CARBOHYDRATE
RESEARCH

ELSEVIE

Carbohydrate Research 310 (1998) 1-8

Crystal structure of a new a-cyclodextrin
hydrate form. Molecular geometry and packing
features: disordered solvent contribution

Raffaella Puliti®*, Carlo Andrea Mattia®¢, Luigi Paduano®

a Istituto per la Chimica di Molecole di Interesse Biologico' (CNR), via Toiano 6, 80072 Arco Felice,
Napoli, Italy

b Dipartimento di Chimica dell’Universita “Federico II”, via Mezzocannone 4, 80134 Napoli, Italy
¢Centro di Studio di Biocristallografia (CNR), via Mezzocannone 4, 80134 Napoli, Italy

Received 5 January 1998; accepted 15 June 1998

Abstract

The crystallographic study of a new hydrated form of a-cyclodextrin (cyclohexaamylose) is
reported. C36Hg0O30-11H,0; space group P2,2,2; with cell constants a=13.839(3), b=15.398(3),
¢=24.209(7) A; final discrepancy index R=0.057 for the 5182 observed reflections and 632 refined
parameters. Besides four ordered water molecules placed outside a-cyclodextrins, the structure
shows regions of severely disordered solvent mainly confined in the oligosaccharide cavities. The
contribution of the observed disorder has been computed via Fourier inversions of the residual
electron density and incorporated into the structure factors in further refinements of the ordered
part. The a-cyclodextrin molecule assumes a relaxed round shape stabilised by a ring sequence of
all the six possible O2---O3 intramolecular hydrogen bonds. The four ordered water molecules
take part in an extensive network of hydrogen bonds (infinite chains and loops) without modifying
the scheme of intramolecular H-bonds or the (—)gauche conformations of O-6-H hydroxyl
groups. The structure shows a new molecular arrangement, for an “empty’” hydrated a-cyclodex-
trin, like that “brick-type’” observed for ¢-CD in the iodoanilide trihydrate complex crystallising in
an isomorphous cell. © 1998 Elsevier Science Ltd. All rights reserved

Keywords.: a-Cyclodextrin water complexes; X-ray structure; Molecular features and crystal packing; Dis-
ordered solvent contribution

1. Introduction inclusion complexes with a large variety of appro-

priate-size molecules [1]. Such complexes are of

Cyclodextrins (CDs) have received for many
years special attention for their ability to form
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interest in the pharmacological industry because
oligosaccharide cavities can be effectively used as
vehicle for drugs. In fact, in this micro-encapsula-
tion some drug properties such as stability, solubi-
lity and bioavailability can be enhanced and
toxicity minimised [2]. Cyclodextrins are also
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extensively employed in affinity chromatography
[3,4] as chiral discriminators against the optically
active molecules with which they form inclusion
complexes. The increasing interest in CD complexes
stimulates more and more researches with different
techniques. In particular, the crystallographic
study can be helpful to clarify inclusion phenomena.
In fact this approach is able to give a clear picture
of non-covalent interactions between CD and guest
molecules and also it is useful to better evaluate the
contribution to the complex stability of water
molecules, a recurring factor in such complexes.

On carrying out different crystallization proce-
dures with the purpose to obtain single crystals
suitable for an X-ray study of complexes between
a-CD and different surfactants [5,6], some
attempts, tried in the presence of ethanol and at
low concentrations of guest molecules, yielded a
new crystal form of empty «-CD hydrated, called
form IV according to the referee’s suggestion. This
form is isomorphous to «-CD complexed with
substituted benzene, such as the iodoanilide trihy-
drate complex [7,8]. The molecular and packing
features of this form, which includes regions of
fully disordered solvent, are discussed in the pre-
sent paper.

