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Introduction

The bis-salphen Zn(i) unit: a versatile building
block for self-assembled heteroleptic coordination
cages

C

Leonardo Donaggio,? Kristian Schweimer, €2 ® Frank W. Heinemann,

Janosch Hennig @2 ®® and Hannah Kurz 2 *@

Heteroleptic coordination cages enable not only a high control over the cavity properties but also multi-
functionality. However, their synthesis is far from trivial and often relies on precious 4d and 5d transition
metals such as Pd(i). The transfer to more cost-effective, earth abundant metal ions such as Zn(i) is highly
desirable for increasing their application potential in real-life scenarios. In this work, we report on a self-
assembly strategy employing the ditopic Zn(i) bis-salphen unit Zn,L in combination with tritopic pyridyl-
based ligands to construct novel prismatic cages. As a proof of concept, two distinct cages are presented,
utilizing either a phenyl- or triazine-based tritopic ligand (cage 1 and cage 2, respectively). Both cages
exhibit remarkable stability at low concentrations while displaying dynamic behaviour at high concen-
trations. Investigation of their photophysical properties reveals a striking "on—off” emission behaviour: the
phenyl-based cage 1 features a significant orange emission (@ = 6%), while cage 2 is non-emissive. This
emission quenching can be attributed to the electron-withdrawing nature of the triazine ligand, which
dominates the electronic relaxation pathway of the Zn,L unit. Although both cages successfully bind aro-
matic guests in host—guest studies, their encapsulation results in partial cage decomposition, which pre-
vents further investigation of whether cage 1 qualifies as an optical sensor material. However, the findings
herein introduce a versatile route to emissive bis-salphen coordination cages, marking a significant step
towards developing new heteroleptic zinc(i) cages for optical sensing.

different ligand units with varying properties into the cage
scaffold, enabling multifunctionality. However, the controlled syn-

A well-defined, and highly tuneable cavity can give rise to a
remarkable host-guest chemistry enabling stabilization of
reactive  molecules,">  (photo)catalysis,"®  separation/
purification,”® and sensing.'®*® One compound class that
allows the targeted tuning of cavity properties including size and
shape are coordination cages. These molecular nanocapsules
stand out due to their facile synthesis based on (subcomponent)
self-assembly™>'* and their high solubility in a wide range of sol-
vents including water.">'® Most literature-known cages are of
homoleptic, highly symmetrical nature. In contrast, heteroleptic
cages are composed of at least two different ligands. One key
advantage of heteroleptic cages is the possibility to anchor
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thesis of these heteroleptic structures is a challenging task as
these require a high selectivity for the coordination of two
different ligands. Therefore, the main synthetic strategies are
based on shape-complementary ligands,"”™° steric control,>*>*
or charge repulsion control.”*>® Most reported cages are based
on square-planar dictating Pd(n) and Pt(n) metal ions.>’>°
Recently, Pd(u) and Pt(u) examples of heteroleptic cages with up
to four different ligands have been reported.**> Although these
cages offer the advantage of high stability due to the inertness of
the coordinative bond, their high cost often prevents the transfer
into real-life applications. Consequently, replacing these precious
metal ions with cheaper 3d transition metal ions is highly ben-
eficial. A few examples of these heteroleptic 3d transition metal
based cages have been reported, which are mostly based on sub-
component self-assembled imine-based zinc(n) or iron(n)
cages.>*® Furthermore, Zhang et al. have recently reported on
salphen-based heteroleptic Co(m) cages that are based on the
shape-complementary approach.®”

The readily accessible bis-salphen zinc(u) motif (Zn,L) has
been extensively explored for the formation of supramolecular
architectures,®® catalysis,* and optoelectronic applications.*’

This journal is © The Royal Society of Chemistry 2026
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Besides the facile modular synthesis based on commercially
available compounds, a main advantage is the high tuneability
of the Zn,L motif. Self-assembly of the binuclear complex with
ditopic pyridyl-type ligands resulted in the formation of two-
dimensional molecular boxes as described by Kleij et al*®*!
However, box-like structures do not always exhibit satisfactory
host-guest chemistry due to the lack of a 3D confinement. It is
intuitive to assume that increasing the topicity of the pyridyl
moiety containing ligand will result in discrete molecular
cages.

