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The most commonly used strategies in the extension of supra­
molecular structures are van der Waals, ion pairing and hydrogen 
bonding interactions and face to face p–p stacking and edge to 
face C–H···p, C–O···p, N–H···p, S–O···p, Ti···p, Hg–Cl···p, S···S 
interactions.1,2 Metal-organic frameworks are interesting due to 
their fascinating topological architectures and useful properties. 
Dicarboxylic acids are usually water-soluble, commercially 
available, cheap and versatile N,O-chelators possessing diverse 
coordination modes with a recognized biological function in the 
body metabolism and as enzyme inhibitors, plant preservatives 
and food sanitizers. The complexation of transition metal ions 
from dipicolinic acid has been reported. The reasons for this 
interest are the ability of the ligands so it gave stable chelates with 
different coordination modes, affinity to form strong hydrogen 
bonds and its biological activity in human metabolism. The 
dipicolinate complexes of transition metals and main groups are 
known.1–4 However, the coordination chemistry of chelidamic 
acid is less developed and relevant structural information is 
relatively scarce. The main reason is that dicarboxylic acids 
generally tend to react with metal salts to yield insoluble poly­
meric materials, which can be difficult to characterize and almost 
impossible to crystallize. We have shown that reaction of metal 
salts with functionalized carboxylic and dicarboxylic acids using 
a proton transfer mechanism leads to the isolation of soluble 
materials. The contribution of proton transfer complexes also 
expands the knowledge of the coordination chemistry of chemically/
biologically important carboxylate ligands, further interest is 
derived from their potential applications. A wide range of Mnii 
carboxylate complexes exhibit excellent catalytic activity towards 
the disproportionation of hydrogen peroxide. Such compounds are 
of interest not only because they mimic the activity of the biologi­
cally important mangano-catalysts but also since a number of them 
catalyze the low temperature peroxide bleaching of fabrics.5–8 

Here, we report the crystal structure of the Mn complexes of 
chelidamic acid as the heterocyclic carboxylic acids by the help 
of proton transfer from chelidamic acid to the present chloride 
anion and/or 2-aminopyrimidine in the solution. The title com­
pound is a 1D coordination polymer with two symmetry-inde­
pendent heptacoordinated (distorted pentagonal bipyramid) Mn 
atoms. Both 4-hydroxy-2,6-dicarboxylatopyridine moieties and 
water molecules act as bridging ligands. The staircase-like 
geometry of the coordination polymer is stabilized by p-stacking. 
A centrosymmetric octamer of noncoordinated water molecules 
fills the voids in the crystal packing.

Compound 1† (Figure 1)‡ is similar to decaaquabis(m3-4-hydroxy­
pyridine-2,6-dicarboxylato)bis(4-hydroxypyridine-2,6-dicarb­
oxylato)tetramanganese(ii) 2.6 Molecular graphs of both com­

pounds are similar, with two symmetry-independent manganese 
atoms. The metal centres are all heptacoordinated, in the form of 
a distorted pentagonal bipyramid (Figure 1S, see Online Supple­
mentary Materials). The main difference between compounds 1 
and 2 consists in coordinated water molecules, which bridge two 
symmetry-independent Mn atoms in 1. Three water molecules 
are coordinated to each Mn(1), two of which act as bridging 
ligands. The coordination polyhedron around Mn(1) is completed 
by tridentate 4-hydroxy-2,6-dicarboxylatopyridine and an O atom 
from a carboxylate group from another 4-hydroxy-2,6-dicarb­
oxylatopyridine, which then acts as a bridging bidentate ligand 
[it acts as a tridentate ligand to another, inversion-related Mn(1)]. 
Therefore, the coordination polyhedra of Mn(1) and Mn(2) are 
almost identical (their geometrical parameters are very similar, 
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†	 Commercial chemicals were used without further purification. A Buck-500 
scientific spectrometer was employed to record the IR spectrum of 1. 
Elemental analysis was performed on a Thermo Finnigan Flash-1112EA 
microanalyzer. 
	 General procedure for the preparation of compound 1. The reaction of 
MnCl2·2H2O (12 mg, 0.075 mmol), 2-aminopyrimidine (30 mg, 0.31 mmol), 
and H3cda (30 mg, 0.15 mmol) in deionized water (10 ml) afforded colour­
less prism crystals of the compound (35% yield, based on H3cda) upon 
slow evaporation of the reaction mixture at room temperature. IR 
(KBr,  n/cm–1): 3410 (m), 2960 (m), 1645 (m), 1525 (m), 1470 (m), 
1435  (m), 1177 (m). Found (%): C, 27.22; H, 3.66; N, 4.67. Calc. for 
C14H14Mn2N2O14·4H2O (%): C, 27.27; H, 3.57; N, 4.54. 
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ORTEP-3 drawing of the asymmetric unit of Figure  1  1. Displacement 
ellipsoids are drawn for a probability of 50% and hydrogen atoms are shown 
as spheres of arbitrary radii.
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Figure 1S, Table 3S), although they are symmetry-independent. 
Unlike 2, which comprises discrete planar units, 1 forms staircase-
like chains (Figure 2S) extending in the direction [010]. Each 
‘step’ comprises a pair of inversion-related Mn atoms (Figure 2S). 
The staircase-like structure is further stabilized by intra- and 
intermolecular p-stacking (Figure 2): there are finite motives 
comprising two intramolecular interactions [between N(1)···C(6) 
and N(2)···C(12) rings, marked as 1 in Figure 2] and one inter­

