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A cobalt-catalyzed three-component coupling of terminal alkynes, dihalomethanes, and amines was
developed. This method offers an efficient way for propargylamines via the dual activation of C-H and
C-halogen bond. The reaction uses cheap CoBr; as catalyst and is phosphine ligand-free. A wide range
of functional groups were found to tolerate the reaction conditions.
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Transition-metal-catalyzed methods for the direct activation of
C-H bonds have emerged as powerful alternatives to more tradi-
tional reactions that rely heavily on stoichiometric substrate preac-
tivation.! In this context, the three-component coupling of an
aldehyde, an alkyne, and an amine (A3 coupling) reaction has re-
ceived considerable attention in which the terminal alkyne is used
as a carbon nucleophilic source via C-H activation.? This excellent
reaction also provided an attractive and atom-efficient approach
for the synthesis of propargylamines, which are useful building
blocks as well as important skeletons of biologically active com-
pounds and synthetic intermediates.> Recently, Contel and Urriola-
beitia reported an efficient gold-catalyzed three-component
coupling of alkynes, dihaloalkanes, and amines (AHA coupling),
which offered an alternative way for propargylamines via the acti-
vation of C-H and C-halogen bond.* In addition, significant pro-
gress has been documented for AHA coupling catalyzed by
copper,”® nano-In,05,° and FeCl;.” However, comparing to various
transition-metal-catalyzed A® coupling, the catalyst employed for
AHA coupling is still limited.

Cobalt-based systems as catalysts for the reactions involving al-
kynes such as Pauson-Khand reaction,® Vollhardt [2+2+2] cycliza-
tion,® and Nicholas reaction'!® have been well studied. Cobalt
complexes were also proved to be efficient catalysts for the C-C
bond formation via C-H activation.!' However, all these reactions
are based on the 1? interaction between the triple bond of alkynes
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with cobalt, the example for the cobalt-catalyzed reaction of termi-
nal alkynyl C-H bond is rare.'? As a catalytic Grignard type reaction
for the transformation of alkynyl C-H bond, herein we disclose an
alkyne-dihalomethane-amine coupling with simple CoBr, as the
catalyst, which affords a series of propargylamines in good yields
under mild conditions.

At the outset of this investigation, we employed phenylacety-
lene, dichloromethane, and diethylamine as substrates by using
10 mol % of CoCl; as catalyst in MeCN at 40 °C for 24 h, and the de-
sired propargylamine 4a was generated in 16% yield (Table 1, entry
1). Increasing the reaction temperature increased the yield, giving
55% and 74% yields when the reaction was carried out at 60 °C and
80 °C, respectively (Table 1, entries 2 and 3). Among the various co-
balt salts examined, CoBr, gave the best results (Table 1, entries 3-
6). However decreased yields were observed when CoBr,(PPhs),,
CoBr,(dppe), CoBry(dppm), CoBry(dppb), and CoCly(PPhs), com-
plexes were employed as the catalysts (Table 1, entries 7-11). Fur-
ther inspection of the reaction conditions revealed that this
reaction proceeded more efficiently in the presence of organic
bases such as DBACO and TEA (Table 1, entries 12 and 13), whereas
inorganic bases K,COs, NaOAc, and K3PO4 were found to be unfa-
vorable (Table 1, entries 14-16). MeCN appeared to be the best
choice among the common solvents such as CH,Cl,, THF, toluene,
DMF, and DMSO (Table 1, entries 17-21).

With the optimized condition in hand, we then tested the scope
and limitation of this cobalt-catalyzed three-component coupling
of alkynes, dihalomethanes, and amines reaction. As shown in
Table 2, dichloromethane, dibromomethane, and diiodomethane
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Table 1
Optimization of reaction conditions®
Co(ll) 10 mol%
J— _ = NEt.
Ph—= + CHCl; *+ HNEL solvent, base, T°C Ph/\ 2
1a 2a 3a 4a
Entry Catalyst Base Solvent T/°C Yield” %
1 CoCl, DBU® MeCN 40 16
2 CoCl, DBU MeCN 60 55
3 CoCl, DBU MeCN 80 74
4 CoBr; DBU MeCN 80 90
5 Col, DBU MeCN 80 68
6 Co(OAc), DBU MeCN 80 36
7 CoBr,(PPh;3), DBU MeCN 80 51
8 CoBr,(dppe) DBU MeCN 80 44
9 CoBr,(dppm) DBU MeCN 80 61
10 CoBry(dppb) DBU MeCN 80 52
11 CoCly(PPhs), DBU MeCN 80 40
12 CoBr; DABCO¢ MeCN 80 82
13 CoBr; TEA® MeCN 80 75
14 CoBr;, K,COs3 MeCN 80 47
15 CoBr; NaOAc MeCN 80 40
16 CoBr; K3PO4 MeCN 80 25
17 CoBr; DBU CH,Cl, 80 88
18 CoBr; DBU THF 80 45
19 CoBr, DBU toluene 80 48
20 CoBr; DBU DMF 80 60
21 CoBr; DBU DMSO 80 74

@ All the reactions were conducted by using phenylacetylene 1a (0.3 mmol),
dichloromethane 2a (0.9 mmol), diethylamine 3a (0.9 mmol), base (2 equiv) in 2 mL
of solvent.

