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Self-Assembly of Di-N-Heterocyclic Carbene-Gold-Adorned
Corannulenes on C60

Carmen Mejuto,[a] Luis Escobar,[b] Gregorio Guisado-Barrios,[a] Pablo Ballester,[b, c]

Dmitry Gusev,*[d] and Eduardo Peris*[a]

Abstract: The deprotonation of a corannulene-based bis-

azolium salt allowed the preparation of a corannulene-based

NHC di-AuI complex. The prepared di-AuI-complex was
tested in the recognition of fullerene-C60, demonstrating

good binding affinity in toluene solution, and producing
a host–guest complex with 3:1 stoichiometry, as evidenced

by a combination of NMR spectroscopy and ITC titrations.
The experimental results are fully supported by DFT calcula-

tions. The binding of C60 with the di-AuI complex in toluene

solution is enthalpically and entropically favoured. Remarka-

bly, the entropic term is the dominant parameter in the

binding process. The good complementarity that exists be-

tween the concave shape of the corannulene-di-gold com-
plex and the convex surface of the fullerene, together with

the presence of tBu groups and the AuCl fragment are key
factors for the measured high affinity between host and

guest. The obtained results indicate that fullerene may be
acting as a template for the formation of a self-assembled

aggregate involving up to three molecules of the di-AuI

complex.

Introduction

Shape and size complementarity are among the most impor-
tant factors to be considered in the design of efficient molecu-

lar receptors. Since the discovery of fullerenes, the interaction

of their curved, conjugated and convex surfaces with properly
assembled polyaromatic systems has been a prominent area of

research.[1] The design of efficient fullerene receptors is based
on establishing suitable face-to-face contacts between (pref-

erably) the concave faces of polyaromatic systems and the
convex and conjugated surface of the former in order to estab-

lish efficient van der Waals intermolecular interactions. Some

of the known fullerene receptors are suitable for the separa-
tion/extraction of certain fullerenes from complex mixtures or
even from fullerene-containing carbon soot.[2] Bowl-shaped

polyaromatic hydrocarbons, such as corannulene, which can
now be prepared on the kilogram scale,[3] are among the best

binding units to be incorporated in synthetic molecular recep-
tors for fullerenes. This is mainly due to the shape complemen-

tarity that exists between the shallow concave cavity of the

corannulene and the convex surfaces of the fullerenes.[4]

Although based on theoretical calculations the interaction of

corannulene with C60 is energetically favourable in the gas
phase,[5] and close contacts between the two binding partners

are experimentally observed in the solid state,[6] to the best of
our knowledge, there are no literature reports on the binding
affinity for the two binding partners in solution. Probably the

closest description of this type of interaction was reported by
Yamada and co-workers who determined a low association
constant (19 m@1) between a lithium ion encapsulated-[60]full-
erene (Li+@C60) with corannulene.[7] The low binding affinities
between C60 and corannulene in solution have been attributed
to the dissolvation and entropic binding penalties that pre-

sumably are associated with the formation of a fullerene@cor-
annulene inclusion complex in solution.[8] In order to circum-
vent these penalties, elaborate synthetic receptors combining

two or more corannulene binding units were recently synthe-
sized. These fullerene receptors, so-called “buckycatchers”,

showed remarkable affinities for fullerene binding in solution
(representative examples of the synthetic receptors A–C are

shown in Scheme 1).[9] Some receptors based on the modifica-

tion of a single corannulene unit have also been reported (D–
E, Scheme 1). The pentaindenocorannulene D displays a bowl-

shaped curvature similar to that of corannulene, but features
a larger surface area provided by the presence of five benzo-

fingers, which are also responsible for the increase in the
depth of the receptor’s cavity.[5d, 10] A recent study described
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the formation of 1:2 inclusion complexes, C60@D2, between
pentaindenocorannulene D and C60 both in solution and in the

solid state. However, the binding constant values for the 1:1
and the 1:2 aggregates were not reported.[11] Significantly, the

