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Abstract:
There is increasing interest in the environmentally friendly synthesis of nanoparticles. In this regard, we
report a green method to prepare a novel metal diphosphate nanocatalyst, CuNiP2O7, using ginger extract as
a stabilizing agent. The nanocatalyst was further decorated with CuFe2O4 to obtain a magnetically separable
nanocatalyst. Characterization was performed using XRD, FESEM, EDX, FTIR, and Raman analyses.
The FESEM image clearly reveals the effectiveness of the ginger extract in synthesizing uniformly sized
nanoparticles. FT-IR and Raman spectroscopy confirmed the formation of metal-phosphate bonds acting as
strong acid sites. The nanocatalyst efficiently facilitated the three-component synthesis of 1-amidoalkyl-2-
naphthol under solvent-free conditions, with the best results obtained at an optimized temperature of 90 ◦C
and a reaction time of only 10 min. The optimum amount of the nanocatalyst was found to be 0.04 g, leading
to a high yield of 97%. The reusability of the nanocatalyst was confirmed through five successive reaction
cycles without significant loss of activity. Various derivatives of amidoalkyl-2-naphthol were successfully
synthesized using the prepared nanocatalyst.
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1. Introduction

Owing to their superior pharmaceutical applications, 1-
amidoalkyl-2-naphthols have been synthesized for many
decades. They have offered a variety of properties, includ-
ing nucleoside antibiotics and HIV protease inhibitors [1–
4]. Because of their importance, high-yield synthesis of
1-amidoalkyl-2-naphthols is of great interest. The com-
mon synthesis method for 1-amidoalkyl-2-naphthols is a
three-component condensation reaction between 2-naphthol,
amide, and aldehyde. Three-component reaction is catego-
rized as a multi-component reaction where three or more
reactants react in a single step to form a product. These
reactions occupy a great position in drug and natural prod-
uct synthesis, such as Ugi reaction, Biginelli reaction, and
Passerini, due to their high efficiency and feasibility for the
synthesis of various compounds [5, 6].
Different homogenous and heterogeneous catalysts, such as
sulfonic acid [7], phosphoric acid [8], SiO2-NaHSO4 [9],

Mg(ClO4)2 [10], ZnO/CuO [11], and Ag/TiO2 [12] nanopar-
ticles have been used to prompt the synthesis reaction of 1-
amidoalkyl-2-naphthols. However, the homogeneous catal-
ysis of the condensation reaction requires time-consuming
separation of the catalyst and purification of the product,
which limits its uses to facilitate the reaction. Hence, het-
erogeneous catalysis has gained great attention because of
the ease of recovery and reusability of the catalyst, as well
as the need for less amount of reagents.
In this regard, metal diphosphate compounds with the gen-
eral formula of A2P2O7 (A = divalent ions = Ca, Mg, Cu,
Ni, etc.) can serve as efficient catalysts [13, 14]. Metal
diphosphates form a layered structure composed of alter-
nating AO5 and PO4 polyhedral layers. These compounds
can exhibit acidity (Lewis or Brønsted), basicity, or redox
properties, which are crucial for being potential catalyst
materials [15, 16]. Spielbauer et al. suggested that the
P(OH) groups act as Brønsted acid, while metal ions are
considered as Lewis acid [17, 18]. Owing to their excellent
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physicochemical properties, these compounds are involved
in various applications, especially in catalytic reactions [19–
21]. As a heterogeneous catalyst, metal diphosphates play
the key role in organic chemistry and the preparation of
fine chemicals [22]. For instance, Guo et al. reported the
dehydration of lactic acid to acrylic acid using lanthanum
phosphate catalyst [23]. Weingarten et al. prepared zirco-
nium phosphate catalyst and studied its catalytic potential
for the conversion of glucose into levulinic acid [24]. In
addition, Drici et al. utilized iron phosphate nanoparticles
for the catalytic synthesis of propargylamine [25]. Also,
enantioselective Muaiyama-Michael reaction between β ,
γ-unsaturated α-ketoesters and silyl ketene acetals has been
studied using chiral magnesium phosphate [26].
Green chemistry by employing natural compounds has ex-
tended our insight for the synthesis of nanomaterials without
posing a big threat to the environment [27]. In this case, the
capability of using plant and flower extracts as reducing or
capping agents has been recognized, due to the presence
of substantial amounts of phenolic compounds, alkaloids,
terpenoids, and proteins [28, 29]. Particularly, ginger ex-
tract contains a variety of ingredients, including gingerols,
shogaols, gingediols, and gingediacetates, serving as the
stabilizing agents for the preparation of the nanoparticles
[30–32].
Herein, we have been reported the preparation of CuNiP2O7
(CNPO) nanoparticles using ginger extract. In order to ease
the catalyst separation from the reaction media, the CNPO
was decorated with prepared CuFe2O4 (CFO) magnetic
nanoparticles. Amidoalkyl-2-naphthol derivatives were syn-
thesized through the three-component reaction using the
prepared CNPO/CFO nanocatalyst. For comparison, the
CNPO catalyst was also prepared in aqueous media, and
studied its effect on the yield of the synthesis of amidoalkyl-
2-naphthol was studied. Different experimental conditions,
including the amount of loaded nanocatalyst, type of solvent,
temperature, and reaction time, were studied to achieve a
higher yield of products. Scheme 1 represents the overall
overview for the synthesis of 1-amidoalkyl-2-naphtol using
the prepared CNPO/CFO nanocatalyst.

