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Abstract

We have developed an e�cient synthetic pathway for various bis-calix[4]arenes with imine linkages by
using a simple condensation procedure and carried out the binding study of thiopheno bis-calix[4]arene
with biologically interesting viologen guests. # 2000 Elsevier Science Ltd. All rights reserved.
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Development of e�cient synthetic routes for novel three-dimensional macrocycles is very
important in host±guest supramolecular chemistry.1 Many interesting receptor molecules with
calix[4]arenes2 as a key structural motif have been developed, including double or multiple
calix[4]arenes,3 which are covalently constructed through upper rim±upper rim linkage4 and
lower rim±lower rim fasion5 or noncovalently generated through hydrogen bonding.6 However,
in most cases the yields of bis-calix[4]arenes are very low due to the preference of intramolecular
cross-linking to the intermolecular dimerization. We report here very e�cient syntheses of novel
bis-calix[4]arenes 1±5 with imine linkages,7,8 the X-ray crystal structures of bis-calix[4]arenes 1
and 2, and molecular recognition studies with viologens and their analogues.
Synthetic routes for the bis-calix[4]arenes 1±5 are shown in Scheme 1. The condensation

reactions of dialdehydes with 1.1 equiv. of diaminocalix[4]arene 69 in re¯uxing CH2Cl2:MeOH
(1:1 v/v) in the presence of MgSO4 for 24 h provided the corresponding bis-calix[4]arenes 1±4 in
excellent yields (95±98%; Scheme 1). However, in the case of bis-calix[4]arene 5, the isolated yield
was only 19%. This result suggests that the e�ciency of macrocyclization via imine condensation
depends strongly on the geometry of the aldehyde or amine. The structures of bis-calix[4]arenes
1±5 were fully characterized by elemental analysis, mass spectroscopy, IR, UV, 1H NMR and 13C
NMR.10
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Fig. 1 shows the X-ray crystal structures of the bis-calix[4]arenes 1 and 2.11 These bis-calix[4]-
arenes are all nanometer-sized macrocycles as seen in 1 (1.7 nm long) and 2 (1.8 nm long), and
have good-sized cavities for host±guest complexation. The X-ray crystal structures clearly show
that these calix[4]arenes adopt pinched cone conformations8 in the solid state.

To show the utility of the bis-calix[4]arene hosts, we have carried out binding studies between the
bis-calix[4]arenes and viologen-type guest molecules.12 Viologens are well known as oxidation±
reduction indicators and also have interesting biological activities. Diverse ranges of properties in
the viologens are best understood and categorized in terms of their redox chemistry and the
electron-poor nature of the viologen dication, and the viologens occupy a pivotal place in the ®eld
of electro-active organic molecules.13 The structures of the guests for the molecular recognition

Scheme 1.

Figure 1. X-Ray crystal structures of bis-calix[4]arenes 1 and 2. Two chloroform solvent molecules for 1, and one
methanol and a half of chloroform solvent molecules for 2, are omitted for clarity
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with the host 1 are shown in Fig. 2. The titration experiments were carried out by 1H NMR
spectroscopy in CDCl3:CD3OD (2:1 v/v, 300 K). The signals of imine and aromatic protons in
the bis-calix[4]arene 1 shifted down®eld when the viologens 7±11 were added to the host solution
(the measured complexation-induced �� value of the imine proton of 1 was 0.30 ppm from � 7.27
to � 7.57 when 1.0 equiv. of viologen 7 was added), whereas no changes in the chemical shift
values of 1 are detected when the compounds 12±14 were added. This indicates that suitable size
of N-alkyl groups and the presence of the bipyridinium dication in viologens are essential to the
inclusion process. The 1:1 complex was con®rmed by a Job plot between bis-calix[4]arene 1 and
the viologens (9 and 11). Nonlinear least-squares ®tting analysis14 of the complexation with 1
provided the association constant 727 M^1 for 7, 515 M^1 for 8, 320 M^1 for 9, 154 M^1 for 10 and
124 M^1 for 11. The signals of protons in the bis-calix[4]arene 2 did not shift upon addition of the
viologens 7, 9, 10 and 11, and other bis-calix[4]arenes 3±5 showed very weak a�nities toward the
viologen guests. These results indicate that the overall shape of host molecules and the electron
density of aromatic linkers (thiophene, benzene, furan, pyridine) are the important factors in the
binding a�nity with the viologen guests.

In summary, we have developed an e�cient synthetic pathway for making macrocyclic bis-
calix[4]arenes with imine linkages and fully characterized the products, including the determination
of the X-ray crystal structures. Thiopheno bis-calix[4]arene 1 shows good binding a�nities
toward biologically interesting viologen guests even in polar media. This one-step process to the
bis-calix[4]arenes should widen our knowledge about these host systems and accelerate their
supramolecular study in the future.
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Figure 2. The structures of the guest molecules
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