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Summary: The initlal product formed in the reaction of
Rug(CO),, with ethereal CH,N, has been isolated and
characterized spectroscopically as Ru(CO),(u-CO)u-
CH,). This complex undergoes thermal rearrangement
above 45 °C to H,Ru,(C0O)(CCO) and yields the carbon-—
carbon coupling product H,Ru;(CO),(CCH,) on further
treatment with CH,N,. Spin saturation transfer experi-
ments on Ruy(CO),4(1-COXu-CH,) indicate that equilibra-
tion of the methylene protons occurs near room tem-
perature (k = 4.0 s'; AG* = 17.4 kcal/mol), apparently
via bridge-terminal methylene isomerization.

Surface-bound methylene groups figure predominantly
in current mechanistic proposals for reactions of hydro-
carbons on metals.! We have sought to prepare tri-
ruthenium analogues of previously known triosmium
methylene complexes.?® We now wish to report the
synthesis and characterization of Ru(CO),o(u-CO)(u-CH,)
together with its rearrangement to HyRu,(CO)s(CCO)* and
its coupling reaction with CH,N;, to yield H,Ru;(CO)4(C-
CH,).8 We also wish to present NMR evidence supporting
facile bridge/terminal interconversion of the methylene
group.

Brief (2 min) treatment of Rus(CO),, in refluxing cy-
clohexane with excess ethereal diazomethane (ca. 3 equiv)
produces a dark red solution. The reaction is quenched
quickly by cooling in an ice bath, and then the solvent and
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Scheme I

excess CH,N, are removed under vacumm. The residue
is extracted with pentane, leaving unreacted Ruy(CO);,
(75% recovery), and Ruy(CO),o(u-CO)(u-CH,) is isolated
as a red solid (20% conversion) after crystallization at —40
°C. Characterization of the compound as Ru(CO),q(u-
CO)(u-CH,) is fully established by IR and 'H and !3C
NMR data.? In particular the pattern of *C NMR signals
[1:1:1:2:2:2:2] is in accord with the C, structure suggested
for the analogous Os3(CO);;(CH,)?¢ and found for Os,-
(CO)u(CHSiMea).2a’d

Further reaction of Rug(CO),4(u-CO)(u-CH,) with the
excess CH,N, present in solution during its formation
yields HyRu;3(CO)q(CCH,).6 Treatment of Rus(CO),ofu-
CO)(u-CHy) with CH,N, at lower temperatures (down to
-30 °C) shows no evidence for the formation of HRu4(C-
0),,(CHCH,), which most likely is the initial coupling
product,? so that relatively rapid decarbonylation leads
to the observed H,Ru3(CO)o(CCH,). Note that Osy(C-
0)1:(CH,) must be decarbonylated (Me;NO) before re-
acting with CH,N,% and that the analogous vinyl-vinyl-
idene conversion on the triosmium framework has been
observed at a much higher temperature (ca. 130 °C),” ap-
parently due to rate-limiting CO loss.

On warming a solution of Rug(CO),o(u-CO){(u-CH,), re-
arrangement to HoRu3(C0),(CCO)* is observed (& = 3.2
X 107* s71 at 47 °C; AG* = 25 kcal/mol). Because the
rearrangement is facile at temperatures lower than those
required for the synthesis of Rus(CO),(u-CO)(u-CH,),
extending the reaction time does not lead to more Ru,-
(CO)19(u-CO)(u-CHj,) but instead to increased formation
of HyRu3(CO)g(CCO) (up to 50%). The hydrido methy-
lidyne complex HRu3(CO),o(CH)* rearranges to HyRu,(C-
0),(CCO) under even milder conditions (ca. =10 °C) and
is the probable intermediate in the methylene to carbo-
nylmethylidyne transformation. The analogous osmium
transformations, 0s3(CO),,(CH,) to HOs3(CO),o(CH)® to
H,054(CO),(CCO),? require significantly higher tempera-
tures (260 °C) for both steps.

