Journal of Medicinal and Nanomaterials Chemistry 3 (2023) 213-224

;- Journal of Medicinal and
Nanomaterials Chemistry

SPC Journal homepage: https://jmnc.samipubco.com/

Orginal Research Article

Chemoselective oxidation of sulfides to sulfoxides using a novel
Zn-DABCO functionalized Fe304 MNPs as highly effective

nanomagnetic catalyst
Elham Ezzatzadeh*

Department of Chemistry, Ardabil Branch, Islamic Azad University, Ardabil, Iran

ARTICLE INFORMATION

ABSTRACT

Received: 25 June 2023

Received in revised: 19 July 2023
Accepted: 01 August 2023
Available online: 05 August 2023
Checked for Plagiarism: YES

DOI: 10.48309/JMNC.2023.3.4

KEYWORDS

Zn-DABCO@Fes304
Green chemistry
Oxidation
Hydrogen peroxide
Lewis acid

In the present study, Zn-DABCO@Fe304 with a high surface area and readily
was synthesized. The morphology, particle size distribution, and phase
analysis of the Zn-DABCO@Fe304nanopowders were characterized using the
scanning electron microscope (SEM), transmission electron microscope
(TEM), vibrating sample magnetometer (VSM) and X-ray diffraction (XRD)
analysis. The prepared Zn-DABCO@Fe304+ nanoparticle was utilized as
efficient catalyst for selective oxidation of sulfides to sulfoxides using 30%
H20: as oxidant. The products were achieved with good to excellent yields at
room temperature with no over-oxidation of sulfoxides and disulfides to
unexpected by-products. This catalyst can be magnetically recovered by
applying an external magnet and reused for eight continuous cycles in both
oxidation reactions without a notable loss in its catalytic activity.
Furthermore, the oxidation of various sulfides was highly chemoselective,
but O,0-acetals remained intact under the described reaction conditions.
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Graphical Abstract

® Readily available starting materials

® [ow catalyst loading
® Green reaction conditions
® Broad substrate scope

® Room temperature, solvent-free

Introduction

Nano magnetic based heterogeneous
catalytic systems have a high surface-to-volume
ratio, which guarantees the catalytic system's
high activity. Also, these catalysts can be easily
separated from the reaction media by applying
a simple external magnet. These features make
nano magnetic based heterogeneous catalytic
systems as a great option for both industrial and
[1-7]. The magnetic
nanoparticles can be utilized in various organic

academic chemists
reactions such as synthesis of a-amino nitriles
[8], nucleophilic substitution reactions of
benzyl halides [9], Suzuki coupling reactions
[10], esterifications [11], knoevenagel reaction
alkynes  [13],
epoxidation of alkenes [14], CO, cycloaddition

[12], hydrogenation of

reactions [15], and
condensations [16]. In addition, MNPs were
emerged widely for various areas applications
treatment  [17],

three-component

including, waste-water

sonochemical approach [18], electrochemical
storage of hydrogen [19], magnetic resonance
imaging [20], drug delivery [21], biology and
medical applications [22], and magnetic fluids
[23].

The selective oxidation of sulfides into the
corresponding sulfoxides has taken up an
outstanding part in modern synthetic organic
chemistry [24]. Organic sulfoxides play an
essential role in synthesizing chemically useful
and biologically active compounds, including
drugs, flavours, germicides, and catabolism
regulators [25]. In
procedures have been reported for the
oxidation of sulfides to sulfoxides such as
H,0,/Mn(1II) [26], amberlyst 15/H.0, [27],
vanadium(IV) complexes of dibromo- and
diiodo-functionalized chiral Schiff bases [28],
NBS/b-cyclodextrine [29],
tungstate/H»0; [30], Organic-Inorganic
Polyoxometalate-Based = Frameworks [31],

recent years, some

silica-based
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MNPs-supported acidic catalysts [32], SBA-15
Based Tungstate/H;0, [33], Cu Salen-
Fe304/H202 [34], pre-formed manganese
complex/H,0; [35], y-Fe20:@HAp-Ag NPs [36],
molybdate-based catalyst/ H.0, [37], and
metalloporphyrins immobilized into
montmorillonite/H,0, [38]. Unfortunately,
some methods based on sulfides' oxidation
require hazardous and toxic reagents or include

over-oxidation of sulfides and thiols to

progress in eco-friendly selective oxidation of
sulfides to sulfoxides using less poisonous
catalysts, oxidants, and solvents is still needed.

In this work, Zn-DABCO@Fe30s was
synthesized (Scheme 1). The prepared Zn-
DABCO@Fe30s nanoparticles were fully
characterized using various physicochemical
methods and successfully used for selective
oxidation of sulfides to sulfoxides at room
temperature (Scheme 2).
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Scheme 1. The synthesis of Zn-DABCO@Fe304 MNPs

