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Abstract: Chiral self-sorting is intricately connected to the
complicated chiral processes observed in nature and no
artificial systems of comparably complexity have been gen-
erated by chemists. However, only a few examples of purely
organic molecules have been reported so far, where the self-
sorting process could be controlled. Herein, we describe the
chiral self-sorting of large cubic [8++12] salicylimine cage
compounds based on a chiral TBTQ precursor. Out of 23
possible cage isomers only the enantiopure and a meso cage
were observed to be formed, which have been unambiguously
characterized by single crystal X-ray diffraction. Furthermore,
by careful choice of solvent the formation of meso cage could
be controlled. With internal diameters of din = 3.3–3.5 nm these
cages are among the largest organic cage compounds charac-
terized and show very high specific surface areas up to approx.
1500 m2 g@1 after desolvation.

Introduction

Chiral self-sorting refers to the high-fidelity recognition of
self from non-self within racemic mixtures of enantiomers. If
one enantiomer shows higher affinity for the opposite
enantiomer than for the same enantiomer, the process is
called chiral social self-sorting (self-discrimination); if it
shows higher affinity for the same enantiomer, it is called
chiral narcissistic self-sorting (or self-recognition).[1] Chiral
self-sorting has been recognized to be relevant to important
biological processes such as amyloidogenesis (toxic misfold-
ing of proteins).[1a,2] Even the compartmentalization of differ-

ent functional architectures in a cell, which is essential for life,
can be viewed as a very complex example of (chiral) self-
sorting.[3] Furthermore, chiral self-sorting, especially in com-
bination with autocatalysis, may have played a crucial role in
the origin of biological homochirality.[1a, 4]

Artificial systems have not nearly reached the degree of
complexity present in nature. Nevertheless, some fascinating
systems which display chiral self-sorting with high selectivity
have been realized.[1a] The majority of the systems reported in
literature are based on noncovalent interactions such as
electrostatic interactions,[5] p stacking,[6] hydrogen bonding[7]

and coordination bonds.[8] In the context of dynamic covalent
chemistry (DCC),[9] zirconocene coupling,[10] alkyne meta-
thesis,[11] disulfide bond formation,[12] imine condensation[13]

and boronic ester formation[14] have been used to study chiral
self-sorting. More fascinating, a few examples of more
complex systems have been reported where DCC in combi-
nation with noncovalent interactions have been investigated
for self-sorting. For instance, based on a combination of p

stacking and disulfide bond formation the chiral self-sorting
of twisted perylene stereodimers occurred.[15] The same
combination of p stacking and disulfide formation was
exploited to synthesize a meso figure-of-eight knot in 90%
yield from racemic precursors.[16] Another example is relying
on hydrogen bonding together with imine condensation for
the self-sorting to hybrid peptide capsules.[17]

In recent years, a large number of different organic cages
varying in size and geometries based on imine and boronic
ester condensation were realized by using relative simple
precursors.[18] The intrinsic reversibility of the bond formation
allows to study the thermodynamics of cage synthesis and
gives an opportunity to gain fundamental insight into self-
sorting processes.[8,13, 14, 19,20] Despite the increasing number of
studied self-sorting processes during cage formation and the
fundamental knowledge gained by it, the number of examples
where complexity is increased simply by chiral self-sorting
DCC cages is relatively scarce.[13, 14] The largest imine cage
compounds formed by chiral self-sorting to date are [4++6]
cages.[13g] These are based on the condensation of six chiral
1,2-diphenylethylene diamines and four truxene trialdehydes.
Since the truxene is prochiral, an astonishing (narcissistic)
self-sorting process has been observed, where only two
enantiomeric cages out of 123 possible structures are formed.
It is worth mentioning that Warmuth and co-workers reported
on early attempts to study the chiral self-sorting of larger
[8++12] cubic cages, but unfortunately at that time were
unsuccessful.[21] To the best of our knowledge, for none of the
larger systems any control of self-sorting process, for example,
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switching between narcissistic or social, has been achieved. In
this respect, our previous contribution of chiral self-sorting of
[2++3] cages is still the largest and most complex system
studied to date.[13i]

Here we report on the chiral self-sorting of giant cubic
[8++12] salicylimine cages, based on the condensation of eight
chiral C3-symmetric TBTQ-tris(salicylaldehydes) with 12 p-
phenylenediamines; the largest number of components used
so far, especially in respect to control social or narcissistic
events.

