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ABSTRACT 

The circular-dichroism spectra of the incluston complexes of 9 types of cyclodextrin (CDs) with 6 

kinds of azobenzene derivatives generally show a single peak, but sometimes form a splitting pattern in the 

first n + rr* region. All single patterns show a positive sign: indicating that the long and slim azobenzene 

derivatives are incorporated into the cavity from the long-axis side. The splitting patterns change in sign and 

magnitude according to the substitution on the component molecules and establish the formation of various 

stacking modes. Plots of the lengths of the azo dyes ns. the molar circular-dichroism coefficients suggest that 

the substituent on the CD torus is an important factor in causing splitting and deciding the sign of the 

split-type Cotton effects. The foregoing splitting may arise from exciton interaction of two molecules of the 

chromophoric dye each in the form of a 1: I complex and in the cyclomaltooctaose (;CD) complex. 

INTRODUCTION 

When achiral azo dyes form complexes with cyclodextrin (CDs), the complexes 

exhibit optical activity. As this optical activity is induced by interaction between the 
CDs and the guest molecules, the shape and the sign of the circular dichroism (c.d.) 

spectra of those complexes should provide information concerning their structures. 
From the sign of the c.d. spectra, it is possible to estimate the orientation of the 
chromophore in the cavity of the CD if the direction of the electric dipole-moment in the 
chromophore is known lm3. 

C.d. spectra often display splitting patterns. This pattern arises mainly from 
spatial interaction between two or more chromophores. Natural anthocyanidin 3,5- 

diglucosides show such splitting in neutral aqueous solution. A minor change of 
substituents on the anthocyanidin alters the chiral direction of stacking and clarifies the 

chiroptical stacking of anthocyanidin chromophores4,‘. 

* Presented at the 15th International Carbohydrate Symposium, Yokohama, Japan, August 12-17, 1990. 

+ Part IX of the series Inclusion Compounds of Cyclodextrins and Azo Dyes. 

t Author for correspondence. 
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RESULTS AND DISCUSSION 

The c.d. spectra. -The azo dye-CD complexes induce single and split c.d. spectral 

patterns at the rr -+ rr* band of the N = N group (Fig. 1 and Table II). The single patterns 

have a positive sign. The split patterns show positive and negative split-type Cotton 

effects. In the former case, the molar circular-dichroism coefficient (AE) of the longer 

wavelength extremum is positive and that at the shorter wavelength is negative, and in 

the latter case, the signs become reversed. The AE values were plotted against the 

backbone lengths of the azo dyes (Fig. 2 a-c). 

The c&D series give the largest AE values in all CD-azo dye complexes and almost 

all c.d. spectra show splitting (Fig. 2a). The complexes with cKD-Ep gave negative 

split-type Cotton effects and the de values of both extrema are the same. The crossing 

points of the cd. couplet and the absorption maxima in the visible spectra are practical- 

ly coincident. The complexes with @CD-DiEp show positive split-type Cotton effects 

and the de values of the extrema are not the same (Fig. 1). 

Fig. 2b shows that the complexes with the /CD derivatives give a single shape, 

except for those with TM-j?CD. Substitution by an O-methyl group at O-2 and O-6 in 

PCD lengthens ‘4a.‘5 the cavity from b 8 to - 11 8, and enhances the inclusion ability. 

This fact suggests that the driving force for inclusion of the guest molecule into the 

cavity is not hydrogen bonding, but van der Waals (and/or hydrophobic) interactions. 

Further substitution by O-methyl groups at the inner side of /?CD (the 3-OH group) 

narrows the inner diameter of the cavity and causes negative split-type Cotton efIects. In 

the l-TM$CD complex, the AE values of both extrema in the splitting pattern are the 

same, but in the 2%TM-/KD complex, the AC of negative sign is larger than that of the 

positive one. Shorter azo dyes are not included by TM-,KD. 

Fig. 2c shows that the YCD series form complexes only with long-sized azo dyes 

(l-3). Table I shows that the %yCD complex gives a AmaX of 435 nm, 24 nm shorter than 

that of 3 itself in the visible spectrum, and does not cause splitting in the c.d. spectrum. 

