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I. General Remarks 

NMR spectra were recorded at 300 or 400 MHz (1H) and at 75 or 100 MHz (13C). The 

1H chemical shifts were measured relative to tetramethylsilane as the internal 

reference, while the 13C NMR chemical shifts were given using CDCl3 as the internal 

standard. Low-resolution mass spectra (MS) were obtained by GC-MS (EI).  

All liquid reagents were distilled before use, while the others were used without 

further purification. Ti(OiPr)4 was distilled under reduced pressure prior to use. 

Solvents were dried by heating at reflux for at least 24 h over CaH2 (dichloromethane), 

or sodium/benzophenone (tetrahydrofuran, toluene and ether) and freshly distilled 

prior to use. NMI was refluxed with sodium under nitrogen and distilled under 

reduced pressure. Except as noted, commercial reagents were used as received 

without further purification. Unless otherwise indicated, all reactions were carried out 

under dry N2 atmosphere. 

 

II. General procedure for the preparation of racemic propargylic alcohol  

Under argon, n-BuLi (0.12 mL, 2.5 M in hexane) was added into a solution of an 

alkyne (0.35 mmol) in 3 mL of THF at -78 °C. After the mixture was stirred for 1 h at 

the same temperature, an aldehyde (0.25 mmol) was then added and the reaction was 

stirred for additional 3 h. The reaction was then quenched with ice, and the resulting 

mixture was extracted with CH2Cl2, and the combined organic layers were dried over 

Mg2SO4. After removal of solvent, the residue was passed through a short silica gel to 

afford the desired racemic product.  
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III. General procedure for the catalytic enantioselective addition of alkyne to 

aldehyde  

Under nitrogen, to a flame-dried test tube containing (R)-BINOL (7.2 mg, 0.025 

mmol) and 3 mL of CH2Cl2 were sequentially added NMI (0.0125 mmol, 1 μL), 

alkyne (0.5 mmol) and Et2Zn (0.5 mmol, 1.25 M in toluene). The resulting mixture 

was stirred at room temperature for 2 h, followed by the addition of Ti(OiPr)4 (0.0625 

mmol, 18.5 μL). After one hour of stirring an aldehyde (0.25 mmol) was added, and 

the resulting mixture was stirred for additional 12 h. Saturated NH4Cl solution (5 mL) 

was added to quench the reaction, and the mixture was extracted with ethyl acetate. 

The combined organic layers were dried over anhydrous MgSO4 and solvents were 

removed under reduced pressure. The residue was purified by flash column 

chromatography (silica gel, 10 % EtOAc in petroleum ether) to give the product.  

The yields of asymmetric alkynylation reactions reported are isolated yields and are 

the averages of two runs at least. The propargylic alcohols are known and their 1H and 

13C NMR spectra agreed with those in the literature cited below. 1-6 The enantiomeric 

excess (ee) of the products was determined by HPLC using Chiracel OD-H or AD-H 

column. The absolute configuration of adducts was assigned by comparison to 

literature data.1-7

 

 



OH

Ph  

(S)-1,3-Diphenyl-prop-2-yn-l-ol (3a):1 92% yield and 93% ee determined by HPLC 

analysis (Chiralcel OD-H column, 10% iPrOH in hexane at 1.0 mL/min, 254 nm); 

Retention time: tmajor = 17.1 min and tminor = 11.8 min; 1H NMR (300 MHz, CDCl3) δ 

2.56 (br, 1H), 5.70 (s, 1H), 7.30-7.50 (m, 8H), 7.62-7.65 (m, 2H); GC-MS: m/z 208 

[M+]. 
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1 11.793 3.371 376210 14957 

2 17.057 96.63 10782157 287803 

Total  100 11158367 302760 

 

OH

Ph  

(S)-1-(2-Methylphenyl)-3-phenyl-prop-2-yn-1-ol (3b):1 91% yield and 93% ee 

determined by HPLC analysis  (Chiralcel OD-H column, 10% iPrOH in hexane at 

1.0 mL/min, 254 nm); Retention time: tmajor = 17.8 min and tminor = 10.3 min; 1H NMR 

(300 MHz, CDCl3) δ 2.04 (br, 1H), 2.38 (s, 3H), 5.72 (s, 1H), 7.06-7.20 (m, 6H), 

7.32-7.35 (m, 2H), 7.59-7.62 (m, 1H); GC-MS: m/z 223 [M+1]+. 
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1 10.347 3.564 194284 10135 

2 17.803 96.43 5256212 139622 

Total  100 5450496 149757 

 

OH

Ph

 

