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Abstract

The host-guest complexation behaviour gfcyclodextrin 60-mono-2-naphthoatel) and 6-[(V-2-naphthoyl-2-
aminoethyl) amino]-6-deoxy-cyclodextrin @) have been studied by the circular dichroism method. The exciton coupling
band ofl suggests that two naphthoyl moieties are partly included inge@® cavity. Hostl could form a dimer in a more

polar solvent and the dimer could be dissociated in a less polar solvent or by adding a guest. Solvent-induced, concentration
induced, and guest-induced circular dichroism variations were examined. No exciton coupling was observe@for host

Introduction o 1 £

- : X= —0—
Cyclodextrins (CDs) have been widely used for variol - j — 8
purposes because of their remarkable property of forming i-— fetucosel 2 : X= —NHCH;CH; NH ,

clusion complexes with a variety of molecules [1, 2, 3]. Thi.

property of CDs forms a basis for using CDs as molecular

flasks which facilitate reactions [4, 5]. Photochemistry and )
photophysics within CD cavities have attracted the attenti&xPerimental
of chemists [6]. Inoue and Tong have studied the photoiso- .
merization of cis-cyclooctene in the presence of cyclodextrifaterials

benzoatgs as sensm_zers [7_]. Ir_1 order t_o further study t (?Cyclodextrin 60-mono-2-naphthoatel) and 6-[(V-2-
mechanism of photoisomerization of cis-cyclooctene a

; o . ; phthoyl-2-aminoethyl)amino]-6-deox3rcyclodextrin @)
provide new sensitizers, we synthesized a series of CD q/\‘?ére prepared in our laboratory as reported in the previ-

rivatives bearing aroyl moieties and reported the bindirlgJS paper [8]. Cyclohexanol, cyclohexane, decan-1-ol, and

behaviors o8-CD bearing bgnzoyl moiety [8.9, 10]2 ethanol were commercially available reagents (A.R.) and
Ueno et al. have described the exciton coupling ana/]ere used without further purification

binding behaviours of-CD substituted by one or two naph-
thylacetyl moieties [11, 12},-CD and its derivatives could pjeasurements

involve two molecules of naphthalene derivatives in their lar-

ger cavity. It has long been thought th3dCD cannot bind The circular dichroism spectra were measured in a conven-
two molecules of benzene or naphthalene units in its smaltesnal quartz cell (light path 1 cm) at 18C on a JASCO
cavity [13, 14]. An exciton coupling band in its circular di-J-20 spectrodichrometer. The CD spectralaind 2 were
chroism spectrum is direct evidence for two-guest inclusioneasured at a concentration ¢52x 10> mol dm 2 in the

of 8-CD for the 8-CD derivative in which the chromophorepresence of varying concentrations of the guest.

is connected t@3-CD through a short chain [15]. In this

paper, we report the exciton coupling and unique binding

behaviour of3-CD substituted by one 2-naphthoyl moietyResults and discussion

(2). The binding behaviour ¢ was also studied.
The solubility of1 in a mixed solvent of methanol-water is

higher than in water, so a mixed solvent of methanol-water
was used for spectroscopic measurement. Solvent-induced
circular dichroism variations fat were examined. Figure 1
shows the circular dichroism spectrumloét 18°C. Meth-
*Author for correspondence. anol was found to influence the circular dichroism pattern
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Figure 1. Circular dichroism spectra of (2.54 x 10~5 mol dm*3) in Eigure 2_. Circglar dichroism s_pectra df in MeOSH—HZO (3:7, v/v)esolu—
various methanol water solutions (MeORYBE: (1) 3:7; (2) 6:4; (3) 10:0 tions at its various concentrations: (152 x 107>; (2) 254 x 107> (3)

viv). 1.27 x 10~% mol dm—3.
l_. "!_. -"':.h_ Y
P e f _,}'-. FR
of 1.When the volume ratio of methanol to water is 3:7, al AL R s T -—:;:-‘f- ~ A
intense exciton coupling band is observed. The signs of 12 | i el

