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ABSTRACT

A novel multiregulation system of ion recognition was constructed by utilizing a molecular gate. Interaction between the host and an Ag+ is
controlled with an Na+ ion.

The design and synthesis of artificial systems for regulation
of ion recognition utilizing external information at the
molecular level, i.e., metal ion, electron, organic molecule,
have attracted much attention.1 The method of controlling
the molecular functions by an external effector is important
for constructing intelligent and responding molecules. All-
or-none regulation of guest recognition, however, seems
to be very difficult even by using this strategy because
guest binding via an induced-fit mechanism is only mini-
mally inhibited. To break through this problem, we intro-
duced a concept of a redox gate for all-or-none Ag+

recognition by quantitative redox reactions between thiol and
disulfide.2

An alternative useful way to construct a molecular gate
would be to utilize complexation between a transition metal
and ligands, because metal coordination is often reversible
and proceeds quantitatively and very quickly. Thus, we have
designed novel calix[4]arene3 derivative1 bearing two 2,2′-
bipyridine moieties and two ester groups. The host1 is
expected to recognize an alkali metal ion, because ester

groups on the lower rim of the calixarenes bind to alkali
metal ions.4 The binding strength and selectivity are varied
significantly by changing the substituents on the lower rim.
If suitable metal ions are chosen, multiple regulation of ion
binding should be achieved on the basis of the concept of a
molecular gate. Namely, complexation of1 with a transition
metal (M) possessing moderate affinity to1 restricts com-
plexation of1 with an alkali metal (M1) possessing weak
affinity to the ester moieties of1 by closing the gate. To the
contrary, recognition of M is disturbed by an alkali metal
(M2) with strong affinity (Figure 1). Here we have achieved
such a sophisticated regulation system for recognition of Ag+,
K+, and Na+ as M, M1, and M2, respectively.

Bisbipyridyl calix[4]arene25 was treated with methyl
bromoacetate in the presence of NaH to give1 in 47% yield
(Scheme 1).6

The difference in the1H NMR chemical shifts (∆δ 1.33
ppm) between the two kinds of methylene groups in the
calix[4]arene and13C NMR signal (δ 31.7 ppm) for the
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methylene groups in the calix[4]arene skeleton clearly shows
the cone conformation of1.4a,7

We chose Ag+ as a transition metal effector to the gate,
because Ag+ would react with two bipyridines to give a
tetrahedral or distorted tetrahedral complex.8 Ag+ caused a
red shift of the absorption maximum of1 from 290 to 300
nm (Figure 2). The Job plot using the absorption at 290 nm
supports the quantitative formation of the 1:1 complex. In
1H NMR (toluene-d8:CD3CN ) 6:5), significant changes
were observed in aromatic, CH2-bpy, and CH2CO2 methylene
protons up to 1 equiv of Ag+. These results indicate the
complexation between Ag+ and the two bipyridine moieties
of 1. The accurate association constantKa between1 and
Ag+ was too large to be determined by using the spectro-
scopic methods.9 Thereby, the binding site of1 to alkali
metal ions is expected to be closed effectively by the
bipyridine-Ag+ complexation. In2, complexation occurs
similarly.

The binding affinity of1 and2 to alkali metal cations was
evaluated by1H NMR. NaPF6 or KPF6 did not cause
detectable spectral changes of2 due to the lack of ester

groups. On the other hand, 1 equiv of NaPF6 resulted in new
signals of1 ascribed to formation of the Na+ complex, and
those of free1 disappeared completely in the presence of 1
equiv of Na+. 1H NMR titration shows nearly quantitative
1:1 complexation with 1 equiv of Na+. An accurate binding
constant was not determined due to the high affinity to Na+,9

but in K+, the nonlinear regression analysis affordsKa (200
( 25 M-1) (Figure 3). This high Na+ selectivity is caused
probably by the size effect of the cavity.10

NaPF6 (1 equiv) did not affect the1H NMR spectrum
(toluene-d8:CD3CN ) 6:5) of 1‚Ag+, although colorless
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Figure 1. Regulation of ion recognition by gating.

Scheme 1. Synthesis of Host1.

Figure 2. UV-vis spectral changes of1 by the addition of AgNO3
in CH3CN:CH2ClCH2Cl ) 1:10. [1] ) 1.92× 10-5 M.

Figure 3. 1H NMR spectral changes of1 by the addition of KPF6
at 300 MHz in toluene-d8:CD3CN ) 6:5. [1] ) 2.00 × 10-3 M.
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precipitates appeared.11 However, an additional 1 equiv of
NaPF6 caused disappearance of the signals of1‚Ag+ and
appearance of new signals assigned to1‚Na+. The value of
Ka(Na+)/Ka(Ag+) determined from the ratio of [1‚Na+] and
[1‚Ag+] in the 1H NMR spectra is 2.5. Hence, the complex
1‚Ag+ releases an Ag+ ion and captures an Na+ ion instead
because of the lower affinity of1 to Ag+ than to Na+.

Interestingly, even excess KPF6 did not cause a spectral
change of1‚Ag+ (Figure 4). This fact shows that the
recognition of K+ with host 1 was suppressed completely
(all-or-none regulation) by closing the gate via complexation
between the two bipyridine moieties of1 and Ag+. Conse-
quently, this system is a multiregulation system of ion
recognition, i.e., Ag+ and K+ binding are regulated by Na+

and Ag+, respectively.
In conclusion, we have designed and synthesized1 with

two bipyridines that act as a gate in the guest recognition
site. The recognition of K+ is completely suppressed by
addition of Ag+. This gate system utilizing the coordination
of a transition metal will provide a general and useful strategy

to regulate molecular function by an external effector, and
further development as a multiregulation receptor is also
expected. Now we are working to incorporate a coordinating
gate into artificial receptors for organic molecules.
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Figure 4. 1H NMR spectral changes of1‚AgNO3 by the addition
of KPF6 at 300 MHz in toluene-d8:CD3CN ) 6:5. [1‚AgNO3] )
2.00× 10-3 M.

Org. Lett., Vol. 4, No. 19, 2002 3209


