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General Methods.  

All reactions were carried out using oven-dried glassware. The progress of all reactions was monitored by 

thin-layer chromatography on Dynamic Adsorbent, Inc. precoated silica gel plates (250 m) and visualized 

by ultra-violet light or by staining with KMnO4. Unless otherwise specified, all chemicals were purchased 

from Sigma Aldrich or Alfa Aesar or TCI chemicals and all solvents were purchased from Fischer Scientific. 

HPLC grade toluene and THF were further dried through alumina columns. The 1H NMR and 13C NMR 

spectra were obtained on JEOL600 MHz Fourier Transform spectrometers. Chemical Shifts are reported in 

units of parts per million downfield from tetramethylsilane as standard. The coupling constants are reported 

in Hertz. The infrared spectra were obtained using a Thermo Nicolet IR 300 Spectrometer. Silica gel (32-

64u, Merck KGaA) was used for column chromatography. Melting points were recorded on a Buchi-B-450 

melting point apparatus and the melting point values were uncorrected. The absolute configuration of 

compound 3k was determined by the single crystal X-ray analysis, and the relative configurations of other 

compounds were determined accordingly. The enantiomeric excess of chiral compounds was determined 

by the HPLC analysis on chiral stationary phase. 

Preparation of Starting Materials  

α-Alkylidene--lactams were synthesized from the corresponding 2-pyrrolidinone or 2-piperidinone 

according to the literature procedures.1-2 Some new derivatives were synthesized by the Procedure C below 

and characterized. 

A. The Synthesis of Compounds 5 

A solution of lactam (20 mmol) in anhydrous toluene (20 mL) was cooled to 0 C and stirred for 10 min at 

this temperature. Trifluoroacetic anhydride (22 mmol) was then added dropwise. After 10 min, the cooling 

bath was removed, and the reaction was warmed to room temperature and continued to stir for 1 h. After 

which, all volatiles were removed under reduced pressure and the residue was co-evaporated with toluene 
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(3x10 mL) to provide the trifluoro acetyl 2-pyrrolidine as pale-yellow oil in quantitative yield. This 

compound was used in next step without further purification. 

B. Procedure A for the Synthesis of Alkylidene Lactam 61 

An oven dried round bottom flask equipped with a magnetic stirrer under argon was charged with potassium 

tert-butoxide (740 mg, 6.5 mmol, 1.3 equiv) in anhydrous THF (7 mL). This solution was cooled to 0 °C. 

After stirring for 10 min, a mixture of aldehyde (5.0 mmol) and trifluoroactyl lactam 5 (0.9 g, 5 mmol) was 

added dropwise and further stirred for 10 min. The reaction temperature was then changed to 55 C and 

remained at this temperature for 1 h. The solvent was removed under reduced pressure after cooling down 

the reaction mixture to room temperature. The residue was suspended in water (20 mL) and extracted with 

ethyl acetate (3x20 mL). Organic layers were combined and washed with brine, dried and concentrated. 

The residue obtained was washed with 5% ethyl acetate in hexanes to remove unreacted aldehydes to get 

the pure product. This compound was directly employed in the next step for the Boc, Cbz, Ac and Me 

protections.  
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(E)-3-Benzylidenepyrrolidin-2-one (6): 0.7g (80%); white solid; m.p. 164-165 °C. 1H 

NMR (CDCl3, 600 MHz): δ 7.49 (d, J = 7.2 Hz, 2H), 7.41 (dd, J = 6.6, 7.8 Hz, 2H), 

7.37-7.30 (m, 3H), 3.56 (t, J = 6.0 Hz, 2H), 3.16 (dt, J = 2.4, 6.0 Hz, 2H); 13C NMR 

(CDCl3, 150 MHz): δ 172.7, 135.6, 130.3, 130.2, 129.5, 128.6, 128.5, 39.6, 26.3; IR (neat): 3206, 3086, 

2918, 1756, 1724, 1710, 1636, 1383, 1366, 1318, 1284, 1256, 1157 cm-1; HRMS (ESI): m/z calcd for 

C11H11NNaO [M+Na]+ 196.0733; Found 196.0737. 

C. Procedure B for Boc Protection of Alkylidene Lactams1 

To a solution of compound 6 (5 mmol/20 mL of dry DCM) was added DMAP (60 mg, 0.1 equiv) and 

triethylamine (1.1 mL, 1.5 equiv) at room temperature under argon. (Boc)2O (2.3 mL, 2.0 equiv) was added 

and the solution was continued to stir for 6-8 h. After the reaction was complete, all volatiles were removed 

in vaccuo, and the residue was purified by column chromatography on silica gel to provide the 

corresponding alkylidene lactams. 

D. Procedure C for Cbz Protection of Alkylidene Lactams  

A solution of compound 6 (5 mmol) in dry DMF (20 mL) under argon was cooled to 0 °C. NaH (220 mg, 

1.1 equiv, 60% suspension in mineral oil) was added portionwise to this solution. After 15 min, CbzCl (0.72 

mL, 5 mmol) was added dropwise at this temperature. The reaction mixture was slowly warmed to room 

temperature and stirred for 6 h. The reaction was quenched by the dropwise addition of ice-cold water (25 

ml) at 0 C, and the aqueous layer was extracted with ethyl acetate (2x25 mL). The combined organic layers 

were washed with ice cold water (4x25 mL) and brine (25 mL), and then dried over sodium sulfate, filtered 

and concentrated. The residue was purified by column chromatography on silica gel using 50-100% CH2Cl2 

in hexanes as eluent. 

E. Characterization Data for Starting Materials 
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(E)-tert-Butyl 3-benzylidene-2-oxopyrrolidine-1-carboxylate (1a): This 

compound was prepared from benzaldehyde (0.53 g, 5.0 mmol) according to the 

Procedure A followed by the Procedure B. The compound was purified by column 

chromatography on silica gel using (10-15%) ethyl acetate in hexanes as eluent. 0.91g (67%); white solid; 

m.p. 131-132 C; 1H NMR (CDCl3, 600 MHz): δ 7.53 (t, J = 3.0 Hz, 1H), 7.49 (d, J = 7.8 Hz, 2H), 7.42 

(dd, J = 7.2, 7.8 Hz, 2H), 7.36 (t, J = 7.2 Hz, 1H), 3.84 (dd, J = 6.6, 7.8 Hz, 2H), 3.05 (td, J = 7.8, 3.0 Hz, 

2H), 1.57 (s, 9H); 13C NMR (CDCl3, 150 MHz): δ 167.7, 150.8, 135.1, 134.1, 130.0, 129.9, 129.2, 128.7, 

82.9, 43.3, 28.0, 23.3; IR (neat): 2978, 2916, 1773, 1712, 1649, 1365, 1312, 1153 cm-1; HRMS (ESI): m/z 

calcd for C16H19NNaO3 [M+Na]+ 296.1257; Found 296.1261. 

(E)-Benzyl 3-benzylidene-2-oxopyrrolidine-1-carboxylate (1b): This compound 

was prepared from benzaldehyde (0.53 g, 5.0 mmol) according to the Procedure 

A followed by the Procedure C. The compound was purified by column 

chromatography on silica gel using (50-100 %) CH2Cl2 in hexanes as eluent. 820 mg (54%); white solid; 

m.p. 134-136 C; 1H NMR (CDCl3, 600 MHz): δ 7.55 (t, J = 3.0 Hz, 1H), 7.51-7.45 (m, 4H), 7.44-7.40 (m, 

2H), 7.39 -7.36 (m, 3H), 7.32 (m, 1H), 5.33 (s, 2H), 3.89 (t, J = 7.2 Hz, 2H), 3.07 (td, J = 7.2, 3.0 Hz, 2H); 

13C NMR (CDCl3, 150 MHz): δ 167.5, 152.1, 135.3, 134.9, 134.8, 130.0, 129.4, 129.2, 128.8, 128.5, 128.3, 

128.0, 68.0, 43.2, 23.4; IR (neat): 2916, 1774, 1713, 1648, 1383, 1298, 1273 cm-1; HRMS (ESI): m/z calcd 

for C19H17NNaO3 [M+Na]+ 330.1101; Found 330.1109. 

(E)-1-Acetyl-3-benzylidenepyrrolidin-2-one (1c): This compound was prepared by 

refluxing the compound 6 (865 mg, 5 mmol) in acetic anhydride (5 mL) for 12 h. 

After the reaction was complete by TLC, the reaction mixture was cool down to 

room temperature and all volatiles were removed in vacuuo. The residue was purified by column 

chromatography on silica gel using 10-15% ethyl acetate in hexanes as eluent to obtain the pure product. 

0.75g (70%); white solid; m.p. 192-194 C; 1H NMR (CDCl3, 600 MHz): δ 7.56 (t, J = 3.0 Hz, 1H), 7.52 

(d, J = 7.2 Hz, 2H), 7.44 (dd, J = 7.2, 7.8 Hz, 2H), 7.39 (m, 1H), 3.89 (t, J = 7.2 Hz, 2H), 3.08 (dt, J = 3.0, 
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7.2 Hz, 2H), 2.63 (s, 3H); 13C NMR (CDCl3, 150 MHz): δ 171.9, 168.8, 135.1, 134.8, 130.2, 130.1, 129.5, 

128.8, 42.2, 25.0, 23.0; IR (neat): 2926, 2845, 1708, 1688, 1485, 1380, 1368, 1256 cm-1; HRMS (FAB): 

HRMS (ESI): m/z calcd C13H14NO2 [M+H]+ 216.1019; Found 216.1023. 

(E)-3-Benzylidene-1-methylpyrrolidin-2-one (1d): A solution of the compound 6 

(865 mg, 5 mmol) in dry DMF (20 mL) under argon was cooled to 0 °C. NaH (220 

mg, 1.1 equiv, 60% suspension in mineral oil) was added portionwise and continued 

to stir for 15 min. Iodomethane (0.47 mL, 1.5 equiv) was then added and the reaction mixture was warmed 

to room temperature and allowed to stir for 6 h. After the completion of reaction (by TLC analysis), the 

reaction was cooled to 0 °C and quenched by the dropwise addition of ice-cold water (25 mL). The aqueous 

layer was extracted with ethyl acetate (2x25 mL). The organic layers were combined, washed with ice-cold 

water (4x25 mL) and brine (25 mL). After drying over sodium sulfate, the organic layer was filtered and 

concentrated. The residue was purified by column chromatography on silica gel using 10-20% ethyl acetate 

in hexanes as eluent. 440 mg (56%); white solid; m.p. 134-136 C; 1H NMR (CDCl3, 600 MHz): δ 7.87 (t, 

J = 7.8 Hz, 2H), 7.40 (dd, J = 7.2, 7.8 Hz, 2H), 7.36-7.30 (m, 2H), 3.50 (t, J = 6.6 Hz, 2H), 3.07 (td, J = 

6.6, 2.4 Hz, 2H), 3.01 (s, 3H); 13C NMR (CDCl3, 150 MHz): δ 169.2, 135.8, 130.7, 129.6, 129.4, 128.6, 

128.2, 46.7, 30.2, 24.3; IR (neat): 3047, 2940, 2885, 1673, 1655, 1645, 1448, 1384, 1290 cm-1; HRMS 

(ESI): m/z calcd for C12H14NO [M+H]+ 188.1070; Found 188.1072. 

