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Synthesis and Solvent Extraction Properties of a Novel Calixarene-based 
Uranophile Bearing Hydroxamate Groups 

Takeshi Nagasaki, Seji Shinkai," and Tsutomu Matsuda 
Department of Organic Synthesis, Faculty of Engineering, Kyushu University, Fukuoka 8 72, Japan 

A p-t-butylcalix[6]arene derivative bearing six hydroxamate groups has been synthesized: it 
efficiently extracted UO,*+ from the aqueous phase to the organic phase. 

The selective extraction of uranium has attracted extensive 
attention from chemists because of its importance in relation 
to energy problems. We previously found that a hexacarboxylate 
derivative of p-t-butylcalixC61arene (1) can extract uranyl ion 
(U022 +) efficiently and selectively from water into organic 
media.'V2 The high selectivity was attributed to the basic 
skeleton of calixC6larene: this has a skeleton suitably structured 
for the binding of U 0 2 2 +  which requires a pseudo-planar 
hexaco-~rdination.~ Meanwhile, it has been established in a 
polymer chemistry field that the hydroxamate group acts as an 
efficient ligand for adsorbing U 0 2 2 +  on a chelate This 
tempted us to synthesize a new uranophile (2) bearing six 
hydroxamate groups on a calix[6]arene ring. In this communic- 
ation we report the synthesis and extraction properties of (2). 

Calixarene (2) was synthesized from (1) via the acid chloride 
(see Scheme), the product being identified on the basis of IR 
and NMR spectral evidence and elemental analysis.? The 
concentration of UOZ2 + extracted into the organic phase was 
calculated from the analysis of U 0 2 2 +  remaining in the 
aqueous phase, using Arsenazo IIL6 The details of the extrac- 

t European Patent No. 0237265 describes the synthesis of ester and 
amide derivatives of calixarenes via the acid chlorides. It is very difficult, 
however, to synthesize fully-substituted calixarenes from the acid 
chlorides. We could overcome this problem by using carefully de- 
hydrated CCI, as solvent and a high reaction temperature (reflux in 
CCl,), and we applied the method to the synthesis of a fully-substituted 
hydroxamate derivative. Compound (3): yield [from (l)] 36%, m.p. 212- 
215 "C; v,,,(Nujol) 1 680 (M) and 3 220 (NH) cm-'; GH[(CD3),SO; 
150 "C] 1.02 (9 H, s, Bu'), 3.97 (2 H, br, ArCH,Ar), 4.33 (2 H, s, OCH,), 
4.85 (2 H, s, PhCH,), 7.01 (2 H, s, ArH in calixarene), 7.23-7.34 (5 H, m, 
ArH in benzyl) [Found: C, 73.95; H, 7.1; N, 4.3. (C20H,3N0,)6 requires 
C, 73.82; H, 7.12; N, 4.30%]. Compound (2): yield 80% m.p. (decornp.) 
207 OC; vmax(Nujol) 1 660 (C=O) and 2 500-3 600 (OH and NH) cm-'; 
G,[(CD,),SO; l5OoC] 0.79-1.37 (9 H, m, But), 3.34-3.85 (2 H, m, 
ArCH,Ar), 4.25 (2 H, s, OCH,), 6.48-7.65 (2 H, m, ArH) [Found: C, 
66.05; H, 7.15; N, 5.5. (C,,H,,NO,),~EtOH (recrystallized from 
hexane-EtOH) requires C, 65.96; H, 7.40; N,  5.76%]. 
$The 'H NMR spectrum of (2) under the extraction conditions 
(CDCI,; 30 "C) gave a broad singlet at 3.66 ppm. This indicates that (2) 
retains a conformational freedom. 
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Scheme. Reagents: i, (COCI),; ii, O-Benzylhydroxylamine; iii, H,/Pd-C. 