R;/7OR,

o)
7 (0}

S Zn-DABCO@Fe;0, MNPs S

HzOz (05 ml), 1.t -

Scheme 2. Zn-DABCO@Fe304 MNPs catalyzed oxidation of sulfides to sulfoxides at room

temperature
Experimental
Materials and methods

All reagents and used materials were
purchased from the Sigma-Aldrich and Merck,
and were utilized any additional purification.
Products were separated and purified by

different chromatographic techniques and were
identified by the comparison of their IR, NMR,
and melting point with those reported for the
authentic samples. All the melting points were
recorded by open capillary method and are
uncorrected. 1H NMR and 13C NMR spectra were
recorded on a Bruker Avance (250 MHz)
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spectrometer using CDCl; as the solvent and
TMS as an internal standard. Thin-layer
chromatography (TLC) was performed on pre-
coated aluminium plates (silica gel 60 F254,
Merck). IR spectra of the compounds were
obtained on a Perkin Elmer spectrometer
version 10.03.06 using a KBr disk. The phases
present in the magnetic materials were
analyzed using a powder XRD, Philips (Holland),
model X0 Pert with X° Pert with CuKal
radiation (A = 1.5401 A), and the X-ray
generator was operated at 40 kV and 30 mA.
Diffraction patterns were collected from 2h =
20°-80°. The mean size and the surface
morphology of the nanoparticles were
characterized by FT-IR, TEM, SEM, VSM, and
XRD.

Synthesis of Zn-DABCO@Fe30,

DABCO@Fe30, was prepared via the
condensation of Fe304 MNPs with n-propyl-4-
aza-1-azoniabicyclo[2.2.2]octane according to
the literature procedure [39]. A mixture of
DABCO@Fe304 and Zn(0OAc); in dry acetone (20
mL) was stirred at room temperature for 24 h.
The solid product was filtered by suction,
washed with acetone, distilled water and
acetone successively and dried under vacuum at
60 °C for 4 h to give complex of Zn-
DABCO@Fe304 (2.03 g).

General procedure for oxidation of sulfides to
sulfoxide

In a typical procedure, 15 mg of the prepared
Zn-DABCO@ Fe304 nanocatalyst, 1 mmol of
sulfide and 0.5 mL of 30% H,0, were mixed at
room temperature for the time specified in
Table 3. This mixture was magnetically stirred
at room temperature and the reaction progress
was checked by thin-layer chromatography
(TLC). After completion of the reaction, the
catalyst was magnetically collected and was

washed with CH,Cl; and dried. Lastly, to achieve
the pure product, it was extracted with CHCl,
(3 x 10 mL) and purified on a silica-gel column
and products were obtained in 82-99% yield.

Results and Discussion

The successful preparation of novel acidic
nanomagnetic catalyst was investigated and
confirmed by applying several skills such as X-
ray diffraction (XRD), transmission electron
microscopy  (TEM), scanning electron
microscope (SEM) and vibrating sample
magnetometer (VSM) analysis. In the following,
the obtained data were investigated in detail.

Characterization of Zn-DABCO@Fe3;04 MNPs

The structural properties of synthesized
Fe304 MNPs (A), DABCO supported with Fe304
MNPs (B), and Zn-DABCO@Fe30, (C) were
analyzed by XRD (Figure 1). As seen in Figure 1,
the XRD patterns of the synthesized Zn-
DABCO@Fe304 display several relatively strong
reflection peaks in the 2 h region of 20-80c,
which is quite similar to those of Fe304 MNPs,
DABCO supported with Fe304 MNPs reported by
other group. The XRD patterns of the particles
demonstrated characteristic peaks at (220),
(311), (400), (422), (511), and (440), which
match well with the database of magnetite
(JCPDS Card: 19-629) file.

The nanostructure of the Zn-DABCO@Fe30.
MNPs was confirmed by transmission electron
microscopy (TEM) (Figure 2c). The TEM
micrograph clearly proved that the particles
were in nanosize. The average particle size of
the Fe304 MNPs was found to be 25-30 nm
(Figure 2a). After being coated with a DABCO,
the typical core-shell structure of the Fes;0s-
DABCO can be observed, and the average size
increases to about 45-50 nm (Figure 2b). Zn-
DABCO@Fe304 NPs (Figure 2c) consist of
relatively small, nearly spherical particles, with
an average size of 30 nm, much smaller than the
sizes obtained from the XRD measurements.
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The scanning electron microscope (SEM)
micrographs of the Fe30s MNP (Figure 3a),
DABCO supported with Fez304 MNPs (Figure 3b),
and Zn-DABCO@Fe304 NPs (Figure 3c) revealed
that the particles of the catalyst were observed
in nanosize.

In  another investigation,  magnetic
measurements of Zn-DABCO@Fe304 MNPs
were performed at room temperature using a
vibrating sample magnetometer (VSM). The
magnetization curve in Figure 4 gives a
saturation magnetization value of 64 emu/g
(Figure 4).
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Figure 1. XRD patterns of a) Fe;0, MNP, b) DABCO supported with Fez04, MNPs, and c) Zn-
DABCO@FE304

Figure 3. The SEM micrographs of a) Fe304 MNPs, b) DABCO@Fe304, and c) Zn-DABCO@Fe304
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Figure 4. Magnetization curve of Zn-DABCO@Fe304 NPs
Scope of reaction could not progress by 120 min (Table 1, entry

o _ 1). The highest yield was obtained in the

After characterlzat.lon of the s.ynthe?51.zed Zn- presence of 15 mg of Zn-DABCO@Fes;0; NPs.
DABCO@Fes04 NPs, its catalytic activity was After wide screening, the highest yield, best
evaluated in the oxidation of sulfides to provide reaction time. and reduction of undesired side

sulfoxides to find the best reaction conditions, products were obtained when the reaction was

the effect of the different experimental supported in the presence of 15 mg of the

parameters (e.g. effect of solvent and catalyst) catalyst under solvent-free conditions at room
on the reaction efficiency were studied.

