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Owing to the complementarity between a bis-Zn(II)-porphyrin
receptor and a fullerene ligand bearing two pyridine substi-
tuents, the substrate can be clicked onto the ditopic receptor,
thus leading to a stable non-covalent macrocyclic 1 : 1 complex.

The use of non-covalent interactions to assemble molecular
building blocks in a controlled manner is an attractive strategy to
produce advanced functional materials with new optoelectronic
properties." However, self-assembled systems are not always very
stable in solution, and the design of supramolecular ensembles with
high binding constants remains an important challenge. As part of
this research, we have recently developed the supramolecular click
chemistry principle™® as a new and powerful concept for the
preparation of stable macrocyclic non-covalent arrays. Specifically,
a supramolecular complex has been obtained from a bis-crown
ether receptor and a bis-ammonium fullerene ligand. Owing to the
complementarity of the two components, the bis-cationic substrate
can be clicked onto the ditopic crown ether derivative, thus leading
to a stable macrocyclic 1 : 1 complex. This new approach appears to
be easily applicable to a wide range of functional groups for the
preparation of new supramolecular architectures with tunable
structural and electronic properties. In this paper, we now show
that supramolecular click chemistry is perfectly suited for the
preparation of a stable non-covalent fullerene—porphyrin hybrid
system. Indeed, Cgy—porphyrin dyads are interesting molecular
devices in which photoinduced intramolecular processes such as
electron and energy transfer are evident* Furthermore, photo-
voltaic devices prepared from porphyrin—fullerene systems have
shown promising energy conversion efficiencies.’

Non-covalent Cgy—porphyrin derivatives can be easily obtained
from Cg derivatives bearing a pyridine moiety and metallopor-
phyrins through coordination to the metal ion.® The binding
constants are however rather low.® In order to improve the
stability of such systems we have decided to apply the
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supramolecular click concept. The bis-Zn(11)-phorphyrinic recep-
tor L*Zn has been selected as a platform containing two equivalent
Zn binding sites separated by about 20 A. Substrate 2, bearing two
pyridine sub-units, has been designed to allow the assembly of a
macrocyclic clicked edifice with the L*Zn receptor. For the sake of
comparison, binding studies have also been carried out with the
reference compounds 1, pyridine (Py) and L'Zn.

Compounds L'Zn and L?Zn have been prepared according to
previously reported procedures.” The syntheses of compounds 1
and 2 are depicted in Scheme 1.

The Cgsymmetrical fullerene bis-adduct precursor 3 was
obtained in eight steps as already described.® Reaction of
dicarboxylic acid 3 with an excess of alcohol 4 in CH,Cl, under
esterification conditions using N, N’-dicyclohexylcarbodiimide
(DCC) and 4-dimethylaminopyridine (DMAP) gave 2 in 60%
yield. Compound 1 was prepared in two steps from alcohol 4.
Esterification with acid 5° (DCC, DMAP) followed by reaction of
the resulting malonate with Cg, I, and diazabicyclo[5.4.0Jundec-7-
ene (DBU) under Bingel conditions’ afforded methanofullerene 1.
The 'H- and "*C-NMR spectra of both 1 and 2 were in full
agreement with their Ci-symmetrical structures. Compounds 1 and
2 were also characterized by FAB mass spectrometry. In both
cases, the expected molecular ion peak was observed (1:
mlz = 1400.3 [M+ HJ', calc. for C;,HgNOg = 1400.49; 2:
mlz = 2436.1 [M + H]+, calc. for C163H147N2019 = 243606)

The ability of bis-porphyrin L*Zn to form a supramolecular
complex with bis-pyridine 2 was first evidenced by 'H-NMR
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Scheme 1 Preparation of compounds 1 and 2.

