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An immobilized Ru(meso-tetraarylporphyrin) complex was shown to be a very efficient catalyst for the epoxidation of olefins. In the presence
of HBr, alcohols and even alkanes could be converted to the corresponding ketones. For the latter reactions the polymeric catalyst displayed
a significantly enhanced activity when compared to that of the homogeneous version.

Macroporous, highly cross-linked polymers are excellent disubstituted pyridinéN-oxides as the oxidant, the efficient
matrices for immobilized transition metal catalysts. As a conversion of olefins and sulfides to epoxides and sulfoxides
result of the permanent pore structure and the high surfaceis possible. In the presence of mineral acids even inactivated
area (typically between 100 and 60¢ gn'%),! the acces-  alkanes can be oxidized.

sibility of the catalytically active centers is very good. Immobilized ruthenium porphyrin catalysts for alkene
Furthermore, a variety of different solvents can be used for epoxidation have been prepared by Che et al. They have
catalysis, whereas for classical Merrifield-type resins solvents employed a standard Merrifield resin with covalently attached
with good swelling abilities are needed. An additional Ru-porphyringor a surface modified mesoporous molecular
advantage is that the catalysts are fixed within a very rigid sieve with coordinative bonding to a Ru-porphyfilm both
matrix. As a result, catalyst deactivation by intermolecular
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ronment of the catalyst and thus the activity and selectivity R. A.; Santora, B. P.; Gagné, M. Rirg. Lett.2000,2, 1781—1783. (c)

n modifi ina th hni f mol lar imprinding. €anali, L.; Cowan, E.; Deleuze, H.; Gibson, C. L.; Sherrington, DCigam.
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cases selective catalysts with good activities were obtained. To evaluate the catalytic properties of our polymer we first
For the latter system, however, catalyst leaching and/or investigated the epoxidation of various olefins. The reactions
deactivation was found to be a problem. were performed with 2,6-dichloropyridinid-oxide as the
Here we describe an immobilized ruthenium porphyrin oxidant. By using only 0.2 mol % catalyst excellent yields
catalyst, the basic matrix of which is a highly cross-linked of the corresponding epoxides were obtained after 24 h, the
organic polymer. With this catalyst we were able to ef- only exception beingrans-stilbene (Table 1). This substrate
ficiently oxidize olefins, secondary alcohols, and surprisingly is known to be less suited for Ru(porphyrin)-catalyzed
even alkanes. Especially in the latter reactions the hetero-epoxidations. A competition experiment with the catalyst
geneous catalyst was clearly superior to the correspondingP1 and equal amounts afis- andtrans-stilbene gave 93%
homogeneous version. cis- and 31%trans-stilbeneoxide. This is in contrast to the
To incorporate the ruthenium complex, we first synthesized results obtained with the homogeneous cataly®@4% cis;
the vinyl-substitutedneso-tetraarylporphyrin compléxby 5% trans), indicating that the selectivity is affected by the
reaction of the free base porphykimith [Ru(CO)] in polymeric support. Interestingly, an increased reactivity
boiling toluene. It is important to add a scavenger such as towardtrans-stilbene was also observed for the resin-bound
styrene to the reaction mixture. Otherwise the vinyl groups catalyst described by CHe.
of the porphyrin are partially reduced, presumably in a Overall the activity of the polymeric cataly®l in

ruthenium-catalyzed reaction. epoxidation reactions is comparable or slightly higher than
that of the homogeneous versidn for styrene an initial
R turnover frequency of 401 was determined; 27 # was

found for catalystl. The stability of the cataly$1is good:
using larger amounts of styrene, turnover numbers of more
R )R R= @J than 5x 10° have been observed. Nevertheless, a slightly
decreased activity (approximately 15%) was found upon
recycling of the catalyst by filtration.
It has been shown by Hirobe et al. that in the presence of
1 HCI and HBr, Ru(porphyrin) complexes can be used to
oxidize compounds with very low reactivity such as alkahes.
Complex1 was subsequently copolymerized with ethylene The ytilization of supported catalysts for this type of reaction
glycol dimethacrylate (1:EGDMA= 1:99) in the presence s especially challenging because the substrate will have to
of an equal volume of CHGITHF (98:2), which acts as a  compete with a very high local concentration of a polymeric
porogen. To initiate the reaction we employed'20bis-  matrix having a similar reactivity (autoxidation). Conse-
(4-methoxy-2,4-dimethylvaleronitrile). The dark red polymer quently, alkane oxidations with immobilized Ru(porphyrin)
P1was ground and sieved (particle size;290um). The complexes have not been described so far.
nearly quantitative incorporation of the Ru-complex in the  \ith 1 mol % of the polymeric catalysel, however,
polymer was evidenced by the fact that the THF washing aromatic alkanes such as ethylbenzene or Indane are oxidized
solutions were colorless and by ICP analysis. to acetophenone and indanone in good or excellent yields
(Table 2). Here, the difference betweBt and the homo-
geneous catalydit is striking, particularly for the oxidation

Table 1. Catalytic Epoxidation of Olefins with the Polymeric

CatalystP1?2
substrate product conversion [%] Table 2. Catalytic Oxidation of Aromatic Alkanés
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aThe reactions were performed in CHGIt room temperature with a 2 The reactions were performed in a solution of HBr in benzene at 55
substrate/GpyNO/catalyst molar ratio of 500:750:1. The conversion was °C with a substrate/@byNO/catalyst molar ratio of 100:150:1. The
determined after 24 h by gas chromatographytd™NMR spectroscopy. conversion was determined after 24 h by gas chromatography.
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Table 3. Catalytic Oxidation of Secondary Alcoh8ls
cat. =1 cat.=P1

substrate product time [h] conv. [%] conv. [%]
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aThe reactions were performed in a solution of HBr in benzene at 55
°C with a substrate/@byNO/catalyst molar ratio of 100:150:1. The
conversion was determined after the times given by gas chromatography

or 'H NMR spectroscopy.

ClpyNO as the oxidant, and 1 mol ®1 as the catalyst,
the corresponding ketones were obtained in mostly quantita-
tive yields in less than 3 h (Table 3). Again, significantly
lower yields were obtained with the homogeneous catalyst
1. In some cases the initial turnover frequencies differ by
more than 1 order of magnitude!

The results described above highlight the potential of
highly cross-linked polymers as supports for site-isoléted
porphyrin catalysts. Because the complex is fixed in a very
rigid matrix, destructive autoxidation of the catalyst and the
support is reduced. This is of special significance if low
reactivity substrates such as alkanes are employed.

Currently, we are investigating whether the selectivity of
polymeric catalysts such a8l can be manipulated in a
controlled fashion using the technique of molecular imprint-

ing.

Supporting Information Available: Methods for the
preparation of the ruthenium compl&xand the polymeP1
together with spectroscopic and physical data &nd *C
NMR, IR, elemental analysis, apparent dry density, swelling)
and detailed procedures for the catalytic oxidations. This
material is available free of charge via the Internet at
http://pubs.acs.org.
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