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General Methods.   1H NMR (270 MHz) and 13C NMR (67.8 MHz) spectra were 

measured on a JEOL Excalibur 270 spectrometer using CDCl3 as solvent.   HPLC analyses 

were performed on Hitachi L-7100 and GL-7410 apparatuses equipped with a UV detector 

using 25 cm x 4.6 mm DAICEL Chiralpak AS-H column.   Elemental analyses were 

performed at Microanalytical Center of The University of Tokyo.   Mass spectra were 

measured on a JEOL JMS-700 mass spectrometer. 

     All reactions were carried out under a dry nitrogen atmosphere.   Solvents were dried 

by the usual methods, then distilled under N2 and degassed before use.   Aldehydes (2a and 

2d), diphosphines, and optically pure secondary amines (3) are commercially available reagents.   

Aldehyde (2c) was prepared by PCC oxidation of the corresponding alcohol.   Aldehydes 

(2bS1 and 2eS2) were synthesized according to literature.  

 

General Procedure for the Preparation of Propargylic Esters.   A typical 

experimental procedure for the preparation of 1-(1-naphthyl)-2-propynyl pentafluorobenzoate 

(1a) is described below.    In a 100 mL Schlenk flask were placed 1-naphthaldehyde (2.34g, 

15.0 mmol) and anhydrous diethyl ether (15 mL).    After cooling the reaction flask to 0 ºC, 

ethynylmagnesium bromide (0.5 M in tetrahydrofuran; 33.0 mL, 16.5 mmol) was added to the 

solution.   Then, the mixture was stirred at room temperature for 1.5 h.   The reaction was 

quenched by saturated NH4Cl solution (30 mL), and organic materials were extracted with 

diethyl ether (15 mL x 2).   The combined extracts were washed with brine, and dried over 

anhydrous MgSO4.   After the concentration under reduced pressure, the resulting residue 

was purified by column chromatography (SiO2, eluent: hexane/ethyl acetete, 90/10) to give 1-

(1-naphthyl)-2-propyn-1-ol as a white solid (2.47 g, 13.6 mmol, 92 % isolated yield). 

In a 200 mL round-bottomed flask were placed 1-(1-naphthyl)-2-propyn-1-ol (1.82 g, 

10.0 mmol), triethylamine (1.21 g, 12.0mmol), and anhydrous dichloromethane (50 mL).   

After cooling the reaction flask to 0 ºC, pentafluorobenzoyl chloride (2.54 g, 11.0 mmol) was 

added to the solution.   Then, the mixture was stirred at room temperature for 1 h.   The 

reaction was quenched by water (30 mL), and organic materials were extracted with 

dichloromethane (15 mL x 3).   The combined extracts were washed with brine, and dried 

over anhydrous Na2SO4.   The solvent was concentrated under reduced pressure and the 
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resulting residue was purified by column chromatography (SiO2, eluent: hexane/ethyl acetete, 

90/10 to 70/30) to give 1-(1-naphthyl)-2-propynyl pentafluorobenzoate (1a) as a white solid 

(3.32 g, 8.83 mmol, 88 % isolated yield). 

 
 

OC(O)C6F5  
1-(1-naphthyl)-2-propynyl 2,3,4,5,6-pentafluorobenzoate (1a): A white solid, mp 

102.4-102.9 ºC. 1H NMR 8.23 (d, J = 8.4 Hz, 1H), 7.87-7.93 (m, 3H), 7.47-7.63 (m, 3H), 

7.27 (d, J = 2.3 Hz, 1H), 2.82 (d, J = 2.3 Hz, 1H). 13C NMR δ 158.0, 145.6 (md, J = 251Hz), 

143.5 (md, J = 251Hz), 137.7 (md, J = 251Hz), 134.0, 130.6, 130.4, 130.3, 128.9, 127.1, 

126.9, 126.2, 125.1, 123.5, 107.5 (m), 78.9, 77.5, 66.4. Anal. Calcd for: C20H9F5O2: C, 63.84; 

H, 2.41. Found: C, 63.75; H, 2.66. 
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Enantioselective Propargylic Alkylations of Propargylic Esters with Aldehydes. 

