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A New Class of Reactive, Transition Metal-Metal Doubly-bonded Organodimetallic 
Complexes: Synthesis, Structure, and Reactivity of (q-C5Me4R)2Ta2(p-X)4 (R = Me, Et; 
X = CI, Br) 
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Reduction of (q-C5Me4R)TaX4 (R = Me, Et; X = CI, Br) with two equivalents of sodium amalgam in toluene affords 
the reactive tantalum-tantalum doubly-bonded species (V-C5Me R)2Ta2(p-X)4 in 70% yield; the solid-state structure 
of (C5Me5)2Ta2(p-Br)4 consists of a Ta=Ta double bond, 2.748(2) 1 in length, bridged symmetrically by four bromide 
ligands. 

The study of the synthesis and structure of transition 
metal-metal multiple bonds is one of the important research 
areas in contemporary inorganic chemistry,' and there is 
increasing interest in the reactivity of these novel species. The 
most prevalent metal-metal bonded dinuclear complexes are 
those with bridged or unbridged metal-metal quadruple or 
triple bonds, while species with metal-metal double bonds are 
rare.' Metal-metal bonded dinuclear complexes of the early 
transition metals are also comparatively rare ,1J particularly 
for organodimetallic complexes. Here we report the synthesis 
of a novel organodimetallic, early transition metal-metal 
doubly-bonded complex which exhibits a rich and diverse 
chemistry .3 

The mononuclear tantalum compound (y-C5Me4R)Ta& 
(1; R = Me or Et; X = C1, Br) is readily reduced by sodium 
amalgam (2 equiv.) in toluene with efficient stirring to afford 
the ditantalum species (q-C5Me4R)2Ta2X4 (2) in 7&75% 
isolated yield (Scheme 1). Analytical and spectroscopic data? 

t Selected data for (2a): M.s. (30 eV, direct inlet) mlz 774, C14 isotope 
pattern; 'H n.m.r. (25 "C, C6D6): 62.41 (s, Me). For (2c) satisfactory 
elemental analyses (C, H, Br) were obtained, m.s. (30 eV, direct 
inlet) mlz 952, Br4 isotope pattern; 1H n.m.r. (25 "C, C6D6) 62.57 (s, 
Me), no change in linewidth in C6DsCD3 down to -70°C; 13C n.m.r. 
(25"C, C6D6) 6117.0 (C,Me,) and 16.3 (Me). 

are consistent with their formulation as organoditantalum(Ir1) 
complexes, and the mass spectra exhibit parent ions consistent 
with tetrahalo dimers. The u.v.-visible spectrum of forest- 
green (2) in diethyl ether shows several absorption maxima, 
with low-energy transitions for (2a) at 726 nm (E = 3030 
1 mol-1 cm-1) and, for (2c) at 794 nm (E = 2925 1 mol-1 cm-l); 
these transitions are consistent in frequency and molar 
absorptivity with a metal-metal bond-associated transition but 
display the opposite trend in band shifting with halide 
substitution of metal-metal localized electronic transitions in 
unbridged, quadruply-bonded metal-metal complexes.4 The 
i.r. and 1H n.m.r. spectra of isolated (2) show the absence of 
bridging or terminal hydride ligands from either intramole- 
cular peralkylcyclopentadienyl ligand metallation or inter- 
molecular solvent C-H bond activation. The 1H n.m.r. spectra 
of these diamagnetic species are unusual in that the ring Me 
protons are found significantly downfield [in C6D6: (2a), 6 
2.41; (2c) 2.571 of the usual region (6 1.9-2.3)t for high 
valent mono(permethylcyclopentadieny1) complexes;5 this 
downfield chemical shift may be the result of magnetic 
anisotropy associated with a Ta-Ta double bond and not the 
low-valent5a nature of (2). The 1H n.m.r. spectra of (2c) and 

