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Combining a Ru(II)‐arene complex with a NO‐releasing nitrate‐
ester ligand generates cytotoxic activity 

Jian Zhao,‡a Kathleen E. Prosser,a Stephanie W. Chang,a Shradha P. Zakharia,a and Charles J. 
Walsby*a

A  Ru(II)  arene  complex  with  a  NO‐releasing  4‐nitrooxymethyl‐

pyridine ligand shows increased cytotoxicity against the non‐small 

cell  lung  cancer  cell  line  A549  as  compared  to  either  the  free 

ligand or the unfunctionalized complex. EPR spin‐trapping studies 

show  that  NO  release  is  selective,  being  limited  in  phosphate 

buffered saline or human serum, but promoted by glutathione.  

 Nitric oxide (NO) is a cellular signaling molecule, whose 
role in cancer has been widely studied.1 Both tumoricidal and 
tumorigenic effects of NO have been reported and this biphasic 
behaviour has been linked to concentration, with higher levels 
typically leading to antineoplastic activity.2 A variety of 
pathways have been proposed for the anticancer activity of NO 
including promotion of apoptosis, and inhibition of 
proliferation and angiogenesis.2b,3 Specific mechanisms include 
generation of reactive nitrogen species, particularly 
peroxynitrite (ONOO−), and modulation of DNA repair 
mechanisms in tumors.1,2b  
 NO-donor compounds are used clinically as vasodilators, 
with prominent examples including organic nitrates and the iron 
nitrosyl complex sodium nitroprusside.3-4 A variety of inorganic 
NO donors have been reported. These include a number or 
ruthenium nitrosyl complexes with vasodilatory effects and, in 
some reports, anticancer activity.4a,5 While medicinal metal-
based NO-donor complexes typically contain directly 
coordinated nitrosyl groups, a more versatile approach employs 
coordination of ligands with NO-donating functional groups. 
This has been used successfully to enhance the cytotoxic 
activity of platinum complexes with NO-donor nitrate-ester or 
furoxan functionalized ligands.6 Herein, we describe the 
application of this strategy to ruthenium anticancer complexes.  
 Ruthenium anticancer agents are currently considered the 
most promising metal-based alternatives to platinum 

chemotherapeutics.7 Recently, development in this area has 
increasingly focused on organometallic Ru(II) arene 
complexes.8 Notable examples include complexes of the type 
[(6-arene)Ru(L)Cl]+, where L is a bidentate oxygen and/or 
nitrogen donor ligand,7c,9 and “RAPTA” compounds [(6-
arene)RuCl2(pta)], where pta = 1,3,5-triaza-7-
phosphaadamantane.10 Complexes of the first type show very 
promising in vitro cytotoxic activity, whereas RAPTA 
compounds have drawn attention for their antimetastatic 
activity. The pharmacological properties of these and related 
anticancer Ru(II) arene complexes are modulated by their 
ligands. In general, the arene groups provide a bulky 
hydrophobic surface, which can influence both interactions 
with biological targets and cellular accumulation.8b,11 
Exchangeable ligands, such as chloride, enable direct 
coordination to protein and nucleic acid targets, following 
initial hydrolysis.7c,12 Non-exchangeable ancillary ligands have 
been used to install different types of pharmacophores, 
including enzyme inhibitors, biological species, and 
photoactivators.13  
 In this work we have used the ancillary ligand 4-nitrooxy- 
methylpyridine (1) (Fig. 1) to generate an analogue of RAPTA-
type complexes (3) with the ability to selectively release nitric 
oxide. The result is synergistic activation of cytotoxicity since 
neither the unfunctionalized Ru(II) arene complex (2) nor the 
ligand (1) are active independently. This approach contrasts 
with typical combination chemotherapy, where compounds are 
coadministered, by linking pharmacophores so that the whole is 
greater than the sum of the parts. 

Fig.  1  4‐nitrooxymethylpyridine  ligand  (1),  Ru(II)  cymene  complex  with  pyridine

auxiliary ligand (2), and nitrate‐ester functionalized complex (3).  
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