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ABSTRACT

The chlorosulfonation of tris(pentafluorophenyl)corrole proceeds with an extremely high selectivity as to afford one out of 139 possible isomers
in very high yield. The bis-chlorosulfonated corrole is an excellent precursor to the planar-chirality (triphenylphosphine)cobalt(III) complex
(fully characterized by X-ray crystallography) and to the amphiphilic bis-sulfonic acid derivative, both the first of their kind.

Porphyrins, phthalocyanines, and related macrocycles are
extensively investigated in many applications, among them
photodynamic therapy and catalysis.1 The most promising
candidates for selective association to tumor cells are
amphiphilic derivatives,2 and chiral metal complexes are of
prime importance for the utilization in asymmetric catalysis.3

Both structural types present a significant synthetic challenge
because of the high symmetry of the most common precur-
sors, tetraarylporphyrins and phthalocyanine.4 On the other

hand, the less symmetric corroles could be very useful
candidates for the above-mentioned purposes. However, this
potential was not explored until most recently because of
the nonavailability of simple synthetic methodologies for the
preparation of corroles.5 This situation is now experiencing
a highly significant change due to the discoveries of practical
syntheses ofmeso-aryl-substituted corroles.6 The most
important one so far appears to be tris(pentafluorophenyl)-
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corrole (1in Scheme 1):6a its metal complexes are excellent
catalysts for various organic reactions,7 a water-soluble
derivative of1 has a large affinity to cancer cells,8 chiral
derivatives of1 are easily prepared,9 and1 and many of its
metal complexes have been characterized by X-ray crystallog-
raphy.7c,10 Another advantage of1 is that its NMR spectra
are very easily analyzed, not at least because the C6F5

substituents can be sensed by19F NMR and do not interfere
with the 1H NMR spectra.

The presence ofâ-pyrrole CH’s inmeso-arylcorroles opens
up the opportunity for relatively straightforward skeleton
modification, which in porphyrins has been used for reactiv-
ity-tuning of the metal complexes in catalysis (the so-called
third-generation metalloporphyrins).11 Since a large body of
information for bothâ-pyrrole andmeso-aryl-substituted
corroles indicates that they are much more electron-rich than
porphyrins,7c,12 it suggests that electrophilic activation of
corroles should be quite straightforward. This was proven
true forâ-pyrrole-substituted corroles,5 as well as in two most
recent reports about the bromination of allâ-pyrrole CH’s
in meso-aryl-substituted corroles.13,14 In both latter cases,
attempts to isolate significant amounts of partially brominated
corroles have failed so far. This is not very surprising, since
the number of possible partially brominated isomers is
exceedingly large. In fact, the relatively low symmetry (C2V

at most) of corroles raises the number of possible products
to 140 (1 nonbrominated, 4 mono-, 16 bis-, 28 tris-, 42 tetra-,
28 penta-, 16 hexa-, 4 hepta-, and 1 octa-brominated).
Accordingly, we have sought for a different electrophilic

reagent that upon the first substitution will induce a more
significant electronic effect for deactivation of the corrole
skeleton for further reaction.

Relying on the extensive literature about porphyrins and
on the strong deactivation by nitro substituents,15 we have
first attempted the nitration of1 and several metal complexes
thereof. Although the reactions were more selective than
bromination, the overall yields were quite low because of
the oxidative reaction conditions (these results will soon been
reported). The next reagent that was examined was chloro-
sulfonic acid, which in porphyrins is used for aromatic
electrophilic substitution of themeso-aryl groups without
attacking the macrocycle16 and in phthalocyanines for
nonselective chlorosulfonation of the benzopyrrole moieties.17

The working hypothesis was that the C6F5 groups in1 will
be inert, while the electron-rich corrole might be reactive
enough.

