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Summary: The tetranuclear acetylide compounds 
C~*WOS~(CO)~I (CCR)  ( R  = Ph, Bu, CHzOMe), depend- 
ing on the substituents of the acetylide ligand, undergo 
reversible C-C bond scission and C-H activation to 
afford the carbido-alkylidyne cluster Cp*WOs3(C0)1o- 
(p4-C)(p-CPh) and the carbido-vinylidene clusters 
CP*WOS~(CO)~(~~-C)(~-H)(~-CCHR')  (R' = Pr, OMe), 
respectively. 

The chemistry of metal acetylide complexes has been 
the subject of intense study in recent years.l Condensa- 
tion with terminal alkynes,2 phosphin~acetylenes,~ and 
mononuclear acetylide complexes4 has provided versa- 
tile synthetic entries for a variety of such complexes. 
Their successful synthesis has not only led to  the 
observation of fascinating structural chemistry but also 
formed a basis for understanding the reactivity of 
chemisorbed acetylides on metal  surface^.^ Attention 
is now focused on their novel chemical transformation, 
which requires multisite interaction of the polynuclear 
frameworks.6 Of particular interest in this regard is 
the conversion between acetylides and alkylidyne car- 
b i d e ~ . ~  This transformation represents a possible path- 
way for the conversion of interstitial carbides to hydro- 
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carbon fragments of higher carbon content, a process 
which has been recognized to  play an important role in 
the CO reduction and activation of hydrocarbons on 
catalytic surfaces.8 Here we report the results of our 
investigation on the reactivity of unique WOs3 acetylide 
clusters which offers an informative comparison. 

The butterfly cluster Cp*WOs3(CO)dCCPh) (11, which 
contains a hinge W atom and a multisite-bound acetyl- 
ide ligand (Scheme 11, was obtained directly from 
combination of the triosmium cluster Os,(CO)lo(NCMe)z 
and the mononuclear acetylide complex Cp*W(CO)3- 
(CCR) according to the published m e t h ~ d . ~  When a 
solution of 1 was allowed to react with 1.1 equiv of 
anhydrous Me3NO in dichloromethanelacetonitrile solu- 
tion at room temperature (30 min), followed by heating 
in refluxing toluene (10 min), a stable orange product 
(2) was formed in 80% yield, which was purified by 
chromatography followed by recrystallization from a 
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Figure 1. Molecular structure of 2 and the atomic 
numbering scheme. Selected bond lengths (A): W-041) 
= 2.896(3), W-Os(2) = 2.974(3), 0 ~ ( 1 ) - 0 ~ ( 2 )  = 2.751(2), 
0 ~ ( 1 ) - 0 ~ ( 3 )  = 2.899(2), 0 ~ ( 2 ) - 0 ~ ( 3 )  = 2.850(3), W-C(11) 
= 2.10(4), Os(l)-C(11) = 2.22(4), 0~(2)-C(ll)  = 2.12(4), 
0~(3)-C(ll)  = 1.81(4), W-C(l2) = 1.89(3), Os(l)-C(12) 
= 2.22(4). Selected bond angles (deg): W-C(11)-Os(3) = 
175(3), O~(l)-C(ll)-0~(2) = 79(1), W-C(12)-C(13) = 142- 
(3). 

mixture of chloroform and methanol.1° The stoichiom- 
etry was initially confirmed by FAB mass analysis, 
which gave a parent ion at mlz 1276, showing that this 
complex contains one CO less than its precursor. The 
loss of CO ligand strongly suggested the formation of 
carbide and alkylidyne species via fission of the acetyl- 
ide C-C bond. Thus, an X-ray diffraction study was 
carried out to reveal the identity of this compound. 

Crystals of 2 contain two crystallographically distinct, 
but structurally similar, molecules in the asymmetric 
unit.ll A perspective view of one of these molecules is 
depicted in Figure 1. The overall structure consists of 
a butterfly WOs3 arrangement with an acute dihedral 
angle (99.5(1)"). The W atom is located at a wingtip 
position. A similar skeletal arrangement has been 
observed in the carbide clusters CpWFtu~(C0)11@4-C)- 

