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a b s t r a c t

Switchable chirality in confined environments is central to biological regulation, yet artificial systems en-

abling reversible chirality control remain challenging. Herein, we report a redox-responsive supramolec-

ular chirality system constructed from phenylalanine-modified viologen (d/l-PheVio�2Br) and cucur-

bit[8]uril (CB[8]) in aqueous solution. The formation of 1:1 host-guest complex triggers pronounced chi-

rality amplification, evident from characteristic induced circular dichroism (ICD) signals. Upon chemi-

cal reduction, these ICD signals vanish abruptly, replaced by unusual CD signals from viologen radical

cations, demonstrating chirality transfer enabled by the confined environment. The redox-switchable pro-

cess exhibits exceptional reversibility and repeatability over multiple cycles. These findings deepen our

understanding of supramolecular chirality arising from host-guest complexation in confined spaces at the

molecular level, offering new perspectives for designing stimuli-responsive chiral materials.

© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Chirality is one of the most essential characters in nature

[1]. During the evolution of nature, l-amino acids and d-sugars

have been selected as the main building blocks to construct liv-

ing functional systems, such as proteins, DNA and RNA. As well

known, molecules display significantly different behaviors in con-

fined space rather than that in diluted solution [2]. The confined

space plays important roles in living systems such as enzymic

catalysis and transition of key substances [3,4]. Additionally, chi-

rality can be induced and/or amplified within structurally confined

environments, which are further utilized to regulate various bi-

ological processes [5,6]. A case in point is that the chaperonins,

which have typical nano basket structures in vitro, can efficiently

fold into three-dimensional functional structures in vivo and pro-

mote its biological functions [7,8]. Inspired from nature, artificial

confined space, including molecular cages, metal-organic frame-

works, covalent-organic frameworks, has been drawn increasing

attention due to their outstanding behavior in the field of chiral

catalysis, chiral amplified and chiral transition [9–16].
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Macrocycle hosts, bearing a suitable cavity, provide an advanta-

geous confined space. In the early stages, cyclodextrins and their

derivatives, bearing chiral hydrophobic cavity, were widely inves-

tigated due to their potential applications in chiral catalysis, chi-

ral sensing and chiral transition [17–20]. Recently, artificial chi-

ral macrocycle host, represented by pillararene, have been chosen

as important building blocks to construct chiral systems [21–24].

Notably, these macrocycle host are generally chiral or composed

of chiral components. In contrast, cucurbit[n]urils (CB[n]s), featur-

ing an inner hydrophobic cavity, are achiral and non-chromophoric

host molecules, which cannot induce chirality directly. Specially,

CB[8] is capable of forming ternary host-guest inclusion complex

via charge-transfer (CT) interactions and radical pairing interac-

tions [25–27]. In terms of this unique property of CB[8], the binary

complex constructed by CB[8] and a cationic aromatic molecule

can be used as a chirality sensor to detect series of neutral aro-

matic molecules, where ICD signals appeared spontaneously as a

result of forming ternary complexes [28–30]. However, the mecha-

nism of chirality amplification within CB[8] remains poorly under-

stood.

With these in mind, herein, a supramolecular induced chiral

amplification system was constructed via CB[8] and phenylalanine

modified viologen derivative (d/l-PheVio�2Br). As shown in Fig.
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Fig. 1. CD signals of phenylalanine-modified viologen under variable conditions il-

lustrating the switchable supramolecular chirality within CB[8] confinement.

1, an amplified ICD signal (phase C) was observed in the inclu-

sion complex of d/l-PheVio�2Br⊂CB[8] due to the formation of a

self-complex through CT interactions within the confined space of

CB[8], which was fully charactered by UV–vis, 1H NMR and crystal

experiments. Reduced by sodium dithionite (SDT), d/l-PheVio2+

converted to d/l-PheVio•+ (phase D), which lead to an unusual

self-complex within CB[8] instead of the traditional 1:2 inclu-

sion complex, giving significant various CD signals. Moreover, con-

trolling the viologen redox state enables a reversible chiroptical

switch, showcasing the potential of confined host-guest systems

for dynamic chirality regulation.

By virtue of the fascinating redox responsive behavior towards

optical [31–33], chemical [34–36] or electric stimuli [37,38], vio-

logen has been widely investigated as guest molecules for CB[n].

