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In the centrosymmetric title complex, [Mn(C7H8N2O2)4-

(H2O)2](ClO4)2, the MnII ion is in an octahedral environment,

with the equatorial plane being de®ned by the O atoms of four

monodentate carboxylate groups, and the octahedron being

completed by two trans-coordinated water molecules. There

are intramolecular hydrogen bonds between the coordinated

water molecules and the non-coordinated O atoms of the

carboxylate groups. Hydrogen bonds between the amino

groups and the carboxylate groups of neighbouring molecules

generate a layered hydrogen-bonded network.

Comment

Manganese complexes containing coordinated carboxylate

have been extensively studied for their structural chemistry

and biological function. Much research has focused on the

preparation of model compounds to mimic various manganese

enzymes, such as manganese catalase (Christou, 1989) and the

water-oxidizing oxygen-evolving complex (OEC) of photo-

system II (Linburg et al., 1999). A rich structural diversity of

carboxylate-containing Mn complexes has been revealed. The

carboxylate ligand can coordinate to Mn (in different oxida-

tion states) in different coordination fashions, such as syn and

anti, and monodentate and bidentate (Iikura & Nagata, 1998).

Here, we present the structure of a further such complex, the

title compound, (I).

The structure described here shows (I) to be a centrosym-

metric mononuclear species, with Mn at a crystallographic

centre of symmetry. The MnII ion is in an octahedral envir-

onment, with the equatorial plane being de®ned by the O

atoms of four monodentate carboxylate groups of the

(4-aminopyridinio)acetate ligands, and the octahedron being

completed by two trans-coordinated water molecules (Fig. 1).

The perchlorate ions are not coordinated to Mn.

The bond lengths and angles in (I) are normal, and the

unique angles in the octahedron are close to ideal (Table 1). In

particular, the MnÐO1W distance (Mn±water) is 2.225 (2) AÊ ,

which is similar to the value of 2.218 (2) AÊ found in

[Mn(HC4O3NH2)2(H2O)6] by Hosein et al. (1998). The CÐO

distances in (I) are normal, indicating that the coordination of

MnII to acetate does not affect the geometry of the acetate.

The dihedral angles of the basal plane through atoms O2,

O2A, O4 and O4A with the O2- and O4-containing acetate

plane are 37.5 (2) and 56.5 (1)�, respectively. The dihedral

angles between the N3- and N4-containing pyridyl rings and

the C2- and C9-containing acetate planes are 77.8 (2) and

61.7 (2)�, respectively. The orientation of the pyridyl ring is

de®ned by the torsion angles of 179.6 (3)� for C2ÐN3ÐC3Ð

C4 and 178.4 (4)� for C9ÐN4ÐC14ÐC13.

The non-coordinated carboxylate O atoms (O1 and O3) and

the water molecule (O1W) are cis with respect to the equa-

torial plane (Fig. 1), and each of O1 and O3 is the receptor in

an intramolecular hydrogen bond from O1W (Table 2). In the
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Figure 1
A view of the structure of (I) showing the atom-numbering scheme, with
30% probability displacement ellipsoids. H atoms have been omitted for
clarity.



crystal, intermolecular hydrogen bonds between the amino

group of the ligand and the O atoms of the carboxylate groups

from neighbouring molecules, together with weak hydrogen

bonds formed between the amino groups and a disordered

perchlorate ion, form a layered hydrogen-bonded network.

Experimental

Mn(ClO4)2�6H2O (1.00 mmol) was mixed with 4-amino-N-pyridine

acetate (4.00 mmol) in a thick Pyrex tube, and pyridine (0.10 ml) and

n-butanol (2.50 ml) were then added. The solution was heated at

363 K for 2 d, and was then kept at ambient temperature for one

week for crystallization to occur. Colourless prismatic crystals of (I)

were formed.

Crystal data

[Mn(C7H8N2O2)4(H2O)2](ClO4)2

Mr = 898.49
Triclinic, P1
a = 9.049 (2) AÊ

b = 10.507 (3) AÊ

c = 10.779 (3) AÊ

� = 71.79 (4)�

� = 89.52 (4)�

 = 76.13 (4)�

V = 942.7 (4) AÊ 3

Z = 1
Dx = 1.583 Mg mÿ3

Mo K� radiation
Cell parameters from 2867

re¯ections
� = 1.4±27.8�

� = 0.58 mmÿ1

T = 293 (2) K
Prism, colourless
0.3 � 0.2 � 0.2 mm

Data collection

Bruker SMART CCD area-detector
diffractometer

' and ! scans
Absorption correction: empirical

(SADABS; Sheldrick, 1997)
Tmin = 0.870, Tmax = 0.901

4859 measured re¯ections

3275 independent re¯ections
2834 re¯ections with I > 2�(I)
Rint = 0.043
�max = 25�

h = ÿ8! 10
k = ÿ11! 12
l = ÿ10! 12

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.049
wR(F 2) = 0.148
S = 1.05
3275 re¯ections
295 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0923P)2

