Induced circular dichroism spectra of a-, -, and y-cyclodextrin
complexes with n-conjugate compounds. Part 2. Chiral dimer
formation and polarization directions of the n—n* transitions in
some hydroxyazo guests having a naphthalene nucleus
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The absorption and circular dichroism spectra of some o- and p-hydroxyazo compounds having a naphthalene
nucleus in the presence of a-, -, and y-cyclodextrin (CDx) have been measured in the wavelength region of 200-600
nm. The induced circular dichroism (ICD) is observed on the absorption bands of the n—n* transitions of the azo
chromophore and the naphthalene moiety. The signs in the observed ICD spectra are discussed in terms of the
orientation of the transition moment of the n—7* states to the axis of the CDx cavity and the polarization analysis by
using the ZINDO approximation. Judging from the single positive sign of the ICD signal, the polarization directions
of the first m—n* transitions of the azo chromophore are almost parallel to the CDx axis. Some f- and y-CDx
complexes of the title azo compounds show a split-type [(+) to (=) or (=) to (+)] ICD band at the n—n* transitions
of the azo group, suggesting that a chiral dimer is trapped within the CDx cavity. The ICD bands of the naphthalene
moiety may also be useful to detect the formation of the chiral dimer.

Introduction

The analysis of the ICD spectral pattern of the chromophore
of aromatic compounds in the presence of CDx has been given
much attention in the past decade as a suitable technique for
spectral band assignments of the electronic transitions' and
elucidation of the inclusion complexes where their chromo-
phores are situated inside the CDx cavity.?

Harata and Uedaira" have measured the ICD spectra of
p-CDx complexes with some naphthalene derivatives and
estimated the orientation of the chromophore within the
S-CDx cavity on the basis of the Kirkwood-Tinoco equation.
Yamaguchi et al. have shown that the symmetry species of the
vibrational modes can be identified from the signs of the f-CDx
complexes with fluorobenzene, bromobenzene, toluene, and
benzonitrile. The direction of the electronic transition
moment in the f-CDx cavity of 2-hydroxytropone," azulene,V
substituted benzenes,'" azanaphthalenes,'? and nitrogen hetero-
cycles ' has been discussed in terms of the sign and intensity of
ICD spectra of their CDx inclusion complexes.

On the other hand, ICD provides precise structural inform-
ation such as the orientation of the chromophore in the CDx
cavity. The strong split-type ICD spectra like an exciton coup-
ling effect have been observed frequently and this typical
spectral change suggests the formation of a 2:2 (CDx: guest)
inclusion complex where a chiral dye dimer is trapped within
the CDx cavity (Scheme 1).'*2¢¢7 Thus, the chromophore in dyes
such as azo compounds® and cyanines* has been used as the
most useful ICD probe for the detection of chiral environment.

Although our kinetic’® and equilibrium® studies of the
molecular recognition between the anionic azo compounds and
CDx have provided useful information concerning the rate,
mechanism, and direction for inclusion, precise structural

T For Part 1, see ref. 2(c).
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information such as the orientation of the chromophore in the
CDx cavity could be obtained from the analysis of the ICD
spectral pattern of the inclusion complexes. Changes in the
relative intensities and spectral patterns of circular dichroism
bands reflect the asymmetric interactions of the CDx:guest
complexes. Our recent studies on the cyclodextrin-induced
asymmetry of various achiral azo compounds suggest that the
ICD spectral patterns are largely dependent on the position and
number of alkyl-substituents of the azo guest molecules.

In our previous work, we have studied the ICD spectra of
a-, f-, and y-CDx inclusion complexes with 1 and 2 in aqueous
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solution and revealed that the sign and intensity of ICD spectra
depend on the direction of the transition moment of the azo
chromophore with respect to the CDx axis.* Furthermore,
negative (—) split-type ICD spectra have been observed particu-
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larly in the m—n* transition band of the -N=N- group of the
2-fCDx and 2-yCDx inclusion complexes, suggesting the
formation of (—) chiral dimer in the CDx cavity (Scheme 1).

In general, the ICD pattern of the host—guest complexes which
is closely related to the stability of the inclusion complexes, the
cavity size of CDx, the position and orientation of the chromo-
phore in the CDx cavity, and the subtle change in the structure
of the guest may be rationalised after the event but can rarely be
predicted in advance. Here, we report various ICD spectral
patterns in the a-, -, and y-CDx inclusion complexes with o-
and p-hydroxyazo compounds 3-8 having a naphthalene
nucleus.