(E)-tert-Butyl 3-(4-methylbenzylidene)-2-oxopyrrolidine-1-carboxylate (1e): 

This compound was prepared from p-tolualdehyde (0.60 g, 5.0 mmol) according 

to the Procedure A followed by the Procedure B. The compound was purified by 

column chromatography on silica gel using 10-15% ethyl acetate in hexanes as eluent. 617mg (43%); white 

solid; m.p. 159-161 C; 1H NMR (CDCl3, 600 MHz): δ 7.50 (t, J = 3.0 Hz, 1H), 7.39 (d,  J = 7.8 Hz, 2H), 

7.23 (dd, J = 7.8 Hz, 2H), 3.82 (dd, J = 6.6, 7.8 Hz, 2H), 3.02 (td, J = 7.8, 3.0 Hz, 2H), 2.38 (s, 3H), 1.56 

(s, 9H); 13C NMR (CDCl3, 150 MHz): δ 167.8, 150.9, 139.6, 134.1, 132.3, 130.0, 129.5, 128.8, 82.8, 43.3, 
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28.0, 23.3, 21.4;  IR (neat): 2979, 2918, 1756, 1724, 1710, 1636, 1383, 1366, 1318, 1284, 1256, 1157 cm-

1; HRMS (ESI): m/z calcd for C17H21NNaO3 [M+Na]+ 310.1414; Found 310.1409. 

(E)-tert-Butyl 3-(4-methoxybenzylidene)-2-oxopyrrolidine-1-carboxylate 

(1f). This compound was prepared from p-anisaldehyde (0.68 g, 5.0 mmol) 

according to the Procedure A followed by the Procedure B. The compound 

was purified by column chromatography on silica gel using 10-15% ethyl acetate in hexanes as eluent. 575 

mg (38%); white solid; m.p. 145-146 C; 1H NMR (CDCl3, 600 MHz): δ 7.49 (t, J = 3.0 Hz, 1H), 7.46 (d,  

J = 9.0 Hz, 2H), 6.96 (d, J = 9.0 Hz, 2H), 3.85 (s, 3H), 3.83 (t, J = 7.8 Hz, 2H), 3.03 (td, J = 7.8, 3.0 Hz, 

2H), 1.57 (s, 9H); 13C NMR (CDCl3, 150 MHz): δ 168.0, 160.3, 150.9, 133.8, 131.7, 127.9, 127.1, 114.2, 

82.7, 55.3, 43.2, 28.0, 23.2;  IR (neat): 2979, 2933, 1769, 1600, 1514, 1360, 1293, 1280, 1176, 1021 cm-1; 

HRMS (ESI): m/z calcd for C17H21NNaO4 [M+Na]+ 326.1363; Found 326.1363. 

(E)-tert-Butyl 3-(4-fluorobenzylidene)-2-oxopyrrolidine-1-carboxylate (1g): 

This compound was prepared from 4-fluorobenzaldehyde (0.62 g, 5.0 mmol) 

according to the Procedure A followed by the Procedure B. The compound was 

purified by column chromatography on silica gel using 10-15% ethyl acetate in hexanes as eluent. 814 mg 

(56%); white solid; m.p. 184-186 C; 1H NMR (CDCl3, 600 MHz): δ 7.50-7.46 (m, 3H), 7.11 (t,  J = 7.2 

Hz, 2H), 3.84 (t, J = 7.2 Hz, 2H), 3.01 (td, J = 7.2, 3.0 Hz, 2H), 1.57 (s, 9H); 13C NMR (CDCl3, 150 MHz): 

δ 167.5, 163.7 (d, J = 248.4), 150.7, 132.8, 131.9 (d, J = 8.5 Hz), 131.3 (d, J = 3.0 Hz), 129.5, 116.0 (d, J 

= 21.4 Hz), 82.9, 43.2, 28.0, 23.2; IR (neat): 2979, 2918, 1762, 1646, 1510, 1367, 1257, 1229, 1160 cm-1; 

HRMS (ESI): m/z calcd for C16H18FNNaO3 [M+Na]+ 314.1163; Found 314.1161. 

 (E)-tert-Butyl 3-(4-chlorobenzylidene)-2-oxopyrrolidine-1-carboxylate (1h): 

This compound was prepared from 4-chloro benzaldehyde (0.70 g, 5.0 mmol) 

according to the Procedure A followed by the Procedure B. The compound was 

purified by column chromatography on silica gel using 10-15% ethyl acetate in hexanes as eluent. 720 mg 
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(47%); white solid; m.p. 188-190 C; 1H NMR (CDCl3, 600 MHz): δ 7.47 (t, J = 3.0 Hz, 1H), 7.41 (d, J = 

8.4 Hz, 2H), 7.39 (d, J = 8.4 Hz, 2H), 3.85 (t, J = 7.2 Hz, 2H), 3.04-2.98 (m, 2H), 1.57 (s, 9H); 13C NMR 

(CDCl3, 150 MHz): δ 167.4, 150.7, 135.2, 133.5, 132.7, 131.1, 130.5, 129.0, 83.0, 43.2, 28.0, 23.3; IR 

(neat): 2980, 1765, 1727, 1701, 1384, 1367, 1324, 1160 cm-1; HRMS (ESI): m/z calcd for C16H18ClNNaO3 

[M+Na]+ 330.0867; Found 330.0866. 

(E)-Benzyl 3-(4-chlorobenzylidene)-2-oxopyrrolidine-1-carboxylate (1i): 

This compound was prepared from 4-chloro benzaldehyde (0.70 g, 5.0 mmol) 

according to the Procedure A followed by the Procedure C. The compound 

was purified by column chromatography on silica gel using 50-100% CH2Cl2 

in hexanes as eluent. 600 mg (35%); white solid; m.p. 168-169 C; 1H NMR (CDCl3, 600 MHz): δ 7.50 (t, 

J = 3.0 Hz, 1H), 7.47 (d, J = 7.2 Hz, 2H), 7.44-7.37 (m, 6H), 7.34 (m, 1H), 5.34 (s, 2H), 3.91 (dd, J = 6.6, 

7.8 Hz, 2H), 3.04 (td, J = 7.8, 3.0 Hz, 2H); 13C NMR (CDCl3, 150 MHz): δ 167.2, 152.0, 135.4, 135.3, 

133.4, 133.3, 131.2, 129.9, 129.1, 128.5, 128.3, 128.1, 68.1, 43.2, 23.4; IR (neat): 2959, 1765, 1640, 1490, 

1379, 1295, 1270, 1253, 1094 cm-1; HRMS (ESI): m/z calcd for C19H16ClNNaO3 [M+Na]+ 364.0711; Found 

364.0713. 

 (E)-tert-Butyl 3-(4-bromobenzylidene)-2-oxopyrrolidine-1-carboxylate (1j): 

This compound was prepared from 4-bromo benzaldehyde (0.92 g, 5.0 mmol) 

according to the Procedure A followed by the Procedure B. The compound 

was purified by column chromatography on silica gel using 10-15% ethyl acetate in hexanes as eluent. 1.0 

g (58%); white solid; m.p. 170-171 C; 1H NMR (CDCl3, 600 MHz): δ 7.55 (d, J = 9.0 Hz, 2H), 7.45 (t, J 

= 3.0 Hz, 1H), 7.35 (d, J = 9.0 Hz, 2H), 3.84 (dd, J = 6.6, 7.8 Hz, 2H), 2.99 (td, J = 7.8, 3.0 Hz, 2H), 1.57 

(s, 9H); 13C NMR (CDCl3, 150 MHz): δ 167.4, 150.7, 133.9, 132.7, 132.0, 131.3, 130.7, 123.5, 83.0, 43.2, 

28.0, 23.3; IR (neat): 2979, 1765, 1728, 1698, 1646, 1367, 1323, 1254, 1159 cm-1; HRMS (ESI): m/z calcd 

for C16H18BrNNaO3 [M+Na]+ 374.0362; Found 374.0365. 
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(E)-tert-Butyl 3-(3-methylbenzylidene)-2-oxopyrrolidine-1-carboxylate (1k): 

This compound was prepared from 3-methyl benzaldehyde (0.60 g, 5.0 mmol) 

according to the Procedure A followed by the Procedure B. The compound was 

purified by column chromatography on silica gel using 10-15% ethyl acetate in hexanes as eluent. 745 mg 

(52%); white solid; m.p. 124-126 C; 1H NMR (CDCl3, 600 MHz): δ 7.50 (t, J = 3.0 Hz, 1H), 7.34-7.28 (m, 

3H), 7.19 (d, J = 7.2 Hz, 1H), 3.83 (dd, J = 6.6, 7.8 Hz, 2H), 3.05 (td, J = 7.8, 3.0 Hz, 2H), 2.93 (s, 3H), 

1.57 (s, 9H); 13C NMR (CDCl3, 150 MHz): δ 167.7, 150.8, 138.4, 135.0, 134.3, 130.8, 130.0, 129.6, 128.6, 

127.0, 82.8, 43.2, 28.0, 23.3, 21.4; IR (neat): 2979, 2917, 1770, 1732, 1712, 1647, 1365, 1310, 1259, 1154 

cm-1; HRMS (ESI): m/z calcd for C17H21NNaO3 [M+Na]+ 310.1414; Found 310.1419. 

(E)-tert-Butyl 3-(3-chlorobenzylidene)-2-oxopyrrolidine-1-carboxylate (1l): 

This compound was prepared from 3-chloro benzaldehyde (0.70 g, 5.0 mmol) 

according to the Procedure A followed by the Procedure B. The compound 

was purified by column chromatography on silica gel using 10-15% ethyl acetate in hexanes as eluent. 782 

mg (51%); white solid; m.p. 128-129 C; 1H NMR (CDCl3, 600 MHz): δ 7.47-7.44 (m, 2H), 7.37-7.33 (m, 

3H), 3.85 (t, J = 7.2 Hz, 2H), 3.04 (td, J = 7.2, 2.4 Hz, 2H), 1.57 (s, 9H); 13C NMR (CDCl3, 150 MHz): δ 

167.2, 150.7, 136.8, 134.7, 132.5, 131.5, 130.0, 129.4, 129.1, 128.2, 83.1, 43.2, 28.0, 23.3; IR (neat): 2916, 

2846, 1776, 1717, 1649, 1384, 1361, 1297, 1275 cm-1; HRMS (ESI): m/z calcd for C16H18ClNNaO3 

[M+Na]+ 330.0867; Found 330.0871. 

