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Abstract: We report the synthesis and characterization
of a novel type of nanohoop, consisting of a cyclo-
paraphenylene derivative incorporating a curved hepta-
gon-containing n-extended polycyclic aromatic hydro-
carbon (PAH) unit. We demonstrate that this new
macrocycle behaves as a supramolecular receptor of
curved m-systems such as fullerenes Cq and C,,, with
remarkably large binding constants (ca. 10’M™), as
estimated by fluorescence measurements. Nanosecond
and femtosecond spectroscopic analysis show that these
host-guest complexes are capable of quasi-instantaneous
charge separation upon photoexcitation, due to the
ultrafast charge transfer from the macrocycle to the
complexed fullerene. These results demonstrate saddle-
shaped PAHs with dibenzocycloheptatrienone motifs as
structural components for new macrocycles displaying
molecular receptor abilities and versatile photochemical
responses with promising electron-donor properties in
host-guest complexes. )
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Introduction

Cycloparaphenylenes (CPPs) are a family of radially -
conjugated nanohoops based on benzene rings,"! which have
been extensively studied during the last decade owing to the
available and versatile synthetic methodologies.”) Their
applicability ranges from solution and solid-state fluoro-
phores to organic electronic components,” including as well
bioimaging or size separation.! Remarkably, most of these
applications arise from the capacity of CPPs to act as
supramolecular hosts.”) Particularly, their supramolecular
assemblies with fullerenes are well known and have been
widely studied.”

On the other hand, n-extended CPPs have received
major attention during the last years since they combine the
spatial arrangement of CPPs and the electronic properties of
polycyclic aromatic hydrocarbons (PAHs).® These hybrid
materials open new pathways for the directed engineering of
the properties of pristine CPPs, as done for example by the
inclusion of donor, acceptor, or antiaromatic PAHs as part
of the CPP structure. *'*! Furthermore, n-extended CPPs
are interesting hosts for fullerenes." In such systems, the
supramolecular interactions between the CPP and full-
erenes, such as Cg, can be modulated depending on the
PAH nature. For instance, embedding large PAHs, e.g.
hexa-peri-hexabenzocoronene (HBC), into the CPP struc-
ture influences the binding affinity. Thus, the binding
constant (K,) increased by one order of magnitude in HBC-
[10]CPP in comparison to parent [10]CPP (K,=2.33x10" vs
2.79x10° M 1).1%12d Yang, Du, Nishiuchi, Miillen, Ito and
co-workers have presented a family of HBC-containing
CPPs (Figure 1),*# some of them with high binding
constants with fullerenes and proved that n-extended macro-
cycles are promising electron donor motifs for the prepara-
tion of electroactive devices.[""

The study of the supramolecular interactions between
fullerenes and curved PAHs other than corannulene-based
systems,' like contorted, double-concave or heptagon-
containing negatively curved nanographenes, has been
gaining special attention over the last few years.””! The
curved geometry of these nanographenes induces a shape
complementarity with fullerenes that favors their binding. In
some cases, charge transfer processes have been
described,!***l enabling remarkable applications such as in

© 2023 The Authors. Angewandte Chemie International Edition published by Wiley-VCH GmbH


http://orcid.org/0000-0001-6335-2917
http://orcid.org/0000-0001-9249-1182
http://orcid.org/0000-0001-6849-9061
http://orcid.org/0000-0002-0676-5210
http://orcid.org/0000-0002-5306-0969
http://orcid.org/0000-0001-8361-3002
http://orcid.org/0000-0001-8236-5043
http://orcid.org/0000-0002-2130-0120
http://orcid.org/0000-0002-6809-079X
http://orcid.org/0000-0001-5483-5642
https://doi.org/10.1002/anie.202301356
https://doi.org/10.1002/ange.202301356
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fanie.202301356&domain=pdf&date_stamp=2023-04-18

GDCh
~~

Multiple HBC-based nanohoops

Research Articles

Du 20170121

n=1; R = 4,4"-biphenyl, ffo 201913

n=3R=- Du 2020013

Du 2018012 n=5R=-, Du 2020013
HBC-CPP nanorings 2x hept-HBC cyclophane

n =1, Yang, Du 2019!'241 R = H, Br, Du 2021[12¢]
n =3, Du 202212l

Blanco, Camparia 20206l

This work: hept-HBC-CPP nanoring

Main Features

- Cavity size (solid state): 12.5-14.5 A

- Strain energy (homodesmotic): 48.2 kcal/mol

- High binding constants with fullerenes:
1.1x107 M~" (Cgo) and 7.8x108 M~ (C7)