structure of the 1:2 complex, which was determined in the

solid state, showed the C60 bound to the concave face of a D2

dimer rather than the C60 being sandwiched between two D2

units. Related to these findings, some years ago corannulene
derivatives possessing geodesic electron-rich arms (E) were de-

scribed to form 1:1 complexes with C60 in toluene solution.
The association constant values determined for the formed 1:1
complexes were in the range of 200–400 m@1.[12] This finding

was interpreted as a consequence of the establishment of en-
hanced attractive noncovalent interactions between the elec-
tronically complementary surfaces of the functionalized coran-
nulene and the C60 in the donor–acceptor complex. Some re-
ceptors bearing three tethered corannulene functionalities
were been reported, but they did not exhibit any affinity en-

hancement toward fullerene as compared to bi-corannulene
analogues, suggesting that not all three corannulene frag-
ments embrace fullerene at the same time.[9f,h] This is probably

due to the geometry restrictions imposed by the tether, which
does not allow an optimized distribution of the corannulene

fragments around the surface of the fullerene.
During the last few years we have developed a series of di-

and tri-N-heterocyclic carbene ligands connected by planar

fused polyaromatic linkers.[13] In the course of our research, we
found that this type of ligands afforded unique catalytic prop-

erties to the resulting organometallic complexes, which we as-
cribed to supramolecular effects.[14] In pursuit of a novel polyar-

omatic linker that could endow with new properties to the re-
sulting bis-NHC ligands, we turned our attention to corannu-

lene owing to its unique electronic and topologic features.
We envisaged that a corannulene derivative bearing bis-NHC li-
gands in its periphery could be applied not only in catalysis
but also in supramolecular binding studies with fullerenes.

Results and Discussion

The synthetic procedures used for the preparation of the com-

pounds described in this work are summarized in Scheme 2.
The tetraamination of tetrabromocorannulene 1[3] was per-

formed by using tert-butylamine in the presence of a palladium
catalyst, and afforded the tetraamino corannulene 2 in an
almost quantitative yield (97 %). The bis-annulation of 2 was

performed by treating it with tributyl orthoformate. The reac-
tion afforded the corannulene-bisazolium salt 3 in 66 % yield.

The 1H and 13C NMR spectra of 3 were consistent with the Cs

symmetry of the molecule (see the Supporting Information).

The 1H NMR ([D6]acetone) spectrum showed a singlet at

9.55 ppm, which was assigned to the NCHN hydrogen atom.
This proton signal is diagnostic of the formation of azolium

salts.

The molecular structure of 3 was further confirmed by single
crystal X-ray diffraction. The structure of 3 is shown in Figure 1,

and reveals the presence of the two imidazolium rings bridged
by the corannulene spacer. The bowl-shape of the corannulene

induces a dihedral angle between the two planes defined by

the azole units of 15.68, therefore the two imidazolium frag-
ments are not co-planar. The tert-butyl substituents of the ni-

trogen atoms adopt the less hindered conformation by point-
ing one of their methyl groups toward a putative coordinated

metal, assuming that an N-heterocyclic carbene complex could
be formed. The X-ray structure of 3 allowed us to estimate
that if a dimetallic di-NHC complex was formed, the metal–

metal distance would be approximately 11.9 a.
Deprotonation of the bisazolium salt 3 to produce the corre-

sponding bis-N-heterocyclic carbene ligand 4 was performed
in [D6]benzene by using sodium bis(dimethylsilyl)amide

(NaHMDS) and a catalytic amount of sodium tert-butoxide. The
resulting solution of 4 was analysed by NMR spectroscopy (see

Figure 1. X-ray structure of 3. Thermal ellipsoids set at 50 % probability. Hy-
drogen atoms (except hydrogens at NCHN), counter-anions (2PF6

@) and sol-
vent (1,2-dichloroethane) are omitted for clarity. Selected bond distances [a]
and angles [8]: N(1)-C(2) 1.319(3), N(3)-C(2) 1.326(3), N(14)-C(15) 1.331(3),
N(16)-N(15)1.323(3), N(1)-C(2)-N(3) 112.0(2), N(16)-C(15)-N(14) 111.5(2).

