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The research in this thesis aims to describe the reactivity of the carbonyl functionality in 
homogeneous and heterogeneous media using density functional theory (DFT). The carbonyl 
group is a prominent functional group in organic chemistry and susceptible to many chemical 
modifications. A well-known example of such a transformation is the reduction of a substituted 
cyclic ketone to an alcohol product by the addition of a hydride-based reducing reagent. Since 
the hydride can spatially approach the carbonyl moiety in several ways, this reaction often results 
in a mixture of stereoisomers, which can exhibit very different chemical and biochemical 
properties. Nevertheless, by prior understanding of the preferential attack side of the hydride 
and the factors that influence it, reaction conditions can be optimised in such a way that the 
desired isomer is obtained as a major product. In contrast to non-cyclic ketones, where all the 
driving forces are already well established, this remains a matter of discussion for cyclic ketones. 

Starting from a benchmark study, the most appropriate computational procedure to describe the 
kinetics of the reduction of substituted cyclic ketones was determined with respect to the 
quantum chemical golden standard CCSD(T) method. A two-step procedure, in which geometry 
optimisations and single-point energy calculations are performed with different functionals, 
emerged as the most accurate, providing product ratios in excellent agreement with the 
experimental data. This protocol was then applied to investigate the factors influencing the 
stereoselectivity of substituted cyclohexanone reductions with a small reducing reagent. This 
allowed us to demonstrate that the diastereomeric ratio strongly depends on the substituent. 
Hence, we concluded that the stereoselectivity of the reduction of cyclohexanones with alkyl 
substituents is driven solely by the torsional strain in the transition states. As soon as 
heteroatoms are considered, the selectivity is reversed due to a subtle interplay between 
attractive and repulsive non-covalent interactions. Next, we investigated the reduction of 
substituted cyclobutanones, which constitute a valuable source of information for the 
pharmaceutical industry given their prevalence in natural products. The reduction of these 
compounds is nevertheless much less studied than cyclohexanone reductions. Our research 
showed that regardless of the reaction conditions, the hydride always approaches the carbonyl 
functionality from the same side. Based on geometrical analysis and the non-covalent interaction 
index, we determined that the driving forces behind the selectivity are rather diverse. The 
preferential attack of a small reducing agent on a single 3-alkyl or 3-arylsubstituted 
cyclobutanone is influenced exclusively by a reduction in torsional strain, whereas for alkoxy 
substituents a repulsive electrostatic interaction plays a major role. Furthermore, these findings 
allowed us to provide theoretical insights into a recently developed synthetic process of novel 
spirocarbocycles. 

Besides the use of the hydride reagent, the carbonyl functionality can also be catalytically 
reduced in the presence of molecular hydrogen. While for many years only classical 
heterogeneous catalysts were used, the focus has recently shifted to new, more atom-efficient 
and thus more environmentally friendly catalytic systems. The concept of single-atom catalysts, 
in which individual metal atoms are dispersed over a supporting surface and are assumed to be 
almost entirely responsible for the catalytic activity, fits within this strategy and forms the subject 
of the second part of this thesis. Herein, the adsorption of the widely used Group 8 to 10 
transition metals on two chemically different oxide supports, being a silica and an anatase 
surface, was carefully investigated. Moreover, the suitability of three conceptual DFT schemes 
for the description of the reactivity of such periodic models was tested and, importantly, a 
complete picture of the reactivity of these catalytic systems was presented for the first time. The 
main advantage of this approach lies in the fact that it does not require to explicitly model the 
interactions with external reagents, which makes it a valuable tool for a more concept-oriented 
and rational development of these catalytic systems. 
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