
Synthesis of Ag−Cu−Ni Nanoparticles Stabilized on Functionalized
g−C3N4 and Investigation of Its Catalytic Activity in the A3‑Coupling
Reaction
Mohammad Zarei, Iman Mohammadzadeh, Kazem Saidi, and Hassan Sheibani*

Cite This: ACS Omega 2023, 8, 18685−18694 Read Online

ACCESS Metrics & More Article Recommendations *sı Supporting Information

ABSTRACT: In the present research, using ethylenediamine and
hydrazine hydrate as the capping and reducing agents in this
investigation, respectively, Ag−Cu−Ni NPs were immobilized on
the functionalized g−C3N4 surface. This nanocatalyst was studied
in terms of its catalytic activities for the A3-coupling reaction to
synthesize propargylamine derivatives. According to the results, in
the presence of 1 mL of toluene as the solvent and 20 mg of the g−
C3N4−TCT−2AEDSEA−Ag−Cu−Ni nanocatalyst, the maximum
efficiency of the nanocatalyst occurred at a temperature of 80 °C.
Products were purified using thin-layer chromatography plates
(silica gel) by employing n-hexane/ethyl acetate with a 90:10 ratio.
In addition, the prominent benefits of the synthesized nanocatalyst
include its high yields of the product, cost-effectiveness, recyclability, and easy separation. The novelty of the catalyst is due to the
presence of Ag−Cu−Ni nanoparticles at the same time in the structure of the functionalized g−C3N4 substrate. So, Ag−Cu−Ni can
be strongly connected to the substrate. The structure of the synthesized nanocatalyst was characterized using Fourier transformed
infrared spectroscopy, X-ray powder diffraction, field emission scanning electron microscopy, energy-dispersive X-ray spectroscopy,
vibrating-sample magnetometry, and transmission electron microscopy.

1. INTRODUCTION
In the current age, the synthesis of preparing efficient chemical
compounds and biologically active molecules is a consideration
via the use of nonhazardous metals.1,2 Multi-component
reactions (MCRs) play a crucial role in the synthesis of complex
and new molecules. These reactions have attracted a significant
deal of attention in the field of hybrid chemistry due to their
artificial efficiency, inherent atomic economy, high selectivity,
and simple procedure. Different MCRs, such as the Biginelli
reaction, theMannich reaction, and the Ugi reaction, have found
extensive applications in the synthesis of various compounds
using three or four primary materials.3−8 One of the well-known
MCRs is the A3 reaction.9 The A3-coupling reaction is a three-
component reaction via C−N and C−C couplings.10,11
Propargylamines are useful intermediates and have found

wide applications in the synthesis of organic compounds for the
construction of different nitrogen-containing heterocycles.12,13

Propargylamines are one of the precursors used in organic
chemistry. Countless propargylamines have been utilized to
treat neurodegenerative disorders such as Alzheimer’s and
Parkinson’s. Moreover, natural components are the key
intermediates in the synthesis of biologically active drugs and
products. These compounds are synthesized using A3-coupling
reaction.14−16 So far, various catalysts such as Cu salt,17 Au
salt,18 Ag salt,19 Zn salt, Fe salt,20 and iridium complexes21 have

been used for the synthesis of propargylamine derivatives in
homogeneous conditions. The use of recyclable heterogeneous
catalysts and inexpensive metals in this method is of great
importance.22−25Metal nanoparticles have attracted attention of
researchers due to their high surface-to-volume ratio and highly
active surface. Among metal NPs, silver, nickel, and copper have
been widely used due to their availability and high catalytic
efficiency. Three metallic nanoparticles have attracted more
attention than monometallic nanoparticles due to their
synergistic effect. One of the main problems of the usage of
nanoparticles in reactions is associated with their aggregation.
Stabilization of nanoparticles on appropriate supports over-
comes their stability problem. Different supports have been used
for the stabilization of nanoparticles such as zeolite, TiO2,
graphene oxide, carbon-based supports, and Fe3O4. Among the
various supports, g−C3N4 has exhibited good chemical
resistance due to the incorporation of nitrogen atoms in the
carbon structure that can result in enhancement of its chemical,
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catalytic, electrical, and optical properties. To enhance the
number of active sites of g−C3N4, it has been functionalized by
melamine and cystamine dihydrochloride. Then, Ag−Cu−Ni
NPs were placed on the surface of functionalized g−C3N4. The
reactivity nanocomposite was then investigated in the one-pot
reaction of secondary amines, terminal alkynes, and aldehydes
for the preparation of propargylamines (A3-coupling reaction).
This project’s purpose is to prepare propargylamine derivatives
using a reasonable, straightforward, and economically suitable
method.

