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ABSTRACT

Aqueous solutions of inclusion complexes of host cyclomaltohexa- and cyclo-
maltohepta-ose (cyclohexa- and cyclohepta-amylose) with guest phenols p-substi-
tuted with Br, Cl, CN, NO,, CH;, CHO, and COOH have been studied by 'H- and
BC-n.m.r. spectroscopy. The stability of the complexes depends on the guests, the
cycloamyloses, and the ionisation states of the host hydroxyl groups. The 'H data
for the host protons in the complexes show that the guests are more deeply inserted
into the cavity of cyclomaltoheptaose than into that of cyclomaltohexaose.

INTRODUCTION

The cycloamyloses (cyclodextrins, CD) are cyclic oligosaccharides composed
of at least six (1—4)-linked a-D-glucosy! residues. Each CD molecule has a toroi-
dal, hollow, truncated cone with primary and secondary hydroxyl-groups crowning
the narrower and wider rims, respectively. The interior of the cavity of each CD
contains two rings of C-H groups and a ring of glucosidic oxygens. Hence, the in-
terior of the cavity is relatively hydrophobic, whereas the exterior is relatively hy-
drophilic.

Each CD can admit various guest molecules into the cavity, without any co-
valent bonds being formed' ~* and, consequently, cycloamyloses have been utilised
as models for enzymic catalysis' ~* and for a variety of other purposes®>. The kine-
tics and mechanisms of numerous CD-catalysed stereospecific reactions have been
studied'™* and investigations of the molecular geometry of CD inclusion-com-
plexes in solution are therefore important. Little is known of this geometry, in par-
ticular the position of the guest in the cavity®’, although there are many data on
the formation of inclusion complexes in aqueous solution’ 38~ and some inclu-
sion complexes have been investigated by X-ray crystallography?’ 2. The

geometry of CD inclusion-complexes in the solid state is not necessarily the same
as that in solution®®%.

*To whom inquiries should be addressed.

0008-6215/84/$ 03.00 © 1984 Elsevier Science Publishers B.V.
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We have investigated aqueous solutions of CD inclusion-complexes with p-
substituted phenols by 'H- and C-n.m.r. spectroscopy. p-Substituted phenols
give simple 'H-n.m.r. spectra and have suitable solubility.

Space-filling (Corey-Pauling-Koltun) models suggest that cyclomaltohep-
taose (cyclohepta-amylose. 8-CD) can form inclusion complexes with p-substituted
phenols which are more stable than those formed by cyclomaltohexaose
(cyclyhexa-amylose, a-CD), and in which the aromatic ring of the phenol is more
deeply inserted into the cavity. Since both CD and the p-substituted phenols have
ionisable hydroxyl groups, with pK, values of ~12.12% and 7.0-10.0%, respectively,
it is of interest to study the pH dependence of the stability and the molecular
geometry of the inclusion complex.

EXPERIMENTAL

Materials. —— The a-CD, B-CD, and all p-substituted phenols were commer-
cial materials, and H,O (isotopic purity 99.7%), *HCI (38%), NaO?H (40%), and
’H;PO, (85%) were used. For investigating the effect of the medium pH on the
complex formation, the following solvents were used: A, M NaO?H (all hydroxyl
groups ionised); B, phosphate buffer, p’H 11 [for p-bromophenol (PBP), p-chloro-
phenol (PCIP), p-hydroxybenzoic acid (PHBA), and p-cresol (PMP)]; C, phos-
phate buffer, pH 10.0 [for p-cyanophenol (PCP), p-hydroxybenzaldehyde
(PCHO), and p-nitrophenol (PNP)]; D, phosphate buffer, p?H 7.0 (for PBP, PCIP,
PHBA, and PMP); and E, phosphate buffer, pZH 6.0 (for PCP, PCHO, and PNP).
The choice of these p?H values was based on the pK,, values of the various phenols.
In solvents B and C, only the hydroxyls of the guests were ionised; in D and E, al-
most all of the hvdroxyls were not ionised. The buffers B-F were made up with
H,PO, and Na;PO,, and the ionic strength was adjusted to ~0.5.