 (E)-tert-Butyl 3-(3-fluorobenzylidene)-2-oxopyrrolidine-1-carboxylate (1m): 

This compound was prepared from 3-fluoro benzaldehyde (0.62 g, 5.0 mmol) 

according to the Procedure A followed by the Procedure B. The compound 

was purified by column chromatography on silica gel using 10-15% ethyl acetate in hexanes as eluent. 873 

mg (60%); white solid; m.p. 148-150 C; 1H NMR (CDCl3, 600 MHz): δ 7.48 (t, J = 3.0 Hz, 1H), 7.40 (m, 

1H), 7.26 (d, J = 7.8 Hz, 1H), 7.18 (d, J = 7.2 Hz, 1H), 7.07 (m, 1H), 3.86 (t, J = 7.2 Hz, 2H), 3.03 (td, J = 

7.2, 3.0 Hz, 2H), 1.57 (s, 9H); 13C NMR (CDCl3, 150 MHz): δ 167.3, 163.6 (d, J = 244.0), 150.7, 137.2 (d, 
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J = 8.5 Hz), 132.7, (d, J = 2.85 Hz), 131.3, 130.3 (d, J = 8.5 Hz), 126.0, 116.23 (d, J = 24.3Hz), 116.21 (d, 

J = 21.4 Hz), 83.1, 43.2, 28.0, 23.2; IR (neat): 2978, 2924, 1763, 1645, 1580, 1367, 1296, 1282, 1156 cm-

1; HRMS (ESI): m/z calcd for C16H18FNNaO3 [M+Na]+ 314.1163; Found 314.1168. 

 (E)-tert-Butyl 3-(2-methylbenzylidene)-2-oxopyrrolidine-1-carboxylate (1n): 

This compound was prepared from 2-methyl benzaldehyde (0.60 g, 5.0 mmol) 

according to the Procedure A followed by the Procedure B. The compound was 

purified by column chromatography on silica gel using 10-15% ethyl acetate in hexanes as eluent. 830 mg 

(58%); white solid; m.p. 86-88 C; 1H NMR (CDCl3, 600 MHz): δ 7.73 (t, J = 3.0 Hz, 1H), 7.37 (d, J = 7.8 

Hz, 1H), 7.28-7.21 (m, 3H), 3.80 (dd, J = 6.6, 7.8 Hz, 2H), 2.98 (td, J = 7.8, 3.0 Hz, 2H), 2.39 (s, 3H), 1.57 

(s, 9H); 13C NMR (CDCl3, 150 MHz): δ 167.6, 150.8, 138.4, 133.8, 132.0, 130.7, 130.6, 129.0, 128.0, 125.8, 

82.9, 43.4, 28.0, 23.2, 19.9; IR (neat): 2978, 2930, 1773, 1731, 1713, 1647, 1366, 1312, 1292, 1249, 1154 

cm-1; HRMS (ESI): m/z calcd for C17H21NNaO3 [M+Na]+ 310.1414; Found 310.1418. 

 (E)-Benzyl 3-(2-methylbenzylidene)-2-oxopyrrolidine-1-carboxylate (1o): This 

compound was prepared from 2-methyl benzaldehyde (0.60 g, 5.0 mmol) 

according to the Procedure A followed by the Procedure C. The compound was 

purified by column chromatography on silica gel using 50-100% CH2Cl2 in hexanes as eluent. 720 mg 

(45%); white solid; m.p. 117-119 C; 1H NMR (CDCl3, 600 MHz): δ 7.57 (t, J = 3.0 Hz, 1H), 7.47 (d, J = 

7.2 Hz, 2H), 7.39-7.31 (m, 4H), 7.26-7.20 (m, 3H), 5.33 (s, 2H), 3.85 (t, J = 7.2 Hz, 2H), 2.98 (td, J = 7.2, 

3.0 Hz, 2H), 2.39 (s, 3H); 13C NMR (CDCl3, 150 MHz): δ 167.4, 152.2, 138.5, 135.3, 133.6, 132.7, 130.6, 

130.1, 129.2, 128.5, 128.3, 128.1 (2C), 125.8, 68.1, 43.4, 23.3, 19.9; IR (neat): 3030, 2916, 1777, 1717, 

1644, 1484, 1382, 1297, 1278, 1216, 1096 cm-1; HRMS (ESI): m/z calcd for C20H19NNaO3 [M+Na]+ 

344.1257; Found 344.1259. 
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(E)-tert-Butyl 3-(2-chlorobenzylidene)-2-oxopyrrolidine-1-carboxylate (1p): 

This compound was prepared from 2-chloro benzaldehyde (0.70 g, 5.0 mmol) 

according to the Procedure A followed by the Procedure B. The compound was 

purified by column chromatography on silica gel using 10-15% ethyl acetate in hexanes as eluent. 840 mg 

(55%); white solid; m.p. 171-175 C; 1H NMR (CDCl3, 600 MHz): δ 7.85 (t, J = 3.0 Hz, 1H), 7.47-7.43 (m, 

2H), 7.32-7.28 (m, 2H), 3.81 (dd, J = 6.6, 7.8 Hz, 2H), 2.96 (td, J = 7.8, 3.0 Hz, 2H), 1.57 (s, 9H); 13C NMR 

(CDCl3, 150 MHz): δ 167.0, 150.9, 135.4, 133.4, 132.7, 130.5, 130.2, 130.1, 129.4, 126.7, 83.2, 43.4, 28.1, 

23.2; IR (neat): 2980, 2932, 1776, 1751, 1716, 1383, 1368, 1312, 1285, 1253, 1153 cm-1; HRMS (ESI): 

m/z calcd for C16H18ClNNaO3 [M+Na]+ 330.0867; Found 330.0870. 

(E)-tert-Butyl 3-(naphthalen-1-ylmethylene)-2-oxopyrrolidine-1-carboxylate 

(1q): This compound was prepared from 1-naphthaldehyde (0.78 g, 5.0 mmol) 

according to the Procedure A followed by the Procedure B. The compound 

was purified by column chromatography on silica gel using 10-15% ethyl acetate in hexanes as eluent. 516 

mg (32%); brownish amorphous solid; 1H NMR (CDCl3, 600 MHz): δ 8.25 (t, J = 3.0 Hz, 1H), 8.11 (d, J = 

8.4 Hz, 1H), 7.88 (dd, J = 7.2, 9.0 Hz, 2H), 7.57-7.50 (m, 3H), 7.49 (m, 1H), 3.82 (t, J = 6.6 Hz, 2H), 2.96 

(td, J = 7.8, 3.0 Hz, 2H), 1.59 (s, 9H); 13C NMR (CDCl3, 150 MHz): δ 167.5, 151.0, 133.7, 132.6, 131.9(9), 

131.9(6), 131.5, 129.7, 128.7, 126.8, 126.4, 126.3, 125.1, 124.0, 83.0, 43.4, 28.0, 23.3; IR (neat): 2978, 

2930, 1772, 1715, 1647, 1475, 1367, 1311, 1292, 1153 cm-1; HRMS (ESI): m/z calcd for C20H21NNaO3 

[M+Na]+ 346.1414; Found 346.1422. 

(E)-tert-Butyl 3-(naphthalen-2-ylmethylene)-2-oxopyrrolidine-1-carboxyl 

ate (1r): This compound was prepared from 2-naphthaldehyde (0.78 g, 5.0 

mmol) according to the Procedure A followed by the Procedure B. The 

compound was purified by column chromatography on silica gel using 10-15% ethyl acetate in hexanes as 

eluent. 790 mg (49%); white solid; m.p. 187-189 C; 1H NMR (CDCl3, 600 MHz): δ 7.94 (s, 1H), 7.88-

7.80 (m, 3H), 7.67 (m, 1H), 7.59 (m, 1H), 7.53-7.49 (m, 2H), 3.86 (dd, J = 6.6, 7.2 Hz, 2H), 3.15 (td, J = 
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7.8, 3.0 Hz, 2H), 1.57 (s, 9H); 13C NMR (CDCl3, 150 MHz): δ 167.8, 150.9, 134.2, 133.4, 133.3, 132.7, 

130.5, 130.2, 128.6, 128.5, 127.7, 127.2, 126.7(6), 126.7(3), 82.9, 43.3, 28.0, 23.4; IR (neat): 3014, 2574, 

1758, 1639, 1367, 1304, 1163 cm-1; HRMS (ESI): m/z calcd for C20H21NNaO3 [M+Na]+ 346.1414; Found 

346.1421. 

 (E)-tert-Butyl 2-oxo-3-(thiophen-2-ylmethylene)pyrrolidine-1-carboxylate (1s): 

This compound was prepared from 2-thiophenecarboxaldehyde (0.56 g, 5.0 mmol) 

according to the Procedure A followed by the Procedure B. The compound was 

purified by column chromatography on silica gel using 10-15% ethyl acetate in hexanes as eluent. 0.80 mg 

(58%); white solid; m.p. 145-147 C; 1H NMR (CDCl3, 600 MHz): δ 7.73 (t, J = 3.0 Hz, 1H), 7.53 (d, J = 

6.6 Hz, 1H),  7.32 (d, J = 3.2 Hz, 1H), 7.14 (m, 1H), 3.87 (dd, J = 7.2, 7.8 Hz, 2H),  2.93 (td, J = 7.2, 3.0 

Hz, 2H), 1.56 (s, 9H); 13C NMR (CDCl3, 150 MHz): δ 167.4, 150.7, 139.3, 131.7, 129.6, 127.9, 127.5, 

126.9, 82.9, 43.2, 28.0, 23.0; IR (neat): 3063, 3012, 2976, 2917, 1755, 1721, 1704, 1638, 1363, 1332, 1316, 

1253, 1157 cm-1; HRMS (ESI): m/z calcd for C14H17NNaO3S [M+Na]+ 302.0821; Found 302.0822. 

 (E)-3-Benzylidenedihydrofuran-2(3H)-one2 (1t): 320 mg (81%); white solid; m.p. 

110-112 C; 1H NMR (CDCl3, 600 MHz): δ 7.58 (t,  J = 3.0 Hz, 1H), 7.51 (d, J = 7.2 

Hz, 2H), 7.48-7.43 (m, 2H), 7.41 (m, 1H), 4.47 (dd, J = 6.6, 7.8 Hz, 2H), 3.26 (td, J = 

7.8, 3.0 Hz, 2H); 13C NMR (CDCl3, 150 MHz): δ 172.4, 136.5, 134.5, 129.9, 129.7, 128.8, 123.4, 65.3, 27.3; 

IR (neat): 3085, 3028, 2994, 1741, 1651, 1452, 1386, 1364, 1226, 1193, 1182, 1060, 1023 cm-1; HRMS 

(ESI): m/z calcd for C11H10NaO2 [M+Na]+ 197.0573; Found 197.0572. 

(E)-tert-Butyl 3-benzylidene-2-oxopiperidine-1-carboxylate (1u): This compound 

was prepared from benzaldehyde (0.53 g, 5.0 mmol) and trifluoroacetyl 

piperidinone (0.98g, 5 mmol) according to the Procedure A followed by the 

Procedure B. The compound was purified by column chromatography on silica gel using 5-10% ethyl 

acetate in hexanes as eluent. 0.89 g (62%); white solid; m.p. 90-92 C; 1H NMR (CDCl3, 600 MHz): δ 7.87 
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(t, J = 3.0 Hz, 1H), 7.41-7.38 (m, 4H), 7.32 (m, 1H), 3.77-3.74 (m, 2H), 2.82-2.78 (m, 2H), 1.91-1.84 (m, 

2H), 1.56 (s, 9H); 13C NMR (CDCl3, 150 MHz): δ 165.7, 153.1, 138.4, 135.6, 130.7, 129.9, 128.5, 128.3, 

82.9, 45.9, 28.0, 26.2, 25.4; IR (neat): 2978, 2938, 1762, 1713, 1615, 1392, 1368, 1295, 1270, 1149 cm-1; 

HRMS (ESI): m/z calcd for C17H21NNaO3 [M+Na]+ 310.1414; Found 310.1417. 