binding studies performed at 298 K in CDCl;. Complexation-
induced changes in chemical shifts were observed upon addition of
1 equiv. of L?Zn to a solution of 2. In particular, dramatic upfield
shifts were seen for the chemical shifts of the protons belonging to
the pyridine moieties (Ad > 4.5 ppm). When coordination of the
Zn(11) ions takes place, the pyridine moieties of 2 are located above
the porphyrin cores, and the important chemical shift changes are
a result of the ring current effect of the porphyrin macrocycles.
Importantly, changes in the chemical shift were also evident for all
the protons of the spacer moiety between the two pyridine units of
2 (A6 = 0.2 to 0.6 ppm). The latter observation suggests that all
these protons must be close to the t-conjugated system of L*Zn in
the associate, which is in good agreement with the formation of a
macrocyclic 1 : 1 supramolecular complex (Fig. 1).

To quantify the interactions between L?Zn and 2, the
complexation was further studied in CH,Cl, by UV-vis and
fluorescence binding studies. For comparison purposes, the
association of L'Zn and 1, L'Zn and Py, and L*Zn and Py were
also investigated. Addition of ligand 1 to L'Zn in CH,Cl, resulted
in bathochromic shifting of the Q bands (see ESIf). The
processing'® of the titration data allowed the characterization of
a single supramolecular complex [(L'Zn)-(1)] in solution (log
K; = 3.54 + 0.08).1 The binding constant of [(L'Zn)-(1)] is similar
to that found for [(L'Zn)-(Py)] (log K; = 3.56 + 0.03) and in good
agreement with values already reported in the literature for
related systems involving pyridyl-substituted fullerene derivatives
and Zn(1r)-porphyrins.® The spectrophotometric studies of the

Fig. 1 Calculated structure of the macrocyclic supramolecular complex
[(L2Zn)-(2)] (molecular modelling performed with Spartan, the 3,5-didode-
cyloxybenzyl units have been replaced by methyl groups in the calculations).

e(x10°M's")

N A O @

Absorbance

"400 500 600
Wavelength (nm)

Fig. 2 UV-visible absorption spectrophotometric titration of L?Zn with
substrate 2. / = 2 cm; (1) [L*Zn], = 54 x 1077 M, 2) Rlod[L*Zn]o, =
57.2. Inset: absorption electronic spectra of L*Zn and [(L2Zn)-(2)]. Solvent:
CH,CL,; T =250 + 0.2 °C.

bis-porphyrinic receptor L?Zn with Py as substrate revealed the
presence of two complexes: [(L2Zn)-(Py)] (log K; = 4.0 + 0.1) and
[(L?Zn)-(Py),] (log K> = 34 + 0.3). Assuming that the two
metalloporphyrins in L*Zn are identical and independent, the
K5/K; ratio therefore provides a criterion to quantify the
interactions between the two binding sites.!! The ratio K»/K, is
close to 0.25, which is the value expected for a statistical model.
The binding behavior of bis-pyridine 2 to bis-metalloporphyrin
L?Zn was also investigated by UV-vis absorption in CH,CL. As
depicted in Fig. 2, upon addition of increasing amounts of 2 to a
solution of L*Zn, the Q and Soret bands of the metalloporphyrins
experienced bathochromic shifts, as already observed for the two
axially-bonded pyridyl ligands in [(L*Zn)-(Py)s].

Under our experimental conditions, the statistical processing of
the spectrophotometric data revealed the formation of a single
complex [(L*Zn)-(2)] with log K; = 5.09 + 0.07. The sizeable
increase of stability compared to that of the compounds
[(L'Zn)-(D)], [(L'Zn)-(Py)], [L*Zn)-(Py)] or [(L*Zn)-(Py),] empha-
sized the peculiar structure of [(L2Zn)-(2)], in which the bis-pyridyl
fullerene substrate 2 is clicked onto the ditopic receptor L*Zn
(Fig. 1). Similar increases in the association constants have been
reported by D’Souza and co-workers for supramolecular systems
resulting from the axial coordination of the Cgy—pyridine ligand to
Zn(11)-porphyrins and possessing an additional recognition
element.?

