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Reaction of p-tert-butylcalix[8]arene 1 with 2,6-bis(chloromethyl)pyridine results in the regioselective
introduction of the nitrogen-containing heterocycle to the 1 and 5 phenolic positions. The deprotonated
form of the 1,5-bridged compound 2 acts as a dianionic ligand toward Cs+. The dicesium complex
[2�Cs2O(H2O)], which has water molecules as additional ligands for the cesium cations, was characterized
by X-ray crystallography.

� 2009 Elsevier Ltd. All rights reserved.
Calixarenes and their derivatives are an interesting class of
compounds due to their potential applications in diverse areas
such as host–guest chemistry, coordination chemistry, catalysis,
biomimetic chemistry, sensors, and ion transport.1 In the specific
case of calix[4]arenes, the ease of modification by introduction of
several types of functional groups at the phenolic rim has led to
the development of numerous examples of versatile compounds.1,2

The variety of derivatives reported to date is related to the well-
established synthetic protocols, which allow the preparation of
calix[4]arenes with regio- and atropisomeric control by deprotona-
tion of the phenolic OH groups with specific alkali-metal bases.
While a considerable number of studies have focused on the chem-
istry of p-tert-butylcalix[4]arenes derivatives, the number of re-
ports on p-tert-butylcalix[8]arene-derived compounds remains
relatively scarce.3 This can be partly ascribed to the limited infor-
mation available on the regio- and stereoselective substitution of
the larger calixarenes. In addition, the large number of conforma-
tions available for calix[8]arenes precludes the long-range ordering
required for crystalline forms, thus making the amount of struc-
tural information on the eight-membered macrocycles particularly
sparse.4

A strategy devised to limit the conformational flexibility of
calix[8]arenes involves the introduction of intramolecular
bridges.5 To this effect, the use of cesium carbonate has allowed
the regioselective introduction of covalent bridges to the 1 and 5
phenolic positions of p-tert-butylcalix[8]arene 1, which results in
ll rights reserved.
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intramolecularly bridged calix[8]crowns.6 Despite these advances,
the introduction of nitrogen-containing spanning elements re-
mains largely unexplored, and the few cases reported are limited
by the low yields of 1,4-disubstituted calix[8]arenes obtained.7

The presence of nitrogen donors as bridging elements in p-tert-
butylcalix[8]arene derivatives could lead to the development of
new types of receptors, with the potential to bind different types
of metals within the calixarene cavity. To extend the chemistry
of nitrogen-containing calix[8]arenes, we herein report the regio-
selective preparation of a 1,5-disubstituted p-tert-butylca-
lix[8]arene by introduction of a 2,6-dimethylpyridyl group. The
complexing properties of the intramolecularly bridged calix[8]ar-
ene derivative toward cesium ions are also reported, along with
the solid-state structure of a dicesium complex.

Following previous reports on the regioselective disubstitution
at the 1 and 5 phenolic positions of 1, we employed 2 equiv of ce-
sium carbonate in anhydrous DMF for the reaction of 1 with
1 equiv of 2,6-bis(chloromethyl)pyridine (see Scheme 1). After
18 h at 70 �C the solvent was evaporated under reduced pressure,
and with the purpose of isolating cesium complexes of the calixa-
rene derivatives obtained, we avoided the neutralization step with
aqueous HCl reported in related work.5g Instead, we extracted the
solid with a 10:1 mixture of CH2Cl2/CH3CN, and after filtration
slow evaporation of the solvents resulted in colorless microcrys-
tals. Purification of the product by column chromatography was
thus avoided, and the solid obtained was characterized by FAB
mass spectrometry. A peak consistent with the introduction of a
2,6-dimethylpyridyl group to 1 was detected at m/z = 1401
[2+H]+, as well as the expected peak corresponding to a cesium
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Scheme 1. Preparation of cesium complexes of 2.
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complex of the calix[8]arene derivative at m/z = 1533 [2+Cs]+.
Although this evidence appears to indicate that the product is a
calixarene–monocesium complex, combustion analysis agrees
with the presence of two cesium ions, with an empirical formula
[2�Cs2O].8

In previous reports, the template effect of cesium results in the
predominant formation of 1,5-bridged products, except in the
introduction of the nitrogen-containing diazobenzene bridge to
1.7c Restriction of the conformational mobility of the macrocycle
by an alkali cation allows the determination of the substitution
pattern by 1H NMR spectroscopy. In the case of [2�Cs2O], spectra
acquired at 22 �C in CDCl3 or (CD3)2SO feature broad resonances
attributed to a fluxional behavior in solution, perhaps involving
an exchange of the coordination environments of the cesium ions
within the calixarene cavity. In contrast, the spectra acquired in
toluene-d7 point to a C2v symmetric calix[8]arene based on the res-
onances corresponding to the tert-butyl groups: the singlets at d
1.06, 1.32, and 1.41 ppm are consistent with substitution at the 1
and 5 phenolic positions, although further analysis is precluded
by the low solubility of [2�Cs2O] in toluene, even at elevated
temperatures.

