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CATALYTIC ENANTIOSELECTIVE ADDITION OF TERMINAL 

ALKYNES TO ALDEHYDES: PREPARATION OF (S)-(-)-1,3-

DIPHENYL-2-PROPYN-1-OL AND  (S)-(-)-4-METHYL-1-PHENYL-2-

PENTYN-1,4-DIOL 
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1. Procedure 

 

 A.  (S)-(–)-1,3-Diphenyl-2-propyn-1-ol (3).  A flame-dried, 50-mL, 

two-necked, round-bottomed flask equipped with a glass stopper, argon inlet 

adapter, and teflon-coated magnetic stir bar is charged with (S)-BINOL 

(0.230 g, 0.80 mmol) (Note 1) and then is transferred to a glove box and 

charged with InBr3 (0.291 g, 0.80 mmol) (Note 2).  The flask is removed 

from the glove box and equipped with a rubber septum and a flame-dried 

reflux condenser fitted with an argon inlet adapter.  Dichloromethane (4.0 

mL) (Note 3) and then benzaldehyde (4.1 mL, 40 mmol) (Note 4) are added 

via syringe at room temperature.  The resulting solution is stirred at 20-

25 °C for 15 min, after which dicyclohexylmethylamine (0.86 mL, 4.0 

mmol) (Note 5) is added by syringe.  After 10 min, phenylacetylene (8.8 mL, 

80 mmol) (Note 6) is added in one portion by syringe and the resulting 

yellow solution is stirred at 40 °C (oil bath temperature) for 48 h (Note 7).  

The reaction mixture is then allowed to cool to room temperature, then is 

poured into a 200-mL separatory funnel (Note 8), and is washed with 50 mL 
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of aqueous 1 M HCl solution.  The aqueous phase is separated and extracted 

with two 50-mL portions of dichloromethane, and the combined organic 

layers are dried over Na2SO4 (2 g) (Note 9), filtered, and concentrated by 

rotary evaporation (room temperature, 20 mmHg) to afford 13.1 g of a 

yellow oil.  This material is purified by silica gel column chromatography 

(elution with ethyl acetate/hexanes) (Note 10) to furnish 6.10-6.45 g (73-

77%) of 3 as a pale yellow solid (Note 11).  The enantiomeric excess is 

determined to be 98% by CSP-HPLC (Note 12). 

 

 B.  (S)-(–)-4-Methyl-1-phenyl-2-pentyn-1,4-diol (5). A flame-dried, 

50-mL, two-necked, round-bottomed flask equipped with a glass stopper, 

argon inlet adapter, and Teflon-coated magnetic stir bar is charged with (S)-

BINOL (0.573 g, 2.0 mmol) (Note 1) and then transferred to a glove box and 

charged with InBr3 (0.713 g, 2.0 mmol) (Note 2).  The flask is removed from 

the glove box and equipped with a rubber septum and a flame-dried reflux 

condenser fitted with an argon inlet adapter.  Dichloromethane (10 mL) 

(Note 3) and then benzaldehyde (4.1 mL, 40 mmol) (Note 4) are added via 

syringe at room temperature.  The resulting solution is stirred at 20-25 °C for 

15 min, after which dicyclohexylmethylamine (2.1 mL, 10 mmol) (Note 5) 

is added by syringe.  After 10 min, 2-methyl-3-butyn-2-ol (4) (7.8 mL, 80 

mmol) (Note 13) is added in one portion by syringe and the resulting yellow 

solution is stirred at 40 °C (oil bath temperature) for 48 h (Note 14).  The 

reaction mixture is then allowed to cool to room temperature, poured into a 

200-mL separatory funnel (Note 8), and washed with 50 mL of aqueous 1 M 

HCl solution.  The aqueous phase is separated and extracted with two 50-mL 

portions of dichloromethane, and the combined organic layers are dried over 

Na2SO4 (Note 9), filtered, and concentrated to afford 13.6 g of a yellow oil.  

