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Introduction

In recent years, there has been intense interest in the design
and construction of well-defined nano architectures.[1,2] One
of the most powerful approaches is the use of reversible
noncovalent interactions, such as hydrogen bonding,[3]

metal–ligand interactions,[4] aromatic stacking, and hydro-
phobic interactions.[5] Based on complementary molecular
affinities, rationally designed molecular components can be

held together to produce large and elaborate architectures
of high order. Fullerenes and their derivatives represent an
intriguing class of spherical molecules that have many inter-
esting photophysical, photochemical, and/or electrochemical
properties.[6] In recent years, fullerene-based nanoparticles
and fullerene-pendant polymers have been extensively in-
vestigated as discrete materials.[7,8] Nevertheless, examples
of supramolecular polymeric architectures with “naked” ful-
lerenes as assembling components are relatively limited.[9]

In the past decade, the development of synthetic receptors
for fullerenes has been mainly based on their curved p-con-
jugated features. Macrocyclic structures with concave cavi-
ties, such as calixarenes, cyclotriveratrylenes, cyclophanes,
and cyclodextrins, represent the major family of fullerene
receptors.[10] Other types of receptors have also been report-
ed, which among others include planar extended conjugated
systems, such as porphyrins and phthalocyanines,[11] a shape-
persistent aryleneacetylene-derived macrocycle,[12] and elec-
tron-rich TTFs.[13] Because many of the interactions are rela-
tively weak, ditopic receptors with two cooperative interact-
ing units are usually used to achieve high binding stability.

Unnatural oligomers that are induced to adopt well-de-
fined secondary structures by noncovalent interactions are
known as foldamers.[14,15] Since the first report of secondary
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structures of anthranilamide oligomers,[16] hydrogen-bond-
ing-induced foldamers based on aromatic oligoamide back-
bones have received considerable attention, due in part to
their relatively higher structural predictability.[15,17] We have
recently demonstrated that rationally designed hydrogen-
bonded foldamers from aromatic oligoamides represent ver-
satile self-assembling scaffolds[18] and acyclic receptors for
the recognition of discrete guests.[19] Herein, we describe
that 1) strong interactions are generated between F···H�N
hydrogen-bonding-induced foldamers and fullerenes (C60

and C70), and 2) that these interactions may be utilized for
the construction of structurally unique supramolecular nano
networks.

Results and Discussion

We have previously established the intramolecular five- and
six-membered F···H�N hydrogen-bonding motif and have

utilized it to induce oligomers 1 and 2 to adopt folded or
helical conformations.[20] In contrast to the MeO···H�N hy-
drogen-bonding-driven folded analogues,[21] in which the
centrally located methyl groups are forced by the steric hin-
drance and angular requirements of the ether bonds to devi-
ate from their rigidified backbones, the F···H�N hydrogen-
bonded foldamers possess extended skeletons, which are
reminiscent of conjugated porphyrins[10] or rigidified planar
cyclophanes.[11] We have therefore synthesized a further
three folded molecules, 3–5, and have investigated their po-
tential interactions with fullerenes.[22] For comparison, the
corresponding interactions of the MeO···H�N hydrogen-
bonded foldamer 6[19d] have also been studied.

The synthetic routes to compounds 3–5 are shown in
Scheme 1. Thus, diacid 7[20a] was first nitrated in hot oleum
to give 8 in 50% yield. The nitro derivative was then treated
with oxalyl chloride in THF to afford 9, which was treated
with 10[20b] in THF to produce foldamer 3 in 78% yield. Pd-
catalyzed hydrogenation of 3 in THF gave 11 in 95% yield.
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Reactions of this amine with 12 and 13 in THF then afford-
ed 4 and 5, respectively. Compounds 3–5 are soluble in
common solvents such as toluene, dichloromethane, and
chloroform, and have been characterized by 1H NMR, 13C
NMR, and IR spectroscopy and by MALDI-TOF mass spec-
trometry.

