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Photocontrol of Binding Ability of
Capped Cyclodextrin
Sir:

Photosensitive systems are ubiquitous in nature. Many of
the life processes of plants are regulated by the effect of light
on the phytochrome system. The process of vision falls into the
category of fundamental animal responses. These physiological
changes are believed to be linked with light-induced structural
changes.! The activity of biologically active macromolecules
can be regulated by low-molecular-weight photochromic
molecules capable of assuming (at least) two states.! As one
approach to mimic such biological systems, we have examined
the photoresponsive behavior of polypeptides containing azo-
benzene moieties in their side chains and have found the exis-
tence of light-induced conformational changes.2 An additional
refinement in our studies is the photoregulation of functions
such as substrate binding and catalytic activity. From this
strategy, we prepared azobenzene-capped S-cyclodextrin 1 to
regulate the binding ability of B-cyclodextrin (8-CD) by light.?
The parent 3-CD itself represents a good enzyme model be-
cause of its ability to bind substrates into its cavity in aqueous
solution. Compound I is expected to act as a photoregulated
“switch” since the cap azobenzene undergoes cis-trans isom-
erization by photoirradiation, and the reversion of the cis iso-
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mer back to the trans takes place in the dark.* We now report
(i) the preparation of I; (ii) changes in the circular dichroism
spectra of I on addition of guest molecules; (iii) photoregulation
of the binding ability of I, and (iv) the presence of 1:2 host-
guest complexes® and photoregulation of their formation.

Compound 1 was obtained by condensation of 4,4’-bis-
(chlorocarbonyl)azobenzene with 3-CD in pyridine (20%
yield). Recrystallization from water and Sephadex G-15 gel
filtration® gave a pure sample of 1.7

Figure 1 shows the circular dichroism spectraof a 5 X 1073
M solution of Iin water (Tris buffer, pH 7.2) before and after
photoirradiation, alone and in the presence of excess cyclo-
hexanol. Compound I presents an induced circular dichroism
band in the azobenzene w-7* region (355 nm) before irra-
diation, whereas it shows another band in the azobenzene n-7*
region (445 nm) after irradiation. Both induced circular di-
chroism bands nearly vanish on addition of guest molecules in
large excess. This observation might reflect the transformation
of B-CD residue from a “tense” conformation to a “relaxed”
one upon inclusion of guest molecules as was reported by
Saenger et al. for ¢-CD.® Formation constants K (or disso-
ciation constants Ky) of trans-1 and cis-1 were obtained from
the circular dichroism spectra (intensities at 355 and 445 nm
were used for trans-1 and cis-1, respectively) using the for-
mula

) — 0y

K= 0,— 0,
-0, |C. - ¢ 21—
(Bx — 89 [ ey ]
which was reported by Mack et al. for 1:1 host/guest complex
formation® where # = molar ellipticity, 8, for sample, 8, for I
alone, 0 for highest substrate excess, C| = total I concentra-
tion, and C, = total substrate concentration. It was found that
there are some cases which do not follow the formula but
proceed according to the equation!©

Table I, Dissociation Constants for Complexes of trans-1 and cis-1 with Various Substrates?

Kqy(trans-1) Kgy(trans-1or cis-1)

guest host Ka(Ka), M K42, M K(cis-T) K4(B-CD)
8-CD 7.3 X 10-3
@-@ trans-1 no complex formed
cis-1 2.2X 1073 0.30
B-CD 25X 10734
®~OH trans-1 39X 1073 2.0 1.6
cis-1 20X 1073 1.6 X 1073 0.80
B-CD 1.9 X 10-2
@-OCHa trans-1 5.0X10°2 3.8 2.6
cis-1 1.3 X 10°2 7.8 X 1073 0.68
B-CD 1.5 % 10"}
@—CH; trans-1 4.9 X 1072 4.5 0.33
cis-1 1.1 X 1072 1.2 X 10"2 0.073
on 8-CD 1.7 X 10-?
%/\/\/ trans-1 3.2 % 1073 38 1.9
(Nerol) cis-1 8.5 X 10~ 1.5 X 1073 0.50
oH B8-CD 1.5 X 10-3
trans-1 3.6 X 1073 8.6 24
cis-1 4.2 X 1074 29% 103 0.28

(Geraniol)

% In 0.05 M Tris buffer (pH 7.2) at 25 °C. Substrates were added as CH3CN solutions (total content of CHACN is smaller than 1% (v/v)).
b Reported value, 2.0 X 10=3 M, in 0.05 M borate buffer (pH 10.0) at 25 °C.3d
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Figure 1. Circular dichroism of I before and after photoirradiation, alone
(—) or in the presence of 2000-fold excess cyclohexanol (- - -). {1} was §
X 10~3 M in Tris buffer (pH 7.2).

K=K+ K\K»Cs

assuming 1:2 host-guest32 stoichiometry {Figure 2) where K
and K are formation constants (Scheme I). To compare the

Scheme I
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binding ability of the capped CD with that of the parent 8-CD,
dissociation constants of 3-CD-guest complexes were obtained
from fluorescence measurements with 1-anilino-8-naph-
thalenesulfonate 3bd

As shown in Table I, cis-I tends to include two guest mole-
cules, whereas, trans-1includes one guest. Molecular models
suggest that this is because the cavity of cis-1is large enough
to accommodate two guest molecules. Another effect of pho-
toirradiation is shown in the change in Kg4. The values of K4 for
cis-1 are smaller than those for trans-1. The most striking result
was obtained in the case of v,y’-dipyridyl; cis-1I can bind the
guest (K4 = 2.2 X 1073 M), whereas trans-1 cannot bind at
all. This suggests that vv,7y’-dipyridyl is too large to be included
in the cavity of trans-1, but can be included in the expanded
cavity of cis-1. A comparison of the dissociation constants of
trans-1 with those of 3-CD indicates that cis-1 binds a guest
molecule more strongly than does 3-CD, whereas, trans-1
binds more poorly than does 3-CD except for toluene. This
behavior is in accord with the “shallow floor” concept sug-
gested by Emert and Breslow for their flexibly capped 8-CD.%
Cyclodextrins modified by capping were reported to bind an
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Figure 2. Plots of formation constants of trans-1 and cis-1 against anisole
concentration.

aromatic guest more poorly32 or more strongly3® than does the
parent CD. Itis noted here that the binding ability of I depends
on the structure of the cap and the kinds of guest molecules.

Photocontrol of catalytic activity of I in ester hydrolysis is
now under way,
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