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rted montmorillonite (K10)
(nanocat-Fe-Si-K10): an efficient green catalyst for
multicomponent synthesis of amidoalkyl naphthol†

Shripad M. Patil, ab Runjhun Tandon, *a Nitin Tandon,a Iqubal Singh,a

Ashwini Bedreb and Vilas Gadec

Montmorillonite (K10) loaded on magnetite silica-coated nanoparticles was made using simple co-

precipitation methods. The prepared nanocat-Fe-Si-K10 was analyzed using some techniques including

field emission-scanning electron microscopy (FE-SEM), inductive coupling plasma-optical emission

spectroscopy (ICP-OES), X-ray diffraction (XRD), thermo-gravimetric analysis (TGA), Fourier

transmission-infrared spectra (FT-IR), energy dispersive X-ray spectroscopy (EDS), and wavelength-

dispersive spectroscopy (WDX). The catalytic activity of the synthesized nanocat-Fe-Si-K10 has been

examined in one-pot multicomponent transformations for the synthesis of 1-amidoalkyl 2-naphthol

derivatives under solvent-free conditions. Nanocat-Fe-Si-K10 was determined to be very active, having

the ability to be reused 15 times without significant loss of catalytic activity. The suggested technique has

several advantages, including excellent yield, minimum reaction time, a straightforward workup, and

catalyst recycling, all of which are essential green synthetic aspects.
1 Introduction

Among the most critical and essential C–C bond forming
processes in chemical synthesis is indeed the Betti reaction, this
is a kind of Mannich type reaction.1 The Betti reaction provides
1-(a-amino-alkyl)-2-naphthol, the so-called Betti bases. Betti
bases are valuable ligands in synthetic chemistry.2,3 Betti bases
are becoming increasingly prominent in medicine because of
their biologically active compounds,52,55 which exhibit proper-
ties including anti-pain, antibacterial, and antihypertensive
properties.4–6

As in the presence of an aldehyde, urea, or ammonia, a-
naphthol interacts with sodium hydroxide in two steps over
a long period.7 The chemically produced approach, on the other
hand, has several signicant aws and is limited in its use. As
a result, numerous different forms of the Betti response have
been developed to solve the aws in the classic technique. In
particular, a multi-component technique that replaces
ammonia with naphthol, alkyl amines, and quinols is recom-
mended since it allows for a wide range of possible
al Science, Lovely Professional University,

l: patilshripad55@gmail.com; runjhun.

Patil Mahavidyalaya, Karjat-414401,

Commerce College, Mokhada, Palghar-

tion (ESI) available. See DOI:

the Royal Society of Chemistry
alterations.8–10 On the other hand, these treatments were mar-
red by considerable side effects, longer reaction times, and
reduced output. In terms of the green approach, multi-
component reactions under aqueous conditions are benecial
because they provide easy and quick access to a large variety of
organic molecules.7,11

The Betti reaction is difficult to deal with in water because
the reactivity of amine is primarily constrained by strong
hydrogen bonding. Sulfanilic acid-functionalized silica-
decorated ferrite nanoparticles,12 triate,13 and imidazolium
compounds,14,15 all unique metal and transition elements,16

have all been successfully employed as Mannich processes in
aqueous or without solvent.17,18 The catalysts were neither
inaccessible nor recyclable in the vast majority of reactions.
Because of its electron-withdrawing group and steric crowded,
amines substrate are still a problem to use as derivatives in
aqueous to our awareness. As a result, ecologically and green
Scheme 1 Synthesis of Fe3O4@SiO2@K10 nanoparticles applicable in
multicomponent reaction.
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catalysis approaches are necessary for reactions like the Betti
reaction. A multicomponent reaction under aromatic alde-
hydes, amide, and a-naphthol was carried out in the presence of
various Brønsted or Lewis acid catalysts to obtain 1-amidoalkyl
2-naphthols. A range of physiologically signicant organic
ingredients, oligonucleotide antibiotics, HIV protease, and
other chemicals possess 1,3-amino reactive hydroxyl units.19–21

