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Abstract Two new copper(II) complexes, [Cu(Hhida)-

(BenzImH)]�H2O (1) and [Cu(Hhida)(EtImH)]�2H2O (2)

have been synthesized by the interaction of basic copper

carbonate with N-(2-hydroxyethyl)-2-aminodiacetic acid

(Hhida2-) and benzimidazole (BenzImH) or (2-ethylimi-

dazole (EtImH)). The structures of both complexes were

studied by single crystal X-ray diffraction. The geometry

around the copper(II) atom can be best described as dis-

torted square pyramidal as indicated by the value of the

trigonal index s = 0.32 for (1) and 0.21 for (2). Spectro-

scopic and electrochemical studies were performed in order

to correlate structural features of the complexes with their

superoxide scavenger activity. The ability of the complexes

to scavenge superoxide anions was also evaluated.

Introduction

Synthetic superoxide dismutase (SOD) mimetics have

emerged as a potential novel class of drugs for the

treatment of oxidative stress–related diseases. Among

these agents, metal complexes with flexible ligands con-

stitute an important group. The synthesis of low-molec-

ular weight copper(II) complexes [1] showing SOD

activity has been challenging for bio-inorganic chemists

and for many years efforts have been made to obtain

compounds with high catalytic activity [2]. Important

requirements for SOD-like activity are medium strength

donor power and flexibility of the ligand, in order to

facilitate the reduction and the accommodation of cop-

per(I), which is known to prefer tetrahedral or linear

environments. McCard and Fridovich [3] found that the

SOD enzyme might protect cells as a scavenger of

superoxide anion free radicals by transferring the O2
-

into O2 and H2O2 through a redox reaction.

Several copper complexes with N-heterocyclic ligands

such as benzimidazole, imidazole and thiazole have been

reported. Some of them have shown significant cytotoxic

activity [4]. Imidazole is of considerable interest as a

ligand due to its presence in many biological systems.

Imidazole also forms a number of inorganic materials with

interesting structural and magnetic properties [5]. It is

generally a monodentate ligand that forms complexes

through its tertiary N atom [6].

The N-(2-hydroxyethyl)-2-aminodiacetic acid (Hhida2-)

ligand is generally tetradentate and chelates the metal atom

through 3O ? N atoms (Scheme 1). Complexes of Hhida2-

have some significantly different properties compared to

those of the related ligands nta (nitrilotriacetate), pmida

(N-(2-pyridylmethyl)iminodiacetate) and S-peida (N-(S)-

[1-(2-pyridyl)ethyl]iminodiacetate). Structurally and mag-

netically, the solid state properties of complexes of Hhida2-

are similar to those of nta complexes [7]. In solution, the

Hhida2- deviates from the analogous complexes with

respect to UV–Vis, EPR and NMR properties.

To our knowledge, there are no examples of structurally

characterized copper(II) complexes containing these

ligands. In this paper, we describe the syntheses and solid

state and solution properties of copper complexes with the

ligand H3hida and imidazole derivatives. We report also

the preparation, crystal structure and superoxide dismutase

activity of two new copper(II) complexes with Hhida2-

and benzimidazole or 2-ethylimidazole.
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Experimental

Copper carbonate was purchased from Acros Chemicals.

All other chemicals were of synthetic grade and used

without further purification. Elemental analyses were per-

formed on an Elementar Vario EL III Carlo Erba 1108

analyser. FAB mass spectra were recorded on a JEOL SX

102/DA 6000 Mass Spectrometer using argon/xenon (6 kV,

10 mA) as the FAB gas. The accelerating voltage was

10 kV and the spectra were recorded at room temperature.

