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4. Nanohybrid FeO, catalysts directly bounded in the absence of silica

4.1.Hybrid Pd- FesOs nanoparticles for various GC coupling reactions

5.Conclusion

1. Introduction

t the present time, magnetic catalysts

attract enormous interest [1-5] and

have anextensive variety of potential

uses due to their high surface area,

biocompatibility, and unique magnetic
properties [6z10]. Furthermore, magnetic
nanoparticles separated simply by applying the
magnetic interaction using a magnetic fieldJ1-
14].

In the family of nanomagnetic materials,
magnetite FeOs exhibits excellent application
such as magnetic bieseparations [15], drug
delivery [16, 17], magnetic resonance imaging
(MRI) [18], hyperthermia treatment of cancer
cells [19, 20], and catalysts P1, 22]. Thus, we

investigate the existence and prepration of some
types of FeO4 nanoparticles and their hybrids as
catalysts in this study.

2. Various types of &, nanohybrid catalysts

Most Schemes for irorbased nanoparticles
recovery is the result of the magnetic particle
(Fe, FeOs, FeQs, etc.) as a support which is
announcer to a different catalytically active
metal [23]. Catalyst training is performed when
the second metal 24-26] or organo catalyst R7,
28] is anchored va a linker to the nanoparticle
directly or instead of a protective polymer P9,
30] or silica coating B1, 32]. As depicted in
Figure 1, some clusters have devolved a series
of magnetic nanoparticles as beneficial catalysts
in organic transformations.
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Figure 1. Various types of magnetically nanoparticles

3. Nanohybrid FegO, catalysts having silica as
protective coating

Some types of nanohybrid Fg, catalysts
having silica as protective coating 1-7) are
displayed in theFigure 2.
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Figure 2. Typical nanohybrid FeOs catalysts having silica coating

Fe:O,@SiQ nanoparticles (1) were prepared
according to Scheme 1 procedure by Huet al.
[33] using the chemical ceprecipitation method.

In this procedure, FeGBH.O and FeGHEH,.O
were dissolved in aqueous HCI. Then, aqueous
NaOH was addedunder vigorous stirring to
produce black precipitate instantly [34].
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NH,

Scheme 1 Synthetic steps of preparing FEO«@ SiQ nanoparticles (1) [34]

The synthetic method for preparing the
Fes04/SiO2-PropylPip-SQH magnetic
nanoparticles (MNPs) is shown inScheme 2
[35]. In the procedure, silica was coated on E@,
MNPs, then condensation of hydroxyl groups of
MSNPs with (3chloropropyl) trimethoxysilane
(CPTMS) vyielded FegOu/SiO2-Propyl-Cl MNPs.
Subsquently, the reaction of the chloro groups

OH

of Fe;0/SiO2-Propyl-Cl with the amine group of
piperazine gained FeO./SiOz-supported
piperazine (FesOs/SiO2-Propyl-Pip). At the last
step, FeQu/SiO2-Propyl-Pip was condensed with
chlorosulfonic acid which produced N-
propylpiperazine sulfonic acid-functionalized
FesO: magnetic nanoparticles (FeOs/SiO2-
Propyl-Pip-SQH).
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Scheme 2 Preparation of FeOu/SiO,-Propyl-Pip-SQH magnetic nanoparticles (2) 85]

In this protocol, for surface modification,
magnetic nanoparticles were covered with

and chlorosulphuric acid vyielded S&MNPs
(sulphamic acidfunctionalized magretic FeOs

APTES to achieve aminofunctionalized magnetic nanoparticles) (Scheme 3) [36].

nanoparticles. Finally, reaction of amino groups
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Scheme 3 Preparation of SAMNPs (sulphamic acid functionalized magnetic &4 nanoparticles) [36]

In addition, the prepration of some other 3.1 Nanohybrid FegD, catalysts supported
magnetic nanoparticles was found to have silica heteropolyacids

as protective coating in the reported articles

such as FeO:@SiIQ-SQH [37], FeOs Some types of nanohybrid Fg, catalysts
@SIQ@LCy B8], Fes0s/SiOs-urea [39], MNPs  having silica supported heteropolyacids 8-10)
Guanidine §0], and etc. are indicated in theFigure 3.

NH; 3.
L Hio[NaPsW30040]

Fe;0,@Si0,-imid-PMA™ Fe;0,@Si-Gu-Prs
10 8

Figure 3. Typical nanohybrid FeQu catalysts having silica supported heteropolyacids

FesO:@SiQ-imid-HsPMo12Os  nanoparticles  imidazole in p-xylene to prepare FeO.@SiQ-
(10) were produced from immobilization of imid. Then, FeO:@SiQ-imid was added to an
phosphomolybdic acid nanoparticles on acetonitrile solution of PMA . Likewise, the
imidazole functionalized FeO:@SiQ [41]. In  similar process was used for the synthesis of
this procedure, FeO:@SiQ was added to the FeO@SiQ-imid-PMA (PMAn = nano
solution of 3-chlorotriethoxypropylsilane and  HzsPM012040, PMA= HsPM012040) (Scheme 4).
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Scheme 4. Synthetic steps of FEO:@ SiQ-imid -PMAP

Furthermore, the prepration of some other SiIG@MNPSs) is demonstrated irScheme5. The
magnetic nanoparticles was found to have silica coresponding ionic liquid [HSQPMIM]OTf was
supported heteropolyacids reported in articles produced by treatment of Imethyl-3H-
such as FeO@SiGuPrs (8) [42], TSAMNP imidazole with 1,3-propanesultone, followed by
catalyst (9) [43], and etc. treatment with HOTf. Finally, the silica coated

magnetite nanoparticles was treated with
3. 2 Nanohybrid F€, catalysts supported ionic [HSQPMIM]JOTf in  dichloromethane by
liquids sonication to produce [HSGPMIM]OTE
SIOQ@MNPs §4].

