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General Information. Ethyl acetate (ACS grade), hexanes (ACS grade) and 

anhydrous 1, 2-dichloroethane (ACS grade) were obtained commercially and used 

without further purification. Methylene chloride, tetrahydrofuran and diethyl ether were 

purified according to standard methods unless otherwise noted. Commercially available 

reagents were used without further purification. Reactions were monitored by thin layer 

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

chromatography was performed over silica gel (300-400 mesh). Infrared spectra were 

recorded on a Nicolet AVATER FTIR330 spectrometer as thin film and are reported in 

reciprocal centimeter (cm-1). Mass spectra were recorded with Micromass QTOF2 

Quadrupole/Time-of-Flight Tandem mass spectrometer using electron spray ionization. 
1H NMR spectra were recorded on a Bruker AV-400 spectrometer and a Bruker AV-

500 spectrometer in chloroform-d3. Chemical shifts are reported in ppm with the internal 

TMS signal at 0.0 ppm as a standard. The data is being reported as (s = singlet, d = 

doublet, t = triplet, m = multiplet or unresolved, brs = broad singlet, coupling constant(s) 

in Hz, integration). 
13C NMR spectra were recorded on on a Bruker AV-400 spectrometer and a Bruker 

AV-500 spectrometer in chloroform-d3. Chemical shifts are reported in ppm with the 

internal chloroform signal at 77.0 ppm as a standard. 

 

Compounds 1a-1s were prepared according to the known procedures.1-2 Compounds 1a-

1p are known compounds,2 except 1i. 

 
 

(R)-4-methyl-N-(undec-1-yn-4-yl)benzenesulfonamide (1a) 

 

 
1a
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99% ee (determined by HPLC: Chiralcel AD-H Column, 10/90 i-PrOH/hexane, 0.8 

mL/min, 200 nm; TR = 11.65 min (major), 10.49 min (minor)). 

 

(S)-N-(1-cyclohexylbut-3-yn-1-yl)-4-methylbenzenesulfonamide (1b) 

 

 
1b 

>99% ee (determined by HPLC: Chiralpak IC Column, 10/90 i-PrOH/hexane, 0.6 

mL/min, 200 nm; TR = 26.60 min (major), 30.09 min (minor)). 

 

(R)-4-methyl-N-(1-phenylhex-5-yn-3-yl)benzenesulfonamide (1c) 

 

 
1c 

99% ee (determined by HPLC: Chiralpak IC Column, 10/90 i-PrOH/hexane, 0.6 mL/min, 

200 nm; TR = 30.23 min (major), 36.29 min (minor)). 

 

(R)-N-(7-azidohept-1-yn-4-yl)-4-methylbenzenesulfonamide (1d) 

 

 
1d

98% ee (determined by HPLC: Chiralpak IC Column, 10/90 i-PrOH/hexane, 1.0 mL/min, 

200 nm; TR = 25.78 min (major), 29.46 min (minor)). 

 

(R)-N-(7-(1,3-dioxoisoindolin-2-yl)hept-1-yn-4-yl)-4-methylbenzenesulfonamide (1e) 
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1e

97% ee (determined by HPLC: Chiralpak IC Column, 10/90 i-PrOH/hexane, 0.6 mL/min, 

200 nm; TR = 58.43 min (major), 45.32 min (minor)). 

 

(R)-N-(7-(benzyloxy)hept-1-yn-4-yl)-4-methylbenzenesulfonamide (1f) 

 

HN
Ts

BnO
3  
1f

98% ee (determined by HPLC: Chiralpak IC Column, 10/90 i-PrOH/hexane, 0.6 mL/min, 

200 nm; TR = 53.42 min (major), 65.41 min (minor)). 

(S)-4-methyl-N-(1-phenylbut-3-yn-1-yl)benzenesulfonamide (1g)          

1g

99% ee (determined by HPLC: Chiralpak IC Column, 10/90 i-PrOH/hexane, 0.6 mL/min, 

200 nm; TR = 48.73 min (major), 45.73 min (minor)).  

 
(S)-4-methyl-N-(1-(naphthalen-1-yl)but-3-yn-1-yl)benzenesulfonamide (1h) 

 

1h 
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98% ee (determined by HPLC: Chiralpak IC Column, 10/90 i-PrOH/hexane, 1.0 mL/min, 

200 nm; TR = 35.54 min (major), 29.35 min (minor)). 

 

 

(S)-N-(1-(4-fluorophenyl)but-3-yn-1-yl)-4-methylbenzenesulfonamide (1i) 

 

 
1i

[�]D
20 = -117.0º (c = 1.0, CHCl3). 98% ee (determined by HPLC: Chiralpak IA Column, 

8/92 i-PrOH/hexane, 0.6 mL/min, 200 nm; TR = 34.27 min (major), 36.30 min (minor)).
1H NMR (400 MHz, CDCl3) � 7.61 (d, 2H, J = 8.4 Hz), 7.17 – 7.11 (m, 4H), 6.85 (t, 2H, 

J = 8.8 Hz), 5.73 (d, 1H, J = 7.2 Hz), 4.49 (q, 1H, J = 6.4 Hz), 2.59 (dd, 2H, J = 2.4 Hz, J 

= 6.0 Hz), 2.37 (s, 3H), 1.96 (t, 1H, J = 2.4 Hz); 13C NMR (125 MHz, CDCl3) � 162.1 (d, 

J = 306.1 Hz), 143.4, 137.1, 135.2 (d, J = 4.0 Hz), 129.4, 128.3 (d, J = 10.3 Hz), 127.0, 

115.0 (d, J = 26.9 Hz), 78.9, 72.1, 55.2, 27.2, 21.3; IR (neat): 3291(bs), 2924, 2122, 1604, 

1512, 1333, 1158, 834, 737, 705, 666, 577, 550; MS (ESI, m/z): 340 (M + Na+). 

HRESIMS Calcd for [C17H16FNNaO2S]+ (M + Na+) 340.0785; Found 340.0783. 

 

(S)-N-(1-(4-chlorophenyl)but-3-yn-1-yl)-4-methylbenzenesulfonamide (1j) 

 

1j 

98% ee (determined by HPLC: Chiralpak IC Column, 10/90 i-PrOH/hexane, 0.6 mL/min, 

200 nm; TR = 39.07 min (major), 34.85 min (minor)).  

