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Manipulating stereo-communication in binaphthol-bridged - and 
-cyclodextrins to develop -selective chiroptical pH switching 
and anion sensing in water
Giovanni Preda,a,b Sonia La Cognata,a Laura Pedraza-González,c Laurine Carlier,b Maxime Kolb,b 
Gennaro Pescitelli,c Valeria Amendola,a Dominique Armspach*,b and Dario Pasini*,a

Molecular structures comprising naturally-occurring, stereodefined cyclodextrins and binaphthyls as bridging units have 
been realized, designed in such a way that the stereocommunication mode between the two chiral entities is unfavourable 
('chiral mismatch'). The induced strain translates into highly responsive chiroptical behavior. On one side, the binaphthol-
containing structure functions as a pH-controlled, single-molecule chiroptical switch, with reversal of the optical activity 
from acidic to basic conditions in a fully reversible manner. Additionally, the same host molecule demonstrates a 
pronounced chiroptical response to perrhenate in aqueous solution at pH 2.5, showing excellent selectivity for this specific 
anion. Computational analysis confirmed that the major effect of ReO4

– complexation is making new conformations 
accessible to the binaphthol moiety with a large variation of the associated dihedral angles.

Introduction
Supramolecular engineering of confined, chiral nano-spaces in 
the fields of sensing, optoelectronics and catalysis is a subject 
of growing interest.1 In this regard, the naturally occurring and 
optically active cyclodextrins (CDs) are of great significance, as 
they can form inclusion complexes with a large variety of 
molecules in water by virtue of their hydrophobic cavity. This 
unique property has been increasingly exploited over the last 
century for a variety of purposes, ranging from food and 
pharmaceutical applications to detergents, pollutant removal 
and catalysis among others.2

Parallel to these developments is the growing interest in 
chiroptical materials, in view of their possible applications in 
fields such as smart optoelectronics, data encryption, and 
biochemical assays.3–5 Sustainability concerns have driven the 
search for new strategies aiming at transferring the non-
chromophoric chirality found in affordable, naturally occurring 
molecules of the “chiral pool”, to organic chromophores with 
strong chiroptical properties. In this regard, CDs have the 
potential to serve as excellent starting materials for developing 
chiral functional organic materials. However, their effectiveness 
in inducing chirality transfer has rarely been reported.6-10

Recently, we demonstrated that stereo-communication 
between point-chiral permethylated - and -CDs and axially-
chiral atropoisomeric biphenol bridging units (Fig. 1, top) can be 
highly effective.11 In such two-level molecular systems, the 
stereochemical information of the non-chromophoric CD (point 
chirality) is transferred to the chromophoric biphenyl capping 
unit (axial chirality), imposing a single axial configuration on an 
otherwise stereodynamic cap‡. The CDs impose either (aR) or 
(aS) configurations on the biaryl axis depending on the presence 
or absence of intramolecular hydrogen bonding. In the case of 
a 2,2’-dimethoxy-1,1’-biphenyl unit, where such hydrogen 
bonds are absent, the atropoisomeric unit adopts an (aR) 
configuration. On the other hand, when OH groups are present, 
intramolecular hydrogen bonds rigidify the 2,2’-dihydroxy-1,1’-
biphenyl bridging unit, selecting the (aS) configuration on the 
biaryl axis.
Stereostable, axially chiral chromophoric units can also possess 
valuable properties in the field of chiroptical sensing. In 
substituted 1,1′-binaphthyl derivatives, the expression of 
chirality – the asymmetry induced by the stereogenic axis – is 
directly embedded into the two -extended chromophoric 
regions. Their use in chiroptical sensing has recently been 
successfully exploited by our groups and others, given that only 
slight changes in the dihedral angle between the two naphthyl 
rings lead to a significant modulation of the ECD signal.12

We hypothesized that bridging CDs with stereostable 
atropoisomeric units (Fig. 1, bottom) instead of stereolabile 
biphenolic ones, might induce substantial chiroptical 
modulation in response to guest complexation and/or an 
external stimulus, particularly when creating a “chiral 
mismatch” in the two stack molecular systems. In essence, we 
envisioned that bridging the CDs with a stereostable (aR) 2,2′-

a.Department of Chemistry and INSTM Research Unit, University of Pavia, 27100 
Pavia (Italy). Email: dario.pasini@unipv.it.

b.Équipe Confinement Moléculaire et Catalyse, Université de Strasbourg, Institut de 
Chimie de Strasbourg, UMR 7177 CNRS, 4 rue Blaise Pascal, CS90032, 67081 
Strasbourg Cedex (France). Email: d.armspach@unistra.fr.

c. Department of Chemistry and Industrial Chemistry, University of Pisa, via Moruzzi 
13, 56124 Pisa (Italy).