In this paper we report on two novel heteroleptic trigonal
prismatic cages based on the Zn,L bis-salphen motif. We clas-
sify these cages as heteroleptic, as the bis-salphen unit func-
tions as an active part of the cage scaffold and defines the
cavity of the cages similar to cages recently classified as hetero-
leptic by Clever.’” These cages (Zn,L);A, and (Zn,L);B, are
formed in a quantitative manner upon self-assembly of Zn,L
with the tritopic ligands 1,3,5-tri(4-pyridyl)benzene (A) and
2,4,6-tri(4-pyridyl)-1,3,5-triazine (B), respectively. The nature of
the tritopic ligand strongly affects the photophysical properties
of the cages, as (Zn,L);A, shows a strong orange emission
while (Zn,L);B, is non-emissive. To investigate whether
(zn,L)3A, qualifies as an optical sensor towards guest mole-
cules, the host-guest properties of these cages
determined.

were

Results and discussion
Synthesis and characterization

Bis-Zn-salphen (Zn,L) complex was synthesized using a modi-
fied literature procedure®® as described in chapter 2.1 of the
SI. Zn,L was characterized by nuclear magnetic resonance
(NMR) spectroscopy, elemental analysis, and electrospray
ionization time-of-flight (ESI-TOF) mass spectrometry (MS)
(details are given in chapter 2.1 in the SI). Coherently with the
coordinative preferences of the d'® Zn(u) ion, the square-
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planar coordination sphere dictated by the salphen ligand is
overcome by axial coordination of water molecules leading to
an octahedral coordination geometry. The presence of the
additional axial water ligands was confirmed by elemental ana-
lysis. As Zn(u) complexes in a square-planar dictating chelate
ligand tend to aggregate in the absence of potent Lewis bases,
tert-butyl substituents were introduced to prevent this
effect.’®*?

Trigonal prismatic metal-organic cages 1 ((Zn,L);A,) and 2
((zn,L);B,) were synthesized upon self-assembly of 3 equiva-
lents of Zn,L with 2 equivalents tris-1,3,5-(4-pyridyl)benzene
(A) and tris-2,4,6-(4-pyridyl)-1,3,5-triazine (B) in dichloro-
methane (DCM), respectively as depicted in Fig. 1. The mild
reaction conditions - room temperature for 3 h - point
towards a low energy barrier and a high driving force to form
the thermodynamically favoured neutral cages. It is crucial to
perform the self-assembly in a non-coordinating solvent such
as DCM to prevent competing coordination by solvent mole-
cules. While Zn,L itself is not soluble enough for 'H NMR ana-
lysis in chlorinated non-coordinating solvents, quantitative
cage formation occurred upon stoichiometric reaction with
ligands A or B in DCM.

NMR characterization. Only one set of sharp signals was
obtained in "H NMR spectra of the individual cages indicating
the formation of discrete cage species (Fig. S5 and S18). While
the expected shifts of the complex Zn,L could not be followed
due to its low solubility in DCM, the signals of the tritopic
ligands are significantly upfield-shifted hinting towards an
altered magnetic environment. This is due to coordination of
the pyridyl nitrogens to the Zn(u) metal centres (see Fig. 2a
and b for aromatic region, Fig. S6 and S19 for full spectrum).
The full 1D and 2D NMR characterization enabled the assign-
ment of all proton and carbon signals (see chapter 2.2. and
2.3. in the SI). Diffusion ordered spectroscopy (DOSY) NMR
spectra confirmed the formation of one single discrete species

a

-

\ i
(Zn,L);B, (Cage 2)

Fig. 1 Self-assembly of Zn,L with tritopic ligand A or B, to form cage 1
(a) and cage 2 (b), respectively. The cages are illustrated as MM2 models.
Colour code: C (grey), N (blue), O (red), Zn (yellow). Hydrogens are
omitted for clarity.
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Fig. 2 Stacked 'H NMR spectra of cage 1 with ligand A (red, a) and cage 2 with ligand B (blue, b) with NMR assignment. DOSY NMR spectra of cage

