15 (f), 138.41 (aryl), 136.54 (aryl), 135.19 (aryl), 130.34 (aryl), 130.09 (i), 129.14 
(j), 128.82 (aryl), 127.91 (aryl), 127.61 (aryl), 127.25 (aryl), 126.16 (aryl), 125.61 (aryl), 
43.72 (e), 36.67 (g), 29.47 (h), 19.93 (q) 

IR (neat) 
3297 (N-H stretch), 2914, 2359, 1633 (C=O stretch), 1533, 1242, 1173, 966, 747, 697 
cm-1 

HRMS (EI) C19H21NO (M): 279.1623, found 279.1625 m/z 
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m.p. 93.5–94.5 oC 
TLC analysis Rf  0.4 (60:40 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 
δ 7.20–7.35 (6H, m, a,b,b’,c,c’,n), 6.37 (1H, dd, J = 3.2 and 1.9 Hz, m), 6.28 (1H, d, J = 
15.9 Hz, j), 6.10–6.20 (2H, m, i and l, overlapped), 5.95 (1H, br s, NH), 4.45 (2H, d, J = 
5.7 Hz, e), 2.57 (2H, q, J = 7.2 Hz, h), 2.37 (2H, t, J = 7.5 Hz, g) 

13C NMR (100 MHz, CDCl3) 
δ 172.03 (f), 152.89 (k), 141.63 (n), 138.36 (d), 128.78 (b,b’), 127.87 (c,c’), 127.64 (i), 
127.57 (a), 119.92 (j), 111.28 (m), 106.90 (l), 43.71 (e), 36.37 (g), 28.90 (h) 

IR (neat) 
3273 (N-H stretch), 2361, 1635 (C=O stretch), 1538, 1219, 1152, 1012, 957, 921, 726, 
696 cm-1 

HRMS (EI) C16H17NO2 (M): 255.1259, found 255.1252 m/z 
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m.p. 91.0–92.5 oC 
TLC analysis Rf  0.4 (60:40 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 
δ 7.20–7.40 (7H, m, a,b,b’,c,c’,l,m), 6.49 (1H, d, J = 0 Hz, n), 6.30 (1H, d, J = 15.8 Hz, 
j), 5.94 (1H, dt, J = 15.8 and 6.9 Hz, i), 5.89 (1H, br s, NH), 4.46 (2H, d, J = 5.7 Hz, e), 
2.55 (2H, q, J = 7.4 Hz, h), 2.37 (2H, t, J = 7.4 Hz, g) 

13C NMR (100 MHz, CDCl3) 
δ 172.10 (f), 143.50 (m), 139.90 (l), 138.40 (d), 128.81 (b,b’), 128.33 (i), 127.89 (c,c’), 
127.61 (a), 124.21 (k), 120.94 (j), 107.60 (n), 43.70 (e), 36.49 (g), 28.97 (h) 

IR (neat) 
3294 (N-H stretch), 2360, 2342, 1635 (C=O stretch), 1548, 1225, 1158, 1072, 1021, 963, 
873, 779, 746, 728, 694 cm-1 

HRMS (EI) C16H17NO2 (M): 255.1259, found 255.1259 m/z 
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m.p. 88.5–90.0 oC 
TLC analysis Rf  0.4 (60:40 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 

δ 7.25–7.35 (5H, m, a,b,b’,c,c’), 7.13 (1H, d, J = 5.0 Hz, n), 6.96 (1H, dd, J = 5.0 and 
3.6 Hz, l), 6.89 (1H, d. J = 3.3 Hz, m), 6.58 (1H, d, J = 15.7 Hz, j), 6.06 (1H, dt, J = 15.7 
and 7.0 Hz, i),  5.91 (1H, br s), 4.46 (2H, d, J = 5.7 Hz, e), 2.57 (2H, q, J = 7.2 Hz, h), 
2.38 (2H, t, J = 7.3 Hz, g) 

13C NMR (100 MHz, CDCl3) 
δ 171.98 (f), 142.57 (k), 138.33 (d), 128.81 (b,b’), 128.56 (i), 127.87 (c,c’), 127.59 (a) , 
127.39 (l), 124.98 (m), 124.60 (j). 123.67 (n), 43.73 (e), 36.36 (g), 28.92 (h) 

IR (neat) 3305 (N-H stretch), 2360, 1648 (C=O stretch), 1538, 1454, 953, 736, 694 cm-1 
HRMS (EI) C16H17NOS (M): 271.1031, found 271.1034 m/z 
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m.p. 111.5–112.5 oC 
TLC analysis Rf  0.4 (60:40 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 

δ 7.20–7.35 (6H, m, a,b,b’,c,c’,l,), 7.17 (1H, dd, J = 5.0 and 0 Hz, m), 7.07 (1H, dd, J = 
2.2 and 0 Hz, n), 6.46 (1H, d, J = 15.8 Hz, j), 6.07 (1H, dt, J = 15.8 and 6.9 Hz, i), 5.94 
(1H, br s), 4.46 (2H, d, J = 5.7 Hz, e), 2.57 (2H, q, J = 7.3 Hz, h), 2.38 (2H, t, J = 7.4 
Hz, g) 

13C NMR (100 MHz, CDCl3) 
δ 172.11 (f), 140.03 (k), 138.40 (d), 128.81 (b,b’), 128.65 (i), 127.89 (c,c’), 127.60 (a), 
126.01 (l), 125.60 (j), 125.03 (m), 121.23 (n), 43.70 (e), 36.49 (g), 29.01 (h) 

IR (neat) 
3289 (N-H stretch), 2360, 1633 (C=O stretch), 1545, 1453, 1222, 964, 763, 746, 727, 
693 cm-1 

HRMS (EI) C16H17NOS (M): 271.1031, found 271.1040 m/z 
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m.p. 112.5–114.0 oC 
TLC analysis Rf  0.65 (60:40 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 
δ 7.53 (2H, d, J = 7.8 Hz, k,k’), 7.30–40 (7H, m, b,b’,c,c’,l,l’,NH), 7.24 (1H, t, J = 7.0 
Hz, a), 7.13 (1H, t, J = 7.3 Hz, m), 6.51 (1H, d, J = 15.8 Hz, e), 6.25 (1H, dt, J = 15.8 
and 6.7 Hz, f), 2.67 (2H, q, J = 7.1 Hz, g), 2.55 (2H, t, J = 7.4 Hz, h) 

13C NMR (100 MHz, CDCl3) 
δ 170.61 (i), 137.94 (j), 137.36 (d), 131.47 (e), 129.13 (l,l’), 128.67 (b,b’), 128.63 (m), 
127.37 (f), 126.21 (c,c’), 124.44 (a), 120.04 (k,k’), 37.43 (h), 28.94 (g) 

IR (neat) 3279 (N-H stretch), 3026, 1650 (C=O stretch), 1598, 1526, 1441, 964, 738, 690 cm-1 
HRMS (EI) C17H7NO (M): 251.1310, found 251.1313 m/z 
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1H NMR 
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13C NMR 
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TLC analysis Rf  0.4 (40:60 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 
δ 7.34 (2H, d, J = 7..2 Hz, c,c’), 7.29 (2H, t, J = 7.3 Hz, b,b’), 7.20 (1H, t, J = 7.1 Hz, 
a), 6.44 (1H, d, J = 15.9 Hz, e), 6.26 (1H, dt, J = 15.9 and 6.8 Hz, f), 3.60–3.70 (6H, m, 
j,j’,k,k’), 3.45–3.50 (2H, m, j,j’), 2.57 (2H, q, J = 6.8 Hz, h), 2.47 (2H, t, J = 7.5 Hz, g) 

13C NMR (100 MHz, CDCl3) 
δ 170.91 (i), 137.50 (d), 130.94 (e), 129.24 (f), 128.64 (b,b’), 127.24 (a), 126.13 (c,c’), 
67.02 and 66.72 (k,k’), 46.06 and 42.06 (j,j’), 32.86 (g), 28.67 (h) 

IR (neat) 2962, 2897, 2853, 1639 (C=O stretch), 1429, 1220, 1112, 1024, 964, 746, 693 cm-1 
HRMS (ESI) C15H19NO2 (M): 245.1416, found 245.1413 m/z 
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1H NMR 
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13C NMR 
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[α]D
20  +44.1 (c 2.0, CHCl3) 

m.p. 77.5–79.0 oC 
TLC analysis Rf  0.4 (60:40 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 
δ 7.20–7.40 (10H, m, a,b,b’,c,c’,l,l’,m,m’,n), 6.45 (1H, d, J = 15.8 Hz, j), 6.21 (1H, dt, J 
= 15.8 and 6.9 Hz, i), 5.94 (1H, d, J = 7.4 Hz, NH), 5.15–5.20 (1H, m, e), 2.58 (2H, q, J 
= 6.9 Hz, h), 2.30–2.40 (2H, m, g), 1.50 (3H, d, J = 6.9 Hz, o) 

13C NMR (100 MHz, CDCl3) 
δ 171.33 (f), 143.32 (k), 137.44 (d), 131.25 (j), 128.82 (i), 128.77 (b,b’), 128. 128.64 
(l,l’), 127.42 (n), 127.29 (a), 126.30 (m,m’), 126.19 (c,c’), 43.77 (e), 36.57 (g), 29.16 
(h), 21.86 (o) 

IR (neat) 
3304 (N-H stretch), 3059, 3025, 2981, 2359, 2341, 1638 (C=O stretch), 1534, 1493, 
1444, 1374, 1217, 959, 743, 694 cm-1 

HRMS (ESI) C19H21NNaO (M+Na): 302.1521, found 302.1525 m/z 
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TLC analysis Rf  0.7 (90:10 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 
δ 7.30–7.40 (4H, m, b,b’,c,c’), 7.24 (1H, t, J = 7.0 Hz, a), 6.48 (1H, d, J = 15.8 Hz, e), 
6.25 (1H, dt, J = 15.8 and 6.3 Hz, f), 4.19 (2H, q, J = 7.1 Hz, j), 2.50–2.60 (4H, m, g,h), 
1.30 (3H, t, J = 7.1 Hz, k) 

