
S1 

 

Electronic Supplementary Information 

 

Copper-Catalyzed Enantioselective Propargylic Substitution of 

Propargylic Acetates with Enamines 

Bo Wang,a,b Chunxiao Liu,a and Hongchao Guo*b 

 

a State Key Laboratory Breeding Base of Green Pesticide and Agricultural 

Bioengineering, Key Laboratory of Green Pesticide and Agricultural Bioengineering, 

Ministry of Education, Guizhou University, Huaxi District, Guiyang 550025 (China) 
b Department of Applied Chemistry, China Agricultural University, Beijing 100193, 

China. 

 

Email: hchguo@cau.edu.cn 

 

Contents                                    

General Information                                                    S2 

General Procedure for Cu-Catalyzed Propargylic Substitution  S2 

Analytic and Characterization Data of the Products 3        S2–S10 

1H and 13C NMR Spectra of the Products 3                                                   S11–S27  

HPLC Chromatogram of Racemic and Chiral Products 3            S28–S44 

Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2014



S2 

 

General information 

All reactions were performed under an argon atmosphere in oven-dried glassware with 

magnetic stirring. Unless otherwise stated, all reagents were purchased from commercial 

suppliers and used without further purification. Methanol and other solvents employed in 

the reactions were dried under N2 atmosphere using the standard procedure. Flash column 

chromatography was performed using Qingdao Haiyang flash silica gel (200–300 mesh). 
1H and 13C NMR spectra were recorded in CDCl3 using a 400 MHz NMR instrument 

(referenced internally to Me4Si).  

 

General Procedure for Cu-Catalyzed Propargylic Substitution of Propargylic 

Acetates with Enamines 

Under an argon atmosphere, Cu(CH3CN)4ClO4 (8.3 mg, 0.025 mmol) and chiral 

tridentate P,N,N ligand (18.8 mg, 0.038 mmol) were dissolved in 2 mL of MeOH. The 

resulting mixture was stirred at room temperature for 1 h, and then was cooled to 0 °C.  

Enamine 2 (1.0 mmol), propargylic acetate 1 (0.5 mmol), 2 mL of MeOH and i-Pr2NEt 

(200 μL, 1.2 mmol) were added sequentially. The reaction mixture was stirred at 0 °C for 

12 h, and then was concentrated in vacuo. The residue was purified through flash column 

chromatography (EtOAc/petroleum ether = 1/40) to afford the corresponding propargylic 

ketone.  

 

(S)-1,3-Diphenylpent-4-yn-1-one (3aa)  

O

3aa  

White solid, 90% yield.  mp 78–79 °C. [α]D
20 = 2.4 (c = 1.00, CH2Cl2). 

1H NMR (400 

MHz, CDCl3) δ 7.97 (d, J = 7.3 Hz, 2H), 7.58 (d, J = 7.2 Hz, 1H), 7.49–7.46 (m, 4H), 

7.36 (d, J = 7.2 Hz, 2H), 7.29 (d, J = 7.1 Hz, 1H), 4.48 (s, 1H), 3.66–3.60 (m, 1H), 3.41–

3.36 (m, 1H), 2.29 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 196.7, 140.6, 136.6, 133.3, 

128.7, 128.6, 128.1, 127.5, 127.2, 85.3, 71.0, 47.1, 32.6. HPLC analysis: 97% ee, 

chiralcel OJ-H column, n-hexane/i-propanol = 95/5, flow rate = 0.8 mL/min, 40 °C, 230 

nm, tR: 25.2 min (major), 33.9 min (minor). 
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(S)-1-Phenyl-3-p-tolylpent-4-yn-1-one (3ba)  

 

White solid, 92% yield. mp 76–78 °C. [α]D
20 = 8.1 (c = 1.00, CH2Cl2). 

