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General Procedures. Enantioselective addition reactions were carried out under 

nitrogen in round bottom flasks oven-dried overnight at 120 °C. Reactions were 

monitored by TLC analysis using Merck Silica Gel 60 F-254 thin layer plates. Flash 

column chromatography was performed on Merck silica gel 60, 0.040-0.063 mm.  

 

Materials. Dimethylzinc, 2 M solution in toluene, and alkynes were purchased from 

Aldrich and used without further purification. Toluene was distilled from CaH2 and 

stored on 4 Å molecular sieves. N-sulfonyl aldimines were prepared from the 

corresponding aldehyde and the sulfonamide following a general protocol.[1] 

 

Instrumentation. 1H NMR were run at 300 MHz for 1H and at 50 MHz for 13C NMR in 

a Bruker Avance 300 spectrometer in the deuterated solvents as stated, using residual 

non-deuterated solvent as internal standard. Chemical shifts (δ) are reported in ppm. 

The carbon type was determined by DEPT experiments. Specific optical rotations were 

measured in a Perkin-Elmer polarimeter using sodium light (D line 589 nm). Mass 

spectra were recorded on a Fisons Instruments VG Autospec GC 8000 series at 70 eV 

ionizing voltage (EI). Chiral HPLC analyses were performed in a Hitachi Elite Lachrom 

instrument equipped with a Hitachi UV diode-array L-4500 detector using chiral 

stationary columns from Daicel. Retention times are given in min. 

 



 

 

General experimental procedure for the enantioselective alkynylation: 

a) Concentrated conditions (Tables 3 and 4) 

A  2 M solution of Me2Zn in toluene (0.375 mL, 0.75 mmol) was added dropwise to 

pure alkyne 1 (0.9 mmol) at room temperature under argon. After stirring for 1 h, a 

solution of  ligand L6 (17.7 mg, 0.025 mmol) in toluene (0.1 mL) was added via syringe. 

After 15 min, a solution of  imine 2 (0.125 mmol) in toluene (0.225 mL) was added via 

syringe and the solution was stirred until the reaction was complete (TLC). The reaction 

mixture was quenched with 1 M aqueous HCl (15 mL), extracted with CH2Cl2 (3 × 10 

mL), dried over MgSO4 and concentrated under reduced pressure. Purification by flash 

chromatography on silica gel afforded compound 3.  

 

b) Diluted conditions (Tables 1 and 2, and racemics) 

A  2 M solution of Me2Zn in toluene (0.375 mL, 0.75 mmol) was added dropwise to a 

solution of alkyne 1 (0.9 mmol) in toluene (0.25 mL) at room temperature under argon. 

After stirring for 1h, a solution of  the ligand L (0.025 mmol) in toluene (0.5 mL) was 

added via syringe. After 15 min, a solution of  imine 2 (0.125 mmol) in toluene (0.25 

mL) was added via syringe and the solution was stirred until the reaction was complete 

(TLC). Work up as described above gave compound 3.  

This procedure was also used for the preparation of racemic 3, with ligand (±)L1. 

 

 (S)-1,3-Diphenyl-N-tosylprop-2-yn-1-amine (3aa).[2]  
 

NHSO2 CH3

 
 

Prepared starting from phenylacetylene (1a, 97 µL, 0.9 mmol) and imine 2a (32.3 mg, 

0.125 mmol). Purification by flash column chromatography (hexane/diethyl ether 90:10 

to 80:20) afforded pure 3aa. Yield 38.5 mg (0.107 mmol, 85 %); mp 214-215 °C; 

enantiomeric excess (98%) was determined by HPLC (Chiralcel OD-H), hexane:i-PrOH 

80:20, 0.3 mL/min,  major enantiomer tr = 23.4 min, minor enantiomer tr = 27.5 min; 



[α]D
25  –90.7 (c 1.0, CHCl3, ee 98%); 1H NMR (CDCl3) δ 2.25 (s, 3H), 4.82 (d, J = 9.0 

Hz, 1H), 5.50 (d, J = 9.0 Hz, 1H), 7.05 (dd, J = 8.0, 1.5 Hz, 2H), 7.15-7.29 (m, 8H), 

7.49 (d, J = 8.0, 1.5 Hz, 2H), 7.75 (d, J = 8.5 Hz, 2H); 13C NMR (CDCl3) δ 21.4 (CH3), 

49.8 (CH), 85.4 (C), 86.7 (C), 121.9 (C), 127.3 (CH), 127.5 (CH), 128.1 (CH), 128.5 

(CH), 128.6 (CH), 128.7 (CH), 129.6 (CH), 131.6 (CH), 137.32 (C), 137.34 (C), 143.6 

(C); 1H NMR (DMSO) δ 2.31 (s, 3H), 5.48 (d, J = 9.0 Hz, 1H), 7.05 (dd, J = 8.0, 1.5 Hz, 

2H), 7.28-7.42 (m, 8H), 7.51 (d, J = 8.0 Hz, 2H), 7.79 (d, J = 8.5 Hz, 2H), 8.70 (d, J = 

9.0 Hz, 1H); 13C NMR (DMSO) δ 20.9 (CH3), 48.6 (CH), 85.0 (C), 86.9 (C), 121.5 (C), 

126.9 (CH), 127.1 (CH), 127.9 (CH), 128.4 (CH), 128.5 (CH), 128.6 (CH), 129.3 (CH), 

131.1 (CH), 138.1 (C), 138.3 (C), 142.6 (C); MS (EI) 361 (M+, 0.3), 222 (20), 206 (100), 

191 (24) 105 (2), 91 (3); HRMS 361.114372, C22H19NO2S requires 361.11365. 

 

 (S)-N- (4-Methoxyphenylsulfonyl)-1,3-diphenylprop-2-yn-1-amine (3ab).  

 

NHSO2 OCH3

 
 

Prepared starting from phenylacetylene (1a, 97 µL, 0.9 mmol) and imine 2b (32.5 mg, 

0.125 mmol). Purification by flash column chromatography (hexane/diethyl ether 90:10 

to 80:20) afforded pure 3ab. Yield 40.5 mg (0.107 mmol, 86 %); mp 185-186 °C; 

enantiomeric excess (90%) was determined by HPLC (Chiralpack AD-H), hexane:i-

PrOH 90:10, 1.0 mL/min,  major enantiomer tr = 22.1 min, minor enantiomer tr = 26.8 

min; [α]D
25   –78.5 (c 0.4, CHCl3, ee 90%); 1H NMR (DMSO) δ 3.75 (s, 3H), 5.45 (d, J 

= 9.6 Hz, 1H), 7.05 (d, J = 9.0 Hz, 2H), 7.11 (dd, J = 7.5, 1.6 Hz, 2H), 7.31-7.41 (m, 

6H), 7.50 (d, J = 7.2 Hz, 2H), 7.82 (d, J = 9.0 Hz, 2H), 8.62 (d, J = 9.6 Hz, 1H); 13C 

NMR (DMSO) δ 49.0 (CH), 55.9 (CH3), 85.4 (C), 87.4 (C), 114.4 (CH), 122.0 (C), 

127.5 (CH), 128.3 (CH), 128.8 (CH), 128.9 (CH), 129.1 (CH), 129.4 (CH), 131.6 (CH), 

133.0 (C), 138.8 (C), 162.6 (C); MS (EI) 377 (M+, 0.1), 206 (100), 191 (42), 155 (18), 

77 (19); HRMS 377.108772, C22H19NO3S requires 377.10856 

 

 

 



 (S)-N- (4-Chlorophenylsulfonyl)-1,3-diphenylprop-2-yn-1-amine (3ac).  