2. EXPERIMENTAL SECTION
2.1. Materials and Chemical Instruments. Nickel (II)

chloride (NiCl2·6H2O), copper (II) chloride (CuCl2·2H2O),
Silver nitrate (AgNO3), ethylenediamine (C2H4 (NH2)2),
cystamine dihydrochloride (C4H14Cl2N2S2), and cyanuric
chloride (C3Cl3N3) were obtained from Merck and Aldrich
Chemical Companies and were used without further purifica-
tion. The NMR spectra were recorded on a Bruker 300
AVANCE III NMR magnet (300 MHz for 1H NMR and 75
MHz for 13C NMR) using CDCl3 as a solvent. The crystalline
structure was investigated using an X-ray diffractometer
(Phillips PANalytical X’Pert PRO with Cu Kα radiation λ =
0.154 nm), scanning electron microscopy images, EDX analyses
(MIRA III device manufactured by TE-SCAN), and magnetic
vibration diagrams [vibrating-sample magnetometry (VSM),
magnetic Kavir Kashan Co., Iran].
2.2. Preparation Steps of the g−C3N4−TCT−2AED-

SEA−Ag−Cu−Ni Nanocomposite. 2.2.1. Synthesis of g−
C3N4. The g−C3N4 powder was synthesized by polymerization
of melamine.26 In brief, 10.0 g of melamine powder in a ceramic
crucible was placed in a muffle furnace at 550 °C for 4 h. The
product was then transferred to a desiccator for about 2 h.

2.2.2. Preparation of g−C3N4−TCT−2AEDSEA. First, 1.5 g of
graphene carbon nitride was dissolved in 25 mL of dry
tetrahydrofuran. Then, 2 mmol of 2,4,6-trichloro-1,3,5-triazine
(cyanuric chloride) was added to the mixture of reaction in an
ice bath. The reaction was stirred for 3 h at 0−5 °C.27 In the next
step, 3 mmol of cystamine dihydrochloride and 6 mmol of
triethylamine were dissolved in 10 mL of ethanol and slowly
added to the reaction mixture. The mixture was stirred for 5 h at
80 °C; the obtained product was collected and washed with
ethanol and distilled water (3 × 20 mL) and dried under
ambient conditions (Scheme 1).

2.2.3. Preparation of Cu−Ni−Ag Nanoparticles. For the
synthesis of Cu−Ni−Ag NPs, 1 mL solution of NiCl2. 6H2O
(0.5 M), 1 mL solution of AgNO3 (0.5 M), and 1 mL solution of
CuCl2. 2H2O (0.5 M) were initially added to a volume of 20 mL
of NaOH (5M). After agitating the solution for 5 min, a volume
of 0.35 mL of ethylenediamine was added to the solution, and
agitation was uninterrupted for 1 h at room temperature. Then,
30 min after adding a volume of 0.3 mL of hydrazine hydrate
(30%) to the mixture, it was transferred into a Teflon-lined
autoclave made of stainless steel, which was stored in an oven for
4 h at 140 °C. An external magnet was used to collect the
acquired black product, which was then rinsed three times using
distilled water and ethanol (3 × 20 mL).28

2.2.4. Preparation of the g−C3N4−TCT−2AEDSEA−Ag−
Cu−Ni Nanocomposite. The g−C3N4−TCT−2AEDSEA (1.0
g) and Cu−Ni−Ag NPs (0.5 g) were added to a volume of 30
mL of H2O, and the mixture was subjected to ultrasound waves
for 30 min. The reaction mixture underwent stirring at 40 °C for
12 h. As soon as the reaction was completed, an external magnet
was used to collect the final catalyst, which was then rinsed three
times using distilled water and ethanol (20 mL) and dried at 80
°C for 4 h.