UV–Vis spectra were recorded at 25 �C on a Shimadzu

UV–visible recording spectrophotometer UV-160 in quartz

cells. IR spectra were recorded in KBr medium on a Perkin–

Elmer 783 spectrophotometer in the 4,000–400 cm-1

region. Cyclic voltammetry was carried out with a BAS-100

Epsilon electrochemical analyzer having an electrochemi-

cal cell with a three-electrode system. Ag/AgCl was used as

a reference electrode, glassy carbon as working electrode

and platinum wire as an auxiliary. 0.1 M NaClO4 was used

as supporting electrolyte and DMSO as solvent. All mea-

surements were taken at 298 K under a nitrogen atmo-

sphere. Molar conductivities of freshly prepared 2 9 10-3

of DMSO solutions were measured on a Systronics con-

ductivity TDS meter 308. Room temperature magnetic

susceptibilities were measured with a Gouy balance using

mercury(II) tetrathiocynato cobaltate(II) as calibrating

agent (vg = 16.44 9 10-6 c.g.s. units). X-band epr spectra

were recorded on a Varian E-line Century Series Spec-

trometer equipped with a dual cavity and operating at the

X-band (*9.4 GHz) with 100 kHz modulation frequency.

TCNE was used as field marker.

Synthesis of [Cu(Hhida)(BenzImH)].H2O 1 and

[Cu(Hhida)(EtImH)].2H2O 2

A solid mixture of copper carbonate (CuCO3�Cu(OH)2)

(0.1 g, 0.5 mmol) and H3hida (N-2-hydroxyethyl)-2-imin-

odiacetic acid (0.2 g, 1.0 mmol) was added to water

(50 ml). The reaction mixture was stirred for 2 h. An

aqueous solution (10 ml) of benzimidazole (0.1 g,

1.0 mmol) was then added dropwise and stirring was

continued for 2 h. The resulting blue solution was filtered

to remove undissolved solids. After 2–3 months, blue

crystals of 1 were collected by filtration and washed with

MeOH. These were dried in air at room temperature and

stored in a CaCl2 desiccator. Yield: 0.3 g (80%) Anal.

Found for C26H28CuN3O7.: C, 41.8; H, 3.7; N, 11.2%.

Calcd.: C, 41.9; H,3.8; N,11.3%. Complex 2 was synthe-

sized in a similar manner to that of the benzimidazole

complex by employing EtImH in place of BenzImH. In the

case of complex 2, blue crystals were also collected. Anal.

Found for: C11H15CuN3O7: C,36.2; H,4.2; N,11.5%.

Calcd.: C, 36.1; H, 4.1; N, 11.4%.

Crystal structure determination

Crystals suitable for single crystal X-ray analysis for both

complexes were grown by slow evaporation of the reaction

mixtures at room temperature. Single crystals suitable for

single crystal X-ray analysis were mounted on glass fibers

and used for data collection. Crystal data were collected on

an Enraf–Nonius MACH3 diffractometer using graphite

monochromatized MoKa radiation (k = 0.71073 Å). The

crystal orientation, cell refinement and intensity measure-

ments were made using the program CAD-4PC performing

w-scan measurements. The structures were solved by direct

methods using the program SHELXS-97 [8] and refined by

full-matrix least-square techniques against F2 using

SHELXL-97 [9]. All non-hydrogen atoms were refined

anisotropically. All the hydrogen atoms were geometrically

fixed and allowed to refine using a riding model.

SOD activity

The in vitro SOD activity was measured using alkaline

DMSO as a source of superoxide radical (O2
-) and nitro

blue tetrazolium chloride (NBT) as O2
- scavenger [10]. In

general, 400 ll of the sample to be assayed was added to a

solution containing 2.1 ml of 0.2 M potassium phosphate

buffer (pH 8.6) and 1.0 ml of 56 lM of alkaline DMSO

solution was added while stirring. The absorbance was then

monitored at 540 nm against a sample prepared under

similar conditions except that NaOH was absent from the

DMSO. A unit of superoxide dismutase (SOD) activity is

taken as the concentration of complex that causes 50%

L =  Benzimidazole    (1)    or

2-ethylimidazole (2).
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inhibition of alkaline DMSO mediated reduction of nitro-

bluetetrazolium chloride (NBT).

Results and discussion

Both complexes were prepared according to Scheme 1.

Both complexes 1 and 2 are blue, stable in air and sol-

uble in water and most organic solvents. They were ini-

tially characterized by microanalysis and FAB? mass

spectrometry and then by X-ray crystallography.

