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Highlights
e Anovel magnetic hybrid catalyst was synthesized.
e Oxidation reactions were run with an environmentally friendly oxidant.
e The catalyst was capable of running different oxidation reactions.
o The heterogeneous catalyst could be easily recoverable from the system.
e The heterogeneous catalyst was capable of running oxidation reaction several times without
significant loss in its activity.

Abstract

A novel Schiff base Mn(Ill) complex was successfully synthesized and covalently immobilized on
silica-coated magnetic cobalt nanoparticles as a support. The prepared heterogeneous catalyst
showed a high catalytic activity in the oxidation of alcohols with high yield and in a milder
conditions. The synthesized hybrid nanomaterials were fully characterized by FT-IR spectra, XRD
and EDAX analysis. Morphology of the nanomaterials was determined by SEM and TEM. Also,
the metallic magnetic cobalt and silica in the core-shell structure were determined by XPS
analyses. The synthesized catalyst shows a high catalytic activity in the oxidation of alcohols and
sulfides to the corresponding aldehydes and sulfoxides. Also the magnetic properties of the
magnetic support and hybrid nanomaterials were measured by AGFM analysis.

Keywords: Schiff base, manganese, magnetic cobalt, nanoparticles, sulfide oxidation, alcohol
oxidation.



1. Introduction

Generally, hybrid organic-inorganic materials are a linkage between two classes of chemistry. In
hybrid materials, each part has considerably significant contributions to the field of materials
science, and each has specific properties that all together manifest distinct advantages [1].

The separation of the catalyst-product mixture is a huge problem in catalytic system. Thus, to
overcome this problem heterogenization of homogeneous catalyst has been recommended. To
date, several methods have been proposed for this issue which involves anchoring the metal
complexes on inorganic and organic supports through the formation of a covalent bond
between a linkage and the complex [2,3] or immobilizing metal complexes into or onto
inorganic supports [4-6].

More recently, salen and salophen ligands have attracted considerable attention due to their
widespread applications in the fields of catalysis and synthesis [7]. Besides, metal complexes of
salen and salophen ligands have been used as catalysts in organic reactions such as nucleic acid
modification, electrochemical reduction, olefin epoxidation, Diels-Alder transformations,
hydroxylation of alkane, carboxylic acid decarboxylation and amine oxidation [8-10].

However, these reactions generally proceed in homogeneous systems and the major
disadvantages of homogeneous catalysis systems is the problem of separation and recovery of
the catalysts from the reaction mixture at the end of the process [11-17]. From the
environmental and economic point of view, the development of suitable processes running by a
heterogeneous catalyst is of great interest.

It has been proved that the immobilization of homogeneous metal complexes onto/in solid

supports is one of the most efficient methods for preparation of heterogeneous metal



complexes. Various solid supports include organosilica materials [18,19], carbon materials
[20,21], silica materials [22-24], zeolites [25] and layered compounds [26,27]. The
immobilization occurs through covalent, dative, electrostatic, encapsulation or adsorption
binding onto/in the solid supports [28-33].

In recent years, immobilization of Mn(Ill) complexes on solid supports has attracted
considerable attention due to the some of the advantages such as easy separation from the
reaction mixture and simple recycling of heterogeneous catalysts in the reaction system [34-
37].

The best point about Mn(Ill) complexes is that these complexes are easily synthesized, need
milder reaction condition and shorter reaction time [38].

Until now various supports have been synthesized and reported for the immobilization of
Mn(lIl) complexes. These supports include activated carbon [39,40], polymers [41,42] and
mesoporous silica [43-47]. Generally, organosiliconic materials are necessary for the fabrication
of heterogeneous Mn(lll) catalysts immobilized on inorganic materials as support. The efficient
alcohol oxidations with O, using the magnetically-recoverable heterogeneous catalyst have
been already investigated by researchers [48,49].

