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I. Materials and methods  

All reagents and solvents were commercially available and were used without further purification. 

Flash column chromatography was performed over silica gel 200-300 mesh. Melting points were 

measured with a Fisher Johns apparatus and are uncorrected. 1H NMR spectra were recorded on 

Bruker spectrometers at 300 MHz or 400 MHz and are reported relative to residual solvent signals. 

Data for 1H NMR spectra are reported as follows: chemical shift (δ, ppm), multiplicity, coupling 

constant (J, Hz), integration. Data for 13C NMR are reported in terms of chemical shift at 75 MHz 

or 101 MHz and reported in terms of chemical shift (δ ppm). The solvent signals were used as 

references (residual CHCl3 in CDCl3: δH = 7.26 ppm, δC = 77.0 ppm). The following abbreviations 

are used to indicate the multiplicity in NMR spectra: s (singlet); d (doublet); t (triplet); q (quartet); 

m (multiplet). High-resolution mass spectra were obtained on Agilent 6520 Accurate-Mass Q-TOF 

LC/MS mass spectrometer with ESI source. The d.r. values and er values for asymmetric study were 

determined via chiral HPLC analysis on SHIMADZU LC20A. XRD was analyzed on Bruker smart 

Apex 2, Bruker D8 Venture. 

II. Experimental Procedures 

A. General procedure for the synthesis of substrates. 

All the enals 1 were synthesized according to the reported methods.1 Most of the propargylic imines 

2 were synthesized as the following method.2 

 

Synthesis of 2: 

To a solution of S1 (20 mmol, 1.0 equiv) in anhydrous THF (50 mL) was added n-BuLi (2.5 M in 

hexane, 24 mmol, 1.2 equiv) at -78 °C under N2 atmosphere. The reaction was stirred at -78 °C for 

20 mins, and then was stirred at room temperature for 1 h. After cooling to -78 °C again, S2 (20 

mmol, 1.0 equiv) was added to the mixture, which was warmed up to room temperature gradually, 

and was stirred for an additional hour before quenched with aqueous NH4Cl. After extracting with 

ethyl acetate (3 × 20 mL), combined organic phases was washed with water and brine, dried over 

anhydrous MgSO4. After filtration of MgSO4, the filtrate was concentrated under reduced pressure. 

Then the residue was purified by column chromatography (petroleum ether/ethyl acetate) to give the 

desired propargyl alcohol S3 as an oil in quantitative yield3. 

To a 25 mL round flask were successively added S3 (10 mmol, 1.0 equiv), TsNH2 (11 mmol, 1.1 

equiv), CH3CN (5 mL), and anhydrous FeCl3 (1 mmol, 10 mol%). Then the mixture was 

magnetically stirred at room temperature for 2 h. After that, the solvent was concentrated under 
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reduced pressure and then the residue was purified by silica gel column chromatography (petroleum 

ether/ethyl acetate) to afford S4. 

To a stirred solution of S4 (10 mmol, 1.0 equiv) in DCE (20 mL) was added the activated manganese 

dioxide (100 mmol, 10.0 equiv) at room temperature. After stirring vigorously for 11 h at 50 °C, the 

insoluble materials were filtered. Then the filtrate was concentrated and the residue was purified by 

flash column chromatography on silica gel to give substrates 2. 

B. General procedure for the annulation of enals with propargylic imines for the synthesis of 

products 3. 

To a 10 mL Schlenk tube equipped with a magnetic stir bar was added 1a (0.24 mmol, 1.2 equiv), 

2a (0.2 mmol, 1.0 equiv), Cs2CO3 (0.06 mmol, 30 mol%), and NHC catalyst A (0.02 mmol, 10 

mol%). Then the tube was sealed with a rubber stopper, and was evacuated and refilled with nitrogen 

for three times. After that, Mesitylene (4 mL) and tBuOH (0.4 ml) was added, and the reaction 

mixture was allowed to be stirred for 3 h at room temperature. After completion of the reaction, the 

reaction mixture was filtered and concentrated under reduced pressure, then the residue was 

subjected to column chromatography using petroleum ether/ethyl acetate = 10/1 as eluent to afford 

the desired product 3. The d.r. and the er values were determined by HPLC analysis. 

C. General procedure for the scale-up synthesis of product 3a. 

To a 50 mL Schlenk tube equipped with a magnetic stir bar, was added 1a (1.2 mmol, 1.2 equiv), 

2a (1 mmol, 1.0 equiv), Cs2CO3 (0.3 mmol, 30 mol%), and NHC catalyst A (0.1 mmol, 10 mol%). 

The tube was sealed with a rubber stopper, and was evacuated and refilled with nitrogen for three 

times. Mesitylene (10 mL) and tBuOH (1 ml) was added and the reaction mixture was allowed to 

be stirred for 12 h at room temperature. After completion of the reaction, the reaction mixture was 

filtered and concentrated under reduced pressure, then the residue was subjected to column 

chromatography using petroleum ether/ethyl acetate = 10/1 as eluent to afford the desired product 

3a. The d.r. and the er values were determined by HPLC analysis. 

D. General procedure for the synthesis of product 44,5. 

To a solution of 3a (0.2 mmol, 1.0 equiv) in THF (5 mL) was added SmI2 (0.1 M, 1 mmol, 5.0 equiv) 

dropwise at 0 oC. After stirring for 10 mins at 0 °C, the resulting mixture was warmed to room 

temperature during 20 mins. Then 1 M HCl (5 mL) was added and the mixture was stirred for 5 

mins. After extracting with CH2Cl2 (3 x 10 mL) and washing with brine (10 mL), the organic phase 
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was dried over anhydrous Na2SO4. After filtrating, the solvent was removed under reduced pressure. 

Pure compound 4 (47.6 mg, 62%) was obtained as a white solid after eluting the crude on a small 

plug of silica (petroleum ether/ethyl acetate = 10/1) under pressure. The d.r. and the er values were 

determined by HPLC analysis. 

E. General procedure for the removal of tosyl group of products 3g-3j, 3l, 3m, 3o, 3p, 3t, 3u4,5. 

The procedure for removing the tosyl group of products 3g-3j, 3l, 3m, 3o, 3p, 3t, 3u was conducted 

in 0.05 mmol scale following the general procedure for the synthesis of product 4. Then the d.r. and 

the er values were determined by HPLC analysis. 

F. General procedure for the synthesis of product 55. 

To a solution of 3a (0.2 mmol, 1.0 equiv) in MeOH (5 mL) was added 5% Pd/C (0.02 mmol, 10 

mol%) at room temperature. Then the reaction system was evacuated twice under reduced pressure, 

and a H2 balloon was placed on the stopper. After stirring for 12 h at room temperature, the resulting 

mixture was filtered through celite and the filtrate was concentrated. And the residue was purified 

by column chromatography on a silica gel column (petroleum ether/ethyl acetate = 20/1) to afford 

the desired product 5 (58 mg, 56%). The d.r. and the er values were determined by HPLC analysis. 

III. References 
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IV. Characterization data 

Note: All of the yields given below were the overall yields for the mixture of the two 

diastereoisomers of products 3a-3z. For products 3a-3e, 3g, 3i-3n, 3p, 3s, and 3x-3z, only the major 

diastereoisomer could be isolated through recrystallization from the mixture, thus the structures and 

names of 3a-3e, 3g, 3i-3n, 3p, 3s, and 3x-3z were given according to the major enantiomers of their 

major diastereoisomers. And the melting points, the specific rotations, the NMR and the HRMS 

were determined using the purely isolated major diastereoisomer of 3a-3e, 3g, 3i-3n, 3p, 3s, and 
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3x-3z as the samples. For products 3f, 3h, 3o, 3q, 3r, and 3t-3w, it was difficult to realize the 

isolation of the two diastereoisomers. Thus, thus the structures and names of 3f, 3h, 3o, 3q, 3r, and 

3t-3w were given without the consideration of the stereochemistry. And the melting points, the 

specific rotations, the NMR and the HRMS were determined using the mixture of the 

diastereoisomers of 3f, 3h, 3o, 3q, 3r, and 3t-3w as the samples. The absolute configuration of the 

major diastereomer of 3c was assigned to be (4R, 5S) by an X-ray crystallographic analysis of the 

related enantiopure sample. And the absolute configuration of other products was assigned by 

analogy. 

