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Scheme 1

the P O ligand with a direct metal-oxygen interaction which furthermore might be
cleaved reversibly, thus making available an empty coordination site, (ii) an easier
ligand transformation, such as PC—H bond activation, leading to an interesting
bonding modc for the resulting phosphinocnolate ligand. It has previously been
found that the phosphinoenolate figand [Ph,PCH - C(--O)Ph]™, when (P,0)
chelated to a M centre (M = Ni, Pd, or Pt), reacts with a range of electrophiles,
such as heterocumulenes and alkynes, with carbon—-carbon bond formation [4], and
with chlorophosphines with phosphorus—oxygen coupling [5].

When [Ru,(CO),,] (0.300 g, 0.469 mmol) reacted with Ph,PCH,C(O)Ph (P-O,
0.150 g, 0.493 mmol) in tetrahydrofuran (THF) (100 ml) for 10 min in the presence
of (PPNXOAc) (0.012 g, 0.022 mmol), [Ru(CO),,(P-Q)] (1) was isolated in 86%
yield (chromatography on silica gel, toluene/pentane 1:2) [6*]. The »(C=0)
absorption in the IR spectrum at 1672 em™! is typical of an unco-ordinatcd
ketone.

Addition of (PPNXOACc) (0.012 g, 0.022 mmol) to a THF solution of 1 (0.046 g,
0.050 mmol) resulted in rapid formation of unstable 2, as a result of CO loss and
coordination of the ketone to an adjacent Ru centre (see Scheme 1) [6*].
Interestingly, heating a solution of 1 (0.078 g, 0.85 mmol) in THF (15 ml) under
reflux for 3 h also led to loss of a CO and resulted in the formation of a new
cluster 3 in 93% vield [6*]. This cluster was also obtained in 37% vield by heating
under reflux (4 h) a THF solution of the disubstituted cluster [Ru,(CO),,(P-0),]
(#), which was obtaincd in 61% vyicld from the reaction of [Ru,(CO),,] with 2

* Reference number with asterisk indicates a note in the list of references.
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Fig. 1. Views of the molecular structure of [Ris, (o e -OC CPhY CHPPH KOG ] (30 2070
thermal envelopes are \h()\‘\-n for the non-hydrogen atoms: hydrogen atoms have arbiroy vadii of i Al
Selected bond lengths (A} and angles (deg) are as follows: Rul 1R-Ro(2) 2760030 Rug 1 Ral31 270K 5,
Ru(") SRu(3) 27833 Ru( b P 2.30008) Rut 1= 200{1y Ro{2)- 2 B LSO X B O
138043, CO2)-0r T30, 2y OCHE Y 13004y Rof2)-Rully Rua(d) ¢ S ATIN R S LT R
Ru(2)-Ru{ -0 49.2(4), Ru(3-Ru¢ P 163920 Rut3-Rul(ii-O U s R, Ruls
Rut2)-Ruf3) 6ilddish Rufii—Ruti -3 sxais), Rulsi -RallrO0 bio Ruli} Ruidy Ru SGI9(R
RuC =P - COny SO, PO (02 30802 CUn-o 0 2000 123020 Rl (3 Ruaf 21 52 1S
CON 20820, R 2500020 TRt

cquivalents of P-0O in the presence of ONMe, (TITF. - 78 10 23°C. 2 hhio™] The
IR spectrum of 3 showed an absorption at 1553 cm . typical of the [t C — O) +
p{C = C)] absorption of the phosphinoenolate ligand {4.7], indicating that PC-H
bond cleavage had occurred. This was conlirmed by the 'H NMR spectrum, which
contained resonances at & S38 for the remaimmg PCH o proton (the “JPHD
coupling was not reseived) and at - 1177 (d, "JPH) 743 Hz) which was assigned
to a bridging hyvdride. In order to clarfy the coordination mode of the phosphi-
noenalate ligand. an X-ray {‘i‘\'sraih)grfxphw analvsis 0?’ 3 was undertaken (R

The molecular structure of 3 (Fig. |} consists of a Ru, trangle of which the
significantly shortencd Ru{l =---Ru(7} edge is almost \\rnma tricail bridged by the
enolate oxygen. This unprecedented feature makes the phosphinocnelate Higand
act as an anionic be donor toward the Ru, anit. The hydnde Tigand coutd not be
located but the coordination geometry at Ru{t} and Rui2) strongh sugeests that 1
is brideing them. A bridging phosphine alkoxide Hguand has recontly been tound i
a dinuclear Rh complox [4,

In comparisen with our thermally-induced enolate formation, thermal treatment
of [Ruy(w-Phy PCH,PPRh.XCO), ] was found to result in PO instead of PC-H
bond cleavage [10].

Protonation of 3 1n the presence of CO (HBL, - £i.0. CH L0 L h) occurred
vig g dark intermediate and afforded, in 70% vield. vellow-orange [Ru =T u-
Ph,PCH,CIOIPRKCO), ,IBE, (5) in which the enolate carbon has been protonated
f6%]. The ketonic vibration ar 1558 cm ' is consistent with brideing bomding for
the P O ligand. The presence in the "H NMR spectrum of an ABX patrern rosults
from the dlsymm try of the molecule. 'Yhe presence of OO during the protonation
reaction of 3 leading to 8 is necessary in order for Rull) wo achieve a stable I8¢
configuration. Conversely. 4 PCH, proton of § in CH.CE by instantancously and
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sclectively removed by NaOH /e¢thanol to regeneratc 3. The chemoselectivity of
these transformations is reminiscent of related reactions performed with mononu-
clear complexes of this phosphineenolate ligand [7].

When 3 was treated with one equivalent of P O and ONMe; in THF at —78°C,
an unstable complex 6 formed, the spectroscopic properties of which are consistent
with an anionic, bis(phosphinoenolate)hydrido-cluster {6*]. When treated with
HBE, - Et,0, it afforded the cationic, bis(ketophosphine) complex [Ru,(u,-H){u -
Ph,PCH,C(O)Ph),(CO)]BE, (7) [6*]. The 'H NMR spectrum of 7 shows the
expected ABX pattern for the PCH ,H; protons [11]. It is imteresting that both 2
and 7 contain slightly stabilized coordination sites that should prove of intercst for
reactivity studies.

(€O _H_ (o, 1

Ph2/ Ru—Ru

[BE,]
P S~ 4

(7)

The binding of the enolaie oxygen to iwo metal centres in 3 should result in a
decreased reactivity (nucleophilicity) of the enolate carbon centre. Accordingly, we
have not vet been ablc to isolate rcaction products with heterocumulenes or
alkvnes, although this may also be due to the lower reactivity of Ru compared to
Ni, Pd or Pt complexes [4]. Further studies are in progress to evaluate the
chemistry of such multisite-bound PO ligands and their related phosphinoeno-
lates in clusters.
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