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The binding behavior of para-substituted 1,2-bis(pyridinium)-
ethane derivatives (X-PyCH2–CH2Py-X, X = H, Me, Ph, and
Py) a–d with dibenzo-24-crown-8 (DB24C8, 1) and its deriva-
tives, diformyldibenzo-24-crown-8 (2), dinitrodibenzo-24-
crown-8 (3), dimethyldibenzo-24-crown-8 (4) and diaminodi-
benzo-24-crown-8 (5), has been comprehensively investi-
gated by 1H NMR and UV absorption spectroscopy and iso-
thermal titration microcalorimetry in acetonitrile. The results
obtained indicated that some of the complexes constructed
from DB24C8 derivatives and 1,2-bis(pyridinium)ethane de-
rivatives resulted in visible color changes. For example, upon

Introduction

In recent years much attention[1] has been focused on
pseudorotaxanes, because they are the supramolecular pre-
cursors of rotaxanes and catenanes,[2] and also viewed as
prototypes of simple molecular machines.[3,4] Among these
pseudorotaxanes, the binding between [24]crown-8 ether
wheels and various dibenzylammonium cations, N-benzyl-
anilinium cations, paraquat derivatives as well as 1,2-bis-
(pyridinium)ethane derivatives has been investigated exten-
sively for almost a decade.[5] The favorable hydrogen-bond-
ing interactions and significant ion-dipole interactions re-
sult in the interpenetration of the axles into the cavity of
the [24]crown-8 ether wheels to form a 1:1 pseudorotaxane
complex. Stoddart et al.[5e] demonstrated that dibenzo-24-
crown-8 (DB24C8) was interpenetrated by a wide range of
disubstituted dibenzylammonium cations to generate [2]-
pseudorotaxane complexes by virtue of hydrogen bonds. 1H
NMR spectroscopic measurements indicated that the solu-
tion-phase binding strengths of the pseudorotaxane com-
plexes can be controlled by judicious manipulation of the
substituents attached to the dibenzylammonium cations’
aryl rings. Loeb and co-workers’ studies indicated that 1,2-
bis(bipyridinium)ethane dications can act as axles for the
efficient formation of [2]pseudorotaxanes when employing
24-membered crown ethers as the wheel component,[5a,5b,6]

[a] Department of Chemistry, State Key Laboratory of Elemento-
Organic Chemistry, Nankai University,
Tianjin 300071, P. R. China
Fax: +86-22-2350-3625
E-mail: yuliu@nankai.edu.cn
Supporting information for this article is available on the
WWW under http://www.eurjoc.org or from the author.

© 2007 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Org. Chem. 2007, 4510–45164510

the addition of equimolar proportions of 5, the colorless
CH3CN solution of d changed to red. Furthermore, we inves-
tigated the thermodynamics of the complexation of crown
ethers 1–5 with guests a–d, and found that the nature of the
substituents attached to 1,2-bis(pyridinium)ethanes and the
catechol rings on DB24C8 dramatically affects the molecular
recognition behavior and the binding thermodynamics. Ther-
modynamically, the formation of these complexes is an en-
thalpy-driven process.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2007)

and the strength of the interaction was shown to be sensi-
tive to the nature of the substituents on the pyridinium ring
with electron-withdrawing groups resulting in increased
binding. Recently, Chen et al.[7] reported a triptycene-based
bis(crown ether) host which can complex with both para-
quat derivatives and dibenzylammonium salts.

Although the binding behaviors have been investigated
for a variety of pseudorotaxanes,[5e,8–11] most of them are
determined by 1H NMR or spectral titration. To the best
of our knowledge, however, the binding thermodynamics
for the resultant pseudorotaxanes has rarely been investigat-
ed,[5h,6] despite its importance in constructing interesting
molecular machines and understanding the assembly
mechanisms on the formation of pseudorotaxanes. In the
present work, we wish to report the binding behavior of the
resulting pseudorotaxane between DB24C8 derivatives 1–
5 and 1,2-bis(pyridinium)ethane derivatives a–d (Scheme 1)

Scheme 1. Structural formulas of the DB24C8 derivatives 1–5 and
para-substituted 1,2-bis(pyridinium)ethane hexafluorophosphate
salts a–d.
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using 1H NMR and UV absorption spectroscopy and iso-
thermal titration microcalorimetry. Our special interest is
to examine thermodynamically the electronic effects of sub-
stituted groups of both the guests and the hosts on the for-
mation of pseudorotaxanes.

