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1. Introduction

Recently, material engineering chemistry has been stud-
ied, including the chemistry of materials with high porosity
and surface area with many rich sites for chemical interac-
tions [1, 2]. Metal-organic frameworks (MOFs), which are
formed by connecting metal clusters to organic ligands and
form a very regular 3D crystal network, are an attractive
superclass of this category [3, 4]. The wide applications
of MOFs, such as chemical sensors, drug delivery, energy
storage, absorption of chemical pollutants, etc., have caused
a lot of attention to be paid to this category of porous com-
pounds in the last decade [5, 6]. In addition to the mentioned
features, MOFs have high design capabilities, which makes
them special and unique [7]. In recent years, increasing the
stability of MOFs has been of great interest. An attractive
perspective for this is the integration of MOFs with metal-
lic nanoparticles (NPs) [8]. Magnetic iron nanoparticles
(Fe304) are an amazing class of metallic nanoparticles, and
for that reason, they have a high fraction of active atoms
and a high surface-to-volume ratio [9]. Due to these charac-
teristics, the integration of Fe3O4 and MOFs has been able
to create compounds with interesting properties. Magnetic
metal-organic frameworks (MMOFs) have wide applica-

tions in various fields such as drug delivery, catalyst, photo-
catalyst, separation, positioning, and absorption of chemical
compounds [10, 11] (Scheme 1). Considering the above
topics, as an attractive research future can be imagined for
this class of porous magnetic compounds.

Scheme 1. Different applications of magnetic metal-organic frameworks
(MMOFs).
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MMOFs are widely used as catalysts in chemical reactions
[12]. One of the unique features of MMOFs is their high
catalytic power, easy separation, and reuse, which has led
to the widespread use of these materials as catalysts in
chemical reactions [13]. It can be said that the high cat-
alytic power of MMOFs is due to the synergistic properties
of MOFs and Fe304 particles. MMOFs as catalysts have
been shown to play an effective role in various chemical
reactions such as click reaction, coupling, cycloaddition,
multi-component, oxidation, photocatalyst, reduction, and
Strecker reaction [14-23] (Scheme 2). Carrying out the
reaction under green conditions in accordance with the prin-
ciples of green chemistry, high efficiency of the synthesized
products, selectivity in the reaction path, reducing the pro-
duction of side products, the ability to reuse the catalyst,
and the ability to separate the catalyst properly are among
the advantages of using MMOFs as a catalyst in the various
chemical reactions.

Abstract:

(A) Paul et al. prepared benzopyranopyrimidine derivatives
by using an A3-coupling reaction. In this research, first
CuBTC-Fe304-PDA was prepared, and then Ag nanoparti-
cles were placed on magnetic metal-organic frameworks
(MMOF) above. Among the advantages of the research is
the high catalytic power of Ag@CuBTC-Fe3;04-PDA to
carry out the above reaction, which is attributed to the syn-
ergistic effects of Fe304, CuBTC, and Ag nanoparticles.
Also, the high surface area of CuBTC and the uniform
distribution of Ag nanoparticles are the major reasons for
the high catalytic power of the desired MMOF [14].
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Scheme 2. Application of magnetic metal-organic frameworks (MMOFs)
in different reactions.
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(B) In research conducted in 2021, the cycloaddition re-
action of CO, with epoxides has been carried out under
solvent-free conditions and 110°C. In carrying out this
reaction, IL/Fe304@HKUST-1 is used as a magnetic cat-
alyst linked with ionic liquids (IL). The ability to recy-
cle and easy separation of the catalyst from the reaction
medium, the easy method of carrying out the reaction, and
the high stability of the catalyst are advantages of the re-
ported methodology [15].

IL/Fe;0,@HKUST-1

0
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120°C
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(C) In 2021, Shiri et al. have been prepared magnetic
iron nanoparticles (Fe3O4) for synthesizing a magnetic
metal-organic framework based on copper using H3;BTC
and Cu(OAc);. The prepared Fe304@HKUST-1 is used
for the synthesis of 1,2,3-Triazole derivatives under the
click reaction. The desired reaction has been carried out
in refluxing H>O and for 90 to 180 minutes. The high
efficiency of the products (80-95 %), the short reaction
time, and the use of green water as a solvent are among the
attractive features of the above reaction [16].

