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Reaction of [U(q-C,Me,),Cl(thf)] and [K(thf),][ReH,(PPh,),] did not afford the metathesis product with 
elimination of KCI but gave the anionic additioncompound [K(thf),][CI(q-C,Me, 
(thf = tetrahydrofuran); the borohydride analogue was similarly prepared. The b im,d ic  complexes 
[(q-C,H,R),UH,Re(PPh,),] (R = Bu' or SiMe,) could not be isolated from [U(q-C,H,R),CI] and 
[K(thf),][ReH,(PPh,),] because of their reverse cleavage by KCI which led to an equilibrium mixture; these 
hexahydrides were cleanly synthesized by reaction of [U(q-C,H,R),][BPh,] and [K(thf),][ReH6(PPh3),1. 

H,Re(PPh,),] 

In contrast to the variety of alumino- and boro-hydride 
compounds of the lanthanides and actinides,' heterometallic 
complexes containing f element-hydrogen-d transition metal 
bonds, M'-H,-Md, are relatively scarce. Special attention has 
recently been paid to the synthesis of such mixed-metal 
polyhydrides, which are expected to exhibit some interesting 
structure and reactivity patterns, as a result of the co-operative 
effects between the distinct metallic centres. Among the 
different approaches ~ o n s i d e r e d , ~ . ~  it is not surprising to find 
the metathesis reaction (1) which has been widely used for 

MI-X + K[MdH,]-M'-H,-Md + KX (1) 

the preparation of a number of hetero-d transition-metal 
polyhydride~.~ This method has been successful in the synthesis 
of some trinuclear complexes associating 4f and d elements: 

(H,Nb(q-C,H,),),L,] [L3 = (MeOCH2CH,)20].S The first 
actinide hydrogen-transition metal compounds, [(q-C5H,),- 
UH,Re[P(C,H,R),),] (R = H or F), were also obtained in 
this way.6 However, it was noted that, in certain cases, reaction 
( 1 )  failed to produce the neutral species M'-H,-Md; for 
instance, [(q-C,H,)2(thf)MH,Re(PPh3)2] could not be syn- 
thesized by treating [M(q-C,H,),Cl(thf)] (M = Y or Lu; 
thf = tetrahydrofuran) with [K(thf),][ReH,(PPh,),]. In our 
search for polymetallic complexes associating 5f and d ele- 
ments, we studied the hydrogen-rich uranium-rhenium deriv- 
atives containing the ReH,(PPh,), fragment. We found that 
some compounds of uranium and H,Re(PPh,), could not be 
readily prepared from the actinide halide and [K(thf),][ReH,- 
(PPh,),] because of either formation of an adduct without 
elimination of KCI, or cleavage of the expected bimetallic 
product by the KCI salt which is concomitantly formed. This 
negative effect of the alkali-metal halide in the metathetical 
exchange ( 1 )  is highlighted in this paper by the synthesis of 
the urani um-rhenium hexah y drides [ K( thf ) ,] [ Cl(q -C , Me ,) ,- 
UH,Re(PPh,),] and [(q-C,H,R),UH,Re(PPh,),] (R = H, 
Bu' or SiMe,). The reactivity of these new complexes was also 
investigated. 

CSm(H,W(PMe,),),l, [Yb(H,W(PMe,),),L,l and [Yb- 

Results 
Synthesis of the anions [ X(q-C,Me,),UH,Re(PPh,),l- 
(X = C1 or BH,) 

Treatment of [U(q-C,Me,),Cl(thf)] with 1 equivalent of 
[K(thf),][ReH,(PPh,),] in tetrahydrofuran did not yield the 
neutral product [(q-C,Me,),UH,Re(PPh,),] resulting from 

halide substitution [equation (l)], but instead afforded the 
anionic compound [K( thf),] [Cl(q-C , Me,) ,U H6Re( PPh,),] 
1, according to equation (2).' The same reaction in the presence 

