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General experimental: 

Melting points are recorded using sigma melting point apparatus in capillary tubes 

and are uncorrected. IR spectra were recorded on Nicolet 6700 spectrophotometer. 1H 

(400 MHz) and 13C (100 MHz) NMR spectra were recorded on Bruker Avance 400 

spectrometer. 1H (500 MHz) and 13C (125 MHz) NMR spectra were recorded on 

Bruker Avance 500 spectrometer. The chemical shifts (d ppm) and coupling constants 

(Hz) are reported in the standard fashion with reference to either internal 

tetramethylsilane or residual CHCl3 (7.26 ppm for 1H) or the central line (77.16 ppm) 

of CDCl3 (for 13C). In the 13C NMR spectra, the nature of the carbons (C, CH, CH2 or 

CH3) was determined by recording the DEPT-135 experiment, and is given in 

parentheses.  

 High resolution mass measurements were carried out using Maxis impact 

(brucker) instrument using direct inlet mode. X-ray diffraction studies were carried 

out using Bruker Single Crystal Kappa Apex II. Analytical thin-layer 

chromatographies (TLC) were performed on glass plates (7.5 × 2.5 and 9 × 5.0 cm) 

coated with Merck or Acme's silica gel G containing 13% calcium sulfate as binder or 

on pre-coated 0.2 mm thick Merck 60 F254 silica plates and various combinations of 

ethyl acetate and hexanes were used as eluent. Visualization of spots was 

accomplished by either exposure to iodine vapour or KMnO4 stain. All small-scale 

dry reactions were carried out using standard syringe septum technique. Dry 

dichloromethane was prepared by refluxing over anhydrous P2O5 and distillation on to 

calcium hydride. BF3·OEt2, Cu(OTf)2, TMSOTf, TfOH, AgOTf were obtained from 

Aldrich. All other Lewis/Bronsted acids, phenyl acetylene are commercial reagents 

and were used as such without further purification. All other alkyne and 

alkynylamines were prepared using literature established protocol. 

 

 
 
 
 
 
 
 
 
 



	 S3	

Experimental Procedure: 
Genaral procedure for synthesis of alkynylamines 6: 

 

Step-1: aziridine ring opening 

To a stirred solution of tBuOK (1.5 equiv) in DMSO (5 ml), TMS-acetylene (1.5 

equiv) and aziridine (1 equiv) was added successively under nitrogen. Reaction was 

monitored by TLC, quenched with distill water (5 mL) at 0 oC upon completion 

and stirred extra for 5 minute. The resulting mixture was extracted with EtOAc (3 

× 5 mL) and dried over anhydrous Na2SO4. Evaporation of the solvent and 

purification of the residue over a silica gel column using ethyl acetate-petroleum 

ether (3:97) as eluent furnished corresponding terminal alkynylamine. 

Step-2: Sonogashira 

To stirred solution of terminal alkynylamine (1 equiv) and aryl iodie (1 equiv) in 

trimethyl amine (6 mL), Pd(PPh3)2Cl2 (0.015 equiv) and CuI (0.02 equiv) was added 

under N2 atmosphere. The reaction mixture was allowed to stir overnight, the reaction 

mixture was quenched with aqueous sat. NH4Cl (5 mL) and prouduct was extracted 

with EtOAC (3 x 5 mL) and dried over anhydrous Na2SO4. Evaporation of the 

solvent and purification of the residue over a silica gel column using ethyl 

acetate-petroleum ether (10:90) as eluent furnished corresponding alkynylamine. 

Genaral procedure for synthesis of alkynylamines 8: 

 

Step-1: aziridine ring opening  

The stirred suspension of magnesium turnings (3 equiv) in dry Et2O (20 mL) with 

mercury(II) chloride (0.01 equiv) and a pinch of I2 was cooled to 0 °C. To the reaction 

mixture propargyl bromide (80 wt% in toluene) (2 equiv) was added drop wise. The 

mixture was stirred at 0 °C for 1 h and then warmed to room temperature and stirred 
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for 1 h. Then to a solution of aziridine (1 equiv) in ether (10 mL), propargyl 

magnesium bromide in ether (prepared as above) was slowly added at 0 °C. The 

reaction mixture was slowly warmed to room temperature and stirred overnight. The 

reaction was quenched at 0 °C with saturated aqueous NH4Cl solution (30 mL) 

carefully as it is exothermic, extracted with Et2O (3 × 30 mL). The combined extracts 

were washed with brine (30 mL), dried over anh. Na2SO4 and concentrated, followed 

by purification on a silica gel column using ethyl acetate-petroleum ether (15:85) as 

eluent furnished the corresponding terminal alkynylamine. 

Step-2: Sonogashira 

To stirred solution of terminal alkynylamine (1 equiv) and aryl iodie (1 equiv) in 

trimethyl amine (6 ml), Pd(PPh3)2Cl2 (0.015 equiv) and CuI (0.02 equiv) was added 

under N2 atmosphere. The reaction mixture was allowed to stir overnight, the reaction 

mixture was quenched with aqueous sat. NH4Cl (5 mL) and prouduct was extracted 

with EtOAC (3 x 5 mL) and dried over anhydrous Na2SO4. Evaporation of the 

solvent and purification of the residue over a silica gel column using ethyl 

acetate-petroleum ether (10:90) as eluent furnished corresponding alkynylamine. 

Representative reductive hydroamination cascade on 1.6 mmol:  

 
To a magnetically stirred solution of alkynylamine rac-6r (535 mg, 1.6 mmol) 

and Et3SiH (255 µL, 1.6 mmol) in dry CH2Cl2 (15 ml), TMSOTf (30 µL mg, 0.16 

mmol)  was added dropwise at 0 oC. Reaction was monitored by TLC, quenched 

with saturated aq. solution of NaHCO3 upon completion (14 hrs), extracted with 

CH2Cl2 (3 × 10 mL) and dried over anhydrous Na2SO4. Evaporation of the 

solvent and purification of the residue over a silica gel column using ethyl 

acetate-petroleum ether (4:96) as eluent furnished pyrrolidine derivative rac-7r 

(461 mg, 85%). 
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General procedure of reductive hydroamination cascade for the 

streoeselective synthesis of pyrrolidines and piperidines: 

(Note: In the cases where diastereomeric mixture of products was obtained, the 

isomers could not be separated and data for the major isomer is mentioned. In the 

cases where ca. 1:1 mixture of diastereomers was formed, all the peaks are 

mentioned. Wherever the diastereomers were separated by coloumn 

chromatography data of each diastereomer is given). 

(2S,5S)-2-methyl-5-phenyl-1-tosylpyrrolidine (7a):1 

To a magnetically stirred solution of alkynylamine 6a (63 mg, 0.2 mmol) and 

Et3SiH (35 µL, 0.2 mmol) in dry CH2Cl2 (3 mL), TMSOTf (4 µL mg, 0.02 mmol)  

was added dropwise at 0 oC. Reaction was monitored by TLC, quenched with 

saturated aq. solution of NaHCO3 upon completion (24 hrs), extracted with 

CH2Cl2 (3 × 5 mL) and dried over anhydrous Na2SO4. Evaporation of the solvent 

and purification of the residue over a silica gel column using ethyl acetate-

petroleum ether (4:96) as eluent furnished pyrrolidine derivative 7a (52.6 mg, 

83%). 

Physical appearance: white solid.  

M.P: 112-114 oC. 

Rf: 0.2 (2:8 ethyl acetate-petroleum ether).	 
[α]D 25: -115.177 (c 0.31, CHCl3). 

IR (neat): 3020, 2970, 1599, 1493, 1337, 1156, 1092, 757, cm–1. 
1H NMR (500 MHz, CDCl3): δ 7.71 (d, J = 8.0 Hz, 2H), 7.39 (d, J = 7.5 Hz, 

2H), 7.34 (d, J = 7.5 Hz, 2H), 7.30 (d, J = 8.0 Hz, 2H), 7.24 (t, J = 7.5 Hz, 1H), 

4.74 (t, J = 6.5 Hz, 1H), 3.94 (sext, J = 6.0 Hz, 1H), 2.42 (s, 3H), 1.92-1.82 (m, 

2H), 1.74-1.67 (m, 1H), 1.52-1.46 (m, 4H). 
13C NMR (125 MHz, CDCl3, DEPT): δ 143.4 (C), 143.0 (C), 135. 3 (C), 129.7 

(2 × CH), 128.4 (2 × CH), 127.7 (2 × CH), 127.1 (CH), 126.4 (2 × CH), 65.0 

(CH), 57.8 (CH), 34.5 (CH2), 33.2 (CH2), 22.8 (CH3), 21.4 (CH3). 

HRMS (ESI, M+Na+): m/z calcd. for C18H21NNaO2S 338.1185, found 338.1182. 

(2S*,5S*)-2-methyl-1-((2-nitrophenyl)sulfonyl)-5-phenylpyrrolidine (rac-7b) 

and  (2S*,5R*)-2-methyl-1-((2-nitrophenyl)sulfonyl)-5-phenylpyrrolidine 

(rac-7b’): 

NMe

7a
Ts

H H
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Reaction of alkynylamine 6b (86.1 mg, 0.25 mmol), with Et3SiH (40 µL, 0.25 

mmol) and TMSOTf (5 µL, 0.025 mmol) in dry CH2Cl2 (3 mL) 14 hrs as 

described for the pyrrolidine derivative 7a followed by purification on a silica gel 

column using ethyl acetate-petroleum ether (4:96) as eluent furnished the 

pyrrolidine derivative 7b (77 mg, 89%) as mixture of diastereomer (dr-2.3:1).			
Cis-Major isomer 

Physical appearance: Pale yellow solid.  

M.P: 124-126 oC. 

Rf: 0.2 (1:9 ethyl acetate-petroleum ether).	 
IR (neat): 3016, 2960, 1559, 1366, 1162, 754 cm–1

.		
1H NMR (400 MHz, CDCl3): d 7.83 (dd, J = 7.6, 1.2 Hz, 1H), 7.63 (td, J = 7.6, 1.2 

Hz, 1H), 7.57-7.50 (m, 2H), 7.34 (d, J = 7.6 Hz, 2H), 7.28 (t, J = 7.6 Hz, 2H), 7.20 (tt, 

J = 7.2, 1.2 Hz, 1H), 4.96 (t, J = 6.4 Hz, 1H), 4.19 (sext, J = 6.4 Hz, 1H), 2.23-2.16 

(m, 1H), 2.02-1.93 (m, 2H), 1.67-1.60 (m, 1H), 1.51 (d, J = 6.4 Hz, 3H). 
13C NMR (100 MHz, CDCl3, DEPT): d 148.6 (C), 142.2 (2 × C), 133.7 (CH), 

131.5 (CH), 131.2 (CH), 128.5 (2 ×  CH), 127.3 (CH), 126.4 (2 ×  CH), 123.8 

(CH), 65.5 (CH), 58.1 (CH), 34.9 (CH2), 32.5 (CH2), 22.5 (CH3).  

HRMS (ESI, M+Na+): m/z calcd. for C17H18N2NaO4S 369.0879, found 

369.0872. 

Trans-Minor	isomer 

Physical appearance: Sticky solid.  