Yields were determined by 'H NMR by using MeNO, as the internal standard.
DBU: 1,8-Diazabicyclo[5.4.0Jundec-7-ene.

DABCO: 1,4-Diazabicyclo[2.2.2]octane.

TAE: Triethylamine.
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are all good coupling partners for the reaction with phenylacety-
lene and diethylamine under the present cobalt-catalyzed system
(Table 2, entries 1-3). Aromatic alkynes such as 4-ethynyl toluene,

Table 2
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DBU (1 equlv)
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Scheme 1. The reaction of 3-chloro-1-phenyl-1-propyne 5 with piperdine.

4-methoxyphenylacetylene, and 4-fluorophenylacetylene under-
went coupling with dichloromethane and diethylamine smoothly
to afford propargylamines 4b-d in good yields (Table 2, entries
4-6). It is worth mentioning that the alkyl terminal alkynes 4-phe-
nyl-1-butyne and 1-hexyne were also suitable substrates for the
reaction, generated the propargylamines 4e and 4f in the yields
of 74% and 61%, respectively (Table 2, entries 7 and 8). For the
three-component coupling of aromatic alkynes, dichloromethane,
and piperdine, various functional groups including halogens, ester,
methyl, and methoxyl groups present in alkynes were well toler-
ated during the course of the reaction (Table 2, entries 9-14). Be-
sides, 1-ethynyl naphthalene was also suitable for the reaction,
yielding the desired product 4m in 88% (Table 2, entry 15). We
were pleased to find that both cyclic and acyclic secondary amines
such as 4-methyl piperdine, pyrrolidine, morpholine, and diisopro-
pylamine were efficiently converted into the corresponding AHA
coupling products in moderate to good yields (Table 2, entries
16-19). However, in the cases of primary amines and diphenyl-
amine, no coupling product was identified.

To understand the mechanism of the reaction, 3-chloro-1-phe-
nyl-1-propyne 5 was prepared and reacted with piperdine in the
presence of DBU in MeCN at 80 °C, the reaction gave propargylam-
ines 4g in 91% isolated yield (Scheme 1).

Based on this observation and the literature reports, a
plausible mechanism involving Co(I)-Co(III)-Co(I) catalytic cycle
was proposed as shown in Scheme 2. Initially, Co(I) catalyst was
generated in situ from Co(II), which might be reduced by alkynes
or bases. The insertion of the C-H bond of the terminal alkyne by
Co(I) species gave alkynyl-cobalt complex A. Oxidative addition

4-7,12,13

PN CoBr; (10 mol%) AN
[ - N~
R—== + CHyX, + HNL ’,n DBU (2 equiv) R/\ l ’Il
- o .-
1 9 3 MeCN, 80°C 4
Entry Alkyne R Dihalo methane Amine Product Yield® %
1 Ph CH,Cl, Et,NH 4a 85
2 Ph CH,Br, Et,NH 4a 87
3 Ph CH,l, Et,NH 4a 38
4 p-MeCgH, CH,Cl, Et,NH 4b 88
5 p-MeOCgH4 CH,Cl, Et,NH 4c 80
6 p-FCgH,4 CH,Cl, Et,NH ad 75
7¢ PhCH,CH, CH,Cl, Et,NH 4e 74
8d C4Ho CH,Cl, Et,NH af 61
9 Ph CH.Cl, Piperdine 4g 92
10 p-MeOCgH4 CH,Cl, Piperdine 4h 87
11 p-FCeHy CH,Cl, Piperdine 4i 71
12 p-CICgH4 CH,Cl, Piperdine 4j 80
13 p-MeO,CCgHy CH,Cl, Piperdine 4k 77
14 m-MeCgH, CH,Cl, Piperdine 41 89
15 1-Naphthyl CHCl, Piperdine 4m 88
16 Ph CH,Cl, 4-Methyl piperdine 4n 94
17 Ph CH,Cl, Pyrrolidine 40 60
18 Ph CH,Cl, Morpholine 4p 68
19 Ph CH,Cl, iPr,NH 4q 42

@ All the reactions were carried out by using 0.5 mmol of terminal alkynes, 3 equiv of dihalomethanes, 3 equiv of amines, and 2 equiv of DBU in the presence of 10 mol % of

CoBr, in MeCN at 80 °C for 24 h.
b Isolated yield.
¢ Reaction time: 30 h.
4 The reaction was performed at 60 °C for 40 h.
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Scheme 2. Mechanistic Rationale.

of CH,Cl, to intermediate A formed Co(IIl) species B, which subse-
quently underwent reductive elimination to afford propargylchlo-
ride C and regenerate the Co(I) catalyst. The reaction of
propargylchloride with an amine would give the corresponding
propargylamines 4.

