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Transition metat-dioxygen complexes have been attracting
interest from the standpoints of synthetic chemistry and biologi-
cal chemistry because dioxygen complexes play key roles not
only in a variety of catalytic oxidations but also in the
physiological metabolism of dioxygeén.We previously suc-
ceeded in the preparation and characterization of a dinuclear
Cu(ll) peroxo complex, [Cu(HB(3,5-iRwz)3)]2(0,) (1) (HB(3,5-
iPropz); denotes hydrotris(3,5-diisopropyl-1-pyrazolyl)borate),
which is the first structurally determined d-block transition metal
w-n%n?-peroxo compleX. This dicopper peroxo complek
shows both very unusual and characteristic physicochemical
properties associated with the;%7? coordination mode of the
peroxide ion: (1) two intense absorptions both attributable to a
022~ to Cu(ll) ligand-to-metal charge transfer (LMCT) band;
(2) a low-frequency & O bond stretch in the resonance Raman
spectrum; (3) strong antiferromagnetic coupling between the
two metal ion€:3 In this communication, we present evidence
of the formation of a dinuclear Co(I}}-y%n?-peroxo complex.

Treatment of a dinuclear Co(ll) bisfhydroxo) complex, [Co-
(HB(3,5-iPppz))]2(OH), (2),* with H,O, —50 °C gave a
thermally unstable dark brown compour®f, The absorption
spectrum of a solution a3 in diethyl ether at—78 °C shows
two intense bands at 350 and 493 nm. This feature of the
spectrum is similar to that of the dicoppgrrZn?-peroxo
complex1, rather than the typical dinuclear Co(lltrperoxo
complexes havingis u-1,2 ortransu-1,2 binding mode&215
In an absorption spectral titration of an,8tsolution of2 with
H.0,, the intensity of the spectrum was maximal wiH,0,
= 1:1, and no change was observed even on the addition of
excess HO,. Thus, dark brown compourlis assigned to the
dinuclear Co(ll)u-n2%n?-peroxo complex which resulted from
the stoichiometric reaction of the dinuclear hydroxo complex
with H,0,, as was found in the synthesis of the copper complex
12 (Scheme 1). However, the intensity of the higher energy
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absorption of3 (350 nm,e = 8900 M~1 cm™?) is half that of
the copper compleg (349 nm,e = 21000 M1 cm™1). These
higher energy absorptions are assigned to the perdgxoto
metal d orbital charge transfer bands. Solonatral. have
shown that the high intensity of this bandloérises from greater
o-donation from the peroxo ion to copp@r.In contrast tol,
the less electron-accepting character of the Co(ll) ion results ir
the weaker intensity of the peroxd , to Co(ll) CT band of3.

The resonance Raman spectrunBafxcited at 514.5 nm in
acetone at-80 °C revealed an enhanced vibrational feature at
651 cnTl. This 651 cntt band is downshifted to 617 crhin
the spectrum of®O-labeled3 synthesized by the reaction 2f
with H,180,. This isotope shift f(1602)/v(1805))opsa= 1.055]
is in reasonable agreement with that expected for th€©®ond
stretch [¢(*%02)/v(*802))caica = 1.061]. Previously reported
1(0O—0) bands for peroxo complexes were observed at-930
720 cnT?, including those for dicopper-r%1? complexes and
oxyhemocyanir;” whereas the/(O—0) of 3 is ca. 90 cnt?
lower than the value fot (741 cnt?). The lowv(O—0) for
the copper compounds is ascribed to the mixing of the single-
electron-occupied Cu(ll) 2 orbital and emptys-acidic
peroxoo* orbital resulting in back-donation from copper to the
antibonding G* orbital3® It might be considered that the
interaction between the highest single-electron-occupied Co
(I1) d,e—y2 orbital and antibonding perox®* weakens the GO
bond in3, because metal centers3rare presumed to be square-
pyramidal high-spin Co(ll) (§ S = 3/,) on the basis of the
structural similarity between the Co(ll) and Cu(ll) his(
hydroxo) complexe$. The back-donation from the metal center
to the peroxo ligand arising from the stronger electron-donating
property of the Co(ll) ion compared to the Cu(ll) ion might
result in the higher electron density on theg#Oorbital o* of 3
than on that ofl. In addition, the electron density on the
antibonding @G>~ z*, orbital of 3 is higher than that ofl as
shown by the weaker LMCT intensity described above. High
electron density on both of the antibonding peroxo orbitats, (
ando*) might weaken the ©-O bond more ir8 than inl. The
mononuclear Co(ll) side-on superoxo complex CH[BB(3-
tBu-5-Mepz}] also shows an unusually low superoxide-O
bond stretching at 961 cm?2 which is extremely lower than
that found for the analogous Cu(ll) superoxo complex G){O
[HB(3-tBu-5-iPrpz}] (v(O—0) = 1112 cnmt1).% To provide a
theoretical basis for this interpretation, MO calculations will
be performed.

