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A new ternary complex [Cu(glygly)(AMBZ)(H2O)]Cl�H2O (1) (glygly¼ glycylglycine anion, AMBZ¼

2-aminomethylbenzimidazole) has been prepared and characterized by single-crystal X-ray diffractometry
and ESR, electronic and IR spectroscopy. The copper(II) ion has a slightly distorted square-pyramidal coor-
dination, being equatorially coordinated by the bidentate 2-aminomethylbenzimidazole and the bidentate
glycylglycine anion and axially by a water molecule. The individual complex molecules are hydrogen
bonded to their neighbors, forming a polymeric hydrogen-bonded lattice. Spectroscopic data are in accor-
dance with the crystal structure.
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INTRODUCTION

Ternary transition metal complexes are a topic of interest because of their important
role in biological systems. The metal ions promote specific protein–nucleic acid inter-
actions through formation of ternary complexes [1,2] and metal–peptide complexes
containing heteroaromatic nitrogen bases can mimic substrate-metal ion-enzyme inter-
actions in the active center of enzymes [3,4].

Imidazole and benzimidazole derivatives are important heteroaromatic compounds
in biochemistry acting as multidentate ligands rich in coordination chemistry, especially
in many copper(II) complexes containing proteins [5,6] and nucleotide systems [7–9].
Some copper ternary complexes coordinated by chelating ligands containing imidazole
groups have been described as model compounds for hemocyanin and other copper
proteins [10].
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An understanding of the stereochemical effect of bound ligands on ternary peptide
complexes is of great importance and the study of model compounds has led to several
structural studies in recent years [11–16]. However, to the best of our knowledge, only
one X-ray crystallographic structure of a ternary complex peptide–Cu(II)–benzimid-
azole or benzimidazole derivative, [Cu(glygly)(benzimidazole)]�3H2O, has been reported
[12]. In this work we report the synthesis, spectroscopic characterization and X-ray
structure of the ternary peptide complex [Cu(glygly)(AMBZ)(H2O)]Cl�H2O (1)
(glygly¼ glycylglycine anion, AMBZ¼ 2-aminomethylbenzimidazole).

EXPERIMENTAL

Reagents and Physical Measurements

The dipeptide, glycylglycine and 2-aminomethylbenzimidazole were purchased from
Aldrich and used as received. All other reagents and solvents were analytical grade
obtained from commercial sources.

IR spectra using KBr disks were recorded on a Bruker Vector22 spectrophotometer
in the 400–4000 cm�1 region. UV–Vis spectra were recorded on a Shimadzu UV-3100
spectrophotometer. Elemental analyses (H, C, N) were carried out using a Perkin
Elmer 240C elemental analyzer. ESR spectra were obtained on a Bruker JES-FEIXG
spectrometer with X-band frequencies.

Preparation of [Cu(glygly)(AMBZ)(H2O)]Cl�H2O (1)

2-Aminomethylbenzimidazole dihydrochloride hydrate (1.98 g, 0.9mmol) was added,
with stirring, to a 10 cm3 aqueous solution containing glycylglycine (0.16 g, 1.2
mmol). After 10min, CuCO3(OH) (0.12 g, 1mmol) was added and the mixture was
stirred for 30min and then filtered. The resulting green solution was allowed to
stand at room temperature. After a few days, blue–green needle-shaped crystals of 1,
suitable for X-ray diffraction, were collected. Yield: 21%. Anal. Calcd. for C12H20

N5O5ClCu(%): C, 34.87; H, 4.88; N, 16.94. Found: C, 34.46; H, 4.95; N, 16.66.

