
A new lipophilic α-cyclodextrin 1 bearing a bisazophenol
group as an internal guest self-associates to form a cyclic dimer
2 and the first [4]supercyclodextrin 3p competitively, and the
two successive association equilibria have been first analyzed.

A wide variety of supermolecules have been prepared from
cyclodextrin (CD) building blocks1 with the unique shape like a
bottomless flowerpot.2 Very little attention, however, has been
paid to synthetic works on cyclic CD oligomers3 in which we
have been interested since we considered possible loop struc-
tures for the self-aggregates of a 2:1 α-CD–azophenol system.4

Interesting physicochemical properties, especially new func-
tions and high stability would be expected for the new
supramolecular cyclic array.  Recently, we have synthesized
and characterized the first α-CD face-to-face or cyclic dimers,5

namely the smallest members of such cyclic n-mers which are
called here "[n]supercyclodextrins".   This paper describes the
competitive self-association of 6A-O-[4-(4-(4-hydroxyphenyl-
azo)phenylazo)phenyl]-substituted permethylated α-CD (1) to
[2] and [4]supercyclodextrins 2 and 3p, respectively.

The desired compound 16 was obtained in 46% yield by the
reaction of 6A-O-tosyl permethylated α-CD3 with an excess of
1,4-bis(4-hydroxyphenylazo)benzene7 in N,N-dimethylform-
amide at 80 ˚C for 24 h.

1H NMR spectra of 1 are susceptible to the conditions such
as solvent, temperature, and concentration (Figure 1).   Such
variable spectra can be explained by means of two successive
association equilibria involving two different complexes 2 and
3p in addition to uncomplexed 1 as mentioned below.   The first
equilibrium to the first complex 2 is already established at
ambient temperature in CD3OD which allows to occur decom-
plexation at 55 ˚C.  In 4:1 CD3OD–D2O (Figure 1e), the equi-
librium shifts to the complexation to give a spectrum of almost
pure 2 with six clear doublets.  These signal appearances indi-
cate that the six aromatic rings in 2 free-rotate fast on the NMR
time scale; contrary, the exchange rate is slow.

The second equilibrium between 2 and the second complex
3p was found to be established at ambient temperature in 1:1
CD3OD–D2O where the latter is less stable than the former at
higher temperature and at lower total concentration of the
monomer (Figure 1f–h).  Attempts to increase the contents of
3p by raising the D2O contents and the total concentration were
unsuccessful because of the solubility problem.  It is quite rea-
sonable, however, that there are no complexes other than 2 and
3p, because one can recognize five of the six signals expected
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for 3p at near 8.55, 8.15, 7.85 (overlapped), 7.20 (overlapped),
and 6.80 ppm as shown in Figure 1g.

As described above, the first and second equilibria corre-
spond to the cases of x = 1 and 2 of Eq 1 in Scheme 1, respec-
tively.  To evaluate the association numbers of the complexes
by concentration-dependent NMR experiments, we have refined
the previous method5 and led Eq 68 from which we obtained the
values of 1.92 ± 0.03 and 4.09 ± 0.15 as association numbers of
2 and 3p, respectively.10 Thus, the first and second complexes
have been identified with [2] and [4]supercyclodextrins.  To our
knowledge, this evaluation is the first successful analysis of the
two successive self-association equilibria.

The aromatic protons of 2 were assigned by HH-COSY
and NOESY experiments in 4:1 CD3OD–D2O and CD3OD,
respectively.  The appearances of three diagonal cross peaks
due to Ha–Hb, Hc–Hd, and He–Hf correlations and of three
exchange peaks between 1 and 2 (Ha,e,f) are compatible with
the assignment shown in Figure 1e.  The large upfield shift of
Ha (−0.41 ppm) after the dimerization resembles those
observed with the other [2]supercyclodextrins5 with the unique
layered structure.  The downfield shifts of He (+0.59) and Hf
(+0.23 ppm) provide the strong evidence for the binding aro-
matic ring “C”, not “B”, with the CD cavity in 2.  This selective
inclusion of the ring is probably due to the solvent effects by
which the lipophilic molecular surface exposed to the
hydrophilic surroundings is forced to diminish.

For the [4]supercyclodextrin, there are two possible iso-
mers 3p and 3s where all the guest parts are inserted from the
primary faces (p-mode) and the secondary ones (s-mode),
respectively.  In order to judge which isomer is acceptable, fur-
ther experiments of HH-COSY, selective decoupling, NOESY,
and differential NOE have been performed.  Unfortunately, we
do not succeed in getting any useful sign with respect to the five
1H signals described above.  However, the p-mode has great
advantage over the s-mode when one takes into account the
most rational possible mechanism for the formation of 3 from 2,
that is, 3p can be formed from two molecules of 2 without com-
plete dissociation to the monomers, in other words, 2 comes
loose to result the corresponding linear dimer which can dimer-

ize to 3p, however 3s can not.  Thus, we suggest the structure
3p for the [4]supercyclodextrin.  The tentative assignment
shown in Figure 1g is consistent with 3p whose aromatic rings
"C" are also bound with the CD cavities.  The cyclic tetramer is
the first example for higher homologues of [n]supercyclodex-
trins and creates a new large cavity where a porphyrin molecule
can enter.
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