The H-NMR spectrum of3 was also consistent with the
assignment to the-n%n2-peroxo complex. Hydroxo complex

(7) Suzuki, M.; Ishiguro, T.; Kozuka, M.; Nakamoto, Kiorg. Chem.
1981 20, 1993.

(8) Egan, J. W.; Haggerty, B. S.; Rheingold, A. L.; Sendlinger, S. C.;
Theopold, K. H.J. Am. Chem. S0d.992 112, 2445.

™ 1007 Armaricean Chaminal CAc~iaty s



Communications Inorganic Chemistry, Vol. 36, No. 3, 199267

Scheme 2

(38— [CoO-spedies]
path A w B
J.\ﬁ

\
N—N N H N-—N

Figure 1. ORTEP diagram afi-alkoxo—u-hydroxo complex (drawn
at the 50% probability level). All hydrogen atoms are omitted for clarity. N N N N
N0 i/ 24 [N—girO~d
; i i i ; N—Col _ ~Co—N %<0
2 showed widely paramagnetic-shifted signals in the rantyé4 (o] / \
to +82 ppm at room temperatuteyhereass exhibits the signals N H N N N
in —19 to+22 ppm region at-80 °C and in the—26 to +28 4 di-p-alkoxo compound

ppm region at—40 °C. These observations imply antiferro-
magnetism fo8 owing to the magnetic coupling between both
Co(ll) ions through theu-peroxo group. Theopolct al.
reported the formation of an analogous dinuclear Coper-
oxo complex as an intermediate in the thermal decomposition
of the mononuclear Co(ll) superoxo complex Cg(B&B(3-
iPr-5-Mepz}].6 ThelH-NMR spectrum of3 resembles that of
Theopold’'s complex.

Thermal decomposition of the#%#,? Co(ll) peroxo complex
3yielded2 and a ligand oxygenated compoudd, As shown
in Figure 1, complex4 adopts a low-symmetry dinuclear
structure described astaalkoxo—u-hydroxo dinuclear Co(ll)

position pathways might exist: one methine-8 is attacked,
resulting in4 (path A), and two methines which are located in
apical positions of basal planes at the same distances from th
oxygen atoms are attacked, resulting2r{path B)}® These
observations also suggest that theperoxo ligand in3
coordinates in th@lanar (not ben) u-n%#? binding mode, as
in oxyhemocyanin complexes and the Cu(ll) complex

In summary, it was revealed that a dinuclear Co(ll) peroxo
complex has thew-n%#5? coordination mode on the basis of
spectroscopic properties and reactivity. In addition, aliphatic
C—H bond activation yielded the novglalkoxo—u-hydroxo
| ) compound via the thermal decomposition of theperoxo
complex, Ce(u-OH)[HB(u-3-OCMe-5-iPrpz)(3,5-iPspz)]- complex. Further work is being undertaken, including oxidative
[HB(3,5-iPrpz)]. One methine &H bond of the isopropyl ~ reactions under various conditions.
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o form the Ce-O—R. In the present system, ydroxo

complex2 was also produced but the dinuclear bis{koxo) 1C950723X

compouné? that was expected to form upon rearrangement of _ ‘ —
the radical intermediate was not observed. In addition, the (12) ilﬂgz)?'accébgéglz))z)?'S’iﬁii(%xggnCﬁrﬂgﬁggg’bgct?](eHrBe(f.{%ﬁgﬂo%v}fﬁ
thermal des:omposmon 08 in tolueneds d'?' not yield the excess amount of #, and/or with 2 equiv of alkylhydrogenperoxide.
corresponding deuterated product, suggesting that the hydrogeni3) Theopoléand Tolma#P suggested that €0 bond homolysis occurred
atoms of the hydroxy groups @and4 did not originate from in concert with the methine €H hydrogen abstraction. Although we

the solvent use8il® Therefore. we concluded that two decom- could not rule out such a possibility, the kinetic studies reported by
’ ’ them would not be able to distinguish the concerted mechanism from

our proposed mechanism if-@D bond rupture is a very fast process
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