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Abstract  meso-Tetrakis(3-pyridyl)porphyrinatoiron(IIT)  chloride
encapsulated on NaY Zeolite [Fe(T-3-PyP)@NaY] was synthesized as
a heterogeneous “ship-in-a-bottle” type catalyst and characterized by
Fourier transform infrared (FT-IR), atomic absorption (AA), diffused
reflectance UV-Vis (DR UV-Vis), X-ray diffraction (XRD) and
scanning electron microscopy (SEM) analysis. The catalytic activity of
Fe(T-3-PyP)@NaY was examined for the epoxidation of cyclohexene
by PhI(OAc), in CH,CN/H,O (5:1) and compared to that of Fe(T-
3-PyP) as a homogenous catalyst. We found that the heterogeneous
catalyst Fe(T-3-PyP)@NaY was stable and reusable for several times,
and provided a mild condition and exhibited high activity and selectivity
in the oxidation of alkenes to epoxides(16-94%). As representative
examples for the use of Fe(T-3-PyP)@NaY/ PhI(OAc), in organic
oxidations, oxidation of 4-nitrobenzylalcohol to 4-nitrobenzaldehyde
(97 %), oxidative dehydrogenation of diethyl 4-(2,6-dichlorophenyl)-
2,6-dimethyl- 1,4-dihydro-3,5-pyridinedicarboxylate ~ to  the
corresponding pyridine (100 %), diphenylacetic acid to benzophenone
(64 %) was achieved.

Resumen. Se sintetizo el catalizador cloruro de meso-Tetrakis(3-p
yridyl)porphyrinatohierro(IIT) encapsulado en zeolita NaY [Fe(T-3-
PyP)@NaY] mediante la técnica “barco en la botella” y se caracteriz6
por infrarrojo con transformada de Fourier (FT-IR), absorcion atomica
(AA), UV-vis con reflectancia difusa (DR UV-Vis), difraccion de rayos
X (XRD) y microscopia electronica de barrido (SEM). La actividad
catalitica de Fe(T-3-PyP)@NaY se examind mediante la opoxidacion
de ciclohexeno por PhI(OAc), en CH,CN/H,O (5:1) y se compar6 con
la de Fe(T-3-PyP) como catalizador homogéneo. Encontramos que
el catalizador heterogéneo Fe(T-3-PyP)@NaY fue estable y reusable
en varias ocasiones, permitiendo condiciones suaves de reaccion
ademés de exhibir actividad elevada y buena selectividad en la
oxidacion de alquenos a epoxidos (16-94%). Citamos como ejemplos
representativos del uso de Fe(T-3-PyP)@NaY/ PhI(OAc), para las
reacciones de oxidacion la transformacion de 4-nitrobencilalcohol a
4-nitrobenzaldehido (97 %), la deshidrogenacion oxidativa de dietil
4-(2,6-diclorofenil)-2,6-dimetil-1,4-dihidro-3,5-piridindicarboxilato a
la piridina correspondiente (100 %) y la obtencion de benzofenona a
partir de acido difenilacético (64 %).

Palabras clave: Metaloporfirina, zeolita, catalizador, encapsulacion,
oxidacion.
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Introduction

Metalloporphyrins are a class of versatile cytochrome

P-450 model catalysts which facilitate the oxidation of many
organic compounds (C—H bonds activation, epoxidation and
hydroxylation) by PhlO, NalO,, H,0,, NaOClI, PhI(OAc),, etc.
[1]. They are also applied in analytical chemistry, medicine and
material science [2]. The first report on the metalloporphyrin-
mediated oxidation was given by Groves and co-worker [3]
in which PhIO was applied for hydrocarbon oxidation in the
presence of iron (IIT) porphyrin. We have also published some
papers in this area which review the nature of the catalysts,
oxidants and substrates [1c, 4].

However, a major drawback is the oxidative demolition
of porphyrins during their catalytic function, which results in
enormously diminishing the oxidation yield. To overcome this
imperfection, supporting of metalloporphyrins on an insoluble
support has been extensively attempted and many papers have
been published on this subject in the last decade [5]. Generally,
the immobilization of metalloporphyrins offers several
particular advantages over soluble catalysts, such as facilitation
of catalyst separation from the reaction mixture, simplification
of procedures for catalyst recycling, the possibility of adaption
of the immobilized catalyst for a continuous flow process, and
obtaining the desired high-yield products.

