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Swmmary. Reactions of [Ru(C:CHPh)(PPhg)z(n-Csﬂs)]+ with MeOH, aqueous HBFy,

or 0z afford {Ru[C(OMe)CH,Ph](PPh3),(n-CsHs)}t, Ru(CHaPh) (CO} (PPh3) (n~CsHs),
and [Ru(CO) (PPh3)s(n-CsHs) 1 and PhCO,H, respectively; alkylation of
Ru(C3R) (PPh3) 2(n~-CgHsg) with R;0+PF6— gives complexes containing disubstituted

vinylidene ligands, [Ru(C:CRR')(PPh3),(n-CsHs)]1T.

We have recently described the formation of substituted vinylidene
complexes, [Ru(C:CHR) (PPh3),(n-CgHs) IPFg (I), from terminal acetylenes
(1-alkynes) and the chloride RuCl(PPh3)5(n-CsHs), and their ready deproton-
ation to the corresponding o-acetylides, Ru(C2R) (PPh3), (n-CsHs) .1 Independently,
and at about the same time, the complex {Fe(C:CHPh)(CO)(PPhj3) (n-CsHs)1t (I1)
was described,2 being obtained from Fe (C3Ph) (CO) (PPh3) (n—-CsHs) and HBFy in
CH2Cl,; or toluene; further examples of methyl, dimethyl and unsubstituted
vinylidene complexes containing the Fe(dppe)(n-CsHs) group have been reported.3

Vinylidene complexes have been implicated in several reactions of

l-alkynes with metal complexes, and particularly in the formation of alkoxy-
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carbene complexes from l-alkynes and trans-PtRCle.“ It is obvious that the
reactivity of the vinylidene ligand depends on both the metal and associated
ligands, although the precise contributioas of steric and electronic effects
remain to be determined. Thus the reaction of (II) with methanol readily
affords the corresponding alkoxycarbene complex,2 whereas we find that (I;

R = Ph) requires prolonged (several hours) heating in refluxing methanol to
effect conversion to {Ru[C(OMe)CH,Ph](PPh3),(n-CsHs)}PFg (IIT) [lH NMR (cbClz):
& 3.4s (OCHj3), 4.8s (CsHs), 5.0s (CH,Ph), 6.9-7.4m (Ph); 13c NMR (CDCl3):

6 62.7s (OCH3), 63.2s ({Hz), 91.8s (CsHsg), 127.1-137.5 (CgHs), 307.9t (Rul)]
while the complexes [Fe(C:CRR‘)(dppe)(n—Cg,Hs)]+ (R,R' = H or Me) are unreactive
towards alcohols.?

A second synthesis of the cationic vinylidene complexes (I) is direct
protonation of the corresponding g-acetylide with HBFy ot H?FG. Further
reaction of (I; R =Ph) with aqueous HBF, affords the neutral benzyl complex
Ru(CH,Ph) (CO) (PPh3) (n-CsHs) (IV) [v(CC) (CHCL3) 1983 cm~!; lH NMR (CDCl3): &
2.2t, 2.8q (C#Zy3), 4.6s (CsHg), 7.0-7.5m (Ph)]. 1In contrast, the reaction between
Fe (C,Ph) (CO)2(n—CsHg) and aqueous acid gives the acyl complex Fe(COCH,Ph) (CO),-~
(n—CSHS),5 and we note that PtCl(C,R)PMe,Ph), reacts similarly.® Decarbonvlation
of acyl complexes to the corresponding alkyl is well-known, and in the present
case, spontaneous intramolecular decarbonylation of an initial phenylacetyl
complex occurs, with loss of PPhi. We have shown previously that one of the
PPh3 ligands in Ru}?Phg)z(n—CSHS) complexes is readily displaced by CO, a
reaction ascribed to felief of steric strain.? The present reaction resembles
the intermolecular decarbonylation of metal acyls by RhCl(PPhg)g,B and the
formation of a%}yl-carbonyl complexes by oxidative addition of acyl halides
to iridium(I) centres.? The chloride RuCl{PPh3),(n—CsHg) is formed in reactions
of Ru(C,R) (PPh3),(n-CsHs) or (I) with HCL.

The electrophilic nature of the substituted vinylidene ligand is further
demonstrated by the reaction of (I; R = Ph) with dioxygen in CH,Cl, solution,
which affords the carbonyl cation [Ru(CO)(PPha)Z(n—CSHS)]+ [v(co) (CHC13) 1987
em~1], and benzoic acid as the isolable organic product. Similar oxidation

of [Ru(C:CHPh) (CO) (PPh3) (n~CsHs) IBF;, (V) gives the dicarbonyl cation
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SCHEME
RuC1(PPh3), (n—CsHs) {Ru[C(OMe) CHzPh] (PPh3) 2 (N—CsHs) }T
(11I)
N
o
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HC,R l T HCL ﬁ:e¢€°
wB¥ Ru (CHPh) (CO) (PPh3) (n-CsHs)
% aw
HCL [Ru(C:CHR) (PPh3), (n-CsHs) 1*
(N T2
“a [Ru(CO) (PPh3)» (n-CsHs) 1T + PhCO,H
-m* l T +H
ro*
Ru(C,R) (PPh2)z (n-CsHs) e [Ru(C:CRR')(PPha)Z(n—C5H5)]+
(vI)

|e

Ru(C,R) (L) (PPh3) (n—CsHs) L=—H'-co’ [Ru(C:CHR) (CO) (PPh3) (n-CsHs) 1t

0y 1 R = Ph

[Ru(CO), (PPh3) (n-CsHs) 1T + PhCHO

[Ru(CO) 7 (PPh3) (n—-CsHs) IBF, [v(CO) (CHCl3) 1999, 1972 cm™ 1], together with
benzaldehyde. These reactions are interesting examples of the oxidative
cleavage of C=C triple bonds to CO (which remains coordinated to the metal)

and an organic carbonyl product (aldehyde or carboxylic acid):

RC=CH — RHC:C —Lgl+- CO + RC(O)H —Lgl»- RC(0)OH

Reactious of (I) with bases are dominated by the facile deprotonation

reaction.l We have found that alkylation of the g-acetylides with trialkyl-

oxonium salts affords a series of stable disubstituted vinylidene complexes,

[Ru(C:CRR") (PPh3), (n-CsH )]+ (VI; R = Me or Et; R' = Me, Ph or (CO,Me), which
372 515 2

are stable towards deprotonation. These derivatives are also reddish-purple,

and have che characteristic low-field !3C NMR signal at caq. 350 ppm, assigned
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to the metal-bonded carbon. The structure of (VI; R = R' = Me) has recently
been confirmed by a single-crystal X-ray diffraction study.]'0 This reaction
significantly extends the range of substituted vinylidene complexes which

are now accessible; the o-acetylides are readily available, and complexes with
a variety of ligands other than PPh3 can be prepared by simple ligand exchange
reactions, e.g. with CO, @iBu® or P (OMe) 3.

These reactions are summarised in the Scheme.
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