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A New Type of Layered Structure for Urea Inclusion
Compounds Containing Local Segments of Tunnels
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cases as “conventional” urea inclusion compounds, characterized
by: (i) a hexagonal host tunnel structure (space grie6422 or

P6522), (ii) an incommensurate relationsHipetween the peri-
o odicities of the host and guest substructures along the tunnel axis,
Kenneth D. M. Harris and (iii) substantial dynamic disorder (reorientation about the
School of Chemistry, Unérsity of Birmingham tunnel axis) of the guest molecules at ambient temperature. In
Edgbaston, Birmingham B15 2TT, United Kingdom most cases, ordedisorder phase transitions occur at a sufficiently
Receied June 14, 2001  low temperature and are associated with a distortion of the host
o ) tunnel (to a lower symmetry than hexagonal) and a concomitant
Among the broad range of solid inclusion compountieat decrease in the reorientational motion of the guest molecules. In
have been studied in recent years, the urea inclusion comgotinds a few cased2 36 a distorted tunnel structure is formed at ambient
have received par_ticular a'_[tention in view of the wide range of temperature, usually when the length of the guest molecule is
fundamental physicochemical phenomena that they exhibit, in- ¢jose to a simple multiple of the periodic repeat distance of the
cluding incommensurate structural properfies order-disorder urea tunnel, allowing a commensurate structure to be formed, and

phase transition$', ?* molecular motiorf!~2® properties relating gifferent host structures are also known to be formed with some
to one-dimensional confinemetit,?® and ferroelastic properti€8. polymeric guest&-4° However, in all cases reported thus far

In the conventional urea inclusion compounds, the host strééture  the™ yrea host structure comprises continuous one-dimensional
is constructed from a hydrogen-bonded arrangement of ureaynnels constructed from an essentially infinite three-dimensional
molecules and contains oncla-d|me.n5|onal, contmuqus, parallel hydrogen-bonded network of urea molecules. In general terms,
tunnels. These tunnels are filled with a dense packing of guest e may speculate that other types of structural motif may be
molecules. A wide range of different types of guest molecules hossiple for inclusion compounds of urea, particularly when the
have been shown to form these inclusion compounds with urea, g,est molecules contain appropriate hydrogen-bonding function-
and a remarkable fact is that, in virtually all cases, the same urea,jities, which may engage in direct hydrogen-bonding interactions
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host structure is formed at ambient temperature. We refer to suchyitn, urea molecules and/or co-included solvent molecules.
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In contrast to the continuous tunnel structures found in all other
urea inclusion compounds, this paper reports a completely new
type of host structure in urea inclusion compounds, based on a
layered structure of urea and guest molecules. The layers are
composed of local segments of urea tunnel structure, which have
a hydrogen-bonding topology similar to that in the conventional
urea tunnel structure, and a layer thickness that is close to the
length of a single guest molecule. Adjacent layersdisplaced
relative to each other, such that the local segments of tunnel in
adjacent layers dootform a continuous tunnel running through
the crystal.

This new structure type has been found during attempts to
prepare urea inclusion compounds containing 1,7-diaminoheptane
[H2N(CHy);NH_] as the guest component, by crystal growth under
conventional conditions using methanol as the solvent. Powder
X-ray diffraction analysis of these crystals indicated that no
detectable amounts of conventional urea inclusion compounds
were present in the sample.

The structure of the new material has been determined from
single-crystal X-ray diffraction data, and is found to contain
methanol in addition to urea and 1,7-diaminoheptane, with the
stoichiometry: (ureajl,7-diaminoheptangmethanol). The struc-
ture is monoclinic (space grou@2/c; a= 8.32 A b = 13.95 A,

(31) The structural relationship between the periodicity (denafedf the
host structure along the tunnel and the periodicity (denogedf the guest
molecules along the tunnel is incommensurate if there are no sufficiently small
integersm andn that satisfy the relationshipmg, = na,. Thus,cy/c, is not
equal to a rational number with sufficiently small denominator. The nature of
incommensurate versus commensurate behaviour in tunnel inclusion com-
pounds is discussed in refs 9 and 11.
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Figure 2. The structure of the 1,7-diaminoheptane/urea/methanol inclu-
sion compound viewed along tteeaxis, showing the layered structure
with methanol molecules located in the interlayer region.