This approach appeared to be highly fruitful indeed
(Scheme 2). Thus,1 was quantitatively transformed into

products by dissolving it in a minimal amount of chlorosul-
fonic acid followed by evaporation of the reagent after 5
min. Furthermore, NMR analysis of the crude reaction
mixture (not shown) revealed quantitative transformation of
1 into only one major product (2). Without any purification,
the crude reaction mixture was treated with piperidine to
afford 3 (immediate and quantitative reaction). Metalation
of 3 by cobalt acetate, followed by addition of triphenylphos-
phine, afforded the (triphenylphosphine)cobalt(III) complex
of 2 (4 in Scheme 2). Postponing any purification procedures
to the last synthetic step allowed the isolation of pure4 in
72% yield, based on1.18,19

Elucidation of the structure of4 was quite straightforward.
Its MS revealed two sulfonamido groups, which could be
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Scheme 1. Numbering System of1

Scheme 2. Selective Chlorosulfonation of1 and Its Further
Transformations
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assigned as being attached to carbons 2 and 17 (see Scheme
1) via the analysis of its1H and 19F NMR spectra (Figure
1). First, symmetrical substitution, i.e., one that will retain

the C2 axis present in1, is easily ruled out by the clear
observation of three different C6F5 rings. The same conclu-
sion may be reached from the1H NMR spectrum of4, which
displays two singlets and four doublets rather than one singlet
and two doublets. Second, we have noted that the1H NMR
spectra of nonsubstituted1 and all its diamagnetic metal
complexes consist of two sets ofâ-pyrrole CH doublets with

differentJ-coupling constants. On the basis of a comparison
to porphyrins and 2,2′-bipyrroles, the CH’s that display larger
coupling constants (J ) 4.5-5.0 Hz) are confidently assigned
to pyrroles B and C and those withJ ) 3.9-4.3 Hz to
pyrroles A and D (Scheme 1).10e,20The fact that the coupling
constants of all four doublets in the1H NMR spectrum of4
display largeJ-coupling constants indicates that the chloro-
sulfonation of1 took place selectively at the directly joined
pyrrole rings of1 (A and D in Scheme 1). Concluding,4
was confidently identified as the (triphenylphosphine)cobalt-
(III) complex of the nonsymmetrically substituted 2,17-bis-
sulfonatopiperidine-5,10,15-tris(pentafluorophenyl)corrole.

It is important to note that the corrole plane in2 and3 is
their sole symmetry element and that it is lost upon
metalation (unless the metal is coordinated by two identical
axial ligands), i.e.,4 is a complex with metal-centered
chirality (planar chirality).21 This phenomenon, as well as
further substantiation of the spectroscopic analysis, is clearly
manifested via X-ray crystallography of4 (Figure 2).22 The

crystals are racemic, containing equal amounts of the
enantiomeric species. They also contain 2.5 equiv of benzene
as a crystallization solvent that fills the intermolecular sites
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from benzene/heptane,4 was obtained in 72% yield based on1 (102 mg,
72µmol). X-ray quality crystals of4 were obtained by slow recrystallization
from a mixture of benzene/heptane:1H NMR (200 MHz, benzene-d6) δ )
9.64 (s, 1H), 8.68 (s, 1H), 8.37 (d,J ) 5.0 Hz, 1H), 8.24 (d,J ) 5.0 Hz,
1H), 8.14 (t,J ) 4.7 Hz, 2H), 6.64 (dt,J1 ) 2.4 Hz,J2 ) 7.5 Hz, 3H), 6.46
(dt, J1 ) 2.8 Hz,J2 ) 7.4 Hz, 6H), 4.71 (dd,J1 ) 7.5 Hz,J2 ) 11.7 Hz,
6H), 3.51 (t,J ) 5.0 Hz, 4H), 3.1 (m, 4H), 1.46 (m, 4H), 1.27 (m, 2H),
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(m, 2F); UV/vis (CH2Cl2) λmax (ε(M-1 cm-1)) ) 314 (20 000), 382 (43 000),
410 (44 000), 564 (16 000), 606 (15 000); MS (DCI-) m/z(%) 1145.8 (4)
[M - PPh3]-, 999 (100) [M- PPh3, -SO2NC5H10]-.
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Figure 1. 1H NMR (â-pyrrole CH) and19F NMR (p-F only) spectra
of 4.