Very recently some publication have been reported for sulfides oxidation using phthalazine-
based diiron complexes [50], B-brominated meso-tetraphenylporphyrinatomanganese(lil)
acetate [51], Copper-Schiff base complex [52], immobilized metalloporphyrins [53], TSOH by
phenyliodine diacetate as an oxidant [54], dendritic bis(acylamino)pyridines [55],
PyHBrs/TBN/H,0 [56], MWW:-type titanosilicate zeolite [57] and ruthenium porphyrins with

iodobenzene diacetate [58].



Herein, we report the synthesis of novel magnetic hybrid organic-inorganic nanomaterials as an
efficient catalyst for alcohols and sulfides oxidation. To the best of our knowledge this is the
first report of the synthesis of Mn(lll) Schiff base complex immobilized on Co@SiO,as a
magnetic support.

2. Experimental

2.1. Synthesis of magnetic cobalt nanoparticles

Cobalt nanoparticles were synthesized by a modified method [59]. In a typical procedure, 1 g
CoCl, 6H,0 was dissolved in 60 ml doubly distilled water. Then 0.07 g citric acid was added to
the solution followed by argon bubbling into the solution for 2 minutes. In a beaker, 3 g NaBH,4
was dissolved in 100 ml water and drop wise added to the stock solution under argon
atmosphere. With the first drop of NaBH,, the color of the solution was rapidly changed to
black indicating the formation of cobalt nanoparticles.

2.2. Synthesis of magnetic Co@SiO, core-shell nanoparticles,

The solution containing magnetic Co nanoparticles was left to be stirred for 30 minutes. Then
200 ml ethanolic solution of 200 pl 3APTES and 800 ul TEOS was added to the stock solution
under argon atmosphere. The argon atmosphere was cut off and the solution was left to be
strongly stirred for 24 h. After this period, a puffy black precipitate with strong magnetic
property was obtained, separated by magnet, washed with ethanol and water several times.
Then the precipitate was left to be dried at 50 °C in the oven.

2.3. Synthesis of Schiff base ligand

Typically, an equimolar amount of 3-aminopropyl triethoxysilane (3APTES) and 2-hydroxy

benzaldehyde was mixed as follows: 1 mmol of 3-aminopropyl triethoxysilane along with 1



mmol of 2-hydroxy benzaldehyde was added to 10 mmol methanol. The obtained mixture
stirred for 30 minutes. A yellow solution was obtained which is indicative of the formation of an

immine bond in Schiff base ligand.

2.4. Synthesis of Schiff base Mn(lll) complex

A methanolic solution (10 ml) of Mn (acac)s (1mmol) was added to 5 ml methanolic solution of
Schiff base ligand and the total volume was reached to 40 mL by adding the same solvent. The
mixture was refluxed for an hour to complete the reaction. A darkish green precipitate was
obtained and washed with water and ethanol and filtered by Whatman paper and dried at 60
°C.

2.5. Synthesis of magnetic hybrid nanomaterial

The magnetic hybrid nanomaterials were synthesized as following procedures: 0.3g of magnetic
Co@SiO, nanoparticles were ultrasonically dispersed in 10ml ethanol. Then 0.4g of the Schiff
base complex of Mn (lll) was added to the solution and total volume was reached to 30 ml of
solvent. The mixture was refluxed for 10 hours. The obtained light green magnetic precipitate

was collected by a magnet and washed with water and dried in an oven at 60 °C for 12h.

2.6. Typical procedure for oxidation of alcohols
All the reactions were carefully carried out at 40 °C in a 25 ml flask. In a typical procedure an
amount of catalyst along with H,0O, was used for the oxidation process under mild conditions.

The oxidation process was monitored by thin layer chromatography technique.



3. Results and discussion

Fig. 1 Shows the XRD pattern of magnetic Co@SiO,support and immobilized Schiff base on the
support. the diffraction peaks at 26=44.2, 51.5 and 75.9 are attributed to the (111), (200) and
(220) reflections of fcc metallic cobalt (15-0806). As it is observed, XRD pattern of the
immobilized Schiff base on the support also shows three peaks related to metallic cobalt. This
shows that the magnetic support does not change during immobilization of the Schiff base
complex.

