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Ahetr~t 

The mixed amide complexes [U(NEI2)2(N(SIMe3)2)2] and [U(~d[~sHsXN'EI2XN[SIMe3}2)] ~ El ~ (TI-~} wiIh 
NEI31"][~Ph 4 to give the cations [U(NEt2XN{SiMe3}2)2(THF)x] + ~ [U('~-CaHs)(N{SgMe3}2XTHF)x] +. The I~(t~ime~tsilyl) 
complex [U(~sMes)2(N{SIMe3}2)] was inert towards ]~t3I~P~ 4 but its tn~me~ with ~H4B~ 4 ~'ogd~d ~ ~ ~ )  
compound [U(c/-CsMe~)~(THF)~IBPh~]. the crystal sum-na~ of which has been 

Keyworde: Uranium (Ill);. Cation: Cyclopentadi~yl 

1. ln t reduct iea  

Pmtonolysis of metal dialkylamide complexes by 
means of[he ammoflillill salt NEt31-IBPh 4 t~; ln~ll tS an 
efficient and practical synthesis of cationic compounds. 

[M]-NR 2 + NEt3HBPh 4 

[M l [SVh,] + h~t3 + NR2H (!)  
The reaction in Eq. (1) served to prepm¢ the Group 4 
metal caliol~s [M(NMe2)3(THF)x] + (M = Ti and x = !; 
M = Z r  or  H f  and  x ffi 2)  and [ M ( ~ -  
CsHs)2(NMe2)(NCsHs)] + (M = Zr or 140 [1]. By this 
way, a series of cationic uranium(IV) comp~xes were 
synthesized from [U(NEt2) 4] and varioas cycio~ntadi- 
enyl and ¢yclouetateffaeue amide precmso~s [2,3]; a 
unique example of a manium(V) cation, [U(v/- 
CsHsXNEI2)2(THF)] +, was also isolated [4]. The very 
rare m-anium(lll) cadons so far r e l X n ~  have been 
incpan:d either by heterolytic cleavage of a metal- 
halogen boud [5] or protonolysis of a U - C  [6] or U - H  
bond [7]. It was then interestin~ to assess the potential 
of the reaction in Eq. (I) in the preparation of new 
cationic complexes of uranium(liD. Here we report on 

• c ~  aue~ 

the synthesis and X-ray crystal structure of  
[U(cP*)2(THF)2IBPh4] (cp* ~ - C s M e s ) .  the ff~t 
canonic mmllocene compound of maiea~m).  "the 
p~tonolysis reaction of [U(cp* )2(N{SiMe3h)] revealed 
the distinct behavimw of the bi~trimethyl~lyD amide 
ligand. 

2. RmJ~s a~11 ~ 

Application of the rew6on in Eq. (D to the syeeaesis 
of  cationic uranimn(l]I) compounds is actuary qmile 
restricted because of  the yew few n e p a l  amide la~Car- 
Sots in this o x i d m m  state. Only three have beea re- 
polted: the bis(trimethylsi/yl) amide derivatives 
[ ( { M e 3 S i } 2 N ) 4 U 2 ( / . t - N ( H } { m e s i t y l } )  z]  [8] ,  
[U(N{SLMe3}z) 3] [91 and [U(cp*)2(N{SiMe~}2)] [1el. 
The s u ~  of  tl~ nmle p ~  N~Si~3)  2 lig- 
and over the dlalkTlanddo gnmp NR 2 fer s t a b ~  
metal complexes in low o~mlatien ~ is well docu- 
mented [11]. The o th~  advantage ofe~e b is (e ia~hy~ 
~yl )  mide tigand is to l~vem, by its stedc hiadne~e. 
the dhnedzmkm of the low vak~ metal s ~  aad 

sub~quem ligand exchaege and , l ~ ~  
~.acI~s. Our own animus m iso~c ~ 
comp~.x~ of m-~mn(m) by ~ of c z ~ i :  
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[U(ep*y2fNIS~,e312)| 

mTE~ 
[U(cp*)2ffHl~2lfSPh4] 

Sd~me 1. Synthesis of the cationic uraaium(IIl) compounds. 

