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ABSTRACT
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In this research, the preparation of a reusable AlFeO,@SiO,@SO,H nanostructure as a perovskite-based mag- Article history:

netic nanomaterial is described. The structure of prepared AlFeO3@SiO,@SO,H was characterized by FT-IR, Received 18 December 2022
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bis 1,4-dihydropyridine derivatives as pharmaceutically active heterocycles under solvent free conditions. High

efficiency of procedure, good yields, short reaction times, magnetic recovery and reusability of nanocatalyst, high Keywords:

thermal stability of catalyst, and environmentally benign conditions are highlights of this new protocol.
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1. Introduction

The main challenge of modern medicinal chemistry is synthesis of
novel bioactive molecules that can be potentially used as drugs [1]. Mol-
ecules containing 3,4-dihydropyrimidin-2-one (DHPMs) and 1,4-dihy-
dropyridine (DHP) structures are very important in pharmaceutical and
medicinal chemistry due to their diverse properties (Figure 1), such as
anticancer [2-5], antibacterial [6, 7] and many other pharmacological
activities [8, 9]. 1,4-DHP have primarily been used as calcium channel
modulators [10] and 1,2,3,4-tetrahydropyrimidines have also been eval-
uated as calcium channel modulating agents due to their structural simi-
larity to 1,4-dihydropyridines [11]. MCRs engage three or more compo-
nents simultaneously, resulting in products that incorporate the elements
of all starting materials in their final structures. This integrative nature
of MCRs is attractive when a rapid increase in molecular diversity is
desired. Using a combinatorial approach, sets of components can be sys-
tematically distributed in arrays of reactions to generate interactions on
a common MCR-product scaffold. MCRs have many advantages as they
save precious time, simplifies the synthesis and diminishes the work-up
procedures [12, 13]. Hantzsch in 1882 and Biginelli in 1893, reported
one-pot multicomponent reactions for the synthesis of 1,4-dihydropy-
ridine and dihydropyrimidinone structures, respectively [14]. Hantzsch
condensation led to the formation of dihydropyridines via the reaction
of aldehyde, two equivalents of a B-ketoester, and source of nitrogen

such as ammonium acetate or ammonia and Biginelli condensation re-
action between an aldehyde, urea/thiourea and a carbonyl compound is
the most popular strategy for the synthesis of dihydropyrimidinones.
Acetoacetate esters and aromatic aldehydes were the two components
common in both reactions. The development of new, sustainable chem-
ical processes for the synthesis of these biologically active molecules
accelerated via multicomponent reactions using heterogeneous catalysis
strategy such as efficient magnetic nanocatalyst [15-20].

There are many reports for the synthesis of DHPs and DHMPs in the
presence of NPs as catalysts. For examples, Ch-Rhomboclase nanoparti-
cles [18], CoFe,0, @ SiO,-NH,-Co (Il) [21], MIL-101-SO,H [22], CuO
[23], COF-IM-SO3H [24] are used as catalysts for the synthesis of DHPs
and DHMPs.

There has been research interest in perovskite type oxide materials
(ABO,) such as TbMnO,, BiFeO,, NiTiO,, BaMnO,, and AlFeO, [25-
27]. These materials exhibit multiferroic property (magnetoelectric,
ferroelectric properties), high chemical stability, good sensitivity to the
visible light, and have gained significant technological attention special-
ly in photoelectric conversion and photochemical degradation [28, 29].
Ferrite-based perovskites, such as AlFeOs, have vast potential due to
their magnetic behaviour leading to enhanced recovery from reactions.
Both aluminium and iron are earth-abundant elements and non-carcino-
genic which makes AlFeOs an eco-friendly and cost-effective material
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Fig. 1. Examples of some pharmacologically active dihydropyridine and dihy-
dropyrimidinone structures.
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Fig. 2. The FT-IR spectra of (a) AlFeO,, (b) AIFeO,@SiO,, and (c) AlFeO,@
SiO,@SO3H MNPs.
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Fig. 4. (a, b, c) The FE-SEM (200, 500 nm and 1 um), and (d) EDX analysis of
AlFe0,@Si0,@S0,H MNPs.
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Fig. 6. VSM analysis of AlFeO,@SiO,@SO,H MNPs.

[26]. However, there are few studies on the catalytic activity of AlFeO;
powders. AlFeO; has orthorhombic or rhombohedral structure and is ex-
pected to show good catalytic or photocatalytic performance along with
its magnetic recoverability [30].