- Ultrafast charge transfer

Figure 1. HBC-CPP hybrid nanohoops and hept-HBC-based cyclophane
previously synthesized and structure of hept-HBC [10]CPP 1 presented
in this work.

photovoltaics,"™ and potentially in photocatalysis and

artificial photosynthesis. Within this line, our research group
recently reported a flexible macrocycle based on two
heptagon-containing HBCs (hept-HBC), linked through
flexible alkyl chains (Figure 1).'! In our previous macro-
cycle, the shape complementarity of the hepr-HBCs com-
bined with the flexibility of the structure favored the binding
of fullerenes Cg and C;,, however with selectivity for C,,
even in the presence of Cq. Nevertheless, the incorporation
of heptagon-containing saddle-shaped nanographenes into a
CPP scaffold, creating rigid macrocyclic structures, and the
study of their behavior as hosts of curved n-systems are still
unexplored.
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In this paper, we describe the synthesis and character-
ization of a new type of nanohoop constituted by one unit of
saddle-shaped heptagon-containing HBC (hep-HBC) em-
bedded within a [10]JCPP motif (hept-HBC [10]CPP 1,
Figure 1), and we evaluate its capability to act as a fullerene
receptor through the establishment of n interactions and the
photophysical response of the resulting host-guest com-
plexes.

Results and Discussion

The synthesis of 1 is depicted in Scheme 1 and it is initiated
from the previously reported dibromo hept-HBC derivative
2,71 that can be easily prepared by following our described
methodology for the preparation of functionalized hept-
HBCs.'® The synthetic route towards 1 follows the strategy
developed by Jasti and co-workers, using cyclohexadiene
units as masked benzene rings and a final reductive
aromatization.'”) The key step is the macrocyclization
reaction through a Suzuki cross-coupling in dilute conditions
between 2 and the diboronate ester of the para-phenylene

Scheme 1. Synthesis and X-ray structure of 1 and DFT optimized
(wB97XD/def2-SVP) structure of 2. H atoms have been omitted for
clarity. Color coding: C, gray; O, red, Br, dark red. Reagents and
conditions: a) 3, Pd(PPh;),, Cs,CO;, THF/H,O, 80°C, 48 h; b) SnCl,,
HCl; THF, RT, 52 h, 21% (two steps). Distances [A]: ¢) 10.70; d) 1.60;
e) 9.75; ) 2.42.
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precursor 3 (see Supporting Information for its synthesis).
Thus, precursor 4 was obtained and directly subjected to the
final reduction step promoted by a mixture of SnCl, and
HCl,, satisfactorily yielding the hept-HBC-containing
[10]CPP 1 in 21% yield (over two steps). It should be
pointed that hept-HBC derivatives show an intrinsic dis-
tortion from planarity. In the case of 2, this bent structure
induces an angle between the C—Br bonds of ca. 126.5°
(Scheme 1 top right. See also the Supporting Information,
Table S6 and Figure S38), according to structure optimized
by density functional theory (DFT) methods, which is in
good agreement with the X-ray diffraction structure of a
compound with the same core (see Supporting Information,
Figure S41). This geometry enhances the shape complemen-
tarity with the U-shaped 3 and makes the hept-HBC core to
suffer a reduced distortion (Scheme 1) upon incorporation
into the CPP motif than planar PAHs.

Having synthesized 1, we tackled its structural character-
ization. The '"H NMR spectrum in CDCl, shows a set of
well-defined signals at room temperature, which were
assigned by means of °C and 2D NMR experiments and are
in agreement with the target structure (Figure2 and
Supporting Information). Additionally, its exact mass (m/z =
1192.4591 [M]") was also identified by high-resolution
matrix-assisted laser desorption ionization/time-of-flight
mass spectrometry (MALDI-TOF). The isotopic distribution
obtained is consistent with the calculated one, supporting
the proposed structure (Supporting Information, Figures S18
and S19).

