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SUBSTRATE SELECTIVE INCLUSION BY A SERIES OF WATER-SOLUBLE PARACYCLOPHANES
—— HOST-GUEST RECOGNITION OF STERIC STRUCTURE AND CHARGE -——

Kazunori Odashima, Tsunehiko Soga and Kenji Koga*

Faculty of Pharmaceutical Sciences, University of Tokyo
Hongo, Bunkyo-ku, Tokyo 113, Japan

Abstract: Substrate selective complex formation was observed between a series of water-
solubTe paracyclophanes (1a b,2) and organic guests in acidic aqueous solutions, and this
selectivity was shown to be based upon the host-guest recognition of steric structure and charge.

Substrate selective inclusion by host molecules such as enzymes, antibodies and receptors,

which is the initial step in many important biological reactions, is one of the significant
bases for the extremely high efficiencies that are widely observed in these reactions.
Considering that the selectivity in substrate inclusion is mainly based upon the well-defined
structure of the inclusion cavities of these biological host mo]ecu]es,] it is worthwhile to
systematically study substrate selective inclusion of organic guest molecules by artificial host
compounds having an inclusion cavity of definite structure.

We have recently reported that a novel water-soluble paracyclophane, CP44,2a’3 forms 1:1
inclusion complexes of particular geometry with organic guest mo]ecu]es,2b and that modification

of the cavity of CP44 results in a marked change of complexing abih'ty.2c

These results
strongly suggest the formation of inclusion cavities of definite structure, which made us to
expect substrate selective inclusion by this type of paracyclophanes. In this paper we describe
the first systematic study4 of substrate selective inclusion exhibited by a series of water-

soluble paracyclophanes in aqueous solutions.

The hosts examined are la (CP44), 1b (CP56) and 2, having cavities of different size and/or
hydrophobic area.5 Complex formations between these hosts and the guests having a variety of
steric structure and charge were measured quantitatively by fluorescence or qualitatively by
]H NMR in acidic aqueous so]utions.3 The following results were obtained, showing interesting
features exhibited by these host compounds.
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(1) As shown in Table 1 all the three hosts formed strong complexes with the anionic guests
having a naphthalene ring (3~ 8: K> ]03 M']). Weaker, but relatively strong complex formation6
was observed for the anionic guests having a benzene ring (19,11). On the contrary only weak
complex formation was observed for the anionic guests having a quite different structure from
the aromatic guests (12,1§).7

(2) As for the guests having a naphthalene ring, CP44 showed selectivity for the g-
substituted naphthalenes (3,g,§,g), whereas CP56 and 2 showed selectivity for the o-substituted
naphthalenes (§,§,z).

(3) Host 2 formed stronger complexes than CP56 by a factor of 10 to 17 with all the guests
examined.

(4) A11 the three hosts formed stronger complexes with the dianion guests (7,8) than with
the corresponding monoanion guests (5,6). Furthermore only weak complex formation was observed
for the aromatic guests having positive charge(s) (15,15).8

Table 1 Stability constants (Kg [M']]) of the 1:1 host-guest complexes?® <C:j>—50;a (19
b b b
Guest cPas cP56 2 ks = 7.4x1020°]
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(2.7) (1.0) {Cpa4)

3

(5) 1.5 x 10° 3.8 x 10 5.3 x 100 CH3(CHp)s 505
©© N (0.39) (1.0) (14)
<0 ® s 3 . (12)
: 1.9 x 10 2.9 x 10 3.0 x 10
8 (6.4) (1.0) (10)

(]
SO
} 3 5 6
©© (7) 4.4 x 10 1.1x 10 1.4 x 10 o
~ (0.041) (1.0) (13) 035~ o
©0,5
3 soy 1.8 x 10° 3.3 x 10 3.2 x 10° (13)
0,5 O (5.5) (1.0) (06 .
HO OH 2.8 x 103 2.6 x 10° 4.3 x 163 H3NNH3
(9} an (1.0) (17)

(a) Determined by the competitive inhibition method using 3 or 4 as (13)
fluorescence probe. KC1-HC1 buffer (pH 1.95); 25.0+0.1°C;
excited at 375nm; measured at 505nm (3) or 495nm (4). ®

(b) Protonated form under the acidic condition. ) @CHZNH3

(c) The values in the parentheses are the relative stabilities of
the complexes of CP44 or 2 compared with those of CP56, i.e., (15)

Ks (CP44 or 2) / Kg (CP56) for each guest. w2
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)2a shows the

The previous X-ray study (CP44.4HC1-durene complex
formation of an inciusion cavity having rectangularly shaped open ends
(3.5x 7.93 ). The shorter width (3.53 ) is very close to the thickness
of an aromatic ring, and this fitness may explain the aromatic

9,10 In addition the
2c

selectivity described in (1) (3~11 vs. 12,13).
previous studies on the bases of 1H NMR2b and host modification
suggest that the small cavity of CP44 includes a naphthalene ring in

"Pseudoaxial" inclusion

pseudoaxial geometry, and that the large cavities of CP56 and 2 include by CPA

it in equatorial geometry (Figure 1). These may cause, from steric

effects, CP44 to prefer p-substituted naphthalenes and CP56 and 2 to g:::>
prefer a-substituted naphthalenes. Thus the a- and g-selectivities @O S HN
described in (2) may be explained. The previous study2C also show F1'3' <A< H

that the complex formation of host 2 with 3 is an order of magnitude
stronger than that of CP56, and the same tendency is observed in the
present study for all the guests examined as described in (3).

Considering that the both hosts would have a cavity of similar size, "Equatorial® inclusi
quatorial" inclusion

the stronger complex formation by host 2 may be explained by the larger
~ by CP56 or 2

hydrophobic area of its cavity that brings about the better fitness
with the guests.]1 Figure 1

Thus all the observations described in (1)~ (3) are consistent with the previous studies,2
and it is therefore reasonabie to conclude that fitness of steric structure is one of the
important factors for a strong complex formation by this type of paar'acyc1ophanes.1za On the

other hand the observations in (4) clearly indicate that electrostatic interaction (with the
12b

positively charged hosts) is another important factor for a strong complex formation.
Furthermore either factor alone is not sufficient as exemplified by the very weak complex
formation of CP44 with 12, 13, 14 and 15; both these factors must be satisfied to form a strong
complex. Thus substrate selective inclusion based upon the host-guest recognition of steric

structure and charge (multiple recognition)]3 is successfully exhibited in a predictable manner

by this type of paracyclophanes in aqueous solutions.

Considering in addition that the recognition of steric structure by this system is

remarkably stlr'ict]4

over the benzenes (g VS, [9,11,1?,1}; 6 vs. Z,l]),]s chemical modifications of these hosts may

as exemplified by the selectivity of CP44 for the g-substituted naphthalenes

afford an effective system for strict discrimination between the organic guests having slightly
different steric and/or electronic structures.
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