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Bis(m-phenylene)-32-crown-10/monopyridinium [2]pseudorotaxanes
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Abstract—The first crown ether/monopyridinium threaded structures, which are [2]pseudorotaxanes based on a new bis(m-phenyl-
ene)-32-crown-10/monopyridinium recognition motif, were successfully prepared as confirmed by proton NMR spectroscopy, elec-
trospray ionization mass spectrometry, and X-ray analysis.
� 2005 Elsevier Ltd. All rights reserved.
Threaded structures, including pseudorotaxanes, rotax-
anes, catenanes, polypseudorotaxanes, polyrotaxanes,
and polycatenanes, are attractive to scientists all over
the world not only because of their topological impor-
tance but also due to their potential applications in prep-
aration of nanoscale devices.1 Crown ethers have been
widely used in preparing threaded structures as hosts of
organic salts, such as paraquat derivatives2 and second-
ary ammonium compounds.3Monopyridinium salts have
also been widely studied in chemistry due to their easy
availability.4 Though Beer and co-workers usedmonopy-
ridinium salts in fabrication of some threaded structures
based on ion-pair recognition by ditopic hosts5 and we
recently reported some cryptand/monopyridinium
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[2]pseudorotaxanes,6 threaded structures based on crown
ether/monopyridinium recognition motifs, which have
not been reported up to now. Herein, we report the first
crown ether/monopyridinium threaded structures, which
are [2]pseudorotaxanes based on a new bis(m-phenylene)-
32-crown-10/monopyridinium recognition motif.

The yellow colors of solutions of crown ether 17 and
monopyridinium salts 26 are much weaker than solu-
tions of 1 and paraquat 3, indicating that the charge
transfer between 1 and 2 is weaker. Partial proton
NMR spectra of 1, 2a, and an equimolar solution of 1
and 2a are shown in Figure 1. Only one set of peaks
was found in the proton NMR spectrum of the solution
of 1 and 2, indicating fast-exchange complexation. After
complexation, peaks corresponding to pyridinium pro-
tons (H8 and H9) on 2a and aromatic protons H2 and
H3 and a-ethyleneoxy protons H4 of 1 moved upfield.
Furthermore, phenyl protons (H11 and H12) on 2a and
c- and d-ethyleneoxy protons H5 of 1 moved downfield,
while aromatic proton H1 and b-ethyleneoxy protons H6

of 1 and benzyl protons H10 and ethyl ester methylene
protons H7 of 2a moved upfield. The stoichiometries
of the complexes between 1 and 2 were determined to
be 1:1 in solution by Job plots8 using proton NMR data
(e.g., Fig. 2). The association constants for the complex-
ation between 1 and 2a and between 1 and 2b are 95
(±11) and 78 (±14) M�1 in 1:1 CDCl3/CD3COCD3,
respectively,9 showing that the N-benzyl group is per-
haps slightly better for complexation than the N-methyl
group as we observed in the study of cryptand/mono-
pyridinium [2]pseudorotaxanes.6

Electrospray ionization mass spectra of solutions of 1
and 2 in 4:1 acetonitrile/chloroform confirmed the 1:1
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Figure 1. Partial proton NMR spectra (400 MHz, 1:1 CDCl3/CD3COCD3, 22 �C) of monopyridinium salt 2a (a, bottom), crown ether 1 (b, middle),
and 30.0 mM 1 and 2a (c, top).
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Figure 2. Job plot showing the 1:1 stoichiometry of the complex
between crown ether 1 and monopyridinium 2a in 1:1 CDCl3/
CD3COCD3. [1]0+[2a]0 = 2.00 mM. Delta = the chemical shift change
of H1.
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stoichiometry of the complexes. For the mass spectrum
of a solution of 1 and 2a with molar ratio 3:1, the base
peak was at m/z 559.4, corresponding to [1+Na]+; three
peaks were found for 1Æ2a: m/z 946.4 (4%) [1Æ2a+Na]+,
778.2 (9%) [1Æ2a–PF6]

+, and 750.3 (8%) [1Æ2a–PF6–
C2H4]

+. For the mass spectrum of a solution of 1 and
2a with molar ratio 1:5, the base peak was at m/z
629.2, corresponding to �triple ion�10 [2a2–PF6]

