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1. General Information 

Unless otherwise mentioned, all experiments were carried out under an atmosphere of argon in a 

glovebox or using standard Schlenk techniques. Solvents were dried with standard procedures and 

degassed with N2. Flash column chromatography was performed using Tsingdao silica gel (60, 

particle size 300-400 mesh). NMR spectra were recorded on a Bruker DPX 400 spectrometer at 

400 MHz for 1H NMR, 101 MHz for 13C NMR or a Bruker DPX 500 spectrometer at 500 MHz for 

1H NMR, 126 MHz for 13C NMR. Chemical shifts (δ) are reported in ppm and respectively 

referenced to internal standard Me4Si and solvent signals (Me4Si, 0 ppm for 1H NMR in CDCl3 or 

DMSO-d6; 77.0 ppm in CDCl3 or 39.5 ppm in DMSO-d6 for 13C NMR). HPLC analysis was 

carried out on Angilent 1200 Series instrument using chiral columns.  

2. General Procedure for the Synthesis of Substrates 

2.1 General Procedure A: synthesis of substrates 1a-1k and 1o-1s.1 

 

To a suspension of NaH (3.0 g, 125 mmol) in THF (100 mL), a solution of 

ethyl(diethoxyphosphoryl) acetate (10.5 mL, 60 mmol, 1.2 equiv) in THF (20 mL) was added 

dropwise at 0 oC. After 1 h, acetophenone (50 mmol, 1.0 equiv) was added to the reaction mixture, 

and the mixture was then stirred for 24 h at rt. After the reaction was completed, water (5 mL) was 

added to quench the reaction and the organic layer was extracted with ethyl acetate, dried over 

Na2SO4 and evaporated. The residue was further purified by column chromatography on silica gel 

using the mixture of hexane and ethyl acetate as the eluent (hexane : EtOAc = 30 : 1 to 20 : 1), 

affording α,β-unsaturated ester S1 in 52-94% yields. 

A solution of S1 (30 mmol), NBS (36 mmol, 1.2 equiv) and AIBN (1.2 mmol, 0.04 equiv) in 

dry CCl4 (degassed, 80 mL) was refluxed under nitrogen atmosphere for 20 h. Then the reaction 

mixture was cooled to room temperature and filtered to remove the formed succinimide during the 

reaction. The filtrate was concentrated under reduced pressure to afford the crude product, which 

was further purified by column chromatography on silica gel to give pure S2 in 80-98% yields 
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(hexane : EtOAc = 30 : 1 to 20 : 1). 

To a solution of S2 (10 or 5 mmol) in 20 mL of ethanol, a solution of ammonia in methanol (7 

M, 10 mL) was dropwise added and the resulting mixture was stirred at rt for 18 h. The mixture 

was concentrated and the desired products 1a-1k were purified by recrystallization or column 

chromatography in 43-81% yield. 

To a stirred solution of S2 (10 mmol) in toluene (30 mL) was added alkyl amine or aniline (or 

their solution) (21 mmol, 2.1 equiv) with stirring. Stirring was continued for 24 h at rt and then 

heated to 50 °C for 2 h. The reaction mixture was diluted at rt with ethyl acetate (50 mL) and 

washed with HCl aqueous solution (5%, 5 mL), NaOH aqueous solution (2%, 10 mL) and water 

(10 mL), successively. After drying over Na2SO4, the solvent was evaporated and the residue was 

purified by column chromatography on silica gel followed with recrystallization to give the pure 

products (1o-1s) in 45-67% yield. 

2.2 General Procedure B: synthesis of substrates 1l-1n,2,3 and an alternative way to substrates 

1a-1c.2 

 

To a stirring solution of Boc-Gly-OH (3.00 g, 17.1 mmol) in dry methylene chloride (36 mL) at 

0 °C under argon, Meldrum’s acid (2.97 g, 20.6 mmol, 1.2 equiv) and DMAP (5.24 g, 42.8 mmol, 

2.5 equiv) were added. A solution of isopropyl chloroformate in toluene (25.7 mL, 25.7 mmol, 1.5 

equiv) was then dropwise added, and the resulting mixture was stirred for 3 h at 0 °C. The mixture 

was washed twice with KHSO4 aqueous solution (15%, 30 mL), and the organic layer was 

extracted with EtOAc and dried over MgSO4. The solution was concentrated and the residue was 

refluxed in ethyl acetate (340 mL) for 1 h. The solvent was then removed under reduced pressure 

and the crude product was recrystallized in ethyl acetate to give a crystalline solid of compound 

S3 in 60% yield. 

Under an argon atmosphere, compound S3 (1.00 g, 5.02 mmol) was dissolved in CH2Cl2 (50 
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mL). p-Toluenesulfonyl chloride (0.958 g, 5.02 mmol, 1.0 equiv) and DIPEA (1.75 mL, 10.04 

mmol, 2.0 equiv) were added to this solution, and the resulting mixture was stirred for 6 h at rt. 

The reaction mixture was successively washed with HCl aqueous solution (5%, 5 mL), NaHCO3 

aqueous solution (5%, 10 mL) and saturated NaCl aqueous solution (10 mL). The organic layer 

was then extracted with CH2Cl2, dried over MgSO4 and filtered. The solvent was removed in 

vacuo, and the residue was purified by column chromatography on silica gel using the mixture of 

ethyl acetate and hexane as eluent (hexane : EtOAc = 1 : 4) to give compound S4 (90% yield) as a 

white solid. 

Tosylate S4 (2.0 mmol) and boronic acid (3.0 mmol, 1.5 equiv) were dissolved in THF (20 mL). 

To this solution was added Pd(dppf)Cl2 (82 mg, 0.10 mmol, 0.05 equiv) and subsequently a 

solution of cesium carbonate (1.96 g, 6.0 mmol, 2.0 equiv) in water (2 mL). The reaction mixture 

was stirred at rt for 40 min and then heated to reflux for 11-23 h until TLC showed complete 

conversion of the starting material. The reaction mixture was then filtered through a short plug of 

celite with the aid of ethyl acetate. The filtrate was concentrated and the crude material was 

dissolved in ethyl acetate (80 mL). The organic layer was washed with saturated Na2CO3 aqueous 

solution (40 mL), brine (2 x 40 mL), and dried over Na2SO4. Removal of the solvent under 

reduced pressure gave a crude material, which was further purified by flash chromatography 

(EtOAc : CH2Cl2 = 5 : 95 to 8 : 92), providing the desired product 1l-1n in 72-85% yields. 

An alternative way to substrates 1a-1c: To a stirred solution of compound 1l-1n (1.0 mmol) 

in CH2Cl2 (4 mL) was added TFA (4 mL) at rt. The reaction mixture was stirred for 15-60 min 

until TLC showed complete conversion of the starting material. The reaction mixture was diluted 

with CH2Cl2 (40 mL) and the solvent was removed in vacuo. Purification of the crude material by 

flash chromatography (EtOAc) gave the desired product 1a-1c in 95-98% yield. 

2.3 General Procedure C: synthesis of substrates 1t-1w.4,5 
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Morpholine hydrochloride (2.47 g, 20 mmol) was added to a solution of glyoxylic acid (2.96 g, 

20 mmol, 50 w/w% in H2O) in 20 mL of dioxane. A solution of aldehyde (20 mmol) in 5 mL of 

dioxane was added dropwise via syringe, and the resulting solution was stirred at rt for 2 h and 

then heated to 100 °C for overnight. The reaction mixture was evaporated and extracted with 

EtOAc (3 x 10 mL), and the combined organic layers were then washed with saturated NaHCO3 

(aq), brine, dried over MgSO4, and concentrated. The residue was purified by column 

chromatography to obtain compounds S5-S8 (70-85%) as pale yellow oils. 

To a solution of S5-S8 (3.0 mmol) in chloroform (30 mL) was slowly added p-anisidine (4.5 

mmol) at rt before cooling to 0 °C. Acetic acid (17 µL, 0.3 mmol,) was then added and the 

reaction mixture was stirred at rt for 1 h. Sodium triacetoxyborohydride (954 mg, 4.5 mmol) was 

slowly added and the resulting mixture was kept stirring at rt overnight. Water (5 mL) was added 

to the reaction mixture and the organic layer was extracted with CH2Cl2, dried over Na2SO4, and 

concentrated under reduced pressure. The residue was purified by column chromatography on 

silica gel (hexane : EtOAc = 2 : 1) to give a mixture of hydroxylactam (S9-S12, respectively) and 

desired products (1t-1w, respectively). Et3SiH (1.05 g, 9 mmol) was added dropwise to a solution 

of the above inseparable mixture in 5 mL of TFA. The resulting mixture was stirred at rt for 2 h. 

The reaction was then quenched by pouring into 10 mL of ice water, and the organic phase was 

extracted with CH2Cl2 (3 x 20 mL). The combined organic layers were washed with saturated 

NaHCO3 solution (3 x 10 mL), dried over anhydrous Na2SO4, and concentrated under reduced 

pressure. The pure products 1t-1w (65-81% yields for 2 steps) were finally obtained upon 

purification by column chromatography on silica gel (hexane : EtOAc = 2 : 1). 

2.4 General Procedure D: synthesis of substrates 1x.6,7 

 

A mixture of citraconic anhydride (5.0 mmol), aniline (5.5 mmol) and acetic acid (15 mL) was 

refluxed overnight until TLC showed complete conversion of the anhydride. Then the reaction 

mixture was concentrated under reduced pressure, and the resulting residue was separated by 

column chromatography (hexane : EtOAc = 6 : 1) to give the product S13 (910 mg, 96% yield).  
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To a solution of S13 (2.0 mmol) in THF was added DIBAL-H (2.0 mmol, 1.5 M in PhMe) 

dropwise at 0 oC, and the reaction mixture was allowed to warm to rt slowly. The reaction was 

quenched with ice water at 0 oC before TLC showed complete conversion of S13. The mixture 

was extracted with EtOAc (3 x 5 mL), and the combined organic extracts were washed with brine, 

dried over Na2SO4, and concentrated to give a crude product, which was purified by column 

chromatography to give the hydroxylactam S14 (170 mg, 45% yield). 