13C NMR (100 MHz, CDCl3) 
δ 173.08 (i), 137.54 (d), 131.09 (f), 128.63 (b,b’,e), 127.26 (a), 126.19 (c,c’), 60.51 (j), 
34.20 (h), 28.45 (g), 14.41 (k) 
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1H NMR 
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13C NMR 

 



S104 
 

 

TLC analysis Rf  0.7 (90:10 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 
δ 7.41 (2H, d, J = 7.2 Hz, c,c’), 7.36 (2H, t, J = 7.4 Hz, b,b’), 7.26 (1H, t, J = 7.0 Hz, a), 
6.49 (1H, d, J = 15.8 Hz, e), 6.32 (1H, dt, J = 15.8 and 6.8 Hz, f), 3.83 (2H, d, J = 6.4 
Hz, i), 2.35–2.45 (2H, m, g), 1.75–1.85 (2H, m, h), 1.15–1.20 (21H, m, j,j’,j’’,k,k’,k’’) 

13C NMR (100 MHz, CDCl3) 
δ 138.06 (d), 130.78 (f), 130.21 (e), 128.61 (b,b’), 126.94 (a), 126.08 (c,c’), 62.88 (i), 
32.81 (h), 29.54 (g), 18.22 (k,k’,k’’), 12.21 (j,j’,j’’) 

IR (neat) 2141, 2891, 2864, 1462, 1102, 962, 881, 679, 657 cm-1 
HRMS (EI) C17H27OSi (M–C3H7): 275.1831, found 275.1843 m/z 
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1H NMR 
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13C NMR 



S107 
 

 

m.p. 103.5–105.0 oC 
TLC analysis Rf  0.4 (60:40 hexanes:ethyl acetate).  

1H NMR (400 MHz, CDCl3) 
δ 7.25–7.40 (9H, m, a,b,b’,c,c’,m,m’,n,n’), 7.22 (1H, t, J = 6.7 Hz, o), 6.39 (1H, d, J = 
15.8 Hz, e), 6.20 (1H, dt, J = 15.8 and 6.9 Hz, f), 5.74 (1H, br s, NH), 4.46 (2H, d, J = 
5.7 Hz, k), 2.25–2.35 (4H, m, g, i), 1.85–1.95 (2H, m, h) 

13C NMR (100 MHz, CDCl3) 
δ 172.65 (j), 138.45 (l), 137.62 (d), 130.93 (e), 129.80 (f), 128.86 (n,n’), 128.63 (b,b’), 
128.00 (c,c’), 128.67 (o), 127.14 (a), 126.08 (m,m’), 43.77 (k), 36.01 (i), 32.52 (g), 25.24 
(h) 

IR (neat) 3278 (N-H stretch), 1630 (C=O stretch), 1552, 1546, 1451, 965, 728, 689 cm-1 
HRMS (EI) C19H21NO (M): 279.1623, found 279.1632 m/z 
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1H NMR 
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[α]D
20  +14.6o (c 1.0, CHCl3) 

m.p. 98.5–99.5 ºC 
TLC analysis Rf 0.4 (70:30 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 

δ 7.10–7.50 (10H, m, aryl), 6.49 (1H, d, J = 15.8 Hz, n), 6.28 (1H, dd, J = 15.5 and 7.3 
Hz, m), 4.65–4.75 (1H, m, f), 4.20 (1H, dd, J = 8.7 and 8.7 Hz, g), 4.14 (1H, dd, J = 9.1 
and 3.0 Hz, g), 3.95–4.05 (1H, m, e), 3.29 (1H, dd, J = 13.4 and 3.3 Hz, e), 2.60–2.75 
(2H, m, j,l), 2.35–2.50 (1H, m, l), 1.27 (3H, d, J = 6.8 Hz, k) 

13C NMR (100 MHz, CDCl3) 
δ 176.71 (j), 153.30 (h), 137.41 (d), 135.45 (o), 132.60 (n), 129.48 (aryl), 129.03 (aryl), 
128.66 (aryl), 127.41 (aryl), 127.33 (aryl), 127.15 (m), 126.24 (aryl), 66.13 (g), 55.45 
(f), 38.12 (e), 37.79 (j), 37.63 (l), 16.77 (k) 

IR (neat) 
3025, 2971, 1780 (C=O stretch), 1692 (C=O stretch), 1384, 1348, 1247, 1215, 1097, 
967, 744, 697 cm-1 

HRMS (ESI) C22H23NNaO3 (M+Na): 372.1576, found 372.1582 m/z 
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1H NMR 
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13C NMR 
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[α]D
20  +4.7o (c 2.0, CHCl3) 

m.p. 92.5–93.5 oC 
TLC analysis Rf  0.4 (60:40 hexanes:ethyl acetate) 

1H NMR (300 MHz, CDCl3) 

δ 7.20–7.35 (10H, m, a,b,b’,c,c’,l,l’,m,m’,n), 6.44 (1H, d, J = 15.8 Hz, j), 6.21 (1H, dt, J 
= 15.8 and 7.3 Hz, i), 5.91 (1H, br s, NH), 4.55 (1H, dd, J = 14.7 and 8.2 Hz, e), 4.37( 
1H, dd, J = 14.7 and 8.2 Hz, e)  2.50–2.70 (1H, m, h), 2.30–2.50 (2H, m, g,h), 1.25 (3H, 
d, J = 6.4 Hz, o) 

13C NMR (75 MHz, CDCl3) 
δ 175.49 (f), 138.41 (d), 137.33 (k), 132.17 (j), 128.68 (b,b’), 128.53 (l,l’), 127.75 
(m,m’), 127.49 (i), 127.41 (a) 127.21 (n), 126.13 (c,c’), 43.44 (e), 41.92 (g), 37.74 (h), 
17.68 (o) 

IR (neat) 
3303 (N-H stretch), 2966, 2360, 1633 (C=O stretch), 1603, 1539, 1495, 1453, 962, 739, 
724, 691 cm-1 

HRMS (ESI) C19H21NNaO (M+Na): 302.1521, found 302.1526 m/z 
 

   



S114 
 

1H NMR 
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13C NMR 
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[α]D
20  [α]D

20 = +10.5o (c 1.0, CHCl3) 
m.p. 137.5–139.0 oC 
TLC analysis Rf  0.4 (40:60 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 

δ 7.20–7.40 (10H, m, aryl), 6.66 (1H, d, J = 15.8 Hz, j), 6.22 (1H, br s, NH, overlapped 
with i), 6.22 (1H, dd, J = 15.9 and 6.6 Hz, i), 4.54 (1H, dd, J = 14.8 and 6.1 Hz, e), 4.35–
4.45 (2H, m, e,h), 3.61 (1H, d, J = 5.9 Hz, OH), 2.40–2.50 (1H, m, g), 1.32 (3H, d, J = 
7.1 Hz, o) 

13C NMR (100 MHz, CDCl3) 
δ 175.37 (f), 138.12 (d), 136.58 (k), 131.75 (j), 130.15 (i), 128.83 (aryl), 128.70 (aryl), 
127.92 (aryl), 127.73 (aryl), 127.60 (aryl), 126.71 (aryl), 75.06 (h), 46.58 (g), 43.47 (e), 
15.46 (o) 

IR (neat) 
3336, 3281 (N-H stretch), 3025, 2979, 2359, 2343, 1647 (C=O stretch), 1556, 1494, 
1454, 1415, 1361, 1258, 1226, 1110, 978, 965, 736, 686 cm-1 

HRMS (ESI) C19H21NNaO2 (M+Na): 318.1470, found 318.1476 m/z 
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S119 
 

f

O

g
h

i

j
k

l'
m'

n
m

l

H
N

e
d

c
b

a

b'
c'

o

O

Me
Ph

12

H
NPh

OTMS O
Si

p

p''

p
 

[α]D
20  [α]D

20 = +77.7o (c 2.0, CHCl3) 
m.p. 106.0–107.5 oC 
TLC analysis Rf  0.5 (60:40 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 

δ 7.20–7.40 (10H, m, aryl), 6.54 (1H, d, J = 4.9 Hz, NH, overlapped with j), 6.54 (1H, 
d, J = 15.7 Hz, j), 6.15 (1H, dd, J = 15.9 and 7.1 Hz, i), 4.54 (1H, dd, J = 14.8 and 5.9 
Hz, e), 4.35–4.45 (2H, m, e,h), 2.40–2.50 (1H, m, g), 1.22 (3H, d, J = 7.1 Hz, o), 0.13 
(9H, s, p,p’,p’’) 

13C NMR (100 MHz, CDCl3) 
δ 174.49 (f), 138.68 (d), 136.64 (k), 131.58 (j), 130.42 (i), 128.75 (aryl), 128.72 (aryl), 
127.87 (aryl), 127.43 (aryl), 126.67 (aryl), 76.08 (h), 48.42 (g), 43.57 (e), 15.19 (o), 0.39 
(p,p’,p’’) 

IR (neat) 
3260 (N-H stretch), 2958, 1642 (C=O stretch), 1563, 1247, 1051, 970, 883, 838, 736, 
692 cm-1 
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1H NMR 
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13C NMR 
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TLC analysis Rf 0.4 (40:60 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 
δ 7.10–7.40 (10H, m, a,b,b’,c,c’,n,n’,o,o’,p), 5.76 (1H, br s, NH), 4.44 (2H, d, J = 5.6 
Hz, e), 2.32 (1H, t, J = 7.3 Hz, j), 2.23 (2H, t, J = 7.4 Hz, g), 1.80–1.95 (1H, m, h), 1.60–
1.75 (3H, m, h,i), 1.21 and 1.19 (12H, s, l,l’) 

13C NMR (100 MHz, CDCl3) 
δ 172.76 (f), 142.94 (m), 138.55 (d), 128.79 (b,b’), 128.48 (n,n’,o,o’), 127.93 (c,c’), 
127.56 (a), 125.43 (p), 83.52 (k,k’), 43.64 (e), 36.81 (g), 32.25 (h), 25.44 (i), 24.73 and 
24.70 (l,l’) 
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1H NMR 
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13C NMR 
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TLC analysis Rf 0.4 (40:60 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 
δ 7.51 (2H, d, J = 8.1 Hz, o,o’), 7.25–7.35 (7H, m, a,b,b’,c’c’,n,n’), 5.87 (1H, br s, NH), 
4.43 (2H, d, J = 5.5 Hz, e), 2.40 (1H, t, J = 7.2 Hz, j), 2.22 (2H, t, J = 7.4 Hz,  g), 1.80–
2.00 (1H, m, h), 1.60–1.80 (3H, m, h,i), 1.21 and 1.20 (12H, s, l,l’) 

