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ABSTRACT

	The new title copper(II) succinato complex [Cu(O2C(CH2)2CO2)(C3H5N2C2H5)2]n (1) has been isolated as single crystals state from one pot reaction between HO2C(CH2)2CO2H (succinic acid), C3H5N2C2H5 (1-ethyl-2,5-dihydro-1H-imidazole) and Cu(CH3COO)2 in distilled water. Compound 1 has been characterized by elemental analysis, FTIR spectroscopy and X-ray diffraction. In the solid state, 1 crystallizes in the orthorhombic chiral system P212121 space group with a = 9.8406(3) Å, b = 12.6318(3) Å, c = 13.0246(4) Å,  =  =  = 90°, V = 1619.016 Å3 and Z = 4. The asymmetric unit of the copper(II) complex is formed by one central copper(II), two imidazole molecules and one succinate unit. The copper(II) ion is tetra-coordinated by two nitrogen atoms from imidazole molecules acting in η1-mode, one oxygen atom from succinate anion and one oxygen atom from succinate anion of a neighboring molecule complex. In the structure the copper(II) cation is situated in N2O2 inner, and its environment is best described as square planar geometry. Each arm of the succinate anions acts in η1-mode, and the succinate units act as bridge between two copper(II) centers developing a polymer coordination. In the crystal, unclassical hydrogen bonds of type C—H···O involving the coordinated and the non-coordinated oxygen atoms of the succinate groups as donor atoms, generate a supramolecular network. The overall structure consists of parallel infinite chains of Cu(C4O4H4)(C3H5N2C2H5)2, each parallel chain extending along the b axis.
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INTRODUCTION
Succinic acid is a widely used compound in industry. It is used as an acidulant in the food industry and as a precursor in the production of polyester and resins. Extensive studies have shown it to be non-toxic. In the structure of succinic acid, there are two arms each carrying a carboxylate group that can be used to coordinate metal ions [1-3]. These two carboxylate groups are linked by an alkyl chain that gives the molecule the ability to appear in various conformations: syn−syn, anti−anti, and syn−anti [4]. This ability to arrange itself in different ways in space allows for several coordination modes, including: 1-, 1-2, 2-1-. Chelation and bidentate bridging modes are more common than monodentate coordination [5-10]. The succinate anion can also act as a counterion in coordination complexes [11,12]. In some complexes, the simultaneous presence of succinate as a ligand and a counterion is also found [8,13]. Succinate can also coexist with the neutral molecule succinic acid in the same complex [13,14]. Furthermore, the simultaneous use of succinic acid and an imidazole derivative makes it possible to generate transition metal complexes with interesting structures and properties [15,16]. Supramolecular structures based on significant interactions between co-ligands derived from imidazole and succinate flexibility are reported in the literature [17,18]. In the present work, we have mixed, at the same time, succinic acid, 1-ethyl-2,5-dihydro-1H-imidazole and copper acetate in 1:1:1 ratio to prepare the described and characterized complex.
Material and methods
Starting Materials and Instrumentations
Succinic acid, 1-ethyl-2,5-dihydro-1H-imidazole and copper acetate salt were commercial products (from Aldrich) and were used without further purifications. The solvents were of analytical reagent grade and were used directly without further purification. Elemental analyses of C, H and N were recorded on a VxRio EL Instrument. Infrared spectra were obtained on a FTIR Spectrum Two of Perkin Elmer spectrometer in the 4000-400 cm-1 region.
Synthesis of the complex
0.354 g (3 mmol) of HO₂C(CH)₂CO₂H and 0.588 g (3 mmol) of C₃H₃N₂C₂H₂ were dissolved in 20 mL of distilled water. After obtaining a clear solution, 0.544 g (3 mmol) of Cu(CH₃COO)₂ dissolved in 5 mL of distilled water was added and the mixture was stirred for three hours at room temperature. A blue solution is obtained. This solution is subjected to evaporation of the solvent, which produces blue crystals after a month. Suitable blue single crystals have been characterized by X-ray crystallographic analysis. Yield 56 %. Analysis calculated for [C14H20CuN4O4]: C, 45.22 ; H, 5.42 ; N, 15.07. Found: C, 45.20 ; H, 5.40 ; N, 15.04. FT-IR (, cm-1) : 1706, 1657, 1408, 1391, 881, 840.
Crystal Structure Determination
“Crystals suitable for single-crystal X-ray diffraction, of the reported compound (1), were grown by slow evaporation of distilled water solution of the complex. Details of the crystal structure solution and refinement are given in Table 1. Diffraction data were collected using a Rigaku FRE+ equipped with Varimax confocal mirrors and UG2 Universal goniometer with graphite monochromatized CuKα radiation (λ = 1.5405 Å). All data were corrected for Lorentz and polarization effects. Complex scattering factors were taken from the program package SHELXTL” [19]. “The structures were solved by direct methods which revealed the position of all non-hydrogen atoms. All the structures were refined on F2 by a full-matrix least-squares procedure using anisotropic displacement parameters for all non-hydrogen atoms [20]. H atoms (NH, OH, CH and CH3 groups) were geometrically optimized and refined as riding models by AFIX instructions. Molecular graphics were generated using ORTEP” [21].