Et3SiH (121 mg, 1 mmol) was added dropwise to a solution of the hydroxylactam S14 (95 mg, 

0.5 mmol) in 1 mL of TFA at 0 °C. The resulting mixture was stirred at rt for 2 h. The reaction 

was quenched by pouring into 5 mL of ice water, and extracted with CH2Cl2 (3 x 10 mL). The 

organic layer was washed with saturated NaHCO3 solution (2-3 times), dried over anhydrous 

Na2SO4, and concentrated under reduced pressure. The pure product 1x (70 mg, 79%) was 

obtained upon purification by column chromatography on silica gel (hexane : EtOAc = 5 : 1). 

2.5 Attempt to synthesis 1a through ring-closing metathesis.8  

The model substrate 1a could also be easily achieved via ring-closing metathesis from readily 

available intermediate S15. However, the yield of the ring-closing step was not satisfied in our 

hand due to the lack of methathesis catalysts. Other NH free lactams could be potentially 

synthesized in the same way. 

 

3. General Procedure for the Asymmetric Hydrogenation 

In a glovebox, a solution of ZhaoPhos (9.6 mg, 0.011 mmol) and Rh(NBD)2BF4 (3.7 mg, 0.01 

mmol) in 1.0 mL anhydrous CH2Cl2 was stirred at room temperature for 40 min. 50 uL of the 

resulting solution was transferred by micro syringe into a vial charged with a solution of 1 (0.1 

mmol) in 0.9 mL anhydrous CH2Cl2. The vial was transferred into an autoclave, which was then 

filled with 60 atm of H2. The mixture was stirred at 35 oC (temperature of the oil bath) for 48-72 h. 

The solution was passed through a short column of silica gel (about 4 cm) to remove the metal 

residue and the filtrate was concentrated. The products were pure enough for NMR and HPLC 

analysis. 

4. Characterization Data 
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4-Phenyl-1,5-dihydro-2H-pyrrol-2-one (1a): Following the general procedure A, the known 

compound 1a1,2 (1.02 g, 64%) was obtained as a brown solid. 1H NMR (500 MHz, CDCl3): d 7.91 

(br s, 1H), 7.54-7.48 (m, 2H), 7.45-7.38 (m, 3H), 6.44 (s, 1H), 4.44 (s, 2H); 13C NMR {1H} (125 

MHz, CDCl3): d 175.6, 157.5, 131.8, 130.2, 128.9, 125.9, 120.1, 48.4 ppm. 

Compound 1a could also be prepared through N-Boc deprotection of 1l in 97% yield. 

 

4-(p-Tolyl)-1,5-dihydro-2H-pyrrol-2-one (1b): Following the general procedure A, the unknown 

compound 1b (0.61 g, 70%) was obtained as a white solid. 1H NMR (500 MHz, DMSO-d6): d 

8.14 (br s, 1H), 7.55 (d, J = 7.9 Hz, 2H), 7.25 (d, J = 7.9 Hz, 2H), 6.46 (s, 1H), 4.35 (s, 2H), 2.24 

(s, 3H); 13C NMR {1H} (125 MHz, DMSO-d6): d 173.9, 157,1, 139.8, 129.4, 129.4, 126.1, 119.4, 

47.6, 21.0 ppm. HRMS-ESI (m/z): Calculated for C11H12NO+ (M+H)+: 174.0913; found: 

174.0912. 

Compound 1b could also be prepared through N-Boc deprotection of 1m in 95% yield. 

N O

H

MeO

Chemical Formula: C11H11NO2

Molecular Weight: 189.21

1c
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4-(4-Methoxyphenyl)-1,5-dihydro-2H-pyrrol-2-one (1c): Following the general procedure A, 

the known compound 1c2 (0.58 g, 61%) was obtained as a white solid. 1H NMR (500 MHz, 

DMSO-d6): d 8.07 (br s, 1H), 7.60 (d, J = 8.5 Hz, 2H), 6.99 (d, J = 8.5 Hz, 2H), 6.38 (s, 1H), 4.34 

(s, 2H), 3.80 (s, 3H); 13C NMR {1H} (125 MHz, DMSO-d6): d 174.0, 160.6, 156.8, 127.8, 124.7, 

118.1, 114.2, 55.3, 47.6 ppm. 

Compound 1c could also be prepared through N-Boc deprotection of 1n in 98% yield. 

 

4-(3-Methoxyphenyl)-1,5-dihydro-2H-pyrrol-2-one (1d): Following the general procedure A, 

the unknown compound 1d (0.67 g, 71%) was obtained as a pale yellow solid. 1H NMR (500 MHz, 

CDCl3): d 7.72 (br s, 1H), 7.34 (t, J = 8.0 Hz, 1H), 7.12-7.08 (m, 1H), 7.03-7.01 (m, 1H), 

6.98-6.94 (m, 1H), 6.42 (q, J = 1.4 Hz, 1H), 4.42 (t, J = 1.4 Hz, 2H), 3.85 (s, 3H); 13C NMR {1H} 

(125 MHz, CDCl3): d 175.4, 159.9, 157.4, 133.2, 130.0, 120.4, 118.3, 115.4, 111.7, 55.3, 48.4 ppm. 

HRMS-ESI (m/z): Calculated for C11H12NO2
+ (M+H)+: 190.0863; found: 190.0861. 

N O

H

MeO

Chemical Formula: C11H11NO2

Molecular Weight: 189.21

1e

 

4-(2-Methoxyphenyl)-1,5-dihydro-2H-pyrrol-2-one (1e): Following the general procedure A, 

the unknown compound 1e (0.53 g, 56%) was obtained as a pale yellow solid. 1H NMR (500 MHz, 

CDCl3): d 7.82 (br s, 1H), 7.43-7.34 (m, 2H), 7.02-6.97 (m, 2H), 6.66 (q, J = 1.4 Hz, 1H), 4.48 (t, 

J = 1.4 Hz, 2H), 3.90 (s, 3H); 13C NMR {1H} (125 MHz, CDCl3): d 176.1, 158.0, 154.2, 131.1, 

127.9, 123.0, 120.8, 120.6, 111.4, 55.3, 50.0 ppm. HRMS-ESI (m/z): Calculated for C11H12NO2
+ 

(M+H)+: 190.0863; found: 190.0861. 
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N O

H

F

Chemical Formula: C10H8FNO
Molecular Weight: 177.18

1f

 

4-(4-Fluorophenyl)-1,5-dihydro-2H-pyrrol-2-one (1f): Following the general procedure A, the 

unknown compound 1f (0.61 g, 69%) was obtained as a white solid. 1H NMR (500 MHz, 

DMSO-d6): d 8.20 (br s, 1H), 7.77-7.69 (m, 2H), 7.33-7.26 (m, 2H), 6.52 (s, 1H), 4.37 (s, 2H); 13C 

NMR {1H} (125 MHz, DMSO-d6): d 173.6, 163.0 (d, JC-F = 247.4 Hz), 155.9, 128.8 (d, JC-F = 2.9 

Hz), 128.6 (d, JC-F = 8.7 Hz), 120.3 (d, JC-F = 1.3 Hz), 115.9 (d, JC-F = 21.8 Hz), 47.6 ppm. 

HRMS-ESI (m/z): Calculated for C10H9FNO+ (M+H)+: 178.0663; found: 178.0662. 

N O

H

Cl

Chemical Formula: C10H8ClNO
Molecular Weight: 193.63

1g

 
4-(4-Chlorophenyl)-1,5-dihydro-2H-pyrrol-2-one (1g): Following the general procedure A, the 

known compound 1g2 (0.42 g, 43%) was obtained as a white solid. 1H NMR (500 MHz, 

DMSO-d6): d 8.24 (br s, 1H), 7.73-7.66 (m, 2H), 7.54-7.48 (m, 2H), 6.58 (q, J = 1.5 Hz, 1H), 4.37 

(t, J = 1.5 Hz, 2H); 13C NMR {1H} (125 MHz, DMSO-d6): d 173.5, 155.7, 134.5, 131.0, 128.9, 

128.0, 121.2, 47.5 ppm.  

 

4-(4-(Trifluoromethyl)phenyl)-1,5-dihydro-2H-pyrrol-2-one (1h): Following the general 
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procedure A, the unknown compound 1h (0.82 g, 72%) was obtained as a white solid. 1H NMR 

(500 MHz, DMSO-d6): d 8.36 (br s, 1H), 7.89 (d, J = 8.2 Hz, 2H), 7.81 (d, J = 8.2 Hz, 2H), 6.72 

(d, J = 1.4 Hz, 1H), 4.44 (s, 2H); 13C NMR {1H} (125 MHz, DMSO-d6): d 173.2, 155.4, 136.0, 

129.7 (q, JC-F = 32.0 Hz), 127.0, 125.7 (q, JC-F = 3.8 Hz), 124.0 (q, JC-F = 272.4 Hz), 123.0, 47.6 

ppm. HRMS-ESI (m/z): Calculated for C11H9F3NO+ (M+H)+: 228.0631; found: 228.0630. 