Supplementary Information available: experimental procedures for the synthesis of 
derivatives 1-3 and their full characterization, additional UV/vis, ECD and NMR data. 
See DOI: 10.1039/x0xx00000x

Page 1 of 12 Organic Chemistry Frontiers

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

O
rg

an
ic

C
he

m
is

tr
y

Fr
on

tie
rs

A
cc

ep
te

d
M

an
us

cr
ip

t

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

6 
A

ug
us

t 2
02

5.
 D

ow
nl

oa
de

d 
on

 8
/1

9/
20

25
 9

:0
9:

24
 P

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.

View Article Online
DOI: 10.1039/D5QO00910C

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5qo00910c


ARTICLE Journal Name

2 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins

Please do not adjust margins

dihydroxy-1,1′-binaphthyl would create strain in the bridged CD 
as it deviates from the preferred (aS) configuration.

Any release of this strain caused by a change in the binaphthyl 
dihedral angle would lead to a significant modulation of the ECD 
signal. In this article, we present the synthesis and chiroptical 
characterization of axially chiral, enantiostable binaphthyl-
bridged α- and β-CDs and demonstrate their application as 
chiroptical pH switches and chiroptical sensors, selective for the 
ReO₄⁻ anion, in aqueous solution.

Results and Discussion
Synthesis

Binaphthol-bridged CDs 1a,b and 2a,b were synthesized from 
permethylated A,D-diamino - and -CDs, and respectively 
enantiopure (aR)-3,3′-diformyl-2,2′-dimethoxy-1,1′-binaphthyl 
and (aR)-3,3′-diformyl-2,2′-dihydroxy-1,1′-binaphthyl (Scheme 
1), following the procedures optimized for their biphenol 
analogues. While one-pot reductive amination was used for 
accessing 2,2′-dimethoxy-1,1′-binaphthyl-bridged CDs 1a,b, a 
two-step procedure involving a condensation step followed by 
reduction of the diimine intermediate with NaBH4 was 
necessary for synthesizing 2a,b. This difference of reactivity can 
be attributed to the key role played by the intramolecular 
hydrogen bonding of the phenolic groups in stabilizing the 
neighbouring imine nitrogen atoms, which makes the reduction 
of the diimine more challenging in the case of 2a,b.
Remarkably, the CD truncated cone is sufficiently flexible to 
ensure efficient bridging, even in the case of the hydroxy 
derivatives, where the (aR) axial configuration of the binaphthyl 
cap is not the most suited for the CD unit.
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Scheme 1 Synthesis of binaphthol-capped - and -CDs.
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CDs reported in this work, and their sensing and switching behaviour.
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The cavity-free analogue 3 was synthesized from 3,3′-diformyl-
2,2′-dihydroxy-1,1′-binaphthyl and methylamine by adapting a 
reported procedure.14 All new compounds were extensively 
characterized by high-resolution mass spectrometry as well as 
mono- and bidimensional NMR spectroscopy, confirming the 
expected C2-symmetry of the -CD derivatives (see S.I.). Unlike 
1a and 1b, the exchangeable protons (NH and OH) could not be 
revealed in neither 2a nor 2b when their 1H NMR spectra were 
recorded in CDCl3. To detect these protons and gain more 
information on possible intramolecular OH•••NH or/and 
OH•••O hydrogen bonds, variable temperature (VT) NMR 
studies on both compounds were performed in CD2Cl2. At 298K, 
the spectrum of 2a displays a broad singlet at  = 4.58 ppm 
integrating for four protons, consistent with both OH and NH 
protons (Fig. S1). Upon cooling to 283K, this signal broadens and 
is significantly downfield shifted ( = 0.25 ppm) (Fig. S2). 
Instead, a CD2Cl2 solution of 2b does not reveal any 
exchangeable protons (Fig. S3) at 298K; upon cooling, a broad 
singlet at  = 10.60 ppm, integrating for about two protons and 
most likely corresponding to the two OH protons, emerges at 
243K and is the sharpest at 223K (Fig. S4-S5). The signal is 
downfield shifted from 233K to 193K ( = 0.68 ppm). 
Furthermore, unlike all other aromatic protons, the H-8,8' 
binaphthyl protons of both 2a (Fig. S6) and 2b (Fig. S7) are 
remarkably upfield shifted ( = 0.09 ppm for 2a and 0.12 and 
0.08 ppm for 2b) upon cooling. Clearly, in both compounds, 
intramolecular hydrogen bonds involving the NH and OH 
functionalities, the strength of which is temperature 
dependant,11 have a strong impact on the binaphthyl dihedral 
angle (see below).
Attempts to obtain single crystals suitable for X-ray 
crystallography were unsuccessful, but in-depth insights into 
the molecular structure of the bridged CDs were gained through 
molecular modelling (see computational studies below).

