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ABSTRACT

OH

@ = MeO-(CH,CH,0),-CH,CHy, M,, 750 or 2000 daltons

A new poly(ethylene glycol)-supported porphyrin has been prepared and its ability as a promoter in photooxidation reactions has been studied.
The PEG-supported catalyst exhibits high activity, comparable to that of a nonanchored sensitizer, and it is easily removable by filtration from
the reaction mixture. The polymer-bound porphyrin has been recycled up to six times with no loss of chemical and stereochemical efficiency.

Oxidation of unsaturated compounds with singlet oxygen is discharge, and dye-sensitized photooxidation of triplet

a common practice in organic synthesi§o generate this

oxygen® The latter offers the advantage of producing

labile reagent many methodologies have been developedbyproduct-free reaction mixtures and employs a catalytic

including decomposition of phosphite ozonitlesd endo-

amount of the substance that promotes oxygen to its singlet

peroxides’ reaction of hydrogen peroxide with sodium state. However, the presence of the sensitizer, or its
hypochlorite? subjecting gaseous oxygen to electrodeless decomposition derivatives, can contaminate the reaction
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products and make the purification step really troublesome.
A solution to this problem was proposed by DiMagno et
al.,” by the use of the fluorous-phase approach to effectively
remove the dye from the reaction mixture. In this paper we
present a soluble polymer-supported catalyst as an alternative,
easily removable, and recyclable promoter for the light-
induced generation of singlet oxygen.
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A polymer-bound catalyst can offer the possibility of monomethyl ether of PEG (MeOPEG) and attached to the
simple recovery and recycling as well as easy product commercially available, 5,10,15,20-tetrakis(4-hydroxyphen-
purification and isolation, and possibly shows higher stability yl)porphyrin1 (Scheme 1).
toward the reaction environméehEor expensive and unstable
catalytic species the immobilization on solid support may _
represent an additional bonus, provided that it does not affect .
the efficiency of the processin this context, soluble Scheme 1. Synthesis of PEG-Supported Porphysin
polymers have recently been the subject of an intense Hof'}
research activity; allowing the reaction to be carried out in =
homogeneous solution they would secure higher chemical Q—o@—/¥0Ms 4
and stereochemical efficiency than insoluble poly#fer. '

Among the soluble polymeric matrixes employed, poly- 2.3

(ethylene glycol)s (PEGs) are the most successful. These
inexpensive, readily functionalized polymers are soluble in
many organic solvents but insoluble in a few others; because
of this solubility profile PEG supports can combine the
advantages of running a reaction under homogeneous condi-
tions with those of recovering and recycling a heterogeneous Qo )"0 '
catalyst!t -

Recently, the monomethyl ether of Pk (MeOPEG)
has being used for anchoring achifand chiral® ligands,
phase transfél, and chiral organic catalyst8 As a part of - J::/I
these studies we decided to investigate the immobilization Q-0 )"0
of a porphyrin on PEG? Recently the first example of the 4-5
use of a soluble polymer-supported ruthenitporphyrin
complex in epoxidation reactions was described/e wish
to report here the preparation and the use of a poly(ethylene
glycol)-supported porphyrin as efficient, recoverable, and 9 —n:;()-(c;HzclHZO)F-CZchdHZ-
recyclable promoter for the photooxidation reaction. Az, 130 Daltong for 2 and 4

On the basis of our experience in the PEG-supported M, 2000 Daltons for3 and 5
synthesis of small organic molecul¥ghe mesylateg and
3, MW 750 and 2000, respectively, were prepared in three

steps and 95% overall yield from the commercially available ~ The reaction of 1 mol equiv of compouridwith 4 mol
equiv of the mesylatezand3 in N,N-dimethylformammide

Cs,CO, / DMF l
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Figure 1. Photooxidation reactions promoted by PEG-supported
porphyrin5.

The photooxidation of +)-dimenthene8 promoted by
tetraphenylporphyrin (TPP) was much slower and it
required 15 h to give the endoperoxiéiésee eq b in Figure
1) in 34% yield (entry 3). Also in these harsh conditions the
PEG-supported catalyst behaved well and was showed to
be stable even for prolonged reaction times, affording the
product9 in even better yields than the nonsupported species
for comparable reaction conditions (entry?a).

The immobilized catalyst showed its chemical and ster-
eochemical efficiency also in very fast reactions, affording
the desired products in yields and stereoselectivities com-
parable with those obtained with the nonsupported catalysts.
For example, the photooxidation &-(—)-a-phellandrene,
10, promoted by different sensitizers, is known to generate
mixtures of syn and anti endoperoxidés and hydroper-
oxydesl2 (eq c, Figure 1¥* The reaction catalyzed by TPP
produced after 10 min the endoperoxides in 67% yield, as a
55/45 mixture ofsyn and anti isomers. The use of PEG-
TTP 5 under the same experimental conditions led to the
formation of the producill in identical yield (65%) and
stereoselectivity (syn/anfi6/44, entries 5 and 6).