 

4-(Naphthalen-2-yl)-1,5-dihydro-2H-pyrrol-2-one (1i): Following the general procedure A, the 

unknown compound 1i (0.85 g, 81%) was obtained as a white solid. 1H NMR (500 MHz, 

DMSO-d6): d 8.26 (br s, 1H), 8.18 (s, 1H), 8.01-7.92 (m, 3H), 7.86 (dd, J = 8.5, 0.8 Hz, 1H), 

7.60-7.55 (m, 2H), 6.68 (q, J = 1.2 Hz, 1H), 4.53 (s, 2H); 13C NMR {1H} (125 MHz, DMSO-d6): 

d 173.7, 156.9, 133.5, 132.8, 129.6, 128.5, 128.4, 127.7, 127.1, 126.8, 125.4, 123.9, 121.0, 47.7 

ppm. HRMS-ESI (m/z): Calculated for C14H12NO+ (M+H)+: 210.0913; found: 210.0911. 

 

4-(Thiophen-2-yl)-1,5-dihydro-2H-pyrrol-2-one (1j): Following the general procedure A, the 

unknown compound 1j2 (0.39 g, 47%) was obtained as a brown solid. 1H NMR (500 MHz, 

DMSO-d6): d 8.13 (br s, 1H), 7.72 (dd, J = 5.0, 1.0 Hz, 1H), 7.46 (dd, J = 3.6, 1.0 Hz, 1H), 7.15 

(dd, J = 5.0, 3.6 Hz, 1H), 6.21 (d, J = 1.4 Hz, 1H), 4.35 (s, 2H); 13C NMR {1H} (125 MHz, 

DMSO-d6): d 173.4, 150.9, 135.5, 128.9, 128.4, 127.5, 118.7, 48.1 ppm.  
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4-(3-(Cyclopentyloxy)-4-methoxyphenyl)-1,5-dihydro-2H-pyrrol-2-one (1k): Following the 

general procedure A, the known compound 1k9 (1.02 g, 75%) was obtained as a pale yellow solid.  

1H NMR (500 MHz, CDCl3): d 7.81 (br s, 1H), 7.08-7.01 (m, 2H), 6.87 (d, J = 8.3 Hz, 1H), 6.29 

(s, 1H), 4.85-4.78 (m, 1H), 4.41 (s, 2H), 3.88 (s, 3H), 2.01-1.79 (m, 6H), 1.70-1.58 (m, 2H); 13C 

NMR {1H} (125 MHz, CDCl3): d 175.8, 157.5, 151.9, 147.7, 124.7, 118.9, 118.0, 112.5, 111.5, 

80.6, 55.9, 48.4, 32.7 (2C), 24.0 (2C) ppm. HRMS-ESI (m/z): Calculated for C16H20NO3
+ (M+H)+: 

274.1438; found: 274.1436. 

 

Tert-butyl 2-oxo-4-phenyl-2,5-dihydro-1H-pyrrole-1-carboxylate (1l): Following the general 

procedure B, the known compound 1l2 (0.37 g, 72%) was obtained as a white solid. 1H NMR (500 

MHz, CDCl3): d 7.57-7.53 (m, 2H), 7.49-7.43 (m, 3H), 6.42 (t, J = 1.4 Hz, 1H), 4.70 (d, J = 1.4 

Hz, 2H), 1.60 (s, 9H); 13C NMR {1H} (125 MHz, CDCl3): d 169.2, 156.0, 149.6, 131.2, 130.8, 

129.1, 126.2, 119.7, 83.0, 51.0, 28.1 ppm.  
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Tert-butyl 2-oxo-4-(p-tolyl)-2,5-dihydro-1H-pyrrole-1-carboxylate (1m): Following the general 

procedure B, the unknown compound 1m (0.40 g, 74%) was obtained as a white solid. 1H NMR 

(500 MHz, CDCl3): d 7.44 (d, J = 8.2 Hz, 2H), 7.26 (d, J = 8.2 Hz, 2H), 6.36 (s, 1H), 4.68 (d, J = 

1.3 Hz, 2H), 2.41 (s, 3H), 1.59 (s, 9H); 13C NMR {1H} (125 MHz, CDCl3): d 169.4, 156.1, 149.7, 

141.8, 129.8, 128.1, 126.1, 118.7, 82.9, 51.0, 28.1, 21.5 ppm. HRMS-ESI (m/z): Calculated for 

C16H20NO3
+ (M+H)+: 274.1438; found: 274.1434. 

N O

Boc

MeO

1n
Chemical Formula: C16H19NO4

Molecular Weight: 289.33  

Tert-butyl 4-(4-methoxyphenyl)-2-oxo-2,5-dihydro-1H-pyrrole-1-carboxylate (1n): Following 

the general procedure B, the known compound 1n2 (0.49 g, 85%) was obtained as a white solid.  

1H NMR (500 MHz, CDCl3): d 7.50 (d, J = 8.8 Hz, 2H), 6.96 (d, J = 8.8 Hz, 2H), 6.29 (s, 1H), 

4.66 (s, 2H), 3.87 (s, 3H), 1.59 (s, 9H); 13C NMR {1H} (125 MHz, CDCl3): d 169.5, 161.9, 155.7, 

149.7, 127.8, 123.4, 117.4, 114.5, 82.8, 55.4, 50.9, 28.1 ppm. 

 

1-Methyl-4-phenyl-1,5-dihydro-2H-pyrrol-2-one (1o): Following the general procedure A, the 

known compound 1o1 (0.23 g, 67%) was obtained as a white solid. 1H NMR (500 MHz, CDCl3): d 

7.50-7.45 (m, 2H), 7.44-7.37 (m, 3H), 6.42 (s, 1H), 4.33 (s, 2H), 3.09 (s, 3H); 13C NMR {1H} 

(125 MHz, CDCl3): d 171.6, 153.7, 131.7, 130.0, 128.9, 125.5, 120.4, 54.2, 28.9 ppm.  
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1-(Tert-butyl)-4-phenyl-1,5-dihydro-2H-pyrrol-2-one (1p): Following the general procedure A, 

the unknown compound 1p (0.24 g, 55%) was obtained as a white solid. 1H NMR (500 MHz, 

CDCl3): d 7.50-7.45 (m, 2H), 7.43-7.35 (m, 3H), 6.35 (s, 1H), 4.39 (s, 2H), 1.52 (s, 9H); 13C NMR 

{1H} (125 MHz, CDCl3): d 171.9, 152.7, 132.0, 129.8, 128.9, 125.5, 122.4, 53.9, 50.8, 28.0 ppm. 

HRMS-ESI (m/z): Calculated for C14H18NO+ (M+H)+: 216.1383; found: 216.1383. 

 

1-Benzyl-4-phenyl-1,5-dihydro-2H-pyrrol-2-one (1q): Following the general procedure A, the 

known compound 1q10 (0.31 g, 62%) was obtained as a white solid. 1H NMR (500 MHz, CDCl3): 

d 7.46-7.42 (m, 2H), 7.40-7.33 (m, 5H), 7.31-7.27 (m, 3H), 6.49 (t, J = 1.4 Hz, 1H), 4.70 (s, 2H), 

4.23 (d, J = 1.4 Hz, 2H); 13C NMR {1H} (125 MHz, CDCl3): d 171.6, 154.4, 137.2, 131.7, 130.2, 

128.9, 128.8, 128.0, 127.6, 125.7, 120.1, 51.7, 46.0 ppm.  

 

1,4-Diphenyl-1,5-dihydro-2H-pyrrol-2-one (1r): Following the general procedure A, the known 

compound 1r11 (0.24 g, 51%) was obtained as a white solid. 1H NMR (500 MHz, CDCl3): d 7.78 

(d, J = 8.6 Hz, 2H), 7.60-7.55 (m, 2H), 7.50-7.44 (m, 3H), 7.43-7.37 (m, 2H), 7.14 (t, J = 7.5 Hz, 

1H), 6.53 (s, 1H), 4.79 (s, 2H); 13C NMR {1H} (125 MHz, CDCl3): d 170.3, 153.5, 139.2, 131.3, 
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130.6, 129.1 (4C), 125.9 (2C), 124.0, 121.4, 118.7 (2C), 52.7 ppm. HRMS-ESI (m/z): Calculated 

for C16H14NO+ (M+H)+: 236.1070; found: 236.1069. 

N O

1s
OMe

Chemical Formula: C17H15NO2

Exact Mass: 265.11  

1-(4-Methoxyphenyl)-4-phenyl-1,5-dihydro-2H-pyrrol-2-one (1s): Following the general 

procedure A, the known compound 1s1 (0.24 g, 45%) was obtained as a yellow solid. 1H NMR 

(500 MHz, CDCl3): d 7.67-7.63 (m, 2H), 7.58-7.54 (m, 2H), 7.48-7.43 (m, 3H), 6.97-6.91 (m, 2H), 

6.53 (s, 1H), 4.77 (s, 2H), 3.82 (s, 3H); 13C NMR {1H} (125 MHz, CDCl3): d 170.1, 156.3, 153.2, 

132.4, 131.4, 130.4, 129.1, 125.8, 121.3, 120.8, 114.3, 55.4, 53.1 ppm. HRMS-ESI (m/z): 

Calculated for C17H16NO2
+ (M+H)+: 266.1176; found: 266.1173. 