The nitro group in 3 and the centrally located amide link-
ers in 4 and 5 are all distant from the groups that are in-
volved in the intramolecular hydrogen bonding. Therefore,
it is reasonable to assume that compact conformations are
also formed for 3–5. Similar to that of foldamer 2, the 1H
NMR spectrum of 3 in CDCl3 was well-resolved. Each of its
amide signals appeared in the downfield region (see the
Supporting Information), clearly indicating the existence of

intramolecular F···H�N hydrogen bonding. The resolution
of the 1H NMR spectra of 4 and 5 in CDCl3 was very low,
which may be attributed to the existence of helical isomers
of their folded moieties that slowly interconvert on the 1H
NMR time scale. Although it has been reported that many
fluoroaromatic molecules show a great tendency for aggre-
gation in common organic solvents,[23] dilution of solutions
of the simple foldamers 1–3 in CDCl3 from 3.0 mm to
0.2 mm did not cause any significant shift in the signals of
their aromatic and amide protons (<0.04 ppm). Due to low
resolution, similar dilution experiments could not be carried
out for compounds 4 and 5. Nevertheless, within the concen-
tration range of <0.2 mm, their UV/Vis absorbances in
chloroform obeyed BeerOs law (see the Supporting Informa-
tion), indicating that, at least within the lower concentration
range, there is no significant intermolecular aggregation for
either molecule.

Mixing 1–5 with C60 in toluene led to a significant de-
crease in the absorption bands of the fullerene and an in-
crease in the absorption bands of the oligomers in the UV/
Vis spectra. Figure 1 shows some representative results. A
new absorption band at around 332 nm was produced for
each of the oligomers upon the addition of C60. Moreover,
adding the oligomers to a solution of C60 in toluene also
caused the color of the fullerene to change from characteris-
tic red-purple to dark brown (see the Supporting Informa-
tion). All of these observations are indicative of strong com-
plexation between the folded oligomers and C60. A similar
color change was also observed for C70 upon mixing with the
oligomers in toluene, showing that the interaction between
fullerenes and the hydrogen-bonded foldamers is a general
phenomenon.

Fluorescence experiments provided further evidence for
the foldamer–fullerene interaction. Adding fullerenes to sol-
utions of 1–5 in chloroform (containing 5% carbon disul-
fide, v/v) caused substantial reduction in the emission inten-
sity of the folded molecules (Figure 2). Job plots revealed a
1:1 stoichiometry for C60 and foldamers 1–3 or the folded
units in 4 and 5 (Figure 3).[24] This observation suggests that
the rigid aromatic amide linkers in bis-foldamer 4 and tris-
foldamer 5 prevent the folded units from adopting a face-to-
face arrangement and, consequently, inhibit the formation
of sandwich-type complexes.[19b] Once again, C70 was found
to cause similar fluorescence quenching for each of the olig-
omers.

Association constants for 1–3 and apparent association
constants[25] for the folded units of 4 and 5 with C60 and C70

in chloroform were then evaluated using the fluorescence ti-
tration method.[26] The values derived are listed in Table 1.
Using the same method, data were also determined for the
complexes of the MeO···H�N hydrogen-bonded foldamer 6.
The values for 6 are significantly smaller than the corre-
sponding values for 1, which may simply reflect the steric
hindrance of the centrally located methyl groups in 6. Con-
sidering that all of the associations are just between two
single aromatic units, the values in Table 1 are quite impres-
sive. They are comparable with those of complexes formed

Scheme 1. Reagents and conditions: a) HNO3/H2SO4·SO3, 100 8C, 6 h,
50%; b) (COCl)2, DMF (cat.), THF, RT, 30 min; c) 9, NEt3, THF, RT,
2 h, 78%; d) H2, Pd/C (10%), THF, RT, 24 h, 95%; e) 11, NEt3, THF,
RT, 8 h, 75%; f) 11, NEt3, THF, RT, 8 h, 50%.
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between fullerenes and some bisporphyrin-based molecular
tweezers.[19b] CPK modeling revealed that the C�F bonds in
the folded units of the oligomers form a slightly concave
cyclic platform of diameter 9.0 Q.[20b] The strong association
between the F···H�N hydrogen-bonded foldamers and ful-
lerenes may result from cooperative fluorophenyl···p inter-
actions, as proposed by Row et al.,[27,28] and solvophobic in-
teractions (Figure 4). The fact that the values for C70 are
consistently significantly larger than those for C60 implies

