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In the present research, a highly ordered mesoporous silica material (SBA-15) was functionalized with imidazole as a
functionalizing reagent (SBA-TMSIm) and then characterized by FT-IR spectroscopy, thermogravimetric analysis (TGA),

powder X-ray diffraction (XRD) and nitrogen adsorption/desorption isotherm. The SBA-TMSIm was used as a support for

coordinative anchoring of tetraphenylporphyrinato-manganese(lll) acetate [Mn(TPP)OAc] via axial ligation. The prepared

catalyst was characterized by different spectroscopic methods and the amount of loaded metalloporphyrin on SBA-TMSIm

was determined by atomic absorption spectroscopy. Finally, the immobilized metalloporphyrin was found to be an

efficient catalyst in the oxidation of styrene with molecular oxygen and isobutyraldehyde (IBA) as the co-oxidant. In

addition to that, this aerobic oxidation system was used to oxidize various olefins and the results showed their epoxide

was the

Introduction

In the past few decades, the use of toxic and harmful oxidants
in the oxidation reactions would dramatically decrease the
qualification of systems from environmental-friendly
approaches. Among of the different sources of oxygen, use of
non-polluting oxygen donors, such as molecular oxygen in
hydrocarbon biomimetic oxygenation, is of particular
interest.'™ One of the most important challenges is the
activation process of molecular O, with transition metal
complexes to perform a number of reactions including the
highly selective oxidation of different substrates. A number of
first-row transition metals ions (such as Mn, Fe, Cu) which are
employed by metalloenzymes are capable of activating
molecular 02.5

Manganese porphyrins have been extensively used as efficient
catalysts for oxidation of alkenes with molecular O, as a green
oxidant.®® Early works demonstrated that simple biomimetic
metalloporphyrins can bind much easier to O, in the presence
of donor bases coordinated through the axial site as a
mimicking of proximal histidine nitrogen bonding structure for
hemoglobin and myoglobin anchored in a cleft in the globin
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major products.
chain.®*® On the other hand, axial base assists the molecular
oxygen via nt-donation to coordinate more readily to the metal
center, which leads to significant increase in the aerobic
oxidation yield. The basicity of the proximal ligand is also a
determining factor in dioxygen complex formation. It has
studied that in manganese-porphyrins the strong m-donor
imidazole is the best nitrogen donor among the others, which
would increase the oxygen-metal affinity.n'13 Axial bases can
directly add to the reaction atmosphere or it may attach to the
metal center from the first place.

Metalloporphyrins can partially decompose during the
catalytic process. Therefore, immobilization of
metalloporphyrins onto solid organic and inorganic supports is
a well-structured way to bridge the gap between
heterogeneous and homogeneous catalytic systems.
Heterogeneous phases are preferred with clarity due to their
advantages of stability in reaction phase against temperature
and pressure changes and the ability to separate from reaction
solution for later use.® However, the system efficiency slightly
decreases because of not being able to achieve all of the active
sites of the catalyst.”’15 Modifying solid supports with donor
groups can significantly improve the catalytic properties in
comparison with non-modified supports due to the
combination of two different catalytic sites in one material.
Recent works on some supports from bulk to nano modified by
groups such as pyridine and imidazole have been
performed.lﬁ‘17

Santa Barbara Amorphous (SBA-15) is a special type of ordered
mesoporous silica support with unique and significant
properties of the large pore size, thick pore walls (4-6 nm),
thermal and mechanical stability, highly ordered
mesostructured, large specific surface area (700-1000 m2/g)
and easy synthesis, which make it a beneficial catalyst support
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for wide applications.m'20 In spite of favourable functions of
SBA-15 in catalysis, it would be requested to modify SBA-15 to
enhance and optimize its catalytic activity by supporting or
immobilizing on other elements or complement other catalyst,
especially for thermal toleration and reusability. In addition,
SBA-15 is one of the best materials to be modified and
functionalized because it has a controllable pore size, pore
volume and high surface area. A study of functionalizing SBA-
15 with various groups such as sulfonic, amino propyl,
imidazole, triazole group has investigated recently.u'23 The
combination of the SBA-15 with terminal imidazole group
enables a good chance to design and synthesize novel
supported metalloporphyrins to mimic the function of P-450
enzymes, and simultaneously reach the desirable features of
heterogeneous systems.

