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Ion-Pairing Effects in the Self-Assembly of a Fluorescent Pseudorotaxane
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Herein we report on the self-assembly, in a low polarity sol-
vent, of a pseudorotaxane species comprising binaphthyl-26-
crown-8 (BN26C8) as the macrocyclic host and anthracenyl-
benzylammonium as the threadlike positively charged guest
(ABH™). Absorption and luminescence data reveal a very ef-
ficient energy transfer process occurring from the binaphthyl
to the anthracene singlet excited states. The self-assembly is
highly dependent on the nature of the counteranion confirm-
ing the crucial role played by it in the competition between
the self-assembly process and the formation of ion pairs
(ABH*X"). This behavior can be readily evidenced in dilute
solutions from the analysis of the luminescence properties of
the system. The complexation of chloride, sulfate and hexa-

fluorophosphate salts of ABH* by racemic BN26C8 as well as
the complexation of ABH* salts of the chiral anion tris|te-
trachlorobenzenediolato]phosphate(v) (TRISPHAT") by (+)
BN26C8 are described. The efficiency in complexation fol-
lows the trend PFg~ > TRISPHAT- > CI-, SO,?". The use of
the chiral anion TRISPHAT allowed us to investigate the pos-
sibility of inducing stereoselective control on the formation
of the interpenetrating assembly. Preliminary 'H NMR spec-
troscopic evidence supports the fact that the chiral anion is
paired to the supramolecular complex and that its configura-
tion influences the recognition process.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2006)

Introduction

Pseudorotaxanes are host—guest systems composed mini-
mally of a threadlike molecule surrounded by a macrocy-
cle.l' These supermolecules have been attracting consider-
able attention,! not only for their structural features, but
also because of the variety of properties and functions that
can be engineered within them. For example, pseudorotax-
ane structures constitute a convenient basis for the design
and construction of simple prototypes of artificial nano-
scale devices and machines.[3-12]

It has long been known!'*l that crown ethers give adducts
with RNH;* ammonium ions, stabilized by [N*-H---O] hy-
drogen bonds.'*! More recently it has been shown!'”! that
when the crown ether ring is large enough, suitably chosen
dialkylammonium ions (R,NH,") can thread through the
macrocycle to give pseudorotaxane species in solution by
virtue of strong [N*~H--+O] and [C-H---O] hydrogen-bond-
ing interactions. Upon deprotonation of the ammonium ion
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by addition of a base, the hydrogen bonds are broken and
dethreading of the pseudorotaxane takes place. The com-
plex can be re-assembled by adding an acid which regener-
ates the ammonium ion.*16]

Low polarity solvents are frequently used to maximize
electrostatic interactions, including hydrogen bonding.!'” In
such solvents, ions show a strong tendency to form tight
ion pairs.'® Therefore, when considering the association in
apolar solvents between two molecular components where
either one of them or both are charged, ion pairing may
come into play. Despite the fact that this phenomenon can
largely affect the behavior of the host-guest complex,!'! it
has been frequently overlooked. The role of ion pairing in
the determination of the stability constant of complexes be-
tween neutral hosts and positively charged guests has been
studied recently by NMR spectroscopic investigations by
Gibson and co-workers.[?% It has also been found that the
nature of the counteranion influences the kinetics of the
self-assembly process of calixarene-based pseudorotax-
anes®' and the ratio of translational isomers in bistable do-
nor/acceptor rotaxanes.!??!

