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Metathesis is an efficient way to build C–C bonds and to

construct complex organic structures.1 Molybdenum and

tungsten catalysts are highly effective in metathesis of nu-

merous olefins, however, their complexes are extremely

sensitive towards air and moisture.2 As a consequence,

moisture- and air-compatible ruthenium complexes having

considerably improved characteristics were developed in

the late 1990s. Among these new catalysts, the ruthenium-

containing Grubbs catalysts are very attractive due to their

stability and modifiable structures, with various organic

and inorganic groups, so that several generations of Grubbs

catalyst have become commercially available.3 Ruthenium-

based catalysts are currently used in three types of meta-

thesis:4 intermolecular hydrogenative metathesis between

two alkenes to give alkanes, intramolecular hydrogenative

metathesis of a diene structure to obtain cycloalkanes, and

intramolecular hydrogenative metathesis of an alkene-

alkyne including structure to obtain cycloalkenes or alter-

native heterocycles (Scheme 1).

Scheme 1  Three classes of Ru-based hydrogenative metathesis

The selective hydrogenation of a specific functional

group in the presence of other potentially reducible func-

tionalities is challenging. It has recently been found that ru-

thenium complexes can selectively catalyze such selective

hydrogenations.5 Various ruthenium-catalyzed hydrogena-

tions have been reported, such as hydrogenation of internal

alkynes to obtain (E)-alkenes through trans-delivery of hy-

drogen,6 hydrogenation of unsaturated aldehydes and car-

boxylic acids to unsaturated alcohols,7 enantioselective hy-

drogenation of hydrazones,8 and levulinic acid hydrogena-

tion to -valerolactone.9

Furthermore, ruthenium metathesis can be coupled

with selective hydrogenation in a one-pot sequential proto-

col. This is possible by the use of a ruthenium catalyst in the

presence of a hydrogen source such as hydrogen gas or for-

mic acid.
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(A) Sequential Crossed Metathesis–Aldehyde Reduction
An emulsion of first-generation ruthenium indenylidene olefin metathesis 
catalyst M110 in a mixture of surfactants can catalyze one-pot cross-meta-
thesis/transfer-hydrogenation reactions of 10-undecenal 2 with methyl 
acrylate 1 in water as solvent. This conversion produces (E)-methyl-12-hydro-
xydodec-2-enoate 3 in 65–72% yield when run under air in a mixture of non-
ionic Tween 20 and cationic dodecyl trimethyl ammonium chloride (DTMAC) as 
surfactants.11

(B) Cyclization Hydrogenative Metathesis
One of the simplest routes to achieve substituted cyclopentanes and cyclohep-
tanes is the use of dienes 4 in the Ru-catalyzed tandem ring-closing meta-
thesis/hydrogenative reaction.12 Second-generation Grubbs catalyst G213 gives 
the cyclic products 5 in a highly regio- and chemoselective manner. In this 
case, formic acid plays the role of hydrogen donor. Such products 5 have been 
converted into the drugs Carbetapentane®14 and Fludilate®.15

(C) Polymerization Hydrogenative Metathesis
Inspired by the above-mentioned examples, the polymerization reaction of di-
methyl-5-norbornene-2,3-dicarboxylate 6 with allyl-PEG5000 methyl ether 7 
was accomplished in a Schlenk flask using a Grubbs third-generation catalyst 
through ring-opening metathesis polymerization/cross metathesis, followed 
by sequential one-pot hydrogenation reaction using formic acid. This reaction 
led to PEG end-capped polynorbornene.16

(D) Ene-Yne Hydrogenative Metathesis
gem-Hydrogenation of propargyl alcohol/ether compounds 9 and 11 catalyzed 
by chloro(pentamethylcyclopentadienyl)ruthenium(II) tetramer, [Cp*RuCl]4, 
led to the formation of cyclopropenes 10 and 12, respectively, passing via 
piano-stool ruthenium carbenes. The substitutions of the substrates affect the 
outcomes of this reaction, furnishing the target cyclopropenes and/or 
bicyclo[3.1.0]hexanes.17
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(E) Ene-Ynone Hydrogenative Metathesis
Compound 13 can be synthesized from readily available 2-acetyl-5-methyl-
furan in a six-step reaction sequence. Hydrogenative metathesis of 13 was 
catalyzed by ruthenium catalyst 14 to furnish adduct 15, which was readily 
converted into the natural product sinularone F under standard conditions. It 
should be noted that the SEM derivative of 13 gave only trace amounts of the 
metathesis cyclopentenone 15, while TBS and TMS derivatives of 13 were 
successfully cyclized to 15.18

(F) Heteroatom Involving Ene-Ynone Hydrogenative Metathesis
Silylated alkynes are good candidates as substrates for highly regioselective 
gem-hydrogenation metathesis. Such substrates in the presence of a rutheni-
um catalyst undergo a 1,2-silyl shift to form the -silylated carbine intermedi-
ate 18 that is subsequently converted into the cyclic products 19.18
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