Results and Discussion

UV Spectra

As can be seen from Figure 1, when equivalent DB24C8
derivatives (1–5) were added to the CH3CN solution of d,
distinctly different photophysical behaviors were observed.
While the resulting complexes 2·d and 3·d do not show ob-
vious charge transfer (CT) bands, the complexes 1·d and 4·d
give CT bands at 370 nm and 368 nm, respectively. On the
contrary, the CT band of 5·d appears at 438 nm which
makes the pseudorotaxane appear red. In a related experi-
ment, mixing phenylamine with d resulted in no color
change or CT band being observed. One may reasonably
deduce that the longer CT band comes from the stronger
π-stacking interactions between the electron-rich amino-
catechol and the electron-poor 4,4�-dipyridine aromatic
rings of d. That is to say, the π-stacking interaction is an
important factor in the complexation of crown ethers with
1,2-bis(pyridinium)ethane derivatives. Therefore, chromo-
phoric sensors can be designed by changing substituted

Figure 2. 1H NMR spectra (300 MHz) of d (5.0 m) in the absence or presence of equimolar host 1–5 in CD3CN at 298 K.

Eur. J. Org. Chem. 2007, 4510–4516 © 2007 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.eurjoc.org 4511

groups of both DB24C8 and 1,2-bis(pyridinium)ethane.
The introduction of electron-donating groups to DB24C8
and electron-withdrawing groups and/or aryl groups to 1,2-
bis(pyridinium)ethane would result in efficient chromo-
phoric sensor behavior, and vice versa. Based on this deduc-
tion, we can understand easily that the color changes only
for solutions of 1·d, 4·c, 5·a, and 5·b (from colorless to light
yellow), 4·d and 5·c (from colorless to yellow), and 5·d
(from colorless to red).

Figure 1. UV spectra of hosts 1–5 and d in the absence or presence
of equimolar 1–5 in CH3CN (1.0 m) at 298 K.
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Table 1. The chemical shift change [∆δ (ppm)] values of hosts 1–5 and guest d upon their complexations. See Scheme 1 and Figure 2 for
position labels α–γ and a–h.[a]

Entry Complex ∆δ [ppm]
DB24C8 derivative protons Guest d protons

f g h α β γ a b c d e

1 1·d –0.25 –0.36 –0.36 –0.08 0.21 0.31 0.29 0.11 –0.36 –0.33 0.41
2 2·d [b] –0.15 –0.21 –0.11 0.24 0.38 0.29 0.07 –0.30 –0.36 0.38
3 3·d [b] –0.15 [b] –0.16 0.20 0.36 0.30 [b] –0.24 –0.31 0.35
4 4·d –0.37 –0.25 –0.33 –0.06 0.23 0.33 0.26 0.12 –0.36 –0.32 0.40
5 5·d –0.37 –0.30 –0.28 –0.06 0.20 0.31 0.23 0.12 –0.36 –0.28 0.38

[a] ∆δ = δ(complexed host or guest) – δ(free host or guest). Negative values indicate upfield shift. [b] The ∆δ values could not be calculated
due to the overlap of peaks.

1H NMR Spectra

As can be seen from Figure 2, the 1H NMR spectra of
equimolar mixtures of crown ethers 1–5 and guest d exhibit
three sets of different resonances for: (a) the free crown
ether, (b) the uncomplexed d, and (c) the 1:1 complex
formed between both components. The corresponding
chemical shift changes (∆δ) of hosts 1–5 and guest d upon
their complexation are listed in Table 1. As can be seen
from Table 1, all the resulting complexes show significant
downfield shifts for the α protons (Ha, ∆δ = 0.23–0.30 ppm)
and the NCH2 protons (He, ∆δ = 0.35–0.41 ppm) in d in-
dicative of the formation of the C–H···O hydrogen bonds
to the oxygens in the crown ethers, while upfield shifts were
observed for the Hc (∆δ = –0.24 to –0.36 ppm), Hd (∆δ =
–0.28 to –0.36 ppm) and crown ether aromatic protons Hf/
Hg/Hh (∆δ = –0.15 to –0.37 ppm) indicating π-stacking be-
tween the two sets of aromatic rings. It is reasonable for 2
and 3 to show smaller ∆δ values since they are substituted
by electron-withdrawing groups, which lead to the weaker
π-stacking interactions. Hence, weak C-H···O hydrogen

