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Abstract—Three corrole dimers were obtained by heating a 1,2,4-trichlorobenzene solution of 5,10,15-tris(pentafluorophenyl)cor-
role at 200 �C. The corrole units are linked by the b,b 0-positions. In one of these dimers the corrole units are linked by the
2,2 0,18,18 0 carbons, giving rise to an eight-membered ring.
� 2006 Elsevier Ltd. All rights reserved.
The development of efficient synthetic methodologies of
meso-substituted corroles1–4 and their potential applica-
tions in catalysis, medicine and sensors have been
responsible for a large number of studies involving this
type of macrocycle. Some of these studies are related
with the functionalization of the peripheral positions
of corrole. The introduction of formyl,5 nitro6 and
chlorosulfonyl6 groups in 5,10,15-triarylcorroles showed
that the first electrophilic substitution occurs at C-3
position. Exceptionally, the borylation under iridium
catalysis occurs selectively at C-2 position due to steric
hindrance reasons.7

Recently, we have shown that 5,10,15-tris(pentafluoro-
phenyl)corrole reacts with pentacene to yield [4+2]
and [4+4] cycloadducts.8 When we extended such a reac-
tion to anthracene, besides the expected Diels–Alder
adduct,9 two other compounds were obtained. The mass
spectra of these compounds revealed that they do not
correspond to the expected cycloaddition adducts but
to products resulting from the dimerization of corrole.
The formation of these dimers was optimized by carry-
ing out the dimerization of corrole in the absence of
anthracene and in a very small volume of solvent
(0.01 mL per mg of corrole). Under these conditions,10

the yield of the two previous dimeric compounds was
increased and a third dimeric product was also obtained
(Scheme 1);11 52% of starting corrole was recovered.
The three products were separated by preparative TLC
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using a 2:1 mixture of petroleum ether/dichloromethane
as the eluent.

From the NMR data of the three compounds, we were
able to establish their structures as 2 (7% yield), 3a
(2% yield), and 4 (11% yield). Based on the consumed
starting corrole, these yields are 14%, 4%, and 22%,
respectively.

In order to prove the usefulness of this oxidative dimer-
ization reaction, we performed the same reaction in a
10-fold scale. In this way, a solution of corrole 1
(200 mg) in 1,2,4-trichlorobenzene (2 mL) was heated
at 200 �C for 24 h under N2 atmosphere. After separa-
tion by column chromatography, the products were
obtained in 10% (2), 3% (3a), and 18% (4) yields; 32%
of corrole 1 was recovered.

Recently, Gross et al. reported that the cobalt12 and
copper13 complexes of corrole 1 dimerize spontaneously
to 3,3 0-dimers 3 (M = Co3+ and Cu3+). In order to con-
firm the structure of dimer 3a, it was converted into 3b
by complexation with copper(II) acetate in pyridine, at
room temperature; 3b was obtained in a quantitative
yield. The mass and 1H NMR spectra of this compound
are consistent with the data reported in the literature,13

confirming, indirectly, the structure of 3a.

The 1H NMR spectra of dimers 2, 3a and 4 (Fig. 1) give
relevant information about their molecular structures.
The 1H NMR spectrum of dimer 414 is quite simple; it
shows only one singlet and two doublets with relative
intensities of 1:1:1. This indicates that the molecule must

mailto:jcavaleiro@dq.ua.pt


0

0.5

1

1.5

350 450 550 650 750

2

3a

 4

Figure 2. Electronic absorption spectra of dimers 2, 3a and 4 in
chloroform.
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Figure 1. Aromatic region of the 1H NMR spectra of dimers 2, 3a and
4.
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be highly symmetrical. Structure 4 is consistent with this
1H NMR spectrum: the singlet at d 8.92 ppm corre-
sponds to the resonance of the four equivalent protons
H-3,3 0,17,17 0, and the two doublets (J = 4.7 Hz) at d
8.66 and 8.49 ppm correspond to the resonances of the
remaining b-pyrrolic protons.

Dimer 3a15 shows a 1H NMR spectrum with seven sig-
nals, each one corresponding to 2 equiv b-pyrrolic
protons: one singlet at d 9.12 ppm and six doublets at
d 9.16, 8.76, 8.73, 8.54, 8.44, 8.31 ppm. Corrole dimers
with seven different pairs of b-pyrrolic protons must
have a symmetry element, that is, the two corrole units
must be linked by positions 2,2 0 or 3,3 0. The presence
of a singlet at d 9.12 ppm, typical of the b-pyrrolic pro-
tons H-2,18,16 is only consistent with substitution at C-3
in both corrole units (a singlet at ca. d 8.5 ppm should be
observed for a 2,2 0-dimer). We also observed a correla-
tion in the HSQC spectrum between this singlet and a
signal at d 118.1 ppm typical for carbons C-2 in the
corrole macrocycle.

The 1H NMR spectrum of dimer 217 shows two singlets
at d 9.57 and 8.49 ppm and several doublets correspond-
ing to 14 different b-pyrrolic protons, indicating an
asymmetrical structure. The singlet at d 9.57 ppm corre-
sponds to the resonance of H-2 (consistent with substi-
tution at C-3 in a corrole unit), while the singlet at d
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8.49 ppm corresponds to the resonance of H-3 0 (consis-
tent with substitution at C-2 in the other corrole unit).
The NOESY spectrum shows an NOE effect between
H-2 and (i) the singlet at d 8.49 ppm, (ii) the doublet
at d 9.20 ppm and (iii) the doublet at d 8.38 ppm. The
presence of only one doublet at lower field (d
9.20 ppm) with a small coupling constant (J = 4.2 Hz),
and its spatial proximity to H-2 allows to identify this
peak as the resonance of H-18. The doublet at d
8.38 ppm was assigned as the resonance of H-18 0. It is
clear that the chemical shifts corresponding to protons
H-18 and H-18 0 are very different, perhaps due to the
geometry adopted by the molecule, where one corrole
unit is almost perpendicular to the other, with partial
rotation around the C-2 0–C-3 bond. Proton H-18 0 is
shielded by the anisotropic effect of the adjacent corrole
unit.

While the UV–vis spectra of compounds 2 and 3a are
quite similar to that of the parent corrole 1, the spec-
trum of dimer 4 is significantly different, presenting a
very intense band at 723 nm (Fig. 2). This indicates that
in dimer 4 the p electrons are delocalized throughout
both corrole units, resulting in a p-extended chromo-
phore. As shown in Scheme 2, for the same tautomer,
several resonance structures can be drawn with or
without a central anti-aromatic cyclooctatetraene.
Compounds with intense absorption bands at
650–750 nm are particularly interesting to be used as
photosensitizers in photodynamic therapy.18
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The mechanism of formation of these corrole dimers is
still to be confirmed, but probably involves the forma-
tion of radicals. Dimer 4 is probably formed from
2,2 0-dimer 5 (Scheme 3), which was not isolated. Com-
pound 5, however, has been recently synthesized by a
regioselective palladium catalyzed dimerization of a
2-borylcorrole derivative.19 The oxidation of 5 with
DDQ afforded dimer 4.19

This work is currently being extended to other triaryl-
corroles in order to evaluate the effect of electron-donat-
ing and electron-withdrawing groups in the dimerization
process.
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