Results and Discussion

For the synthesis of the cubic cages, first chiral TBTQ-
based salicylaldehydes 2 were synthesized by Duff-formyla-
tion[22] of the C3-symmetric triols 1 (Scheme 1).[23] Whereas
racemic TBTQ (:)-1 gave the corresponding tris(salicylalde-
hyde) (:)-2 in 51% yield; the yield was a bit lower for the
conversion of enantiopure C3-symmetric (@)-(P)-1 and
(++)-(M)-1 giving (@)-(P)-2 and (++)-(M)-2 in 41% and
40%, respectively.

Before studying the self-sorting during cage formation by
using racemic salicylaldehyde (:)-2 and 1,4-phenylenedi-
amine 3, we investigated the stoichiometric reaction between
enantiopure salicylaldehyde (++)-(M)-2 and amine 3 in differ-
ent deuterated solvents using 12 mol% TFA as a catalyst
(Scheme 2).

In all solvents (dichloromethane-D2, CDCl3, tetrachloro-
ethane-D2, THF-D8, 1,4-dioxane-D8, [D6]DMSO), the desired
[8++12] cage compound (M)-4 was identified as main product
by 1H NMR and MALDI-TOF mass spectrometry (calcd for
C352H337N24O24 [M++H]+: 5286.60, found: 5287.04) (Figure 1).
In CD2Cl2, the reaction occurred most cleanly and only signals
of the desired cage compound and no side products were
visible in the 1H NMR spectrum (Figure 2). A 1H DOSY
NMR spectrum of the cage compound (M)-4 in dichloro-
methane-D2 showed only one trace of signals with a diffusion
coefficient of D = 3.40 X 10@10 m2 s@1 corresponding to a solvo-
dynamic radius of 1.55 nm, which is in good agreement with
the inner diameter of 3.3–3.5 nm of the [12++8] cage com-
pound found by single crystal X-ray diffraction (vide infra).

Running the cage formation reaction at room temper-
ature revealed significant differences in the reaction rate
depending on the solvent used: in CD2Cl2 after 18 h almost
full conversion to the cage compound was observed whilst in

CDCl3 only cage intermediates were visible after the same
time and only after heating the reaction to 50 88C the reaction
was complete (see Figure S25 in the Supporting Information).
Based on these observations, dichloromethane was used for
the synthesis of the enantiopure cage compounds (P)-4 and
(M)-4 on larger scales, which could be isolated in 94% and
98% yield, respectively. It is worth mentioning that the
synthesis of pure samples of (P)-4 and (M)-4 was difficult,
since attempts to purify the crude reaction product by
precipitation with methanol, acetonitrile or n-pentane inevi-
tably resulted in a precipitate that was nearly insoluble in all
solvents. However, by carefully controlling the stoichiometry,

Scheme 1. Synthesis of the racemic and enantiopure C3-symmetric
TBTQ-tris(salicylaldehydes) (:)-2, (@)-(P)-2 and (++)-(M)-2 by Duff-
formylation of the corresponding TBTQ-tris(phenols).

Scheme 2. Condensation of the enantiopure tris(salicylaldehyde) (M)-2
with p-phenylenediamine 3 leading to the chiral cubic [8++12] imine
cage compound (M)-4. The cage compound is also represented
schematically as cube with the chiral TBTQ-units in red and the linear
p-phenylenediimine linkers at the edges in grey.

Figure 1. MALDI-TOF mass spectrum (matrix: DCTB; overview: linear
mode, isotopic pattern: reflector mode) of the [8++12] cage (M)-4 from
CD2Cl2).
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pure samples of the [8++12] cage compounds (P)-4 and (M)-4
were obtained by neutralizing the catalytic amount of TFA
used in the reaction with solid NaHCO3 and removing the
solvent under reduced pressure.

The enantiopure cage compounds (++)-(P)-4 and (@)-(M)-
4 possess very large molar optical rotations of [F]+: 13 000 X
1088 cm2 mol@1.[24] Circular dichroism (CD) spectra of (++)-(P)-
4 and (@)-(M)-4 are mirror-imaged and also show very large
molar extinctions of De+: 800 M@1 cm@1, however, since the
UV/Vis absorption is also quite large, more modest values for
the dissymmetry factor are obtained (gabs = 0.005) (Fig-
ure 3).[13e, 25] To our knowledge only two cages with a stronger
Cotton effect have been reported in literature: a face-rotating
polyhedron by the group of Cao (De =: 1395)[13e] and a cubic
cage by Warmuth and co-workers (De =: 7277).[21] The
nearly 10-fold higher value of the latter in comparison to
our system is interesting, because the described cages have
comparable dimensions and a very similar chromophore.