N O

1t

OMe

Chemical Formula: C14H17NO2

Exact Mass: 231.13  
1-(4-Methoxyphenyl)-4-propyl-1,5-dihydro-2H-pyrrol-2-one (1t): Following the general 

procedure C, the unknown compound 1t (0.53 g, 76%) was obtained as a white solid. 1H NMR 

(500 MHz, CDCl3): d 7.56 (d, J = 8.9 Hz, 2H), 6.89 (d, J = 8.9 Hz, 2H), 5.93 (s, 1H), 4.25 (s, 2H), 

3.79 (s, 3H), 2.39 (t, J = 7.5 Hz, 2H), 1.70-1.58 (m, 2H), 1.00 (t, J = 7.4 Hz, 3H); 13C NMR {1H} 

(125 MHz, CDCl3): d 170.5, 158.8, 156.0, 132.5, 122.8, 120.5, 114.1, 55.4, 55.2, 31.5, 20.9, 13.7 

ppm. HRMS-ESI (m/z): Calculated for C14H18NO2
+ (M+H)+: 232.1332; found: 232.1330. 
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N O

1u
OMe

Chemical Formula: C18H25NO2

Molecular Weight: 287.40  

4-Heptyl-1-(4-methoxyphenyl)-1,5-dihydro-2H-pyrrol-2-one (1u): Following the general 

procedure C, the unknown compound 1u (0.69 g, 80%) was obtained as a white solid. 1H NMR 

(400 MHz, CDCl3): d 7.56 (d, J = 9.0 Hz, 2H), 6.89 (d, J = 9.0 Hz, 2H), 5.92 (s, 1H), 4.25 (s, 2H), 

3.79 (s, 3H), 2.40 (t, J = 7.5 Hz, 2H), 1.63-1.54 (m, 2H), 1.41-1.21 (m, 8H), 0.89 (t, J = 6.6 Hz, 

3H); 13C NMR {1H} (100 MHz, CDCl3): d 170.5, 159.0, 156.0, 132.6, 122.7, 120.5, 114.1, 55.4, 

55.2, 31.6, 29.5, 29.1, 28.9, 27.6, 22.5, 14.0 ppm. HRMS-ESI (m/z): Calculated for C18H26NO2
+ 

(M+H)+: 288.1958; found: 288.1955. 

N O

1v
OMe

Chemical Formula: C18H17NO2

Molecular Weight: 279.34  

4-Benzyl-1-(4-methoxyphenyl)-1,5-dihydro-2H-pyrrol-2-one (1v): Following the general 

procedure C, the unknown compound 1v (0.54 g, 65%) was obtained as a brown solid. 1H NMR 

(500 MHz, CDCl3): d 7.51 (d, J = 9.0 Hz, 2H), 7.36-7.30 (m, 2H), 7.29-7.24 (m, 1H), 7.20 (d, J = 

7.2 Hz, 2H), 6.86 (d, J = 9.0 Hz, 2H), 5.93 (s, 1H), 4.20 (s, 2H), 3.77 (s, 3H), 3.73 (s, 2H); 13C 

NMR {1H} (100 MHz, CDCl3): d 170.0, 157.3, 156.1, 136.8, 132.4, 128.8, 128.7, 127.0, 124.2, 

120.6, 114.1, 55.4, 54.7, 36.2 ppm. HRMS-ESI (m/z): Calculated for C18H18NO2
+ (M+H)+: 

280.1332; found: 280.1329. 
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N O

1w

OMe

Chemical Formula: C14H17NO2

Molecular Weight: 231.30  

4-Isopropyl-1-(4-methoxyphenyl)-1,5-dihydro-2H-pyrrol-2-one (1w): Following the general 

procedure C, the unknown compound 1w (0.56 g, 81%) was obtained as a brown solid. 1H NMR 

(400 MHz, CDCl3): d 7.56 (d, J = 9.0 Hz, 2H), 6.89 (d, J = 9.0 Hz, 2H), 5.90 (s, 1H), 4.29 (s, 2H), 

3.79 (s, 3H), 2.74-2.62 (m, 1H), 1.22 (s, 3H), 1.21 (s, 3H); 13C NMR {1H} (100 MHz, CDCl3): d 

170.4, 164.6, 155.9, 132.5, 121.1, 120.5, 114.1, 55.3, 53.7, 28.8, 21.2 ppm. HRMS-ESI (m/z): 

Calculated for C14H18NO2
+ (M+H)+: 232.1332; found: 232.1332. 

N O

1x

Me

Chemical Formula: C11H11NO
Molecular Weight: 173.22  

3-Methyl-1-phenyl-1,5-dihydro-2H-pyrrol-2-one (1x): Following the general procedure D, the 

known compound 1x12 (70 mg, 79%) was obtained as a pale yellow solid. 1H NMR (500 MHz, 

CDCl3): d 7.76-7.72 (m, 2H), 7.39-7.34 (m, 2H), 7.13-7.09 (m, 1H), 6.78-6.76 (m, 1H), 2.28-2.26 

(m, 2H), 1.96 (q, J = 1.8 Hz, 3H); 13C NMR {1H} (125 MHz, CDCl3): d 170.8, 139.4, 136.6, 

134.7, 129.0, 123.8, 118.3, 50.8, 11.3 ppm. HRMS-ESI (m/z): Calculated for C11H12NO+ (M+H)+: 

174.0913; found: 174.0912. 
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N O

H

Chemical Formula: C10H11NO
Molecular Weight: 161.20

2a

 

(R)-4-Phenylpyrrolidin-2-one (2a): White solid, 15.8 mg, 98% yield, 96% ee, [α]D
20 = –27.1 (c 

1.00, MeOH) [lit.13: [α]D
20 = –31.7 (c 0.29, MeOH) for the R-isomer of 93% ee]. 1H NMR (500 

MHz, CDCl3): d 7.37-7.33 (m, 2H), 7.29-7.25 (m, 3H), 6.61 (brs, 1H), 3.79 (t, J = 8.8 Hz, 1H), 

3.70 (dt, J = 16.2, 8.4 Hz, 1H), 3.43 (dd, J = 9.3, 7.4 Hz, 1H), 2.74 (dd, J = 16.9, 8.9 Hz, 1H), 2.52 

(dd, J = 16.9, 8.9 Hz, 1H); 13C NMR {1H} (125 MHz, CDCl3): d 177.8, 142.1, 128.8, 127.1, 126.7, 

49.5, 40.3, 37.9 ppm. HPLC: Chiracel AD-H Column (250 mm); detected at 210 nm; n-hexane / 

i-propanol = 90/10; flow = 1.0 mL/min; Retention time: 8.5 min (major), 10.1 min (minor). 

N O

H

Me

Chemical Formula: C11H13NO
Molecular Weight: 175.23

2b

 

(R)-4-(p-Tolyl)pyrrolidin-2-one (2b): White solid, 16.7 mg, 95% yield, 95% ee, [α]D
20 = –49.5 

(c 1.00, MeOH) [lit.14: [α]D
20 = –44.2 (c 0.5, MeOH)]. 1H NMR (500 MHz, CDCl3): d 7.17-7.13 

(m, 4H), 6.80 (br s, 1H), 3.76 (t, J = 8.8 Hz, 1H), 3.70-3.61 (m, 1H), 3.40 (dd, J = 9.2, 7.8 Hz, 1H), 

2.71 (dd, J = 16.8, 9.0 Hz, 1H), 2.49 (dd, J = 16.8, 9.0 Hz, 1H), 2.34 (s, 3H); 13C NMR {1H} (125 

MHz, CDCl3): d 177.9, 139.0, 136.7, 129.4, 126.6, 49.7, 39.9, 38.0, 21.0 ppm. HPLC: Chiracel 

AD-H Column (250 mm); detected at 210 nm; n-hexane / i-propanol = 95/5; flow = 1.0 mL/min; 

Retention time: 13.4 min (major), 14.5 min (minor). 
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N O

H

MeO

Chemical Formula: C11H13NO2

Molecular Weight: 191.23

2c

 

(R)-4-(4-Methoxyphenyl)pyrrolidin-2-one (2c): White solid, 18.0 mg, 94% yield, 96% ee, 

[α]D
20 = –27.5 (c 1.00, MeOH) [lit.15: [α]D

25 = –21.0 (c 1.0, MeOH) for the R-isomer of 98% ee]. 

1H NMR (500 MHz, CDCl3): d 7.18 (d, J = 8.6 Hz, 2H), 6.98 (br s, 1H), 6.88 (d, J = 8.6 Hz, 2H), 

3.80 (s, 3H), 3.76 (t, J = 8.9 Hz, 1H), 3.68-3.60 (m, 1H), 3.38 (dd, J = 9.2, 7.7 Hz, 1H), 2.71 (dd, J 

= 16.8, 8.9 Hz, 1H), 2.47 (dd, J = 16.8, 8.9 Hz, 1H); 13C NMR {1H} (125 MHz, CDCl3): d 178.0, 

158.5, 134.1, 127.7, 114.1, 55.2, 49.8, 39.6, 38.2 ppm. HPLC: Chiracel AD-H Column (250 mm); 

detected at 225 nm; n-hexane / i-propanol = 95/5; flow = 1.0 mL/min; Retention time: 20.6 min 

(major), 22.3 min (minor). 

 

(R)-4-(3-Methoxyphenyl)pyrrolidin-2-one (2d): White solid, 16.4 mg, 86% yield, 95% ee, 

[α]D
20 = –24.8 (c 1.00, MeOH). 1H NMR (500 MHz, CDCl3): d 7.28-7.25 (m, 1H), 6.99 (br s, 1H), 

6.86-6.80 (m, 3H), 3.81 (s, 3H), 3.78 (t, J = 9.0 Hz, 1H), 3.67 (dt, J = 16.5, 8.5 Hz, 1H), 3.43 (t, J 

= 8.4 Hz, 1H), 2.73 (dd, J = 16.9, 9.0 Hz, 1H), 2.51 (dd, J = 16.9, 9.0 Hz, 1H); 13C NMR {1H} 

(125 MHz, CDCl3): d 177.9, 159.8, 143.7, 129.8, 119.0, 112.8, 112.0, 55.2, 49.4, 40.2, 37.9 ppm. 