Rf: 0.2 (1:9 ethyl acetate-petroleum ether).	 
IR (neat): 3020, 2922, 1547, 1374, 1164, 757 cm–1

.		
1H NMR (400 MHz, CDCl3): d 7.44 (dd, J = 8.0, 1.2 Hz, 1H), 7.37 (tt, J = 7.2, 1.2 

Hz, 1H), 7.23 (dd, J = 8.0, 1.2 Hz, 1H), 7.08-7.02 (m, 3H), 6.98-6.93 (m, 3H), 5.00 

(dd, J = 9.2, 2.0 Hz, 1H), 4.58 (quint, J = 6.2 Hz, 1H), 2.72-2.61 (m, 1H), 2.46-2.36 

(m, 1H), 1.82 (dd, J = 12.8, 7.6 Hz, 1H), 1.69 (dd, J = 12.4, 7.0 Hz, 1H), 1.44 (d, J = 

6.2 Hz, 3H). 
13C NMR (100 MHz, CDCl3, DEPT): d 147.2 (C), 141.5 (C), 135.0 (C), 132.4 (CH), 

131.2 (CH), 130.8 (CH), 128.2 (2 ×  CH), 127.4 (CH), 127.0 (2 ×  CH), 123.4 

(CH), 63.0 (CH), 59.6 (CH), 34.9 (CH2), 31.4 (CH2), 20.0 (CH3).  

HRMS (ESI, M+Na+): m/z calcd. for C17H18N2NaO4S 369.0879, found 

369.0875. 

N

rac-7b
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Me
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N
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(2S*,5S*)-2-methyl-1-((4-nitrophenyl)sulfonyl)-5-phenylpyrrolidine (rac-7c):2 

Reaction of alkynylamine 6c (103 mg, 0.30 mmol), with Et3SiH (48 µL, 0.30 

mmol) and TMSOTf (5.5 µL, 0.03 mmol) in dry CH2Cl2 (3 mL) 23 hrs as 

described for the pyrrolidine derivative 7a followed by purification on a silica gel 

column using ethyl acetate-petroleum ether (4:96) as eluent furnished the 

pyrrolidine derivative 7c (89.2 mg, 87%) as mixture of diastereomer (dr-4:1)		
Physical appearance: Pale yellow solid.  

Rf: 0.2 (1:9 ethyl acetate-petroleum ether).		
M.P: 158-160 oC. 

IR (neat): 2984, 2969, 1523, 1351, 1164, 749 cm–1
.		

1H NMR (500 MHz, CDCl3): d 8.23 (d, J = 8.2 Hz, 2H), 7.84 (d, J = 8.2 Hz, 2H), 

7.26-7.22 (m, 5H), 4.78 (t, J = 6.8 Hz, 1H), 4.11 (sext, J = 6.0 Hz, 1H), 2.05 (sext, J = 

6.5 Hz, 1H), 1.97-1.91 (m, 1H), 1.89-1.83 (m, 1H), 1.64-1.58 (m, 1H), 1.49 (d, J = 6.0 

Hz, 3H). 
13C NMR (125 MHz, CDCl3, DEPT): d 149.9 (C), 144.9 (C), 141.6 (C), 128.7 (2 × 

CH), 128.5 (2 × CH), 127.5 (2 × CH), 126.6 (2 × CH), 124.1 (2 × CH), 65.5 

(CH), 58.2 (CH), 34.8 (CH2), 32.3 (CH2), 22.6 (CH3).  

HRMS (ESI, M+Na+): m/z calcd. for C17H18N2NaO4S 369.0879, found 

369.0876. 

(2S*,5S*)-2-methyl-5-phenyl-1((trifluoromethyl)sulfonyl)pyrrolidine (rac-

7d): 

Reaction of alkynylamine 6d (81 mg, 0.26 mmol), with Et3SiH (41 µL, 0.26 

mmol) and TMSOTf (5 µL, 0.026 mmol) in dry CH2Cl2 (3 mL) 36 hrs as 

described for the pyrrolidine derivative 7a followed by purification on a silica gel 

column using ethyl EtOAc-petroleum ether (4:96) as eluent furnished the 

pyrrolidine derivative 7d (67.2 mg, 81%) as mixture of diastereomer (dr-2.1:1).			
Physical appearance: Pale yellow liquid.  

Rf: 0.2 (1:9 ethyl acetate-petroleum ether).	 
IR (neat): 3017, 2984, 1523, 1494, 1329, 1150, 755 cm–1

.		
1H NMR (500 MHz, CDCl3): d 7.38-7.33 (m, 3H), 7.23-7.21 

(m, 2H), 5.11-5.07 (m, 1H), 4.49-4.43 (m, 1H), 2.57-2.49 (m, 1H), 2.42-2.34 (m, 1H), 

1.89 (dd, J = 12.0, 6.0 Hz, 1H), 1.71-1.66 (m, 1H), 1.45 (d, J = 6.5 Hz, 3H). 

N

rac-7d
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13C NMR (125 MHz, CDCl3, DEPT): d 141.9 (C), 128.7 (2 × CH), 128.6 (2 × 

CH), 126.2 (CH), 119.9 (q, J = 322.5 Hz, C), 65.5 (CH), 59.2 (CH), 32.5 (2 × 

CH2), 21.3 (CH3).  

HRMS (ESI, M+Na+): m/z calcd. for C12H14F3NNaO2S 316.0595, found 

316.0598. 

(2S*,5S*)-2-methyl-5-phenyl-1-(methylsulfonyl)-5-phenylpyrrolidine (rac-7e) 

Reaction of alkynylamine 6e (60 mg, 0.25 mmol), with Et3SiH (40 µL, 0.25 

mmol) and TMSOTf (5 µL, 0.025 mmol) in dry CH2Cl2 (3 mL) 26 hrs as 

described for the pyrrolidine derivative 7a followed by purification on a silica gel 

column using ethyl acetate-petroleum ether (4:96) as eluent furnished the 

pyrrolidine derivative 7e (55.8 mg, 90%) as single diasteromer.			
Physical appearance: Pale yellow solid.  

M.P: 87-89 oC. 

Rf: 0.2 (1:9 ethyl acetate-petroleum ether).	 
IR (neat): 3017, 2984, 1523, 1494, 1329, 1150, 755 cm–1

.		
1H NMR (400 MHz, CDCl3): d 7.39-7.32 (m, 4H), 7.28-7.24 (m, 1H), 4.86 (t, J = 6.8 

Hz, 1H), 4.16 (sext, J = 6.4 Hz, 1H), 2.68 (s, 3H), 2.36-2.28 (m, 1H), 2.14-2.07 (m, 

1H), 2.05-1.96 (m, 1H), 1.72-1.64 (m, 1H), 1.47 (d, J = 6.4 Hz, 3H). 
13C NMR (100 MHz, CDCl3, DEPT): d 142.5 (C), 128.7 (2 × CH), 127.5 (CH), 

126.6 (2 × CH), 64.9 (CH), 57.5 (CH), 39.2 (CH3), 35.1 (CH2), 32.6 (CH2), 22.5 

(CH3).  

HRMS (ESI, M+Na+): m/z calcd. for C12H17NNaO2S 262.0872, found 262.0877. 

2,2,2-trifluoro-1-((2S*,5S*)-2-methyl-5-phenylpyrrolidin-1-yl)ethan-1-one 

(rac-7f) 

Reaction of alkynylamine 6f (73 mg, 0.286 mmol), with Et3SiH (45 µL, 0.286 

mmol) and TMSOTf (5 µL, 0.028 mmol) in dry CH2Cl2 (3 mL) 36 hrs as 

described for the pyrrolidine derivative 7a followed by purification on a silica gel 

column using ethyl acetate-petroleum ether (4:96) as eluent furnished the 

pyrrolidine derivative 7f (26.6 mg, 36%) as mixture of diastereomer (dr-1.8:1).			
Physical appearance: Pale yellow liquid.  

Rf: 0.2 (1:9 ethyl acetate-petroleum ether).	 
IR (neat): 3017, 2984, 1523, 1494, 1329, 1150, 755 cm–1

.		
1H NMR (500 MHz, CDCl3): d 7.34-7.28 (m, 3H), 7.05 (d, J 

N

rac-7f

Me

O CF3
H H

N

rac-7e
Ms

Me
H H
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= 7.5 Hz, 2H), 5.33 (d, J = 8.0 Hz, 1H), 4.61-4.45 (m, 1H), 2.58-2.50 (m, 1H), 2.13-

2.05 (m, 1H), 1.87 (dd, J = 12.5, 6.5 Hz, 1H), 1.57-1.53 (m, 1H), 1.35 (d, J = 6.5 Hz, 

3H). 
13C NMR (125 MHz, CDCl3, DEPT): d 156.4 (C), 143.3 (C), 128.8 (2 × CH), 127.3 

(CH), 124.9 (2 × CH), 116.1 (q, J = 286.2 Hz, C), 62.5 (CH), 56.7 (CH), 33.9 

(CH2), 27.3 (CH2), 18.55 (CH3).  

HRMS (ESI, M+Na+): m/z calcd. for C13H14F3NNaO 280.0925, found 280.0929. 

(2S,5S)-2-methyl-5-(p-tolyl)-1-tosylpyrrolidine (7i): 

Reaction of alkynylamine 6i (82 mg, 0.25 mmol), with Et3SiH (40 µL, 0.25 

mmol) and TMSOTf (5 µL, 0.025 mmol) in dry CH2Cl2 (3 mL) 16 hrs as 

described for the pyrrolidine derivative 7a followed by purification on a silica gel 

column using ethyl acetate-petroleum ether (4:96) as eluent furnished the 

pyrrolidine derivative 7i (73.2 mg, 89%) as single diasteromer.	 
Physical appearance: white solid.  

M.P: 68-70 oC. 

Rf: 0.2 (2:8 ethyl acetate-petroleum ether).	 
IR (neat): 2926, 1711, 1682, 1611, 1576, 1510, 1207, 

1018 cm–1
.		

[α]D 25: -112.421 (c 0.26, CHCl3). 
1H NMR (400 MHz, CDCl3): d 7.69 (d, J = 8.4 Hz, 2H), 7.29-7.26 (m, 4H), 7.12 (d, 

J = 8.0 Hz, 2H), 4.67 (t, J = 6.4 Hz, 1H), 3.92 (sext, J = 6.4 Hz, 1H), 2.42 (s, 3H), 

2.33 (s, 3H), 1.88-1.82 (m, 2H), 1.70 (dq, J = 12.4, 7.2 Hz, 1H), 1.51-1.43 (m, 4H).      
13C NMR (100 MHz, CDCl3, DEPT) d 143.3 (C), 140.0 (C), 136.6 (C), 135.3 (C), 

129.6 (2 × CH), 129.1 (2 × CH), 127.7 (2 × CH), 126.3 (2 × CH), 64.9 (CH), 

57.9 (CH), 34.5 (CH2), 33.2 (CH2), 22.9 (CH3), 21.6 (CH3), 21.1 (CH3). 

HRMS (ESI, M+H+ ): m/z calcd. for C19H23NNaO2S 352.1342, found 352.1348. 

(2S,5S)-2-(3,5-dimethylphenyl)-5-methyl-1-tosylpyrrolidine (7j): 

Reaction of alkynylamine 6j (85.5 mg, 0.25 mmol), with Et3SiH (40 µL, 0.25 

mmol) and TMSOTf (5 µL, 0.025 mmol) in dry CH2Cl2 (3 mL) 15 hrs as 

described for the pyrrolidine derivative 7a followed by purification on a silica gel 

column using ethyl acetate-petroleum ether (4:96) as eluent furnished the 

pyrrolidine derivative 7j (70 mg, 83%) as single diasteromer.	 
Physical appearance: Pale yellow solid.		

