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ABSTRACT: Herein, we report the synthesis of a new series of rigid, all meta-phenylene, conjugated deep-cavity molecules, 
displaying high binding affinity towards buckyballs. A facile two-step synthetic approach with an overall yield of 
approximately 54% has been developed using a templating strategy that combines the general structure of resorcin[4]arene 
and [12]cyclo-meta-phenylene. These two moieties are covalently linked via four acetal bonds resulting in a glove-like 
architecture. 1H NMR titration experiments reveal fullerene binding affinities (Ka) exceeding >106 M–1. The size 
complementarity between fullerenes and these scaffolds maximizes CH⋯π and π⋯π interactions and their host:guest 
adduct resemble a ball in a glove, hence their name as nanogloves. Fullerene recognition is tested by suspending carbon 
soot in a solution of nanoglove in 1,1,2,2-tetrachloroethane, where more than a dozen fullerenes are observed ranging from 
C60 to C96. 

INTRODUCTION 

Macrocycles with well-defined shapes and cavities have 
been targeted as building blocks in nanoscience,1 with 
applications spanning organic nanodevices,2 host-guest 
chemistry,3-4 sensors,5-6 optoelectronic materials,7 
biomedical applications,8-9 and several others.10 
Cyclophenylenes fall under the definition of conjugated 
macrocycles with an almost century-long history. Cyclo-
ortho-phenylenes (COPs) were reported for the first time 
in the 1940’s,11-16 and later followed by cyclo-meta-
phenylenes (CMPs) in the 1960’s.17-23 The radial nature of 
cyclo-para-phenylenes (CPPs) made them a challenging 
target for decades until their first report in 2008.24-25 
Moreover, the synthesis of cyclophenylenes with mixed 
connectivity, for example, integrating meta- and para-
phenylenes within the same macrocycle, have been 
reported to create compounds with unique fluorescent 
properties and applications in cellular imaging.26-27 The 
evolution of cyclophenylenes has paved the way to realize 
architectures that were previously only hypothetical, such 

as carbon nanobelts,
28-30

 Möbius topologies,31-33 and a large 

number of contorted aromatic compounds.
34-36

 

 

Figure 1. Nanoglove structure. The top section is a [12]CMP 
(yellow shade) while the bottom part is a resorcin[4]arene. 

Macrocyclic arenes, such as calix[n]arenes, 
resorcin[n]arenes, calix[n]pyrroles, pillar[n]arenes, 
pyrogallo[n]arenes, and several others, have been active 
players for decades in establishing fundamental principles 
in supramolecular chemistry.37 Lately, some of these 
families have been used in the formation of conjugated 
macrocycles as reported by Itami,38-40 Chen,41-42 Wang,43 
and Lucas.44 Interested in merging ideas of conjugated and 
non-conjugated macrocycles, as demonstrated previously 
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with calix[n]arenes,45 our group and others have been 
working on an approach using resorcin[n]arenes to 
template and direct the growth of conjugated 
architectures.46-48 Advancing our previous work, we set out 
to incorporate [n]CMPs and resorcinarenes into a single 
scaffold. As a result, we obtained a class of compounds with 
a remarkable binding affinity for fullerenes, where the 
host-guest adduct resembles a ball in a baseball glove, thus 
we decided to call these architectures nanogloves (Figure 
1). Herein, we report the synthetic methodology to obtain 
nanogloves, their full characterization, and their binding 
affinity and selectivity towards fullerenes. 

