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1. Introduction

Propargylamines are important synthetic intermediates for
the synthesis of potential therapeutic drug molecules. Poly-
functional amino derivatives are versatile building blocks and
are value-added intermediates in organic synthesis [1]. Tradi-
tionally, propargylamines have been prepared by the amination
of propargylic halides [2], propargylic phosphates [3], and
propargylic triflates [4] or through the nucleophilic attack of
lithium acetylides and Grignard reagents on imines or their
derivatives [5]. However, these methods suffer from issues
such as moisture sensitivity and the requirement for strictly
controlled reaction conditions. Recently, a three-component
coupling among aldehyde, alkyne, and amine, commonly re-
ferred to as A3 coupling, has been reported to be a convenient
and general approach for the preparation of propargylamines
[6]. Generally, the A3 coupling reaction is catalyzed by transi-
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tion metals by C-H activation. For example, Ag(l) salts [7],
Au(LLIII) salts [8], Au(IIl) salen complexes [9], Cu(I) salts [10],Ir
complexes [11],Hgz2Cl2 [12],Zn salts [13],InCl3 [14],InBrs [15],
and the Cu/Ru bimetallic system [16] under homogeneous
conditions. Recently Ag(I) [17] and Cu(I) [18] in ionic liquids
and supported Au(Ill) [19], Ag(I) [20], and Cu(I) [21] were
successfully used to catalyze three-component coupling reac-
tions under heterogeneous conditions with catalyst recycling
and reuse. However, some of these methods require expensive
metal catalysts (Ag, Au, Ir, etc.) [7,8,11], hazardous catalysts
[12], inert conditions [16], harmful solvents [13,15], and long
reaction times [9,21] and catalyst recycling can be difficult
[7-14]. On the other hand, salen complexes are stable solid
compounds that have been used as catalysts for various organic
transformations [22-24]. Herein, we report a high yield syn-
thesis of propargylamines catalyzed by the Cu(Il) salen com-
plex 1a under solvent-free conditions at 80 °C (Scheme 1).
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Scheme 1. Cu(lIl) salen complex catalyzed A3-coupling leading to pro-
pargylamine.

2. Experimental
2.1. General experimental

All reagents were purchased from Merck and Aldrich and
used without further purification. Melting points were meas-
ured on an Electrothermal 9100 apparatus. IR spectra were
recorded on a Bruker Vector 22 spectrometer. *H and *3C NMR
spectra were measured with Bruker DRX-400 Avance spec-
trometers. Mass spectra and the purities of volatile compounds
as well as gas chromatography (GC) analyses were recorded on
a FINNIGAN-MATT 8430 mass spectrometer operating at an
ionization potential of 20 eV. Elemental analyses were per-
formed using a Perkin-Elmer 2400(I) CHN/O analyzer. Merck
silica gel 60 (230-400 mesh) was used for column chromatog-
raphy.

2.2. General procedure for the preparation of propargylamine
derivatives

In a 5-ml round-bottomed flask containing Cu(salen) (0.01
g, 3 mol%) in air, aldehyde (1 mmol), amine (1.2 mmol), and
phenylacetylene (1.5 mmol) were added. The flask was then
stoppered and the mixture was stirred at 80 °C (oil bath tem-
perature). The completion of the reaction was monitored by
TLC or GC. After reaction completion and cooling to room tem-
perature, diethyl ether (5 ml) was added and the Cu salen was
removed by filtration. The solvent was evaporated under re-
duced pressure, and the residue was purified by flash column
chromatography on silica gel (eluent: hexane/ethyl acetate =
10) to give the corresponding product. Spectroscopic data for
selected examples are as follows.

1,4-Bis(3-phenyl-1-(piperidin-1-yl)prop-2-ynyl)benzene
(Table 2, entry 13). White solid, yield 95%; m.p.: 157-160 °C; IR
(KBr): 3020, 2976, 2361, 1522, 1432, 1216, 772 cm-1; 1H NMR
(CDCl3, 400 MHz): & 7.67-7.60 (s, 2H), 7.56-7.51 (m, 2H),
7.37-7.31 (m, 3H), 4.83 (s, 1H), 2.68-2.5 (m, 4H), 1.69-1.59 (m,
4H), 1.52-1.44 (m, 2H); 13C NMR (CDCls, 100 MHz): § 139.72,
132.81, 128.33, 128.28, 128.05, 122.33, 87.78, 86.13, 62.14,
50.69, 26.15, 24.42; MS (EI, m/z): 471.3 (M+), 388, 300, 232,
204, 130, 102, 77, 57; Anal. Calcd for C34H3eN2: C 86.40, H 7.68,
N 5.93; Found: C 86.37,H 7.69, N 5.89.