of 18-crown-6 (1,4,7,10,13,16-hexaoxacyclooctadecane) or with 
[K( 1 8-crown-6)][ReH,(PPh3),] gave [K( 18-crown-6)][Cl(q- 
C,Me,),UH,Re(PPh,),], which was isolated as dark green 
microcrystals in 95% yield. Complex 1 did not show any 
tendency to eliminate KCI; attempts to obtain the neutral 
derivative [(q-C,Me,),UH,Re(PPh,),] by performing reaction 
(2) in toluene were unsuccessful, indicating the great stability 
of the U-C1 bond. The 'H and 31P NMR spectra revealed 
that 1 was reversibly dissociated in thf (cn. 20%) into [U(q- 
C,Me,),Cl(thf)] and [K(thf),][ReH,(PPh,),]; addition of 
either of these two species caused the equilibrium to be shifted 
towards the formation of 1. The borohydride derivative 
K[(BH,)(q -C, Me,), UH,Re(PPh 3)2] 2 was similarly syn the- 
sized in 97% yield from [U(q-C,Me,),(BH,)] and the anionic 
rhenium hydride. In contrast to the chloride analogue, 2 was 
not dissociated in solution; we cannot provide an explanation 
for this difference. 

Complexes 1 and 2 are unique examples of anionic 
heterobimetallic polyhydrides; these are also the first 
compounds in which a transition metal and a trivalent actinide 
are maintained in close proximity. Their NMR spectra (Table 
1) are in agreement with the structure represented in Scheme 1. 
The two equivalent C,Me, groups and the two distinct PPh, 
ligands of 1 in its staggered rotational conformation around the 
U-Re vector were detected at 30 "C; this geometry is also that 
adopted by [K(l8-cro~n-6)][Cl(q-C,Me,),UH,Re(PPh~)~] 
in its crystalline form.8 The borohydride analogue 2 was found 
to be less rigid; while the cyclopentadienyl groups were 
chemically equivalent, the phosphine ligands gave rise, at 30 OC, 
to a broad 31P resonance which was split, below - 35 OC, into 
two peaks of equal intensity. For both 1 and 2 the six fluxional 

Scheme 1 Preferred conformation of the anions [X(q-C,Me,),- 
UH,Re(PPh,),] - 
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hydrides appeared at 30°C as a broad low-field signal. The 
slow-limit spectrum of 1 could be obtained and revealed the 
presence of three bridging hydrogens in a U(p-H),Re fragment 
and three terminal rhenium hydrogens; spin-saturation-transfer 
experiments indicated that the bridging and terminal hydrides 
were still exchanging at low temperature. It has been noted that 
bimetallic compounds with three bridging hydride ligands are 
common; this situation was explained by the most classical 
geometry of the metal complexes, polyhedra with triangular 
faces, which would not be much distorted by forming an M(p- 
H),M' arrangement. ' 
Synthesis of the complexes [ (q-C,H,R),UH,Re(PPh,),] 
(R = H, But or SiMe,) 

We have previously reported that treatment of [U(q-C,H,),Cl] 
with [K(thf)2][ReH6(PPh3)2] readily gave the bimetallic 
hexah ydride [( q -C H 5 )  UH ,Re(PPh 3)2] 3a, according to 
equation (I), but was contaminated by 10% of an unidentified 
uranium(iv) species., In contrast, reactions of the ring- 
substituted analogues [U(q-C,H,R),CI] (R = Bu' or SiMe,) 
with 1 equivalent of [K(thf)2][ReH6(PPh3)2] remained 
incomplete, leading to equilibrium ( 3 ) ;  10% of [U(q-C,H,- 

[U( '1 -C 5 HaR) $11 + CK ( thf) 21  [ReH6 (pph 3) 2 1 
[(q -c 5 H4R) 3 UH6 Re(PPh 3) 21  -k KCI ( 3 )  

Bu'),CI] and 50% of [U(q-C,H,SiMe,),Cl] were converted 
into 3b (R = Bu') and 3c (R = SiMe,) respectively, while the 
equilibria were shifted to the left upon addition of chloride ions. 
Nevertheless. the hexahydride compounds 3a-3c could be 
isolated from the reaction of the cationic derivatives [U(q- 
C,H,R),][BPh,] with [K(thf),][ReH,(PPh,),], according to 
equation (4); the compound [(thf)(q-C,H,),YH,Re( PPh,),] 

had been similarly prepared from [Y(q-C,H,),(thf),]- 
[BPh,]. 3 . 7  This method appeared most practical and efficient 
since complexes 3 were easily separated from the insoluble and 
inert salt KBPh, and were isolated in good yield (50--90%) as 
microcrystalline powders. It also has the advantage of 
selectivity, no side reaction having ever been observed. 

