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1. General Information 

Unless otherwise noted, all reactions were carried out under argon atmosphere; 

materials obtained from commercial suppliers were used directly without further 

purification. 1H NMR spectra, 13C NMR spectra, and 19F NMR spectra were recorded 

on an Agilent 400 or on a Bruker 400 MHz spectrometer in CDCl3. NMR experiments 

are reported in δ units, parts per million (ppm), and were referenced to CDCl3 (d 7.26 

or 77.0 ppm) as the internal standard. The data is being reported as (s = singlet, d = 

doublet, dd = doublet of doublet, t = triplet, m = multiplet or unresolved, br = broad 

signal, coupling constant (s) in Hz, integration). All the solvents were used directly 

without further purification. Reactions were monitored by thin layer chromatography 

(TLC) using silicycle pre-coated silica gel plates. Flash column chromatography was 

performed on silica gel 60 (particle size 300-400 mesh ASTM, purchased from Yantai, 

China) and eluted with petroleum ether/ethyl acetate. Copies of NMR were processed 

with MestReNova Software. All melting points were uncorrected. 
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2. Synthesis and Reaction 

2.1 General Procedure for the Synthesis of Pyrrolidines 3 

 

A sealed tube equipped with a magnetic stir bar was charged with 2-bromo-1,6-

diene 1 (0.30 mmol, 1.0 equiv.), terminal alkynes 2 (0.60 mmol, 2.0 equiv.), Pd2(dba)3 

(8.2 mg, 0.009 mmol, 0.03 equiv.), Cu2O (2.2 mg, 0.015 mmol, 0.05 equiv.), 1,4-

bis(diphenylphosphino)butane (10.2 mg, 0.024 mmol, 0.08 equiv.), Cs2CO3 (195.5 mg, 

0.60 mmol, 2.0 equiv.) and solvent (2.0 mL). The tube was sealed with a Teflon lined 

cap. Degassed solvent and backfilled with argon for 3 times at -78 oC. The reaction 

mixture was stirred at 55 °C for 24 h. After completion of the reaction (monitored by 

TLC), the mixture was concentrated in vacuum and the residue was purified by flash 

column chromatography on silica gel with petroleum ether-ethyl acetate as eluent to 

give the desired product.  

2.2 Table S1. Optimization of Reaction Conditionsa 

 

Entry [Pd] [Cu]  Ligand Solvent Yield (%)b 

1 Pd2(dba)3 - Dpephos MeCN 10 

2 Pd2(dba)3 - Xphos MeCN 27 

3 Pd2(dba)3 - Xantphos MeCN N.R 

4 Pd2(dba)3 - PPh3 MeCN N.R 

5 Pd2(dba)3 - Dppf MeCN N.R 

6 Pd2(dba)3 - Dppb MeCN 31 

7 Pd2(dba)3 CuI Dppb MeCN 13 

8 Pd2(dba)3 CuO Dppb MeCN 69 

9 Pd2(dba)3 Cu2O Dppb MeCN 70 

10 Pd2(dba)3 Cu2O Dppb Toluene 17 
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11 Pd2(dba)3 Cu2O Dppb DCE 42 

12 Pd2(dba)3 Cu2O Dppb THF 10 

13c Pd2(dba)3 Cu2O Dppb M.S. 70 

14e Pd2(dba)3 Cu2O Dppb M.S. 74 

15c,d Pd(OAc)2 Cu2O Dppb M.S. 59 

16c,d PdCl2 Cu2O Dppb M.S. 62 

17c,d Pd(MeCN)2Cl2 Cu2O Dppb M.S. 10 

18c,d Pd(acac)2 Cu2O Dppb M.S. 39 

a Reaction conditions: 1a (0.2 mmol, 1.0 equiv.), 2a (0.4 mmol, 2.0 equiv.), Cs2CO3 (2.0 equiv.), 3 

mol% of Pd catalyst, 8 mol% of Ligand, and 5 mol% of Cu catalyst in the solvent (2.0 mL) at 55 oC 

under Ar for 24 h. b Isolated yield. c M.S.= MeCN : DMA (2.0 mL, 9:1 ratio). d 6 mol% of Pd catalyst. 
e 1a (0.3 mmol, 1.0 equiv.), 2a (0.6 mmol, 2.0 equiv.), Cs2CO3 (2.0 equiv.), 3 mol% of Pd2(dba)3, 8 

mol% of Dppb, and 5 mol% of Cu2O in the dry MeCN/dry DMA (2.0 mL, 9:1 ratio) at 55 oC under 

Ar for 24 h; N.R, no reaction. 

2.3 Gram-Scale Synthesis of 3a 

 

An oven-dried 100 mL Schlenk tube equipped with a magnetic stir bar was charged 

with Pd2(dba)3 (137.4 mg, 0.15 mmol, 0.03 equiv.), Cu2O (35.8 mg, 0.25 mmol, 0.05 

equiv.), 1,4-bis(diphenylphosphino)butane (170.6 mg, 0.40 mmol, 0.08 equiv.), Cs2CO3 

(3.2582 g, 10.0 mmol, 2.0 equiv.), 1a (1.7213 g, 5 mmol), 2a (1.3216 g, 10 mmol), dry 

MeCN (30.0 mL) and dry N,N-dimethylacetamide (3.3 mL) were added sequentially. 

Degassed solvent and backfilled with argon for 3 times at -78 oC. The reaction mixture 

was stirred at 55 °C for 48 h. After completion of the reaction (monitored by TLC), the 

mixture was concentrated in vacuum and the residue was purified by flash column 

chromatography on silica gel with petroleum ether-ethyl acetate as eluent to give the 

desired product 3a 1.29g in 65% yield. 

2.4 General Procedure for Preparation of Substrates 1a-1l.1-4 
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Step 1 To a solution of S1 (1.2 equiv.), K2CO3 (2.0 equiv.) and KI (0.5 equiv.) in 

CH3CN was added 3-chloro-2-methylpropene (1.0 equiv.) slowly. The reaction mixture 

was stirred at 60 oC for 12 h. After completion, the reaction was quenched with water, 

extracted with EtOAc for three times. The combined organic layer was washed with 

water and brine for three times, dried over anhydrous Na2SO4, and concentrated under 

reduced pressure.  

Step 2 The residue S2 was dissolved in DMF, K2CO3 (2.0 equiv.) and 2,3-

dibromopropene (1.2 equiv.) were added. The reaction mixture was stirred at room 

temperature for 2 h. After completion, it was diluted with water, extracted with EtOAc 

for three times, and washed with water and brine for three times, dried over anhydrous 

Na2SO4, and concentrated under reduced pressure. The residue was purified by flash 

chromatography on silica gel to afford target product S3.  

2.5 Experimental Procedure for Synthesis of 55 

 

A dried round bottle flask equipped with a magnetic stir bar was charged with product 

3a (0.2 mmol, 1.0 equiv.) and 2.4 mL solvent (VDCM:VMeCN = 1:1) under nitrogen. And 

then, 2,4,6-Collidine (48.5 mg, 0.4 mmol, 2.0 equiv.), water (1.8 mL), sodium periodate 

(215.9 mg, 1.0 mmol, 5.0 equiv.) and ruthenium (III) trichloride hydrate (1.5 mg, 

0.007mmol, 3.5 mol%) were added in order. The reaction mixture was stirred at room 

temperature overnight. The resulting mixture was then diluted with water and extracted 

with DCM for three times. The organic extracts were combined, washed with brine and 

dried over Na2SO4. The mixture was concentrated in vacuum and the residue was 

purified by flash column chromatography on silica gel with petroleum ether-ethyl 
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acetate as eluent to give the desired product 5 (38.5 mg, 48%) as a yellow oil.  