In this perspective, first imidazole reagent [5-((3-
(trimethoxysilyl)propyl)carbamoyl)-1H-imidazole-4-carboxylic
acid] (TMSIm) was prepared as the SBA-15 functionalizing
agent. Then the [SBA-TMSIm] modified support were
synthesized and characterized and was utilized as a support for
[Mn(TPP)OAC] for the oxidation of styrene and various olefins
in isobutyraldehyde/O, system.

Experimental

Instruments and reagents

Chemicals were purchased from Merck or Fluka and used
without further purification. The UV-Vis spectra were recorded
on a PerkinElmer Lambda 25 UV-Vis spectrophotometer. The
solid samples were identified by X-ray powder diffraction
(XRD) using a STOE diffractometer with Cu-K, radiation (A =
0.15418 nm) at 40 kV and 40 mA. The diffraction patterns
were recorded in the Bragg angle (28) range from 0.5° to 10°
for small angle XRD with a position sensitive detector using a
step size of 0.06°. Infrared spectra were recorded (KBr pellets)
on an ABB Bomem: FTLA 2000-100 in the 400 to 4000 cm™
range. Thermogravimetry and differential thermal analysis
(TGA/DTGA) were carried out on a Mettler Toledo (TGA/DTGA)
under N, atmosphere at a heating rate of 10 °C min™’. The
manganese content of catalyst was measured by atomic
absorption spectroscope (model GVC932) with air-acetylene
flame. Nitrogen adsorption-desorption measurements were
carried out on a BELSORP-mini Il at 77 K. The samples (36 mg)
were previously degassed at 150 °C for 15 h. The specific
surface area was determined by the adsorption isotherm with
relative pressure 0.01 mz/g using BET method. The pore size
distribution was calculated by BJH method from the
desorption isotherm, and the total pore volume was obtained
at 0.35-200 nm in pore diameter. The micro pore volume,
microporous surface area, and external surface area were
obtained by the t-plot method. Gas chromatography (GC)
analyses were conducted on an Agilent chromatograph (model
7890B) equipped with flame ionization detector (FID) and
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capillary column HP-5 (phenyl methyl siloxane 30 m x 0.32 mm
x 0.25 um).

Preparation of the heterogenized catalyst

Preparation of [H,TPP], [Mn(TPP)OACc] and 5-((3-
(trimethoxysilyl)propyl) carbamo- yl)-1H-imidazole-4-carboxylic
acid (TMSIm) Meso-tetraphenylporphyrin  [H,TPP] was
prepared according to the literature.”® The [Mn(TPP)OACc] was
prepared and characterized according to the already reported
procedure for metalation of porphyrins.26 For the synthesis of
imidazole functionalizing reagent (TMSIm), in a 250 mL round-
bottomed two-necked flask equipped with a magnetic stirrer
and a condenser, 16 mmol (2.5 g) of 4,5-imidazoledicarboxylic
acid were suspended in 100 mL of dry CH,Cl, under N,
atmosphere. A total of 5 mL of oxalyl chloride was slowly
added from a dropping funnel. After 12 h, the solvent was
removed under reduced pressure and the residue was
suspended again in 100 mL of dry CH,Cl,. After the addition of
7 mL of triethylamine to the reaction mixture, 4.0 g of 3
aminopropyltrimethoxysilane was slowly added. The reaction
mixture was stirred at room temperature for a further 4 h. The
mixture was suspended in water for 1 h in order to remove the
formed salts and any impurities. Then the organic phase was
separated and the solvent was removed under reduced
pressure to obtain brownish viscous oil. To avoid hydrolysis,
100 mL of dried toluene added to the product and kept in the
fridge. The formation of the imidazole-functionalizing reagent
confirmed by '"H NMR spectroscopy. 'H NMR (CDCl3, ppm):
0.61 (t, 2H), 1.53 (m, 2H), 3.21 (t, 2H), 3.60 (s, 9H), 8.22 (s, 1H),
8.91 (s, 1H), 12.21 (s, 1H) and 12.98 (s, 1H).

