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ABSTRACT: The copper-catalyzed regioselective intermolecular hydroamina-
tion of the aryl and trifluoromethyl group or electron-withdrawing group
substituted internal alkynes with amines has been accomplished. The reaction
was effectively catalyzed by the ligand-free Cu(OTf)2 and afforded the intended
amine derivatives in good yields after treatment of NaBH3CN.

The addition of amines to alkynes is known as the
hydroamination reaction, which is one of the most efficient

reactions to construct amine derivatives, and several metal
catalysts are employed for this reaction.1 While there are some
reports about the intermolecular hydroamination of alkynes
using several transition-metal catalysts, most of them were
successful in the reaction of terminal alkynes,2−10 while there are
only limited examples of the internal alkynes.11−16 For example,
it is well-known that the early transition metal or lanthanide
complexes catalyze the intermolecular hydroamination of
internal alkynes,11 but there are a few examples of the late-
transition-metal-catalyzed reaction of internal alkynes.12−16 To
the best of our knowledge, some late transition-metal catalysts,
such as ruthenium,2 rhodium,3 iridium,4 palladium,5 platinum,6

silver,7 gold,8 and zinc,9 exhibit a catalyst activity for the reaction
of terminal alkynes, but there are only limited examples of the
reaction for the internal alkynes with amines. For example,
rhodium,12 nickel,13 palladium,14 silver,15 and gold16 are known
to exhibit a catalyst activity for the reaction of internal alkynes
with amines. Furthermore, a rare copper-catalyzed intermolec-
ular hydroamination of terminal alkynes with amines17 has also
been reported, but copper-catalyzed intermolecular hydro-
amination of internal alkynes with amines is a more difficult
process,18,19 and to realize such a reaction is a challenging topic in
synthetic organic chemistry. On the other hand, fluorine-
containing organic compounds have attracted much interest in
the field of medicinal chemistry and material science,20 and
discovering their new transformation methods is also an
important topic in the field of organic synthesis. Based on this
background, we recently studied several types of transition-
metal-catalyzed reactions of fluorine-containing organic com-
pounds21 including the aryl and trifluoromethyl group
substituted internal alkynes,22 and during the course of these
studies, we found that the intermolecular hydroamination of
internal alkynes with amines is effectively catalyzed by a ligand-
free copper catalyst.
To realize the intermolecular hydroamination of the aryl and

trifluoromethyl group substituted internal alkyne23 with an
amine by a copper catalyst, we examined the reaction of an aryl
and trifluoromethyl group substituted alkyne 1a with aniline
(2a). As shown in Table 1, the reaction without a catalyst did not

give any products (Table 1, entry 1), but we confirmed that some
copper salts without any additional ligand exhibited catalytic
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Table 1. Copper-Catalyzed Hydroamination of 1a with
Aniline (2a)a

entry [Cu] (mol %) solvent temp (°C) yieldb of 4aa (%)

1 dioxane 80 0
2 CuCl2 (5) dioxane 80 76
3 CuCl (5) dioxane 80 82
4 CuBr2 (5) dioxane 80 19
5 CuBr (5) dioxane 80 50
6 CuI (5) dioxane 80 <2
7 CuF2 (5) dioxane 80 22
8 Cu(OAc)2 (5) dioxane 80 14
9 Cu(acac)2 (5) dioxane 80 <2
10 CuOTf (5) dioxane 80 >98
11 Cu(OTf)2 (5) dioxane 80 >98
12c CuOTf (5) dioxane 80 42
13c Cu(OTf)2 (5) dioxane 80 95
14 Cu(OTf)2 (5) dioxane 40 >98
15 Cu(OTf)2 (10) THF 40 >98
16 Cu(OTf)2 (10) THF 25 78
17d THF 40 0
18 Cu(OTf)2 (10) CH3CN 40 21
19 Cu(OTf)2 (10) toluene 40 13

aReaction conditions: 1a (0.1 mmol), 2a (1.2 equiv), and [Cu] (5 or
10 mol %) in solvent (0.2 mL, 0.5 M) at the indicated temperature for
12 h, 1 mL of 1 N HCl was added at room temperature, and the
mixture was stirred for 15 min. bYields are determined by 1H and/or
19F NMR analysis of crude materials using an internal standard
(trioxane or C6H5CF3).

cReaction time: 1 h. d1 or 10 mol % of TfOH
was used without copper salts.
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activities and provided the intended aminated product 3aa.24

