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Uranyl Binding by a Novel Bis-Calix[4]arene Receptor
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Abstract

A new bis-calix[4]arene receptor 3 has been synthesized which complexes and extracts the uranyl cation in

organic media. © 1998 Elsevier Science Ltd. All rights reserved.
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seawater in the form of the uranyl cation (UO22+) has attracted the attention of many chemists [1,2]. Many
tailor-made ligands (uranophiles) have been designed to perform this operation at the molecular level, some of
which have utilised the calixarene framework [2]. In order to achieve the desired commercial viability, the ideal
receptor must display a remarkable specificity and this may be achieved by taking into consideration as many of
the coordinating particularities of the uranyl cation as possible. One of these key-features is the ability of the
U022+ ion to accommodate from four to six oxygen donor ligands in an equatorial pseudo-planar arrangement

[3,4]. In order to enhance the recognition in favour of a linear di-oxo species such as uranyl the incorporation of

Taking these coordinating features into account, we have synthesized a new bis-calix[4]arene-based
uranophile designed to bind and ultimately extract uranyl into organic solvent media. Fashioned to provide a
planar tetradentate coordinating platform for the uranium(VT) atom, 3 also contains four hydrogen-bond donor

groups that can interact with uranyl oxygen atoms (Figure 1).
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The condensation of p-tert-butyl-calix-calix[4]arene with one equivalent of methyl 2,6-bis-
(bromomethyl)benzoate [6] (1) in refluxing acetonitrile furnished both dimeric (2a) and trimeric (2b) species in

27% and 17% yields respectively (Scheme 1).!
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Scheme 1

1 Characterization data for: 2a, 1H NMR (CDCl3, 500 MHz), 8.55 (d, 4H, J 8Hz), 7.46 (s, 4H), 7.07 (s, 8H), 6.92 (t, 2H, J 8Hz),
6.89 (s, 8H), 5.18 (s, 8H), 4.37 (d, 8H, J 8Hz), 3.84 (s, 6H), 3.36 (d, 8H, J 8Hz), 1.26 (s, 36H), 0.97 (s, 36H). 13C{IH} NMR
(CDCl3, 125 MHz), 168.7, 151.1, 159.7, 147.4, 141.5, 136.0, 133.0, 132.2, 129.1, 128.5, 127.6, 125.9, 125.2, 75.3, 52.2. 34.0,
339,322, 31.8, 31.1. (FABH)MS : 1641 (M+Na).

2b, lH NMR (CDCl3, 500 MHz), 8.41 (d, 6H, J 8Hz), 7.95 (t, 3H, J 8Hz), 7.06 (s, 6H), 7.04 (s, 12H), 6.79 (s, 12H), 5.17 (s.

12H), 4.25 (d, 12H, J 8Hz), 3.69 (s, 9H), 3.31 (d, 12H, J 8Hz), 1.28 (s, 54H), 0.95 (s, 54H). !3C{!H} NMR (CDCl3, 125 MHz),
168.4, 150.7, 150.3, 146.9, 141.3, 135.8, 132.4, 131.3, 129.0, 127.7, 127.5, 125.6, 125.0, 75.4, 52.2, 33.9, 33.8, 31.8, 317,
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The X-ray crystal structure of 3 exhibits a solid state 'closed structure' characterized by the two benzoic
acid groups being directed away from the cavity defined by the two calix[4]arene moieties (Figure 2).3
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The preliminary binding capabilities of 3 towards uranyl were initially explored by !H-NMR. ina8:2

deuterated chloroform-methanol solvent mixture the addition of UO2(OAc)2(H20); to 3 produced substantial
downfield shifts of the carboxylate ortho-related benzylic and meta-related aromatic protons (+ 0.32 and + 0.25
ppm respectively) which is indicative of a conformational rearrangement consistent with the opening of the
binding cavity. A simple 1:1 complexation model was shown to satisfactorily fit the binding curve (Figure 3)
and an apparent binding constant of 5x 103 M-! was estimated. A mononuclear uranyl complex was also
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23:1H NMR (CDCl3, 500 MHz), 7.28 (t br, 2H), 7.22 (d br, 4H), 7.01 (s, 8H), 6.66 (s, 8H), 6.41 (s, 4H), 5.46 (s, 8H), 4.23 (d,
8H, J 8Hz), 3.15 (d, 8H, J 8Hz), 1.27 (s, 36H), 0.84 (s, 36H). (EST)MS : 1612.9 (M+Na). (ES")MS : 1688.9 (M-H).

3 - 3MeOH Found: C, 77.78; H, 7.99. Requires: C, 77.64; H, 8.13).

3 Crystal data for: 3: Cy19H 138012, M = 1920.88, monoulinic spa‘.egroup P21/n, Z=4,2a=23.40(2), b=23.11(2), c = 23.37(2)
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concentration of 9.6 x 10-3 mol.dm3. After one hour of rapid mixing of solutions, inductively coupled plasma
atomic emission spectral (ICP-AES) analysis revealed 30% extraction of uranyl.

In sumimary, a new chelating bis-carboxylate calix[4]arene has been prepared which displays binding and
extraction capabilities towards the uranyl cation.
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