Figure 1. Changes in the absorption spectra of a) C60 (1.0R10
�4

m) with the addition of 3 (0 to 1.1R10�4m), b) 3 (9.0R10�6m) with the addition of C60 (0 to
4.0R10�5m), c) 4 (3.8R10�6m) with the addition of C60 (0 to 1.6R10�5m), and d) 5 (3.0R10�6m) with the addition of C60 (0 to 1.5R10�5m) in toluene at
25 8C (the spectrum of the additive was subtracted from each of the spectra).

Figure 2. Fluorescence titration spectra of 4 (1.0R10�5m) with the addi-
tion of C60 (0 to 4.6R10�5m) in chloroform at 25 8C (excitation wave-
length=328 nm).

Figure 3. Job plots for complexes of C60 with 3 (&, [3] + [C60]=1.6R
10�5m, the emission change of 3 at 413 nm as probe), 4 (*, [4] + [C60]=
2.0R10�5m, the emission change of 4 at 458 nm as probe), and 5 (~, [5]
+ [C60]=1.0R10�5m, the emission change of 5 at 458 nm as probe) in
chloroform at 25 8C.

Table 1. ACHTUNGTRENNUNG(Apparent) association constants and associated free energies of
the complexes between the foldamers or folded units and fullerenes in
chloroform and carbon disulfide (19:1, v/v).[a,b]

Complex Ka

ACHTUNGTRENNUNG[m�1]
DG
ACHTUNGTRENNUNG[kJmol�1]

Complex Ka

ACHTUNGTRENNUNG[m�1]
DG
ACHTUNGTRENNUNG[kJmol�1]

1·C60 1.4R104 �23.6 1·C70 2.6R104 �25.2
2·C60 3.0R104 �25.5 2·C70 3.8R104 �26.1
3·C60 1.8R104 �24.3 3·C70 2.3R104 �24.9
4·C60

[c] 4.2R104 �26.4 4·C70
[c] 5.3R104 �26.9

5·C60
[c] 2.9R104 �25.4 5·C70

[c] 3.3R104 �25.8
6·C60 2.8R103 �19.7 6·C70 3.8R103 �20.4

[a] The values are typically averages of two experiments performed at
25 8C. [b] With an error of � 15%. [c] Apparent association constant.
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that its complexation with the foldamers mainly occurs at its
extended equatorial region.[11] The values for foldamer 3 are
only slightly smaller than the corresponding values for bis-
foldamer 4 and tris-foldamer 5, indicating that there is no
significant intramolecular cooperative effect for the folded
units in 4 and 5.

Adding C60 to solutions of 1–3 in CDCl3 and CS2 (4:1,
v/v) resulted in small but distinct changes in the signals in
the downfield regions of their 1H NMR spectra. Among the
fold ACHTUNGTRENNUNGamers, 3 displayed the largest change upon mixing. The
downfield regions of the spectra are shown in Figure 5 (for

the numbering, see the structure). The signals have been as-
signed on the basis of NOESY experiments. It can be seen
that the change in shift for H-1 is distinctly larger than those
for H-2 or H-3, while H-4 displays the largest change in
shift.[29] These observations suggest close proximity of the
two species and that C60 is favorably located to face the ni-
trated benzene ring. In the presence of 1 equiv of 3, the 13C
NMR signal of C60 (8.0 mm) is shifted downfield by about
0.020 ppm. This small shift was consistently observed and,
considering the spherical and rapidly rotating nature of C60,
may be taken as a further indication of its proximity to the
folded structure.

