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Complexation of methylammonium salts and
sugar-related alcohols with resorcinol cyclic
tetramer in water: An implication of the
CH-r interaction on polar guest binding

KENJI KOBAYASHI, YUJI ASAKAWA and YASUHIRO AOYAMA*

Department of Chemistry, Nagacka University of Technology, Kamitomioka, Nagaoka, Niigata 940-21, Japan

( Received August 20, 1992)

Methylammonium cations and sugar-related alcohols are bound to
the tetrasulphonate derivatives 1a—1c of the resorcinol cyclic tetramer
in water. With respect to the change in substituent X on C-2 of the
benzene rings of the host, both 1b (X = CHj, highly hydrophobic and
moderately electron-donating) and 1¢ (X = OH, highly hydrophilic and
highly electron-donating) exhibit higher binding abilities than the
parent host 1a (X = H). These results suggest that the CH-n
interaction, involving polarized C-H bonds of the guest and
electron-rich benzene rings of the host, makes a substantial
contribution to the guest-binding process. Host 1c even binds more
hydrophilic dioxygen-functionalized sugar models (cis-1,2-cyclo-
hexanediol, 2-oxacyclohexyl-1-carbinol and 2-oxacyclopentyl-1-
carbinol) more strongly than the corresponding more hydrophobic
mono-ols (cyclohexanol, cyclohexylcarbinol and cyclopentylcarbinol).

INTRODUCTION

Better understanding of intermolecular forces is a
central theme of molecular recognition.! Dougherty
and coworkers? have reported on the complexation
of a new type of aromatic host and methylammonium
guests in water. Systematic variation in guest structures
led them to conclude that the primary binding force
is a cation-n interaction between highly polarized
CH,-N* moieties of the guest and electron-rich
aromatic rings of the host. On the other hand, we have
recently found that the water-soluble resorcinol cyclic
tetramer 1 binds relatively hydrophobic sugar deriva-
tives in water.3 We were able to change the substituents
on the host benzene rings (1a, 1b and 1¢)* and thereby
showed that guest—host CH-n interaction is at least
partially responsible for the present sugar-cyclophane

*To whom correspondence should be addressed.
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complexation. In the present work, we have investigated
the complexation of methylammonium salts and
cyclic alcohols as simplified models of sugars. We
report here that the CH-x interaction indeed plays an
essential role in the binding of polar guests.

The interaction of tetrasulphonate host 1° (Chart
1) and various guests in unbuffered D,O0 was
investigated by H-NMR spectroscopy at 25°C. The
host has substituents H (1a), CH; (1b), or OH (I¢) on
the 2-positions of the benzene rings. The intention of
these modifications is to change the hydrophobicity
of the guest-binding aromatic cavity as well as
changing the electron density of the benzene rings.
The guests studied are tetramethyl- (2), trimethyl- (3),
dimethyl- (4), and methylammonium chloride (5),
ammonium chloride (6), choline chloride (7), acetyl-
choline chloride (8), tert-butanol (9), cyclohexanol (10),
cis-1,2-cyclohexanediol (11), cyclohexylcarbinol (12),
2-oxacyclohexyl-1-carbinol (13), cyclopentylcarbinol
(14), and 2-oxacyclopentyl-1-carbinol (15) (Chart 1).

As in the previous case of sugar binding> the
complexation was conveniently followed by monitoring
either guest-induced downfield shifts of aromatic H-5
of host 1 or host-induced upfield shifts of the
guest-proton responances as a result of the ring-
current effect of the benzene rings of the host. Both
of these exhibited saturation with increasing guest or
host concentrations. The saturation shift for the methyl
protons of guest 2, for example, was found to be as
large as 3.6 ppm. This result, coupled with the binding
selectivity presented below, indicates that the methyl
groups of 2 are incorporated in the polyhydroxy
aromatic cavity of host 1a,°> and direct ammonium
sulphate guest-host electrostatic interaction, if any,
plays only a minor role. This binding geometry is also
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R1
1
RZ._';]+_R4.C|'