The structure of macrocycle 1 was also confirmed by
single-crystal X-ray diffraction of the crystals grown by slow
diffusion of acetonitrile into a solution of the compound in a
mixture of [D,]-1,2-dichlorobenzene and methanol.”® In
comparison with the related [10]CPP, three phenylene rings
are now part of the hept-HBC core, which influences the
geometry of the macrocycle (Scheme 1, Figure S29 and
Figure 3). While [10]CPP shows in the solid state an almost
circular geometry, with distances between opposite aromatic
rings ranging 13.44-13.74 A [ hepr-HBC-[10]CPP 1 displays
in the crystal a more elliptical shape, with a difference of ca.
2 A between the major and the minor axis (14.46A Vs
12.48 A) (Figure 3c). The average torsion angle between the
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Figure 2. Partial '"H NMR (600 MHz, CDCl;) spectrum of hept-HBC
[10]CPP 1. The signal marked with the asterisk corresponds to the
NMR solvent.
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Figure 3. Crystal packing of hept-HBC [10]CPP 1: a) Side and b) top
views of the channels resulting from the 1D alignment of the
macrocycles; c) Detail of the 7t interactions established between the
hept-HBC units of different macrocycles; d) Full view of the packing
showing the parallel 2D arrangement of the channels and the different
orientation of the channels between layers. Distances: a) 6.16 A;

b) 9.11 A; c) 14.46 A; d) 12.48 A.

phenylene rings and between the hept-HBC unit and the
adjacent phenylenes is 32.6°, higher than the mean value of
27.3° exhibited by the [10]CPP.[! The crystal packing shows
the presence of channels resulting from the alignment of the
macrocycles (Figure 3a and b). We can consider that these
channels are composed of subunits formed by two nanorings
separated by 6.16 A that are displaced to accommodate the
hept-HBC cores, located towards opposite sides. These two-
macrocycle subunits are then aligned in 1D with a separation
of 9.11 A, generating the tubular channels. These channels
are parallelly arranged into a sort of 2D layered super-
structure, however, tilted by ca. 81° (angle between [10]CPP
unit mean planes) between adjacent layers (Figure 3d). In
this sense, we observed the establishment of n interactions
between hept-HBC cores of macrocycles of different layers.
The shape complementarity needed for such interactions
results in the hept-HBC units involved being rotated and
could be one of the driving forces of the packing observed
(Figure 3c).
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The optimization by DFT calculations at the ®B97XD/
def2-SVP of the structure of hepr-HBC-[10]CPP in CH,Cl,
predicted a more circular geometry in solution (see the
Supporting Information). From this optimized structure, we
estimated the strain energy following the method applied by
Itami and co-workers®! as 48.2 kcalmol™ (B3LYP/6-31G-
(d)) (See Supporting Information for details), 9 kcalmol™
lower than the calculated value reported for unmodified
[10]CPP™ and much lower than the one calculated for
HBC-[10]CPP."™ We also applied the StrainViz method
developed by Jasti and co-workers to estimate the local
distribution of the strain within the molecule. The results
(Figure S39) show that the strain in the bonds of the
biphenyl systems increases when moving away from the
hept-HBC core. Therefore, the bonds between the hept-
HBC core and the first phenylene ring contain less strain
than those on the central part of the CPP fragment. The
overall strain energy estimated with this method is
48.9 kcalmol™', in good agreement with the homodesmotic
approach. Both the lower value of the strain energy
compared to [10]JCPP and its local distribution can be
attributed to the curved geometry of the hept-HBC deriva-
tives (Scheme 1), which suffers a less pronounced distortion
than its planar counterparts when incorporated within the
cycloparaphenylene scaffold.

The optical response of 1 was investigated in toluene.
The absorption spectrum of 1 features two main bands
centered at 355 and 433 nm with a maximum molar
extinction coefficient (¢) of 8.4x10* Lmol 'cm™ (355 nm)
(Figures S20 and S21), a typical value for very highly dipole-
allowed electronic transitions. The experimental spectrum is
in accordance with the time-dependent density functional
theory (TD-DFT) calculated electronic transitions
(wB97XD/6-31+ 4+ G(d,p), Supporting Information, Fig-
ure S34). When photoexciting at 400 nm, the obtained
fluorescence spectrum of 1 (Figure S20) shows a structured
visible band with two main peaks at 473 and 503 nm
(1260 cm™" spacing), related to the vibronic progression of
C—C stretching modes. The emission quantum yield of
macrocycle 1 has been determined as 3.7+0.4%. This
compound exhibits an optical energy gap (Egpon) Of
2.79 eV, estimated from the crossing point of the absorption
and fluorescence spectra (Figure S22).

