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Preliminary X-ray crystallographic results establish a stoi- 
chiometry of U(BH,),( 1 8 - ~ r o w n - 6 ) ~ , ~  for these crystals and 
also establish that the uranium is actually located inside the 
crown ether cavity for two of the three different uraniums in 
the unit cell, A disorder phenomenon has hindered the 
complete refinement of the structure, but it is hoped that a 
solution to this problem can be found and that precise 
structural data will be forthcoming.6 

Acknowledgment. The  authors express their appreciation 
to Dr. G. J. Kubas for his assistance in obtaining the ther- 
mogravimetric analyses and to Dr. E. Fukushima for obtaining 
the solid-state N M R  spectra. 

References and Notes 
Registry No. UC13(18-crown-6), 68212-93-1. 

This work was performed under the auspices of the U.S. Department 
of Energy. 
For the previous paper in this series see D. C. Moody and J. D. Odom, 
J .  Inorg. Nucl. Chem., in press. 
M. E. Harman, F. A. Hart, M. B. Hursthouse, G. P. Moss, and P. R. 
Raithby, J .  Chem. Soc., Chem. Commun., 396 (1976). 
G. C. de Villardi, P. Charpin, R. Costes, G. Folcher, P. Plurien, P. Rigny, 
and C. de Rango, J .  Chem. Soc., Chem. Commun., 90 (1978). 
J. A. Hermann and J. F. Suttle, Inorg. Synth., 5, 143 (1957). 
R.  R. Ryan and David C. Moody, unpublished results. 

Contribution from Chemistry Department and Materials and 
Molecular Research Division, Lawrence Berkeley Laboratory, 

University of California, Berkeley, California 94720 

Uranyl Complexes with (Hexamethyldisilyl)amido and 
Nonafluoro- tert-butoxo Ligands 

Richard A. Andersen 

Received July 27, I978 

The uranyl ion U02*+ is the most commonly occurring entity 
in uranium(V1) chemistry. A large number of complexes have 
been described with nitrate, sulfate, and related ligands.’,, In 
contrast only a small number of uranyl complexes have been 
described with alkoxide ligands, though no fluorocarbon al- 
koxides a re  known, and no amide derivatives have been 
prepared. Lithium methoxide and uranyl chloride yield 
U02(0Me), .MeOH, from which a number of substituted 
derivatives have been prepared by alcohol exchange with 
primary alcohols. The  exchange reaction however takes a 
different course with secondary or tertiary alcohols, the 
disproportionation products OU(OR),.ROH (R = LPr, s-Bu, 
and t-Bu) being isolated. Heating these monooxo complexes 
results in further disproportionation affording U(OR)6.334 

Reaction of sodium nonafluoro-tert-butoxide with di- 
nitratodioxouranium(V1)-bis(tetrahydrofuran), U 0 2 ( N -  
03)2.2THF, yields the diamagnetic perfluoroalkoxide 
U02[0C(CF3)3]2.2THF. This complex (I, R = (CF,),CO) 
is readily soluble in chlorinated hydrocarbons or ethers but 
is insoluble in aliphatic or aromatic hydrocarbons. The 
complex is not volatile and decomposes when heated (130 “C) 
under vacuum. The asymmetric UO, stretching frequency 
occurs a t  928 cm-’, in the range for other uranyl c o m p l e x e ~ . ~  
The infrared spectrum also shows absorptions associated with 
tetrahydrofuran and perfluoroalkoxy vibrations. The ‘H N M R  
spectrum (CDC13) consists of two equal-area multiplets 
centered a t  6 2.22 and 4.32 due to tetrahydrofuran. The 19F 
N M R  spectrum consists of a single resonance (CDC13) a t  6 
-80.0 (negative value being to low frequency of CFClJ. These 
data are consistent with I, R = (CF3)3C0. We prefer the trans 
arrangement rather than that of the cis since the relatively 
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bulky alkoxide groups doubtless prefer to be across from rather 
than adjacent to each other. 