Optical and chiroptical characterization and pH switching 
behaviour

UV-vis and ECD spectra of all molecules were initially recorded 
in both protic (water and methanol) and aprotic (acetonitrile) 
solvents to assess the impact of potential intramolecular 
hydrogen bonds (HN•••HO- and OH•••O) between the two 
components of the bridged CDs (CD and binaphthyl units). All 
spectra are dominated by the binaphthyl chromophoric moiety, 
exhibiting maximum absorbance in the UV region at 230 nm for 
all compounds (Fig. S8-S9). Regarding the methoxy derivatives 
1a and 1b, where the chiral units (CD and binaphthyl) match, no 
significant differences in the ECD spectra were observed 
regardless of the solvent used (Fig. S8-S9 and Fig. 2). These 
compounds display the characteristic bisignate excitonic 

couplet centered at 230 nm, typical of the binaphthyl system. In 
contrast, for the hydroxyl derivatives 2a and 2b, which exhibit a 
“chiral mismatch”, significant differences were observed, 
particularly for 2b. The negative portion of the bisignate 
excitonic couplet in the ECD spectra of 2b, centered at 234 and 
237 nm in MeOH and ACN respectively, is almost completely 
suppressed in H2O (Fig. 2), while a new bisignate excitonic 
couplet of opposite sign emerges at 224 nm. For 2a (Fig. S2), a 
partial decrease in optical activity is observed, although the 
exciton couplet retains the same sign when switching from 
organic solvents to water.

Fig. 2 ECD spectra of 2b (top) 1b (bottom) and recorded in different 
solvents: acetonitrile (blue), MeOH (red) and water (green).

We first investigated whether the protonation state of the 
amino groups near the binaphthyl chromophore could influence 
the chiroptical properties of 2b. Because of the low solubility of 
2b in water near neutral pH at concentrations suitable for 
potentiometric studies, these titrations were conducted in an 
EtOH/H₂O (3:2, v/v) mixture. The distribution diagram (Fig. S10), 
calculated from the protonation constant values, indicates that 
compound 2b is predominantly (>90%) in its bis-protonated 
form [H2(2b)]2+ between pH 2 and 4 (pKa1 = 5.660.08), with 
both amine groups near the binaphthyl moiety in the 
protonated form. For pH values above 5, the concentration of 
the mono-protonated species [H(2b)]+ increases, reaching its 
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maximum abundance around pH 6.2 (pKa2 = 7.000.02). At 
approximately neutral pH, the solution contains an almost 
equimolar mixture of the mono-protonated and neutral forms, 
[H(2b)]+ and 2b, while the free amine species 2b predominates 
in solution above pH 7.5.
The effect of the protonation was further investigated by 
recording the ECD spectra of 2b in H₂O at varying pH values. 
Remarkably, as the pH increased from 3 to 9 (Fig. 3, top), the 
ECD spectrum underwent a nearly complete inversion. 
Specifically, the exciton couplet centered at 230 nm, observed 
at pH 3 and attributed to the bis-protonated species [H₂(2b)]²⁺, 
gradually diminished with increasing pH and was ultimately 
replaced by a new couplet of opposite sign at pH 9, where the 
gradual deprotonation of [H₂(2b)]²⁺ and the formation of the 
free base 2b occurs. The profiles of the pH-dependent UV/vis 
spectra (Fig. S11) revealed only a small reduction of the 
intensity of the main absorption band at 230 nm, confirming the 
absence of deprotonation of the OH groups in the pH range 3-
9.It is known that the ECD spectra of binaphthyl systems are 
highly sensitive to the dihedral angle between the two planes 
defined by the naphthyl fragments. Even minor angle changes 
can significantly alter the ECD spectrum and may even lead to a 
complete sign inversion, despite the chromophore retaining its 
original axial configuration.15