2. Experimental

Experiments to obtain single crystals of inclusion
complexes between «-CD (cyclohexaamilose from
Sigma Chemical Co) and molecules containing
alkylic chains (f.e. sodium hexylsulphonate, tri-
ethylhexyl-ammonium bromide, pentaoxyethyl-
enchexyl alcohol, butylurea) were carried out by
vapour phase diffusion of ethanol, as precipitant,
into the aqueous solutions of a-cyclodextrin. From
crystallizations at low concentrations of guest
(equimolecular or a little more), single crystals
grew in the form of transparent prisms unstable in
air that were sealed in glass capillaries with a small
amount of mother solution. Some samples were
tested on an Enraf~Nonius CAD4-F diffractometer
on line with a MicroVAX Digital computer using
graphite monochromatized CuKeo radiation. Cell
dimensions of all tested crystals appeared the same
within experimental error. In addition, the crystals
showed similar intensity patterns (Rj,, < 0.07)
suggesting the presence of only one crystal type, in
spite of different guest molecules in the crystal-
lization batches.

Crystal data and structure refinement—From a
batch containing pentaoxyethylene-hexyl alcohol
as guest, a single crystal of size 0.42x0.38
x0.35mm was selected for X-ray data collection.
Cell constants were accurately determined by least-
squares refinement of the setting angles of 25
reflections  at  medium 6  (23°<0<27°).
a=13.839(3), b=15.398(3), ¢ =24.209(7) A, ortho-
rhombic symmetry, space group P2;2:2; as
indicated by the systematic absences. 6452 reflec-
tions were measured at room temperature,
Omax = 73°, using w —26 scan mode as suggested by
peak-shape analysis. The crystal and equipment
stability were checked by the intensities of four
standard reflections monitored every Sh. No sig-
nificant intensity decay was observed (4% varia-
tion). After the equivalent reflections were averaged
(Rinc=0.04) a set of 5843 independent reflections
was obtained, 5182 of which were observed
[/>2.50(1)]. The intensities were corrected for Lor-
entz and polarization factors, but not for absorp-
tion effect. The structure was solved by direct
methods using SIR92 package [9] and proved to be
a hydrate form of «-CD without guest: four water
oxygens were clearly located on a Fourier map.
The refinement was carried out by full-matrix (on
F) least-squares methods on positional and aniso-
tropic temperature parameters of all 70 non-
hydrogen atoms. At convergence, hydrogens were
positioned (distances C-H=1.02 and O-H=0.96
A) on the basis of geometrical considerations and
difference Fourier map suggestions. The H-water
positions could be inferred bearing also in mind the
pattern of hydrogen interactions. All hydrogens were
included in the refinement as fixed atoms with iso-
tropic thermal parameters set equal to B.q of the
parent atom. The refinement on the 5182 observed
reflections reached at the discrepancy index
R=0.098, with rather large e.s.d. on the structural
parameters. A subsequent difference Fourier map
showed limited regions of nearly homogeneous
residual electron density (highest value=3.6 e-A~3),
mainly confined in the oligosaccharide cavities (see
Fig. 1). This fact was interpreted as the presence of
disordered solvent (water). The continuous and dif-
fuse distribution of the electron density, without pro-
nounced peaks, precluded to model this disorder with
discrete atoms. Attempts to refine atoms with alter-
native site occupancies were completely unsuccessful.

Structure refinement including the disordered-
solvent contribution—For taking into account the
contribution of the disordered regions, with the
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Fig. 1. Residual electron density in the o-CD cavity: the con-
tour level is at 0.7 e/A3. The four ordered water molecules
together with the a-cyclodextrin are shown.

