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A dye-appended B-cyclodextrin (1) associates with a-cyclodextrin 1 shows a yellow color. The absorption maximum at 465
(a-CD) with color change, forming an asymmetric rotaxane-like nm indicates that the dye moiety of 1 exists as the azo

structure containing two different cyclodextrins. The similar phe- form.2 A slisht hyperch . fFect in the ab ti
nomenon was observed in the system of 1 and 3-CD. The associa- ’ & P romic elfect 1n the absorption

tion constant of 1 for a-CD (198 M~") is larger than that for B-CD spectrum of 1 was observed upon «-CD addition, sug-
(43 M™!), indicating that the pseudo-rotaxane is more stable when gesting a change in conformation of 1 and inclusion of
1 associates with a-CD. the dye moiety in the cavity of a-CD.

This structural feature of 1 was confirmed by the
induced circular dichroism spectra* (Figure 2) 1 exhibits

INTRODUCTION ' a negative dichroism band around 410 nm and a positive
one around 485 nm in neutral medium at pH 6.59, each
Self-assemblies in biological systems are based on non- associated with the w-m* and the n-w* transition of the
covalent interactions and form highly organized molecu- dye moiety, respectively.” Since the transition moments
lar arrays from relatively simple subunits. The resulting of the m-m* and the n-w* bands of the p-methyl red
supramolecular entities exhibit a variety of integral moiety are parallel and perpendicular to the long axis of
functions operating as a result of the cooperative or the dye part, respectively, the result obtained here indi-
synergistic effects of component molecules. In order to cates that 1 exists as an intramolecular complex, in which
get insight into the action of such assembled molecules at the dye moiety is included in its hydrophobic B-CD
the molecular level, several model systems have been cavity with an orientation perpendicular to the CD axis.
studied.! In this report we show cyclodextrin (CD) units Upon the a-CD addition, the positive dichroism band
can be organized into a larger assembly by cooperation decreased, and the negative band changed to the positive
of two different CDs. The assembly consists of p-methyl- one with a peak around 420 nm. The «-CD-induced
red-modified B-CD (1) and «-CD, the latter being circular dichroism variation therefore implies that 1
threaded by the dye part of 1. converts into an intermolecular complex, in which the
dye moiety is included axially in the cavity of a-CD
(Scheme 1).

RESULTS AND DISCUSSION
a-CD-Induced-Spectral Variations of 1 in Acidic

a-CD-Induced-Spectral Variations of 1 in Neutral Medium

Medium At pH 1.00. the solution of 1 exhibits a red color. A
Recently, we have prepared 1 as a guest responsive color strong peak around 510 nm suggests that the dye moiety
change indicator.” Figure 1 shows the absorption spectra of 1 exists as the azonium form, which is the form in
of 1 under various conditions. At pH 6.59, the solution of which the azo group of the dye moiety is protonated
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Figure 1  Absorption spectra of 1 (1.5 X 107° M) in a 10% ethylene glycol aqueous solution at various conditions: in the absence (
presence { v« ww =) of a-CD (1.2 X 107" M) at pH 6.59, and in the absence (

(Figure 1).> Upon addition of «-CD into this solution of
1, the absorption intensity of 1 decreased around 510 nm
and increased around 320 nm, respectively, resulting in
the color change from red to colorless. This result
suggests that there occurs a structural change of the dye

-} and
) and presence (— - — - — ) of a-CD at pH 1.00.

moiety from the azonium form into the ammonium one,
in which the terminal dimethylamino group in the dye
moiety is protonated.’ This can be explained by deep
inclusion of the dye moiety of 1 into the cavity of a-CD
(Scheme 1). Then the azo group of the dye moiety is
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Figure 2 Induced circular dichroism spectra of 1 (1.5 X 107° M) in a 10% ethylene glycol aqueous solution at various conditions: in the absence

(e ) AN prESENCe (=~ v v ==} of @-CD (1.2 X 107" M) at pH 6.59, and in the absence (

pH 1.00.

) and presence (— - — - — ) of a-CD at
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Scheme 1 Schematic representation of the supramolecular assembly of 1 and a-CD.

located in the hydrophobic environment inside the a-CD
cavity, while the terminal dimethylamino group project-
ing from the a-CD cavity is exposed to bulk water, being
protonated. Since it is clear that 3-CD cannot be included
in the a-CD cavity, the 3-CD unit is also exposed in bulk
water. Thus, this supramolecular species exists as an
asymmetric pseudo-rotaxane-like structure in which the
a-CD ring is threaded by the dye moiety. The pseudo-
rotaxane has two different end units, with a protonated
dimethylamino group as a charged unit at one end and a
B-CD unit as a bulky unit at the other end. The
organization of 1, its dye moiety, and a-CD in the acidic
medium is reflected in the color change.

