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Abstract

(mr-Allyl)Xtrifluoroacetato)tris(triethylphosphine)ruthenium(II) has
been isolated by oxidative addition of allyl trifluoroacetate to
Ru(codXcot) in thé presence of triethylphosphine ligand.
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The oxidative addition of esters to the low valent
Group 10 transition metals such as Pd by a process
involving C-O bond cleavage has been well docu-
mented, as the first step in catalytic allylations of
organic compounds using allylic esters under neutral
conditions; this has potential importance in organic
synthesis [1,2]. In recent years, ruthenium complexes
have also attracted attention as novel candidates in the
catalytic chemoselective allylation of organic substrates
using allyl acetates [3]. Although the mechanisms of
the allylation are postulated to involve m-allylru-
thenium(II) species as an important key intermediate,
there is so far no direct evidence for the formation of
such species from allyllic esters, whereas the formation
of sr-allylruthenium(II) species by oxidative addition of
reactive allyl halides to Ru® carbonyl is well known [3].
We previously reported an example of C-O bond
oxidative addition in the presence of triethylphosphine
of vinyl acetate to ruthenium(0) to give a mer-
(vinylXacetato)tris(triethylphosphine)ruthenium(11) [4].
We now report the first example of C-O bond oxida-
tive addition of allyl ester to the Ru® to give a (sr-allyl)-
(carboxylato)ruthenium(II) complex.

Allyl trifluoroacetate was introduced into a hexane
solution of Ru(codXcot) in the presence of 3 equiv. of
triethylphosphine and stirred for 16 h at room temper-
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ature. After evaporation of all volatile material, the
residual orange oil was recrystallized from hexane to
give pale yellow prisms of (m-allylXtrifluoroacetato)
tris(triethylphosphine)ruthenium(II) (1) (21%) [5*]. A
similar r-allylruthenium(II) complex with trimeth-
ylphosphine (2) was also formed [6*].
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The IR spectrum of 1 showed a strong asymmetric
»(OCO) band at 1680 cm ™!, the value suggesting the
monodentate coordination mode of the trifluoroac-
etato ligand [7]. That the structure is trigonal bipyrami-
dal containing a -allyl entity for 1 as shown in the
equation, was indicated by the following NMR analysis.
'"H NMR and H-H COSY spectra of 1 show character-
istic pattern for the w-allyl metal complex: the anti and
syn protons appear as a double doublet at § 2.96 and a
doublet at & 3.25, respectively, and the methine proton
as a double triple triplet at 6 4.38. Anti and methine
protons involve couplings with one of the three P
nuclei. The chemical shifts of these protons are ob-
served at relatively higher magnetic field than the
known tricarbonyl(m-allyl)ruthenium(II) complex, Ru
(7°-C;HXCO), X (X = OAc, OTY) [8], suggesting that
the electron density on the 7r-allyl moiety in 1 is higher
than that in the carbonyl analogue. Two sets of signals
assignable to an apical and two equatorial PEt, ligands
are observed in 1:2 ratio, where the geminal methy-
lene protons in the equatorial PEt, ligands become
magnetically nonequivalent to each other, since they
are mutually diastereotopic. >'P{'H} NMR spec-
troscopy also shows a triplet and a doublet at 18.2 and
44.6 ppm from ext. H;PO, in 1:2 ratio, confirming
that the two P’s lie at equatorial positions with a
unique P at an apical position. The apical P nucleus
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* Reference number with an asterisk indicates a note in the list of
references.
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resonates at lower field than the equatorial ones, being
consistent with strong eiectron withdrawal from the
trans trifluoroacetato ligand. *C{'H} NMR spec-
troscopy of 1 also shows characteristic signals for the
mr-allyl moiety. Methylene and methine carbons were
observed at 47.1 (double triplet) and 94.8 (singlet) ppm,
respectively. Both the carbonyl and trifluoromethyl car-
bons appear as a quartet by the coupling with three F
nuclei. These NMR data are consistent with the pro-
posed trigonal bipyramidal structure shown in eqn. (1).

When the synthesis of 1 was carried out in the
presence of a small amount of moisture, 1 could not be
isolated and a gradual evolution of propylene was
observed. The proton source of the propylene gas was
found to be water which is contaminated in the solvent,
since the reaction in the presence of a small amount of
D,O liberated only C;HsD. In fact 1 is smoothly
hydrolyzed in THF by a trace amount of water to
liberate propylene in 45% yield at room temperature.
The results suggest the strong nucleophilicity of the
mr-allyl moiety. Acidolysis of 1 with sulfuric acid re-
leased propylene in 59% vyield. On the other hand, the
reaction of Ru(codXcot) with a slight excess of allyl
acetate in the presence of PEt, in hexane gave only an
adduct Ru(codXcotXPEt;) under ambient conditions
[9], whereas the reaction with excess allyl acetate at
50°C led to the gradual evolution of propylene gas.
Though the isolation of the (sm-allylXacetato)rutheni-
um(II) complex has not been achieved, the formation
of propylene strongly supports the initial formation of
a highly nucleophilic allylic ruthenium complex in solu-
tion.

Benzaldehyde reacted with 1 to give the correspond-
ing homoallyl alcohol in 69% vyield in THF at 50°C,
whereas no reaction took place with dimethyl malonate
under the same conditions, probably due to the high
nucleophilicity of the allylic moiety induced by triethyl-
phosphine ligands [6]. Further investigation concerning
the structure and reactivities of 1 is now in progress.
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