molecular interaction [between inversion-related N(1)···C(6) rings, 
marked as 2 in Figure 2]. There are four non-coordinated water 
molecules in the asymmetric unit (Figure 1), two of them being 
disordered over two positions. They are arrayed into an eight-
membered centrosymmetric chain with two central, inversion-
related, water molecules [O(6W)] in a disorder fashion (Figure 3). 
Such octamers fill the voids and connect the polymeric chains 
through hydrogen bonds.
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‡	 Crystal data for 1. Crystals of C14H22Mn2N2O18 (M = 616.22) are 
triclinic, space group P1

–
, at 100 K: a = 9.4351(5), b = 10.8065(6) and c = 

= 11.1035(6) Å, a = 87.8480(10)°, b = 74.0430(10)°, g = 80.0070(10)°, 
Z = 2, V = 1071.92(10) Å3, dcalc = 1.909 g cm–3, m(MoKa) = 1.276 mm–1. 
Data were collected on a colourless prismatic crystal mounted and centered 
on a Bruker SMART APEX2 CCD area detector diffractometer with 
graphite monochromated MoKa radiation ( l = 0.71073 Å). The final unit 
cell was determined from 5180 reflections in the range of 1.9° < q < 28.0°. 
The data were integrated using the SAINT suite of software and corrected 
for the effects of absorption using SADABS. The structure was solved by 
direct methods and refined iteratively via full-matrix least-squares and 
difference Fourier analysis using the SHELX-97 suite of software. The 
hydrogen atoms of OH groups and those of water molecules were found 
in the difference Fourier synthesis and normalized at the standard X-ray 
value of 0.85 /A. The H(C) atom positions were calculated. All the 
hydrogen atoms were refined in isotropic approximation within the riding 
model with the Uiso(H) parameters equal to 1.2Ueq(Ci) and 1.5Ueq(Oj), 
where U(Ci) are the equivalent thermal parameters of the carbon atoms, 
U(Oj) are the equivalent thermal parameters of the oxygen atoms to which 
the corresponding H atoms are bonded. Two water molecules O(5W) and 
O(6W) are disordered over two positions with the occupancies 3:1. Their 
minor components were refined isotropically. For more details, see Online 
Supplementary Materials. 
	 CCDC 889442 contains the supplementary crystallographic data for 
this paper. These data can be obtained free of charge from The Cambridge 
Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif. 
For details, see ‘Notice to Authors’, Mendeleev Commun., Issue 1, 2012.
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(Figure  2  1) Intra- and (2) intermolecular p-stacking in the crystal packing 
of 1. Manganese atoms are shown as spheres of arbitrary radii. Geometric 
parameters: (1) d(Cg···Cg) = 3.6899 (17) Å, angle between ring planes 
5.81(14)°, interplanar distance 3.3166(12) Å, offset 1.617 Å; (2) d(Cg···Cg) = 
= 3.7244(15) Å, angle between ring planes 0°, interplanar distance 3.3241(11) Å, 
offset 1.680 Å.
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A centrosymmetric chain of water molecules with the central Figure  3 
pair of O(6W) molecules disordered. Crystallographic inversion centre is 
indicated as an open circle. Hydrogen bonds between water molecules are 
shown as black dashed lines, while those between water and coordination 
polyhedra (omitted for clarity) are shown as grey dashed lines.




