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Supramolecular assembly based on p–p stacking and
p-cation interactions between thiacalix[6]arene and DMF
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Abstract—The molecular assembly of thiacalix[6]arene was formed by p–p stacking and p–DMF interactions between thia-
calix[6]arene and adjoining thiacalix[6]arene and between thiacalix[6]arene and DMF, respectively. The X-ray crystal analysis also
revealed that hydroxyl groups of thiacalix[6]arene adopted novel two sets of hydrogen bond with two DMF and intramolecular
hydrogen bond between phenolic units, which cause to make 1,2,3-alternate configuration structure of thiacalix[6]arene.
� 2006 Published by Elsevier Ltd.
Non-covalent interactions such as p–p stacking interac-
tion, hydrophobic interaction, hydrogen bond and metal
coordination play an important role to make self assem-
bly and molecular recognition system in a variety of
supramolecular functionality.1 The calixarenes (CAs)
and thiacalixarenes (TCAs) as a counterpart of CAs
(Scheme 1) are versatile materials that have been studied
extensively as a host molecular and scaffold to form a
concave recognition surface.2 Considerable attention
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Scheme 1. Structures of CA and TCA.
has been recently focused on TCAs because there are
many features that are not presented in the chemistry
of CAs. Recently, we have reported the crystal structure
of mono-, di-, and tri-(p-tert-butyl)thiacalix[4]arenas
which form dimeric self-inclusion complexes.3 In those
cases, we found that p–p stacking interaction of self-
inclusion dimeric units of thiacalix[4]arenes. We also
have reported the crystal structure of the complex of
p-tert-butylthiacalix[6]arene (p-tert-butylTC6A) with
MeOH molecules and potassium cations.4 It was shown
that the structure of the complex was built from contin-
uous S� � �K� � �(O,S) coordination between neighboring
p-tert-butylTC6A and hydrophobic interaction between
adjoining p-tert-butyl groups to make supramolecular
structure. However, to our best knowledge, there are
few reports that have shown possible to make a supra-
molecular assembly of thiacalix[n]arenes. In this letter,
we would like to report de-tert-butylation of p-tert-butyl-
TC6A and the crystal structure of complex TC6A and
DMF. In the crystal structure, two different kinds of
sheet structures are formed by intermolecular p–p inter-
action of phenolic units between neighboring TC6A and
p-cation interaction between the aromatic ring and the
positively charged group such as nitrogen of DMF
included in the neighboring TC6A, which contributed
to make a supramolecular assembly.
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Figure 2. Structure of molecular sheet with p–p stacking interaction
between Mol. A and Mol. B in parallel with ac plane. The Mol. A and
Mol. B are in green and pink, respectively.
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Figure 3. p–DMF interaction and hydrogen bond between Mol. B and
DMF.
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TC6A was synthesized from p-tert-butylTC6A in the
presence of phenol and AlCl3.5 It was realized that the
reaction temperature must be lower than that of
TC4A.6 The reaction condition was carried out at
80 �C for 3 h under nitrogen atmosphere, which was
much milder than that of TC4A. When a reaction tem-
perature was raised up over 110� which was the same
condition for de-tert-butylation of p-tert-TC4A, only
no identifiable material was obtained. The crystal as col-
orless prism (monoclinic, space group: P121/cl) suitable
for X-ray study is formed by liquid–liquid slow diffusion
of acetonitrile into DMF solution of TC6A at room
temperature.7 In the crystal, there are two fashions such
as sheet A and sheet B consisted with two kinds of dif-
ferent conformation of TC6A, which are abbreviated
as Mol. A and Mol. B, respectively. Basically, those
structures like a chair form are very similar as shown
in Figure 1. In those molecules, the angles formed
between adjoining phenolic unit are 103.35, 102.80� for
Mol. A and 103.23, 102.46� for Mol. B, respectively.
The different points are one angle between ring C and
D which is 103.85� for Mol. A and 101.86� for Mol.
B, respectively. In the case of Mol. B, the angle of
101.86� is very narrow than those of other angles.
Mol. A and Mol. B include two DMF molecules in their
cavities by hydrogen bond. The distance between the
hydroxyl groups of host and carbonyl oxygen of guest
are 2.78, 2.63 for Mol. A and 2.77, 2.62 Å for Mol. B,
which are very similar. In Figure 2, it was found that
p–p stacking interaction of which the distance is
3.90 Å between E ring of the Mol. A and C ring of
Mol. B, also causes to make molecular assembly. In
the crystal, such p–p stacking interaction between
Mol. A and Mol. B were located as [01 0] direction.
However, the configuration of these two benzene ring
is not completely face-to-face configuration, the dihedral
angle between two benzene rings was 23.0�. It was
reported that deformed p–p stacking such as displaced
p–p stacking in the CA system.8 We found some interac-
tion such as the p–DMF interaction in Mol. B as shown
in Figure 3. To our best knowledge, it is the first exam-
ple to detect such an interaction between aromatic ring
and DMF. The position of DMF and phenolic unit of
ring B in the Mol. B is located as face to face configura-
tion and the distance between nitrogen of DMF and
phenolic unit of ring C is 3.56 Å. It was suggested that
DMF molecular could be localized by hydrogen bond
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Figure 1. X-ray crystal structures of Mol. A and Mol. B. The carbons, oxyge
gray, red, yellow, blue, and white, respectively.
between carbonyl oxygen of DMF and neighboring
hydroxyl group of TC6A as shown in Figure 4. The
nitrogen moiety of DMF would be positively charged,
which resulted to give binding force such as p-cation
interaction.9 The crystal was formed by layers with sheet
A and B in layer along [100], which constructed the
supramolecular assembly as shown in Figure 5.

In conclusion, we achieved de-tert butylation of p-tert-
butylTC6A under much more milder condition than
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Figure 4. The model of localizing of DMF by hydrogen bond in the
Mol. B.

Figure 5. Structure of supramolecular assembly of the TC6A complex
with DMF molecules along c axis. The Mol. A and Mol. B are shown
as stick models in green and pink, respectively, and guest molecules are
presented as a CPK model.
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that of TC4A. X-ray crystallographic measurement of
the crystal structure of TC6A revealed that two DMF
molecules were included in the cavity of TC6A based
on hydrogen bond between two phenolic hydroxyl and
carbonyl group of DMF. The inter molecular p–p inter-
action between neighboring TC6A and p-cation interac-
tion between DMF and TC6A were also observed. The
intramolecular hydrogen bond between phenolic groups
were also recognized.
Supplementary data

Supplementary data associated with this article can be
found, in the online version, at doi:10.1016/j.tetlet.
2006.05.055.
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