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The porphyrin system 1 is ubiquitous in natural systems,
where it plays essential functions in life processes.[1] The sheer
richness of porphyrin properties has interested researchers in
the chemistry of their analogues, that is, macrocycles that have

been characterized as contracted, expanded, or isomeric
porphyrins.[2] The original aim of studies with analogues was
to explore structure ± aromaticity relationships.[3] These in-
vestigations showed contracted, expanded, and isomeric
porphyrins have often unprecedented properties compared
with the corresponding porphyrins.[2, 3] A typical example of
an expanded porphyrin is represented by bis-vinylogous
porphyrin 2. Franck and co-workers[4] reported such macro-
cycles and used them to study the aromaticity of expanded
annulenes; these macrocyles have been also exploited as new
photosensitizers in photodynamic therapy.[4±6]

We have been interested for some time[7] in the chemistry of
corrole (3), the prototypical norporphyrin in which one of the
meso carbon bridges is missing. Corrole has recently experi-
enced renewed interest because of some of its unexpected
properties with regard to corresponding porphyrins.[8] The
relationship between porphyrin and corrole led us to explore
the existence of a bis-vinylogous system 4 similar to 2. Our
target macrocycle 5, according to the nomenclature suggested
by Franck,[6, 9] would be called [22]porphyrin(3.1.3.0). Herein
we describe the synthesis and characterization of 5, a bis-
vinylogous corrole.

The method of choice to synthesize corroles is the base-
catalyzed oxidative cyclization of an a,c-biladiene (6).[10]

Acidic condensation of such an extended a,c-biladiene with
aldehydes, in fact, was one of the synthetic approaches used to
obtain bis-vinylogous porphyrins 2.[4]

Compound 7 was used as precursor to 5 ; it was obtained in
75 % yield by acid-catalyzed condensation of two equivalents

of 8 with 9. The cyclization reaction of 7 was carried out at
room temperature in ethanol, using NaHCO3 or sodium
acetate as base and chloranil as oxidizing agent. The progress
of the reaction was spectrophotometrically monitored; when
the absorbances of the starting material disappeared, N2H4

was used to quench the excess chloranil. Column chromatog-
raphy afforded a green polar compound as the major product
(54 % yield) together with a small amount of the correspond-
ing bis-vinylogous porphyrin, probably due to cleavage and
recombination reactions of 7.

The spectroscopic characterization of 5 yielded unexpected
data.[11] For example the FAB mass spectrum showed an
apparent molecular ion at m/z 491, but a peak was also present
at m/z 1019 which could not simply be attributed to a dimer of
5. The electronic absorption spectrum of 5 is shown in
Figure 1. Strong absorptions, possessing a significant red shift
with respect to those of the corresponding porphyrins,
indicated an expanded aromatic system. The Soret-like band
is split into two different absorptions of almost equal intensity.

The aromaticity of 5 was confirmed by 1H NMR spectro-
scopy, wherein a diatropic ring current effect is notable (not
shown); the protons inside the macrocycle ring (H-6, H-18)
resonate at d�ÿ9.20, whereas the signals for the ªexternalº
protons (H-5,19, H-7,17) appear at d� 11. The resulting Dd in
the chemical shifts of about 20 ppm is similar to that for 2.[4]
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Figure 1. Electronic absorption spectrum of 5 in CH2Cl2.

Significant line broadening was also observed for these
resonances and for those of the inner NH protons (which
were difficult to locate). The signals attributed to the b-alkyl
substituents did not suffer any line broadening.

X-ray analysis was performed on a single crystal of 5-Cl and
allowed its unambiguous characterization.[12] Compound 5-Cl
(Figure 2) exists as a fairly planar molecule with one pyrrole
ring slightly out of the plane; a similar deviation from

Figure 2. Molecular structure of the monomer of 5-Cl: a) top view; b) side
view. Hydrogen atoms have been omitted for clarity.

planarity of one pyrrole ring was also observed in the case of
3,[14] and the corresponding corrole monocation showed
significant deviations from planarity.[15] This behavior was
attributed to steric repulsion between the inner core hydrogen
atoms; it is reasonable to attribute to a similar effect the
deviation observed in the case of 5. A chloride counterion is
located 1.519(3) � above the plane of the molecule with six
inner hydrogen atoms bound to it. The hydrogen atoms
located on the nitrogen centers form H ´´´ Cl bonds with
lengths ranging between 2.24(4) and 2.35(4) �. Two other H
´´´ Cl bonds are formed by the inner CH hydrogen atoms with
lengths of 2.62(3) and 2.71(3) �. A dimeric species is formed
by an additional H ´´´ Cl bond from a CH unit of another
molecule with a length of 2.72(4) �. The NÿCl distances are
between 3.11 and 3.25 �, which is consistent with strong

hydrogen bonding.[16] These dimeric species have a head-to-
tail arrangement with a vertical interplanar distance between
the macrocycles of 3.51 � (Figure 3), and there is no evidence
of p stacking.

