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Abstract—The reactions of phosgene with 5,10,15-tris(pentafluorophenyl)corrole and its gallium(III) complex lead to a novel
chiral macrocycle and an amphiphilic corrole, respectively. Both types of molecules were fully characterized by spectroscopy and
X-ray crystallography.
© 2003 Elsevier Ltd. All rights reserved.

Recent years have evidenced a renaissance in the chem-
istry of corroles,1,2 due to the introduction of three
facile synthetic methodologies for preparation of tri-
arylcorroles: the solvent-free condensation of pyrrole
and aldehydes,3 the modified Rothemund procedure,4

and the dipyrromethane condensation with aldehydes.5

Among all new corroles, the meso-pentafluorophenyl
substituted derivative (1, Scheme 1) is by far the most
intensively studied. This single corrole and its variants
have been shown to support a large variety of metal
ions (Cr,6 Mn,7 Fe,8 Ru,9 Co,10 Rh,11 Ni,12 Pd,12 Cu,12

Zn,13 Al,14 Ga,15 Ge,8b Sn,8b P8b) and many of the
complexes have been fully characterized in several oxi-
dation and coordination states. The novel features that
were disclosed for 1 and its metal complexes include
very high fluorescence quantum yields,14,15 potent cata-
lytic activity,6–8,16 and selective interactions with tumor
cells.17 In addition, facile methodologies for the func-
tionalization of 1 were developed: alkylation of one of
the nitrogen atoms leads to chiral corroles that can be
separated into enantiomers and form coordination
complexes with mono- and divalent metal ions;11,13

amphiphilic corroles (and ‘chiral metal’ complexes) are
obtained via substitution on the �-pyrrole carbon
atoms of 1 or its gallium(III) complex (2), reactions
that were demonstrated to proceed with extremely large
selectivity.18

At first sight, the formylation products of 2 (3 and 4 of
Scheme 1) seem excellent precursors of the carboxylated
corroles 5 and 6, respectively. But, all attempts to

convert 3 to 5 by applying standard procedures for
oxidation of aldehydes to carboxylic acids failed.
Apparently, this phenomenon is not unique to corroles:
formylated tetraarylporphyrins were also reported most
recently to be reluctant to oxidation.19 Accordingly, we
decided to look for an alternative route to 5 or 6,
compounds that are needed for our ongoing utilization
of amphiphilic corroles in various applications.

Scheme 1.* Corresponding author.
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Based on the selective bis-substitution on C3 and C18
obtained with chlorosulfonic acid,18 we decided to
explore the reactivity of 1 toward phosgene. We did not
expect problems from the reaction with the non-pro-
tected nitrogen atoms, since N-CO-R substituted cor-
roles were reported to hydrolyze spontaneously.20

However, the desired C-carboxylation did not occur
and the only isolated material was compound 7
(Scheme 2), which contains the elements of N,N-
dimethylaniline that was present for trapping the HCl
released during reaction.21 This unexpected product was
avoided with pyridine as base, but carboxylation of the
carbon atoms still did not occur. Instead, the novel
compound 8a was formed in very high yield.22

Apparently, the first product in both cases is the N-CO-
Cl substituted corrole 9, which subsequently reacts with
either N,N-dimethylaniline via C-acylation or with an
adjacent N atom of the corrole. The latter reaction was
not reported for porphyrins, suggesting that the unique
N4 core of corroles is responsible for the phe-
nomenon.23 What is more, the other plausible carba-
mide product 8b is not formed.

The distinction between 8a and 8b is straightforward, as
the symmetry of the latter is higher and inconsistent
with the 1H and 19F NMR spectra that display eight
different �-pyrrole CH’s (two of the doublets overlap)
and three different para-F resonances (Fig. 1). What is
more, compound 8a (but not 8b) has no element of
symmetry, i.e. it is a chiral macrocycle. This is demon-
strated by the HPLC chromatogram (Fig. 1c) obtained
with the aid of a chiral stationary phase. Both the
separated enantiomers and the racemic mixture were
recrystallized to obtain X-ray quality crystals, which
succeeded for the latter.24

The chiral molecular structure of 8a, presented in Fig-
ure 2 for one of the enantiomers, disclosed the follow-
ing characteristics. The corrole ring is severely twisted
to avoid collision between the C�O group and the
N-pyrrole proton. The former is oriented sharply
upward, the dihedral angle between the N-CO-N plane

Figure 1. The (a) 1H and (b) 19F NMR spectra of compound
8a and (c) the HPLC profile of its racemic mixture.