Scheme 1. Synthesis of g−C3N4−TCT−2AEDSEA
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2.3. General Method for the Synthesis of Propargyl-
amine Derivatives via A3-Coupling Reaction (a−k). In a
sealed tube, aldehyde derivatives (1 mmol), morpholine (1.2
mmol), phenylacetylene (1.5 mmol), and the g−C3N4−TCT−
2AEDSEA−Ag−Cu−Ni nanocomposite (20 mg) in 1 mL of
toluene were added and heated at 80 °C for 8 h [checked by
thin-layer chromatography (TLC)]. After the reaction was
completed, the nanocomposite was isolated by an external
magnet, and the products were purified with TLC plates (n-
hexane/ethyl acetate 90:10). Eventually, all of the products were
identified by 1HNMR and 13C NMR spectroscopy. The 1H
NMR and 13C NMR spectra of all products are shown in the
Supporting Information

2.3.1. 4-(1, 3-Diphenylprop-2-yn-1-yl) Morpholine (a). The
product was obtained as a yellow oil. 1H NMR (300 MHz,
CDCl3): δ (ppm): 7.73−7.39 (m, 10H, arom), 4.87 (s, 1H,
CH−N), 3.81 (m, 4H, 2CH2−O), 2.72−2.70 (m, 4H, 2CH2−
N).

13C NMR (75 MHz, CDCl3): δ (ppm): 137.7, 131.9, 128.7,
128.4, 128.3, 128.2, 127.9, 123.0, 88.6 (acetylenic carbon), 85.0
(acetylenic carbon), 67.2 (CH2−O), 62.1 (CH2−N), 49.9
(CH−N).

2.3.1.1. 4-(3-Phenyl-1-(p-tolyl) Prop-2-yn-1-yl) Morpholine
(b). The product was obtained as a yellow oil. 1H NMR (300
MHz, CDCl3): δ (ppm): 7.59−7.37 (m, 7H, arom), 7.24 (d, J =
7.7 Hz, 2H, arom), 4.86 (s, 1H, CH−N), 3.83−3.78 (m, 4H,
2CH2−O), 2.74−2.71 (m, 4H, 2CH2−N), 2.41 (s, 3H, CH3).

13C NMR (75 MHz, CDCl3): δ (ppm): 137.7, 134.3, 131.8,
129.0, 128.9, 128.7, 128.4, 122.9, 88.5 (acetylenic carbon), 85.0
(acetylenic carbon), 67.0 (CH2−O), 61.9 (CH2−N), 49.8
(CH−N), 21.2.

2.3.1.2. 4-(1-(4-Chlorophenyl)-3-phenylprop-2-yn-1-yl)
Morpholine (c). The product was obtained as a yellow oil. 1H
NMR (300 MHz, CDCl3): δ (ppm): 7.50 (d, J = 8.3 Hz, 2H,
arom), 7.45−7.41 (m, 2H, arom), 7.27−7.24 (m, 5H, arom),
4.70 (s, 1H, CH−N), 3.68−3.65 (m, 4H, 2CH2−O), 2.56−2.53
(m, 4H, 2CH2−N).

13C NMR (75 MHz, CDCl3): δ (ppm): 136.3, 133.6, 131.8,
130.0, 128.5, 128.4, 128.3, 122.7, 89.0 (acetylenic carbon), 84.3
(acetylenic carbon), 67.1 (CH2−O), 61.4 (CH2−N), 49.8
(CH−N).

2.3.1.3. 4-(1-(2-Chlorophenyl)-3-phenylprop-2-yn-1-yl)
Morpholine (d). The product was obtained as a yellow oil. 1H
NMR (300 MHz, CDCl3): δ (ppm): 7.82−7.30 (m, 9H, arom),
5.19 (s, 1H, CH−N), 3.81−3.73 (m, 4H, 2CH2−O), 2.74−2.71
(m, 4H, 2CH2−N).

