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Dendrimers are attractive molecular constructs for the develop-
ment of nanotechnology because of their well-defined globular
nanometric structure.1 Indeed, they have already found applications
in fields as diverse as biotechnology,2 catalysis,3 and optoelectron-
ics.4 One of the most active areas of research in dendrimer chemistry
is the study of their supramolecular properties, be it the investigation
of covalent dendrimers as hosts or the construction of dendrimeric
structures through noncovalent interactions.5 With regards to the
latter, monodisperse supramolecular dendrimers based on hydrogen-
bonding5c,d and metal-ligand5e interactions have already been
described.

We wish to report on a dynamically polydisperse supramole-
cular dendrimer based on the self-assembly of a branched redox-
amphoteric monomer throughπ-π and van der Waals interactions.

We recently described a receptor for [60]fullerene based on the
concave-convex complementarity between the curved aromatic
surface of the electron donor 2-[9-(1,3-dithiol-2-ylidene)anthracen-
10(9H)-ylidene]-1,3-dithiole (exTTF) and the convex exterior of
fullerene.6 Our receptor formed complexes with C60 with binding
constants higher than 103 M-1. The combination of supramolecular
and electronic reciprocity between host and guest in this system
spurred us to exploit it in the construction of self-organized
electroactive materials. We have already reported the formation of
a donor-acceptor linear supramolecular polymer,7 and from that
standpoint we set out to investigate the construction of redox-
amphoteric dendritic architectures through weak noncovalent
interactions. To that end, we designed monomer1, in which two
units of our fullerene receptor are covalently linked to a PC61BA
derivative (see Supporting Information (SI)). We expected this
bifurcated molecule to self-assemble to form treelike supramol-
ecules, as shown in Scheme 1.

Monomer1 was synthesized in five steps and 38% overall yield
from exTTF methyl alcohol, TBDMS protected 5-hydroxyisoph-
thalic acid, and PC61BA and fully characterized by1H and 13C
NMR, MALDI-TOF, UV-vis, and FTIR (see SI).

1H NMR experiments performed on1 (CDCl3, 300 MHz, 298
K) show progressive broadening and slight shielding of all signals
as concentration increases (1.2-20 mM), which indicates the
formation of aggregates of1. Likewise, the pattern of the shifts
observed in variable temperature (VT)1H NMR (318-228 K, 6
mM, CDCl3, 300 MHz) experiments points to an increase in
concentration of self-assembled multimers of1 upon cooling.7

Significantly, the signals corresponding to the hydrogen atoms
located between the ester groups of the isophthalate esters, which
initially appear isochronous, resolve into two sets of signals that
can easily be identified as H* and H∆ by their integral values. While
H∆ remains largely unaffected by association, H* are shifted upfield,
which indicates intermolecular binding of the fullerene fragments
within the receptor cavity (see Figure 1a).8

MALDI-TOF mass spectra of1 utilizing ditranol as matrix pro-
vided conclusive data supporting the formation of oligomers in the
gas phase. As shown in Figure 1b, peaks atm/z) 2958 (monomer),
5918 (dimer), 8878 (trimer), 11836 (tetramer), and 14792 (pen-
tamer) are clearly distinguishable, and a broad lump betweenm/z
) 17700 and 18000 corresponding to the hexamer is also noticeable.

The electronic absorption spectrum of1 shows the appearance
of a charge-transfer band centered atλ ) 487 nm (see SI), a
phenomenon that we had already observed in the UV-vis spectra
of the parent exTTF-based receptor upon complexation of C60.6

Cyclic voltammograms of1 (THF, Ag/AgNO3 as reference
electrode, glassy carbon as working electrode, Bu4NClO4 as
supporting electrolyte, scan rate 100 mV s-1, 298 K) at different
concentrations also support this image. On growing concentration,
all redox processes become more energetic and irreversible, in
analogy to what was observed for the formation of linear polymers
composed of a structurally related monomer.7
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Figure 1. (a) Partial VT NMR (CDCl3, 300 MHz) spectra of1, showing
the splitting of H* and H∆; (b) MALDI-TOF (ditranol) mass spectrum of
1, showing the formation of oligomers up to the hexamer in the gas phase.

Scheme 1. Chemical Structure of 1 and Cartoon Representation
of Its Self-Assembly to Form Supramolecular Dendrimers
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The size of the supramolecular dendrimers in solution was
investigated by dynamic light scattering (DLS). The results show
two sets of hydrodynamic radii, each accounting for approximately
half of the population (see SI). The first set is a narrow distribution
of particle sizes expanding from 5 to 15 nm, which corresponds to
structures from the monomer to the trimer. The second one ranges
from ∼785 nm to>1 µm and must be due to multimeric associates
of the monomer. Similar results were recently reported for
dendrimer-based assemblies.5d

A final insight into the size and morphology of the associates of
1 was provided by atomic force microscopy (AFM). Figure 2
shows typical AFM images (tapping mode, air) of supramolecular
dendrimers of1, obtained by dropcasting a diluted solution of1 in
CHCl3 (1.0 µM) onto freshly exfoliated mica. The images show
associates of area up to 0.02µm2 which are remarkably uniform
in height (0.9-1.1 nm, see Figure 2b). With regards to their
shape, a triangular form in which two vertices are rounded offs
somewhat reminiscent of a bunch of grapessis clearly predomi-
nant (see Figure 2a,c and SI). In fact, nearly all of the supramo-
lecular dendrimers observed can be considered composites of these.
Thus, the size and geometry of the nanoscopic structures observed
correspond very well to those expected for branched, planar
oligomers of1.9

In conclusion, we have described the self-assembly of monomer
1 into dynamically polydisperse supramolecular dendrimers, mainly
throughπ-π interactions. This represents a conceptually new type
of noncovalent organization of electroactive materials, lying at the
interface between dendrimers10 and supramolecular polymers.7,11,12

The possibility of exploiting it in the construction of optoelectronic
devices is currently under investigation.
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Figure 2. AFM images (tapping mode, air, 298 K) of a drop-cast of a
chloroform solution of1 (1.0µM) on mica: (a) 1.10× 1.10µm; (b) profile
of the structures along the red line depicted in panel a; (c) 200 nm× 200
nm.
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