and CpWOs3(C0)11CU4-C)@-SMe)l3 and in the 
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(C6H12) v(C0) 2076 (s), 2040 (vs), 2021 (s), 2003 (s), 1981 (m, br), 1976 
(vw), 1958 (w), 1950 (vw), 1922 (vw, br) cm-'; 'H NMR (CDC13,294 K) 
6 2.51-2.47 (m, 3H), 7.37 (t, 2H, JH-H = 7.3 Hz), 1.99 (s, 15H, C5Med; 
I3C NMR (CDClq. 258 K) 6 357.0 (ud-C. Jw-r 104 Hzi. 293.9 (u-CPh. " ~ ~ ~ .. - ~~ ~ ~ ~ ~ , ,  ~~. . ~ - -  ~~, 
Jw-c = 150 Hzf,' 226.7'(CO, Jw-c = 178 Hz), 187.2 (CO, br), 182.1 
(ZCO), 181.3 (CO), 179.4 (CO), 178.8 (CO, br), 175.1 (CO, br), 173.3 
(CO), 164.9 (CO), 155.8 (Z-CsHs), 130.1 (o,m-CsHd, 129.8 ( m o - C d M  
128.6 (p-CsH51, 107.1 (C6Me5), 11.0 (C&fe5). Anal. Calcd- fbr 
CZ~HZOO~OOS~W: C, 26.46; H, 1.59. Found: C, 26.52; H, 1.63. 
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Ka) = 0.7107 A, T = 298 K, ,u = 163.0 cm-'. The intensities were 
measured on a Nonius CAD4 diffractometer on a crystal with dimen- 
sions 0.20 x 0.20 x 0.25 mm. Of the 5546 unique reflections collected, 
3139 reflections with I =- 2dI )  were used for the refinement. The 
structure was solved by using the NRCC-SDP-VAX package and 
refined to RF = 0.053, R, = 0.047, and GOF = 1.21 for 757 parameters, 
weighting scheme w-l = uz(F,) + 0.00002F02, and highest Mu ratio 
0.07. A difference map following convergence showed residual electron 
density within the range -1.49 to f2.24 e/A3 (min-max). In addition, 
this crystal belongs to the noncentric space group Pca2l. The presence 
of two crystallographically distinct molecules in the asymmetric unit 
doubles the number of variables used in the refinement, which gives 
a relatively poor data-to-parameter ratio (4.2:l) and undesired large 
standard deviations for the bond distances and angles. 
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carbonyl clusters CP*MRU~(CO)I~QA~-CO)(M-H) (M = Mo, 
W), with a quadruply bridging CO ligand.14 The carbido 
atom C(11), liberated from the acetylide fragment, is 
bound to the cluster with short M(wingtip)-C distances 
(average 1.96(4) A) and long M(hinge)-C distances 
(average 2.17(4) A), typical for such carbides in a 
butterfly environment. The alkylidyne ligand bridges 
the W-Os(1) edge with angles W-C(12)-C(13) = 142- 
(3)", Os(l)-C(12)-C(13) = 127(3)", and W-C(12)-Os- 
(1) = 89(1)". Since these structural features invoke a 
trigonal-planar carbon atom, a substantial degree of 
W-C double-bond interaction is indicated (W-C(12) = 
1.89(3) A). 

In accordance with the solid-state structure, the 13C 
NMR spectrum showed two signals a t  6 357.0 (Jw-c = 
104 Hz) and 293.9 (Jw-c = 150 Hz), which were 
assigned to the carbido and alkylidyne carbon atoms, 
respectively. Moreover, the 13C NMR spectrum recorded 
at 253 K showed one W-CO signal at 6 226.7 and eight 
Os-CO resonances in the region 6 187.2-164.9 with 
one signal at 6 182.1 possessing intensity equivalent t o  
two CO ligands. When the temperature was raised to 
338 K, the signal at 6 164.9 broadened substantially and 
the seven Os-CO signals in the range 6 187.2-173.3 
coalesced to one broad signal centered at 6 181.3. 
Although this exchange pattern supports the onset of 
alkylidyne migration from one W-Os edge to the second 
via the formation of a p3-alkylidyne intermediate on the 
WOsa plane (Scheme 11, it is possible that this migration 
requires a higher reaction temperature. 

The related n-butyl-substituted acetylide complex 3 
and its isomer 4, in which the W atom resides at the 
wingtip position, were prepared and subjected to the 
same decarbonylation reaction in attempts to extend the 
scope of the reaction. Unexpectedly, both complexes 3 
and 4 slowly eliminated two CO ligands in refluxing 
toluene solution (30 min) to afford the vinylidene 
complexes Cp*WOs3(C0)~@4-C)CU-H)&-CCHnPr) as a 
mixture of two isomers (5a:5b = 4:3) in 75% yield.16 
Their identities were revealed on the basis of the NMR 
data, and they are obviously caused by the asymmetric 
nature of the vinylidene fragment. In the 'H NMR 
spectrum, two sets of signals are observed at 6 4.08 and 
-24.23 and at 6 4.15 and -24.29, indicating the pres- 
ence of a C=CHnPr vinylidene ligand and a bridging 
hydride ligand (Scheme 1). The 13C NMR spectrum was 
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are in agreement with those observed for the "side-on" 
coordinated vinylidene ligands of dinuclear and poly- 
nuclear systems.lg 

