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1. General Information 

All reagents were purchased from commercial source and were used without prior purification, 

unless otherwise indication. The reaction were conducted in a high-energy vibrational micromill 

(volume of stainless steel vial: 15 mL; 50 mL; diameter of stainless steel balls: 8.0 mm; diameter of 

copper balls: 8.0 mm). Melting points (mp) were measured on a digital melting point apparatus and 

uncorrected. 1H and 13C NMR were recorded at 400 and 100 MHz, respectively, and TMS was used 

as internal standard. IR spectra (KBr) were recorded on an FT-IR spectrophotometer. Mass spectra 

were measured with a HRMS-ESI instrument. Enantiomeric excess was determined with HPLC by 

using a Chiralcel OD column and 95/5 hexane/ isopropanol as eluent. The absolute configuration 

was assigned by analogy according to the reported HPLC retention times.  

  

2. General experimental process for propargylamine derivatives 

In a stainless steel ball milling vial, aldehydes (1.0 mmol, 1.0 equiv), amines (1.2 mmol, 1.2 

equiv), alkynes (2.0 mmol, 2.0 equiv), Cu(OTf)2 (0.07 mmol, 0.07 equiv), Ph-Pybox (0.07 mmol, 

0.07 equiv), silica gel (0.8 g), along with two stainless steel balls (d = 8.0 mm) were added and 

screwed up. Then the vial was placed in a vibrational micromill, and grinded at 25 Hz. A pause was 

added after every 10 minutes grinding until the vital cool down. At the end of the experiment, all of 

contents was poured out for column chromatography separation directly using petroleum ether/ethyl 

acetate = 10/1 as eluent.  
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3. Detailed data for extractant screening 

Table S1 Extractant screening a 

No. Solvent 
1st run b 2nd run c 

%yield d %ee e %yieldd %ee e 

1 petroleum ether f 92 99 92 99 

2 n-hexane f 96 99 96 99 

3 n-heptane f 95 99 92 99 

4 CH2Cl2 
g 99 99 97 99 

5 CH2Cl2 
f 99 99 92 99 

6 CH2Cl2 
h 99 99 90 98 

7 EtOAc 
g 98 99 75 95 

8 EtOH 
g 99 99 n.d. i - 

a All the reactions were performed with 1a (106 mg, 1.0 mmol), 2a (112 mg, 1.2 mmol), 3a (204 mg, 2.0 mmol), under Ball-Milling 

at 25 Hz. b Cu(OTf)2 (36 mg, 0.1 mmol), L1 (36 mg, 0.1 mmol) with Silica gel (chromatography grade, 0.8 g) were used. c Catalyst 

system recovered from 1st run were used. d Isolated yields based on 1a. e Determined by HPLC analysis of reaction mixture. f 50 

mL of solvent were used. g 20 mL of solvent were used. h 100 mL of solvent were used. i Not detected. 

4. General experimental process, detailed data and HPLC spectra for recycle experiment 

The 1st run of reaction were performed as same as general process except the work-up process. 

At the end of the experiment, all of contents was washed out with 10 mL of dichloromethane, filtered 

and washed with another 10 mL of dichloromethane. The solvents were then combined and 

evaporated for column chromatography separation using petroleum ether : ethyl acetate = 10:1 as 

eluent. The residue was dried under air in laboratory oven (50 ºC, ambient pressure) for 3 hours, 

and used directly into the next run.  

Due to the inevitable loss of catalyst system for monitoring the reaction and work-ups, after 

washing the products from the solid mixture, residue was dried in laboratory oven and weighted. 

Substance used for next run were calculated based on the residue weight. 