The stacking properties and morphologies of 3–5 and
their mixtures with C60 were investigated by atomic force
microscopy (AFM).[30] All films were prepared by directly
casting solutions (0.1 mm) in toluene on a mica plate and
the AFM images were measured in tapping mode after

evaporation of the solvent. The images obtained from the
residues of solutions of 3–5 are shown in Figure 6 ACHTUNGTRENNUNG(a, c, d).
Nano networks of fibrous assemblies may be discerned from
the images of 3 and 4, indicating efficient stacking of the
folded units of both molecules in the solid state. Compared
to those of 3, the fibrils formed by 4 are obviously wider
and thicker, which may be attributed to the formation of en-
tangled assembled structures in the case of 4 due to its
linear ditopic nature. In sharp contrast, discotic 5 only gave
rise to separated particles of varying size (0.1 to 1 mm). This
result is very different from those observed for many C3-
symmetrical discotic derivatives that bear three planar aro-
matic moieties, which usually display a pronounced tenden-
cy to form fibrous aggregates.[31]

For mixtures of the oligomers and C60, the opposite stack-
ing tendency was observed. Although a few linear fragmen-
tary structures were generated, a 1:1 mixture of 3 and C60

mainly gave rise to particles of <0.1 mm in diameter (Fig-
ure 6b). This result indicates that the presence of C60 effi-
ciently breaks-up the fibrous assemblies of 3, clearly by
forming more stable 3·C60 stacking interactions. A mixture
of 4 and C60 produced more and longer fibrous structures,
together with some small separated particles (Figure 6e).
However, the fibrils were remarkably shorter and thinner
than those observed for pure 4 (Figure 6c). Moreover, no
networks were observed. Once again, these observations
may be ascribed to the formation of strong stacking interac-
tions between C60 and the two folded units in 4.

A mixture of 5 and C60 generated unique honeycomb-like
networks (Figure 6f). The width and thickness of the fibril
bands were found to be approximately 30–150 and 5.5 nm,
respectively (Figure 6h). Since in the cases of 3 and 4 the
presence of C60 substantially weakened the fibrous struc-
tures formed by the foldamers, this new network might be
generated by continuous cooperative stacking interactions
between the folded units of 5 and C60, as shown in Figure 7.
CPK modeling suggested a size of about 4.1 nm for the aro-
matic core of 5 (middle ring, Figure 8) and about 6.2 nm for
the whole molecule of 5 (large ring, Figure 8). It is reason-
ACHTUNGTRENNUNGable to assume that the size of the molecule in the packed
state is smaller than the estimated value. Therefore, we pro-
pose that the fibrous networks formed by the mixture of 5
and C60 are most likely produced by single-layer packing of
the nano strands formed through continuous sandwich-like
stacking of the upright or leaning tris-foldamer and C60 on
the surface, which is stabilized by intermolecular aggrega-
tion of the aliphatic chains (Figure 6).[32]

Small-angle X-ray scattering (SAXS) experiments further
supported the above packing pattern. The samples of pure
3–5 did not exhibit any major peaks (Figure 9a–c), implying
that the folded units in these molecules are mainly randomly
stacked in the solid state. In contrast, their mixtures with C60

each produced a major peak, which corresponded to an or-
dered phase of size 2.9, 3.4, and 3.5 nm, respectively (Fig-
ure 9d–f). The strength of the peaks is substantially in-
creased on going from 3 to 4 and 5, suggesting a significant
increase in the structural order. Moreover, the values for 4

Figure 4. C�F···p interactions between the F···H�N hydrogen-bonded fol-
damers (with a heptamer as example) and C60.