purpose to better determine the ordered part of the
structure and to reduce the large errors of atomic
parameters, we have resorted to a procedure ana-
logous to that used by Wehman et al. [10] and by
Sluis and Spek [11]. In these methods the con-
tribution to the structure factors of a generic dis-
ordered solvent is evaluated via discrete Fourier
transforms of its residual electron density. So, the
refinement of the present structure has been broken
in four steps. (1)- Identification of the regions
allowed to disordered solvent; (2)- Fourier inver-
sion of the residual electron densities computed in
the solvent regions; (3)- Standard least squares
refinement of the ordered part englobing the
solvent contribution, calculated by Fourier inver-
sion, as fixed contribution to the structure factor;
(4)- Check and modification of the hydrogen
parameters following the criteria reported below.
In particular, all the regions in the crystal cell that
were outside the van der Waals volumes of the
ordered atoms and also larger than a generic sol-
vent with minimum radius equal 1.3 A have been
identified as solvent regions (17% in volume). The
only van der Waals radius of hydroxyl and water
hydrogens has been decreased of 0.4 A with respect
to the 1.2 A value [12] considering the decrease of
the interatomic distance in H-bonding interaction.
The Fourier maps 2Fo-Fc were calculated using
grid divisions of 0.25 A. Negative values are set to
zero. In each run the value of F(000) was optimized
according with the count of electrons in the dis-
ordered areas. At convergence the F(000) value
(2504) provides as the structurally independent
part one a-CD molecule and 11 waters, seven of

which disordered. Really, this quantity of dis-
ordered solvent is possibly overestimated, as comes
out from the presence of negative values in the
residual electron density. Besides, the number of
disordered water molecules evaluated on the basis
of the accessible volume is close to five.

All the steps were reiterated five times until con-
vergence yielding at the end an appreciable
improvement in the crystallographic discrepancy
index (R=0.057 instead of 0.098) and mainly the
halving of the e.s.d. associated to molecular para-
meters.

Crystal data of the form IV o-CD hydrate
including disordered solvent contribution. CsgHgo
O30 11H,O, Mr=1171.03, space group P2,2,2,,

cell ~ constants:  a=13.839(3), b=15.398(3),
c=24209(7) A, V=51594) A3, Z=4,
Dc=1.508g-cm™3, wu=11.71cm~'. Final dis-

crepancy index R = X || Fo| — |Fc || /X|Fo|=0.057
for the 5182 observed reflections with 7> 2.50(I)
and 632 refined parameters including extinction
coefficient g = 1.4(2) x 1077 [13]; Rw=0.066 with
w ! =[0%(Fo)+(0.02F0)>+2] [14]; error in an
observation of unit weight S=0.986; largest para-
meter shift/error (A/0)max=0.02; final residual
electron density in the range —0.4; —0.6 e-A=3.
Atomic scattering factors were taken from Cromer
and Waber [15]. Enraf-Nonius SDP software [16]
on a MicroVAX 3100 computer was used.?

3. Results and discussion

Molecular geometry and conformation.—Fig. 2
shows a perspective view of the final crystal-
lographic model of the structure. Together with o-
cyclodextrin, the ordered water molecules involved
in hydrogen bonds (O---O distances within 3.3 A)
are shown. Positional parameters and equivalent
isotropic temperature factors for the non-hydrogen
atoms are given in Table 1.

The molecular geometry, on the whole, agrees
well with the expected values [17,18] and, if com-
pared with other o-CD hydrated structures [19-21],
it is especially in agreement with the form III
[20]. No significant discrepancy occurs among the
corresponding values in glucosidic units. The glucose

2 Structure factors, anisotropic displacement and hydro-
gen parameters together with molecular geometry have been
deposited with the Cambridge Crystallographic Data Centre
and may be required.
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Fig. 2. Perspective view of the «-CD molecule: for clarity only
oxygen atoms are labelled, the second digit indicates the glu-
cose unit to which the atom belongs. The nearest ordered
water molecules (distances within 3.3 A) are also shown.

rings present endocyclic torsion angles within
narrow ranges around the (+) or (—)gauche
values, the deviations from expected *C; chair
conformation can be quantified by the puckering
parameters [22,23] reported in Table 2. A few
molecular parameters are less typical for a-CDs
and more characteristic for the 8-CDs [24]. The
distances of C-1 and C-4 atoms from the best
planes through the remaining ring atoms show a
constant trend in the first five glucosic residues
with C-1 more displaced with respect to C-4. These
displacements are on average 0.692(4) A for C-1
and 0.610(4) A for C-4 in agreement with the
expected values for a-CDs: 0.675 and 0.629 A,
respectively [18]. Instead, in the sixth glucose unit
the trend is inverted with C-1 less displaced
(0.649(4) A) than C-4 (0.679(4) A) according to
what observed in several B-cyclodextrins [24].
Moreover, the angles at glycosyl links C-1™-O-
40+ D_C-4®*D are in the range 118.9-119.9° and
intra-residue distances O-4™-0-4"*D are on
average 4.23 A, both values agree with the expec-
ted 119° and 4.23 A for «-CDs. On the contrary,
conventional ‘torsion angles’ (see Table 3) ¢=O-
40 C-1M-0-40+D_C-40+D and ¢ =C-1M-O-
4+ D_C4+D_ 0-40+2 involving O-4-C-1

