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Abstract: Incorporating chiral elements in host-guest systems 

currently focuses much attention, which results from the major impact 

such structures may have onto a wide range of applications, from 

pharmaceuticals to materials science and beyond. Moreover, the 

development of multi-responsive and -functional systems is highly 

desirable since they offer numerous benefits. In this context, we 

describe herein the construction of a metal-driven self-assembled 

cage that associates a chiral truxene-based ligand and a bis-

ruthenium complex. The maximum separation between both facing 

chiral units in the assembly is fixed by the intermetallic distance within 

the lateral bis-ruthenium complex (8.4 Å). The resulting chiral cavity 

was shown to encapsulate polyaromatic guest molecules, but also to 

afford a chiral triply interlocked [2]catenane structure. The formation 

of the latter occurs at high concentration, while its disassembly could 

be achieved by addition of a planar achiral molecule. Interestingly the 

latter exhibits induced circular dichroism signature when trapped 

within the chiral cavity, demonstrating the cage ability for inducing 

supramolecular chirogenesis. 

Introduction 

The coordination-driven self-assembly constitutes a versatile and 

fascinating approach, garnering considerable attention by the 

supramolecular chemists community in recent decades.[1] This 

unique strategy relies on the directional coordination of metal ions 

with organic ligands, producing in one-step intricate and well-

defined architectures.  

The ability to create such complex structures, which generally 

feature a cavity prone to accommodate various substrates, has 

opened up new horizons in the field of molecular recognition,[2] 

with diverse applications[3] in catalysis,[4] remediation,[5] drug 

delivery,[6] sensors,[7] for instance. By engineering ligands with 

specific functional groups, it is possible to design host molecules 

with high affinity and selectivity for particular guests. Moreover, in 

some cases, the dynamic nature of these host assemblies may 

allow for the reversible binding and release of the guest 

molecule,[8] triggered by a variety of stimuli, including pH 

changes,[9] addition of a chemical,[10] or by photo-[11] or redox-

activation.[12] 

In recent years, a growing interest has emerged in the 

development of chiral host molecules using the coordination-

driven self-assembly approach. Using chiral ligands along the 

synthetic process allows to reach chiral host coordination cages, 

whose cavities display distinct handedness. Enantioselective 

interactions may occur with chiral guest molecules, a situation of 

interest for enantioseparation, asymmetric catalysis, or chiral 

sensing.[13] Supramolecular chirogenesis represents an efficient 

way to express chirality in artificial systems,[14] and involves non-

covalent chiral recognition between the host and guest species. 

This phenomenon, which has notably been reported for tweezers, 
[15] macrocycles[16] and cages[17] or miscellaneous systems,[18] 

arises from the asymmetric induction and amplification of chirality 

occurring between the host and guest, even when one or both 

lack inherent chirality. 

We recently discussed how the achiral hexa-alkylated truxene 

ligand A can form polyhedra (M6L2 stoichiometry). Upon self-

assembling with bis(metallic) Ruthenium or Rhodium 

complexes,[19] this achiral ligand proved to form cages existing as 

chiral face-rotating stereoisomers. By adjusting the length of the 

six alkyl chains and the distance between the truxene cores in 

those self-assembled structures (i.e. the metal-to-metal distance), 

we were able to control the distribution of homo- and hetero-chiral 

diastereoisomers. For instance, association of ligand A and 

complex Ru afforded only a couple of enantiomers upon chiral 

self-sorting (Figure 1a).[19b] Their cavity is partially obstructed by 

six butyl chains (three from each facing truxene platforms), which 

prevented any guest molecules from accessing the cavity or even 

cages interlocking. Inspired by these results obtained from an 
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achiral ligand, we defined two new objectives: i) to construct an 

empty chiral cavity capable of accommodating planar achiral 

guests and ii) as an extension, to generate interlocked chiral 

dimeric cages in a control manner. The fascinating family of 

interlocked cages[20] is the subject of an intense current interest 

due to original geometric characteristics, which may unveil new 

category of materials with exciting properties.[21] To achieve those 

two objectives orienting the self-assembly process towards an 

empty cavity appeared necessary. In this context, we anticipated 

that such a condition may be reached upon self-assembling: i) a 

bis-Ruthenium complex (Ru), displaying a metal-to-metal 

distance of 8.4 Å,[22] and ii) a chiral syn-substituted truxene-based 

ligand (L) endowed with only three n-butyl chains (Figure 1).  