13C NMR (75 MHz, CDCl3): δ (ppm): 134.7, 131.8, 131.4,
130.6, 129.9, 129.2, 128.4, 128.3, 126.4, 122.8, 88.4 (acetylenic
carbon), 84.7 (acetylenic carbon), 67.1 (CH2−O), 59.0 (CH2−
N), 49.9 (CH−N).

2.3.1.4. 4-(1-(4-Bromophenyl)-3-phenylprop-2-yn-1-yl)
Morpholine (e). The product was obtained as a yellow oil. 1H
NMR (300 MHz, CDCl3): δ (ppm): 7.46−7.39 (m, 6H, arom),
7.28−7.24 (m, 3H, arom), 4.67 (s, 1H, CH−N), 3.67−3.63 (m,
4H, 2CH2−O), 2.55−2.52 (m, 4H, 2CH2−N).

13C NMR (75 MHz, CDCl3): δ (ppm): 136.9, 131.8, 131.4,
130.3, 128.5, 128.4, 122.7, 121.8, 89.0 (acetylenic carbon), 84.2
(acetylenic carbon), 67.1 (CH2−O), 61.4 (CH2−N), 49.8
(CH−N).

2.3.1.5. 4-(1-(2-Methoxyphenyl)-3-phenylprop-2-yn-1-yl)
Morpholine (f). The product was obtained as a yellow oil. 1H
NMR (300 MHz, CDCl3): δ (ppm): 7.70 (dd, J1 = 7.5 Hz, J2 =
1.8 Hz, 1H, arom), 7.54−7.51 (m, 2H, arom), 7.37−7.32 (m,
4H, arom), 7.04 (t, J = 7.2 Hz, 1H, arom), 6.97 (d, J = 8.2 Hz,
1H, arom), 5.26 (s, 1H, CH−N), 3.91 (s, 3H, O−CH3), 3.80−
3.76 (m, 4H, 2CH2−O), 2.79−2.70 (m, 4H, 2CH2−N).

13C NMR (75 MHz, CDCl3): δ (ppm): 157.2, 131.8, 130.3,
129.2, 128.3, 128.1, 125.8, 123.1, 120.3, 111.3, 86.7 (acetylenic
carbon), 86.6 (acetylenic carbon), 67.1 (CH2−O), 56.0 (O−
CH3), 55.0 (CH2−N), 50.1 (CH−N).

2.3.1.6. 4-(1-(3-Fluorophenyl)-3-phenylprop-2-yn-1-yl)
Morpholine (g). The product was obtained as a yellow oil. 1H
NMR (300 MHz, CDCl3): δ (ppm): 7.59−7.55 (m, 2H, arom),
7.48 (t, J = 7.6Hz, 2H, arom), 7.42−7.37 (m, 4H, arom), 7.05 (t,

Figure 1. FT-IR spectra of g−C3N4−TCT−2AEDSEA.
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J = 7.2 Hz, 1H, arom), 4.85 (s, 1H, CH−N), 3.82−3.78 (m, 4H,
2CH2−O), 2.71−2.67 (m, 4H, 2CH2−N).

13C NMR (75 MHz, CDCl3): δ (ppm): 164.5, 161.3, 140.5,
131.9, 129.8, 129.6, 128.5, 128.4, 124.2, 124.1, 122.7, 115.6,
115.3, 114.9, 114.6, 89.0 (acetylenic carbon), 84.1 (acetylenic
carbon), 67.1 (CH2−O), 61.5 (CH2−N), 49.8 (CH−N).

2.3.1.7. 4-(1-(2, 6-Dichlorophenyl)-3-phenylprop-2-yn-1-
yl) Morpholine (h).The product was obtained as a yellow oil. 1H
NMR (300 MHz, CDCl3): δ (ppm): 7.51−7.48 (m, 2H, arom),
7.40−7.33 (m, 5H, arom), 7.22 (t, J = 8.0Hz, 1H, arom), 5.35 (s,
1H, CH−N), 3.77 (m, 4H, 2CH2−O), 2.97 (m, 2H, CH2−N),
2.55 (m, 2H, CH2−N).

