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Four novel Fe-Ru mixed-metal hexaporphyrins having an
Fe(III)-O-Fe(III) porphyrin dimer unit at the center and four
surrounding ruthenium(II) porphyrin units were synthesized,
characterized, and structurally analyzed by X-ray crystallogra-
phy.

In construction of highly ordered porphyrin architectures,
the use of non-covalent bonds is one of the powerful tech-
niques.1 In practice, many supramolecular porphyrin systems
with elegant shapes have been self-assembled using coordina-
tion bonds such as metal-pyridyl interactions.2;3 Especially,
metal oligoporphyrins having different bond types of metal–li-
gand interactions and different metal ions are of prime inter-
ests.4 These oligoporphyrins revealed that the physical proper-
ties are significantly affected by porphyrin geometry.

Herein we extend this methodology to discrete mixed-metal
oligoporphyrins and present two types of novel Fe-Ru hexapor-
phyrins and their X-ray crystal structures. To construct these
hexaporphyrins, we chose a m-oxoiron(III) porphyrin dimer as
a building core because of various coordination modes of iron
porphyrins.5 By the introduction of two pyridyl groups to the
trans- or cis-meso positions of each porphyrin unit in the m-oxo-
iron(III) porphyrin dimer, it is possible to construct versatile
mixed-metal hexaporphyrins with an Fe-O-Fe moiety in the
center. Respective treatments of [Fe(trans-4-Py2T2P)]2O

6 and
[Fe(cis-4-Py2T2P)]2O with a stoichiometric amount of
Ru(OEP)(CO)(MeOH) and Ru(TTP)(CO)(MeOH) led to the
isolation of the corresponding hexaporphyrins, [Ru(OEP)-
(CO)]4[Fe(trans-4-Py2T2P)]2O (1), [Ru(OEP)(CO)]4[Fe(cis-4-
Py2T2P)]2O (2), [Ru(TTP)(CO)]4[Fe(trans-4-Py2T2P)]2O (3),
and [Ru(TTP)(CO)]4[Fe(cis-4-Py2T2P)]2O (4) as shown in
Figure 1.7

Purple crystals of 1 suitable for X-ray analysis were ob-
tained by diffusion of pentane into the dichloromethane solution
of the compound.8 1 has an Fe(III)-O-Fe(III) porphyrin dimer
unit at the center and four surrounding ruthenium porphyrin
units (Figure 2a). The tolyl and pyridyl groups of the Fe2 por-

phyrin unit (the upper unit of the top view) and the Fe1 porphyr-
in unit (the lower unit) lie alternatively. Since the twist angle
(29.8�) around the Fe1-O-Fe2 axis is not significantly different
from those of �-oxoiron(III) tetraaryporphyrin dimers without
pyridyl groups (30–35�),9 the twist angle of 1 must be mainly
determined by interactions between aryl groups in the central
iron porphyrin dimer unit. As the result, the bulky
[Ru1(OEP)(CO)] and [Ru2(OEP)(CO)] are close to
[Ru3(OEP)(CO)] and [Ru4(OEP)(CO)], respectively.

Crystals of 2 were obtained by diffusion of pentane into the
toluene solution containing a small amount of dichloromethane.Figure 1. Fe-Ru hexaporphyrins. The ring of Ru units and R de-

note OEP or TTP and tolyl groups, respectively.

Figure 2. ORTEPs of the trans-hexaporphyrin 1 and the cis-hexa-
porphyrin 2. In both the hexaporphyrins, the Ru1 and Ru2 units are
linked to the Fe1 units (the lower units). Top view (a) of 1 showing
50% thermal ellipsoids. Selected distances ( 
A) and angles (deg):
Fe(1)� � �Fe(2) 3.523(2); Ru(1)� � �Ru(2) 19.506(2); Ru(3)� � �Ru(4)
19.833(2) 
A; Fe(1)-O-Fe(2) 177.2�. Top view (b) of 2 with 30%
probability level. Selected distances ( 
A) and angles (deg):
Fe(1)� � �Fe(2) 3.484(4); Ru(1)� � �Ru(2) 12.788(5); Ru(3)� � �Ru(4)
12.738(5); Ru(2)� � �Ru(3) 18.65(2) 
A; Fe(1)-O-Fe(2) 171.5�.
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The structure of 2 is shown in Figure 2b. Despite the large size
of the ruthenium porphyrin units, [Ru1(OEP)(CO)] and
[Ru4(OEP)(CO)] are again close to each other. However, in
2, the smaller value (25.8�) of the twist angle suggests a little
larger effect of steric hindrance of the peripheral ruthenium por-
phyrin units on the geometry.

In spite of the complicated structures in these hexaporphyr-
ins, the UV–vis spectra in solution are offset of the constituent
porphyrin units. 1H NMR measurements revealed that these
compounds are stable in solution. The ruthenium porphyrin
units and the aryl groups gave 1H NMR signals, though the cen-
tral m-oxoironporphyrin cores are paramagnetic. In the Ru-OEP
hexaporphyrins of 1 and 2, 3,5- and 2,6-pyridyl proton NMR
signals of the m-oxoiron(III) porphyrin dimer unit are up-field
shifted to 0.8–1.4 and 4.3–4.5 ppm, respectively, from the peaks
at around 9 ppm in the parent m-oxo dimers without ruthenium
porphyrins, which shows the coordination of the pyridyl groups
of m-oxo dimers to ruthenium porphyrins in solution (Figure 3).
The meso-proton signal of ruthenium OEP porphyrin units gives
a single peak, which suggests rotation of the ruthenium porphy-
rin units around the Ru-N(Py) bond. On the other hand, in the
TTP ruthenium analog of 4, each of the b protons and the tolyl
protons of the four ruthenium porphyrins gave multiply-split
signals at room temperature, suggesting no rotation of ruthe-
nium porphyrin units at room temperature. The different dy-
namic behavior of 4 from 1 and 2 must result from the larger
ring diameter (18.5 
A) of Ru(TTP)(CO) in comparison with
Ru(OEP)(CO) (12.7 
A).10 Detailed study on the behavior of
these hexaporphyrins in solution is now underway.
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Figure 3. 1H NMR spectrum of [Ru(OEP)(CO)]4[Fe(trans-4-
Py2T2P)]2O (1) in CD2Cl2 at 18.9�.
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