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The organometallic complex of (ηηηη
6-cymene)Ru(II)Br with 6-

thioguanine (6-TG) shows better photostability than the 

biologically active 6-thioguanine which is used as an 

immunosuppressant and as an anticancer agent. 

Leukemia is a dreaded cancer of the blood and bone marrow. 10 

Among the various drugs available for treating leukemia, 
6-thioguanine (6-TG) is the drug of choice since 1966, especially 
for treating acute lymphatic leukemia (ALL).1 Unfortunately 6-

TG, which is also given as an immunosuppressant to patients 
who have undergone organ transplants, causes severe side effects. 15 

Karran and coworkers have skillfully pinned down the source of 
the problem to a reaction undergone by 6-TG on irradiation with 
UVA light.2 The major products formed are guanine-6-sulfonate 
(GSO3) and reactive oxygen species (ROS) resulting in skin 
cancer.3, 4 Hence, ways and means of modulating the reactivity of 20 

6-TG are of great interest. 
 Organometallic half-sandwich Ru(II) complexes are known to 
have significant anticancer activity. 5-13 The complexes bind to 
the enzyme, transferrin, which is taken up selectively by cancer 
cells overexpressing transferrin receptors, thereby increasing 25 

internalization.14, 15 So using 6-TG as an ancillary ligand for the 
half-sandwich Ru(II) moiety should result in photoreactivity 
modulation of 6-TG and deliver the complex to cancer cells 
through the transferrin enzyme. To this end, we synthesized and 
studied half-sandwich complexes of 6-TG and the related 6-30 

mercaptopurine (6-MP). 
 Half-sandwich η6-arene ruthenium complexes of thiopurine as 
an ancillary ligand are rare.16  We synthesize the target complexes 
through a convenient reaction of the ruthenium(II) dimer [(η6-
cymene)RuX2]2 (X = Cl or, Br) with thiopurines in a suitable 35 

solvent. The chloro complexes of Ru(II) with thiopurine 
precipitate from the reaction mixture in dichloromethane during 
the course of the reaction in reasonable yields. In the case of the 
bromido complexes, the reaction was carried out in methanol and 
pure complexes were precipitated by addition of diethyl ether 40 

(Scheme 1). The complexes are characterized by standard 
spectroscopic techniques and analytical data. Three of the 
complexes are also amenable to single crystal X-ray structure 
analysis. Single crystals are obtained by slow diffusion of diethyl 
ether into a solution of the complexes in DMF. Based on the 45 

structural and 1H NMR data, it is clear that the complexes have 
the expected half-sandwich structure, with the ancillary ligand 
coordinating through S and N in κ2 fashion resulting in 
dissociation of X- which is present in the lattice as a hydrogen-
bond stabilized counter ion. 50 

 All bond distances, Ru-S, Ru-N and those between the cymene 

and Ru are as expected.11, 17 The important bond lengths and bond 
angles for the complexes are listed in Table S1 and S2. 
Crystallographic data and refinement parameters for all 
complexes are listed in Table S3.  55 
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Scheme 1: Synthesis of half-sandwich Ru(II) complexes with thiopurines 
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Figure 1: ORTEP view of RuMPCl (A), RuMPBr (B) and 
RuTGCl.DMF (C) at 40% thermal ellipsoid. Hydrogen atoms are 

omitted in structure C to improve clarity. 

 The ORTEP representation of the molecular structures of the 
complexes is shown in Figure 1. The lattice abounds in H 90 

bonding between the counter anion and ancillary ligands and in 
the case of RuTGCl, intermolecular H-bonding further stabilizes 
the lattice (Figure S1). 
 1H NMR spectra of these complexes in dry d6-DMSO are 
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completely consistent with the molecular structure (Figure S2). 
The thioguanine complex dissolved in D2O/H2O in 1:4 ratio 
showed very little change in water suggesting significant stability 
of the complexes in water (Figure S3a). However, 1H NMR 
spectra of RuMPCl or RuMPBr complexes reveal the formation 5 

of a mixture of species. However, it is difficult to decipher the 
nuclearity of the RuMPX complexes from the 1H NMR spectra 
(Figure S3b).  
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Figure 2: ESI-MS spectrum of RuMPCl in water. 25 

 Further characterization of the complexes formed on reaction 
with water as a function of time was attempted using ESI-MS 
spectrometry (Table S5). We expected the formation of an aqua 
complex as observed earlier for organometallic ruthenium 
complexes with ethylenediamine and 1,3,5-triaza-7-phospha-30 

tricyclo[3.3.1.1]decane, (PTA) ligands.17-19 However, ESI-MS 
analysis showed formation of a dimeric species and not the aqua 
complex (Figure 2). The singly charged protonated dinuclear 
ruthenium species and a singly charged mononuclear species 
were the most abundant ions in the ESI-MS spectra (Figure S4). 35 

It is possible that the major species is dinuclear and it is 
fragmented during ESI-MS acquisition resulting in higher amount 
of mononuclear species. Based on these studies we suggest the 
following steps in the hydrolysis and dimerization similar to the 
reactions observed in the case of 2-mercaptobenzothiazole half-40 

sandwich complexes with Ru(II)11 (Scheme 2).  
 