NMe

7i
Ts MeH H
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M.P: 108-110 oC.  

Rf: 0.2 (1:9 ethyl acetate-petroleum ether). 

IR (neat): 3018, 2969, 2876, 1601, 1459, 1160, 756 

cm–1
. 

[α]D 25: -107.537 (c 0.315, CHCl3). 
1H NMR (500 MHz, CDCl3): d 7.67 (d, J = 8.0 Hz, 2H), 7.27 (d, J = 8.0 Hz, 2H), 

6.94 (s, 2H), 6.85 (s, 1H), 4.66 (t, J = 6.4 Hz, 1H), 3.93 (sext, J = 6.4 Hz, 1H), 2.42 (s, 

3H), 2.29 (s, 6H), 1.89-1.80 (m, 2H), 1.70 (dq, J = 12.4, 7.2 Hz, 1H), 1.53-147 (m, 

4H). 
13C NMR (125 MHz, CDCl3, DEPT) d 143.2 (C), 142.8 (C), 137.8 (2 × C), 135.5 

(C), 129.5 (2 × CH), 128.8 (CH), 127.7 (2 × CH), 124.2 (2 × CH), 65.1 (CH), 

57.9 (CH), 34.7 (CH2), 32.2 (CH2), 22.8 (CH3), 21.6 (CH3), 21.5 (CH3). 

HRMS (ESI, M+Na+ ): m/z calcd. for C20H25NNaO2S 366.1498, found 

366.1492. 

(2S,5S)-2-(4-methoxyphenyl)-5-methyl-1-tosylpyrrolidine (7k):3 

Reaction of alkynylamine 6k (85 mg, 0.25 mmol), with Et3SiH (40 µL, 0.25 

mmol) and TMSOTf (5 µL, 0.025 mmol) in dry CH2Cl2 (3 mL) 14 hrs as 

described for the THF-derivative 8a followed by purification on a silica gel 

column using ethyl acetate-petroleum ether (4:96) as eluent furnished the 

pyrrolidine derivative 7k (41.5 mg, 48%) as single diasteromer.		 
Physical appearance: Pale yellow solid.  

M.P: 72-74 oC. 

Rf: 0.2 (1:9 ethyl acetate-petroleum ether).	 
IR (neat): 2962, 1613, 1587, 1515, 1352, 1083, 997 cm–1

.		
[α]D 25: -110.196 (c 0.115, CHCl3). 
1H NMR (500 MHz, CDCl3): d 7.67 (d, J = 8.0 Hz, 2H), 7.29-7.26 (m, 4H), 6.84 (d, 

J = 8.0 Hz, 2H), 4.66 (t, J = 6.0 Hz, 1H), 3.92 (sext, J = 6.4 Hz, 1H), 3.79 (s, 3H), 

2.42 (s, 3H), 1.84 (q, J = 7.0 Hz, 2H), 1.73-1.66 (m, 1H), 1.52-1.46 (m, 1H), 1.45 (d, 

J = 6.5 Hz, 3H). 
13C NMR (125 MHz, CDCl3, DEPT) d 158.7 (C), 143.3 (C), 135.4 (C), 135.0 (C), 

129.6 (2 × CH), 127.7 (2 × CH), 127.5 (2 × CH), 113.8 (2 × CH), 64.6 (CH), 

57.9 (CH), 55.4 (CH3), 34.4 (CH2), 32.2 (CH2), 23.0 (CH3), 21.6 (CH3). 

HRMS (ESI, M+Na+): m/z calcd. for C19H23NNaO3S 368.1296, found 368.1291. 

NMe

7j
Ts

Me

Me
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(2S,5S)-2-(3-methoxyphenyl)-5-methyl-1-tosylpyrrolidine (7l): 

Reaction of alkynylamine 6l (57.8 mg, 0.18 mmol), with Et3SiH (30 µL, 0.18 

mmol) and TMSOTf (3 µL, 0.018 mmol) in dry CH2Cl2 (3 mL) 24 hrs as 

described for the pyrrolidine derivative 7a followed by purification on a silica gel 

column using ethyl acetate-petroleum ether (4:96) as eluent furnished the 

pyrrolidine derivative 7l (48 mg, 83%) as single diasteromer.		 
Physical appearance: Pale yellow solid.  

M.P: 70-72 oC. 

Rf: 0.2 (1:9 ethyl acetate-petroleum ether). 

IR (neat): 2905, 1618, 1603, 1587, 1354, 1078, 995 cm–1
.		

[α]D 25: -116.211 (c 0.150, CHCl3).	 
1H NMR (400 MHz, CDCl3): d 7.69 (d, J = 8.0 Hz, 2H),  7.28 (d, J = 7.6 Hz, 2H), 

7.22 (t, J = 8.0 Hz, 1H), 6.96-6.91 (m, 2H), 6.76 (dd, J = 2.4, 8.0 Hz, 1H), 4.71 (t, J = 

6.4 Hz, 1H), 3.92 (sext, J = 6.4 Hz, 1H), 3.79 (s, 3H), 2.42 (s, 3H), 1.88-1.83 (m, 2H), 

1.74-1.66 (m, 1H), 1.52-1.46 (m, 1H), 1.46 (d, J = 6.0 Hz, 3H). 
13C NMR (100 MHz, CDCl3, DEPT) d 159.7 (C), 144.7 (C), 143.4 (C), 135.4 (C), 

129.6 (2 × CH), 129.4 (CH), 127.4 (2 × CH), 118.7 (CH), 112.3 (CH), 112.2 

(CH), 64.9 (CH), 57.9 (CH), 55.2 (CH3), 34.5 (CH2), 32.3 (CH2), 22.8 (CH3), 

21.6 (CH3). 

HRMS (ESI, M+Na+): m/z calcd. for C19H23NNaO3S 368.1296, found 368.1299. 

(2S,5S)-2-methyl-5-(thiophen-2-yl)-1-tosylpyrrolidine (7n): 

Reaction of alkynylamine 6n (89 mg, 0.28 mmol), with Et3SiH (45 µL, 0.28 

mmol) and TMSOTf (5 µL, 0.028 mmol) in dry CH2Cl2 (3 mL) 14 hrs as 

described for the pyrrolidine derivative 7a followed by purification on a silica gel 

column using ethyl acetate-petroleum ether (4:96) as eluent furnished the 

pyrrolidine derivative 7n (67 mg, 75%) as single diasteromer.		 
Physical appearance: Pale yellow solid.  

M.P: 108-110 oC. 

Rf: 0.2 (1:9 ethyl acetate-petroleum ether).		
[α]D 25: -100.565 (c 0.34, CHCl3). 

IR (neat): 2971, 1598, 1445, 1345, 1161, 1094, 1038, 818 cm–1 
1H NMR (500 MHz, CDCl3): d 7.70 (d, J = 8.5 Hz, 2H), 7.28 (d, J = 8.5 Hz, 2H), 

7.17 (d, J = 5.0 Hz, 1H), 6.97 (d, J = 3.0 Hz, 1H), 6.92 (d, J = 4.5 Hz, 1H), 5.07 (dd, J 
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= 7.5, 3.5 Hz, 1H), 3.80 (sext, J = 6.5 Hz, 1H), 1.97-1.91 (m, 1H), 1.87-1.81 (m, 1H), 

1.79-1.72 (m, 1H), 1.66-1.59 (m, 1H), 1.43 (d, J = 6.5 Hz, 3H). 
13C NMR (125 MHz, CDCl3, DEPT): d 147.9 (C), 143.5 (C), 135.4 (C), 129.7 (2 × 

CH), 127.7 (2 ×  CH), 126.9 (CH), 124.4 (CH), 124.3 (CH), 60.9 (CH), 57.9 

(CH), 34.4 (CH2), 32.8 (CH2), 22.9 (CH3), 21.6 (CH3). 

HRMS (ESI, M+Na+): m/z calcd. for C16H19NNaO2S2 344.0755, found 

344.0751. 

 (2R,5S)-2-isobutyl-5-phenyl-1-tosylpyrrolidine (7o): 

Reaction of alkynylamine 6o (88.3 mg, 0.25 mmol), with Et3SiH (40 µL, 0.25 

mmol) and TMSOTf (5 µL, 0.025 mmol) in dry CH2Cl2 (3 mL) 24 hrs as 

described for the pyrrolidine derivative 7a followed by purification on a silica gel 

column using ethyl acetate-petroleum ether (4:96) as eluent furnished the 

pyrrolidine derivative 7o (72 mg, 81%) as single diasteromer.	 
Physical appearance: Pale yellow solid.	 
M.P: 102-104 oC.  

Rf: 0.2 (1:9 ethyl acetate-petroleum ether). 

[α]D 25: -90.042 (c 0.195, CHCl3). 

IR (neat):  3028, 2958, 2870, 1600, 1451, 1161, 1093, 754 cm–1
.	 

1H NMR (400 MHz, CDCl3): d 7.70 (d, J = 8.4 Hz, 2H), 7.37 (d, J = 7.6 Hz, 2H), 

7.33-7.28 (m, 4H), 7.23 (t, J = 7.2 Hz, 1H), 4.73 (t, J = 6.8 Hz, 1H), 3.88-3.82 (m, 

1H), 1.94-1.82 (m, 3H), 1.71-1.57 (m, 2H), 1.52-1.43 (m, 2H), 0.97 (d, J = 6.5 Hz, 

6H). 
13C NMR (100 MHz, CDCl3, DEPT): d 143.4 (C), 143.1 (C), 135.3 (C), 129.7 (2 × 

CH), 128.4 (2 × CH), 127.8 (2 × CH), 127.0 (CH), 126.3 (2 × CH), 64.6 (CH), 

60.7 (CH), 45.9 (CH2), 34.5 (CH2), 30.25 (CH2), 25.7 (CH2), 23.7 (CH3), 22.0 (CH3), 

21.6 (CH3). 

HRMS (ESI, M+Na+): m/z calcd. for C21H27NNaO2S 380.1655, found 380.1655. 

(2R,5S)-2-isopropyl-5-phenyl-1-tosylpyrrolidine (7p): 

Reaction of alkynylamine 6p (85 mg, 0.25 mmol), with Et3SiH (40 µL, 0.25 

mmol) and TMSOTf (5 µL, 0.025 mmol) in dry CH2Cl2 (3 mL) 36 hrs as 

described for the pyrrolidine derivative 7a followed by purification on a silica gel 

column using ethyl acetate-petroleum ether (4:96) as eluent furnished the 

pyrrolidine derivative 7p (66.2 mg, 76%) as single diasteromer.	 
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Physical appearance: Pale yellow solid.	 
M.P: 76-78 oC.  