To study the chiral self-sorting (see Scheme 3), the
condensation reaction of racemic salicylaldehyde (:)-2 and
diamine 3 was carried out in different solvents and after
workup the reaction mixture was investigated by 1H NMR

spectroscopy in CDCl3 (see Figure S26 in the Supporting
Information). Again, in DCM the reaction is the cleanest,
showing two relatively sharp imine derived signals at d = 8.71
and 8.68 ppm and a few minor peaks in this region, which are
caused by oligomeric intermediates (see 1H DOSY NMR in
Figure S27 and mass spectrum in Figure S28 in the Supporting
Information). By comparing the chemical shifts with those of
the isolated, pure cage (M)-4, the imine derived signal at
8.71 ppm was clearly assigned to a racemic mixture of the
enantiopure cages (P)-4 and (M)-4 and the signal at 8.68 ppm
tentatively to the meso cage (P,M)-4 (Figure 4). These results
indicate, that in DCM social self-sorting leading to the meso
cage compound (P,M)-4 is slightly favoured over narcissistic
self-sorting ((P/M)-4 :(P,M)-4 = 45:55). In other solvents in-
vestigated (CDCl3, THF, 1,4-dioxane, [D6]DMSO), broad

Figure 2. 1H NMR spectrum (300 MHz) of (M)-4 in CD2Cl2, no signal
is visible for the OH protons because of the presence of TFA.

Figure 3. CD spectra of the [8++12] cage compounds (++)-(P)-4 and
(@)-(M)-4 in CH2Cl2 at 20 88C (c= 1.74 W 10@6 M for (++)-(P)-4 and
1.93 W 10@6 M for (@)-(M)-4).

Scheme 3. Condensation of the tris(salicylaldehyde) 2 with p-phenyl-
enediamine 3 leading to the cubic [8++12] imine cage compounds (P)-
4, (M)-4 and (P,M)-4. The cage compounds are represented schemati-
cally as cubes with the TBTQ-units at their vertices in blue for the (P)-
enantiomer, in red for the (M)-enantiomer and the linear p-phenyl-
enediimine linkers at the edges in grey.

Figure 4. Comparison of 1H NMR spectra (CDCl3, A: 400 MHz, B, C:
600 MHz) of: A) of the reaction of a mixture of (:)-2, p-phenylenedi-
amine 3 (1.5 equiv) and TFA (12 mol%) heated at 60 88C for 24 h in
dichloromethane, B) isolated enantiopure cage compound (M)-4,
C) isolated meso cage compound (P,M)-4 ; * CHCl3.
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signals indicative of undefined oligomers were detected
alongside with the characteristic cage signals, making a quan-
titative evaluation of the results impossible (see Figure S26).
The reversibility of the cage formation by heating a 1:1
mixture of (P)-4 and (M)-4 in CD2Cl2 was investigated. In the
presence of TFA and water no formation of the (P,M)-4 cage
was found. Only after adding a small amount of p-phenyl-
enediamine a reaction occurred and characteristic signals of
the meso cage (P,M)-4 could be detected.

According to BurnsideQs lemma,[26] 23 cage isomers
(including enantiomers) are possible (see Chapter 16 in the
Supporting Information). By semi-empirical calculations
(PM6) the enthalpies of formation (DHR) of all possible
isomers were calculated (Figure 5, see also Table S4 and
Figure S79 in the Supporting Information), identifying the
ones with the highest symmetry numbers as enthalpically

favoured.[27] These are exactly the two cages, which are
formed in the reaction as major compounds, namely the
enantiopure (P)-4 (T symmetry, s = 12, DHR =

@129.23 kJ mol@1) and the meso-cage (P,M)-4 (Th, s = 24;
DHR =@128.36 kJmol@1). According to the difference of j
DDHR j= 0.87 kJ mol@1 a distribution between these three
cages is assumed to be 58:42[28] if entropic factors are
neglected, which is close to the observed distribution of
45:55. For certain, entropy plays a role as well as solvation
effects, but these are difficult to accurately quantify or
calculate.[29] However, the experimental data suggests a strong
correlation between the symmetry of the cage compounds
and their observed ratios, which cannot solely be explained by
enthalpic factors. According to information theory, a loss of
information leads to an increase in entropy and according to
this theory, the maximum of entropy of any system corre-
sponds to the highest symmetry (and lowest amount of
information).[30] This is in accordance with the observation
made for the self-sorting of other cages or (macrocycles)
applying DCC.[11, 31] Thus it is assumed, that the two major
formed cage products are not only enthalpically but also
entropically favoured products.