The molecule of complex 1 crystallizes with two

monomers per asymmetric unit in the monoclinic crystal

system. As seen from Table 1 complex 1 crystallizes as

very low quality crystals. The ORTEP [11] view of the

complex is shown in Fig. 1. The main bond angles and Fig. 1 Projection view of [Cu(Hhida)(BenzImH)]�H2O (1)

Table 1 Crystal data and structure refinement for [Cu(Hhida)(BenzImH)]�H2O and [Cu(Hhida)(EtImH)]�2H2O

Empirical formula C13H14CuN3O6 C11H15CuN3O7

Formula weight 371.61 364.80

Temperature (K) 150(2) 150(2)

Wavelength (Å) 0.71073 0.71073

Crystal system Monoclinic Monoclinic

Space group P21/n P21

Unit cell dimensions

a(Å) 14.0430(6) 10.427(2)

b(Å) 7.4507(4) 7.159(2)

c(Å) 29.5847(12) 10.887(3)

a(�) 90 90

b(�) 102.320(4) 111.85(3).

c(�) 90 90

V(A3) 3024.2(2) 754.3(3)

Z 2 2

Dcalc (Mg/m3) 1.633 1.606

Absorption coefficient (mm-1) 1.479 1.485

F(000) 1,520 374

Crystal size (mm) 0.23 9 0.18 9 0.13 0.28 9 0.23 9 0.18

h range for data collection (�) 3.46–27.50� 3.41–24.99�
Limiting indices -18 \=h \=17, -9\= k\= 9,

-38 \=l \=38

-12 \=h \=12, -8\= k\= 7,

-12 \=l \=12

Reflections collected/unique

[Rint]

25,103/6,938 [R(int) = 0.0535] 5,148/2,198 [R(int) = 0.0421]

Completeness to h 25.00, 99.7% 25.00, 99.8%

Absorption correction Semi-empirical from equivalents Semi-empirical from equivalents

Max. and min. transmission 0.8310 and 0.7272 0.7758 and 0.6812

Refinement method Full-matrix least-squares on F2 Full-matrix least-squares on F2

Data/restraints/parameters 6,938/20/415 2,198/1/201

Goodness-of-fit on F2 1.165 1.070

Final R indices [I [ 2r(I)] R1 = 0.1631, wR2 = 0.4664 R1 = 0.0644, wR2 = 0.1851

R indices (all data) R1 = 0.1764, wR2 = 0.4698 R1 = 0.0730, wR2 = 0.1900

Largest difference in peak and

hole (eÅ-3)

5.319 and -2.006 1.673 and -0.599
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distances are presented in Table 2. The H3eida ligand is

coordinated to the copper(II) by three oxygen atoms and

one nitrogen atom and the five-coordinated sphere of

Cu(II) is completed by the tertiary N atom of benzimid-

azole. The imidazolyl Cu–N bond distances in both com-

plexes 1 and 2 are in the range found for similar

benzimidazole and imidazolated complexes [12].

The structure of complex 1 consists of two crystallo-

graphically independent but chemically equivalent

[Cu(Hhida)(BenzImH)]�H2O molecules. The copper(II)

center in complex 1 has a distorted square pyramidal

geometry and O(1), N(2), O(3) and N(3) occupy one basal

plane [O(3)–Cu(2)–O(1) = 158.4(5)�, N(2)–Cu(2)–N(3) =

178.0(5)�]. The Cu–N distances are almost equal and are

consistent with the distances usually found for square

pyramidal Cu(II) compounds with nitrogen donor ligands.

The angles around the copper atom defining the square

basal plane N(2)–Cu(2)–O(5) = 99.1(5), O(5)–Cu(2)–N(3)

= 81.3(5), O(5)–Cu(2)–O(3) = 95.4(5), O(3)–Cu(2)–N(3)

= 84.8(5), N(3)–Cu(2)–O(1) = 83.9(5) and O(1)–Cu(2)–

N2) = 94.1(5)� are in the expected range and similar in

pairs. All angles around the copper deviate from 90�
revealing the distortion of the basal plane. The trans bond

angles deviate from the expected 180�: O(3)–Cu(2)–

O(1) = 158.4(5)� and N(2)–Cu(2)–N(3) = 178.0(5)�, fur-

ther confirming the distortion. The imidazole nitrogen can

be viewed as strongly coordinated to the metal (Cu–N =

1.948(13) Å), while the hydroxyl oxygen forms a weak

bond to Cu(II) (Cu(2)–O(5) = 2.2746 Å(2)) in the axial

direction.

