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Introduction
Abstract: While metal-mediated self-assembly is a popu-

lar technique to construct discrete nanosized objects,
highly symmetric structures, built from one type of
ligand at a time, are dominating reported systems. The
tailored integration of a set of different ligands requires
sophisticated approaches to avoid narcissistic separation
or formation of statistical mixtures. Here, we demon-
strate how the combination of three structure-guiding
effects (metal-templated macrocyclization, additional
bridging ligands and shape-complementarity) based on
Co(IIT)salphen metal nodes allows for a rational and
high-yielding synthesis of structurally complex, lantern-
shaped cages with up to four differentiable bridges.
Three new heteroleptic coordination cages based on
dinuclear Co(III)salphen macrocycles were synthesized
in a one-pot reaction approach and fully characterized,
including single crystal X-ray analyses. One cage groups
two of the same ligands, another two different ligands
around a symmetric Co,-bis-salphen ring. In the most
complex structure, this ring is unsymmetric, rendering
all four connections between the two metal centers
distinguishable. While heteroleptic assembly around
Pd(IT) nodes has been shown to be dynamic, beneficial
for cage-to-cage transformations, assembly cascades and
adaptive systems, the herein introduced cages based on
kinetically more inert Co(III)salphen will be advanta-
geous for applications in enzyme-like catalysis and
molecular machinery that require enhanced structural
and chemical stability.

Most molecular recognition and catalytic transformation
processes in biological systems take place in nanosized
cavities. Synthetic supramolecular chemistry attempts to
mimic such confined environments within porous materials
or discrete cages based on organic linkages or coordination
chemistry. The dynamic, metal-mediated self-assembly of
organic bridging ligands and metal cations with a defined
coordination geometry has developed into a reliable and
robust approach to construct a large variety of discrete,
soluble objects and solid-state materials.""*! In most reported
examples, a single type of ligand, with its specific geometry
and denticity, is employed, yielding highly symmetric
structures such as rings,”” lantern-shaped cages!'™'! or
shapes derived from Platonic, Archimedean or Goldberg
polyhedra.'?!! Despite their mathematically touching
beauty and straightforward, often quantitative formation,
there are only few biological structures with an accessible
interior, such as virus capsids and iron storage proteins, that
actually resemble these highly symmetric artificial architec-
tures. Most nano-sized cavities of biological origin are highly
asymmetric and equipped with several different functional
moieties. The rational construction and high-yielding assem-
bly of low-symmetric nano-confinements, however, is chal-
lenging, in particular when a high structural and chemical
stability is targeted. Sequential covalent organic synthesis
towards such nano-confinements is difficult to apply in a
modular fashion and only few reports address the problem
) using (dynamic) covalent approaches®™?! or multicompo-
nent reactions.” While metal-mediated self-assembly allows
for a rapid diversification of individual ligand-metal combi-
nations, the rational integration of a set of different ligands
into the same architecture bears the risk of narcissistic self-
sorting or the formation of entropically driven product
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ligands and guests. Nitschke and co-workers reported
integrative self-sorting driven by n-stacking between differ-
ent ligands,”*? Yoshizawa obtained heteroleptic host-guest
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tronic complementarity between trans-standing ligands is
employed or steric bulk is introduced to shape a heteroleptic
coordination environment. Stang et al. pioneered the elec-
tronic route® while Fujita exploited the combination of
bulky lutidines and lean pyridines around cis-protected
[Pd(en)] fragments to assemble rectangles and prismatic
cages.” We recently expanded this principle by grouping
bulky donors around ‘naked’ Pd(II) centers, yielding hetero-
leptic cis-®® and trans-[Pd,L,L’,]*" as well as unique 1+3
two-component [Pd,LL’;] cages.”” ! Ribas, Reek and co-
workers generated heteroleptic cuboids by saturating metal-
lo-macrocycles with bridging ligands.*!! Finally, shape-com-
plementary assembly (SCA) between matching ligand scaf-
folds has been employed by Fujita,® Nitschke,
Mukherjee,”*! Chand,*' Zhou,®” SunPY and usP>? to
construct various two-ligand assemblies with a defined
structure. However, very few examples exist where integra-
tive, metal-mediated self-sorting into a single product was
achieved from three or more organic components. Note-
worthy, Schmittel has driven the complexity of self-
assembled rings and cages to an impressive level by using
extensively engineered donor combinations.***!