To gain insight into these problems and in view of future
applications, we investigated the influence of a number of
anions on the formation of the pseudorotaxane system ob-
tained by racemic binaphthyl-26-crown-8, BN26C8, and an-
thracenyl-benzylammonium cation, ABH" in CH,Cl, (see
Scheme 1). We recently reported that this system behaves
as a molecular level plug/socket device controlled by revers-
ible threading/dethreading of the two components in solu-
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tion obtained by acid-base stimulation. As previously men-
tioned, in apolar media the counteranion of ABH* should
strongly influence the efficiency of the self-assembly process
since it competes with the host for the guest. A number of
different salts, namely hexafluorophosphate, (A)-tris[te-
trachlorobenzenediolato]phosphate(v) ~ (TRISPHAT),??
chloride and sulfate, were employed in the experiments as
sources of the ABH™ cation. To study the intercomponent
interactions, the photophysical properties of the supramo-
lecular complex were compared with those of the molecular
components. The disassembly of the supramolecular species
upon addition of a base and the subsequent acid-driven re-
assembly was investigated. Moreover, the possibility of
achieving chiral recognition by interaction of TRISPHAT
with the bimolecular adduct intrigued us. The well-dis-
persed negative charge of this chiral anion should lead in
lipophilic media to very strong complexesi>* that hopefully
can effect the matching with optically pure (+)-BN26CS8. To
test this hypothesis, an achiral cation, such as ABH", is a
perfect choice. Enantiomeric recognition of chiral ammo-
nium ions by crown ethers containing binaphthyl is a well
documented property,?>! but until now not much attention
has been devoted to the problem of how the configuration
of a chiral counteranion can influence the recognition pro-
cesses.”! Preliminary NMR  spectroscopic measurements
on (+)BN26C8 and the two enantiomers of the [ABH][TRIS-
PHAT] salt were performed in CDCI;/CD;CN, 6:1, and the
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Scheme 1. Structural formulae of the compounds examined.

effect of anion chirality on the enantioselective formation
of pseudorotaxane complexes has been considered.

Results and Discussion

Photophysical Properties of the Molecular Components

All photophysical experiments have been performed in
an air-equilibrated CH,Cl, solution at room temperature,
unless otherwise specified. The absorption and fluorescence
spectra of the crown ether BN26C8 and of the examined
salts of ABH™ are reported in Figure 1. The relevant photo-
physical data are gathered in Table 1.
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Figure 1. Absorption and fluorescence (inset) spectra of BN26C8
(=), and of ABH™" as hexafluorophosphate (——), TRISPHAT
(——-), chloride (:----) and sulfate (——) salts in CH,Cl, at room
temperature. For the ABH* salts, all the molar absorption coeffi-
cients refer to the ABH™ species; Aexe = 290 nm for BN26C8 and
372 nm for ABH™.

The absorption and fluorescence spectra of BN26C8
(Figure 1) show the typical bands of its binaphthyl chromo-
phoric unit.?”) The fluorescence emission is very intense (®
= 0.49) and its lifetime is 5.2 ns. All the different ABH™"
salts exhibit the characteristic®”! absorption and fluores-
cence bands of their anthracene chromophore (Figure 1).
In addition, [ABH][(A)-TRISPHAT] displays an absorption

Table 1. Absorption and luminescence data for the binaphthocrown ether BN26CS8 and the examined salts of the anthraceneammonium

ion ABH™ (air-equilibrated CH,Cl, solution, room temperature).

Compound! Absorption Fluorescence

Jmax [NM] & [L-mol «cm ] Jmax [NM] () 7 [ns]
BN26C8 282 (336) 10800 (6500) 370 0.49 5.2
[ABH][PE(] 372 7400 1 0.30 10
[ABH][(A)-TRISPHAT] 300 (375) 9700 (5300) 435 0.32 11
[ABH][C]] 369 7400 1 0.36 7.9
[ABHL[SO,] 368 580011 418 0.15 2.5
[nBusNJ[(A)-TRISPHAT] 300 11000 — — —
ABHI 367 11000 415 0.13 3.2

[a] Concentration of the compounds: 8.0x 10°mol-L"!. [b] Molar absorption coefficient refers to the ABH* species. [c] Double ex-
ponential decay with t; = 2.5 ns (94%) and 1, = 9.3 ns (6%). [d] Obtained by deprotonation of [ABH][TRISPHAT] with 1.4 equiv. of

nBusN.
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band with A,,,, = 300 nm. The comparison with the absorp-
tion spectrum of [nBusN][TRISPHAT] indicates that such
a band is due to the TRISPHAT anion.

