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ABSTRACT: Among the most well-known MCRs is the Hantzsch reaction, which can synthesis 1,4-
dihydropyridines (1,4-DHPs) with important biological and medicinal properties. Organic
transformations, including the Hantzsch 1,4-dihydropyridine cycle, have been successfully promoted
by magnetic catalysts in recent years. With the use of magnetic catalysts in water solution and at low
temperatures, the production of 1,4-DHP and aromatization of these compounds can be carried out
successfully. The purpose of this review is to highlight recent developments in the synthesis and
aromatization of Hantzsch 1,4-DHPs using Fes0,@Phen@Cu as a green approach. An SEM and FT-IR
analysis were conducted on the catalyst to identify it. Nanoparticles are between 20 and 60 nanometers
in size, according to the results. An environmentally friendly catalyst that is easily separated from the
test environment by a magnet, this catalyst can be reused five times.

H,0, 60°C, 30 min

KEYWORDS: Hantzsch, 1,4-dihydropyridines, Magnetic Catalysts Fes04@Phen@cCu.

H Introduction

Specific multicomponent reactions occur when raw materials are combined in a way that creates the
desired product [1]. Strecker introduced the multi-reaction in 1850, combining the best tools and
economic tools for synthesis [2]. There are a number of reasons why these reactions have high yields,
short reaction times, few by-products, and no need for separation and purification of intermediates, as
well as high selectivity[3]. In the field of increasing structural diversity and molecular complexity using a
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simple process, multicomponent reactions are one of the most successful methods [4]. Since this method
is a developing method for the preparation of medicinal compounds, it allows a wide range of chemical
compounds to be developed with a wider structural diversity; as a result, these reactions have altered the
synthesis of all-natural products fundamentally; in recent decades, it has expanded rapidly [5]. Although
a lot of new three- and four-component reactions have been developed, fewer studies have been
conducted on "higher order" reactions with five or more components. In industries and universities, the
investigation of the use of these reactions for the preparation of "pharmaceutical small molecules" has
increased as the advantages of "biologically active molecules" have increased [6]. Compared to other
methods, this method uses raw materials that are readily available, is low-cost, uses a simple work
method, produces a wide range of products, contains a wide variety of steps, and is easy to automate.
This review aims to describe the developments made in this field in recent years, to identify challenges,
and to suggest ways for progress [7]. Pharmaceutical and biological applications of 1.4-Dihydropyridines
have become increasingly important. Many natural products and drugs contain dihydropyridine
derivatives, including 1.4-dihydropyridines. A six-membered ring containing a nitrogen atom at position 1
and a saturated atom at position 4 is called dihydropyridine [8]. Compounds like this act as calcium
channel blockers or as anti-tumor agents [9]. This heterocyclic compound also has antihypertensive, anti-
inflammatory, and analgesic properties [10]. Other biological activities of 1,4-dihydropyridine include
anticonvulsant and cardiac depressant effects. 1,4-dihydropyridine has been found to have antiplatelet
activity, as well as being used as a chemical agent to treat cancer and Alzheimer's disease in recent studies
[11]. For the synthesis of 1,4-dihydropyridine, different methods have been proposed by different
scientists [12]. By refluxing ethanol and aldehyde-acetoester with ammonia or ammonium salt, Hantzsch
reported the synthesis of 4,1-dihydropyridine [13]. This was immediately followed by a one-pot synthesis
of 1,4-dihydropyridine with three components (aldehyde, ethyl acetoacetate, and ammonia), which
showed good results after refluxing with methanol [14].

Generally, this method produces a low yield of product and involves harsh reaction conditions. Hantzsch
reaction has been improved with the help of alternative catalysts and greener methods by using a number
of new and more efficient methods [15]. There are, however, a number of problems associated with these
methods, including their slow reaction times, the use of toxic solvents, their low efficiency, their toxicity,
and their inability to recycle or reuse their catalysts [16]. It is therefore imperative to find a catalyst that
is cheaper, more reusable, easier to operate, more biocompatible, and more select in order to synthesize
1,4-dihydropyridine derivatives [17]. Environmentally friendly synthetic methods have been developed
recently to make various desired molecules in one pot [18]. A green process uses efficient, cheap,
biodegradable, and non-toxic catalysts, non-toxic agents, and non-toxic chemicals [19]. The ignition
process is similar to water, ionic liquids, and solvent-free reactions [20]. Towards this goal, the use of
polymeric catalysts has been highlighted for their low price, high efficiency, easy extraction, and
recyclability [21].