2.6 Experimental procedure for synthesis of 61 

 

A dried round bottle flask equipped with a magnetic stir bar was charged with product 

3a (0.2 mmol, 1.0 equiv.), Mg turnings (145.9 mg, 6.0 mmol, 30.0 equiv.) and 3.0 mL 

MeOH under nitrogen. The reaction mixture was ultrasonicated for 5 minutes, and then 

stirred at room temperature overnight. The white suspension was treated with Et3N and 

filtered through a short pad of celite, washed with Et2O and MeOH. The filtrate was 

concentrated in vacuum and the residue was purified by flash column chromatography 

on silica gel with a gradient eluant of EA/MeOH (10:1) and Et3N to give the desired 

product 6 (39.6 mg, 82%) as a white oil. 

3. Characterization Data  

N-(2-bromoallyl)-4-(tert-butyl)-N-(2-methylallyl)benzenesulfonamide (1c) 

 

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 20:1) gave 

the product 1c (2.0g, 31% yield) as a white solid; m.p.: 70-73 oC.  

1H NMR (CDCl3, 400 MHz) δ 7.76 (d, J = 8.8 Hz, 2H), 7.50 (d, J = 8.8 Hz, 2H), 5.75-

5.74 (m, 1H), 5.55-5.54 (m, 1H), 4.92 (s, 1H), 4.83 (s, 1H), 4.04 (s, 2H), 3.82 (s, 2H), 

1.63 (s, 3H), 1.33 (s, 9H); 

13C NMR (CDCl3, 100 MHz) δ 156.5, 139.5, 137.1, 127.7, 127.2, 125.9, 119.4, 115.4, 

54.0, 53.5, 35.1, 31.0, 19.8; 
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HRMS Calcd (ESI) m/z for C17H24BrNNaO2S [M + Na]+: 408.0603, found: 

408.0597. 

 
 

N-(2-bromoallyl)-2-methyl-N-(2-methylallyl)benzenesulfonamide (1d) 

 

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 20:1) gave 

the product 1d (2.8g, 64% yield) as a yellow oil. 

1H NMR (CDCl3, 400 MHz) δ 7.91 (d, J = 8.0 Hz, 1H), 7.37-7.34 (m, 1H), 7.23-7.19 

(m, 2H), 5.69-5.68 (m, 1H), 5.47 (s, 1H), 4.87 (s, 1H), 4.81 (s, 1H), 3.99 (s, 2H), 3.83 

(s, 2H), 2.54 (s, 3H), 1.49 (s, 3H); 

13C NMR (CDCl3, 100 MHz) δ 139.1, 137.8, 137.6, 132.8, 132.5, 130.1, 127.2, 125.9, 

120.3, 115.7, 53.0, 52.3, 20.6, 19.6; 

HRMS Calcd (ESI) m/z for C14H18BrNNaO2S [M + Na]+: 366.0134, found: 366.0123. 
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N-(2-bromoallyl)-4-chloro-N-(2-methylallyl)benzenesulfonamide (1f) 

 

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 20:1) gave 

the product 1f (4.1g, 28% yield) as a yellow oil.  

1H NMR (CDCl3, 400 MHz) δ 7.78 (d, J = 8.4 Hz, 2H), 7.47 (d, J = 8.8 Hz, 2H), 5.75-

5.74 (m, 1H), 5.57-5.56 (m, 1H), 4.95 (s, 1H), 4.84 (s, 1H), 4.07 (s, 2H), 3.85 (s, 2H), 

1.65 (s, 3H); 

13C NMR (CDCl3, 100 MHz) δ 139.1 (2C), 139.0, 129.2, 128.8, 127.3, 120.2, 115.6, 

53.8, 53.3, 19.9; 

HRMS Calcd (ESI) m/z for C13H15BrClNNaO2S [M + Na]+: 385.9588, found: 

385.9587. 

 
 

N-(2-bromoallyl)-N-(2-methylallyl)-4-(trifluoromethoxy)benzenesulfonamide (1h) 

 

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 20:1) gave 

the product 1h (2.1g, 50% yield) as a yellow oil. 
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1H NMR (CDCl3, 400 MHz) δ 7.88 (d, J = 9.2 Hz, 2H), 7.30 (d, J = 9.2 Hz, 2H), 5.74-

5.73 (m, 1H), 5.54-5.53 (m, 1H), 4.92 (s, 1H), 4.82 (s, 1H), 4.06 (s, 2H), 3.85 (s, 2H), 

1.62 (s, 3H);  

13C NMR (CDCl3, 100 MHz) δ 152.0, 139.0, 138.9, 129.4, 127.3, 120.8, 120.3, 120.2 

(q, J = 257.9 Hz), 115.5, 53.8, 53.3, 19.8;  

19F NMR (CDCl3, 376 MHz) δ -57.7; 

HRMS Calcd (ESI) m/z for C14H15BrF3NNaO3S [M + Na]+: 435.9800, found: 

435.9795. 

 
 

N-(2-bromoallyl)-N-(2-methylallyl)thiophene-2-sulfonamide (1i) 

 

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 20:1) gave 

the product 1i (2.5g, 59% yield) as a yellow oil.  

1H NMR (CDCl3, 400 MHz) δ 7.56-7.55 (m, 2H), 7.06-7.04 (m, 1H), 5.77-5.76 (m, 

1H), 5.55-5.54 (m, 1H), 4.91 (s, 1H), 4.84 (s, 1H), 4.03 (s, 2H), 3.81 (s, 2H), 1.64 (s, 

3H); 

13C NMR (CDCl3, 100 MHz) δ 140.5, 139.0, 132.0, 131.6, 127.2, 127.1, 119.7, 115.4, 

54.2, 53.7, 19.7; 

HRMS Calcd (ESI) m/z for C11H14BrNNaO2S2 [M + Na]+: 357.9542, found: 357.9542. 
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N-(2-bromoallyl)-4-methyl-N-(2-phenylallyl)benzenesulfonamide (1l) 

 

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 20:1) gave 

the product 1l (0.3g, 18% yield) as a yellow solid; m.p.: 37-40 oC. 

1H NMR (CDCl3, 400 MHz) δ 7.67-7.64 (m, 2H), 7.34-7.25 (m, 7H), 5.63 (s, 1H), 

5.46-5.43 (m, 2H), 5.19 (s, 1H), 4.32 (s, 2H), 3.99 (s, 2H), 2.43 (s, 3H); 

13C NMR (CDCl3, 100 MHz) δ 143.4, 141.9, 138.2, 136.5, 129.5, 128.3, 127.9, 127.3, 

127.2, 126.3, 119.2, 116.9, 54.1, 51.4, 21.4; 

HRMS Calcd (ESI) m/z for C19H20BrNNaO2S [M + Na]+: 428.0290, found: 428.0292. 

 

3-(3-(4-Methoxyphenyl)prop-2-yn-1-yl)-3-methyl-4-methylene-1-tosylpyrrolidine 

(3a) 
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Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 9:1) gave 

the product 3a (88.0mg, 74% yield) as a yellow solid; m.p.: 77-80 oC. 

