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Abstract

C14H22CoN4O12, triclinic, P1 (no. 2), a = 7.1485(8) Å,
b = 8.8837(9) Å, c = 9.346(1) Å, , = 66.036(1)°,
+ = 88.452(1)°, ' = 70.882(1)°, V = 508.6 Å3, Z = 1,
Rgt(F) = 0.045, wRref(F

2) = 0.142, T = 293 K.

Source of material

Cobalt(II) acetate dihydrate (0.112 g, 0.5 mmol) and NaN(CN)2

(0.090 g, 1.0 mmol) were refluxed in anhydrous methanol (10 ml)
for 50 min, followed by dropwise addition of a methanol solution
containing 2-ethyl-1H-imidazole-4,5-dicarboxylic acid (0.186 g,
1.0 mmol). After stirring for 20 min in air, the pH value was ad-
justed to 6.0 with triethylenamine, and the mixture was placed
into a 25 ml Teflon-lined autoclave under autogenous pressure
being heated at 150 °C for 72 h. Then the autoclave was cooled
over a period of 24 h at a rate of 5 °C/h. After filtration, the pro-
duct was washed with distilled water and then dried, red crystals
were obtained (yield 0.014 g, 52 %).
Elemental analysis — found: C, 34.92 %; H, 4.18 %; N, 11.74 %;
calculated for C14H20CoN4O11: C, 35.09 %; H, 4.21 %; N,
11.68 %. IR data are available in the CIF file.

Experimental details

Positions of hydrogen atoms of water were located from the dif-
ference Fourier maps and refined. All Uiso values were restrained
on Ueq values of the parent atoms.

Discussion

During the past two decades, the study of metal-organic
supramolecules has gained great recognition as an important in-
terface between synthetic chemistry and materials science. It pro-

vides a solid foundation for understanding how molecules can be
organized and how functions can be achieved [1-3]. The
multifunctional ligands containing N- and O- donors such as 2-
ethyl-1H-imidazole-4,5-dicarboxylic acid (H3Eimda) have at-
tracted attention because they may provide a variety of topologi-
cal architectures due to their remarkably versatile coordination
modes and potential application [4,5]. In order to further study the
coordination behavior and role of the late transition cation in the
self-assembly processes in the presence of nitrogen-heterocyclic
dicarboxylate, the title complex has been synthesized and has
been characterized.
The crystal structure reveals mononuclear symmetric complex
units and free water molecules. The complex contains one
cobalt(II) cation, two 2-ethyl-1H-imidazole-4,5-dicarboxylate
ligands, and two coordinated water molecules, among which the
singly deprotonated 2-ethyl-imidazole-4,5-dicarboxylate acts as
bridging ligand. It is generated through the deprotonation of
H3Eimda ligand under hydrothermal conditions, while the
sodium dicyanamide does not present in the final product. Center
Co(II) ion adopts a sixfold coordination [CoN2O4] in a slightly
distorted octahedral configuration. The configuration of the title
complex is neither comparable to that of [Fe(H2IDC)2]n [6], in
which there are no water molecules in the sphere of the central ion
and the imidazole-4,5-dicarboxylic acid adopts a two coordina-
tion mode, although the iron ion has the same octahedral environ-
ment, nor to that of 4d10 metal Cd complex containing the
analogous ligand H3Pimda (H3Pimda = 2-propyl-1H-imidazole-
4,5-dicarboxylic acid) [7]. It is even different from that complex
containing the same metal central with the analogous ligand
H3pimda, in which there are two water molecules taking part in
the coordination; maybe this is due to the difference of synthesis
conditions [8]. The equatorial planes of the octahedron are occu-
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pied by the two nitrogen atoms of the imidazole rings and two
oxygen atoms which are from the two carboxylate groups of
H3Eimda ligands. Among the latter, two H3Eimda ligands coordi-
nate Co(II) in an N,O chelate coordination mode (O1 and N1)
through carboxylate oxygen atoms and form two stable five-
membered rings N1-C2-C1-O1-Co1. Two oxygen atoms belong-
ing to the water molecules in the axial position complete an
octahedron coordination sphere of cobalt(II): d(Co1—N1) =
2.120(2) Å and d(Co1—O) = 2.062(2)-2.160(2) Å. Interestingly,
the apical d(Co1—OW) is shorter than that of the equatorial ones.
The slight distortion of the octahedron is verified by the angles of
O1W–Co1–O1 , N1–Co1–O1, O1W–Co1–O1 and N1–Co1–O1,
which are 88.73(10)°, 78.08(9)°, 91.27(10)° and 101.92(9)°, re-
spectively. Both the imidazole rings and the dicarboxylate groups
are almost coplanar, and the atoms in the imidazole deviate out of
the mean plane defined by the imidazole ring by less than 0.1°. In
addition, a series of hydrogen bond interactions between the oxy-
gen atoms of the carboxylate groups, uncoordinated and coordi-
nated water molecules are found. All the hydrogen atoms of
coordinated water participate in the hydrogen bond, contributing
to packing stability [9,10]. These cobalt complex units were con-
nected by the hydrogen bond interactions, resulting in an infinite
three-dimensional architecture.