HRMS-ESI (m/z): Calculated for C11H14NO2
+ (M+H)+: 192.1019; found: 192.1018. HPLC: 

Chiracel AD-H Column (250 mm); detected at 210 nm; n-hexane / i-propanol = 90/10; flow = 1.0 

mL/min; Retention time: 11.1 min (major), 13.2 min (minor). 
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N O

H

MeO

Chemical Formula: C11H13NO2

Molecular Weight: 191.23

2e

 

(R)-4-(2-Methoxyphenyl)pyrrolidin-2-one (2e): White solid, 19.0 mg, 99% yield, 92% ee, 

[α]D
20 = –36.8 (c 1.00, MeOH). 1H NMR (500 MHz, CDCl3): d 7.27-7.20 (m, 2H), 6.95-6.88 (m, 

2H), 6.49 (br s, 1H), 3.96-3.90 (m, 1H), 3.84 (s, 3H), 3.74 (t, J = 8.9 Hz, 1H), 3.42 (dd, J = 9.1, 

7.4 Hz, 1H), 2.68-2.57 (m, 2H); 13C NMR {1H} (125 MHz, CDCl3): d 178.3, 157.3, 129.7, 128.1, 

127.4, 120.6, 110.6, 55.2, 48.0, 36.1, 35.3 ppm. HRMS-ESI (m/z): Calculated for C11H14NO2
+ 

(M+H)+: 192.1019; found: 192.1018. HPLC: Chiracel AD-H Column (250 mm); detected at 210 

nm; n-hexane / i-propanol = 90/10; flow = 1.0 mL/min; Retention time: 10.5 min (major), 11.5 

min (minor). 

 

(R)-4-(4-Fluorophenyl)pyrrolidin-2-one (2f): White solid, 17.7 mg, 99% yield, 96% ee, [α]D
20 

= –26.2 (c 1.00, MeOH) [lit.15: [α]D
25 = –27.54 (c 1.12, MeOH)]. 1H NMR (500 MHz, CDCl3): d 

7.24-7.20 (m, 3H), 7.05-7.01 (m, 2H), 3.84-3.75 (m, 1H), 3.69 (dt, J = 16.1, 8.4 Hz, 1H), 3.39 (dd, 

J = 9.2, 7.5 Hz, 1H), 2.74 (dd, J = 16.9, 8.9 Hz, 1H), 2.46 (dd, J = 16.9, 8.9 Hz, 1H); 13C NMR 

{1H} (125 MHz, CDCl3): d 177.6, 161.8 (d, JC-F = 245.4 Hz), 137.8 (d, JC-F = 3.1 Hz), 128.2 (d, 

JC-F = 8.1 Hz), 115.7 (d, JC-F = 21.2 Hz), 49.6, 39.6, 38.0 ppm. HPLC: Chiracel AD-H Column 

(250 mm); detected at 210 nm; n-hexane / i-propanol = 90/10; flow = 1.0 mL/min; Retention time: 

8.6 min (major), 10.3 min (minor). 
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(R)-4-(4-Chlorophenyl)pyrrolidin-2-one (2g): White solid, 19.3 mg, 98% yield, 96% ee, [α]D
25 

= –33.4 (c 1.00, EtOH) [lit.16: [α]D
25 = –39.7 (c 1.00, EtOH) for the R-isomer of 99% ee]. 1H NMR 

(500 MHz, CDCl3): d 7.33-7.27 (m, 2H), 7.20-7.18 (m, 2H), 6.65 (br s, 1H), 3.79 (t, J = 8.9 Hz, 

1H), 3.67 (dt, J = 16.0, 8.4 Hz, 1H), 3.39 (dd, J = 9.4, 7.3 Hz, 1H), 2.74 (dd, J = 17.0, 8.8 Hz, 1H), 

2.46 (dd, J = 17.0, 8.8 Hz, 1H); 13C NMR {1H} (125 MHz, CDCl3): d 177.5, 140.6, 132.8, 129.0, 

128.1, 49.4, 39.6, 37.9 ppm. HPLC: Chiracel AD-H Column (250 mm); detected at 210 nm; 

n-hexane / i-propanol = 90/10; flow = 1.0 mL/min; Retention time: 9.5 min (major), 11.3 min 

(minor). 

N O

H

F3C

Chemical Formula: C11H10F3NO
Molecular Weight: 229.20

2h

 

(R)-4-(4-(Trifluoromethyl)phenyl)pyrrolidin-2-one (2h): White solid, 22.3 mg, 97% yield, 

96% ee, [α]D
20 = –22.2 (c 1.00, MeOH). 1H NMR (500 MHz, CDCl3): d 7.61 (d, J = 8.1 Hz, 2H), 

7.39 (d, J = 8.1 Hz, 2H), 7.17 (br s, 1H), 3.84 (t, J = 8.6 Hz, 1H), 3.77 (dt, J = 15.7, 8.2 Hz, 1H), 

3.44 (dd, J = 9.3, 6.9 Hz, 1H), 2.79 (dd, J = 16.9, 8.5 Hz, 1H), 2.50 (dd, J = 16.9, 8.5 Hz, 1H); 13C 

NMR {1H} (125 MHz, CDCl3): d 177.3, 146.2, 129.5 (q, JC-F = 32.5 Hz), 127.1, 125.8 (q, JC-F = 

3.8 Hz), 124.0 (q, JC-F = 272.0 Hz), 49.2, 40.0, 37.7 ppm. HRMS-ESI (m/z): Calculated for 

C11H11F3NO+ (M+H)+: 230.0787; found: 230.0788. HPLC: Chiracel AD-H Column (250 mm); 

detected at 210 nm; n-hexane / i-propanol = 90/10; flow = 1.0 mL/min; Retention time: 7.5 min 

(major), 9.5 min (minor). 
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N O

H

Chemical Formula: C14H13NO
Molecular Weight: 211.26

2i

 

(R)-4-(Naphthalen-2-yl)pyrrolidin-2-one (2i): White solid, 20.9 mg, 99% yield, 97% ee, [α]D
20 

= –48.1 (c 1.00, MeOH). 1H NMR (500 MHz, CDCl3): d 7.85-7.80 (m, 3H), 7.68 (s, 1H), 

7.53-7.43 (m, 2H), 7.40-7.26 (m, 1H), 6.75 (br s, 1H), 3.88-3.84 (m, 2H), 3.55-3.50 (m, 1H), 2.82 

(dd, J = 16.7, 8.2 Hz, 1H), 2.62 (dd, J = 16.7, 8.2 Hz, 1H); 13C NMR {1H} (125 MHz, CDCl3): d 

177.8, 139.4, 133.3, 132.4, 128.7, 127.6, 126.4, 125.9, 125.3, 124.9, 49.4, 40.3, 37.9 ppm. 

HRMS-ESI (m/z): Calculated for C14H14NO+ (M+H)+: 212.1070; found: 212.1068. HPLC: 

Chiracel AD-H Column (250 mm); detected at 220 nm; n-hexane / i-propanol = 90/10; flow = 1.0 

mL/min; Retention time: 10.0 min (major), 10.7 min (minor).  

N O

H

S

Chemical Formula: C8H9NOS
Molecular Weight: 167.23

2j

 

(R)-4-(Thiophen-2-yl)pyrrolidin-2-one (2j)17: White solid, 16.2 mg, 97% yield, 97% ee, [α]D
20 

= –26.7 (c 1.00, MeOH). 1H NMR (500 MHz, CDCl3): d 7.20 (dd, J = 5.0, 0.7 Hz, 1H), 6.98-6.94 

(m, 1H), 6.91 (d, J = 3.3 Hz, 1H), 6.64 (br s, 1H), 3.96 (dt, J = 16.4, 8.4 Hz, 1H), 3.80 (t, J = 8.8 

Hz, 1H), 3.46 (dd, J = 9.3, 7.8 Hz, 1H), 2.78 (dd, J = 16.8, 8.7 Hz, 1H), 2.54 (dd, J = 16.8, 8.7 Hz, 

1H); 13C NMR {1H} (125 MHz, CDCl3): d 177.1, 145.1, 127.0, 123.9, 123.9, 50.0, 38.9, 36.1 ppm. 

HPLC: Chiracel AD-H Column (250 mm); detected at 230 nm; n-hexane / i-propanol = 90/10; 

flow = 1.0 mL/min; Retention time: 9.8 min (major), 11.1 min (minor).  
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N O

H

MeO

O

Chemical Formula: C16H21NO3

Molecular Weight: 275.35

2k

 

(R)-4-(3-(Cyclopentyloxy)-4-methoxyphenyl)pyrrolidin-2-one (2k): White solid, 27.1 mg, 

98% yield, 96% ee, [α]D
25 = –32.5 (c 1.00, MeOH) [lit.18: [α]D

27 = –33.0 (c 1.00, MeOH) for the 

R-isomer of 99.3% ee]. 1H NMR (500 MHz, CDCl3): d 6.84-6.77 (m, 4H), 4.79-4.75 (m, 1H), 3.83 

(s, 3H), 3.76 (t, J = 9.0 Hz, 1H), 3.62 (dt, J = 16.7, 8.3 Hz, 1H), 3.39 (t, J = 8.4 Hz, 1H), 2.71 (dd, 

J = 16.9, 9.0 Hz, 1H), 2.48 (dd, J = 16.9, 9.0 Hz, 1H), 1.99-1.78 (m, 6H), 1.67-1.60 (m, 2H); 13C 

NMR {1H} (125 MHz, CDCl3): d 177.9, 149.1, 147.8, 134.5, 118.7, 113.7, 112.1, 80.5, 56.1, 49.8, 

39.9, 38.1, 32.7 (2C), 24.0 (2C) ppm. HRMS-ESI (m/z): Calculated for C16H22NO+ (M+H)+: 

276.1594; found: 276.1592. HPLC: Chiracel AD-H Column (250 mm); detected at 210 nm; 

n-hexane / i-propanol = 95/5; flow = 0.7 mL/min; Retention time: 29.2 min (major), 31.9 min 

(minor). 

 

(R)-Tert-butyl 2-oxo-4-phenylpyrrolidine-1-carboxylate (2l): White solid, 25.5 mg, 98% yield, 

99% ee, [α]D
20 = –4.3 (c 1.00, CHCl3) [lit.