The amide hydrolysis process can transform 1-amidoalkyl 2-
naphthols to benecial and biological functions construction
materials as well as amido methyl naphthols, which have
depressant effects and hypotension.22 A few of the catalysts used
in the production of 1-amidoalkyl 2-naphthols have been
described including that Ce(SO4)2,23 iodine,24 K5CoW12O40-
$3H2O,25 montmorillonite K10 clay,26 dodecylphosphonic acid,27

H4SiW12O40,28 HClO4–SiO2,29 and Fe(HSO4)3 (ref. 30) etc.
Unfortunately, several of the approaches mentioned in this
article have drawbacks, which including toxic solvents, slow
reaction times, a costly reagent, a poor yield, and unpleasant
chemical modication like elevated temperature are all factors
Fig. 1 Powder XRD peak of (A) ferrite (B) silica-coated ferrite (C) K10
functionalized silica-coated ferrite nanoparticles.

Fig. 2 FT-IR spectra of (A) ferrite (B) silica-coated ferrite (C) K10
functionalized silica-coated ferrite nanoparticles.

17052 | RSC Adv., 2023, 13, 17051–17061
to consider.47–50 Due to the limitations of prior approaches, it is
critical to creating environmentally-friendly cleaner techniques
with strong catalytic performance for the synthesis of 1-
amidoalkyl-2-naphthols to achieve sustainable development.
Furthermore, from the aspect of environmental remediation,
the absence of solvent techniques to biochemical processes is
a rising tendency in respect of potential materials and harmful
by-products.31

We used a straightforward approach to make Fe3O4@-
SiO2@K10 nanoparticles in this investigation. The rst stage
included using a straightforward co-precipitation process to
make ferrite nanoparticles. The ferrite nanoparticles were
coated with silica and tetraethyl orthosilicate (TEOS) using the
Stober method. Subsequently, montmorillonite (K10) was used
to make K10-supported silica-decorated nanoparticles (Fe3-
O4@SiO2@K10). The 1-amidoalkyl 2-naphthols were prepared
under solvent-free conditions using this Fe3O4@SiO2@K10

nanoparticle (Scheme 1).
Fig. 3 SEM images of (A) ferrite (B) silica-coated ferrite (C) K10-sup-
ported silica-ferrite nanoparticle.

© 2023 The Author(s). Published by the Royal Society of Chemistry
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2 Results and discussion
2.1 Characterization of the prepared nanocatalyst

Montmorillonite (K10) functionalized magnetic nanoparticles
were studied using XRD, FT-IR, EDS, and FE-SEM, TGA, TEM
Fig. 4 EDX profile of K10 supported silica-ferrite nanoparticles.

Fig. 5 SEM images of K10 functionalized silica-ferrite nanoparticles
seen in the presence of Si, O, Al, Fe, Mg, and K atom.

© 2023 The Author(s). Published by the Royal Society of Chemistry
and ICP-OES analysis methods. XRD methods were used to
investigate the morphology of montmorillonite K10-supported
silica-coating nanocrystals. All the characterized data are
similar to the previously reported work.51

Fig. 1 the synthesized nanocatalyst was studied using
a powder XRD pattern between 20° and 80°. The iron nano-
particles were encapsulated with tetraethyl orthosilicate (TEOS),
resulting in a reduced diffraction pattern. The diffraction
pattern of the produced nanostructures is unaffected. By using
the Scherrer equation and the full-width at half maximum of
a larger signal of XRD pattern, the particles size was determined
to be 19 nm (26.5).51 Because of the low content of K10, the peak
is not evident in PXRD spectra. The peak for Al, Mg, and K was
not observed in the powder XRD pattern, probably due to the
low amount of elements being (about 0.57, 0.35, and 0.11 total
amount of montmorillonite-1.03% by ICP-OES analysis).
Fig. 7 TEM image of the Fe3O4@SiO2@K10 nanocatalyst.

Fig. 6 Thermo-gravimetric analysis of (A) Fe3O4, (B) Fe3O4@SiO2, (C)
Fe3O4@SiO2@K10 nanocatalysts.