Evidently, in the lack of the catalyst, the reaction

temperature (Table 1, entry 5).

Table 1. Optimizing the reaction conditions for the methylphenyl sulfide

Entry Amount of catalyst (mg) Solvent Time (min) Yield (%)2

1 None Solvent-free 120 10

2 1 Solvent-free 70 45

3 5 Solvent-free 50 55

4 10 Solvent-free 50 74

5 15 Solvent-free 15 96

6 20 Solvent-free 30 90

7 15 CH:Cl; 120 36

8 15 Hexane 120 Trace

9 15 CCls 120 Trace

10 15 CH;0H 90 45

11 15 CH3CN 60 55

12 15 C,Hs0H 60 61
a[solated yields

As is evident from Table 2, all electron- thioanisole (Table 2, entry 2), 4-chloro
donating substituents and electron- thioanisole (Table 2, entry 3), 4-methyl

withdrawing substituents such as 4-bromo thioanisole (Table 2, entry 4), 4-methoxy
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thioanisole (Table 2, entry 5) were converted
into their corresponding sulfoxides in good to
excellent yields and short reaction time. Also, 4-
nitro thioanisole (Table 2, entry 6) was
converted into their corresponding sulfoxides
in excellent yield and the slightly longer
reaction times. Interestingly,
tetrahydrothiophene (Table 2, entry 9),
dipropylsulfane (Table 2, entry 10), 4a, 10a-
dihydrophenoxathiine (Table 2, entry 15) were

converted into their corresponding sulfoxides
in shortreaction time and good yields. Similarly,
diallyl sulfides (Table 2, entries 7, 8 and 12)
were oxidized to their corresponding sulfoxides
in short reaction time and high yield. All the
products listed in Table 2 are known and their
structures were determined by 'H NMR, 13C
NMR and IR which were in accordance with the
literature.

Table 2. Oxidation of sulfides to the sulfoxides in the presence of Zn-DABCO@Fe304 MNPs

Entry Sulfides Sulfoxides H;0, (mL) Time (min) Yield (%)
. ;
1 (j Me (j “Me 0.5 15 96
S\Me E
2 Q Q “Me 0.5 20 93
Br Br
(0]
S.
Me S
3 Q Q Me 0.5 20 95
Cl
Cl
s. Q
Me S.
4 Q Q Me 0.5 25 90
Me Me
(0]
S. Il
Me So
5 Q Q Me 0.5 20 92
MeO MeO
(0]
S. [l
Me S.
6 Q/ Jij Me 1 30 94
O,N
O,N
(0]
: !
7 ©/ O (j \@ 1.5 20 95
\/@ o\/@
8 (js (js 1.2 15 90
(0]

S

° J

Il
S

O

0.5 10 85
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0
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S\M §
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HO HO
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HO OH Ho OH
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S I
13 C12H25/ \C12H25 1 1.2 15 91

CioHps™  “CigHgs

0]

0] Me /Me
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s OO0 o

Il
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To establish the catalytic activity of Zn-
DABCO@Fe304 MNPs, we
obtained results for the oxidation of methyl
phenyl sulfide with the best of the well-known
data from literature (Table 3). As seen in Table

compared our

3, oxidation of methyl phenyl sulfide in the
presence of Zn-DABCO@Fe3;0+ MNPs as
catalyst, the higher yields of products were
obtained in shorter reaction time and under
milder conditions.

Table 3. Comparison of various procedure used for the oxidation of methyl phenyl sulfide with

different catalystsa2

Entry Catalyst Conditions Time (h) Yield (%)c
1 Fe304/salen of Cu(Il) EtOH, H20: (aq), 60 °C 3 83
2 Ti(OPr)s 1(‘S'.c)—1—phenylethylhydroperox1de, 6 79
3 Human hemoglobin H20; (aq), r.t. 300 96
4 n-BusNBr NaOCl, CHzClI, 0°C 30b 93
5 HAuCl4.4H,0 H,0; (aq), r.t. 1 99
6 Fluorous thiourea CHCl,, H202 (aq), r.t. 12 95
Zn-DABCO@Fe30
7 MNPsd 3T H,0; (aq), r.t. 15b 96
a Reaction condition: methyl phenyl sulfide (1 mmol), H202 (0.5 ml), Zn-DABCO@Fe304 MNPs (15) mg, atr.t
b In minute
cIsolated yields
d Our work

The recovery and reusability of catalysts are
of great concern from economic, environmental

and industrial perspectives. In this regard, the

reusability of the  synthesized Zn-
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DABCO@Fe304 MNPs catalyst was investigated
in the oxidation of dimethyl phenyl sulfoxide
under the optimum reaction conditions. Since
the catalyst can be separated from the reaction
mixture using an external magnetic field, it was

recovered with a simple magnet after the
dilution of the reaction mixture with water. As
seen in Figure 5 the catalyst can be reused 8
times in both oxidation reactions with no
considerable loss in its initial activity.