This material is purified by silica gel column chromatography (elution with 

ethyl acetate/hexanes) (Note 15) to furnish 6.37-6.87 g (83-89%) of 5 as a 

colorless solid (Note 16).  The enantiomeric excess is determined to be 99% 

by CSP-HPLC (Notes 17 and 18). 

 

2. Notes 

 

1. (S)-BINOL (chemical purity 99.8%, enantiomeric purity 99.8%) 

was purchased by the submitters from Fujimoto Bunshi Kagaku and by the 

checkers from Aldrich Chemical Company, Inc. (chemical purity 99%, 

enantiomeric purity 99%).  The reagent was further purified by 



120  Org. Synth. 2008, 85, 118-130 

recrystallization from diethyl ether/hexane according to the following 

procedure.  (S)-BINOL (5.0 g) was dissolved in hot diethyl ether (60 mL) 

and hexane (100 mL, room temperature) was added.  The solution was 

allowed to stand at room temperature for 2 d and the resulting colorless 

crystals were collected by filtration to afford 3.9 g of (S)-BINOL which was 

used after drying at 60 °C (0.3 mmHg) for 24 h.  The material purchased by 

the submitters contained a pale brown impurity which was removed prior to 

recrystallization by dissolving 10 g of the (S)-BINOL in 100 mL of ether, 

adding 3 g of activated charcoal, stirring for 1 h, and then filtering the 

mixture through Celite
®
 and concentrating by rotary evaporation (room 

temperature, 20 mmHg). 

2. InBr3 (99.999%) was purchased from Aldrich Chemical 

Company, Inc. and used without further purification.  InBr3 must be stored 

and handled in a glove box as the quality of the reagent was found to be 

important for the success of the reaction. 

3. Anhydrous dichloromethane was purchased by the submitters 

from Kanto Chemical and used without further purification.  The checkers 

obtained dichloromethane from Mallinckrodt Baker (>99.8%) and purified it 

by pressure filtration through activated alumina.  In general, the solvent 

concentration for this reaction is set to 0.2 M based on InBr3 (5 mL of 

solvent per 1 mmol of InBr3). 

4. Benzaldehyde (98+%) was purchased by the submitters from 

Wako Pure Chemical Industries and distilled from CaH2 prior to use.  The 

checkers obtained benzaldehyde (99.5%) from Aldrich Chemical Company, 

Inc. and distilled it at 57-58 °C (8.2 mmHg) from CaH2 the same day it was 

used. 

5. Dicyclohexylmethylamine (>97.0%) was purchased by the 

submitters from Tokyo Chemical Industry Co., Ltd. and distilled from CaH2 

prior to use.  The checkers obtained dicyclohexylmethylamine (97%) from 

Aldrich Chemical Company, Inc. and distilled it at 82-85 °C (110 mmHg) 

from CaH2 on the same day it was used. 

6. Phenylacetylene (2) (>97%) was purchased by the submitters 

from Tokyo Chemical Industry Co., Ltd. and by the checkers from Fluka.  

The alkyne (50 mL) was passed through a pad of activated alumina 

(diameter = 2.5 cm, height = 3.3 cm) and then distilled at 73 °C (77 mmHg).  

The purity of the alkyne was found to have a large effect on its reactivity in 

this reaction, and the alkyne is best distilled immediately prior to use.  The 
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order of addition (aldehyde first, then amine, and finally alkyne) was also 

found to be important to obtain the best results. 

7. The reaction was monitored by thin layer chromatography (TLC) 

on Merck or EMD precoated 0.25 mm silica gel 60 F254 plates, 

visualization with 254 nm UV light followed by a p-anisaldehyde stain, 

elution with hexane/ethyl acetate/4:1 , Rf (3) = 0.32, Rf (benzaldehyde) = 

0.52. 

8. The flask was washed with small portions of dichloromethane 

(50 mL total) which were added to the separatory funnel. 