Next, we performed cyclic and square-wave voltammetry
to study the electrochemical properties of nanohoop 1. The
corresponding voltammogram in CH,Cl, displays an oxida-
tion potential at 0.79 V (vs Fc/Fc¥). However, we could not
observe any clear reduction waves (Figure S27). From the
onset of the first oxidation wave (Figure S28), we could
estimate the energy of the HOMO (highest occupied
molecular orbital) level as —5.45eV™®! and, therefore, the
LUMO (lowest unoccupied molecular orbital) lies at
—2.66 €V, as estimated with the E,,,,, obtained from the
optical measurements. From the DFT -calculations
(0B97XD/6-31+ + G(d,p)) we could inspect the shape and
distribution of those molecular orbitals. Thus, the calcula-
tions predict that the HOMO is delocalized all over the
macrocycle, while the LUMO is more localized at the hept-
HBC unit (Figure S31).
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After its characterization, we moved to the study of
macrocycle 1 as a supramolecular receptor for fullerenes Cg,
and C;. As mentioned, [10]CPP displays a high binding
affinity for fullerenes, in particular Cg, because of the
appropriate cavity size and shape complementarity to
encapsulate this curved n system. Despite the slight geo-
metrical differences observed (see above) compared with
pristine [10]CPP in the solid state, we expected that our
heptagon-containing nanographene-based nanohoop 1 could
also establish n-m interactions with such curved guests
forming host-guest complexes, as reported earlier for HBC-
[10]CPP,"™™ as the size of the fullerenes fits that of 1
predicted by theoretical calculations in solution. DFT
calculations at the ®B97XD/def2-SVP theory level support
this hypothesis, predicting a good size and shape comple-
mentarity between nanoring 1 and fullerenes Cy and C,,
which would enable a good fitting between them, favoring
the assembly of the supramolecular complex (Figure 4 and
Figures S35 and S37).

On this ground, we experimentally studied the associa-
tion equilibrium. Addition of C, to a solution of 1 in [Dg]-
toluene results in changes in the chemical shift of the
aromatic signals of the hept-HBC core and the cyclo-
paraphenylene motif compatible with the binding of Cg,
within the cavity of the macrocycle (Figure S17). In parallel,
we investigated the assembly of host-guest complexes by
UV/Vis and photoluminescence (PL) spectroscopies with
both Cy and C;. As anticipated, macrocycle 1 displays a
very marked host-guest complexation with both fullerenes,
as interactions between the host and the fullerene guests are
observed with both techniques. In regard to the ground
electronic state, we found spectral shape modifications of
the absorption band of hept-HBC nanoring 1 upon pro-
gressive addition of micromolar concentrations of Cg, (Fig-
ure 5a) or C;, (Figure S23). These changes affect the
absorption band over a very wide spectral range extending

Figure 4. DFT (wB97XD/def2-SVP) optimized structure of the host-
guest complex 1DC, (top) and 1DC;, (bottom). Left: side view. Right:
top view. H atoms have been omitted for clarity. Color coding: C, gray
(1) or orange (Cg and Cyp); O, red.
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Figure 5. Top: a) UV/Vis spectra of macrocycle 1 (1x107° M) in toluene
after progressive addition of Cg, (0-1.8 pM); b) Normalized photo-
luminescence decay (4., =400 nm) of macrocycle 1 (1x107¢ M) with-
out guest and in the presence of Cg, and Cy, (1.5%107° M). Bottom:
Stern—Volmer plot for the quenching of the macrocycle fluorescence
upon addition of ¢) C¢, and d) Cy,. Insets: PL spectra of 1 upon addition
of increasing amounts of fullerene guest.

at least from 300 to 500nm. TD-DFT calculations
(0B97XD/6-31+ 4+ G(d,p)) over the optimized inclusion
complex of 1 with Cy, (1DCy, ©B9I7XD/def2-SVP, Figure 4)
reveal that the new transitions of 1>Cy, appearing between
385 and 480 nm are dominated by charge-transfer from 1 to
the C4 (Supporting Information, Figure S36). Therefore,
considering that the LUMO energy of 1 (—2.66 eV) is higher
than that of Cq, and C,, (—3.7 ¢V),”" we would expect the
fluorescence of 1 to be quenched by the complexed full-
erenes, which are very efficient electron acceptors.”*?!

