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ABSTRACT: The curvature of an aromatic system is an essential parameter that can be used to
program the self-assembly and host−guest complementarity in geodesic polyarenes. However,
the challenging synthesis of curved aromatics impedes exploration of the related effects on the
binding properties. The design and synthesis of a polyarene with programmed curvature fitting
to C60 by a stepwise introduction of five-membered rings are presented to solve this challenge.
Among several methods explored, the route utilizing cyclodehydrofluorination proved to be the
most successful, in terms of the highest product yield. The binding studies suggest that fine-
tuning the curvature in acyclic systems leads to a dramatic increase in affinity, embedding
specific binding modes and selectivity, as revealed from the comparative studies with C60 and
C70. Experimental and theoretical investigations with curved polyarenes of different sizes show
that the buried surface area upon binding has a linear correlation with the binding energies. The
curvature complementarity appeared to play a decisive role in achieving selective recognition of C70 via the formation of a 2:1
complex along the major axis with an overall constant of 108 M−2 and positive cooperativity. The developed nanoribbons bearing the
curvature of C60 is the first all-carbon host showing binding affinities for fullerenes that are comparable with macrocyclic [10]CPP.
The obtained data pave the way for understanding the properties of geodesic polyarenes and the design of new self-assembled
materials based on fullerenes, nanotubes, and other curved structures.
KEYWORDS: buckybowls, nonplanar PAHs, geodesic polyarenes, molecular recognition, fullerene

■ INTRODUCTION
Complementarity in molecular recognition is essential to
control the majority of processes in living systems.1 Under-
standing the complementarity in π−π interactions and finding
new approaches how to maximize them is particularly critical
to facilitate the design of new functional materials,2 host−guest
systems, and chemical transformations.3 For instance, increas-
ing the interacting surface of π-systems yields a significant
cooperative gain in energy upon complex formation.4,5 The
other approaches involve the use of π-systems with electro-
static complementarity and adjusting the solvent effects.6

Strong interactions in organic and aqueous solutions were
recently utilized to invent new self-assembled structures,7

host−guest systems,5,8 and molecular sensors.9 The curvature
of an aromatic system is another important parameter10 that
can be used to program the self-assembly or the host−guest
complementarity in geodesic polyarenes bearing curved
surfaces.11,12 This strategy is essential in the design of
supramolecular complexes with fullerenes, nanotubes, and
curved polyarenes.13

For example, for recognition of fullerene C60, corannulene
and sumanene derivatives were typically used as bowl-shaped
all-carbon hosts.14,15 The binding constants of C60 with these
derivatives were found to be less than 103 M−1 in organic

solvents.16 This limitation likely arises because the systems
have small inversion barriers and insufficient curvature, which
negatively affects the binding strength of the spherical fullerene
molecule.8 Higher binding constants were possible to achieve
by conjugation of corannulene derivatives or an indacenopi-
cene-based buckybowl into tweezers-like structures.8,17 Ex-
cellent complementarity for C60 in terms of curvature belongs
undoubtedly to [10]CPP.18 Extending the contact area in the
host−guest complex by incorporating in [10]CPP nickel(II)
porphyrin complexes (Ka = 3.0 × 108 M−1)19 or
hexabenzocoronene (Ka = 2.3 × 107 M−1)20 or making
extended belt-like structures21 led to a remarkable increase in
binding constants with C60.
Concave−convex π−π interactions are different from the

planar systems, owning to the nonplanar positions of their p-
orbitals.22 Understanding the scope and limitations of such
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interactions is still underexplored, and suitable bowl-shaped
compounds are required. Recently, we have developed
synthetic approaches toward bowl-shaped polycyclic aromatic
hydrocarbons (BS-PAHs) based on the C−F activation
approach,23,24 π-activation of alkynes,25 and tandem activation
of triple C−C and C−F bonds.26 We reasoned that if we could
tune the acyclic curved structure to exactly fit the curvature of
C60 and also minimize or eliminate facile bowl inversion, it
would also be possible to assess high binding affinity and
explore the selectivity rules with C70 having an ellipsoidal
shape.
In this work, we present the design and synthesis of bowl-