13C NMR (100 MHz, CDCl3) 
δ 172.62 (f), 147.35 (m), 138.49 (d), 128.80 (aryl), 128.67 (aryl), 127.92 (aryl), 127.60 
(aryl), 125.37 (q, J = 3.7 Hz, aryl), 83.79 (k,k’), 43.66 (e), 36.63 (g), 31.93 (h), 25.33 
(i), 24.71 and 24.69 (l,l’) 
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1H NMR 
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13C NMR 
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TLC analysis Rf 0.4 (40:60 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 

δ 7.25–7.40 (5H, m, aryl), 7.14 (2H, dd, J = 8.6 and 5.5 Hz, aryl), 6.94 (2H, J = 8.8 Hz, 
aryl), 5.81 (1H, br s, NH), 4.44 (2H, d, J = 5.9 Hz, e), 2.30 (1H, t, J = 7.3 Hz, j), 2.22 
(2H, t, J = 7.4 Hz, g), 1.80–1.90 (1H, m, h), 1.60–1.75 (3H, m, f,h), 1.21 and 1.19 (12H, 
s, l,l’) 

13C NMR (100 MHz, CDCl3) 
δ 172.69 (f), 161.10 (d, J = 242 Hz, p), 138.54 (d), 129.74 (aryl), 129.66 (aryl), 128.79 
(aryl), 127.83 (aryl), 127.59 (aryl), 115.19 (d, J = 21 Hz, o,o’), 83.59 (k,k’), 43.65 (e), 
36.73 (g), 32.35 (h), 25.33 (i), 24.72 and 24.69 (l,l’) 
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1H NMR 
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13C NMR 
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TLC analysis Rf 0.4 (40:60 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 

δ 7.25–7.35 (5H, m, a,b,b’,o,o’,p), 7.22 (2H, d, J = 8.4 Hz, c,c’), 7.12 (2H, d, J = 8.4 Hz, 
n,n’), 5.90 (1H, br s, NH), 4.42 (2H, d, J = 5.7 Hz, e), 2.29 (1H, t, J = 7.3 Hz, j), 2.20 
(2H, t, J = 7.4 Hz, g), 1.80–1.90 (1H, m, h), 1.50–1.70 (3H, m, f,h), 1.21 and 1.19 (12H, 
s, l,l’) 

13C NMR (100 MHz, CDCl3) 
δ 172.68 (f), 141.50 (m), 138.55 (d), 131.09 (p). 129.78 (n,n’), 128.79 (b,b’), 128.56 
(o,o’), 127.92  (c,c’), 127.57 (a), 83.66 (k,k’), 43.63 (e), 36.67 (g), 32.10 (h), 25.33 (i), 
24.73 and 24.70 (l,l’) 
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1H NMR 
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13C NMR 
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TLC analysis Rf 0.4 (40:60 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 
δ 7.20–7.35 (5H, m, a,b,b’,c,c’), 7.10 (2H, d, J = 8.6 Hz, n,n’), 6.80 (2H, d, J = 8.6 Hz, 
o,o’), 5.94 (1H, br s, NH)), 4.41 (2H, d, J = 5.7 Hz, e), 3.77 (3H, s, s), 2.15–2.30 (3H, 
m, g,j), 1.80–1.90 (1H, m, h), 1.55–1.70 (3H, m, h,i), 1.21 and 1.19 (12H, s, l,l’) 

13C NMR (100 MHz, CDCl3) 
δ 172.92 (f), 157.51 (q), 138.59 (d), 134.90 (m), 129.34 (n,n’), 128.75 (b,b’), 127.90 
(c,c,’), 127.51 (a), 113.94 (o,o’), 83.46 (k,k’), 55.28 (s), 43.59 (e), 36.76 (g), 32.49 (h), 
25.39 (i), 24.73 and 24.71 (l,l’) 
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1H NMR 
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TLC analysis Rf 0.4 (40:60 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 

δ 7.20–7.40 (5H, m, aryl), 7.17 (1H, t, J = 7.7 Hz, aryl), 6.75–6.85 (2H, m, aryl), 6.71 
(1H, d, J = 7.8 Hz, aryl), 5.87 (1H, br s, NH)), 4.43 (2H, d, J = 5.5 Hz, e), 3.79 (3H, s, 
s), 2.15–2.35 (3H, m, g,j), 1.80–1.95 (1H, m, h), 1.55–1.80 (3H, m, h,i), 1.22 and 1.20 
(12H, s, l,l’) 

13C NMR (100 MHz, CDCl3) 
δ 172.81 (f), 159.72 (q), 144.61 (m), 138.85 (d), 129.35 (o), 128.77 (b,b’), 127.90 (c,c,’), 
127.53 (a), 120.99 (n), 114.14 (p), 110.90 (r), 83.53 (k,k’), 55.18 (s), 43.62 (e), 36.79 
(g), 32.26 (h), 25.46 (i), 24.73 (l,l’) 
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TLC analysis Rf 0.4 (40:60 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 
δ 7.25–7.35 (5H, m, a,b,b’,c,c’), 6.38 (2H, d, J = 2.2 Hz, n,n’), 6.37 (1H, t, J = 2.2 Hz, 
p), 5.80 (1H, br s, NH), 4.44 (2H, d, J = 5.7 Hz, e), 3.77 (6H, s, q,q’), 2.15–2.30 (3H, m, 
g,j), 1.80–1.90 (1H, m, h), 1.60–1.75 (3H, m, h,i), 1.22 and 1.21 (12H, s, l,l’) 

13C NMR (100 MHz, CDCl3) 
δ 172.79 (f), 160.78 (o,o’), 145.39 (m), 138.55 (d), 128.78 (b,b’), 127.90 (c,c,’), 127.55 
(a), 106.54 (n,n’), 97.71 (p), 83.55 (k,k’), 55.30 (s), 43.64 (e), 36.82 (g), 32.25 (h), 25.45 
(i), 24.77 and 24.71 (l,l’) 
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TLC analysis Rf 0.4 (40:60 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 
δ 7.25–7.35 (5H, m, a,b,b’,c,c’), 6.70–6.75 (2H, m, aryl), 6.60–6.65 (1H, m, aryl), 5.90–
5.95 (2H, m, s), 5.86 (1H, br s, NH), 4.43 (2H, d, J = 5.7 Hz, e), 2.15–2.25 (3H, m, g,j), 
1.80–1.90 (1H, m, h), 1.60–1.70 (3H, m, h,i), 1.22 and 1.20 (12H, s, l,l’) 

13C NMR (100 MHz, CDCl3) 
δ 172.80 (f), 147.67 (o), 145.38 (p), 138.56 (d), 136.74 (m), 128.78 (b,b’), 127.91 (c,c,’), 
127.56 (a), 121.28 (aryl), 108.91 (aryl), 108.31 (aryl), 100.77 (s), 83.53 (k,k’), 43.63 (e), 
36.77 (g), 32.57 (h), 25.31 (i), 24.74 and 24.72 (l,l’) 
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TLC analysis Rf 0.4 (40:60 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 

δ 7.30–7.35 (2H, m, b,b’), 7.25–7.30 (3H, m, a,c,c’), 7.10–7.20 (2H, m, q,r), 6.88 (1H, 
t, J = 7.0 Hz, p), 6.82 (1H, d, J = 8.3 Hz, o), 5.95 (1H, br s, NH), 4.42 (2H, dd, J = 5.5 
and 1.8 Hz, e), 3.77 (3H, s, s), 2.43 (1H, t, J = 6.9 Hz, j), 2.22 (2H, td, J = 8.1 and 2.8 
Hz,  g), 1.80–1.95 (1H, m, h), 1.55–1.75 (3H, m, h,i), 1.24 and 1.21 (12H, s, l,l’) 

13C NMR (100 MHz, CDCl3) 
δ 173.14 (f), 157.04 (n), 138.68 (d), 131.87 (m), 130.12 (r), 128.74 (b,b’), 127.87 (c,c,’), 
127.47 (a), 126.64 (q), 120.74 (p), 110.20 (o), 83.23 (k,k’), 55.15 (s), 43.56 (e), 36.84 
(g), 30.54 (h), 25.47 (i), 24.90 and 24.77 (l,l’) 
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S148 
 

13C NMR 

 



S149 
 

 

TLC analysis Rf 0.4 (40:60 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 

δ 7.30–7.35 (2H, m, b,b’), 7.25–7.30 (3H, m, c,c’,o), 7.19 (1H, d, J = 7.5 Hz, a), 7.10–
7.15 (2H, m, q,r), 7.00–7.10 (1H, m, p), 5.92 (1H, br s, NH), 4.43 (2H, d, J = 5.9 Hz, e), 
2.54 (1H, t, J = 7.0 Hz, j), 2.34 (3H, s, s), 2.23 (2H, t, J = 6.8 Hz,  g), 1.85–2.00 (1H, m, 
h), 1.60–1.80 (3H, m, h,i), 1.22 and 1.20 (12H, s, l,l’) 

13C NMR (100 MHz, CDCl3) 
δ 172.84 (f), 141.44 (m), 138.61 (d), 136.08 (n), 130.35 (o), 128.77 (b,b’), 127.91 (c,c,’), 
127.86 (r), 127.53 (a), 126.07 (p), 125.25 (q), 83.44 (k,k’), 43.61 (e), 36.90 (g), 31.86 
(h), 25.64 (i), 24.80 and 24.70 (l,l’), 20.30 (s) 
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1H NMR 

 



S151 
 

13C NMR 

 



S152 
 

 

TLC analysis Rf 0.4 (40:60 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 

δ 7.30–7.40 (2H, m, b,b’), 7.25–7.30 (4H, m, a,c,c’,p), 6.27 (1H, t, J = 2.5 Hz, o), 6.03 
(1H, d, J = 2.9 Hz, n), 5.84 (1H, br s, NH), 4.45 (2H, d, J = 5.6 Hz, e), 2.49 (1H, t, J = 
7.1 Hz, j), 2.23 (2H, t, J = 7.4 Hz,  g), 1.75–1.85 (2H, m, h), 1.65–1.75 (2H, m, i), 1.26 
and 1.25 (12H, s, l,l’) 