R3
2R'=RE=R’=R*=CH,
3:R'=R?=R>*=CH,, R*=H
4:R'=R?=CH, R*=R*=H
5:R'=CH,, R°=R°=R*=H
6:R'=R*=R’=R*=H
7:R' = R? = R® = CHj, R* = CH,CH,0H
8 R =R*=R®=CH, R*= CH.CH,0GCH;8

12: R = (CHy),SO;Na; X = H CHs
1b: R = (CHy),SO;Na; X = CH, CH—G—OH

CH,
1C:R= (CH2)2803N3, X =0H 9

OH HO OH OH OH
0o —OH <?7/'0H
10 11 12 13 14 15
Chart 1

Table 1 Binding constants (K) for the complexation of hosts 1a, 1b and Ic with various guests in D,0 at 25°C

K(M™1)
Guest 2 k] 4 5 6 7 9 10 11 12 13 14 15
Host
1a 160 30 3 <1 <1 240 360 4 16 14 30 29 19 18
ib 1500 1700 2000 19 130 80 200 180 100 90
e 1800 2100 1800 24 64 80 92 160 60 80

supported by NOE measurements.* The binding
constants ( K) were evaluated, as summarized in Table
1, by the Benesi-Hildebrand analysis (r > 0.99 in every
case) of the titration data for the aromatic H-5
resonances of the host (0.5 ~ 2mM) in the presence
of varying amounts of the guest.
Trimethylammonium salt 3 shows a greater binding
ability than its neutral counterpart 9, exemplifying a
sort of charge effect, as has already been noted by
Dougherty et al.? This is, however, not a simple charge
effect. In fact, there is a remarkable span in the K
values of host la for a series of ammonium salts,
decreasing in the order 2 >3 >4 > 5 and 6. Some
kind of apolar interaction involving the methyl groups
polarized by a nitrogen positive charge must come

into play. Examination of the effects of substituents
in the host reveals some essential aspects of this

* Irradiation of the methyl protons of guest 2 bound to host 1b
resulted in an NOE at the aromatic 2-CH, groups of the host, but
not at its sulphonated side chains.

interaction. For every guest, both hosts 1b (X = CH;,
highly hydrophobic and moderately electron-donating)
and 1c¢ (X = OH, highly hydrophilic and highly
electron-donating) show significantly larger binding
constants than the parent host 1a (X = H). Thus, the
electron density or the n-basicity of the benzene rings
of the host is an important factor. This is taken as
evidence that, in collaboration with the hydrophobic
effect, the CH-n interaction?"3¢ involving polarized
C-H bonds of the guest and electron-rich benzene
rings of the host makes a substantial contribution to
the present guest-binding process.

An interesting aspect shown in Table 1 is the relative
binding abilities of hosts 1b and 1¢ toward three pairs
of sugar-related neutral alcohols, i.e. mono-ol 10 and
diol 11, six-membered carbinol 12 and pyranose model
13, and five-membered carbinol 14 and furanose model
15. Host 1b (X = CH,) of an enhanced hydrophobicity
binds, as expected, the more hydrophobic counterparts
more strongly than the less hydrophobic ones, ie.
10 > 11, 12 > 13, and 14 > 15. In marked contrast,
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the opposite is true for the more electron-rich and less
hydrophobic host 1¢ (X = OH). This might be because
an additional oxygen functionality in guests 11, 13,
and 15 polarizes the adjacent C-H bonds more
effectively so as to allow a better CH-n interaction
with the highly electron-rich dialkyltrihydroxybenzene
rings of host 1¢. This interpretation provides an insight
into the significance of the structure of sugars. They
have many such oxygen-activated C-H bonds. X-ray
crystallography for sugar-protein complexes in fact
indicates that the sugar C-H bonds are stacked or
even sandwiched with the aromatic amino acid side
chains of the protein.’
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