X-ray Crystallography

The diffraction experiments were carried out on a Bruker AXS SMART APEX CCD
diffractometer. The program SAMART [17] was used for collecting frames of data, for
indexing reflections and for the determination of lattice parameters; absorption correc-
tions were carried out using SADABS [18]. The structure was solved by direct methods
and nonhydrogen atoms were anisotropically refined by a full-matrix least-squares
method based on F2 using SHELXTL [19]. All hydrogen atoms were included in the
refinement in calculated positions riding on their carrier atoms. The hydrogen thermal
displacement parameters were fixed at 1.2 and 1.5 times the equivalent isotropic ther-
mal displacement parameters of their internal and terminal carrier atoms, respectively.
A summary of the data collection and structure refinement is presented in Table I. Final
coordinates for the nonhydrogen atoms are given in Table II.
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TABLE I Crystal data and structure refinement for 1

Empirical formula C12H20N5O5ClCu
Formula weight 413.32
Crystal system Triclinic
Space group P�11
a (Å) 8.533(2)
b (Å) 9.963(2)
c (Å) 10.204(2)
� (�) 104.95(1)
� (�) 100.45(1)
� (�) 96.71(1)

V (Å3) 811.9(3)
Z 2
Dcalc (g cm

�3) 1.691
�(Mo K�) (mm�1) 1.544

�(Mo K�) (Å) 0.71073
Temp (K) 293(2)
F(000) 426.0
Crystal size (mm3) 0.4� 0.30� 0.30
� range for data collection 2.12 to 25.0
Index ranges �10� h� 9, �9� k� 11, �12� l� 10
Reflections collected 2802
Independent reflections 1969
Refinement method Full-matrix least-squares on F2

Data/restraints/parameters 1969/0/217
Rint 0.0587
R1 [I>2�(I)] 0.0489
wR2 0.0918
Goodness-of-fit on F2 1.012
Largest difference: peak and hole (e Å�3) 0.57 to �0.49

TABLE II Final coordinates and equivalent isotropic displacement parameters of the nonhydrogen atoms
for the complex.

Atom x y z U(eq) (Å
2)

Cu(1) 0.69160(7) 0.84806(6) 0.74632(6) 0.0299(2)
O(1) 0.6036(4) 0.8031(3) 0.8995(3) 0.0311(11)
O(1W) 0.4765(4) 0.9306(4) 0.6416(3) 0.0537(12)
O(2) 0.7142(3) 0.6430(3) 1.1580(3) 0.0310(11)
O(3) 0.6774(4) 0.8467(4) 1.2916(3) 0.0469(12)
N(1) 1.0033(4) 1.2088(4) 0.8766(4) 0.0326(12)
N(2) 0.8216(4) 1.0268(4) 0.8618(3) 0.0250(12)
N(3) 0.8038(4) 0.8869(4) 0.5985(3) 0.0341(14)
N(4) 0.5852(4) 0.6512(4) 0.6419(3) 0.0291(12)
N(5) 0.4460(4) 0.6407(4) 0.9552(4) 0.0294(12)
C(1) 0.8568(5) 1.1133(5) 0.9974(4) 0.0241(16)
C(2) 0.7968(5) 1.1025(5) 1.1124(4) 0.0301(17)
C(3) 0.8555(6) 1.2073(5) 1.2344(5) 0.0352(17)
C(4) 0.9692(6) 1.3234(5) 1.2428(5) 0.0376(17)
C(5) 1.0299(6) 1.3362(5) 1.1301(5) 0.0364(17)
C(6) 0.9719(5) 1.2309(5) 1.0079(5) 0.0286(17)
C(7) 0.9131(5) 1.0887(5) 0.7951(4) 0.0269(17)
C(8) 0.9080(6) 1.0261(5) 0.6467(5) 0.0346(17)
C(9) 0.4804(5) 0.5939(5) 0.7189(4) 0.0326(17)
C(10) 0.5134(5) 0.6851(5) 0.8648(5) 0.0261(17)
C(11) 0.4679(5) 0.7269(5) 1.0970(4) 0.0315(17)
C(12) 0.6337(5) 0.7411(5) 1.1896(5) 0.0295(17)
O(2W) 0.0807(4) 0.3446(4) 0.5739(3) 0.0555(16)
Cl(1) 0.28610(15) 0.66129(14) 0.39418(13) 0.0466(5)

U(eq) is defined as one-third of the orthogonalized Uij tensor.
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RESULTS AND DISCUSSION

Description of Crystal Structure

The molecular structure of the compound is shown in Fig. 1. Selected bond distances
and angles are given in Table III.

