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Molecular structures of 12 porphyrin analogues, FeIII(EtioP)X(1a−
1d), FeIII(EtioCn)X(2a−2d), and FeIII(Etio-Pc)X(3a−3d), where X )
F (a), Cl (b), Br (c), and I (d), are determined on the basis of
X-ray crystallography. Combined analyses using Mössbauer, 1H
NMR, and EPR spectroscopy as well as SQUID magnetometry
have revealed that 3d exhibits a quite pure S ) 3/2 spin state with
a small amount of an S ) 5/2 spin admixture. In contrast, all the
other complexes show the S ) 5/2 spin state with a small amount
of the S ) 3/2 spin admixture. The structural and spectroscopic
data indicate a strong correlation between the spin states of the
complexes and the core geometries such as Fe−N bond lengths,
cavity areas, and ∆Fe values.

Studies on the porphyrin analogues such as corroles,
porphycenes, N-confused porphyrins, expanded porphyrins,
and so forth have attracted much attention because they show
quite unique physicochemical properties different from those
of porphyrins.1-3 Elucidation of the basic properties of
porphyrin analogues is quite important not only for the deeper
understanding of the biologically important iron(III) por-
phyrins but for the potential application of these compounds
to new areas such as photodynamic therapy.4 Here, we report

on the structural characteristics of five-coordinated iron(III)
halides of etioporphyrins (1), etiocorrphycenes (2), and
etioporphycenes (3) on the basis of crystallographic analyses
of the 12 complexes.

FeIII (EtioP)X(1a-1d), FeIII (EtioCn)X(2a-2d), and FeIII -
(EtioPc)X (3a-3d),5 where X) F (a), Cl (b), Br (c), and I
(d), were synthesized according to the reported method.6-9

Table 1 summarizes the structural parameters of the 12
complexes. Figure 1 shows the molecular structures of the
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Table 1. Some Structural Data

complex Fe-Np [Å] Fe-X [Å] cavity area [Å2] ∆Fe [Å] ∆max [Å]

1a 2.058(2) 1.836(2) 8.123 0.409(1) 0.09
1b 2.061(4) 2.241(1) 8.094 0.444(2) 0.05
1ca 2.052(6) 2.338(1) 8.023 0.440(3) 0.06
1d 2.061(7) 2.617(1) 8.094 0.454(4) 0.22
2a 2.026(3) 1.938(2) 7.784 0.423(1) 0.12

2.049(3)
2b 2.048(2) 2.247(1) 7.813 0.431(2) 0.14

2.068(2)
2c 2.014(4) 2.399(1) 7.866 0.420(2) 0.20

2.062(4)
2d 2.034(2) 2.615(1) 7.897 0.387(1) 0.35

2.056(2)
3a 2.020(3) 2.259(1) 7.539 0.524(1) 0.39
3bb 2.027(3) 2.232(1) 7.497 0.532(2) 0.39
3c 1.998(3) 2.412(1) 7.475 0.450(1) 0.39
3d 1.956(3) 2.664(1) 7.355 0.343(2) 0.36

a The average values of two independent molecules.b Previously reported
data.14
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iodide complexes,1d, 2d, and3d, as typical examples. Similar
to the corresponding free-bases, the N4 cores show square,
trapezoidal, and rectangular shapes for1, 2, and3, respec-
tively. The data in Table 1 reveal several structural charac-
teristics for these complexes. The average Fe-Np lengths
are the longest in1 followed by2 and3 for the same axial
ligand. The difference in the average Fe-Np lengths should
be reflected in the cavity sizes of these complexes. Thus,
we calculated the cavity areas surrounded by the four
nitrogen atoms. As expected, the cavity areas of1 are in the
range 8.023-8.123 Å2 and are larger than those of2, 7.784-
7.897 Å2, and3, 7.255-7.539 Å2. Close examination of the
data in Table 1 reveals that, while the cavity area of2
gradually increases on going from F- to Cl-, to Br-, and
then to I-, that of3 has shown a considerable decrease for
the same change of the axial ligands. In contrast, no clear
tendency has been observed in the case of1. Similar
discrepancies among the three types of complexes are
observed in the∆Fe value defined by the perpendicular

displacement of the iron(III) atom from the least-squares
plane of the central four nitrogen atoms. Although the∆Fe
value increases gradually in1 as the axial ligand changes
from F- to I-, it decreases both in2 and 3 for the same
change of the axial ligand. It should be noted that the
decrease in3 is fairly large, 0.181 Å, which corresponds to
the 35% decrease.

