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DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 
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Abstract 

Two eight-coordinate compounds with idealized D2d-symmetry, UC4(diars)2 and 

UC4(diphos)2, the only f-metal complexes of these-ligands, have been prepared and 

characterized by X-ray diffraction studies. ' .. 

t 
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The coordination chemistry of the chelating, bidentate ligand diars, 1,2-

dimethylarsinobenzene, has been studied extensively by Nyholm and others in d-transition 

metal chemistry since the first complexes of Pd(II) were described by Chatt and Mann.l 

The phosphorus analogue, diphos, 1,2-d.i.i:nethylphosphinobenzene, has been studied less 

extensively since· the first complexes were described by C~att and Hart. 2 The properties of 

several diphos coordination compounds in the latter part of the d-transitiort series have been 

described) In contrast, the f-transition metal complexes of these two ligands have been 

ignored. One brief mention ofUC4(diars)2 has been made; it is said to be insoluble in 

dioxane and acetonitrile and to have a X -ray diffraction powder photograph similar though 

not identical to that ofNbC4(diars)2.4 In this commurrlcation we describe the synthesis 

and solid state crystal structure of the eight-coordinate uranium compounds UC4(diars)2 

and UC4(diphos)2, and their solution properties. 

Stirring 2.5 molar equivalents of diars and UC4 for 3 days gave a blue-grey 

suspension. The suspension was soluble in dichloromethane from which pale blue-grey 

prisms ofUC14(diarshwere crystallized by cooling to -20°C, m.p. 160°C (decomp.).t 

The diarsine complex is insoluble in aliphatic hydrocarbons and slightly soluble in toluene 

and dichloromethane; dissolution in tetrahydrofuran followed by crystallization from that 

solvent gives UC4(diars)(thf)2.t The diphosphine, UC4(diphos)2,t was prepared by 

· refluxing UC4 with 2.5 molar equivalents of the diphosphine in toluene for 12 h followed 

by crystallization from toluene at -20°C as blue-green prisms. The diphosphine complex 

does not melt to 300°C. It gives a molecular ion in the e.i. mass spectrum that is essentially 

identical to the simulated ion. It is slightly soluble in toluene and dichloromethane, and it 

may be recovered unchanged from tetrahydrofuran. 

An ORTEP diagram ofUC4(diphos)2 is shown in tlie Figure I. The diarsine 

complex is isomorphous with the diphosphine; both molecules crystallize in the tetragonal 

space group I42m with the uranium atom sitting on the 4 axis. Since the molecules are 

t All compounds reported gave satisfactory elemental analyses. 
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isomorphous, only one ORTEP diagram is shown. Some bond lengths and angles for both 

complexes are listed in the Figure Caption. tt The geometry of both eight-coordinate 

molecules is based upon a dodecahedron with idealized D2d-symmetry with the phosphorus 

or arsenic atoms on the A-sites and the chloride a~oms on the B-sites. 5 The nearly trivial 

deviation from idealized dodecahedral geometry is shown by the shape parameters in the 

Table. The unique U-Cl distance in each of the molecules is 2.627(1) A and 2.618(3) A, in 

the diphospirlne and diarsine, respectively. These distances are essentially identical to each 

other and to the U-Cl distance in UC4 (Me:zNCH2CH2NMe2h where the U-Cl distance is 

2.609(9) A.6 The U-P distance of 2.981(1) A is 0.068 A shorter than the U-As distance 

of 3.049(1) A. The only other structural compariso:o. between diars and diphos complexes 

with which we are familiar is the low-spin Co(Ill) complexes ~-[CoCh(diphos)2]Cl04 7 

and tmns.-[CoCl2(diars)2]Cl,8 in which the Co-Cl distances are identical, but the Co-P 

distance is 0.083 A longer than the Co-As distance. The U-P(diphos) distance in 

UC14(diphosh is 0.123 A shorter than the U-P(dmpe) distance of 3.104(6)A inU(OPh)4 

