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Abstract

The complexes trans-bis(ferrocenecarboxylato)bis(pyridine)copper(I1) (2) and trans-bis(ferrocenecarboxylato)-
bis(1midazole)copper(IT) (3) have been prepared from the reaction of tetrakis(ferrocenecarboxylato)bis(tetra-
hydrofuran)dicopper(II) (1) and the appropriate base. trans-Bis(ferrocenecarboxylato)bis(pyridine)copper(1) crys-
tallizes as two isomers — one in which the carboxylate group coordinates in a chelating mode (2a) and one in
which the carboxylate group coordinates as a monodentate ligand (2b). Complex 2a crystallizes in the monochnic
space group P2,/c with a=14.761(5), b=>5.922(2), c=15.913(6) A, B=102.69(3)°, V=1357.1(8) A%, Z=2. The
structure is compressed rhombic octahedral with four equatorial carboxylate oxygen atoms and two axial pyridine
nitrogen atoms. The two Cu-O distances differ by approxmmately 0.2 2’ suggesting that the carboxylate function
bonds in an approximate chelating mode. Complexes 2b and 3 both crystallize n the trichnic space group Pl
with a=5.986(2), b=8038(2), c=15.512(3) A, a=104.42(2), B=93.11(2), y=9995(2)°, V'=708.1(3) A%, Z=1,
and a=7.475(3), b=9.296(3), c=10.090(3) A, a=11105(2), B=92.38(4), y=101.69(3)°, V=635.7(4) A’, Z=1
for 2b and 3, respectively The structures of 2b and 3 are best described as square planar with a CuN,O, core
having remote, weakly interacting, carboxylate oxygen atoms from the carboxylate groups at 2.53 and 2.76 A
from the copper atom for 2b and 3, respectively. The catalytic activities of 1, 2 and 3 toward the aerobic oxidation
of catechol to o-quinone were determined The activity of 2 is similar to that of 1 but much greater than that
of 3 These differences are described in terms of the proposed requirement that two proximate metal atoms are
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mvolved in the catalytic process and the possible dimerization of 2 and not 3.

Key words Crystal structures; Copper complexes; Ferrocene complexes, Carboxylate complexes

Introduction

It is well known that many dinuclear copper(II)
carboxylates form dinuclear adducts with basic ligands
[1]; however, with certain bases many dinuclear cop-
per(Il) carboxylates also form mononuclear adducts
[1-10]. The adducts that result from the interaction of
dinuclear copper(Il) carboxylates with imidazole and
its methyl derivatives are generally found to be mono-
nuclear [2, 6-10], and those with pyridine are found
to be binuclear [1, 5, 11-13]. Few mononuclear pyridine
adducts of copper(Il) complexes with non-halogenated
carboxylate ligands are known [3-5]. Those complexes
for which structural data are available exist as bis-
adducts with the CuN,O, chromophore in a trans square-
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planar arrangement [3, 4]. The mononuclear imidazole
adducts of copper(Il) carboxylates have been shown
to exist in a variety of structures, including cis and
trans bis-adducts as well as tetrakis-, pentakis- and
hexakis-adducts [2, 7-10].

Because of the dependence of structure on subtle
electronic and steric properties of the added bases,
we investigated the structural properties of cis-
bis (ferrocenecarboxylato)bis(1,2-dimethylimidazole)-
copper(Il) and trans-bis(ferrocenecarboxylato)bis(V-
methylimidazole)copper(IlI) [8]. Cyclic voltammetric
studies demonstrated that there is little electronic com-
munication between the copper center and the fer-
rocenyl moieties [8]. The structural differences were
assumed to be related to electronic and/or steric features
associated with the location of the methyl substituents
on the imidazole ligand. To examine these influences,
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we have used imidazole and pyridine as bases to form
additional ferrocenecarboxylatocopper(ll) adducts.
Since mononuclear copper(Il) carboxylates with pyr-
idines and imidazoles have been found to have a variety
of pharmacological effects such as antitumor [14, 15],
superoxide dismutase and catecholase actwvities [16, 17],
structural and electronic factors that might impact these
properties are of interest. In this study we examine
the structures of rrans-bis(ferrocenecarboxylato)bis-
(pyridine)copper(II) (2a and 2b) and trans-bis-
(ferrocenecarboxylato)bis(imidazole)copper(1I) (3), and
their catalytic properties in the aerobic oxidation of
catechol to o-quinone. These complexes might also
serve as models for the copper oxidase enzyme.