To further confirm the data derived from the absorption studies,
the complexation of L'Zn and L*Zn with the pyridine ligands 1
and 2, respectively, were also investigated by luminescence
experiments. Indeed, a strong quenching of the porphyrin emission
was observed upon addition of the Cegy—pyridine derivatives to
CH,Cl, solutions of L'Zn or L?Zn. At this point, it must be
emphasized that both intramolecular and intermolecular (collisions
and reabsorption events) quenching processes can occur.* Indeed,
in order to have a suitable reference, all the binding studies have
been carried out in parallel with mixtures of the porphyrin receptor
and a model fullerene derivative unable to form a supramolecular
complex (i.e. a Cg derivative with no pyridine substituent).* Since
a comparison with the reference solution is always made, the
intermolecular quenching processes can be ignored and the
difference in emission intensity between the two solutions therefore
only accounts for the intramolecular quenching of the porphyrin
excited state by the fullerene moiety in the supramolecular
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Fig. 3 Luminescence titration of L*Zn by 2. Solvent: CH,CL,, 7= 25.0 +

0.2 °C, Jexe = 559 nm (isosbestic point), emission and excitation slit widths 15
and 20 nm, respectively; (1) [L2Zn],o; = 1.08 x 10~ M; (2) [2)/[L*Zn]o, = 19.

complex. The titrations were performed at constant concentration
of porphyrin L'Zn or L*Zn. The spectral changes observed in the
emission spectrum upon addition of increasing amounts of 1 or 2
were recorded. The excitation occurred at an isosbestic point
(559 nm), at a wavelength where both complexed and uncomplexed
species exhibited the same molar absorption coefficient. As shown in
Fig. 3, upon progressive addition of 2 to a solution containing L*Zn,
the porphyrin emission bands centered at 599 and 648 nm were
quenched and red-shifted. The processing of the luminescence data
allowed us to identify the formation of a single species, the clicked
complex, with a binding constant log K; = 5.05 + 0.09. Similar
studies were carried out with L'Zn and 1, leading to a binding con-
stant log K| = 3.78 + 0.02. The K values deduced from the emission
data are in perfect agreement with those derived from the absorption
studies and confirm the increased stability of the macrocyclic
complex [(LzZn)-(Z)] as a result of simultaneous coordination of the
two Zn centers of L?Zn by the two pyridine moieties of 2.

The efficiency of the intramolecular quenching process within
the clicked supramolecular complex [(L?Zn)-(2)] was deduced from
the emission spectra depicted in Fig. 4.

The comparison of the emission intensity of [(L2Zn)-(2)] with the
one determined for [(L?Zn)-(Py),] allowed us to estimate a quantum
yield of 0.66 + 0.07. In spite of the long distance between the
photoactive units (ca. 18 to 20 A, Fig. 1), the quenching of the lowest
porphyrin singlet excited state by the fullerene unit remains quite
efficient, suggesting that the initial energy transfer typically observed
in Zn(i1)-porphyrin-Cg, conjugates® is still effective. Steady-state
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Fig. 4 Normalized relative fluorescence spectra of L2Zn, [(L*Zn)-(Py)]
and [(L*Zn)-(2)]. Solvent: CH,CL,, T' = 250 + 0.2 °C, e = 557 nm
(excitation of the porphyrin unit in [(L2Zn)-(Py)]), Jexe = 559 nm
(excitation of the porphyrin unit in [(L*Zn)-(2))).

fluorescence measurements are, however, not sufficient to conclude
whether an electron transfer from the lowest fullerene singlet
excited state thus populated occurs in our supramolecular system.
Effectively, the fluorescence of L*Zn (& = 0.011)§ strongly overlaps
the weaker fullerene emission (@ ~ 10~ for 2).§ thus preventing
clean excitation spectroscopy. Further photophysical studies are
under way to determine the effective excited state deactivation
pathways in [(L*Zn)-(2)] and will be reported in due time.
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