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A simple highly versatile and efficient method has been developed for the three-component coupling of
aldehydes, amines and alkynes to prepare propargylamines, in the presence of a catalytic amount of BiCls. The
advantages of methods are high yield, mild reaction conditions, no environmental pollution and easy work up

procedure.
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Introduction

The development of synthetic strategies for C-H bond
activation is one of the most important areas in organic
chemistry." Three-component coupling of the alkyne, alde-
hyde and the amine (A3 coupling)* gave propargylamines,
which are versatile synthetic intermediates in organic syn-
thesis and are also important structural elements in natural
products and pharmaceutical preparations.” They are
important building blocks for the synthesis of heterocyclic
compounds such as pyrrolidones, oxoazoles and pyrroles
etc.* These compounds have traditionally been synthesized
by nucleophilic attack of lithium acetylides or Grignard
reagents on imines or their derivatives.” However, these
reagents must be used in stoichiometric amounts, are highly
moisture sensitive, and require strictly controlled reaction
conditions. An alternative atom-economical approach to
their synthesis is to perform this type of reaction by a
catalytic coupling of alkyne, aldehyde, and amine (A3
coupling) by C-H activation.

The alkyne C-H bond can be activated by employing vari-
ous homogeneous metal catalysts such as gold complexes,®
silver salts,” copper salts,® zinc salts,’ iron salts,'’ InBr3,!
InCls,'? Ir-complexes,"® Hg,Cl,'* NiCly,'* zirconium'® and
rhenium."”

Different heterogeneous catalysts such as Agl,'® silver
nanoparticles,'” Ag nanoparticles supported by Ni,”* Cu(I)
complexes,”' copper(I) pyridine bis-(oxazoline) complexes,*
CuCl,” silica-immobilized Cul,** silica gel anchored copper
chloride,”® Ni-Y-zeolite,” AgY zeolite,”® copper-zeolites,*’
Zn dust,”® nanopowder zinc titanate,?® copper ferrite nano-
particles,”® copper-nanoparticles,®’ nanocrystalline copper
(I) oxide,* impregnated copper on magnetite,”> Nanosize
C0304,%* nano indium oxide,™ and Fe;O, nanoparticles,*®
have also been utilized for alkyne C-H activation.

In addition, ultrasonic radiations’’ and microwave®® have
also been used in the presence of Cu(I) salt. Also a variety of
chiral ligands have been used in this reaction to gain high
asymmetric induction.*® Thus, the development of improved

synthetic methods for the preparation of propargylamines
remains an active research area.

In recent years, bismuth(IIl) derivatives has attracted
much attention because of their friendly ecological behavior
and its diverse applicability as catalysts in organic synthesis.*’
Compared with transition-metal complexes, bismuth (III)
salts are stable in air, relatively nontoxic and inexpensive. It
has been explored as powerful catalyst for different reac-
tions, such as Mannich reaction,*! allylation*’ and Diels-
Alder reactions.*

In continuation of our investigations on the use of hetero-
geneous catalysts for fine chemical preparation through
multicomponent procedures*#> and working with cyclic
amines,***” here we present our recent studies on the syn-
thesis of substituted propargylamines via three-component
reaction between aldehydes, terminal alkynes, and secondary
amines in the presence of Bismuth(III) chloride in ethanol.

Experimental

General Remarks. All reagents were purchased from
Merck and Aldrich and used without further purification.
Products were characterized by spectroscopy data (IR,
FTIR, '"H NMR spectra), elemental analysis (CHN) and
melting points. A JASCO FT/IR-680 PLUS spectrometer
was used to record IR spectra using KBr pellets. NMR
spectra were recorded on a Bruker 400 Ultrasheild NMR and
DMSO-d; was used as solvent. Melting points reported were
determined by open capillary method using a Galen Kamp
melting point apparatus and are uncorrected. Mass Spectra
were recorded on a Shimadzu Gas Chromatograph Mass
Spectrometer GCMS-QP5050A/Q P5000 apparatus.

General Procedure for the Synthesis of Propargylamine
Derivatives. To a mixture of aromatic aldehydes (1.0
mmol), amines (1.2 mmol) and phenylacetylene (1.5 mmol)
in anhydrous ethanol (5 mL) was added Bismuth (III)
chloride (10 mol %) and the solution were mixed and stirred
at reflux for appropriate time. After completion of the
reaction (as monitored by TLC), the ethanol was removed
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under vacuum. The crude mixture was purified by flash
column chromatography (EtOAc/petroleum ether 1:4) to
afford the pure product.

