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In the presence of lanthanide ions, a Co(111) sepulchrate cation
[Co(diHOsar)]>" and sodium p-sulfonatocalix[4]arene form a 1 :
1 host—guest complex which is self-assembled into a zeolite-like
lattice network comprised of parallel, single stranded helices.

Water soluble sulfonated calix[n]arenes (n = 4-8) are attracting
considerable attention as host molecules for binding organic' and
inorganic species.> The molecular recognition properties of these
amphiphiles are of interest in nanochemistry where they have
potential applications in building up new synthetic materials,® and
in medicinal applications which include drug delivery, and
sensing.* p-Sulfonatocalix[4Jarene, 1, has been the most widely
studied of these receptors, mainly due to its ability to retain a cone
conformation in both solution and the solid state and its ease of
synthesis. The hydrophobic nature of its cavity encourages the
formation of host-guest or inclusion complexes, with early
examples being for small, simple organic molecules,' and more
recently, biologically relevant molecules such as amino acids.’

Calixarene 1 often crystallises in an up-down ‘bi-layer’
arrangement, in which the host molecules interact through phenyl
n-interactions to form clay-like structures.® However, many
recent reports have detailed the formation of ‘Russian doll’
inclusion complexes in which a guest molecule, mainly a crown
ether or aza macrocycle, is sandwiched between two calixarenes.®’
These complexes are mainly formed at low pH (< 4) in the
presence of lanthanide(1i1) ions, which act to close the molecular
capsules by coordinating with the sulfonate groups. At pH > 4,
deprotonation of one of the lower-rim phenolic units of 1 occurs,
which can result in the tethering of the molecular capsules through
additional metal-ion or guest coordination external to the binding
cavity of the host. This has resulted in the formation of remarkably
dramatic nanometre scale superstructures, in particular two ‘giant
spheroidal’ arrays from inclusion of [18-crown-6].% or pyridine
N-oxide’ within the cavity of 1 in the presence of aquated
lanthanide(111) ions. With pyridine N-oxide, a helical tubular array
based on binary 1 : 1 inclusion complex motifs also results when
the ratios of the starting components are varied.”
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Changing the included molecule from planar pyridine N-oxide
to torus shaped [18-crown-6] results in a dramatically different
spheroidal array of twelve calixarenes either in the form of an
icosahedron or a cuboctahedron.® The encapsulation of globular-
like macrobicyclic compounds such as [2,2,2]cryptand in the
presence of a large excess of lanthanide metal cations results in a
2-D bi-layer coordination polymer.” Herein we report our findings
on the inclusion of a polar globular-like Co(Ill) sepulchrate
complex [Co(diHOsar)]**, 2,'° in the cavity of p-sulfonatocalix[4]-
arene to ascertain whether the sepulchrate is an effective internal
core unit for the formation of giant spheroidal, or tubular arrays.
The latter is indeed the case, at least in the presence of Ln*" ions.
We also noted that the presence of two terminal hydroxyl groups
on each end of the sepulchrate complex is likely to aid the
formation of host-guest molecules via hydrogen bonds with the
sulfonate groups of the calixarene.
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Under conditions analogous to those used for the formation of
the p-sulfonatocalix[4]arene : [18-crown-6] spheroidal cuboctahe-
dron,® the reaction of a 1 : 3 ratio of host 1 as its sodium salt to
guest 2 in aqueous solution (pH = 4-5) in the presence of excess
Pr(O5SCF;); afforded orange crystals which were characterised
using single crystal X-ray diffraction methods,} and shown to be a
hydrated complex, I, based on the supermolecule [{Co(diHOsar)}
N {p-sulfonatocalix[4Jarene}], Fig. 1. Prascodymium ions are
included within the structure, and although they have a low
distribution level (0.17 per asymmetric unit) their presence in
solution is essential in controlling the assembly process leading to I.
This unusual templating phenomenon involving lanthanide ions
has been noted for the interplay of the same calixarene with the
tetraphenylphosphonium cation.> The discrepancy in charge
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Fig. 1 Structure of the binary inclusion complex [{Co(diHOsar)} N
{p-sulfonatocalix[4]arene}] in I; only one enantiomer of the sepulchrate is
shown for clarity with the Co(111) centre shown in purple and N atoms in
blue.

balance may be addressed through possible protonation of the
sulfonate groups or through the presence of oxonium ions, as
reported in other p-sulfonatocalixarene supramolecular arrays.®’

The supermolecule in I has the guest ‘perched’ with respect to
the cavity of the calixarene which adopts a ‘pinched cone’
conformation. The cavity is too small to enable complete guest
lateral encapsulation of 2 which is orientated with an ethylene
group directed into the cavity. In addition, the hydroxyl groups at
each end of the guest molecule point directly towards two opposite
sulfonate groups of the calixarene, held by hydrogen bonding with
O---O contacts of 2.76 and 2.95 A respectively. The cation 2 is
disordered corresponding to a 50 : 50 ratio of each enantiomer (A
or A). Each calixarene interacts through phenyl ring n stacking to
three neighbouring calixarenes, with two of these having
centroid. . ..centroid distances of 3.60 A, and one longer contact
at 3.87 A. The other phenyl ring is slightly disordered over two
positions and does not show m-stacking interactions to other
neighbouring calixarenes.