Combining more than two different ligands around two
naked Pd(IT) nodes turned out to be very challenging [**>*-
In principle, the combination of four different, but equally
shaped, bis-monodentate ligands A, B, C and D, similarly
able to fill the four positions that bridge two square-planar
metal centers, gives rise to the formation of 55 different
species, from the homoleptic combinations, e.g. [Pd,A,], to
the most complex multicomponent product (Figure 1a).
Selectively obtaining the integratively self-sorted assembly
of maximal complexity, [Pd,ABCD], has been recently
achieved by Hiraoka®! and us®! under kinetic or thermody-
namic control, respectively.

Owing to their pronounced structural dynamicity, kineti-
cally labile Pd(II)-mediated cages are of high relevance for
realizing stimuli-responsive, complex systems or self-sorting
cascades.*>*%2 On the other hand, some application areas
benefit from a higher structural and chemical stability,
achievable by the use of more inert coordination environ-
ments. While going from Pd(IT) to Pt(II) might be an
obvious choice, the latter metal has mainly found entry into
multicomponent macrocycle chemistry® but its use in the
clean and high-yielding realization of heteroleptic coordina-
tion cages has not yet been reported. Alternatively,
transition metal ions where ligand exchange kinetics can be
controlled via a redox process, such as in the pair Co(II)/
Co(III) offer great potential to be used in non-statistical
multicomponent assembly.[*!

We herein introduce the modular synthesis of a series of
Co(Ill)-mediated cages by combining three approaches
within a single synthetic strategy: 1) closure of an unsym-
metric Co,-bis-salphen macrocycle via precondensation of
one bridge with ortho-phenylene diamine, templated by
cobalt coordination, 2) saturation of this metallo-macro-
cycles via the installation of two bis-pyridyl bridges to
generate a 3D cavity and 3) shape-complementarity between
the latter two ligands resulting in bridge-differentiation
(Figure 1b—c). On the way to solving this puzzle, we created
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Figure 1. Heteroleptic assembly of dinuclear lantern-shaped cages. a)
Statistical outcome expected for four different banana-shaped, bis-
monodentate ligands of equal shape and two square-planar cations,
leading to a maximum of 55 possible products (see Supporting
Information); b) restriction to nine possible products by construction
of a bis-salphen macrocycle from two bifunctional salicylic aldehydes
plus ortho-phenylene diamine (P), cobalt complexation and coordina-
tion of two equally shaped bis-pyridyl bridges; c) further restriction to
one product [P,Co,ABCD] by cobalt-templated desymmetrization of the
bis-salphen macrocycle and completion of the heteroleptic cage with
two shape-complementary bis-pyridyl ligands (in compound naming
schemes, A, B, C and D refer to the different bridges; in cages,
component P is named in front of the cobalt ion for the sake of clarity).

a network of combinations in which five different organic
bridges can be combined with each other and Pd(II) or
Co(II) cations (oxidized to kinetically inert Co(III) centers
along the way) to selectively form five different coordination
cages, four of which are heteroleptic (Figure 2).
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Figure 2. Modular coordination cage assembly scheme. Construction of homo- and heteroleptic [M,L,] cages via the following approaches: bis-
salphen macrocyclization (blue arrow), ring-desymmetrization via metal-templation (blue/red), saturation of macrocycles with two bridges (first
three cages) and bridge-differentiation via shape-complementarity (second to fourth cage).

Results and Discussion

En route to the final goal of combining four different
bridges within one lantern-shaped structure, we evaluated a
series of ligand geometries and chemistries, metal centers
and combinations of assembly principles. In the following,
we report the stepwise increase of structural complexity,
resulting from a close interplay between computer-aided
molecular design and experiment-based results, yielding five
members of a family of four-stranded homo- and hetero-
leptic cages in a predictive way. All newly obtained
structures were comprehensively analyzed by 2D NMR
techniques, mass spectrometric methods and single crystal
X-ray diffraction using synchrotron radiation.

Heteroleptic cage [P,Co,A,E,J**

Previously, we succeeded in combining two different ligands
with square-planar Pd(II) cations in cis-configured
[Pd,L,L;] assemblies by either using donor site
engineering®®! or shape-complementary®>** but realized that
the rational combination of three or more ligands is
facilitated by an additional level of control.***®!l For this
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study, we chose octahedrally coordinated cobalt cations and
embedded them in a large, dynamic-covalently closed
salphen macrocycle (“P,A,”), consisting of two organic
bridges between the two metal centers. The salphen moieties
saturate four equatorial coordination sites per cobalt ion,
allowing us to install two further bridging ligands “E” of
appropriate length to complement a 3-dimensional cage
structure without risking to form homoleptic species (Fig-
ure 3).