Data for N-(1,3-Diphenyl-2-propynyl)piperidine (Table
1, entry 2): FT-IR (KBr): 2930, 2187, 1598, 1486, 1316,
1152, cm™"; 'TH NMR (400 MHz, DMSO-ds) & 1.36-1.52 (m,
2H), 1.54-1.64 (m, 4H), 2.50-2.64 (m, 4H), 4.80 (s, 1H),
7.28-7.36 (m, 6H), 7.46-7.56 (m, 2H), 7.62-7.66 (m, 2H);
MS (m/z): 275.17 . Anal. Calcd for CyHaN: C, 87.23; H,
7.69; N, 5.09. Found: C, 86.88; H, 7.46; N, 4.84.

Data for 4-(1,3-Diphenyl-prop-2-ynyl)-morpholine
(Table 1, entry 4): FT-IR (KBr): 2935, 2175, 1596, 1500,
1318, 1152, cm™'; '"H NMR (400 MHz, DMSO-ds) & 2.54-
2.64 (m, 4H), 3.65-3.70 (m, 4H), 4.77 (s, 1H), 7.30-7.37 (m,
6H), 7.52 (d, 2H), 7.61 (d, 2H); MS (m/z): 277.30; Anal.
Calcd for C;oH9NO: C, 82.28; H, 6.90; N, 4.85. Found: C,
81.98; H, 6.81; N, 5.12.

Data for N-[1-(4-Chlorophenyl)-3-phenyl-2-propynyl]-
piperidine (Table 1, entry 8): IR (KBr): 2941, 2206, 1678,
1591, 1485, 1402, 1150, 1094 ¢cm™'; '"H NMR (400 MHz,
DMSO-ds) & 1.45-1.55 (m, 2H), 1.52-1.64 (m, 4H), 2.56-
2.66 (m, 4H), 4.70 (s, 1H), 7.26-7.33 (m, 5H), 7.44-7.48 (m,
2H), 7.55-7.58 (m, 2H), ESI MS (m/z): 309.12. Anal. Calcd
for Cy0HooCIN: C, 77.53; H, 6.52; N, 4.52. Found: C, 77.35;
H, 6.41; N, 4.35.

Data for N-[1-(4-Chlorophenyl)-3-phenyl-2-propynyl]
morpholine (Table 1, entry 10): 40. Yellow oil. IR (film)
2986, 2205, 1608, 1576, 1406, 1148 cm™'; 'H NMR (400
MHz, DMSO-ds) & 2.63-2.69 (m,4H), 3.67-3.73 (m, 4H),
7.24-7.29 (m, SH), 7.38-7.43 (m, 2H), 7.48-7.53 (m, 2H),
5.15 (s, 1H); MS m/z (%) 311.11. Anal. Caled for C;9H;3CINO:
C, 73.19; H, 5.82; N, 4.49. Found: C, 73.06; H, 5.49; N,
4.35.

Data for 4'-N-Methyl-N-[1-(4-chlorophenyl)-3-phenyl-
2-propynyl]-piperazine (Table 1, entry 11): IR (KBr):
2938,2203, 1676, 1594, 1485, 1454, 1403, 1150, 1091 cm™';
'H NMR (400 MHz, DMSO-ds) & 2.15 (s, 3H); 2.36 (brs,
4H), 2.55-2.45 (m, 2H), 2.61-2.57 (brs, 2H), 4.99 (s, 1H),
7.40-7.40 (m, 3H), 7.45 (d, 2H), 7.51-7.52 (m, 2H), 7.56 (d,
2H), MS: m/z (%): 324.14; Anal. calcd. for C2yH2CIN,; C:
73.95, H: 6.52, N: 8.62. Found: C: 73.71, H: 6.33, N: 8.37%.

Data for N-[1-(4-Methylphenyl)-3-phenyl-prop-2-yn-
yl]piperidine (Table 1, entry 32): FT-IR (KBr): 2937,
2176, 1607, 1502, 1320, 1153 cm™'; '"H NMR (400 MHz,
DMSO-dg) & 1.55-1.61 (m, 4H), 1.43-1.45 (m, 2H); 2.34 (s,
3H), 2.44-2.56 (m, 4H), 4.72 (s, 1H), 7.15 (d, 2H), 7.30 (d,
2H), 7.35-7.47 (m, SH), MS m/z (%) 289.15; Anal. Calcd for
Co1HxN: C, 87.15; H, 8.01; N, 4.84. Found: C, 86.89; H,
8.04; N, 4.56.