1,4-Bis(3-phenyl-1-(morpholin-1-yl)prop-2-ynyl)benzene
(Table 2, entry 23). White solid, yield 95%; m.p.: 150-153 °C; IR
(KBr): 3020, 2974, 2361, 1521, 1420, 1216, 772 cm-1; 1H NMR

(CDCl3, 400 MHz): & 7.69-7.61 (s, 2H), 7.56-7.51 (m, 2H),
7.39-7.31 (m, 3H), 4.81 (s, 1H), 3.81-3.65 (m, 4H), 2.77-2.69
(m, 4H); 13C NMR (CDCls, 100 MHz): 6 137.36, 131.81, 128.50,
128.34, 128.31, 122.90, 88.50, 84.99, 67.17, 61.77, 49.86; MS
(EIL, m/z): 476.3 (M+), 390, 304, 200, 152, 86, 56; Anal. Calcd for
C32H34N202: C 80.30, H 7.16, N 5.85; Found: C 80. 27, H 7.12, N
5.80.

N-[1-(2,4-Dimethylphenyl)-3-phenyl-2-propynyl]  piperi-
dine (Table 2, entry 26). Yellow oil, yield 90%; IR (KBr): 3018,
2934, 2401, 1615, 1492, 1447, 1317, 1216, 771 cm-1; 1H NMR
(CDCl3, 400 MHz): & 7.62-7.58 (m, 1H), 7.58-7.54 (m, 1H),
7.53(d, ] = 2 Hz, 1H), 7.40-7.31 (m, 3H), 7.08-6.98 (m, 2H), 4.83
(s, 1H), 2.65-2.52 (m, 4H), 2.45 (s, 3H), 2.35 (s, 3H), 1.62-1.50
(m, 4H), 1.49-1.40 (m, 2H); 13C NMR (CDCls, 100 MHz): &
137.42,137.03,133.88, 131.79, 131.45, 128.94, 128.27, 127.91,
125.76, 123.57, 87.84, 86.30, 59.94, 50.53, 26.35, 24.66, 21.05,
19.0; MS (EI, m/z): 302.1 (M+), 219, 203, 115, 84, 55; Anal.
Calcd for C22H2sN: C 87.08, H 8.30, N 4.62; Found: C 86.98, H
8.34, N 4.58.

3. Results and discussion

We synthesized the salen complexes 1a-1d and character-
ized them according to the literature [25,26]. In brief, 1a, 1b,
and 1d were prepared by the treatment of M(OAc)2 (1.2 equiv.)
with N,N-bis(salicylaldehyde) ethylenediamine as the ligand
(1.2 equiv.) in refluxing ethanol over 2 h.

To determine the catalytic activity of 1a during the prepara-
tion of propargylamine, a model reaction was conducted by
heating 1a (3 mol%), benzaldehyde (1 mmol), piperidine (1.2
mmol), and phenylacetylene (1.5 mmol) under solvent-free
conditions at 80 °C for 2.5 h. Work-up of the reaction mixture
afforded the expected product in 95% isolated yield (Table 1,
entry 1). In the absence of catalyst no conversion was obtained
even after 24 h (Table 1, entry 2). This observation shows the
importance of catalyst 1a in this reaction. To optimize the reac-

Table 1
Reaction conditions and reaction yields for synthesis of progargyla-
mine.

Entry Catalyst (mol%) Solvent t/°C ;ise(;:f?s/f)
1 1a (3) — 80 95

2 — — 80 nr.?