Table S2 Recycle Experiment a 

No. Run 
Residue weight 

(mg) 

Theoretical catalyst 

loading (mol %) b 
Time (min) %yield c %ee d 

1 e 1 - 10.0 40 98.6 99.5 

2 2 830 9.5 30 96.7 99.2 

3 3 801 9.2 30 99.0 99.1 

4 4 768 f 8.7 30 98.6 99.4 

5 5 830 8.4 30 94.0 94.3 

a Unless mentioned otherwise, all the reactions were performed with 1a (1.0 equiv.), 2a (1.0 equiv.), 3a (2.0 equiv.), and stainless 

steel balls (1.5cm*1) under Ball-Milling at 30Hz. b Theoretical catalyst loading = (Residue weight / 873 mg)*10 mol%. c Isolated 

yield based on 1. d %ee were determined by HPLC analysis of crude mixture. e The reactions were performed with 1a (106 mg, 1.0 

mmol), 2a (112 mg, 1.0 mmol), 3a (204 mg, 2.0 mmol), Cu(OTf)2 (36 mg, 10 mol%), L1 (36 mg, 10 mol%) with Silica gel 

(chromatography grade, 0.8 g) under Ball-Milling at 30Hz. f A portion of Silica gel (106 mg) were added into the mixture to increase 

the flowability of the powder. 
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Copies of HPLC spectra for Recycle Experiment: 

 

HPLC spectra for run-1 (Table S1, entry 1) 

 
 

 
 

 

HPLC spectra for run-2 (Table S1, entry 2) 
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HPLC spectra for run-3 (Table S1, entry 3) 

 

 

 

 
 

 

HPLC spectra for run-4 (Table S1, entry 4) 
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HPLC spectra for run-5 (Table S1, entry 5) 

 

 
 

 

 

5. Characterization data for products 4a-4w 

 
(R)-N-(1,3-diphenyl-prop-2-yn-1-yl)aniline 4a1, 2 (280 mg, 99% yield, 99% ee): white solid; mp 

90.4-90.7 °C; [α]D
25 = +134.231 (c 0.52 in CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.65 (d, J = 8.0 

Hz, 2H), 7.46-7.10 (m, 10H), 6.78 (m, 3H), 5.50 (s, 1H), 4.05 (br s, 1H); 13C NMR (100 MHz, 

CDCl3) δ 146.4, 139.6, 131.6, 129.0, 128.6, 128.1, 128.1, 127.9, 127.2, 122.7, 118.5, 114.0, 88.5, 

85.0, 50.8. MS (ESI) m/z: [M+H]+ calcd for C21H17N, 284.1; found: 284.1; HPLC (Chiralcel OD-

H, hexane/i-PrOH = 95:5, flow rate = 0.5 mL/min, λ = 222 nm) major isomer: tR = 18.6 min, minor 

isomer: tR = 20.9 min.  

 
(R)-N-(3-phenyl-1-(p-tolyl)prop-2-yn-1-yl)aniline 4b1 (293 mg, 99% yield, 98% ee): white solid; 

mp 120.5-121.0 °C; [α]D
25 = +140.784 (c 0.51 in CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.51 (d, J 

= 8.0 Hz, 2H), 7.42-7.34 (m, 2H), 7.30-7.24 (m, 3H), 7.21-7.17 (m, 4H), 6.82-6.72 (m, 3H), 5.44 (s, 

1H), 4.11 (br s, 1H), 2.36 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 146.4, 137.7, 136.7, 131.6, 129.3, 

129.0, 128.0, 127.1, 122.8, 118.4, 114.0, 88.7, 84.8, 50.5, 21.2; MS (ESI) m/z: [M+H]+ calcd for 
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C22H19N, 298.2; found: 298.3; HPLC (Chiralcel AD-H, hexane/i-PrOH = 90:10, flow rate = 0.5 

mL/min, λ = 234 nm) major isomer: tR = 18.9 min, minor isomer: tR = 21.2 min. 

HN

4cMe

Me

 
(R)-N-(1-(3,4-dimethylphenyl)-3-phenylprop-2-yn-1-yl)aniline 4c* (311 mg, 99% yield, 97% ee): 

white solid; mp 92.4-93.7 °C; [α]D
25 = +108.550 (c 0.54 in CHCl3); 1H NMR (400 MHz, CDCl3) δ 

7.42–7.33 (m, 4H), 7.27-7.25 (m, 3H), 7.22-7.12 (m, 3H), 6.78 (d, J = 8.0 Hz, 3H), 5.41 (s, 1H), 

4.21 (br s, 1H), 2.29 (s, 3H), 2.27 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 146.6, 137.1, 137.0, 136.4, 