Fig. 3 Top: potentiometric titration of 2b (110-5 M) in H₂O monitored 
by ECD (0.025 M NaNO3, path length 0.1 cm). Inset: the ECD titration 
profiles (Δε vs. pH) at 220 nm and 234 nm, represented by green and 
dark red symbols. Bottom: ECD values recorded at 234 nm over n 

complete cycles of successive additions of concentrated acid and base 
solutions to the same H₂O solution of 2b (see S.I. for details).

Whereas other examples of molecular systems with pH-
dependent ECD reversible modulation have been reported,16,17 
the present case represents, to our knowledge, the only 
example of a quasi-complete optical inversion triggered by pH 
changes. This behaviour is completely reversible and 
reproducible. Upon successive additions of concentrated acid 
and base solutions to the same aqueous solution of 2b, ten 
complete cycles of ECD inversion between pH 3 and 9 (Fig. 3, 
bottom) were carried out without any detectable loss of optical 
activity. This makes 2b one of the few known single-molecule 
chiroptical switch that operates in water and is capable of 
reversibly switching the optical activity of the binaphthyl 
exciton couplet in response to acid–base stimuli, in a fully 
reversible, hysteresis-free and non-destructive manner. The 
protonation state of the amine groups neighbouring the 
binaphthyl systems exerts a change in the dihedral angle 
through a buttressing effect,18 amplified by the intramolecular 
strain introduced by the atropoisomeric binaphthyl cap in a 
'chiral mismatch' with the cyclodextrin cavity and by the 
influence of intramolecular hydrogen bonds. Indeed, as a 
control, the pH-dependent ECD spectra of model compound 3 
(Fig. S12) showed only a modest reduction in the intensity of the 
excitonic couplet, with no spectral inversion.

Chiroptical sensing

The ability of CDs – whether in their native state or 
permethylated as in the present case – to encapsulate a wide 
range of organic species in aqueous solution arises from their 
unique structure, which features a hydrophobic inner cavity as 
well as a hydrophilic outer surface. The hydrophobic cavity 
facilitates the encapsulation of poorly water-soluble organic 
guests, while the hydrophilic exterior ensures the solubility of 
the resulting inclusion complexes in water.
We sought to explore the potential of 2b as a chiroptical sensor 
for anions with a known degree of hydrophobicity. Studies by 
Beer et al.19 on CDs equipped with halogen or hydrogen bond 
donors at the primary face have shown that such hosts can 
selectively bind the hydrophobic ReO₄⁻ anion in water. This 
anion is of particular interest as a non-radioactive surrogate for 
the radioactive pollutant TcO₄⁻.
We have recently demonstrated20 that incorporating a 
binaphthyl moiety into a hexa-protonated azacryptand enables 
the resulting cage-like host to act as a selective chiroptical 
chemosensor for ReO₄⁻ in acidic aqueous solution.21,22 A similar 
approach was employed for 2b. Anion-binding titration 
experiments were carried out in aqueous solution acidified to 
pH 2.5 to ensure full protonation of the amine groups. Under 
these conditions, the addition of NaReO₄ to a 0.1 mM solution 
of the bis-protonated host, [H₂(2b)]²⁺, led to a significant 
modulation of the binaphthyl exciton couplet centered around 
230 nm, particularly in the regions near 234 nm and 223 nm (Fig. 
4, top). Specifically, the intensities of the couplet bands 
decreased progressively until reaching a plateau upon addition 
of excess NaReO₄, and the high-energy branch split in two 
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distinct bands. These changes support the hypothesis that 
perrhenate is encapsulated within the β-CD cavity, where it 
changes its conformation and that of the binaphthyl moiety. 
Analysis of the titration data, assuming a 1:1 [H₂(2b)]²⁺/ReO₄⁻ 
binding stoichiometry, yielded an association constant of 
3.80(3) log units (inset, Fig. 4, top). Remarkably, this value is one 
order of magnitude higher than that observed by Beer for his 
best performing system.19 From the analysis of the linear portion 
of the titration curve, the limits of detection (LOD) and quantification 
(LOQ) were determined, and were found to be 18 μM and 60 μM, 
respectively (see the S.I. for details).