 

NHSO2 Cl

 
Prepared starting from phenylacetylene (1a, 0.97 µL, 0.9 mmol) and imine 2c (32.5 mg, 

0.125 mmol). Purification by flash column chromatography (hexane/diethyl ether 90:10 

to 80:20) afforded pure 3ac. Yield 38.9 mg (0.102 mmol, 82%); mp 148-149 °C, 

enantiomeric excess (89%) was determined by HPLC (Chiralcel OD-H), hexane:i-PrOH 

90:10, 1.0  mL/min,  major enantiomer tr = 11.3 min, minor enantiomer tr = 13.6 min; 

[α]D
25   –62.7 (c 1.2, CHCl3, ee 89%); 1H NMR (CDCl3) δ 5.04 (d, J = 9.0 Hz, 1H), 5.51 

(d, J = 9.0 Hz, 1H), 7.05 (dd, J = 7.8, 1.6 Hz, 2H), 7.17-7.33 (m, 8H), 7.47 (d, J = 7.8 

Hz, 2H), 7.77 (d, J = 8.7 Hz, 2H); 13C NMR (CDCl3) δ 49.9 (CH), 85.1 (C), 87.1 (C), 

121.6 (C), 127.3 (CH), 128.3 (CH), 128.6 (CH), 128.8 (CH), 128.8 (CH), 128.9 (CH), 

129.2 (CH), 131.5 (CH), 137.0 (C), 138.9 (C), 139.3 (C); MS (EI) 380 (M+ – 1, 0.2), 

222 (17), 206 (100), 191 (42), 189 (13), 178 (20); HRMS 380.0511, C21H15ClNO2S 

requires 380.0590;  

 

 (S)-N- (4-Nitrophenylsulfonyl)-1,3-diphenylprop-2-yn-1-amine (3ad).[2]  

 

NHSO2 NO2

 
 

Prepared starting from phenylacetylene (1a, 0.97 µL, 0.9 mmol) and imine 2c (36.3 mg, 

0.125 mmol). Purification by flash column chromatography (hexane/diethyl ether 80:20 

to 70:30) afforded 3ad. Yield 38.2 mg (0.097 mmol, 78%); mp 158-159 °C; 

enantiomeric excess (87%) was determined by HPLC (Chiralcel OD-H), hexane:i-PrOH 

80:20, 0.5 mL/min,  major enantiomer tr = 25.0 min, minor enantiomer tr = 30.7 min; 

[α]D
25   –64.6 (c 0.7, CHCl3, ee 87%); 1H NMR (CDCl3) δ 5.20 (d, J = 9.0 Hz, 1H), 5.65 

(d, J = 9.0 Hz, 1H), 7.09 (dd, J = 8.1, 1.5 Hz, 2H), 7.21-7.38 (m, 6H), 7.52-7.55 (m, 

2H), 8.07 (d, J = 9.0 Hz, 2H), 8.20 (d, J = 9.0 Hz, 2H); 13C NMR (CDCl3) δ 50.1 (CH), 



84.7 (C), 87.5 (C), 121.2 (C), 124.0 (CH), 127.4 (CH), 128.4 (CH), 128.7 (CH), 128.9 

(CH), 129.1 (CH), 131.3 (CH), 136.5 (C), 146.1 (C), 149.8 (C); 1H NMR (DMSO) δ 

5.60 (d, J = 9.0 Hz, 1H), 7.08 (dd, J = 8.0, 1.5 Hz, 2H), 7.25-7.40 (m, 6H), 7.51 (d, J = 

8.0 Hz, 2H), 8.12 (d, J = 9.0 Hz, 2H), 8.33 (d, J = 9.0 Hz, 2H), 9.18 (d, J = 9.0 Hz, 1H) 
13C NMR (DMSO) δ 48.9 (CH), 85.6 (C), 86.4 (C), 121.1 (C), 124.2 (CH), 127.2 (CH), 

128.2 (CH), 128.4 (CH), 128.5 (CH), 128.6 (CH),128.9 (CH), 131.0 (CH), 137.6 (C); 

MS (EI) 392 (M+, 0.1), 222 (19), 206 (100), 191 (49), 189 (16), 178 (28); HRMS 

392.0832, C21H16N2O4S requires 392.0831; 

 

 (S)-1,3-Diphenyl-N- (thien-2-ylsulfonyl)prop-2-yn-1-amine (3ae).  

 

NHSO2 S

 
Prepared starting from phenylacetylene (1a, 0.97 µL, 0.9 mmol) and imine 2e (32.5 mg, 

0.125 mmol). Purification by flash column chromatography (hexane/diethyl ether 90:10 

to 80:20) afforded pure 3ae. Yield 36.2 mg (0.102 mmol, 82%); mp 142-143 °C, 

enantiomeric excess (91%) was determined by HPLC (Chiralcel OD-H), hexane:i-PrOH 

90:10, 1.0 mL/min,  major enantiomer tr = 14.1 min, minor enantiomer tr = 18.1min; 

[α]D
25   –57.5 (c 1.1, CHCl3, ee 91%); 1H NMR (CDCl3) δ 5.11 (d, J = 9.0 Hz, 1H), 5.62 

(d, J = 9.0 Hz, 1H), 7.03 (dd, J = 5.1, 3.9 Hz, 1H), 7.24-7.40 (m, 8H), 7.54-7.58 (m, 

3H), 7.69 (dd, J = 3.9, 1.2 Hz, 1H); 13C NMR (CDCl3) δ 50.0 (CH), 85.1 (C), 86.6 (C), 

121.9 (C), 127.3 (CH), 127.4 (CH), 128.2 (CH), 128.6 (CH), 128.7 (CH), 128.8 (CH), 

131.6 (CH), 132.3 (CH), 132.9 (CH), 137.2 (C), 141.1 (C); MS (EI) 353 (M+, 0.3), 288 

(43), 207 (18), 206 (100), 191 (94), 184 (68), 178 (47), HRMS 353.054446, 

C19H15NO2S2  requires 353.05442;  

 

 (S)-3-Phenyl-1- (p-tolyl)-N-tosylprop-2-yn-1-amine (3af).[2,3]  

  

NHSO2 CH3

CH3
 



Prepared starting from phenylacetylene (1a, 0.97 µL, 0.9 mmol) and imine 2f (32.5 mg, 

0.125 mmol). Purification by flash column chromatography (hexane/diethyl ether 90:10 

to 80:20) afforded 3af. Yield 38.9 mg (0.103 mmol, 93%); mp 225-226 °C; 

enantiomeric excess (92%) was determined by HPLC (Chiralcel OD-H), hexane:i-PrOH 

90:10, 1.0 mL/min, major enantiomer tr = 11.9 min, minor enantiomer tr = 14.2 min; 

[α]D
25  –82.2 (c 1.0, CHCl3, ee 92%); 1H NMR (CDCl3) δ 2.24 (s, 3H), 2.27 (s, 3H), 

4.83 (d, J = 9.0 Hz, 1H), 5.45 (d, J = 9.0 Hz, 1H), 7.02-7.09 (m, 4H), 7.14-7.21 (m, 5H), 

7.36 (d, J = 8.1 Hz, 2H), 7.74 (d, J = 8.4 Hz, 2H); 13C NMR (CDCl3) δ 21.1 (CH3), 21.4 

(CH3), 49.5 (CH), 85.6 (C), 86.5 (C), 122.0 (C), 127.2 (CH), 127.5 (CH), 128.1 (CH), 

128.5 (CH), 129.4 (CH), 129.5 (CH), 131.5 (CH), 134.4 (C), 137.4 (C), 138.3 (C), 

143.5 (C); MS (EI) 375 (M+, 0.2), 360 (0.1), 310 (5), 236 (16), 220 (100); HRMS 

375.1308, C23H21NO2S requires 375.1293; 

  

(S)-3-Phenyl-1- (m-tolyl)-N-tosylprop-2-yn-1-amine (3ag).  

 

NHSO2 CH3

CH3  
Prepared starting from phenylacetylene (1a, 0.97 µL, 0.9 mmol) and imine 2g (32.5 mg, 

0.125 mmol). Purification by flash column chromatography (hexane/diethyl ether 90:10 

to 80:20) afforded pure 3ag. Yield 40.8 mg (0.109 mmol, 87%); mp 186-187 °C; 

enantiomeric excess (95%) was determined by HPLC (Chiralcel OD-H), hexane:i-PrOH 

90:10, 1.0 mL/min,  major enantiomer tr = 9.9 min, minor enantiomer tr = 12.9 min; 

[α]D
25   –80.4 (c 1.3, CHCl3, ee 95%); 1H NMR (CDCl3) δ 2.32 (s, 3H), 2.34 (s, 3H), 

4.90 (d, J = 9.0 Hz, 1H), 5.52 (d, J = 9.0 Hz, 1H), 7.10-7.13 (m, 3H), 7.21-7.36 (m, 8H),  

7.81 (d, J = 8.1 Hz, 2H); 13C NMR (CDCl3) δ 21.3 (CH3), 21.4 (CH3), 49.8 (CH), 85.6 

(C), 86.5 (C), 122.0 (C), 124.3 (CH), 127.5 (CH), 128.0 (CH), 128.1 (CH), 128.5 (CH), 

128.6 (CH), 129.2 (CH), 129.5 (CH), 131.5 (CH), 137.2 (C), 137.4 (C), 138.5 (C), 

143.5 (C); MS (EI) 375 (M+, 0.5), 360 (0.3), 310 (5), 236 (18), 220 (100); HRMS 

375.1302, C23H21NO2S requires 375.1293; 

 

 

 



 (S)-3-Phenyl-1- (o-tolyl)-N-tosylprop-2-yn-1-amine (3ah).  