131.7, 129.9, 129.1, 128.8, 128.5, 128.1, 124.6, 122.9, 118.4, 114.0, 88.9, 84.8, 50.5, 20.1, 19.7; IR 

(KBr) 3430, 2926, 1595, 1559, 1538, 1499, 1490, 755, 687 cm-1; HRMS (ESI) m/z: [M+Na]+ calcd 

for C23H21N, 334.1572; found: 334.1566; HPLC (Chiralcel OD-H, hexane/i-PrOH = 95:5, flow rate 

= 0.5 mL/min, λ = 234 nm) major isomer: tR = 17.5 min, minor isomer: tR = 20.4 min.  

 
(R)-N-(1-(4-fluorophenyl)-3-phenylprop-2-yn-1-yl)aniline 4d3 (292 mg, 97% yield, 95% ee); 

yellow solid; mp 86.1-86.7 °C; [α]D
25 = +140.266 (c 0.53 in CHCl3); 1H NMR (400 MHz, CDCl3) δ 

7.61 (dd, J= 8.0, 4.0 Hz, 2H), 7.42–7.34 (m, 2H), 7.28-7.17 (m, 5H), 7.06 (t, J = 8.0 Hz, 2H), 6.82-

6.70 (m, 3H), 5.46 (s, 1H), 4.15 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 163.5, 161.0, 146.2, 135.4, 

131.6, 129.0, 128.9, 128.8, 128.3, 128.1, 122.4, 118.6, 115.6, 115.4, 114.0, 88.1, 85.2, 50.0; MS 

(ESI) m/z: [M+H]+ calcd for C21H16NF, 302.1; found: 302.3; HPLC (Chiralcel OJ-H, hexane/i-

PrOH = 90:10, flow rate = 0.8 mL/min, λ = 242 nm) major isomer: tR = 49.9 min, minor isomer tR = 

47.4 min.  

 
(R)-N-(1-(4-chlorophenyl)-3-phenylprop-2-yn-1-yl)aniline 4e1, 2 (307 mg, 97% yield, 96% ee); 

yellow solid; mp 77.6-77.8 °C; [α]D
25 = +103.774 (c 0.53 in CHCl3); 1H NMR (400 MHz, CDCl3) δ 

7.57 (d, J = 8.0 Hz, 2H), 7.40-7.31 (m, 4H), 7.30-7.25 (m, 3H), 7.19 (t, J = 8.0 Hz, 2H), 6.88-6.68 

(m, 3H), 5.46 (s, 1H), 4.20 (br s, 1H); 13C NMR (100 MHz, CDCl3) δ 146.1, 138.3, 133.7, 131.6, 

129.1, 128.8, 128.5, 128.3, 128.1, 122.4, 118.8, 114.1, 88.0, 85.4, 50.2; MS (ESI) m/z: [M+H]+ 

calcd for C21H16NCl, 318.1; found: 318.2; HPLC (Chiralcel OD-H, hexane/ i-PrOH = 95:5, flow 

rate = 0.5 mL/min, λ = 234 nm) major isomer: tR = 30.6 min, minor isomer tR = 33.6 min. 

 
N-(1-(4-Bromophenyl)-3-phenylprop-2-yn-1-yl)aniline 4f1 (340 mg, 94% yield, 89% ee); yellow 

solid, mp 122.1-123.0 °C; [α]D
25 = +122.134 (c 0.51 in CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.55-

7.46 (m, 3H), 7.42-7.35 (m, 2H), 7.31-7.24 (m, 3H), 7.23-7.14 (dd, J = 8.0, 8.0 Hz, 2H), 6.83-6.69 
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(m, 3H), 5.44 (s, 1H), 4.25 (br s, 1H); 13C NMR (100 MHz, CDCl3) δ 146.0, 138.7, 131.7, 129.1, 

129.0, 128.8, 128.3, 128.1, 122.3, 121.8, 118.8, 118.7, 114.1, 114.0, 87.8, 85.3, 50.2; MS (ESI) m/z: 

[M+H]+ calcd for C21H16NCl, 362.1; found: 362.5; HPLC (Chiralcel OD-H, hexane/i-PrOH = 95:5, 

flow rate = 0.5 mL/min, λ = 234 nm) major isomer: tR = 31.3 min, minor isomer tR = 35.6 min. 