100
80
60
40
20

B Time (min)

Yield (%)

Figure 5. Reusability of Zn-DABCO@Fe304 MNPs

In another study, to recognize the
procedure's scalability, we assessed some
reactions in 15 mmol of each reactant. The
respective results are summarized in Table 4.

As demonstrated in Table 4, the reactions were
successfully performed at the larger scale
without significant loss of the yields.

Table 4. The scalability of the selective oxidation of sulfides to sulfoxides in larger scale (15 mmol of

each reactants)

Time (min) Yield (%)
20 92
25 93
23 89
26 91

Entry Sulfides
S\M
U
SN
Me
. T
Cl
S<
Me
3 oy
MeO
S
O
a[solated yields
Finally, to demonstrate the high

chemoselectivity of the our method, we have

also conducted competitive oxidation of various
sulfides with 0,0-acetals using H:0: under



Chemoselective oxidation of sulfides to sulfoxides using ...

222

solvent-free conditions at room temperature
(Scheme 3). As shown in Scheme 3, whereas

various sulfides were converted to the

corresponding sulfoxides, 0,0-acetals
remained intact under the described reaction
conditions.

=0

s. I
Me Me e
©/ Zn-DABCO@Fe;0, MNPs ©/ Yield: 96%

O~

H,0, (0.5 ml), r.t.

(@]
©—< } Yield: 100%
(@]

i

S S
@f O @f O Yield: 95%
Zn-DABCO@Fe;0, MNPs

O~

HZOZ (15 ml), r.t.

o
©-< } Yield: 100%
o

Scheme 3. Selective oxidation of sulfides to sulfoxides in the presence of acetals at room temperature

Conclusion

In this wok, the magnetic heterogeneous Zn-
DABCO@Fe30s nanocatalyst was synthesized
for the first time by DABCO on the magnetic
Fe304 nanoparticles. The synthesized catalyst
was characterized using the XRD, SEM, TEM and
VSM analysis. The results revealed that this
novel catalyst has high catalytic activity in the
selective oxidation of sulfides to sulfoxides
under mild reaction conditions. The mild
conditions and the use of a green, nontoxic,
inexpensive, and reusable catalyst in high yields
and in relatively short reaction time are some of
the advantages of this method. Also, the
involved catalyst can be magnetically separated
from the reaction mixture and reused 8 times
with no considerable change in its activity.

Acknowledgements

The author is thankful to the Islamic Azad
University of Ardabil authorities for supporting
this work.

Supporting Information

Additional supporting information related to
this article can be found, in the online version,
at DOI: 10.48309/]JMNC.2023.3.4.

Orcid

Elham Ezzatzadeh “*: 0000-0002-6271-7694

References

[1]. Kaur G., Devi P., Thakur S. Kumar A,
Chandel R., Banerjee B. ChemistrySelect, 2019,
4:2181 [CrossRef], [Google Scholar], [Publisher]
[2]. Gupta S. Lakshman M. J. Med. Chem. Sci.,
2019, 2:51 [CrossRef], [Google Scholar],
[Publisher]

[3]. a) Morassaei M.S. Zinatloo-Ajabshir S.,
Salavati-Niasari M. Adv. Powder Technol., 2017,

28:697 [CrossRef], [Google Scholar],
[Publisher] b) Zinatloo-Ajabshir S., Salehi Z,
Salavati-Niasar M. J. Clean. Prod. 2018,
192:678; [CrossRef], [Google Scholar],

[Publisher] c) Heidari-Asil A., Zinatloo-Ajabshir
S, Amiri o, Salavati-Niasari M.
Int. J. Hydrog. Energy, 2020, 45:22761
[CrossRef], [Google Scholar], [Publisher] d)
Zinatloo-Ajabshir S., Morassaei M.S., Amiri O.,


https://www.orcid.org/0000-0002-6271-7694
https://doi.org/10.1002/slct.201803600
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kaur+G.%2C+Devi+P.%2C+Thakur+S.%2C+Kumar+A.%2C+Chandel+R.%2C+Banerjee+B.+Chemistry+Select%2C+2019%2C+4%3A2181+&btnG=
https://chemistry-europe.onlinelibrary.wiley.com/doi/abs/10.1002/slct.201803600
https://doi.org/10.26655/jmchemsci.2019.3.3
https://www.jmchemsci.com/?_action=article&au=461460&_au=Gupta,%20Srinivasa
https://www.jmchemsci.com/article_79586.html
https://doi.org/10.1016/j.apt.2016.11.017
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Nd2Sn2O7+nanostructures%3A+New+facile+Pechini+preparation%2C+characterization%2C+and+investigation+of+their+photocatalytic+degradation+of+methyl+orange+dye&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0921883116303673
https://doi.org/10.1016/j.jclepro.2018.05.042
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Zinatloo-Ajabshir+S.%2C+Salehi+Z.%2C+Salavati-Niasar+M.+Journal+of+Cleaner+Production%2C+2018%2C+192%3A678%3B+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0959652618313696
https://doi.org/10.1016/j.ijhydene.2020.06.122
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Heidari-Asil+A.%2C+Zinatloo-Ajabshir+S.%2C+Amiri+O.%2C+Salavati-Niasari+M.+International+Journal+of+Hydrogen+Energy%2C+2020%2C+45%3A22761&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0360319920322606
https://www.orcid.org/0000-0002-6271-7694