shaped geodesic polycyclic hydrocarbon 3 (Figure 1) with

programmed curvature complementary to C60. Among the five
synthetic routes explored, the one with C−F activation proved
to be the most successful in terms of the highest product yield.
The study of host−guest complexes revealed that 3 binds to
C60 and C70 with different strengths and preferred
stoichiometries, which are determined by the curvature
complementarity. For instance, the 2:1 (3:fullerene) complex-
ation with C70 is unusually high (108 M−2) for acyclic all-
carbon systems and is comparable with tweezers-like or cyclic
hosts. To assess and predict the binding affinity between
curved systems, we proposed a correlation based on the
binding energy per carbon atom of the host. The obtained
values confirm that 3 possesses a similar calculated binding
affinity to that of [10]CPP and that the theoretical calculations
agree with the experimental data. The results of this work
prove that fine-tuning the curvature in acyclic all-carbon
systems leads to a dramatic increase in affinity and embeds
specific binding modes and selectivity, as exemplified by
comparative studies with C60 and C70. These findings shed
light on the binding features of geodesic polyarenes and will
allow for the programming of new supramolecular systems
based on curved aromatics.

■ RESULTS AND DISCUSSION

Structure Optimization

Fullerene C60 was chosen as a target molecule for the design of
a curved system that would form concave−convex complexes.
C60 with a diameter (d) of 0.71 nm is known to be
encapsulated by carbon nanotubes (d = 1.4 nm).27 According
to the X-ray structure, [10]CPP (d = 1.38 nm) can perfectly
encapsulate C60. Notably, C70 has an ellipsoidal shape with a
major axis at d = 0.796 nm and a minor axis at d = 0.712 nm.
Thus, its complexation inside [10]CPP occurs equatorially (on
the major axis of the ellipsoid).28 The optimal distance
between π-surfaces possessing convex−concave interactions is
0.33 nm, which is very close to the distance between layers in
graphite. Based on these data, we proposed that the curvature
radius of the geodesic polyarene, with the curvature fitting C60,
should be similar to that of [10]CPP. That is, the radius of the
osculating circle should be ca. 0.7 nm. To design such a
system, π-extended benzofluoranthenes were chosen, which
represent a unique class of geodesic graphene nanoribbons
(GGNRs) with rigid curved aromatic surfaces. In our recent
work, we found that the curvature of benzofluoranthene-
derived GGNRs can be fine-tuned by further π-orbital
extension design (Figure 1).25

GGNRs 1−4 were selected as potential hosts and fitted to
the osculating circle with r = 0.7 nm required for C60
recognition. Starting with a planar benzo[ghi]fluoranthene
molecule, we systematically extended the structure, which led
to a positive Gaussian curvature. According to our experience
with curved GGNRs,26 the increase in the total molecular
weight does not dramatically affect the solubility as strongly as
for planar nanographenes. This fact is especially beneficial for
avoiding the introduction of bulky solubilizing groups and
excluding undesirable effects on complex formations. Using
DFT optimized geometries, we evaluated the geometry of
curved aromatics in the complexes with C60. As can be seen
from Figure 1, the curvature of the structures gradually
increases, passing through its optimum for 2 and 3 in terms of
curvature match, with average radii of 0.7 nm. The DFT-
optimized geometry of 3 shows a perfect complementarity of
the resulting supramolecular complex (Figure 1b). Further
extension of the π-system leads to a shorter curvature radius
and an expected decrease in the host−guest interaction energy
(such as for 4). To support this simple observation, the
binding energies of 1−4 with C60 were calculated using ORCA
5.0.429 and compared with the binding energy of [10]CPP.
The B3LYP functional,30 def2-TZVP basis set,31 and D3BJ32

