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Novel water-soluble bowl-shaped cyclophanes 1 and 2
were synthesized. Complexation study in 25% aqueous
methanol revealed that 1 and 2 form 2:1 (host/guest) complexes
with 1-anilinonaphthalene-8-sulfonate (ANS). The emission
wavelength of ANS encapsulated by 1 and 2 as well as the
related monocyclic cyclophanes was usefully employed to
demonstrate that the host/guest ratio of the complex significantly
affects the micropolarity of the guest-binding site of these
cyclophanes.

In the active site of enzymes, the catalytic functionality is
usually embedded in the hydrophobic cavity or cleft.! It is well-
recognized that such an apolar microenvironment around the
functionality leads to the unique features of the enzymatic
reactions. We have been investigating on the synthesis and
application of the bowl-shaped molecules with an intracavity
functionality, which we refer to as "reaction bowls" (Figure 1).2
It is expected that their water-soluble derivatives will provide a
novel type of hydrophobic reaction environment having the
above-mentioned geometrical features of the active site of
enzymes. Furthermore, their properties as a host molecule are
also of interest because there have been only a few examples of
water-soluble host compounds bearing a bowl-shaped structure
except cyclodextrins.34  Here we report the synthesis and
unique complexing behavior of the water-soluble reaction bowls
1 and 2. The estimation of the hydrophobicity of their guest-
binding sites is also delineated.

Figure 1. Schematic drawing of a
"reaction bowl".

Compounds 1 and 2 were designed as the water-soluble
analogs of the bowl-shaped bimacrocyclic cyclophane we
reported previously.?b  In these molecules, the ionic centers
providing water-solubility are located in the peripheral positions
remote from the cavity so that the hydrophobic character of the
cavity and the properties of the intracavity functionality are not
perturbed by strongly hydrated charge centers.> Cyclophanes 1
and 2 were synthesized by the initial construction of the outer
macrocycle followed by bridging with orcinol and subsequent
transformation for water-solubilization (Scheme 1).6.7
Monocyclic cyclophanes 3 and 4 were similarly prepared as the
reference compounds. It was found that the octamethoxy
derivatives 2 and 4 have higher critical micelle concentrations
(CMCs)3 than the unsubstituted compounds 1 and 3.9
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4 Reagent: (a) CspCO3, DMF, r.t., 9: 28%, 10: 25%, 19: 18%, 20: 22%: (b) LiEt;BH,
THF, r.t., then CH;COCI, K;CO3, CHCI, rt., 11: 79%, 12: 70%; (¢) PBry, 1.4-
dioxane, 60 °C, 13: 94%, 14: 80%; (d) K,CO3, DMF, r.t., 15: 85%. 16: 56%; (e}
LiEt;BH, THF, r.t., 17: 88%, 18: 66%:, 21: 93%, 22: 63%; (/) CH3l, K,CO3, acetone,
then Dowex® 1X8-400 (CI7), 1: 73%, 2: quant, 3: 80%, 4: 91%.

The complexing behavior of cyclophanes 1,2, 3, and 4
was investigated by using l-anilinonaphthalene-8-sulfonate
(ANS)!0 as a guest compound in 25% aqueous methanol in
concentration below the CMCs. The fluorescence intensity of
ANS was markedly enhanced in the presence of the host
molecules, and non-linear least square analysis of the titration
curves indicated the formation of 2:1 (host/guest) complexes for
1,2, and 4 and a 1:1 complex for 3. The calculated association
constants are shown in Table 1, which indicates high complexing
ability of these cyclophanes. The behavior of 1, 2, and 4 is of
note because formation of a 2:1 complex between a cyclophane
host and an organic substrate in aqueous solution is quite
unusual. Whereas guest-encapsulation by a hydrogen-bonded
dimer of self-complementary molecules in apolar solvents has
been recently attracting much attention,!! 2:1 complexation by the
hydrophobic interaction has been found only in some
cyclodextrin complexes.!2  The CPK model examinations
indicate that the shallow bowl-shaped structure of the bicyclic
cyclophanes 1 and 2 prevent full inclusion of the gucst molecule,
ANS, whereas their capsule-shaped dimers can readily
encapsulate it. It is of interest that the octamethoxy-substituted
monocyclic cyclophane 4 also forms a 2:1 complex although the
unsubstituted 3 undergoes more common l:1 complexation.
These results can be explained by assuming that in the case of 4
partial inclusion of the guest molecule from one side of the cavity
changes the shape of the cyclophane to the cone-like structure and
the methoxy! groups on the other side prevent the guest molecule
from slipping into the cavity. This situation is similar to those of
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1 and 2. On the other hand, the guest molecule can penetrate
through the cavity of cyclophane 3 without methoxyl groups,
resulting in 1:1 complexation.

Table 1. Association constants” and maximum emission wavelengths of the
complexes between cyclophanes and ANS in 25% aqueous methanol at 27 °C

compound host/guest K, wavelength
1 bicyclic(R=H, X =H) 2:1 64x10°M2 478 nm
3 monocyclic (R =H) 1:1 47%x10°M! 494 nm
2  bicyclic(R=0Me,X=H) 21 45x10'M? 474 nm
4 monocyclic (R = OMe) 2:1 15%x10°M2  474nm
none 517 nm

“Determined by fluorometric titrations.

The emission wavelength of ANS has been usefully
employed to estimate the micropolarity of the binding sites of
various host compounds such as water-soluble cyclophanes!0c
and cyclodextrins!% as well as enzymes.!?> The measurements
on the complexes between ANS and cyclophanes 1, 2, 3, and 4
revealed that the host/guest ratio of the complex significantly
affects the hydrophobicity of the guest-binding site of these
cyclophanes.  Figure 2 shows the relationship between the
maximum emission wavelengths in various solvents and the
empirical polarity scale Z.1415 1In the absence of the host
molecule, the wavelength of 517 nm was observed in 25%
aqueous methanol.  Addition of cyclophanes 1, 2, 3, and 4
caused strong blue shifts as shown in Table 1 and Figure 2(A).
Particularly noteworthy is that compounds 1, 2, and 4, which
form a 2:1 complex with ANS, showed a remarkable blue shift of
ca. 40 nm, twice as large a value as that observed for compound
3 which exhibits 1:1 complexation. The micropolarities of the
binding sites of these cyclophanes are estimated to be nearly
equal to 75% aqueous methanol for 3 and to methanol or ethanol
for 1, 2, and 4, respectively. These results suggest that in the
2:1 complexes the closed shell formed by two molecules of the
cyclophane encapsulates ANS as schematically depicted in Figure
2(B), thus providing a strongly hydrophobic microenvironment
for it, whereas in the 1:1 complex a larger part of the guest
molecule is exposed to the polar bulk phase.
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Figure 2. (A) Maximum emission wavelength of ANS in various solvents
(solid circles) related to the empirical polarity scale, Z, and that in the
presence of 1, 2, 3, and 4 in 25% aqueous methanol (open circles). The
excitation wavelength is 375 nm. (B) Schematic drawing of the 2:1 complex.
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In summary, novel water-soluble bimacrocyclic
cyclophanes were synthesized and found to make 2:1
complexation with ANS. It is probable that their shallow bowl-
shaped structure, which is suitable for the formation of the
capsule-shaped dimer, led to their unique complexing behavior.
Further investigations on the introduction of a variety of
intracavity functional groups and the estimation of the
micropolarity around the functionality are currently in progress.
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