Taking advantage of the CT interaction in the confined cavity,

the binary inclusion of viologen derivatives⊂CB[8] can bind π-

electron-rich molecules to form stable ternary complexes. Mean-

while, an amplificated chirality can be observed in the ternary

complexes when chiral aromatic amino acid, such as phenylala-

nine, work as the second guest molecule. As shown in Fig. S1 (Sup-

porting information), the guest molecule d/l-PheVio�2Br was syn-

thesized via Menshutkin reaction [39] from d/l-1 and 1-methyl-

4,4′-bipyridinium in a satisfactory yield without any tedious treat-

ments, which was fully characterized by 1H NMR, 13C NMR and

HR-ESI Mass spectrometry (Figs. S4-S9 in Supporting information).

With the guest molecules d/l-PheVio�2Br in hand, the host-

guest recognition behaviors with CB[8] were initially investigated.

According to the Job’s plot analysis of UV–vis spectral data (Fig.

S12 in Supporting information), the complexation stoichiometry

of d/l-PheVio�2Br and CB[8] should be 1:1 or n:n. The high-

resolution electrospray ionization mass spectrometry was further

conducted to confirm the stoichiometry. As displayed in Figs. S10

and S11 (Supporting information), the corresponding ion peak of

d-PheVio�2Br⊂CB[8] was fortunately detected at 859.7907, which

was calculated at 859.7905 for [M-2Br]2+/2. The similar observa-

tion was also found for l-PheVio�2Br⊂CB[8]. These results indi-

cated d/l-PheVio�2Br and CB[8] formed 1:1 inclusion complex. The

apparent binding constants (Ka) were calculated as 1.41×107 and

1.84×107 L/mol for the association of d/l-PheVio�2Br with CB[8]

through the UV–vis titration data (Fig. S13 in Supporting informa-

tion). To gain more information of the inclusion complex of d/l-

PheVio�2Br⊂CB[8], 1H NMR titration tests were further carried out

(Fig. 2). The α′, β , and β ′ protons of bipyridinium and aromatic

protons of phenylalanine shift upfield in various degrees with the

Fig. 2. Partial 1H NMR spectra of d-PheVio�2Br with (a) 0 equiv., (b) 0.5 equiv.,

(c) 1.0 equiv. and (d) 1.5 equiv. of CB[8]. [d-PheVio�2Br]=1×10–3 mol/L, 400MHz,

D2O, 298K.

addition of CB[8] (Figs. 2a-d), which hold consistent until the CB[8]

reached equivalent to d-PheVio�2Br. Analogous upfield shifts of

the corresponding protons were also observed in the complex l-

PheVio�2Br⊂CB[8] (Fig. S14 in Supporting information). Moreover,

the exchange between free and bound species was fast or inter-

mediate on the NMR timescale, resulting in averaged or broadened

signals that obscure the individual components (Fig. 2b). Combined

these results together, it could be reasonably deduced that a sta-

ble d/l-PheVio�2Br⊂CB[8] was constructed in aqueous solution, in

which the benzene moiety and the connected pyridinium formed

a typical face-to-face π-π stacking in the cavity of CB[8].

Meanwhile, a character CT absorption peak was found at around

300nm during analysis the UV–vis spectra (Fig. S15 in Support-

ing information), indicating a self-CT-complex of PheVio�2Br was

formed in the cavity of CB[8] [40–43]. To gain further under-

standing of self-CT-complex in CB[8], cyclic voltammetry (CV) mea-

surements were accomplished. d/l-PheVio�2Br with bipyridinium

units can be characterized through two consecutive reversible

one-electron reduction process [44], d/l-PheVio2++ e− � d/l-

PheVio •+ + e− � d/l-PheVio. The first reduction process is elec-

trochemically reversible; however, the second reduction process is

not since uncharged fully reduced d/l-PheVio is insoluble in wa-

ter [45]. Therefore, CV measurements of d/l-PheVio�2Br and d/l-

PheVio�2Br⊂CB[8] were carried out from 0 to −0.8V with regard

to characterize the first one-electron reduction process. Voltammo-

grams of d/l-PheVio�2Br exhibited a single reduction process with

a half wave potential at −583mV vs. Ag/AgCl, which related to the

first reduction of d/l-PheVio�2Br (Fig. S16 in Supporting informa-

tion). In the presence of CB[8], the half wave potentials for the first

reduction process displayed a 65mV anodic shift to −518mV as a

result of positive electrostatic cooperativity (Fig. S16). The forma-

tion of the self-CT-complex, d/l-PheVio�2Br, inside of the cavity

of CB[8] mitigate intermolecular electrostatic repulsion of bipyri-

dinium units [46,47].