Figure 2 shows the vertical displacements of the peripheral
carbon atoms from the mean plane of the 24 atoms. While
the porphyrin rings of1 are rather planar except for that of
1d, those of2 and3 are much more distorted. The magnitude
of distortion can also be estimated by the∆max values defined
by the largest displacement of the peripheral carbon atoms
from the mean porphyrinoid plane, and they are listed in
Table 1. Figure 2 clearly indicates that the degree of
deformation in3 is almost the same regardless of the axial
halides. In contrast, the degree of deformation in1 and2 is
appreciably different depending on the axial halides. Par-
ticularly noticeable are the ring conformations of1 in the
sense that only1d shows a deformed structure with the∆max

value of 0.22 Å;1a-1c exhibit nearly planar structures with
∆max values less than 0.09 Å. It is surprising that3a-3d

maintain the similarly deformed ring conformation despite
the large difference in the cavity areas and∆Fe values. The
result could be explained in terms of the severe steric
repulsion between the ethyl groups at C3 and C6 positions;
the steric repulsion deforms the porphycene ring to such an
extent that the change in axial ligand can no longer affect
the ring conformation.

The structural characteristics mentioned here should affect
the physicochemical properties such as spectroscopic, mag-
netic, and redox behaviors. As one of the examples, we have
examined the spin states of these complexes. The effective
magnetic moments (µeff) determined by the SQUID magne-
tometry for the microcrystalline samples of chlorides and
iodides are given in Table 2. While3d exhibits theS ) 3/2
spin state with a small amount ofS ) 5/2 spin admixture,
other complexes show theS ) 5/2 spin state with a small
amount ofS ) 3/2 spin admixture. The data in Table 2 also
indicate that the iodides have much largerS ) 3/2 mixing
than the corresponding chlorides; theµeff values of1d and

Figure 1. ORTEP diagrams with atomic numbering of (a)1d, (b) 2d, and (c)3d viewed along the Fe-I bond. Corresponding side views are shown in the
lower row. Displacement ellipsoids are shown at 30% probability level. H-atoms are omitted for clarity.

Figure 2. Displacements of the peripheral carbon atoms from the mean
plane of the 24 atoms in (a)1, (b) 2, and (c)3: X ) F- (b); X ) Cl- (0);
X ) Br- (2); X ) I- (O).
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2d at 300 K are 5.42 and 5.19µB, respectively, as compared
with 5.80 and 5.79µB in 1b and2b. To further confirm the
spin states, the Mo¨ssbauer spectra were measured for the
microcrystalline samples over the temperature range 77-
297 K. Table 2 lists the isomer shift (IS) values and
quadrupole splitting (QS) values determined at 77 and 297
K. The Mössbauer spectra of the iodides taken at 297 K are
shown in Figure 3a as typical examples. The QS values,
which reflect the iron(III) spin state, increase on going from
1 to 3 for the chlorides and iodides. The QS value of an
iodide complex is much larger than that of the corresponding
chloride complex for each macrocycle. In the case of3d,
the QS value reaches as much as 3.02 mm s-1 at ambient
temperature, suggesting strongly that the complex adopts the
S ) 3/2 with a small mixing of theS ) 5/2.10,11 Thus, both
the Mössbauer and SQUID results indicate that theS ) 3/2
character increases in the order1 < 2 , 3 for each halide
and also increases in the order Cl- < I- for each macrocycle.
The largeS) 3/2 character in3, especially that in3d, can be

explained in terms of the destabilization of the dx2-y2 and
dπ(dxz, dyz) orbitals because of the small cavity area deter-
mined by the Fe-Np bond length and the cavity shape of
the N4 core together with the small∆Fe value. Weak axial
ligation as is revealed from the longer Fe-X bond in 3
should lower the dz2 orbital and contribute to the further
stabilization of theS ) 3/2 spin state.11

