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Optically active propargylamines are important synthetic
intermediates for the preparation of various natural prod-
ucts[1] and biologically active compounds.[2] A typical route
to prepare chiral propargylamines is the stereoselective ad-
dition of terminal alkynes to imines.[3] Since the pioneering
work of Li and co-workers on the highly enantioselective
three-component reaction of aldehydes, amines, and alkynes
by using 1,3-bis(oxazolin-2-yl)pyridine ligands (pybox)[4] and
a copper salt to give optically active propargylamines,[5] re-
markable progress has been made in the copper-catalyzed
three-component reaction because of the simplified opera-
tion.[6,7] Although there are many reports on the highly
enantioselective addition of aryl- and silyl-substituted al-
kynes with in situ generated imines, the three-component re-
action with aliphatic terminal alkynes remains unsolved
probably due to the low steric hindrance of alkyl alkynes. To
the best of our knowledge, there exist only a handful of ex-
amples of highly enantioselective three-component reactions
of aldehydes, amines, and aliphatic alkynes with chiral cata-
lysts.[6a,c,f,g] Recently, Singh and Bisai reported the highly
enantioselective synthesis of propargylamines through the
three-component reaction by using bulky pybox–CuI cata-
lysts; however, the reaction with aliphatic alkynes afforded
products with lower enantioselectivity (up to 87 % enantio-
meric excess (ee)) than that with aryl-substituted alkynes.[6g]

The best result for this type of reaction with an aliphatic
alkyne was reported by Carreira and co-workers, in which
an enantioselective three-component reaction of 2-methyl-
butanal, dibenzylamine, and 1-hexyne as an aliphatic alkyne

with a chiral pinap–CuI catalyst (pinap= [2-(diphenylphos-
phino)-1-naphthalenyl]-N-(1-phenylethyl)-1-phthalazina-
mine) gave a product with 94 % ee.[6c] Therefore, expanding
the scope of catalytic enantioselective three-component re-
actions with respect to both the chiral catalyst and the sub-
strate would be highly desirable. On the other hand, we re-
cently developed chiral bis(imidazoline)–CuII catalysts as
highly tuneable chiral catalysts.[8,9] Herein, our ongoing in-
terest was extended to a highly enantioselective three-com-
ponent reaction of aldehydes, amines, and aliphatic alkynes
by using a chiral bis(imidazoline)–CuI catalyst.

We first examined the reaction of benzaldehyde, p-anisi-
dine, and 4-phenylbutyne as the aliphatic alkyne with CuI

catalysts of chiral bis(imidazoline)s 1 a–1 h. The results are
shown in Table 1. When the reaction was carried out with
N-tosyl 1,3-bis(imidazolin-2-ly)pyridine (N-Ts-pybim, 1 a,
10 mol %)[10] as the ligand, 1 a–(CuOTf)2·toluene complex
gave product 3 with moderate enantioselectivity, whereas,
the reaction with N-benzoyl pybim, 1 b–(CuOTf)2·toluene
complex afforded 3 in 93 % yield with 98 % ee (Table 1, en-
tries 1 and 2). After fine-tuning various substituents on the
nitrogen in the imidazolines, the benzoyl group was found
to be the best substituent to obtain a high yield with high
enantioselectivity (Table 1, entries 3–6). On the other hand,
the desired enantioselective addition product was formed in
low enantioselectivity by using the bidentate 1,3-bis(imida-
zolin-2-ly)benzene (Phebim) with (CuOTf)2·toluene in
CH2Cl2 (Table 1, entries 7 and 8). The reaction with the
pybox ligand 2 afforded 3 with good enantioselectivity, but
in low yield (Table 1, entry 9). The reaction with the use of
various copper salts, such as CuCl, CuI, [Cu ACHTUNGTRENNUNG(CH3CN)4]PF6,
and CuACHTUNGTRENNUNG(OTf)2, did not afford good results (Table 1, en-
tries 10–13).

Optimization experiments, for both amines and solvents,
were carried out to improve both the yield and enantioselec-
tivity of the reaction in the presence of 1 b–
(CuOTf)2·toluene complex (Table 2), the reaction with p-
anisidine in CH2Cl2 was very effective for the three-compo-
nent synthesis of propargylamines (Table 2, entry 1).
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With these optimized conditions, a variety of aldehydes
and alkynes were examined by using the combination of 1 b

with (CuOTf)2·toluene, the results of which are summarized
in Table 3. The reaction of imines derived from benzalde-
hyde and p-anisidine with various aliphatic alkynes afforded

products 3–10 with high enantioselectivity (Table 3, en-
tries 1–8). The reaction with alkynes containing a halogen
and a hydroxy group gave good enantioselectivities (Table 3,
entries 9–11). The reaction with phenylacetylene as an ex-
ample of an aryl alkyne also gave product 14 in high yield
with high enantioselectivity (Table 3, entry 12). Although
the reaction with trimethylsilylacetylene afforded product 15
in low yield, the reaction with 2-methyl-3-butyn-2-ol, which
acts as an acetylide anion equivalent, gave product 13 in
high yield with high enantioselectivity (Table 3, entry 11 vs.
13). The reaction with various aromatic aldehydes also gave
products 16–23 with good enantioselectivity (Table 3, en-
tries 14–21).