The one-pot oxidation of olefin to,,f-unsaturated ke-
tones® was applied to convert dicyclopentadietinto the
corresponding dicyclopentadienorigl, a useful starting
material for the preparation of enantiopure diols (eq. d, Figure
1). Once again, the soluble polymer-bound porphysin
favorably compares with the nonsupported catalyst. The
photooxidation of dicyclopentadiene promoted by tetra-
phenylporphyrin gave the ketorigl in 80% vyield after 6 h
reaction (entry 7). The same result was obtained by using a
0.45% mol amount of PEG-TPP as sensitizer; after an
aqueous workup, the organic phase was concentrated, diethyl
ether was added, and the precipitated PEG-supported catalyst
was separated by simple filtration; the evaporation of the
organic phase afforded the final product in 82% yield (entry
8). It is worth mentioning that it is possible to run the reaction
on a gram scale, using even a smaller amount of sensitizer;
the oxidation of 13 mL of dicyclopentadiene, promoted by

starting material with a 100 W halogen lamp, in the presence 220 mg of PEG-TPFS (0.025% mol equiv), gave 11 g of

of a 3% mol amount of tetraphenylporphyrin (TPP) as
sensitizer gave a 80/20 mixture afupra and antara
diastereoisomeric endoperoxidém quantitative yield after
1 h (entry 1, Table 1). When the poly(ethylene glycol)-
supported tetrahydroxyphenyporphyrin (PEG-TPF5) was

ketonel4, isolated, after filtration of the supported catalyst,
by simple evaporation of the organic solvent as analytically
pure compound, which did not require further purification.
In this case the catalyst was recovered in slightly lower yield
(85% vyield) probably because of the necessary extractive

used to promote the reaction under the same conditions the;queous workup. The use of more powerful irradiation (500

product was formed after 1 h in 98% yield, as a 82/18
mixture of the two stereoisomers (entry 2). The polymer-
bound catalyst not only showed the same activity of the

nonsupported species, but it greatly simplified the product

W) was possible and allowed the reaction times to be
shortened, affording the product in good yield (entry 9).

(22) Fabris, F.; Leoni, L.; De Lucchi, Oletrahedron Lett1999, 40,

isolation. At the end of reaction the solvent was concentrated 1223.
in vacuum and diethyl ether was added to the PEG-supported (23) The reaction was performed in the presence of Nat#G@revent

porphyrin that was quantitatively recovered by filtration.

From the concentrated filtrate solution the obtained endo-

peroxides were easily isolated by crystallization from ethanol.
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393.
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Table 1. Photooxidation Reactions Promoted by Tetraphenylporphyrin (TPP) and PEG-TPP

entry sensitizer substrate lamp power, W time? yield, % product ratio®

1 TPP 6 100 1.0h 99 antara/supra 80/20

2 PEG-TPP 6 100 1.0h 99 antara/supra 82/18

3 TPP 8 500 15h 34

4 PEG-TPP 8 500 15h 42

5 TPP 10 100 10 min 670¢ syn/anti 55/45

6 PEG-TPP 10 100 10 min 650 syn/anti 55/45

7 TPP 13 200 6.0h 80

8 PEG-TPP 13 200 6.5h 82

9 PEG-TPP 13 500 40h 77
10 PEG-TPP 6 100 1.0h 98d antara/supra 80/20
11 PEG-TPP 6 100 1.0h 97¢ antara/supra 81/19
12 PEG-TPP 6 100 1.0h 97¢ antara/supra 80/20
13 PEG-TPP 6 100 1.0h 97¢ antara/supra 82/18
14 PEG-TPP 6 100 1.0h 97¢ antara/supra 78/22
15 PEG-TPP 6 100 1.0h 97¢ antara/supra 80/20

aRequired for consumption of the reagehEndoperoxydes: Determined by'H NMR. 9 Reaction run with the catalyst employed in entry? Reaction
run with catalyst used in the previous entry.

Recycling of the PEG-bound porphyfirwas also studied.  Moreover, the PEG-TPP is recyclable and has been reused
The catalyst already employed in entry 2 was reused a secondip to six times without any appreciable loss of catalytic
time in the photooxidation of the bisdialine to give the activity.
product7 in 97% vyield and 80/20 diastereoisomeric ratio
after 1 h ofreaction (entry 10). The recovered PEG-TPP _
was recycled a third time without showing any decrease in _Acknowledgment. This work was supported by CNR and
the catalytic activity (entry 11); the PEG-supported sensitizer MIUR (Rome) within the national project “Stereoselezione
was recycled 6 times with no appreciable loss of chemical in Sintesi Organica. Metodologie e Applicazioni”. We thank
or stereochemical efficiency (entries 12—15). Prof. Annunziata for valuable NMR assistance.

In conclusion, a poly(ethylene glycol)-supported porphyrin
was prepared as a promoter in photooxidation reaction. This  sypporting Information Available: Synthesis and char-
soluble polymer-bound species was successfully employed,ierization of polymer-supported compousd general
in a different oxidation reaction, showing a catalytic activity procedures for the photooxidation reactions, and NMR data

comparable to that' of a ponanchored promotgr. The PEG'of compound. This material is available free of charge via
supported catalyst is easily removable by filtration from the i
the Internet at http://pubs.acs.org.

reaction mixture, greatly simplifying the isolation of the
products, which often do not require further purification. 0L0267230
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