Rf: 0.2 (1:9 ethyl acetate-petroleum ether).	 
IR (neat): 2960, 1600, 1495, 1346, 1161, 815 cm–1

.		
[α]D 25: -116.374 (c 0.20, CHCl3). 
1H NMR (400 MHz, CDCl3): d 7.7 (d, J = 8.0 Hz, 2H), 7.4 (d, J = 6.8 Hz, 2H), 7.33-

7.28 (m, 4H), 7.23 (tt, J = 7.2, 1.2 Hz, 1H), 4.63 (t, J = 7.6 Hz, 1H), 3.63 (td, J = 7.6, 

3.6 Hz, 1H), 2.43 (s, 3H), 2.04-1.82 (m, 3H), 1.74-1.60 (m, 1H) 1.42-1.34 (m, 1H), 

1.12 (d, J = 6.8 Hz, 3H), 0.90 (d, J = 6.8 Hz, 3H). 
13C NMR (100 MHz, CDCl3, DEPT): d 143.5 (C), 142.8 (C), 134.9 (C), 129.7 (2 × 

CH), 128.3 (2 × CH), 128.0 (2 × CH), 127.0 (CH), 126.4 (2 × CH), 68.3 (CH), 

64.9 (CH), 33.9 (CH2), 32.0 (CH), 26.7 (CH2), 21.6 (CH3), 20.7 (CH3), 18.5 (CH3). 

HRMS (ESI, M+Na+): m/z calcd. for C20H25NNaO2S 366.1498, found 366.1494. 

(2R*,5S*)-2,5-diphenyl-1-tosylpyrrolidine (rac-7q): 

Reaction of alkynylamine 6q (92 mg, 0.25 mmol), with Et3SiH (40 µL, 0.25 

mmol) and TMSOTf (5 µL, 0.025 mmol) in dry CH2Cl2 (3 mL) 24 hrs as 

described for the pyrrolidine derivative 7a followed by purification on a silica gel 

column using ethyl acetate-petroleum ether (4:96) as eluent furnished the 

pyrrolidine derivative 7q (73.2 mg, 80%) as single diasteromer.		 
Physical appearance: Pale yellow solid. 

M.P: 102-104 oC.  

Rf: 0.2 (1:9 ethyl acetate-petroleum ether).	 
IR (neat): 3018, 2923, 1624, 1600, 1451, 1349, 1161, 

756 cm–1
.		

1H NMR (400 MHz, CDCl3): d 7.57 (d, J = 8.0 Hz, 2H), 7.46 (d, J = 7.4 Hz, 4H), 

7.34 (t, J = 7.4 Hz, 4H), 7.28 (d, J = 7.4 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 4.92 (t, J = 

6.0 Hz, 2H), 2.42 (s, 3H), 2.07-2.01 (m, 4H).  
13C NMR (100 MHz, CDCl3, DEPT): d 143.5 (C), 142.2 (2 × C), 135.1 (C), 129.5 

(2 × CH), 128.4 (2 × CH), 127.9 (4 × CH), 127.3 (2 × CH), 127.1 (4 × CH), 65.4 

(2 × CH), 34.1 (2 × CH2), 21.6 (CH3). 

HRMS (ESI, M+Na+): m/z calcd. for C23H23NNaO2S 400.1342, found 400.1343. 
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(2R*,3aS*,7aR*)-2-phenyl-1-tosyloctahydro-1H-indole (rac-7r): 

Reaction of alkynylamine 6r (89.2 mg, 0.25 mmol), with Et3SiH (40 µL, 0.25 

mmol) and TMSOTf (5 µL, 0.025 mmol) in dry CH2Cl2 (3 mL) 12 hrs as 

described for the pyrrolidine derivative 7a followed by purification on a silica gel 

column using ethyl acetate-petroleum ether (4:96) as eluent furnished the 

pyrrolidine derivative 7r (70 mg, 78%) as single diasteromer.		 
Physical appearance: Pale yellow solid.  

Rf: 0.2 (1:9 ethyl acetate-petroleum ether).		
M.P: 141-143 oC. 

IR (neat): 3017, 2929, 2878, 1600, 1451, 1346, 1160, 

754 cm–1
.		

1H NMR (400 MHz, CDCl3): d 7.69 (d, J = 8.0 Hz, 2H), 7.38 (d, J = 7.2 Hz, 2H), 

7.34-7.30 (m, 4H), 7.22 (t, J = 7.2 Hz, 1H), 4.86 (d, J = 8.8 Hz, 1H), 2.69-2.58 (m, 

2H), 2.44 (s, 3H), 1.88-1.83 (m, 1H), 1.74-1.64 (m, 4H), 1.59-1.47 (m, 2H), 1.35-1.21 

(m, 1H), 1.16 (tt, J = 13.2, 3.6 Hz, 1H), 0.99 (qd, J = 12.0, 3.6 Hz, 1H). 
13C NMR (100 MHz, CDCl3, DEPT): d 144.1 (C), 143.5 (C), 134.5 (C), 129.6 (2 × 

CH), 128.2 (2 × CH), 127.9 (2 × CH), 126.9 (CH), 126.4 (2 × CH), 67.1 (CH), 

63.5 (CH), 42.5 (CH), 39.5 (CH2), 32.6 (CH2), 29.6 (CH2), 25.4 (CH2), 24.8 (CH2), 

21.6 (CH3). 

HRMS (ESI, M+Na+): m/z calcd. for C21H25NNaO2S 378.1498, found 378.1496. 

(2R*,3aR*,7aR*)-2-phenyl-1-tosyloctahydro-1H-indole (rac-7s):3 

Reaction of alkynylamine 6s (98.2 mg, 0.275 mmol), with Et3SiH (44 µL, 0.275 

mmol) and TMSOTf (5 µL, 0.027 mmol) in dry CH2Cl2 (3 mL) 12 hrs as 

described for the pyrrolidine derivative 7a followed by purification on a silica gel 

column using ethyl acetate-petroleum ether (4:96) as eluent furnished the 

pyrrolidine derivative 7s (87.1 mg, 87%) as single diasteromer.		 
Physical appearance: Pale yellow solid.  

M.P: 97-99 oC. 

Rf: 0.2 (1:9 ethyl acetate-petroleum ether).	 
IR (neat): 3020, 2935, 1601, 1455, 1344, 1161, 754 cm–1

.		
1H NMR (400 MHz, CDCl3): d 7.67 (d, J = 8.4 Hz, 2H), 7.38 (d, J = 7.2 Hz, 2H), 

7.33-7.24 (m, 4H), 7.23 (t, J = 7.2 Hz, 1H), 4.60 (dd, J = 8.8, 7.6 Hz, 1H), 3.86 (dt,  J 

= 12.0, 6.4 Hz, 2H), 2.42 (s, 3H), 2.11-2.04 (m, 2H), 1.93 (td, J = 13.2, 10.0 Hz, 1H), 
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1.84-1.77 (m, 1H), 1.74-1.68 (m, 1H), 1.62-1.46 (m, 3H), 1.43-1.39 (m, 1H), 1.29-

1.15 (m, 1H). 
13C NMR (100 MHz, CDCl3, DEPT): d 143.4 (C), 143.2 (C), 135.7 (C), 129.6 (2 × 

CH), 128.4 (2 × CH), 127.6 (2 × CH), 127.0 (CH), 126.2 (2 × CH), 64.4 (CH), 

61.1 (CH), 39.1 (CH2), 37.1 (CH), 31.0 (CH2), 26.0 (CH2), 24.4 (CH2), 21.6 (CH3), 

20.5 (CH2). 

HRMS (ESI, M+Na+): m/z calcd. for C21H25NNaO2S 378.1498, found 378.1497. 

(2R*,3aR*,6aR*)-2-phenyl-1-tosyloctahydrocyclopenta[b]pyrrole (rac-7t):3 

Reaction of alkynylamine 6t (47.4 mg, 0.14 mmol), with Et3SiH (22 µL, 0.14 

mmol) and TMSOTf (3 µL, 0.014 mmol) in dry CH2Cl2 (3 mL) 12 hrs as 

described for the pyrrolidine derivative 7a followed by purification on a silica gel 

column using ethyl acetate-petroleum ether (4:96) as eluent furnished the 

pyrrolidine derivative 7t (40.1 mg, 82%) as single diasteromer.		 
Physical appearance: Pale yellow solid.  

Rf: 0.2 (1:9 ethyl acetate-petroleum ether).		
M.P: 116-118 oC. 

IR (neat): 3017, 2959, 1600, 1495, 1350, 1164, 756 cm–1
.		

1H NMR (400 MHz, CDCl3): d 7.58 (d, J = 8.0 Hz, 2H), 7.32 (d, J = 6.8 Hz, 2H), 

7.28-7.21 (m, 5H), 4.38 (dd, J = 9.2, 7.2 Hz, 1H), 4.19 (dt,  J = 8.0, 3.6 Hz, 2H), 2.52-

2.43 (m, 1H), 2.41 (s, 3H), 2.27-2.20 (m, 1H), 2.16-2.10 (m, 1H), 2.00-1.90 (m, 1H), 

1.83-1.74 (m, 1H), 1.69-1.52 (m, 2H), 1.40-1.35 (m, 1H). 
13C NMR (100 MHz, CDCl3, DEPT): d 143.3 (C), 142.0 (C), 134.7 (C), 129.5 (2 × 

CH), 128.3 (2 × CH), 128.0 (2 × CH), 127.2 (CH), 126.7 (2 × CH), 67.2 (CH), 

66.6 (CH), 43.0 (CH2), 41.6 (CH), 35.1 (CH2), 31.4 (CH2), 24.1 (CH2), 21.6 (CH3),  

HRMS (ESI, M+Na+): m/z calcd. for C20H23NNaO2S 364.1342, found 364.1347. 

(2S*,4S*)-4-methyl-2-phenyl-1-tosylpyrrolidine (7u):4 

Reaction of alkynylamine 6u (78.3 mg, 0.25 mmol), with Et3SiH (40 µL, 0.25 

mmol) and TMSOTf (5 µL, 0.025 mmol) in dry CH2Cl2 (3 mL) 12 hrs as 

described for the pyrrolidine derivative 7a followed by purification on a silica gel 

column using ethyl acetate-petroleum ether (4:96) as eluent furnished the 

pyrrolidine derivative 7u (71 mg, 91%, dr-9:1).		 
Physical appearance: Pale yellow solid.  

M.P: 99-101 oC. 
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Rf: 0.2 (1:9 ethyl acetate-petroleum ether).	 
IR (neat): 3016, 2960, 1599, 1346, 1162, 754 cm–1

.		
1H NMR (500 MHz, CDCl3): d 7.61 (d, J = 7.5 Hz, 2H), 

7.31-7.22 (m, 7H), 4.64 (dd, J = 9.5, 7.0 Hz, 1H), 3.83 (dd, J 

= 11.0, 7.5 Hz, 1H), 3.09 (t, J = 10.5 Hz, 1H), 2.41-2.31 (m, 4H), 1.87-1.78 (m, 1H), 

1.51-1.44 (m, 1H), 0.95 (d, J = 6.5 Hz, 3H). 
13C NMR (125 MHz, CDCl3, DEPT): d 143.3 (C), 143.1 (C), 135.6 (C), 129.6 (2 × 

CH), 128.4 (2 × CH), 127.5 (2 × CH), 127.2 (CH), 126.4 (2 × CH), 64.7 (CH), 

56.8 (CH2), 45.7 (CH2), 33.5 (CH), 21.6 (CH3), 16.6 (CH3). 

HRMS (ESI, M+Na+): m/z calcd. for C18H21NNaO2S 338.1185, found 338.1183. 