CUrsors of the type [{uIv](NR2)] ÷ were unsuccessful; 
only tetravalent uranium products could be identified 
(see Section 3). In particular, treatment of 
[U(NF_.t2)3]~BPh4] With sodium amalgam afforded 
[U(NEt2)4] with total recovery of the NEt 2 ligands, 
indicating that the putative [U(NEt2) 3] would readily 
disproportionate, according to Eq. (2); the trivalent 
species was not detected by NMR or UV-visible spec- 
troscopy. 

4[U(NEt2)3] ~ 3[U(NEt2)4] + U ° (2) 

This disproportionation reaction would be facilitated by 
ability of [U(NEt2)3] to adopt, like [U(NEt2)4] [12], 

a dimeric structure. The instability of the U(III) dialky- 
lamide complexes may be compared with that of some 
sand'/urn(H) analogues, which have been studied re- 
eently [13]; for example, [{(Cy2N)2Sm(/z-CIXTHF)} 2] 
(Cy=CeHH)  was found to react with lithium naph- 
tha l ide  to g ive  me ta l l i c  s a m a r i u m  and 
[Sm(NCy2)3(THF)]. 

In contrast to the dialkylawade complexes of uranium 
and Group 4 raetals which were readily protonated at 
20°C With NEtsI'IBPh4, [U(cp*)2(N{SiMe3}2)] was in- 
ert towards  this  a m m o n i u m  salt  whereas  
[U(N{SiMe3}2)3] w,~ slowly transformed into not yet 
identified products. The lesser reactivity of the bis0ri- 
methyisilyl) amide ligand was also evident in the mixed 
N E t 2 - N ( S i M e 3 )  2 u r a n i u m ( I V )  de r iva t ives  
[U(NEt2)2(N{SiMe3]2)  2] and [ U ( ~ - C s H s ) -  
(NEt2XN{SiMe3}2)] [14]. In the presence of 
NE~HBPh4, the latter were readily transformed in 
THF~ according to Eqs. (3) and (4), into the cations 
[U(HEt  2)(N {SiM e3}z)2(TH F)~ ] + and [U(r/- 
CBHsXN{SiMe3}2XTHF)~] +, with liberation of NEt2H 
(NMR experiments). 

[U(NEt2)2(N{SiMe3}2)2] + NEt3HBPh , 

"* [U(NEt 2 ) (N{ SiMe3} 2)2(THF)x ] [BPh 4 ] 

4- NEt 3 -I- NEt2H (3) 

[U(~-CsHg)(NEt2)(NISiMe3}2)] + NEt3HBPh 4 

--* [U(~-CaHs)(N{SiMe3} 2)(THF) ~] [BPh4] 

+ NEt 3 + NEt2H (4) 

C. Boisson et aL /Journal of Orgammzetallic Chemistry 533 (1997) 7-11 

~(cp*)2(,~a~)][BPl~4l.O.5 C6H6 C7 

-,el ~ n 

i 

Fig. 1. ~ drawing of the cation [U(cp*)2('lltF)~] ÷. Atoms 
labelled i are related to those ualabelled by the two-fold axis. 

This remarkable selectivity can be easily explained by 
the steric and electronic effects of the SiMe 3 groups 
which impede the attack of the acidic reagent onto the 
nitrogen atom of the bis(laimethylsilyl) amide ligand. 

Protunolysis of [U(cp*)2(N{SiMe3}2)] could be 
achieved by replacing NEt3HBPh 4 with NH,BPh 4 
(Scheme 1); the greater reactivity of this latter can be 
accounted for by its smaller size and its more important 
acidic character. The U(IID compound reacted in ben- 
zene with NH4BPh 4 in the presence of dimethylphos- 
phinoethane (drape) to afford the brown cationic prod- 
uct [U(ep*)2(dmpe)][BPh4]- 0.5C6H 6 which crystal- 
lized from this solvent (78% yield). The diphosp~ne 
ligand was readily displaced by THF, giving 
[U(cp*)2(THF)2IBPh4], which was directly obtained 
by protonolysis of the bis(trimethylsilyl) amide precur- 
sor in tetrahydrofuran and was isolated as green micro- 
crystals in 79% yield. 