Preparation of imidazole functionalized SBA-15 (SBA-TMSIm) To
functionalize SBA-15 by imidazole, the general procedure was
used. Briefly, SBA-15 (1.0 g) was suspended in 50 mL toluene,
the mixture was stirred for 1 h, and then 2.0 g of TMSIm was
added and refluxed for 24 h. The white solid was removed
from the solvent by filtration, washed with toluene and
ethanol, and then dried at room temperature. The formation
of this nanoporous silica was confirmed by FT-IR spectroscopy,
low angle X-ray powder diffraction (XRD) and thermal analysis.

Preparation of [Mn(TPP)OAc/SBA-TMSIm] [Mn(TPP)OAc] (0.10 g)
and SBA-TMSIm mesoporous support (0.40 g) were added to
30 mL dichloromethane and mixed on a shaker for 30 minutes.
The mixture was allowed to react at room temperature for 24
h. Then the solid was filtered and washed with
dichloromethane and dried in air. FT-IR, XRD, BET, TGA/DTA,
UV-Vis, and atomic absorption spectroscopy were used to
characterize the resulting heterogenized catalyst. The
schematic preparation route of the synthesized solid support is
shown in scheme 1.

This journal is © The Royal Society of Chemistry 20xx
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Figure 1 FTIR spectra of (a) SBA-15 and (b) [SBA-TMSIm].

catalyst, 0.0189 mmol of substrate and 0.0567 mmol of
isobutyraldehyde as a co-reagent were added. The mixture
was stirred slowly by magnetic stirrer under oxygen
atmosphere (pure oxygen gas balloon directly attached to the
reaction system) for 1 h. After reaction completed, solid phase
was separated by centrifugation and the products were
characterized by GC.

This journal is © The Royal Society of Chemistry 20xx

carried out in a 5-mL test tube in a high temperature water
bath keeping the temperature between 40-50 °C. In a typical
procedure, to 1 mL of acetonitrile, 0.0021 mmol of prepared

Results and discussion

Characterization of imidazole functionalized SBA-15 (SBA-TMSIm)

FT-IR spectra. FT-IR spectrum of [SBA-TMSIm] in addition to the
typical bands of mesoporous siIica,21’27'29 asymmetric and
symmetric Si—O-Si characteristic stretching vibrations at 1076
and 800 cm™ along with Si—-OH at 950 cm™ and Si—O-Si
bending at 458 cm_l, showed new bands at 3422, 2929, 1648,
1551 and 1420 cm™. These bands, which are corresponded to
C—H aromatic, C—H aliphatic, C=0, C=N and C=C, respectively,
confirmed 5-((3-(trimethoxysilyl)propyl)carbamoyl)-1H-
imidazole-4-carboxylic acid groups’ successfully immobilized
into SBA-15 (Figure 1).30

X-ray diffraction. Low-angle XRD patterns of SBA-15 before and
after imidazole-modified exhibit a single and strong diffraction
peak at 26 between 0.5 and 1.5° as seen in Figure 2, which can
be indexed to the (100) hkl reflection, indicating the presence
of a mesoporous structure. This reflection is associated with
the P6Emm hexagonal symmetry typical of SBA-15 material and
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Figure 2 Low-angle XRD pattern of (a) SBA-15 and (b) [SBA-TMSIm].