  

NHSO2 CH3

CH3
 

 

Prepared starting from phenylacetylene (1a, 0.97 µL, 0.9 mmol) and imine 2h (32.5 mg, 

0.125 mmol). Purification by flash column chromatography (hexane/diethyl ether 90:10 

to 80:20) afforded pure 3ah. Yield 37.5 mg (0.100 mmol, 80%); mp 219-220 °C; 

enantiomeric excess (99%) was determined by HPLC (Chiralcel OD-H), hexane:i-PrOH 

90:10, 1.0 mL/min,  major enantiomer tr = 8.1 min, minor enantiomer tr = 12.0 min; 

[α]D
25   –72.2 (c 1.0, CHCl3, ee 99%); 1H NMR (CDCl3) δ 2.28 (s, 3H), 2.49 (s, 3H), 

4.74 (d, J = 9.0 Hz, 1H), 5.70 (d, J = 9.0 Hz, 1H), 7.06 (dd, J = 8.1, 1.5 Hz, 2H), 7.17-

7.29 (m, 8H), 7.57 (d, J = 7.2 Hz, 1H), 7.81 (d, J = 8.4 Hz, 2H); 13C NMR (CDCl3) δ 

19.1 (CH3), 21.4 (CH3), 47.6 (CH), 85.6 (C), 86.6 (C), 122.0 (C), 126.3 (CH), 127.4 

(CH), 127.6 (CH), 128.0 (CH), 128.5 (CH), 128.8 (CH), 129.5 (CH), 131.1 (CH), 131.5 

(CH), 135.2 (C), 136.5 (C), 137.4 (C), 143.5 (C); MS (EI) 375 (M+, 2), 360 (9), 236 

(32), 220 (100); HRMS 375.1298, C23H21NO2S requires 375.1293. 

 

 (S)-1- (4-Methoxyphenyl)-3-phenyl-N-tosylprop-2-yn-1-amine (3ai).[2]  

  

NHSO2 CH3

CH3O
 

Prepared starting from phenylacetylene (1a, 0.97 µL, 0.9 mmol) and imine 2i (32.5 mg, 

0.125 mmol). Purification by flash column chromatography (hexane/diethyl ether 90:10 

to 80:20) afforded pure 3ai. Yield 37.6 mg (0.096 mmol, 77%); mp 194-195 °C; 

enantiomeric excess (87%) was determined by HPLC (Chiralcel OD-H), hexane:i-PrOH 

90:10, 1.0  mL/min,  major enantiomer tr = 22.1 min, minor enantiomer tr = 26.8 min;  

[α]D
25   –64.9 (c 1.0, CHCl3, ee 87%); 1H NMR (CDCl3) δ 2.32 (s, 3H), 3.80 (s, 3H), 

4.90 (d, J = 9.0 Hz, 1H), 5.51 (d, J = 9.0 Hz, 1H), 6.87 (d, J = 9.0 Hz, 2H), 7.11 (dd, J = 

9.0, 3.0 Hz, 2H), 7.22-7.30 (m, 5H), 7.47 (d, J = 9.0 Hz, 2H), 7.81 (d, J = 9.0 Hz, 2H); 



13C NMR (CDCl3) δ 21.4 (CH3), 49.3 (CH), 55.3 (CH3), 85.7 (C), 86.5 (C), 114.0 (CH), 

122.0 (C), 127.5 (CH), 128.1 (CH), 128.5 (CH), 128.6 (CH), 129.5 (C), 129.6 (CH), 

131.5 (CH), 137.4 (C), 143.5 (C), 159.7 (C); MS (EI) 391 (M+, 1), 326 (12), 289 (17), 

236 (100), 221 (52); HRMS 391.1243, C23H21NO3S requires 391.1242. 

 

 (S)-1- (4-Bromophenyl)-3-phenyl-N-tosylprop-2-yn-1-amine (3aj).  

  

NHSO2 CH3

Br
 

 

Prepared starting from phenylacetylene (1a, 0.97 µL, 0.9 mmol) and imine 2c (42.3 mg, 

0.125 mmol). Purification by flash column chromatography (hexane/diethyl ether 90:10 

to 80:20) afforded 3aj. Yield 47.1 mg (0.107 mmol, 86%);mp 231-232 °C; enantiomeric 

excess (100%) was determined by HPLC (Chiralcel AS-H), hexane:i-PrOH 85:15, 1.0 

mL/min,  major enantiomer tr = 35.1 min, minor enantiomer tr = 41.7 min; [α]D
25   –77.0 

(c 0.23, CHCl3, ee 100%); 1H NMR (DMSO) δ 2.31 (s, 3H), 5.49 (d, J = 9.0 Hz, 1H), 

7.08 (dd, J = 8.1, 1.5 Hz, 2H), 7.30-7.36 (m, 5H), 7.44 (d, J = 8.4 Hz, 2H), 7.58 (d, J = 

8.7 Hz, 2H), 7.75 (d, J = 8.4 Hz, 2H), 8.74 (d, J = 9.3 Hz, 1H); 13C NMR (DMSO) δ 

20.8 (CH3), 48.1 (CH), 85.2 (C), 86.4 (C), 121.1 (C), 121.3 (C), 126.8 (CH), 128.4 

(CH), 128.7 (CH), 129.3 (CH), 129.4 (CH), 131.2 (CH), 131.4 (CH), 137.8 (C), 138.0 

(C), 142.7 (C); MS (EI) 441, 439 (M+, 0.1), 360 (4), 284 (72), 91 (100); HRMS 

439.0256, C22H18BrNO2S requires 439.0242. 

 

 (S)-1- (4-Fluorophenyl)-3-phenyl-N-tosylprop-2-yn-1-amine (3ak).  

  

NHSO2 CH3

F
 

Prepared starting from phenylacetylene (1a, 0.97 µL, 0.9 mmol) and imine 2k (33.0 mg, 

0.125 mmol). Purification by flash column chromatography (hexane/diethyl ether 90:10 

to 80:20) afforded 3ak. Yield 40.7 mg (0.107 mmol, 86%); mp 214-215 °C; 



enantiomeric excess (90%) was determined by HPLC (Chiralcel OD-H), hexane:i-PrOH 

95:5, 0.7 mL/min,  major enantiomer tr = 29.5 min, minor enantiomer tr = 32.7 min; 

[α]D
25   –105.8 (c 0.2, CHCl3, ee 90%); 1H NMR (DMSO) δ 2.31 (s, 3H), 5.50 (d, J = 

6.9 Hz, 1H), 7.08 (dd, J = 7.8, 1.9 Hz, 2H), 7.21 (t, J = 8.9 Hz, 2H), 7.29-7.35 (m, 5H), 

7.53 (m, 2H), 7.76 (d, J = 8.4 Hz, 2H); 13C NMR (DMSO) δ 20.8 (CH3), 48.0 (CH), 

85.1 (C), 86.7 (C), 115.2 (d, 2JC-F = 21.8 Hz), 121.4 (C), 126.9 (CH), 128.4 (CH), 128.7 

(CH), 129.2 (d, 3JC-F = 8.3 Hz), 129.3 (CH), 131.1 (CH), 134.7 (d, 4JC-F = 3.0 Hz), 138.1 

(C), 142.7 (C), 161.6 (d, 1J C-F = 243 Hz); MS (EI) 379 (M+, 0.3), 314 (7), 274 (6), 240 

(20), 224 (100); HRMS 379.1045, C22H18FNO2S requires 379.1042. 

 

 (S)-1- (2-Fluorophenyl)-3-phenyl-N-tosylprop-2-yn-1-amine (3al).  

  

NHSO2 CH3

F
 

 

Prepared starting from phenylacetylene (1a, 0.97 µL, 0.9 mmol) and imine 2l (32.5 mg, 

0.125 mmol). Purification by flash column chromatography (hexane/diethyl ether 90:10 

to 80:20) afforded pure 3al. Yield 36.9  mg (0.097 mmol, 78%); mp 211-212 °C; 

enantiomeric excess (88%) was determined by HPLC (Chiralcel OD-H), hexane:i-PrOH 

95:5, 1.0 mL/min,  major enantiomer tr = 20.2 min, minor enantiomer tr = 25.2 min; 

[α]D
25   –38.2 (c 0.2, CHCl3, ee 88%); 1H NMR (DMSO) δ 2.29 (s, 3H), 5.65 (d, J = 9.0 

Hz, 1H), 7.08 (dd, J = 7.8, 1.8 Hz, 2H), 7.20-7.38 (m, 8H), 7.62 (td, J = 7.8, 1.8 Hz, 

1H), 7.75 (d, J = 8.4 Hz, 2H), 8.76 (d, J = 9.0 Hz, 1H); 13C NMR (DMSO) δ 20.8 (CH3), 

42.7 (CH), 84.7 (C), 85.8 (C), 115.5 (d, 2JC-F = 20.3 Hz), 121.2 (C), 124.6 (d, 3JC-F = 3.8 

Hz), 125.4 (d, 2JC-F = 13.5 Hz), 126.8 (CH), 128.4 (CH), 127.8 (CH), 129.1 (d, 4JC-F = 

3.0 Hz), 129.3 (CH), 130.4 (d, 3JC-F = 8.3 Hz), 131.2 (CH), 137.9 (C), 142.7 (C), 158.9 

(d, 1J C-F = 146 Hz); MS (EI) 379 (M+, 0.3), 314 (3), 274 (4), 240 (13), 224 (100); 

HRMS 379.1054, C22H18FNO2S requires 379.1042. 