Generally, the 1:1 host-guest complex, d/l-PheVio�2Br⊂CB[8],

can be obtained with the guest molecule formed as a self-CT-

complex within the cavity of CB[8] according to the aforemen-

tioned experimental analyses. The results agree with the fact that

CB[8] possesses a highly negative and uniform electrostatic poten-

tial cavity, which stabilizes donor-acceptor CT interactions. As the

confirmation of the host-guest complex, d/l-PheVio�2Br⊂CB[8],

formation, which necessitates further analysis of the induced chi-

rality amplification due to the supramolecular confinement effects

of CB[8].

CD spectroscopy, a commonly used tool to analyze the chiral-

ity and optical activity of chiral molecules [48], were conducted

to investigate the induced chirality of d/l-PheVio�2Br and d/l-

PheVio�2Br⊂CB[8]. As displayed in Fig. 3a, free d/l-PheVio�2Br
gave an obvious nonbisignate Cotton effects at 213nm, which was
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Fig. 3. (a) CD spectra of d/l-PheVio�2Br (1×10–4 mol/L) and d/l-PheVio�2Br⊂CB[8]

(1×10–4 mol/L) in H2O at 298K. (b) Crystal structure of the d-PheVio�2PF6⊂CB[8]

complex. Hydrogen atoms and counterions have been omitted for clarity.

Fig. 4. (a) CD and UV–vis spectra of d-PheVio�2Br⊂CB[8] (1×10–4 mol/L) and

d-PheVio�2Br⊂CB[8] (1×10–4 mol/L) after adding SDT as a reductant in H2O at

298K. (b) CD and UV–vis spectra of l-PheVio�2Br⊂CB[8] (1×10–4 mol/L) and l-

PheVio�2Br⊂CB[8] (1×10–4 mol/L) after adding SDT as a reductant in H2O at 298K.

assigned to chiral phenylalaninate unit of PheVio�2Br. Distinctively,
the host-guest complex, d-PheVio�2Br⊂CB[8], displayed two posi-

tive Cotton effects at 290 and 246nm, whereas a mirrored spec-

trum was observed for that of l-PheVio�2Br⊂CB[8]. Regarding the

fact that the d/l-PheVio�2Br formed self-CT complex in the con-

fined cavity of CB[8], these amplified ICD signals should be at-

tributed to chirality transfer from chiral amino acids to self-CT

complex within the steric constraints of CB[8]. Furthermore, vari-

able temperature experiments were managed to reveal thermal

stability of the induced chirality. There is basically no change in

CD spectra of d/l-PheVio�2Br⊂CB[8] from 298K to 358K, suggest-

ing that the host-guest induced chirality of d/l-PheVio�2Br⊂CB[8]

was thermodynamic stable (Fig. S17 in Supporting information).

Fortunately, the X-ray crystal structure of d-PheVio⊂CB[8] were

obtained to give direct structural evidence of induced chirality

amplification based on the chiral self-CT-complex. As shown in

Fig. 3b, the guest molecule, d-PheVio�2PF6, is completely encap-

sulated within the cavity of CB[8] to form the host-guest com-

plex. Meanwhile, the configuration of d-PheVio�2PF6 (Fig. 3b) in-

dicates that the formation of typical self-CT-complex between π-

electron-deficient viologen moiety and π-electron-rich aromatic

ring of phenylalanine moiety. Critically, the amplified ICD signals

arise from effective chirality transfer between viologen and chiral

phenylalanine moieties of the self-CT-complex in steric crowding

confinement of CB[8].

The redox responsive ability of host-guest complex was fur-

ther investigated by CD and UV–vis spectroscopic experiments.