In continuation of our efforts for development of green procedures
to design and synthesis of DHPs and DHMPs [31, 32], herein, we have
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Scheme. 1. The synthetic pathway for AIFeO,@SiO,@SO,H MNPs.
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Fig. 3. The XRD patterns of AlIFeO,@SiO,@SO,H nanostructure.
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Fig. 5. TGA analysis of AlIFeO,@SiO,@SO,H MNPs.
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Fig. 7. Reusability of AIFeO3@SiO.@SOsH for 5 times (A), FT-IR spectra of
fresh (a) and reused (b) catalyst (B), and the XRD patterns of fresh (a) and reused
(b) catalyst after 5 runs.
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prepared a moditied aluminium ferrite nanostructure (AlFeO;@SI0,@
SO3H) as a perovskite-based magnetic nanomaterial and considered its
catalytic activity in Hantzsch and Biginelli multicomponent reactions
(Scheme 2).

2. Material and methods

All chemicals were purchased from Merck and Fluka chemical com-
panies. Dialdehydes (1h’-j’) were synthesized in the laboratory accord-
ing to the reported synthetic method [33]. The Fourier-transform infra-
red (FT-IR) spectra were recorded by the Bruker alpha device in range
400-4000 cm™. Thermogravimetric analysis (TGA) of AIFeO3@SiOZ@
SO3H MNPs was performed by the device (TA, Q600 model, Germany)
under Ar atmosphere with rate 10 °C/min. The morphology and shape of
AlFeO,@Si0,@SO,H MNPs was elucidated by field emission electron
microscopy (FE-SEM) using TESCAN MIRA model. The presence of
elements in structure ofAIFeos@SiOQ@SogH MNPs was performed by
X-ray energy diffraction spectrometer (EDX). The crystalline structure
of AlFeO,@SiO0,@SO,H MNPs was investigated by X-ray diffraction
spectroscopy (XRD) using Philips PW1730 powder diffraction (XRD)
diffractometer (Cu-Ka radiation and A= 0.15406) in the range of Bragg
angle (26= 10-80) using 0.05° as the step length. The magnetic property
of prepared nanostructure was studied by vibrating sample magnetome-
ter (VSM, model: 730 VSM system) at room temperature. The reaction
Table 1.

The optimization of reaction conditions for the synthesis of 3,4-dihydropyrimi-

din-2-one (4a)

@M

la 3
Zriny Catalyst Solvent Temperature Tir'ne Yield®

(mg) (°C) (min.) (%)

1 10 EtOH Reflux 75 78

2 10 H,0 Reflux 85 70

3 10 EtOH:H20 (1:1) Reflux 78 85

4 10 Solvent free 100 45 97

5 5 Solvent free 100 68 85

6 8 Solvent free 100 60 86

7 20 Solvent free 100 45 96

8 10 Solvent free 70 87 75

9 10 Solvent free RT 130 65

10 - Solvent free 100 360 17

21solated yield. benzaldehyde (1mmol, 0.14 g), urea (1.5 mmol, 0.09 g),
Ethyl acetoacetate (Lmmol, 0.13 mL), and the AlFeO,@SiO,@SO,H
nanocatalyst.
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Scheme. 2. Synthesis of (a) mono/
bis-3,4-dihydropyrimidin-2-ones, and
(b) mono/bis-1,4-dihydropyridines in
the presence of AlFeO3@SiO,@SO,H

MNPs.

(and)

Th'-j"
progress was followed by thin layer chromatography (TLC) using silica

gel coated aluminum plates and using n-hexane/ethylacetate eluents.
Melting points of the synthesized heterocyclic compounds were mea-
sured using an electrothermal 9100 digital apparatus. The *H-NMR and
BC-NMR spectra were recorded by Bruker Avence (300 and 75 MHz
respectively) in DMSO-dg solvent. The mass spectra of new products
were recorded by agilent 5975C model.

2.1. Preparation of AIFeO,@SiO,@SO,H nanostructure

The modified AIFeO; MNPs was prepared in three steps as follows.