In conclusion, we have developed an enantioselective
three-component reaction of aldehydes, amines, and aliphat-
ic alkynes catalyzed by C2-symmetric pybim CuI catalysts to
give propargylamines in good yields and with high enantio-
selectivity. This process has many advantages, such as simpli-
fied operation and mild reaction conditions. These results
open a novel way to synthesize optically active propargyl-
amines. The scope, mechanism, and synthetic application of

Table 1. Enantioselective three-component reaction with various chiral
ligands and copper salts.[a]

Entry Ligand Cu salt Yield [%] ee [%][b]

1 1a ACHTUNGTRENNUNG(CuOTf)2·toluene 61 84
2[c] 1b ACHTUNGTRENNUNG(CuOTf)2·toluene 93 98
3 1c ACHTUNGTRENNUNG(CuOTf)2·toluene 79 97
4 1d ACHTUNGTRENNUNG(CuOTf)2·toluene 82 95
5 1e ACHTUNGTRENNUNG(CuOTf)2·toluene 38 87
6 1 f ACHTUNGTRENNUNG(CuOTf)2·toluene 54 93
7 1g ACHTUNGTRENNUNG(CuOTf)2·toluene 19 22
8 1h ACHTUNGTRENNUNG(CuOTf)2·toluene 71 4
9 2 ACHTUNGTRENNUNG(CuOTf)2·toluene 33 82
10 1b CuCl trace –
11 1b CuI – –
12 1b [CuACHTUNGTRENNUNG(CH3CN)4]PF6 19 91
13 1b CuACHTUNGTRENNUNG(OTf)2 53 90

[a] Reaction conditions: PhCHO (0.25 mmol), p-anisidine (0.3 mmol), 4-
phenylbutyne (0.37 mmol), Cu salt (0.025 mmol), 1 (0.025 mmol) at RT
for 36 h; OTf= trifluoromethanesulfonate, Ts = tosyl, Bz= benzoyl. [b] ee
was determined by HPLC analysis by using chiral columns. [c] Performed
at RT for 12 h.

Table 2. Enantioselective three-component reaction with various amines
in various solvents.[a]

Entry Amine Solvent Yield [%] ee[b] [%]

1 p-MeOC6H4NH2 CH2Cl2 93 98
2 C6H5NH2 CH2Cl2 38 93
3 o-MeOC6H4NH2 CH2Cl2 trace –
4 ACHTUNGTRENNUNG(PhCH2)2NH CH2Cl2 trace –
5 p-MeOC6H4NH2 CHCl3 10 92
6 p-MeOC6H4NH2 ClCH2CH2Cl 90 98
7 p-MeOC6H4NH2 Et2O 75 94
8 p-MeOC6H4NH2 toluene 9 83
9 p-MeOC6H4NH2 H2O 40 90

[a] Reaction conditions: PhCHO (0.25 mmol), amine (0.3 mmol), 4-phe-
nylbutyne (0.37 mmol), (CuOTf)2·toluene (0.025 mmol), and 1
(0.025 mmol) at RT for 36 h. [b] ee was determined by HPLC analysis by
using chiral columns.

Table 3. Enantioselective three-component reaction of various aldehydes
and alkynes by using 1b–CuI.[a]

Entry Aldehyde (R1) Alkyne (R2) Product t
[h]

Yield
[%]

ee
[%]

1 Ph CH2CH2Ph 3 12 93 98
2[b] Ph CH2CH2CH3 4 36 69 95
3[b] Ph ACHTUNGTRENNUNG(CH2)3CH3 5 84 73 96
4 Ph ACHTUNGTRENNUNG(CH2)5CH3 6 36 83 97
5 Ph ACHTUNGTRENNUNG(CH2)7CH3 7 60 78 96
6 Ph cyclopropyl 8 36 58 94
7 Ph cyclopentyl 9 60 75 94
8 Ph cyclohexyl 10 60 73 96
9 Ph CH2CH2Br 11 60 65 98
10 Ph CH2CH2OH 12 72 61 98
11 Ph C ACHTUNGTRENNUNG(CH3)2OH 13 96 90 94
12 Ph Ph 14 36 82 95
13 Ph TMS[c] 15 120 28 92
14 2-MeOC6H4 CH2CH2Ph 16 84 89 89
15 2-ClC6H4 CH2CH2Ph 17 108 86 93
16 3-MeOC6H4 CH2CH2Ph 18 84 75 96
17 3-ClC6H4 CH2CH2Ph 19 84 62 92
18 4-MeOC6H4 CH2CH2Ph 20 36 84 93
19 4-ClC6H4 CH2CH2Ph 21 96 74 98
20 4-NO2C6H4 CH2CH2Ph 22 84 78 95
21 1-naphthyl CH2CH2Ph 23 60 84 92
22 ACHTUNGTRENNUNG(CH3)2CHCH2 CH2CH2Ph 24 108 39 81

[a] Reaction conditions: aldehyde (0.25 mmol), amine (0.3 mmol), alkyne
(0.37 mmol), (CuOTf)2·toluene (0.025 mmol), and 1 (0.025 mmol) at RT.
[b] Alkyne (3 equiv) was used. [c] TMS= trimethylsilyl.
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the enantioselective reaction as well as other C�C bond for-
mations through C�H activation are under investigation.

Experimental Section

General procedure : A solution of ligand 1b (0.025 mmol, 10 mol %) and
(CuOTf)2·toluene (0.025 mmol, 10 mol %) in dry CH2Cl2 (0.6 mL) was
stirred at RT (23–25 8C) for 1 h. An aldehyde (0.25 mmol), p- anisidine
(0.30 mmol), and an alkyne (0.37 mmol) were added and the whole mix-
ture was stirred at RT. After completion of the reaction, as monitored by
TLC, the mixture was concentrated and purified over silica gel by
column chromatography (hexane/EtOAc 90:10) yielding pure propargyla-
mines.
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