3 1la(1.5) — 80 30

4 1a (5) — 80 95

5 1a (3) — 25 15

6 1a(3) — 70 75

7 1a (3) toluene reflux 30/752
8 1a (3) DMF 130 trace?
9 1a (3) water reflux nr./652
10 1a (3) MeCN reflux 50¢
11 1d (3) — 75
12 1b (3) — 30
13 1c(3) — 5

14 Cu(N03)2-Hz0 (3) — 80 40be
15 Cu(0AC)2-H20 (3) — 80 35bc
16 CuCl (3) — 80 45 be

Reaction conditions: benzaldehyde 1 mmol, piperidine 1.2 mmol, phe-
nylacetylene 1.5 mmol, 2.5 h (2 24 h, ® 12 h). ¢ Upon mixing without
solvent, intense heat led to decomposition.
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tion conditions, a model reaction was carried out under differ-
ent reaction conditions. The results are summarized in Table 1.
To determine the best catalyst loading, the reactions were car-
ried out with various catalyst concentrations under sol-
vent-free conditions (Table 1, entries 1, 3, and 4). Increasing
the catalyst loading of 1a from 3 to 5 mol% did not change the
product yield (Table 1, entry 4), but lowering the catalyst load-
ing to 1.5 mol% significantly reduced the isolated yield and
only 30% of the product was collected (Table 1, entry 3). Poor
results were obtained when the reaction was conducted at 25
and 70 °C (Table 1, entries 5 and 6).

To investigate the effect of solvents, model reactions were
carried out in toluene, DMF, MeCN, and water under reflux
conditions. All the screened solvents afforded a low product
yield after 2.5 h (Table 1, entries 7-10). The best yield was ob-
tained under solvent-free conditions at 80 °C (Table 1, entry 1).
Therefore, solvent-free conditions were determined to be most
effective for the generation of the desired product. The catalytic
activities of the Zn(II), Mn(Ill), and Ni(Il) salen complexes
1b-1d were also investigated. The Ni(II) salen complex 1d

showed moderate catalytic activity (Table 1, entry 11), whereas
the Zn(II) and Mn(IlI) salen complexes 1b and 1c gave a signif-
icantly lower product yield (Table 1, entries 12 and 13). The
reason for this is not clear, but it is known that Cu ions can form
stronger complexes with acetylenes than nickel [27]. To show
the effect of the salen ligand on catalytic activity, model reac-
tions were carried out under solvent-free conditions in the
presence of the Cu(NOs3)z2, Cu(OAc)z, and CuCl, and the product
yields were 40%, 35%, and 45%, respectively, after 12 h (Table
1, entries 14, 15, and 16). These low yields could be due to de-
composition because of intense heat evolution upon mixing the
substrates under solvent-free conditions. However, for the
conversion and yield of the product, a solvent-free reaction
among an aldehyde, an amine, and phenylacetylene in the
presence of 1a (3 mol%) at 80 °C was performed as a general
procedure for the preparation of propargylamine derivatives.
Subsequently, various aldehydes, secondary amines, and phe-
nylacetylene were coupled, and the results are summarized in
Table 2. It indicates that aromatic aldehydes with both elec-
tron-donating and electron-withdrawing substituents give high

Table 2

Synthesis of propargylamines using Cu salen (Scheme 1).2

Entry R1 Amine Time (h) Isolated yield (%) Ref.
1 CeHs piperidine 2.5 95 [28]
2 4-BrCeHs piperidine 1.45 100 [29]
3 4-MeCesH4 piperidine 1.15 95 [28]
4 4-C1CeHa piperidine 2 95 [28]
5 3-ClCeH4 piperidine 1.15 90 [21]
6 4-MeOCsHa piperidine 2 80 [28]
7 2-MeOCsHa piperidine 2 85 [32]
8 3-MeOC¢H4 piperidine 2 80 [8]
9 2-BrCsHa piperidine 1.25 100 [33]
10 3-BrCeHa piperidine 0.5 90 [32]
11 4-CNCeH4 piperidine 1 85 [30]
12 2-OHCsHa piperidine 1 100 [30]
13 4-CHOCeH4 piperidine 1 95b this work
14 Furyl piperidine 3 90 [29]
15 Thiophyl piperidine 2.75 85 [30]
16 CeHs morpholine 2.5 85 [28]
17 4-CNCeHa morpholine 1 80 [30]
18 4-FCsHa morpholine 1.25 85 [33]
19 4-CF3CeH4 morpholine 1 98 [30]
20 3-OHCeH4 morpholine 1 85 [30]
21 2-OHCsH4 morpholine 1 100 [30]
22 3-BrCeHs morpholine 1 80 [30]
23 4-CHOCeH4 morpholine 0.75 95b this work
24 2-Naphthyl piperidine 1.5 90 [30]
25 PhCH=CH: morpholine 1.25 100 [33]
26 2,4-DiMeCsH3 piperidine 3 90 this work
27 CH3CH2CH2 morpholine 0.45 90 [31]
28 CH3CH2CH2 piperidine 0.45 95 [31]
29 CeHs pyrrolidine 2 80 [28]
30 2-Naphthyl pyrrolidine 0.75 100 [30]
31 (CHs)2CH morpholine 0.25 100 [30]
32 CeHs dibenzylamine 2 85 [8]
33 CeHs diethylamine 2 60¢ [31]
34 4-FCeHa diethylamine 1 70¢ [31]