B 9

A comparison of the ICD pattern of the azo chromophore
with that of the naphthalene moiety would also be helpful for
elucidation of the detailed solution structure of the CDx
inclusion complexes.

Experimental
Materials

The azo guest molecules 3-5 were synthesized and purified.”®
The azo dyes 6-8 were purchased from Fluka. Cyclodextrins
were obtained from Tokyo Kasei Kogyo Co. and used as
received. All other materials were commercially available and
used without purification unless otherwise stated.

Measurements

The pH in solution was obtained using a Horiba pH meter
D-13. The temperature was maintained at 25 °C by means of an
external circulating water bath. The absorption spectra were
obtained with Hitachi U-3200 and JASCO V-550 spectro-
photometers. The CD spectra were measured using a JASCO
J-600C circular dichrometer. In order to obtain an adequate
signal-to-noise ratio, we used a computer for multiple scanning
and averaging. Each memory unit in the computer stored the
CD signal for a spectral band of 0.2 nm. All other conditions
are the same as described previously.*

Results and discussion

Absorption and induced CD spectra of the cyclodextrin inclusion
complexes of 3-5

Aqueous solutions of 3-5 exhibit a colour change from yellow
to orange with increasing pH in solution. This is due to the
deprotonation of the p-hydroxy group of 3-5 (HA™, pK, = 8.0—
8.5).% Therefore, the ICD spectra were obtained at pH 4 where
the dye anion, HA ", is present.

380 J. Chem. Soc., Perkin Trans. 2, 1999, 379-386

16 ~
- 12 - 2N (a)
[ L / \
g€ Tt i
o LS y
~ 8 LR NN
c L A4 NS
() 4 N ,l R /',"/I '\:\. LN N
8 /I ! ?\ -'../'.II .\'\ \\
20 - :I, Aol AN Y |
@ K 7 T (e - 1
= ] ¥
< 4r H
8L
3
N
£
S
T 2
°
1S
o
£
~ 1
=
<
0 . . . j
200 300 400 500 600
A/nm
Fig. 1 Induced circular dichroism (a) and absorption (b) spectra

of the a- (---+-), f- (-++-+--+--), and y-cyclodextrin (----) complexes of
3 at pH 4 and 25°C. [3]=6.61 x 107> mol dm™® and [cyclo-
dextrins] = 1.2 x 1072 mol dm 3. Guest only (solid line).

Fig. 1 shows the CD (upper) and UV-vis (lower) spectra of
a-, f-, -CDx complexes with 3 in aqueous solution. Transition
energies and moments of 3-5 were calculated by the ZINDO
method? and are given in Table 1. On the assumption that these
compounds are almost planar, the geometries were optimized
by using the PM3 method.' A large positive ICD enhancement
in the first =—n* band of -N=N- of 3 at 366 nm which is
assigned to the long-axis polarized transition [bands (2) and
(3) in Scheme 2] is observed in all CDx complexes. Harata’s rule

Scheme 2

suggests that the polarization of this transition is almost
parallel to the symmetry axis of the CDx cavity. Typical ICD
patterns such as a strong positive at the n—n* band and a very
weak negative at the n—m* band of the -N=N- group are
observed only in a-CDx. The relatively strong positive (y-CDx),
weak positive (f-CDx), and weak negative (a-CDx) ICD signs
at ca. 450(sh) nm assigned to an n-n* transition of —-N=N-—
(forbidden band 1 in Table 1) of 3 depend also on the direction
of the chromophore to the CDx axis.* Although effects due to
the conformational changes or minor structural changes such
as the different torsions of the respective chromophores should
be considered, a reasonable explanation of the ICD intensity at
n—7t* is not clear at the present stage. The weaker ICD band at



Table 1 Experimental transition and extinction coefficients (¢/dm® mol ™' cm™") and calculated results of transition energies (A, /nm) and oscillator
strengths (f) of 3, 4 and 5 by the ZINDO method

Experimental Calculation

Compound Band Amax € Amax f Polarization*

3 1 525 0.00 n-*(-N=N-)*
2 366 27100 349 0.610 28 m—m*(-N=N-)¢
3 323 0.560 17 n-m*(-N=N-)“
4 292 0.004 53
5 ~240 24000 277 0.489 —14 ©—n*(Naph)®
6 263 0.036 —6 n—*(Naph)”
7 244 0.007

