
The structure of a 1,2-phenylene linked dicobalt tetraaryl-
porphyrin dimer was determined by X-ray crystallography and its
dioxygen adduct was characterized by absorption and ESR spec-
troscopies.  Since the porphyrin dimer has a long metal–metal
distance and a rigid framework against inward bending, the
cobalt centers were not bridged by the coordinated dioxygen.

The metal complexes of cofacial bisporphyrins have drawn
considerable interest due to their unique reactivities toward small
molecules.1–10 Some cobalt complexes of bisporphyrins catalyzed
the direct four-electron reduction of oxygen to water,1–4 and
dimanganese complexes, such as [MnIII

2(DTMP)]2+ (1) catalyzed
four-electron oxidation of water to oxygen (Figure 1).5 The
intramolecular metal–metal separation in the cofacial bisporphyrin
is important for the activation of small molecules.1–10 For exam-
ple, among doubly bridged amide-linked dicobalt bisporphyrins,
only the four-atom bridged dimer is capable of the direct four-elec-
tron reduction of oxygen.1,3 The O2 reduction intermediate was
reported to be a Co–O–O–Co species.1,3,8 On the other hand, the
structural information of 1 has not been reported yet. 

In this study, for estimating the distance and relative orien-
tation between the metal centers of dimeric tetraarylporphyrins
linked by a 1,2-phenylene bridge, we prepared the dicobalt
complex [CoII

2(DTMP)] (2) and determined its structure by X-
ray crystallography.  Further, we characterized O2 adduct of 2
for suggestive information of the O2-evolving intermediate in 1.
2 is considered to be a good probe for the elucidation of the
mechanism of the O2 evolution, because Co porphyrin can form
a stable O2 adduct.

The dicobalt(II) complex 2 was synthesized by previously
described methods.11–13 Crystals of 2 suitable for X-ray analysis
were obtained by slow evaporation of a hexane / ethyl acetate /
methylene chloride solution.  The ORTEP view of 2 is shown
in Figure 2.14 2 has no exogenous axial ligands.  It is notable

that the porphyrin rings are not stacked over each other.  The rel-
ative orientation of the porphyrin rings in 2 is quite different from
that of the dizinc complex of the dimeric diarylporphyrin (3,
Figure 1) linked by the same 1,2-phenylene bridge.9 The
metal–metal distance of 6.570(2) Å in 2 is much longer than that
of 3 (the average interplanar separation between the two por-
phyrin rings of 3 is 3.43 Å).  The three meso aryl groups of each
porphyrin in 2 sterically prevent the close stacking of the macrocy-
cles, while there is only one aryl group other than the phenylene
bridge in each porphyrin of 3.  In cofacial tetraarylporphyrin
dimers, this severe steric hindrance would be more dominant than
π–π stacking in cofacial tetraarylporphyrin dimers.  In particular,
the mesityl-substituted porphyrin dimers, 1 and 2, provide the
strongest resistance to close stacking of the porphyrins.  As a fur-
ther evidence, the 1H NMR chemical shift difference of NH pro-
tons between the dimeric and monomeric free ligands, e.g.,
H4DTMP (δ = –3.43 ppm), and H2TMP (δ = –2.58 ppm), were
found to be rather small.  These results are in contrast with the
finding that NH protons of the free ligand of 3 exhibit largely
upfield shifts at δ = –6.31 and –5.77 ppm as a result of the stack-
ing interaction.  Thus, the metal complexes of DTMP should
have the larger metal–metal distances also in solution without the
substantial stacking of intramolecular porphyrin rings.  Dizinc
dibenzofuran-bridged diporphyrin, another example of a dimeric
porphyrin having unsubstituted meso carbons, was reported to
have a longer metal–metal separation (7.775 Å) than that of 2.10b

However, the diiron(III) complex of the same ligand (which has
an intramolecular Fe–O–Fe moiety) has a shorter distance
between each iron atom (3.504 Å, separation between porphyrin
centers: 4.611 Å).  The shorter iron–iron separation was due to
the inward bending at the porphyrin meso carbons of the bridge
positions and the inward displacements of the iron atoms from
porphyrin mean planes.10b In contrast to the flexible bis-
porphyrin complexes that have unsubstituted meso carbons,
DTMP has the rigid framework against inward bending.
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Before the reaction with O2, more than 10 equivalents of
bulky 1-(1-adamantylmethyl)imidazole (Adim) was added to the
toluene solution of 2 in order to allow O2-binding only inside the
cavity.  The ESR spectrum of 2-(Adim)2 species at 77K shows a
characteristic signal of a five coordinated CoII-porphyrin at g⊥
=2.31, g// =2.02 (A//

Co = 8.39 mT).15,16 The parallel components
show superhyperfine splitting due to interaction of CoII with one
nitrogen atom (A//

N = 1.72 mT).  This result indicates that the
species present in this concentration range is a 1 : 1 (Co ion :
Adim) complex of 2-(Adim)2.

15 The O2-adduct was obtained in
the reaction of 2-(Adim)2 with O2 at –80 °C. The Soret band shift-
ed from 404 to 414 nm.  The ESR spectrum of the O2-adduct,
which was different from that of 2-(Adim)2, indicated the forma-
tion of a monomeric six-coordinated cobalt-superoxo species (g⊥ =
2.08, A⊥ = 1.65 mT, g// = 2.00, A// = 1.45 mT) instead of a dinuclear
superoxo-bridged adduct.16,17 The oxygen adducts of dicobalt
anthryldiporphyrin and biphenylenyldiporphyrin were reported to
have a superoxo–bridged structure,1,8 and their metal–metal
separations were found to be 4.566 and 3.807 Å, respectively.7

The present result indicates that the distance between the metal
ions in 2 seems to be too long to form M–O–O–M moiety. 

In conclusion, we have determined the structure of the
dicobalt complex 2 by X-ray crystallography.  2 has a relatively
large cavity due to the steric hindrance of the meso aryl groups.
The reaction of 2 with O2 showed the formation of a monomeric
six-coordinated cobalt-superoxo species, instead of the O2
bridged complex, indicating that the large cavity was maintained
also in solution.  Complex 2 has more rigid framework against
inward bending than any other bisporphyrin compounds.  On the
basis of these results, complex 1 is predicted to have the rigid and
large cavity under the catalytic oxidation of water, and the
Mn–O–O–Mn structure would be less likely as an O2-evolving
intermediate.  Further study on the mechanism of the water oxi-
dation catalyzed by the Mn complexes is under way.   
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