RSC Adv., 2023, 13, 17051–17061 | 17053
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Scheme 2 Reaction of b-naphthol, benzaldehyde and benzamide catalyzed by Fe3O4@SiO2@Montmorillonite nanocatalyst.
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In this paper, the spectra of magnetite nanoparticles in the
infrared range are discussed Fig. 2A.53,54 The signicant signal at
3219.08 cm−1 indicates the OH stretching bandwidth of the
molecule of water depicted in the sample. The signal has found
at 1340.07 cm−1 and 1017.83 cm−1, which indicated the pres-
ence of deionized water. The peaks 451.50 cm−1 and
694.49 cm−1 were emerge so at O–Fe bonding vibration. Two
characteristic peaks inside the IR spectra of silica ferrite
nanocrystals, at 1630.82 cm−1 and 1017.70 cm−1, suggest
symmetrical and unsymmetrical stretching frequencies of the
silica–oxygen–silica bond, correspondingly. Fig. 2B the bending
resonance frequency of Si–O–Si is 446.85 cm−1. Ir spectrum of
K10 mediated silica ferrite nanoparticles Fig. 2C, which provides
at 523.24 cm−1 maxima, the Al–O–Si connection is visible.
Another peak appears at 451.50 cm−1, indicating the wave-
length of Si–O–Si bending vibrations.51
Table 1 Optimization of different reaction condition for the prepa-
ration of amidoalkyl naphthola

Sr. no. Solvent
Catalyst
(mg) Temp. (°C) Time (min) Yieldb (%)

1 None None 90 °C 2 h NRc

2 None 0.07 90 °C 40 min 85
3 None 0.07 70 °C 40 min 79
4 None 0.07 60 °C 40 min 65
5 None 0.08 70 °C 25 min 96
6 None 0.09 70 °C 25 min 96
7 CH3CN 0.08 Reux 2 h 55
8 THF 0.08 Reux 2 h 53
9 EtOH 0.08 Reux 2 h 45
10 MeOH 0.08 Reux 2 h 50
11 Toluene 0.08 Reux 2 h 47
12 DCM 0.08 Reux 2 h 40

a Reaction condition: b-naphthol (10 mmol), benzaldehyde (10 mmol),
and benzamide (12 mmol) solvent-free or solvent (5 mL). b Isolated
product. c No reaction.

Scheme 3 Scope of the substrate for the synthesis of amidoalkyl napht

17054 | RSC Adv., 2023, 13, 17051–17061
The study under Scanning Electron Microscope (SEM)
pictures of ferrite, silica ferrite, and K10 functionalized silica
ferrite nanoparticles are shown in (Fig. 3A–C). In a Scanning
electron microscope (SEM) the K10 functionalized silica ferrite
nanoparticle appears to be spherical. The prepared ferrite,
silica-ferrite, and K10-supported silica-ferrite nanoparticles
showed 78, 88, and 96 nm particle sizes. The EDX analysis has
been used in combination with SEM to examine K10 function-
alized silica ferrite nanoparticles, revealing O, Fe, Si, Al, Mg, and
K as shown in Fig. 4.

This study was examined SEM (scanning electron micros-
copy) with WDX (wavelength dispersive X-ray spectra). This
resulted in the primary analysis of the data of various chemical
constituents in nanocrystals. The O, Mg, Al, K, Si, and Fe atoms
were observed in the ratios of 39.9, 1.15, 5.56, 37.74, 0.93, and
20.93 percent, respectively in the EDX spectrum of K10 deco-
rated silica-ferrite nanoparticles present in the homogeneous
states Fig. 5.

The TGA (thermo-gravimetric analysis) was investigated for
Fe3O4, Fe3O4@SiO2, and Fe3O4@SiO2@K10 nanocatalyst at 30 °C
to 1000 °C in air atmosphere as shown in Fig. 6. In the (Fig. 6A
and B) TGA (thermo-gravimetric analysis) of Fe3O4@SiO2 and
Fe3O4 nanoparticles indicated a slight weight loss below 200 °C,
which was ascribed to the loss of adsorbed water in this study.
The TGA (thermo-gravimetric analysis) curve of Fe3O4@-
SiO2@K10 shows signicant weight loss at 200 °C, with addi-
tional weight loss occurring above 400–600 °C due to the
breaking of montmorillonite K10 (Fig. 6C).

