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Summary: The paramagnetic tetrahydride cluster, Cp*s-
Cos(ug-H)s(us-H) (1) reacts with acetylene to ultimately
form the bis(ethylidyne) cluster Cp*3Cos(us-CCHj)z (2).
Two intermediates were detected during the course of
thereaction: the diamagnetic Cp*3Cos(ug- H)3(us-CCHj3)
(3) and the paramagnetic Cp*3Cos(us-H)(us-CCHj) (4).
Cluster 3loses Hain refluxing toluene to generate 4, and
dreacts with Hy at 80 °C to generate 3. Kinetic analysis
indicates 3 and 4 are both formed directly from cluster
L

In collaboration with Theopold and co-workers, we
recently reported the synthesis of the unusual trinuclear
tetrahydride cluster Cp*3Cos(uz-H)s(us-H) (1) and the
dinuclear trihydride complex Cp*3;Cos(u-H); from the
reaction of [Cp*CoCl]; with LiAlH, (SchemeI).! Complex
1 is a highly reactive species due to its paramagnetic 46-
electron configuration and its lack of bridging ligands other
than hydrogen. For example, 1 reacted rapidly with CO
at room temperature to form the dicarbonyl dihydride
cluster Cp*3Co3(us-CO) (uz-CO) (u-H)2.2 Reactionof 1 with
NO occurred instantly to produce the trinuclear cluster
Cp*3Co3(u3-NO)2.2 Here we report that 1 reacts with
acetylene to ultimately form Cp*3Co3(u3-CCHz); (2) with
preservation of the trinuclear cluster. Two intermediates
were detected during the course of the reaction: the
diamagnetic mono(ethylidyne) trihydride Cp*3Cos(us-H)s-
(us-CCH3) (8) and the paramagnetic mono(ethylidyne)
monohydride Cp*3Cos(us-H){(us-CCH3) (4).

When a black benzene solution of Cp*3Cos(uz-H)z(us-
H) (1) was heated for 2 days at 100 °C with excess acetylene
in a sealed tube, the purple bis(us-ethylidyne) complex
Cp*3Cos(uz-CCH3s)q (2) precipitated from the solution and
was isolated in88% yield. Cluster 2 was fully characterized
by 'H NMR, high resolution MS, and single crystal X-ray
diffraction.* Previously, 2 was reported to be formed in
the thermolysis of Cp*Co(n2-CHy=CHj3), at 110 °C.5

Extensive studies on the chemisorption of acetylene on
the Pt(111) surface have shown that the stable surface
species is a triple bridged ethylidyne.! However, the
conversion of acetylene to a u3-CCHj ligand on a homo-
geneous cluster has been demonstrated in only two
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“@ Redetermination of the originally reported structure® gave more
precise bond distances for 2: hexagonal, P6s/m, a = 10.716(2) A, ¢ =
15.485(3) A, V = 1539.8(7) A8, Z = 2; R(F) 2.54% , Ry(F) 4.49%; Co—Co,
2.437(1) A, Co—(p C), 1.873(3) 'A. Since 2 prepared in our laboratories is
an air-stable compound with sharp '!H NMR resonances in benzene, while
2 was reported by Pardy’ to be air-sensitive, to give paramagnetically
broadened NMR resonances in benzene, and to have significantly shorter
Co~Co bond distances, it is not clear that Pardy’s material was in fact
2
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instances.” Due to the importance of this rearrangement,
we searched for intermediates in the reaction of 1 with
acetylene.

Cluster 1 and excess acetylene were heated at 80 °C in
benzene-dg in a thick-walled NMR tube and monitored
periodically by tH NMR spectroscopy. After 1 h,the Cp*
resonance of 1 (6 62.4) could no longer be detected and the
Cp* resonance of the bis(ethylidyne) cluster 2 (6 1.57)
accounted for only 10% of the Cp* resonances. Inaddition
to cluster 2, two products, Cp*3Coz(uz-H)3(us-CCHg) (3)
and Cp*3Cos(us-H)(uz-CCHs) (4) were observed by 'H
NMR (Scheme II). The major Cp* resonance (55%) at
0 1.87 (45 H) and resonances at § 5.12 (3 H, u-CCHj3) and
6-32.26 (3 H, u-H) were assigned to the diamagnetic mono-
(ethylidyne) trihydride cluster, Cp*3Cog(us-H)3s(us-CCHy)
(3). In a preparative experiment, 1 and excess acetylene
were heated at 80 °C under H; (see below) for 3 h to form
3 in 53% isolated yield as green crystals.?