Figure 2. The molecular structure of 8a.

and the neighboring pyrrole rings bridged by the car-
bonyl being 35 and 37°. In the resulting structure the
O-atom lies 1.6 A� above the plane of the HN-pyrrole
ring across the cavity. However, the observed
CO···HN(pyrrole) nonbonding distance is still very
short, 2.23(2) A� . An intramolecular H-bond between
the protonated and unprotonated pyrrole rings is also
evident in the structure: NH···N=2.492(6) A� , H···N=
1.67 A� , and N�H···N=143(1)°.

Based on the above results, the reaction of the gallium-
(III) complex 2 with phosgene was examined.25 This
approach was fruitful: the mono-carboxylated product
5 was isolated in 58% yield. Identification of 5 as the
3-substituted product (there are 3 other possibilities) is
based on 1H NMR spectroscopy, which is shown for its
methyl ester, 10 (Fig. 3).26 The presence of only two
doublets with J <4.5 Hz is consistent with substitution
on C2 or C3 and the chemical shift of the singlet (9.84
ppm) is distinct for C2H, as explained in detail for
complex 3.18b

This is further substantiated by the molecular structure
of 5 (Fig. 4), for which X-ray quality crystals were
obtained from a mixture of benzene and pyridine.27Scheme 2.
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Figure 3. 1H NMR spectrum of compound 10.

References

1. For reviews that cover the chemistry of corroles up to
1999, see: (a) Expanded, Contracted, and Isomeric Por-
phyrins ; Sessler, J. L.; Weghorn, S. J., Eds.; Pergamon:
Oxford, 1997; Chapter 2; (b) Paolesse, R.; Kadish, K. M.;
Smith, K. M.; Guilard, R., Eds.; The Porphyrin Hand-
book ; Academic Press: New York, 2000; Vol. 2, Chapter
11; (c) Kadish, K. M.; Guilard, R., Eds.; Academic Press:
New York, 2000; Chapter 12.

2. For the two triarylcorroles that were reported prior to
1999, see: (a) Loim, N. M.; Grishko, E. V.; Pyshno-
graeva, N. I.; Vorontsov, E. V.; Sokolov, V. I. Izv. Akad.
Nauk. Ser. Khim. 1994, 5, 925; (b) Rose, E.; Kossanyi,
A.; Quelquejeu, M.; Soleilhavoup, M.; Duwavran, F.;
Bernard, N.; Lecas, A. J. Am. Chem. Soc. 1996, 118,
1567.

3. (a) Gross, Z.; Galili, N.; Saltsman, I. Angew. Chem., Int.
Ed. 1999, 38, 1427; (b) Gross, Z.; Galili, N.; Simkhovich,
L.; Saltsman, I.; Botoshansky, M.; Bläser, D.; Boese, R.;
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Figure 4. Molecular structure of 5·pyridine.

Incidentally, the crystals were found to contain a single
enantiomer of the chiral five-coordinate gallium com-
plex, with an axial pyridine ligand bound to the metal
center. Correspondingly, the complex has a domed
structure, the gallium ion being displaced from the
corrole plane towards the axial ligand, and the pyrrole
rings being turned with their N-sites slightly upward.
The four pyrrole N-atoms are displaced about 0.3 A�
above the mean plane of the C19 carbon-only macrocy-
cle. Then, the Ga(III) ion lies 0.4 A� above the N4 plane.
The Ga�N(pyrrole) and Ga�N(pyridine) bond lengths
are 1.933–1.970(4) and 2.024(4) A� , respectively. The
carboxylic group is aligned roughly parallel to the plane
of the adjacent aryl substituent.

We have demonstrated that the unique N4 core in the
free-base corrole 1 and the electron-richness of its gallium-
(III) complex 2 allow for the facile preparation of a
chiral macrocycle and an amphiphilic corrole, respec-
tively, via their direct reactions with phosgene.
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mg, 0.06 mmol) were mixed overnight at room tempera-
ture, after which the solvent was evaporated. Column
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weight 1143.51, tetragonal, space group P43212, a=
13.0570(4), c=52.5570(13) A� , V=8960.2(4) A� 3, Z=8,
T=110 K, Dcalcd=1.695 g cm−3, 8095 unique reflections
(2�max=50.7°). The final R1=0.064 for 4435 observations
with Fo >4�(Fo), R1=0.145 (wR2=0.106) for all unique
data, ��� � �0.42 e A� 3. The carboxyl proton was located
on a difference-Fourier map. The carboxyl group is not
involved in H-bonding due to a sterically hindered envi-
ronment. CCDC 210815.
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