1 (c) and cage 2 (d).

for each cage with diffusion coefficients of 4.07 x 107'° m> s™*

for cage 1, and 4.38 x 107" m?® s~ for cage 2 (Fig. 2c and d).
This translates to a solvodynamic radius of 13.1 A for cage 1
and 12.2 A for cage 2. These values are in accordance with the
average radius of 11.7 A for 1 and 11.4 A for 2 determined
from the MM2 models of the cages (see Fig. S15 and S28 in
the SI).

Mass spectrometric characterization. Mass spectrometry
(MS) of the neutral cages was performed via ESI-TOF mass
spectrometry in a DCM : MeOH 1 : 1 solvent mixture. While the
addition of the potent Lewis base MeOH is not ideal as it
could act as a competing ligand and lead to cage decompo-
sition, the addition of a polar solvent is a requirement for
ESI-TOF MS experiments. In control NMR experiments of cage
1 and 2 in a 1:1 DCM: MeOH solvent mixture (¢ = 0.5 mM)
only NMR signals of the intact cages were obtained (Fig. S16
and S29). However, precipitation was observed pointing
towards a low solubility in this solvent mixture. Under MS con-
ditions, the expected MS signals of the neutral cages at 4008
m/z (cage 1) and 4014 m/z (cage 2) could not be observed.
Nevertheless, a high number of fragments (e.g. for cage 1:
(Zn,L);A, + Na', (Zn,L),A; + Na', and (Zn,L),A, + Na') was
observed, strongly hinting towards the presence of the cages
(see Fig. S17 and S30 int the SI). The combination of the rather
harsh MS conditions, with the presence of the potent Lewis
base MeOH in high excess and the low concentration might be
the reason for the strong fragmentation.

Structure analysis. To gain further insight into the cage
structure, MM2 simulations were performed for both cages
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(see Fig. S31 and S32 in the SI). From a structural perspective,
the two cages feature a similar trigonal prismatic geometry
with comparable dimensions. However, there are key differ-
ences that distinguish these two species. Steric hindrance
between the protons of pyridyl and central phenyl rings of
ligand A, results in a twisting of the pyridyl rings as illustrated
in Fig. S31 in the SI. In contrast, ligand B, owing to the
reduced steric hindrance of the triazine nitrogen atoms, fea-
tures increased rotational freedom, thereby facilitating the
adoption of a co-planar conformation within the central
scaffold of cage 2 (see Fig. S32 in the SI).

Crystals of cages 1 and 2 suitable for single X-ray analysis
were obtained via low temperature (8 °C) liquid-liquid
diffusion of CH3;CN into a DCM solution of cage 1 and 2,
respectively (see chapter 3 in the SI for crystallographic
details). Please note, that the low quality of the crystal data is
due to a high amount of unresolved solvent molecules, which
required the application of a solvent mask. The crystal struc-
tures of both cages confirmed the square-pyramidal coordi-
nation geometry of the zinc(un) metal centre, in which the zinc
(1) metal centre is slightly moved out of the N,0, plane of the
bis-salphen ligand. In accordance with the MM2 models, the
steric hindrance of the phenylic protons within the tritopic
ligand A of cage 1 results in an out-of-plane twisting of the
phenyl rings as shown in Fig. S33-S35 in the SI. In contrast to
the MM2 models of cage 1, in which the bis-salphen plane is
oriented at nearly 90° relative to the plane of the tritopic
ligand A, the crystal structure revealed a deviation from this
orthogonal alignment. This results in the phenyl rings being

This journal is © The Royal Society of Chemistry 2026
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offset from each other, which has significant impact on the
cavity shape. In contrast, such a distortion was not observed in
the crystal structure of cage 2. In accordance with the
MM2 models, the triazine ligand B is planar leading to a
nearly perfect 90° angle between the salphen chelate ligand
and B (see Fig. S37-S39 in the SI).