circular dichroism bands are negative in the 220-240 n|
region and positive in the 240-260 nm region. The exciton
coupling band was still present when the circular dichroism
spectrum ofl was measured using pure water as solvent at
the concentration of.8 x 10~ mol dm3. The circular di- included in two CD cavities by face-to-face aggregation of
chroism spectrum of in pure water was not incorporated inthe secondary sides @-CD. It was also unlikely that two
Figure 1 because the concentratioriafas not the same asnaphthoyl moieties were included in two CD cavities by
others. face-to-face aggregation of the primary sidegeED since
Figure 2 shows CD spectra dfin MeOH-H,O (3:7, no force let them form a stable complex. The only possible
v/V) at its various concentrations. The exciton coupling bamdse was that the two naphthoyl moieties were included in
disappears to give a negative band at the concentrationoofe CD cavity (Scheme 1).
1.27x 105 mol dm3. The concentration dependence ofthe For exciton coupling, the two naphthoyl moieties must
CD spectrum forl confirmed that two naphthoyl moietiesadopt a defined orientation with respect to one another and
formed a molecular pair at higher concentration and the mitve property of chiral environments of the two naphthoyl
lecular pair dissociated at lower concentration. Although nmooieties should be similar. No exciton coupling would oc-
exact distance constraints are introduced by the observattm if one naphthoyl moiety were simply perched on top of
of exciton coupling, an exciton coupling occurs only if thehe 8-CD cavity because of the difference of their environ-
two naphthoyl moieties are joined together. ments. Although no empirical rule is known to elucidate the
Two kinds of exciton coupling may occur for CD deriv-exact conformation of the two naphthoyl moieties, Corey—
atives bearing chromophores. The first one is that the tdgauling—Koltum (CPK) molecular models showed that it
chromophores are included in two CD cavities by face-tovas feasible for the two naphthoyl moieties to penetrate in
face aggregation of the secondary sides of the CDs (dedhe cavity (Scheme 1).
reference 13). The second one is that the two chromophoresThe exciton coupling pattern indicates that two 2-
are included in one CD cavity. The naphthyl moietylin naphthyl moieties ofl form a molecular pair with a chiral
was connected to the primary side®CD through a short geometry in the cavity ol. The spectral pattern at shorter
chain, so it was unlikely that two nahthoyl moieties weraavelengths {8y transition region) is a decisive indicator

Scheme 1.
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Scheme 2.
£k Table 1.Binding constants K) of 1 and 2
T with different guests in MeOH/F0 (3:7, viv)
E solution at 18°C
_E 0 Hosts Guests Ks/mol~1 dm3
[}
_E 1 Cyclohexanol 1430
. 1 Cyclohexane 20650
3 1 Decan-1-ol 29880
B 2 Cyclohexanol 368
2 Cyclohexane 2016
2 Decan-1-ol 9135
-6 F
24 the circular dichroism spectrum when cyclohexanol was in

