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H2 remains preferentially in the same plane as the Ru-H(3) 
bond with a small rotational barrier of 3 kcal/mol. Remarkably 
the interaction between the metal d orbitals and <r*HH is similar 
for the in-plane and out-of-plane orientation of H2. The preference 
for a coplanar arrangement can be traced to a cis interaction 
between the Ru-H a bond and the a*HH orbital (4). This in­
teraction is also responsible for the fact that the Ru-H is bent 
toward the H2 ligand. As has been previously shown in an Fe-
(II)-H/H2 complex,4* this interaction creates a nascent bond 
between the hydride and the closest H center of H2. This nascent 
bond should facilitate the exchange process between the hydrogens. 

-h 
A possible path for exchanging the H centers is shown in 5 

(perpendicular phosphine ligands removed for clarity). The 
transition structure between two equivalent square pyramids (5a) 
is a distorted trigonal bipyramid with an acute angle between H2 
and H and the I ligand trans to it (5b). Such a structure, which 
is calculated to be very close in energy to the minimum and which 
has even been observed as a stable structure in the case of an 
Ru(II) and two Ir(III) complexes (with R and H at the acute 
angle),13'14 should facilitate the exchange process by favoring the 
proximity between H and H2. 
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Compound 2 is unusual for several reasons. Firstly, it is the 
first well-characterized 16-electron dihydrogen derivative, which 
demonstrates that electron saturation is not a necessary condition 
for the stabilization of coordinated H2; there is no evidence for 
an agostic interaction between the cyclohexyl group and the metal. 
Secondly, the molecule adopts an octahedral type structure with 
a vacant coordination site. The dihydrogen molecule lies in the 
I-Ru-H(3) plane and not along the P(l)-Ru-P(2) axis, which 
is shown to be a manifestation of the cis interaction. Finally the 
H(l)-H(2) distance (1.03 (7) A) is one of the longest reported 
so far in nonclassical H2 complexes,15 whereas the H(l)-H(3) 
distance (1.66 (6) A) is short, a structure that should facilitate 
hydride/dihydrogen exchange. 
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Metal complexes with all-carbon ligands provide interesting 
models for the carbide fragments formed as reactive intermediates 
during carbon monoxide and acetylene conversion reactions on 
heterogeneous catalyst surfaces.1 There are several bicarbide 
clusters which fall into two classes, those with encapsulated C2 
ligands2 and those with two separate C1 ligands.3 Generally, the 
carbide ligands tend to be unreactive because they are "buried" 
in the clusters. Complexes with C2 ligands bonded to only two 
or three metals are quite rare.4'5 We are interested in using metal 
ethynediyls (L„MC=CML„) as an approach to reactive metal 
bicarbide complexes. 

We previously reported that the stoichiometric reaction of 
[Ru(C=CMe)(CO)2(Cp)] with [W(=CEt)(OCMe3)3] leads to 
the n-carbide complex [(Cp)(CO)2RuG=W(OCMe3)3] by alkyne 
metathesis, with elimination of MeC=CEt.6 While optimizing 
this procedure, we realized that the direct reaction of [Ru(C= 
CMe)(CO)2(Cp)] with [W2(OCMe3)6] should be equally capable 
of forming the carbide complex, since the initial reaction of these 
complexes should give equimolar amounts of [(Cp)(CO)2RuC= 
W(OCMe3)3] and [W(=CMe)(OCMe3)3], ultimately leading to 
only [(Cp)(CO)2RuC=W(OCMe3)3] by loss of volatile MeC= 
CMe (Scheme I). Although this is the case in toluene solvent, 
carrying out the reaction in isooctane solution leads to the for­
mation of a yellow precipitate of [!Ru(CO)2(Cp)J2Ou-C=C)] (1) 
in 52% yield.7 The compounds remaining in solution (NMR) 
are [(Cp)(CO)2RuC=W(OCMe3)3], [W(=CMe)(OCMe3)3], 
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Scheme I 

Ru C = C — M e + (Me3CO)3W=W(OCMe3)3 

0 0 

and a small amount of [(Ru(CO)2(Cp)J2(M-C=C)]. A catalytic 
amount of [W2(OCMe3)6] (3 mol %) leads more slowly to a 
precipitate of 1 in 66% yield, with ca. 9 turnovers per W. In 
support of the mechanism proposed in Scheme I, [Ru(C= 
CMe)(CO)2(Cp)] reacts with [(Cp)(CO)2RuC=W(OCMe3)3] 
in isooctane to give a precipitate of 1 (60% yield) and 1 equiv of 
[W(=CMe)(OCMe3)3], which remains in solution. Physical 
properties of 1, in particular a 13C NMR singlet resonance at 74.7 
ppm, are consistent with the ethynediyl formulation.8 The ap­
pearance of four v(CO) absorptions in the infrared spectrum 
suggests that both syn and anti isomers are present in solution 
at room temperature. Compound 1 has no infrared-active car­
bon-carbon triple bond stretch. 