dispersion correction were used for calculations. The reliability
of this approach for van-der-Waals interactions using C60 was
demonstrated by us earlier.33 For additional confirmation of
the reliability of this approach, we performed HFLD
calculations that describe the noncovalent interaction on the
CCSD level. HFLD and B3LYP-D3 results are in good
agreement.34 To estimate the contribution of each element of
the system, we recalculated the energy gain during complex-
ation per carbon atom in GGNRs. In this way, calculated
energy contributions revealed that 2 and 3 have the optimum
values and are close to that of [10]CPP. Therefore, 3 bearing
the larger surface area could potentially exhibit affinity for C60,
which is comparable to that of the macrocycle [10]CPP (Table
1).

Figure 1. (a) Schematic representation of how the extension of
geodesic nanoribbons 1−4 fits the curvature with r = 0.7 nm required
for C60 recognition. (b) Structure of complex 3 with C60 predicted by
DFT calculations (B3LYP/def2-TZVP with dispersion correction
D3BJ). (c) Visualization of interactions between GGNR series and
fullerene C60 including the calculated binding energy per atom
(ΔEbinding/number of atoms in GGNR, kcal/mmol); see Table 1.
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Synthesis
Synthesis of nonplanar aromatic systems is highly challenging
due to their curved structure.12,35 In particular, to form bowl-
like, positively curved structures, five-membered rings are
introduced into the hexagonal graphene-like structure,36 which

requires overcoming a large energy barrier. So far, only a few
methods are known: FVP (flash vacuum pyrolysis),37 Pd-
catalyzed direct arylation,38 and alumina-mediated cyclo-
dehydrofluorination. Given that FVP required very harsh
conditions, we explored the last two synthetic methods in the
present study. Both approaches allow one to introduce five-
membered rings into the hexagon lattice. Given the different
reactivities of the halogens, these methods can be performed
orthogonal to other C−C couplings. The cyclodehydrofluori-
nation reaction was used to synthesize compounds 1, 2, and 4
described earlier by us, which allowed us to obtain GGNRs in
good yields and to carry out further structure modification of
the molecules at the periphery.23 The investigated synthetic
paths to obtain 3 are shown in Scheme 1.
In all cases, precursors of molecules 9, 5,23 and 12 served as

the core structures, which were transformed by Suzuki−
Miyaura coupling with good yields into the corresponding
compounds 6, 8, 10, 11, and 13. The synthetic routes toward 3

Table 1. DFT-Calculated Binding Energies for Complexes
1−4 and [10]CPP with Fullerene C60

Complex

Binding
energy,
kcal/mol

Number of carbon
atoms in bowl/ring

Binding energy per C
atom (Figure 1c),

kcal/mol

1 13.92 22 0.63
2 21.14 26 0.81
3 30.80 38 0.81
4 31.24 42 0.74
[10]
CPP

49.96 60 0.83

Scheme 1. Synthetic Routes toward 3;a Molecular Structure of 3 According to the X-ray Analysis Showing Crystal Packing