(Me2PCH2CH2PMe2)2.9 Perhaps this is in part due to the larger size ofphenoxide relative 

to chloride since in the only other structural comparison between these two phosphines, 

viz., high spin tm!!S.-[MnBr2(Me2PCH2CH2PMe2h]lOa and high spin trans

[MnC12(diphos)2],10b the Mn-P(diphos) distance is 0.030 A longer than the Mn-P(dmpe) 

tt Crystal data: C2oH32C4P4U, M = 776.2, tetragonal, space group 142m, a= 9.188(1)A, c = 
17.064(2)A, Z=2, U = 1440.5(7)A3, De= 1.79 g cm-3, (Mo-Ka) radiation, A= 0.71073A, J.L(Mo-Ka) = 
59.4 cm-1, T = -75°C. The structure was solved by a combination of Patterson and Fourier methods. Data 
were measured on a CAD4 diffractometer (29 max. 55°). An empirical absorption correction was appliedt,o 
the data and the correct enantiomorph was established by refining each against the data. In the difference 
Fourier map calculated following refinement of all non-hydrogen atoms with anisotropic thermal 
parameters, peaks were found corresponding to the positions of all of the hydrogen atoms. The hydrogen 
atoms were included and refmed with isotropic thermal parameters. The fmal residuals for 60 variables 
refined against 519 observed [F02 > 3cr (F0)2] data were_R = 0.0138, Rw = 0.0153, and GOP= 0.918. 
C2oH32As4C4U, M = 952.0, tetragpnal, space group 142m, a= 9.407(1)A, c = 17.318(2)A, Z=2, U = 
1532.5A3, De= 2.06 g cm-3, Dm = 2.07 g cm-3, (Mo-Ka) radiation, A= 0.71073A, Jl(Mo-Ka) = 96.6 
cm-1, T = 25°C. The structure was solved by a combination of Patterson and Fourier methods. Data were 
measured on a CAD4 diffractometer (29 max. 55°). An empirical absorption was applied to the data, and 
the correct enantiomorph was established by refining each against the data, and all non-hydrogen atoms were 
refmed anisotropically. The hydrogen atoms were not located. The final residuals for 42 variables refined 
against 525 observed [F02 > 2cr(F20)2] data were R = 0.020 and Rw :;= 0.027. Atomic coordinates, bond 
lengths and angles, thermal parameters, observed and calculated structure factors have been deposited at the 
Cambridge Crystallographic Data Centre. See Notice to Authors Issue No. 1. 
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distance. Thus the U-P distance in UClidiphos)2 is substantially shorter and presumably 

stronger than the U-As bond in UC14(diars)2. 

The 1H NMR chemical shifts of.UC14(d.iphos)2 and UC14(diars)2 are identical to 

within ±0.5 ppm in C7D8 and CD2CI2 at 30°C.ttt In addition the 1H NMR resonances of 

both compounds in both solvents follow Curie law behaviour from -90°C to + 11 0°C in 

c7n8 and from -90°C to+ 30°C in CD2Cl2, i.e., the chemical shifts are linear in 1 1(K). 

The. 1H NMR spectroscopic behaviour of the two compounds are different in 

tetrahydrofuran; the chemical shifts and their change as a function of temperature for 

UCI4(d.iphos)2 are identical to those found in toluene or dichloromethane. In contrast, the 

chemical shifts ofUC14(d.iars)2 in C4D80 d.ifferfrom those found in the other two 

solvents ttt and a plot of the chemical shift vs. 1 1(K) is non-linear. This indicates that a 

temperature dependent equilibrium is present in solution and that the population of the 

individual species present in solution is changing as a function of temperature, giving rise 

to averaged chemical shifts that are non-linear in temperature. The identity of the species 

that are contributing to the solution equilibria are not known, though cooling a concentrated 

solution ofUC14(d.iars)2 in tetrahydrofura:n yields UC14(d.iais)(thf)2 as noted above, 

suggesting that this is one of the species present in thf solution. 

