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Alkylation of p-tert-butylcalix[5]arene 1c with an excess of 2-(2-chloroethoxy)ethyl tosylate 2 and anhy-
drous K2CO3, has led to the serendipitous regioselective formation of cone-in (1,2–3,5)-calix[5]arene bis-
crown-3 derivative 4 possessing a reactive 2-(2-chloroethoxy)ethoxy pendant functionality at the lower
rim. The structure and conformation of 4 have firmly been assigned by a combination of NMR analysis
and HF/6-31G* ab initio calculations, as well as by an independent stepwise synthesis. A preliminary
ESI-MS screening of the binding properties of 4 toward alkali metal ions has shown a clear preference
for the larger cations.

� 2008 Elsevier Ltd. All rights reserved.
The three-dimensional concave framework of calixarenes,1 their
ready availability, tunable size, and versatility of derivatization,
both at the upper and lower rims, have rendered this class of com-
pounds one of the prime molecular platforms for the design of ion-
selective ionophores and for the study of molecular encapsulation.
The ease of adding crown ether loops2 onto the calixarene lower
rim has been extensively harnessed over the past years for the pro-
duction of the most diverse calix-crown derivatives, which have
shown a wide and varied range of complexation properties toward
metal and organic ions.3

Among molecular architectures derived from calixcrowns,
tubular calixarenes4 have attracted considerable attention for their
potential to act as synthetic channels for ion-transport through cell
membranes.5 These molecules, however, posed a considerable syn-
thetic challenge until Beer and co-workers reported the prepara-
tion of a series of calix[4]tubes composed of two calix[4]arene
residues linked together, at their lower rims, by four ethylene
bridges.6

In our pursuit of structurally related calix[5]tubes, a few years
ago, we obtained a mixed-cavity calix[4][5]tube.7 Similar studies,
by Raston and co-workers, also showed that a direct attempt to
obtain a calix[5]tube by reacting p-tert-butylcalix[5]arene 1c8 with
2-chloroethyl tosylate and K2CO3 afforded a doubly intrabridged
bis-ethylene calix[5]arene derivative, presumably as a result of
the intramolecular reaction of a tri-O-alkylated intermediate.9

We, therefore, decided to explore the K2CO3-promoted per-
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O-alkylation of a series of calix[5]arenes 1 with the longer 2-(2-
chloroethoxy)ethyl tosylate 2,10 reasoning that the presence of an
additional oxygen atom in the bridge might help—via possible
template effects from K+ ions—in the formation of the desired
calix[5]arene precursors.

Reaction of p-H-calix[5]arene 1a11 and p-methylcalix[5]arene
1b12 with an excess of 2 and K2CO3 (10 equiv each) in refluxing
CH3CN gave (1,3)-bridged 2,4,5-tris[2-(2-chloroethoxy)ethoxy]-
calix[5]arene-crown-3 derivatives 3a (41%) and 3b (53%) as
shown in Scheme 1.13 ESI-MS analysis of 3a and 3b showed mole-
cular ion peaks at m/z 919.1 and 989.1, respectively, featuring a
three-chlorine isotopic pattern, along with ion peaks at higher
masses corresponding to [M�NH4]+, [M�Na]+, and [M�K]+ ions. Their
1H and 13C NMR spectra indicate the formation of 1,3-bridged
mono-crown derivatives (vide infra) fixed14,15 in a cone-in confor-
mation on the basis of the following features: (i) three diagnosti-
cally important AX systems (ratio 2:1:2) for the bridging
methylene groups and resonances of relevant carbons in the range
28–31 ppm16 and (ii) high field resonances for the hydrogens of the
isolated p-H- or p-Me-phenyl moieties (d = 6.43 (1H) and 1.57 (3H)
ppm, respectively), consistent with their leaning toward the inte-
rior of the cavity (self-filling).17

Reaction of 1c and 2, under the very same conditions, also pro-
duced a single product (56%),13 whose 1H NMR spectrum suggested
once again a Cs symmetric cone-in conformation of the molecule
(three AX systems for the ArCH2Ar hydrogens, and singlets at
d = 5.90 (2H) and 0.04 (9H) ppm for the self-filling p-tert-butyl-
phenyl moiety). Unexpectedly, though, its ESI-MS spectrum dis-
played molecular ion peaks at m/z 1057.4 ([M�H]+), 1074.4
([M�NH4]+), 1079.4 ([M�Na]+), and 1095.3 ([M�K]+, base peak), all
of them exhibiting a monochlorinated isotopic pattern, compatible
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Figure 1. Top and side views of the equilibrium geometries of calix[5]arene-bis-
crown-3 4 (left) and its 1,2–3,4-regioisomer (right), based on HF/6-31G* geometry
optimizations.

