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Abstract—Silver ion oscillation through calixtube of 1,3-alternate calix[4]crown-5-azacrown-5 and 1,3-alternate calix[4]-bis-aza-
crown-5 was investigated by temperature variable 1H NMR experiment. The latter (symmetrical calix-bis-azacrown-5) showed an
intramolecular metal ion tunneling through �-basic calixtube while the former did not. © 2001 Elsevier Science Ltd. All rights
reserved.

Calixcrown ethers have been of intensively interest in
the selective metal ion recognition.1–3 The 1,3-alternate
calix[4]crown and calix[4]-bis-crown type receptors
present structural peculiarities.4 They provide two bind-
ing sites departed on both sides of the calixarene and
linked to each other by a �-basic benzene tunnel.5–8

This symmetrical arrangement is well adapted for the
formation of 1:1 and 1:2 metal complexes. For example
in the 1:1 complex with 1,3-calix[4]-bis-crown-5, the
cation switches from one binding site to the other,
so-called ‘metal oscillation’ through the �-basic benzene
tunnel.9 Previously, Shinkai group reported that the
replacement of the central O donor atom by N-butyl
group in a crown loop leads to 1,3-alternate
calix[4]azacrowns acting as an artificial ‘molecular
syringe’ that silver ion locates in the azacrown cavity at
neutral pH, but by protonation it moves to the other
part through the calixtube because of significant repul-
sion between +N�H and the Ag+ ion.10,11 From the
reported results, our curiosity has been stimulated on

the Ag+ ion oscillation in the 1,3-alternate
calix[4]crown-5-azacrown-5 (1)12–15 and in the 1,3-alter-
nate calix[4]-bis-azacrown-5 (2).12,15

Temperature dependent 1H NMR experiment showed
1:1 complex ratio between 1 and Ag+ ion as shown in
Fig. 1. It has been noted that the Ag+ ion was not
encapsulated in the center of an azacrown loop, but
rather perching on the azacrown loop due to size
disagreement between the azacrown cavity and the Ag+

ion.10 So, at 246 K, meta-hydrogen atoms (Ha and Hc)
toward azacrown part were found to move downfield as
two doublet peaks at � 7.40 (Ha) and at � 7.55 (Hc),
respectively because the Ag+ ion was unsymmetrically
bound.10 In contrast, He and Hg toward the crown-5
part seldom changed. This unusual NMR pattern has
been explained by an intramolecular ‘rope-jumping’10

as shown in Fig. 2. With increasing temperature, this
rope-jumping takes place more rapidly and then the
speed of the motion and NMR time scale are almost
identical to give a collapsing peak at 274 K. Further
increases in the temperature do not seem to give an Ag+

ion tunneling effect through the calixtube, which is
attributable to the higher binding ability of the Ag+ ion
to the azacrown than to the crown ether loop. Instead,
we anticipate peak coalescence by intermolecular
decomplexation of the Ag+ ion at over 305 K.

In order to investigate the metal ion tunneling based on
the concept of ‘molecular syringe’ reported by Shinkai,
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Figure 1. Temperature variable 1H NMR spectra (600 MHz)
of 1·Ag+, CDCl3:CD3OD=4:1, guest: AgO3SCF3.

we took 1H NMR of 1, 1·Ag+ and 1·(H+)·Ag+ consecu-
tively and the results are depicted in Fig. 3. When the
nitrogen atom in the azacrown loop is protonated, the
Ag+ ion would be pushed out through the �-basic
cavity to the crown-5 loop due to an electrostatic
repulsion.10 For the Ag+ ion complex, Ha (Ar–Hmeta)
shifted downfield from � 7.11 to � 7.41. When it was
protonated, Hi (CH2-NH-CH2) also shifted downfield
from � 2.85 to � 3.14. In addition, He towards crown-5
loop remarkably changed by ��=0.40, while Ha

slightly changed by ��=0.11, which can indicate Ag+

ion tunneling by an electrostatic repulsion between
quaternary ammonium cation and Ag+ ion. These
results are quite consistent with those reported by
Shinkai group.

Unlike 1, the X-ray crystal structure of 2 has a D2h-
symmetrical tube-shaped �-basic cavity composed of
four benzene rings.15 Therefore, for 2 we have examined
the possibility of the intramolecular metal ion tunneling
as observed in the conventional calix-bis-crown-5.9 Fig.
4 indicates temperature variable 1H NMR spectra of
2·Ag+ complex. At 246 K, complexed Ar–Hmeta (Ha)
and uncomplexed Ar–Hmeta (Hc) are separated due to
the slow rope-jumping and then finally collapsed at 274
K, which is similar to those of 1·Ag+.

Further increase of the temperature up to 305 K pro-
vided the other collapsing mode of Ar–Hmeta (Ha,c and

Figure 3. Partial spectra for protonation of 1·Ag+. 600 MHz
1H NMR, CDCl3:CD3OD=4:1, guest ion: AgO3SCF3, H+:
CF3CO2H.

Figure 2. Rope-jumping and tunneling of the Ag+ ion
through calixazacron-5 by protonation (CF3CO2H). Tc,intra

denotes intramolecular coalescence temperature. Tc,inter

denotes intermolecular coalescence temperature.
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Figure 4. Temperature variable 1H NMR spectra (600
MHz) of 2·Ag+. CDCl3: CD3OD=4:1.

Figure 5. Ag+ ion oscillation through calix[4]-bis-azacrown-5
(2) channel.
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