60 Co(H2O)2(C7H7N2O4)2 $ 2H2O

Crystal: red block, size 0.18 " 0.19 " 0.20 mm
Wavelength: Mo K, radiation (0.71073 Å)
/: 9.15 cm#1

Diffractometer, scan mode: Bruker SMART CCD, #/&
2-max: 54.98°
N(hkl)measured, N(hkl)unique: 3007, 2188
Criterion for Iobs, N(hkl)gt: Iobs > 2 *(Iobs), 2020
N(param)refined: 161
Programs: SHELXS-97, SHELXL-97 [11]

Table 1. Data collection and handling.

H(3) 2i 0.223(6) 1.166(5) 0.378(4) 0.063
H(11) 2i 0.126(4) 0.608(3) 0.400(5) 0.067
H(12) 2i 0.191(5) 0.444(4) 0.402(5) 0.067
H(21) 2i 0.081(6) 0.872(7) 0.098(6) 0.108
H(22) 2i 0.257(6) 0.881(7) 0.040(7) 0.108
H(2) 2i 0.189(5) 0.821(4) 0.846(3) 0.041
H(6A) 2i 0.2928 0.4921 0.9970 0.044
H(6B) 2i 0.4470 0.3831 0.9218 0.044
H(7A) 2i 0.1721 0.2903 0.9675 0.084
H(7B) 2i 0.1834 0.3728 0.7854 0.084
H(7C) 2i 0.0295 0.4813 0.8612 0.084

Table 2. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z Uiso

Co(1) 1h ½ ½ ½ 0.0322(3) 0.0198(3) 0.0311(3) #0.0058(2) 0.0051(2) #0.0159(2)
O(1) 2i 0.4433(3) 0.7646(3) 0.3243(2) 0.047(1) 0.0260(9) 0.0329(9) #0.0090(8) 0.0102(8) #0.0160(8)
O(2) 2i 0.3291(4) 1.0441(3) 0.2840(2) 0.069(2) 0.024(1) 0.038(1) #0.014(1) 0.013(1) #0.0124(9)
O(3) 2i 0.1808(4) 1.2111(3) 0.4407(3) 0.055(1) 0.023(1) 0.050(1) #0.0100(9) 0.008(1) #0.0207(9)
O(4) 2i 0.0659(3) 1.1634(3) 0.6730(3) 0.048(1) 0.029(1) 0.053(1) #0.0031(9) 0.0057(9) #0.028(1)
O(1W) 2i 0.2241(3) 0.5161(3) 0.4214(3) 0.034(1) 0.028(1) 0.077(2) #0.0051(8) #0.004(1) #0.031(1)
O(2W) 2i 0.1677(5) 0.8362(5) 0.0458(4) 0.067(2) 0.099(2) 0.058(2) #0.014(2) 0.012(1) #0.053(2)
N(1) 2i 0.3634(3) 0.6508(3) 0.6260(2) 0.030(1) 0.021(1) 0.031(1) #0.0057(8) 0.0044(8) #0.0145(9)
N(2) 2i 0.2257(3) 0.7970(3) 0.7653(3) 0.035(1) 0.028(1) 0.033(1) #0.0076(9) 0.0056(9) #0.0198(9)
C(1) 2i 0.3671(4) 0.8809(3) 0.3714(3) 0.033(1) 0.025(1) 0.033(1) #0.008(1) 0.005(1) #0.016(1)
C(2) 2i 0.3195(4) 0.8266(3) 0.5353(3) 0.029(1) 0.022(1) 0.032(1) #0.0078(9) 0.0041(9) #0.015(1)
C(3) 2i 0.2333(4) 0.9198(3) 0.6204(3) 0.029(1) 0.023(1) 0.036(1) #0.0055(9) 0.0018(9) #0.017(1)
C(4) 2i 0.1534(4) 1.1115(3) 0.5779(3) 0.032(1) 0.023(1) 0.044(1) #0.005(1) #0.000(1) #0.020(1)
C(5) 2i 0.3056(4) 0.6366(3) 0.7657(3) 0.031(1) 0.025(1) 0.033(1) #0.0058(9) 0.0029(9) #0.017(1)
C(6) 2i 0.3148(5) 0.4699(4) 0.9034(3) 0.044(2) 0.031(1) 0.032(1) #0.010(1) 0.004(1) #0.014(1)
C(7) 2i 0.1608(6) 0.3968(5) 0.8769(4) 0.071(2) 0.055(2) 0.048(2) #0.038(2) 0.007(2) #0.015(2)

