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Letters
Three-component coupling of aldehyde, alkyne, and amine
catalyzed by silver in ionic liquid
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Abstract—A three-component coupling of aldehyde, alkyne, and amine was developed by using gold, copper, or silver as catalysts in
ionic liquid.
� 2004 Elsevier Ltd. All rights reserved.
The development of more efficient and more environ-
mentally-benign processes for chemical synthesis has
become increasingly important in the chemical com-
munity.1 Barbier–Grignard type reactions in water are
one of the most important area and some developments
have been achieved during the past decade.2 But the
classical Barbier–Grignard type reactions are always
atom economically inefficient with generating stoichi-
ometric amounts of metal ions and halides as waste. An
alternative suggestion to provide an atom-economical3

approach is to perform this type of reaction via a
catalytic reaction of C–H bonds.4 Recently, we5 and
others6 have reported the synthesis of propargyl alco-
hols and propargyl amines by direct addition of terminal
alkynes to aldehydes and imines through the �C–H�
reactivity. A highly enantioselective imine addition in
either water or organic solvent catalyzed by chiral
copper catalyst7 and highly efficient three-component
coupling of aldehydes, alkynes, and amines catalyzed by
gold and silver in water have been reported.8

Within the past few years, ionic liquids have emerged as
a new class of �green� solvents for chemical processes and
chemical transformations and have attracted consider-
able attention. The nonvolatile nature of ionic liquids
give them significant advantage in minimizing solvent
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consumption. Their polarity renders them good solvents
for homogeneous catalysis.9 Their unique solubility
properties, that is, miscibility gap between water and
organic solvents, have made them interesting candidates
for separation processes by simple liquid–liquid extrac-
tion with either aqueous or conventional organic sol-
vents and for immobilizing catalysts.10 In many
applications ionic liquid with weakly coordinating
anions, such as BF�

4 and PF�
6 , together with suitably

substituted cations often result in an altered chemical
reactivity of the dissolved catalyst and therefore improve
both reactivity and selectivity. Among the commonly
used ionic liquids, 1-butyl-3-methyl-imidazolium hexa-
fluorophosphate ([Bmim]PF6) is a popular reaction
medium for a wide variety of transition metal catalyzed
organic transformations such as hydrogenation,11 oxi-
dation,12 hydroformylation,13 oligomerization,14 etc.
Previously, we reported an aldol-type as well as Man-
nich-type reaction between aldehydes and imines with
allylic alcohol catalyzed by RuCl2(PPh3)3 in an ionic
liquid15 and a direct formation of tetrahydropyranol.16

Our continued interest in developing �green� catalysis
based on the reactivity of C–H bonds led us to explore
other synthetically useful transformations. Herein, we
wish to report a highly efficient silver-catalyzed three-
component coupling reaction in ionic liquid, specifically
butylmethyl-imidazolium hexafluorophosphate, [Bmim]
[PF6] to generate propargyl amines (Scheme 1).

Very recently, silver-catalyzed reactions such as aza-
Diels–Alder reaction,17 asymmetric aldol reaction,18

addition,19 coupling reaction,20 cyclization,21 and allyl-
lation22 have received attention. In our attempt to
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optimize the reaction shown in Scheme 1, various silver
salts were utilized such as 3% AgNO3, AgOTf, AgBr,
and AgI. It was found that AgI provided the best result
and additionally, no further additives are required.
Subsequently, various aliphatic aldehydes, alkynes, and
dialkyl amines were coupled with the yields ranging
Table 1. Three-component coupling of aliphatic aldehydes, amines, and alk
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from moderate to excellent, with the results summarized
in Table 1.

In an ionic liquid, the nature of the aldehyde influenced
the reaction much more dramatically than the reactions
in water. The reactions with aliphatic aldehydes were
ynes in ionic liquid
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Table 1 (continued)

Entry Aldehyde Alkyne Amine Time (h)a Product Yield (%)b

8
(CH2)8

CHO

N
H

16
N

(H2C)8
73

aReaction time not optimized.
b Isolated yield based on aldehydes.
c Ionic liquid reused from the first trial.
d [Bmim][BF4] was used.
eYield of both anti- and syn-product (anti:syn¼ 76:24, determined by 1H NMR).