2. Experimental

2.1 Preparation of nanocatalyst
2.1.1 Preparation of CuNiP2O7

A green approach was used to the synthesis of CuNiP2O7
(CNPO). At first, the aqueous extract of ginger was prepared.
For that, 5.0 g of ginger powder was distributed into 100
mL of deionized water. The mixture was then heated at
60 ◦C for 2 hours. The light yellow solution was filtered
using Whatman filter paper and stored in a refrigerator for
subsequent use in the preparation of CNPO as the green
stabilizing agent.
1 mmol of Cu(NO3)2·3H2O, 1 mmol of Ni(NO3)2·6H2O,
and 2 mmol of H2NH4PO4 were dissolved in 50 mL of
the as-prepared ginger extract. The solution was extremely
stirred and heated above 50 ◦C until complete evaporation
of the water. Then, the light yellow solid was collected and
calcined at 800 ◦C for 7 hours. A similar procedure was
followed to prepare CNPO in pure distilled water media
instead of using ginger extract solution. Scheme 2 typically
exhibits how gingerol compounds within the ginger extract
surround CNPO nanoparticles, impeding their accumulation
and growth to form micro-sized particles.

2.1.2 Preparation of the CuFe2O4

The facile and straight co-precipitation method was em-
ployed to prepare the CuFe2O4 nanoparticles (CFO). At first,
1 mmol of Cu(NO3)·3H2O and 2 mmol of Fe(NO3)·9H2O
were dissolved in 20 mL of deionized water. The solution
was added dropwise to another solution containing 4 mL of
PEG (MW = 400) and 50 mL of deionized water. After that,
NaOH solution (0.1 M) was added dropwise until reaching
pH 8. The mixture was stirred for about 30 minutes and
then dried at 90 ◦C overnight. The dried solid product was
calcined at 500 ◦C for 4 hours to achieve the pure CFO
nanoparticles [33].

2.1.3 Preparation of CNPO/CFO magnetic nanocatalyst
In order to prepare a magnetically separable nanocatalyst,
the CFO nanoparticles were anchored on the surface of the
as-prepared CNPO. For this purpose, we used the simple
route for the combination of both materials in which 0.3
g of the as-prepared CNPO and 0.1 gr CFO nanoparticles
were well mixed in a mortar for around 1 hour. Then, the
resulted powder was calcined at 800 ◦C for 7 hours.

Scheme 1. Synthesis of 1-amidoalkyl-2-naphtol using the prepared CNPO/CFO nanocatalyst.
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Scheme 2. A description for stabilization of CuNiP2O7 by gingerol compound within the ginger extract.

2.2 Synthesis of 1-amidoalkyl-2-naphthols using CN-
PO/CFO nanocatalyst

The three-component reaction was utilized in order to syn-
thesize of 1-amidoalkyl-2-naphthols. The mixture contain-
ing 2 mmol of 2-naphthol, 1 mmol of amide and 1 mmol
of an aromatic aldehyde were heated at 90 ◦C in the pres-
ence of CNPO/CFO magnetic nanocatalyst (0.04 g). The
progress of the reaction was investigated using TLC. The
reaction mixture was stirred at a constant temperature for
about 30 minutes. After that, the obtained solid was dis-
solved in deionized water, and then the nanocatalyst were
separated by a bar magnet. The product was crystallized
from the methanol and then dried in a desiccator.

2.3 Spectroscopic data for the synthesized 1-amidoalkyl-
2-naphthols

The synthesized 1-amidoalkyl-2-naphthol derivatives were
analyzed using 1H NMR, 13C NMR, and FTIR, which are
provided as follows:

N-[(2-Hydroxynaphthalene-1-yl)-(phenyl)-methyl]-
benzamide

1H NMR (400 MHz, DMSO-d6) δ 10.34 (s, 1H), 9.03 (d,
J = 8.4 Hz, 1H), 8.09 (d, J = 8.7 Hz, 1H), 7.87 (d, J = 7.7
Hz, 2H), 7.84 – 7.79 (m, 2H), 7.56 (t, J = 7.2 Hz, 1H), 7.49
(d, J = 1.6 Hz, 3H), 7.33 – 7.28 (m, 7H), 7.25 (d, J = 8.8
Hz, 1H). FTIR (KBr pellets ν (cm−1)) 701, 753, 822, 1435,
1531, 1627, 3067, 3041.

