
The synthesis of two new permethylated α-cyclodextrin
derivatives 1 and their self-association to stable lipophilic face-
to-face dimers 2 are described.

The research on cyclic cyclodextrin (CD) oligomers where
several CD monomers self-associate to form a cyclic array only
by noncovalent bond would offer not only an approach to eluci-
date the chemical events where supermolecules1 are concerned,
but also the basic information which is useful, when molecular
devices and machines2 are designed. Recently, we have
observed the self-association of an α-CD bearing an azoben-
zene moiety to the first well-characterized hydrophilic face-to-
face dimer which is very stable in water at room temterature.3

In order to judge whether the self-association to face-to-face or
cyclic dimers is a general or special phenomenon, we have
designed and synthesized new lipophilic monomers 1 composed
of a permethylated α-CD as host, an azobenzene moiety as
internal guest4 and a p-xylylene spacer inserted between the
two. This paper deals with the first synthesis of lipophilic face-
to-face dimers 2 from 1.

Reaction of permethylated α-CD monoalcohol 35 with an
excess of 1,4-bis(bromomethyl)benzene gave the corresponding
monobromide 46 in 84% yield. The desired compounds 1a6 and
1b6 were obtained in 61 and 35% yields, respectively, by etheri-
fication of the reactive precursor 4 with azophenols under basic
conditions.

The self-association of the monomers 1 has been examined
by the solvent-, temperature-, and concentration-dependent 1H
NMR methods.  In CD3OD, an additional species already exists
at room temperature (Figure 1b).  The minor species which can
be seen as at least four separated doublets disappeared com-

pletely at 55 ˚C and the spectrum similar to that recorded in
CDCl3 was obtained (Figure 1a).  Thus, the major species is
allowed to assign to uncomplexed 1.  At higher concentration,
however, the minor species as a complex increases in its con-
tents (Figure 1c), suggesting the occurrence of intermolecular
association.  Finally, it should be emphasized that the complex
exists as a single species in 1:1 CD3OD-D2O (Figure 1d).  The
appearance of the six clear doublets demonstrates that the com-
plex must be a symmetrical cyclic n-mer where the three aro-
matic rings in each side arm free-rotate faster than the NMR
time scale; in contrast to this,  the exchange rate is slower.
Unfortunately, the vapor pressure osmometry to estimate the
molecular weight is unable to apply to mixed solvent systems.
However, the fact that the complexed and uncomplexed species
exhibit their own signals enables us to determine the association
number n=2 as described below.
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Assuming a monomer M associates to form only a single
n-mer Mn7 (Eq (1)), the Kn is represented:

where [M] is the monomer concentration at an equilibrium state
and [M]0 the initial concentration of the monomer. Here the
value of [M] is calculated with both the known value [M]0 and
the ratio [M]:[Mn]8 which is given simply by taking the ratio of
integrated intensities for the corresponding signals, ex. Hg and
Hh in Figure 1b.  Thus for each n, a value of Kn can be
obtained from Eq (2). The results are summarized in Table 1.
We have selected n=2 with Kn=29.0 (av.) because the associa-
tion constant should be independent on the initial monomer
concentration.

The aromatic protons of 2b could be assigned by HH-
COSY and NOESY experiments in 1:1 CD3OD-D2O and
CD3OD, respectively. The appearance of three diagonal cross
peaks due to Hb-Hc, He-Hf, and Hg-Hh correlations and of four
sets of exchange peaks between 1b and 2b (He-h) is compatible
with the assignment shown in Figure 1d.  The chemical shift
differences on the dimerization are listed in Table 2.  The table
also contains the data on the compound 1a to which all the
treatments of the foregoing were applied successfully.  It is
worthwhile to point out that the dimerization of 1 brings about
the chemical shift changes of almost the same magnitude.  The
remarkable downfield shifts of Hg suggest the proximity of the
protons to the α-1,4-glucosidic oxygen atoms, whereas the
appreciable upfield shifts of He may be attributed to the shield-
ing effects due to the p-xylylene nucleus in the counterpart as
expected from the unique layered structures 2.  Similar up- and
downfields shifts were also observed with a hydrophilic face-
to-face dimer.3

Finally, which would one expect to be the more stable,
cyclic dimer 2a or 2b? To solve the question, the association
constants for 2 were determined in 6:1 CD3OD-D2O at 18 ˚C:
Ka, 130 for 2a and 540 M-1 for 2b.  Thus, the latter stabilizes
4.5 times further than the former.  Additional studies would be
necessary to understand the roles of the terminal hydroxyl sub-
stituent for the stabilization.

In conclusion, we have demonstrated that the 6A-monosub-
stituted permethylated α-CD derivatives self-associate to the
stable lipophilic face-to-face dimers. Such dimerization must be
a general phenomenon in appropriate 1:1 CD-internal guest sys-
tems.
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8 [Mn]: the n-mer concentration at an equilibrium state.
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