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Abstract

A new binuclear Cu(II) complex with an (E)-4-(2,4-diisopropylphenyl)-4-oxo-2-butenoato ligand (L) was successfully synthesized and
characterized by elemental analysis and IR-spectroscopy. The structures of (E)-4-(2,4-diisopropylphenyl)-4-oxo-2-butenoic acid (HL),
and the corresponding (tetrakis)-l-[(E)-4-(2,4-diisopropylphenyl)-4-oxo-2-butenoato]-bis(ethanol)-copper(II) complex, [Cu2L4(-
C2H5OH)2], were determined by single crystal X-ray analyses and are preliminarily discussed. This is the first complex of a transition
metal with ligand L, as well as the first determined crystal structure of a metal complex with this type of ligand. Analysis of the magnetic
susceptibility measurements of the isolated [Cu2L4(C2H5OH)2] Æ H2O complex shows the existence of a strong anti-ferromagnetic intra-
dimer coupling, with an exchange integral value 2J of �260 cm�1.
� 2006 Elsevier B.V. All rights reserved.
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The interest in copper(II) polynuclear complexes con-
taining carboxylato bridging ligands was triggered by the
intriguing magnetic and catalytic properties of these com-
pounds [1]. 4-Aryl-4-oxo-2-butenoic acids (aroylacrylic
acids) exert antibacterial [2] and antineoplastic activity
[3]. The mode of action is ascribed to the Michael-type
addition of free sulfahydrile groups (–SH) to the b-position
of the ketovinyl moiety (–C(O)–CH@CH–) of the mole-
cules [4,5]. In a previous paper, in vitro antiproliferative
activity of 19 (E)-4-aryl-4-oxo-2-butenoic acids toward
human cervix carcinoma HeLa cells was reported [3]. The
compounds influenced the proliferation of the target cells
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in the concentration range 4.5–40 lM/L (IC50 values).
The QSAR (Quantitative Structure Activity Relationships)
results show linear dependences between the antiprolifera-
tive activity of the compounds and their lipophilicity (using
estimated logP values). As an extension of these investiga-
tions, a series of new congeners were synthesized and used
as precursors for the syntheses of more active compounds
[6]. In this communication, the structure of one of these
precursors, resolved by the single crystal X-ray diffraction
method, is reported.

Within the framework of studies aimed at gaining a dee-
per insight into the previously reported [3,6] bioactive scaf-
folds behavior within biological systems, the interactions of
the molecules with metal ions, as integral components of
cells, were investigated. Thus, a number of Cu(II) and
Zn(II) complexes with phenyl-substituted (E)-4-phenyl-4-
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Table 1
Crystallographic data for compounds HL and [Cu2L4(C2H5OH)2]

Ligand (HL) Complex
[Cu2L4(C2H5OH)2]

Empirical formula C16H20O3 C68H88 Cu2O14

Formula weight 260.32 1256.46
Crystal size (mm3) 0.16 · 0.30 · 0.30 0.10 · 0.32 · 0.54
Temperature (K) 293 (2) 293 (2)
Wavelength (Å) 0.71073 0.71073
Crystal system Orthorhombic Monoclinic
Space group Pbca P21/n
Unit cell dimensions
a (Å) 9.263 (2) 16.060 (4)
b (Å) 11.222 (3) 11.794 (5)
c (Å) 28.712 (6) 19.279 (3)
a (�) 90 90
b (�) 90 112.23 (2)
c (�) 90 90
V (Å3) 2985 (1) 3380.2 (17)
Z 8 2
Dcalc (Mg m�3) 1.159 1.234
Absorption coefficient

(mm�1)
0.079 0.689

Theta range for
data collection (�)

1.42–25.01 1.41–25.97

Index ranges 0 h 11, 0 h 19,
0 k 13, 0 k 14,
�4 l 34 �23 l 21

Reflections collected 3071 6858
Independent reflections 2612 (Rint = 0.0374) 6615 (Rint = 0.0448)
Data/parameters 2612/188 6615/389
Goodness-of-fit on F2 0.961 0.918
Final R indices [I > 2r(I)] R1 = 0.0501, R1 = 0.0558

wR2 = 0.1241, wR2 = 0.1279
Largest difference

peak and hole (e Å�3)
0.212 and �0.181 0.376 and �0.292
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oxo-2-butenoato ligands were recently synthesized (manu-
script in preparation). In this communication, the synthesis
and preliminary characterization of the Cu(II) complex
with (E)-4-(2,4-diisopropylphenyl)-4-oxo-2-butenoato
ligand (L) is presented. 4-Aryl-4-oxo-2-butenoic acids have
been known for a long time. The first synthesis of the basic
compound, 4-phenyl-4-oxo-2-butenoic acid was reported
in 1882 [7]. Nevertheless, to the best of our knowledge,
there has, hitherto, only been one report of metal com-
plexes with these compounds as ligands [8]. In the present
paper, for the first time, the crystal structure of one metal
complex with the mentioned type of ligand, as well as its
variable temperature magnetic behavior is described.

