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Simple complete oxygen-atom transfers between metallo-
porphyrins mediated by two-electron pathways were observed
quantitatively from p-oxo-bis(oxomolybdenum(V) porphyrin),
[MoO(tpp)120, 1 to chromium(Il) porphyrins, Cr(por) (por = tpp
or oep), in toluene.

O=Mo(tpp)-O-(tpp)Mo=0 + Cr(por)
— 20=Mol(ipp) + O=Cr(por)
The presence of excess of Crll(por) yielded [CrlL(por)]20.

Although the study of oxygen atom transfer reactions is very
substantial to clarify the reaction mechanisms of many
metalloenzymes such as cytochrome P-450, xanthine oxidase,
sulfite oxidase, and nitrate reductase, the oxygen atom transfer
reactions between metal complexes are less common.23
Metalloporphyrins are well suited for the study of atom transfer
reactions involving multi-electron pathways.4 As a typical
example of complete (no formation of u-oxo complexes) oxygen-
atom transfer reactions mediated by one-electron process between
metalloporphyrins, the reaction of eq 1 has been reported,5
which is accompanied by simultaneous Cl atom transfer.

(ttp)CrlV=0 + CICrM(oep) = (ttp)CrIICI + O=CrlV(oep) (1)

Intriguing oxygen-atom transfer reactions were also reported for
a system of titanium porphyrins which involves a two-electron
reduction of peroxide (0227) 10 202~ by Ti(1).2,6

(0ep)TilV(02) + (ttp)Til(PhC=CPh) —
(0ep)TilV=0 + (ttp)TilV=0O + PhC=CPh (2)

However, simple complete oxygen-atom transfers (two-electron
process without dissociation of ligands and other atom transfers
than an oxygen atom) between metalloporphyrins as shown in eq
3 have not been reported so far.2

(por)M=0 + M'(por) = (por)M + O=M'(por) 3)

The present work reports the first simple complete oxygen-atom
transfers from [MoV O(tpp)120 to Crll(por) in toluene at 20°C.

Since [Mo VY O(tpp)120 is photosensitive” and Crll(por) and
MolVO(tpp) which were treated as parent complexes and
products are very unstable in aerated solutions, all solutions were
prepared under scrupulously oxygen-free conditions. Reactants
were treated separately in the vessels of a glass apparatus with
optical cells or NMR tubes connected to a vacuum line and
dissolved in toluene which was beforehand degassed strictly by
freeze-evacuate-thaw cycles under 10-3 ~10-6 Torr (1 Torr = 133
Pa), followed by mixing of those reaction solutions by the break-
seal method in the dark. It took at least 2 min to mix the two
reactant solutions completely. All complexes used in this work
were prepared and identified by UV-vis, IR, lH NMR, and ESR
spectral methods.8

The complexes, [MoY O(tpp)]120 and Crll(tpp), in toluene
have the Soret bands at 445 nm (¢/104 dm3 mol-! em-1 = 12.0)
and 423 nm (31.5), respectively, as shown in Figure 1. When
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Figure 1. Uv-vis spectra of Crll(tpp) (- - —, 3.5 x 103
mol dm-3), [MoVO(tpp)]20 (- - -, 3.5 x 105 mol dm-3)
in toluene, and the mixed solution containing the same
amounts of the two porphyrin complexes (—) at 20 °C.

the two solutions with the same volume and concentration were
mixed to give a solution (each concentration: 3.5 x 1075 mol
dm-3), the absorption bands due to the two complexes
disappeared within the handling time of 2 min with simultaneous
appearance of bands around 431 nm, which is consistent with the
formation of MoIVO(tpp) (431 nm, /104 dm3 mol-1 em-1 =
34.7) and CrIVO(tpp) (432 nm, 21.6). Since the two expected
products have overlapped spectra, direct quantitative analysis of
the products are not possible. The quantitative formation of both
complexes was confirmed however by introduction of
moisturized air to the resultin%solution, which caused spectral
change by the formation of MoYOQ(tpp) OH (464 nm, 9.0)13 from
the unstable product of MolVO(tpp). The amount of
Mo VY O(tpp) OH was estimated to be ~7.0 x 10~ mol dm™3, and
then the concentration of the initial product Mol VO(tpp) should
be ~7.0 x 10-5 mol dm-3. The amount of CrIVO(ipp) was
estimated by subtracting the spectrum of MolVO(tpp), and was
~3.5 x 10-5 mol dm-3. These UV-vis spectral analyses indicated
that the oxygen atom transfer reaction mediated by two-electron
pathways took place quantitatively as shown in eq 4.

[MoVO(tpp)120 + Crll(tpp) — 2MolVO(tpp) + CrlVO(pp) (4)

Irreversibility of eq 4 was demonstrated by treatment of
CrVo(tpp) with Mol VO(tpp) as parent complexes in toluene,
which caused no absorption spectral change. This result also
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verified no formation of the p-oxo mixed-metal complexes like
(tpp) OMo-O-Cr(tpp) as final products.

When an excess of Crll(tpp) was used as a starting complex
for the reaction with [MoVO(tpp)]zo, new bands at 414 and 542
nm appeared besides the bands around 431 and 552 nm. The new
bands were in coincide with those of [CrI!(tpp)]20 reported by
West et al.14 They observed the bands around 414 and 542 nm
by mixing the solutions of Crll(tpp) and CrIVO(tpp), and
concluded the formation of [Crl(tpp)120. In the present case,
the reaction of an excess of Crll(tpp) with CrIVO(tpp) which was
produced in eq 4 gave [CrlL(tpp)]20 as shown in eq 5.

Crll(tpp) + CrlVO(tpp) = [Crlll(tpp)]20 (5)

lH NMR spectral measurements were tough works for the
reaction system of [MoVY O(tpp)]20 and Crll(tpp) in C¢D5CD3
because Crll(tpp) exhibits paramagnetism!5 as well as
[MoYO(tpp)]20 having d! electronic state. However, when an
excess of Crll(tpp) was mixed with the solution of
[MoYO(tpp)]20, the formation of MolYO(tpp) was confirmed by
the characteristic signals at 9.05 (s, pyrrole, 3 -H), 8.06 and
7.96 (m, phenyl,o -H), and 7.49 ppm (m, phenyl, m -, p -H) vs
TMS. The reactions gave no signals of diamagnetic CrlY O(tpp)
because of the formation of paramagnetic [Crit\(tpp)]20.

UV-vis spectral measurements also confirmed the oxygen-
atom transfers from [Mo Y O(tpp)120 to Crll(oep).

[MoVO(tpp)120 + Crll(oep) — 2Mo!VO(tpp) + CrIVO(oep) (6)

Because of the nearly linear O=Mo-O-Mo=0 bond of
[MoVO(tpp)12016 and of bulkiness of reactant porphyrin

ligands, the transfer of bridging oxygen (u-oxo) atom of
0O=Mo-0O-Mo=0 to Cr(por) is unlikely. The mechanism involving
terminal oxygen atom transfers was then suggested for the
reactions of egs 4 and 6 as follows.

0=MoV-O-MoV=0 + Crll{por) 2 0=Mo-O-Mo-O-Cr(por) (7)
0=Mo-0O-Mo-O-Cr(por) — 20=Mo!Y + O=CrV(por) ®

Oxomolybdenum complexes with non-porphyrin ligands such
as dithiocarbamates shows variety of reaction aspects, i.e.,
incomplete and complete oxygen-atom transfer reactions
depending on reactants and encumbrance of ligands.2-3 Thus
detailed mechanism of oxygen-atom transfer reactions in the
present work is of very interests.
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