Further confirmation was carried out by EDAX analysis. As shown, characteristic peaks
containing Si, O and Co are indicative of the formation of silica coated magnetic support. Also,
the EDAX analysis of magnetic catalyst shows the elements Si, O, Co, Mn, C and nitrogen, which
confirm the fabrication of Co@SiO,@Mn (lll) Schiff base catalyst (Fig. 2). Also, another point
taken from the EDAX analyses is that there are no any extra peaks related to any impurity such

as Co304, CoO or CosB, were observed.

To further confirm the formation of the catalyst and surface modification of the support, FT-IR
spectra were provided (Fig. 3). The synthesized Co@SiO, possesses the main peak at 1090 cm™
which indicates the formation of silica layer on magnetic cobalt NPs. The peak at 3471 cm™is
assigned to the OH groups on the surface of cobalt nanoparticles. Obvious different bands can
be seen among the FT-IR spectra of the free Schiff base ligand and Schiff base complexes of
metal ion. The free Schiff base ligand shows u(C-N) stretch at 1630-1635 cm™ while this band
shifts to lower frequency in the complex and manifests at 1623 cm™ which is due to the

coordination of the nitrogen with the metal. Vibrations in the range of 1475-1608 cm™are



attributed to aromatic rings. Also the bands in the range of 2770-2900 cm ™ are related to the C-
H stretching vibration of methylene groups.

3.1. Morphological study

To investigate the morphology of the hybrid nanomaterials SEM and TEM images were
provided (Fig. 4). TEM images confirm the formation of cobalt nanoparticles coated with silica
layer. It is seen that the thickness of the silica layer is about 12 nm. As it is clear the
nanoparticles are spherical and the size of the nanoparticles is in the range of 25-50 nm.

The magnetic properties of the synthesized hybrid nanomaterials were also investigated by
alternative gradient force magnetometer (AGFM) at room temperature. Fig. 5 shows the
magnetization curves of prepared materials. The magnetization curve of magnetic Co@SiO,
nanoparticles shows no remanence which indicates their superparamagnetic properties. Also,
magnetization curve of the hybrid nanomaterials shows superparamagnetic behavior. The
decreased saturation magnetization further confirms the immobilization of the Schiff base
complex of Mn(lll) ion on the silica-coated cobalt nanoparticles. Thus, the synthesized catalyst
can still be separated from the product by applying an external magnetic field.

3.2 X-ray photoelectron spectroscopy (XPS)

XPS analysis is a technique that is sensitive to the surface of the materials. In order to
investigate the chemical states of the elements XPS analyses were perfomed. To investigate the
stability of the magnetic support it was placed in an oven and heated an hour at 100 °C. Fig 6a
depicts the Si 2p XPS spectra of the magnetic Co@SiO, nanoparticles at two temperatures (50
and 100 °C). As seen, in the XPS spectra of the Si 2p there is no change by rising temperature. In

the XPS spectra of the Co 2p (Fig 6b) at 50 °C the peak at 778.2 eV can be assign to the metallic



cobalt. By rising the temperature to 100 °C a sholder is appeared which is attributed to cobalt
oxide (779.0 eV). Thus, the XPS measurments show that the magnetic support has been made
of metallic cobalt and there is no any trace of cobalt oxide.

3.2. Effect of reflux time on loading of metal content over magnetic support

To synthesize the hybrid material, the Schiff base complex of Mn(lll) ion and silica-coated
magnetic support were refluxed in ethanolic solution. To find the effect of reflux time on the
metal content immobilized on magnetic support the mixture was refluxed for different period
of time. The results have been summed up in table 1. As it is shown by increasing the reflux
time the amount of loaded metal on the support has been increased. The maximum metal
contentis 7.19 wt% after 360 minutes of reflux. Thus, this amount was chosen as a catalyst for
the oxidation reactions.