2-phenyl-1-tosylpyrrolidine (rac-7v):4 

Reaction of alkynylamine 6v (58 mg, 0.194 mmol), with Et3SiH (31 µL, 0.194 

mmol) and TMSOTf (3.5 µL, 0.0194 mmol) in dry CH2Cl2 (3 mL) 18 hrs as 

described for the pyrrolidine derivative 7a followed by purification on a silica gel 

column using ethyl acetate-petroleum ether (4:96) as eluent furnished the 

pyrrolidine derivative 7v (54 mg, 90%).	 
Physical appearance: White solid.  

M.P: 103-105 oC. 

Rf: 0.2 (1:9 ethyl acetate-petroleum ether).	 
IR (neat): 3020, 2961, 1600, 1344, 1160, 1098, 753 cm–1

.		
1H NMR (400 MHz, CDCl3): d 7.67 (d, J = 8.0 Hz, 2H), 7.31-7.26 (m, 6H), 7.24-

7.21 (m, 1H), 4.78 (dd, J = 8.4, 4.0 Hz, 1H), 3.65-3.59 (m, 2H), 3.44-3.38 (m, 1H), 

2.42 (s, 3H), 2.00-1.93 (m, 1H), 1.90-1.77 (m, 1H), 1.69-1.61 (m, 1H).    
13C NMR (100 MHz, CDCl3, DEPT): d 143.4 (C), 143.16 (C), 135.2 (C), 129.7 (2 × 

CH), 128.4 (2 × CH), 127.6 (2 × CH), 127.1 (CH), 126.2 (2 × CH), 63.4 (CH), 

49.5 (CH2), 35.9 (CH2), 24.1 (CH2), 21.6 (CH3). 

HRMS (ESI, M+Na+): m/z calcd. for C17H29NNaO2S 324.1029, found 324.1017. 

(2S,6S)-2-methyl-6-phenyl-1-tosylpiperidine (9a): 

To a magnetically stirred solution of alkynylamine 8a (70 mg, 0.214 mmol) and 

Et3SiH (68 µL, 0.428 mmol) in dry CH2Cl2 (3 ml), TMSOTf (38 µL, 0.214 mmol) 

was added at 0 oC. Reaction was monitored by TLC, quenched with saturated aq. 

solution of NaHCO3 upon completion (18 hrs), extracted with CH2Cl2 (3 × 5 mL) 

and dried over anhydrous Na2SO4. Evaporation of the solvent and purification of 
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the residue over a silica gel column using ethyl acetate-petroleum ether (4:96) as 

eluent furnished the piperidine derivative 9a (56 mg, 80 %, dr-7:1).		
Physical appearance:  yellow solid. 

M.P.: 121-125 oC. 

Rf: 0.7 (0.5:9.5, EtOAc: Petroleum ether).	 
[α]D 

25: -45.15 (c 0.26, CHCl3) 

IR (neat): 2942, 2716, 1464, 1329, 1139, 986, 970, 790, 766, 568 cm-1. 
1H NMR (500, MHz, CDCl3): δ 7.79 (d, J = 8.0 Hz, 2H), 7.58 (d, J = 8.0 Hz, 2H), 

7.36-7.31 (m,  4H), 7.24 (t, J = 8.0 Hz, 1H), 5.28 (d, J = 5.0 Hz, 1H), 4.27-4.20 (m, 

1H), 2.44 (s, 3H), 2.35-2.32 (m, 1H), 1.80-1.70 (m, 1H), 1.44-1.36 (m, 2H), 1.28-1.25 

(m, 2H), 0.82 (d, J = 7.0 Hz, 3H). 
13C NMR (125, MHz, CDCl3, DEPT): d  143.0 (C), 141.4 (C), 138.8 (C), 129.9 (2 × 

CH), 128.2 (2 × CH), 127.4 (2 × CH), 127.0 (2 × CH), 126.8 (CH), 52.9 (CH), 49.2 

(CH), 29.0 (CH2), 25.0 (CH2), 21.7 (CH3), 21.4 (CH3), 14.4 (CH2). 

HRMS (ESI, M+K+): m/z calc for C19H23NKO2S 368.1084, found 368.1081. 

(2S,6S)-2-methyl-6-(p-tolyl)-1-tosylpiperidine (9b): 

Reaction of alkynylamine 8b (65 mg, 0.205 mmol) with Et3SiH (65 µL, 0.410 mmol) 

and TMSOTf (37 µL, 0.205 mmol) in dry CH2Cl2 (3 ml) 6 hrs as described for the 

piperidine derivative 8a followed by purification on silica gel column using ethyl 

acetate-petroleum ether (4:96) as eluent furnished the piperidine derivative 9b (40 

mg, 62 %, dr-9:1).	 
Physical appearance:  yellow solid. 

Rf: 0.6 (0.5:9.5, EtOAc: Petroleum ether).	 
[α]D 

25: -4.8 (c 0.11, CHCl3) 

IR (neat): 2943, 1598, 1461, 1329, 1164, 1107, 992, 925, 822, 752, 661, 547 cm-1. 
1H NMR (400, MHz, CDCl3): δ 7.79 (d, J = 8.4 Hz, 2H), 7.44 (d, J = 8.0 Hz, 2H), 

7.31 (d, J = 8.0 Hz, 2H), 7.14 (d, J = 8.0 Hz, 2H), 5.24 (d, J = 5.2 Hz, 1H), 4.26-4.20 

(m, 1H), 2.44 (s, 3H), 2.34-2.29 (m, 4H), 1.80-1.70 (m, 1H), 1.44-1.33 (m, 2H), 1.28-

1.24 (m, 2H), 0.84 (d, J = 7.2 Hz, 3H). 
13C NMR (100, MHz, CDCl3, DEPT): d  143.0 (C), 139.0 (C),138.4 (C), 136.4 (C), 

129.9 (2 × CH), 129.0 (2 × CH), 127.3 (2 × CH), 127.0 (2 × CH), 52.8 (CH), 49.2 

(CH), 29.1 (CH2), 25.1 (CH2), 21.7 (CH3), 21.5 (CH3), 21.1 (CH3), 14.4 (CH2). 

HRMS (ESI, M+Na+): m/z calc for C20H25NNaO2S 366.1498, found 366.1498. 
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(2S,6S)-2-(3,5-dimethylphenyl)-6-methyl-1-tosylpiperidine (9c): 

Reaction of alkynylamine 8c (65 mg, 0.182 mmol) with Et3SiH (58 µL, 0.356 mmol) 

and TMSOTf (33 µL, 0.182 mmol) in dry CH2Cl2 (3 ml) 6 hrs as described for the 

piperidine derivative 8a followed by purification on silica gel column using ethyl 

acetate-petroleum ether (4:96) as eluent furnished the piperidine derivative 9c (45 mg, 

70 %, dr-7:1).	
Physical appearance:  yellow solid.	 
M.P.: 177-179 oC 

Rf: 0.4 (1:9, EtOAc: Petroleum ether).	 
[α]D 

25: -38.04 (c 0.255, CHCl3) 

IR (neat): 2936, 1465, 1327, 1161, 1141, 990, 971, 865, 679, 577 cm-1. 
1H NMR (500, MHz, CDCl3): δ 7.79 (d, J = 8.4 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 

7.14 (s, 2H), 6.87 (s, 1H), 5.20 (d, J = 4 Hz, 1H), 4.27-4.24 (m, 1H), 2.44 (s, 3H), 

2.31-2.28 (m, 7H), 1.80-1.71 (m, 1H), 1.43-1.34 (m, 2H), 1.29-1.24 (m, 2H), 0.86 (d, 

J = 8 Hz, 3H). 
13C NMR (125, MHz, CDCl3, DEPT): d  142.9 (C), 141.4 (C), 139.0 (C), 137.6 (2 × 

C), 129.8 (2 × CH), 128.4 (CH), 127.0 (2 × CH), 125.2 (2 × CH), 53.0 (CH), 49.3 

(CH), 29.1 (CH2), 25.2 (CH2), 21.6 (2 × CH3), 21.5 (2 × CH3), 14.6 (CH2). 

HRMS (ESI, M+Na+): m/z calc for C21H27NNaO2S 380.1657, found 380.1655. 

(S)-6-(4-methoxyphenyl)-2-methyl-1-tosyl-1,2,3,4-tetrahydropyridine (9d’): 

 Reaction of alkynylamine 8d (116 mg, 0.324 mmol) with Et3SiH (105 µL, 0.648 

mmol) and TMSOTf (60 µL, 0.324 mmol) in dry CH2Cl2 (3 ml) at 0 oC 0.5 hrs as 

described for the piperidine derivative 8a followed by purification on silica gel 

column using ethyl acetate-petroleum ether (4:96) as eluent furnished the cyclic 

enamine derivative 9d’ (75 mg, 62 %).	
Physical appearance:  yellow solid.	 
M.P.: 120-123 oC 

Rf: 0.5 (1:9, EtOAc: Petroleum ether).	 
[α]D 

25: 46.66 (c 0.27, CHCl3) 

IR (neat): 2926, 1610, 1512, 1461, 1337, 1251, 1161, 925, 759, 663, 552 cm-1. 
1H NMR (400, MHz, CDCl3): δ 7.56 (d, J = 8.0 Hz, 2H), 7.31 (d, J = 8.8 Hz, 2H), 

7.24 (d, J = 8.0 Hz, 2H), 6.83 (dd, J = 8.8, 2.0 Hz, 2H), 5.41 (t, J = 4.0 Hz, 1H), 4.49-
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4.42 (m, 1H), 3.81 (s, 3H), 2.41 (s, 3H), 2.13-2.02 (m, 1H), 1.89-1.81 (m, 1H), 1.34-

1.27 (m, 2H), 1.24 (d, J = 6.8 Hz, 3H). 
13C NMR (100, MHz, CDCl3, DEPT): d  159.2 (C), 143.3 (C), 136.5 (C), 136.0 (C), 

133.5 (C), 129.5 (2 × CH), 127.9 (2 × CH), 127.7 (2 × CH), 118.3 (CH), 113.3 (2 × 

CH), 55.4 (CH3), 50.2 (CH) 24.9 (CH2), 21.7 (CH3), 19.5 (CH2), 17.6 (CH3). 

HRMS (ESI, M+Na+): m/z calc for C20H23NNaO3S 380.1292 found 380.1291. 

(2S,6S)-2-(3,5-dimethylphenyl)-6-methyl-1-tosylpiperidine (9e): 

Reaction of alkynylamine 8e (65 mg, 0.182 mmol) with Et3SiH (58 µL, 0.356 mmol) 

and TMSOTf (33 µL, 0.182 mmol) in dry CH2Cl2 (3 ml) 12 hrs as described for the 

piperidine derivative 8a followed by purification on silica gel column using ethyl 

acetate- petroleum ether (4:96) as eluent furnished the piperidine derivative 9e (32 

mg, 59 %, dr-1.3:1).		
Physical appearance:  sticky solid.	 
Rf: 0.4 (1:9, EtOAc: Petroleum ether).	 
IR (neat): 2936, 1465, 1327, 1161, 1141, 990, 971, 865, 

679, 577 cm-1. 

