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Corrole Chemistry

Hemiporphycene from the Expansion of a
Corrole Ring**
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Frank R. Fronczek, and Maria Graca H. Vicente

Porphyrins are extensively studied macrocycles as their
unique properties allow multiple and diverse applications in
various fields ranging from medicine to the material scien-
ces.l'l Interest in this type of compound has been further
expanded by the discovery of porphyrin analogues,? that is,
macrocycles which have a modified skeleton relative to that
of porphyrin. Porphyrin analogues are interesting from both
the theoretical and application points of view, as they are
amenable to investigation of structure—property relationships
as well as the rational modification of the macrocycle to suit a
specific application. This approach mimics what happens in
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natural systems, where iron porphyrins are used for oxygen
transport and activation, while magnesium chlorins are
exploited in photosynthetic systems.”!

Among the large number of porphyrin analogues
reported, corrole has received increased attention in recent
years, although it was one of the first known members of this
family of compounds with Johnson and Kay’s studies on the
synthesis of vitamin B,,."! Such renewed interest is in large
part due to the peculiar behavior of this macrocycle, which is
able to stabilize formal high oxidation states of coordinated
metals,” thus opening interesting applications for metal-
locorrolates in catalysis.”! The coordination chemistry of
corrole is made even more intriguing by its non-innocent
character as a ligand.!”

The tumultuous increase of corrole-related papers in the
last few years has been based on the definition of simple
synthetic routes for the preparation of this macrocycle from
commercially available precursors.'! The synthesis of 5,10,15-
triarylcorroles has opened the way to the study of the
peripheral functionalization of the macrocycle,””) which is a
topic far less studied than its coordination chemistry.

We contributed to this field by studying the Vilsmeier
formylation of free-base corroles. The reactivity of both the [3-
alkyl and meso-triaryl derivatives showed a peculiar and
intriguing behavior.'%!l In particular, 5,10,15-triphenylcor-
role (1) afforded an unexpected and unprecedented N-
ethane-bridged inner-core derivative as the major product
in the presence of excess DMF (N,N-dimethylformamide).
This compound is particularly intriguing and for this reason
we decided to further study the reaction of 5,10,15-triphenyl-
corrole 1 with CI, to investigate whether a one-carbon-unit-
bridged inner-core derivative could be similarly obtained. The
reaction was carried out under conditions similar to those
used for the Vilsmeier reaction, by heating in CH,CL/DMF at
reflux." Chromatography on silica gel afforded two green
fractions: the first band, obtained in trace amount, was
characterized as 5-iodo-10,15,20-triphenylporphyrin; the
second fraction represented the major product of the reaction
and was obtained in a yield of 30 %.

The spectral characterization of this second compound
showed the presence of a macrocycle, although its properties
were different from those of corroles. For example, the UV/
Vis absorption spectrum of the major product was porphyrin-
like, with the presence of four Q bands, while the 'H NMR
spectrum showed the presence of different doublets for
protons of the pyrrolic units which indicates that the product
has a lower symmetry than 1.1 Solid-state X-ray analysis of a
single crystal of the product™ showed the presence of a two-
carbon meso bridge, with the new carbon unit close to
pyrrole B, and allowed us to identify the isomer as the 5-
iodo-6,11,16-triphenylhemiporphycene (2; Figure 1). A sim-
ilar triphenylhemiporphycene was reported by Callot et al. in
1995 as the serendipitous product obtained by a demetala-
tion-metalation sequence carried out on a homoporphyrin.['¥
Note, in that case the hemiporphycene was obtained from ring
contraction of a homoporphyrin, whereas in the present case
it results from the ring expansion of a corrole ring. Such a
ring-expansion reaction is interesting from a synthetic point
of view as it is possible to obtain the hemiporphycene from a
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Figure 1. Crystal structure of 2 (N dark gray (labeled), I light gray,
C black, H small circles).

triphenylcorrole precursor in a single step, whereas the
rational synthesis developed by the groups of Vogel and
Sessler requires a multistep approach.™!

Our unexpected result led us to further investigate the
plausible reaction sequence that leads to hemiporphycene 2
from the corrole ring. To verify whether the expansion of the
corrole was caused by the attack of a carbenic species, we
treated the triphenylcorrole 1 with ethyldiazoacetate in
bromobenzene. We obtained the corresponding N-21-substi-
tuted corrole 3 as the major product, as well as the hemi-
porphycene 4, although in very low yields, among other
minor reaction products.

O EtO,

.

3 4

Similar to the stepwise conversion of the N-substituted
porphyrin into the corresponding homoporphyrin as reported
by Callot and Tschamber in 1975, the N-21 isomer obtained
from the reaction of 5,10,15-triphenylcorrole and ethyl
iodoacetate was heated at reflux in bromobenzene to afford
the hemiporphycene in low yields. No hemiporphycene was
obtained when the N-22 isomer was treated under the same
conditions. These results led us to hypothesize a plausible
reaction mechanism for the formation of the hemiporphy-
cene, as shown in Figure 2.

The first step involves the formation of the N-substituted
derivative, which can then rearrange as shown to finally give
the hemiporphycene ring upon loss of HI. This novel reaction
represents a facile route to the hemiporphycene ring. The
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Figure 2. Proposed reaction and mechanistic pathway from 1 to 2.

presence of an iodine atom at the vinylogous bridge offers the
opportunity for further modification at this site and for
exploitation of the hemiporphycene macrocycle to build
more-complex molecular architectures with interesting prop-
erties for new applications.
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