1H NMR (CDCl3, 400 MHz) δ 7.72 (d, J = 8.0 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 7.26 

(d, J = 8.8 Hz, 2H), 6.81 (d, J = 8.8 Hz, 2H), 4.95-4.94 (m, 2H), 3.95-3.84 (m, 2H), 

3.80 (s, 3H), 3.44 (d, J = 9.2 Hz, 1H), 3.02 (d, J = 9.6 Hz, 1H), 2.47-2.37 (m, 5H), 1.24 

(s, 3H);  

13C NMR (CDCl3, 100 MHz) δ 159.2, 150.7, 143.6, 132.9, 132.4, 129.6, 127.8, 115.4, 

113.8, 106.4, 84.7, 82.3, 58.7, 55.2 (2C), 45.3, 30.0, 23.4, 21.5; 

HRMS Calcd (ESI) m/z for C23H26NO3S [M + H]+: 396.1628, found: 396.1639. 

 

 

3-Methyl-4-methylene-3-(3-phenylprop-2-yn-1-yl)-1-tosylpyrrolidine (3b)

 

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 9:1) gave 

the product 3b (73.6 mg, 67% yield) as a yellow solid; m.p.: 47-49 oC. 

1H NMR (CDCl3, 400 MHz) δ 7.72 (d, J = 8.0 Hz, 2H), 7.31-7.26 (m, 7H), 4.96-4.95 

(m, 2H), 3.94-3.85 (m, 2H), 3.44 (d, J = 9.2 Hz, 1H), 3.03 (d, J = 9.6 Hz, 1H), 2.49-

2.39 (m, 5H), 1.24 (s, 3H); 
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13C NMR (CDCl3, 100 MHz) δ 150.5, 143.6, 132.4, 131.4, 129.6, 128.1, 127.7 (2C), 

123.3, 106.4, 86.3, 82.5, 58.6, 52.2, 45.2, 29.9, 23.4, 21.4; 

HRMS Calcd (ESI) m/z for C22H23NNaO2S [M + Na]+: 388.1342, found: 388.1335. 

 

 

3-(3-(4-Ethylphenyl)prop-2-yn-1-yl)-3-methyl-4-methylene-1-tosylpyrrolidine (3c) 

 

 

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 15:1) gave 

the product 3c (87.1 mg, 74% yield) as a yellow oil. 

1H NMR (CDCl3, 400 MHz) δ 7.72 (d, J = 8.4 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 7.24 

(d, J = 8.0 Hz, 2H), 7.11 (d, J = 8.4 Hz, 2H), 4.96-4.94 (m, 2H), 3.95-3.85 (m, 2H), 

3.43 (d, J = 9.6 Hz, 1H), 3.03 (d, J = 9.2 Hz, 1H), 2.63 (q, J = 7.6 Hz, 2H), 2.48-2.38 

(m, 5H), 1.24-1.21 (m, 6H);  

13C NMR (CDCl3, 100 MHz) δ 150.6, 144.2, 143.6, 132.4, 131.5, 129.6, 127.8, 127.7, 

120.5, 106.4, 85.6, 82.6, 58.7, 52.3, 45.3, 30.0, 28.7, 23.5, 21.5, 15.4; 

HRMS Calcd (ESI) m/z for C24H27NNaO2S [M + Na]+: 416.1655, found: 416.1657. 
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3-Methyl-4-methylene-3-(3-(4-propylphenyl)prop-2-yn-1-yl)-1-tosylpyrrolidine 

(3d) 

 

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 15:1) gave 

the product 3d (88.4 mg, 72% yield) as a yellow oil. 

1H NMR (CDCl3, 400 MHz) δ 7.72 (d, J = 7.6 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 7.24 

(d, J = 7.2 Hz, 2H), 7.09 (d, J = 7.6 Hz, 2H), 4.95 (s, 2H), 3.94-3.85 (m, 2H), 3.43 (d, 

J = 9.6 Hz, 1H), 3.03 (d, J = 9.6 Hz, 1H), 2.59-2.55 (m, 2H), 2.48-2.38 (m, 5H), 1.67-

1.58 (m, 2H), 1.24 (s, 3H), 0.95-0.91 (m, 3H);  

13C NMR (CDCl3, 100 MHz) δ 150.6, 143.6, 142.6, 132.4, 131.3, 129.6, 128.3, 127.8, 

120.5, 106.4, 85.5, 82.6, 58.7, 52.2, 45.3, 37.8, 30.0, 24.3, 23.4, 21.5, 13.7; 

HRMS Calcd (ESI) m/z for C25H29NNaO2S [M + Na]+: 430.1811, found: 430.1813. 
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3-(3-(4-Butylphenyl)prop-2-yn-1-yl)-3-methyl-4-methylene-1-tosylpyrrolidine (3e) 

 

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 15:1) gave 

the product 3e (86.8 mg, 69% yield) as a yellow oil. 

1H NMR (CDCl3, 400 MHz) δ 7.72 (d, J = 8.4 Hz, 2H), 7.32 (d, J = 8.4 Hz, 2H), 7.23 

(d, J = 8.0 Hz, 2H), 7.09 (d, J = 8.0 Hz, 2H), 4.96-4.95 (m, 2H), 3.95-3.85 (m, 2H), 

3.43 (d, J = 9.6 Hz, 1H), 3.03 (d, J = 9.2 Hz, 1H), 2.61-2.57 (m, 2H), 2.48-2.38 (m, 5H), 

1.62-1.58 (m, 2H), 1.39-1.30 (m, 2H), 1.24 (s, 3H), 0.94-0.91 (m, 3H);  

13C NMR (CDCl3, 100 MHz) δ 150.7, 143.6, 142.9, 132.5, 131.4, 129.6, 128.3, 127.8, 

120.4, 106.4, 85.6, 82.7, 58.7, 52.3, 45.3, 35.5, 33.4, 30.0, 23.5, 22.2, 21.5, 13.9; 

HRMS Calcd (ESI) m/z for C26H31NNaO2S [M + Na]+: 444.1968, found: 444.1970. 

 

 

3-(3-([1,1'-Biphenyl]-4-yl)prop-2-yn-1-yl)-3-methyl-4-methylene-1-

tosylpyrrolidine (3f) 

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 10:1) gave 

the product 3f (80.6 mg, 61% yield) as a yellow solid; m.p.: 106-109 oC. 

1H NMR (CDCl3, 400 MHz) δ 7.75 (d, J = 8.0 Hz, 2H), 7.59 (d, J = 7.6 Hz, 2H), 7.53 

(d, J = 8.4 Hz, 2H), 7.47-7.36 (m, 5H), 7.33 (d, J = 8.0 Hz, 2H), 4.99-4.98 (m, 2H), 
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3.98-3.87 (m, 2H), 3.48 (d, J = 9.6 Hz, 1H), 3.06 (d, J = 9.2 Hz, 1H), 2.54-2.44 (m, 2H), 

2.41 (s, 3H), 1.28 (s, 3H);  

13C NMR (CDCl3, 100 MHz) δ 150.6, 143.6, 140.6, 140.3, 132.5, 131.9, 129.6, 128.8, 

127.8, 127.5, 126.9, 126.8, 122.3, 106.5, 87.1, 82.5, 58.7, 52.3, 45.3, 30.1, 23.5, 21.5; 

HRMS Calcd (ESI) m/z for C28H27NNaO2S [M + Na]+: 464.1655, found: 464.1656. 

 

 

3-(3-(4-Fluorophenyl)prop-2-yn-1-yl)-3-methyl-4-methylene-1-

tosylpyrrolidine(3g)  

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 11:1) gave 

the product 3g (54.8 mg, 48% yield) as a brown solid; m.p.: 60-63 oC. 