a(i) (2-Chlorophenyl)boronic acid, Pd(PPh3)4, K2CO3, toluene:MeOH 2:1, reflux 16 h, yield of 6 = 54%; (ii) Pd(PCy3)2Cl2
(dichlorobis(tricyclohexylphosphine)palladium(II)), DBU (1,8-diazabicyclo(5.4.0)undec-7-ene), dimethylacetamide, microwave, 170 °C, 3 h,
yield of 7 = 30%; (iii) activated γ-Al2O3, 230 °C, 16 h, traces of 3; (iv) (2-fluorophenyl)boronic acid, Pd(PPh3)4, K2CO3, toluene:MeOH 2:1, reflux
16 h, yield of 8 = 84%; (v) activated γ-Al2O3, 230 °C, 16 h, yield of 3 = 7%; (vi) (2-fluorophenyl)boronic acid, Pd(PPh3)4, K2CO3,
toluene:methanol 2:1, reflux 16 h, yield of 10 = 95%; (vii) activated γ-Al2O3, 230 °C, 16 h, yield of 3 = 35%; (viii) (2-chlorophenyl)boronic acid,
Pd(PPh3)4, K2CO3, toluene:methanol 2:1, reflux 16 h, yield of 11 = 80%; (ix) Pd(PCy3)2Cl2, DBU, dimethylacetamide, microwave, 170 °C, 3 h,
traces of 3; (x) (2-chlorophenyl)boronic acid, Pd(PPh3)4, K2CO3, toluene:methanol 2:1, reflux 16 h, yield of 13 = 75%; (xi) Pd(PCy3)2Cl2, DBU,
dimethylacetamide, microwave, 170 °C, 3 h, 3 was not detected.
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can be divided into three approaches: (i) Pd-catalyzed direct
arylation via compounds 11 and 13 containing chloro
substituents; (ii) alumina-mediated cyclodehydrofluorination
via 8 and 10 containing fluoro substituents; (iii) a mixed
approach that combines two previous methods via 6 and 7. In
the case of compound 13, the microwave-assisted Pd-catalyzed
direct arylation did not lead to the desired 3. The formation of
dechlorinated compounds was observed. The reaction of
compound 11 also led to similar results, but trace amounts of
the product were detected. In the combined approach iii,
compound 7 was formed with a relatively good yield (30%).
However, attempts to convert compound 7 to product 3 via
cyclodehydrofluorination reaction resulted in product for-
mation only in trace amounts. The reason for such a low yield
is likely the unfavorable spatial arrangement of fluorine and
hydrogen atoms in the inner cove region.30 However, if the
indene moieties are not formed, such as in compound 8, then
the formation of 3 was successful. This reaction proceeds via
the closing of four indene moieties simultaneously with an
isolated yield of 7%. Thus, the optimal approach to increase
the overall yield was to close cove regions stepwise, starting
from the inner cove region to form 9 followed by closing it via
alumina-mediated cyclodrofluorination. Target 3 was success-
fully formed with this approach from 10 in 35% yield. Overall,
for the synthesis of GGRNs, it is essential to follow the
sequence of reactions starting from the inner cove region. This
region imparts curvature to the structure and likely requires
more energy to overcome the resulting strain. The
dehydrofluorination approach appeared to be more versatile
than Pd-catalyzed direct arylation.
The molecular structure of 3 was determined by single-

crystal X-ray diffraction with the use of synchrotron radiation
(Scheme 1). In the crystal, the bowl-shaped form has a
maximum bowl depth of 5.2 Å. Due to the elongated form, 3
has a unique crystal packing showing curved π−π and H−π
interactions. The latter interactions occur at the terminal rings

with the neighboring molecules. The crystal packing contains
stacked columns consisting of alternating enantiomeric
molecules, which possess opposite (mutual) orientations to
achieve the optimal stacking conditions. The comparison of
the calculated and experimentally obtained structures shows a
perfect match.
Binding Studies

The interaction of 3 with fullerenes C60 and C70 was
investigated by using 1H NMR, fluorescence, and UV−vis
titrations in 1,1,2,2-tetrachloroethane. The fitting analysis of
the titration data in all three methods suggests a 2:1
(3:fullerene) binding stoichiometry. These results led us to
suggest that two molecules of 3 can coordinate to fullerenes at
opposite poles. According to the 1H NMR data, the addition of
C60 to the solution of 3 induced upfield shifts of the protons
(0.03 ppm), mainly those protons belonging to the inner cove
region (protons Ha−Hc, Hf−Hj). On the contrary, the terminal
protons He and Hd underwent only a small shift upon complex
formation. The proton signal shifts with C70 are much stronger
and reach 0.1 ppm (Figure 2a). The fitting of the data for C60
resulted in the following stepwise binding constants: K21 = 3.10
× 103 M−2 and K11 = 8.38 × 103 M−1 (2:1 complex,
3:fullerene). In the titration with C70, saturation is reached
after the addition of two equivalents of 3, showing much
stronger 2:1 binding (β21 = 2.70 × 108 M−2): K21 = 4.17 × 104
M−2 and K11 = 6.45 × 103 M−1. Interestingly, if we compare
1:1 binding constants, 3 has a slightly higher affinity for C60,
while in terms of the 2:1 binding mode, 3 is selective for C70.
Notably, the second coordination of 3 to C70 is more favorable,
indicating positive cooperativity, which can originate from
solvent effects or dipole moment compensation.
The association constants of 3 with fullerenes were also

