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The X-ray crystallographic analysis of low spin bis(2-
methylimidazole)(meso-tetraethylporphyrinato)iron(III) has re-
vealed that the porphyrin ring is highly S4-ruffled and that the
maximum deviation of the meso-carbon from the least-squares
plane of the [Fe(C20N4)] core reaches as much as 0.73(1) �A.

Much attention has been paid to deformed porphyrins and
their metal complexes since they are widely found in naturally
occurring hemoproteins such as cytochromes c and peroxidases.1

Elucidation of the physicochemical properties caused by the ring
deformation is, therefore, quite important not only to understand
the role and functions of these hemoproteins but also to develop
new functional materials.2;3 In the previous papers, we have
reported that the (dxz, dyz)

4(dxy)
1 state is stabilized in a series of

low spin six-coordinated (meso-tetraalkylporphyrinato)iron(III)
complexes when axially coordinated HIm is replaced by much
bulkier 2-MeIm or 2-iPrIm.4{6 We have ascribed the result to the
strongly S4 ruffled deformation of the porphyrin core caused by
the severe steric interaction with the bulky ligands. Although
ample examples have been reported on themolecular structures of
low spin iron(III) porphyrins, the porphyrins examined are in
most cases confined to octaethylporphyrin,meso-tetraphenylpor-
phyrin, and meso-tetraarylporphyrins.7 In this paper, we report
the molecular structure of [Fe(TEtP)(2-MeIm)2]

þ which is the
first example of low spin iron(III) complex of meso-tetraalk-
ylpoprhyrin.

meso-Tetraethylporphyrin was prepared according to the
literature method.8 Insertion of iron followed by the addition of
excess 2-MeIm yielded the purple solid. The solid was then
recrystallized from chloroform-heptane solution by slow eva-
poration of the solvents. The molecular structure of [Fe(TEtP)(2-
MeIm)2]

þ is shown in Figure 1.9 As expected, the porphyrin ring
is highly deformed. The axially coordinated 2-MeIm ligands are
placed perpendicularly along the diagonal Cmeso-Fe-Cmeso axes.
The dihedral angle between the two 2-MeIm ligands is 87(2) �.
The average Fe-Np (Np; Nitrogen atoms of porphyrin) bond
length is fairly short, 1.932(14) �A. The perpendicular displace-
ments of the peripheral carbon atoms from the least-squares plane
of the [Fe(C20N4)] core are shown in Figure 2. While the four

nitrogen atoms are located almost on the least-squares plane, i.e.
0.01(1), �0:02(1), �0:05(1), and �0:08(1) �A, the four meso
carbons are deviated alternately up and down from this plane by
0.69(1), �0:73(1), 0.71(2), and �0:70(2) �A. Thus, the porphyrin
core is highly S4 ruffled as expected from the NMR results
reported previously.2;10 The ruffling dihedral angles between two
pairs of diagonal pyrroles reach as much as 45.0(5) � and
47.9(5) �. The highly ruffled conformation creates the mutually
perpendicular clefts along the Cmeso-Fe-Cmeso axes above and
below the porphyrin ring. The planar axial ligands coordinate to
the iron(III) along these clefts to minimize the steric repulsion
with the porphyrin core. These structural features explainwhy the
(dxz, dyz)

4(dxy)
1 state is stabilized in [Fe(TEtP)(2-MeIm)2]

þ as
compared with [Fe(TEtP)(HIm)2]

þ. As reported, the interaction
between the iron dxy and porphyrin a2u orbitals is strengthened in
highly S4 ruffled complex; this interaction must be very weak in
the planar complex due to the orthogonality of these orbitals.11 In
contrast, the interaction between the iron d�(dxz and dyz) and
porphyrin 3eg orbitals is weakened due to the less effective
overlaps between these orbitals.2;10 The increase in the dxy-a2u

interaction destabilizes the dxy orbital while the decrease in the
d�-3eg interaction stabilizes the d� orbitals, leading to the
stabilization of the (dxz, dyz)

4(dxy)
1 state.