 

RESULTS AND DISCUSSION 

Synthesis 

Nanogloves are obtained in high yields following a three-
step synthesis from n-pentyl49 or n-undecyl50 
resorcin[4]arene, 45 and 411, respectively (Figure 2a). These 
resorcinarenes were derivatized with 3,5-dibromo benzal 
bromide (S1) in anhydrous dimethylacetamide (DMA) 
under basic conditions using DBU (1,8-
diazabicyclo[5.4.0]undec-7-ene),51 to obtain 35 and 311 in 31 
and 40% yield, respectively. Note that the gram-scale 

synthesis of 311 has been previously reported by Gibb and 
coworkers in 2007.52 Suzuki–Miyaura cross coupling of 3R 
with 3-chlorophenyl boronic acid, or a substituted version 
containing a methyl or methoxy at the fifth position, 
results in 2XR (X= a, E = H; X= b, E = Me; X= c, E = OMe). 
The isolated yield of 2a5 and 2a11 is ~90%, which is 
remarkably high considering eight C–C bonds are formed 
in this step. The macrocyclization step towards 1XR was 
carried out in a nitrogen filled glovebox employing a Ni-
mediated Yamamoto coupling. The reaction was 
performed using a 1:1 solvent mixture of toluene:DMF, 2,2'-
bipyridine, and Ni(cod)2, as the source of Ni(0), at 80 °C. 
Aside from 1a5 which was isolated in 32% yield, all three 
other 1X11 were obtained at around 60% isolated yield. Note 
that 1a5 displays poor solubility in common organic 
solvents like CHCl3 and CH2Cl2; hence, we focused on 1X11 
for subsequent studies. The structures of 1XR are expected 
to be rigid, thus its solubility profile is essentially dictated 
by its R group. 

MALDI MS characterization of all three 1X11 compounds 
showed a perfect match with their simulated isotopic 
patterns (Figure 2b). The 1H NMR of 1X11 reveals their ideal 
C4v symmetry in solution (Figure 2c and Supporting  

Figure 2. Synthesis and characterization of nanogloves. (a) Synthesis of 1XR starting from resorcin[4]arenes 45 and 411. (b) 
Experimental MALDI MS molecular ion peaks of 1X11. Black traces represent simulations of [M+H]+ isotopic distributions. (c) 1H 
NMR of 1a11, 1b11, and 1c11 in 1,1,2,2-tetrachloroethane-d2 at 20 °C. Proton labels according to (a). Note: in the synthesis of 2c11, 
boronic acid pinacol ester was used instead of the free boronic acid. 1b5 and 1c5 were not synthesized.  
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Information). It is clear from Figure 2c how resonances “b”, 
“c”, and “d” shift upfield from 1a11, 1b11, to 1c11 as the 
substituent becomes more electron donating. Last, an 
alternative method for the synthesis of 1XR consists of 
subjecting 3R to a cross coupling with the appropriate 
substituted biphenyl diboronic acid pinacol ester. To test 
this route, 311 and biphenyl-3,3'-diboronic acid bis(pinacol) 
ester were cross coupled under dilute conditions (See 
Supporting Information). The isolated yield of 1a11 was 8% 
following this route. Therefore, the intermolecular 
approach to nanogloves is discouraged in favor of the 
intramolecular Yamamoto coupling. 

 

Structural Analysis 

Single-crystal X-ray diffraction confirmed the glove-like 
structure of 1a5, 1b11, and 1c11. High quality single crystals 
were grown by slowly diffusing MeCN into chlorobenzene 
solutions of 1a5, 1b11, and 1c11. In addition to confirming the 
connectivity of 1a5 (Figure 3), its crystal structure displays 
a cofacial dimeric nature in the solid state resulting from 
noncovalent CH⋯π interactions. Note that 1b11 (Figure 
S20) and 1c11 (Figure S21) have a different packing that does 
not involve a face-to-face interaction, likely because 
substituent E prevents it from happening.  

The biphenyl moiety defined by rings A and A’ in Figure 
3 is relatively planar across 1a5, 1b11, and 1c11 with dihedral 
angles of 16(4), 8(3), and 11(6) degrees, respectively. The 
planarity introduced into this biphenyl moiety is a direct 
result of the nanoglove architecture. To obtain 
quantitative information regarding the contraction 
introduced during nanoglove formation, the centroid of 
ring B was determined in all structures and the distance to 
the opposing centroid was extracted from the single-
crystal X-ray diffraction data. Precursors 35 and 2a5 display 
centroid-to-centroid distances of 12.7(6) and 12.70(5) Å, 
respectively, while nanogloves 1a5, 1b5, and 1c11 exhibit only 
a small contraction to 11.7(3), 11.7(2), and 11.7(3) Å, 
respectively. The latter minor structural changes in 
centroid-to-centroid distance between precursors and 
nanogloves indicate that rigidification due to 
macrocyclization should result in an insignificant buildup 

of strain. In fact, based on the homodesmotic reaction in 
Figure S24 the strain energy of 1a1 (R = Me) is ~9 kcal/mol 
(obtained by DFT at the B3LYP/6-31G(d) level of theory).53 