Methods. — Proton-decoupled, '*C-n.m.r. spectra were recorded with a
JEOL JNM PS-100 spectrometer (25 MHz), using a spectral width of 4000 Hz and
4096 data points (resolution 2.0 Hz). "H-N.m.r. spectra were recorded with JEOL
JNM PS-100 (100 MHz) and FX-270 spectrometers (270 MHz), using sweep widths
of 1000 Hz (4096 data points, resolution 0.5 Hz) and 1350 Hz (8192 points, resolu-
tion 0.3 Hz), respectively. The chemical shifts of the 'H and '*C signals were
measured in p.p.m. downfield from that of external Me,Si, and assignments were
based on literature data®®. U.v. absorption spectra were recorded with a
Beckman-25 spectrometer. All spectroscopic measurements were made at 31 +1°,
The p*H values, obtained by adding 0.4 to the reading of the pH meter to correct
for isotopic effects®®, were determined using a Toko model TP-101 pH-meter with
a micro combination-electrode CE103.

Dissociation constants Ky for CD complexation were obtained (a) from
changes in u.v. spectra induced by complexation (average of several K, values de-
termined at different wavelengths; this method could not be used for alkaline solu-
tions, because of the large absorption of the alkoxide anion); (b) using a ‘H-n.m.r.
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Fig. 1. 'H-Chemical shift displacements of the lower-field doublet of aromatic resonances of p-
nitrophenol (PNP) on addition of a-CD in phosphate buffer of p?H 6; [PNP] 0.01m.

titrational technique, i.e., "H chemical shifts of guests as a function of CD concen-
tration (Fig. 1). The K value was derived by least-squares fitting of the modified
Hildebrand-Benesi equations®>*!*2 to the chemical shifts vs concentration curve.
This method cannot be used for 8-CD complexation at low p°H values because of
the low solubility of 8-CD and the consequent low n.m.r. signal-to-noise ratio
under these conditions. For an accurate determination of K4, "H-spectra have to be
measured for a relatively wide range of [CD]/[guest] ratios. It was assumed that a
1:1 complex between CD and the guest was formed and that complexation was re-
versible.

The most probable (time-averaged) position of the guests in the CD cavity in
an aqueous solution was determined by fitting the intrinsic chemical-shifts (48;,,) of
H-3 and H-5 of CD to those reflecting the ring-current effect of the aromatic ring
of the guests and calculated using the Johnson-Bovey equation®. Here, A8;,, is de-
fined as 8, — 8,, where 8, and 8, are the chemical shifts in the fully complexed and
uncomplexed states, respectively. As an example, Fig. 2 shows the '"H-n.m.r.
spectral changes of a-CD by complexation with PNP in buffer solution of p*H 6.0.
The values of 8, and thus of AJ,,,, were estimated from the chemical shifts at known
concentrations of CD and guests, in conjunction with the pre-determined K4
values.

The procedure for determining the most probable position has been de-
scribed in detail®’; briefly, it involves the following assumptions. (1) e-CD and g-
CD have hexagonal and heptagonal symmetries in solution, respectively, and the
respective H-3 and H-5 located inside the cavity form rings with radii of 3.6 (H-3)
and 3.2 A (H-5) for @-CD, and 4.1 (H-3) and 3.5 A (H-5) for B-CD. The centres
of the ring for H-3 and H-5 are on the symmetry axes of the CD cavity and the
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Fig. 2. "H-N.m.r. spectra (270 MHz) of (A) frec a-CD (0.01v) and (B) a-CD (0.01M)-PNP (0.05M) in
phosphate buffer of p’H 6.

centre-to-centre cistance is 2.5 A for each CD. These values were based on space-
filling molecular models. (2) H-3 and H-5 of CD are shielded due to the ring-cur-
rent effects of the included phenols, where the twofold axis of guests coincides with
the symmetry axis of the CD cavity. The shielding and/or deshielding effects by the
phenol substituents were ignored®’. (3) The magnitudes of the ring-current effects
on the respective H-3 and H-5 are the time-average®’ of those for several orienta-
tions of the aromatic plane with respect to H-3 and H-5. This assumption is justified
by the appearance of only one set of H-3 and H-5 resonances with the time-average
chemical shifts, even for the CD inclusion-complexes at higher [guest][CD] ratio
(Fig. 2). This assumption is supported by the '°C relaxation-times, which indicated
the occurrence of rapid rotation of the phenyl compounds in the cavity of a-CD
and 8-CD in solution!®11+31:34.35,
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The magnitude of the ring-current effects on H-3 and H-5 was then calculated
as a function of the position of the centre of the aromatic ring in the cavity. The
most probable position of the included guests in the cavity is that at which both ob-
served H-3 and H-5 intrinsic chemical-shifts show maximal agreement with the cal-
culated ring-current shifts. If the difference between the observed and calculated
shifts was much larger than the probable experimental error, the estimate was
discarded and one or more of the above assumptions must be regarded as in-
adequate. All calculations were made on a Sharp PC 1211 minicomputer.

