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Summary lH N.m.r. evidence for direct co-ordination of 
uranium to the oxygen atoms in a new UC1,-dicyclo- 
hexyl-18-crown-6 complex is confirmed by an X-ray 
structural determination ; several uranium( IV) salt-crown- 
ether complexes and cryptates also exhibiting very large 
n.m.r. shifts are reported. 

IN some examples of crown-ether or cryptate derivatives of 
uranium(1v)l or UO,2 the metal ion has been shown not to be 
directly bonded to the donor atom of the macrocyclic 

ligand, in contrast to the recently published lanthanum 
nitrate crown ~ o m p l e x . ~  The lH n.m.r. spectra for such 
compounds show very small shifts induced by the para- 
magnetic UIv or UO, cation. However, in a solvent with 
a high dielectric constant, the interactions between the 
ionic species would be reduced, thus enabling complete 
co-ordination of the cation by the ligand. This has now 
been observed in the spectra of complexes of UIv salts with 
crown-ethers or cryptands in nitromethane or acetonitrile 
(Figure 1).  
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FIGURE 1.  lH N.m.r. spectra at 60 MHz of: (a) U(tfa),-18- 
crown-6, in CD,CN at 37 "C; (b) UC14-18-crown-6 in MeNO, at 
10 "C; (c) U(tfa),-<221> in CD,CN at 37 "C: the assignments 
are based on the observed spin-spin splittings. 

Figure l a  shows the spectrum in CD,CN of U(tfa),-18- 
crown-6 (tfa = CF,CO,-; 18-crown-6 = 1,4,7,10,13,16-hexa- 
oxacyclo-octadecane) (I). The value of the ligand-induced 
shift (A8 ca. 29.5 p.p.m.t) is as large as those found for 1 : 1 
amine or alcohol adducts of uranium(1v) /3-diketonates 
(Table). 

TABLE. Induced shifts (p.p.m.) for butanol and butylamine 
ligand protons in uranium(1v) @-diketonate adductsa. 

Adduct or-CH, P-CH, yCH, Me 
U(tfba),-n-butanolb 16 7.4 4 2.4 
U(fod),-n-bu tylaminec 30.9 16 9 5.4 

a Shifts upfield from corresponding free ligand resonances; 
substrate to ligand ratio = 1 : 1. b T 32 "C; CCI, solution; 
tfba = 4,4,4-trifluoro-l-phenylbutane-l,3-dione (G. Folcher, J. 
Paris, P. Plurien, P. Rigny, and E. Soulie, J.C.S. Chem. Comm., 
1974, 3). C T 37 "C; n-pentane solution; fod = 1,1,1,2,2,3,3- 
heptafluoro-7,7-dimethyloctane-4,6-dione (G. de Villardi, un- 
published work). 

This shows that all the crown protons are located on 
carbon atoms cc to oxygen atoms directly bonded to uranium. 

Moreover, intermolecular exchange is slow on an n.m.r. 
time-scale even in the presence of an excess of ligand, which 
suggests a high activation energy for the complexation 
process. 

Very large induced shifts are also observed in the spectrum 
of UC14-18-crown-6 (11) in MeNO, (Figure lb). The two 
RA'XX'-type multiplets coalesce at 140 "C (nitrobenzene 
solution, T = 0.44 ms a t  140 "C and ca. 1 s a t  37 "C). This 
is likely to correspond to an  intramolecular exchange 
between two D,, conformations as in the KSCN-18-crown- 
6 c ~ m p l e x . ~  U(tfa),-(dcc) (111) and UC1,-(dcc) (IV) (dcc = 
dicyclohexyl- 18-crown-6 = 2,5,8,15,18,21-hexaoxatricyclo- 
[ 20.4.0.09 J4] hexacosane, mixed cis,syn,cis and cis ,anti,cis- 
isomers) present similar but more complex spectra in aceto- 
nitrile or nitromethane. The broad resonances are in the 
range 0 to -30 p.p.m. as in compounds (I) and (11). Here 
too ligand exchange is slow at room temperature. 

Compound (IV) (cis,syn,cis-isomer) has been isolated. 
Preliminary results from a single-crystal X-ray study are as 
f o l l o ~ s : ~  space group P2,/c, a = 12.17 f: 0.01, b = 22.97 

6734 A3. 3831 reflexions above background were recorded 
& 0-02, G = 24.38 -& 0.02 A, p = 98.99 f 0*01", U = 

0 -  + 

FIGURE 2. 
its mean plane and showing distances from the plane (A). 

The UC1,-dcc unit viewed in the direction normal to 

on a Nonius CAD-4 automatic diffractometer using Mo-K, 
radiation. The structure was refined (U and C1 aniso- 
tropically, C and 0 isotropically) to R 0.088. The asym- 
metric unit is composed of UC1, [UCl,(dcc)], units, with 
2 = 4. One uranium atom is surrounded by six C1 atoms 
forming an octahedron (U-Cl distances ranging from 2.55 
to 2.67 AT). The other two uranium atoms are directly 
bonded to the crown oxygen atoms (all six U-0 distances in 

High-field chemical shifts are measured negatively from Me,Si ; upfield induced shifts arermeasured positively. 
$ Standard deviations are 0.02 A for U-Cl distances and 0.06 A for U-0-distances. 
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the range 2-40-2-68 AS), with three C1 atoms as neiglibours 
(U-Cl between 2.62 and 2.66 AS).§ 

The lH n.m.r. spectrum in CD,CN of the U(tfa),-<221> 
[<221> = cryptand (a)] complex (V) displays signals over 
a range of 75 p.p.m. (Figure lc). All peaks are of first 

order and can be assigned by using the double irradiation 
technique. 

The assignment in Figure l c  necessarily leads to C,, 
symmetry. The large induced shifts and the symmetry are 
what would be expected in an insertion complex. The 
large low-field induced shifts could be due (a) to an im- 
portant contact shift contribution, or (b) to 'unusual' 
values of the angular parameter in the dipolar interaction. 

The U(tfa),-(222) [<222> = cryptand (b)] complex 
(VI) displays a very similar spectrum with one chain of the 
ligand different from the other two. Here again the 
symmetry is Czv. The U(tfa),<211> and U(tfa),- 
(222B) [<211> = cryptand (c); <222B> = cryptand 
(d)] cryptates (VII) and (VIII) have also been obtained. 
A lower symmetry was found. In all these cases, induced 
shifts were large suggesting that insertion of the uranium 
into the polycyclic ligand cavity was highly probable. 

(Received, 21st June 1977; Corn. 611.) c :  m = O , n = l ; e 2 1 1 >  

§ The atomic co-ordinates for this work are available 011 request froin the Director of the Cambridge Crystallographic Data 
Any request should be accompanied by the full Centre, University Chemical Laboratory, Lensfield Road, Cambridge CB2 1EW. 
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