After the initial experimental trials, we confirmed that the imine
3aa was slightly unstable during the workup process and
gradually hydrolyzed to 4aa; therefore, we treated the reaction
mixture with aqueous HCl to convert 3aa to the ketone 4aa. The
screening with the aim of finding an effective copper catalyst for
the intended hydroamination reaction was performed using
several copper salts. As the result, several copper salts were found
to catalyze the desired reaction to give 4aa (entries 2−11). In
particular, Cu(OTf) and Cu(OTf)2 exhibited high catalyst
activities providing a quantitative yield of 4aa (entries 10 and 11).
To compare the catalyst activity of Cu(OTf) and Cu(OTf)2, we
examined these reactions for a shortened reaction time (1 h) and
confirmed that the Cu(OTf)2 produced a higher yield (entries 12
and 13). We further conducted the Cu(OTf)-catalyzed reaction
at a lower temperature (40 °C) by increasing the amount of
Cu(OTf) to 10 mol % in dioxane or THF and succeeded in
obtaining the product 4aa without any reduced yield (entries 14
and 15). Unfortunately, the reaction at room temperature
resulted in a lower yield (78%) (entry 16), and this result
indicated that the reaction requires 40 °C to provide quantitative
yields in 12 h. To avoid the possibility that TfOH, whichmight be
produced from Cu(OTf) in situ, catalyzed the hydroamination
reaction,25 we carried out the reaction of 1a with 2a in the
presence of a catalytic amount of TfOH (1 or 10 mol %) and
confirmed that not even a trace amount of the product was
formed (entry 17). Furthermore, we examined the Cu(OTf)2-
catalyzed reaction in other solvents, such as CH3CN or toluene,
and concluded that THF is the best solvent for this hydro-
amination reaction (entries 18 and 19).
With the optimal reaction conditions (10 mol % of Cu(OTf)2

in THF at 40 °C for 12 h) in hand, we examined the reaction of
1a with several aniline derivatives 2a−q. To prevent the
formation of ketones 4 by the hydrolysis of 3 with trace amount
of residual H2O in the reaction mixture and obtain secondary
amine derivatives 526 as products, we conducted the copper-
catalyzed reaction in the presence of molecular sieves 4 Å, and
the reaction mixture was treated with NaBH3CN in AcOH after
12 h. For example, the reaction of 1a with 2a provided the
trifluoromethyl group possessing a secondary amine 5aa in 95%
isolated yield (Table 2, entry 1). The reaction with several aniline
derivatives, which contained electron-donating or electron-
withdrawing groups at the para position on the aromatic ring,
smoothly proceeded and gave the desired secondary amines
5ab−ah in the range of 75−97% yield (entries 2−8). Aniline
derivatives 2i and 2j, which have a substituent at the meta
position in the aromatic ring, also gave desired products 5ai and
5aj in good yields (entries 9 and 10).We further succeeded in the
reactions with 2k−n, which might be sterically hindered aniline
analogues, and obtained the intended products 5ak−an (entries
11−14). The reaction with 2,6-diisopropylaniline (2o) also
afforded an aminated product 5ao, but the isolated yield was
slightly low even at 60 °C (entry 15). Unfortunately, the reaction
with 2-aminopyridine (2p) did not occur which resulted in
almost no reaction (entry 16).
We next investigated the Cu(OTf)2-catalyzed hydroamination

of several types of aryl group substituted trifluoromethyl groups
containing internal alkynes 1b−q with aniline (2a), and the
results are summarized in Table 3. All of the reactions of 1b−q
provided the intended amines 5ba−pa in good yields (80−98%)
(Table 2, entries 1−15). We further succeeded in obtaining the
2-thienyl group substituted secondary amine 5qa in 86% yield
(entry 16). These results clearly indicated that this copper

Table 2. Cu(OTf)2-Catalyzed Hydroamination of 1a with
Anilines 2a−pa

entry 2 time (h) yieldb of 5 (%)

1 2a: Ar2 = Ph 12 95 (5aa)
2 2b: Ar2 = 4-MeC6H4 12 97 (5ab)
3 2c: Ar2 = 4-MeOC6H4 12 94 (5ac)
4 2d: Ar2 = 4-HOC6H4 12 92 (5ad)
5 2e: Ar2 = 4-ClC6H4 24 93 (5ae)
6 2f: Ar2 = 4-BrC6H4 24 89 (5af)
7 2g: Ar2 = 4-IC6H4 24 82 (5ag)
8 2h: Ar2 = 4-F3CC6H4 24 75 (5ah)
9 2i: Ar2 = 3-MeOC6H4 12 89 (5ai)
10 2j: Ar2 = 3-FC6H4 24 93 (5aj)
11 2k: Ar2 = 2-MeOC6H4 12 92 (5ak)
12 2l: Ar2 = 2-FC6H4 48 84 (5al)
13 2m: Ar2 = 1-naphthyl 24 85 (5am)
14 2n: Ar2 = mesityl 48 82 (5an)
15c 2o: Ar2 = 2,6-iPr2C6H3 24 43 (5ao)
16 2p: Ar2 = 2-pyridyl 24 < 2 (5ap)