obtained by using spectrophotometric titrations. The UV−vis
titrations were performed in a reverse manner: 3 was added to
the 0.010 mM solution of C70 (Figure 2b). This method
allowed us to detect changes only in the C70 absorption at 550

Figure 2. (a) 1H NMR titration of 3 (0.42 mM) with C70 (5.00 mM) in C2D2Cl4. (b) UV−vis titration of C70 in tetrachloroethane with 3 showing
changes in the absorption at 569 nm (concentration of C70 was kept constant). (c) Fluorescence titration of 3 (0.0010 mM) with C60 and C70 in
tetrachloroethane. (d) Fluorescence quenching observed after the addition of C70 to the solution of 3 (ex. 370 nm).
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nm. In the region < 500 nm, there is an overlap of fullerene
absorption with the absorption of 3 that hinders the accurate
calculation of the binding constant. The titration profile has a
clear inflection point at a 2:1 (3:C70) ratio, yielding K11 =
3.010 × 103 M-1 and K21 = 3.80 × 104 M−2 (Figure 2b). The
reason that there are hyperchromic and hypochromic effects in
UV absorption remains unclear at this stage. In fluorescence
measurements, emission of 3 was quenched after adding
fullerenes, with stronger quenching for C70: 23% quenching for
C60 vs 92% for C70 (Figure 2c). The calculated apparent
association constants for C60 and C70 are 8.39 × 103 M−1 and
3.52 × 104 M−1, respectively. For reference, we determined the
binding constants for 1, 2, and [10]CPP with fullerenes by
UV−vis titrations in tetrachlorethane. [10]CPP has the
strongest binding values of K(C70) = 5.79 × 104 M−1 and
K(C60) = 2.42 × 105 M−1. The binding constants for 1 (40
M−1) and 2 (320 M−1) with C60 are comparable to those of
corannulene and derivatives, while the affinity of 3 for C70 is on
the same order of magnitude as that determined for [10]CPP
in tetrachloroethane.
Additional evidence for the complexation stoichiometry with

C70 was obtained from 1H NMR titrations at different
temperatures, which were fitted by the HypNMR program.39

The fact that chemical shifts are arranged in a sigmoidal curve
with increasing concentrations of fullerene already supports the
presence of 2:1 binding. The obtained stepwise binding
constants K12 and K11 at different temperatures 15, 25, 35, and
45 °C were used to construct Van’t Hoff plots (Figures 3a,b
and S22).40 These plots show linear correlations and hence
suggest the correctness of the binding model. These experi-
ments allowed us to calculate the thermodynamic parameters
of the binding events at 298 K: 2:1 complexation, ΔH = −8.25
kcal/mol, ΔS = −6.82 cal/mol; 1:1 complexation, ΔH = −1.58
kcal/mol, ΔS = 12.09 cal/mol.
As revealed from the fluorescence titration, C70 can quench