1H NMR (CDCl3, 400 MHz) δ 7.72 (d, J = 8.0 Hz, 2H), 7.32-7.28 (m, 4H), 6.99-6.95 

(m, 2H), 4.97-4.94 (m, 2H), 3.96-3.91 (m, 1H), 3.87-3.83 (m, 1H), 3.44 (d, J = 9.2 Hz, 

1H), 3.01 (d, J = 9.2 Hz, 1H), 2.49-2.39 (m, 5H), 1.23 (s, 3H);  

13C NMR (CDCl3, 100 MHz) δ 162.2 (d, J = 247.6 Hz), 150.6, 143.7, 133.3(d, J = 8.2 

Hz), 132.4, 128.7 (d, J = 180.6 Hz), 119.4 (d, J = 3.6 Hz), 115.4 (d, J = 21.9 Hz), 110.0, 

106.5, 86.0, 81.5, 58.7, 52.2, 45.3, 30.0, 23.4, 21.5; 

19F NMR (CDCl3, 376 MHz) δ -111.6; 

HRMS Calcd (ESI) m/z for C22H22FNNaO2S [M + Na]+: 406.1247, found: 406.1249. 
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3-(3-(4-Chlorophenyl)prop-2-yn-1-yl)-3-methyl-4-methylene-1-tosylpyrrolidine 

(3h) 

  

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 11:1) gave 

the product 3h (90.2 mg, 75% yield) as a yellow oil. 

1H NMR (CDCl3, 400 MHz) δ 7.72 (d, J = 8.0 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 7.25 

(s, 4H), 4.97-4.94 (m, 2H), 3.96-3.91 (m, 1H), 3.87-3.83 (m, 1H), 3.43 (d, J = 9.2 Hz, 

1H), 3.01 (d, J = 9.6 Hz, 1H), 2.51-2.41 (m, 5H), 1.23 (s, 3H);  

13C NMR (CDCl3, 100 MHz) δ 150.5, 143.7, 133.7, 132.7, 132.4, 129.6, 128.4, 127.8, 

121.8, 106.5, 87.5, 81.5, 58.7, 52.2, 45.2, 30.0, 23.4, 21.5; 

HRMS Calcd (ESI) m/z for C22H23ClNO2S [M + H]+: 400.1133, found: 400.1126. 
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4-(3-(3-Methyl-4-methylene-1-tosylpyrrolidin-3-yl)prop-1-yn-1-yl)benzonitrile (3i) 

 

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 5:1) gave 

the product 3i (71.6 mg, 61% yield) as a brown oil. 

1H NMR (CDCl3, 400 MHz) δ 7.71 (d, J = 8.0 Hz, 2H), 7.56 (d, J = 8.4 Hz, 2H), 7.41 

(d, J = 8.4 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 4.98-4.94 (m, 2H), 3.99-3.94 (m, 1H), 

3.83-3.79 (m, 1H), 3.44 (d, J = 9.6 Hz, 1H), 2.97 (d, J = 9.6 Hz, 1H), 2.57-2.45 (m, 2H), 

2.41 (s, 3H), 1.23 (s, 3H);  

13C NMR (CDCl3, 100 MHz) δ 150.4, 143.7, 132.4, 132.1, 131.9, 129.7, 128.3, 127.8, 

118.4, 111.2, 106.7, 91.5, 81.3, 58.7, 52.1, 45.2, 30.2, 23.2, 21.5; 

HRMS Calcd (ESI) m/z for C23H22N2NaO2S [M + Na]+: 413.1294, found: 413.1299. 

 

 

3-Methyl-4-methylene-3-(3-(m-tolyl)prop-2-yn-1-yl)-1-tosylpyrrolidine (3j) 

 

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 11:1) gave 

the product 3j (85.3 mg, 75% yield) as a yellow oil.  
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1H NMR (CDCl3, 400 MHz) δ 7.72 (d, J = 8.0 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 7.19-

7.09 (m, 4H), 4.96-4.95 (m, 2H), 3.96-3.84 (m, 2H), 3.44 (d, J = 9.6 Hz, 1H), 3.03 (d, 

J = 9.6 Hz, 1H), 2.49-2.39 (m, 5H), 2.32 (s, 3H), 1.25 (s, 3H);  

13C NMR (CDCl3, 100 MHz) δ 150.7, 143.6, 137.8, 132.5, 132.1, 129.6, 128.7, 128.6, 

128.1, 127.8, 123.1, 106.5, 86.0, 82.7, 58.7, 52.2, 45.3, 30.0, 23.4, 21.5, 21.2; 

HRMS Calcd (ESI) m/z for C23H26NO2S [M + H]+: 380.1679, found: 380.1673. 

 

 

3-(3-(2-Fluorophenyl)prop-2-yn-1-yl)-3-methyl-4-methylene-1-

tosylpyrrolidine(3k)  

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 10:1) gave 

the product 3k (70.1 mg, 61% yield) as a yellow oil. 

1H NMR (CDCl3, 400 MHz) δ 7.72 (d, J = 8.4 Hz, 2H), 7.34-7.30 (m, 3H), 7.28-7.23 

(m, 1H), 7.08-7.01 (m, 2H), 4.98-4.97 (m, 2H), 3.96-3.91 (m, 1H), 3.89-3.85 (m, 1H), 

3.45 (d, J = 9.6 Hz, 1H), 3.04 (d, J = 9.6 Hz, 1H), 2.48-2.47 (m, 2H), 2.40 (s, 3H), 1.26 

(s, 3H);  

13C NMR (CDCl3, 100 MHz) δ 162.8 (d, J = 249.3 Hz), 150.4, 143.6, 133.3 (d, J = 1.3 

Hz), 132.4, 129.6, 129.4 (d, J = 7.8 Hz), 127.7, 123.7 (d, J = 3.7 Hz), 115.3 (d, J = 20.8 

Hz), 111.8 (d, J = 15.7 Hz), 106.6, 91.9 (d, J = 3.3 Hz), 75.9 (d, J = 0.6 Hz), 58.7, 52.2, 

45.2, 30.1, 23.2, 21.5; 

19F NMR (CDCl3, 376 MHz) δ -110.6; 
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HRMS Calcd (ESI) m/z for C22H22FNNaO2S [M + Na]+: 406.1247, found: 406.1250. 

 

 

3-Methyl-4-methylene-3-(3-(naphthalen-1-yl)prop-2-yn-1-yl)-1-tosylpyrrolidine 

(3l) 

 

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 10:1) gave 

the product 3l (97.3 mg, 78% yield) as a yellow oil. 

1H NMR (CDCl3, 400 MHz) δ 8.25 (d, J = 8.4 Hz, 1H), 7.86-7.79 (m, 2H), 7.73 (d, J 

= 8.0 Hz, 2H), 7.58-7.50 (m, 3H), 7.40 (t, J = 7.6 Hz, 1H), 7.24 (d, J = 8.0 Hz, 2H), 

5.03-5.02 (m, 2H), 4.02-3.91 (m, 2H), 3.56 (d, J = 9.6 Hz, 1H), 3.11 (d, J = 9.6 Hz, 1H), 

2.69-2.58 (m, 2H), 2.33 (s, 3H), 1.34 (s, 3H);  

13C NMR (CDCl3, 100 MHz) δ 150.6, 143.6, 133.3, 133.1, 132.4, 130.2, 129.6, 128.2 

(2C), 127.7, 126.6, 126.2, 126.0, 125.1, 121.0, 106.6, 91.3, 80.6, 58.7, 52.3, 45.4, 30.3, 

23.6, 21.4; 
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HRMS Calcd (ESI) m/z for C26H26NO2S [M + H]+: 416.1679, found: 416.1682. 

