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A Uranyl Ion-sensitive Chromoionophore based on Calix[G]arene 
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A new type of chromoionophore, mono(indoani1ine)-derived calix[6]arene 1, has been synthesized, which shows a 
selective U022+ ion-induced pronounced colour change (wavelength change ca. 60 nm) with increasing absorption 
intensity in 99% EtOH at 25 "C, making it of potential use as an optical sensor for U022+ detection. 

Synthetic chromoionophores that give rise to specific colour 
change on selective complexation with cations have attracted 
considerable attention as efficient spectrophotometric analy- 
tical reagents for the detection of particular species] as well as 
the design of (supra)molecular devices having 'recognition 
and optical sensing' functions.2 Calixarenes have been impor- 
tant building blocks for constructing host molecules in 
supramolecular chemistry.3 Of particular interest, among 
them, has been the use of calix[6]arenes because of the 
availability for the design of pseudoplanar hexadentate 
uranophiles.4 To the best of our knowledge, however, no 
chromoionophore as an optical sensor for UO22+ detection 
has yet been prepared in spite of particular recent emphasis on 
the synthesis of chromogenic5 and fluorogenic6 calixarenes. 
The indoaniline chromophore system may be important in this 
area because its optical properties can be perturbed signifi- 
cantly by chemical stimuli. In particular, we found that the 
quinone carbonyl group of indoaniline-type ligands interacts 
strongly with divalent metal ions causing a colour change.' 
Thus the incorporation of this chromophore into a calixarene 
unit would be of great value in the design of a chromoiono- 
phore . Indeed, some indoaniline-derived calix[4]arenes show 
large spectral changes on selective complexation with alkali 
and alkaline-earth metal ions.5d~g By replacing the calix- 
[4]arene with the calix[b]arene unit, a chromoionophore 
showing different characteristics could be produced. In this 
communication, we report the synthesis of the title compound 
1 and our results for the new chromogenic calix[b]arene for the 
detection of U022+. 

Condensing calix[6]arene 28 with 1.2 equiv. of 4-diethylam- 
ino-2-methylaniline hydrochloride under alkaline conditions 
in the presence of 2.4 equiv. of K3Fe(CN)6 at room temp. 
afforded the mono(indoani1ine)-derived calix[6]arene I+ in 
53% yield. Compound 1 has a visible absorption band with 
h,,, = 665 nm in 99% EtOH solution. However, addition of 
1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) as a base caused 
a hypsochromic shift of 37 nm and decreased absorption 
intensity, attributable to removal of intramolecular hydrogen 
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bonding between the quinone carbonyl of indoaniline and the 
adjacent phenolic hydroxy groups. At a ratio [DBU] : [I] of 
1000: 1, the spectral change was established to be saturated, 
suggesting that the phenol group adjacent to the indoaniline 
chromophore was completely dissociated. $ 

We investigated to see if 1 would act as a chromoionophore 
for detection of U022+. Compound 1 has an absorption band 
at 628 nm in the presence of 103 equiv. of DBU in 99% EtOH 
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Fig. 1 Spectral changes upon addition of UO2(MeCO2)-2H20 (u )  0, 
(b )  5.0 x lo+, ( c )  1.0 x (d)  2.0 x (e )  1.0 x (f) 2.0 x 
10-3 mol dm-3, to a 99% EtOH solution of l(2.0 x mol dm-3) in 
the presence of lo3 equiv. of DBU 
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Fig. 2 Spectral responses [Ahmax = k,,,(complex) - h,,,(ligand)] of 1 
in the presence or absence of several metal ions at 25 "C; [l] = 2.0 x 

mol dm-3; [DBU]/(l] = 103. In the case of addition of Mg*+, 
Ca2+, Ni'+, Cuz+ and Zn*+, Ah,,, could not be determined under 
these conditions owing to precipitation of the cations. However, when 
5 equiv. of these metal ions (except for Cu2+) were added to a 99% 
EtOH solution of 1 in the presence of DBU (300 equiv. for Ni2+, Zi2+, 
lo3 equiv. for Mg2+, Ca*+) there was virtually no spectral response; 
the ionic radius of Uvl is 0.66-0.87 A.1t Asterisks indicate spectral 
response after ~olid[M(MeCO~)~-xH~O]-liquid (99% EtOH) two- 
phase solvent extraction. 
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Footnotes 
f Compound 1 was identified by NMR and mass spectroscopy, and 
elemental analysis. 1H NMR [(CD3)2S0, 353 K], 6 1.13 (t, 6H), 2.14 
(~,3H).3.36(q,4H),3.69(~,4H),3.81 (~,4H),3.86(~,4H),6.04(lH. 
dd, J = 2.2,9.0 Hz), 6.15-6.19 (2H, m), 6.48 (2H, d ,  J = 7.1 Hz), 6.57 
( l H ,  d,  J = 2.7 Hz), 6.68-6.78 (6H, m), 6.87 (2H, d ,  J = 7.4 Hz), 7.00 
(2H, d ,  J = 7.4 Hz) and 7.07-7.10 (4H, m). 
$ The pK, value for 1 could not be determined because of its poor 
solubility in water. 
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Fig. 3 1H NMR spectra in the presence of excess DBU in CDC13 at 
room temperature; (a )  ligand 1, (b)  1-U022+ complex 

at 25 "C. Interestingly, as shown in Fig. 1, addition of U022+ 
to such a solution of 1 causes a large bathochromic shift with 
an increase in absorption intensity. At a ratio [U022+] : [ l ]  of 
100: 1, a new band at 687 nm was observed. Use of the 
continuous variation method' indicated the formation of a 1 : 1 
complex between 1 and UOz'+. However. addition of other 
metal ions caused no or  only minor changes in the absorption 
spectra (see Fig. 2). The results indicated that compound 1 
exhibits a significant selectivity for U02*+, which can be 
interpreted in terms of a specific coordination mode of the 
UO22+ ion with 1 since the selective colour change was not 
dependent on the ionic radius (Fig. 2). The apparent 
association constant for U022+ from the spectral changes 
was established to be 8 x 104 dm3 mol-1 using a Benesi- 
Hildebrand plot. 10 

1H NMR (400 MHz) spectra were used in order to gain 
insight into the coordination structure. Compound 1 in the 
presence of excess DBU in CDCI3 at room temperature 
displays a broad signal in the range 6 3.6-4.0 which is 
attributable to ArCH2Ar of the calix[6]arene segments, and 
indicates that conformational interconversion is somewhat 
slow on the NMR timescale at room temperature [Fig. 3(a) ] .  
However, upon interaction with the excess U02(Me- 
C 0 2 ) - 2 H 2 0 ,  the spectral pattern was found to change to three 
singlets in a 1 : 1 : 1 ratio for the methylene protons (Ha, Hb 
and Hc: Scheme 1). These results suggest that UOz2+ upon 
complexation with 1 might cause the ligand to adopt an 
unusual pseudoplanar structure in which the U02+ cation is 
six-coordinate. Indeed, the absence of an interaction between 
mono(indoani1ine)-derived calix[4]arene 3 and UO22+ sup- 
ports the premise that selectivity for UO22+ in the present case 
results from a good match of the rigid calix[b]arene skeleton to 
the coordination requirements of U022+. We are attempting 
to obtain a X-ray crystal-structure of the UO22+ complex with 
1. 
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