Downloaded by University of California- Los Angeles on 01 January 2013
Published on 24 April 2006 on http://pubs.rsc.org | doi:10.1039/B604349F

LETTER

View Article Online / Journal Homepage / Table of Contentsfor thisissue

www.rsc.org/njc | New Journal of Chemistry

Conformational extremes in the supramolecular assemblies of

para-sulfonato-calix|8]arene

Florent Perret,” Vanessa Bonnard,” Oksana Danylyuk,” Kinga Suwinska® and

Anthony W. Coleman*“

Received (in University of Durham, UK) 24th March 2006, Accepted 5th April 2006

First published as an Advance Article on the web 24th April 2006

DOI: 10.1039/b604349f

Two complex solid state structures of para-sulfonato-calix|[8]
arene are described, showing extremes in the macrocyclic con-
formation; one is planar and nearly circular, the other an inverted
double cone. The differences in the molecular conformations lead
to highly different packing arrangements in the structures.

Calixarenes' show a remarkable facility for chemical mod-
ification due to the highly different chemistries of the aromatic
rings and the phenolic hydroxyl functions. Over the last
decade, we? and other groups® have undertaken a number of
studies on the biological and biopharmaceutical properties of
their water soluble derivatives, and in particular the para-
sulfonato-calixarenes. These derivatives have been shown to
have anti-thrombotic, I>® and enzyme inhibition
properties.” In general, the biological activity of the para-
sulfonato-calix[n]arenes increases with the size of the macro-
cyclic ring; with para-sulfonato-calix[8]arene and its deriva-
tives showing stronger binding to peptides, higher
anticoagulant activity and stronger interaction with the Prion
Protein PrP.® However, the binding to Bovine Serum Albumin
(BSA)’ 1% shows reversed effects due to the steric blocking of
the interaction of para-sulfonato-calix[8]arene with the strong
binding pocket available in the protein. This biological activity
is probably related to both an increased charge, leading to
tighter electrostatic binding, and the higher conformational
flexibility of the eight- macrocycle. This higher conformational
flexibility has had a converse effect on our knowledge of the
structural properties of para-sulfonato-calix[n]arenes. There-
fore, while over 80 structures are known for para-sulfonato-
calix[4]arene and 12 structures are known for para-sulfonato-
calix[6]arene,'! it was only in 2005 that Raston et al. reported
the first structural study of a para-sulfonato-calix[8]arene 1.2

In this paper we report on the structures of two complexes
of para-sulfonato-calix[8]arene 1 that represent two conforma-
tional extremities in the molecular structure of 1, one being an
almost planar macrocyclic ring and the other showing a
double partial cone structure, with each four-membered par-
tial cone directed at 180° in relation to each other. The
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differences in the molecular structure are reflected in the highly
divergent nature of the assemblies observed in the packing of
the two complexes.

Suitable crystals for X-ray analysis were grown by aqueous
solvent diffusion between a solution of para-calix[8]arene
sulfonic acid 1, and an alcoholic solution of 1,4-butanediamine
or 1,2-cis-cyclohexanediamine, yielding the complexes 1A and
1B, respectively.¥

With regard to complex 1A, as shown in Fig. 1a, the para-
sulfonato-calix[8]arene molecule adopts an almost planar
conformation, in which all sulfonate groups are pointing out
from the cavity; each phenolic hydroxyl group forming hydro-
gen bonds with its vicinal neighbors (2.63(7) A to 2.76(1) A).
The aromatic rings are inclined to the plane of the eight
oxygen atoms of the hydroxyl groups by 5.6(8) to 13.0(5)°.
The Ca,—CH,—Cax, angles are between 107.4(3) and 112.1(3)°.
Four orthogonal grooves are present on the face of the
macrocycle, which are occupied by butanediammonium ca-
tions, Fig. 2b. The macrocycle has an external diameter (S- - -S)
of 18.83 A and a height of 3.25 A. The average internal
diameter between opposing oxygen atoms is 6.63 A.

In the case of 1B, Fig. 1b, the para-sulfonato-calix[8]arene
anion adopts an ‘inverted double partial cone’ conformation,
in which four sulfonate groups are pointing up and the other
four are pointing down from the mean plane of the molecule.

The size of molecule 1B (19.97 x 6.23 x 5.91 A) is clearly
highly different from that observed for 1A. Hydrogen bonds
exist not only between vicinal hydroxyl groups (2.74(1) and
2.67(1) A), but also between the sulfonate group of one
inverted para-sulfonato-phenol group and the hydroxyl group
of the neighbouring inverted cone (2.59(2) A). The dimensions
of the two partial cones are identical, 10.40(1) and 4.24(2) A,
and are similar to those observed for the para-sulfonato-
calix[4]arene cone (9.28 x 4.21 x 5.89 A) in relation to their
external diameter, internal diameter and height, respectively.

The differences in the conformations of macrocycles 1A and
1B are translated into two highly different modes of assembly
in the packing motifs of the structures.