 
(R)-N-(3-phenyl-1-(m-tolyl)prop-2-yn-1-yl)aniline 4g2 (295 mg, 99% yield, 99% ee); white solid; 

mp 111.6-112.8 °C; [α]D
25 = +134,783 (c 0.50 in CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.47-7.36 

(m, 4H), 7.31-7.24 (m, 4H), 7.22-7.11 (m, 3H), 6.77 (m, 3H), 5.44 (s, 1H), 4.13 (br s, 1H), 2.38 (s, 

3H); 13C NMR (100 MHz, CDCl3) δ 146.4, 139.5, 138.4, 131.6, 129.0, 128.7, 128.5, 128.1, 128.1, 

127.9, 124.2, 122.7, 118.5, 114.0, 88.6, 84.9, 50.8, 21.6; MS (ESI) m/z: [M+H]+ calcd for C22H19N, 

298.2; found: 298.3; HPLC (Chiralcel OD-H, hexane/i-PrOH = 95:5, flow rate = 0.5 mL/min, λ = 

234 nm) major isomer: tR = 16.2 min, minor isomer tR = 20.1 min. 

 
(R)-N-(1-(3-chlorophenyl)-3-phenylprop-2-yn-1-yl)aniline 4h1 (314 mg, 99% yield, 99% ee); 

yellow solid; mp 63.9-67.2 °C; [α]D
25 = +90.698 (c 0.52 in CHCl3); 1H NMR (400 MHz, CDCl3) δ 

7.64 (s, 1H), 7.54-7.50 (m, 1H), 7.42-7.36 (m, 2H), 7.34-7.25 (m, 5H), 7.23-7.16 (m, 2H), 6.84-6.68 

(m, 3H), 5.46 (s, 1H), 4.24 (br s, 1H); 13C NMR (100 MHz, CDCl3) δ 145.7, 141.4, 134.2, 131.3, 

129.6, 128.8, 128.1, 127.9, 127.0, 125.0, 122.1, 118.6, 113.9, 87.6, 85.4, 50.5; MS (ESI) m/z: 

[M+H]+ calcd for C21H16NCl, 318.1; found: 318.4; HPLC (Chiralcel OD-H, hexane/i-PrOH = 95:5, 

flow rate = 0.5 mL/min, λ = 234 nm) major isomer: tR = 25.8 min, minor isomer tR = 34.7 min. 

 

 
(R)-N-(1-(4-methoxyphenyl)-3-phenylprop-2-yn-1-yl)aniline 4i3 (0.301mg, 96% yield, 85% ee); 

yellow oil; [α]D
25 = +78.761 (c 0.45 in CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.57-7.51 (m, 2H), 

7.40-7.34 (dd, J = 4.0, 8.0 Hz, 2H), 7.27-7.22 (m, 3H), 7.21-7.15 (dd, J = 4.0, 8.0 Hz, 2H), 6.92-

6.87 (m, 2H), 6.76 (m, 3H), 5.42 (s, 1H), 4.12 (br, 1H), 3.79 (s, 3H); 13C NMR (100 MHz, CDCl3) 

δ 159.1, 146.3, 131.6, 131.5, 128.9, 128.3, 128.0, 122.6, 118.3, 113.9, 88.7, 84.7, 55.3, 50.0; MS 

(ESI) m/z: [M+H]+ calcd for C22H19NO, 314.2; found: 314.2; HPLC (Chiralcel OD-H, hexane/i-

PrOH = 95:5, flow rate = 0.8 mL/min, λ = 250 nm) major isomer: tR = 20.7 min, minor isomer tR = 

18.4 min. 