Scheme 1. Line-drawing structures of “buckycatchers” A–C, pentaindeocor-
annulene D, and corannulene derivative E featuring five geodesic electron-
rich arms
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the Supporting Information). The 13C NMR spectrum of the

solution displayed the diagnostic signal of the carbene carbon
at 219.9 ppm. Compound 4 was stable in benzene for several

days. The reaction of 3 with [AuCl(SMe2)] in THF, in the pres-
ence of KHMDS, afforded the bis-NHC di-gold(I) complex 5, in

a moderate yield (40 %). The di-gold complex 5 was character-
ized by a complete set of high-resolution spectra and elemen-

tal analysis (see the Supporting Information). The 13C NMR

spectrum of complex 5 displayed a signal at 178.7 ppm, as-
signed to the carbene carbon. The mass spectrum (ESI-TOF-
MS) revealed two main ion peaks at m/z ratios of 787.3 and
1041.3, that were assigned to [M@AuCl + H]+ and [M + Na]+

species, respectively.
We probed the interaction of the bowl-shaped gold complex

5 with fullerene using 1H NMR spectroscopy. The 1H NMR spec-
trum of 5 in [D8]toluene showed sharp and well-defined
proton signals. The Ha proton resonates as a singlet at

8.08 ppm. On the other hand, protons Hb and Hc appear as
doublets at 8.08 and 7.56 ppm, respectively (see Figure 2 for
1H assignations). We observed that the incremental addition of
C60 (guest) to a millimolar solution of 5 (host) induced a down-

field shift of the corannulene proton signals of 5, as can be ob-

served from the series of spectra shown in Figure 2. The addi-
tion of 8 equivalents of C60 produced a downfield shift of

0.4 ppm of the signal due to the corannulene hydrogen la-
belled as Ha (Figure 2. The assignation of the signals can be

found in the Supporting Information). The signals labelled as
Hb, Hc and the ones due to the protons of the tert-butyl group

also experienced a downfield shift, although to a lower extent

than that observed for Ha. The chemical shift changes experi-
enced by the proton resonances of the corannulene unit in 5
are indicative of a binding process with C60 that showed fast
kinetics on the NMR timescale. We assumed that the bimetallic

complex 5 interacts with C60 through p–p donor–acceptor in-
teractions. The assessment of the associations was performed
by simultaneously adjusting the chemical shift changes experi-

enced by the signals of Ha, Hb and Hc, to the corresponding
binding models (1:1, 1:2 and 1:3, related to C60 :5).[15] The fit for

the formation of a 1:1 complex returned a binding constant
value of K11 = 2.982(:2) m@1 (error taken from the statistical fit)
for the formation of a C60@5 complex. Not surprisingly, the ex-
perimental data obtained in the titration displayed statistically

significant improvements of the fit when switching from 1:1 to
2:1 and finally to 3:1 models, as concluded by the F-test statis-
tical analysis (see the Supporting Information for full details
about the statistical analysis of the fitting of all three binding
models). The fittings were performed assuming that the micro-

scopic binding constants for the stepwise binding steps lead-
ing to C60@52 and C60@53 were identical. The fits returned mi-

croscopic binding constant values that were coincident with

the one determined for the exclusive formation of the 1:1
complex Ka(C60@5) = 2.9 V 103 m@1. However, the fit to a 3:1

binding model gave a very good statistical fitting, we consid-
ered that the analyses of the titration data did not provide un-

ambiguous evidences for the formation of a complex having
this stoichiometry. The monotonic shift experienced by the an-