$ The C5Me5 lH n.m.r. chemical shifts in C6D6 for the TaV precursors 
(C5Me5)TaBr4 and (CSMeS)TaC14 are 6 2.26 and 2.15, respectively. 
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Figure 1: ORTEP diagram for (C5Mes)2Ta2(p-Br)4 (2c). A crystallo- 
graphically-imposed mirror plane lies approximately in the plane of 
the Figure, with symmetrically-related atoms designated by a prime. 
Key bond distances [A; standard deviation = (*) for carbon atoms at 
fixed positions] and angles (") not specified in text: Ta(1)-Br(1) 
2.622( 4), Ta( 1)-Br(2) 2.62 l(5) , Ta(2)-Br( 1) 2.589(5), Ta(2)-Br(2) 
2.631 (6), Ta( 1)-C( 1) 2.29(4) , Ta( 1)-C(2) 2.28(5), Ta( 1)-C( 3) 
2.43(*), Ta(2)-C(7) 2.40(*), Ta(2)-C(8) 2.31(*), Ta(2)-C(9) 2.40(*), 

1.54( *), C(8)-C(9) 1.36( *), C(9)-C(9') 1.46( *); Br( 1)-Ta( 1)-Br( 1') 
74.1(3), Br(l)-Ta(l)-Br(2) 73.9(2), Br(2)-Ta(l)-Br(2') 73.2(5). 

C( 1)-C(2) 1.43(7), C(2)-C(3) 1.42( *), C(3)-C(3') 1.43( *), C(7)-C(8) 

Br (1 )-Ta( 2)-B r ( 1 ' ) ' 75.2(3), B r (1 j-Ta( 2)LB r (2) ' 74.3 (2), B r(2 j- 
Ta( 2)-Br(2') 72.9(4). 

(2d) show no change in signal multiplicity or line shape to 
-70°C (C6D5CD3), and spectra of the C5Me4Et analogues 
(2b) and (2d) show the presence of a mirror plane through the 
equivalent cyclopentadienyl groups and thus a symmetric 
solution structure. 

2(C5Me4R)TaX4 3- 4Na --+ (CsMe4R)2Ta2X4 
(1) (2) 

Scheme 1. a; X = C1, R = Me. b; X = C1, R = Et. c; X = Br, R = 
Me. d; X = Br, R =,Et.  

A single crystal X-ray diffraction study9 was undertaken to 
determine the nature of the tantalum-tantalum interaction 
and the number of bridging (either two276J or four2.s) and 
terminal halide ligands present in the solid-state structure. 
The latter possibility was shown to be the correct one for (2c), 
as the resulting molecular structure (Figure 1) consists of four 
bromine atoms brid ing a ditantalum centre with a Ta-Ta 
distance [2.748(2) R ] consistent with a tantalum-tantalum 
double bond.2 The acute Ta-Br-Ta angles [av. 63.3(1)"] and 
obtuse Br-Ta-Br angles for nonadjacent bromides [ av. 

§ Crystal data for (2c): C20H30Br4Ta2, M = 951.54, monoclinic, space 
group E l m ,  a = 8.296(5), b = 14.338(6), c = 10.829(10) A, = 
106.11(6)", U = 1237.5 A3, 2 = 2, D, = 2.55 g cm-3, h(Mo-K,) = 
0.71073 A, y(Mo-K,) = 151.4 cm-1. Intensity data from two 
quadrants were collected on an Enraf-Nonius CAD-4 diffractometer, 
2271 independent reflections after averaging (2 a 2 8  <50"), 973 
observed with I 3 3 4 0 .  The data were corrected for Lorentz, 
polarization, and absorption (empirical absorption method) effects 
and the structure was solved with a combination of direct (MULTAN) 
and difference methods using the Enraf-Nonius SDP-VAX program 
package. Anisotropic least-squares refinement on all atoms except the 
C5Me5 methyl carbons (which were refined isotropically), C(3) and 
the CSMeS carbon atoms on Ta(2) (placed in fixed positions and not 
refined), and the methyl protons (calculated and placed in fixed 
positions) gave final agreement factors of R = 0.072 and R, = 0.097. 
Atomic co-ordinates, bond lengths and angles, and thermal paramet- 
ers have been deposited at the Cambridge Crystallographic Data 
Centre. See Notice to Authors, Issue No. 1. 