Figure 5. The downfield region of the 1H NMR spectra of a) 3 (8.0 mm)
and b) 3 + C60 (1:1, 8.0 mm) in CDCl3/CS2 (4:1, v/v) at 25 8C.
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and 5 are very close to the sizes of their folded units
(3.3 nm) (small ring, Figure 8). All of these observations

support the view that ordered
cylindrical aggregates are
formed in the solid state
through alternating stacking of
the folded units and C60 mole-
cules. Because such ordered
aggregates are not exhibited by
the pure samples, and the mix-
ture of simple foldamer 3 and
C60 exhibited only a weak
peak, it is reasonable to pro-
pose that significant coopera-
tion is involved in the stacking
in the mixture of 5 and C60,
which leads to the most or-
dered cylindrical architecture.
Similar cooperation should
also occur for the mixture of 4
and C60, albeit significantly
more weakly. The lower inten-
sity of the peaks observed for
the mixture of 3 and C60 most
likely reflects the reduced size
of this foldamer.

Conclusions

We have demonstrated that
strong interactions are formed
between F···H�N hydrogen-
bonded aromatic amide fold-
ACHTUNGTRENNUNGamers and fullerenes, both in
solution and in the solid state.
Quantitative fluorescence ex-
periments have revealed that
this unique interaction is con-
siderably stronger than that in
MeO···H�N hydrogen-bonded
folded analogues. Cooperative
C�F···p and solvophobic inter-
actions are proposed to explain
the stacking. Although it is
well known that large planar
conjugated systems, such as
porphyrins, have a propensity
for p–p stacking with ful-
lerenes, the present foldamer–
fullerene interaction represents
a unique new aromatic stack-
ing pattern. The fact that fi-
brous nano networks have
been assembled from a mixture
of 5 and C60 illustrates the po-
tential of the hydrogen-bonded

foldamers in the design of new materials. Considering the
remarkable efficiency of this new stacking pattern, it should

Figure 6. AFM images of drop-casts of solutions in toluene (0.1 mm) on a mica plate: a) 3, b) 3 + C60, c) 4,
d) 5, e) 4 + C60, and f) 5 + C60; g) typical height profile of the film in image e; h) typical height profile of the
honeycomb-like fibrils in image f.
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be possible to use the folded units as “jaws” in the develop-
ment of a new type of molecular tweezers. Shape-persistent
macrocycles may also be produced, which would be expect-
ed to exhibit interesting new properties.

Experimental Section

General methods : All reactions were carried out under a dry nitrogen at-
mosphere. Melting points are uncorrected. All solvents were dried before
use following the standard procedures. Unless otherwise indicated, all
starting materials were obtained from commercial suppliers and were
used without further purification. Analytical thin-layer chromatography
(TLC) was performed on glass plates coated with 0.2 mm of silica gel 60
with F254 indicator. 1H NMR spectra were recorded on 300, 400 or
500 MHz spectrometers in the indicated solvents. Chemical shifts are ex-
pressed in parts per million (d) using residual solvent protons as internal
standards (1H: chloroform: d 7.26 ppm; DMSO: d 2.49 ppm; 13C: CDCl3:
d 77.23 ppm; 19F: CFCl3: d 0 ppm). Mass spectra (EI and MALDI-TOF)
were obtained on a Varian Saturn 2000 or FTMS-7 spectrometer. Fluo-
rescence spectra were recorded on an LS-50S fluorescence spectrometer.
UV/Vis spectra were recorded on a Lambda 900 spectrophotometer. Ele-
mental analysis was carried out at the SIOC analytical center.

Small-angle X-ray scattering (SAXS): SAXS measurements were made
on a Bruker Nanostar system. Two-dimensional diffraction patterns were
recorded using an image-intensified CCD detector. The experiments
were carried out at room temperature (25 8C) using CuKa radiation (l=

1.54 Q) and operating at 40 kV and 35 mA.

Atomic force microscopy (AFM): AFM experiments were performed
with a Nanoscope IIIa scanning probe microscope (Digital Instruments,
Santa Barbara, CA). The tapping mode was employed in air using a tip
fabricated from silicon (125 mm in length with a resonant frequency of ca.
500 kHz). Typical scan speeds during recording were 0.3–1 line s�1 and
scan heads covered a maximum range of 20–20 mm. Samples were pre-
pared by drop casting from solutions (10�5m) in chloroform (containing
5% CS2) on freshly cleaved mica plates.