9. Anhydrous sodium sulfate was purchased from Nacalai Tesque, 

Inc. or Mallinckrodt. 

10. Column chromatography was performed by the checkers using 

200 g of Sorbent Technologies 230-400 mesh silica gel 60 (6 x 14 cm 

column) and 100-mL fractions were collected (1500 mL of hexane/ethyl 

acetate, 95:5 and then 3500 mL of hexane/ethyl acetate, 92:8).  The desired 

product was obtained in fractions 21-47, which were combined and 

concentrated by rotary evaporation at room temperature (20 mmHg) and 

then dried at 4 mmHg overnight to provide a pale yellow solid.  The 

submitters obtained the product as a pale-yellow oil. 

11. The product exhibits the following physicochemical properties: 

pale yellow solid; mp 40-42 °C; [ ]
21

D –1.85 (c 1.25, CHCl3); IR (neat): 

3345, 2229, 1598, 1489, 1454, 1030, 756, 690 cm
–1

;  
1
H NMR (400 MHz, 

CDCl3) : 2.38 (d, J  = 6.0 Hz, 1 H), 5.71 (d, J  = 6.4 Hz, 1 H), 7.30-7.51 (m, 

8 H), 7.62-7.65 (m, 2 H);  
13

C NMR (400 MHz, CDCl3) : 65.3, 86.9, 88.8, 

122.6, 126.9, 128.5, 128.6, 128.8, 128.9, 131.9, 140.8;  HRMS (ESI (+)) m/z 

231.0770 [M+Na]
+
;  Anal. Calcd. for C15H12O: C, 86.51; H, 5.81. Found: C, 

86.47; H, 5.73. 

12. Enantiomeric excess was determined to be 98% by HPLC. tR 

(minor) 11.0 min, tR (major) 18.3 min (DAICEL CHIRALCEL OD-H,; 

hexane/2-propanol, 9:1; 1.0 mL/min; 254 nm, 22 °C). 

13. 2-Methyl-3-butyn-2-ol (4) (>98%) was purchased by the 

submitters from Tokyo Chemical Industry Co., Ltd. and by the checkers 

from City Chemical Company and was distilled from CaSO4 (DRIERITE
®

) 

at 100 °C (760 mmHg) prior to use. 

14. The reaction was monitored by thin layer chromatography (TLC) 

on Merck or EMD precoated 0.25 mm silica gel 60 F254 plates, 

visualization with 254 nm UV light followed by a p-anisaldehyde stain, 
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elution with hexane/ethyl acetate, 2:1, Rf (5) = 0.29, Rf (benzaldehyde) = 

0.71. 

15. Column chromatography was performed by the checkers using 

100 g of Sorbent Technologies 230-400 mesh silica gel 60 (5.5 x 11 cm 

column) and 100-mL fractions were collected (1000 mL of hexane/ethyl 

acetate, 85:15, then 1000 mL each of 75:25, 65:45, and finally 60:40 

hexane/ethyl acetate).  The desired product was obtained in fractions 15-39, 

which were combined and concentrated by rotary evaporation at room 

temperature (20 mmHg).  The residue was then dissolved in 20 mL of 

dichloromethane and concentrated by rotary evaporation to remove residual 

ethyl acetate, and the resulting solid was dried at 4 mmHg overnight. 

16. The product exhibits the following physicochemical properties: 

colorless solid; mp 69-70 °C (lit.
7
 66 °C); [ ]

20
D –15.4 (c 3.31, CHCl3); IR 

(neat) 3335, 2982, 1455, 1165, 950, 699 cm
–1

; 
1
H NMR (400 MHz, CDCl3) 

: 1.52 (s, 6 H), 3.15 (br s, 1 H), 3.47 (br s, 1 H), 5.44 (s, 1 H), 7.29-7.38 (m, 

3 H), 7.49-7.51 (m, 2 H); 
13

C NMR (400 MHz, CDCl3) : 31.3, 31.4, 64.4, 

65.4, 82.0, 91.5, 126.9, 128.4, 128.7, 140.7 ; HRMS (ESI (+) m/z 213.0878 

[M+Na]
+
; Anal. Calcd. for C12H14O2: C, 75.76; H, 7.42. Found: C, 75.71; H, 

7.44. 