Cobalt was chosen as metal center here, because it
allows to be introduced as kinetically labile Co(II) during
the assembly phase. It can then be easily converted into
Co(III) by aerobic oxidation, giving diamagnetic octahedral
complexes with a diminished ligand exchange rate.™ It is
worth noting, that Akine and co-workers have endeavored a
similar approach, recently, generating much smaller cavities
than we report here [

Ligand component A was synthesized by Suzuki cross-
coupling of 2,7-dibromo-10-hexyl-9,9-dimethyl-9,10-dihy-
droacridine and 4-formyl-3-hydroxyphenylboronic acid pina-
col ester. Macrocycle P,A, was obtained in quantitative
yields by an acid catalyzed condensation of A with ortho-
phenylenediamine P in a 1:1 ratio (for synthetic details see
the Supporting Information). The preparation of cage
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Figure 3. Synthesis of salphen-based macrocycle P,A, and heteroleptic
cage [P,Co,AE,]*". a) Assembly scheme; b) "H-"H NOESY NMR detail
showing a cross signal between macrocycle P,A, and ligands E; c) high-
resolution mass spectrum with calculated and observed isotope
patterns of [P,Co,A,E,]**; d) 'TH NMR spectrum (500 MHz) measured
in CD,Cl, (for details see Supporting Information).

[P,Co,ALE,]** required vigorous stirring of Co(OAc), and
ring P,A, for 15 mins in an acetonitrile-chloroform mixture
(v/v=1:1), followed by addition of ligand E and heating of
the solution to 60°C overnight under aerobic conditions.
Subsequently, pure cage [P,Co,A,E,]*" was precipitated as a
dark red powder in 90 % isolated yield (Figure 3). The
"H NMR characterization of [P,Co,A,E,]*" revealed a single
species featuring signals stemming from the A and E
substructures in a 1:1 ratio (Figures S21-S24). Evidence for
both ligands being integral components of the same
supramolecular assembly came from an 'H-'H NOESY
experiment, showing a clear cross-signal between proton 9
of the P,A, macrocycle and proton H, of the bis-pyridyl
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ligands E, indicating a close intra-assembly contact. A
DOSY NMR measurement confirmed that all proton signals
assigned to [P,Co,A,E,]*" feature the same diffusion
coefficient (Figure S25). The high-resolution ESI-TOF mass
spectrum of the compound showed a single, strong signal at
m/z=1262.0 for a 2+ species which is in excellent agree-
ment with the calculated mass for formula [P,Co,AE,]*"
(Figure S26). Slow vapor diffusion of ethyl acetate into a
solution of [P,Co,A,E,]** in DMSO afforded red single
crystals that were subjected to synchrotron radiation to yield
diffraction data that allowed the determination of the solid-
state  structure  (Figure 5a—c). Indeed, compound
[P,Co,ALE,]*" is a C,-symmetric heteroleptic cage in which
the bimetallic macrocycle (Co—Co distance=14.2 A) is
bridged on both faces by banana-shaped E, filling the axial
coordination sites of the Co(III) cations. The geminal
methyl groups on macrocycle P,A, point to opposite
directions (Figure 5¢), giving it a slightly twisted conforma-
tion, but allowing the octahedral complexes to place the
salphen’s square-planar N,O, environments in an almost co-
planar orientation. Hence, two units of ligand E can bridge
the axial positions of the cobalt centers from both sides
(Figure 5b).

Heteroleptic cage [P,Co,A,BDI**

When analyzing the structure of macrocyclic fragment
[P,Co,A,(dmso),]*" by means of molecular modeling, two
energetically almost degenerate conformations are obtained.
In one case, the ring is slightly twisted with axial substituents
protruding from both metal centers in a co-parallel fashion
(as observed in the crystal structure of cage [P,Co,AE,**,
Figure Sa—c).