The solid state structure of [U(cp*)2(THF)2][BPh4] 
was determined by X-ray diffraction analysis. The crys- 
tals are composed of discrete cation-anion pairs. The 

Table 1 
Selected bond distances (~) and angles (deg) with estimated standard 
deviations for [U(cp*)2(THF)2][BPh 4] 
Bond distances 
U-O 2.511(8) U-C0) 2.738(9) 
U-C(2) 2.75(I) U-CO) 2.68(2) 
U-C(4) 2.72(2) U-C(5) 2.73(1) 
< U-C > 2.72(3) U-cp* a 2.46(1) 

Bond angles 
O-U-O i 95.2(4) cp*-U-O 104.0(5) 
cp*-U-cp* i 134.2(5) 

ep* is the centroid of the cyciopen~adieny| ring. SynuneUy code i: 
- x , y , l / 2 - z .  
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Table 2 
SmJctural parameters of the U(cp * )2 fragment in complexes in the oxidation states + 3, + 4 and + 5 

Compound cp* -U-cp* ~ (deg) < U-C > (~) < U-cp* > (~,) 
[U(cp * )2(THF)2 ][BPh~ ] 134.2(5) 2.72(4) 2.46( I ) 
[U(cp * )2(BH4)2] 133( I ) 2.74(3) 2.47(5) 
[U(cp * )2(NEt2 )2 IBPh4 ] 132.6(I) 2.76(2) 2.49(1) 

cp* is the centroid of the cyclopenmdienyl ring. 

BPh 4 anion displays the expected geometry, an OR'raP 
[15] drawing of  the cation is shown in Fig. 1 and 
selected bond distances and angles are listed in Table 1. 
The complex is isostructural with the samarium ana- 
logue [Sm(eP*)2(THF)2][BPh4] [16] and it is not neces- 
sary to go back to the comments previously presented. 
The U - C  and U - O  bond distances are longer, by ca. 
0.05 ,~, thatl the S m - C  and S m - O  bond lengths; this 
value can be compared to the 0.07.g, difference between 
U 3+ and Sm 3+ in the same coordination [17]. However,  
it is noteworthy that the geometry of  the U(ep*)  2 
fragment is quite similar to that found in the complexes 
[U(cp * )2(BH4)2] [18] and [U(cp *)2(NEt2)21BPh4] [19] 
which are respectively in the + 4  and + 5  oxidation 
states. The geometrical parameters reported in Table 2 
confirm that the metal valency cannot be defined by 
such structural criteria [20]. 

3. Exper imental  details 

3.1. General methods 

All preparations and reactions were carried out under 
argon ( <  5 p p m  oxygen or water) using standard 
Schlenk-vessel and vacuum-line techniques or in a glove 
box. Solvents were thoroughly dried and deoxygenated 
by standard methods and distilled immediately before 
use; THF-d s was dried over N a - K  alloy. 

Elemental analyses were performed by Analytiscbe 
Laboraturien at Lindlar (Germany). The i H NMR spec- 
tra were recorded on a Bruker WP 60 (FT) instrument 
and were referenced internally using the residual protio 
solvent resonances relative to teWamethylsilane (8  0); 
the spectra are described in Table 3. 

The commercial reagents were dried by standard 
methods before use. NEtsHBPh. * and NH4BPh 4 were 

prepared in water by mixing NaBPh 4 with NEtsHCl or  
NH4CI; the white powder which lmmcipitated was fig- 
tered off, washed successively with hot water and di- 
ethyl ether and dried under vacuum. The uranium com- 
pounds [U(NEt2)4] [12], [U(]~[~t2)3][BPh#] [2], 
[ U ( N E I 2 ) C I 2 ( T H F ) 2 ] [ B P h 4 ]  [2], [ U ( ~ - C s H s ) -  
( N E t 2 X T H F ) 2 ] [ B P h  , ]  [3], [ U ( ~ - C s H s X N E t 2 ) -  
(N[SiMos]2) ] []4] and [U(qD*)2(N[SiM~3}2) ] [10] ~ave 
been synthesized by published methods. 