Typical procedures for fluorescence titrations and evaluation of the asso-
ciation constants Ka : Aliquots of a standard stock solution of the fuller-
ene in chloroform were added to a solution of each foldamer receptor,
and the mixtures were examined by fluorescence spectroscopy at 25 8C.
The spectra were corrected for the dilution factor. The difference (DI) in
the emission intensities of the foldamers in the presence and absence of
the fullerene was recorded and the data were plotted against [fullerene].
The association constants Ka for the 1:1 complexes were derived by
means of nonlinear curve-fitting based on the equation:[25b] DI=DI1-
I1ACHTUNGTRENNUNG((1+Ka[G]+Ka[H]0)�ACHTUNGTRENNUNG((1+Ka[G]+Ka[H]0)

2�4Ka
2[H]0[G])0.5)/ ACHTUNGTRENNUNG(2Ka[H]0),

where DI= I�DI0, DI1= I1�I0, [G] is [fullerene], and [H]0= [foldamer].
For the 1:2 and 1:3 complexes of 4 and 5, the apparent association con-
stant Ka was evaluated from the same equation, but with [H]0=2R[4] or
3R [5].

Compound 8 : At room temperature, diacid 7 (1.84 g, 10.0 mmol) was
added to a stirred solution of concentrated nitric acid (65%, 11 mL) and
oleum (50%, 12 mL). The mixture was stirred at 100 8C for 6 h, cooled to
room temperature, and then poured onto ice (100 g). The yellowish pre-
cipitate formed was collected by filtration, thoroughly washed with
water, and dried. The crude product was purified by recrystallization
from ethanol to give 8 as a pale yellow solid (1.15 g, 50%). 1H NMR
([D6]DMSO): d=8.74 ppm (d, J=5.7 Hz, 2H); 13C NMR ([D6]DMSO):
d=164.1, 162.8, 142.9, 130.4, 122.3 ppm; 19F NMR ([D6]DMSO): d=

�99.1 ppm (t, J=6.6 Hz, 1F); MS (EI): m/z 229 [M]+ ; elemental analysis
calcd (%) for C8H4FNO6·H2O: C 38.88, H 2.45, N 5.67; found: C 39.17, H
2.44, N 5.51.

Compound 3 : Oxalyl chloride (0.50 g, 3.94 mmol) and DMF (10 mg)
were added to a solution of 8 (92 mg, 0.40 mmol) in THF (20 mL). The
solution was stirred at room temperature for 30 min and then concentrat-
ed under reduced pressure to give compound 9 as an oily solid. This

Figure 7. Proposed schematic diagram illustrating the packing behavior
of the mixture of tris-foldamer 5 and C60 on the surface. The ellipsoids
represent the folded units in 5 and the spheres represent C60 molecules.

Figure 8. Extended CPK model of discotic tris-foldamer 5. The sizes of
the small, middle, and large rings are about 3.3, 4.1, and 6.2 nm, respec-
tively.

Figure 9. SAXS patterns of a) 3, b) 4, c) 5, and of mixtures of C60 with
d) 3 (molar ratio=1:1), e) 4 (molar ratio=2:1), and f) 5 (molar ratio=

3:1).
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crude product was dissolved in THF (5 mL). The solution obtained was
added dropwise to a solution of 10 (0.53 g, 0.80 mmol) and triethylamine
(4.00 mL, 29.1 mmol) in THF (20 mL) and the mixture was stirred at
room temperature for 2 h. After removal of the solvent under reduced
pressure, the residue was redissolved in chloroform (40 mL). This solu-
tion was washed with dilute hydrochloric acid (1n, 20 mL), saturated
sodium hydrogen carbonate solution (20 mL), water (20 mL), and brine
(20 mL), and then dried over sodium sulfate. After removal of the sol-
vent in a rotary evaporator, the residue obtained was subjected to
column chromatography (AcOEt/chloroform, 3:2, v/v) to give 3 as a pale
yellow solid (0.47 g, 78%). 1H NMR (CDCl3): d=9.26 (d, J=6.3 Hz,
2H), 8.95 (d, J=8.1 Hz, 2H), 8.84–8.83 (m, 4H), 8.17 (d, J=6.9 Hz, 2H),
8.03 (t, J=6.9 Hz, 2H), 7.95–7.87 (m, 4H), 7.59 (d, J=5.4 Hz, 2H), 7.26
(t, J=5.4 Hz, 2H), 6.98–6.89 (m, 4H), 3.25 (t, J=5.1 Hz, 4H), 3.11 (t, J=