 

(S)-N-(1-(4-bromophenyl)but-3-yn-1-yl)-4-methylbenzenesulfonamide (1k) 
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1k

99% ee (determined by HPLC: Chiralpak IC Column, 10/90 i-PrOH/hexane, 0.6 mL/min, 

200 nm; TR = 42.07 min (major), 37.29 min (minor)).  

 

(S)-N-(1-(2-bromophenyl)but-3-yn-1-yl)-4-methylbenzenesulfonamide (1l) 

 

1l

97% ee (determined by HPLC: Chiralpak IC Column, 10/90 i-PrOH/hexane, 0.6 mL/min, 

200 nm; TR = 63.13 min (major), 40.70 min (minor)). 

 

(S)-4-methyl-N-(1-(p-tolyl)but-3-yn-1-yl)benzenesulfonamide (1m) 

 

1m 

99% ee (determined by HPLC: Chiralpak IC Column, 10/90 i-PrOH/hexane, 0.6 mL/min, 

200 nm; TR = 53.51 min (major), 56.69 min (minor)). 

 

(S)-N-(1-(4-methoxyphenyl)but-3-yn-1-yl)-4-methylbenzenesulfonamide (1n) 
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1n 

99% ee (determined by HPLC: Chiralpak IC Column, 10/90 i-PrOH/hexane, 0.6 mL/min, 

200 nm; TR = 38.75 min (major), 36.35 min (minor)).  

 

4-methyl-N-(pent-3-yn-1-yl)benzenesulfonamide (1o’) 

 

 
1H NMR (400 MHz, CDCl3) � 7.76 (d, 2H, J = 8.4 Hz), 7.31 (d, 2H, J = 8.0 Hz), 4.91 (t, 

1H, J = 6.4 Hz), 3.05 (dd, 2H, J = 6.4 Hz, J = 8.8 Hz), 2.43 (s, 3H), 2.30 – 2.25 (m, 2H), 

1.74 (t, 3H, J = 2.8 Hz); 13C NMR (100 MHz, CDCl3) ��143.4, 137.0, 129.7, 127.0, 78.3, 

74.9, 42.0, 21.5, 19.9, 3.4; IR (neat): 3283, 2920, 2850, 2174, 1598, 1422, 1327, 1160, 

1093, 815, 662; MS (ESI, m/z): 260 (M + Na+). HRESIMS Calcd for [C12H15NNaO2S]+ 

(M + Na+) 260.0721; Found 260.0721.  

 

(R)-4-bromo-N-(undec-1-yn-4-yl)benzenesulfonamide (1q) 

( )6

HN S
O

O

Br

 
1q 

[�]
D

20
 = + 43.4º (c = 0.3, CHCl3). 99% ee (determined by HPLC: Chiralcel IB Column, 

5/95 i-PrOH/hexane, 0.6 mL/min, 200 nm; TR = 16.13 min (major), 18.26 min (minor)). 
1H NMR (400 MHz, CDCl3) � 7.75 (d, 2H, J = 12.4 Hz), 7.65 (d, 2H, J = 10.8 Hz), 4.69 

(d, 1H, J = 7.2 Hz), 3.39 – 3.33 (m, 1H), 2.30 (dd, 2H, J = 1.2 Hz, J = 3.6 Hz), 1.98 (t, 

1H, J = 2.4 Hz), 1.55 – 1.47 (m, 2H), 1.31 – 1.23 (m, 2H), 1.22 – 1.10 (m, 8H), 0.88 (t, 

3H, J = 6.0 Hz); 13C NMR (100 MHz, CDCl3) � 140.2  132.3, 128.6, 127.5, 79.2, 71.6, 

52.0, 34.1, 31.7, 29.0, 25.6, 25.1, 22.6, 14.0; IR (neat): 3287, 2926, 2855, 2121(s), 1575, 

1468, 1429, 1332, 1163, 1092, 1068, 739, 611; MS (ESI, m/z): 408 (M + Na+). 

HRESIMS Calcd for [C17H24BrNNaO2S]+ (M + Na+) 408.0609; Found 408.0607. 
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(R)-2-nitro-N-(undec-1-yn-4-yl)benzenesulfonamide (1r) 

 
1r 

[�]
D

20
 = + 26.4º (c = 1.0, CHCl3). 99% ee (determined by HPLC: Chiralcel IB Column, 

5/95 i-PrOH/hexane, 0.6 mL/min, 200 nm; TR = 26.85 min (major), 28.82 min (minor)). 
1H NMR (400 MHz, CDCl3) � 8.17 - 8.14 (m, 1H), 7.90 – 7.87 (m, 1H), 7.78 – 7.72 (m, 

2H), 5.53 (d, 1H, J = 6.8 Hz), 3.64 – 3.57 (m, 1H), 2.37 (dd, 2H, J = 2.0 Hz, J = 4.0 Hz), 

1.92 (t, 1H, J = 2.4 Hz), 1.66 – 1.53 (m, 2H), 1.34 – 1.07 (m, 10H), 0.86 (t, 3H, J = 5.6 

Hz); 13C NMR (100 MHz, CDCl3) � 147.6, 135.0, 133.4, 132.9, 130.3, 125.3, 79.0, 71.3, 

53.3, 34.0, 31.5, 28.9, 25.4, 25.2, 22.5, 13.9; IR (neat): 3301, 2928, 2857, 2124(s), 1541, 

1442, 1418, 1361, 1169, 1125, 851, 599; MS (ESI, m/z): 375 (M + Na+). HRESIMS 

Calcd for [C17H24N2NaO4S]+ (M + Na+) 375.1354; Found 375.1354.  