In the crystal structures of 1 and 2, a high number of
solvent molecules is present. Although there are no strong
intermolecular interactions such as hydrogen bonds, the mole-
cular packing of the cages is highly ordered. The cages are
aligned in such a way that the prismatic cages are forming
densely packed planes that are ordered in an ABAB manner
(see Fig. S36 for cage 1 and Fig. S40 for cage 2 in the SI).

Investigation of the dynamic nature

As the cages are only held together by coordinative bonds,
investigating their stability at different concentrations is
crucial for determining their application potential. "H NMR
dilution series confirmed that both cages are stable even at
low concentrations of up to 7.5 pM (see chapter 4.1. and 4.2 in
the SI for details). In all cases no free signals of the tritopic
ligands A/B appear and no visible precipitate formed due to
the formation of free Zn,L. However, a significant broadening
of the signals of the tritopic ligands A/B was observed upon
concentration increase, pointing to a highly dynamic ligand
exchange (see Fig. 3a and b for the aromatic region; see
Fig. S41 and S46 in the SI for aromatic region and Fig. S42 and
S47 in the SI for zoom into the aliphatic region). We attribute
this concentration-dependent effect to the ability of the trito-
pic ligands to undergo exchange with neighbouring cages,
facilitated by the labile nature of the Zn-N bond. As antici-

a) 0.125mM

0.25 mM

82 8.0 7.8 7.6 7.4 7.2
f1 (ppm)

Cage 2

b) 0.125 mﬂ

0.25 mM

I
0.5mM

8.2 8.0
f1 (ppm)

Fig. 3 Variable concentration *H NMR spectra of cage 1 (a) and cage 2
(b), respectively.
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pated, this effect becomes more pronounced at higher
concentrations.

Along with the signal broadening, concentration-dependent
chemical shift perturbations were observed for certain proton
signals. The protons of the tritopic ligand A within cage 1 are
downfield shifted upon concentration increase. While these
concentration-dependent shifts are small, they are more pro-
nounced upon addition of excess ligand A to cage 1 (see
Fig. S43 in the SI). In agreement with the more downfield-
shifted signals of the free ligand A (see Fig. 2), we conclude
that these shifts are based on a highly dynamic intermolecular
exchange of the tritopic ligand. However, the opposite effect —
an upfield-shift - was observed for the protons of the tritopic
ligand B within cage 2. Again, these shifts are only small upon
concentration increase, but much more pronounced upon
addition of excess B (see Fig. S48 in the SI). As the signals of
the free ligand B are also downfield-shifted compared to their
signals within cage 2 (see Fig. 2b), there must be a competing
shielding effect leading to an overall upfield-shift. While small
upfield-shifts are also observed for proton h? downfield-shifts
were observed for protons a® d*> and g* (see Fig. 3b). These
chemical shift perturbations are less pronounced but in agree-
ment with host-guest studies of the triazine guest G2, which
led to similar shifts upon encapsulation (see paragraph Host-
Guest Chemistry and Fig. S72 in the SI). These findings hint
towards a certain amount of tritopic ligand B being encapsu-
lated within cage 2, particularly if present in excess. In con-
trast, an excess of Zm,L led in both cases to a sharpening of
the signals in the "H NMR spectra implying a more static situ-
ation (see Fig. S43 and S48 in the SI). Please note, that an
intermediate exchange was observed, which prevents the moni-
toring of the exchange through EXSY NMR experiments at
298 K (see Fig. S44 in the SI). Performing the EXSY experiment
on a 1 GHz NMR spectrometer at 278 K results in a new set of
signals that can be assigned to the free ligand. However, these
signals are still rather broad, which again limits a detailed
monitoring of the exchange by EXSY studies (see Fig. S45 in
the SI).

