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Molecular design of [60]fullerene () receptors has been of
much concern because they enable us to immobilize or depgsit C
in the desired positions without damaging its ampteonjugate

system by the introduction of substituents. Among the receptors

developed thus fdr;2 it is known that the large binding constants
are obtained from a cyclic bisporphyrin systérvlore recently,

Scheme 1. Aggregation Mode of 1b
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we found that a porphyrin-appended cholesterol-based gelator can

solubilize a high concentration ofgginto the organogel phase.
Surprisingly, this organogel system afforded a strict 1:@/ C

porphyrin stoichiometry in sandwiched fashion in the superstruc-

ture? This novel information stimulated us to design a new

porphyrin-appended gelator, in which the hydrogen-bonding sites

are programmed so that the resultant assembly can acegpt C
creating a cavity complementary tosddn its superstructure. A
potential hint for this molecular design is obtained from calixarene-

without Cgp
1]
b \ One-dimensional
a ation
with Ceo N -
1]
Co 1:2 Complex

Supramolecular polymer

based molecular capsules demonstrated by Rebek’s group: that is,

two ligand (calixarene) moieties are connected by complementary

It is known that wherlb (6.1 mM) was dissolved in refluxing

hydrogen-bonding array, adjusting a distance between the two ligandsolvent and then the solution was cooled to°Z5 benzene and
moietiest Previously, we synthesized amide-appended porphyrins toluene gave the gel, wheregsxylene and anisole gave the

1 and 2 to design a new organogel system in which thesx

=z

precipitate’ When Gy (3.0 mM) was added, all four of the solvents
noted above afforded the gel. In addition, the gel-to-sol phase-
transition temperatureTe) for the benzendb gel (79 °C) was
enhanced up to 120 upon addition of . These findings support
the view that added 4 efficiently improves the gel stability,
probably by changing the morphology of thb aggregate formed
in the benzene gel.

To estimate the stoichiometry betweeg,@nd 1b, we carried
out the following experiment. The benzene gel contairlibg@l.52
mM; constant) and § (varied) was prepared. The superstructures

stacking interaction among the porphyrin moieties and the hydrogen-formed in the gel phase were precipitated by a centrifuge. The
bonding interaction among the amide moieties can operate coop-concentration of g bound to the superstructure was determined

eratively UV —vis absorption spectral analysis and X-ray analysis
of the single crystals show that porphyrins Znadopt the H
aggregation mode, whereas thoseliradopt the J aggregation
mode!! We noticed on the basis of the computational modeling
studies that wherib dimerizes into a capsular molecule by the
hydrogen-bonding interaction, four amide groups in one porphyrin

by elemental analysis of the precipitate, whereas that gf C
solubilized in benzene was determined by s absorption
spectroscopy. Both plots give a break-point ajy/@ = 0.5,
indicating that two porphyrin moieties sandwich ong.&

SEM images of the xerogels prepared from the benzene gels are
shown in Figure 1, &c. The assembly in the absence @f féatures

moiety and another four amide groups in another porphyrin moiety a sheetlike structure (Figure 1'&)Addition of 0.10 equiv G

can form a circular hydrogen-bonding array according tgstisbeet

partially changes the sheets to the fibers (Figure 1b). When the

motif and the inner space is exactly comparable with the size of Cgoconcentration is enhanced up to 0.50 equiv (a break-point molar
Ceot* This strongly suggests thdtb should assemble, in the ratio), one can recognize a fibrous network structure characteristic
presence of g, into the one-dimensional array, because four amide of the low-molecular-weight organogel system. Further increase
groups on the one side are used for the capsule formation and thosén the Gy, concentration scarcely changes this morphology. TEM

on the another side are used for the “intercapsular” interaction pictures taken without a staining reagent are also shown in Figure

(Scheme 1). If this is the case, a stoichiometry betwegra@d1b

1, d—f. In the absence of £, one can only recognize the low-

should become 1:2. With these objects in mind, we examined the contrast sheetlike structure (Figure 1d). Addition @h Changes

influence of added § on the aggregation properties i in the
gel phase. Very interestingly, we have found that addgdn@uces
a striking morphological change, forming a 1:20Qb complex.

the morphology into the fibrous structure, and the fibrils show the
strong contrast due to the absorption of electron beamspgF@ure
1, e and f). These SEM and TEM observations clearly support the

This process has thoroughly been investigated with various view that added € changes the two-dimensional aggregation mode

spectroscopic methods.
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into the one-dimensional one.
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of the xerogel the hydrogen-bondeglo band (1664 cm?) shifted
to low-frequency number region by 10 ctp indicating that the
hydrogen-bonding interaction is intensified by the addition gf C
and (3) in the XRD diagrams, &2= 7.14 (d = 1.24 nm) peak,
which was ascribed to the refraction from the (001) plane
constructed by two-dimensional porphyrin lay®rdisappeared and
a2 =490 (d = 1.80 nm) peak newly appeargthich is
ascribable to the columnar diameter in the one-dimensiong){C
(1b),, aggregate (Figure 2).

The foregoing findings consistently support the view thahas
a latent capability to create a one-dimensional multicapsular
structure in the presence of4 although it is assembled into a
two-dimensional sheetlike structure in the absence gf These
novel Gy-induced morphological changes are due to a strong
porphyrin—Cgg interaction as well as skillfully programmed hydrogen-
bonding sites. Although a variety of applications come to our mind,
the most expeditious one would be photoinduced electron transfer
from superstructural porphyrins constructing the multicapsular
structure to Go's encapsulated in these cavities. The preliminary
experiment showed that the strong fluorescence observed for the
solution containinglb and Gy is “completely” quenched in the
one-dimensional (). (1b)2, aggregaté? The finding implies that
the one-dimensional superstructure consisting of porphyrins and
Cso's would show very novel electron-transfer phenomena. Further
investigations are continued in this laboratory.

2 um o g »

Figure 1. SEM (left column) and TEM (right column) pictures of the
xerogels prepared from (a), (db (1.52 mM)+ benzene gel, (b), (exb
(1.52 mM) with 0.10 equiv of g + benzene gel, (c), (1b (1.52 mM)
with 0.50 equiv of G + benzene gel.
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ring are insulated from each other, (2) in the ATR IR spectroscopy
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