In the other case, the ring is bent like a crescent moon,
suggesting that the axial coordination sites can be saturated
by a pair of different bridging ligands, a longer one with
converging donor sites and a shorter one with a diverging
set of donors. We realized this situation to share similarity
with our previously reported shape-complementarity ap-
proach, which allows the clean assembly of heteroleptic, cis-
configured [Pd,L,L’,] cages from a set of two matching
ligands and Pd(II) cations.”>* This prompted us to examine
the combination of macrocyclic fragment [P,Co,A,]*" with
pairs of donors of complementary shape and size (Figure 6).
Pleasingly, the reaction of fluorene-based ligand B and
carbazole-derived ligand D with macrocycle P,A, and
Co(OAc), under aerobic conditions, followed by precipita-
tion, produced heteroleptic assembly [P,Co,A,BDJ*" in
79 % isolated yield (Figure 4). 'H NMR analysis showed
significant downfield shifts for pyridyl protons H, of B and
H, of D, indicative of the formation of coordination bonds
to the Co(III) centers. In contrast, pyridyl protons H, of B
and Hj of D were found to shift upfield, satisfactorily
explained by their positioning on top of the salphen
phenylene units (Figure S29). Moreover, NMR signal inte-
gration of protons assigned to P,A,, B, and D show a ratio
of 2:1:1, thus matching the result expected for
[P,Co,A,BD]*" (Figure 4d). In the NOESY NMR spectrum,
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Figure 4. Synthesis of heteroleptic cage [P,Co,A,BD]**. a) Assembly
scheme; b) "H-"H NOESY NMR detail showing two cross signals
between macrocycle P,A, and ligands B and D; c) high-resolution mass
spectrum with calculated and observed isotope patterns of
[P,Co,A,BD]*"; d) "H NMR spectrum (700 MHz) measured in CD,Cl,
(for details see Supporting Information).

clear evidence for the intimate connection of all three
organic components came from the observation of cross-
peaks between macrocycle P,A, and both ligand B and
ligand D, respectively (Figure 4b). DOSY NMR analysis
revealed that all proton signals assigned to P,A,, B and D
belong to a single species with a hydrodynamic radius of
21.9 A (Figure S32). The ESI-TOF mass spectrum virtually
shows only a single peak at m/z=1077.4 in the mass range
between m/z 500 and 3000 which is in excellent agreement
with the expected value and isotopic pattern for
[P,Co,A,BD]*" (Figure 4c).

Single crystals suited for X-ray diffraction were obtained
from DCM/ethyl acetate, yielding the structure shown in
Figure 5d-f. As in the structure of [P,Co,A.E,]*", the
Co(III) cations adopt a typical octahedral geometry with
two oxygen and two nitrogen donors from the P,A, salphen
ring filling the equatorial planes. As designed, the entire
ring is slightly bent with the axial bonding vectors deviating
from the horizontal that is orthogonal to the Co—Co axis,
intersecting with an angle a of 19° (Figure S69). In contrast
to the situation observed in the structure of [P,Co,A,E,]*",
the geminal methyl groups on macrocycle P,A, of
[P,Co,A,BD]** now point in the same direction (Figure 5f).
The shape-complementary bis-pyridyl ligands B and D
perfectly follow the silhouette of the bent macrocycle P,A,
with shorter B binding on the concave side of the ring and
longer D spanning over the convex face. We conducted first
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Figure 5. X-ray crystal structures of [P,Co,A,E,]*" and [P,Co,A,BD]**.
Front, side, and top views of the single crystal X-ray structures of a)—c),
heteroleptic [P,Co,AE,]** and d)-f), [P,Co,A,BD]** (hydrogen atoms,
counterions, and side chains were omitted for the clarity).

host-guest NMR titration experiments with cage
[P,Co,A,BD]*". While double negatively charged sulfonate
guests resulted in instantaneous precipitation with the di-
cationic cage, titration with mono-anionic organic sulfonates
caused some of the cage’s proton signals to shift, thus
indicating interaction between the cage interior and/or
periphery and these guest molecules (Figures S34, S35).