Reaction of sodium (hexamethyldisily1)amide with uranyl 
chloride (U02C12) in tetrahydrofuran yields the diamagnetic, 
orange-red amide  U 0 2 [ N ( S i M e 3 ) 2 ] 2 . 2 T H F  (I, R = 
(Me3Si),N). The complex is soluble in pentane though it does 
not sublime nor yield a molecular ion in the mass spectrometer. 
The  asymmetric UO, stretching frequency in the infrared 
spectrum cannot be assigned with certainty as this region 
contains intense absorptions due to NSi, vibrations. However, 
a strong shoulder a t  955 cm-I on the asymmetric NSi, vi- 
bration (935 cm-‘) can be tentatively ascribed to the UO, 
molecular vibration. The ‘H N M R  spectrum is invariant to 

Experimental Section 
Microanalyses were done by Spang Microanalytical Laboratory, 

Eagle Harbor, MI, and the microanalytical laboratory of this de- 
partment. The spectrometers used were a Varian T-60 (‘H) and a 
modified Bruker WH-180 (19F) operating at  169.4 MHz and a 
Perkin-Elmer 597 (IR). All operations were carried out under ni- 
t r ogen . 

Bis(nonafluoro-tert-butoxo)dioxouranium( VI)-Bis( tetrahydrofuran). 
Sodium perfluoro-tert-butoxide6 (0.73 g, 0.029 mol) dissolved in diethyl 
ether (25 mL) was added to a solution of dinitratodioxouranium- 
(VI)-bis(tetrahydr0furan) (p.79 g, 0.0015 mol) in tetrahydrofuran 
(30 mL). The yellow suspension was stirred for 12 h. The volatile 
material was removed under vacuum, and diethyl ether (30 mL) was 
added to the residue. The solution was filtered, concentrated to ca. 
10 mL, and cooled to -70 OC. The yellow prisms were collected, 
washed with diethyl ether (1 mL), and dried under vacuum; yield 0.70 
g (53%). The complex decomposed when heated in a sealed capillary 
at ca. 230 “c. Anal. Calcd for C16H16F1806U: c, 21.7; H, 1.81; 
F, 38.7. Found: C, 21.8; H, 1.83; F, 38.7. 

Bis(  (hexamethyldisilyl)amido)dioxouranium(VI)-Bis( tetra- 
hydrofuran). Sodium (hexamethyldisily1)amide ( I .  1 g, 0.0058 mol) 
dissolved in tetrahydrofuran (20 mL) was added to dichlorodioxo- 
uranium3 (1.0 g, 0.0029 mol) suspended in tetrahydrofuran (20 mL). 
The resulting red suspension was stirred for 6 h. The tetrahydrofuran 
was removed under vacuum, and the residue was extracted into pentane 
(40 mL). The solution was filtered, and the filtrate was concentrated 
to ca. 20 mL. Cooling to -10 “C yielded orange-red prisms which 
were collected and dried under vacuum (mp 147-148 O C  dec). The 
yield was 1.7 g (79%). Anal. Calcd for C20H,2N204Si4U: C, 32.7; 
H, 7.08; N, 3.81. Found: C, 32.0; H, 6.96; N, 3.87. The IH NMR 
spectrum (C6H6) consisted of a singlet at 6 0.82 and a pair of multiplets 
centered at 6 1.77 and 4.50 in area ratio 36:8:8 due to (Me3Si)*N 
and tetrahydrofuran, respectively. 

Acknowledgment. This work was supported by the Division 
of Nuclear Sciences, Office of Basic Energy Sciences, U.S. 
Department of Energy. 

Registry No. I (R = (CF,),CO), 68212-94-2; I (R = (Me3Si),N), 

-65 “C. 

68212-95-3; UOz(N03)2*2THF, 62364-66-3; U02C12, 7791-26-6. 

References and Notes 
(1) Bagnall, K. W. “The Actinide Elements”; Elsevier: Amsterdam, 1972. 
( 2 )  Bailar, J. C.; EmelBus, H. J.; Nyholm, R.; Trotman-Dickenson, A. F. 

“Comprehensive Inorganic Chemistry”; Pergamon: London, 1973; Vol. 
IV. 

(3) Bradley, D. C.; Chatterjee, A. K.; Chatterjee, A. K. J .  Inorg. Nucl. Chem. 
1959, 12, 71. 

(4) Bradley, D. C.; Kapoor, K. N.; Smith, B. C. J .  Inorg. Nucl. Chem. 1962, 
24, 863. 

( 5 )  Nakamoto, K. “Infrared and Raman Spectra of Inorganic and Coor- 
dination Compounds”; Wiley-Interscience: New York, 1978. 

(6) Dear, R. E. A,; Fox, W. B.; Fredreichs, R. J.; Gilbert, E. E.; Huggins, 
D. K .  Inorg. Chem. 1970, 9, 2590. 

(7) Reynolds, J. G.; Zalkin, A,; Templeton, D. H. Inorg. Chem. 1977, 16, 
3351. 

0 1979 American Chemical Society 




