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            Abstract
The tendency for viologen radical cations to dimerize has been harnessed to establish a recognition motif based on their ability to form extremely strong inclusion complexes with cyclobis(paraquat-p-phenylene) in its diradical dicationic redox state. This previously unreported complex involving three bipyridinium cation radicals increases the versatility of host–guest chemistry, extending its practice beyond the traditional reliance on neutral and charged guests and hosts. In particular, transporting the concept of radical dimerization into the field of mechanically interlocked molecules introduces a higher level of control within molecular switches and machines. Herein, we report that bistable and tristable [2]rotaxanes can be switched by altering electrochemical potentials. In a tristable [2]rotaxane composed of a cyclobis(paraquat-p-phenylene) ring and a dumbbell with tetrathiafulvalene, dioxynaphthalene and bipyridinium recognition sites, the position of the ring can be switched. On oxidation, it moves from the tetrathiafulvalene to the dioxynaphthalene, and on reduction, to the bipyridinium radical cation, provided the ring is also reduced simultaneously to the diradical dication.
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                    Figure 1: Formation of the inclusion complex and structural formulae and graphical representations.[image: ]


Figure 2: Cyclic voltammetry (CV) showing evidence for formation of the inclusion complex.[image: ]


Figure 3: Spectroelectrochemistry (SEC) of the model compounds V2+, SV2+ and CBPQT4+, and of equimolar mixtures of V2+ and CBPQT4+ and SV2+ and CBPQT4+ before (base line separation) and after reduction.[image: ]


Figure 4: Graphical representations of the molecular orbital calculations.[image: ]


Figure 5: Summary of the binding energy determination.[image: ]


Figure 6: The stepwise synthesis of the three [2]rotaxanes 16+, 26+, and 36+.[image: ]


Figure 7: Steady-state CW EPR spectroscopy.[image: ]


Figure 8: Switching in an orthogonal manner.[image: ]
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