13C NMR (75 MHz, CDCl3): δ (ppm): 136.5, 133.5, 131.8,
129.4, 129.3, 128.3, 128.2, 123.1, 86.8 (acetylenic carbon), 85.1
(acetylenic carbon), 67.1 (CH2−O), 58.1 (CH2−N), 51.3
(CH−N).

2.3.1.8. 4-(1-(4-Methoxyphenyl)-3-phenylprop-2-yn-1-yl)
Morpholine (i). The product was obtained as a yellow oil. 1H
NMR (300 MHz, CDCl3): δ (ppm): 7.62−7.56 (m, 4H, arom),
7.39−7.37 (m, 3H, arom), 6.96 (d, J = 8.7 Hz, 2H, arom), 4.82
(s, 1H, CH−N), 3.85 (s, 3H, O−CH3), 3.82−3.78 (m, 4H,
2CH2−O), 2.71−2.69 (m, 4H, 2CH2−N).

13C NMR (75 MHz, CDCl3): δ (ppm): 159.3, 131.8, 129.8,
129.7, 128.4, 128.3, 123.0, 113.6, 88.4 (acetylenic carbon), 85.4
(acetylenic carbon), 67.1 (CH2−O), 61.5 (O−CH3), 55.3
(CH2−N), 49.8 (CH−N).

2.3.1.9. 4-(1-(3-Chlorophenyl)-3-phenylprop-2-yn-1-yl)
Morpholine (j). The product was obtained as a yellow oil. 1H
NMR (300 MHz, CDCl3): δ (ppm): 7.56 (s, 1H, arom), 7.47−
7.41 (m, 3H, arom), 7.26−7.20 (m, 5H, arom), 4.69 (s, 1H,
CH−N), 3.68−3.60 (m, 4H, 2CH2−O), 2.56−2.53 (m, 4H,
2CH2−N).

13C NMR (75 MHz, CDCl3): δ (ppm): 140.0, 134.2, 131.9,
129.5, 128.6, 128.5, 128.4, 128.0, 126.7, 122.7, 89.1 (acetylenic
carbon), 84.1 (acetylenic carbon), 67.1 (CH2−O), 61.5 (CH2−
N), 49.8 (CH−N).

2.3.1.10. 4-(1-(2, 4-Dichlorophenyl)-3-phenylprop-2-yn-1-
yl) Morpholine (k).The product was obtained as a yellow oil. 1H
NMR (300 MHz, CDCl3): δ (ppm): 7.44−7.41 (m, 2H, arom),
7.37−7.36 (m, 1H, arom), 7.28−7.26 (m, 4H, arom), 7.19 (s,
1H, arom), 5.00 (s, 1H, CH−N), 3.64 (m, 4H, 2CH2−O), 2.59
(m, 4H, 2CH2−N).

13C NMR (75 MHz, CDCl3): δ (ppm): 135.3, 134.3, 131.8,
131.5, 131.3, 129.7, 128.5, 128.4, 126.7, 122.5, 88.7 (acetylenic

Figure 2. XRD patterns of (a) g−C3N4 and the (b) g−C3N4−TCT−2AEDSEA−Ag−Cu−Ni nanocomposite.
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carbon), 84.0 (acetylenic carbon), 67.1 (CH2−O), 58.6 (CH2−
N), 49.8 (CH−N).