1H NMR (400 

MHz, CDCl3) δ 7.98 (d, J = 7.3 Hz, 2H), 7.57 (d, J = 7.2 Hz, 1H), 7.47 (t, J = 7.4 Hz, 2H), 

7.40 (d, J = 7.6 Hz, 2H), 7.19 (d, J = 7.4 Hz, 2H), 4.46 (s, 1H), 3.62 (dd, J = 17.1, 8.0 Hz, 

1H), 3.38 (dd, J = 17.1, 5.8 Hz, 1H), 2.37 (s, 3H), 2.30 (s, 1H). 13C NMR (101 MHz, 

CDCl3) δ 196.8, 137.7, 136.8, 136.7, 133.3, 129.4, 128.6, 128.2, 127.4, 85.6, 70.9, 47.1, 

32.3, 21.1. HPLC analysis: 97% ee, chiralcel OJ-H column, n-hexane/i-propanol = 90/10, 

flow rate = 1.0 mL/min, 40 °C, 230 nm, tR: 13.5 min (major), 15.7 min (minor). 

 

(S)-3-(4-Methoxyphenyl)-1-phenylpent-4-yn-1-one (3ca)  

 

White solid, 95% yield. mp 63–65 °C. [α]D
20 = 1.9 (c = 1.10, CH2Cl2).

 1H NMR (400 

MHz, CDCl3) δ 7.97–7.95 (m, 2H), 7.60–7.55 (m, 1H), 7.49–7.45 (m, 2H), 7.42–7.39 (m, 

2H), 6.92–6.88 (m, 2H), 4.45–4.41 (m, 1H), 3.80 (s, 3H), 3.59 (dd, J = 17.1, 7.9 Hz, 1H), 

3.37 (dd, J = 17.1, 6.2 Hz, 1H), 2.29 (d, J = 2.5 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 

196.9, 158.7, 136.7, 133.3, 132.6, 128.6, 128.5, 128.1, 114.1, 85.7, 70.8, 55.3, 47.1, 31.9. 

HPLC analysis: 95% ee, chiralcel OD-H column, n-hexane/i-propanol = 98/2, flow rate = 

0.6 mL/min, 40 °C, 230 nm, tR: 20.5 min (major), 23.1 min (minor). 
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(S)-3-(4-Fluorophenyl)-1-phenylpent-4-yn-1-one (3da)  

 

White solid, 86% yield. mp 60–61 °C. [α]D
20 = –3.1 (c = 1.05, CH2Cl2).

 1H NMR (400 

MHz, CDCl3) δ 7.94 (d, J = 7.5 Hz, 2H), 7.57 (t, J = 7.4 Hz, 1H), 7.47–7.43 (m, 4H), 

7.02 (t, J = 8.6 Hz, 2H), 4.47–4.43 (m, 1H), 3.58 (dd, J = 17.2, 7.5 Hz, 1H), 3.36 (dd, J = 

17.2, 6.4 Hz, 1H), 2.30 (d, J = 2.4 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 196.5, 161.9 

(J = 245.5 Hz), 136.5, 136.4, 136.3, 133.4, 129.1 (J = 8.1 Hz), 128.6, 128.1, 115.47 (J = 

21.4 Hz), 85.2, 71.2, 47.0, 31.9. HPLC analysis: 96% ee, chiralcel OJ-H column, n-

hexane/i-propanol = 85/15, flow rate = 1.0 mL/min, 40 °C, 230 nm, tR: 10.0 min (major), 

12.7 min (minor). 

 

(S)-3-(2-Chlorophenyl)-1-phenylpent-4-yn-1-one (3ea)  

 

Colorless oil, 75% yield. [α]D
20 = 36.1 (c = 1.06, CH2Cl2).