virtual bonds to describe the rotations of adjacent
residues around the glycosyl bonds, are on average
170(6)° and —172(3)°, respectively. These values
are significantly larger than the expected ¢ = 166°
and ¢ = —169° for a-cyclodextrins and more
similar to those occurring in g-CDs. At last the O-
2m_Q-3*+ D distances (2.87 A on average) are
more in agreement with the values in B-cyclodex-
trins (2.86 A) rather than the expected 3.00 A for
a-CDs [18].

The primary hydroxyl groups are all (—)gauche
oriented with respect to the O-5 ring oxygens. The
g~ form, with C-6-0O-6 bond pointing away from
the centre of cavity, is indeed preferred whenever
this hydroxyl group does not take part in H-bond-
ing with guest molecules (water or other) included
within the oligosaccharide cavity.

Hydrogen bonding and crystal packing.—The
geometrical details of hydrogen bonds are given in
Table 4. Criteria to define D-H- - -- - A interactions
are according to refs [25,26]. A ring sequence of
six intramolecular hydrogen bonds between the
secondary hydroxyl groups of adjacent glucose
residues stabilises the oligosaccharide conforma-
tion. The involved O-2.---- O-3 intramolecular
distances are in the range 2.656-3.095 A. The pre-
sence of all the possible intramolecular H-bonds,
02 0O-3 type, has been previously observed
only in the form III [20] among the hydrated o-
cyclodextrins. That is accompanied by a symme-
trically round shape of the «-CD cavity (0-4-O-4
diameters in_the present structure in the range
8.306-8.601 A) and low twist of the glucose units.

Crystal packing projected onto ac plane is shown
in Fig. 3. The «-CD molecules arrange with a
pseudo hexagonal symmetry in layers parallel to ac
plane. Each layer is formed by rows of cyclodex-
trins translated along the « direction and joined
through H-bonds between O-6—H primary hydro-
xyls of the third and sixth residues. As shown in
Fig. 4, adjacent molecular-rows of a layer exhibit
CD toroids upside down (screw symmetry along ¢
axis) and are interconnected by three H-bonds
involving O-3-H and O-6—H groups. In particular,
two H-bonds link as a dimer pairs of screw related
molecules through residues 1 and 5 (O-35-
H--- - 0-61 and O-65-H:----- 0-31), the third H-
bond is established between O-64-H and O-32. At
last, the layers are H-bonded by means of the
molecules arranged on subsequent layers in head to
head orientation (screw symmetry along a axis),
while only weak interactions (O------ O distances
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Table 1
Fractional coordinates and equivalent thermal parameters: Beq = 1/3%iX;B;a; *a; *a;a;