 

 

3-Methyl-4-methylene-3-(3-(naphthalen-2-yl)prop-2-yn-1-yl)-1-tosylpyrrolidine 

(3m) 

 

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 10:1) gave 

the product 3m (67.2 mg, 54% yield) as a yellow solid; m.p.: 82-85 oC. 

1H NMR (CDCl3, 400 MHz) δ 7.86 (s, 1H), 7.81-7.73 (m, 5H), 7.51-7.45 (m, 2H), 7.38 

(d, J = 8.4 Hz, 1H), 7.30 (d, J = 8.4 Hz, 2H), 5.00-4.99 (m, 2H), 3.99-3.87 (m, 2H), 

3.50 (d, J = 9.6 Hz, 1H), 3.07 (d, J = 9.2 Hz, 1H), 2.56-2.46 (m, 2H), 2.35 (s, 3H), 1.29 

(s, 3H);  

13C NMR (CDCl3, 100 MHz) δ 150.8, 143.7, 132.9, 132.5, 132.4, 131.1, 129.6, 128.5, 

127.8 (2C), 127.7, 127.5, 126.5, 126.4, 120.6, 106.6, 86.8, 83.0, 58.8, 52.3, 45.3, 30.1, 

23.5, 21.5; 

HRMS Calcd (ESI) m/z for C26H25NNaO2S [M + Na]+: 438.1498, found: 438.1507. 
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3-Methyl-4-methylene-3-(3-(thiophen-3-yl)prop-2-yn-1-yl)-1-tosylpyrrolidine (3n) 

 

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 10: 1) 

gave the product 3n (66.5 mg, 60% yield) as a yellow solid; m.p.: 53-57 oC. 

1H NMR (CDCl3, 400 MHz) δ 7.72 (d, J = 8.0 Hz, 2H), 7.33-7.29 (m, 3H), 7.24-7.22 

(m, 1H), 7.01-6.99 (m, 1H), 4.96-4.93 (m, 2H), 3.94-3.83 (m, 2H), 3.43 (d, J = 9.2 Hz, 

1H), 3.01 (d, J = 9.2 Hz, 1H), 2.48-2.38 (m, 5H), 1.23 (s, 3H);  

13C NMR (CDCl3, 100 MHz) δ 150.6, 143.7, 132.4, 129.9, 129.6, 128.0, 127.8, 125.1, 

122.3, 106.5, 85.9, 77.6, 58.7, 52.2, 45.2, 30.0, 23.5, 21.5; 

HRMS Calcd (ESI) m/z for C20H21NNaO2S2 [M + Na]+: 394.0906, found: 394.0899. 
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3-(3-(3-Methyl-4-methylene-1-tosylpyrrolidin-3-yl)prop-1-yn-1-yl)pyridine (3o)

 

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 3:1) gave 

the product 3o (70.8 mg, 64% yield) as a yellow solid; m.p.: 59-63 oC. 

1H NMR (CDCl3, 400 MHz) δ 8.52 (d, J = 15.2 Hz, 2H), 7.71 (d, J = 8.4 Hz, 2H), 7.61 

(d, J = 7.6 Hz, 1H), 7.32 (d, J = 8.4 Hz, 2H), 7.23-7.20 (m, 1H), 4.96 (d, J = 8.0 Hz, 

2H), 3.96-3.82 (m, 2H), 3.43 (d, J = 9.6 Hz, 1H), 3.00 (d, J = 9.2 Hz, 1H), 2.55-2.44 

(m, 2H), 2.41 (s, 3H), 1.24 (s, 3H);  

13C NMR (CDCl3, 100 MHz) δ 152.2, 150.4, 148.2, 143.8, 138.5, 132.2, 129.7, 127.8, 

122.9, 120.4, 106.7, 90.1, 79.4, 58.6, 52.2, 45.2, 30.1, 23.3, 21.6; 

HRMS Calcd (ESI) m/z for C21H22N2NaO2S [M + Na]+: 389.1294, found: 389.1290. 

 

 

3-Methyl-4-methylene-3-(3-ferrocylprop-2-yn-1-yl)-1-tosylpyrrolidine (3p) 

 

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 11:1) gave 

the product 3p (83.7 mg, 59% yield) as a yellow solid; m.p.: 104-108 oC. 
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1H NMR (CDCl3, 400 MHz) δ 7.73 (d, J = 8.0 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 4.96-

4.95 (m, 2H), 4.31 (d, J = 12.0 Hz, 2H), 4.17-4.11 (m, 7H), 3.94-3.84 (m, 2H), 3.42 (d, 

J = 9.2 Hz, 1H), 3.01 (d, J = 9.2 Hz, 1H), 2.43 (s, 3H), 2.40-2.29 (m, 2H), 1.23 (s, 3H);  

13C NMR (CDCl3, 100 MHz) δ 150.7, 143.6, 132.5, 129.7, 127.8, 106.4, 82.3, 80.5, 

71.2, 69.7, 68.2, 65.6, 58.7, 52.2, 45.2, 30.1, 23.5, 21.5; 

HRMS Calcd (ESI) m/z for C26H28FeNO2S [M + H]+: 474.1185, found: 474.1195. 

 

 

3-(3-Cyclopropylprop-2-yn-1-yl)-1-((4-methoxyphenyl)sulfonyl)-3-methyl-4-

methylenepyrrolidine (3q) 

 

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 5:1) gave 

the product 3q (25.9 mg, 25% yield) as a yellow oil. 

1H NMR (CDCl3, 400 MHz) δ 7.76 (d, J = 8.4 Hz, 2H), 7.00 (d, J = 8.4 Hz, 2H), 4.88 

(d, J = 18.0 Hz, 2H), 3.88-3.83 (m, 5H), 3.30 (d, J = 9.2 Hz, 1H), 2.95 (d, J = 9.2 Hz, 

1H), 2.20-2.10 (m, 2H), 1.25 (s, 1H), 1.15 (s, 3H), 0.70-0.68 (m, 2H), 0.53 (s, 2H);  

13C NMR (CDCl3, 100 MHz) δ 163.0, 150.9, 129.9, 127.3, 114.2, 106.1, 85.6, 71.7, 

58.6, 55.6, 52.3, 45.2, 29.5, 23.4, 8.0 (2C), -0.6; 
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HRMS Calcd (ESI) m/z for C19H23NNaO3S [M + Na]+: 368.1291, found: 368.1301. 

 

 

3-(3-(Cyclohex-1-en-1-yl)prop-2-yn-1-yl)-1-((4-methoxyphenyl)sulfonyl)-3-

methyl-4-methylenepyrrolidine (3r) 

 

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 7:1) gave 

the product 3r (72.2 mg, 62% yield) as a yellow oil. 

1H NMR (CDCl3, 400 MHz) δ 7.76 (d, J = 8.4 Hz, 2H), 6.99 (d, J = 8.8 Hz, 2H), 5.94 

(s, 1H), 4.91 (d, J = 11.2 Hz, 2H), 3.86-3.84 (m, 5H), 3.33 (d, J = 9.6 Hz, 1H), 2.98 (d, 

J = 9.6 Hz, 1H), 2.36-2.26 (m, 2H), 2.05-2.01 (m, 4H), 1.61-1.55 (m, 4H), 1.18 (s, 3H); 

13C NMR (CDCl3, 100 MHz) δ 163.0, 150.8, 133.7, 129.9, 127.2, 120.6, 114.1, 106.3, 

84.4, 83.4, 58.7, 55.5, 52.3, 45.2, 29.9, 29.4, 25.5, 23.5, 22.3, 21.5; 

HRMS Calcd (ESI) m/z for C22H27NNaO3S [M + Na]+: 408.1604, found: 408.1588.  
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(8R,9S,13S,14S)-13-Methyl-2-(3-(3-methyl-4-methylene-1-tosylpyrrolidin-3-

yl)prop-1-yn-1-yl)-6,7,8,9,11,12,13,14,15,16-decahydro-17H-

cyclopenta[a]phenanthren-17-one (3s) 

 

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 5:1) gave 

the product 3s (84.7 mg, 52% yield) as a yellow solid; m.p.: 198-201 oC. 