It can be noted that the absorption and fluorescence fea-
tures of the anthracene unit depend on the counteranion
of the ABH™ cation (Figure 1 and Table 1). Other relevant
observations are: (i) the absorption and fluorescence spec-
tra of the various salts of ABH™, recorded in acetonitrile
solution, are very similar to each other; (ii) the absorption
spectrum of [ABH][PF4] does not change appreciably on
going from CH,Cl, to CH;CN solution; (iii) the absorption
spectral shapes of the PF4-, ClI- and SO, salts of ABH"
do not depend on concentration in the range examined
(8.0x10°° to 1.3x10*mol-L™"); (iv) the shape of the ab-
sorption spectrum of [ABH][TRISPHAT] in CH,Cl,
changes slightly on varying the concentration; particularly,
in the anthracene S;—S; absorption region (350420 nm),
it approaches that of [ABH][PFg] upon dilution. These re-
sults are in agreement with the presence of compact ion
pairs!!® between the ABH" cation and some of the exam-
ined anions in the apolar CH,Cl, solvent. Such ion pairs
exhibit photophysical properties that are slightly different
from those of the solvated ABH™ ion, which is most likely
the dominant species in the relatively polar CH;CN solvent.
It should be noted that the spectroscopic properties of the
anthracene unit are very sensitive to the nature of the sub-
stituent in the 9-position,*”] and that electronic interactions
between the anions and anthracene can take place.[!b-1%1]
Our observations suggest that hexafluorophosphate anions
do not associate with ABH* under these conditions, whilst
chloride and sulfate anions do, in line with the ion-pairing
abilities of these anions.[>®! The TRISPHAT anion shows
an intermediate behavior that will be discussed in detail
later on.

Of the four anions used as counterions for ABH™, only
TRISPHAT exhibits an absorption band in the examined
UV/Visible range (see Figure 1). Emission spectra recorded
on [nBuyN]J[TRISPHAT] upon excitation at 300 nm show
that the anion is not luminescent. Fluorescence excitation
spectra (not shown here) indicate that the anthracene emis-
sion is sensitized by light absorption from TRISPHAT,
which means that energy transfer from TRISPHAT  to the
anthracene unit takes place. Since excitation spectra re-
corded for [ABH][TRISPHAT] in CH3CN show no TRIS-
PHAT sensitization of the anthracene fluorescence, we con-
clude that energy transfer can only take place within the
ion pairs. In 8.0x10°° and 1.3 % 10* mol-L~' CH,Cl, solu-
tions, the efficiency of this process is 11% and 24 %, respec-
tively. However, the actual efficiency for the energy transfer
process cannot be estimated because we do not know the
fraction of ion-paired species in our experimental condi-
tions.

Formation of the Host-Guest Pseudorotaxane Complex

The formation of a pseudorotaxane complex between the
host BN26C8 and the guest ABH™ has been investigated by
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absorption and fluorescence titrations. The titration experi-
ments have been carried out both by adding increasing
amounts of the host to the guest in solution, and vice versa.

Typical titration experiments are those performed on
[ABH][PF4] and reported in a previous paper.”! The ad-
dition of increasing amounts of [ABH][PF4] to a CH,Cl,
solution of BN26C8 causes a progressive quenching?®” of
the binaphthyl fluorescence (4. = 370 nm) and a concom-
itant sensitization of the anthracene fluorescence (Apax =
421 nm) upon binaphthyl excitation at 292 nm. After ad-
dition of an excess of [ABH][PF], the binaphthyl-type fluo-
rescence of BN26CS8 is completely quenched and the ex-
cited-state lifetime can no longer be measured. These obser-
vations are consistent with the formation of a pseudorotax-
ane-type complex [BN26C8DABH]* wherein an efficient
energy transfer process from the first singlet excited state of
the binaphthyl moiety of BN26CS to that of the anthracene
unit of ABH™ takes place, as can be expected from the pho-
tophysical properties of such chromophoric units.?”? The
energy-transfer rate constant is estimated to be larger than
4x10° s 1. The titration curve obtained by monitoring the
decrease of the fluorescence of BN26C8 suggests*¥ the for-
mation of a 1:1 complex with a stability constant of the
order of 10° L-mol .