N-[(2-Hydroxynaphthalene-1-yl)- (3-nitrophenyl)-
methyl]-benzamide

1H NMR (400 MHz, DMSO-d6) δ 10.42 (s, 1H), 9.15 (d,
J = 8.0 Hz, 1H), 8.12 – 8.09 (m, 3H), 7.91 – 7.83 (m, 4H),
7.72 (d, J = 7.9 Hz, 1H), 7.57 (dd, J = 10.0, 6.9 Hz, 2H),
7.52 – 7.48 (m, 3H), 7.40 (d, J = 8.1 Hz, 1H), 7.34 (d, J =
7.4 Hz, 1H), 7.26 (d, J = 8.8 Hz, 1H). FTIR (KBr pellets
ν (cm−1)) 653, 732, 812, 1280, 1341, 1428, 1520, 1631,
3270, 3420.
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N-[(2-Hydroxynaphthalene-1-yl)-(4-chlorophenyl)-
methyl]-benzamide
1H NMR (400 MHz, DMSO-d6) δ 10.34 (s, 1H), 9.02 (d, J
= 8.5 Hz, 1H), 8.06 (d, J = 8.6 Hz, 1H), 7.84 (d, J = 13.9
Hz, 4H), 7.55 (d, J = 7.1 Hz, 1H), 7.49 (t, J = 7.2 Hz, 3H),
7.35 (d, J = 8.1 Hz, 3H), 7.29 – 7.23 (m, 4H). FTIR (KBr
pellets ν (cm−1)) 726, 812, 873, 1264, 1336, 1438, 1512,
1627, 3115, 3389.

N-[(2-Hydroxynaphthalene-1-yl)-(2-nitrophenyl)-
methyl]-benzamide
1H NMR (400 MHz, DMSO-d6) δ 9.90 (s, 1H), 9.10 (d, J =
7.7 Hz, 1H), 7.98 (d, J = 8.8 Hz, 1H), 7.91 – 7.87 (m, 2H),
7.84 – 7.73 (m, 4H), 7.62 (t, J = 7.7 Hz, 1H), 7.51 (dt, J =
9.9, 6.7 Hz, 3H), 7.46 – 7.40 (m, 3H), 7.29 (t, J = 7.5 Hz,
1H), 7.11 (d, J = 8.6 Hz, 1H). FTIR (KBr pellets ν (cm−1))
706, 751, 821, 1280, 1344, 1435, 1526, 1635, 3139, 3421.

N-[(2-Hydroxynaphthalene-1-yl)-(3-ethoxy-4-
hydroxyphenyl)-methyl]-benzamide
1H NMR (400 MHz, DMSO-d6) δ 10.30 (s, 1H), 9.02 (d, J
= 8.6 Hz, 1H), 8.78 (s, 1H), 8.09 (d, J = 8.7 Hz, 1H), 7.85 –
7.82 (m, 3H), 7.78 (d, J = 8.9 Hz, 1H), 7.54 (d, J = 7.2 Hz,
1H), 7.48 (t, J = 7.5 Hz, 3H), 7.31 (t, J = 7.5 Hz, 1H), 7.24
(d, J = 8.9 Hz, 1H), 7.18 (d, J = 8.6 Hz, 1H), 6.93 (s, 1H),
6.65 (d, J = 2.8 Hz, 2H), 3.90 – 3.86 (m, 2H), 1.25 (d, J =
6.9 Hz, 3H). FTIR (KBr pellets ν (cm−1)) 714, 814, 846,
1278, 1348, 1436, 1518, 1621, 3158, 3394.

N-[(2-Hydroxynaphthalene-1-yl)-(2,4-di-chlorophenyl)-
methyl]-benzamide
1H NMR (400 MHz, DMSO-d6) δ 10.30 (s, 1H), 9.02 (d, J
= 8.6 Hz, 1H), 8.78 (s, 1H), 8.09 (d, J = 8.7 Hz, 1H), 7.85 –
7.82 (m, 3H), 7.78 (d, J = 8.9 Hz, 1H), 7.54 (d, J = 7.2 Hz,
1H), 7.48 (t, J = 7.5 Hz, 3H), 7.31 (t, J = 7.5 Hz, 1H), 7.24
(d, J = 8.9 Hz, 1H), 7.18 (d, J = 8.6 Hz, 1H), 6.93 (s, 1H),
6.65 (d, J = 2.8 Hz, 2H), 3.90 – 3.86 (m, 2H), 1.25 (d, J =
6.9 Hz, 3H). FTIR (KBr pellets ν (cm−1)) 707, 754, 822,
1276, 1346, 1438, 1530, 1682, 3072, 3421.

N-[(2-Hydroxynaphthalene-1-yl)-(phenyl)-methyl]-
acetamide
1H NMR (400 MHz, DMSO-d6) δ 9.4 (S, 1H),8.45 (d, J
= 8.3 Hz, 1H), 7.78 (dd, J = 16.6, 8.5 Hz, 3H), 7.36 (t, J
= 7.6 Hz, 1H), 7.25 (ddd, J = 11.2, 8.4, 4.7 Hz, 4H), 7.18
– 7.12 (m, 4H), 1.98 (s, 3H). FTIR (KBr pellets ν (cm−1))
724, 808, 824, 1274, 1332, 1436, 1516, 1687, 3242, 3397.

