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The title complex [Co(cp)(S5Co(CN)o) (PBug)] glves
[Co(cp)(Szcz(CN)z)] and phosphine oxide (O=PBu3) under
irradiation with methylene blue or rose bengal as sensi-
tizer in the presence of oxygen. This reaction proceeds
via oxidative elimination of the coordinated phosphine by
singlet oxygen. Under 1irradiation with 254 nm light, the
adduct plays the role of a triplet sensitizer.

The five-membered metallacycle in ( 7 -cyclopentadienyl)(l,2-ethylene-
dithiolato)cobalt(III) complexes, [Co(cp)(S4,CoXY)]), is a kind of aromatic
ring and shows unique physical and chemical prOperties.l) However, it also
has a site of unsaturation between the metal and sulfur atoms. These di-
thiolato complexes react with some reagents, such as quadricyclane (Q).z)
diazo compounds,3) dimethyl acetylenedicarboxylate (DMAD),4)' and phos-
phines,5) to form the corresponding adducts.

A characteristic photochemical feature of these adducts is dissoci-
ation. For example, the adduct with Q liberates the dithiolato complex 1
and norbornadiene (isomerized form of Q) under UV—irradiation.z) We report
here another type of dissociation. The dissociation of the title phosphine
adduct, [Co(cp)(S5Co(CN)gy)(PBug)] (2), proceeds via the oxidative elimi-
nation of the coordinated phosphine by singlet oxygen to give the free
complex, [Co(cp)(SZCZ(CN)z)] (1), and the phosphine oxide (O=PBu3) (3).

The adduct 2 is an air-stable complex.5) In the acetonitrile solu-

tion ([1] = 2x10"4 mol dm'3. at room temperature), no change has been ob-
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served even after the irradiation with a medium pressure mercury lamp.
However, the color of the solution changes from yellow-brown to purple
under the irradiation with UV- or filtered visible l1light ( A > 480 nm) in
the presence of singlet oxygen generated by photosensitization with

methylene blue (Fig.1l, [methylene blue] = 1x10_5 mol dm_a) or with rose

bengal. This UV-Vis. spectral change on 1rradiation 1indicates the

formation of the free complex 1 in 84% yield. The 31P NMR of the products
6)

shows the formation of the phosphine oxide 3.
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nitrile solution of the adduct 2 under the
presence of oxygen is shown in irradiation with a medium pressure mercury
Egs.2-4. lamp in the presence of methylene blue.
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pressure mercury lamp in the

I.aser flash photolysis at 355 nm also shows that the dissociation of
2 is not initiated by the spontaneous dissociation of the excited 2.
Only a few reactions of singlet oxygen and phosphorous compounds are

known.a’g)

But the oxidation of coordinated phosphine in a metal complex
by singlet oxygen has not been reported.

The reaction with a low pressure mercury lamp ([1] = 2x10"4 mo1 dm—s,
at 30 °C) differs from that with a medium pressure mercury lamp. During
the irradiation with a low pressure mercury lamp in an acetonitrile solu-
tion in the presence of oxygen, the dithiolato complex 1 is formed. But in
the absence of oxygen, 2 decomposes without giving the free complex 1. In
the presence of 1,4-diazabicyclo{2.2.2]Joctane (DABCO) as a singlet oxygen
quencher.lo) the formation of 1 is suppressed and we only observe the
decomposition under the irradiation. This result suggests that the
oxidative elimination of the phosphine with a low pressure mercury lamp is
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also the reaction between 2 and singlet oxygen.

In an acetonitrile solution with no additives, 2 is the only 1light-
absorbing species. Therefore, the excited 2 itself should play a role as a
sensitizer and should produce singlet oxygen. In order to deactivate the
triplet excited state of 2, we added 1,3-cyclohexadiene in an acetonitrile
solution and irradiated with a low pressure mercury lamp in the absence of
oxygen. Neither elimination nor decomposition of 2 occurred under these
conditions. These results show that the excited triplet 2 sensitlizes the
formation of singlet oxygen in the presence of oxygen, but decomposes in
the absence of oxygen. '

We postulate a mechanism for the oxidative elimination of the phos-
phine under irradiation. The adduct In a lower excited state produced by
the irradiation with a medium pressure mercury lamp is rapidly deactivated
to the ground state through internal conversion. The adduct in the ground
state réacts with singlet oxygen produced by sensitizers (Egs.2-4). The
adduct excited by a low pressure mercury lamp is converted to a triplet
excited state through intersystem crossing. This triplet excited state
adduct sensitizes the formation of singlet oxygen or decomposes in the
absence of oxygen (Egqs.5,8). In every case where singlet oxygen is
produced, it reacts with the coordinated phosphine and produces free
complex 1 and phosphine oxide 3.

In the benzene solution, 2 dissociates under the irradiation even with
a medium pressure mercury lamp in the presence of oxygen. Further investi-

gations are in progress now.
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