Scheme 1. Synthesis of calix[5]arene-crown-3 3a,b and calix[5]arene-biscrown-3
4. Reagents and conditions: (a) Ts(OCH2CH2)2Cl 2, K2CO3, CH3CN, (3a, 41%; 3b, 53%;
4, 56%).

Figure 2. Positive ESI-MS spectrum of a mixture of [4] = [Li+] =
[Na+] = [K+] = [Rb+] = [Cs+] = 10 lM (as picrate salts) in CHCl3/MeOH 4:1.
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with the formation of a calix[5]arene-bis-crown-3 derivative 4,
possessing a reactive 2-(2-chloroethoxy)ethoxy pendant function-
ality at the lower rim. This is, to our knowledge, the first example
of a calix[5]arene adorned with two crown ether loops at the nar-
row rim.18

In principle, two possible intramolecular bridging products (i.e.,
1,2–3,4- and 1,2–3,5-isomer) were envisioned for this reaction,
according to the identity of the first-formed (1,2- or 1,3-) polyether
linkage. NMR analysis of 4, however, did not allow us to determine
which one had been formed, because of their similar Cs-symmetry
point group. Assuming the well-established stepwise mechanism
of calixarene alkylation with weak bases, the formation of 4 could
have resulted from either a 1,2- or a 1,3-bridged intermediate.
While the former can statistically evolve toward both calix[5]-
arene-bis-crowns, the latter can only afford the 1,2–3,5-regioisomer.
The regioselective outcome of the reaction could therefore be
explained by assuming (1,3)-p-tert-butylcalix[5]arene-crown-3 5
as the eligible intermediate. To shed light on this matter, calix[5]-
arene crown ether 5, synthesized on purpose from 1c and diethyl-
eneglycol ditosylate under Böhmer’s conditions,3b,19,20 was
subjected to an excess of 2 and K2CO3 in refluxing CH3CN, to yield
a product identical in all respects to 4, obtained by the one-pot
reaction described above. Furthermore, crown ethers 4 and 5, as
well as O-alkylated mono-crown intermediate 6, were isolated
and characterized (NMR) as the products of the K2CO3-promoted
reaction of 1c with a defect of 2 (1 equiv) in refluxing CH3CN (3
days).
Further, evidence on the structural assignment of 4 was pro-
vided by calculations21 of equilibrium geometries of 4 and its

(1,2–3,4)-regioisomer, by using the Hartree–Fock method with
the 6-31G* basis set (Fig. 1).22

The calculated structures show that, as predicted, 4 possesses a
cone-in conformation, whereas its regioisomer has a regular cone
conformation.23 These findings are in excellent agreement with
the NMR data of 4, confirming that the aryl moiety bearing the
pendant group is indeed in a tilted self-filling position.
Furthermore, the 2-(2-chloroethoxy)ethoxy pendant and flanking
crown-3 subunit at the narrow rim of calix[5]arene 4 generate an
ionophoric pocket lined by ethereal oxygen atoms that could be
harnessed for the complexation of alkali metal cations.

The binding affinities and selectivities of bis-crown derivative 4
toward alkali metal ions were preliminarly estimated in competi-
tive complexation experiments by the ESI-MS technique.24 The
ESI spectrum of 4 in the presence of an equimolar mixture of alkali
metal ion picrate salts (Fig. 2) evidences a clear preference of the
bis-crown derivative for the larger alkali metal ions—prominent
ion peaks corresponding to [M�Cs]+ (base peak), [M�Rb]+ (68%),
and [M�K]+ (60%) 1:1 complexes—whereas ion peaks relative to
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complexes with the smaller Li+ and Na+ ions are negligible or even
absent.

In conclusion, we have described the one-pot synthesis of novel
calix[5]arene mono- and bis-crown ether building blocks 3 and 4
endowed with modifiable ponytail(s) at the lower rim. Further
investigations into the binding properties of 3 and 4, and the
design and synthesis of new receptors by exploiting the potential
offered by their reactive pendant functionalities are underway.
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