The complex [Cu(glygly)(AMBZ)(H2O)]Cl�H2O (1) exhibits a slightly distorted
square-pyramidal geometry around the copper(II) ion, in which the bidentate AMBZ
and the bidentate dipeptide anion (glygly) are at the corners of the square. The
AMBZ is coordinated to Cu through the NH2 group and one nitrogen atom N(2) in
the imidazole ring [Cu(1)–N(2)¼ 1.942(4) Å, Cu(1)–N(3)¼ 2.020(3) Å]. The glycylgly-
cine anion is coordinated to Cu through the terminal NH2 group and the carbonyl
oxygen atom from the same glycine residue [Cu(1)–N(4)¼ 1.990(4) Å, Cu(1)–O(1)¼
1.979(3) Å]. The apical position is occupied by a weakly bonded oxygen atom O(1W)
of one water molecule. The axial Cu–O(1W) bond [Cu(1)–O(1W)¼ 2.298(4) Å] is

FIGURE 1 The ORTEP view of 1, with hydrogen atoms omitted for clarity, showing the labeling and the
50% probability thermal ellipsoids.

TABLE III Selected bond lengths (Å) and angles (�) for 1

Cu(1)–O(1) 1.979(3) N(2)–Cu(1)–N(3) 84.17(14) O(1W)–Cu(1)–N(2) 99.12(15)
Cu(1)–O(1W) 2.298(4) O(1)–Cu(1)–N(2) 94.63(13) O(1W)–Cu(1)–N(3) 86.62(13)
Cu(1)–N(2) 1.942(4) N(3)–Cu(1)–N(4) 96.87(14) O(1W)–Cu(1)–N(4) 89.83(14)
Cu(1)–N(3) 2.020(3) O(1)–Cu(1)–N(4) 83.36(13) O(1)–Cu(1)–O(1W) 99.68(13)
Cu(1)–N(4) 1.990(4) O(1)–Cu(1)–N(3) 173.70(14) N(2)–Cu(1)–N(4) 171.04(15)
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0.32 Å longer than the Cu–O bond lengths in the basal plane. The metal lies 0.10 Å out
of the least-squares basal plane, towards O(1W). The two chelating rings are almost
coplanar; the dihedral angle between the best mean planes Cu(1)O(1)C(10)C(9)N(4)
and Cu(1)N(3)C(8)C(7)N(2) is 3.7�. Usually the peptide is coordinated to a metal
through a deprotonated amide nitrogen in ternary Cu(II) peptide complexes [11–16].
Here the carbonyl oxygen atom O(1) is preferred to the peptide nitrogen N(5) as a
metal binding site at pHs where the amide proton is not dissociated, as in the dipeptide
complex [Cu(tach)(glygly)]þ [20].

Closer inspection of the structure reveals that the crystal packing is dominated by a
network of intermolecular hydrogen contacts involving the water molecules, carbox-
ylate oxygen atoms and Cl� ions. Neighboring complex molecules are hydrogen
bonded to each other through the carboxylate oxygen atoms from the glycylglycine
anion to the amino nitrogen atom from AMBZ and to the amino nitrogen atom
from the glycylglycine anion [N(5)–H(5A) � � �O*(2)¼ 2.83 Å, N(3)–H(3B) � � �O*(3)¼
3.03 Å], forming an infinite chain along the c-axis (Fig. 2). Two Cl� anions are hydro-
gen bonded to two opposite complex molecules through the N(4)–H(4A) � � �Cl(1),
N(4)–H(4B) � � �Cl*(1), O(1W)–H(1B) � � �Cl*(1), C(9)–H(9A) � � �Cl(1) interactions.
Hydrogen-bonding interactions involving the water molecule O(2W) and the carbox-
ylate oxygen O(2) [N(1)–H(1A) � � �O*(2)¼ 2.80 Å, N(3)–H(3A) � � �O(2W)¼ 2.91 Å,
O(2W)–H2A � � �O*(2)¼ 2.93 Å, (O2W)–H(2B) � � �O2¼ 2.93 Å] involve different chains
producing a three-dimensional network structure (Fig. 3).