In the recent years, attention has been focused on zeolites as
appropriate supports for encapsulation of metalloporphyrins, due

to their molecular-size channels and pores in three-dimensional
network of well defined crystalline structures, conferring shape
and size selectivity [6]. In general, the aperture size of zeolite
pores ranges from 3 to 8 A, and the inner diameter of interior
spaces from 5 to 13 A [7]. Moreover, zeolites are neutral solids

Fig. 1. [meso-Tetrakis(3-pyridyl)porphyrinato] iron(III) chloride en-
capsulated on NaY Zeolite [Fe(T-3-PyP)@NaY] was synthesized and
characterized as a heterogeneous “ship-in-a-bottle” type catalyst.
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and could be used in organic solvents without any serious
implementation problems.

In general, immobilization methods include physical
entrapment, covalent binding and surface adsorption [8].
In this work, we prepared a heterogeneous oxidation
catalyst through encapsulation of [meso-tetrakis(3-pyridyl)
porphyrinato]iron(IIl) chloride complex into NaY zeolite (Fig.
1). This complexes (abbreviated as Fe(T-3-PyP)@NaY) is
synthesized in the supercage of the zeolite just like building
a ship in a bottle; such conformations are often referred to as
“ship-in-a-bottle” type catalysts. The heterogeneous catalyst
exhibits enhanced stability and a high turnover number, as well
as good catalytic activity and selectivity in the epoxidation
of alkenes by iodobenzene diacetate (PhI(OAc),) in organic
media.

Results and discussions

The iron content of parent NaY zeolite, and Fe(T-3-PyP)@NaY
catalyst was measured by dissolving a known amount of the
materials in conc. HNO,/HCI (1:4 v/v), from these solutions
the iron contents were estimated using atomic absorption
spectrometer (AAS). The iron content of NaY zeolite, and
Fe(T-3-PyP)@NaY (mmol of iron in gram of zeolite) is equal
to ~0.015 mmol/g and ~0.36 mmol/g, respectively. Therefore,
the iron content of Fe(T-3-PyP)@NaY was found to be of 24
fold of the neat NaY zeolite, indicating the effective exchange
of Na with Fe atoms in NaY zeolite and successful formation
of Fe(T-3-PyP) in the zeolite supercages.

The FT-IR spectra of NaY zeolite, Fe(T-3-PyP) and Fe(T-
3-PyP)@NaY are shown in Figure 2. The infrared spectrum
of neat NaY (a) shows major bands at 3457, 1639 and 1021
cm’!. The spectrum of Fe(T-3-PyP) (c) is characterized by a
moderately broad band at 3417 cm™' and some weak bands
at 1027-1633 cm'. Upon encapsulation of Fe(T-3-PyP), the
bands at 3457 and 1639 cm™! shifted towards lower frequency
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Fig. 2. FT-IR spectra of a) NaY zeolite , Fe(T-3-Py)@NaY and c)
Fe(T-3-PyP).

at 3430 and 1635 cm! correspondingly, which may be due to
the interaction of the metal complex with the zeolite matrix
(Figure 2, b). Moreover, some weak bands of Fe(T-3-PyP) at
1027-1633 cm’! (which may be due to the meso-pyridyl groups)
appear again in the Fe(T-3-PyP)@NaY spectrum. While some
bands of Fe(T-3-PyP) at 500-1000 cm! are detectable in the
Fe(T-3-PyP)@NaY spectrum, the infrared spectrum of the
encapsulated metalloporphyrin demonstrates no intense bands
characteristic of Fe(T-3-PyP). This is the result of the low
level of encapsulated Fe-porphyrin load, which guarantees its
homogeneous distribution within zeolite cages.

Comparison of UV-Vis spectrum of Fe(T-3-PyP) complex
(Fig. 7a, vide infra) and diffused reflectance UV-Vis of Fe(T-
3-PyP) encapsulated in zeolite Y (Fig. 3), confirmed the
incorporation of metallopophyrin into the supercages of the
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Fig. 3. Diffused reflectance UV-Vis spectra of Fe(T-3-PyP)@NaY.
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Fig. 4. XRD pattern of Fe(T-3-PyP)@NaY (a)and NaY-zeolite (b).
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zeolite. The same band is present in the UV-Vis spectra of
Fe(T-3-PyP) entrapped in the NaY Zeolite but the maxima
have been shifted to higher wavelength and indicate that the
immobilization of the complex modifies the electronic and
spectral properties of the encapsulated metalloporphyrin.

