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characterized as Os;(CO)y(us~CPh)(u3-COMe).12  The ratio
of these two products depends on the temperature at which
the methylation is conducted; a higher temperature (35
°C) favors the latter whereas a lower temperature (<25 °C)
favors the former. In the absence of methylating agent 1
undergoes other rearrangements involving both the carb-
ene and carbyne centers. The details of these reactions
are under investigation.
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and calculated structure factor amplitudes (13 pages). Ordering
information is given on any current masthead page.

(12) X-ray structure: Churchill, M. R.; Li, Y.-J.; unpublished results.
Spectroscopic data: mass spectrum, m/z 960 (M*, ¥20g); IR (C,H,,)
»(CO) 2085 (vs), 2060 (vs), 2024 (s), 2003 (m, br) cm™; 'H NMR
((CDy),CO, 20 °C) 6 7.90-7.82 (m, 2 H), 7.40-7.16 (m, 3 H), 4.62 (s, 3 H);
13C NMR (CD,Cl,, 20 °C) 6 319.4 (s, 1 C, ==COMe), 234.6 (s, 1 C, =CPh),
173.9 (s, 9 C, CO).
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Summary: Decarbonylation of Cp,W,0s(CO),(us-1°-
C,Tol,) (1) in refluxing methylcyclohexane induces cleav-
age of the alkyne C-C bond, giving Cp,W,0s(CO)s(u-
CTol}us-CTol) (2). This transformation is reversed upon
exposure to CO (1 atm, 25 °C, 5 min), but reaction with
H, (1 atm, 101 °C, 15 min) provides Cp,W,0s(CO),{u-
CTol}us-CTol}u-H)H (4). Treatment of 4 with CCl, gives
Cp,W,0s(CO),(u-CTol)(uz-CTol)(u-H)Cl (5).

The scission of alkyne ligands is of considerable current
interest, as shown by recent reports involving dinuclear,!
trinuclear,? and tetranuclear® complexes. Irreversible
formation of alkynes from alkylidyne ligands is frequently
observed.* However, strong inferential evidence for re-
versible alkyne scission/alkylidyne coupling equilibration
has only been presented recently, by Vollhardt and co-
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workers for dialkylidynetricobalt complexes® and by
Chisholm and co-workers for alkyneditungsten complexes.®
We now report direct observation of reversibly related
alkyne and dialkylidyne mixed-metal trinuclear complexes.

Thermolysis of Cp,W,08(CO);(ug-72-C;Toly)? (1) in re-
fluxing methyleyclohexane flushed with argon (101 °C, 20
min) provides mildly air sensitive CpyW,;0s(CO);5(u-
CTol)(us-CTol) (2) (>95% by 'H NMR). The compound
is isolated in 88% yield as a dark brown crystalline solid
by cooling the concentrated solution to 20 °C; the for-
mulation is established by analytical and spectroscopic
data.® The key structural features for 2 are revealed in
its 13C NMR spectrum.’ Resonances at § 384.1 (*Jo_y =
135 Hz) and 6 244.5 (*Jc_w = 89 Hz) are assigned to the
doubly bridging and the triply bridging alkylidyne centers,
respectively. These signals are well downfield of the signals
for the alkyne carbons in the two isomers of 1 (§ 136-162)
and show no evidence for C-C coupling.!! Furthermore,
these chemical shifts are compatible with those reported
by Stone and co-workers for two related ditungsten—rhe-
nium clusters, Cp,W;Re(CO);(u-Br){(u-X)(u-CTol)(us-
CTol) [X =0, § 341.4, 294.5; X = CO, 6 364.9, 305.2], the
structures of which have been established by X-ray crys-
tallography.'?