 

(4R,5S)-4-(4-chlorophenyl)-5-(phenylethynyl)-5-(p-tolyl)-1-tosylpyrrolidin-2-one (3a). White 

solid. 91.8 mg, 85% yield. mp: 181-182 oC. [a]D
25 = -108.621 (c = 0.058 in CHCl3). HPLC DAICEL 

CHIRALCEL IC, n-hexane/ethanol = 90/10, flow rate = 1.0 mL/min, λ = 254 nm: er (major 

diastereoisomer) = 96:4, tR(major) = 27.954 min, tR(minor) = 35.411 min; er (minor diastereoisomer) 

= 88:12, tR(major) = 30.800 min, tR(minor) = 25.577 min. 1H NMR (400 MHz, CDCl3): δ 8.01 (d, 

J = 8.4 Hz, 2H), 7.47 (d, J = 8.3 Hz, 2H), 7.40-7.30 (m, 5H), 7.23 (dd, J = 8.1, 4.6 Hz, 4H), 7.17 

(dt, J = 8.5, 2.8 Hz, 2H), 6.76 (dt, J = 8.6, 2.8 Hz, 2H), 3.78 (dd, J = 13.0, 7.2 Hz, 1H), 3.06 (dd, J 

= 16.7, 13.0 Hz, 1H), 2.73 (dd, J = 16.7, 7.2 Hz, 1H), 2.42 (s, 3H), 2.40 (s, 3H). 13C NMR (101 

MHz, CDCl3): δ 172.43, 145.06, 138.27, 137.09, 135.39, 134.13, 132.29, 131.60, 130.22, 129.62, 

129.25, 129.16, 128.96, 128.46, 128.00, 126.13, 121.46, 91.40, 84.60, 72.62, 54.81, 35.58, 21.68, 

21.21. HRMS (ESI) m/z: Calcd. for C32H27ClNO3S (M+H)+: 540.1395, found: 540.1388. 

 

NTs

O

Cl
Me

cis-3a (major enantiomer)
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O
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(4R,5S)-4-(4-fluorophenyl)-5-(phenylethynyl)-5-(p-tolyl)-1-tosylpyrrolidin-2-one (3b). White 

solid. 83.6 mg, 80% yield. mp: 225-226 oC. [a]D
25 = -236.145 (c = 0.166 in CHCl3). HPLC DAICEL 

CHIRALCEL IF, n-hexane/ethanol = 95/5, flow rate = 1.0 mL/min, λ = 254 nm: er (major 

diastereoisomer) = 96:4, tR(major) = 74.594 min, tR(minor) = 142.223 min; er (minor 

diastereoisomer) = 90:10, tR(major) = 116.933 min, tR(major) = 71.303 min. 1H NMR (400 MHz, 

CDCl3): δ 8.02 (d, J = 8.3 Hz, 2H), 7.48-7.45 (m, 2H), 7.39-7.30 (m, 5H), 7.23 (dd, J = 8.3, 2.6 Hz, 

4H), 6.90 (t, J = 8.6 Hz, 2H), 6.83-6.78 (m, 2H), 3.80 (dd, J = 13.0, 7.2 Hz, 1H), 3.07 (dd, J = 16.7, 

13.1 Hz, 1H), 2.73 (dd, J = 16.7, 7.2 Hz, 1H), 2.42 (s, 3H), 2.41 (s, 3H). 13C NMR (101 MHz, 

CDCl3): δ 172.53, 162.56 (d, 1JC-F = 247.5 Hz), 145.03, 138.20, 137.17, 135.41, 131.57, 130.49 (d, 

3JC-F = 8.1 Hz), 129.61, 129.49 (d, 4JC-F = 3.0 Hz), 129.21, 129.12, 128.95, 128.43, 126.13, 121.51, 

114.75 (d, 2JC-F = 21.5 Hz), 91.32, 84.66, 72.9, 54.68, 35.74, 21.67, 21.20. HRMS (ESI) m/z: Calcd. 

for C32H27FNO3S (M+H)+: 524.1690, found: 524.1682. 

 

(4R,5S)-4-(4-bromophenyl)-5-(phenylethynyl)-5-(p-tolyl)-1-tosylpyrrolidin-2-one (3c). White 

solid. 98.2 mg, 84% yield. mp: 179-181 oC. [a]D
25 = -189.744 (c = 0.390 in CHCl3). HPLC DAICEL 

CHIRALCEL IC, n-hexane/ethanol = 90/10, flow rate = 1.0 mL/min, λ = 254 nm: er (major 

diastereoisomer) = 96:4, tR(major) = 30.275 min, tR(minor) = 36.747 min; er (minor diastereoisomer) 

= 87:13, tR(major) = 32.226 min, tR(minor) = 26.713 min. 1H NMR (400 MHz, CDCl3): δ 8.01 (d, 

J = 8.3 Hz, 2H), 7.47 (d, J = 8.1 Hz, 2H), 7.43-7.31 (m, 7H), 7.24-7.21 (m, 4H), 6.70 (d, J = 8.4 Hz, 

2H), 3.77 (dd, J = 13.0, 7.2 Hz, 1H), 3.06 (dd, J = 16.7, 13.0 Hz, 1H), 2.73 (dd, J = 16.7, 7.2 Hz, 

1H), 2.42 (s, 3H), 2.40 (s, 3H). 13C NMR (101 MHz, CDCl3): δ 172.39, 145.05, 138.26, 137.06, 

135.36, 132.83, 131.60, 130.93, 130.54, 129.59, 129.24, 129.16, 128.95, 128.45, 126.11, 122.32, 

121.43, 91.41, 84.56, 72.52, 54.85, 35.50, 21.66, 21.19. HRMS (ESI) m/z: Calcd. for C32H27BrNO3S 

(M+H)+: 584.0890, found: 584.0886. 

 

NTs

O

Br
Me
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(4R,5S)-5-(phenylethynyl)-4,5-di-p-tolyl-1-tosylpyrrolidin-2-one (3d). White solid. 86.8 mg, 83% 

yield. mp: 175-176 oC. [a]D
25 = -235.5 (c = 0.2 in CHCl3). HPLC DAICEL CHIRALCEL IF, n-

hexane/ethanol = 95/5, flow rate = 1.0 mL/min, λ = 254 nm: er (major diastereoisomer) = 95:5, 

tR(major) = 68.892 min, tR(minor) = 126.620 min; er (minor diastereoisomer) = 84:16, tR(major) = 

101.639 min, tR(minor) = 63.789 min. 1H NMR (400 MHz, CDCl3): δ 8.03 (d, J = 8.1 Hz, 2H), 7.48 

(d, J = 8.1 Hz, 2H), 7.38-7.33 (m, 5H), 7.22 (dd, J = 8.2, 4.5 Hz, 4H), 7.01 (d, J = 7.8 Hz, 2H), 6.73 

(d, J = 7.8 Hz, 2H), 3.78 (dd, J = 13.0, 7.2 Hz, 1H), 3.11 (dd, J = 16.8, 13.1 Hz, 1H), 2.71 (dd, J = 

16.8, 7.2 Hz, 1H), 2.41 (s, 3H), 2.40 (s, 3H), 2.30 (s, 3H). 13C NMR (101 MHz, CDCl3): δ 172.92, 

144.90, 137.97, 137.89, 137.48, 135.51, 131.64, 130.64, 129.60, 129.09, 128.94, 128.90, 128.83, 

128.49, 128.33, 126.16, 121.79, 91.01, 85.05, 72.90, 55.09, 35.75, 21.64, 21.19, 21.08. HRMS (ESI) 

m/z: Calcd. for C33H30NO3S (M+H)+: 520.1941, found: 520.1930. 

 

(4R,5S)-4-(4-methoxyphenyl)-5-(phenylethynyl)-5-(p-tolyl)-1-tosylpyrrolidin-2-one (3e). 

White solid. 84.1 mg, 79% yield. mp: 201-203 oC. [a]D
25 = -235.537 (c = 0.242 in CHCl3). HPLC 

DAICEL CHIRALCEL IC, n-hexane/ethanol = 90/10, flow rate = 1.0 mL/min, λ = 254 nm: er 

(major diastereoisomer) = 95:5, tR(major) = 38.633 min, tR(minor) = 50.427 min; er (minor 

diastereoisomer) = 88:12, tR(major) = 42.139 min, tR(minor) = 35.971 min. 1H NMR (400 MHz, 

CDCl3): δ 8.03 (d, J = 8.2 Hz, 2H), 7.47 (d, J = 8.1 Hz, 2H), 7.38-7.34 (m, 5H), 7.22 (dd, J = 8.2, 

2.2 Hz, 4H), 6.78- 6.72 (m, 4H), 3.79-3.73 (m, 4H), 3.08 (dd, J = 16.7, 13.2 Hz, 1H), 2.71 (dd, J = 

16.7, 7.2 Hz, 1H), 2.41 (s, 3H), 2.40 (s, 3H). 13C NMR (101 MHz, CDCl3): δ 172.90, 159.38, 144.92, 

NTs

O

Me
Me

NTs

O

MeO
Me
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137.96, 137.44, 135.48, 131.63, 130.01, 129.61, 129.10, 128.96, 128.90, 128.35, 126.15, 125.55, 

121.75, 113.16, 91.02, 85.01, 72.96, 55.18, 54.82, 35.83, 21.65, 21.20. HRMS (ESI) m/z: Calcd. for 

C33H30NO4S (M+H)+: 536.1890, found: 536.1887. 