 

Electronic structure 

The absorption and emission properties of nanogloves 
were investigated in dichloromethane to determine their 
electronic structure. All three nanogloves 1a11, 1b11, and 1c11 
have a well-defined main absorption band in the short-
wave ultraviolet region, specifically at λmax of 254, 259, and 
253 nm (Figure 4 left), respectively. This main absorption 
band is independent of the nature of substituent E and 
matches λmax for benzene (255 nm).23 This similarity is 
expected due to destructive quantum interference 
resulting from the cross-conjugated nature of the twelve 
phenylene rings forming the outer rim of the nanoglove.54-

56 Additionally, a series of low energy weak absorption 
bands are unique in 1c11 between 300 and 340 nm, with the 
lowest energy peak at ~330 nm.  

The emission spectra for all three nanogloves 1a11, 1b11, 
and 1c11 are nearly identical, showing an emission line 
centered at 342-343 nm (Figure 4 right). Interestingly, a 
second band is observed for 1c11 at 354 nm. Time-
dependent (TD) DFT calculations were used to investigate 
the nature of these electronic transitions. The major 
absorption bands are reproduced, albeit shifted to lower 
energies. For instance, major transitions around 280 – 300 
nm were found in model compounds 1a1 (282 nm, oscillator 
strength = f ≈ 0.27), 1b1 (285 nm, f ≈ 0.33), and 1c1 (299 nm, 
f ≈ 0.30). A low energy transition in 1c1 at 314 nm is 
calculated to correspond to H→L+2, which is attributed to 
one of the low energy bands observed in this compound 
(Table S2). In contrast to our previous reports46-47 and 
[n]cyclo-para-phenylenes,57-58 the HOMO-to-LUMO 
transition is not forbidden in nanogloves. For example, in 
1a1 the transition around 288 nm (f ≈ 0.04) has a 55% 
contribution from the HOMO-to-LUMO transition, and 
similarly for 1b1 and 1c1 at 289 (f ≈ 0.07, 64%) and 294 nm 
(f ≈ 0.05, 34%), respectively.  

 

Figure 3. Molecular crystal structure of 1a5 at 120 K. Thermal ellipsoids are shown at 50% probability level. The dimeric structure 
of 1a5 is shown to the right in the sphere packing model.  
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Figure 4. (Left) Absorption and (right) emission bands of 
nanogloves collected in CH2Cl2 at room temperature. 

To understand why the HOMO-to-LUMO transition is 
not forbidden, as it is in other conjugated macrocycles,59 
we evaluated the frontier molecular orbitals (FMOs) of 
nanogloves. Depicted in Figure S26 to S28 are the HOMO 
and LUMO for 1a1, 1b1, and 1c1. In contrast to [n]CPPs, 
where the HOMO and LUMO reside uniformly across the 
conjugated nanoring,60 the HOMO and LUMO are not 
evenly distributed across the [12]CMP fragment of the 
nanoglove. In fact, the asymmetry in the orbital 
distribution is more apparent as the electron donation 
ability of the substituent E increases. Looking at the 
HOMO, both 1a1 and 1b1 display a benzenoid character in 
the biphenyl fragment composed of rings A and A’, while 
1c1 exhibits a quinoid shape. 

 

Catching Fullerenes 

Fullerenes have a unique spheroidal π conjugated 
surface. Receptors for fullerenes capable of establishing 
host:guest adducts have been explored since the discovery 
of C60.

