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The self-assembly of calix[4]arene derivatives based on
an A-T base pairing
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Abstract—Calix[4]arene derivatives with one adenine or thymine sidearm have been synthesized and their self-association
characteristics which depend on solvent, temperature and concentrations are described. Mainly Watson–Crick A-T base pairing
in these systems was detected using 1H NMR and ESI-MS. © 2001 Elsevier Science Ltd. All rights reserved.

The search for effective scaffolds remains one of the
main challenges in supramolecular chemistry.1 Based on
the self-complementary principle, a large number of
structures able to undergo assembly have been designed
and synthesized in the past few decades.2 Surprisingly,
however, the use of the DNA base pairing interaction,
the best known complementarity in nature, has
remained largely unexplored and no significant progress
has been made using it in the study of molecular

assembly.3 This is partly due to the weak interactions
between the bases.4

Calix[n ]arenes, cyclic oligomers derived from the con-
densation of phenol and formaldehyde, are unique and
versatile building blocks in supramolecular chemistry
because they possess different cavities and conforma-
tions fine-tunable by chemical modification both at the
upper and lower rims.5 Progress has been made towards

Scheme 1. Reagents and conditions : (i) HNO3, CH3COOH, CH2Cl2, rt, 30 min; (ii) SnCl2·2H2O, C2H5OH, reflux; (iii) DCC,
HOBt, DMF, rt; (iv) BrCH2COBr, CH2Cl2, rt; (v) NaH, DMF, rt.
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the molecular recognition of calix[n ]arene derivatives
with organic molecules and metal ions.6 Self-assembly
of calix[n ]arene compounds has been achieved by non-
covalent intermolecular recognition or complexation
with organic molecules and metal cations.2,7 For exam-
ple, a molecular capsule has been obtained while a
top-rim derivatized calix[4]arene dimerized by hydro-
gen-bonding of ureas.8 Our interest in the construction
of multi-cavity receptors and their inclusion properties
has led us to investigate the synthesis of adenine- and
thymine-bearing calix[4]arene derivatives. We envisaged
that the DNA-like adenine–thymine interaction would
give rise to a calix[4]arene assembly. The study may
also allow us to shed light on recognition processes in
chemical and biological systems and to develop novel
biological targeting agents.

The synthesis of base-containing calix[4]arenes is out-
lined in Scheme 1. The monoamino calix[4]arenes 3
were obtained from mononitration of calix[4]arenes 1,
followed by reduction using tin dichloride in boiling
ethanol. The coupling reactions between 3 and thymin-
1-ylacetic acid 4 in the presence of DCC afforded the
monothymine-substituted calix[4]arenes 5. The same
synthetic strategy did not apply to the adenine analogs
7 because adenine-9-ylacetic acid is sparingly soluble in
DMF and DMSO. Instead, compounds 7 were pre-
pared from the substitution reactions of bromoacylated
monoamino calix[4]arenes 6 with adenine with the aid
of sodium hydride. The introduction of four alkyl
groups at the lower rim improved the solubility of the
calix[4]arene derivatives5 and thus facilitated the study.9

The spectroscopic data and elemental analysis were in
agreement with the structure of the products.10 It is
worth noting that both the thymine- and adenine-con-
taining calix[4]arene products 5 and 7 tended to
undergo self-association through intermolecular hydro-
gen bonding in solution, which was evidenced by a 1H
NMR spectroscopic study. For example, a significant
downfield shift (��=1.56–1.62 ppm) of the signal of
the thymine imido-H of compound 5 was observed
when the concentration increased from 5 to 22 mM in
CDCl3. The signals of the amino protons of the adenine
of 7 were downfield shifted (��=0.26–0.40 ppm) simi-
larly upon increase of the concentration. Such a distinct
concentration dependence of the NMR signals of the
thymine and adenine base residues reflected, respec-
tively, strong T-T and A-A self-association through
intermolecular hydrogen bonding.11 Intermolecular
hydrogen bond formation was further confirmed by
variable-temperature 1H NMR spectra. A downfield
shift of 0.75–0.60 ppm and of 0.16 ppm was observed,
respectively, corresponding to the thymine imido-H of 5
and adenine amino-H of 7, when the temperature
decreased from 326 to 300 K. The change of solvent
from CDCl3 to CD3SOCD3, a polar solvent able to
minimize the intermolecular hydrogen bonding,
resulted in a shift of the imido-H peak of 5a from 8.15
to 11.26 ppm and of the amino-H peak of 7a from 5.92
to 7.17 ppm. It should be noted that, except for the
observation of the peak shifts of the thymine imido-H
and of the adenine amino-H mentioned above, the

proton signals of the rest of the molecule remained
almost constant under the conditions employed. This
implies the formation of discrete self-assembly of 5 or 7
rather than a polymeric one in CDCl3.12

Molecular assembly between compounds 5 and 7 was
studied by monitoring by 1H NMR at 300 K when a
thymine-bearing calix[4]arene 5 solution in CDCl3 (10
mM) was treated with an equal amount of the adenine-
containing calix[4]arene 7. From the resulting spectra
(Fig. 1), we found that both the signals of the imido
proton of the thymine residue of 5a and the amino
protons of the adenine moiety of 7a moved downfield,
with �� being 1.32 and 0.33 ppm, respectively. Impor-
tantly, the peak corresponding to the proton at C-2 of
the adenine of 7a also shifted downfield (�� 0.24 ppm),
while the signal due to the proton at C-8 of the adenine
of 7a remained almost unchanged (�� 0.04 ppm). This
clearly indicated that the calix[4]arene derivatives 5a
and 7a undergo assembly mainly through Watson–
Crick A-T base pairing recognition (Scheme 2).3,13 The
situation of assembly between 5b and 7b was similar.

Figure 1. Partial 1H NMR spectra of (a) 7a; (b) the 1:1
mixture of 5a and 7a and (c) 5a. Spectra were recorded in
CDCl3 on a 300 MHz spectrometer. [5a]=[7a]=[5a+7a]=10
mM.

Scheme 2. Watson–Crick pairing.
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The interaction of A and T has been reported to
proceed through both Watson–Crick and Hoogsteen
type recognition,14 with the former being the sole recog-
nition mechanism in nucleic acids. The precise reason
for the formation of mainly Watson–Crick A-T base
pairing between 5 and 7 is unclear, although it may be
due to less steric interaction between the two
calix[4]arene moieties in such a complex.

Encouraged by the results from the 1H NMR study, we
investigated the molecular assembly of 5 and 7 further
using mass spectroscopy. The MALDI-TOF mass spec-
trum of compounds 5 and 7, and of the mixture of 5
and 7 in CHCl3 did not give any peaks other than
individual molecular peaks. When electron spray ion-
ization was applied, however, peaks of complex species
were detected. For instance, a mixture of equimolar 5a
and 7a in CH2Cl2/CH3CN/AcOH gave an intense
5a·7a·H+ complex peak at 1556.8, while a mixture of 5b
and 7b gave a peak at 2341.7 corresponding to
5b·7b·H+.

In summary, we have synthesized calix[4]arene deriva-
tives bearing one thymine or one adenine moiety, and
they have been shown to undergo self-association in
solution. Effective Watson–Crick A-T recognition leads
to molecular assembly between the adenine- and
thymine-containing calix[4]arenes. We have also
demonstrated that electron spray ionization mass spec-
trometry is a powerful means to study molecular assem-
bly based on base pairing interactions.
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