IR Spectra

In the IR spectrum, an absorption at 3425 cm�1 corresponds to the presence of water.
The peak at 3242 cm�1 is attributed to �s(NH) and �as(NH2). The typical strong band
at 1617 cm�1 is related to �(C¼O) of the glycylglycine moiety. The �as(COO) is assigned
to the strong band at 1578 cm�1 whereas �s(COO) is attributed to the 1383 cm�1 peak.
The peaks of �(C¼O) and �as(COO) overlap with the �(ring) and the [	(NH)þ �s(C¼N)]
peaks of the AMBZ moiety. Two peaks at 1475 and 1383 cm�1 are due to the 	as and 	s
of the methyl group. �s(C–N) and [	(NH) (NH in-plane bending)þ �(C¼N)] appear
at 1019 and 1131 cm�1, respectively. The strong peak at 776 cm�1 is attributed to the
�(C–H) of the phenyl ring. Other bands, possibly related to the compound, could be

TABLE IV Selected H-bond distances (Å) and angles (�) for 1

D–H� � �A r(D–H) r(H� � �A) ff(D–H� � �A) r(D� � �A) Symmetry operation

N(1)–H(1A) � � �O(2) 0.900 1.957 156.33 2.804 �xþ 2, �yþ 2, �zþ 2
N(3)–H(3A) � � �O(2W) 0.900 2.090 150.56 2.907 �xþ 1, �yþ 1, �zþ 1
N(3)–H(3B) � � �O(3) 0.900 2.240 145.73 3.027 x, y, z� 1
N(4)–H(4A) � � �Cl(1) 0.900 2.438 156.05 3.280
N(4)–H(4B) � � �Cl(1) 0.900 2.626 141.22 3.375 �xþ 1, �yþ 1, �zþ 1
N(5)–H(5A) � � �O(2) 0.900 1.951 166.77 2.834 �xþ 1, �yþ 1, �zþ 2
O(1W)–H(1C) � � �O(3) 0.850 2.140 124.02 2.709 �xþ 1, �yþ 2, �zþ 2
O(1W)–H(1B) � � �Cl(1) 0.820 2.386 169.51 3.195
O(2W)–H(2�) � � �O(2) 0.850 2.590 105.00 2.933 �xþ 1, �yþ 1, �zþ 2
O(2W)–H(2B) � � �O(2) 0.850 2.500 113.00 2.933 �xþ 1, �yþ 1, �zþ 2
C(2)–H(2) � � �O(1) 0.930 2.590 128.00 3.247
C(9)–H(9A) � � �Cl(1) 0.970 2.790 131.00 3.503 �xþ 1, �yþ 1, �zþ 1
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tentatively assigned: 1545 cm�1 [� Phe ring, �(C–H)]; 1457 cm�1 [� Phe ring, �(C¼C)].
These features are in agreement with the crystal structure.

Electronic Spectra

The d–d transition spectrum of the complex in MeOH presents a broad band centered
at about 647 nm, suggestive of square-pyramidal geometry about Cu(II) [21]. The 
–
*

FIGURE 3 A view of the packing of 1 along the b-axis, showing a three-dimensional network structure.

FIGURE 2 Hydrogen-bond network structure in 1, showing an infinite chain along the c-axis.
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intraligand transition bands involving the imidazole moiety and the benzene ring of
the AMBZ ligand appear at 239 nm and 270 nm, respectively. The blue-shifted band
at 275 nm associated with the imidazole shows clear evidence of C¼N coordination
to the copper center.

ESR Spectra

The X-band ESR spectrum of a polycrystalline powder of the ternary complex recorded
at room temperature shows no hyperfine splitting with the values: gk¼ 2.240, and
g?¼ 2.063 (Fig. 4). These spectra are consistent with a square-pyramidal stereo-
chemistry. The values of gk> g?> ge imply that the 3d unpaired electron of the
copper(II) ion should occupy the dx2�y2 orbital. These results are in agreement with
the symmetry of the copper derived from the X-ray structure determination.
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