Experimental

Syntheses

The compound tetrakis(ferrocenecarboxylato)bis-
(tetrahydrofuran)dicopper(1l), Cu,(0,C-C;H,~FeCs-
H;).(THF),- THF (1), was synthesized by the method
described previously [18].

Preparation of bis(ferrocenecarboxylato)bis(pyridine)-

copper(ll)-1.5H,0 (2)*

A solution of 50 ml pyridine in 50 ml methanol was
added to 0.50 g of 1. The mixture was stirred for 1 h
at 50-60 °C The dark yellow-brown solution was filtered
and the filtrate was evaporated slowly under the hood.
The yellow-green crystals that formed were collected
and air dried. Recrystallization from hot n-butanol and
pyridine (2:1) produced yellow-brown needles (2a) and
plates (2b).

Anal. Found: C, 54.3; H, 4.4; N, 3.7. Calc. for
C;,H35CuFe,N,O, - 1.5H,0 (2): C,54.4; H, 4.4; N, 3.9%.

Preparation of bis(ferrocenecarboxylato)bis(imidazole)-

copper(Il) (3)

A solution of 0.14 g (2.06 mmol) of inudazole in 50
ml of methanol was added to 0.54 g (0.43 mmol) of
1. The mixture was stirred for 2 h in an ice bath. The
yellowish brown precipitate that formed was filtered,
washed with cold methanol, and air dried. A second
crop was obtained from the yellow-brown filtrate. When
the filtrate was layered with anhydrous diethyl ether
concentrated by slow evaporation under the hood to
¢. 10 ml, an amorphous product appeared which was
removed by filtration. The resulting solution was evap-
orated slowly to produce yellow-brown crystals.

*Compound 2 crystallizes in two different morphologies, 2a and
2b. It 1s lkely that there 1s one structure of interconversion
between 2a and 2b

Anal. Found: C, 50.9; H, 4.0; N, 84 Calc. for
C,sH,CuFe,N,O, (3): C, 51.1; H, 4.0; N, 85%.

Physical measurements

Room temperature (298 K) magnetic susceptibility,
diffuse reflectance UV-Vis, IR and EPR spectral mea-
surements of solid samples were obtained as described
previously [8]. Elemental analyses for C, H and N were
performed by Galbraith Laboratories, Knoxville, TN,
USA.

Catecholase-mimetic activities

Because of the low solubility of 2 and 3 in most
organic solvents, the oxidation of catechol was per-
formed by adding the solids to methanol solutions of
catechol. In a typical experiment 10 mg of the compound
was added to 100 ml of a methanol solution (0.1 M)
of catechol. The mixture was stirred and the compound
dissolved within 1-2 min. Aliquots of the mixture were
taken at 4 min intervals, and placed in 1 cm quartz
cells. The o-qumone absorbance at 390 nm was mon-
itored spectrophotometrically as a function of time at
25 °C on a Hewlett Packard 8452A diode array spec-
trophotometer.

Crystal structure determinations

Crystallographic data for 2a, 2b and 3 are listed in
Table 1. Intensity measurements were made on a Sie-
mens R3m/V diffractometer at 163 K for 2a and 3 and
at 293 K for 2b. Refined unit-cell parameters for 2a,
2b and 3 were derived by least-squares treatment of
a group of high diffractometer setting angles. The
intensities of three standard reflections were monitored
every 97 reflections and no significant variations in
intensities were observed during the data collection for
any complex. The intensity data were corrected for
Lorentz and polarization effects The absorption coef-
ficients were 18.8, 18.0 and 20.0 cm ™! for 2a, 2b and
3, respectively. An empirical absorption correction based
on the method of Hope was applied to the intensity
data [19].

The crystal structure was solved by heavy atom (Pat-
terson and difference Fourier) methods [20]. Full-matrix
least-squares adjustment of positional and anisotropic
thermal parameters, with hydrogen atoms included at
their calculated positions during final iterations, con-
verged to the residuals listed in Table 1 Table 1 also
contains a summary of the crystallographic data. Sece
also ‘Supplementary material’.