the fluorescence of 3 much stronger than C60. Hence,

fluorescence lifetime measurements can deliver information
on the species constitution in solution upon excitation. The
lifetime of 3 in tetrachloroethane solution was found to be τ0 =
8.4 ns. The solutions with various 3:C70 ratios ranging from 8:1
to 1:2.5 were prepared and measured. Fluorescence decays in
the presence of the fullerene were fitted to two-exponential
decay, suggesting the formation of complexes 32·C70 (2:1) with
a lifetime of τ1 and 3·C70 (1:1) with a lifetime of τ2. Increasing
the concentration of the fullerene in the solution led to a
moderate drop of two lifetimes (Figure 3c). The Stern−
Volmer linear fit yielded quenching constants (KSV) of 1.49 ×
105 M−1 and 3.73 × 104 M−1. The plot of lifetime changes of
complexes against the 3/C70 ratio can be used as a reasonable
estimate of the host−guest stoichiometry. As can be seen in
Figure 3d, a small amount of fullerene in the beginning of
titration does not significantly change the decay times,
suggesting the static nature of the complexes. However, after
reaching the 2:1 stoichiometry, the lifetimes decrease
significantly due to the increase in quencher concentration
and, thus, stronger contribution of the dynamic quenching.
To understand the structures of the complexes and to reveal

the reason for selectivity for C70, we performed DFT
calculations and analyzed both 1:1 and 2:1 complexes. A
good agreement was found between B3LYP/def2-TZVP
+D3BJ and r2SCAN-3c calculations (Tables S1−S3). The
obtained structures and relative binding energies are
summarized in Figure 4. The distance between C60 and 3
(3.74 Å) is similar to that reported for the crystal structure
between C60 and corannulene (3.74 Å).15 The results indicate
that after the coordination of the first ligand the coordination
of the second ligand becomes energetically more favorable
(Table S3). We also compared the coordination of 3 on the
poles (on the minor axis), equatorial coordination (on the
major axis), and mixed coordination of C70 to reveal the most
favorable binding mode. As can be inferred from Figure 4, the
coordination on the poles, which have curvature identical to

Figure 3. (a, b) Van’t Hoff plots constructed for K21 and K11 values determined at different temperatures. (c) Changes in the fluorescence decay
times τ1 (orange points) and τ2 (blue points) plotted as τ0/τ1 and τ0/τ2 for 3 (0.0050 mM, τ0 = 8.4 ns) in the presence of increasing concentrations
of C70 in tetrachloroethane (ex. 370 nm). The lifetimes of τ1 and τ2 correspond to 2:1 and 1:1 complexes, respectively. (d) Dependence of the
decay τ2 on the host−guest ratio in solution.
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that of C60, is 2 kcal/mol less favorable than the equatorial
coordination (0 kcal/mol). Though the curvature of 3 is “pre-
programmed” for geometric matching with the curvature of
C60, there is a preference for binding of C70, as inferred from
experimental and theoretical data. A larger interacting surface
can explain this controversy in fullerene recognition. C70 has
more space along the major axis than C60 and is thus

advantageous for 3 in maximizing the interacting surface
(equatorial binding). The calculated geometries of the
complexes with fullerenes also explain why we observed
small 1H NMR shifts for protons He and Hd in the titration
experiments. The structure of the complex shown in Figure 4
suggests that He and Hd protons are located at the farthest

Figure 4. DFT-optimized molecular structures of complexes 3 with fullerenes C60 and C70 pole, equatorial, and mixed coordination modes.
Correlation between the buried surface area, binding energies, and constants obtained by DFT calculations and experiment with C60, respectively.
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distance from the fullerene, and hence, they are less affected by
the complex formation.
Experimental and theoretical values obtained for polyarenes

1−4 and [10]CPP allowed us to evaluate whether the binding
affinity correlates with the interacting surfaces. Supramolecular
complexes are known to follow the linear relationship between
binding constants and the average surface areas buried upon
binding.41 For this purpose, we calculated the buried surface
area in 1:1 complexes with C60. Indeed, a linear correlation was
observed for both the experimental and theoretical data
(Figure 4). The observed relationship predicts that further
extension of the surface with a given curvature on 180 bohr2
(50 Å2) results in an additional 1 kcal binding energy. This
reasonable correlation suggests that the binding constants are
predictable from the amount of surface area of the fullerene
that comes into contact with the polyarene upon binding.