(S)-1-(3-Methylphenyl)-3-phenyl-prop-2-yn-1-ol (3c):1 92% yield and 94% ee 

determined by HPLC analysis (Chiralcel OD-H column, 10% iPrOH in hexane at 1.0 

mL/min, 254 nm); Retention time: tmajor = 22.5 min and tminor = 10.9 min; 1H NMR 

(300 MHz, CDCl3) δ 2.23 (br, 1H), 2.32 (s, 3H), 5.58 (s, 1H), 7.08 (d, J = 7.5 Hz, 

1H),7.18-7.27 (m, 4H), 7.33-7.43 (m, 4H); GC-MS: m/z 222[M+]. 
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1 10.893 3.224 108769 4849 

2 22.507 96.77 3264367 62315 

Total  100 3373136 67164 

 

S5 



OH

Ph  

(S)-1-(4-Methylphenyl)-3-phenyl-prop-2-yn-1-ol (3d):2 81% yield and 92% ee 

determined by HPLC analysis (Chiralcel OD-H column, 10% iPrOH in hexane at 1.0 

mL/min, 254 nm); Retention time: tmajor = 17.1 min and tminor = 9.2 min; 1H NMR 

(300 MHz, CDCl3) δ 2.20 (br, 1H), 2.29 (s, 3H), 5.58 (s, 1H), 7.12-7.15 (d, J = 7.8 Hz, 

2H), 7.22-7.27 (m, 3H), 7.37-7.44 (m, 4H); GC-MS: m/z 222 [M+]. 
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1 9.200 4.144 153082 7926 

2 17.097 95.85 3540723 91607 

Total  100 3693805 99533 

 

OH

Ph

Cl  

(S)-1-(3-Chlorophenyl)-3-phenyl-prop-2-yn-1-ol (3e):1 95% yield and 92% ee 

determined by HPLC analysis (Chiralcel OD-H column, 10% iPrOH in hexane at 1.0 

mL/min, 254 nm); Retention time: tmajor = 25.5 min and tminor = 8.5 min; 1H NMR 

(400 MHz, CDCl3) δ 2.47 (br, 1H), 5.66 (s, 1H), 7.30-7.35 (m, 5H), 7.46-7.50 (m, 3H), 

7.61 (s, 1H); GC-MS: m/z 241 [M-1]+. 
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1 8.473 3.887 180615 10141 

2 25.533 96.12 4466738 79117 

Total  100 4647353 89258 

 

OH

Ph
Cl  

(S)-1-(4-Chlorophenyl)-3-phenyl-prop-2-yn-1-ol (3f):1 80% yield and 92% ee 

determined by HPLC analysis (Chiralcel OD-H column, 10% iPrOH in hexane at 1.0 

mL/min, 254 nm); Retention time: tmajor = 21.3 min and tminor = 9.8 min; 1H NMR 

(300 MHz, CDCl3) δ 2.38 (br, 1H), 5.67(s, 1H), 7.32-7.40 (m, 5H), 7.45-7.50 (m, 2H), 

7.53-7.57 (m, 2H); GC-MS: m/z 241 [M-1]+. 
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1 9.793 4.075 150382 8614 

2 21.277 95.92 3540240 92272 

Total  100 3690622 100886 
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OH

Ph
Br  

(S)-1-(4-Bromophenyl)-3-phenyl-prop-2-yn-1-ol (3g):2 85% yield and 92% ee 

determined by HPLC analysis (Chiralcel OD-H column, 10% iPrOH in hexane at 1.0 

mL/min, 254 nm); Retention time: tmajor = 24.8 min and tminor = 9.3 min; 1H NMR 

(400 MHz, CDCl3) δ 2.37 (br, 1H), 5.66 (s, 1H), 7.31-7.35 (m, 3H), 7.46-7.55 (m, 6H); 

GC-MS: m/z 286 [M+]. 
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1 9.333 4.258 366129 19683 

2 24.837 95.74 8232117 154766 

Total  100 8598246 174449 

 

OH

Ph
F  

(S)-1-(4-Fluorophenyl)-3-phenyl-prop-2-yn-1-ol (3h):1 91% yield and 93% ee 

determined by HPLC analysis (Chiralcel OD-H column, 10% iPrOH in hexane at 1.0 

mL/min, 254 nm); Retention time: tmajor = 19.6 min and tminor = 8.4 min; 1H NMR 

(300 MHz, CDCl3) δ 2.58 (br, 1H), 5.67 (s, 1H), 7.04-7.12 (m, 2H), 7.29-7.37 (m, 3H), 

7.45-7.50 (m, 2H), 7.56-7.62 (m, 2H); GC-MS: m/z 225 [M-1]+. 
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1 8.360 3.466 202695 12496 

2 19.633 96.54 5644804 140933 

Total 100 5847499 153429  

 