 1H NMR (400 MHz, CDCl3) δ 

8.00–7.98 (m, 2H), 7.79 (dd, J = 7.7, 1.6 Hz, 1H), 7.61–7.57 (m, 1H), 7.48 (t, J = 7.7 Hz, 

2H), 7.40 (dd, J = 7.9, 1.2 Hz, 1H), 7.33 (td, J = 7.6, 1.2 Hz, 1H), 7.28–7.23 (m, 1H), 

4.90–4.86 (m, 1H), 3.51 (dd, J = 17.0, 9.6 Hz, 1H), 3.40 (dd, J = 17.0, 4.3 Hz, 1H), 2.31 

(d, J = 2.5 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 196.3, 137.7, 136.5, 133.3, 132.7, 

129.7, 129.4, 128.6, 128.6, 128.1, 127.3, 84.0, 71.7, 45.1, 30.3. HPLC analysis: 97% ee, 

chiralcel OJ-H column, n-hexane/i-propanol = 85/15, flow rate = 0.8 mL/min, 40 °C, 230 

nm, tR: 12.9 min (major), 15.3min (minor). 
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(S)-3-(3-Chlorophenyl)-1-phenylpent-4-yn-1-one (3fa)  

 

Colorless oil, 88% yield. [α]D
20 = 0.8 (c = 1.00, CH2Cl2).

 1H NMR (400 MHz, CDCl3) δ 

7.95–7.93 (m, 2H), 7.57 (t, J = 7.4 Hz, 1H), 7.50–7.44 (m, 3H), 7.36–7.34 (m, 1H), 7.29–

7.22 (m, 2H), 4.47–4.43 (m, 1H), 3.60 (dd, J = 17.3, 7.8 Hz, 1H), 3.36 (dd, J = 17.3, 6.1 

Hz, 1H), 2.31 (d, J = 2.5 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 196.3, 142.6, 136.4, 

134.5, 133.4, 129.9, 128.7, 128.1, 127.7, 127.4, 125.8, 84.6, 71.6, 46.8, 32.2. HPLC 

analysis: 98% ee, chiralcel OJ-H column, n-hexane/i-propanol = 85/15, flow rate = 1.0 

mL/min, 40 °C, 230 nm, tR: 9.9 min (major), 11.5 min (minor). 

 

(S)-3-(4-Chlorophenyl)-1-phenylpent-4-yn-1-one (3ga).  

 

White solid, 95% yield. mp 79–81 °C. [α]D
20 = 5.8 (c = 1.00, CH2Cl2). 

1H NMR (400 

MHz, CDCl3) δ 7.95–7.93 (m, 2H), 7.57 (t, J = 7.4 Hz, 1H), 7.48–7.40 (m, 4H), 7.34–

7.30 (m, 2H), 4.47–4.43 (m, 1H), 3.59 (dd, J = 17.2, 7.5 Hz, 1H), 3.36 (dd, J = 17.2, 6.4 

Hz, 1H), 2.30 (d, J = 2.5 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 196.4, 139.1, 136.5, 

133.4, 132.9, 129.0, 128.8, 128.7, 128.1, 84.9, 71.4, 46.8, 32.0. HPLC analysis: 97% ee, 

chiralcel OJ-H column, n-hexane/i-propanol = 85/15, flow rate = 0.8 mL/min, 40 °C, 214 

nm, tR: 9.6 min (major), 11.5 min (minor). 
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(S)-3-(4-Bromophenyl)-1-phenylpent-4-yn-1-one (3ha)  

 

White solid, 83% yield. mp 80–82 °C. [α]D
20 = 8.5 (c = 1.10, CH2Cl2).

 1H NMR (400 

MHz, CDCl3) δ 7.94–7.92 (m, 2H), 7.57 (t, J = 7.4 Hz, 1H), 7.47–7.44 (m, 4H), 7.37–

7.27 (m, 2H), 4.45–4.41 (m, 1H), 3.58 (dd, J = 17.2, 7.5 Hz, 1H), 3.36 (dd, J = 17.2, 6.4 

Hz, 1H), 2.30 (d, J = 2.5 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 196.3, 139.7, 136.4, 

133.4, 131.7, 129.3, 128.7, 128.1, 121.0, 84.8, 71.4, 46.8, 32.1. HPLC analysis: 96% ee, 

chiralcel OJ-H column, n-hexane/i-propanol = 85/15, flow rate = 0.8 mL/min, 40 °C, 230 

nm, tR: 14.4 min (major), 17.3 min (minor). 

