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NOVEL OXIDATION REACTIONS OF STERICALLY DEMANDING 3,6-DI-TERT-
BUTYL PORPHYRIN-O-QUINONES TO MUCONIC ANHYDRIDE DERIVATIVES
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Abstract: Porphyrin quinones with sterically demanding 3,6-di-fers-butyl-o-quinones were synthesized for electron transfer studies.
In the presence of atmospheric oxygen the covalently free base porphyrin-o-quinones are oxidized to muconic acid anhydride and
3,6-dicarbonyl-derivatives. In contrast to the well established chemistry of catecholase models based on 3,5-substituted quinones
this is the first example for oxidative ring expansion of 3,6-disubstituted o-quinones. © 1997 Elsevier Science Ltd.

We have embarked on a comprehensive study of the electron-transfer properties of covalently-linked
porphyrin quinones as models for the primary steps in photosynthesis.1 In this context we became interested in
the synthesis of stabilized porphyrin-o-quinones, which have not been described in the literature to date. As
target compounds we chose a donor—acceptor compound with covalent linkage of a meso-triphenylporphyrin
moiety to a symmetrical o-quinone (e.g., 3,6-di-t-butyl-o-quinone). fert-Butylated o-quinones are also of
interest as model compounds for catecholase reactions. However, due to the difficult synthesis of
symmetrically substituted o-quinones, the asymmetric 3,5-di-z-butyl-o-quinone (or the corresponding
pyrocatechol) have been exclusively employed in studies on catecholase reactions. 2

The synthesis of the porphyrin o-quinones started with preparation of the approprlate aldehyde 4. Reaction
of pyrocatechol with isobutylene in an autoclave after a modified Ershov procedure gave the ¢-butylated
pyrocatechol 2 in 75 % yield; small amounts of tri- t—butylated side products were detected spectroscopically.
Pyrocatechol 2 was converted into the dimethyl ether 3 followed by a formylation with TiCl, catalysis to 4 in
57% yield according to the method given by Rieche.’ Intermediary preparation of 3 is necessary to preverit
reaction of 2 to catecholates during formylation.
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Final step in the synthesis of the desired porphyrin—quinone precursor 7 was reaction of aldehyde 4 with
benzaldehyde 5 and pyrrole 6. Boron trifluoride etherate and ethanol were employed as catalysts and the
condensation was performed at a concentration of 10> M in a modification of the "Lindsey conditions™ to
account for the sterically demanding aldehyde 4] Porphyrin 7 was obtained in 4% yield.

The substituted pyrocatechol dimethyl ether derivative 7 was demethylated using a 20-fold excess of boron
tribromide. TLC showed that the demethylated product 8 was immediately oxidized by atmospheric oxygen to
the target compound 9. After workup (extraction with NaHCO; solution and water followed by drying with
anhydrous Na,SO,) and chromatographic purification (silica gel, eluent dichloromethane/n-hexan = 1/1, v/v) ,
a crude product fraction was obtained.
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The 500 MHz '"H NMR spectra of the product fraction indicated two different porphyrins that were formed
in a ratio of 1:3.7, which were identified as the desired product 9 and the novel 1,4-dicarbonyl derivative 11.
During attempts to purify porphyrin 9 formation of a third porphyrin was observed. Single crystal X-ray
crystallography (Fig. 1) showed this product to be the muconic acid anhydride 108
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Under standard reaction conditions (air, daylight) no further oxidation of the porphyrins was observed.
Additional investigations showed that the quinone 9 rapidly undergoes a complete oxidation to the described
products under irradiation (3 min, 300 W lamp). In the absence of light a solution of the purified porphyrin-o-
quinone 9 showed only partial formation of the oxidation products after 12 h. Irradiation of a 1:5 mixture of
tetraphenylporphyrin and 3,6-di-t-butyl-1,2-benzoquinone under similar conditions in oxygenated CDCl;
yielded no oxidation products. Additionally, neither the zinc complex of 9 nor the corresponding 3,6-dimethyl-
4-(10,15,20-triphenylporphyrin-5-yl)-1,2-benzoquinone underwent these oxidative reactions. Thus, the
oxidation is coupled to the covalent linkage and the presence of both a photochemically active free base
porphyrin and 3,6-di-#-butyl-1,2-benzoquinone. Formation of related muconic acid derivatives has so far been
described only for 3,5-di—t-substituted-o-quinones9 while the 1,4-diketone derivatives of o-quinones present a
novel class of oxidation products.

Figure 1. The molecular structure of 10 in the crystal. Hydrogen atoms have been omitted for clarity. Ellipsoids show 50 %
occupancy.

Compounds 10 and 11 are porphyrins with high synthetic potential for further derivatizations. Both
oxidation products 10 and 11 must be formed via competing reaction pathways since formation of the diketone
10 via the muconic acid anhydride 11 is not possible for stoichiometric reasons. Thus, we are currently
investigating the electron transfer properties of 9, the reaction mechanism for formation of the oxidation
products, and the synthetic utility of the novel porphylrins.10
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