2.1.1. Preparation of AIFeO; MNPs

The co-precipitation method was used for the preparation of AlFeO,
[34]. The AI(NO,),.9H,0 (5 mmol, 1.87 gr) and FeCl,.4H,0 (5 mmol,
0.99 g) were dissolved in the deionized water (50 mL) and stirred for
2 h at 95 °C under N, atmosphere. Then, NH‘OH (10%) was added to

solution to adjust pH=10 and stirred again for 2 h. The brown black sed-
iment was separated by an external magnet, washed by deionized water
(100 mL), EtOH (10 mL), and finally dried in a vacuum oven at 70 °C.

2.1.2 Preparation of silica-coated AIFeO, MNPs (AlFeO,@SiO,)

The surface of AIFeO; NPs was coated by TEOS via Stdber method
[31]. 1 g of AlFeO,, EtOH (20 mL), H,O (1.5 mL), and NH,OH (0.4 mL)
were poured in a round bottom flask (50 mL) and were sonicated for 30
min. Then 1.4 mL of TEOS was added to the mixture and stirred at room
temperature for 24 h under N, atmosphere. The magnetic precipitation
was isolated by an external magnet, washed by deionized water (100
mL), and dried in a vacuum oven at 70 °C.

2.1.3. Preparation of sulfonic acid-decorated AlIFeO;@SiO, MNPs

Table 2.
Synthesis of 3,4-dihydropyrimidin-2-ones in the presence of AIFeOs@SiO.@
SO3H nanocatalyst.

Entry Aldehydes Product  Time Yield® M.p [Ref]
(min.) (%)

1 C,H,CHO 4a 40 97  218-216 [39]
2 2-OCH,-C;H,CHO 4b 80 90 258-260 [39]
3 4-OCH,-C;H,CHO 4c 50 93 206-209 [40]
4 2,4-CI,C.H,CHO 4d 75 95 236-238 [32]
5 4-Cl-CeHsCHO 4e 35 93 202-204 [39]
6 4-CN-CsHsCHO 4f 15 89 230-232 [41]
7 terphetaldehyde 4q 90 87 274 [42]
8 Isoterphetaldehyde 4h 90 83 293-295 [42]

21solated yield. Arylaldehyde (Immol), ethyl acetoac tate (Lmn ol, 0.13 mL),
urea (1.5 mmol, 0.09 g), and AlIFeO,@SiO,@SO,t nanocatal yst (10 mg)
under solvent free condition at 10 °C.
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(AIFe0;@Si0,@S0:H)

AlFeO,@Si0,@S0O,H nanostructure was fabricated by using a re-
ported procedure [35]. AIFeO,@SiO, (1 g) was dispersed in dry CH,CI
(20 mL) for 20 min. A solution of chlorosulfonic acid (0.3 mL) in dry
CH,CI (10 mL) was slowly added to AlFeO,@SiO, suspension during
a period of 30 minutes and stirred for 2 h. Then, AlFeO 3@SiOZ@SO 3H

was separated by an external magnet, washed by dry CHsCl (10 mL),
EtOH (10 mL), and dried in a vacuum oven at 70 °C.

2.2. Acid-base titration of AIFeO,@SiO,@SO,H

The acidity of AIFeO,@SiO,@SO,H estimated by the back titration
method. The mixture 2 mL of NaOH (0.01 M) and 0.02 g of AlFeO;@
SiOZ@SOSH were stirred for 30 min. The magnetic nanoparticles were

separated by an external magnet. In continue, back-titration by HCI
(0.01 M) was carried out for the solution in the presence of phenolphtha-
lein indicator for three times. The average value for the concentration of
dissociable sulfonic acid groups was calculated. The acid-base titration
results revealed that 0.31 mmol/g acidic groups were immobilized on the
surface of AlIFeO,@SiO,@SO,H MNPs.

2.3. General procedure for the synthesis of 3,4-dihydropyrimi-
din-2-ones (4a-h)

Aryl aldehyde (1 mmol), ethylacetoacetate (1 mmol), urea (1.5
mmol), and 0.01 g of AlIFeO,@SiO,@SO,H MNPs was poured in a test
tube and heated under solvent free condition at 100 °C. The progress
of reaction was followed by TLC using n-hexane/ethylacetate (2:1) as

an eluent. At the end of the reaction, the mixture was diluted by 20 mL
EtOH and nanocatalyst was separated by an external magnet. The solu-
tion was cooled to form pure crystalline products.

