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A new octadentate cavitand forms a stable dimeric molecular
capsule via metal-coordination, creating a large and elaborate
three-dimensional cavity in which large aromatic guests are
accommodated to form supramolecular complexes.

There is considerable interest in constructing nano size supra-
molecular hosts via self-assembly of molecular precursors.' Such
large and elaborate molecular architectures offer well-defined inner
cavities capable of carrying fascinating functions: encapsulation of
a large molecular guest or several guests,” stabilizing unstable
intermediates,>* as molecular catalysts™® efc. These properties are
unique to the assembled state, and depend on the size and nature
of the cavities. Thus the development of a new class of nano size
capsules via self-assembly offers the possibility to create novel
functions. The resorcinarene-based cavitands are potential building
blocks for creating self-assembling molecular capsules driven by
hydrogen bonding' ** and metal-coordination.” We report here a
new class of the metal-assisted self-assembling nano capsule
1-4BF, using octadentate cavitand 2 and its unique guest binding
properties (Scheme 1).

The synthesis of 2 was achieved according to Scheme 2.
Bipyridine unit 5 was prepared by Suzuki coupling of bromobi-
pyridine 3% and 4° Cavitand 6'° was treated with n-BuLi,
subsequent addition of iodine to give tetra-iodocavitand 7. Suzuki
coupling reaction'! of 5 and 7 smoothly proceeded to give the
desired octadentate cavitand 2.

1 Electronic supplementary information (ESI) available: experimental
section, ESI MS of the capsule, and 2D spectra of the complexes. See
http://www.rsc.org/suppdata/cc/b5/b502598b/
*haino@sci.hiroshima-u.ac.jp (Takeharu Haino)

Capsule 1-4BF, is formed instantly as a colorless solid by the
simple addition of two equivalents of silver tetrafluoroborate to a
solution of 2 in nitromethane. The structure of 1-4BF, was
confirmed by elementary analysis, and ESI-MS.

Many diastereomeric forms are possible for dimeric structure
1-4BF; however, the '"H NMR spectrum in CDCl; (Fig. 1)
revealed the selective formation of the D4 symmetric form in which
the eight bipyridyl groups are magnetically equivalent. Pyridyl
protons H, and Hy, showed upfield shifts as a consequence of the
Ag-N bond formation. This rationalizes that a silver cation
complexes to two bipyridines in a tetrahedral fashion; protons H,
and Hy, stay in the shielding region of the other bipyridyl group
and experience their shielding effect. While the precise reason for
the selective formation of the D4 form remains to be determined,
the molecular modeling of 1-4BF, suggested that the D4 symmetric
form is more stable than the others.'?

Diffusion coefficients D (3.66 + 0.05 x 107'° and 4.79 +
0.04 x 1079 m? s! for 1-4BF, and 2) in chloroform were
measured by pulsed field gradient NMR experiments using
BPPSTE pulse sequence. The resulting ratio Dgim/Dmono = 0.76 is
in reasonable agreement with the theoretical ratio of 0.72-0.75
expected for a dimer'® and confirms the dimeric nature of the
complex 1-4BF,.

The complex shows high kinetic stability in organic solution.
When a chloroform-d solution of 1-4BF, was added to that of 2,
their sharp signals appeared independently; the traits support
sizable energetic barriers between free and complexed states. 2D
ROESY spectra of the mixture revealed that the dynamic exchange
between them still exists, but the rate is slower than NMR time
scale. In common Ag-bipyridine complexes the energetic barrier
for the exchange between the free and the complexed states are

Scheme 1 Metal-induced capsule formation.
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6: R=CyyHys 7: R=CqqHa3

Scheme 2 Reagents and conditions. a) PA(PPhs)s, Na,COs, dioxane, HO
49%; b) n-BuLi, I,, THF 79%; c) PdCly(PPhs),, PhsAs, Cs,COs, 5,
dioxane 80%.

Fig. 1 '"H NMR spectra (500 MHz) in chloroform-d at 298 K. a) 2
(1.0 mM); b) 1-4BF4 (0.4 mM) and 2 (1.0 mM); ¢) 1-4BF4 (1.0 mM).

small."* This high kinetic stability of 1-4BF, would be a result of
the cooperative complexation of the bipyridine units.