The synthetic procedure of acidic IL supported

on magnetic nanoparticles ([HOSQ’MIM]OTF
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Imidazole functionalized magnetic FeOs, led to product 1 (Skim). Finally, MNPs were
nanoparticles are reported by Nazari et al.45]. coated with Siim to reach the desired
In the present study, the reaction of (3 nanoparticles (Scheme6).
chloropropyl) -trimethoxysilane with imidazole
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Scheme 6. Preparation of imidazole functionalized magnetic nanoparticles45]

After preparing FesOs-MNPs, tmethyl-3-(3-
trimethoxysilylpropyl) imidazolium chloride
(llL-Cl) was attained from the reaction ofN-
methyl imidazole with  (3-chloropropyl)
trimethoxysilane. Then, the immobilized
chloride IL on MNPs (MNRIILzCI) and an excess

obtained as a powder. In this procedure, -1
methyl-3-(3-trimethoxysilylpropyl)

imidazolium hydrogen sulfate (MNPsIIL-HSQ),
1-methyl-3-(3-trimethoxysilylp ropyl)
imidazolium acetate (MNPsIIL-OAc), and 1
methyl-3-(3-trimethoxysilylpropyl)

amount of NaOAc (or KHSf) were added into imidazolium chloride (MNPsIIL-CI) were
the deionized water. As depicted in th&Scheme  prepared [46].
7, MNPsIIL-OAc and MNPSIL-HSO4 were
\ e P
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Scheme?7. Preparation steps

MNP-IIL-HSO,

of producing MNPZILs [46]

294




2022 Volume4, Issue 4

The ionic liquid 1-methyl-3-(3-
trimethoxysilylpropyl) imidazolium chloride
immobilized functionalized on FeO,
nanoparticles (IL-MNPs) was further reported
by Safari and ZarnegarThe synthetic steps are

shown in the the Scheme 8. In this protocol, N-

H3C‘N/§N . MCO\

NaOH
Ar atmospher

Journal of Chemical Reviews

methyl imidazole reacted with (3-chloropropyl)
trimethoxysilane to prepare 1-methyl-3-(3-
trimethoxysilylpropyl) imidazolium chloride
(IL). Then, IL was added to the external surface
of MNPs to attain IEMNPs B7].

MeO’Sé1 cl

Me

Refluxed at 80 °C

©
OH cl M
R
|

\—/ OMe" €
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NH,OH, 36 h
)

Scheme8. Preparation steps of Il-FesOQs nanoparticles [47]

As illustrated in the Scheme 9, IL-Ni(ll)-
functionalized magnetic FeO4; nanoparticles are

immobilized on the external surface of F¢Oy
nanoparticles to achieve IENi(ll) -MNPs as the

prepared. The IL addition to an acetonitrile desired product [48].

solution of NiCbk led to IL-Ni(ll). Then, IL-Ni(ll)

H,C. ACl _OM
3 N \Né\/\SII\OMe
(5]

NiCl,

FeCl3.6H20 + FeC124H2O

Scheme9. IL-Ni(Il) -MNPs preparation steps 48]

The FeOs@SiQ~FLU nanomagnetic catalyst
was organized as depicted in theéscheme 10.

inorganic support because of that organosilanes
can act as a linker between the organic catalyst

Edvidently, iron oxide is coated by a silica layer and the support. As reported, chloride in the

to immobilize organic catalyst on the surface of
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linker was replaced bynitrogen of the triazole
via an SN reaction [49].
F P\
N
N
F AR

tO S o HO N JN
EtO O\\Si/\/\cl N=
Reflux in dry toluene O/ Reflux in DMF, 140 °C

Scheme 10. FesOs@SiQ~FLU nanomagnetic catalyst prepration 49]

3. 3 Nanohybrid F&, catalysts supported metal of compound (A) MNP, R\ SiG MNPs were
bounds added to ethyl 3,4diaminobenzoate.Then, for
synthesis of FeO:\ SiQ\ Salen Mn nanoparticles
Herein, synthesis steps of manganese (lll) salen (C), compound (A) was reacted with the solution
complex immobilized on FgOs nanoparticles of salicylaldehyde and subsequently with
reported by S.M. Sadeghzadehet al. is Mn(OAc)[50].
demonstrated in Scheme 11. For the synthesis
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Scheme 11 Synthesis steps of F#€4\ SiQ\ Salen Mn nanoparticles (0]

Another FeO, supported gold dipyridine  tetrachloroaurate(lll) hydrate attaching to a
complex nanoparticles was formed via sodium dipyridine ligand (Scheme12) [51].

Scheme12. FesOq supported gold dipyridine complex nanoparticles synthesis$1]

Cu(IN/2 -Aminobenzenthiol complex react with 2-aminobenzenethiol and
immobilized on FeO./SiO; NPs is reported to subsequently, copper acetate was added to the
catalyze synthesis of 1,2, 3riazoles. As depicted mixture in order to prepare FeO.@SiO-
in Scheme 13 and Scheme 14, FeO,@SiQ-(3- ABT/Cu(OAc) [52].
chloropropyl) trimethoxysilane was prepared to