■ CONCLUSIONS
In summary, we have demonstrated that the programmable
design of all-carbon polyarenes enables the efficient recog-
nition of target curved surfaces. The structure of 3 was
designed for an optimal fit to the curvature of C60, which can
also be found in C70. The synthesis of 3 is associated with the
challenging introduction of four five-membered rings into the
aromatic structure, which has been solved by a stepwise
cyclodehydrofluorination of the inner, followed by the outer
cove regions. Curved polyarene 3 has demonstrated 12-fold
selectivity for C70 in 2:1 cooperative binding mode and is
comparable with more sophisticated systems that prefer to
bind C70.

42 This fact was rationalized by the coordination of
two molecules along the major axis of the fullerene. The
theoretical studies show that assessing the binding energy per
carbon atom can be a reasonable estimate for comparing
acyclic and macrocyclic hosts. Analysis of the polyarenes with
different π-surface areas revealed a linear correlation between
the buried surface area of the host upon binding and the
affinities for the guest. We believe that our results will facilitate
the study of curved aromatic interactions and enable the
construction of new carbon-rich functional materials.

■ METHODS

General Procedure for “H−F” Elimination Reaction
Five grams of aluminum oxide “Aluminum oxide 90 active neutral”
produced by Millipore was placed into a glass tube. The glass tube
was heated at 250 °C in a vacuum of 2 × 10−2 bar for 15 min. After
that, for 30 min at 550 °C under the same pressure. After cooling to
room temperature, the tube was filled with argon. The starting
material was added under an argon atmosphere. The tube was
evacuated to reach 1.5 × 10−2 bar and sealed. The sealed ampule was
placed in an oven at 240 °C for 6−16 h, depending on the substrate.
After cooling to room temperature, products were extracted with
toluene and separated on semipreparative HPLC (PBr column, 5 mL/
min, toluene/methanol = 7/3).
1H NMR Titrations
The titrations were carried out by sequential addition of fullerene to
the NMR tube containing the host, followed by the measurements.
C2D2Cl4 was used as the solvent in which host and guest were
adequately soluble. The following conditions were used: the solution
of fullerene was added to a 0.002 M solution of 3 dissolved in 0.5 mL
of C2D2Cl4 in the following amounts (equiv): (1) 0; (2) 0.2, (3) 0.4;
(4) 0.6; (5) 1.1; (6) 2.1; (7) 4.2; (8) 6.4; (9) 13.2, (10) 17.6. The
changes in the spectral features were monitored. The resulting data
(NMR shifts) were imported into the HypNMR program and fitted to
obtain stability constants with fullerenes.

Spectroscopic Studies
Stock solutions of compounds with concentrations of 0.1 × 10−5 to
1.5 × 10−5 M were prepared for UV−vis studies and fluorescence.
The solution (2 mL) was added to the spectrometric cell, and the
changes in the spectral features were monitored. The following setup
parameters were used in fluorescence measurements: slit 3/3,
wavelength 550−800 nm.
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3604−3607. Pfeuffer-Rooschüz, J.; Heim, S.; Prescimone, A.;
Tiefenbacher, K. Megalo-Cavitands: Synthesis of Acridane[4]arenes
and Formation of Large, Deep Cavitands for Selective C70 Uptake.
Angew. Chem. Int. Ed 2022, 61 (42), No. e202209885. Nian, H.;
Wang, S.-M.; Wang, Y.-F.; Zheng, Y.-T.; Zheng, L.-S.; Wang, X.; Yang,
L.-P.; Jiang, W.; Cao, L. Selective recognition and enrichment of C70
over C60 using an anthracene-based nanotube. Chem. Sci. 2024, 15,
10214.

