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ABSTRACT

A single crystal of mono(6-anilino-6-deoxy)-β-cyclodextrin was prepared, and its crystal structure was determined by X-ray crystallographic
analysis, which clearly revealed that the anilino groups are consecutively included intermolecularly into the adjacent cyclodextrin cavities in
the crystal, thus giving rise to a consolidated column, located on a 21-screw axis.

Cyclic oligosaccharides composed of six to eight linked
D-glucopyranose units forming truncated conical structures
such as R-, β-, and γ-cyclodextrins are widely used as
enzyme mimics and molecular receptors in science and
technology, as a result of their ability to bind small
hydrophobic molecules in aqueous solution.1 To improve
their catalytic and complex-forming abilities, a wide variety
of chemically modified cyclodextrins have been designed
and prepared by introducing various functional groups to the
macrocyclic ring.2 β-Cyclodextrin is readily available and
possess an appropriate cavity for accommodating monocyclic
apliphatic and aromatic compounds, and therefore its deriva†
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tives are of increasing interest. Recently, the conformations
of many chemically modified cyclodextrins in aqueous
solution have been carefully studied.3,4 Most studies indicate
that the new hydrophobic substituents prefer to be selfinduced included into the cavity of the parent cyclodextrin,
forming an intramolecular complex. Upon accommodation
of a guest molecule, the self-included substituent is driven
out of the cavity, which enables the host to selectively bind
guests. In this context, it is interesting to investigate and
compare the conformations of a modified cyclodextrin in
both solution and the solid state.
(3) (a) Ikeda, H.; Nakamura, M.; Ise, N.; Oguma, N.; Nakamura, A.;
Ikeda, T.; Toda, F.; Ueno, A. J. Am. Chem. Soc. 1996, 118, 10980. (b)
Kuwabara, T.; Nakajima, H.; Nanasawa, M.; Ueno, A. Anal. Chem. 1999,
71, 2844.
(4) (a) Liu, Y.; Han, B.-H.; Sun, S.-X.; Wada, T.; Inoue, Y. J. Org. Chem.
1999, 64, 1487. (b) Liu, Y.; You, C.-C.; Wada, T.; Inoue, Y. J. Org. Chem.
1999, 64, 3630.

Single-crystal X-ray diffraction is an indispensable technique for determining the solid-state structures of cyclodextrins and their inclusion complexes, which not only reveals
the geometries of host and guest molecules but also provides
vital information regarding the host-guest interactions.
Hence, a considerable amount of effort has been devoted
toward a crystallographic study of native and modified
cyclodextrins.5,6 In this Letter, we report the X-ray crystallographic study of mono(6-anilino-6-deoxy)-β-cyclodextrin
(1), which is found in the solid state to behave as both a
host (cyclodextrin cavity) and a guest (anilino moiety). In
contrast, aqueous solution studies show that the anilino
moiety prefers to be self-included in the cyclodextrin cavity,
forming an intramolecular complex.
Mono(6-anilino-6-deoxy)-β-cyclodextrin (1) was prepared
by the reaction of mono[6-O-(p-toluenesulfonyl)]-β-cyclodextrin7 with an excess of freshly distilled aniline in DMF
according to the procedure described previously.8 A small
amount of 1 was dissolved in hot water to make a saturated
solution, which was then cooled to room temperature. After
removing the precipitates by filtration, a small amount of
water was added to the filtrate. The resultant solution was
kept at 4 °C for a week. The crystal formed was collected
along with its mother liquor for X-ray crystallographic
analysis.9
The molecular structure of 1 is shown in Figure 1. As
reported in several papers,10 all of the D-glucoses are in the

seven glycosidic oxygen atoms (O4) are coplanar within 0.13
Å forming a heptagon. The edge-to-edge distances of the
heptagon are in the range of 4.99-5.08 Å, which indicates
that the heptagon composed of O4 atoms is essentially
regular. In other words, the cyclodextrin moiety has an
approximate 7-fold axis and a round shape, indicating that
the introduction of an anilino group does not significantly
alter the original skeleton of native β-cyclodextrin. The O6
atoms in the GIU(2) and GIU(5) glucose residues are
disordered, and the two conformers are statistically distributed. The anilino group of 1 is located just above the GIU(1)
glucose residue, and the dihedral angle of C5-C6-N1-C7
is 94.4°.
A more interesting structural feature of the crystal is that
the molecules are aligned along a screw axis, forming a
helical columnar superstructure. As shown in Figure 2, the

Figure 2. Side view of the columnar structure of 1.