+ 0.2644P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.48 e AÊ ÿ3

��min = ÿ0.45 e AÊ ÿ3

All H atoms were placed in geometrically calculated positions,

with CÐH = 0.93±0.97 AÊ and NÐH = 0.86 AÊ , and re®ned as riding

atoms, with Uiso(H) = 1.2Ueq(parent atom). The occupancy factor for

a second orientation of the perchlorate ion re®ned to a value close to

0.5, so the occupancies of the perchlorate O atoms were set to 0.5 for

the ®nal re®nement.

Data collection: SMART (Bruker, 1997); cell re®nement: SMART;

data reduction: SAINT (Bruker, 1997); program(s) used to solve

structure: SHELXTL (Bruker, 1997); program(s) used to re®ne

structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL.
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Supplementary data for this paper are available from the IUCr electronic
archives (Reference: TA1355). Services for accessing these data are
described at the back of the journal.

References

Bruker (1997). SMART, SAINT and SHELXTL. Bruker AXS Inc., Madison,
Wisconsin, USA.

Christou, G. (1989). Acc. Chem. Res. 22, 328±336.
Hosein, H., Hall, L. A., Lough, A. J., Desmarais, W., Velaand, M. J. & Foxman,

B. M. (1998). Inorg. Chem. 37, 4184±4189.
Iikura, H. & Nagata, T. (1998). Inorg. Chem. 37, 4702±4711.
Linburg, J., Vrettos, J. S., Liable-Sands, L. M., Rheingold, A. L., Crabtree, R. H.

& Brudvig, G. W. (1999). Science, 283, 524±526.
Sheldrick, G. M. (1997). SADABS. University of GoÈ ttingen, Germany.

Acta Cryst. (2002). C58, m188±m189 Yu Zhang et al. � [Mn(C7H8N2O2)4(H2O)2](ClO4)2 m189

metal-organic compounds

Table 1
Selected geometric parameters (AÊ , �).

MnÐO4 2.133 (2)
MnÐO2 2.151 (2)
MnÐO1W 2.225 (2)
O1ÐC1 1.238 (4)
O2ÐC1 1.240 (4)
O3ÐC8 1.238 (4)
O4ÐC8 1.240 (4)
N1ÐC5 1.330 (5)

N2ÐC12 1.322 (4)
C2ÐN3 1.469 (5)
C3ÐC4 1.344 (5)
N3ÐC7 1.337 (5)
N4ÐC10 1.349 (5)
N4ÐC14 1.349 (5)
N4ÐC9 1.459 (5)
C5ÐC6 1.411 (5)

O4ÐMnÐO2 90.15 (11)
O4ÐMnÐO1W 91.80 (10)
O2ÐMnÐO1W 89.49 (9)
C1ÐO2ÐMn 127.5 (2)
C8ÐO4ÐMn 130.8 (2)
O1ÐC1ÐO2 127.5 (3)
O1ÐC1ÐC2 115.6 (3)

O1ÐO1WÐO3 111.15 (13)
N3ÐC2ÐC1 113.1 (3)
C7ÐN3ÐC2 120.3 (3)
N1ÐC5ÐC4 122.5 (3)
O3ÐC8ÐO4 126.6 (3)
O3ÐC8ÐC9 116.3 (3)
N2ÐC12ÐC11 121.9 (3)

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

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

O1WÐH1WA� � �O3 0.90 1.93 2.787 (4) 160
O1WÐH1WB� � �O1 0.90 2.05 2.856 (4) 158
N1ÐH1A� � �O3i 0.86 2.05 2.879 (5) 163
N2ÐH2A� � �O2ii 0.86 2.35 3.072 (5) 142
N2ÐH2A� � �O4ii 0.86 2.51 3.205 (5) 138
N2ÐH2B� � �O1iii 0.86 2.35 3.038 (5) 137

Symmetry codes: (i) x; y; zÿ 1; (ii) 1ÿ x;ÿy; 1ÿ z; (iii) 1� x; yÿ 1; z.