Data for N-[1-(4-Methoxyphenyl)-3-phenyl-2-propynyl]-
piperidine (Table 1, entry 38): Oil. IR (film) 2988, 2187,
1610, 1515, 1325, 1153 cm™'; "H NMR (400 MHz, DMSO-
ds) 8 1.42-1.51 (m, 2H), 1.52-1.76 (m, 4H), 2.55-2.70 (m,
4H), 3.80 (s, 3H), 4.75 (s, 1H), 6.91-6.98 (m, 2H), 7.30-7.40
(m, 3H), 7.51-7.65 (m, 4H); MS m/z (%) 305; Anal. Calcd
for C,1Ha3NO: C, 82.58; H, 7.59; N, 4.59. Found: C, 82.41;
H, 7.46; N, 4.37.
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Results and Discussion

In an effort to develop an optimal catalytic system, various
reaction parameters like effect of temperature, catalyst
loading, solvent and time were studied for the preparation
propargylamines via reaction of benzaldehyde, piperidine
and phenylacetylene in solvent under reflux and the results
are summarized in Table 1.

The control experiments for the three-component reaction
conducted under identical conditions and devoid of BiCls
gave no coupled product, despite prolonged reaction times.

Various Bi-based catalysts such as Bi(OTf);-4(H-0),
Bi(OAc); and Bi(NOs)3-5(H20) were screened for the three-
component reaction. BiCl; was found to be the most effec-
tive catalyst that afforded excellent yield (Table 1, entry 5).
The lower catalytic activities of Bi(OTf);-4(H20), Bi(OAc);
and Bi(NOs);-5(H,0), may be due to their filled coordi-
nation sites that hardly interact with C-H bond of the alkyne
(Table 1, entries 9 and 10). The BiCl; can binds with the C-H
bond of the terminal alkyne effectively showing better
catalytic performance (Scheme 1).

In a systematic study (Table 1), phenylacetylene was
added to a solution of benzaldehyde, piperidine and BiCl; in
ethanol and the reaction mixture was stirred for 10 h at room
temperature or 5h at refluxing. Our initial experiments
focused on the optimization of the amount of BiCl; by using
1 equiv of benzaldehyde, 1.2 equiv of piperidine, 1.5 equiv
of phenylacetylene and variable amount of BiCls. It was
found that in absence of catalyst no conversion to product
was obtained even after 10 h at room temperature.

To investigate the effect of catalyst amount, the model
reaction was carried out in the presence of different values of
catalyst (2, 5, 8, 10, 15, 20 and 25 mol %).

We observed that 10 mol % of BiCl; (based on benz-
aldehyde) could effectively catalyze the reaction with 2 and
5 mol % of BiCls, a lower yield was observed under the
same reaction time (Table 1, entry 2-3) and increasing the
amount of BiCl; to 15, 20 and 25 mol % showed no sub-
stantial improvement in the yield (Table 1, entry 4-6).

Table 1. Effect of catalyst type and amount of catalyst on the
synthesis of compounds

Catalyst Time Yield
Entry Catalyst (mol Z/o) (h) %)
1 None - 48 No reaction
2 BiCls 2 15 70
3 BiCl; 5 15 75
4 BiCls 8 15 82
5 BiCls 10 15 95
6 BiCls 15 15 70
7 BiCls 20 15 65
8 BiCls 25 15 50
9 Bi(OAc); 15 15 40
10 Bi(OTf); 15 15 45
11 Bi(NOs):'5(H,0) 15 15 30

“Yields after isolation of products
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Table 2. Solvent studies under different parameters for the model
reaction catalyzed by BiCl3

Time (h)/Yield (%)° Time (h)/Yield (%)"

Entry Solvent

Room temperature Reflux
1 H.O 10/0 5175
2 EtOH 10/0 5/90
3 MeOH 10/0 5/70
4 CH3;CN 10/0 5/80
5 DCM 10/0 5/65
6 DMF 10/0 5120
7 THF 10/0 5/45
8 Toluene 10/0 5/35

aromatic aldehydes (1.0 mmol), amines (1.2 mmol) and phenylacetylene
(1.5 mmol) in the presence of catalyst (32 mg, 10 mol %) at room
temperature and reflux condition in various solvents.