Figure 3. Calorimetric titrations of host 4 with a (left) and c (right) in CH3CN at 25 °C. Bottom: Raw data for sequential 10 µL injections
of guest solution (14.8 m for a and 6.14 m for c) into crown ether 4 solution (0.59 m). Top: Heats of reaction as obtained from the
integration of the calorimetric traces.
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bonds and π-stacking interactions are both important driv-
ing forces for complex formation,[1k,12] but the CT band
resulting from π-stacking interactions provides the key di-
agnostic color test. In addition, the binding strength can
also be monitored by the proportion of complexed species
which increases in the following order: 3·d � 2·d � 1·d �
4·d � 5·d.

Complexation Thermodynamics

In order to investigate quantitatively the thermodynamic
origin of the complexation of DB24C8 derivatives with
guests a–d, isothermal microcalorimetric titrations were
performed at 298.15 K in CH3CN, because the calorimetry
measurement is the only method that directly measures the
heat changes associated with intermolecular interactions. A
representative titration curve is shown in Figure 3 and Fig-
ure 4, and the thermodynamic parameters obtained are
listed in Table 2.
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Figure 4. Calorimetric titration of host 5 with guest c. (a) Heat effects of dilution (I) and of complexation (II) of 5 with c for each
injection during the titration microcalorimetric experiment. (b) Net heat effect obtained by subtracting the heat of dilution from the heat
of reaction, which was analyzed by computer simulation using the “one set of binding sites” model.

Table 2. Complex stability constant [KS (–1)] and thermodynamic parameters (in kJmol–1) for complexation of DB24C8 derivatives 1–
5 with 1,2-bis(pyridinium)ethane derivatives a–d in anhydrous acetonitrile at 298.15 K.

Entry Host[a] Guest[b] N[c] KS –∆G° –∆H° T∆S°

1 1 a 4 294�4 14.09�0.03 40.5�1.3 –26.5�1.1
2 b 3 391�2 14.80�0.01 49.0�0.3 –34.1�0.2
3 c 3 719�19 16.30�0.07 42.1�0.5 –25.8�0.6
4 d 5[e] 1659�45 18.39�0.07 48.7�0.4 –30.2�0.5
5 2 a 2 130�1 12.06�0.02 26.6�0.7 –14.5�0.7
6 b 2 125�3 11.96�0.05 40.5�0.6 –28.5�0.7
7 c 2 323�15 14.32�0.12 69.8�2.3 –55.4�2.4
8 d 2 524�26 15.52�0.12 68.9�2.0 –53.4�2.1
9 3 a 2 74�5 10.67�0.17 16.9�0.1 –6.2�0.3

10 b 2 63�5 10.25�0.21 31.4�2.2 –21.1�2.4
11 c 2 –[d] – – –
12 d 2 –[d] – – –
13 4 a 4 348�10 14.50�0.07 44.7�1.8 –30.2�1.8
14 b 3 496�3 15.39�0.02 54.5�0.0 –39.1�0.1
15 c 3 1911�29 18.73�0.04 42.5�0.2 –23.7�0.3
16 d 3 3760�52 20.41�0.04 55.7�0.7 –35.2�0.7
17 5 a 2 416�1 14.95�0.01 43.1�0.3 –28.1�0.3
18 b 2 648�1 16.05�0.01 48.0�0.0 –31.9�0.0
19 c 2 1226�24 17.63�0.05 43.3�0.4 –25.7�0.4
20 d 2[e] 4142�147 20.65�0.09 51.6�1.5 –31.0�1.6

[a] [host] = 0.12–0.60 m except for the titration experiment of 1 with d. [b] [guest] = 6.14–30.80 m except for the titration experiment
of 1 with d. [c] Number of titration runs performed. [d] Reaction enthalpy is too small to be determined by titration microcalorimetry.
[e] Ref.[13]

Complexation of 1,2-Bis(pyridinium)ethane Derivatives with
the Parent DB24C8 (1)