The second Cp* resonance (35%) at 6 53.6 was assigned
to the paramagnetic mono(ethylidyne) monohydride clus-
ter, Cp*3Cos(us-H) (u3-CCHjy) (4). The paramagnetism of
4 is consistent with a 46-electron cluster possessing Cs,
symmetry.® In a preparative experiment, 3 was heated in
toluene at 110 °C for 3 days to produce 4 (see below) in
75% isolated yield as a brown microcrystalline solid.i?
The molecular formula of 4 was established by high
resolution MS (m/z = 610).
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The flask was sealed under 1 atm of H; at 77 K and heated at 80 °C for
3 h to produce a green solution (Hj pressure at 80 °C is calculated to be
<4.5 atm). After filtration through Celite, solvent was evaporated and
the residue was washed with hexane to give Cp*;Cos(u-H)g(us-CCHj) (8)
(51 mg, 53%) as a green microcrystalline solid which was >96% pure by
'H NMR analysis. 8 was further purified by crystallization from toluene
at =20 °C. 'H NMR (200 MHz, Cg¢Dg) 4 5.12 (s, 3 H, us-CCHs), 1.67 (s,
45 H, CsMey), —32.26 (8, 3 H, Co-u-H). 8C NMR (126 MHz, C¢Dg) 8 92.4
(CsMes), 46.7 (u3-CCHpy), 11.6 (CsMes), the ug-CCH; carbon was not
observed. HRMS (EI) cale (found) for C3.H,9Cos (M* - 2H): 610.1827
(610.1816). Anal. Calc (found) for C3;HsCos: C, 62.75 (63.03); H, 8.39
(8.09).
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Chart I bridging alkenyl ligand has been observed in Os3!! systems.
W H " A 1,2-hydrogen shift from the internal to terminal vinyl
S, SN At carbon of II would produce the observed trihydride
P ;7“ ethylidyne complex 3. Competitive loss of Hy from II
\H LR followed by 1,2 migration would yield monohydride 4. The

Trihydride 3 and monohydride 4 interconvert by re-
versible loss of Hy, but at a rate much slower than they
are formed from 1. When isolated 3 was heated at 110 °C
for 18 h in toluene-dg, 4 was formed nearly quantitatively
(92 + 5% yield by tH NMR using C¢Meg as an internal
standard). When isolated 4 was heated at 80 °C under 1
atm of Hs in benzene-dg for 35 h, 3 was formed quanti-
tatively (99% 5% by !H NMR). Therateat which 1reacted
with acetylene at 80 °C to produce 3 and 4 is more than
100 times faster than the rate of interconversion of 3 and
4 at 80 °C. This requires that both 3 and 4 be formed
directly from 1.

When 4 and excess acetylene were heated at 80 °C for
24 h, clean conversion to 2 was observed. The rate of
reaction of 4 with acetylene is about 25 times slower than
the reaction of 1 with acetylene.

Several mechanisms are consistent with the formation
.of both trihydride 3 and monohydride 4 from tetrahydride
1 (Chart I). In one mechanism, initial coordination of
acetylene to the 46-electron cluster 1 would produce the
48 electron intermediate acetylene complex I. Hydride
addition across the C=C bond of the coordinated acetylene
would produce the u-nl,n2-vinyl intermediate II; metal
hydride addition across a coordinated alkyne to form a
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interconversion of u-nl,n%-alkenyl and u-alkylidyne com-
plexes via 1,2-hydrogen migration has been observed in
Fe, cations!? and in neutral Rus!® and Os3!4 clusters.

In a second possible mechanism, the acetylene complex
I might undergo conversion to the us-vinylidene complex
III, possibly via a terminal vinylidene complex. The
conversion of a terminal alkyne ligand to a vinylidene
ligand has been well documented in mononuclear systems15
and has also been demonstrated on Pt3,18 RuCog,17 and
Osgclusters.!® Hydride addition to the vinylidene complex
would produce the alkylidyne complex 3, and competitive
H; loss from III followed by hydride addition to the
vinylidene ligand would give 4. Several variations of these
mechanisms involving interconversion of u-n!,n%-alkenyl
and u-vinylidene complexes are also possible,11d.14
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