X y z Beq X y z Beq
Cl1 0.4442(3) 0.0033(3) 0.6077(2)  2.84(8) Cl14  0.5594(3) —0.0444(4) 0.1677(2) 3.8(1)
C21 0.3836(3) —0.0772(3) 0.6162(2)  2.70(8) C24  0.6258(4) —0.1236(4) 0.1680(2) 4.5(1)
C31 0.3302(3) —0.1004(3) 0.5637(2)  2.80(8) C34  0.6742(3) —0.1325(3) 0.2236(2) 3.54(9)
C41 0.2744(3) —0.0229(3) 0.5420(2)  2.75(8) C44  0.7277(3) —0.0484(3) 0.2371(2) 2.96(8)
Csl 0.3332(4) 0.0609(3) 0.5405(2)  3.16(9) C54  0.6646(3) 0.0316(3) 0.2310(2) 3.2509)
Col 0.2729(4) 0.1419(3) 0.5318(2)  4.1(1) Co4  0.7213(4) 0.1162(3) 0.2339(2) 4.2(1)
021 0.4419(2) —0.1484(2) 0.6361(1)  3.14(6) 024  0.5698(3) —0.1999(3) 0.1546(2) 8.7(1)
031 0.2630(2) —0.1694(2) 0.5731(1)  3.59(6) 034  0.7408(3) —0.2025(2) 0.2214(2) 5.39(9)
041 0.2474(2) —0.0459(2) 0.4867(1)  2.97(6) 044  0.7574(2) —0.0543(2) 0.2934(1) 3.14(6)
051 0.3831(2) 0.0729(2) 0.5928(1)  3.27(6) 054  0.6160(3) 0.0305(2) 0.1772(1) 3.91(7)
061 0.1936(3) 0.1465(3) 0.5685(2)  5.38(9) 064  0.8125(3) 0.1109(3) 0.2061(2) 5.37(9)
Cl12 0.7963(3) 0.0025(3) 0.5215(2)  3.37(9) C15  0.2060(3) —0.0303(3) 0.2510(2) 2.96(8)
C22 0.7689(4) —0.0728(3) 0.5592(2)  3.55(9) C25  0.2297(4) —0.1101(3) 0.2161(2) 3.28(9)
C32 0.6616(4) —0.0861(3) 0.5575(2)  3.14(8) C35  0.3373(4) —0.1242(3) 0.2146(2) 3.3909)
C42 0.6111(3) —0.0032(3) 0.5736(2)  2.78(8) C45  0.3898(3) —0.0419(3) 0.1977(2) 3.16(8)
Cs2 0.6465(3) 0.0737(3) 0.5395(2)  3.14(8) C55  0.3566(3) 0.0378(3) 0.2307(2) 3.28(9)
Co2 0.6082(5) 0.1591(3) 0.5601(3)  5.0(1) Co65  0.3953(4) 0.1228(3) 0.2081(3) 4.6(1)
022 0.8164(3) —0.1508(2) 0.5395(1)  4.63(7) 025  0.1830(3) —0.1846(2) 0.2386(1) 3.78(7)
032 0.6325(3) —0.1504(2) 0.5968(2)  4.56(8) O35  0.3613(3) —0.1936(2) 0.1770(1) 4.73(8)
042 0.5109(2) —0.0151(2) 0.5640(1)  2.95(6) 045  0.4906(2) —0.0559(2) 0.2099(1) 3.82(7)
052 0.7499(2) 0.0789(2) 0.5399(1)  3.66(6) O55  0.2531(2) 0.0437(2) 0.2290(1) 3.28(6)
062 0.6217(3) 0.1667(2) 0.6178(2)  6.3(1) 065  0.3914(3) 0.1287(3) 0.1493(2) 5.3509)
C13 0.8553(3) —0.0457(3) 0.3065(2)  3.42(9) Cl6  0.1508(3) —0.0321(3) 0.4694(2) 3.15(8)
C23 0.8832(4) —0.1182(3) 0.3444(2)  3.56(9) C26  0.1205(4) —0.1134(3) 0.4372(2) 3.36(9)
C33 0.8255(3) —0.1115(3) 0.3975(2)  3.16(8) C36  0.1762(4) —0.1197(3) 0.3834(2) 3.149)
C43 0.8365(3) —0.0224(3) 0.4235(2)  2.86(8) C46  0.1702(3) —0.0349(3) 0.3508(2) 2.82(8)
Cs3 0.8180(4) 0.0485(3) 0.3816(2)  3.59(9) C56  0.2023(4) 0.0408(3) 0.3870(2) 3.2309)
Co3 0.8413(6) 0.1389(4) 0.4036(2)  5.7(1) Co6  0.1932(5) 0.1295(3) 0.3599(2) 4.5(1)
023 0.8646(3) —0.1988(2) 0.3168(1)  4.76(8) 026  0.1344(3) —0.1899(2) 0.4693(1) 4.03(7)
033 0.8585(3) —0.1791(2) 0.4340(1)  4.02(7) 036  0.1320(3) —0.1879(2) 0.3520(1) 4.51(8)
043 0.7664(2) —0.0168(2) 0.4669(1)  3.24(6) 046  0.2373(2) —0.0449(2) 0.3059(1) 2.81(5)
053 0.8748(3) 0.0354(2) 0.3331(1)  3.94(7) 056  0.1421(3) 0.0425(2) 0.4359(1) 3.70(6)
063 0.9352(4) 0.1456(3) 0.4255(2)  6.7(1) 066  0.0927(5) 0.1489(3) 0.3494(2) 8.8(1)
owl 1.0083(4) 0.1162(4) 0.2491(2)  7.4(1) OW3  0.5024(4) 0.1714(6) 0.7104(3) 15.3(2)
ow2 1.0040(4) 0.1454(5) 0.5330(2)  9.1(2) OW4  0.9447(5) —0.2145(5) 0.6099(3) 11.9(2)
Table 2
Ring conformations
Atomic sequence 0(°) Q(A) o(°) Displacement (1&)