HN

4jO2N
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(R)-N-(1-(4-nitrophenyl)-3-phenylprop-2-yn-1-yl)aniline 4j2, 3 (325 mg, 99% yield, 83% ee); 

yellow solid; mp 116.7-118.8 °C; [α]D
25 = +76.230 (c 0.49 in CHCl3); 1H NMR (400 MHz, CDCl3) 

δ 8.28-8.19 (m, 2H), 7.82 (m, 2H), 7.41-7.36 (m, 2H), 7.32-7.27 (m, 3H), 7.22-7.15 (m, 2H), 6.83-

6.77 (m, 1H), 6.71-6.66 (m, 2H), 5.58 (s, 1H), 4.29 (br s, 1H); 13C NMR (100 MHz, CDCl3) δ 147.5, 

147.0, 145.6, 131.6, 129.1, 128.6, 128.2, 127.9, 123.9, 121.9, 119.1, 114.0, 86.8, 86.1, 50.3; MS 

(ESI) m/z: [M+H]+ calcd for C21H16N2O2, 329.1; found: 329.2; HPLC (Chiralcel AD-H, hexane/i-

PrOH = 90:10, flow rate = 0.7 mL/min, λ = 234 nm) major isomer: tR = 37.6 min, minor isomer tR = 

33.4 min. 

HN

4k

O2N

 
(R)-N-(1-(3-nitrophenyl)-3-phenylprop-2-yn-1-yl)aniline 4k* (312 mg, 95% yield, 88% ee); yellow 

oil; [α]D
25 = +101.894 (c 0.53 in CHCl3); 1H NMR (400 MHz, CDCl3) δ 8.53 (t, J = 4.0 Hz, 1H), 

8.22-8.16 (m, 1H), 8.02-7.95 (m, 1H), 7.55 (m, 1H), 7.45-7.35 (m, 2H), 7.34-7.15 (m, 5H), 6.85-

6.77 (m, 1H), 6.77-6.66 (m, 2H), 5.59 (s, 1H), 4.32 (br s, 1H); 13C NMR (100 MHz, CDCl3) δ 156.6, 

148.0, 145.3, 141.7, 132.8, 131.3, 129.3, 128.9, 128.3, 127.9, 122.7, 121.9, 118.9, 113.9, 86.8, 86.0, 

50.3; IR (KBr) 3424, 2926, 1600, 1528, 1504, 1488, 1383, 1350, 757, 690 cm-1; HRMS (ESI) m/z: 

[M+Na]+ calcd for C21H16N2O2, 351.1109; found: 351.1104; HPLC (Chiralcel AD-H, hexane/i-

PrOH = 90:10, flow rate = 0.7 mL/min, λ = 234 nm) major isomer: tR = 32.2 min, minor isomer tR = 

24.0 min. 

 
(S)-N-(1-(naphthalen-1-yl)-3-phenylprop-2-yn-1-yl)aniline 4l4 (310 mg, 93% yield, 97% ee); 

yellow solid; mp 86.8-88.4 °C; [α]D
25 = +86.794 (c 0.70 in CHCl3); 1H NMR (400 MHz, CDCl3) δ 

8.22-8.10 (m, 1H), 8.00 (d, J = 4.0 Hz, 1H), 7.92-7.79 (m, 2H), 7.57-7.46 (m, 3H), 7.44-7.34 (m, 

2H), 7.30-7.18 (m, 5H), 6.88-6.70 (m, 3H), 6.11 (s, 1H), 4.25 (br s, 1H); 13C NMR (100 MHz, 

CDCl3) δ 146.5, 134.4, 134.1, 131.7, 130.7, 129.1, 129.0, 128.8, 128.2, 128.1, 126.5, 125.8, 125.3, 

123.5, 122.8, 118.5, 113.8, 88.4, 85.6, 48.5; MS (ESI) m/z: [M+H]+ calcd for C25H19N, 334.1; found: 

334.5; HPLC (Chiralcel OD-H, hexane/i-PrOH = 99.8:0.2, flow rate = 1.0 mL/min, λ = 234 nm) 

major isomer: tR = 96.3 min, minor isomer tR = 80.9 min. 