4 1 500 0.000 n—1*(-N=N-)
2 369 18200 348 0.610 28 n-m*(-N=N-)
3 321 0.570 17 n—m*(-N=N-)
4 301 0.001 -33
5 ~240 17500 277 0.469 —14 ©—n*(Naph)
6 261 0.027 —1 —n*(Naph)
7 246 0.020

5 1 516 0.000 n—1*(-N=N-)
2 375 16100 366 0.781 17 n—m*(-N=N-)
3 317 0.003 —80 m—m*(Naph)
4 302 0.000 -33
5 ~250 (sh) 270 0.126 3 n—n*(Naph)
6 ~230 (sh) 261 0.264
7 258 0.159
8 233 0.206

“The angle of the transition moment to the x-axis. ® —0.884¢(55—>62) — 0.366¢(55—66) where ¢ss, ¢s,, and ¢g are the n orbital of -N=N-, the
n orbital of -N=N-, and the ¢g,, of naphthalene, respectively. “ The charge transfer from naphthalene to -N=N-. 0.885¢(61—62) where ¢, is the
¢a, of naphthalene and ¢, the n orbital of -N=N—. ¢ The charge transfer from naphthalene to -N=N-. 0.760p(60—62) — 0.304¢(60—64) where
¢so 18 the @y, of napththalene and ¢g the ¢g;, of napththalene. © —0.613¢p(61—>64) + 0.465¢p(60—62) + 0.369¢(58—62) + 0.388p(61—65).
10.464¢9(61—64) + 0.461p(60—64) + 0.441p(61—66) + 0.311¢p(60—62).

Fig. 2 shows the CD (upper) and UV-vis (lower) spectra of
a-, -, y-CDx complexes with 4.

Since a-CDx does not bind from the 3’,5'-diisopropylphenol
side of 4 owing to the larger steric hindrance,* only inclusion
from the naphthalenesulfonate side could be anticipated. It is
noteworthy that the ICD spectra of 4-aCDx have strong posi-
tives at the n—n* band of -N=N- and the naphthalene nucleus.
The structures of a-, -, and y-CDx complexes with 4 are quite

| similar to each other as judged by the analogous ICD patterns
- in Fig. 2 except for the n-n* band.
The structural difference between 4 and 5 is the a- and
~- p-positions of the 3,5-(Pr'),(4-OH)C4H,~N=N- group attached
to the naphthalene side. Fig. 3 shows the CD (upper) and
UV-vis (lower) spectra of a-, -, and y-CDx complexes with 5.
Because of the full block® from both sides of phenol and
naphthalene [B-position of  3,5-(Pr'),(4-OH)C¢H,~N=N-
group], the ICD signal of 5-aCDx is very weak compared with
that of 3-aCDx and 4-aCDx. In contrast to the 5-fCDx and
5—yCDx complexes, the ICD spectrum of the 5—aCDx complex
is very weak in all wavelength regions as mentioned above. Such
a subtle modification in structure between 4 and 5 causes a
drastic change in the ICD spectral pattern in Fig. 2 and 3.
Furthermore, high-intensity spectra with symmetric negative
(+/—) split-type signals which are very similar to those of
2-BCDx and 2-yCDx?* are observed in 5-fCDx and 5-yCDx
complexes, indicating that the chiral dimers, (5-fCDx), and
(5-yCDx),, are formed (Scheme 1). UV-vis titration data also
support the formation of these dimers. In general, a split-type
ICD pattern appears to originate with a dipole-dipole inter-
action between the electric transition moments of the two
chromophores. The representative split-type ICD has been
applied to many twisted m-electron systems as the CD exciton
chirality method.!' A weaker but analogous split-type ICD
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Fig. 2 Induced circular dichroism (a) and absorption (b) spectra
of the a- (-+-+-), f- (-ee-ee-ee- ), and p-cyclodextrin (----) complexes
of 4 at pH 4 and 25°C. [4]=7.50 X 107> mol dm™® and [cyclo-
dextrins] = 1.2 X 1072 mol dm 3. Guest only (solid line).

the n—n* transition moment of the naphthalene group [ca. 250
nm in Fig. 1 and bands (5) and (6) in Scheme 2] indicates that
the angle of this transition is smaller to the CDx axis.

pattern is observed in the UV region (200-250 nm) of 5-fCDx
and 5-yCDx. The two main bands at 200-250 nm and at
375 nm could be assigned to the nearly short and long-axis
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Fig. 3 Induced circular dichroism (a) and absorption (b) spectra of
the a- (-+-+-), f- (-vemeemee- ), and y-cyclodextrin (----) complexes of
5 at pH 4 and 25 °C. [5]=4.98x10"° mol dm™® and [cyclo-
dextrins] = 1.2 x 1072 mol dm*. Guest only (solid line).

polarized n—n* transition of the naphthalene moiety and the
long-axis polarized m—n* transition of the -N=N- group of 5,
respectively (Table 1 and bands (2) and (5) in Scheme 2).