3. RESULTS AND DISCUSSION
3.1. Characterization of the g−C3N4−TCT−2AEDSEA−

Ag−Cu−Ni Nanocomposite. 3.1.1. Fourier-Transformed

Infrared Spectroscopy. By Fourier-transformed infrared (FT-
IR) spectroscopy, the functional groups of g−C3N4−TCT−
2AEDSEA can be appropriately analyzed and characterized. The
g−C3N4−TCT−2AEDSEA FT-IR spectra are shown in Figure
1. The absorption peaks at 3314−3412 cm−1 are related to the
vibration bending and stretching of N−Hgroups. The stretching

Figure 3. (a) FESEM images of the g−C3N4−TCT−2AEDSEA−Ag−Cu−Ni nanocomposite, (b) EDS spectrum, and (c) EDS mapping of the g−
C3N4−TCT−2AEDSEA−Ag−Cu−Ni nanocomposite.
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and bending vibrations of the C−H group of cystamine
dihydrochloride appeared at 2889−2943 and 1460 cm−1,
respectively. The band appearing at 1638 cm−1 can be ascribed
to the vibrations of the C�N groups. Moreover, the small band
that appeared at 432 cm−1 belongs to vibrations of the S−S
bond.

3.1.2. XRD Analysis.The XRD pattern of g−C3N4 and the g−
C3N4−TCT−2AEDSEA−Ag−Cu−Ni nanocomposite is shown
in Figure 2a. The pure g−C3N4 exhibits two peaks at 2θ = 13.1
and 27.5°, which are assigned to the (100) and (002) planes
(Figure 2a). The peaks related to the g−C3N4−TCT−

2AEDSEA−Ag−Cu−Ni appeared at 2θ = 27.76, 38.14, 43.35,
50.46, 51.79, 64.61, and 77.43° which can be corresponding to
the (002), (111),(111), (111), (200), (200), (220), and (311)
planes (Figure 2b). Then, the Debye−Scherrer equation was
used to calculate the average size of crystallites/grains, in which
λ stands for the X-ray wavelength, k symbolizes the Scherrer
coefficient, θ stands for the diffraction angle, β is the full width at
half-maximum intensity, and D denotes the average crystal size
(eq 1). The approximate average size of crystallites of copper
and nickel nanoparticles was 44.71 nm.

Figure 4. TEM of the g−C3N4−TCT−2AEDSEA−Ag−Cu−Ni nanocomposite.

Figure 5. VSM analysis of Ni NPs and the g−C3N4−TCT−
2AEDSEA−Ag−Cu−Ni nanocomposite.

Scheme 2. General Reaction for the Synthesis of Propargylamine Derivatives

Table 1. Optimization of Reaction Conditions for the
Synthesis of Propargylaminesa

entry catalyst(mg) solvent T (°C) time (h) yieldb (%)

1 20 EtOH 100 10 trace
2 20 H2O 75 10 10
3 20 DMF 100 10 65
4 20 toluene 100 10 80
5 20 dioxane 80 10 46
6 20 toluene 100 10 68
7 20 toluene 100 10 50
8 20 toluene 80 10 87
9 20 toluene 60 10 73
10 20 toluene 25 10 0
11 20 toluene 80 8 90c

12 20 toluene 80 6 61
13 30 toluene 80 8 86
14 10 toluene 80 8 53
15 toluene 80 8 0

aReaction conditions: benzaldehyde (1.0 mmol), morpholine (1.2
mmol), phenylacetylene (1.5 mmol), catalyst, 1 mL of solvent.
bIsolated yield. cOptimized conditions.
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3.1.3. FESEM Images and EDS Analysis. Field-emission
scanning electron microscopy images of the g−C3N4−TCT−
2AEDSEA−Ag−Cu−Ni nanocomposite are shown in Figure 3a.

Table 2. A3-Coupling of Aldehyde Derivatives, Morpholine, and Phenylacetylene Catalyzed by the g−C3N4−TCT−2AEDSEA−
Ag−Cu−Ni Nanocompositea

aReaction conditions: Aldehyde (1.0 mmol), secondary amine(1.2 mmol), phenylacetylene (1.5 mmol), toluene (1 mL) in the presence of the
nanocomposite (20 mg) at 80 °C for 8 h.