The complex was synthesized by instilling an aqueous
solution containing 42.6 mg (0.25 mmol) of CuCl2 Æ 2H2O
into a solution of NaL prepared by dropping an aqueous
solution containing 20.0 mg (0.5 mmol) of NaOH into a
water suspension of 130.2 mg (0.5 mmol) of HL [3] under
continuous stirring at room temperature, whereby a pH
of 6–7 was obtained. After continuous stirring at room
temperature for 1 h, the crude pale greenish-blue micro-
crystalline product was separated by suction and purified
by rinsing first with ethanol and finally with water, giving
a complex with the formula [Cu2L4(C2H5OH)2] Æ H2O.
Yield: 53.0 mg (33.7%) calculated with respect to HL. A
rather poor yield is the consequence of relative good solu-
bility of the complex in ethanol. Green single crystals of the
[Cu2L4(C2H5OH)2] complex were obtained by slightly
changing the composition of [Cu2L4(C2H5OH)2] Æ H2O
microcrystals during recrystallization from ethanol. Yield:
25.0 mg (15.9%) calculated with respect to the starting
amount of HL.

The characteristic bands of the asymmetric ð�maðCOOÞÞ
and symmetric ð�msðCOOÞÞ skeletal vibration of the carbox-
ylate group in the IR spectra (KBr discs, Perkin–Elmer FT-
IR 1726x spectrometer) of the title complex were found at
1606 cm�1 and 1408 cm�1 and of the corresponding potas-
sium salt KL at 1582 cm�1 and 1384 cm�1. The identical
values of D�mðD�m ¼ �maðCOOÞ � �msðCOOÞÞ of 198 cm�1 for
the free and coordinated carboxylato group indicate that
the coordination mode of the carboxylato group of the
ligand L is bridging bidentate [9]. This is unlike the tris-
(b-benzoylacrylato)-europium(III) complex in which, on
the basis of IR-data, the carboxylato groups were coordi-
nated in a chelate bidentate manner [8]. However, in the
case of binuclear copper(II) complexes, the bridging biden-
tate mode of coordination of four carboxylato groups
forming a cage structured coordination sphere is well
known [1a,1b,10].

The single crystal X-ray data were collected on an
Enraf-Nonius CAD-4 diffractometer [11] using Mo Ka
radiation (k = 0.71073 Å) and x/2h scans in the 1.42–
25.01� h range for compound HL and the 1.41–25.97� h
range for the [Cu2L4(C2H5OH)2] complex. The cell con-
stants and the orientation matrix for the data collection,
obtained from 23 centered reflections in the h range of
10.45–16.83� for HL and 12.37–16.84� for complex, corre-
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spond to orthorhombic and monoclinic cells, respectively.
The unit cell dimensions and other crystallographic data
for both compounds are given in Table 1. The data were
corrected for Lorentz and polarization effects [12].

The crystal structures were solved by direct methods
[13a] and by difference Fourier methods and refined on
F2 by the full-matrix least-square method [13b]. In HL,
all H atoms were easily determined from the DF maps
but in the final stage of refinement, they were placed at cal-
culated positions (in order to decrease the number of
refined parameters) using a riding model. The H atom
belonging to COOH was refined isotropically without
any constraint. In the crystal structure of the [Cu2L4-
(C2H5OH)2] complex, all H atoms were included in the
refinement at their geometrically calculated positions but
the H atom from the OH group (in the ethanol ligand)
was taken from the DF map and refined isotropically with
the O–H distance fixed at 0.85 Å. The methyl groups in
both structures were treated with the HFIX 137 instruc-
tion. All non-hydrogen atoms in both crystal structures
were refined with anisotropic thermal parameters. A
Gaussian-type absorption correction [14,15] based on the
crystal morphology was applied to the X-ray data of the
s, structure and magnetic properties of the first ..., Inorganic
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[Cu2L4(C2H5OH)2] complex (Tmin = 0.8027, Tmax =
0.9313). The software packages used for the preparation
of the crystallographic material for publication were: PLA-
TON [14], WinGX [15], PARST [16] and ORTEPIII [17].

As shown in Fig. 1, the molecules of the uncoordinated
ligand HL form dimers, with two strong O–H� � �O intermo-
lecular hydrogen bonds. The crystal structure of the
[Cu2L4(C2H5OH)2] complex indicates that this is a binu-
clear Cu(II) complex with two centrosymmetrically related
halves (Fig. 2), with a rather short Cu� � �Cu distance of
2.6350(12) Å. Each Cu(II) has a square-pyramidal coordi-
nation geometry consisting of one C2H5OH in the apical
position and four oxygen atoms from the bridging carb-
oxylato groups. The details of a comparative analysis of
the geometrical parameters and hydrogen bonds for both
Fig. 1. The molecular geometry of the HL ligand and an illustration of the dim
ellipsoids are drawn at the 40% probability level for non-H atoms. C and H a

Fig. 2. The molecular geometry of the [Cu2L4(C2H5OH)2] complex (Symmetry
Displacement ellipsoids are drawn at the 40% probability level for non-H ato
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crystal structures will be discussed in a forthcoming full
paper concerning Cu(II) and Zn(II) complexes with a series
of differently substituted (E)-4-aryl-4-oxo-2-butenoato
ligands.

