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Investigations of copper(I)-O2 interactions are of interest in
the development of catalysts or reagents for oxidative transfor-
mations, and these may provide insights into copper-protein
active-site structure, the nature of reactive intermediates, and
oxidative mechanisms.1 The use of dinucleating ligand com-
plexes has been particularly useful in biomimetic studies of
reversible O2-binding in relation to the dicopper active site of
the O2-carrier protein hemocyanin and/or ligand-substrate
oxidation by the monoxygenase tyrosinase.1,2 Here, we describe
new dinucleating ligands and their novel Cu(I)/O2 reactivity.
KetoneLdO and reduced derivativeLH 2 were designed as

new analogues of previously studied systems,1,3 employing a
linked set of tridentate chelates.4 We find that the catalytic
oxygenation of the methylene group ofLH 2 can be effected.
Exposure of O2 to an acetonitrile solution withLH 2 containing
1/20 mole-equiv of either [CuI(CH3CN)4](ClO4) or CuII(ClO4)2‚-
6H2O effects the rapid catalytic transformation to ketoneLdO
(20 turnovers; 86.1% and 90.2% isolated yields, respectively)
(Scheme 1). Manometric O2 uptake (0°C) gives aLH 2/O2 )
1:1 ratio. The oxygenation reaction can be also effected
noncatalytically, in a stoichiometric reaction, via O2 reaction
of isolated dicopper(I) complex [(LH 2)CuI2]2+ (1).4 The yield
of ketone is essentially quantitative, and utilization of18O2 in
the 1/O2 reaction resulted in exclusive formation ofLd18O.
To explore the possible role of Cu2O2 adducts (formally
peroxodicopper(II) species) in its reactivity,1(ClO4)2 was
exposed to1 equiV of O2 at -80 °C (via gastight syringe) in
EtCN solvent.5 However, warming to room temperature fol-
lowed by workup resulted inno ketone formation, suggesting
that direct oxygenation by a Cu(I)/O2 derived species (i.e., “O2-
activation”) is probably not involved. A separate observation
is that use of excess Cu(II) ion with exposure to O2 inhibits the
oxygenation reaction; no ketone is formed. Thus, it appears
that the presence of a base6 is required, aiding carbanion
formation from LH2 (and/or one-electron oxidation), facilitating
direct O2-attack on the organic. The results and mechanistic
suppositions are in accord with findings of Zuberbu¨hler and
co-workers,7 who studied copper ion mediated oxygenation of

related methylene containing bis(benzimidazol-2-yl)- or bis(2-
pyridyl)methane compounds.8

We have further explored the chemistry ofLdO, Scheme 2.
Mixing this with two equiv CuII(ClO4)2‚6H2O in CH3CN solvent
gives a blue solution, and the mono-alkoxide bridged product
[(L(OH)(O -))CuII2(OClO3

-)]2+ (2) is isolated in> 90% yield
following precipitation with Et2O.9 The reaction represents a
net hydration, also seen with various metal ions and with di-
2-pyridyl or diimidazol-2-yl ketones.10 In the present case,
stabilization is provided by (monodeprotonation and) coordina-
tion to copper(II); we speculate that the hydration reaction is
mediated by a juxtaposed CuII

2OH2 or CuII2OH- nucleophile.
To explore Cu(I)/O2 reactivity, a dicopper(I) complex [(LdO)-

CuI2(CH3CN)2]2+ (3) was also isolated.4 In CH3CN, its reaction
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with O2 causes an immediate change to a green solution, from
which [(L(O-)2)CuII2(OClO3

-)]+ (4) could be isolated in>95%
yield (Scheme 2). An X-ray structure analysis4 (Figure 1)
reveals aµ-1,3-bridgedgem-diolate unsymmetrical dicopper-
(II) complex with Cu...Cu ) 5.583 (3) Å. Thus, oxide (O2-)
addition to the ketone has been achieVed with copper(I)-
dioxygen reactiVity. [(L(OH)(O -))CuII2(OClO3

-)]2+ (2) and
[(L(O-)2)CuII2(OClO3

-)]+ (4) are acid-base conjugate pairs
(Scheme 2).
For the transformation [(LdO)CuI2(CH3CN)2]2+ (3) + O2

f [(L(O-)2)CuII2(OClO3
-)]+ (4), manometry indicates a reac-

tion stoichiometry of3/O2 ) 2.0 (i.e., Cu/O2 ) 4:1), while mass
spectrometric comparisons of samples of3 reacted with16O2

vs 18O2 are consistent with inclusion ofoneatom of O2 into the
product; the diolate oxygen atoms thus derive one from the
original ketone and one from dioxygen. These observations
point to the completeutilization and incorporation of both
oxygen atoms from O2, suggesting that it isnot an initially
formed Cu2O2 (peroxodicopper(II)) adduct, but rather an oxodi-
copper(II) species,11-13 which effects the ketone oxygenation
reaction. Initial formation of an unstable Cu2O2 adduct [(LdO)-
Cu2(O2)]2+ with subsequent attack by additional complex3 (i.e.,
Cu/O2 ) 4:1)14 could lead to a CuII-O-CuII species{[(LdO))-
CuII2(O2-)]2+}; this, however, must be unstable with respect to
nucleophilic attack upon the proximate carbonyl group,15 leading
to dialkoxide [(L(O-)2)CuII2(OClO3

-)]+ (4).

Support for the proposition that a CuII-O-CuII species is
involved comes from two other lines of evidence. Oxodicopper-
(II) complexes have also been generated by reacting copper(I)

compounds with iodosylbenzene12c,dor nitric oxide.12e Indeed,
reaction of [(LdO)CuI2(CH3CN)2]2+ (3) with 1 equiv of PhIO
under Ar gives [(L(O-)2)CuII2(OClO3

-)]+ (4) in 79% isolated
yield; iodobenzene was detected qualitatively (e.g., by NMR
spectroscopy) as the reaction byproduct (Scheme 2). Thus, an
oxodicopper(II) species may form and react according to

Reaction of [(LdO)CuI2(CH3CN)2]2+ (3) with NO(g) at-80
°C gives an intensely brown solution; removal of excess nitric
oxide in vacuo followed by warming also gives4 (86% yield).
Nitrous oxide was detected (glc) in the head-space of the final
reaction mixture,12e suggesting the mechanism

The systems described further demonstrate how specific
ligand design is important in defining the nature of observable
chemistry. Here, copper(I)/O2 reactivity is directed toward a
substrate which is part of the dinucleating ligand, i.e., catalytic
oxygenation of an activated methylene group or a novel ketone
oxygenation reaction. In the latter chemistry, a reactive
oxodicopper(II) species forms via Cu(I)/O2 ) 4:1 chemistry;
the oxo group is subsequently “trapped” by the ligand carbonyl
group. Higher nuclearity oxocopper(II) clusters are well
described,13,16 but no X-ray structures of discrete dinuclear
Cu(II)-O2--Cu(II) compounds exist.17 Oxodicopper(II) spe-
cies are known to transfer an oxygen atom to phosphines,12a,d,e,18

and they are implicated in (catalytic) oxidative dehydrogenation
reactions.11,12b,18,19 We plan new syntheses and studies of the
structure, physical properties, and scope of reactivity of oxo-
Cu(II) complexes.
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Figure 1. ORTEP (30% ellipsoids) view of cationic portion of
[(L(O-)2)CuII2(OClO3)](ClO4)‚4CH3CN (4(ClO4)‚4CH3CN).
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