Kinetic pathways for the formation of a pseudorotaxane nanosphere
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Complex chemical (super)structures are key to living systems in the natural world. In order to understand
the formation and function of these nano-assemblies in living systems, supramolecular chemistry has
developed to a primary research area. Concepts such as cooperativity, multivalency, pre-organization
and self-assembly are well studied in supramolecular synthesis. However, how structures are formed
under kinetic control by self-assembly is not well-understood, despite its crucial role in Nature as these
are self-assembled structures in non-equilibrium states.1 Mastering this can open a new course in making
supramolecular structures under kinetic control rather than thermodynamic control to realize new
structures that are otherwise inaccessible. In order to study such phenomena, we propose a
multicomponent supramolecular system in which the final thermodynamic product can be obtained via
two different routes that include different kinetic pathways and different metastable intermediate
structures. The assembly under study is a M12L24 cage decorated with pseudorotaxanes. More specific,
the spherical complex also known as the M12L24 Fujita cage2 is exohedrally functionalized with docking
sites for Stoddart’s famous “blue box” macrocyle (Figure 1).3 The pseudorotaxane decorated assembly
can be obtained either via first cage formation, then addition of ring, or via the second pathway in which
the ring is already present during cage formation. We indeed observed that both routes yield the same
product, however, the kinetic pathways differ from each other. We will discuss the difference in the
kinetic pathways that are followed with this particular system to gain fundamental insight in the
formation of products under kinetic control rather than thermodynamic control.

Figure 1: the different routes towards the cage pseudorotaxane with the first rate constant for cage
formation kcf,1 and the second rate constant for cage formation kcf,2.
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