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The molecular structure of a reversible oxygen carrier,
MoV'O(tmp)(O,) 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.! Several such complexes have been struc-
turaly characterized by X-ray crystallography and the environ-
ment of the coordinating dioxygen ligand has been
determined.?

We have previously reported that the bulky porphyrin ring
complex Mo'VO(tmp) undergoes a reaction with dioxygen to
form Mo"'O(tmp)(O,) 1 at room temperature.3* 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 solution® and in the solid state,®> under photo-
chemical and thermal conditions. The *H 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 *H and
13C NMR spectra and a study of the structure in solution based
on NOE intensities derived from 2D ROESY experiments.

Figure 1 shows the molecular structure of 1 in the crystal
state.”® 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 IH NMR and IR measurements,® and is
very similar to that of WY'O(tpp)(O,) which was prepared by
the treatment of atungsten(V) complex with H,0,.% 10

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

The O-O distance (1.42(3) A) is aimost the same as that in
other peroxo complexes with a MoO(O,) moiety (1.43 ~ 1.46
A).22 The Mo=0 distance and mean Mo-0O(0,) distance are
1.697(13) and 1.947(19) A, respectively. The two Mo-N
bonds, eclipsed by the oxo and peroxo ligands, are slightly

Figure 1. ORTEP drawing of Mo"0(tmp)(0O,) 1 : top view (a)
and side view (b). Selected bond lengths (A): Mo-O(1)
1.697(13), Mo-O(2) 1.945(18), Mo-O(3) 1.948(19), Mo-N(1)
2.256(7), Mo-N(2) 2.116(7), Mo-N(3) 2.320(6), Mo-N(4)
2.121(7), O(2)-0(3) 1.42(3).

longer (2.256(7) and 2.320(6) A) than the other two (2.116(7)
and 2.121(7) A). Similar trends in the metal-nitrogen bonds of
porphyrin complexes have been reported in WV'O(tpp)(O,),°
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 ROESY 13 spectrum and made
possible the complete assignment of the IH NMR spectrum
(Figure 2-b). This assignment confirmed the original conclu-
sion® that the C, 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 HSQC™ and HMBC?® experiments.

Owing to crystal packing effects, the four mesityl ringsin
the crystal al 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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.!"igur.e.?._ The assignment of 'H NMR spectrum of Mo"'O(tmp)(0,) 1. (a): Part of proton ROESY spectrum phased to invert the
intensities of all peaks. The eight NOE interactions shown were between the ortho-methyl and the pyrrole protons. (b): '"H NMR
spectrum for Mo"'O(tmp)(0,) 1 in CD,Cl, at 25 °C. Signal showed: B-pyrrole (i), m-protons of mesityl groups (ii), and o- and p-protons
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of mesityl groups (iii).

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

Leigand S. J. Lippard, Chem. Rev., 94, 759 (1994); J. P. Collman,
P. S. Wagenknecht, and J. E. Hutchison, Angew. Chem. Int. Ed.
Engl., 33, 1537 (1994).