In conclusion, we have developed a method for the synthesis of
propargylamines via cobalt-catalyzed three-component coupling
of alkynes, dihalomethanes, and amines. A wide range of functional
groups were found to tolerate the reaction conditions. Moreover,
this reaction uses cheap CoBr, as catalyst and is phosphine li-
gand-free, thus having significant economic advantages and poten-
tial application for large scale synthesis.

Acknowledgments

Financial support from the NSFC (J1103305), the Sun Yat-sen
University and the Beijing National Laboratory of Molecular Sci-
ences (BNLMS) is gratefully acknowledged.

Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.tetlet.2012.08.
136.

References and notes

1. (a) Wencel-Delord, J.; Droge, T.; Liu, F.; Glorius, F. Chem. Soc. Rev. 2011, 40,
4740; (b) Satoh, T.; Miura, M. Chem.-Eur. J. 2010, 16, 11212; (c) Colby, D. A;;
Bergman, R. G.; Ellman, J. A. Chem. Rev. 2010, 110, 624; (d) Karimi, B.;
Behzadnia, H.; Elhamifar, D.; Akhavan, P. F.; Zamani, A. Synthesis 2010, 1399;
(e) Chen, X.; Engle, K. M.; Wang, D.-H.; Yu, J.-Q. Angew. Chem., Int. Ed. 2009, 48,
5094.

N U A

oo

10.

11.

12.

13.

14.

6201

. For reviews on A® coupling see: (a) Peshkov, V. A.; Pereshivko, O. P.; Van der

Eycken, E. V. Chem. Soc. Rev. 2012, 41, 3790; (b) Yoo, W.-].; Zhao, L.; Li, C.-].
Aldrichim. Acta 2011, 44, 43; (c) Li, C.-J. Acc. Chem. Res. 2010, 43, 581; (d)
Kouznetsov, V. V.; VargasMéndez, L. Y. Synthesis 2008, 491; (e) Zani, L.; Bolm, C.
Chem. Commun. 2006, 4263; (f) Wei, C.; Zhang, L.; Li, C.-]. Synlett 2004, 1472.

. (a) Huffman, M. A.; Yasuda, N.; DeCamp, A. E.; Grabowski, E. . J. J. Org. Chem.

1995, 60, 1590; (b) Konishi, M.; Ohkuma, H.; Tsuno, T.; Oki, T.; VanDuyne, G. D.;
Clardy, ]. J. Am. Chem. Soc. 1990, 112, 3715; (c) Miura, M.; Enna, M.; Okuro, K;
Nomura, M. J. Org. Chem. 1995, 60, 4999; (d) Jenmalm, A.; Berts, W.; Li, Y. L.;
Luthman, K.; Csoregh, I.; Hacksell, U. J. Org. Chem. 1994, 59, 1139; (e) Dyker, G.
Angew. Chem., Int. Ed. 1999, 38, 1698; (f) Napta, T.; Takaya, H.; Murahashi, S. L.
Chem. Rev. 1998, 98, 2599.

. Aguilar, D.; Contel, M.; Urriolabeitia, E. P. Chem. Eur. J. 2010, 16, 9287.

. Yu, D.; Zhang, Y. Adv. Synth. Catal. 2011, 353, 163.

. Rahman, M.; Bagdi, A. K.; Majee, A.; Hajra, A. Tetrahedron Lett. 2011, 52, 4437.
. Gao, ].; Song, Q.-W.; He, L.-N.; Yang, Z.-Z.; Dou, X.-Y. Chem. Commun. 2012, 48,

2024.