Biologically active small and relatively rigid molecules
of low polarity have a similar conformation within their
site of action (cocrystallized with the receptors) and when
the same molecules are crystallized without the receptor.
Such similarity is described in the literature [18]. The envi-
ronment of the active site forces the bioactive conforma-
tion. Consequently, when discussing a bioactive ligand
and a corresponding complex having a carboxylate group
(treated as the part of the molecule (L) which interacts with
the cation moiety within the active site) complexed with the
metal ion (treated as the cationic moiety within the active
er formed by two O–H� � �O intermolecular hydrogen bonds. Displacement
toms are not labeled for clarity.

code for centrosymmetric half of complex molecule: �x + 1, �y � 1, �z).
ms. For clarity, C and H atoms are not labeled.
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Fig. 4. Experimental (dots) and fitted (solid line) temperature dependence
of vmolT.
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site), it can be considered useful to compare the conforma-
tions of the free ligand and the complexed one. Quantita-
tive similarity analysis assessed by the superimposition of
all non-H atoms of the free HL and of the corresponding
complexed ligand, using crystal structure data, was per-
formed employing the similarity search facility imple-
mented in the Vega ZZ 2.0.6 program [19]. The RMS
(root mean square) distance between the related atom pairs
(free ligand vs. complexed one) was 0.322. This difference is
the consequence of the different orientation of the 4-i-Pr-
group and of the different orientation of the aryl ring
towards the aroyl keto group (h = 42.82� complexed
ligand; h = 31.35� free ligand), as can be seen in Fig. 3 [20].

Magnetic measurements of the isolated [Cu2L4(-
C2H5OH)2] complex were performed using a SQUID-based
Quantum Design magnetometer MPMS XL-5 with an
applied field of 1000 Öe in the temperature range 5–
350 K. The experimental data were corrected for the under-
lying diamagnetic contribution using Pascal’s constants
[21], and the so-obtained values are shown in Fig. 4 as
vmolT. The magnetic data were analyzed on the basis of
the Bleaney–Bowers equation, which describes the mag-
netic susceptibility of the exchange coupled pair of Cu(II)
ions starting from the isotropic Heisenberg Hamiltonian
H = �2JS1 Æ S2, and assuming a spin value S = 1/2 [21].
A modified form of this equation which includes a term
for the fraction q of monomeric Cu(II) impurities, as well
as a contribution from the temperature independent para-
magnetism vTIP of copper(II) ions [22] is

vmolT ¼ 2Cg2½3þ ex��1ð1� qÞ þ Cg2q=2þ vTIPT ; ð1Þ
where C = NAb2/kB and x = �2 J/kBT were employed. The
experimental data were successfully fitted to Eq. (1) and the
least-squares best-fit curve is shown in Fig. 4. The obtained
Fig. 3. Superimposed free ligand HL (black, stick presentation) over one of the
X-ray structure data. Rendering by Vega ZZ 2.0.6 [19].

Please cite this article as: Zoran M. Miodragović et al., Synthesi
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values of the fitting parameters are q = 0.032,
vTIP = 1.1 · 10�3 emu/mol Oe, g = 2, and 2J = �260
cm�1. The 2J value indicates the existence of a strong anti-
ferromagnetic intradimer interaction, which is somewhat
stronger than that of the corresponding [tetrakis (l-1-phe-
nylcyclopropane-1-carboxylato-O,O 0)bis(ethanol-O)
dicopper(II)] complex (2J = �242 cm�1), having the same
coordination sphere, but with a shorter Cu� � �Cu distance
(2.6009(4) Å) [1a]. In the related binuclear compound [tet-

rakis-(1-phenyl-1-carboxylato-l-O,O 0-cyclopentane)-bis-
(ethanol-O) dicopper(II)bis(ethanol) having a Cu� � �Cu dis-
tance of 2.6203(5) Å, a 2J value of �284 cm�1 was found
[1b].
complexed ligands within the complex (gray, stick presentation), using the
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Supplementary data

Crystallographic data for the structural analysis are
deposited at the Cambridge Crystallographic Data Centre,
CCDC Nos. 606031 and 606030 for compounds HL and
[Cu2L4(C2H5OH)2], respectively. Copies of this informa-
tion may be obtained free of charge from The Director,
CCDC, 12 Union Road, Cambridge, CB2 1EZ, UK
(Fax: +44-1223-336033; E-mail: deposit@ccdc.cam.ac.uk
or www: http://www.ccdc.cam.ac.uk).
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[22] M. Barquı́n, M.J. González Garmendia, S. Pacheco, E. Pinilla, S.

Quintela, J.M. Seco, M.R. Torres, Inorg. Chim. Acta 357 (11) (2004)
3230.
s, structure and magnetic properties of the first ..., Inorganic
9

http://www.ccdc.cam.ac.uk
http://www.ddl.unimi.it

	Synthesis, structure and magnetic properties of the first copper(II) complex with an (E)-4-aryl-4-oxo-2-butenoato ligand
	Supplementary data
	Acknowledgement
	References