 

(S)-1-Phenyl-3-(4-(trifluoromethyl)phenyl)pent-4-yn-1-one (3ia) 

O

3iaF3C  

White solid, 80% yield. mp 63–65 °C. [α]D
20 = 1.6 (c = 0.90, CH2Cl2).

 1H NMR (400 

MHz, CDCl3) δ 7.95–7.93 (m, 2H), 7.61–7.56 (m, 5H), 7.47 (t, J = 7.7 Hz, 2H), 4.56–

4.52 (m, 1H), 3.63 (dd, J = 17.3, 7.4 Hz, 1H), 3.40 (dd, J = 17.3, 6.5 Hz, 1H), 2.32 (d, J = 

2.5 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 196.2, 144.6, 136.4, 133.5, 129.5 (J = 32.3 

Hz), 128.7, 128.1, 128.00, 125.63 (J = 3.7 Hz), 124.05 ( J = 272.1 Hz), 84.4, 71.64, 46.7, 

32.3. HPLC analysis: 96% ee, chiralcel OJ-H column, n-hexane/i-propanol = 85/15, flow 

rate = 1.0 mL/min, 40 °C, 230 nm, tR: 7.2 min (major), 7.8 min (minor). 
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(S)-3-(Naphthalen-2-yl)-1-phenylpent-4-yn-1-one (3ja)  

 

White solid, 85% yield. mp 122–124 °C. [α]D
20 = 26.0 (c = 0.82, CH2Cl2).

 1H NMR (400 

MHz, CDCl3) δ 7.98–7.96 (m, 3H), 7.87–7.83 (m, 3H), 7.61–7.55 (m, 2H), 7.52–7.44 (m, 

4H), 4.68–4.64 (m, 1H), 3.70 (dd, J = 17.2, 8.0 Hz, 1H), 3.48 (dd, J = 17.2, 5.9 Hz, 1H), 

2.36 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 196.7, 137.9, 136.6, 133.4, 133.3, 132.6, 

128.6, 128.5, 128.1, 127.8, 127.6, 126.2, 126.2, 125.9, 125.6, 85.3, 71.3, 46.9, 32.8. 

HPLC analysis: 96% ee, chiralcel OJ-H column, n-hexane/i-propanol = 85/15, flow rate = 

1.0 mL/min, 40 °C, 230 nm, tR: 20.9 min (major), 30.3 min (minor). 

 

(S)-1-Phenyl-3-(thiophen-2-yl)pent-4-yn-1-one (3ka)  

 

Colorless oil, 76% yield. [α]D
20 = –14.1 (c = 1.20, CH2Cl2).

 1H NMR (400 MHz, CDCl3) 

δ 7.97 (d, J = 7.5 Hz, 2H), 7.58 (d, J = 6.9 Hz, 1H), 7.47 (t, J = 7.2 Hz, 2H), 7.19 (s, 1H), 

7.09 (s, 1H), 6.95 (s, 1H), 4.77 (s, 1H), 3.65 (dd, J = 17.2, 7.2 Hz, 1H), 3.53–3.47 (m, 

1H), 2.33 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 196.3, 143.7, 136.5, 133.4, 128.7, 128.1, 

126.8, 125.1, 124.4, 84.6, 71.0, 47.2, 27.9. HPLC analysis: 96% ee, chiralcel OD-H 

column, n-hexane/i-propanol = 95/5, flow rate = 0.7 mL/min, 40 °C, 230 nm, tR: 12.8 min 

(major), 13.6 min (minor). 
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(S)-3-Phenyl-1-p-tolylpent-4-yn-1-one (3ab).  

 

Colorless oil, 81% yield. [α]D
20 = 4.5 (c = 1.00, CH2Cl2).