Table 1. Crystallographic data and refinement parameter for the complex (1).
	Chemical formula
	C14H20CuN4O4

	Mr
	371.88

	Crystal system
	Orthorhombic

	Space group
	P212121

	Temperature (K)
	100

	a, b, c (Å)
	9.8343 (2)

	b (Å)
	12.6346 (3)

	c (Å)
	13.0242 (3)

	V (Å3)
	1618.29 (6)

	Z
	4

	Radiation type
	Cu Kα

	µ (mm−1)
	2.14

	Crystal size (mm)
	0.27 × 0.10 × 0.05

	Tmin, Tmax
	0.596, 0.897

	No. of measured
	21241 

	No. of independent
	2968

	No. observed [I > 2σ(I)] reflections
	2937

	Rint
	0.039

	R[F2 > 2σ(F2)]
	0.019

	wR(F2)
	0.052

	GOF
	1.07

	No. of reflections
	2968

	No. of parameters
	210

	No. of restraints
	0

	Δρmax, Δρmin (e Å−3)
	0.21, −0.24 


RESULT AND DISCUSSION
General Studies
The complex is prepared by mixing succinic acid, 1-ethyl-2,5-dihydro-1H-imidazole and copper acetate in 1:1:1 ratio (Scheme 1). The elemental analysis results are in good agreement with the calculated values for the synthesized mononuclear copper(II) complex which is non-hygroscopic and stable in air. The spectrum of succinic acid exhibits a broad O–H stretching band in the region 3300–2500 cm-1, which envelops the C–H stretching bands. This broad O–H stretching band suggests the presence of hydrogen bonding in succinic acid molecules, which may be in dimeric or polymeric form. After the coordination reaction with copper(II), this band disappears from the infrared spectrum of the complex. Significant changes in the position of other bands are also observed when comparing the two spectra. These changes concern the C=O, C–O, and O–H stretching and bending vibration bands in the region 1300–1700 cm-1. In the infrared spectrum of succinic acid, the C=O stretching band is observed at 1676 cm-1, the O–H band at 890 cm-1, and the C–O stretching band at 1304 cm-1. In the infrared spectrum of the copper(II) complex, the broad bands due to the OH groups disappears. The C=O stretching bands shift to low frequencies and appears as intense stretching vibrations band at 1567 cm-1 and a weaker band at 1392 cm-1, which are attributed to the asymmetric (asCOO) and symmetric (sCOO) vibrations, respectively. The difference between  (asCOO -sCOO) is a criterion for determining the coordination mode between the carboxylate group and the metallic ion [22]. The difference  value of 159 cm-1 indicates that the succinate coordinates to the copper(II) ion in a monodentate fashion. At ca.1300 cm-1 there is a peak corresponding to C–O stretching vibrations. In the spectrum of complex, the medium band around 1530 cm-1 is assigned to the vibration mode C=N of the imidazole ring [23].
[image: ]
Scheme 1. Synthetic scheme of the preparation of the complex.
Structure Description of the Complex
Title compound [Cu(O2C(CH2)2CO2)(C3H5N2C2H5)2] (1) has been synthesized by mixing succinic acid, 1-ethyl-2,5-dihydro-1H-imidazole and copper acetate in 1:1:1 ratio. Single crystals were grown by slow evaporation of an aqueous saturated solution of the copper(II) complex and allowed its structure characterization by X ray diffraction. The compound crystallizes in the orthorhombic system chiral P212121 space group with a = 9.8406(3)Å, b = 12.6318(3)Å, c = 13.0246(4)Å, α = β = γ = 90°, V = 1619.016Å3 and Z = 4. The asymmetric unit is composed of one copper(II) ion tetracoordinated by one oxygen atom of one succinate oxyanion -O2C(CH2)2CO2- in η1-mode and two nitrogen atoms from two neutral 1-ethyl-2,5-dihydro-1H-imidazole molecules acting in η1-mode. Each copper(II) center is coordinated to a succinate oxygen atom from a neighboring molecule complex in η1-mode (Figure 1b). Thus, the copper(II) center situated in a N2O2 site is tetracoordinated and the succinate group acts as a bridge between two CuII ions. The geometry around the tetracoordinated Cu1 ion is determined using the distortion index or the tetragonality parameter [24] which is stated as follows 4 = (360-α-β)/141 (α and β are the two largest angles around the central atom). 4 = 0 designates a perfect square planar geometry and 4 = 1 gives a perfect tetrahedron. The 4 value of 0.028 is indicative of a distorted square planar geometry around Cu1 (Figure 1). In fact, the bond angle values (Table 2) of 90.49(7)° [O1—Cu1—N1], 90.65(7)° [O4i—Cu1—N3], 89.05(7)° [O4i–Cu1–N1], 89.14(7)° [O1—Cu1—N3] are slightly deviated from the ideal value of 90° for a perfect square planar geometry (Table 2). The transoid angle values are 175.47 (7)° [O1—Cu1—O4i] and 171.51 (8)° {N1—Cu1—N3] and deviate from the ideal value of 180°. The sum of the angles subtended by the atoms around Cu1 is 359.33°. The Cu–Osuccinic bond lengths are Cu1–O1 = 1.9567 (16) Å and Cu1—O4i = 1.9741 (15)Å. Similar geometric parameters have also been reported for succinic complexes : [Cu2(C4H4O4)2(C12H12N2)]n, [Cu–O: 1.955 (4)–1.983 (5)Å [25] and [Cu2(C4H4O4)-(NO3)2 (C12H8N2)2(H2O)2], [Cu–O: 1.925 (3)Å [26]. The Cu–Nimidazol bond lengths which are Cu1–N1 = 1.9855 (19) Å and Cu1–N3 = 1.9880 (19) Å are comparable to the values reported for an imidazole complex [27]. In the asymmetric unit of the title complex, there are C2—H2A···O3 and C5—H5···O3, hydrogen-bonding interactions, which act to stabilize the structure by forming S(6) ring. The succinate ligands bridge the CuII centres, forming one-dimensional polymeric chains. The crystal packing (Figure 2) also features symmetry-related intermolecular hydrogen bonds (C7—H7A···O3i, C8—H8···O4ii, C10—H10···O2iii ; symmetry codes as in Table 3), linking the one-dimensional polymeric chains into sheets parallel to the b axis.