2.4. General procedure for the synthesis of 1,4-dihydropyridines (7a-j)

A mixture of aryl aldehyde (1 mmol), ethyl acetoacetae (1 mmol), di-
medone (1 mmol), and ammonium acetate (1.5 mmol) were heated in the
presence of 0.01 g of AIFeO,@SiO,@SO H under solvent free condition
at 100 °C. The progress of reaction was followed by TLC using n-hex-
ane/ethylacetate (2:1) as an eluent. After completion of the reaction, the
mixture was diluted by 20 mL EtOH and nanocatalyst was isolated by an

Table 3.
The optimization of reaction condition for the synthesis of 1,4-dihydropyridine (7a”).

0, H
U My . NH,0AC EO
cl
la 2 5

6 7a

Catalyst Temperature ~ Time  Yield®

Entry i) solvent o) min)  ©6)
1 5 Solvent free 100 60 80
2 5 EtOH Reflux 78 78
3 5 H,0 Reflux 90 68
4 5 EtOH:H.0(1:1) Reflux 83 71
5 8 Solvent free 100 56 80
6 10 Solvent free 100 30 95
7 20 Solvent free 100 29 93
8 10 Solvent free 70 65 85
9 10 Solvent free RT 200 63
10 - Solvent free 100 360 21

2 |solated yield. Ethyl acetoacetate (1mmol, 0.13 mL), benzaldehyde (I mmol,
0.14 g), Dimedone (1 mmol, 0.14 g), ammonium acetate (1.5 mmol, 0.09 g),
and the AlFeO,@Si0,@SO,H nanocatalyst.

external magnet. Then, solution was cooled to room temperature to form
pure crystalline 1,4-dihydropyridine derivatives.

3. Result and discussion

The synthetic pathway of AlFeO,@SiO,@SO,H nanostructure is
presented in scheme 1. AIFeO MNPswas prepared by the co-precipita-

tion method and coated by TE308 to achieve the AIFeOS@SiOz MNPs.

By reaction with chlorosulfonic acid, the surface of AlIFeO;@SiO, was
decorated by sulfonic acid groups. Then, the prepared AlFeO;@SiO,@
SO3H nanostructure was characterized by the FT-IR, XRD, FE-SEM,
EDS, TGA and VSM analyses.

3.1. Characterization of AIFeO,@SiO,@SO,H MNPs

The FT-IR spectra of AlFeQO, (a), AlFeO,@SiO, (b), and AlFeO,@
SiO,@S0OsH MNPs shown in Figure 2. The absorption bands in ranges
300-3500 cm™ and 1628 cm* are attributed to -OH stretching and twist-
ing vibrations of physically adsorbed water and solvents in structures.
In addition, the weak band at 700-900 cm™ is belonged to Al-O (Fig.1a)
[36]. The absorption bands of Si-O stretching, bending, and rocking are
appeared at 1100 (O-Si-O stretching vibration), 970 and 850 (Si-O bend-
ing vibrations), and 475 (Si-O rocking) cm™ (Fig. 1a, b). In addition,
the vibration of SO3H is overlapped with O-Si-O stretching vibration at
1000-1200 cm™ [35]. The obtained results prove the presence of func-
tional groups and successful construction of desired AlFeO;@SiO,@
SO3H nanostructure.

The XRD patterns of AlFeO 3@SiO 2@SO 3H shows 12 peaks in 26=
22.03°, 24.27°, 27.05°, 33.31°, 35.70°, 41.03°, 49.57°, 54.18°, 58.20°,
62.62°, 64.17°, and 72.26° (Figure 3). The peaks in 26=24.27°, 33.31°,
35.70°, 41.03°, 49.57°, 54.18°, 58.20°, 62.62°, 64.17°, and 72.26° at-
tributed to Miller planes (012), (104), (110), (113), (024), (116), (018),
(214), (320), and (1010), respectively and confirm its structure [37]. The
peak observed at 20=27.05° can be related to the transition phase (the
rhombohedral to the orthorhombic structure) as reported in the literature
[38]. The appearance of peak at 26= 22.03° is according to amorphous
SiO, and confirms the formation of SiO, shell on AlFeO, nanoparticles.

The field emission scanning electron microscopy (FE-SEM) was
used to elucidate the morphology and size of AlFeO,@SiO,@SO,H
MNPs (Figure 4a, b and c). Resulting images confirm that nanoparti-
cles have spherical shape with some agglomerates. The size distributed
from 8 to 48 nm. The EDS analysis confirms the presence of iron (Fe),
aluminium (Al), oxygen (0), and sulfur (S) in AlFeO @SiO @SO H

structure (Figure 4d). The results prove the successful immobilization
of —=SO H groups on AlFeO @SiO nanostructure.