The neat NaY =zeolite and Fe(T-3-PyP)@NaY were
analyzed through powder X-ray diffraction (Fig. 4). The
change observed in the relative intensities of the 311 and
220 reflections upon introducing Fe(T-3-PyP) result from the
reported case [9] where the exchange of large cations in NaY
Zeolite leads to disturbances in the random distribution of small
extra framework cations. The change in the location of small
cations affects the relative intensities of 311and 220 peaks.
Accordingly, the main framework of the zeolite is not damaged
and no variation was observed in the zeolite lattice parameters
after the exchange and encapsulation procedures.

Figure 5, represents the SEM image of NaY-zeolite, Fe@
NaY and Fe(T-3-PyP)@NaY. As it can be seen, these images
are similar; indicating that they possess the same morphology,
i.e., the framework around the guest molecule Fe(T-3-PyP)
was faujasite-Y. These SEM images are very similar to those
obtained by other researchers [10]. In general, the SEM
image and XRD pattern of Fe(T-3-PyP)@NaY are similar to
those observed for NaY zeolite, indicating that they possess
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the same morphology and crystalline structures, and that
the solid supports were structurally unchanged upon encap-
sulation.

Catalytic oxidation reactions

In general, metalloporphyrins are expensive in view of their
synthesis and purification. Moreover, they can be damaged
due to degradation of their structure in the reaction mixture.
Therefore, encapsulation of metalloporphyrins into natural or
industrial supports prevents degradation of the catalysts and
enhances their activities and turnover frequencies. In the present
study, encapsulation of Fe(T-3-PyP) was achieved by a Na/Fe
exchange template procedure followed by template interaction
of pyrrole and pyridine-3-carboxaldehyde named as ship-in-a-
bottle method. Fe(T-3-PyP) was also prepared as a homogenous
catalyst to compare its catalytic activity with Fe(T-3-PyP)@
NaY as a heterogeneous catalyst. The first approach was to
attain the optimized condition for epoxidation of alkenes by
Fe(T-3-PyP)@NaY (Scheme 1, vide infra). The Fe(T-3-PyP)
loading was quantified through measurement of the Fe content
in the catalyst by HNO,/HCI digestion of Fe(T-3-PyP)@NaY.
The atomic absorption data show that the amount of Fe(T-3-
PyP) loaded on NaY zeolite was 2%. Consequently, all the

Fig. 5. SEM image of NaY-zeolite(a), Fe@NaY(b) and Fe(T-3-PyP)@NaY(c).
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Scheme 1 Catalytic activity of Fe(T-3-PyP)@NaY /PhI(OAc), towards organic substrates (all reactions were carried out at room temperature
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oxidations under study were achieved by 25 mg of Fe(T-3-
PyP)@NaY which contains 8.9 x10- mmol of Fe(T-3-PyP).
To choose the best reaction medium, dichloromethane, ethanol
and acetonitrile were applied and sodium meta-periodate
(NalO,), peracetic acid (PAA), m-chloroperoxy benzoic acid
(m-CPBA), tetrabutylammonium hydrogen monopersulfate
(OXONE®), H,0,, and iodobenzene diacetate (PhI(OAc),)
were employed as oxidants for epoxidation of cyclohexene.
We found that the yield was negligible (< 4%) in the absence
of the catalyst and no reaction occurred without any oxidant.
Moreover, the yield is less than 5% in the presence of Fe(T-
3-PyP) as homogenous catalyst and NalO,, PAA, m-CPBA,
OXONE® and H,0, oxidants. As shown in Figure 6, NalO,,
PAA, m-CPBA, OXONE and H,0, have very little capability
to oxidize cyclohexene into cyclohexene epoxide in CH,Cl,,
EtOH and CH,CN in the presence of Fe(T-3-PyP)@NaY. The
function of the solvent may depend upon the donor number and
dielectric constant which affect the stability of oxo-intermadiate
participating in the metalloporphyrin-mediated oxidations [11].
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Fig. 6. Epoxidation of cyclohexene with different oxidants in various
solvents.