1H NMR (CDCl3, 400 MHz) δ 7.71 (d, J = 7.6 Hz, 2H), 7.31 (d, J = 7.6 Hz, 2H), 7.20 

(d, J = 8.4 Hz, 1H), 7.11 (d, J = 6.8 Hz, 2H), 4.94 (s, 2H), 3.93 (d, J = 14.4 Hz, 1H), 

3.84 (d, J = 14.0 Hz, 1H), 3.43 (d, J = 9.2 Hz, 1H), 3.00 (d, J = 9.2 Hz, 1H), 2.88-2.85 

(m, 2H), 2.53-2.46 (m, 1H), 2.42-2.37 (m, 5H), 2.29-2.25 (m, 1H), 2.18-1.94 (m, 5H), 

1.67-1.57 (m, 2H), 1.52-1.37 (m, 4H), 1.23 (s, 3H), 0.90 (s, 3H); 

13C NMR (CDCl3, 100 MHz) δ 220.6, 150.6, 143.6, 139.7, 136.4, 132.4, 131.9, 129.6, 

128.8, 127.7, 125.2, 120.6, 106.4, 85.6, 82.5, 58.7, 52.1, 50.3, 47.8, 45.2, 44.3, 37.9, 

35.7, 31.4, 30.0, 29.0, 26.2, 25.5, 23.2, 21.5, 13.7, 0.9; 

HRMS Calcd (ESI) m/z for C34H39NNaO3S [M + Na]+: 564.2543, found: 564.2546. 
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(1S,2R,5S)-2-Isopropyl-5-methylcyclohexyl-4-(3-(3-methyl-4-methylene-1-

tosylpyrrolidin-3-yl)prop-1-yn-1-yl)benzoate (3t) 

 

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 10:1) gave 

the product 3t (100.5 mg, 61% yield) as a yellow oil. 

1H NMR (CDCl3, 400 MHz) δ 7.95 (d, J = 8.0 Hz, 2H), 7.71 (d, J = 8.0 Hz, 2H), 7.36-

7.30 (m, 4H), 4.96 (d, J = 7.2 Hz, 2H), 4.92-4.89 (m, 1H), 3.93 (d, J = 14.0 Hz, 1H), 

3.85 (d, J = 14.0 Hz, 1H), 3.43 (d, J = 9.6 Hz, 1H), 3.01 (d, J = 9.6 Hz, 1H), 2.54-2.43 

(m, 2H), 2.40 (s, 3H), 2.11 (d, J = 12.0 Hz, 1H), 1.95-1.90 (m, 1H), 1.72 (d, J = 11.2 

Hz, 2H), 1.57-1.52 (m, 2H), 1.25 (s, 3H), 1.17-1.05 (m, 3H), 0.93-0.90 (m, 6H), 0.79 

(d, J = 6.8 Hz, 3H); 

13C NMR (CDCl3, 100 MHz) δ 165.5, 150.5, 143.7, 132.3, 131.4, 129.8, 129.6, 129.3, 

127.8, 106.6, 89.6, 82.1, 75.0, 58.7, 52.2, 47.2, 45.3, 40.9, 34.2, 31.4, 30.1, 26.5, 23.6, 

23.5, 22.0, 21.5, 20.7, 16.5; 

HRMS Calcd (ESI) m/z for C33H41NNaO4S [M + Na]+: 570.2649, found: 570.2647. 
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3-(3-(4-Methoxyphenyl)prop-2-yn-1-yl)-3-methyl-4-methylene-1-

(phenylsulfonyl)pyrrolidine (4a) 

 

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 10:1) gave 

the product 4a (82.6 mg, 72% yield) as a yellow solid; m.p.: 71-74 oC. 

1H NMR (CDCl3, 400 MHz) δ 7.76 (d, J = 8.4 Hz, 2H), 7.52-7.42 (m, 3H), 7.17 (d, J 

= 6.8 Hz, 2H), 6.73 (d, J = 8.8 Hz, 2H), 4.87 (s, 2H), 3.88-3.79 (m, 2H), 3.72 (s, 3H), 

3.39 (d, J = 9.2 Hz, 1H), 2.97 (d, J = 9.2 Hz, 1H), 2.37-2.28 (m, 2H), 1.15 (s, 3H); 

13C NMR (CDCl3, 100 MHz) δ 159.2, 150.5, 135.4, 132.8 (2C), 129.0, 127.6, 115.4, 

113.7, 106.5, 84.6, 82.3, 58.6, 55.2, 52.2, 45.3, 29.9, 23.3; 

HRMS Calcd (ESI) m/z for C22H23NNaO3S [M + Na]+: 404.1291, found: 404.1294. 
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3-(3-(4-Methoxyphenyl)prop-2-yn-1-yl)-1-((4-methoxyphenyl)sulfonyl)-3-methyl-

4-methylenepyrrolidine (4b) 

 

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 5:1) gave 

the product 4b (84.0 mg, 68% yield) as a yellow oil. 

1H NMR (CDCl3, 400 MHz) δ 7.76 (d, J = 8.8 Hz, 2H), 7.23 (d, J = 8.4 Hz, 2H), 6.97 

(d, J = 9.2 Hz, 2H), 6.80 (d, J = 8.8 Hz, 2H), 4.95-4.94 (m, 2H), 3.89-3.87 (m, 2H), 

3.83 (s, 3H), 3.79 (s, 3H), 3.42 (d, J = 9.6 Hz, 1H), 3.02 (d, J = 9.6 Hz, 1H), 2.47-2.37 

(m, 2H), 1.24 (s, 3H); 

13C NMR (CDCl3, 100 MHz) δ 162.9, 159.1, 150.7, 132.8, 129.8, 126.9, 115.4, 114.1, 

113.7, 106.3, 84.7, 82.3, 58.6, 55.5, 55.1, 52.3, 45.2, 29.9, 23.6; 

HRMS Calcd (ESI) m/z for C23H25NNaO4S [M + Na]+: 434.1397, found: 434.1399. 

 

 

1-((4-(Tert-butyl)phenyl)sulfonyl)-3-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-3-

methyl-4-methylenepyrrolidine (4c) 
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Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 12:1) gave 

the product 4c (94.3 mg, 72% yield) as a yellow solid; m.p.: 85-89 oC. 

1H NMR (CDCl3, 400 MHz) δ 7.76 (d, J = 8.8 Hz, 2H), 7.52 (d, J = 8.8 Hz, 2H), 7.29 

(d, J = 8.8 Hz, 2H), 6.81 (d, J = 8.8 Hz, 2H), 4.96-4.95 (m, 2H), 3.99-3.94 (m, 1H), 

3.90-3.85 (m, 1H), 3.80 (s, 3H), 3.46 (d, J = 9.6 Hz, 1H), 3.04 (d, J = 9.2 Hz, 1H), 2.47-

2.37 (m, 2H), 1.33 (s, 9H), 1.24 (s, 3H);  

13C NMR (CDCl3, 100 MHz) δ 159.2, 156.5, 150.8, 132.9, 132.7, 127.6, 126.0, 115.5, 

113.8, 106.4, 84.8, 82.3, 58.7, 55.2, 52.2, 45.3, 35.1, 31.0, 30.0, 23.2; 

HRMS Calcd (ESI) m/z for C26H31NNaO3S [M + Na]+: 460.1917, found: 460.1924.