Figure 3. Side view of molecular structure of the aggregated dimer of 5-Cl.

The presence of such a dimeric species in the solid state
indicated interesting chloride binding properties. For this
reason it was of value to establish the presence of this dimer in
solution to explain some of the unusual spectroscopic features
observed. For example, the parent peak in the FAB mass
spectrum corresponds to the dimeric species with the loss of
one chloride ion. Solution-state structural information was
obtained by NMR spectroscopy; Franck and Nonn observed
line broadening for high-and low-field protons, similar to that
seen with 5, in the 1H NMR spectrum of the octavinylo-
gous[34]porphyrin and attributed it to aggregation phenom-
ena.[6] In contradistinction, the spectrum of 5 did not change
upon dilution, and no deviations from the Lambert ± Beer law
were observed spectrophotometrically in the range of con-
centrations examined (10ÿ6 ± 10ÿ8m). Both of these observa-
tions rule out further aggregation of the dimeric species. On
the other hand, variable-temperature 1H NMR spectra
(CDCl3, ÿ50 to 50 8C) showed significant changes; at higher
temperature there was a sharpening of the resonances and the
theoretically expected spectrum of 5 was obtained. A
completely resolved spectrum (not shown) was obtained in
C6D6 at 70 8C; the line broadening affected only the protons
involved in the interactions with the chloride ion. Strong
hydrogen bonding can induce the broadening observed, while
at higher temperature the H ´´´ Cl coupling was probably less
effective and allowed the spectrum to be well-resolved. Upon
lowering the temperature it was possible to detect the
formation of additional downfield signals, and a complex
pattern was observed for the b-alkyl substituents. These
results suggest the presence of p ± p aggregation phenomena
between the dimeric macrocycles.

No changes were observed in the electronic absorption
spectrum upon addition of triethylamine to a solution of 5 in
CH2Cl2, indicating the presence of the cationic species in basic
solution; the same spectrum was also obtained in neat
pyridine. The presence of the dimeric species can explain this
strong resistance to deprotonation and to formation of the
free base species. Addition of stronger bases, such as NaOH in
DMF, induced decomposition of the material.

The unusual splitting of the Soret band in the visible
spectrum can also be related to the presence of these dimeric
species: Excitonic interactions between the two macrocycles
in the dimeric species can explain the observed behavior. The
excited states of both monomeric and dimeric species of 5
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were computed using the INDO/SCI technique.[17±19] The
simulation was performed with the MOCINDO[20] program,
treating the dimer as a supermolecule.[21] The number of
orbitals considered in the calculation was doubled to acknowl-
edge the size, and the chloride ion was not included because it
does not contribute to the p!p* transitions.[22] The resulting
absorption spectra (not shown) show a split Soret band for the
dimeric species which compared well with the experimentally
observed spectrum (Figure 1); the calculated spectrum of the
corresponding monomer featured a single, unsplit Soret band.
The relative calculated oscillator strength of the double Soret
bands in the dimer was also in agreement with the exper-
imental results. Localization of the eigenvectors on the basis
of single monomer molecular orbitals allows one to distin-
guish between exciton or charge resonance terms;[21] the data
confirm the excitonic origin (over 80 %) of the split Soret
band. Our theoretical calculations show that the observed
double Soret band is not a function of the individual behavior
of the monomer, but rather is due to excitonic splitting in the
dimer mainly resulting from transition dipole coupling.

Finally, strong electrostatic effects are thought to be
responsible for the slipped geometry of the dimer in the solid
state and in solution; the monomer has a strong dipole
moment of 5.2 D (PM3 calculation) in the direction shown by
the arrow in structure 4. The dimeric form, with Ci symmetry,
has no ground-state dipole moment, the ground-state dipole
direction coinciding with the slipping direction.
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