In fact, we observed that Cg, and C;, strongly quench the
macrocycle fluorescence with no modifications of the
emission bandshape (insets of Figure 5c and d) or the
emission lifetime, 6.74+0.2 ns for both macrocycle 1 and its
complexes (Figure 5b). The Stern—Volmer plots obtained
from the fluorescence intensities recorded as a function of
the concentration of C4 and C,, (Figure 5c and d) show a
deviation from linearity in the quenching behavior, high-
lighted by an upward curvature. At the same time, the
absence of lifetime changes (Figure Sb) rules out the
possibility of collisional quenching, supporting that the
detected quenching should occur by a non-collisional
mechanism, related to the formation of host-guest com-
plexes at the ground state level, as suggested by the
absorption spectra. In fact, the nonlinear trend of the Stern—
Volmer plots can be explained due to significant depletion
of the fullerene concentrations upon complexation with 1.
This effect can be described by a previously reported
nonlinear Stern—Volmer equation,” which we used to fit
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the titration data (see Supporting Information for more
details on the fitting model). The fitting is in good agree-
ment with the data demonstrating a 1:1 host-guest stoichi-
ometry and allowed us to estimate the macrocycle-fullerenes
binding constants as (1.14£0.1)x10’ M™" for Cq, and (7.8=+
0.8)x10°M™! for C,,. The high values obtained represent a
direct indication of the strong host-guest interactions
between hept-HBC and both C, and C,. Unlike our
previous hept-HBC-based cyclophane,'® selective for Cy, 1
displays a slightly higher affinity for Cg compared to C,
which can be attributed to the well-known good size
complementarity of the [10]JCPP motif with Cg. The
estimated constant for the interaction between 1 and Cg, is
of the same order of magnitude than that determined for the
association of the latter with HBC-[10]CPP (2.33x10" M},
toluene, UV/Vis)!'? and almost one order of magnitude
higher than the one exhibited by unmodified [10]CPP
(2.79x10° M, toluene, fluorescence).® In the case of the
complexation of C;, the increase of the thermodynamic
stability of the host-guest complex assembled from 1
compared to [10]JCPP is more pronounced, as the binding
constant is almost three orders of magnitude higher than
that reported for [10]CPPDCy, (8.4x10*M™, toluene, UV/
Vis).™! The n-extended surface of 1 in comparison with
unmodified [10]CPP can explain the higher binding con-
stants observed with fullerenes. This is especially relevant
for C,, as the interaction with the hept-HBC unit is favored
by the extended n surface of the latter, able to better
accommodate the shape of the C,, (Figure 4 bottom).

In order to obtain further information on the relaxation
dynamics after photoexcitation, we carried out broadband
femtosecond transient absorption (TA) measurements on 1
and on 10Cy, and 125C,,,/®*?"! by pumping the samples with
90 fs laser pulses at 400 nm in a femtosecond pump-probe
setup.

Consistently with the ns excited-state lifetime of macro-
cycle 1 (6.740.2 ns), the TA signal reported in Fig. 6a shows
no substantial dynamics on the sub-nanosecond time scale.
As for its spectral shape, we notice the following features:
(i) A negative peak around 430 nm, which closely resembles
the inverted sign steady-state absorption (dash-dotted black
curve). This is common in TA and can be interpreted as
ground-state bleaching (GSB), that is the reduction of
steady-state absorption due to the depopulation of the
ground state by photoexcitation; (ii) A recognizable emis-
sion contribution, which appears in TA as stimulated
emission (SE), having a similar shape as fluorescence except
for a flip in sign. The SE is pinpointed by spectral features
matching the main steady-state emission subpeaks (dashed
green curve); (iii) All other features are due to broad
excited state absorption contributions spanning over the
entire spectral range.

Interestingly, the addition of Cy, (Figure 6b, Figure S24)
leads to profound spectral and dynamic changes. The shape
variations of the TA signal reflect the change of both
ground- and excited electronic states of 1 upon binding with
Cy- In particular, the GSB peak redshifts from 435 (negative
dip in Figure 6a) to 450 nm (negative dip in Figure 6b), as a
direct consequence of the shift of steady-state absorption
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Figure 6. Transient absorption spectra acquired at different delays from photoexcitation at 400 nm of: a) Solution of macrocycle 1 in toluene
(1x107* M); b) Macrocycle 1 in the presence of Cg, (2x 107 M). The signal is compared to the steady-state (SS) absorption (ABS) and
photoluminescence (PL) spectra to facilitate the identification of the various contributions to the TA signal; c) Comparison of the TA signal of

macrocycle 1 and complex 1DCq, at probe wavelength of 480 nm.