Table 3. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z U11 U22 U33 U12 U13 U23

References

1. Brycki, B.; Kowalczyk, I.; Werner, J.; Borowiak, T.; Wolska, I.:
Polyamines. I. Spectroscopic properties of N,N-bis-(phthalimidopropyl)-
N-propylamine and supramolecular interactions in its crystals. J. Mol.
Struct. 791 (2006) 137-143.

2. Feng, X.; Feng, T.-C.; Zhao, J.-S.; Shi, X.-G.; Ruan, F.: Crystal structure
of tetrakis(4,4'-bipyridine-N,N')-octa(cyanoaceto)tetrazinc(II) — water
(1:2), Zn4(C10H8N2)4(C3H2NO2)8 $ 2H2O. Z. Kristallogr. NCS 224 (2009)
541-543.

3. Adams, H.; Bucknal, R. M.; Fenton, D. E.; Rodriguez, C.; Garcia, O.;
Oakes, J.: Copper(II) Complexes of Schiff Base Ligand Derived from 2-
(2-pyridylmethyl)-1,3-propanediamine. Polyhedron 17 (1998) 3803-
3808.

4. Zhang, Z. H.; Song, Y.; Okamura, T.; Hasegawa, Y.; Sun, W.-Y.;
Ueyama, N.: Syntheses, structures, near-infrared and visible lumines-
cence, and magnetic properties of lanthanide-organic frameworks with an
imidazole-containing flexible ligand. Inorg. Chem. 45 (2006) 2896-2902.

5. Feng, X.; Miao, S.-B.; Li, R.-F.; Shi X.-G.; Wang, L.-Y.: Crystal structure
of diaqua-bis(hydrogen 2-propyl-1H-imidazole-4,5-dicarboxylato)cal-
cium(II), Ca(H2O)2(C8H9N2O4)2. Z. Kristallogr. NCS 225 (2010) 119-
120.

6. Xu, Y.; Wang, R.-H.; Lou, B.-Y.; Han L.; Hong, M.-C.: Poly[iron(II)-di-
l-imidazole-4,5-dicarboxylato-"3N3,O4:O5]. Acta Crystallogr. C60

(2004) m296-m298.
7. Liu, X. F.; Wang, L. Y., Ma, L., Li, R.-F.: Synthesis, Structure and Lumi-

nescent Property of a New Cd(II) Complex Containing 2-Propyl-
imidazole-4,5-dicarboxylate. Chinese J. Struct. Chem. 29 (2010) 280-28.

8. Liu, X. F.; Ma, L. F.; Wang, L. Y.: Hydrothermal Synthesis and Crystal
Structure of a New 3D Co(II) Supramolecule Bearing 2-Propylimidazole -
4,5-Dicarboxylate. Russ. J. Coord. Chem. 36 (2010) 680-682.

9. Feng, X.; Xie, C. Z.; Wang, L. Y.; Wang, Y. F.; Ma, L. F.: Synthesis and
crystal structures of ternary copper(II) complex containing
salicylaldehyde Schiff base and 4, 4'-bipyridine. J. Chem. Crystallogr. 38

(2008) 619-624.
10. Feng, X.; Wang, J.-G.; Xie, C.-Z.; Ma, N.: Synthesis, Crystal Structure

and Magnetic Properties of 4,4'-Bipyridine Bridged Dinuclear Iron(III)
Complex containing N,N'-Ethylene-Bis(salicylideneiminato). Z. Anorg.
Allg. Chem. 633 (2007) 2085-2088.

11. Sheldrick, G. M.: A short history of SHELX. Acta Crystallogr. A64

(2008) 112-122.