 

(R)-N-(1,3-diphenylprop-2-yn-1-yl)-4-methylaniline 4m1 (294 mg, 99% yield, 99% ee); white solid; 

mp 77.5-77.6 °C; [α]D
25 = +148.074 (c 0.50 in CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.63 (d, J = 

4.0 Hz, 2H), 7.43-7.20 (m, 8H), 7.00 (d, J = 8.0 Hz, 2H), 6.69 (d, J = 8.0 Hz, 2H), 5.45 (s, 1H), 4.10 

(br s, 1H), 2.25 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 143.9, 139.6, 131.3, 129.2, 128.3, 127.8, 

127.6, 127.5, 126.9, 122.6, 114.2, 88.7, 85.0, 51.4, 20.9; MS (ESI) m/z: [M+H]+ calcd for C22H19N, 
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298.1; found: 298.2; HPLC (Chiralcel OD-H, hexane/i-PrOH = 95:5, flow rate = 0.5 mL/min, λ = 

234 nm) major isomer: tR = 25.5 min, minor isomer tR = 22.6 min. 

 

(R)-N-(1,3-diphenylprop-2-yn-1-yl)-4-ethylaniline 4n4 (292 mg, 94% yield, 90% ee); yellow oil; 

[α]D
25 = +134.122 (c 0.50 in CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.67-7.60 (m, 2H), 7.42-7.23 

(m, 8H), 7.05-7.00 (m, 2H), 6.74-6.68 (m, 2H), 5.45 (s, 1H), 4.02 (br, 1H), 2.55 (q, J = 8.0 Hz, 2H), 

1.19 (t, J = 8.0 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 144.2, 139.7, 134.1, 131.5, 128.5, 128.2, 

128.0, 127.8, 127.1, 122.6, 114.0, 88.7, 84.9, 50.8, 28.0, 16.0.; MS (ESI) m/z: [M+H]+ calcd for 

C23H21N, 312.2; found: 312.3; HPLC (Chiralcel AD-H, hexane/i-PrOH = 95:5, flow rate = 1.0 

mL/min, λ = 234 nm) major isomer: tR = 11.0 min, minor isomer tR = 9.7 min. 

 
(R)-4-Chloro-N-(1,3-diphenylprop-2-yn-1-yl)aniline 4o1 (292 mg, 92% yield, 98% ee); yellow solid; 

mp 88.4-89.3 °C; [α]D
25 = +152.672 (c 0.52 in CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.67-7.56 (m, 

2H), 7.42-7.21 (m, 8H), 7.16-7.10 (m, 2H), 6.74-6.55 (m, 2H), 5.43 (s, 1H), 4.15 (s, 1H); 13C NMR 

(100 MHz, CDCl3) δ 144.8, 139.1, 131.6, 128.9, 128.8, 128.7, 128.3, 128.1, 127.1, 123.1, 122.4, 

115.2, 87.8, 85.3, 50.8; MS (ESI) m/z: [M+H]+ calcd for C21H16NCl, 318.1; found: 318.6; HPLC 

(Chiralcel OD-H, hexane/i-PrOH = 95:5, flow rate = 0.5 mL/min, λ = 234 nm) major isomer: tR = 

21.3 min, minor isomer tR = 25.4 min. 

 

(R)-4-Bromo-N-(1,3-diphenylprop-2-yn-1-yl)aniline 4p1 (324mg, 90% yield, 97% ee); yellow solid; 

mp 83.0-83.8 °C; [α]D
25 = +147.177 (c 0.50 in CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.61 (d, J = 

8.0 Hz, 2H), 7.43-7.20 (m, 10H), 6.64 (d, J = 8.0 Hz, 2H), 5.43 (s, 1H), 4.28 (s, 1H); 13C NMR (100 

MHz, CDCl3) δ 145.3, 139.0, 131.7, 131.6, 128.7, 128.3, 128.1, 127.1, 122.4, 115.6, 110.2, 87.8, 

85.3, 50.6, 29.8; MS (ESI) m/z: [M+H]+ calcd for C21H16NBr, 362.1; found: 362.5; HPLC (Chiralcel 

OD-H, hexane/i-PrOH = 95:5, flow rate = 0.5 mL/min, λ = 234 nm) major isomer: tR = 25.2 min, 

minor isomer tR = 27.9 min. 

