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The crystal structure of the supramolecular complex between
α-cyclodextrin and decanoic acid was determined: The ali-
phatic chain of the carboxylic acid is threaded through a
head-to-head dimer of two cyclodextrin residues, resulting in
a 1:2 stoichiometry. Head-to-head orientation is also ob-

Introduction
Cyclodextrins (CDs) are doughnut-shaped cyclic oligo-

saccharides with a central hydrophobic cavity that can en-
close one or several molecules bonded by noncovalent inter-
actions. The major driving forces of the formation of CD
inclusion compounds are hydrophobic and van der Waals
interactions between the inner surface of the CD ring and
the hydrophobic sites on the guest.[1] CDs are widely used
in pharmaceutical science, catalysis, separation technology,
and more recently in the field of chemical nanostruc-
tures.[1,2]

It has already been reported that α-CD forms three types
of structural packing: the so-called “cage-type”, “layer-
type”, and “channel-type”.[1] For the channel structure, two
possible arrangements of the α-CD hosts exist, namely
head-to-tail and head-to-head orientation. Complexes with
2:1 stoichiometry between the α-CD host and guest mole-
cules with an extended hydrocarbon chain have been
studied by NMR spectroscopy[3] and powder XRD. Valeric
acid, 1-octanol,[4] dialkylamine,[5] and lauric acids[6] repre-
sent examples for guest molecules that form channel in-
clusion compounds of hexagonal symmetry with α-CD. In
contrast, the α-CD adducts with the linear aliphatic bifunc-
tional compounds 1,12-diaminododecane-[7] and 12-amino-
dodecanoic acid[8] crystallize to form pseudorotaxanes and
have successfully been characterized by single-crystal X-ray
diffraction. Despite extensive research, it has not yet been
possible to determine the structure of α-CD complexes with
linear aliphatic monofunctional guests. In this contribution,
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served between neighboring complexes. The overall degree
of hydration with 25 water molecules per supramolecular
complex is remarkably high.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2007)

we report the first results in this context obtained on the
2:1 complex of α-CD and decanoic acid. In the solid state,
the supramolecular aggregate adopts a structure of surpris-
ing complexity[9] and crystallizes in the approximate stoichi-
ometry (dec-acid)(α-CD)2·25H2O, 1.[10]

Results and Discussion

The high content of solvent water is reflected in the pro-
nounced sensitivity of the crystals with respect to desol-
vation. The unit cell is large due to the presence of 4 inde-
pendent cyclodextrin dimers, each of which is associated to
a decanoic acid molecule and a total of ca. 100 independent
water molecules. Despite the limited resolution of our dif-
fraction data, the head-to-head orientation within the
cyclodextrin dimers and the presence of the decanoic acid
molecule in the pseudochannels was unambiguously estab-
lished. The arrangement of these residues in one of four
independent but similar supramolecular complexes is de-
picted in Figure 1.

The guest is fully enclosed in the α-CD dimer, and the
carboxylic group is located on the primary hydroxy side.
The accuracy of displacement parameters in the structure
of 1 should not be overestimated; however, a consistent fea-
ture among the aliphatic chains of all four symmetrically
independent decanoic residues lies in the fact that the two
carbon atoms in the middle of the chain, the ones between
the two carbohydrate subunits, are associated with relatively
high displacement parameters. The position of these atoms
is less well-defined. We note that guest folding in the middle
of the dimers was observed in the crystal structure of the
β-CD/1,14-tetradecanedioic acid complex.[13]

The α-CD molecules possess a near sixfold symmetry,
and the mean value of the angle between the glycosidic oxy-
gen atoms is almost 120°, the angle in a regular hexagon.
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Figure 1. A molecule of decanoic acid (black) threaded through an
α-CD dimer.

The conformation of the α-CD monomer is stabilized by
intramolecular H-bonds between neighboring secondary
hydroxy groups with average distances of 2.80(6) Å (range
2.69–2.95 Å). Similar distances of 2.78(2) Å (range 2.74–
2.82 Å) were reported for the β-CD dimer complexes;[14]

this fact indicates that the stabilization in both dimer struc-
tures is approximately the same.

The two α-CD residues forms head-to-head dimers
through six H-bonds with an average intermolecular dis-
tance of 2.83(3) Å (range 2.77–2.89 Å). The dimers are
slightly displaced towards each other in the crystallographic
c and a axes, which results in a pseudochannel structure
(Figure 2).

Figure 2. Packing of the dimers in 1 along the [–1–10] direction.
Water molecules are omitted for clarity.

The guest orientation is head to head, but no direct H-
bonding occurs between the carboxyl groups of two consec-
utive dimers. They interact, however, through hydrogen
bonds with two intervening water molecules along the c
axis. Additional hydrogen bonds in the distance range 2.69–
2.84 Å stabilize the intercolumn structure as shown in Fig-
ure 3.

Eur. J. Org. Chem. 2007, 4298–4300 © 2007 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.eurjoc.org 4299

Figure 3. Packing of the dimers along the [–1–10] direction. Water
molecules are omitted for clarity.

Conclusions

For methyl orange, the influence of this guest molecule
on the host structure of the α-CD inclusion compound was
reported.[14] The crystal exhibits a head-to-tail channel
structure in which α-CD rings are stacked along the c axis.
However, when 1,12-diaminododecane[7] is included into α-
CD, the amine nitrogen atoms protrude from the primary
hydroxy side of the α-CD dimer. They link to primary hy-
droxy oxygen atoms of a neighboring carbohydrate residue
and thus prevent stacking of the dimers along the channel.
In contrast to these cases, our result shows that a pseu-
dochannel structure with a head-to-head orientation is in-
duced by a guest molecule with a long aliphatic chain that
is entirely included in the α-CDs dimer.

Experimental Section
(dec-acid)(α-CD)2·25H2O (1): Compound 1 was synthesized from
decanoic acid and a saturated solution of α-CD in water at room
temp. The guest-to-α-CD molar ratio used in the experiment was
10:1, greater than the stoichiometric ratio. A mixture of α-CD
(0.50 g, 0.51 mmol) in water (10 mL) and decanoic acid (0.9 mL,
4.66 mmol) was stirred for 30 min. In the course of several days,
well-formed colorless crystals were obtained by slow solvent evapo-
ration at room temp.
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