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ABSTRACT

Treatment of 1,5-bridged calix[8]arenes 2−4 with alkali metal carbonates produces salts in which an included cation acts as a conformational
template. This induces the folding of calix[8]arene skeleton in a conformation in which the triads of contiguous OH-bearing rings adopt a
3/4-cone conformation with all hydroxyls converging toward the same center. The template effect requires the presence of short bridges
(ethylene, tetramethylene, diethylene glycol) and became stronger by increasing the cation dimension up to that of Cs+.

The template effect is a well-documented phenomenon, today
masterfully used in the so-called “template-directed” or
“supramolecularly assisted” synthesis of macrocyclic or
interlocked molecules.1 Several templating interactions (in-
cluding metal cation coordination,2 π-donor-acceptor,3

π-stacking,4 and H-bond5) have been exploited for the
specific preassembling of reacting species.6 It has been

demonstrated that template effect may affect reversible
conformational or self-assembly equilibria.7

In calix[4]arene chemistry,8 the template effect has been
invoked to explain the regiochemical or atropisomeric
outcome inO-alkylation reactions.9 It has also been used to
alter the equilibrium distribution or to reduce the conforma-
tional mobility of rapidly interconverting derivatives.10,11
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‡ Università di Salerno.
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As regards the larger calix[6]arenes, only a few examples
exhibiting their guest-induced preorganization are re-
ported.11,12 In the case of the even larger calix[8]arenes, no
clear examples of guest-templation have been so far de-
scribed,13 probably as a result of their higher conformational
mobility.

Here we wish to report the first example of solution-state
preorganization of a poorly functionalized calix[8]arene
induced by alkali cation template effect.

In the course of an investigation on the two-step synthesis
of 1,5:3,7-doubly bridged calix[8]arenes,14 we isolated the
intermediate 1,5-singly bridged calix[8]arene2,15 which can
be obtained in 90% yield by alkylation in DMF ofp-tert-
butylcalix[8]arene1 with 1,4-diiodobutane (2 equiv) in the
presence of Cs2CO3 as base.16 As expected by the analogy
with other singly bridged calix[8]arenes,16 1,5-tetramethyl-

ene-bridged calix[8]arene2 showed broad signals in its room
temperature1H NMR spectrum (Figure 1a), indicating a

conformational mobility comparable to the NMR time scale.
In duplicating the preparation of compound2, we serendipi-
tously observed a quite different1H NMR spectrum with
unexpected sharp signals (Figure 1b) for the obtained
material.15 In particular, the presence of two AX systems (δ
3.28 and 4.10,J ) 12.7 Hz;δ 3.41 and 4.55,J ) 14.7 Hz)
for diagnostic ArCH2Ar groups clearly indicated a blocked
conformation on the NMR time scale. On the basis of the
cesium-encapsulating ability of the related 1,5:3,7-doubly
bridged calix[8]arenes,14,17we formulated this new material
as a salt of2 with an included cesium cation acting as a
conformational template.

The first proof of this hypothesis came from FAB(+) MS
measurements, which showed the calculated [MH+] molec-
ular ion peak atm/z1351 for compound2, whereas an intense
peak atm/z 1484 corresponding to the [MCs+] ion was
observed for the new material.

An additional proof of the saline nature of2-‚Cs+ material
was obtained by acidic treatment with diluted HCl, which
afforded2 identified by its characteristic broad spectrum.
On the other hand, when2 was treated with Cs2CO3 in DMF
at 70 °C or in acetone at room temperature,2-‚Cs+ was
readily obtained.15,18

A confirmation of the presence of a monoanionic species
in 2-‚Cs+ was also obtained by its treatment with an excess
of MeI (in DMF), which selectively afforded derivative2a
monomethylated at position 3.15 This also indicates the
preferential charge localization at position 3 in2- stabilized
by two flanking H-bonds with proximal OH groups.

To assess the effectiveness of the Cs+ templation, dynamic
NMR studies were conducted on both2 and2-‚Cs+. In the
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Figure 1. 1H NMR spectrum (250 MHz, CDCl3, 295 K) of 1,5-
tetramethylene-bridged calix[8]arene2 (a) and its cesium salt,
2-‚Cs+ (b).
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first instance sharp signals corresponding to a fast confor-
mational interconversion were observed at temperatures
higher than 315 K. Upon cooling a coalescence of ArCH2-
Ar signals can be ascertained at 276 K, while the freezing-
out of a 2-fold symmetrical conformation of2 can be
observed down to 215 K. From these data an energy barrier
of 13.9 kcal/mol can be estimated. In the case of2-‚Cs+ no
significant spectral changes were observed in the 220-355
K range, while a coalescence of ArCH2Ar AX systems takes
place at about 370 K in C2D2Cl4. In this instance an energy
barrier higher than 17.1 kcal/mol can be evaluated. Com-
parison of the two barrier values leads to a difference of
about 3 kcal/mol, which can be mainly attributed to the
conformational stabilization brought by the cesium template
effect.

