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a b s t r a c t

Manganese (III) 5,10,15,20-tetrakis(4-N-methylpyridyl) porphyrin encapsulated into zeolite X,
[Mn(TMPyP)-NaX], and zeolite Y, [Mn(TMPyP)-NaY] was synthesized through the zeolite synthesis
method, in which NaX and NaY zeolites were synthesized around one cationic Mn porphyrin. The
syntheses yielded pure MnP-NaX and MnP-NaY catalysts without any by-products blocking the zeolite
nanopores. These heterogenized catalysts were characterized by FT-IR, UV–vis spectroscopic techniques,
vailable online 6 December 2008

eywords:
iomimetic catalysts
poxidation
odium periodate

X-ray diffraction (XRD), neutron activation analysis (NAA) and thermal analysis. These catalysts were
used for efficient and selective alkene epoxidation with NaIO4 under mechanical stirring and under
ultrasonic irradiation. These catalysts were also used for epoxidation of linear alkenes and good shape
selectivity was observed.

© 2008 Elsevier B.V. All rights reserved.

eolite
anganese porphyrin

. Introduction

In biomimetic systems, synthetic metalloporphyrins (MeP) have
een used as attractive building blocks for the molecular engineer-

ng with designed chemical, physical, or catalytic properties [1].
he selectivity and stability in the biomimetic oxidation systems
re originated from steric and electronic effects [2–6]. This is why
here is a growing interest on mimicking the protein cavity of natu-
al enzymes. Immobilization of metalloporphyrins to solid matrixes
uch as silica [7–9] and chemically modified silica surfaces [10,11],
eolites [12] or organic polymers [13–16] have been carried out
n order to obtain more efficient oxidation systems and mimic the
ction of heme enzymes such as peroxidases [17,18] and cytochrome
-450 [19–22].
Zeolites can be used as enzymatic model due to the
olecular-size channels and pores in three-dimensional network

f well-defined crystalline structures which confers shape and
ize selectivity [23]. Zeolite–encapsulated metalloporphyrins, MP,

∗ Corresponding authors. Tel.: +98 311 7932705; fax: +98 311 6689732.
E-mail addresses: moghadamm@chem.ui.ac.ir, moghadamm@sci.ui.ac.ir,

ajidmoghadamz@yahoo.com (M. Moghadam), stanges@sci.ui.ac.ir
S. Tangestaninejad).

381-1169/$ – see front matter © 2008 Elsevier B.V. All rights reserved.
oi:10.1016/j.molcata.2008.11.036
present many advantages such as replacement of zeolite as the pro-
tein portion of natural enzymes and proving a controlled steric
environment for the MeP, serving as a model for the active site
of cytochrome P-450 [24–26]. These systems show the chemose-
lectivity, regioselectivity and stereoselectivity in model reactions
[27].

Cationic porphyrins have extensively studied as templates in
the synthesis of molecular sieves such as aluminosilicates, alu-
minophosphates and galophosphates [6]. Due to their stability
under hydrothermal synthetic conditions and their solubility, these
metalloporphyrins are used extensively in the method of “build-
bottle-around-ship” [12,28,29]. This model is considered as a
complete mimic enzymatic of the inorganic matrix that the acti-
vation of substrate occurred by porphyrin catalytic centre [30,31].
So, with forming metallocomplexes into zeolite cages, the com-
plex may have a unique configuration, which may differ from that
form existing in solution [32–34]. In this way, cationic metallo-
porphyrins are stabilized inside the negative framework of the
zeolite cavities through an electrostatic interaction [33]. Further-

more, heterogeneous metalloporphyrins have advantages such as
steric and electronic effects of the support that are similar to the
influence of the polypeptide chain in hemoproteins and provide
an easy way to recover and recycle them from the reaction media
[12,35–37].

http://www.sciencedirect.com/science/journal/13811169
http://www.elsevier.com/locate/molcata
mailto:moghadamm@chem.ui.ac.ir
mailto:moghadamm@sci.ui.ac.ir
mailto:majidmoghadamz@yahoo.com
mailto:stanges@sci.ui.ac.ir
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Scheme 1. Oxidation of alkenes with NaIO4 catalyzed by Mn(TMPyP)-zeolites.