features in Figure 5a. Similarly, the SE associated subpeaks
disappear, as expected because of fluorescence quenching
(Figure 5c). However, the most remarkable observation is
that these spectral variations are already encountered at the
earliest time delays accessible by our experiment, as evident
when comparing the spectra at 0.13 ps in the absence
(Figure 6a, blue line) and in the presence of Cg, (Figure 6b,
blue line). This result reveals that the electron transfer
towards C, is “instantaneous”, i.e., faster than our time
resolution of ~100 fs. This conclusion agrees indeed with
the emergence in 1DCq, of new charge-transfer electronic
transitions from the macrocycle to the fullerene, as predicted
by the aforementioned theoretical calculations (Figure S36).
In fact, the photoexcitation of such transitions should
produce a direct optical charge transfer from 1 to fullerenes,
which entirely occurs within the photoexcitation pulse
duration leading to a quasi-instantaneous electron-hole
separation.

Notably, such an ultrafast (<100 fs) charge separation is
two orders of magnitude more efficient than previously
reported for the host-guest complex between HBC-[10]CPP
and Cg, ! where electron transfer from the photoexcited
macrocycle to fullerene occurred over several tens of pico-
seconds.

Apart from the spectral changes, also the temporal
dynamics of the TA signal change from 1 to 1DC,. In fact, 1
DCq displays a synchronous decay of the overall TA signal
(Figure 6b), which is completely absent in 1 (Figure 6a),
where the signal is essentially constant in time. Figure 6¢
and Figure S26 show representative kinetic traces extracted
from the TA signal, together with their least-square fits with
multiexponential decay functions [see Eq.(5) in the Sup-
porting Information for details on the fitting procedure]. As
can be seen in Figure 6c, evident relaxation dynamics affect
the TA signal of 1DC, within the first ~1 ps from photo-
excitation, in contrast to isolated 1 where the TA signal is
almost constant. In particular, we see that the magnitude of
the 1DCy, signal decays over the whole probed spectral
range without noticeable changes of shape (Figure 6b).This
decay simply indicates the progressive return of the complex
back to the ground state. Thus, the initial ultrafast electron
transfer in 1DCq, is followed by a non-radiative electron-
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hole recombination, whose timescales were found to be 7, =
110 fs and 7,=800 fs by a bi-exponential fit of the data in
Figure 6c.

The TA data of 10C;, are shown in Figure S25. In this
case we also observe instantaneous changes of the signal
shape, which, combined with the modifications in the
steady-state absorption spectra, point again to an ultra-
efficient electron transfer from 1 to bound C,,. The absence
of any SE contribution in the TA signal, as well as the
results of fluorescence quenching experiments, indicate that
the ground state recovery of the 1>C;, complex still occurs
through a non-radiative relaxation. However, differently
from 1D>Cy,, we see no obvious decay of the entire TA signal
of 1>C,, over the ps scale, as can be deducted from the
comparison of Figure 6b and Figure S25. Thus, the charge
separated state of 1>C,, remarkably displays a much more
long-lived character than that of 12>Cg,. This property makes
1DC; especially interesting for future studies as it may allow
to efficiently harvest the photogenerated charges for pro-
spective applications in photocatalysis or photovoltaics.

Conclusion

We have synthesized a new type of nanohoop based on a
[10]cycloparaphenylene scaffold n-extended with a hepta-
gon-containing HBC analog and characterized it both in
solution and in the solid state. This macrocycle can act as a
supramolecular receptor of fullerenes due to the n inter-
actions established within the host cavity with those curved
guests. The binding constants, estimated by fluorescence
titrations, are one (with Cg) or two (with Cy)) orders of
magnitude higher than those reported for pristine [10]CPP.

We also studied the dynamics of the photophysical
process that occur after photoexcitation by means of femto-
second transient absorption spectroscopy both for the nano-
hoop and its host:guest complexes. The results show an
ultrafast electron transfer from macrocycle 1 to the full-
erenes, several orders of magnitude faster than the one
observed in a similar system incorporating the purely
hexagonal HBC unit. This behavior demonstrates that
dibenzocycloheptatrienone-containing HBC moieties can
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act as electron-donor systems in host-guest complexes with
fullerenes. While the electron transfer process is similar
using both Cy, and C,, the lifetime of the charge-separated
state is much higher for the latter, as no recombination is
observed on the ps timescale. This response may open the
door for the future application of this or related systems
with such behavior in applications that take advantage of
this charge-separated state, such as photocatalysis or photo-
voltaics. In this sense, the dibenzocycloheptatrienone motif
also opens interesting possibilities for late-stage functionali-
zation of HBC-CPPs hybrids that are currently under study.
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