The copper(II) geometry in compound 2 is similar to

that of 1 (Fig. 2). The axial position in 2 is occupied by

Cu(1)–O(5) = 2.465(7) Å and this bond length is much

longer than the equivalent distance in 1. The basal plane of

the Cu(II) center in 2 is more planar than that in 1, as,

indicated by the O(1)–Cu(1)–O(3) = 166.0(2) and N(2)–

Cu(1)–N(1) = 178.7(4)� which can be attributed to the

weaker axial Cu(1)–O(5) bond. The important bond angles

and distances are presented in Table 3.

The equatorial Cu–O and Cu–N bond lengths are con-

sistent with a square pyramidal CuNO4 coordination sphere

[13]. The axial Cu(1)–O(5) bond lengths are consistent with

the trends observed in other square pyramidal Cu(II) com-

plexes [14]. In complex 2, the heterocyclic ring of the EtImH

ligand and 5-membered chelate ring of the H3hida ligand are

both planar, with a dihedral angle between them of

39.50�(N2–C7–C8–C9/Cu1–O1–C1–C2–N1). The other

two 5-membered chelate rings, Cu1–N1–C3–C4–O3 and

Cu1–N1–C5–C6–O5, both exist in envelope form, where the

dihedral angle formed between the mean planes Cu–N1–C3–

C4–O3 and Cu–N1–C5–C6–O5 is 67.58�. The rms devia-

tions of the N2–C7–C8–N3–C9, Cu1–O1–C1–C2–N1, Cu–

Table 2 Selected bond lengths (Å) and angles (�) for [Cu(Hhida)-

(BenzImH)]�H2O

O(1)–Cu(2) 1.967(11) O(5)–Cu(2) 2.274(12)

O(3)–Cu(2) 1.927(13) N(3)–Cu(2) 2.025(13)

N(2)–Cu(2) 1.948(13)

C(7)–N(2)–Cu(2) 122.3(11) O(3)–Cu(2)–N(2) 97.1(5)

C(13)–N(2)–Cu(2) 130.3(10) O(3)–Cu(2)–O(1) 158.4(5)

C(3)–N(3)–Cu(2) 107.3(9) N(2)–Cu(2)–O(1) 94.1(5)

C(5)–N(3)–Cu(2) 109.0(9) O(3)–Cu(2)–N(3) 84.8(5)

C(2)–N(3)–Cu(2) 103.3(9) N(2)–Cu(2)–N(3) 178.0(5)

C(1)–O(1)–Cu(2) 113.7(10) O(1)–Cu(2)–N(3) 83.9(5)

C(4)–O(3)–Cu(2) 115.1(11) O(3)–Cu(2)–O(5) 95.4(5)

C(6)–O(5)–Cu(2) 104.7(9) N(2)–Cu(2)–O(5) 99.1(5)

N(3)–Cu(2)–O(5) 81.3(5) O(1)–Cu(2)–O(5) 101.0(5)

Fig. 2 Projection view of [Cu(Hhida)(EtImH)]�2H2O (2)

Table 3 Selected bond lengths (Å) and angles (�) for [Cu(Hhida)-

(EtImH)]�2H2O

Cu(1)–N(2) 1.951(8) N(2)–Cu(1)–O(4) 114.9(2)

Cu(1)–O(1) 1.960(7) O(1)–Cu(1)–O(4) 145.3(2)

Cu(1)–O(3) 1.972(7) O(3)–Cu(1)–O(4) 20.89(19)

Cu(1)–N(1) 1.979(8) N(1)–Cu(1)–O(4) 64.3(2)

Cu(1)–O(5) 2.465(7) O(5)–Cu(1)–O(4) 104.7(2)

Cu(1)–O(4) 3.974(6) C(1)–O(1)–Cu(1) 114.0(5)

N(2)–Cu(1)–O(1) 95.4(3) C(4)–O(3)–Cu(1) 113.4(6)

N(2)–Cu(1)–O(3) 95.9(3) C(4)–O(4)–Cu(1) 11.6(5)

O(1)–Cu(1)–O(3) 166.0(2) C(6)–O(5)–Cu(1) 101.4(5)

N(2)–Cu(1)–N(1) 178.7(4) C(2)–N(1)–Cu(1) 108.2(6)