Battioni et al. have described the catalytic activity of some met-
lloporphyrins encapsulated in NH4-Y zeolite, where the porphyrin
omplexes have synthesized inside the Y zeolite, by template syn-
hesis method [38]. Balkus et al. have used the zeolite synthesis

ethod to synthesize zeolite NaX around cobalt (II) and copper (II)
hthalocyanine complexes [39]. Rosa et al. have used zeolite syn-
hesis method in which the anionic framework of NaX zeolite is
ynthesized around the cationic iron (III) porphyrins and applied
hese catalysts in the oxidation of hydrocarbons [12]. Zhan and Li
ave reported the synthesis of a faujasite Y confined metallopor-
hyrin, and investigated its catalytic activity in the oxidation of
yclohexene [28].

In this paper, we describe the preparation, physicochem-
cal characterization and application of two NaX and NaY
eolites–encapsulated Mn(III)-porphyrin in the epoxidation of
yclic, linear and branched alkenes with NaIO4 under mechanical
tirring and ultrasonic irradiation conditions (Scheme 1).

. Experimental

All solvents and reagents were of commercial grade and
btained from Merck and Fluka. Alkenes were passed through a
olumn containing active alumina to remove the peroxidic impuri-
ies.

.1. Preparation of zeolite–encacpsulated MnP-NaX

Porphyrin ligand was purchased from Fluka and was used with-
ut prior purification. The manganese porphyrin was prepared
ccording to the literature [11]. The manganese (III) tetrapyridylpor-
hyrin was methylated by reaction with large excess (360 equiv.) of
H3I at room temperature under argon atmosphere [25].

The MnP-NaX catalysts were synthesized through the method
eported by Bulkus et al. [39]. A silicate gel was prepared by stirring
f silica (3.5 g), NaOH (3 g) and the desired MnP (1.8 × 10−4 mol)
n H2O (7.5 ml). The gel was then added to an aluminate solu-
ion containing aluminum isopropoxide (Al[OCH(CH3)2]3) (7.75 g),
aOH (3.25 g) and H2O (10 ml). This mixture was transferred to a
olypropylene bottle containing H2O (30 ml) and stirred at room
emperature for 24 h. The crystallization occurred at 90 ◦C under
tatic and autogeneous conditions in a stainless steel bomb (100 ml)
or 15 h. Then H2O (20 ml) was added and the resulting solids were
ltered, washed several times with water and dried at 80 ◦C for 24 h.
he complexes adsorbed on the external surface of the zeolite were
emoved through Soxhlet extraction with water, and then with
ethanol to remove all the MnP present on the external surface

f the zeolite. The samples were dried at 80 ◦C for 24 h.

.2. Preparation of zeolite–encapsulated MnP-NaY

The MnP-NaY catalyst was synthesized according to the pro-

edure for the inclusion of cationic metalloporphyrins inside the
anocages of faujasites X and Y during hydrothermal synthesis [12].
he aluminosilicate gel was prepared by stirring of colloidal sil-
ca (4.6 g), sodium hydroxide (6.2 g), sodium aluminate (3.2 g) and

2O (80 ml). After then, MnP (0.42 g, 3.6 × 10−4 mol) was added.
talysis A: Chemical 302 (2009) 68–75 69

The crystallization occurred at 95 ◦C under static and autogeneous
conditions in a stainless steel bomb (250 ml) for 48 h. The com-
plexes adsorbed on the external surface of the zeolite were removed
through Soxhlet extractions with distilled water, methanol. The
final product was dried at 60 ◦C for 24 h.