The 1- and 2-yCD complexes give &,1X values of 426 and 4 17 nm, 17 nm shorter than 

those of I and 2 themselves, and give a small splitting in the c.d. spectra. In the latter 

complexes, the AE values at longer wavelength are large whereas those at shorter 

wavelength are small. The c.d. spectra of the KD-DiEp complexes are similar to those 

of the l- and 2-yCD complexes, but the A,,, values of the visible spectra in the former 

move 1-8 nm to longer wavelength than those of 1 and 2 themselves. In the YCD 

complexes, the host-guest complexation ratio is 2:l and 2:2 (ref. 13a), and in the 

aCD-DiEp complexes it is 1: 1. The E.,,, values in the visible spectra may thus be used to 

differentiate between host-guest stoichiometries. 

AZO dye 6, which has the fundamental skeleton of the azo dyes studied in this 

work, does not necessarily form complexes with all CDs. Neither can dye 4 be included 

by P-, Y-, and TM-/?CDs. Substitution at both benzene rings permits inclusion into or-, a-, 

and y-CDs. 
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In the present work, when the substituent on the CD is long (DiEp), positive split 
Cotton-effects appear, and when the substituents on the CD are short (Ep and MeO), 
negative split Cotton-effects appear. The substituents on the CD torus may play a 
important role in deciding the angle between the longitudinal axis of the two interacting 
azo-dye molecules and the tight fitting between the host-guest interaction. On the other 

hand, when the complexes have only a loose fit, the pattern shows a single Cotton effect. 
During the course of synthesizing the CD-Ep polymers (R-OCH,-CHOH-CH,- 

O-R), the posibility of producing glyceryl ethers (R-OCH?-CHOH-CH,OH) and 
polyglyceryl ethers [ R-O(CH,-CHOH-CH,O),CH,-CHOH-CH,OH ] as byproducts 
was discussed*“. The fact that the aCD-Ep complexes give negative split Cotton-effects 
and the DiEp complexes show reversal of the signs discounts the formation of such 
polyglyceryl ethers. 

As the 3-yCD complex includes two 3 molecules in one or two yCDs13”, the two 
molecules of 3 must lie parallel in the cavity. When the dihedral angle between the azo 
dyes is 180”, theoretically no interaction should be evident in the spectrum”. This 

complex shows only a single peak at 415 nm, but exciton splitting causes perturbation at 
this wavelength, and the second trough is presumably too weak to be observed. In the l- 

and 22yCD complexes, the c.d. spectra show positive chirality. The yCD complexes do 
not align the two azo dye molecules completely parallel to the annular axis of the 
yCD, and may be distorted. 

Azo dye 6 does not show splitting in the rc-+n* region with any of the CDs. The 
portion of azobenzene that is not encapsulated may be too short to interact with other 

molecules. Interaction between the portions of guest molecules that are not encapsulat- 
ed may cause splitting of the cd. spectra. 

The molar ratio. - The 2-TM$CD complex shows negative exciton splitting. 

The AIn,, of the visible spectrum moves 6 nm to shorter wavelength by complex 
formation. The absorption maximum of the visible spectrum and the cross-over point of 

the c.d. couplet practically coincide. Continuous-variation plots of the c.d. and visible 
spectra show the formation of a I:1 complex (Fig. 3); splitting may be caused by the 
interaction of two molecules of 2, each in the form of a 1: 1 complex. 

The de value in this system is abnormally large in the first Cotton-effect and 
depends on the TM$CD:2 ratio. At higher concentration of the gust (1.6 x 1014 mol) 

compared with that of the host molecule (0.4 x 10 -4 mol), the splitting pattern shows the 

same magnitudes in the peak and trough. Upon increasing the amount of TM-/KD, the 
relative magnitude of the negative peak increases and reaches twice or more its original 
intensity when the ratio of TM$CD:2 is ten. The @CD-DiEp complex series show the 
same tendency, and the abnormally large AE value decreases on dilution. In the 3 
&D-El? complex in which the de values of both signs are almost the same, the splitting 
pattern does not depend on the CD:dye ratio. Earlier it was reported that the vicinal 
tribenzoates of furanoid sugars do not show three Cotton effects but display instead two 
split Cotton-effects; if the 1,2,3-trio1 component is disposed such that the chiralities 

between the 1,2-, 2,3-, and 1,3_dihydroxygroups are all negative or positive, the ampli- 
tudes of the first Cotton effect are greatly augumented”. In the present case also, more 
than two complexes may interact. 
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