The thermal stability of AlFed @SiO @SO H MNPs was investi-
3 2 3

gated by the TGA analysis (Figure 5). The TGA analysis show four steps
of weight loss in the range of 25 to 700 °C. The 5% loss weight at T<200
°C can be attributed to the removal of physically adsorbed water and
organic solvents. In addition, loss weight of 20% in the range 200 to 650
°C is belongs to the removal of SO,H groups loaded on AlFeO,@SiO,
NPs. The amount of SO,H loaded on AlFeO,@SiO, NPs was estimated
about 0.28 mmol/g which is in accordance to the back titration result.
The magnetic property of AlFeO, (a) and AlFeO,@SiO,@SO,H
nanostructure was studied by the vibrating sample magnetometry (VSM)
analysis in the range of +8000 Oe at room temperature (Figure 6). The
hyestresis loop (like S) shows the magnetic saturation (Ms) about 30 Oe
for (AlFeO,) and 18 Oe for AlFeO @SiO @SO H. The decrease of mag-
netic property of AlFeO,@SiO,@SO,H confirm that AlFeO, has suc-
cessfully coated with silica layer and modified with sulfonic acid groups.

3.2. Investigation on catalytic activity of AIFeO,@SiO,@SO,H
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The catalytic activity of AlFeO,@SiO,@SO,H nanostructure was
investigated in the synthesis of mono/bis-3,4-dihydropyrimidin-2-one
(4a-h) and mono/bis-1,4-dihydropyridine (7a’-j’) derivatives (Scheme
2).

3.2.1. Catalytic activity of AIFeO @SiO @SO H in the synthesis of
3 2 3

3,4-dihydropyrimidin-2-one derivatives (4a-h)

A model reaction of benzaldehyde (Immol, 0.14 g), ethyl acetoac-
etate (Immol, 0.13 mL), and urea (1.5 mmol, 0.09 g) was selected to
optimize the reaction condition (Table 1). Three eco-friendly solvents

including H,O, EtOH:H,0 (1:1), EtOH, and solvent free condition were
studied. The best result was achieved in solvent free condition (Table

1, Entries 1-4). Then, 5, 8, 10, and 20 mg of catalyst were examined
under solvent free condition at 100 °C (Table 1, Entries 4-7) and results
showed that the increasing of catalyst from 5 to 10 mg have positive
effect on time and yield of reaction. However, the further increasing of
catalyst from 10 to 20 mg have not positive effective on time and yield
of reaction. So, the optimal amount of catalyst was found to be 10 mg
(Table 1, Entries 4). Finally, the effect of different temperatures such as
room temperature, 70, and 100 °C was studied on model reaction (Table
1, Entries 4, 8-9). To define the role and performance of AlFeO;@SiO,@
SO;H, the model reaction was carried out without the catalyst (Table 1,
entry 10). The best results, in virtue of time and yield of reaction, was
attained at 100 °C under solvent free medium and by using 10 mg of Al-
FeOS@SiOZ@SOSH as a heterogeneous nanocatalyst (Table 1, entry 4).

With optimized condition in hand, the scope and limitation of this
method was investigated for the desired products synthesis. As shown
in scheme 2, the different aromatic aldehydes with electron-donating
and electron-withdrawing substituents (1a-f) and dialdehydes (1g-h)
were reacted with ethyl acetoacetate (2) and urea (3) to give the cor-
responding mono/bis 3,4-dihydropyrimidin-2-ones (4a-h) with good to
excellent yields in short reaction times (Table 2). It was found that the
reactions for all of the various substrates proceed efficiently to produce
corresponding products in good yields without the formation of side
products. All products were identified by comparison of their melting
points and spectral data with those reported in the literature.

3.2.2. Selected spectroscopic data for dihydropyrimidin-2-one deriva-

Table 4.
Synthesis of 1,4-dihydropyridine derivatives in the presence of AlFeO 3@SiO Z@

SO3H nanostructure.

Time  Yield?