18: [α]D
27 = –5.6 (c 0.83, CHCl3) for the R-isomer of 

98.2% ee]. 1H NMR (500 MHz, CDCl3): d 7.38-7.35 (m, 2H), 7.31-7.24 (m, 3H), 4.17 (dd, J = 

10.8, 8.2 Hz, 1H), 3.69 (dd, J = 10.8, 8.6 Hz, 1H), 3.58-3.49 (m, 1H), 2.90 (dd, J = 17.3, 8.5 Hz, 

1H), 2.72 (dd, J = 17.3, 9.9 Hz, 1H), 1.54 (s, 9H); 13C NMR {1H} (125 MHz, CDCl3): d 173.1, 

149.8, 140.5, 128.9, 127.4, 126.7, 83.0, 53.1, 40.3, 36.4, 28.0 ppm. HPLC: Chiracel AD-H 

Column (250 mm); detected at 210 nm; n-hexane / i-propanol = 95/5; flow = 1.0 mL/min; 

Retention time: 13.6 min (minor), 14.7 min (major). 
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(R)-Tert-butyl 2-oxo-4-(p-tolyl)pyrrolidine-1-carboxylate (2m): White solid, 26.1 mg, 95% 

yield, 99% ee, [α]D
20 = –0.9 (c 1.00, CHCl3) [lit.

18: [α]D
27 = –1.3 (c 0.95, CHCl3) for the R-isomer 

of 98.3% ee]. 1H NMR (500 MHz, CDCl3): d 7.17 (d, J = 8.2 Hz, 2H), 7.13 (d, J = 8.2 Hz, 2H), 

4.14 (dd, J = 10.8, 8.2 Hz, 1H), 3.66 (dd, J = 10.8, 8.6 Hz, 1H), 3.55-3.45 (m, 1H), 2.87 (dd, J = 

17.2, 8.5 Hz, 1H), 2.70 (dd, J = 17.2, 10.0 Hz, 1H), 2.34 (s, 3H), 1.53 (s, 9H); 13C NMR {1H} 

(125 MHz, CDCl3): d 173.2, 149.9, 137.4, 137.1, 129.6, 126.6, 83.0, 53.2, 40.3, 36.0, 28.0, 21.0 

ppm. HPLC: Chiracel OD-H Column (250 mm); detected at 210 nm; n-hexane / i-propanol = 

90/10; flow = 0.7 mL/min; Retention time: 19.1 min (major), 22.3 min (minor). 

N O

Boc

MeO

Chemical Formula: C16H21NO4

Molecular Weight: 291.35

2n

 

(R)-Tert-butyl 4-(4-methoxyphenyl)-2-oxopyrrolidine-1-carboxylate (2n): White solid, 24.7 

mg, 85% yield, 98% ee, [α]D
20 = –0.5 (c 1.00, CHCl3) [lit.

18: [α]D
27 = –0.4 (c 0.89, CHCl3) for the 

R-isomer of 98% ee]. 1H NMR (500 MHz, CDCl3): d 7.16 (d, J = 8.3 Hz, 2H), 6.89 (d, J = 8.3 Hz, 

2H), 4.13 (dd, J = 10.5, 8.4 Hz, 1H), 3.81 (s, 3H), 3.64 (t, J = 9.5 Hz, 1H), 3.49 (dt, J = 17.8, 8.6 

Hz, 1H), 2.87 (dd, J = 17.2, 8.4 Hz, 1H), 2.68 (dd, J = 17.2, 10.1 Hz, 1H), 1.53 (s, 9H); 13C NMR 

{1H} (125 MHz, CDCl3): d 173.2, 158.8, 149.9, 132.4, 127.7, 114.3, 83.0, 55.3, 53.3, 40.5, 35.7, 

28.0 ppm. HPLC: Chiracel OJ-H Column (250 mm); detected at 210 nm; n-hexane / i-propanol = 

80/20; flow = 0.7 mL/min; Retention time: 20.5 min (minor), 24.9 min (major). 
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(–)-1-Methyl-4-phenylpyrrolidin-2-one (2o)19: Colorless oil, 17.1 mg, 98% yield, 95% ee, 

[α]D
20 = –42.4 (c 1.00, CHCl3). 

1H NMR (500 MHz, CDCl3): d 7.36-7.33 (m, 2H), 7.28-7.22 (m, 

3H), 3.75 (t, J = 9.0 Hz, 1H), 3.58 (dt, J = 16.2, 8.3 Hz, 1H), 3.41 (dd, J = 9.2, 7.2 Hz, 1H), 2.91 (s, 

3H), 2.81 (dd, J = 16.9, 8.3 Hz, 1H), 2.54 (dd, J = 16.8, 8.3 Hz, 1H); 13C NMR {1H} (125 MHz, 

CDCl3): d 173.9, 142.5, 128.8, 127.0, 126.7, 56.6, 38.8, 37.1, 29.5 ppm. HRMS-ESI (m/z): 

Calculated for C11H14NO+ (M+H)+: 176.1070; found: 176.1068. HPLC: Chiracel AD-H Column 

(250 mm); detected at 210 nm; n-hexane / i-propanol = 90/10; flow = 1.0 mL/min; Retention time: 

8.0 min (minor), 8.4 min (major). 

 

(–)-1-(Tert-butyl)-4-phenylpyrrolidin-2-one (2p): Colorless oil, 21.2 mg, 98% yield, 97% ee, 

[α]D
20 = –24.1 (c 1.00, CHCl3). 

1H NMR (500 MHz, CDCl3): d 7.35-7.32 (m, 2H), 7.27-7.23 (m, 

3H), 3.85 (t, J = 7.8 Hz, 1H), 3.47-3.39 (m, 2H), 2.76 (dd, J = 16.8, 8.6 Hz, 1H), 2.54 (dd, J = 16.8, 

8.6 Hz, 1H), 1.43 (m, 9H); 13C NMR {1H} (125 MHz, CDCl3): d 174.2, 142.6, 128.8, 126.9, 126.7, 

54.1, 53.1, 40.6, 37.0, 27.7 ppm. HRMS-ESI (m/z): Calculated for C14H20NO+ (M+H)+: 218.1539; 

found: 218.1538. HPLC: Chiracel AD-H Column (250 mm); detected at 210 nm; n-hexane / 

i-propanol = 99/1; flow = 1.0 mL/min; Retention time: 15.8 min (minor), 17.3 min (major). 
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(+)-1-Benzyl-4-phenylpyrrolidin-2-one (2q)20: White solid, 24.6 mg, 98% yield, 96% ee, [α]D
20 

= +30.8 (c 1.00, CHCl3). 
1H NMR (500 MHz, CDCl3): d 7.35-7.21 (m, 8H), 7.17-7.16 (m, 2H), 

4.56 (d, J = 14.6, Hz, 1H), 4.46 (d, J = 14.6, Hz, 1H), 3.63 (t, J = 9.0 Hz, 1H), 3.54 (dt, J = 16.0, 

8.2 Hz, 1H), 3.27 (dd, J = 9.5, 7.1 Hz, 1H), 2.88 (dd, J = 16.8, 8.5 Hz, 1H), 2.62 (dd, J = 16.8, 8.5 

Hz, 1H); 13C NMR {1H} (125 MHz, CDCl3): d 173.7, 142.2, 136.2, 128.8, 128.7, 128.2, 127.6, 

127.0, 126.7, 53.7, 46.6, 38.9, 37.1 ppm. HPLC: Chiracel AD-H Column (250 mm); detected at 

210 nm; n-hexane / i-propanol = 90/10; flow = 1.0 mL/min; Retention time: 12.3 min (minor), 

14.0 min (major). 

 

(+)-1,4-Diphenylpyrrolidin-2-one (2r): White solid, 23.2 mg, 98% yield, 97% ee, [α]D
20 = 

+10.7 (c 1.00, MeOH) 1H NMR (500 MHz, CDCl3): d 7.62 (d, J = 8.2 Hz, 2H), 7.39-7.25 (m, 7H), 

7.16 (t, J = 7.3 Hz, 1H), 4.19 (t, J = 8.6 Hz, 1H), 3.89 (t, J = 8.6 Hz, 1H), 3.70 (dt, J = 16.5, 8.3 

Hz, 1H), 3.02 (dd, J = 17.0, 8.8 Hz, 1H), 2.80 (dd, J = 17.0, 8.8 Hz, 1H); 13C NMR {1H} (125 

MHz, CDCl3): d 172.9, 141.6, 139.1, 128.9 (2C), 127.3, 126.8, 124.6, 119.9, 55.6, 40.3, 37.1 ppm. 

HRMS-ESI (m/z): Calculated for C16H15NO+ (M+H)+: 238.1226; found: 238.1225. HPLC: 

Chiracel AD-H Column (250 mm); detected at 245 nm; n-hexane / i-propanol = 85/15; flow = 1.0 

mL/min; Retention time: 11.6 min (minor), 14.8 min (major). 
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(+)-1-(4-Methoxyphenyl)-4-phenylpyrrolidin-2-one (2s): White solid, 26.4 mg, 99% yield, 

96% ee, [α]D
20 = +9.9 (c 1.00, CHCl3). 

1H NMR (500 MHz, CDCl3): d 7.51 (d, J = 8.5 Hz, 2H), 

7.38-7.35 (m, 2H), 7.30-7.25 (m, 3H), 6.91 (d, J = 8.5 Hz, 2H), 4.14 (t, J = 8.8 Hz, 1H), 3.85 (t, J 

= 8.3 Hz, 1H), 3.79 (s, 3H), 3.68 (dt, J = 16.5, 8.2 Hz, 1H), 2.99 (dd, J = 17.0, 8.8 Hz, 1H), 2.77 

(dd, J = 17.0, 8.8 Hz, 1H); 13C NMR {1H} (125 MHz, CDCl3): d 172.6, 156.6, 141.7, 132.2, 128.9, 

127.2, 126.7, 121.8, 114.0, 56.0, 55.4, 40.0, 37.2 ppm. HRMS-ESI (m/z): Calculated for 

C17H18NO+ (M+H)+: 268.1332; found: 268.1330. HPLC: Chiracel AD-H Column (250 mm); 

detected at 254 nm; n-hexane / i-propanol = 80/20; flow = 1.0 mL/min; Retention time: 15.3 min 

(minor), 22.2 min (major). 