indicating a significant degree of long-range ordering in the
structure and a well-formed hexagonal lattice.>* Due to the
grafting of TMSIm groups, the diffraction peak of [SBA-TMSIm]
shifted to a higher angle and became weaker compared with
unmodified one. These results indicate that the mesoporous
phase of the compound was maintained, while the integrity of
the mesoporous structure was affected by the incorporation of
TMSIm functionalizing agent.32

TGA/DTGA analysis. The thermal stability of [SBA-TMSIm]
compound (Figure 3) was studied by TGA/DTGA analysis. The
total weight loss was measured to be 10.3% during pyrolysis in
N,. The differential thermogravimetric analysis (DTGA) curve of
[SBA-TMSIm] showed two distinct weights loss centered at 267
and 403 °C. The first one is attributed to the loss of free water
molecules, which are accommodated in cylindrical pores,
which are maintained in the pores up to the temperature
higher than that applied in the sample preparation for sorption
measurements.’® These water molecules can release from 100
up to 200 °C, and in this DTGA curve, they seem to be
released at 267 °C with 4.1% weight loss. A weight loss
occurred between 200 and 800 °C which is accompanied with
a district peak at 403 °C in the DTGA curve, corresponds to
the oxidative decomposition of the organic part of 5-((3-
(trimethoxysilyl)propyl)carbamoyl)-1H-imidazole-4-carboxylic

acid. Moreover, this ~6.2% weight loss is corresponded to
~0.26 mmol/g loading of TMSIm on SBA-15. Furthermore,

°CA-1
) _ %
0.00005 Step -4.1558% s
-0 5
0.0001 L[\ Sten6:2067% ///32
9] 2
-0. 5 )
0.0002 92{ &
=
90] =
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Figure 3 TGA/DTGA curves of [SBA-TMSIm].
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according to thermal analysis, the prepared compound is
stable up to 403 °C.

Nitrogen adsorption/desorption isotherm and pore size
distribution curve studies. Dinitrogen adsorption-desorption
isotherms of SBA-15 and [SBA-15TMSIm] at 77 K are shown in
Figure 4. A type IV profile with a type H1 hysteresis Ioop34
which is characteristic of 1D cylindrical regular pores and
capillary condensation were observed on the isotherms of
both solids which is typical of mesoporous materials, according
to IUPAC classification in the literature.”?#?%%**° The pore size
distribution curves of SBA-15 and [SBA-TMSIm] (Figure 5)
obtained by the Barrett-Joyner-Halenda method shows narrow
and uniform-sized mesopores with an average value of 4.6 nm
for both solids.?***3® The specific surface area (Sget), estimated
statitical thickness of adsorbed layer (2t) and pore volume (V;)
of SBA-15 and [SBA-TMSIm] are shown in Table 1. The BET

600

400

V, (cm3(STP) g')

Figure 4 The nitrogen adsorption/desorption isotherms of (a) SBA-15 and (b)
[SBA-TMSIm].

Table 1 Textural properties of SBA-15 and [SBA-TMSIm]

Solid Seer’/m’gt 2t°/nm Vp/emig?
SBA-15 551 3.6 1
[SBA-TMSIm] 347 7.8 0.66

2 Sger is the BET specific surface area.
b 2t is estimated statistical thickness of adsorbed layer.
Vp is pore volume, obtained by BJH method.

This journal is © The Royal Society of Chemistry 20xx
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Figure 5 The pore size distribution curves by BJH method for (a) SBA-15
and (b) [SBA-TMSIm].