N-[(2-Hydroxynaphthalene-1-yl)-(4-nitrophenyl)-
methyl]-acetamide
1H NMR (400 MHz, DMSO-d6) δ 8.59 (d, J = 8.0 Hz, 1H),
8.14 (d, J = 8.6 Hz, 2H), 7.82 (t, J = 9.0 Hz, 3H), 7.40 (d,
J = 8.4 Hz, 3H), 7.29 (t, J = 7.5 Hz, 3H), 7.23 (d, J = 8.9
Hz, 1H), 7.17 (d, J = 7.8 Hz, 1H), 2.02(S, 3H). FTIR (KBr
pellets ν (cm−1)) 751, 821, 851, 1280, 1347, 1438, 1518,
1634, 3065, 3389.

N-[(2-Hydroxynaphthalene-1-yl)-(4-chlorophenyl)-
methyl]-acetamide

1H NMR (400 MHz, DMSO-d6) δ 8.48 (d, J = 8.2 Hz, 1H),
7.79 (dd, J = 14.7, 8.3 Hz, 3H), 7.38 (t, J = 7.6 Hz, 1H),
7.33 – 7.22 (m, 4H), 7.15 (d, J = 8.2 Hz, 2H), 7.08 (d, J =
8.2 Hz, 1H), 1.98 (s, 3H). 1H NMR (400 MHz, DMSO-d6
(D2O changed)) δ 7.79 (dd, J = 13.1, 8.5 Hz, 3H), 7.38 (t,
J = 7.4 Hz, 1H), 7.28 (dd, J = 7.6, 4.7 Hz, 3H), 7.22 (d, J
= 8.9 Hz, 1H), 7.14 (d, J = 8.3 Hz, 2H), 7.06 (s, 1H), 1.97
(s, 3H). FTIR (KBr pellets ν (cm−1)) 750, 814, 850, 1276,
1326, 1437, 1516, 1627, 3115, 3389.

N-[(2-Hydroxynaphthalene-1-yl)-(3-nitrophenyl)-
methyl]-acetamide

1H NMR (400 MHz, DMSO-d6) δ 9.97 (s, 1H), 8.65 (d, J
= 8.0 Hz, 1H), 8.06 (dt, J = 7.1, 2.2 Hz, 1H), 8.02 (s, 1H),
7.83 (t, J = 8.7 Hz, 3H), 7.61 – 7.53 (m, 3H), 7.42 (t, J =
7.8 Hz, 1H), 7.30 (t, J = 7.4 Hz, 1H), 7.24 (d, J = 8.8 Hz,
1H), 7.19 (d, J = 7.9 Hz, 1H), 2.03 (s, 3H). 1H NMR (400
MHz, DMSO-d6 (D2O changed)) δ 8.04 (dt, J = 7.6, 2.1
Hz, 1H), 7.95 (d, J = 2.3 Hz, 1H), 7.90 – 7.78 (m, 3H), 7.61
– 7.52 (m, 2H), 7.42 (t, J = 7.8 Hz, 1H), 7.30 (t, J = 7.4 Hz,
1H), 7.22 (d, J = 8.9 Hz, 1H), 7.16 (s, 1H), 2.01 (s, 3H).
FTIR (KBr pellets ν (cm−1)) 707, 808, 1206, 1436, 1347,
1520, 1644, 3206, 3372.

N-[(2-Hydroxynaphthalene-1-yl)-(4-methoxyphenyl)-
methyl]-acetamide

1H NMR (400 MHz, DMSO-d6) δ 8.43 (d, J = 8.5 Hz, 1H),
7.84 (d, J = 7.6 Hz, 1H), 7.80 (d, J = 6.9 Hz, 1H), 7.76 (s,
1H), 7.36 (s, 1H), 7.25 (dd, J = 15.7, 8.2 Hz, 3H), 7.06 (t,
J = 4.2 Hz, 3H), 6.82 – 6.80 (m, 2H), 3.69 (s, 3H), 1.96
(s, 3H). FTIR (KBr pellets ν (cm−1)) 750, 811, 822, 1117,
1250, 1438, 1516, 1626, 3056, 3394.

N-[(2-Hydroxynaphthalene-1-yl)-(2,4-di-chlorophenyl)-
methyl]-acetamide

1H NMR (400 MHz, DMSO-d6) δ 8.63 (d, J = 7.9 Hz, 1H),
7.95 (d, J = 8.6 Hz, 1H), 7.80 (dd, J = 8.2, 1.4 Hz, 1H),
7.74 (d, J = 8.8 Hz, 1H), 7.59 (d, J = 8.5 Hz, 1H), 7.47 (d,
J = 2.3 Hz, 1H), 7.46 – 7.40 (m, 2H), 7.28 (t, J = 7.5 Hz,
1H), 7.11 (d, J = 8.8 Hz, 1H), 6.99 (d, J = 7.7 Hz, 1H), 1.92
(s, 3H). FTIR (KBr pellets ν (cm−1)) 751, 813, 869, 1312,
1367, 1434, 1515, 1646, 3118, 3402.