2.3. Instrumentation

The electronic spectra of the ligand and complex in the UV–vis
region were recorded in methanol solution using a Shimatzu 160
UV–vis or a Varian Cary NIR spectrophotometer. Powder X-ray
diffraction of the hybrid compounds were carried out with Cu K�
radiation and a graphite monochromatic with scan speed 16◦/min.
Gas chromatography (GC) experiments performed with a Shimadzu
GC-16A instrument using a 2 m column peaked with silicon DC-
200 or Carbowax 20m using n-decane as internal standard. FT-IR
spectra were obtained as potassium bromide pellets in the range
400–4000 cm−1 with a Nicolet-Impact 400D instrument. Atomic
absorption spectra (AAS) were recorded on a Perkin-Elmer 3110
Spectrophotometer using a flame approach. Diffuse reflectance
spectra were recorded on a Shimadzu UV-265 instrument using
optical grade BaSO4 as reference.

2.4. General procedure for oxidation reactions catalyzed by
MnP-NaX or MnP-NaY under mechanical stirring

All of the reactions were carried out at room temperature under
air in a 25-ml flask equipped with a magnetic stirrer bar. To a
mixture of alkene (0.5 mmol), imidazole (1.4 mmol), manganese
porphyrin (7 �mol for MnP-NaX and 16 �mol for MnP-NaY) and
CH3CN (5 ml) was added a solution of NaIO4 (1 mmol) in H2O
(2.5 ml). The progress of reaction was monitored by GC. The reac-
tion mixture was diluted with Et2O (20 ml) and filtered. The catalyst
was thoroughly washed with Et2O and combined washings and fil-
trates were purified on a silica-gel plates or a silica-gel column. IR
and 1H NMR spectral data confirmed the identities of the products.

2.5. General procedure for oxidation reactions catalyzed by
MnP-NaX or MnP-NaY under ultrasonic irradiation

All reactions were carried out at room temperature in a 40-ml
glass reactor. A UP 400S ultrasonic processor equipped with a 3-
mm wide and 140-mm long probe, which was immersed directly
into the reaction mixture, was used for sonication. The operating
frequency was 24 kHz and the output power was set at 0–400 W
through manual adjustment. The total volume of the solution was
15 ml. The temperature reached to 40 ◦C during sonication.

A solution of NaIO4 (2 mmol in 5 ml H2O) was added to a mix-
ture of alkene (1 mmol) and imidazole (2.8 mmol) in CH3CN (10 ml).
After addition of manganese porphyrins (7 �mol for MnP-NaX and
16 �mol for MnP-NaY), the mixture was sonicated. Progress of the
reaction was followed by GC. At the end of reaction, the catalyst was
filtered off and the filtrates were extracted with Et2O and were puri-
fied on a silica-gel plate or a silica-gel column (eluent: CCl4–Et2O).
The identities of products were confirmed by IR and 1H NMR spec-
tral data.

3. Results and discussion

3.1. Preparation and characterization of zeolite NaY– and
NaX–encapsulated Mn(III)-porphyrin
The synthesis of zeolite Y–encapsulated Mn(III)-porphyrin,
MnP-NaY, and zeoliteX–encapsulated Mn(III)-porphyrin, MnP-NaX,
was carried out by a zeolite synthesis method [38,40]. In these
methods, the anionic host was synthesized around the cationic
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Table 1
Amount of metalloporphyrin retained by the zeolite X and zeolite Y and UV–vis
absorption bands for Mn(TMPyP).