 

(R)-4-methyl-N-(13-phenyltridec-1-yn-4-yl)benzenesulfonamide (1s) 

HN
Ph

9

Ts

 
1s 

[�]
D

20 
= +31.3º (c = 1.0, CHCl

3
). 99% ee (determined by HPLC: Chiralcel AD-H Column, 

5/95 i-PrOH/hexane, 0.8 mL/min, 200 nm; TR = 26.62 min (major), 22.34 min (minor)).  
1H NMR (400 MHz, CDCl3) � 7.76 (d, 2H, J = 8.0 H), 7.27 (t, 4H, J = 8.8 Hz), 7.18 – 

7.15 (m, 3H), 4.67 (d, 1H, J = 9.2 Hz), 3.36 – 3.28 (m, 1H), 2.60 (t, 2H, J = 7.6 Hz), 2.41 

(s, 3H), 2.27 – 2.56 (m, 2H), 1.97 (t, 1H, J = 2.8 Hz), 1.64 – 1.46 (m, 4H), 1.32 – 1.24 (m, 

4H), 1.20 – 1.14 (m, 8H); 13C NMR (100 MHz, CDCl3) � 143.4, 142.8, 138.1, 129.6, 

128.4, 128.2, 127.0, 125.5, 79.4, 71.4, 51.7, 35.9, 34.0, 31.5, 29.4, 29.4, 29.3, 29.2, 29.1, 
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25.5, 24.9, 21.5; IR (neat): 3357, 2923, 2852, 2093, 1660, 1600, 1465, 1328, 1275, 1260, 

1159, 750; MS (ESI, m/z): 448 (M + Na+). HRESIMS Calcd for [C26H35NNaO2S]+ (M + 

Na+) 448.2288; Found 448.2286.  

 

 

 

 

General procedure:  

2-Bromopyridine N-oxide 4a (104.4 mg, 0.60 mmol), MsOH (3.3 mL, 0.10 M in DCE), 

and Et3PAuNTf2 (9.0 mg, 0.015 mmol) were added in this order to a solution of the 

homopropargyl amide 1 (0.30 mmol) in DCE (3.0 mL) at room temperature. The reaction 

mixture was stirred at rt and the progress of the reaction was monitored by TLC. The 

reaction typically took 5 h. Upon completion, the reaction diluted with DCM (30 mL) and 

washed with saturated aqueous NaHCO3 (2 × 15 mL). The resulting solution was 

extracted again with DCM (30 mL) and the combined organic layers were dried with 

MgSO4. The mixture was then concentrated and the residue was purified by 

chromatography on silica gel (eluent: hexanes/ethyl acetate) to afford the desired 

products 2.  

(R)-5-heptyl-1-tosylpyrrolidin-3-one (2a) 

 

 
2a

Compound 2a was prepared in 69% yield according to the general procedure. [�]
D

20 
= 

+88.0º (c = 0.35, CHCl
3
). 99% ee (determined by HPLC: Chiralcel AD-H Column, 10/90 
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iPrOH /hexane, 1.0 mL/min, 200 nm; TR = 9.70 min (major), 13.77 min (minor)). 1H 

NMR (500 MHz, CDCl3) � 7.72 (d, 2H, J = 8.5 Hz), 7.33 (d, 2H, J = 8.0 Hz), 4.24 – 4.18 

(m, 1H), 3.79 (d, 1H, J = 18.5 Hz), 3.63 (d, 1H, J = 19.0 Hz), 2.43 (s, 3H), 2.23 (dd, 1H, 

J = 8.0 Hz, J = 18.0 Hz), 2.11 (dd, 1H, J = 1.0 Hz, J = 18.0 Hz), 1.72 – 1.65 (m, 1H), 

1.53 – 1.46 (m, 1H), 1.37 – 1.26 (m, 10H), 0.88 (t, 3H, J = 6.5 Hz); 13C NMR (125 MHz, 

CDCl3) � 210.1, 144.1, 135.1, 130.1, 127.3, 57.8, 52.9, 42.5, 35.7, 31.7, 29.2, 29.1, 25.4, 

22.6, 21.5, 14.0; IR (neat): 2925, 2855, 1761(s), 1597, 1493, 1461, 1349, 1305, 1156, 

1092, 1016, 664; MS (ESI, m/z): 360 (M + Na+). HRESIMS Calcd for [C18H27NNaO3S]+ 

(M + Na+) 360.1609; Found 360.1611.  

 

(S)-5-heptyl-1-tosylpyrrolidin-3-one (2a’) 

 

 
2a’ 

Compound 2a’ was prepared in 63% yield according to the general procedure. [�]
D

20 
=  -

58.0º (c = 0.5, CHCl
3
). 99% ee (determined by HPLC: Chiralcel AD-H Column, 10/90 

iPrOH /hexane, 1.0 mL/min, 200 nm; TR = 15.91 min (major), 12.09 min (minor)).  

 

(S)-5-cyclohexyl-1-tosylpyrrolidin-3-one (2b) 

 

 
2b 

Compound 2b was prepared in 52% yield according to the general procedure. [�]
D

20 
= 

+82.2º (c = 1.0, CHCl
3
). 99% ee (determined by HPLC: Chiralcel AS-H Column, 10/90 

iPrOH /hexane, 1.0 mL/min, 200 nm; TR = 39.90 min (major), 30.27 min (minor)). 1H 
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NMR (500 MHz, CDCl3) � 7.72 (d, 2H, J = 8.5 Hz), 7.33 (d, 2H, J = 8.5 Hz), 4.10 – 4.06 

(m, 1H), 3.79 (d, 1H, J = 19.0 Hz), 3.59 (d, 1H, J = 19.0 Hz), 2.43 (s, 3H), 2.22 (d, 1H, J

= 8.0 Hz), 2.03 (dd, 1H, J = 9.5 Hz, J = 18.0 Hz), 1.80 – 1.73 (m, 3H), 1.67 (d, 1H, J = 

12.0 Hz), 1.60 – 1.52 (m, 2H), 1.26 – 1.07 (m, 3H), 1.01 – 0.93 (m, 2H); 13C NMR (125 

MHz, CDCl3) � 210.7, 144.1, 135.1, 130.1, 127.2, 62.4, 53.5, 42.7, 39.5, 29.2, 28.2, 26.1, 

25.9, 25.7, 21.5; IR (neat): 2926, 1761(s), 1597, 1449, 1348, 1158, 1091, 1025, 815, 663; 

MS (ESI, m/z): 344 (M + Na+). HRESIMS Calcd for [C17H23NNaO3S]+ (M + Na+) 

344.1296; Found 344.1297.  