In the reverse titration experiment, that is the addition
of BN26C8 to a solution of [ABH][PF], it is convenient to
look at changes in the anthracene Sp—S; absorption bands
(350-420 nm region), where the added crown ether does not
contribute to the absorption spectrum. Significant changes
in the absorption spectrum are indeed observed, with the
presence of clean isosbestic points. Such changes are consis-
tent with the formation of a 1:1 complex with a stability
constant exceeding 10° L-mol~!, in full agreement with the
fluorescence titration experiments.

Titration of 2.0x10° mol'L™! BN26C8 with either
[ABH][CI] or [ABH],[SO,4], up to the addition of a fivefold
excess of ABH™, results in a modest (<20%) decreasel*’! of
the luminescence of BN26CS8, and no sensitization of the
anthracene fluorescence upon excitation of the binaphthyl
unit. Similarly, titration of either [ABH][CI] or [ABH],[SO4]
with the host does not cause changes in the absorption
spectra in the 350-420 nm region. Hence, in our experimen-
tal conditions there is no evidence of formation of a com-
plex between BN26C8 and ABH™ as chloride or sulfate
salts.

The addition of increasing amounts of BN26C8 to a di-
lute solution of [ABH][TRISPHAT] leads to absorption
spectral changes in the 350-420 nm region (Figure 2) sim-
ilar to those observed for the PF4 salt of ABH*. The inset
of Figure 2 shows the absorbance values at 392 nm as a
function of added host, which are consistent with a stability
constant for the 1:1 complex of 5x10° L-mol~!. Note that
the decrease in absorbance observed after addition of an
excess of crown ether is only due to the volume increase
of the solution. It can also be observed that the BN26C8
fluorescence is strongly quenched until the host-guest ratio
is =1; for addition of more than one equivalent of the host,
the fluorescence intensity increases with host concentration
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as for a solution of pure BN26C8 under the same condi-
tions.
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Figure 2. Absorption spectral changes observed for the Sy—S; an-
thracene bands on titration of 2.1x 107 mol-L™! [ABH][TRIS-
PHAT] with BN26C8 (CH,Cl,, room temperature). Curves from «
to f correspond to the addition of 0, 0.2, 0.4, 0.6, 0.8, and
1.0 equiv., respectively, of BN26C8. The inset shows the titration
plot obtained from the absorbance values at 392 nm; the full line
is the fitted curve relative to the formation of a 1:1 complex with
K =5x10° L'mol".

In the reverse titration experiment, i.e., the addition of
[ABH][TRISPHAT] to BN26C8, a quenching of the host
luminescence is indeed observed (Figure 3). A typical ti-
tration curve is shown in the inset of Figure 3. Interestingly,
the fluorescence intensity of the host decreases smoothly on
addition of the guest and is not completely quenched even
after addition of four equivalents of [ABH][TRISPHAT].
The lifetime of such residual fluorescence is identical to that
of free BN26C8. These results are in qualitative agreement
with the formation of a complex between BN26CS8 and
ABH™, but the fluorescence titration curve shown in Fig-
ure 3 is not consistent with the results of the absorption
experiments in which BN26C8 is used as a titrating agent
(Figure 2). The most satisfactory data fit is obtained by as-
suming the formation of a 1:1 complex with a stability con-
stant of 8x10° L-mol~!. However, this model implies that
such a supramolecular species exhibits a binaphthyl-type
fluorescence with a quantum yield equal to 15% of that of
free BN26CS8, and a correspondingly reduced lifetime (ca.
0.8 ns). The fluorescence lifetime measurements, however,
suggest that the residual binaphthyl-type fluorescence has
to be assigned to the uncomplexed crown ether. Moreover,
the lack of complete quenching of the binaphthyl fluores-
cence in the [BN26C8DABH]* complex would indicate a
poor efficiency of the energy transfer process to the anthra-
cene unit, in contrast with the results obtained for the PF4~
salt of ABH™.