aReaction conditions: 1a (0.3 mmol), 2 (1.2 equiv), and Cu(OTf)2
(10 mol %) in THF (0.6 mL, 0.5 M) at 40 °C for 12 h, NaBH3CN
(1.5 equiv) in MeOH solution and AcOH (1.5 equiv) were added, and
the mixture was stirred at room temperature for 5 min. bYields are
isolated products by silica gel chromatography. cReaction was
conducted at 60 °C.

Table 3. Cu(OTf)2-Catalyzed Hydroamination of 1a−q with
Aniline (2a)a

entry 1 yieldb of 5 (%)

1 1b: Ar1 = Ph 80 (5ba)
2 1c: Ar1 = 4-PhC6H4 95 (5ca)
3 1d: Ar1 = 4-MeOC6H4 98 (5da)
4 1e: Ar1 = 4-FC6H4 88 (5ea)
5 1f: Ar1 = 4-ClC6H4 96 (5fa)
6 1g: Ar1 = 4-BrC6H4 96 (5ga)
7 1h: Ar1 = 4-F3CC6H4 91 (5ha)
8 1i: Ar1 = 4-EtO2CC6H4 87 (5ia)
9 1j: Ar1 = 3,5-Me2C6H3 88 (5ja)
10 1k: Ar1 = 3-MeC6H4 88 (5ka)
11 1l: Ar1 = 3-Cl-4-MeC6H3 92 (5la)
12 1m: Ar1 = 3,4-Cl2C6H3 95 (5ma)
13 1n: Ar1 = 2-MeOC6H4 95 (5na)
14 1o: Ar1 = 2-ClC6H4 85 (5oa)
15c 1p: Ar1 = 1-naphthyl 83 (5pa)
16 1q: Ar1 = 2-thienyl 86 (5qa)

aReaction conditions: 1 (0.3 mmol), 2a (1.2 equiv), and Cu(OTf)2
(10 mol %) in THF (0.6 mL, 0.5 M) at 40 °C for 12 h, NaBH3CN
(1.5 equiv) in MeOH solution and AcOH (1.5 equiv) were added, and
the mixture was stirred at room temperature for 5 min. bYields are
isolated products by silica gel chromatography. cReaction time: 36 h.
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catalyst effectively works for the variety of aryl and trifluor-
omethyl group substituted unsymmetrical internal alkynes.
We further demonstrated the hydroamination of 1awith other

types of amines (Scheme 1). Although these reactions required

an increased amine amount, the expected reaction with N-
methylaniline (6a) proceeded and gave 7aa in an acceptable yield
(70%). Reactions with an aliphatic primary amine, such as 6b and
6c, also provided the intended products in 73% and 82% yield,
respectively. Furthermore, we examined the reaction of 1a with
an aliphatic secondary amine and succeeded in obtaining the
tertiary amines 7ad (92%) and 7ae (72%).
We also tried the reaction of other internal alkynes bearing

different electron-withdrawing groups than the trifluoromethyl
group with aniline analogues, and these results are summarized in
Scheme 2. The reaction of ethyl 3-propiolate (8a) with aniline

(2a) smoothly proceeded using the Cu(OTf)2 catalyst and
afforded the enamine 9aa in high yield (>98%). The reactions of
8a with other anilines (2c, 2h, or 2n) also provided desired
product in over 91% yield, and this catalyst system effectively
worked for the reaction of the 2-pyridyl group substituted alkyne
8b, and gave a desired enamine 9ba in 75% yield. Furthermore,
we investigated the reaction of cyano or diethyl phosphonate
group substituted internal alkynes (8c and 8d) or alkyl group
substituted alkynes (8e and 8f) and confirmed that these
reactions proceeded in good yields. However, the reaction of 8g
and 8h, which possess the methyl or TMS group instead of
electron-withdrawing groups, did not provide any products.
In conclusion, we have demonstrated the Cu(OTf)2-catalyzed