 

(R)-5-phenethyl-1-tosylpyrrolidin-3-one (2c) 

 

 
2c 

Compound 2c was prepared in 62% yield according to the general procedure. [�]
D

20 
= + 

41.5º (c = 1.0, CHCl
3
). 99% ee (determined by HPLC: Chiralcel AD-H Column, 10/90 

iPrOH /hexane, 1.0 mL/min, 200 nm; TR = 22.90 min (major), 28.87 min (minor)). 1H 

NMR (500 MHz, CDCl3) � 7.67 (d, 2H, J = 8.5 Hz), 7.32 – 7.28 (m, 4H), 7.22 (d, 1H, J = 

7.5 Hz), 7.18 (d, 2H, J = 7.0 Hz), 4.21 – 4.16 (m, 1H), 3.74 (dd, 2H, J = 19.0 Hz, J = 51.0 

Hz), 2.76 – 2.67 (m, 2H), 2.43 (s, 3H), 2.24 (dd, 1H, J = 8.5 Hz, J = 18.0 Hz), 2.38 – 2.04 

(m, 2H), 1.87 – 1.79 (m, 1H); 13C NMR (125 MHz, CDCl3) � 209.6, 144.3, 140.6, 134.6, 

130.1, 128.5, 128.3, 127.3, 126.2, 57.3, 53.1, 42.5, 37.3, 31.8, 21.5; IR (neat): 2923, 

1760(s), 1597, 1495, 1453, 1347, 1156, 1091, 1030, 663, 587; MS (ESI, m/z): 366 (M + 

Na+). HRESIMS Calcd for [C19H21NNaO3S]+ (M + Na+) 366.1140; Found 366.1138.  

 

(R)-5-(3-azidopropyl)-1-tosylpyrrolidin-3-one (2d) 
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N

O

Ts

N3

 
2d 

Compound 2d was prepared in 67% yield according to the general procedure. [�]
D

20 
= + 

66.0º (c = 1.0, CHCl
3
). 99% ee (determined by HPLC: Chiralcel IB Column, 10/90 

iPrOH /hexane, 0.8 mL/min, 200 nm; TR = 22.99 min (major), 24.83 min (minor)). 1H 

NMR(400 MHz, CDCl3) � 7.72 (d, 2H, J = 8.3 Hz,), 7.35 (d, 2H, J = 8.2 Hz), 4.28 – 4.21 

(m, 1H), 3.80 (d, 1H, J = 18.8 Hz), 3.65 (d, 1H, J = 18.8 Hz), 3.67 (t, 2H, J = 6.0 Hz), 

2.44 (s, 3H), 3.80 (dd, 1H, J = 18.0 Hz, J = 8.4 Hz), 2.10 – 2.05 (m, 1H), 1.78 – 1.63 (m, 

4H); 13C NMR (100 MHz, CDCl3) �  209.6, 144.5, 134.7, 130.2, 127.3, 57.2, 52.8, 50.8, 

42.5, 32.7, 25.1, 21.5; IR (neat): 2923, 2853, 2094, 1759(s), 1597, 1452, 1345, 1154, 

1091, 772; MS (ESI, m/z): 345 (M + Na+). HRESIMS Calcd for [C14H8N4NaO3S]+ (M + 

Na+) 345.0997; Found 345.0997.  

 

 (R)-2-(3-(4-oxo-1-tosylpyrrolidin-2-yl)propyl)isoindoline-1,3-dione (2e) 

 
2e 

Compound 2e was prepared in 70% yield according to the general procedure. [�]
D

20 
= -

41.0º (c = 0.5, CHCl
3
). 99% ee (determined by HPLC: Chiralcel OD-H Column, 15/85 

iPrOH /hexane, 1.0 mL/min, 200 nm; TR =49.16 min (major), 60.63 min (minor)). 1H 

NMR (400 MHz, CDCl3)� 7.86 – 7.83 (m, 2H), 7.74 – 7.72 (m, 4H), 7.33 (d, 2H, J = 8.0 

Hz), 4.32 – 4.30 (m, 1H), 3.83 – 3.62 (m, 4H), 2.43 (s, 3H), 2.16 (dd, 1H, J = 20.0 Hz, J 

= 8.0 Hz), 2.04 (d, 1H, J = 8.0 Hz), 1.87 – 1.80 (m, 2H), 1.74 – 1.64 (m, 1H), 1.56 – 1.47 

(m, 1H); 13C NMR (100 MHz, CDCl3) �  209.9, 168.4, 144.3, 134.9, 134.0, 132.1, 130.2, 

127.3, 123.3, 57.1, 52.8, 42.4, 37.1, 32.7, 24.8, 21.5; IR (neat): 2923, 1759(s), 1709(s), 
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1594, 1442, 1260, 1219, 1019, 772; MS (ESI, m/z): 449 (M + Na+). HRESIMS Calcd for 

[C22H22N2NaO5S]+ (M + Na+) 449.1147; Found 449.1149.  

 

(R)-5-(3-(benzyloxy)propyl)-1-tosylpyrrolidin-3-one (2f) 

 

 
2f 

Compound 2f was prepared in 60% yield according to the general procedure. [�]
D

20 
= 

+65.0º (c = 1.0, CHCl
3
). 99% ee (determined by HPLC: Chiralcel AD-H Column, 10/90 

iPrOH /hexane, 0.8 mL/min, 200 nm; TR = 30.79 min (major), 40.09 min (minor)). 1H 

NMR (400 MHz, CDCl3) � 7.69 (d, 2H, J = 8.0 Hz), 7.37 – 7.26 (m, 7H), 4.49 (s, 2H), 

4.26 – 4.20 (m, 1H), 3.77 (d, 1H,  J = 18.8 Hz), 3.63 (d, 1H, J = 18.8 Hz), 3.56 – 3.47 (m, 

2H), 2.42 (s, 3H), 2.21 – 2.06 (m, 2H), 1.81 – 1.60 (m, 4H);  13C NMR (100 MHz, CDCl3) 

�  210.1, 144.2, 138.4, 134.9, 130.1, 128.4, 127.7, 127.6, 127.3, 72.9, 69.5, 57.6, 52.9, 

42.5, 32.5, 25.9, 21.5; IR (neat): 2979, 2888, 1759(s), 1656, 1597, 1461, 1381, 1260, 

1155, 1074, 764, 749;  MS (ESI, m/z): 410 (M + Na+). HRESIMS Calcd for 

[C21H25NNaO4S]+ (M + Na+) 410.1402; Found 410.1403.  