The reduction of d/l-PheVio�2Br⊂CB[8] was achieved with ad-

dition of SDT as a reductant agent. UV–vis absorption spec-

tra were measured for a 1×10–4 mol/L aqueous solution of d/l-

PheVio�2Br⊂CB[8] and revealed characteristic absorption bands at

400 and 600nm, which indicated the formation of radical cations

of bipyridinium units (Fig. 4) [32,49,50]. It is worth noting that no

characteristic absorption bands in 800–1000nm region for dimeric

radical cations were observed (Fig. S18 in Supporting informa-

tion) [51,52]. EPR spectroscopic measurements of the aqueous so-

lution d/l-PheVio�2Br⊂CB[8] after reduction by SDT displayed res-

onance signals corresponding to the unpaired electron of bipyri-

dinium radical cations (Fig. S19 in Supporting information).

Fig. 5. Reversible cycling of ellipticity values at 290nm by cycling the redox process

of (a) d-PheVio�2Br⊂CB[8] and (b) l-PheVio�2Br⊂CB[8].

Thereafter, CD spectroscopic analyses for the reduced d/l-

PheVio�2Br⊂CB[8] were uncovered. As shown in Fig. 4a, the host-

guest ICD signals of d-PheVio�2Br⊂CB[8] at 246 and 290nm van-

ished following the addition of SDT, whereas two negative non-

bisignate Cotton effects at 224 and 370nm were observed, which

were assigned to phenylalaninate and bipyridinium radical cations

respectively. Similar phenomena were also observed for the re-

duced l-PheVio�2Br⊂CB[8] (Fig. 4b). The CD spectra of solutions

containing the guest molecule d/l-PheVio·2Br following reduction

with SDT exhibited only negative/positive non-bisignate Cotton ef-

fects at 219nm, with no CD signals observed around 400nm in

contrast to the d-PheVio2+⊂CB[8] complex (Fig. S20 in Supporting

information). These observations indicate that the radical cations

are encapsulated within the cavity of CB[8] after the chemical re-

duction, and CB[8] maintains chiral interactions between the rad-

ical cations of viologen and the phenylalaninate moiety to com-

plete the chiral transfer. With the formation of bipyridinium radi-

cal cations, the self-complex of d/l-PheVio�2Br⊂CB[8] through CT

interactions in CB[8] was disassociated. The theoretical calculations

of the complex d/l-PheVio�2Br⊂CB[8] and its corresponding radi-

cal cations were also carried out. Based on the optimized structure

of d-PheVio2+⊂CB[8], the stimulated CD spectrum (Figs. S22 and

S23 in Supporting information) is agreement with the experimen-

tal result. Molecular orbital (MO) calculations (Fig. S24 in Support-

ing information) indicate that typical CT interactions between vio-

logen and the aromatic ring of the phenylalanine moiety would be

diminished when the radical cation formed.

As previously noted, d/l-PheVio�2Br allowed to display the

complexation induced chirality amplification within the cavity of

CB[8] via host-guest interactions, which achieved the chirality

transfer with the chemical reduction. Therefore, it was primary

to investigate the reversibility of the redox-driven chirality trans-

fer process. CD spectroscopic analyses were conducted for sequen-

tially reducing via introducing SDT and oxidizing via purging air

a 1×10–4 mol/L solution of d/l-PheVio�2Br⊂CB[8]. To our delight,

d/l-PheVio�2Br⊂CB[8] exhibited excellent reversibility and repeti-

tiveness of redox-switchable processes (Fig. 5 and Fig. S21 in Sup-

porting information).

In conclusion, we have developed a CB[8]-based supramolecular

system that achieved confinement-induced chirality amplification

and redox-responsive chiral switching. The 1:1 host-guest com-

plex utilizes intramolecular CT interactions of the phenylalanine-

modified viologen to transfer chiral information from phenylala-

nine moiety to viologen unit within the CB[8] cavity, generating

distinct amplified ICD signals, which are unambiguously validated

by single-crystal X-ray diffraction analysis. Notably, upon chemi-

cal reduction, the ICD signals vanish concomitantly with the emer-

gence of unusual CD signals of viologen radical cations, demon-

strating chirality transfer enabled by the CB[8] confinement. The

system undergoes exceptional reversible redox-driven transitions,

highlighting the dynamic control over supramolecular chirality

through external stimuli. Overall, this work underscores the role of

confined environments in supramolecular chirality generation and
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provides a viable strategy for designing dynamic chiral materials

with potential applications in stimuli-responsive chiral recognition.
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