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U ( C ~ ) ~ R  (cp = q5-cyclopentadienyl, R = Me or Et) reacts in toluene solution at room temperature with a number of 
appropriately labile adducts L - BH3 (L = BH3, tetrahydrofuran or Me2S) to give U ( C ~ ) ~ B H ~  via the non-isolable, but 
spectroscopically well identified, primary insertion product U(C~)~(H,BR); evidence of a corresponding, rather 
effective, insertion of the resulting BH2R unit into U-C bonds is also apparent. 

Recently, tricyclopentadienyluranium(1v) alkyls have been 
shown readily to insert e.g. carbon monoxide1 and organic 
isocyanides,2J respectively, into their U-C a-bonds [reaction 
(l)]. Corresponding insertion reactions may be envisaged with 
a variety of other unsaturated molecules.4 We now focus on 
monoborane, BH3, as the first example of an unsaturated 
agent devoid of a double or triple bond. When clear solutions 
of U ( C ~ ) ~ R  (R = Me or Et; cp = q5-C5H5) in toluene are 
stirred at room temperature during 10-24 h, either under N2 
containing freshly generated B2H65 or in the presence of a 
large excess of Me2S-BH3, the well known complex 
U(cp)3BH46 is finally obtained in almost quantitative yields, 
unambiguously identified by 1H and 1lB n.m.r. spectroscopy 
(Table 2). However, work-up of the corresponding reaction 
mixtures? obtained either after notably shorter reaction times 
(reactant: B2H6), or by use of an excess of U ( C ~ ) ~ R  relative to 
Me2S. BH3, gave rise to samples the n.m.r. spectra of which 
indicated the presence of both U ( C ~ ) ~ B H ~  and U(cp)3(H3BR) 
(Table 1). Occasionally, also, resonances attributable to the 
starting compound U ( C ~ ) ~ R  and/or to the hitherto unreported 
species U ( C ~ ) ~ ( H * B R ~ )  were detected (Table 2). The inter- 
mediate U(cp),(H3BEt) was clearly identified on the basis of 
its reported 1H n.m.r. data.7 Observations resulting from a 

X = 0 or NR‘ 

t Reactions were terminated by rapid solvent evaporation; the 
components of the solid mixture were subsequently identified by i.r.  
and 1H and 1lB n.m.r. spectroscopy (c6D6). 

systematic variation of the relevant reaction conditions lead to 
the generalization in Scheme 1. 

Although an alternative reaction of in situ-generated H2BR 
with U(cp)3R (formed in step v) cannot be fully excluded, 
approximately two equivalents of Me2S - BH3 turn out to be 
necessary for the complete conversion of one U ( C ~ ) ~ R  
molecule into U ( C ~ ) ~ B H ~ .  Steps ii-iv comprise the ‘insertion’ 
procedure.8 Steps ii and iii bear some resemblance to the 
initial steps frequently suggested for alkene and alkyne 
hydroboration.9 Step v may be considered as a slightly 
modified reversal of the successful preparation of 
U(cp),(H3BEt) from U ( C ~ ) ~ B H ~  and BEt3.7 

Table 1. Composition of various mixtures after incomplete product 
formation (deduced from the integrals of the cp 1H n.m.r. signals). R 
= Me unless otherwise stated; solvent: toluene. 

Ratio of 
U(cP)3R to Reaction U(cp),R U ( C ~ ) ~ H ~ B R  U(cp),BH4 
L * BH3a time/h (Yo) (Yo ) (W 
1 : l  1 8.5 33 58.5 
1: l  2 4 40 56 
1:l  24 4 37 59 
3 : 4  20 - 20 80 
2:  3 22 - 15 85 
1:2 68 - 100 - 

2:  3b 24 - 9 91 
Excessb’c 2 - 25 75 
Excessb.c 14 - 100 - 

a L = SMe2 unless otherwise stated. b R = Et. c L = BH,. 
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Table 2. Characteristic n.m.r. data (1H and 1lB) of various paramagnetic intermediates (positive sign corresponds to high-field shift). 

Intermediate 
species 

72.6 (br.q) 24.62 (s) -96.7 (q)e 
-86.76 (9)” [ E[:{ 73.6 (br.q) 24.5 (s) 17.8 (t) 

U(cp)3(H3BMe) 
U(cP)3(H3BEt)c 

[13*81(s)l i73.6 ( 4 1  P4.6 (q>l P7.97 (91 
-37.05 (br.s) U(CP)3(H2BMe2)d 14.82 (s) 

U(cp)3(H2BEt2)d 14.23 (s) 

a C6D5H internal standard. 
assignable with certainty. e 1 : 2 : 2 : 1 quartet. 

BF3-Et20 external standard. c This work; values from ref. 7 in square brackets. Other signals not 

( i i )  U(cp13R + BH2R’ 

(iii) 

(L= BH3, MezS, or thf) 

Scheme 1. Possible reaction steps leading from U(cp),R and L - BH3 
finally to U(cp),BH4. R’ = H or R; in square brackets: short-lived 
intermediates; underlined: observable intermediates. 

BHscarriers, L, of Lewis basicity superior to those of 
Me2S, BH3, and tetrahydrofuran (thf)$ (e.g. NEt3, PPh3, and 
pyridine) do not allow BH3 attack of U ( C ~ ) ~ R .  Conversely, 
U(cp)3R reacts with AlR’310 and BPh3,11 but not with the 
comparatively less acidic compound B( OMe)3. Somewhat 
unexpectedly, U(cp)&l turns out to be unreactive towards 
both B2H6 and BPh3.10 

The recently described dihapto-acyl complexes U(cp)3(q2- 
OCR)1 (R = Me and Et) react with thf.BH3 at room 
temperature in essentially the same way as their parent 
U(cp)3R systems. Corresponding behaviour was reported by 
Caulton and Marsella for the complex Zr(~p)~Me(q2-COMe) 
even at 0 OC.8a As both the uranium and zirconium complexes 
are known to extrude CO reversibly above room temperature, 

$ The thf solution of thf . BH3 (Janssen Chimica) turned out to have 
suffered from ‘ageing.’ Thus, during the reaction with U(cp),Me, the 
lH n.m.r. spectrum of U(cp),OBun was observed, whereas indepen- 
dent reaction of U(cp),Me with B& in toluene-thf did not give rise 
to this intermediate. 

the observed reaction with BH3 might simply take place via 
U(cp)3R and Zr(cp)2Me2, respectively.§ 
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§ More detailed studies of the reaction of excess of U(cp),(q2-COR) 
with Me2S - BH3 or B2H6 at low temperatures are underway. 




