INDUCED-FIT CATALYSIS OF
CORANNULENE BOWL-TO-BOWL
INVERSION
The concept of complementarity between enzyme and substrate, especially the
transition state for reactions at the substrate, is a key element of Pauling’s model
for enzymatic activity. Koshland’s “induced fit” modification suggests that the
enzyme might change its structure during the binding process to either destabilize
the reactant or help stabilize the TS. These concepts are now tested in a very nice
model by Stoddart, Siegel and coworkers.1
Stoddart recently reported the host compound ExBox4+ 1 and demonstrated that it
binds planar polycyclic aromatic hydrocarbons.2 (I subsequently reported DFT
computations on this binding.) The twist in this new paper is the binding of
corranulene 2 inside ExBox4+ 1. Corranulene is bowl-shaped, with a bowl
inversion barrier of 11.5 kcal mol-1 (10.92 kcal mol-1 at B97D/Def2-TZVPP).

The corranulene bowl is too big to fit directly into 1 without some distortions. The
x-ray structure of the complex of 1 with 2 inside shows the width of 1 expanding
by 0.87 Å and the bowl depth of 2decreasing by 0.03 Å. The B97D/Def2-TZVPP
optimized geometry of this complex (shown in Figure 1) shows similar distortions
– the width of 1 increases by 0.37 Å (gas) or 0.29 Å (acetone solution), while the
bowl depth of 2 decreases by 0.03 Å (gas) or 0.02 Å (solution).
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Figure 1. B97D/Def2-TZVPP optimized geometries of the complex of 2 inside 1 (a) ground state and (b) transition
state.

The calculated structure of the bowl inversion transition state of 2 inside of 1 is
shown in Figure 1. 2 is planar at the TS. The experimental inversion barrier
(determined by variable temperature NMR line shift analysis) is 7.88 kcal mol-1,
while the calculated barrier is 8.77 kcal mol-1. The reduction in the bowl inversion
barrier of 2 inside of 1 is therefore about 2.5 kcal mol-1. The authors argue that this
barrier reduction can be attributed to about 0.5 kcal mol-1 of destabilization of the
ground state of 2 along with 2 kcal mol-1 of stabilization of the transition state
afforded by the host. This study thus confirms the notions of a host reducing a
barrier (through both transition state stabilization and ground state destabilization)
and induced fit.
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