Such a complicated behavior, and particularly the dif-
ferent results obtained in the two titration experiments, can
be rationalized on the basis of the formation of tight ion
pairs between the ABH™ cation and the TRISPHAT-
anion, which prevent the threading of the guest into the
macrocyclic cavity of the host. An alternative explanation
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Figure 3. Changes in the fluorescence spectra (Aexe = 320 nm) ob-
served on titration of 2.0 X 10~ mol-L~! 1 with [ABH][TRISPHAT]
(CH,Cl,, room temperature). Curves from a to i correspond to the
addition of 0, 0.21, 0.43, 0.65, 0.86, 1.08, 1.29, 1.51, and
1.94 equiv., respectively, of [ABH][TRISPHAT]. The inset shows
the titration plot obtained from the fluorescence intensity values at
362 nm; the dashed line represents the tangent to the first part of
the curve.

involves the presence of two different types of conforma-
tions for the [BN26C8DABH]" pseudorotaxane. In one
type the fluorescence of BN26C8 would be completely
quenched, whereas it would not be quenched at all in the
other type. In the assumption that the different conforma-
tions cannot equilibrate within the excited-state lifetime of
BN26C8 (5.2 ns), this picture gives an interpretation for the
residual fluorescence intensity of the complex. However, it
does not account for the different shape of the absorption
and fluorescence titration curves. Moreover, the existence
of conformations where the energy transfer process is inef-
ficient appears unlikely since molecular models show that
the maximum distance between binaphthyl and anthracene
units in the [BN26C8DABH]* complex (=15 A) is much
shorter than their Forster radius (26 A).B' It has been fre-
quently observed!!®-2% that in apolar solvents the associa-
tion between an uncharged host and a positively charged
guest is in competition with ion pairing of the latter species
[Equation (1)], unless specific stabilization of the guest
counteranions can be provided by the host itself.32-3]

ABH* + X = ABH*X" (1)

Two limiting cases can be identified for these systems,
that is, the active species for the formation of the complex is
either the solvated guest species [Equation (2)] or the guest-
anion pair [Equation (3)]. When Equation (2) is the one that
holds, ion pairing is in competition with the self-assembly
equilibrium and occurs at the expense of complex forma-
tion. This behavior was observed and reported for the com-
plex formed by dibenzo-24-crown-8 and the dibenzylammo-
nium cation.”°#! Anions with a high tendency to form ion
pairs, such as chloride and sulfate, are able to completely
prevent the self-assembly, at least under our conditions. The
soft hexafluorophosphate anion is the most innocent in this
regard.?Y According to this idea, the different results ob-
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tained in the absorption and fluorescence titrations for the
TRISPHAT salt fall in between the two mentioned cases.
When a dilute solution of [ABH][TRISPHAT] is titrated
with BN26CS8, the amount of anion remains constant and
small throughout the experiment, whereas in the reverse ti-
tration not only ABH™, but also TRISPHAT ", are added
to the crown ether. In fact, the tangent to the first part of
the fluorescence titration curve (Figure3), ie. when
BN26C8 is in large excess compared to [ABH]TRIS-
PHAT], point to the formation of a non-fluorescent 1:1
complex, in line with the behavior of the [ABH][PF] salt.
Finally, additions of [nBuyN]J[TRISPHAT] to a solution
containing 3.5x 107 mol-L! BN26C8 and [ABH][TRIS-
PHAT] cause a progressive recovery of the binaphthyl-type
fluorescence intensity, clearly indicating that an increase in
the concentration of TRISPHAT  ion leads to the disas-
sembly of the pseudorotaxane complex [Equations (1) and
(2)]. So we have to conclude that [ABH][TRISPHAT] salt
is predominantly ion-paired in CH,Cl, solution. This, to-
gether with the steric hindrance of this anion, decreases the
efficiency of the threading process evidencing the fact that
TRISPHAT behaves as a less discreet partner than the
PF4 anion. The trend observed in the association ability,
that is PFg~ > TRISPHAT > CI-, SO,>, can be attributed
to the effect of the anion that clearly controls the formation
of the pseudorotaxane system.