The unit cell of 1A consists of the following stoichiometry
1:3:1:2 (para-sulfonato-calix[8]Jarene) : (1,4-butanediammo-
nium) : (methanol) : (water). Two of the butanediammonium
cations are complexed within the macrocycle (shown in black
in Fig. 2), while the third is situated external to the cavity and
linked via hydrogen bonds (N---O 2.60(9)) /OX). In a similar
manner to that observed by Raston er al. in the structure
of complex 1,'* in a ‘pleated loop’ conformation with
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Fig. 1 (a) Top and side views of structure 1A. (b) Top and side views
of structure 1B. (c) For comparison, the cone dimensions of para-
sulfonato-calix[4]arene.

4,4'-dipyridine-N,N’ dioxide, each groove of the macrocycle
contains a butanediammonium cation, with the head groups
hydrogen bonded to the sulfonate groups (N---O 2.90 and
2.75 A) (Fig. 2). Complex 1A assembles with channels along
the b axis; these channels being occupied by disordered
methanol molecules, in light blue in Fig. 3a. However, the
view perpendicular to the b axis reveals the complexity of the
packing. It now becomes apparent that two sets of interaction
cavities are generated (Fig. 3b).

The first set of cavities represent channels of an oval
geometry with dimensions of 10.6 x 6.7 A, and which contain
one butanediammonium cation in a folded conformation. The
cavity walls are formed mainly of sulfonate groups and are
therefore highly hydrophilic. The second set of cavities inter-
sect and connect the first set, and are of dimensions 3.5 x 5.2
A. The butanediammonium cations in an elongated form are
located within these cavities, with the ammonium head groups
pointing out of them. Hydrogen bonds between the ammo-

Fig. 2 The inclusion complex of butanediammonium cations in the
grooves of 1A. The calixarene molecule is colored in grey, the
butanediammonium cations in black and the disordered methanol
molecules in white. Water molecules have been deleted for clarity.
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Fig. 3 (a) View along the b crystal axis of the ‘channels’ of complex
1A. Calixarenes are colored in a nuance of red, butanediammoniums
cations in green. Methanol and water molecules have been deleted for
clarity. (b) View along the [101] direction and schematisation of the
zeolite type of packing, showing the two different cavities. Calixarenes
are colored by element, butanediammoniums cations in green, metha-
nol molecules in blue. Water molecules have been deleted for clarity.

' —— Butanediammonium cations

~
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nium groups and sulfonate groups of the two different calix-
arenes effectively close the two cavities (N---O 2.90 Aand2.75
A). Calixarene molecules are bonded together via hydrogen
bonds between sulfonate groups and phenolic hydroxyl groups
(O---02.93 and 2.80 A), and short contacts between sulfonate
groups and methylenic bridges (O- - -C 3.37 A).

For structure 1B (Fig. 4), the packing is very different to 1A.
The unit cell of 1B has the stoichiometry 1:2:4 (para-sulfona-
to-calix|8]arene) : (cyclohexanediammonium) : (water). Whereas
the calixarene in 1A lies about a two-fold axis, the calixarene in
1B lies about an inversion centre. The rippled bilayer arrange-
ment (Fig. 5a) is formed by four aromatic interactions between
four neighbouring calixarenes: two n—7 interactions with the
‘upper partial cone’ (3.64 and 3.68 A) and two n—7 interactions
with the ‘lower partial cone’ (3.63 and 3.67 A) (Fig. 5b).
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Fig. 4 Inclusion complex of cyclohexanediammonium cations in 1B
cavities. The calixarene molecule is colored in grey and the cations in
black. Water molecules have been omitted for clarity.

Moreover, hydrogen bonds between sulfonate groups and
phenolic hydroxyl groups of two calixarenes molecules
(O---0 2.68(3) A), and hydrogen bond interactions between
calixarene molecules and solvent molecules contribute to the
stabilisation of this packing.

The inclusion of the 1,2-cyclohexanediammonium cation is
similar to that reported for the complex of this dication with
para-sulfonato-calix[4]arene.'® As is seen in Fig. 5a, cyclohex-
anediammonium cations are complexed in two different man-
ners. The first one (shown in green in Fig. 5a) has its
hydrocarbon ring included into the molecular cavity of the
calixarene, with one ammonium head group interacting with
sulfonate functions via hydrogen bonds (N---O 2.77(1) A),
and the other interacts with the sulfonate group of an adjacent
calixarene (N---O 2.82(1) A). The second cyclohexanediam-
monium cation, shown in grey in Fig. Sa, is included between

Fig. 5 (a) View along the a crystal axis of the rippled bilayer of
cyclohexanediammonium complex of 1B. Cyclohexanediammonium
cations, colored in green, are complexed inside the cavity. The others,
in grey, are complexed outside of the cavity. (b) View along the b
crystal axis (m—m interactions are colored in black, hydrogen bond
colored in blue.

two calixarenes, and interacts via hydrogen bonds (N---O
2.87(1), 2.91(1) and 2.81(1) A) and short contacts (C---O
2.98(1), 3.14 and 3.30 A, C---C 3.90(2) A).

In conclusion, depending on the structure of the complexed
molecule, para-sulfonato-calix[8]arene adopts conformational
extremes; from a planar to an inverted double partial cone
conformation. This confirms the fact that this octameric
calixarene is much more flexible than tetrameric or hexameric
calixarenes. This capacity of the para-sulfonato-calix[8]arene
to adapt its conformation to the targeted interaction site
confirms the strong utility of this molecule for biomedical
applications.
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