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The interface between supramolecular chemistry and transition metal catalysis has received 

surprisingly little attention in contrast to the individual disciplines. It provides, however, novel and 

elegant strategies that lead to new tools for the search of effective catalysts, and as such this has 

been an important research theme in our laboratories. In this presentation, I will focus on 

supramolecular strategies to control activity and selectivity in transition metal catalysis, which is 

especially important for reactions that are impossible to control using traditional catalyst 

development. For substrates with functional groups we use substrate orientation effects to control 

selectivity, whereas for non-functionalized substrates we create cages around the active transition 

metal. What these strategies have in common is the contribution of the second coordination sphere 

to the catalytic properties, which is quite different from the traditional ligand effects. More recently, 

we also explored the use of large nanospheres that allows to perform catalysis at high local 

concentrations, leading to rate acceleration for several different reactions. These nanospheres can 

also be used for electrochemical events and as such for proton reduction catalysis. The lecture will 

focus on our most recent results. 
 

 

 

 

 

 

 
 

Figure An example of substrate pre-organization at the metal complex for selective hydroformylation, for selective 
hydrogenation and a nano-cage for catalyst/substrate pre-organization 
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Figure 3. Calculated structures of the two major pro-S catalyst-substrate complexes, with and without H-
bonding between the catalyst and the substrate (optimized with DFT, def2-TZVP /disp3). Hydrogen 
atoms on the catalyst have been removed for clarity, except the hydrogen atoms involved in the H-
bonding. 

We first computed the unsaturated pathway from the H-bond stabilized diasteroisomer 2 (black 
path, Figure 5 and Figure 6 ). The presence of the hydrogen bond network on the upper face of 
the catalyst prevents the approach of the molecular hydrogen on this face, thus reducing the 
number of possible intermediates. In fact, the approach of hydrogen can only take place via the 
lower face of the catalyst (structure 3) leading to σ-hydrogen complex 4. Upon oxidative 
addition, the substrate must rotate in order to evolve into a dihydride octahedral complex. Due to 
the hydrogen bond interaction between the substrate and the catalyst, the clockwise rotation of 
the substrate is favored, thus forming the dihydride octahedral complex 5 via a low barrier 
transition state TS1. On the other hand, the rotation of the substrate in a counter-clockwise 
manner is prevented by the interaction that pulls the substrate in the opposite direction, leading to 
a higher energy barrier TS2 and reducing the number of possible pathways (purple path, Figure 5 
and Figure 6). The dihydride intermediate 5 undergoes hydride migration by a high energy 
barrier (TS3) leading to the alkylhydride species 6 (Figure 4). The reductive elimination (TS4) 
affords the complex solvate-product 7 in which the product is coordinated through the carbonyl 
and the hydroxyl groups to the complex. 