Fc504@HKUST 1
,‘ Refluxing H,O N=N = _X"
R-X & N2y
X=Cl, Br, I g Y,

NaN;  X'=H, 4-Cl, 4-NO,, 4-Br, 3-NO,
X"= H, 4-Me, 4-Br, 4-OMe, 4-t-Bu
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(D) In 2023, Zolfigol et al have synthesized a nano-
magnetic metal-organic framework (Fe3O4 @ MIL-53(Al)-
N(CH,PO3),). The above catalyst is used in the synthe-
sis of nicotinonitrile derivatives under solvent-free con-
ditions. Among the advantages of the used catalyst, it
can be mentioned that it has a suitable separation capa-
bility and high chemical and thermal stability. It should
be noted that Fe304 @MIL-53(Al)-N(CH;PO3), includes
high-efficiency (68-90 %) products due to the stated fea-
tures. Also, the short reaction time and the recycling ability
of the catalyst are among the major features of the above
research work [17].
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(E) In a 2021 report, Zolfigol et al. have prepared
Fe3;04@Co(BDC)-NH, using magnetic iron nanoparti-
cles (Fe304), 2-Aminoterephthalic acid (BDC-NH3), and
Co(NO3),-6H,0. The above catalyst is used as a mag-
netic metal-organic framework (MMOFs) in the prepara-
tion of pyridines and 1,4-dihydropyridines with pyrazole
and pyrimidine moieties. Examining the reaction mecha-
nism shows that the synthesized products followed the co-
operative vinylogous anomeric-based oxidation (CVABO)
mechanism. The features of the above research work in-
clude the ability to easily separate the catalyst from the
reaction medium, reuse of the catalyst, high reaction effi-
ciency, and short reaction time [18].

NH,

T N-R,
N R,=H, Ph
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Fe;0,@Co(BDC)-NH,

DMF (5mL),
Ultrasonic irradiation

(F) In another report, MOFs based on chromium metal
have been prepared and then functionalized with phos-
phorous acid groups (MIL-101(Cr)-N(CH,PO3),). In this
research work, in order to increase the stability and sep-
aration capability, the above-mentioned MOFs are inte-
grated with magnetic nanostructures (Fe304). The pre-
pared nano-magnetic metal-organic framework has been
used in a multicomponent reaction for the preparation
of pyrazolo[3,4-b]pyridines at 100 °C under solvent-free
conditions. The data from the above report shows that
Fe3;04@MIL-101(Cr)-N(CH,PO3); has a higher catalytic
power compared to other organic and inorganic catalysts,
and it also causes the reaction to be carried out in a shorter
time [19].

(G) Oxidation of alcohols to carbonyl compounds is an
attractive branch in organic chemistry reactions. Choosing
the right conditions and an efficient catalyst for the selec-
tive oxidation of alcohols is a challenge. In a research work
in 2020, using Fe304/CuBDC/GO prepared from the inte-
gration of Fe304/CuBDC on graphene oxide (GO) sheets,
the primary and secondary alcohols have been converted
to aldehydes and ketones, respectively. This reaction is
carried out under mild reaction conditions and ambient
temperature with a high yield of desired products. The
reusability and easy separation of the catalyst from the re-
action medium are other features mentioned in the reported
methodology [20].

Fe;0,/CuBDC/GO e

10 mg
TEMPO, 0.07 mmol

0, 1 atm, CH5CN 4 mL,
r.t, 8 h
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(H) Chemical pollutants have adverse effects on the envi-
ronment. Nowadays, the removal of chemical pollutants
has become a very interesting research topic. In 2023,
Cheng et al. destroyed aflatoxin B1, patulin, and zear-
alenone. La-ZnFe,O4@Fe3;04@carbon under UV light
irradiation has been used to destroy the above pollutants.
The results of the mentioned work showed that pollutant
aflatoxin B1, patulin, and zearalenone are destroyed with
high efficiency (98 %, 97 %, and 98 %, respectively). Also,
electron spin resonance analysis in this research showed
that °OH and °O; are the radicals that cause destruction
[21].
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(I) In another report, Jang et al. have reduced nitro groups
to their corresponding amine groups. In this work, a wide
range of aromatic rings with electron-withdrawing and do-
nating groups have been reduced to amines with excellent
efficiency (93-98 %). The MR-MoS,-Ni, prepared by plac-
ing the NiFe,O4 nanocatalyst on molybdenum disulfide
(MoS,), has been used as a catalyst in the reduction of nitro
groups. The investigation shows that the above-mentioned
nanocatalyst is able to perform a high-performance reduc-
tion reaction of nitro groups to amine groups under mild
conditions. The reusability and easy separation of the cat-
alyst from the reaction medium and the high efficiency
of the synthesized products are attractive features of the
mentioned methodology [22].

NO
AN 2 MR-MoS,-Ni N
P [

75\_

I
H,0, RT I <

R=H, 4-NH,, 2-NH,, 4-Br,
4-Cl, 4-Me, 2-Me, NHCOCH;

(J) In another study conducted by Movahedi et al. in 2018,
Fe304/MIL-101(Fe) nanocomposite have been prepared
as a magnetic metal-organic framework (MMOFs). These
nanocomposites have been used as catalysts in the Strecker
reaction, and a wide range of ¢t-amino nitrile derivatives
are synthesized through the three-component condensation
of aldehydes (ketones), amines, and trimethylsilyl cyanide.
In this study, the ability to recycle and reuse the catalyst
is considered an important feature of the reported catalyst
[23].

o Fe;0,/MIL-101(Fe) Nk
)LR, + R"—NH, + TMSCN

R EtOH, rt R R CN

R,R and R"= Aliphatic and Aromatic groups
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