N-[(2-Hydroxynaphthalene-1-yl)-(2-methoxyphenyl)-
methyl]-acetamide

1H NMR (400 MHz, DMSO-d6) δ 9.5 (S,1H ), 8.31 (d, J =
8.5 Hz, 1H), 8.16 (d, J = 8.7 Hz, 1H), 7.76 (dd, J = 8.1, 1.4
Hz, 1H), 7.68 (d, J = 8.8 Hz, 1H), 7.47 (d, J = 7.2 Hz, 1H),
7.41 (ddd, J = 8.5, 6.8, 1.4 Hz, 1H), 7.25 (dd, J = 7.9, 6.8
Hz, 1H), 7.18 (ddd, J = 8.2, 6.3, 4.8 Hz, 2H), 7.13 (d, J =
8.8 Hz, 1H), 6.91 – 6.85 (m, 2H), 3.58 (s, 3H), 1.89 (s, 3H).
FTIR (KBr pellets ν (cm−1)) 753, 809, 850, 1263, 1327,
1443, 1513, 1624, 3067, 3429.
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N-[(2-Hydroxynaphthalene-1-yl)-(3-nitrophenyl)-
methyl]-chloroacetamide
1H NMR (400 MHz, DMSO-d6) δ 9.11 (d, J = 8.2 Hz, 1H),
8.11 – 8.04 (m, 2H), 7.94 (s, 1H), 7.89 – 7.82 (m, 2H), 7.60
(dt, J = 15.6, 7.8 Hz, 2H), 7.47 (t, J = 7.7 Hz, 1H), 7.32 (t, J
= 7.5 Hz, 1H), 7.26 (d, J = 8.9 Hz, 1H), 7.17 (d, J = 7.7 Hz,
1H), 4.41 – 4.30 (m, 2H). 13C NMR (101 MHz, DMSO-d6)
δ 166.72, 153.96, 148.26, 144.99, 133.28, 132.47, 130.64,
130.24, 129.25, 128.77, 127.56, 123.26, 122.78, 122.07,
120.88, 118.96, 117.39, 48.64, 43.18. FTIR (KBr pellets
ν (cm−1)) 724, 779, 821, 1274, 1346, 1402, 1525, 1635,
3090, 3382.

N-[(2-Hydroxynaphthalene-1-yl)-(2-nitrophenyl)-
methyl]-chloroacetamide
1H NMR (400 MHz, DMSO-d6) δ 8.99 (d, J = 8.3 Hz, 1H),
7.85 (s, 1H), 7.84 – 7.77 (m, 2H), 7.74 (dd, J = 8.5, 6.3
Hz, 2H), 7.68 (d, J = 4.4 Hz, 1H), 7.48 (ddd, J = 14.7, 9.4,
5.4 Hz, 3H), 7.29 (t, J = 7.4 Hz, 1H), 7.07 (d, J = 8.9 Hz,
1H), 4.28 (d, J = 12.9 Hz, 1H), 4.20 (d, J = 12.9 Hz, 1H).
13C NMR (101 MHz, DMSO-d6) δ 166.26, 154.37, 148.97,
136.42, 133.35, 132.55, 130.68, 129.22, 128.94, 128.47,
128.24, 127.23, 124.50, 123.03, 122.62, 118.90, 115.93,
46.38, 42.90. FTIR (KBr pellets ν (cm−1)) 732, 810, 852,
1277, 1353, 1401, 1526, 1640, 2123, 3381, 3500.

2.4 Characterization of the nanocatalyst
Crystalline structure of the prepared CNPO/CFO nanocata-
lyst was studied by X-ray diffraction (XRD) pattern using
Philips X’pert Pro MPD, Cu Kα λ = 1.54 Å. Field emission
scanning electron microscopy (FESEM) and energy disper-
sive X-ray (EDX) spectroscopy were employed to study
the morphology and composition of the prepared nanocat-
alyst using TESCAN Mira 3. Fourier transform infrared
(FTIR) spectroscopy was recorded to study the composi-
tion of the nanocatalyst and the functional groups of the
amidoalkyl-2-naphthol derivatives. Also, the formation of
metal phosphate structure was further investigated using Ra-
man spectroscopy (Dilor LabRam-1B Raman spectrometer,
excitation wavelength = 532 nm). Brunauer-Emmett-Teller
(BET) analysis of the prepared catalysts was carried out
at 77 K using BELsorp mini II, BEL, Japan. The vibrat-
ing sample magnetometer (VSM) analysis (VSM MDKB)
was carried out to investigate the magnetic behavior of the
synthesized CNPO/CFO nanocatalyst.

3. Results and discussion

3.1 Structure, morphology, and composition of the
nanocatalyst

The XRD patterns for the prepared CNPO and CNPO/CFO
are shown in Fig. 1. As can be seen in Fig. 1 (a), the
diffraction peaks at 2θ = 29.2◦, 30.3◦, 35.7◦, 38.9◦, 41.9◦,
43.7◦, 48.6◦, 52.6◦, 53.9◦, 54.7◦, 58.1◦, 59.6◦ and 63.9◦

correspond to the (012), (122), (220), (132), (131), (032),
(133), (240), (033), (330), (400), (410) and (133) planes
of monoclinic phase of CNPO (JCPDS file no. 048-0562).
The organic compounds in the ginger extract such as the
gingerol, which act as the stabilizing agent, restrict the par-
ticle growth process during the formation of the CNPO. As

a consequence, the average crystallite size of particles is de-
creased by using the ginger extract. The Scherrer equation
(Eq. 1) [38] was utilized to determine the average crystallite
size for the prepared CNPO particles, as follows:

