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Introduction

Ruthenium(III) chloride and its hydrate (RuCl3·xH2O) are
well-known catalysts for the oxidation of functional
groups in organic synthesis. Some of these transforma-
tions include: alkenes to diols1 and a-hydroxyketones,2

sulfides to sulfones,3 as well as alkynes,4 alcohols5 and
aryl groups6 to their corresponding carboxylic acids. The
titled catalyst has also been used for the desymmetrization
of aryl and benzyl diselenides,7 aldol condensation,8

formation of a-aminonitriles (Strecker reaction),9 acyla-
tion,10 acetal formation,11 aryl12 or azide13 reductions, con-
jugate addition reactions14 and C–C bond formations.15

Apart from the use of ruthenium(III) chloride in function-
al group manipulation, recent work has used RuCl3 in the
formation of polypyridine complexes, suggesting that this

reagent may soon experience a wider application in
metallopolymer and molecular-device synthesis.16

Ruthenium(III) chloride is also a critical ingredient for
preparing a number of ruthenium-based catalysts, includ-
ing Grubbs’ catalysts (widely applied in metathesis reac-
tions)17 and ruthenium–phosphine complexes capable of
selective reductions.18

Both anhydrous and hydrated forms are commercially
available as solids. Alternatively, the solids may be
prepared by heating powdered ruthenium metal to temper-
atures greater than 700 °C in the presence of chlorine gas;
on cooling, dark brown to black crystals may form.19

Although their hygroscopic nature mandates storage in
desiccated environments, no additional precautions are
required for safe handling.

Abstract

(A) A solvent-free Biginelli reaction utilizing RuCl3 was recently
reported.20 The reaction was shown to be wide in scope covering
aromatic, conjugated and aliphatic aldehydes to form either the py-
rimidin-2(1H)-one or thione heterocycles. Acetonitrile was identi-
fied as an appropriate solvent if one was required. Yields were
found to be very good for all reported reactions.

(B) A reaction using RuCl3 to form a nitric oxide bound ruthenium
dithiolate bridge complex was recently reported.21 The ability of
ruthenium to reversibly complex nitric oxide has attracted atten-
tion for possible use in a number of biological applications.
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(C) Generation of RuO4 from RuCl3 is well documented for the
formation of carboxylic acids and ketones from primary and sec-
ondary alcohols. Typical conditions employ NaIO4 as a stoichio-
metric oxidant in a biphasic solvent system (CCl4/MeCN/H2O). A
recent paper by Ikunaka showcases a much more environmentally
benign approach using trichloroisocyanuric acid as a stoichiomet-
ric oxidant, n-Bu4NBr as phase transfer catalyst and MeCN/H2O or
EtOAc/H2O as solvent system.22 Yields are comparable to tradi-
tional conditions using NaIO4.

(D) Deoxygenation of substituted aromatic N-oxides using stoichi-
ometric RuCl3·xH2O has been reported.23 The methodology was
also extended to incorporate azoxybenzenes and N-heteroarene
oxides giving deoxygenated products in good yields. 

(E) Heterobimetallic Ru–Co nanoparticles, derived from rutheni-
um chloride and colloidal cobalt, were used in a Pauson–Khand-
type reaction to access a number of bicyclic systems.24 The
reaction also employed pyridylmethyl formate as a chemical alter-
native to carbon monoxide. High yields were observed for both
intra- and intermolecular systems.

(F) RuCl3 was found to effect the formation of arene heterocycles
and carbocycles.25 The reaction requires AgOTf, presumably to
activate the ruthenium in situ. Numerous catalytic systems, both
Ru- and non-Ru-based, were explored with little success.

(G) Michael addition of primary and secondary amines, thiols and
carbamates to a,b-unsaturated esters, nitriles and ketones using
catalytic RuCl3·PEG (polyethylene glycol) was recently report-
ed.14 High yields were observed for all systems examined. The
catalyst was recycled with little decrease in product yield.
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