 (E)-Benzyl 3-benzylidene-2-oxopiperidine-1-carboxylate (1v): This compound 

was prepared from benzaldehyde (0.53g, 5.0 mmol) and trifluoroacetyl 

piperidinone (0.98g, 5 mmol) according to the Procedure A followed by the 

Procedure C. The compound was purified by column chromatography on silica gel using 50-100% CH2Cl2 

in hexanes as eluent.  860 mg (54%); white solid; m.p. 150-152 C; 1H NMR (CDCl3, 600 MHz): δ 7.89 (t, 

J = 1.8 Hz, 1H), 7.47 (d, J = 7.2 Hz, 2H), 7.41-7.30 (m, 8H), 5.33 (s, 2H), 3.85-3.31 (m, 2H), 2.83-2.78 (m, 

2H), 1.92-1.86 (m, 2H); 13C NMR (CDCl3, 150 MHz): δ 165.6, 154.4, 139.0, 135.4(8), 135.4(4), 130.4, 

129.9, 128.6, 128.5, 128.3, 128.2, 128.0, 68.5, 46.3, 26.1, 22.4; IR (neat): 2940, 2870, 1710, 1686, 1608, 

1383, 1288, 1255, 1168 cm-1; HRMS (ESI): m/z calcd for C20H19NNaO3 [M+Na]+ 344.1257; Found 

344.1259. 

Procedure D for Catalytic Asymmetric Boronate Conjugate Addition to Alkylidene Lactams 

An oven dried Schlenk flask charged with Cu(I)Cl (0.02 mmol, 10 mol%), (R)-DM-Segphos (0.022 mmol, 

11 mol%), bis(pinacolato)diboron 2 (0.26 mmol) was purged with argon (evacuated and backfilled with 

argon three times). Anhydrous THF (2 mL) was added to this flask and allowed to stir at room temperature 

for 30 min. The reaction was then cooled to 0 C and potassium tert-butoxide (0.1 mmol, 50 mol%) was 

carefully added under argon flow. After 5 min, alkylidene lactam (1, 0.2 mmol) was added and continued 

to stir for 5 min followed by the addition of anhydrous isopropyl alcohol (30 µL, 0.4 mmol). After stirring 

for 15 min, the reaction was warmed to room temperature and stirred until the starting material was fully 

consumed by TLC (for 2-6 h, TLC eluent: 20% acetone in hexanes). The solvent was removed under 

reduced pressure and the residue was purified by column chromatography on silica gel. 
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Procedure E for Oxidation of Boronate Adducts to Alcohols 

 

To a solution of pinacolatoboron 3 (0.1 mmol) in 2 mL of THF/water (1/1) was added sodium perborate 

tetrahydrate (0.5 mmol, 5 equiv) and stirred for 2 h. The reaction was then diluted with water (5 mL) and 

ethyl acetate (5 mL). The organic layer was separated, and aqueous layer was extracted with ethyl acetate 

(2x5 mL). Organic layers were combined, dried over sodium sulfate, concentrated and the corresponding 

alcohol product was isolated by column chromatography on silica gel with 100% CH2Cl2 as eluent. 

1.0 mmol Scale Reaction for the Synthesis of Compound 3a  

An argon purged oven dried two-neck round bottom flask was filled with Cu(I)Cl (9.8 mg, 0.1 mmol, 10 

mol%), (R)-DM-SegPhos (79 mg, 0.11 mmol, 11 mol%) and bis(pinacolato)diboron 2 (330 mg, 1.3 mmol) 

and then the flask was evacuated and backfilled with argon three time. Anhydrous THF (10 mL) was added 

to this flask and the solution was stirred for 30 min. The reaction was cooled down to 0 °C and a solution 

of potassium tert-butoxide (0.5 mL, 1M in THF) was added dropwise. After 5 min, a solution of 1a (273 

mg, 1.0 mmol) in 1.0 mL dry THF was added and the solution was stirred for 10 min followed by the 

addition of anhydrous isopropyl alcohol (0.15 mL, 2 mmol). After 15 min stirring at this temperature, the 

solution was warmed to room temperature and stirred for 3 h. The solvent was removed under reduced 
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pressure and the residue was purified by column chromatography on silica gel using 4-6% acetone in 

hexanes as eluent. 352 mg (88%), dr 95:5, 92% ee. The NMR data are consistent with the characterization 

data of 3a from the 0.2 mmol scale.  

Characterization Data for the Compounds in Scheme 3 

(S)-tert-Butyl 2-oxo-3-((R)-phenyl(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl) 

methyl)pyrrolidine-1-carboxylate (3a): The compound was synthesized using 1a 

(55 mg, 0.2 mmol) by the Procedure D and purified by column chromatography on 

silica gel using 4-6% acetone in hexanes as eluent. 73 mg (91%); dr 95:5; 94% ee; white solid; m.p. 145-

147 C; 1H NMR (CDCl3, 600 MHz): δ 7.26-7.20 (m, 4H), 7.15 (m, 1H), 3.65 (m, 1H), 3.43 (td, J = 11.4, 

7.2 Hz, 1H), 3.18 (td, J = 11.4, 8.4 Hz, 1H), 2.36 (d, J = 11.4 Hz, 1H), 1.86 (m, 1H), 1.49-1.51 (m, 1H), 

1.50 (s, 9H), 1.22 (s, 6H), 1.19 (s, 6H);13C NMR (CDCl3, 150 MHz): δ 175.8, 150.0, 139.6, 128.6, 128.4, 

125.8, 83.5, 82.4, 47.0, 44.6, 27.9, 24.9, 24.7, 24.3; HPLC conditions: IA column, 2-propanol/hexanes = 

3/97, flow rate 1.0 mL/min, retention time = 8.07 min (minor) and 8.84 min (major); IR (neat): 2979, 2932, 

1781, 1746, 1717, 1508, 1369, 1317, 1153, 1233 cm-1; HRMS (ESI): m/z calcd for C22H32BNO5Na 

[M+Na]+ 424.2266; Found 424.2270. 

(S)-Benzyl 2-oxo-3-((R)-phenyl(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl) 

methyl)pyrrolidine-1-carboxylate (3b): The compound was synthesized using 1b 

(62 mg, 0.2 mmol) by the Procedure D and purified by column chromatography 

on silica gel using 4-6% acetone in hexanes as eluent. 78 mg (89%); dr 96:4; 94% ee; white solid; m.p. 117-

118 C; 1H NMR (CDCl3, 600 MHz): δ 7.42 (d, J = 7.2 Hz, 2H), 7.38-7.30 (m, 3H), 7.27-7.20 (m, 4H), 

7.16 (m, 1H), 5.28 (d, J = 12.6 Hz, 1H), 5.25 (d, J = 12.6 Hz, 1H), 3.73 (m, 1H), 3.52 (m, 1H), 3.21 (td, J 

= 10.8, 8.4 Hz, 1H), 2.40 (d, J = 10.8 Hz, 1H), 1.90 (m, 1H), 1.54 (m, 1H), 1.23 (s, 6H), 1.20 (m, 6H); 13C 

NMR (CDCl3, 150 MHz): δ 175.6, 151.3, 139.3, 135.4, 128.7, 128.4 (2C), 128.2, 128.1, 125.9, 83.6, 67.7, 

46.9, 44.6, 24.8, 24.6, 24.4; HPLC conditions: AD-H column, 2-propanol/hexanes = 3/97, flow rate 1.0 
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mL/min, 220 nm, retention time = 21.04 min (major) and 29.15 min (minor); IR (neat): 2977, 2930, 1787, 

1748, 1723, 1453, 1359, 1302, 1277, 1141, 1037 cm-1; HRMS (ESI): m/z calcd for C25H31BNO5 [M+H]+ 

436.2290; Found 436.2295. 

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

pyrrolidin-2-one (3c): The compound was synthesized using 1c (43 mg, 0.2 mmol) 

by the Procedure D and purified by column chromatography on silica gel using 4-

6% acetone in hexanes as eluent. 60 mg (87%); dr 66:34;  

NMR data for major diastereomer 1H NMR (CDCl3, 600 MHz): δ 7.30-7.10 (m, 5H), 3.83 (m, 1H), 3.44 

(m, 1H), 3.28 (m, 1H), 2.51 (s, 3H), 2.41 (d, J = 10.2 Hz, 1H), 1.98 (m, 1H), 1.55 (m, 1H), 1.24 (s, 6H), 

1.21 (s, 6H); 13C NMR (CDCl3, 150 MHz): δ 177.2, 171.4 139.3, 129.7, 128.7, 126.1, 83.7, 47.8, 43.4, 24.9, 

24.7, 24.5(9), 24.5(3).    

NMR data for minor diastereomer 

1H NMR (CDCl3, 600 MHz): 7.30-7.10 (m, 5 H), 3.82 (m, 1 H), 3.42 (m, 1 H), 3.08 (m, 1H), 2.87 (d, J = 

5.4 Hz, 1H), 2.49 (s, 3 H), 2.0-1.94 (m, 2 H), 1.26 (s, 6 H), 1.23 (s, 6 H); 13C NMR (CDCl3, 150 MHz): δ 

177.0, 171.5, 139.7, 130.2, 128.6, 126.2, 83.9, 47.9, 43.3, 24.9(5), 24.7, 24.53, 22.7. 

HPLC conditions: AD-H column, 2-propanol/hexanes = 3/97, flow rate 0.5 mL/min, 220 nm. retention time 

for major diastereomer = 12.01 (major) and 14.31 (minor), 71% ee; retention time for minor diastereomer 

= 15.36 min (minor) and 16.28 min (major), 78% ee; IR (neat): 2978, 2932, 1735, 1697, 1495, 1372, 1298, 

1142 cm-1; HRMS (ESI): m/z calcd for C19H27BNO4 [M+H]+ 344.2028; Found 344.2026. 

 (S)-1-Acetyl-3-((R)-hydroxy(phenyl)methyl)pyrrolidin-2-one (4a): The compound 

was synthesized using 3c (35 mg, 0.1 mmol) by the Procedure E and purified by 

column chromatography on silica gel using CH2Cl2 as eluent. 10 mg (43% yield); 

colorless amorphous solid; 1H NMR (CDCl3, 600 MHz): δ 7.39-7.36 (m, 4H), 7.30 (m, 1H), 5.41 (d, J = 
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3.6 Hz, 1H), 3.85 (m, 1H), 3.50 (m, 1H), 2.98 (td, J = 9.0, 3.6 Hz, 1H), 2.55 (s, 3H), 2.37 (d, J = 6.6 Hz, 

1H), 2.18 (m, 1H), 1.78 (m, 1H); 13C NMR (CDCl3, 150 MHz): δ 175.6, 171.2, 141.5, 128.5, 127.7, 125.4, 

71.2, 51.9, 43.2, 25.0, 16.8; IR (neat): 3480, 2982, 1731, 1488, 1378, 1166, 1051 cm-1; HRMS (ESI): m/z 

calcd for C13H16NO3 [M+H]+ 234.1125; Found 234.1128. 

