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The reactions of 5-(2-pyridyl)dipyrromethane with either pyridine-2-carboxaldehyde or pentafluoro-
benzaldehyde provided the expected corroles in 22–24% yields when performed according to the protocol
perfected for such molecules, while porphyrins were the main products from reactions carried out in hot
propionic acid. The ortho-pyridyl-substituted porphyrins were characterized by X-ray crystallography,
thus revealing the first molecular structures of such molecules. The new corroles were transformed into
water-soluble derivatives via N-alkylation of the pyridyl groups, leading to the first ortho-pyridylium-
substituted corroles.

� 2008 Elsevier Ltd. All rights reserved.
Porphyrins with para-pyridylium groups at their four meso-C
positions are the most intensively investigated in biochemical
and medicinal applications. On top of their extensive utilization
as photodynamic therapy (PDT) agents and as superoxide dismu-
tase (SOD) mimics,1,2 they were recently shown to bind to G-quad-
ruplex DNA, and the corresponding metal complexes were
disclosed as decomposition catalysts of peroxynitrite.3,4 The some-
what less commonly used ortho-pyridylium-substituted porphy-
rins are much more potent with regard to the last aspect;5 and
porphyrins with fewer than four pyridinium groups are often more
effective in various applications.6 Synthetic methodologies for the
preparation of porphyrin analogs with pyridinium groups are
much less developed and their potential has started to be uncov-
ered only recently. The latest examples are binding of para-pyr-
idylium-substituted corroles and porphyrazines to G-quadruplex
DNA, intercalation of the manganese complex of a bis-para-pyridy-
lium-substituted corrole into double-stranded DNA, and very effi-
cient catalytic decomposition of peroxynitrite by the latter.7,8 In
the only earlier example, comparison of analogous corrole and por-
phyrin derivatives with three remote ortho-pyridylium-substitu-
ents revealed that the former is more synthetically accessible
and more potent with regard to inhibition of endothelial cell pro-
liferation, tumor progression, and metastasis in an in vivo model
of cancer.9 This largely unexplored potential of corroles initiated
the present research which has focused on the synthesis of deriv-
atives with ortho-pyridylium-substituents. In addition to the suc-
cessful preparation of several such compounds, the first
molecular structures of porphyrins with fewer than four pyridyl
groups are reported.
ll rights reserved.

: +972 4 829 5703.
s).
The starting material for the new derivatives was 5-(2-pyr-
idyl)dipyrromethane (1),10 which was reacted with either pyr-
idine-2-carboxaldehyde (2) or pentafluorobenzaldehyde (3) by
two different synthetic approaches: that perfected by the research
group of Gryko for corroles ([aldehyde]/[1]/[TFA, 66 mM] = 1/2/4 in
CH2Cl2 at rt, followed by oxidation) and the propionic acid/reflux
method that is commonly used for porphyrins (Scheme 1: routes
a and b, respectively).11 The former methodology yielded only cor-
roles in quite respectable chemical yields: 24% of 4 and 22% of 5
from the reactions of 1 with 2 and 3, respectively.12,13 The struc-
ture of corrole 5, with ortho-pyridyl rings at C5 and C15 and one
pentafluorophenyl ring at the C10 position, reveals that no (or no
severe) scrambling occurred during the reaction.14 Very different
results were obtained when the same aldehydes were reacted with
1 according to route b: only small amounts of the same corroles
(3% of 4 from 2 and 5% of 5 from 3) were isolated, the major prod-
ucts were porphyrins (20% of 6 from 2 and 10% of 7 from 3), and
highly significant scrambling occurred in the reaction between 1
and 3.15,16 The meso-positions of the new porphyrin (7) produced
in the latter case are substituted with one C6F5 and three pyridyl
groups rather than two of each as would be expected from the
applied reagents.

The 1H NMR characteristics of corroles, 4 b-pyrrole doublets
with J coupling constants of 4.1–4.9 Hz,17 were clearly evident
for 4 and 5. The resonances of the ortho-pyridyl groups were signifi-
cantly broader, which may be attributed to the presence of various
atropoisomers (and equilibrium between them, vide infra) with
regard to the positioning of the nitrogen atoms above and below
the macrocyclic ring. Porphyrins 6 and 7 were also easily identified
by their 1H NMR spectra, displaying one singlet for all the b-pyrrole
H atoms of 6 and two doublets of 2H and one singlet of 4H for 7,
perfectly consistent with the symmetry of these compounds. The
corroles and porphyrins displayed similar electronic spectra, with
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Figure 1. ORTEP presentations with 50% probability thermal ellipsoids of the X-ray structures of porphyrins (a) 6 and (b) 7.
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larger molar absorption coefficients (e) for the latter. More detailed
structural information was obtained for the porphyrins, which pro-
vided X-ray quality crystals.18

The ORTEP drawings (Fig. 1) of 6 and 7 reveal that each of the
porphyrins crystallized in the form of one particular atropoisomer:
abab and aab, for 6 and 7, respectively, where a and b symbolize
the relative positioning of the ortho-pyridyl nitrogen atoms. The
macrocyclic framework in 6 is ruffled, with 18� dihedral angles
between the pyrrole subunits, and the four pyrrole nitrogen atoms
deviate by 0.05 Å above and below the mean plane of the N4 coor-
dination core. On the other hand, the ortho-pyridyl and pyrrole
rings are practically perpendicular (89.1�) and the greater than
4 Å distance between individual porphyrin molecules in the unit
cell clearly rules out intermolecular p–p interactions. The last
conclusion also holds for porphyrin 7, where the dihedral angle
between two neighboring macrocycles is 62�. This porphyrin is,
however, much more planar than 6: the four nitrogen atoms define
an almost perfect plane (with deviations of 0.001 Å and 0.02 Å for
the two different molecules) and the mean deviation of all the
atoms from the N4 plane does not exceed 0.05 Å.

All four derivatives (4–7) were converted in >95% yield into the
respective N-methylpyridylium corroles and porphyrins (4a, 5a,
6a, and 7a) via their reaction with iodomethane.19 Close inspection
of the 1H NMR spectra of the corrole derivatives revealed that all
the possible atropoisomers were formed in the statistically pre-
dicted ratio: aaa, aab, and aba for the tris-pyridylium-substituted
4a, and aa and ab for the bis-pyridylium-substituted 5a,20 where
a and b represent opposite positioning of the N-methyl groups rel-
ative to the macrocycle plane. This information was deduced from
the number and relative integration of the resonances attributed to
the methyl groups, such as the 1:1 ratio of singlets at 4.13 and
4.15 ppm for 5a. For 4a, each isomer has two identical (on C5
and C15) and one different (on C10) methyl groups; and three such
2:1 pairs were evident in a 1:2:1 ratio for the aaa, aab, and aba
atropoisomers, respectively. The separation of atropoisomers was
successfully carried out by HPLC (Fig. 2a and b), but despite several
methods being applied for evaporation of the isolated fractions,
those of 4a isomerized back to the original distribution of atropoi-
somers. This previously noticed phenomenon (in related porphy-
rins)21,22 did not occur for 5a, whose atropoisomers were
successfully isolated in quite pure form (Fig. 2b).
Figure 2. HPLC chromatograms of (a) the atropoisomeric mixtures of 4a and of (b)
the isolated atropoisomer of 5a.
This work reports the successful synthesis of the first corroles
that carry ortho-pyridylium groups. These derivatives will be
applied in the near future in medicinal applications where corroles
have started to display significant advantages relative to other
metal-chelating agents.
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