Entr: Aldehydes Product M.p[Re
y y min) (%) p[Ref]
1 4-CI-C¢HsCHO 7a’ 15 95 221-225 [43]
2 4-OCH,-CH,CHO 'y 45 92 236-238[43]
3 4-CH,-C,;H,CHO 70 40 93 254-256 [44]
4 4-OH-3-NO,-CsHsCHO @ 60 90 -
5 4-CN-CgH4CHO 7e’ 20 92 139-141[45]
6 terphethaldehyde 7 80 91 -
7 Isoterphetahldehyde 72 80 89 -
4.4°~(ethane-1,2-di-
8 ylbis(oxy))dibenzal- iy 120 80 -
dehyde
4,4’~(propane-1,3-di-
9 ylbis(oxy))dibenzal- W 120 85 -
dehyde
2,2’-(propane-1,3-di-
10 ylbis(oxy))dibenzal- 75 120 85 -
dehyde

2 |solated yield. Arylaldehyde (Immol), ethyl acetoacetate (1mmol, 0.13 mL),
dimedone (1 mmol, 0.14 g), ammonium acetate (1.5 mmol, 0.09 g), and the Al-

FeOs@SiO,@S03H (10 mg) nanocatalyst under solvent free condition at 100 °C.

tives

Diethyl-4,4’-(1,4-phenylene)bis(6-methyl-2-0x0-1,2,3,4-tetrahydro-
pyrimidine-5-carboxylate (4g): IR (KBr) (v, cm™): 3324, 3240, 2975,
2933, 1703, 1646.; H-NMR (300 MHz, DMso- -d) 8, 9.17 (s, 2H,

NH), 7.16-7.69 (m, 6H, NH and H,), 5.08 (s, 2H, CH), 3.96 (q,4H
CH), 2.22 (S, 6H, CH) 1.08 (t, 6H CH). 3c NMR (75 MHz, D

SO- de) 5: 174.04, 165.77, 152.58, 148.74, 144.37, 126.76, 99.69, 59.67,
54.12, 18.23, 14.52.; Ms: (%): 442 (5), 260 (22), 231 (66), 183 (100),
155 (38).

Diethyl-4,4°-(1,3-phenylene)bis(6-methyl-2-0x0-1,2,3,4-tetrahydro-
pyrimidine-5-carboxylate (4h): IR (KBr) (v, cm™): 3283, 3216, 2959,
1703, 1611, 1491, 1379, 1218.; *H- NMR(SOO MHz, DMSO-d) 3,7 9.19
(s, 2H, NH), 7.22-7.74 (m, 6H, NH and H,), 5.08 (s, 2H, CH), 3.97 (q,
4H, CH), 2.23 (s, 6H, CH ), 1.08 (t, 6H, CH ).;,®*C-NMR (75 MHz,
DMSO-dg) 8: 171.69, 165.79, 152.61, 148.82, 145.30, 128.85, 127.73,
126.70, 125.30, 99.71, 59.65, 54.41, 18.23, 14.52.; Ms: (%): 442 (8),
260 (90), 183 (100), 155 (33).

3.2.3. Catalytic activity of AIFeO,@SiO,@SO,H in the synthesis of
1,4-dihydropyridine derivatives (7a’-j’)

The condition reaction was optimized as mentioned above (section
3.2.1). Different parameters of reaction including solvent, amount of
nanocatalyst (AIFeO,@SiO,@SO,H), and temperature were optimized
in the model reaction of 4-chlorobenzaldehyde (Immol, 0.14 g), ethyl

acetoacetate (Immol, 0.13 mL), dimedone (1 mmol, 0.14 g), and ammo-
nium acetate (1.5 mmol, 0.09 g) (Table 3). The best results, in virtue of
time and yield of reaction, was attained at 100 °C under solvent free me-
dium and by using 10 mg of AlFeO,@SiO,@SO,H as a heterogeneous
nanocatalyst (Table 3, entry 6). To define the role and performance of
AlFeO,@Si0,@SO,H, the model reaction was carried out without the
catalyst and only 21% of desired product was achieved within 360 min-
utes (Table 1, entry 10).

After optimization of reaction condition, the scope and limitation
of this procedure was considered for the desired products synthesis. As
shown in scheme 2, the different aromatic aldehydes with electron-do-
nating and electron-withdrawing substituents (1a’-e’) and dialdehydes
(1f-§°) were reacted with ethyl acetoacetate (2), dimedone (5), and am-
monium acetate (6) to give the corresponding mono/bis 1,4-dihydropy-
ridines (7a’-j’) with good to excellent yields (80-95%) in short reaction
times (Table 4). It was found that the reactions for all of the various
substrates proceed efficiently to produce corresponding products in good
yields without the formation of side products. All products were identi-
fied by comparison of their melting points and spectral data with those
reported in the literature.