5.1 Hz, 4H), 2.30 (s, 6H), 1.44–1.12 (m, 48H), 0.87–0.77 ppm (m, 12H);
13C NMR (CDCl3): d=170.4, 161.2, 161.0, 159.5, 159.2, 158.6, 155.9,
154.7, 151.4, 144.7, 143.8, 141.5, 135.0, 134.8, 134.5, 134.4, 133.3, 133.2,
129.2–129.1 (m), 126.0, 125.8, 125.4, 125.3, 125.0–124.9 (m), 124.7, 124.5,
124.4, 123.3–123.2 (m), 122.8, 122.7, 122.6, 122.5, 121.0, 119.9, 119.8,
115.2, 114.9, 49.3, 45.2, 31.8, 31.7, 29.7, 29.3, 29.3, 29.0, 28.6, 27.3, 27.1,
26.5, 22.7, 22.6, 21.4, 14.1 ppm; 19F NMR (CDCl3): d =�105.0 (br, 1F),
�115.1 (br, 2F), �126.8 (br, 2F), �145.6 ppm (br, 2F); MS (MALDI-
TOF): m/z : 1526.7 [M+H]+ ; HRMS (MALDI-TOF): calcd for
C84H99F7N9O10: 1526.7349 [M]+ ; found: 1526.7397.

The following two compounds were prepared from the appropriate start-
ing materials according to similar procedures.

Compound 4 : 1H NMR ([D6]DMSO): d =10.86 (br, 2H), 10.38 (br, 4H),
10.36 (br, 4H), 10.32 (br, 4H), 8.68 (s, 1H), 8.38 (d, J=5.7 Hz, 4H), 8.26
(d, J=8.1 Hz, 2H), 7.95–7.83 (m, 12H), 7.79 (t, J=7.2 Hz, 1H), 7.54–7.50
(m, 8H), 7.47 (t, J=7.5 Hz, 4H), 7.38 (t, J=9.6 Hz, 4H), 7.21–7.16 (m,
4H), 3.35 (br, 8H), 3.17 (br, 8H), 3.17 (s, 12H), 1.57–1.08 (m, 96H),
0.87–0.78 ppm (m, 24H); 13C NMR ([D6]DMSO): d=169.2, 165.2, 165.1,
162.6–162.2 (m), 158.0, 155.8–155.6 (m), 154.6, 152.4, 134.6, 133.6, 133.5,
133.1, 133.0, 132.5–132.4 (m), 125.6–125.3 (m), 124.8–124.4 (m), 123.7–
123.5 (m), 122.9–122.7 (m), 122.3–122.0 (m), 116.0, 115.7, 48.5, 44.4, 31.2,
29.0, 28.8–28.5 (m), 28.1–27.9 (m), 27.1–27.0 (m), 26.5–26.4 (m), 25.9–25.8
(m), 22.1, 20.7, 13.9 ppm; 19F NMR ([D6]DMSO): d=�115.4 (br, 4F),
�120.4 (br, 2F), �122.0 to �122.2 (br, 4F), �136.1 to �136.3 ppm (br,
4F); MS (MALDI-TOF): m/z : 3145.1 [M+Na]+ ; HRMS (MALDI-TOF):
calcd for C176H203F14N18O18: 3122.5300 [M+H]+ ; found: 3122.5293.

