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Host molecules for inclusion of fullerenes are of great
importance because of their application to extraction and chemical
modification of fullerenes.1 In particular, inclusion viaπ-electronic
donor-acceptor interactions is highly interesting in view of
possible supramolecular modulation of electronic properties of
fullerenes. Herein we report that a face-to-face cyclic dimer of
zinc porphyrin (1) forms a highly stable 1:1 inclusion complex
with C60 via donor-acceptor interactions.

Zinc porphyrin cyclic dimer1 was synthesized by hydrogena-
tion of 2 having rigid diacetylenic spacers (Scheme 1). A benzene
solution of1 upon mixing with C60 showed a marked color change
from bright reddish purple to dark red. In the electronic absorption
spectrum of a mixture of1 and C60, the Soret absorption band of
1 was observed to shift bathochromically from 410.5 to 417.5
nm, suggesting an electronic interaction of1 with C60 (Figure
1).2 Interestingly, when an equimolar mixture of1 and C60 was

subjected to TLC on alumina with benzene as eluent, only a single
spot was observed atRf ) 0.13 without any other spots at 0.72
and 0.85 due to1 and C60, respectively. On the other hand, when
either 1 or C60 was present in excess with respect to the
counterpart, the TLC trace showed an additional spot due to free
1 or C60. These observations indicate that1 and C60 form a highly
stable complex. Accordingly, the complex between1 and C60

could be easily isolated by column chromatography on alumina.
When benzene solutions of1 and C60 (1.9 × 10-6 M) were

mixed at varying volume ratios (Job’s plots) at 25°C, the change
in absorbance at 410.5 nm displayed a maximum at a mole ratio
1:C60 of unity. Furthermore, electrospray ionization mass spec-
trometry (ESI-MS) of a THF solution of a mixture of1 and C60

clearly showed two sets of isotopic distributions centered atm/z
2785.89 and 1393.12 (Figure 2),3 which correspond to the mono
and dication, respectively, of a 1:1 complex between1 and C60.
To determine the binding constant of the complexation of1 with
C60, we titrated a benzene solution of1 with C60 at 25°C, where
the absorption spectral change showed a clear isosbestic point at
418.0 nm (Figure 1). From the change in absorbance at 410.5
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Figure 1. Spectroscopic titration of receptor1 with C60 in benzene at
25 °C: [1] ) 1.96× 10-6 M; [C60]/[1] ) 0, 0.74, 1.48, 2.96, 5.91, 10.35,
14.77.

Figure 2. ESI-MS spectrum of a THF solution of a mixture of1 and
C60.3
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nm, the binding constant of the 1:1 complexation was evaluated
to be 6.7× 105 M-1.4 To the best of our knowledge, this is the
highest binding constant reported to date for host-guest interac-
tions with C60 in organic solvents.1f In sharp contrast, cyclic dimer
2, having rigid diacetylenic spacers between the two zinc
porphyrin units, showed no spectral change at the visible region
upon mixing with C60 under similar conditions.

Host molecule1 in solution exists as a mixture of conforma-
tional isomers due to its flexible spacers:5 1H NMR spectrum of
1 in C6D6 at 25°C showed two sets of three singlet signals atδ
10.60-9.57 and 3.07-2.67 ppm due to meso andâ-methyl
resonances, respectively.1H NMR saturation transfer profile6 of
1 indicated that such conformational isomers are transformed with
one another at a rate slower than the NMR time scale. On the
other hand, when an equimolar amount of 4,4′-bipyridine (bpy)7

with respect to1 was added to the solution, the1H NMR spectrum
became much simplified to show single meso (δ 10.53) and
â-methyl (δ 3.06) signals together with two upfield-shifted doublet
signals due to bpy (δ 8.79, 7.05f 3.42, 2.09). Thus, bpy was
incorporated between the two zinc porphyrin units in an induced-
fit fashion.8 A similar NMR spectral change was observed upon
addition of C60 to a C6D6 solution of 1, where the meso and
â-methyl resonances showed singlet signals atδ 10.32 and 2.87
ppm, respectively. These results indicate the formation of an
inclusion complex between1 and C60 (Figure 3). When the
inclusion complex was mixed with an equimolar amount of bpy,7

C60 was released quantitatively from the cavity, to form a complex
of 1 coordinated with bpy.

13C NMR spectrum of the inclusion complex of1 and C60 in
C6D6 at 30°C showed a single signal due to the included C60 at
δ 140.10 ppm, which is upfield-shifted from that of free C60 (δ
143.21). Such an upfield shift is considered to reflect the shielding
effect and/or the electronic effect of the zinc porphyrinπ-cloud.
Cyclic voltammetry of an equimolar mixture of1 and C60 in CH2-

Cl2 showed that the first reduction of C60 occurs at-1.11 V vs
Fc/Fc+.9 Comparison of the observed redox potential with that
of free C60 (E1/2 ) -1.05 V) indicates that C60 becomes less
subject to reduction upon complexation with1. Therefore, it is
likely that aπ-electronic interaction is operative between1 and
C60 in the inclusion complex.10

In conclusion, we have developed a novel macrocyclic receptor
for the inclusion of C60 via π-electronic donor-acceptor interac-
tions, where the very high binding constant (6.7× 105 M-1)
enables chromatographic separation of C60. The change in redox
potentials of the included C60 also suggests a potential utility of
thesupramolecular approachfor the modulation of the electronic
properties of fullerenes.
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Scheme 1

Figure 3. A computer-generated molecular model of the inclusion
complex between1 and C60, optimized with a CAChe molecular
mechanics calculation. For ease of calculation, the peripheral hexyl groups
of 1 were replaced by methyl groups.
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