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Supramolecular chemistry has been expanding to supramolecularScheme 1. Synthesis of a-CD and 3-CD Derivatives

polymer chemistry.When a guest part is covalently attached to a [STaVaV ey

cyclic host, it may form intramolecular complexes or intermolecular 51 reoponse (D o .
complexes to give supramolecular polym&#dn nature, proteins, ‘ 4 ANHye ‘_ ¢ b _pocvhoer A
polysaccharides, and nucleotides form sophisticated supramoleculal ey "
systems. For example, hemoglobin is formed from twohains 3-NH--CD 3-AdHoxNH-0-CD

and twof-chains to give a tetramer. Allosteric interactions are one

of the most important effects on the control of biological structures N ij:

and functions. The binding of a small molecule to the binding site ‘}% ;xf iy &V L _ocG, 11087

of a host molecule leads to conformational changes, which cause iy -

large effects on the binding of another molecule to give new E-NHp-CD 6-p-BocCiNH--CD

functions. Now, we have succeeded in preparing supramolecular

polymers having an alternating structure using conformational 2 _J o e CHOH

change induced by competitive guests, in whictwaryclodextrin .:{j no T b ‘;)6: D _

(0-CD) derivative and g-CD derivative were bound to form a . : ML Py p-cD WO OH 7

heterodimer that gave a supramolecular polymer. o R
Host—guest conjugates are prepared according to the route shownw }Q\NHN\)\‘; -l’. ~ - ::_c.o\é'm'@"U}H

in Scheme 5 S-Adamantanamida cta

o-CD with the adamantane group (3-AdHexNHED) was
chosen as one component because the adamantane group is strongélution at various concentrations. The peaks of the adamantane
bound to ap-CD cavity, althougho-CD does not bind the  group shifted 0.1 ppm, as the concentrations increased, indicating

adamantane group in the cavii§=CD with the ‘Boc-cinnamoyl that the Ad group was included in&CD cavity. Moreover, the
group (6p-'BocCiNH3-CD) was chosen as another component, peaks of the cinnamoyl group shifted 0.2 ppm, as the concentrations
because théBocCi group can be included in am-CD cavity. increased, indicating that the cinnamoyl group was included in an
However, interestingly, @-'BocCiNH-3-CD formed only intra- a-CD cavity. Since the Ad group has specific interactions with

molecular complexes, and no intermolecular complexes are formeds-CD (association constan, = 10° M~1), the Ad group kicked
with other CDs. Figure 1 shows thél NMR spectra of 3-Ad- out the'Boc phenyl group of-CD derivative from the CD cavity.
HexNH-a-CD of various concentrations (a), those op&Boc- Accordingly, the phenyl ring was exposed to water. Then the phenyl
CiNH-4-CD (b), and those of the 1:1 mixture (c). THd NMR group was included in am-CD cavity of 3-AdHexNHe-CD,
spectrum of 3-AdHexNHx-CD is superimposable to those of because the phenyl ring can be easily included i&@D cavity.
adamantane-carboxylic acid aneCD. The spectra did not change  As a result, 3-AdHexNHx-CD and 6p-'BocCiNH-3-CD formed
over the range of the concentrations tested. These results indicatesupramolecular polymers with an alternating ordg#—as—af.

that the adamantyl group is not included in #eCD cavity. The The mechanism has been confirmed as follows: when 1-ada-
IH NMR spectra of 63-BocCiNH-3-CD did not change over the  mantane carboxylic acid (1-AdCA) was added tgCDsolutions of
range of the concentrations tested, indicating thpt'BecCiNH- 6-p-'BocCiNH4-CD (5.0 mM), the'H NMR spectrum of the
p-CD did not form intermolecular complexes. However, the cinnamoyl part of G-BocCiNH3-CD was well-resolved and
spectrum is very similar to that of the 1:1 mixture/®{CD and a identical to that of the fre@-Boc-cinnamoyl part in the absence
model guest'Boc-cinnamic acid), suggesting that they formed of CD, indicating that the cinnamoyl group was exposed to water.
intramolecular complexes. The ROESY spectrum pfBocCiNH- When an excess amount@fCD was added into this solution, the