 (S)-tert-Butyl 2-oxo-3-((R)-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)(p-

tolyl)methyl)pyrrolidine-1-carboxylate (3d): The compound was synthesized 

using 1e (58 mg, 0.2 mmol) by the Procedure D and purified by column 

chromatography on silica gel using 4-6% acetone in hexanes as eluent. 68 mg (82%); dr 94:6; 94% ee; 

white solid; m.p. 120-123 °C; 1H NMR (CDCl3, 600 MHz): δ 7.10 (d, J = 8.4 Hz, 2H), 7.04 (d, J = 8.4 Hz, 

2H), 3.63 (m, 1H), 3.42 (m, 1H), 3.12 (td, J = 10.8, 7.8 Hz, 1H), 2.31 (d, J = 10.8 Hz, 1H), 2.76 (s, 3H), 

1.84 (m, 1H), 1.48 (s, 9H), 1.48-1.49 (m, 1H), 1.20 (s, 6H), 1.18 (s, 6H); 13C NMR (CDCl3, 150 MHz): δ 

175.9, 150.0, 136.3, 135.2, 129.1, 128.5, 83.4, 82.4, 47.0, 44.6, 29.7, 24.8, 24.7, 24.3, 20.9; HPLC 

conditions: AD-H column, 2-propanol/hexanes = 2/98, flow rate 1.0 mL/min, 220 nm, retention time = 

11.04 min (major) and 13.52 min (minor); IR (neat): 2978, 2930, 1778, 1745, 1716, 1511, 1368, 1317, 1153 

cm-1; HRMS (ESI): m/z calcd for C23H34BNO5Na [M+Na]+ 438.2422; Found 438.2423. 

 (S)-tert-Butyl 2-oxo-3-((R)-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)(p-tolyl)methyl)pyrrolidine-1-carboxylate (3e): The compound was 

synthesized using 1f (61 mg, 0.2 mmol) by the Procedure D and purified by 

column chromatography on silica gel using 4-6% acetone in hexanes as eluent. 71 mg (82%); dr 95:5; 92% 

ee; pale yellow amorphous solid; 1H NMR (CDCl3, 600 MHz): δ 7.15 (d, J = 9.0 Hz, 2H), 6.81 (d, J = 9.0 

Hz, 2H), 3.77 (s, 3H), 3.64 (m, 1H), 3.44 (td, J = 10.8, 6.0 Hz, 1H), 3.10 (m, 1H), 2.33 (d, J = 10.8 Hz, 1H), 

1.86 (m, 1H), 1.50-1.51 (m, 1H), 1.50 (s, 9H), 1.23 (s, 6H), 1.20 (s, 6H); 13C NMR (CDCl3, 150 MHz): 

175.8, 157.7, 149.9, 131.3, 129.6, 113.8, 83.4, 82.4, 55.0, 47.1, 44.6, 27.9, 24.7 (2C), 24.3; HPLC 

conditions: AD-H column, 2-propanol/hexanes = 2/98, flow rate 1.0 mL/min, 220 nm, retention time = 
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17.40 min (major) and 19.26 min (minor); IR (neat): 2978, 2933, 1718, 1716, 1602, 1510, 1455, 1369, 1317, 

1251, 1151 cm-1; HRMS (ESI): m/z calcd for C23H34BNO6Na [M+Na]+ 432.2552; Found 432.2554. 

 (S)-tert-Butyl 3-((R)-(4-fluorophenyl)(4,4,5,5-tetramethyl-1,3,2-dioxaborolan 

-2-yl)methyl)-2-oxopyrrolidine-1-carboxylate (3f): The compound was 

synthesized using 1g (58 mg, 0.2 mmol) by the Procedure D and purified 

column chromatography on silica gel using 4-6% acetone in hexanes as eluent. 73 mg (87%); dr 95:5; 96% 

ee; white solid; m.p. 168-170 °C; 1H NMR (CDCl3, 600 MHz): δ 7.20-7.15 (m, 2H), 6.96-6.90 (m, 2H), 

3.65 (m, 1H), 3.42 (m, 1H), 3.09 (m, 1H), 2.34 (d, J = 10.8 Hz, 1H), 1.85 (m, 1H), 1.48 (s, 9H), 1.47-1.48 

(m, 1H), 1.20 (s, 6H), 1.18 (s, 6H); 13C NMR (CDCl3, 150 MHz): δ 175.7, 162.2 (d, J = 242.7 Hz), 150.0, 

135.3, 130.1 (d, J = 24.1 Hz), 115.4 (d, J = 21.6 Hz), 83.7, 82.7, 47.2, 44.7, 28.0, 24.8(8), 24.8(5), 24.4; 

HPLC conditions: AD-H column, 2-propanol/hexanes = 1/99, flow rate 1.0 mL/min, 220 nm, retention time 

= 20.38 min (major) and 23.88 min (minor); IR (neat): 2978, 2932, 1781, 1745, 1717, 1508, 1369, 1318, 

1153 cm-1; HRMS (ESI): m/z calcd for C22H31BFNO5Na [M+Na]+ 442.2172; Found 442.2174. 

(S)-tert-Butyl 3-((R)-(4-chlorophenyl)(4,4,5,5-tetramethyl-1,3,2-dioxaboro 

lan-2-yl)methyl)-2-oxopyrrolidine-1-carboxylate (3g): The compound was 

synthesized using 1h (62 mg, 0.2 mmol) by the Procedure D and purified by 

column chromatography on silica gel using 4-6% acetone in hexanes as eluent. 76 mg (87%); dr 93:7; 94% 

ee; white solid; m.p.132-134 °C; 1H NMR (CDCl3, 600 MHz): δ 7.25-7.21 (m, 2H), 7.19-7.16 (m, 2H), 

3.68 (m, 1H), 3.48 (m, 1H), 3.14 (m, 1H), 2.35 (d, J = 10.8 Hz, 1H), 1.87 (m, 1H), 1.50 (s, 9H), 1.48-1.50 

(m, 1H), 1.22 (s, 6H), 1.20 (s, 6H); 13C NMR (CDCl3, 150 MHz): δ 175.5, 149.9, 138.2, 131.6, 130.0, 128.5, 

83.7, 82.6, 47.0, 44.6, 27.9, 24.8, 24.7, 24.3; HPLC conditions: IA column, 2-propanol/hexanes = 2/98, 

flow rate 1.0 mL/min, 220 nm, retention time = 10.38 min (major) and 11.67 min (minor); IR (neat): 2978, 

29321, 1781, 1745, 1716, 1490, 1369, 1317, 1141 cm-1; HRMS (ESI): m/z calcd for C22H31BClNO5Na 

[M+Na]+ 458.1876; Found 458.1886. 
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 (S)-Benzyl 3-((R)-(4-chlorophenyl)(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-

2-yl)methyl)-2-oxopyrrolidine-1-carboxylate (3h): The compound was 

synthesized using 1i (68 mg, 0.2 mmol) by the Procedure D and purified by 

column chromatography on silica gel using 4-6% acetone in hexanes as eluent. 84 mg (89%); dr 95:5; 95% 

ee; white solid; m.p.111-113 °C; 1H NMR (CDCl3, 600 MHz): δ 7.44-7.39 (m, 2H), 7.38-7.31 (m, 3H), 

7.23 (d, J = 8.4 Hz, 2H), 7.17 (d, J = 8.4 Hz, 2H), 5.27 (d, J = 12.0 Hz, 1H), 5.25 (d, J = 12.0 Hz, 1H), 3.74 

(m, 1H), 3.52 (m, 1H), 3.17 (m, 1H), 2.38 (d, J = 10.8 Hz, 1H), 1.90 (m, 1H), 1.54 (m, 1H), 1.23 (s, 6H), 

1.20 (s, 6H); 13C NMR (CDCl3, 150 MHz): δ 175.3, 151.2, 137.9, 135.3, 131.7, 130.0, 128.6, 128.5, 128.3, 

128.1, 83.8, 67.8, 46.8, 44.5, 24.7, 24.6, 24.4; HPLC conditions: IE column, 2-propanol/hexanes = 1/9, 

flow rate 1.0 mL/min, 220 nm, retention time = 19.11 min (major) and 26.69 min (minor); IR (neat): 2977, 

2931, 1787, 1747, 1722, 1490, 1380, 1304, 1141 cm-1; HRMS (ESI): m/z calcd for C25H29BClNO5Na 

[M+Na]+ 492.1720; Found 492.1726. 

(S)-tert-Butyl 3-((R)-(4-bromophenyl)(4,4,5,5-tetramethyl-1,3,2-dioxaboro 

lan-2-yl)methyl)-2-oxopyrrolidine-1-carboxylate (3i): The compound was 

synthesized using 1j (70 mg, 0.2 mmol) by the Procedure D and purified by 

column chromatography on silica gel using 4-6% acetone in hexanes as eluent. 88 mg (91%); dr 94:6; 96% 

ee; white solid; m.p. 116-118 °C; 1H NMR (CDCl3, 600 MHz): δ 7.40-7.36 (m, 2H), 7.14-7.10 (m, 2H), 

3.68 (m, 1H), 3.46 (m, 1H), 3.13 (m, 1H), 2.34 (d, J = 11.4 Hz, 1H), 1.87 (m, 1H), 1.50 (s, 9H), 1.49-1.50 

(m, 1H), 1.22 (s, 6H), 1.20 (s, 6H); 13C NMR (CDCl3, 150 MHz): δ 175.5, 149.9, 138.7, 131.5, 130.4, 119.6, 

83.7, 82.6, 46.9, 44.6, 27.9, 24.8, 24.7, 24.3; HPLC conditions: IA column, 2-propanol/hexanes = 2/98, 

flow rate 1.0 mL/min, 220 nm, retention time = 10.83 min (major) and 12.80 min (minor); IR (neat): 2977, 

2932, 1780, 1745, 1717, 1468, 1368, 1317, 1141 cm-1; HRMS (ESI): m/z calcd for C22H31BBrNO5Na 

[M+Na]+ 502.1371; Found 502.1376. 
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(S)-tert-Butyl 2-oxo-3-((R)-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl) (m-

tolyl)methyl)pyrrolidine-1-carboxylate (3j): The compound was synthesized 

using 1k (58 mg, 0.2 mmol) by the Procedure D and purified by column 

chromatography on silica gel using 4-6% acetone in hexanes as eluent. 75 mg (90%); dr 94:6; 90% ee; 

white solid; m.p. 62-64 °C; 1H NMR (CDCl3, 600 MHz): δ 7.14  (m, 1H), 7.04 (s, 1H), 7.03 (d, J = 7.8 Hz, 

1H), 6.97 (d, J = 7.2 Hz, 1H), 3.66 (m, 1H), 3.44 (m, 1H), 3.17 (m, 1H), 2.31 (d, J = 10.8 Hz, 1H), 2.30 (s, 

3H), 1.88 (m, 1H), 1.50 (s, 9H), 1.49-1.50 (m, 1H), 1.22 (s, 6H), 1.20 (s, 6H); 13C NMR (CDCl3, 150 MHz): 

δ 175.9, 150.0, 139.4, 137.9, 129.5, 128.2, 126.5, 125.9, 83.5, 82.4, 47.0, 44.6, 27.9, 24.9, 24.7, 24.3, 21.3; 

HPLC conditions: IA column, 2-propanol/hexanes = 2/98, flow rate 1.0 mL/min, 220 nm, retention time = 

8.67 min (minor) and 10.09 min (major); IR (neat): 2978, 2931, 1781, 1747, 1716, 1479, 1369, 1318, 1251, 

1141 cm-1; HRMS (ESI): m/z calcd for C23H34BNO5Na [M+Na]+ 438.2422; Found 438.2433. 

