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Summary 

The elements magnesium and zinc are generally considered rather unspectacular when 

compared to the substantial organometallic chemistry of most transition metals that play a 

key role in numerous catalytic transformations. Although zinc can be regarded as a 

transition metal, due to its position in the periodic table, it is a special case on account of its 

d10 electron configuration. A number of zinc complexes are known and various zinc 

compounds have been applied in catalytic reactions. However, as a consequence of the 

filled d-orbitals, zinc often behaves very similar to alkaline-earth metals and is therefore 

often viewed as a main group element.  

The organometallic chemistry of alkaline-earth metals has developed significantly recently. 

First magnesium complexes could be successfully applied as catalysts for several organic 

reactions just like many zinc complexes. Further properties of Mg and Zn are compared 

within the first chapter. Also, it offers an introduction on metal hydrides and their application 

in hydrogen storage. Within the last years, miscellaneous magnesium and zinc hydride 

complexes were isolated and characterized. Many of those show very similar structural 

motives and often crystallize isomorphously (Figure 1).  

 

Figure 1 Selected structures of similar magnesium and zinc hydride complexes. 

Recently, our group has synthesized the so far largest magnesium hydride cluster, 

consisting of eight Mg centers and ten hydride ligands (Figure 2a). Additionally, we could 

introduce two tetranuclear magnesium hydride clusters with similar ligand systems  

(Figure 2b).  
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Figure 2 Crystal structures of a) an octanuclear Mg hydride cluster (DIPP groups have been omitted 

for clarity), and b) a tetranuclear Mg hydride cluster (i-Pr groups have been omitted for clarity). 

In the second chapter of this thesis, detailed studies on the properties of these multinuclear 

complexes are presented. Whereas these compounds are very stable in solution, 

decomposition in the solid state shows reductive elimination of the incorporated hydride 

ligands as hydrogen and a clear tendency of a lowered decomposition temperature with 

smaller cluster sizes (2-8 Mg atoms). According to previous DFT studies on MgH2-clusters, 

the H2-release temperature lowers with decreasing particle sizes. Therefore this study 

delivers experimental proof for the theoretical studies and molecular metal hydride clusters 

can be considered as model systems for hydrogen storage materials. The hydride ligands 

are proven to be the exclusive source of the released hydrogen by deuteration experiments. 

This study also allows for determination of the magnetic H,H-coupling constant in a dimeric 

magnesium hydride complex. Together with the values obtained for the larger clusters, 

which range from 4.5 to 28.6 Hz, these are the first reported H,H coupling constants in 

magnesium hydride compounds. A correlation of the coupling constants with bond lengths 

and atomic distances indicates that part of this magnetic coupling could occur via a through-

space mechanism and not only along the bonds.  

DFT studies on a tetranuclear magnesium hydride model system and a potential thermal 

decomposition product (which is assumed to contain a low-valent Mg center and two 

Mg−Mg bonds) provide interesting insights into the bonding situation of those compounds. 

An AIM analysis of the electron density of the model hydride cluster resulted in the first 

identification of a hydride−hydride interaction within a molecular compound. This interaction 

is found for two of the four hydrides and could play a major role in the release of the 

incorporated hydrogen. The metal framework of the potential low-valence decomposition 

product shows a different structure than that of the hydride precursor. In addition, the 

calculated structure of the decomposition product shows another phenomenon: a “non-

nuclear attractor” (NNA), which is critical point of maximum electron density in all directions 
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and not localized on an atom, is found on the axis of the Mg−Mg bonds. These electron 

maxima can be defined as “ghost atoms”. A further interesting observation from the AIM 

analysis is the interconnection of the two “non-nuclear attractors” in the decomposition 

product. 

The third chapter includes the synthesis of a novel tetranuclear zinc hydride cluster with an 

analogous structure to the according magnesium compound. Owing to the very rigid 

structure of the complex, the first magnetic H,H-coupling (3JH,H = 16 Hz) within a zinc 

hydride compound was observed. The zinc complex is significantly less thermally stable 

than the magnesium congener, in solution as well as in the solid-state. The considerably 

lower decomposition temperature for the zinc hydride compound is in accordance with the 

properties of the respective homoleptic hydrides. While MgH2 releases hydrogen at 300 °C, 

ZnH2 decomposes readily at 90 °C. The AIM analysis of a DFT-optimized model of the zinc 

hydride cluster reveals another hydride-hydride interaction, which is even stronger than the 

one found in the magnesium compound. This supports, along with the lower decomposition 

temperature, the assumption that these interactions promote H2 release For the synthesis of 

further and larger magnesium and zinc hydride cluster additional ligands were tested and a 

range of novel ligand systems have been developed (Figure 3). The synthesis and 

characterization of magnesium and zinc complexes of these ligands is the subject of future 

research. 

 

Figure 3 Selection of designed ligand systems for magnesium and zinc hydride complexes. 

