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DYNAMIC MOLECULAR MOTIONS OF GUEST MOLECULE INCLUDED
IN MODIFIED RB-CYCLODEXTRINS
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Upon inclusion in capped B-cyclodextrin, the overall reorientational
motion of doubly deuterium labeled p-methylcinnamic acid slows down by a
factor of 14 compared with that in an aqueous solution but the internal
rotation of the methyl group still remains free.

In order to design sophisticated host molecules such as artificial
receptors, it is important to understand the nature of "recognition”
interactions between hosts and guests.l) Cyclodextrin is one of most
interesting host molecules which are suitable for the investigation of such
molecular recognitions, because cyclodextrin can be easily modified to
introduce various types of recognition groups in addition to its basic
hydrophobic cavity.z) Although the static aspects of the molecular
recognitions by cyclodextrins have been extensibly investigated by measuring

thermodynamic parameters,2'3)

little is still known about their dynamic
aspects except those of unmodified cyclodextrins,4) which suggest an guest
molecule in the cyclodextrin cavity rotates relatively freely but highly
anisotoropically along the z axis (see Chart I). In this paper, we wish to
report the effects of the modified B-cyclodextrin on the molecular motion of
the guest molecule, which is measured directly by the deuterium quadrupolar
relaxation method.3) The data obtained here indicate that the additional
recognition groups on R-cyclodextrin restrict the molecular motions of the
benzene ring of the guest but not necessarily the internal rotation of its
small substituent such as the methyl group.

Doubly deuterium labeled p-methylcinnamic acid (G) which was first
applied by Lehn et al. to the estimation of the molecular motion in the
o-cyclodextrin inclusion complex,4b) was employed as the guest and g-, (Cy),

6)

6-trimethylammonium-8-, (cyN'),®) a,c-6,6'-bis (trimethylammonium)-8-,

(CyN%+),7) and A,C-carbazole capped-f-cylodextrin, (Cap),8) were chosen as
z ) CO3 X Y Cy :X=Y=H
D
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CyNz: X=Y=R(CHa),
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hosts. The association constant of each host-guest couple (K) was determined
spectroscopically by the competitive binding of G with methyl orange.g)

Since, in the case of a-cyclodextrin, the formation of the 1:2 complex
(guest/host) was reported, the possibility of the similar 1:2 complexation in
the present g-cyclodextrin host series was also checked by the conductometric
measurement reported by Laufer et al.l0) The results, however, did not suggest
the existence of such a 1:2 complex under the present condition, i.e., for
example, the association constant between G and Cy was measured to be 440 t 50

M-l by spectroscopic measurement or 470 + 40 M—1 by conductometric measurement

and that for the 1:2 complex (G-Cyz) was less than 20 M_1 if existed.
Therefore, only the 1:1 complexes were considered in the following analysis.
all lH-NMR data were collected by a JEOL GX-400 NMR spectrometer. The
deuterium relaxation times (Tq) for Dl and D2 were obtained by the computer
aided line shape analysis of 18 nucleus of G coupled with the corresponding
deuterium including the natural line width parameterll)(Fig 1). After

correction of T, with association constant according to eq. 1,4b'12)two

molecular corre?ation times of G,‘tg (for the overall reorientation) and ‘té
(for the internal rotation of the methyl group in G), were calculated by the
method employed by Lehn.4bP) since it is well established that, at the present
temperature, the rotational barrier between the double bond and the benzene
ring is sufficiently high,4b) the’tg value thus obtained for D? is the good
index of the molecular motion of the benzene ring. The association constants

and molecular correlation times are summerized in Table 1.

obs
q

complex free

1/T = ot/Tq + (1—0L)/Tq (a: fraction of complexes) eq.l

a) free olefinic H methyl H

5Hz
e e
Fig.1l. 1H—NMR spectra of G: (——) observed and (e¢++++) simulated line
shapes. pD=7.0, 35°C, [G]=3 x 10™3 M, [Cap]=5 x 10”3 M.
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Table 1 Molecular Correlation Times ( 1&) and Association

Constants of Deuterium Labeled p-Methylcinnamic Acid (G)a)

Host kML) ™ (ps) T (ps)
q q
D 20 + 1 <19
cy 440 t 50 73 ¢+ 2 19 ¢t 5
cynt 720 t 60 106 + 10 53 & 10
CyN§+ 790 £ 100 150 + 8 <19
Cap 3200 * 500 270 13 <19

a) 35 ¢ 1°C, pD 7.0 in D20. b) without the host molecule.

c) the values smaller than the experimental error limits.

The association constants for CyN+-G, CyN§+-G and Cap+G, as expected, are
1.6, 1.8 and 7.3 times larger than that for Cy-.G, due to the additional

recognition interactions, e.g., the Coulombic interaction between ammonium and
2+
2

respectively. The most striking result in the present work is

carboxylate ions in CyN+-G, CyN
13)

*G and the expanded hydrophobic interaction
in Cap-G,
that the stronger host in the sense of the association constant restricts the
overall reoriention of the guest molecule more significantly. Thus, the

correlation times,'rM, of G included by Cy, CyN+, CyN§+

2.2, 3.6, 8 and 14 times larger, respectively, than that in the free state.

and Cap become ca.

Since the correlation time for the overall reorientation of the B-cylodextrin
inclusion complex usually lies in 400-700ps,4c_f) the dynamic coupling
coefficients for the benzene ring of G and Cap ('tg(G in Cap)/‘tg(Cap)) may be
estimated to be larger than ca. 0.4, which indicates the existance of the
appreciable coupling between the molecular motions of G and Cap.

In contrast, the unexpected free internal rotation of the methyl moiety
of G 1ncluded by Cap (small't for Cap+G) are observed, 14) though those for
Cy*G and CyN *G are 51gn1f1cantly restricted (see Table 1). Although the
situation is still too complicated for the definite conclusion, in the case of
Cap, the low local dielectric constant in the cavity is one of possible
answers which explain this free internal rotation of the methyl moiety in
cap-G.13)

The relationship between K and'tM found in this work indicate that, in
the present case, the rotational barriers of benzene ring in hosts (AG;et) are
almost proportional to the free energy changes for the complexation between
hosts and G(agg__).5
the artificial receptor, because this type of the information makes it

This new finding is very important for the design of

possible to estimate the degree of the entropy loss due to the restriction of
the molecular motion of the guest upon inclusion. Further detailed
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investigations, including the determination of activation energies for

molecular motions of guests in a wide variety of hosts, are now under way.
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