Scheme 3. Suggested Mechanism for the A3-Coupling Reaction
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As can be seen, the morphology of the Ag−Cu−Ni NPS was
quasi-spherical, and they were decorated on the surface of g−
C3N4−TCT−2AEDSEA, indicating the successful synthesis of
the g−C3N4−TCT−2AEDSEA−Ag−Cu−Ni nanocomposite.
To further confirm the presence of Ag−Cu−Ni NPs, energy-
dispersive X-ray spectroscopy (EDS) and EDS mapping were
carried out and are shown in Figure 3b,c. The result shows the
presence of nitrogen, carbon, Ag, Cu, and Ni atoms in the
nanocomposite.

3.1.4. TEM Images of the g−C3N4−TCT−2AEDSEA−Ag−
Cu−Ni Nanocomposite. TEM images of the prepared nano-
composite are shown in Figure 4. These images show that most
of the particles with a quasi-spherical morphology were located
on the surface of g−C3N4−TCT−2AEDSEA. In addition, the
TEM images of the catalyst demonstrate that the nanoparticles
are dispersed in the composite matrix.

3.1.5. Magnetic Property. Figure 5 shows the magnetic
features of the nanocomposite at room temperature organized to
utilize a vibrating sample magnetometer. The magnetic
saturation values were obtained at 47.52 for Ni NPs and 18.39
emu g−1 for the g−C3N4−TCT−2AEDSEA−Ag−Cu−Ni
nanocomposite. A slight decrease in the saturation magnet-
ization values of Ni NPs was observed after loading nano-
particles on the surface of g−C3N4−TCT−2AEDSEA. The
reason for this decrease is the existence of non-magnetic g−
C3N4−TCT−2AEDSEA (Figure 5). In fact, this material has a
protective effect on Ni NPs. This reduction, however, did not
prevent the absorption of the nanocatalyst by the external
magnet.
3.2. Catalytic Activity of the g−C3N4−TCT−2AEDSEA−

Ag−Cu−Ni Nanocomposite in the A3-Coupling Reaction.
After characterization, the catalytic activity of the g−C3N4−
TCT−2AEDSEA−Ag−Cu−Ni nanocomposite as a catalyst was
studied in the A3-coupling reaction for the synthesis of
propargylamines (Scheme 2).

In an endeavor to obtain improved yields, first, the reaction
between benzaldehyde, morpholine, and phenylacetylene in the
presence of synthesized nanocomposite under various con-
ditions was studied to set up the optimal conditions. The results
are shown in Table 1. For this purpose, we have selected the
reaction of benzaldehyde (1.0 mmol), morpholine (1.2 mmol),
and phenylacetylene (1.5 mmol) in the presence of 20 mg of the
nanocomposite in 1 mL of solvent as a model to consider for the
synthesis of compound a. First, this reaction was carried out in
the presence of various solvents such as EtOH, H2O, DMF,
toluene, and dioxane and 20 mg of catalyst for 10 h (Table 1,
entries 1−5). As can be seen, the toluene solvent showed more
suitable efficiency. The amount of catalyst was also optimized;
increasing and decreasing the amount of catalyst up to 30 and 10
mg did not significantly increase the efficiency (Table 1, entries
13−14). The results show that this reaction performs better in
the presence of 20 mg of catalyst. This reaction was also
accomplished at different temperatures, and the highest
efficiency was observed at 80 °C (Table 1, entries 8−10).
Optimization of the reaction time indicated that this reaction is
completed in the presence of the g−C3N4−TCT−2AEDSEA−
Ag−Cu−Ni nanocomposite in 8 h with the most increased
efficiency (Table 1, entry 11). As anticipated, no product
formation can be observed in the absence of the catalyst (Table
1, entry 15). Eventually, the amount of 20 mg of catalyst and
toluene as the reaction solvent at 80 °C for 8 h was selected as
optimal conditions (Table 1, entry 11).
Then, different aldehydes were subjected to optimal