As can be seen from Table 2, large differences in the KS

values were observed for the complexation of 1,2-bis(pyridi-
nium)ethane derivatives a–d with 1, suggesting that the sub-
stitution pattern on the 1,2-bis(pyridinium)ethane unit has
a dramatic effect upon its molecular recognition behavior.
The substitution of methyl for hydrogen in a, affording b,
does not dramatically alter the original binding ability, but
the introduction of phenyls and pyridinium rings increases
the KS value 2.4 times for 1·c and 5.6 times for 1·d, implying
extra π-stacking interactions with the catechol rings in 1.[5a]
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However, the sequence does not exist in the corresponding
enthalpy changes and entropy changes. The enthalpy
change for the complexation of 1 with b (49.0 kJmol–1) is
the highest among the four pseudorotaxanes, while the en-
tropy change (–34.1 kJmol–1) is the lowest, which is unex-
pected. For the “unexpected” observations, one reasonable
explanation is that there is a C-H···π interaction between
the methyl groups of b and the phenyls of 1 reducing the
degree of freedom, because the largest enthalpic change for
the resulting complex 1·b could be ascribed to the unique
extra interaction. We can also note that the enthalpy
changes for the complexation of 1 with b (49.0 kJmol–1)
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and 1 with d (48.7 kJmol–1) are almost equal, but the higher
entropy change for the latter (–30.2 kJmol–1) give the high-
est KS value for 1·d.

The Effect of Electron-Withdrawing Groups on the
Catechol Rings in DB24C8s

Upon functionalizing 2 and 3 with electron-withdrawing
groups, the electron-cloud density of the catechol rings de-
creases, which weakens not only the π-stacking interactions
between the aromatic rings of the host and pyridinium
groups of the guest, but also the ion-dipole interactions be-
tween the positive charge on the pyridinium nitrogens and
the oxygens of the crown ether. As expected, the KS values
of 2 and 3 upon complexation with 1,2-bis(pyridinium)-
ethane derivatives are lower than those with parent
DB24C8 1 (Table 2). Especially of note is that the substitu-
tion of the stronger electron-withdrawing nitro group de-
creased the reaction enthalpy to unobservably low levels
with host 3 and guests c and d.

It is well known that the electron-cloud density of ben-
zene is bigger than that of pyridine, and methyl is the small-
est among pyridine, benzene and methyl. Upon substituting
the hydrogen in a with the methyl and phenyl group, the
enthalpy changes for the complexation of 2 with these 1,2-
bis(pyridinium)ethane derivatives gradually increased from
26.6 kJmol–1 for 2·a to 69.8 kJmol–1 for 2·c, while the cor-
responding entropy changes (T∆S) decreased from
–14.5 kJmol–1 to –55.4 kJmol–1. That is to say, both of the
thermodynamic parameters correlate with the electron-
cloud density of the substituent on 1,2-bis(pyridinium)-
ethane; the lower the electron-cloud density of the substitu-
ent, the smaller the enthalpy changes, the larger the entropy
changes, and vice versa. It is reasonable because the de-
crease of the ion-dipole interactions between the pyridinium
nitrogens and the oxygens of the crown ether makes the
π-stacking interactions between the catechol rings and the
aromatic rings of the guest become the major driving force
for the complexation of 2 with 1,2-bis(pyridinium)ethane
derivatives. Despite that, larger entropy losses for the com-
plexation of 2 with c or d were obtained, which might be
attributed to forming contact-ion pairs between the com-
plexes (2 with c or d) and counteranion PF6

–, and therefore,
the lower solvation of the complexes reduces the entropic
contributions to the complex stabilities.

The Effect of Electron-Donating Groups on the Catechol
Rings in DB24C8s

In contrast with 2 and 3, the electron-cloud density of
the catechol rings on modified DB24C8 4 or 5 increases
because of the electron-donating behavior of methyl and
amino groups, which enhances not only the π-stacking in-
teractions between the aromatic rings of 4/5 and the pyridi-
nium groups of guests, but also the ion-dipole interactions
between the positive charge on the pyridinium nitrogens
and the oxygens of the crown ether. Thus, the binding con-
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stants of 4 and 5 upon complexation with 1,2-bis(pyridin-
ium)ethane derivatives are larger than those with 1–3. As
shown in Table 2, hosts 4 and 5 showed lower binding abili-
ties to a and b as compared with c and d, which is similar
to the trend observed with hosts 1 and 2. The universal
decreased binding ability toward a and b results from the
structural differences between a/b and c/d. The introduction
of aryl or pyridinium groups to 1,2-bis(pyridinium)ethane
(a), affording c or d, respectively, can result in stronger π-
stacking interactions. In addition, we note that the KS val-
ues of d with 1–5 are larger than that of c, which could be
attributed to the electron-withdrawing nature of the pyr-
idine groups on d, which increase the positive charge on the
central nitrogens on bis(pyridinium)ethane.

