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Deprotonation and Anionic Rearrangements of Organometallic Compounds. 
Reactions of the Hydride Complex (115-C5H,)Re(NO)(PPh,)(H) with 
n-Butyl-lithium-Tetramethylethylenediamine 
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The title reaction (-71 "C; 1 h) gives (q5-C5H4Li)Re(NO)(PPh3)(H) (8), which subsequently rearranges intramolecularly 
(-32 "C; 0.5 h) to give Li+[(q5-C5H5)Re(NO)(PPh3)]- (3); the anions (8) and (3) are characterized by reactions with 
elect rop h i I es. 
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Transition metal hydrides are ubiquitous in catalysis. Yet, 
unlike carbon, nitrogen, and oxygen hydrides, the study of 
their acid-base properties is still in its infancy.2 Fascinating 
base-dependent kinetic effects have been observed in the 
deprotonation of metal hydrides.*d We have begun to probe 
the acid-base chemistry of (q5-C5H5)Re(NO)(PPh3)(X) com- 
plexes,-7 and report here our initial findings with the hydride 
(q5-CsH5)Re(NO)(PPh3)(H) (1). Remarkably, this com- 
pound exhibits completely divergent kinetic and thermody- 
namic acidity. 

Reaction of (l)4 with BunLi - TMEDA (1.1 equiv. ; 
TMEDA = tetramethylethylenediamine) in tetrahydrofuran 
(THF) at - 15 "C (10 min), followed by quenching with MeI, 
gave the methyl complex (q5-C5H5)Re(NO)(PPh3)(Me) (2)4 
in 72% yield after work-up. The identity of the apparent 
precursor to (2), the anion Li+ [(q5-C5H5)Re(NO)(PPh3)]- 
(3) , was supported by additional trapping experiments with 
D20, benzoic anhydride, allyl chloride, ClCHZCN, and 
Me3SiOS02CF3. The deuteride (q5-CsH5)Re(NO)(PPh3)(D) 
[2H1]-( 1) (87%) ,5 benzoyl complex (q5-C5H5)Re- 
(NO)(PPh3)(COPh) (4) (68%),6 allyl complex (q5-CSHs)- 
Re( NO)( PPh3)( CH2CH=CH2) ( 5 )  (9OYO), -1- cyanomethyl 
complex (q5-C5H5)Re(NO)( PPh3)( CH2CN) (6) (64%), t and 
silane complex ( qs-C5H5)Re (NO) (PPh3) ( SiMe3) (7) (42 YO) 
were subsequently isolated (Scheme 1). 

Although (3) could plausibly be formed via simple Re-H 
deprotonation, our observations with analogous rhenium acyl 
complexes3 prompted additional experiments. Treatment of 
99.8% labelled [2H,]-(l) with BunLiSTMEDA and Me1 as 
above gave 99.7% labelled [2H1]-(2), as determined by careful 
mass spectrometric analysis. This suggested that a proton was 
initially abstracted from the cyclopentadienyl ligand of (1) to 
give (q5-CsH4Li)Re(NO)(PPh3)(H) (8) (Scheme 1). Hence, 
the reaction of (1) with BunLi - TMEDA was monitored by 3*P 
n.m.r. spectroscopy. During 1 h at -71 "C, (1) (28.2 p.p.m.) 
disappeared as a new resonance at 33.9 p.p.m. appeared. The 
mixture was then warmed to -32 "C, and during 0.5 h, the 
33.9 p.p.m. resonance disappeared as a resonance at 47.2 
p.p.m. appeared. In a separate experiment, MeOS02CF3 was 
added to the 33.9 p.p.m. intermediate (-42 "C). A new 
product (29.1 p.p.m.; ca. 8O%), and minor amounts of (1) and 
(2), were rapidly formed. This material was isolated in 52% 
yield by preparative silica gel h.p.l.c., and shown by spectral 
and microanalysis to be the methylation product of (8), 
(q5-CsH,Me)Re(NO)(PPh3)(H) (9). We therefore conclude 
that (8) is the initial, 33.9 p.p.m., intermediate in the reaction 
of (1) with BunLi.TMEDA. The 47.2 p.p.m. resonance is 
accordingly assigned to (3). 

Attention was next turned to the molecularity and stereo- 
chemistry of the rearrangement (8)+(3). Co-reaction of a 
mixture of (1) and (q5-C5D5)Re(NO)(PPh3)(D) [2H6]-(1) 

t Microanalytical, mass spectral, i r . ,  and n.m.r. ('H, I3C, 31P) data 
for each new compound were provided for the referees. 
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Scheme 1 

(89Y0 2H6, 11% 2H5) with BunLiSTMEDA (-61 "C, then -24 
"C) and Me1 gave a 97 : 3 mixture of [2Ho]-(2) and [2Hl]-(2), 
and a 92 : 8 mixture of [2H5]-(2) and [2H4]-(2). Hence, proton 
migration is essentially intramolecular. Reaction of ( + ) - ( S ) -  
(l),5 [a]& 33", with BunLi-TMEDA and Me1 at -24 "C gave 
(+)-(S)-(2) (retention)7 with [a];& 11". Although the optical 
purity of the starting material is not certain, it is unlikely to be 
of < 40% enantiomeric excess (e.e.).5 The optical rotation of 
the product indicates a 6% e.e.7 Thus the conversion (1)+(2) 
is accompanied by considerable racemization. Additional 
study is required to determine the step and/or intermediate 
responsible for this loss of stereospecificity . 

Several aspects of the above observations are noteworthy. 
First, the stability order (3) > (8) indicates that the Re-H 
bond in (1) has a greater ion pair8 acidity than the cyclo- 
pentadienyl C-H bonds. Yet, the kinetic acidity is opposite. 
As a possible contributing factor, we note that (3) belongs to a 
class of metal anions which have recently been calculated to be 
'electronically destabilized.'Ze Secondly, although the lithi- 
ation of q5-C5H5 ligands has been observed previously,3~9 we 
are unaware of any reports of subsequent prototropic rear- 
rangements. This constitutes a new, 'ligand-assisted' mechan- 
ism for metal hydride deprotonation. Other transformations 



analogous to (8) -+ (3) might be detected by use of suitably 
labelled precursors.10 Thirdly, the C5H5 ligand in (1) is 
deprotonated less readily than in analogous acyl complexes, 
and the hydride ligand subsequently migrates less readily than 
acyl ligands.3 Further studies on the scope and mechanisms of 
these apparently quite general rearrangements are in pro- 
gress. Finally, anions of the formula [(@C,H,)Re(NO)(L)]- 
have been inaccessible prior to this study.11 These will be 
convenient precursors to new classes of organometallic 
complexes, as will be reported in the future. 
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