Complexes 3, once isolated pure, were transformed in the 
presence of chloride ions into a mixture of [U(q-C,H,R),Cl] 
and [ReH,(PPh,),]-, thus confirming the occurrence of 
equilibrium (3). Addition of 1 equivalent of KCl to a solution 
of 3c gave the same equilibrating mixture as that obtained 
from [U(q-C,H,SiMe,),CI] and [K(thf)2][ReH6(PPh3)2]; 
this equilibrium was more displaced towards these species 
(90"/,) when LiCl was used in place of KCl, a difference which 
certainly reflects the higher solubility of the lithium salt. 

The hexahydrides 3 were characterized by elemental analyses, 
'H and 31P NMR spectroscopy (Table 1). Whatever the 
temperature, the three cyclopentadienyl, as well as the two 
phosphine ligands, were chemically equivalent. The six hydride 
ligands were equivalent at 30 OC, indicating a rapid fluxional 
process; below - 60 "C the triplet signal broadened into the 
baseline but the slow-limit spectrum could not be observed. 
Although it was not possible to determine the exact structure of 
these hexahydrides, it seems likely, in view of the tridentate 
configuration of the borohydride ligand in [U(q-C,H,),- 
(BH,)] and the structure of several rhenium-transition 
metal p~lyhydrides,~." that at least three hydrogens are 
bridging the metals in products 3. 

Some reactions of compounds 1-3 

which would result from the synergic effects of the two distinct 
 metal^.^.'^ In this context, reactions of the present hexahydride 
complexes were rather limited and disappointing. The anionic 
uranium(n1) compound 1 was oxidized by TIBPh, or 
[NEt,H][BPh,] to the neutral derivative [Cl(q-C,Me,),UH,- 
Re(PPh,),] 4, which was isolated as a red microcrystalline 
powder in 89% yield. Oxidation of the borohydride analogue 2 
was not as clean and [(BH,)(q-C5Me5)2UH6Re(PPh3)2] could 
not be obtained pure. According to the NMR spectra, 4 adopts 
the same structure as that of 1 in solution (Scheme 1 ) .  Not 
surprisingly, 4 was reduced back to the anion of 1 in the 
presence of sodium amalgam. Treatment of complexes 3 with 
reducing agents (Na-Hg, KH or LiMe), as well as the addition 
of [ReH,(PPh,),]- to [U(q-C,H,R),] (R = H, Bu' or SiMe,), 
led to immediate elimination of a cyclopentadiene molecule 
C5H,R and formation of unidentified and unstable hydride 
species. The neutral hexahydrides gave no clean reaction with 
[NEt,H][BPh,]. The hexahydrides 3 were inert towards hex- 
1 -ene, phenylacetylene, acetone or carbon dioxide; this lack 
of reactivity, also observed with some rhenium-d transition 
metal polyhydrides,' may be due to the steric and electronic 
saturation of the metal centres. Reactions with CDCl,, EtOH 
or water caused complete cleavage or decomposition of the 
dinuclear unit. Treatment of 4 with 2 equivalents of K[C5H5] 
led to the formation of [(q-C,Me5)(q-C,H,)2UH6Re(PPh3)2] 
5, isolated as red microcrystals in 83% yield. Complexes 1-5 
were thermally and photochemically stable, being recovered 
unchanged after several hours in refluxing ['H,]thf or under 
UV light irradiation; no hydrogen-deuterium exchange was 
observed . 

Discussion 
We have demonstrated that preparation of the hydrogen-rich 
uranium-rhenium compounds by metathetical exchange 
between actinide halide and [K(thf)2][ReH6(PPh,)2] may be 
impeded by two reactions. One is formation of an anionic 
adduct without elimination of KC1, as illustrated here by the 
synthesis of [ K( thf )2] [Cl( q -C , Me ,) UH ,Re( PPh 3)2] 1, accord- 
ing to equation (2). Although such an approach to anionic 
bimetallic polyhydrides has no precedent in transition-metal 
chemistry, this formation of 1 and the borohydride analogue 
2 may seem not too surprising. Indeed, it has often been 
mentioned that reaction of an f-element halide with the alkali- 
metal salt of an anionic ligand does not systematically yield 
the metathesis product but gives instead an anionic addition 
compound; this retention of the alkali metal and formation of 
'ate' complexes is a pervasive problem in the chemistry of the 
lanthanides and actinides. l4 