 

 

Figure 1. Illustration of a) the previously reported chiral self-sorting process 

occurring upon mixing achiral ligand A and complex Ru,[19b] and b) the three 

stereoisomers resulting from the self-assembly reaction between chiral ligand L 

and the Ru complex. Their ability to undergo cage interlocking and 

supramolecular chirogenesis is also illustrated. La and Lc correspond to the 

Anticlockwise and Clockwise enantiomers of chiral ligand L, respectively. 

Results and Discussion 

The chiral ligand L was synthesized by adapting procedures 

described in the literature and is obtained as a mixture of syn-

enantiomers (See Experimental details in the SI file).[23] It exhibits 

two distinct faces, a non-functionalized one ‒allowing π-π 

interactions to take place upon stacking‒ and another one, which 

is threefold alkylated with n-butyl groups. Alkyl chains being 

oriented towards the reader, each enantiomeric Lc or La form is 

defined by the Clockwise (C) or Anticlockwise (A) spatial 

orientation of the methine >CHBu bridges around the C3-

symmetric truxene platform (Figure 1b).[24] Single crystals of the 

racemic mixture were obtained by diffusing n-hexane into a 

dichloromethane solution of L.[25] Both enantiomers crystallize 

together in the centrosymmetric trigonal space group R-3 (Figures 

2 and S96). Slightly curved truxene units dimerize in the solid 

state with a 60° offset, which allows π-π interactions between 

aromatic platforms (mean planes are separated by 3.7 Å). 

Thereby, butyl chains are oriented towards the exterior and the 

three Npyr atoms of each ligand fit within a circle with a radius of 

9.8 Å.  

 

Figure 2. X-Ray crystal structures of L showing the presence of both 

enantiomers La and Lc in the crystal lattice. 

Since ligand A generates M6L2 cages upon self-assembling with 

rigid bis metallic Ruthenium complexes,[19] we anticipated that the 

interaction of L with the complex Ru would produce a M6L2 cage 

(Ru6L2). In this case, it has to be noted that up to ten 

stereoisomers are expected, depending on the respective 

orientation of the butyl chains, which are either directed outward 

or inward relative to the cavity (Figure S1a). 

The self-assembly reaction between two equivalents of L and 

three equivalents of Ru was carried out for 1h in methanol-d4 (C 

= 10-3 M) at 50°C and was monitored by 1H NMR spectroscopy. 

After one hour, the reaction reached completion, and the product 

could be isolated through precipitation with diethyl ether (Y = 

85%). The synthesis conducted during 12h at room temperature 

in acetonitrile or yielded comparable outcomes.  

High-resolution ESI-FTICR mass spectrometry analyses carried 

out in methanol or acetonitrile (Figures S78 and S79) indicated 

the exclusive formation of M6L2-type assemblies with the 

presence of characteristic multicharged ions [Ru6L2 - 3 TfO-]3+ 

(m/z = 1302.5988) and [Ru6L2 - 4 TfO-]4+ (m/z = 939.4618) or 

[Ru6L2 - 3 TfO-]3+ (m/z = 1302.5989), [Ru6L2 - 4 TfO-]4+ (m/z = 

939.4617), and [Ru6L2 - 5 TfO-]5+ (m/z = 721.9784) respectively. 

