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Meso-tetraphenylporphyrin (TPP) and its derivatives are commonly used for the construction of photosynthetic model compounds,1 enzyme mimetics, and
artificial receptors.2 Also, with regard to materials sciences, TPPs are found for example in dendrimers,3 as liquid crystalline materials with discotic behavior,4

and as part of optoelectronic devices.5,6 Since the derivatization of TPPs has been well studied, it is possible to tailor their properties allowing adaption into
the desired specific environment. Obviously, novel materials containing porphyrins have become a major research field in porphyrin chemistry. It appears to
us that by using the inherent geometry of porphyrins interesting new conjugates would be available. In this paper we wish to introduce a series of
polymalonates derived from bromomethylated tetraarylporphyrins, which are useful precursors for nucleophilic substitutions.

Because tetraphenylporphyrins are easy to prepare and are well studied we decided to use these compounds as foundation for our research. Our aim was to
generate porphyrins with easily modifiable groups in close proximity to the core. Therefore, these substituents had to be placed at the ortho-positions of the
phenyl rings. TPPs with ortho-phenyl substituents are subject to extensive research7 because ortho-groups prevent aggregation and protect the core of the
porphyrin from side reactions. The modification of some derivatives, especially of amino- and hydroxyderivatives, was extensively studied and led to beautiful
molecules like cyclam-capped porphyrins8 or barrel-shaped systems9 with a porphyrin center. Molecular modeling suggests that the geometric situation of
substituents in the ortho- positions should lead to better interactions with the porphyrin core. Also, due to the size of the porphyrin the rotation of such groups
will be strongly hindered.

We recently reported on the synthesis of two-, four-, and eightfold ortho-bromomethyl substituted zinc-tetraarylporphyrins, 8, 9, and 10, respectively.10 These
compounds were available by applying standard porphyrin synthetic methodology to 2,6-bis(methoxymethyl)-4-t-butylbenzaldehyde 1. The resulting
methoxymethylated porphyrins 2, 3, and 4, were transformed into the corresponding bromomethyl compounds 5, 6, and 7, by treatment with HBr in acetic
acid. Chelation of Zn2+ was accomplished by addition of zink acetate in methanol/1%acetic acid to a solution of a porphyrin in methylene chloride (Scheme
1). Nucleophilic substitution reaction of the reactive bromomethyl groups with various nucleophiles such as thiolates, cyanide, azide, and pyridine are easy to
perform. Here, we wish to report on the reactions of zink porphyrins 8 and 9 with sodium diethyl malonate.
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The reaction of 8 and 9 with diethyl malonate using sodium hydride as base in THF proceeds in a smooth way to produce a variety of porphyrinic malonates.
Although the reaction can be brought to completion by using a large excess of malonate and higher temperatures, we thought the intermediates to be of
interest, too. We did not consider 10 as a suitable candidate for this procedure because the number of possible isomers is to large.12

When the bis(bromomethyl) compound 8 was treated with a tenfold excess of malonate anion, a mixture of starting material 8, mono- and bismalonate 11 and
12, respectively, were obtained after 24 hours at room temperature, when the reaction was quenched with ammonium chloride solution (Scheme 2). The
porphyrins were separated by column chromatography using silica gel and a mixture of methylene chloride/hexanes 1:1 as eluent. As was expected,
unreacted 8 eluted first, followed by the more polar monomalonate 11. Bismalonate 12 as the most polar compound in the mixture came last. The 1H NMR
and mass spectra are in agreement with the assumed structures of the substituted porphyrins. The C2v-symmetry of 12 is nicely reflected in its 1H NMR-
spectrum.



The reaction of the tetrabrominated porphyrin 9 with a moderate excess of sodium malonate in THF at room temperature gave the porphyrin-monomalonate
13, three difunctionalized isomers 14 - 16, one tri- and one tetra-substituted 17 and 18, respectively. Although seven different porphyrins are present in the
reaction mixture, the separation using column chromatography on silica gel proved to be possible. The eluation started with methylene chloride/hexanes 1:1.
After the starting material 3 was eluted the amount of methylene chloride was continually encreased. The first substituted porphyrin found was the
monomalonate-tribromoporphyrin 13. The next isolated compound was the bismalono-conjugate with C2h-symmetry 14 (anti-substitution of the malonate
groups). Very close in polarity was the C2v-symmetrical porphyrin 15 with both malonates attached to the same phenyl group. The last possible bismalonate
16 showed a higher polarity due to the syn-position of the remaining bromine atoms (C2v-symmetry). The trisubstitued porphyrin 17 was much more polar
and was eluted only with pure methylene chloride. Finally, tetramalonate 18 was isolated after addition of 1% of ethyl acetate to the eluent. The degrees of
substitution, the symmetries and the substitution pattern were identified by mass and 1H NMR spectroscopy (Scheme3).



Compounds 11 – 18 behave spectroscopically like other comparable zinc tetraarylporphyrins. They show no unusual features in the UV/Vis spectra indicating
an only small influence of the malonate groups on the porphyrin chromophor.

First attempts to further modify the bis(malonate) 12 look promising. The di-anion was generated using the same conditions, i.e. sodium hydride in THF, and
quenched with ethyl bromide. Mass spectroscopy reveals the clean formation of a mone- and diethylated species. We plan to extend these reactions to chiral
halides. Also, the saponification of the ester groups will be studied. Porphyrins 11 and 13 – 17, which have unreacted bromomethyl groups available can be
modified as has been shown with other compounds.10 This possibility allows for the construction of differentially substituted porphyrins with even further ways



of modification.
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(11) For 2: i. 2,6-bis(methoxymethyl)-4-t-butylbenzaldehyde 1, pyrrole as solvent, BF3*OEt2, RT, isolation of the dipyrromethane; ii. 3 eq. 4-t-butylbenzaldehyde, 2 eq. pyrrole, CH2Cl2 (+1%
EtOH), RT; iii. DDQ, CH2Cl2, RT; for 3: i. 2,6-bis(methoxymethyl)-4-t-butylbenzaldehyde 1, pyrrole as solvent, BF3*OEt2, RT, isolation of the dipyrromethane; ii. 1 eq. 4-t-butylbenzaldehyde
BF3*OEt2, CH2Cl2 (+1% EtOH), RT, iii. DDQ, CH2Cl2, RT; for 4: 2,6-bis(methoxymethyl)-4-t-butylbenzaldehyde, 1 eq. pyrrole, BF3*OEt2, CH2Cl2 (+1% EtOH), RT, ii. DDQ, CH2Cl2, RT.

(12) One isomer for mono- and heptakis-substitution, five isomers for bis- and hexakis-substitution (including a pair of enantiomers), five isomers for tris- and pentakis-substitution (including
two pairs of enantiomers), and ten isomers for tetrakis-substitution (including three pairs of enantiomers).
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