Photophysical characterization

The relatively high stability of the cages even at low concen-
trations allows the investigation of their optical properties via
UV-Vis and photoluminescence spectroscopy. Interestingly,
cages 1 and 2 show an “on-off” behaviour concerning their
emission: while cage 1 features a strong orange emission, cage
2 is non-emissive (see Fig. 4a and b). While the tritopic ligands
A and B and the ligand H,L in DCM are non-emissive, a sig-
nificant emission has been observed for the bis-salphen unit
Zn,L (see Fig. S49 for A, B, and H,L and Fig. S50 and Tables
S2, 3 for Zn,L in the SI). Due to the low solubility of the
complex Zn,L in DCM, the weakly coordinating solvent
acetone and the potent Lewis base pyridine were chosen as sol-
vents for these experiments. Both solutions show similar
absorption spectra composed of a maximum absorption band
around 520 nm. In both cases a vibrational fine structure was
obtained, leading to shoulders accompanying the main

Nanoscale, 2026, 18, 7002-7009 | 7005
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Fig. 4 Absorbance (a) spectra of cage 1 and 2 in DCM (c = 16 uM, 2 mm
cuvette) and photos of the cuvettes (b). Emission (c) spectra of cage 1
and 2 in DCM (c = 16 pM, 2 mm cuvette) and photos of the cuvettes (d).
Please note that for the photos, 1 cm cuvettes have been used for illus-
tration purposes (lexc = 365 nm).

absorption band. The axial coordination of pyridine resulted
in a 10 nm redshift of the major band and shoulders and a
decrease of the extinction coefficient € from approximately
73000 M~ ecm™" to 66 000 M~ cm ™" (see Table S2 in the SI for
details). While both solutions are emissive, the emission
maximum of the pyridine solution is red shifted (lem,acetone =
557 NM VS. Aem,pyridine = 566 nm) and features an approximately
twofold stronger emission intensity than the acetone solution
(see Fig. S50b in the SI). This is further reflected by higher
quantum yields of the pyridine solution (@znsr,acetone = 4.9%
VS. Dznop, pyridine = 9-8%). Photoluminescence lifetimes were
recorded at the respective emission maxima (see Table S3 in
the SI). The lifetimes z reflect the qualitative order of emission
intensity, as the Zn,L pyridine solution shows a significant
longer lifetime (z = 0.96 ns), which could be best fitted with a
monoexponential fit function. In contrast, a biexponential
decay function needs to be applied for fitting the acetone solu-
tion with the main component being 7; = 0.44 ns. The shorter
lifetime and the lower emission intensity of the acetone solu-
tion might be based on aggregation-caused emission quench-
ing, which was observed for a high number of salphen based
zine(n) complexes. ™

DCM solutions of cage 1 and cage 2 show similar absorp-
tion behaviour compared to the Zn,L subunit. A minor absorp-

7006 | Nanoscale, 2026, 18, 7002-7009
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tion band around 330 nm and a major absorption band
around 500 nm with vibrational fine structure was observed
(see Fig. 4a). As each cage molecule is composed of three Zn,L
units, the extinction coefficient ¢ is strongly increased com-
pared to the Zn,L subunit (cage 1: Apmax = 500 NM, €pax =
138000 M™' ecm™; cage 2: Amax = 495 NM, €10 = 173 000 M ™"
cm™"). While cage 1 shows a strong orange emission at lem max
= 574 nm (Py,pcm = 6.6%), cage 2 is emission silent (see
Fig. 4b). The radiative decay of cage 1 could be best fitted by a
monoexponential decay function resulting in a lifetime of 7 =
1.07 ns (see Table S3 and Fig. S51 in the SI for details). The
complete emission quenching for cage 2 cannot be attributed
to decomposition effects, as NMR dilution experiments con-
firmed intact cages even at sub-UV-Vis concentrations.
Furthermore, the electronic properties at least of the ground
state of cages 1 and 2 must feature a high similarity, given
their highly similar absorption spectra. Most likely the emis-
sion quenching is based on the electron withdrawing nature of
the triazine ligand B within cage 2, leading to a fast non-radia-
tive decay.