As mentioned above, a mixture of chiral species is expected from 

the self-assembly process. To facilitate the understanding of the 

corresponding NMR spectra, the subsequent nomenclature has 

been applied: subscripts (i and ii) are assigned to distinguish the 

protons of two diastereoisomers, and superscript (') is employed 

to represent protons located within the cavity.[26]  
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Figure 3. 1H NMR spectra (298 K, C = 10−3 M, methanol-d4, downfield region) 

of a) ligand L, b) cage Ru6L2, and c) cage Ru6La2. See figure 1 for 1H NMR 

assignments. 

The presence of single discrete species in solution was confirmed 

by 1H and Diffusion-Ordered Spectroscopy (DOSY) NMR 

analyses, both in methanol-d4 and acetonitrile-d3 (Figures 3b, 

S12-S18). According to the Stokes-Einstein equation, the 

extracted diffusion coefficient D values of 3.0 × 10-10 m².s-1 

(methanol-d4) and 5.1 × 10-10 m².s-1 (acetonitrile-d3) correspond to 

a hydrodynamic radius of ca. 13 Å in both cases, in accordance 

with a M6L2 stoichiometry.[27] In the case of cages built from A, we 

previously observed (Figure 1a) that the terminal methyl groups 

exhibit two different chemical shifts depending on their location, 

inside or outside the cavity (δ = -0.2 ppm and +0.35 ppm in 

methanol-d4, respectively). Therefore, the observed value for 

protons 4 (see Figure 1b for assignments) (δ = 0.25 ppm (Figure 

S12)) indicates that all the butyl chains are oriented outside the 

cavity, limiting the number of possible stereoisomers of this M6L2 

assembly to only three out of the 10 possible (Figures S1a (middle 

line) and 1b). This result is supported by the fact that all signals 

exhibit only one splitting pattern (Figures 3b and S12), which rules 

out the formation of a complex mixture of stereoisomers. 

Specifically, the large splitting observed for proton d, with di and 

dii at ca. 3.9 ppm and 4.3 ppm respectively, indicates the presence 

of a stereoisomeric mixture (i.e. one couple of enantiomers 

(Ru6Lc2/Ru6La2) and one meso form (Ru6LcLa) (Figure 1b). 

Assigning the signals to each stereoisomer was made possible 

after chromatographic separation of the racemic mixture of ligand 

L (see supplementary information for details). Ligands Lc and La 

were then independently used to perform the same self-assembly 

reaction with Ru. By comparing the NMR spectra, the distinctive 

spectral patterns of the diastereoisomers were identified (Figures 

3b-c, S24 and S25). Importantly, while a statistical distribution 

would afford a 50:50 mixture, a ratio of 75:25 was calculated upon 

signals integration, indicating a preference for the formation of the 

enantiomeric pair Ru6Lc2/Ru6La2 over the meso Ru6LcLa 

derivative. This chiral discrimination is attributed to the differences 

in π-π interactions occurring between the two facing truxene 

motifs within the enantiomeric pair in one hand and the meso form 

on the other hand. In order to gain deeper insights into the 

dynamics of these systems, the evolution of a mixture of the 

isolated Ru6Lc2 and Ru6La2 cages was monitored by 1H NMR 

spectroscopy (Figure S26). No change was observed at room 

temperature, but an evolution of the system occurred upon 

heating at 50°C. After 12 hours at this temperature, the 

thermodynamic equilibrium was attained, and the composition of 

the mixture closely resembles that observed upon the self-

assembly process led from racemic ligand L. This experiment  

 

 
 

Figure 4. X-Ray crystal structures of Ru6L2.a) Lateral view showing both 

enantiomers Ru6Lc2 and Ru6La2 and b) top view of Ru6Lc2.  

further confirms that the formation of these systems is 

thermodynamically controlled. 

