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Communications to the Editor 

Metal Clusters in Catalysis. 5.1 Four-Electron 
r/2-Ligand Bonding in Clusters and Catalytic 
Intermediates 

Sir: 

We describe the synthesis, structure, and chemistry of a new 
metal cluster, Ni4[CNC(CH3)3]4[M3(772)-C6H5C=CC6H5]3 
(1), which presages a large class2 of M4L4(^O?2)-!-'):; clusters 
and provides mechanistic information concerning a type of 
cluster catalysis chemistry. The essential structural and con
comitant chemical reactivity feature of the cluster class is the 
set of three ligands that bridge edges or equivalent faces of a 
Ni4 tetrahedron and arc formally3 four-electron ligands as 
shown here for the ̂ (^-diphenylacetylene moiety in 1 and 
as established4 for RNC, but in a different bonding mode, in 
the parent cluster, Ni4[CNC(CH3)3]7 (2). Cluster 2 has ex
tensive catalytic properties of which the newest5 and most 
important is the selective hydrogenation of acetylenes to cis 
olefins. We present below the thesis that the key element of this 
catalytic reaction is in the binding of the four-electron donating 
ligands and we place this in general perspective for the metal 
cluster-metal surface analogy.6 

Reaction of 2 with most acetylenes at 25° yielded weak 1:1 
complexes7 which did not detectably8 fragment to smaller 
units. However, diphenylacetylene reacted irreversibly with 
2(eql ) . 

4Ni4[CNC(CH3)3]7 + 15C6H5C=CC6H5 

— 12[(CH3)3CNC]2Ni(C6H5C=CC6H5) 
+ Ni4[CNC(CH3)3]4[M3(T?2)-C6H5C=CC6H5]3 (1) 

The chemistry of the mononuclear and cluster acetylene 
complexes is compared below. A high yield synthesis of the 
acetylene cluster9 was realized in the pentane mediated reac
tion of a 1:1:1 molar mixture of Ni(l,5-cyclooctadiene)2, 
(CH3)3CNC, and C6H5C=CC6H5. A qualitative structural 
definition of the cluster as tetrahedral Ni4[CNC(CH3)3]4-
[M3(^)-C6H5C=CC6Hs]3 was realized from the 1H NMR 
spectrum which was composed of two types of terminal iso-
cyanide resonances (relative intensities of 3 and 1) and two 
types of aromatic multiplets (relative intensities of 1 and 1). 
Unlike the parent cluster,4 this "mixed" cluster is stereo-
chemically rigid (NMR time scale) to 120° which reflects the 
more congested inner features of the new cluster and the 
preference of the acetylene for /z3-binding (relative to a 
monometal interaction). 

The high yield synthetic procedure is general to 
Ni4[CNC(CH3)3]4[/u3(?j2)-acetylene]3 clusters; other well-
characterized members of this new subclass include the 
structurally analogous 2-butyne and 3-hexyne derivatives. 
Phenylacetylene yielded largely, or only, a single stereoisomer; 
1H NMR data indicated that the aryl groups are in identical 
environments (identification of the aryl groups as distal or 
proximal to the unique apical nickel atom will be provided by 
a crystallographic analysis). 

Single crystals of the benzene solvate of 1, Ni4 [CNC-
(CH3)3]4[M3(i72)-C6H5C=CC6H5]3-C6H6, are monoclinic, 
space group P2]/„ (an alternate setting of P2,/c ~ Cu5) with 
a = 15.794(1) A, b = 25.180(3) A, c = 16.011 (2) A, 0 = 
102.77 (1)°, and Z = 4(rfcalcd = 1.262, dmeasd = 1.256 g cm"3). 
Three-dimensional diffraction data were collected on a com
puter-controlled four-circle Syntex Pl autodiffractometer 

Figure 1. Perspective drawing (adapted from an ORTEP plot) of the 
Ni4[CNC(CH3)3]4[M3(';2)-C6H5C=CC6H5]3 molecule viewed normal 
to the triangular base along the idealized threefold axis. Nickel atoms are 
represented by large numbered open circles and carbon and nitrogen atoms 
by small open circles. Ni(4) is the unique apical nickel atom which lies on 
the pseudo-threefold axis. The tetrahedron possesses no rigorous crys
tallographic symmetry. There is no significant interaction between the 
complex and the benzene solvate molecules. 

using graphite-monochromated Cu Ka radiation and full (1 ° 
wide) a) scans. The structural parameters have been refined 
to convergence {R = 0.089 for 7056 independent reflections 
having 26CuKa < 115° and / > 3<r(/)) in cycles of unit-
weighted full-matrix least-squares refinement which employed 
anisotropic thermal parameters for the four nickel atoms and 
isotropic thermal parameters for all remaining non-hydrogen 
atoms.10 