 

4-([1,1'-biphenyl]-4-yl)-5-(phenylethynyl)-5-(p-tolyl)-1-tosylpyrrolidin-2-one (3f, mixture of 

the diastereoisomers). White solid. 86.5 mg, 74% yield. mp: 184-185 oC. [a]D
25 = + 22.951 (c = 

0.244 in CHCl3). HPLC DAICEL CHIRALCEL IF, n-hexane/ethanol = 95/5, flow rate = 1.0 

mL/min, λ = 254 nm: er (major diastereoisomer) = 96:4, tR major = 108.971 min, tR minor = 189.552 

min; er (minor diastereoisomer) = 85:15, tR major = 160.871 min, tR minor = 97.885 min; 1H NMR 

(400 MHz, CDCl3) mixture of the diastereoisomers: δ 8.15 (d, J = 8.3 Hz, 0.67H, minor dr), 8.04 

(d, J = 8.3 Hz, 1.27 H, major dr), 7.64-7.59 (m, 1H), 7.55-7.51 (m, 3H), 7.45-7.38 (m, 4H), 7.36-

7.30 (m, 5H), 7.28-7.21 (m, 3H), 7.13 (d, J = 8.2 Hz, 1H), 7.01 (d, J = 8.0 Hz, 1H), 6.92 (d, J = 8.3 

Hz, 1.24H, major dr), 6.86 (d, J = 8.2 Hz, 0.71H, minor dr), 4.19 (dd, J = 13.6, 7.6 Hz, 0.35H, minor 

dr), 3.86 (dd, J = 12.8, 7.2 Hz, 0.65H, major dr), 3.15 (dd, J = 16.8, 12.8 Hz, 0.63H, major dr), 3.04 

(dd, J = 16.7, 13.7 Hz, 0.37H, minor dr), 2.77 (dd, J = 16.7, 7.2 Hz, 0.65H, major dr), 2.63 (dd, J = 

16.7, 7.2 Hz, 0.35H, minor dr), 2.43 (s, 1.01H, minor dr), 2.42 (s, 1.79H, major dr), 2.40 (s, 1.96H, 

major dr), 2.28 (s, 0.97H, minor dr). 13C NMR (101 MHz, CDCl3) δ 172.73, 172.20, 144.93, 140.85, 

140.61, 140.31, 140.23, 138.04, 138.00, 137.42, 136.25, 135.43, 133.62, 132.93, 132.84, 131.75, 

131.57, 129.54, 129.29, 129.20, 129.14, 129.05, 129.01,128.95, 128.89, 128.77, 128.71, 128.52, 

128.33, 127.38, 126.91, 126.85, 126.41, 126.38, 126.15, 122.07, 121.61, 91.16, 89.07, 87.28, 84.96, 

72.75, 71.11, 55.03, 53.67, 35.61, 34.53, 21.64, 21.61, 21.17, 20.96. HRMS (ESI) m/z: Calcd. for 

C38H31NO3S (M+H)+: 582.2097, found: 582.2088. 

NTs

O

Ph
Me



 S10 

 

(4R,5S)-4-(3-fluorophenyl)-5-(phenylethynyl)-5-(p-tolyl)-1-tosylpyrrolidin-2-one (3g). White 

solid. 75.1 mg, 72% yield. mp: 191-192 oC. [a]D
25 = -175.352 (c = 0.284 in CHCl3). HPLC DAICEL 

CHIRALCEL IC, n-hexane/i-propanol = 90/10, flow rate = 1.0 mL/min, λ = 254 nm: er (major 

diastereoisomer) = 97:3, tR(major) = 26.617 min, tR(minor) = 18.629 min; er (minor diastereoisomer) 

= 90:10, tR(major) = 28.931 min, tR(minor) = 22.764 min, 

er was determined by chiral HPLC after removing the tosyl group. 1H NMR (400 MHz, CDCl3): δ 

8.02 (d, J = 8.2 Hz, 2H), 7.49 (d, J = 8.1 Hz, 2H), 7.41-7.32 (m, 5H), 7.23 (t, J = 7.0 Hz, 4H), 7.19- 

7.13 (m, 1H), 6.97 (td, J = 8.6, 2.3 Hz, 1H), 6.59 (dd, J = 19.8, 9.6 Hz, 2H), 3.82 (dd, J = 12.7, 7.2 

Hz, 1H), 3.17-2.98 (m, 1H), 2.78-2.71 (m, 1H), 2.42 (s, 3H), 2.40 (s, 3H). 13C NMR (101 MHz, 

CDCl3): δ 172.34, 162.22 (d, 1JC-F = 246.7 Hz), 145.07, 138.31, 137.17, 136.53 (d, 3JC-F = 7.7 Hz), 

135.36, 131.61, 129.57, 129.27, 129.20, 129.13, 128.96, 128.43, 126.11, 124.75 (d, 4JC-F = 2.9 Hz), 

121.46, 115.78 (d, 2JC-F = 22.1 Hz), 115.11 (d, 2JC-F = 21.0 Hz), 91.40, 84.54, 72.53, 54.89, 35.56, 

21.67, 21.21. HRMS (ESI) m/z: Calcd. for C32H27FNO3S (M+H)+: 524.1690, found: 524.1687. 

 

4-(3-chlorophenyl)-5-(phenylethynyl)-5-(p-tolyl)-1-tosylpyrrolidin-2-one (3h, mixture of the 

diastereoisomers). White solid. 48.5 mg, 45% yield. mp: 180-183 oC. [a]D
25 = + 25.788 (c = 0.296 

in CHCl3). HPLC DAICEL CHIRALCEL IC, n-hexane/i-propanol = 90/10, flow rate = 1.0 mL/min, 

λ = 254 nm: er (major diastereoisomer) = 96:4, tR(major) = 31.904 min, tR(minor) = 18.654 min; er 

(minor diastereoisomer) = 83:17, tR(major) = 28.012 min, tR(minor) = 25.292 min; 

er was determined by chiral HPLC after removing the tosyl group. 1H NMR (400 MHz, CDCl3): δ 

NTs

O

Me

F

NTs

O
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8.12 (d, J = 8.1 Hz, 1H), 8.03 (d, J = 8.1 Hz, 1H), 7.60-7.58 (m, 1H), 7.49-7.33 (m, 5H), 7.30-7.22 

(m, 4H), 7.17-7.00 (m, 3H), 6.97 (s, 0.49H, major dr), 6.74 (s, 0.44H, minor dr), 6.67 (d, J = 7.8 Hz, 

0.44H, minor dr), 6.60 (d, J = 7.7 Hz, 0.50H, major dr), 4.09 (dd, J = 12.3, 7.6 Hz, 0.47H, minor 

dr), 3.78 (dd, J = 12.7, 7.2 Hz, 0.53H, major dr), 3.06 (dd, J = 16.7, 12.7 Hz, 0.52H, major dr), 2.96 

(dd, J = 16.8, 13.6i Hz, 0.47H, minor dr), 2.75 (dd, J = 16.7, 7.2 Hz, 0.52H, major dr), 2.61 (dd, J 

= 16.7, 7.6 Hz, 0.48H, minor dr), 2.44 (s, 1.33H, minor dr), 2.42 (s, 1.43H, major dr), 2.40 (s, 1.61H, 

major dr), 2.30 (s, 1.37H, minor dr). 13C NMR (101 MHz, CDCl3): δ 172.29, 171.80, 145.07, 138.43, 

138.30, 137.16, 136.17, 136.08, 135.98, 135.35, 133.77, 133.73, 133.36, 131.77, 131.71, 129.56, 

129.26, 129.15, 129.13, 129.06, 129.03, 129.02, 128.97, 128.90, 128.89, 128.75, 128.57, 128.41, 

128.35, 128.07, 127.51, 126.71, 126.05, 121.93, 121.39, 91.55, 88.66, 87.66, 84.54, 72.51, 70.92, 

54.94, 53.59, 35.49, 34.32, 21.70, 21.66, 21.19, 21.94. HRMS (ESI) m/z: Calcd. for C32H27ClNO3S 

(M+H)+: 540.1395, found: 540.1392. 