 (S)-5-phenyl-1-tosylpyrrolidin-3-one (2g) 

 

 
2g

Compound 2g was prepared in 60% yield according to the general procedure. [�]
D

20 
= -

60.0º (c = 0.5, CHCl
3
). 99% ee (determined by HPLC: Chiralpak AD -H Column, 10/90 

iPrOH /hexane, 1.0 mL/min, 200 nm; TR = 28.85 min (major), 31.48 min (minor)). 1H 
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NMR (500 MHz, CDCl3) � 7.53 (d, 2H, J = 8.5 Hz), 7.31 – 7.26 (m, 3H), 7.23 – 7.19 (m, 

4H), 5.29 (dd, 1H, J = 3.5Hz, J = 9.0 Hz), 3.95 (d, 1H, J = 18.5 Hz), 3.76 (d, 1H, J = 18.5 

Hz), 2.80 (dd, 1H, J = 9.0 Hz, J = 18.5Hz), 2.56 (dd, 1H, J = 3.5 Hz, J = 18.5 Hz), 2.40 (s, 

3H); 13C NMR (125 MHz, CDCl3) � 208.7, 144.0, 139.9, 134.8, 129.8, 128.8, 128.1, 

127.3, 126.3, 60.3, 53.5, 45.7, 23.5; IR (neat): 2921, 1761(s), 1596, 1494, 1450, 1347, 

1154, 1090, 660, 587; MS (ESI, m/z): 338 (M + Na+). HRESIMS Calcd for 

[C17H17NNaO3S]+ (M + Na+) 338.0837; Found 338.0835.  

 

(S)-5-(naphthalen-1-yl)-1-tosylpyrrolidin-3-one (2h) 

 

 
2h 

Compound 2h was prepared in 63% yield according to the general procedure. [�]
D

20 
= -

59.5º (c = 0.5, CHCl
3
). 99% ee (determined by HPLC: Chiralcel AD-H Column, 10/90 

iPrOH /hexane, 1.0 mL/min, 200 nm; TR = 26.10 min (major), 32.21 min (minor)). 1H 

NMR (400 MHz, CDCl3) � 7.88 – 7.85 (m, 2H), 7.77 (d, 1H, J = 7.2 Hz), 7.64 (d, 2H, J = 

8.0 Hz), 7.56 – 7.49 (m, 2H), 7.39 – 7.32 (m, 2H), 7.25 (d, 2H, J = 5.6 Hz), 6.08 (dd, 1H, 

J = 2.8 Hz, J = 9.6 Hz), 4.04 (dd, 2H, J = 18.8 Hz, J = 61.6 Hz), 3.00 (dd, 1H, J = 9.6 Hz, 

J = 18.0 Hz), 2.60 (d, 1H, J = 20.4 Hz), 2.41 (s, 3H); 13C NMR (100 MHz, CDCl3) � 

208.7, 144.2, 135.7, 134.9, 134.1, 129.9, 129.6, 129.2, 128.7, 127.4, 126.5, 125.9, 125.2, 

123.3, 122.7, 58.1, 53.9, 46.0, 21.5; IR (neat): 2923, 1761(s), 1597, 1442, 1350, 1260, 

1156, 1091, 1018, 773; MS (ESI, m/z): 388 (M + Na+). HRESIMS Calcd for 

[C21H19NNaO3S]+ (M + Na+) 388.0983; Found 388.0987. 

(S)-5-(4-fluorophenyl)-1-tosylpyrrolidin-3-one (2i) 
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N

O

TsF

 
2i

Compound 2i was prepared in 62% yield according to the general procedure. [�]
D

20 
= -

82.5º (c = 0.5, CHCl
3
). 99% ee (determined by HPLC: Chiralpak AD -H Column, 10/90 

iPrOH /hexane, 0.8 mL/min, 200 nm; TR = 41.96 min (major), 37.86 min (minor)).1H 

NMR (400 MHz, CDCl3) � 7.54 (d, 2H, J = 8.0 Hz), 7.25 (d, 2H, J = 8.8 Hz), 7.19 (dd, 

2H, J = 1.2 Hz, J = 8.8 Hz), 6.98 (t, 2H, J = 8.4 Hz), 5.24 (dd, 1H, J = 3.6 Hz, J = 9.2 Hz), 

3.93 (d, 1H, J = 18.4 Hz), 3.76 (d, 1H, J = 18.4 Hz), 2.80 (dd, 1H, J = 9.2 Hz, J = 18.4 

Hz), 2.53 (dd, 1H, J = 3.6 Hz, J = 18.4 Hz), 2.42 (m, 3H); 13C NMR (125 MHz, CDCl3) 

��208.2, 162.5 (d, J = 245.9 Hz), 144.2, 135.8 (d, J = 3.4 Hz), 134.8, 129.8, 128.1 (d, J = 

8.3 Hz), 127.3, 115.7 (d, J = 21.6 Hz), 59.7, 53.6, 45.8, 21.5; IR (neat): 2959, 2922, 

1760(s), 1598, 1510, 1347, 1152, 814, 663; MS (ESI, m/z): 356 (M + Na+). HRESIMS 

Calcd for [C17H16FNNaO3S]+ (M + Na+) 356.0733; Found 356.0736. 

(S)-5-(4-chlorophenyl)-1-tosylpyrrolidin-3-one (2j) 

 

 
2j 

Compound 2j was prepared in 61% yield according to the general procedure. [�]
D

20 
= -

87.5º (c = 0.5, CHCl
3
). 99% ee (determined by HPLC: Chiralpak AD-H Column, 10/90 

iPrOH /hexane, 1.0 mL/min, 200 nm; TR = 42.27 min (major), 37.45 min (minor)). 1H 

NMR (500 MHz, CDCl3) � 7.54 (d, 2H, J = 8.0 Hz), 7.25 (d, 4H, J = 8.5 Hz), 7.15 (d, 2H, 

J = 8.0 Hz), 5.21 (dd, 1H, J = 4.0 Hz, J = 9.5 Hz), 3.93 (d, 1H, J = 18.5 Hz), 3.78 (d, 1H, 

J = 18.0 Hz), 2.80 (dd, 1H, J = 9.0 Hz, J = 18.5 Hz), 2.51 (dd, 1H, J = 4.0 Hz, J = 18.5 

Hz), 2.40 (s, 3H); 13C NMR (125 MHz, CDCl3) � 208.0, 144.3, 138.5, 134.6, 134.1, 
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129.9, 128.9, 127.8, 127.3, 59.7, 53.6, 45.7, 21.5; IR (neat): 2920, 1761(s), 1597, 1491, 

1346, 1184, 1152, 1089, 1004, 812, 661; MS (ESI, m/z): 372 (M + Na+). HRESIMS 

Calcd for [C17H16ClNNaO3S]+ (M + Na+) 372.0437; Found 372.0437.  