 

 

 

 



 (S)-1- (Naphthalen-2-yl)-3-phenyl-N-tosylprop-2-yn-1-amine (3am).[2]  

 

NHSO2 CH3

 
Prepared starting from phenylacetylene (1a, 0.97 µL, 0.9 mmol) and imine 2m (38.5 

mg, 0.125 mmol). Purification by flash column chromatography (hexane/diethyl ether 

90:10 to 80:20) afforded pure 3am. Yield 41.6 mg (0.101 mmol, 81%); mp 214-215 °C; 

enantiomeric excess (84%) was determined by HPLC (Chiralcel OD-H), hexane:i-PrOH 

95:5, 0.5 mL/min,  major enantiomer tr = 83.4 min, minor enantiomer tr = 92.8 min; 

[α]D
25   –64.7 (c 0.5, CHCl3, ee 84%); 1H NMR (DMSO) δ 2.27 (s, 3H), 5.65 (d, J = 9.3 

Hz, 1H), 7.11-7.14 (m, 2H), 7.30-7-36 (m, 5H), 7.54 (d, J = 9.3 Hz, 1H), 7.54 (dd, J = 

3.0, 1.5 Hz, 1H), 7.63 (dd, J = 8.4, 1.5 Hz, 1H), 7.79 (d, J = 8.4 Hz, 2H), 7.90-7.98 (m, 

4H), 8.81 (d, J = 9.3 Hz, 1H); 13C NMR (DMSO) δ 20.8 (CH3), 48.9 (CH), 85.3 (C), 

86.8 (C), 121.5 (C), 125.3 (CH), 125.6 (CH), 126.3 (CH), 126.4 (CH), 126.9 (CH), 

127.5 (CH), 127.9 (CH), 128.3 (CH), 128.4 (CH), 128.7 (CH), 129.3 (CH), 131.2 (CH), 

132.4 (C), 132.5 (C), 135.7 (C), 138.1 (C), 142.6 (C); MS (EI) 411 (M+, 6), 346 (6), 309 

(2), 272 (11), 256 (100); HRMS 411.1298, C26H21NO2S requires 411.1293. 

 

 (R)-1- (Furan-2-yl)-3-phenyl-N-tosylprop-2-yn-1-amine (3an).  

NHSO2 CH3

O

 
Prepared starting from phenylacetylene (1a, 0.97 µL, 0.9 mmol) and imine 2n (30.0 mg, 

0.125 mmol). Purification by flash column chromatography (hexane/diethyl ether 90:10 

to 80:20) afforded pure 3an. Yield 32.9 mg (0.094 mmol, 74%); mp 185-186 °C; 

enantiomeric excess (91%) was determined by HPLC (Chiralcel OD-H), hexane:i-PrOH 

90:10, 1.0 mL/min,  major enantiomer tr = 12.7 min, minor enantiomer tr = 14.8 min; 

[α]D
25   –61.1 (c 1.1, CHCl3, ee 91%); 1H NMR (CDCl3) δ 2.24 (s, 3H), 5.01 (d, J = 9.3 

Hz, 1H), 5.53 (d, J = 9.3 Hz, 1H), 6.22 (dd, J = 3.3, 1.8 Hz, 1H), 6.31 (d, J = 3.3 Hz, 

1H), 7.07 (dd, J = 8.4, 1.8 Hz, 2H), 7.14-7.27 (m, 6H), 7.72 (d, J = 8.4 Hz, 2H); 13C 

NMR (CDCl3) δ 21.4 (CH3), 44.9 (CH), 83.4 (C), 85.3 (C), 108.4 (CH), 110.4 (CH), 



121.7 (C), 127.4 (CH), 128.1 (CH), 128.7 (CH), 129.5 (CH), 131.6 (CH), 137.3 (C), 

143.2 (CH), 143.6 (C), 149.5 (C); MS (EI) 351 (M+, 0.4), 303 (2), 286 (9), 246 (21), 

212 (31), 196 (100); HRMS 351.0928, C20H17NO3S requires 351.0929. 

 

 (R)-1- (Furan-3-yl)-3-phenyl-N-tosylprop-2-yn-1-amine (3ao).  

  

NHSO2 CH3

O

 
Prepared starting from phenylacetylene (1a, 0.97 µL, 0.9 mmol) and imine 2o (30.0 mg, 

0.125 mmol). Purification by flash column chromatography (hexane/diethyl ether 90:10 

to 80:20) afforded 3ao. Yield 33.6 mg (0.094 mmol, 75%); mp 160-161 °C; 

enantiomeric excess (64%) was determined by HPLC (Chiralcel OD-H), hexane:i-PrOH 

90:10, 1.0 mL/min,  major enantiomer tr = 12.0 min, minor enantiomer tr = 13.7 min; 

[α]D
25   –65.3 (c 1.1, CHCl3, ee 64%); 1H NMR (CDCl3) δ 2.25 (s, 3H), 4.84 (d, J = 9.3 

Hz, 1H), 5.38 (dd, J = 9.3, 0.9 Hz, 1H), 6.39 (d, J = 1.2 Hz, 1H), 7.03 (dd, J = 8.4, 1.2 

Hz, 2H), 7.15-7.23 (m, 5H), 7.31 (t, J = 1.8 Hz, 1H), 7.43 (d, J = 0.9 Hz, 1H), 7.75 (d, J 

= 8.4 Hz, 2H); 13C NMR (CDCl3) δ 21.4 (CH3), 42.5 (CH), 84.8 (C), 85.0 (C), 109.5 

(CH), 121.7 (C), 123.8 (C), 127.5 (CH), 128.1 (CH), 128.7 (CH), 129.6 (CH), 131.5 

(CH), 137.3 (C), 140.8 (CH), 143.7 (C), 143.9 (CH); MS (EI) 351 (M+, 6), 286 (2), 212 

(6), 196 (100); HRMS 351.0927, C20H17NO3S requires 351.0929. 

 

 (R)–3-Phenyl-1- (thien-2-yl)-N-tosylprop-2-yn-1-amine (3ap).  

 

NHSO2 CH3

S

 
Prepared starting from phenylacetylene (1a, 0.97 µL, 0.9 mmol) and imine 2p (33.1 mg, 

0.125 mmol). Purification by flash column chromatography (hexane/diethyl ether 90:10 

to 80:20) afforded pure 3ap. Yield 33.0 mg (0.090 mmol, 72%); mp 206-207 °C; 

enantiomeric excess (78%) was determined by HPLC (Chiralcel OD-H), hexane:i-PrOH 

90:10, 1.0 mL/min,  major enantiomer tr = 12.6 min, minor enantiomer tr = 14.3 min; 



[α]D
25   –84.0 (c 0.5, CHCl3, ee 78%); 1H NMR (CDCl3) δ 2.25 (s, 3H), 4.98 (d, J = 9.3 

Hz, 1H), 5.68 (d, J = 9.3 Hz, 1H), 6.87 (dd, J = 5.1, 3.6 Hz, 1H), 7.07 (dd, J = 8.1, 1.8 

Hz, 2H), 7.11 (dt, J = 3.6, 1.2 Hz, 1H),  7.16-7.24 (m, 6H), 7.75 (d, J = 8.4 Hz, 2H); 13C 

NMR (CDCl3) δ 21.4 (CH3), 45.8 (CH), 85.2 (C), 85.8 (C), 121.6 (C), 126.3 (CH), 

126.4 (CH), 126.9 (CH), 127.5 (CH), 128.1 (CH), 128.8 (CH), 129.6 (CH), 131.6 (CH), 

137.2 (C), 141.4 (C), 143.7 (C); MS (EI) 367 (M+, 0.2), 302 (5), 262 (10), 228 (17), 212 

(100); HRMS 367.0700, C20H17NO2S2 requires 367.0701. 

 

 (R)-3-Phenyl-1- (thien-3-yl)-N-tosylprop-2-yn-1-amine (3aq).  