Entry Catalyst Metalloporphyrin
loading (mmol/100 g
zeolite)

Wavelength (nm)

CT-band Soret
band

Q-band
0 M. Moghadam et al. / Journal of Molecu

uest through an electrostatic interaction. Therefore, no free metal
on, free ligand or impurities like polypyrrins (which result from

etalloporphyrin synthesis) [12] in the zeolite cages are present,
nd as a result, no complication in characterization (presence of
board band at ∼480 nm) and reactivity (pore blockage) of the

esulting material are observed [41].
Upon formation of metalloporphyrin cations into zeolite cages,

he originally white zeolites turn to brown (bright brown in
n(TMPyP)-NaX and dark brown in Mn(TMPyP)-NaY). The color

f obtained material after the washings with Soxhlet extraction
emained constant which indicated the incorporation of metallo-
orphyrins into NaX and NaY zeolites. This difference in the color
f two encapsulated metalloporphyrins is due to the amount of
etalloporphyrin loading into the zeolites. Therefore, this factor

ffects the reactivity and selectivity of two encapsulated metal-
oporphyrins in the epoxidation of alkenes. The UV–vis spectra
f both MnP-NaX and MnP-NaY after digestion of them in acid
howed similar spectra of free MnP complex in solution (Table 1).
o significant change was observed in the position of the Q and
oret bands in comparison with the values observed for respective
etalloporphyrins in solutions. This confirms the incorporation of

etalloporphyrin into zeolites without any spatial confinement

nd the metalloporphyrin has been dispersed into the nanocages of
eolites. The size of nanocages of zeolites is 1.3 nm and the size of
etalloporphyrin is 1.2 nm [34], then it is expected that insertion

f metalloporphyrin occurs without spatial strain.

Fig. 1. XRD patterns of: (A) NaX zeolite, (B) NaX zeo
1 Mn (TMPyP) – 398 (376) 462 558
2 Mn (TMPyP)-NaX 0.69 397 461 557
3 Mn (TMPyP)-NaY 1.35 397 (377) 462 558

Comparison of UV–vis spectrum of Mn(TMPyP) complex and the
diffuse reflectance spectra of Mn(TMPyP) encapsulated in zeolites Y
and X (Fig. 1), confirmed the incorporation of metalloporphyrin into
the supercages of zeolites. The same band is present in the UV–vis
spectra of Mn(TMPyP) entrapped in the NaY and NaX zeolites but
the maxima have been shifted to lower wavelength. Such blue shift
of the absorption band in comparison with the free metallopor-
phyrin indicates that the immobilization of the complex modifies
the electronic and spectral properties of the encapsulated metallo-

porphyrin.

The XRD patterns indicated that the NaY and NaX
zeolites–encapsulated metallocomplexes have crystallinity almost
identical to that of the parent NaY and NaX zeolites (Fig. 2). It is
apparent that encapsulation conditions have little impact on the

lite, (C) MnP, (D) MnP-NaY, and (E) MnP-NaX.
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Table 2
The effect of solvent on the epoxidation of cyclooctene with NaIO4 catalyzed by
MnP-NaX at room temperaturea.

Solvent Epoxide yield (%) after 10 hb

CH3CN/H2O 94
CH3COCH3/H2O 45
CH3OH/H2O 28.5
CH2Cl2/H2O 2

a Cyclooctene (0.5 mmol), NaIO4 (1 mmol), catalyst (MnP-NaX, 0.007 mmol), sol-
vent (5 ml), H2O (2.5 ml).

b GC yield.

Table 3
The effect of axial ligand on the epoxidation of cyclooctene with NaIO4 catalyzed by
MnP-NaX at room temperaturea.

Axial ligand Epoxide yield (%) after 5 hb

Imidazole 94
1-Methyl pyridine 20
Pyridine 40
2-Methyl pyridine 30
No axial ligand 2
No catalyst 0
Fig. 2. Diffuse reflectance spectra of: (A) MnP-NaY and (B) MnP-NaY.

rystallinity of the zeolites host. This fact can be due to their fine
istribution in the lattice [27,42].