On the other hand, the low yield and low selectivity observed
for cyclohexene epoxidation in EtOH may be due to the failure
associated with EtOH which can act as a substrate and compete
with cyclohexene to make unwanted by-products. However, the
catalyst reveals its true role in CH,CN and oxidize cyclohexene
with yields as high as 53% by PhI(OAc),. Therefore, the
activity of the catalyst in CH,CN is higher than those in EtOH
and CH,Cl,, and it is particularly preferred. It is reasonable that
in situ generated PhIO reagent from the reaction of PhI(OAc),
with water is the efficient oxygen source for the epoxidation

(Eq.1) [12].
PhI(OAc), + H,0 PhIO + 2H,0 (1)

Taking into account the high yield and selectivity, the
epoxidation is performed in CH,CN and water using Fe(T-
3-PyP)@NaY and PhI(OAc), for 2 h at room temperature.
As defined above and in the experimental section, 25 mg of
Fe(T-3-PyP)@NaY was taken to achieve the oxidation reaction
and the optimal molar ratio of Fe(T-3-PyP)@NaY, alkene and
oxidant was 1:100:20.

Figure 7 shows the electronic absorption spectra at the
end of the reaction (gray line; ) in comparison with Fe(T-
3-PyP) itself (black line; a). Absence of the Soret band
characteristic of Fe(T-3-PyP) in the mixture at the end of the
reaction (spectrum b), indicates that no significant leaching
of Fe-porphyrin into the reaction solution occurred during the
oxidation.

In the second approach, Fe(T-3-PyP)@NaY was easily
recovered by phase separation and reused under the same
reaction conditions. As shown in Figure 8, the yield of
cyclohexene epoxide was still 41% after four reaction cycles,
indicating the reusability and validity of Fe(T-3-PyP)@NaY
for alkene epoxidation.

The optimal epoxidation conditions employed for
cyclohexene were also applied for epoxidation of some other
alkenes. It is plausible that the steric and electronic properties of
alkene substrates affect the epoxide yields and reaction times.
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Fig. 7. Electronic absorption spectra of Fe(T-3-PyP) in CH,Cl, (a) and of taken from the mixture at the end of the reaction (b).
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Fig. 8. Reusability of Fe(T-3-PyP)@NaY in cyclohexene epoxida-
tion.

As shown in Scheme 1, the reactions were found to take place
in 16-94 % epoxide yields after stirring at room temperature for
2 h. Exceptionally, styrene (1a) converts into 89 % of styrene
epoxide (2a) and 7 % of an unknown byproduct; providing a
selectivity of 92%. Surprisingly, indene (1¢) and 1-octene (1d)
exhibit a lower activity for epoxidation through this catalytic
system, affording indene oxide (2¢) and 1-octene oxide (2d)
in 25% and 16%, respectively. Considering the Fe-porphyrin
located in the supercage of the zeolite, explanation of the effect
of steric and electronic properties of substrates in the product
distribution is not a simple task. A comparison of cyclohexene
epoxide obtained by Fe(T-3-PyP) as heterogeneous catalyst
with Fe(T-3-PyP)@NaY shows that i) Fe(T-3-PyP) does not
show any significant catalytic improvement in total conversion
(<5%) and, ii) the turnover number (TON ; the ratio of the
number of moles of produced epoxide to the number of moles
of catalyst) for the later catalyst was 10.6 times higher than
that of the former.

This result confirms that the encapsulation of Fe(T-3-
PyP) on NaY-zeolite makes it a more efficient catalyst for
oxidation. To investigate the applicability of Fe(T-3-PyP)@
NaY/ PhI(OAc),, we performed a set of other representative
oxidation reactions that are typical of metalloporphyin-mediated
reactions. The final products were isolated and their electronic
data confirmed their identity with the known compounds. As
shown in Scheme 1, oxidation of 4-nitrobenzyl alcohol with
Fe(T-3-PyP)@NaY/ PhI(OAc), affords 4-nitrobenzaldehyde
in 97 % without any over oxidation to 4-nitrobenzoic acid.
Accordingly, Fe(T-3-PyP)@NaY/ PhI(OAc), provide a mild
catalytic oxidation system. Although alcohol oxidation is not
generally a difficult job, harsh conditions were necessary for
decarboxylation of aryl acetic acids [4a, 13]. However, we
can clearly see that this catalytic system promotes adequately
decarboxylation of diphenylacetic acid, leading to the formation
of benzophenone as a sole product in 64% yield (Scheme 1).