 

(–)-1-(4-Methoxyphenyl)-4-propylpyrrolidin-2-one (2t): White solid, 22.6 mg, 97% yield, 

91% ee, [α]D
25 = –1.9 (c 1.00, CHCl3). 

1H NMR (500 MHz, CDCl3): d 7.48 (d, J = 8.6 Hz, 2H), 

6.89 (d, J = 8.6 Hz, 2H), 3.87 (t, J = 8.5 Hz, 1H), 3.79 (s, 3H), 3.46 (t, J = 8.2 Hz, 1H), 2.70 (dd, J 

= 16.7, 8.5 Hz, 1H), 2.50-2.39 (m, 1H), 2.27 (dd, J = 16.7, 8.2 Hz, 1H), 1.55-1.46 (m, 2H), 

1.43-1.37 (m, 2H), 0.95 (t, J = 7.2 Hz, 3H); 13C NMR {1H} (125 MHz, CDCl3): d 173.4, 156.4, 

132.6, 121.7, 113.9, 55.4, 54.8, 39.0, 36.6, 31.3, 20.5, 14.0 ppm. HRMS-ESI (m/z): Calculated for 

C14H20NO+ (M+H)+: 234.1489; found: 234.1486. HPLC: Chiracel OJ-H Column (250 mm); 
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detected at 254 nm; n-hexane / i-propanol = 85/15; flow = 1.0 mL/min; Retention time: 13.0 min 

(minor), 15.3 min (major). 

 

(–)-4-Heptyl-1-(4-methoxyphenyl)pyrrolidin-2-one (2u): White solid, 28.6 mg, 99% yield, 

93% ee, [α]D
25 = –1.3 (c 1.00, CHCl3). 

1H NMR (500 MHz, CDCl3): d 7.50-7.46 (m, 2H), 

6.91-6.87 (m, 2H), 3.86 (dd, J = 9.4, 7.9 Hz, 1H), 3.79 (s, 3H), 3.45 (dd, J = 9.5, 7.1 Hz, 1H), 2.69 

(dd, J = 16.7, 8.4 Hz, 1H), 2.47-2.37 (m, 1H), 2.27 (dd, J = 16.7, 8.1 Hz, 1H), 1.53-1.48 (m, 2H), 

1.37-1.23 (m, 10H), 0.89 (t, J = 7.1 Hz, 3H); 13C NMR {1H} (125 MHz, CDCl3): d 173.4, 156.4, 

132.6, 121.7, 113.9, 55.4, 54.8, 39.1, 34.4, 31.7, 31.6, 29.5, 29.1, 27.4, 22.6, 14.0 ppm. 

HRMS-ESI (m/z): Calculated for C18H28NO2
+ (M+H)+: 290.2115; found: 290.2110. HPLC: 

Chiracel OJ-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 90/10; flow = 1.0 

mL/min; Retention time: 10.3 min (minor), 12.3 min (major). 

 

(–)-4-Benzyl-1-(4-methoxyphenyl)pyrrolidin-2-one (2v): White solid, 27.8 mg, 99% yield, 

95% ee, [α]D
25 = –29.1 (c 1.00, CHCl3). 

1H NMR (500 MHz, CDCl3): d 7.46-7.43 (m, 2H), 

7.33-7.28 (m, 2H), 7.25-7.21 (m, 1H), 7.20-7.16 (m, 2H), 6.89-6.86 (m, 2H), 3.79-3.76 (m, 1H), 

3.77 (s, 3H), 3.52 (dd, J = 9.8, 5.6 Hz, 1H), 2.88-2.82 (m, 1H), 2.78-2.66 (m, 3H), 2.40-2.35 (m, 

1H); 13C NMR {1H} (125 MHz, CDCl3): d 172.9, 156.4, 138.9, 132.4, 128.64, 128.56, 126.5, 
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121.7, 113.9, 55.3, 54.0, 40.2, 38.7, 33.0 ppm. HRMS-ESI (m/z): Calculated for C18H20NO2
+ 

(M+H)+: 282.1489; found: 282.1484. HPLC: Chiracel OJ-H Column (250 mm); detected at 254 

nm; n-hexane / i-propanol = 80/20; flow = 1.0 mL/min; Retention time: 25.6 min (minor), 32.2 

min (major). 

 

(–)-4-Isopropyl-1-(4-methoxyphenyl)pyrrolidin-2-one (2w): White solid, 22.9 mg, 98% yield, 

96% ee, [α]D
25 = –12.0 (c 1.00, CHCl3). 

1H NMR (500 MHz, CDCl3): d 7.50-7.47 (m, 2H), 

6.91-6.87 (m, 2H), 3.83-3.80 (m, 1H), 3.79 (s, 3H), 3.51 (dd, J = 9.3, 8.3 Hz, 1H), 2.64 (dd, J = 

16.8, 8.6 Hz, 1H), 2.32 (dd, J = 16.8, 9.6 Hz, 1H), 2.21-2.12 (m, 1H), 1.70-1.60 (m, 1H), 0.97 (d, 

J = 2.9 Hz, 3H), 0.96 (d, J = 2.8 Hz, 3H); 13C NMR {1H} (125 MHz, CDCl3): d 173.5, 156.4, 

132.5, 121.7, 113.9, 55.3, 53.3, 38.7, 37.4, 32.4, 20.4, 20.0 ppm. HRMS-ESI (m/z): Calculated for 

C14H20NO2
+ (M+H)+: 234.1489; found: 234.1486. HPLC: Chiracel OD-H Column (250 mm); 

detected at 254 nm; n-hexane / i-propanol = 95/5; flow = 1.0 mL/min; Retention time: 24.8 min 

(major), 28.9 min (minor). 

 

3-Methyl-1-phenylpyrrolidin-2-one (2x): White solid, 17.0 mg, 97% yield, 6% ee. 1H NMR 

(500 MHz, CDCl3): d 7.65-7.62 (m, 2H), 7.38-7.34 (m, 2H), 7.15-7.11 (m, 1H), 3.80-3.73 (m, 2H), 

2.70-2.62 (m, 1H), 2.39-2.33 (m, 1H), 1.80-1.72 (m, 1H), 1.30 (d, J = 7.1 Hz, 3H); 13C NMR {1H} 
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(125 MHz, CDCl3): d 176.6, 139.6, 128.7, 124.2, 119.6, 46.6, 38.2, 26.9, 16.1 ppm. HRMS-ESI 

(m/z): Calculated for C11H14NO+ (M+H)+: 176.1070; found: 176.1068. HPLC: Chiracel OJ-H 

Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 90/10; flow = 1.0 mL/min; 

Retention time: 12.8 min (major), 13.6 min (minor). 

HO

O
NH2 HCl

Cl

Chemical Formula: C10H13Cl2NO2

Molecular Weight: 250.12

3

 

(R)-Baclofen hydrochloride (3): A mixture of 2g (52.0 mg) and 6 N HCl (1.5 mL) was 

heated to reflux for 24 h. The solution was cooled and evaporated to dryness under 

reduced pressure. The residue was dried under vacuum to afford 3 as a white solid, 61.6 

mg, 93% yield. [α]D
25 = –3.5 (c 0.65, H2O), [lit.18: [α]D

27 = –3.9 (c 0.64, H2O) for the R-isomer of 

99% ee]. 1H NMR {1H} (500 MHz, D2O): d 7.32 (d, J = 7.8 Hz, 2H), 7.23 (t, J = 7.8 Hz, 2H), 

3.38-3.23 (m, 2H), 3.14 (t, J = 11.4 Hz, 1H), 2.75 (dd, J = 16.0, 5.1 Hz, 1H), 2.63 (dd, J = 16.0, 

8.6 Hz, 1H); 13C NMR (125 MHz, D2O): d 175.2, 136.9, 133.3, 129.4, 129.2, 43.6, 39.3, 38.1 

ppm.  

 

(R)-1-((2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)methyl)-3-(2-methoxyphenyl)pyrrolidine (4): 

LiAlH4 (38 mg, 1.0 mmol) was slowly added to a solution of compound 2e (95.6 mg, 0.5 mmol; 

92% ee) in THF (5.0 mL). The resulting mixture was refluxed overnight. The mixture was cooled 

to 0 °C and quenched by successive addition of H2O, NaOH (15%, aq.), and H2O (38 µL/38 

µL/114 µL, 1 : 1 : 3). The solid residue was filtered and washed with CH2Cl2. The filtrate was 

dried over anhydrous Na2SO4, concentrated under reduced pressure and then dried under vacuum, 

giving the crude pyrrolidine product which was used for the next step without further purification. 