a Aldehyde:phenylacetylene:amine (1:1.5:1.2). b Disubstituted product. ¢ Reaction temperature was 60 °C under N2.
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reactivity and generate the desired products in good yields
(Table 2, entries 2-13 and 17-23). Similarly, heteroaromatic
aldehydes such as thiophene-2-carbaldehyde and furan-2-
carbaldehyde participate well in this reaction (Table 2, entries
14 and 15). Aliphatic aldehydes react efficiently and afford ex-
cellent yields of the corresponding propargylamines (Table 2,
entries 27, 28, and 31). Conjugated aldehydes such as cin-
namaldehyde react well with morpholine and phenylacetylene,
leading to a high yield of the expected product (Table 2, entry
25).

Interestingly, when the reaction was conducted with ter-
ephthalaldehyde using 3 equiv. of phenylacetylene and 2.4
equiv of amine piperidine or morpholine (Scheme 2), only di-
substituted products were obtained in 95% yield without the
formation of any monosubstituted propargylamines (Table 2,
entries 13 and 23).

A tentative mechanism for this reaction is proposed in
Scheme 3 based on previous studies [7,18,34]. It is assumed
that the aldehyde is first condensed in situ with the secondary
amine to give an iminium ion. The Cu(salen) complex activates
the C-H bond of phenylacetylene to generate a copper acetylide
intermediate, which is then added to the iminium ion to afford
propargylamine. Such a coordination/deprotonation/acetylide
formation sequence has been demonstrated for Ag ions [35].

To compare our results with those of other researchers, the

X
3 mol% Cu(salen)
Solvent free, 80 °C
N
H

X =0, CH,

| | CHO
+ © +
CHO

model reaction was compared with those reported in the liter-
ature on the basis of reaction conditions, reaction time, and
percentage yield (Table 3). As shown in Table 3, our method
gives a higher yield of product in a shorter reaction time under
solventless conditions.

The reusability of the catalyst was determined in the reac-
tion between benzaldehyde, piperidine, and phenylacetylene
under solvent-free conditions (Table 2, entry 1). After the com-
pletion of the reaction, which was monitored by TLC, the cata-
lyst was removed by filtration and washed twice with diethyl
ether (5 ml). It was dried in an oven and reused six times
without any significant loss of activity toward the synthesis of
1-(1,3-diphenylprop-2-ynyl)piperidine. These results confirm
the practical recyclability of this catalyst and thus confirm its
potential role in modern organic synthesis (Table 4).

Although a similar catalytic reaction has been reported be-
fore [9], the Cu(Il) salen complex has lower cost and higher
catalytic activity and is reusable, and the reaction is not sensi-
tive to electron-donating or electron-withdrawing substituents.
The yields are attractive, and various cyclic and acyclic amines
such as piperidine, morpholine, pyrrolidine, dibenzylamine,
and diethylamine are tolerated. All the obtained results
demonstrate that the Cu(IlI) salen complex is an efficient cata-
lyst for the synthesis of propargylamines.

” 3:1:2.4 yield: 95%

‘ 1.5:1:1.2 yield: 45%

QL
||

X OHC

Scheme 2. Selective synthesis of disubstituted products from terephthalaldehyde, phenylacetylene, and morpholine or piperidine.

N
H

()
R\X

Cu(IT)(salen)

H
Z
Ph
7H +
= Cu(I)(salen)l

Scheme 3. Tentative mechanism of progargylamine synthesis.
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Table 3

Propargylamine formation by Cu(II)salen and other reported catalysts 2.