Since [Fe(TEtP)(2-MeIm)2]
þ is the first example of the

structurally characterized low spin iron(III) complex of tetraalk-
ylporphyrin, it is worthwhile to compare the structural data with
those of analogous complexes. Table 1 lists the structural

Figure 1. (a) ORTEP diagram of [Fe(TEtP)(2-
MeIm)2]Cl. The thermal ellipsoids enclose 30% proba-
blilty. Hydrogen atoms are omitted for clarity. (b) Top
view of [Fe(TEtP)(2-MeIm)2]Cl with atomic numbering.
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parameters for some low spin iron(III) complexes. The ruffling of
the porphyrin core increases to a great extent on going from
[Fe(TPP)(1-MeIm)2]

þ to [Fe(TPP)(2-MeIm)2]
þ as is revealed

from the large increase in the �Cmeso value. Thus, it is quite
natural that the most ruffled porphyrin core in low spin iron(III)
complexes is realized in [Fe(TMP)(1,2-Me2Im)2]

þ where fairly
large steric repulsion is expected between the bulky mesityl
groups at the meso positions and the bulky 1,2-Me2Im ligands to
deform the porphyrin core. As a result, [Fe(TMP)(1,2-Me2Im)2]

þ

shows the shortest Fe-Np bond, 1.937(12) �A. It is clear from the
data in Table 1 that the porphyrin core of [Fe(TEtP)(2-MeIm)2]

þ

is deformed as much as that of [Fe(TMP)(1,2-Me2Im)2]
þ; the

average Fe-Np bond length is 1.932(14) �A and the average
deviation of the meso carbons is 0.71(2) �A. Thus, [Fe(TEtP)(2-
MeIm)2]

þ is classified as one of themost ruffled low spin iron(III)
porphyrins. It is surprising that ethyl and mesityl groups at the
meso positions in each complex play a similar role in deforming
the porphyrin ring in spite of the apparent difference in bulkiness
between these groups. The results indicate that the meso-
tetraalkylporphyrin ring is quite flexible and is easily deformed
in the S4-ruffled fashion to relieve the strain energy. Thus, the
structural analyses of a series of bis(2-alkylimidzole)(meso-
tetraalkylporphyrinato)iron(III) complexes could reveal the
relationship between the degree and mode of porphyrin
deformation and the physicochemical properties of the com-
plexes quantitatively. Studies along these lines are now in
progress in this group.
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Table 1. Comparison of structural parameters for [Fe(TEtP)(2-MeIm)2]
þ and related complexes

Complexes Fe-Np/ �A
a) Fe-Nax/ �A

b) 
/degc) �
/degd) �Cmeso/ �A
e) ref

½FeðTPPÞð1-MeImÞ2	þ 1.982 1.974 32, 22 10 0.09 12
½FeðTMPÞð1-MeImÞ2	þf) 1.986 1.965 42, 42 0 0 13

23, 23 0 0 13
½FeðTPPÞð2-MeImÞ2	þ 1.971 2.013 32, 32 90 0.40 14
½FeðTMPÞð1,2-Me2ImÞ2	þ 1.937 2.004 45, 45 90 0.72 15
½FeðTEtPÞð2-MeImÞ2	þ 1.932(14) 2.017(12) 45(1), 41(1) 86.7(2) 0.71(2) This work

a) The average bond length between the iron and the nitrogen atoms of porphyrin core.
b) The average bond length between the iron and the nitrogen atoms of axial imidazole ligand.
c) The dihedral angle between the coordinated imidazole and the Np-Fe-Nax plane.
d) The dihedral angle between the two axial ligands.
e) The perpendicular displacement of the four meso carbons from the least-squares plane of [Fe(C20N4)] core.
f) The complex has two independent molecules in an asymmetric unit.

Figure 2. Displacements of the peripheral
carbon atoms from the mean plane of the 24
atoms. Carbon numbers in abscissa are based
on the IUPAC numbering system.
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