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We have most recently reported the first one-pot synthesis of
corrolessmacrocycles related to both hemes (porphyrins) and
vitamin B12 (corrin)sfrom commercially available precursors.1,2

In addition, we have demonstrated that the metal complexes of
the leading corrole (H3tpfc,3 Scheme 1) are high-potential catalysts
for the activation of hydrocarbons.4 We now report the synthesis
and some spectroscopic features of the cobalt(III), rhodium(III),
and iron(IV) complexes of H3tpfc (Scheme 1), together with the
X-ray structures of the last two complexes.

The insertion of iron into H3tpfc was achieved by its heating
with excess FeCl2 in DMF, evaporation of the solvent, addition
of dry benzene, filtration, and repeated evaporation.1H NMR
examination of a benzene-d6 solution of fresh material revealed
the presence of both iron(III) and iron(IV) corrole. The assignment
of the iron(III) oxidation state is based on the low-field signals
of the pyrrole hydrogens (8.4, 11.2, and 40.0 pmm), which is
highly characteristic of complexes with unpaired electrons in the
dx2-y2 orbital.5 Slow diffusion ofn-heptane into a benzene solution
afforded X-ray quality single crystals of the benzene-solvate of
the iron(IV) corrole, (tpfc)Fe-Cl (Figure 1).6 For preparative
purposes, the solid material was dissolved in CH2Cl2, which
caused immediate oxidation to the iron(IV) species, as previously
observed by Vogel and co-workers for a different iron corrole.7

Extensive washing with basic water resulted in formation of the
µ-oxoiron(IV) corrole dimer (identified by its diamagnetic NMR),7

which was then treated with HCl/H2O and evaporated to dryness.
Recrystallization from solutions of acid washed CH2Cl2 and
hexanes affords the pure monomeric (chloro)iron(IV) corrole,
whose1H NMR spectrum is shown in Figure 1.

The insertion of cobalt into H3tpfc was very facile (Scheme 1,
path b), as indicated by a fast color change from green (the
deprotonated corrole) to red upon the addition of the cobalt salt.

The product was isolated in almost quantitative yields and
identified as the triphenylphosphine-coordinated cobalt(III) cor-
role, (tpfc)Co-PPh3. In particular, the NMR spectrum (Figure
1s) is readily indicative of both the diamagnetic Co(III) oxidation
state and the coordinated ligand. These are reflected by the sharp
NMR signals of the corrole’sâ-pyrrole hydrogens (8-9 ppm)
and the strongly shifted resonances (4.5-7 ppm) of the tri-
phenylphosphine (due to the diamagnetic ring current effect of
the corrole).

Insertion of rhodium into H3tpfc was achieved by its heating
with an excess of [Rh(CO)2Cl]2 in benzene in the presence of
triphenylphosphine and K2CO3. The reaction was continued until
TLC examination indicated quantitative disappearance of starting
material. One main red product was received after chromatog-
raphy, together with only traces of two yet unidentified green
compounds and unreacted corrole. The new red complex was
characterized as (tpfc)Rh-PPh3 on the basis of the similarity of
its NMR to that of (tpfc)Co-PPh3 and by X-ray crystallography
(Figure 2).
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Scheme 1. Synthesis of the Cobalt(III), Rhodium(III), and
Iron(IV) Complexes of H3tpfc

Figure 1. 1H NMR spectrum (in benzene-d6 at room temperature) and
an ORTEP view of the X-ray crystal structure of the (chloro)iron(IV)
corrole, (tpfc)Fe-Cl.
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The structures of the iron and rhodium complexes are quite
different, despite the fact that both complexes are pentacoordi-
nated.8 While the corrole ring is quite planar in (tpfc)Fe-Cl (the
largest deviation out of the 23-atom plane ise0.17 Å, see Figure
3a), it is clearly domed in (tpfc)Rh-PPh3. This can easily be seen
in the latter complex from the negative deviations of the N atoms
and the Rh ion from the 23-atom plane, while most of the ring C
atoms display positive (i.e., in the opposite direction) deviations
from this plane (Figure 3b). Further indication of this effect is
provided by comparing the out-of-plane displacements of the
metal ions with respect to the entire corrole ring and with the
plane defined by the four pyrrole nitrogens. The respective
displacements of Fe from these two planes are nearly the same,
0.4034(11) and 0.3670(11) Å, while that of Rh is 0.4693(5) Å
from the corrole but only 0.2763(5) Å from the N4 plane. The
metal-nitrogen bonds are very long in (tpfc)Rh-PPh3, the
average Rh-N bond length of 1.968 Å being longer than for any
other structurally characterized metallocorrole.2,9 On the other
hand, both Fe-Cl (2.238 Å) and Fe-N (average) (1.901 Å) bond
lengths are quite short in (tpfc)Fe-Cl, even when compared to
the only previously characterized iron(IV) corrole, (oec)Fe-Cl
(Fe-Cl 2.256 Å, Fe-N (average) 1.906 Å).7 The short Fe-N
bonds, together with the quite large dihedral angles of the aryl
groups with the corrole (62.7(2)°, 64.4(2)°, and 73.1(2)° for the
three C6F5 rings), are all consistent with the Fe(IV) formulation.
In the alternative formulation of (tpfc•+)FeIII-Cl, the expectations
would be of larger Fe-N bonds and smaller dihedral angles.10

Also, a comparison of the C-C bond lengths in the crystal

structures of H3(tpfc),11 (tpfc)Rh-PPh3, and (tpfc)Fe-Cl reveals
no major differences (which might have been expected if the
corrole ring in (tpfc)Fe-Cl is oxidized). In all complexes the
average C-C bond lengths are similar (1.404, 1.410, and 1.405
Å, respectively), which may be further divided into short
Câ-pyrrole-Câ-pyrrole bonds (1.36( 0.02, 1.36( 0.01, and 1.356
( 0.01, respectively) and long bonds (1.415( 0.04, 1.423(
0.026, and 1.418( 0.043, respectively).

Concluding, we report now three metal complexes of the first
readily available corrole whose rhodium(III) and iron(IV) deriva-
tives have been found to be potent catalysts. On the basis of the
solid-state structures of these complexes, we are currently
preparing rhodium(III) corroles with bulkier phosphines for their
utilization as catalysts for cyclopropanation of olefins.
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Figure 2. ORTEP view of the X-ray crystal structure of the tri-
phenylphosphine-coordinated rhodium(III) corrole, (tpfc)Rh-PPh3.

Figure 3. Formal diagrams of the corrole cores in (a) (tpfc)Fe-Cl and
(b) (tpfc)Rh-PPh3 displaying the perpendicular displacement of the
individual atoms (in units of 0.01 Å) from the mean plane of the 23-
atom core, as well as all bond distances (Å).
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