The reactivity of various Mg-, Zn- and Ca-hydride complexes towards various substrates is 

subject of the fourth chapter of this thesis. In the course of this study controlled hydrolysis of 

a tetranuclear magnesium hydride cluster resulted in the structural characterization of a 

tetranuclear magnesium hydroxide cluster. The reaction of the tetra- and octanuclear Mg 

hydride clusters with pyridine yielded monomeric complexes with dearomatized pyridine 

moieties (Figure 4). 
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Figure 4 Crystal structures of a 1,2-dihydropyridide magnesium complex (a) and 1,4-dihydropyridide 

complex (i-Pr groups have been omitted for clarity) (b). 

In case of the tetranuclear system the hydride is transferred selectively to the 2-position of 

pyridine. However, when the octanuclear compound is used, a mixture of 1,2- and 1,4-

dihydropyridide is obtained, which can be fully converted selectively to a 1,4-dihydropyridide 

complex by heating to 60 °C. The irreversible dearomatization could be confirmed by means 

of NMR as well as single crystal X-ray structure determination. The studied calcium hydride 

complex was likewise capable of the 1,2-selective dearomatization of pyridine, though these 

complexes are not stable towards ligand exchange in a Schlenk equilibrium. For this 

reason, only a homoleptic dihydroisoquinolide calcium complex could be structurally 

characterized. In contrast, the studied zinc hydride complexes were shown to be unreactive 

towards pyridine. Based on those reactivity studies, the applicability of MgH, ZnH and CaH 

complexes in the catalytic hydroboration and hydrosilylation of pyridine derivatives was 

investigated (Figure 5). 

 

Figure 5 Selected catalytic transformations of pyridine derivatives. 

Herein, the applied calcium hydride complex was identified as the only active catalyst 

among all tested for catalytic hydrosilylation. Depending on the steric bulk of the substrate, 

this reaction yields mono- or disubstituted silanes. The tetranuclear magnesium hydride 

cluster is active in the hydroboration of pyridines with pinacol borane. To our surprise, the 

high regioselectivity of this complex in the stoichiometric reactions could not be reproduced 

in the catalysis. This allows for the assumption that the previously proposed hydride based 

mechanism might not be the only proceeding reaction pathway. An alternative reaction 

mechanism is introduced. Further tested magnesium, zinc and calcium hydride complexes 

have proven to be almost or completely inactive in the hydroboration of pyridines. This is 
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caused by the unreactivity of the zinc complexes and the major formation of a borane 

decomposition product in case of the magnesium and calcium hydride complexes. 

Within the last chapter of this thesis the synthesis of mixed magnesium-zinc hybrid 

compounds for application in catalysis is investigated. Although heterobimetallic complexes 

are often obtaines by the use of ligand systems that feature two different preferential sites, 

the close similarity of Mg and Zn chemistry excludes this route. We attempted the synthesis 

of Mg/Zn hybrid complexes by metal exchange (Figure 6) and investigated the preference 

for a mixed metal aggreagate compared to the homobimetallic precursor depending on the 

bridging ligand X. 

Figure 6 Synthesis of mixed Mg/Zn dimers by the metal exchange. 

In case of chloride-bridged dimers (X = Cl) the isolated products were not the anticipated 

mixed dimeric complexes but a compound with a Mg:Zn ratio of 1:2 (Figure 7). This 

complex is most likely the result of an extended Schlenk equilibrium. 

 

Figure 7 Crystal structure of a mixed magnesium-zinc chloride complex. 

Due to the monomeric nature of the studied magnesium and zinc iodide complexes (X = I), 

only a co-crystal of both metal iodide complexes was obtained. NMR studies on the hydride 

bridged compound (X = H) give clear indications for the formation of the desired 

heterobimetallic complex, at least in solution. A definite structural characterization was 
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hampered by the facile crystallization of the monomeric zinc hydride complex. Subsequent 

studies of alkoxide- and acetate-bridged complexes did not deliver definite proof for the 

formation of heterobimetallic compounds. However, crystals obtained for a benzoate-

bridged complex have shown to contain Mg (56%) as well as Zn (44%). It could not be 

clearly determined whether the crystal consists of the mixed or whether it is a co-crystal of 

homobimetallic complexes. 

The use of directly mixed Mg and Zn acetate complexes as catalysts in the CO2/CHO-

polymerization gives significantly different results than the use of previously recrystallized 

mixtures. As almost only the homopolymer of cyclohexane oxide is obtained in the latter 

case, the active species in case of the recrystallized compound appears to be of a cationic 

nature (Figure 8). This suggests the formation of a novel, potentially heterobimetallic, 

acetate-bridged compound with dipolar character, which can form a separated ion-pair in 

polar media (CHO). 

 

Figure 8 Structure of a potentially formed ion-pair complex. 

Additional DFT studies show that the formation of heterobimetallic complexes from their 

corresponding homobimetallic congeners is only slightly exothermic (-0.6 – (-8.7) kJ/mol). 

The proposed ion-pair character of the mixed compounds is neither confirmed by the 

comparison of partial charges nor by change in the bond lengths. It is worth to mention that 

calculation model systems neglect use of coordinating solvents and sterically encumbering 

substituents on the ligand (DIPP→H). 