Among these catalysts, phenanthroline attached to Fes0, NPs has been reported as a cheap, non-
corrosive, non-volatile, and recyclable acid catalyst for the synthesis of some heterocycle molecules. Here,
as part of the research program to develop efficient methods for the preparation of heterocyclic
compounds, a green, easy and suitable one-pot method for the synthesis of 1,4-dihydropyridine
derivatives through the reaction of ammonium acetate with various aromatic aldehydes and ethyl acetate
in the presence Fe;0.@Phen@Cu has been reported as a biodegradable and efficient catalyst in water
solvent.
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Results and Discussion

In order to prepare 1,4-dihydropyridines, CuCl, was synthesized on Fe3Os magnetic nanoparticles
supported by 1,10-phenanthroline-5,6-diol. Fe30.@Phen@Cu nanocatalysts were fabricated through an
experimental method, as depicted in Scheme 1. The Fe;0,@Phen@Cu catalyst was formed by reacting
phenanthroline with CuCl, after immobilization on magnetic nanoparticles. Fe;0s@Phen@Cu
nanocomposites were identified using SEM and FTIR techniques.
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Scheme 1. Experimental details of the fabrication of Fe;0,@Phen@Cu nanocatalyst.

FT-IR spectroscopy

As shown in Figure 1, the FT-IR spectroscopy of Fes0,@Phen@Cu nanocatalyst shows good agreement
with the optical data. Based on the spectrum of Fes0,@Phen@Cu nanocatalyst, the stretching vibrations
of Fe-O can be seen at 570 cm™!, whereas the stretching vibrations of OH can be observed at 3400 cm™. It
is clear that a complex with the Cu salt has formed at 1620 cm™ as a result of the C-N stretching vibrations.
Based on the FTIR spectrum, the magnetic iron nanoparticle is functionalized to a certain extent.
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Figure 1. FT-IR spectroscopy of Fes0,@Phen@Cu nanocatalyst.
SEM analysis

The morphological characteristics of the prepared materials were determined by FE-SEM observations.
The SEM image of Fes0,@Phen@Cu nanocatalyst is shown in Figure 2. Figure 2 shows that
Fes0.@Phen@Cu nanocatalyst have a spherical shape with an average particle size of 40 nm.

SEM MAG: 330 kx Det: InBeam 11 |11

WD: 4.97 mm BI: 7.00 100 nm
View field: 0.629 ym Date(m/d/y): 03/03/22

Figure 2. SEM image of Fe3;0,@Phen@Cu nanocatalyst.
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To investigate the Cu content, ICP analysis was used to evaluate the structure of the nanocatalyst;
subsequently, Cuimmobilized on Fes04 nanoparticles was found to be 17.20x 10° mmol.g™*.

At the beginning of the research, in order to evaluate the catalytic activity of Fe;0,@Phen@Cu and
determine the optimal reaction conditions for the synthesis of 1,4-dihydropyridine derivatives, a one-pot
reaction of benzaldehyde (1 mmol) with ethyl acetoacetate (2 mmol) and ammonium acetate ( 1.2 mmol)
was carried out in the presence of a catalytic amount (10 mg) in PEG solvent at 60 °C. After 2 h, 44% of
the desired product 3a was obtained (Table 1, entry 1). Then, the effect of the amount of catalyst on the
reaction speed and also the efficiency of the products was investigated (Table 1, entries 2-5). It was
observed that the amount of 25 mg Fes0,@Phen@Cu is more effective for the reaction than other
amounts. When the reaction was carried out in the absence of a catalyst, the results showed that the
product 1,4-dihydropyridine 3a only with a yield of 21% after 24 hour was obtained (Table 1, entry 6). In
order to achieve optimal conditions for the synthesis of compound 3a, the same reaction was investigated
in different organic solvents under the same conditions. The results showed that the conditions in water
solvent are superior and more efficient than other organic solvents. , according to the desired 1,4-
dihydropyridine production efficiency (Table 1, entries 7-11). In the next step, we investigated the effect
of temperature on the reaction performance. The results showed that increasing the temperature above
60°C neither improves the performance nor reduces the reaction time. While the decrease in temperature
will lead to a decrease in yield (Table 1, entries 12-15).