Absorption spectra of 6-8

The /., at the longest visible band in the region of 440-550
nm, which is probably attributable to the n—n* transition of the
—N=N- group of 6-8, is more shifted to longer wavelength
compared with the A,,, in the region of 300-500 nm of 3-4.
Since the azo compounds 6 and 7 have the higher pK, (=11-12)
values and show very slow rate constants (6.9 X 10° dm*® mol™
s~ for deprotonation with OH™ ion, there would be -OH - - + N
intramolecular hydrogen bonding."

It should be noted that the position and intensity of the first
n-n* transition of the —N=N- group are very sensitive to
keto-enol tautomerism. A number of spectroscopic studies have
established that these types of azo compounds can exist in solu-
tion as azo or as hydrazone tautomers."* The predominant
species of 6 and 8 are probably the hydrazone forms in aqueous

s @ H'”

6 (azo) 6 (hydrazone)

"038
OH

8(azo) hydrazone)
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Fig. 4 Energy levels and coefficients of the occupied and vacant
orbitals for the first T—n* bands of 5 and 6.

solution.” The hydrazone form of 8 appears to be also favored
by polar solvents and by electron-withdrawing substituents in
the phenyl ring."?

Therefore, the theoretical spectra calculated as the hydrazone
form by the ZINDO method of 6, 7, and 8 rather than the azo
form agree well with the experimental results (Table 2).

It is noteworthy that the n—n* bands of the -N=N- group are
not observed in the UV-vis region. Fig. 4 shows the energy level
and coeflicient of the occupied and vacant orbitals for the first
n—n* bands of 5 and 6. This energy diagram in Fig. 4 explains
the appearance at longer wavelength of the n—n* band of 6-8
(475-484 nm) than 3-5 (366-375 nm).

The theoretical spectra of 6 and 7 are somewhat different
particularly in the n—n* band of the -N=N- group (Table 2),
but their experimental absorption spectra are very similar to
each other and almost independent of the electronic effects
exerted by the position of the —SO;— group as shown in Fig. 5
and 6. However, the position of the OH group would give a
large effect both in the theoretical and experimental spectra as
observed in 6 and 8.

Induced CD spectra of the cyclodextrin inclusion complexes of
6-8

Fig. 5 shows that the first i—n* transitions [band (2) in Scheme
3] of the -N=N- group of 6 gave an unsymmetrical split-type
negative (+/—) signal in 6-yCDx and a positive (—/+) ICD
signal in 6-fCDx.

These split-type ICD spectra are characteristic of exciton
splitting caused by dimerization of the dye within a chiral
environment." Two degenerate transition moments in close
proximity and in the appropriate orientation are known to pro-
duce high-intensity exciton spectra.* The marked difference in
ICD signals with opposite sign between 6-CDx and 6—yCDx
probably indicates the difference in the dimer geometry within
the CDx cavity.

These typical exciton-split bisignate CD bands are also
observed in the UV region at the m—n* transition of the
naphthalene chromophore. The values of 4., in 6-fCDx
(220.6 nm, &= 20800 dm® mol~! cm™") and 6-yCDx (230.0 nm,
&= 18000 dm® mol™! cm™") coincide well with the cross points
(Aeross = 230.3 nm for 6-CDx and 231.3 nm for 6—yCDx) of
their bisignate spectra.