RESULTS

Tables I and II contain the values of the dissociation constants K, intrinsic
chemical-shifts (48;,,) for H-3 and H-5 of CD for the complexes of a-CD and g-
TABLEI

DISSOCIATION CONSTANTS (Ky), 'H INTRINSIC CHEMICAL-SHIFTS (48,,), AND PROBABLE POSITIONS OF
GUESTS FOR a-CD INCLUSION-COMPLEXES IN AQUEQUS SOLUTION

Solvent® Guest Ka(M) A8, (p.p.m.)0 Position (A)°
H-3 H-S

PBP 9.5% 1073 -0.01 0.17 —
PCIP 2.4x107? 0.05 0.14 —e
PHBA N.b4 - — —

A PMP 1.3x 1072 0.05 0.00 —F
PCP 2.0x 1072 -0.03 0.04 —*
PCHO 7.5%x1073 0.05 0.03 —*
PNP 4.5x 1073 -0.09 0.08 —
PBP 5.0x1073 -0.32 0.28 —*

B PCIP 3.5x1073 -0.25 0.06 ~-0.340.3
PHBA 8.2 x 1072 -0.86 0.31 —
PMP 24x1072 -0.23 -0.02 -0.240.1
PCP 4.4 %1073 0,29 0.06 ~0.3+0.3

C PCHO 8.8x 1073 -0.25 0.02 0.2+02
PNP 1.3x 1073 -0.26 0.02 0.0+0.1
PBP 6.8x 1073 -0.32 0.21 —

D PCIP 7.9%x1073 -0.31 0.04 -0.1+0.1
PHBA 5.0% 1072 -0.68 0.23 —
PMP 14x1072 -0.24 0.02 0.2 £0.3
PCP 3.4 %1077 -0.27 0.06 -0.340.3

E PCHO 1.5% 1072 -0.28 0.06 -0.3+0.3
PNP 2.5%1073 -0.33 -0.05 0.1 +0.2

“A, M NaO’H; B-E, phosphate buffers of p’H 11.0, 10.0, 7.0, and 6.0, respectively. *Negative values
indicate upfield shifts. “Distance between the center of the phenyl ring of the guest and the plane com-
prised of six H-3 of @-CD. Negative values indicate the direction towards the outside of the cavity, “No
binding. “Not determined.
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TABLEII

DISSOCIATION CONSTANTS (Kj), "H INTRINSIC CHEMICAL-SHIFTS (48,,), AND PROBABLE POSITIONS OF
GUESTS FOR B-CD INCLUSION-COMPLEXES IN AQUEOUS SOLUTION

Solvent® Guest Ka(M) A8, (p.p.m. )P Position (A)°
H-3 H-5

PBP 9.3x 1073 0.01 0.00 —*
PCIP N.b.¢ — — —
PHBA N.b.% — - —

A PMP 3.0%x 1072 0.01 0.04 —*
PCP 8.0x 1073 0.04 0.05 —*
PCHO 6.5x 1073 0.05 0.07 —
PNP 37x1073 0.05 0.08 —
PEP 40x 1073 —0.08 -0.18 15403

B PCIP 8.3x1073 -0.08 -0.21 1.7 0.1
PHBA 1.8x 1072 -0.18 -0.28 —
PMP 75% 1073 -0.10 -0.23 1.6 0.1
PCP 2.1x1073 -0.13 -0.19 1.3 £0.1

C PCHO 59 %1073 -0.15 -0.23 1.3+0.4
PNP 1.5%1073 —0.13 -0.16 12+0.1
PHP 2.8x 1073 -0.07 ~0.19 1.6 £0.3

D PCIP 3.9x1073 -0.07 ~0.20 17402
PHBA 40%x1072 —0.16 ~0.26 —*
PMP 48x%1073 —-0.09 -0.23 1.7 +0.01
PCP 29% 1073 -0.13 ~0.20 1.3+0.1

E PCHO 7.0x1073 -0.15 ~0.24 14404
PNP 39x1073 -0.15 ~0.24 1.4 +0.4

A, M NaO’H; B-E, phosphate buffers of p?H 11.0, 10.0, 7.0, and 6.0, respectively. *Negative values
indicate upfield shifts. “Distance between the center of the phenyl ring of the guest and the plane com-
prised of seven H-3 of B-CD. Negative values indicate the direction towards the outside of the cavity.
9No binding. *Not determined.