 
 
 45 

 
 
 

Scheme 2: Plausible steps in the formation of the dimeric species. 

 Using a home built photoreactor, for which the luminosity was 50 

standardized with an actinometer,20 the photochemical behavior 
of the complexes and of 6-TG was studied (Figure S5 and S6). 
Aqueous solutions of the ruthenium complexes (0.1 mM) were 
irradiated for 10 min and the UV-Vis spectral changes were 
followed. Under these conditions, solutions of RuTGBr were 55 

quite stable whereas solutions of RuTGCl showed some decrease 
in its concentration. 
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Figure 3: UV-Vis spectra of ruthenium complexes before and after 10 75 

min irradiation with UVA light 

 ESI-MS spectra of RuTGX complexes before and after 
photoirradiation showed the peak at m/z 402.03 corresponding to 
[(η6-cymene)Ru(6-TG-H)]+ to be the most abundant species, 
irrespective of the halide in the complex and a small peak at m/z 80 

803.05 corresponding to a dinuclear species. After irradiation, the 
spectral features were mostly unchanged (Figure S7). To confirm 
the photostability of these complexes, 1H NMR studies were also 
carried out. Three sets of samples each containing  8 mg of 
RuTGCl or RuTGBr dissolved in 5 mL of water were irradiated 85 

separately 30 min, 10 min or kept in the dark. The samples were 
then lyophilized and 1H NMR spectrum of the residue recorded 
(Figure S8). 1H NMR spectra suggested that both complexes 
were quite stable i.e., no leaching of the ancillary ligand and the 
arene cap was observed after irradiation. Stability of RuTGBr in 90 

the presence of UVA light was further confirmed by using 4-
hydroxy benzoic acid as an internal calibrant for 1H NMR spectra 
(Figure S9). No significant changes were observed after 
photoirradiation in the ratios of internal calibrant with cymene 
peaks of RuTGBr. Based on these experiments one can say that 95 

under conditions which cause 6-TG to undergo photooxidation, 
RuTGBr is quite stable. Leaching of the arene group was not 
observed contrary to earlier reports on some half sandwich 
complexes.21  
Table 1: In vitro growth inhibition of human cancer cell lines and LogP 100 

values of [(η6-cymene)RuIIX(SN)] complexes  

 
 Having established the greater photostability and solution 

Compounds GI50 (µM, 48 h) LogP 

 K562 Jurkat Molt-4 

RuMPCl <0.1 34.7 <0.1 -1.45 ± 0.06 
RuTGCl <0.1 <0.1 <0.1 -0.63 ± 0.09 
RuMPBr <0.1 42.2 32.1 -0.90 ± 0.04 
RuTGBr <0.1 <0.1 <0.1 -1.42 ± 0.25 
6-TG <0.1 <0.1 9.4 - 
6-MP <0.1 <0.1 <0.1 - 
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behavior of these complexes relative to 6-TG, it remained to be 
seen if they have better or equivalent anticancer activity. Growth 
inhibition (GI50) of all complexes and 6-TG were checked against 
K562 (chronic myelogenous leukemia), Jurkat (leukemic T cell 
lymphoblast) and Molt-4 (leukemic T cell lymphoblast) cell lines 5 

by the sulphorhodamine B (SRB) assay.22 The results are listed in 
Table 1. GI50 values suggest that all complexes are highly active 
against the K562 cell line. Cytotoxicity values of the complexes 
against the K562 cell line are comparable to the active drug, 6-
thioguanine (6-TG) and 6-mercaptopurine (6-MP). In the Jurkat 10 

cell line, 6-MP complexes are inactive. However, 6-TG 
complexes are quite active. It was also observed that against the 
Molt-4 cell line, RuMPCl, RuTGCl and RuTGBr are more 
active than 6-TG. It was observed that all complexes have a 
negative LogP value, and are quite soluble in water. So RuTGX 15 

complexes are suitable, like 6-TG, for oral administration to the 
patient.  
 In conclusion, the aqueous solutions of RuTGBr, are stable in 
the presence of UVA light in contrast to 6-TG. RuTGCl and 
RuTGBr show significant anticancer activity against three 20 

leukemia cell lines. Clearly, the ruthenium complex of 6-TG 

(RuTGBr) is a potential alternative to the photosensitive 6-
thioguanine as an immunosuppressant and in the treatment of 
various malignant leukemia. 
 25 
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