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The molecular structure of a reversible oxygen carrier,
MoVIO(tmp)(O2) has been characterized by X-ray crystallo-
graphy. Oxo and dioxygen ligands are actually coordinated
with cis conformation, which leads to a saddle-like distortion
of the porphyrin ring.  The result of 2D ROESY shows the dis-
tortion of the porphyrin ring is retained in solution. 

The uptake of gaseous dioxygen to form dioxygen metal
complexes has been extensively investigated in connection
with the study of the activation mechanisms of dioxygen, the
transport of oxygen in vivo, and the catalytic oxidation of
organic substrates.1 Several such complexes have been struc-
turally characterized by X-ray crystallography and the environ-
ment of the coordinating dioxygen ligand has been
determined.2

We have previously reported that the bulky porphyrin ring
complex MoIVO(tmp) undergoes a reaction with dioxygen to
form MoVIO(tmp)(O2) 1 at room temperature.3,4 The complex
liberates dioxygen upon irradiation with visible light and is
regenerated in the presence of dioxygen when visible light is
excluded.  This reversible dioxygenation was repeatedly
observed both in solution3 and in the solid state,5 under photo-
chemical and thermal conditions.  The 1H NMR spectrum of 1
suggested that it had mutually cis oxo and dioxygen ligands.
We now report a single crystal X-ray diffraction determination
of the structure of 1, along with the assignment of its 1H and
13C NMR spectra and a study of the structure in solution based
on NOE intensities derived from 2D ROESY experiments. 6

Figure 1 shows the molecular structure of 1 in the crystal
state.7,8 In it, the coordinated oxo and dioxygen ligands are on
the same side of porphyrin plane and adopt an eclipsed orienta-
tion with respect to one of the trans N atoms of the pyrrole
rings as shown in Figure 1-a.  This structure is identical with
that predicted from the 1H NMR and IR measurements,3 and is
very similar to that of WVIO(tpp)(O2) which was prepared by
the treatment of a tungsten(V) complex with H2O2.

9, 10

The porphyrin core has a pronounced saddle distortion
(Figure 1-b) and the central molybdenum atom is displaced by
1.00 Å from the mean plane of the four nitrogen atoms.  This
displacement is comparable to that in the cis-dioxo molybde-
num porphyrin complex, MoVI(O)2(ttp), in which the molybde-
num atom lies above 0.97 Å,11 and is smaller than that in
WVIO(tpp)(O2) with 1.49 Å.9

The O-O distance (1.42(3) Å) is almost the same as that in
other peroxo complexes with a MoO(O2) moiety (1.43 ~ 1.46
Å).12 The Mo=O distance and mean Mo-O(O2) distance are
1.697(13) and 1.947(19) Å, respectively.  The two Mo-N
bonds, eclipsed by the oxo and peroxo ligands, are slightly

longer (2.256(7) and 2.320(6) Å) than the other two (2.116(7)
and 2.121(7) Å).  Similar trends in the metal-nitrogen bonds of
porphyrin complexes have been reported in WVIO(tpp)(O2),

9

in which the coordinated peroxo ligand eclipses the trans N
atoms of the porphyrin ring.

The dihedral angles of 1 between the mean plane of the
porphyrin core (24 atoms) and the mesityl rings are smaller on
the oxo side (75.4(3) and 65.8(1)°) than on the peroxo side
(84.7(3) and 75.9(5)°).  This was reflected in the differential
NOE intensities observed in the ROESY13 spectrum and made
possible the complete assignment of the 1H NMR spectrum
(Figure 2-b).  This assignment confirmed the original conclu-
sion3 that the Cs symmetry of the tmp ligand of the complex
was retained in solution and more detailed consideration of the
NOE intensities made it possible to comment on the geometry
in solution of the porphyrin ring and the orientation of the
mesityl groups.  The signals observed in 13C NMR spectrum
were also assigned by HSQC14 and HMBC15 experiments. 

Owing to crystal packing effects, the four mesityl rings in
the crystal all have different orientations relative to the (dis-
torted) porphyrin ring.  However, in solution there is sufficient
librational motion (though not complete rotation) on an NMR
time scale for mesityl ring A1 to become equivalent to A2, and
B1 to B2, thus giving rise to the effective symmetry plane.  On
the provisional assumption that rings A1 and A2 are adjacent
to the single oxygen atom, then the NOE intensities (from vol-
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ume integrals of the ROESY spectrum, Figure 2-a) between
the ortho methyl groups and their adjacent pyrrole protons
may be compared with corresponding distances from the solid
state structure. 

For a planar porphyrin ring with perpendicular mesityl
groups, all NOE interactions between the ortho methyl groups
and their adjacent pyrrole protons should be equal.  In fact this
is clearly not so and the observed deviations are consistent
with the distorted solid state geometry of the ring being
retained in solution.  The buckling of the porphyrin ring leads
to ortho methyl/pyrrole proton average distances that are short-
er (corresponding to larger NOEs) for the underside (i.e. away
from the metal) than for the upper side of ring, and this
enables us to assign 7 and 12 as “upper” methyl groups.  It is
also apparent that since NOE interaction 9/1 is not equal to
9/2, and 14/4 is not equal to 14/3, the mesityl rings have aver-
age orientations in solution that are not perpendicular to the
mean porphyrin plane.  To quantify this further would require
appropriate r-6 averaging calculations and would not be justi-
fied by the precision of the measurements.

It also appears that there is a greater difference between
the distances above and below the porphyrin ring for the single
oxygen end of the molecule and that this is reflected in the
experimental NOEs.  Thus the ratio (9/1 + 9/2)/(7/1 + 7/2) is
1.59 whereas (14/4 + 14/3)/(12/4 + 12/3) is 1.24 and this leads
us tentatively to propose that ring type A is adjacent to the sin-
gle oxygen.

In summary, in the solid state of MoVIO(tmp)(O2) 1 has a
structure with mutually cis oxo and dioxygen ligands which
leads to a saddle-like distortion of the porphyrin ring, one of
the nitrogen atoms being eclipsed by the single oxygen atom
on a view down the Cs symmetry axis.  2D ROESY NMR
experiments show that the puckering of the porphyrin ring is
maintained in solution on an NMR relaxation time scale (i.e.
of the order of seconds), it being noteworthy that 1D NMR
experiments alone cannot provide such information.
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