  

NHSO2 CH3

S

 
 

 

Prepared starting from phenylacetylene (1a, 0.97 µL, 0.9 mmol) and imine 2q (33.1 mg, 

0.125 mmol). Purification by flash column chromatography (hexane/diethyl ether 90:10 

to 80:20) afforded pure 3aq. Yield 34.4 mg (0.094 mmol, 75%); mp 193-194 °C; 

enantiomeric excess (81%) was determined by HPLC (Chiralcel OD-H), hexane:i-PrOH 

90:10, 1.0 mL/min,  major enantiomer tr = 13.0 min, minor enantiomer tr = 15.0 min; 

[α]D
25   –45.7 (c 0.8, CHCl3, ee 81%); 1H NMR (CDCl3) δ 2.24 (s, 3H), 4.92 (d, J = 9.0 

Hz, 1H), 5.50 (d, J = 9.0 Hz, 1H), 7.04 (dd, J = 8.1, 1.8 Hz, 2H),  7.09 (dd, J = 5.1, 1.2 

Hz, 1H), 7.15-7.24 (m, 6H), 7.32 (m, 1H), 7.74 (d, J = 8.4 Hz, 2H);13C NMR (CDCl3) δ 

21.4 (CH3), 45.8 (CH), 85.5 (C), 121.8 (C), 123.4 (CH), 126.7 (CH), 126.8 (CH), 127.5 

(CH), 128.1 (CH), 128.6 (CH), 129.6 (CH), 131.5 (CH), 137.3 (C), 138.6 (C), 143.6 

(C); 1H NMR (DMSO) δ 2.08 (s, 3H), 5.54 (s, 1H), 7.16 (dd, J = 5.0, 3.8 Hz, 1H), 7.23-

7.42 (m, 9H), 7.32 (m, 1H), 7.70 (dd, J = 3.8, 1.4 Hz, 1H), 7.92 (dd, J = 5.0, 1.4 Hz, 

1H), 9.04 (s, 1H); 13C NMR (DMSO) δ 30.6 (CH3), 48.8 (CH), 84.8 (C), 86.8 (C), 121.6 

(C), 127.0 (CH),127.5 (CH), 128.0 (CH), 128.5 (CH), 128.7 (CH), 131.3 (CH), 132.2 

(CH), 132.7 (CH),  138.3 (C), 141.7 (C); MS (EI) 367 (M+, 6), 302 (5), 262 (2), 228 

(14), 212 (100); HRMS 367.0703, C20H17NO2S2 requires 367.0701. 

 

 



 (S)-1,5-Diphenyl-N-tosylpent-1-yn-3-amine (3ar).  

 

NHSO2 CH3

 
 

Prepared starting from phenylacetylene (1a, 0.97 µL, 0.9 mmol) and imine 2r (35.9 mg, 

0.125 mmol). Purification by flash column chromatography (hexane/diethyl ether 90:10 

to 80:20) afforded pure  3ar. Yield 41.7 mg (0.107 mmol, 86%);mp 173-174 °C; 

enantiomeric excess (18%) was determined by HPLC (Chiralcel OD-H), hexane:i-PrOH 

90:10, 1.0 mL/min,  minor enantiomer tr = 13.5 min, major enantiomer tr = 20.5 min; 

[α]D
25   –10.7 (c 1.1, CHCl3, ee 18%); 1H NMR (CDCl3) δ 1.98 (m, 2H), 2.24 (s, 3H), 

2.75 (t, J = 7.8 Hz, 2H), 4.20 (t, J = 6.9 Hz, 1H), 6.98 (dd, J = 8.1, 1.5 Hz, 2H), 7.10-

7.24 (m, 10H), 7.15-7.25 (m, 8H),  7.71 (d, J = 8.4 Hz, 2H); 13C NMR (CDCl3) δ 21.4 

(CH3), 31.7 (CH2), 38.2 (CH2), 45.7 (CH), 84.7 (C), 86.8 (C), 122.0 (C), 126.1 (CH), 

127.4 (CH), 128.0 (CH), 128.3 (CH), 128.4 (CH), 128.5 (CH), 129.5 (CH), 131.4 (CH), 

137.2 (C), 140.6 (C), 143.5 (C); MS (EI) 389 (M+, 2), 284 (100), 234 (58); HRMS 

389.1453, C24H23NO2S requires 389.1450. 

 

 (S)-1-Cyclohexyl-3-phenyl-N-tosylprop-2-yn-1-amine (3as).  

 

NHSO2 CH3

 
Prepared starting from phenylacetylene (1a, 0.97 µL, 0.9 mmol) and imine 2q (33.1 mg, 

0.125 mmol). Purification by flash column chromatography (hexane/diethyl ether 90:10 

to 80:20) afforded pure  3as. Yield 38.6 mg (0.105 mmol, 84%); mp 205-206 °C; 

enantiomeric excess (38%) was determined by HPLC (Chiralcel OD-H), hexane:i-PrOH 

95:5, 1.0 mL/min,  minor enantiomer tr = 10.0 min, major enantiomer tr = 11.6 min; 

[α]D
25   –29.6 (c 1.1, CHCl3, ee 38%);  1H NMR (CDCl3) δ 1.02-1.24 (m, 5H), 1.41-1.85 

(m, 6H), 2.25 (s, 3H), 4.02 (m, 1H), 6.96 (dd, J = 8.1, 1.8 Hz, 2H), 7.12-7.22 (m, 5H),  

7.73 (d, J = 8.1 Hz, 2H); 13C NMR (CDCl3) δ 21.4 (CH3), 25.7 (CH2), 25.8 (CH2), 26.1 



(CH2), 28.4 (CH2), 29.1 (CH2),  43.2 (CH), 51.3 (CH), 85.1 (C), 86.2 (C), 122.2 (C), 

127.4 (CH), 128.0 (CH), 128.2 (CH), 129.5 (CH), 131.4 (CH), 137.3 (C), 143.4 (C); MS 

(EI) 367 (M+, 1), 284 (100); HRMS 367.1616, C22H25NO2S requires 367.1606. 

 

 (S)-1,5-Diphenyl-N-tosylpent-2-yn-1-amine (3ba).  

 

NHSO2 CH3

 
 

Prepared starting from 4-phenyl-1-butyne (1b, 0.127 mL, 0.9 mmol) and imine 2a (32.3 

mg, 0.125 mmol). Purification by flash column chromatography (hexane/diethyl ether 

90:10 to 80:20) afforded pure 3ba. Yield 36.8 mg (0.095 mmol, 75%); mp 153-154 °C; 

enantiomeric excess (90%) was determined by HPLC (Chiralcel OD-H), hexane:i-PrOH 

90:10, 1.0 mL/min,  major enantiomer tr = 13.0 min, minor enantiomer tr = 18.0 min;  

[α]D
25   –42.7 (c 1.5, CHCl3, ee 90%); 1H NMR (CDCl3) δ 2.18 (t, J = 7.8 Hz, 2H), 2.32 

(s, 3H), 2.53 (t, J = 7.8 Hz, 2H), 4.78 (d, J = 8.7 Hz, 1H), 5.18 (d, J = 8.7 Hz, 1H), 7.03 

(d, J = 7.5 Hz, 2H), 7.14-7.30 (m, 10H),  7.66 (d, J = 8.1 Hz, 2H); 13C NMR (CDCl3) δ 

20.6 (CH2), 21.5 (CH3), 34.5 (CH2), 49.3 (CH), 86.6 (C), 126.4 (CH), 127.2 (CH), 127.5 

(CH), 128.2 (CH), 128.3 (CH), 128.4 (CH), 128.5 (CH), 129.3 (CH), 137.4 (C),137.8 

(C), 140.3 (C), 143.3 (C); 13C NMR (DMSO) δ 20.0 (CH2), 20.9 (CH3), 33.9 (CH2), 

48.4 (CH), 78.0 (C), 85.6 (C), 126.1 (CH), 126.9 (CH), 127.0 (CH), 127.7 (CH), 128.1 

(CH), 128.2 (CH), 128.3 (CH), 129.2 (CH), 138.4 (C),138.7 (C), 140.3 (C), 142.4 (C); 

MS (EI) 389 (M+, 0.2), 260 (3), 234 (70), 91 (100); HRMS 389.1455, C24H23NO2S 

requires 389.1450. 

 

 (S)-5-Phenyl-1- (p-tolyl)-N-tosylpent-2-yn-1-amine (3bf).  

