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Cytochromec oxidase is the terminal respiratory enzyme that
catalyzes the reduction of dioxygen to water and couples this redox
reaction to the membrane translocation of protons for subsequent
use in ATP synthesis? The G, binding/reduction site is comprised
of a heme (hemespand a copper (G) in close association4.5—

5.0 A). Recent X-ray crystallograpHic® and biochemicélstudies
reveal that one of the copper-bound histidines is covalently linked
to a tyrosine through a posttranslationally modified cross-link
between C6 of Tyr244 and thenitrogen of His240. The His-Tyr
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moiety is proposed to either function in a structural ¥8ler provide
an electron and a proton during the-@duction cyclé® 13 There Figure 1. ORTEP diagrams (50% thermal ellipsoids) showing the cationic

- .__portions of [CULN*OH)IB(CeFs)4 (1) (top) and [CU(LN3OH)(MeOH)-
are a few recent reports about syntheses and physicochemica OCI0:-)|(CIO%) (4) (bottom). Selected bond distances (A): Cul-N1,

investigations of organic models for the imidazole-phenol méfefy; 1.973(3); CutN2, 2.191(3): CutN3, 2.098(3); CutN4, 1.944(2).4,
yet studies of copper complexes of the latter have not been Cul—N1, 2.012(3); Cu£N2, 2.001(3); CutN3, 1.954(3), Cut01,
described. Here, we report the first examples of Cu(l) and Cu(ll) 2.323(3); Cut-05, 2.012(3). Interatomic distances (A) between copper and

mplex ing an imidazole-phenol cross-link. their X-r phenol: 1, Cul---(_)l_, 5.94:4, Cul:--06, 5.66. Dihedral angles (deg) between
complexes poss_e_s'_s ga . da.l O.e pnhenofl cross ; the ay the phenol and imidazole groupg; 83.1;4, 73.0.
structures, and initial chemical insights.

distorted trigonal pyramidal with three aromatic nitrogens in the
/__(\\ S F(‘\ basal plane, while the Cu(ll) ion id is pentacoordinate, having
N~N NG N NN ” N/ N ligation from the three nitrogens of the chelate plus methanol and
7 _ L T
6 perchlorate donor® The imidazole-phenol moiety in both com-
| OR H,C
N

OR plexes, which includes imidazole-nitrogen copper-ligation, also

R=H:LMoOH R=H :L"0H yields a proximate phenol to the copper ion. The resulting
R=CH,:LMOMe R=CH, : L\*OMe Cu-+(O) distances are in the range of6 A, analogous to those
in the enzyme X-ray structurés®2° Large dihedral angles (83.1
[Cu'(L"* OH)IB(C4F 5)4 (1) [Cu(L"*oH)ICIo, (2) and 73.0) are observed between the phenol and imidazole rings
[CU(LN“OMe)|B(C4F5), (3)  [Cu"(LN3OH)(Me OH)(OCI0;)ICIO, (4) in 1 and4, suggesting minimal electronic interaction exists between

the copper ion and the phenol in the solid state. For the proteins or
The ligands MOR and MOR were designed to have an the simple organic cofactor models studied thus far, these dihedral
imidazole-phenol (or anisole) cross-link with either a tetra- or a angles vary over a wide range, -366°.%°
tridentate pyridylalkylamine-containing chelate, as shown, having  The redox properties and,@eactivity of these complexes are
the advantage that we have previously studied copper-dioxygenof general interest, because such information may eventually provide
chemistry of close analogués:?® Syntheses of these ligands and insights into the @reduction process occurring at the enzyme Cu

various copper complexes have been achiéVetray crystallo- site. We first note that the Cu(Il)/Cu(l) redox potentials of [C&*-
graphically determined structures of a Cu(l) complex, '{CV- OH)]B(C¢Fs)4 (1), the anisole analogue [GUN*OMe)]1B(CsFs)4 (3),
OH)]B(C¢Fs)4 (1), and a Cu(ll) complex, [CYLN3OH)(MeOH)- and [CY(TMPA)(MeCN)]CIO; (TMPA = tris(2-pyridylmethyl)-

(OCIO;7)I(CIOy) (4), are shown in Figure 1. Both structures reveal amine¥! are nearly identic] Eqo(1) = Ey/5(3) = Eyo([CU(TMPA)-
mononuclear copper ion centers. In the Cu(l) geometry is (MeCN)]*) = —0.42 V versus FeGfFeCp*t in MeCN}. Inde-
pendent studies of a closely related imidazole complex (without a

1mievggshitf;so'f*%peﬁmaggivem“y- phenol moiety) [(L)Ct}*, L = [2-(1H-imidazol-4-yl)-ethyl]-bis-
§ University of Basel. (2-pyridylmethyl)amine, also givée;, = —0.42 V. Thus, the
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imidazole-phenol (or anisole) cross-linkslimand3 do not directly
affect redox properties of copper, as expected from the large
imidazole/phenol dihedral angle (vide suptaj?

Dioxygen reactivities of the Cicomplexes were followed by
UV —vis spectroscopy. In THF at78°C, [CU(LN*OMe)] B(CsFs)4
(3) binds Q reversibly to yield a stable deep purple solutidpd
= 537 nm ¢ = 9500 M~1 cm™1), 610 nm ¢ = 7500 Mt cm1)]
with spectral features indicative ofteansu-1,2-peroxodicopper-
(1) complex?127Under the same conditions, introduction of ©O
a solution of phenol complex [GILN*OH)]B(CeFs)s (1) gives a
spectrally similar intermediatelax = 537, 610 nm}/ but it is
not stable and converts in minutes to a reddish-purple dimeric
copper(ll) complex {Cu(LN*O~)}2](B(CeFs)4)2 (58) (Amax = 510
nm, e = 3000 Mt cm™) in a nearly quantitative yield (Scheme
1). The structure of the latter phenoxide-bridged dimer has been
confirmed by X-ray crystallography, exhibiting the &Qu distance
at 5.78 A27 A similar dimer complex (X-ray structure deter-
mined}7-33is also obtained from the oxygenation of the tridentate
Cu complex [Cu(IN30OH)]CIO, (2) (Scheme 1). UV-vis monitored
stopped-flow kinetics of the reaction & with O, in CH,CI,
indicates a steady formation of the purple dimer prod{Cuj(LN3-
07)}2](ClO4)2 (5b) (Amax = 510 nm,e = 1300 M cm™1), which
can be readily analyzed in the temperature range fret to+20
°C, AH* = —9.6(6) kJ mot?, ASF = —168(2) I mot* K1 (k40
= 1.05(4)x 10° andk20c) = 4.6(2) x 10° M~2s71. At the lowest
temperatures<{90 °C), there is evidence for an intermediate, whose
UV —vis spectrum {max = ~360—380 nm) points to the presence
of au-n%n? side-on peroxo dicopper(ll) speci&kFurther kinetic

and X-ray crystallographic data files (CIF). This material is available
free of charge via the Internet at http://pubs.acs.org.
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(28) X-band EPR spectrum d&f (MeOH, 19 K): gy = 2.06,g9, = 2.26,A, =
173 G.

(29) Cu-O(Tyr) distances are 5.75.942 5.024 5.665 and 5.78 A.

(30) His-Tyr dihedral angles (deg) from enzyme X-ray structures?® @a?
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and 42.2
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