To reveal the spin states of these complexes in solution,
we have measured the EPR spectra in frozen CHCl3 solution
at 4.2 K and determined theg values as listed in Table 2.
Figure 3b shows the EPR spectra of the iodide complexes.
Hyperfine coupling with axially coordinated iodide, 48.9 G,
is clearly observed in the case of3d. Consistent with the
SQUID and Mössbauer results,3d shows a quite pureS )
3/2 spin state as is revealed fromg⊥ ) 4.10; theS ) 3/2
contribution in the quantum-mechanicalS ) 5/2, 3/2 spin
admixing system is calculated to be 94%.12 Even the chloride
complex3b shows a 38%S) 3/2 spin admixture. In contrast,
theS) 3/2 contribution in1 and2 is rather small. We have
then examined the1H NMR spectra in CD2Cl2 solution. The
chemical shifts at 300 K are listed in Table 2. In the case of
porphycene complexes, the etheno protons are the useful
probe to determine the spin state. The chemical shifts are
-16.0 (not shown),-11.7,-5.22 (not shown), and 0.36 ppm
for 3a-3d, respectively. Because the chemical shift of3d is
close to that of the pure intermediate spin complexes, [FeIII -
(TPrPc)(THF)2]ClO4 and [FeIII (TPrPc)]ClO4,10,13 the down-
field shift of the etheno signal on going from3a to 3d

corresponds to the increase in theS ) 3/2 character.13 The
etheno protons of the corrphycene complexes could also be
good probes though the chemical shifts are somehow
scattered:-27.2 (not shown),-33.8, -32.4 (not shown),
and -26.2 ppm for2a-2d, respectively. Molecular orbital
calculations in conjunction with the structural data deter-
mined by the present study could reveal the spin distribution
on the corrphycene ring, which enables the relationship
between the spin state and NMR chemical shifts in2. These
studies are now in progress in this group.
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Table 2. Spectroscopic and Magnetic Data

Mössbauerb

EPRc 1H NMRd

complex
SQUIDa

µeff (µB)
IS

(mm s-1)
QS

(mm s-1) g⊥ g| meso etheno CH3

1b 5.80 (5.79) 0.20 (0.26) 0.63 (0.55) 5.89 2.00-55.6 52.2
2b 5.79 (5.61) 0.30 (0.40) 1.17 (1.29) 5.90e 2.00 -33.8 27.5 76.0

66.0
3b 5.66 (5.42) 0.25 (0.39) 1.24 (1.36) 5.10 2.00 -11.7 42.5
1d 5.42 (5.35) 0.23 (0.42) 0.90 (1.14) 5.82 1.98-47.5 60.2
2d 5.19 (5.03) 0.32 (0.43) 1.50 (1.52) 5.88f 1.95 -26.2 37.0 83.0

69.4
3d 4.21 (3.65) 0.21 (0.29) 3.02 (3.25) 4.10g 1.96 0.4 43.0

a Data at 300 K. Data at 70 K are in the parentheses.b Data at 279 K.
Data at 77 K are in the parentheses.c Data at 4.2 K in frozen CH2Cl2
solution.d Chemical shifts (δ, ppm) at 298 K in CD2Cl2 solution.e gx )
6.30,gy ) 5.50. f gx ) 6.25,gy ) 5.50.g gx ) 4.30,gy ) 3.90.

Figure 3. (a) Mössbauer (microcrystalline, 297 K) and (b) EPR (CH2Cl2,
4.2 K) spectra of1d, 2d, and3d.
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