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In the title complex, [Mn(C7H4NO4)2(C3H4N2)2(H2O)2], the

MnII atom, located on an inversion center, assumes an

octahedral coordination geometry formed by four O and

two N atoms. The nitrobenzoate mean plane is inclined to the

coordination plane formed by the four O atoms, with a

dihedral angle of 23.98 (6)�. The interplanar distance of

3.624 (16) AÊ implies there is no �±� stacking between parallel

imidazole rings.

Comment

Several metal complexes incorporating imidazole have been

prepared in our laboratory in order to investigate �±�
stacking interactions between imidazole rings. The X-ray

structure of the title MnII complex of imidazole, (I), shows no

�±� stacking occurring between imidazole rings.

The molecular structure of (I) is shown in Fig. 1. The MnII

atom is located on an inversion center and has an octahedral

coordination geometry (Table 1) formed by nitrobenzoate

anions, imidazole molecules and water molecules. The nitro-

benzoate anions are planar [the maximum atomic deviation

being 0.0751 (16) AÊ for atom O2] and are tilted with respect to
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Figure 1
The molecular structure of (I) drawn with 30% probability displacement
ellipsoids. Dashed lines indicate the intramolecular hydrogen bonding.
[Symmetry code: (iii) 1 ÿ x, 1 ÿ y, 1 ÿ z.]



the coordination plane formed by the four O atoms at an angle

of 23.98 (6)�. This is similar to the situation found in the NiII

(Xu & Xu, 2004a) and CoII analogs (Xu & Xu, 2004b).

The MnII complex molecules are linked to each other via

intermolecular hydrogen bonding, either between imidazole

ligands and carboxyl groups (as shown in Fig. 2) or between

coordinated water molecules and carboxyl groups (Table 2).

The parallel displacement of imidazole rings of neighboring

complex molecules can be seen in Fig. 2. The interplanar

distance of 3.624 (16) AÊ between the N1- and N1i-containing

rings [symmetry code: (i) 1 ÿ x, 2 ÿ y, 1 ÿ z] is longer than

the value of 3.555 (14) AÊ found in the CoII analog and the

value of 3.535 (14) AÊ in the NiII analog mentioned above. This

suggests normal van der Waals contacts but not �±� stacking

interactions between parallel imidazole rings in the crystal

structure.

Experimental

MnCl2�2H2O (0.32 g, 2 mmol) was dissolved in an aqueous solution

(10 ml) containing p-nitrobenzoic acid (0.33 g, 2 mmol) and NaOH

(0.08 g, 2 mmol). The solution was re¯uxed for 30 min; an ethanol

solution (10 ml) of imidazole (0.14 g, 2 mmol) was then added with

continuous stirring. The resulting mixture was re¯uxed for a further

4 h. After cooling to room temperature, the solution was ®ltered and

yellow single crystals were obtained from the ®ltrate after two weeks.

Crystal data

[Mn(C7H4NO4)2(C3H4N2)2(H2O)2]
Mr = 559.36
Triclinic, P1
a = 5.6745 (3) AÊ

b = 8.1082 (3) AÊ

c = 12.8399 (6) AÊ

� = 76.7284 (15)�

� = 88.139 (2)�

 = 86.3319 (13)�

V = 573.71 (5) AÊ 3

Z = 1
Dx = 1.619 Mg mÿ3

Mo K� radiation
Cell parameters from 2279

re¯ections
� = 3.0±24.0�

� = 0.65 mmÿ1

T = 295 (2) K
Prism, yellow
0.30 � 0.24 � 0.21 mm

Data collection

Rigaku R-AXIS RAPID
diffractometer

! scans
Absorption correction: multi-scan

(ABSCOR; Higashi, 1995)
Tmin = 0.821, Tmax = 0.870

4189 measured re¯ections

1997 independent re¯ections
1903 re¯ections with I > 2�(I)
Rint = 0.014
�max = 25.0�

h = ÿ6! 6
k = ÿ9! 9
l = ÿ15! 15

Refinement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.031
wR(F 2) = 0.082
S = 1.10
1997 re¯ections
175 parameters
H atoms treated by a mixture of

independent and constrained
re®nement

w = 1/[�2(Fo
2) + (0.0441P)2

+ 0.2558P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.001
��max = 0.23 e AÊ ÿ3

��min = ÿ0.29 e AÊ ÿ3

Table 1
Selected geometric parameters (AÊ , �).

MnÐN1 2.2127 (14)
MnÐO1 2.2376 (12)

MnÐO5 2.2180 (13)

N1ÐMnÐO1 93.52 (5)
N1ÐMnÐO5 89.43 (5)

O1ÐMnÐO5 88.44 (5)

Table 2
Hydrogen-bonding geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

N2ÐH2� � �O2i 0.86 2.34 3.091 (2) 146
O5ÐH5A� � �O1ii 0.83 (3) 2.01 (3) 2.8070 (17) 163 (2)
O5ÐH5B� � �O2iii 0.85 (2) 1.85 (2) 2.668 (2) 161 (2)

Symmetry codes: (i) 1ÿ x; 2ÿ y; 1ÿ z; (ii) 2ÿ x; 1ÿ y; 1ÿ z; (iii) 1ÿ x; 1ÿ y; 1ÿ z.

Water H atoms were located in a difference Fourier map and

independently re®ned with ®xed isotropic displacement parameters

of 0.05 AÊ 2. H atoms on aromatic rings were placed in calculated

positions, with CÐH = 0.93 AÊ and NÐH = 0.86 AÊ , and were included

in the ®nal cycles of re®nement in a riding model, with Uiso(H) =

1.2Ueq of the carrier atoms.

Data collection: PROCESS-AUTO (Rigaku, 1998); cell re®ne-

ment: PROCESS-AUTO; data reduction: CrystalStructure (Rigaku/

MSC, 2002); program(s) used to solve structure: SIR92 (Altomare et

al., 1993); program(s) used to re®ne structure: SHELXL97 (Shel-

drick, 1997); molecular graphics: ORTEP-3 for Windows (Farrugia,

1997); software used to prepare material for publication: WinGX

(Farrugia, 1999).

metal-organic papers

Acta Cryst. (2004). E60, m1462±m1464 Xu and Xu � [Mn(C7H4NO4)2(C3H4N2)2(H2O)2] m1463

Figure 2
A packing diagram of (I), showing the parallel displacement of imidazole
rings. Dashed lines indicate intermolecular NÐH� � �O hydrogen bonds
[Symmetry code: (i) 1 ÿ x, 2 ÿ y, 1 ÿ z.]
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