17. Enantiomeric excess was determined to be 99% by HPLC; tR 

(major) 12.9 min, tR (minor) 16.4 min (DAICEL CHIRALCEL OD-H, 

eluent: hexane/2-propanol, 9:1; 0.5 mL/min; 254 nm, 25 °C). The checkers 

did not observe the presence of this minor isomer). 

18. The submitters reported the further purification of the product by 

recrystallization which was performed as follows: 6.71 g of 5 was dissolved 

in warm dichloromethane (12 mL at 35 °C) and to this solution was slowly 

added 15 mL of hexane over 10 min.  The solution was left standing 

overnight and the resulting solid was collected on a Buchner funnel under 

vacuum, then was washed with 30 mL of hexane, and dried at 4 mmHg 

(room temperature) overnight to afford 6.47 g of a white crystalline solid.  

The enantiomeric excess of this material was determined to be >99% ee by 

HPLC (Note 17). 

 

Safety and Waste Disposal Information 

 

 All hazardous materials should be handled and disposed of in 

accordance with “Prudent Practices in the Laboratory”; National Academy 

Press; Washington, DC, 1995. 
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3. Discussion 

 

 The addition of terminal alkynes to aldehydes, especially in an 

enantioselective manner, is of great interest because of the versatility of the 

corresponding propargylic alcohols.
2
 Stoichiometric amounts of strong bases 

such as organolithium, organomagnesium, or dialkylzinc reagents are widely 

used for this type of reaction with chiral ligands or chiral Lewis acid 

complexes.  However, intrinsic drawbacks, such as the use of excess 

amounts of metal reagents and a separate step for metal acetylide preparation, 

make it difficult to achieve an efficient process.  Thus, the use of only 

catalytic amounts of chiral metal salts and the use of terminal alkynes 

directly as a substrate under a simple operation is desirable.  The first 

example of a catalytic system (Zn(OTf)2, N-methylephedrine, and Et3N) was 

reported by Carreira and co-workers.
3 

 Their system provides the 

corresponding propargylic alcohols in a highly enantioselective manner.
 

Aromatic aldehydes, however, cannot be used in the catalytic system due to 

the Cannizzaro reaction.
3a

 

 The procedure herein describes the practical preparation of chiral 

propargylic alcohols under simple and mild conditions catalyzed by an 

indium(III)/BINOL complex.
4
  The catalytic system was developed based on 

our concept of bifunctional catalysis.
5
  The dual activation of soft pro-

nuclophiles (alkynes) and hard electrophiles (aldehydes) by indium(III)
6
 

enabled a wide substrate generality, especially in terms of aliphatic and 

aromatic aldehydes.  In addition, the simple operation in this procedure with 

the readily available chiral ligand, BINOL, provides an attractive method for 

the preparation of optically active propargylic alcohols. 

 The examples of substrate scope are summarized in Tables 1 and 2.
4a

  

The catalytic system (10 mol %) is applicable for a wide variety of both 

aliphatic (Table 1) and aromatic aldehydes (Table 2).  Phenylacetylene 

shows high reactivity while the use of alkyl- and alkenylacetylene exhibits 

slower reaction rates.  The limitations of this system should be also noted: 

the use of acetylene gas, silylacetylenes (e.g. (trimethylsilyl)acetylene), or 

alkynes having ester functionality (e.g. propargyl propionate) yields no or 

little amount of the corresponding products under the reaction conditions. 