61 A non-exhaustive list of fullerene receptors 
includes molecular tweezers,62-64 carbon nanohoops,65 

phenine nanotubes,66 metallosupramolecular receptors,67-

68 (metallo)porphyrins,69-73 molecular organic cages,74-76 
corannulene hosts,77 adaptable macrocycles,78 
calix[n]arenes,79 cavitands,80-81 and metal-organic 
frameworks.82-83 Most of these hosts stabilize fullerenes 
through concave-convex π-π interactions.84-86 Almost all of 
the previous receptors were purposely designed to bind 
fullerenes; however, some macrocyclic arenes, like those 
introduced earlier in this manuscript, have been found to 
encapsulate fullerenes due to their basket-like structure. 
Examples include cyclotriveratrylene (CTV),87-88 
calix[n]arenes,89-90 and pillar[n]arenes.91 Most of these 
macrocycles display weak binding towards fullerenes in 
solution (<103 M–1)91 or they only form adducts in the solid 
state by benefiting from the size complementarity.92-93 
Most relevant, molecules with spherical or 
pseudospherical geometries able to encapsulate C60 are 
rather rare.94-95  

We hypothesized that nanogloves would have the ability 
to host fullerenes due to their bowl-shaped structure. The 
binding affinity of C60 for 1a11 was tested using 1H NMR in 
1,1,2,2-tetrachloroethane-d2 (TCE-d2). The NMR solvent 
was chosen to maximize the solubility of C60,

96 while 
maintaining 1a11 in solution. Upon titration of C60 into 1a11, 
the resonance of the acetal hydrogen, labeled as “i”, shifted 
from 5.62 to 5.41 ppm (Figure 5a). As the titration proceeds 

forward, both free 1a11 and C60⊂1a11 co-exist indicating that 

the equilibrium established during adduct formation 

strongly favored the host-guest complex species C60⊂1a11 

with an association constant (Ka) surpassing the limit 
measurable by NMR (>106 M–1).97 Observing that resonance 
“i” shifts upfield, we find literature reports indicating that 
aromatic C–H bonds move upfield as π-π stacking 
increases.98-99 However, in our case, it is an acetal C–H 

 

 

Figure 5. Fullerene binding to nanogloves. 
1
H NMR titration of (a) C60 and (b) C70 into 1a11 in 1,1,2,2-tetrachloroethane-d2 (TCE-d2) 

at 20 °C. The 1:1 host:guest adducts R(1:1) and R’(1:1) are highlighted in purple traces, while S’(1:1) is shown in orange. Resonances 
“i” and “j” are labeled according to Figure 2. (c) Fluorescence quenching titration of 1a11 with C60 in TCE at room temperature. 

Inset: photographic images of solutions of 1a11, C60, and C60⊂1a11 in TCE under ambient light. (d) Molecular crystal structure of 

C60⊂1a5 at 100 K. Thermal ellipsoids are shown at 50% probability level. C and O are shown in grey and red, respectively.  
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bond pointing at C60. Computational studies indicate a 
shielding effect above the hexagonal rings in C60 and C70, 
and deshielding when above the pentagons.100 Previous 
reports show a net deshielding effect,101 while in our case a 
net shielding of the acetal C–H is observed. Furthermore, 
as more equivalents of C60 are added, the acetal resonance 
shifts completely to the upfield position producing a 1:1 

adduct (C60⊂1a11) that we labeled R(1:1) in Figure 5a. An 

identical behavior is observed when 1b11 (Figure S30) and 
1c11 (Figure S31) are titrated with C60. 