4. Catalytic activities of the synthesized catalyst

4.1. Oxidation of alcohols

The catalytic activity of the Co@SiO,@[Mn(lI[)SB] was investigated in the reaction of alcohol
oxidation. Benzyl alcohol was used as a sample. The reaction was run in different solvents and
in solvent free conditions. As an initial test, different amounts of the catalyst and ethyl acetate
as a solvent was mixed in a glass tube and stirred with a magnet. Then, hydrogen peroxide
(30%) was added to the solution. The reaction progress was monitored by thin layer
chromatography in a regular alternative time. The results have been summed up in table 2. The
obtained results show that the magnetic catalyst is considerably selective and transforms
alcohols to the corresponding aldehydes. To improve the yield of the reaction and find the

optimized conditions, several reactions were carried out in the same conditions with changing



parameters (table 2, entry 2-9). Also, the oxidation reaction was run in the absence of the
catalyst and it was found that the reaction proceeds only 4%, which confirms the importance of

the catalyst for the reaction completion (table 2, entry 10).

The yield of the reactions was determined by extraction method as follows: The heterogeneous
catalyst was separated from the reaction mixture. Then the organic phase was separated by
water/ethyl acetate extraction method and the solvent was dried. Next, in order to isolate the
aldehyde from the remaining alcohol the mixture was stirred in warm n-hexane several times.
Thus, the aldehyde was dissolved in warm n-hexane and isolated from remaining alcohol. The
aldehyde was weighted and the yield of the reaction was calculated.

According to the metal content turn over number (TON) and turn over frequency (TOF) of the
catalyst were calculated (table 2, entry 11). The amount of metals loaded on magnetic support

determined by flame atomic absorption spectrophotometer (FAAS).

To investigate the performance capability of the magnetic catalyst in solution the oxidation

reaction was carried out in various solvents. The results show that the catalyst is highly active in
different solvents and convert alcohols to the corresponding aldehyde with high yield (Table 3).
Also the highest yield was obtained in acetonitrile and ethyl acetate. An important point is that

the catalyst acts selectively in various solvent which is of great importance.

4.2. Effect of temperature on the reaction of alcohol oxidation
To investigate the effect of temperature on the oxidation process the reaction was run at
different temperature in the range of 20 to 60 °C (Fig. 7a). By raising the temperature from 20

to 60 °C the yield of the reaction is increased from 35 to 92%. Upper than 45 °C no considerable
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change in the yield of the reaction occurs. So, the optimized temperature was chosen 45 °C for
further reactions.

Table 4 shows the results of the oxidation of the variety of aromatic and aliphatic alcohols in
the presence of the catalyst Co@SiO,@[Mn(lII)SBC]. As it is seen the selectivity is 100% in any
case of alcohol. A slight difference in the time of the reactions is probably due to the presence
of electron-donating and electron-withdrawing groups on the benzene ring which cause the
alcohols to be slightly active or inactive.

4.3. Separation and recyclability

The supported catalyst was applied in the oxidation reaction. Totally, to evaluate the
performance of the catalyst, after recycling the reaction was carried out for several times. After
each run the magnetic catalyst was separated by external magnetic field and applied in another
run. As itis seen (Fig. 7b) the synthesized catalyst is capable to run the oxidation reaction after

8 runs without any considerable loss in its catalytic activity.

5. Oxidation of sulfides

To further evaluate the performance of the synthesized catalyst, oxidation of sulfides was also
investigated. Methyl (phenyl) sulfide was used as a sample and hydrogen peroxide was used as
an oxidant. The reaction was carried out in different solvents and in solvent free conditions.
Firstly, different amounts of the magnetic Schiff base complex along with methyl phenyl sulfide

were stirred in a glass tube. Then ethyl acetate as a solvent was added and the mixture was
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stirred with a magnet. After some minutes hydrogen peroxide (30%) was added to the solution.
Thin layer chromatography was used for monitoring the reaction progress in a regular

alternative time. The results summed up in table 5. As the results show the magnetic catalyst is
considerably selective and transforms methyl phenyl sulfide to the corresponding sulfoxide and
there is not any trace of second order oxidation product like sulfone which is a great advantage

of this catalyst.