E. Ezzatzadeh

223

Salavati-Niasari M., Kok Foong L. Ceram. Int,
2020, 46:17186 [CrossRef], [Google Scholar],
[Publisher]

[4]. Lopez-Tejedor D., Benavente R., Palomo ].M.
Catal. Sci. Technol, 2018, 8:1754 [CrossRef],
[Google Scholar], [Publisher]

[5]. Shylesh S., Schuenemann V., Thiel R. Angew.
Chem. Int. Ed, 2010, 49:3428 [CrossRef],
[Google Scholar], [Publisher]

[6]. Chen M.N., Mo L.P., Cui Z.S., Zhang Z.H. Curr.
Opin. Green Sustain. Chem. 2019, 15:27
[CrossRef], [Google Scholar], [Publisher]

[7]. Amiri M., Eskandari Kh., Salavati-Niasari M.
Adv. Colloid Interface Sci, 2019, 271:101982
[CrossRef], [Google Scholar], [Publisher]

[8]. Kassaee M.Z., Masrouri H., Movahedi F. Appl.
Catal. A: Gen., 2011, 395:28 [CrossRef], [Google
Scholar], [Publisher]

[9]. Kiasat A.R,, Nazari S. J. Mol. Catal. A Chem,
2012, 365:80 [CrossRef], [Google Scholar],
[Publisher]

[10]. Taber A., Kirn J.B., Jung J.Y., Ahn W.S,, Jin
M.]. Synlett, 2009, 15:2477 [CrossRef], [Google
Scholar], [Publisher]

[11]. Jiang Y.Y., Guo C., Xia H.S., Mahmood I, Liu
C.Z., Liu H.Z. J. Mol. Catal. B: Enzym, 2009,
58:103 [CrossRef], [Google Scholar],
[Publisher]

[12]. Zhang Y., Xia C. Appl Catal. A: General,
2009, 366:141 [CrossRef], [Google Scholar],
[Publisher]

[13]. Abu-Reziq R, Wang D., Post M., Alper H.
Adv. Synth. Catal, 2007, 349:2145 [CrossRef],
[Google Scholar], [Publisher]

[14]. Kooti M., Afshari M. Mater. Res. Bull., 2012,
47:3473  [CrossRef], [Google Scholar],
[Publisher]

[15]. Zheng X., Luo S.Z, Zhang L., Cheng ].P.
Green Chem, 2009, 11:455 [CrossRef], [Google
Scholar], [Publisher]

[16]. Zhang Q., Su H., Luo ], Wei Y.Y. Green
Chem., 2012, 14:201 [CrossRef],
Scholar], [Publisher]

[Google

[17]. Zinatloo-Ajabshir S., Baladi M., Amiri O,,
Salavati-Niasari M. Sep. Purif. Technol., 2020,
248:117062 [CrossRef], [Google Scholar],
[Publisher]

[18]. Zinatloo-Ajabshir S,
Mousavi-Kamazani M., Salavati-Niasari M.
Ultrason.  Sonochem., 2021, 71:105376
[CrossRef], [Google Scholar], [Publisher]

[19]. a) Zinatloo-Ajabshir S., Mousavi-Kamazani
M. Ceram. Int., 2020, 46:26548; [CrossRef],
[Google Scholar], [Publisher] b) Ghodrati M.,
Mousavi-Kamazani M., Zinatloo-Ajabshir S.
Ceram. Int.,, 2020, 46:28894 [CrossRef], [Google
Scholar], [Publisher]

[20]. Pankhurst Q.A. Connolly ]., Jones S.K,
Dobson ]. J. Phys. D. Appl. Phys, 2003, 36:167
[CrossRef], [Google Scholar], [Publisher]

[21]. a) Gupta A.K, Curtis A.S.G. J. Mater. Sci.
Mater. Med., 2004, 15:493; [CrossRef], [Google
Scholar], [Publisher] b) Neuberger T., Schoepf
B., Hofmann H., Hofmann M. J. Magn. Magn.
Mater., 2005, 293:483 [CrossRef], [Google
Scholar], [Publisher]

[22]. Gupta A.K., Gupta M. Biomaterials, 2005,
26:3995  [CrossRef], Scholar],
[Publisher]

[23]. Chikazumi S., Taketomi S. Ukita M,
Mizukami M. Miyajima H. Setogawa M.,
Kurihara Y. J. Magn. Magn. Mater., 1987, 65:245
[CrossRef], [Google Scholar], [Publisher]

[24]. Hajjami M., Ghorbani F., Rahimipanah S,
Roshani S. Chin. J. Catal, 2015, 36:1852
[CrossRef], [Google Scholar], [Publisher]

[25]. Nikoorazm M., Ghorbani F., Ghorbani-
Choghamarani A., Erfani Z. J. Iran. Chem. Soc,,
2019, 16:553 [CrossRef], [Google Scholar],
[Publisher]

[26]. Hosseinpoor F. Golchoubian H.
Tetrahedron Lett.,, 2006, 47:5195 [CrossRef],
[Google Scholar], [Publisher]

[27]. Lakouraj M.M.  Tajbakhsh M,
Tashakkorian H. Monatsh Chem., 2007, 138:83
[CrossRef], [Google Scholar], [Publisher]