specific surface area and pore volume of the precursor
mesoporous silica SBA-15 were of 551 m? g'1 and 1 cm® g'l,
respectively. The experimental data show that, at a given
pressure, the thickness of the film increases upon decreasing
the pore volume (V,). As calculated from t-plot method, SBA-
15 has a contribution of 20% of micropores. The values of
micropore volume, microporous surface area and external
surface area were of 1.03 cm® g'1,377 m’ g'l, and 581 m’ g'l,
respectively. The covalent modification of SBA-15 with
imidazole moieties to yield [SBA-TMSIm] was followed by a
decrease in the BET specific surface area and pore volume to
347 m? g'1 and 0.66 cm® g'l, respectively (Fig. 5a and b). These
decreases can be explained by the presence of 5-((3-
(trimethoxysilyl)propyl)carbamoyl)-1H-imidazole-4 carboxylic
acid agent (TMSIm) that may block the access of N, gas to the
SBA-15 pores or to the porous surface. 2834364041
micropore volume, microporous surface area and external
surface area for [SBA-TMSIm] were of 0.61 cm?® g"1,175 m? g'l,
and 398 m? g"l. Microporous surface area and No changes in
the diameter of the average pore (D,) between SBA-15 and

[SBA-15-TMSIm] were noticed, which is unlike to the data
37,41-43

The values of

reported before. This may be related to a much lower

functionalization of [TMSIm] on SBA-15 (0.26 mmol g'l) in

. 28,35,41,43
compare to previous works.

0.98
0.96 1
0.941
0.921
0.901
0.881
0.86 1
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Figure 6 FTIR patterns of [Mn(TPP)OAc/SBA-TMSIm].
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Figure 7 Low-angle XRD patterns of (a) [Mn(TPP)OAc/SBA-TMSIm]
and (b) SBA-15.

Characterization of [Mn(TPP)OAc/SBA-TMSIm]

FT-IR spectra. Comparing the FT-IR spectra of functionalized
[SBA-TMSIm] and [Mn(TPP)OAc/SBA-TMSIm] (Figure 6) reveals
the appearance of C=C and C=N stretching bands of porphyrin
at 1460-1650 cm™ which confirms the attachment of
manganese porphyrin to mesoporous silica support. The
similarity between FT-IR spectra of functionalized porous
materials and heterogenized catalysts indicates that the
porous nature of the [SBA-TMSIm] has been kept after
immobilizing the [Mn(TPP)OAc] onto them.

X-ray diffraction. Figure 7 shows the low-angle XRD pattern of

[Mn(TPP)OAc/SBA-TMSIm] and SBA-15. Apparently, after
°C*-1 73
. Step -1.2830% 100
-0.00005 e Step -3.30278% .
= —-_I

Step -7.9986%

-0.00015

-0.00025 162.44 °C

(%) B

-0.00035

267.15°C 387.80°C 20
50 100 150 200 250 300 350 400 450 500 550 600 650 700 °C
Temperature (°C)

Figure 8 TGA/DTGA curves of [Mn(TPP)OAc/SBA-TMSIm].

functionalization of SBA-15 and grafting Mn(TPP)OAc, the
intensity of diffraction peak decrease to some extent. This
decrease can be attributed to the disordering of catalyst
particles, and small shift to higher angle confirms the
anchoring of porphyrin into SBA-15 cavities with preservation
of the mesostructure.

TGA/DTGA  analysis. Thermogravimetric analysis of
[Mn(TPP)OAc/SBA-TMSIm] exhibits the thermal behaviour of
the final heterogeneous catalyst (Figure 8). Four weight loss
events took place in the TGA/DTGA diagram. The first event at
162 °C with about 1.2% weight loss is related to the physical

J. Name., 2013, 00, 1-3 | §
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desorption of the water molecules in the [Mn(TPP)OAc/SBA-
TMSIm]. The second step is associated with the loss of free
water molecules, which are inside cylindrical pores, or water
molecules that established a link through hydrogen bonding
with SiO, and released at 267 °C as mentioned before. Finally,
the mass decline around 387 °C can be attributed to the
decomposition of [Mn(TPP)OAc] and the (TMSIm) agent
together.