 

A typical experimental procedure for the reaction of 1-(1-naphthyl)-2-propynyl 

pentafluorobenzoate (1a) with 3-phenylpropanal (2a) is described below.   In a 20 mL 

Schlenk flask were placed CuOTf·1/2C6H6 (5.0 mg, 0.020 mmol) and rac-BINAP (24.9 mg, 

0.040 mmol) under N2. After anhydrous 1,2-dichloroethane (2.0 mL) was added, the mixture 

was magnetically stirred at 60 ºC for 1 h.   After cooling the reaction flask to room 

temperature, (S)-α,α-bis[3,5-bis(trifluoromethyl)phenyl]-2-pyrrolidinemethanol trimethylsilyl 

ether (3a) (23.9 mg, 0.040 mmol) and 2a (53.7 mg, 0.400 mmol) were added to the reaction 

mixture, and then 1a (75.3 mg, 0.200 mmol) and anhydrous 1,2-dichloroethane (3.0 mL) were 

added successively under N2.   The reaction flask was kept at room temperature for 1.5 h.   

After cooling the reaction flask to 0 ºC, ethanol (5.0 ml) and NaBH4 (22.7 mg, 0.600 mmol) 

were added, and then the mixture was magnetically stirred at 0 ºC for 1 h.   The reaction was 

quenched by water (15 mL), and the resulting mixture was extracted with dichloromethane (10 

mL x 3).   The combined organic layer was washed with brine, and was dried over anhydrous 

Na2SO4.   After the concentration under reduced pressure, the resulting residue was purified 

by column chromatography (SiO2, eluent: hexane/ethyl acetete, 95/5 to 85/15) to give 2-

benzyl-3-(1-naphthyl)- 4-pentyn-1-olS3 (5a) as a pale yellow oil (31.9 mg, 0.106 mmol,  53% 

isolated yield, syn-5a/anti-5a = 3.2/1).   The optical purity of 5a was determined by HPLC 

analysis; Daicel Chiralpak AS-H, hexane/iPrOH = 95/5, flow rate = 0.5 mL/min, λ = 254 nm, 

retention time; 23.6 min (syn-major) and 77.5 min (syn-minor), 98% ee (syn); 27.2 min (anti-

minor) and 47.5 min (anti-major), 96% ee (anti). 
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Spectroscopic Data and Isolated Yield of Other Products.   

 
2-(4-Chlorobenzyl)-3-(1-naphtyl)-4-butyn-1-ol  (5b): Isolated yield 54% (syn-

5b/anti-5b = 3.8/1). A pale yellow oil. syn-isomer: 1H NMR δ 8.16 (d, J = 8.1 Hz, 1H), 7.79-

7.92 (m, 3H), 7.45-7.57 (m, 3H), 7.09 (d, J = 8.4 Hz, 2H), 6.80 (d, J = 8.4 Hz, 2H), 5.08 (dd, 

J = 4.3 and 2.6 Hz, 1H), 3.70 (dd, J = 10.8 and 8.4 Hz, 1H), 3.57 (dd, J = 10.0 and 3.8 Hz, 

1H), 2.79 (dd, J = 13.8 and 3.8 Hz, 1H), 2.62 (dd, J = 13.8 and 10.8 Hz, 1H), 2.44 (d, J = 2.6 

Hz, 1H), 2.30-2.42 (m, 1H). anti-isomer: 1H NMR δ 7.75-7.92 (m, 4H), 7.28-7.57 (m, 7H), 

4.50 (dd, J = 4.3 and 2.6 Hz, 1H), 3.80 (dd, J = 11.2 and 5.8 Hz, 1H), 3.63 (dd, J = 11.2 and 

4.2 Hz, 1H), 3.08 (dd, J = 13.6 and 5.9 Hz, 1H), 2.80 (dd, J = 13.6 and 8.8 Hz, 1H), 2.48 (d, 

J = 2.6 Hz, 1H), 2.20-2.28 (m, 1H). syn-isomer: 13C NMR δ 138.5, 134.93, 134.1, 131.7, 