 1H NMR (400 MHz, CDCl3) δ 

7.87 (d, J = 8.2 Hz, 2H), 7.49 (d, J = 7.3 Hz, 2H), 7.37 (t, J = 7.5 Hz, 2H), 7.28 (t, J = 7.3 

Hz, 3H), 4.49–4.46 (m, 1H), 3.60 (dd, J = 17.0, 8.1 Hz, 1H), 3.35 (dd, J = 17.0, 6.0 Hz, 

1H), 2.43 (s, 3H), 2.29 (d, J = 2.3 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 196.3, 144.1, 

140.7, 134.2, 129.3, 128.7, 128.2, 127.5, 127.1, 85.4, 71.0, 46.9, 32.7, 21.6. HPLC 

analysis: 96% ee, chiralcel OJ-H column, n-hexane/i-propanol = 85/15, flow rate = 1.0 

mL/min, 40 °C, 210 nm, tR: 11.3 min (major), 15.6 min (minor). 

 

(S)-1-(4-Methoxyphenyl)-3-phenylpent-4-yn-1-one (3ac).  

 

White solid, 88% yield. mp 62–64 °C. [α]D
20 = 2.4 (c = 1.20, CH2Cl2).

 1H NMR (400 

MHz, CDCl3) δ 7.95 (d, J = 8.9 Hz, 2H), 7.49 (d, J = 7.3 Hz, 2H), 7.36 (t, J = 7.5 Hz, 2H), 

7.27 (t, J = 7.3 Hz, 1H), 6.94 (d, J = 8.9 Hz, 2H), 4.49–4.45 (m, 1H), 3.87 (s, 3H), 3.57 

(dd, J = 16.8, 8.1 Hz, 1H), 3.32 (dd, J = 16.8, 6.0 Hz, 1H), 2.29 (d, J = 2.5 Hz, 1H). 13C 

NMR (101 MHz, CDCl3) δ 195.2, 163.6, 140.8, 130.4, 129.7, 128.7, 127.5, 127.1, 113.7, 

85.5, 71.0, 55.5, 46.7, 32.8. HPLC analysis: 96% ee, chiralcel OJ-H column, n-hexane/i-

propanol = 80/20, flow rate = 0.8 mL/min, 40 °C, 230 nm, tR: 21.2 min (major), 32.3 min 

(minor). 
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(S)-1-(4-Fluorophenyl)-3-phenylpent-4-yn-1-one (3ad)  

 

White solid, 83% yield. mp 70–71 °C. [α]D
20 = 6.4 (c = 0.90, CH2Cl2).

 1H NMR (400 

MHz, CDCl3) δ 7.98 (dd, J = 8.3, 5.7 Hz, 2H), 7.48 (d, J = 7.6 Hz, 2H), 7.37 (t, J = 7.5 

Hz, 2H), 7.28 (t, J = 7.3 Hz, 1H), 7.13 (t, J = 8.5 Hz, 2H), 4.47–4.44 (m, 1H), 3.59 (dd, J 

= 17.0, 8.1 Hz, 1H), 3.34 (dd, J = 17.0, 5.9 Hz, 1H), 2.30 (d, J = 2.2 Hz, 1H). 13C NMR 

(101 MHz, CDCl3) δ 195.2, 165.82 ( J = 255.2 Hz), 140.5, 133.1, 133.1, 130.8 (J = 9.3 

Hz), 128.7, 127.4, 127.2, 115.7 (d, J = 21.9 Hz), 85.2, 71.1, 46.9, 32.7. HPLC analysis: 

96% ee, chiralcel OJ-H column, n-hexane/i-propanol = 80/20, flow rate = 1.0 mL/min, 

40 °C, 230 nm, tR: 14.1 min (major), 17.0 min (minor).  

 

(S)-1-(3-Chlorophenyl)-3-phenylpent-4-yn-1-one (3ae) 

 

Colorless oil, 87% yield. [α]D
20 = 6.0 (c = 1.10, CH2Cl2).