 

(4R,5S)-4-(3-bromophenyl)-5-(phenylethynyl)-5-(p-tolyl)-1-tosylpyrrolidin-2-one (3i). White 

solid. 81 mg, 69% yield. mp: 201-203 oC. [a]D
25 = -149.874 (c = 0.264 in CHCl3). HPLC DAICEL 

CHIRALCEL IC, n-hexane/i-propanol = 90/10, flow rate = 1.0 mL/min, λ = 254 nm: er (major 

diastereoisomer) = 97:3, tR(major) = 69.370 min, tR(minor) = 38.973 min; er (minor diastereoisomer) 

= 88:12, tR(major) = 60.329 min, tR(minor) = 55.888 min; 

er was determined by chiral HPLC after removing the tosyl group. 1H NMR (400 MHz, CDCl3): δ 

8.03 (d, J = 8.4 Hz, 2H), 7.47 (d, J = 8.3 Hz, 2H), 7.41-7.34k (m, 6H), 7.25-7.22 (m, 4H), 7.14 (t, J 

= 1.8 Hz, 1H), 7.04 (t, J = 7.8 Hz, 1H), 6.63 (d, J = 8.4 Hz, 1H), 3.77 (dd, J = 12.6, 7.2 Hz, 1H), 

3.05 (dd, J = 16.7, 12.7 Hz, 1H), 2.74 (dd, J = 16.7, 7.2 Hz, 1H), 2.42 (s, 3H), 2.41 (s, 3H). 13C 

NMR (101 MHz, CDCl3): δ 172.26, 145.07, 138.29, 137.14, 136.32, 135.33, 131.76, 131.60, 131.28, 

129.56, 129.32, 129.25, 129.16, 128.97, 128.40, 128.02, 126.04, 121.90, 121.35, 91.58, 84.51, 72.53, 

54.95, 35.46, 21.67, 21.19. HRMS (ESI) m/z: Calcd. for C32H27BrNO3S (M+H)+: 584.0890, found: 
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584.0887. 

 

(4R,5S)-5-(phenylethynyl)-4-(m-tolyl)-5-(p-tolyl)-1-tosylpyrrolidin-2-one (3j). White solid. 81.4 

mg, 78% yield. mp: 213-215 oC. [a]D
25 = -191.060 (c = 0.302 in CHCl3). HPLC DAICEL 

CHIRALCEL IC, n-hexane/i-propanol = 90/10, flow rate = 1.0 mL/min, λ = 254 nm: er (major 

diastereoisomer) = 97:3, tR(major) = 25.636 min, tR(minor) = 18.896 min; er (minor diastereoisomer) 

= 90:10, tR(major) = 28.816 min, tR(minor) = 22.429 min; 

er was determined by chiral HPLC after removing the tosyl group. 1H NMR (400 MHz, CDCl3): δ 

8.03 (d, J = 8.3 Hz, 2H), 7.48 (d, J = 8.2 Hz, 2H), 7.40-7.29 (m, 5H), 7.23 (dd, J = 8.2, 2.5 Hz, 4H), 

7.08 (d, J = 4.9 Hz, 2H), 6.68 (s, 1H), 6.60 (t, J = 4.7 Hz, 1H), 3.76 (dd, J = 12.6, 7.3 Hz, 1H), 3.10 

dd, J = 16.8, 12.2 Hz, 1H), 2.73 (dd, J = 16.8, 7.3 Hz, 1H), 2.42 (s, 3H), 2.40 (s, 3H), 2.20 (s, 3H). 

13C NMR (101 MHz, CDCl3): δ 172.92, 144.91, 138.01, 137.62, 137.31, 135.56, 133.98, 131.64, 

129.58, 129.50, 129.09, 128.94, 128.85, 128.31, 127.66, 126.20, 126.13, 121.78, 91.08, 85.17, 72.85, 

55.33, 35.69, 21.65, 21.31, 21.18. HRMS (ESI) m/z: Calcd. for C33H30NO3S (M+H)+: 520.1941, 

found: 520.1928. 

 

(4R,5S)-4-(2-methoxyphenyl)-5-(phenylethynyl)-5-(p-tolyl)-1-tosylpyrrolidin-2-one (3k). 

White solid. 39.1 mg, 37% yield. mp: 210-212 oC. [a]D
25 = -241.589 (c = 0.214 in CHCl3). HPLC 

DAICEL CHIRALCEL IC, n-hexane/ethanol = 90/10, flow rate = 1.0 mL/min, λ = 254 nm: er 

(major diastereoisomer) = 91:9, tR(major) = 30.781 min, tR(minor) = 50.525 min; er (minor 

diastereoisomer) = 79:21, tR(major) = 37.600 min, tR(minor) = 27.869 min. 1H NMR (400 MHz, 
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CDCl3): δ 8.05 (d, J = 8.1 Hz, 2H), 7.55 (d, J = 7.9 Hz, 2H), 7.34- 7.19 (m, 10H), 7.14 (d, J = 7.2 

Hz, 1H), 6.87 (t, J = 7.4 Hz, 1H), 6.71 (d, J = 8.1 Hz, 1H), 4.13 (t, J = 8.3 Hz, 1H), 3.14 (s, 3H), 

2.84 (d, J = 8.4 Hz, 2H), 2.40 (s, 3H), 2.39 (s, 3H). 13C NMR (101 MHz, CDCl3): δ 173.50, 157.81, 

144.64, 139.60, 137.55, 135.99, 131.69, 129.56, 129.52, 129.07, 129.03, 128.87, 128.72, 128.24, 

125.54, 125.26, 122.06, 119.90, 110.37, 89.90, 86.44, 72.28, 54.46, 49.11, 35.83, 21.62, 21.06. 

HRMS (ESI) m/z: Calcd. for C33H30NO4S (M+H)+: 536.1890, found: 536.1876. 

 
(4R,5S)-4-phenyl-5-(phenylethynyl)-5-(p-tolyl)-1-tosylpyrrolidin-2-one (3l). White solid. 77.5 

mg, 77% yield. mp: 217-219 oC. [a]D
25 = -240.588 (c = 0.17 in CHCl3). HPLC DAICEL 

CHIRALCEL IC, n-hexane/i-propanol = 90/10, flow rate = 1.0 mL/min, λ = 254 nm: er (major 

diastereoisomer) = 96:4, tR(major) = 28.148 min, tR(minor) = 20.525 min; er (minor diastereoisomer) 

= 88:12, tR(major) = 33.453 min, tR(minor) = 24.127 min; 

er was determined by chiral HPLC after removing the tosyl group. 1H NMR (400 MHz, CDCl3): δ 

8.03 (d, J = 8.1 Hz, 2H), 7.48 (d, J = 8.0 Hz, 2H), 7.39-7.29 (m, 5H), 7.27-7.19 (m, 7H), 6.85 (d, J 

= 7.1 Hz, 2H), 3.83 (dd, J = 12.9, 7.2 Hz, 1H), 3.13 (dd, J = 16.8, 12.9 Hz, 1H), 2.74 (dd, J = 16.7, 

7.2 Hz, 1H), 2.42 (s, 3H), 2.41 (s, 3H). 13C NMR (101 MHz, CDCl3): δ 172.83, 144.95, 138.06, 

137.45, 135.49, 133.86, 131.61, 129.60, 129.15, 128.98, 128.93, 128.34, 128.16, 127.88, 127.80, 

126.17, 121.69, 91.13, 84.92, 72.81, 55.32, 35.59, 21.66, 21.20. HRMS (ESI) m/z: Calcd. for 

C32H27NO3S (M+H)+: 506.1784, found: 506.1792. 

 

(4S,5S)-4-(furan-2-yl)-5-(phenylethynyl)-5-(p-tolyl)-1-tosylpyrrolidin-2-one (3m). White solid. 

55.7 mg, 56% yield. mp: 184-185 oC. [a]D
25 = -172.868 (c = 0.172 in CHCl3). HPLC DAICEL 
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CHIRALCEL IC, n-hexane/i-propanol = 90/10, flow rate = 1.0 mL/min, λ = 254 nm: er (minor 

diastereoisomer) = 94:6, tR(major) = 26.627 min, tR(minor) = 21.197 min; er (major diastereoisomer) 

= 87:13, tR(major) = 22.966 min, tR(minor) = 19.663 min; 

er was determined by chiral HPLC after removing the tosyl group. 1H NMR (400 MHz, CDCl3): δ 

8.01 (d, J = 8.3 Hz, 2H), 7.58 (d, J = 8.2 Hz, 2H), 7.43-7.35 (m 5H), 7.30 (d, J = 1.0 Hz, 1H), 7.27 

(d, J = 8.2 Hz, 2H), 7.21 (d, J = 8.2 Hz, 2H), 6.29 (dd, J = 3.1, 1.8 Hz, 1H), 5.93 (d, J = 3.2 Hz, 1H), 

3.86 (dd, J = 11.8, 7.7 Hz, 1H), 3.13 (dd, J = 17.0, 11.9 Hz, 1H), 2.80 (dd, J = 17.0, 7.7 Hz, 1H), 

2.41 (s, 3H), 2.39 (s, 3H). 13C NMR (101 MHz, CDCl3): δ 172.16, 149.09, 144.98, 142.39, 138.13, 

137.79, 135.38, 131.76, 129.56, 129.28, 128.95, 128.92, 128.33, 125.87, 121.77, 110.42, 108.80, 

90.04, 84.42, 71.55, 49.74, 34.30, 21.66, 21.19. HRMS (ESI) m/z: Calcd. for C30H25NO4S (M+H)+: 

496.1577, found: 496.1571. 