Table 1. Optimization parameters for the MCRs reaction in the presence of Fe304@Phen@Cu
nanocatalyst

0 o]
(0] (0]
N H
R—E P . MOEt Fe;0,@Phen@Cu ‘Eto ] OEt
Solvent H
NH,OAc
3a
Entry Catalyst Temperature Solvent Time (min) Yield (%) @
(mg) c) (Tem °C)
1 10 60 PEG 180 44
2 15 60 H,O 30 62
3 20 60 H.O 30 85
4 20 60 PEG 30 69
5 25 60 PEG 30 90
6 -- 60 H.O 60 21
7 25 60 DMF 30 70
8 25 60 EtOH 30 62
9 25 60 DMSO 30 49
10 25 60 H,O 30 98
11 25 rt THF 30 56
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12 25 40
13 25 80
14 25 100
15 25 120

H.0
H.0
H.0
H.0

30 60
30 75
30 67
30 81

In summary, the optimal conditions for the Hantzsch reaction were a combination of 25 mg of
Fes04@Phen@Cu, 1 mmol of benzaldehyde with 2 mmol of ethyl acetoacetate and 1.2 mmol of
ammonium acetate in a water solvent at a temperature of 60 °C (Table 1, entry 10). After optimizing the
reaction conditions, to prove reproducibility, this method was investigated using ethyl acetoacetate,
various aromatic aldehydes, and ammonium acetate in the presence of Fes0.@Phen@Cu. Under these
conditions, various 1,4-dihydropyridine derivatives were synthesized under optimal reaction conditions
(Table 2). As shown in Table 2, the reaction of various aromatic aldehydes with electron-donating or
electron-withdrawing substitutions with -B-ketostere and ammonium acetate in the presence of the
amount of catalysis produced the corresponding products (86-97%) in a short time. he does. This method
is very simple and convenient, and it has the ability to tolerate a variety of other functional groups
including halogens, methyl, nitro, and methoxy in the reaction conditions.

Table 2. Synthesis of 1,4-dihydropyridine derivatives using Fe;0.@Phen@Cu as a catalyst.

o (0]

R—: + MOEt Fe;0,@Phen@Cu (25 mg) EtO

H,0, 60°C, 30 min

NH,OAc

(o]

EtO | | OEt

EtO |

3a (96%)

257

Me

|
N

3b (97%)

.

9 Examples
86-97%

3¢ (91%)
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NO,
(o)
EtO | | OEt

N

3d (89%)

MeO.
(0]
EtO | | OEt
N
3g (92%)

Cl
(o)
EtO | | OEt
N
3e (87%)
F
O
EtO | | OEt
N
3h (86%)

NO,

o

EtO | | OEt

N

3f (90%)

3i (88%)

Scheme 2 shows the proposed mechanism for the formation of 1,4-dihydropyridine derivatives using
catalyst Fes0,@Phen@Cu. First, ammonium acetate is converted into ammonia and acetic acid. Then,
ammonia as a base attacks ethyl acetoacetate and creates intermediate A, in the second step, the increase
of nucleophilicity of intermediate A to the aromatic carbonyl aldehyde group, which is activated by the
catalyst, is carried out and with the loss of a water molecule during the Knoevenagel reaction B is
produced. Then, intermediate B together with intermediate C formed by the nucleophilic attack of
ammonia on the second equivalent of ethyl acetoacetate activated by the catalyst, during Michael
addition, causes the formation of intermediate D. Finally, the intramolecular cyclization of enamine D is
formed by increasing the nucleophilicity of enamine to the carbonyl group activated by the catalyst,

causing the ring to be closed and by removing the water produced by a3.
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Scheme 2 .Proposed mechanism for the preparation of products 3a-i.