Table 2

Entry Amine Time (h)a Product Yield (%)b

1
N
H
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3 HN
Ph
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a Time not optimized.
b Isolated yield based on aldehyde.
c [Bmim][BF4] was used.
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clean with high conversions and almost no trimer for-
mation when compared with the reactions catalyzed by
gold or copper; whereas the reactions with aromatic
aldehydes were not clean, generating a variety of com-
plex products. The reason may be due to the nature of
the ionic liquid. In water, AuBr3 can catalyze the addi-
tion of aromatic aldehydes to form propargyl amines in
2 h with a higher than 99% isolated yield; however in
ionic liquid, both the conversion and the yield were low.

One limitation of this reaction in water is the low
reactivity of aliphatic alkynes. In ionic liquid, the cou-
pling of cyclohexylcarboxaldehyde, piperidine, and tri-
ethylsilylacetylene gave an isolated yield of 89% (Scheme
2, Eq. 1). In AgI catalyzed coupling reactions in water,
the amines are mainly limited to piperidine analogues
due to the poor reactivity of other amines. However, in
ionic liquid, possibly because of homogenous nature,
other dialkyl or alkylaryl amines also can react
smoothly. In the coupling of cyclohexylcarboxaldehyde,
diallylamine, and phenylacetylene, an isolated yield of
61% (Table 2, entry 1) was obtained. Perhaps due to the
phenyl group, the reaction of cyclohexylcarboxalde-
hyde, ethylphenylamine, and phenylacetylene also had a
good isolated yield of 83% (Table 2, entry 3). Note-
worthy, the reaction between cyclohexylcarboxalde-
hyde, diallylamine, and triethylsilylacetylene also gives
30% isolated yield in ionic liquid (Scheme 3, reaction 2).

In conclusion, a silver-catalyzed synthesis of propargyl
amines via a three-component reaction of aldehyde–
alkyne–amine was developed in ionic liquid. The reac-
tion can also be catalyzed by gold or copper, albeit less
effectively. The mechanism, stereoselectivity, and syn-
thetic applications are currently under further investi-
gation.

General experimental process: To a sealed test tube
charged with AgI (7mg, 0.03mmol, 3mol%) in 0.3mL
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Scheme 2. Reactivity of aliphatic alkynes.
ionic liquid under a nitrogen atmosphere, aldehyde
(1mmol), amine (1.2mmol), and alkyne (1.3mmol,
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Scheme 3. Reactivity with different amines.
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1.5mmol if aliphatic alkynes are used) were added. The
reaction mixture was degassed under sonication for
10min and allowed to react overnight at 100 �C (oil bath
temperature). The reaction mixture was cooled and
extracted with ether, and the organic layer was dried
over Na2SO4 and evaporated in vacuo. The crude mix-
ture was purified by flash chromatography on silica gel
with eluent of hexanes–ethyl acetate 10:1.
Acknowledgements

We are grateful to NSF and NSF-EPA Joint Program
for a Sustainable Environment for partial support of our
research.
References and notes

1. Anastas, P. T.; Warner, J. C. Green Chemistry: Theory and
Practice; Oxford University: Oxford, 1998.

2. Li, C. J. Tetrahedron 1996, 52, 5643; Chan, T. H.; Isaac,
M. B. Pure Appl. Chem. 1996, 68, 919; Li, C. J.; Chan, T.
H. Organic Reactions in Aqueous Media; John Wiley: New
York, 1997; Organic Synthesis in Water; Grieco, P. A.,
Ed.; Thomson Science: Glasgow, 1998; Li, C. J. Chem.
Rev. 1993, 93, 2023; Li, C. J.; Chan, T. H. Tetrahedron
1999, 55, 11149.

3. Trost, B. M. Science 1991, 254, 1471.
4. For recent review, see: Naota, I.; Takaya, H.; Murahashi,

S. I. Chem. Rev. 1998, 98, 2599; Dyker, G. Angew. Chem.
1999, 38, 1698.

5. Li, C. J. Acc. Chem. Res. 2002, 35, 533; Wei, C. M.; Li, C.
J. Green Chem. 2002, 4, 39; Li, C. J.; Wei, C. M. Chem.
Commun. 2002, 268; Zhang, J. H.; Wei, C. M.; Li, C. J.
Tetrahedron Lett. 2002, 43, 5731; Wei, C. M.; Li, Z. G.; Li,
C. J. Org. Lett. 2003, 5, 4473.