D =
kλ

β cosθ
(1)

where D is the crystallite size, k is the shape factor (0.89),
λ is the wavelength of the X-ray (Cu Kα = 1.54 Å), β is the
width of the peak at half maximum (FWHM), and θ is the
diffraction peak angle. As expected, the prepared CNPO in
the presence of the ginger extract possesses a smaller crys-
tallite size (35.7 nm) compared to those prepared in aqueous
media (79.4 nm). Fig. 1 (b) exhibits the XRD patterns for
the anchored CFO nanoparticles on the surface of CNPO
particles. As seen from Fig. 1 (b), there are some diffraction
peaks related to the CFO phase, JCPDS file no. 034-0425,
(marked by ♣) along with assigned peaks for the CNPO
phase (marked by ⊗).
Fig. 2 (a-d) shows the morphological properties of the pre-
pared CNPO and CNPO/CFO samples. The FESEM image
for the CNPO prepared by ginger, Fig. 2 (a), exhibits smaller
and more uniform particles compared to those prepared in
water media (Fig. 2 (b)). As clearly seen, the size distri-
bution of particles is affected by the stabilizing nature of
ginger extract. This result confirms the potential of organic
compounds in ginger extract, such as gingerol, to stabilize
the particles (scheme 2). In addition, Fig. 2 (c, d) represents
the FESEM images for the anchored CFO on the surface
of CNPO. Clearly, CFO nanoparticles are observed on the
surface of CNPO.
EDX spectra for CNPO and CNPO/CFO are shown in
Fig. S1 (a-b), which particularly disclose the components
for the CNPO sample with relative amounts of Cu (22.45
wt%), Ni (18.23 wt%), P (21.91 wt%), and O (37.41 wt%).
Also, the distribution of constituent elements of CNPO/CFO
nanocatalyst was studied using elemental mapping EDX,
shown in Fig. 3 (a-e).
The successful stabilization of the CNPO nanoparticles us-
ing the ginger extract was further confirmed by FT-IR anal-
ysis, as shown in Fig. 4 (a). The bands at 2952 and 1629
cm−1 are attributed to the C-H and C-O bonds [41], origi-
nating from the compounds in the ginger extract. The FT-IR
spectrum for the calcined CNPO is shown in Fig. 4 (b).
Obviously, there is a broad absorption peak at the range
3000−3400 cm−1, which belongs to the stretching vibra-
tion of OH groups. The characteristic peaks assigned to
the asymmetric and symmetric modes of PO3 groups are
centered at 1112 and 1010 cm−1, respectively. Also, the
intense absorption peaks at 764 and 661 cm−1 are attributed
to the stretching vibration of P-O-P bridges [42]. The metal-
oxide groups have an apparent absorption peak which is
occurred at 470 cm−1 [42]. The phase structure of the
prepared CNPO was further confirmed by Raman spec-
troscopy, as shown in Fig. 4 (b). The Raman spectra were
recorded at room temperature in the wavenumber range
of 300-1500 cm−1. As can be seen from Fig. 4 (c), the
strong Raman peak centered at 1056 cm−1 belongs to the
symmetric stretching vibration of PO3 groups, while the
asymmetric stretching of PO3 is observed at 1144 cm−1.
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The peak at 740 cm−1 is assigned to the symmetric vibra-
tion of P-O-P bridges, which is the characteristic Raman
peak for the metal diphosphate compounds [43]. The asym-
metric vibration mode of P-O-P is observed at 949 cm−1

[44]. In addition, all peaks below 600 cm−1 are related to
the P-O-P deformation vibrations [45].
Due to the higher size uniformity of the catalyst prepared
by ginger extract, more active sites would be available to
catalyze the amidoalkyl-2-naphthol synthesis reaction. To
confirm this result, the surface and pore size distribution of
the catalyst were studied using the adsorption/desorption
of nitrogen through BET analysis, as shown in figure 5.
According to BET analysis results, the surface area for the
catalyst prepared in the presence of ginger extract and aque-
ous media are 6.28 and 5.36 m2/g, respectively. Also, insets
to Fig. 5 show the pore size distribution, which reveals that
the catalyst prepared using ginger extract has an average
pore size of 19.49 nm, while the catalyst prepared in aque-
ous media possesses a mean pore size of 21.29 nm.
The room temperature M-H curve in Fig. 6 shows the mag-
netic behavior of the synthesized nanocatalyst with the satu-
ration magnetization (Ms) of 40 emu/g. Also, the inset to
Fig. 6 represents the coercivity (Hc) value of 50.34 Oe for
the nanocatalyst, confirming the ferromagnetic properties
of the CNPO/CFO nanocatalyst. The magnetic properties
facilitate the effective separation of the nanocatalyst from
the reaction media.