Cl C4

O51-C11-- - - Cs1 8.7(4) 0.548(4) 60(3) 0.692(4) —0.576(4)
052-C12------ Cs2 6.1(5) 0.562(4) 96(4) 0.687(4) —0.626(4)
053-C13------ C53 6.0(5) 0.565(5) 57(4) 0.695(5) —0.622(4)
054-C14- - ---- Cs54 6.7(5) 0.568(4) 81(4) —0.702(5) 0.616(4)
055-C15-- - - C55 6.2(4) 0.555(4) 43(4) —0.684(4) 0.610(4)
056-C16- - -- - - C56 4.1(5) 0.568(5) 313(6) —0.649(4) 0.679(4)

> 34 A) are present between the molecules head
to tail arranged (screw symmetry along b axis). The
four ordered water molecules, placed outside the
void of a-CD torus, are each involved in three H-
bonds (double donor an single acceptor) except W-4
whose H' hydrogen points at the disordered region.
The connectivity diagram of H-bonding interac-
tions (Fig. 5) shows the presence of both the

motifs, infinite chain and loops, typical of cyclo-
dextrin hydrate crystals [25]. W-2 and W-4 are also
connected to disordered region forming a virtual
infinite  chain: .- -- 0-22—W-4—disordered
region—W-2—0-63- - .. .- .

The «-CD arrangement is like that observed in
the p-iodoanilide trihydrate complex that crystal-
lises in an isomorphous unit cell [7]. This “brick
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Table 3
Conventional torsion angles about the glycosyl bonds (°)

¢ 14
041-C11-042-C42  174.3(7) C11-042-C42-043 —170.9(6)
042-C12-043-C43 —179.8(8) (C21-043-C43-044 —175.7(6)
043-C13-044-C44  166.1(8) C31-044-C44-045 —175.8(6)
044-Cl14-045-C45  167.4(8) C41-045-C45-046 —171.9(6)
045-C15-046-C46  172.4(7) C51-046-C46-041 —172.8(6)
046-C16-041-C41 161.1(5) C61-041-C41-042 —165.8(7)

type” packing [18,27] presents cyclodextrin cavities
blocked on both ends by rims of molecules arran-
ged in the adjacent layers. This packing type is
analogous to the ‘class 2A’ channel structures [27]
and the present structure could be also described as
a pseudo ‘channel type’ with two different types of
channels, as schematised in Fig. 6. One type (A4) is
formed outside the CD cavities and holds two of
the ordered water molecules. The other type (B)
involves alternately inside and outside the cavities
of a-cyclodextrins and includes disordered solvent
regions together with the remaining two ordered
waters. However the channels present between the
ordered waters short narrowing sections, diameter
2 A, that not permit the free transfer of guest
molecules.