On the other hand, Hantzsch 1,4-dihydropyridines
(1,4-DHPs) have received more attention because of their
relevant applications in various cardiovascular diseases and
hypertension, and their pharmacological activity in antioxidant
protective effects [14]. In human body the main metabolic
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route of dihydropyridine drugs involve their oxidation by
cytochrome-450 in the liver [15]. Likewise, oxidation of
diethyl 4-(2,6-dichlorophenyl)-2,6-dimethyl- 1,4-dihydro-3,5-
pyridinedicarboxylate, as a sample reaction for dehydrogenation
of Hantzsch-1,4-DHPs, was achieved in a few minutes
by Fe(T-3-PyP)@NaY /PhI(OAc), catalytic system with
100% selectivity and yield (Scheme 1). These results point
to the catalytic stability, reusability and efficiency of Fe(T-
3-PyP)@NaY in combination with PhI(OAc),, providing a
promising catalytic system for oxidation of a wide range of
materials .

Cytochrome P450 is a heme-containing enzyme that uses
dioxygen to incorporate one oxygen atom into organic substrates.
Clearly, the characterization of the mechanism that ensures the
oxygen transfer into substrates constituents a major task for
present research in the field of biomimetic chemistry. Today,
it is accepted that a high-valent iron(IV)-oxo intermediate is
responsible for the in-vivo oxidation of drugs and xenobiotics.
This high valent iron(IV)-oxo intermediate and probably other
intermediates of the P-450 catalytic cycle can be formed by
the reaction of iron(IIl) porphyrins with different monooxygen
donors [1a, 16]. Therefore, cytochrome P-450 enzymes and their
synthetic mimics (i.e. metalloporphyrins) are potent catalysts
that are able to catalyze the hydroxylation of saturated carbon
hydrogen bonds, the epoxidation of double bonds, the oxidative
dealkylation reactions of amines, oxidations of aromatics, and
the oxidation of heteroatoms [1b, 17]. From the mechanistic
point of view, PhIO was generated in situ by the reaction of
PhI(OAc), with H,O (Eq.1; vide supra). It is thus inevitable
that the high valent Fe-oxo porphyrin will be produced in the
second stage by the action of PhIO and the immobilized Fe(T-3-
PyP), as described by Groves and others [3, 18]. In the reaction

Phi(OAL),
Ha0
FPhiC
Q
Fe — lLe —
Fe(T-3-FvP) high valent Fe-porphyrin
X
fjh 3
o-

transition state

Scheme 2 Simple catalytic cycle for alkene epoxidation by Fe(T-3-
PyP)@NaY /PhI(OAc),.



Zeolite Encapsulated Fe-poprhyrin for Catalytic Oxidation with Iodobenzene Diacetate (PhI(OAc),) 281

mixture interaction of the high valent Fe-oxo porhyrin with
substrates (i.e alkene 1) passes through a transition state and
results in oxidation of the substrates to give the corresponding
oxidation products (i. e. epoxides 2) (Scheme 2).

In the present study, meso-tetrakis(3-pyridyl)porphyrina
toiron(IIT) chloride complex; Fe(T-3-PyP), was immobilized
in NaY-zeolite using template ship-in-a-bottle method and the
synthesized sample (Fe(T-3-PyP)@NaY) was characterized
by various spectroscopic techniques. Both the Fe(T-3-PyP)
and Fe(T-3-PyP)@NaY) as homogenous and heterogeneous
catalysts respectively, were used for alkene epoxidation with
PhI(OAc), in the presence of water. The results show that
Fe(T-3-PyP)@NaY catalyst is more efficient than Fe(T-3-
PyP), because of (i) catalyst recovery and reusability, (if) lower
level of leaching from the support (ii7) mild conditions with
easy workup of the products and (iv) high turnover number.
The present catalytic system is efficient enough to oxidize
various alkenes, alcohols, arylacetic acids and Hantzsch 1,4-
dihydropyridines with high to excellent yield and selectivity.