conditions to evaluate the effect of different substituents on
the reaction efficiency. The results are listed in Table 2. All the
products were purified using TLC. In addition to confirming
their physical properties with previously reported values, the
structure of these compounds was also confirmed by 1H NMR
and 13C NMR spectroscopy. In the 1H NMR spectrum of
compound b, the C−H proton was seen as a singlet at δ = 4.86
ppm. The CH3 protons were seen as a singlet at δ = 2.41 ppm.
Protons of morpholine and the aromatic ring appeared at 2.74−
2.71 (2CH2−N) and 3.83−3.78 (2CH2−O) ppm and 7.59−
7.23 ppm, respectively. The 13C NMR spectrum exhibited 14
signals that are consistent with the proposed structure. Two
peaks in areas 88.5 and 85.0 ppm indicate the presence of
acetylenic carbons.t Also, the CH3 group was observed at 21.2
ppm.
3.3. Mechanism Presented for the A3-Coupling

Reaction. Scheme 3 illustrates the presented mechanism of
the A3-coupling reaction between amine, phenylacetylene, and
aldehyde. Initially, the nanocomposite activates phenylacety-
lene. Eventually, with the addition of the acetyl complex to the
immonium ion, which consists of the reaction between the
aldehyde and the amine, the final product was obtained.

Figure 6. Reusability of the g−C3N4−TCT−2AEDSEA−Ag−Cu−Ni
nanocomposite in the synthesis of compound a.

Table 3. Comparisons of the g−C3N4−TCT−2AEDSEA−Ag−Cu−Ni Nanocomposite with Some Previously Reported Catalysts
for the Synthesis of Compound a

entry catalyst reaction conditions time (h) yield (%) [ref]

1 Au@CS2−AP@Fe3O4 H2O/90 °C 24 86 [29
2 AgTPA (tungstophosphoric acid) acetonitrile/80 °C 5 80 [30
3 Biochar@Cu−Ni toluene/80 °C 8 80 [31
4 Fe3O4@T-CS@Cys@Ag+ CH3CN 1 95 [32
5 Fe3O4@R.tinctorum/Ag NPs toluene/80 °C 48 96 [33
6 g−C3N4−TCT−2AEDSEA−Ag−Cu−Ni toluene/80°C 8 91 this work
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3.4. Recyclability of the g−C3N4−TCT−2AEDSEA−Ag−
Cu−Ni Nanocomposite in the A3-Coupling Reaction.
Finally, the recyclability of the nanocomposites of g−C3N4−
TCT−2AEDSEA−Ag−Cu−Ni was studied in the model
reaction subject to the optimized circumstances. Upon
completing the first run of the reaction, an external magnet
was used to separate the catalyst from the reaction mixture,
which was then rinsed twice using water and ethanol (2 × 10) in
order to remove the overall potential impurity remnants from
the nanocomposite surface. The reaction was repeated for five
successive runs. The decrease observed in the recovery efficiency
of nanocomposite can be attributed to Ag−Cu−Ni NPs’ loss
during the recycling process. Figure 6 exhibits the results of the
recyclability of the nanocomposite after recycling 5 times.
The efficacy of the g−C3N4−TCT−2AEDSEA−Ag−Cu−Ni

nanocomposite was compared with that of some previously
reported catalysts for compound a (Table 3). Short reaction
time, high yield, ease of catalyst separation, and reusability are
the advantages of the synthesized catalyst.

4. CONCLUSIONS
In order to create active centers for nanoparticle attachment, the
surface of g−C3N4 was functionalized by organic functional
groups such as melamine and cystamine dihydrochloride. In this
study, Ag−Cu−Ni nanoparticles were synthesized using
hydrazine hydrate as the reducing agent and ethylenediamine
as the capping agent. The catalytic activity of the g−C3N4−
TCT−2AEDSEA−Ag−Cu−Ni nanocomposite was examined
in an A3-coupling reaction to synthesize propargylamine
derivatives. The synthesized nanocomposite showed high
performance in the synthesis of propargylamines through the
A3-coupling reaction in toluene as a solvent. The advantages of
the nanocomposite include easy separation through an external
magnet and its reusability. To the best of our knowledge, there
are few studies on locating the Ag−Cu−Ni nanoparticles on the
surface of functionalized g−C3N4 for the A3-coupling reaction..
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