In conclusion, on the basis of geometrical and
conformational features, the present structure is an

Fig. 3. Molecular packing projected onto ac plane. Thick and
thin lines indicate two subsequent «-CD layers along the b
axis.

example, together with the form III @-CD hydrate
[20], of intermediate round «-CD in the relaxed
shape suitable to form an inclusion complex,
according to the mechanism proposed by Saenger
et al. [18,21]. The a-cyclodextrin takes a symme-
trical conformation and its extended round-shape
is stabilised by all the six intramolecular H-bonds
without particular tilt of one of the glucosyl resi-
dues. The relaxed structural form of «-CD is
considered a transition state ready for complex

Table 4

Hydrogen-bonding geometry

D-H----- A (A) D A (A) H--- - A (A) D-H----- A (°) Acceptor symmetry
O21-H------ 032 2.804(5) 1.91 154 X,Y,Z
O31-H----- 033 2.687(4) 1.91 136 x—1/2,—1)2—y,1—z
O61-H------ OowW2 2.760(7) 1.84 159 x—1,y,z
022-H----- ow4 2.649(7) 1.73 160 X,Y,Z
O32-H------ 026 2.934(4) 1.98 170 12+x,—1/2—y,1-2
062-H------ 066 2.975(6) 2.01 179 1/2+x,1)2—y,1-z
023-H------ 021 2.825(5) 1.87 173 12+x,—1/2—y,1-z
O33-H----- 022 2.656(5) 1.71 166 X,Y,Z
O63-H------ 066 2.854(7) 1.91 167 1+x,y,z
O42-H------ 035 2.937(6) 2.00 165 X,Y,Z
O34-H----- 023 2.875(5) 1.95 161 X,y,Z
O64-H------ 032 2.818(5) 1.91 157 3/2—x,—y,z—1/2
O25-H----- OW3 2.662(7) 1.74 160 1/2—x,—y,z—1/2
O35-H----- 061 2.828(5) 1.90 163 1/2—x,—y,z—1/2
O65-H------ 031 2.891(5) 2.05 145 1)2—x,—y,z—1)2
026-H------ 031 3.095(5) 2.16 165 X,Y,Z
036-H------ 025 2.836(5) 1.94 155 X,y,Z

066-H- - -- - - oW1 2.740(7) 1.82 160 x—Ly,z
OWI-H:------ 064 2.904(7) 1.98 162 X,¥,Z
OWI-H'-- - 021 2.864(6) 1.93 162 3/2—x,-y,z—1/2
OW2-H.----- 063 2.773(7) 1.84 162 X,Y,Z
OW2-H'-- - 024 3.226(8) 242 141 32—x,—-y,1/2+z
OW3-H.-.--- 062 2.784(8) 1.83 176 X,Y,Z
OW3-H'--- - 023 3.194(7) 2.23 177 32—x,—-y,1/2+z
OW4-H------ 065 2.794(8) 1.85 167 3/2—x,—y,1/2+z
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Fig. 4. Molecular arrangement seen along the a axis. In each
layer a-CD toroids are overturned alternately.

Fig. 5. Connectivity diagram of hydrogen bonding showing
an infinite homodronic chain (C) running along the a axis with
screw symmetry and three loops: antidromic four membered
(I) fused with an antidromic six membered (II), homodromic
four membered cycle (III). The waters with asterisk are con-
nected also to disordered region forming a virtual infinite
homodronic chain running with screw symmetry along the ¢
axis.

Fig. 6. Schematic drawing showing the two different pseudo-
channels, 4 and B type.

formation (‘induced-fit’ type) and appears not to
crystallise from pure water but needs presence of
salt (form III) or organic molecule (present form
IV). An explanation for this molecular arrange-
ment can be tried assuming that the guest sub-
stance is present during crystal nucleation and
determines the conformational change of «-cyclo-
dextrin, as well as the molecular arrangement in
the solid state. During the growth of crystals the
guest is displaced by water, probably due to low
concentration of guest in the crystallisation batches
and not highly specific host—guest interactions. The
water is however obliged to arrange in a space
already moulded by the guest molecule (before
present in the crystal nucleation) and can fill it only
partially and in a random way.
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