O(1)–Cu(1)–N(1) 85.6(3) C(5)–N(1)–Cu(1) 110.7(6)

O(3)–Cu(1)–N(1) 83.2(3) C(3)–N(1)–Cu(1) 106.1(5)

N(2)–Cu(1)–O(5) 99.7(3) C(9)–N(2)–Cu(1) 129.7(7)

O(1)–Cu(1)–O(5) 85.2(3) C(7)–N(2)–Cu(1) 123.6(7)

O(3)–Cu(1)–O(5) 101.0(3)

N(1)–Cu(1)–O(5) 79.6(3)
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N1–C3–C4–O3 and Cu1–N1–C5–C6–O5 rings are 0.0049,

0.1171, 0.1742 and 0.2114, respectively, for complex 2.

The copper geometry of complexes 1 and 2 is between a

square pyramid and a trigonal pyramid, using the distortion

index established by Addison et al. [13] (s = b-a/60),

where b and a are the two largest angles. The O(5) atoms

of 1 and 2 are both apically coordinated (Fig. 3) with

weaker axial bonding at distances of 2.274(12) and

2.465(7) Å, respectively. The copper centers in both 1 and

2 exhibit a slightly distorted square pyramidal geometry

(s = 0.32 for 1 and 0.21 for 2) in which the carboxylate

oxygens (O(1) and O(3)) and amine nitrogen (N(3) for

1/N(1) for 2) and imidazolyl nitrogen N2 each occupy a

corner of the equatorial plane and the hydroxyl oxygen

O(5) of one hydroxyl group exists at the axial position. The

crystals of 1 and 2 consist of layers of [Cu(Hhida)(Ben-

zImH)]�H2O and [Cu(Hhida)(EtImH)]�2H2O stacked over

each other, held together by HOH…O(carboxyl) interac-

tions. Neighboring mononuclear units are held together

through hydrogen bonds involving water molecules in the

crystals.

Physico-chemical characterization

The magnetic susceptibilities of complexes 1 and 2 were

determined in the solid state at room temperature as 1.81

and 1.83 BM, respectively. These values are characteristic

of d9 electronic configuration of planar Cu(II) [15] and are

in fair agreement with the spin only value S = 1/2.

The room temperature electronic spectra of the com-

plexes were recorded in DMSO solution. The spectra of the

two complexes are very similar and show a low energy

ligand field (LF) band at 705 ± 5 nm. A shoulder due to a

LMCT (imidazole p1 ? Cu2?) band in the region 320–

340 nm is also observed [12].

The IR spectra of the complexes are as expected. The

m(COO-) band appears at 1,616 cm-1 [16] for both com-

plex. The bands in the regions 508–5,345 and 280–

332 cm-1 are attributed to (Cu–N) [17], while vibrations at

485 cm-1 (weak) can be attributed to M–O bands [18]. A

broad band in the range 3,300–3,400 cm-1 assigned to

t(O–H stretch) indicates the presence of water molecules

as solvent of crystallization. Molar conductivities (^m) of

DMSO solutions of the complexes indicate that they are

non-electrolytes; the values were 8.2 ohm-1cm2mol-1 for

complex 1 and 8.2 ohm-1cm2mol-1 for complex 2 [19].

X-band epr spectra of the complexes were recorded in

the polycrystalline state and also in pure DMSO. A rep-

resentative epr spectrum is shown in Fig 4. Derived epr

parameters are given in Table 4. The values of the hyper-

fine coupling constant Ak are quite low in comparison with

the normal range found for other Cu(II) complexes [20],

employing a marked tetrahedral distortion of the tetragonal

site [21]. No nitrogen superhyperfine splitting could be

Fig. 3 Apical coordination view of [Cu(Hhida)(EtImH)]�2H2O (2)

Fig. 4 Epr spectra of [Cu(Hhida)(BenzImH)]�H2O (1) at 298 K

Table 4 Epr and UV spectral parameters of the copper(II) complexes

Parameter 1 2

Polycrystalline state (298 K) g1 2.1696 2.1482

g2 2.0862 2.0729

– –

– –

DMSO (77 K) gII 2.2065 2.2222

g\ 2.0404 2.0535

AII (G) 155 150

G 5.1 4.2

a2 0.661 0.669

b2 0.997 1.0216

c2 0.862 0.985

KII 0.658 0.684

K\ 0.569 0.659

f (cm) 152 155

kmax (nm) 710 710
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observed. These one-electron paramagnetic mononuclear

Cu(II) complexes display X-band epr spectra in DMSO at

77 K giving gk[ g\[ 2.0023, indicating a dx2-y2 ground

state [22] in square pyramidal geometry.

