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Ruthenium-nitrosyl complexes as NO-releasing
molecules, potential anticancer drugs, and
photoswitches based on linkage isomerism

Iryna Stepanenko,*a Michal Zalibera, *b Dominik Schaniel, *c Joshua Telser *d

and Vladimir B. Arion *a

The synthesis of new types of mono- and polynuclear ruthenium nitrosyl complexes is driving progress in

the � eld of NO generation for a variety of applications. Light-induced Ru-NO bond dissociation in solu-

tion may involve transient linkage isomers MS1 (Ru-ON) and MS2 (Ru-� 2-NO), which can be detected

spectroscopically and analyzed computationally. The investigation of photoisomerization processes in the

solid state may be useful for potential application of such complexes for data storage, photochromic or

photomagnetic materials or even non-linear optics. Herein we describe the major developments in the

synthesis of ruthenium nitrosyl complexes, their photoinduced linkage isomerization (PLI) processes, their

NO release both in the solid state and in solution, and their application as potential anticancer drugs.

Illustrative examples of such innovations made mainly in the last decade are provided.

1. Introduction
Nitric oxide (NO) was for a long time considered a poisonous
gas, a carcinogen, and a pollutant. This is not surprising since
NO is a highly reactive free radical. However, the negative repu-
tation completely changed with the discoveries of Ignarro,
Furchgott, and Murad, who established NO as an important
neurotransmitter in mammalian biology. 1 Today, we under-
stand that the e� ects of NO depend on its cellular concen-
tration. 2 At low levels (<200 nM) NO is beneficial: it induces
smooth muscle relaxation resulting in a decrease in blood
pressure; macrophages generate NO against pathogens and
microorganisms; 3 in neuronal cells, NO controls the release of
neurotransmitters and is involved in synaptogenesis, synaptic
plasticity, memory function, and neuroendocrine secretion. 4

Similarly, NO has been implicated in carcinogenesis and inhi-
bition of tumor growth. At low levels, NO induces cell prolifer-
ation by activating oncogenes, stimulates angiogenesis, and
inhibits apoptosis by S-nitrosylation and inactivation of cas-
pases. At high concentrations (>200 nM), NO becomes toxic
and causes cell death by apoptosis.5

The promise of NO in cancer therapeutics has been realized
by the introduction of several classes of NO donors and the
recent development of novel hybrid drugs.6 However, consider-
ing the variable half-life, complex pharmacokinetics, and mul-
tiple reactions of NO with bystander molecules, it remains a
challenge to fine-tune the molecular properties of drug candi-
dates containing NO. The coordination chemistry of nitric
oxide has been a long time solely a subject of academic inter-
est, aimed at the study of the structure and bonding in metal
nitrosyl complexes.7 Nitric oxide is a small diatomic molecule
with an unpaired number of electrons, which, in addition, is
redox-active and can be involved in both one electron oxi-
dation to NO+, and one electron reduction to NO� , both being
electron-paired species. The protonated form of the NO� HNO
is of particular interest in biological systems. 8 The non-inno-
cence of NO in coordination compounds was recognized many
years ago,9 and these three Lewis forms, NO+,0,� , as ligands
have been encountered in numerous metal complexes.
Recently, a fourth form, NO2� , was discovered in
{[(Me3Si)2N]2(THF)Y}2(� –� 2:� 2-NO),10 and confirmed by EPR
spectroscopy and additional chemical transformations of this
dimeric complex. All four Lewis forms of nitric oxide which
can act as ligands in metal complexes are shown in
Scheme 1.11

Scheme 1 Di� erent redox states of “nitrosyl ” in metal complexes.
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