13C NMR (100 MHz, CDCl3) 
δ 172.74 (f), 156.37 (m), 140.86 (p), 138.54 (d), 128.78 (b,b’), 127.91 (c,c,’), 127.55 (a), 
110.29 (o), 105.10 (n), 83.83 (k,k’), 43.85 (e), 36.65 (g), 29.81 (h), 25.20 (i), 24.80 and 
24.73 (l,l’) 
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1H NMR 

 



S154 
 

13C NMR 

 



S155 
 

 

TLC analysis Rf 0.4 (40:60 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 
δ 7.20–7.40 (7H, m, a,b,b’,c,c’,o,p), 6.28 (1H, d, J = 0.0 Hz, n), 5.90 (1H, br s, NH), 4.43 
(2H, d, J = 5.6 Hz, e), 2.15–2.30 (3H, m, g,j), 1.60–1.80 (2H, m, h,i), 1.23 (12H, s, l,l’) 

13C NMR (100 MHz, CDCl3) 
δ 172.90 (f), 142.62 (o), 138.89 (p), 138.55 (d), 128.77 (b,b’), 127.89 (c,c,’), 127.54 (a), 
125.20 (m), 111.13 (n), 83.59 (k,k’), 43.62 (e), 36.69 (g), 31.32 (h), 25.26 (i), 24.79 and 
24.74 (l,l’) 
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1H NMR 

 



S157 
 

13C NMR 
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TLC analysis Rf 0.4 (40:60 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 

δ 7.30–7.40 (2H, m, b,b’), 7.25–7.30 (3H, m, a,c,c’), 7.09 (1H, dd, J = 5.1 and 0.9 Hz, 
p), 6.91 (1H, dd, J = 5.1 and 3.4 Hz, o), 6.81 (1H, d, J = 3.4 Hz, n), 5.82 (1H, br s, NH), 
4.44 (2H, d, J = 5.7 Hz, e), 2.66 (1H, t, J = 7.1 Hz, j), 2.24 (2H, t, J = 7.3 Hz,  g), 1.85–
1.95 (1H, m, h), 1.65–1.80 (3H, m, h,i), 1.24 and 1.23 (12H, s, l,l’) 

13C NMR (100 MHz, CDCl3) 
δ 172.66 (f), 145.87 (m), 138.53 (d), 128.80 (b,b’), 127.92 (c,c,’), 127.57 (a), 126.88 (o), 
124.09 (n), 122.78 (p), 83.84 (k,k’), 43.66 (e), 36.67 (g), 33.28 (h), 25.18 (i), 24.74 and 
24.73 (l,l’) 

 

   



S159 
 

1H NMR 

 



S160 
 

13C NMR 

 



S161 
 

 

TLC analysis Rf 0.4 (40:60 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 

δ 7.30–7.35 (2H, m, b,b’), 7.25–7.30 (3H, m, a,c,c’), 7.22 (1H, dd, J = 4.8 and 3.0 Hz, 
o), 6.90–7.00 (2H, m, n,p), 5.91 (1H, br s, NH), 4.43 (2H, d, J = 5.7 Hz, e), 2.48 (1H, t, 
J = 7.1 Hz, j), 2.22 (2H, t, J = 7.4 Hz,  g), 1.80–1.90 (1H, m, h), 1.60–1.80 (3H, m, h,i), 
1.22 and 1.21 (12H, s, l,l’) 

13C NMR (100 MHz, CDCl3) 
δ 172.82 (f), 142.67 (m), 138.57 (d), 128.78 (b,b’), 128.30 (n), 127.92 (c,c,’), 127.55 (a), 
125.07 (o), 119.70 (p), 83.58 (k,k’), 43.63 (e), 36.72 (g), 31.88 (h), 25.40 (i), 24.77 and 
24.72 (l,l’) 
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1H NMR 

 



S163 
 

13C NMR 
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TLC analysis Rf 0.6 (50:50 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 
δ 7.51 (2H, d, J = 7.8 Hz, k,k’), 7.20–7.35 (6H, m, b,b’c,c’,l,l’), 7.16 (1H, t, J = 7.1 Hz, 
a), 7.11 (1H, t, J = 7.1 Hz, m), 2.30–2.40 (3H, e,h), 1.85–2.00 (1H, m, g), 1.65–1.80 (3H, 
m, f,g), 1.23 and 1.21 (12H, s, o,o’) 

13C NMR (100 MHz, CDCl3) 
δ 171.31 (i), 142.91 (d), 138.11 (j), 129.04 (l,l’), 128.52 (b,b’,c,c’), 125.49 (a), 124.23 
(m), 120.00 (k,k’), 83.58 (n,n’), 37.79 (g), 32.14 (h), 25.36 (f), 24.76 and 24.73 (o,o’) 

 

   



S165 
 

1H NMR 

 



S166 
 

13C NMR 

 



S167 
 

 

TLC analysis Rf 0.4 (30:70 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 
δ 7.15–7.25 (4H, m, b,b’,c,c’), 7.12 (1H, t, J = 7.0 Hz, a), 3.55–3.65 (6H, m, j,j’,k,k’), 
3.30–3.35 (2H, m, j,j’), 2.20–2.35 (3H, m, e,h), 1.85–1.95 (1H, m, g), 1.65–1.75 (1H, m, 
g), 1.55–1.65 (2H, m, f), 1.20 and 1.18 (12H, s, m,m’) 

13C NMR (100 MHz, CDCl3) 
δ 171.76 (i), 142.90 (d), 128.48 (b,b’), 128.43 (c,c’), 125.39 (a), 83.46 (l,l’), 67.00 and 
67.71 (k,k’), 46.10 and 41.91 (j, j’), 33.32 (g), 32.22 (h), 24.86 (f), 24.74 and 24.71 
(m,m’) 

 

   



S168 
 

1H NMR 

 



S169 
 

13C NMR 

 



S170 
 

 

TLC analysis Rf 0.7 (80:20 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 
δ 7.25–7.30 (2H, m, b,b’), 7.15–7.25 (2H, m, c,c’), 7.10–7.15 (1H, m, a), 4.12 (2H, q, J 
= 7.1 Hz, j), 2.20–2.40 (3H, m, e,h), 1.85–1.95 (1H, m, g), 1.65–1.75 (1H, m, g), 1.55–
1.65 (2H, m, f), 1.25 (3H, t, J = 7.2 Hz, k), 1.23 and 1.21 (12H, s, m,m’) 

13C NMR (100 MHz, CDCl3) 
δ 173.74 (i), 142.94 (d), 128.46 (b,b’), 128.43 (c,c’), 125.37 (a), 83.45 (l,l’), 60.23 (j), 
34.48 (g), 32.10 (h), 24.74 and 24.69 (f,m,m’), 14.34 (k) 

 

   



S171 
 

1H NMR 

 



S172 
 

13C NMR 
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TLC analysis Rf 0.7 (80:20 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 
δ 7.20–7.30 (4H, m, b,b’,c,c’), 7.10–7.20 (1H, m, a), 3.67 (2H, t, J = 6.6 Hz, l), 2.34 (1H, 
t, J = 7.9 Hz, e), 1.85–2.00 (1H, m, h), 1.65–1.75 (1H, m, h), 1.50–1.65 (2H, m, g), 1.30–
1.45 (2H, m, f), 1.24 and 1.22 (12H, s, n,n’), 1.05–1.10 (21H, m, j,j’,j’’,k,k’,k’’) 

13C NMR (100 MHz, CDCl3) 
δ 143.51 (d), 128.49 (b,b’), 128.34 (c,c’), 125.20 (a), 83.33 (m,m’), 63.57 (l), 33.24 (g), 
32.70 (h), 25.77 (f), 24.74 and 24.71 (n,n’), 18.17 (k,k’,k’’), 12.14 (j,j’,j’’) 

 

   



S174 
 

1H NMR 

 



S175 
 

13C NMR 
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TLC analysis Rf 0.4 (40:60 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 

δ 7.15–7.40 (9H, m, b,b’,c,c’,o,o’,p,p’,q), 7.14 (1H, t, J = 7.1 Hz, a), 5.72 (1H, br s, NH), 
4.42 (2H, d, J = 5.7 Hz, k), 2.30 (1H, t J = 7.8 Hz, e), 2.18 (2H, t, J = 7.2 Hz, i), 1.80–
1.90 (1H, m, h), 1.60–1.80 (3H, m, f,h), 1.25–1.40 (2H, m, g), 1.22 and 1.20 (12H, s, 
m,m’) 

13C NMR (100 MHz, CDCl3) 
δ 172.97 (j), 143.25 (n), 138.54 (d), 128.81 (b,b’), 128.48 (p,p’), 128.44 (c,c’), 127.92 
(q), 125.30 (a), 83.41 (l,l’), 43.66 (k), 36.79 (i), 32.24 (h), 28.97 (g), 25.87 (f), 24.75 and 
24.69 (m,m’) 

 

   



S177 
 

1H NMR 

 



S178 
 

13C NMR 

 



S179 
 

 

[α]D
20  –16.3o (c 2.0, CHCl3) 

Enantiomeric ratio analysis 
Enantiomeric ratio was checked by converting to the corresponding Mosher’s ester 4a-
Mosher; crude 19F NMR (375 MHz, CDCl3) shows δ –71.36 (major 95%) and –71.61 
(minor 5%) 

1H NMR (400 MHz, CDCl3) 
δ 7.20–7.40 (10H, m, a,b,b’,c,c’,l,l’,m,m’,n), 6.24 (1H, br s, NH), 4.60–4.70 (1H, m, j), 
4.37 (2H, d, J = 5.7 Hz, e), 3.17 (1H, br s, OH), 2.22 (2H, t, J = 6.8 Hz, g), 1.65–1.85 
(4H, m, h,i) 

13C NMR (100 MHz, CDCl3) 
δ 172.19 (f), 144.92 (k), 138.48 (d), 128.78 (m,m’), 128.52 (b,b’), 127.90 (l,l’), 127.56 
(n), 127.51 (a), 125.93 (c,c’), 73.97 (j), 43.63 (e), 38.56 (i), 36.20 (g), 22.04 (h) 