Investigation of mixed assemblies

A mixed self-assembly reaction was performed with 3 eq. of
Zn,L and 1 eq. of A and B each as depicted in Fig. 5 (see
chapter 6 in the SI for details). The self-assembly was per-
formed under similar conditions as previously described for
cages 1 and 2. The 'H NMR spectrum of the mixed assembly
shows the presence of eight new signals in the aromatic area.
Additionally, five more signals are overlapping with the peaks
of the other two cages leading to broadening of the signals
(see Fig. S52 for full integrated "H NMR spectrum and Fig. $53
for zoom into aliphatic region). We infer the novel structure is
a mixed cage with stoichiometry (Zn,L);AB, in accordance with
the number of new signals. While some proton signals exhibit
a stronger chemical shift perturbation in the mixed assembly
(Zn,L);AB (e.g. imine protons a' and a’ and the phenylic
protons c¢' and d?), all signals are affected by the change of the
tritopic ligand. This finding is in accordance with the crystal
structure of cage 1, which confirms a strong effect of the trito-
pic unit on the overall cage structure. The formation of the
statistical mixture could be furthermore performed in a suc-
cessive manner (see Fig. S54 and S55 in the SI). The formation
of the statistical mixture of the cages is a fast process, as time-
dependent changes after an initial interval of 10 min could
not be observed (see Fig. S56 in the SI).

To determine whether the mixed cage assembly is emissive,
the percentages of respective cages (1, 2, and mixed) were com-
pared to the respective emission intensity. Therefore, a series
of self-assemblies with varying A: B ratios was performed (see
Fig. S57 and S58 for "H NMR spectra). The percentages of the
respective cages were determined upon integration of the
proton signals at 7.80 ppm (cage 1), 7.76 ppm (mixed cage),
and 7.71 ppm (cage 2) (see Table S4 in the SI for details).

The absorbance and emission spectra of the assemblies
with A:B ratios of 2:1, 1:1, and 1:2 were recorded and are
shown in Fig. S59 in the SI. The emission intensity at the emis-

This journal is © The Royal Society of Chemistry 2026
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Fig. 5 Self-assembly of statistical mixture of cage 1 ((Zn,L)3A,), cage 2 ((Zn,L)3B;), and novel (Zn,L)zAB. For clarity, ligand A is coloured red, and
ligand B is coloured blue. *H NMR spectra [0.5 mM] of the mixed assembly (top) stacked with cage 1 (middle, red spectra), and cage 2 (bottom, blue

spectra). New signals are marked with an asterisk.

sion maximum of Aem max = 574 nm was determined and nor-
malized (see Table S5 in the SI). A comparison of the cage per-
centages and the emission intensity confirmed that the emis-
sion is solely based on cage 1, while the mixed cage (Zn,L);AB
in accordance with cage 2 is non-emissive. This quenching
effect even within the mixed (Zn,L);AB cage was furthermore
confirmed by the photoluminescence lifetimes, which are 7 =
1.07 ns for all assemblies hinting towards the same species -
cage 1 - being responsible for the emission in all mixed
assemblies (see Fig. S59d and Table S5 in the SI).

Host-guest chemistry

The smaller inner cavity of cage 1 compared to cage 2 might
impact the host guest-chemistry of the two trigonal prismatic
structures. Molovol*® calculations based on the MM2 models
confirmed that the available cavity space of cage 1 is 27%
more compact (933 A®) in comparison to cage 2 (1277 A%) (see
chapter 7 and Fig. S60 and S61 in the SI). Whilst these
volumes are significantly larger relative to previously syn-
thesized and published molecular capsules,*” the geometry of
the structures must be considered for its guest binding ability.
According to Rebek’s 55% rule,”® and given the trigonal pris-
matic cavity shape, we explored 1,3,5-triphenylbenzene (G1)
and 2,4,6-triphenyl-1,3,5-triazine (G2) as guest molecules.
These display surface volumes (calculated using Molovol*®) of
542 A®) and 521 A®, respectively. "H NMR titration series were
conducted to investigate the host-guest chemistry of cage 1
and cage 2 (see chapter 7 in the SI). While G1 did not show a
strong binding to cage 1, chemical shift perturbations of the
NMR signals of cage 2 point towards strong interactions

