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Imidazolate-bridged Cu(u)-Zn(u1) heterodinuclear and
Cu(m)-Cu(ir) homodinuclear hydroperoxo complexes are
generated in the reactions between imidazolate-bridged
heterodinuclear and homodinuclear complexes and H,0O, in
the presence of triethylamine base and characterized spec-
troscopically as reaction intermediate models of Cu,Zn-
SOD

Copper—zinc superoxide dismutase (Cu,Zn-SOD) contains an
imidazolate-bridged Cu(11)—Zn(11) heterodinuclear metal center
initsactive site.1-6 This enzyme catalyses a very rapid two-step
dismutation of superoxide to dioxygen and hydrogen peroxide
through an alternate reduction and oxidation of the active-site
copper ion as shown in Scheme 1.5-7 An outer-sphere electron
transfer from superoxide to the Cu(1) center occurs to produce
O, and a Cu(1) center which may be oxidized by another
molecule of superoxide in the presence of protons to produce
H,0, via a hydroperoxo—Cu(n) species (Scheme 1).67 The
hydroperoxo—copper(i1) species is a key intermediate in bio-
logical oxidations catalyzed by copper enzymesincluding SOD.
However, hydroperoxo—copper(i1) complexes have been rarely
characterized,® and there has been no report on the character-
ization of SOD model hydroperoxo—copper(i1) complexes.

Several imidazol ate-bridged heterodinuclear complexes have
so far been reported as models of Cu,Zn-SOD using two
independent mononuclear complexes and a bridging imidazo-
late ring.° However, the lack of binding site of O, in these
dinuclear complexes has precluded the characterization of the
hydroperoxo—copper(i1) intermediate. We have recently pre-
pared imidazolate-bridged Cu(i1)—Zn(i1) heterodinuclear and
Cu(im)—Cu(n) homodinuclear complexes with a newly designed
dinucleating ligand, Hbdpi {Hbdpi = 4,5-big[di(2-pyridylme-
thyl)aminomethyl]imidazole} .10

These SOD model complexes have a pentacoordinate
structure at each metal ion including a solvent molecule which
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can be readily replaced by a substrate. We report herein the first
characterization of SOD model hydroperoxo—-Cu(n) inter-
mediates generated by the reactions of hydrogen peroxide with
imidazolate-bridged Cu(i1)—Zn(n) heterodinuclear and Cu(i)—
Cu(n) homodinuclear complexes.

The addition of a large excess of hydrogen peroxide to a
MeOH solution of [CuzZn(bdpi)(MeCN),](ClO,4)3-2MeCN 1 or
[Cux(bdpi)(MeCN),](ClO4)3:MeCN-3H,0 2 in the presence of
a base such as triethylamine at —80 °C resulted in dlight color
change from greenish blue to green. The absorption spectra of
the resulting solutions are shown in Fig. 1, where an intense
band at 360 nm is observed in each case.

No decay of these bands was observed at —80 °C but they
disappeared at room temperature. The absorbance of the
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Fig. 1 Absorption spectraof (a) complex 1 (0.2 mM) and (b) 2 (0.2 mM) and
those observed upon addition of alarge excess of H,O, to aMeOH solution
of (c) 1 and (d) 2 in the presence of triethylamine at —-80 °C.
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Fig. 2 Resonance Raman spectra obtained with 351 nm excitation of (a) a

large excess H,160, and (b) H,180, in an MeOH solution of complex 1 in
the presence of triethylamine at —80 °C.

intermediate 3 derived from complex 1 is about half that of
intermediate 4 derived from the same concentration of 2.

The resonance Raman spectrum of 3 in MeOH measured at
—80 °C (laser excitation wavelength 351 nm) shows (Fig. 2) a
strong resonance-enhanced Raman band at 848 cm—1, which
shifted to 802 cm—1 (Av = 46 cm—1) when 180-labeled H,0,
was used. The resonance Raman spectrum of 4 was essentially
the sameasthat of 3 (H»160,: 848 cm—1, H,180,: 802cm—1, Av
= 46 cm—1). The vvalue (848 cm—1) of 3isdlightly lower than
the value (856 cm—1) reported for the mononuclear hydro-
peroxo—Cu(i1) complex [Cu(in)(bppa)(OOH)](CIO,) [bppa =
bi 5(6-pival amide-2-pyridylmethyl) (2-pyridylmethyl)amine],
which is the only example of a structurally characterized
hydroperoxo—Cu(ir) complex.8 The Av value of 3 corresponds
exactly to that of [Cu(i)(bppa)(OOH)](CIO,) (46 cm—1) in
H,180,.8 The hydroperoxo—Cu(i) complex aso has an intense
absorption band at 380 nm which is dlightly red-shifted as
compared to 3 (Fig. 1).8¢ The intense absorption band has been
assigned to the charge-transfer transition of the hydroperoxo
group to copper(i) ion (LMCT).8¢

The resonance Raman and absorption spectrain comparison
with those of [Cu(in)(bppa)(OOH)](CIO,) strongly indicate
formation of hydroperoxo—Cu(ir) intermediates, [CuZn-
(bdpi)(OOH)]* 3 and [Cu(bdpi)(OOH),]* 4 in the reactions of
1 and 2 with H,0O,. This assignment is consistent with the half
intensity in the absorption band at 360 nm of 3 as compared to
4 (Fig. 1), since 4 contains two Cu—OOH moieties.

Formation of hydroperoxo—Cu(in) intermediates was further
confirmed by the ESI mass spectra of 3 and 4 in MeOH at
—80 °C, which exhibited signads at m/z 651 and 681,
respectively.1! The observed mass and isotope patterns corre-
sponded to the ions [CuZn(bdpi)(OOH)]* and [Cuy(bd-
pi)(OOH),]*, respectively. The use of H,180, instead of H,160,
resulted in the expected change of mass numbers of 3 and 4 to
m/z 655 and 685, respectively.

The EPR spectrum of 3 wastypical of atrigonal-bipyramidal
copper complex (gy = 2.09,9, = 222, A = 89mTandA |
= 11.3mT at 77 K in MeOH). These EPR parameters are quite
closetothoseof 1(gy = 2.10,g9, = 2.25, A = 10.4mT and A,
= 11.5 mT at 77 K in MeOH) and the X-ray structure of 1
shows atrigonal bipyramidal coordination environment of the
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copper ion.19 Thus, the copper coordination site of 1 occupied
by a solvent molecule may be substituted with hydroperoxidein
the reaction with H,O. in the presence of triethylamine base
without changing the copper coordination geometry. The EPR
spectrum of 4 gave a fairly broad signal centered at g = 2.13
without hyperfine structure, and this spectral featureisthe same
as that of 2. This also indicates that the structure of the
intermediate 4 maintains the imidazol ate-bridged structure.

These results clearly demonstrate that hydroperoxo—Cu(in)
complexes 3 and 4 are generated from imidazolate-bridged
Cu(i)—Zn(i1) and Cu(n)—Cu(n) SOD model complexes 1 and 2
which utilize their binding sites by reaction with H,O, in the
presence of triethylamine base. The hydroperoxo—Cu(i1) com-
plexes characterized in this study could serve as SOD
intermediate models, providing valuable insight into the SOD
catalytic mechanism.
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