Figure 2: ORTEP diagram of (C5Me5)2Ta2(p-Br)4 (2c) viewed 
approximately down the Ta( 1)-Ta(2) axis. The crystallographically- 
imposed mirror plane, perpendicular to the plane of the Figure, passes 
through C(1), Ta(l), Ta(2), and C(7). Methyl carbons are omitted 
and the ring carbon thermal ellipsoids are reduced in size for clarity. 

116.6(2)"] are in accord with a strong metal-metal interaction, 
and the double bond formulation is consistent with the 
observed solution diamagnetism of these d l d 2  dimers. The 
centroids of the C5Me5 groups are essentially colinear with the 
Ta=Ta bond axis (Figure 2), with the C5Me5 centroid-Ta(1) 
and CSMe5 centroid-Ta(2) vectors bent 8.7 and 3.3", respec- 
tively, from the metal-metal bond axis. The somewhat lower 
accuracy in the determination of the carbon positions in the 
C5Me5 group attached to Ta(2), particularly C(8), could not 
be resolved by either slower scan rates at room temperature or 
repeated low-temperature data collection attempts at -50, 
-100, and -120°C (because of either a phase change or 
microscopic crystal cracking at low temperature), but the 
significant structural results are unchanged. A relatively 
unreactive diniobiumg analogue of (2), prepared by hydro- 
genolysis of ( CSMeS)NbMe2Cl2, and a reactive divanadiumlo 
analogue, prepared by reductive dimerization, are of un- 
known but possibly similar molecular structure. 

A qualitative M.O. ordering for these ditantalum species, 
with the z-axis along the tantalum-tantalum bond and the 
p-halides in the xz and y z  planes, utilizes the d,2 in 
metal-metal o-bonding and the d, in &bonding; the d,,, dyz,. 
and d,2 - ,,2 orbitals are used in p-halide bonding. This orbital 
overlap implies a 0262 configuration for the double bond, but 
metal-metal bond order assignments are problematic in cases 
with bridging ligands'a because of extensive ligand orbital 
mixing into the relevant dinuclear molecular orbitals, so more 
sophisticated calculations are necessary to determine the 
orbital ordering and constitution. The isostructural, diamag- 
netic, d3-d3 organodimolybdenum(rI1) compound8a.b [q- 
C5H4(CHMe2)I2Mo2( v - C ~ ) ~  has a metal-metal single bond 
and, presumably, a o2626*2 electronic configuration. 

The reactivity exhibited by (2) with a variety of reagents is 
also consistent with the tantalum-tantalum double bond 
formulation. Addition of H2 (25 "C, 410 kPa) results in a rare11 
example of dihydrogen oxidative addition across the ditan- 
talum centre and formation of a Ta2(p-H)2 species. For X = 
C1, the dihydrogen addition product is the known 
(C5Me4R)2Ta2(y-H)2C14,12 while in the case of X = Br a 
mixture of products, believed to be (C5Me4R)2Ta2(p- 
H),Br6-, on the basis of i .r .  and 1H n.m.r. spectroscopy, are 
obtained. Compound (2) reacts irreversibly with halogenated 
solvents such as CH2C12 to yield the mononuclear TaV 
precursors (1). Olefination reactions3 result in either mononu- 
clear alkene complexes or dinuclear p-vinyl( p-hydride) 
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complexes from intermolecular vinylic C-H bond activa- 
tion. But-2-yne yields the mononuclear product (C5Me5)Ta- 
(MeCzCMe)Br2, the bromide analogue of a known alkyne 
complex.13 Trialkylphosphines, such as PMe3, result in 
metal-metal bond cleavage and a variety of products, includ- 
ing (C5Me4R)Ta(PMe3)X3. By contrast, the reported 
(C5Me5)2Nb2C14Y does not react with H2 or alkenes. We are 
continuing to explore the reactivity of these new organoditan- 
talum doubly-bonded species. 
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