Nitrogen adsorption/desorption isotherm and pore size
distribution  studies. Dinitrogen adsorption-desorption
isotherms of [Mn(TPP)OAc/SBA-TMSIm] at 77 K are shown in
Figure 9. Once more, a type IV profile with a type H1 hysteresis
loop observed for this catalyst similar to the modified SBA-
15.3* The pore size distribution curves of [Mn(TPP)OAc/SBA-
TMSIm] (Figure 10) shows narrow and uniform-sized
mesopores with an average value of 4.6 nm similar to the solid
support. The BET

300

200

V. (em*(STP) g)

0 0.3 0.6 0.9
P/Py

Figure 9 The nitrogen adsorption/desorption isotherms  of
[Mn(TPP)OAC/SBA-TMSIm].

Table 2 Textural properties of [Mn(TPP)OAc/SBA-TMSIm]

Solid Sger/m” g" 2t/nm V,,/cm3 g'1
[Mn(TPP)OAc/SBA-TMSIm] 170 6.1 0.37
?Sger is the BET specific surface area.
P 2t is estimated statistical thickness of adsorbed layer.
Vp is pore volume, obtained by BJH method.
0.3
4.6
0.2
=9
[
=
~
=9
> 0.1
=
0
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Figure 10 The pore size distribution curves by BJH method for
[Mn(TPP)OAC/SBA-TMSIm].
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specific surface area along with the texture of
[Mn(TPP)OAc/SBA-TMSIm] are listed in Table 2. The values of
micropore volume, microporous surface area and external

1

0.8

0.6

0.4 (a)
0.2 lL\
o L®

350 450 550 650 750
Wavelength (nm)

Absorbance (a.u)

Figure 11 UV-Vis absorption spectra of (a) [Mn(TPP)OAc/SBA-TMSIm]

and (b) [SBA-TMSIm] in dichloromethane.
surface area were of 0.34 cm® g'1,79 m? g'l, and 122 m? g'l,
respectively. As expected, a decrease in the BET specific
surface area and pore volume in comparison to the SBA-15 is
clear.

UV-Vis spectroscopy. The presence of Mn-porphyrin in the
functionalized SBA-15 was also confirmed by UV—Vis
spectroscopy (Figure 11). No absorption band was observed in
the UV-Vis spectrum of [SBA-TMSIm] [Figure 11(b), dash line].
However, the Soret band at 480 nm and Q bands at 583 and
622 nm appear after anchoring of [Mn(TPP)OAc] into
cylindrical pores of [SBA-TMSIm] [Figure 11(a)].

nm appear after anchoring of [Mn(TPP)OAc] into cylindrical
pores of [SBA-TMSIm] [Figure 11(a)].

Atomic absorption spectroscopy (AAS). The manganese content
of heterogeneous catalyst was measured by atomic absorption
spectroscopy. Based on this analysis, the Mn content of the
catalyst is about 120 umol/g (87 mg of [Mn(TPP)OAc] per 1 g).

Catalytic studies

Styrene is a standard substrate for studying the catalytic
performance for the homolytic activation of C=C in alkene
oxidation, and for estimating yield selectivity toward styrene
oxide with respect to further oxidation products. Moreover,
styrene oxide is an essential organic intermediate.”***
Therefore, the quest for discovering systems that are capable
of catalyzing styrene and other alkenes under mild conditions
still stands a challenge for academic researchers.

The heterogenized manganese porphyrin [Mn(TPP)OAc/SBA-
TMSIm] was evaluated as a catalyst for styrene oxidation using
molecular oxygen as a green oxidant and isobutyraldehyde
(IBA) as a co-reducer. We performed a blank experiment with
30 mmol styrene and 90 mmol of isobutyraldehyde in
acetonitrile at 50 °C, which afforded styrene oxide (3%) after 1
h according

This journal is © The Royal Society of Chemistry 20xx
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Table 3 Effect of time and temperature in oxidation of styrene with molecular oxygen
catalyzed by [Mn(TPP)OAc/SBA-TMSIm] in acetonitrile