The supermolecules pack together in the crystal lattice to form
infinite single stranded regular helical chains, which run along the
¢ axis, Fig. 2. Each helix completes a full turn every 41.51 A, which
corresponds to the ¢ dimension of the unit cell (¢f 34 A in
B-DNA).!" The interplay between helices in I is governed by
calixarene. ..calixarene m-stacking interactions (centroid...centroid
distance 3.60 A), such that a parallel network of helices is obtained
throughout the crystal lattice, Fig. 3. No hydrogen bonding
interactions between adjacent guest molecules are evident (O...0
distance 3.55 A). Both helical enantiomers (P and M) are present
within the structure and are arranged such that adjacent helical
pairs are of opposite chirality, with the overall structure being

Full Turn

Fig. 2 A view of one helical strand in I (viewed down the a direction)
highlighting one turn of the helix.

Fig. 3 The packing of adjacent helices in I viewed down the ¢ axis; Pr*"
and associated disordered water molecules are shown in green and occupy
the channels. Adjacent helices (e.g. red and yellow, brown and blue) have
opposite chirality.

achiral. The crystal lattice contains loosely-defined channel regions
at the centre of each group of four helical chains and running
parallel to the helical axes. The diameter of these varies along their
length (minimum 4.80 A, maximum ~ 10 A), which corresponds
to the convergence, and divergence of the four helical strands from
each other. At the widest point there is considerable distance
between two adjacent helical strands (~ 6.5 A), resulting in the
formation of channels down the @ and b axes within the structure,
Fig. 4. Water molecules and aquated Pr** ions, each of which
occupy two crystallographic positions, reside within the channel
regions. These channels are not heavily filled and considerable
voids are present within the molecular solid, creating a 3D network
of interconnected cavities reminiscent of that present in zeolitic
structures.'?

It is interesting to contrast the structure of I with the
aforementioned example resulting from pyridine N-oxide inclusion
within p-sulfonatocalix[4Jarene.’ In this case there is a regular,
single stranded helical tube with a significantly larger hydrophilic
channel (diameter ~ 15 A), arising from extensive coordination of
the lower rim of the calixarene to a network of aquated Ln*" and
Na* ions. The structure of I differs by having a less well-defined,
smaller channel for which the surface is defined by four chiral,
helical strands.

The supramolecular array in I can also be formed under
different conditions and with different lanthanides. At a host-guest

Fig. 4 A representation of two helices (viewed down the a direction);
guests are shown in blue and calixarenes in red. The open spaces where the
helices diverge are occupied by Pr** ions and water molecules.
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ratio of 2 : 1 and lower pH (= 1), and in the presence of aquated
Yb*, the components self-assemble to give complex I."

The structure above contrasts with that obtained in the absence
of Ln*" ions. Prismatic orange crystals resulted from exposure of
host 1 as its sodium salt to guest 2 at pH = 1 in aqueous solution.
A preliminary X-ray structure of this material shows that it is
composed entirely of the binary supermolecules as in I. Although
the structure presents some disorder, the helical orientation of
host-guest complexes which features in I is absent.

The structure I appears to be an unprecedented hybrid of both
the tubular and spherical motifs reported by Atwood and co-
workers.” Calixarene. .. .calixarene interactions are sufficient for
helix formation to occur, but size mismatching of the guest with
the calixarene through lateral inclusion is believed to be the critical
factor inhibiting capsule, and therefore, spheroidal array formation
in this case, and we are in the process of extending these studies to
sepulchrate complexes that lack polar functionalities on their end
caps.

We thank the Australian Research Council and the University
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UWA Postdoctoral Research Fellowship to CBS is gratefully
acknowledged.
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i Crystal/refinement details for I: C4oHs7 sCoNgO0 75Pro.17S4, M = 1189.12,
FO000) = 9894 e, Tetragonal, /4,/a (No. 88), Z = 16, T = 153 K,
a = 2547(5), ¢ = 41.51(7) A, V = 26929(68) A%, D, = 1.173 g cm™>;
sin 0/ Zmax = 0.587; N(unique) = 10610 (merged from 64020, Ry, = 0.1624,
R, = 0.1175), N, (I > 20(I)) = 5316; R = 0.1695, wR2 = 0.3882 (4,
B = 0.25, 250.0), GOF = 1.019; |[Apma = 24(2) A3, The structure was
solved and refined using the SHELX-97 suite of programs'* and the
X-Seed"? interface. The figures were prepared using X-Seed, POV-Ray.'®
See the supplementary information for further details. CCDC 288502. For
crystallographic data in CIF or other electronic format see DOI: 10.1039/
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