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Tertiary Phosphine Derivatives of the f-Block Metals; 
.. 

Preparation of X4M(Me2PcH2cH2PMe2)2, where X is 
- - - . ·- ·-

Halide, Methyl and Phenoxo and M is Thorium or Uranium. Crystal 

Structure of Tetra(Phenoxo)Bis[bis(l,2-dimethylphosphino)

ethane] uranium(IV) 

Peter G. Edwards, Richard A. Andersen* and Allan Zalkin 
Materials and Molecular Research Division 

Lawrence Berkeley Laboratory 
and 

Department of Chemistry 
University of California 

Berkeley, California 94720 

ABSTRACT 
Authentic phospine complexes of the actinide metals (thorium and 

uranium) of the type X4M(Me2PCH2cH2PMe2)2, where X is C1, 

Br, PhO, or Me and M is U and where X is C1, I, PhO, or Me and M is 

Th, have been prepared. The crystal structure of the 

uranium-phenoxide, (Ph0) 4U(dmpe) 2, is described. 

This work was supported by the Director, Office of Energy Research, 
Office of Basic Energy Sciences, Chemical Sciences Division of the 
U.S. Department of Energy under Contract No. W-7405-ENG-48 . 

*Address correspondence to this author at Department of Chemistry, 
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Though a number of tertiary phosphine complexes of uranium halides 

have been claimed, 1 most of the claims have been shown to be 

false. 2 In this communication we describe the synthesis of some 

authentic bis(l,2-dimethylphosphino)ethane, dmpe, complexes of 

uranium(IV) and thorium(IV) halides of the type X4M(dmpe) 2 and 

their conversion to the tetramethyl and tetraphenoxo derivatives. The 

crystal structure of the phenoxo derivative, (Ph0)4U(dmpe) 2, is 

described. 

Uranium tetrachloride dissolves in a mixture of dichloromethane 

and a three-fold molar excess of bis(l,2-dimethylphosphino)ethane, 

dmpe, at room temperature to give a blue green solution from which 

green prisms of UC£4(dmpe) 2 may be crystallized on cooling 

(-20°C). 3' 4 The complex is a non-conductor in CH2c£2 and gives 

only free dmpe upon hydrolysis with water as judged by 31 P{1H} NMR 

spectroscopy. The complex may be quantitatively recrystallized from 

either diethyl ether or tetrahydrofuran. Thus, in a qualitative 

sense, the Lewis acidity of the uranium atom in UC£4 lies in the 

order: dmpe>thf, Et2o. Further, the complex may be sublimed at 

160°C at lo-3 mm. with only partial decomposition to UCt4 and a molecular 

ion is observed in the mass spectrum. Thus the phosphine complex is 

rather robust, suggesting the uranium-phosphine interaction is not 

thermodynamically weak. 

The uranium tetrabromide and thorium tetraiodide complexes, 

MX 4(dmpe) 2 where M is U and X is Br5 or M is Th and X is r6, 

may be .Prepared similarly. The iodide complex is a non-conductor 

t 
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(CH2C~) and only gives free dmpe upon hydrolysis with water as 

shown by 31 P{1H'} NMR spectroscopy. In contrast, thorium 

tetrachloride does not dissolve in a solution of dmpe in 

dichloromethane. However, ThC~4 dissolves in neat phosphine at 80°C 

to give a colorless solution from which ThC~4 (dmpe) 2 may be 

obtained. The complex is crystallized from dichloromethane as 

colorless prisms (-20°C), 8 and is a non-conductor (CH2c~2 ). 

The chloro-phosphines of uranium or thorium react with four molar 

equivalents of methyllithium in diethyl ether at 0°C to yield the 

tetramethyl derivatives Me4U(dmpe)~ as brown-yellow prisms from 

pentane (-70°C) or Me4Th(dmpe)J0 as colorless prisms from 

pentane (-70°C), respectively. Though Me4M(dmpe) 2, where M is Th 

or U, must be prepared at 0°C, they are sufficiently thermally stable 

at 25°C to afford satisfactory elemental analysis. They appear to be 

indefinitely stable below -20°C in absence of air and moisture. The 

relative thermal stability of the'phosphine complexes is noteworthy, 

since the tetravalent, anionic, methyl derivatives, ~, 

[Li 2(0Et2)8 ]Me6u, decompose at approximately -20°C. 11 Both 

dmpe complexes react with hydrogen chloride in toluene to give 

C~4M(dmpe) 2 , where M is Th or U, and methane. 

The alkyl-phosphine complexes react with phenol in toluene to give 

green (Ph0)4U(dmpe) 2 and colorless (Ph0)4Th(dmpe) 2• The 

phenoxides react with four molar equivalents of methyllithium to give 

the tetraalkyls, Me4M(dmpe) 2 where M is Th or U. Both phenoxides 

crystallize from toluene as toluene solvates (Ph0) 4M(dmpe) 2.c7H8 . 

(M=U, 12 M= Th 13 ). 
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Since the uranium complexes may be converted into each other 

(Scheme), the crystal structure of any one of them proves the 

existence of all of them as authentic tertiary phosphine complexes of 

uranium. In addition, the infrared spectrum and powder X-ray 

diffraction pattern of U(OPh) 4(dmpe) 2 are identical with those of 

Th(OPh) 4(dmpe) 2• Thus, the thorium phenoxide is isostructural 

with its uranium analogue. Since the thorium derivatives may be 

converted into each other, they are also authentic phosphine complexes. 

An ORTEP 14 diagram of U(OPh) 4(dmpe) 2 is shown in Figure I 

and a line drawing is shown in Figure II with some bond angles and 

lengths. The coordination polyhedron is related to that of a o2d 

dodecahedron with the four phosphorus atoms and the four oxygen atoms 

occupying the A and B sites, respectively. 15 The shape parameters 

will be discussed in a full paper. The average uranium-oxygen bond 

length of 2.17 ± O.OlA is in the range observed for other uranium 

alkoxide-oxygen bonds. 16 The average uranium-phosphorus bond length 

of 3.104 ± 0.006A is unique so no direct comparison is possible, 

though an estimate can be made. The tetrahedral covalent radius of a 

phosphorus atom is 0.44A larger than that of an oxygen atom. 17 

Hence a uranium-phosphorus bond length of 2.6A may be estimated, 

rather shorter than that observed. On the other hand, a value of 

2.9-3.0A may be estimated from the eight coordinate MX4(diars) 2 

complexes, where M is a group IVb or Vb metal, when the radii of 

arsenic and the transition metals are taken into account. 18 The 

latter estimated value is much closer to the value observed. 
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Figure Captions 

Figure 1. A view of the U(OPh) 4(dmpe) 2 molecule showing the 

phenoxy groups in a distorted equatorial environmental. 

Figure 2. Schematic representation of the structure of 

U(OPh) 4(dmpe) 2 showing relevant averaged bond angles 

and bond lengths. Angle A= 94.6 ± 0.4°, Angle 

B = 14 7. 2 ± 0. 1 o, Ang 1 e C = 64.7 ± 0. 6 o, Ang 1 e D = 

135.5 ± 2.2°, u--o = 2.17 ± O.OlA, u--P = 3.104 ± 0.006A • 
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