Further Assembly Studies

In order to obtain a deeper understanding of the factors
governing the self-assembly of the heteroleptic cages, we
performed a number of experiments. First of all, we
evaluated how the bis-pyridyl ligands B, D and E behave
when combined with square-planar Pd(II) cations. Unsur-
prisingly, the reaction of E with [Pd(CH;CN),](BF,), in a 2:1
ratio in acetonitrile results in the quantitative formation of
cage [Pd,E,]'". Figure 6a shows its single crystal X-ray
structure (for NMR and HRMS analysis, see the Supporting
Information). Interestingly, a 1:1:1 mixture of ligands B and
D with the same Pd(II) precursor, reacted in CD,CN at
70°C overnight, yields heteroleptic cage cis-[Pd,B,D,]**
which was fully characterized by NMR, HR-MSF**'¢! and —
now for the first time — single crystal analysis (Figure 6b,
details see the Supporting Information). When comparing
the X-ray structures of [Pd,B,D,]*" and [P,Co,A,BDJ*",
both comprising ligands B and D in a 1:1 fashion, a
remarkable geometrically consistency was observed. Angle
B, formed between the two Pd(pyridine), planes of
[Pd,B,D,]*" is with 21° almost equal to angle a.=19° of cage
[P,Co,A,BD]*". In addition, the observed Pd—Pd distance
(13.6 A) is also quite close to the Co—Co distance (14.4 A,
see Table S4).
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Figure 6. Comparison of selected X-ray structural features. a) Parallel
coordination vectors in homoleptic [Pd,E,]**; b) shape-complementary
formation of bent cage [Pd,B,D,]*"; c) the twisted conformation of ring
P,A, leads to parallel vectors in [P,Co,AE,]** while the crescent-shaped
conformer of P,A, leads to tilted vectors, perfectly matching the angles
of B and D in [P,Co,A,BD]**.

Next, we tackled the question whether the selective
formation of heteroleptic Co(III)-based cages is kinetically
controlled or thermodynamically driven. Therefore, we
performed a self-sorting experiment (Figure S54): Two
flasks were charged with the same amount of macrocycle
P,A, (1.0eq.) and Co(OAc), (2.0eq.) in DMSO. After
adding 2.0 eq. of either B or D, the mixtures were heated
under air atmosphere to 70°C for 19h. Results were
examined by high-resolution mass spectrometry. In the
sample containing D, a statistical mixture with up to four
counts of D coordinated to fragment [P,Co,A,]*" was
observed, indicating that ligand D alone has a poor geo-
metric complementarity with the macrocycle to form a
defined [P,Co,A,D,]*" cage structure. Where B was added,
only complexes with up to three units of B were observed,
indicating that one molecule of B readily bridges the bent
conformation of [P,Co,A,]’* to form fragment
[P,Co,A,B]*" while two additional ligands B coordinate to
the other face in a dangling mode. Next, we mixed the two
samples in a ratio of 1:1 and heated at 70°C for 24 h, again
giving cage [P,Co,A,BD]*" as the major product, thus
supporting that its formation is thermodynamically driven.

A series of DFT geometry optimizations were performed
to learn about the relative energetics of cage formation
according to the simplified scheme: [P,C0,A,(DMSO),]*" +
2 L—[P,CoA,L,*" +4 DMSO (L=B, D or E; neglecting
solvent and counter anion effects, Table S1). Results
indicate that the formation of [P,Co,A,BD]** from its
components is energetically much more favorable than
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reactions leading to tentative complexes [P,Co,A,B,]*" (by
about 50 kJ/mol) and [P,Co,A,D,]*" (by about 30 kJ/mol).
Interestingly, cage [P,Co,A,E,]*", consisting of the macro-
cycle and two identical made-to-fit ligands, is formed with
an even higher energetic preference (Supporting Informa-
tion).

Heteroleptic Cage [P,Co,ABCDJ*

Finally, we pursued the rational synthesis of target com-
pound [P,Co,ABCD]*" (Figure 7). Therefore, the literature-
known possibility to prepare non-symmetric salen/salphen
complexes” was utilized to assemble dinuclear ring
[P,Co,ACJ*" ring with broken symmetry in which A carries
an n-hexyl chain, while C is equipped with a 3,6-dioxaheptyl
appendix (Figure 7a).