The ratio gk/Ak is a sensitive index showing distortion

from planarity for the copper site. The values of gk/Ak
(Table 4) for both complexes are very close to that of Cu-

ZnSOD which has a gk/Ak value of 162 cm [23]. Pierre

et al. [24] have synthesized one of the best Cu–Zn SOD

models so far, with a gk/Ak value of 145 cm.

The polycrystalline and frozen solution spectra of both

the present complexes are clearly axial (gk[ g\[ 2.0)

and suggest a dx2-y2 ground state [25] for Cu(II) in

square based geometry. The frozen solution epr spectra

showed well-resolved epr signals out of one MI =?3/2

component of copper, giving Ak values of 155 for 1 and

150 for 2, thereby suggesting a minor distortion in the

square pyramidal geometry [26]. Since the values of gk
and Ak are known to increase and decrease, respectively,

with increase [27] in either tetrahedral distortion or axial

interaction, the higher gk values observed for the present

complexes, suggest the presence of strong axial interac-

tions, in line with the electronic spectral results. The

geometric parameter G, which is a measure of the

exchange interaction between the copper centers in a

polycrystalline solid has been calculated. According to

Hathaway [28], if G [ 4 the exchange interaction is

negligible. The values of G for the present complexes are

5.1 for 1 and 4.2 for 2, indicating negligible exchange

interactions in the solid state.

The epr parameters and d–d transition energies were

used to evaluate the bonding parameters a2, b2 and c2,

which may be regarded as a measure of the covalency of

the in-plane r bonding and the in-plane p-and out-of-plane

p bonding, respectively. The in-plane r bonding parameter

a2 was calculated by using the expression [29]:

a2 ¼ Ajj=0:036
� �

þ gjj � 2:0023
� �

þ 3=7 g? � 2:0023ð Þ
þ 0:04

The orbital reduction factors Kk and K\ were estimated

from the expressions [30].

K2
jj ¼ gjj � 2:0023

� �
Ed�d=8k0

K2
jj ¼ g? � 2:0023ð ÞEd�d=2k0

where Kk = a2 b2, K\ = a2 c2 and k0 represents the one-

electron spin–orbit coupling constant for the free ion, equal

to -828 cm-1. For both of these complexes, Kk[ K\

which indicates the presence of out-of-plane bonding. The

values of a2, b2 and c2 are consistent with both strong in-

plane r and in-plane p bonding. The empirical factor

f = gII/AII cm-1 is an index of tetragonal distortions and

its value may vary from 105-135 for small to extreme

distortions in square planar complexes depending on the

nature of the coordinated atoms [31]. The f values of these

complexes are 152 for 1 and 155 for 2, indicating signifi-

cant distortion from planarity.

According to ligand field theory [32], the gk value

increases and the Ak value decreases as the planar ligand

field becomes weaker or as the axial ligand field becomes

stronger and this occurs with the simultaneous red shift of

the d–d absorption bands in the electronic spectra. This

sequence, in principle, parallels the degree of distortion

from square planar to square pyramidal, C4v and then to

octahedral (Oh) or tetragonal (D4h) geometries. The gk and

Ak value parameters are in accord with two nitrogen and

two oxygen donor atoms coordinated to the metal center in

the equatorial plane. These parameters and also the value

of the maximum of the visible band suggest a square

pyramidal structure where the equatorial plane is deter-

mined by the two nitrogen and two oxygen atoms and one

oxygen atom is in the apical position.

