
Tetrahedron Letters 45 (2004) 6813–6817

Tetrahedron
Letters
A new type of [2] and [3]pseudorotaxane composed of
b-cyclodextrin and bisimidazolyl compounds

Xu-Jie Shen, Hui-Lan Chen,* Fei Yu, You-Cai Zhang, Xiao-Hong Yang and Yi-Zhi Li*

State Key Laboratory and Institute of Coordination Chemistry, Department of Chemistry, Nanjing University, Nanjing 210093, China

Received 19 January 2004; revised 10 June 2004; accepted 15 June 2004

Available online 3 August 2004
Abstract—Employing bisimidazolyl compounds as guests, a new type of [2] and [3]pseudorotaxanes based on b-cyclodextrin were
synthesized and characterized. From the crystallographic structural analysis and 1H NMR spectroscopy it has been found
that the number of threaded cyclodextrin depends on the length of the guest molecule.
� 2004 Elsevier Ltd. All rights reserved.
In recent years, much attention has been paid to the
pseudorotaxane and rotaxane supramolecules because
of their interesting structures and properties, as well as
potential applications for molecular devices.1 Pseudoro-
taxane is a type of supramolecular assembly that con-
sists of a cyclic molecule, acts as the wheel, that is
host, and a threadlike molecule acts as the axle, that is
guest. It is commonly used as precursor for the forma-
tion of permanently interlocked rotaxane by adding
�stopper� components, which are bulky enough to pre-
vent unthreading.

Although there are previous works about rotaxanes and
pseudorotaxanes based on cyclodextrins,1a,f,2 structural
data of them are not plenteous. It is still a challenge to
prepare new member of the rotaxanes with novel struc-
tures and special properties. The Mavridis�s group has
determined the molecular structures of [3]pseudorotaxa-
nes, in which a long aliphatic chain with carboxylic
group or amino group thread through two molecules
of b-CD.3 Kamitori and co-workers reported the 2:1
complex of a-CD/biphenyldicarboxylic.4 Moreover, the
single crystal X-ray diffraction analysis of a polymeric
glycol-cyclodextrin polyrotaxane and two structures of
pseudo-polyrotaxane composed of b-CD with poly(tri-
methylene oxide) and poly(propylene glycol) have been
reported.5,6 Recently, Anderson�s group determined
the molecular structure of a stilbene cyclodextrin
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[2]rotaxane.7 However, to our knowledge, no [2] or
[3]pseudorotaxane with the guest molecule involving
imidazolyl group has been prepared. Here we describe
the synthesis and characterization of a new type of
b-CD pseudorotaxanes, in which bisimidazolyl com-
pounds, that is 1a (1,10-bis(imidazol-1-lyl) decane), 1b
(1,6-bis(imidazol-1-lyl)hexane), 1c (1,4-bis(imidazol-1-
ylmethyl)benzene) and 1d (4,4 0-(bis(imidazol-1-ylmeth-
ylene))biphenyl) are employed as guest to thread into
b-CD (Scheme 1). Two structures of pseudorotaxanes,
that is 2a (1a/2b-CD) and 2c (1c/b-CD) have been
determined for the first time. Because of the N
atom in terminal imidazole group of the guest mole-
cule can coordinate with transition metal ion, these
type of pseudorotaxanes may be converted to perma-
nent metalo-rotaxanes, which would probably be
furnished with specific photonic, electric or magnetic
properties.

The four guest compounds 1a, 1b, 1c and 1d were pre-
pared from relevant a,x-dibromo-alkyl or -aromatic
compounds with imidazole in a molar ratio of 1:2 in iso-
propyl alcohol under strong alkali (KOH) conditions by
the method of Kikugawa.8 All compounds gave satisfac-
tory spectral and analytical results.9 The pseudorotaxa-
nes of 2a, 2b, 2c and 2d were synthesized by
self-assembly of the guest compounds with b-CD in
aqueous solution. The products were characterized by
1H NMR spectroscopy, elemental analysis and ESI-
MS, respectively.10 Single prismatic crystals were
obtained by slow evaporation of the aqueous solution.
The molecular structures were determined by a single
crystal X-ray diffraction analysis.11
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Scheme 1. Formation of the pseudorotaxanes.
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The molecular structure of 2a (Fig. 1a) indicates that
two b-CD rings are threaded on to 1a molecule to form
a [3]pseudorotaxane. The b-CD dimer is composed of
the monomers A and B with the stacking of secondary
to secondary faces. Each of the secondary hydroxyls
of b-CD is H-bonded to those secondary hydroxyls both
in the same and in the neighboring b-CD molecule of the
dimer. The guest molecule spans the entire length of the
b-CD dimer cavity with the imidazole groups slightly
protruding from the primary faces of b-CDs. The mole-
Figure 1. Molecular structure of the [2] and [3]pseudorotaxanes (a) 2a, (b) 2

molecules are hollowed for clarity). In 2a, the angles between the plane of the

b-CD are 43.5� and 51.3�, respectively. In 2c, the corresponding angles are 1
cule packing of 2a (Fig. 2a) shows that b-CDs constitute
channels along c axis, which forms an angle of 19.5�
with the axis of b-CD dimer. The space between the b-
CDs is filled with water molecules, which is H-bonded
to cyclodextrin hydroxyl and other water molecules.