 ((S)-tert-Butyl 3-((R)-(3-chlorophenyl)(4,4,5,5-tetramethyl-1,3,2-dioxa 

borolan-2-yl)methyl)-2-oxopyrrolidine-1-carboxylate (3k): The compound 

was synthesized using 1l (68 mg, 0.2 mmol) by the Procedure D and purified 

by column chromatography on silica gel using 4-6% acetone in hexanes as eluent. 80 mg (92%); dr 94:6; 

89% ee; white solid; m.p. 120-123 °C; 1H NMR (CDCl3, 600 MHz): δ 7.24 (t, J = 2.4 Hz, 1H), 7.19 (dd, J 

= 7.2, 7.8 Hz, 1H), 7.16-7.11 (m, 2H), 3.69 (m, 1H), 3.46 (m, 1H), 3.15 (m, 1H), 2.33 (d, J = 10.8 Hz, 1H), 

1.88 (m, 1H), 1.50 (s, 9H), 1.49-1.50 (m, 1H), 1.23 (s, 6H), 1.21 (s, 6H); 13C NMR (CDCl3, 150 MHz): δ 

175.4, 149.8, 141.8, 134.1, 129.6, 128.6, 126.8, 126.0, 83.7, 82.6, 46.9, 44.6, 27.9, 24.8, 24.7, 24.2; HPLC 

conditions: IA column, 2-propanol/hexanes = 2/98, flow rate 1.0 mL/min, 220 nm, retention time = 9.47 

min (minor) and 11.09 min (major); IR (neat): 2978, 2931, 1781, 1747, 1716, 1479, 1369, 1318, 1251, 1141 

cm-1; HRMS (ESI): m/z calcd for C22H32BClNO5 [M+H]+ 436.2057; Found 436.2059. 

 (S)-tert-Butyl 3-((R)-(3-fluorophenyl)(4,4,5,5-tetramethyl-1,3,2-dioxaboro 

lan-2-yl)methyl)-2-oxopyrrolidine-1-carboxylate (3l): The compound was 

synthesized using 1m (58 mg, 0.2 mmol) by the Procedure D and purified by 
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column chromatography on silica gel using 4-6% acetone in hexanes as eluent. 75mg (90%); dr 95:5; 94% 

ee; colorless amorphous solid; 1H NMR (CDCl3, 600 MHz): δ 7.22 (m, 1H), 7.01 (d, J = 7.8 Hz, 1H), 6.96 

(m, 1H), 6.86 (m, 1H), 3.69 (m, 1H), 3.47 (m, 1H), 3.15 (m, 1H), 2.36 (d, J = 10.8 Hz, 1H), 1.89 (m, 1H), 

1.51-1.52 (m, 1H), 1.51 (s, 9H), 1.23 (s, 6H), 1.20 (s, 6H); 13C NMR (CDCl3, 150 MHz): δ 175.4, 163.6 (d, 

J = 244.2 Hz), 149.9, 142.3 (d, J = 7.2 Hz), 129.8 (d, J = 8.7 Hz), 124.4, 115.3 (d, J = 20.1Hz), 112.8 (d, J 

= 20.1Hz), 83.7, 82.5, 47.0, 44.6, 27.9, 24.8, 24.7, 24.3; HPLC conditions: IA column, 2-propanol/hexanes 

= 2/98, flow rate 1.0 mL/min, 220 nm, retention time = 9.68 min (minor) and 11.54 min (major); IR (neat): 

2979, 2932, 1781, 1746, 1716, 1612, 1586, 1485, 1370, 1317, 1255, 1141 cm-1; HRMS (ESI): m/z calcd 

for C22H31BFNO5Na [M+Na]+ 442.2172; Found 442.2177. 

 ((S)-tert-Butyl 2-oxo-3-((R)-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl) (o-

tolyl)methyl)pyrrolidine-1-carboxylate (3m): The compound was synthesized 

using 1n (58 mg, 0.2 mmol) by the Procedure D and purified by column 

chromatography on silica gel using 4-6% acetone in hexanes as eluent. 76 mg (92%); colorless amorphous 

solid; dr 74:26. 

NMR data for major diastereomer 

1H NMR (CDCl3, 600 MHz): δ 7.24 (m, 1H), 7.17-7.07 (m, 2H), 7.03 (m, 1H), 3.69 (m, 1H), 3.47 (m, 1H), 

3.30 (m, 1H), 2.65 (d, J = 11.4 Hz, 1H), 2.33 (s, 3H), 1.96 (m, 1H), 1.51 (s, 9H), 1.40 (m, 1H), 1.18 (s, 6H), 

1.16 (s, 6H); 13C NMR (CDCl3, 150 MHz): δ 176.1, 150.0, 137.9, 136.4, 130.2, 127.3, 125.8, 125.2, 83.3, 

82.4, 46.7, 44.6, 27.9, 25.1, 24.6, 24.2, 20.3 

NMR data for minor diastereomer 

1H NMR (CDCl3, 600 MHz): δ 7.17-7.06 (m, 4H), 3.75 (m, 1H), 3.43 (m, 1H), 3.13 (d, J = 4.8 Hz, 1H), 

2.92 (m, 1H), 2.32 (s, 3H), 2.01 (m, 1H), 1.51 (s, 9H), 1.44 (m, 1H), 1.25 (s, 6H), 1.22 (s, 6H); 13C NMR 

(CDCl3, 150 MHz): δ 175.3, 150.4, 138.4, 136.6, 130.3, 129.6, 126.0, 125.8, 83.5, 82.1, 46.2, 44.4, 29.9, 

24.8, 24.4, 22.4, 19.7 
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HPLC conditions: IA column, 2-propanol/hexanes = 2/98, flow rate 1.0 mL/min, 220 nm. retention time 

for major diastereomer = 6.35 min (minor) and 7.23 min (major), 98% ee; retention time for minor 

diastereomer: 8.70 (major) and 13.65 (minor), 92% ee; IR (neat): 2978, 2932, 1781, 1746, 1716, 1480, 

1369, 1318, 1248, 1142 cm-1; HRMS (ESI): m/z calcd for C23H34BNO5Na [M+Na]+ 438.2422; Found 

438.2433. 

 (S)-tert-Butyl 3-((R)-hydroxy(o-tolyl)methyl)-2-oxopyrrolidine-1-carboxylate 

(4b): The compound was synthesized using 3m (42mg, 0.1 mmol) by the Procedure 

E. The crude NMR of the reaction mixture 3m showed 74/26 dr. The major isomer 

was obtained by column chromatography on silica gel using 100% CH2Cl2 as eluent. 21 mg (69%); colorless 

amorphous solid; 1H NMR (CDCl3, 600 MHz): δ 7.41 (d, J = 7.2 Hz, 1H), 7.23 (m, 1H), 7.19 (td, J = 7.2, 

1.2 Hz, 1H), 7.15 (d, J = 7.2 Hz, 1H), 5.10 (d, J = 9.0 Hz, 1H), 4.82 (s, 1H), 3.75 (m, 1H), 3.51 (td, J = 

10.8, 7.2 Hz, 1H), 3.01 (m, 1H), 2.41 (s, 3H), 1.74 (m, 1H), 1.55 (s, 9H), 1.51 (m, 1H); 13C NMR (CDCl3, 

150 MHz): δ 177.0, 149.8, 138.1, 135.7, 130.6, 127.9, 126.8, 126.4, 83.5, 71.2, 49.2, 44.5, 27.9, 21.4, 19.5; 

IR (neat): 3475, 2979, 2931, 1774, 1719, 1369, 1304, 1256, 1152 cm-1; HRMS (ESI): m/z calcd for 

C17H23NO4Na [M+Na]+ 328.1519; Found 328.1523. 

(S)-Benzyl 2-oxo-3-((R)-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)(o-tolyl) 

methyl)pyrrolidine-1-carboxylate (3n): The compound was synthesized using 1o 

(64 mg, 0.2 mmol) by the Procedure D and purified by column chromatography 

on silica gel using 4-6% acetone in hexanes as eluent. 53 mg (59%); dr 83:17; colorless amorphous solid;  

Data for major diastereomer 

1H NMR (CDCl3, 600 MHz): δ 7.42 (d, J = 7.8 Hz, 2H), 7.34-7.29 (m, 3H), 7.24 (d, J = 7.8 Hz, 1H), 7.19 

(dd, J = 6.0, 7.2 Hz, 2H), 7.03 (t, J = 7.2 Hz, 1H), 5.28 (d, J = 12.6 Hz, 1H), 5.25 (d, J = 12.6, 1H), 3.75 

(m, 1H), 3.53 (m, 1H), 3.32 (m, 1H), 2.65 (d, J = 10.8 Hz, 1H), 2.32 (s, 3H), 1.97 (m, 1H), 1.46 (m, 1H), 
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1.18 (s, 6H), 1.15 (s, 6H); 13C NMR (CDCl3, 150 MHz): δ 176.1, 151.5, 137.9, 136.6, 135.6, 130.5, 128.6, 

128.4, 128.3, 127.5, 126.1, 125.5, 83.6, 67.9, 46.8, 44.8, 25.3, 24.7, 24.5, 20.6. 

Data for minor diastereomer 

1H NMR (CDCl3, 600 MHz): δ 7.44-7.40 (m, 2H), 7.34-7.29 (m, 2H), 7.14-7.06 (m, 5H), 5.29-5.22 (m, 

2H), 3.81 (m, 1H), 3.50 (m, 1H), 3.13 (d, J = 5.4 Hz, 1H), 2.95 (m, 1H), 2.32 (s, 3H), 2.05 (m, 1H), 1.84 

(m, 1H), 1.23 (s, 6H), 1.19 (s, 6H); 13C NMR (CDCl3, 150 MHz): δ 175.4, 151.9, 138.3, 136.8, 135.8, 130.7, 

129.7, 128.6, 128.3(7), 128.1, 128.2, 126.1, 83.9, 67.8, 46.3, 44.6, 24.9, 24.6, 22.9, 20.0;  

HPLC conditions: AD-H column, 2-propanol/hexanes = 5/95, flow rate 1.0 mL/min, 220 nm. retention time 

for major diastereomer = 8.78 (major) and 12.40 (minor), 99% ee; retention time for minor diastereomer = 

10.10 min (major) and 15.53 min (minor), 91% ee; IR (neat): 2975, 2932, 1780, 1740, 1715, 1480, 1368, 

1315, 1251, 1142 cm-1; HRMS (ESI): m/z calcd for C26H33BNO5 [M+H]+ 450.2446; Found 450.2448. 

