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The factors that govern the binding of acetylcholine and
structurally related species to natural or artificial receptors are
of current interest.! The assumption that acetylcholine esterases
(AChEs) contain an anionic site binding the Me;N* head
electrostatically has recently been challenged? both by experiments
on artificial model receptors!3-5 and by the elucidation of the
structure® of the presumed binding pocket of acetylcholine in
AChE, a narrow gorge surrounded by 14 aromatic residues and
containing only a few acidic residues. In artificial receptors of
acetylcholine which also contain a combination of aromatic rings
and carboxylic acid groups,!? the latter are generally remote
from the cavity and their electrostatic contribution to the binding
is considered to be secondary.” According to recent views,? it is
the existence of cation—= interactions between the MesN* group
and the electron rich aromatic groups of the artificial as well as
natural receptors that would represent the main driving force for
the binding.? The experiments that we report here suggest that,
besides cation— interactions and other driving forces related to
hydrophobic effects, the degree of freedom of the bound substrate
may also play a significant role. A relatively loose association
appears to be more favorable than a tight lock and key pairing
to achieve a strong binding of Me;N*R species in water. This
hypothesis is based on the observation of a considerable difference
between the affinities of a series of ammonium substrates to the
water-soulble cryptophanes® 3 and 4, which differ by ca. 9% in
the van der Waals diameter of their quasi-spherical cavities.!0
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Figure 1. Free energy of binding AG® at 300 K as a function of guest
size for host 1 in (CDCl;); and hosts 3 and 4 in D,0, pH 6.5.
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(1)11.12 and cryptophane-O (2)!3 as described previously in a
similar case.!? Stirred suspensions of 3 or 4 in D,O were titrated
by addition of 1 M NaOD until four of the six acidic groups were
ionized, to give ca. 10-2 M solutions (pH 6.5 £ 0.5).14 An
ammonium salt (picrate or iodide, 0.95 equiv) was then added,
and the host-guest interactions were studied at 300 K by 'H-
NMR (200 MHz for 3, 500 MHz for 4). Inall case we observed
a reversible binding under slow-exchange conditions on the NMR
time scale. Figure 1 shows a plot of the free enthalpy of binding
AG?® as a function of the van der Waals volumes of the guests,
for the two series of experiments, together with datal® on the
binding of the same substrates to 1 (same cavity size as 3) in an
organic solvent, (CDCl,),.
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For host 1 in (CDCl,),, MeyN* is the best substrate, and the
very large and unprecedented binding constant (K = 225 000
M-1, AG® = -7.4 kecal/mol) indicates that this spherical cation
prefers to be surrounded by aromatic rings than by chloroalkane
molecules. The effect of replacing one of its Me groups by a
longer R tail (R = Et, Pr, CH,CH,0H, Bu, and CH,CH,0Ac)
is a considerable drop of the complex stabilities, with a weak
binding of acetylcholine (AG® = -0.6 kcal/mol) and nodetectable
binding of Me;N*Bu. The same trend is observed with 3 in D,0;
Me,N+ still prefers the aromatic host to water; however, its AG®
is reduced to ~3.5 kcal /mol, presumably because this cation is
strongly solvated in water. For the Me;N*R substrates with R
=Prand larger groups, there is a moderate increase of the complex
stabilities with respect to the organic solvent, which may be due
to the hydrophobic character of the tail.

On going from 3to the larger cryptophane 4, thereis a dramatic
increase of the binding constants (except for Me;sNH*, which is
too small). All substrates in the range of size Me,N* to Et,N*
show K’s of the same order of magnitude (2700-6400 M-1), The
small stability increase on going from Me,N* to acetylcholine
and Et;N* in 4 may be due to the optimization of attractive van
der Waals interactions, or to the fact that larger substrates may
release more water molecules on complexation. The high affinities
of choline (AG® = -5.3 kcal/mol) and acetylcholine (-5.2 kcal/
mol) to 4 are now comparable to those reported for acetylcholine
esterases!® and for the best artificial hosts (having cyclophane!
and bis(ethanoanthracene)? structures) under similar conditions
(neutral pH). Asboth thesubstrate-solvent interactions and the
possible effects of the external ionized or un-ionized carboxylic
groups of the hosts are comparable for the two sets of experiments,
this change should be ascribed to small differences in the
conformations and degree of solvation of the hosts prior to
complexation (the importance of these effects is difficult to
appreciate), and todifferences in the host-substrate interactions.

Comparison of the 'H-NMR induced shifts (Ad’s) provides
evidence that the host-substrate interactions may indeed be
significantly affected by small changes in the size of the host
cavity. With 3, the magnitudes of Ad for Me,N* (3.39 ppm) and
for the MesN* head of the other substrates (3.20-3.35 ppm)
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Figure 2. 'H-NMR Aé’s (ppm) for trimethylammonium cations bound
to 3 and 4.
indicate that the latter is located at the center of the cavity, and
the R tails are turned toward the exterior and even pointing outside,
across one of the host windows, for the acetylcholine complex
(downfield shift of -0.17 ppm for the AcO group). Except for
the spherical Me,N*, which may rotate freely in the cavity of 3,
the Me;N+R complexes are therefore probably highly anisotropic
and ordered; molecular modeling and CPK models support this
view and show that a tight lock and key fit is achieved in these
complexes. By contrast, withthelarger host 4, which binds Me,N*
witha Ad of 2.39 ppm, the upfield shifts of the Me;N*R substrates
are more averaged between the head and the tail (Figure 2),
suggesting that these complexes are more isotropic and disordered
than those of 3 and 1.

The above experiments support the idea that, besides other
factors, a loose associationis required to achieve a strong binding
of quaternary ammonium species to their artificial or natural
receptors in water. This requirement may also mean that the
“soft” cation—r interactions, which are supposed to provide a
favorable enthalpic contribution to the AG®, are not strong enough
to compensate the defavorable entropy decrease which would
follow the formation of an ordered complex at 300 K. These
findings are also in line with related experiments on the binding
of aromatic guests to a- and 8-cyclodextrins!” and, more generally,
underline the contradiction that often exists between organization
and stability in supramolecular assemblies,!®
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