 

 

3-(3-(4-Methoxyphenyl)prop-2-yn-1-yl)-3-methyl-4-methylene-1-(o-

tolylsulfonyl)pyrrolidine (4d) 

 

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 15:1) gave 

the product 4d (73.4 mg, 62% yield) as a yellow oil. 

1H NMR (CDCl3, 400 MHz) δ 7.95-7.93 (m, 1H), 7.46-7.42 (m, 1H), 7.32-7.28 (m, 

2H), 7.27-7.24 (m, 2H), 6.80 (d, J = 9.2 Hz, 2H), 5.00-4.98 (m, 2H), 3.99-3.98 (m, 2H), 

3.79 (s, 3H), 3.51 (d, J = 9.2 Hz, 1H), 3.16 (d, J = 9.6 Hz, 1H), 2.66 (s, 3H), 2.55-2.43 

(m, 2H), 1.28 (s, 3H); 
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13C NMR (CDCl3, 100 MHz) δ 159.2, 150.7, 138.1, 135.9, 132.8 (2C), 132.7, 129.9, 

126.0, 115.4, 113.7, 106.4, 84.6, 82.3, 58.1, 55.2, 51.6, 45.3, 30.0, 23.2, 20.7; 

HRMS Calcd (ESI) m/z for C23H25NNaO3S [M + Na]+: 418.1447, found: 418.1444. 

 

 

1-((4-Fluorophenyl)sulfonyl)-3-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-3-methyl-4-

methylenepyrrolidine (4e) 

 

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 10:1) gave 

the product 4e (78.6 mg, 66% yield) as a yellow solid; m.p.: 87-91 oC. 

1H NMR (CDCl3, 400 MHz) δ 7.87-7.83 (m, 2H), 7.27-7.17 (m, 4H), 6.81 (d, J = 8.8 

Hz, 2H), 4.98-4.97 (m, 2H), 3.92-3.91 (m, 2H), 3.80 (s, 3H), 3.45 (d, J = 9.2 Hz, 1H), 

3.05 (d, J = 9.2 Hz, 1H), 2.47-2.38 (m, 2H), 1.25 (s, 3H); 

13C NMR (CDCl3, 100 MHz) δ 165.2 (d, J = 253.7 Hz), 159.3, 150.4, 132.9, 131.8, 

130.4 (d, J = 9.2 Hz), 116.3 (d, J = 22.3 Hz), 115.3, 113.8, 106.7, 84.6, 82.5, 58.7, 55.3, 

52.3, 45.4, 30.0, 23.6; 

19F NMR (CDCl3, 376 MHz) -104.8; 

HRMS Calcd (ESI) m/z for C22H22FNNaO3S [M + Na]+: 422.1197, found: 422.1203. 
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1-((4-Chlorophenyl)sulfonyl)-3-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-3-methyl-4-

methylenepyrrolidine (4f) 

 

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 12:1) gave 

the product 4f (83.2 mg, 64% yield) as a yellow oil. 

1H NMR (CDCl3, 400 MHz) δ 7.69 (d, J = 8.4 Hz, 2H), 7.41 (d, J = 8.4 Hz, 2H), 7.16 

(d, J = 8.8 Hz, 2H), 6.74 (d, J = 8.4 Hz, 2H), 4.90-4.89 (m, 2H), 3.84-3.83 (m, 2H), 

3.73 (s, 3H), 3.38 (d, J = 9.6 Hz, 1H), 2.98 (d, J = 9.6 Hz, 1H), 2.40-2.30 (m, 2H), 1.17 

(s, 3H);  

13C NMR (CDCl3, 100 MHz) δ 159.3, 150.3, 139.3, 134.2, 132.8, 129.3, 129.1, 115.3, 

113.8, 106.7, 84.5, 82.5, 58.6, 55.2, 52.2, 45.4, 30.0, 23.5; 

HRMS Calcd (ESI) m/z for C22H22ClNNaO3S [M + Na]+: 438.0901, found: 438.0899. 
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3-(3-(4-Methoxyphenyl)prop-2-yn-1-yl)-3-methyl-4-methylene-1-((4-

(trifluoromethyl)phenyl)sulfonyl)pyrrolidine (4g) 

 

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 10:1) gave 

the product 4g (67.0 mg, 50% yield) as a brown solid; m.p.: 98-101 oC. 

1H NMR (CDCl3, 400 MHz) δ 7.96 (d, J = 8.0 Hz, 2H), 7.78 (d, J = 8.4 Hz, 2H), 7.25 

(d, J = 6.4 Hz, 2H), 6.81 (d, J = 8.8 Hz, 2H), 4.98-4.97 (m, 2H), 4.00-3.90 (m, 2H), 

3.80 (s, 3H), 3.50 (d, J = 9.6 Hz, 1H), 3.07 (d, J = 9.6 Hz, 1H), 2.47-2.38 (m, 2H), 1.25 

(s, 3H); 

13C NMR (CDCl3, 100 MHz) δ 159.3, 150.0, 139.5, 134.4 (q, J = 32.9 Hz), 132.8, 

128.1, 126.2 (q, J = 3.6 Hz), 123.2 (q, J = 271.6 Hz), 115.3, 113.8, 106.9, 84.4, 82.6, 

58.7, 55.24, 52.2, 45.5, 29.9, 23.4; 

19F NMR (CDCl3, 376 MHz) -63.0; 

HRMS Calcd (ESI) m/z for C23H22F3NNaO3S [M + Na]+: 472.1165, found: 472.1174. 
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3-(3-(4-Methoxyphenyl)prop-2-yn-1-yl)-3-methyl-4-methylene-1-((4-

(trifluoromethoxy)phenyl)sulfonyl)pyrrolidine (4h) 

 

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 10: 1) 

gave the product 4h (84.0 mg, 60% yield) as a yellow solid; M.p.: 70-73 oC. 

1H NMR (CDCl3, 400 MHz) δ 7.89 (d, J = 8.8 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 7.26 

(d, J = 8.8 Hz, 2H), 6.82 (d, J = 8.8 Hz, 2H), 4.99-4.98 (m, 2H), 3.98-3.89 (m, 2H), 

3.80 (s, 3H), 3.48 (d, J = 9.2 Hz, 1H), 3.07 (d, J = 9.2 Hz, 1H), 2.47-2.38 (m, 2H), 1.26 

(s, 3H); 

13C NMR (CDCl3, 100 MHz) δ 159.3, 152.3, 152.2, 150.2, 134.2, 132.8, 129.8, 120.8, 

120.2 (q, J = 258.2 Hz), 115.3, 113.8, 106.8, 84.5, 82.5, 58.7, 55.2, 52.2, 45.4, 30.0, 

23.4; 

19F NMR (CDCl3, 376 MHz) -57.6; 

HRMS Calcd (ESI) m/z for C23H22F3NNaO4S [M + Na]+: 488.1114, found: 488.1120. 
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3-(3-(4-Methoxyphenyl)prop-2-yn-1-yl)-3-methyl-4-methylene-1-(thiophen-2-

ylsulfonyl)pyrrolidine (4i) 

 

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 8:1) gave 

the product 4i (83.8 mg, 72% yield) as a yellow oil. 