In addition to benzene solvate molecules, the crystal is 
composed of discrete, electron-precise tetrahedral 
Ni4[CNC(CH3)3]4[,u3(??2)-C6H5C=CC6H5]3 cluster mole
cules (Figure 1). The nickel tetrahedron, with a slight ~0.34 
A trigonal compression, conforms approximately to C3[. 
symmetry with the nickel atom (Ni3 = Ni 4) displaced by 1.798 
A from the basal nickel (Nib = Ni 1,2,3) plane. There is a 
terminal isocyanide ligand bonded to each nickel atom and the 
diphenylacetylene ligand is bonded to one of the three Nib-
NiaNib triangular faces in a manner similar to that observed 
for this ligand in the isostructural Ni4(CO)4(CF3C2CF3)3

2 and 
in Fe3(CO)9(RC=CR).11 

Important bond distances are: Nia-Nib, 2.374 (2, 5, 8) A;12 

Nib-Nib, 2.686 (2, 2, 3) A; Nia-Ca, 1.972 (8, 3, 5) A; Nib-Ca ' 
(six values), 1.977 (8, 6, 10) A; Nib-Ca (six values), 2.203 (8, 
32, 57) A; Ni3-C3 ' , 2.849 (8, 1, 1) A; and C3-C3', 1.344 (10, 
7, 11) A. All structural parameters are consistent with a 
bonding model in which each diphenylacetylene ligand is 
coordinated through C3 to the apical nickel atom by a formal 
(T-type bond and to the two adjacent basal nickel atoms by 
three-center M-type bonds. 

Structural, fluxional, and chemical differences between 1 
and 2 are presumably the result of differences in the mode(s) 
of bonding for the three bridging ligands. The trigonal com
pression of the four-atom cluster in 2 is much larger than in 1 
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with 0.98 A longer Nib-Nib and 0.036 A longer Nia-Nib sep
arations. Whereas the shape of the Ni4[CNC(CH3)3]4-
[M3( '7 2)-C6H5C^CC6H5]3 molecule is reasonably equidi-
mensional, the Ni4CNC(CH3)3]7 molecule is much more disk 
shaped with the trigonally expanded NibNibNjb basal face 
much more exposed. The isocyanide ligands in 2 appear to be 
able to span the elongated Nib-Nib edges quite effectively by 
simply changing the hybridization of their Nib-bonded nitro
gens from sp to sp2 and directing Ci toward the other basal 
nickel atom to give bent, "edge-bridging" isocyanide ligands 
but similar "edge-bridging" acetylenes would probably pro
duce unfavorable steric interactions. 

Hydrogen reacted with 1 in a toluene solution at 25° to yield 
Cw-(C6H5)CH=CH(CeH5), isocyanide, and nickel metal. A 
fully analogous reaction with the 3-hexyne cluster was ob
served; cw-3-hexene and isocyanide were the only organic 
products detected. Addition of excess acetylene to these re
action systems fully suppressed nickel metal formation, and 
a catalytic reduction of the acetylene to the cis olefin13 was 
observed. In sharp contrast, the mononuclear complex 
[(CHj)3CNChNi(C6H5C=CC6H5) did not react with hy
drogen at 25° within a period of 2 days. These data would seem 
to provide a qualitative argument in support of cluster catalysis 
at least for acetylene reduction as differentiated from an al
ternative mechanistic mode which comprises cluster frag
mentation to mononuclear intermediates.13-14 Characterization 
of presumed hydride intermediates is now being attempted. 

A dihapto binding of CO was earlier proposed' by us as a 
possible feature in the hydrogen reduction of carbon monoxide 
with metal cluster catalysts. With the demonstration of this 
feature in acetylene reductions, we now suggest that this 
concept can be extended to other important catalytic reactions 
in which triple bonds are hydrogenated, e.g., the hydrogen 
reduction of dinitrogen, since the bond order of the triple bond 
is substantially reduced in this type of cluster bonding. By our 
analogy,6 /ux(??2)-bonding modes for molecules with triple 
bonds could be important in reaction intermediates for cata
lytic reactions on metal surfaces. Somorjai and co-workers'5 

present evidence that acetylene on a platinum(l 11) surface 
is largely as shown in 3 with about a 1.34 A C-C separation. 

3 
This type of interaction has a formal resemblance to the 
acetylene interaction in the nickel cluster.16 
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Feasible Route to 1,2-Epoxyalkyllithium Reagents via 
the Lithiation of Epoxyethylsilanes1 

Sir: 

The availability of an a-metalated epoxide synthon (1) 
would be most useful in organic synthesis, for such a unit 
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