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The X-ray structures of the title complexes revealed that the two zirconium
porphyrin moieties are joined either by three bridging hydroxo ligands or by one oxo and
two hydroxo ligands. In both structures, the two porphyrin macrocycles are perfectly or
nearly eclipsed and concomitantly one of the Zr-O bonds eclipses one of the Zr-N bonds.
Such unprecedented eclipsed conformation found in both structures strongly suggests that
it is stabilized by dg-pr interactions between Zr and O and N atoms despite the

unfavorable steric interactions.

Although two metalloporphyrins linked at the metal through a single atom, such as p-oxo-porphyrin dimers
are well known, two or more ato‘rifbbridgcd porphyrin dimers are rare.l) Perhaps O3Nby(TPP), (TPP =
1,5,10,15-tetraphenylporphyrin dianion)2-3) is the only triatom-bridged dimer whose structure was confirmed by
X-ray crystallography. Here we report two novel trioxygen-bridged porphyrin dimers in which two porphyrin
macrocycles are eclipsed: the formation, characterization and X-ray structures of {(u-OH)3[Zr(OEP)]2}(7,8-
C>BoHj2) (OEP = octaethylporphyrin dianion) and (u-O)(u-OH)2[Zr(TPP)]».

In an attempt to synthesize Zr(OEP)(n5-C;BgH11)%5) by the reaction of Zr(OEP)Cl33-6) with
Tl(CB9oH11),”) we adventitiously obtained {(u-OH)3[Zr(OEP)]2}(7,8-C2B9oHj2) (1)®) instead which was
presumably formed by the hydrolysis of either Zr(OEP)Cl; or Zr(OEP)(n3-C2BgH 7). The compound has been
characterized by various spectroscopic methods®) and by X-ray crystallography.9)

The structure of the cation in 1 is shown in Fig. 1. The two zirconium(I'V) porphyrin moieties are joined
together by three bridging hydroxo ligands. The cation lies on a mirror plane containing the two Zr atoms, O1,
N2 and N3 (also O1', N2' and N3')10) atoms. In addition, a twofold axis perpendicular to the mirror plane
passes through O2 (also 02",10see Fig. 2) which requires the upper and lower halves of the dimer to be
structurally equivalent and also the two porphyrin planes to be exactly parallel. However, the plane and twofold
symmetries lead to the disorder of the bridging oxygen atoms; the three bridging oxygen atoms take one of the
four equally-probable orientations, two of which (A and B) are illustrated in Fig. 2 (the other two are related to
these two by the inversion symmetry).

Despite some variations in bond distances the oxygen atoms form rather symmetric bridges between the
two Zr atoms: the Zr-O bond distances range from 2.078(15) to 2.227(12) A with the average value of
2.152(49) A; the Zr-O-Zr angles are in the range 97.8(8) - 100.1(6)° (average, 98.2(14)°). These bond
parameters are not exceptional.11) The distance between the two metal centers in 1 (3.252(1) A) is much longer
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than that in O3Nba(TPP); (2.872(1)2) or 2.751(4)3) reflecting the fact that metal-hydroxo bonds are longer than
metal-oxo bonds. As in O3Nb(TPP); 2.3) the coordination polyhedron around each metal is of a 4+3 type with
the square-planar base provided by the porphyrin nitrogen atoms and the trigonal-planar cap provided by the
hydroxo oxygen atoms. The planes defined by the base and the cap are nearly parallel (dihedral angles: 1(4)° in
A and 3(4)° in B). All the Zr-N distances are equal with the average value of 2.223(5) A and the Zr atom is
displaced 0.942 A out of the Ny plane.
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Fig. 1. Structure of the cation in 1.10) a) side view, b) top view. Only one orientaion (A, see text and Fig. 2)
for the three disordered oxygen atoms is shown. Selected distances [A] and angles [°]: Zr-O1 2.115(20), Zr'-O1
2.202(22), Zr-O3 2.078(15), Zr'-O3 2.165(15), Zr-N1 2.223(4), Zr-N2 2.214(5), Zr-N3 2.232(6), Zr-O1-Zr'
97.8(8), Zr-O3-Zr' 100.1(6), O1-Zr-0O3 71.4(6), O1-Zr'-03 68.2(5), O3-Zr-03" 66.4(5), O3-Zr'-03" 63.4(5),
01-Zr-N3 73.9(6), O1-Zr-N2' 74.3(5).
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Fig. 2. Two (A and B) of the four equally-probable orientations for the three disordered oxygen atoms in 1.10)
The other two are related these two by the inversion symmetry. Selected distances [A] and angles [°] for the
orientation B: Zr-O2 2.158(11), Zr-O4 2.122(11), Zr-O4' 2.227(12), Zr-O1-Zr' 97.8(8), Zr-O4-Zr' 96.8(5),
02-Zr-04 72.9(5), 02-Zr-0O4' 70.9(4), 04-Zr-04' 65.7(4), O2-Zr-N1" 74.3(5).