Figure 2. Hydrogen-atoms-omitted ORTEP view of4.
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within the crystal lattice. The crystallographic analysis
revealed that the 23-membered corrole macrocycle is roughly
planar, the deviations of the individual atoms from its mean
plane not exceeding 0.10 Å. The Co ion in the ring center is
five-coordinate and imparts a domed structure. It deviates
0.32 Å from the mean corrole plane toward the axial
triphenylphosphine ligand. The corresponding bond lengths
of Co-N and Co-P are 1.867-1.874(3) Å and 2.225(1) Å,
respectively. To facilitate this effective bonding, the four
pyrrole nitrogens are pulled out slightly (by about 0.07 Å)
from the 19-membered all-carbon framework, toward the
metal ion. As commonly observed, the pentafluorophenyl
substituents are oriented nearly perpendicular to the corrole
ring. Noteworthy in this context are the conformational
aspects of the 1-piperidinesulfonate groups. While the two
piperidine rings are characterized by similar chair structures,
they differ in their relative orientation with respect to the
core macrocycle. The S-N bond of the residue attached to
C2 is perpendicular to the corrole plane, which places its
piperidine ring in a sterically unhindered area on the opposite
side of the corrole to that occupied by the triphenylphosphine
ligand. On the other hand, in view of the closer proximity
to one of the pentafluorophenyl substituents, the S-N bond
of the residue attached to C17 lies in the plane of the corrole,
and its heterocyclic ring is directed away from the neighbor-
ing aromatic moiety (and toward the free space outside the
C1-C19 bond) to avoid collision.

A different utilization of2 was hydrolysis of the chloro-
sulfonate moieties, easily achieved by its treatment with
boiling water.23 The resulting bis-sulfonic acid derivative5
(obtained in 71% yield, based on1) is the first of its kind in
corrole chemistry. Its novelty relative to other related

macrocycles is by virtue of the control of the number of
-SO3H moieties and their precise locations and the easily
achieved amphiphilicity. This is in contrast to the sulfonation
(or chlorosulfonation plus hydrolysis) of teraarylporphyrins
and phthalocyanines, which results in nonamphiphilic tetra-
sulfonic acid derivatives.16,17 Furthermore, the substitutions
on peripheral benzo groups in phthalocyanines are usually
not regioselective. In fact, the disulfonated aluminum
phthalocyanine has actually been shown to be a mixture of
at least eight isomers.24 Other advantageous features of5
are its high water solubility and that the characteristic intense
fluorescence of1 is retained.

Concluding, we have demonstrated that the highly selective
functionalization ofâ-pyrrole-unsubstituted corroles can be
used for the easy preparation of amphiphilic derivatives and
to complexes with metal-centered chirality. These novel
compounds are currently examined in several applications.
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(23)Synthesis of 5:a suspension of2 in 20 mL of water was refluxed
for 12 h. The solution was filtered and evaporated to dryness to provide5
in 71% yield based on1 (68 mg, 71µmol): 1H NMR (200 MHz, CD3OD)
δ ) 9.68 (br s, 1H), 9.14 (d,J ) 4.8 Hz, 1H), 8.98 (d,J ) 4.8 Hz, 1H),
8.90 (br s, 1H), 8.86 (d,J ) 4.8 Hz, 1H), 8.84 (d,J ) 4.8 Hz, 1H);19F
NMR (188 MHz, CD3OD) δ ) -137.5 (d,J ) 20.3 Hz, 2F),-137.8 (d,
J ) 19.6 Hz, 4F),-149.8 (t,J ) 20.3, 1F),-150.8 (t,J ) 20.1, 1F),
-152.1 (t,J ) 19.4, 1F),-160.3 (m, 2F),-160.8 (m, 2F),-163.1 (m,
2F); UV/vis (buffer solution, pH 7.00)λmax (ε(M-1 cm-1)) ) 414 (71 000),
430 (62 000), 588 (15 000), 620 (27 000).
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