OH

Ph
MeO  

(S)-1-(4-Methoxyphenyl)-3-phenyl-prop-2-yn-1-ol (3i):2 87% yield and 93% ee 

determined by HPLC analysis (Chiralcel OD-H column, 10% iPrOH in hexane at 1.0 

mL/min, 254 nm); Retention time: tmajor = 25.2 min and tminor = 14.8 min; 1H NMR 

(300 MHz, CDCl3) δ 2.17 (br, 1H), 3.75 (s, 3H), 5.58 (s, 1H), 6.85-6.88 (m, 2H), 

7.24-7.26 (m, 3H), 7.39-7.42 (m, 2H), 7.46-7.49 (m, 2H); GC-MS: m/z 238 [M+]. 
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Total  100 2764696 46609 
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OH

Ph

OMe  

(S)-1-(3-Methoxyphenyl)-3-phenyl-prop-2-yn-1-ol (3j):1 82% yield and 91% ee 

determined by HPLC analysis (Chiralcel OD-H column, 10% iPrOH in hexane at 1.0 

mL/min, 254 nm); Retention time: tmajor = 24.0 min and tminor = 17.8 min; 1H NMR 

(400 MHz, CDCl3) δ 2.48 (br, 1H), 3.82 (s, 3H), 5.66 (s, 1H), 6.87-6.90 (m, 1H), 

7.17-7.20 (m, 2H), 7.28-7.33 (m, 4H), 7.45-7.48 (m, 2H); GC-MS: m/z 238 [M+]. 
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1 17.827 4.353 1196006 25916 

2 24.047 95.64 26278520 384172 

Total  100 27474526 410088 
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Ph

OH  

(S)-1-(2-Furyl)-3-phenyl-prop-2-yn-1-ol (3k):2 92% yield and 87% ee determined 

by HPLC analysis (Chiralcel OD-H column, 10% iPrOH in hexane at 1.0 mL/min, 

254 nm); Retention time: tmajor = 18.0 min and tminor = 9.2 min; 1H NMR (300 MHz, 

CDCl3) δ 2.40 (br, 1H), 5.62 (s, 1H), 6.30 (2d, J = 2.0, 1.6 Hz, 1H), 6.45 (d, J = 3.0 

Hz, 1H), 7.21–7.27 (m, 3H), 7.37-7.43 (m, 3H); GC-MS: m/z 197 [M-1]+. 
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1 9.203 6.673 316620 15390 

2 18.017 93.32 4428144 106297 

Total  100 4744764 121687 
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Ph  

(S)-1-(2-Naphthyl)-3-phenyl-prop-2-yn-1-ol (3l):1 85% yield and 93% ee 

determined by HPLC analysis (Chiralcel OD-H column, 10% iPrOH in hexane at 1.0 

mL/min, 254 nm); Retention time: tmajor = 40.5 min and tminor = 13.5 min; 1H NMR 

(400 MHz, CDCl3) δ 2.40 (br, 1H), 5.87 (s, 1H), 7.31-7.36 (m, 3H), 7.48-7.54 (m, 4H), 

7.73 (2d, J = 2.0, 1.6 Hz , 1H,), 7.84-7.91 (m, 3H), 8.07 (s, 1H); GC-MS: m/z 258 

[M+]. 
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OH

CO2Me   

(S)-Methyl 4-hydroxy-4-phenylbut-2-ynoate (3m):3 68% yield and 88% ee 

determined by HPLC analysis (Chiralcel OD-H column, 10% iPrOH in hexane at 1.0 

mL/min, 254 nm); Retention time: tmajor = 11.6 min and tminor = 15.9 min; 1H NMR 

(400 MHz, CDCl3) δ 2.61 (br, 1H), 3.78 (s, 3H), 5.56 (s, 1H), 7.34-7.42 (m, 3H), 

7.50-7.52 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 52.9, 64.2, 77.5, 86.6, 126.6, 128.8, 

128.9, 138.5, 153.8; GC-MS: m/z 190 [M+]. 
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1 11.643 94 16043269 511288 

2 15.863 5.994 1022938 24011 

Total  100 17066207 535299 

 

OH

 

(S)-1-Phenyl-3-(1-cyclohexenyl)-prop-2-yn-1-ol (3n):4 91% yield and 89% ee 

determined by HPLC analysis (Chiralcel OD-H column, 5% iPrOH in hexane at 1.0 

mL/min, 254 nm). Retention time: tmajor = 10.2 min and tminor = 16.5 min; 1H NMR 

(400 MHz, CDCl3) δ 1.55-1.67 (m, 4H), 2.09-2.17 (m, 4H), 2.20 (br, 1H), 5.57 (s, 1H), 

