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On the basis of the MMP2 molecular mechanics calculations, a
possible mechanism is proposed for aromatic-guest selectivity found

in the formation of paracyclophane-guest inclusion complexes.

Paracyclophanes (PCP's) are macrocyclic compounds containing benzene ring(s)
linked at the para-position(s) in their macrocyclic skeletons. PCP's selectively
admit guest molecules into their hydrophobic cavities in solution.'-4) pcp's
composed of diphenylmethane units (DPM-PCP's), for example, form stronger complexes
with aromatic guests than with aliphatic ones.5'6) It is of great interest to
clarify the molecular origin of the guest-selectivity, which information may serve
as a clue for the molecular design of PCP's with higher guest-selectivity.
N,N',N"',N'""'-Tetramethyl-2,11,20,29-tetraazal[3.3.3.3]PCP (1) may be the most
suitable for this purpose, because its structure and properties have been
extensively studied in both crystal and solution.7’14) Here, on the basis of the
MMP2 molecular mechanics calculations,15) a possible mechanism for this guest-
selectivity is proposed.

Guest molecules studied here are benzene (CGH6), dichloromethane (CHZClz),
ethanenitrile (CH3CN), and propane (C3H8). These guests except C3Hg have been
shown to form complexes with host 1.7.12,13)

It has been reported that Allinger's force
field well reproduces the X-ray structure of 1 in
the isolated state.'®) at the beginning, in order
to ascertain the reliability of the MMP2 method for
studying the complexation process in the host 1-
guest systems, the MMP2 method was used to optimize
the geometry of 1-CH,Cl, complex starting from its
X-ray geometry. We found that the optimized

geometry was very close to the initially assumed

one; the standard deviation of the host-guest
interatomic distances between in the optimized
geometry and in the initial one is not larger than 1

0.021 nm. This example indicates that the MMP2
calculation satisfactorily reproduces the host-guest orientation in the inclusion

state. Considering the applicability of Allinger's force field to a wide variety
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of molecules, the host-guest orientation in the other cases studied here should be
also predictable by means of the MMP2 method as long as the initial geometry is
appropriately selected. There would be a variety of local minima on the potential
surface for the host-guest interaction. In order to reach the global minimum
efficiently, the initial geometry of inclusion complexes was determined with the
aid of the CPK molecular model on the assumption that in the most stable complex
the van der Waals contact between host 1 and each guest become maximum. The
backbone of host 1 was assumed to retain C4—symmetry17) irrespective of the type of
guest molecules.

The host-guest interaction energy (Ej,¢) in the complex state is given as
follows: Ejp¢ = Ecomplex - (Epost *+ Eguest)' where Ecomplex is the total steric
energy of a complex, and Ehost and Eguest represent the contributions of host- and
guest-parts to Ecomplex' respectively (Table 1). Table 1 indicates that benzene
interacts more strongly with host 1 than the other guests studied here. On the
other hand, the stabilization-energy (Egt,p) of the complex relative to the
isolated state can be defined as follows: Estab = Ecomplex - (E'host + E'guest)'
where E'host and Eﬂguest are the steric energies of the host and guest, respective-
ly, in each optimized geometry. 1In the case of benzene, the value of Estab is

most greatly different from that of E On complexation, appreciable conforma-

int-
tional change should be induced in host 1 and/or benzene.

Table 1. Host-Guest Interaction Energy (Ej,¢) in the Complex State and Stabiliza-
tion Energy (Estab) Relevant to the Inclusion of Guest Molecule by Host 1
Calculated by Means of MMP2 Method

Eine / kJ mol” Eqrap / kJ mol”
vawd) -48.48 -36.87 -25.71 -41.38 -42.86 -36.97 -24.19 -39.35
DipoleP) 0.00 -1.98 -3.27 0.00 -0.01 -1.34 -1.51 -0.03
Others®) -0.01 -0.06 -0.03 -0.02 6.93 1.36 -0.88 -0.67
Total -48.49  -38.91  -29.01 -41.40 -35.94 -36.95 -26.58 -40.05

a) Van der Waals interaction energy calculated between all pairs of atoms not bound
to each other or to a common atom. b) Dipole interaction energy calculated between
all pairs of bond moments. c¢) Sum of compression, bending, stretch-bend, and

torsional energies.

When the benzene molecule was initially orientated parallel to a diagonal of
the square cavity (Fig. 1A), two types of characteristic conformational change
could be induced in the host molecule through a geometry-optimization process. One
is the distortion of its skeleton from a regular square to a rhombus (Fig. 1C),
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and the other is the increase in the tilting angles of the aromatic residues to the
mean molecular plane of the macroring, leading nearly to the "face to face"
conformation.18) Even if the guest benzene was initially oriented parallel to a
pair of the host benzene rings (Fig. 1B), the final geometry was found to become
similar to that shown in Fig. 1C. Therefore the geometry of host 1-benzene
complex always converges to the structure shown in Fig. 1C irrespective of the
initial host-guest orientation. Thus, host 1 behaves as if it traps benzene

(guest) into its cavity. This motion, so called "induced fitting," is mainly
driven by the intermolecular van der Waals forces. It is evident from a geometri-
cal consideration that the structure as shown in Fig. 1C is the most stable because
it corresponds to the maximum van der Waals contact between a Cy-symmetric molecule
and a planar one. Therefore, whether the above induced-fitting occurs or not
should not depend on the parameters of the force-field used. Although the X-ray
data for the host 1-benzene system have not been published yet, we can find a good
example of the Fig. 1C-like structure in the DPM-PCP-durene complex.19)

In conclusion, PCP's of Cy-symmetry can recognize a planar guest molecule
through the induced-fit mechanism proposed here. Detailed studies including

effects of entropy and solvation will be published in future.
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Fig. 1. Schematic representation of complexation between host 1 and benzene.
Each illustration is drawn on the mean molecular plane of the macroring. A square
represents the macrocyclic skeleton of host 1, and four "bow" like curves do a
force-field inside the cavity. Benzene molecule (guest) is represented by
oppositely contacting "bow" like shape. In Fig. 1A, benzene is oriented in the
direction of one of the diagonals (N-N distances: 1.02 nm). In Fig. 1B, benzene is
oriented parallel to a pair of the benzene rings of host 1. 1In Fig. 1C is shown
the final geometry of 1-benzene complex after optimization starting from the states
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A and B. The lengths (N-N distances) of the two diagonals are 1.06 nm (long) and
0.98 nm (short) in the case of C.
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