 

NHSO2 CH3

H3C
 

 



Prepared starting from 4-phenyl-1-butyne (1b, 0.127 mL, 0.9 mmol) and imine 2f (33.5 

mg, 0.125 mmol). Purification by flash column chromatography (hexane/diethyl ether 

90:10 to 80:20) afforded pure 3bf. Yield 40.3 mg (0.100 mmol, 80%); mp 135-136 °C; 

enantiomeric excess (93%) was determined by HPLC (Chiralcel OD-H), hexane:i-PrOH 

90:10, 1.0 mL/min,  major enantiomer tr = 14.3 min, minor enantiomer tr = 17.4 min; 

[α]D
25   –40.2 (c 1.1, CHCl3, ee 93%); 1H NMR (CDCl3) δ 2.25 (m, 2H), 2.32 (s, 3H), 

2.41 (s, 3H) 2.61 (t, J = 7.5 Hz, 2H), 4.68 (d, J = 8.7 Hz, 1H), 5.23 (d, J = 8.7 Hz, 1H), 

7.10 (t, J = 8.1 Hz, 4H), 7.23-7.31 (m, 7H),  7.74 (d, J = 8.4 Hz, 2H); 13C NMR (CDCl3) 

δ 20.7 (CH2), 21.1 (CH3),21.5 (CH3), 34.6 (CH2), 49.2 (CH), 77.7 (C), 86.4 (C), 126.4 

(CH), 127.1 (CH), 127.5 (CH), 128.3 (CH), 128.4 (CH), 129.2 (CH), 129.3 (CH), 134.9 

(C), 137.5 (C), 138.1 (C), 140.3 (C), 143.3 (C); MS (EI) 403 (M+, 0.1), 273 (2), 248 

(100); HRMS 403.1601, C25H25NO2S requires 403.1606. 

 

 (S)-1- (4-Bromophenyl)-5-phenyl-N-tosylpent-2-yn-1-amine (3bj).  

 

NHSO2 CH3

Br
 

 

Prepared starting from 4-phenyl-1-butyne (1b, 0.127 mL, 0.9 mmol) and imine 2j (42.3 

mg, 0.125 mmol). Purification by flash column chromatography (hexane/diethyl ether 

90:10 to 80:20) afforded pure 3bj. Yield 41.0 mg (0.087 mmol, 70%); mp 203-204 °C; 

enantiomeric excess (100%) was determined by HPLC (Chiralcel AS-H), hexane:i-

PrOH 80:20, 1.0 mL/min,  major enantiomer tr = 7.5 min, minor enantiomer tr = 10.1 

min; [α]D
25   –9.0 (c 0.8, CHCl3, ee 100%); 1H NMR (CDCl3) δ 2.21 (m, 2H), 2.35 (s, 

3H),  2.55 (t, J = 7.5 Hz, 2H), 4.63 (d, J = 8.7 Hz, 1H), 5.13 (d, J = 8.7 Hz, 1H), 7.04 (d, 

J = 7.2 Hz, 2H), 7.14 (d, J = 8.4, 2H), 7.17-7.25 (m, 5H),  7.32 (d, J = 8.7, 2H), 7.64 (d, 

J = 8.4 Hz, 2H); 13C NMR (CDCl3) δ 20.6 (CH2), 21.6 (CH3), 34.4 (CH2), 48.9 (CH), 

77.2 (C), 87.1 (C), 122.3 (C), 126.5 (CH), 127.5 (CH), 128.4 (CH), 128.5 (CH), 129.0 

(CH), 129.5 (CH), 131.6 (CH), 136.9 (C),137.3 (C), 140.1 (C), 143.5 (C); MS (EI) 469, 

467 (M+, 0.2), 339, 337 (4), 314, 312 (100); HRMS 467.0542, C24H22BrNO2S requires 

467.0555. 

 



 (S)-1- (Naphthalen-2-yl)-5-phenyl-N-tosylpent-2-yn-1-amine (3bn).  

 

NHSO2 CH3

 
 

Prepared starting from 4-phenyl-1-butyne (1b, 0.127 mL, 0.9 mmol) and imine 2n (38.6 

mg, 0.125 mmol). Purification by flash column chromatography (hexane/CH2Cl2 4:6 to 

3:7) afforded pure 3bn. Yield 40.7 mg (0.093 mmol, 74%); mp 108-112 °C; 

enantiomeric excess (87%) was determined by HPLC (Chiralpack AD-H), hexane:i-

PrOH 95:5, 1.0  mL/min,  major enantiomer tr = 48.4 min, minor enantiomer tr = 63.6 

min; [α]D
27   –34.9 (c 0.5, CHCl3, ee 87%); 1H NMR (CDCl3) δ 2.24 (m, 2H), 2.30 (s, 

3H), 2.58 (t, J = 7.5 Hz, 2H), 4.77 (d, J = 9.0 Hz, 1H), 5.36 (d, J = 9.0 Hz, 1H), 7.06-

7.22 (m, 7H), 7.39-7.42 (m, 3H), 7.64-7.71 (m, 6H); 13C NMR (CDCl3) δ 20.7 (CH2), 

21.5 (CH3), 34.6 (CH2), 49.6 (CH), 77.5 (C), 86.9 (C), 125.1 (CH), 126.1 (CH), 126.3 

(CH), 126.4 (CH), 126.5 (CH), 127.5 (CH), 127.6 (CH), 128.1 (CH), 128.3 (CH), 128.4 

(CH), 128.5 (CH), 129.3 (CH), 132.9 (C), 133.0 (C), 135.0 (C), 137.4 (C), 140.3 

(C),143.3 (C); MS (EI) 439 (M+, 1), 309 (9), 284 (56), 91 (100); HRMS 439.1605, 

C28H25NO2S requires 439.1606. 

 

 (R)-1- (Furan-2-yl)-5-phenyl-N-tosylpent-2-yn-1-amine (3bo).  

 

NHSO2 CH3

O

 
 

Prepared starting from 4-phenyl-1-butyne (1b, 0.127 mL, 0.9 mmol) and imine 2o (30.0 

mg, 0.125 mmol). Purification by flash column chromatography (hexane/diethyl ether 

90:10 to 80:20) afforded pure 3bo. Yield 38.8 mg (0.102 mmol, 82%); mp 138-139 °C, 

enantiomeric excess (99%) was determined by HPLC (Chiralcel OD-H), hexane:i-PrOH 

90:10, 1.0 mL/min,  minor enantiomer tr = 16.0 min, major enantiomer tr = 17.3 min; 

[α]D
25   –23.0 (c 1.4, CHCl3, ee 99%); 1H NMR (CDCl3) δ 2.20 (m, 2H), 2.32 (s, 3H),  



2.56 (t, J = 7.5 Hz, 2H), 4.84 (d, J = 8.7 Hz, 1H), 5.25 (m, 1H), 6.14 (m, 2H), 7.05 (d, J 

= 7.5, 2H), 7.14-7.24 (m, 6H),  7.65 (d, J = 8.4 Hz, 2H); 13C NMR (CDCl3) δ 20.7 

(CH2), 21.5 (CH3), 34.4 (CH2), 43.6 (CH), 75.6 (C), 85.5 (C), 108.1 (CH), 110.3 (CH), 

126.4 (CH), 127.4 (CH), 128.3 (CH), 128.4 (CH), 129.4 (CH), 137.4 (C), 140.2 

(C),142.9 (CH), 143.3 (C), 150.0 (C); MS (EI) 379 (M+, 0.2), 249 (4), 224 (100); 

HRMS 379.1253, C22H21NO3S requires 379.1242. 

 

 (S)-1-Phenyl-N-tosylhept-2-yn-1-amine (3ca).[4]  

 

NHSO2 CH3

 
 

Prepared starting from 1-hexyne (1c, 103 µL, 0.9 mmol) and imine 2a (32.4 mg, 0.125 

mmol). Purification by flash column chromatography (hexane:EtOAc 95:5 to 85:15) 

afforded pure 3ca. Yield 35.3 g (0.103 mmol, 82%); mp 103-106 °C, enantiomeric 

excess (81%) was determined by HPLC (Chiralcel OD-H), hexane:i-PrOH 90:10, 0.5 

mL/min,  major enantiomer tr = 14.4 min, minor enantiomer tr = 16.7 min; [α]D
25   –41.6 

(c 0.7, CHCl3, ee 81%); 1H NMR (CDCl3) δ 0.78 (t, J = 6.9 Hz, 3H), 1.20 (m, 4H), 1.89 

(m, 2H), 2.35 (s, 3H), 4.80 (d, J = 9.0 Hz, 1H), 5.22 (dt, J = 9.0, 1.9 Hz, 1H), 7.19-7.24 

(m, 5H), 7.39 (m, 2H), 7.70 (d, J = 8.1 Hz, 2H); 13C NMR (CDCl3) δ 13.5 (CH3), 18.2 

(CH2), 21.5 (CH3), 21.9 (CH2), 30.3 (CH2),  49.4 (CH), 77.2 (C), 87.5 (C), 127.2 (CH), 

127.5 (CH), 128.2 (CH), 128.5 (CH), 129.4 (CH), 137.5 (C), 138.1 (C), 143.3 (C); MS 

(EI) 299 (M+-42, 3), 259 (2), 202 (6), 186 (100); HRMS 299.0956, C17H17NO2S 

requires 299.0980. 