Scheme 2. Synthesis of corannulene derivatives 2–5.
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alysed proton signals of corannulene derivative 5 upon
binding C60 was not suitable to distinguish between the two

possible theoretical binding models by relying only on the

goodness of the fit. Taken together, these results indicate that:
a) corannulene 5 interacts with C60 in solution at millimolar

concentration; b) the chemical exchange between free and the
bound 5 is fast on the NMR timescale, c) the binding constant

for the interaction of one unit of 5 with C60 is on the order of
103 m@1, and d) complexes of larger stoichiometry than the

simple 1:1 C60@5 are apparently formed in the investigated

range of millimolar concentrations.
We were also interested in studying if 5 could be used as re-

ceptor for planar polyaromatic hydrocarbons. As a model we
used coronene for our binding studies. The addition of incre-

mental amounts of coronene to a millimolar solution of host 5
in [D8]toluene produced chemical shift changes in all its aro-
matic proton signals. The signals of the Hb and Hc protons ex-

perienced a downfield shift whereas the signal of the proton
Ha moved upfield. The chemical shift changes experienced by
all three signals (Ha, Hb and Hc) were analysed by using a 1:1
binding model. The fit returned an association constant value

of K11 = 2.1(:0.2) V 102 m@1 for the formation of the coro-
nene@5 complex. The binding constant value is one order of

magnitude smaller than the one determined for C60@5 com-

plex. We assigned this reduction of binding affinity to the re-
duced shape complementarity between the binding partners.

On the other hand, the obtained results serve to illustrate that
complex 5 can also be used for the recognition of large planar

polycyclic aromatic hydrocarbons like coronene.
In order to shed more light on the binding affinity of 5 with

C60, we carried out UV/Vis and fluorescence titrations. These

spectroscopic techniques allowed the use of 5 at lower con-
centrations than those required for 1H NMR titrations. By work-

ing at lower concentrations of 5 we expected to disfavour the
formation of the aggregates with higher stoichiometry (e.g. ,

1:2 and 1:3 complexes), and therefore, gaining additional infor-
mation on the thermodynamic stability of the 1:1 inclusion

complex. The UV/Vis spectroscopic titration of 5 with incre-
mental amounts of C60 did not show any noticeable changes

in the absorption spectrum of the former. Conversely, the
emission spectra of 5 changed significantly by the addition of

increasing concentrations of C60. Figure 3 shows the changes

observed in the emission spectra of 5 (1.55 V 10@5 m) in toluene
upon incremental addition of fullerene. The fluorescence titra-

tion showed two phases. In the initial phase, the incremental
addition of C60 provoked an increase in the intensity of the

emission band of 5 centred at 528 nm. However, when the

ratio of [C60]/[5]>0.4, the intensity of the emission band start-
ed to decrease. We interpreted the quenching effect of the

second phase of the titration as a consequence of the increase
of absorption at the excitation wavelength that was caused by

the incremental C60 addition (inner filter effect). Consequently,
the emission titration data are not suitable for mathematical
analysis using a theoretical binding model. However, they do

serve to support the interaction of 5 with C60 even at micro-
molar concentration that is responsible for the increase of
emission of the host in the initial phase of the titration.

We thought that isothermal titration calorimetry (ITC) experi-

ments should help us to obtain additional experimental infor-
mation on the interaction of complex 5 with C60. ITC is a ther-

modynamic technique that directly measures the heat released
or absorbed upon sequential and incremental addition of a so-
lution of one compound to another solution of the same

solvent containing a different compound. Due to the reduced
solubility of the two binding partners, the titrant (C60) and the

titrand (5) concentrations used in the ITC experiment were
suboptimal considering the tentative binding affinity for C60

with 5 on the order of 103 m@1, determined using the 1H NMR

titrations (vide supra). The ITC experiment was performed by
incremental addition of a toluene solution of C60 (3.8 mm) to

a toluene solution of 5 (0.6 mm) placed in the cell. The initial
injections produced the observation of significant evolved

heat, indicative of an exothermic process. The experimental
binding isotherm was analysed by using the “one set of sites”

Figure 3. Fluorescence spectra acquired during the titration of 5
(1.55 V 10@5 m) with C60 (2 V 10@4 m) in toluene at 298 K (lex = 403 nm). The
inset plot represents DI528 against the number of added equivalents of C60.

