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Abstract—Polybenzyl ether dendritic branches with peripheral triethyleneglycol chains have been attached to a cyclotriveratrylene
core and the supramolecular complexes obtained from the resulting macrocyclic derivatives and Cg, were found to be water

soluble. © 2002 Elsevier Science Ltd. All rights reserved.

Several recent studies have shown that fullerenes
exhibit interesting biological activities both in vitro and
in vivo.! For example, a large number of fullerene
derivatives are competitive inhibitors of the human
immunodeficiency virus (HIV) protease thanks to the
specific shape of the Cg, sphere which fits into the
hydrophobic cavity of the enzyme active site.> The
electron accepting ability of the fullerenes has also been
exploited for the inhibition of redox enzymes such as
nitric oxide synthase (NOS), thus providing a possible
therapeutic approach for some neurodegenerative disor-
ders.? Tt can also be mentioned that the easy excitation
of the fullerenes by visible light and the special proper-
ties of the resulting excited-states allow other possibili-
ties for applications in medicinal chemistry.! For
example, fullerenes are able to generate efficiently cyto-
toxic singlet oxygen by energy transfer from the
metastable fullerene triplet excited-state to molecular
oxygen making them promising compounds for anti-
tumor activities (photodynamic therapy).! However, the
low solubility of fullerenes in aqueous media appears to
be a major problem for their biological applications.
Among the several strategies that have been developed
to overcome the natural repulsion of fullerenes for
water,! the preparation of water soluble supramolecular
complexes with macrocyclic host systems such as vy-
cyclodextrin or calixarene derivatives is of particular
interest.* Effectively, they are easy to prepare and allow
the solubilization of Cg, itself in the physiological
media. As part of our research program on the
supramolecular chemistry of fullerenes,’ we now report
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the synthesis of new cyclotriveratrylene (CTV) deriva-
tives with peripheral triethyleneglycol chains and show
their ability to form water soluble supramolecular com-
plexes with Cg,. In the design of the CTV hosts 1 and
2 (Scheme 1), the polybenzyl ether dendritic type struc-
ture was chosen to provide an internal cavity capable of
encapsulating totally the hydrophobic Cq, guest, thus
preventing the fullerene—fullerene interactions and pre-
cipitation from the aqueous solutions.

The synthetic route leading to the CTV derivatives 1
and 2 is depicted in Scheme 1. Compounds 3° and 4’
were prepared according to previously reported proce-
dures. Reaction of the CTV derivative 4 (1 equiv.) with
3 (3.3 equiv.) in the presence of K,CO; (10 equiv.) in
refluxing acetone for 60 h afforded compound 1 in 84%
yield. Compound 1 was characterized by 'H and '*C
NMR spectroscopy and elemental analysis.® In the 'H
NMR spectrum recorded in CDCl;, two distinct sin-
glets are seen at 0 6.73 and 6.86 ppm for the CTV
aromatic protons in full agreement with the C; symme-
try of 1. In addition, it can also be noted that the
typical cone-shaped CTV conformation is retained in 1.
This is evidenced by the presence of the characteristic
AX quartet for the methylene bridges,” in which the
pseudo-axial hydrogens, sterically congested at the top
of the cone, resonate ca. 1.2 ppm downfield with
respect to their pseudo-equatorial counterparts. The
structure of 1 is also confirmed by matrix-assisted laser
desorption/ionization time-of-flight (MALDI-TOF)
mass spectrometry, which displays the expected sodium
molecular ion peak at m/z 3284 (caled for
C,71H40¢Na: 3284.8).
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Scheme 1. Reagents and conditions: (i) K,COs, acetone, A (84%);

Reaction of 3 with the commercially available hexaphe-
nol 5 in the presence of K,CO; gave CTV derivative 2
in 88% yield. The 'H and '*C NMR spectra of com-
pound 2 are in full agreement with the proposed formu-
lation.® In particular, only one singlet is observed for
the CTV aromatic protons (5 6.92 ppm) in the 'H
NMR spectrum as expected owing to the C;, symmetry
of CTV derivative 2. The mass spectrum also confirmed
the structure of 2, with no peaks corresponding to
partially substituted CTV derivatives being observed.
The MALDI-TOF-MS of 2 displays the sodium-molec-
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ular ion complex at m/z 6095.5 (caled for

C515H46,0;,4Na: 6096.0) as the base peak and provides
clear evidence for the monodispersity of 2.