[α]D 25: 0.860 (c 0.300, CHCl3).	 
1H NMR (400 MHz, CDCl3): d 7.78 (d, J = 8.0 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 

7.24 (t, J = 8.0 Hz, 1H), 7.16-7.10 (m, 2H), 6.70 (dd, J = 2.4, 8.0 Hz, 1H), 5.24 (d, J = 

4.8 Hz, 1H), 4.25-4.21 (m, 1H), 3.85 (s, 3H), 2.44 (s, 3H), 2.31-2.27 (m, 1H), 2.18-

2.21 (m, 1H), 1.99-1.92 (m, 1H), 1.76-1.62 (m, 3H), 1.38 (d, J = 7.0 Hz, 3H), 1.28-

1.25 (m, 1H). 
13C NMR (100 MHz, CDCl3, DEPT) d 159.7 (C), 143.3 (C), 143.0 (C), 141.3 (C), 

129.9 (2 × CH), 129.2 (CH), 126.9 (2 × CH), 119.6 (CH), 113.4 (CH), 112.3 

(CH), 58.0 (CH), 55.3 (CH3), 49.3 (CH), 29.1 (CH2), 25.2 (CH2), 21.4 (CH3), 19.2 

(CH3), 14.4 (CH2). 

HRMS (ESI, M+Na+): m/z calc for C20H25NNaO3S 382.1453, found 382.1458. 

(S)-2-methyl-6-(thiophen-2-yl)-1-tosyl-1,2,3,4-tetrahydropyridine (9g’): 

Reaction of alkynylamine 8g (80 mg, 0.240 mmol) with Et3SiH (76 µL, 0.480 mmol) 

and TMSOTf (43 µL, 0.240 mmol) in dry CH2Cl2 (3 ml) at 0 oC 0.5 hrs as described 

for the piperidine derivative 8a followed by purification on silica gel column using 

ethyl acetate-petroleum ether (4:96) as eluent furnished the piperidine derivative 9g’ 

(37 mg, 46 %).	
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Physical appearance:  White solid. 

M.P.: 116-119 oC	 
Rf: 0.7 (1:9, EtOAc: Petroleum ether). 

[α]D 
25: 93.233 (c 0.23, CHCl3) 

IR (neat): 3077, 2943, 1638, 1458, 1346, 1166, 982, 759, 569 cm-1. 
1H NMR (400, MHz, CDCl3): δ 7.65 (d, J = 8.0 Hz, 2H), 7.26 (d, J = 8.0 Hz, 2H), 

7.18 (dd, J = 5.0, 1.0 Hz, 1H), 7.05 (dd, J = 3.3, 0.8 Hz, 1H), 6.93 (dd J = 5.2, 3.6 Hz, 

1H), 5.67 (t, J = 4.0 Hz, 1H), 4.42-4.37 (m, 1H), 2.42 (s, 3H), 2.15-2.04 (m, 1H), 

1.90-1.82 (m, 1H), 1.47-1.38 (m, 1H), 1.36-1.30 (m, 1H), 1.21 (d, J = 4.0 Hz, 3H). 
13C NMR (100, MHz, CDCl3, DEPT): d  144.1 (C), 143.6 (C), 136.4 (C), 130.5 (C), 

129.6 (2 × CH), 127.8 (2 × CH), 126.7 (CH), 124.5 (CH), 124.3 (CH), 120.1 (CH), 

50.4 (CH), 24.9 (CH2), 21.7 (CH3), 19.5 (CH2), 17.8 (CH3). 

HRMS (ESI, M+K+): m/z calc for C17H19NKO2S2 372.0490, found 372.0489. 

(2R,6S)-2-benzyl-6-phenyl-1-tosylpiperidine (9h)	 
Reaction of alkynylamine 8h (65 mg, 0.161 mmol) with Et3SiH (51 µL, 0.322 mmol) 

and TMSOTf (29 µL, 0.161 mmol) in dry CH2Cl2 (3 ml) 12 hrs as described for the 

piperidine derivative 8a followed by purification on silica gel column using ethyl 

acetate-petroleum ether (4:96) as eluent furnished the piperidine derivative 9h (40 

mg, 62 %, dr-3:1).		
Physical appearance:  white solid.	 
M.P.: 163-165 oC 

Rf: 0.7 (1:9, EtOAc: Petroleum ether). 

[α]D 
25: 66.05 (c 0.285, CHCl3) 

IR (neat): 3026, 2944, 1453, 1328, 1162, 934, 762, 548 cm-1. 
1H NMR (500, MHz, CDCl3): δ 7.80 (d, J = 8.0 Hz, 2H), 7.65 (d, J = 7.5 Hz, 2H), 

7.38 (t, J = 7.5 Hz, 2H), 7.31-7.27 (m, 3H), 7.20 (t, J = 7.5 Hz, 2H) 7.14 (t, J = 7.5 

Hz, 1H), 7.0 (d, J = 7 Hz, 2H), 5.35 (d, J = 5.0 Hz, 1H), 4.22-4.19 (m, 1H), 2.67 (dd J 

= 13.5, 3.0 Hz, 1H),  2.43-2.38 (m, 4H), 2.18 (t, J = 12.5 Hz, 1H), 1.87 (q, J = 13.0 

Hz, 1H ), 1.48-1.40 (m, 2H), 1.33-1.27 (m, 1H), 1.01-0.95 (m, 1H) 
13C NMR (125, MHz, CDCl3, DEPT): d 143.1 (C), 141.1 (C), 139.5 (C), 138.8 (C), 

129.9 (2 × CH), 129.3 (2 × CH), 128.5 (2 × CH), 128.4 (2 × CH), 127.6 (2 × CH), 

127.1 (CH), 127.0 (2 × CH), 126.3 (CH), 55.4 (CH), 53.0 (CH), 40.8 (CH2), 24.9 

(CH2), 24.2 (CH2), 21.6 (CH3), 14.4 ( CH2).		
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HRMS (ESI, M+Na+): m/z calc for C25H27NNaO2S 428.1655, found 428.1651. 

(2R,6S)-2-isobutyl-6-phenyl-1-tosylpiperidine (9i): 

Reaction of alkynylamine 8i (80 mg, 0.216 mmol) with Et3SiH (69 µL, 0.433 mmol) 

and TMSOTf (39 µL 0.216 mmol) in dry CH2Cl2 (3 ml) 12 hrs as described for the 

piperidine derivative 8a followed by purification on silica gel column using ethyl 

acetate-petroleum ether (4:96) as eluent furnished the piperidine derivative 9i (50 mg, 

63 %, dr-11.5:1).	
Physical appearance:  Pale yellow solid.		
M.P.: 71-73 oC 

Rf: 0.7 (1:9, EtOAc: Petroleum ether).		
[α]D 

25: -32.039 (c 0.340, CHCl3) 

IR (neat): 3011, 2946, 2872, 1463, 1336, 1164, 932, 815, 758, 552 cm-1. 
1H NMR (500, MHz, CDCl3): δ 7.80 (d, J = 8.5 Hz, 2H), 7.59 (d, J = 8.5 Hz, 2H), 

7.34-7.31 (m, 4H), 7.23 (t, J = 7.0 Hz, 1H), 5.24 (d, J = 5.5 Hz, 1H), 4.13-4.10 (m, 

1H), 2.44 (s, 3H),  2.45 (dd, J = 12.5, 3.0 Hz, 1H), 1.82-1.74 (m, 1H), 1.54-1.46 (m, 

1H), 1.40-1.35 (m, 1H), 1.33-1.25 (m, 3H), 1.15 (ddd, J = 12.5, 8.5, 4.5 Hz, 1H), 0.82 

(d, J = 6.5 Hz, 3H), 0.56 (ddd, J = 14.0, 9.0, 5.0 Hz, 1H), 0.39 (d, J = 7.0 Hz, 3H).  
13C NMR (125, MHz, CDCl3, DEPT): d 143.0 (C), 141.4 (C), 138.9 (C), 129.9 (2 × 

CH), 128.3 (2 × CH), 127.3 (2 × CH), 127.1 (2 × CH), 126.8 (CH), 52.6 (CH), 51.6 

(CH), 42.4 (CH2), 28.2 (CH2), 24.3 (CH2), 24.1 (CH), 22.6 (CH3), 21.9 (CH3), 21.6 

(CH3), 14.9 ( CH2). 

HRMS (ESI, M+Na+): m/z calc for C22H29NNaO2S 394.1811, found 394.1814. 

(2R*,4aS*,8aR*)-2-phenyl-1-tosyldecahydroquinoline (rac-9j): 

Reaction of alkynylamine 8j (80 mg, 0.217 mmol) with Et3SiH (69 µL, 0.435 mmol) 

and TMSOTf (39 µL 0.217 mmol) in dry CH2Cl2 (3 ml) 12 hrs as described for the 

piperidine derivative 8a followed by purification on silica gel column using ethyl 

acetate- petroleum ether (4:96) as eluent furnished the 

piperidine derivative 9j (45 mg, 56 %, dr-1.5:1).		
Physical appearance:  Sticky solid.	 
Rf: 0.7 (1:9, EtOAc: Petroleum ether). 

IR (neat): 3011, 2924, 2857, 1451, 1336, 1162, 809, 758, 559 

cm-1. 
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1H NMR (400, MHz, CDCl3): δ 7.82-7.79 (m, 2H), 7.40-7.37 (m, 3H), 7.30-7.28 (m, 

3H), 7.24-7.21 (m, 1H), 5.72 (d, J = 3.6 Hz, 1H), 2.84 (td, J = 12.0, 4.0 Hz, 1H),  2.44 

(s, 3H), 2.37 (dd, J = 8.8, 2.8 Hz, 1H), 2.13 (tt, J = 13.6, 4.0 Hz, 1H), 1.91-1.86 (m, 

1H), 1.63-1.46 (m, 5H), 1.29-1.28 (m, 1H), 1.11  (tt, J = 13.2, 3.6 Hz, 1H), 1.02-0.832 

(m, 2H), 0.81-0.67 (m, 1H).  
13C NMR (100, MHz, CDCl3, DEPT): d 143.3 (C), 142.8 (C), 139.6 (C), 129.6 (2 × 

CH), 128.9 (2 × CH), 127.5 (CH), 127.3 (2 × CH), 126.9 (2 × CH), 61.1 (CH), 58.1 

(CH), 39.4 (CH), 33.5 (CH2), 30.1 (CH2), 28.4 (CH2), 27.4 (CH2), 26.7 (CH2), 25.3 

(CH2), 21.63 (CH3). 

 HRMS (ESI, M+Na+): m/z calc for C22H27NNaO2S 392.1655, found 392.1656.	 
(2R*,4aR*,8aR*)-2-phenyl-1-tosyldecahydroquinoline (rac-9k): 

Reaction of alkynylamine 8k (75 mg, 0.20 mmol) with Et3SiH (65 µL, 0.41 mmol) 

and TMSOTf (37 µL 0.210 mmol) in dry CH2Cl2 (3 ml) 12 hrs as described for the 

piperidine derivative 8a followed by purification on silica gel column using ethyl 

acetate-petroleum ether (4:96) as eluent furnished the piperidine derivative 9k (55 

mg, 71 %, dr-2.3:1).		
Physical appearance:  sticky white solid. 

Rf: 0.6 (1:9, EtOAc: Petroleum ether). 