IR (neat) 
3285 (O–H stretch), 3029 (N–H stretch), 2925, 1642 (C=O stretch), 1544, 1494, 1453, 
1247, 1027, 749, 696 cm-1 

HRMS (EI) C18H21NO2 (M): 283.1572, found 283.1578 m/z 
 

   



S180 
 

1H NMR 

 



S181 
 

13C NMR 

 



S182 
 

19F NMR of Mosher’s ester 4a-Mosher 

 

Mixture of diastereomeric 4a-Mosher 



S183 
 

 

(R,S)-4a-Mosher 

  



S184 
 

 

[α]D
20  –22.5o (c 1.0, CHCl3) 

m.p. 71.5–72.5 oC 

Enantiomeric ratio analysis 
Enantiomeric excess was checked by converting to the corresponding Mosher’s ester 4b-
Mosher; crude 19F NMR (375 MHz, CDCl3) shows δ –71.28 (major 95%) and –71.47 
(minor 5%) 

19F NMR (376 MHz, CDCl3) δ –62.39 (CF3) 

1H NMR (400 MHz, CDCl3) 
δ 7.58 (2H, d, J = 8.1 Hz, m,m’), 7.44 (2H, d, J = 8.1 Hz, c,c’), 7.20–7.35 (5H, m, 
a,b,b’,l,l’), 6.00 (1H, br s, NH), 4.70–4.80 (1H, m, j), 4.41 (2H, d, J = 5.7 Hz, e), 3.34 
(1H, br s, OH), 2.28 (2H, t, J = 6.7 Hz, g), 1.70–1.85 (4H, m, h,i) 

13C NMR (100 MHz, CDCl3) 
δ 173.00 (f), 148.91 (k), 138.25 (d), 129.86 (n), 129.60 (q, J = 32.1 Hz, o), 128.85 (b,b’), 
127.91 (l,l’), 127.70 (a), 126.15 (c,c’), 125.43 (q, J = 3.8 Hz, m,m’), 73.23 (j), 43.76 (e), 
38.63 (i), 35.97 (g), 21.59 (h) 

IR (neat) 
3296 (O–H stretch), 2924, 1644 (C=O stretch), 1545, 1323, 1161, 1110, 1066, 1016, 
840, 730, 697, 603 cm-1 

HRMS (ESI) C19H20F3NNaO2 (M+Na): 374.1344, found 374.1351 m/z 
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19F NMR 

 



S186 
 

1H NMR 

 



S187 
 

13C NMR 

 



S188 
 

19F NMR of Mosher’s ester 4b-Mosher 

 

Mixture of diastereomeric 4b-Mosher 



S189 
 

 

(R,S)-4b-Mosher 
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[α]D
20  –20.1o (c 2.0, CHCl3) 

m.p. 64.5–65.5 oC 

HPLC analysis 
Enantiomeric excess was checked by converting to the corresponding Mosher’s ester 4c-
Mosher; crude 19F NMR (375 MHz, CDCl3) shows δ –71.25 (major 95%) and –71.51 
(minor 5%) 

19F NMR (376 MHz, CDCl3) δ –115.30 to –115.40 (C(sp2)–F) 

1H NMR (400 MHz, CDCl3) 
δ 7.25–7.35 (7H, m, a,b,b’,c,c’,l,l’), 7.00 (2H, t, J = 8.7 Hz, m,m’), 6.11 (1H, br s, NH), 
4.60–4.70 (1H, m, j), 4.39 (2H, d, J = 5.7 Hz, e), 3.09 (1H, br s, OH), 2.24 (2H, t, J = 6.9 
Hz, g), 1.65–1.80 (4H, m, h,i) 

13C NMR (100 MHz, CDCl3) 
δ 173.07 (f), 162.17 (d, J = 243 Hz, n), 140.65 and 140.62 (k), 138.36 (d), 128.82 (b,b’), 
127.90 (l,l’), 127.63 and 127.56 and 127.48 (a,c,c’), 115.28 (d, J = 21 Hz, m,m’), 73.30 
(j), 43.69 (e), 38.64 (i), 36.11 (g), 21.87 (h) 

IR (neat) 
3283 (O–H stretch), 2921, 1643 (C=O stretch), 1548, 1508, 1219, 1155, 1076, 1014, 
835, 730, 697 cm-1 

HRMS (ESI) C18H20FNNaO2 (M+Na): 324.1376, found 324.1385 m/z 
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19F NMR 

 



S192 
 

1H NMR 

 



S193 
 

13C NMR 
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19F NMR of Mosher’s ester 4c-Mosher 

 

Mixture of diastereomeric 4c-Mosher 



S195 
 

 

(R,S)-4c-Mosher 
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[α]D
20  –21.1o (c 2.0, CHCl3) 

m.p. 108.5–110.0 oC 

Enantiomeric ratio analysis 
Enantiomeric excess was checked by converting to the corresponding Mosher’s ester 4d-
Mosher; crude 19F NMR (375 MHz, CDCl3) shows δ –71.35 (major 95%) and –71.57 
(minor 5%) 

1H NMR (400 MHz, CDCl3) 
δ 7.20–7.35 (9H, m, a,b,b’,c,c’,l,l’,m,m’), 6.02 (1H, br s, NH), 4.60–4.80 (1H, m, j), 4.40 
(2H, d, J = 5.7 Hz, e), 3.10 (1H, br s, OH), 2.25 (2H, t, J = 6.4 Hz, g), 1.65–1.85 (4H, m, 
h,i) 

13C NMR (100 MHz, CDCl3) 
δ 172.89 (f), 143.31 (k), 138.32 (d), 133.14 (n), 128.86 (b,b’), 128.66 (m,m’), 127.96 
(l,l’), 127.70 (a), 127.29 (c,c’), 73.32 (j), 43.77 (e), 38.58 (i), 36.10 (g), 21.71 (h) 

IR (neat) 
3281 (O–H stretch), 2915, 2360, 1629 (C=O stretch), 1531, 1486, 1454, 1077, 1009, 
936, 831, 799, 749, 698 cm-1 

HRMS (EI) C18H20ClNO2 (M): 317.1183, found 317.1189 m/z 
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1H NMR 

 



S198 
 

13C NMR 
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19F NMR of Mosher’s ester 4d-Mosher 

 

Mixture of diastereomeric 4d-Mosher 
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(R,S)-4d-Mosher 
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[α]D
20  –21.0o (c 2.0, CHCl3) 

Enantiomeric ratio analysis 
Enantiomeric excess was checked by converting to the corresponding Mosher’s ester 4e-
Mosher; crude 19F NMR (375 MHz, CDCl3) shows δ –71.40 (major 96%) and –71.68 
(minor 4%) 

1H NMR (400 MHz, CDCl3) 
δ 7.20–7.40 (7H, m, a,b,b’,c,c’,l,l’), 6.86 (2H, d, J = 8.6 Hz, m,m’), 6.11 (1H, br s, NH), 
4.61 (1H, dd, J = 6.8 and 4.7 Hz, j), 4.39 (2H, d, J = 5.7 Hz, e), 3.80 (3H, s, o), 2.78 (1H, 
br s, OH), 2.23 (2H, t, J = 6.8 Hz, g), 1.65–1.85 (4H, m, h,i) 

13C NMR (100 MHz, CDCl3) 
δ 172.94 (f), 159.11 (n), 138.44 (d), 136.94 (k), 128.82 (b,b’), 127.95 (l,l’), 127.61 (a), 
127.16 (c,c’), 113.95 (m,m’), 73.76 (j), 55.40 (o), 43.71 (e), 38.44 (i), 36.31 (g), 22.06 
(h) 

IR (neat) 
3287 (O–H stretch), 2924, 1643 (C=O stretch), 1611, 1543, 1510, 1454, 1242, 1174, 
1029, 831, 732, 697 cm-1 

HRMS (ESI) C19H23NNaO3 (M+Na): 336.1576, found 336.1588 m/z 
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1H NMR 

 



S203 
 

13C NMR 
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19F NMR of Mosher’s ester 4e-Mosher 

 

Mixture of diastereomeric 4e-Mosher 
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(R,S)-4e-Mosher 
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[α]D
20  –15.9o (c 2.0, CHCl3) 

Enantiomeric ratio analysis 
Chiral HPLC analysis (Chiralcel-AD, 60:40 hexanes:isopropanol, flowrate = 1.0 
mL/min) showed peaks at 15 minutes (97.0% (R)) and 19 minutes (3.0% (S)) 

1H NMR (400 MHz, CDCl3) 

δ 7.20–7.35 (6H, m, a,b,b’,c,c’,o), 6.85–6.90 (2H, m, l,p), 6.79 (1H, dd, J = 8.0 and 2.0 
Hz, n), 6.32 (1H, dd, J = 5.3 and 0.0 Hz, NH), 4.61 (1H, dd, J = 7.4 and 4.3 Hz, j), 4.35 
(2H, d, J = 5.7 Hz, e), 3.78 (3H, s, q), 3.36 (1H, br s, OH), 2.21 (2H, t, J = 6.8 Hz, g), 
1.60–1.85 (4H, m, h,i) 

13C NMR (100 MHz, CDCl3) 
δ 173.30 (f), 159.78 (m), 146.71 (k), 138.46 (d), 129.52 (o), 128.76 (b,b’), 127.86 (c,c’), 
127.53 (a), 118.29 (p), 112.85 (n), 111.51 (l), 73.81 (j), 55.31 (q), 43.61 (e), 38.54 (i), 
36.18 (g), 22.05 (h) 

IR (neat) 
3299 (O–H stretch), 2917, 1643 (C=O stretch), 1602, 1585, 1540, 1487, 1454, 1433, 
1317, 1253, 1153, 1040, 783, 731, 696 cm-1 

HRMS (EI) C19H23NO3 (M): 313.1678, found 313.1680 m/z 
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1H NMR 
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13C NMR 
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HPLC trace of 4f-OH 

 

Racemic 4f-OH  



S210 
 

 