The pathways leading to the formation of vinylidene 
from acetylide ligands were easily established (Scheme 
l), which consist of (i) cluster skeletal rearrangement, 
(ii) C-C bond cleavage, and (iii) C-H bond activation. 
Our previous experiments suggested that the W atom 
in this butterfly system can undergo migration between 
the wingtip and the hinge sites through a process 
involving reversible cleavage of the M-M bond.17 After 
the occurrence of cluster skeletal rearrangement, the 
acetylide complexes then liberate one CO ligand to  
induce the scission of the C-C bond and to  afford the 
carbide and alkylidyne fragments. If the acetylide 
ligands contained a methylene group adjacent to the CZ 
fragment, the reaction proceeded further to the produc- 
tion of vinylidene via hydrogen activation, a process 
which is akin to that observed in the metal clusters and 
crystal surfaces.z0 In the present system, two configu- 
rations are anticipated due to the poor selectivity in 
abstracting the diastereotopic methylene hydrogen at- 
oms. 

Finally, in view of these pronounced changes starting 
from the coordinated acetylide, it is even more remark- 
able that the carbide in both 2 and 5 can be transformed 
back to the acetylide upon addition of CO. Thus, 
exposure of 2 to CO (110 "C, 5 min) resulted in the 
formation of 1 in 85% yield, whereas the reaction of 5 
proceeded much more slowly (40 min, 65% completion) 
to afford 3 and 4 in 61% combined yield and a trace 
amount of the trinuclear acetylide cluster Cp*WOsz- 
(CO)s(CCBu) due to  fragmentati~n.~ This rarely re- 
ported pattern of reactivity highlights the exciting 
chemistry of carbide in reacting with small organic 
hydrocarbon fragments.z1 An extensive investigation 
regarding C-C bond formation with these carbido 
cluster compounds will be described in the future. 
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Figure 2. Molecular structure of 7a and the atomic 
numbering scheme. Selected bond lengths (A): W-Os( 1) 
= 2.840(2), W-Os(3) = 2.985(1), 0~ (1 ) -0~(2 )  = 2.815(1), 
0~ (1 ) -0~(3 )  = 2.883(1), 0~ (2 ) -0~(3 )  = 2.857(1), W-C(l0) 
= 2.02(2), Os(1)-C(10) = 2.13(1), 0~(2)-C(lO) = 1.91(2), 
0~(3)-C(lO) = 2.18(1), W-C(11) = 1.93(2), OS(l)-C(ll) 
= 2.18(2), Os(l)-C(12) = 2.27(2), C(ll)-C(12) = 1.36(2). 
Selected bond angles (deg): W-C(1O)-Os(2) = 174.4(8), 
O~(l)-C(10)-0~(3) = 84.0(5), W-C(ll)-C(lP) = 163(1). 

interpreted accordingly. In addition to the carbide and 
the W-CO resonances, the 13C resonances arising from 
the a- and ,&carbons of the vinylidene group in Sa 
appeared at 6 273.1 (Jw-c = 100 Hz) and 65.1, while 
those of 5b occurred at 6 269.5 (Jw-c = 100 Hz) and 
65.0. We propose that the dominant isomer Sa contains 
the ex0 hydrogen, while the less abundant 5b has an 
endo hydrogen atom, as a positive NOE enhancement 
(23.6%) was observed for the hydride signal of 5b upon 
irradiating the respective vinylidene hydrogen signal. 

The identification of the previously mentioned vi- 
nylidene complexes was further confirmed by the char- 
acterization of the two methoxy derivatives Cp*WOs3- 
(CO)g@&)+-H)+-CCHOMe) (7a,b), which were obtained 
from the thermolysis of the acetylide derivative 
Cp*WOs3(CO)11(CCCHzOMe) (6).17 The methoxy de- 
rivatives 7a,b were isolated in pure form by TLC 
separation and recrystallization. An X-ray diffraction 
study on 7a confirmed that the molecule possesses the 
WOs3 butterfly arrangement with dihedral angle 104.24- 
(3)" (Figure 2),18 which is essentially identical with that 
of 2. The hydride, which is located on the difference 
Fourier map, spans the slightly elongated hinge Os-Os 
bond. The vinylidene ligand, containing a linear 
W-C-C skeleton and an endo hydrogen atom, is best 
visualized as possessing a W=C double bond and as 
n-bonding to the adjacent Os atom. These parameters 
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Of the 4998 unique reflections collected, 3635 reflections with I > 2u- 
(I) were used for the refinement. The structure was refined to Rp = 
0.037, R, = 0.037, and GOF = 1.83 for 339 parameters, weighting 
scheme w-l = u2(FJ + 0.00005F02, and highest A/u ratio 0.008. A 
difference map following convergence showed residual electron density 
within the range -1.38 to +2.49 e/A3 (min-max). 

fi  = 103.62(3)", v = 2841 2) A3, = 4, Pcalcd = 2.831 g F(o00) = 
2139, I(Mo Ka) = 0.7107 8, , T = 298 K, fi  = 175.7 cm-l. The intensities 
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