pB-CD shows that there are correlation peaks between the aromaticH NMR spectra of the cinnamoyl group showed peak shifts and
protons and inner protons gECD, indicating that guest parts are  broadening, indicating that the cinnamoyl group was included in
included in its cavities. o-CD. When an excess amount afCD was added to a i@
Moreover, the circular dichroism (cd) spectrum gi-8BocCiNH- solution of 6p-'BocCiNH-3-CD in the absence of 1-AdCA, there
B-CD in water shows simple minus Cotton effects in a phenyl were no changes in thtd NMR spectrum and the cd spectrum,
absorption band!la band), indicating that the phenyl part is indicating that thep-'Boc-cinnamoyl group was still in its own
included in a CD cavity with a slantwise st&t¢lowever, when f/-CD. When thep-'Boc-cinnamoyl group was added into the@®
3-AdHex-a-CD is mixed with 6p-'BocCiNH3-CD in water in a solution of 3-AdHexNHe-CD, the 'H NMR spectrum of the
1:1 ratio, they form intermolecular complexes proved by NMR cinnamoyl group showed peak shifts and broadening, indicating
spectroscopy. Figure 1c shows tHd NMR spectra of the 1:1 that cinnamoyl group was included in arCD cavity. Accordingly,
mixture of 3-AdHexNHe-CD and 6p-'BocCiNH3-CD in a D,O 3-AdHexNH-0-CD and 6p-'BocCiNH-3-CD formed a heterodimer,
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Figure 1. 'H NMR spectra (270 MHz) of 3-AdHexNH-CD (a), 6¢-
BocCiNH3-CD (b), and 3-AdHexNHx-CD + 6-p-BocCiNH-CD in a
1:1 ratio at various concentrations in®.
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Figure 2. Proposed structures of supramolecular structures of the 3-Ad-

HexNH-o-CD and 6p-‘BocCiNH-3-CD.

which lines up end-to-end in longitudinal rows to form supra-
molecular polymers in alternating manner. The molecular weight
of the complexes estimated by vapor pressure osmometry measure-

ments increased with an increase in the concentrations and reached
about 10 000 at 10 mM. The pulsed field gradient NMR measure-
ments confirm the formation of supramolecular polymers. Figure

2 shows a schematic representation of a possible supramolecular
structure formed by 3-AdHexNId-CD and 6p-‘BocCiNH-3-CD

in agueous solutions.

These results remind us of the formation of supramolecular
polymers in biological systems, such as microtubules. Microtubules
are formed from heterodimers oftubulin andg-tubulin to give
supramolecular polymers with alternating structures. These struc-
tures are very unigue, and to the best of our knowledge, this is the
first observation for the formation of cyclodextrin-based supra-
molecular polymers with alternating structures.

The detailed mechanism of the formation of supramolecular
polymers is now under investigation.
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(4) Synthesis and characterization of 3-AdHexMFED. To a solution of

3-NH,-a-CD (1.0 g, 1.0x 1073 mol) in 30 mL of DMF was added

1-adamantanamide hexanoic acid (586 mg, 2.Q20~3 mol). After the

solution was cooled below €C, N,N-dicyclohexyl-carbodiimide (268

mg, 1.3x 10-3 mol) and 1-hydroxybenzotriazole (175 mg, 1x310-3

mol) were added. The resulting mixture was stirred at room temperature
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the filtrate into acetone (1 L) and then collected and washed the precipitate
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COO0-), 8.07 (d, 1H,-NHCO-), 7.52-7.46 (¢, 2H- and 3H- of phenyl),

0 7.31 (d, 1H,=CH—CO), 6 6.41 (d, 1H,=CH—CO), 5.96-5.18 (m,

11H, O(2)H and O(3)H ot-CD), 4.89-4.64 (m, 6H, C(1)H of-CD),

4.52-4.49 (m, 7H, O(6)H ofa-CD), 3.93-3.29 (m, C(2)H-C(5)H of
o-CD overlaps with HODp 7.52(t, 1H,—NH-), 6 3.00 (g, 2H,e-H),

2.16 (t, 2H,0-H), 1.93 (s, 3H, adamantane), 1.72 (s, 6H, adamantane),
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2H, 5-H), 1.20 (s, 2H,y-H). IR (KBr, cm™1): 1660 (vs,”"C=0). Anal.

calcd for G3Hg/N-O36H,0: C, 46.39; H, 7.27; N, 2.04. Found: C, 46.62;

H, 7.08; N, 2.10.
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of phenyl),0 7.31 (d, 1H=CH-CO),6 6.41 (d, 1H=CH-CO), 5.90-

5.18 (m, 11H, O(2)H, and O(3)H @f-CD), 4.89-4.64 (m, 6H, C(1)H of

a-CD), 4.52-4.49 (m, 7H, O(6)H ofx-CD), 3.93-3.29 (m, C(2)H-C(5)H

of a-CD overlaps with HOD. IR (KBr, cml): 1660 (vs,”C=0). Anal.

calcd for GeHgeN2Os77H,0: C, 44.68; H, 6.70; N, 1.86. Found: C, 44.36;

H, 6.67; N, 2.12.
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