6.16-6.18 (m, 1H), 7.30-7.40 (m, 3H), 7.55-7.57 (m, 2H). 13C NMR (100 MHz, 

CDCl3) δ 21.4, 22.2, 25.6, 29.1, 65.1, 86.7, 88.6, 120.6, 126.7, 128.2, 128.6, 135.7; 

GC-MS: m/z 211 [M-1]+. 
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Total  100 5091810 188766 

 

OH

 
(S)-1-Phenyl-3-cyclopropyl-prop-2-yn-1-ol (3o):5 78% yield and 88% ee determined 

by HPLC analysis  (Chiralcel OD-H column, 5% iPrOH in hexane at 1.0 mL/min, 

214 nm); Retention time: tmajor = 10.9 min and tminor = 19.4 min; 1H NMR (400 MHz, 

CDCl3) δ 0.69-0.80 (m, 4H), 1.26-1.33 (m, 1H), 2.47 (br, 1H), 5.38 (s, 1H), 7.27-7.37 

(m, 3H), 7.48-7.51 (m, 2H). 13C NMR (100 MHz, CDCl3) δ -0.4, 8.3, 64.7, 75.2, 90.6, 

126.6, 128.2, 128.5, 141.2; GC-MS: m/z 172 [M+]. 
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1 10.887 93.79 14742986 499287 

2 19.373 6.21 976160 22073 

Total  100 15719146 521360 
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OH

Si
 

(S)-1-Phenyl-3-trimethylsilyl-prop-2-yn-1-ol (3p):6, 7 88% yield and 91% ee 

determined by HPLC analysis  (Chiralcel OD-H column, 5% iPrOH in hexane at 1.0 

mL/min, 214 nm); Retention time: tmajor = 5.3 min and tminor = 9.5 min; 1H NMR (300 

MHz, CDCl3) δ 0.21 (s, 9H), 2.07 (br, 1H), 5.45 (s, 1H), 7.31-7.41 (m, 3H), 7.53-7.56 

(m, 2H). 13C NMR (100 MHz, CDCl3) δ -0.2, 65.0, 91.6, 104.9, 126.7, 128.4, 128.5, 

140.3; GC-MS: m/z 204 [M+]. 

 

5.
34

7'

9.
49

3'

-60

0

60

120

180

240

300

360

420

480

mAU

4.8 5.4 6 6.6 7.2 7.8 8.4 9 9.6 10.2 min

5.
18

0'
  

8.
86

3'
  

0

20

40

60

80

100

120

140
mAU

4.8 5.4 6 6.6 7.2 7.8 8.4 9 9.6 10.2 min  
Rank Time Quantity Area Height 

1 5.347 95.65 5489606 470660 

2 9.493 4.351 249705 11949 

Total  100 5739312 482609 

 

OH
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OMe  

(S)-1-(3-Methoxyphenyl)-3-trimethylsilyl-prop-2-yn-1-ol (3q):6 82% yield and 

93% ee determined by HPLC analysis (Chiralcel AD-H column, 2% iPrOH in hexane 

at 1.0 mL/min, 214 nm); Retention time: tmajor = 12.6 min and tminor = 15.9 min; 1H 

NMR (400 MHz, CDCl3) δ 0.20 (s, 9H), 2.38 (br, 1H), 3.80 (s, 3H), 5.42 (s, 1H), 

6.85-6.88 (m, 1H), 7.10-7.12 (m, 2H), 7.25-7.31 (m, 1H).; 13C NMR (100 MHz, 

CDCl3) δ -0.2, 55.2, 64.8, 91.5, 104.9, 112.0, 114.1, 119.0, 130.0, 141.9, 159.7; 

GC-MS: m/z 234 [M+].  
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Total  100 18569093 741409 
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Si
F  
(S)-1-(4-Fluorophenyl)-3-trimethylsilyl-prop-2-yn-1-ol (3r):6 80% yield and 93% 

ee determined by HPLC analysis (Chiralcel AD-H column, 2% iPrOH in hexane at 

1.0 mL/min, 214 nm); Retention time: tmajor = 8.1 min and tminor = 9.4 min; 1H NMR 

(400 MHz, CDCl3) δ 0.21 (s, 9H), 2.37 (br, 1H), 5.43 (s, 1H), 7.03-7.09 (m, 2H), 

7.49-7.53 (m, 2H); 13C NMR (100 MHz, CDCl3) δ -0.3, 64.2, 91.8, 104.7, 115.2 (d, 

JC,F = 21.6 Hz), 128.5 (d, JC,F = 8.4 Hz), 136.1, 161.4 (d, JC,F = 246.0 Hz); GC-MS: 

m/z 222 [M+]. 
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Total 100 10824577 735397  
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V. Copies of 1H and 13C NMR spectra for compounds 3a-3r: 
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