FT-IR spectra for NaX and NaY zeolites show strong zeolite lat-
ice bands in the range 450–1200 cm−1. The strong band at the
032 cm−1 could be attributed to the asymmetric stretching vibra-
ions of (Si/Al)O4 units [43]. The broad band at the 1637 and
465 cm−1 are due to lattice water molecules and surface hydrox-
lic groups. The FT-IR spectra of NaY zeolite and encapsulated
etalloporphyrins are presented in Fig. 3. No shift was observed in

he zeolite lattice bands of encapsulated metalloporphyrins, which
urther implies that the zeolite framework has retained unchanged
pon the encapsulation of metalloporphyrin. The bands observed

n the 1200–1600 cm−1, where zeolite has no bands, confirmed the
resence of metalloporphyrin in the zeolite pores. However, due

o low concentration of metalloporphyrin in the NaX and NaY zeo-
ites, the metalloporphyrin bands have weak intensity. However,
t is possible to observe bands at 1150–1550 and 2800–3200 cm−1

ttributed to C–C and C N vibrations of the porphyrin ring and C–H
ibrations for the Mn(TMPyP)-NaX, respectively [44–46].
a Cyclooctene (0.5 mmol), NaIO4 (1 mmol), catalyst (0.007 mmol), CH3CN (5 ml),
H2O (2.5 ml).

b GC yield.

The amounts of manganese porphyrin on the supported cat-
alysts were determined by atomic absorption spectroscopy and
neutron activation analysis, which showed value of 0.0135 mmol/g
for Mn(TMPyP)-NaY and 0.0069 mmol/g for Mn(TMPyP)-NaX.

One possible explanation for higher metalloporphyrin loading
for NaX zeolite is related to difference in Si/Al ratio in NaX and
NaY zeolites. The Si/Al ratio is 1.5–3 for NaY and 1–1.5 for NaX
zeolites. When the Al content of zeolite becomes more, the capac-
ity of cations exchange is enhanced and therefore, the number of
sites which is occupied by cations increases [47]. In the case of NaX
zeolite, only a few metalocomplexes are inserted into supercage of
zeolite and the content of encapsulated metallocomplexes is lower
than NaY zeolite.

3.2. Effect of solvent on the oxidation of cyclooctene

Solvent plays an important role in catalytic behavior of epox-
idation catalysts because it can uniform the different phases and
therefore, promoting mass transportation, and can also change
the reaction mechanism by affecting the intermediate species,
the surface properties of catalysts and reaction pathways [48].
Among the mixture of methanol, ethanol, acetone, acetonitrile, and
dichloromethane with water, the 2:1 mixture of acetonitrile/water
was chosen as the reaction medium, because the higher epoxidation
yield was observed. The results are shown in Table 2.

3.3. Effect of axial ligand on the epoxidation of cyclooctene

The effect of different axial ligands on the catalytic activity of
MnP-NaX and MnP-NaY in the epoxidation of cyclooctene was stud-
ied. The best results were obtained in the presence of imidazole
(Table 3). When the same reaction was carried out in the absence
of imidazole, only small amounts of cyclooctene oxide was detected
in the reaction mixture.
3.4. Catalytic alkene epoxidation with NaIO4 in the presence of
Mn(TMPyP)-NaX and Mn(TMPyP)-NaY under mechanical stirring

The epoxidation of alkenes with NaIO4 in presence of
Mn(TMPyP)-NaX and Mn(TMPyP)-NaY yielded the corresponding
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Fig. 3. FT-IR spectra of: (A) M

xide products in aqueous acetonitrile at room temperature

Table 4). Cyclooctene was converted to cyclooctene oxide in
wo catalytic systems in high yield. Epoxidation of styrene with
he former system produced 16% benzaldehyde and 67% styrene
xide, whereas in the later system 30% benzaldehyde and 70%

able 4
poxidation of alkenes with NaIO4 catalyzed by MnP-NaX and MnP-NaY under mechanic

ntry Alkene MnP-NaX

Conversion (%)b Epoxide selectivity (%) Time (h) TO

95 100 5.5 22

97c 76 8 14

83d 79 11 8

97 100 10 21

a Reaction conditions: alkene (0.5 mmol), NaIO4 (1 mmol), catalyst (600 mg), CH3CN/H2
b GC yield.
c The by-products are 8% allylic alcohol and 18% allylic ketone for MnP-NaX and 19% all
d Benzaldehyde was produced as by-product.
Y, (B) MnP-NaX, and (C) MnP.

styrene oxide was produced. In the epoxidation of cyclohex-

ene with Mn(TMPyP)-NaX/NaIO4 catalytic system, the yield of
epoxide was 68% and with Mn(TMPyP)-NaY/NaIO4 system was
53%. While in both systems, the allylic oxidation was also
observed.

al stirringa.

