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[Ru(h6-p-cymene)Cl2(pta)] (pta = 1,3,5-triaza-7-phosphatricyclo-
[3.3.1.1]decane): a water soluble compound that exhibits pH
dependent DNA binding providing selectivity for diseased cells
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The water soluble complex [Ru(h6-p-cymene)Cl2(pta)] (pta
= 1,3,5-triaza-7-phosphatricyclo[3.3.1.1]decane), exhibits
pH dependent DNA damage; the pH at which damage is
greatest correlates well to the pH environment of cancer
cells.

Current inorganic drugs such as cisplatin are successfully used
in the treatment of many cancers, including testicular, ovarian,
oropharyngeal, bronchogenic, cervical and bladder carcinomas,
lymphoma, osteosarcoma, melanoma and neuroblastoma.1
However there are problems associated with their use including
general toxicity (leading to side effects) and drug resistance.
The general toxicity of cisplatin has been reduced by the
development of special drug-dosing protocols,2 but the need for
further improvements remains. In contrast, the ruthenium based
anticancer drug, recently launched in the clinic ImH[trans-
RuCl4(DMSO)Im] (NAMI-A), shows a remarkably low general
toxicity.3 Since ruthenium complexes have been shown to
specifically accumulate in tumour cells,4 the reduced general
toxicity of NAMI-A compared to platinum drugs could be due
to ruthenium selectivity. In this paper we describe a new
ruthenium compound that exhibits pH dependent DNA damage,
which could show increased selectivity towards cancer cells and
reduce toxic side effects in healthy cells.

The reaction of [Ru(h6-p-cymene)Cl2]2 with two equivalents
of 1,3,5-triaza-7-phosphatricyclo[3.3.1.1]decane, pta,5 under
reflux in methanol, for 24 h affords [Ru(h6-p-cymene)Cl2(pta)]
1 in high yield.6 Characterisation of 1 was achieved using mass
spectrometry and NMR spectroscopy.7

The molecular structure of 1 (Fig. 1) has been determined by
single crystal X-ray diffraction 8 and contains two independent
molecules in the asymmetric unit. The C6-ring is coordinated to

the ruthenium(II) centre with an average Ru–C bond length
of 2.20 and 2.21 Å in each molecule. Two chlorine ligands
(mean Ru–Cl 2.42 Å and 2.43 Å in each molecule) and the pta
group [Ru–P 2.296(2) and 2.298(3) Å in each molecule] make
up the rest of the coordination sphere. All parameters are in
keeping with previously determined structures related to 1,
which vary in the nature of the arene and phosphine ligands.9

The presence of the pta ligand provides 1 with versatile
soluble properties. For example, 1 and 1 + H+ are soluble in
water and polar organic solvents such as CHCl3, CH2Cl2 and
(CH3)2CO. Protonation of the pta ligand influences the
solubility properties, with the deprotonated species having a
higher solubility in organic solvents. The pKa of 1 was
estimated as 6.5 by monitoring the change in absorbance at 455
nm. We recognised that the pH dependant solubility of
phosphaamine ligands like pta could also be exploited in
biological systems, with the possibility of providing clinical
uses. At physiological pH the predominant species carries no
charge and hence can diffuse through lipid membranes and
move freely into and within cells. In some diseased tissues the
pH is reduced due to the associated changes in metabolism and
in this environment the pta ligand is protonated, trapping 1 in
the cell. In addition, we have shown that the protonated species
induces DNA damage more readily than unprotonated 1 (see
below).

The DNA substrate used in agarose gel electrophoresis10 is
95% supercoiled (SC) and 5% open circular (OC), and their
positions can be distinguished on the gel (Fig. 2). The results
show that when DNA is incubated with 1 at pH 7.5 or above, the
DNA migrates similarly to the DNA substrate. These results are
in accordance with independent studies using a ruthenium(II)–
arene compound, with a DMSO ligand in place of the pta in 1,
that did not detect an interaction with DNA.11 However, at pH
7.0, the SC form of DNA incubated with 1 is slightly retarded
compared to the substrate DNA and the retardation is pro-
gressively increased as the pH is reduced. At all pH values the
position of OC DNA in the gel remains the same, indicating that
the pH dependent retardation of SC DNA by 1 is not due to
charge neutralisation.

Fig. 1 The molecular structure of one of the independent molecules of 1.
Fig. 2 Comparison of DNA damage induced by 1 incubated at different pH
values; visualised by electrophoretic DNA migration in an agarose gel.
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The pH range over which 1 retards DNA migration closely
matches the pKa of the pta ligand, and as DNA is negatively
charged, it would be expected that the interaction between these
two species would be promoted if they each carried opposite
charges. The importance of this result is that DNA binding is not
favoured at physiological pH. Many diseased cells have a
reduced pH, due to metabolic changes in part associated with
the accelerated cell division.12 Thus, 1 would have a higher
affinity for DNA in diseased cells, compared to healthy cells,
providing a means of selectivity.

Further studies are currently in progress to delineate the way
in which 1 with interacts with DNA. We are also comparing the
effect that the type of arene ligand has on DNA and the results
obtained from these studies will be reported in due course.
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