(R)-4f-OH 
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[α]D
20  –14.1o (c 2.0, CHCl3) 

m.p. 110.0–110.5 oC 

Enantiomeric ratio analysis 
Enantiomeric excess was checked by converting to the corresponding Mosher’s ester 4g-
Mosher; crude 19F NMR (375 MHz, CDCl3) shows δ –71.34 (major 96.5%) and –71.50 
(minor 3.5%) 

1H NMR (400 MHz, CDCl3) 
δ 7.20–7.35 (5H, m, a,b,b’,c,c’,o), 6.50 (2H, d, J = 2.2 Hz, l,l’), 6.36 (1H, t, J = 2.2 Hz, 
n), 6.04 (1H, br s, NH), 4.55–4.65 (1H, m, j), 4.40 (2H, d, J = 5.7 Hz, e), 3.78 (6H, s, 
o,o’), 2.86 (1H, br s, OH), 2.25 (2H, t, J = 6.8 Hz, g), 1.65–1.85 (4H, m, h,i) 

13C NMR (100 MHz, CDCl3) 
δ 173.02 (f), 160.95 (m,m’), 147.52 (k), 138.42 (d), 128.80 (b,b’), 127.91 (c,c’), 127.59 
(a), 103.84 (l,l’), 99.41 (n), 74.08 (j), 55.44 (o,o’), 43.69 (e), 38.48 (i), 36.26 (g), 21.98 
(h) 

IR (neat) 
3305, 3276 (O–H stretch), 2943, 2833, 2359, 2342, 1633 (C=O stretch), 1598, 1537, 
1464, 1452, 1204, 1192, 1148, 1083, 1051, 859, 822, 747, 693 cm-1 

HRMS (EI) C20H25NO4 (M): 343.1784, found 343.1799 m/z 
 

   



S212 
 

1H NMR 

 



S213 
 

13C NMR 

 



S214 
 

19F NMR of Mosher’s ester 4g-Mosher 

 

Mixture of diastereomeric 4g-Mosher 



S215 
 

 

(R,S)-4g-Mosher 

 



S216 
 

 

[α]D
20  –12.9o (c 1.0, CHCl3) 

Enantiomeric ratio analysis 
Enantiomeric excess was checked by converting to the corresponding Mosher’s ester 4h-
Mosher; crude 19F NMR (375 MHz, CDCl3) shows δ –71.33 (major 92%) and –71.64 
(minor 8%) 

1H NMR (400 MHz, CDCl3) 
δ 7.25–7.40 (5H, m, a,b,b’,c,c’), 6.80–6.90 (1H, m, p), 6.75–6.80 (2H, m, l,m), 5.99 (1H, 
br s, NH), 5.94 (2H, s, q), 4.59 (1H, dd, J = 7.4 and 4.7 Hz, j), 4.42 (2H, d, J = 5.7 Hz, 
e), 2.66 (1H, br s, OH), 2.25 (2H, t, J = 6.8 Hz, g), 1.65–1.85 (4H, m, h,i) 

13C NMR (100 MHz, CDCl3) 
δ 172.95 (f), 147.87 (o), 146.97 (n), 138.90 (k), 138.41 (d), 128.83 (b,b’), 127.95 (c,c’), 
127.64 (a), 119.31 (l), 108.17 (m), 106.44 (p), 101.07 (q), 73.97 (j), 43.72 (e), 38.52 (i), 
36.26 (g), 21.99 (h) 

IR (neat) 
3295 (O–H stretch), 2923, 1644 (C=O stretch), 1545, 1501, 1486, 1440, 1238, 1036, 
933, 809, 729, 697 cm-1 

HRMS (ESI) C19H21NNaO4 (M+Na): 350.1368, found 350.1375 m/z 
 

   



S217 
 

1H NMR 

 



S218 
 

13C NMR 

 



S219 
 

19F NMR of Mosher’s ester 4h-Mosher 

 

Mixture of diastereomeric 4h-Mosher 



S220 
 

 

(R,S)-4h-Mosher 

 



S221 
 

 

[α]D
20  –10.8o (c 2.0, CHCl3) 

m.p. 79.5–81.0 oC 

Enantiomeric ratio analysis 
Chiral HPLC analysis (Chiralcel-AD, 60:40 hexanes:isopropanol, flowrate = 1.0 
mL/min) showed peaks at 17 minutes (85.5% (R)) and 23 minutes (14.5% (S)) 

1H NMR (400 MHz, CDCl3) 
δ 7.20–7.35 (7H, m, a,b,b’,c,c’,l,m), 6.96 (1H, t, J = 7.1 Hz, n), 6.87 (1H, d, J = 8.2 Hz, 
o), 6.13 (1H, br s, NH), 4.85–5.00 (1H, m, j), 4.41 (2H, d, J = 5.7 Hz, e), 3.82 (3H, s, q), 
3.02 (1H, br s, OH), 2.20–2.30 (2H, m, g), 1.70–1.90 (4H, m, h,i) 

13C NMR (100 MHz, CDCl3) 
δ 173.16 (f), 156.44 (p), 138.57 (d), 132.61 (k), 128.77 (b,b’), 128.37 (l), 127.91 (c,c’), 
127.52 (a), 126.85 (n), 120.90 (m), 110.58 (o), 70.03 (j), 55.38 (q), 43.63 (e), 36.74 (i), 
36.43 (g), 22.41 (h) 

IR (neat) 
3294 (O–H stretch), 2923, 1643 (C=O stretch), 1601, 1586, 1544, 1490, 1454, 1438, 
1285, 1237, 1049, 1027, 752, 697 cm-1 

HRMS (ESI) C19H23NNaO3 (M+Na): 336.1576, found 336.1583 m/z 
 

   



S222 
 

1H NMR 

 



S223 
 

13C NMR 

 



S224 
 

HPLC trace of 4i-OH 

 

Racemic 4i-OH  



S225 
 

 

(R)-4i-OH 



S226 
 

 

[α]D
20  –24.6o (c 2.0, CHCl3) 

HPLC analysis 
Chiral HPLC analysis (Chiralpak-IC, 60:40 hexanes:isopropanol, flowrate = 1.4 
mL/min) showed peaks at 14.5 minutes (93.0% (R)) and 16.5 minutes (7.0% (S)) 

1H NMR (400 MHz, CDCl3) 
δ 7.45 (1H, d, J = 7.3 Hz, o), 7.10–7.35 (8H, m, a,b,b’,c,c’,l,m,n), 6.20 (1H, br s, NH), 
4.85–4.95 (1H, m, j), 4.39 (2H, d, J = 5.7 Hz, e), 2.91 (1H, br s, OH), 2.31 (3H, s, q), 
2.20–2.30 (2H, m, g), 1.70–1.90 (4H, m, h,i) 

13C NMR (100 MHz, CDCl3) 
δ 173.15 (f), 143.03 (k), 138.47 (d), 134.32 (p), 130.45 (n), 128.79 (b,b’), 127.91 (c,c’), 
127.57 (a), 127.19 (l), 126.36 (m), 125.26 (o), 70.28 (j), 43.65 (e), 37.44 (i), 36.24 (g), 
22.29 (h), 19.16 (q) 

IR (neat) 
3292 (O–H stretch), 2920, 2360, 2342, 1635 (C=O stretch), 1538, 1495, 1453, 1059, 
748, 724, 696 cm-1 

HRMS (EI) C19H23NO2 (M): 297.1729, found 297.1725 m/z 
 

   



S227 
 

1H NMR 

 



S228 
 

13C NMR 

 



S229 
 

HPLC trace of 4j-OH 

 

Racemic 4j-OH  



S230 
 

 

(R)-4j-OH 

 



S231 
 

 

[α]D
20  –14.2o (c 1.0, CHCl3) 

HPLC analysis 
Enantiomeric excess was checked by converting to the corresponding Mosher’s ester 4k-
Mosher; crude 19F NMR (375 MHz, CDCl3) shows δ –71.59 (major 97%) and –72.00 
(minor 3%) 

1H NMR (400 MHz, CDCl3) 
δ 7.25–7.40 (6H, m, a,b,b’,c,c’,n), 6.33 (1H, dd, J = 3.2 and 1.8 Hz, m), 6.24 (1H, d, J = 
3.2 Hz, l), 6.03 (1H, br s), 4.69 (1H, dd, J = 11.1 and 6.2, j), 4.43 (2H, d, J = 5.7 Hz, e), 
2.82 (1H, d, J = 4.7 Hz, OH), 2.28 (2H, t, J = 7.2 Hz, g), 1.75–1.95 (4H, m, h,i) 

13C NMR (100 MHz, CDCl3) 
δ 172.93 (f), 156.77 (k), 141.95 (n), 138.41 (d), 128.82 (b,b’), 127.94 (c,c’), 127.62 (a), 
110.28 (m), 106.94 (l), 67.36 (j), 43.72 (e), 36.08 (g), 34.96 (i), 21.60 (h) 

IR (neat) 
3283 (O–H stretch), 2926, 2360, 1640 (C=O stretch), 1544, 1454, 1250, 1070, 1008, 
733, 697 cm-1 

HRMS (ESI) C16H19NNaO3 (M+Na): 296.1263, found 296.1265 m/z 
 

   



S232 
 

1H NMR 

 



S233 
 

13C NMR 

 



S234 
 

19F NMR of Mosher’s ester 4k-Mosher 

 

Mixture of diastereomeric 4k-Mosher 



S235 
 

 

(R,S)-4k-Mosher 

 



S236 
 

 

[α]D
20  –19.6o (c 1.0, CHCl3) 

Enantiomeric ratio analysis 
Enantiomeric excess was checked by converting to the corresponding Mosher’s ester 4l-
Mosher; crude 19F NMR (375 MHz, CDCl3) shows δ –71.49 (major 92%) and –71.72 
(minor 8%) 

1H NMR (400 MHz, CDCl3) 
δ 7.25–7.40 (7H, m, a,b,b’,c,c’,l,m), 6.39 (1H, m, n), 5.97 (1H, br s), 4.60–4.70 (1H, m, 
j), 4.44 (2H, d, J = 5.7 Hz, e), 2.57 (1H, br s, OH), 2.29 (2H, t, J = 6.4 Hz, g), 1.75–1.85 
(4H, m, h,i) 