MnP-NaY

F (h−1) Conversion (%)b Epoxide selectivity (%) Time (h) TOF (h−1)

.05 97 100 5 11.98

.59 100c 53 6.5 9.10

.09 100d 70 10 10.26

.43 100 100 8 20.17

O (5/2.5 ml).

ylic alcohol and 28% allylic ketone for MnP-NaY.
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Table 5
Epoxidation of alkenes with NaIO4 catalyzed by MnP-NaX and MnP-NaY under ultrasonic irradiationa.

Entry Alkene MnP-NaX MnP-NaY

Conversion (%)b Epoxide selectivity (%) Time (min) TOF (h−1) Conversion (%)b Epoxide selectivity (%) Time (min) TOF (h−1)

1 100 100 35 213.85 98 100 20 177.85

2 100c 68 30 242.93 100c 63 30 121.98

3 95d 80 120 56.57 100d 89 50 74.07

4 95e 60 60 108.2 96 55e 20 157.50

a Reaction conditions: alkene (0.5 mmol), NaIO4 (1 mmol), catalyst (600 mg), CH3CN/H2O (5/2.5 ml).
b GC yield.
c The by-products are 17% allylic alcohol and 15% allylic ketone for MnP-NaX and 15% allylic alcohol and 22% allylic ketone for MnP-NaY.
d Benzaldehyde was produced as by-product.
e Acetophenone was produced as by-product.

Table 6
Epoxidation of linear alkenes with NaIO4 catalyzed by MnP-NaX and MnP-NaY under mechanical stirringa.

Entry Alkene MnP-NaX MnP-NaY

Conversion (%)b Epoxide selectivity (%) Time (h) Conversion (%)b Epoxide selectivity (%) Time (h)

1 89 100 18 97 100 12

2 63 100 30 48 100 18

3 86 100 30 77 100 26

4 50 100 18 52 100 16

5 95c 91 30 99c 89 22

6 24 100 30 26 100 18

7 15 100 23 20 100 13

CN/H2

3
M
i

t
s

a Reaction conditions: alkene (0.5 mmol), NaIO4 (1 mmol), catalyst (600 mg), CH3
b GC yield.
c The by-product was 4-hydroxy-2-octene.

.5. Alkene epoxidation with NaIO4 in the presence of
n(TMPyP)-NaX and Mn(TMPyP)-NaY under ultrasonic

rradiation
The main effect of ultrasonic irradiation in liquids is a cavita-
ion phenomenon, which is accompanied by a few extreme effects,
uch as a local increase in temperature, a local high pressure, the

Scheme 2. Proposed mechanism for oxidation of alkenes.
O (5/2.5 ml).

propagation of oxidation catalysts, and the formation of intense
liquid microflows [48]. These effects may enhance liquid–solid
mass transfer and cause physicochemical change in the processed
medium considerably [49,50]. On the other hand, ultrasonic irra-
diation (US) can also be used to influence selectivity and yields
of reactions. Therefore, all reactions were exposed to ultrasonic
irradiation. The obtained results (Table 5) clearly showed that
the reaction times reduced and the turnover frequencies (TOFs)
increased in the systems under US irradiation.

In order to investigate the effect of ultrasonic irradiation, the size
of catalysts were determined by particle size distribution technique
before and after sonication. The results showed that the ultrasonic
waves break-up the agglomerates. It seems that a part of ultrasonic
irradiation effect is due to this phenomenon. On the other hand,
ultrasonic irradiation increases the penetration of substrate to the
zeolite cavities, and this lead to shorter reaction times as well as to
higher product yields.