Single crystals of Ru6L2 were obtained by vapor diffusion of 

MeOtBu in a methanol solution of the cage. The self-assembled 

structure crystallizes in the centrosymmetric space group R-3 and 

exhibits a large unit cell volume of ca 30,000 Å3.[26] X-ray 

diffraction analysis (Figures 4a and S96-S99) revealed the 

presence of the Ru6Lc2 and Ru6La2 enantiomeric pair in the 

crystal and confirmed that all the butyl chains are oriented 

outward the cavity. The interatomic distance between the two 

ruthenium atoms is 8.4 Å, while a notably shorter minimum 

distance of 3.5 Å is found between the truxene moieties. This 

observation definitely confirms the occurrence of π-π interactions 

operating between these motifs, leading to a collapse of the cage 

structure. This distortion is associated with a 64° tilt of the Ru 

bimetallic complexes with respect to the truxene mean planes. 

Consequently, the trigonal prisms are deformed, with an average 

Bailar angle of 35° (Figures 4b and S98).[28] Together, these 
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Figure 5. 1H NMR spectra (298 K, methanol-d4) resulting from the self-assembly 

of 2 equiv. of ligand L and 3 equiv. of complex Ru performed at a) C = 10-3 M, 

b) 10-2 M, c) 5 × 10-2 M and d) 2 equiv. of ligand La and 3 equiv. of complex Ru 

performed at 5 × 10-2 M. See figure 1 for 1H NMR assignments. 

parameters generate a double rosette (M/P) and a helical (Δ/Λ) 

chirality. Both are linked in the crystal to the configuration of the 

truxene ligand, since only the enantiomers (AA, M, Δ) and (CC, P, 

Λ) are observed.[29] While several synthetic methodologies 

affording macrocycles and cages have been described, the 

rational preparation of interlocked architectures remains a 

challenge due to the reduction, along the reaction, of the number 

of independent species, which is unfavorable in terms of 

entropy.[20b] Several factors can aid in achieving the locking 

process by providing additional driving forces to overcome this 

entropic cost. Such factors include π-π stacking, electrostatic 

interactions, hydrogen bonding, an also solvophobic effects.[20a, b, 

30] These can be favored by adjusting the solvent composition, the 

concentration, or the temperature. On this basis and with the aim 

of achieving metalla-assembled interlocked cages bearing chiral 

units, i.e. a class of superstructures still sparsely described to date, 

we carried out self-assembly reactions between L and Ru at 

concentrations up to C = 5 × 10-2 M in methanol (C corresponds 

to the total concentration of cage, Figures 5 and S27). Increasing 

the total concentration results in significant variations in the 1H 

NMR spectrum, as expected for an interlocked species compared 

to the single cage Ru6L2. The conversion appears complete from  

5 × 10-2 M, as all the signals corresponding to the initially formed 

Ru6L2 disappeared. 1H DOSY NMR measurements conducted at 

this concentration confirm the formation of a single and larger 

species, with a decrease in the diffusion coefficient from D = 3.0 

×10-10 m².s-1 (Ru6L2) to D = 1.9 × 10-10 m².s-1 for the new species 

dimeric cage (Ru6L2)2 (Figures S32 and S33). The 1H NMR 

spectrum of the latter species reveals a substantial shielding 

effect on the b aromatic signals of the truxene core, which is 

assigned to the emergence of novel π-π interactions between 

truxene ligands. Intriguingly, all signals exhibit broadening, which 

suggests the presence of multiple isomers in the solution. 

Additionally, two sets of signals for the terminal methyl groups are 

observed at 0.3 ppm and -1.0 ppm. The first value is comparable 

to that of the Ru6L2 monomer cage, while the second one 

corresponds to the anticipated value for butyl chains situated 

within the cavity. This outcome suggests that certain butyl chains 

are oriented inside the cavity while others remain outside. The 

solid obtained after addition of diethyl ether to a concentrated 

methanolic solution of Ru6L2 at 5 × 10-2 M was analyzed using 

high-resolution ESI-FTICR mass spectrometry in methanol at 

C = 10-4 M (Figure S80). This measurement confirmed the 

formation of a M12L4-type species, with the presence of ions at 

[Ru12L4 - 4TfO-]4+ (m/z = 2028.3764), [Ru12L4 - 5TfO-]5+ (m/z = 

1592.7096), and [Ru12L4 - 6TfO-]6+ (m/z = 1302.5993). Such 

stoichiometry is consistent with the formation of the (Ru6L2)2 

species composed of two interlocked cages.  