While the structure of 2c shows that each molecule of 1c
threads into the cavity of one b-CD to form a [2]pseudo-
rotaxane (Fig. 1b). The benzene group of 1c is included
in the b-CD cavity, one imidazole group is located in the
c (50% probability ellipsoids; H atoms are omitted; the bonds of guest

imidazole groups and the heptagons composed of seven O atoms of the

4.9�, 12.1� (of A unite) and 2.9�, 5.8� (of B unite), respectively.



Table 1. Chemical shifts of b-CD before and after formation of

pseudorotaxane of 2a, 2b, 2c and 2d (ppm, in D2O)

H1 H2 H3 H4 H5 H6

Free

b-CD

5.06 3.64 3.96 3.58 3.85 3.87

2a d 5.06 3.65 3.87 3.59 3.70 3.83

Dd 0.00 +0.01 �0.09 +0.01 �0.15 �0.04

2b d 5.06 3.65 3.87 3.58 3.63 3.84

Dd 0.00 +0.01 �0.09 +0.00 �0.22 �0.03

2c d 5.04 3.63 3.79 3.57 3.45 3.74

Dd �0.02 �0.01 �0.17 �0.01 �0.40 �0.13

2d d 5.04 3.63 3.82 3.57 3.64 3.76

Dd �0.02 �0.01 �0.14 �0.01 �0.21 �0.11

Figure 2. Packing style of pseudorotaxanes (a) 2a, (b) 2c (observed from a axis, the carbon atoms of guest molecules are green-colored for clarity).
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secondary face of b-CD and the other slightly protrudes
from the primary face. The crystallographic asymmetric
unit contains two [2]pseudorotaxanes. From the mole-
cule packing of 2c (Fig. 2b), we can see that b-CD mol-
ecules also form face-to-face dimers, in which their
secondary hydroxyl sides are linked by multiple hydro-
gen bonds. The two adjacent imidazole rings, which
are located in the secondary faces of b-CD, exhibit
a p–p interaction with a centroid–centroid distance of
4.16Å and an angle of 16.3�. In addition, the imidazole
group in the primary face of b-CD assists in the
formation of network via H-bond interaction with
primary hydroxyl of the adjacent b-CD dimer. The
b-CD dimers constitute brick-type molecular packing,
which is different from the channel packing of 2a.
�Cages� surrounded by dimers are filled with water
molecules.

Apart from the single crystal X-ray diffraction analysis,
1H NMR spectroscopy is a powerful technique to inves-
tigate the formation of inclusion complex and the inter-
action between cyclodextrin and substrate.12,13

Comparing to the 1H NMR spectroscopic data (Table
1) of free b-CD with that of 2b (2d), 0.09 (0.14) and
0.22 (0.21)ppm upfield shifts were observed for H3
and H5 protons, which located in the cavity of b-CD,
respectively. The chemical shifts of the resonance of
H1, H2 and H4 protons on the outer surface were un-
affected. Furthermore, the chemical shifts for H6 pro-
tons located in the narrower opening of b-CD, also
moved to a higher field. For the guest molecule, the
1H NMR signals of alkylene of 1b broaded and shifted
upfield, while the signal of aH in imidazole group, which
is close to the face of b-CD, moved downfield (about
0.11ppm), compared with that of 2b (Fig. 3). According
to the integral area of the 1H NMR spectra, the molar
ratio of b-CDs and guest molecules is 1:1 for 2b and
2:1 for 2d, respectively, which is consistent with element
analysis and ESI-MS results. Furthermore, two-dimen-
sional NOESY spectroscopy of 2b (2d) revealed the cor-
relation between alkylene protons of 1b (phenyl protons
of 1d) and H3, H5 of b-CD. It indicates that the guest
molecule had threaded through the cavities of one or
two b-CDs to form the [2] or [3]pseudorotaxane,
respectively.

In summary, bisimidazolyl compounds were used as
guests for the first time to prepare a new kind of [2] or
[3]pseudorotaxanes based on b-cyclodextrin. According
to the crystal structural analysis and 1H NMR studies,
we found that the guest molecules with longer alkylene
chain or two benzene rings can thread two b-CDs to
form the [3]pseudorotaxanes, while the guests with



Figure 3. The 1H NMR spectra (in D2O) of (a) 1b, (b) 2b, (c) partial

spectra of b-CD (free) and (d) in 2b.
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shorter chain or one benzene thread only one b-CD ring
to become the [2]pseudorotaxanes. It is worth noting
that pseudorotaxanes show distinct molecular packing
with the changing of guest molecules. Further investi-
gation of metallo-rotaxane by adding complex �stopper�
to the ends of pseudorotaxane is in progress in our
laboratory.
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