In THF at room temperature, the formation of a small
amount of yellow precipitate was observed, which was
unambiguously identified as the meso [8++12] cage compound
(P,M)-4. This suggested, that the lower solubility of the meso
cage can be used to drive the equilibrium towards social self-
sorting and to isolate the pure cage compound (P,M)-4 ;
a strategy that has already previously been employed by our
group.[13i, 19c] After optimization of the reaction conditions of
salicylaldehyde (:)-2 and phenylenediamine 3 (12 mol%
TFA, dry THF, 10 days), meso-cage (P,M)-4 was isolated by
filtration and washing with n-pentane in 83 % yield. The
precipitate obtained by this route was completely soluble in
chloroform, indicating the absence of any insoluble imine
polymers as side-products (see Figure S87 in the Supporting
Information).

Slow evaporation of CDCl3 from an NMR sample
containing the [8++12] cage compounds (P,M)-4 and (P/M)-4
resulted in cubic crystals which were identified as the meso
[8++12] cage compound (P,M)-4 by single crystal X-ray
diffraction analysis (Figure 6). The crystals contain large
amounts of disordered solvate molecules (approx. 76 % of the
unit cell volume), for which the electron density was removed
by using the SQUEEZE function of PLATON.[32] The refine-
ment was carried out using geometric local symmetry
restraints and the phenyl rings have been treated as rigid
hexagons. Additionally, rigid bond restraints were applied to
control atomic displacement parameters. (P,M)-4 crystallizes
in the cubic space group Ia(3 with eight molecules of (P,M)-4
per unit cell. The molecule itself shows (3-symmetry. The
cavity of (P,M)-4 has an inner diameter of 3.3 nm (measured
between the apical carbon atoms of two opposite TBTQ-
units) and thus the cube has a void volume of about 6.9 nm3.
With these cage dimensions, (P,M)-4 is one of the largest
purely organic cages reported that has been characterized by
X-ray diffraction; similar in size to the boronic ester cage of
our group (din = 3.1 nm),[33] but smaller than the recently
published resorcinarene based cages from the Yuan group

Figure 5. PM6 optimized models of the possible cage isomers (enan-
tiomers not included), their point group symmetry, symmetry number
s and enthalpies of formation (DHR) [kJmol@1] . In bold the numbers
for the experimentally observed cages are highlighted. Propyl were
reduced to methyl chains; blue: (P)-enantiomer, red: (M)-enantiomer,
grey: p-phenylenediimine linkers.
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(din = 3.9 nm)[34] and the giant porphyrinic cages from Kimoon
Kim and co-workers (din = 4.3 nm).[35] The rectangular cage
window is exceptionally large with a size of approx. 2.0 X
1.2 nm (measured between opposite aryl rings) and a diameter
of 2.3 nm (Figure 6b) and only the giant porphyrinic cages
from Kimoon Kim and co-workers have slightly larger cage
windows of approximately 1.8 X 1.5 nm.[35] The molecules
pack through weak van der Waals interactions between the
edges of adjacent cage molecules involving the propyl-chains
and apical methyl-groups of the TBTQ-units of one cage and
the aryl rings and phenolic OH groups of the other cage
(Figure 6c). Crystals of the meso cage compound (P,M)-4
grown from dichloromethane were isomorphic to those grown
from CDCl3 with the exception that the cell parameters are
slightly different (for details, see Supporting Information).

Suitable single-crystals of the enantiopure [8++12] cage
compound (P)-4 for X-ray diffraction were grown by slow
evaporation of a concentrated solution of (P)-4 in CD2Cl2 at
room temperature (Figure 7). Again, the crystals contain
large amounts of disordered solvent molecules (approx. 69%
of the unit cell volume), for which the electron density was
removed by using the SQUEEZE function of PLATON.[32]