 

(4R,5S)-4-(naphthalen-2-yl)-5-(phenylethynyl)-5-(p-tolyl)-1-tosylpyrrolidin-2-one (3n). White 

solid. 95.8 mg, 82% yield. mp: 241-242 oC. [a]D
25 = -106.848 (c = 0.404 in CHCl3). HPLC DAICEL 

CHIRALCEL IC, n-hexane/ethanol = 90/10, flow rate = 1.0 mL/min, λ = 254 nm: er (major 

diastereoisomer) = 94:6, tR(major) = 40.007 min, tR(minor) = 45.466 min; er (minor diastereoisomer) 

= 90:10, tR(major) = 33.270 min, tR(minor) = 31.505 min. 1H NMR (400 MHz, CDCl3): δ 8.05 (d, 

J = 8.2 Hz, 2H), 7.79 (d, J = 8.2 Hz, 1H), 7.65 (t, J = 8.7 Hz, 2H), 7.50 (d, J = 8.2 Hz, 2H), 7.47-

7.42 (m, 2H), 7.35-7.19 (m, 10H), 6.92 (d, J = 8.4 Hz, 1H), 3.98 (dd, J = 12.6, 7.2 Hz, 1H), 3.25 

(dd, J = 16.7, 12.8 Hz, 1H), 2.83 (dd, J = 16.7, 7.2 Hz, 1H), 2.43 (s, 3H), 2.42 (s, 3H). 13C NMR 

(101 MHz, CDCl3): δ 172.80, 144.96, 138.12, 137.56, 135.55, 133.03, 132.76, 131.61, 131.56, 

129.61, 129.19, 128.96, 128.93, 128.28, 128.10, 127.82, 127.52, 127.26, 126.80, 126.19, 126.17, 

126.10, 121.59, 91.29, 85.08, 72.93, 55.53, 35.83, 21.66, 21.21. HRMS (ESI) m/z: Calcd. for 

C36H30NO3S (M+H)+: 556.1941, found: 556.1933. 
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4-(4-chlorophenyl)-5-((4-chlorophenyl)ethynyl)-5-(p-tolyl)-1-tosylpyrrolidin-2-one (3o, 

mixture of the diastereoisomers). White solid. 93.2 mg, 81 % yield. mp:167-171 oC. [a]D
25 = -

51.756 (c = 1.158 in CHCl3). HPLC DAICEL CHIRALCEL IC, n-hexane/i-propanol = 90/10, flow 

rate = 1.0 mL/min, λ = 254 nm: er (major diastereoisomer) = 96:4, tR(major) = 44.336 min, tR(minor) 

= 19.170 min; er (minor diastereoisomer) = 85:15, tR(major) = 26.488 min, tR(minor) = 29.107 min; 

er was determined by chiral HPLC after removing the tosyl group. 1H NMR (400 MHz, CDCl3): δ 

8.07 (d, J = 8.3 Hz, 1H), 7.97 (d, J = 8.3 Hz, 1H), 7.49 (d, J = 8.5 Hz, 1H), 7.42 (dd, J = 14.0, 8.3 

Hz, 2H), 7.33 (d, J = 8.5 Hz, 1H), 7.29 (d, J = 8.2 Hz, 1H), 7.23 (d, J = 8.4 Hz, 3H), 7.17 (d, J = 8.4 

Hz, 1H), 7.08-6.98 (m, 3H), 6.74 (d, J = 8.4 Hz, 1H), 6.69 (d, J = 8.4 Hz, 1H), 4.09 (dd, J = 13.6, 

7.6 Hz, 0.52H, major dr), 3.78 (dd, J = 12.8, 7.2 Hz, 0.49H, minor), 3.05 (dd, J = 16.7, 12.8 Hz, 

0.47H), 2.94 (dd, J = 16.8, 13.6 Hz, 0.48H), 2.74 (dd, J = 16.7, 7.2 Hz, 0.47H), 2.60 (dd, J = 16.8, 

7.6 Hz, 0.48H), 2.44 (s, 1.3H), 2.42 (s, 3H), 2.31 (s, 1.5H). 13C NMR (101 MHz, CDCl3): δ 13C 

NMR (101 MHz, Chloroform-d) δ 172.32, 171.77, 145.14, 138.41, 138.39, 136.92, 136.18, 135.47, 

135.33, 135.32, 134.21, 134.05, 133.17, 133.01, 132.82, 132.39, 132.34, 130.13, 129.90, 129.53, 

129.28, 129.00, 128.85, 128.13, 128.04, 126.15, 126.10, 120.40, 119.92, 90.26, 89.82, 86.33, 85.71, 

72.49, 70.87, 54.69, 53.32, 35.54, 34.51, 21.71, 21.68, 21.20, 21.01. HRMS (ESI) m/z: Calcd. for 

C32H26Cl2NO3S (M+H)+: 574.1005, found: 574.1000. 

 

(4R, 5S)-4-(4-chlorophenyl)-5-(p-tolyl)-5-(p-tolylethynyl)-1-tosylpyrrolidin-2-one (3p). White 
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solid. 86.9 mg, 78 % yield. mp:163-168 oC. [a]D
25 = -53.963 (c = 0.9 in CHCl3). HPLC DAICEL 

CHIRALCEL IC, n-hexane/i-propanol = 90/10, flow rate = 1.0 mL/min, λ = 254 nm: er (major 

diastereoisomer) = 96:4, tR(major) = 49.335 min, tR(minor) = 21.073 min; er (minor diastereoisomer) 

= 87:13, tR(major) = 33.430 min, tR(minor) = 30.732 min; 

er was determined by chiral HPLC after removing the tosyl group. 1H NMR (400 MHz, CDCl3): δ 

8.12 (d, J = 8.3 Hz, 2H), 7.46 (d, J = 8.0 Hz, 2H), 7.28 (d, J = 8.2 Hz, 2H), 7.23 (d, J = 7.9 Hz, 2H), 

7.09-7.02 (m, 6H), 6.71 (d, J = 8.5 Hz, 2H), 4.10 (dd, J = 13.6, 7.5 Hz, 1H), 2.95 (dd, J = 16.7, 13.6 

Hz, 1H), 2.59 (dd, J = 16.7, 7.6 Hz, 1H), 2.44 (s, 3H), 2.42 (s, 3H), 2.31 (s, 3H). 13C NMR (101 

MHz, CDCl3): δ 171.89, 144.98, 139.38, 138.19, 136.22, 133.87, 133.49, 132.47, 131.66, 129.91, 

129.30, 129.23, 128.99, 128.92, 128.02, 126.13, 118.83, 88.10, 87.66, 70.99, 53.34, 34.49, 21.68, 

21.57, 20.99. HRMS (ESI) m/z: Calcd. for C33H29ClNO3S (M+H)+: 554.1551, found: 554.1547. 

 

4-(4-chlorophenyl)-5-((3-fluorophenyl)ethynyl)-5-(p-tolyl)-1-tosylpyrrolidin-2-one (3q, 

mixture of the diastereoisomers). White solid. 88.7 mg, 79 % yield. mp:161-164 oC. [a]D
25 = + 

10.714 (c = 0.308 in CHCl3). HPLC DAICEL CHIRALCEL IC, n-hexane/ethanol = 90/10, flow 

rate = 1.0 mL/min, λ = 254 nm: er (major diastereoisomer) = 96:4, tR(major) = 26.408 min, tR(minor) 

= 46.672 min; er (minor diastereoisomer) = 90:10, tR(major) = 40.252 min, tR(minor) = 23.166 min. 

1H NMR (400 MHz, CDCl3): δ 8.08 (d, J = 8.1 Hz, 1H), 7.98 (d, J = 8.0 Hz, 1H), 7.44 (d, J = 7.9 

Hz, 1H), 7.40-7.23 (m, 5H), 7.19-6.97 (m, 6H), 6.76 (d, J = 8.1 Hz, 1H), 6.70 (d, J = 8.1 Hz, 1H), 

4.10 (dd, J = 13.4, 7.6 Hz, 0.5H), 3.78 (dd, J = 12.7, 7.3 Hz, 0.52H), 3.05 (dd, J = 16.7, 12.7 Hz, 

0.5H), 2.94 (dd, J = 16.8, 13.5 Hz, 0.47H), 2.74 (dd, J = 16.7, 7.3 Hz, 0.52H), 2.60 (dd, J = 16.7, 

7.6 Hz, 0.49H), 2.45 (s, 1.36H, minor dr), 2.42 (s, 3H), 2.31 (s, 1.45H, major dr). 13C NMR (101 

MHz, CDCl3): δ 172.31, 171.76, 162.39 (d, 1JC-F = 248.4 Hz), 162.23 (1JC-F = 248.3 Hz), 145.19, 

138.41 (d, 4JC-F = 2.6 Hz), 136.81, 136.13, 135.39, 134.23, 134.04, 133.07, 132.25 (d, 4JC-F = 3.2 