Results and discussion

Magnetic and spectroscopic results
The solid-state magnetic and spectroscopic data for
complexes 2 and 3 are summarized in Table 2. The
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TABLE 1. Crystal data for frans-[Cu(O,CCsH,FeCsH;)y(py).] (2a, b) and trans-[Cu(O,CCsH,FeCsH;),(imuid),] (3)*

Molecular formula

Formula weight 679.8
Space group P2 /c

z 2

a (A) 14.761(5)
b (A) 5922(2)
c (A) 15.913(6)
a (°) 90

B () 102.69(3)
r (%) 0
V(A% 1357 1(8)
Dcalc (g/cm3) 1502

Crystal size (mm) 025%065x0.70

Radration type; wavelength (A)

Temperature (K) 163
Absorption coefficient (cm™') 186
R (%) 467
R, (%) 421
Goodness-of-fit 147

C;,HaCuFe,N,O, (2a)

C3,H35CuFe,N,0, (2b) CsHLsCuFe,N,0, (3)

679.8 657.8

Pl Pl

1 1
5.986(2) 7 475(3)
8 038(2) 9 296(3)
15 512(3) 10.090(3)
104.42(2) 111 05(2)
93 11(2) 92 38(4)
99 95(2) 101 69(3)
708.2(3) 635.7(4)
1594 1496
050%0.40%0.20 015x0.22%0 60
Mo; 071073

293 163

180 172

450 832

532 10.84
169 126

‘py=pyridine, 1mid =1midazole

TABLE 2 Magnetic moments, ESR, electronic and IR data for
complexes 2 and 3*°

Complex Mef gL 8 ’\max Vdsvm(COZ) VSym(COZ)
(BM) (nm) (cm™h (em™1)

2 1.83 2.05 218 660,458 1575 1380

3 187 206 223 670,455 1560¢ 1394

*These data are for
temperature
and 2b.
band

polycrystalline  samples at room
b2 1s taken to be a polycrystalline mixture of 2a
“Broad band overlaps with the imidazole absorption

room temperature (298 K) magnetic moment in each
case is consistent with the presence of one unpaired
electron in a monomeric copper(ll) complex. The
UV-Vis diffuse reflectance spectra of the two complexes
exhibit broad low-energy electronic bands centered at
about 660 and 670 nm for 2 and 3, respectively. A
more intense band occurs near 455 nm (Table 2). The
lower energy band is assigned to the copper(1l) d-d
transitions. The position of the band is consistent with
the assignments for other tetragonally distorted cop-
per(Il) complexes containing a CuN,O, or Cu-
N,O,- - -O, chromophore [1b, 7, 8, 21]. It is comparable
to those found for mononuclear ferrocenecarboxylate
copper(Il) complexes with the N-methyl and 1,2-di-
methyl imidazole derivatives [8]. The higher energy
band is the characteristic band of the ferrocenyl moiety
which occurs at 460 nm for the free acid. The small
shift in its position upon complexation suggests that
there is very little perturbation of the molecular orbitals
of the ferrocenyl moiety by the copper(Il) 1on and the
other ancillary ligands This conclusion is consistent
with the previous electronic and cyclic voltammetric

studies obtained for the adducts with methylimidazoles
(8].

The IR absorptions for the ferrocenecarboxyl anti-
symmetric, v,,,,(CO,), and symmetric, v,,,(CO,),
stretching frequencies are compared m Table 2. The
v,m(CO,) for 3 is not resolved, but overlaps with the
mmidazole band to give an intense and broad absorption
band centered at 1560 cm ~*. The positions of v,,,(CO,)
and v,,,,(CO,) and their separation, Ay, for 2 and 3
are comparable to those reported for mononuclear
ferrocenecarboxylate copper(1I) complexes with methyl-
imidazoles whose structure determinations show that
the carboxylate ligand coordinates in an ‘unsymmetrical’
bidentate mode [8].

X-band EPR spectral parameters of polycrystalline
samples of 2 and 3 are given in Table 2. These data
are characteristic of elongated tetragonal mononuclear
copper(Il) complexes [21]. The EPR spectrum for the
two complexes are anisotropic with g, and g, com-
ponents. The lack of copper(1l) hyperfine coupling is
likely due to dipolar interactions between copper atoms
of neighboring molecules. These spectral data are con-
sistent with the presence of the CuN,O, or Cu-
N,0O,- - -0, chromophore [7, 8, 21].