To confirm the necessity of the catalyst presence for completion of the reaction (table 5, entry
8) the oxidation reaction was carried out in the absence of the catalyst. The result showed that
reaction is not completed and only 7% of the reaction proceeds which shows the importance of
the catalyst in oxidation reaction.

In continue, the effect of solvents on the oxidation reaction was investigated. To do this,
oxidation of methyl phenyl sulfide was carried out in different solvent. It was found that the
synthesized catalyst is capable to act selectively in different solvents and produce the desired
product with high yield. As observed, the maximum conversion with 100% selectivity is

obtained in acetonitrile and dimethylformamide solvent.

To evaluate the performance capability of the magnetic Mn(lll) Schiff base complex, different
sulfides compounds were subjected to the catalyst. The results show that the catalyst is capable
of oxidizing all sulfide compounds and convert them to the corresponding sulfoxides with high

yield and 100 % selectivity (Table 7).
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5.1. Sheldon’s test for heterogeneous catalyst
To determine whether the reaction is truly carried out in a heterogeneous way or not, hot
filtration test was investigated [60]. The result is as follows. In the half way of the reaction
process the reaction media were filtered in hot condition. The magnetic catalyst remained on
the filter paper and the filtrate came through. In the next step the reaction was continued. It
was found that the conversion remained the same of the filtrate. This showed that there was
no leaching of the immobilized Schiff base complex. Thus, this confirms that the synthesized
catalyst acts heterogeneously.
5.2 Utilization efficiency of hydrogen peroxide
Table 8 shows the results of the hydrogen peroxide utilization efficiency in oxidation reactions
of alcohol and sulfide. As indicated above, in the oxidation of alcohols and sulfides the amount
of substrates were 0.5 mmol and 1 mmol respectively, and the amount of consumed hydrogen
peroxide was 90 ul and 130 pl for alcohols and sulfides.

Table 8.
The utilization efficiency of the hydrogen peroxide in alcohol oxidation is 69% and in sulfide
oxidation is 78%.
Conclusion
Synthetic processes for magnetic nanomaterials are currently undergoing quick improvement
and open tremendous possibilities for the fabrication of magnetically-recoverable catalysts.
Separation and recovery of catalysts by external magnetic field is an environmentally friendly
alternative because not only it minimizes the use of auxiliary materials, but also prevents mass

loss and reduces the operation time. We have synthesized a highly active catalyst based on
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Schiff base complexes of Mn(lll) ion supported on magnetic cobalt nanoparticles for the first
time. This synthesized catalyst was capable to run the oxidation reactions of alcohols and
sulfides with high yield. Also investigation of other catalytic reactions with this synthesized
nanocatalyst is in progress.
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Figures caption

Scheme 1. Synthesis of magnetic metallic cobalt nanoparticles in water

Fig. 1. XRD patterns of Co nanoparticles coated with silica layer (a) and catalyst (b).
Fig. 2. EDAX analyses of Co@SiO, nanoparticles and catalyst Co@SiO2@[Mn(Il1)SB].
Fig. 3. FT-IR spectra of magnetic metallic Co NPs, Schiff base ligand and synthesized magnetic.

Fig. 4. TEM image of Co NPs, silica-coated cobalt nanoparticles and the magnetic catalyst
Co@SiO,@[Mn(lI1)SB].

Fig. 5. AGFM analysis of Co@SiO, and catalyst Co@SiO,@[Mn(Il1)SB].
Fig 6. XPS analyses of the Co@SiO, and high resolution TEM image of Co@SiO,.

Fig. 7. The effect of temperature on the oxidation of benzyl alcohol by Co@SiO,@Mn(Il1)SBC (a)
and number of recycling of the catalyst (b).
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Fig. 4.
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Fig. 5.
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Fig. 6.
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Table 1. Effect of reflux time on loading of metal content on magnetic support.