Even more frustrating, the other obstacle to the metathesis 
reaction (1) is the reverse cleavage of the expected bimetallic 
product by KCl, giving rise to an equilibrium. This was 
observed in the attempted preparation of the hexahydrides [(q- 
C,H,R),UH,Re(PPh,),] (R = But 3b or SiMe, 3c) from 
[U(q-C5H,R),C1] and [K(thf)2][ReH,(PPh3)2], but not in 
the similar synthesis of 3a (R = H)., It is possible that reaction 
(3) proceeds by an associative mechanism involving the anionic 
species [Cl(q-C5 H,R),UH,Re( PPh 3)2] - as an intermediate; 
this latter, in contrast to 1 and 2, would be unstable because of 
greater steric crowding and/or electron richness. The different 
proportions of 3b and 3c in equilibrium (3) and the absence of 
equilibrium with 3a revealed that both steric and electronic 
parameters of the R substituents have an influence on the 
course of the reaction. The steric repulsions induced by the 
bulky R groups would destabilize a dinuclear species but it is 
clear that electronic factors also play an important role since the 
more electron-rich complex 3b is less stable than its isosteric 
counterpart 3c. It is interesting that the aptitude of complexes 3 

Many heterobimetallic complexes have previously been for cleavage by CI - parallels the relative stability of the anionic 
synthesized with the hope of gaining the enhanced reactivity hydrides Na[(q-C5H4R),UHU(C,H4R),], also governed by 
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both steric and electronic factors. These are stable for R = H or 
Me but the anion [(~-C,H,BU'),UHU(C,H,B~')~] - could not 
be isolated, being totally dissociated into [UH(q-C5H4But),] - 
and [U(q-C,H,Bu'),], and the trimethylsilyl analogue is only 
partially cleaved in solution. 

The results reported here suggest that equilibria such as (3) 
might play an important role in the failed isolation of some 
bimetallic polyhydrides via the classical metathesis reaction. 
From a more general point of view, the metathesis reaction 
between a transition-metal halide and an alkali-metal salt of an 
organic or inorganic anion is one of the most common synthetic 
routes in co-ordination chemistry. It has been often observed 
that this method is more straightforward when potassium 
rather than lithium salts are formed, a fact that is generally 
accounted for by the lower solubility of the former; the use of 
non-polar solvents was sometimes recommended. However, we 
are not aware of any report where the reverse reaction, i.e. 
cleavage of the expected product by the alkali-metal halide, 
is clearly established.* It seems very likely that this reaction 
might have occurred in some cases but was overlooked. As 
an illustration in organouranium chemistry, we found that 
[U(q-C,H,),] reacted with 4 equivalents of KCI in thf to give 
[U(q-C,H,)3C1] and K[C5H5].17 This experiment permits one 
to explain why tetracyclopentadienyluranium was prepared 
in low yield from UCl, and an excess of K[C,H,],'8 whereas it 
was quantitatively obtained by treating the cationic derivative 
[U(q-C,H,),(thf)][BPh,] with 1 equivalent of the cyclopenta- 
dienyl anion. 

The difficulties encountered with the metathesis reaction ( 1 )  
should be effectively avoided by replacing the halide substrate 
with the corresponding cationic derivative. Indeed, the 
hexahydrides 3 could be isolated by reaction (4) which provides 
a new example of the utility of cationic precursors for the 
synthesis of actinide derivatives. l 9  

filtered, evaporated to dryness, and the residue quickly washel 
with pentane (15 cm3). After filtration and drying, complex i 

was isolated as a dark green microcrystalline powder (84 mg, 
30%). 

[K(IS-crown-6)] [C~(q-C,Me,),UH,Re(PPh,),]. A round- 
bottom flask (100 cm3) was charged with [{U(q-C,Me,),(p- 
Cl)),] (277 mg, 0.170 mmol) and [K( 18-crown-6)I- 
[ReH,(PPh,),] (519 mg, 0.509 mmol) and thf (50 cm3) were 
condensed into it at -78 "C under vacuum. After 3 h at 20 "C 
the solution was filtered and evaporated, leaving dark green 
microcrystals of the product (756 mg, 95%). A benzene solvate 
of this complex was obtained after crystallization from this 
solvent and  was characterized by X-ray crystallography 

requires C, 54.1; H, 5.9; P, 3.75%). 'H NMR (25 "C in 
(,H,]thf): 6 24.5 (6 H, w; 200 Hz, Re&), 5.60 (6 H, s, p-H of 
Ph), 4.45 (12 H, s, m-H of Ph), 3.06 (24 H, s, 18-crown-6). 0.17 
(12 H, s, o-H of Ph) and -0.66 (30 H, s, C,Me,). 