 

(R)-4-Chloro-N-(3-phenyl-1-(p-tolyl)prop-2-yn-1-yl)aniline 4q (311 mg, 94% yield, 95% ee); 

yellow solid; mp 78.5-80.3 °C; [α]D
25 = +116.863 (c 0.51 in CHCl3); 1H NMR (400 MHz, CDCl3) δ 
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7.49 (d, J = 8.0 Hz, 2H), 7.41-7.36 (m, 2H), 7.30-7.10 (m, 7H), 6.73-6.61 (m, 2H), 5.40 (s, 1H), 

4.249 (br s, 1H), 2.36 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 144.9, 137.9, 136.2, 131.6, 129.4, 

128.8, 128.2, 128.1, 127.0, 123.1, 122.5, 115.1, 88.1, 85.1, 50.5, 21.26.MS (ESI) m/z: [M+H]+ calcd 

for C22H18NCl, 332.1; found: 332.3; HPLC (Chiralcel OD-H, hexane/i-PrOH = 95:5, flow rate = 0.5 

mL/min, λ = 234 nm, λ = 234 nm) major isomer: tR = 14.5 min, minor isomer tR = 16.0 min. 

 

(R)-N-(1-phenyl-3-(p-tolyl)prop-2-yn-1-yl)aniline 4r (295 mg, 99% yield, 99.7% ee); white solid; 

mp 111.2-111.7 °C; [α]D
25 = +63.162 (c 0.51 in CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.63 (d, J = 

8.0 Hz, 2H), 7.41-7.26 (m, 5H), 7.22-7.16 (m, 2H), 7.07 (d, J = 8.0 Hz, 2H), 6.77 (d, J = 8.0 Hz, 

3H), 5.48 (s, 1H), 4.24 (br s, 1H), 2.32 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 146.4, 139.7, 138.2, 

131.5, 129.0, 128.8, 128.6, 127.9, 127.2, 119.5, 118.4, 114.0, 87.7, 85.1, 50.7, 21.6; MS (ESI) m/z: 

[M+H]+ calcd for C22H19N, 298.2; found: 298.2; HPLC (Chiralcel OD-H, hexane/i-PrOH = 95:5, 

flow rate = 0.5 mL/min, λ = 234 nm) major isomer: tR = 16.7 min, minor isomer tR = 19.0 min. 

 

(R)-N-(1,3-diphenylprop-2-yn-1-yl)-4-methoxyaniline 4s2 (310 mg, 99% yield, 98% ee); yellow oil; 

[α]D
25 = +123.904 (c 0.50 in CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.67-7.60 (m, 2H), 7.41-7.24 

(m, 8H), 6.88-6.64 (m, 4H), 5.40 (s, 1H), 3.74 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 152.6, 140.4, 

139.6, 131.5, 128.5, 128.3, 128.0, 127.8, 127.1, 122.6, 115.7, 114.5, 88.7, 85.0, 55.6, 51.7; MS (ESI) 

m/z: [M+H]+ calcd for C22H19NO, 314.2; found: 314.1; HPLC (Chiralcel AD-H, hexane/i-PrOH = 

90:10, flow rate = 0.5 mL/min, λ = 234 nm) major isomer: tR = 28.9 min, minor isomer tR = 24.2 

min. 

 

(R)-N-(1-(4-chlorophenyl)-3-phenylprop-2-yn-1-yl)-4-methoxyaniline 4t2 ( 320 mg, 92% yield, 88% 

ee); yellow oil; [α]D
25 = +84.524 (c 0.50 in CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.59-7.55 (m, 

2H), 7.39-7.32 (m, 4H), 7.29-7.24 (m, 3H), 6.81-6.75 (dt, J = 4.0, 12.0 Hz, 2H), 6.73-6.68 (dt, J = 

4.0, 12.0 Hz, 2H), 5.37 (s, 1H), 3.74 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 152.9, 140.1, 138.3, 

133.6, 131.6, 128.7, 128.5, 128.3, 128.1, 122.4, 115.9, 114.6, 88.1, 85.4, 55.7, 51.3; MS (ESI) m/z: 