Compound 5 : 1H NMR ([D6]DMSO): d=11.01 (br, 3H), 10.37–10.31 (m,
18H), 8.85 (s, 3H), 8.37 (d, J=5.7 Hz, 6H), 7.93 (t, J=6.0 Hz, 6H), 7.87
(t, J=7.2 Hz, 12H), 7.52–7.50 (m, 12H), 7.46 (t, J=7.5 Hz, 6H), 7.37 (t,
J=9.6 Hz, 6H), 7.20–7.16 (m, 6H), 3.36 (br, 12H), 3.16 (br, 12H), 2.34
(s, 18H), 1.53–1.12 (m, 144H), 0.83–0.80 ppm (m, 36H); 13C NMR
([D6]DMSO): d=174.3, 170.7, 169.7, 167.6–167.3 (m), 162.7, 160.6–160.5
(m), 159.4, 157.2, 140.3, 138.8, 138.7, 138.3, 138.2, 137.8–137.6 (m), 130.7–
130.4 (m), 130.1–129.5 (m), 129.0–128.7 (m), 128.0–127.9 (m), 127.4–127.2
(m), 121.2, 120.9, 49.2, 36.4, 34.0, 34.2–33.5 (m), 33.3–33.1 (m), 32.4–32.1
(m), 31.7–31.5 (m), 31.2–31.0 (m), 27.3, 25.9, 19.1 ppm; 19F NMR
([D6]DMSO): d=�115.4 (s, 6F), �120.0 (s, 3F), �122.0 (d, J=9.6 Hz,
6F), �136.1 ppm (t, J=9.0 Hz, 6F); MS (MALDI-TOF): m/z : 4647.3
[M+H]+ ; elemental analysis calcd for C261H300F21N27O27·H2O: C 67.20, H
6.54, N 8.11; found: C 66.92, H 6.55, N 7.90.

Compound 11: Pd/C (10%, 30 mg) was added to a solution of compound
3 (0.31 g, 0.20 mmol) in THF (40 mL). The suspension was stirred under
1 atmosphere of hydrogen gas at room temperature for 24 h. The solid
was then filtered off and the solution was concentrated in a rotary evapo-
rator. The residue obtained was purified by flash chromatography
(AcOEt/chloroform, 3:2, v/v) to give 11 as a white solid (0.28 g, 95%).
1H NMR (CDCl3): d=9.02 (d, J=10.5 Hz, 2H), 8.84 (d, J=10.5 Hz, 2H),
8.67 (d, J=10.5 Hz, 2H), 8.25 (d, J=6.6 Hz, 2H), 8.08–8.01 (m, 4H), 7.81
(d, J=5.1 Hz, 2H), 7.74 (d, J=5.1 Hz, 2H), 7.33 (t, J=7.8 Hz, 2H), 7.16
(d, J=5.1 Hz, 2H), 6.98–6.95 (m, 4H), 4.126 (br, 2H), 3.37 (t, J=5.1 Hz,
4H), 3.16 (t, J=5.1 Hz, 4H), 2.25 (s, 6H), 1.51–1.14 (m, 48H), 0.87–
0.78 ppm (m, 12H); 13C NMR (CDCl3): d=170.3, 161.7, 161.1, 159.4,
156.0, 154.8, 151.5, 144.0, 140.8, 135.2, 135.1, 134.5, 134.4, 133.5, 125.9,
125.8, 125.5, 125.2, 125.0, 123.6, 123.5, 123.4, 122.8, 122.6, 121.2, 120.4,

119.0, 118.8, 115.3, 115.0, 49.3, 45.2, 31.8, 31.7, 30.3, 29.4, 29.3, 29.1, 28.6,
27.5, 27.1, 26.6, 22.7, 22.6, 21.5, 14.1 ppm; 19F NMR (CDCl3): d=�115.16
to �116.5 (br, 4F), �126.9 (br, 1F), �149.7 ppm (br, 2F); MS (MALDI-
TOF): m/z : 1518.8 [M+Na]+ ; HRMS (MALDI-TOF): calcd for
C84H100F7N9O8Na: 1518.7393 [M+Na]+ ; found: 1518.7363.
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