Fig. 4 Top: titration of [H2(2b)]2+ with NaReO4 monitored by ECD in 
aqueous solution (the red and blue lines correspond to initial and final 
ECD spectra, respectively). The inset shows the experimental titration 
profiles (Δε vs. equivalents of the added NaReO4) at 234 nm and 223 
nm (blue and red circles, respectively). The titrations profiles are 
overlaid with the distribution curves (% abundance vs. equivalents of 
titrant) for the 1:1 complex formed between [H2(2b)]2+ and perrhenate 
(log K = 3.80; red line, free host; blue line 1:1 complex). Bottom: ECD 
titration profiles of [H₂(2b)]²⁺ (1.03 10-4 M) with three different anions, 
perrhenate, iodide and sulfate (red, white and black symbols, 
respectively) as sodium salts, in acidic water (TFA) at pH 2.5 (path length 
= 0.1 cm, Δε measured at 223 nm).

The chiroptical response of [H₂(2b)]²⁺ to various anions was 
further tested against a series of other species (ClO₄⁻, OTf⁻, 
NO₃⁻, Cl⁻, Br⁻, I- and SO₄²⁻; see Figures S13-S22). Among these, 
only ClO₄⁻ (Figures S13–S14) and OTf⁻ (Figures S15–S16) 

induced notable modulation of the ECD spectrum of [H₂(2b)]²⁺ 
(Fig. S21). The corresponding 1:1 binding constants were found 
to be 2.44(5) and 2.48(1) log units for ClO₄⁻ and OTf⁻, 
respectively—at least one order of magnitude lower than that 
observed for perrhenate (Table S1). To demonstrate that the 
strong chiroptical response of 2b to ReO₄⁻ is directly linked to 
its unique structural features, we conducted control ECD 
studies with perrhenate on three related compounds: 1b, 2a, 
and 3 (Fig. S22). No chiroptical changes were observed in the 
ECD spectra upon the incremental addition of NaReO₄ to an 
aqueous solution of the cavity-free compound 3.
Furthermore, only small changes were recorded for systems 
featuring either a smaller cyclodextrin cavity with hydroxyl 
groups (2a) or a comparable β-CD cavity bearing protected 
hydroxyl groups (1b). These results clearly indicate that both 
the size of the cyclodextrin cavity and the presence of 
intramolecular hydrogen bonding between the CD unit and the 
binaphthyl bridge – which is absent in the dimethoxy host 1b – 
are essential for an effective chiroptical response to perrhenate 
in aqueous solution.
The formation of a 1:1 complex with ReO₄⁻ was also confirmed 
by ¹H NMR titration (Fig. 5 and Fig. S23). The association 
constant (3.93(7) log units) is consistent with the value obtained 
from ECD titration. Upon addition of NaReO₄ to an acidic 
solution of the host in D₂O (pD adjusted to 2.5 with TFA), the 6-
OMe singlets were significantly affected: two shifted downfield, 
while the remaining three shifted upfield (see white and black 
symbols in Fig. 5, and titration profiles in Fig. S24). In addition 
to the 6-OMe signals, only a few other resonances were 
influenced by complexation—specifically, the Hε proton of the 
binaphthyl moiety and two of the seven anomeric (H-1) protons 
(Fig. S23). Given that the chemical shifts of H-1 protons are 
highly sensitive to conformational changes in cyclodextrins, 
these results suggest that ReO₄⁻ binding induces a 
conformational rearrangement in the two glucose units 
associated with the shifted H-1 protons – possibly those directly 
linked to the binaphthyl bridge. By using triflic acid instead of 
trifluoroacetic acid as the acidic medium, the binding affinity of 
[H2(2b)]2+ with ReO₄⁻ could be confirmed through a 1H-NMR 
titration experiment (Fig. S25 and S26).

