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Non-covalent interactions determine the ability of a drug to find its target and underlie the remarkable 
rate accelerations and selectivity of enzymes. Yet these interactions are often 1-5% the strength of a 
covalent bond and thus are difficult to measure, and their effects on reactivity are difficult to predict. To 
address these problems, we developed two molecule-sized device platforms, molecular balances and 
molecular rotors, that use conformational equilibria and rotational barriers to measure NCIs and predict 
their effects on chemical reactivity. 
Molecular balances based on the N-phenylimide framework adopt distinct folded and unfolded 
conformations, and measurement of the folded/unfolded ratio by 1H NMR provides an accurate measure 
of weak intramolecular interactions. We have applied this platform to study a range of noncovalent 
interactions of aromatic surfaces including face-to-face π-stacking, dispersion, OH–π, fluorine–π, and 
solvophobic interactions.[1,2] 
Molecular rotors based on the same framework were developed to predict and study chemical reactivity. 
The non-covalent interactions of the bond-rotation transition states mimic key features of bond-forming 
transition states and enable quantitative predictions of reaction rates. The non-covalent interactions of 
the bond-rotation transition states mimic key features of bond-forming transition states and enable 
quantitative predictions of reaction rates. Using this approach, we developed a new electrophilicity 
parameter derived from rotor barriers that accurately predicts relative reaction rates for SN2, SNAr, Pd-
catalyzed oxidative addition, and Sonogashira reactions.[3,4] 
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