This journal is © The Royal Society of Chemistry 2026

between cage 2 and G1 (see Fig. $S62-S65 in the SI). While
protons a> and d” of the Zn,L unit are downfield shifted, the
upfield shift of the protons b® and c? of the triazine unit point
towards shielding. These shift changes are in accordance with
the effect of the ring current of G1. The significant broadening
of the signals of G1 in combination of the absence of
additional signals indicate guest exchange on the intermediate
chemical shift timescale. A job plot confirmed the expected
1:1 stoichiometry of cage 2 and G1 (see Fig. S66 and S67 in
the SI). This finding aligns perfectly with the cavity size
measures, as the approximately 7 A distance between the trito-
pic triazine ligands B provides an ideal spacing for n—-n stack-
ing with G1. A binding constant of K, = 1.77 x 10> M~ was
determined by '"H NMR titration studies (see Fig. S68 and S69
in the SI). The strongly differentiated binding behaviour can
be attributed to the smaller cavity of cage 2 compared to cage
1. Furthermore, the twisting of the phenyl units of A within
cage 1 might prevent strong attractive n—n interactions of G1
with cage 1.

In contrast to the weak interactions of cage 1 and G1,
strong interactions between cage 1 and G2 were observed (see
Fig. S70 and S71 in the SI). These result in downfield shifts of
protons a', ¢, e' and i' and upfield shifts of protons b*, d*, f',
and h'. In particular, the protons of ligand A exhibit pro-
nounced shielding, evidenced by substantial upfield shifts of
up to 0.6 ppm which can be explained by G2’s ring current
effect. The addition of up to 1 eq. of G2 results in a significant
broadening of the signals, which are sharpening after addition
of further G2. The addition of more than 5 eq. of G2 does not
result in further signal sharpening and shifting anymore,
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pointing towards a rather strong binding of G2 by cage 1. The
determination of a binding stoichiometry and constant was
not possible due to partial decomposition of the cages after
addition of more than 1 eq. of G2. For that reason, possible
emission quenching effects were not investigated. Besides
quantitative differences, the guest binding of G2 to cage 2
results in similar chemical shift perturbations as observed for
cage 1. Downfield shifts were observed for the Zn,L protons a”,
e?, d* and h?, while strong upfield shifts were obtained for the
protons b” and ¢ of the triazine ligand B (see Fig. S72 and S73
in the SI). Guest encapsulation of G2 results also in a partial
decomposition of the cage, preventing binding constant deter-
mination. However, the significant shift changes upon
addition of G2 in combination with the absence of further
shifts after addition of 1 eq. G2 suggests a 1:1 binding stoi-
chiometry. The stronger binding of G2 with cage 2 compared
to cage 1 might be based on the different cavity measures of
cage 2 in combination with stronger n-n stacking with the
planar tritopic B ligand.

Conclusions

Here we establish the Zn(u) bis-salphen unit Zn,L as a novel
building unit for heteroleptic coordination cages. Upon self-
assembly with tritopic ligands, trigonal prismatic cages were
obtained in a quantitative manner. While dilution experiments
confirmed the high stability of these cages even at low concen-
trations, a highly dynamic nature was observed at high concen-
trations allowing the formation of a mixed cage. The nature of
the tritopic ligand A and B strongly alters the optical pro-
perties, as we observed an orange emission with a quantum
yield of @; pcm = 6.6% for cage 1, while cage 2 is non-emissive.
The emission is based on the Zn,L building unit and the emis-
sion quenching of cage 2 can be attributed to the electron
withdrawing effect of the triazine containing ligand B. To
investigate the guest binding potential of the two novel struc-
tures, host—guest studies were performed with the phenyl-deri-
vates of the tritopic ligands. While both cages showed binding
towards the triazine-based guest G2, addition of G2 in excess
results in a partial decomposition of the cages. As we assume
that this decomposition will be even stronger at low concen-
trations that are required for optical studies, the optical sensor
behaviour could not be investigated in detail. However, our
results prove that the Zn(u) bis-salphen unit Zn,L qualifies as a
highly promising building unit for emissive heteroleptic
coordination cages. To unlock the full application potential of
the bis-salphen based cages, follow-up studies will focus on
the increase of their robustness to further pave the way for
their usage as optical sensors.
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