Fig 5 Zoom of the aliphatic region of 1H-NMR spectra (400 MHz) taken 
over the course of the titration of 2b (0.5 mM in D2O (pD = 2.5 with 
CF3COOH) with a solution of NaReO4.
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The competition of OTf⁻ and Cl⁻ with ReO₄⁻ for binding to the 
host was also investigated through ECD titrations in aqueous 
solution. These experiments were carried out using either triflic 
acid or HCl, instead of TFA, for the preparation of both the 
[H₂(2b)]²⁺ (0.1 mM) and ReO₄⁻ solutions at pH 2.5. Under these 
conditions, the concentration of either competitor of OTf⁻ and 
Cl⁻ was in significant excess (~30:1 molar ratio) relative to the 
[H₂(2b)]²⁺ host. However, these studies indicated that, even in 
presence of competing species, perrhenate binding induces 
significant changes in ECD spectra of the host. From the fitting 
of the titration profiles, we could also determine the binding 
constant for ReO₄⁻ under these conditions (see Table S2, and 
Figures S27-S28). As expected, in OTf⁻ containing medium, the 
binding constant for ReO₄⁻ was about 3.5 times lower than that 
calculated in TFA at the same pH.

Computational studies

To interpret the ECD properties of binaphthol-bridged CDs and 
substantiate their anion sensing ability, a computational study 
was run on compound 2b and its complex with ReO₄⁻, following 
the same approach employed in our previous work on CD’s 
capped with 2,2’-dihydroxy-1,1’-biphenyl units.11 
Classical explicit-solvent molecular dynamics (MD) simulations 
were carried out for [H₂(2b)]²⁺ (2b in acidic conditions) in the 

presence of two equivalents of either Cl⁻ (MD1) or ReO₄⁻ (MD2), 
enabling a comparative assessment of how these anions 
influence the conformational dynamics of the host. We focused 
on two structural parameters: (i) the dihedral angle (θ) between 
the naphthyl planes of the binaphthol unit, serving as a local 
flexibility indicator, and (ii) the root-mean-square deviation 
(RMSD) of the CD scaffold, as a global stability indicator.
In the presence of Cl⁻ (MD1), θ remained confined to a relatively 
narrow window (–75° to –95°) throughout the 1.2 µs trajectory 
(Fig. S29), with the system ultimately settling at –75° after ~900 
ns and remaining stable thereafter. This behavior suggests 
restricted torsional freedom of the binaphthol unit, consistent 
with a lack of directional non-covalent interactions. However, 
the CD scaffold itself exhibited significant conformational 
fluctuations, with RMSD values frequently exceeding 2.5 Å (Fig. 
S30), indicating limited global stabilization by Cl ⁻, acting only as 
a charge-balancing ion.
In contrast, the behavior of [H₂(2b)]²⁺ in the presence of ReO₄⁻ 
(MD2) was markedly different. The inter-naphthyl angle 
explored a broader range (–80° to –110°) across a longer 2.0 µs 
simulation (Fig. 6b), revealing that ReO₄⁻ ion promotes access 
to binaphthyl conformers not sampled in the Cl⁻ simulation. 