The compound crystallizes in the triclinic space group P1 with
one cage molecule per unit cell. The inner diameter of (P)-4 is
similar to the one of meso cage (P,M)-4 with a value between
3.3–3.5 nm (Vin& 6.9 nm3) and the cage window is rhombic
with a size of 1.7 nm2 (measured between opposite aryl rings)
(Figure 7a). This makes (P)-4 the largest chiral purely organic
cage reported that has been characterized by X-ray diffrac-

tion, considerably larger than a chiral imine cage from the
group of Cooper (Vin& 1.5 nm3).[29b] The antiperiplanar ar-
rangement of the imine substituents of the p-phenylenedii-
mine units in (P)-4 results in a three-dimensional structure
with the shape of a rhombohedron with an angle of q& 100–
11088. The packing motif of the enantiopure cage compound
(P)-4 is considerably more complex than for the meso cage
(P,M)-4 and consist of various van der Waals interactions
between adjacent cage molecules. Most importantly, in
comparison to the meso cage (P,M)-4, the cage molecules
are not twisted at an angle against each other and pack much
more densely (Figure 7c). Due to the denser packing no
extrinsic pores are formed between adjacent cage molecules
(Figure 7d).

While it has been previously shown that chirality can have
a large influence on the porosity of organic cage compound-
s,[13i, 36] this is the first time, that the crystal structure of an
enantiopure cage and also of the corresponding achiral meso
cage have been solved by single crystal X-ray diffraction and
a direct comparison of their packing motifs has been possible.
However, these cages are not only chiral and achiral
congeners but also among the largest ones reported by
single-crystal X-ray diffraction. Cages of this size, especially if
they possess large cage windows, like the recently published
porphyrinic cages of Kimoon Kim,[35] have been reported to
loose crystallinity and porosity upon desolvation.[29b, 31, 35,37]

Therefore, we were curious if these materials can be activated
for gas sorption. Analysing the crystal structures with
CrystalExplorer (isovalue: 0.0003 au)[38] revealed exception-
ally high virtual porosities of 4726 m2 g@1 for (P,M)-4 (Fig-

Figure 6. a) light microscope image (W 40) of a cubic crystal of (P,M)-
4 ; b) X-ray single crystal structure of an independent molecule of
(P,M)-4 and cage window size, hydrogen atoms were omitted for
clarity; grey: carbon, red: oxygen, violet: nitrogen; c) packing in the
solid state, cage molecules were colored in red and black for clarity;
d) voids in the crystal (contact surface) shown in blue and orange,
cage molecules alternating in red and black (created with Mercury
4.3.1, 2020, probe radius: 1.82 b, grid spacing 0.7 b).[43]

Figure 7. a) X-ray single crystal structure of an independent molecule
of (P)-4 and cage window size, hydrogen atoms were omitted for
clarity; grey: carbon, red: oxygen, violet: nitrogen; b) (P)-4 highlighting
the symmetry of the molecule; c) packing in the solid state, cage
molecules were colored in red and black for clarity; d) voids in the
crystal (contact surface) shown in blue and orange, cage molecules
alternating in red and black (created with Mercury 4.3.1, 2020, probe
radius: 1.82 b, grid spacing 0.7 b).[43]
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ure 6d) and 3830 m2 g@1 for (P)-4 (Figure 7d). To investigate
the gas sorption properties, the [8++12] cage compounds
(P,M)-4, (P)-4 and (M)-4 were thermally activated at 100 88C
under vacuum. For meso cage (P,M)-4, in addition to the
precipitate formed during the reaction ((P,M)-4_1), a sample
((P,M)-4_2) of crystalline material was prepared by slow
evaporation of solvent of a saturated solution of (P,M)-4 in
CHCl3. Here, the crystalline sample was activated by solvent
exchange with n-pentane (3 X 48 h) and evacuating at room
temperature to prevent thermal stress.[39]

TGA measurements confirmed the loss of solvent mole-
cules and showed stabilities up to 400 88C. PXRD measure-
ments indicated that (P,M)-4_2 possesses the highest degree
of crystallinity of all four samples (see Supporting Informa-
tion), which was confirmed by scanning electron microscopy
(SEM), showing that (P,M)-4_1, (P)-4 and (M)-4 are com-
posed of amorphous and crystalline particles, whereas (P,M)-
4_2 contains a high proportion of crystalline material (Fig-
ure 8). By nitrogen sorption at 77 K all samples showed type-I
isotherms with specific surface areas (Brunauer-Emmett-