Hz), 130.31, 130.23, 130.15 (d, 3JC-F = 8.6 Hz), 130.13, 129.90, 129.53, 129.29, 129.01, 128.97, 
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128.13, 128.05, 127.69, 127.66, 127.53, 127.50, 128.10 (d, 3JC-F = 7.3 Hz), 127.68 (d, 4JC-F = 3.1 

Hz), 127.51 (d, 4JC-F = 3.1 Hz), 126.11, 126.07, 123.74, 123.65, 123.24, 123.15, 118.56 (d, 2JC-F = 

23.0 Hz), 118.42 (d, 2JC-F = 23.1 Hz), 116.60 (d, 2JC-F = 21.1 Hz), 116.56 (d, 2JC-F = 21.2 Hz), 90.06, 

90.02, 89.69, 86.18, 86.15, 85.58, 72.41, 70.77, 54.71, 53.29, 35.49, 34.47, 21.71, 21.67, 21.20, 

21.02. HRMS (ESI) m/z: Calcd. for C32H26ClFNO3S (M+H)+: 558.1300, found: 558.1297. 

 

4-(4-chlorophenyl)-5-(p-tolyl)-5-(m-tolylethynyl)-1-tosylpyrrolidin-2-one (3r, mixture of the 

diastereoisomers). White solid. 68.0 mg, 61% yield. mp:178-182 oC. [a]D
25 = - 50.100 (c = 0.042 

in CHCl3). HPLC DAICEL CHIRALCEL IC, n-hexane/ethanol = 90/10, flow rate = 1.0 mL/min, λ 

= 254 nm: er (major diastereoisomer) = 94:6, tR(major) = 25.959 min, tR(minor) = 34.182 min; er 

(minor diastereoisomer) = 80:20, tR(major) = 29.924 min, tR(minor) = 24.486 min. 1H NMR (400 

MHz, CDCl3): δ 8.13 (d, J = 7.9 Hz, 1H), 8.03 (d, J = 7.9 Hz, 1H), 7.49 (d, J = 7.7 Hz, 1H), 7.39 (d, 

J = 7.7 Hz, 1H), 7.35-7.18 (m, 1H), 7.14-7.04 (m, 4H), 6.78 (d, J = 7.9 Hz, 1H), 6.74 (d, J = 8.0 Hz, 

1H), 4.12 (dd, J = 13.8, 7.8 Hz, 0.48H), 3.80 (dd, J = 12.9, 7.2 Hz, 0.52H), 3.07 (dd, J = 16.6, 12.9 

Hz, 0.51H), 2.97 (dd, J = 17.1, 14.0 Hz, 0.45H), 2.75 (dd, J = 16.6, 7.0 Hz, 0.49H), 2.61 (dd, J = 

16.9, 7.6 Hz, 0.44H), 2.46 (s, 1.4H), 2.43 (s, 4H), 2.38 (s, 1.58H), 2.33 (s, 1.42H). 13C NMR (101 

MHz, CDCl3): δ 172.43, 171.88, 144.98, 138.31, 138.24, 138.22, 138.14, 137.18, 136.27, 135.44, 

134.09, 133.92, 133.46, 132.49, 132.43, 132.39, 132.28, 130.21, 130.01, 129.92, 129.64, 129.25, 

129.23, 129.05, 128.95, 128.82, 128.59, 128.45, 128.32, 128.06, 127.99, 126.17, 126.14, 121.77, 

121.26, 91.65, 88.43, 87.72, 84.23, 72.64, 70.97, 54.78, 53.37, 35.59, 34.52, 21.69, 21.66, 21.25, 

21.19, 21.00. HRMS (ESI) m/z: Calcd. for C33H29ClNO3S (M+H)+: 554.1551, found: 554.1544. 
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(4R,5S)-4-(4-chlorophenyl)-5-(p-tolyl)-5-(o-tolylethynyl)-1-tosylpyrrolidin-2-one (3s). White 

solid. 81.0 mg, 73 % yield. mp:195-197 oC. [a]D
25 = -117.227 (c = 0.238 in CHCl3). HPLC DAICEL 

CHIRALCEL IC, n-hexane/ethanol = 90/10, flow rate = 1.0 mL/min, λ = 254 nm: er(major 

diastereoisomer) = 94:6, tR(major) = 48.599 min, tR(minor) = 63.225 min; er (minor diastereoisomer) 

= 73:27, tR(major) = 51.590 min, tR(minor) = 41.854 min. 1H NMR (400 MHz, CDCl3): δ 7.93 (d, J 

= 8.3 Hz, 2H), 7.48 (d, J = 8.2 Hz, 2H), 7.30-7.14 (m, 10H), 6.75 (d, J = 8.5 Hz, 2H), 3.80 (dd, J = 

13.0, 7.1 Hz, 1H), 3.11 (dd, J = 16.6, 13.0 Hz, 1H), 2.74 (dd, J = 16.6, 7.1 Hz, 1H), 2.43 (s, 3H), 

2.41 (s, 3H), 2.24 (s, 3H). 13C NMR (101 MHz, CDCl3): δ 172.48, 144.98, 140.67, 138.31, 137.08, 

135.68, 134.08, 132.44, 132.09, 130.12, 129.61, 129.46, 129.22, 129.08, 128.97, 128.05, 126.34, 

125.55, 121.36, 90.67, 88.04, 72.82, 54.49, 35.62, 21.65, 21.21, 20.62. HRMS (ESI) m/z: Calcd. for 

C33H29ClNO3S (M+H)+: 554.1551, found: 554.1551. 

 

4,5-bis(4-chlorophenyl)-5-(phenylethynyl)-1-tosylpyrrolidin-2-one (3t, mixture of the 

diastereoisomers). White solid. 81.4 mg, 77% yield. mp: 178-182 oC. [a]D
25 = + 23.856 (c = 0.306 

in CHCl3). HPLC DAICEL CHIRALCEL IC, n-hexane/i-propanol = 90/10, flow rate = 1.0 mL/min, 

λ = 254 nm: er (major diastereoisomer) = 86:14, tR(major) = 29.626 min, tR(minor) = 32.368 min; 

er (minor diastereoisomer) = 95:5, tR(major) = 50.511 min, tR(minor) = 21.123 min; 

er was determined by chiral HPLC after removing the tosyl group. 1H NMR (400 MHz, CDCl3): δ  

8.11 (d, J = 8.4 Hz, 1.23H, major dr), 8.01 (d, J = 8.4 Hz, 0.79H, minor dr), 7.58-7.10(m, 13H), 6.75 

(dd, J = 12.2, 8.5 Hz, 2H), 4.13 (dd, J = 13.4, 7.7 Hz, 0.67H, major dr), 3.73 (dd, J = 13.1, 7.1 Hz, 

NTs

O

Cl
Me

Me

NTs

O

Cl
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0.41H, minor dr), 3.08 (dd, J = 16.7, 13.2 Hz, 0.42H, minor dr), 2.92 (dd, J = 16.8, 13.5 Hz, 0.61H, 

major dr), 2.74 (dd, J = 16.7, 7.2 Hz, 0.44H, minor dr), 2.63 (dd, J = 16.8, 7.7 Hz, 0.63H, major dr), 

2.44 (s, 1.67H, major dr), 2.41 (s, 1.32H, minor dr). 13C NMR (101 MHz, CDCl3): δ 172.15, 171.55, 

145.32, 145.30, 138.79, 135.89, 135.31, 135.08, 134.55, 134.41, 134.29, 132.01, 131.78, 131.64, 

131.60, 130.22, 129.79, 129.62, 129.40, 129.38, 129.34, 129.04, 129.01, 128.74, 128.65, 128.53, 

128.41, 128.34, 128.15, 127.65, 121.57, 121.09, 91.85, 88.11, 87.91, 83.86, 72.10, 70.43, 54.88, 

53.24, 35.55, 34.28, 21.72, 21.69. HRMS (ESI) m/z: Calcd. for C31H24Cl2NO3S (M+H)+: 560.0848, 

found: 560.0858. 