 (S)-Benzyl 3-((R)-hydroxy(o-tolyl)methyl)-2-oxopyrrolidine-1-carboxylate (4c): 

The compound was synthesized using 3u (45 mg, 0.1 mmol) by the Procedure E. 

The crude NMR of the reaction mixture 3u showed 83/17 dr. The major 

diastereomer was obtained by column chromatography on silica gel using 100% CH2Cl2 as eluent. 27 mg 

(80%); colorless amorphous solid; 1H NMR (CDCl3, 600 MHz): δ 7.44 (d, J = 7.2 Hz, 2H),  7.42-7.34 (m, 

4H), 7.23 (dd, J = 6.6, 7.8 Hz, 1H), 7.19 (m, 1H), 7.15 (d, J = 7.2 Hz, 1H), 5.31 (d, J = 12.6 Hz, 1H), 5.30 

(d, J = 12.6 Hz, 1H), 5.10 (d, J = 9.6 Hz, 1H), 4.66 (s, 1H), 3.81 (m, 1H), 3.58 (m, 1H), 3.05 (m, 1H), 2.40 

(s, 3H), 1.78 (m, 1H), 1.56 (m, 1H); 13C NMR (CDCl3, 150 MHz): δ 176.8, 151.1, 138.0, 135.6, 134.9, 

130.7, 128.6, 128.5, 128.3, 128.0, 126.8, 126.5, 71.2, 68.4, 49.1, 44.5, 21.6, 19.5; IR (neat): 3475, 2979, 

2920, 1782, 1719, 1456, 1380, 1295 cm-1; HRMS (ESI): m/z calcd for C20H22NO4 [M+H]+ 340.1543; Found 

340.1547. 
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(S)-tert-Butyl 3-((R)-(2-chlorophenyl)(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)methyl)-2-oxopyrrolidine-1-carboxylate (3o): The compound was synthesized 

using 1p (62mg, 0.2 mmol) by the Procedure D and purified by column 

chromatography on silica gel using 4-6% acetone in hexanes as eluent. 76 mg (87 %); dr 62:38; colorless 

amorphous solid;  

NMR data for major diastereomer 

1H NMR (CDCl3, 600 MHz): δ 7.45 (m, 1H), 7.33 (m, 1H), 7.18 (m, 1H), 7.09 (m, 1H), 3.71 (m, 1H), 3.45 

(m, 1H), 3.18 (m, 1H), 3.06 (d, J = 10.2 Hz, 1H), 1.86 (m, 1H), 1.65 (m, 1H), 1.51 (s, 9H), 1.23 (s, 6H), 

1.21 (s, 6H); 13C NMR (CDCl3, 150 MHz): δ 175.5, 150.0, 137.8, 134.4, 129.9, 129.6, 126.9, 126.7, 83.6, 

82.4, 47.3, 44.5, 27.9, 24.9, 24.7, 24.3. 

NMR data for minor diastereomer 

1H NMR (CDCl3, 600 MHz): δ 7.39 (m, 1H), 7.33 (m, 1H), 7.16 (m, 1H), 7.13 (m, 1H), 3.63 (m, 1H), 3.43 

(m, 1H), 3.34 (d, J = 4.8 Hz, 1H), 3.15 (m, 1H), 1.95 (m, 1H), 1.76 (m, 1H), 1.49 (s, 9H), 1.27 (s, 12H); 

13C NMR (CDCl3, 150 MHz): δ 175.1, 150.1, 137.4, 135.1, 132.0, 129.2, 127.4, 126.8, 83.8, 82.7, 46.4, 

44.5, 29.9(8), 24.5, 24.4, 22.3. 

HPLC conditions: AD-H column, 2-propanol/hexanes = 2/98, flow rate 1.0 mL/min, 220 nm. retention time 

for major diastereomer = 7.26 min (minor) and 12.15 min (major), 99% ee; retention time for minor 

diastereomer = 8.59 (major) and 11.44 (minor), 92% ee; IR (neat): 2979, 2932, 1781, 1746, 1716, 1480, 

1368, 1315, 1251, 1142 cm-1; HRMS (ESI): m/z calcd for C22H31BClNO5Na [M+Na]+ 458.1876; Found 

458.1877. (Note: Attempts to separate diastereomers after conversion to alcohol were unsuccessful) 

 (S)-tert-Butyl 3-((R)-naphthalen-1-yl(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-

2-yl)methyl)-2-oxopyrrolidine-1-carboxylate (3p): The compound was 

synthesized using 1q (65 mg, 0.2 mmol) by the Procedure D and purified by 
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column chromatography on silica gel using 4-6% acetone in hexanes as eluent. 51 mg (56 %); dr 83:17; 

colorless amorphous solid;  

NMR Data for major diastereomer  

1H NMR (CDCl3, 600 MHz): δ 8.23 (d, J = 8.4 Hz, 1H), 7.81 (d, J = 7.2 Hz, 1H), 7.67 (d, J = 8.4 Hz, 1H), 

7.50-7.42 (m, 3H), 7.39 (t, J = 7.8 Hz, 1H), 3.62 (m, 1H), 3.48-3.30 (m, 2H), 3.21 (d, J = 10.8 Hz, 1H), 

1.82 (m, 1H), 1.50 (s, 9H), 1.46 (m, 1H), 1.18 (s, 6H), 1.12 (s, 6H); 13C NMR (CDCl3, 150 MHz): δ 176.1, 

150.0, 136.3, 133.9, 132.4, 128.6, 126.3, 125.6, 125.5 (2C), 125.4, 124.2, 83.6, 82.5, 47.1, 44.6, 27.9, 24.9, 

24.6, 24.3 

NMR Data for minor diastereomer  

1H NMR (CDCl3, 600 MHz): δ 8.11 (d, J = 8.4 Hz, 1H), 7.82 (d, J = 7.2 Hz, 1H), 7.70 (m, 1H), 7.50-7.42 

(m, 3H), 7.37 (t, J = 7.8 Hz, 1H), 3.80 (m, 1H), 3.70 (m, 1H), 3.63 (m, 1H), 3.09 (m, 1H), 2.01 (m, 1H), 

1.58 (s, 9H), 1.45 (m, 1H), 1.28 (s, 6H), 124 (s, 6H); 13C NMR (CDCl3, 150 MHz): δ 175.4, 150.4, 136.2, 

134.1, 132.3, 128.9, 128.6, 127.3, 126.9, 126.0, 125.4, 123.4, 83.7, 82.2, 46.7, 44.5, 28.0, 24.6, 24.4, 22.5. 

HPLC conditions: IA column, 2-propanol/hexanes = 2/98, flow rate 1.0 mL/min, 220 nm. retention time 

for major diastereomer = 9.52 min (minor) and 11.31 min (major), 99% ee; retention time for minor 

diastereomer = 12.40 (major) and 21.05 (minor), 92% ee; IR (neat): 2978, 2931, 1719, 1745, 1716, 1369, 

1318, 1260, 1152 cm-1; HRMS (ESI): m/z calcd for C26H34BNO5Na [M+Na]+ 474.2422; Found 474.2432. 

(S)-tert-Butyl 3-((R)-hydroxy(naphthalen-1-yl)methyl)-2-oxopyrrolidine-1-

carboxylate (4d): The compound was synthesized using 3q (45 mg, 0.1 mmol) 

by the Procedure E. The crude NMR of the reaction mixture 3q showed 83/17 

dr. The major isomer was obtained by column chromatography on silica gel using 100% CH2Cl2 as eluent. 

24 mg (72%) colorless amorphous solid; 1H NMR (CDCl3, 600 MHz): δ 8.39 (d, J = 7.8 Hz, 1H), 7.88 (d, 

J = 7.2 Hz, 1H), 7.83 (d,  J = 7.8 Hz, 1H), 7.57 (d, J = 7.2 Hz, 1H), 7.55-7.45 (m, 3H), 5.52 (d, J = 9.6 Hz, 
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1H), 5.08 (s, 1H), 3.71 (m, 1H), 3.47 (m, 1H), 3.25 (m, 1H), 1.65-1.52 (m, 2H), 1.55 (s, 9H); 13C NMR 

(CDCl3, 150 MHz): 177.0, 149.8, 135.7, 134.0, 131.1, 128.9(4), 128.9 (2C), 126.1, 125.6, 125.2, 123.7, 

83.5, 73.0, 49.3, 44.5, 27.9, 21.8; IR (neat): 3464, 2979, 2928, 1773, 1718, 13658, 1309, 1257, 1151 cm-1; 

HRMS (ESI): m/z calcd for C20H23NO4Na [M+Na]+ 364.1519; Found 364.1514. 

 (S)-tert-Butyl 3-((R)-naphthalen-2-yl(4,4,5,5-tetramethyl-1,3,2-dioxaboro 

lan-2-yl)methyl)-2-oxopyrrolidine-1-carboxylate (3q): The compound was 

synthesized using 1r (65 mg, 0.2 mmol) by the Procedure D and purified by 

column chromatography on silica gel using 4-6% acetone in hexanes as eluent. 76 mg (87%); dr 95:05; 93% 

ee (major); white solid; m.p. 78-80 °C; 1H NMR (CDCl3, 600 MHz): δ 7.78 (d, J = 8.4 Hz, 1H), 7.75 (dd, 

J = 6.0, 8.4 Hz, 2 H), 7.67 (s, 1H), 7.46-7.38 (m, 3H), 3.67 (m, 1H), 3.45 (td, J = 10.8, 6.6 Hz, 1H), 3.31 

(m, 1H), 2.53 (d, J = 12.0 Hz, 1H), 1.85 (m, 1H), 1.53 (m, 1H), 1.51 (s, 9H), 1.22 (s, 6H), 1.19  (s, 6H); 13C 

NMR (CDCl3, 150 MHz): δ 175.8, 149.9, 137.2, 133.6, 131.9, 127.9, 127.5, 127.4, 127.0(9), 127.0(1), 

125.8, 125.1, 83.6, 82.5, 47.0, 44.7, 27.9, 25.0, 24.7, 24.3; HPLC conditions: IC column, 2-

propanol/hexanes = 1/9, flow rate 1.0 mL/min, 220 nm, retention time = 8.26 min (minor) and 10.47 min 

(major); IR (neat): 2978, 2931, 1778, 1744, 1716, 1599, 1477, 1455, 1370, 1317, 1256, 1151 cm-1; HRMS 

(ESI): m/z calcd for C26H34BNO5Na [M+Na]+ 474.2422; Found 474.2432. 