Table 2. Selected geometric parameters (Å, °). 

	Cu1—O1
	1.9567 (16)
	Cu1—N1
	1.9855 (19)

	Cu1—O4i
	1.9741 (15)
	Cu1—N3
	1.9880 (19)

	O1—Cu1—O4i
	175.47 (7)
	O1—Cu1—N3
	89.14 (7)

	O1—Cu1—N1
	90.49 (7)
	O4i—Cu1—N3
	90.65 (7)

	O4i—Cu1—N1
	89.05 (7)
	N1—Cu1—N3
	171.51 (8)


Symmetry code: (i) −x+1, y+1/2, −z+3/2.
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Figure 1. A view of the title compound, showing the atom-numbering scheme for the asymmetric unit (symmetry codes: (i) −x+1, y+1/2, −z+3/2). Displacement ellipsoids are drawn at the 30% probability level.

Table 3. Hydrogen-bond geometry (Å, °).

	D—H···A
	D—H
	H···A
	D···A
	D—H···A

	C2—H2A···O3
	0.99
	2.51
	3.350(3)
	142.1

	C5—H5···O3
	0.95
	2.46
	3.171(3)
	131.8

	C7—H7A···O3i
	0.99
	2.50
	3.089(3)
	118.2

	C8—H8···O4ii
	0.95
	2.43
	3.313(3)
	154.1

	C10—H10···O2iii
	0.95
	2.29
	3.165(3)
	152.4



Symmetry codes: (i) −x+1, y+1/2, −z+3/2; (ii) x, y+1, z; (iii) −x+1/2, −y+1, z−1/2.
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Figure 2. A partial packing plot shows periodic sheets that extend parallel to the b axis.

Conclusion
In the present work, we report the synthesis and characterization of a new polymeric complex of copper(II) prepared from succinic acid and 1-ethyl-2,5-dihydro-1H-imidazole. The structure of the complex is elucidated by infrared spectroscopy study and X-ray crystallographic analyze. In the copper(II) complex the metal center is tetracoordinated and the metal ion is situated in N2O2 inner. The environment around the Cu(II) ion is best described as square planar geometry. The coordination complex is a polymeric structure, in which each bridging succinate ions acts in 1:2-mode. 
Supporting information
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