Fig. 6. Molecular dynamics (MD) simulation of binaphthol-bridged CD in the presence of ReO₄⁻ ion, [H₂(2b)]²⁺⋅ReO₄⁻. (a) Representative structure 
showing the ReO₄⁻ ion positioned centrally within the CD cavity. (b) Time evolution of the inter-naphthyl angle (θ) over a 2.0 µs MD simulation. 
(c–e) Snapshots corresponding to inter-naphthyl angles of –81°, –90°, and –110°, respectively. Water molecules mediating the interaction between 
ReO₄⁻ and the binaphthol moiety are shown. Points corresponding to the representative structures in (c–e) are highlighted as stars in (b). All 
structural representations were generated using VMD (Visual Molecular Dynamics).23
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This enhanced local flexibility suggests a dynamic interplay 
between the binaphthol moiety and the ReO₄⁻ anion. Distinct 
structural states associated with θ values of –81°, –90°, and –
110° were captured for further analysis (see colored stars in Fig. 
6b).
These findings underscore the dynamic nature of the 
[H₂(2b)]²⁺⋅ReO₄⁻ complex and highlight the role of ReO₄⁻ in 
expanding the accessible conformational space. A key 
mechanistic feature appears to be water-mediated hydrogen 
bonding between ReO₄⁻ and the binaphthol hydroxyl groups 
(Fig. 6c–e). These solvent bridges form a dynamic coordination 
network that alleviates torsional constraints on the binaphthol 
moiety while maintaining overall host integrity. Despite the 
enhanced local motion, the [H₂(2b)]²⁺⋅ReO₄⁻ system exhibited 
significantly improved global rigidity, with RMSD values 
consistently below 1.5 Å (Fig. S30). This global stabilization can 
be attributed to the central positioning of ReO₄⁻ which is 
encapsulated within the β-CD cavity (Fig. 6a), where it forms 
multiple water-mediated contacts with the hydroxyl binaphthol 
linker, fostering a more compact and symmetric macrocyclic 
structure.
Altogether, these findings provide strong evidence that ReO₄⁻ 
not only induces specific conformational changes but also 
stabilizes the overall architecture of 2b. In contrast, Cl⁻ 
functions mainly as a charge-balancing counterion, exerting 
negligible structural influence. These insights support the 
conclusion that ReO₄⁻ actively contributes to the chiroptical 
sensing mechanism by enabling and stabilizing water-
modulated conformers. Moreover, the fact that ReO₄⁻ cannot 
penetrate the CD cavity deeply, but barely fits its wider rim, let 
us infer that the selectivity observed between 2a and 2b is 
related to a size-exclusion effect.
ECD calculations were performed for representative structures 
of 2b  extracted from both MD simulations: [H₂(2b)]²⁺ from MD1 
and [H₂(2b)]²⁺·ReO₄⁻·H2O complex from MD2. A chromophoric 
fragment composed of the binaphthol moiety, with two –CH2–
NH2

+–CH3 substituents at 3,3’ positions, was extracted from 
several frames of MD1 corresponding to values of θ dihedral 
ranging from –75° to –90° (see S.I.). The structures were 
reoptimized with DFT at B3LYP/6-31G(d,p) level, including IEF-
PCM solvent model for water, and keeping frozen both the 
value of angle θ and the coordinates of C atoms of the remote 
CH3 groups to preserve the overall arrangement obtained by 
MD. ECD spectra were calculated with TD-DFT at CAM-
B3LYP/def2-TZVP and B3LYP/def2-TZVP levels, including IEF-
PCM solvent model for water. The calculated spectra for 
selected representatives from clusters with θ = –75° and–81° 
are very similar and consist of an intense negative couplet in 
region of 1Bb transitions around 230 nm, and a positive band at 

longer wavelengths due to 1La and 1Lb transitions (Fig. S35). The 
representative from cluster with θ = –90° yielded a similar yet 
less intense 1Bb couplet. Overall, the spectra reproduce well 
those measured for 2b in acidic water, with B3LYP providing the 
best agreement in the long-wavelength region and CAM-B3LYP 
in the short-wavelength region (Fig. 7 and S35). Thus, MD and 
ECD calculations ultimately proof the preferred conformation 
assumed by the (aR)-binaphthol moiety in [H₂(2b)]²⁺, with a 
dihedral angle around –80°.
The same procedure described above was employed for ECD 
calculations of [H₂(2b)]²⁺·ReO₄⁻·H2O complex extracted from 
MD2. In this case, in addition to angle θ and remote C atoms, 
the coordinate of Re atom was also frozen; moreover, it was 
necessary to keep a water molecule between the BINOL moiety 
and ReO₄⁻ to achieve convergence. Optimizations were run with 
functional B3LYP, 6-31G(d,p) basis sets for all atoms except Re, 
SDD basis set for Re with the related MWB60 effective core 
potential, and including IEF-PCM solvent model for water. 
Calculations run on representatives from clusters with θ = –90° 
and –109° (Fig. 6b) showed ECD couplets of opposite sign in the 
1Bb region (Fig. S36), in agreement with the well-known 
dependence of the couplet sign on θ angle for 1,1’-
binaphthyls.15 Therefore, the presence of a small but non-
negligible conformational population with θ ≈ –110° is expected 
to reduce the overall intensity of the couplet. 