CD, respectively, and the most probable positions of the guests in the CD cavity,
determined by comparison of the observed 48,,, with the calculated ring-current
shifts. The origin of the coordinate is the plane containing H-3 of each of the six (a-
CD) or seven (B-CD) D-glucosyl residues, and the positive sign corresponds to the
direction H-3—H-5 planes.

Table III contains the *C intrinsic chemical-shifts (defined as for 'H) of
guests in the a-CD complexes. Those for the 8-CD complexes could not be deter-
mined accurately because of the low solubility of 8-CD.

The dissociation constants for the systems a-CD/PHBA, 8-CD/PHBA, and
B-CD/PCIP in M NaO?H could not be determined, since the induced 'H chemical-
shifts were zero cven at the highest [CD]/[guest] ratio (5.0) where [guest] was kept
at 1.0 X 1072M. The formation of inclusion complexes should not occur in these
systems.
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TABLEIII

INTRINSIC "*C CHEMICAL-SHIFT DISPLACEMENTS OF GUEST COMPOUNDS INDUCED BY COMPLEXATION WITH ar-
CD IN AQUEOUS SOLUTION

Solvent® Guest Carbon®
1 2 3 4 5 E.ef
PBP -0.05 -0.60 0.44 -0.14 —_ +0.10
PCIP 0.00 -0.65 0.57 —0.18 — +0.13
A PMP -0.06 ~0.64 0.23 -1.32 0.52 +0.12
PCP 0.68 -0.13 0.81 —1.31 -0.69 +0.13
PNP 0.72 -0.16 1.78 -0.72 — +0.11
PBP 3.32 0.24 0.35 -2.38 — +0.12
B PCIP 2.1 -1.88 0.44 0.00 — +0.11
PHBA 4.13 -1.00 0.83 ~0.60 -0.70 +0.25
PMP 1.42 0.18 0.09 -2.13 1.06 +0.18
c PCP 0.58 0.80 -0.05 =270 -0.32 +(.11
PNP 31.54 0.55 1.16 —-1.97 — +0.10
PBP 1.08 -0.54 0.41 -3.24 — 10.13
D PCIP 0.95 -0.88 0.49 —0.31 — +0.13
PHBA 0.48 -0.96 1.84 0.10 —0.58 +0.20
PMP 0.71 0.00 0.14 —0.63 1.01 +0.16
E PCP 1.82 0.48 ~0.12 -0.17 -0.53 *0.11
PNP 5.82 0.91 -1.65 -3.03 — +0.10

“A, M NaO’H; B-E. phosphate buffers of p*H 11.0, 10.0. 7.0, and 6.0, respectively. *Chemical shifts
are expressed as p.p.m. Numbering of carbon atoms for guest compounds is as shown below. “Experi-
mental crror. OH

v X

For all systems in M NaO?H and for PHBA-containing systems in buffer solu-
tions, the probable position of the phenyl ring at which both observed H-3 and H-5
intrinsic chemical-shifts coincided with the corresponding ring-current shifts could
not be found.

Formation and stability of the inclusion complexes. — From the data pre-
sented above, it is clear that the CD—guest systems form 1:1 inclusion complexes
in the different media, with a few exceptions in M NaO?H. The stability of com-
plexes depends on the CD, guest, and solvent. For many systems, the complexes
in buffers B-E are slightly more stable than those in M NaO?H, as judged from the
K values. An extreme case is PHBA, which did not form stable inclusion com-
plexes with @-CD and 8-CD in M NaO°H. PHBA complexation was observed in
the buffer solutions, but the stability was relatively low, possibly because of the car-
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boxylate anion. It is not clear why PCIP did not form a stable inclusion complex
with 8-CD in M NaO?H, but formed one with a-CD in the same solvent, whereas
the related compound PBP formed a stable complex with 8-CD even in M NaO®H.