Such a rotaxane-like structure is also supported by the
induced circular dichroism spectra of 1. The small
negative dichroism band of 1 around 500 nm disappeared
upon addition of o-CD and the positive ones appeared
around 420 nm and 320 nm. This result suggests that the
dye moiety, which is hardly included in the B-CD cavity
of 1, is included in a-CD cavity with an orientation
parallel to the a-CD axis. All the above results indicate
that the dye moiety of 1 is included in the cavity of
a-CD, rather than that of 3-CD in the presence of «-CD,
under both acidic and neutral conditions.

Furthermore, we have previously demonstrated that
the pKa for 1 in the absence and presence of the guest is
estimated to be 2.08 and 2.58, respectively, and these
pKa values indicate that the dye moiety of 1 is accom-
mondated partly in the hydrophobic environment inside
the B-CD cavity with an orientation perpendicular to the
CD axis in the absence of the guest, while located in the
bulk water environment outside of the CD cavity in the
presence of the guest, respectively.” The pKa estimated

here for 1 in the presence of a-CD (1.2 X 1077 M) is
2.05, and, consequently, this result suggests that the dye
moiety of 1 is located in the hydrophobic environment of
the a-CD in the presence of a-CD.

Association Constants of 1 for CDs

The curve-fitting analysis of the a-CD-induced spectral
variations of 1 performed by using a Benedi-Hildebrand
type equation gave association constants of 198 and 305
M~! for 1 in acidic (pH 1.00) and neutral (pH 6.59)
media, respectively.” These values are much smaller than
that of the complexation of a-CD and methyl orange
(925 M~ ? at pH 1.0 and 6300 M~ " at pH 11),” the latter
having a similar structure as p-methyl red, although the
carboxyl group for p-methyl red is replaced by a sulfonyl
group for methyl orange. The smaller binding ability of
1 for a-CD suggests that there exists a steric hindrance
preventing the two bulky CD units from a close ap-
proach.

On the other hand, similar spectral behavior of 1 was
obtained in the system of 1 and $-CD. However, the
B-CD-induced spectral variations of 1 were smaller than
those by the a-CD-induced ones. The association con-
stant of 1 for B-CD is estimated to be 43 M ™" at pH 1.00.
These results indicate that the dye moiety of 1 fits better
into the a-CD cavity than into the B-CD cavity, being
consistent with the fact that the association constant of
methyl orange for a-CD is larger than that for 3-CD.” It
is noted that Ueno et al. observed a similar association
phenomenon in the system of naphthalene-appended
v-CD and B-CD.® The present study demonstrates the
supramolecular assembly is associated with the structural
change of the dye moiety, resulting in the color change,
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and the resulting assembly exists as a pseudo-rotaxane-
like structure, particularly in acidic medium. Other
supramolecular assemblies of this type will be con-
structed on the same basis.

EXPERIMENTAL

Materials

1 was prepared by the method reported previously. a-CD
was a kind gift from Nihon Shokuhin Kako Co. Ltd., and
was recrystallized from water.

Measurements

Absorption spectra and induced circular dichroism spec-
tra were measured on a Shimadzu UV-3100 spectropho-
topmeter and a JASCO J-600 spectropolarimeter. All
spectroscopic measurements were made at 25 °C in a
10% ethylene glycol aqueous solution. The pH of the
solution was measured on a TOA pH meter HM-60S,
which has been calibrated with pH standard solutions of
pH 4.01 and 6.86. Hydrochroric acid was used to set the
pH.

Determination of the pKa of 1
The pKa of 1 was estimated by the following equation:

_ Ka-Al max-107PH
1+ Ka107

where Ka is the acid-base dissociation constant of the
unprotonated and protonated form of 1. It can be as-
sumed that 1 exists almost totally as the azo form in
neutral medium, and Al is the difference between the
absorption intensity at 510 nm of 1 in neutral medium

and that at a certain pH. When all 1 are protonated, Al is
equated with Almax.

Determination of Association Constant

The association constants of 1 with a- or B-CD were
determined by the following equation which holds under
the conditions of large excess of a- or B-CD and 1:1
host-guest stoichiometry

K-CD-AI max
Al=——
1+ K-CD

where K is the association constant of 1 for - or §-CD.
CD represents the initial concentration of a- or §-CD. In
acidic medium at pH 1.00, Al expresses the a- or
3-CD-induced absorption variation of 1 at 510 nm, while
in neutral medium at pH 6.00, Al expresses the a-CD-
induced dichroism variation of 1 at 420 nm.
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