ABH* + BN26C8 = [BN26C8DABH]* )

ABH*X" + BN26C8 = [BN26C8DABH]*X" 3)

Base-Induced Disassembly of the Pseudorotaxane

Since the self-assembly of the examined pseudorotaxane
is mainly driven by [N*—H---O] interactions, it can be antici-
pated that deprotonation of the ammonium center of the
guest will lead to a substantial destabilization of the com-
plex.

The addition of base (nBusN) does not cause changes in
the absorption and fluorescence spectra of BN26CS. In the
case of the ABH™ salts, the addition of tributylamine causes
a blue shift in the anthracene absorption (Figure 4) and
fluorescence bands, and a decrease in the fluorescence in-
tensity and lifetime (Table 1). Isosbestic points are observed
in the absorption spectra. These changes stop after the ad-
dition of one equivalent of base, indicating that the depro-
tonated species AB is obtained. The quenching of the fluo-
rescence of amine AB compared to the ammonium com-
pound ABH* can be attributed to the occurrence, in the
amine species, of a charge-transfer interaction involving the
nitrogen lone pair.[*3

The addition of nBu;N to a solution containing
1.3x10°mol' L' BN26C8 and 9.1x10°mol-L"!
[ABH][TRISPHAT] leads to absorption changes that are
consistent with the formation of the deprotonated com-
pound AB, and to the increase of the fluorescence emission
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Figure 4. Absorption spectral changes observed on titration of
2.1x107° mol-L! [ABH][TRISPHAT] with nBu;N (CH,Cl,, room
temperature). Curves from «a to f correspond to the addition of 0,
0.2, 0.4, 0.6, 0.8 and 1.0 equiv., respectively, of nBusN.

characteristic of free BN26CS8 (Figure 5). After addition of
one equivalent of tributylamine with respect to ABH* the
fluorescence intensity reaches, within experimental errors,
the value expected for the free host at the concentration
employed. This observation indicates that nBu;N causes the
deprotonation of the ammonium center of ABH" and the
subsequent disassembly of the pseudorotaxane, in line with
the results obtained in a previous investigation! for
[ABH][PFg].
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Figure 5. Fluorescence spectra (L. = 292 nm) of a solution con-
taining 1.3x10° mol-L"! BN26C8 and 9.1x10°mol-L!
[ABH][TRISPHAT] ( ), of the same mixture after addition of
1.0 equiv. of nBusN with respect to ABH* (-~ —-), and after subse-
quent addition of 1.4 equiv. of CF3SOs;H (-+++*). The features that
are present in the region of the binaphthyl fluorescence (330—
390 nm) are due to reabsorption by the anthracene unit.

The re-assembly of the pseudorotaxane species can be
obtained by addition of an acid, e.g. CF5SO3H, that pro-
tonates the amine unit of AB once again. This is supported
by the changes in the absorption and fluorescence spectra
observed upon addition of a slight excess (1.4 equiv.) of
CF3SO;H, which are opposite to those obtained after the
initial treatment with nBusN. However, the fluorescence of
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BN26CS is less quenched than in the starting solution, indi-
cating that the re-assembly process is not quantitative (Fig-
ure 5). This lack of reversibility can be explained by the
formation of ion pairs between the CF;SO5™ anions and the
ABH™ cations, which occur after addition of acid. Acid-
base reactions, owing to their reversibility, are convenient
processes to control the switching of chemical systems.! It
is clear that in the present case the repeated addition of
base and acid leads to the accumulation of “waste prod-
ucts”, i.e., cations and anions, that compromises the opera-
tion of the molecular switch, unless they are removed from
the system.

