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Summary: The complex [Cp*RuCl(PEt3)2] (Cp* ) C5Me5)
reacts with 2-propyn-1-ol derivatives, HCtCC(OH)RR′
(R ) R′) H; R ) R′ ) CH3; R ) CH3, R′ ) Ph), in MeOH
in the presence of NaBPh4 yielding the metastable
3-hydroxyalkynyl hydrido complexes [Cp*Ru(H)(CtCC-
(OH)RR′)(PEt3)2][BPh4], intermediates in the formation
of the corresponding 3-hydroxyvinylidene complexes, to
which these compounds rearrange both in solution and
in the solid state.

The discovery of a general method for the preparation
of ruthenium-allenylidene complexes based on the
direct activation of propargyl alcohol derivatives by
electron-rich ruthenium(II) chloride complexes1 has
allowed the study in detail of these highly unsaturated
compounds and of related species.2 This process usually
leads directly to the formation of ruthenium allenylidene
complexes3 which can be stable or undergo further
processes such as the addition of nucleophiles.4 In some
cases, a mixture with the corresponding isomeric vi-
nylvinylidene complex is obtained.5 The initial formation
of an hydroxyvinylidene complex,6 which has been
detected5b or even isolated in some instances,7 has been
postulated. Elimination of water yields the CdCdCRR′
unit in the coordination sphere of a ruthenium center.
The preliminary CtC bond coordination to the metal
complex has been proposed as the first step, followed
by subsequent tautomerization to give the correspond-

ing hydroxyvinylidene complex.1,8 Recently, Esteruelas
et al. have isolated the η2-alkyne derivative [CpOs(κ1-
OC(O)CH3)(η2-HCtCC(OH)Ph2)(PiPr3)2].9 On the other
hand, Werner et al. have reported formation of rhodium
allenylidenes via (η2-alkyne)- and alkynyl(hydrido)-
rhodium as intermediates.10 Likewise, the interaction
of [OsCl(NO)(PiPr2R)2] (R ) Ph, iPr) with HCtC-CR2-
(OH) (R ) CH3, Ph) affords the alkynyl(hydrido)-
osmium(II) complex.11 However, there is no evidence for
ruthenium analogue species, even considering that
allenylideneruthenium(II) complexes constitute the larg-
est group of this sort of compound.

As a continuation of our recent studies on 1-alkyne
activation by [Cp*RuCl(dippe)],12 we report now that the
product of the reaction of [Cp*RuCl(PEt3)2]13 (1) with
2-propyn-1-ol derivatives and NaBPh4 in MeOH is very
sensitive to the order in which the reagents are added.
Thus, if an excess of NaBPh4 and the corresponding
alkynol are dissolved in MeOH at 0 °C, and then the
complex 1 is added, the hydroxyalkynyl hydrido complex
[Cp*Ru(H)(CtCC(OH)RR′)(PEt3)2][BPh4] (R ) R′ ) H
(2); R ) R′) CH3 (3); R ) CH3, R′) Ph (4))14 precipitates
immediately as a white/yellow solid. Any change in this
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in 10 mL of MeOH at 0 °C (ice bath). The mixture was allowed to warm
until precipitation of a white/yellow solid, which is filtered, washed
with cold EtOH, and hexane, and stored at -20 °C. Yield: 2 194 mg
(91%), 3 210 mg (95%), 4 212 mg (90%). Selected spectral data for 2:
IR (Nujol): ν(OH) not observed, ν(CtC) 2117, ν(Ru-H) 2024 cm-1. 1H
NMR (400 MHz, CDCl3, 273 K): δ -9.25 (t, JHP ) 30.5 Hz, Ru-H),
1.67 (t, JHP ) 1.2 Hz, C5(CH3)5), 4.29 (t, JHP ) 2.7 Hz, Ru-CtC-CH2-
OH). 31P{1H} NMR (161.89 MHz, CDCl3, 273 K): δ 36.8 (s). 3: IR
(Nujol): ν(OH) 3353, ν(CtC) 2120, ν(Ru-H) 2028 cm-1. 1H NMR (400
MHz, CDCl3, 273 K): δ -9.28 (t, JHP ) 30.6 Hz, Ru-H), 1.46 (s, Ru-
CtC-C(CH3)2OH), 1.66 (t, JHP ) 1.2 Hz, C5(CH3)5). 31P{1H} NMR
(161.89 MHz, CDCl3, 273 K): δ 36.8 (s). 4: IR (Nujol): ν(OH) 3312,
ν(CtC) 2104, ν(Ru-H) 2020 cm-1. 1H NMR (400 MHz, CDCl3, 273 K):
δ -9.35 (t, JHP ) 29.9 Hz, Ru-H), 1.65 (t, JHP ) 1.2 Hz, C5(CH3)5),
1.82 (s, Ru-CtC-C(CH3)PhOH), 7.29, 7.37 and 7.55 (m, Ru-CtC-
CMe(C6H5)OH). 31P{1H} NMR (161.89 MHz, CDCl3, 273 K): δ 37.4
and 37.6 (d, JPP′ ) 20.7 Hz).
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order may lead to the nondetection of these intermedi-
ates, yielding a mixture of isomerization, dehydration,
and nucleophilic attack products depending on the
alkynol employed, reaction time, etc. These compounds
undergo irreversible isomerization to hydroxyvinylidene,
both in solution and in the solid state at room temper-
ature; hence these products must be handled and stored
at temperatures close to 0 °C, to prevent their isomer-
ization and/or dehydration.