13C NMR (100 MHz, CDCl3) 
δ 172.95 (f), 143.42 (m), 139.09 (l), 138.38 (d), 129.16 (k), 128.84 (b,b’), 127.95 (c,c’), 
127.66 (a), 108.59 (n), 66.54 (j), 43.75 (e), 37.26 (i), 36.13 (g), 21.63 (h) 

IR (neat) 3281 (O–H stretch), 2928, 1632 (C=O stretch), 1547, 1453, 1007, 735, 696 cm-1 
HRMS (ESI) C16H19NNaO3 (M+Na): 296.1263, found 296.1263 m/z 

 

   



S237 
 

1H NMR 

 



S238 
 

13C NMR 

 



S239 
 

19F NMR of Mosher’s ester 4l-Mosher 

 

Mixture of diastereomeric 4l-Mosher 



S240 
 

 

(R,S)-4l-Mosher 



S241 
 

 

[α]D
20  –9.3o (c 1.0, CHCl3) 

Enantiomeric ratio analysis 
Enantiomeric excess was checked by converting to the corresponding Mosher’s ester 
4m-Mosher; crude 19F NMR (375 MHz, CDCl3) shows δ –71.32 (major 92.5%) and –
71.74 (minor 7.5%) 

1H NMR (400 MHz, CDCl3) 
δ 7.20–7.35 (6H, m, a,b,b’,c,c’,n), 6.90–7.00 (2H, m, l,m), 6.23 (1H, br s), 4.85–4.95 
(1H, m, j), 4.38 (2H, d, J = 5.7 Hz, e), 3.43 (1H, d, J = 4.3 Hz, OH), 2.24 (2H, t, J = 7.2 
Hz, g), 1.70–1.90 (4H, m, h,i) 

13C NMR (100 MHz, CDCl3) 
δ 173.16 (f), 148.99 (k), 138.42 (d), 128.80 (b,b’), 127.90 (c,c’), 127.58 (a), 126.74 (m), 
124.42 (n), 123.61 (l), 69.74 (j), 43.67 (e), 38.73 (i), 36.03 (g), 21.88 (h) 

IR (neat) 
3292 (O–H stretch), 2916, 1640 (C=O stretch), 1539, 1495, 1454, 1357, 1250, 1077, 
1028, 694 cm-1 

HRMS (ESI) C16H19NNaO2S (M+Na): 312.1034, found 312.1039 m/z 
 

   



S242 
 

1H NMR 

 



S243 
 

13C NMR 

 



S244 
 

19F NMR of Mosher’s ester 4m-Mosher 

 

Mixture of diastereomeric 4m-Mosher 



S245 
 

 

(R,S)-4m-Mosher 



S246 
 

 

[α]D
20  –18.2o (c 1.0, CHCl3) 

m.p. 81.0–82.5 oC 

Enantiomeric ratio analysis 
Enantiomeric excess was checked by converting to the corresponding Mosher’s ester 4n-
Mosher; crude 19F NMR (375 MHz, CDCl3) shows δ –71.34 (major 94%) and –71.60 
(minor 6%) 

1H NMR (400 MHz, CDCl3) 
δ 7.25–7.35 (7H, m, a,b,b’,c,c’,m), 7.16 (1H, d, J = 2.6 Hz, n), 7.05 (1H, d, J = 5.0 Hz, 
l), 6.07 (1H, br s), 4.70–4.80 (1H, m, j), 4.41 (2H, d, J = 5.7 Hz, e), 2.90 (1H, d, J = 3.6 
Hz, OH), 2.26 (2H, t, J = 6.7 Hz, g), 1.70–1.90 (4H, m, h,i) 

13C NMR (100 MHz, CDCl3) 
δ 173.04 (f), 146.30 (k), 138.43 (d), 128.82 (b,b’), 127.93 (c,c’), 127.62 (a), 126.15 (m), 
125.79 (n), 120.73 (l), 70.13 (j), 43.70 (e), 37.80 (i), 36.16 (g), 21.78 (h) 

IR (neat) 
3284 (O–H stretch), 2360, 2341, 1630 (C=O stretch), 1537, 1454, 1068, 844, 789, 747, 
696 cm-1 

HRMS (ESI) C16H19NNaO2S (M+Na): 312.1034, found 312.1036 m/z 
 

   



S247 
 

1H NMR 

 



S248 
 

13C NMR 

 



S249 
 

19F NMR of Mosher’s ester 4n-Mosher 

 

Mixture of diastereomeric 4n-Mosher 



S250 
 

 

(R,S)-4n-Mosher 



S251 
 

 

[α]D
20  –21.6o (c 1.0, CHCl3) 

m.p. 84.5–86.0 oC 

Enantiomeric ratio analysis 
Enantiomeric excess was checked by converting to the corresponding Mosher’s ester 6-
Mosher; crude 19F NMR (375 MHz, CDCl3) shows δ –71.41 (major 94%) and –71.61 
(minor 6%) 

1H NMR (400 MHz, CDCl3) 
δ 7.71 (1H, br s, NH), 7.51 (2H, d, J = 7.9 Hz, k,k’), 7.25–7.40 (7H, m, a,b,b’,c,c’,l,l’), 
7.11 (1H, t, J = 7.4 Hz, m), 4.65–4.80 (1H, m, e), 2.79 (1H, br s, OH), 2.40 (2H, t, J = 
6.4 Hz, h), 1.75–1.95 (4H, m, f,g) 

13C NMR (100 MHz, CDCl3) 
δ 171.64 (i), 144.68 (d), 138.06 (j), 129.07 (l,l’), 128.61 (b,b’), 127.68 (m), 125.91 (c,c’), 
124.34 (a), 120.03 (k,k’), 74.32 (e), 38.28 (g), 37.28 (h), 22.04 (f) 

IR (neat) 
3294 (O–H stretch), 2360, 2342, 1668 (C=O stretch), 1655, 1600, 1557, 1499, 1489, 
1444, 1088, 951, 699, 691 cm-1 

HRMS (EI) C17H19NO2 (M): 269.1416, found 269.1422 m/z 
 

   



S252 
 

1H NMR 

 



S253 
 

13C NMR 

 



S254 
 

19F NMR of Mosher’s ester 6-Mosher 

 

Mixture of diastereomeric 6-Mosher 



S255 
 

 

(R,S)-6-Mosher 

  



S256 
 

 

[α]D
20  –22.7o (c 2.0, CHCl3) 

Enantiomeric ratio analysis 
Enantiomeric excess was checked by converting to the corresponding Mosher’s ester 7-
Mosher; 19F NMR (375 MHz, CDCl3) shows δ –71.22 (major 95.5%) and –71.61 (minor 
4.5%) 

1H NMR (400 MHz, CDCl3) 
δ 7.20–7.40 (5H, m, aryl), 4.60–4.70 (1H, m, e), 3.55–3.65 (6H, m, j,j’,k’k’), 3.35–3.45 
(2H, m, k,k’), 3.25 (1H, br s, OH), 2.25–2.35 (2H, m, h), 1.60–1.85 (4H, m, f,g) 

13C NMR (100 MHz, CDCl3) 
δ 171.81 (i), 144.99 (d), 128.47 (b,b’), 127.45 (a), 125.96 (c,c’), 73.90 (e), 66.97 and 
66.68 (k,k’), 46.03 and 42.01 (j,j’), 38.80 (g), 32.80 (h), 21.32 (f) 

IR (neat) 
3410 (O–H stretch), 2915, 2856, 1621 (C=O stretch), 1433, 1271, 1237, 1113, 1066, 
1026, 701 cm-1 

HRMS (EI) C15H21NO3 (M): 263.1521, found 263.1523 m/z 
 

   



S257 
 

1H NMR 

 



S258 
 

13C NMR 

 



S259 
 

19F NMR of Mosher’s ester 7-Mosher 

 

Mixture of diastereomeric 7-Mosher 



S260 
 

 

(R,S)-7-Mosher 

  



S261 
 

1H NMR of Mosher’s ester 7-Mosher 

 

 



S262 
 

13C NMR of Mosher’s ester 7-Mosher 

 



S263 
 

 

[α]D
20  –19.5o (c 2.0, CHCl3) 

Enantiomeric ratio analysis 
Enantiomeric excess was checked by converting to the corresponding Mosher’s ester 15-
Mosher; crude 19F NMR (375 MHz, CDCl3) shows δ –71.44 (major 85%) and –71.63 
(minor 15%) 

1H NMR (300 MHz, CDCl3) 
δ 7.25–7.45 (5H, m, aryl), 4.65–4.75 (1H, m, e), 4.13 (2H, q, J = 9.5 Hz, j), 2.34 (2H, t, 
J = 8.7 Hz, h), 2.24 (1H, br s, OH), 1.60–1.85 (4H, m, f,g), 1.26 (3H, t, J = 9.5 Hz, k) 

13C NMR (75 MHz, CDCl3) 
δ 173.67 (i), 144.54 (d), 128.49 (b,b’), 127.59 (a), 125.85 (c,c’), 74.12 (e), 60.34 (j), 
38.37 (f), 34.03 (h), 21.21 (g), 14.23 (k) 

IR (neat) 
3342 (O–H stretch), 2979, 2936, 1731 (C=O stretch), 1453, 1373, 1238, 1185, 1146, 
1065, 1026, 736, 700 cm-1 

HRMS (EI) C13H18O3 (M): 222.1256, found 222.1262 m/z 
 



S264 
 

1H NMR 

 



S265 
 

13C NMR 

 



S266 
 

19F NMR of Mosher’s ester 15-Mosher 

 

Mixture of diastereomeric 15-Mosher 



S267 
 

 

(R,S)-15-Mosher 



S268 
 

 

[α]D
20  –11.0o (c 2.0, CHCl3) 

Enantiomeric ratio analysis 
Chiral HPLC analysis (Chiralcel-OD, 99:1 hexanes:isopropanol, flowrate = 1.0 mL/min) 
showed peaks at 35 minutes (10.0% (S)) and 42 minutes (90.0% (R)) 

1H NMR (400 MHz, CDCl3) 