The precise agreement of A, in the absorption spectrum
with A in the ICD spectrum could be predicted by the



Table 2 Experimental transition and extinction coefficients (¢/dm® mol ™' cm™") and calculated results of transition energies (A, /nm) and oscillator

strengths (f) calculated as hydrazone forms in 6, 7, and 8 by the ZINDO method

Experimental Calculation
Compound Band Amax & Amax f Polarization*
6 1 475 0.000 n(=0)-n*
2 484 14800 439 0.710 7 -m*(-N=N-)*
3 310 6370 318 0.149 77
4 262 8580 307 0.063 57 n—n*(Naph)
5 296 0.003 63
6 273 0.216 -63
7 255 8710 270 0.236 —73 n—m*(Naph)
8 ~236 ~22000 n-n*(Naph)
7 1 472 0.000 n(=0)-n*
2 483 16400 407 0.506 4 T—m*(-N=N-)*¢
3 317 8080 354 0.288 62 n—m*(-N=N-)¢
4 286 6080 299 0.144 27
5 289 0.026 85
6 ~262 11700 265 0.439 64 n—n*(Naph)
7 252 0.089 19 n—m*(Naph)
8 ~240 ~25000 n—n*(Naph)
8 1 475 29600 415 1.038 15 n-m*(-N=N-)*
2 407 0.000 n(=0)-n*
3 ~326 ~6700 301 0.007 4 m—m*(Naph)
4 288 0.002 =51
5 285 0.038 43
6 275 0.160 —61
7 268 0.165 60
8 263 0.029 74
9 287 10700 256 0.233 =5
10 269 11900 234 0.244 -17
11 229 0.000 n-m*
12 240 12200 226 0.123 =90 n—n*(Naph)

“ The angle of the transition moment to the x-axis. ® The charge transfer from benzene to ~N=N—naphthalene. —0.997¢p(58—59) where @, is the
benzene (¢g,)-N and ¢s, the © orbital of -N=N-naphthalene. ¢ The charge transfer from naphthalene to -N=N-naphthalene. The bands 2 and 3
correspond to 0.980p(58—59) and ¢(57—159), respectively, where ¢sg, ¢5;, and s, are the © orbital of -N=N-naphthalene, the ¢g,, of naphthalene,
and the m orbital of -N=N-naphthalene, respectively.  The charge transfer from benzene to -N=N-naphthalene. —0.972¢(58—59).
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Fig. 5 Induced circular dichroism (a) and absorption (b) spectra
of the a- (-+=+-), f- (-ee-ee-ee- ), and y-cyclodextrin (----) complexes
of 6 at pH 4 and 25°C. [6]=5.46x10~° mol dm™® and [cyclo-
dextrins] = 1.2 X 107> mol dm 3. Guest only (solid line).

Scheme 3

exciton-coupled theory.!! However, in the first T—* transition
of the —N=N- group, the crossover point (4. of these
ICD spectra is not always coincident with the 1,,, except for
(8-pCDx),. This is often observed and may be due to a less
fixed configuration which produces a dipole coupling type ICD.
The molar ratio method applied to UV-vis titration data of the
6-f, y-CDx systems shows the breaks at [CDx]/[6] = 1/2 and
2/2. These breaks have already been observed in the 2-fCDx
system and support the 2:2 stoichiometry.*

A negative (—/+) ICD signal is also observed for the n-—n*
transition bands of both -N=N- and naphthalene [/,,,, = 242.0
nm (& = 20000 dm?® mol ™! cm ™) and /. = 242.2 nm] chromo-
phores in 7-yCDx but it is somewhat weaker as shown in Fig. 6.
In 7-pCDx, the negative split-type ICD is a very obscure one,
but the blue shift in 4,,, and a large hypochromic effect in ¢
at the t—n* (-N=N-) transition in Fig. 6 support strongly the
formation of the dimer. These observed split-type ICD pat-
terns are closely related to the formation of the chiral 2:2
(host: guest) dimers such as (6-CDx),, (6—yCDx),, (7-yCDx),,

'max

J. Chem. Soc., Perkin Trans. 2, 1999, 379-386 383



(8-CDx), within a chiral environment. The formation of the
chiral dimer may be induced by the stacking of the 1:1

(CDx: guest) inclusion complex.
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binding with a-CDx produced a slight negative ICD for

6 and 7 at the n—n* (-N=N-) transition, suggesting the form-
ation of a very unstable complex with a shallower inclusion
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Fig. 7 Induced circular dichroism (a) and absorption (b) spectra
of the a- (---+-), f- (-++-+-----), and p-cyclodextrin (----) complexes
of 8 at pH 4 and 25°C. [8]=5.00 X 107° mol dm™® and [cyclo-
dextrins] = 1.2 x 102 mol dm*. Guest only (solid line).