Preliminary 'H NMR Spectroscopic Measurements of
Chiral Recognition

As previously mentioned, we included the TRISPHAT
anion in our study to investigate the possibility of inducing
stereoselective control on the formation of the interpen-
etrating assembly through host-anion interactions. Obvi-
ously to obtain such a result the counteranion should inter-
act tightly with the ABH" species threaded in the host
BN26CS8. From the results obtained in the absorption and
fluorescence titrations for the TRISPHAT salt we learnt
that this anion can partially prevent an efficient threading
process. Nevertheless, we ran a number of '"H NMR spec-
troscopic experiments on the [BN26C8 D ABH]*X com-
plexes. To this purpose we first recorded the '"H NMR spec-
tra of the salts [ABH][PF4], [ABH][(A)-TRISPHAT] and
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Figure 6. 'H NMR spectra (300 MHz, CD;CN/CDCls, 1:6) of
A) 9.64 x 107 mol-L~! [ABH][PF], B) 9.12x 10-3 mol-L~! [ABH][(A)-
TRISPHAT] and C)2.88x102mol-L-! [ABH][(A)-TRISPHAT].
Differences between spectra B and C are due to concentration effects.
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Figure 7. 'H NMR spectra (300 MHz, CD;CN/CDCls, 1:6, 9.64 % 103 mol-L!) of A) (+)-BN26C8, B) [(+)-BN26C8D[ABH][(A)-TRIS-

PHAT]] and C) [(+)-BN26C8 D[ABH][(A)-TRISPHAT]].
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[ABH][(A)-TRISPHAT] in CDCI;/CDsCN, 6:1 solutions,
Figure 6. As expected, effective NMR enantiodifferenti-
ation is achieved, meaning that the system is anion sensitive.
Then we recorded the '"H NMR spectra of the 1:1 mixture
of (+)BN26C8 and optically active (A)- and (A)-TRIS-
PHAT salts of ABH, respectively, in the same medium and
with a concentration of 9.64 x 10~ mol-L~! (Figure 7, b and
¢). The comparison of the two spectra shows several differ-
ences and suggests the formation of different adducts corre-
sponding to the two diastereomeric ternary complexes. Un-
fortunately, because of the broadening of signals, no precise
peak assignment can be done. Moreover, the present obser-
vations are not sufficient to establish how the configuration
of the chiral counteranion influences the recognition pro-
cess. However, these preliminary results seem to be consis-
tent with a picture in which the anion is placed in close
proximity with the [BN26C8DABH]" complex and in prin-
ciple support the feasibility of using ion-pairing control on
the stereoselective formation of interpenetrating assemblies.

Conclusions

We have studied the photophysical properties of a bi-
naphthocrown ether macrocycle and an anthraceneammo-
nium ion, and their self-assembly in a low-polarity solvent
to give a hydrogen-bonded pseudorotaxane species. We in-
vestigated the influence of a number of anions on the for-
mation of the pseudorotaxane species in dilute solutions in
CH,Cl,. UV/Visible spectroscopic techniques are a valuable
tool for investigating such processes in dilute solutions. In
particular, the association can be easily evidenced by the
analysis of the steady-state and time-resolved fluorescence
properties of the system. The luminescence properties of the
examined systems point out that the crown ether host and
the anion actually compete for the cation. The self-assembly
process is thus dramatically dependent on the nature of the
counteranion of the ammonium guest because of this com-
petition between the formation of the pseudorotaxane and
the ion pairing of the guest. We clearly envisioned the trend
in complexation, PFs~ > TRISPHAT- > CI-, SO,>. Sur-
prisingly, we found that, despite its well-dispersed negative
charge, the TRISPHAT counteranion forms contact ion
pairs with the positively charged guest. This decreases the
efficiency of the self-assembly process to give the pseudoro-
taxane and confirms the important role played by the anion
in the formation of the complexes. Furthermore, the chiral-
ity of the anion results in a potential tool for addressing the
question of how close is the anion to the supramolecular
cationic complex. Preliminary NMR spectroscopic experi-
ments, carried out with a 1:1 mixture of (+)BN26C8 and
optically active (A)- and (A)-TRISPHAT ABH salts,
respectively, support the idea that the anion is located very
close to the [BN26C8DABH]" complex and can in principle
influence the stereoselectivity of the pseudorotaxane sys-
tem. Chiral anions of suitable geometry and symmetry, cap-
able of maximizing the interactions with the chiral host and
also of reducing the competition toward the guest that pre-
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vents high efficiency of the interpenetrating process, are
currently under investigation.