Single crystals of (Ru6L2)2 were obtained by vapor diffusion of 

MeOtBu into a concentrated solution of interlocked cages in 

methanol. The system crystallizes in the centrosymmetric space 

group C2/c with a unit cell volume of 49,000 Å3. X-ray diffraction 

analysis revealed the formation of an interlocked framework 

secured by three mechanical bonds, forming therefore a triply 

interlocked S6 symmetric system composed of two cages with D3 

symmetry (Figure 6, S100 and S101).[26] Each interlocked dimer 

cage consists of one CC cage and one AA cage, thus forming the 

interlocked meso species ACAC. Contrary to the simple monomer 

cage Ru6L2, which displays butyl chains pointing into opposite 

directions, i.e. outward from the cavity, the six (2 × 3) butyl chains 

of a given cage point in the same direction in the interlocked dimer 

(Ru6L2)2. Such arrangement is therefore consistent with the 

above-mentioned NMR studies, which evidenced two distinct 

environments for butyl chains and a strong interaction between 

the aromatic truxene cores. In addition, the truxene ligands 

appear significantly curved in (Ru6L2)2 compared to Ru6L2. 

 

Figure 6. X-Ray crystal structures of (Ru6L2)2 (isomer ACAC), a) side view, b) 

top view. To facilitate comprehension, cages are represented in different colors, 

each corresponding to the rotation of the faces of the truxene units (see Figure 

1). 
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The successive distances between the truxene units along the 

stacking axis are 3.7 Å - 4.7 Å - 3.7 Å, illustrating the interaction 

occurring between aromatic systems when no alkyl chain is 

intercalated. Interestingly, the stacking mode within both truxene 

dimers in (Ru6L2)2 is similar to that observed in the X-Ray 

structure of free ligand L, which spontaneously forms a dimer in 

the solid state with a distance of 3.7 Å (Figures 2 and S96). Finally, 

it is worth noting that due to the interlocking process, the 

bis(ruthenium) spacers of a given cage are no longer twisted, 

displaying a Bailar angle close to 0° (Figure 6b). X-ray diffraction 

measurements were performed on several sets of crystals 

obtained from different crystallization experiments. All of them led 

to the interlocked dimer (Ru6L2)2 described above, made from one 

AA cage and one CC cage. This arrangement is likely preferred 

in order to i) minimize the steric constraints around the butyl 

chains and ii) favor π-π interactions between truxene platforms.  

Similar experiments were conducted from the enantiopure ligand 

La. The 1H NMR spectrum of a mixture of La and Ru in methanol-

d4 at 5 × 10-2 M shows, as for the racemic ligand L, the formation 

of the interlocked cages (Ru6La2)2. Nevertheless, it is worth noting 

that in this case, signals corresponding to the monomer cage 

Ru6La2 still remain at this concentration (Figures 5d and S35-40). 