The most striking feature of the structure is that the two porphyrin rings are almost perfectly eclipsed (Fig.
1b): the torsion angles N3-Zr-Zr'-N2' and N1-Zr-Zr'-N1' are 0° (crystallographically required) and 0.7°,
respectively. Such ecliped conformation of the porphyrin dimer is unprecedented.1?) The eclipsed conformation
also distinguishes the present structure from the two known structures of O3Nby(TPP); the two porphyrin rings
in the latter are either slipped? or staggered.3) It is also interesting to note that one of the Zr-O bonds (Zr-O1 in
A or Zr-O2 in B) eclipses a Zr-N bond (Fig. 2).

We also obtained another trioxygen-bridged dimer (1-O)(u-OH)2[Zr(TPP)]; (2)13) accidentally in an
attempt to grow crystals of Zr(TPP)Me35) presumably as a result of the hydrolysis of the dimethyl complex. The
dimer has been fully characterized by spectroscopy!3) and X-ray crystallography.?)
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The core structure of 2 is similar to that of 1, but in 2 the two Zr(IV) atoms are linked by one oxo and two
hydroxo ligands (Fig. 3). The molecule lies on a twofold axis passing through the bridging oxo ligand and the
midpoint between the two Zr atoms. In the structure of 2 the oxo and hydroxo ligands were clearly
distinguished: the Zr-O(oxo) distance (1.981(5) A) is shorter than the Zr-O(hydroxo) distances (2.176(6) and
2.181(6) A); the Zr-O-Zr angle for the oxo (101.7(4)°) is larger than that for the hydroxo (89.7(2)°). The larger
Zr-O-Zr angle for the oxo bridge makes the two porphyrin planes no longer parallel (dihedral angle, 12.7°). The
presence of the bridging oxo ligand also leads to the considerably shorter Zr-Zr distance (3.071(1) A) compared
to that in 1 (3.252(1) A). The average Zr-N distance amounts to 2.290(22) A and the displacement of the metal
from the Ny plane is 1.057 A.

Fig. 3. Structure of 2. a) side view, b) top view. Selected distances [A] and angles [°]: Zr-O1 1.981(5), Zr-O2
2.176(6), Zr-O2' 2.181(6), Zr-N1 2.266(6), Zr-N2 2.294(5), Zr-N3 2.324(6), Zr-N4 2.274(6) Zr-O1-Zr'
101.7(4), Zr-02-Zr' 89.7(2), O1-Zr-02 73.7(2), O1-Zr-02' 73.6(2), 02-Zr-O2' 69.8(2), O1-Zr-N1 84.3(2),
02-7Zr-N2 79.9(2), 02-Zr-N3 80.6(2), 02'-Zr-N3 84.9(2), O2'-Zr-N4 76.5(2).

Most importantly, here also the two porphyrin rings are almost eclipsed (Fig. 3b): the N1-Zr-Zr'-N1'
torsion angle is 7.8°. The near ecliped conformation of the porphyrin cores leads to the close contacts of the
peripheral phenyl groups on the two opposite porphyrin rings (Fig. 3); the shortest intramolecular C--C distance
(C28--C34") is 3.409(13) A. Asin 1 one of the Zr-O bonds (Zr-O1(0x0)) eclipses a Zr-N bond (Zr-N1) (twist
angle, 3.9°), which may cause the Zr-N1 bond (2.324(6) A) slightly longer than the other Zr-N bonds (2.266(6)
- 2.294(5)A).

The eclipsed conformation of the two porphyrin rings and the concomitant eclipsed configuration of one of
the Zr-O bonds with respect to a Zr-N bond commonly found in 1 and 2 strongly suggest that such conformation
for the N4ZrO3ZrN4 unit be stabilized by dp-pr interactions between the Zr atoms and the O and N atoms. A
theoretical investigation!4) is underway to gain the better understanding of such unusual geometry and bonding.
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