(S)-5-(4-bromophenyl)-1-tosylpyrrolidin-3-one (2k) 

 

 
2k

Compound 2k was prepared in 57% yield according to the general procedure. [�]
D

20 
= -

82.2º (c = 0.5, CHCl
3
). 99% ee (determined by HPLC: Chiralpak AD -H Column, 10/90 

iPrOH /hexane, 1.0 mL/min, 200 nm; TR = 47.13 min (major), 42.81 min (minor)). 1H 

NMR (500 MHz, CDCl3) � 7.54 (d, 2H, J = 8.5 Hz), 7.41 (d, 2H, J = 8.5 Hz), 7.25 (d, 2H, 

J = 8.0 Hz), 7.09 (d, 2H, J = 8.5 Hz), 5.20 (dd, 1H, J = 4.0 Hz, J = 9.0 Hz), 3.93 (d, 1H, J

= 18.0 Hz), 3.78 (d, 1H, J = 18.0 Hz), 2.81 (dd, 1H, J = 8.0 Hz, J = 18.0 Hz), 2.51 (dd, 

1H, J = 4.0 Hz, J = 18.0 Hz), 2.43 (s, 3H); 13C NMR (125 MHz, CDCl3) � 207.9, 144.3, 

139.0, 134.6, 131.9, 129.9, 128.1, 127.4, 122.4, 59.8, 53.6, 45.7, 21.5; IR (neat): 2923, 

2854, 1763(s), 1595, 1488, 1336, 1158, 1092, 1010, 812, 662; MS (ESI, m/z): 416 (M + 

Na+). HRESIMS Calcd for [C17H16BrNNaO3S]+ (M + Na+) 415.9932; Found 415.9938.  

(S)-5-(2-bromophenyl)-1-tosylpyrrolidin-3-one (2l) 

 

 
2l

Compound 2l was prepared in 63% yield according to the general procedure. [�]
D

20 
= -

106.0º (c = 0.2, CHCl
3
). 98% ee (determined by HPLC: Chiralcel AD-H Column, 10/90 
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iPrOH /hexane, 1.0 mL/min, 200 nm; TR = 22.49 min (major), 21.57 min (minor)).  1H 

NMR (500 MHz, CDCl3) � 7.68 (d, 2H, J = 8.5 Hz), 7.54 (dd, 1H, J = 1.0 Hz, J = 8.0 Hz), 

7.42 (dd, 1H, J = 1.5 Hz, J = 8.0 Hz), 7.33 – 7.28 (m, 3H), 7.17 – 7.14 (m, 1H), 5.49 (dd, 

1H, J = 4.5 Hz, J = 9.5 Hz), 3.96 (dd, 2H, J = 18.5 Hz, J = 36.5 Hz), 2.93 (dd, 1H, J = 9.5 

Hz, J = 18.5 Hz), 2.45 (dd, 1H, J = 4.5 Hz, J = 18.5 Hz), 2.44 (s, 3H); 13C NMR (125 

MHz, CDCl3) � 207.6, 144.4, 140.1, 133.9, 133.2, 130.0, 129.4, 127.9, 127.8, 127.6, 

121.6, 60.3, 54.7, 45.6, 21.5; IR (neat): 2922, 2852, 1760(s), 1596, 1465, 1440, 1349, 

1090, 1025, 755, 660, 588; MS (ESI, m/z): 416 (M + Na+). HRESIMS Calcd for 

[C17H16BrNNaO3S]+ (M + Na+) 415.9932; Found 415.9936. 

(S)-5-(p-tolyl)-1-tosylpyrrolidin-3-one (2m) 

 

 
2m 

Compound 2m was prepared in 61% yield according to the general procedure. [�]
D

20 
= -

67.3º (c = 0.5, CHCl
3
). 99% ee (determined by HPLC: Chiralcel AD-H Column, 10/90 

iPrOH /hexane, 1.0 mL/min, 254 nm; TR = 31.89 min (major), 34.06 min (minor)). 1H 

NMR (500 MHz, CDCl3) � 7.54 (d, 2H, J = 8.5 Hz), 7.22 (d, 2H, J = 8.5 Hz), 7.09 (s, 

4H), 5.23 (dd, 1H, J = 3.5 Hz, J = 9.5 Hz), 3.92 (d, 1H, J = 18.0 Hz), 3.75 (d, 1H, J = 

18.0 Hz), 2.76 (dd, 1H, J = 9.5 Hz, J = 18.5 Hz), 2.54 (dd, 1H, J = 3.5 Hz, J = 18.5 Hz), 

2.40 (s, 3H), 2.32 (s, 3H); 13C NMR (125 MHz, CDCl3) � 208.9, 143.9, 137.9, 136.9, 

134.8, 129.7, 129.4, 127.4, 126.3, 60.1, 53.5, 45.7, 21.5, 21.0; IR (neat): 2922, 1762(s), 

1596, 1514, 1349, 1157, 1091, 1043, 661, 588; MS (ESI, m/z): 352 (M + Na+). 

HRESIMS Calcd for [C18H19NNaO3S]+ (M + Na+) 352.0983; Found 352.0985.  

(S)-5-(4-methoxyphenyl)-1-tosylpyrrolidin-3-one (2n) 
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2n 

Compound 2n was prepared in 60% yield according to the general procedure. [�]
D

20 
= -

84.0º (c = 0.5, CHCl
3
). 99% ee (determined by HPLC: Chiralcel AD-H Column, 10/90 

iPrOH /hexane, 1.0 mL/min, 200 nm; TR = 46.19 min (major), 51.16 min (minor)). 1H 

NMR (500 MHz, CDCl3) � 7.53 (d, 2H, J = 8.5 Hz), 7.22 (d, 2H, J = 8.0 Hz), 7.12 (d, 2H, 

J = 8.5 Hz), 6.80 (d, 2H, J = 8.5 Hz), 5.24 (dd, 1H, J = 2.8 Hz, J = 9.5 Hz), 3.92 (d, 1H, J

= 18.5 Hz), 3.79 (s, 3H), 3.74 (d, 1H, J = 18.5 Hz), 2.76 (dd, 1H, J = 9.0 Hz, J = 18.5 Hz), 

2.54 (dd, 1H, J = 3.5 Hz, J = 18.5 Hz), 2.40 (s, 3H); 13C NMR (125 MHz, CDCl3) � 

208.9, 159.5, 143.9, 134.9, 131.8, 129.7, 127.7, 127.4, 114.2, 59.9, 55.3, 53.5, 45.7, 21.5; 

IR (neat): 2924, 1761(s), 1612, 1514, 1348, 1247, 1151, 1003, 817, 663; MS (ESI, m/z): 

368 (M + Na+). HRESIMS Calcd for [C18H19NNaO4S]+ (M + Na+) 368.0932; Found 

368.0935.  