130.6, 130.3, 128.7, 128.3, 127.9, 126.6, 126.4, 125.64, 125.2, 123.0, 83.4, 73.3, 63.0, 47.0, 

35.0, 32.6. anti-isomer: 13C NMR δ 138.6, 134.86, 134.0, 132.3, 130.8, 130.4, 129.1, 128.1, 

126.2, 126.1, 125.61, 122.4, 83.5, 73.7, 62.7, 47.4, 35.8, 34.6. HRMS (EI) Calcd for 

C22H19ClO [M]: 334.1124. Found: 334.1132. The optical purity of syn-5b was determined by 

HPLC analysis; Daicel Chiralpak AS-H, hexane/iPrOH = 95/5, flow rate = 0.5 mL/min, λ = 

254 nm, retention time; 20.0 min (major) and 54.8 min (minor), 99% ee. The optical purity of 

anti-5b was determined by HPLC analysis; Daicel Chiralpak AS-H, hexane/iPrOH = 95/5, flow 

rate = 0.5 mL/min, λ = 254 nm, retention time; 22.8 min (minor) and 36.0 min (major), 97% ee. 

 

 
2-(Cyclohexylmethyl)-3-(1-naphtyl)-4-butyn-1-ol (5c): Isolated yield 52% (syn-

5c/anti-5c = 3.2/1). A pale yellow oil. syn-isomer: 1H NMR δ 8.16 (d, J = 8.4 Hz, 1H), 7.75-

7.90 (m, 3H), 7.43-7.56 (m, 3H), 5.03 (dd, J = 3.5 and 2.6 Hz, 1H), 3.74-3.83 (m, 2H), 2.33 
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(d, J = 2.6 Hz, 1H), 2.12-2.23 (m, 1H), 0.66-1.79 (m, 12H), 0.17-0.32 (m, 1H). anti-isomer: 
1H NMR δ 7.99 (d, J = 8.1 Hz, 1H), 4.56 (dd, J = 5.1 and 2.6 Hz, 1H), 3.65 (dd, J = 11.3 and 

4.6 Hz, 1H), 2.40 (d, J = 2.6 Hz, 1H). syn-isomer: 13C NMR δ 135.3, 134.0, 130.6, 128.9, 

127.6, 126.4, 126.11, 125.4, 125.1, 123.1, 83.8, 72.7, 64.7, 42.0, 36.7, 35.2, 34.4, 34.3, 32.1, 

26.4, 26.2, 25.9. anti-isomer: 13C NMR δ 135.5, 134.1, 130.7, 129.2, 127.9, 126.2, 126.07, 

125.6, 125.3, 122.8, 84.6, 73.0, 63.3, 41.9, 38.0, 35.0, 34.1, 33.3, 26.6, 26.3. HRMS (EI) 

Calcd for C22H26O [M]: 306.1984. Found: 306.1987. The optical purity of syn-5c was 

determined by HPLC analysis; Daicel Chiralpak AS-H, hexane/iPrOH = 98/2, flow rate = 0.5 

mL/min, λ = 254 nm, retention time; 20.1 min (major) and 32.7 min (minor), 97% ee. The 

optical purity of anti-5c was determined by HPLC analysis; Daicel Chiralpak AS-H, 

hexane/iPrOH = 98/2, flow rate = 0.5 mL/min, λ = 254 nm, retention time; 18.6 min (minor) 

and 29.5 min (major), 98% ee. 

 

 
2-[1-(1-naphtyl)-2-propynyl]heptan-1-ol (5d): Isolated yield 58% (syn-5d/anti-5d 

= 3.5/1). A pale yellow oil. syn-isomer: 1H NMR δ 8.16 (d, J = 8.4 Hz, 1H), 7.76-7.90 (m, 

3H), 7.44-7.56 (m, 3H), 5.01 (dd, J = 3.8 and 2.7 Hz, 1H), 3.64-3.81 (m, 2H), 2.34 (d, J = 3.0 

Hz, 1H), 2.02-2.13 (m, 1H), 0.97-1.72 (m, 8H), 0.73 (t, J = 6.9 Hz, 3H). anti-isomer: 1H 