A better understanding of this template effect in2-‚Cs+

can be achieved on geometrical grounds. In fact, the presence
of two well-spaced AX systems for ArCH2Ar groups (∆δ
) 0.82 and 1.14) in its 2D COSY NMR spectrum clearly
points to asynrelative orientation of each couple of calix-
[8]arene aromatic rings. This requirement can be adequately
satisfied assuming a folded conformation of the calix[8]arene
skeleton (depicted in Figure 2) in which the two triads of

contiguous OH-bearing rings (at positions 2,3,4 and 6,7,8,
respectively) adopt a 3/4-cone conformation with all hy-
droxyls converging toward the same center.

The overall geometry of the calix[8]arene macrocycle has
to be very similar to theD2d structure of related cesium-

selective 1,5:3,7-doubly bridged calix[8]arene ionophores.14,17

In analogy to them, the cesium cation in2-‚Cs+ would sit
at the center of the structure surrounded by the eight oxygens.
In this way Cs+ cation blocks the folded conformation
because of its interaction with O atoms with the aid of ion-
pairing electrostatic stabilization.

On the basis of above structural features it is conceivable
that other alkali cations could give rise to a template effect
with different efficiency. Therefore, formation of inclusive
salt of 2 was investigated by heating it in DMF with alkali
metals carbonates.18 The material obtained after washing with
H2O showed sharp AX systems in the1H NMR spectrum in
the case of K+, Rb+, or Cs+ cations, whereas Na+ gave a
broad spectrum (Figure 3).19 This demonstrates that a cation

of larger dimension is required for generation of template
effect.

Interestingly, 2-‚K +, 2-‚Rb+, and 2-‚Cs+ salts gave
slightly different1H NMR spectra (Figure 3), thus allowing
an easy discrimination among them. On this premise,
competition experiments were performed by treating2 with
a mixture of two alkali carbonates in equivalent excess. The
result of these tests allowed to establish the following stability
order: 2-‚Cs+ > 2-‚Rb+ > 2-‚K+ > 2-‚Na+. An additional
evidence of this relative stability was obtained from their
1H NMR spectra acquired in acetone-d6. In fact, in this
solvent both2-‚Cs+ and 2-‚Rb+ gave sharp AX systems
for ArCH2Ar groups, whereas2-‚K + gave broad signals.
This is explainable by the lower stability of the K+ template
associated with the higher cation-coordinating ability of

(19) The salt formation is evidenced by a large increase of solubility
with respect to2, which is scarcely soluble in common organic solvents.

Figure 2. Formation of the cesium template in the2-‚Cs+ salt
(top) and its CPK computer model (bottom).

Figure 3. Comparison of the methylene region of the1H NMR
spectra (250 MHz, CDCl3, 295 K) of 2 after overnight treatment
with alkali metal carbonates in DMF at 70°C.

Org. Lett., Vol. 3, No. 11, 2001 1607



acetone solvent. Therefore, it can be concluded that cation
dimension plays a crucial role in the effectiveness of template
effect.

It is worth noting that alkali salts ofp-tert-butylcalix[8]-
arene (1-‚Cs+, 1-‚Rb+, and1-‚K+), obtained with the same
procedure, all gave broad1H NMR spectra. This indicates
that 1,5-bridging is a fundamental requirement for template
effect. Even the bridge length plays a major role in this
respect, since both 1,5-calix[8]crown-2316 and 1,5-calix[8]-
crown-3416 display Cs+ template effect, whereas 1,5-calix-
[8]crown-4 516 does not. Probably, the higher rigidity
imposed by a shorter bridge is also an essential requisite for
template effect in these calix[8]arene derivatives.

In conclusion, the present work reports on the first
examples of conformational preorganization in solution by

alkali cation template effect on poorly functionalized 1,5-
bridged calix[8]arenes. It is also demonstrated that short
bridges are required to give a template effect, which becomes
stronger by increasing the cation dimension. The presence
of this templation in 1,5-bridged calix[8]arenes could be used
to explain the somewhat surprising selectivity observed in
the preparation of doubly bridged derivatives.
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