A solution ofUC14(diphos)2 in <;D8 does not exchange with added d.iphos at 

temperatures up to ll0°C since the 1H NMR spectrum shows the unperturbed resonances 

of both molecules and a plot of o vs. 1 1(K) is identical to that observed in <;n8 without 

added diphos. The UC14(d.iars)2 behaves similarly, i.e., added diars does not exchange 

ttt In UC4(diars)2 in PhMe-dg (+30°C) the Me2As x:esonance is a singlet at 0+1.73 and the AA'BB' ring 
protons appear as a pair of four-line patterns at 5A = + 0.68 and 5B =- 4.19 with JAB= 8Hz, JBB' =7Hz, 
and JAB' = 1.2 Hz. In UC4(diphos)2 the Me2P resonance is a singlet at 0+2.46 and the pair of four-line 
patterns appear at 5A = +1.12 and 5B = -3.84 with coupling constants similar to those in the diarsine. The 
linewidths are similar to those of the protio-toluene in PhMe-dg. In C4D80 at 28°C, the only resonance 

observed for U0idiars)2 is a single line at 51.24 due to the Me2As protons; the ring methyne protons are 

presumably broadened by chemical exchange since at -16°C, the M~As resonance is a singlet at 5 1.05 and 

the ring protons appear as four-line multiplets with 5A = +0.92 and oB = -4.33. In C7D8 at 30°C, methyl 

resonances for UC14(diphos)(diars) appearat 0+2.57 and +1.45 and the ring methyne protons appear at 

0+1.04, +0.60, -3.19, and -5.14. 
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with coordinated diars up to ll0°C. Thus, bidentate ligand exchange (eqs. 1) is slow on an 

NMR time ~cale. However, mixing approximately equal amounts ofUC14(diphos)2 and 

UC14(diars)2 in <;D8 at 30°C initially gives 1H NMR resonances due to the individual 

species, but with time new resonances due to the mixed species UC14(diphos)(diars)ttt 

appear in amounts indicating statistical exchange after 24 h; the t112 is ca 3h. The cross-

over exchange (eq. 2), which is slow on 

UC14(diphos)2 + diphos* ~, UC14(diphos)(diphos *) + diphos (la) 

UC14(diars)2 + diars* ~ UC14(diars)(diars*) + diars (lb) 

UC14(diphos)2 + UC14(diars)2 ~ 2UC14(diphos)(diars) (2) 

an NMR time scale, shows that the bidentate ligands do indeed exchange in toluene 

solution. Studies of the exchange mechanism are in progress. In addition, diphos will 

quantitatively displace diars from UC14 (diars)2 in <;D8, though the inverse displacement 

does not occur on an NMR time scale. The solution spectroscopic studies mirror the solid 

state results since they show that diphos is a better ligand than diars towards UC14. 
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Table. Shape Parameters for UCI4 (bidentate ligandh 

Compound B'(deg)a cj>(deg)3 

UC4(diphos)2 26.1 0 

UC4(diars)2 24.1 0 

Dld-dodecahedron 29.5 0 

anetined in reference 5c. 
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Figure Caption 

Figure 1. For UC4(diphos)2, U-P= 2.981(1) A, U-Cl = 2.627(1) A, C-P (ave.)= 

1.831(3) A, C-C (ave~)= 1:391(4) A, Cl-U-Cl = 148.61(5)0 and 94.20(1)0
, 

P-U-P= 134.53(2)0 and 66.25(3)0
• For UC4(diars)2, U-As = 3.049(1) A, 

. U-Cl = 2.618(3) A, As-C (ave.)= 1.945(2) A, C-C (ave.)= 1.372(28) A, 

Cl-U-Cl = 147.72(9)0 and 94.43(9)0
, As-U-As = 134.49(3)0 and 66.32(3)0

• 

The thermal ellipsoids represent 50% probability surfaces. 
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