Fortunately [2�Cs2O] is more soluble in CD2Cl2 than in toluene-D7,
and the 1H NMR signals are relatively sharp, and also consistent with
1,5-disubstitution. Thus, the familiar 2:1:1 pattern of tert-butyl
groups for a 1,5-bridged calix[8]arene becomes apparent. In addition
to the resonances corresponding to the tert-butyl groups, two sets of
AX coupled systems (d 3.28 and 3.99, J = 12 Hz; 3.47 and 4.68
J = 14 Hz) are also consistent with ArCH2Ar groups in a 1,5-substi-
tuted calix[8]arene. A broad singlet at d 3.81 was assigned to aceto-
nitrile exchanging between cesium ions (see below).
Figure 1. ORTEP diagram of [(2-2H)�Cs2(H2O)2] from two perspectives at the 50% probab
clarity.
When the reaction was serendipitously carried out in DMF that
was not freshly distilled, a compound with a slightly different com-
position was obtained.

This was immediately apparent upon analysis of the 1H NMR
spectrum of the product in CDCl3, which displays slightly broad-
ened but clearly distinct signals characteristic of 1,5-disubstitu-
tion. Mass spectrometry data of this second product are similar
to those of [2�Cs2O], with the exception of a new peak at m/
z = 1665, which was assigned to the [(2-H)+2Cs]+ ion.

Combustion analysis yields the empirical formula
[2�Cs2O(H2O)], which is consistent with the dicesium-containing
ions observed by mass spectrometry. Addition of D2O to CDCl3

solutions of [2�Cs2O] resulted in spectra very similar to those of
[2�Cs2O(H2O)], indicating that the drastic difference in the 1H
NMR spectra is due to water molecules as ligands. The structure
that we propose for the complexes corresponds to a doubly depro-
tonated macrocycle coordinated to two cesium ions, with water
molecules completing the coordination sphere of the metal centers
[(2-2H)�Cs2(H2O)x] (x = 1 or 2).

Relative to related calix[8]arene-monocesium complexes,4h in
which the cesium ion is hosted in the center of the basket-shaped
cavity, the arrangement of the two cations in our complexes needs
to be addressed. The solid-state structure of [2�Cs2O(H2O)] consists
of a calix[8]arene with the 2,6-dimethylpyridyl group bridging the
1 and 5 phenolic positions (O2 and O6 in Fig. 1), and two cesium
cations hosted within the macrocyclic cavity.9 The hydrogen atoms
of the calixarene OH groups were located on the difference Fourier
map, except for those corresponding to O4 and O8 (3 and 7 posi-
tions with respect to the pyridyl substituent). This characterizes
the calix[8]arene as a dianionic ligand, while the exogenous donors
ility level. Hydrogen atoms, solvent molecules, and tert-butyl groups are omitted for
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correspond to H2O molecules, so that the formula is more accu-
rately expressed as [(2-2H)�Cs2(H2O)2]. Single crystals degrade rap-
idly once dry, and were thus mounted for diffraction directly from
the mother liquor. The presence of molecules of the solvents
CH2Cl2 and CH3CN as a requisite is evident from the crystal formula
C99.60 H124.20 Cl1.19 Cs2 N3 O9.41, 2(C H2 Cl2), C1.83 H2.83 Cl.

Cs1 sits deep within the cavity, thus maximizing the Cs–O con-
tacts, with Cs1–O bonds to six phenolic groups of the calixarene
framework (O1–O3, and O5–O7). Interestingly, Cs1 does not inter-
act with the formally anionic O4 and O8, rendering those phenolic
positions ideally suited for further substitution.10

The Cs1–O bond lengths range from 2.991(3) to 3.373(4) Å, with
an average of 3.171 Å, which is within the range of reported Cs–O
bonds.11 The coordination geometry around Cs1 is a distorted, tri-
capped trigonal prism defined by O1–O3 and O5–O7 triangles. O9
corresponds to a water molecule, which bridges the two cesium
ions, and caps the face defined by O1, O3, O5, and O7. In addition,
the Cs1–N1 bond [3.456(3) Å] to the pyridyl nitrogen caps the face
defined by O2, O3, O5, and O6, while the Cs1–N3 bond [3.37(4) Å]
to an acetonitrile molecule caps the O2–O6 edge of the trigonal
prism.

Cs2 interacts with the phenolic O1 [3.104(3) Å] and O3
[3.175(4) Å] atoms, while not interacting with the anionic O4 and
O8. In addition to the bridging O9 [3.033(3) Å], Cs2 interacts with
a molecule of water disordered over 3 positions (O10–O12), placed
outside the calixarene cavity. Additionally, the aromatic p-cloud of
the pyridyl-bound O2 phenol group coordinates in a g6—fashion to
Cs2, with a Cs2-ring centroid distance of 3.33 Å.

In addition, there is a Cs2–N2 interaction to an acetonitrile mol-
ecule, characterized by a bond length of 3.212(6) Å. The coordi-
nated molecules of CH3CN give rise to broad resonances in the
NMR spectra of the cesium complexes of dianionic 2, probably
due to fast exchange between the cations. Based on variable tem-
perature 1H NMR data acquired on samples of [(2-2H)�Cs2(H2O)2]
down to �80 �C in CD2Cl2 (Fig. 2), the C2 symmetry of the 1,5-
disubstituted calix[8]arene is maintained on the NMR timescale.
Thus, a fast process that exchanges the cesium ion sites must occur
in solution.

In conclusion, we have developed a regioselective and high
yield method for the introduction of a 2,6-dimethylpyridyl group
to the 1 and 5 phenolic positions of 1. The heteroatom-bridged ca-
lix[8]arene derivative 2 can host two cesium cations within its cav-
ity.12 Efforts to obtain complexes with different metals are
currently underway.
Figure 2. 1H NMR spectra of [(2-2H)�Cs2(H2O)2] at (a) ambient temperature, and (b)
�80 �C in CD2Cl2.
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