The simultaneous presence of monomeric and dimeric cages is 

confirmed by 1H DOSY NMR, which exhibits two sets of signals 

at D = 2.6 x 10-10 and D = 1.9 x 10-10 m².s-1 (Figure S39). These 

values are similar to those observed for Ru6L2 and (Ru6L2)2 

(Figure S33). This observation suggests a preference for the 

formation of the ACAC meso diastereomer over the pair of the 

AAAA and CCCC enantiomers. Importantly, contrary to (Ru6L2)2, 

the interlocked structure (Ru6La2)2 prepared from the enantiopure 

ligand La (AAAA arrangement) does not exhibit any signal 

splitting, which is particularly noticeable for the βa, ba, and bb 

protons (Figures 5d and S35). This suggests that the racemic 

ligand L likely leads to the formation of the three stereoisomers 

AAAA, CCCC and ACAC. However, the presence of the other 

stereoisomers in solution cannot be completely ruled out (Figure 

S1b). By comparing the chemical shifts of the racemic and the 

enantiopure versions, particularly those of βa and ba protons 

(Figure S41), it appears that the prevailing form in (Ru6L2)2 is 

ACAC, which is also the one characterized in the crystal structure. 

The three cavities comprised within the interlocked cages 

(Ru6L2)2 appear too small to bind any guest molecules. In contrast, 

thanks to the possible tilting of the three bis(ruthenium) pillars in 

Ru6L2, the two facing truxene units which are in strong interaction 

when the cage in empty (Figure 4a), can be spread in order to 

accommodate a guest (Figure S1c). To investigate the ability of 

Ru6L2 to bind planar substrates, we conducted 1H NMR 

experiments in acetonitrile-d3 at a concentration of C = 10-3 M.[31] 

Various polyaromatic substrates, including coronene and PDI-1, 

were studied. The first one presents a large aromatic surface that 

is likely to promote interactions with the truxene core. The second 

one was selected for its absorption properties, notably due to the 

presence of signatures in the visible range outside the absorption 

window of the cages under consideration (see chiroptical studies). 

For consistency, all spectra were recorded after 2 hours at 50°C 

in the presence of one equivalent of the guest molecule. In both 

cases, important variations of chemical shifts were observed for 

both the substrates and the cage Ru6L2 (Figure 7). Considering 

the case of coronene as a representative example (for PDI-1 see 

Figures S63-76), particularly noteworthy is the shielding of the 

aromatic coronene singlet and of the a and d signals of the 

truxene core (Figures 7 and S47-53). This suggests an 

intercalation of the polyaromatic substrate in a sandwich mode 

between both truxene units of Ru6L2. This was confirmed by 1H 

DOSY NMR spectroscopy, which shows a decrease in the 

diffusion coefficient assigned to coronene, from 21.0 × 10-10 m2.s-

1 to 5.8 × 10-10 m2.s-1
 (Figures S52 and S53)  High resolution ESI-

FTICR mass spectrometry measurement on a 1:1 mixture of the 

Ru6L2 cage and coronene revealed the presence of multicharged 

ions [Ru6L2 + Coronene - 4OTf]4+ (m/z = 1014.7357) and [Ru6L2 

+ Coronene - 5OTf]5+ (m/z = 781.9975), values which are 

consistent with a 1:1 stoichiometry of the host-guest complex 

(Figure S81). This was further confirmed by a Job plot analysis 

carried out by UV-visible absorption spectroscopy in 

acetonitrile/dichloromethane (1/1 v/v), a mixture of solvents 

chosen to ensure a good solubility of all species (Figure S77a). 

Finally, the host-guest association constant was determined 

through UV-visible titration in the same solvent mixture, 

highlighting a strong affinity between both components, with an 

association constant Ka = 3.9 × 106 (Figure 77b). Encapsulation 

studies carried out with the enantiopure cage Ru6La2 show similar 

results to Ru6L2 (Figures S57-59), indicating equivalent 

complexation properties for all the diastereoisomers.  

To get better insights over the guest binding mode, numerous 

crystallizations have been conducted on mixtures of cages and 

guests. Single crystals were obtained from a mixture of 

enantiopure Ru6Lc2 and PDI-1 (Figure 8 and S102).[26] The 

intercalation of PDI-1 within the cavity of Ru6L2 needs a significant 

expansion of the space between both truxene moieties, which can 

be attained thanks to the tilting around the bis(ruthenium) linkers 

(Figure S103). On this basis, the inter-truxene distance increases 

from 3.5 Å (Ru6L2) to 6.9 Å in the PDI-1Ru6Lc2 complex while 

the Bailar angle decreases from 35° to 23° respectively (Figure 

8c). 