The relevant pictures are exhibited in Fig. 7 and were ob-
tained through the use of TEM analysis to learn more about
the specic surface area of nanoparticles made Fe3O4@-
SiO2@K10. Aer the formation of Fe3O4@SiO2@K10 nano-
particle was observed as ferrite showed black dots and silica-
coating on the ferrite surface. Fe3O4@SiO2@K10 nano-
particles were found to be evenly dispersed and have a diam-
eter of around 200 nm.
hol derivatives.

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Table 2 Synthesis of amidoalkyl naphthol under solvent-free catalyzed by Fe3O4@SiO2@K10
a

Sr. no. Aldehyde (R) Naphthol Amide (R′) Product Time (min) Yieldb (%)

1 25 96

2 20 98

3 20 94

4 25 95

5 30 90

6 25 91

© 2023 The Author(s). Published by the Royal Society of Chemistry RSC Adv., 2023, 13, 17051–17061 | 17055
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Table 2 (Contd. )

Sr. no. Aldehyde (R) Naphthol Amide (R′) Product Time (min) Yieldb (%)

7 20 94

8 15 96

9 30 88

10 35 90

11 10 96

12 15 95

13 15 96

17056 | RSC Adv., 2023, 13, 17051–17061 © 2023 The Author(s). Published by the Royal Society of Chemistry
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Table 2 (Contd. )

Sr. no. Aldehyde (R) Naphthol Amide (R′) Product Time (min) Yieldb (%)

14 10 97

15 15 97

16 15 97

17 10 96

18 10 98

19 10 95

20 15 95

© 2023 The Author(s). Published by the Royal Society of Chemistry RSC Adv., 2023, 13, 17051–17061 | 17057
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Table 2 (Contd. )

Sr. no. Aldehyde (R) Naphthol Amide (R′) Product Time (min) Yieldb (%)

21 15 96

a Reaction conditions: reagents (10 mmol), nanocatalyst (0.08 mg) and b-naphthol (10 mmol) at 70 °C under solvent-free conditions. b Isolated
yield.

Fig. 8 Recyclability of the Fe3O4@SiO2@K10 nanocatalyst.

Table 3 Recoverable study of Fe3O4@SiO2@K10 nanocatalyst with
percentage yield

Cycle 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Yield (%) 96 96 96 96 96 95 95 95 95 94 94 94 93 93 93
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2.2 Catalytic application of Fe3O4@SiO2@K10 nanoparticles
in multicomponent reaction

Aerward, different analysis methods were used to analyze the
generated nanoparticles, Fe3O4@SiO2@K10, it was investigated
for its possible application in the manufacture of 1-amidoalkyl-
2-naphthol analogs (Scheme 2). For this objective, the synthesis
of amidoalkyl naphthol using b-naphthol, benzaldehyde, and
benzamide was used as a model reaction to optimize the reac-
tion conditions. During the investigation, it was revealed that
the reaction of b-naphthol, benzaldehyde, and benzamide
under solvent-free conditions, albeit at 90 °C, did not generate
amidoalkyl naphthol. Notably, in the presence of 0.07 mg of
Fe3O4@SiO2@K10 at the same temperature, the amido-alkyl
naphthol reaction progressed successfully, yielding 85% aer
40 minutes. Furthermore, lowering the temperature from 90 °C
to 70 °C had no discernible effect on the reaction product.
Unfortunately, lowering the temperature to 60 °C resulted in
a reduction in the reaction product to 76%. Furthermore,
increasing the nanoparticle quantity from 0.07 to 0.08 mg at
70 °C increased the reaction yield to 96%, however increasing
the nanocatalyst amount to 0.09mg had no impact on the entire
productivity of the process. Several processes were carried out in
polar aprotic (acetonitrile, THF), polar protic (methanol,
ethanol), non-polar solvent (toluene), and mild polarity (DCM),
but rates were unsatisfactory (Table 1).