intermolecular hydroamination of aryl and trifluoromethyl group
substituted internal alkynes with amines and succeeded in
obtaining the desired amine derivatives after treatment with
NaBH3CN. The reaction proceeded with several types of amines
and provided the desired product in good yield. Furthermore, we
confirmed that Cu(OTf)2 also catalyzed the reaction of other
internal alkynes, which have an electron-withdrawing group
instead of the trifluoromethyl group, and provided enamines in
good to high yields.
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(13) Reyes-Sańchez, A.; Garcia-Ventura, I.; Garcia, J. J. Dalton Trans.
2014, 43, 1762.
(14) (a) Kadota, I.; Shibuya, A.; Lutete, L. M.; Yamamoto, Y. J. Org.
Chem. 1999, 64, 4570. (b) Shimada, T.; Yamamoto, Y. J. Am. Chem. Soc.
2002, 124, 12670. (c) Yamamoto, Y.; Lutete, L. M.; Kadota, I.; Shibuya,
A. Heterocycles 2002, 58, 347. (d) Shimada, T.; Bajracharya, G. B.;
Yamamoto, Y. Eur. J. Org. Chem. 2005, 2005, 59.
(15) (a) Lingaiah, N.; Babu, N. S.; Reddy, K. M.; Prasad, P. S. S.;
Suryanarayana, I. Chem. Commun. 2007, 278. (b) Cao, H.; Wang, X.;
Jiang, H.; Zhu, Q.; Zhang, M.; Liu, H. Chem. - Eur. J. 2008, 14, 11623.
(16) Mizushima, E.; Hayashi, T.; Tanaka, M. Org. Lett. 2003, 5, 3349.
(17) (a) Panarina, A. E.; Dogadina, A. V.; Zakharov, V. I.; Ionin, B. I.
Tetrahedron Lett. 2001, 42, 4365. (b) Robbins, D. W.; Hartwig, J. F.
Science 2011, 333, 1423. (c) Bahri, J.; Blieck, R.; Jamoussi, B.; Taillefer,
M.; Monnier, F. Chem. Commun. 2015, 51, 11210. (d) Bahri, J.;
Jamoussi, B.; van Der Lee, A.; Taillefer, M.; Monnier, F. Org. Lett. 2015,
17, 1224.
(18) For related copper-catalyzed intermolecular hydroaminations,
see: (a) Taylor, J. G.; Whittall, N.; Hii, K. K. Org. Lett. 2006, 8, 3561.
(b) Munro-Leighton, C.; Delp, S. A.; Alsop, N. M.; Blue, E. D.; Gunnoe,
T. B. Chem. Commun. 2008, 111. (c) Zhou, L.; Bohle, D. S.; Jiang, H.-F.;
Li, C.-J. Synlett 2009, 2009, 937. (d) Zheng, Q.; Hua, R.Tetrahedron Lett.
2010, 51, 4512. (e) Gupta, S.; Agarwal, P. K.; Saifuddin, M.; Kundu, B.
Tetrahedron Lett. 2011, 52, 5752.
(19) For copper-catalyzed intramolecular hydroamination of alkynes,
see: (a) Giles, R. L.; Sullivan, J. D.; Steiner, A. M.; Looper, R. E. Angew.
Chem., Int. Ed. 2009, 48, 3116. (b) Krasnova, L. B.; Hein, J. E.; Fokin, V.
V. J. Org. Chem. 2010, 75, 8662. (c) Han, J.; Xu, B.; Hammond, G. B. J.
Am. Chem. Soc. 2010, 132, 916. (d) Han, J.; Xu, B.; Hammond, G. B.Org.
Lett. 2011, 13, 3450. (e) Tokimizu, Y.; Ohta, Y.; Chiba, H.; Oishi, S.;
Fujii, N.; Ohno, H. Tetrahedron 2011, 67, 5168. (f) Verma, A. K.; Jha, R.
R.; Chaudhary, R.; Tiwari, R. K.; Reddy, K. S. K.; Danodia, A. J. Org.
Chem. 2012, 77, 8191. (g) Pouy, M. J.; Delp, S. A.; Uddin, J.; Ramdeen,
V. M.; Cochrane, N. A.; Fortman, G. C.; Gunnoe, T. B.; Cundari, T. R.;
Sabat, M.; Myers, W. H. ACS Catal. 2012, 2, 2182. (h) Pan, X.; Luo, Y.;

Wu, J. J. Org. Chem. 2013, 78, 5756. (i) Chen, D.-S.; Zhang, M.-M.; Li,
Y.-L.; Liu, Y.; Wang, X.-S. Tetrahedron 2014, 70, 2889.
(20) (a) Campbell, M. G.; Ritter, T. Chem. Rev. 2015, 115, 612.
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