Complex 2 reacts readily with carbon monoxide (1 atm,
5 min) at room temperature to generate alkyne complex
1 (95% recovery from 1 — 2 — 1 cycle). A reasonable
picture of the probable reaction sequence linking 1 and 2
can be constructed (see Scheme I), based largely on the
structures of related compounds characterized by Stone
and co-workers.!23  The us-n? (}|) alkyne configuration
shown by 17 is that expected for a 48e complex, and loss
of one CO ligand should give a 46e species, Cp,W,Os-
{CO)g(CyToly) (3), with a ug-9® (L) configuration.* In fact,
the iron analogue of 3, namely, Cp,W,Fe(CO)q(us-n*-
C,Tol,), has been isolated and shown to have the per-
pendicular configuration,'® no analogue of 1 was observed.
However, this osmium/iron stability reversal has been
evident before: 48e 0s3(CO),o(C.Phy) is stable,'® whereas
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48e Os3(C0O)4(C,Ph,) is an observable but highly reactive
intermediate;!” 46e Fe3(CO)o(C,Phy) is isolable and the
original example of the | configuration,!® yet there is no
evidence for 48e Fe3(CO);o(C,Ph,). The particular ability
of iron in stabilizing the L configuration has been dis-
cussed.”® Thus, although 3 has not been observed directly,
it is highly precedented. The unique aspect of 3, however,
is the ease with which a second CO ligand is lost, which
apparently triggers scission of the coordinated alkyne
ligand. No comparable reaction is seen for Osg(CO),-
(C,Ph,), even under forcing conditions.!’

In contrast to its reaction with CO, complex 2 reacts with
molecular hydrogen (101 °C, 1 atm, 30 min) to form the
mildly air-sensitive complex Cp,W;0s(CO),(u-CTol)(u;-
CTol)(u-H)H (4) (>95% by 'H NMR; 66% isolated).°
The hydride 'H NMR resonances for 4 occur at § ~1.87 and
-13.15, which can be assigned to a terminal and a bridging
hydride ligand, respectively. The tungsten satellites of the
hydride resonances show that the terminal hydride is
bound to a tungsten atom and the bridging hydride is
coordinated on a tungsten-osmium edge.? The mutual
hydride-hydride coupling (Jy_y = 6.5 Hz) is similar to the
coupling constant (Jy_y ~ 4 Hz) in the triosmium com-
plexes H(u-H)Os;(CO)4L, in which the terminal and the
bridging hydride ligands share a common vertex of the
metal triangle.?? The *C NMR spectrum of 4 again
substantiates the proposed structure (Scheme I), in that
the alkylidyne centers are clearly distinct (5 371 and 244),
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the tungsten atoms are not equivalent, and the bridging
hydride is coupled to two of the osmium carbonyls. The
terminal hydride in 4 is replaced by chloride upon treat-
ment with excess CCl, at room temperature, yielding
CpyW,0s(CO) [(u-CTol) (u3-CTol) (u-H)CI (5) (>95% by 'H
NMR; 79% isolated). Again the formulation and proposed
structure is evident from the 'H and '3C NMR results.?

Complex 4 can be obtained directly from 1 by substi-
tuting hydrogen for argon (101 °C, 40 min) in the proce-
dure used to prepare 2, and it also reacts with carbon
monoxide to give the parent alkyne complex 1 under more
severe conditions (1 atm, 101 °C, 15 min) than for 2.
Complex 5 does not return to 1 when treated with carbon
monoxide (1 atm, 101 °C, 2 h) under similar conditions.

This work leads to two new conclusions: (a) The 46¢
W,0s complex 3 further decarbonylates, inducing scission
of the alkyne ligand. This behavior contrasts with that
of the isoelectronic Os; complex, and we attribute the
difference to the formation of strong W—C multiple bonds.
(b) The tendency to have either an alkyne ligand or two
alkylidyne ligands is not determined solely by the availa-
bility of other ligands, i.e., simply by coordinative satu-
ration or unsaturation. In this case CO causes coupling,
but H,, which can clearly bind tightly in place of CO, does
not.
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(23) Cp,W,08(CO),(u-CTol)(u3-CTol)(u-H)Cl: FD mass spectrum
(14W, 1920g), m /e, 1044 (M*); IR (C¢H,;) »(CO) 2056 (vs), 1990 (vs), 1968
(vs), 1907 (w) cm™!; 'H NMR (360 MHz, CsDy) 6 7.44-6.80 (8 H, m), 5.72
(5 H, s), 5.16 (5 H, s), 257 (3 H, s8), 2.27 (3 H, 5), -11.09 (1 H, s, 'Jy_w
= 67 Hz); 5C NMR (90.4 MHz, C:D,CDy) 6 372.4 (4-CR, oy = 137, 121
Hz), 247.3 (15-CR, 'Jow = 88, 54 Hz), 216.4 (W-CO, "o = 173 Haz),
180.9, 179.5, 178.1 (3Jc.y = 9.1 Hz). Anal. Caled for W;08,C30H50,Cl;:
C, 34.55; H, 2.42. Found: C, 34.68; H, 2.42.