3.2. Attempted reductions of  cationic uranium(IV) di- 
alkylamide compounds 

3.2.1. [U(NEtz)3][BPh , ] 
An NMR robe was charged with the cationic com- 

plex (10.0mg, 0,013retool) and 2% Na(Hg) (15.0rag, 
0.013 mmol Na) in THF-d s (0.4mi). The tube was fttst 
immersed in an ultrasound bath (60W, 40kHz)  for 
20min and was then kept at 20°C for 2h .  The spectrum 
showed that the cation was converted into [U(NEt2)+]; 
integration of  the signals indicated that the NEt 2 ligamls 
were totally recovered. 

3.2.2. [ U( NEtz )CIz( THF)z ][BPh , ] 
An NMR tube was charged with the ca~omc com- 

plex (10.0mg, 0.022mmol) and 2% Na(Hg) (25.4mg, 
0 .022mmol Na) in THF-d s (0Aml) .  ~ the same 
treatment as before, the SlaXtmm shewed that the cation 
was converted into [U(NEt2)2C]~2 ] ~ il~gi]Hion o f t ~  
signals indicated that the NEt 2 ]4gands wet'e totally 
recovered. 

3.2.$. IU(~-C, HsXNEt,)~THF),IIBPIh l 
An NMR tube was charged with the cationic com- 

plex (9.7rag, 0.011retool) and 2% Na(Hg) (12.7rag, 
0 .01 lmmol  Na) in THF-d a (0.4ml). After the same 
treatment as before, green micmcrystals of  [U(~- 

Table 3 
' H NMR spectra of the compounds ~ 
Compound 'H NMR data 
[U(NEt 2 )2(N{SiMes}2 )21 13.7 (SH. CH, CHj); 5. I (12H, CH,CH~); --3.52 (36H, SiMe 3) 
[U(NEt 2 XNISiMe3}2 )2(THF), ][BPh41 38.4 (4H. C H2CHs); 5.9 (261/, CH2CH~ and Ph); --4.67 (361-L SiMe~) 
[U(.q-CsHsXN{SiMes}2 XTHF)~ ][BPh4 ] - 32.47 (8H. CsHs); 6.0 (20H, l~l); 1.98 (ISH, SiMe~) 
[U(cp* )2(TH~)21BPh4] 5.8 and 5.3 (12H + 8H. Ph); 0.! (30H, wt/2 = 50Hz, cp*) 

At 30°C in THF-d s, 8 relative to TMS. When not specified, the signals are singlets with half-height widths betweel 1O amt 30Hz. 
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CsH~)2] were deposited and the spectrum showed that 
the cation was  also converted into [U(~I- 
C~HsXNEt~)~(THF)]. 

3.3. Synthesis o f  [U(NEt z)2(HlSiMe~]2)2 ] 

A 50mi romnd-botton-md flask was charged with 
[U(NEt2)4] (727mg, L38mmol) in t o t ~ e  (20ml) and 
N($iM%)zH (1.75mi, 8.29nm~oi) was introduced via a 
syr~ge. The green solution was heated at 85°{= for 60h 

terned yellow. A~er evaporation to &,-yness, the 
residue was treated ~ in toluene (2Oral) with 
N(SiM%)2H (1.75 ra]); the mixture was heated at 85~C 
for 24h. A f ~  evaporation, the residue was extracted 
with penttme (20ml). The solvent was evaporated off, 
teavh~g the lmtoduct as an orange sticky powder (658 mg, 
68%). Anal. Found: C, 34.03; H, 7.97; N, 7.84. 
C2~H,~sN~Si,U calc.: C, 34.17; H, 8.03; N, 7,97%. 

