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Abstract: Cyclobis(paraquat-p-anthracene) is a novel electron-deficient macrocyclic host. One of the most important
applications of the host is molecular recognition. The binding energies of the host to several guest molecules like
water, ammonia, alcohol, and heterocycles were investigated. The structures of the host-guest complexes were
optimized using DFT (density functional theory) at BBLYP/3-21G level. The energies of the complexes were calculated
at BBLYP/6-31G(d) level. The binding energies of the complexes were obtained after the correction of basis set
superposition error. The *C and *He chemical shifts of the complexes were calculated by the gauge-including atomic
orbital (GIAO) method at B3LYP/3-21G level. It indicates that the host can bind the guest molecules viez hydrogen bonds
between the heteroatoms in the guest and hydrogen atoms in the host. The binding energies of the complexes were
mainly affected by the number and distance of the hydrogen bonds. The energy gaps for some of the complexes were
increased owing to the formation of the hydrogen bonds. At the same time, the chemical shifts of the carbon atoms on
the C—H bonds connected with the hydrogen bonds in the complexes relative to those of the same carbon atoms in the
host were transferred downfield. The aromaticities of the complexes were relevant to the binding energies and ways.
The aromaticity of the host was increased by the weak interaction between the host and guest molecules. The cyclic
current of the host was decreased, thus the aromaticity was lowered owing to too strong host-guest interaction and
incorporation of the guest molecules inside the cavity of the host.
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Scheme 1  The structure of cyclobis (paraquat-p-anthracene)
(host 2)
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Table 1 Several parameters for complexes 1-10 and host 2 at B3LYP/6-31G(d) level

Compd. AE/eV Evono/eV Eiuvo/eV E,/leV IP (eV) E.\/eV n/eV x/eV NICS

complex 1 -0.473 —-14.289 -12.730 1.559 14.289 12.730 0.780 13.510 -3.828
host 2 -14.403 -13.043 1.360 14.403 13.043 0.680 13.723

complex 2 -0.634 -13.533 -12.691 0.842 13.533 12.691 0.421 13.112 -3.671
host 2 -14.397 -12.835 1.562 14.397 12.835 0.781 13.616

complex 3 -0.675 -14.267 -12.760 1.507 14.267 12.760 0.754 13.514 1.151
host 2 -14.342 -13.019 1.323 14.342 13.019 0.662 13.681

complex 4 -0.716 -14.255 -12.757 1.498 14.255 12.757 0.749 13.506 -3.684
host 2 -14.404 -13.151 1.253 14.404 13.151 0.627 13.778

complex 5 —-0.808 -14.188 -12.701 1.487 14.188 12.701 0.744 13.445 -3.586
host 2 -14.401 -12.834 1.567 14.401 12.834 0.784 13.618

complex 6 —-0.857 -14.230 -12.672 1.558 14.230 12.672 0.779 13.451 -3.618
host 2 -14.416 -12.803 1.613 14.416 12.803 0.807 13.610

complex 7 —-0.868 -14.249 -12.721 1.528 14.249 12.721 0.764 13.485 -3.695
host 2 -14.405 -13.150 1.255 14.405 13.150 0.628 13.778

complex 8 —-0.876 -14.178 -12.687 1.491 14.178 12.687 0.746 13.433 -3.622
host 2 -14.399 -12.838 1.561 14.399 12.838 0.781 13.619

complex 9 —-0.922 -14.238 -12.699 1.539 14.238 12.699 0.769 13.469 -3.661
host 2 -14.404 —-13.149 1.255 14.404 13.149 0.628 13.777

complex 10 -1.061 -14.246 -12.857 1.389 14.246 12.857 0.695 13.552 -2.002
host 2 -14.412 -13.176 1.236 14.412 13.176 0.618 13.794

AE: binding energy; E,: energy gap defined as Ejyvo minus Eyovo; IP: ionization potential defined as —Ewowo; Ea: electron affinity defined

as —Eruvo; 1 absolute hardness defined as (IP-E,)/2; y: absolute electronegativity defined as (IP+E,)/2; NICS: nuclear independent chemical shift

at B3LYP/3-21G level; guest 1: benzene; guest 2: furane; guest 3: benzofurane; guest 4: pyrazine; guest 5: water; guest 6: ammonia;

guest 7: dimethyl ether; guest 8: methanol; guest 9:alcohol; guest 10: pyrimidine
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Fig.1 The optimized geometries of complexes 1-4 at B3LYP/3-21G level
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Fig.2 C-NMR spectra of complexes 1, 2, 3, and 5 at
B3LYP/3-21G level
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