 1H NMR (400 MHz, CDCl3) δ 

7.93 (s, 1H), 7.83 (d, J = 7.6 Hz, 1H), 7.55 (d, J = 7.2 Hz, 1H), 7.48 (d, J = 7.0 Hz, 2H), 

7.43–7.35 (m, 3H), 7.29 (d, J = 6.8 Hz, 1H), 4.45 (s, 1H), 3.59 (dd, J = 17.0, 8.1 Hz, 1H), 

3.35 (dd, J = 17.1, 3.9 Hz, 1H), 2.30 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 195.5, 140.3, 

138.1, 135.0, 133.2, 129.9, 128.8, 128.3, 127.4, 127.3, 126.2, 85.0, 71.2, 47.1, 32.6. 

HPLC analysis: 96% ee, chiralcel OJ-H column, n-hexane/i-propanol = 90/10, flow rate = 

0.8 mL/min, 40 °C, 230 nm, tR: 18.7 min (major), 25.0 min (minor). 



S10 

 

(S)-1-(4-Chlorophenyl)-3-phenylpent-4-yn-1-one (3af) 

 

White solid, 86% yield. mp 91–93 °C. [α]D
20 = 11.1 (c = 1.00, CH2Cl2).

 1H NMR (400 

MHz, CDCl3) δ 7.90–7.88 (m, 2H), 7.49 (d, J = 7.3 Hz, 2H), 7.42–7.42 (m, 2H), 7.37 (t, J 

= 7.5 Hz, 2H), 7.30–7.27 (m, 1H), 4.48–4.44 (m, 1H), 3.58 (dd, J = 17.1, 8.1 Hz, 1H), 

3.34 (dd, J = 17.1, 5.9 Hz, 1H), 2.31 (d, J = 2.5 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 

195.5, 140.4, 139.7, 134.9, 129.5, 128.9, 128.8, 127.5, 127.26, 85.1, 71.2, 47.0, 32.7. 

HPLC analysis: 97% ee, chiralpak AD-H column, n-hexane/i-propanol = 95/5, flow rate 

= 0.7 mL/min, 40 °C, 230 nm, tR: 15.1 min (major), 16.8 min (minor). 

 

(S)-1-(4-Bromophenyl)-3-phenylpent-4-yn-1-one (3ag) 

O

3ag

Br

 

White solid, 80% yield. mp 96–97 °C. [α]D
20 = 8.6 (c = 1.00, CH2Cl2).

 1H NMR (400 

MHz, CDCl3) δ 7.81 (d, J = 8.6 Hz, 2H), 7.61 (d, J = 8.6 Hz, 2H), 7.47 (d, J = 7.4 Hz, 

2H), 7.36 (t, J = 7.5 Hz, 2H), 7.28 (t, J = 7.3 Hz, 1H), 4.46–4.42 (m, 1H), 3.57 (dd, J = 

17.0, 8.2 Hz, 1H), 3.33 (dd, J = 17.1, 5.9 Hz, 1H), 2.29 (d, J = 2.5 Hz, 1H). 13C NMR 

(101 MHz, CDCl3) δ 195.8, 140.4, 135.3, 131.9, 129.6, 128.7, 128.5, 127.4, 127.3, 85.1, 

71.2, 47.0, 32.7. HPLC analysis: 96% ee, chiralcel OJ-H column, n-hexane/i-propanol = 

80/20, flow rate = 0.8 mL/min, 40 °C, 230 nm, tR: 20.9 min (major), 27.0 min (minor). 
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HPLC chromatogram of racemic product 3ba 
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HPLC chromatogram of racemic product 3da  
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HPLC chromatogram of racemic product 3ea 

 

 

 

HPLC chromatogram of chiral product 3ea  

 

 

 



S33 
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HPLC chromatogram of racemic product 3ha  
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HPLC chromatogram of racemic product 3ja 
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HPLC chromatogram of racemic product 3ka  
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HPLC chromatogram of racemic product 3ad 
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HPLC chromatogram of racemic product 3ae  
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HPLC chromatogram of racemic product 3af  
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HPLC chromatogram of racemic product 3ag  
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