 

 (S)-1- (p-Tolyl)-N-tosylhept-2-yn-1-amine (3cf).  

 

NHSO2 CH3

H3C  
 



Prepared starting from 1-hexyne (1c, 103 µL, 0.9 mmol) and imine 2f (34.0 mg, 0.125 

mmol). Purification by flash column chromatography (hexane:EtOAc 95:5 to 90:10) 

afforded pure 3cf. Yield 19.9 mg (0.056 mmol, 45%); mp 133-136 °C; enantiomeric 

excess (89%) was determined by HPLC (Chiralpack AD-H), hexane:i-PrOH 95:5, 1 

mL/min,  major enantiomer tr = 17.7 min, minor enantiomer tr = 20.3 min; [α]D
25   –43.1 

(c 0.8, CHCl3, ee 89%); 1H NMR (CDCl3) δ 0.85 (t, J = 7.1 Hz, 3H), 1.27 (m, 4H), 1.96 

(m, 2H), 2.32 (s, 3H), 2.43 (s, 3H),  4.76 (d, J = 9.0 Hz, 1H), 5.26 (d, J = 9.0 Hz, 1H), 

7.11 (d, J = 7.8 Hz, 2H), 7.28 (d, J = 7.8 Hz, 2H), 7.34 (d, J = 8.1 Hz, 2H), 7.77 (d, J = 

8.1 Hz, 2H); 13C NMR (CDCl3) δ 13.5 (CH3), 18.2 (CH2), 21.1 (CH3), 21.5 (CH3), 21.9 

(CH2),  30.3 (CH2),  49.2 (CH), 76.7 (C), 87.2 (C), 127.1 (CH), 127.5 (CH), 129.2 (CH), 

129.4 (CH), 135.2 (C), 135.6 (C), 138.0 (C), 143.2 (C); MS (EI) 313 (M+-42, 2), 273 (2), 

216 (5), 200 (100); HRMS 313.1127, C18H19NO2S requires 313.1137. 

 

 (S)-1- (p-Bromophenyl)-N-tosylhept-2-yn-1-amine (3cj).  

NHSO2 CH3

Br  
Prepared starting from 1-hexyne (1c, 103 µL, 0.9 mmol) and imine 2j (42.2 mg, 0.125 

mmol). Purification by flash column chromatography (hexane:EtOAc 95:5 to 90:10) 

afforded pure 3cj. Yield 26.3 mg (0.062 mmol, 50%); mp 136-138 °C; enantiomeric 

excess (93%) was determined by HPLC (Chiralcel AD-H), hexane:i-PrOH 98:2, 0.7 

mL/min,  minor enantiomer tr = 62.6 min, major enantiomer tr = 65.8 min; [α]D
25   –39.4 

(c 0.4, CHCl3, ee 93%); MS (EI) 379, 377 (M+-42, 3), 282, 280 (5), 266, 264 (100); 

HRMS 377.0083, C17H16BrNO2S requires 377.0085; 1H NMR (CDCl3) δ 0.78 (t, J = 6.9 

Hz, 3H), 1.19 (m, 4H), 1.90 (m, 2H), 2.36 (s, 3H), 4.81 (d, J = 9.0 Hz, 1H), 5.16 (dt, J = 

9.0, 1.9 Hz, 1H), 7.19-7.27 (m, 4H), 7.35 (m, 2H), 7.67 (d, J = 8.4 Hz, 2H); 13C NMR 

(CDCl3) δ 13.5 (CH3), 18.2 (CH2), 21.5 (CH3), 21.9 (CH2), 30.3 (CH2),  48.9 (CH), 76.1 

(C), 87.9 (C), 122.3 (C), 127.4 (CH), 129.0 (CH), 129.4 (CH), 131.6 (CH), 137.2 (C), 

137.3 (C), 143.5 (C); MS (EI) 379, 377 (M+-42, 3), 282, 280 (5), 266, 264 (100); 

HRMS 377.0083, C17H16BrNO2S requires 377.0085. 

 

 

 



 (S)-1- (Naphthalen-2-yl)-N-tosylhept-2-yn-1-amine (3cn).  

NHSO2 CH3

 
Prepared starting from 1-hexyne (1c, 103 µL, 0.9 mmol) and imine 2n (38.6 mg, 0.125 

mmol). Purification by flash column chromatography (hexane:EtOAc 95:5 to 85:15) 

afforded  pure 3cn. Yield 34.5 mg (0.088 mmol, 71%); mp 127-135 °C; enantiomeric 

excess (76%) was determined by HPLC (Chiralcel OD-H), hexane:i-PrOH 90:10, 0.7 

mL/min,  major enantiomer tr = 16.5 min, minor enantiomer tr = 19.2 min; [α]D
27   –35.0 

(c 0.5, CHCl3, ee 76%); 1H NMR (CDCl3) δ 0.88 (t, J = 7.1 Hz, 3H), 1.32 (m, 4H), 2.02 

(m, 2H), 2.38 (s, 3H), 5.00 (d, J = 9.0 Hz, 1H), 5.45 (d, J = 9.0 Hz, 1H), 7.22 (d, J = 8.1 

Hz, 1H), 7.46-7.49 (m, 2H), 7.54 (dd, J = 8.7, 1.8 Hz, 2H), 7.74-7.85 (m, 5H), 7.87 (s, 

1H); 13C NMR (CDCl3) δ 13.5 (CH3), 18.2 (CH2), 21.4 (CH3), 21.9 (CH2), 30.3 (CH2), 

49.6 (CH), 76.5 (C), 87.7 (C), 125.1 (CH), 126.1 (CH), 126.2 (CH), 126.3 (CH), 127.4 

(CH), 127.5 (CH), 128.1 (CH), 128.5 (CH), 129.3 (CH), 132.9 (C), 133.0 (C), 135.3 (C), 

137.4 (C), 143.3 (C); MS (EI) 391 (M+, 4), 349 (3), 309 (13), 236 (100); HRMS 

391.1606, C24H25NO2S requires 391.1606. 

 

 (R)-1- (Furan-2-yl)-N-tosylhept-2-yn-1-amine (3co).  

NHSO2 CH3

O  
Prepared starting from 1-hexyne (1c, 103 µL, 0.9 mmol) and imine 2o (31.1 mg, 0.125 

mmol). Purification by flash column chromatography (hexane:EtOAc 95:5 to 80:20) 

afforded pure 3co. Yield 35.0 mg (0.106 mmol, 85%); mp 80-83 °C; enantiomeric 

excess (93%) was determined by HPLC (Chiralcel OD-H), hexane:i-PrOH 90:10, 0.6 

mL/min,  major enantiomer tr = 13.4 min, minor enantiomer tr = 15.2 min; [α]D
25  –29.4 

(c 0.4, CHCl3, ee 93%); 1H NMR (CDCl3) δ 0.78 (t, J = 7.1, 3H), 1.21 (m, 4H), 1.91 (m, 

2H), 2.34 (s, 3H), 4.92 (d, J = 8.7 Hz, 1H), 5.27 (td, J = 1.8, 8.7 Hz, 1H), 6.18 (m, 1H), 

6.20 (m, 1H), 7.19 (m, 1H), 7.20 (d, J =  8.4 Hz, 2H), 7.68 (d, J = 8.4 Hz, 2H); 13C 

NMR (CDCl3) δ 13.5 (CH3), 18.1 (CH2), 21.5 (CH3), 21.8 (CH2), 30.2 (CH2), 43.6 

(CH), 74.6 (C), 86.3 (C), 108.0 (CH), 110.3 (CH), 127.4 (CH), 129.3 (CH), 137.5 (C), 



142.9 (CH), 143.3 (C), 150.3 (C); MS (EI) 331 (M+, 0.1), 289 (2), 192 (4), 176 (100); 

HRMS 331.1237, C18H21NO3S requires 331.1242. 