‘The Ky values for these systems in buffers B and C are different from those
in buffers D and E, but their relative magnitudes are not systematically related to
the identity of the guest or CD. There are no clear trends in the difference of K4
values for the a-CD and 8-CD complexes for a given guest in a given solvent.

Molecular geometry of the inclusion complexes. — For each of the complexes,
the relative magnitude and the sign of A8, for H-3 and H-5 clearly demonstrate
that the phenyl rings are inserted into the CD cavity in the same manner as ob-
served in many other complexes' 3, namely, from the secondary-hydroxyl side of
CD. There are two possibilities for the guest insertion, namely, insertion with the
p-substituent or the hydroxyl group in the lead. Earlier *C-n.m.r. studies of a-CD
complexes with substituted benzenes, including p-substituted phenols, showed that
the included lead (ipso) carbons are largely shielded as compared with the de-
shielding of corresponding p-carbons'>**3®, On this basis, in different media, the
guests are inserted into the e-CD cavity with the p-substituents in the lead (see
Table IIT). These observations are consistent with previous findings®®®:13-24.32.36
for solutions as well as for the solid state.

Since "H-n.m.r. studies”® have shown that p-tert-butylphenol and sodium p-
nitrophenoxide also penetrate into the B-CD cavity with the non-phenolic sub-
stituents leading, it is reasonable to assume that all guests investigated here behave
likewise. The nature of the lead substituent does not influence the determination of
the probable position of the phenyl ring in the cavity.

For a- and 8-CD complexes in M NaO?H, the estimated A8;,, values for H-3
and H-5 did not agree in magnitude or sign with the calculated ring-current shifts,
probably because of inappropriate assumptions in the calculation. In M NaO°H,
the CD hydroxyl-groups are ionised, so that intramolecular hydrogen bonds involv-
ing HO-2,3 are broken and the a- and B-CD rings are distorted due to the repulsive
interaction of adjacent anions. The absolute values of A8, for H-3 of a-CD and g-
CD in M NaO?H solution are small compared with the corresponding values in buf-
fer solutions, suggesting that the secondary-hvdroxy! end of the CD ring is widened
by the repulsion. It is concluded that the guest phenols stay at almost the same
position in the cavity in buffer solutions; the centres of the phenyl rings are located
at ~—0.1 A in the a-CD cavity and at ~+1.4 A in the 8-CD cavity independent
of the p-substituents and pH of the buffer solvents, where the zero position is on
the H-3 plane and the positive direction is from the secondary-hydroxyl end to the
inside of cavity. Although the most probable position of PHBA in the a- and 8-CD
cavities in buffer solutions could not be determined, it is not unreasonable to de-
duce from the magnitudes of 43, for H-3 and H-5 that PHBA also stays at a posi-
tion which is almost identical to that of the other guests in the 8-CD cavity. Fig. 3
illustrates the most probable positions for the p-substituted phenols in the a- and
B-CD cavities. The centre of the phenyl ring is approximately on the H-3 plane for
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Fig. 3. The most probable geometry of a-CD and B-CD inclusion-complexes with p-substituted phenols
in aqueous solution.

the a-CD complexes and approximately half-way between the H-3 and H-5 planes
for the B-CD complexes.

DISCUSSION

For the p-substituted phenols investigated, many of their inclusion complexes
with a-CD and B-CD are less stable in M NaO?H than in phosphate buffers, indi-
cating that the stability depends on the extent of ionisation of the CD hydroxyl-
groups, the jonisation of the hydroxyl group of the phenol being less important.
Ionisation of the CD hydroxyl-groups destroys the interglucosidic, intramolecular
hydrogen bonds involving HO-2,3 which confer rigidity on the CD molecule. Since
methylated cyclomaltohexa- and cyclomaltohepta-oses, which have geometric
properties similar to those of a-CD and -CD but differ primarily in hydrogen-
bonding capability and polarity, can form stable inclusion complexes with ben-
zenoid compounds in aqueous solution®”-*, the destabilisation of the complexes in-
volving a- and B-CD cannot be related directly to the destruction of the hydrogen
bonds. The ionisation of hydroxy! groups may result in widening of the circle of
secondary hydroxyl groups in the CD cavity due to repulsive interaction of the
ionised hydroxyl groups. Increased flexibility of the CD macrocycle in M NaO*H
has been confirmed by the '*C spin-lattice relaxation-time®!. An increased width of
the secondary-hydroxyl end of the macrocycle was suggested by the smallness of
A8, values for H-3 of a-CD and 8-CD in M NaO?H as compared with those in the
buffer solutions.