The two major mechanistic pathways for metal-catalyzed oxy-
gen transfer are known to involve either peroxometal or oxometal
species as the active intermediate. The peroxometal species are gen-

erally favored with early transition metals such as Mo(VI), W(VI)
and V(V). On the other hand, many first row transition metals
including manganese follow the metaloxo-catalyzed route.

These mechanistic processes observed in homogeneous com-
plex catalysis may be applicable in the zeolite encapsulation metal



74 M. Moghadam et al. / Journal of Molecular Catalysis A: Chemical 302 (2009) 68–75

Table 7
Epoxidation of linear alkenes with NaIO4 catalyzed by MnP-NaX and MnP-NaY under ultrasonic irradiationa.

Entry Alkene MnP-NaX MnP-NaY

Conversion (%)b Epoxide selectivity (%) Time (h) Conversion (%)b Epoxide selectivity (%) Time (h)

1 90 100 45 100 100 25

2 98 100 105 95 100 50

3 92 100 75 100 100 40

4 88c 92 135 99c 93 100

5 92 100 160 96 100 100

6 47 100 120 74 100 120
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a Reaction conditions: alkene (0.5 mmol), NaIO4 (1 mmol), catalyst (600 mg), CH3
b GC yield.
c The by-product was 4-hydroxy-2-octene.

omplexes [51]. For Mn(III)–zeolite encapsulated catalysts, the
robable mechanism is shown in Scheme 2.

.6. Shape selectivity in the epoxidation of linear alkenes

Epoxidation of linear alkenes with NaIO4 in the presence of MnP-
aX and MnP-NaY in aqueous acetonitrile at room temperature was
lso investigated (Tables 6 and 7). The results showed increasing the
ength of hydrocarbon chain led to lower epoxide yield and longer
eaction times. It means that the structure of zeolites is sensitive
o the chain length and shows a good selectivity towards linear
lkenes. As the length of hydrocarbon chain increases the mobility
f alkene decreases, and therefore, the accessibility of active site
ill be difficult. In the case of branched alkenes such as 4-methyl-

-pentene, the epoxide yield in both systems decreases, while 1-
exene with the same carbon atoms was epoxidized efficiently in
oth systems. One possible explanation is that the bulky methyl
roup at the 4-position does not allow the alkene to approach the
ctive site because of strain spatial.

The results showed that MnP-NaX catalyst has higher catalytic
ctivity in the epoxidation reactions and higher TOFs were obtained.
his can be explained by the low amount of MnP loading in this cata-

yst when compared to the MnP-NaY one. Since when more cavities
re occupied with a large amount of metalloporphyrin complex, the
ccessibility of alkene to the inner supercages decreases.

.7. Catalyst recovery and reuse

The reusability of these catalysts was also investigated in the
eaction of cyclooctene with NaIO4 under mechanical stirring and
nder ultrasonic irradiation. After each reaction the catalyst was fil-
ered, washed consecutively with methanol and diethyl ether and
eused in the next run. The results showed that this catalysts could
e reused several times (two times was checked) without signif-

cant loss of their activity, but the reaction times increased. This
ay due to the blocking of zeolite channels during the epoxidation

eaction. The catalyst leaching was also investigated. The results
howed that in the case of MnP-NaX no manganese was detected
n the filtrates. But in the case of MnP-NaY only after the first run
bout 4% of Mn was leached from the zeolite.

. Conclusion
MnP encapsulated into NaX and NaY zeolites obtained by the
eolite synthesis method was used as efficient and reusable cat-
lysts in the alkene epoxidation with NaIO4. In the epoxidation
f linear alkenes with both catalytic systems a good shape selec-
ivity was observed. Ultrasonic irradiation increased the catalytic

[
[

[
[

O (5/2.5 ml).

activity and higher product yield was obtained in shorter reaction
times.
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