When choosing heterogeneous catalysts for industrial applications, it is important to consider their
recyclability. To separate the catalyst from the reaction mixture, each cycle was followed by a
measurement of product yield. Two times it was reused after being cleaned several times in ethanol and
dried in an oven under vacuum. Figure 3 shows that the catalyst could be reused for five successive
catalytic cycles without significantly reducing its activity and yield. According to the obtained results, the
catalyst will remain durable for a long period of time.
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Figure 3. Reusability of Fes0,@Phen@Cu catalyst in the synthesis of product 3a.
Il Conclusion

Fes0.@Phen@Cu was successfully used as an environmentally friendly and efficient catalysis for the
synthesis of 1,4-dihydropyridine derivatives by Hanch condensation reaction, and also using aqueous
solvent in the reaction medium. The significant advantages of this method are high yield of products, short
reaction time, economic efficiency of the catalyst, accessibility of the catalyst, simplicity of preparation of
the catalyst and separation of the product. Also, preparation of 1,4-dihydropyridines in water solvent is
an environmentally friendly method.

M Experimental

The raw materials used for the reactions were purchased and used from Merck and Floka companies with
high purity percentage. The melting temperature of the product was measured using the Electrothermal
9200 device in the capillary tube. All infrared spectra were recorded in a Shimadzu-470
spectrophotometer. Proton nuclear magnetic resonance spectra of the products were recorded by Bruker
DRX-400 Advance in deuterium chloroform solvent. The products were identified by 1HNMR spectral
information, FT-IR, and their melting point and by comparing with the reported data.

General method of Synthesis of 1,4-dihydropyridine Derivatives

Fes0,@Phen@Cu catalyst (0.05 mmol, 25 mg) was added to a mixture of 1 mmol aldehyde, 2 mmol ethyl
acetoacetate and 1.2 mmol ammonium acetate. The mixture was stirred at 60°C for the necessary time.
After the end of the reaction, which was controlled by thin layer chromatography, the reaction mixture
was cooled, then 20 ml of dilute sodium bicarbonate solution was added and the reaction mixture was
extracted with ethyl acetate (5 x 3 ml). The obtained organic phase was dried with Na,SO,. The obtained
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solution was placed in a vacuum. After evaporation of the solvent, the nebulization method in ethanol
was used to further purify the product.

Supporting Information

diethyl 2,6-dimethyl-4-(4-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylate (3d): Yield: 89%, M.P:132-
134°C. 'H NMR (400 MHz, CDCls): § 7.53 (d, J = 8.6 Hz, 2H), 7.41 (d, J = 8.3 Hz, 2H), 5.98 (s, 1H), 5.05 (s,
1H), 4.14 — 4.05 (m, 4H), 2.35 (s, 6H), 1.22 (t, J = 7.2 Hz, 6H); 13C NMR (100 MHz, CDCI3): § 167.1, 153.1,
144.7,132.8,128.9, 119.3, 109.6, 103.1, 59.9, 40.2, 19.5, 14.2.

diethyl 4-(2-fluorophenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate (3i): VYield: 88%,
M.P:150-152°C. *H NMR (400 MHz, CDCl3): § 7.40 (dd, J = 7.7, 1.7 Hz, 1H), 7.25 (d, J = 7.1, 1.2 Hz, 1H), 7.15
(td, )= 7.5, 1.3 Hz, 1H), 7.06 (td, J = 7.6, 1.7 Hz, 1H), 5.75 (s, 1H), 5.41 (s, 1H), 4.10 (qd, J = 7.1, 1.5 Hz, 4H),
2.32 (s, 6H), 1.22 (t, ) = 7.1 Hz, 6H); *C NMR (100 MHz, CDCl3): 6 167.7, 145.6, 143.9, 132.4, 131.6, 129.3,
127.3,126.7,103.8, 59.8, 37.5, 19.6, 14.3.
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