δ 7.35–7.40 (4H, m, b,b’,c,c’), 7.25–7.35 (1H, m, a), 4.70 (1H, dd, J = 7.2 and 6.0 Hz, 
e), 3.69 (2H, d, J = 6.4 Hz, i), 1.97 (1H, br s, OH), 1.80–1.90 (1H, m, f), 1.70–1.80 (1H, 
m, f), 1.55–1.65 (2H, m, h), 1.45–1.55 (1H, m, g), 1.35–1.45 (1H, m, g), 1.05–1.10 (21H, 
m, j,j’,j’’,k,k’,k’’) 

13C NMR (100 MHz, CDCl3) 
δ 144.96 (d), 128.53 (b,b’), 127.59 (a), 126.01 (c,c’), 74.76 (e), 63.36 (i), 38.99 (f), 32.89 
(h), 22.26 (g), 18.15 (k,k’,k’’), 12.12 (j,j’,j’’) 

IR (neat) 3369 (O–H stretch), 2940, 2891, 2864, 1462, 1101, 1069, 881, 759, 698, 679, 657 cm-1 
HRMS (ESI) C20H36NaO2Si (M+Na): 359.2382, found 359.2385 m/z 

 

   



S269 
 

1H NMR 

 



S270 
 

13C NMR 

 



S271 
 

HPLC trace of 17-OH 

 

Racemic 17-OH  



S272 
 

 

(R)-17-OH 



S273 
 

 

[α]D
20  –16.8o (c 2.0, CHCl3) 

HPLC analysis 
Chiral HPLC analysis (Chiralpak-IC, 60:40 hexanes:isopropanol, flowrate = 1.0 
mL/min) showed peaks at 47 minutes (90.5% (R)) and 56 minutes (9.5% (S)) 

1H NMR (400 MHz, CDCl3) 

δ 7.20–7.40 (10H, m, a,b,b’,c,c’,l,m,m’,n,n’,o), 5.91 (1H, br s, NH), 4.67 (1H, dd, J = 
7.6 and 5.6 Hz, e), 4.40 (2H, d, J = 5.7 Hz, k), 2.40 (1H, br s, OH), 2.19 (2H, t, J = 7.5 
Hz, i), 1.75–1.85 (1H, m, f), 1.65–1.75 (3H, m, f,h), 140–1.55 (1H, m, g), 1.30–1.40 (1H, 
m, g) 

13C NMR (100 MHz, CDCl3) 
δ 172.98 (j), 144.96 (d), 138.49 (l), 128.81 (n,n’), 128.55 (b,b’), 127.93 (c,c’), 127.59 (a 
and o), 125.97 (m,m’), 74.32 (e), 43.67 (k), 38.79 (f), 36.60 (i), 25.54 (g and h) 

IR (neat) 
3281 (O–H stretch), 2929, 2858, 1642 (C=O stretch), 1544, 1494, 1453, 1028, 747, 696 
cm-1 

HRMS (EI) C19H23NO2 (M): 297.1729, found 297.1742 m/z 
 

   



S274 
 

1H NMR 

 



S275 
 

13C NMR 

 



S276 
 

HPLC trace of 19-OH 

 

Racemic 19-OH  



S277 
 

 

(R)-19-OH   



S278 
 

 

[α]D
20  +43.6o (c 2.0, CHCl3) 

m.p. 65.5–67.0 oC 
TLC analysis Rf 0.4 (0:100 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 
δ 7.20–7.40 (10H, m, aryl), 6.05 (1H, d, J = 7.6 Hz, NH), 5.05–5.15 (1H, m, e), 4.60–
4.70 (1H, m, j), 2.91 (1H, br s, OH), 2.10–2.30 (2H, m, g), 1.60–1.80 (4H, m, h,i), 1.47 
(3H, d, J = 6.9 Hz, q) 

13C NMR (100 MHz, CDCl3) 
δ 172.24 (f), 144.92 (m), 143.40 (d), 128.77 (aryl), 128.53 (aryl), 127.53 (aryl), 127.43 
(aryl), 126.31 (aryl), 125.92 (aryl), 74. 02 (j), 48.78 (e), 38.52 (i), 36. 29 (g), 22.02 (minor 
q, 5.5%), 21.97 (major q, 94.5%), 21.86 (h) 

IR (neat) 
3338 (O–H stretch), 2360, 2340, 1639 (C=O stretch), 1620, 1529, 1493, 1448, 1066, 
1029, 758, 698 cm-1 

HRMS (EI) C19H23NO2 (M): 297.1729, found 297.1737 m/z 
 

   



S279 
 

1H NMR 

 



S280 
 

13C NMR 

 



S281 
 

 

[α]D
20  +91.3o (c 2.0, CHCl3) 

m.p. 96.5–97.5 oC 
TLC analysis Rf 0.4 (0:100 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 
δ 7.20–7.40 (10H, m, aryl), 6.04 (1H, d, J = 7.6 Hz, NH), 5.05–5.15 (1H, m, e), 4.60–
4.70 (1H, m, j), 2.88 (1H, br s, OH), 2.21 (2H, t, J = 6.6 Hz, g), 1.60–1.85 (4H, m, h,i), 
1.47 (3H, d, J = 6.9 Hz, q) 

13C NMR (100 MHz, CDCl3) 
δ 172.23 (f), 144.90 (m), 143.39 (d), 128.76, 128.53, 127.53, 127.43, 126.32, 125.91, 74. 
07 (j), 48.78 (e), 38.50 (i), 36. 33 (g), 22.02 (major q, 9.0%), 21.96 (major q, 91%), 21.86 
(h) 

IR (neat) 
3318 (O–H stretch), 2360, 2341, 1640 (C=O stretch), 1532, 1493, 1449, 1074, 1028, 
753, 697 cm-1 

HRMS (EI) C19H23NO2 (M): 297.1729, found 297.1717 m/z 
 

   



S282 
 

1H NMR 

 



S283 
 

13C NMR 

 



S284 
 

 

[α]D
20  –35.6o (c 2.0, CHCl3) 

m.p. 63.0–64.5 oC 
TLC analysis Rf 0.4 (0:100 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 

δ 7.20–7.35 (10H, m, aryl), 6.21 (br s, minor 8.0%, NH), 6.13 (br s, major 92%, NH), 
4.63 (1H, dd, J = 6.2 and 6.2 Hz, j), 4.38 (2H, d, J = 5.7 Hz, e), 2.90 (1H, br s, OH), 
2.20–2.30 (1H, m, g), 1.70–1.90 (3H, m, h,i), 1.55–1.65 (0.08H, m, minor i), 1.35–1.50 
(0.92H, m, major i), 1.13 (3H, d, J = 6.9 Hz, o) 

13C NMR (100 MHz, CDCl3) 
δ 176.46 (f), 144.88 (k), 138.61 (d), 128.78 (aryl), 128.52 (aryl), 127.87 (aryl), 127.54 
(aryl), 127.53 (aryl), 125.97 (aryl, 92.0%, major), 125.88 (aryl, 8.0%, minor), 74.31 (j), 
43.49 (e), 41.27 (g), 36.95 (i), 30.42 (h), 18.16 (o) 

IR (neat) 
3571, 3542, 3446, 3307 (O–H stretch), 2916, 1640 (C=O stretch), 1545, 1494, 1243, 
1056, 761, 728, 695 cm-1 

HRMS (EI) C19H23NO2 (M): 297.1729, found 297.1724 m/z 
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S287 
 

 

[α]D
20  +22.9o (c 2.0, CHCl3) 

m.p. 93.0–95.0 oC 
TLC analysis Rf 0.4 (0:100 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 

δ 7.20–7.40 (10H, m, aryl), 6.17 (br s, major 91.0%, NH), 6.08 (br s, minor 9.0%, NH), 
4.60–4.65 (1H, m, j), 4.39 (2H, d, J = 5.6 Hz, e), 2.82 (1H, br s, OH), 2.20–2.35 (1H, m, 
g), 1.65–1.80 (3H, m, h,i), 1.50–1.65 (0.91H, m, major i), 1.35–1.45 (0.09H, m, minor 
i), 1.15 (3H, d, J = 6.8 Hz, o) 

13C NMR (100 MHz, CDCl3) 
δ 176.54 (f), 144.97 (k), 138.61 (d), 128.79 (aryl), 128.53 (aryl), 127.90 (aryl), 127.53 
(aryl), 127.53 (aryl), 12.96 (aryl, 8.0%, minor), 125.87 (aryl, 92.0%, major), 74.35 (j), 
43.51 (e), 41.16 (g), 36.91 (i), 30.82 (h), 18.24 (o) 

IR (neat) 
3285 (O–H stretch), 2919, 1636 (C=O stretch), 1548, 1495, 1451, 1350, 1225, 1089, 
1056, 1027, 753, 735, 695 cm-1 

HRMS (EI) C19H23NO2 (M): 297.1729, found 297.1719 m/z 
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S290 
 

 

[α]D
20  –14.5o (c 0.775, CHCl3) 

m.p. 109.0–110.0 oC 
TLC analysis Rf 0.3 (0:100 hexanes:ethyl acetate) 

1H NMR (400 MHz, CDCl3) 

δ 7.25–7.40 (10H, m, aryl), 6.39 (br s, minor 13.0%, NH), 6.31 (br s, major 87.0%, NH), 
5.07 (0.87H, dd, J = 7.3 and 4.1 Hz, j), 4.97 (0.13H, dd, J = 9.6 and 3.3 Hz, j), 4.44 (2H, 
d, J = 5.7 Hz, e), 3.80–4.20 (2H, m, h,OH), 3.36 (1H, br s, OH), 2.30–2.40 (1H, m, g), 
1.85–1.95 (2H, m, i), 1.26 (3H, d, J = 7.2 Hz, o) 

13C NMR (100 MHz, CDCl3) 
δ 175.99 (f), 144.65 (k), 138.09 (d), 128.88 (aryl), 128.57 (aryl), 127.80 (aryl), 127.69 
(aryl), 127.41 (aryl), 125.60 (aryl), 74.44 (j), 71.23 (h), 46.09 (g), 43.52 (i), 43.48 (e), 
15.56 (o) 

IR (neat) 
3295 (O–H stretch), 2925, 2359, 2341, 1636 (C=O stretch), 1537, 1495, 1453, 1369, 
1028, 751, 696 cm-1 

HRMS (ESI) C19H23NNaO3 (M+Na): 336.1576, found 336.1583 m/z 
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