(Found: c, 54.05; H, 5.6; P, 3.85. C74H96CIK06P2ReU 

K[(BH,)(q-C,Me,),UH,Re(PPh,),] 2. A round-bottom flask 
(50 cm3) was charged with [U(q-C,Me,),(BH,)] (167 mg, 
0.280 mmol) and [K(thf),][ReH,(PPh,),] (212 mg, 0.280 
mmol) and thf (25 cm3) were condensed into it at - 78 "C under 
vacuum. The reaction mixture was stirred for 3 h at 20 "C and 
after filtration and evaporation to dryness, complex 2 was 
isolated as a green powder (347 mg, 97%) (Found: C, 52.45; 
H, 5.35; P, 5.0. C,,H,,BKP,ReU requires C, 52.6; H, 5.5; P, 
4.85%). 

Reactions of [U(q-C,H,R),CI] (R = But or SiMe,) with 
[K(thf),] [ReH,(PPh,),]. An NMR tube was charged with 
[U(q-C,H,R),Cl] (ca. 10 pmol) and 1 equivalent of 
[K(thf),][ReH,(PPh,),] in ['HJthf (0.3 cm3). After 18 h at 
20 "C the NMR spectra showed that the reactions had not gone 
to completion; 10% of [U(q-C,H4But),Cl] and 50% of [U(q- 
C,H,SiMe,),CI] were converted into 3b and 3c respectively; 
these proportions were lowered upon addition of chloride ions. 

Experimental 
All preparations and reactions were carried out under argon 
( < 5 ppm 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. Deuteriated solvents were 
dried over Na-K alloy. Elemental analyses were performed by 
Analytische Laboratorien at Gummersbach (Germany). The 
'H NMR spectra were recorded on either a Bruker WP 60 (FT) 
or AC 200 instrument and referenced internally using the 
residual protiosolvent resonances relative to tetramethylsilane 
(6 0); the low-temperature spectra were recorded on the 60 MHz 
apparatus. The ,'P NMR spectra were recorded on a Bruker 
AC 200 instrument, the external reference being 85% H3PO4. 
The compound 18-crown-6 (Janssen) was dried under vacuum 
after evaporation from toluene; TIBPh, precipitated in 
water upon mixing TlNO, and NaBPh,. The compounds 
[K(thf),][ReH,(PPh,)2],6 [K( 18-~rown-6)][ReH,(PPh,),],~ 

C,H,R),CI] (R = H,,, or SiMe3,24) [U(q- 
C,H,),(thf)][BPh,] 2 5  and [U(q-C,H,R),][BPh,] (R = Bu' 
or were prepared by published methods. 

C{  U(rl-C5Mes)2(P-Cl)) 31,20 ~u(~-C,Me,),(BH,)I,' [ U h -  

Preparations 

[K(thf),] [ Cl(q-C,Me,),UH,Re(PPh,),] 1. A round-bottom 
flask (50 cm3) was charged with [{U(q-C,Me,),(p-Cl))3] (106 
mg, 0.065 mmol) and [K(thf)2][ReH,(PPh3)2] (176 mg, 0.195 
mmol) and thf (25 cm3) were condensed into it at - 78 "C under 
vacuum. The reaction mixture was stirred for 3 h at 20 "C, 

[(q-C,H,),UH,Re(PPh,),] 3a. A round-bottom flask (50 
cm3) was charged with [U(q-C,H,),(thf)][BPh,] (195 mg, 
0.23 1 mmol) and [K(thf),][ReH,(PPh,),] (208 mg, 0.231 
mmol) and thf (35 cm3) were condensed into it at - 78 "C under 
vacuum. The mixture was stirred for 1.5 h at 20 "C, evaporated 
to dryness and the residue extracted in benzene (1 5 cm'). After 
filtration and evaporation, complex 3a was quickly recrystal- 
lized from benzene-pentane; the red microcrystals were 
filtered off and dried under vacuum (135 mg, 51%) (Found: 
C, 53.5; H, 4.6; P, 5.15. C,,H,,P,ReU requires C, 53.25; H, 
4.5; P, 5.4%). 

[(q-C,H,But),UH,Re(PPh3),] 3b. A round-bottom flask (50 
cm3) was charged with [U(q-C5H4Bu'),][BPh4] (284 mg, 0.308 
mmol) and [K(thf),][ReH,(PPh,)J (277 mg, 0.308 mmol) and 
thf (40 cm3) were condensed into it at -78 "C under vacuum. 
The mixture was stirred for 1 h at 20 OC, evaporated to dryness 
and the residue extracted in pentane (1 5 cm3). After filtration 
and evaporation, complex 3b was recrystallized from thf- 
pentane; the red microcrystals were filtered off and dried under 
vacuum (203 mg, 50%) (Found: C, 57.2; H, 5.75; P, 4.6. 
C,,H,,P,ReU requires C, 57.4; H, 5.75; P, 4.7%). 