Ghasemian N,

[Google


https://doi.org/10.1016/j.ceramint.2020.03.014
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Zinatloo-Ajabshir+S.%2C+Morassaei+M.S.%2C+Amiri+O.%2C+Salavati-Niasari+M.%2C+Kok+Foong+L.+Ceramics+International%2C+2020%2C+46%3A17186+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0272884220306325
https://doi.org/10.1039/C7CY02259J
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Lopez-Tejedor+D.%2C+Benavente+R.%2C+Palomo+J.M.+Catal.+Sci.+Technol.%2C+2018%2C+8%3A1754+&btnG=
https://pubs.rsc.org/en/content/articlelanding/2018/cy/c7cy02259j/unauth
https://doi.org/10.1002/anie.200905684
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Shylesh+S.%2C+Schuenemann+V.%2C+Thiel+R.+Angew.+Chem.+Int.+Ed.%2C+2010%2C+49%3A3428+&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.200905684
https://doi.org/10.1016/j.cogsc.2018.08.009
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Magnetic+nanocatalysts%3A+Synthesis+and+application+in+multicomponent+reactions&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S2452223618300464
https://doi.org/10.1016/j.cis.2019.07.003
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Amiri+M.%2C+Eskandari+Kh.%2C+Salavati-Niasari+M.+Adv.+Colloid+Interface+Sci.%2C+2019%2C+271%3A101982&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0001868619301800
https://doi.org/10.1016/j.apcata.2011.01.018
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kassaee+M.Z.%2C+Masrouri+H.%2C+Movahedi+F.+Applied+Catalysis+A%3A+General%2C+2011%2C+395%3A28+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kassaee+M.Z.%2C+Masrouri+H.%2C+Movahedi+F.+Applied+Catalysis+A%3A+General%2C+2011%2C+395%3A28+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0926860X1100024X
https://doi.org/10.1016/j.molcata.2012.08.012
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kiasat+A.R.%2C+Nazari+S.+Journal+of+Molecular+Catalysis+A%3A+Chemical%2C+2012%2C+365%3A80+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1381116912002579
https://doi.org/10.1055/s-0029-1217731
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Taber+A.%2C+Kirn+J.B.%2C+Jung+J.Y.%2C+Ahn+W.S.%2C+Jin+M.J.+Synlett%2C+2009%2C+15%3A2477&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Taber+A.%2C+Kirn+J.B.%2C+Jung+J.Y.%2C+Ahn+W.S.%2C+Jin+M.J.+Synlett%2C+2009%2C+15%3A2477&btnG=
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0029-1217731
https://doi.org/10.1016/j.molcatb.2008.12.001
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Jiang+Y.Y.%2C+Guo+C.%2C+Xia+H.S.%2C+Mahmood+I.%2C+Liu+C.Z.%2C+Liu+H.Z.+J.+Mol.+Catal.+B%3A+Enzym%2C+2009%2C+58%3A103+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1381117708002567
https://doi.org/10.1016/j.apcata.2009.06.041
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Zhang+Y.%2C+Xia+C.+Appl.+Catal.+A%3A+General%2C+2009%2C+366%3A141+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0926860X09004827
https://doi.org/10.1002/adsc.200700129
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Abu-Reziq+R.%2C+Wang+D.%2C+Post+M.%2C+Alper+H.+Adv.+Synth.+Catal%2C+2007%2C+349%3A2145+&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1002/adsc.200700129
https://doi.org/10.1016/j.materresbull.2012.07.001
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kooti+M.%2C+Afshari+M.+Mater.+Res.+Bull.%2C+2012%2C+47%3A3473+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0025540812005156
https://doi.org/10.1039/B823123K
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Zheng+X.%2C+Luo+S.Z.%2C+Zhang+L.%2C+Cheng+J.P.+Green+Chem%2C+2009%2C+11%3A455+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Zheng+X.%2C+Luo+S.Z.%2C+Zhang+L.%2C+Cheng+J.P.+Green+Chem%2C+2009%2C+11%3A455+&btnG=
https://pubs.rsc.org/en/content/articlelanding/2009/gc/b823123k/unauth
https://doi.org/10.1039/C1GC16031A
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Zhang+Q.%2C+Su+H.%2C+Luo+J.%2C+Wei+Y.Y.+Green+Chem%2C+2012%2C+14%3A201+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Zhang+Q.%2C+Su+H.%2C+Luo+J.%2C+Wei+Y.Y.+Green+Chem%2C+2012%2C+14%3A201+&btnG=
https://pubs.rsc.org/en/content/articlehtml/2012/gc/c1gc16031a
https://doi.org/10.1016/j.seppur.2020.117062
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Zinatloo-Ajabshir+S.%2C+Baladi+M.%2C+Amiri+O.%2C+Salavati-Niasari+M.+Separation+and+Purification+Technology%2C+2020%2C+248%3A117062+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1383586620315367
https://doi.org/10.1016/j.ultsonch.2020.105376
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Zinatloo-Ajabshir+S.%2C+Ghasemian+N.%2C+Mousavi-Kamazani+M.%2C+Salavati-Niasari+M.+Ultrasonics+Sonochemistry%2C+2021%2C+71%3A105376+&btnG=
https://www.sciencedirect.com/science/article/pii/S1350417720316801
https://doi.org/10.1016/j.ceramint.2020.07.121
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Zinatloo-Ajabshir+S.%2C+Mousavi-Kamazani+M.+Ceramics+International%2C+2020%2C+46%3A26548%3B+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0272884220321210
https://doi.org/10.1016/j.ceramint.2020.08.057
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ghodrati+M.%2C+Mousavi-Kamazani+M.%2C+Zinatloo-Ajabshir+S.+Ceramics+International%2C+2020%2C+46%3A28894&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ghodrati+M.%2C+Mousavi-Kamazani+M.%2C+Zinatloo-Ajabshir+S.+Ceramics+International%2C+2020%2C+46%3A28894&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0272884220324354
https://doi.org/10.1088/0022-3727/36/13/201
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Pankhurst+Q.A.%2C+Connolly+J.%2C+Jones+S.K.%2C+Dobson+J.+J.+Phys.+D.+Appl.+Phys%2C+2003%2C+36%3A167+&btnG=
https://iopscience.iop.org/article/10.1088/0022-3727/36/13/201/meta
https://doi.org/10.1023/B:JMSM.0000021126.32934.20
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Gupta+A.K.%2C+Curtis+A.S.G.+J.+Mater.+Sci.+Mater.+Med.%2C+2004%2C+15%3A493%3B+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Gupta+A.K.%2C+Curtis+A.S.G.+J.+Mater.+Sci.+Mater.+Med.%2C+2004%2C+15%3A493%3B+&btnG=
https://link.springer.com/article/10.1023/B:JMSM.0000021126.32934.20
https://doi.org/10.1016/j.jmmm.2005.01.064
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Neuberger+T.%2C+Schoepf+B.%2C+Hofmann+H.%2C+Hofmann+M.+J.+Magn.+Magn.+Mater.%2C+2005%2C+293%3A483+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Neuberger+T.%2C+Schoepf+B.%2C+Hofmann+H.%2C+Hofmann+M.+J.+Magn.+Magn.+Mater.%2C+2005%2C+293%3A483+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0304885305001137
https://doi.org/10.1016/j.biomaterials.2004.10.012
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Gupta+A.K.%2C+Gupta+M.+Biomaterials%2C+2005%2C+26%3A3995&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0142961204009317
https://doi.org/10.1016/0304-8853(87)90043-6
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Chikazumi+S.%2C+Taketomi+S.%2C+Ukita+M.%2C+Mizukami+M.%2C+Miyajima+H.%2C+Setogawa+M.%2C+Kurihara+Y.+J.+Magn.+Magn.+Mater.%2C+1987%2C+65%3A245+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/0304885387900436
https://doi.org/10.1016/S1872-2067(15)60968-8
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Efficient+preparation+of+Zr%28IV%29-salen+grafted+mesoporous+MCM-41+catalyst+for+chemoselective+oxidation+of+sulfides+to+sulfoxides+and+Knoevenagel+condensation+reactions+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1872206715609688
https://doi.org/10.1007/s13738-018-1536-3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Nikoorazm+M.%2C+Ghorbani+F.%2C+Ghorbani-Choghamarani+A.%2C+Erfani+Z.+J.+Iran.+Chem.+Soc.%2C+2019%2C+16%3A553+&btnG=
https://link.springer.com/article/10.1007/s13738-018-1536-3
https://doi.org/10.1016/j.tetlet.2006.05.012
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hosseinpoor+F.%2C+Golchoubian+H.+Tetrahedron+Lett%2C+2006%2C+47%3A5195+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0040403906009221
https://doi.org/10.1007/s00706-006-0563-4
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Lakouraj+M.M.%2C+Tajbakhsh+M.%2C+Tashakkorian+H.+Monatsh+Chem%2C+2007%2C+138%3A83&btnG=
https://link.springer.com/article/10.1007/s00706-006-0563-4