tion conditions are recorded in the captions to Figures 1 and 2.$ 
Figure 1 shows the extractability (Ex%) of U 0 2 2 +  plotted 

against pH in the aqueous phase. The Ex% for (1) increases from 
pH 2 and is saturated at around pH 5 showing the 100% 
extractability. This pH dependence is apparently correlated 
with the dissociation of the carboxy groups (e.g., phenoxyacetic 
acid has pK, = 3.12 in water).' The Ex% for (2) shows a similar 
pH dependence although the pH 'jump' is slightly shifted to 
higher pH region. The pK, values for hydroxamic acids are 8- 
9.' Thus, the pH 'jump' for (2) appears at an unusually low pH 
region, indicating that the dissociation of the hydroxamic 
groups in (2) is markedly facilitated by the binding to U 0 2 2 + .  

The plots of log D (distribution ratio = [U022+] in the 
organic pha~e/[UO,~+] in the aqueous phase) us. pH at pH 
3.0-4.5 showed a slope of unity for (1). This implies that one 
carboxy group is dissociated upon extraction of U02,  + (data 
not shown here). On the other hand, the plot for (2) gave a 
slope of 2, indicating the dissociation of two hydroxamic groups 
upon extraction of U0,2+ .  To clarify this difference we repeated 
the extraction experiments in the absence of U 0 2 2  + ion. The 
organic layer was separated and then re-extracted with aqueous 
0 . 1 ~  HC1. The analysis of the aqueous solution by atomic 
absorption spectrophotometry established that at pH 3 . M . 5  
the K +  ion is not extracted at all with (2) whereas (1) does 
extract K + ,  the concentration being always equal to that of 
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Figure 1. pH Dependence for UOZ2+ extraction from water (25 ml) to 
chloroform ( 5  ml) at 3OoC;  [l(O) or 2(.)] = 5.30 x ~PM, 
[K,UO,(CO,),] = 1.06 x 10-4~. The aqueous phase was buffered 
with 10 mM acetate (pH 3-7-62), Tns (pH 9.0), and ammonia (pH 10.4). 

UO,” observed in the presence of U022+ .  These findings 
support the extraction mechanisms in equations ( 1 )  and (2) 

[(l)H6 and (2)H6 denote the undissociated species of (1) and 
(2), respectively, and ‘org’ and ‘aq’ denote the species present in 
the organic phase and in the aqueous phase]. The mechanisms 
are also in line with the high affinity of (2) towards U 0 2 2 f .  

In order to compare the U 0 2 2 +  affinity we carried out two- 
phase solvent extraction under more severe conditions. It is 
known that carbonate ions form a stable, water-soluble 
complex U02(C03)34- with U022f.8 We determined Ex% as a 
function of the carbonate concentration (Figure 2). The Ex% for 
(1) was reduced to 5.7% at [CO,”] = 4.27 x 1 0 - 4 ~  and 0% 
at 1.22 x ~ O - , M .  In extraction with (2), in contrast, Ex% was 
87.9% at [C0,2-] = 5.92 x l C 4 ~  and 26.1% was still retained 
even at [C032-] = 4.33 x ~O-,M. This implies that (2) can 
sufficiently compete with C032-  ions for U022+ .  

The foregoing results consistently indicate the superiority of 
the hydroxamate uranophile (2) over the carboxylate urano- 
phile (1). The significant improvement in the U 0 2 2 +  affinity is 
ascribed to the high affinity of hydroxamate groups with 
U022+,  which has already been demonstrated by chelate 

Also important is the skeleton of calix[6]arene, we 
believe, that can arrange hydroxamate groups in such a way 
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Figure 2. UOZ2+ Extraction from carbonate buffer solution at 30 “C. 
[l(O) or 2(.)] = 5.30 x l e 4 w ,  [K,UO,(CO,),] = 1.06 x 10-5~. 
The solution pH was maintained at 10.4. At [CO,”] = 0, 
UO,(CH,COO), was used instead of K,U02(C03), and the solution 
was buffered with 10 mM ammonia. 

suitable to the binding to UOZ2+, i.e. in a hexaco-ordinated 
geometry. 
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