Experimental Section

Synthesis: Racemic BN26C8 and optically pure (+)BN26CS8,4
ABH" hexafluorophosphate and chloride,') [ABH][(A)TRIS-
PHAT] and [ABH][(A)TRISPHAT]3®! were synthesized according
to the procedures described in the literature. The sulfate salt of
ABH* was prepared from ABH™ chloride through precipitation of
silver chloride after treatment with silver sulfate.

Absorption and Luminescence Measurements: Experiments were
carried out at room temperature (ca. 295 K) on air-equilibrated
CH,Cl, or CH3CN (Merck Uvasol) solutions in the concentration
range from 8.0x10°¢ to 1.3x 10~* mol-L-!. UV/Visible absorption
and luminescence spectra were recorded with a Perkin—Elmer A40
spectrophotometer and a LS50 spectrofluorimeter, respectively. Lu-
minescence quantum yields were determined by the optically dilute
method using anthracene in degassed ethanol as a standard.3”! Lu-
minescence lifetimes were measured by time-correlated single-pho-
ton counting with Edinburgh Instruments DS199 apparatus
equipped with a cooled Hamamatsu R928 photomultiplier. The ex-
citing light was produced by a gas arc lamp (model nF900, filled
with D») that delivered pulses of about 1 ns (fwmh). The excitation
wavelength was selected by means of a monochromator, and the
light emitted from the sample was filtered by using a cut-off filter.
The estimated experimental errors are: 2 nm on band maxima,
+5% on the molar absorption coefficients, fluorescence intensities
and fluorescence lifetimes, and £7% on the fluorescence quantum
yield values.

Titration Experiments: In a typical titration experiment, small ali-
quots (10 pL) of a concentrated solution of one component were
added with a calibrated microsyringe to a known volume (2 mL)
of a dilute (2 x 107 mol-L™!) solution of the other component con-
tained in a quartz cuvette. The fluorescence intensity values de-
tected throughout the experiments were corrected®®! for the nonlin-
ear intensity vs. absorbance response of the instrument and for
inner filter effects, particularly the reabsorption of the binaphthyl
fluorescence by the anthracene chromophore. In all cases, efforts
were made to adjust the experimental conditions in order to mini-
mize the corrections. The dilution of the solution during the ti-
tration was also taken into account. The errors on such corrected
fluorescence intensity values depend largely on the amount of light
reabsorption; under the conditions employed the errors were esti-
mated to be not larger than *£15%. The absorption and fluores-
cence titration curves were fitted according to the equation K =
C‘complexlc‘host>< Cguesla uSing Chost = Cohosl - Ccomplex and Cguest =
C°guest = Ceomplex- FOT the absorption titrations performed in the
360-420 nm region, where the added host does not contribute to
the absorption spectrum, Ceompiex Was derived from the following
equation: A()“) = s(i)gueslx Cguest + 8()V)c01nplexx Ccomplex
8(A)gueslx (Coguest - Ccomplex) + g(ﬂ)complexx Ccomplex. SlmllarIY= the
binaphthyl-type corrected luminescence intensity of the host was
derived from the equation: I(A) = F(DnostX Chost T+
F(A)complex X Ccomplex = F(/I)host X (Cohosl Ccomplex) +
F(A)complcx X Ccomplcxa where F(/’L)host and F(A)complcx are Proportion'
ality factors between the concentration of the compound and its
corrected luminescence intensity at the observed wavelength.
Hence, Ceompiex can be expressed as a function of F(A)nest
F(M)complex and Cqs. For more details, see ref.>®!

'"H NMR Spectroscopic Experiments: '"H NMR spectra were re-
corded with a Bruker AC300 spectrometer, at room temperature
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(ca. 295 K). For solubility reasons, a mixture of CDCI3/CD;CN,
6:1 was employed. The concentration of the examined solutions
was 9.64x 1073 mol-L!.
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