The formation of host-guest complexes between Cg
and the CTV derivatives 1-2 was first studied in ben-
zene solutions.® Continuous changes were observed in
the UV-vis spectra upon successive additions of the
host to the fullerene solutions (Fig. 1). Specifically, each
new addition of 1 or 2 to the Cg, solution in benzene
led to an increase in the absorption in the whole visible
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Figure 1. Changes in the absorption spectra of Cg, benzene solutions ([C,]=0.146 mM) containing increasing amounts of 2 at
298 K; the inset shows the Benesi-Hildebrand plot for determining the association constant between Cg, and 2 via UV-vis
titration.’
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region with the most pronounced effect was at approx-
imately 430 nm. These spectral changes are not
attributable to the added CTV derivative, which does
not absorb in this spectral region. Indeed, they are an
indication of fullerene complexation, as previously
reported in the literature for fullerene containing
supramolecular adducts.!® Assuming the formation of
solvated 1:1 complexes in dilute solutions,'! treatment
of the titration data with the Benesi—Hildebrand equa-
tion gave the association constant (K,) values: 130+20
M~! for 1 and 190+20 M~! for 2 at 298 K. The binding
behavior observed in benzene solutions for both 1 and
2 and the K, values are in good agreement with those
of other examples of substituted CTV derivatives
already reported.>!°

Slow evaporation of C¢Hy solutions of Cy, and CTV
derivative 1 or 2 afforded the corresponding
supramolecular complexes. For both 1 and 2, only the
2:1 host-guest ratio gave homogeneous samples after
complete evaporation of the solvent suggesting the for-
mation of supramolecules in which the Cq, guest is
encapsulated within the cavity of two host molecules.
The latter observation is in good agreement with the
previously reported liquid crystalline supramolecular
complex of Cq, with a CTV derivative® where effec-
tively such a 2:1 complex has been obtained in the solid
state. Whereas the supramolecular complex prepared
with CTV 1 and Cg, is only poorly soluble in polar
solvents, the brown glassy compound obtained from
CTV 2 and Cg4 can be easily dissolved in water or
methanol. The UV-vis spectrum of a water solution of
[C40.(2),] 1s shown in Fig. 2. The solubility of [Cg.(2),]
in water (ca. 3 mmol/l) was estimated from the
absorbance of a solution prepared by dilution of a
saturated water solution of the supramolecular com-
plex. The 'H NMR spectrum of compound [Cg.(2),] in
CD;OD is similar to the spectrum of the corresponding
ligand 2 recorded in the same solvent, but with some
chemical shift changes. The largest shifts are actually
observed for the aromatic protons suggesting that the
Cgo guest is in the space present around the aromatic
moieties. The NMR characterization of [Cq.(2),] also
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Figure 2. Absorption spectra of [Cg,.(2),] in water; the inset
shows the magenta solution of Cg, in benzene (left) and the
brown solution of [Cg.(2),] in water (right).

reveals the homogeneity of the sample and the absence
of uncomplexed ligand. The latter observations are in
good agreement with the formation of complexes in
which the Cg, is encapsulated within the cavity of two
CTV molecules.

In conclusion, the macrocyclic host systems 1 and 2 are
able to form stable supramolecular assemblies with Cg,
and the host—guest complex obtained from 2 and Cg, is
water soluble thus making it an interesting candidate
for biological applications. The excited-state properties
of the supramolecular complexes are also under investi-
gation, in particular to evaluate their potential for the
production of cytotoxic singlet oxygen in aqueous
media.
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Binding studies were performed in benzene solution at
298+1 K. In a typical experiment, a 1 ml volume of a Cg,
solution (0.146 mM) was placed in the sample cell. An
aliquot of a stock solution of the host compound (typical
concentration: 10-20 mM) was added to the sample cell

10.

11.

and, after homogenization, the absorption spectrum was
recorded. Additional aliquots of the host compound were
added to the sample cell, and the spectrum was recorded
after each addition. The association constants were calcu-
lated from the absorption intensity changes observed at
430 or 440 nm, compared to pure Cg4, using the Benesi—
Hildebrand equation (see Ref. 5c). All experiments were
performed at least in triplicate.

Hardie, M. J.; Raston, C. L. Chem. Commun. 1999,
1153-1163 and references cited therein.

The binding isotherms provide a good fit for a 1:1
stoichiometry. The stoichiometry of the host-guest com-
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see: (a) Haino, T.; Yanase, M.; Fukazawa, Y. Angew.
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