Electrochemical studies

The electrochemical properties of the two complexes have

been studied by cyclic voltammetry (CV) under a nitrogen

atmosphere in DMSO solution in the potential range ?8.00

to -1.40 V versus Ag/AgCl reference electrode. The

electrochemical properties of metal complexes particularly

have been studied in order to monitor spectral and struc-

tural changes accompanying electron transfer [33]. Both

the Cu(II) complexes showed similar electrochemical

behavior. The oxidation peak in the 0.4–0.48 V region

associated with reduction peak in the 0.120–0.18 V region

are observed for both complexes and is assigned to the

Cu(II)–Cu(I) redox couple. In the cathodic region of both

complexes, an irreversible peak at 0.050–0.680 V and

oxidation peak in the 0.116–0.133 V associated region are

observed corresponding to Cu(II)/Cu(I) and Cu(I)/Cu(0)

[34]. During the reverse scan, the oxidation Cu(I)/Cu(II)

skips over and passes to the Cu(II) state. This was con-

firmed by the ratio of anodic to cathodic current value of

the Cu(II)/Cu(III) couple (Ipa/Ipc = 2). Voltammetric

studies gave evidence to a quasi-reversible process that

could be attributed to a dynamic rearrangement of the

coordination environment during the redox process. The

separation between potential peak (DEp = Epa-Epc) varies

from 100 to 300 mV. This behavior is characteristic of

quasi-reversible processes (1). On the basis of the width of

the peaks it is possible that two redox steps are present, but

only one broad peak is detected. Repetitive scans did not

show a different behavior, thus a disproportionation pro-

cess can be ruled out.
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Superoxide dismutase activity

The SOD mimetic activities of the present complexes were

examined by the NBT assay [35] following kinetically the

reduction of NBT to MF? at 560 nm. Superoxide was

enzymatically supplied from alkaline DMSO. The count

fraction causing 50% inhibition of NBT reduction is called

IC50. The IC50 are 43 and 47 lmol for complexes 1 and 2

respectively. The observed IC50 values of the present

complexes are comparable with the various reported values

for the copper(II) complexes but are less active than the

native SOD. In our case, the reduction to Cu(I) is assumed

to result in the lengthening of the Cu–O(hydroxyl) bonds to

better fit the copper ion. It is, however, difficult to deduce

the coordination number of Cu(I). One can recognize that

these bonds are broken during the reduction of the complex

giving rise to four-coordinated copper. This assumption

can be related to the SOD activity of the two complexes.

The mechanism of dismutation of superoxide anion by

native SOD has been found to involve binding of O2
- to

copper in place of weakly bound water at the fifth coor-

dination site.

Antibacterial activity

The present complexes were evaluated against the bacte-

rium E. coli, as a function of concentration of these com-

plexes. The susceptibility of the bacteria was determined

by measuring the size of inhibition diameter. Both com-

plexes are effective against E. coli, with the zone of inhi-

bition being less for a concentration of 1 mM than for

3 mM concentration. For complex 1, the diameter of

inhibition zone was 18 mm at concentration 3 mM while

for complex 2 it was 10 mm at concentration 3 mM.

Similar antimicrobial results were reported by Tarafder

et al. [36] and also by our school [37] for simple copper(II)

binary and ternary complexes.

Conclusion

Mononuclear copper(II) complexes of the ligand N-(2-

hydroxyethyl)-2-iminodiacetic acid (H3hida) have been

characterized. The Hheida2- ligand is monoprotonated in

these complexes and their structural and magnetic charac-

teristics are as expected for five-coordinated copper(II).

Both complexes are active SOD mimics but at physiological

pH the complexation with copper(II) is incomplete. This

precludes the applicability as SOD mimics. An interesting

structural feature in these complexes is the fact that the two

carboxylate moieties are coordinated trans to one another.

The tetradentate role of H3hida in both complexes reveals

its noticeable conformational flexibility. Voltammetric

studies gave evidence for a quasi-reversible process that

could be attributed to a dynamic rearrangement of the

coordination environment during the redox process.

Supplementary material

CCDC 764419 and 764420 contain the supplementary

crystallographic data for [Cu(Hhida)(BenzImH)].H2O 1 and

[Cu(Hhida)(EtImH)].2H2O 2. These data can be obtained

free of charge via http://www.ccdc.cam.ac.uk/conts/retrie

ving.html, or from the Cambridge Crystallographic Data

Centre, 12 Union Road, Cambridge CB2 1EZ, UK; fax

(?44) 1223-336-033; or e-mail: deposit@ccdc.cam.ac.uk.
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