Considering the similarity between the cavity of Ru6L2 when 

encapsulating a planar guest, and the one of the interlocked dimer 

(Ru6L2)2, we decided to investigate the interconversion process 

between these two species. Diluting a concentrated solution in 

methanol-d4 of (Ru6L2)2 down to C = 10-3 M did not result in any 

 

Figure 7. 1H NMR spectra (298 K) of a) cage Ru6L2 at C = 10-3 M in acetonitrile-

d3, b) coronene in chloroform-d, c) cage Ru6L2 at C = 10-3 M in acetonitrile-d3 in 

the presence of 1 equiv. of coronene, d) compound PDI-1 in chloroform-d, e) 

cage Ru6L2 at C = 10-3 M in acetonitrile-d3 in presence of 1 equiv. of PDI-1. (*) 

signals corresponding to residual CHCl3 in deuterated solution. See figure 1 for 
1H NMR assignments. 
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change of the NMR signals, even after refluxing solutions for 

several days in acetonitrile or methanol. It is worth noting that a 

catenane constructed from the same bis(ruthenium) complex 

engaged in a similar concentration-dependent experiment in our 

laboratory exhibits a perfect reversibility with the corresponding 

macrocycle in methanol-d4.[32] This observation illustrates the high 

stability provided by the π-π interactions that take place between 

truxene units upon interlocking. The dissociation study of (Ru6L2)2 

at C = 5 × 10-2 M in deuterated methanol was further conducted 

by adding one equivalent of coronene per cage unit and heating 

of the mixture at 50°C overnight. As a result, a significant 

simplification of the 1H NMR spectrum is observed, with the 

complete disappearance of the signals assigned to the 

interlocked system (Figures 9 and S60-62). The DOSY NMR 

study reveals the formation of a single discrete species in solution 

(Figure S61) with a diffusion coefficient (D) of 2.8 × 10-10 m².s-1. In 

comparison to (Ru6L2)2, this value appears significantly higher 

and evidences the size decrease of the resulting structure. 

Importantly, this NMR spectrum is identical to the one recorded 

for the host-guest complex coroneneRu6L2 in the same 

conditions (Figure 9c), which unambiguously demonstrates the 

dissociation of (Ru6L2)2 upon addition of coronene, into two 

coroneneRu6L2 host-guest complexes.  

 

 

Figure 8. Representation of a) PDI-1 and X-ray crystal structures of PDI-

1Ru6Lc2, b) side view, c) top view (with the corresponding Bailar angle). 

 

 

Figure 9. 1H NMR spectra (298 K, methanol-d4) of a) cage Ru6L2 at C = 10-3 M, 

b) cage Ru6L2 at C = 10-3 M in the presence of coronene (1 equiv.), c) interlocked 

cages (Ru6L2)2 at C = 5 × 10-2 M in the presence of coronene (1 equiv.) per cage 

and d) interlocked cages (Ru6L2)2 at C = 5 × 10-2 M. 

As mentioned in the introduction, chirogenesis currently focuses 

much attention and notably, to design original supramolecular 

systems endowed with chiroptical properties. In this regard, the 

guest encapsulation process was followed by UV-visible 

absorption and circular dichroism (CD) spectroscopies. At first, 

the optical properties of ligand L, complex Ru and cage Ru6L2 in 

methanol (C = 10-5 M) were investigated (Figure S89a and S89b). 