 

5-([1,1'-biphenyl]-4-yl)-4-(4-chlorophenyl)-5-(phenylethynyl)-1-tosylpyrrolidin-2-one (3u, 

mixture of the diastereoisomers). Light yellow solid. 81.0 mg, 67% yield. mp: 221-226 oC; [a]D
25 

= -18.015 (c = 0.272 in CHCl3). HPLC DAICEL CHIRALCEL IC, n-hexane/i-propanol = 90/10, 

flow rate = 1.0 mL/min, λ = 254 nm: er (major diastereoisomer) = 95:5, tR(major) = 105.478 min, 

tR(minor) = 35.053 min; er (minor diastereoisomer) = 81:19, tR(major) = 44.307 min, tR(minor) = 

72.832 min; er was determined by chiral HPLC after removing the tosyl group. 1H NMR (400 MHz, 

CDCl3): δ 8.16 (d, J = 8.0 Hz, 1.56H, major dr), 8.05 (d, J = 8.0 Hz, 0.70H, minor dr), 7.70-7.57 (m, 

5H), 7.51-7.36 (m, 8H), 7.2-7.19 (m, 4H), 7.09 (d, J = 8.1 Hz, 1H), 6.82 (d, J = 8.2 Hz, 0.74H, 

minor dr), 6.77 (d, J = 8.1 Hz, 1.26H, major dr), 4.17 (dd, J = 13.4, 7.5 Hz, 0.77H, major dr), 3.84 

(dd, J = 12.8, 7.1 Hz, 0.36H, minor dr), 3.11 (dd, J = 16.6, 12.8 Hz, 0.31H, minor dr), 3.00 (dd, J = 

16.8, 13.5 Hz, 0.71H, major dr), 2.78 (dd, J = 16.6, 7.1 Hz, 0.35H, minor dr), 2.66 (dd, J = 16.8, 7.7 

Hz, 0.72H, major dr), 2.46 (s, 1.78H, major dr), 2.43 (s, 1.43H, minor dr).13C NMR (101 MHz, 

CDCl3): δ 172.36, 171.80, 145.16, 141.25, 141.12, 140.16, 140.14, 139.10, 136.11, 135.46, 135.31, 

134.23, 134.11, 132.29, 132.18, 131.80, 131.62, 130.26, 129.91, 129.62, 129.30, 129.23, 129.04, 

129.00, 128.82, 128.79, 128.61, 128.48, 128.14, 128.06, 127.57, 127.55, 127.14, 127.08, 127.05, 

126.88, 126.69, 126.66, 121.83, 121.36, 91.61, 88.53, 87.74, 84.41, 72.49, 70.85, 54.81, 53.46, 
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35.62, 34.47, 21.71, 21.68. HRMS (ESI) m/z: Calcd. for C37H29ClNO3S (M+H)+: 602.1551, found: 

602.1551. 

 

5-(3-chlorophenyl)-4-(4-chlorophenyl)-5-(phenylethynyl)-1-tosylpyrrolidin-2-one (3v, mixture 

of the diastereoisomers). White solid. 97.6 mg, 87% yield. mp: 115-119 oC. [a]D
25 = -3.333 (c = 

0.03 in CHCl3). HPLC DAICEL CHIRALCEL IC, n-hexane/ethanol = 90/10, flow rate = 1.0 

mL/min, λ = 254 nm er (major diastereoisomer) = 93:7, tR(major) = 24.473 min, tR(minor) = 21.121 

min; er (minor diastereoisomer) = 80:20, tR(major) = 19.042 min, tR(minor) = 30.609 min. 1H NMR 

(400 MHz, CDCl3): δ 8.09 (d, J = 8.3 Hz, 1H), 7.99 (d, J = 8.3 Hz, 1H), 7.60-7.57 (m, 1H), 7.51-

7.48 (m, 1H), 7.47-7.33 (m, 5H), 7.29 (d, J = 8.2 Hz, 1H), 7.25-7.09 (m, 5H), 6.78 (d, J = 8.4 Hz, 

1H), 6.74 (d, J = 8.4 Hz, 1H), 4.15 (dd, J = 13.2, 7.7 Hz, 0.56H), 3.74 (dd, J = 13.0, 7.1 Hz, 0.48H), 

3.10 (dd, J = 16.7, 13.0 Hz, 0.46H), 2.93 (dd, J = 16.9, 13.2 Hz, 0.56H), 2.75 (dd, J = 16.7, 7.2 Hz, 

0.45H), 2.66 (dd, J = 16.9, 7.7 Hz, 0.55H), 2.44 (s, 1.57H, major dr), 2.42 (s, 1.43H, minor dr). 13C 

NMR (101 MHz, CDCl3): δ 172.11, 171.53, 145.30, 145.29, 142.19, 138.78, 135.80, 135.21, 134.47, 

134.40, 134.36, 134.32, 132.01, 131.80, 131.72, 131.63, 130.17, 129.81, 129.64, 129.49, 129.45, 

129.36, 129.31, 129.09, 129.05, 128.71, 128.62, 128.57, 128.47, 128.26, 128.13, 126.63, 126.37, 

124.68, 124.30, 121.52, 121.08, 91.98, 88.06, 87.94, 83.68, 71.96, 70.36, 54.68, 53.33, 35.58, 34.19, 

21.68, 21.65. HRMS (ESI) m/z: Calcd. for C31H24Cl2NO3S (M+H)+: 560.0848, found: 560.0853. 

 

4-(4-chlorophenyl)-5-(phenylethynyl)-5-(m-tolyl)-1-tosylpyrrolidin-2-one (3w, mixture of the 

diastereoisomers). White solid. 92.8 mg, 86% yield. mp: 139-142 oC. [a]D
25 = -54.206 (c = 0.642 
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O

Cl
Cl
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in CHCl3). HPLC DAICEL CHIRALCEL IC, n-hexane/ethanol = 90/10, flow rate = 1.0 mL/min, λ 

= 254 nm: er (major diastereoisomer) = 97:3, tR(major) = 33.157 min, tR(minor) = 23.025 min; er 

(minor diastereoisomer) = 91:9, tR(major) = 20.324 min, tR(minor) = 40.646 min. 1H NMR (400 

MHz, CDCl3): δ 8.11 (dt, J = 8.3, 2.0 Hz, 0.57H, minor dr), 7.99 (dt, J = 8.4, 2.2 Hz, 1.43H, major 

dr), 7.60-7.57 (m, 0.6H), 7.46-7.44 (m, 0.54H), 7.43-7.31 (m, 6H), 7.30-7.27 (m, 1H), 7.24-7.11 (m, 

4H), 7.08-7.02 (m, 1H), 6.76 (dt, J = 8.5, 2.8 Hz, 1.51H, major dr), 6.69 (dt, J = 8.5, 2.3 Hz, 0.66H, 

minor dr), 4.12 (dd, J = 13.6, 7.6 Hz, 0.38H, minor dr), 3.78 (dd, J = 12.9, 7.2 Hz, 0.77H, major dr), 

3.09 (dd, J = 16.7, 12.9 Hz, 0.78H, major dr), 2.94 (dd, J = 16.8, 13.5 Hz, 0.36H, minor dr), 2.74 

(dd, J = 16.7, 7.2 Hz, 0.83H, major dr), 2.61 (dd, J = 16.8, 7.6 Hz, 0.40H, minor dr), 2.44 (s, 1H), 

2.41 (s, 2H), 2.39 (s, 2H), 2.21 (s, 1H). 13C NMR (101 MHz, CDCl3): δ 172.40, 171.90, 145.05, 

145.02, 139.90, 138.12, 137.85, 136.16, 135.51, 134.11, 133.96, 132.45, 132.38, 131.77, 131.61, 

130.20, 129.82, 129.51, 129.28, 129.22, 129.17, 129.13, 129.05, 128.95, 128.56, 128.42, 128.35, 

128.12, 127.95, 126.98, 126.63, 123.59, 123.27, 121.94, 121.48, 91.43, 88.77, 87.52, 84.57, 72.62, 

71.02, 54.70, 53.47, 35.60, 34.38, 21.67, 21.64, 21.43. HRMS (ESI) m/z: Calcd. for C32H27ClNO3S 

(M+H)+: 540.1395, found: 540.1423. 

 

(4R,5R)-5-(2-chlorophenyl)-4-(4-chlorophenyl)-5-(phenylethynyl)-1-tosylpyrrolidin-2-one 

(3x). White solid. 54.1 mg, 48% yield. mp: 99-101 oC. [a]D
25 = - 45.571 (c = 0.858 in CHCl3). 

HPLC DAICEL CHIRALCEL IF, n-hexane/ethanol = 90/10, flow rate = 1.0 mL/min, λ = 254 nm: 

er (major diastereoisomer) = 92:8, tR(major) = 55.206 min, tR(minor) = 48.262 min; er (minor 

diastereoisomer) = 83:17, tR(major) = 51.516 min, tR(minor) = 42.404 min. 1H NMR (400 MHz, 

CDCl3): δ 7.95 (d, J = 8.0 Hz, 2H), 7.79 (d, J = 7.8 Hz, 1H), 7.52 (d, J = 7.8 Hz, 1H), 7.41-7.29 (m, 

5H), 7.23-7.15 (m, 6H), 6.79 (d, J = 8.1 Hz, 2H), 4.57 (s, 1H), 3.06 (s, 1H), 2.83 (dd, J = 17.0, 8.0 

Hz, 1H), 2.40 (s, 3H). 13C NMR (101 MHz, CDCl3): δ 172.01, 145.05, 135.23, 134.02, 132.32, 

131.71, 131.54, 130.14, 129.43, 129.22, 128.95, 128.40, 128.09, 126.90, 121.25, 92.62, 84.43, 72.29, 
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47.99, 35.24, 21.66. HRMS (ESI) m/z: Calcd. for C31H24Cl2NO3S (M+H)+: 560.0848, found: 

560.0855. 

