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Abstract:

The Heck-type crosscoupling reaction in DMF under phase-transfer conditions of zinc(1I)-monobromo-
deuteroporphyrin-dimethylester (1) and several bifunctional a,B-unsaturated carbonyl compounds 3a-e provided
C-C-linked dimeric porphyrins, an important class of photosensitizers. © 1999 Elsevier Science Ltd. All rights reserved.
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The development of new strategies in the synthesis of C—C-linked di- and oligomeric
porphyrins has attracted considerable interest [1-4]. An important application of these
tetrapyrroles is their use as in vivo photosensitizers in photodynamic therapy (PDT) [5-7]. This is
particularly true for those possessing a substitution pattern related to that of the natural
tetrapyrrole derivatives (e.g. hemato- / protoporphyrin [6,7]).
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Scheme 1: Synthesis of C-C-linked dimeric porphyrins.

The Heck crosscoupling is established as a powerful reaction in the functionalization and linking
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of porphyrins [3,4,8-10]. As yet, derivatives of natural tetrapyrroles linked by acrylate units,
have not been described. Such porphyrins are of interest as Michael acceptors and as monomers
in polymerization reaction. Furthermore, an easy and stepwise modification of the hydrophobic
properties (responsible for the enrichment of the photosensitizers in the tumor cells) of these
systems is possible. We examine the Heck-type reaction of bifunctional o,B-unsaturated
carbonyl compounds 3a-e with derivatives of natural tetrapyrroles[11]. The metalloporphyrin 1 is
used as starting material, which is easily obtained from heme [12,13]. Preparation of the
bisacrylates 3a-e: The ester 3a is prepared by esterification of #,t-muconic acid (2a). 3b-e are
synthesized by a Wittig-Horner reaction [14-19]. The reaction of 3a and 1 led to the formation of
a mixture of regioisomers of 4a and 5a (19 / 17 %). The identification of the products takes place
by their FAB-MS spectra. After chromatography, the dimeric porphyrins 4b and 4c¢ can be
detected by NMR and MS (17 / 29 %). The low yield of the monomers 5b and 5c¢ (both 8 %) is
significant; on increasing the length of the spacer, the yields decrease dramatically. In the case of
3e, the formation of the dimer 4e is not observed. Apparently the turnover rate of the Pd(0)-
catalyzed reaction depends highly on the distance between the reaction centers of the diester.
Porphyrins assume a cofacial arrangement with an interplanar distance of 3.4-3.6 A [20]. It is
reasonable to assume, that the oxidative addition with a parallel orientation of the neighbouring
porphyrin occurs very fast after the initial Heck reaction of 1 and the diester 3. In accordance
with the calculated values [3b: 2.5 A, 3c: 3.8 A}, the dimeric porphyrins 4b / 4¢ can be obtained
in acceptable yields [21], whereas the yield of the corresponding monomers 5b / 5c¢ is very low
(8 %). Decreasing and increasing numbers of methylene groups lead to the formation of a greater
amount of monomeric porphyrins [Sa (17 %); 5d (18 %)] and simultaneous the yield of the dimer
4 decreases [4a (19 %); 4d (10 %)].
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