3.2 Optimization of the reaction conditions
In order to study the effect of particle size on the efficiency
of the nanocatalyst, the synthesis reaction was individually
tested using both the CNPO/CFO nanocatalyst prepared in
the ginger extract and aqueous media. Under the same ex-
perimental conditions, the catalyst prepared using the ginger
extract represents higher efficiency (97%) toward the synthe-
sis of 1-amidoalkyl-2-naphthol. By comparison, the catalyst
prepared in the aqueous media has the efficiency of about
88%. Hence, the optimization of temperature and time
of reaction for the synthesis of 1-Amidoalkyl-2-naphthol
derivatives was performed over the CNPO/CFO nanocata-
lyst prepared using the ginger extract. Table S1a-c provides
the studied parameters to find optimal conditions giving rise

to a higher yield for the synthesis of 1-amidoalkyl-2-napthol
derivatives.

3.3 Synthesis of 1-amidoalkyl-2-naphthols using CN-
PO/CFO nanocatalyst

1-amidoalkyl-2-naphthols were synthesized using CN-
PO/CFO nanocatalyst through a three-component reaction
involving 2-naphthol, amide, and aromatic aldehyde. Ta-
ble 1 summarizes the obtaining data for the different syn-
thesized 1-amidoalkyl-2-naphthol derivatives.
To calculate the turnover frequency (TOF) and turnover
number (TON), the P-OH groups were considered as
Brønsted acid active sites. Based on stoichiometric cal-
culation, the molar amount of P-OH groups was found to
be 2.026×10−4 mol. Accordingly, TON (Eq.2) and TOF
(Eq.3) values were determined as follows:

TON =
yield

2.026×10−4 (2)

TOF =
TON

reaction time (hour)
(3)

The synthesis of 1-amidoalkyl-2-naphthol derivatives was
explored using various aldehydes bearing different func-
tional groups. As summarized in Table 1, aldehydes contain-
ing electron-withdrawing groups afforded the corresponding
products in higher yields and shorter reaction times com-
pared to those bearing electron-donating groups.
This enhanced reactivity can be attributed to the electron-
withdrawing substituents, which pull electron density away
from the aromatic ring and the aldehyde group, thereby
increasing the electrophilic character of the carbonyl car-
bon. Consequently, the aldehyde exhibits greater reactiv-
ity toward nucleophilic amines, leading to a more rapid
imine formation step. Nevertheless, it is noteworthy that
both electron-donating and electron-withdrawing groups
are capable of promoting the reaction, although electron-
withdrawing substituents consistently result in improved
reaction efficiency and yield [46, 47].

Figure 1. XRD patterns for the CNPO (a) and CNPO/CFO nanocatalyst (b).
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Figure 2. FESEM images for the CNPO: prepared in ginger extract (a) and aqueous media (b), and CNPO/CFO nanocatalyst: prepared in ginger extract
(c) and aqueous media (d).

3.4 Proposed mechanism for catalytic synthesis of 1-
Amidoalkyl-2-naphthol

The synthesis pathway of the 1-Amidoalkyl-2-naphthol over
the prepared CNPO/CFO nanocatalyst is depicted in Fig. 7.
The reaction is catalyzed via surface PO4 groups serving
as the Brønsted acid site. The existence of PO4 groups on
the surface of the prepared CNP particles was confirmed
by FTIR analysis, shown in Fig. 4 (b). In the first step,
the carbonyl group of aldehyde is activated by attaching
to the Brønsted acid site, then the nucleophilic addition of
β -naphthol is occurred by expelling H2O. The formed in-
termediate is subsequently undergoes the Michael addition
with the amide over the CNPO/CFO nanocatalyst to form
the final product of 1-amidoalkyl-2-naphthol.

3.5 Reusability experiment

In order to study the reusability of the CNPO/CFO nanocat-
alyst (prepared using ginger extract) for the synthesis of
1-amidoalkyl-2-naphthol, the three-component reaction was

conducted in 5 successive cycles. Each reaction cycle was
carried out under the constant experimental conditions (T
= 90 ◦C, amount of nanocatalyst = 0.04 g, and time = 10
min). After each reaction, the separated nanocatalyst was
washed with methanol and deionized water four 4 times
and then dried at 100 ◦C for 2 hours. The efficiency of
the CNPO/CFO nanocatalyst was investigated by measur-
ing the mass of the obtained solid product in each reaction
cycle. Fig. 8 (a) is shown the results of the reusability exper-
iment in 5 consecutive reaction cycles. As can be seen, the
CNPO/CFO nanocatalyst discloses the excellent reusability
even after 5 reaction cycles for synthesizing 1-amidoalkyl-2-
naphthol. The loss of efficiency is negligible after 3 succes-
sive reactions (7%). However, a decline in the nanocatalyst
efficiency in the five reaction cycles is about 13%. The
reduction in the nanocatalyst efficiency is attributed to the
detachment of CNPO from the CFO magnetic nanoparti-
cles during the successive reactions. Figure 8 (b) shows
the XRD patterns for the CNPO/CFO nanocatalyst before
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Figure 3. Element mapping Cu (a), Ni (b), Fe (c), P (d), O (e) for the prepared CNPO/CFO nanocatalyst.