Figure 1. ORTEP representation of the molecular structure of 1.
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chair conformation, and the secondary hydroxyl groups
form the well-documented successive intra- and inter-glucose
hydrogen bond network circling the rim of cyclodextrin. The
(5) Saenger, W.; Jacob, J.; Gessler, K.; Steiner, T.; Hoffmann, D.; Sanbe,
H.; Koizumi, K.; Smith, S. M.; Takaha, T. Chem. ReV. 1998, 98, 1787.
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anilino group is intermolecularly included in the hydrophobic
cavity of an adjacent cyclodextrin from the secondary
hydroxyl side; thus a single molecule acts as both guest and
host. Some of these structural features are similar to those
reported for mono(6-phenylthio-6-deoxy)-β-cyclodextrin by
Tabushi et al.10c However, the cyclodextrin residues of 1 in
a helical column are related by a 21 screw axis and inclined
to this screw axis by 123.1°, while the thio analogue is
stacked along a 4-fold screw axis. The anilino groups of 1
(6) (a) Harata, K. In ComprehensiVe Supramolecular Chemistry, Vol. 3;
Atwood, J. L., Davies, J. E. D., MacNicol D. D., Vögtle,F., Eds.;
Pergamon: Oxford, 1996; p 279. (b) Harata, K. Chem. ReV. 1998, 98, 1803.
Org. Lett., Vol. 2, No. 18, 2000

are spirally aligned in one direction through the column of
compiled cyclodextrins and function as joints to bind the
β-cyclodextrin rings.
The self-assembled structure of 1 further extends to a more
sophisticated level, since the columns or channels associate
with each other through hydrogen-bonding interactions along
the a and b axes. As can be seen from Figure 3, many water

Figure 3. View down the columnar axis of 1.

molecules fill the lattice space, and thus the hydrogenbonding interactions occur either through direct association
of the primary and secondary hydroxyl groups of cyclodextrin or through intervening water molecules.
Although it is not fully justified in general to elucidate
the conformations in aqueous solution from crystal structures,
the above results suggest that in solution there exists not

only monomers, where the anilino group is shallowly
included intramolecularly into the cavities, but also dimers
or even higher-order complexes in concentrated aqueous
solution. The formation of dimeric and/or oligomeric complexes in aqueous solution has been reported for some
6-substituted cyclodextrins.11 Hence, we further investigated
the possible interaction of 1 with β-cyclodextrin using the
circular dichroism spectroscopy. However, the circular
dichroism spectra of 1 (0.1 mM) showed no significant
changes upon addition of β-cyclodextrin up to 12 mM (near
the solubility limit) in aqueous buffer solution. This result
indicates that the anilino, which is originally self-included
in the cavity as demonstrated by the circular dichroism and
fluorescence spectroscopic studies, cannot be pulled out of
the cavity to form intermolecular complexes with added
β-cyclodextrin. In another work, we carefully studied the
conformations of mono(6-m-toluidino-6-deoxy)-β-cyclodextrin, an analogue of 1, by using 1D and 2D NMR spectroscopy, which revealed that in aqueous solution m-toluidinoβ-cyclodextrin forms a stable intramolecular complex in
which the m-toluidino group penetrates into its own cavity.12
One probable explanation for the above phenoma is that only
hydrophobic interactions dominate the formation of selfinclusion complexes in aqueous solution, whereas in the
crystalline state both hydrogen-bonding and hydrophobic
interactions contribute to the intermolecular interaction and
make the columnar structure stable. Hence, the anilino
derivative 1 may be concluded to form the polymeric
complex only in the crystalline state.
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