Titration experiments involving C70 presented an 
additional intricacy. As shown in Figure 5b, titration of C70 
into 1a11 produces a mixture of two host guest adducts 
R’(1:1) and S’(1:1). The acetal resonance in R’(1:1) is upfield 
shifted and at the same chemical shift as R(1:1), in contrast 
resonance “i” in S’(1:1) shifts downfield to 5.76 ppm (full 
spectrum in Figure S32). Interestingly, when C70 is titrated 
to 1b11 (Figure S33) or 1c11 (Figure S34) the only adduct 
formed is S’(1:1). Free nanoglove resonances disappear 
when one equivalent of C70 is added to 1b11 or 1c11 producing 

the host:guest complexes C70⊂1b11 or C70⊂1c11. In 

comparison, when ca. 1 equivalent of C70 is added to 1a11, 
resonance “i” for free 1a11 disappears and gives rise to R’(1:1) 
and S’(1:1) at a ratio of 2 to 1, respectively. Given the ovoidal 
shape of C70, we hypothesized that end-on and side-on 
adducts were possible. The structures of these species were 
optimized via DFT methods, and their relative energies 
were obtained at the B3LYP-D3BJ/6-31G* level of theory. 
The C70 end-on adduct with 1a11 is shown in Figure S35 left. 
In the end-on adduct, C70’s reach within the nanoglove 
pocket is similar to when C60 is hosted within 1a11. Based on 
this similarity and the fact that hexagons are above the 
acetal hydrogen, we expect both to produce an upfield shift 
of the acetal resonance. Hence, we designate the end-on 
adduct as R’(1:1). The optimized structure of the side-on 
adduct is shown in Figure S35 right and is calculated to be 
2.4 kcal/mol higher in energy than R’(1:1). 

Intrigued by the strong binding of fullerenes to 
nanogloves, we carried out fluorescence quenching 
experiments to obtain quantitative binding data. A 
representative example is shown in Figure 5c, where C60 is 
titrated to 1a11 and the evolution of the emission band at 
342 nm is recorded as titration proceeds from 0 to 2.4 
equivalents of C60. All titration experiments of C60 and C70 
into 1X11 are shown in Figures S36 to S38. All data was 
analyzed using Bindfit102 for a 1:1 host:guest model. Note 
that individual association constants (Ka’s) towards R’(1:1) 
and S’(1:1) cannot be obtained via fluorescence quenching 
and instead are merged into a single value. Interestingly, 
Ka values across all six titrations, C60 and C70 into 1X11, 

fluctuate around 1-to-3  107 M–1 in TCE at room 
temperature. The strong fullerene association observed 
within nanogloves is larger or comparable to the strongest 
host:fullerene adducts reported in the literature.67, 103-105 
Also, opposite to binding of C70, C60 encapsulation can be 
readily detected with the naked eye as the colorless host 
solution of 1a11 changes to brown with incremental 
addition of the purple solution of C60 (Figure 5c inset). 
Strong binding of fullerenes facilitated the formation of 
high-quality single crystals by slow diffusion of MeCN into 

C60⊂1a5 in ortho-dichlorobenzene (o-DCB). The molecular 

crystal structure of C60⊂1a5 displays the fullerene perfectly 

nested within the nanoglove (Figure 5d and S39). The 
average distance between the acetal hydrogen and the 
closest carbon atom at C60 is 2.91(3) Å. This short distance 
indicates a strong C–H•••π interaction according to 
literature values.106 Moreover, π–π interactions are also 
operative as determined from the short average distance of 
3.31(7) Å between the centroid of ring B (Figure 3) and the 
closest carbon atom or ring centroid at C60.

107 DFT 
calculations using the independent gradient model based 
on Hirshfeld partition of molecular density (IGMH) 
provide a visualization of the non-covalent interaction 
surface between C60 and 1a1 (Figure S40).108 The bowl-shape 
of this interaction surface demonstrates the  

 

Figure 6. Diffusion of host:guest adducts and extraction of fullerenes by 1a11 from carbon soot. Acetal (resonance “i”) and methine 