donor (O-H---N) to a 1,7-diaminoheptane molecule in one layer,
and as a hydrogen-bond acceptor-(N---O) from two different
urea molecules in the other layer. Each end group of the 1,7-
diaminoheptane molecule is associated with one methanol mol-
ecule in this way, corresponding to the 1:2 ratio of 1,7-
diaminoheptane to methanol in the structure. There are no
hydrogen-bonding interactions between the 1,7-diaminoheptane
guest molecules and urea molecules. A two-fold axis passes
through the central carbon atom of the 1,7-diaminoheptane guest
molecule, and the conformation is close to all-trans (torsion angles

Figure 1. (a) A single hostguest layer in the structure of the
1,7-diaminoheptane/urea/methanol inclusion compound viewed along the .
c-axis (perpengicular to the layer). (b) The complepte structure of the?[,7- 170.9, 165.7 anq 169.8). On moving from one end group to
diaminoheptane/urea/methanol inclusion compound (showing host, guest,[N€ other, all torsion angles deviate from 180the same sense,

and methanol molecules) viewed along thaxis (perpendicular to the  1€@ding to a helical conformation (NC---C—N dihedral angle
layers). This view shows that adjacent layers are offset with respect to 61.5). While this structure comprises a helical guest conformation
each other, such that the local segments of tunnel in adjacent layers dowithin a helical tunnel segment, we note that the pitches of the
not form a continuous tunnel. host and guest helices are significantly different.

The discovery of this new type of host structure in urea
c=29.03 A, = 95.03). Thea-axis andb-axis are very close  inclusion compounds promises to provide a unique opportunity
to those in the orthohexagonal description of dbeplane of the to compare the physicochemical properties of inclusion systems
host structure in the conventional urea inclusion compounds. Thebased on a continuous tunnel structure (the conventional urea
host-guest layers in the 1,7-diaminoheptane/urea/methanol struc-inclusion compounds) with those based on noncontinuous local
ture lie parallel to theb plane and are stacked along ihaxis. segments of a very similar tunnel structure (the new inclusion
Figure 1a shows the tunnel segments (directed along-thes) compound type). Furthermore, an understanding of the relation
within each layer. The hydrogen-bonding topology of the urea between the new structure type reported here and the conventional
molecules within these tunnel segments is essentially the sameurea tunnel structure has wider relevance in connection with the
as that in the conventional urea tunnel structure, although the concept of “architectural isomerism”, which has received much
symmetry is different (only a two-fold axis perpendicular to the recent interest! 48
tunnel is “retained” from th6,22 symmetry of the conventional Acknowledgment. We are grateful to the University of Birmingham
urea tunnel st_ructure). The_re are two Iay_ers_vx_/lthln the repeat unit anq CVCP for financial support.
along thec-axis, and the thickness of an individual layer is close JAO011467S
to the length (ca. 12.9 A) of the 1,7-diaminoheptane molecule.
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The tunnel segments of adjacent layers are displaced (parallel toChem. Soc2001, 123, 4421. )
the ab plane) with respect to each other (Figure 1b), such that Reg“zzggfgga%';- T.; Pivovar, A. M.; Swift, J. A.; Ward, M. Dicc. Chem.
continuous tunnels aretformed along the-axis. Within a given (43) Plaut, D. J.; Holman, K. T.; Pivovar, A. M.; Ward, M. D. Phys.
layer, all helical tunnel segments have the same chirality, and Org. Chem200Q 13, 858. ' )
the helical tunnel segments in adjacent layers have opposite, (44)Umemoto, K.; Tsukui, H., Kusukawa, T.; Biradha, K.; Fujita, M.
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chirality. The methanol molecules are located between adjacent” " (45) Fjita, M.; Umemoto, K.; Yoshizawa, M.; Fuijita, N.; Kusukawa, T.:
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