Rigid guests 8-13 allow us to measure the experimental interior
dimension of the capsule (Fig. 2). 4,4'-Diacetoxybiphenyl 9 is
readily encapsulated by 1 in CDCl;, and the complex formed
shows high kinetic and thermodynamic stability (Fig. 3a, Table 1).
The large upfield shift of the guest methyl groups (0: —1.37,
Ad: —3.70 ppm) was observed. 2D NOESY spectrum showed
strong intermolecular NOE cross-peaks between the methyl
protons of the bound guest and the H., Hy and H; protons on
the resorcinarene platform. The large upfield shift and these
NOE’s are consistent with the binding conformation in which the
two methyl groups are close to each end of the cavity. The complex
of 10 also showed the high kinetic stability with the large upfield
shift of the methyl group (J: 0.4, Ad: —3.5 ppm) (Fig. 3b), but the
association constant is about 200 times as small as that of 9 even
though they have similar and complementary shapes (molecular
lengths: 14.2 and 14.1 A for 9 and 10). It is known that the
resorcinarene cavity creates CH/r interaction to acidic protons,'
so that the more acidic methyl proton of 9 should drive the
extremely high binding ability. In contrast, 8 did not complex
whereas the other aromatic guests 11, 12 and 13 were
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Fig. 3 The upfield region of the 'H NMR spectra in chloroform-d of
1-4BF4 (2.0~ 3.6 mM) with: a) 9 (1.5 eq.) at 298 K, b) 10 (1.0 eq.) at 298 K,
c) the 1:1 mixture of 14 (3.5 eq.) and acetic acid (3.5 eq.) at 218 K, d) the
1:1 mixture of 14 (8.0 eq.) and propionic acid (8.0 eq.) at 218 K.

Table 1  Association constants® K, (M~") in CDCl;

Guest K, Guest K,

8 0 11 80 + 10
9 82000 + 6000 12 118 + 5
10 410 + 10 13 60 + 8

¢ Association constants were determined at 298 K.

encapsulated, but the time-averaged spectra were given.
Accordingly, 9 and 10 establish the best complementary molecular
length, about 14 A.

Two different carboxylic acids form the statistical mixtures of
the homo and the hetero hydrogen-bonded dimers in organic
solution; however, the capsule enhanced the hetero dimerization of
carboxylic acids.'® When a 1:1 mixture of acetic acid and 14 was
added to the solution of 1-4BF,, an asymmetrically filled capsule
was exclusively observed at 218 K (Fig. 3c). Two singlets appeared
in the clear window higher than 0 ppm. Based on 2D ROESY
experiment, they are assigned to the methyl groups of 14 and acetic
acid (0: —1.43; Ad: —3.8 ppm for AcO-, 6: —1.54; Ad: —3.7 ppm
for acetic acid). These characteristic upfield shifts of the methyl
groups and the integrations confirmed the formation of the hetero
dimer of 14 and acetic acid in the capsule. Propionic acid also
forms the hetero dimer with 14 in the capsule. The characteristic
upfield shifts were observed for -CH; and —CH,— of propionic
acid (Ad: —3.1 and Ad: —2.0 ppm for -CH;3 and —CH,-), placing
both ~CHj; groups near the ends of the cavity (Fig. 3d).

The relative stability of the hetero dimers was assessed through
the competition experiment. When acetic acid, propionic acid and
14 were added in a 1:1:1 ratio to a chloroform solution of 1-4BF,,
the hetero dimer of 14 and acetic acid formed exclusively. The
calculated structures suggest that both hetero dimers fit nicely
inside and the methyl groups of acetic and propionic acids point
down to the end of the cavity, creating CH/r interactions (Fig. 4)."
The more acidic methyl group of acetic acid receives more
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Fig. 4 Optimized structures of co-encapsulation complexes of 1 with 14 and: a) acetic acid; b) propionic acid.

attractive CH/rt interaction to the aromatic cavity than that of
propionic acid. Accordingly, the acidity of the methyl groups most
likely drives the selectivity.

In summary, we demonstrated the synthesis of self-assembled
capsule 1-4BF4 and its unique encapsulation properties, derived
from its size and shape. Matching the overall length of the
H-bonded pair of two different carboxylic acids with the
dimension of the cavity results in the uncommon co-encapsulation
with surprising selectivity. Further studies on the binding proper-
ties of 1-4BF, as well as other related self-assembling capsules, are
currently underway.
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