Chemoselective oxidation of sulfides to sulfoxides using ... 224

[28]. Aiping G., Mei W.G., Dongping W., Lu Z,
Haibin L., Wei T., Licheng S. Chin. J. Catal., 2006,
27:743 [CrossRef], [Google Scholar],
[Publisher]

[29]. Surendra K., Krishnaveni N.S., Kumar V.P.,
Sridhar R., Rao K.R. Tetrahedron Lett., 2005,
46:4581  [CrossRef], [Google Scholar],
[Publisher]

[30]. Karimi B., Ghoreishi-Nezhad M., Clark ].H.
Org. Lett, 2005, 7:625 [CrossRef], [Google
Scholar], [Publisher]

[31]. Haddadi H., Moradpour Hafshejani Sh.,
Riahi Farsani M. Catal Lett, 2015, 145:1984
[CrossRef], [Google Scholar], [Publisher]

[32]. Mirzaie, A. . Med. Chem. Sci,, 2018, 1:5
[CrossRef], [Google Scholar], [Publisher]

[33]. Karimi B., Khorasani M. ACS Catal., 2013,
3:1657 [CrossRef], [Google Scholar], [Publisher]
[34]. Ghorbani-Choghamarani A., Ghasemi B.,
Safari Z., Azadi G. Catal. Commun., 2015, 60:70
[CrossRef], [Google Scholar], [Publisher]

[35]. Dai W,, Li G, Wang L., Chen B., Shang S., Lv
Y., Gao S. RSC Adv., 2014, 4:46545 [CrossRef],
[Google Scholar], [Publisher]