Fig. 7 ECD spectra calculated at the CAM-B3LYP/def2-TZVP level with 
PCM for water on the chromophoric fragments of compound [H₂(2b)]²⁺ 
and [H₂(2b)]²⁺·ReO₄⁻·H2O obtained after MD1 and MD2 runs, 
respectively. For the former, a single conformer with θ = –81° was used; 
for the latter, a 9:1 combination of 2 conformers with θ = –90° and –
109° with was used. Plotting parameters: σ = 0.2 eV; scaling factor 2.5 
for both spectra. 
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In Fig. 7 we compare the spectra calculated on the 
chromophoric models extracted from MD1 and MD2 
simulations. For [H₂(2b)]²⁺, the representative from the cluster 
with θ = –81° was used, whereas for [H₂(2b)]²⁺·ReO₄⁻·H2O the 
representatives of the two clusters θ = –90° and –109° were 
combined with a 9:1 proportion.
Although simplified, the approach is able to capture the main 
changes observed in the ECD spectrum of compound 2b in 
acidic conditions upon complexation of ReO4

– (Fig. 4, top), 
including a reduction of 1Bb couplet intensity by 50% 
(experimentally, 45%) and substantially unchanged signal in the 
long-wavelength region. ECD spectra calculated on [H₂(2b)]²⁺ 
·ReO₄⁻·H2O clusters after removing H2O and ReO4

– units do not 
change appreciably (Fig. S37). Natural transition orbitals 
analysis (NTO) further demonstrates the similar nature of the 
main transitions responsible for ECD bands of the two model 
systems, apart from a lift of degeneracy for the two 
naphthalene rings in [H₂(2b)]²⁺·ReO₄⁻·H2O (Fig. S37-S40). 
Therefore, the main conclusion from the computational analysis 
is that the major chiroptical effect of ReO4

– binding to 2b is 
structural rather than electronic, as the widening of the upper 
rim makes a new family of conformations accessible to the 
binaphthol moiety with larger angles θ and less intense or even 
oppositely signed couplets.
Finally, additional MD simulations and ECD calculations were 
run on a neutral 2b system without counterions (MD3) as a 
model of basic conditions. In this case, further conformational 
space was accessible to the CD scaffold, witnessed by RMSD 
values often approaching 4 Å (Fig. S30). More importantly, angle 
θ assumed values between –90° to –100°, eventually stabilizing 
at ≈–105° (Fig. S32). ECD calculations run on snapshots with θ = 
–100°, –102° and –108° all yielded positive ECD couplets in the 
1Bb region (Fig. S38), on a par with the pH-dependent evolution 
of ECD spectra (see Fig. 3).

Conclusions
We have synthesized two-level molecular structures comprising 
CDs (point chirality) and binaphthyls (axial chirality) as bridging 
units. Unlike our previous work involving CDs capped with 
stereodynamic biphenyls, such structures can exhibit an 
unfavorable stereocommunication mode ('chiral mismatch'), as 
observed in bridged -CD 2b. This occurs because the 
configuration of the enantiostable binaphthyl (aR) cap opposes 
the preferred configuration imposed by the CD cavity when 
intramolecular hydrogen bonds are present. Consequently, 
these structures display highly responsive chiroptical behavior. 
Notably, 2b functions as a pH-controlled, single-molecule 
chiroptical switch, as the optical activity of the binaphthyl unit's 
exciton couplet undergoes nearly complete reversal from acidic 
(pH 3) to basic (pH 9) conditions in a fully reversible manner. 
Additionally, the same host molecule demonstrates a 
pronounced chiroptical response to perrhenate in aqueous 
solution at pH 2.5, showing excellent selectivity for this specific 
anion. The induced strain is confirmed upon comparison with 
the behaviour of the cavity-free analogue 3 under otherwise 
identical conditions. Computational analysis confirmed that the 

major chiroptical effect of ReO4
– binding to 2b is structural 

rather than electronic, making new conformations accessible to 
the binaphthol moiety with a large variation of the associated 
dihedral angles.
These remarkable chiroptical properties rely on finely tuned 
stereochemical communication between the two molecular 
components — β-cyclodextrin and binaphthyl. We believe the 
principles demonstrated by these systems can inspire the 
design of new tailor-made, cyclodextrin-based supramolecular 
cavities. Moreover, they highlight how stereocommunication 
between point-chiral cyclodextrins and axially chiral 
atropoisomeric caps — an aspect previously underexplored — 
can enable the development of novel functional chiral organic 
materials, with promising potential in chemosensing. Given the 
outstanding chiroptical responses of the molecular systems 
described in this paper, and their modular supramolecular 
cavities, applications in programmable optical encryption and 
asymmetric catalysis will be explored in the near future.
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