As can be seen from Table 2, while the enthalpy changes
for the complexation of 4/5 with b/d obviously increase
compared with 4·a and 5·a, those for the complexation of
4/5 with c, possessing the biggest electron-cloud density
among the three guests, decrease to some extent (the en-
thalpy changes of 5·a and 5·c are almost equal). This is
distinctly different from the case of hosts 2 and 3. Namely,
the bigger the electron-cloud density of the substituent, the
smaller the enthalpy changes and the larger the entropy
changes.

Molecular Binding Ability and Molecular Selectivity

It is also interesting to compare the “host selectivity”
sequence obtained for each guest. The binding constant for
the complexation of each guest by DB24C8 (1) and the sub-
stituted DB24C8 2–5 increases in the following order:

a: 3 � 2 � 1 � 4 � 5

b: 3 � 2 � 1 � 4 � 5

c: 2 � 1 � 5 � 4

d: 2 � 1 � 4 � 5
Guests a, b and d give the same host selectivity and c

reverses the binding selectivity for 4 and 5, showing larger
binding constants for 4 than 5. The KS values for 2, 1, 4
and 5 with b are enhanced by factors of 2.0, 6.2, 7.9, and
10.3, respectively, compared with that of 3·b. The differen-
tial reaction enthalpy and entropy changes calculated by
using the data presented in Table 2 reveal that all the en-
thalpy changes (–9.1 kJmol–1 � ∆H°

host 1,2,4,5 – ∆H°
host 3 �

–23.1 kJmol–1) are more remarkable than the entropy
changes (–7.4 kJmol–1 � T∆S°

host 1,2,4,5 – T∆S°
host 3 �

–18.0 kJmol–1). Therefore, the enthalpy changes apparently
control the enhanced binding ability.

On the other hand, we also note that the difference of
the Gibbs free energy changes for the complexation of 4
with d or a (∆∆G° = ∆G°

d – ∆G°
a) is the largest at

5.91 kJmol–1, which corresponds with the largest guest
selectivity for d vs. a of 10.8 (KS(4·d)/KS(4·a)). For host 5, the
guest selectivity for d vs. a is 10.0 times. While hosts 1, 4
and 5 show larger KS values for complexation with b than
that with a, hosts 2 and 3 reverse this binding sequence,
showing a little larger binding constants for complexation
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with a. Thermodynamically, the complexation of 2 with a
gives ∆H° and T∆S° values comparable to those for com-
plexation with b, and the enthalpic gain (∆H°

b – ∆H°
a =

–13.9 kJmol–1) is well compensated for by the equally in-
creased entropic loss (T∆S°

b – T∆S°
a = –14.0 kJmol–1). In

contrast, although the complexation of 5 with b gives a
smaller enthalpic gain than that for complexation with a
(∆H°

b – ∆H°
a = –4.9 kJmol–1), it is not as completely com-

pensated by the relatively small entropic loss (T∆S°
b –

T∆S°
a = –3.8 kJmol–1).

Conclusions

In summary, we have demonstrated the binding behavior
of DB24C8 derivatives with 1,2-bis(pyridinium)ethane de-
rivatives. The results obtained indicate that the nature of
the substituents attached to the catechol rings in DB24C8
dramatically affects the molecular recognition behavior and
the binding thermodynamics. For the electron-withdrawing
groups, not only is the binding ability reduced, but also the
smaller the electron-cloud density of the substituent on the
guest, the smaller the enthalpy changes, the larger the en-
tropy changes, and vice versa. For the electron-donating
groups, the binding ability is enhanced, and the bigger the
electron-cloud density of the substituent on the guest, the
smaller the enthalpy changes and the larger the entropy
changes. As a result, only the [2]pseudorotaxanes 1·d, 4·c,
4·d, 5·a, 5·b, 5·c, and 5·d are colored from light yellow to
red. Thermodynamically, the negative values of ∆H° and
∆S° in each case suggest that these complexation events are
enthalpy-driven processes, and hence, these thermodynamic
parameters of the interaction between DB24C8 derivatives
and 1,2-bis(pyridinium)ethanes are significant for under-
standing the assembly mechanisms on the formation pro-
gress of [2]pseudorotaxanes.