Figure 2. Selected regions of the 1H NMR (500 MHz, [D8]toluene, 298 K) spec-
tra acquired during the titration of 5 with incremental amounts of C60. The
concentration of 5 was maintained constant (0.5 mm) throughout the titra-
tion. The binding isotherm is shown below.
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theoretical binding model implemented in the Microcal soft-
ware.[16] We obtained the best fit for the model that assumed

three equivalent binding sites and the formation of a 1:3 com-
plex C60@53 (Figure 4). This finding suggests that C60 interacts

with 5 forming consecutive 1:1, 1:2, and 1:3 inclusion com-
plexes, in agreement with the conclusions derived from the
1H NMR titration experiments. The fit of the experimental ITC
data to the theoretical binding model also allowed the deter-

mination of an average value of the binding constant of C60

with 5 and the average enthalpy of binding (DH) of the pro-

cess. The free energy (DG) and the entropy (DS) terms were

calculated from the experimental thermodynamic parameters,
K and DH. The average stability constant K for the formation of
C60@53 was 7.1(:0.7) V 103 per mole of 5, in agreement with
the value determined by using 1H NMR titrations. The average
enthalpy change per step and per mol of 5 leading to the for-
mation of C60@53 was DH =@0.67(:0.07) kcal mol@1. Remarka-

bly, the calculated entropic term, TDS, was positive and had
a value of 4.6(:0.5) kcal mol@1. Therefore, entropy contributed
significantly to the free binding energy that in turn was calcu-

lated to be @5.3(:0.5) kcal mol@1. All together, these results in-
dicate that in toluene solution both enthalpy and entropy

terms favour stepwise formation of the product C60@53 com-
plex and its 1:1 and 1:2 precursors. This result contradicts the

established paradigm stating that the binding of C60 with re-

ceptors containing a single corannulene unit must be entropi-
cally disfavoured.[8] On the contrary, our finding is in line with

the recent reports of favourable entropic terms in the com-
plexation of C60 with receptors containing more than one cor-

annulene binding unit.[9a] We rationalize the observed favoura-
ble entropy for binding through the assumption that solva-

tion/desolvation processes of the free and bound components
must play an important role in the binding process.

We performed a series of DFT calculations to determine the
structures and binding energies of the complexes produced by
the interaction of 5 with C60. Studying such systems is chal-
lenging from the computational point of view because bond-

ing between 5 and C60 in C60@5n is governed by noncovalent
interactions and the ultimate product C60@53 is excessively

large: C174H126N12Cl6Au6. Understandably, calculated DFT ener-
gies of supramolecular systems in solution should be treated
with caution, thus, the principal objective of this study was to
establish any trends upon the formation of C60@5n with n = 1–
3. To gauge the accuracy of the calculations, we employed

four local DFT methods: M06L/Def2SVP//M06L/Def2QZVP
(method M1), M06L-D3/Def2SVP//M06L-D3/Def2QZVP (M2),

B97D3/Def2SVP//B97D3/Def2QZVP (M3), B97D/Def2SVP//B97D/

Def2QZVP (M4). A limited amount of computational work, for
comparison, was also carried out at the wB97XD/Def2SVP//

wB97XD/Def2QZVP (M5) level. The Def2QZVP basis set was
used for Au during the geometry optimizations, together with

the corresponding effective core potential (def2) available in
Gaussian 09.[17] The polarizable continuum model (IEFPCM) was

employed in all calculations in toluene, with the radii and non-

electrostatic terms of Truhlar and co-workers’ SMD solvation
model. Along with 5, we calculated the smaller version of this

complex possessing all N@CH3 groups (5’). Ultimately, the geo-
metries of C60@5’, C60@5’2, and C60@5’3 could be optimized,

whereas only C60@5 and C60@52 were computationally accessi-
ble. As a technical note, the B97D3 geometry optimizations of

this work systematically produced structures with at least one

“negative” vibrational frequency, whereas this problem was
not encountered with the other methods M1, M2, M4, or M5.