The synthesis of amidoalkyl naphthol using several aromatic
aldehydes, benzamide, and b-naphthol derivatives was carried
out under these optimum conditions (Scheme 3). The presence
of the electron-withdrawing substituent did not affect the yield
of the aromatic aldehyde reaction when compared to the model
reaction of aniline, according to the research (96% yield) (Table
2, Sr. no. 1–3). However, the derivatives with halogens (F, Cl, and
Br) were slightly decreased yields as compared to the electron-
withdrawing substrate (Table 2, Sr. no. 4–6). In the instance of
benzaldehyde, however, the presence of an electron-donating
group at the aromatic aldehyde resulted in a considerable fall
in yield from 96% to 88% (Table 2, Sr. no. 7–10). Interestingly,
aliphatic and heterocyclic aldehydes are more reactive than
aromatic aldehydes (Table 2, Sr. no. 11–13). Then various
17058 | RSC Adv., 2023, 13, 17051–17061
aldehydes react with acetamide in the presence of b-naphthol
derivatives containing the electron-withdrawing substrate
giving better results (Table 2, Sr. no. 14–17). Finally, different
aldehydes derivatives react with varieties of aromatic amines
and b-naphthol giving the best result (Table 2, Sr. no. 18–21).

To study the recyclability of the prepared Fe3O4@SiO2@K10

nanocatalyst, for the synthesis of amidoalkyl naphthol using
benzamide was taken as a model reaction. That aer the reac-
tion was completed, the nanoparticle was isolated from the
reaction mass and employed even so during the next cycles. In
addition, a hot ltration test was carried out during the
production of amidoalkyl naphthol (Betti reaction) using ben-
zamide, b-naphthol, and benzaldehyde to verify the heteroge-
neity of the Fe3O4@SiO2@K10 nanoparticle. Aer 25 minutes,
the Betti reaction was performed to continue for another 25
minutes with the addition of Fe3O4@SiO2@K10 nanoparticle
that had been separated from the mixture. No additional rise in
the intended percentage yield was seen at the reaction's
conclusion, indicating that the Fe3O4@SiO2@K10 nanoparticle
is heterogeneous. The Fe3O4@SiO2@K10 nanocatalysthas been
© 2023 The Author(s). Published by the Royal Society of Chemistry
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Fig. 9 SEM image of the Fe3O4@SiO2@K10 nanocatalyst recycled after
15 times.
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utilized for 15 cycles (Fig. 8) without losing its catalytic perfor-
mance (Table 3).

Following the experiments for recyclability, the durability of
the recovered Fe3O4@SiO2@K10 nanoparticle was examined
using SEM analysis. The SEM image showed that the recycled
catalyst morphology is comparable to that of the initial catalyst.
This nding demonstrated the excellent durability and reten-
tion of the Fe3O4@SiO2@K10 nanoparticle structure (Fig. 9).

In aspects of the lowest rate of reaction, gentle condition,
and harmful substances reduction, the current methodology is
comparable to prior studies. The current nanocat-Fe-Si-K10 was
signicantly more effective than the previously reported work
(Table 4). Additionally, aer performing the reaction for
a minimum of 15 cycles, the produced nanoparticle may be
readily regenerated from the reaction medium without retain-
ing its catalytic characteristics.

The possible mechanism (Scheme 4) conrmed up with
previously reported work.46 To create intermediate I, using
MNPs rst activates the aromatic aldehyde. The activating
carbonyl substrate is then attacked by b-naphthol, yielding
Table 4 Comparative study of preparation of amido-alkyl naphthol usin
work