The structure of 1 was confirmed by an X-ray diffraction study 
(Figure 1 ).9 The Rul-Cl-C2-Ru2 chain is linear, with Ru-C 
distances of 2.05 (1) and 2.04 (1) A and a C1-C2 distance of 1.19 
( I ) A , consistent with the localized canonical form Ru—C= 
C—Ru. The cyclopentadienyl ligands are oriented anti to one 
another in the solid-state structure of 1. Overall [Ru(CO)2(Cp)] 
geometries are similar to related structures.10"13 

This preparation of an ethynediyl complex by using metal-
catalyzed alkyne metathesis is unprecedented, although alkyne 
metathesis products were formed in reactions of [Pt(C=CR)2-
(PMe2Ph)2] with [W2(OCMe3)6] or [W^OCHMe^tpy),] .4* 
Conceptually simpler attempts to prepare ethynediyls by reactions 
of C2

2" salts with metal complexes are rarely successful,5f'h ap­
parently due to redox side reactions.14 Deprotonations of cationic 
/i-ethynyl complexes511"* and reactions of ClC=CCl with [M-
(CO)3(Cp)]" (M = Cr, W)5g have led to ethynediyls in a few cases. 

Figure 1. Plot of the structure of 1 showing 50% probability ellipsoids. 
Selected bond distances (A) and angles (deg): Rul-C4 1.87 (I), RuI-
C3 1.88 (1), RuI-Cl 2.05 (1), Ru2-C6 1.84 (1), Ru2-C5 1.86 (1), 
Ru2-C2 2.04 (1), C1-C2 1.19 (1); C4-Rul-C3 90.7 (5), C4-Rul-Cl 
86.6 (4), C3-Rul-Cl 90.5 (4), C6-Ru2-C5 90.1 (5), Cc-Ru2-C2 88.1 
(5), C5-Ru2-C2 88.4 (4), C2-Cl-Rul 178.1 (9), Cl-C2-Ru2 179.6 
(9). 
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Except for a report of the structure, protonation, and redox 
behavior of [JRe(CO)5J2Oi-C=C)],5e very little is known about 
the chemical properties of ethynediyls. In the cyclic voltammo-
gram of 1, two irreversible electrochemical oxidation waves are 
observed at 308 and 834 mV," consistent with oxidation at the 
ethynediyl bridge as suggested for [JRe(CO)5J2Gt-C=C)]. The 
ethynediyl bridge of 1 is quite reactive. For example, 1 reacts 
with [Fe2(CO)9] in THF at room temperature to give [Ru2Fe2-
(C2)(CO)9(Cp)2], which is currently under investigation. 
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(s, Cp); 13CI1H) NMR (101 MHz, C6D6) &H 74.7 (s, C=C), 88.0 (s, Cp), 
199.8 (s, CO); IR (./(CO), toluene) 2048 (m), 2031 (s), 2024 (sh), 1980 (s). 
Anal. Calcd for C16Hi0O4Ru: C, 41.03; H, 2.15. Found: C, 41.05; H, 2.15. 

(9) Crystal data for 1: yellow needle, CAD4 diffractometer, Mo Ka 
radiation, 3003 unique reflections, 2337 with (F0)

2 > 3<r(F0)
2 for refinement, 

PT, Z = 2, pcllcd = 2.008 g-cm"3, a = 9.786 (3) A, b = 13.822 (2) A, c = 5.915 
(2) A, « = 102.11 (2)°, 0 = 97.96 (2)°, y = 87.81 (2)°, K = 774.7 (3) A3, 
H = 19.255 cm"1, no absorption or extinction corrections, solved by using 
Patterson, DIRDIF," and difference Fourier methods, H atoms idealized, 
non-hydrogen atoms refined with anisotropic thermal parameters to R = 5.9%, 
/?w = 7.8% with 199 variables. 
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