3.2.4. Selected spectroscopic data for 1,4-dihydropyridine derivatives:

Diethyl-4,4"-(1,3-phenylene)bis(2,7,7-trimeth-
yl-5-0x0-1,4,5,6,7,8-hexahydroquinoline-3-carboxylate) ~ (7g’): IR
(KBI) (v, CmM™): 3295, 3215, 3081, 2958, 1695, 1649, 1610, 1488,
1278, 1218 'H-NMR (300 MHz, DMSO- d) 8 =0.98 (s, 12H, CH)
1.12 (t, 6H, J=3Hz, CH,), 2.10-2.28 (m, 9H, CHZ_ CH,), 3.93 (s, 4H,
CH,), 4.79 (s, 2H, CH), 6.91 (d, 4H, J=33Hz, H,,), 8.99 (s, 2H, NH)
ppm.; *C-NMR (75 MHz, DMSO-d ) 8: 194.60, 167.27, 149.88, 147.80,
147.47,145.82, 145.24, 126.89, 125.55, 125.11, 119.70, 110.47, 104.19,
103.48, 59.40, 50.76, 35.98, 35.32, 32.45, 29.63, 27.01, 18.77, 14.60
ppm.; Ms: (%): 600 (2), 561 (4), 188 (100), 160 (43).

Diethyl4,4’-((ethane-1,2-diylbis(oxy))bis(4,1-phenylene))
bis(2,7,7-trimethyl-5-0x0-1,4,5,6,7,8-hexahydroquinoline-3-carboxyl-
ate) (7h’): IR (KBr) (v,,, cm™): 3275, 3078, 2959, 1703, 1645, 1606,
1491, 1277, 1218.; *H-NMR (300 MHz, DMSO-d,): 5,, = 0.83 (s, 6H,
CH,), 0.99 (s, 6H, CH,), 1.11 (t, 6H, J=3Hz, CH,), 1.92-2.42 (m, 8H,
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CH,), 2.26 (s, 6H, CH,), 3.95 (q, 4H, J=3Hz, CH,), 4.16 (s, 4H, CH,),
4.77 (s, 2H, CH), 6.75 (d, 4H, J=6Hz, H,,), 7.03 (d, 4H, J=3Hz, H,),
9.01 (s, 2H, NH) ppm.; BC-NMR (75 MHz, DMSO-d,) &: 194.73,
167.36, 156.80, 154.16, 149.69, 145.19, 140.69, 138.15, 128.90, 114.09,
110.64, 107.81, 104.26, 35.39, 32.58, 29.61, 26.92, 18.72, 14.63 ppm.;
Ms: (%): 736 (6), 475 (32), 262 (100), 234 (30), 205 (56).
Diethyl-4,4’-((propane-1,3-diylbis(oxy))bis(4,1-phenylene))
bis(2,7,7-trimethyl-5-0x0-1,4,5,6,7,8-hexahydroquinoline-3-carboxyl-
ate) (7i’): IR (KBr) (v,,, cm™): 3289, 3080, 2958, 1698, 1608, 1490,
1381, 1218.; *H-NMR (300 MHz, DMSO-d,): 8,, = 0.82 (s, 6H, CH),
0.98 (s, 6H, CH,), 1.11 (t, 6H, CH,), 1.92-2.42 (m, 13H, CH,, CH,),
3.91-4.01 (m, 8H, CH,), 4.76 (s, 2H, CH), 6.73 (d, 4H, J=9Hz, H,),
7.01(d, 4H, J=9Hz, H ), 9.00 (s, 2H, NH) ppm.; *C-NMR (75 MHz,
DMSO-dg) 8: 194.72, 167.37, 156.98, 149.66, 145.12, 140.53, 128.88,
114.07, 110.66, 104.32, 64.47, 59.44, 50.72, 35.38, 32.59, 29.60, 29.22,
26.95, 18.73, 14.63 ppm.; Ms: (%): 750 (4), 489 (24), 262 (100), 234
(28), 205 (24).
Diethyl4,4’-((propane-1,3-diylbis(oxy))bis(2,1-phenylene))
bis(2,7,7-trimethyl-5-0x0-1,4,5,6,7,8-hexahydroquinoline-3-carboxyl-
ate) (7j°): IR (KBr) (v,,, cm™): 3275, 3203, 3078, 2959, 1695, 1607,
1280, 1217.; *H-NMR (300 MHz, DMSO-dG): SH =0.75 (d, 7H, CH3),

