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Summary: Reaction of the water-soluble ruthenium com-
plex [{RuCl2(TPPMS)2}Na2]2‚4H2O with phenylacetylene
and diphenylpropargyl alcohol in THF at room temper-
ature gave the water-soluble unsaturated carbenes
[{RuCl2{CdC(H)Ph}(TPPMS)2}]Na2 and [{RuCl(µ-Cl)-
(CdCdCPh2)(TPPMS)2}2]Na4, respectively. The ability
of these complexes, which represents the first example
of water-soluble vinylidenes and allenylidenes, to cata-
lyze the ring-opening metathesis of cyclic olefins with
methyl acrylate as chain transfer reagents is briefly
discussed.

Unsaturated carbenes, particularly the lower mem-
bers vinylidenes1 and allenylidenes,2 are useful reagents
in both organic synthesis and homogeneous catalysis.
Recent applications reported by Ozawa,3 Hill,4,5 Nolan,6

Dixneuf,5,7 and their co-workers include the ring-open-
ing metathesis polymerization of strained olefins and
the ring-closing metathesis of different substrates. It is
now apparent that unsaturated vinylidenes and alle-
nylidenes of Ru(II) represent a valid alternative to
Grubbs’ catalysts8 for olefin metathesis.9

Despite the ubiquitous character of transition-metal
vinylidenes1 and allenylidenes,2 water-soluble com-
plexes containing these ligands have not yet been
reported, which is quite surprising given the intense
research activity centered on this class of metal com-
plexes10 and the increasing demand for environmentally
benign technologies in fine chemicals manufacturing.10a,11

In this communication, we report the successful syn-
thesis of water-soluble ruthenium(II) vinylidene and
allenylidene species and show that these complexes are
capable of promoting olefin metathesis reactions. In
particular, we show that the selective ring-opening
metathesis (ROM) of cyclopentene with methyl acrylate
can be accomplished in aqueous biphasic systems, which
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is quite intriguing because Grubbs’ carbene complexes
do not catalyze the ROM of cycloalkenes with electron-
poor olefins.12

[RuCl2(PPh3)3] is a suitable precursor for the prepara-
tion of the known pale green dimer [{RuCl2(TPPMS)2}-
Na2]2‚4H2O (1) by reaction with TPPMS (TPPMS )
Ph2P{2-OS(O)2C6H4}-Na+) in THF at reflux tempera-
ture.13 The straightforward reaction of 1 at 40 °C
(Scheme 1) in MeOH with HCtCPh or HCtCCPh2OH
affords in moderate to good yields either the yellow
mononuclear vinylidene [{RuCl2{CdC(H)Ph}(TPPMS)2}]-
Na2 (2) or the purple binuclear allenylidene [{RuCl(µ-
Cl)(CdCdCPh2)(TPPMS)2}2]Na4 (3).14 Both compounds
are soluble in MeOH and water and, to our knowledge,
represent the first water-soluble unsaturated carbenes
described so far (S(H2O)22°C ) 0.12 g/mL (2); 0.04 g/mL
(3)).

Complexes 2 and 3 exhibit spectroscopic features in
agreement with the presence of an unsaturated C2 and
C3 carbene ligand, respectively. Key pieces of evidence
come from the 13C{1H} NMR spectra (CD3OD, 22 °C),
which show signals at 350.25 (CR) and 123.68 ppm (Câ)
for 2 and at 309.25 (CR), 215.99 (Câ), and 158.63 ppm
(Cγ) for 3, and from the typical IR absorptions at 1621
cm-1 (νCdC, 2) and 1930 cm-1 (νCdCdC, 3). The FAB-MS
spectra confirm the mononuclear nature of 2 and the
binuclear structure of 3. In addition to spectroscopic
data, the nature of 2 and 3 is supported by their
reactivity, which is in line with the known chemistry of
vinylidenes1 and allenylidenes,2,15 respectively. Thus, 2
reacts with n-propylamine16 and ethanethiol17 to yield
the corresponding amino- and thiocarbene derivatives
[{RuCl2{C(NHPr)CH2Ph}(TPPMS)2}]Na2 (4) and [{Ru-
Cl2{C(SEt)CH2Ph}(TPPMS)2}]Na2 (5), respectively. Car-
bonylation of 2 in CH3OH affords the carbonyl complex
[{RuCl2(CO)(TPPMS)2}]Na2 (6) via vinylidene to phen-
ylacetylene retrotautomerization (GC-MS detected).
Noticeably, 6 is formed also by hydrolysis of 218 or by
exposing 1 to a CO atmosphere. The allenylidene 3
reacts neither with water19 nor with CO or O2 (PCO or
PO2 ) 1 atm). However, 3 is endowed with reactivity
toward primary amines and thiols. As an example, the