IR (neat): 2942, 2716, 1464, 1329, 1139, 986, 970, 790, 766, 

568 cm-1. 
1H NMR (400, MHz, CDCl3): δ 7.79 (d, J = 8.4 Hz, 2H), 7.58 (d, J = 8.4 Hz, 2H), 

7.36-7.30 (m, 3H), 7.26-7.22, (m, 1H), 6.94-6.88 (m, 1H), 5.24 (d, J = 5.6 Hz, 1H), 

3.97 (td, J = 12.4, 4.4 Hz, 1H), 2.42-2.39 (m, 4H), 2.03-1.97 (m, 1H), 1.92-1.79 (m, 

1H), 1.71-1.65 (m, 1H), 1.49-1.34 (m, 5H), 1.29-1.05 (m, 2H), 1.10-0.87 (m, 2H).    
13C NMR (100, MHz, CDCl3, DEPT): d 143.0 (C), 141.6 (C), 139.1 (C), 129.9 (2 × 

CH), 128.3 (2 × CH), 127.3 (2 × CH), 126.9 (2 × CH), 126.8 (CH), 56.6 (CH), 52.6 

(CH), 34.7 (CH), 31.8 (CH2), 29.4 (CH2), 26.4 (CH2), 25.6 (CH2), 21.6 (CH3), 20.1 

(CH2), 19.9 (CH2). 

2-phenyl-1-tosylpiperidine (rac-9l):5 

Reaction of alkynylamine 8l (80 mg, 0.255 mmol) with Et3SiH (80 µL, 0.51 mmol) 

and TMSOTf (45 µL 0.255 mmol) in dry CH2Cl2 (3 ml) 12 hrs as described for the 

piperidine derivative 8a fallowed by purification on silica gel column using ethyl 
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acetate-petroleum ether (4:96) as eluent furnished the piperidine derivative 9l (65 mg, 

80 %).	
Physical appearance:  yellow solid. 

M.P: 135-137 oC. 

Rf: 0.6 (1:9, EtOAc: Petroleum ether). 

IR (neat): 2942, 2716, 1464, 1329, 1139, 986, 970, 790, 766, 568 cm-1. 
1H NMR (500, MHz, CDCl3): δ 7.76 (d, J = 8.0 Hz, 2H), 7.35-7.28 (m, 6H), 7.24-

7.21 (m, 1H), 5.27 (d, J = 4.5 Hz, 1H), 3.84 (dd, J = 14.5, 3.6 Hz, 1H), 3.01(td, J = 

12.5, 3.0 Hz, 1H),  2.43 (s, 3H), 2.21 (dd, J = 13.5, 2.0 Hz, 1H), 1.66 (tt, J = 14.0, 5.0 

Hz, 1H), 1.52-1.48 (m, 1H), 1.44-1.37 (m, 2H), 1.33-1.26 (m, 1H). 	
13C NMR (125, MHz, CDCl3, DEPT): d 143.1 (C), 139.1 (C), 138.8 (C), 129.8 (2 × 

CH), 128.7 (2 × CH), 127.1 (2 × CH), 127.0 (2 × CH), 126.9 (CH), 55.4 (CH), 42.0 

(CH2), 27.4 (CH2), 24.4 (CH2), 21.63 (CH3), 19.1(CH2). 

(2S,5S)-5-methyl-2-phenyl-1-tosylpyrrolidine-2-carbonitrile (10): 

To a magnetically stirred solution of alkynylamine 6a (65 mg, 0.2 mmol) and 

TMSCN (51 µL, 0.4 mmol) in dry CH2Cl2 (3 mL), TMSOTf (40 µL, 0.2 mmol)  

was added dropwise at 0 oC. Reaction was monitored by TLC, quenched with 

saturated aq. solution of NaHCO3 upon completion (18 hrs), extracted with 

CH2Cl2 (3 × 5 mL) and dried over anhydrous Na2SO4. Evaporation of the solvent 

and purification of the residue over a silica gel column using EtOAc-petroleum 

ether (4:96) as eluent furnished pyrrolidine derivative 10 (57 mg, 83%, dr-9:1). 

Physical appearance: white solid.  

M.P: 142-144 oC. 

Rf: 0.2 (2:8 ethyl acetate-petroleum ether). 

[α]D 25: -27.31 (c 0.185, CHCl3). 

IR (neat): 3020, 2970, 2220, 1599, 1493, 1337, 1156, 1092, 757, cm–1. 
1H NMR (500 MHz, CDCl3): δ 7.69 (d, J = 8.0 Hz, 2H), 7.60 (d, J = 7.0 Hz, 

2H), 7.40-7.32 (m, 3H), 7.25 (d, J = 7.0 Hz, 2H), 4.11 (quint, J = 13.0 Hz, 1H), 

2.58 (dd, J = 12.0, 5.0 Hz, 1H), 2.41 (s, 3H), 2.41-2.32 (m, 1H), 2.31-2.22 (m, 

1H), 1.72 (dd, J = 12.0, 5.0 Hz, 1H), 1.47 (d, J = 6.5 Hz, 3H). 
13C NMR (125 MHz, CDCl3, DEPT): δ 144.1 (C), 138.5 (C), 135. 7 (C), 129.5 

(2 × CH), 128.9 (2 × CH), 128.7 (CH), 128.4 (2 × CH), 125.4 (2 × CH), 119.2 

(C), 67.9 (C), 57.2 (CH), 44.4 (CH2), 31.7 (CH2), 22.2 (CH3), 21.7 (CH3). 
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HRMS (ESI, M+Na+): m/z calcd. for C19H20N2NaO2S 363.1143, found 

363.1145. 

(2R,3S,6R)-2-(4-methoxyphenyl)-6-phenyl-1-tosylpiperidin-3-ol (11): 

To a magnetically stirred solution of cyclicenamine 9d’ (87.5 mg, 0.245 mmol) in dry 

THF (2 ml), BH3
.SMe2 (2M, 485 µL) was added at 0 oC. Reaction mixture was stirred 

at room temperature till starting material get consumed (TLC control). After that 

reaction was cooled to 0 oC and EtOH (1.5 ml), NaOH (3N, 440 µL) and H2O2 (30%, 

220 µL) were added. The resulting mixture was heated to reflux for 2 hrs. The 

reaction was brought to room temperature quenched with cold water and product 

was extracted with EtOAc (3 x 5 ml). combined organic layer was dried over 

Na2SO4, and evaporation of the solvent and purification of the residue over a 

silica gel column using ethyl acetate-petroleum ether (8:92) as eluent furnished 11 

(71.6 mg, 67%) as a single diastereoisomer.	
Physical appearance: white solid.		
M.P: 125-127 oC. 

Rf: 0.3 (1:9, EtOAc: Petroleum ether).		
[α]D 25: -37.860 (c 0.065, CHCl3). 

IR (neat): 3524, 2952, 1611, 1514, 1317, 1159, 1033, 821, cm–1. 
1H NMR (500, MHz, CDCl3): δ 7.89 (d, J = 8.0 Hz, 2H), 7.38 (d, J = 9.0 Hz, 2H), 

7.29 (d, J = 9.0 Hz, 2H), 6.85 (d, J = 8.0 Hz, 2H), 5.18 (s, 1H), 4.60 (bs, 1H), 4.08-

4.06 (m, 1H), 3.79 (s, 3H), 2.42(s, 3H), 2.04-1.95 (m, 1H), 1.84-1.77 (m, 2H), 1.60-

1.56 (m, 1H), 1.14-1.11 (m, 1H), 0.86 (d, J = 7.0  Hz, 3H). 
13C NMR (125, MHz, CDCl3, DEPT): d  158.7 (C), 143.3 (C), 138.1 (C), 132.2 (C), 

129.7 (2 × CH), 128.5 (2 × CH), 127.6 (2 × CH), 113.7 (2 × CH), 65.3 (CH), 59.9 

(CH), 55.3 (CH3), 48.7 (CH), 22.7 (CH2), 21.9 (CH2), 21.67 (CH3), 21.1 (CH3). 

HRMS (ESI, M+Na+): m/z calcd. for C20H27NNaO4S 400.1553, found 400.1610. 

1-((2-nitrophenyl)sulfonyl)-2-phenylpyrrolidine (rac-7w):1 

Reaction of alkynylamine 6w (346 mg, 1.04 mmol), with Et3SiH (170 µL, 1.04 

mmol) and TMSOTf (20 µL, 0.104 mmol) in dry CH2Cl2 (7 ml) at 0 °C as 

described for the pyrrolidine derivative 7a followed by purification on a silica gel 

column using ethyl acetate-petroleum ether (4:96) as eluent furnished the 

pyrrolidine derivative 7w (312 mg, 90%).	 
Physical appearance: White solid.  
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M.P: 103-105 oC. 

Rf: 0.2 (1:9 ethyl acetate-petroleum ether).	 
IR (neat): 3020, 2961, 1600, 1344, 1160, 1098, 753 cm–1

.		
1H NMR (500 MHz, CDCl3): d 7.52-7.477 (m, 2H), 7.42 (d, J 

= 9.5 Hz, 1H), 7.29-7.25 (m, 1H), 7.18-7.14 (m, 2H), 7.13-7.10 (m, 3H), 5.00 (dd, J = 

9.5, 7.0 Hz 1H), 3.87-3.76 (m, 2H), 2.44-2.35 (m, 1H), 2.09-1.99 (m, 1H), 1.97-1.91 

(m, 2H).    
13C NMR (125 MHz, CDCl3, DEPT): d 147.7 (C), 141.6 (C), 133.3 (C), 132.9 (CH), 

131.1 (CH), 130.9 (CH), 128.3 (2 ×  CH), 127.4 (CH), 126.7 (2 ×  CH), 123.6 

(CH), 64.1 (CH), 50.1 (CH2), 37.0 (CH2), 24.7 (CH2). 

HRMS (ESI, M+Na+): m/z calcd. for C16H16N2NaO4S 355.0728, found 

355.0731. 

2-phenylpyrrolidine (rac-13):6 

To meganetically sittered solution of pyrrolidine 7w (346 mg, 1.04 mmol), in dry 

acetonitrile (6 ml) Cs2CO3 (1.1 mmol, 370 mg) and thiophenol (0.97 mmol, 80 

µL) was added at room temperature. After completion of reaction (TLC control, 

3h) reaction mixture was pass through celite. The combine organic layer was 

concentrate  and residue was purified by colum chromatography using ethyl 

acetate-petroleum ether (60:40) as eluent furnished the 2-phenylpyrrolidine 13 

(104 mg, 66%).	 
Physical appearance: Pale yellow oily.  

Rf: 0.2 (1:9 ethyl acetate-petroleum ether).	 
IR (neat): 3020, 2961, 1600, 1344, 1160, 1098, 753 cm–1

.		
1H NMR (500 MHz, CDCl3): d 7.36 (d, J = 7.5 Hz, 2H), 7.31 (t, J = 7.5 Hz, 2H), 

7.26-7.22 (m, 1H), 4.12 (d, J = 7.5 Hz, 1H), 3.23-3.18 (m, 1H), 3.04-2.93 (m, 1H), 

2.22-2.16 (m, 1H), 1.95-1.91 (m, 1H), 1.89-1.83 (m, 1H), 1.74-1.66 (m, 1H).    
13C NMR (125 MHz, CDCl3, DEPT): d 144.5 (C), 128.5 (2 × CH), 127.1 (CH), 

126.7 (2 × CH), 62.7 (CH), 46.9 (CH2), 34.2 (CH2),  25.6 (CH2). 

