
5924 J. Am. Chem. Soc. 1988, 110, 5924-5925 

Uranium Alkoxide Chemistry. 1. Synthesis and the 
Novel Dimeric Structure of the First Homoleptic 
Uranium(III) Aryloxide Complex 

W. G. Van Der Sluys,la C. J. Burns,12 J. C. Huffman,lb and 
A. P. Sattelberger*'la 

Inorganic and Structural Chemistry Group (INC-4) 
Isotope and Nuclear Chemistry Division 

Los Alamos National Laboratory 
Los Alamos New Mexico 87545 

The Molecular Structure Center, Department of Chemistry 
Indiana University, Bloomington Indiana 47405 

Received March 18, 1988 

A number of homoleptic uranium alkoxide complexes have been 
reported, and the structurally characterized examples include 
[11(0-2,6-Pr1AH3)S]-, [U2(OBu1),]-, U2(OBu'),, U2(OPrO10, and 
U(OMe)6.2-7 Conspicuous in their absence are any examples of 
homoleptic uranium(III) alkoxide complexes.8 These would be 
valuable starting materials for further investigations of nonaqueous 
uranium(III) chemistry and for uranium alkoxide cluster syntheses 
via comproportionation reactions with higher oxidation state 
uranium alkoxides2,3 and oxo-alkoxides.9 In addition, there is 
also a possibility that alkoxide-ligated uranium(III) centers might 
be coaxed into homodinuclear relationships.511 Here we describe 
the successful syntheses of two uranium(III) aryloxide complexes. 

Addition of 3.1 equiv of HO-2,6-R2C6H3 (R = Bu' or Pr1) to 
concentrated hexane solutions of U[N(SiMe3)2]310 at room tem­
perature causes a rapid color change from bright red to dark brown 
and precipitation of a dark green (R = Bu1, 1) or dark purple (R 
= Pr1, 2) solid. After 4 h, the U(0-2,6-R2C6H3)3 complexes are 
isolated (50% yield) by filtration, washed with cold hexane, and 
dried in vacuo (eq 1). Both compounds are ether- and hydro­
carbon-soluble and very air-sensitive." The 1H NMR spectra 
of 1 and 2, recorded at 25 0C in benzene-d6, show only one type 
of phenoxide R group.12 

CtH 

U[N(SiMe3)2]3 + 3HO-2,6-R2C6H3 -
U(0-2,6-R2C6H3)3 + 3HN(SiMe3)2 (1) 

1,R = Bu' 
2 ,R = Pr1 

Single crystals of 2 were grown from a concentrated hexane 
solution at -40 0C, and the structure was determined from X-ray 
diffraction data collected at -155 0C.13 In the solid state, 2 adopts 
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Figure 1. Two ORTEP views of 2. The top figure is an isolated U(O-
2,6-Pr'2C6H3)3 unit with complete atom numbering scheme. The lower 
figure shows the T-arene bridging interaction. For viewing clarity, we 
have deleted the isopropyl methyl groups from the bridging phenoxides 
and show only the ipso carbons of the terminal phenoxides. 

an unprecedented structure, that of a bis ir-arene-bridged cen-
trosymmetric dimer, [U(0-2,6-Pr'2C6H3)3]2. The coordination 
environment (Figure 1) of each uranium approximates a three-
legged piano stool, i.e., each uranium is ligated by three terminal 
phenoxide oxygens and an arene ring of a phenoxide bound to its 
symmetry-related actinide partner. The 0(2)-U-0(15) and 
0(2)-U-0(28) bond angles are 106.3 (3)° and 103.5 (3)°, re­
spectively, while the angle between terminal phenoxide ligands, 
0(15)-U-O(28), is 99.0 (3)°. Two ?/6-arene bridges [U-C(range) 
= 2.82 (1) A-3.02 ( I )A ; U-C(av) = 2.92 (2) A] hold the di-
nuclear unit together, and the U-U separation is 5.34 A. The 
uranium-oxygen bond lengths are 2.214 (7) A (bridging phen­
oxides) and 2.132 (8) A (terminal phenoxides), and the U-O-C 
bond angles are 156.8 (7)° (bridging phenoxide) and 164.5 (8)° 
and 166.8 (9)° (terminal phenoxides). Short U-O distances and 
large U-O-C angles, especially in the case of the terminal phe­
noxides, may be taken as an indication of 7r-bonding between the 
oxygen lone pairs and empty metal-based orbitals.5'6 We note 
that the terminal U-O bonds in 2 are actually shorter than the 
aryloxide U-O bonds of the uranium(IV) complexes [U(0-2,6-
Pr1AH3)J]" and U(NEt2)(0-2,6-Bu'2C6H3)3.4.'4 

Coordination of an arene ring to a uranium(III) center has been 
observed previously in the complex (TJ 6-C 6H 6)U(A1C1 4) 3 , 1 5 and 
the average U-C bond distance in the latter is essentially identical 
with that found in [U(0-2,6-PrAH 3) 3] 2 . However, it is not 
entirely obvious why U(0-2,6-Pr'2C6H3)3 dimerizes via arene 

(13) Crystal data for [U(0-2,6-Pr'2C6H3)3], at -155 0C: monoclinic space 
group Pl1Ia, a = 9.616 (2) A, b = 21.260 (7) A, c = 17.236 (5) A, /3 = 107.31 
(I)0 , Z = 2, rfcaicd = 1.520 g cm"3. Diffraction data were corrected for 
absorption, and the structure was solved by a combination of direct methods 
and Fourier techniques and refined by full-matrix least-squares. Final dis­
crepancy indices were RF = 0.051 and RwF = 0.043 for those 3271 reflections 
with F0 > 2.33ff(F0). The limits of data collection were 6° < 26 < 45° (Mo 
Ka). 