Experimental
Materials

All reagents were of commercial reagent grade and used without
further purification. FeCl,.4H,0 (Sigma) was employed for
zeolite ion exchange. Methanol, ethyl acetate, n-hexane,
dichloromethane and acetonitrile were treated and distilled with
specific reference to the procedures described in the relevant
literature [19]. Propionic acid and pyrrole (Aldrich) were used
freshly distilled. All solvents were stored over activated 3 or 4 A
molecularsieves (Aldrich). The NaY zeolite was purchased from
Sigma Aldrich. Powder X-ray diffraction (XRD) measurements
were performed using Bruker D8 Advance diffractometer with
a scanning range of 26 scale of 5-80° using Cu/K-radiation (4
= 1.5406 A° , kV =40, mA = 40). Atomic absorption spectra
(AAS) were recorded on a Varian-240 spectrophotometer
using a flame approach, after acid (HNO,/HCI) dissolution of
known amounts of the zeolitic materials. Diffuse Reflectance
UV-Visible spectra (DR UV-Vis) were recorded by an Ava
Spec-2048TEC spectrometer (Light Source: Avalight DH-S
(Just for DRS spectrum). UV-vis spectra were recorded on a
Jasco V-530 spectrophotometer and the FT-IR spectra were
evidenced in the range of 400-4000 cm™! using a Jasco FT-IR-
460 plus spectrophotometer, in KBr pellets containing zeolitic
compounds or free metalloporphyrins. The micrographs from
scanning electron microscopy (SEM) were obtained using a
Philips XL-30 microscope equipped with an EDS system.
The products were initially identified by a comparison with
authentic specimens and analyzed by GLC(6890N Agilent; 1.5
m of 10% SE-on packed column, FTIR and 'H NMR (250
MHz, Bruker, CDCI13, TMS) spectroscopy.

Preparation of 5,10,15,20-tetra (3-pyridyl) porphyrin
(T-3-PyP) and iron 5,10,15,20-tetra (3-pyridyl) porphyrin
[Fe(T-3-PyP)].

T-3-PyP was prepared according to the procedure
described by Zilio via condensation of freshly distilled pyrrole
with pyridine-3-carboxaldehyde [20]. The iron porphyrin Fe(T-
3-PyP) was prepared in refluxing dimethylformamide in the
presence of ferrous chloride according to the procedure of
Adler [21]. The porphyrin and its iron complex were purified
by column chromatography on alumina or silica gel using
chloroform/ ethanol (1:3 v/v) as eluent.

Preparation of Fe@NaY

The Fe-exchanged NaY zeolite (Fe@NaY) is air sensitive and
its synthesis requires air-free techniques. So, the exchange
procedure was carried out under nitrogen atmosphere using
deionized, boiled and degassed distilled water. In a three neck
vessel installed inside a glove bag, 8.0 g of NaY zeolite was
left under nitrogen stream, stirred with 300 mL of H,O and
0.15 ml drops of concentrated HCI for 2 h [22]. The Fe(Il)
solution was prepared using 1.6 g of FeCl,.4H,0 with 160
mL of degassed H,O and treated with 0.1 ml of concentrated
HCI. This solution was then added to the NaY system and the
mixture was stirred for 12 h always under dynamic nitrogen
atmosphere. The mixture was filtered, washed and the solid
was transferred to a degassed tube and dried in an Abderhalden
apparatus. The color of the solid changed from white-green to
light yellow in the regular atmosphere during 5-10 h. So, it
should be kept under nitrogen or argon in tightly closed vessels
to prevent oxidation of the absorbed Fe(Il) ions.

Preparation of Fe(T-3-PyP)@NaY

A suspension of 2.0 g of fresh Fe@NaY, 60 mL of propionic
acid, 1.0 mL of freshly distilled pyrrole and 1.50 mL of pyridine-
3-carboxaldehyde were placed in round-bottomed three neck
flask fitted with septum, reflux condenser and nitrogen inlet
port. The mixture was stirred under a nitrogen atmosphere, in
a glycerin bath at 135-140 °C, for 24 h. The suspension was
centrifuged and the solid obtained was washed by a Soxhlet
extraction in dichloromethane and methanol (duration of 100
h or more) until the eluent was colorless.

Catalytic oxidation reaction

Catalytic oxidation reactions were carried out in a 2 ml round
bottom flask equipped withamagnetic stirrer atroom temperature.
In a standard experiment within the reactor, alkene (0.89 mmol)
and Fe(T-3-PyP)@NaY (25 mg, containing 8.9 x 10 mmol
of Fe(T-3-PyP) were suspended in 1.25 ml of acetonitrile
containing 0.25 ml of water. The oxidant (PhI(OAc),; 0.057
g; 0.178 mmol) was then added and the oxidation reaction was
carried out under magnetic stirring for the required time. Small
aliquots of the reaction mixture were then separated from the
zeolitic solid and the resulting solution was directly analyzed
by GLC (Agilent 6890N, with SE-30 capillary column). No
products were detected when the catalyst used was NaYzeolite
or Fe@NaY. Similar reaction conditions were also applied
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