Structures of trans-(0,C—CH ,~FeCsH,),(py),Cu (2a, b)
and trans-(0,C-CsH,FeCsH;),(imid),Cu (3)

Atomic coordinates for 2a, 2b and 3 are given in
Tables 3, 4 and 5, respectively. Selected bond lengths
and bond angles are given in Table 6. The structures
for 2a,2b and 3 are shown in Figs. 1, 2 and 3, respectively.
Complex 2a exists as a compressed rhombic octahedral
with a six-coordinate copper atom in a plane of four
donor oxygen atoms from two ferrocenecarboxylate
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TABLE 3. Atomic coordinates (X 10%) and equivalent 1sotropic
displacement coefficients (A?x 10 for 2a

TABLE 5 Atomic coordinates (X 10%) and equivalent isotropic
displacement coefficients (A2x10*) for 3

X y z Uy x y z Uy'

Cu 0 5000 0 31(1) Cu 0 0 0 73(1)
Fe 3581(1) 2235(1) 614(1) 15(1) Fe —1831(2) 3383(2) —3302(2) 75(1)
O(1) 1299(3) 5140(8) —365(3) 34(2) N(1) 1948(12) ~936(10) —947(9) 71(4)
0(2) 921(3) 1830(9) 85(3) 36(2) N(2) 4539(13) —1130(11) —1878(10) 82(4)
C(1) 1482(4) 3074(13) —175(4) 25(2) C(1) 3371(15) ~194(13) —1402(12) 77(5)
C(2) 2375(4) 2165(11) —298(3) 15(2) C(2) 3907(16) —2515(14) ~1694(12) 84(5)
C(3) 3074(4) 3353(10) —610(3) 18(2) C(3) 2315(15) —2386(13) —1121(11) 77(5)
C(4) 3826(4) 1891(12) —603(4) 25(2) 0(1) 384(10) 1464(8) — 1008(8) 79(3)
C(5) 3605(4) —225(12) —281(4) 25(2) 0(2) —1943(10) —375(8) —2534(8) 79(3)
C(6) 2700(4) —-68(11) —95(3) 19(2) C4) —705(16) 906(13) —2177(11) 73(5)
C(7) 3670(5) 1529(12) 1886(4) 32(3) C(5) —444(14) 1771(12) —3151(12) 77(5)
C(8) 3286(5) 3696(12) 1683(4) 29(3) C(6) —1349(15) 1292(13) —4543(11) 79(5)
C(9) 3936(5) 4995(12) 1375(4) 30(2) C(7) —647(16) 2445(13) —5076(13) 81(5)
C(10) 4739(4) 3615(12) 1390(4) 28(3) C(8) 679(16) 3665(14) —4070(12) 80(5)
C(11) 4562(4) 1500(12) 1706(4) 24(2) C) 807(15) 3276(13) —2852(13) 78(5)
N(1) 619(3) 5736(10) 1201(3) 22(2) C(10) —2703(18) 5422(15) —2907(13) 88(6)
C(12) 1031(4) 7721(13) 1418(4) 32(3) C(11) —3960(19) 4106(17) —3915(15) 100(7)
C(13) 1450(5) 8246(13) 2264(5) 38(3) C(12) —4616(19) 3026(15) —3278(15) 94(6)
C(14) 1447(5) 6701(13) 2900(4) 32(3) C(13) —3752(16) 3600(13) —1913(13) 81(5)
C(15) 1025(4) 4663(13) 2681(4) 32(3) C(14) —2539(15) 5109(13) —1642(12) 81(5)
C(16) 620(4) 4218(12) 1825(4) 26(2)

?Equivalent isotropic U defined as one third of the trace of the
orthogonahzed U, tensor.

TABLE 4 Atomic coordinates (X 10%) and equivalent isotropic
displacement coefficients (A2x 10% for 2b

x y z Ued
Cu 0 0 0 41(1)
Fe 2204(1) 2441(1) 3576(1)  47(1)
N(1) 1988(8) 1565(6) —585(3) 43(2)
o(1) 2091(6) 942(5) 1111(2)  45(1)
0(2) —565(7) 2555(5) 1248(3)  53(2)
c(1) 1217(10) 2192(7) 1546(3)  42(2)
C2) 2385(10) 3211(7) 2423(3)  41(2)
C(3) 4606(10) 3128(8) 2777(4) 49(2)
C(4) 5058(12) 4302(8) 3645(4)  58(3)
C(5) 3149(12) 5110(8) 3821(4) 60(3)
C(6) 1503(11) 4441(7) 3069(4) 51(2)
C(7) 245(14) 4(9) 3271(5)  73(3)
C(8) 2384(14) —9(9) 3678(5) 71(3)
C(9) 2688(13) 1145(9) 4531(5) 67(3)
C(10) 761(14) 1871(9) 4648(5) 70(3)
c(11) —772(12) 1156(10) 3875(6)  75(3)
C(12) 1522(11) 3067(7) —683(4) 56(3)
C(13) 2827(13) 4096(8) —1127(5)  74(3)
Cc(14) 4696(14) 3562(10) —1474(5)  80(4)
c(5) 5216(11) 2030(8) —1383(4)  64(3)
C(16) 3847(10) 1056(7) —932(4)  47(2)