 It is noteworthy that the reaction with 2-methyl-3-butyn-2-ol (4) 

proceeds smoothly (Procedure B), affording the corresponding products in 

good chemical yield and high enantioselectivity.  In terms of synthetic utility, 
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the use of an acetylene equivalent is fascinating. 2-Methyl-3-butyn-2-ol is 

the protected form of acetylene, similar to (trimethylsilyl)acetylene, and it is 

easy to convert the corresponding products to versatile terminal alkynes (i.e., 

chiral 3-hydroxy-1-alkyne derivatives),
7
 which can be further transformed 

into more complex and useful molecules via Sonogashira coupling reactions, 

alkylations, and so on.  The examples of substrate scope with 2-methyl-3-

butyn-2-ol are summarized in Table 3.
4b 

 
Table 1

R1 H

O
R2H+

R1

OH

R2

InBr3 (10 mol %)
(S)-BINOL (10 mol %)

Cy2NMe (50 mol %)
CH2Cl2 (2.0 M), 40 ˚C

(2.0 equiv)

entry aldehyde alkyne time
(h)

yield
(%)

1

2

3

4

5

6

7

CHO H Ph

H (CH2)2Ph

9

36

42

42

25

48

24

95

77

93

91

85

46

85

ee
(%)

98

>99

99

85

96

98

98

CHO

CHO
a

H (CH2)2Ph

H Ph

H (CH2)3CN

H (CH2)3Cl

H Ph

a The aldehyde was slowly added over 22 h.

CHO

CHO

CHO

CHO
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Table 2

R1 H

O
R2H+

R1

OH

R2

InBr3 (10 mol %)
(S)-BINOL (10 mol %)

Cy2NMe (50 mol %)
CH2Cl2 (2.0 M), 40 ˚C

(2.0 equiv)

CHO

F

O

CHO

H PhCHO

CHO H Ph

S

CHO

H (CH2)2Ph

H Ph

MeO

H Ph

H (CH2)2Ph

H Ph

H

H

H (CH2)3CN

entry aldehyde alkyne time
(h)

yield
(%)

1

2

3

4

5

6

7

8

9

10

24

48

48

48

48

48

24

45

29

20

84

70

81

77

74

77

75

61

80

84

ee
(%)

95

98

98

89

83

97

95

99

97

98

CHO

CHO

CHO

CHO

F CHO
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Table 3

R1 H

O
+

InBr3 (x mol %)
(S)-BINOL (x mol %)
Cy2NMe (5x mol %)

CH2Cl2 (2.0 M), 40 ˚C(2.0 equiv)

CHO

O

S

CHO

entry aldehyde time
(h)

yield
(%)

1

2

3

4

5

6

7

8

9

10

11

12

39

24

48

48

48

40

41

19

22

19

22

39

88

88

82

87

62

89

87

81

91

97

94

40

ee
(%)

97

99

98

99

99

93

99

99

98

99

98

99

CHO

CHO

l

MeO

CHO

CHO

CHO

CHO

CHO

CHO
Ph

H
OH

R1

OH

OH

catalyst
(x mol %)

10

5

2

10

10

10

10

10

10

10

10

10

CHO

CHO

a

b

a The reaction was performed in CH2Cl2 (4.0 M).
b The reaction was performed in ClCH2CH2Cl (10 M) at 80 °C.  
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Appendix 

Chemical Abstracts Nomenclature; (Registry Number) 

 

(S)-BINOL:  [1,1'-Binaphthalene]-2,2'-diol, (1S)-: (18531-99-2)  

Indium bromide: (13465-09-3) 

Benzaldehyde: (100-52-7) 

(S)-(–)-1,3-Diphenyl-2-propyn-1-ol: Benzenemethanol, -(2-

phenylethynyl)-, ( S)-; (132350-96-0) 

Dicyclohexylmethylamine: Cyclohexanamine, N-cyclohexyl-N-methyl-; 

(7560-83-0)  

Phenylacetylene: Ethynylbenzene; (536-74-3) 
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2-Methyl-3-butyn-2-ol; (115-19-5) 

(S)-(–)-4-Methyl-1-phenyl-2-pentyn-1,4-diol: (321855-44-1) 
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