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The ability of the transition metal ions to act as
permanent or transient templates for the synthesis
of macrocyclic ligands and their complexes has been
extensively studied for over two decades and conti-
nues to attract considerable interest [1]. Macrocyclic
template syntheses have also been achieved with
the heavier alkaline earths [2], with several post-
transition metals [3], and recently with the lantha-
nides [4]. For the actinides, in contrast, the only
macrocyclic complex so far obtained by metal-
templated condensation is the penta-aza-‘super-
phthalocyanine’ [5] that results from the reaction
of 1,2-dicyanobenzene with anhydrous uranyl chlor-
ide in dimethylformamide solution.

Our interest in this area was stimulated by the
consideration that the trans-dioxouranium(VI) ion,
because of its intermediate size (100 pm for 8-
coordination) and its preference for equatorially
directed bonds, would be expected to promote the
formation of flat macrocyclic systems with six-
donor cavities. Indeed we found that the conden-
sation of 1,2-diaminoethane with 2,6-diacetyl- and
2,6-diformyl-pyridine in the presence of uranyl
acetate, in a 2:2:1 mole ratio, yielded the cations
shown in Fig. 1, which were isolated in nearly quanti-
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Fig. 1. Schematic structure of macrocyclic complexes of the
uranyl ion. R = CH; for L' and H for L2.

tative yields as nitrate, perchlorate, and iodide
salts. These are the first six-nitrogen macrocyclic
complexes reported for any of the actinides.

The [UO,L]X, salts were obtained as crystal-
line solids of colors ranging from golden brown
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to almost black; they were stable to air and moisture
fairly soluble in dimethylsulfoxide and dimethyl-
formamide, sparingly soluble or insoluble in other
common solvents. Their infrared spectra showed the
following features: (1) The absence of OH, NH, and
carbonyl absorptions; (2) The typical patterns of the
cyclic ligands [6] ; (3) A single sharp absorption for the
uranyl ion (Vagym (U—0): 930 cm™'), and (4) The
absorptions characteristic of the uncoordinated
anions (NO3; : 1350s, 835m, 720w; ClO4 : 1100s,
620s). The carbon-13 nuclear magnetic resonance
spectra in DMSO solution further showed the macro-
cyclic moieties to have a symmetrical structure,
as only one resonance appeared for each type of
carbon atom. (For the [UO,L']** complex, 6(ppm)
at 32.8 KHz: 177.2 (C=N); 153.5 (a-C of pyridine);
143.8 (y-C); 128.2 (8-C); 52.8 (CH,); 18.1 (CH3).)
The proton spectra in the same solvent confirmed
the symmetry of the organic ligands. (Again for
[UO,L"1**, &(ppm) at 44.8 KHz: 8.75 apparent
singlet, 6H (pyridine); 4.62s, 12 H (CHj); 2.84s,
8 H (CH,).) Taken together, the infrared and
nuclear magnetic resonance spectra of the [UO,L]*
complexes conclusively showed the U(VI) to be
coordinated to all six ring N-atoms and suggested
an effective Dg), site symmetry for the central metal
ion. This is in agreement with the preliminary results
of a magnetic circular dichroism study [7] based
on a recent crystal field analysis [8].

The remarkably facile preparation of these com-
plexes show that the actinides can function as very
effective templating agents for the synthesis of
macrocycles with medium-size cavities. Furthermore,
the exceptional inertness of the complexes toward
release of UO,** ion in solution, even in the presence
of acids or strongly competing ligands, suggests that
systems of this type may be used advantageously
when effective sequestering of the actinide ions is
an important requirement.
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