“Equivalent isotropic U defined as one third of the trace of the
orthogonahzed U, tensor

ligands The two remaining donor atoms are the pyridine
nitrogen atoms in a frans disposition above and below
the plane of oxygen atoms. The copper atoms lie on
an inversion center at 0, 1/2, 0. The two Cu-O distances

‘Equivalent isotropic U defined as one third of the trace of the
orthogonalized U, tensor.

are 2 123(5) and 2.304(5) A for Cu-O(1) and Cu-O(2),
respectively. These distances indicate that the carbox-
ylate function acts more like a chelating group than a
monodentate carboxylate function with very weak in-
teraction of the second oxygen atom. The Cu-N(1)
distance is 1.977(5) A. The O(1)-C(1)-O(2) angle is
121.7(6)°, and the C(1)-O(1)}-Cu and C(1)-O(2)-Cu
angles are 93.2(4) and 85.7(4)°, respectively, for 2a. At
293 K, AO=0.12 A (versus AO=0.18 at 163 K) with
Cu-O(1) and Cu-O(2) distances of 2.165(7) and
2.282(8), respectively. However, the estimated standard
deviations render the differences in the Cu-N(1) and
Cu-0(2) bond lengths at 163 and 293 K insignificant
at the 3o level. Therefore, the structures at high and
low temperatures are not consistent with significant
solid state fluxionality.

The structure of 2b is best described as square planar
with weak off-the-z-axis bonding with the CulN,O, -0,
chromophore. The remote oxygen atoms of the car-
boxylate ligands are 2.53 A away from the copper atoms
and are best described as weakly interacting. The Cu-O
distance for the strongly interacting oxygens 1s 1.975(3)
A, approximately 0.15 A shorter than the shortest Cu—O
bond distance in 2a. The O(1)-C(1)-O(2) angle 1s
122.1(4)° The C(1)-O(1)-Cu angle 1s 102.9(3)°, 9.7°
larger than that for the corresponding angle in 2a,
while the C(1)-0(2)—Cu angle is 77.9°, 7.8° smaller
than in 2a.

The structure of 3 resembles that of 2b. It 1s best
described as four-coordinate square planar with weak
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TABLE 6 Selected bond lengths (A) and bond angles (°) for 2a, 2b and 3

Bond lengths

2a

Cu-0O(1) 2.123(5) Cu-0(2)
O(1)-C(1) 1.275(9) O(2)-C(1)

2b

Cu-0O(1) 1.975(3) Cu-N(1)
O(2)-C(1) 1.248(8) C(1)-C(2)

3

Cu-N(1) 1.955(9) Cu-0O(1)
0(2)-C(4) 1.273(12) C(4)-C(5)

Bond angles

2a

O(1)-Cu-0(2) 59.4(2) O(1)~Cu-N(1)
0O(2)-Cu-N(1) 88.9(2) Cu-O(1)-C(1)
Cu-0O(2)—C(1) 85.7(4) O(1)-C(1)-0(2)
0(1)-C(1)-C(2) 117 9(6) 0(2)-C(1)-C2)
2b

O(1)-Cu-N(1) 89.5(2) Cu-0(1)-C(1)
O(1)-C(1)-0(2) 122.1(4) O(1)-C(1)-C(2)
O(2)-C(1)-C(2) 120 4(5)

3

N(1)-Cu-O(1) 88.8(4) Cu-0(1)-C(4)
0O(1)-C(4)-0(2) 122 5(12) O(2)-C(4)-C(5)
O(1)-C(4)-C(5) 117 5(9)

2 304(5)
1245(9)

Cu-N(1)
C(1)-C(2)

1977(5)
1.476(9)

1 998(5)
1468(7)

O(1)-C(1) 1273(7)

1957(9)
1473(19)

O(1)-C(4) 1278(13)

90 1(2)
93 2(4)
1217(6)
120 4(6)

102 9(3)
1175(5)

110 6(7)
120 0(9)

Fig 1. Structure of trans-[Cu(O,CCsH, FeCsHs).(py),] (2a) with
hydrogen atoms omitted for clarty.