Figure 4. FT-IR spectra (a, b) and RAMAN (c) spectrum for the prepared CNPO.
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Figure 5. BET isotherm plots: and CNPO/CFO prepared using ginger extract (a) and aqueous media (b).

and after performing reusability experiments. As shown,
the XRD patterns depict the decrease in the intensity of
diffraction peaks, which correspond to the CNPO phase of
the nanocatalyst, marked with ⊗.
The efficiency of the CNPO/CFO nanocatalyst for the syn-
thesis of 1-amidoalkyl-2-naphthol was compared with that
of catalysts reported in the previous literature. Table 2 is
tabulated the experimental conditions for the synthesis of
1-amidoalkyl-2-naphthol using different catalysts.

3.6 Leaching test experiments

To validate the proceeding the synthesis reaction over
the prepared heterogeneous nanocatalyst, the hot filtra-
tion test was conducted. For this purpose, 2 mmol of 2-
naphthol, 1 mmol of benzamide, and 1 mmol of 3-ethoxy-4-
hydroxybenzaldehyde (Entry 5, Table 1) were reacted in the
presence of 0.04 g of CNPO/CFO nanocatalyst at a tempera-
ture of 90 ◦C. After 10 min, the catalyst was separated using
a bar magnet, and the yield of the product was calculated to
be 40%. Then, the reaction was continued in the absence of
the catalyst for 15 min. The efficiency of the synthetic reac-

tion was investigated once again, which showed no increase
in the yield of the product. These results confirmed that
the synthesis of the 1-amidoalkyl-2-naphthols is proceeded
heterogeneously over the CNPO/CFO nanocatalyst.

4. Conclusion
In summary, we have prepared the CNPO as an efficient
catalyst for promoting the synthesis of 1-amidoalkyl-2-
naphthols. The simple and straight precipitation method
was used to prepare CNPO. The ginger extract was used as
a green stabilizing agent to control the size and uniformity
of the CNPO particles. The surface of CNPO was also
decorated with as-prepared CFO nanoparticles to form
a magnetically separable nanocatalyst. 1-amidoalkyl-2-
naphthol was synthesized via a three-component reaction
over the CNPO/CFO nanocatalyst as the magnetically sepa-
rable solid acid. The nanocatalyst reveals a great efficiency
(97%) for the synthesis of 1-amidoalkyl-2-naphthol. The
reusability experiment showed the excellent efficiency of
the prepared nanocatalyst in 5 successive reactions.

Figure 6. M-H curve for the synthesized CNPO/CFO nanocatalyst.
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Table 1. Synthesis of different derivatives for 1-amidoalkyl-2-naphthol using CNPO/CFO nanocatalyst.

2 mmol of 2-naphthol, 1 mmol of aldehyde, 1 mmol of amide, Catalyst amount = 0.04 g, Solvent free condition.

Entry Aldehyde Amide Product
Time
(min)

Yield
(%)

Melting
point
(◦C)

TON
(×105)

TOF
(×105)

Ref.

1 12 96 232-235 4.72 23.6 [34]

2 15 94 215-217 4.63 18.52 [35]

3 10 97 231-234 4.72 28.26 [34]

4 15 94 231-234 4.63 18.52 [35]

5 25 93 237-245 4.59 11.01 [36]

6 12 97 233-236 4.78 23.98 [35]

7 15 95 240-244 4.68 18.72 [37]
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Continued of Table 1.

8 15 94 247-249 4.63 18.55 [35]

9 12 95 224-226 4.68 23.4 [37]

10 20 93 241-243 4.59 13.77 [37]

11 15 94 234-256 4.63 18.55 [35]

12 12 95 202-204 4.68 23.44 [39]

13 20 92 202-205 4.54 13.62 [37]

14 10 97 214-216 4.78 28.72

[40]

15 15 95 205-208 4.68 18.75 [40]
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Figure 7. Proposed mechanism for synthesis of 1-amidoalkyl-2-naphthol over CNPO/CFO nanocatalyst.

Figure 8. Recyclability experiments over CNPO/CFO nanocatalyst.
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Table 2. Comparison of the catalytic efficiency of the CNPO/CFO with some reported catalysts for the synthesis of 1-amidoalkyl-2-naphtols in solvent-free
conditions.

Catalyst Catalyst amount Time (min) Temperature (◦C) Yield (%) Ref.

CNPO/CFO 0.04 g 10 90 97 This work

Ag-TiO2 2 mol% 30 110 92 [12]

Cu@Ag-CeO2/Chitosan 0.01 15 100 98 [48]

CNT@Ni-bipy 0.01 g 8 100 95 [36]

Fe3O4@SiO2@IL-PVP 0.02 g 15 80 95 [49]

B-cyclodextrin-butane sulfonic acid 1 mol% 6 100 90 [35]

H6P2W18O62/pyridine-Fe3O4 0.02 g 30 100 92 [50]

K5CoW12O40·3H2O 1 mol% 120 150 90 [51]

Polyphosphate ester 0.1 g 15 80 91 [52]

Note: bipy= bipyridine; IL-PVP= ionic liquid-polyvinylpyrrolidone.
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