1H NMR (CDCl3, 400 MHz) δ 7.61-7.58 (m, 2H), 7.28 (d, J = 8.8 Hz, 2H), 7.14-7.12 

(m, 1H), 6.81 (d, J = 8.8 Hz, 2H), 4.99-4.97 (m, 2H), 4.04-3.93 (m, 2H), 3.80 (s, 3H), 

3.51 (d, J = 9.6 Hz, 1H), 3.10 (d, J = 9.6 Hz, 1H), 2.48-2.38 (m, 2H), 1.25 (s, 3H); 

13C NMR (CDCl3, 100 MHz) δ 159.2, 150.3, 135.6, 132.9, 132.5, 132.0, 127.6, 115.4, 

113.8, 106.7, 84.6, 82.4, 58.8, 55.2, 52.4, 45.5, 30.0, 23.4; 

HRMS Calcd (ESI) m/z for C20H21NNaO3S2 [M + Na]+: 410.0855, found: 410.0850. 

 

3-(3-(4-Methoxyphenyl)prop-2-yn-1-yl)-3-methyl-4-methylene-1-(methylsulfonyl) 
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pyrrolidine (4j) 

 

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 4: 1) gave 

the product 4j (30.7 mg, 33% yield) as a brown solid; m.p.: 57-60 oC. 

1H NMR (CDCl3, 400 MHz) δ 7.32 (d, J = 8.4 Hz, 2H), 6.81 (d, J = 8.4 Hz, 2H), 5.06-

5.05 (m, 2H), 4.11-4.02 (m, 2H), 3.79 (s, 3H), 3.55 (d, J = 9.6 Hz, 1H), 3.20 (d, J = 9.6 

Hz, 1H), 2.85 (s, 3H), 2.62-2.50 (m, 2H), 1.34 (s, 3H); 

13C NMR (CDCl3, 100 MHz) δ 159.3, 150.6, 132.9, 115.4, 113.9, 106.8, 84.6, 82.5, 

58.7, 55.3, 52.2, 45.6, 34.7, 30.1, 23.4; 

HRMS Calcd (ESI) m/z for C17H21NNaO3S [M + Na]+:342.1134, found:.342.1120. 

 

 

3-(3-(4-Methoxyphenyl)prop-2-yn-1-yl)-4-methylene-1-tosylpyrrolidine (4k) 

 

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 8:1) gave 

the product 4k (30.0 mg, 26% yield) as a yellow oil. 

1H NMR (CDCl3, 400 MHz) δ 7.72 (d, J = 8.0 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 7.26-

7.24 (m, 2H), 6.80 (d, J = 8.8 Hz, 2H), 5.03-5.00 (m, 2H), 3.90-3.80 (m, 5H), 3.59-3.55 

(m, 1H), 3.19-3.15 (m, 1H), 2.92-2.86 (m, 1H), 2.58-2.52 (m, 1H), 2.44-2.37 (m, 4H); 

342.1120

342.1393

+MS, 1.31-1.35min #(78-80)

0.0

0.5

1.0

1.5

2.0

2.5
5x10

Intens.

342.09 342.10 342.11 342.12 342.13 342.14 342.15 342.16 342.17 m/z



 

 S35 

13C NMR (CDCl3, 100 MHz) δ 159.3, 146.4, 143.7, 132.9, 132.5, 129.7, 127.9, 115.4, 

113.8, 107.8, 85.2, 81.7, 55.3, 53.0, 52.3, 42.2, 22.8, 21.5; 

HRMS Calcd (ESI) m/z for C22H23NNaO3S [M + Na]+: 404.1291, found: 404.1289. 

 

 

4-(3-(4-Methoxyphenyl)prop-2-yn-1-yl)-4-methyl-1-tosylpyrrolidin-3-one (5) 

 

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 5:1) gave 

the product 5 (38.5 mg, 48% yield) as a yellow oil. 

1H NMR (CDCl3, 400 MHz) δ 7.71 (d, J = 8.4 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 7.16 

(d, J = 8.8 Hz, 2H), 6.78 (d, J = 8.8 Hz, 2H), 3.80-3.72 (m, 4H), 3.57-3.54 (m, 1H), 

3.46-3.39 (m, 2H), 2.61-2.56 (m, 1H), 2.47-2.42 (m, 1H), 2.39 (s, 3H), 1.26 (s, 3H); 

13C NMR (CDCl3, 100 MHz) δ 210.9, 159.4, 144.3, 132.9, 131.3, 129.9, 128.0, 114.8, 

113.8, 83.3, 82.6, 55.9, 55.3, 53.7, 49.7, 25.8, 21.6, 20.9;  

HRMS Calcd (ESI) m/z for C22H23NNaO4S [M + Na]+: 420.1240, found: 420.1236. 
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3-(3-(4-Methoxyphenyl)prop-2-yn-1-yl)-3-methyl-4-methylenepyrrolidine (6) 

 

Flash column chromatography on a silica gel (ethyl acetate: Methanol, 10:1) gave the 

product 6 (39.6 mg, 82% yield) as a white oil. 

1H NMR (（CD3)2SO, 400 MHz) δ 7.31 (d, J = 8.4 Hz, 2H), 6.90 (d, J = 8.4 Hz, 2H), 

4.92 (s, 2H), 3.75 (s, 3H), 3.55-3.44 (m, 2H), 2.97 (d, J = 10.8 Hz, 1H), 2.64 (d, J = 

10.8 Hz, 1H), 2.54-2.40 (m, 2H), 1.18 (s, 3H); 

13C NMR (（CD3)2SO, 100 MHz) δ 159.0, 157.2, 132.7, 115.3, 114.2, 103.6, 86.9, 81.4, 

58.8, 55.3, 52.1, 45.1, 29.6, 23.9;  

HRMS Calcd (ESI) m/z for C16H19NNaO [M + Na]+: 264.1359, found: 264.1338. 
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4. Single Crystal X-Ray Diffraction 

Crystals of 3b were obtained by slow diffusion from a solution of the compounds 

in CHCl3 layered with petroleum ether at room temperature for several days (Figure 

S1). Crystal data and details of the structure determination are presented in Table S2. 

 

Figure S1. Crystal structure of 3b 
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Table S2 The single crystal date of compounds 3b 

 

Phase 3b 

Identification code XSJ20220725 

Empirical formula C22H23NO2S 

Formula weight 365.47 

Temperature/K 296(2) 

Wavelength/ Å 0.71073 

Crystal system Monoclinic 

Space group P2(1)/n 

a / Å 16.6490(11) 

b / Å 6.3815(5) 

c / Å 18.6164(12) 

α () 90 

β () 95.783(2) 

γ () 90 

Volume (Å3) 1967.8(2) 

Z 4 

Calculated density (mg·m-3) 1.234 

Absorption coefficient (mm–1) 0.180 

F(000) 776 

Crystal size (mm) 0.280 x 0.240 x 0.200 

 range for data collection (deg) 3.130 to 25.997 

Limiting indices 

-20<=h<=20, 

-7<=k<=7, 

-22<=l<=22 

Reflections collected/unique 26735 / 3844 [R(int) = 0.0520] 

Completeness to theta 99.8 % 

Max. and min. transmission 0.7456 and 0.6907 

Refinement method Full-matrix least-squares on F2 

Data/restraints/parameters 3844 / 0 / 237 

Goodness-of-fit on F2 1.040 

Final R indices[I>2sigma(I)] R1 = 0.0479, wR2 = 0.1058 

R indices (all data) R1 = 0.0827, wR2 = 0.1214 

Largest diff. peak and hole / (e ·Å-3) 0.213 and -0.239 
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