(S)-tert-Butyl 2-oxo-3-((R)-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)(thio 

phen-2-yl)methyl)pyrrolidine-1-carboxylate (3r): The compound was synthesized 

using 1s (56 mg, 0.2 mmol) by the Procedure D and purified by column 

chromatography on silica gel using 4-6% acetone in hexanes as eluent. 44 mg (54 %); dr 86:14; 74% ee 

(major); colorless oil; 1H NMR (CDCl3, 600 MHz): δ 7.11 (d, J = 4.8 Hz, 1H), 6.91(m, 1H), 6.85 (d, J = 

3.6 Hz, 1H), 3.67 (m, 1H), 3.47 (m, 1H), 3.07 (m, 1H), 2.74 (d, J = 10.2 Hz, 1H), 1.99 (m, 1H), 1.63 (m, 

1H), 1.50 (s, 9H), 1.27 (s, 6H), 1.24 (s, 6H); 13C NMR (CDCl3, 150 MHz): δ 175.3, 150.0, 141.9, 126.9, 

125.3, 123.6, 84.0, 82.7, 47.9, 44.7, 28.1, 24.9, 24.7, 24.5; HPLC conditions: IC column, 2-

propanol/hexanes = 1/9, flow rate 1.0 mL/min, 220 nm, retention time = 9.22 min (minor) and 14.36 min 



S27 
 

(major); IR (neat): 2977, 2918, 1769, 1361, 1326, 1215, 1140 cm-1; HRMS (ESI): m/z calcd for 

C20H30BNO5SNa [M+Na]+ 430.1830; Found 430.1840.  

(S)-3-((R)-Phenyl(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)dihydrofuran-

2(3H)-one (3s): The compound was synthesized using 1t (35 mg, 0.2 mmol) by the 

Procedure D and purified by column chromatography on silica gel using 4-6% acetone 

in hexanes as eluent. 34 mg (56 %); dr 76:24; 56% ee (major); colorless oil. 

NMR data for major diastereomer 

1H NMR (CDCl3, 600 MHz): δ 7.33-7.16 (m, 5H), 4.24 (m, 1H), 4.12 (m, 1H), 3.20 (m, 1H), 2.44 (d, J = 

10.8 Hz, 1H), 2.11 (m, 1H), 1.83 (m, 1H), 1.24 (s, 6H), 1.21 (s, 6H); 13C NMR (CDCl3, 150 MHz): δ 179.2, 

139.4, 128.7, 128.6, 126.1, 83.9, 67.0, 42.7, 29.1, 24.7, 24.5. 

NMR data for minor diastereomer 

1H NMR (CDCl3, 600 MHz): δ 7.33-7.16 (m, 5H), 4.21 (m, 1H), 4.08 (m, 1H), 3.02 (m, 1H), 2.86 (d, J = 

4.8 Hz, 1H), 2.27 (m, 1H), 2.14 (m, 1H), 1.27 (s, 6H), 1.25 (s, 6H); 13C NMR (CDCl3, 150 MHz): δ 178.8, 

139.7, 129.7, 128.6(6), 126.3, 84.0, 67.1, 43.1, 27.1, 24.8, 24.6. 

HPLC conditions: IA column, 2-propanol/hexanes = 3/97, flow rate 1.0 mL/min, 220 nm, retention time = 

19.68 min (minor) and 20.75 min (major); IR (neat): 2977, 2918, 1769, 1361, 1326, 1215, 1140 cm-1; 

HRMS (ESI): m/z calcd for C17H24BO4 [M+H]+ 303.1762; Found 303.1766. 

(S)-3-((R)-Hydroxy(phenyl)methyl)dihydrofuran-2(3H)-one (4e): The compound was 

synthesized using 3s (0.2 mmol) by the Procedure E. The crude NMR of the reaction 

mixture 3s showed 76/24 dr. The major diastereomer was obtained by column 

chromatography on silica gel using 100% CH2Cl2 as eluent. 13 mg (66%); colorless amorphous solid; 1H 

NMR (CDCl3, 600 MHz): δ 7.41-7.31 (m, 5H), 4.83 (d, J = 9.0 Hz, 1H), 4.32 (m, 1H), 4.29 (m, 1H), 4.16 

(m, 1H), 2.98 (m, 1H), 2.03-1.92 (m, 2H); 13C NMR (CDCl3, 150 MHz): δ 179.2, 140.2, 128.7, 128.4, 126.5, 
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74.6, 67.0, 46.2, 25.8; IR (neat): 3468, 2983, 2916, 1757, 1453, 1378, 1214, 1171, 1017 cm-1; HRMS (ESI): 

m/z calcd for C11H13O3 [M+H]+ 193.0859; Found 193.0861. 

(S)-tert-Butyl 3-((R)-hydroxy(phenyl)methyl)-2-oxopiperidine-1-carboxylate (4f): 

The compound was synthesized using 1u (58 mg, 0.2 mmol) according to the 

Procedure D followed by The Procedure E. Due to the stability issue of the 

borylated product during column chromatography, the reaction mixture was directly subjected to the 

oxidation condition after the reaction was completed. The crude NMRs of the reaction mixtures for both 

borylation step as well as oxidation step showed 90/10 dr. The major diastereomer was obtained by column 

chromatography on silica gel using 100% CH2Cl2 as eluent. 38 mg (62%); 74% ee; colorless amorphous 

solid; 1H NMR (CDCl3, 600 MHz): δ 7.37-7.28 (m, 5H), 4.95 (s, 1H), 4.83 (d, J = 9.0 Hz, 1H), 3.77 (m, 

1H), 3.54 (m, 1H), 2.64 (m, 1H), 1.77 (m, 1H), 1.71 (m, 1H), 1.40-1.28  (m, 2H), 1.55 (s, 9H); 13C NMR 

(CDCl3, 150 MHz): δ 175.5, 152.2, 140.7, 128.5, 128.1, 127.2, 83.6, 75.5, 50.1, 45.4, 28.0, 23.3, 21.6; 

HPLC conditions: OD-H column, 2-propanol/hexanes = 1/9, flow rate 1.0 mL/min, 220 nm, retention time 

= 8.70 min (major) and 11.35 min (minor); IR (neat): 3482, 3027, 2956, 2922, 1768, 1716, 1454, 1378, 

1287, 1251, 1168 cm-1; HRMS (ESI): m/z calcd for C17H23NO4Na [M+Na]+ 328.1519; Found 328.1525. 

 (S)-Benzyl 3-((R)-hydroxy(phenyl)methyl)-2-oxopiperidine-1-carboxylate (4g): 

The compound was synthesized using 1v (64 mg, 0.2 mmol) according to The 

Procedure D followed by the Procedure E. Due to the stability issue of the 

borylated product during column chromatography, the reaction mixture was directly subjected to the 

oxidation condition after the reaction was completed. The crude NMRs of the reaction mixtures for both 

borylation step as well as oxidation step showed 76/24 dr. The major diastereomer was isolated by column 

chromatography on silica gel using 100% CH2Cl2 as eluent. 40 mg (58%); 80% ee; colorless amorphous 

solid; 1H NMR (CDCl3, 600 MHz): δ 7.44 (d, J = 7.8 Hz, 2H), 7.38 (dd, J = 7.2, 7.8 Hz, 2H), 7.36-7.27 (m, 

6H), 5.30 (s, 2H), 4.84 (dd, J = 2.4, 9.0 Hz, 1H), 4.73 (d, J = 2.4 Hz, 1H), 3.87 (m, 1H), 3.62 (m, 1H), 2.68 

(m, 1H), 1.80 (m, 1H), 1.68 (m, 1H), 1.37 (m, 1H), 1.29 (m, 1H); 13C NMR (CDCl3, 150 MHz): δ 175.3, 
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153.5, 140.4, 135.1, 128.6, 128.4 (2C), 128.2, 128.1, 127.0, 75.2, 68.8, 50.2, 45.5, 23.1, 21.4; HPLC 

conditions: OD-H column, 2-propanol/hexanes = 2/8, flow rate 1.0 mL/min, 220 nm, retention time = 8.07 

min (minor) and 9.80 min (major); IR (neat): 3482, 3027, 2956, 2922, 1768, 1716, 1454, 1378, 1287, 1251, 

1168 cm-1; HRMS (ESI): m/z calcd for  C20H22NO4 [M+H]+ 340.1543; Found 340.1546. 

References 
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Control Experiment with Isopropanol-D8 
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X-Ray Analysis of Compound 3k 

X-Ray Crystal Data of Compound 3k (CCDC 1949071) 

Bond precision:  C-C = 0.0069 A  Wavelength=0.71073 

Cell:   a=9.0828(2)   b=9.6899(3)   c=14.3986(3) 

alpha=80.540(2)  beta=81.788(2)  gamma=71.284(2) 

Temperature: 170 K 

Calculated     Reported 

Volume   1178.39(5)     1178.39(5) 

Space group   P 1      P 1 

Hall group   P 1      P 1 

Moiety formula  C22 H31 B Cl N O5    2(C22 H31 B Cl N O5) 

Sum formula   C22 H31 B Cl N O5    C44 H62 B2 Cl2 N2 O10 

Mr    435.74      871.47 

Dx, g cm-3   1.228     1.228 

Z    2      1 

Mu (mm-1)   0.193     0.193 

F000   464.0     464.0 

F000’   464.51 

h,k,l max   12,13,20     12,12,19 

Nref    13346[ 6673]     11142 

Tmin,Tmax   0.939,0.949    0.849,1.000 

Tmin’ 0.939 

Correction method=  # Reported T Limits:  Tmin=0.849  Tmax=1.000 

AbsCorr = MULTI-SCAN 

Data completeness  =   1.67/0.83   Theta(max)= 29.671 

R(reflections)= 0.0602( 9128)   wR2(reflections)= 0.1509( 11142) 

S = 1.053     Npar= 555 
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HPLC Traces of Enantioenriched Compounds 

 

 

 

 

 

(IA column, IPA/hexanes: 2/98, flow rate 1.0 mL/min)  
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(AD-H column, IPA/hexanes: 3/97, flow rate 1.0 mL/min)  
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(AD-H column, IPA/hexanes: 3/97, flow rate 0.5 mL/min)  
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(AD-H column, IPA/hexanes: 2/98, flow rate 1.0 mL/min)  
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(AD-H column, IPA/hexanes: 2/98, flow rate 1.0 mL/min)  
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(AD-H column, IPA/hexanes: 1/99, flow rate 1.0 mL/min)  
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(IA column, IPA/hexanes: 2/98, flow rate 1.0 mL/min)  
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(IE column, IPA/hexanes: 10/90, flow rate 1.0 mL/min)  
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(IA column, IPA/hexanes: 2/98, flow rate 1.0 mL/min)  
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(IA column, IPA/hexanes: 2/98, flow rate 1.0 mL/min)  
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(IA column, IPA/hexanes: 2/98, flow rate 1.0 mL/min) 
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(IA column, IPA/hexanes: 2/98, flow rate 1.0 mL/min) 
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(IA column, IPA/hexanes: 2/98, flow rate 1.0 mL/min) 
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(AD-H column, IPA/hexanes: 5/95, flowrate 1.0 mL/min) 
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(AD-H column, IPA/hexanes: 2/98, flow rate 1.0 mL/min) 
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(IA column, IPA/hexanes: 2/98, flow rate 1.0 mL/min) 
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(IC column, IPA/hexanes: 10/90, flow rate 1.0 mL/min) 
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(IC column, IPA/hexanes: 10/90, flow rate 1.0 mL/min) 
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(IA column, IPA/hexanes: 3/97, flow rate 1.0 mL/min) 
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(OD-H column, IPA/hexanes: 10/90, flow rate 1.0 mL/min)  
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(OD-H column, IPA/hexanes: 20/80, flow rate 1.0 mL/min) 
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NMR Spectra 
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