Space-filling models suggest that widening of the secondary-hydroxyl end in-
duces the narrowing of the opposite end and, hence, shallowing of the cavity. Thus,
the destabilisation of the complexes associated with ionisation of the CD hydroxyl-
groups may be attributable to the destruction of the stable hydrophobic cavity of
CD. The finding that PHBA could not form stable inclusion complexes in M
NaO?H may be also explained in this way, since, in buffer solutions, it forms stable
inclusion complexes in which the carboxylate group is located in the cavity.
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The insensitivity of the stability of the inclusion complexes to the ionisation
of phenolic hydroxyl groups can be explained on the basis of the molecular
geometry proposed above. The electrostatic interaction and the hydrogen bonding
between the hydroxyl groups or hydroxide anions of CD and phenolic compounds
are expected to disturb or stabilise the complexes, respectively®'. Space-filling
models suggest that the most probable position of the guest phenolic compounds is
as shown in Fig. 3, with the phenolic hydroxyl groups too remote to interact with
the peripheral hydroxyl groups of a-CD and fully exposed to the solvent. This situ-
ation also applies to B-CD complexes, in which the guests penetrate more deeply
into the cavity. In contrast, the ionised group included in the cavity destabilises the
complex, as can be seen in the K values for the PHBA complexes.

For all of the CD-guest systems, the phenolic rings penetrate up to almost the
same position in the CD cavity at 100% binding, irrespective of the type of p-sub-
stituent or p°H value of the buffer. For the a-CD complexes in solution, the most
probable positions of the phenyl rings determined here agree well with those in the
solid state determined by X-ray crystallography®> >*. Molecular models suggest
that ali of the phenols investigated here can penetrate up to the proposed position
without any steric contact with the atoms inside the cavity of a-CD; further pene-
tration would involve steric interaction of the hydrogens of the guest meta to the
hydroxyl group with H-5 of a-CD. The six H-5 form a ring with a radius (~3.2 A)
smaller than that (3.6 A) formed by the six H-3. Molecular models and the results
of X-ray crystallography also indicate that, in the most probable position, the
aromatic hydrogens of the guest phenols interact with H-3 and H-5 of a-CD. Thus,
the most probable position of the guest phenols in the a-CD cavity reflects a bal-
ance between steric repulsion and the driving force for the complexation. Since the
p-substituents of the phenols investigated do not interact severely with any part of
a-CD at the probable position, the slight variations in these positions may reflect
other than steric effects.

For the B-CD complexes, the ring formed by seven H-5 is large, and the
phenolic compounds can penetrate more deeply into the cavity without severe
steric interaction. The position determined to be the most probable for the centre
of the phenyl ring in the B-CD cavity corresponds well with the centre of the hydro-
phobic cavity; there are no crystallographic data on 8-CD inclusion-complexes.
Several mechanisms have been proposed for the formation of CD inclusion-com-
plexes! ~3:13:3974! byt it seems that hydrophobic interaction is the most probable.

At the probable position proposed for the phenolic compounds in the 8-CD
cavity, there is strong steric interaction between the aromatic protons ortho and
meta to the phenolic hydroxyl-groups and H-3 and H-3. Molecular models indicate
the restriction ot the motion of the included phenolic compound imposed by this
steric interaction to be larger in the 8-CD cavity than in that of ¢-CD, as also found
by 13C spin-lattice relaxation-times®' .

There are also slight differences in the proposed positions of the respective
phenolic compounds included in the B8-CD cavity, which reflect the nature of the p-
substituents.
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Thus, the stability of the inclusion complexes of a-CD and B-CD with the
phenols having p-substituents of moderate size depends on the guest, the CD, and
the ionisation state of the CD hydroxyl-groups, but not significantly on the ionisa-
tion of the phenolic hydroxyl-groups. Also, the probable position of the centre of
the phenyl rings of guests included in the CD cavity depends on the guest and the
cavity size, and is independent of the ionisation of the guest phenolic hydroxyl-
group. The dependence on the guests is relatively small and the position of the
centre of the phenyl rings varies little. The guests in the 8-CD complexes are more
deeply inserted into the cavity than is the case for a-CD.
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