6-phenyl-1,2,3,5,6,10b-hexahydropyrrolo[2,1-a]isoquinoline (rac-3):6 

13 (100 mg, 0.68 mmol) and styrene oxide (84 mg, 0.68 mmol) were combined in 

2 ml of ethanol and refluxed. After 19 hrs, no starting material 13 was detected by 

TLC. Then the solution was evaporated, which was combined with PPA (2.0 g) 

and 2 ml toluene and heated at 100 oC for 4 hrs. The reaction was cooled, diluted 

N
H

13

N

rac-7w
Ns



	 S26	

with cold water basified with 40% of aqueous KOH under cooling, and extracted 

with CH2Cl2 (3 x 15 ml). The mixture was evaporated and and the residue was 

purified by silica gel column using ethyl acetate-petroleum ether (4:96) as eluent 

furnished quinoline derivative 3 (88 mg, 52%) as a single diastereoisomer.	 
Physical appearance: Brown oil.	 
Rf: 0.6 (2:8, EtOAc: Petroleum ether).	 
1H NMR (500, MHz, CDCl3): δ 7.32-7.29 (m, 2H), 7.27-7.22 

(m, 2H), 7.19-7.12 (m, 4H), 7.06 (t, J = 7.5 Hz, 1H), 6.84 (d, J = 

8.0 Hz, 1H), 4.40 (dd, J = 10.5, 7.0 Hz, 1H), 3.60 (t, J = 8.0 Hz, 

1H), 3.46 (dd, J = 11.5, 6.0 Hz, 1H), 3.15 (td, J = 8.5, 4.0 Hz, 

1H), 2.69 (t, J = 11.5 Hz, 1H), 2.54-2.42 (m, 2H), 1.99-1.81 (m, 

3H).  
13C NMR (125, MHz, CDCl3, DEPT): d  144.4 (C), 139.3 (C), 137.8 (C), 129.3 (2 × 

CH), 129.3 (CH), 128.6 (2 × CH), 126.6 (CH), 126.4 (CH), 126.3 (CH), 125 (CH), 

64.02 (CH), 58.2 (CH2), 53.2 (CH2), 45.3 (CH), 30.7 (CH2), 22.2 (CH2). 

HRMS (ESI, M+Na+): m/z calcd. for C18H19NNa 272.1410, found 272.1419. 

The analytical data are consistent with the literature.6 
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X-Ray crystallographic analysis: 
 
Crystal data and structure refinement for 7a: 
 

 
Identification code  7a  
Solvent  CH2Cl2  
CCDC 1907335   
Bond precision: C-C = 0.0134 A Wavelength=1.54184  
Cell: a= 17.8848(4) b= 7.37022(15) c= 25.6676(6) 
 alpha=90 beta= 107.315(3) gamma=90 
Temperature: 150 K   
 Calculated Reported  
Volume 3230.05(13) 3230.06(13)  
Space group P 21 P 1 21 1  
Hall group P 2yb P 2yb  
Moiety formula C18 H21 N O2 S 4(C18 H21 N O2 S)  
Sum formula C18 H21 N O2 S C72 H84 N4 O8 S4  
Mr 315.42 1261.67  
Dx, g cm-3 1.297 1.297  
Z 8 2  
Mu (mm-1) 1.829 1.829  
F000 1344.0 1344.0  
F000’ 1350.14   
h,k,l max 21,8,30 21,8,30  
 Nref 11002[ 5977] 10110  
Tmin,Tmax 0.728,0.694 0.399,1.000  
Tmin’ 0.661   
Correction method = Numerical   
Data completeness = 1.69/0.92 Theta(max)= 64.995  
R(reflections) = 0.0818( 8044) wR2(reflections)= 

0.2400( 10110) 
 

S = 1.038    
 Npar = 789   
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Crystal data and structure refinement for 7n: 

 
Identification code  7n  
Solvent  CH2Cl2  
CCDC 1907330   
Bond precision: C-C = 0.0071 A Wavelength=0.71073  
Cell: a= 10.6010(5) b= 11.7414(5) c= 12.8810(6) 
 alpha=90 beta= 90 gamma=90 
Temperature: 150 K   
 Calculated Reported  
Volume 1603.31(13) 1603.31(13)  
Space group P 21 21 21 P 21 21 21  
Hall group P 2ac 2ab P 2ac 2ab  
Moiety formula C16 H20 N O2 

S2 
C16 H20 N O2 S2  

Sum formula C16 H20 N O2 
S2 

C16 H20 N O2 S2  

Mr 322.45 322.45  
Dx, g cm-3 1.336 1.336  
Z 4 4  
Mu (mm-1) 0.336 0.336  
F000 684.0 684.0  
F000’ 685.24   
h,k,l max 12,13,15 12,13,15  
 Nref 2829[ 1631] 2741  
Tmin,Tmax 0.932,0.941 0.734,1.000  
Tmin’ 0.932   
Correction method = Numerical   
Data completeness = 1.68/0.97 Theta(max)= 24.989  
R(reflections) = 0.0622( 2511) wR2(reflections)= 

0.2092( 2741) 
 

S = 1.212    
 Npar = 192   
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Crystal data and structure refinement for 9a: 

 
 
Identification code  9a  
Solvent  CH2Cl2  
CCDC 1907333   
Bond precision: C-C =0.0059 A Wavelength=0.71073  
Cell: a=7.6838(3) b= 11.6378(7) c= 19.1666(13) 
 alpha=90 beta= 90 gamma=90 
Temperature: 150 K   
 Calculated Reported  
Volume 1713.93(17) 1713.92(16)  
Space group P 21 21 21 P 21 21 21  
Hall group P 2ac 2ab P 2ac 2ab  
Moiety formula C19 H23 N O2 S C19 H23 N O2 S  
Sum formula C19 H23 N O2 S C19 H23 N O2 S  
Mr 329.44 329.44  
Dx, g cm-3 1.277 1.277  
Z 4 4  
Mu (mm-1) 0.198 0.198  
F000 704.0 704.0  
F000’ 704.77   
h,k,l max 9,13,22 9,13,22  
 Nref 3016[ 1751] 2964  
Tmin,Tmax 0.964,0.990 0.886,1.000  
Tmin’ 0.960   
Correction method = Numerical   
Data completeness = 1.69/0.98 Theta(max)= 24.993  
R(reflections) = 0.0438( 2709) wR2(reflections)= 

0.1412( 2964) 
 

S = 1.210    
 Npar = 210   
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Crystal data and structure refinement for 9c: 

 
 

Identification code  9c  
Solvent  CH2Cl2  
CCDC 1907331   
Bond precision: C-C = 0.0055 A Wavelength=0.71073  
Cell: a= 8.0063(3) b= 12.0533(8) c= 19.6151(7) 
 alpha=90 beta= 90 gamma=90 
Temperature: 150 K   
 Calculated Reported  
Volume 1892.90(16) 1892.90(16)  
Space group P 21 21 21 P 21 21 21  
Hall group P 2ac 2ab P 2ac 2ab  
Moiety formula C21 H27 N O2 S C21 H27 N O2 S  
Sum formula C21 H27 N O2 S C21 H27 N O2 S  
Mr 357.50 357.49  
Dx, g cm-3 1.255 1.255  
Z 4 4  
Mu (mm-1) 0.185 0.185  
F000 768.0 768.0  
F000’ 768.79   
h,k,l max 9,14,23 9,14,23  
 Nref 3331[ 1927] 3261  
Tmin,Tmax 0.967,0.981 0.672,1.000  
Tmin’ 0.962   
Correction method = Numerical   
Data completeness = 1.69/0.98 Theta(max)= 24.998  
R(reflections) = 0.0487( 2885) wR2(reflections)= 

0.1204( 3261) 
 

S = 1.036    
 Npar = 230   
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Crystal data and structure refinement for 9d’: 

 
Identification code  9d’  
Solvent  CH2Cl2  
CCDC 1907332   
Bond precision: C-C = 0.0047 A Wavelength=0.71073  
Cell: a= 6.4626(3) b= 7.6863(3) c= 36.6394(17) 
 alpha=90 beta= 90 gamma=90 
Temperature: 150 K   
 Calculated Reported  
Volume 1820.01(14) 1820.01(14)  
Space group P 21 21 21 P 21 21 21  
Hall group P 2ac 2ab P 2ac 2ab  
Moiety formula C20 H23 N O3 S C20 H23 N O3 S  
Sum formula C20 H23 N O3 S C20 H23 N O3 S  
Mr 357.45 357.45  
Dx, g cm-3 1.304 1.305  
Z 4 4  
Mu (mm-1) 0.196 0.196  
F000 760.0 760.0  
F000’ 760.82   
h,k,l max 7,9,43 7,9,43  
 Nref 3192[ 1897] 3129  
Tmin,Tmax 0.959,0.971 0.891,1.000  
Tmin’ 0.959   
Correction method = Numerical   
Data completeness = 1.65/0.98 Theta(max)= 24.993  
R(reflections) = 0.0398( 2815) wR2(reflections)= 

0.0921( 3129) 
 

S = 1.042    
 Npar = 229   
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Crystal data and structure refinement for 9h: 

 
 

Identification code  9h  
Solvent  CH2Cl2  
CCDC 1907334   
Bond precision: C-C = 0.0038 A Wavelength=0.71073  
Cell: a= 9.2849(3) b= 11.8237(3) c= 19.1053(5) 
 alpha=90 beta= 90 gamma=90 
Temperature: 150 K   
 Calculated Reported  
Volume 2097.42(10) 2097.41(10)  
Space group P 21 21 21 P 21 21 21  
Hall group P 2ac 2ab P 2ac 2ab  
Moiety formula C25 H27 N O2 S C25 H27 N O2 S  
Sum formula C25 H27 N O2 S C25 H27 N O2 S  
Mr 405.54 405.53  
Dx, g cm-3 1.284 1.284  
Z 4 4  
Mu (mm-1) 0.176 0.176  
F000 864.0 864.0  
F000’ 864.83   
h,k,l max 11,14,22 11,14,22  
 Nref 3680[ 2112] 3654  
Tmin,Tmax 0.952,0.954 0.408,1.000  
Tmin’ 0.952   
Correction method = Numerical   
Data completeness = 1.73/0.99 Theta(max)= 24.998  
R(reflections) = 0.0355( 3451) wR2(reflections)= 

0.0847( 3654) 
 

S = 1.043    
 Npar = 263   
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Crystal data and structure refinement for 11: 
 

 
 

 
Identification code  11  
Solvent  CH2Cl2  
CCDC 1907336   
Bond precision: C-C = 0.0051 A Wavelength=0.71073  
Cell: a=9.7140(5) b=11.6951(5) c=16.9879(8) 
 alpha=90 beta= 90 gamma=90 
Temperature: 150 K   
 Calculated Reported  
Volume 1929.93(16) 1929.94(16)  
Space group P 21 21 21 P 21 21 21  
Hall group P 2ac 2ab P 2ac 2ab  
Moiety formula C20 H25 N O4 S C20 H25 N O4 S  
Sum formula C20 H25 N O4 S C20 H25 N O4 S  
Mr 375.47 375.47  
Dx, g cm-3 1.292 1.292  
Z 4 4  
Mu (mm-1) 0.192 0.192  
F000 800.0 800.0  
F000’ 800.86   
h,k,l max 11,13,20 11,13,20  
 Nref 3400[ 1954] 3354  
Tmin,Tmax 0.977,0.989 0.784,1.000  
Tmin’ 0.965   
Correction method = Numerical   
Data completeness = 1.72/0.99 Theta(max)= 24.999  
R(reflections) = 0.0438( 2959) wR2(reflections)= 

0.1013( 3354) 
 

S = 1.069    
 Npar = 239   
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