NMR δ 8.01 (d, J = 8.1 Hz, 1H), 4.62 (dd, J = 5.1 and 2.7 Hz, 1H), 2.39 (d, J = 2.7 Hz, 1H), 

0.89 (t, J = 6.6 Hz, 3H). syn-isomer: 13C NMR δ 135.4, 134.0, 130.66, 129.0, 127.6, 126.5, 

126.1, 125.5, 125.2, 123.1, 83.9, 72.7, 64.2, 45.00, 35.2, 31.9, 27.1, 26.6, 22.4, 13.9. anti-

isomer: 13C NMR δ 135.5, 134.1, 130.69, 129.2, 128.0, 126.2, 125.6, 125.3, 122.8, 84.4, 73.0, 

63.2, 44.96, 36.1, 32.0, 30.1, 26.9, 22.6, 14.0. HRMS (EI) Calcd for C20H24O [M]: 280.1827. 

Found: 280.1823. The optical purity of syn-5d was determined by HPLC analysis; Daicel 

Chiralpak AS-H, hexane/iPrOH = 98/2, flow rate = 0.5 mL/min, λ = 254 nm, retention time; 

21.1 min (minor) and 25.2 min (major), 83% ee. The optical purity of anti-5d was determined 

by HPLC analysis; Daicel Chiralpak AS-H, hexane/iPrOH = 98/2, flow rate = 0.5 mL/min, λ = 

254 nm, retention time; 18.8 min (minor) and 35.7 min (major), 94% ee. 
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6-Chloro-2-(1-(1-naphtyl)-2-propynyl)hexan-1-ol (5e): Isolated yield 64% (syn-

5e/anti-5e = 3.5/1). A pale yellow oil. syn-isomer: 1H NMR δ 8.15 (d, J = 8.4 Hz, 1H), 7.77-

7.90 (m, 3H), 7.44-7.58 (m, 3H), 5.02 (dd, J = 3.8 and 2.7 Hz, 1H), 3.75-3.84 (m, 2H), 3.33 

(t, J = 6.5 Hz, 2H), 2.35 (d, J = 2.7 Hz, 1H), 2.03-2.17 (m, 1H), 1.25-1.81 (m, 5H), 0.96-1.13 

(m, 1H). anti-isomer: 1H NMR δ 8.01 (d, J = 8.6 Hz, 1H), 4.62 (dd, J = 5.4 and 2.6 Hz, 1H), 

3.68 (dd, J = 11.5 and 4.5 Hz, 1H), 3.54 (t, J = 6.5 Hz, 2H), 2.41 (d, J = 2.6 Hz, 1H). syn-

isomer: 13C NMR δ 135.2, 134.0, 130.6, 129.0, 127.8, 126.4, 126.24, 125.6, 125.2, 123.0, 

83.6, 72.9, 64.1, 44.8, 35.1, 32.5, 25.9, 24.7. anti-isomer: 13C NMR δ 134.1, 130.7, 129.2, 

128.1, 126.3, 126.19, 125.7, 125.3, 122.7, 84.3, 73.1, 62.9, 44.7, 36.0, 32.7, 29.3, 24.5. 

HRMS (EI) Calcd for C19H21ClO [M]: 300.1281. Found: 300.1268. The optical purity of syn-

5e was determined by HPLC analysis; Daicel Chiralpak AS-H, hexane/iPrOH = 95/5, flow rate 

= 0.5 mL/min, λ = 254 nm, retention time; 35.0 min (minor) and 39.1 min (major), 84% ee. 

The optical purity of anti-5e was determined by HPLC analysis; Daicel Chiralpak AS-H, 

hexane/iPrOH = 95/5, flow rate = 0.5 mL/min, λ = 254 nm, retention time; 31.4 min (minor) 

and 62.4 min (major), 94% ee. 
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1H and 13C NMR Spectra.    
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 Charts of Propargylic Alkylated Products by HPLC Analysis. 

5a (rac) 
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5a 
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5b (rac) 
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5b 
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5c (rac) 

 



S18  

5c 
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5d (rac) 
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5d 
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5e (rac) 
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5e 

 