The methylene 'H NMR signals for Rug(CO);,(u-
CO)(u-CH,) were observed to broaden on warming a sam-
ple to 40 °C, suggesting possible interconversion, but
coalescence could not be observed due to the rapid con-
version to HyRug(CO)g(CCO). H spin saturation transfer
experiments indicate that the two methylene protons do
in fact exchange (k = 4.0 s at 17 °C; AG* = 17.4 kcal/
mol).!® !3C spin saturation transfer experiments indicate
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that irradiation of the bridging carbonyl signal (6 220.3)
causes a strong decrease in intensity of just one other
signal, namely, that due to one of the axial sites (5 206.5).
The other axial carbonyl signal (6 205.4) is unaffected.!!
The activation energy values obtained from the 'H and 3C
spin saturation transfer experiments are in good agree-
ment, indicating that the exchange is due to a single dy-
namic process. A mechanism derived from that proposed
by Cotton for Fes(CO);o(u-CO),!? is diagrammed in Scheme
I. This mechanism is uniquely consistent with exchange
of the bridging carbonyl with only one of the axial car-
bonyls.

Fluxional processes involving bridge-to-terminal alkyl-
idenes have previously been proposed by Knox!? for
CpRuy(i-CO) (u-CMe,), Puddephatt! for Coy(CO)4(u-
CH,)s(u-dppm), and Bergman!® for Cp,CoRh(CO),(u-CH,).
This is the first example supporting such a mechanism in
a cluster compound.

Further studies on the reactivity of Ruz(CO);o(u-CO)-
(u-CH,) and its derivatives are in progress.
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Summary: Oxide transfer from coordinated CO, to co-
ordinated CO is facile above —20 °C in the monoanionic
CO, complex Li[Fe(n-CsHs}CO),(CO,)]. The reaction is
proposed to involve intramolecular transfer via a metal-
loanhydride followed by CO or CO, exchange. Oxide
transfer to excess CO, provides at best a minor decom-
position pathway for the CO, complex.

The #'-C coordination mode has been established for one
member of the important monoanionic class of transi-
tion-metal CO, complexes,! and a similar metallo-
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carboxylate structure can be inferred for [Fe(y-C;H;)-
(CO),(COYT ([Fp(COLI),%* consistent with the nucleo-
philicity of the CO, oxygen atoms.>¢ Qur observation that
the reactive oxygen atoms in dianionic 4'-C complexes of
CQ, will transfer to excess CO, to give CO4? and CO™® and
will also transfer from CO, to CO ligands® has led us to
examine the nucleophilicity of the oxygen atoms in [Fp-
(COy)1~. We now wish to report that [Fp(CO,)]™ transfers
oxide between CO, and CO ligands but does not reduc-
tively disproportionate excess CO,.?

The lithium salt of [Fp(CO,)]", prepared by slow ad-
dition of CO, to a 50 mM solution of Li[Fp]? at —78 °C,
was examined in preference to the equally accessible Na*
or K* salts because of its high solubility and relative sta-
bility in tetrahydrofuran (THF).}%1! This stability is
probably a consequence of cation coordination of the
carboxylate oxygen atoms,"!? the effect of which is illus-
trated by two reactions: treatment of NBu,[Fp] with CQO,
at -78 or 25 °C gives a ca. 2:1 mixture of [Fp]~ and [Fp-
(COJ)], and a similar mixture is obtained when di-
methylformamide (DMF) is added to a THF solution of
K([Fp(CO,)] (DMF should inhibit contact ion-pairing by
competitively complexing K*).

Oxide transfer within Li[Fp(CO,)] was studied by
monitoring solutions prepared from equimolar mixtures
of 18CQ,!% and C'®0,.1* The Li[Fp(CO,)] was converted
into volatile [FpCH;]* by quenching 10-mL aliquots with
CH;0SO0,F at —78 °C (eq 1),'6 and mass spectroscopy was

[FpCH;] + LiOSO,F + CO, (1)

tFellow of the Alfred P. Sloan Foundation, 1982-1985.
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