6. Carreira, E. M. Acc. Chem. Res. 2000, 33, 373, and
references cited therein; see also: Lu, G.; Li, X.; Chan, W.
L.; Chan, A. S. C. Chem. Commun. 2002, 172; Chen, Z. L.;
Xiong, W. N.; Jiang, B. Chem. Commun. 2002, 2098;
Koradin, C.; Polborn, K.; Knochel, P. Angew. Chem., Int.
Ed. 2002, 41, 2535.

7. Wei, C. M.; Li, C. J. J. Am. Chem. Soc. 2002, 124, 5638.
8. Wei, C. M.; Li, C. J. J. Am. Chem. Soc. 2003, 125, 9584.
9. Wasserscheid, P.; Keim, W. Angew. Chem., Int. Ed. 2000,

39, 3772.
10. Huddleston, J. G.; Willauer, H. D.; Swatloski, R. P.;

Visser, A. E.; Rogers, R. D. Chem. Commun. 1998, 1765.
11. Steines, S.; Drieben-Holscher, B.; Wasserscheid, P.

J. Prakt. Chem. 2000, 342, 348.
12. Song, C. E.; Roh, E. J. Chem. Commun. 2000, 837.
13. Chauvin, Y.; Oliver, H.; Mubamann, L. FR 95/14,147,

1995; [Chem. Abstr. 1997, 127, P341298k].
14. Chen, W.; Xu, L.; Chatterton, C.; Xiao, J. Chem. Commun.

1999, 1247.
15. Yang, X. F.; Wang, M. W.; Varma, R. S.; Li, C. J. Org.

Lett. 2003, 5, 657.
16. Keh, C. C. K.; Namboodiri, V. V.; Varma, R. S.; Li, C. J.

Tetrahedron Lett. 2002, 43, 4993.
17. (a) Loncaric, C.; Manabe, K.; Kobayashi, S. Adv. Synth.

Catal. 2003, 345, 475; (b) Patmore, N. J.; Hague, C.;
Cotgreave, J. H.; Mahon, M. F.; Frost, C. G.; Weller, A.
S. Chem. Eur. J. 2002, 8, 2088; (c) Longmire, J. M.; Wang,
B.; Zhang, X. J. Am. Chem. Soc. 2002, 124, 13400.

18. (a) Hayashi, T.; Uozumi, Y.; Yamazaki, A.; Sawamura,
M.; Hamashima, H.; Ito, Y. Tetrahedron Lett. 1991, 32,
2799; (b) Yanagisawa, A.; Matsumoto, Y.; Asakawa, K.;
Yamamoto, H. Tetrahedron 2002, 58, 8331; (c) Momi-
yama, N.; Yamamoto, H. J. Am. Chem. Soc. 2003, 125,
6038.

19. Jiang, B.; Wang, Q.; Xiong, W.; Zhang, M. Faming
Zhuanli Shenqing Gongkai Shuomingshu 2001, CN1314344
A 20010926 CAN 137:369733 AN2002:931697.

20. (a) Koseki, Y.; Omino, K.; Anzai, S.; Nagasaka, T.
Tetrahedron Lett. 2000, 41, 2377; (b) Xu, C.; Negishi, E. I.
Tetrahedron Lett. 1999, 40, 431; (c) Wipf, P.; Methot, J. L.
Org. Lett. 1999, 1, 1253.

21. Dalla, V.; Pale, P. New J. Chem. 1999, 23, 803.
22. (a) Yamasaki, S.; Fujii, K.; Wada, R.; Kanai, M.;

Shibasaki, M. J. Am. Chem. Soc. 2002, 124, 6536;
(b) Bates, R. W.; Satcharoen, V. Chem. Soc. Rev. 2002,
31, 12; (c) Burgess, K. Chem. Ind. 1999, 18, 716;
(d) Bianchini, C.; Glendenning, L. Chemtracts 1997, 10,
339.


	Three-component coupling of aldehyde, alkyne, and amine catalyzed by silver in ionic liquid
	Acknowledgements
	References