The UV-visible absorption spectrum of the cage displays similar 

characteristics tothe ligand ones and the metal complex when 

measured separately. It features an intense charge transfer band 

at 350 nm, with a molar absorption coefficient twice that of the 

ligand and exhibits a bathochromic shift due to the coordination 

of pyridyl rings to the metal centers. Transitions at lower energies 

are observed beyond 400 nm and are attributed to MLCT-type 

transitions.[33] 

To determine the configurations of the enantiopure ligands and 

cages, the ground state geometries of ligand Lc and La were first 

optimized through Time Dependent Density Functional Theory 

(PBE0 functional, Figures S83 and 84), and the corresponding 

absorption and circular dichroism (CD) spectra were simulated 

(Figure S85). The latter show a good matching with experimental 

ones, which allowed for a straightforward identification of each 

enantiomer (Figure S88). The CD spectra of Lc and La display 

two bands in the UV region at 280 nm and 325 nm, while a large 

Cotton effect is observed for cages Ru6Lc2 and Ru6La2 above 325 

nm (Figures S88 and S90).  

To explore the supramolecular chirogenic properties of 

enantiopure cages Ru6Lc2 and Ru6La2, UV-visible and circular 

dichroism spectroscopy measurements were additionally carried 

out on 1/1 mixtures of cages and PDI-1 in methanol. As previously 

noted, PDI-1 was selected for its well-adapted structural 

characteristics to be bound by the investigated cages, as well as 

for its specific absorption properties. Indeed, the chromophore 

exhibits an intense transition centered at 500 nm, a region at 

which the cages demonstrate a relatively low molar absorption 

coefficient. The UV-visible absorption spectra of the mixture 

exhibit slight variations compared to the individual components, 

with the only noticeable change being a red-shift in the PDI 

signals (Figure 10a).  
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Figure 10. a) UV-vis absorption spectra of cage Ru6Lc2, a stoichiometric 

mixture of cage Ru6Lc2 and PDI-1, PDI-1, and b) UV-visible circular dichroism 

spectra of cages Ru6Lc2 and Ru6La2, and stoichiometric mixtures of cage 

Ru6Lc2 and PDI-1, and cage Ru6La2 and PDI-1, in methanol at C = 10-5 M.  

In the presence of PDI-1, the circular dichroism response in the 

300 nm - 480 nm region corresponding to transitions centered on 

the cage, is quite similar to that of the cage alone, suggesting that 

the structural change associated with the guest encapsulation has 

a moderate impact on the cage spectral signature (Figure 10b). 

Importantly, supramolecular chirogenesis is conclusively 

demonstrated by the presence of a Cotton effect between 500 nm 

and 600 nm with Δε = | 8.4 | cm-1 M-1 at C = 10-5 M, exhibiting the 

characteristic shape of the achiral PDI motif. The Ru6Lc2 and 

Ru6La2 host cages, with their specific three-dimensional chiral 

architecture derived from the face-rotating truxene components, 

induce chirality in the guest molecule within their cavities. The 

host-guest interaction creates a chiral environment that imparts a 

unique spatial orientation to the guest PDI-1 molecule, thereby 

influencing its optical properties. 

 

Conclusion 

In summary, self-assembled cages were designed from a face-

rotating truxene-based chiral ligand and a bis(ruthenium) bridging 

complex. Both racemic and enantiopure versions were described. 

The geometry provided by the complex allows the separation of 

both facing ligands so as to generate a chiral cavity, well-adapted 

for guest recognition and cage interlocking. Interestingly, the latter 

chiral interpenetrated arrangement can be dissociated in the 

presence of a planar guest, leading to a 1:1 host guest complex. 

All those structures could be characterized in solution and in the 

solid state, including the PDI-1Ru6Lc2 complex. Finally, 

supramolecular chirogenesis could be observed in the case of the 

latter host-guest complex and was characterized by a circular 

dichroism signature of the achiral PDI guest located within the 

chiral environment offered by the cage. This observation was 

made possible thanks to strong π-stacking interactions occurring 

between the PDI derivative and the enantiopure chiral Ru6Lc2 

(and Ru6La2) cages. Work is underway to extend this approach to 

new families of face-rotating polyhedra, including redox-active 

ones. 
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