[(q-C,H,SiMe,),UH,Re(PPh,),] 3c. The compound was 
prepared similarly to 3b, from [U(q-C5H4SiMe3),][BPh4] (575 
mg, 0.593 mmol) and [K(thf),][ReH,(PPh,),] (534 mg, 0.593 
mmol). Green microcrystals were obtained in 89% yield (721 
mg) (Found: C, 52.45; H, 5.5;  P, 4.7. C,,H,,P,ReSi,U requires 
C, 52.75; H, 5.55; P, 4.55%). 

* Note added in prooJ 
C5H3But2),] + 2KC1*[{Ce(q-C5H3But2)2Cl}2] + 2K[C5H3But2] 
was published after submission of this article. l 6  

A paper describing the equilibrium 2[Ce(q- 
Reactions of complex 3c with KCl and LiCl. An NMR tube 

was charged with complex 3c (12.3 mg, 0.009 mmol) and KCI 
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(0.7 mg, 0.009 mmol) in ['HJthf (0.3 cm3). After 15 min at 
20°C the NMR spectrum showed the same equilibrating 
mixture as that obtained from [U(q-C,H,SiMe,),Cl] and 
[K(thf),][ReH,(PPh3),1. The equilibrium was more displaced 
towards these complexes (90%) when LiCl was used instead of 
KCI. 

[Cl(rl-C,Me,),UH,Re(PPh,),] 4. ( a )  A round-bottom flask 
(50 cm') was charged with [K(18-orown-6)][Cl(q-CsMe,),- 
UH,Re(PPh,),] (615 mg, 0.393 mmol) and TIBPh, (206 mg, 
0.393 mmol) and thf (15 cm3) were condensed into it at 
- 78 "C under vacuum. Upon warming to 20 OC, precipitation 
of black metallic thallium quickly occurred; the red suspension 
was decanted, filtered and evaporated to dryness. The-residue 
was extracted in toluene (15 cm3) and complex 4 was isolated 
after evaporation as a red powder (441 mg, 89%) (Found: C, 
53.15; H, 5.2; C1,2.7; P, 5.0. CS6H6,CIP2ReU requires C, 53.35; 
H .  5.3; CI. 2.8; P, 4.9%). 

( h )  An NMR tube was charged with complex 1 (14.5 mg, 0.01 
mmol) and [NEt,H][BPh,] (4.2 mg, 0.01 mmol) in C2H8]thf 
(0.3 cm'). A gas immediately evolved and the spectrum showed 
that 1 was completely transformed into 4. 

Reaction of complex 2 with TIBPh,. Compound 2 was 
oxidized in a manner similar to that of 1 and thus transformed 
into a mixture of an unidentified uranium(1v) species (ca. 30%) 
and [( BH,)(q-C,Me,)2UH6Re(PPh3)2]. NMR (25 "C in 
[*H,]thf ): 'H, 6 14.2 (30 H, s, C,Me,), 5.0 and 2.1 (9 H + 9 H, 
m, n-z- and p-H of Ph), - 1.60 and - 5.77 (6 H + 6 H, s, o-H of 
Ph), - 13.4 (6 H, br, K'! 600 Hz, ReH,) and - 76.8 (4 H, br, w; 
275 Hz, BH,); 'H-("P), two signals of equal intensities at 6 
91.83 and 83.40 (M'! 35 Hz). This compound was reduced back 
to 2 by addition ofsodium amalgam. 

[(q-C,Me,)(q-C,H,)2UH6Re(PPh,),l 5. A round-bottom 
flask (50 cm3) was charged with complex 4 (159 mg, 0.126 
mmol) and K[C,H5] (27 mg, 0.255 mmol) and thf (15 cm3) 
were condensed into it at -78 "C under vacuum. The reaction 
mixture was refluxed for 3 h, evaporated to dryness and the 
residue extracted in benzene (10 cm3). After evaporation, 
complex 5 was obtained as a dark red powder (128 mg, 83%) 
(Found: C ,  54.85; H, 4.9; P, 4.95. C,,H,,P,ReU requires c, 
55.1; H, 5.05; P, 5.1%). 
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