Teller model) of SABET = 1134 m2 g@1 for (P,M)-4_1 and
SABET = 1487 m2 g@1 for (P,M)-4_2, demonstrating that mor-
phology and crystallinity plays an important role. The more
crystalline sample being more porous. As expected, the two
enantiomeric cages (P)-4 (SABET = 1212 m2 g@1) and (M)-4
(SABET = 1126 m2 g@1) show almost identical gas sorption
behaviour (Figure 8). QSDFT calculations (N2 at 77 K on
carbon, cylindrical/spherical pores, QSDFT absorption
branch, fitting errors: 1.2–1.6%) gave pore diameters of the
four samples between 1.6–1.7 nm, which are related to the
window sizes of the cages. The adsorption of other gases (CH4

and CO2) was also investigated (for details, see Table 1 and
Supporting Information) and gas uptakes (in wt.-%), Henry
(SH) as well as IAST selectivities were calculated. (P)-4, (M)-4
and the less crystalline (P,M)-4_1, which have comparable N2-
isotherms and SABETQs, also show comparable Henry and
IAST selectivities. For instance, SH (CO2/CH4) is between 7.1
and 7.6 and SH (CO2/N2) is between 24.7 and 28.0. The IAST
selectivities for CO2/CH4 (50:50) and CO2/N2 (20:80) at 273 K
are in a comparable range and show no strong pressure

Figure 8. SEM images of a) (P,M)-4_1 (precipitate formed during the reaction), b) (P,M)-4_2 (crystals grown from CHCl3), c) (P)-4, d) (M)-4 ;
e) Nitrogen isotherms at 77 K and QS-DFT pore size distribution plots (N2 at 77 K on carbon, cylindrical/spherical pores, QSDFT absorption
branch) of the [8++12] cage compounds, red pentagons: (P,M)-4_1, orange circles: (P,M)-4_2, black squares: (P)-4, blue triangles: (M)-4 ; f) IAST
selectivity curves of the [8++12] cage compounds for CO2/CH4 (50:50) at 273 K and g) for CO2/N2 (20:80) at 273 K (red curve: (P,M)-4_1, orange
curve: (P,M)-4_2, black curve: (P)-4, blue curve: (M)-4); the selectivity at 1 W 10@7 bar corresponds to the Henry selectivity.

Angewandte
ChemieResearch Articles

8901Angew. Chem. Int. Ed. 2021, 60, 8896 – 8904 T 2021 The Authors. Angewandte Chemie International Edition published by Wiley-VCH GmbH www.angewandte.org

http://www.angewandte.org


dependency. This, together with the moderate heats of
adsorption (Qst = 24.2–29.3 kJ mol@1 for CO2 and 14.0–
25.9 kJ mol@1 for CH4), indicates that the cages have no
adsorption sites that strongly bind CO2 or CH4.

It is more interesting to compare (P,M)-4_1and (P,M)-4_2.
The latter is more crystalline and has a higher specific surface
area, but is less selective (SH (CO2/CH4) = 5.0 vs. 7.1 and SH

(CO2/N2) = 12.3 vs. 28.0) once more emphasizing that a higher
ordered crystalline material is not necessarily better than an
amorphous one in terms of materials properties.[36a,40]

Conclusion

To summarize, we have investigated the chiral self-sorting
of large cubic [8++12] salicylimine cage compounds formed by
condensation of eight chiral C3-symmetric TBTQ-tris(salicy-
laldehydes) with 12 p-phenylenediamine, the largest number
of components used so far in a chiral self-sorting system. Out
of 23 possible cage isomers only the three isomers (P)-4, (M)-
4 and (P,M)-4 were found to be formed ((P/M)-4 :(P,M)-4 =

45:55). This high selectivity of the chiral self-sorting can be
explained by a combination of enthalpic and entropic factors,
which both favour the cage compounds with the highest
degree of symmetry. Despite the small differences in energy
between the favoured cages and the unprecedented complex-
ity of the system, we were able to control the self-sorting
process and isolate the meso cage (P,M)-4 in 83% yield by
taking advantage of its lower solubility. To the best of our
knowledge, this control between narcissistic and social self-
sorting is unprecedented for cages of this size and has been
described prior only for smaller [2++3] imine cages.[13i] The
meso cage as well as the enantiopure cage were characterized
by X-ray diffraction and are among the largest organic cages
characterized by this method and the largest chiral ones. Gas
sorption measurements revealed high specific surface areas of
up to SABET = 1487 m2 g@1 (N2, 77 K), a value that has been
rarely exceeded by other cages reported so far.[33,34, 41]

Interestingly, the most crystalline sample displayed the high-
est specific surface area but the lowest selectivities, emphasiz-
ing that crystallinity and high degree of order does not
necessarily lead to superior gas sorption properties.[41a, 42]
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