off-the-z-axis bonding with the CuN,O,---0, chro-
mophore. The more remote oxygen atoms of the car-
boxylate ligands are more accurately described as weakly
mteracting since the Cu-O distance for the oxygen
atoms is 2.76 A. This 1s 0.23 A longer than the cor-
responding bonds in 2b, indicating even weaker off-
the-z-axis bonding than seen in 2b. The Cu-O distance
for the copper-bound carboxylate oxygen atoms is
1.957(9) A, approximately 0.16 and 0.02 A shorter than
the shortest Cu—O distances 1n 2a and 2b, respectively.
The Cu-O(1)-C(4) angle 15 110.6(7)°, much greater
than the Cu~O-C angles 1n 2a but only 7.7° greater

cie! C(5)
Cid}
Ct3)
Felll
cuan cho
m -@; \5) clo
7

Ct8)

Fig 2. Structure of trans-[Cu(O,CCsH,FeCsHs).(py).] (2b) with
hydrogen atoms omitted for clarty

~ O

g4 ~ N
A T e ]

ch
o

Fig. 3 Structure of trans-[Cu(0,CCsH,FeCsHs),(1imid),] (3) with
hydrogen atoms omitted for clanty
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than that for 2b. These differences between 2a, 2b and
3 are consistent with the approximate chelating mode
of the carboxylate ligands in 2a and the approximate
monodentate binding mode of the carboxylate ligands
in 2b and 3. The Cu-N distance m 3 15 1.955(9) A.

All Fe-C distances for 2a, 2b and 3 are comparable
to those observed for other complexes that contain the
ferrocenecarboxylate ligands [8, 18]. The C;H, and
CsH; rings are essentially eclipsed in all three of the
above complexes, although they have been observed to
be staggered in other complexes [18].

Catecholase-mimetic activity

The rates of the catalyzed oxidation of catechol to
o-quinone by 2 and 3 were determined and compared
to that of 1. The oxidation was monitored by recording
the change 1n absorbance of o-quinone at 390 nm with
time for the first 30 min of the reaction. These results
are shown in Fig. 4. The enzyme-mimetic activities of
the copper complexes were determined as micromoles
of o-quinone produced per mg of catalyst per min.
These values are 0.20, 0.17 and 0.07 for 1, 2 and 3,
respectively. Although o-quinone is produced 1n the
presence of these complexes, the rate at which it is
produced varies significantly with the nature of the
catalyst. The relatively high catalytic activity of 1 (Fig.
4) may be associated with a binuclear entity such as
that found in the copper-containing enzyme tyrosinase
and binuclear copper(ll) synthetic models. In these
instances it is believed that during the oxidation of
catechol to o-quinone the two proximate metal atoms
bond to the two hydroxyl oxygen atoms of the catechol
[22-24]. Although mononuclear copper(1l) complexes
exhibit catecholase-mimetic activities, these are usually
lower than those of dinuclear copper complexes [22b,
23]. For non-planar mononuclear copper(1l) complexes,
it has been proposed that the two copper(ll) atoms
must be located at a distance of less than 5 A for

+1000 —

- A
+0 B0O = B
w
Cz>+0600—
g
E .
=] =
+0400 = - -
g C
g ] /
+0 200 —
0 0000 LI B I SN S AL AR N IR NN U MR S B B B |

0 300 600 900 1200 1500 1800
TIME {SECONDS)

Fig. 4. Plot of absorbance vs. time for the oxidation of catechol
catalyzed by 1 (A), 2 (B) and 3 (C).

bonding to the catechol hydroxyl groups, a mode which
should facilitate electron transfer to dioxygen [23]. The
explanation for the higher catalytic activity of the mono-
nuclear bis-pyridine adduct 2 compared to the bis-
imidazole adduct 3 is not immediately obvious but
dimerization of the complex in solution to provide two
proximate metal sites cannot be ruled out since di-
merization is known for other bis-pyridine adducts of
copper(1l) carboxylates [25] Dimerization of bis-im-
idazole adducts of copper(1l) carboxylates is not known
and the only known binuclear complex of copper(Il)
carboxylates with imidazoles 1s the benzimidazole mono-
adduct of copper(Il) acetate [26]. This could explain
the lower catecholase-mimetic activity of the bis-im-
idazole complex.

Supplementary material

Complete tables of bond lengths and angles, ani-
sotropic thermal parameters, and observed and cal-
culated structure factors are available from the authors
on request.
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