Complexes 2-4 are formally derived from the inser-
tion of the metal atom into the C-H bond of the alkynol,
and therefore must be considered RuIV species. They
display the ν(OH) IR absorption between 3310 and 3355
cm-1, one strong ν(CtC) band at 2100-2120 cm-1, and
one weak ν(Ru-H) at 2020-2030 cm-1. 1H and 31P{1H}
NMR spectra were recorded at 0 °C. The hydride
resonance appears as one high-field triplet in all cases,
whereas the 31P{1H} NMR spectra consist of one sharp
singlet, except for the complex 4, for which two doublet
resonances are observed due to the presence of a chiral
group on the alkynyl ligand that induces the nonequiva-
lence of the phosphorus nuclei.5b These data are con-
sistent with a transoid structure for the complexes 2-4
(Scheme 1). When temperature is raised, the NMR
signals corresponding to [Cp*Ru(H)(CtCC(OH)RR′)-
(PEt3)2][BPh4] decrease, whereas the signals of the
hydroxyvinylidene [Cp*Ru(dCdCHC(OH)RR′)(PEt3)2]-
[BPh4] (R ) R′ ) H (5); R ) R′) CH3 (6); R ) CH3, R′)
Ph (7)) increase their intensity. Thus, after stirring 2
in CH2Cl2 solution several hours, the hydroxyvinylidene
complex 5 was obtained as a stable orange solid.
Attempts made to isolate the hydroxyvinylidene com-
plexes 6 and 7 by controlling the reaction time in
solution afforded a mixture of such species together with

the hydroxyalkynyl hydride and/or dehydration prod-
ucts. Solid-state isomerization to hydroxyvinylidene at
30-35 °C allowed the isolation and spectroscopic char-
acterization of these intermediates.15 This process can
be monitored following the ν(CtC) decrease or ν(CdC)
increase by IR spectroscopy. 31P{1H} NMR spectra
consist of one sharp singlet in all cases except for the
complex 7, which, like its precursor, shows an AB
coupling pattern due to the existence of a chiral carbon
on the molecule.

We can conclude that activation of propargyl alcohols
by half-sandwich ruthenium(II) complex 1 occurs through
3-hydroxyalkynyl(hydrido) and 3-hydroxyvinylidene com-
plexes as intermediates, which have been isolated as
stable solids at 0 °C, independently of the propargyl
alcohol used. However, it is known that the formation
and stabilization of the allenylidene moiety by the metal
complex depends on the nature of the substituted
propargyl alcohol and on the ancillary ligands,5b as
inferred from our investigations in progress about
ulterior transformations of compounds 5-7. The η2-
coordination of the propargyl alcohol before the forma-
tion of the hydroxyalkynyl hydride species has not been
detected in these cases, probably due to the steric
influence of the Cp* ligand.
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(15) Experimental procedure for the preparation of complexes
5-7: Complexes 2-4 were heated as solids at 35 °C under an inert
atmosphere for 3 h, the color gradually turning from white/yellow to
orange, yielding a quantitative isomerization process. Complex 5 can
also be obtained cleanly starting from a solution of 1 (127 mg, 0.25
mmol) in 15 mL of MeOH to which HCtCCH2OH (14 mg, 0.30 mmol)
was added. After it was stirred for 4 h at room temperature, addition
of NaBPh4 (81 mg, 0.50 mmol) afforded the precipitation of an orange
solid, which was filtered and washed with EtOH and hexane. Selected
spectral data for 5: IR (Nujol): ν(OH) 3459, ν(CdC) 1679 cm-1. 1H
NMR (400 MHz, CDCl3, 273 K): δ 1.25 (t, JHbHc ) 5.4 Hz, RudCd
CH-CHb

2OHc), 1.74 (t, JHP ) 1.8 Hz, C5(CH3)5), 4.05 (dd, JHaHb ) 8.4
Hz, JHbHc ) 5.4 Hz, RudCdCHa-CHb

2OHc), 4.21 (tt, JHaHb) 8.4 Hz,
JHP ) 1.6 Hz, RudCdCHa-CHb

2OH). 31P{1H} NMR (161.89 MHz,
CDCl3, 273 K): δ 30.6 (s). 6: IR (Nujol): ν(OH) 3543, ν(CdC) 1643
cm-1. 1H NMR (400 MHz, CDCl3, 273 K): δ 1.75 (t, JHP ) 1.9 Hz, C5-
(CH3)5), 1.37 (s, RudCdCH-C(CH3)2OH), 4.05 (s, RudCdCH-C(CH3)2-
OH). 31P{1H} NMR (161.89 MHz, CDCl3, 273 K): δ 28.9 (s). 7 IR
(Nujol): ν(OH) 3598, ν(CdC) 1633 cm-1. 1H NMR (400 MHz, CDCl3,
273 K): δ 1.71 (t, JHP ) 1.1 Hz, C5(CH3)5), 1.63 (s, RudCdCH-C(CH3)-
PhOH), 4.38 (s, RudCdCH-CMe(Ph)OH), 7.28, 7.34, 7.36 (m, Rud
CdCH-CMe(C6H5)OH). 31P{1H} NMR (161.89 MHz, CDCl3, 273 K):
δ 28.9 and 29.1 (d, JPP′ ) 35.5 Hz). All new compounds gave satisfactory
C and H elemental analysis.

Scheme 1a

a Reagents and conditions: (i) HCtC-C(OH)RR′, NaBPh4,
MeOH, 0 °C; (ii) room temperature (spontaneous and irrevers-
ible both in solution and in the solid state).
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