 

1-tosylpyrrolidin-3-one (2o) 

 

N
O

Ts

 
2o

Compound 2o was prepared in 70% yield according to the general procedure. This 

compound is known and the spectroscopic data match those reported.3 1H NMR (500 

MHz, CDCl3) � 7.72 (d, 2H, J = 8.5 Hz), 7.37 (d, 2H, J = 8.0 Hz), 3.55 (t, 2H, J = 9.0 

Hz), 3.50 (s, 2H), 2.49 (t, 2H, J = 8.0 Hz), 2.45 (s, 3H);  13C NMR (125 MHz, CDCl3) � 

208.2, 144.5, 131.5, 130.0, 127.9, 53.7, 44.9, 37.2, 21.5.  

 

1-tosyl-1-azaspiro[4.4]nonan-3-one (2p) 
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2p 

Compound 2p was prepared in 55% yield according to the general procedure. 1H NMR 

(500 MHz, CDCl3) � 7.74 (d, 2H, J = 8.0 Hz), 7.31 (d, 2H, J = 8.0 Hz), 3.82 (s, 2H), 2.54 

– 2.49 (m, 2H), 2.46 (s, 2H), 2.43 (s, 3H), 1.92 – 1.85 (m, 2H), 1.67 – 1.63 (m, 2H), 1.58 

– 1.50 (m, 2H); 13C NMR (125 MHz, CDCl3) � 207.9, 143.7, 137.7, 129.7, 127.2, 72.9, 

55.8, 53.0, 36.3, 23.1, 21.5; IR (neat): 2958, 1767(s), 1597, 1496, 1342, 1160, 1090, 821, 

663, 590; MS (ESI, m/z): 316 (M + Na+). HRESIMS Calcd for [C15H19NNaO3S]+ (M + 

Na+) 316.0983; Found 316.0981.  

 

(R)-1-((4-bromophenyl)sulfonyl)-5-heptylpyrrolidin-3-one  (2q) 

2q 

Compound 2q was prepared in 70% yield according to the general procedure. [�]
D

20
 = + 

38.5º (c = 0.75, CHCl3). 99% ee (determined by HPLC: Chiralpak ADH Column, 10/90 

iPrOH /hexane, 0.8 mL/min, 200 nm; TR = 12.29 min (major), 22.13 min (minor)). 1H 

NMR (400 MHz, CDCl3) � 7.73 – 7.67 (m, 4H), 4.27 – 4.21 (m, 1H), 3.79 (dd, 2H, J = 

19.6 Hz, J = 58.4 Hz), 2.34 (q, 1H, J = 8.0 Hz, J = 17.6 Hz), 2.20 – 2.15 (m, 1H), 1.74 – 

1.64 (m, 1H), 1.56 – 1.48 (m, 1H), 1.36 – 1.18 (m, 10H), 0.89 (t, 3H, J = 6.8 Hz); 13C 

NMR (100 MHz, CDCl3) � 209.3, 137.3, 132.8, 128.7, 128.3, 57.9, 52.7, 42.6, 35.6, 31.7, 

29.2, 29.1, 25.4, 22.6, 14.0; IR (neat): 2923, 2853, 1762(s), 1574, 1468, 1352, 1158, 1089, 

739, 615; MS (ESI, m/z): 424 (M + Na+). HRESIMS Calcd for [C17H24BrNNaO3S]+ (M + 

Na+) 424.0558; Found 424.0556. 

(R)-5-heptyl-1-((2-nitrophenyl)sulfonyl)pyrrolidin-3-one (2r) 
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2r 

Compound 2r was prepared in 65% yield according to the general procedure. [�]
D

20
 = -

25.2º (c = 0.75, CHCl3). 99% ee (determined by HPLC: Chiralpak ADH Column, 10/90 

iPrOH /hexane, 0.8 mL/min, 200 nm; TR = 33.77 min (major), 47.45 min (minor)). 1H 

NMR (400 MHz, CDCl3) ��8.12 (dd, 1H, J = 1.2 Hz, J = 7.6 Hz), 7.80 – 7.68 (m, 3H), 

4.54 – 4.48 (m, 1H), 3.85 (dd, 2H, J = 18.0 Hz, J = 56.8 Hz), 2.76 (q, 1H, J = 8.8 Hz, J = 

18.0 Hz), 2.33 (d, 1H, J = 18.0 Hz), 1.75 – 1.67 (m, 1H), 1.58 – 1.50 (m, 1H), 1.35 – 1.19 

(m, 10H), 0.89 (t, 3H, J = 6.8 Hz); 13C NMR (100 MHz, CDCl3) � 209.1, 143.9, 134.1, 

132.4, 131.8, 131.3, 124.4, 58.5, 52.1, 43.2, 35.6, 31.6, 29.1, 29.0, 25.5, 22.5 14.0; IR 

(neat): 2960, 2921, 2851, 1760(s), 1537, 1454, 1358, 1260, 1219, 1019, 597; MS (ESI, 

m/z): 391 (M + Na+). HRESIMS Calcd for [C17H24N2NaO5S]+ (M + Na+) 391.1304; 

Found 391.1306.  