3.4. Protonolysis of  IU(NEt~)2(N{SiMe~]2) 2 ] and [U( w 
C~He)~NEtzXNISiMe3]z)] 

(a) An N M R  tube was  charged wi th  
[U(N~A2)2(N{SJ]~e3)2)2] (6.9 rag, 0.010 mmol) and 

T~h~ 4 
data and ~ta~ls for [U(ep*)~(T~)~ IBI~,] 

C r y ~  
F ~ a  C~HeeBO2U 
M 971.95 
Ct~s~ d~emie~ (ram 3) 0.50x 0.45 x0.40 

G~en 
Crystal system Monoclinic 
S,~ce grou~ e2 / c 
a (.~) 1o.589(4) 
b (&) 14.245(6) 
c ( ~  16.291(8) 

Ok-g) i07.07(3) 
v(~?) 2349(3) 
z 2 
D ~  (gem -~) 1.37,* 
p.~gzoKe) (ore- ~) 33.108 
F(0~) 982 

D ~  collec~ 
e lta~s (ae$) l, 2O 
S ~  vype ta-2O 
Scan wi~b 0.8 +0.35tan 0 

of el~eohae tmasmissi~ 0.818, 0.999 
~ o f h , k , I  --ll to0.0to 13, 

--151o 15 
Nee~,r ~f refle~ons c~le~ed 

2568 
2246 

~th 1> 3o'(I) 1807 
Nt~aber of pma~e~ 254 
R~ EIIFol- I F. III~I_Fol 0.035 
e~ ~[EwlIFoI-IFjI2 /E~(IFol)~] ~:~ 0.045 
~ e e ~ ] e a l e l e c t v ~ ' ~ s R y ( e ' A  -3) 0.532 

Table 5 
Fractimml atomic coordinates, ~ennal parameters and their estimated 

deviations for [U(cp*)2(THD~ IBPh,] 

Atom x y z B ( ~ )  ~ 

U 0 . ~  -0.16360(4) 0.250 5.0t0) 
0 0.1679(7) -0.2825(6) 0.3275(4) 8.6(2) 
C(I) 0.0564(9) -0.1634(6) 0.0964(5) 6.'/(2) 
C(2)  0,178(1) -0A486(9) 0.1374(6) 9.3(3) 
C(3)  0 .18l (1)  -0,071(1) 011952(7) 14.2(4) 
C(4)  0.078(I) - 0.0199(8) 0.1664(7) 13.0(3) 
C(5) -0.0170(9) -0.0789(9) 0.0969(5) 9.6(3) 
C(6) 0.012(1) -0.2459(9) 0.0356(6) 10.6(4) 
C(7)  0.291(1) -0.221(2) 0.172(1) 20,5(7) 
C(8)  0.313(1) -0.1D5(2) O-~3(D 22.4(7) 
C(9)  0,030(2) 0.084(1) 0.1612(9) 26.0(5) 
C(I0) 0.155(1) 0.055(1) 0.9661(8) 15.5(4) 
C(It) 0.156(2) -0.384(1) 0.315(1) IS.0(6) 
C(12) 0.275(2) -0.425(|) 0 ,379(i)  18.0(7) 
C(13) 0361(2)  -0.356(i) 0.417(2) 23.1(9) 
C(14) 0.296(I) -0.266(1) 0.3927(8) 11.9(4) 
C(15) 0.4635(9) 0.2554(7) 0.32~0(6) 7.2(3) 
C(16) 0 .378( I )  0.2875(9) 0.3687(8) I I.I(4) 
C(17) 0.348(2) 0.243(1) 0.432(1) 15,7(6) 
C(18) 0.402(2) 0.164(1) 0.455(1) 17.1(6) 
C(19) 0 .499(I )  0.1191(9) 0.4223(8) 12.6(4) 
C(20) 0 .531(I)  0.1701(7) 0,352~8) 10.0(3) 
C(2!) 0.375(1) 0.3819(8) 0.1959(7) 8.1(3) 
c(22) 0.4o4(~3 0.468(1) 0.162(I) 14.1(5) 
C(23) 0,294(2) 0 .527( I )  0.t07(I) 20.2(6) 
C(24) 0.163(2) 0 .483( I )  0.0926(9) 17.5(6) 
C(25) 0.131(2) 0 .408(I )  0.129(I) 16.0(5) 
C(26) 0.242(1) 0.3495(9) 0.182(I) 12.9(4) 
B 0.500 0.3191(9) 0.250 5.9(4) 

NEt3HBPh 4 (4.1 nag, 0.010retool) in THF-d 8 (0.4ml). 
After 10rain at 20°C, the specu,am showed that the 
compound was totally wansfonned into the cation 
[U(NEt2XN{SiMes}2)2(THF)~]*+ with liberation of 
NEt 3 and NEt2H (one equivalent each). 