reaction of 3 with n-propylamine gives the alkenylami-
nocarbene [{RuCl(µ-Cl){C(NHPr)CHdCPh2)(TPPMS)2}2]-
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RuCl3(CdCdCPh2)}2]+, 2087.0 (10) Na3[{(TPPMS)2RuCl2(CdCdC-
Ph2)}2]+, 2043.0 (21) H2Na[{(TPPMS)2RuCl2(CdCdCPh2)}2]+, 655.1
(100) Na[{(TPPMS)Ru(CdCdCPh2)}]+.
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Na4 (7).20 These and similar transformations involving
2 and 3 are at present under investigation and will be
reported in due course.

A preliminary assessment of the catalytic perfor-
mance of 2 and 3 in homogeneous ROM reveals that
both unsaturated carbenes are active catalysts in pro-
moting the cross-olefin metathesis of cyclopentene with
methyl acrylate to give polyunsaturated esters (eq 1).
Noticeably, the catalytic reactions proceed with good
efficiency and selectivity under mild conditions (22 °C).21

With the vinylidene 2 as the catalyst, the selective
formation of the ester C7H11CO2Me (n ) 1 in eq 1) takes
place after 2 h in a homogeneous methanolic system at
room temperature (yield 64%). In contrast, 2 is catalyti-
cally inactive in the same process in a biphasic system.
Replacing 2 with 3 does not provide a more efficient
ROM catalyst but makes feasible a catalytic reaction
also in the biphasic aqueous system. Thus, while the
selective formation of the ester C7H11CO2Me occurs in
the monophasic system (yield 56%), a 1:12 mixture of
C7H11CO2Me (n ) 1) and C12H19CO2Me (n ) 2) is formed
in the biphasic system Et2O/H2O (yield 42%).

In summary, the isolation and characterization of the
first water-soluble Ru(II) vinylidene and allenylidene
complexes has allowed us to demonstrate that such
compounds could be successfully used to catalyze olefin

metathesis. In particular, the use of vinylidenes and
allenylidenes to bring about the selective ROM of
electron-poor acyclic olefins is without precedent and
worthy of further expansion. Current work in our
laboratories is aimed at investigating the mechanism
of the catalytic reactions as well as exploring the
synthetic scope of these highly accessible water-soluble
unsaturated carbenes. In this respect, particular atten-
tion is being paid to investigate the tolerability of the
process to different polar functional groups.
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mmol) in MeOH (2 mL) and 0.06 mL of HBF4‚OEt2

10c was added to a
mixture of methyl acrylate (25 mL, 0.276 mol) and cyclopentene (2
mL, 0.023 mol) at room temperature (22 °C). After the solution was
stirred for 2 h at this temperature under nitrogen, the solvent and
the excess substrates were distilled off at atmospheric pressure. The
residue was taken up in 30 mL of pentane/diethyl ether (1:5 v/v) and
filtered through a column (3 × 2 cm) filled with aluminum oxide
(neutral, activity grade I) to give a colorless solution. GC/MS analysis
showed the presence of C7H11CO2CH3 (92%). Total yield: 64%. (B)
Biphasic system: The catalytic tests were carried out by mixing 25
mL of methyl acrylate and 2 mL of cyclopentene with 25 mL of Et2O
and 5 mL of H2O containing 2 (38.5 mg, 0.039 mmol) and 0.06 mL of
HBF4‚OEt2. The mixture was vigorously stirred for 2 h under nitrogen,
after which the organic layer was separated, washed with 2 mL of H2O,
and dried over MgSO4. After evaporation of the solvent no organic
product was detected, indicating that under these conditions the system
was catalitycally inactive. Catalysis with 3: Replacing 2 with 3 (84
mg, 0.039 mmol) as catalyst under similar experimental conditions
gave the following results. (A) Monophasic system: C7H11CO2CH3
(87%). Total yield: 56%. (B) Biphasic system: C12H19CO2CH3 (83%)
and C7H11CO2CH3 (7%). Total yield: 42%.
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