[36]. Hadikhani S., Rekavandi M., Hosseinikhah
S.M,, Hajinasiri R., Rezayati S. Iran. J. Sci. Technol.
Trans. Sci., 2018, 42:1233 [CrossRef], [Google
Scholar], [Publisher]

[37]. Bayat A., Shakourian-Fard M., Hashemi
M.M. Catal. Commun., 2014, 52:16 [CrossRef],
[Google Scholar], [Publisher]

[38]. Zhou X.T, Ji, H.B. Catal. Commun., 2014,
53:29 [CrossRef], [Google Scholar], [Publisher]
[39]. Nasseri M.A., Sadeghzadeh S.M. J. Iran.
Chem. Soc.,, 2014, 11:27 [CrossRef], [Google
Scholar], [Publisher]

How to cite this manuscript: Elham
Ezzatzadeh. Chemoselective oxidation of
sulfides to sulfoxides using a novel Zn-DABCO
functionalized Fe304+ MNPs as highly effective
nanomagnetic catalyst. Journal of Medicinal and
Nanomaterials Chemistry, 5(3), 2023, 213-224.

DOI: 10.48309/JMNC.2023.3.4



https://doi.org/10.1016/S1872-2067(06)60040-5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Aiping+G.%2C+Mei+W.G.%2C+Dongping+W.%2C+Lu+Z.%2C+Haibin+L.%2C+Wei+T.%2C+Licheng+S.+Chin+J+Catal%2C+2006%2C+27%3A743+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1872206706600405
https://doi.org/10.1016/j.tetlet.2005.05.011
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Surendra+K.%2C+Krishnaveni+N.S.%2C+Kumar+V.P.%2C+Sridhar+R.%2C+Rao+K.R.+Tetrahedron+Lett%2C+2005%2C+46%3A4581+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0040403905010063
https://doi.org/10.1021/ol047635d
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Karimi+B.%2C+Ghoreishi-Nezhad+M.%2C+Clark+J.H.+Org+Lett%2C+2005%2C+7%3A625&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Karimi+B.%2C+Ghoreishi-Nezhad+M.%2C+Clark+J.H.+Org+Lett%2C+2005%2C+7%3A625&btnG=
https://pubs.acs.org/doi/abs/10.1021/ol047635d
https://doi.org/10.1007/s10562-015-1595-3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Haddadi+H.%2C+Moradpour+Hafshejani+Sh.%2C+Riahi+Farsani+M.+Catal+Lett%2C+2015%2C+145%3A1984+&btnG=
https://link.springer.com/article/10.1007/s10562-015-1595-3
https://doi.org/10.26655/jmchemsci.2018.6.2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=MNPs-supported+acidic+catalysts+in+oxidation+of+sulfides+to+sulfoxides&btnG=
https://www.jmchemsci.com/article_63160.html
https://doi.org/10.1021/cs4003029
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Karimi+B.%2C+Khorasani+M.+ACS+Catal%2C+2013%2C+3%3A1657&btnG=
https://pubs.acs.org/doi/abs/10.1021/cs4003029
https://doi.org/10.1016/j.catcom.2014.11.007
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ghorbani-Choghamarani+A.%2C+Ghasemi+B.%2C+Safari+Z.%2C+Azadi+G.+Catal+Commun%2C+2015%2C+60%3A70+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1566736714004609
https://doi.org/10.1039/C4RA09832C
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Enantioselective+oxidation+of+sulfides+with+H2O2+catalyzed+by+a+pre-formed+manganese+complex&btnG=
https://pubs.rsc.org/en/content/articlelanding/2014/ra/c4ra09832c
https://doi.org/10.1007/s40995-017-0242-9
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hadikhani+S.%2C+Rekavandi+M.%2C+Hosseinikhah+S.M.%2C+Hajinasiri+R.%2C+Rezayati+S.+Iran+J+Sci+Technol+Trans+Sci%2C+2018%2C+42%3A1233+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hadikhani+S.%2C+Rekavandi+M.%2C+Hosseinikhah+S.M.%2C+Hajinasiri+R.%2C+Rezayati+S.+Iran+J+Sci+Technol+Trans+Sci%2C+2018%2C+42%3A1233+&btnG=
https://link.springer.com/article/10.1007/s40995-017-0242-9
https://doi.org/10.1016/j.catcom.2014.03.026
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Bayat+A.%2C+Shakourian-Fard+M.%2C+Hashemi+M.M.+Catal+Commun%2C+2014%2C+52%3A16+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1566736714001204
https://doi.org/10.1016/j.catcom.2014.04.021
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Zhou+X.T.%2C+Ji%2C+H.B.+Catal+Commun%2C+2014%2C+53%3A29+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1566736714001678
https://doi.org/10.1007/s13738-013-0270-0
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Nasseri+M.A.%2C+Sadeghzadeh+S.M.+Journal+of+the+Iranian+Chemical+Society%2C+2014%2C+11%3A27+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Nasseri+M.A.%2C+Sadeghzadeh+S.M.+Journal+of+the+Iranian+Chemical+Society%2C+2014%2C+11%3A27+&btnG=
https://link.springer.com/article/10.1007/s13738-013-0270-0
https://doi.org/10.48309/JMNC.2023.3.4