 

4-(4-chlorophenyl)-5-phenyl-5-(phenylethynyl)-1-tosylpyrrolidin-2-one (3y). White solid. 91.2 

mg, 87% yield. mp: 173-175 oC. [a]D
25 = -297.600 (c = 0.250 in CHCl3). HPLC DAICEL 

CHIRALCEL IC, n-hexane/ethanol = 90/10, flow rate = 1.0 mL/min, λ = 254 nm: er (major 

diastereoisomer) = 95:5, tR(major) = 40.189 min, tR(minor) = 28.49 min; er (minor diastereoisomer) 

= 88:12, tR(major) = 23.263 min, tR(minor) = 47.540 min.1H NMR (400 MHz, CDCl3): δ 8.01 (d, J 

= 8.3 Hz, 2H), 7.59 (dd, J = 7.9, 1.8 Hz, 2H), 7.46-7.32 (m, 8H), 7.23 (d, J = 8.1 Hz, 2H), 7.17 (d, 

J = 8.4 Hz, 2H), 6.75 (d, J = 8.4 Hz, 2H), 3.79 (dd, J = 13.0, 7.2 Hz, 1H), 3.09 (dd, J = 16.7, 13.1 

Hz, 1H), 2.74 (dd, J = 16.7, 7.2 Hz, 1H), 2.41 (s, 3H). 13C NMR (101 MHz, CDCl3): δ 172.40, 

140.01, 135.32, 134.19, 132.12, 131.60, 130.21, 129.60, 129.21, 128.98, 128.52, 128.48, 128.46, 

128.01, 126.20, 121.37, 91.59, 84.36, 72.65, 54.87, 35.60, 21.67. HRMS (ESI) m/z: Calcd. for 

C31H25ClNO3S (M+H)+: 526.1238, found: 526.1233. 

 

(4R,5S)-4-(4-chlorophenyl)-5-(naphthalen-2-yl)-5-(phenylethynyl)-1-tosylpyrrolidin-2-one 

(3z). White solid. 104.1 mg, 90% yield. mp:233-235 oC. [a]D
25 = -171.635 (c = 0.322 in CHCl3). 

HPLC DAICEL CHIRALCEL IC, n-hexane/ethanol = 90/10, flow rate = 1.0 mL/min, λ = 254 nm: 

er (major diastereoisomer) = 95:5, tR(major) = 34.092 min, tR(minor) = 35.847 min; er (minor 

diastereoisomer) = 82:18, tR(major) = 32.010 min, tR(minor) = 27.005 min. 1H NMR (400 MHz, 

CDCl3): δ 8.01 (d, J = 8.1 Hz, 2H), 7.97 (d, J = 8.7 Hz, 1H), 7.94-7.90 (m, 2H), 7.83-7.80 (m, 1H), 

NTs
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Cl
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7.77 (dd, J = 8.6, 2.1 Hz, 1H), 7.54 (tt, J = 6.9, 5.2 Hz, 2H), 7.43-7.39 (m, 5H), 7.22 (d, J = 8.1 Hz, 

2H), 7.13 (d, J = 8.4 Hz, 2H), 6.73 (d, J = 8.5 Hz, 2H), 3.91 (dd, J = 13.0, 7.2 Hz, 1H), 3.15 (dd, J 

= 16.7, 13.0 Hz, 1H), 2.79 (dd, J = 16.7, 7.2 Hz, 1H), 2.41 (s, 3H). 13C NMR (101 MHz, CDCl3): δ 

172.43, 145.14, 137.07, 135.32, 134.18, 133.08, 132.67, 132.08, 131.67, 130.22, 129.59, 129.26, 

128.99, 128.76, 128.58, 128.49, 128.01, 127.67, 126.62, 126.50, 126.13, 123.22, 121.41, 91.73, 

84.41, 72.84, 54.29, 35.60, 21.67. HRMS (ESI) calcd for C35H27ClNO3S (M+H)+: 576.1395, found 

576.1394. 

  
4-(4-chlorophenyl)-5-(phenylethynyl)-5-(p-tolyl)pyrrolidin-2-one (4, mixture of the 

diastereoisomers). Colorless liquid. 58 mg, 62 % yield. [a]D
25 = - 20.171 (c = 0.704 in CHCl3). 

HPLC DAICEL CHIRALCEL IC, n-hexane/i-propanol = 90/10, flow rate = 1.0 mL/min, λ = 254 

nm: er (major diastereoisomer) = 96:4, tR(major) = 44.341 min, tR(minor) = 21.535 min; er (minor 

diastereoisomer) = 93:7, tR(major) = 35.718 min, tR(minor) = 28.741 min. 1H NMR (400 MHz, 

CDCl3): δ 7.49-7.47 (m, 0.80H), 7.37-7.22 (m, 6.60H), 7.18 (d, J = 8.0 Hz, 1.19H), 7.07 (d, J = 8.5 

Hz, 0.76H), 7.00-6.95 (m, 2.60H), 6.78 (d, J = 8.5 Hz, 0.70H), 6.52 (d, J = 31.1 Hz, 1H), 4.22 (dd, 

J = 10.1, 8.3 Hz, 0.37H), 3.67 (dd, J = 12.0, 7.5 Hz, 0.81H), 3.06 (dd, J = 16.5, 12.0 Hz, 0.60H), 

2.79-2.67 (m, 1.32H), 2.37 (s, 1.73H), 2.27 (s, 1.27H). 13C NMR (101 MHz, CDCl3): δ 176.10, 

138.37, 137.94, 137.36, 134.90, 134.53, 134.05, 133.65, 133.30, 131.69, 131.45, 130.23, 129.72, 

129.25, 128.84, 128.75, 128.73, 128.41, 128.34, 127.99, 127.95, 126.20, 125.87, 121.95, 121.86, 

90.07, 89.52, 86.88, 85.30, 65.83, 64.14, 56.21, 54.55, 35.65, 34.48, 21.05, 20.91. HRMS (ESI) m/z: 

Calcd. for C25H20ClNNaO (M+Na)+: 408.1126, found: 408.1124. 

 
(4R,5S)-4-(4-chlorophenyl)-5-((E)-styryl)-5-(p-tolyl)-1-tosylpyrrolidin-2-one (5). White solid. 

58.0 mg, 56 % yield. mp: 201-204 oC. [a]D
25 = -115.027 (c = 0.366 in CHCl3). HPLC DAICEL 
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CHIRALCEL IC, n-hexane/ethanol = 90/10, flow rate = 1.0 mL/min, λ = 254 nm: er (major 

diastereoisomer) = 92:8, tR(major) = 25.925 min, tR(minor) = 21.164 min; er (minor diastereoisomer) 

= 98:2, tR(major) = 18.269 min, tR(minor) = 19.578 min. 1H NMR (400 MHz, CDCl3): δ 8.10 (d, J 

= 8.1 Hz, 2H), 7.27 (d, J = 8.5 Hz, 3H), 7.23-7.16 (m, 3H), 7.06-7.00 (m, 3H), 6.97 (d, J = 8.0 Hz, 

2H), 6.92 (d, J = 8.2 Hz, 2H), 6.79 (br, 2H), 6.33 (d, J = 13.1 Hz, 1H), 6.25 (d, J = 8.2 Hz, 2H), 4.33 

(dd, J = 13.4, 7.9 Hz, 1H), 2.75 (dd, J = 16.9, 13.3 Hz, 1H), 2.37 (s, 3H), 2.29 (s, 3H), 2.23 (dd, J = 

17.0, 7.9 Hz, 1H). 13C NMR (101 MHz, CDCl3): δ 172.95, 145.41, 137.50, 137.45, 136.49, 135.52, 

134.60, 134.23, 134.05, 133.26, 129.79, 129.66, 129.27, 128.78, 128.71, 128.66, 127.91, 127.87, 

126.33, 74.71, 43.58, 34.58, 21.76, 21.05. HRMS (ESI) m/z: Calcd. for C32H29ClNO3S (M+H)+: 

542.1551, found: 542.1549. 

V. X-ray crystallographic data and the absolute configuration determination 

The major enantiomer of the major diastereomer of compound 3c (> 99.5% ee after 3 times of 

recrystallization) was heated and dissolved by acetone in a round bottom bottle with lids, and the 

systems were placed in the fume hood for about 3~5 days, during which the solvent was evaporated 

slowly. The X-ray was detected after the crystal was formed. The X-ray data was detected on Bruker 

smart Apex 2, Bruker D8 Venture. 
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Based on the XRD-analysis, it could be concluded that the above crystal structure was cis-

configuration and the absolute configuration of cis-3c was assigned to be (4R, 5S). 
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VI. 1H NMR and 13C NMR Spectra 
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