[M+H]+ calcd for C22H18ClNO, 347.1; found: 348.2; HPLC (Chiralcel AD-H, hexane/i-PrOH = 95:5, 

flow rate = 1.0 mL/min, λ = 234 nm) major isomer: tR = 23.5 min, minor isomer tR = 22.5 min. 
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(R)-4-Methoxy-N-(1-phenyl-3-(p-tolyl)prop-2-yn-1-yl)aniline 4u2 (325 mg, 99% yield, 95.0% ee); 

white solid; mp 72.4-72.7 °C; [α]D
25 = +129.457 (c 0.52 in CHCl3); 1H NMR (400 MHz, CDCl3) δ 

7.65-7.60 (m, 2H), 7.41-7.25 (m, 5H), 7.06 (m, 2H), 6.81-6.71 (m, 4H), 5.38 (s, 1H), 3.74 (s, 3H), 

2.32 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 152.7, 140.5, 139.8, 138.2, 131.4, 128.7, 128.6, 127.8, 

127.2, 119.6, 115.8, 114.5, 88.0, 85.2, 55.7, 51.8, 21.6; MS (ESI) m/z: [M+H]+ calcd for C23H21NO, 

328.2; found: 328.3; HPLC (Chiralcel AD-H, hexane/i-PrOH = 80:20, flow rate = 0.8 mL/min, λ= 

254 nm) major isomer: tR = 16.9 min, minor isomer tR = 14.1 min. 

  
(R)-N-(3-cyclopropyl-1-phenylprop-2-yn-1-yl)-4-methoxyaniline 4v5 (248 mg, 90% yield, 88% ee); 

yellow oil; [α]D
25 = +94.603 (c 0.63 in CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.51 (m, 2H), 7.34-

7.22 (m, 3H), 6.79-6.68 (dt, J = 4.0, 8.0 Hz, 2H), 6.67-6.56 (dt, J = 4.0, 8.0 Hz, 2H), 5.09 (s, 1H), 

3.70 (s, 3H), 1.28-1.17 (m, 1H), 0.76-0.66 (m, 2H), 0.65-0.55 (m, 2H); 13C NMR (100 MHz, CDCl3) 

δ 152.5, 140.6, 140.3, 128.4, 127.6, 127.0, 115.5, 114.4, 88.5, 74.7, 55.6, 51.2, 8.4, -0.3; MS (ESI) 

m/z: [M+H]+ calcd for C19H19NO, 278.2; found: 278.3; HPLC (Chiralcel AD-H, hexane/i-PrOH = 

95:5, flow rate = 1.0 mL/min, λ = 234 nm) major isomer: tR = 15.1 min, minor isomer tR = 12.8 min. 

 
(R)-4-Methoxy-N-(1-phenyloct-2-yn-1-yl)aniline 4w* (293 mg, 92% yield, 88% ee); yellow solid; 

mp 77.6-77.8 °C; [α]D
25 = +86.498 (c 0.47 in CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.58-7.53 (m, 

2H), 7.37-7.25 (m, 3H), 6.79-6.73 (m, 2H), 6.70-6.65 (m, 2H), 5.14 (s, 1H), 3.73 (s, 3H), 2.20 (td, 

J = 8.0, 4.0 Hz, 2H), 1.53-1.43 (m, 2H), 1.36-1.22 (m, 4H), 0.87 (t, J = 8.0 Hz, 3H); 13C NMR (100 

MHz, CDCl3) δ 146.1, 138.3, 133.7, 131.6, 129.1, 128.8, 128.5, 128.3, 128.1, 122.4, 118.8, 114.1, 

88.0, 85.4, 50.2; IR (KBr) 3435, 2925, 1633, 1511, 1456, 1385, 1241, 1029, 826, 701 cm-1; HRMS 

(ESI) m/z: [M+Na]+ calcd for C21H25NO, 330.1834; found: 330.1828; HPLC (Chiralcel OD-H, 

hexane/i-PrOH = 95:5, flow rate = 0.5 mL/min, λ = 254 nm) major isomer: tR = 30.6 min, minor 

isomer tR = 33.6 min. 
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6. Copies of 1H NMR, 13C NMR, and HPLC spectra for 4a-4w 
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