Entry | Reflux Support | Anchoring group Catalyst Metal
time (min) | (Co@SiOy) (Mn(I1)SBC) loaded
(Wt%)
1 120 03¢ 049 Co@SiO,@[Mn(I1)SBC] 4.34
2 180 03¢ 049 Co@SiO,@[Mn(I)SBC] 5.87
3 240 03¢ 049 Co@SiO@[Mn(I1)SBC] 6.17
4 300 03¢ 049 Co@SiO,@[Mn(I1)SBC] 7.18
5 360 03¢ 049 Co@SiO,@[Mn(I1)SBC] 7.19
Table 2. The optimized amounts of the catalyst and oxidant in oxidation reaction.
Initial test
Entry | Co@SiO,@[Mn(lI1)SB] H,0, (30%) Product Selectivity | Isolated
pl, (mmol) Yield %
1 0.02¢g 30, (0.293 mmol) | benzaldehyde 100 32
Experiments to obtain optimized conditions
2 0.02g 40, (0.391 mmol) | benzaldehyde 100 44
3 0.02¢g 50, (0.489 mmol) | benzaldehyde 100 51
4 0.02g 60, (0.587 mmol) | benzaldehyde 100 63
5 0.03¢g 60, (0.587 mmol) | benzaldehyde 100 72
6 0.03¢g 70, (0.685 mmol) | benzaldehyde 100 81
7 0.03¢g 80, (0.783 mmol) | benzaldehyde 100 89
8 0.03¢g 90, (0.881 mmol) | benzaldehyde 100 92
9 0.03¢g 100, (0.979 mmol) | benzaldehyde 100 94
10 Not used 90, (0.881 mmol) | benzaldehyde 100 4
The amount of metal loaded on magnetic support and calculation of TON and TOF numbers
Entry Catalyst The amount of Metal loaded (wt %) | TON?® TOF (h™)°
11 | Co@SiO,@Mn(lI)SBC 7.19 95 87

Reaction conditions: benzyl alcohol (0.6 mmol), temperature 45 °C, solvent: ethyl acetate 3ml.
#Moles of substrate converted per moles of metal in the catalyst ([substrate]/[metal]x100).

27




Table 3. The effect of various solvents on the oxidation of benzyl alcohol to benzaldehyde.

Entry catalyst solvent product Time  Selectivity Isolated
(min) (%) Yield
2 Co@SiO,@Mn(lI)SBC Acetone benzaldehyde  40-45 100 81
3 Co@SiO,@Mn(IISBC  Acetonitrile  benzaldehyde  40-45 100 91
4 Co@Sio,@Mn(lINSBC DMF benzaldehyde  40-45 100 88
5 Co@SiO,@Mn(IISBC  Ethylacetate benzaldehyde  40-45 100 94

Reaction conditions: benzyl alcohol (0.6 mmol), temperature 45 °C, 90 pul H,0, (30%) (0.881
mmol).

Table. 4. Oxidation of the variety of aromatic and aliphatic alcohols in the presence of the
catalyst Co@SiO,@[Mn(ll1)SBC].

Catalyst (0.03 g) 0
H,0, (30%)
P S
R OH temprature 45 °C, 40-45 min R H
Entry Sulfides Catalyst product Time | Selectivit | Isolated
(min) y yield %
%
HO O\
1 Q| CSMn(linsS Q| 40-45 100 92
\ . \
HO O\
2 ;< % CSMn(Ill)S @ 40-45 | 100 90
B
HQO O\
3 @*C' CSMNn(Ill)S \—QC' 40-45 | 100 87
B
HO O\
4 QC' CSMn(IlS @C' 40-45 100 86
Cl B Cl
'O\ OH ‘O\ /O
5 //N*OJ CSMn(IIS //N+@—/ 40-45 | 100 90
HO O\
6 @F cSMn(I11)S ﬂF 40-45 100 98
B
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HO O\
7 @ CSMn(IlN)S @ 40-45 100 94
B
/k/\ 1
8 OH CSMn(IlNS MH 40-45 100 87
B
(@]
9 " "0oH CSMn(IIN)S \)LH 40-45 100 89
B

Amount of catalyst CSMn(l1)SB 0.03 g, Substrate: Benzyl alcohol (0.6 mmol), 90 ul H,0, 30%
(0.881 mmol), temperature 45 °C, solvent: Ethyl acetate.