(resonance “j”) region of DOSY NMR of (a) C60⊂1a11 and (b) C70⊂1a11. The R(1:1) adduct is shown in purple in (a), while (b) displays 

the mixture of S’(1:1) and R’(1:1) in orange and purple, respectively. (c) 1H NMR of acetal region of 1a11 (blue) and the extracted 
adducts obtained by subjecting carbon soot (CS) to 1a11 (black) in TCE. (d) DOSY NMR of extract from 1a11 + CS shown in (c). All 
NMR data was collected in TCE-d2.
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excellent nesting pocket provided by nanogloves 1X11. Last, 
the overall geometry of 1a5 remains unchanged upon host-
guest adduct formation suggesting a negligible penalty 
towards reorganizational energy resulting in enhanced 
binding affinity constants.109-110 

Understanding the solution transport properties of 
fullerenes is essential for developing new strategies for 
their separation and purification.86, 111 The diffusion 
coefficient (D) is one of the fundamental parameters of 
interest and it is commonly determined through DOSY 
NMR spectroscopy.112 For C60 and C70, D has been 
determined in a variety of solvents with different 

viscosities () and it ranges from 1-to-9  10–10 m2/s.113 

Specifically, D for C60 in o-DCB ( = 1.32) and benzonitrile 

( = 1.24) is 1.1(2)  10–10 and 1.4(3)  10–10 m2/s, respectively, 
which we assume to be close to that in TCE ( = 1.43) based 
on their similar viscosity properties.114 In host:guest 
complexes, DOSY NMR can only be reliably applied to 
adducts existing in the slow exchange regime,115 which is 
the case here as established in Figure 5a-b. Examining 

DOSY NMR of R(1:1), C60⊂1a11, we observe a diffusion 

coefficient of ca. 2  10–10 m2/s (Figure 6a). Similarly, R’(1:1) 
and S’(1:1) behave nearly the same as R(1:1), suggesting that 
the diffusion properties are not influenced by how C70 is 
hosted within 1a11 (Figure 6b). Overall, these findings 
follow expected trends obtained by others correlating D 
and molecular weight.116-117  

Fullerene availability is hindered by challenging 

separation and purification procedures.111, 118 Fullerene-rich 

carbon soots (CSs) are available commercially containing 

~5% fullerenes.119 However, additional information about 

the specific fullerenes present, aside from C60 and C70, is 

not disclosed. We hypothesized that fullerenes may bind 

to nanogloves even if they were present in complex 

mixtures. To test this hypothesis, CS was suspended in a 

solution of 1a11 in TCE at 100 °C for 12 hours (detailed 

procedure in Supporting Information). The suspension 

was filtered, and the resulting solution was dried under 

reduced pressure. Since the acetal and methine resonances 

“i” and “j”, respectively, are sensitive to the formation of 

fullerene⊂nanoglove adducts, the filtrate was subjected to 
1H NMR analysis in TCE-d2 to search for potential fullerene 

complexes. The region of the 1H NMR spectrum from 4.9 

to 5.8 ppm displays multiple resonances suggesting a 

variety of fullerene adducts (Figure 6c, black trace). The 

major resonances coincide with R(1:1) and R’(1:1); however, 

several more are discernible that are not related to adducts 

of C60 or C70. Furthermore, analysis of the CS filtrate by 

DOSY NMR (Figure 6d) suggests that all fullerene adducts 

formed in solution must be 1:1 host:guest as they are 

clustered around R(1:1), R’(1:1), and S’(1:1). The likelihood of 

1:2 adducts in solution is discarded as these would increase 

the hydrodynamic radii of the diffusing species and result 

in a lower value of D compared to the 1:1 complex. For 

reference, the adduct C60⊂(1a1)2 is almost twice as long as 

C60⊂1a1 (Figure S41). Last, despite observing multiple 

fullerene adducts via NMR their exact molecular identity 

was not established. 