Entry Temp. Time Conv. (%) Yeild (%)
(°C) (h) Benzaldehyde | Epoxy
styrene

1 25 4 3 3 -

2 25 5 12 7 5

3 25 6 20 10 10
4 25 7 31 17 14
5 25 24 70 41 29
6 40 1 27 11 16
7 40 2 80 30 50
8 50 1 90 21 69

*The reaction conditions are as follows: 0.0021 mmol of catalyst, 0.0189 mmol of
styrene, 0.0567 mmol of isobutyraldehyde.

to GC analysis. However, the addition of a catalytic amount of
[Mn(TPP)OAc/SBA-TMSIm] (0.0021 mmol) to the acetonitrile
mixture led to 90% conversion of styrene to styrene oxide or
benzaldehyde under the same conditions.

In order to optimize the reaction conditions, the effect of
reaction time and temperature on the oxidation of styrene was
investigated. It is observed that the highest conversion of
styrene (70%) was obtained after 24 h at 25 °C (Table 3, entry
5) while at 50 °C after 1 h 90 % conversion of styrene was
obtained (Table 3, entry 8). In addition, it is observed that
product selectivity is dependence to the reaction temperature.
At the room temperature, benzaldehyde is the major product
while at 50 °C epoxy styrene is the major product.
Homogeneous oxidation of styrene with molecular oxygen in
the presence of Mn(TPP)OAc and in the same conditions, led
to process not only did not cause catalyst deactivation but also
improve the catalytic performance.

Having proved the activity and stability of [Mn(TPP)OAc/SBA-
TMSIm] in the model reaction, the scope of the protocol was
subsequently extended to a range of olefins, as shown in
Figure 12. In this catalytic system, the oxidation of cyclooctene
(59%), 4-methoxy styrene (81%) and cis-stilbene (40%) give the

100

80

60

40

20

BConversion % GEpoxide Selectivity %

Figure 12 Epoxidation of various olefins using O,/IBA as oxidant, catalyzed by
[Mn(TPP)OAc/SBA-TMSIm] in CH3CN at 50 °C temperature.
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corresponding epoxide as the sole product at 50 °C after 1 h.

Proposed mechanism

The mechanism for the metalloporphyrin-catalyzed aerobic
oxidation of olefins such as styrene in the presence of
isobutyraldehyde generally involves a free radical process and
isobutyraldehye is a common reducing agent.46 In the
proposed Mechanism (Scheme 2), two pathways could be
occurred.”’ (i) Mn(IN)(TPP) reacts with the aldehyde to
generate an acyl radical (a) and Mn(ll)(TPP) (pathway | in
scheme 2) and then the acyl radical react with molecular
oxygen to generate acylperoxy radical (b) which is capable for
the oxidation of alkenes. (ii) Mn(ll)(TPP) reacted with peroxy

acid (c), which is generated
O

O
HyC ‘ H‘C\CH H

o
o (G
HsC ? CA H i)
3 \(‘IH 0 (‘IH # ‘ 0
CHy
; oD

e £
HaC )KH/" CHs Hﬂc\(‘;H H
\ CH,
CH,

Scheme 2 Plausible mechanism of styrene oxidation catalyzed by Mn(lll) porphyrin in
the presence of molecular oxygen and isobutyraldehyde.

from the reaction of (b) with another aldehyde molecule, to
generate high-valent Mn(lV) porphyrin(d) (pathway Il in
scheme 2) which has a high oxidizing power to form the
oxidation products.

Conclusions

In summary, new and efficient mesoporous imidazole-
functionalized SBA-15 were synthesized and characterized and
its use as support for immobilization of [Mn(TPP)OAc] within
axial coordination was discussed. The heterogeneous catalyst
[Mn(TPP)OAc/SBA-TMSIm] is a well-organized system for
oxidation of olefins with high conversion yields and nice
selectivity. Molecular oxygen balloon was used as an
environmentally friendly oxidant in the reactions and due to its
inert triplet system, isobutyraldehyde was utilized as an
activator for the oxidant.

J. Name., 2013, 00, 1-3 | 7
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