0.95 (s, 6H, CH,), 1.04 (t, 6H, J=3Hz, CH,), 1.84-2.24 (m, 13H, CH,,
CH,), 3.91-4.01 (m, 8H, CH,), 5.06 (s, 2H, CH), 6.71-7.15 (m, 9H, H,,),
9.04 (d, 2H, J=9Hz, NH) ppm.; Ms: (%): 750 (5), 489 (22), 262 (100),
234 (47), 188 (31).

To prove the benefits of prepared hybrid magnetic nanocatalyst, we
have compared its efficiency with other reported catalysts for synthesis
of 3,4-dihydropyrimidin-2-one and 1,4-dihydropyridine derivatives in
literature (Table 5). The presented data indicates the AlFeO;@SiO,@
SO3H is a suitable and an efficient comparable hybrid catalyst for the
synthesis of desired 3,4-dihydropyrimidin-2-one and 1,4-dihydropyri-
dine derivatives.

3.3. Recovery and reusability of AIFeO,@SiO,@SO,H in model
reaction

The recovery and reusability of the catalysts are very important for

Table 5.

Comparison of AlIFeOz@SiO2@SO0sH with other catalysts in the synthesis of 3,4-dihydropy-

rimidin-2-onea and 1,4-dihydropyridineb derivatives.

Table 5.
Time  Yield®
Entry  Product Catalyst Conditions i [Ref]
(min) (%)
[[Zn, (BNO2-1P),(L),]
| f
1 (H0)], so ‘ég”fcree' 10 94 [46]
(ADES-1)
2 WCHA-TG30 Solvent free, 14 0 [47]
4a 130 °C
3 Chiorof n Solvent free,
oroferrate
120 °C 120 98 [48]
Solvent free, .
4 AlFeO @SI0 @SOH i g s
8 2 3 100 °C work
BNPs@SiO2(CHz):@ EtOH,
° NH-SOsH Reflux % % 4]
Solvent-free
6 72’ LAIL@MNP Sonication, 45 89 [50]
80°C
Solvent free, .
7 AlFeO @SI0 @SOH o g5 This
3 2 3 100 °C work

# Benzaldehyde, ethyl acetoacetate, urea, and AlFeO, @SiO, @SO,H nanocatalyst
b 4-Chlorobenzaldehyde, ethyl acetoacetate, dimedone, ammonium acetate, and the

AlFeO,@SiO,@S0,H nanocatalyst.
¢ Isolated yield.

commercial and industrial applications as well as green process aspects.
Therefore, in this paper, the catalyst recyclability in model reaction for
DHPs and DHPMs under the optimized reaction conditions were inves-
tigated. After completion of each reaction, the resulting solidified mix-
ture was diluted with hot EtOH (15 mL). Then, the catalyst was easily
separated, washed with hot EtOH, dried under vacuum, and reused in
a subsequent reaction. Nearly, quantitative recovery of catalyst (up to
97%) could be obtained from each run. The recovered catalyst could
be reused up to 5 cycles for synthesis of DHPs and DHPMs without
any significant loss of activity (Figure 7). As seen, the FT-IR spectrum
(Figure 7B), and XRD patterns (Figure 7C) of the catalyst after five runs
confirmed its structure stability, integrity, and morphology.

4. Conclusions

An innovative and effective sulfonic acid-decorated aluminium fer-
rite (AIFeO,@Si0,@S0O,H) nanostructure was fabricated and charac-
terized. The prepared perovskite-based hybrid nanostructure indicated
good catalytic activity in the synthesis of several mono/bis dihydropy-
rimidin-2-one and 1,4-dihydropyridine derivatives using Biginelli and
Hantzsch MCRs. Besides, the AlFeO,@SiO,@SO,H could be reused
for five runs without a significant decrease in its catalytic activity. High
isolated yield of pure products, good thermal and chemical stability of
hybrid nanocatalyst, easy work-up procedure, reusability of the catalyst
and green reaction condition are the remarkable advantages of this pro-
tocol. The results revealed the performance of AlFeO,@SiO,@SO,H is
comparable to many reported catalysts in terms of yield, reaction time
and green condition.
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