Sr. no. Catalysts Reaction condition

1 Trityl chloride Room temperature, 4
2 Iodine Solvent-free, 125 °C, 5
3 Ce(SO4)2 Acetonitrile, reux, 36
4 MgSO4 Solvent-free, 100 °C, 1
5 Imidazolium salt Solvent-free, 120 °C, 4
6 H4SiW12O40 Solvent-free, 110 °C
7 p-TSA Solvent-free, 125 °C, 4
8 ZnO NPs Solvent-free, (a) 130 °
9 MNPs-HPZ-SO3H Solvent-free, 120 °C, 6
10 MNPs-Ph-SO3H Solvent-free, 120 °C, 4
11 Fe3O4@Mo NPs Solvent-free, (a) 120 °
12 Thiamine HCl (VB1) Ethanol, 80 °C, 4 h
13 Montmorillonite (K10) Solvent-free, 125 °C, 1
14 Fe3O4@SiO2@K10 NPs Solvent-free, 70 °C, 25

© 2023 The Author(s). Published by the Royal Society of Chemistry
intermediate II. The ortho-quinone methides (o-QMs) interme-
diate III were then produced by eliminating H2O from II. MNPs-
SO3H activation intermediate III once again, resulting in IV as
a 1, 4 addition reaction. Following that, Michael adds benza-
mide to intermediate IV, resulting in the desired 1-amidoalkyl-
2-naphthol. When comparison to aromatic aldehydes with
electron-releasing groups, those with electron-withdrawing
groups reacted rapidly.

3 Experimental section

The ESI† included all of the content and methodologies. As per
the reported work, magnetic nanoparticles ferrite, silica ferrite,
and K10 supported silica-coated ferrite were produced.

3.1 Synthesis Fe3O4@SiO2@K10 nanoparticles45,51

While sonicating 1.2 g of Silica-coated ferrite nanoparticles in
100 mL of ethanol for around 30 minutes, then 0.53 g of
montmorillonite (K10) was added and mixed-phase during
constant agitation. The pH of the working medium was then
adjusted to 12 using a 1 M NaOH solution, and also the reaction
mass was agitated for another 20 h at room temperature.
Subsequently, the crystals were collected, rinsed with de-ionized
water, and dried overnight at 60 °C to obtain 1.44 g of silica-
coated magnetite-montmorillonite (K10) nanoparticles.

3.2 Synthesis of amidoalkyl naphthol derivatives using
nanocat-Fe-Si-K10

A solvent-free reaction mass containing benzaldehyde (10
mmol), b-naphthol (10 mmol), benzamide (12 mmol), and
Fe3O4@SiO2@K10 (0.08 mg) were heated at 70 °C. Then the
reaction progress was monitored using TLC (thin-layer chro-
matography). Aer the reaction was completed, the mixture was
cooled to room temperature. Then, 5 mL ethyl acetate was
added to the mixture, the catalyst was isolated using an external
magnet, rinsed in alcohol, and dry at 60 °C for reusing. The
ethyl acetate layer vaporized under lower pressure which got the
pure product.
g nanocat-Fe-Si-K10 with some another catalyst reported in previous

Yield (%) Ref.

h 94 32
h 84 33
h 78 34
h 90 35
0 min 95 36

94 37
–8 h 93 38
C, 30 min, (b) MW, 6 min 94 39
0 min 94 40
0 min 94 41
C, 30 min, (b) MW. 3 min 94 42

78 43
.5 h 78 44
min 96 Present work
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Scheme 4 Possible mechanistic path for synthesis of 1-amidoalkyl 2-
naphthol.

RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

6 
Ju

ne
 2

02
3.

 D
ow

nl
oa

de
d 

on
 7

/2
3/

20
25

 6
:4

1:
38

 P
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
4 Conclusion

In this study, we used K10 (montmorillonite) to coat on the
surface of SiO2@Fe3O4 nanoparticles, resulting in a silica-
coating (Fe3O4@SiO2@K10) nanoparticles. The prepared
nanoparticles have been useful for the production of 1-
amidoalky-2-naphthol analogs. With regards to superior yield,
shorter reaction times, low reaction temperature, recyclable
catalyst, and a solvent-free system that promotes sustainable
technology, this approach has numerous benets over the
previously reported work for the one-pot multicomponent
synthesis of 1-amidoalkyl-2-naphthol derivatives. In addition,
aer 15 cycles, there was no substantial reduction of catalyst
properties.
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