 

(R)-5-(9-phenylnonyl)-1-tosylpyrrolidin-3-one (2s) 

 
2s 

Compound 2s was prepared in 63% yield according to the general procedure. [�]
D

20 
= 

+26.5º (c = 1.0, DCM). 99% ee (determined by HPLC: Chiralcel AD-H Column, 10/90 

iPrOH /hexane, 1.0 mL/min, 200 nm; TR = 12.59 min (major), 14.61 min (minor)). 1H 

NMR (400 MHz, CDCl3) � 7.72 (d, 2H, J = 8.2 Hz,), 7.32 (d, 2H, J = 8.0 Hz), 7.29 – 

7.25 (m, 2H), 7.19 – 7.14 (m, 3H), 4.24 – 4.17 (m, 1H), 3.79 (d, J = 18.8 Hz, 1H), 3.63 (d, 

1H, J = 18.8 Hz), 2.60 (t, 2H, J = 7.6 Hz), 2.43 (s, 3H), 2.20 (dd, 1H, J = 18.0 Hz, J = 8.8 

Hz), 2.12 – 2.07 (m, 1H), 1.77 – 1.67 (m, 1H), 1.60– 1.47 (m, 1H), 1.30 – 1.26 (m, 14H); 
13C NMR (100 MHz, CDCl3) �  210.2, 144.1, 142.9, 135.1, 130.1, 128.4, 128.2, 127.3, 
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125.5, 57.8, 52.9, 42.4, 35.9, 35.7, 31.5, 29.4, 29.2, 29.1, 25.4, 21.5; IR (neat): 3289, 

2924, 2853, 1762(s), 1598, 1494, 1452, 1349, 1158, 1092, 772, 587; MS (ESI, m/z): 464 

(M + Na+). HRESIMS Calcd for [C26H35NNaO3S]+ (M + Na+) 464.2235; Found 464.2237.  

 

(R)-2-(9-phenylnonyl)-1-tosylpyrrolidine (5) 

 

 
Compound 5 was prepared in 75% yield (2 steps) according to the known procedure.4-5 

[�]D
20 = -69.5º (c = 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) � 7.71 (d, 2H, J = 10 Hz), 

7.31 – 7.26 (m, 4H), 7.18 – 7.17 (m, 3H), 3.62 – 3.55 (m, 1H), 3.40 – 3.34 (m, 1H), 3.22 

– 3.16 (m, 1H), 2.62 – 2.58 (m, 2H), 2.42 (s, 3H), 1.83 – 1.73 (m, 2H), 1.63 – 1.53 (m, 

4H), 1.50 – 1.43 (m, 2H), 1.30 – 1.28 (m, 12H); 13C NMR (125 MHz, CDCl3) � 143.0, 

142.9, 135.2, 129.5, 128.4, 128.2, 127.5, 125.5, 60.6, 48.8, 36.4, 36.0, 31.5, 30.6, 29.6, 

29.5(2), 29.4(9), 29.4(6), 29.3, 26.1, 24.1, 21.5; IR (neat): 2925, 2855, 1598, 1494, 1454, 

1346, 1160, 1093, 815, 748, 699, 664, 588; MS (ESI, m/z): 450 (M + Na+). HRESIMS 

Calcd for [C26H37NNaO2S]+ (M + Na+) 450.2443; Found 450.2441. 

(R)-2-(9-phenylnonyl)pyrrolidine (5’) 

 
Compound 5’ was prepared in 56% yield according to the known procedure.2 This 

compound is known and the spectroscopic data match those reported.6 1H NMR (500 

MHz, CDCl3) � 7.29 – 7.25 (m, 2H), 7.18 – 7.15 (m, 3H), 3.03 – 2.97 (m, 1H), 2.95 – 

2.88 (m, 1H), 2.85 – 2.78 (m, 1H), 2.60 (t, J = 9.5 Hz, 2H), 1.90 – 1.67 (m, 4H), 1.65 – 

1.57 (m, 2H), 1.46 – 1.12 (m, 14H); 13C NMR (125 MHz, CDCl3) � 142.9, 128.4, 128.2, 

125.5, 59.5, 45.8, 36.0, 35.3, 31.5, 31.4, 29.7, 29.6, 29.5, 29.4, 29.3, 27.3, 24.9. 
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(R)-1-methyl-2-(9-phenylnonyl)pyrrolidine (6, (-)-irniine) 

 

 
Compound 6 was prepared in 82% yield according to the known procedure.6 This 

compound is known and the spectroscopic data match those reported.6 [�]D
20 = -108.5 (c 

0.5, MeOH). 1H NMR (400 MHz, CDCl3) � 7.29 – 7.25 (m, 2H), 7.20 – 7.15 (m, 3H), 

3.07 – 3.02 (m, 1H), 2.60 (t, J = 8.4 Hz, 2H), 2.30 (s, 3H), 2.10 (dd, J =18.0 Hz, J = 9.2 

Hz, 1H), 1.98 – 1.88 (m, 2H), 1.79 – 1.72 (m, 1H), 1.68 – 1.57 (m, 4H), 1.44 – 1.39 (m, 

1H), 1.37 – 1.10 (m, 13H); 13C NMR (100 MHz, CDCl3) � 142.9, 128.4, 128.2, 125.5, 

66.4, 57.4, 40.5, 36.0, 33.9, 31.5, 30.8, 30.0, 29.6, 29.5, 29.4, 29.3, 26.7, 21.8. 

 

 

 

Reference:  

1. Cui, L.; Li, C.; Zhang, L. Angew. Chem., Int. Ed. 2010, 49, 9178. 

2. Shu, C.; Liu, M.-Q.; Wang, S.-S.; Li, L.; Ye, L.-W. J. Org. Chem. 2013, 78, 3292. 

3. Yeom, H.-S.; So, E.; Shin, S. Chem. Eur. J. 2011, 17, 1764. 

4. Cui, L.; Peng, Y.; Zhang, L. J. Am. Chem. Soc. 2009, 131, 8394. 

5. Camps, P.; Gómez, T.; Muñoz-Torrero, D.; Rull, J.; Sánchez, L.; Boschi, F.; Comes-

Franchini, M.; Ricci, A.; Calvet, T.; Font-Bardia, M.; De Clercq, E.; Naesens, L. J. Org. 

Chem. 2008, 73, 6657. 

6. Jossang, A.; Melhaoui, A.; Bodo, B. Heterocycles, 1996, 43, 755. 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2014



  

Compound 1a 
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Compound 1b  

HN
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Compound 1c  
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Compound 1d 
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Compound 1e 
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Compound 1f 
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Compound 1g 
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Compound 1h 
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Compound 1i 
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Compound 1j  
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Compound 1k 
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Compound 1l 
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