Entry Catalyst Reaction conditions Time (h) Yield (%) Ref.
1 Fe(HSO4)3 (10 mol%) CHsCN, reflux 4 94 [28]
2 Gold(I1) salen (0.05 mol%) H20, Nz, 40 °C 24 94 [9]
3 nano Co304 (10 mol%) toluene, 130 °C 15 87 [36]
4 Si02-Py-Cul (5 mol%) CH3sCN, 90 °C, N2 6 90 [37]
5 Zn(0AC)2-2H20 (10 mol%) toluene, reflux 7 92 [30]
6 Nafion® NR50 (0.25 g) CH3CN, 70-80 °C, N; 5 96 [29]
7 NiCl2 (5 mol%) toluene, 111 °C 95 [38]
8 [Au(C*N)Clz] > (1mol%) H:20, N2, 40 °C 24 82 [39]
9 Si02-NH-Cu, (2 mol%) solventless, r.t. 24 79 [21]
10 FeCls (10 mol%) solventless, 70 °C 14 52 [40]
11 Cul (10 mol%) 2 ml [bmim][PFe], 100 °C 5 78 [18]
13 CuClz (10 mol%) solventless, 80 °C 3 85 [42]
14 Fe304 nanoparticle (20 mol%) toluene, 110 °C 16 75 [41]
15 Cu(II) salen complex (3 mol%) solventless, 80 °C 2.5 95 this work

a A3 coupling reaction between benzaldehyde (1 mmol), piperidine (1.2 mmol), and phenylacetylene (1.5 mmol). » Gold (III) (C*N) complex

[Au(C~*N)Clz] (N*CH = 2-phenylpyridine).

Table 4
Reusability of the catalyst for the synthesis of propargylamine (Table 2,
entry 1).

Run Isolated yield (%)
Fresh 95
1 94
2 92
3 92
4 90
5 90

Reaction conditions: benzaldehyde 1 mmol, piperidine 1.2 mmol, phe-
nylacetylene 1.5 mmol, 80 °C, 2.5 h.

4. Conclusions

We report an efficient synthesis of propargylamines through
a three-component coupling between aldehydes, amines, and
phenylacetylene via C-H activation by a Cu(II) salen complex as
a suitable catalyst. Advantages of this method are the recycla-
bility of the catalyst without a significant loss of catalytic activ-
ity, an easy procedure and work-up, broad substrate applica-
bility, and high yields in short reaction times. Finally, this ap-
proach could make a valuable contribution to existing process-
es in the field of propargylamine synthesis.
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A Cu(II) salen complex showed excellent catalytic activity toward the synthesis of propargylamines through the three-component cou-
pling of aldehydes, amines, and phenylacetylene. Highlights are excellent yields, short reaction times, and a recyclable catalyst.

R'CHO + * Ph-C=CH

Ph

[33] Ren GR, Zhang ] L, Duan Z, Cui M J, Wu Y J. Aust ] Chem, 2009, 62: 2007:2301
75 [38] Samai S, Nandi G C, Singh M S. Tetrahedron Lett, 2010, 51: 5555
[34] Patil M K, Keller M, Reddy B M, Pale P, Sommer ]. Eur ] Org Chem, [39] Lo VKY, Kung K K'Y, Wong M K, Che C M. J Organomet Chem,
2008: 4440 2009, 694: 583
[35] Letinois-Halbes U, Pale P, Berger S. ] Org Chem, 2005, 70: 9185 [40] Chen W W, Nguyen RV, Li CJ. Tetrahedron Lett, 2009, 50: 2895
[36] Bhatte K D, Sawant D N, Deshmukh K M, Bhanage B M. Catal [41] Sreedhar B, Kumar A S, Reddy P S. Tetrahedron Lett, 2010, 51:
Commun, 2011, 16: 114 1891

[37] Likhar P R, Roy S, Roy M, Subhas M S, Kantam M L, De R L. Synlett, [42] Sharifi A, Mirzaei M, Naimi-Jamal M R. J Chem Res, 2007,2007: 129



	Cu(ΙI) salen complex catalyzed synthesis of propargylamines by a three‐component coupling reaction

	1. Introduction
	2. Experimental
	2.1. General experimental
	2.2. General procedure for the preparation of propargylamine derivatives


	3. Results and discussion
	4. Conclusions
	Acknowledgments
	References




