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General Introduction 
Coordination Clusters 

High-nuclearity complexes have recently attracted significant attention because of 

their unique properties, topology, magnetism, and reactivities, including multi-electron 

transfer.1 Structures where a number of metal ions are bridged by N, O, or S are called 

“coordination clusters” (CCs), and this definition differentiates them from those with 

direct metal-metal bonds.2,3 CCs have attracted particular interest in the general field of 

bioinorganic chemistry, and more specifically, in molecule-based magnetic materials.  

Several metalloenzymes possess metal-assembled structures similar to those of CCs.  

The Mn4CaO5 cluster, which is an oxygen-evolving center in Photosystem II, has a 

cubane structure consisting of 3 Mn, 1 Ca, and 4 bridging oxygen atoms with an 

additional dangling manganese ion (Figure 1a).4  The FeMo cofactor also has a cluster 

structure consisting of 9 Fe ions and 1 Mo ion bridged by several sulfur atoms and a 

carbon atom (Figure 1b).5,6  The FeMo cofactor is the active site of the nitrogenase 

enzyme and is able to reduce dinitrogen to yield bioavailable ammonium.  Several 

coordination clusters show single-molecule magnetic (SMM) behavior and are expected 

to be applied in molecule-based nanoscale magnetic materials.  Therefore, the 

development of rational synthetic strategies for and systematic syntheses of coordination 

clusters is expected to help realize novel useful SMMs and effective catalysts mimicking 

the active sites of enzymes. 

Figure 1. (a) Structure of the Mn4CaO5 cluster of Photosystem II 4 and (b) FeMo cofactor 

of nitrogenase and its ligand environment.5,6 
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!-diketone-based Coordination Clusters 

An effective way to construct CCs is through the use of !-diketone-based ligands, 

because they can be prepared in a one-step reaction (e.g. Claisen condensation between 

acetone and ethyl acetate, Figure 2a) from commercially or readily available reactants.7-

9 The simplest !-diketone is acetylacetone (Hacac), which can be used to form very stable 

metal acetyl acetonates, [Mn+(acac)n], often used as catalyst precursors.  In addition, 

poly !-diketone ligands are typically used in the field of supramolecular chemistry.  To 

date, a number of poly !-diketone complexes have been reported, including homo- and 

heterometallic linear arrays, metallocycles, metallacoronates, triple-stranded helicates, 

and cage clusters (Figure 2b). 

Figure 2. (a) Synthetic scheme of !-diketone via Claisen condensation and (b) 

oligonuclear complexes based on poly-!-diketone complexes.7-9 
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Redox and Catalytic Properties of Oxygen-bridged CCs 

Oxygen- (oxo- or hydroxyl-) bridged metal-assembled structures are another class 

of CCs, and their unique properties and functions have been extensively studied.  The 

CC structure is found in several compounds, which are efficient water oxidation catalysts. 

As described above, the Mn4CaO5 cluster of Photosystem II has a cubane structure 

consisting of 3 manganese ions, 1 calcium ion, and 4 bridging oxygen atoms with an 

additional dangling manganese ion.4  As artificial water oxidation catalysts, metal oxide 

materials, such as cobalt oxides and layered double hydroxides (LDHs), possess an 

oxygen-bridged cluster structure (Figure 4).10-15  For example, Co-Pi is a cobalt oxide 

material that has attracted significant attention because of its high catalytic activity under 

mild conditions for water oxidation reactions (neutral pH in aqueous solution) and self-

healing properties.16,17  The complex is generated by electrodeposition from aqueous 

solutions containing phosphate and Co2+, and consists of several cobalt ions bridged by 

hydroxyl and oxo-bridges and phosphate ions.  However, structural characterization and 

mechanistic studies of this material are inherently difficult because of their heterogeneous 

nature.  Thus, many researchers have attempted to elucidate their properties by 

computational calculations.  The cobalt ions are coordinated by six oxygen atoms, 

forming octahedral CoO6 units.  In addition, the assembled structure of two CoO6 units 

was suggested by Fourier transform EXAFS spectra.  One unit is complete, but adopts 

an incomplete vertex-sharing (corner-sharing) cobalt-oxo cubane motif, and the other 

adopts a layered edge-sharing CoO6 octahedra (Figure 5).18,19   

Figure 4. (a) The estimated structure of Co-Pi16,17 and (b) structure of LDH.10-15  
































































































































































































































































































































