MALDI MS was used to identify the fullerenes obtained 
from carbon soot. We collected data up to m/z = 9000 
showing three distinct m/z regions: the first one near 3000, 
a second one in and around 5000, and a third one at 7000 
(Figure S42a). Note that free 1a11 is not observed (m/z = 
2058, Figure 2b). Rather surprisingly, the first region only 

displays a single species corresponding to [C60⊂1a11]
– 

(Figure 7a). In contrast, the second region contains a 
multitude of ion peaks, where the major ones correspond 

to [C60⊂(1a11)2]
– and [C70⊂(1a11)2]

– (Figure 7b). Detailed 

analysis of the minor ion peak distributions between m/z 

= 4850 and 5300 reveals the formation of [Cn⊂(1a11)2]
– for 

n = 64, 66, 74, 76, 78, and 82 to 96 every two units (Figure 
7c). Note that while most of these adducts match their 
isotopic distribution considering Cn alone, others are off by 
several units indicating potential functionalization. 
Recently, 

Figure 7. MALDI MS of carbon soot (CS) filtrate. CS was suspended with 1a11 dissolved in TCE at 100 C.  
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Yamada, Akasaka, and Nagase highlighted that anomalous 
carbon cages are present in carbon soot.120 Aside from C60 

and C70, using nanoglove 1a11 we observe the adduct [Cn⊂

(1a11)2]
– with C64 and a closely related species. Aside from 

its allotropic form, C64 has been isolated as C64H4,
121 

C64Cl4,
122 or C64Cl8;

123 similarly, C66 has been obtained as 
C66H4.

124 In both of these cases a closely related carbon cage 
heavier than the pure C64 and C66 must be present. The last 
two species in the series C74, C76, and C78 match well to the 
pure allotrope sandwiched between two nanogloves; 
however, the experimental pattern does not fit entirely 

well for [C74⊂(1a11)2]
–, likely indicating an unknown C74 

cage. Functionalization precedents for these three species 
are known in the form of C74C10,

125 C76Cl18,
126 C76Cl24,

127 and 

C78Cl18.
128 The host:guest compound [C80⊂(1a11)2]

– is not 

observed in the mass spectrum in Figure 7. Its absence is 
not entirely surprising as it is known to exist in low 
abundance in soot.129 Fullerene C82 and C84 match well the 

simulated isotopic pattern for [(C82 or C84)⊂(1a11)2]
–. In 

contrast, C86 and C88 are barely noticeable in the mass 
spectrum despite having several stable isomers.130-132 
Fullerene C90, and larger, have been reported to adopt 
tubular-like structures,133 and more recently categorized as 
fullertubes.134-135 Our data does not allow us to discern the 
nature of the isomer(s) extracted from CS; however, based 
on data presented vide supra, isomers with end-caps 
having C60-like structures will nest better within 1X11 and 
form favorable host:guest adducts. Furthermore, the 

simulated isotopic patterns for [Cn⊂(1a11)2]
– with C92, C94, 

and C96
136 match well the experimental MS data. Finally, 

the third region at around m/z = 7000 shows ion peaks 

matching the adducts [Cn⊂(1a11)3]
– for C60 and C70 (Figure 

7d). This is somewhat unexpected suggesting the third 
equivalent probably wraps around the ternary adduct [Cn

⊂(1a11)2]
– as a stitch. Finally, comparing mass spectra data 

of CS in the presence and absence of nanogloves 
demonstrates preferential detection of fullerenes when 1a11 
is present, especially for congeners heavier than C70 (Figure 
S43). 

 

CONCLUSIONS 

Following on our synthetic strategy to make contorted 
aromatic species, here we report the efficient access to 
molecules with deep cavities coined nanogloves. 
Employing resorcin[4]arene as the template, and two 
subsequent coupling reactions, we disclose a series of 
nanogloves with exceptional binding affinities for 
buckyballs. The top rim represents a [12]CMP structure 
which is covalently linked to the template via four benzal 
C–C bonds. The high binding constants of fullerenes to 
nanogloves are attributed to their rigid structure allowing 
them to establish a surface of non-covalent π⋯π contacts 
and CH⋯π interactions with the nested buckyball. 
Moreover, we exploit fullerene’s high binding affinities 
towards nanogloves to selectively sequester them from 
carbon soot. This work may lead the way to the synthesis 
of unprecedented structures and materials to use in 
fullerene purification, their regioselective 

functionalization, and fullerene solubilization for their 
availability in standard organic solvents. 
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