It is appropriate to start the review of the DFT results by an-
alysing the structures of 5’ and 5 in Figure 5. These bowl-

shaped molecules share a common corannulene core, however
5’ is distinctly more “shallow” compared to 5. With respect to

the centroid X of the corannulene, the Cl@X@Cl angle in 5’ is

more open compared to 5 : 134.08 versus 115.58, respectively.
The increased bending of the Au@Cl fragments in 5 is caused

by the tert-Bu groups adopting an orientation with one C@Me
bond perpendicular to the carbene fragment. Thus, counterin-
tuitively, the bulkier complex 5 appears to have a more appro-
priate shape (concave curvature) to complement the convex
form of the fullerene surface upon complex formation.

Next, we addressed the structure of 5 in toluene solution.
Establishing the nature of the ground-state of 5 in this solvent
is a considerable challenge and can be assessed only to a cer-
tain degree. Based on the experimental positive entropy
determined for the formation of the inclusion complex C60@53,
it is appropriate to view the complexation process as proceed-

ing with displacement of toluene from the bowl-shaped 5. The

cavity of 5 is large enough to fit in two solvent molecules. A
computational search for the best accommodation of toluene

in 5 returned the structure of Figure 6 where the solvent mole-
cules adopt an “anti” orientation, that is, with the methyl

groups facing the opposite sides of 5. The toluene molecules
are engaged in multiple interactions over and at the periphery

Figure 4. Top: heat versus time plot of the ITC experiment of 5 (0.6 mm)
with incremental additions of C60 (3.8 mm), in toluene at 298 K. Bottom: the
best fit of the integrated heats to the theoretical binding isotherm obtained
assuming three (N = 3) equivalent binding sites in C60@53. The resulting ther-
modynamic data (K, DH, and DS) are per mole of 5.
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of the carbene fragments, involving contacts to the gold and
chloride, as well as several hydrogen and carbon atoms. With

respect to the centroid X of the corannulene, the Cl@X@Cl
angle is contracted in toluene2@5 to 110.68 from 115.58 in the

structure of 5 in Figure 5. The calculated enthalpy of formation
of toluene2@5 varies from about @7 to @12 kcal per mole of

toluene, depending on the functional used. The B97D (method

M4) and wB97XD (M5) calculations gave the most tightly
bonded structures. The trend of the methods of this work

predicting increasingly negative binding enthalpies in the
order M1<M2<M3<M5<M4 will be seen again in the fol-

lowing discussion of C60@5n and C60@5’n.
The results of DFT calculations on C60@5’n (n = 1–3) and

C60@5n (n = 1, 2) are summarized in Figures 7, Figure 8 and

Figure 9. Before discussing these, it is worth recalling that the
p–p stacking interaction between C60 and corannulene is rela-

tively weak; for example, the prototypical C60@corannulene in-
clusion complex has not been detected in solution.[7] This

points at the gold carbene fragments of 5 as the structural
motifs to which C60@53 significantly owns its stability.

The results of Figures 7–9 present several salient points.
First, the formation of C60@5 is more favourable compared to

C60@5’. This result can be attributed to the more extended and

deeper cavity of 5 verses 5’ and the better shape-size comple-
mentarity of 5 and C60 and thus the stronger dispersion

attractive forces that stabilize the C60@5 complex. It is worth
noting that the trend in the thermodynamic stability of the

complexes increases in the order C60@5<C60@52 and C60@5’<
C60@5’2<C60@5’3. In short, the products become markedly

more stable as the number of complexed di-gold carbene 5
molecules increases. The molecules of 5 are docked in C60@52

(Figure 9) by establishing multiple Cl···H contacts ranging from

2.75 to 3.74 a and the additional H···H contacts at 2.51–2.65 a.
Overall, the structure of C60@52 resembles a clamshell with

Figure 5. Geometries of 5’ (above) and 5 (below) calculated by using the
wB97XD (M5) method.

Figure 6. The space-filling view of toluene2@5. The enthalpies [kcal] of tolu-
ene binding to 5 and 5’ are in toluene at 298 K, per mole of toluene, calcu-
lated with methods M1–M5.