Fig. 6 Induced circular dichroism (a) and absorption (b) spectra
of the a- (-+-+-), f- (-+e-ee-ee- ), and y-cyclodextrin (----) complexes
of 7 at pH 4 and 25°C. [7]=5.73x10"° mol dm™* and [cyclo-
dextrins] = 1.2 X 1072 mol dm*. Guest only (solid line).
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Fig. 8 Induced circular dichroism (a) and absorption (b) spectra of the a- (-+-:-), f- (--+-+-----), and y-cyclodextrin (----) complexes of 9 (left) and

10 (right) at pH 4 and 25 °C. [9] = 5.27 X 10~° mol dm 3, [10] = 6.01 X 10~° mol dm* and [cyclodextrins] = 1.2 X 10~ mol dm*. Guest only (solid
line).
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Table 3 Solution species and chirality of the inclusion complexes of
1-8

Compound a-CDx p-CDx 7-CDx
1 1:1 1:1 1:1

2¢ 1:1 2:2(-) 2:2(-)
3 1:1 1:1 1:1

4 1:1 1:1 1:1°

5 ¢ 2:2(-) 2:2(-)
6 ¢ 2:2(+) 2:2(-)
7 ¢ d 2:2(-)
8 1:1 2:2(-) d

“Ref. 2¢. * Probably a 1:1 complex, but a slightly split-type negative
ICD spectrum was given.  Very weak 1:1 complex. ¢ Very obscure
split-type ICD spectrum.

with a-CDx due to the presence of an 0-OH group® which
induces little asymmetry in 6 and 7. However, in 8 which has no
0-OH group, a fairly large negative ICD was observed at
the m—m* transition of the -N=N- group and the naphthalene
moiety (Fig. 7).

This unexpected negative ICD in 8-aCDx would be due to
the external association with a-CDx in which the -N=N- group
is not sufficiently included up to the -N=N- group within the
a-CDx cavity. A similar reversal of ICD signs has been found
in the acridine— and phenazine-aCDx complexes ' and the hep-
tyl viologen—aCDx complex.'

Finally, Table 3 shows a summary of the solution species
mainly detected by the ICD spectra and chirality of the inclu-
sion complexes of 1-8. The guest molecules with a large bulky
hydrophobic substituent or the keto—enol equilibrium tend to
form the chiral dimer inclusion complex.

Other cyclodextrin—guest systems

Fig. 8 shows the ICD and absorption spectra of the inclusion
complexes of 9 and 10 with a-, -, and y-CDx. General ICD

patterns of the strong positive ICD at the long-axis polarized
n—n* transition of the -N=N- group are observed in 9-aCDx,
9-fCDx, 10—aCDx and 10—yCDx, indicating the long-axis
inclusion of guest into the CDx cavity. In 9-yCDx which has

no alkyl substituent, the strong positive ICD shifts to longer
wavelength due to the incompatible binding with y-CDx. The
unusually small negative ICD of 10-BCDx at the n—n* band of
the -N=N- group has often been observed in -CDx complexes
with azo guests having a Bu* group.*

Attempts to obtain the simple ICD pattern using the naphthalene
derivatives

Since the azo guests 3-10 have a naphthalene nucleus, it is
worthwhile to measure the ICD spectra of some naphthalene
derivatives, 11 and 12, as constituent fragments. There are typ-
ically three bands at 300-330(vw), 250-300(w), and 227(s) nm
which are attributed to 'L,, 'L, and 'B,, transitions of the naph-
thalene chromophore '® of 11 and 12, respectively (Scheme 4).

274(¢ = 4770) nm
"La: 275(f = 0.135) nm

.

11

333(2970) nm
"La: 280(0.174) nm NH,

OH
AN
v\v@ 251(11100) nm
"Bp: 229(1.564) nm

12

227(84400) nm
'By: 230(1.003) nm

Scheme 4
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The 'L, and 'L, transitions give a small negative ICD, while the
!B, transition gives a positive ICD as observed in 11-fCDx and
11-yCDx (Fig. 9). The strong enhancement in the ICD signal
suggests the formation of the more tight complex of 11-fCDx.
Therefore, the long-axis polarized 'B, transition of 11 is parallel
to the molecular axis of the CDx cavity. In 11-aCDx, a some-
what split-type ICD spectrum is observed at the 'B, transition
band. Similar ICD patterns are also observed in 12-aCDx,
12-BCDx and 12-yCDx.
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