JACS Au pubs.acs.org/jacsau Article

https://doi.org/10.1021/jacsau.5c00049
JACS Au 2025, 5, 1803−1811

1811

https://doi.org/10.1002/chem.202302778
https://doi.org/10.1002/chem.202302778
https://doi.org/10.1002/chem.202302778
https://doi.org/10.1021/ar300055x?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ar300055x?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ar300055x?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.202007024
https://doi.org/10.1002/anie.202007024
https://doi.org/10.1002/anie.202007024
https://doi.org/10.3389/fchem.2019.00668
https://doi.org/10.3389/fchem.2019.00668
https://doi.org/10.3389/fchem.2019.00668
https://doi.org/10.3389/fchem.2019.00668?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.3389/fchem.2019.00668?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/C4CS00366G
https://doi.org/10.1039/C4CS00366G
https://doi.org/10.1002/anie.201102302
https://doi.org/10.1002/anie.201102302
https://doi.org/10.1002/anie.201102302
https://doi.org/10.1021/jacs.9b08584?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.9b08584?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.201900084
https://doi.org/10.1002/anie.201900084
https://doi.org/10.1039/c3sc22181d
https://doi.org/10.1039/c3sc22181d
https://doi.org/10.1039/c3sc22181d
https://doi.org/10.1039/C4SC02812K
https://doi.org/10.1039/C4SC02812K
https://doi.org/10.1039/C4SC02812K
https://doi.org/10.1002/cphc.202400435
https://doi.org/10.1002/cphc.202400435
https://doi.org/10.1002/anie.201700814
https://doi.org/10.1002/anie.201700814
https://doi.org/10.1002/anie.201700814
https://doi.org/10.1002/pssb.201900254
https://doi.org/10.1002/pssb.201900254
https://doi.org/10.1002/pssb.201900254
https://doi.org/10.1002/pssb.201900254?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.1c07845?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/chem.202200584
https://doi.org/10.1002/chem.202200584
https://doi.org/10.1039/c2sc20719b
https://doi.org/10.1039/c2sc20719b
https://doi.org/10.1039/c2sc20719b
https://doi.org/10.1002/chem.201302694
https://doi.org/10.1002/chem.201302694
https://doi.org/10.1002/wcms.81
https://doi.org/10.1002/wcms.1606
https://doi.org/10.1002/wcms.1606
https://doi.org/10.1002/wcms.1606?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1063/1.464913
https://doi.org/10.1063/1.464913
https://doi.org/10.1039/b508541a
https://doi.org/10.1039/b508541a
https://doi.org/10.1039/b508541a
https://doi.org/10.1002/jcc.21759
https://doi.org/10.1002/jcc.21759
https://doi.org/10.1021/acs.jctc.6b00869?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jctc.6b00869?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jctc.9b00425?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jctc.9b00425?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jctc.9b00425?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jctc.9b00425?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1246/bcsj.20220270
https://doi.org/10.1246/bcsj.20220270
https://doi.org/10.1016/j.trechm.2022.04.005
https://doi.org/10.1016/j.trechm.2022.04.005
https://doi.org/10.1021/ja00031a079?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja00031a079?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja972019g?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja972019g?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja9031852?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja9031852?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja9031852?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja9031852?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/0039-9140(96)01958-3
https://doi.org/10.1016/0039-9140(96)01958-3
https://doi.org/10.1016/0039-9140(96)01958-3
https://doi.org/10.1038/s41467-023-43979-5
https://doi.org/10.1038/s41467-023-43979-5
https://doi.org/10.1002/anie.200200565
https://doi.org/10.1002/anie.200200565
https://doi.org/10.1002/anie.200200565
https://doi.org/10.1021/jacs.8b08555?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.8b08555?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.201311251
https://doi.org/10.1002/anie.201311251
https://doi.org/10.1002/anie.202209885
https://doi.org/10.1002/anie.202209885
https://doi.org/10.1039/D4SC02814G
https://doi.org/10.1039/D4SC02814G
pubs.acs.org/jacsau?ref=pdf
https://doi.org/10.1021/jacsau.5c00049?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

