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Efficient Anion Binding to Cerium(1V) Bis(porphyrinate) Double Decker
Utilizing Positive Homotropic Allosterism
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New cerium(1V) bis(porphyrinate) double decker bearing two
pairs of anion binding sites was synthesized. This anion receptor
can bind dianionic tartarate guest according to positive homotrop-
ic dlosterism. Analysis using the Hill equation afforded log K
(association congtant) = 9.33 [(mol dm=3)=?] and n (Hill coeffi-
cient) = 2.1 (+ 0.1). Thisisthe first example where “static” anion
binding has been combined with the “dynamic” alosteric system.

Cation binding has a relatively long history since the discov-
ery of macrocyclic polyethers and polyamines. In contrast, the
history of anion binding is relatively short in spite of the impor-
tance in sensing nature-originated anionic species such as phos-
phates, carbonates, carboxylates, etc. Thus, much recent research
effort has been devoted towards the exploitation of new receptors
for anion recognition. Typicd, successful examples are the heli-
cates of Hamilton? and Nabeshima,® the calix[4]pyrroles of
Sesder,* the calix[4]arenes of Reinhoudt,’ etc.® In these systems,
the anion binding occurs “statically” between one receptor site
and one guest, for which one cannot expect either switch func-
tions or alosteric functions which frequently play important roles
in nature. In order to combine “dynamic” functions with anion
recognition, we designed cerium(1V) bis(porphyrinate) double
decker”8 (1) bearing two anion recognition sites, each site consist-
ing of apair of cationic charges. It isknown that this scaffold not
only shows unique positive homotropic allosterism for guests
which can bridge two meso-substituents but also is useful to red-
ize high association constants with the aid of positive homotropic
alogterism.8° As expected, we found that 1 can bind D-tartarate
dipotasium sdlt (2) with positive homotropic alosterism with Hill
coefficient (n) = 2.
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Compound 1 was synthesized by quaternization of
cerium(lV) big[5,15-(4-methoxyphenyl)-10,20-dipyridylporphyri-
nato]® by CF;SO;Me in DMF. The product (mp > 300 °C) was
identified by *H NMR and MALDI TOF MS ([1-(CF;S05),]*
m/z1848) spectrd evidence and elementd andysis.

Thefirst key point of this experiment was selection of mess-
urement media. It is undoubted that less polar solvents are more
favorable to the electrostatic interaction but 2 is less soluble in

such solvents. To overcome this dilemma we used dicyclohexyl-
18-crown-6 (DC18C6) to aid solubility of 2. Figure 1 shows CD
spectra of 1 in the presence of 2 in various mixed solvents. It has
been established that only when two meso-substituents are bridged
by chiral guests, the double deckers become CD-active.®® In
THF.DM SO = 1:1 v/v the solution was CD-silent. The THF solu-
tion gave CD spectra but became turbid with time and the spectra
were not reproducible. On the other hand, reproducible CD spec-
trawere obtained from the “clear” THF:MeOH = 1:1 v/v solution.
In Figure 1, it is particularly noteworthy that in this mixed solvent
L- and D-2 give very strong, symmetrical CD bands, indicating
that the two porphyrin planes are twisted in opposite directions by
these two enantiometric guests. We thus decided to use this
mixed solvent as a standard measurement medium.
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Figure 1. CD spectra of 1 (1.00><10'5 mol dm™) in the presence
of D- or L-2 (1.00x10™ mol dm™®) and DC18C6 (1.00x10"> mol
dm>) in THF:DMSO=1:1 v/v (..__), THF (_._.), and
THF:MeOH=1:1 v/v (__) at 25 °C with 1.0 cm cell.

In order to estimate the stoichiometry between 1 and 2 we
measured the CD spectra at high 1 concentration (1.00 x 10~ mol
dm3) as a function of D-2 concentration (Figure 2A). The pres-
ence of isosbestic points suggests that the CD-active species is
yielded in one step from 1. Asshown in aplot of CD intensity vs.
[D-2], the CD intensity increases dmost linearly up to [D-2]/[1] <
2.0 and then is saturated, resulting in a clear breakpoint at [D-
2]/[1] =2.0. The result supports the view that (i) the association
constant (K) between 1 and D-2 is large and (ii) the CD-active
species consists of a1:2 stoichiometry.1°

The cooperative guest binding profile, if it occurs, can be ana-
lyzed according to the Hill equation: log(y/(1 —Y)) = nlog[guest] +
logK, where K and n are the association constant and Hill coeffi-
cient, respectively and y = K/([guest] ™ + K).11

In order to determine the K we decreased the 1 concentra-
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Figure 2. (A) CD spectral change of 1 (1.00><10'4 mol dm'3)
and (B) plots of CD intensity (at 453.5 nm) vs [D-2] at 25 °C
with 1.0 mm cell. At [D-2]/ [1] > 2.4, the solution became
turbid because of precipitated D-2.

tion to 1.00 x 107 mol dm=3 (Figure 3).12 Very interestingly,
the plot shows a sigmoidal curvature characteristic of positive
homotropic alosterism: that is, the binding of first D-2 facili-
tates the binding of second D-2.
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Figure 3. Plot of CD intensity (at 453.5 nm) vs [D-2]:
[1]=1.00x10_5 mol dmi>: for other measurement conditions see a

caption to Figure 1.

From analysis of the data according to the Hill equation™
we obtained log K = 9.33 [(mol dm=)2] and n = 2.1 (+ 0.1)
(correlation coefficient 0.98). The results clearly establish that
the binding of dianionic D-2 to 1 occurs “cooperatively”. This
process can be illustrated as in Figure 4: that is, the first anionic
guest binding is achieved by the electrostatic interaction with
two cationic charges, but this process is not energetically favor-
able because the AH gain from the electrostatic interaction is
effected by the AS penalty arising from the suppression of the
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porphyrin plane rotation. On the other hand, the second anionic
guest binding is readily achieved because the remaining two
cationic charges are aready preorganized for guest binding.

Figure 4. Schematic representation of allosteric binding of
dianionic D-2 guests to tetracationic 1 host.

The foregoing findings indicate that the binding of the first

dianionic guest suppressed the rotational freedom of the two
porphyrin planes and the remote second binding site is aligned
for the highly cooperative binding of the second guest. As a
result, two pairs of cationic chargesin 1 can cooperatively bind
these dianionic guest molecules with high association constants
and give CD-active species. We believe that the concept
demonstrated in the present system will help in further develop-
ment of new receptor system for anion recognition.
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