(14) Hitchcock, P. B.; Lappert, M. F.; Singh, A.; Taylor, R. G.; Brown, 
D. J. Chem. Soc, Chem. Commun. 1983, 561. 

(15) Cesari, M.; Pedretti, U.; Zazetta, A.; Lugli, G.; Marconi, W, Inorg. 
Chim. Acta 1971, 5, 439. 

0002-7863/88/1510-5924S01.50/0 © 1988 American Chemical Society 



J. Am. Chem. Soc. 1988, 110, 5925-5927 5925 

l i ' i : . 

I 
Ii1I 

! l I • n i l 

ifli I i 

J j THF THF 

I [ I l 

10.0 0.0 -10.0 -20.0 -30-0 -40.0 
PPM 

Figure 2. A series of 1H NMR spectra (300 MHz, 22 0C) in which (A) 
0 equiv; (B) 0.208 equiv; (C) 0.417 equiv; (D) 0.625 equiv; (E) 0.833 
equiv; (F) 1.04 equiv; (G) 1.25 equiv; (H) 1.77 equiv of THF were added 
to 50.0 mg of U(0-2,6-Bu"2C6H3)3 in ca. 2 mL of benzene-<4 The 1H 
impurity signal of the benzene-rf6 solvent is indicated with an asterisk. 

bridges rather than phenoxide oxygens. If we assume that it does 
so for steric reasons, then replacement of the diisopropylphenoxide 
with less bulky aryloxides or alkoxides may well lead to other 
interesting geometries. We are currently investigating this pos­
sibility. The phenoxide ir-arene-uranium(III) interaction in [U-
(0-2,6-Pr'2C6H3)3]2 is weak, and the dimer is cleaved in benz­
ene-^. Only one broad isopropyl methyl resonance is observed 
in the proton NMR spectrum, consistent with either mononuclear 
U(0-2,6-Prj

2C6H3)3 or (C6D6)U(0-2,6-Pri
2C6H3)3. 

Thus far, we have not been able to grow X-ray quality crystals 
of 1, but a comparison of the Nujol mull infrared spectra of 1 
and 2 indicates that they have different solid-state structures. Most 
important is the observation of two aromatic C = C stretching 
vibrations at 1588 cm"1 (terminal OAr) and 1553 cm"1 (bridging 
OAr) in the IR spectrum of 2 and only one, at 1583 cm"1, in the 
IR spectrum of 1. We propose, therefore, that 1 is monomeric 
in the solid state. It is reasonable to suggest that intermolecular 
aryloxide ring coordination does not occur in 1 because of the 
increased steric requirements of the tert-buiy\ groups. 

Unlike U[N(SiMe3)2]3, which has a very limited coordination 
chemistry,10 the uranium(III) tris-aryloxides readily coordinate 
a number of Lewis bases (e.g., THF, EtCN, and OPPh3) in 
solution and form isolable, presumably pseudotetrahedral, ad-
ducts.16 For example, recrystallization of 1 from THF provides 
a brown crystalline complex, which by elemental analysis and 
proton NMR17 is (THF)U(0-2,6-Bul

2C6H3)3, 3 (eq 2). Adduct 

U(0-2,6-But
2C6H3)3 + THF — (THF)U(0-2,6-Bu'2C6H3)3 

1 3 
(2) 

3 is stable at room temperature and does not lose THF under 
dynamic vacuum (IO"6 Torr). We have monitored the course of 
reaction 2 by 1H NMR spectroscopy at ambient temperature, and 
the results are shown in Figure 2. At THF:1 ratios less than 1.0, 
the NMR resonances of THF (at 5 -18.4 and <5 -44.6) correspond 
to those for coordinated THF, and the /err-butyl resonance is the 
weighted average of the ferf-butyl resonances of U(0-2,6-
Bu^C6Hj)3 and (THF)U(0-2,6-Bu'2C6H3)3. At THF:1 ratios 
greater than 1.0, chemical exchange of free and coordinated THF 
begins. The broad THF resonances (now barely visible in spectra 
F—»H) are the weighted average of free and coordinated THF, 
and the rert-butyl resonance corresponds to (THF)U(0-2,6-
Bu'2C6H3)3. 
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Further studies of the reactivity, electronic structure, and 
magnetic properties of the U(OAr)3 molecules described herein 
are in progress. 
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For a number of years, we have been engaged in the design of 
general strategies for the total syntheses of structurally complex 
alkaloids of the indole family.2 Within this context we have 
recently developed an effective approach to the yohimboid3 and 
heteroyohimboid classes4 utilizing a strategy that features an 
intramolecular Diels-Alder reaction as a key step for the con­
struction of the D/E ring subunit. In order to expand further the 
scope of these initial results in the indole alkaloid arena, we focused 
upon some of the unresolved challenges posed by the syntheses 
of tetrahydroalstonine (I)5 and its biogenetic precursor cathen-
amine (2),6 which are members of the heteroyohimboid group, 
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