Table 5. Oxidation of methyl phenyl sulfide using an aqueous solution of hydrogen peroxide
30%.

Entry Catalyst H,0, Time | Sulfoxide® | Sulfone
amount (mg) pl, (mmol) (min) % %
1 30 60, (0.587 mmol) 40-45 42 N.PP
2 40 70, (0.685 mmol) 40-45 51 N.P
3 40 90, (0.881 mmol) 40-45 60 N.P
4 40 100, (0.979 mmol) 40-45 76 N.P
5 40 110, (1.07 mmol) 40-45 87 N.P
6 40 120, (1.17 mmol) 40-45 92 N.P
7 40 130, (1.27 mmol) 40-45 93 N.P
8 No 100, (0.979 mmol) 40-45 7 N.P

Substrate (1 mmol), catalyst: Co@SiO,@[Mn(II1)SBC], Ethyl acetate (3ml), temperature 45 °C.
% |solated yield. ° No Product.
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Table 6. The effect of various solvents on the oxidation of methyl phenyl sulfide.

Entry catalyst solvent product Time  Selectivity Isolated

(min) (%) Yield

2 Co@SiO,@Mn(IINSBC Acetone methyl phenyl  40-45 100 83
sulfoxide

3 Co@SiO,@Mn(IINSBC  acetonitrile methyl phenyl  40-45 100 93
sulfoxide

4 Co@SiO,@Mn(lISBC DMF methyl phenyl  40-45 100 86
sulfoxide

5 Co@SiO,@Mn(IINSBC  ethyl acetate methyl phenyl  40-45 100 92
sulfoxide

Table 7. Oxidation of the variety of aromatic and aliphatic sulfides in the presence of the
catalyst Co@SiO,@[Mn(lI1)SBC].

Catalyst (0.040 g) (|)|
H,0, (30%
A /S\R 20, (30%) .- /S\R
temprature 45 °C, 40 min
Entry Sulfides Catalyst Product Selectivity Isolated
% yield %
S 9
1 Co@Si0,@Mn(lINS S\ 100 92
BC
S\/ (I?
2 Co@Si0,@Mn(IINS ©/Sv 100 90
BC
S\/Ph C
3 Co@Si0@Mn(IINS S\ 100 89
BC
0] P O -
S S
4 || Co@sio,@Mn(lps LIl 1 100 93
BC
S T
5 ©/ \© Co@Si0,@Mn(Il)S ©/S\© 100 91
BC
/S\/\c _OMe (ﬁ
6 I Co@Si0,@MN(IINS | S~~~ -OMe 100 87
BC I
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(0]
. Il
7 e SNon, gg@SIOZ@Mn(III)S - 100 89
I
8 | MOS S\ O | Co@SIO@MN(INS | HCy S\ CHs 100 88
Ho Ho BC H, H,

Reaction conditions: methyl phenyl sulfide (1 mmol), H,0, 120 pl (1.17 mmol), solvent: ethyl

acetate 3ml.

Table 8. Utilization efficiency of hydrogen peroxide in the oxidation of alcohol and sulfide in the

presence of catalyst Co@SiO,@Mn(II1)SBC.

Oxidation reaction of alcohol
Substrate Hydrogen peroxide Yield % Selectivity Efficiency %?
Benzyl 90 pl (0.881 mmol) 94 100 69
alcohol
Oxidation reaction of sulfide
Substrate Hydrogen peroxide |  Yield % Selectivity Efficiency %°
Methyl 130 pl (1.17 mmol) 92 100 78
phenyl sulfide

([Aldehyde)/[H202]. x 100 (%), where [H,0,]. is the concentration of H,0, used.
([Sulfoxide)/[H202]. x 100 (%), where [H,0,]. is the concentration of H,O, used.
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