To check the solvent effect on the outcome of the reaction,
the above model reaction was carried out with 10 mol % of
BiCl; in solvents such as H,O, EtOH, CH;CN, DCM, DMF,
THF and Toluene. (Table 2). Acetonitrile and ethanol
provided excellent yields and proved to be the solvent of
choice. It was observed that much better yield was obtained
when the reaction was carried out in ethanol at other solvents
(Table 2, entry 2) whereas MeOH and dichloromethane
afforded lower yields. The reaction in THF afforded very
poor yields whilst the use of DMF and toluene could not
effectively catalyze the reaction. Various functionalities pre-
sent in the aryl aldehydes, such as halogen, methoxy, methyl,
hydroxyl and nitro groups were tolerated. The results in
Table 3 indicate that the aromatic aldehydes with both
electron-donating and electronwithdrawing substituents
displayed high reactivity and generatedthe desired products
in good to excellent yields. This can be ascribable to the fact
that the iminium ion formation from the aldehyde and the
secondary amine (first step of the reaction) is very fast and it
is independent from the nature of the aromatic aldehydes.

To extend the scope of the reaction, various cyclic secondary
amines such as pyrrolidine, piperidine, hexamethyleneimine,
morpholine, pyrrolidine, N-methyl piperazine, and 4-methyl
piperidine, were used and tolerated well (Table 3).

()

o Ph—=——H
‘Ar BiCl3
BiCl3
Ph—=—=H
N [Xj Ph
ArCHO + —_—
[j O g ||"(/
N |
) Bicl, HCI

Ar

Scheme 1. A tentative mechanism for synthesis of propargyl-
amines in the presence of BiCls.
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Table 3. BiCls-catalyzed synthesis of propargylamines derivatives”
X

X BiCl, (5 mol %) N
ArCHO + [ j + Ph—H———
Ethanol
N AT

N Ph
Entry X Product ;FI;::; X((oz;?
1 bond < 100 85
2 -CH, [ j 80 83
3 -CH,CHa- N 65 75
4 0 110 7
5 -NCH; Q)\ 90 75
6  -CHCH; Ph 75 82
7 bond < 100 80
8 -CH, [ j 80 84
9  -CH,CH:- N 65 81
10 0 /©)\ 110 75
11 -NCH; X 90 72
12 -CHCH; © o 75 86
13 bond X 100 70
14 -CH, [ j 80 85
15 -CH.CHa- N 65 83
16 0 110 72
17 -NCH; /Q)\Ph 90 76

Br
18 -CHCH; 75 84
19 bond X 100 80
20 -CH, [ j 80 75
21 -CH,CH.- N 65 80
22 0 /Q)\ 110 85
23 NCH: no Ph 90 70
24  -CHCH; 75 55
25 bond X 100 75
26 -CH, [ ] 80 82
27 -CH,CHs- N 65 87
28 0 @N 110 70
29 -NCH;  O,N Ph 90 73
30  -CHCH; 75 75
31 bond 100 72
32 -CH, X 80 80
33 -CH,CHa- [Nj 65 83
34 0 110 82
35  -NCH; /Q)\ 90 88
HAC Ph
36 -CHCH; M 75 87
37 bond « 100 75
38 CH, [ j 80 85
39 -CH,CHa- N 65 86
40 0 /@/‘\ 110 82
41 NCHs o Ph 90 78
42 -CHCH; 75 85
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On the basis of these results, together with the literature
reports.'>3031:3335 A tentative mechanism for the BiCl;-
catalyzed aldehyde-alkyne-amine coupling is proposed in
Scheme 1. The reaction involving the activation of the C-H
bond of alkyne by BiCl;. The Bi-acetylide intermediate
generated by the reaction of acetylene and BiCl; reacted
with the iminium ion generated in situ from aldehyde and
secondary amines to give the corresponding propargylamine.

Conclusions

In conclusion, we have successfully introduce a simple
and efficient method for the three-component coupling of
aldehydes, cyclic amines and alkynes in ethanol to synthesis
of propargylamines in moderate to very good yields using
Bismuth (III) chloride. This protocol is an environmentally
friendly process and can be used to generate a diverse range
of acetylenic amines in good to excellent yields. The simple
procedure for catalyst preparation, easy recovery and
reusability of the catalyst are expected to contribute to its
utilization for the development of benign chemical processes
and products.
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