2 L. D. Brown and K. N. Raymond, J. Chem. Soc., Chem.
state structure. S _ _ Commun., 1974, 470; J. P. Collman, R. R. Gagne, C. A. Reed, T.
For a planar porphyrin ring with perpendicular mesityl R. Halbert, G. Lang, and W. T. Robinson, J. Am. Chem. Soc., 97,
groups, all NOE interactions between the ortho methyl groups é42|_7' (1973):\]R-ZR5_?0330£&Z-C Lyddasfé A. E‘(r) 0039(%9'6- (liéSKSE;f |i?,
H H H . LIU, and J. Zupieta, J. X em. C., X ,
f':\ndltheilr adjacent py(;ro:]e prgtons;h%ulq b.e equal. In fagt this Ookubo, H. Sugimoto, T. Nagayama, H. Masuda, T. Sato, K.
is clearly qot S0 an t.e observ eviations are .conS|st.ent Tanaka, Y. Maeda, H. Okawa, Y. Hayashi, A. Uehara, and M.
with the distorted solid state geometry of the ring being Suzuki, J. Am. Chem. Soc., 118, 701 (1996).
retained in solution. The buckling of the porphyrin ring leads 3 J. Tachibana, T. Imamura, and Y. Sasaki, J. Chem. Soc., Chem.
to ortho methyl/pyrrole proton average distances that are short- ggm“h%;nlgiv \]1356?7% ;ggz'lbggga) T. Imamura, and Y. Sasaki,
er (corresponding to larger NOEs) for th_e unders_l de (i.e. away 4 Abb-reviati(-)ns; fmp = 5,’10,15,20-tet}amesitylporphyrinato dian-
from the metal) than for the upper side of ring, and this ion, tpp = 5,10,15,20-tetraphenylporphyrinato dianion, ttp =
enables us to assign 7 and 12 as “upper” methyl groups. It is 5,10,15,20-tetra(p-tolyl)porphyrinato dianion.
also apparent that since NOE interaction 9/1 is not equal to 5 M. Osada, J. Tachibang, T. Imamura, and Y. Sasaki, Chem. Lett,,
9/2, and 14/4 is not equal to 14/3, the mesityl rings have aver- 1996, 713; K. Hoshiba, N. Nishimura, K. Shimazu, T. Imamura,
i i i Iution that are not perpendicular to the and Y. Sasakd, Chem Lett, 1997, 863.
age orientations in solu are not perp _ 6  Crystallographic data have been deposited at the CCDC, UK. The
mean porphyrin plane. To quantify this further would require deposition number is CSD 410412. NMR data were deposited at
appropriate r6 averaging calculations and would not be justi- the office of the Editor of Chemistry Letters.
fied by the precision of the measurements. 7  Crystal datafor 1 : CggH-,N,O,Mo, Fw = 925.0, monoclinic,
It also appears that there is a greater difference between i‘;"ﬁ‘fi?(;‘;“}?\P,?li”ﬁé’gé?@"’{,:fgg%f;?({)‘)é’, 3::145,',215(4):'&1',;62
the distances above and below the porphy_rin_ring for the_single glcm?, Mo Ko (0.71073 &), u = 3.07 cm, Zemaxzcalgéo (026
oxygen end of the molecule and that this is reflected in the scan), T=223 K, R=6.4, R = 7.1. 12132 measured reflections,
experimental NOEs. Thus the ratio (9/1 + 9/2)/(7/1 + 7/2) is 9577 independent reflections, 6814 observed reflection
1.50 whereas (14/4 + 14/3)/(12/4 + 12/3) is 1.24 and this leads [1>2.00(1)]. The crystal structure was solved by a standard direct
ivel hat ri Aisadi ttothes method (SIR92). The hydrogen atoms except for the methyl
us tentatively to propose that ring type A Is adjacent to the sin- hydrogens of mesityl groups were included at calculated positions
gle oxygen. with fixed displacement parameters (1.2 times the displacement
In summary, in the solid state of Mo¥'O(tmp)(O,) 1 has a parameters of the host atom). _ _ _
structure with mutually cis oxo and dioxygen ligands which 8 tO;(tO a?hd F;efoéo gfﬁUP_S mﬁwﬁd 0.24:0.76 disorder. Figure 1 illus-
: : . L rates the structure having high occupancy.
Ieads_to a saddle-like _d|stort|_on of the porphyrm ring, one of 9 CH.Yang, S. J. Dzugan, and V. L. Goedken, J. Chem. Soc.,
the n|tr.ogen atoms being eclipsed by t.he single oxygen atom Chem. Commun., 1985, 1425.
on aview down the C,symmetry axis. 2D ROESY NMR 10 F. Tatsuhashi, J. Tachibana, T. Imamura, and Y. Sasaki, unpub-
experiments show that the puckering of the porphyrin ring is lished resuits, WY'O(tmp)(O,) was prepared by a similar method
maintained in solution on an NMR relaxation time scale (i.e. a‘i’ot)?e evx atgr(]tgg)qg/)izg'r ;QZ;&?'ggﬁ%’;?;ﬁ{%r?ﬁﬁﬁﬁ
of the order of seconds), it being noteworthy that 1D NMR diatigg. P yonp
experiments alone cannot provide such information. 11 B. F. Mentzen, M. C. Bonnet, and H. J. Ledon, Inorg. Chem., 19,
2061 (1980).
References and Notes _ _ o 12 M. H. Dickman and M. T. Pope, Chem. Rev., 94, 569 (1994).
#  Present address: Inorganic Chemistry Laboratory, University of 13 A. A.Bothner-by, R. L. Stephens, J. Lee, C. D. Warren, and R. W.
Oxford, South Parks Road, Oxford OX1 3QR, U. K. Jeanloz, J. Am. Chem. Soc., 106, 811 (1984).
## Present address: Department of Applied Chemistry, Faculty of 14 G. Bodenhousen and D. J. Ruben, Chem. Phys. Lett., 69, 185
Engineering, Nagasaki University, Nagasaki 852-8521, Japan. (1980).
1 M. Momenteau and C. A. Reed, Chem. Rev., 94, 659 (1994); N. 15 A.Box and M. F. Summer, J. Am. Chem. Soc., 108, 2093 (1986).

Kitgjima and Y. Moro-oka, Chem. Rev., 94, 737 (1994); A. L.



