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π-Stacking Interaction 

d = 3.3 – 3.8 Å 

[Co(py4)(O2CH)2]
.2py 

3 

[Ni(py4)(O2CH)2]
.2py 

4 

C32H32N6O4Co C32H32N6O4Ni 

623.56 g/mol 623.34 g/mol 

orthorhombic orthorhombic 

Ccca Ccca 

a/b/c: 11.5907(2)/ 

14.8835(3)/ 17.2340(3) 

a/b/c: 11.93(2)/ 

15.10(2)/ 17.14(1) 

Complexes 1 and 2 were obtained by the reaction of metal(II) formates in pyridine at 

120 – 130 °C for 48 hours (Reaction M-I). After cooling 1 to ambient temperature 

and 2 to 5 °C they precipitate as crystalline solids. Under anaerobic conditions 

crystals of 1 and 2 can be isolated and washed by ethanol and diethyl ether. 1 was 

obtained as violet crystalline pads, while 2 forms colorless small block shaped 

crystals with Mn(II) formate impurities (Figure 1).  

XRPD measurements of isolated solid 

of 2 shows  a  mixture  out of complex 

2 and the starting compound 

[Mn(O2CH)2(H2O)2]. 

Further recrystallization in pyridine had 

no influence in the purity of the 

obtained solid. Due to this, magnetic 

measurements were not carried out.  

Furthermore, the air instability of 2 has 

been shown. After certain minutes 2 

forms [Mn(O2CH)2(H2O)2]. 

 

Monomer Structures: [M(O2CH)2(py)4] 

Dππ = 3.67 – 3.68 Å 

 

Figure 3. 3D framework formed by π-π interactions 

between pyridines of 1. 

Figure 2. Structure of [Co(O2CH)2(py)2]n (1) in the solid 

state. Green highlighted areas show the 2D Layer of 

[Co(O2CH)2]n. 

The most simple carboxylate is the formate and a series of 3D frameworks have been investigated within the formate anion as bridging ligand 

between transition metals (M-O-CH-O-M). Between two transition metals the formato ion can adopt three different coordination modes: syn-syn, 

syn-anti or anti-anti (Scheme 1).  [1, 2] 

The interest in bridging carboxylates originates in its ability to mediate magnetic exchange interactions over short distances. [3] 

 A large number of polymeric structures having μ2-formato anions as structural building block have been published already [1]. Of particular concern 

are pillared-layered structures: 2D metal-organic layers that are connected with each other by another kind of ligand. These structures show 

magnetic interactions within these layers, as well as between the layers if the connecting ligand is short enough to mediate magnetic interactions. 

Magnetic properties of these kind of polymers can be influenced by selection of bridging ligands, temperature and magnetic field strength [4]. The 

here presented compounds have been obtained by the reaction of metal(II) formates with pyridine. Within these reaction polymeric as well as 

monomeric structures could be obtained. 

 

Scheme 1. Coordination modes of the formato anion as 

μ2-bridging ligand. 

Complexes 3 and 4 were obtained after crystallization out 

of a solution of the metal(II) formates in pyridine at room 

temperature (M-III). [6] To obtain 4, the reaction has to be 

heated up initially to 100 °C for 0.5 h. The air sensitive 

crystals could be isolated by removing the solvent with a 

cannula. The solids were washed with n-pentane and 

carefully dried under vacuum. 

  Especially complex 3 seems to be very instable. After few 

hours the crystals become brittle when stored in a Schlenk 

tube even under argon at room temperature. 

Complexes 3 and 4 are monomeric structures. Four 

pyridine ligands are coordinated in equatorial and two  

formate ligands in axial positions to the metal(II) ion. Both 

complexes have a nearly perfect octahedral shape in the 

solid state (Figure 6).  

  By elemental analysis the loss of pyridine ligands can be 

proven. 

 

 Metallic mirror  

Treatment of the analogue Cu(II) and Ni(II) formates with pyridine at 120 – 130 °C 

no analogue polymeric structures according to 1 and 2 could be obtained (Reaction 

M-II). For both reactions a metallic mirror and in the case of Ni(II) also a magnetic 

solid were formed. XRPD measurements of the black residue (Ni-II) shows the 

formation of metallic nickel (Figure 4). 

M-II 

Synthesis of the Polymeric Structures [M(O2CH)2(py)n]∞   
 

2D Layer 

M-I 

M-III 

T-Shaped Interaction 

2D Layer within the 

polymeric network 

Figure 1. Experimental and simulated powder 

diffraction patterns showing the impurity within 2 and 

its conversion to [Mn(O2CH)2(H2O)2]. 

Scheme 2. Schematic representation  of π-π 

interactions between aromatic  ligands. [5] 

Figure 5. Structure of 3 in the solid state showing the 

nearly perfect octahedral coordination around the metal(II) 

ion.  

Table 1. Selected crystallographic data of 3 and 4.  

Reaction of NiII and CuII formates 

Figure 4. Formation of metallic mirror and black solid (left) within the reaction Ni-II and 

XRPD-measurements (right) of the obtained residues. 

d = 7.3 – 7.6 Å 

= C-H… π  interaction 

“face-to-face” “sliped” 

“point-to-face” 

Complexes 1 and 2 form polymeric networks consisting of 

2D layers of [M(O2CH)2]n that are connected with each 

other by π-π interactions of the pyridine ligands. The 

pyridine ligands of two stacked layers interact for 1 by π-π- 

(Dππ = 3.6 – 3.7 Å) and T-shaped interactions to each other 

forming a three dimensional network.[5] However, for 2 non 

of these interactions could be found. 

The metal(II) ion is octahedral coordinated by two pyridine 

ligands in the axial and four formato ligands in the 

equatorial positions. Thereby each formato ion bridges two 

MII ions in an anti-anti binding mode generating the 2-

dimensional layer.  

The 2D layers in 1 have a distance between 7.35 – 7.60 Å 

while the distances for 2 are around 7.37 Å. 
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