Experimental Section
Materials: Starting materials were commercially available unless
noted otherwise. Analytical-grade CH3CN was dried with calcium
hydride and then distilled fractionally to give the anhydrous solvent
for calorimetry. Of the macrocyclic hosts in Scheme 1, dibenzo-24-
crown-8 (1),[14] diformyl-dibenzo-24-crown-8 (2),[15] dinitro-di-
benzo-24-crown-8 (3),[16] dimethyl-dibenzo-24-crown-8 (4),[17] and
diamino-dibenzo-24-crown-8 (5)[16] were prepared according to the
literature procedures. No efforts were made to separate the cis/trans
isomers. All pyridinium bromide salts were prepared by the litera-
ture method.[18] The hexafluorophosphate salts were precipitated
from water by the addition of saturated aqueous NH4PF6 and
recrystallized before use.

Isothermal Microcalorimetric Titration: The microcalorimetric ti-
trations were performed at atmospheric pressure and 25 °C in anhy-
drous CH3CN by using a Microcal VP-ITC titration microcalorim-
eter, which allowed us to determine simultaneously the enthalpy
and equilibrium constant from a single titration curve. Each solu-
tion was degassed and thermostatted using a ThermoVac accessory
before titration. In each run, a CH3CN solution of 1,2-bis(pyridin-
ium)ethane derivative guest (or crown ether host) in a 0.250 mL
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syringe was sequentially injected with stirring at 300 rpm into the
calorimeter sample cell containing a CH3CN solution of crown
ether host (or guest). The sample cell volume was 1.4227 mL in all
experiments. Each titration experiment was composed of 25 suc-
cessive injections (10 µL per injection). Typical titration curves are
shown in Figure 3. Each titration of guest into the sample cell gave
rise to a heat of reaction, caused by the formation of inclusion
complexes between guests and crown ether hosts. The heat of reac-
tion decreased after each injection because less and less crown ether
molecules were available to form inclusion complexes. A control
experiment to determine the heat of dilution was carried out with
each run by performing the same number of injections with the
same concentration of guest (or host) compound as used in the
titration experiments into a pure CH3CN solution without the host
crown ether (or guest). The dilution enthalpies determined in con-
trol experiments were subtracted from the enthalpies measured in
the titration experiments to obtain the net reaction heat. The
ORIGIN software (Microcal Inc.), which was used to simulta-
neously compute the equilibrium constant (KS) and standard molar
enthalpy of reaction (∆H°) from a single titration curve, gave a
standard deviation based on the scatter of the data points in the
titration curve. The net reaction heat in each run was calculated by
the “one set of binding sites” model. Additionally, the first point
was removed from the titration curve acknowledging that the con-
centration of host (or guest) in the cell far exceeded the concentra-
tion of the guest (or host). A typical titration curve and the fitted
results for the complexation of c with host 5 are shown in Figure 4.
The knowledge of the binding constant (KS) and molar reaction
enthalpy (∆H°) enabled The calculation of the standard free energy
of binding (∆G°) and entropy changes (∆S°), according to the
equation

∆G° = –RT lnKS = ∆H° – T∆S°

where R is the gas constant and T is the absolute temperature.
Multiple independent titration runs (N = 2–3) were performed to
afford self-consistent thermodynamic parameters, and the averaged
values are reported in Table 2. The uncertainties in the thermo-
dynamic parameters reported for host-guest complexation are two
standard deviations from the mean value unless stated otherwise.
It should be mentioned that the status of guests a–d is rather sim-
ilar before and after complexation which had been confirmed un-
ambiguously by conductivity experiments. For example, the molar
conductivity of guest d in anhydrous CH3CN was 280 Scm2 mol–1.
After the addition of excess (10.4 equiv.) host 1, the molar conduc-
tivity decreased to 272 Scm2 mol–1, which suggests the similar
status between guest d and complex 1·d.[19]

Supporting Information (see footnote on the first page of this arti-
cle): Color changes of d in CH3CN solution in the absence and
presence of hosts 1–5.
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