(b) An NMR tube was charged with [U(v/- 
CaHsXNEt2XN{S'tM%}2)] (10.0rag, 0.017retool) and 
NEt3HBPh 4 (7.3rag, 0.017mmoi) in THF-d s (0.4ml). 
After 10rain at 20~C, the specWam showed that the 
compound was totally transformed into the cation [U(~- 
CzHs)(N{SiMe3}2)(THF)x]+, with liberation of NEt s 
and NEt2H (one equivalent each). 

3.5. Synthesis of  [ U(cp * )2(dmpe)llBPh, l -  0.5C6 H6 

A 50ml roundd~ttomed flask was charged with 
[U(cP*)2(N{SiMe3}2)] (556 mg, 0.83 retool) and 
NH4BPh 4 (259mg, 0.77 mmol) in benzene (30ml) and 
drape (155~1, 0.93retool) was introduced via a micro- 
syringe. The mixtm~ was heated at 80°C for 4days and 
the brown microcrystalline product which was deposited 
was filtered off, washed with benzene (20ml) and dried 
under vacuum (610rag, 78%). Anal. Found: C, 62.28; 
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H, 6.71; P, 5.86. C53H69BP2U calc.: C, 62.60;, H, 6.84; 
P, 6.O9%. 

3.6. Synthesis of [U(cp * )z(THF): ][BPh, ] 

A 50ml round-bottomed flask was charged wi th 
[U(cP*)2(N{SiMe3}2)] (150mg,  0.22retool) and 
NH4BPh 4 (70rag, 0.21mmol) and ~ (20ml) was 
condensed in under vacuum at -780C. The ~- ' t ion  
mixture was st]n'ed for 16h at 20°C and after fil~'adon, 
the brown solution was evaporated to drying. An or- 
ange impority was eliwimm-d by washing the residue 
with diethyl ether ( 3×  15ml) and the green product 
was dried under vacuum (160mg, 79%). Orange micro- 
crystals suitable for X-my diffraction analysis were 

by ~-ysta]liT~tinll fl'um T H F - I k ~ .  Anal. 
Found; C, 64.04; H, 6.75. C52 He~BO2U calc.: C, 64.26; 
H, 6.84%. 

3.7. X-ray crystal structure o f  [U(cp * )~(THF)2][BPh ~ ] 

A selected single crystal was introduced into a thin- 
walled Lindemann glass tube in the glove box. Data 
were colleclcd on an Emaf-Nonius CAD-4 diffractome- 
ter equipped with a graphite monechromator 
[ A(Mo Ka ) = 0.7{}073 ~k]. The cell parameters wm'e ob- 
tained by a least squares refinement of the setting angles 
of 25 reflectiom with 0 between 8 and 12". Three 
standard reflections were measured after every hour;, a 
decay was ob~rved (9.8% in 35h) and linearly cor- 
recled. The data were cmrected for Lorentz p o ~ o n  
effects and absoq~ian [21]. The su 'ucu~  was solved by 
tbe heavy-atom metbod and refined by full maUix least 
squares on F with anisolropic thermal pm-mnete~; H 
atoms were not introduced. All calculations were per- 
formed on a Vax 4000-200 computer wil~ the Emaf-  
Nonius MolEN system [22]. Analy~cal  s c a l / e r ~  fac- 
tors for neutral rooms were conected for both Af '  and 
A f "  components of anomalous dislx~inn [23]. Crystal- 
Iogx~phic data me given in Table 4 and f inal  positional 
parameters in Table 5. 
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