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�-Oxodiiron(III) complexes of porphycenes with electron-
withdrawing Br-substituents have been synthesized. The crystal
structure of a tetrabrominated complex was elucidated by X-ray
analysis. The Br-substituted effects for the electronic spectra and
electrochemical properties have been reported.

Porphycene is a unique isomer of porphyrin first synthesized
by Vogel et al. in 1986.1 This isomer exhibits geometries of the
N4 coordination site which deviate noticeably from the ideal
square shape of the porphyrin core, and its unique structural
properties result in interesting catalysis of the complexes as it
forms with metals.2 In contrast, a number of Br-substituted por-
phyrins and their metal complexes have been synthesized and
their high catalytic efficiency superior to those for non-halogen-
ated porphyrin complexes have been reported.3 These results
prompted us to undertake of a �-pyrrol brominated porphycena-
to iron complex. We report here the first example of the synthesis
of �-oxodiiron(III) complexes with �-pyrrole brominated por-
phycenes as shown in Chart 1.

The�-oxodiiron(III) porphycenato complexes were synthe-
sized following the well-established procedure.4 3,6,13,16-Tet-
rabromo-2,7,12,17-tetra-n-propylporphycene (H2Br4TPrPc)

5

and 3,6,13-tribromo-2,7,12,17-tetra-n-propylporphycene (H2-
Br3TPrPc)

6 were heated under reflux with tris(acetylacetona-
to)iron(III) in phenol for 20min and phenol was evaporated un-
der reduced pressure. The residue was dissolved in CH2Cl2 and
stirred with an aqueous NaOH solution over 1 h. The solution
was washed with water, and the organic layer was dried over
Na2SO4. After filtration, the filtrate was concentrated and dried
in vacuo and recrystalized from CHCl3/MeOH. The complexes
were characterized by UV–vis, 1HNMR, and ESI mass spectros-
copy as well as elemental analysis.7,8 The electronic spectra of
the complexes show a characteristic �-oxodiiron(III) porphyce-
nato complex with a shoulder at near 430 nm.4 The Q-bands are
red-shifted with increase in the number of Br groups on TPrPc. A
similar Br-substitution effect in the electronic spectrum was ob-

served in the porphyrin, and this has been interpreted in terms of
configurational interactions.9 The formation of [Fe(Br4TPr-
Pc)]2O and [Fe(Br3TPrPc)]2O has also been confirmed by ESI-
MS. Each spectrum showed prominent peak clusters at m=z
1712 and 1554 for [Fe(Br4TPrPc)]2O and [Fe(Br3TPrPc)]2O, re-
spectively. These mass values and isotope patterns are consistent
with those of the corresponding ions ½M�þ. The single crystals of
[Fe(Br4TPrPc)]2O suitable for X-ray analysis were grown from
CH2Cl2/MeOH/Et2O, and the ORTEP drawing is shown in
Figure 1.10

Two discrete molecular structures (Form I and Form II) were ob-
served in the unit cell. The Fe–O–Fe angles of each �-oxodimer
unit are 153.3� and 162.5� for Form I and Form II, respectively.
These angles are somewhat larger than that of [Fe(TPrPc)]2O
with 145.3�4 because of the steric bulky Br substituents between
the two porphycene rings. Br groups attached to adjacent pyrrole
units are warped to each other and cause distortion to porphy-
cene core in both forms. The Fe–O lengths are 1.763 and
1.752 �A for Form I and Form II, respectively. In this way, the
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Chart 1.

Figure 1. ORTEP diagram of [Fe(Br4TPrPc)]2O with thermal
ellipsoids drawn at 50% probability. Hydrogen atoms are omit-
ted for clarity. (a) side view (b) top view.
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X-ray structural study clearly demonstrates the diiron(III)�-oxo
structure.

Redox behavior of the complexes was investigated by cyclic
voltammetry as shown in Figure 2.

Both of the complexes undergo two reversible one-electron ox-
idations and four reversible one-electron reductions in PhCN
containing 0.1M n-Bu4NClO4. It is observed that both oxidation
and reduction peaks of the complexes occur at a more positive
potential relative to those found for the [Fe(TPrPc)]2O.

11 The
oxidations occurred at the central metal position, which was con-
firmed by UV–vis spectra on controlled potential electrolyses.12

The good reversibility of the oxidation waves clearly shows that
the electron-withdrawing ability of the Br substituent at the �-
pyrrolic positions of porphycene would decrease the oxidative
degradation reaction of a porphycene macrocycle as well as ac-
tivate a high-valent metal intermediate.

½FeIIIFeIII� �
(i)

½FeIVFeIII� �
(ii)

½FeIVFeIV�

In summary, �-oxodiiron(III) porphycenato complexes
having Br substituents at the �-pyrrolic positions of a macrocy-
cle have been synthesized. Further work on the reactivities of the
complexes as oxygenation catalyst is now in progress in our lab-
oratory.
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Figure 2. Cyclic voltammograms in PhCN containing 0.1M
n-Bu4NClO4 of (a) [Fe(TPrPc)]2O (b) [Fe(Br3TPrPc)]2O (c)
[Fe(Br4TPrPc)]2O. Scan rate = 0.1V/s.
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