+; two
peaks were found for 1Æ2a: m/z 912.4 (4%) [1Æ2a–
C2H5+H2O]+ and 778.3 (82%) [1Æ2a–PF6]

+. For the
mass spectrum of a solution of 1 and 2b with molar ratio
3:1, the base peak was at m/z 559.4, corresponding
to [1+Na]+; four peaks were found for 1Æ2b: m/z 870.4
(7%) [1Æ2b+Na]+, 702.5 (31%) [1Æ2b–PF6]

+, 674.3 (37%)
[1Æ2b–PF6–C2H4]

+, and 658.3 (25%) [1Æ2b–PF6–
OC2H4]

+.
X-ray analysis11 was done on a yellow crystal of 1Æ2a
grown by vapor diffusion of pentane into an equimolar
acetone solution of crown ether 1 and monopyridinium
salt 2a. The crystal structure (Fig. 3) demonstrated that
the crown/monopyridinium complex 1Æ2a is a pseudoro-
taxane; the linear molecule 2a is threaded through the
cavity of the cyclic host. For this pseudorotaxane the
main stabilization interactions in the solid state are
hydrogen bonding, face-to-face p-stacking, and charge
transfer interactions. One a-pyridinium hydrogen of 2a
is hydrogen bonded (A) to an oxygen atom on an ethyl-
eneoxy chain of the crown ether host, while the other a-
pyridinium hydrogen is connected indirectly to the other
ethyleneoxy chain by a water bridge (B, C, and D). The
other hydrogens of 2a are not involved in interactions
with the crown ether host. The centroid–centroid dis-
tances, 4.02 and 4.19 Å, between the electron-poor
pyridinium ring of 2a and the electron-rich phenylene
rings of the crown ether host are about equal to each
other, presumably in order to maximize face-to-face p-
stacking. The dihedral angle and centroid–centroid dis-
tance between the phenylene rings of the crown ether
host in 1Æ2a are 4.3� and 7.03 Å, while the corresponding
values are 3.2� and 6.90 Å in a complex between 1 and a
paraquat derivative.2b These results indicate that charge
transfer interactions between the crown ether host 1 and
monopyridinium guest 2a in 1Æ2a are weaker than those
in 1Æparaquat complexes, consistent with the weaker yel-
low color of crystals of 1Æ2a versus the yellow-orange of
crystals of 1Æparaquat complexes.

In summary, though bis(m-phenylene)-32-crown-
10 derivatives form 1:1 taco complexes with para-
quat derivatives (N,N 0-dialkyl-4,4 0-bipyridinium) in the
solid state,2a,b [2]pseudorotaxanes can be made based on
the new bis(m-phenylene)-32-crown-10/monopyridinium
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Figure 3. Two views of the X-ray structure of 1Æ2a. Solvent molecules,
a PF6 counterion, and hydrogens except pyridinium hydrogens on 2a
and two hydrogens on the water molecule have been omitted for
clarity. Oxygens are green, 1 is red, 2a is blue, the water molecule is
magenta, and nitrogen is black. Hydrogen-bond parameters: C(O)� � �O
distances (Å), H� � �O distances (Å), C(O)–H� � �O angles (deg) A: 3.45,
2.53, 162; B: 2.85, 1.99, 174; C: 2.90, 2.08, 166; D: 3.00, 2.29, 131. Face-
to-face p-stacking parameters: centroid–centroid distances (Å) 4.02,
4.19; ring plane/ring plane inclinations (deg): 7.6, 3.9.
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recognition motif. These pseudorotaxanes are the first
crown ether/monopyridinium threaded structures.
Considering the ready availabilities of bis(m-phenyl-
ene)-32-crown-10 and pyridinium derivatives, this new
recognition motif should be easily extended to prepara-
tion of other supramolecular threaded structures. Once
interlocked structures (rotaxanes or catenanes) based
on monopyridinium salts are made, they have the poten-
tial to be reduced in order to prepare neutral interlocked
structures.12 The study presented here may stimulate
further studies on complexation of other crown ethers
with monopyridinium salts. We are focusing on such
projects now.
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