 

Determination of the absolute configuration of compound 3aa 

 

NHSO2 CH3

CO2Me

NHSO2 CH3

1. O3, MeOH

2. BF3·Et2O, MeOH
(S)-(+)-N-tosylphenylglycine 
methyl ester3aa

(98% ee)  
Ozone enriched oxygen was bubbled through a solution of tosyl aldimine 3aa (33.8 mg, 

0.094 mmol, 98% ee) in MeOH (20 mL) at – 40 ºC for 45 min. The excess ozone was 

removed by bubbling nitrogen for 5 min. The resulting solution was allowed to reach rt, 

BF3·Et2O (0.35 mL) was added and the mixture was heated at reflux temperature for 3.5 

h. After cooling to rt, saturated aqueous NaHCO3 (10 mL) was added, the organic 

solvent was removed under reduced pressure, and the resulting aqueous solution was 

extracted with dichloromethane (3 × 15 mL), washed with brine (10 mL) and dried over 

MgSO4. Removal of the solvent under reduced pressure followed by flash 

chromatography eluting with hexane-EtOAc (8:2) gave 19.6 mg (66%) of (S)-(+)-N-

tosylphenylglycine methyl ester:[5] [α]25
D = + 105.6 (c 0.77, CHCl3), Lit.[5a] [α]25

D = + 

103; 1H NMR δ  2.38 (s, 3H), 3.57 (s, 3H), 5.06 (d, J = 6.9 Hz, 2H), 5.70 (d, J = 7.9 Hz, 

1H), 7.30-7.15 (m, 7H), 7.62 (d, J = 8.3 Hz, 2H); 13C NMR δ 21.5 (CH3), 53.0 (CH), 

59.3 (CH3), 127.1 (CH), 127.2 (CH), 128.6 (CH), 128.8 (CH), 129.5 (CH), 135.2 (C), 

136.8 (C), 143.5 (C), 170.5 (C). 

 

 (S)-1,5-Diphenylpent-2-yn-1-amine (4ba).  
 

NH2

 
 

Tosyl amine 3ba (25.0 mg, 0.065 mmol, 63% ee) dry THF (1 mL) was added to a 0.1 M 

THF solution of SmI2 (7.8 mL, 0.78 mmol) and HMPA (0.5 mL) at rt under nitrogen. 



The solution was heated at 60 ºC for 5h until the purple color of the solution 

disappeared. The reaction was cooled at rt and quenched with satd aqueous NaCl (30 

mL) and extracted with diethyl ether (3 ×15 mL). The organic layer was washed with 

brine (3 × 10 mL), dried over MgSO4 and concentrated under reduced pressure. Column 

chromatography eluting with hexane-EtOAc (6:4, containing 10 drops Et3N for 100 mL 

of eluent) gave amine 4ba. Yield 11.0 mg (0.047 mmol, 72%); an oil; enantiomeric 

excess (63%) was determined by HPLC (Chiralcel OD-H), hexane:i-PrOH 90:10, 1.0 

mL/min,  minor enantiomer  tr = 17.5 min, major enantiomer tr = 24.5 min;  [α]D
25   –7.3 

(c 0.4, CHCl3, ee 63%); 1H NMR (CDCl3) δ 2.54 (td, J = 7.5, 2.1 Hz, 2H), 2.84 (t, J = 

7.5 Hz, 2H), 3.15 (br s, 2H), 4.80 (s, 1H), 7.15-7.40 (m, 8H),  7.46 (dd, J = 8.4, 1.8 Hz, 

2H); 13C NMR (CDCl3) δ 20.7 (CH2), 34.7 (CH2), 47.2 (CH), 85.1 (C), 126.3 (CH), 

126.9 (CH), 127.9 (CH), 128.4 (CH), 128.5 (CH), 128.6 (CH), 129.7 (C), 140.6 (C); MS 

(EI) 235 (M+, 76), 234 (100), 218 (47), 156 (87), 144 (96), 91 (67); HRMS 235.1360, 

C17H17N requires 235.1361. 

 

 (S)-1-Phenylhept-2-yn-1-amine (4ca).  

 
NH2

 
 

The same procedure described above was followed, but the mixture was stirred at rt 

overnight. From compound 3ca (25.0 mg, 0.073 mmol, 81% ee) after chromatography 

eluting with hexane-EtOAc (6:4, containing 10 drops Et3N for 100 mL of eluent) was 

obtained  amine 4ca. Yield 9.7 mg (0.052 mmol, 71%); an oil; enantiomeric excess 

(81%) was determined by HPLC (Chiralcel OD-H), hexane:i-PrOH 90:10, 0.5 mL/min,  

minor enantiomer tr = 15.8 min, major enantiomer tr = 16.7 min; [α]D
25  –12.2 (c 0.5, 

CHCl3, ee 81%); 1H NMR (CDCl3) δ 0.914 (t, J = 7.2 Hz, 3H), 1.35-1.56 (m, 4H), 2.24 

(td, J = 6.9 2.1 Hz, 2H), 2.69 (br s, 2H), 4.79 (s, 1H), 7.24-7.39 (m, 8H), 7.54 (dd, J = 

8.4, 1.8 Hz, 2H); 13C NMR (CDCl3) δ 13.6 (CH3), 18.5 (CH2), 22.0 (CH2), 30.8 (CH2), 

47.5 (CH), 85.4 (C), 126.8 (CH), 127.6 (CH), 128.5 (CH), 142.2 (C); MS (EI) 187 (M+, 

17), 186 (25), 170 (23), 158 (15), 144 (100), 130 (52), 109 (68); HRMS 187.1360, 

C13H17N requires 187.1361. 

 



 (R)-1,3-Diphenyl-N-tosylpropan-1-amine (5aa).  
 

NHSO2 CH3

 
 

A solution of compound 3aa (28 mg, 0.077 mmol, 97% ee) in abs EtOH (7 mL) was 

stirred under hydrogen (balloon) in the presence of 5% Pd/CaCO3 (10 mg) for 1.5 h. 

After this time, the mixture was filtered through a short pad of silica gel, eluting with 

EtOAc, and the solvent was removed under reduced pressure to give compound 5aa. 

Yield 28 mg (0.077 mmol, 100%); mp 111-112 °C; enantiomeric excess (97%) was 

determined by HPLC (Chiralcel OD-H), hexane:i-PrOH 85:15, 1.0 mL/min, major 

enantiomer tr = 11.0 min, minor enantiomer tr = 19.4 min; [α]D
25  +11.9 (c 1.1, CHCl3, 

ee 97%); 1H NMR (CDCl3) δ 1.70-2.10 (m, 2H), 2.25 (s, 3H), 2.30-2.57 (m, 2H), 4.18 

(q, J = 6.6 Hz, 1H), 5.26 (d, J = 6.6 Hz, 1H), 6.80-7.45 (m, 12H), 7.43 (d, J = 8.4 Hz, 

2H); 13C NMR (CDCl3) δ 21.4 (CH3), 32.0 (CH2), 38.9 (CH2), 57.8 (CH), 125.9 (CH), 

126.5 (CH), 127.0 (CH), 127.4 (CH), 128.34 (CH), 128.35 (CH), 128.4 (CH), 129.3 

(CH), 137.5 (C), 140.6 (C), 140.9 (C), 142.9 (C); MS (EI) 365 (M+, 0.1), 260 (100), 194 

(77), 155 (65), 91 (79); HRMS 365.1459, C22H23NO2S requires 365.1450. 
 

 (R)-1,3-Diphenylpropan-1-amine (6aa).[6]  
 

NH2

 
 

The same procedure described above at 70 ºC was followed. From compound 5aa (26 

mg, 0.071 mmol, 97% ee) after chromatography eluting with hexane-EtOAc (5:5, 

containing 10 drops Et3N for 100 mL of eluent) was obtained amine 6aa. Yield 12.5 mg 

(0.059 mmol, 83%); [α]D
25  +9.1 (c 0.5, CHCl3, ee 97%), Lit.[6b] [α]D

25  +11.9 (c 1.0); 
1H NMR (CDCl3) δ 1.90-2.10 (m, 2H), 2.42-2.57 (m, 2H), 2.65 (br s, 2H), 3.86 (t, J = 

7.0 Hz, 1H), 7.05-7.30 (m, 10H); 13C NMR (CDCl3) δ 32.6 (CH2), 40.2 (CH2), 55.7 

(CH), 125.8 (CH), 126.5 (CH), 127.3 (CH), 128.34 (CH), 128.35 (CH), 128.6 (CH), 

141.59 (C), 141.60 (C), 144.56 (C); MS (EI) 211 (M+, 0.8), 194 (7), 178 (3), 106 (100), 

91 (29); HRMS 211.1361, C15H17N requires 211.1361. Determination of the ee: Tosyl 



chloride (9.0 mg, 0.043 mmol) was added to a solution of compound 6aa  (8.0 mg, 

0.034 mmol) and pyridine (4 drops) in CH2Cl2 (1 mL) at rt. After 48, the mixture was 

diluted with EtOAc (30 mL), washed with 2M HCl (2 × 7 mL) and brine (3 x 7 mL), 

and dried over MgSO4. The solvent was removed under reduced pressure and the 

residue chromatographed on silica gel eluting with hexane-EtOAc (8:2) to give the 

corresponding tosyl imine 5aa (9.2 mg, 0.026 mmol, 77%) which was analyzed by 

HPLC as described above (97% ee). 
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