40 zl'm - lflr[:- large excess. On the basis of the ‘Sector Rule’ proposed by
Kajtaret al. [16], structure A, in which the naphthyl moiety
A/ nm is completely extruded outside from the cavity, is not true
Figure 3. Circular dichroism spectra df in MeOH-H,O (3:7, viv) solu- (Scheme 2). Structure B is supported by circular dichroism
tions (254 x 10~° nzol dm3) at varigus cyclohexan%l concentrationsa: (Udata. The naphthyl moiety as a flexible cap is likely to be
%g?&r@%&” 1077 (3) 7:52> 1077 (4) 150x 1075 (9) 301x 107 iy contact with the included guest molecule. The circular
dichroism spectra ot in the presence of cyclohexane and
decan-1-ol were measured. The adding of cyclohexane and
decan-1-ol made the circular dichroism patterid ahange
for determining the direction of the chirality since th8, more rapidly than that of cyclohexanol.
transition occurs along the long axis of the naphthalene Figure 4 shows the circular dichroism of spectrun2 af
ring [16]. This exciton coupling observed for thB, band solvent MeOH/HO (3:7) at 18°C. The circular dichroism
demonstrates that the pair of naphthyl residues includeddh?2 is completely different from that af. A intense posit-
the 8-CD cavity has R-helicity. In this system, two naphive ‘Cotton Effect’ is observed for th&By, band around 244
thyl units are joined together. It is noted that the intensitym before the guest cyclohexanol is added. The 2-naphthoyl
of the exciton coupling band in the naphtf{a, transition group in2, which is connected with a long ethylenediamine
region diminishes with the increasing methanol content ghain, could be well accommodated in the cavity of cyclo-
the solvent and finally, the positive band disappears to gidextrin. According to the ‘Sector Rule’, we deduce that the
a negative band (Figure 1). Thus, the polarity of the solveRtnaphthoyl moiety is deeply included in the cavity. The
induces conformational changebfScheme 1). Compound absolute intensity of théBy, band diminishes upon addi-
1 forms a dimer in a more polar solvent and the dimer ison of cyclohexanol. The analysis of the circular dichroism
dissociated in a less polar solvent. variations at 244 nm gave 368 mdldm? as the binding
The mixed solvent of methanol-water (3:7 by volumegonstant (i) with cyclohexanol. The CD spectra @fin
was used to measure the circular dichroism spectrurh otthe presence of decan-1-ol which could form a more stable
with different guest concentrations. Figure 3 shows variati@momplex with 3-CD were also measured. The adding of
of the circular dichroism pattern at 2& in the case of cy- decan-1-ol in large excess decreased the CD intensigy of
clohexanol (guest). The intensity of the positive peak of treg 244 nm to almost zero. Only the CD spectra2dh the
exciton coupling band in the naphthyBy, transition region presence of cyclohexanol are given in this paper in order
diminishes with increasing cyclohexanol concentration. By contrast them with the CD spectra df The decrease
analysis of the changes of the circular dichroism intensity &t the circular dichroism intensity at high guest concentra-
244 nm, we found that the binding constant)lat 18°C tions means that, as a result of the competition between the
of 1 for a cyclohexanol guest is 1430 méldm?3. Guest substituent and a guest molecule, the chromophoric naph-
binding of1 cancels the exciton coupling. This phenomenahamide group is driven out of the cavity and out of the
indicates that the chiral orientation of the naphthyl pair ichiral field of cyclodextrin (Scheme 3). The hydrophilic
lost by forming an inclusion complex betwe#&rmand cyclo- ethylenediamine tether may facilitate the total exposure of
hexanol. A strong negative peak at 235 nm was observedlire 2-naphthoyl moiety to the solvent.
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could form a more stable complex with a guest than Rost
or nativeg-cyclodextrin.

Although a series of modified-CDs have been studied
as flexible hostsy-CD is much more expensive th#aCD.
1 can form a dimer (partly involving two appended naphthyl
units into one cavity) and bind a guest into its cavity by chan-
ging the location of the appended naphthyl unit which seems
to act as a hydrophobic cap to promote binding of a guest.
We are studying the photoisomerization of cis-cyclooctene
usingB-CD derivatives bearing aroyl moieties as sensitizers.
Theses-CD derivatives may be used in other field of host-
guest photochemistry. Moreover, various modifigdCDs
can be designed as enzyme models and reactions may occur
in the hydrophobic cavity of cyclodextrin with the catalysis

Figure 4. Circular dichroism spectra a2 in methanol-water (3:7, v/v)
solutions (254 x 10~5 mol dm—3), (a) alone; (b) in the presence of cyc-
lohexanol (301 x 10~3 mol dm~3), (c) in the presence of cyclohexane
(3.01 x 1073 mol dnm~3).

of appended moieties.
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