. (a) Pauson, P. L.; Khand, I. U. Ann. N. Y. Acad. Sci. 1977, 295, 2. For reviews, see:;

(b) Schore, N. E. In Comprehensive Organic Synthesis; Trost, B. M., Fleming, 1.,
Paquette, L. A., Eds.; Pergamon Press: Oxford, 1991; Vol. 5, pp 1129-1162; (c)
Grotjahn, D. B. In Comprehensive Organometallic Chemistry II; Abel, E. W., Stone,
F. G. A, Wilkinson, G., Hegedus, L., Eds.; Pergamon Press: Oxford, 1995; Vol. 12,
pp 741-770; (d) Lautens, M.; Klute, W.; Tam, W. Chem. Rev. 1996, 96, 49; (e)
Qjima, I.; Tzamarioudaki, M.; Li, Z.; Donovan, R. J. Chem. Rev. 1996, 96, 635; (f)
Saito, S.; Yamamoto, Y. Chem. Rev. 2000, 100, 2901; (g) Malacria, M.; Aubert, C.;
Renaud, ]. I In Science of Synthesis: Methods of Molecular Transformations
(Houben-Weyl); Lautens, M., Trost, B. M., Eds.; Thieme: Stuttgart, 2001; Vol. 1,
pp 439-530; (h) Moulton, B. E. Organomet. Chem. 2010, 36, 93; (i) Lee, H.-W.;
Kwong, F.-Y. Eur. J. Org. Chem. 2010, 5, 789.

. (a) Grotjahn, D. B.; Vollhardt, K. P. C. J. Am. Chem. Soc. 1986, 108, 2091; For

recent examples on cobalt-catalyzed [2+2+2] cyclotrimerization see: (b) Hapke,
M.; Kral, K.; Fischer, C.; Spannenberg, A.; Gutnov, A.; Redkin, D.; Heller, B. J. Org.
Chem. 2010, 75, 3993; (c) Garcia, P.; Moulin, S.; Miclo, Y.; Leboeuf, D.; Gandon,
V.; Aubert, C.; Malacria, M. Chem. Eur. J. 2009, 15, 2129; (d) Goswami, A.;
Ohtaki, K.; Kase, K.; Ito, T.; Okamoto, S. Adv. Synth. Catal. 2008, 350, 143; (e)
Chang, H.-T.; Jeganmohan, M.; Cheng, C.-H. Org. Lett. 2007, 9, 505; (f) Zhou, Y.;
Porco, ]. A.; Snyder, J. K. Org. Lett. 2007, 9, 393; (g) Young, D. D.; Deiters, A.
Angew. Chem., Int. Ed. 2007, 46, 5187.

(a) Nicholas, K. M.; Pettit, R. J. Organomet. Chem. 1972, 44, C21; For a recent
review on the application of Nicholas reaction: (b) Kann, N. Curr. Org. Chem.
2012, 16, 322.

(a) Ding, Z.; Yoshikai, N. Angew. Chem., Int. Ed. 2012, 51, 4698; (b) Lee, P.-S,;
Fujita, T.; Yoshikai, N. J. Am. Chem. Soc. 2011, 133, 17283; (c) Adak, L.; Chan, W.-
C.; Yoshikai, N. Chem. Asian. J. 2011, 6, 359; (d) Ding, Z.; Yoshikai, N. Org. Lett.
2010, 12, 4180; (e) Gao, K.; Lee, P.-S.; Fujita, T.; Yoshikai, N. J. Am. Chem. Soc.
2010, 132, 12249.

(a) Chen, W.-W.; Bi, H.-P.; Li, C.-]. Synlett 2010, 475; (b) Nishimura, T.; Sawano,
T.; Ou, K.; Hayashi, T. Chem. Commun. 2011, 47, 10142.

(a) Ramdhanie, B.; Telser, J.; Caneschi, A.; Zakharov, L. N.; Rheingold, A. L.;
Goldberg, D. P. J. Am. Chem. Soc. 2004, 126, 2515; (b) Yoshimitsu, S.-i.; Hikichi,
S.; Akita, M. Organometallics 2002, 21, 3762.

Representative experimental procedure for cobalt-catalyzed three-component
coupling of alkynes, dihaloalkanes, and amines. Synthesis of 4a: CoBr, (10.9 mg,
10 mol %) and DBU (152 mg, 1 mmol) were suspended in CH3CN (2 mL) in a
5mL schlenk tube under nitrogen. And then phenylacetylene (51 mg,
0.5mmol), dichloromethane (126 mg, 1.5 mmol), and diethylamine
(109.5 mg, 1.5 mmol) were added via syringe. The resulting solution was
stirred at 80 °C for 24 h. After cooling to room temperature, the resulting
mixture was filtered through a short path of silica gel, eluting with
dichloromethane. The volatile compounds were removed in vacuo and the
residue was purified by column chromatography (SiO,, hexane/ethyl
acetate=10:1) to give 4a as a colourless oil (79.5mg, 85%).'H NMR
(300 MHz, CDCl5) § 7.43-7.40 (m, 2H), 7.30-7.25 (m, 3H), 3.68 (s, 2H), 2.68
(q,J =7.2 Hz, 4H), 1.16 (t, J = 7.2 Hz, 6H); '>*C NMR (75 MHz, CDCl5): 6 = 131.8,
128.3, 128.0, 123.5, 85.3, 84.5, 47.6, 41.8, 12.9 ppm.
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