Figure 7. Optimized geometries of C60@5’n (n = 1–3). The enthalpies [kcal mol@1] and entropies [cal K@1 mol@1] of formation are in toluene at 298 K, per mole of
toluene2@5, calculated with methods M1–M5.
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a flexible joint. There is also a certain structural similarity be-
tween C60@52 and the “buckycatchers” developed by Sygula

and co-workers[8] The structure of C60@5’3 has five of the six

chlorides engaged in close Cl···H contacts (Figure 8), thus
adding further stabilization to the complex with three bis-car-

benes forming a beautifully docked molecular “puzzle” tem-
plated on C60.

It is instructive to compare the DFT results of Figures 7 and
8 with the experimental values of Figure 5 (DH =@0.7 kcal

mol@1, DS = 15 cal K@1·mol@1, DG =@5.3 kcal mol@1). The best
matching DFT values were obtained by using the M06L

method M1. At this level of theory, the free energy of forma-
tion of C60@5’3 is @8.2 kcal mol@1. C60@53 could not be calculat-

ed, however, its free energy of formation can be estimated by
applying the energy difference between C60@5’3 and C60@5’2
(DG =@1.7 kcal mol@1) toward the energy of formation of
C60@52 (DG =@7.2 kcal mol@1). This gives the estimated DG,
@8.9 kcal mol@1 for C60@53, suggesting somewhat tighter bond-

ing in DFT calculations versus the experiment. The entropy
change upon the formation of C60@53 should be DS,
17 cal K@1 mol@1, in close agreement with the experiment.

Conclusions

In summary, the deprotonation of a corannulene-based bisazo-

lium salt allowed us to isolate and characterize a free corannu-
lene-bis-imidazolylidene. This bis-NHC molecule was coordinat-

ed to gold, affording the corresponding corannulene-based

NHC complex 5. This organometallic complex was investigated
as a receptor for the recognition of fullerene-C60, where it

showed a good binding affinity in toluene solution, and pro-
duced guest–host complexes of stoichiometries up to 1:3. This

binding behaviour was evidenced by the combination of NMR
and ITC titrations. The importance of the shape-complementar-

ity between fullerene and the corannulene complex 5 is also il-

lustrated by the much lower affinity showed by the organome-
tallic complex in the recognition of a molecule having a flat-

polyaromatic surface such as coronene. The results described
here constitute a rare example of a synthetic molecular recep-

tor containing a single corannulene binding motif displaying
a strong interaction with fullerene-C60 in toluene solution. It is

also important to mention that the magnitude of the average

binding constant determined for 5 with C60 is on the same
order of affinity as those reported for the more elaborated

multitopic receptors that incorporate two or more corannulene
binding units. In our case, the presence of the Au@Cl frag-

ments and the tert-butyl groups of the di-NHC ligand substitu-
ents plays an important role in the stabilization of the product

host–guest complexes. DFT calculations revealed how the pres-
ence of the tBu groups in 5 facilitates the adaptation of the

shape of the corannulene core to the fullerene surface. In turn,
this shape complementary is responsible for an increase of
their binding affinity. The Au@Cl fragments in the C60@53 com-

plex allow close Cl···H intermolecular contacts, therefore sug-
gesting a degree of cooperativity in the association of succes-

sive molecules of 5 to fullerene. An interesting point is that
this result suggests that fullerene may be acting here as a

template for the formation of a docked structure formed by

the association of three molecules of 5. Consequently and in
view of these findings, the consideration of 5 being the host

and fullerene being the guest could be switched. The change
of roles is also in agreement with the general consensus in

host–guest chemistry stating that the host–receptor may pos-
sess multiple binding sites.

Figure 8. Optimized geometries of C60@5’3 showing some intermolecular
Cl···H interactions. C60 was removed from the structure for clarity. Distances
are in a.

Figure 9. The optimized geometry of C60@52. The enthalpies [kcal mol@1] and
entropies [cal K@1 mol@1] of formation of C60@5 and C60@52 are in toluene at
298 K, per mole of toluene2@5, calculated with methods M1–M4.
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