As a precursor to unsymmetric [Co,AC]*", half-macro-
cycle A’ (=P,A) was synthesized in quantitative yields by
condensing the salicylic aldehyde precursor with ortho-
phenylene diamine P under carefully controlled conditions
(Supporting Information). Cage [P,Co,ABCD]*" was then
produced by a one-pot, five component self-assembly:
organic bridges A’, B, C and D were mixed in DMSO,
Co(acetate), added and the reaction stirred at 60°C under
N, atmosphere overnight. Subsequently, NH,PF, was added
and the reaction mixture was exposed to air for one further
hour to finish the reaction. After purification by three
precipitation rounds, 57 % isolated yield were obtained. To
gain deeper insight into the process, we repeated the
synthesis step by step. Unlike macrocycle P,A,, pure P,AC
can hardly be produced, as shuffling to a mixture of P,A,,
P,AC and P,C, occurs. Upon mixing fragments A’ and C in
the presence of Co(OAc), in a ratio of 1:1:2 in DMSO,
however, complex [P,Co,AC]*" was identified as the only
intermediate (Figure S42), with the cobalt cations most
probably acting as templates. Subsequent addition of B, D
and NH,PF, provided heteroleptic cage [P,Co,ABCDJ*" in
decent yields. NMR analysis confirmed the successful
formation of the target compound containing non-symmetric
macrocycle P,AC, exclusively. For example, whereas pro-
ton 3 in [P,Co,A,BD]*" gave rise to one singlet at 8.63 ppm
(Figure S37), compound [P,Co,ABCD]*" features two sin-
glets as a consequence of the reduced symmetry (Figure 7d).
Again, the NOESY NMR spectrum shows clear cross signals
between macrocycle P,AC and ligands B and D (Figure 7b).
DOSY NMR analysis revealed that all signals belonging to
bridges A, B, C, D correspond to the same diffusion
coefficient (Figure S40). The ESI-MS analysis shows a single
signal at m/z =1086.4, in perfect agreement with the formula
[P,Co,ABCDJ** (Figure 7c). In addition, we were able to
distinguish cages [P,Co,ABCD]*" and [P,Co,A,BD]*" by
co-injecting them into a trapped ion mobility spectrometer,
coupled to high-resolution ESI mass spectrometry (ESI-
timsTOF), giving collisional cross section (CCS) values of
557.8 A? and 562.8 A2, respectively (Figure S44).*”! Finally,
the structure of [P,Co,ABCD]*" was confirmed by single
crystal X-ray analysis. Red plate-shaped crystals were
produced by layering ethyl acetate on top of a solution of
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Figure 7. Self-assembly of heteroleptic cage [P,Co,ABCD]*". a) Assembly scheme; b) 'H-"H NOESY NMR detail showing cross signals between
macrocycle P,AC and ligands B and D; c) high-resolution mass spectrum with calculated and observed isotope patterns; d) "H NMR spectrum

(700 MHz) measured in CD,Cl,;
and counterions were omitted for clarity).

[P,Co,ABCDJ]** in DCM. The structure of complex
[P,Co,ABCDJ*" is shown in Figure 7e-f. While it is very
similar to the structure of cage [P,Co,A,BD]*", the two
different halves of ring P,AC could be distinguished in the
X-ray structure result by matching the different lengths of
the appended chains to the observed electron density
(Supporting Information).

Conclusion

Artificial host compounds with nano-sized cavities can be
prepared by covalent synthesis or dynamic (non-)covalent
self-assembly. While the first approach does allow desym-
metrization and multifunctionalization of highly stable
organic host structures,?! this may require a series of
tedious synthesis and purification steps. Self-assembly can
serve as elegant alternative, but the rational combination of
multiple different building blocks without risking to gener-
ate convoluted libraries is challenging and the so far
reported Pd(II) structures are of rather dynamic
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e) and f) front and top views of the single crystal X-ray structure of heteroleptic [P,Co,ABCD]’* (hydrogen atoms

nature.“*>*l Here, we combine the macrocyclization of two
salphen chelate environments with the rational introduction
of two shape-complementary bridges, filling the axial
positions of octahedrally coordinated cobalt cations. High
self-sorting fidelity is achieved by introducing the metal
centers in the form kinetically labile Co(II) ions, while
subsequent aerobic oxidation stabilizes the assemblies
through the generation of octahedral low-spin d® Co(III)
nodes. This allowed us to direct the assembly of a series of
heteroleptic cage structures, featuring up to four different
organic bridges, from a one-pot mixture of four tailored
building blocks and one metal precursor.”? While these
prototype cages were designed without dedicated function-
ality in the backbones, the strategy has potential to equip a
following generation of Co(IlI)salphen-based heteroleptic
cages and other supramolecular architectures with a modu-
lar combination of different, precisely arranged functions
such as chiral information carriers, photo-redox centers,
selective recognition and catalytic sites —challenges that we
are currently pursuing.
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