The crude pyrrolidine and 2,3-dihydrobenzo[b][1,4]dioxine-6-carbaldehyde (82 mg, 0.5 mmol) 
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was dissolved in 3 mL of MeOH. NaBH3CN (126 mg, 1.0 mmol) was added and the reaction 

mixture was stirred for 4 h at rt. The reaction was then quenched with water and extracted with 

ethyl acetate. The organic phases were combined, dried, evaporated and the resulting oily residue 

was further purified by flash chromatography on silica gel using ethyl acetate/hexane/Et3N 

(1/2/0.01) as eluents. The product is obtained as colorless oil (124 mg, 76% yield). [α]D
25 = +19.4 

(c 1.00, CHCl3). [lit.
21: [α]D

20 = –22.2 (c 2.14, CHCl3) for the S-isomer of 92% ee]. 1H NMR (500 

MHz, CDCl3): d 7.31 (d, J = 7.5 Hz, 1H), 7.15 (t, J = 8.1 Hz, 1H), 6.91 (t, J = 7.5 Hz, 1H), 6.88 (s, 

1H), 6.83-6.78 (m, 3H), 4.22 (s, 4H), 3.78 (s, 3H), 3.76-3.69 (m, 1H), 3.57 (d, J = 12.8 Hz, 1H), 

3.54 (d, J = 12.8 Hz, 1H), 2.97 (t, J = 8.5 Hz, 1H), 2.81-2.74 (m, 1H), 2.70-2.62 (m, 1H), 2.49 (t, J 

= 8.4 Hz, 1H), 2.32-2.22 (m, 1H), 1.89-1.80 (m, 1H); 13C NMR {1H} (125 MHz, CDCl3): d 157.0, 

143.1, 142.3, 133.6, 132.8, 127.4, 126.8, 121.7, 120.5, 117.5, 116.8, 110.3, 64.3, 64.3, 60.5, 60.0, 

55.3, 54.4, 36.3, 31.8 ppm. 
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6. NMR spectra 
1H NMR (500 MHz, CDCl3) and 13C NMR {1H} (125 MHz, CDCl3) of 1a: 
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1H NMR (500 MHz, DMSO-d6) and 13C NMR {1H} (125 MHz, DMSO-d6) of 1b: 
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1H NMR (500 MHz, DMSO-d6) and 13C NMR {1H} (125 MHz, DMSO-d6) of 1c: 

9 8 7 6 5 4 3 2 1 0 ppm
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1H NMR (500 MHz, CDCl3) and 13C NMR {1H} (125 MHz, CDCl3) of 1d: 

9 8 7 6 5 4 3 2 1 0 ppm
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1H NMR (500 MHz, CDCl3) and 13C NMR {1H} (125 MHz, CDCl3) of 1e: 

9 8 7 6 5 4 3 2 1 0 ppm
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1H NMR (500 MHz, DMSO-d6) and 13C NMR {1H} (125 MHz, DMSO-d6) of 1f: 

9 8 7 6 5 4 3 2 1 0 ppm
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1H NMR (500 MHz, DMSO-d6) and 13C NMR {1H} (125 MHz, DMSO-d6) of 1g: 

9 8 7 6 5 4 3 2 1 0 ppm
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1H NMR (500 MHz, DMSO-d6) and 13C NMR {1H} (125 MHz, DMSO-d6) of 1h: 

9 8 7 6 5 4 3 2 1 0 ppm
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1H NMR (500 MHz, DMSO-d6) and 13C NMR {1H} (125 MHz, DMSO-d6) of 1i: 

9 8 7 6 5 4 3 2 1 0 ppm
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1H NMR (500 MHz, DMSO-d6) and 13C NMR {1H} (125 MHz, DMSO-d6) of 1j: 

9 8 7 6 5 4 3 2 1 0 ppm
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1H NMR (500 MHz, CDCl3) and 13C NMR {1H} (125 MHz, CDCl3) of 1k: 

9 8 7 6 5 4 3 2 1 0 ppm
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1H NMR (500 MHz, CDCl3) and 13C NMR {1H} (125 MHz, CDCl3) of 1l: 

9 8 7 6 5 4 3 2 1 0 ppm
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1H NMR (500 MHz, CDCl3) and 13C NMR {1H} (125 MHz, CDCl3) of 1m: 

9 8 7 6 5 4 3 2 1 0 ppm
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1H NMR (500 MHz, CDCl3) and 13C NMR {1H} (125 MHz, CDCl3) of 1n: 

9 8 7 6 5 4 3 2 1 0 ppm
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1H NMR (500 MHz, CDCl3) and 13C NMR {1H} (125 MHz, CDCl3) of 1o: 

9 8 7 6 5 4 3 2 1 0 ppm
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1H NMR (500 MHz, CDCl3) and 13C NMR {1H} (125 MHz, CDCl3) of 1p: 

9 8 7 6 5 4 3 2 1 0 ppm
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1H NMR (500 MHz, CDCl3) and 13C NMR {1H} (125 MHz, CDCl3) of 1q: 

9 8 7 6 5 4 3 2 1 0 ppm
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1H NMR (500 MHz, CDCl3) and 13C NMR {1H} (125 MHz, CDCl3) of 1r: 

9 8 7 6 5 4 3 2 1 0 ppm
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1H NMR (500 MHz, CDCl3) and 13C NMR {1H} (125 MHz, CDCl3) of 1s: 

9 8 7 6 5 4 3 2 1 0 ppm
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1H NMR (500 MHz, CDCl3) and 13C NMR {1H} (125 MHz, CDCl3) of 1t: 
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1H NMR (400 MHz, CDCl3) and 13C NMR {1H} (100 MHz, CDCl3) of 1u: 

9 8 7 6 5 4 3 2 1 0 ppm
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1H NMR (400 MHz, CDCl3) and 13C NMR {1H} (100 MHz, CDCl3) of 1v: 

9 8 7 6 5 4 3 2 1 0 ppm
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1H NMR (400 MHz, CDCl3) and 13C NMR {1H} (100 MHz, CDCl3) of 1w: 

9 8 7 6 5 4 3 2 1 0 ppm
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1H NMR (500 MHz, CDCl3) and 13C NMR {1H} (125 MHz, CDCl3) of 1x: 

9 8 7 6 5 4 3 2 1 0 ppm
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1H NMR (500 MHz, CDCl3) and 13C NMR {1H} (125 MHz, CDCl3) of 2a: 

9 8 7 6 5 4 3 2 1 0 ppm
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1H NMR (500 MHz, CDCl3) and 13C NMR {1H} (125 MHz, CDCl3) of 2b: 
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1H NMR (500 MHz, CDCl3) and 13C NMR {1H} (125 MHz, CDCl3) of 2c: 

9 8 7 6 5 4 3 2 1 0 ppm
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1H NMR (500 MHz, CDCl3) and 13C NMR {1H} (125 MHz, CDCl3) of 2d: 

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 ppm
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1H NMR (500 MHz, CDCl3) and 13C NMR {1H} (125 MHz, CDCl3) of 2e: 

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 ppm
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1H NMR (500 MHz, CDCl3) and 13C NMR {1H} (125 MHz, CDCl3) of 2f: 

9 8 7 6 5 4 3 2 1 0 ppm
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1H NMR (500 MHz, CDCl3) and 13C NMR {1H} (125 MHz, CDCl3) of 2g: 

9 8 7 6 5 4 3 2 1 0 ppm
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1H NMR (500 MHz, CDCl3) and 13C NMR {1H} (125 MHz, CDCl3) of 2h: 

9 8 7 6 5 4 3 2 1 0 ppm
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1H NMR (500 MHz, CDCl3) and 13C NMR {1H} (125 MHz, CDCl3) of 2i: 

9 8 7 6 5 4 3 2 1 0 ppm
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1H NMR (500 MHz, CDCl3) and 13C NMR {1H} (125 MHz, CDCl3) of 2j: 

9 8 7 6 5 4 3 2 1 0 ppm
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1H NMR (500 MHz, CDCl3) and 13C NMR {1H} (125 MHz, CDCl3) of 2k: 
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1H NMR (500 MHz, CDCl3) and 13C NMR {1H} (125 MHz, CDCl3) of 2l: 

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 ppm
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1H NMR (500 MHz, CDCl3) and 13C NMR {1H} (125 MHz, CDCl3) of 2m: 
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1H NMR (500 MHz, CDCl3) and 13C NMR {1H} (125 MHz, CDCl3) of 2n: 

9 8 7 6 5 4 3 2 1 0 ppm
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1H NMR (500 MHz, CDCl3) and 13C NMR {1H} (125 MHz, CDCl3) of 2o: 

9 8 7 6 5 4 3 2 1 0 ppm
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1H NMR (500 MHz, CDCl3) and 13C NMR {1H} (125 MHz, CDCl3) of 2p: 

9 8 7 6 5 4 3 2 1 0 ppm
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1H NMR (500 MHz, CDCl3) and 13C NMR {1H} (125 MHz, CDCl3) of 2q: 

9 8 7 6 5 4 3 2 1 0 ppm
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1H NMR (500 MHz, CDCl3) and 13C NMR {1H} (125 MHz, CDCl3) of 2r: 

9 8 7 6 5 4 3 2 1 0 ppm
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1H NMR (500 MHz, CDCl3) and 13C NMR {1H} (125 MHz, CDCl3) of 2s: 

9 8 7 6 5 4 3 2 1 0 ppm
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1H NMR (500 MHz, CDCl3) and 13C NMR {1H} (125 MHz, CDCl3) of 2t: 
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1H NMR (500 MHz, CDCl3) and 13C NMR {1H} (125 MHz, CDCl3) of 2u: 

9 8 7 6 5 4 3 2 1 0 ppm
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1H NMR (500 MHz, CDCl3) and 13C NMR {1H} (125 MHz, CDCl3) of 2v: 

9 8 7 6 5 4 3 2 1 0 ppm
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1H NMR (500 MHz, CDCl3) and 13C NMR {1H} (125 MHz, CDCl3) of 2w: 

9 8 7 6 5 4 3 2 1 0 ppm
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1H NMR (500 MHz, CDCl3) and 13C NMR {1H} (125 MHz, CDCl3) of rac-2x: 

9 8 7 6 5 4 3 2 1 0 ppm
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1H NMR (500 MHz, CDCl3) and 13C NMR {1H} (125 MHz, CDCl3) of 3: 

9 8 7 6 5 4 3 2 1 0 ppm
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1H NMR (500 MHz, CDCl3) and 13C NMR {1H} (125 MHz, CDCl3) of 4: 

9 8 7 6 5 4 3 2 1 0 ppm
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7. HPLC Spectra 
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